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Performance Instrumentation, Monitoring, and Analysis

for the Grid

« Challenging task because of dynamic nature of
the Grid and its applications

Combination of fine-grained and coarse-grained
models

Multilingual applications
Heterogeneous and dynamic systems

«» Not just performance but also dependability

<+ The focus of the talk

Our concepts, architecture, interfaces and
Integration

Hong-Linh Truong, Dagstuhl seminar on Automatic Performance Analysis, 15 December 2005.




ASKALON Toolkit
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% Programmlng and executlon envwonment for Grid workflows

Integrated various services for scheduling, executing,
monitoring and analyzing Grid workflows

«»Target applications
Workflows of scientific applications (C/Fortran)

Material science, flooding, astrophysics, movie
rendering, etc.
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The K-WitGrid Project

«+An FP6 EU project

+Focuses

Automatic construction and
reuse of workflows based on
knowledge gathered through
execution

«»Target applications
Workflows of Grid/Web services
Grid/Web services may invoke
legacy applications
Business (Coordinated Traffic
Management, EPR) and

scientific (e.g., Food simulation)
applications

Execute workflow

Construct

Monitor
workflow environment
K-WTfGrid
Reuse Analyze
knowledge information

Capture knowledge

i’ K-Wf Grid
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The K-WitGrid Project

«+An FP6 EU project

Execute workflow

+Focuses
Automatic construction and
reuse of workflows based on ~ L, _
knowledge gathered throuab Monitor
execution environment

w»Target applications
Workflows of G halyze
GI‘Id/Web SerVi mation
legacy applicatiy
Business (Coordir
Management, EPR) a=
scientific (e.g., Food simuias
applications

owledge
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Objectives, Requirements, Approaches

« Performance monitoring and analysis for Grid workflows of
Web/Grid services and multilingual components

« Performance and dependability metrics

« Monitoring and performance analysis

Service-oriented distributed architecture and peer-to-
peer model

Unified monitoring and performance analysis system
covering infrastructure and applications

Standardized data representations for monitoring data
and events

Adaptive and generic sensors, distributed analysis,
performance bottleneck search
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Hierarchical View of Grid Workflows

<parallel>
Workflow o |
<activity name="mProject1">
‘ <executable name="mProjectl"/>

</activity>
Workflow Region n
<activity name="mProject2">
‘ <executable name="mProject2"/>

.. </activity>
Activity m
</parallel>
mProjectlService.java
II76l.488) ARIEEIen oublic void mProjecti() {
AQ;
while () {
Code Code Code
Region 1 Region ... Region g }
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Hierarchical View of Grid Workflows

<parallel>
Workflow o |
<activity name="mProject1">
‘ <executable name="mProjectl"/>

</activity>
Workflow Region n
<activity name="mProject2">
‘ <executable name="mProject2"/>

. </activity>
Activity m
2.java
Invoked Application 4 mProjecti() {
AQ);
while () {
Code Code Code
Region 1 Region ... Region g }
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User

Workflow Execution Model (Simplified)

WIMS

Grid site Computational Node
Scheduler Scheduler

Execute a workflow

Execution of a
workflow

Execution of the workflow
completed

Submit invoked application

I
I
I
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‘Inuuked applmat?n started | Execute an application prﬂcesi:

Execution ofan -

it . Execution of an
activity instance . ution of a

) o Execution of an
invoked application

application process  ©

1Executinn of the application

T HE

Execution of ihé invoked

application coinpleted | process completed

< Workflow execution

Spanning multiple Grid sites
Highly inter-organizational, inter-related and dynamic

« Multiple levels of job scheduling

At workflow execution engine (part of WIMS)
At Grid sites
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Performance Metrics of Grid Workflows

«Interesting performance metrics associated with multiple
levels of abstraction

Metrics can be used in workflow composition, for
comparing different invoked applications of a single activity,
adaptive scheduling, etc.

