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Abstract—Advances in both computer hardware and software has given data. Also, the time to construct a circuit is not negligjtraus
end users access to increasingly complex applications. Hoveg, this evolu- making this method unsuited for a Iarge user base. The sec-
tion imposes a continuous cycle of replacement and renewaf mfrastruc- . . . . . .
ture, which is both in terms of required resources as from an eonomical O_nd_ tec_hnlque 'S_ called Optical Packet SWIt(_:hlng (OPS) _and !
viewpoint a wasteful process. We aim to eliminate this inefeiency through ~ Similar in operation to the Internet. All data is encapsadain
the use of consumer grids, in which users are given access towerful com-  packets of limited size and each packet is routed indepélyden

puting and storage resources, all connected through a higherformance
optical burst switched network. Since these consumer gridshould be ac- through the network. Unfortunately, the current state dica

cessible by the public at large, the main requirements are mesive scalabil- t€Chnology is unable to create a fully functional implenaent
ity, a robust design, and the delivery of non-trivial amouns of computing  tion of this method. The third technique, called Optical &ur
resources. We show how the basic functional requirements @iur architec- Switching (OBS) [3] combines the advantages of both preced
ture can be realised, and demonstrate several extensions igh permit the . hods. Lik O’CS . L d. butd .
full spectrum of end user applications on our platform. !ng m_et 0 S'_ ke a circuit Is constructed, but at"_"m sé

Keywords—grid computing, optical burst switching, anycast routing in variable sized packets called bursts, before the coioplet
of the setup phase. Also, as soon as the data burst has passed,
the circuit is torn down again, improving the efficiency ohda
_ _ _ ~_width usage. Consequently, this method is able to support a
! I \HE term grid computing [1] suggests a paradigm similaarge number of concurrent users while providing each ideliv

to the operation of the electric power grid; a variety of regal user with a sufficient amount of bandwidth.

sources contribute power into a shared pool for consumers to

access on an as-needed basis. A grid is composed of differ- 1. BASIC ARCHITECTURE
ent types of server resources, such as computational Esour

which offer processing power, and storage resources whiich a Fiber To The Home (FTTH)
low data to be stored and retrieved. Likewise, network reses. L B
form the interconnections between these server resouses.

I. INTRODUCTION

Optical Burst Switched Network

Computational
Resource

distributed, and consequently have different access antlato : W
policies. Also, the heterogeneous nature of the resourcgs (
differing CPU types and memory sizes) form an additionabpro
lem for the straightforward deployment of grid platforms.

-
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\ 3. A A0 R ! Suppose a user is running an application, and he would liéte to
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the processing in the network, so he can obtain results filxste

he would when executing the application locally. For that pu

} pose he constructs a control packet, which contains a gescri

@'\_ tion about the job, and is responsible for reserving banttwid

) for the burst at each intermediate router. The actual codéan

data which is to be processed, is placed inside an opticat;bur

clearly we perform the mapping of one (application-leveb) j

on one (physical-level) optical burst. The user then sehds t

. . _control packet and the actual burst in the network, both -sepa
Th_e hlgh_per.formance network charactenstlcs, as requirgdleq by a specific time interval. It is very important to niitat

by grid applications, can only be fulfilled by photonic netwo .o ~qntrol packet doa®mt contain a destination, a concept also

tec_hnology [2]. Bagically there are thre.e metho_ds for CO'"“"’“!J known asanycast routing [5]. Once the control packet arrives
cation through optical networks. The first one is called Caiti at an optical router, the router will decide through whicteim

Circuit Switching (OCS) gnd is similar_to the Cl.me_m t_elepb face the control packet and the burst will leave. This deaiss
system. It works by setting up a dedicated circuit (lightpat based on the job description present in the control packet, a

S0 the endp_omts_ are assured of th?“ connecthn,_but ant‘ne_ Sthe current state of the grid, which includes both networtt an
time bandwidth is wasted when neither endpoint is transmgitt server resources
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Fig. 1. General Grid concept



Therefore, we introduce algorithms to perfoaggregation of C. Burst Correlation
information; a router located close to a resource will have much As stated before, there exists an explicit mapping of one job

more detailed state information at its disposal than onatémt on one optical burst. However, because of limitations inegos

farr]ther ﬁway. In eff_ectl, a nedarbyd ron;]ter_wnl kl:now preciselyy ontical technology, an optical burst is limited in sizehigh
where the resource Is located and what its characteristecs plies our architecture would be unsuited for applicagigen-

A distant router however, only knows the direction in which terating large jobs. This problem can be solved by dividing a

send a job. large burst into smaller sub-bursts and making sure each sub
Once the job reaches the resource, it is submitted to the fnst arrives at theame resource. The basic anycast routing
cal scheduler which will handle the actual prOCGSSing Ofdlbe a_|gorithm does not Support this Operation, since it on|w'pjfes
When execution ﬁniShes, the results need to be transmitteid bBurst routing t(nny available resource. We can however make
to the original sender; obviously the destination is nownb se of the first burst to indicate that a known number of bursts
Since the path followed to the resource is not necessamy il follow and that they should leave through the same inter
optimal return path back to the user, it is desirable to dgvel face. Finally, this functionality is desirable, though neguired,
rOUting algorithm for the transmission of results. Staferima- by app”cations which need the presence of preceding ”Tm.lt a
tion on the used server resource can be inserted in the €ongigput data in each processing step. Sending consecutisisbu

packet going back to the original sender; this data can mlter o the same resource ensures all data will be available at the
used to update the state information contained in the reuter processing site.

IIl. ROUTING ALGORITHMS IV. GRID DIMENSIONING

Suppose we are given an OBS-based network, and are asked
Although the basic architecture satisfies the essentia-fuRy puild a consumer grid capable of handling a given amount
tional requirements, we now discuss the routing algorithms of ysers. By measurement or predicition of the access patter
further detail, as to allow a broader range of applicati®nse-  of gifferent users, we are able to optimally place the serser
10S. sources in the network. Moreover, we can assign capaciies t
both the server and network resources such that the gridarch
A. Robustness tecture can handle the load generated by the users. Ogtimali
is usually guided by the grid’s operator main concern, iastc

Robustness deals with providing a reliable service to usesgit could also focus on efficiency of resource usage or users’
even in case of failing network or server resources. Typjical acceptance rate.

distinction is made betweanmhich resource types can fail (net-
work or server), antlow many resources are allowed to fail con- V. CONCLUSIONS

currently. One way to achieve the goal of robustness is t pro e presented a novel architecture to enable the adoption of

vide more capacity than strictly necessary; in effect th&anms iq technology on the consumer level, offering massivé-sca
we overdimension the grid network (see Section IV). For iy, and robustness in service. We showed how the basic
stance, if every network link has a backup link, the operatiq tional requirements of our architecture can be redliaad

of the grid is guaranteed for at least one link failure. A®Dth yomonstrated several extensions which permit the fulltspec
method to provide a reliable service is to send each job plelti ¢ o user applications on our platform.

times in the grid network. In this case we use more capacity
than strictly necessary, but the probability that at least job ACKNOWLEDGMENTS
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