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Distributed and Parallel
Systems Group

= Mission:
x Research that simplifies the effective use of distributed and parallel systems to
support scientific-application development

Target systems:

= Parallel systems x - Distributed systems

= Highly distributed,

heterogeneous,
x Massively parallel systems dynamic, non-dedicated systems,
fallure-prone services and resources

x  Cluster architectures

= Multi-core architectures

® [arget Users:

x  Scientists, SMESs, industry,
public institutions, and society




PS: Research Directions

oPROGRAMMING PARADIGMS AND METHODS

OMETA SCHEDULING

oRESOURCE BROKERAGE

OPERFORMANMCE MEASURMENT, ANMNALYSIS AND PREDICTION
oONTOLOGIES FOR THE GRID

OPROGRAMMING PARADIGMS

OPERFORMANCE INSTRUMENTATION AND MEASUREMENT
OPERFORMANMCE ANALYSIS AND INTERPRETATIOMN
oPERFORMANMCE PREDICTION

oCOMPILER ANALYSIS AND OPTIMIZATION

CEXPERIMENT MANAGEMENT

oCONGESTION CONTROL

oQ@QuaAaLITY OF SERVICE (QOS)

OTRANSPORT PROTOCOLS

oNETWORK MEASUREMENT AND PREDICTION
oMIDDLEWARE COMMUNICATION

Projects: - - Kkweid 1[5 o €CCC

Wi | ' E-science in Europe
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Abstract Grid Workflow
| anguage (AGWL)

. Atomic activities

= apstract from the real implementation, e.g. VWWeb services, legacy applications

x Basic compound activities
®x Sequential constructs: <sequence>
x  Conditional constructs: <if>, <switch>
x| oop constructs: <while>, <dowhile>, <for>, <forEach>

x Directed Acyclic Graph constructs: <dag>



Abstract Grid Workflow
| anguage (AGWL)

® Advanced compound activities

= Parallel section constructs: <parallel>

»x Parallel loop constructs: <parallelFor>, <parallelForEach>

» [Data flow constructs

x dataln/dataQut ports, collections, data repositories, data set distributions, etc.

® Properties

x provide hints about the lbehavior of activities

n Constraints

x  Optimization metrics, Scheduling constraints



<parallelFor> Comp. Activity

<activity name=“A" ... />

<activity name="B”">
<dataIns .. />
<dataOuts .. />

</activity>

<activity name=“"C” ... />



Activity lypes

x | ogical representation of a group of activity
deployments (deployed in the Grid), which

x Realize the same functionality

®x Have the same input/output data structure

® | mplementation-
iIndependent

UML representation

<activity name="A" type="type Of A">
<datalns>
<dataIn name="a" .../>
<dataIn name="b" .../>
<dataIn name="c" .../>
</dataIns>

<dataOuts>
<dataOut name="d" .../>
<dataOut name="e" .../>
</dataOuts>
</activity>

AGWL representation

10



Reglstratlon of Activity lypes

GLARE: activity type composition I.'I{

Mame POVrayRenderer
Base Type Powray : <

o o a Describe an Activity
Cantainer oTE n N am e

Build File LIRL http:f fazkalon.argfalare fpovray. build

Tora g - : = Base lype

GLARE: Type argument dialog

Auto

Edit the nameftype fields and prezs Ok to update, Cancel othernnize. n HOStlﬂg EﬂVIFOﬂmeﬂt

Input
H Mame TotalFrames

Type Integer

Cancel

« - Pefine Installation steps in a Build File

Qutput Arguments
Image.PMC File

2 Define & add arguments

Update

o zave type entry in CLARE Cancelto undo




Activity Deployment

®x Binds an activity type to a concrete installed
Implementation

® Description how: to instantiate the activity

x Registered by the application provider in a special
registry of the Resource Management service

