
CSC7700 Grid Computing

Ole Weidner
oweidner@cct.lsu.edu CCT, LSU, Baton Rouge

Grid Programming Models: Current Tools, Issues and Directions

Craig Lee Domenico Talia

Computer Systems Research Department DEIS

The Aerospace Corporation, P.O. Box 92957 Universitá della Calabria
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Abstract

Grid programming must manage computing environ-

ments that are inherently parallel, distributed, heteroge-

neous and dynamic, both in terms of the resources involved

and their performance. Furthermore, grid applications will

want to dynamically and flexibly compose resources and

services across that dynamic environments. While it may

be possible to build grid applications using established pro-

gramming tools, they are not particularly well-suited to ef-

fectively manage flexible composition or deal with hetero-

geneous hierarchies of machines, data and networks with

heterogeneous performance. This chapter discusses issues,

properties and capabilities of grid programming models

and tools to support efficient grid programs and their ef-

fective development. The main issues are outlined and then

current programming paradigms and tools are surveyed,

examining their suitability for grid programming. Clearly

no one tool will address all requirements in all situations.

However, paradigms and tools that can incorporate and

provide the widest possible support for grid programming

will come to dominant. Advanced programming support

techniques are analyzed discussing possibilities for their ef-

fective implementation on grid environments.

1 Introduction

The main goal of grid programming is the study of pro-

gramming models, tools and methods that support the ef-

fective development of portable and high-performance al-

gorithms and applications on grid environments. Grid pro-

gramming will require capabilities and properties beyond

that of simple sequential programming or even parallel and

distributed programming. Besides orchestrating simple op-

erations over private data structures, or orchestrating mul-

tiple operations over shared or distributed data structures,

a grid programmer will have to manage a computation in

an environment that is typically open-ended, heterogeneous

and dynamic in composition with a deepening memory

and bandwidth/latency hierarchy. Besides simply operating

over data structures, a grid programmer could also have to

design the interaction between remote services, data sources

and hardware resources. While it may be possible to build

grid applications with current programming tools, there is a

growing consensus that current tools and languages are in-

sufficient to support the effective development of efficient

grid codes.

Grid applications will tend to be heterogeneous and dy-

namic, i.e., they will run on different types of resources

whose configuration may change during run-time. These

dynamic configurations could be motivated by changes in

the environment, e.g., performance changes or hardware

failures, or by the need to flexible compose virtual orga-

nizations [21] from any available grid resources. Regard-

less of their cause, can a programming model or tool give

those heterogeneous resources a common “look-and-feel”

to the programmer; hiding their differences while allow-

ing the programmer some control over each resource type if

necessary? If the proper abstraction is used, can such trans-

parency be provided by the run-time system? Can discovery

of those resources be assisted or hidden by the run-time sys-

tem?

Grids will also be used for large-scale, high-performance

computing. Obtaining high-performance requires a balance

of computation and communication among all resources in-

volved. Currently this is done by managing computation,

communication and data locality using message-passing or

remote method invocation since they require the program-

mer to be aware of the marshalling of arguments and their

transfer from source to destination. To achieve petaflop

rates on tightly or loosely coupled grid clusters of gigaflop

processors, however, applications will have to allow ex-

tremely large granularity or produce upwards of -way

parallelism such that high latencies can be tolerated. In

some cases, this type of parallelism, and the performance
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What is a PM (i)

• Not clearly defined - different groups have 

different notions

• Abstract conceptual view of the structure and 

operation of a system

• Usually bound to a specific application 

domain

• Must be applicable to the real world - the 

PM’s implementation.
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What is a PM (ii)

    “The object of a programming model is to make a certain 

class of problems easier to solve, perhaps at the risk of 

making others more difficult. As a rule, some problems are 

solved naturally in a given model, while others are not. 

Echoing the age-old wisdom of selecting the right computer 

language for the task, this is even more critical when the tool 

is made more specific.“

- Lewis Girod UCLA/MIT
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Why use a PM

• Abstraction (hopefully) simplifies a domain-

specific development process

• Provides a theoretical discussion basis for 

computer scientists

• Provides (industry) standard requirements  

that different implementations can adopt
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Some example PMs 

• W3C Web Services (SOAP)

• Thread Programming Model

• OpenGL (debatable) 

• Message Passing Interface (MPI)

• CORBA

• SGI SHMEM™ 

• Charm++
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The Outline

• Identify requirements for Grid programming 

models and tools

• Overview of existing models, implementations 

& tools in different categories

• Discussion of current weaknesses and 

possibilities of improvement
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Requirements (i)

• To identify a set of requirements we need

to know the issues in Grid Programming:

Everything from Parallel Programming...

