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ProActive
a complete solution for Enterprise GRID

Programming
Wrapping
Composing
Deploying
Including:

P2P, File Transfer, Branch & Bound,
Load Balancing, Fault Tolerance
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ProActive Parallel Suite (1)

Applications

Developer Tools
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Eclipse IDE Plugins
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ProActive Parallel Suite (1

Developer Tools &
Eclipse IDE Plugins

Standalone or Eclipse Plugin for
monitoring parallelism and
distribution, timing and benchmarking
performances to improve

applications.

\, /
( R A
Programming &
Composing

A Java API provides a comprehensive
basic interface for the Grid:
asynchrony, groups, parallelism,
migration, among others.
Components enable code reuse and
composition, and Legacy code such as
C, C++, or MPI can be gridified.
High-level frameworks enable easy
access to Grid programming for non-
specialists.

Applications

Services
)

Developer Tools & Eclipse IDE Plugins

Deployment &
Virtualization

Provides interoperability with the main
protocols and Grid infrastructures.
Seamlessly integrates SOA with the
capacity to configure programs and to
specify file transfers.

—
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ProActive Parallel Suite (1)

Applications

GCM - Components

Legacy Code Wrapping

[|Load Loveter|  LSF BS SG Globus | CGSP | glLite

Mamm
s Eitr s _ siazeq Eqpmerts

Grid Infrastructure

Pros . .-




Programming Models
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Programming models

GUI XML Procedura | Objects
Format 1 API
_ API
Basic
] Workflow Yes
programming
models Skeleton Yes
supported
Components Yes Yes Yes
by the
Pro Acnve Master worker Yes
(slave)
middleware
Branch & Bound Yes
SPMD : MPI, object Yes
SPMD
Active object Yes Yes
(actors)

frodctive




Data Management
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Data management: File transfer

Currently ProActive supports for the following type of transfers:

— To a remote node (Push)
— From a remote node (Pull)

It can be used at:

— Deployment time (XML)
— Retrieval time (XML)
— Execution time (Objects API)
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Infrastructure:
Resource management & SLA
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Scheduler: User Interface

File Window Help
|
| = Jobs 2
Pending (8) Running (10) Finished (7)
] !dl Priority | Name Description ] Idl Task | Priority | Name Description ‘ !dl Priority | Name Description
78 Normal job_2_tasks 2 tasks with variable durations | 68 7/8  Normal job_8 tasks  Simple test of 8 tasks with 61 Normal job_8_tasks  Simple test of 8 tasks with variak
79  Normal job_2_tasks 2 tasks with variable durations | 69 7/8 Normal job_8_tasks  Simple test of 8 tasks witt | 62 Normal job_8 tasks  Simple test of 8 tasks with variak
80 Normal job_2_tasks 2 tasks with variable durations 70 6/8 Normal job_8 tasks  Simple test of 8 tasks witt 63 Normal job_8 tasks  Simple test of B tasks with variat
| 81 Normal job_2_tasks 2 tasks with variable durations | 71 01 Normal job_PI Calcul de Pi, methode de | | 64 Nomal job_B tasks Simple test of 8 tasks with variak
| 8 Normal job_2_tasks 2 rasks with variable durations 72 0/1 Normal job_PI Calcul de Pi, methode de | | 65 Normal job_8 tasks  Simple test of 8 tasks with varat
83 Normal job_2_tasks 2 tasks with variable durations 73 01 Normal job_PI Calcul de Pi, methode de | 66 Normal job_8 tasks  Simple test of B tasks with variat
| 8  Normal job_2_tasks 2 tasks with variable durations 74 01 Normal job_PI Calcul de Pi, methode de | 67 MNormal job_B_tasks  Simple test of 8 tasks with variat
85 Normal job_2 tasks 2 tasks with variable durations | 75 01 Nommal job_PI Calcul de Pi, methode de |
76 172 Normal job_2_tasks 2 tasks with variable durat
| 77 02 Normal job_2_tasks 2 tasks with variable durat
[«] ] Bl [ ' B [ ' []
|Console| & Tasks 2 = 8D Jobsinfo . as
Job 65 has 8 tasks Property Value e
I Id | State Name Start time finished time Run time limit | Rerunnable Description 1d 65
| 65001  Finished taské 08:55:11 07/05/07  08:55:16 07/05/07 | Name job_8 tasks
{65002 Finished task5 08:55:13 07/05/07  08:55:21 07/05/07 | Priority Normal
|65003  Finished task4 08:55:14 07/05/07  08:55:20 07/05/07 | Pending tasks number 0
|65004  Finished task2 08:55:14 07/05/07  08:55:21 07/05/07 | Running tasks number 0 5
/65005 Finished tasks 08:55:15 07/05/07  08:55:35 07/05/07 |Finished tasks number 8
|65006  Finished taskl 08:55:15 07/05/07  08:55:23 07/05/07 | Total tasks number 8
| 65007  Finished task3 08:55:16 07/05/07  08:55:24 07/05/07 | Submitted time 08:54:55 07/05/07
|65008  Finished task7 0B:55:17 07/05/07  08:55:22 07/05/07 | Started time 08:55:11 07/05/07
| Finished time 08:55:35 07/05/07
. | Pending duration 165 25ms =
|(| e 1 [¥] Execution duration 24s 622ms
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Scheduler: Resource Manager Interface

File Window Help

| |: Infrastructure Man'agér‘ = Monitoring

£ Administration 53 = O aZ facre.nniafr1009 2 Helame0
| Connection | | Creation | | Shutdown | Total Node = 14 Absent Node = 0
;ﬁacne.inria.fnmgg ~ Demo_descriptor248002.xml
SchedulerDemo2WN
galpage.inria.fr gaudi.inria.fr macyavel.inria.fr pollux.inria.fr
Jvm Jvm Jvm Jvm

(_SchedulerDemo2VN5...) | | ((SchedulerDemo2VN1...) | | ( SchedulerDemo2VN1...) | | ( SchedulerDemo2VN1...)

~ Demo_descriptor348003.xm|

MachinaSupWN

apple.inria.fr cheypa.inria.fr maledie.inria.fr schubby.inria.fr trinidad.infia.fr

Jvm Jvm Jvm Jvm Jvm
((MachineSupVN19519...]) | | ((MachineSupVND1433...) | | ((MachineSupVN86610...) | | ((MachineSupVN20873...) | | ((MachineSupVN14049...)

Delov | | Redepiov | | kil |
| ||| % Demo_descriptord8001.xml
S Legend 2 "B [+ ]schedueDemolvn
Hosts hajjoura.inria.fr lo.inria.fr naruto.inria.fr petawawa.inria.fr pincoya.inria.fr
[::] Standard Host Jvm Jvm Jvm Jym Jvm
JVMs (_SchedulerDemolVN1...) | | ( SchedulerDemolVN2...) | | ((SchedulerDemolVNS...) | | ( SchedulerDemolVN1...) | | (SchedulerDemoIVN1...)
Standard J¥M
MNodes
[:) Available Node
D Byt El Console 2 _ Ex CE # By e[ 3 =0
- Down Node InfrastructureManager

08:42:39 =»> Connect to an existing Infrastructure Manager
08:42:54 => Load and Deploy a file descriptor
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Infrastructure management

Virtualisation of multi-core, multi-processors, servers, clusters:
ProActive/GCM makes it possible to:
Virtualize the infrastructure using host and VM capacity
Map the application onto the resulting virtual infrastructure
Meta scheduler, Broker:

ProActive Scheduler and Infrastructure Manager, two graphical application, can talk with
primitive schedulers.

Scheduler:
ProActive Scheduler can deploy directly a list of jobs over various machines.
Peer to peer support for auto-organization :

Desktop P2P can be used to build desktop grid. Windows and Unix for heterogeneous
grid. No need to change code of ProActive/GCM applications.

Hardware resources handled by the middleware:

computers:
Networks, storage devices, scientific instruments: No
Security:
AIC: Authentification, Integrity, confidentiality :
both middleware and application communications are handled by mechanism

Role management:
Full support for construction & administration of VO: No
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Orthogonal Aspects

Globus based or not
NoO

Approach to SOA

Yes, both component and Active Object can be export ~ ed as Web Service. An
application can itself registered into a registry a nd lookup other services
for SOA integration.

Dynamic reconfiguration of Components

Main languages: (C++, Java, C#, Fortran...)

Java as principal language, and support wrapping of native legacy
applications

Interoperability with other Grid middleware: Yes !!

SSH, RSH, OARSH, ARC NorduGrid, CGSP China Grid, EG EE gLite,
Fura/InnerGrid, GLITE, GLOBUS, GridBus, IBM Load Le veler, LSF, MPI,
OAR, PBS, PRUN, SGE, Sun Grid Engine, UNICORE
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Applications
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Current GCM experiments in ProActive

JEM3D: 3D electromagnetic
application:

a single Cp on 300+ CPUs on
Grid

PARALLEL
i o
avIE Start ext T fEtart e Ll
darak datasH—Hdartak dat. ataR dutasendlh . . . . .
e | il Vibro-Acoustic application with
B TESTSTOP_VIB [ HEEE I, pp
" =T - -
N TESTSTOP_AC S s
o i\ EADS (legacy MPI coupling)
; IFAKENASTRAN TESTSTOP VIE g y g
£ sextH—hstart an
datasH—Hdatar dztaSenc|
&

rrrrrr
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Applications: successfully executed

GridCOMP EU project use cases:

Biometric Identification System

Days Sales Outstanding
The mean time that clients delay to pay an invoice

EDR processing

Extended Data Record, extract, transform and Load in database large amount
of data

WingDesign
Computes the aerodynamic wing performance for a giv en configuration
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Other ProActive/GCM applications

Scilab Parallel execution of Scilab and Mathlab Script s

Mathlab

Bl Distribution of databases for Business Intelligen ce
FlowShop A distributed approach for solving the Flow Shop problem.
Nbody The nbody problem (SPMD)

NQueen An example of the N Queen problem distributed

JEM3D An electromagnetism application

C3D A distributed and collaborative 3D renderer.

Monte carlo Stock pricing (EU and USA options)

ProPotts MonteCarlo simulation for NLP

OPSSA On-line power systems security analysis

Salishan A resource sharing and simulation problem

SAT solver Distributed SAT solvers in Java based on the SAT4J library
ProFractal Parallel fractal image generation

GeB Grid-enabled BLAST

Cruise Control A real-time java controller to maint ain a cruise speed

NAS NASA benchmark suite (5 cores/5, 1 application/  7)

e-science, e-business, e-engineering

19  Denis Caromel F’PQ e R éﬁ@




Distribution model

Open Source

Yes, the source code is under GPL version 2 licence
Close Source

No
Commercial support

Yes, the ActiveEon company provides commercial support for the
ProActive/GCM middleware.

Activ <~ on

SCALE BEYOND LIMITS
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Activ <~ on

SCALE BEYOND LIMITS

ActiveF

— =

Activoon

SCALE BEYOND LINITS 7
s AT = Login | Create Account

Home Products Solutions Services Partners Company  Purchase  Commiunity
Parallel Computing
Multi-Cores to Enterprise Grids Open source
ceelerabin) o)

Virtualization

l. ‘
- | — ‘ —
Simplicity
News What we do What we offer Our Technology ProActive
Proasctive and Grid ParaﬂeI‘Suft::E
Component Model ActiveEon is your dedicated technology partner for accelerating and scaling up your
[GCK) applications. We are a Professional Open Source company, co-dewveloping and overview
Budapest, Hungary, 3-7 || providing suppaort for the Prosctive Parallel Suite,
Sept., 2007, . o . _ . Get latest
For Multi-threaded, Distributed and Enterprise Grids, our technology provides a release
ProActive User Group, uniformn parallel computing interface for Multi-cores, Servers, and Clusters, _
Tutarial, and Contest, Professional
28 Oct. -2 Nov, 07, Open and non intrusive, aActiveEon is parallel computing made easy, for your support
Beijing applications, within your 1T culture, making the most of your gwn infrastructure,
Upcoming release by ACth%Oﬂ
Yersion 4.0, Cctober
2007
More. ..

Sibe Map | Help'| +33 4 1234 12345 Contactus

ing on the Grid
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ActiveEon

» #
Activoon
SCALE BEYOND LIMITS Login | Create Account)

Home Products Solutions Services Partners Company  Purchase Community

Open source

Accelerate
Develtpment,

e What we do What we offer _Our Technology ProActive 8
I Pro4ctive and Grid Paralial Bt
| Carmponent Model ActiveEon is your dedicated technology partner for accelerating and scaling up your
[GCM) applications. We are a Professional Open Source company, co-dewveloping and | overview
| Budapest, Hungary, 3-7 || providing suppart for the ProActive Parallel Suite,
For Multi-threaded, Distributed and Enterprise Gnids, our technology provides a release
Prosctive User Group, uniformn parallel computing interface for Multi-cores, Servers, and Clusters.
TutDri_aI, and Caontest, ;
28 Oct.-2 Nov. 07, Dpen and non intrusive, ActiveEon 1= parallel computing made easy, for your support
Beijing applications, within your IT culture, making the mast of your own infrastructure,
Upcoming release by AC’[IVQ)OH
Version 4.0, October
2007
Mare. .

Site Map | Help | +33 4 1234 12345 Contactus
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Activon I

SCALE BEYOMND LINMITS .
2 . i = Login | Create Accoun

Home Products Solutions Services Partners Company  Purchase  Community

Tools for Your applications Open source
within Your IT culture

with Your infrastructure
Virtualization

Simplicity

News What we do What we offer Cur Technology ProActive
Prodctive and Grid para"e"_‘g"ft'_g .
Component Model ActiveEon is your dedicated technology partner for accelerating and scaling up your
(GCMY applications, e are a Professional Open Source company, co-developing and overview
Budapest, Hungary, 3-7 || providing support for the Prosctive Parallel Suite.
Sept., 2007, _ o _ _ _ Get latest

For Multi-threaded, Distributed and Enterprise Grids, our technology provides a release |
Profctive User Group, uniform parallel computing interface for Multi-cores, Servers, and Clusters.
Tutoral, and Contest, Professional
28 Oct.-2 Mow, 07, Open and non intrusive, ActiveBEon s parallel computing made easy, for your support
Beijing applications, within your IT culture, making the most of your own infrastructure,
Upcoming release by ACtIVQ?On
Yarsion 4.0, October
2007
Mare. ..

ing on the Grid
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SCALE BEYOND LINMITS

Home Products Solutions Services Partners (fompan_y Purchase 'Cf'c:mmun'it:y

MNews

Prosctive and Grid
Component Model
()

Budapest, Hungary, 3-7
Sept., 2007,

ProActive User Group,
Tutorial, and Contest,
28 oct.=2 Nov, 07,
Beijing

Upeoming release
Version 4.0, October
2007

Mare...
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Login | Create Accound

Open‘source

Virtualization

Simplicity

What we do What we offer Our Technology

ActiveEon is vour dedicated technology partner for accelerating and scaling up your
applications. We are a Professional Open Source company, co-developing and
providing support for the Prosctive Parallel Suite,

For Multi-threaded, Distributed and Enterprise Grids, our technology provides a
uniform parallel computing interface for Multi-cores, Servers, and Clusters,

Open and non intrusive, activeEon is parallel computing made easy, for your
applications, within your IT culture, making the most of your own infrastructure,

ProActive
Parallel Suite

overview
Ger latest
release
Professional
support

., Activ®on

Site Map | Help | +33 4 1234 12345 Contact us|
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ProActive GUIs

IC2D Eclipse, Timlt, ...

Graph of Distributed

References TimlT Pattern

Visualize both number and size of communications

Display the references batween active objects; bhiien AR ora St

in short it can easily spot eyclic depandencies.

CG Communication pattern B 16
" Dot Seashy distsiaten 6 version 10

T i

o

—
M e Gt

Sneted

]

Launcher and Scheduler

Launching applications directly from the GUL

Aliow seomless deplayment on local machines (rsh, ssh...), as
well g5 on third-party schedulers fsuch o= Platform™ LSF,
PBS, Globus, Sun GE glite, Unicore...). The toolbex also
provides o simple genaric schaduler interface that lets you
deploy your own scheduler, or infegrate directly within your
application.

GRID Scilab

ProActive interfacas with the Scilob
Scientific Free Softwore Package

It allows the deployment of Scilab instances

on distributed nodes, ond manoges scripts |-
to be executed in parallel,

L

e

For more information on ProActive and Professional Services, ;
ease visit hitp:iProActive.ObjectiWeb.org/ ProActive

Prigramming, Campoaing, Deglayeg on tha Grd |

GRID IDE: Integrated Development Environment

IC2D:; View, Manage, Control
Distribution and Parallelisim

ProActive

Brageamming, Composiog, Daploping on e Grid

r . IDE HIGHLIGHTS
Grid IDE Overview I EGEE At

ProActive features an integrated full-fledged Grid IDE [Integrated

Davelopment Environment) named 1C2D. It features graphical monitoring Health of your

and control, programming wizards, debugging and optimizing tools appitcations Enclucﬁng
which all contribute to high-productivity grid development. Morecver, Graphical Monitoring
enterprise developers can work in o familiar setting within Eclipse and Control,

plugins; increasing both productivity and raducing the need for new ?rogramming Wizards
1

Debugging and
Optimizing Tools

Graphical Monitoring View
A graphical environment for remote monitoring and
stearing of distributed and arid applications.

It pravides a graphical visualisation for hosts, lava
Wirtual Machines, and active objects, including the
topology and the volume of communications.

Job  monitoring  (right side} provides o tree
representation of all these entities.

.ll
e

Fractal GUI .
A graphical tool to edit Fractal and
Grid Component configurations. L p

The GUI allows for Client/Server
interface connections, and renaming of
Virtual Modes for controlling mapping

and ca-allacation ot deployment.

Mmate Call = arrayBing] 32 (500 (Eerations, warmip =500]
Tivima ribars

TimiT Bench

A complete solution to benchmark and optimize
applications” performance.

TimlT is able to produce a large variety of
statistics, odvanced fimers with hierarchical
capahifities.

TimiT avtomatically generates statistical charts.

ngmm ks
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Interface with The Scientific Free Software

SciLab

VY i St Too o7 - - ________________ EEIB
Command
[ scilab Engines Pending Tasks
&
=] Enginzo Id Task Script Priorit Awaited Timeims) State
&[] Engine1 Taskz2 test_scilab.sce Horrmal 29000 Q0
o[ Engine2 Task23 test_scilab.sce Morrmal 16000 [¥]
o [ EngineZ Task24 test_scilab.sce - -
o [ Engine4
o [ Engines
Clear
Executing Tasks uTWIB‘“ LaEnd
Pending Tasks
] Id Task i S_cript Il Engine Clobal Time(ms) g
Task1l4 test scilab sce - 5 0 Pending
Taskls test_scilah sce Engings 53014
Task16 test_scilab,sce - -
Taskl? test_scilab sce Engined 48063 Raneellad
Executing Tasks
Terminated Tasks (¥} Executing
Id Task Seript Execution Timeims) | Global Time{ms) Stata
Taské test_scilab.sce 2 1055 v Killed
Task? test_scilah.sce o 1054 v
Tasks test_scilah.sce 40 1042 v
Taskd test_scilab sce e 10328 bl Terminated Tasks
Taskld test_scilah.sce & 1068 v
Taskll test_scilah.sce 1 1068 K ¥ Succeeded
Task12 test_scilah. sce 1 1040 P v x
Aborted
Operations
-=Deployment is running: fauto/seafu/seaf0fuserfamangin/Prodctive RELEASE/descriptars fexamplesProActivescilablocal xml |~
-»Deployment is successtull jautofseaju/seafo/userfamangin/Prosctive _RELEASE/descriptors/examples/ProActivescilablocal xml |5
- =Add new Scilab Task Taskd
- »Execute Scilab Task :Task0
-=Terminate 5cilah Task (Task(
- »Add new Scilab Task (Taskl
-»Execute Stilab Task (Taskl 5
T, i ilakn T le T 1 x
Clear
ProActive & scilf§
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ProActive

A 100% Java AP| + Tools for
Parallel, Distributed Computing

A uniform framework: An Active Object pattern
A formal model behind:  Determinism (POPL’04)

Programming Model:
Remote Objects:
Asynchronous Communications, Wait-By-Necessity, Gro ups, Mobility,
Components, Security, Fault-Tolerance: Checkpoints
Environment:
XML Deployment Descriptors:
Interfaced with: rsh, ssh, LSF, PBS, Globus, Jini, SUN Grid Engine
Graphical Visualization and monitoring: IC2D
In the www. ObjectWeb .org Consortium
(Open Source LGPL)

Object\Web

Open Source Middleware

Denis Caromel P r QAQUIYQ
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THEORY oo
A Theory of Distributed Objects

D. Caromel, L. Henrio, ATheory of
Distributed Objects

Asynchrony — Mobility - Groups — Components

Springer 2005, Monograph

A C&'CU'US ) Springer
ASP: Asynchronous Sequential Processes

e Based on Sigma-Calculus (Abadi-Cardelli)
 Formal Proofs of determinism
e Releases a few important implementation constraints

Denis Caromel P P QAQU’YQ
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Example of ProActive Training

Introduction: The multiple GRIDs
Active Objects, Wait-By-Necessity

Group communications, OO SPMD,
Mobility

Deployment:
rsh, ssh, Globus, LSF, gLite, etc.

Fault-Tolerance: Exceptions and
Checkpointing

Peer-to-Peer
Web Services

Components:
Introduction to Components
From Objects to Components
Hierarchical Components

A few words about Theory: ASP
A Theory of Distributed Objects

PRACTICALS &l & & &
Hands-On A s 4 A
§Y &Y §Y ¢
@ @ @ @&

1. Installation,
2. C3D: Coll.+Parall.+Dist.
3.  Synchro(RW,Phil)

4. Penguin, Jacobi

5. Jacobi Deployment
6. Hands-On programming

7.  Finish up previous ex.
8. Components Programming

To be precisely defined according to students' knowledge and main interests

30 Denis Caromel
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Table of Contents (1)

0. Introduction to the GRIDs

1. ProActive: Basic Programming Model
1.1 Basic Model

— 1.1.1 Active Objects, Asynchronous Calls, Futures,
Sharing

— 1.1.2 API for AO creation
— 1.1.3 Polymorphism and Wait-by-necessity
— 1.1.4 Intra-object synchronization

— 1.1.5 Optimization: SharedOnRead
1.2 Collective Communications: Groups and OO SPMD (vs. MPI)
1.3 Architecture: a simple MOP
1.4 Meta-Objects for Distribution

31 Denis Caromel PPQAQUI\{Q




E S
Table of Contents (2)

2. Mobility
2.1 Principles:
Active Objects with: passive objects, pending
requests and futures
2.2 API and Abstraction for mobility
2.3 Optimizations
2.4 Performance Evaluation of Mobile Agent
2.5 Automatic Continuations: First Class Futures
3. Components
3.1 Principles

3.2 Primitive, Composite, Parallel components
3.3 Implementation

4. Environment and Deployment
4.1 Abstract Deployment Model
4.2 1C2D: Interactive Control & Debug for Distribution
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Table of Contents (3)

5. Security
5.0 SSH Tunneling
5.1 Issues and Objectives
5.2 Principles
5.3 Examples

6. Examples of Applications
4.1 Collaborative C3D, Mobility, Jem3D, Jacobi, N queen,
Electric Network Planning, Monte Carlo simulation, etc.
4.1 DEMO: IC2D with C3D : Collaborative 3D renderer in //

7. Perspective: Real P2P

8. ProActive User Group, and Grid Plugtests
9. New in Last Version

10. On-going + Perspectives
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Parallelism

e Multi-Processing: = GRID COMPUTING

MPP: Massively Parallel Programming or
Message Passing Parallelism
Solutions: PVM, MPI, ... RMI, sockets

Distributed programming

e Multi-Threading:

— SMP: Symmetric Multi-Processing
Shared-Memory Parallelism
Solutions: OpenMP, pThreads, ... Java Threads

Multi-Core Programming

Unification of Multi-Threading and Multi-Processing

ProActive & | |
=%  NoC for Multi-Core: Network On a Chip

Programming, Composing, Deploying on the Grid
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Jacobi: MPI

I Matrix init

Call mpi_barrier (comma2d,ierr)

it=0

Do while ( diffnorm > tolerance )

it=it+ 1

Call exchng2( a,sx,ex,sy,ey,comm2d,
belowX,aboveX,belowY,aboveY,dims)

Call sweep2d(a,f,nx,sx,ex,sy,ey,b)

dwork = diff(a,b,sx,ex,sy,ey)

Call mpi_allreduce (
dwork,diffnorm,1,mpi_double,mpi_sum,commz2d,ierr)

End Do
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Jacobi: MPI

Subroutine exchng?2(
ab,sx,ex,sy,ey,commz2d,belowX,aboveX,belowY,aboveY,dims)

If (dims(1) > 1) then
Call mpi_sendrecv (
ab(ex,sy:ey),ey-sy+1,mpi_double, aboveX,0,
ab(sx-1,sy:ey),ey-sy+1,mpi_double, belowX,0,
comm2d,status,ierr)

Ro o

Call mpi_sendrecv (
ab(sx,sy.ey),ey-sy+1,mpi_double, belowX,1,
ab(ex+1,sy:.ey),ey-sy+1,mpi_double, aboveX,1,
comm2d,status,ierr)

End If

If (dims(2) > 1) then
Call mpi_sendrecv (
ab(sx:ex,ey),ex-sx+1,mpi_double, aboveY,2,
ab(sx:ex,sy-1),ex-sx+1,mpi_double, belowY,2,
comma2d,status,ierr)

Ro o

1l

5

Ro o

Call mpi_sendrecv (

abgsx:ex,sy),ex-sx+1,mpi_double, belowY,3,

ab(sx:ex,ey+1),ex-sx+1,mpi_double, aboveY,3,
comm2d,status,ierr)

End If

End Subroutine exchng?2

Ro o
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Jacobi: OpenMP

#pragma omp parallel private(resid, i) {
while (k <= maxit && error > tol) {
[* copy new solution into old */
#pragma omp for
for (j=0; j<m; j++)
™| for (i=0: i<n: i++)
uold[i + m*j] = u[i + m*j];

#pragma omp for reduction(+:error)
[** Compute **/
for (j=1; j<m-1; j++)
for (i=1; i<n-1; 1++){
u[i + m*j] =( uold[i-1 + m*j] + uold[i+1 + m*j]
+ uold[i + m*(j-1)] + uold[i + m*(j+1)] )/ 4;

[* accumulate residual error */
error = error + ufi +m*jJ;

‘ } 1+ end for */

[* error check */

#pragma omp master
k++;
error = sqrt(error) /(n*m);

} I* end while */
} /* end pragma parallel */
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The GRIDs

PCs : 1 Milliard in 2002 (25 years) Forecast: 2 Milliards in 2008
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E S
The Grid Concept

GRID = Electric Network

‘Q, Computer Power (CPU cycles) e=p Electricity
Can hardly be stored, if not used ===y [ Ost

Global management,
Mutual sharing of the resource

2R

But CPU cycles are much harder to share than electricity:
» Production cannot be adjusted!

« Cannot really be delivered where needed!

* Not yet interoperable: Multiple Administrative Domains

2 important aspects : Computational + Data Grid

Denis Caromel
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Example

Challenge: Scale up

50 Machines, 1.5 year of computation

5000 Machines, with only 50 % Efficiency
==> 10 days

Applications:
Simulate the stock market evolution
Research for an urgent vaccine
Forecast a bush-fire path
Forecast in real time a flooding consequences ...
etc.
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E— I
Ubiquitous: some numbers

PCs in my lab (INRIA Sophia) : ~ 1500 French Riviera : 1.3 Millions

France : 25 Millions Europe : 108 Millions USA : 400 Millions
World : 1 Milliard in 2002 (25 ans) Forecast: 2 Milliards in 2008

France :
36 Millions of cellular phones
2.2 Millions of laptops
630 Thousand PDA
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E— I
The multiple GRIDs

Scientific Grids :

Parallel machines, Clusters
Large equipments: Telescopes, Particle accelerators, etc.

Enterprise Grids :

Data, Integration: Web Services
Remote connection, Security

Internet Grids, (miscalled P2P grid):
Home PC: Internet Grid (e.g. SETIQHOME)

Intranet Desktop Grids
Desktop office PCs: Desktop Intranet Grid
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Enterprise Grids

s Wy W W
Apache  gerylets EJB Databases
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Large
. Equipment

Parallel
Machine

Clusters
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Job management for

embarrassingly parallel s
> application (e.g. SETI) @L
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; Intranet Grids - Desktop Grids
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Using Spare Cycles of Desktops

Potentially:

- Across several sites

X @M
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N \ \“
@ fix @, L

Q

wﬂlz\ =
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e
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-
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- Non-embarrassingly parallel application ~ =~

How to Program ?
How to Deploy ?
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The multiple GRIDs

Scientific Grids
Enterprise Grids
Internet Grids

Intranet Desktop Grids

Strong convergence in process!