12



ASKALON Workflow Composition

Activi Iyment Activity Type Workflow

abstraction composition




The Development Stack

UM
Workflow UML model

invisible Grid <

ZUNE
Activity Type

Jiavd
Activity Type

visible Grid < ASLALO)
Activity Deployment

orid
Activity Instance




Workflow Composition and
Runtime Environment

UML-based
Workflow Composition

Runtime Middleware Services

»| Execution |g » Scheduler
Engine

{ WSRF I

.’
= | == - <parallel>
: S : </parallel>
b | : < /agwl >
ZeTelatitetetetetatetetets Resource
: 1R 2= Data Manager
gL Repository
IEE ]
*j

The 6rid

Performance
Analysis
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Concretizing Activities at
Runtime

x | ook up Activity
Deployments for given
Activity Type

. Choose suitable resources

x Concretize activities by

mapping them to concrete
deployments




Execution Engine

n \\orkflow controller

x Converts XML-based specification (AGWL) to internal representation
x Executes the workflow according to control and data flow dependencies

x  One separate Controller for every-workflow: instance

®x Fvent system
x  Other components can subscribe to the internal events

x e.g.logging, controller, tool (WS-Notification), ...

GT4 WSRF Service
x | 0gging and database PR
= For post-mortem performance analysis AL It Logging
& Data-
base

x G4 WSRFE wrapper St

x  Send WS-Notifications to the frontend
for real-time monitoring

Execution / Launching
Framework

17
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\Vionitoring tool

File  Options

Show | Activity Instances v : = BarChart | = & PieChart ir }gtatistic

'r:B PovrayWorkflow Time
= T; ParallelFor_1 10,000 30,000 40,000 50,000 70,000

4 F

0
=1 ParallelFor_1_parallelDur
il Renderz ander2: . |Queue=10902 Active = 40852

"'
i ParallelFor_1_parallelDur

5“; Render2
o der?-
il, ParallelFor_1_parallelDur Render2:2

; scherk.ini-=povray.it
i+ scherk.pov->=povray. I

Queue = 10806 Active = 40833

— Render2
'+ scherk.args->povray

prreg
Gl Render2
Convert

'+ movie.gif-=mymovie.gif

Queue = 10825 Active = 40818

scherk.ini- > powray.ini

scherk.pov->povray.pov

scherk.args->powvray.arg

Convert Queue = 10814

movie. gif- > mymovie. gif

Total: PovrayWorkflow TotalTime = 68142

1.979

0

TotalTime 1 InProgress [ Filetransfer m DataOut m Imbalance [15Serial. mFParallel @1 Active 1 ParDataln 1 Queue
W Submitting C1Startdelay W Environment [ Freparation mScheduling @ Int.Que mSch. Resource mSch. Queue mstartup

Search in tree




Temporal overhead
Middleware
Resource brokerage

Overhead Analysis

Performance prediction
Prediction heuristic

Data repository access

Scheduling

Optimisation algorithm

Rescheduling

Performance contract violation

Workflow structure change

. _ 1
x |deal time: Dt TS

sequential
V' SitecGrid

Execution management

Service latenc

x Realistic theoretical bound of what
the users can achieve for-an
app ICatIOn °'” —

i
Workflow partitioning

Data archiving & compression
Data extraction & uncompression
Directory structure creation

x \Wallclock time = ldeal time + mr=ra ]
overheads (non-overlapping

Stage out

Queue residenc
User input

x Overheads = communication +
synchronisation + waiting time +
latencies + ...

Parallel processing overheads

Unidentified overhead
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Wien2K Material Science with ASKALON

Material science application

electronic structure .
calculations of solids using
density functional theory

Institute of Theoretical
Chemistry, Vienna University
of Technology

1000+ user groups world-
Wilele

We have ported the
application as a Grid
workflow

Seven activity. types

2 activity types have 200-300
parallel instances

22



Persistence of Vision
Raytracer (POVray)

® [ree portable tool for creating high-
quality 3-dimensional-graphics

® NP/ WWW.0ovray.org

= [Nput

= poV files are descriptions of scenes and objects
= |ni files are rendering configuration files

x Qutput

x png image for each frame
x merge frames into a final movie

LI R .

(' ® <<ParallelFor> > ParallelFdr_1 frameCo
i i
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http://www.povray.org
http://www.povray.org

