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METHOD AND APPARATUS FOR GRD 
ENABLING STANDARD APPLICATIONS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention generally relates to computer net 
works, and more particularly, the invention relates to the use 
of decentralized, collaborative networks having a grid infra 
structure. Even more specifically, the invention relates to 
methods, systems, computer program products, and methods 
of doing business wherein network-accessible services are 
provided in a decentralized network having a federated grid 
infrastructure. 

0003) 1. Background Art 
0004 An emerging trend in information technology in 
general, and in decentralized networks of the type provided 
by network service providers, is use of collaboration. This 
trend is evidenced by the level of investment in so-called 
“web services” and in the adoption of a number of open 
industry standards Supporting web services. In general, the 
term “web service' refers to an interface that describes a 
collection of network-accessible operations. Web services 
technology is a mechanism for distributed application inte 
gration, and is also commonly refereed to as the “service 
oriented architecture' for distributed computing. Web ser 
vices fulfill a specific task or a set of tasks. They may work 
with one or more other web services in an interoperable 
manner to carry out their part of a complex workflow or a 
business transaction. For example, completing a complex 
purchase order transaction may require automated interac 
tion between an order placement service (i.e., order place 
ment Software) at the ordering business and an order full 
fillment service at one or more of its business partners. In 
turn, this order fulfillment service may interact with a credit 
card approval service, a package delivery service, and so 
forth. 

0005 With increased use of collaborative networking, 
efficient techniques for resource sharing will become criti 
cal. Resource sharing is complicated in conventional dis 
tributed or decentralized networks by the heterogeneity that 
exists when using technologies Such as web services. In 
recent years, the academic and Scientific communities coop 
erated to develop the concept of “grid technology' for 
sharing their resources. A 'grid may be defined as a 
collection of distributed computing resources available over 
a local or wide area network that appear to an end user or 
application as one large virtual computing system. A primary 
objective of grid computing is to create virtual dynamic 
organizations through secure, coordinated resource-sharing 
among individuals, institutions and resources. Grid comput 
ing is an approach to distributed computing that spans not 
only locations but also organizations, machine architectures 
and soft-ware boundaries to provide unlimited power, col 
laboration and information access to everyone connected to 
a grid. 

0006 Grid technology allows enterprises to share 
resources as they form “virtual organizations' that is, the 
enterprises share their resources and services (which may be 
in geographically-widespread locations and which may have 
heterogeneous computing platforms) to form virtual com 
puting services. (See "Grid Services for Distributed System 

Feb. 1, 2007 

Integration', I. Foster, et al., Computer, 35(6), 2002, for 
more information about grid technology. 
0007 Today an architecture referred to as “Open Grid 
Services” is being developed by academic and scientific 
communities, along with commercial entities Such as Inter 
national Business Machines Corporation (“IBM(a)), as an 
evolution of grid technology. This Open Grid Services 
architecture (“OGSA) enables a grid to provide enterprises 
with an extensible set of services that can be aggregated by 
the virtual organizations. According to OGSA, all compu 
tational resources, storage resources, networks, programs, 
databases, and so forth are modeled as services, providing a 
service-oriented view. OGSA leverages web services tech 
nology (and the open industry standards on which that 
technology is built) as well as grid technology. 

0008. The OGSA work effort includes an evolution of a 
programmer's toolkit referred to a “Globus Toolkit, which 
is designed to make creation of grid-based applications 
easier. The Globus Toolkit defines a “grid runtime' as a set 
of services. This set of services includes: (1) a Grid Resource 
Allocation and Management (“GRAM) protocol and "gate 
keeper service, designed to provide secure, reliable service 
creation and management; (2) a Monitoring and Discovery 
Service (“MDS-2) for information discovery; and (3) a 
Grid Security Infrastructure for single sign-on, delegation, 
and credential mapping. 
0009. One of the largest challenges in moving to a 
distributed architecture—such as a Service Oriented Archi 
tecture, is the idea that applications must be Architected, 
Designed, and Developed specifically with the architecture 
in mind. This is especially true for CORBA/J2EE architec 
tures—as well as Web Services based architectures. 

