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Abstract

The Grid-ELIMINO system employs and interacts with multiple slave ELIMI-
NOs to achieve a distributed/paralel computing environment, using an IAMC ap-
proach. ELIMINO isaresearch system developed to support Wu's method for com-
puting characteristic sets of polynomias and for other related operations. Grid-
ELIMINO combines grid computing and the IAMC framework to deliver its com-
puting powers to users through the Internet. The overall IAMC framework, grid
technology/GT, ELIMINO and OMEI, aswell astheimplementation of Grid-ELIMINO
based on GT and OMEI are presented. The way to access and apply Grid-ELIMINO
is also discussed.

1 Introduction

ELIMINO [9] is a new symbolic computation system being developed at the Institute of
Systems Science of the Chinese Academy of Sciences. Capabilities of ELIMINO include
manipulation of multi-precision numbers and polynomials, computation of characteristic
sets in Wu’s method [18], polynomial equation solving, geometric theorem proving etc.
As a universal system for a broad class of problems, ELIMINO is very computation
intensive.

Polynomial characteristic sets are especially very computation intensive. Even medium-

sized characteristic sets problems can take a very long time to solve. Consequently,
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ELIMINO can benefit greatly through parallelization. Grid-ELIMINO is a distributed/parallel
computing system using multiple ELIMINOs over a grid to speed up the computation.

The grid [1, 2] technology uses high-speed networks to integrate heterogeneous com-
puters distributed over a network to form a virtual supercomputer. Grid computing is an
important and current research area and it promises to supply supercomputing powers by
combining a grid of networked workstations. By using grid technology, Globus Toolkit
(GT) [3], multiple ELIMINOs distributed over a grid can provide high performance com-
puting services for the on-grid users as an integrated system: Grid-ELIMINO.

The Internet Accessible Mathematical Computation (IAMC) [12, 13, 14] framework
is an effort to establish a protocol-based, platform, programming language, and mathe-
matical encoding independent, solution for serving mathematical computation over the
Web/Internet. It makes math-oriented services easily and widely accessible on the In-
ternet in many contexts (Web vs Email, small vs large bandwidth, etc.). The IAMC
framework can be used to deliver the computing powers of Grid-ELIMINO to off-grid
users anywhere on the Internet.

In the IAMC framework, connectivity between client and server is defined by the
mathematical computation protocol (MCP) [15] while connectivity between IAMC server
and external compute engines follows the Open Mathematical Engine Interface (OMEI)
[7, 8] API specification. We apply OMEI to help build Grid-ELIMINO. By implement-
ing OMEI as ELIMINQ’s application programming interface through GT, we can easily
turn the ELIMINO system into a grid-based server. Grid-ELIMINO contains a master
program controlling a number of slave ELIMINO servers. Also, IAMC already has an
OMEI-ready server prototype (Starfish) [5], and a client prototype (Dragonfly) [6] sup-
plying a nice GUI for back-end mathematical systems.

By adopting GT and IAMC technologies, Grid-ELIMINO achieves the following
specific results with minimal effort.

e Parallelizing GCD, factorization and characteristic-sets based computations.

e Making Grid-ELIMINO a powerful and IAMC compliant compute engine through
the IAMC server prototype Starfish.

e Delivering the power of Grid-ELIMINO to on-grid users and remote users on the
Internet through the IAMC client prototype Dragonfly.

e Demonstrating grid computing as a way to speed up compute engines for IAMC
servers

e By complying with the OMEI interface definition, achieving interoperability with
other OMEI compliant tools, such as editors and word processing systems.

We begin with an overview of the IAMC framework, the ELIMINO system, and
the OMEI specification. We then introduce the Open Grid Service Architecture (OGSA)
and GT. These pave the way for describing the architecture and implementation of Grid-
ELIMINO. Access and application of Grid-ELIMINO are then discussed. A working
Grid-ELIMINO demo will be demonstrated at the IAMC’03 workshop.
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2 |AMC Framework

The IAMC framework is designed to make mathematical computing easily accessible and
usable on the Web/Internet. Figure 1 shows the overall IAMC framework architecture.
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Figure 1: IAMC Architecture

The IAMC framework consists of these components:

1. IAMC client (Icl)—An end-user agent for accessing services provided by any
IAMC server.

2. IAMC server (Isv)—A program to provide mathematical computation powers through
the MCP protocol. An Isv may or may not employ an external compute engine to
perform mathematical computations.

