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ABSTRACT

This paper explains how to achieve massively distad
computing using many stateless nodes consistingxaofmweb
browsers, mobile and thick clients which can perfor
computation on demand. This architecture solves uatiyt
independent problems that do not require synchatioiz and
inter node communication during computation. Therragement
uses javascript enabled browsers which act as plultiodes
connected to a web server acting as the contrdlhe.system can
scale rapidly as more browsers connect to the sangcan solve
a multitude of problems, especially those for whithe
communication overhead between partial solutionsovg and
there is little or no inter node communication.Skpproach
makes the client platform independent and inexpensio
implement. The paper also talks about the advastaged
disadvantages of such an approach and also how such
technology is feasible for large scale applicatiosuch as data
mining, pattern recognition and many more.
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1. INTRODUCTION

Almost every major player in the software businesgvesting

heavily on distributed and cloud computing resosirc&his

exponential growth can be attributed to the surpfutata that has
been generated, over the last 5 to 10 years, thémksaser

generated content being a new category of datehdmataken the
internet by storm. Massive computing grids andhidectures are
being built for the purpose of distributed compgtimvhich is a
need when you are trying to linearly look througbillion plus

pages of information. Map Reduce category of pmb®lving

was a breakthrough in the way problems, espediatige related
to the web, were perceived. It showed that lardessts of the
problems on the web were actually massively pdralleature

and they could be solved in isolated computing tehss Big

Kahuna is a framework which can perform computation large
datasets using the map reduce paradigm of progmagariihe

computation nodes are made up of web browsers, lenaioid

other indigenous clients which are connected taeh server. In
our setup we run the clients on browser. Javaswifitnes on the
browser perform the computation and data is trattedhiusing
AJAX messages.
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1.1 Browsersasa Computing Resource

The internet browser has increasingly become tierface of
choice for a broad range of applications rangingmfr
multimedia applications to financial application¥he main

impetus for this move is the large user base wisi¢amiliar with

the interface and knows their way around it. Thenser is also a
heavily underutilized computing resource, most siséo not
utilize the browser to its complete potential .Abh@very person
connected to the internet has to use the browsedptany work
online, with software as a service being toutethasnext step in
desktop computing, the importance of the web brovsegreater
than ever. Big Kahuna is an attempt to build enfrevork that can
build a massively distributed system over the m¢erin a short
period of time and can use the computational powfethe

Internet browser.

Early research attempts involved trying to bsewser based
Applets and Web Start architecture, both built avej to achieve
internet wide distributed computing. The technoloigy now
extinct and also the dependence on the presenegawh runtime
makes the solution less effective. Early work iis tsphere used
technologies that were thought to see huge adogiah also
become a standard feature of the browsers. Bubpsilan decade
later, these client side technologies have almesbime obsolete
and have failed to see large scale adoption. Howmyvewne
technology, Javascript, has seen tremendous growthits
capabilities and has also become a standard featweeery web
browser.

Current day distributed systems that work on wedlesdata are
all thick solutions. Most of these solutions conaekaged with a
distributed file system so as to distribute databé worked on,
efficiently. The distributed file system enableskeaf the nodes
to work on data available locally to limit netwottaffic, in the

process improve performance of the system.

In our experiments with Hadoop, a popular open @®ur
distributed computing framework by Apache, we found
performance improvements for large datasets, butsfoaller
datasets, the initialization overhead and startwqulev reduce
performance. The other problem was the settingfgtuster with
mirrored directory structures, common version ofaJand other
nitty gritties amidst installation woes. Gettingged with such a



framework incurs tremendous costs, both in termmofey and
effort. Big Kahuna tries to bring down these cdsysusing a
platform agnostic resource like the browser and edsnoves the
installation overhead.

Big Kahuna's server side architecture is desigodde agnostic
to the client's implementation. We have successfusled J2ME
based mobile clients in addition to browsers to at
computational nodes. Efforts are also on to poetdhent to the
next best language on browsers Adobe Flash.