Infrastructure level, i.e. WS, and Programming

frodctive




Grid Computing with ProActive

=== Challenges: Programming Model,
"LI] Scale, Latency, Heterogeneity,
Versatility (protocols, firewalls, etc.)
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Cactus SciRun Triana ICENI GridCCM
XCAT Ccaffeine

MPICH-G GridLab GAT

Legion
GRAMNimrod-G Condor MP5  GRACE

JXTA

PBS LSF OAR Internet protocolsLinux Windows JVMs

4Y peris cdlolriel




Application toolkit
Portals - PSEs Programming environments

Cactus SciRun Triana ICENI GridCCM
XCAT Ccaffeine

NetSolve Ninf .
Legion .0 c1.G GridLab GAT

Services - Core Middleware

Super-schedulers Information onitoring
Legion
GRAMNimrod-Gondor MDS  GRACE

Grid fabric
Schedulers Networking 0S

PBS LSF OAR  |nternet protocols Linux Windows JVM

Federated hardware resources




E— -
Grid: from enterprise ... to regional

Very hard deployment problems ... right from the beginiping
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Grid: from regional ... to worldwide

Communication Nice-Los Angeles: 70 ms Light Speed
Challenge: Hide the latency !
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1. Distributed and Parallel
Objects

ProActive

Programming

Objectiiet ==

ProActive




A B
ProActive

Objectives and Rationale

Seamless
Sequential Multithreaded Distributed

5 . &b 5
O~ O OOl H

Most of the time, activities and distribution are not known at the
beginning, and change over time

Seamless implies reuse, smooth and incremental transitions
Library !
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. _ B
ProActive model (1)

Java RMI (Remote Method Invocation = Object RPC = o.foo(p) )

plus a few important features:
Asynchronous Method calls towards Active Objects:

Implicit Futures as RMI results
Wait-By-Necessity:
» Automatic wait upon the use of an implicit future
» First-Class Futures:
- Futures passed to other activities

- Sending a future is not blocking
[CDMQﬁD?3 % C; |-
R Z
Oj Q/ i P

Prosctive




. B
ProActive : model (2)

Active objects : coarse-grained structuring entities (subsystems)
Each active object: - possibly owns many passive objects

- has exactly one thread.
No shared passive objects -- Parameters are passed by deep-copy
Asynchronous Communication between active objects
Future objects and wait-by-necessity.

Full control to serve incoming requests (reification) UM

2 o

[~ ?3 Il
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E— C —
ProActive : Creating active objects

An object created with A a = new A (obj, 7);
can be turned into an active and remote object:

Instantiation-based: The most general case.
A a = (A)ProActive. newActive ( «A», params, node);
Class-based: In combination with a static method as a factory
To get a non-FIFO behavior (Class-based)
class pA extends A implements RunActive { ...}

Object-based:
A a =new A (obj, 7);

a = (A)ProActive. turnActive (a, node);
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ProActive : Active objects

® Aag = newActive  (“A” [...], VirtualNode)
® Vvl =ag.foo (param);
® Vv2=ag.bar (param);

O ;/nl.bar : //Wait-By-Necessit
UM () y y

Al]e

/ 5

=S

Wait-By-Necessity
Q Java Object O Active Object Req. Queue is a
: Dataflow
O Future Object O Proxy @ Request 5 Thread Synchronization
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E S
Walit by necessity

A call on an active object consists in 2 steps

A query : name of the method, parameters...
A Reply : the result of the method call

A query returns a Future object which is a placeholder for the result
The callee will update the Future when the result is available

The caller can continue its execution event if the Future has not
been updated

foo () Result process()
Resultr = a.process(); //perform long
//do other things //calculation
r.iBString(); return result;
} }
will block if

not available
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ProActive : Explicit Synchronizations

Aag = newActive (*A”, [...], VirtualNode)
V v = ag.foo(param);

v.bar(); [/\Walit-by-necessity

Explicit Synchronization:
- ProActive. ISAwalted  (v); // Testif available
. waltFor  (v);  // Wait until availab.

Vectors of Futures:
. waitForAll (Vector); // Wait All
. waltForAny  (Vector); // Get First

60 Denis Caromel PPQAQUIYQ




E— C —
ProActive : Active object

Standard object
Objet 1

g
-

An active object 1s composed of several
objects :

Active object

* The object being activated: Active
Object (1)

* A set of standard Java objects

* A single thread (2)

* The queue of pending requests (3)
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E B
Call between Objects:

Parameter passing:. Copy of Java Objects

b.foo(x)
Copy:
at
Seriali-
zation
(Deep) Copies evolve independently -- No consistency

Proscuve




E— B
Call between Objects:

Parameter Passing: Active Objects
Object passed by Deep Copy - Active Object by Refere nce

b.foo(x, ¢)
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E B
Wait-By-Necessity: First Class Futures

Futures are Global Single-Assignment Variables
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S B
Standard system at Runtime:

Dynamic Topology, Asynchrony, WbN, ...
but no sharing

_____________________________ of Determinim
-

. Active Object  ----- = Synchronous Call Sub System

[:] Passive Object — Asynchronous Call C) Address Space
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Proofs In GREEK
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Ludovic Henrie

v fresh activity ¢/ € dom(o) o ={/— A0} o
g-,},=copy(,g",g) Service:(ifmj=mt,henFifoServicee]ge g,"_mj()) i L R
Co R R 1

a[R[Active(d",m;)]; 034 75 B f] || P e LU
—>&[R[b’];0”;L;F;R;f] I 7[561‘1)3'66;0'7;&”;@;@;@] | P i TR 1 L SR EREN

(R JEREE P gy et | ] 1

0a(t) = AO(B) ' ¢dom(og)  fFP new future ¢ ¢ dom(oy,)
o5 = CopykMerge(oq,t' ; 05,t")  oo={y fut(ff_”g)} I O

[Rlem; (V)]s 0as tos Fo; o fo] | Blass 0g;08; Fa; Bgs fa] | P — i1<tri I
@[Rlugl; 045 o5 Foi s fol || Blass o3 03 s R = Iy s f77P15 f] | P DIStrIbUtEd ObJeCtS
R=R :[mj; f]= R m;EM  YmcM,m¢R Asynchrony — Mobility - Groups — Components
Q[R[SBT’UB(M)];O'; é;F; R; f] || P a[g_mj(&r) ﬂ- f, R[[”;O’; 5 F;Rf . Rrr; fr] ”

ATheory of

/ ¢dom(ec) F'=F:{fe/} o =Copy&Merge(o,i; 0,/)
ale v (Fiasos s B 5 f] | P— elaso’s FS B F | P

Preface by Luca Cardelli

(ENDSI

oat) = fut(f177)  Fa(f77%) =1 ol = Copy&Merge(og, is ; 0ast)

@|to;0a;io; Fos Bas fol || Blag;og; a5 Fas Bas fa] | P —
e O3 bes Fos Bos fol || Blas; 085 0a; Fas B fa] | P

( @ Springer

66 Denis Caromel PPQAQUIYQ




— e
ProActive : Reuse and seamless

Two key features:

Polymorphism between standard and active objects
- Type compatibility for classes (and not only interfaces)
- Needed and done for the future objects also
- Dynamic mechanism (dynamically achieved if needed)

Walt-by-necessity : inter-object synchronization

- Systematic, implicit and transparent futures
- Ease the programming of synchronizations, and the reuse of routines

"A" EOO (A a)
e @ a.g (...);
“A"

v= aJf (..);

@ v.bar (.);
}
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— o
ProActive : Reuse and seamless

Two key features:

Polymorphism between standard and active objects
- Type compatibility for classes (and not only interfaces)
- Needed and done for the future objects also
- Dynamic mechanism (dynamically achieved if needed)

Walt-by-necessity : inter-object synchronization
- Systematic, implicit and transparent futures
- Ease the programming of synchronizations, and the reuse of routines

"A" foo (A a) O.foo(a)

{ a.g() and a.f()
- a.g (...); are « local »
v=af (..);

O.foo(ra):

v.bar (...); a.g() and
a.f()are
«remote +
Async.»
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Intra Active ODbject

Synchronizations




A : B
ProActive:

Inter- to Intra- Synchronization

Inter-Synchro: mainly Data-Flow
Sequential Multithreaded Distributed

5 . (g\)b 65—
O~ O OOl H

Synchronizations do not dependent upon

the physical location (mapping of activities)

Proscu:
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ProActive : Intra-object synchronization

class BoundedBuffer  extends FixedBuffer
implements RUNACtIve {

EXp|iCit control: I/l Programming Non FIFO behavior
Library of service routines: runActivity (ExplicitBody myBody) {
Non-blocking services,... while (...) {
serveOldest (); if (this. isFull ()
serveOldest (f); serveOldest(" get");
Blocking services, timed, etc. else if (this. iISEmpty ()
serveOldestBl (); serveOldest (" put");

serveOldestTm (ms);
Waiting primitives

waitARequest();

etc.

else serveOldest ();

/I Non-active wait
waitArequest ();

}
1}

Implicit (declarative) control: library classes
e.g. : Blocking Condition Abstraction for concurren cy control:

doNotServe ("put”, "isFull");
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Optimization: SharedOnRead
Call between Objects

oooooooooooooooooooooooooooooooo

ProActive




S -
Standard system at Runtime:

N Sharinn

. Active Object  ----- = Synchronous Call Sub System
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Optimization:
SharedOnRead

Share a passive object if same address space
Automatic copy if required

Implementation: Use of the Mop

Help from the user:

Point out functions that make read access
\Write access by default
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SharedOnRead (2)

Algorithm
If a SharedOnRead Obiject is send during a method call:

If within the same VM:
send a reference instead of the real object
(reference counter)+1

After that:

Read access can be freely achieved
Write access triggers an object copy
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SharedOnRead (3)

s
¢4 Aest

______

! 1
—

() SharedOnRead Object

Denis Caromel

Passive Object

————— + Synchronous Call

— Asynchronous Call

ProActive




N -
Adaptive Feature:
Multi-transports layer
RMI, RMI-ssh, ..., Ibis, HTTP XML, ...

Adaptive choice of transport layer between:
» RMI

» SSh/RMI
Also available with static configuration:
» lbis (TCP, Myrinet, etc.)
»HTTP
» ... SSh/HTTP
Short Term Perspective:
Fully Adaptive Choice between all transports
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First-Class Futures

Update

ProActive




N B
Wait-By-Necessity: First Class Futures

Futures are Global Single-Assignment Variables
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E -
Future update strategies

No partial replies and requests:
No passing of futures between activities, more deadlocks

Eager strategies: as soon as a future is computed
Forward-based:

— Each activity is responsible for updating the values of futures it
has forwarded
Message-based:

— Each forwarding of future generates a message sent to the
computing activity
— The computing activity is responsible for sending the value to all
Mixed strategy:
Futures update any time between future computation and WbN

Lazy strategy:
On demand, only when the value of the future is needed (WbN on it)
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Wait-By-Necessity: Eager Forward Based

AO forwarding a future: will have to forward its va lue
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N B
Wait-By-Necessity: Eager Message Based

AO receiving a future: send a message
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EE B
Wait-By-Necessity: Eager Message Based(2)

AO forwarding a future: send a message
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B B
Wait-By-Necessity: Lazy Strategy

An Active Object requests a Future Value when neede d
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TYPED
ASYNCHRONOUS

GROUPS




E— -
1.2. Collective Communications: Groups

* Manipulate groups of Active Objects, in a simple and typed manner:

mm) Typed and polymorphic Groups of active and remote objects
mmm) Dynamic generation of group of results
mmm) [ anguage centric, Dot notation

 Be able to express high-level collective communications (like in MPI):
* broadcast,
* scatter, gather,
e all to all

A ag=(A)ProActiveGroup. newActiveGroup  («A»,{{p1},...},{Nodes,..});
V v = ag.foo(param);
v.bar();
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Group Communications

Method Call on a Typed Group

Based on the ProActive communication mechanism

Replication of N ‘ single ' communications
Parallel calls within a group (latency hiding)

Preserve the « rendez-vous »
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Groups: Analysis of Related Works

3 projects close to ProActive Group Communications:

JGroups
Centered on low layers of communication: messages rather than RMI
Socket programming style

Object Group Service
CORBA focused
Group communication return only one result (by default)

Group Method Invocation
Group members have to implement and extend a class and an interface
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Groups: Analysis of Related Works

Lack of transparency:

Specific interface for functional calls
Inheritance from specific classes and interfaces

Sometimes too application-specific or domain-specific

ProActive Groups address those problems !
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B B
Creating AO and Groups

® Aag = newActiveGroup  (“A”, [...], VirtualNode)
® Vv = ag.foo(param);
o aso

Jvm @ v.bar(); [/Wait-by-necessity

/70

.

ne

. . Group, Type, and Asynchrony
O Typed Group@ Java or Active Object are crucial for Cpt. and GRID

90 Denis Caromel P”QA?U’YQ




Collective Operations : Example

class A {
V foo(P p){...}
}

class B extends A
{..}

A al= PA.newAct( A));
A a2= PA.newAct( A));
B bl= PA.newAct( B,);

// Build a group of

A agS = (A)ProActiveGroup.

STANDARD OBJECT&« A »
newGroup (“A” { ..

V v = ag.foo(param); // foo(param) invoked
/[ on each member

/[ A group v of result of type V is created

3)

A a3= PA.newAct( A));

Group ga =
ProActiveGroup.
etGroup (ag);

ga.add(a3

g

// Build a group of
Aag =(A)

ACTIVE OBJECTS « A»

newActiveGroup (“A’{ ...}, Nodes)

V v=ag.foo(param);//invoked // on each member

/

v.bar();

ProActiveGroup.
(v); //bloking -> all

v.bar();

waitForAll

91 Denis Caromel

ProActive

Vvi=

ProActiveGroup.  getOne (v);
//bloking ->on

vi.bar(); //a single call




E -
Group as

Result of Group Communication

Ranking Property:
Dynamically built and updated
B groupB = groupA.foo();
Ranking property. order of group member = order of reply origin

Explicit Group Synchronization Primitive:
ProActiveGroup.waitOne(groupB);
ProActiveGroup.waitAll(groupB);

... waitForAll, ...

Predicates:
noneArrived , kArrived , allArrived, ...
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Two Representation Scheme

Management

getG roup of the group
method of class Group
Typed group Group of objects
groupA gA
getGroupByType
, static method of class
Fonctional use

ProActive
of the group
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Two Representations (2)

Management operations add, remove , size , ...

2 possibility : static methods, second representation

2 representations of a same group : Typed Group / Group of objects
ability to switch between those 2 representations

Group gA = ProActiveGroup.getGroup(groupA);
gA.add(new A());

gA.add(new B()); /IB herits from A

A groupA = (A) gA.getGroupeByType();
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Broadcast or scatter

Broadcast is the default behavior
Scatter Is also possible

Scatter uses a group as parameter
Distribution relies on rank

ag.bar(cg, dg); // broadcast cg and dg
ProActive.setScatterGroup(cg);
ag.bar(cg, dg); I/ scatter cg, still broadcast dg

One call can both scatter and broadcast
In the same group call
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Broadcast and Scatter

Broadcast is the default behavior
Use a group as parameter, Scattered depends on rankings

mm) ag.bar(cg); // broadcast cg
ProActive.setScatterGroup(cg)
ag.bar(cg); /[ scatter cg

(D
(
(
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Static Dispatch Group

97 Denis Caromel
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E -
Dynamic Dispatch Group

ag.bar(cg);

Proscu:




Performances and Optimizations

Common operations

Single reification
Single serialization

Parallel calls (adaptive thread pool)

sa8

T T T T T T T T
single reification and single serialization —— 1ean T T T 1 ‘thr"eald —_ T T T
single reification —— 2 threads ——
without group —8— 4 threads —&—
s8a - 8 threads —w— —
Je8 - T
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c 588 B -
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g 5
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= -
o
o & 488 [ g
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z o
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88 - T
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riumber of Objects used as broadcasted parameters to 28 group members rumber of ohjects in the group
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Handling Group Failures (1)

Using Java exceptions

Common way to express failure in Java

A Group may produce N exceptions during one Group
Com.

Result Group Is used to store exceptions
To get them all at once:
E.L. el = group.GetExceptionList ()

ExceptionList . an exception that contains all raised
exceptions + a reference to the Group that produced
them

Prosc.-




E .
Handling Group Failures (2)

mmp \/ vg = ag.foo (param)

Group groupV = PAG.getGroup(vg); failure
el = groupV.getExceptionList();

;/.;q.gee();

Prosctive
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Active and Hierarchical Groups

Active Group:
a group being a (Remote) Active Object

A group becomes remotely accessible
Multiple coherent view of a single Group from several JVMs
Modifiable service policy

Hierarchical group

A group of groups
Dynamically built
Achieves scalability

Prosctive




Hierarchical Groups

Add a typed group into a typed group

vs. Adding an element in a group
Scalability of groups
Can match the network topology

(®

Prosctive




Grid deployment -

-

grid frontah

N

clusterj

104 Denis Caromel

-

cluster

\ASynchronous call

N O)

\ cluster/
mroActlive
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Grld Group Calls on a 1000 CPU at once

ESQHCHFDHDUS call ——+——

synchronous call —— Grld’5000

3508 -
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fmber of (subli-group members
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Implementation

MOP generates Stub B groupB = groupA.foo();

groupA groupB
Stub inherits from the l

class of object l
Stub connects a proxy . .
special proxy for group
Proxy for
gr oup

Prosctive

result is stub+proxy




Example : Matrix multiplication

Matrix code : Broadcast to Broadcast approach
more than 20 lines of Java code

A0O) [ ) ~Jaco ] -,
B(0,0) | B(0.1) | B(0,2)
A(l,EO) | #v <l A(Oé,O) [N
v B(0,2) B(OE,O) B(OEZ)
o] T [ aoa]
ep ! Step 2 Step 3

e 2 lines with ProActive groups
for (int i=0;I<P;i++)
A.grouprow(i).multiply(B.groupcolumn(i));

Prosctive




Measurement : Matrix Multiplication
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Measurement : Method Call

—=— with group without group
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Features of Groups

Optimization:
Parallel calls within a group (latency hiding)
Treatment in the result order (if needed)
Scatter (a group as a parameter to be dispatched in Group. Com.)

A single serialization of parameters

Flexibility: Active Group

A group becomes remotely accessible so: updateable and consistent
---> Dynamic changes
---> Migration of a group is possible

Perspective:
use network multicast, and new IPv6 features

Prosctive




Adaptive Feature:
Parallel Group Communications

Adaptive strategy to manage the number of threads
el
Execution of N calls in // //
A H—-
\
\
\
ol

Group proxy

Proscuve




Different Optimizations in Groups

800 |

s 2 2
|

I
S
|

[~
=
-

average duration of 100 iterations (in ms)

2
|
+

=
|

common reification/serialization —€—

common reification - =+--
no common operation --E--
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Thread Pool for sending Requests in //

0 | | ' | I T T

| thread —©—
7 00 2 threads --+-- |
= 4 threads --8--
= 800 ' 8 threads - X - )
Py adaptive threadpool — B
-
2 700 _
E
£ 600 F )
% 500 )
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S 400 )
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E
= 300 + )
S5
g 200 )
=
= 100 )

0

50 100 150 200 250 300 350 400 450 500
number of active objects in the group

Pro-ccl e




Object-Oriented SPMD
Single Program Multiple Data

Motivation
Cluster / GRID computing
SPMD programming for many numerical simulations
Use enterprise technology (Java, Eclipse, etc.) for Parallel Computing

Able to express most of MPI's Collective Communications:

broadcast reduce
scatter allscatter
gather allgather

and Barriers, Topologies.

Prosctive




E S
Main MPI problems for the Grid

Too static in design
Too complex interface (API)

More than 200 primitives and 80 constants

Too many specific primitives to be adaptive

Send, Bsend, Rsend, Ssend, Ibsend , etc.

Typeless (Message Passing rather than RMI)
Manual management of complex data structures
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OO SPMD

® Aag = newSPMDGroup (“A” [...], VirtualNode)

/I In each member

@ myGroup.barrier (“2D"); I/l Global Barrier
® myGroup.barrier (“vertical”); /[ Any Barrier
©® myGroup.barrier (“north”,”south”,“east”,“west”);

LN

Still,
not based on raw

messages, but
Typed Method Calls
==> Components
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API

Topologies
Table, Ring, Plan, Torus, Cube, ...
Open API
Neighborhood

Barrier
Global
Neighbor-based
Method-based

Pro/coe




Topologies
Topologies are typed groups
Open API
Neighborhood

Creation by extraction

. Q,\ T [
|@.‘,‘-...,lllllllllnnv‘l )

EREEN @

Line Ring Plan Cube Torus Hypercube

Plan plan = new Plan(groupA, Dimensions);
Line line = plan.getLine(0);

Prosctive




ProActive OO SPMD

A simple communication model

— Small API

— No “Receive” but data flow synchronization
— No message passing but RPC (RMI)

— User defined data structure (Objects)

— SPMD groups are dynamics

— Efficient and dedicated barriers

Prosctive
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Group communication Is a key
feature of ProActive

Used in many applications and other features

Jem3D :

g Con ook vl Wi Ginbis
O

Multiport B 5§
component

T

 Dispn opstegy  ppomion vl e | Saien Topolor | Momnarieg smie
-

~ Jacobi
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MP| Communication primitives

For some (historical) reasons, MPI has many com. Primitives:

MPI_Send Std MPI_Recv Receive
MPI_Ssend Synchronous MPI_Irecv Immediate
MPI_Bsend Buffer ... (any) source, (any) tag,
MPI_Rsend Ready

MPI_Isend Immediate, async/future

MPI _Ibsend, ...

I’d rather put the burden __ on the implementation _, not the Programmers !
How to do adaptive implementation __ in that context ?
Not talking about:

the combinatory that occurs between send and receive
the semantic problems that occur in distributed implementations

Is Recv at all needed ? First adaptive feature: Dynamic Control Flow of Mess.
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MPI and Threads

MPI was designed at a different time

When OS, languages (e.g. Fortran) were single-threaded

No longer the case.

Programmers can write more simple, "sequential” code,

the implementation, the middleware, can execute things in parallel.
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Main MPI problems for the GRID

Too static in design

Too complex in Interface (API)

Too many specific primitives to be adaptive
Type Less

... and you do not "lamboot” / "lamhalt” the GRID !
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Adaptive GRID

The need for adaptive middleware is nhow acknowledged,
with dynamic strategies at various points in containers, proxies, etc.

Can we afford adaptive GRID ?

with dynamic strategies at various points
(communications, groups, checkpointing, reconfiguration, ...)
for various conditions (LAN, WAN, network, P2P, ...)

HPC vs. HPC

High Performance Components vs. High Productivity
Components
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Groups In Components

Implementation of the Fractal component model
Collective ports
Composite components

At composition,
on composite inner server interface

At binding, = O L O Parallel

Component

on client interface -

O - - — -

i
Typed group O Typed group
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Sum up: MPI vs. ProActive OO SPMD

A simple communication model, with simple communication primitive(s):
No RECEIVE but data flow synchronization
Adaptive implementations are possible for:

» /[ machines, Cluster, Desktop, etc.,

» Physical network, LAN, WAN, and network
conditions

» Application behavior
Typed Method Calls:

==> Towards Components

Reuse and composition:
No main loop, but asynchronous calls to myself,

Prosc.-




SPMD Programming :
MPI to ProActive translation

mpirun ------- » Deployment on virtual nodes
MPI_Init —— newActive()
MP_Finalize —— terminate()
MPI_Comm_Size— getMyGroupSize()
MPI_Comm_rank—— getMyRank()
MPI_*Send / MPl_*Recv =~ ------- » Method call : result=0bj.foo()
Recv + Send + Wait sequence—> exchange()
MPI_Barrier —— barrier()
MPI_BCast ------ » Group Method call : objGroup.foo()

MPI_Scatter ------- » Method call with a scatter group as
parameter
MPI_Gather ------- » Result of a group communication
MPI_Reduce ------- » Programmer’s method
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SPMD Programming :

MPI to ProActive translation

MPI ProActive Example
mpirun Deployment on virtual nodes
mpi_init Activity creation a = newActive(..)
mpi_finalize Activity termination a.terminate()
mpi_comm_size Get the size of my group getMyGroupSize()
mpi_comm_rank Retrieve my rank number getMyRank()

mpi_send/recv

Method call on active object

result = a.foo(..)
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recv+send+wait Exchange operation exchange(..)

mpi_barrier Synchronization request barrier()

mpi_bcast Group method call groupOfA.foo(..)

mpi_scatter Method call with a scatter groupOfA.foo(scatterGroup)
group as parameter

mpi_gather Result of a group call result = groupOfA.foo(..)

mpi_reduce Programmer’s method groupOfA.myReduce()

F’Pq \C




1.3. ProActive architecture:

a simple MOP

Design of the library

ProActive




ProActive architecture: a simple MOP

ProActive

MOP

MOP (Meta-Object Protocol)
Runtime reflection (for dynamicity)
New semantics for method and constructor calls
Same technigue for Future implementation
Uses the Java Reflection API

ProActive
Implemented on top of the MOP

Other models can be built on top of ProActive or on top of
the MOP
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MOP principles

Static or dynamic generation of stubs:

Take place of a reified object >
Reification of all method calls

Sub-class of the reified object: type compatible l

Stub only depends of the reified object type,

not of the proxy —>
Any call will trigger the creation of an object Call

that represents the invocation. )

It will be passed to the proxy: has the semantics @
to achieve

Prosctive




E . I
The MOP - principle

- Object[] effarray
Call - String methodname

. ODb
- Objectres > &

/ Proxy / Object reify (Call c)

PROXY_CLASS NAME =
St - / Reflect /

/ Futur // Active //Remote/

All interfaces that inherit Reflect
are marker interfaces for reflexion
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User Interface of the MOP

Instantiation of reified objects with static method newlnstance of the MOP class

Programming class par class with interfaces deriving from Reflect

Vector v = (Vector) MOP.newlinstance ( <name of reifi ed class (impl. Reflect )>,
<parameters passed to proxy>,
< parameters of reified object constructor >);

Or instance per instance :

Vector v = (Vector) MOP.newlInstance ( <name of class standard >,
<class proxy name to use>,
<parameters given to proxy>,
<parameters of reified object constructor >);

Or object per object :

Vector v = (Vector) MOP.turnReified ( <objet standard >,
<class proxy name to use>,
<parameters given to proxy>);

Prosctive




E I
Example : EchoProxy

public class EchoProxy implements Proxy {
/I Attributes /Reflect /
Object myobject;, T —T ]
// Constructor A / EQhO /
public EchoProxy (Call ¢, Object[] p) { v
this.myobject = c.execute(); \ /,/'
} Echo A|

/l Method of the Proxy interface

public Object reify (Call ¢) {

System.out.printin ("Echo->"+c.methodname+");
return result = c.execute (myobject); \\_)
) ()
}
public interface Echo A extends Reflect {
PROXY_CLASS_NAME = "EchoProxy"; } A a =(A)newlnstance ( "Echo_ A" null,null);
A a =(A)newlnstance ( "A", " EchoP. " ,null,null);
A a =(A)turnReified ( a, "EchoP." , null;

Prosctive




ProActive . implementation principle

/ Proxy / / Reflect / PROXY_QLASS_NAME = null
MOP Call
ProxyForBody
ProActive Body
FIFO
/ Active /- PROXY_CLASS_NAME = ProxyForBody 2 aspects  of
- - BODY_CLASS_NAME # Body distribution
________ R —
Application \ S _ =
PA |- = Bod
- runActivity (Body) \@L)#( > yw
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Proxy and Body

Based on interface Active and class ProActive

MOP Reflect
ProActive  Active Future
A proxy / body model

p.foo (params)

Standard Object
()
pmxy’_m) C
Reified (r y
g

network

Originalities:
Extensions through inheritance of the Reflect interface
3 ways to turn a standard object into a reified one

Reuse of existing classes, polymorphism between standard and reified
objects

Proscu:




1.4 Meta-Objects for Distribution

An Active Object

Reqqest
Reply Sender Receiver
Reply
BOdy Receiver
FuturePool
RequestLine Q
Service
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Composition of an Active Object

Multiples Objets

RequestSender: Send requests (proxy + body)
RequestReceiver : Receve the requests
ReplySender : Send back the result to the caller
ReplyReceiver : Receive the future updates
Service : Chose (select) and executes the requests
RequestLine : Pending Requests

FuturePool : Pending Futures

Prosctive




Request to an Active Object

Appelant
Request
Receiver
1 - Call
. Reply

2 - Reception of Request Receiver .

3 - Selection of Request 3

4 - Execution

5 - Sending back the reply K

"
"y .
------
--------------------

Prosctive




Listener

Pattern Event Listener
Events are (if needed) generated for each important step
If asked for, sent to the listeners

These Listeners can be added/suppressed dynamically

frodctive
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Event Types (1)

3 Main Categories:

1. Active Object:

Creation
Migration (activation, Inactivation:  Life Cycle)

2. Communications:

RequestSent
RequestReceived

ReplySent
ReplyReceived

3. Service (activity of an AO):
WaitForRequest
WaitByNecessity
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Listener - Modifier

Idem Listener + modification of the AO execution:

At creation: change the VM of creation
At migration: changer the destination VM
Step-by-step on communications

etc.