0010. In order to move an enterprise architecture to the 
GRID, after the design and infrastructure and even core 
services are provided via a GRID infrastructure, the chal 
lenge still remains to migrate a significant portion of the 
applications, programs, and services into the new paradigm. 
The migration effort typically means that applications must 
be rewritten with the GRID in mind. This includes but is not 
limited to the following for each application: 

0011) 1) Redesign of the architecture to take advantage 
of a GRID computing platform. <Very Difficultd in 
Some cases impossible without a wholesale re-engi 
neering of the way the application works. 

0012. 2) Refactoring and/or new development to 
access the GRID libraries, in our case OGSA develop 
ment Suite. 

0013 3) Design and performance testing. 
0014. 4) Deployment. 

00.15 Given that there are many applications in a typical 
Intranet, for large Intranets, thousands, the cost and effort to 
migrate to a GRID based strategy for even a few key 
applications can be enormous. Add to that the immaturity of 
the GRID infrastructure, APIs and protocol, and the cost 
and time becomes prohibitive to do anything more than 
perhaps a few isolated applications as proof of concept or 
prototypes. 

0016. There, thus, clearly is a need for mechanisms and 
procedures to facilitate the adoption of current computer 
applications for use in a collaborative network having a grid 
infrastructure. 
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SUMMARY OF THE INVENTION 

0017. An object of this invention is to help adapt current 
running applications to make use of the grid based system. 
0018. Another object of the invention is to help enable 
currently running applications to realize the distributed grid 
resources without having to re-design or re-code those 
applications. 

0.019 A further object of the present invention is to 
provide an adapter element that allows applications built for 
traditional environments to run in a grid environment. 
0020. These and other objectives are attained with a 
method of and system for adapting a computer program to 
make use of a grid based system of resources, said grid based 
system using a given set of grid protocols. The method 
comprises the steps of providing a profile of the computer 
program; and providing a grid adapter including a series of 
application program interfaces (APIs) for interfacing said 
computer program to the grid based system using said one 
or more of said grid protocols. The profile is used to select 
one or more of the APIs to interface said computer program 
with one or more of the resources of the grid based system. 
0021. The preferred embodiment of the invention, 
described below in detail, provides a grid adapter that can be 
use to grid enable any given application without incurring 
the cost of redesign and redevelopment. In some cases using 
a GRID adapter may not be the most efficient way to GRID 
enable an application, however the low cost to do the 
enablement will provide a simple, cost effective path for 
moving apps to the GRID. Since technology associated with 
the GRID is in a fast paced changing environment, in many 
cases, GRID adapters may be the best and only solution that 
can be considered from a business standpoint—if long term 
adaptability is desired. 
0022. Using GRID adapters, combined with the GRID 
profiling technology (filed in a separate disclosure), at 
minimum represents an effective way to move traditional 
applications—to a distributed GRID infrastructure, and to 
better understand the requirements of the applications in 
place in any given environment. 
0023. Further benefits and advantages of the invention 
will become apparent from a consideration of the following 
detailed description, given with reference to the accompa 
nying drawings, which specify and show preferred embodi 
ments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 illustrates a grid service according to the 
OSGA of the prior art. 
0.025 FIGS. 2A-2C show how virtual organizations may 
be structured using a grid service infrastructure according to 
the prior art. 
0026 FIG. 3 schematically depicts a grid adapter envi 
ronment embodying this invention. 
0027 FIG. 4 schematically depicts the use of a grid 
adapter to allocate network resources. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0028 Before discussing the techniques of preferred 
embodiments in more detail, a brief description of grid 
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services and how virtual organizations may be structured 
using a grid service infrastructure will be provided, referring 
to FIGS. 1 and 2A-2C. 