2. RELATED WORK

There have been previous attempts to implementstildited
computing system over browsers using Java appkd&tcher,
Malhotra : Network of browsers - A multiprocessamputer[6],

Peter Capello et al implemented Javelin[5] whichalso a
browser based parallel computing system and usasajaplets on
browsers for computation. JAVM[4] by L.F Lau etialalso a
similar approach to build an Internet based pdraiemputing

system. Another browser based distributed compijngffort

was implemented by F.Boldrin et al. which employeesy similar

architecture and was developed in parallel at Usitye of

Ferrera, ltaly. Big Kahuna differentiates itself bging a more
complete and mature implementation. Our architectavoids
coupling the client with any specific technologyishmaking the
framework very flexible. As mentioned above we eatly have
implemented a browser based solution as well askilenbased
solution. A user participating in computation wihr framework
is completely agnostic to the fact that his browsermobile

device is being utilized, the user is only notifteefore the start of
a workflow.

3. BACKGROUND

In this section we explain the background behind the
technologies we are using to build Big Kahuna. Wetd justify
our decision in choosing the appropriate technetegi

3.1 Javascript

Javascript isa lightweight, object-oriented, crpkdform
scripting  language[13]. Javascript, which was idtroed
primarily for validation of controls in HTML, has een
tremendous development in terms of features. A mobewser
can easily access at few megabyes of cache andehassnable
computational power. Frameworks that have beent boiil
javascript have features like exception handling pseudo multi-
threading. Many web based applications mandate abe
javascript and a recent statistic shows that aln@&8t of the
browsers, across the world, have scripting
enabled[14]. JavaScript, despite its syntactiaalilarities with C
and Java, has more in common with functional laggealike
Lisp or Scheme. It implements both procedural argjea
oriented programming paradigms. Objects are
programmatically in JavaScript, by attaching methodnd
properties to otherwise empty objects at run tiee opposed to
the syntactic class definitions common in complietuages like
C++ and Java. Javascript runs on a run time envieo and
these run times are usually
browsers. There are a number of javascript impléatiems
available, for example, Rhino(Java implementatiamd it can be
used outside the browser by embedding the enginearin
application. If Big Kahuna were to ever move outted browser
then such frameworks would provide interestingraliéves. The

implemented within  web

browser thus represents a highly available resowite a few
million connected to the web at any given time. Taeascript
runtime implemented within the browser makes forvery
effective tool which can be used to perform compora

3.2 Asynchronous JavaScript and XML (AJAX)

AJAX is not a technology in itself, but is a terhat describes a
"new" approach to using a number of existing tetbgies
together, including: HTML, XHTML, javascript, CSXSLT,
and XMLHttpRequest Object[13]. These technologielp make
incremental updates to the content on a browsérowitreloading
a page. The XMLHttpRequest makes background resutest
URI's which return either XML or fully formed HTMLThis data
is then used to render changes to the visual aderfon the
browser window. AJAX is a very powerful concept aBih
Kahuna uses AJAX to ferry control information, datad results
across from browser to server and vice versa.

AJAX request reply cycles have been designed to
Asynchronous in nature. The plumbing that AJAX vk is
http, and all fault tolerance mechanisms of http built into
AJAX. Since Big Kahuna works on a distributed pesh|
asynchrony poses a very big problem. The map regacadigm
works well because there is no need for a consdansilie midst
of a workflow, as there is practically no internagenmunication.
The only consensus that would be required woulddyapletion
of the workflow which can be decided by the seraocating
jobs. Hence problems of asynchrony in traditionatributed
systems don't affect Big Kahuna. Control informatand Data is
sent and received through these AJAX messages. r@Cont
information is required so as to decide when andtw compute.
Data is transmitted from the server to the cliesnI8ON. Details
of JSON are explained in the following section.

3.3 JSON Data

be

JSON (JavaScript Object Notation) is a lightweigtata-
interchange format. It is easy for humans to readi arite. It is
easy for machines to parse and generate. JSONilisobutwo
structures:

1. A collection of name/value pairs. In various langes,
this is realized as an object, record, struct,iatiery,
hash table, keyed list, or associative array.