Application: debugging, monitoring, interactive Control of execution

frodctive




| ocalization of listeners

equest
Receiver
1stene

ep
T
Nistene

Reply
Sender
1stene

Reply
Receiver

FuturePool

RequestLine Sew9

Service
Listener

frodctive




. B
Reqguest Reception with a Listener
Used for IC2D implementation (see below)

“-___...---n---........
wne® e,
L a
.
.
.
. G
B @' ey
.
“
R
-
.
“
*
“
*
0
*

7| &
Reply Reqqest
Sender Receiver
1 - Caller

2 - RequestReceived

3
4 - RequestAccepted
S - Request Selection

6 - Execution
7 - Sending back the reply

Reques
Receiver
isteney
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2. ProActive : Migration of active objects

Migration is initiated by the active object itself through a primitive: migrateTo

Can be initiated from outside through any public method

The active object migrates with:
« all pending requests

« all its passive objects
« all its future objects

Automatic and transparent forwarding of:
* requests (remote references remain valid)

* replies (its previous queries will be fullfilled)

frodctive
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ProActive : Migration of active objects

|
Calling
Object F
0
r
w
a
r
d
Proxy ?
Migration is initiated by the active object through a request
The active object migrates with
- its passive objects - the queue of pending requests - its future
objects

2 Techniques : Forwarders or Centralized server

frodctive




Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,

asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

[‘_d.\
“ %
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Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,
asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

[‘_d.\
“ %
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E S
Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,
asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

f‘“‘\yﬁﬁ B \.\ -
)\ e
K SV
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Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,
asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

ST A
D\to - ‘\//f
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E S
Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,
asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

/‘“‘\p? 2 fomarder ﬁ
D\to e /f
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Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,
asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

[®— .\?? ??iforwarder ﬁ
Ejs\t- - ‘\///f
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Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,
asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

N
—

[*— .\?? forwarder
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E S
Principles and optimizations

Same semantics guaranteed (RDV, FIFO order point to point,
asynchronous)

Safe migration (no agent in the air!)
Local references if possible when arriving within a VM
Tensionning (removal of forwarder)

[*— ?? forwarder
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ProActive : API for Mobile Agents

Mobile agents (active objects) that communicate
Basic primitive: migrateTo
public static void migrateTo (String u)

I/ string to specify the node (VM)

public static void migrateTo (Object 0)

// joinning another active object

public static void migrateTo (Node n)
// ProActive node (VM)

public static void migrateTo (JiniNode n)

// ProActive node (VM)
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ProActive : API for Mobile Agents

Mobile agents (active objects) that communicate

/I A simple agent

class SimpleAgent implements  runActive , Serializable {
public ~ SimpleAgent () {}

public void moveTo iStrini tii / Move ui)on request
}

public String whereAreYou (){// Repplies to queries

return ( “lamat 7 + InetAddress.getLocalHost ());
}
public  runActivity (Body myBody){

while (... not end of itinerary A

res = myFriend. whatDidYouFind () // Query other agents

} o

myBody.fifoPolicy(); // Serves request, potentially moveTo I
s
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ProActive : API for Mobile Agents

Mobile agents that communicate
Primitive to automatically execute action upon migration

public static void onArrival (String r)
/I Automatically executes the routine r upon arrival

// in a new VM after migration

public static void onDeparture (String r)
// Automatically executes the routine r upon
migration
/[ to a new VM, guaranted safe arrival
public static void beforeDeparture (String r)
/I Automatically executes the routine r before trying
a migration

/| to a new VM

Proscu:
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ProActive : API for Mobile Agents
ltinerary abstraction

ltinerary : VMSs to visit
specification of an itinerary as a list of (site, method)
automatic migration from one to another
dynamic itinerary management (start, pause, resume, stop, modification, ...)

API:

myltinerary.add (“machinel”, “routineX”); ...
itinerarySetCurrent, itineraryTravel, itineraryStop , itineraryResume, ...

Still communicating, serving requests:

itineraryMigrationFirst ();

// Do all migration first, then services, Default behavior

itineraryRequestFirst ();

// Serving the pending requests upon arrival before
migrating again
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Dynamic Itineraries D

_ Host 4
Destination Methodss N\|9r'aT|or;
Host 1 echo
Host 2 callhome D
Host 3 processDaTa Host 3
Host 4 Mlgr'aTlorJ
:} Migration O Migration O

-Home Host 1 Host 2
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Communicating with mobile objects

Ensuring communication in presence of migration
Should be transparent (i.e. nothing in the application code)
Impact on performance should be limited or well known

ProActive provides 2 solutions to choose from at object creation

Location Server
Forwarders

also, it is easy to add new ones!

Prosctive




Forwarders

Migrating object leaves forwarder on current site

Forwarder is linked to object on remote site

Possibly the mobile object
Possibly another forwarder => a forwarding chain is built

When receiving message, forwarder sends it to next hop

Upon successful communication, a tensioning takes place

Prosctive




Other Strategy:
Centralized (location Server)
S : Source
A . Agent
Host A Server __, reference

@ O
@ ) [

Host B Host C Host D

Proscu:
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Centralized Strategy (2)

S . Source
A . Agent
Host A Server ., reference

@ Q

Server Update

@ Migration @ D

Host B Host C Host D
A migrating object updates the server

Proscu:
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Centralized Strategy (3)

S Source
A . Agent
Host A Server —, reference
® O
Failed | Message Update
[] D Migration D
Host B Host C Host D

A migrating object updates the server
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Centralized Strategy (4)

S . Source

Ask for a new A Agent
Host A Server . référence

reference

Reslgons@ @ I BUT The AQO mlghT
have moved again

Message in the meantime

.. Just play again,

Host B Host C Host D

The source get a new reference from the server

Proscu:
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| ocation Server vs Forwarder

Server
No fault tolerance if single server
Scaling is not straightforward
Added work for the mobile object
The agent can run away from messages

Forwarders
Use resources even if not needed
The forwarding chain is not fault tolerant
An agent can be lost

What about performance?

Prosctive
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Impact on performance

A Simple test
Measure the time for a simple call on a mobile object
no parameters, no return value

Application made of 2 objects: The source and the Ag ent

Source
Does not migrate
Wait an average time before calling the Agent (1/communication rate)

Agent

Wait an average time on a site before migrating (1/migration rate)
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Forwarder vs. Server LAN (100 Mbrs)

Response time (ms) vs. Communication rate

140 \
\ Server better on a LAN
120

\
100
80 \'\ S

0 | | | ' | | | | | | |
1 2 3 4 5 6 7 8 9 10 1

—— Forwarder (1s per site) @ —— Server (1s per site)

—— Forwarder (1/5s per site) —=— Server (1/5s per site)
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Forwarder vs Server MAN (7 mb/s)

Response time (ms) vs. Communication rate

Forwarders sometimes better on a MAN
J_\

R
( ) NS—

400

°T 2 3 4 5 6 7 8 9 10 1T

—— Forwarder (1s per site) —— Server (1s per site)
—— Forwarder (1/5s per site) —=— Server (1/5s per site)
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On the cost of the communication

Server:
The agent must call the server => the migration is longer
Cost for the source:
Call to site where the agent was
Call to the server and wait for the reply
Call to the (maybe) correct location of the agent

Forwarder:
The agent must create a forwarder (< to calling server)
Cost for the source:
Follow the forwarding chain
Cost of the tensioning (1 communication)
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Conclusion

Weak Migration of any active object

Communications using two schemes: server and forwarders

Current applications:
Network Administration
Desktop to Laptop

Perspective: Taking the best of the forwarders and the server
Forwarder with limited lifetime
Server as a backup solution

Proscu:
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TTL-TTU mixed parameterized protocol

TTL: Time To Live + Updating Forwarder:
After TTL, a forwarder is subject to self destruction
Before terminating, it updates server(s) with last agent known location

TTU: Time To Update mobile AO:

After TTU, AO will inform a localization server(s) of its current location

Dual TTU: first of two events:
maxMigrationNb: the number of migrations without server update
maxTimeOnSite: the time already spent on the current site

Prosctive



Conclusion on Mobile Active Objects

AO = a good unit of Computational Mobility

Weak Migration OK (even for Load Balancing)
Both Actors and Servers

Ensuring communications: several implementation to choose from:
Location Server

Forwarders
Mixed: based on TTL-TTU

Primitive + Higher-Level abstractions:
migrateTo (location)
onArrival, onDeparture
Itinerary, etc.
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Performance Evaluation of

Mobile Agent

Together with Fabrice Huet and Mistral Team

Objectives:

Formally study the performance of Mobile Agent localization mechanism
Investigate various strategies (forwarder, server, etc.)
Define adaptative strategies
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Analyse Markovienne des répéteurs

Paramétre

Description

/7
1/v
1/6
1/~

Temps moyen d’inactivité de la source
Temps moyen d’inactivité de 'agent
Durée moyenne de migration

Délai moyen inter-sites

TAB. 4.1 — Parameétres de la modélisation du mécanisme des répéteurs
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Aucun
Message

Message
En
Transit

F1G. 4.2 — Etats et transitions du mécanisme des répéteurs
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Dépurt Trunsition  Arrivée  Description
(1,0,0) — (1,1,0)  Début de migration
SN (1,0,1*) Nouveau message généré
(2,0,0) avec &> 2 — (2,1,0) Début de migration
N (2,0,1) Nouvenn message généré
(2,1,0) avec i 2> 1 LI (¢ +1,0,0) Fin de migration
L (2,1,1) Nouveau message généré
(1,0,1%) — (1,1,1)  Début de migration
T, (1,0,0)  Message a atteint 'agent
(2,0,1) avec i 2> 1 SN (2,1,1) Début de migration

. (2 —1,0,1) Message a effectné un saut

(2,1,1) avec 2> 1 — (¢ +1,0,1) Fin de migration
- (2 —1,1,1) Message a effectné un saut

(0,1,1) LI (1,0,1)  Fin de migration
(0,0,1) LN (1,0,0) Message a atteint la source

TaB. 4.2 — Défails des transitions dans [e modéle des répéteurs
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a) communication directe

58
ol @ Hon

b) migration o t,r—\D

) Racoonroissement de ]zl chaine

A oC ol B5 ernent
.).

d) Attente de fin de migration appel tigsm ton

AR e T T
bloqué | aomi)

.
appel

w

D Noemd — == Réfsrence
gzt Apent en conms de migration A T, Action
@ Répétenr

Fi1c. 4.5 — Délails des transitions du diagmmme des répéleurs
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Analyse Markovienne du serveur centralisé

Serveur novif
A= 0,0

B =10
=k
0= x0
E =Xk

Serveur blagué
F =100
G = 1,0

FiG. 4.6 — Elat du systéme et tauzr de transitions dans le mécanisme du serveur.
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O -

a) communication directe
appel

— T e
I=E

i graton

b) migration = —(:)

igen t.l

C
- ®

| Noeud — = Ratrence

emi; Agent en eours de migration A~ Tw, Action

f

O Serveur de localisation

FiG. 4.7 — Détails des transitions du modéle du serveur - source et agent
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E'l E—
a) appel et attente de la réponse du serveur _

ama) — -

e B, =
b) remise en quene réponse
o

- Rt ise en quens
(== !

D Noend

wsery Apent en cours de migration ~7 Tw, Action

- -

|
O 8 O

Q Serveur de localisation

F1G. 4.8 — Détails des transitions du modéle du serveur - le serveur
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Paramétre Description

A Attente de la source

7 Attente de I'agent

g Inverse de la durée de migration

Y1 Inverse de la latence vers 1’agent

o Inverse de la latence vers le serveur
1 Tanx de service

TAB. 4.5 — Description des paraméires de la modélisation du serveur de localisation
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Automatic Continuations

clienk seErvenr THWEIA Servelr_ CHRES

U

®
$\phi_1§

p_mb:=inria_hd.Menbers("SLOOE"|) ;
p_mb.prink;

Merbers (pname: Skring): Project_Members 1=
local mb: Project_Member:

o
. rezsult:= mh.creats:
$hphi 3% result.=s=t_inria(lecalkd.memnbers (prnams)
® resulbt.s=t_cnrs (cnrsbd. Menbers (pname) ) ;
§\phi_2§ end;

Transparent Future transmissions (Request, Reply)
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Load Balancing

Proscu:




Load Balancing using Mobillity
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Ao

2005-07-05 10:20:46

Messages

clear messages

10142 (AWT-EveniJueve-G) —» The node /fsolida.inriafr:241 0fP2PNode has been found onwm id=16dcd dfeblc3arss: i c3bdca:l 04eblebadd.-Fif

101442 (ART-EvertQuene-0) —» The node {fsalida.inriafr:2410/SharedNode_0 belongs to an already existing wm id=16dcddfeb0c3ars8:1cabScal 04eb0ebada: -7ifl
20 24:42 (AWT-EventQueve -t —» Node Object [fsolida.inria.fr:2410/5haredNode_0 created.

it 1443 (AWT-Eventdueve-G) =~ Node Object Mrinidad.inriafr.2410/P2ZPHode created.

D0 14:4% AWT-Event Queve-0) —» YMOBject id=b5a8095a3070ff6:cdaad3:104e60ebf00 -77Ff created based on node f/trinidad.intia. fr2410/P2PNode

101443 (AWT-EventJueve-0) —» The node { fttinidad.inria fr:2410/P2PNode has been found on vm id=b5a809f5a307 0ff6:c4 aad3:1 04eB0ebf00: - 71ff

it 1443 (AWT-Eventdueve-G) —» The node {ftrinidad.inria fr:2410/SharedNode_0 belongs to an already existing vm id=b5a809f52307 0ffb:cdaad3:1 04 eA0ebI00:- 7FFF
1024043 AWT-Event Queve-5) —» Node Object }/trinidad intia fr2410/SharedMode_D created
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Monitoring Control Look & feel Window Globus Components

Load Balancing using Mobillity (2)

“World Panel

[me====r o o= oo IalllE====s===cs=============

amdaintiafr2410:L

[ ¥M id=0383e8E
‘ $haredNudE_UE

Worker#6

ramstelinriafn2410:Li

rappleinriafn2410:Li

. Worker#8

Worker#96 g

Linriafr2410;

WM id=10851c5
harediode_0

L
orker#62 tﬁ

7

orker#69

¥M id=96c6c257
. | YM id=fh32edci rorios.inriafr2410:Li rmirage.inriafr2410;
HhasReD SharedNode_ 0 o magyavelinriafr241  rmaskinriafr2410:L e
Servers#ls - i VM id=e749541 ) ) ) ‘-VM 1d=689577:
| Worker#24 | SharedNode_0 e LISttt ~SharedNode_0|
I ker#16 sg— | ‘ SharedNode_0 [SharedNode_l]
e ;\_ Worker#35 | | s i Worker#70
W' e E — w11 g | —17 i
| ] C Worker#26 4 ker ‘ T —\ ” Worker#76
#18 K : | — \ 7 |
QM\ E #50 & ;ﬁ‘ <
QQ\‘urker#lllJ ,\X\‘;\ —
NN
rseajinria.fr2410:Linw
rbagode.int 41\0 rpsy ck.inriafr 1d=47275d69
oltaintiafr24 36 in o 1 |
. T idl=272¢164 VM id=7d24151 aRueaild 410 LERAR
T d e Id=N : < ‘ SharettNgde_0 rSharedNode_0| VM ige = worker100
aredh | | € : I i
el : [Sh Workers49 ¥ saniiinde iy Q Worker#101
Worker : - —t
| | Workers#34 q—{ | - orker#102
\ bt
= =N Worker#47
T
| |
wahainriafr:2410:Lin
- 5 WM id=feScd6BFC
solidaintial :Li oy
VM id=16dcdd un f
| SharedNode_0 Wirker#116
I orker#117
Worker#48

Deals with heterogeneous machines,
and applications, network.
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Master / Workers

Proscuiv:




Motivations

Embarrassingly parallel problems : simplest and frequent model

Write embarrassingly parallel applications with ProActive :

May require a sensible amount of code (fault-tolerance, load-balancing,
...). Example : NQueenManager.java, 1074 lines of code !

Requires understanding of ProActive concepts ( Futures, Stubs, Group
Communication ) => can take a while

Prosc.-




Goals of the M/S API

Provide a easy-to use framework for solving embarrassingly parallel
problems:

Simple Task definition
Simple API interface (few methods)
Simple & efficient solution gathering mechanism

Provide automatic fault-tolerance and load-balancing mechanism

Hide ProActive concepts from the user.

Proscu:




Principles

Pro/coe




How It works ?

29 blic class MyTal—esat® L st
cemmtts _Ipublic class a ask<String>
R§§T€§Qgﬂ3 sultM — — 7? Y1 TResuna| ’
Taskl..Taskl public String ru| 2 |Result2
5" .“*a reum "Hell 3 |Result3
- \‘ }
, .--| 4 [Result4
User .-’
| n |Resultn
U, : ftor
Lt aster
Schedule, - A M
Task n+1 R
," Sen {'I" Send Send W2l send
: S e ScRedate Scﬁéﬁ@ S¢Relaiig,
© o TgEKke1 Tolg¥R2  Tieke3 Talsten,

Slavel Slave?
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API

Proscuve




Creating/Terminating the Master

Local creation :
public ProActiveMaster();

Remote creation :
public ProActiveMaster(Node renot eNodeToUse);

public ProActiveMaster (URL descriptorURL, String
mast er VNNane) ;

Termination :

bl | 0i d_term nat e(bool ean freeResource
194 Denis Caromel PPQAQUIYQ




Adding Resources

public void addResources(URL descriptorURL, String
vi rt ual NodeName) ;

public voi d addResour ces(Virtual Node virtual Node);
public void addResources(Col | ecti on<Node> nodes);

public void addResources(URL descri ptorURL);

Prosctive




Task Definition / Submission

Task definition :

public interface Task<R extends Seri ali zabl e>
extends Serializable {

public R run(Wrker Menory nenory) throws
Excepti on;

}

Task submission :

public void solve(List<T> tasks)
t hrows TaskAl readySubm tt edExcepti on;

Result reception order : _
196 Denis O OHIE} d set Resul t/REFenti onOr der ( Or der
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Retrieving the Results

Blocking calls :

public List<R> waitAl |l Results() throws
TaskExcepti on;

public List<R> waitKResults(int k) throws
TaskExcepti on;

public R waitOneResult() throws TaskExcepti on;

Non-Blocking calls :

publ i c bool ean i sEmpty();

bl i ¢ count Avai | dbFEResults()




Results reception order

SubmissionOrder

Mode

()

- Master
f,l waitsllResults T >

F A PP —
AN e
User

.-"_"-\.\I

/-

¥ T T TTTETEsssmsEEEsSeREEERRSemnEE —
AN C==3
User
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Results

Result

L

Result

21 5

Result
5

Result
.1

Fesult
k

[ *
4‘)7 Master
Result!, Result?, Result3 .. [ =

ooooooo

Fesults

ProActive

CompletionOrder

Mode

{ Master
waithlIResults S

P TP o
P} =—i..
User '

1
= !
O \/

Fesults

Result

Tl 3

Fesult

21 %

Result
5

Fesult
1

Fesult
I

+ Master
Result3, Result?, Results ... [ -

l'll. ""ﬂ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii —
I ' ==
User

ooooooo

Fesults




Design
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Internal Behavior

12) © Client \

1.0 solve ( Task t1,
3.0 waitOneResult()

~

1.1 wrap ( Task t1,
t2)
3.1 unwrap(Task
t1)

3.1 waitOneResult() 1.2 solve (WrappedTask t1,

Pending ! Q
Launched ! Q
Complete !

*.1 slaveDead()

1S0y[e20

2.2
endResultAndGet
Task()

2.0 getTask()

-

/

*.0 heartBeat( )

2.1 runTask()

AOWorker

1SOH @10Wway
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Example : Calculating
Pl(Monte-Carlo)

ProActive




Task definition

public static class ComputePIMonteCarlo Implements  Task<Long> {
public  ComputePIMonteCarlo() {
}
public Long run(WorkerMemory memory) throws Exception {
long remaining = NUVBER OF EXPERI ENCES;

long successes = 0;
while  (remaining > 0) {

remaining--;
if  (experience()) {
successes++;
}
}
return  successes;
}
public boolean experience() {

double x=Math. random);

e oo ol s S
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Creating the Master

/I creation of the master

ProActiveMaster<ComputePIMonteCarlo, Long> master =
new ProActiveMaster<ComputePIMonteCarlo, Long>();

/[ adding resources

master.addResources(PIExample. class .getResource (
"/org/objectweb/proactive/examples/masterslave/Wor
kersLocal.xml" );

Prosctive




Creating the tasks and submitting

Il defining tasks

Vector<ComputePIMonteCarlo> tasks = new
Vector<ComputePIMonteCarlo>();
for (int 1=0;i< NUMBER _OF_ TASKS; i++) {

tasks.add( new ComputePIMonteCarlo());

/[ adding tasks to the queue
master.solve(tasks);

Proscu:




Collecting the results /Finishing

/[ waiting for results
List<Long> successesList = master.waitAllIResults();

/[ computing Pl using the results
long sumSuccesses = 0;

for (long successes : successesList) {
sumSuccesses += SUCCEeSSES;

}

double pi= (4 * sumSuccesses) / (( double )
NUVBER OF EXPERI ENCES * NUMBER OF TASKS);

System. out .printin( "Computed Pl by Monte-Carlo
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Benchmarks

Pro/coe




Experiment:

On Grid5000 Helios (x4 proc)

NQueens (Optimized Version) vs MasterWorker API (on the same
algorithm)

Very small tasks, but a lot of tasks (large nb of comms)

Runs

On 5,10, 15, 20, 25 nodes (20, 40, 60, 120, 150 slaves)

Prosctive




Results

NQueensOpt vs MasterWorker

01:26:24

01:12:00

00:57:36

—e— Nqueens Opt
00:43:12
—m— MasterWorker

00:28:48

computation time

00:14:24

00:00:00
20 40 60 80 100

number of nodes used
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B [
Results(2)

Efficiency loss

6,00%

5,00%

4,00%

3,00%

2,00%

(MWtime - NQtime) / NQtime

1,00%

0,00%
20 40 60 80 100

number of nodes
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Conclusion

Proscu:




Conclusion

Current use:
Sylvain Cussat-Blanc IRIT / Université Toulouse |

Future Work:

Hierarchical Master/\Worker
Parametric Sweep version

Componentized version

Prosctive




Parallel, Distributed, Hierarchical

3. Components

for the Grid

Composing

ProActive




3.1 Component Introduction

Proscu:




E— L
Componentizing software

Douglas Mcllroy :
Mass Produced Software Components, 1968

Proscuve




E -
Component - What is it ?

A Component = aunit of and

From Objects (Classes) to Components:
Objects:

Programming in the small

Composition by programming (Inheritance, Instantiation/Aggregation )
Components:

Building software in the large
Tools for assembling and configuring the execution

Component = a module (80s!) but subject to:

— Needs, Configuration (variation on Non Functional
Properties)

— Instantiation, life Cycle management
To be deployed on various platforms (some portability)

Prosc.-




Characteristics -- How ?

How it works --- Common characteristics

A standardized way to describe a component:

a specification of what a component does:
— Provide (Interfaces, Properties to be configured)
— Require (services, etc.)
— Accept as parameterization

Usually dynamic discovery and use of components:

Auto-description (Explicit information: text or XML, reflection, etc.)
Usually components come to life through several classes, objects
Legacy code: OO code wrapper to build components from C, Fortran, etc.

Prosctive




My Definition of Software Components

A component in a given Infrastructure Is:

a software module ,
with a standardized description  of what it needs and provides ,
to be manipulated by tools for Composition and Deployment

Prosctive




HE B
A primitive example:
JavaBeans

Graphical components in Java
Quite simple :

a Java class (or several)
a naming convention to identify properties:

method: public T getX ()
method: public void setX ()
an attribute: private | X = <defaull value>;
a communication pattern: Events, Source, Listeners
and ... aclassis turned into a graphical component !

The Java introspection allows to discover dynamically the properties,
and to configure them, assemble JB interactively

Prosctive




JavaBeans (2)

=10 x|

rregroun [

E;g Properties - Juggler

=10 x|

OrangeButton

E%’;Beanﬂux
File Edit ‘“iew Help

E;g ToolB ox

OurButtan

BlueButton
@ ExplicitButton

Eventhanitor

qJellyElean

The BeanBox V.-

CaF aF g

background |

.

font Abede...

125

animationRate

ChangeReporter

panela7

—r

\\\\\\\\\\\\\\\\
\. R R R R R R

narme
So for JavaBeans: TickTock Ly |
"urlzltEr FaF O O O g g
Molecule
Software module = _
Quotehdonitor
Java ClaSS JODBC SELECT

Standardized description = SorterBean
getX, setX, X, etElridgeTester
listeners TransitionalBean

Tools:
Composition = BeanBox
Deployment = JVM

Nothing very new (cf. NeXTStep Interface Builder),
but life made a bit easier with byte code and introspection
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E S
Deploying and Executing Components

Components have to be configured on their Non-Functional Properties:

Functional Properties, Calls (Def.):

Application level services a component provides (e.g. Balance, Saxpy)
Non-Functional Properties, Calls (Def.):

The rest, mainly infrastructure services:
— Transaction, Security, Persistence, Remote/Asynchronous
Com., Migration, ...
— Start, Stop, Reconfiguration (location, bindings), etc.
so, Typical Infrastructure : Container for Isolation

Allows to manage and implement: _
the non-functional properties Client

Life cycle of components Container

®-

Server

Prosctive




E -
Enterprise Java Beans

A 3 tiers architecture (Interface, Treatment, DB), in Java
Objectives: ease development + deployment + execution
Java portability
A few concepts and definitions:
EJB Home object:

management of life cycle: creation, lookup, destruction, etc.
EJB Remote object:

Client view and remote reference
EJB object (or Bean):

the component itself (Session Stateless or Statefull, Entity Bean)
Functional Properties = Business Methods

Prosctive




Summary: Enterprise Java Beans

So for EJB: =6 server

Software module =
Loc:jc':t;, Create e on
Java Classes and Interfaces (Home, ¥ inetance of ip|_Interface [
Remote, Beans, ...) : _
Enterprise /- -
) . Java Bean L4 ; l Databases
Only Provides (server) P
1 R
oL
o

no Uses
Standardized description =

a file with a standard format
Tools:

Composition = ? EJBrew ?

Deployment = JVM +

Enterprise Services and APIL

RMI,

JTS, +

Generators +

EJB Fromwwv. tripod.com, G S. Raj
Servers .
article
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E I
Components in Windows .Net

.Net basics:
A VM designed for several languages (C, C++, VB, + others)

CLR (Common Language Runtime)
CIL (Common Intermediate Language, MSIL) wider than ByteCode

— Boxing/Unboxing (value type <--> object), etc.

A new language: C#
An interactive tool (Visual Studio) to manipulate the “components”

A key choice: Extraction of description from program code
C# introduces language constructions for component information:

— Properties
— Attributes
— XML tags in source code (in Attributes)

Prosctive



E -
Components in Windows .Net (2)

Example of Attributes, and Properties in C#:

LIUSS DUMELIESS It 1s actually a user define

private string caption; class (derive from SystALL.)
public string Attribute exists at RT.

el refum caption; | A Property:  Caption
sel | CQNO”. = value; JavaBeans in a lanquage
Repaint (); § Also: Indexed properties

§

Components for Web program. : WSDL (Web Services Description Lang.)

WSDL (Def. of Web callable methods) + Directories +
SOAP as wire format + Classes with Attributes and properties

Proscuve




E S
Components in Windows .Net

Components characteristics:

Software module =

Classes and Interfaces in various languages, but focus on C#

Standardized description =
Still the COM, DCOM interfaces
Extraction of Attributes, Properties from source code!
WSDL

Tools:

Composition = Visual Studio, etc.
Deployment = Windows, .NET CLR

A Web Service: the instance of a component, ... running...