0029 FIG. 1 depicts a grid service 100, according to the 
OGSA of the prior art. A particular grid service may be 
offered by one or more hosting services, and each of these 
hosting services may provide one or more grid services. 
"Grid service' refers to a web service that is augmented with 
an additional interface, in order to be compliant with OGSA, 
and that follows certain conventions. According to the Grid 
Service Specification, a grid service is a Web Service 
Description Language (WSDL)—defined service that con 
forms to a set of conventions relating to its interface defi 
nitions and behaviors'. (See Section 4, “The Grid Service'. 
in the GSS.) According to OGSA, each grid service must 
implement the GridService interface 110, as shown in FIG. 
1. This GridService interface includes functions for query 
ing the GridService instance, setting its lifetime, and explic 
itly destroying the instance. 

0030 Additional interfaces specified in OGSA are 
optional, as shown at 111, 112. These optional interfaces 
may comprise one or more service—specific, interfaces, 
and/or one or more of the OGSA interfaces. The OGSA 
interfaces (some of which remain to be defined) include a 
Factory interface for dynamic creation of grid service 
instances; notification functions that enable service 
instances to communicate with one another asynchronously; 
a Registry interface for registering instance handles; a 
Mapping interface for locating a grid service instance by its 
handle; an authorization interface; a policy management 
interface; and a manageability interface providing functions 
for monitoring and managing grid service instances. A 
WSDL portType is preferably used to specify the service 
interfaces of each grid service, and the collection of port 
Types that each grid service Supports is preferably specified 
using a serviceType element. (The serviceType element is an 
extension to WSDL that is defined for use with grid ser 
vices.) 

0031 One or more service data elements 120 are pro 
vided for each grid service. A service data element is a 
named, typed XML element encapsulated in a container. The 
service data elements for a particular grid service instance 
each provides service data for that instance, and has a unique 
name, a type, and a time-to-live (to be used for lifetime 
management). The information in the service data element 
allows requesters to find information about the grid service 
instance, including dynamically-created information (using 
introspective techniques, for example), and also allows the 
instance to be managed. (The “FindServiceData' operation 
of the GridService interface may be used to query a service 
data element.) 
0032 Each grid service may be provided by one or more 
implementations 130. Some implementations may be local 
to the environment in which the requester is operating, while 
others may be remotely located. The WSDL specification for 
the grid service allows requesters to access an implementa 
tion transparently (e.g., without regard to the programming 
language in which the service is implemented or the location 
of the service instance). A grid service can be hosted by one 
or more hosting environments 140 (which may alternatively 
be referred to as “execution environments'). The hosting 
environment determines the programming model, program 
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ming language, development and debugging tools that are 
available, and so forth. For example, an implementation of 
a grid service might be written as a procedure-oriented 
program using the “C” programming language and execute 
on a particular operating system platform, and another 
implementation of this same grid service might be written as 
an object-oriented program on the JavaTM programming 
language and execute on the WebSphere(R) platform from 
IBM. These concepts are known in the art, and will not be 
described in detail herein. ("Java' is a trademark of Sun 
Microsystems, Inc., and “WebSphere' is a registered trade 
mark of IBM.) 
0033 FIG. 2A illustrates how a simple hosting environ 
ment may be structured, where the resources 210 of a grid 
service 200 are located within the grid service's local 
network domain. (The resources in FIGS. 2A-2C are shown 
as storage resources, although this is by way of example 
only.) This simple hosting environment comprises one or 
more factory instance (which may be used to create new grid 
services, as Stated above), a registry of the available facto 
ries, and a mapper (used to locate a particular grid service 
instance given its globally-unique handle or identifier. 
0034 FIG. 2B shows a virtual hosting environment struc 
ture, where (for this example) two sets of resources 240, 241 
are located within distinct network domains. The virtual 
organization (“VO) still provides an interface 220 as in 
FIG. 2A, comprising one or more factory instances, a 
registry of the available factories, and a mapper. Behind this 
VO interface 220 may be a collection of simple hosting 
environment interfaces of the type shown in FIG. 2A. In this 
example, two simple hosting environment interfaces 230, 
231 provide accessibility to their resources 240, 241. 
0035. As with web services, the behaviors of one or more 
grid services may be aggregated to compose another grid 
service. This is illustrated by the interface to “end-to-end’ 
grid service 250 in FIG. 2C, where the factory interface is 
now designated as an "end-to-end” (“E2E) factory, the 
services are "end-to-end services (“E2ES), and so forth. 
The E2E factory instances in this case create new instances 
of the end-to-end or aggregated grid service, and the E2E 
registry instance tracks and advertises those E2E factory 
instances. The E2E factory instances preferably interact with 
lower-level factory instances (for example, from grid service 
260 and/or 261), asking those lower-level factories to create 
service instances that can then be aggregated to create the 
end-to-end grid service 250. (An end-to-end grid service 
may alternatively be referred to as a “collective' or “virtual 
grid service.) 
0036) As demonstrated by FIGS. 2A-2C, a client can 
access a grid service and its resources in an identical manner, 
where the grid service interface is identical regardless of 
which hosting environment has been used to provide that 
grid service and those resources. 
0037 As mentioned above, one of the largest challenges 
in moving to a distributed architecture—such as a Service 
Oriented Architecture, is the idea that applications must be 
Architected, Designed, and Developed specifically with the 
architecture in mind. This is especially true for CORBA/ 
J2EE architectures—as well as Web Services based archi 
tectures. 