2. An ordered list of values. In most languages, fhis
realized as an array, vector, list, or sequence.

Big Kahuna uses data in JSON format for transmisbietween
the server and the client. Though AJAX was tradiity built for
XML data, when dealing with large amounts of ddte, time for
marshalling and unmarshalling XML data would begé&arJSON
data in comparison requires no unmarshalling osipgr Data in

created JSON format, if well formed, can be assigned diyeitt an array

and loaded into memory for execution. Though tlaeevery few
error correction mechanisms with JSON data, therangments
in terms of speed of execution shadow the viabdftyXML as a
candidate. A sample JSON list is shown below

"Alabama", "California"," Texas"',"Delaware"

This can be assigned to a javascript array ussiggle call to the
eval() function after which the data can be accessed asray in
javascript. No other data format can achieve thigavascript



which justifies why Big Kahuna uses this for traiitsimg data to
the client browsers.

4. MAP REDUCE

Map Reduce is a programming model and an associated

implementation for processing and generating latgi sets. It
uses Lisp like functions called map and reduce wwak on large
datasets and many real world tasks are expressiblénis
model. Programs written in this functional styte automatically
parallelized and executed on a large cluster of noodity
machines[1]. Simple map routines are run indepehdean
partitioned datasets, the results of which are tiodlated together
in the reduce routines. A simple example of a neuce routine
is given below

map(lambda x: x*x*x, range(1, 11))
[1,8,27,64,125, 216, 343, 512, 729, 1000

reduce(lambda x, y: x+y, range(1, 11))
55

Map Reduce differs from standard divide and conqueblems
in ways like (1) results of map computations aré neguired by
other computations, so they are mutually
computations (2) Just like the branching factordimide and
conquer, Map Reduce problems can define a redutterfalf
enough number (reduce factor) of candidates arsepteto
perform a reduce, then the reduce computation aka place
along with map computations. Reduces don't haweatit for all
the maps to complete before starting.

4.1 Map Reducein Big Kahuna

Big Kahuna follows the map reduce paradigm focd@mputation.
Both the map and reduce routines are written iagasipt which
is executed on the client browsers. The web senlas care of
scheduling the map and reduce operations and la¢ésddta that
the routine has to work on. The server sends theetdathe client
browser which calls the map routine and passeseitdata. The
result from the map routine is then returned baxkhe server.
Reduce operations also work this way. All the Us#s to do is
write the map and reduce routines in javascript amtbed those
scripts onto a HTML page for this mechanism to work

Since browser based http communication is asymcu® in
nature, it's almost impossible to predict the liges or the
availability of the client. By Following the mapdece paradigm,
we can make the process robust to constraints ietpby the
programming model. If a map operation or a reduperation
fails to return a result, it can be requeued faroetion by another
client. Also, since there is hardly any interdegemce amongst
individual computations, failure means only a sindataset has to
be reworked on.

The class of problems that Big Kahuna is perfestlifed for are
those that require little or no internode commutiiceand where
the dataset can be split into granular bits bigughoto be
transmitted though HTTP. The reason for having malior no
communication between the computing nodes shallorbec
clearer as we elaborate on the distributed enviesiim

5. BIGKAHUNA - ARCHITECTURE

The design of Big Kahuna had to take into constitamaa lot of

factors. To achieve true platform and hardware pedeence the
programming model should be decoupled from the dexites

of the execution environment by providing a virtuahchine
abstraction with uniform and predictable semanfite execution
environment needs to implement the virtual machingvork on

top of one[2].

The idea was to build a solution that would maie éxperience
seamless to the users. The decisions on technblagy already
been discussed above. The server side technologgerhwas
J2EE, mainly because of its wide spread adoptiahaamilability

on multiple platforms. Each problem, which is a sémap -

reduce computations, is organized as a workflowe TBig

Kahuna server side controls all aspects of a wonkfl

A typical workflow is started after there are enbuglients
connected to the server. The clients keep pollirgserver prior
to the workflow signaling that the client is aliaad ready to
perform computation. Once the workflow administragtarts the
workflow, clients are signaled about the startifighe workflow.
The clients then proceed to request for data, perfo
the necessary computation and return the resul toathe server.

independen The routine to be called (whether it's a map openadr a reduce

operation) is communicated to the client beforeejuests for
data. A typical scenario of a client working is aimobelow.