Prosc.-




E I
Assembly of Components

Corba 3 and CCM

CCM: Corba Components Model =

EJB + a few things :
More types of Beans defined:

— Service , Session, Process , Entity, ...
Not bound to Java (Corba)

Uses:

— Specification of the component needs, dependencies

— “Client Interfaces”
A deployment model (ongoing at OMG)
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A CORBA Component

Component interface —— ’

&
‘i_

Facets

W

OFFERED

Event 7 F

p

sinks N »

N

CH

G

Receptacles
¢

‘ ™~ Event

a3aydiNnoO3ay

My H
Business
Component
!
\¥- -Jl
\Attributes/

Courtesy of Philippe Merle, Lille, OpenCCM
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BT Building CCM Applications =
Assembling CORBA Component

AD O Instgs

o &

- _1® ‘;@@Q

-®-

OH

®00000

—
—

Provide + Use, but flat assenbly

ProActive




Towards GRID Components
Parallel and Distributed

--> Group Communications

Business Cp plus specifici
High performance Co

Important Bandwidth

Complexity: --> Abstractions
Various remote execution tools (rsh, ssh, Globus, Web Services)
Various registry and lookup protocols (LDAP, RMI, WS, etc.)
Large variations in nodes being used (1 to 5000, ... 200 000)

Across the world ??
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3.2 ProActive Components

Prosctive




N B
Component Orientedness

Level 1: Instantiate - Deploy - Configure

Simple Pattern

Meta-information (file, XML, etc.) JavaBeans, EJB
Level 2: Assembly (flat)

Server and client interfaces CCM
Level 3: Hierarchic

Composite Fractal, ProActive, ...
Level 4: Distributed + Reconfiguration

Binding, Inclusion, Location ProActive + On going work

ProActive

Interactions / Communications:
Functional Calls:  service, event, stream
Non-Functional: instantiate, deploy, start/stop, inner/outer, re-bind

Prosctive




. B
Objects to Distributed Components (1)

Componentldentity Cpt = newActiveComponent  (params);
A a=Cpt... .getFcinterface ("interfaceName");
V v = a.foo(param);

Truly
Distributed
Components

Example of
component
! _{ instance

Typed Group Q Java or Active Object JVM

Prosctive




. B
Binding with XML ADL

© Mozilla Firefox

Fichier Edition Affichage aller 3 Margue-pages  Oufils 7

- LL:J - @ |_| @ ||_| file: ///D: Prodctive-v3.2/descriptors /components/fractalgui/Proactive Ul fractal V| @

</component>
—<component name="SelectionNotifier">

<interface signature="org.objectweb.fractal.gmi.selection.model. SelectionListener" role='
name="gelection-listener"/>
<interface signature="org.objectweb.fractal gui.selection.model.SelectionListener" cardir
role="client" name="selection-listeners" contingency="optional"/>
<content class="org.objectweb.fractal.gm.selection.model. SelectionNotifier"/>
<controller desc="primitive"/>

</component>

—<component name="BasicGraphModel"=

<interface signature="org.objectweb.fractal.gui.graph.model. GraphModel" role="server"
name="graph-model"/>
<interface signature="org.objectweb.fractal gui.graph.model. GraphModelListener" cardi
role="client" name="graph-model-listeners" contingency="optional"/>
<content class="org.objectweb.fractal.gm.graph.model. BasicGraphModel"/>
<controller desc="primitive"/>

</component>

<binding client="this.cut" server="CutAction.action"/>

<binding client="this.copy" server="CopyvAction.action"/=

<binding client="this.paste" server="PasteAction.action"/>

<binding client="this.pasteAs" server="PasteAsSharedAction.action"/>

233 Denis Caromel PPQAQUIYQ




On-going work : GUI for Components

X FractalGUI for ProActive |l |x
File Edit Admin Yiew
e '_I'_ o L ._I _._: ¥ - - i LR
&g OB v~ B2 ma] | <2 [FEAIRE (»
(urg_,uhjEctweh.‘pmacti'-.re.il:2|:l.|_:|ui.cumpunents.PruActi’-.teGLll |
= org.objectw &)
ElEath:SEIEb R
W b 1 °| KHselection-listeners e e ————— . 2|
[ | MamCDn 3 H i canriguratian 1
@ = menus. $ FHeonfiguration-1isteners et m:lg:;:rﬂ
e P Edll— | B Heeno e-cenfiguration-1is
@ b file-rgd
@ [ ‘LfiEW- B AdEn-tai
g Men sziecticn
L[
E Easm
i Grap
& b admi:
i Sl e
B Confi
9 = rontent e o o e—mee—————]
& = rConte ::::;13_.-_-"’-.-_'!'.1.’. 'T'T’:E::
B3
3
BT
40
Component name; <EMPTY> component type:  <EMFTT
Interface name:  <EMBTY> Interface type:  <EMFTT>
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E— I
Distributed Components (2)

1 component can be distributed over several hosts
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Components vs. Activity and JVMs

O | ]

Activity JVM Component

Cp. are rather orthogonal to activities and
JVMs:

contain activities, span across several JVMs

Components are a way to globally
manipulate

distributed, and running activities

Proscu:




E— B
Using The Fractal model:

Hierarchical Component

Orange & INRIA (E. Bruneton, T. Coupaye, J.B. Stefani)

Content

Proscu:




EE I
The Fractal model:

Hierarchical Components

Common component model of the ObjectWeb consortium

Content

Proscu:




E— B
Interfaces = Provided and Required

Content

Required,
|_ lient
Interfaces

Provided,
Server I‘
Interfaces

Proscuve




| B 0
Hierarchical model :

Composites encapsulate Primitives,
Primitives encapsulate Code

fronctve




. B
Binding = in an external file (XML ADL),
Not in programs

fronctve




. B
Binding = in an external file (XML ADL),
Not in programs

fronctve




Controllers : non-functional properties

Component Binding LifeCycle Content
Identity Controller Controller Controller

Component = runtime entity

fronctve




E I
ProActive Components for the GRID

An activity, a process, ... F@q 1. Primitive component
O potentially in its own JVM

2. Composite component

Composite:  Hierarchical, and

Distributed over machines
3. Parallel and composite

Parallel: Composite component

+ Broadcast (group)

Croactive




ProActive Component Definition

A component Is:

Formed from one (or several) Active Object
Executing on one (or several) JVM

Provides a set of server ports: Java Interfaces

Uses a set of client ports: Java Attributes

Point-to-point or Group communication between components
Hierarchical:

Primitive component : define with Java code and a descriptor

Composite component: composition of primitive + composite

Parallel component: multicast of calls in composites
Descriptor:

XML definition of primitive and composite (ADL)
Virtual nodes capture the deployment capacities and needs

Virtual Node: a very important abstraction
for GRID components

frafcuxe




Groups In Components (1)
A parallel component!

/

4 B _

\
\
N\
\E
Group proxy Group proxy
Broadcast at binding, At composition,
on client interface on composite inner server interface

frodctive




Groups In Components (2)

Typed group communications as the implementation of collective interfaces

2 modes : broadcast or scatter

o
-
\\ I_D

frodctive




Migration Capabillity
of composites

Migrate sets of components, including composites

Il

.-

frodctive




Migration Capabillity
of composites

Migrate sets of components, including composites

(N

frodctive




Co-allocation, Re-distribution

e.g. upon communication intensive phase

iEN

Prosctive




Co-allocation, Re-distribution

e.g. upon communication intensive phase

|-D-| \

\

Prorco s




Co-allocation, Re-distribution

e.g. upon communication intensive phase

|-D-| \‘

Prorco s




Or in the case of

[}

Functionalities :
Without First Class Futures

getAandB()

Synchronous

method calls
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Functionalities : With First Class Futures

Non-blocking method calls

Example 2 : Asynchronous method calls with full-fledge \Wait-By-Necessity

value of A

TTaa

a®
e®

=1 getAandB() ; getA() “ff-..
LI (i |

i e
Value OfB ----------- 1T

Assemblage are not blocked with Asynchrony + WbN

Proscu:




E— I
Wrapping Legacy MPI Components

Virtual Nodes for Deployments

A [CIFortran: MPI| Code

Messages on Tags
sent/converted to

Method Calls

Method Calls
sent as
Messages on Tags

ProActive Java:

Prosctive




3.3 Component Implementation

Proscu:




N I
Archltecture based on the MOP

mobility

service
y meta-
objects

asynchronism

Proac e




E— B
Architecture : component stubs

mobility

component
meta - objects

asynchronism

component
representative

EI ——If
C stub_a >

b

Prosctive




N B
Architecture : component stubs

component
representative
~——

5

Prosctive

mobility

component
meta - objects

asynchronism




N B
Architecture : communications

component

[ component ]
representative meta - objects

method calls are reified

——T body

0

Prosctive




E— B
Architecture : request queue

component [ Compog_entt ]
representative meta - objects

E

0

Prosctive




E I
Architecture : collective Iinterfaces

fm
'O
\\l'D

Group proxy. Group proxy

Ol

=> typed groups API
= Management of Collective Client Interface
=» broadcast or scattering

Prosctive




E I
Architecture : sum-up

Design
component meta-object
component stub (representative)
Fractal interfaces / functional interface references
1 component = 1+ active object(s)

Communications
reification
request queue
collective interfaces :
typed groups API

Prosctive




Using the ProActive implementation
Code

Standard Fractal code
fractal.provider =

org.objectweb.proactive.core.component. Fractive
Implementation-specific parameters for instantiation
Component ¢ = componentFactory.newFcinstance( T ype type
ControllerDescription controllerDesc, ContentDescription
contentDesc);

Collective interfaces

| i1 = Fractive. createCollectiveClientinterface (
String itfName, String itfSignature);

ProActiveGroup.  getGroup (il).add(serverltf);
i1. foo (toto); // scattered or broadcasted
no templates

Prosctive
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On-going work : optimizations

Dynamic shortcuts for distributed bindings (through tensioning)

/e o)

guunniiEe,,

b,
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On-going : MXN communications

Control at binding points

_|
/ \
F -|—|--|/< -|—>|—-|—|- 4
J/
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GCM
GridCOMP

Grid Standard — EU Project

ProActive




B
GCM Components GridcompP

Effective Components for the Grids

[oreGRAAD—

Being defined in the NoE CoreGRID

(42 institutions)
Open Source Pro
implements a preliminary version of GCM

Object\Web
as a first specification, pren s e
Pro as a starting point, and
Open Source reference implementation.
GCM GSM

Prosctive




GCM Partners
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(255

Origin

'WORLDWIDE IT PARTHER

"_33 Universidadide Chile

L
EEIRD I 1 4im Lo T THE UNIVERSITY OF
MELB U NE
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data elf.-ment direct communications for
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Collective Interfaces

ProActive
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Collective Interfaces

Simplify the design and configuration of component systems

Expose the collective nature of interfaces
Cardinality attribute
Multicast, Gathercast, gather-multicast

The framework handles collective behaviour
at the level of the interface

Based on ObjectWeb Fractal API :
Dedicated controller
Interface typing = Verifications

Prosctive
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Multicast interfaces g

Transform a single invocation into a list of invocations

Multiple invocations
Parallelism
Asynchronism
Dispatch

Data redistribution (invocation parameters)
Parameterizable distribution function
Broadcast, scattering
Dynamic redistribution (dynamic dispatch)

Result = list of results

Prosctive




broadcast invocation parameter
Invocation parameter  received in server component

scattered
Invocation parameter

Proscuve




Multicast interfaces

Results as lists of results
Invocation parameters may also be distributed from lists

T foof) void foo(A)

List <T> foo() void foo(List <A>)
+ —{i o
ﬁﬂ- 1 foo() { void foo(A)
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~

Gathercast interfaces --

Transform a list of invocations into a
single invocation

Synchronization of incoming
Invocations

~ “join” invocations
Timeout / Drop policy

Bidirectional Bindings (callers <
callee)

Data gathering
Aggregation of parameters
into lists

- — —— =P

-
.

Result: redistribution of results
Redistribution function

Invocation parameter

list of
aggregated parameters
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Virtual Nodes

<virtuallNodesDefinition>
<virtualllode name="Dispatcher"” property="unique_singlelO"
/=
<virtualNode name="Renderer" property="Multiple"
constraintFile="RendererConstraints.xml" />
</virtuallodesDefinition>

Permits a program to generate automatically a deployment plan:
find the appropriate nodes on which processes should be launched.

In the future, we envisage the adjunction of more sophisticated
descriptions of the application needs with respect to the execution
platform: topology, QoS, ...
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Virtual Nodes in the ADL

<exportedVirtuallNodes >
<exportedVirtuallNode name="VN1">
<composedFrom>
<composingVirtuallNode component="this" name="myNode"/>
</composedFrom>
</exportedVirtuallNode >
</exportedVirtuallNodes >

<virtual -node name="mylNode" cardinality="single"/>

Renames a VN
Exports a VN name

The final version of the GCM specification will precisely define the syntax for
the virtual node definition, and their composition.

Prosctive




High-Level
Parallel
Programming

Skeletons




E -
High Level Patterns (Skeletons)

Skeletons exploit nestable parallelism patterns.
Primitive: seq : Sequential wrapper.

Task Parallelism (Several initial data processed in parallel)
farm : Task replication.
pipe : Staged computation.
if: Conditional Computation.
while : Cycles.
for: Iteration.

Data Parallelism (Initial Data is cut to be processed in parallel)
divide and conquer : divide a problem into solvable sizes.
map: apply the same function to many data elements.
fork : apply different functions to many data elements.

Prosc.-
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Skeletons Big Picture

Parameters/Results are passed through streams
Streams are used to connect skeletons (CODE)

Skeleton Code

Parameter
(Data) — B

—

Input Stream

Prosctive




Farm Skeleton

« Also known as master-slave , represents replication.
» Different parameters are computed in parallel for the same skeleton.

Input Stream Execute Skeleton Output Stream

A Skeleton 1

Prosctive




Pipe Skeleton

 Represents computation by stages.
« Stages are computed in parallel for different parameters.

Input Stream Execute Skeleton Output Stream

L

P5 P4 P3 ‘/ﬂﬁ)\/—\/\/’\ Rl
g 2

VL P5 P4 ;/N/_\Ai j/\‘ Rl

A Skeleton 1 A Skeleton 2
Froactive

v

awi L

v

v




Map Skeleton

* Represents Data Parallelism
* A function is applied to each of the data parts in parallel.

Input Stream Execute Skeleton Output Stream

P, P. R,
© Divide @ @
A Skeleton

@ Conquer
P3
ProActive
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Divide and Conquer Skeleton

* Represents Data Parallalism

/\
/\
e % @
Input Stream /\
O /\
N Output Stream
@ A @ 0
O 5 ®
@ Divide Condition A
© Divide AN
/\ Skeleton O N
@ conquer /\
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ProActive's Skeleton Framework

Input stream dynamically produced tasks

|
Task ﬂ

Task Pool l

ready

i » Instruction

processing |&— Task Interpreters
} Consumed ready

waiting

finished

I

| Task

Output stream Finished or waiting

Prosctive
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BLAST Skeleton Example

 BLAST is the sequence alignment tool (bio-informatics).

Format Format Blast Pipe Skeleton
DB Query
Pipe
Execute
Blast A k
Fork Pipe
Cleanup / \ /\
F Format
|y | (B ] [oen
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BLAST Skeleton Example

Pipe blastPipe = new Pipe(
new Fork (
new Seqg(new ExecuteFormatDB()),
new Seg(new ExecuteFormatQuery())),
new Pipe (
new Seq(new ExecuteBlast()),
new Seq(new CleanBlast()))));

BLAST Skeleton

Skeleton root = new DaC( BLAST
new DivideDB(), new DivideCondition(), Divide & Conquer
blastPipe , new ConquerResults()); Skeleton

Divide and Conguer Blast
— Divide Condition: While database > X[MB].
— Divide: Split database into Y parts.
— Execute: Blast Skeleton.
— Conguer: Merge the results.
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Example of Skeleton Code

public class DivideCondition implements Condition {

public boolean evalCondition (Blast param) { o
File file = param.getDatabaseFile(); Divide If this
return file.length() > param.getMaxDBSize();

}

condition is true

}

public class DivideDB implements Divide{

public Vector divide (Blast param) {
Vector<BlastParameters> children = new Vector<BlastParameters>();
Vector<File> files files = divideDBFile(param);
for (File newDBFile : files) { Divide DB File
Blast newParam = new Blast(param); into smaller parts
param.setDBName(newDBFile);
children.add(newParam);

}

return children;

}

}
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Skeleton Framework

Skeleton root = ...;

ResourceManager manager =
new ProActiveManager(“descriptor.xml”, "vn-name");

Calcium calcium = new Calcium (manager);
Stream stream = calcium.getStream(root);

stream.input(new Blast(“db-file”,"query-file1”));
stream.input(new Blast(“db-file”,"query-file2”));
stream.input(new Blast(“db-file”,"query-file3"));

Blast resl = stream.getResult();
Blast res2 = stream.getResult();
Blast res3 = stream.getResult();

Prosc.-

Deployment
&
Instantiation

Input
Parameters

Get results




4.1
Environment

Deploying

Prosctive
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ProActive Parallel Suite (1)

Applications

b e s : Load
e filing | | | Balancing
- - -
Programming & Composing
Fault
High-Level Programming Models & Tolerance

Legacy Code Wrapping ’ l
| ~ Core API Security
Active Objects |

Asynchrony
Futures
Groups
Maobile Agents Distributed

MOF / ACP Garbage
. Collector .

Scheduler & |
Infrastructure
Manager

Deskiop P2P
Grid

icad Leveler)  LSF PBS SGE | Globus | CGSP | glite | Unicore
- = - . '_._ = r—— — f
Machines ; ; - ;
s B e Spooized Equpments

Grid Infrastructure
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ProActive Parallel Suite (1)

Deployment & Virtualization

| Scheduler& |
Infrastructure
Manager

Desktop P2P

File Transfer Grid

Proscuve
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How to deploy on the Various Kinds of Grid
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embarrassingly parallel
application (e.g. SETI)
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4.1 Abstract Deployment Model

Problem:
Difficulties and lack of flexibility in deployment
Avoid scripting for: configuration, getting nodes, connecting,

etc.
A key principle: Virtual Node (VN) + XML deployment file
Abstract Away from source code:
Machines

Creation Protocols
Lookup and Registry Protocols

Protocols and infrastructures:
Globus, ssh, rsh, LSF, PBS, ... Web Services, WSRF, ...

Prosctive
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Abstract deployment model

Separates design from deployment infrastructure
Virtual nodes
Dynamic enactement of the deployment, from the application

Deployment
Descriptor

«Creation protocols
of

JVMS, computer3

JVM3

COORUP,

registration VM4

T
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Context

Grid
Scalable
Heterogeneous resources

— 0OS, CPU, Memory
— Security policies: firewall, NAT, private IP addresses,...
— Model,...

Painless deployment

Based on well-known technologies

— Java, XML

Abstract Deployment model

Prosctive




Abstract Deployment Model

Problem :
Difficulties and lack of flexibility in deployment
Avoid scripting for: configuration, getting nodes, connecting,
etc.

A key principle: Virtual Node (VN) in XML deployme nt file

» Abstract Away from source code:
— Machines names
— Creation/Connection Protocols
— Lookup and Registry Protocols
 Interface with various protocols and infrastructures:
— Cluster: LSF, PBS, SGE , OAR and PRUN(custom protocols)
— Intranet P2P, LAN: intranet protocols: rsh, rlogin, ssh
— Grid: Globus, Web services, ssh, gsissh

Prosctive




XML Deployment files

Virtual Node (VN):

Identified as a string name
Used in program source
Configured (mapped) in the XML descriptor file --> Nodes

Operations specified in descriptors:

Mapping of VN to JVMs (leads to Node in a JVM on Hos 1)
Register or Lookup VNs
Create or Acquire JVMs

Security
| Program Source | Descriptor (RunTime)
Activities (AO)--> VN--> Nodes VN --> JVMs --> Hosts

Runtime structured entities: 1 VN -->n Nodes in m JVMs on k Hosts

Prosctive




- : B
Descriptors:

Virtual Nodes In Programs

Descriptor pad = ProActive.getDescriptor(“file:DeploymentDescriptor.xml");
VirtualNode vn = pad.activateMapping ("Dispatcher");
I/ Triggers the JVMs and Nodes creation

Node node = vn.getNode();
C3D c3d = ProActive.newActive("C3D", param, node);
log ( ... "created at: " + node.name() + node.JVM() + node.host() );

Prosctive
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Descriptors:

Virtual Nodes In Programs

Descriptor pad = ProActive.getDescriptor(“file:DeploymentDescriptor.xml");
VirtualNode vn = pad.activateMapping ("Dispatcher");
I/ Triggers the JVMs and Nodes creation

Node node = vn.getNode();
C3D c3d = ProActive.newActive("C3D", param, node);
log ( ... "created at: " + node.name() + node.JVM() + node.host() );

/[ Cyclic mapping: set of nodes

VirtualNode vn = pad.activateMapping ("RendererSet");
while ( ... vn.getNbNodes ... ){
Node node = vn.getNode();
Renderer re = ProActive.newActive("Renderer"”, param, node);

Prosctive
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Descriptors: Mapping Virtual Nodes

Component Dependencies:

Provides: ... Uses: ...

VirtualNodes:

Dispatcher <Registerln RMIregistry, Globus, Grid Service, ... >

RendererSet
Example of Mapplng: _

Dispatcher --> DispatcherJVM
an XML file

RendererSet --> JVMset
descriptor: |jvMs:

DispatcherJVM = Current // (the current JVM)
JVMset=//ClusterSophia.inria.fr/ <Protocol GlobusGram ... 10 >

4
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XML Deployment (Not in source)
VNa VNDb VNc = VN(a,b)

Separate or Co-allocation

Proscuve




E— I
Model and Tools for Grid Deployment

Abstract away machines, creation, registry, lookup protocols

Use only Virtual Nodes in the
source code

Describe mapping of virtual

i Other option: acquire
nodes_ in XML Deployment e
Descriptors from voluntary PCs
. . P2P computin
Interfaced with various protocols ke
for creation/lookup: P2P infrastructure
rsh,ssh,Jini,

LSF,PBS,Globus,OGSA...

Unification of various
deployment systems

through ProActive
runtimes

Prosco.
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Mapping Virtual Nodes: example (1)

Definitions
and

mapping

Proscuve




E B
Mapping Virtual Nodes: example (2)

Jem3DNode

Jem3DNode

Definitions clusterdvm

and mapping

clusterJvm

clusterProcess
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Mapping Virtual Nodes: example (3)

Infrastructure
iInformations
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Mapping Virtual Nodes: example (4)

singleJVM

Infrastructure clusterProcess

information _ :
org.objectweb.proactive.core.process.Isf.LSFBSubPro Cess

singleJVM
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Mapping Virtual Nodes: example (5)

clusterProcess

org.objectweb.proactive.core.process.Isf.LSFBSubPro cess

singleJVM

Infrastructure
information
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Mapping Virtual Nodes: example (6)

Infrastructure
information
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Mapping Virtual Nodes: example (7)

org.objectweb.proactive.core.process.sge.SGEProcess

Infrastructure
information
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Mapping Virtual Nodes (8): Mixed Protocol

Infrastructure

information org.objectweb.proactive.core.process.pbs.PBSProcess
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\
» User constraints can
be considered, but are
manually expressed in
deployment descriptors

» Can interface with
meta-Grid Schedulers /
mappers

\ 4

=Tl

Local Grid

F’Pq \C

I
Same application, many deployments

{

==l
.,‘J =

I

Distributed Grids
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4.2 1C2D

Interactive Control & Debug for Distribution

Eclipse
GUI for the GRID

P oAc tive




4.2 1C2D

Interactive Control & Debug for Distribution

Features:

 Graphical visualization
» Textual visualization

* Monitoring and Control

Prosctive
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IC2D: Interactive Control and Debugging

of Distribution

Mbn[ﬁﬂ'ﬂm Look &Teel Window:

Woild Panet
Key Features: o
\ﬂ'll'l =17 8187 clc 12
- Hosts, JVM, ‘
N d (‘ﬁnnispatl:hﬂr#S
- NOodes |
- . R EERN 1TeS — aldreﬂ.unun >
- Active ObJeCtS UM 1562 R0681bATISS0T m’u—u&eﬂﬂsa vmu=un?n3329933aum3 |-Um'in=42n2ﬂ:-iaz
! *I!II"lnmﬂ—I Uﬂunn IerEBlem-—"-g Haleradiodes;
TOpOIOgy ‘ﬂiﬂﬂﬁenderimﬂlumeﬁ i GIJU«eM If.“.'aunennerinuEngme#S‘ "ircmlmmﬁ
- Migration ' - ' & '

¢ Displaytopolouy ) proportonal ( raflo (@ fiaire | Reset Topology | i Monitring enable

I—Og|CaI CIOCk TMessanes

clear messages:

k]
12020000 (Craste Aodes for pfd9) == Nods Objedt fpf18 Inria frpt1oNodaZ oraated.
FEA2000 {Creste Aodes For 0f9) ==V Objset |d=d 17927 ol 6127 b 28 0249 & BB 141 THe wreated based on nods Wpd. nria fipfatadaz
12read Yoeate podes o pfS) =2 The node .ﬂl’f:fQ.In'rIa.’fr.fpﬂHtidéQ has been found onvm id=d 1FSET O 27 b3 260290: & B ABIGTH - THE
F2E0:07 (Create wodds firari8) == WhObject id=156e58680h 300550 260290 e AE 177 - THe created based-on node Wptid.infiafupfigHodes. it

Prosc:c




. I
|C2D: An Overview of its Basic features

Graphical Visualisation:

Hosts, Java Virtual Machines, Nodes, Active Objects Lokt Wiion_G

Topology: reference and communications _—

Status of active objects (executing, waiting, etc.) RSN  ige272ck64hettaeBse
Migration of activities e | [y

| 2. ActivePrimeContainer#30 4
ActivePrimeContainer#31 )

Textual Visualisation: RctwPrimeContainer#? |

EEEEn

- ActvePrimeContaners40 4

HumberSource#27 4

Ordered list of messages et peverrpeponrs
Status: waiting for a request or for a data ]
Causal dependencies between messages o i/
1 1 ¥ id=176643hd02a5bc92:ded
Related events (corresponding send and receive, etc.) Bacogns _—"—"
e-1469386767

PhctivePrimeContainers3s 4| |

Control and Monitoring: i !
Drag and Drop migration of executing tasks e il ot
Creation of additional JVMs and nodes

J O b M an ag e m e nt: [¥] Display topology ') proportional ) ratio @ filaire | Reset Topology' | v Monitoring enable

T
-Messages-
JVM, AO per Job ID y
clear messages
Textual visualisation, control (kill all, etc.) =1
13:52:18 (AW TEvent Quere-0) == Received object ActivePrimeContaine#29 fo move to
miz¥pagoedeiContainersT28720810
. . . . 13:52:18 (AW T-EuentGuere-0) == Dbject Active PrimeContainer29 migratad,
G rap h | Cal VlS u al |1Z atl O n : 13:52:18 (AW T-Eventuee i) == Sugcesstully migrated

o1g.0bjestuet. praactive. examples.eratosthenas ActivePrimeContainer to miVpagede/Cantainers 726720810

Hosts, Java Virtual Machines, Nodes, Active Objects - J
Topology: reference and communications

Status of active objects (executing, waiting, etc.)

Migration of activities
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ProActive

Eclipse Ul




Integrated Development Environments
(IDE)
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Monitoring view Monitoring menu Legend view

'vl = Monitoring - org.objectweb.proactive.ic2d.laulicher - Eclipse SDK

File Edit Refactor) Navigate Search Project Control |Monitoring| FieldAssist Run  Window Help
LR JQ-"JSJ""n LG'J"J@ Zoom

T | = Monitoring| &' Java

Virtual nodes Active objects

Active by itself

Serving request

Virtual Nodes List Waiting for request

Waiting for result
(wait by necessity)

- Migrating

Fending Requests

RN

semn - Pending requests ;
"R el w5 w50

Nodes

D RMI Node
D HTTP Node
C] RMI/SSH Node ~ —
D JINI Node

JuMs

Management of the communications display

Display topology () Proportional () Ratio ®) Filaire | Reset Topology | ¢} Monitering enable

B Console X

Standard JVM

JVM started with Gla[+]
¥
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Monitoring View

b 4 Monitoring - Eclipse SDK

Job Monitoring View

PA_IWM1157£57629 be. .
Node Modef05524298. .

Dinrerlzyoutsd Sl
'aI;I.e#i
Rk IvM-416155261_te. .

Phiksopheréd e Ren

Phiksopher#s CEDRendzring...
Philsopherts

Philasopher?

Phiksaphersd

FA_IVM-1072000485_h..  PA_IYM-I94719007 be... | PA_IVM-16319066E:24 b,

rIG0R5M. .. Node Rendeer]307...

C30Userl3
d

C30Rendzring...

/
uff inria.fr:1028:05 und...
IA_|UN1A07E1642_d)..
ndererl 174. .

N:7
CI0Rendering...

[ sidonie. inria fr 108905 .

PA_IVM-772843451_si...
Hode Renderer-151... | | ki : .
Node hode-4551863...
CiDRendering... ) !

Display topology () Propoticna () Ratio @ Flaie | Ragat Topology Monitoring enable

File Edit Mavigat= Search) Project Bur Control Monitoring Window Help
J [ J%# J & Jfﬁv TR ER ERCR R J E I @ E’ﬁ’ﬁﬂauncher = Plug-in De...
m & @ @ = 0| Legend|% Job Monito... 52 N, = O
Virtual nodes : e
- HDisparcher L e :: DefaultVN (JOB-135745762(*
i behita. inia. fr1099:05 w.. ‘ &

v [ bebita.inriz.fr 1099 OS un
~ W PA_JVM1357457629_
= | Nodz Node605524¢
O Dinner_ayout#2|
O Table#3(0B-13
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K E: User (JOB-23471€007)
~ [ bebita.inriz.fr 1099 0S un| |
= I PA_JVM-294710007_t
=~ Nodz Userl502644

O C3DUse13(JC

= = = =¥' =]
& Corsde 2 ol o BT B 7B o Rengerer (1031672076495
Monitoring = ! bebita.inriz.fr 1099 OS un
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~ W PA_JVM-1631000324
W
] Z | D —— ]
) | E
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File Monitoring

Window

Help

5 v |
=

Monitoring#1 %

Virtual nodes
[[Imaster

[Jworkers

[Jworkersz

(ES-SWMNDO, es.int. atosori. . )
PA_IYM380425211_ES-...
(Mode Workers21442...

r Compute#7
“ WriterImp#8
CallPISglImp#9

Composite#10

(ES-3DDPT2].es.int.atosori, . )
PA_WM771632064_gs-...
MNode Master208697. ..