3. Protocol—IAMC clients and servers are connected by the Mathematical Compu-
tation Protocol [13]). MCP aims to be a simple and effective session oriented
protocol to support one-time transactions and interactive sessions.

4. Mathematical Data Encoding—Standard and user-defined mathematical data en-
codings can be used.

5. External Engine Interface (EEI)—A specification and APl implementation for bind-
ing existing compute engines to IAMC servers.

3 ELIMINO with OMEI

ELIMINO is a new computer-mathematics research system developed at the Mathe-
matics Mechanization Research Center(MMRC), Institute of Systems Science, Chinese
Academy of Sciences, as part of the “Mathematics Mechanization and its Applications”
project. In ELIMINO, many different kinds of mathematical objects and data structures
are provided. As an interactive system, ELIMINO is designed to focus on the implemen-
tation of Wu’s method for researchers to perform sophisticated mathematical computa-
tions. It has very general capabilities for treating numbers, polynomials and characteristic
sets [18].

To facilitate mathematical research, ELIMINO is kept open and flexible. The archi-
tecture of ELIMINO consists of three parts (see Figure 2):



e Kernel part is the soul of the system, it contains implementation of number sys-
tem, polynomial manipulation system, characteristic sets method. The kernel part
can be viewed as a powerful algebraic compute engine.

e Applications are packages or programs developed using the ELIMINO library.
Examples include the polynomial system solver and the geometry theorem prover.
A package may be built-in or loaded into ELIMINO on demand.

e Front-end is the interface between the system and users. The front end handles
the interaction between the user and the system.

Open Mathematical Engine Interface (OMEI) is an application programming inter-
face (API) specification that aims to be an interface general enough to work for most
mathematical packages and systems. It specifies a set of function prototypes together
with their syntax and semantics to give a unified programming level interface for hetero-
geneous mathematical engines. These function prototypes supports all operations that
are necessary for server-engine interaction, including connecting to/disconnecting from
a compute engine, querying engine capabilities, creating and executing commands, etc..

As an attempt in standardizing programming interface for compute engines, OMEI
can achieve several objectives:

e Making Compute Engine |lAMC-Capable
OMEI and IAMC framework together can help making compute engine internet
accessible. The OMEI can be used to connect an IAMC server and external en-
gines. Once an OMEI driver of a compute engine has been developed according to
the OMEI specification, the IAMC server will be able to forward the computation
requests to the engine and results to IAMC clients.

e Application Portability
An application or user interface developed using any OMEI-compatible interface
would be portable among different compute engines, as long as those compute
engines have OMEI drivers available. That is, the compute engine and its user
interface or applications can be developed separately with the help of OMEI spec-
ification.

e Integration of Heterogeneous Compute Engine
Since an application can access multiple engines by loading multiple OMEI drivers,
an integrated compute engine with combined capabilities can be accomplished un-
der OMEI programming model. A parallel/distributed problem solving environ-
ment would be easily achievable over the OMEI programming paradigm.

e 3-tier/multi-tier mathematical system
Through OMEI, 3-tier/multi-tier mathematical system can be arrived easily.
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Figure 2: ELIMINO system Architecture

By implementing OMEI as an application programming interface above the applica-
tion layer of ELIMINO (see Figure 2), ELIMINO makes itself a compute server interop-
erable with any OMEI compliant tool, such as an IAMC server to access the graphical
user interface Drangonfly locally and remotely. It also allows us to easily integrate mul-
tiple ELIMINOSs together to provide more powerful computing service for Internet users.

4 Open Grid Service Architectureand GT

The grid [1, 2] is a virtual supercompter consisting of heterogeneous computers (nodes)
distributed over a network. Grid computing is a research area about how to combine
networked workstations and harness their computation powers.

The Open Grid Service Architecture (OGSA) [2] uses key grid technologies and
Web services mechanism [21] to create an integrated, distributed system framework. It
specifies a uniform exposed service semantics (the Grid service), defines standard mech-
anisms for creating, naming, and discovering transient Grid service instances, provides
location transparency and multiple protocol bindings for service instances, and thus sup-
ports integration with underlying native platform facilities. GT3 (Globus Toolkit 3) is
a reference implementation of the Open Grid Service Infrastructure (OGSI). It provides
a development environment including programming models for exposing and accessing
grid service implementations.

