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Abstract

This paper describes an approach to optimization of execution of appfisatiothe GridSpace environment.
In this environment operations are invoked on special objects whidtleres Grid resources what requires a spe-
cific approach to optimization of execution. This approach is implementeceiGtidSpace Application Optimizer
(GrAppO) which meets requirements imposed by the Grid environmemekhsas those specific to GridSpace model:
dynamic nature of the environment, distributed sources of informatidficuity in defining suitable optimization
criteria. The proposed solution applies three modes of optimization: shwetlium- and far-sighted one. The far-
sighted optimization may be implemented with techniques known from the wurlsitheduling research area, and
for this purpose we have analyzed the possibility of using the ASKALONremment. We show that GrAppO en-
ables to increase the quality of the GridSpace runtime performance biglipgit with the most suitable objects to
invoke operations on.

1 Introduction

Despite of many Grid scheduling and optimization algorihemd technologies, research in the area of new grid pro-
gramming models leads to creation of novel execution enwirents for which standard optimization and scheduling
techniques cannot be directly applied. In this paper, wadan the optimization of application execution for a new
high-level grid programming model and environment, calBiiSpace [8].

GridSpace is a platform for collaborative application casifion and execution, where developers can build the
application with various technologies such as Web seryitisibuted components (MOCCA [11]) or legacy software
accessible using grid systems such as EGEE [6]. These tecie® provide different invocation semantics, e.g.
WS provide stateless interactions, while stateful instarméeMOCCA components can be dynamically deployed on
the component container (called H20 kernel). The core idganl GridSpace is to useszripting notationfor
specifying application logic on a high level of abstractibiding the complexity of the underlying infrastructurern
the programmer and leaving such decisions as resourcevdiycand selection to the runtime environment.

This research work is carried out under the FP6 Network ofltence CoreGRID funded by the European Commission (Conitde2002-
004265).



_———————————

{Grid Object Class

| Grid Grid
! Operation Operation
ot [

\
|
|
|
|

implements implements

Grid Object WS Grid Object MOCCA
Implementation Implementation
GOp 01 GOp 02
MOCCA| [MOCCA
ineta et \ instan{’E;‘nu\\inslance
instance instance instance
[ ________ '|| - _\< _____________

———————— I /obmocc
Instance I-01

|
Ob MOCC, Ob MOCC., |
Instance 11-01 Instance 11-02 :

Instal 11-01
nstance Gop 01 | [Gop 02 Gopo1 | [Gopoz||||copo1||Gopoz||I
-- MOCGA | |MOCCA || ||| MOCCA | IMOGCA | | || MOCGA | | MOCCA |||
|
|
|
|

e =TT T =" I
GOb WS GOb WS

I

1 /" Instance 1-01 Instance 1-02
I‘
I
I
I
I
I

WS Container IJI | ws Container Il |

H20 Kernel II H20 Kernel I

I
I
I
I
I
I
I Lo _eORemel] WEQremeld

Figure 1: Grid objects, implementations and instanceshiby.

In GridSpace, Ruby scripts are used to program the apmitatind, in addition to the standard Ruby library,
special types of objects are introduced to represent tiesvperformed on the grid (see Fig. 1%&rid Operation
(GOp), which corresponds to an abstract method in terms of Olfjeieted programming, binds abstract methods,
offering the same functionalityGrid Object Class (GObjs an abstract class, or an interface, which declares a set
of Grid Operations, and it is an abstraction of the same gérfienctionality offered by different implementations.
Grid Object Implementatiormplements functionality of its Grid Object Class; it is gra static entity which has to
be instantiated (deployed into a resource) to allow invglohits operations. AGrid Object Instancés an instance
of a certain Grid Object Class. The instances which use time $amplementation may differ only in resource they are
deployed onGrid Resourcas able to host a Grid Object Instance.

