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Abstract — A lambda grid is characterized by nodes
connected by high speed optical infrastructure in ich
lightpaths can be set dynamically between end nodef this
paper, we investigate the problem of downloading vg large
files requested by end nodes from data repositoriennected to
the lambda grid. To optimize the download time we mpose to
exploit a cooperative data-transfer mechanism in wich a file
downloaded by one end node is used to serve subsequ
requests for the same file. The proposed algorithnrequires
multipath routing, intelligent replication, and fra gmentation of
the downloaded files. We design an online file-trasfer scheme
FFToG (Fast File Transfers over Grids) that offersa significant
performance enhancement over the traditional file fansfer
mechanisms.  Through  detailed simulation analysis,
performance of FFToG is compared with an end-to-endile
transfer method OPNB (One Path No Buffering) and wefind
that the download time is significantly lower for FFToG. We
also compared FFToG with a multipath file transmisgon model,
with no file replication - MPNB (Multi-Path No Buff ering) and
achieved better results. Finally, we performed a dailed
sensitivity analysis with respect to the various pameters of
FFToG.

Index Terms—lambda grid, online scheduling, high-
performance, lightpath, replication, fragmentation, routing,
cooperative download

I. INTRODUCTION

In the scientific research and grid community, ¢hisra
significant increase in the amount of data collécfeom
different applications. In the field of particle y#tics, at the
European Organization for Nuclear Research (CERBrge
Hadron Collider (LHC) [1] generates multi Petabytéslata
per year [2]. Another example is the field of astmy
where the Hubble Space Telescope generates hugss to&
data (also of order of petabytes) [2]. These examplearly
indicate the need to design new specialized prddotimat
address the problem of storing and transferring \arge
files.

In this paper, we address the problem of efficientl

obtaining files in a lambda grid network. A lambdad
consists of high-capacity bandwidth pipes embedaledn
optical fiber infrastructure. Examples of lambdadgrare
National LambdaRail [4], or the OptIPuter projesk [

Currently, there is a dramatic growth of the networ

capacity [2], compared with storage. In conformitigh the
“technology doubling laws”, network bandwidth doebl
every 9 months (Gilder's Law), while disk storagepacity

doubles every year [2], [3]. Hence, bandwidth ctetreases
faster than storage cost. Transferring large fileer a
lambda grid currently requires both high bandwigltid high
storage capabilities, as data is stored in cené@dllocations.
There are scalability issues with centralized dedhires.
We want to use a scalable peer-to-peer (p2p) bliged type
of scheme in order to perform these file downloads
efficiently.

As a solution to the efficient file-transferringotem,
we propose a cooperative replication of the files grid
nodes. A node will buffer the file (or parts of tfike) that it
has requested. Many grid nodes may request the filane
and so, data will be distributed on the storageesod the
entire grid, and multiple file replicas createdleHiuffering
is also useful in the case when the same nodenedt the
file at a later time. However, grid nodes have more
bandwidth than storage, so breaking up the file pieces is
necessary, and buffering should be done selectivaty
storage resources are limited. Distributing andicapng file
pieces comes up as a natural solution for improviteg
download time.

In order to solve our large files transfer problém
lambda grids, traditional p2p file-transfer prottscoannot be
successfully used, because of the significant wiffees
between grids and p2p systems, and we desigrFetoG
protocolto take into account the grid challenges. As wapad
some features from the BitTorrent protocol [7],, [8k will
explain why it is not applicable to grids. BitTonteuses both
a cooperative and competitive model, as it is use@Gn
environment where nodes may not cooperate,
competition and fairness problems must be dealh .
Grids are 100% cooperative environments; there as n
competition for resources, all nodes collaborate.opposed
to p2p networks, grids have very high-speed trassiom
links and deal with very large files. Grids havedslmof
resources (i.e. bandwidth), and are focused oropadhnce
and application QoS, while in p2p networks, perfance is
not that important because of limited resourcesstraimts.
Grids have a small number of nodes, while p2p netsvoan
have millions of peers. Therefore, grids are more
deterministic, and suitable to design performarféieient
schemes.

We design thé-FToG algorithm to efficiently solve the
problem of large file transfers in grids, and stuidy
performance by comparing its total download time¢hvthe

and



download time of a traditional end-to-end file-tsér model
(OPNB), and with the download time of a multipath with n
buffering model MPNB). We also study our model's
behavior, and dependence of its specific parameters

This paper is organized as follows: Section Il pres
the exact problem formulation. Section Il presetite
proposed solution i.e., thEFToG algorithm. Section IV
presents the experimental results and Section ésgihe
conclusion and outlines the future work.