+ 
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Requirements (ii)

• Portability

• Grids are dynamic and heterogeneous 

• Code should be architecture independent

• different sets of pre-staged codes

• interpreted virtual machine

• PM implementations should support the

development of portable code



CSC7700 Grid Computing

Requirements (iii)

• Interoperability

• Codes can use different implementations of

a PM (e.g. vendor-specific MPI)

• Different implementations of a PM should be 

equivalent

• Open protocols, services and interfaces are 

crucial to support that
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Requirements (iv)

• Resource Discovery

• Grids can be unknown and/or volatile

• Grids should advertise their services in a 

uniform way so that applications can dynamically 

discover them

• Grid PMs should incorporate resource discovery 

as a fundamental concept
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Requirements (v)

• Performance

• Bandwidth and latency are heterogeneous which 

can result in widely varying performance results

• Many applications need a deterministic 

performance model

• Introduction of QoS can provide a reliable 

performance forecast
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Requirements (vi)

• Fault Tolerance

• Highly distributed codes can run jobs on 

thousands of hosts

• Applications should always assure a minimum 

level of reliable computation

• BUT: Grid PM should provide run-time error 

checking and actions to react / recover
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Requirements (vi)

• Security

• Grid codes run on shared resources across 

multiple administrative domains

• Grid PMs should provide mechanisms for

• Authentication

• Privacy (e.g. encryption)
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Req. Conclusion

• We’ve discovered 6 requirements for PMs:

• Portability

• Interoperability

• Resource Discovery

• Performance

• Fault Tolerance

• Security
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Tools & Models (i)

• Shared-State Models

• Usually found in tightly-coupled systems (shared 

address space) 

• JavaSpaces

• Applications communicate via shared objects

• Implements distributed persistent 

objects  (Linda tuple-space) “spaces”

• Implementation on top of Globus
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Tools & Models (ii)

• Message-Passing Models

• Processes in disjoint address spaces using 

messaging for communication

• MPI: Wide-spread but low-level

• MPICH-G2

• Dynamically switches transfer protocols

• Grid-aware version Implemented on top of 

Globus 
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Tools & Models (iii)

• RPC and RMI Models

• Client/Server architecture

• Allows to trigger functions on remote machines

• Grid-enabled RPC (GridRPC)

• Supports resource discovery

• Supports security (X.509/GSI)

• Supports fault tolerance 

• Prototypes exist on Ninf and NetSolve/GridSolve
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Tools & Models (iv)

• RPC and RMI Models (cont.)

• Java RMI

• Call methods across VM boundaries

• Can be used to write distributed objects

• Java provides portability and a security model

• BUT: No other Grid issues addressed
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Tools & Models (vi)

• Hybrid Models

• Combining models to serve multiple domains (e.g. 

Parallel Comp. PM + Grid PM) 

• OpenMP/MPI (SMP + MPI)

• OmniRPC (OpenMP + RPC)

• MPJ (SMP + RMI + MPI)
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Tools & Models (vii)

• Peer-to-Peer (P2P) Models

• Decentralized self-organizing peer networks

• JXTA (Juxtapose)

• P2P XML protocol specification by SUN

• Allows advertise and discover resources

• Form/join resource groups

• “Ad-hoc Grids”
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Tools & Models (viii)

• Frameworks, Comp. Models, APIs, Portals

• Cactus

• CORBA

• CoG Kit

• Legion

• GridSphere 

• GAT / SAGA
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Tools & Models (ix)

• Web Service Models

• Similar to RPC (HTTP-based)

• Quite hyped industry standard ;-)

• OGF OGSA

• Specifies service-oriented grid architecture:

data handling, jobs, security, inform. services

• Globus Toolkit 4 is an OGSA implementation
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T & M Conclusion (i)

• Lots of traditional HPC Models & Tools were

adapted to the Grid

• Many traditional PM’s were “gridified” using 

the Globus Toolkit. Why?

• Because Globus satisfies lots of the identified 

requirements

• Globus is de-facto standard for Grids and 

virtually available everywhere 
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T & M Conclusion (ii)

• Some of the current weaknesses are

• Virtually all models were derived from HPC no 

first principle Grid Programming Models

• More work must be done in the fields of

• data-driven & optimistic programming 

• advanced communication

• I/O services
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Finally

    “Will computational science be limited to the size of 

single-chassis machines, such as the ASCI machines and the 

HTMT? Or can the problem architectures for science and 

engineering, and their associated computational models, be 

made sufficiently grid-friendly such that increasingly large 

problems can be solved? Much work remains to be done.”

- [Lee03]