The GT3 provides a uniform Java programming model for programmers to build and
deploy their own grid services. Figure 3 shows the architecture of the globus platform
and the way users access the grid service. To a globus platform, computing and data
resources of a single node are considered grid services. A grid service is a network
service that provides a set of well-defined interfaces that follow specific conventions [2].

The GT3 Service Container (Figure 3) listens for incoming service requests. For a
create-service request, the service container first performs security checks. It then calls
the Grid Service Factory class to create a new service instance. A Uniform Resource
Identifier URI for this service instance is returned to the requester. This URI is known as
a Grid Service Handle (GSH). With the GSH, the service client can use and control the
service instance. At the end of computations, the service instance can be destroyed.

Each node that provides grid services has a service container that manages all grid
services in that node. A grid service factory acts as a service resource provider. It man-
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Figure 3: Architecture of GT3

ages all service instances of a specialized grid service.
Through OGSA, multiple ELIMINO engines distributed over a grid can provide
powerful computing services for on-grid users as a virtual supercomputer.

5 Grid-ELIMINO Architecture and I mplementation

Grid-ELIMINO is a distributed/parallel computing environment built over GT3. Figure 4
shows the architecture of Grid-ELIMINO. It is a master-slave arrangement. The master
program, on the client side, instantiates and controls multiple slave ELIMINO servers,
each with an OMEI front end. The master runs a control pool of threads. Each control
thread is in charge of the interaction with one particular remote ELIMINO engine. The
control pool loads the task class and allocates server resources for the required tasks.
For each task, the control pool first creates a service instance (a slave ELIMINO) in the
allocated server node and then creates a new control thread for the task. Because the
actual task is executed in the ELIMINO server, the only responsibility of the control
thread is to supply service control.
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Figure 4: Grid-ELIMINO Architecture

Developers can easily create and access the ELIMINO computing services follow-
ing the OMEI compliant API Just like writing an MPI [22] program, developers simply
write a Java class that describes the task for each ELIMINO server and send this class to



the control pool. The control pool accesses the remote ELIMINO servers through OMEI
drivers. The OMEI drivers in turn access computing service through a grid service loca-
tor. Figure 5 shows the control flow of a computing thread in the pool.
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Figure 5: Control Flow of One Computing Thread

As shown in Figure 5, an ELIMINO server is an ELIMINO deployed as a grid ser-
vice through a local OMEI driver. This service is mapped to a GSH (service locator in
Figure 5) held by the Grid-ELIMINO master through the GT3 service container, Grid-
ELIMINO can deliver the high performance computing power to on-grid users. The
IAMC framework can be used to make the power Internet accessible.

6 Useand Example Application of Grid-ELIMINO

Grid-ELIMINO provides an easy-to-setup platform for experimenting with coarse-grain
parallelism in computer algebra. As an example, let’s see how to perform the dis-
tributed/parallel polynomial GCD computation ged(P; (z, y, z), Py(x, y, z) in Grid-ELIMINO
using three slave ELIMINOSs, where

Pi(z,y,2) = (—372+13y+112)° 27Tyz— 1132 2+ 174 2 y)*;

Py(z,y,2) = (—372+13y+112)° 27Tyz— 11322+ 174z y)*.

The following is the Java control program fragment for this GCD computation.

int ELI M NO _Num

i nt Task_Num

Def aul t Li st Model Node List; //Node Ilist;

/1l 1t consists of three node;

Def aul t Li st Model Task_List; //Conmputing task |ist;

/1 1t consists of three GCD conputation over a finite field.
/1 pnod_gcd(P1, P2, 2003); pnod_gcd(P1, P2, 2011);