Start 1

Poll server

Send Resul to Server

Figure 1. A typical client scenario

5.1 Client

The primary design goal was to develop an OS inulpet
client; We have already mentioned the merits ohgish web
browser for this purpose. Initially the browser whg client of
choice, but as our server side architecture matuedealized we
could accommodate more transient nodes to perform
computations. The entire process was achieved bingnahe
calls to the server RESTful. This means that clierged to call
specific URI's to get control information and datiad these calls



do not need any kind of authentication or spediatedures. Any
language capable of making HTTP calls can conthet job

allocation server and receive control informatiamd edata for
processing. We have ported the client to java moein a J2ME
based mobile phone. Plans are on to extend itashFand other
languages capable of performing computations. idise clients
can then work in synchrony to solve a problem.

To explain a client's working, we shall considebrawser. The
same set of steps correspond to non browser impl@tens.
When the user points his browser to the specifid Lhe/she is
served a web page with pre-loaded javascript cotle. client
then continually polls the Resource Manager modurte the
server notifying the server that it is ready torfpen

computation. When the workflow administrator startise

workflow, the Resource Manager signals the clienteqquest the
Core Module for work also indicating whether to exie a MAP
routine or a REDUCE routine. In case of a MAP opiera the

client then requests the core module for work astunk of data
is downloaded by the client and the data is passethe pre-
loaded MAP routine for computation. The solutiorsént back to
the server for aggregation and the client goes baglolling the
server. The results from this MAP operation is estioin memory;
if there are enough results to perform a REDUCEatn (the
reduce factor is decided by the workflow administrp the set of
results are sent to a client requesting for workifglicating that
it's a reduce routine. The reduce results are @makhnto the
queue to be aggregated for another REDUCE operaliothis

way all the map and reduce operations are completed

5.2 Serve

The Big Kahuna server consists of the modules asritbed
below.

Kahuna Server

Core

Result

i Manager
Datastore
Data

Manager

Technology
Specific Mgr

Resource Mgr

l I Communication over http

Brnwsers m

Clients

Figure 2. High level architecture

Resource Manager : This module maintains the clients whilst
the workflow isn't running. When a client joins thamework, it
pings the Resource Manager, which talks to the f@cdgy
Specific Manager and allocates it a unique idesgifon number.
The client then keeps pinging the Resource Managhcating
that it's alive and is ready to perform computasio®nce the
workflow administrator starts the workflow, the Rasce
Manager gives the list of free clients to the Coredule and also

informs all the clients to contact the Core Modideget the data
for computation.

Technology Specific Manager : Since heterogeneous clients can
work together and each have their own requiremehg
Technology Specific Manager dictates, through thesdrrce
Manager, what URI's should the client request. Thidifferent
for different types of clients. For example, a jsa@pt based
browser client may get a URI to request for datdS®N format,
while a J2ME client may get URI's for XML or sorather sort
of data representation.

Data Manager : This module contains all the data files thatehav
to be processed using the Map operations. The Datiaager
reads data files and maintains relevant data strestfor queuing
Map jobs. The data can be present in the relatite pf the web
application or can reside elsewhere. The workfl@miaistrator
can define where the data files reside. If theifiléoo large to be
sent via HTTP, the Data Manager handles splittinpefiles into
smaller bits. The choice whether to split the fidesiot, if so, then
the granularity of it etc is decided by the workfladministrator.
The results from the computations of these map @bssent to
the Result Manager for further computation.

Result Manager : This module is responsible for collating all the
results from the Map operations and queuing thetouye sent as
data for the Reduce operation. The reduce factateisded by
workflow administrator and the job of the ResultMager is to
concatenate reduce factor number of items in thelrqueue and
send them as data. Once the results are retuimeskt ftems are
removed from the result queue and the new resatided back to
the queue. The workflow is considered complete wdlethe data
gueues and processing queues are empty and these ée item

in the Result Queue.

