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Abstract— Grid environments consist of the volatile inteproblems and today Grids using these technologies
gration of discrete heterogeneous resources. The notioncefn be easily constructed. Complications can arise
the Grid is to unite different users and organisations aRglith Grid environments using these middlewares
pool their resources into one large computing platform whewhere participants are expected to donate their re-

they can harness, inter-operate, collaborate and intdfabe d all th i th This i i
Grid Community is to achieve this objective, then particifza sources and allow otners o use them. IS IS no

(Users and Organisations) need to be willing to donate meshé"W_ayS practical, as some participants might not be
their resources and permit other participants to use tkeeir willing to donate their resources to others and the

sources. Resources do not have to be shared at all times, si@source provider does not encourage free use of

it may result in users not having access to their own resour¢geir resources. Many reasons for this are possible:
The idea of reward-based computing was developed to address

the sharing problem in a pragmatic manner. Participants aree Participants may wish to recover some or all
offered a reward to donate their resources to the Grid. A of their investment in a particular resource/set
reward may include monetary recompense or a pro rata share of resources. Therefore they may be unwilling
of available resources when constrained. This latter post to permit free access to these resources.

imply a quality of service, which in turn may require some . . .
globally agreed reservation mechanism. This paper present ° Participants .may not be guarammd priority
platform for economy-based computing using the WebCom @ccess to their own resources if they are shared.
Grid middleware. Using this middleware, participants can  This might impact on a decision to engage in
configure their resources at times and priority levels td sui ~ resource sharing, especially if the participant
their local usage policy. The WebCom system accounts for  expects to utilize its own resources frequently.
processing done on individual participants’ resources and Participants may have concerns about the in-
rewards them accordingly. . . .

tegrity of their resources if they allow others
Keywords: WebCom, Economy-based computing, WebCom t0 use them.
Grid Bank Reward, Condensed Graph, Distributor, Account- « Credits might be lucrative however putting in
ing, Grid Point place the essential software and hardware in-
frastructure might be complicated. Participants
opt for a reward-based approach only when
there is sufficient gain in doing so.

A Grid environment is built upon the numer- peyard-based computing was conceived to ad-
ous hardware and software resources and Servigesqs these problems. Participants are offered eco-
available to the masses. The key role of any Grighmic rewards for donating their resources to the
middleware in this situation is to harvest a larggy. The word ‘reward’ signifies feasible contri-
number of geographically-dispersed heterogeneqygions are paid for processing/sharing done on

resources, and present them to the application dgsoyrces. Currently, rewards can be the exchange
veloper or an end user as a single system. MaBchrrency Grid points or tokens.

different middlewares, such as Globus [14], Legion This paper presents a platform for reward-based

[15] and GridSolve [6] offer solutions to thesecomputing using the WebCom Grid middleware.

The support of Science Foundation Ireland and COSMOGRID {sing this SOﬂware' part'?'pants can donat.e their I’E‘.-
gratefully acknowledged. sources to the Grid. Participants can configure their
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resource availability and priority at times convenienhstant messenger). All nodes in this network offer
to them. services for each other, be it searching, uploading
The rest of this paper is organized as followsr assisting message delivery.

Economic Models are discussed in Section II. In A lot of research has gone into economy based
Section IlIl, reasons for choosing a reward-basedmputing with respect to P2P systems. Some re-
computing model are sketched. In Section Nsearch papers ( [4], [41]) have categorized economy
the use of WebCom as a reward-based computimgpdels into two groups based on their mechanisms
platform and how WebCom can schedule the jola®d characteristics (weak and strong):

on resources within their prescribed time limit is | \veak Models: In this type of model there is no
discussed. In Section V, some sample e€xecutions acqa representation of cost as such. Offering
and outcomes are introduced. Finally, in Section VI, 5 service is not mandatory in this model. Some

conclusions and some future work are discussed. weak models include the classic model, the

Higher Good/Charity model, and the common

Il. ECONOMIC MODELS ON THEGRID interest model:

— Classic model:In this model participants
are not required to offer or share the ser-
vices. Examples: Napster [37], Gnutella
[5], Freenet [10].