The source code of the script provides only the informatinrGeid Object Classes — the selection of the actual
instance is left to the runtime system. The choice of theimst, taking into account the structure of relations betwee
the entities (see Fig. 1) is not trivial and must be performgdaking the following decisionswhich Grid Object
Implementation will be the most suitable to perform the pssingwhich existing Grid Object Instance of this Grid
Object Implementation will be the most suitablehetherthe Grid Object Instance should be chosen or a new one is
to be deployedwhere(on which Grid Resource) a new Grid Object Instance shoulcteated.

In traditional grid environments dedicated componentssetedulermandresource brokeare provided to answer
such questions. As in GridSpace we need much broader fuaditiy the termsoptimizationandoptimizerare intro-
duced.

2 Related work

The problem of scheduling jobs to resources (including nmesh storage, bandwidth, etc.) in Grid environment has
been studied since many years [9, 12], and, depending orypleeaf applications various heuristics were applied.
In the case of parameter sweep applications, typical h@gimclude Min-min, Max-min and Sufferage [4]. More
complex applications can be represented as workflows, firera large effort has been undertaken to investigate
the solutions for workflow scheduling [3, 5]. For workflow digptions, DAG-based scheduling algorithms can be
successfully applied, such as HEFT and its extensions [0S [18], and FCP [14]. Since many solutions and
scheduling tools already exist [20], the challenge was lecsion of an appropriate scheduling model, and in adaption
of available tools to the constraints of a specific schedyiroblem.

3 Approach to Execution Optimization in GridSpace

The optimization of application execution in GridSpace barpresented as a special case of the generic optimization
process in Grid computing [15]. Notions related to the Gpia& environment can be mapped into the general Grid

CoreGRID TR-0131 2



terminology in the following way: a Grid Object Instance mregents aesource a Grid Operation — @b, a GridSpace
script — a Gridapplication It is worth to notice that there is no direct control of resms and the optimizer can
only act as a broker; it cannot guarantee that the task itdstbe will be executed on the selected resource and is
not able to manage the tasks after they are submitted foluggac The access to resources is not exclusive as the
information about resources gathered by the optimizer eamiprecise or out-of-date. Furthermore, the optimizer
cannot guarantee that the performance of scheduled jobsiotibe reduced by some tasks executed by the local
scheduler.

The optimizer may be used in one of three modes with diffedependencies between subsequent tasks taken into
consideration:

e Short-sighted optimization mode which implements the dagtimizer functionality: choosing an optimal
performance solution for one task at a time.

e Medium-sighted optimization mode where tasks can be stiednid the optimizer in groups and for each task a
resource is chosen on the basis of previous choices witkigribup. The tasks are not reordered, nor arranged
in queues, and a group of tasks is mapped onto a group of mEsour

e Far-sighted optimization mode, which is a suboptimal sotutvhere resources are chosen for all tasks of an
application and tasks may be reordered.

The modes are selected as a configuration option of the raraystem at application execution.

Thanks to the component architecture of GridSpace, thenagr will be able to interact with other components
which are a part of the runtime and have access to the infmgathered by components of the Middleware layer
(see Fig. 2). The only consumer of optimization resultsés@nid Operation Invoker [2]. It is responsible for creating
Grid Object Instances or contacting existing ones, andkimgoGrid Operations on them. The Invoker provides an

identification of Grid Object Class it is going to use, andaiits a Grid Object Instance or all the data necessary to
create it.

application structure

information about |
Grid Objects

data sent only
on demand

— datasent
periodically

informatiou{ about ' historical performance
resource condition data Runtime

Figure 2: Optimizer placed in the context of neighboring poments of GridSpace engine.

The process of optimization in GrAppO, in analogy to the secaéntroduced in [15] begins with the resource
discovery phase. A list of all appropriate Grid Object Immpentations including their running instances which are
available to utilize at this moment for the Grid Object Clasgenerated. The only mandatory source of information
is a Grid Resource Registry (GRR) which contains genericssatic data, related to Grid Objects.