DSOProgram# 1

ReaderImp#2

|

Auto Reset

~
7 & seconds

Drawing style

() Proportional (O Ratio ) Fixed

(172.24.45.20:1099:Linux )
PA_IVM128446559_172...
Mode Workers72002...

Compute#3
WriterImp#4
CallPISglImp#5

Composite#6

Topology

g ~
mg Legend &2 N B8

Active objects
Active by itself
Serving request

‘Waiting For request

Waiting for result
(wait by necessity)

- Migrating

G Secure and Active

Pending Requests

=sss  Pending requests :
L ul «5 50

Nodes

@ RMI Node
D HTTP Node
Q RMI}SSH Node

IYMs

Standard JYM
VM started with Globus

Hosts

"B console 23&\\\

BBl % B-r8-[3 =0

Monitoring

14:40:51 =>

14:40:53 =>

i)

111}

on port 1099

14:40:50 => VMObject id=PA JVN771632064 es-3ddptZ2j.es.int.atosorigin.com already monitored, che &
Exploring Host 172.24.45.20
14:40:51 => VMObject id=PA JVM128446559_172.24.45.20 already monitored, check for new nodes
14:40:51 => VMObject id=PA_JVM128446559_172.24.45.20 already monitored, check for new nodes
Exploring Host ES-SWMNDOJ.es.int.atosorigin.com on port 1099

£ 1T’

(_) Standard Host

Mot Responding

@ v object
-

322 Denis Caromel

FroAc

tive

on the Grid




B

File Monitoring Search Run Window Help
| @ | # | |8 8- v |Qr Application Level Timer
[ | & Monitoring
(@ Timit View 2 V4 ='E| P[RS em @O B =0|zlegena . =0
Worker#1 had| W Active objects
time : 18/06/07 15:27:18 [ e i
|
| computePi_mankl _ | 25ms | | =] S
WaitFoRequest = = Z T 4.43m ] Serving reques
SendReply T 28ms amda.inria.fr.1099: Linux
Ahersszzllg::‘ : — 29ms PMVMISSD?QD?”IEJm...: Waiting for reg
BeforeSerialization 15ms | Node matrixNodeld... Wal_hﬂﬂ for res
SendRequest f—1 T | (wait by neces
Senve 1505 Worker#4 ety
Total : ; | 4.46m - Migrating
T 7 7 7 i ]
1ms  10ms 100ms s 10s  1.66m 16.66m 5 Secure and Ac
PA_JVM704475267_amd...
Worker#2 - Pending Requests
Snapshot time : 18/06/07 15:27:18 Rlote datinte 198 «sex  Pending reque:
P e ‘:_: Ymis | | Worker#2 o L
‘WaitFoRequest : | 4.44m = —— Nodes -
Sendrept ] 26mq PA_JVM1714913173_am... " () aMiNode
sere [ 41ns PA_JVM1122637657_am... D HTTP Node
Node matrixNode57...
Total  4.47m “ =
T T T T l e Workar#l D RMI/SSH Nod
10ms 100ms 1s 10s 1.66m 1666m
JVMs
Worker#3 : e
Snapshot time : 18/06/07 15:27:18 PA_JVM2010164699_am... Standard JVM
computePi_rmank3 ~—1 30ms | Node matrixNodel5...
WaitForRequest : : S 4.42m JVM started w
SendReply 80ms Worker#3
Afterseralization 7 79ms Hosts
Seril i 5 =
Eefcmrer.al.zat.io: 3 5r..s !t Ed Cj Standard Host
SendRequest 1 177m Auto Reset Drawing style Topology NotR ndi
Serve ELEG; - =] : : ; 7 ESponaing
T 1 I I ’ Enable| 7 [5/seconds @ Proportional C! Ratio C) Fixed _M
o T T T T — 45m - - - Active Object
Ims 10ms 100ms 1s 105 1.66m 1666m
f e T =
orkeish &l Console 8 . Be BE| ot B+ Cie| % =0 a
Snapshot time : 18/06/07 15:27:18 Monlton'ng
computePi_mnk2 1 40ms | ! 15:27:15 =» VMObject id=PA_JVM2010164699_amda.inria.fr already monitored, check [*]
WatkoRequest - - " 4 4.43m 15:27:15 => VMObject id=PA_TVM1530780716_amda.inria.fr already monitored, check
i ‘ 15:27:45 => Exploring Host amda.inria.fr with RMI on port 1089
I I mf 15:27:45 => VMObject id=PA_JVM1714013173_amda.inria.fr already monitored, check
Before Seralization —15:27:45 => VMObject 1d=PA_JVM1122637657_amda.inria.fr already monitored, check
SendRequest 15:27:45 =» VMObject 1d=PA_JVM704475267_amda.inria.fr already monitored, check f—
Sere ! ! - LA [v] | 15:27:45 => VMObject 1d=PA_JVM2010164699_amda.inria.fr already monitored, check ||
o St T115:27:45 => VMObject id=PA_JVM1530790716_amda.inria.fr already monitored, check
Refresh Charts
| Refresh Selected” Refresh Al | [+]
| [#] | 2] |[e o [ [#]
% @ & . 2 |38 X-Chat [2.4.0]: vbodnart @ | | @ Terminal No. 2 - Konsole @ Eclipse RCP - Paramétre po. |7 Sans nom - KolourPaint = 15:28
| LR 3 | 4 | = Plug-in Development - Timlt" |&§ Inbox - Mozilla Thunderbird | ® 12D 2[4 beugFedoral.png - KSnat 0070618
r
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bl Launcher- TestDeployment.xml- Eclipse SDK Launches the
File Edit Mavigate Search Project Run Window Help deployment descriptor
JLE' I Q- J & J i Pl J% §iv e Ov e J @ J & 5 | ¥ Launcher| @& SVYN Repo... <=Plug-n De... L
Ty
% C3Dxml | & TestDeployment.xm 5?\% Hello.xml = 0| g %‘:'Ef"(swes informations
<?xml version="1.0" encoding="UTF-8"7> ] i A Kills the application
<ProActiveDescriptor
xmlns:xsi="http://www.w3.org,/2001/XML5chena-instance"
xs1:noNamespaceSchemalocation="DescriptorSchema.xsd"> g Bi Hello.xml - error %3 Launch the application
«nainfefinition id="main" class="A"> - . . ,
<mapToVirtualNode walue="1VNmain" /> = TestDeployment.xml - activated | 1 Informations
</mainDefinition> — Kill the application
<componentDefinition>
<virtualNodesDefinition:
<yirtualNode name="1VNmain" />
<yvirtualNode name="1VN1" /=
<virtualNode name="1VN2" /> |C2D xml editor
<virtualNode name="1VN3" />
</virtualNodesDefinition>
</componentDefinition>
<deployment:
<mapping:>
<map virtualNode="1VNmain">
<jvmset> £l
[4] A [+]
S
El Console E?S\ Ex G| A Bv[Civ % =0
Launcher
13:51:03 =>» File selected : fuser/jmlegait/home/workspace/org.objectweb.proactis
13:51:07 =>» File selected : fuser/jmlegait/home/workspace/org.objectweb.proactis
13:54:05 => /user/jmlegait/home/workspace/org.objectweb.proactive.ic2d.launcher,
13:54:05 => Open the log4j conscle for more details Launcher console
L¢] I | [2]
L |
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Timlt and TimeLine

v -
File Monitoring Window Help
@ s8-8 e i
| Moritoring#1 &2 ey e @G| T T OO Legend B =Rl ¢ Timer Tree View % ¥ HmO=O
| \g‘”a‘ nodes = Active ohjects = Name Time [ms] Total [%] # | Invocations Parent [%] Rad
_ Active by itself ~ Domain#s
orchidee.inria.fr.400L:Li... - i TSy = Taial 14221228 100.00 1 0.00
EASYMISADEE Wiliba ki WaitForRequest 21627.76 15.21 2056 15.21
Podeode B3 70T " ¥ Sewe 120543.91 84.76 5352 84.76
Waiting for result
_ [ (wait by necessity) SendReply 0.00 0.00 0 0.00
Boce m i acet 5o @ viging WaitByNecessity 17050.55 11.99 5340 14.14
OctTree#2 gl 5 Sacure and Active SendRequest 101773.58 71.56 16054 84.43
o . ,I i ~ Domain#4
PA_JVM-1949849146 = == Domain#3 g Pending Requests > Total 142228.27 100,00 1 0.00
PA_JVM1370729570 Node Node-2003412204) | — e Pending requests : - . . -
Node Node557274178 ‘ "_L_'— ||~ Domain#4 & 1 =5 .50 WaitForR equest 21240.88 14.94 2114 14.94
Bispayer LogEI I S Noxkn v Sewe 120036.36 85.03 5353 85.03
_/"\.§\ SendReply 0.00 0.00 0 0.00
= C] RMI Node
- Domain®% wl GroupOneWayCall 0.00 0.00 0 0.00
[ \ @ HTTP Node l GroupAsyncCall 0.00 0.00 0 0.00
’“E' Maestio#? | = (:j RMI/SSH Node WaitByNecessity 16765.20 11.79 5348 13.86
b, o o E‘ ~ SendRequest 102320.24 71.94 16057 B4.61
. LR UEMs Serialization 110189 0.77 5352 1.08
Auto Reset Drawing style Topology
#]seconds | O Proportional O Ratio ® Fixed Standard JVM _ LocalCopy 2471.16 1.74 10705 242 7
JVM started with Globus ] BeforeSerializati 20631.26 14.51 5352 20.16 3
2 Timit View 2 <% @ &= = B/ Time Line View 2 _Console @ & | # ¥ g =0
Domain#4 | E
Snapshot time : 18/10/07 16:20:45 . |
i Bigvaestod [T 111 D I
GroupAsync Call | T T T T T T T T T
GroupOneWayCall H H H | | |
eremionon (e e e ||| Maestro#7 | [TT [T (T TTTTTITTTT T 1] N RN L 1
Serialization : : ) | | I | | ! | | | | | |
Domain. | [N O A O I I | I I I | |
w kF"r:Ca'c“”l" : a | | | | | | | | | |
aitForReques 21345 | -
e [ pemain#s | NI HEHEI NN IEEEEEIEEIEEENE B
SendReply H H H | | | | | | | | | |
R e Domain#4 | [ NN WENENNVEN BN DON (DO (N T N NN N
Seve N —— j ‘ . . . : . . .
[ 1 2.37Tm | =
e e pomain#3 | [ I MENENENL NN N IO (NN N O
Ims  10ms 100ms 1s  10s 1.66m 16.66m : : - - - - - - -
s A < _OctTreet2 | | NN I N . T T I
Refresh Charts ! ! ! ! | ! ! ! !
[Refrsh Selctea] [ Refresh Al [SwitchToBsic | Oms  082.894ms 165.788ms 248.682ms 331576ms 414.470ms 497.364ms 580.258ms 663.152ms 746.4[
I LI L
i % @ & - 2 fiava—Dumam.javafEch‘ éTermina\fKunsule §TlmFtECZD,Outputhonqu- f@?emacs@orchid&e.inﬁa.fr Eﬁ?emacs@orchldee.inﬁa.fr«.}@Pruﬂctwe N-Body mﬁ o 16:23
A 3 | 4 @ Conventional & Interruptabl |3 X-Chat [2.4.0]: vbodnart @ | Inbox - Mozilla Thunderbird JQ KCalc (ff?emacs@orchldee.mna_fr <3 !l 12D ‘ 2007-10-18
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& Timlt View 2 5 @ = =0
‘8|0 Legend B =0 Domain#4
b [« Snapshot time : 17/10/07 17:59:08
B Active by itself Cmugksynctal § i i i i
Eed - Serving request GmoupOneWayCall : :
AfterSerialization - : - : M 2.32m
Waiting for request Seraliemtian : ! ;_I L60s | i
. T T | |
|| Waiting for result BeforeSerialization |3 I 3147 -
(wait by necessity) i i i i v
Nioeen LocalCopy 5 i Z 1 4.87s i
- TR “ ‘WaitForRequest : ; ; ; | ]Eiﬁ]s I
. P 1 1 1 ] 1
o] Secure and Active Wity hecessity a0
Pending Requests SendReplhy : :
” Pending requests ; SendRequest [T | | | : 0 3.03m
’ o e Serve | 3.7
Nodes Total ' : ' ; 1 4.22m
T T T T T 1
C:j RMI Node Lms loms  100ms ls 108 1E6m  16.65m
S —M—§—§—§§™§°
D HTTP Node m ;
Domain#s
= [:j RMI/SSH Node Snapshot time : 17/10/07 17:55:26
- | . . . | |
] JVMS WisitEa rRaanact | | A l
Standard JVM Refresh Charts
| | JWM started with Globus [« Refresh Selected || Refresh All || Switch To Basic

Prosctive




File Monitoring Window Help
@ e 8-#- e
[ onitoriry TN w Y & S egel h, i £ Timer Tree Wiew =W =t =1
=y 18 g & > ® G| 3 T 0|0 Legend 8 =] ¢ Timer Tree View % L SN =
\g“a‘ rtodes. 0 Active objects = | Name | Time [ms] Total [%] # | Invocations | Parent [%] fed
.r : : - — Active by itself ~ Domain#5
orchidee.infia.fr400L:Li... ind ‘ SR et ~ Total 142212.28 100.00 1 0.00
| PA_JVM1820960857 W e et WaitForRequest 21627.76 15.21 2056 1521
(B o Wb ~ Sewe 120543.91 B4.76 5352 B4.76
] (wait by necessity) SendReply 0.00 0.00 0 0.00
Boce malaoce] e i WaitByNecessity 17050.55 11.99 5340 14.14
OctTree#2 < e 7 SendRequest 101773.58 71.56 16054 84.43
=" Domain#3 z \ Pending Request A i
W e uests
PA_IVM1370729570 S I e < Total 142228.27 100.00 i 0.00 7
== | I Pending requests :
Node NodeSs 7274178 = Damants welll/ \J 7 i we ey WaitForRequest 21249.88 14.94 2114 14.94
| Tt ~ Serve 120036.36 85.03 5353 85.03
V| B i SendReply 0.00 0.00 0 0.00
Domain#6 I\.Jll GroupOneWayCall 0.00 0.00 0 0.00
/4 @ HTTP Node 7 GrouphAsyncCall 0.00 0.00 0 0.00
Maestro#7? = D RMISSH Node WaitByNecessity 16765.29 11.79 5348 13.86
= ~ SendRequest 102320.24 71.94 16057 .61
: =
T St e L e =[S Serialization 1101.89 0.7 5352 1.08
7 [2]secands| | O Proportional O Ratio ® Fixed i Standard JVM LocalCopy 2471.16 1.74 10705 2.42 H
VM started with Globus | [*] BeforeSerializati 20631.26 14.51 5352 2016 ol
# Timlt View 2 \_x =i El! 2 Time Line View & ___Cunmle| QQ|Ww H"T E||
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0|5 Legend 3 -0 N
Active UbjECtS E |_ & Time Line View £2 Console AA|#F w70
=l pealive byt [BigMaestro#g [ | | | 1] | I N | I -
@ scring request [ Maestro#7 | [[T I 1I] ||||\HI|H |||| L ||| | || | |\|||\|||||||| | IR
i e [_Domain#6 | w
Waiting for result |  Domain#s |
B (wait by necessity) [_Domain#5 | m
@ vigaing . [omainz4 | TN WHNITNE BN TN BN DA .
S SeaweandAcive | [ Domani | m
Pending Requests [ OctTrees2 | | ||||H [[ [T ,\I I I [ \IHIIIH I I
Pendi
* =) "_‘95“9‘“_“;;‘5 Oms  082.894ms 165.788ms 248.682ms 331.576ms 414.470ms 497.364ms 580.258ms 663.152ms 746.4
=1 i | [+]
Nodes = Java - Domain.java - Eclip= |[@ Terminal - Konsole TimlthZD_Ou[pur-Knnqu- WEmacs@archidee.mria.fr Wemacs@nfchideﬂ.inﬁajr{ | £ ProActive N-Body 16:23
Cj RMI Noda § Conventional & Interruptabl: | $§ X-Chat [2.4.0]: vbodnart @ || Inbox - Mozilla Thunderbird | KCalc €7 emacs@orchidee.inriafr <7 | ® 12D ’ 2007-10-18
() HrrP Node =
= C] RMI/SSH Node
1 jums
Standard JVM

JVM started with Globus [~
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IC2D: Dynamic change of Deployment
Drag-n-Drop Migration

Hnnitul !IE[E

Look & feel
| Acquire JINI host | Acquire GLOBUS host| Acquire RMI host | Acquire RMI Node | Hide/Show Objects| Toggle player | Legend |
D rag = n = D rO p ~hiegquesMindaws NT
~sakuraiiLinus riefaultlodet
taS kS odel Other thread #3 AsIsSun0Ss amekimuz
Bt Do 4 oded oded
er threa i
arOU nd th e : - thread #8 Other thread #10
.' . 3DDispatcher #11 i} Hode? 5 ,
CiDRenderingEngine #13 JDRenderingEngin
world C3DUser #12 '}‘b& Other thread #6 ngEnging.
‘rcannenueringEngine 415

Staring monitor of sent replies for frintia.proactive.examples.c3d. CIDRenderingEngine
'Btarting monitar of sent requests for frinria.proactive.examples . c3d.C3DRenderingEnaine
AStarting monitor of incoming replies for frinria proactive. examples c3d C3DRenderingEngine

(Dkject frintia.proactive.examples.c3d.C3DRenderingEndine migrate to fcamelitoded %

Prosctive



Monitoring of RMI, Globus, Jini, LSF

ProActive
|C2D:
Width of links
proportional
to the number

of
communications
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Monitoring Look & feel Window Globus

cluster Nice -- Baltimore

“World Panel-
—qluhus4.imié.fr:Linux'

VM id=ch240f04524223d6:72
GlobusRmi ‘

C3DRenderingEngine#16

A170.R2058.5002. 0rg:Linux:

|| C3DRenderingEngine#1

X Legend

[=Ex

C3DDispatcher#

¥M id=Bcob0e4883440078:c VM id=8cob0e488344 VM id=8cSbled: VM id=8cob0e4883440d78:
rRenderer1339453090-

| Node-330757

w
=)
-3
)

2

&
i3

-Renderet830060871

- C3DRenderingEngine#4

globusLinriafrLi

WM id=1cF5c9302aeea67C21 WM id=1cf5c0302aeea67C 264
| -Renderer-1484173115 Globus]

C3DRenderingEngine#5
|

o "
‘C3DRenderingEngine#10 |

globus3.intiafrLinux

VM id=98ba058a98f1d6c2:7a VM id=98ba058a98fLld6c2:2
G i | sGlobus]ini ‘ }
}

C3DRenderingEngine#13

; y
C3DRenderingEngine#d |

rglobusZinriafrLinux

VM id=40aded794chd566:7al | VM id=40adecf794c6d566:21

| -Gl i ' Globus]ini-

/i

galerelinriafrLinux

¥M id=3b0e40r9dd96b125:50
581356

C3DRenderingEngine#15

! ;uspmcmrug?ugsgi |
;

galerel Linriafr:Linux:

-Vgll id=b387063eb6391c1c21
| l?enderer16347595

‘CBDRenderingEngine#l?

A171.R2058.5c02.0rg:

VM id=382d2cBar
Node36959193"

pflLinnafrlinux—y

Active Object

Object waiting

Rmi VM

Standard Host

Globus Host

(VM id=5 L
Renderer- 1883927222

C3DRenderingEngine#7

pflb.inria.frLinux

VM id=a0ba3cf1d6776bc3:2:
| -Renderer2030523411

C3DRenderingEngine#8

rpfLintiafrLinux:

VM 0=995255200509168:5¢
4434265

C3DRenderingEngine#12

rgalere2.inriafrLinux:

-¥M id=b113a07686af4211:56
rRenderer75214177

C3DRenderingEngine#19

C3DRenderingEngine#18 C3D i ine#t |

pfl2.inriafrLinu

VM id=e0ce9855b4292976:56

Renderer2035894572——
|

VM id=e0ce9855b420a0f6:21
| Rendererl731942941 |

C3DRenderingEngine#20 C3DRenderingEngine#21

e e e R

rgalerel2.intiafrLing

galerel3.inriafr:Li

Renderer-419557584

¥M id=bd075a0ceea87191:56: VM id=bd075a0ceeaB719f:21|

583845365

C3DRenderingEngine#22 -

C3DRenderingEngine#23

VM il=0208h23741950b4 2'5¢
i
| Renderer- 280512456

C3DRenderingEngine#24

| ¥M id=92d8b23741950bda:21
| rRenderer-551141708——
!

C3DRenderingEngine#25

Messages

clear messages
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=I0lx

Mum(ﬂrmg Look & feel Window Globus l'u'lnmlunng Cantrol

~Waorld Panel
Jobview /Hosts
frogues.inriafrWindows 2000 Job Host JYM ¥N Node AD
VM id=11d1defs3deathenhy 00
Renderer1164475990 V|9 gob JOB-123800360
VM id=11d1def534 T, Ul @ Bost froques.inriafr
> naeringengine;
R & W FA_IW-1523890366_froques Infafr
CIDRenderingEngine® 1
| r— g EQ: User
C3DRenderingEngine#5

— @ Uszer-1434133406
< CADUsert

€2 CADRenderingEnginess TeXtu al

% Job JOB-1821580872

@ Host frogues.intiafr
o | PA_JWhd-1721540834_froques.inriafr
@ W Pa_JvMI372625145 fragues.inriafr

g E‘E_Renderer ) Vi eW

Vi Display topology L proportional § | Renderer! 164475030

-Messages < CIDRenderingEnginesd

cloarmessages: € C3DRenderingEnginessd

A7AEA] (AN T-EventQuews-0) == Object C30RenderingEngine#s m < CIDRenderingEnginest?
7AEAE (A EventGese-01 == Successfully migrated ong.abjechs o
17:16:38 (AW T-EventGuese-) == Received abject C3DRenderingEn o W PA_JVM-1726157821_frogues infiafr

A7AE58 Al T-Eventvewe-0) == Object C3DRenderingEngine#t m
A7AEA0 (AN TErertGuewe-01 == Successfully migrated ong.objechs

L R PA_IWM-1821590872_frogques.intia.fr
® E(: Dispatcher
@ Dizpatcher-1447214868
< C3DDispatcherts
o W AV 804646597_faques.inria

e A A e e e T T TP e
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Scheduler and Resource Manager:
User Interface

Proscu:




N B
Scheduler: User Interface

File Window Help
|
| = Jobs 2
Pending (8) Running (10) Finished (7)
] !dl Priority | Name Description ] Idl Task | Priority | Name Description ‘ !dl Priority | Name Description
78 Normal job_2_tasks 2 tasks with variable durations | 68 7/8  Normal job_8 tasks  Simple test of 8 tasks with 61 Normal job_8_tasks  Simple test of 8 tasks with variak
79  Normal job_2_tasks 2 tasks with variable durations | 69 7/8 Normal job_8_tasks  Simple test of 8 tasks witt | 62 Normal job_8 tasks  Simple test of 8 tasks with variak
80 Normal job_2_tasks 2 tasks with variable durations 70 6/8 Normal job_8 tasks  Simple test of 8 tasks witt 63 Normal job_8 tasks  Simple test of B tasks with variat
| 81 Normal job_2_tasks 2 tasks with variable durations | 71 01 Normal job_PI Calcul de Pi, methode de | | 64 Nomal job_B tasks Simple test of 8 tasks with variak
| 8 Normal job_2_tasks 2 rasks with variable durations 72 0/1 Normal job_PI Calcul de Pi, methode de | | 65 Normal job_8 tasks  Simple test of 8 tasks with varat
83 Normal job_2_tasks 2 tasks with variable durations 73 01 Normal job_PI Calcul de Pi, methode de | 66 Normal job_8 tasks  Simple test of B tasks with variat
| 8  Normal job_2_tasks 2 tasks with variable durations 74 01 Normal job_PI Calcul de Pi, methode de | 67 MNormal job_B_tasks  Simple test of 8 tasks with variat
85 Normal job_2 tasks 2 tasks with variable durations | 75 01 Nommal job_PI Calcul de Pi, methode de |
76 172 Normal job_2_tasks 2 tasks with variable durat
| 77 02 Normal job_2_tasks 2 tasks with variable durat
[«] ] Bl [ ' B [ ' []
|Console| & Tasks 2 = 8D Jobsinfo . as
Job 65 has 8 tasks Property Value e
I Id | State Name Start time finished time Run time limit | Rerunnable Description 1d 65
| 65001  Finished taské 08:55:11 07/05/07  08:55:16 07/05/07 | Name job_8 tasks
{65002 Finished task5 08:55:13 07/05/07  08:55:21 07/05/07 | Priority Normal
|65003  Finished task4 08:55:14 07/05/07  08:55:20 07/05/07 | Pending tasks number 0
|65004  Finished task2 08:55:14 07/05/07  08:55:21 07/05/07 | Running tasks number 0 5
/65005 Finished tasks 08:55:15 07/05/07  08:55:35 07/05/07 |Finished tasks number 8
|65006  Finished taskl 08:55:15 07/05/07  08:55:23 07/05/07 | Total tasks number 8
| 65007  Finished task3 08:55:16 07/05/07  08:55:24 07/05/07 | Submitted time 08:54:55 07/05/07
|65008  Finished task7 0B:55:17 07/05/07  08:55:22 07/05/07 | Started time 08:55:11 07/05/07
| Finished time 08:55:35 07/05/07
. | Pending duration 165 25ms =
|(| e 1 [¥] Execution duration 24s 622ms
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B B
Scheduler: Resource Manager Interface

File Window Help

| |: Infrastructure Man'agér‘ = Monitoring

£ Administration 53 = O aZ facre.nniafr1009 2 Helame0
| Connection | | Creation | | Shutdown | Total Node = 14 Absent Node = 0
;ﬁacne.inria.fnmgg ~ Demo_descriptor248002.xml
SchedulerDemo2WN
galpage.inria.fr gaudi.inria.fr macyavel.inria.fr pollux.inria.fr
Jvm Jvm Jvm Jvm

(_SchedulerDemo2VN5...) | | ((SchedulerDemo2VN1...) | | ( SchedulerDemo2VN1...) | | ( SchedulerDemo2VN1...)

~ Demo_descriptor348003.xm|

MachinaSupWN

apple.inria.fr cheypa.inria.fr maledie.inria.fr schubby.inria.fr trinidad.infia.fr

Jvm Jvm Jvm Jvm Jvm
((MachineSupVN19519...]) | | ((MachineSupVND1433...) | | ((MachineSupVN86610...) | | ((MachineSupVN20873...) | | ((MachineSupVN14049...)

Delov | | Redepiov | | kil |
| ||| % Demo_descriptord8001.xml
S Legend 2 "B [+ ]schedueDemolvn
Hosts hajjoura.inria.fr lo.inria.fr naruto.inria.fr petawawa.inria.fr pincoya.inria.fr
[::] Standard Host Jvm Jvm Jvm Jym Jvm
JVMs (_SchedulerDemolVN1...) | | ( SchedulerDemolVN2...) | | ((SchedulerDemolVNS...) | | ( SchedulerDemolVN1...) | | (SchedulerDemoIVN1...)
Standard J¥M
MNodes
[:) Available Node
D Byt El Console 2 _ Ex CE # By e[ 3 =0
- Down Node InfrastructureManager

08:42:39 =»> Connect to an existing Infrastructure Manager
08:42:54 => Load and Deploy a file descriptor

Pro




On-going work : GUI for Components

X FractalGUI for ProActive |l |x
File Edit Admin Yiew
e '_I'_ o L ._I _._: ¥ - - i LR
&g OB v~ B2 ma] | <2 [FEAIRE (»
(urg_,uhjEctweh.‘pmacti'-.re.il:2|:l.|_:|ui.cumpunents.PruActi’-.teGLll |
= org.objectw &)
ElEath:SEIEb R
W b 1 °| KHselection-listeners e e ————— . 2|
[ | MamCDn 3 H i canriguratian 1
@ = menus. $ FHeonfiguration-1isteners et m:lg:;:rﬂ
e P Edll— | B Heeno e-cenfiguration-1is
@ b file-rgd
@ [ ‘LfiEW- B AdEn-tai
g Men sziecticn
L[
E Easm
i Grap
& b admi:
i Sl e
B Confi
9 = rontent e o o e—mee—————]
& = rConte ::::;13_.-_-"’-.-_'!'.1.’. 'T'T’:E::
B3
3
BT
40
Component name; <EMPTY> component type:  <EMFTT
Interface name:  <EMBTY> Interface type:  <EMFTT>
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. B
Component GUI under Dev. at Westminster Univ.