— Higher Good/Charity: In this model par-
ticipants only contribute services but do
not use them. Examples: Seti@home [7],
Folding@home [24], Aids@home [32]

— Common Interest: This is similar to the
previous model. In addition, the service
provider may utilize the service. Example:

The arrival of Grid computing exposed many
unsolved problems in the domain of scheduling and
job management systems. Recently, investigation
has turned towards economy-based scheduling and
job management. The main difficulty in constructing
a computational Grid based on economic resource
allocation is measuring the cost of resource usage.
Obviously, valuable resources dispersed across dif-
ferent organisations are highly dynamic, with vary-
ing hardware and software. Finding a discrete way
of charging for such resource usage may be difficult. . X
Previous work that addresses some economy based Collaborative work on cryptographic key
models includes [8], [39] and [40]. These systems crack [33].
measure the price of utilising specific resources bye Strong Models: In this type of model, service
transforming the value of using different type of  offering is mandatory for the participants’ sur-
resources into a common currency [17]. Some of Vival and existence within the system. Strong
these economic models are still under investigation Models typically offer Micro Currency, Exter-
and have not found widespread use in today’s Grid nal Billing and Force Sharing:

Environments. — Micro Currency: A virtual currency is es-
As mentioned already, the resources that make tablished between all nodes, with services
up a Grid can be dispersed across different ad- utilized between the nodes being paid for
ministrative domains. Some of these domains share with this currency. A centralized authority
their resources with the Grid for free and others is needed to issue, deploy and authenticate
might only allocate their resources if they receive the currency to avoid inflation. Example:
payment or reward. It can be argued that to make Mojo Nation [1]
Grid Computing viable in the real world, incentive- — External Billing: In this model, billing
based computing is very important: If everyone is a of the service is done by an authority
consumer, then the Grid cannot function. Grid par- outside the network. Example: Sun N1
ticipants therefore have to be enticed to share their Grid Engine 6 [3].
resources. In the case of some Peer-to-Peer (P2P) — Force Sharing: This model implements
networks, users have to maintain a 1:1 download- a ‘Give and Take policy’: All the par-
to-upload ratio in order to be allowed to participate ticipants in this model have to share a
in that network. There are other P2P networks that service in order to consume a service.
are not based on file sharing, but on the cooperation They should maintain an equal service-

model of resource usage (for example, the Jabbar sharing and consuming ratio. Examples:



eDonkey [18], Overnet [23].
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Fig. 1. WebCom architecture

Il. WHY DO WE NEED ECONOMIC MODELS IN A

users (who are utilising the resources) and the
brokers (who perform matchmaking to choose
which resource is utilised by the end user).

« In order to keep the Grid alive and growing,
services offered by the Grid should be charged.
These service may be open source software
executing on dedicated hardware. The infras-
tructure has to be maintained, serviced and
administered.

A. Opportunities for Profit

At present, water, gas and electricity services
have become commodity requirements. Grid is a
new candidate for the commodity list serving uni-
form access to computational resources, data stor-
age, security and other services, as it involves con-
strained access to a distributed collection of shared
resources. These resources may be either affordable
or unaffordable. Therefore, to provide monetary
benefits, proper tools must be developed. These
tools must result in efficient use of the available
resources. The following areas have been identified

GRID ENVIRONMENT?

The Grid is a heterogeneous parallel and dis-
tributed system spanning, and owned by, multi-
ple administrative domains across the globe. Grid
environments consist of collections of hardware |
resources ranging from desktops and laptops to
supercomputers and mainframes, and a variety of
software systems running on these. Typically such
systems are not owned by a single domain or a
single user: They have a distributed ownership. In
addition, there may be users who do not own any,
of the software or hardware resources, but merely
want to use the services offered by others. These
services may include computational services, data

as potential methods of profit making:

Development of application-dependent Grid
middleware for sale to respective application
dependent domains, enterprises and industries.
Example: Platform Computing [2].

Hosting of a Grid system/environment collating
abundant sets of resources and invitation to
consumers to use them and make money by
applying business models. Examples: IBM on-
Demand Computing [19], Sun N1 Computing
[36].

Development of a Grid middleware/client/agent
and deployment within the academic resources.
These can be used to test business models
and analyze different results. Results from

management services, storage services and security he analysis can be published in International

services. Therefore, to provide a proper balance
between supply offered by the providers and de-
mand required by consumers, a suitable economic
model needs to be implemented. Such a model must
take account of each stakeholder’s interests. Some
reasons for providing an economic model are:

Journals and Conferences. Example: Academic
Research Institutes involved in Grid Computing
Research through patenting their technology
and models.

. To make a profit or achieve maximal return oﬁ" Economic Models from the Past to the Present

investment in resources.