0038. In order to move an enterprise architecture to the 
GRID, after the design and infrastructure and even core 
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services are provided via a GRID infrastructure, the chal 
lenge still remains to migrate a significant portion of the 
applications, programs, and services into the new paradigm. 
The migration effort typically means that applications must 
be rewritten with the GRID in mind. This includes but is not 
limited to the following for each application: 

0039) 1) Redesign of the architecture to take advantage 
of a GRID computing platform. <Very Difficultd in 
Some cases impossible without a wholesale re-engi 
neering of the way the application works. 

0040 2) Refactoring and/or new development to 
access the GRID libraries, in our case OGSA develop 
ment Suite. 

0041 3) Design and performance testing. 
0042. 4) Deployment. 
0043 Given that there are many applications in a typical 
Intranet, for large Intranets, thousands, the cost and effort to 
migrate to a GRID based strategy for even a few key 
applications can be enormous. Add to that the immaturity of 
the GRID infrastructure, APIs and protocol, and the cost 
and time becomes prohibitive to do anything more than 
perhaps a few isolated applications as proof of concept or 
prototypes. 

0044) The preferred embodiment of the invention pro 
vides a grid adapter that can be used to grid enable any given 
application without incurring the cost of redesign and rede 
velopment. In some cases using a GRID adapter may not be 
the most efficient way to GRID enable an application, 
however the low cost to do the enablement will provide a 
simple, cost effective path for moving apps to the GRID. 
Since technology associated with the GRID is in a fast paced 
changing environment, in many cases, GRID adapters may 
be the best and only solution that can be considered from a 
business standpoint—if long term adaptability is desired. 
0045 Using GRID adapters, combined with the GRID 
profiling technology (disclosed in copending Application 
(Attorney Docket YOR920040585US1), filed herewith, for 
“Method and System For Application Profiling For Purposes 
of Defining Resource Requirements” (the disclosure of 
which is herein incorporated by reference), at minimum 
represents an effective way to move traditional applica 
tions—to a distributed GRID infrastructure, and to better 
understand the requirements of the applications in place in 
any given environment. 
0046) More specifically, with reference to FIGS. 3 and 4, 
a GRID adapter is essentially an abstraction layer built into 
a given environment, represented at 302, such as a JAVA 
VM, or a C++ runtime library, represented at 304. The GRID 
adapter thus provides an environment to execute C++ or 
Java code, by providing a standard set of APIs that are 
based on the J2SE, J2EE, or C++ Shared libraries (for Linux 
this includes libstdc++, for AIX the equivalent shared librar 
ies, in the Microsoft world these may be MSC C++ dynami 
cally linked libraries. 
0047. The difference between a GRID Adapter set of 
libraries and the equivalent development environment librar 
ies are that the GRID version enables access using standard 
GRID protocols to the greater, distributed, GRID resources, 
represented at 306, transparently. Thus when an applications 
require the use of CPU (System calls), or Data Storage(Usu 
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ally also system calls)—these services could be conceivably 
provided locally as they are today or provided via a GRID 
service from some distributed GRID participant. The key to 
determining how a particular application gets its resources 
fulfilled, be it GRID supplied, or locally supplied is deter 
mined by an XML profile mechanism that is pre-generated 
for any given application. The profile 310 (described in the 
above-identified patent application Attorney Docket 
YOR920040585US1), provides a view into the resource 
requirements of the application by instrumenting the target 
application with monitoring hooks, running that application 
for a reasonable amount of time under normal loading 
conditions, to understand the footprint (size and memory 
requirements of the application), I/O and CPU resource 
usage. What is generated then as a profile 310 becomes 
essentially a scoring table that is used to determine what 
areas of the application’s resources are candidates to be 
GRID enabled. The GRID adapter, as represented at 312, 
then uses the profile, to allocate resources either locally or 
by GRID enabled means to supply the application with the 
SOUCS. 