File_ Manager List of components F’ropertle_s of the
selected instance
L EE
P bt TorgeDreEd

| Comtgcetitn || cpmpmacir Hr— H e 1 Canvas for
] Sampls Corrporeni) : i :
‘:-mcmﬂl; |— . CUmPUS!ng
i | application
B Sampls CamponeeiS |_ )
5 Sample Comporently !
ﬁ‘_w-’;«ml?
o B Comporenin ‘I COde
T Samp Comporentd ke
ot . A . editing area
W, el Componenily
e Sampls Componeni| -
L Ll Camponens
W, 2omp Comporarid
W, Sampl Componenid
! Sampls Comporent
AP Sampls Componsess
A Sk Cumponsed?
.'_.W’WD
8 Sompls Componertd

Component
e -specific
information
| gweyeymeyreewsy -0 n

Proscis



Wizard

Eile Edt Mavigate Sepreh Project Bun Windew Help
M- & % 0-Q- B @G ®F | v o mﬁ_ Java "
Package Explarer | = Navigater 5 =0k B
s plesa~| 2 Active Objsct Class ) =
= = ProActiveProjeet g TINCY Gram o wpien de 9
Echsses “ TobD T
= @ik . .'I't."JlrJuw S 1’”‘ : Ll
Lasmyar oy e N e |
) chage 1 I
| bouneyeastle far = itk | Endiesny e |
|| Fractal jar import ia
I N [Cumaterar
A gy far v jue iy & pubin Cecpn © ©
ProActive jar * fauthb T abipany T sl r
L xercesimpljar . !
v e T T sy e S| Nt ge te
= N L e | — o i o Seralan e Bt |
.
- ClasseActive java =public €l |
2 alasspath | Whieh et w0 weie e e o ereate *
|5 praject *  publi I ot s wesd munn (S [ asgd
] pm:ll:l:lv'l.‘.pm.pa'lh:lf ) } I € pnpmartery e masertiane
| proactive-logd) = ;
e F gt bt e suter
il L]
gt | Eesh areet
Prablems lavad | | | * @20
Writable Smartinset | 1:1
337 Denis Caromel PPOA(?UI\(Q




= Cregbed dn 11 Janv. 2003

:l:'l,l'

@ vpublic class Test |
{13 int vard = G:

private String wvarl = "";
,ﬂ Test(int ob3j0, Cbiject objl, Object obj2, String obj3)
%] integer varO() { return new Integer(varl): }
@ Test test() { return this; }
Ir.f__'-i';‘- = String varl(} f{
:ﬁa if (trome) retorn nmll;

else retorn "";

Proscuve

i}

|




N I
Guided Tour
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— : — s ProActive
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Froactive: The arallel, Distrilmited, -~ Wame ([t ProAciveTutoral,
¥ 2 ’ (o About Eclipse Plafim | Securdty nd Mebidlity « Select 'Get PraActive from
. extermal location” and choose the
* Copyright (C) 1607-2000 INRIA/University of Nice-Sophia Ani difectofy where you hive
ProActive installed,
i - - Click to ‘Finish’.
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— : Praject calied ProActive Tutenial
Cheat Sheat Solection A= with 2 subdireciories - ‘tlasses’
and "sec’. AN the classes youll
write for this project shauld be in
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[ Other | ;Hellu, World Applieation "
| Hella, World Standalone SWT Apglication = The Hello Class

lug- P
| Er:at: .1.: E'-;hpik‘ P :il i '-'::? '_:'E - i Use the ProActive Editor
MEATE a Teallre And an UF' e Sl H‘ﬂﬂﬂ s C{H‘ﬁ“‘uﬁm

CVS Tasks
_ # Create the main method
ProActive Tutorial - Hello World Applcation i# The HellaChemt Class
4 Get a reference on the
remaote obhject
I i+ Fun the example

1 Helle java

L.I_'}Hrllntll:nl.]n.x * fonTRCT! proaciive-SupporTRinrin. iy

Select the chear sheet  open:

0K Cancel
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CG Communication pattern S 16
Data density distribution (CG version :1.1)
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MG Communication pattern C 64
Data density distribution (MG version :1.0)
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EP class B Benchmark on 8 16 32 64

— — — — — — — — —
L — I3 Lt 4= (¥ ] o | oo L
L L L L L L L L L L

Time in seconds
=

= — I3 Lt 4= [ ] o | o
1 L L L L L L L L

8 workers 16 warkers 32 waorkers Bd warkers
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Remote Call - JIT options (1000 iterations, warmup =1000)

10,04

Time in mseconds

lacal:reifiable:client lacal:reifiable:najit lacal:reifiable:server
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Remote Call - Tree (1000 iterations, warmup =1000)
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lacal:reifiable:1 0K localreifiable: 100K localreifiable: 1
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|leaI W Before Serialization 2 5erialization [ DeSerialization m Before Add 0 Add 0 After Add
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Remote Call - JIT options (1000 iterations, warmup =1000)
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IC2D: Interactive Control and Debugging of Distribution

=10

Waorld Panel

rmirage:Linux
VM id=680577 286005316 1:ded
rContainers-175091467 ——
i~ ActrePrimeContainer#31 m |
I ActivePrimeContainers32
b ActivePrimeContainer#33

bActivePrimeContainer#34

-pagode:Linux-
|—\-."M il=272c16436hcfi3fa:e859C
‘ Containers-728729810——

s ActivePrimeContainers#39 4

b ActivePrimeCantainer#40 4.

NumberSource#2? 4

% ActivePrimeContainer#29 -
AEEEEEEE

L1 1]
. ncti\rePri_r:l_e_(Ei_Jmainer#M S

rowenitLinux

M id=176643hd02a5hc92:ded
-Containers-g8907713

ActivePrimeContainer#35
b ActivePrimeContainer#36

¥ ActivePrimeContainer#37

i ActivePrimeContainer#38 5
UENENENEEEND

: onsolePrimeOutputListener?28

=176643hd02a5hc02:e 44571152
21469386767

Main#30

- Active objects

€& world Panel Legend

=10l x|

Active by itself

Sening reguest

Waiting for request

Waiting for result (wart by necessity)
Migrating

‘Pending Requests

Pending requests:
=1 [ ] 5 [ ] 5[]

‘Hodes

RMI Hode

Jini Node

-Hosts

Standard Host

Globus Host

o

VI Display topology ) proportional i ratio ! filaire

-Messages

cleal messages

mmizffpagodesContainers7287 20310

138218 AW T-EveriGQueve-0) == Successfully migrated

135215 (AW T-EvertQuiere-0) == Received object ActivePrimeContained#23 to mawve to
188215 (AW T-EvertQueve-0) == Object ActivePrimeC ontainem20 migrated.

org.objechueb. proactive. examples.eratosthenes. ActivePrime Container to rmisdpagedesContaine s 728720210
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With any ProActive application features:
Graphical and Textual visualization

Monitoring and Control
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|(C2D: Basic features

Graphical Visualization:
Hosts, Java Virtual Machines, Nodes, Active Objects
Topology: reference and communications
Status of active objects (executing, waiting, etc.)
Migration of activities

Textual Visualization:
Ordered list of messages, Logical Clock
Status: waiting for a request or for a data
Causal dependencies between messages
Related events (corresponding send and receive, etc.) &

frodctive
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IC2D: Logical Clocks

Window Globus

Monitoring Look 8 feel

& world Panel Legen:
- Active ohjects

=10l x|

[wWorld Panel
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“Linux
M id=63957 7a860d53161:ded
Comainers-175091467
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Main#30
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Wraiting for request

VAN TOF TESUR (Wan By NeCessiy

o Migrating
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=1 =5 =50
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¥l Display topology  ©_ proportiomal ' ratio

& flaire Reset Topology
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135205 AR TS e Grers -0 = Ol s L Sl
16 (AN TS vemtEene-0; == Successully migrated

=T la

veatCene- == Received objeot ActivePrimeContaine®20 to mowe to

2 vigraled.

.Freastive. b ez

=Conda nerte mipagedeiCartainers 725729510

0
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R¥ Botiverr naContainersd Jgetvalus
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“wfaiting for request

At walr me ContainerkCatnodale

Aot wePri me Container#E4 tryModulo
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tive

on the Grid

ProAc




N I
IC2D: Related Events

CiDUsers4 C3DRendernngEnrgines3

T — — = =
& [CE20D=patoharfblsst Fixels & [C3DEi=patcherdd rander
B e Vo et ' = fbjectWalFor Regusst ﬁ? [EE00i=petoherlleafP| vels
.&u_r;sm UrpabidearAmist il anly W - bl Forbenuest
W - objzctisiiFor Request
' i L3 0 Ussrilt|==tPileal & [C20OepatohardfGlsst Fixels
: ' - Tihjest\Wait For Regquest “ — DbjgotWaltFur Request
. Uhjactvait For requast & [EZO0 spatoharAE=hod Mes=szge

é [0 spatchardSizhow Messege

‘w — Eibjemtyait FarRaquest W OojeatWaint For Raguas

Related events Messages recorder ‘Clear all events Legend

Events:
Textual and ordered list of events for each Active Object
Logical clock: related events, ==> Gives a Partial Order
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|(C2D: Basic features

Graphical Visualization:
Hosts, Java Virtual Machines, Nodes, Active Objects i

Monitoring Look & feel Window Globus

Topology: reference and communications Word e

Status of active objects (executing, waiting, etc.) l"'w“wm -
Mlgratlon Of aCtIVItIeS | ) Main#23 'V:B::::::::aﬂﬁnﬂsamﬁ:ueﬁ

ActivePrimeContainer#27
ConsolePrimeOutputListener#25

ActivePrimeCantainer#28

NumberSource#26

Textual Visualization: on
Ordered list of messages, Logical Clock '
Status: waiting for a request or for a data
Causal dependencies between messages =

[v] Display topology ) proportional ( ratio @ filaire

clear messages

Related events (corresponding send and receive, etC.) | i o o wmismmni Bl

|
14:31:29 (AW T-EverntQuene-0) == Raceived object ActivePrimeContaine®20 to mowe to ‘
|

imiimiragerRemateNode
14:31:28 (AWT-EventCuene-0) == Object ActivePrimeContainen?3 migrated
14:34:29 (AWT-Even
org.obje chwab.proac

-0 == Suscessfully migrated
amples.eratosthenes ActivePrimeContainer to imi/mirage/RemoteNode
14:31.30 (AWT-Eventene-0) == Enormhile tying ta create a RuntimeAdapter for NumbeSourc 580683701,

Control and Monitoring:
Drag and Drop migration of executing tasks
Creation of additional JVMs and nodes
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IC2D: Dynamic change of Deployment

New JVMs

Remole Execuli

Crea“on fl..u-t of :urrenr rm:zsses Kl Create new procoess = =
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|C2D: Cluster Visualization

Monitoring. Look &feel  Window
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Grid Scilab:

Free Scientific Software
Package




03 Grid Scilab TaolBox HEER
Command
(] Silah Engines Pending Tasks
=0 EngineG Id Task Script Priorit Awaited Time(ms)
& (I Fngine1 TasksZ test_scilab.sce Marmal 23000 o
o C]Enginez Task?3 test_scilak.sce Morrnal 16000 [¥]
& [ Enginaz Task 4 test_scilak.soe
& |_Jtngine4
& 9 Engincs
Executing Tasks T°D'“‘g"d
endin A5KS
I lask SCHIpt Id Engine Llabal 1imeims) <
Task14 TPqT_qr!Iah arp - - O Pending
Taskl1s test_scilalb. sce Engine> SE014
Taskle test_scilab.sce - - [X] Cantelled
Taskl? test_soilab sce Enginet 420632
Cxecuting Tasks
Terminated Tasks ¥ ] Fxaruting
Icl Task Script Execution Timeims) |  Glabal Time{ms) State
T TR T T v N Killad
Taski test_scilab.sce 2 1055 ¥ llie
Task? test_scilab.sce 2 1053 v
Tazks test_scilab.sce 40 1042 + -
Task3 L5l _sLilabn sk 5 1038 v lerminated |asks
Tasklo test scilab.sce 3 1068 v T
Taskll test_scilab.sce 1 1068 ® — 4 Succeeded
laskls test_scilab. sce 1 1040 X - x
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F S
Onperations
- =Deployment is running: fauto/sea/ufseaf0fuserfamangin/FroActive_RELEASE/descriptors fexamples/ProActivescilablocal xml =
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~=Add new 3cilab Task Tasko
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ProActive
Security

A key principle:
Specify security policies In
XML deployment,
NOT IN SOURCE!

ProActive




Security Models

Confidentiality models

control on data access: Discr (HRU + Take-Grant)
Mandat (BLP)

control on data flow

Integrity models
commercial domain : Biba

Avallability models
resource allocation problem

Proscu:




Access Control Models

Focus on access data control

Users are properly connected:
|dentification + Authentication OK
no user can steal rights from another user.

Formal Rules to state if a given subject can access to a given
object.

Prosctive
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Access Control Models

Discretionary Access Control
control is deduced from subject/group identity
a subject can give his own rights to some body else: confidence in users !?

Mandatory Access Control
control is deduced from security level of objects and subjects

security levels can not be changed nor transfered by a subject, they are
managed by a third party

Prosc.-
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HRU Model (Discr.)

Harrison, Ruzzo & Ullman

Access Control Matrix

Sinrows, O+ Sin columns

Rights:

own , read, write, add, execute, control

O1

02

O3

O4

05

S1

S2

S3

S1

rw

W

S2

r'w

I

S3

r'w

W

r'w
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Security : Objectives

Access control, communication privacy and integrity
Security at user- and administrator-level

Non functional security

Declarative security language

Dynamic when needed

Prosctive




A ProActive Application

fﬁ(’ O)/\
59 ﬁ%

\Iu/gt(;lj:ll Virtual
Virtual Node 3
Node 2 Active

object

Prosc.-
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Multiple Deployments Issues

Different Deployments =» Different Security Policies

One Host Local Grid

Prosctive




Security Issues, In Grid

Authentication of Computers, Users, and Applications
Creation, connection to, and monitoring of activities

Authentication, Integrity, Confidentiality (AIC) of
communications

Various security policies  (physical and logical
organizations)

Prosc.-




SSH tunneling

Static authentication and encryption

Proscu:




SSH Tunneling

A fact : overprotected clusters
Firewalls prevent incoming connections
Use of private addresses
NAT, IP Address filtering, ...

A consequence :
Multi clustering is a NIGHTMARE

Context .
SSH protocol : encrypt network traffic
Administrators accept to open SSH port
SSH provides encryption

Prosctive
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Without SSH Tunneling

Runtime Active object = Communications

Prosctive




With SSH Tunneling

Forwarder

Runtime Active object =% Communications Secure channel

Proscu:




Abstract

Pros :
VPN like
Static authentication
Static encryption of communication

Ccons :

No notion of security at application level
Static feature

Prosctive




Dynamic Grid Security

Principles :
Non-functional security
Hierarchical security domains
Dynamic policy negotiation
Certification chain to identify users, JVMs, objects
Application security policies set by deployment descriptors

Prosctive




Issues for (Dynamic) Grid Security

Authentication of Computers, Users, and Applications
Creation , connection to, and monitoring of activities
Authentication, Integrity and Confidentiality (AIC)
Hierarchical domains

Security Policies: Domain, User, Application

Variation in Grid connectivity: LAN, Wireless, VPN, Internet

Variation in deployment

Prosctive




ODbjectives

Goals :

Authentication of Computers, Users, and Applications

Communication authentication, privacy and integrity

Security defined at user and administrator level

Easy and adaptable configuration

Support for current middlewares features :

deployment, migration, group communication, components

Ways

Ubiquitous Security (Meta Object Protocol)

Logical Security Architecture / Abstract Deployment

Declarative Security Language

Proscu:
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Public Key Infrastructure

Elements of PKI
Certificate Authorities (CA)
Public/Private Key Pairs - Key management
X.509 Identity Certificates - Certificate management

Certificate Authority
A trusted third party - must be a secure server
Signs and publishes X.509 Identity certificates

Revokes certificates and publishes a Certification Revocation List (CRL)
Many vendors :

OpenSSL - open source, very simple
Netscape - free for limited number of certificates
Entrust - Can be run by enterprise or by Entrust

Verisign - Run by Verisign under contract to enterprise
RSA Security - Keon servers
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Authentication : X509 Certificate

>
_ CA Verifies ID, Key Pair,
Requestor Generates Key Pair and User Eligibility
4 —
)iﬁg;ﬁ
CA Presents Signed X509 v3 CA Binds Public Key to ID
Certificate to Requestor by Signing the Certificate
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Application authentication

La — L.

User certificate Application certificate

ﬁﬁﬁﬁ
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X.509 Identity Certificates

Distinguished Name of user
C=FR, O=INRIA , OU=Sophia, CN=Arnaud Contes
DN of Issuer
C=FR, O=INRIA, CN=SOPHIA-CA
Validity dates:
Not before <date>, Not after <date>
User's public key

V3- extensions

Signed by CA

Prosctive
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Authorization with ACLS

Access control lists (ACLS)
An object O has an ACL that says: principal P may access O.
Lampson may read and write O
MSR may append to O
ACLs must use names for principals
so that people can read them

Prosctive




The Access Control Model

Guards control access to valued resources.

cinal Reference-__, Obiect
Principa monitor |
Source Request Guard Resource

Prosctive




Application

Composed of active objects

each active object has :
an owner
depends on an application

Each application has a different identity even if launched by the same
person, on the same machine, only certificate are important

Active objects belongs to an application which belongs to an user which
belongs to a domain.

User certificate ==> Application certificate
user private key used only for generating application certificate

Application certificate ==> active object certificate
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ProActive Security Principles

Non-functional security

Hierarchical security domains

Dynamic policy negotiation

Certification chain to identify users, JVMs, objects
Application security policies set by deployment descriptors

Prosctive




ProActive Security: Key Features

Authentication of users and applications (PKI X 509 certificates)

Authentication, Integrity and Confidentiality of communications

In XML deployment files, Not In Source
Mobility Aware

Dynamically negotiated policies

Prosctive




What's a secure ProActive application

Composed of ‘classic’ active objects, no change in sources.

Each application is different, even if launched by the same person, on
the same machine.

PKI Certification chain to identify users,applications,objects
User certificate => Application certificate =>active object certificate
user private key used only once for generating application certificate
Security policy gets from deployment descriptors.
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a
> )
)
A LA
a

Generate
certificate for

Certification Chain
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Domains

Logical way to group many entities that
have the same security needs.

Domains are hierarchical

Sub-domains inherits parent’s security
policies.

Default: Sub-domains cannot weaken
parent’s security policies.

‘Can override: a domain authorizes an
entity to override its policies

Find the first common domain if exists

A domain has a policy server + a
certification authority

D e sk o Dynamically configurable via SSL
o ] connections

Prosc.-
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Multi-level Policies

Dn
Security policy is defined according all matching
rules from:
Accept Deny * Domains

Dn-1 e Virtual Nodes

T /< Ny * Active Objects

Accept Deny

= =5
Accept Deny Accept Deny
- - - Security
— e — — policy

Prosctive




Security Rule

Entities -> Entities : Interactions # Security Attri butes

Domain JVMCreation Authentication
User NodeCreation Integrity
Virtual Node CodelLoading Confidentiality
Object ObjectCreation
ObjectMigration Each attribute can be :
Request Allowed
Reply Optional
Listing Disallowed

Prosctive




Combining Policies

Search for the most specific rule in each domain.

Retrieve all matching rules in the Domain hierarchy, the Virtual Node
and the Active Obiject.

Compute policies according to security attributes.

Receiver Required Optional Disallowed
Sender (+) (?) (-)

Required (+) + -+ invalid
Optional (?) + ? -
Disallowed (-) invalid - -

Prosctive




Descriptor Security Model

A key principle:
Specify security policies in the vnl, vn2
XML deployment, NOT IN
SOURCE! VN [vnl] -> VN [vn2] : Q,P # [+A,?],+C]

VN [vnl] -> VN [vn2] : M # Forbidden
VN [vn2] -> VN [vnl] : Q,P # [?A,?l,?C]
VN [vn2] -> VN [vnl] : M # Forbidden

In program source:
Virtual Node (VN, a string name):

In XML descriptors:
List of policy rules

. i
Trusted Certification Authorities vnl --> GridAComputers,

GridBComputers
vn2 --> GridAComputers

[...]

Prosc.-




ProActive Security Manager

In charge of security for an active object
Retrieve, combine and negotiate policies
Negotiate session key,

Encrypt/decrypt messages

Prosctive




Secure Request to an Active Object

—, Request path Active Object Security mechanism
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Security Example

2 domains GridA & GridB with

security policies vni, vn2
Domain [GridA] ->
Domain [Gl’idB] . Q,P,M VN [vnl] -> VN [vn2] : Q,P # [+A,?],+C]
# [+A,+1,+C] VN [vnl] -> VN [vn2] : M # Forbidden

VN [vn2] -> VN [vn1] : Q,P # [?A,21,2C]

Domain [GridB]  -> VN [vn2] -> VN [vnl] : M # Forbidden

Domain [GridA] : Q,P,M

# [+A’+I’+C] vnl --> GridAComputers, GridBComputers
vn2 --> GridAComputers
Application :
2 Virtual Nodes (vnl,vn2) ol

2 Active objects

Prosctive
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Example: std. code, no security

/.

proActiveDescriptor.activateMappings();

vhl = proActiveDescriptor.getVvirtualNode("vml");
vh2 = proActiveDescriptor.getVvirtualNode("vm2");

/../

Flower rose = (Flower) ProActive.newActive(Flower.class,new
Oobject[]{« Rose »}, vnl.getNode()};

Flower daliah = (Flower) ProActive.newActive(Flower.class,new
Object[]{« Daliah »}, vn2.getNode()};

rose.migrateto(vnl);

rose.sayHelloTo(daliah);

rose.migrateTo(vn2);

rose.migratetTo(vnl);

rose.sayHelloTo(daliah);
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Example

Domain GridA Domain GridB

o

olicy rules
atabases
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Example

o

olicy rules
atabases
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Example

Policy rules
databases

Prosctive




Example

Domain GridA Domain GridB

Migration :
- same VN
- same domain

Can | migrate to the

Policy rules next VN1 node ?
databases

fronctve




Example
Migration : Domain GridB $
- same VN -
_ a
- same domain
e

1 - retrieve VN policy

Policy rules 2 - migration allowed

databases

fronctve




Example

Migration :
- same VN
- same domain

o

olicy rules
atabases

Croactive




Example

Domain GridA Domain GridB

Migration :
- same VN
- same domain

Can | migrate to the
next VN1 node on
D GridB domain?

1 VN1 ﬁ T
iy
1 VN2

fronctve

Policy rules
databases




Migration :
- same VN
- same domain

Policy rules
databases

404 Denis Caromel

Example

Domain GridA

Domain GridB

>
—
=~
1- VN1 policy -> none
D 2- GridA -> GridB : [+A,+,+
3- migration with [+A,+xC]

C

ProActive




Example

Migration :
- same VN
- same domain

olicy rules
atabases

Croactive




Negotiated Policy:
Rose -> Daliah : [+A,+1,+C]

Method call : e AS——
-Othel’ VN omain Gri omain Grli

|

_ =

- other domain !
|

From
Rose --> Daliah

Policy rules
databases

B SEO0CUIGE



Adaptive Security

Dynamic setting of the security attributes

Dynamic negotiation between different:
Domain and Sub-domain
Virtual Nodes
Active Objects

on JVMs on different Machines

frodctive




Security summary

ProActive Security Features

Authentication of users and applications (PKI X 509 certificate)
Authentication, Integrity and Confidentiality of communications
In XML deployment files, Not In Source

Security model for mobile applications

Dynamically negotiated policies, non-functional security

Logical security representation : security is easily adaptable to the
deployment

Perspectives:
Group communication

frafcuxe




Example of

ProActive

Applications
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DEMO: Appli. with the IC2D monitor

1. C3D : Collaborative 3D renderer in //
a standard ProActive application

2. Penguin
a mobile agent application

IC2D: Interactive Control & Debug for Distribution
works with any ProActive application

Features:

Graphical and Textual visualization

Monitoring and Control
Benchmarks and Optimizations

frodctive




C3D: distributed-//-collaborative

ollaborative
3D,
Rendering 1n
Application
mobility

411 Denis Caromel

File

~CaD ProActive PDC

Fila €30 Prodctive FDC

Spiri left | Up | Spin right |
Lef Right

User Denis Caromel

Lacal hast lointiaf (Linus 2.0.33)

&ll inervals rendered in 14271 ms |~

A Sphere has heen added
KAD¥-902-30

Cannot add spheres while rendering
Al intervals rendered in 17150 ms

i iz

A random sgherel

Flotian Doyorn
dulien Vayssiera

=4

Message: | Let's spin right T

CaDDispatcher host: foindaf (Linis 2.0.

User Florian Doyon
Local host: hibiindiafr Lin 2.0.35)

C3DDispatcher host lodntiadr iLinws 2.0.3

&
A Sphere has been added
XA0N=9.0 2=9.0
Cannot add spheres while rendering
&ll intervals rendered in 17150 ms
=]
¥
I I
Spin left Up Spin right
Lef Right | #dd tansdotn sphere]
Dot
D File
3D Dispatcher
on machine: ladnnaf (i_inux z 0.3‘.3)
Me . |
L |Mext interval (6] assigned to engine 3 Al

File

C30 Profctive PDC

User Julienr Vayssiere

Lacal host: progitinraf (Linux 2 0:33)

C3DDispatcher host lo.i.nria.fr {Linec 200 |

& Sphere-has been added

KA BY-90 Z:-9.0

Cannot add spheres while rendeting
All intervals rendered in 17150 ms

Jd [P

Add random sphere

Bl b

et interval [5] assigned to engine 4
et interval [4] assigned to engine 0
Mext interval [3] assigned ta engine 3
et interval [2] assigned to enging 2
et interval [1] assigned to engine 1
et interval [0] assigned to sngine 4
[fram: Denis Caramel] Let's spin vght |
All intervals rendered in 17150 ms

i

=] i

List of current users

Denig Caramel (0)
Flotian Doyan (2)
Julien Yayssiere ()

Auailable engines: Enginas Lgad:

Alinriaffirsthd firsty i

secondyid

SbibLinria st
Hbibiinriafrsecondyid

Fiprositintia st i

Adil enging Remove engine
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C3D: distributed-//-collaborative

Collaborative 3D, Rendering in //, Application
mobility

File €30 ProActive PDC

File

Cab Prasctive POC

User Denis Caromel
Local host: lontiath (Linux 2.0.33)

C30Dispatcher host: foinfisfr (Lingx 2.0,

Al intervals tendeted in 14271 ms | (=

& Sphere has been added
40Y-902-30

®

Canriot add spheres while rendering
All intervals rendered in 17150 s

£
e ]
Spin lefl Up Spin right
Laft Right Add tandom sphere
Florian Doyon
Julien Vayssiers
7}

C3D ProActive PDC

User Julierr Vayssiere

Lacal host: prositinat (Linux 2.0.33

A Sphere has been added

K40 Y-90Z-50

Cannot add spheres while rendering
Allintervals rendered in 17150 ms

At raridom sphere

- |[1rgm Denis Caromel] Let's spin right ! &
Flarian Doyon it

4 BT =

CaDDispatcher host loiniaft (Linux 2.0 ||

User Florian Doyon
Local host: bibinfiafr (Lins 2.0.35)

CabDispatcher host o.nria (Linws2.0.3

4 Sphere has been added

X4.0 Y90 2-90

Cannot add spheres while rendering
1l interyals rendered in 17150 ms

=]
v
il e W e
Spin lefl Up Spin right
Lett Righit Add randam sphere
Down

C3D Dispatcher

o machine: lo.infia fr {Linux 2.0.33)

Nexd interval (6] assigned 1o engine & 8
1Kt interval [5] assiqned to engine 4

Newt interval [4] assianed 1o engine 0

st interval [3] assigned to engine 3

Lext interval [2] assigned o engine 2

et interval [1] assigred to engine 1

Liext interval [0] assigned lo engine 4

[rom Deris Caramel] Let's spin fight |

il infervals rendered in 17150 ms

L

B 1}

List of current users:

Denis Caromel (0)
Flotian Doyon (2)
Julien Vayssiere (3)

Auallable engines Engines used

allintiafrirstyhg frstiht

secondih

Ak inria ST
i inriafrfsecond v
Hprositinria sty he

Add engine Remove engine

412 Denis Caromel

Election DispatcherFrame Scene \ ( Utils

|nterval

[ RenderingEngine :

{S—Reference—
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C3D Monitoring: graphical and textual com.