The system selection phase results in finding the best catidimof a resource and a given job, i.e. determining
the best Grid Object Instance on which the given Grid Objgmr@tion could be performed, according to a specified
metric. The phase involves also gathering dynamic infoionadbout resources from the Monitoring System. A
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supporting component is the Provenance Tracking SystemGTER [1], which can be a source of data related to
Grid Object Instances performance in their previous intiooa. Additionally, for the far-sighted optimization atda
about the structure of executed application §aplication graph is required. The source of such information is the
core Runtime Library.

4 Far-sighted scheduling with ASKALON

Far-sighted optimization of GridSpace workflows can brilegcbenefits in terms of execution time and other schedul-
ing criteria, as dependencies between jobs may have a nndljeence on the selection of the most appropriate Grid
Object Instances and Grid Resources. Implementation ajepifar-sighted optimization approach is a challenge for
the GridSpace environment and its rich programming modetdan scripting notation. Classical DAG scheduling
heuristics like HEFT would not work well in such a model, athe additional optimization techniques would need
to be developed in order to take advantage of all the proveniafiormation (e.g., of the execution traces) provided by
the supporting tools (PROT0S). A promising approach mayhesé the ASKALON Grid execution environment [7].
ASKALON was developed to compose and execute workflow agfitins on the Grid. ASKALON uses a high-
level workflow description language call@dGWL (Abstract Grid Workflow Language) and hides all the low-leve
implementation details of jobs from the workflow developgistoring them in the application repository call@&thre
[17] which is a part of the resource management servicecc@8&dARM [16]. The ASKALON schedulerapplies
different full-graph scheduling heuristics (e.g., HEFT or a bi-criteria schiedublgorithm called DCA) which are
carried out based on the principle wbrkflow conversiofil0]. In the process of workflow conversion, sophisticated
workflows are dynamically transformed to simple DAGs, bylesting the loops and conditionals present in the
workflows. The latest version of ASKALON [13] is based on a mdiynamic workflow processing model where
scheduling is done only for the jobs which are ready for eienurather than for a full graph.

GridSpace ASKALON
. workflows/jobs ASKALON workflows/jobs
Rl:mtlme Scheduling Scheduler
lerary scheduling Interface scheduling
' decisions

decisions

provenance data

Provenance
Information
Provider

provenance data

performance
predictions

PROTOS ’
performance performance
daa__ [ Perlormance data Performance

Proxy Predictor
2 ]
Monitoring monitoring data Monitoring monitoring data 3
Service 2
System Proxy 8
] 3
resource/job data - Gridt. resource/job data GrldARM £

nrormation
GRR k Feeder J | GLARE

Figure 3: Integration between GridSpace and ASKALON

The feasibility of combining GridSpace and ASKALON depewndsthree major factors: (1) compatibility of the
application representations; (2) compatibility of theowse/job representations; (3) reusability of the comptse
supporting optimization in GridSpace (GRR, PROT0S, and ikdoing System). Some preliminary feasibility studies
performed by us showed that the set of workflow constructd is&GW.L is a superset of the set of constructs that
are used or are planned to be used in GridSpace. The resoaragement model implemented in GridARM is also
sufficient to represent all the resource information rezpliin the GridSpace environment. On the other hand, the job
representation model applied in Glare is simpler than theiorGridSpace, since is not based on the object-oriented
paradigm, and allows for only two levels of abstractiantivity type(corresponding to a Grid Operation) aactivity
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deploymen{corresponding to a method of a Grid Object Instance). Hewehis sparse number of abstractions in
fairly enough to apply a successful workflow scheduling hesabstractions of Grid Object Classes/ Implementations
are designed for application development rather than feedaling and execution. Finally, ASKALON will have to
contact the Monitoring System of GridSpace in order to geftitifiormation regarding the current execution progress,
since the job execution will be performed in the GridSpacgrenment (by the Grid Operation Invoker).