Il. PROBLEM FORMULATION
A. Physical Characteristics

We are given a lambda grid topology. It is représgmas
a graphG(V, E) with V the set of nodes, ard the set of

links, |V|=N, and|E|=L. All optical links in the grid each has
W wavelengths. Each wavelength functions at a sped
10Gbps (0C-192). We assume existence of wavelength

converters in the network. Matriost[i][j], i, j =1...N
stores the physical distances between any pairidfngpdes.
We need these distances for computing propagatidaysl
and lightpath setup times.

Each grid node has storage capabilities, with @ ttisk

C. Objective

Our problem’s objective is to satisfy all the resfise(by
finding a route and transferring them to the desiim) with
the minimization of the total service time. Assumithat at
request, file F is requested at tim€, and fully received at

nodeD at timeT;, and letD, =T, - T. 2)
. i N Requests
Objective: Minimize (D)) ©)
Requesti=1
. PROPOSED SOLUTION - THE FFToG

PROTOCOL

In order to minimize the total service time, ouoposed
algorithms should make use of the following key azpts:
Allow multipath routing
Divide the file into pieces
Provide intelligent replication and buffering

Throughout algorithm explanations, we will use the
notations in Section II.

For every request, we need paraftalltipath routingto

size D, i =1...N. Total number of files existent on all D (seeFig. 1), so that we can efficiently use the huge

lambda grid disks islFiles The sizes of the files afsize, |

i = 1.
Terabytes), and are stored with no fragmentatiotherdisks
of the lambda grid.

B. Requests Generated by Grid Nodes

Any grid node can generate a request for a spdi#ic

The node only needs to know the requested file mumb

(from 1 to NFiles).
A request is a triplet of the following form:

[D, T, F , Where
D - destination node (node requesting the file)

1)

bandwidth available. When receiving a large file,
performance is significantly better if we could @émost of

NFiles Files are very large (of the order ofthe free wavelengths on the ingress linksDio compared

with transmitting the whole file on one wavelengtor
example, in the topology from Fig. 5, node 2 hasc®ming
optical links. Forw=16, assuming none of the wavelength
channels is occupied for satisfying previous retpjethere
could potentially bel8 access paths 0.

In order to obtain more alternative paths for npaith
routing and to create “path diversity”, we needliaide file
F into pieces and distribute the pieceon different grid
nodes. If all file pieces are located on a singlerse node,
there is an increased probability not to be ablénd paths
from the source td, or find very long paths. A similar

T - time when file request is made. Node D needdivision into pieces approach is used by BitTorréfawever,

the file at the present time (as soon as possible).

unlike in our solution, there, no topology/routimjormation

F - number of requested file. The destination nodis needed. The piece size is an input parameteouto

does not care where the file/file pieces is/arated.
In our simulation, interarrival times between resfad(;

simulation called®_S(expressed in GB).
Replication of the files (file pieces)side the grid can

- Ti4, for requests-1 andi) follow a negatively exponential prove very helpful in improving service time, aen are

distribution (Poisson) with rat@rrivalRate Let NRequests
be the total number of requests.

The requested files (F) have a certain degree
“popularity” (or “importance”). As our problem isnaonline
problem, we use a recent past history of the rdqagtern to
determine what the “popularity” of the file is. Thequests
history should predict which files will be request@ore (or
less) in the future. The request history is usetplicate the
file. We detail more about this aspect in SectibrB.

more alternative paths from where to download drpiested
file's pieces. To avoid unnecessary file transtard provide
Eﬁplication, we choose touffer the “most needed” pieces

the most needed files. Hence, upon receiving a tfile grid
node has to choose between just processing thestglfile
or also buffering it. More details about the buiffigr
algorithm are given in next sections.