5

Monitoring Look & feel Window
World Panel

lo.inriafrLinux

VM id=ed4bed64c03e VM id=ed4bed6 VM id=ed4be964c03e2377:5 Active Object
dispatcher

Renderer3
€D Prodctive 2EC

AL Frofctive POC

User Denis Caromel User Florian Doyon C3DDispatcher#1: #C3DRenderingEngine#3 Object waiting

Local host: o.riat (irw 2033 Local host b biintaft Lins 203

C3DDispatcher Foet: lo.ntiaf (Lirux 20 SEEER R e seaLinux:

Rmi VM

il ntervals rente’ed in 14271 ms |

fboraboraWindows . VM id=47 2f5d6908740fb8:e

& Sphere hes bezn aded
-302-90

rot add spreres while endering

L VM id=4d66045 ol

# Sphers Fas bee adte
0z-90

Carnct zdd sahares wile rendering
il nfervals rende‘ed in 17150 ms

Standard Host
mirage:Linux—— C3DRenderingEngine#6

S et U { Swnrart wahxLinux
Let P T A ranor sphre | VM id=689577a860d53161:
Do VM id=re5cd68f0dbd2c7 3:ef - Globus Host
miragel ——
ahal
T i . C3DRenderingEngine#d
j\uc‘l;?'rvlit;zz‘rm C3D Dispatcher C3DRenderingEngine#3
on mashine: biniaf (Linax 2033
bl

Rext interval ] assignen o ergine 4 Al
et interval ) assiined to ergine 4
et interval 4] assigned to ergine 0

heat interval 3] ac d e ine 3 - - - — - -
et o 2 sened o i 8 [vI Display topology () proportional (@ ratio () filaite | Reset Topology | [ Monitoring enable
hext interval 1] assigned to ergine 1

hert interval 0] assigned to ergine 4

[Fom Denis Caromel] Les spi figh: | i
3D Prodttive POC 2l ntervals r2ndered in 17150 s g Messages
A —_—
Gt B ie | =) 1
User Julien Vay dear messages

List 2 3utent users:

Local host prostirie r (Lnux 2033)
CI0Dispateher host oinra (-inp: 20, Efn'”‘;f;::g:‘gf 14:67:24 (AWT-Eventueve-6) - Object C3DRenderingEnginedt migrated.
Jilizn Yayssiere (3)

10725 AWT-EveniQueoe-61 —» Syccessfully migrated org.objectweb. proactive.examples.c3d.C3DRenderingEngine to rmiffseainriafr/seal

4 Gphere has b3en adde
%40 v:-30 290

Cannot add spheres while endsiing
A1l nervals renered in 1715E s

B Avalabie eagries Engines usédl
|
linia sty sty
(S e it rarion sphere e

et C3DDispatcher#l

i iniaitsecond vt

[ [fem Dens Carone] Lets spin night | E i ositinria ity M
Forir Doyor d Z

S — T A enging Sencie engine

o
a’
P

W -- ObjectWait For Request
d’ [C3DDis patcher#1 1s et Pixels [C3DUser#21setPixels

W -- ObjectWaitFor Request W -- ObjectWaitFor Request
P

o]
]

Q
,H W -- DbjectWaitForRequest

r-
L=

W -- ObjectWaitFor Request

iy

d} [C3DDis patcher1 jshowMessage qﬁ [C3DUser#2IshowMes sage E‘

W -- ObjectWaitFor Request ~| (W -- ObjectWaitFor Request «| W -- ObjectWaitFor Request -
| Related events | | Messages recorder ‘ | Clear all events ‘ ‘ Legend |
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JEM 3D : Java 3D Electromagnetism

together with Said El Kasmi, Stéphane Lanteri (caiman)

nnnnnn

Maxwell 3D equation solver,
Finite Volume Method (FVM)

¥ 1sosurtaces

xxxxxxxxxxxx

Pre-existing Fortran MP| version:
EM3D (CAIMAN team @ INRIA)

terhps d'exécution de la boucle principale (surclus  ter) U 10 294 machines at the same

0 . time (Intranet and cluster)

800

700 \
%‘ 600 \ + taille du maillage
£ ol 0\ R zz2 || grge data sets: 150x150x150
2 \-\ N, —=— 31%31*31 -
& 400 — 4343
L) U . s (100 million facets)
= - A i\ \x\% —%— 81*81*81

1001A - \,\!\! I : S1313?;19:;113

o L —— . - —o— 121*121*121
0 10 20 30 40 5 60 70

nombre de processeurs

frodctive




XY ES T Y B RES N

Adtive scalars: | Ez -
Representation: | Points -

[ Geomewy

" [] Outlines :

¥ Isosurfaces

4 ij'ScaIir b:il

E Jem3D launcher :

XML descriptor

XML descriptor Chooser

Nodes:  2nodes anen
e e Apply

XML descriptor preview 2 :

<7irml version="1.0" encoding ="UTF-8"7>

<ProActiveDescriptor xmins:xsi="http: [ fweve. w3 org/
<componentDefinition >

0220

[ Jem3D Console :

5] Jem3D Console

> > Reachy
> > Data collector agent loaded.

<virtualModesDefinition >
<virtuallode name="jemzDKode" property="mul
< fvirtualModesDefinition >

:| [F]lem3D Cons... [7] Jem3D Cons...

>» Reachy.
»» Data collector agent loaded

415 Denis Caromel
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Jem3D: Overall Objectives

3D Electromagnetic Application:
Visualize the radar reflection of a plane, medicine on head, etc.
Pre-existing version:

Jem3D:
Sequential object-oriented design, modular and extensible

Seqguential version can be smoothly distributed:

Efficient distributed version, large domains, Grid env.

frafcuxe




Jem3D: Geometry definition

A Generic Numerical Method:
Finite Volume Method (FVM)

(vs. Finite Element Methods)
Calculation of unknowns as average of Control Volume

(vs. Vertices of the mesh for FEM)
Valid on structured, unstructured, or hybrid meshes

Computation:
a flux balance through the boundary of Control Volume (M, E, EM, loop)

Example, and benchmarks here:
Control Volume = Tetrahedron
Facet = Triangle

frafcuxe




Jem3D: Control Volume in 2D and

3D

Element

Element2D

?

Element3D

t

TriangleElt

QuadrangleElt

TetrahedronElt

HexahedronEl

ControlVolume

;

ControlVolume2D

?

Control Volume3D

$

TriangleCv

QuandrangleCv

TetrahedronCyv

HexahedronCv

418 Denis Caromel
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Jem3D: Facets in 2D and 3D

Facet

VixCenteredFacet EltCenteredFacet
3 g
| | | |
VixCenteredFacet?2D | | VtxCenteredFacet3D EltCenteredFacet?2D EltCenteredFacet3D
b
| |
TriangleFacet QuadrangleFacet
A
| |
BorderFacet InternalFacet
3
| | |
Virtual B orderFacet Metal B orderFacet InfBorderFacet

419 Denis Caromel
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JEM 3D
Architecture of the sequential version

Domain
List of facets
'(/ \\ \\'
Border Internal Border
facet facet facet

{ontrol
Yolume

. - =

\ List of Control Volume

freqctye




Communication based on groups

Groups allow sub-domains communication

frodctive




Algorithm of Jem3D

Initialization _l

Compute mag. field, : Compute elec. field,
and update elec. field and update mag. field

I_ Calculation of the discrete | I

electromagnetic energy
t < tnax

l t: tmax

Solution Saving

Intensive group communications

frafcuxe




INRIA Sophia’s cluster

Jem3D DAS2

Computation of the propagation of an electromagnetic wave in a cubic
metallic cavity (standard test case)

Joe T 1288 T T
Zlk2 1%zl —s— 171#171%171 Ihiz —+—
Z1ET1HZ] —— 121#121%181 Ihis —+—
S THEAE —B— EH1%2E1%281 Ihis —8—
cee - SO#ST%TT —w— | iiee S1i%211%211 Ihis —»— o
IRITHD —— Z11%211%211 RMI —%—
1E21¥121%181 —+— 1888
7Ee N
988 -
GEE [
- SE8E
H
[C—1"1"]
s 7EE -
W ame |
L
E GEE
3686
SHE -
ZE@
488
188 208
@ 1 1 1 1 1 1 288 1 1 1
a 16 2 38 48 5@ (=] 7a 48 15} e lag iza@ 148
humber of processors (hoth cluster) numker of processors
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JEM 3D : Architecture of the

ProActive distributed version

Sub—domain 1 {Active Object) Sub—domain 2 {Active Object)
—————— - — ~
List of faceis List of facets

The sane facet :
is duplicated |,

=x- . _ / o L
/ L D S TS
Sy FER
- N 1"

Virtual

/ / \
Border Internal ] ] Virtual ﬁnt# Border
facet facet @ ] ] border facet facet facet
Control Control — — Control
‘_\_\__\_\_\—'_'_'_'_'_J—J
Volume Volume — — Volume

- Yy T i

_______________________ [ S

FEach sub—dowmain have a list of adresses
of the remole copies (twins) of his virtual border facet

List of Control Volumes : : List of Control ¥olumes

An Object-Oriented SPMD program
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EM 3D : Benchmarks on deskto

machines

ProActive: Jem3D Benchmarks

P2P Intranet (Desktop Grid)

Jem3D is an object-oriented time
domain finite volume solver for the
3D Maxwell equations

4 45 -3
48 g4 eFrE
128 —Broe s
] i Mesh Size
Number of Processors 216 ™ :Lgﬁ-ézf 2
252 edBPELE
204 ™ g D = O
L 4w -
0 B B
—
o

|D 31*31*31 W 43*43*43 O 55*55*55 O 81*81*81 M 97*97*97 @113*113*113 @ 121*121*121 O 150*1 50‘150‘

ProActive Java for Parallel, Distributed, Concurrent,
http://www.inria.fr/oasis/ProActive Secured, and Mobile Computing
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JEM 3D : Cluster vs. Intranet P2P

ProActive: Jem3D Benchmarks

Cluster vs. P2P Intranet
| T T 1T 700
= t =]
1 B -4
HH—-600
= = s00
= 400
Completion Time (s.)
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JEM 3D : Recent Benchmarks

14

R S e Seq. Java/Fortran: 2
21 G RMIS1x3131 ——
fortran 81x81x81 —&—
10 F Tbis 81x81x81 —=— Comparison:
o Sun RMI 81x81x81 —o——
2 8 Jem3D over
a 6r - ProActive/RMI Sun
T - ProActive/RMI |bis
2r Em3D in
’ 2 4 é 8 1I0 1I2 1I4 16 - Fortran/MPI
Number of nodes
On 16 machines:
Fortran: 13.8
Grid experiment on 5 clusters (DAS 2). SRt 19
Speed up of 100 on 150 machines ProActive/RMI: 8.8
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JECS : 3D Electromagnetism
A Generic Version of Jem3D

B9 Display Preferences
rColor

oix|

Color by

scalars -

: Display Style-
Select actor:
Representation:
Paint size
Lime width:
Decimate factor
Visibility

Anti Allasing

Geomery -
surface -
0% -
O

Qutline when moving [

Showps

O

X JECS Tutorial

EIENEIE

(0t el

7 Introduction ta JECS
& JECS Installation

L[ Hewto install JECS
£ Unix Installation
L[] Windeows Installation
= Running JECS

=[] overiew

o[ Requirements
L[ Launch JEcs

(= Visualization using JECS

File ‘isualize Edit

Deployment  Steering

L : o - 3
Installing JECS is like any other java application. You will extract

the contents of the JECS archive into a locatoion, and point your
CLASSPATH to the jecs jar file in that location

When you unpackage the JECS archive or get it from the evs
repository, you will get an application directory, in wich the jecs jar
file 15 located. You will find a doe directory containing the
documentation. The sre directory contains all source code The
build directory contains everything you need to reproduce JECS

&

T
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Collaboration  Look & Feel  Help
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B Customize scalar bar

~Scalar bar options

Title
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09 Viewl
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XTerm [6]

P Netscape [3] -
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JECS : A Generic Version of Jem3D

‘omputational Stee =l0fx

File Wisualize Edit Deployment Steering  Collaboration  Look & Feel  Help ‘

LE@EaE»urE aajam

9F Display Preferences ol xi

-Color 1
Colar by scalars -

~Display Style

Select actor; ScalarBar b

Visibility: O
Anti Aliasing O
Cutline when moving [

Showfps vl

| ok || Apply || Cancel |

B Customize scalar bar
rScalar bar options

Mumber of labels 5
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~Height
)
—
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94.35 s
10856 polygors
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JECS : A Generic Version of Jem3D

w Java E

for G

i = eS|
Fila Visualize Edit Deployment Steering  Collaboration Look & Feel  Help ‘
T T 1 T T T ]
NEDNDEDODOIRER
B viewr i oo # 7 [%] | % Display Preferences ol =i
- £l
-Color
Currents values
Calor by scalars -
Mumber of contaurs: 15
~Display Style
Minimum contourwalue 0.32581999897.
Select actor; ScalarBar b
Maximum contour value: 144406988157
rCONntours parameters
|
iR e
|
Minimum contourwvalue: 0.325
Maximum contour value: 1444
Visibility: O
Anti Aliasing O
| Ok H Apply
Cutline when moving [
Showfps vl
ol [l el
¥ Customize scalar bar x|

2998 s
10856 polygors
5205 lines

-Scalar bar options

Title

Mumber of labels
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~Height ~Width
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Beating Fortran ?

Current status:
Sequential Java vs. Fortran code: 2 times slower
Large data sets in Java ProActive: 150x150x150 (100 million facets)

Large number of machines: up to 294 machines in Desktop P2P
Speed up on 16 machines:
- Fortran: 13.8

- ProActive/lbis: 12
- ProActive/RMI: 8.8

Grid on 5 clusters (DAS 2): Speed up of 100 on 150 machines
Fortran: no more than 40 proc .

Beating Fortran MPI with Java ProActive? X/40 (14/16) = 2X/ n (100/150)

Yes, starting at 105 machines !
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m— O —
JEM3D Component Version (CRE FT)

Steering and Visualisation GUI

invocatignf parameters

- ¥ s

|
L —1
|

T
|
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Jem3D Component Version

Steering and Visualisation GUI

.
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EE B
Code Coupling :
Vibro Acoustic (courtesy of EADS)

= PA_MPI_Main {
e k FA_AFI_Main
B PARALLEL i .
B WIBtOAC A h 1\r MIELnAC - . [TESTSTOP_AC
B ACtoVIE Start nextH—start "E"tHstart Sk
B ACT3S datak dataSi—thdatak dataSit—) Hiarar  dataSendt
N FAKENASTRAN | datas_o2rk]
B TESTSTOP_WIB }I’ﬁRRI.I.EI. ,'
I oo DA 2 - ]
B TESTSTOR_AC Hstart om0 AND |
B AND HaataRecy datas_oif . outhl
.:.'atas_n‘}_"\ ]
ACtoVIE FAKENASTRAN TESTSTOPF VIE |
XStart nexti—Hstart m-_'xt‘\:"—h—l- start ana’:l'/
datak datasH—Hdatar dataS_TJI—/} datak datasend ‘IJ
datas J2F

000199 1gp
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N-Body Particules

E A = 1 e
) e i ” = 4
Rechercher 5.7 Favoris %) -l J KB 3
- :

Explorer = restreint laffichage du contenu actif de ce fichier, qui pourrait accéder & votre ordinateur. Cliquez id pour sFicher plus d'options. .. x
&

ProActive

| 1 }

oACUtIve

uided tour index ([0 next

ack to

bacicto AP | bacicto index | b

4.0. The nbody example

ed by ProActive on a © plete exampl

Using fadilities pro

1 Rationale and overview

This section of the guided tour goes through the different steps that could take you to writing an application with ProaActive, from a simple design, to a more complicated
structure. This is meant to help you get familiar with the Group facilities offered by ProActive. Please take note that this page tries to take you through the progression,
step by step. You may find some more information, mainly on the design, on the web page of the applications/examples of proactive. This is a snapshot of the ProActive

nbody example running on 3 hosts with 8 bodies:
FraActive H-Bod

¢ Poste de travail
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ProActive N-Body
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File Monitoring Window Help
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438 Denis Caromel

€ Applications Places System %@Eﬁ]i‘

PPoActlve

loying on the Grid
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OO SPMD with a Jacobi

Frofictive Seourity Folicy (proactive.runtine,security) not set. Runtine Security disabled
Runtine started at rniis7lo. inria. fr/PA_TH-1120762591 lo. inria. fr HlEniteting B ea ke el
Runtine started at rnis//lo, inria, Pr/PA_JYH-1054370523 1o, inria, fr -World Panel
/71, inria, frinatrixiode] 11572885 successfully bound in registry at /¢lo, incia,frématrixiodsl11972685

o+ apping WirtualNode matrixtode with Nodei //lo,inria,frénatrixiodsl11572885 done

Runtine started at rnit//lo. inria. fr/PA_TWH-1356617138 1o, inria. fr

/7o inria.frinatrixiodel65452983 successfully bound in registry at //lo.inria,frénatrixiodel60452983
ek Happing Wirtusllode matrixhode with Node: A¢la.inria,fr/natrixiode165450983 done

/1, irria, Frinatrixiode]40444304 successfully bound in registry at ¢¢lo, inria, Frématrixiodsld0d44304
ik Happing WirtualNode matrixbode with Node: #¢lo, inria,frématrixiode1d0d4d304 done

Generating class § pa.stub.org.objectueb.proactive,exanples, jacobi ,Stub_Subatrix
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—> Fress <return> to continue
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OO SPMD with a Jacobi
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Monte Carlo Simulations,
Non-Linear Physics, INLN

v

Look&Feel About
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EE B
Scilab Grid Toolkit
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Electric Network Planning,
E. Zimeo et al., Benevento (Naples), Italy

A network of field power meters (FEMs)

: '[Internet - Tcﬂ\cQ-ITTP interactions]

- > ~\
\Web Browser J -

- distributed in the most critical sections of the electrical grid

- to provide input field data for power flow equations, such as
active, reactive and apparent energy S

- based on ION 7330-7600™ units

- equipped with an on-board web server for their full remote
control

| \ ;
Presentation tier ' Middle tier : Storage tier
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Electric Network Planning,
E. Zimeo et al., Benevento (Naples), Italy

A network of distributed Intelligent Electronic

Devices (IEDs)

o i mnced Byt k2
\ 2 cann wummﬂn

i

pad

| - distributed in the most critical sections of the electrical grid

7 - to monitor continuously the thermal state of critical sections of the
electrical grid

- to analyse system behavior

- to verify limits violations (such as load capability)

- remote controlled by the TCPIIP protocol

J
Presentation tier Middle tier ' Storage tier
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Electric Network Planning,

E. Zimeo et al., Benevento (Naples), Italy

446 Denis Caromel

Software platform evaluation on a testbed /2

« Standard IEEE 118-nodes
test network

+ electrical network description
is local to each computational
resource

+ The experiments refer to : '
186 contingencies

+ A COW with P1 proc. |
+ P1=Pentium 1350 MHz | " §
» A NOW with P2 proc. |
* P2 =Pentium IV 2 GHz

l B

- / » Tomcat 4.1
[m=m=.=m=6 P \\\ ll _ﬁ)ﬂ/ » Java SDK 1.4.1
4
|m=ny==n=35 B % W% * MATLAB 6.5
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Electric Network Planning,

E. Zimeo et al., Benevento (Naples), Italy

ProActive implementation of HM/S p.

447 Denis Caromel

» Each Server
- is defined as an active object (that can be dynamically created)

- is allocated on a different computational resource (dynamically)

- its method service () has to be asynchronously and remotely
invoked by the client.

i,
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Electric Network Planning,
E. Zimeo et al., Benevento (Naples), Italy

The hierachical m/s model *

—hierarchical
master/slave model

» ohject-level
parallelism

« master and slaves
are transparently .7’ -
created i
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Mobile Application executing on 7 JVMs

_pgento [ .] |

{ /lo.intiafr/ one

|—|__Agents || |

{ /1n.inria.fr/Nodelo

|| Agents ||

i flo.inriafri two

[__fgenta L[

i/ { mirage.inriafr/ miragel

/ flo.inriafr/Node-179...

dow

Manit

World

W

et

rlo.inriafrLinux

Advanced Penguin Controler VM id=ed4be964c03e23
\Agent 0 floinriafrione iz i3
g N “VYM id=ed4be96: hodealoaedalise %M id=ed4be?t VM id=ed4be9dfe
Starn lAgent 1 W floinria.fr o Add agent | |
lAgent 2 two #PenguinControler#2 \T x:‘"‘ | |rNodelo
Agent 3 Penguin#168 @  Penguin#1l aPenguin#15 e
| | | rowenii:Linux:
s A et call e 0 i
uspen lagent 5 al likd Penguin#17? VM id=176643
Agent 6 j r Owveniil
\Agent 7 o] -
Resume Chained calls gnrenquinylz
irage:Linux:
\
i ! L ide
Set itinerary Get itinerary seaLinux l.VM |d—689577a.l - i Flo.nriafr/ Node-17...
VM id=4725d6L iriuet
- = -, ( u
.................................................................................... seal | #Penguin#13
~Messages — T I !
Penguin#l‘li =i
clear messages | |
—i
== [Agent 6] : | changed my itinerary =l
14:16:58 (PenguinControler on [ floinria fr/Node-17 95941525
== [Agent 0] : I'm already suspended
14:17:03 PenguinControler on [flo.inria fr/Node-17 95941528
= [Agent 0] : I'm resuming my itinerary y =
14:17:04 (PenguinControler on /flo.inriafr/Node-1735341 528 vl Display topol onitoring enable
=> [Agent 0] : | just got in node [flo.inriafrione SR s | SN | rommorerrmesenss. | S || S v e e
14:17:06 tPenguinControler on [{lo.inriafr/Mode-1798341 528 “Messages = — —
== [Agent 0] : | suspended my itinerary t
14:17:40 (PenguinContraler on /floinriafr/Mode-17 945341528 clear messages
== [Agent 6] 1| just gotin nede /flo.dnriafritwo | 24:0542 GAWT-Bveol Queoe—0) —> Suce b proactive.examples.p Modelo -
14:17:48 tPenguinControler on [ flointia fr/Node-1795941528 - . . . L ]
= [Agent 51 : | just got in node /{lo.inriatrNodels T. 24: 1740 (AWT—Even Queoe-0) —= Received object Penguingl 6 to move to rmizd{lo.inria fritwe =l

449 Denis Caromel

on the Grid




P2P N-Queens

Number of Tasks

8060 €20 © 8006 N Queens Manager &)
Monitoring LooK & feel Window Globus
“World Panel Workers : Tasks list :
worker0 Mon Jun 21 11:26:06 MEST 2004 Task (7,19, 15) --> 7188351 solutions. Done by worker1 =
sakuraiiinriafeline——————— amda 241 0:linux———————————————— workerl Mon Jun 21 11:26:16 MEST 2004 Task (7,19,8) --> 8147805 solutions. Done by workerg
O P e e T 1 ol SR worker2 Mon Jun 21 11:26:21 MEST 2004 Task (7,20,6) —> 5861809 salutians. Dane by worker2
worker3 Mon Jun 21 11:26:23 MEST 2004 Task (7,19, 10) -5 9057954 solutions. Done by worker 16
P2PNode——————— rNode-407570382— rP2PNod: Nodel8 workerd Mon Jun 21 11:26:24 MEST 2004 Task (7,19,12) --> 8560250 salutions. Done by worker10
KnownTablest 4|, Na hworkers Mon Jun 21 11:26:26 MEST 2004 Task (7,19,13) --> 8271347 solutions. Done by worker17
hworker6 Mon Jun 21 11:26:30 MEST 2004 Task (7,18,6) --> 8644378 solutions. Done by workers
P2PSenvicelmpl#2 ¥ Updater#6 —— Mon Jun 21 11:26:40 MEST 2004 Task {7,18,4) --> 7402488 solutions. Dane by warkerls
i Mon Jun 21 11:26:42 MEST 2004 Task (7,20, 1) - 2665400 solutions. Done by worker3
Updaters4 [ P2PServicelmpl#7 worker§ Mon Jun 21 11:26:44 MEST 2004 Task (7,17, 15) --» 10279300 solurtions. Done by workers
b worker9 Mo Jun 21 11:26:45 MEST 2004 Task (7,20,2) -—> 3187049 salutions. Done by warker12
- worker10 Mon Jun 21 11:26:47 MEST 2004 Task (7,20,10) --> 7758666 salutions. Dane by workerl
rinidadaa B f EATE workerll Mon Jun 21 11:26:56 MEST 2004 Task (7,20,8) ——> 6751385 solutions. Dane by worker13
worker12 Mon Jun 21 11:26:57 MEST 2004 Task (7,20,3) ——> 4241815 solutions. Done by workerld
VM id=b5280915a3070ffF:a3d4chfd46aca3e:- id=7d2415bcAbdf656d:134bed0:fdd 6dafoe worker13 Mon Jun 21 11:26:59 MEST 2004 Task (7,19,17) --> 5392205 solutions. Done by worker20
’:pzpm d _Node? 2PNod Node12 workerld Mon Jun 21 11:27:01 MEST 2004 Task {7,20,12) --> 7432616 salutions. Dane by workar2
‘ hworker1s Maon Jun 21 11:27:02 MEST 2004 Task (7,19, 14) --> 7519672 solutions. Dane by worker1s
| Updater:9 orker#12 i Updater#13 Warker#15 worker1s Mon Jun 21 11:27:04 MEST 2004 Task (7,20,4) ——> 4811236 solutions. Done by worker?
| | Mon Jun 21 11:27:23 MEST 2004 Task (8,1,5) > 4458783 solutions. Done by workerl
|- P2PServicelmpl#10 & ||| KnownTablei#14 4 worker1Z Mon Jun 21 11:27:24 MEST 2004 Task (7,20, 14) --> 6106432 solutions. Done by worker 10
"b KnownTable#11 i PaPServicelmplii6 4 worker18 Mon Jun 21 11:42:20 MEST 2004 Task (7,13,4) --> 12690199 salutions. Done by worker22
| | workerl9 Mon Jun 21 11:43:22 MEST 2004 Task (7,17,8) --> 11170477 solutions. Done by worker2 1
L L worker20 Mon Jun 21 11:43:25 MEST 2004 Task {7,18,11) --> 12383669 solutions. Done by warkerl1
/ worker21 Mon Jun 21 11:43:27 MEST 2004 Task (7,18, 13) --> 10236490 solutions. Done by worker13
crusoe:2410:Lit lworker22 Mon Jun 21 11:43:28 MEST 2004 Task (7,19, 16) --> 5837194 solutions. Done hy workerg
Mon Jun 21 11:43:20 MEST 2004 Task (7,20,11) --> 8208656 solutions. Dane by worksro
F’M 1d=231138726968apbecl abT6rrd4 Gaaecte Mon Jun 21 11:43:33 MEST 2004 Task (7,20, 13} --> 7532138 solutions. Done by worker 16
| rP2PNod; Node3 Mon Jun 21 11:43:25 MEST 2004 Task (7,20,15) --> 6401554 solutions. Done by warker17 B
| Mon Jun 21 11:43:36 MEST 2004 Task (7,20,17) --> 4626764 solutions. Done by worker15 =]
| Updater#17 Worker#20
| rzvsmimmpmnl Eneqth e mbeqore ey 1- Tasks creation |
‘ KnownTable#19 qnin 4 max 30) |20
L 2 - Start Computation
2482

[¥ Display topology, O proportional ( ratio @ filaire | Reset Topology | [ Monitoring enable Tasks 1758 |
W Start from backup

clear messages

Nb. solutions : ‘

Found remote nade Node3
Hode Object /ftrusoe:2410/P2PHode created
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DIVA: Distributed Interactive Virtual World

T —
E:_;g wizualization

File

Host: lucy User: Stephane

f All objects Fcfli:lsesi-.uhjectf,'

List of all
cihe 1 etetetet
cube 2
cuhe 3
cube 4
cube &
Ll
Fﬂ.ll Users rtli:lsesf user5| received messages .
List of all .ﬂ
user W ol Z
Armaud (55912 (31607, |- :
Steph... |1.9969. [9.9344. . =
Denis  |8.9234. /79015 lI Ll_l
= “message to send
< ] |

Prosctive

ing on the Grid




Salome

‘Host 0

Co-developped with
EDF and CEA

Naming Service -~ |
Corba RS

SALOME
[

_ ﬁ-). ) ': 2
LSF, Globu/ \
Host 1 Host 2
[ sALomME SALOME |
Prosccive @ Froscove s
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Mikros Image: Post Production

Frames
Making of Nissan

frafcuxe




Mikros Image: Post Production

Mikado

454 Denis Caromel
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ProActive

SREE SEIEEL Dispatcher

I

L

Il tomcat /I

ProActive

Worker

linux

Worker

windows

Worker

mac




. B
Artificial Life Generation

Sylvain Cussat -Blanc, Yves Duthen — IRIT TOULOUSE

Application

Developpement of
artificial creatures

Initial 56h52 =>
Application 1PC Plantage
ProActive 300 CPUs 19 minutes
Version

Croactive




Perspectives:

Real P2P

Proscuvs




S B
Archltectures Server to Peer-To-Peer (P2P)

e~ - Servlets

@

‘ —

(‘I@H |

@ = il =
W =N — ®

i
v
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Pure P2P: Definition

Only PEERSs, no above everything, top level, server(s)

Every peer is, somehow, also a server

No master ... No slave!

System get organized dynamically, without static configuration

Coherent, desired behavior, dynamically emerges

frodctive




L B
P2P Examples (1)

fronctve




. I
P2P can be difficult:

need to be fault-tolerant, self healing
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Not a P2P system

frafcuxe




Neither a P2P system

freqctye




P2P Examples (2)
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A P2P system at work
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P2P
In ProActive

Proscu:




Peer-to-Peer Computing
Model & Infrastructure

Use Sparse CPU Cycles from Desktop Workstations

Dynamic Computational Peer-to-Peer (P2P):
Intranet & Internet

Propose a High Level Model
Dynamic JVMs Network (computation nodes)
P2P Programming Model for Branch and Bound (B&B) problems

ProActive Context: no modification of Java language, of JVMs, ...

frodctive




P2P Infrastructure

Hosts Network =» JVMs Network
Host

Dynamic environment :

Discovery : recording and un-
recording

Resources (JVMSs) acquisition

Self-Organizing and Tunable
Infrastructure :
Time To Update (TTU): peer
availability
Number Of Acquaintances
(NOA): keep up infrastructure
Time To Live (TTL): in hop for
JVMS depth search, use for NOA

frodctive




P2P Programming Model Branch & Bound

Dynamic P2P Programming for B&B, etc.:

Tasks, sub-tasks managing?