Traditionally, the availability of goods has been

« To differentiate Providers, Consumers and Br@onstrained by the locality of the supply of the
kers. This classification gives a clear notiogoods. Certain goods may not be available locally,
about the owners of the Grid resources, the eadd hence have to be imported. The economic



models offered in the procurement of certain goodisat would be required by the models described

can be identified as: previously. The only requirement is that the user
1) Monopoly [35]: One seller and many con-offering sufficient renumeration for job exectution.
sumers model. It is therefore in the Providers best interests to

2) Monopsony [25]: One consumer and manyfacilitate the user requirements in turns of quality

sellers model. of service, guarantee of throughput and cost effec-

3) Oligopoly [38]: Small number of sellers andtiveness.
many consumers model.

4) Commodity Market model [27]: Open mar- (R G Ppication
kets and online Internet shopping. VW
5) Posted Price Model [9]: Similar to Com- ~
modity Market Model, but includes announce ( 4 Fascian i Sl
ment of discounts and special offers. Comp“myﬁmEngme };E:&%Ele"}g"&ﬁe
6) Barter model [16]: Exchange of goods of Farming Engine)
interest. i T e e
7) Bid Model [26]: eBay for example. - }532:!:5,3;.""”
8) Tender/Contract Model Webcwn< = N i
9) Proportional Models P L | consmins e
10) Auction Models [26] —rrrTT—
« Dutch Auction. [21] N A J
« English Auction. [11] e =t || [ (R SN R s
» Double Auction [34] T Sl _
- First Price Sealed Bid Auction [30] queues

(Vickery method)
« Second Price Sealed Bid Auction. [30]

clients

C. Reasons to opt for Reward-Based Computing™9- % Reward-Based Distributor in WebCom

The models illustrated in Section 1lI-B and de-
scribed in [8] are generally not suitable for reward-

based computing because: IV. REWARD-BASED COMPUTING USING
« These are traditional economic models that WEBCOM
cannot be adapted to suit a Grid Computing
environment. WebCom [29] is a ‘fledging Grid Operating

« There are no Quality-of-Service guarantees fpystem’, designed to provide independent service
most of these models. They are prioritised faccess through interoperability with existing mid-
one-sided deals giving all the advantages to tEéewares. It is based on the Condensed Graph (CG)
Provider. Consumer preference and selection[#8] model of Computing, which is a graph based
not a priority. model that uses Directed Acyclic Graphs (DAGS).

« The number of messages exchanged in Auctidfie core architecture of WebCom (see Fig. 1)
models before the resources are mapped is @nsists of the following modules:
overhead that can use most of the available, The Condensed Graph Engine Module, which
bandwidth before the service is initialized. executes applications expressed as condensed

- For effective scheduling of the jobs, approx-  graphs by uncovering fireable instructions and
imate application completion time should be  placing them in a&Pool.
known to the consumer before the application . The Distributor Module (see Fig. 2) performs
is run (budget constraints, deadline constraints, the actions found in the traditional scheduler
time constraints). and load balancer. It receives instruction from

The provision of reward-based computing means the pool and selects a client to execute an

the user does not need to specify any constraints instruction based on configurdeolicies and



Client supporting multiple execution engines

Algorithms Once a node is selected for dis-
tribution, it is placed in the clients server-side
allocation queue.

« The Fault Tolerance Module monitors client ...
resources and executing applications an
reschedules work that was sent to machines th.
failed.

« The Security Module can be used to enforce
different security policies on executing appli-
CatlonS - Pool of Instructions /

« The Communication/Connection Manager
Module is responsible for transporting nodeg9- 3- The WebCom Distributor Module.
to the selected WebCom instances.

« The Information Module is responsible for pro-
viding the status of the resources and modul‘/ Ty — \
information of each WebCom instance.

« The Job Manager is responsible for tracking the
execution of a job across the entire WebCon
network. ——