Datastore : The datastore is either an in memory store or a
database and is used by both the Data and thetResnhager to
maintain their corresponding queues. The datashae an in
memory as well as a database implementation. Fge lgueues of
large files, the database can be used but typitadiyperformance

of such a store on disk makes the processing sloiféicient
caching strategies are used to reduce the numbread$ from the
database when disk based datastore is used.

Core : The heart of Big Kahuna is the core. The core ufed
contains routines for Job Allocation and schedylihgnd off

procedures and also algorithms for fault toleranthe URI

interface to the Core takes care of all these mguand
operations and the back end boasts of a robustithigo to

prevent crashes and other mishaps.

The Resource Manager redirects the client taesgthe Core,
the core based on the request consults both the dabager and
also the Reduce Manager and decides whether tcatdlathe
client a Map job or a Reduce job. Once the jobllscated, the
core adds to an allocation datastructure bothdheajlocated and
the client it was allocated to (identified by thaique number
given by the Resource Manager). When the resuliseturned,



the entry is removed from the allocation data $tnec If a result
is not returned and there are no more items irgtheie then it's
assumed that the client crashed or was terminaieslich a case
the data item is sent to some other client thaeguesting for
work.

This step is important as transient clients arengrto lot of
failure. Failure can occur due to many reasons

1. The data sent to the client may be corruptedghith case the
routines will fail to process and return a result

2. The user may close the browser or any othenglithereby
killing the computational process.

By ensuring that incomplete jobs are reallocateddifferent
clients the core adds fault tolerance methods t® ¢ntire
workflow. The web front end presented to the wankfl
administrator shows the status of the operatiomatgiven time
during the execution of the workflow. The admirastr can also
see a list of clients connected to system and s&ies for
variables like the Reduce factor, data files pafiitting criteria

and datastore type.

5.3 Other Issues
Here we address some of the other issues that eoersidered
when designing Big Kahuna.

Security: Since javascript is preloaded into the browdee,dode
is freely available to the users to see and thig Ingaperceived as
a security risk. There are a lot of hacks to getiad this problem.
One solution is delaying the loading of the javamarode till the
workflow starts, the code itself gets transmitted an
asynchronous call and it can be loaded directly memory and
readied for execution. Another solution could bebduscate the
javascript code that is loaded into the browseris Tias two
benefits, one is that the code is hidden and ifabfiscation is
optimized, the size of the code can be reduced alieatly,
thereby saving some bandwidth. Another solution tento
encrypt the data that is being sent to the client.

Liveness: The jobs are allocated based purely on first céinse

serve basis. Clients that have either crashed @e Hzeen
terminated won't be allocated any work. The jobleczted to
those clients will be reallocated to other cliemitso, since the
overhead of joining a workflow is very low, the ninen of clients
that can join the process can be very large. Givahthe map and
reduce routines are error free, we can be assheedystem will

be highly available.

Distribution: Since allocation is first come first serve, jobe a
allocated equally to all clients. The faster clgntas a

consequence, will get more jobs than slower clidoi that too

can be controlled by the workflow administrator.

Scaling out: The network and scalability of the web servet
primary bottlenecks to the performance of the fraor&. Most of
these problems have been worked on for quite someertow and
some standard solutions do exist. If the web sgm@ves to be a
bottleneck, then you can employ multiple serverfatm out jobs
to the clients.

6. PERFORMANCE OF BIG KAHUNA

The following sections discuss the feasibility gedformance of
our implementation. We also try and explain thedkifi problems

for which such an approach is feasible. That wangnly the
reason we chose the map reduce paradigm of programs
suitable candidate. The problem with map redutleasthough
the model enforces rules such as no internode coneation, no
order of execution and division of the input dagg some specific
rules for Big Kahuna have to be stated explicBig Kahuna
works on http and deals with stateless clients tieeaf which
there are constraints. Some of them are :

1. Since the clients are stateless there ardiawiali overheads to
establish and ascertain authenticity of a cliehe Big Kahuna
solves this problem by issuing the client a uniigiemtifier the
first time the client connects, and that identifeeused as a
session variable for further communication.