+Five levels of abstraction

Code region, Invoked application, Activity ,Workflow
Region, Workflow

Topdown PMA: from a higher level to a lower one
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Monitoring and Measuring Performance

Metrics

« Performance monitoring and analysis tools
Operate at multiple levels
Correlate performance metrics from multiple levels

«+Middleware and application instrumentation
Instrument execution engine
Execution engine can be distributed or centralized
Instrument applications
Distributed, spanning multiple Grid sites

« Challenging problems: the complexity of performance tools and data

Integrate multiple performance monitoring tools executed on multiple
Grid sites

Integrate performance data produced by various tools

We need common concepts for performance data associated with
Grid workflows
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Utilizing Ontologies for Describing Performance

Data of Grid workflows

« Metrics ontology
Specifies which performance metrics a tool can provide
Simplifies the access to performance metrics provided by various tools

«Performance data integration
Performance data integration based on common concepts.
High-level search and retrieval of performance data

+Knowledge base performance data of Grid workflows

Utilized by high-level tools such as schedulers, workflow composition
tools, etc.

Used to re(discover) workflow patterns, interactions in workflows, to
check correct execution, etc.

«Distributed performance analysis
Performance analysis requests can be built based on ontologies
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Workflow Performance Ontology

«» WfPerfOnto (Ontology describing Performance data of Grid
\Workflows)

Specifies performance metrics
Basic concepts
Concepts reflect the hierarchical structure of a workflow
Static and dynamic workflow performance data
Relationships
Static and dynamic relationships among concepts
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Monitoring and Analysis Scenario

Event
Processing
Analysis

Control

nstrumentation
and Monitoring
Control

Grid Performance
Analysis Service

——omep-

WP3
Middleware

WP2: Grid
Workflow
Execution Service

Workflow
Applications

i
.

Compute Resource

COIPAS
CAED

Compute Resource

i
d

Compute Resource

€= = = = :Datgfloy = :Control flow

MS: Menitoring Service, |1S: Instrumentation Service, AE: Application Executable,
DIPAS: Distributed and Intelligent Performance Analysis Service

: Both data and control flows
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Components for Grid PMA

«Three main parts of a unified performance monitoring,
Instrumentation and analysis system

Monitoring and instrumentation services

Performance analysis services

Performance service interfaces and data representations

We must reuse existing tools and techniques as much as
possible

«Integration model
Loosely coupled: among Grid sites/organizations
Utilizing SOA for performance tools

Tightly coupled: within services deployed in a single Grid
site/organization

Interfacing to existing (parallel) performance tools
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K-WfGrid Monitoring and Analysis Architecture

- |nstrumentation

«—p» Data query, subscription,
registration

WP5: Knowledge External
Assimilation Agent Services
'\\\“"‘"-. - '/d'
— >

Grid Performance Analysis Service

Performance Data

Performance
Visualization
Performance Performance Performance
Interpretation and Analysis Experiment
WIRL (Workflow Instrumentation Bottleneck Search Service Repository
Request Language) ™ o —T
/{\ g
] Pl ‘

based on XPath/XQuery

External

Services I / |

/

~
Query and Subscription (PDQS) (—/”V_/_’ﬁ

Instrumentation Monitoring
Service Service  pgrformance
Event Data
1‘ Infrastructure Repository

Grid Perfofmance Monitoring and Instrumentation Service

Events, performance /
data delivery
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Self-Managing Sensor-Based Middleware

« Integrating diverse types of sensors into a single system

Event-driven and demand-driven sensors for system and
applications monitoring, rule-based monitoring

«» Self-managing services

Service-based operations and TCP-based stream data
delivery

Peer-to-peer Grid services for the monitoring middleware

« Query and subscription of monitoring data
Data query and subscription
Group-based data query and subscription, and notification

Hong-Linh Truong, Dagstuhl seminar on Automatic Performance Analysis, 15 December 2005.




