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The Grid concept originated with a brilliant vison. Larry Smar wasthe first to articulate the
ideaof computing asa utility that operaed like the dectical power grid. You could Opug inO
anywhereard information and computational serviceswere instartly at your disposal. Whenwe
use the electical power grid, we donOtoncern ourselveswith which power gererator providesus
the electicity. We just use it. The computational and data Grid should operat the sameway.
For information services the Web already operaesthis way. We donOtcarewhich of GoogleOs
compute farms processed our queriesor wherethe data | down-loadedwasstored.

But what about computational service®? The Grid researchcommunity hasbeentrying to build
the standards to make SmarQsvision a reality for nine years but this year we have been
confronted with some ideasthat are altering the landscape. In fact, 2007 may be rememberedas
the yearthe future for Grids becane very OcbudyO. Theindustry giarts (Amaza, Google, IBM,
Microsoft, Yahoo) have beenbuilding masive data centersat a rate that is completely outpacing
the growth of the national supercamputing certers  Thes compute and data clouds are
trarsforming our vision of what a Grid canbe. Google ledthe way by showing how we canause
a large cluster of machnesto do masively paralel data amalysis taks by uploadng aralysis
codesinto a “MapReduceOéftware framework. Amazm demamstrated how a computing cloud
could upload a virtual machine image to run arhitrary user applicaions asweb services Yahoo
has mack their computing cloud availabe to studerts to do further reseach on the MapReduce
model. Microsoft hasamounceda
billion dollar invesment in data
and compute clouds.

Sowhat doesmarycore computing
have to do with this? If we
ernvision desktop machneswith 32
or more cores by the end of the
decadk and a hundred soon to
follow, there are profound
implicatons for our digital life.
For examge, the Linked
Environments for Atmaospheric
Discovery (LEAD) project has
built service-oriented architecure
(http://www.leaddrojectorg) to support researchin severestorm predction. This SOA requiresa
rack of a dozen quad-core machines to support the user portal, data, metadata and data
proverance marmagement, workflow orchedration, faut tolerarce, and a pub/sub evert system.
This SOA is usedto orchedrate and recad the output from large-scale weaher data analysis and
simulations running on the TeraGrid. In the nearfuture we will be ale to run this entire SOA on
a single marycore desktop machne whereit will run more efficiertly and reliably. That same
destop can reachout to the cloud to do the big smulaton computing. Furthermae, our
interacton with the systemwill became far richer because we no longer needto do it through a

The Cloud and the
manycore client



web browser. The ertire middle layer of Grid serviceshecamespart of our personal productivity
ervironmert.

The potertial synergy between my marycore desktop/laptop/phone and the cloud go far beyond
the current gereraion of Grid middleware We articipate having dozers of agerts running on
our personal devicesinteractng with the cloud and monitoring the computations and data feeds
on topicsof interes to us. The explosion of networked sersor data and video feeds together with
advarnceddata mining and image recagnition tools all running continuously on a marycore cliert
candrive rule-based systemsthat know how to alert us when something of interes happers. For
examgde, knowing when a friend came to the front door while we were away or predcting an
impending heath crisis of aremoterelative.

We use the computer to creat and explore. Our explorations consist of database queries web
searches interactve sessions with tools like Matlab, Mathematica, and experimertal workfl ows
that invoke multiple tools and remde services Explorations canleadto deadends or to new
knowledge. With enough computing power, one of my agents cantrack and tag my explorations,
pruning out the deadends and recording a provenarce of each discovery. If | use agraph, tade
or image in a documert that reaulted from such an exploration, the system cantag it with its
proverarce recad. Furthemrmore, the provenance recad is OreexecutableO If new data arrives
that updatesdata that wasused to make a discovery, the system candetectthis and auomaticaly
redo the discovery proces and notify me with the reaults. The system can build a network of
discovery trails ard artifacts that constitute a web of my knowledge. As | begn a new
exploration, the system can remember related explorations and, like a good apprertice, pre-fetch
potertially useful dataor do preliminary aralysis.

Introducing the data certer cloud into the picture adds new dimersions to the proces of problem
solving. Small teamsof collaborators or large communitiesthat sharea common interes will be
able to creat Virtual Organizaions (VOs) using cloud servicesto set up shared data ard
amlicaton spaces The proces should be aseay assetting up a conferercecall. The agerts on
our multicore cliert auomatically upload and sharethat part of our personal knowledge web that
we wish to contribute to the community. Just as the Web has becane the repository of the
writings of a billion peaple, the cloud canbe the enalder of the callectve problem solving skills
for communitiesof all sizesand types For example, with my new marycore workstation | may
be trying to solve a problem by sifting through my own knowledge web. For examgde, how canl
canl predct the function of anenzyme from sequence similarity? | do this by running sets of
analysis workflows using the data and cloud services However, my agerts, in consultation with
the cloud services recaynize that my colleagie Sun Kim and Yaogi Zhou have looked at similar
problems exploring structural similarity. What emerges is a proposed solution using both
methods. How doesthis happen? Darniel Wegner haswritten about transacive memory in social
cognition. The ideais that we may not know all the details to solve a puzzle, but it may be that
the missing piecesare part of the callecive knowledge of our community. Of course, exploiting
this fact is eay if we can always remember who knows what The challenge occurs when
somelody with a key to my puzzle doesnot know they have the key. Unfortunately, this is the
common ca®. When do you know that you have a special insight into a problem that somebody
elseistrying to solve?Our marycore cliert agerts will have to constartly mine the contert of the
cloud matching our problem solving patterns and behavior against that of others Together the
cloud and our network of manycore agerts will cooperae in ways that aretoday not possible.

Industry is depdoying masive data certer clouds because it is a cost-effective way to marage
complexity and provide scalable, on-demard services With the explosive growth in the
computing power of our manycore cliernts, coupled with the impact marycore will have on the



architecture of the data certers themselves the capability of this collective resource will be
remarkable.