The proposed integration design of GridSpace and ASKALOMNeipicted in Fig. 3. In this system design,
ASKALON acts only as an optimizer, while the whole job exéantis carried out by the GridSpace environment.
The most important element responsible for system integras the ASKALON Scheduling Interfacerhich plays
the role of a communication channel between the Runtimeakybof GridSpace and the scheduler of ASKALON.

At the beginning of execution, the Runtime Library sendshi ¢cheduler the whole application graph which is
obtained from the script; as the execution proceeds, thedsiér is notified about the ongoing execution progress (job
completions/failures). On the other hand, the schedulaiséo the Runtime Library the scheduling decisions made
for the jobs which are ready for execution. This workflow meging model has been described in detail in [13].

Grid Information Feedefeeds the data from GRR into GridARM, which can be subsedyeased by the sched-
uler. Monitoring Service Proxys a simple proxy service which links the Monitoring SystefrGoidSpace with the
scheduler and Performance Predictor of ASKALON. Finalig Performance Prediction Proxgrovides the perfor-
mance data from PROTo0S to the Performance PredictorPaoeenance Information Providgarovides the prove-
nance data to the scheduler.

5 Prototype Implementation and Tests

The optimizer prototype called GrAppO was implemented aegrated with the GridSpace engine with short- and
medium-sighted optimization.

Testing involved measurement of the optimization qualitnf different points of view including unit tests, in-
tegration tests with other components of GridSpace, and\fiqaality tests to verify the usefulness of GrAppO
operations in a given environment. Since the connectiohaioitoring System and PROTo0S were not yet available,
the tests were performed using mock components. As thetolgdanction for the test the minimization afakespan
was selected, which is a measure of the throughput of a lggtremus computing system.

During the execution of the tests random data from exteraalices (GRR, Monitoring System and PROT0S)
were generated. The data was complete, i.e. we assumedthdEbrmation is missing. We applied the constraints
that the maximum expected execution time of Grid Operasds00 seconds and the maximum time waiting for the
resource to become available is set to 1500 seconds. Th@ea¢sated in GRR had the following constraints: (1)
Maximum number of Grid Object Classes is set to 100; (2) Maximmumber of Grid Object Implementations per one
Grid Object Class is set to 10; (3) Maximum number of Grid @bjastances per one Grid Object Implementation is
set to 10; (4) Maximum number of resources per one Grid Olgjéads is set to 7.

Numfber Improvement Per centage of Per centage of same
0 of makespan improved results results
resources
5 4.03% 61.7% 4.0%
10 5.90% 61.1% 19.6%
20 5.47% 51.0% 45.8%
50 2.00% 20.2% 79.1%

Table 1: Improvement of makespan when comparing mediuimesigto the short-sighted optimization mode for 20
Grid Object Classes

The variable parameter in the test is a number of availalsleurees and the number of Grid Object Classes for
the optimization. For each given combination a list with eamf Grid Object Classes to be optimized was randomly
generated and passed to GrAppO. For each list the shotesdigiptimization and the medium-sighted optimization
were performed. For a given combination of number of resssiemd number of Grid Object Classes every test was
performed 1000 times. The tests were performed for the dhs¢sise the list of Grid Object Classes containing
10, 20 and 50 elements. The results of the tests for 20 Griédjlasses are collected in Table 1. The meaning
of the values in columns of the table is as followsiprovement of makespanpresents the average improvement
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of the makespan for all results while using the medium-gidhdptimization in comparison to the short-sighted one.
Percentage of improved resuftsshows the percentage of jobs that obtained a better resakigspan)Percentage of
the same results presents the percentage of jobs for which both optiminatiodes provided the same solution.

The improvement of the makespan depends on the number ddilaieaiesources and the number of Grid Object
Classes that are requested for the optimization. If the murabresources is significantly greater than the number of
the objects for the optimization, the improvement of the esgan is the smallest. It is caused by the fact that with
random generated data available Grid Object Instances idr @ject Implementations are distributed on random
locations and the probability of mapping two or more Grid €ijClasses to the same resource is smaller than in
the other cases. Therefore, the medium-sighted optimizatiiggests the solution very similar to the solution of
short-sighted optimization.