Self-Managing Sensor Based Monitoring

Middleware

Client Service SM: Sensor Manager Service
DS: Directory Service
o Service group

—lr Service-based operation
O—> TCP-based Data stream

Registry Service | | Registry Service

Sensors

Y o N L N - XML
' App_lilca_tilqn. ) System Appli‘é’ation System Data Container
Sensors Sensors Sensors Sensors

VO,
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Workflow Instrumentation

+|Issues to be addressed
Multiple levels of instrumentation
Instrumentation of multilingual applications (C/Java/Fortran)
Must be dynamic (enabled) instrumentation

+ASKALON and K-WfGrid approach
Utilizing existing instrumentation techniques
OCM-G (Roland Wismueller and Marian Bubak)
« dynamic enabled instrumentation C/Fortran
Dyninst (Barton Miller, Jeff Hollingsworth)
» fOr binary code generated from C/Fortran
Source/dynamic instrumentation of Java (from Java 1.5)
Using APART standardized intermediate representation (SIR)
XML-based request for controlling instrumentation
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DIPAS: Distributed Performance Analysis

» Grid analysis agent accepts WARL and returns performance metrics
described in XML under a tree of metrics

WARL (workflow analysis request langauge): based on concepts and
properties in WfPerfOnto
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Workflow Overhead

temporal overheads

unidentified overhead

middleware

resource brokerage

performance prediction

Classification

« Middleware
Scheduler
Resource Manager
Execution management
Control of parallelism
Loss of parallelism

« Loss of parallelism
Load imbalance
Serialization
Replicated job

< Data transfer

« Activity
Parallel processing overheads
External load

——>»| optimization algorithm |

——>»| execution mana gement |

> control of parallelism |

e

——>»| archive/compression of data |

extractdecompression/ |

—)l submission decision policy I
——>»] GRAM submission |

———>»] queue waiting |
4)| queue residency I

job failure

—)' service latency I
—)' resource broker I
—)' performance prediction I
—>] scheduler |
— > execu tion mana gement |
security

—)I loss of parallelism I

load imbalance

—)I data transfer I

—)' access to database I
—>] third party data transfer |
—>»{ input from user |

—)' data transfer imbalance |
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Current status of the implementation

+SOA-based

Monitoring, Instrumentation and Analysis services are GT4 based
XML-based for performance data representations and requests

<+Monitoring and Instrumentation Services
gSOAP, GSl-based dynamic instrumentation service
Java-based dynamic instrumentation
OCM-G

But we need to integrate them into a single framework for workflows
and it is a non trivial task

«<Analysis services
GT4-based with distributed components

Simple language for workflow analysis request (WARL), designed
based on WfPerfOnto

Metrics are described in XML
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Example: Dynamic Instrumentation

— SCALEA—G WF Dynamic Instrumentation |- |
File
Active Activities | User Processes
[ Active Activities Usernarne Status PID ‘ PPID | ProcNarme
©- [ tRawimage? {lfrucng 5 18304] HglohusJob-manager g
@ [ tRawimage? truony S 16309 1/fhomestruong/projects
@ [ mProject! 1 || truong |0 16339 16338_iu§r1birr!ps
o [ mProject1 2 A [truong. 5 1633/ ____ 1 siEmsiaciony
fruong i 16312 16309/mProject
truong g ”?52. 14?48_—csh
truong S 16143 15395 JSsismsfactory
truong S 15390 14752 |ditermn
[ Gen Experi... Generate IRL Request | finalize v
. GetAl | Generate IRL Code R...
IRL Editor | -Application SIR
<?%rml version="1.0" 7= | 3 mProject A
<irl= ® [JSIR
=experiment= ©- [ mainffunction,u_main)
=applicationName=mPFroject=fapplicationName= : D debugCheck({function,u_debugCheck)
<joblD=16312</joblD= ©- [ checkHdrifunction,u_checkHdr)
=experimentlD=Montage</experirmentlD= ©- ] readTemplate(function,u_readTemplate)
=activitylD=mProject1 1 =factivity|ID= @ ] readFits{function,u_readFits)
=fexperiment= @- [ pix2wes{function,u_pix2wes)
=request name="instrurment'= @ ] convertCoordinates{function,u_convertCoordinates)
<tagk= @ ] wes2pix{function,u_wcs2pix)
=coderegion unit="main" narme="readTemplate" id="4 @ 7] UpdateBounds(function,u_UpdateBounds)
=metrics=WTIME =/metrics= 7 D printFitsError{function,u_printFitsError)
=ltask= @ [ computeOverlap{function,u_cormputeOverlap)
<task= [ printError(function,u_printError)
=coderegion unit="rnain" narne="readFits" id="f60_red 4| §§ D fitsCheck{function,u_fitsCheck)
i D | [ FITSerror{function,u_FITSerror) -
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Snapshot: Online System Monitoring