A. Overview of the Algorithm Therefore, the number of copies of a fil&€@pies(f) )

should be proportional with the utilization Uof the files

Because we do not want to lose too much storagacagby
over-replicating the biggest files, and then reatizat we run
out of disk space to store smaller fil&€gpies(f) should be
inversely proportional with file size

We scale the utilizations by dividing with the smallest
current file utilization U,,. We also scale the sizes of the file.
In addition, we want the utilizations to play a mamportant
role than sizes in deciding how many copies we lave
that is why we empirically find that powers of 3/4
respectively 1/3 offer a well-balanced number dgdies:

3

The centralized grid scheduling entity that handled
participates in each transfer request is call8deeker The
Tracker contains updated statistics about netwoakes It
maintains details about the locations of all fitlesdisks, and
about the grid links’ state. So, it records thehtjgaths that
are setup or released. The name of “tracker” cofrmws
BitTorrent, even if functionalities are differentThe
communications (updates) between nodes and traekaire
little bandwidth, compared with file transmissiomsd are
done in a separate control plane. The overall pobtéor
satisfying file transfer requests is given below:

For each received file request (described as in.Ef)) do UU' ) (5)
{ Copies(f, ) = ﬁ
ize( f,
Obtain current network state information from the 3 Size,,,

Tracker unit (locations of all files on disks, Is&tates). All pieces of file f, should be ideally replicated in

Apply FFToG algorithms to schedule the ﬁleCopies(,ij copies.
transfer:

Step 1. Find the nodes (sources) that contain giet&, C. Details of the Algorithm

and then find all possible free paths from soutcelS. A graphical exemplification of our problem for a

Step 2. Schedule each piece on a certain lightgedm  gpecific request (using notations in Eqn.1) casdsn inFig.
a certain source, in a “rarest piece first” fashion 1.

Step 3. Decide which pieces are buffered (or netpo Link 2. 2 Free

- Let the tracker know which wavelengths are used f Wavelenaths g, - 5
transmissions and during which time intervals. e . - -
Physically setup the lightpaths in parallel andrsta
transmissions of the scheduled pieces on lightpaths ‘ ‘ Link 1. 3 Free e
p [

When file transmission ends (last connection ] W_‘I’”_"’"g'“"l _ <
finishes), tracker is updated with the current diskte (what tme interval] - °
pieces were deleted/added). Also, lightpaths aleased. "

N,

Steps 1, 2 and 3 are addressed in detail in Sel¢kid. |

Fig. 1. Transferring pieces of file F from multigeurces to D.

7

B. Ideal Number of File Copies The rectangles represent grid nodes implicatediireat
Our algorithm must decide how many copies of théle transfer. The relevant nodes are the sourbes store
entire file we want to ideally have in the netwoflhe ideal copies of the requested file F's pieces, and catstin D.
number of replicated copies of a file depends srcitrrent File F's pieces are represented as small circleBign 1.
utilization and on its size. There are multiple optical links exiting from eashurce
node. Each optical link has W wavelengths, butvaaié for

considering the “popularity” of each file. Somesfilmay be the c_urren]'f rﬁquest are o_nly t;ie Wla\?elengthr;s thirae at
more important, contain more relevant data, and a]:ge time of the request. (i.e., Fig. 1, for §, there are two

requested more frequent and by more grid nodesdtiaers. exiting  optical Iin!<s, Lif‘k 1 with 3 currendy free
A file that was heavily requested in the near passt be wavelengths, and Link 2 with 2 free wavelengths).

As mentioned in Section Il, file numbers are regegs

popular, and will probably be requested again i fiture. In our simulation, in order to describe the freg/gtal
In our simulation, for every request, each file hadifferent topology of the network we use the matrix below:
probability to be requested. Keeping a history adhefile’s 0, if nolink betweermnodes and]

utilization allows us to decide which files are m@robable GTi][j] = FW =numberof freewavelenghs(wavelenghsnotused (6)
to be requested. These files need to have moresapithe for transnission)at thecurrent time

grid. The Utilization for each filelf;, i=1, ..., NFile§ is:
For file F, the number of (integer) pieces (N_P}hs

_ Current number of requests for file F; 4) file size divided by the piece size:

Number of all requestsso far

U




Size. @) Initializing Step.

1. Compute ideal number of pieces to transmit on
the same lightpath (MM is the lower bound on the number
As mentioned in Section Il A, for each file requese of pieces transmitted in parallel on a lightpath.

N_P=
- P_S

detail the following three parts 6FToG algorithm: M = N_P (8)
Find the source nodes that contain pieces of file F Number of paths computed by MaxFlow
and then find all possible free paths from soutod3.  Assume thaf is divided intoN_P=100pieces, and we get
Schedule each piece on a lightpath to D. 20 routes with MaxFlowM = 5 is the ideal number of pieces

to be transmitted for every transmission we setup.

2. Order the source nodes,S., S by the distance
from destination D. For each sourcg §et all paths from
Part | that originate from Ssee L,..., L in Fig. 2).

Decide which pieces are buffered (or not) on D.