The best improvement is observed for the situation when timeher of available resources is smaller that the
number of Grid Object Classes for the optimization. The ddtthe improvement varies between 5.5% and 6.0%.
With the increase of proportion of the number of Grid ObjeletsSes to the number of available resources, the amount
of improved results also increases. At the same time, theiahwd the same results from both modes decreases.

6 Conclusionsand future work

In this paper we have shown the analysis of the optimizatioblpm in the case of GridSpace programming and exe-
cution environment. The proposed solution applies shorédium- and far-sighted modes of optimization. Whereas
the two former modes are directly feasible to implementfdneighted optimization requires applying more advanced
techniques known from the workflow scheduling research. deathat purpose we have analyzed the possibility of
using ASKALON, which offers dynamic workflow scheduling edgilities based on two alternative workflow pro-
cessing models. The conclusion is that due to the compatibflworkflow models and the component-based design
of both systems the integration of them will be feasible aray tead to further interesting research in scheduling of
dynamic Grid applications.

The tests of two optimization modes currently available \@O showed that with a suitable rate of available
resources to Grid Object Classes the medium-sighted agttioh mode can achieve the improvement at the level of
6% in comparison to the short-sighted mode. However, fasatieeuristics additional data from external components
are necessary.

The future work will focus on implementation of the modulegging GridSpace and ASKALON (Fig. 3), a
more detailed feasibility study of the far-sighted modeg amxtension of the Runtime Library with the capability
of generation of an application graph required for far-géghoptimization. Integration with the Provenance and the
Monitoring systems should result in some interesting neseapportunities like investigation of different reschédg
techniques. We also plan conducting the performance tadtseareal application scripts.

7 Acknowledgement

The authors express their gratitude to the GridSpace teminding Tomasz Gubata, Bartosz BalTomek Bartiski,
Wiodek Funika, Eryk Ciepiela, Daniel Hal@k, Piotr Nowakowski, Darek Krél and Kuba Wach. Specialrtks go
to the anonymous reviewers, for exceptionally detailediaigful comments.

References

[1] B. Balis, M. Bubak, and J. Wach. Provenance Tracking enfroLab Virtual Laboratory. IfProc. PPAM 2007,
Seventh International Conference on Parallel Processing Applied Mathematicd. NCS, Gdansk, Poland,
Sept. 2007. Springer. In print.

[2] T. Bartynski, M. Malawski, T. Gubala, and M. Bubak. Unigal grid client: Grid operation invoker. IRroc.
PPAM 2007, Seventh International Conference on ParalletEssing and Applied MathematitNCS, Gdansk,
Poland, Sept. 2007. Springer. In print.

[3] Berman, F. et al. New Grid Scheduling and Reschedulinghiids in the GrADS Projectnternational Journal
of Parallel Programming33:209-229(21), June 2005.

CoreGRID TR-0131 6



[4] H. Casanova, A. Legrand, D. Zagorodnov, and F. Bermarurigtics for Scheduling Parameter Sweep Applica-
tions in Grid Environments. IRroceedings of 9th Heterogeneous Computing Workshop (K @ates 349-363,
Cancun, Mexico, May 2000.

[5] E. Deelman, J. Blythe, Y. Gil, C. Kesselman, G. Mehta, i&hV K. Blackburn, A. Lazzarini, A. Arbree, R. Ca-
vanaugh, and S. Koranda. Mapping abstract complex workflmts grid environments.J. Grid Compult,.
1(1):25-39, 2003.

[6] EGEE Project. Website, 2006t t p: / / publ i c. eu- egee. or g/ .