Instructions

A. Distributor Module

The Distributor (see Fig. 3) makes decisions&gjgf’ggg:“obm msm.,.,tormy
on when and where to distribute instructions. Its

operation is diCta.ted by pO"CieS SUpp"ed thh .blylg. 4. Choosing appropriate clients within WebCom
site owners (statically) and users (at application
runtime). Policies specify the behaviour of the Dis-

tributor module. These policies specify settings such ) o

use for load balancing. These algorithms includi€s and node groupings where, for example, inter-
Round Robin and FIFO. Users can supply their ovdependant npdes can be d_ynamlcally allocated to the
implementation of algorithms which can be used ame machine for execution (perhaps due to side-
their policies. effects). _ _
Policies provide rules and heuristics that allow the The Distributor Module has a pool of instructions
Distributor to make scheduling, load balancing arf¢nded to it by the backplane. It iterates through this
communication decisions. The behaviour of ead®0l, examining each instruction and its associated
WebCom instance is dictated by a hierarchy of poRolicies to determi.ne if it can be executed _IocaIIy
cies. This hierarchy spans administration, systeff,remotely (see Fig. 4). Client WebComs will then
graph and node policies. The site policy superseddd!l those instructions allocated to them.
all others and is specified by the system owner.
Next in the order of precedence is the administrati
policy, followed by graph and node policies. Grap
policies travel between WebComs with their asso- Economic models can be easily included within
ciated graphs. Likewise, node policies travel witthe Distributor Framework. The economic model
associated nodes. Graph and node policies cani®emplemented through the inclusion of a spe-
supplied by the user at run time. cific client chooser algorithm and associated policy.
Policies are specified as text files, and henétence, it is entirely possible that some node in a
changing a policy requires little effort as no codgraph may be executed under one economic model,
re-writing is needed. Policy changes can be carriether nodes under a different economic model and
out dynamically. Policy specifications can includstill other nodes under no economic model.

. Accounting and Payment Mechanism



The WebCom Grid Bank (see Fig. 5) maintain
the financial accounts of both the Consumer ai
Provider. This bank is trusted by both participant
The payment mechanism used is based on {
Grid points obtained for executing jobs. This el
fectively assigns a score to each machine in t
Grid, based on the number of jobs executed. 4
accounting/event-logging system is maintained
the distributor. This keeps track of and logs, th
number of instructions executed on each of tt
respective providers. As a job is executed, variol
aspects of its progress are recorded in log messa
by every WebCom taking part in its executior
Information stored in the job log includes the timi
and location of the commencement and completit
of each node’s execution and the path taken duri

propagation of the node to its execution location.

Creditin his/her

WebCom Grid Bank

Provider account
is credited by debiting
™| respective amount for
| the work being done for
that Consumer

Consumer
hasto have

sufficient Consumer Account

Provider Account
account

| Submitthe Grid Points
and claim credit to
theiraccount

Servers
Providers

End Users
Consumers

Because a WebCom network is not fully intercorfg. 5. Payment and Banking System
nected, nodes may have to be passed along a path

in order to reach their intended execution locatiol

If a job completes, either normally or abnormally
its log file may be examined, allowing analysis c &=

No

the execution profile. For a job that has failed, th
analysis can provide insight into the ultimate cau
of the failure. Also, log messages can be viewe
in real-time so real-time decisions about payme
to providers can be easily made. Grid points a

de

credited to the Providers’ accounts based on the

number of executed instructions by a client. Whemg- 6. Mandelbrot Graph Application
the client wishes to cash in, they will contact the

WebCom Grid Bank to claim credit commensurate

to the number of Grid points they have earned. authorise executions. These mechanisms, developed
for WebCom security [12] [13] [31], provide added
value to the economic models being developed. The

C. How the model works

procedure for executing an application using the

In a reward-based model, each WebCom senggonomic model developed is:
has a connected set of clients (providers). Thisl) Interested clients (Providers) are discovered

defines the participants in the WebCom Grid. As
far as this model is concerned, if there are no
available clients, work will not be processed. The 2)
model has no concept of deadlines for application
completion. The application has to be completed 3)

and client participating in executing the applica-
tion have to be credited. Initially, both client and

provider will have some credit in a WebCom Grid 4)

bank [22] [20]. Providers are credited Grid points

upon execution of certain instructions. These Grid
points are then exchanged for credit. Transaction5)
security is provided by using secure SSL connec-
tions between the clients and Keynote credentials to

dynamically and can be addressed by routing
different message requests.

A Condensed Graph(CG) application is sub-
mitted to a WebCom Server.

The graph is expanded by the CG Engine to
produce nodes. These nodes are passed on to
the pool.