2. The method of data transmission in case abader is
asynchronous which means overhead in sequentigliai
process. AJAX requests, though non-blocking in reathave to
be made blocking calls to maintain the sequenapefations.

3. Medium of transmission being HTTP, there aréthtions to
the number of bytes of information that can beirekand sent.
Though messages of any length can be received ageetength
for sending a result is small.

4. Also, type and bandwidth of the network provée
bottlenecks when it comes to performance. Typicaidl Area
Networks run 10/100 Mbps connections. The bandwke#ps
getting shared as more and more people join theanktand also
transmission speeds dip as a result of lot of systeontending to
get a hold of the channel.

5. Traditional distributed computing solutions,igéhare geared
for performance, come with a local data store ttebget, a
distributed file system. This is required as theant of data that
is required for processing is huge and disk 10 brexpa
bottleneck when there is a single datastore. Bilgufa also faces
this problem as there is a central data store frnich many
clients have to be served the data. We try to dpérthis by
prefetching the file and keeping it in memory befiris
requested in order to save on disk IO time. Alsostd2EE
servers use efficient caching mechanisms to secogremonly
used page, which also helps when there is so miudi P
activity.

To get a clear understanding of the type of prolléhat are best
solved using Big Kahuna, we define a metric, thie @tio, which
we think is a good indicator of whether Big Kahuma viable
solution to the problem at hand.

C-L Ratio is defined as :

Computation Time

€ — L Ratio =
NENO T TLatency + K)

Where,
Computation Time = time to run the core logic of the problem
Latency = Time taken to read the dataset for one Johigkn d
or time taken to transmit that dataset on the agtw



k = a constant that accounts for conversions in fbaaats,
parsing delays and other inevitable factors whextinig with

textual data.

6.1 3x3Pattern Search in Inverse Chesslogs

One of the candidate problems for running experisen Big
Kahuna was searching for a particular 3x3 patter ¢orpus of
logs of the game of Inverse Chess(reference to By game of
Inverse Chess was invented and built at [[IT Baoigg8] and
involves playing chess backwards. The game is fptay
backwards in moves” rather than the usual chese gérhat
“playing backwards in moves” signifies is that warsoff the
game with few pieces on the chess board and cenfifaying
until we arrange all our pieces back to their orddjipositions. An
Inverse chess log optimized for the Big Kahuna fli#e this

1#6, 1#6, 2
6#4, 2#4, 2

Where the part before the first # indicates thempand the
following two sections are initial and final positis of the pawn
on the board. Given that the game is played orx&8rcBess
board, our problem involved generating all 3x3 grais of each
state in the game and then looking for the pasic83 pattern.
As you can see, converting the log to an arrayesprtation and
then computing 25 of the required 3x3 patternspeve is
computationally intensive as the number of movesaase. The
data granularity we chose was one log per cliemé roblem
being mainly involving lists and string manipulatj@ur single
CPU comparison was written in python, a languagiehvimakes
dealing with strings really simple and efficient.

Average Computation Time = 0.3647 seconds
Average Latency = 0.0002038 seconds

K approx 0 - very negligible and can be ignored
Therefore, C-L ratio of Log Analysis£95

3x3 patterns performance
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Figure 3. 3x3 speed up using Big Kahuna
6.2 Cosine Similarity of a document in a corpus

Given a document, the problem involves firgdine most
similar document to the reference document in gel@orpus. The
problem uses the vector based approach to représenments
and uses the cosine distance between the docuasentsans of
evaluation. Suppose we are comparing two documenetsirst
vectorize the document based on occurrence of wardghen
find the cosine of the angle between the two docusaé&xample

d1 = 1(this) + 1(is) + 2(really) + 1(good)
d2 = 1(this) + 1(is) + 1(bad)