[7] T. Fahringer, R. Prodan, R. Duan, F. Nerieri, S. Podtipdi. Qin, M. Siddiqui, H.-L. Truong, A. Villazon, and
M. Wieczorek. ASKALON: A Grid Application Development anc@puting Environment. 16th International
Workshop on Grid Computing (Grid 2008 eattle, USA, Nov. 2005. IEEE Computer Society Press.

[8] T. Gubala and M. Bubak. Gridspace - semantic programreimgronment for the grid. In R. Wyrzykowski,
J. Dongarra, N. Meyer, and J. Wasniewski, edit®B8AM volume 3911 ot ecture Notes in Computer Science
pages 172-179. Springer, 2005.

[9] V. Hamscher, U. Schwiegelshohn, A. Streit, and R. Yalogap Evaluation of job-scheduling strategies for grid
computing. In R. Buyya and M. Baker, editoGrid Computing - GRID 2000, First IEEE/ACM International
Workshop, Bangalore, India, December 17, 2000, Procesdimgiume 1971 ofLecture Notes in Computer
Sciencepages 191-202. Springer, 2000.

[10] M. Mair, J. Qin, M. Wieczorek, and T. Fahringer. Workfl@®onversion and Processing in the ASKALON Grid
Environment.2nd Austrian Grid Symposiurg007.

[11] M. Malawski, M. Bubak, M. Placek, D. Kurzyniec, and V.18leram. Experiments with distributed component
computing across grid boundaries.Aroceedings of the HPC-GECO/CompFrame workshop in cotipmevith
HPDC 2006 Paris, France, 2006.

[12] J. Nabrzyski, J. M. Schopf, and J. Weglarz, edito@&rid Resource Management. State of the Art and Future
Trends Kluwer Academic Publishers, 2003.

[13] J. Qin, M. Wieczorek, K. Plankensteiner, and T. FahgingTowards a Light-weight Workflow Engine in the
ASKALON Grid Environment. InProceedings of the CoreGRID SymposjurRennes, France, August 2007.
Springer-Verlag.

[14] A. Radulescu and A. J. C. van Gemund. On the complexitisb§cheduling algorithms for distributed-memory
systems. Irinternational Conference on Supercomputipgges 6875, 1999.

[15] J. M. Schopf.Grid Resource Management. State of the Art and Future Trestdgpter Ten Actions When Grid
Scheduling. Kluwer Academic Publishers, 2003.

[16] M. Siddiqui and T. Fahringer. GridARM: Askalon’s GrideRource Management System.Advances in Grid
Computing - EGC 2005 - Revised Selected Pgparkime 3470 ol_ecture Notes in Computer Sciengages
122-131, Amsterdam, Netherlands, June 2005. Springeady/&mbH, ISBN 3-540-26918-5.

[17] M. Siddiqui, A. Villazon, J. Hofer, and T. Fahringer. BRE: A Grid Activity Registration, Deployment and Pro-
visioning Framework. I'§C '05: Proceedings of the 2005 ACM/IEEE conference on $Sopguuting page 52,
Washington, DC, USA, 2005. IEEE Computer Society.

[18] G. C. Sihand E. A. Lee. A Compile-Time Scheduling Hetitifor Interconnection-Constrained Heterogeneous
Processor Architecture$EEE Trans. Parallel Distrib. Syst4(2):175-187, 1993.

[19] H. Topcuouglu, S. Hariri, and M. you Wu. Performancédegfive and Low-Complexity Task Scheduling for
Heterogeneous ComputintEEE Trans. Parallel Distrib. Syst13(3):260-274, 2002.

[20] M. Wieczorek, R. Prodan, and T. Fahringer. Schedulih§aentific Workflows in the ASKALON Grid Envi-
ronment.SIGMOD Record35(3), 2005.

[21] Z. Yu and W. Shi. An Adaptive Rescheduling Strategy fardGNorkflow Applications. InProceedings of the
21st IPDPS 200,1.ong Beach, USA, Mar 26 -30 2007. IEEE Computer Societyfres

CoreGRID TR-0131 7