0.048. It is conceivable then that some threshold, X, is 
determined as optimal performance considerations for 
enabling a certain percentage of any given application to be 
GRID enabled. Using the applications profile, the GRID 
adapter, may determine to enable 0-100% of the resources 
required from the GRID pool of resources. Importantly, this 
is all done in a transparent way from the application's point 
of view, in essence it is simply executing in a stand alone 
environment as it was before—and is therefor unaware of 
any greater GRID resource pool. 
0049. The implications to this are significant in terms of 
speed of deployment, and Total Cost of ownership for each 
application. 

0050. It should be noted that the grid services concepts 
and syntax are undergoing revisions, and thus the operation 
names, parameter names, and so forth that are used herein to 
describe preferred embodiments might change during this 
revision process. Accordingly, the examples used herein are 
provided for purposes of illustration and not of limitation; 
alternative messages, operations, interfaces, formats, syntax, 
and so forth may be used without deviating from the scope 
of the present invention. 
0051. As will be appreciated by one of skill in the art, 
embodiments of the present invention may be provided as 
methods, systems, or computer program products. Accord 
ingly, the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment or 
an embodiment combining Software and hardware aspects. 
Furthermore, the present invention may take the form of a 
computer program product, which is embodied on one or 
more computer-usable storage media (including, but not 
limited to, disk storage, CD-ROM, optical storage, and so 
forth) having computer-usable program code embodied 
therein. 

0.052 The present invention has been described with 
reference to flow diagrams and/or block diagrams of meth 
ods, apparatus (systems) and computer program products 
according to embodiments of the invention. It will be 
understood that each flow and/or block of the flow diagrams 
and/or block diagrams, and combinations of flows and/or 
blocks in the flow diagrams and/or block diagrams, can be 
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implemented by computer program instructions. These com 
puter program instructions may be provided to a processor 
of a general purpose computer, special purpose computer, 
embedded processor or other programmable data processing 
apparatus to produce a machine. Such that the instructions, 
which execute via the processor of the computer or other 
programmable data processing apparatus, create means for 
implementing the functions specified in the flow diagram 
flow or flows and/or block diagram block or blocks. 
0053. These computer program instructions may also be 
stored in a computer-readable memory that can direct a 
computer or other programmable data processing apparatus 
to function in a particular manner, such that the instructions 
stored in the computer-readable memory produce an article 
of manufacture including instruction means which imple 
ment the function specified in the flow diagram flow or flows 
and/or block diagram block or blocks. 
0054 The computer program instructions may also be 
loaded onto a computer-readable or other programmable 
data processing apparatus to cause a series of operational 
steps to be performed on the computer or other program 
mable apparatus to produce a computer implemented pro 
cess such that the instructions which execute on the com 
puter or other programmable apparatus provide steps for 
implementing the functions specified in the flow diagram 
flow or flows and/or block diagram block or blocks. 
0055 While it is apparent that the invention herein dis 
closed is well calculated to fulfill the objects stated above, 
it will be appreciated that numerous modifications and 
embodiments may be devised by those skilled in the art and 
it is intended that the appended claims cover all Such 
modifications and embodiments as fall within the true spirit 
and scope of the present invention. 