= System | | SCALEA—G: Path Delay Roundtrip -l
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m System load: 1 minute @ System load: & minutes  , System load: IGmin\ltiesi B schareck.dps.uibl.ac.at->bridge.vepe.univie.ac.at [ schareck.dps.uibk.ac.at->iris.gup.uni-linz.ac.at
2 1 W hridge. 4 i
. schareck.dps.uibk.ac.at _— SCALEA—G: Forecast Bandwidth TCP |l
=] SCALEA—G: CPU Usage | olperer.dps.uibk.ac.at:8060->blindis.dps.uibk.ac.at:
File Options View Tools 8060
Values
= g8
1l Waittime
| Idletime 0
| Systemtin| =
mi Usertime .
s |
Levels
cPu o o o o o o a
| Compute | o 2 o 5: . 5 o
i Total . =] = [=! o Q =] o i3
' — SCALEA-G: Forecast CPU Usage [0 ] 2l
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Rule-based Monitoring

«» Example:

A network path in the
Austrian Grid, bandwidth <
5MB/s (based on Iperf)

Define a fuzzy variable with
VERY LOW, LOW, MEDUM,
HIGH, VERY HIGH

Fuzzy rules: Events send
when bandwidth VERY LOW
or VERY HIGH

«» Sensors use rules to analyze monitoring data
+ Rules are based on IBM ABLE toolkit

Fuzzy bandwidth= new Fuzzv( 0,5) {

Shoulder VERYLOW = new Shoulder ({0, 1, ARL.Left);

- Simple Event Viewer |

[ Events
@ [ bridgevcpe.univie.ac.at=schareck.dps.uibk.ac.at
@ [] BANDWIDTH_VERYHIGHWed Jul 21 19:40:45 MEST 2004)
[} bandwidth=4.85 MBytesisec
® [ BANDWIDTH_VYERYHIGHMed Jul 21 18:47:24 MEST 2004)
D bandwidth=4.13 MBytesisec
@ [] BANDWIDTH_VERYHIGH(Wed Jul 21 18:27:24 MEST 2004)
D handwidth=4.18 MBytesisec
@ [ BANDWIDTH_VERYHIGHWed Jul 21 17:37:23 MEST 2004)
[y bandwidth=4.21 MBytesisec
- ] BANDWIDTH_VERYHIGH(Wed Jul 21 17:34.03 MEST 2004)
@ [] BANDWIDTH_VERYHIGH(Wed Jul 21 17:24:03 MEST 2004)
B handwidth=4.12 MBytesisec
¢ [] BANDWIDTH_VERYLOW(Wed Jul 21 16:20:38 MEST 2004)
D bandwidth=0.85 MBytesisec

it ) ;

()

J
== L= B e e e

}

E_OTHER: doNormalReaction() ;
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Online Infrastructure Monitoring

', gridsphere portal framework

open-source / portlet jsr168 compliant

( willkornmen ]’> WEIPMA 1

Configuration Display data woarkflow Analysis  Error

Abmelden
Willkormmen, kwfgrid

Data Query and Subscription Portlet

DataTypelD=>Resourcell: | v
DataFilter: path.predlc:t.bandwdth.capac:lty.TCP >hydra.gup.un| Ilnz.ac.at.4DD1D >a|t|x1.|ku.austnangnd.at.4DD1D
7 path. predict. bandwidth. capacity. TCP=» hypdra. gup. uni-inz. ac. at: 4001 0-» schafberg. coma. sbg. ac. at: 40010

Time from: path. predic:t bandwidth. capacity TCP= >schafberg coma. sbg ac.at:4007 D »altix]. iku austriangrid at 40010
X-1o

