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Figure 2. Top: Oil saturation at the end of the simulation for the original well distribution. Bottom: Oil pressure.

new injection well to be the same as that at the other injecticould evaluate (p) for all 3904 possibleg P and from this
wells. We note that in general, the BHP and well penetrati@asily determine the optimal well location. For the simple test
parameter could vary and become an elemeRt @flso, more case considered here where every function evaluation takes
wells could be placed. about 25 min on a Linux PC consisting of dual 2 GHz AMD
The goal of the case study is then to bnd the optimal pogithlon processors, we have actually done this and show the
tionp P ofanewwell, with respectto the objective functiorresults in bgure 3. However, for more realistic computations,
f (p) debPned above. Given enough computing resources, dhis is of course not possible, and optimization algorithms
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Using the Pawn and Discover computational collaboratofpynamic Data InjectionPawn leverages JXTA pipes mecha-
clients can connect to a local server using the portal, and camisms and combines it with its guaranteed message delivery
use it to discover and access active applications and servicemechanism to provide Dynamic Data Injection.
on the Grid as long as they have appropriate privileges aR@mote Procedure Cal{fawnRPQ: The PawnRPC mecha-
capabilities. Furthermore, they can form or join collaboration nism provides the low-level constructs for building appli-
groups and can securely, consistently, and collaboratively in-cations interactions across distributed peers. Using Pawn-
teract with and steer applications based on their privilegesRPC, a peer can dynamically invoke a method on a remote
and capabilities. The components described above need tpeer by passing its request as an XML message through a
dynamically discover and interact with one another as peerspipe.
to achieve the overall application objectives. As can be seen
in bgure 4, the experts use the portals to interact with the ) o )

Discover middleware and the Globus Grid services to dig: Reservoir optimization using the pawn framework

cover and allocate appropriate resource, and to deploy the . i . i

IPARS Factory, SPSA and Economic Model peers (Step 1. this section, we describe how Pawn is used to support the
The IPARS Factory discovers and interacts with the SPSXOtotype autonomic oil reservoir optimization application
service peer to conbgure and initialize it (Step 2). The exp@tiined in Section 2. Every interacting component is a peer
interacts with the IPARS Factory and SPSA to debne appiiiat implements Pawn services. The IPARS Factory, SPSA,
cation conbguration parameters (Step 3). The IPARS Facté\@ﬂ the Discover collaboratory are Application peers and im-

then interacts with the Discover middleware to discover affement ARC and AEX services. The Discover portals are

allocate resources and to conbgure and execute IPARS sfnf€nt peers and implement AMS and Group communication

ulations (Step 4). The IPARS simulation now interacts witR€rVices. Key operations in the process include peer deploy-
the Economic Model to determine current revenues, and of8€nt (-9 IPARS Factory deploys IPARS), peer discovery
covers and interacts with the SPSA service when it neeffsd IPARS Factory discovers SPSA), peer initialization and
optimization (Step 5). SPSA provides the IPARS Facto§PnPguration (e.g. Expert conPgures SPSA), autonomic op-
with a new guess for a better well location (Step 6), whiclimization (e.g IPARS and SPSA interactively optimize rev-
then uses it to conPgure and launch new IPARS simulatiofidUe), interactive monitoring and steering (e.g. Experts con-
(Step 7). Experts can, at anytime, discover, collaborative{fct t0, monitor, and steer IPARS), and collaboration (e.g.
monitor, and interactively steer IPARS simulations, conpgufeP€rts collaborate with one another). These operations are
the other services, and drive the scientibc discovery proc&&Scribed below.
(Step 8). Once the optimal well parameters are determined, the
IPARS Factory conbgures and deploys a production IPARS
run. 4.1. IPARS factory and SPSA optimization service

These interactions are enabled by the Pawn services thagleployment
build on JXTAOs pipe and resolver services to prosideeful
andguaranteednessaging. In Pawn, messages are platformihe IPARS Factory and SPSA Optimization peers are
independent, and are composed of source and destinafi§floyed using Globus services accessed through Dis-
identibers, a message type, a message identiber, a payl6a4er/CORBACOG. The SPSA peer is &€ program that is
and a handler tag_ State is maintained by making every m@ajegrated with Pawn using the Java Native Interface. Figure 6
sage a self-sufbcient and self-describing entity that carrigéesents the sequence of operations involved. The deployment
enough information such that, in case of a link failure, it cal§ orchestrated by the Expert through the Discover portal. The
be resent to its destination by an intermediary peer withoR@rtal gives the Expert secure access to all the machines reg-
the need to be recomposed by its original sender. In additidptered with Globus Meta Directory Service (MDS) to which
messages can include system and application parameterth Expert has access privileges. Authentication and autho-
the payload to maintain application state. rization is based on the Globus Grid Security Infrastructure

Pawn implements application-level communication guartGSI) service. Once authenticated, the Expert can use the por-
antees by combining stateful messages, message queudid® deploy the IPARS Factory and SPSA peers on machines
and a per-message acknowledgment table maintained at @choice after verifying their availability and current status

ery peer. This messaging is used to enable the key applicatiffad, CPU, memory). Deployment uses the Globus GRAM
level interactions such as : service. The portal also gives the Expert access to already de-

ployed services and applications for collaborative monitoring
and steering using Discover.
Synchronous/Asynchronous Communicati@@ommunica-

tion in JXTA can be synchronous (using blocking pipes)

or asynchronous (using non-blocking pipes or the resolvér2. Peer initialization and discovery

service). In order to provide reliable messaging, Pawn com-

bines these communication modalities with stateful meséd startup, peers use the underlying JXTA discovery service to

saging and guarantee mechanism. publish an advertisementto the peergroup. This advertisement