What is claimed is: 
1. A method of adapting a computer program to make use 

of a grid based system of resources, said grid based system 
using a given set of grid protocols, the method comprising: 

providing a profile of the computer program; 
providing a grid adapter including a series of application 

program interfaces (APIs) for interfacing said com 
puter program to the grid based system using said one 
or more of said grid protocols; and 

using said profile to select one or more of the APIs to 
interface said computer program with one or more of 
the resources of the grid based system. 

2. A method according to claim 1, wherein the grid 
adapter provides an environment to execute one or more 
given computer codes. 

3. A method according to claim 1, wherein the step of 
using said profile includes the step of the grid adapter using 
the profile to allocate resources to the computer program. 

4. A method according to claim 3, wherein said allocated 
resources are allocated either locally or by grid enabled 
CaS. 

5. A method according to claim 1, wherein the grid 
adapter determines to enable a calculated percentage of the 
resources required from the grid based system. 

6. A method according to claim 1, wherein the step of 
using said profile includes the step of determining a thresh 
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old value as optimal performance considerations for 
enabling a certain percentage of any given application to be 
grid enabled. 

7. A system for adapting a computer program to make use 
of a grid based system of resources, said grid based system 
using a given set of grid protocols, the system comprising: 

means providing a profile of the computer program; and 
a grid adapter including a series of application program 

interfaces (APIs) for interfacing said computer pro 
gram to the grid based system using said one or more 
of said grid protocols; and 

said grid adapter including means for using said profile to 
select one or more of the APIs to interface said com 
puter program with one or more of the resources of the 
grid based system. 

8. A system according to claim 7, wherein the grid adapter 
provides an environment to execute one or more given 
computer codes. 

9. A system according to claim 7, wherein the means for 
using said profile includes means for using the profile to 
allocate resources to the computer program. 

10. A system according to claim 9, wherein said allocated 
resources are allocated either locally or by grid enabled 
CaS. 

11. A system according to claim 7, wherein the grid 
adapter determines to enable a calculated percentage of the 
resources required from the grid based system. 

12. A system according to claim 7, wherein the means for 
using said profile includes means for determining a thresh 
old value as optimal performance considerations for 
enabling a certain percentage of any given application to be 
grid enabled. 

13. A program storage device readable by machine, tan 
gibly embodying a program of instructions executable by the 
machine to perform method steps for adapting a computer 
program to make use of a grid based system of resources, 
said grid based system using a given set of grid protocols, 
said method steps comprising: 

providing a profile of the computer program; 
providing a grid adapter including a series of application 

program interfaces (APIs) for interfacing said com 
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puter program to the grid based system using said one 
or more of said grid protocols; and 

using said profile to select one or more of the APIs to 
interface said computer program with one or more of 
the resources of the grid based system. 

14. A program storage device according to claim 13, 
wherein the grid adapter provides an environment to execute 
one or more given computer codes. 

15. A program storage device according to claim 13, 
wherein the step of using said profile includes the step of the 
grid adapter using the profile to allocate resources to the 
computer program. 

16. A program storage device according to claim 15, 
wherein said allocated resources are allocated either locally 
or by grid enabled means. 

17. A program storage device according to claim 13, 
wherein the grid adapter determines to enable a calculated 
percentage of the resources required from the grid based 
system. 

18. A method of providing end-to-end grid services, from 
a grid of computer services, to a computer program, the 
method comprising the steps of 

using a utility application to execute the computer pro 
gram, 

using a result of said execution of the computer program 
to identify specific performance requirements of the 
computer program; 

determining a profile of the computer program from said 
identified performance requirements; 

using said determined profile to select grid services, from 
said grid, for the computer program; and 

providing the computer program with the selected grid 
services. 

19. A method according to claim 18, wherein said com 
puter services includes: 

computational resources, storage resources, networks, 
programs, databases, internal I/O services, and external 
I/O services. 