The pool containing the nodes is serviced by
the Distributor thread using an algorithm and
policies as specified by the economic model.
Nodes are pulled out by these clients for
execution. Grid points will be awarded to
clients based on the records maintained in



Throughput(instr/time)/ResourcgsR1(Grid pts) | R2(Grid pts) | R3(Grid pts) | R4(Grid pts) | R5(Grid pts) | R6(Grid pts)
<=5 1 0.5 1 2 0.2 1.5

6-10 2 3 5 8 9 11

11-20 8 5 7 10 4 9

21-30 10 11 12 14 13 10

32-40 14 14 18 15 16 15

41-50 18 19 23 25 28 28

TABLE |

COSTMATRIX SHOWING THE COST IN TERMS OFGRID POINTS RELATIVE TO THE THROUGHPUT OF EACH MACHINEGRID POINTS
INDICATE THE COST PER INSTRUCTION FOR A GIVEN THROUGHPUT

Resources| Instructions executed Total Execution time (seconds) Throughput (instr/time), Cost(Grid Pts)
R1 144 9 16 1152
R2 47 29 1.62 0.81
R3 76 24 3.167 38.004
R4 78 26 3 54
R5 56 25 2.24 35.84
R6 56 40 1.4 32.2
Total cost = 1312.854
TABLE I

EXECUTION PROFILE

the Accounting module on how many instruceconomic model. It is possible to alter the execution
tions (throughput) have been executed by thmofile based on the cost matrix. For example, if a
Clients. cost matrix is knowra priori, the economic model
6) Clients with these Grid points can visit theould be configured to schedule work based on any
WebCom Grid Bank and cash out. number of factors such as minimum time (by select-
ing the clients that provided maximum throughput)
or minimum cost (by selecting the clients offering

. . . the maximum throughput for a minimum cost).
The experimental setup configuration is shown

in Fig. 7. For these experiments the economic Consider the profile shown for machinB$ and

model employed considered only the providers aftp Here, both machines execute the same number
consumers executing on the WebCom network. ff instructions, withR5 exe(_:utlng its aII_o_catlon 15
total, six providers and one consumer wishing to rigconds faster thaR6, albeit at an additional cost
the application were used. The application execut@f 3-64 Grid points. We can apply the following
is represented by the graph in Fig. 6. The co§asoning to the decision making process: Is it
matrix for instruction throughput for each provideféasible to pay a additional 3.64 Grid points to
is shown in Table I. In a production environmen€nSure a 15 seconds speedup in the execution of
this matrix would be based on the running costhese instructions?

of the machines involved, such as power, cooling, However, this reasoning has to be balanced with
administration and maintenance. The event and Idge delay incurred by scheduling the second batch
ging system keeps track of the jobs executed on eaxthinstructions, i.e., should the decision be made
provider. Table Il lists the number of instructionso execute the instructions oR5 it would take
executed by each provider. It also shows the totad seconds in total to execute all 112 instructions,
time taken to execute these instructions. By crosdereas machineR5 and R6 would take 25 and
referencing the values in Tables | and |II, 80 seconds respectively. Assuming work has been
can be seen that the cost of executing the graptheduled on both machines at the same time, the
is 1312.854 Grid points. This sample executionorst-case scenario here would be that all 112 in-
indicates how work can be appropriated using thitructions are executed in 40 seconds. These results

V. EXPERIMENTAL SETUP AND RESULTS



illustrate the possible benefits in applying economic

models to the scheduling of instructions to clients.
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Fig. 7. High Level View of the Economic Setup
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(6]

I. CONCLUSION AND FUTURE DIRECTIONS
In this paper, a number of economic paradigmg]

were presented. A reward-based model used as
a base for an economy based computing using
WebCom was also presented. The modular archis
tecture of WebCom allows rapid development of

economy-based computing within a Grid Environ®

ment. We have presented a simplified producer
consumer model based on the exchange of GHédl
points. However several directions for the future

enhancement of economy-based computing usiag
WebCom are identified. These include the provision

of:
« Incentive-basedcomputing to act as a driving

force to keep the Grid alive. 12]
Reward-based computing to support qualit[y
of service and on-demand completion of jobs
(completion of a job with respect to a deadline 1a]
Use of Keynote certificates to enhance the
decision-making process of deciding where
work is sent. This would reduce the volume df4l
messages sent between WebComs. Instead of
messaging computational resources for their in-
terests in offering services, Keynote credentiall
that describe these interests will be deployed on
[16]

%ncentive can be described as a special reward awarded to
complete the work on demand, keeping quality of service ® th
maximum.

these resources. When new service providers
are detected, an initial discovery process will
be launched to identify the resources provided
via the security credentials.

A Penalty system to penalize the providers who
fail to adhere to the agreements made.
Automated Banking for crediting/debiting par-
ticipants’ accounts.
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