Then, cosine of angle between d1 and d2 = d]dd2/d2|
where d1.d2 = dot product of the two vectord |d1| =
magnitude of the vector.
For finding the most similar document given derence
document in a corpus of 633 documents, these \weretiserved
values:

Average Computation Time = 0.00353
Latency = 0.0000590
Therefore, C-L Ratio §9.83

Cosine similarity of documents
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Figure 4. Cosine Similarity speed up using Big Kahuna

6.3 Greatest ten numbers

If finding the greatest 10 of 500,000 numheese our
problem, then we would split the data into setS@J0 numbers
and define our Map and Reduce operations. Map tiperaould
be to find the greatest 10 in a single set of 50@@bers and the
reduce operation would be the exact same thingmtie results
of the map operation. Typically 100 results frora thap
operation are sent as the dataset for the redwsratign. For this
problem, the C-T Ratio is calculated on a singlecpssor
machine as follows:

Computation time (greatest 10 of 5000) = 0.48I316

Latency = time to read the file containing 50Q0nbers (this
since there is no network factor) = 0.5892 seconds

K = data format conversion time = approx zero

Therefore, C-L Ratio 8.7652
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Figure5. Sorting speed up using Big Kahuna



Given the performance of the problems on the Bagiha in co-
relation with the metric, we can draw some conclasiregarding
the problem type and also its feasibility.

If the C-L Ratio is considerably high thémieans the
computation time dominates the communication tinids
viable to be computed by Big Kahuna

Problems with C-L Ratio > 1 and not veryhithe
computation time is almost comparable to the comcation
time and as more and more clients are added, tivechakeeps
increasing due to the bandwidth being shared anidhgslients.
As a consequence, the C-L Ratio keeps plungingoaalls at a
value nearing 1. After that, any more clients add#idonly bring
down performance. As more clients are added theevafl the C-
L Ratio decreases exponentially.

In case of the 3x3 patterns, owing to the high @afiratio, there
is significant speedup achieved as compared togiesprocessor
machine and the platform can scale to a large nuwclEnts. In

case of the cosine similarity, since the ratio Wasery high,

though performance is marginally better comparedh teingle

processor, the framework doesn't scale well ankpeat very
fast. In case of sorting, the single processor iy viaster
compared to the framework.

The size of the dataset also determines the speszhigved using
the framework. As indicated by figure 5, if thealst is too large
then the latency will increase, not only due totthe lag in
transmitting but because other clients will useshme channel to
receive similar size files. The granularity of tetaset should be
chosen optimally. The size of the result should &ls small as
the result has to be sent back to the server. Lragéts from Map
operations will significant slowdown and such peshs should be
avoided.

7. CONCLUSION

We have shown how a framework like the Big Kahuna be
used to build a robust and highly scalable disteducomputing
platform. Contrary to speculation, we have alsonshéor certain
class of problems, this application level netwodn cscale to a
large number of clients and also achieve signiticgpeedup.
Network bandwidth is a big bottleneck limiting parhance but
given that gigabit networks are already a realityd &aster
networks are being designed, we can be assurethibgiroblem
will slowly fade away.

No installation, platform independence, abilitysizale to a large
number of clients and fact that the experienceemngess to a
client make this platform very viable for buildingassively

distributed computing systems. The framework alsmdtes

issues like managing clients, jobs, faults etc iasdlates the user
from all these problems. All the user has to dwvige the map

and reduce routines for a problem and the framewakés care of
the rest. Given the current technological bottlésechoosing the
right problem to be solved still remains an acurggg prudence.

We have tried to define a metric and have alsedistut pitfalls to

help the decision making process easier.

If cloud computing does take off and the world gdes, install

and use softwares will be passé, then a solutian this could
harness the power of a large number of clients ected to the
system without any of the traditional overheadser€his also a
steep increase in the number of mobile clientdetatand other
devices with networking capabilities joining the nido wide

network, the internet, and a cross platform sotutike this can
work across all of these ubiquitous platforms tdlcba highly

flexible distributed computing solution.
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