Generate PDOQS Query |

path.delay. roundtr =>altin] . uibk. ac. at-> altix1. jlku. austriangrid. at
path.delay. roundtrip=> altix1. uibk. ac. at-> roznick.a.ui.savba. sk
host. spsten loadavg=> altix1.uibk. ac. at

host.mem. used=> altix1.uibk. ac. at

uzer.ps=>altix].uibk.ac. at

host. cpu. used=> altix]. uibk. ac. at

Query Data | Subscribe Data

A little guide

MNow you can choose the DataType and the ResourcelD of the Request. ¥ou can add a DataFilter or set the subscription time if you want to subscribe. There
are datatypes that can only be queried and not subscribed. Then click on "Generate PDOQS Query". After this you can select if you want to query or subscribe
by selecting the corresponding buttan. Mow you can go to the next tab "Display Data". If you think that an error has occured, click on "Error”

», gridsphere portal framework

open-source / portlet jsr168 compliant

urillkornrnen k} WPE:PMA1

‘Canfiguration  PDG!

Abmelden
willkammen, kwfgrid

- Warkflow Analysis  Error

Display static Data

Display Data

Data display
Hostname
altix1.uibk.ac.at Rasource id
w P51 : i Addresses
= 130 e, — bl e {
2 ol System model
ResultD: 7BEiBCAN-4d3e11da 537 addii2e48M0a v, % svgll Physical mermory
DataTypelD: host.system.loadavg S 15l |
ResourcelD: altix1.uibk.ac.at Zu i Whieue St
= IRER
Time: 11/4/05 3:08 PM © MNumber of CPUs
w
SessionlD: DR7A11030050826998CE1CAS1372R81A z °° CPU type
Wiew Data
8 8 888 88 888 888 888 8 8 CPU5peed
g2 8 B8 8z cd 888 %8 H g0
g B OB s B A o B g 8 i 25 name
5 %% %% %% 5% %5%%5% 357555 05 wersian
— System load: 1 minute — System load: 5 minutes System load: 15 minuties Harddisk Size
A little guide
Here you can see the data you subscrlbed or you querled If there is no picture, it could be that the data hasn't been fully transmitted. To update or change
to another monitoring please push on "view Data". If you think an error has occured please go to the "Error”
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DAG-based workflow monitoring and

analysis

re=r.

SCALEA—G: Application Profile Analysis

Online application

File Settin
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Monitoring data of
workflow activity
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K-WiGrid: Online Workflow Monitoring and

Analysis

3 GridSphere Portal - Mozilla Firefox
File Edit ‘Wiew Go  Bookmarks Tools  Help 0
QZI - [_[;9 - l%] i__i @ |.= http:/fgoedis.dps.uibk. ac. at: 40250/ gridsphereqridsphere?cid=appletfJavasScript=enabled V| @ an |@, |

|| Kostenlose Hotmail | | Links anpassen || Windows Media | | Windows
Test Workflow Workflow Experiments Analysis -~

truong-03331c50-4537-11da-953e-e31268ddc24d | - Workflow 1D : truong-05331 c50-4537-11 da-953e-e37268ddc24d
Current Status: completed @ Tue Oct 25 11:09:18 CEST 2005

| »

YWorkflow: Execution Timea (=)

0.0 0.5 1.0 1.5 =.0 2.5 3.0 3.5 .0
metFibe URL 5 E i
... | —

4 - Initalizing = Oususing - Procaessing 0 Finallzing
_enerateAreaFile o = S
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Jomkia FE generatefAreaFileitruong-03
calculateTrafficFlow{truong
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geremte dearileRetemm
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. @

caleulate TrafficF low

calowlate FraffoFlowRetum

S e R 2
E 3 3 3 ] 3 3 3 3 2 3 32 Analyze WS Operation |
4] Il | IDE R li [*]
IAPPLET READYY #make sure container is deployed #check and change hostif necessary
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Online Workflow Analysis
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Conclusions

«The architecture of monitoring and analysis service must tackle the
dynamics and the diversity of the Grid

Service-oriented, peer-to-peer model, adaptive sensors

«Integration and reuse are important issues
Loosely coupled and tightly coupled
Do not neglect data representations and service interfaces

«Performance metrics and ontology for Grid workflows
What performance metrics are important and how to measure them
Common and generic concepts and relationships monitored and alayzed

+Given well-defined service interfaces, data representation, performance
metrics and ontology

Simplify the integration among components

Towards automatic, intelligent and distributed performance performance
analysis
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