I. Find Possible Routes to Destination

Finding the possible routes and the source nodes is 3. For all source nodes;$..., § construct empty
performed in the following steps: queues corresponding to paths computed in InitiadisStep
1. Find all source nodes (excepting node D) thaitam 2.
any piece of file F. Letthem bg S, ..., .. Step 1.Schedule each piece of file F (inside the queues)
2. Obtain all the possible “routes” to transmit F's While there are not scheduled pieces of file F, do
pieces in parallel fromS..., § to D. This is done by using {
a modified version of MAXFLOW algorithm [11]. - Find F's piece (R, with the minimum replication
By routes we do not mean physical routes, but figtits in the grid (min number of copies)
that use a wavelength on each optical link on tté o D. - Choose closest source node Node that contajps P
As an input graph for MAXFLOW we use G’ graph - From source node Node, try the routes (startindnwit
(with the number of wavelengths that are free atdtrrent shortest ones), until we find a queQgthat has less
time as link cost)(see Eqgn. (1)). MAXFLOW computas than M pieces already scheduled. If all queues have
flow from one source to a destination. We have iplelt more than M pieces, choose queyavilose length
sources (§ S, ..., &) that contain pieces of file F so we is closest to M. ((that minimizes (Length Q — M).
create a dummy source node to use as MAXLOW source, }
and connectitto S.., S Step 2.Start transferring all pieces in each non-empty

All the obtained paths may or may not be actuafigdus queue, in parallel, on the corresponding lightpaths in Fig.
to transmit the pieces of the file. We use as mainthese 2, @ on L,.., Q; on Lg). Beforehand, setup the lighpath.
paths as needed to transmit all pieces in patallBl After transfer is over, release the lightpath.

Total transfer time T required to transfer all thieces in
Il. Schedule Pieces Transmissions on Lightpaths @ queugQ, on one lightpath from a sourceois:

_ . . P S
In this part, we first decide from which source ad® T = Teowp ® Transter ¥ Tretease * Tyansrer = Siz€Q,) *F_bps +p,9)

g=1, ..., S) (seeFig. 1) to transfer each of fil&’s pieces to where Size(Q) is number of pieces in a queue, 10Gbps is

For the pieces taken from the same Sourcev& group capacity of a connectioRy is the propagation delay.

the pieces together into queues of pieces. Wertiamdl the

i i : Source Grid Node 8,
pieces in a queue together, on the same lightpath t ource find Rod

Desired number of pieces

destination D (the routes for possible lighpaths @mputed in each queus is M
in Part 1) (seeFig. 2). We want to obtain very close transfer G Qo Qe
times on all lightpaths sent m_parallel, as thtaltd)ransfer Queues with file F's pieces —
time is as slow as the transfer time of the slowigbktpath. to be transferred on same

. . . . . lightpath

The algorithm for piece scheduling consists inepst
Initializing Step where we compute the desired Lighpaths §

H H H 1 paths for

number of pieces to transmit on a lightpath (M)dewr pasalle] transfer to D +

sources by distance, and construct the empty queues (multipath) Li Lo .. La
o Step 1where we schedule e_aCh piece of the file F g 2. A source node Bansfers parts of file F in parallel.
inside the piece queues, in a rarest piece fistidan.

Step 2,where we do the transferring in parallel of ||| pieces Buffering Algorithm
all the pieces from all sources to destination tDinvolves
computation of transfer times, and setup of ligtiipa When receiving a file, the destination has to ckogbat

pieces from filg=, if any, to buffer on its disk.



If the disk is full, we must decide what existinggges Step 3.Decide if we deletegand store pon D.

on the disk to Qeletg to make room for Fhe; ”eW@e‘Wf? We do this by comparing Min_variation (Step 1.)
only delete a piece if the replacing one is “marpaortant with New_variation (Step 2.)
in the economy of the grid. o _ o
There are three possible states in which the deiiim - If (New_variation > Min_variation), delete old
disk can be: piece R, and store new pieceg fsom F on D.
State 1- the disk has enough free space to store the - If (New_variation <= Min_variation), it means that
entire file F there are enough copies of the pieces of file thén
State 2— the disk has free space only for some of network. The buffering for this request stops here.
the pieces of F
State 3 —the disk is completely full, but, if it is IV. PERFORMANCE EVALUATION

desired, we can delete old pieces and store pfem@sk _
To test theFFToG performance, we implemented a

State 1.If enough free space ob’s disk, store the discrete event simulation in C++. The simulatorsuselobal
whole file F. gueue of events, ordered by timestamp and a quéue o
lightpaths. We have three types of events: File uestFR),