Tasks communications: discovery tasks, volatility?
Entities:

Worker : connects model with infrastructure.

Solver : Worker associate.

Problem : Worker associate (Dividing, Merging, Finding)

Result : solution abstraction

Communications between Workers

& D A

frafcuxe




P2P NQueens with Vincent Cavé

Master-slave application with Dynamic Workers Acquisition
Generic Workers (reusable)

Fault tolerant (Workers availability)

frodctive




10000 , , : :
| CPU +
|8 CPL
1000 - -
100 - v .
23-Q Peers: Tasks : Cumulated CPU time: Real time : Solutions :
+15 day 45129 5155h52’57 ” 29h13'40” 24233937684440
+200 night (depth 4) + 214 days 2.4 1013
24-Q +15 day 765745 49271h29'57" 413h27'57" 227514171973736
+200 night (depth 5) + 5 years 2.2 10%
0.1 F ,f-*"’ﬁ _
,-',-""H.
P
”'.”l | | | | | |
15 |6 17 18 ] 20 21 22

nnnnnnnnn




472 Denis Caromel

ProActive
User Group
Grid Plugtests

2004, 2005, 2006

A successful event!

ProActive
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E -
ProActive Grid Plugtests, 04, 05, 06

Between 20 to 40 sites around the world:

2006: 4130 cores
Total power: ~ 1700 GFlops (100 Giga Flops in 04)

Highly heterogeneous

Machines: IBM, SGI, Sun, Bull, Mac

OS: Linux, Windows, Solaris, MacOS, SGI Irix
JVMs: Sun, SGI, BEA

Protocols: ssh, rsh, sshGSI, Globus Gram

Job Schedulers: PBS, LSF, Grid Engine, Oar, Prun, Globus
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Mario Leyt

ey

Mario Leyton
DCC.UCHILECL

fho
User Grop 6. Grod PGS

Tl by at

Fiks prirs
PreAchie

Anlonio Cansads.
“UCHIL
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Eight Samurai - University of Tokyo —
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New Features

Proscu:




Fault-Tolerance for ProActive

Provide a fault-tolerance protocol for ProActive

Maintain portability of ProActive: use only standard Java
serialization for checkpointing

Scalable: target Grid applications
First Step: applications running on a single cluster

(homogeneity and low failure rate)
Communication Induced Checkpointing: CIC

Next Step: interconnect clusters using message logging

frodctive




Implementation

This protocol is implemented within ProActive
Single checkpoint and location server
Fault detection (fail-stop) by heartbeat messages

Fully transparent use:

~> java org.objectweb.MyAppli

|

~> java -Dproactive.ft.server=host.inria.fr org.objectweb MyAppli

No need to alter nor recompile code !

frodctive




Benchmarks

Master-slaves application: Sieve of Eratosthenes
Overhead less than 7.5 %

Peer-to-Peer application: Jacobi iteration
Overhead less than 4.5 %

° I I I Eratosthene% 2000) —o—
| L sm
6 /\e\
Sl
il @ 4+ LR o e
Scalability Bab e
6 sl
2_
1_
0 | | | |
0 5 10 15 20 25
Number of CPUs

Available from January 2005 Release
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HTTP communication layer

Why ?
Facilitate firewalls crossing
between ProActive runtimes
How ?

Encapsulate ProActive
Requests into HTTP

HTTP Server

Usage : Reque
Transport configuration in a _—
XML file HTTP Server

=> Fully transparent !

JVM

frodctive




9.2 Active objects as Web Services

Why ?
Make active objects accessible from any foreign
language

How ?
HTTP Web Server

Extended SOAP Engine (Apache SOAP or
Axis) ane (49 JVM

Usage :

ProActi ve. exposeAsWebSer vi ce();
ProActi ve. unExposeAsWebSer vi ce();

frodctive



Active objects as Web Services

Why ?
Make active objects accessible from
any foreign language

How ?
HTTP Web Server
Extended SOAP Engine (Apache
SOAP or Axis)

Usage

LD )
Web Service Client

frodctive




. B
.net / C# interoperabllity

Microsoft w

NEet

[

|
|
LA n
‘ P 5 )
Y ke
7R )
S roActive g
L Programming, Composing, Deploying on the Grid | Seeqle :
- o
|

e 08 s et

C# |
s client -

" ProActive \Web Serves
| client :

Croactive




10.
On-Going
+ Perpectives

Croactive




Formal Verification
of
Behavioral Properties

Eric Madelaine
work with

Rabea Boulifa, Tomas Barros, Christophe Massol
* For Asynchronous Distributed Objects

Based on Strong Semantic Guaranties

« Application Level Properties

frodctive




L I
Models for Distributed Objects

Consumer={} |

? L L
162 _get{Cle] : Consumer) IC]e]. B geti)

[NV = 0]7Q_get(Cle]); ICle]. Rget()

o o 5. Bt |
'B.g_get{)
Q-get(c)
i 0
7Q_get(Cle] : Buffer{Max : int]
N : [0, Max|

0= &< Mar — N|
Qput{P.z) 4+ N+ x

PO put( P . Produrer, r : int} @

/ 2 put(P . Producer, r : int)

frodctive




E B
Verification of Properties

Deadlock

Reachability

Liveness

Static Analysis

True /

Counter-

‘ Current Prototype

fronctve




Perspectives

Static Analysis Speciﬁcation /
Implementation

Correct composition of
components

Pro/coe




S B
Safe Component-based Development

e AIm : guarantee correct behaviour of composition of
components

_ (deadlock freeness, progress properties, safety and
liveness

properties)
— By formal verification and model checking

— Including control features of the component model ( deployment,
dynamic binding)

— During execution, before replacing/updating a subco mponent.

e Tools:

— Analysis of ADL (composition) and Java code (primit ives)
— Automatic Generation of a finite behavioural model

— Standard — State of the Art — Verification and Model-  Checking tools.
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Safe Component-based Development

<definition name="components.System">
<component name="BufferSystem"
definition="BufferSystem(3)">

<interface name="alarm" role="client"/>
Architecture Description (ADL)
(Composites) ‘ ‘

Behaviour Specification

(Primitive Components)

fronctve



ProActive over
OSGi

Alliance

- 0SGi

fronctve




E I
Why targetting OSGi ?

Usage of the Is widespread
F——— Gateway
j-{ Fa OSGi enables incremental upgrades and extensions in
i mission critical « always on » situations

PDA, smart phones , etc

OSGi is a unified mobile platform, with a small
footprint and can run disconnectable
applications from multiple, independant sources

Embedded devices (e.g. automotive devices)

OSGi provides a viable management solution: enables
both end user « pull » and management/operator
« push » applications and services
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N B
ProActive-enabled OSGi Services :

what for and how ?

A ProActive-based remote
management solution of multiple
OSGi platforms

mgt bundle on each platform

a remote monitoring acting in

(@ = service interface

parallel, using ProActive exported and imported
by bundles
0sGi“
Future generation apps built as Java VM
coordinated OSGi distributed and/or Operating System
mobile services (e.g. load distribution — N Nore
in a car)
Hardware

frodctive




Teaching GRID,
Parallelism,
Distribution,

Concurrency,

Multi-Threading

with ProActive
ProActive




Teaching the GRID with ProActive

) Rechercher i\:!»'Favoris {:‘} l"v '_f ' _.J ﬁ ﬁ

docs\apiyindex. himl v! oK  Liens
t Explorer a restreint I'affichage du contenu actif de ce fichier, qui pourrait accéder & votre ordinateur, Cliquez id pour afficher plus d'options...

ProActive guided tour

3|

This tour is a practical introduction to ProActive.

First you will get some practical experience on how to program using ProActive. This will help vour understanding of the library, and of the concepts driving it.
Second, you will be guided through some examples to run on your computer; this way, you will get an illustrated introduction to some of the functionnalities and facilities
offered by the library.

Alternatively, you can just have a look at the second part, where yvou just have to run the applications. In that case, do not waorry about answering the questions
involving code modifications.

If you need further details on how the examples work, check the ProActive applications page.

Content

LA Sctup
i Ml Hands-on Programming with Profctive

1.1. Client-Server
1.2._Control of the Activity
1.3. Migration
1.4. Migration of Graphical Frames
PRl Introduction to the Functionalities of the Library
2.1. Synchronization
Readers / Writers

Dining Philosophers
2.2. Collaborative and Parallel Processing
Cc3D
2.3. Migration
Maobile Agents
X OO0 SPMD

Al A complete example : the nbody example
M Conclusion
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Teaching the GRID with ProActive

execute again. Using IC2D observe that many more communications are necessary.

ring Control Look & feel Window Globus

Panel

crusoeinriafr2030Li
VM id=23fFOB72¢
matrixNode213

ubMatrix#7

amsteLinriafrl099:Li

VM id=96c6c257!
matrixNode 164 i
|

sol@ainriar:2040:Lin
id=16dcddfet
atrixNode-18 |

ubMatrix#9

P de.inriafr1099%:L

Id=272cre4 31
atrixMode131

ubMatrix#8

ainriaflpss:
id= 3e85h
ode162

elinrats 2040

id=40b07697
atrixNode162

predadab.inriarn:203g

VM id=9d14cB49
matrixModel 76

ubMatrix#1l

traquility.inriafr203

M id=F3ccOdces
natrixNodel72

ubMatrix# 2

ps ogquadkinriafrl
M id-7d2415bc
atrixMode7 35

ubMatrix#s

Vi Display topolegy () proportional @ ratio

) Tilaire Reser
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Teaching the GRID with ProActive

OO SPMD

) Rechercher ?i/ Favoris &%) | (3~ 7_; - B S

ocs'apitindex.himi
Explorer a restreint Iaffichage du contenu actif de ce fichier, qui pourrait accéder & votre ordinateur, Cliquez id pour afficher plus d'options. ..

v o

[ bocicto apr | backto index | back to guided tour index [T grv ProActive

Step by step
On a N-Body

4.0. The nbody example |

1 Rationale and overview

This section of the guided tour goes through the different steps that could take you to writing an application with ProActive, from a simple design, to a more complicated
structure, This is meant to help you get familiar with the Group fadilitias offered by ProActive. Please take note that this page tries to take you through the progression,
step by step. You may find some more information, mainly on the design, on the web page of the applications/examples of proactive. This is a snapshot of the ProActive
nbody example running on 3 hosts with 8 bodies

-

ProActive N-Bod

On-Going:
From Object
to Components

Overall:

Share Slides,
Exercise Sheets,
Experience, ...

Poste de travail

@ Lecteur Windows
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Eight Samurai - University of Tokyo —
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The Grid Guru

Proscu:




- I
Conclusions and A Few Directions

ProActive -'fff-if 4 A Strong Programming Model + Components + Env

NOT |scussed so far: Web Service, FT, Exceptions

FACTS AND FIGURES
53 years of computation in 6 months in Desktop P2P
Deployed at once on 2111 CPUs (PLUGTESTS on ssh, Globus, LSF, ...)
(Close to) Beating Fortran on an Electromagnetic Application
PERSPECTIVES:
Behavior Specification, Fully Integrated Debugger

A great alchemy for the Grid + SOA:
Asynchrony + Wait By Necessity + Groups + Components

X
(oreGRAMB—_  Objectiich GridCOMP

Open Source Middleware Effective Components for the Grids

Prosctive




Theory:

Why Is ProActive Adaptive

ProActive




0
THEORY S

A Theory of Distributed Objectiilliey

D. Caromel, L. Henrio, ATheory of

Distributed Objects
Springer 2005, Monograph

Preface by Luca Cardelli

@ Springer

A Calculus:
ASP: Asynchronous Sequential

Processes

« Based on Sigma-Calculus ( Abadi-Cardelli )
« Formal Proofs of determinism
* Releases a few important implementation constraints

Prosctive




(CE, J) —8 (ﬂ”: GJ)

ola; ;06 F5 B f] || P— ala’; 0’50 F5 By f] || P

(LOCAL) Local

v fresh activity ¢ €dom(s) o' ={/— AO(Y)} 0o _
oy =copy(t”,0)  Service = (if m; = 0 then FifoService else (" .m;()) Creating an

(NEWACT) Activi
o[ R[Active(", m;)|; 03 F; B; f] || P ctivity
— a[R[]; 07545 F5 Bs f] || y[Service; o455 0;0;0] || P

o (t) = AO(f) ¢ & dom(og) ff‘_’ﬂ new future  ¢f & dom(o,)
JE; = Copy&Merge(oo,t' ; 05,0") o, = {t5 fut(ff‘_’ﬁ)} O Sending a
(REQUEST) Request
a[Rlem; ()]s 0as tes Foi B fol || Blags og;ea; Fos Ras fo] | P—
[RIes]; 0% tos oy R fol | Blagsolysias Fas Ry o [mys s 2 7P) fa] | P

R=R:[mjen f]uR" m;eM VmeM,m¢R ™)
(SERVE)
a[R[Serve(M)[;0;4 5 B; f] | P — ofe.m;(en) tt £, R[] 054 F5 R = RY F1] || P
Service
¢ & dom(o) Fr=F:{f—{} o =Copy&Merge(o,t; o,t) ~
(ENDSERVICE)
al ft (f,a);o;6 Fs B fl || P— ofa;o’s FL 7 T P D
o(0) = fut(f17" Fa(f7P =, ! = Copy&Merge(og,is ; Oo,t _
oa(t) = fut(fy" ") slfi T)=uy o Py 9e{p,Lf 5 Oast) — Sending a
lte; Oas tos Fos Raj fol || Blassos; eas B Bas fs] | P — Reply

a0l 500 Fos Bos fol | Blagsogsea; Fas Bes fa] | P

A »
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ASP theory: Summary and Results

ASP — Confluence and Determinacy
Proved Properties:
Future updates can occur at any time, in any order
Asynchronous FIFO point-to-point is enough for Request S
Execution characterized by the order of request senders
Applications:
Determinacy of programs based on a dynamic property (DON)
Determinacy of programs communicating over trees,
Deterministic Components, ...
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ProActive also in GREEK
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ProActive Adaptive Potential

My Personal vision of a powerful
conbi nat i on:

Sound Mbdel = Checkpoi nting
Mobility = Load Bal anci ng
Asynchr ony = Peer To Peer

Proscu:




E | | -
Perspective Adaptive Feature:

Future update strategies

No partial replies and requests:
No passing of futures between activities, more deadlocks

Eager strategies: as soon as a future is computed
Forward-based:

— Each activity is responsible for updating the values of futures it
has forwarded
Message-based:

— Each forwarding of future generates a message sent to the
computing activity
— The computing activity is responsible for sending the value to all
Mixed strategy:

Futures update any time between future computation and WbN

Lazy strategy:
On demand, only when the value of the future is needed (WbN on it)
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Upcoming Releases:

November 2007 : ProActive 3.9

Scheduling

Job Scheduler and Resource Manager:
native or Java tasks scheduling and execution
unified resource management (Cluster, P2P Desktop, Lan)

Documentation :
Improved Guided Tour and Full documentation

Programming: New restructured API
High Level SPMD (beta release)
simplified and enhanced SPMD with NAS Benchmarks implementation
Master / Slave programming framework
Improved DGC, with automatic Deadlock Detection
Monitoring the futures for failure detection
IDE

Extended IC2D Eclipse plugin with
JMX integration: JMX control and monitoring through 1C2D

Applications Profiling
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ProActive and De Facto Standards

RMI, RMI-1bis, Jini, HTTP

rsh, ssh, scp
Globus GTx, sshGSI, Unicore, EGEE gLite
LSF, PBS, OAR, Sun Grid Engine

Fractal Components
Web Services
OSGi

Prosctive




Openness

Open Source, under LGPL licence

Easy to add new Deployment Protocols
new File Transfer Protocols

Not so hard to add new Transport

(one could imagine hardware specific implementations)
Possible to add and test Checkpointing Protocols
Possible to add localization strategies for mobility
Adaptive mechanisms ... more to come
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Conclusions and A Few Directions

ProActive: A Strong Programming Model + A Strong Deployment

Features not mentioned: Fault Tolerance (CIC), Load-Balancing, P2P

PERSPECTIVES:
Better Error Management (Exceptions, ...)
Behavior Specification (Model Checking)
Tools for Distributed Programming:
Code Analysis, Transformation, Integrated IDE

A Grid Alchemy to further develop:
Asynchrony / Wait By Necessity + Groups + Components

Proscu:
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Conclusion (1)

GRIDs: - Scientific - Enterprise - Internet

Strong convergence in process (infrastructure): WS, WSRF
Challenge: adequate and precise programming+composing model
Asynchronous distributed objects, Mobility, Components
High-level of abstraction, still Open and flexible
Modern languages: Java, or others
not Fortran, MPI, C++, ... not the answer
Perspectives:
Real P2P

Interactive, Graphical,
Deployment and Control:

http://ProActive.ObjectWeb.or
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Interactive Composition in IC2D

Instead of XML ADL

Monitoring Look & feel Window Globus
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Perspective for Components - PSE
Graphical Composition, Monitoring,

Migration
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Perspective for Components - PSE
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Conclusion (2)

Async. Distributed Objects
Groups, Components, Mobility
Grid Deployment, Secu, FT

Current Applications and Benchmarks: Goal:

« 5 years of computation in 17 days in Desktop P2P towards
» 53 years of in 6 months, 200 M. spare cycle 5K

« A single application on a 2111 processors GRID

Looking for collaborations: _
» Building reusable Cpts from Numerical Codes (ore GRAME—
» Generic Technigues for Coupling Codes

Available in LGPL with ObjectWeb  gpiactWeb
http://ProActive.ObjectWeb.org N

en Source Middleware
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Conclusion (3)

Infrastructure and Deployment

Virtual Nodes and XML

Protocols: ssh, Globus, LSF, PBS, ...
Transport: RMI, Ibis (Amsterdam)
Web Services: XML, WSDL, SOAP
OSGi

Prosctive




Conclusion (4):
Formal Background

Performance Evaluation for mobility: Markov Chains
Forwarder strategy
Server strategy
Mixed: TTL-TTU

A calculus:  ASP: Asynchronous Sequential Processes

Capture the semantics, and demonstrates the independence of
activities
Results on Confluence and Determinism [POPL 2004]
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Conclusion:

Why does It scale?

Thanks to a few key features:

Connection-less, RMI+JMS unified

Messages rather than long-living interactions

Proscu:




Conclusion:
Why does it Compose?

Thanks to a few key features:

Because it Scales: asynchrony !
Because it iIs Typed: RMI with interfaces !

No unstructured Call Backs and Ports
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Very Last Conclusion: Key Aspects

Distributed Objects: Active Objects

Asynchronous Method Calls First-Class Futures

Calculus: ASP

Confluence (very General and Dynamic)
Determinism only based on Request-Sender Reception Order

Dist. Component Specification: GCM
Hierarchical and Runtime (Fractal)
Distributed (VN, ...), Multicast, Gathercast

Middleware: ProActive
Programming, Composing, Deploying + GUI

Model Checking: Vercors
Hierarchical, Parameterized,
Practical (Multi. Source for Information, Checking vs. Telling)
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Conclusion’s Conclusion

Summary:
Programming: Distributed Objects, OO SPMD
Composing: Hierarchical Components
Deploying: ssh, Globus, LSF, PBS, ..., Web Services

Application: 3D Electromagnetism on 300 machines at once,

Groups of over 1000!
Goal: Towards a few 1000s !

Available in Open Source ProActive :
http://ProActive.ObjectWeb.org in Object\Web

Open Source Middleware
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Conclusions and A Few Directions

ProActive : A Strong Programming Model + Components

FACTS AND FIGURES
5 years of computation in 17 days in Desktop P2P
Deployed at once on 2111 CPUs (Plugtests on ssh, Globus, LSF, ...)

(Close to) Beating Fortran on an Electromagnetic Application

PERSPECTIVES FOR COMPONENTS
Safe Reconfiguration
Behavior Specification (SCCC’04, Attali-Barros-Madelaine)
A great alchemy for the Grid:
Asynchrony + Wait By Necessity + Groups + Components
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Some More Perspectives

Non-functional Exceptions:

— Exception handler (object) attached to Future, Proxy, AO,
JVM, middleware

— Dynamic transmission of handler
— Use to managed Disconnected Mode (e.g. wireless PDA)
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ProActive Non Functional Properties

Currently in ProActive:

Remotely accessible Objects

— (Classes, not only Interfaces, Dynamic)
e Asynchronous Communications

o First Class Futures: Wait-By-Necessity

e Group Communications, OO SPMD

o Mobility

* Visualization and monitoring (IC2D)
 Fault-Tolerance (checkpointing),

 Load Balancing

o Security

« Components

* Non-Functional Exceptions: Handler reification (prototype)

Proscuve
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ProActive and Adaptive

5 Adaptive/Parameterized features in ProActive :
RMI <-->ssh/RMI ... HTTP - Ibis/TCP - Ibis/Myrinet - ...
Groups, Localization in Mobility, Security, Future Update

Perspectives -- On-going work:

Adaptive Components:
Tensioning
Re-configuration

Adaptive Checkpointing
Better off with simple Functional RMI / Two-sided MPI Message PassingS

Lets just be careful: |
Adapt. Application otherwise, we’ll just build ...

Maladaptive Adaptive Grids

Adapt. Middleware

Adapt. Network TCP is an Adaptive Middleware
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Jacobi: MPI

I Matrix init

Call mpi_barrier (comma2d,ierr)

it=0

Do while ( diffnorm > tolerance )

it=it+ 1

Call exchng2( a,sx,ex,sy,ey,comm2d,
belowX,aboveX,belowY,aboveY,dims)

Call sweep2d(a,f,nx,sx,ex,sy,ey,b)

dwork = diff(a,b,sx,ex,sy,ey)

Call mpi_allreduce (
dwork,diffnorm,1,mpi_double,mpi_sum,commz2d,ierr)

End Do

Prosctive




Jacobi: MPI

Subroutine exchng?2(
ab,sx,ex,sy,ey,commz2d,belowX,aboveX,belowY,aboveY,dims)

If (dims(1) > 1) then
Call mpi_sendrecv (
ab(ex,sy:ey),ey-sy+1,mpi_double, aboveX,0,
ab(sx-1,sy:ey),ey-sy+1,mpi_double, belowX,0,
comm2d,status,ierr)

Ro o

Call mpi_sendrecv (
ab(sx,sy.ey),ey-sy+1,mpi_double, belowX,1,
ab(ex+1,sy:.ey),ey-sy+1,mpi_double, aboveX,1,
comm2d,status,ierr)

End If

If (dims(2) > 1) then
Call mpi_sendrecv (
ab(sx:ex,ey),ex-sx+1,mpi_double, aboveY,2,
ab(sx:ex,sy-1),ex-sx+1,mpi_double, belowY,2,
comma2d,status,ierr)

Ro o

1l

5

Ro o

Call mpi_sendrecv (

abgsx:ex,sy),ex-sx+1,mpi_double, belowY,3,

ab(sx:ex,ey+1),ex-sx+1,mpi_double, aboveY,3,
comm2d,status,ierr)

End If

End Subroutine exchng?2
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Jacobi: OpenMP

#pragma omp parallel private(resid, i) {
while (k <= maxit && error > tol) {
[* copy new solution into old */
#pragma omp for
for (j=0; j<m; j++)
™| for (i=0: i<n: i++)
uold[i + m*j] = u[i + m*j];

#pragma omp for reduction(+:error)
[** Compute **/
for (j=1; j<m-1; j++)
for (i=1; i<n-1; 1++){
u[i + m*j] =( uold[i-1 + m*j] + uold[i+1 + m*j]
+ uold[i + m*(j-1)] + uold[i + m*(j+1)] )/ 4;

[* accumulate residual error */
error = error + ufi +m*jJ;

‘ } 1+ end for */

[* error check */

#pragma omp master
k++;
error = sqrt(error) /(n*m);

} I* end while */
} /* end pragma parallel */
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Jacobi: X10

const region R = [0:N+1, O:N+1, RInner=[1:N, 1:N];
const distribution g= distribution.factory.block(R);
const distribution DInner = D | RInner, DBoundary = D - RInner;

double[D] B = new double[D] (point p[i,j])
0 1 N N+1 { return DBoundary.contains(p) ? (N-1)/2 : N*(i-1)+(j-1); };

public boolean run() {
while(true) {
double[.] Temp = new double[DInner] (point [i,j])
{ return (get(i+1,))+get(i-1,)+get(i,j+1)+get(i,j-1))/4.0; };

if((err=((B | DInner) - Temp).abs().sum()) < epsilon)
break;

B.update(Temp);

}
return abs(err)<epsilon2 && iters==ITERMAX;

}

public double get(final int i, final int j) {
return future(D[i,j]) BIi,j].force();
}
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Jacobi: ProActive

Loop() ;

BC | sB | Ex | Ln =P | this.internalCompute();

LIS 1

O

Il synchronization
Beopii@eiasiiy ProSPMD.barrier("SynchNeighbors" + iter, neighbors)

/[ compute the border values
this.asyncRefToMe.borderCompute();

/l send the borders to neighbors
this.asyncRefToMe.sendBordersToNeighbors();

/l continue or stop ?

if ((iter > 0) && (this.minDiff > Jacobi.MINDIFF))
this.asyncRefToMe.exchange();
this.asyncRefToMe.loop();

if (this.minDiff < Jacobi.MINDIFF)

536 Denis Caromel

this.matrix.stop(); // end

borderCompute() ;

sendBordersToNeighbors()

exchange() ;

ProActive




Parallelism: Problem / Solution

* Independent Tasks --> Master Slave package
Monte Carlo Simulation (in Financial Math, Non Linear Physic, ...)
* Dynamic Generation of Tasks --> High-Level Patterns
Post-Production

Embarrassingly Parallel Applications

* Branch & Bound package

Slightly Communicating Applications Flow-Shop

* Dynamic,Numerical --> OO SPMD
Electro-Magnetism, Vibro-Acoustic, Fluid Dynamics

 Unstructured --> Basic API with Active Objects and Groups
EDA (Electronic Design Automation for ICs), N-Body

Highly Communicating Applications

* Numerical MPI --> Legacy Code Wrapping

Non-Java code * Script code --> Script Legacy Code Wrapping
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Q&A

Typical Questions
about Parallelism, Multi-Threading

Proscu:




Criteria to select multi-thread (Shared-Memory)
versus multi-process (Message Passing)

Before all :
Message Passing : High overhead (network dependant) and abstract system design
Shared Memory ;. Faster and can be more intuitive (at the beginning)

Because threads share the same memory space, a runaway thread can corrupt the
entire system by writing to the wrong part of memory.

With separate processes, the only data that is shared is that which is meant to be
sent, which reduces the potential for such damage.

Various cases:

« If the application is well parallelized and can be highly scalable : MP; it's easier to add
an extra machine than a extra SM processor, same for the memory.

» If the application contains a lot of inter-dependant tasks and is performance sensitive:
a SMP can be a better choice.

« If the application is fault sensitive : in case of a general machine crash on a SV, all
cores are stopped and we need to restart all the application. If the same happens in a
Message Passing system the fault is local to a single machine therefore there is only
one task to restart.

« If the application is an embedded one : The SM is a natural choice (but more and
more complex embedded systems with communications.
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In parallelization, what are the most
common mistakes done by developers ?

Blocking calls is an important source of deadlocks :
"One of the most common mistakes made by MPI users is to assume that
an MPI implementation provides some amount of message buffering. To
buffer a message is to make a temporary copy of a message between its
source and destination buffers. This allows MPI_Send to return control to
the caller before a corresponding MPI_Recv has been called. In this way, it
IS possible for two processes to exchange data by first calling MP1_Send
and then calling MPI_Recv.”

MPI does not require any message buffering, and portable applications
must not rely on it. To avoid deadlock conditions, applications should use
the non-blocking routines MPI_Isend and/or MPI_Irecv. It is common for
programs ported from PVM or applications that use message " portability"
packages to make assumptions about buffering."
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In multithread,

how to minimize the cost of locks?

The most obvious answer is to keep them locked for the shortest possible time.

Some lock profiling analysis (exists in Java, difficult to get in C, C++ because locks are not part of
the language, exists for the linux kernel: lockmeter ) should reveal the most contended locks,
which should be split into finer grained ones.

This should take into account the added complexity (deadlocks) and overhead of atomic operations
(at the micro optimization level: processor atomic style "lock cmpxchg *, with which locks are
implemented, implies a synchronization of all processors on an SMP or multi-core, so it is a slow
operation that slows down everybody.

Mostly read data structures may benefit from read-write locks, this time taking into account the
possible starvation of readers or writers (according to priority). Seglocks may also be considered if
the readers / to writers ratio is big enough (many readers).

For an advanced optimization level:

» recursive locks (reentrancy) may be forbidden to avoid useless lock acquisitions, provided
enough discipline is applied to avoid deadlocks.

« Also, locks acquired in sequence should be released in the reverse sequence to avoid useless
wake-ups when the locks become sequentially available.
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When to use Components?
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ProActive and SOA Integration
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