/1 prmod_gcd(P1, P2, 2017);

public class ELI M NG,

/la java class describing ELI M NO conputing task



ELIM NJ ] Pool = new ELIM NJ Task_Numt1];
/1 Creat a control pool of threads.
for (int i=0;i<Task _Numi ++)
{ int j=i%LI M NO Num
Pool [i].Connect( (String) Node List.get(j),
"Userl D', "PassWrd");
/] Creat grid service for $i _{th}$ ELI M NO
Pool [i]. Execute( (String) TaskList.get(j), 0);
/1 Submt the $i _{th}$ task to $j _{th}$ ELIMNO }
String GCDIift="GCDift([2003,2011, 2017],[";
i nt nunEO;
string result;
whi | e( nunkTask _Num)
{ for (int i =0; i < Task_Num i ++)
{ if (Pool[i] '= null)
{ Pool[i].waitforesult(1);
result=Pool [i].CetResult(); // Get each result ;
/'l Disconnect fromGid_ELIMNO server.
Pool [i].Di sconnect ();
Pool [i]. Di spose(); //Destroy the grid service;
GCDift=CCDIift+(result.substring(
O,result.length()-1))+",";
Pool [i] = null; numt+;
Y}
Pool [ Task_Num = new ELI M NQ();
Pool [ Task_Num . Connect (
(String)Pool [ Task_Nunj. get (( Task_Numtl) %cpu_Num,
"User| D', "PassWD');
/1 GCD lifting conputation
Pool [ Task_Num . Execute( GCDlIift. substring(
O,result.length()-1)+"1);", 0);
resul t =Pool [ Task_Numi . GetResult(); //final GCD
Pool [ Task_Nun] . Di sconnect () ;
Pool [ Task_Nuni . Di spose();

In this experiment, three slave ELIMINOSs are assigned for three initial computing
requests and each of them computes a GCD mod a small integer prime first. Then the
results are lifted with sequential processing by another slave ELIMINO.

Experiments have been conducted on a network of workstations with several poly-
nomial GCD computation examples. The workstation cluster consists of four P111 XEON
workstations connected through a local area network. In figure 6, we give the timing data
for parallel polynomial GCD computation. All timings are given in CPU seconds from
task dispatch to combination of the final computing results.



Example | Seria 2 ELIMINOs 3 ELIMINOs 4 ELIMINOs

No. Time | Time Speedup | Time speedup Time speedup

1 4.906 3.656 1.36 2.704 1.83 2812 | 174
9.034 6.712 135 6.804 1.33 7326 | 123

3 64.32 43.26 1.49 42.83 1.50 3847 | 167

Figure 6: Timings for GCD Computations over Grid-ELIMINO

¢From the figure 6, we find that we do not get a stable speedup when the number of
computing nodes increase. It is because that the load of network and computing resources
is dynamic. Even for the same example and the same computing nodes, there is still a
gap between the timing data. But we can get an accelerated trend when the scale of
computing problem becomes larger.
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Figure 7: Grid-ELIMINO User Interface

Figure 7 shows the user interface we developed to access Grid-ELIMINO. First, the
Nodes box displays all the available grid nodes that can provide computational services.
You can also add or delete nodes from this interface. The computation tasks can be seen
in the Task Li sts box. This list is editable by adding or deleting tasks. Once the
node list and task list have been set up, you can click on the Execut e button and the
tasks will be assigned and submitted to grid nodes for computing. The ongoing status



and results sent back from grid nodes will be displayed in the Resul t box.

7 Internet Accessible Grid-Elimino

The IAMC framework prototypes include the IAMC client prototype Dragonfly and the
IAMC server prototype Starfish. These prototypes can also be used to access Grid-
ELIMINO environment. Specifically, Grid-ELIMINO can be integrated into Starfish to
form a high-performance IAMC server, as shown in Figure 8. We then will be able to
use IAMC clients, such as Dragonfly to access Grid-ELIMINO, locally or remotely in
the same way as we describe in [19].

Slavel
ELIMINO
Drangonfly
) ELIMINO
IAMC Client
ELIMINO

Figure 8: Grid-ELIMINO and Starfish

8 Conclusion and Future Work

By using grid technology, Grid-ELIMINO integrates multiple ELIMINOSs distributed
over the grid to provide high performance computing services for the grid users through
OMEL. It provides parallel GCD, factorization and characteristic-set based computations.
IAMC framework is used to deliver the power of Grid-ELIMINO to on-grid users and
remote users on the Internet through the IAMC client prototype Drangonfly. At the same
time, Grid-ELIMINO achieves interoperability with other OMEI compliant tools, such
as other computing tools, editors and word processing systems.

We are implementing the data communication and synchronous control among ELIM-
INOs. When this work is completed, Grid-ELIMINO will support the parallel compu-
tation more widely, and more, provide one MPI-like parallel programming environment
for on-grid users and remote users on the Internet through the IAMC client.
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