. State 2.If enough free space db to store only some cgnnection_FinisheddF) and File_FinishedRF). As seen
pieces of the file (not all the pieces): in Fig. 3, when a file request arrives, we exetheFFToG
algorithm, reserve network resources and setufightpaths
to send pieces of the file. For each lighpath, espgute the
transfer times (for this period lightpath is resst) (using
Eqgn. 9) and insert a Connection_Finished event avent
gueue. When all lightpaths finish their piece tfars(i.e. the
CF', ..., CE"® events in Fig. 3), a File_Finished event is

State 3.This is the most general buffering scheme, useitiggered to compute the service timgsee Eqn. 2).
when disk D is full. We must decide which piecasirother

- While enough space on D for at least one piece
find piece Ry, with minimum replication
(number of copies of R on all disks), and buffer it.
- If disk D is full, but we still have pieces frdm
that are not on disk D, do the scheme in State 3.

(old) files stored oD we can delete to create space Fw FR; T, FRiy
pieces. The algorithm is described below: . >
While we decide to delete an existing piece on t 1 CENC FF_S:‘mu]:uion Time
disk D (let it beps) and store a new piece from F : !
(decision inStep 3

- RepeaSBtep landStep 2 CF' CF?
) ] Fig. 3. File Requests arrive and are serviced byl 66.
The above mentioned Step 1, 2, and 3 are the foltpw

Step 1Find best piece to delete from disk D. A. Simulation Parameters

For all files f on the disk D { For a request as in Eqn. 1, requesting node D is
Compute Copies)f- desired number of copies for randomly uniformly picked from interval [1, NJThe file
each file. (See Eqn. 5.) request arrival times follow a Poisson distributitinwe say
For all pieces pon disk D { that requestdArrivalRate is = 0.001, it means that, on
- Compute actual replication of piecgip the grid ~ average, a file request arrives at every 1000 skcon
- Compute the scaled variation below: Number of wavelengths per each lifW/)(is varied in our
o Copieg f.) - replication of piecep simulations to be 8, 16 or 3Risk sizesD; (i = 1,..., N) are

variation = ' “ @0  randomly uniformly distributed in the range- 30 TBytes

_COp'eS{ fi? . . ) File sizesSize ; are randomly uniformly distributed in the
- Never delete a piece that is unique in the grid.  3n4e0.6 — 6 TBytesHence, some of the files can be larger
} than the grid disks. Initially, files are not fragnmed, and the
. . . . }_ . o whole file is placed on grid diskiVe defineDiskOccupancy
Piece pwith minimum variation in_Variation) is the 3¢ how much disk space the cumulated file sizetaligi
“least needed” piece from disk D. Its replicatienciose to occupy from the total grid disks capacity. We hae
the ideal number of copiesy B first candidate for deletion. algorithm that (using the input paramefiskOccupancy
both generates files (of sizes specified above}l amaps
) i . T them on grid disks. The algorithm is not presentede
Find piece pfrom F, with smallest replication because of space constraints. So, the number @frafed
Compute variation (see Eqn. 10.) of piegdqalled  files (NFiles results from the input parameter
New_variation) DiskOccupancy.

Step 2 Find candidate piece {pto store on D.



B. Experimental Results In Fig. 6, we compare the FFToG and MPNB
) ) ) ) performances. FFToG obtains transfer times betwle®5-

_The topology used in our simulations is the 24-nb& 3 g4 times better than MPNB. So, the replication,
nationwide topology irfrig. 4. fragmentation and distribution of pieces prove ® \ery
helpful. Both FFToG and MPNB increase their transifees
when request rate increases. Because of more tsqopes
time unit, more transfers are started in paraliel ao, there
will be more competition for the grid links, and pfititly,
less available paths. This is why transfer timesdase when
arrival rate increases. MPNB performs badly whete ra
increases, while FFToG transfer times only incresightly.
This is because FFToG has the buffering mechanigrigh
replicates pieces on all nodes. This creates af lalternative
for paths, even for high arrival rates.

Fig. 4. A 24-node US nationwide sample topology.

In Order to StUdy the performance Of FFTOG: we Comparison between FFToG and MPNB Transfer Times
implemented other two file transfer methods whosglt 180000
service times will be compared with FFToG’s dowildine. o] _

120000

OPNB (One Path No Buffering) it the traditional etodend

scheme, where we send the entire file on only @b, with g 20000 |
no fragmentation. Second method is MPNB (Multi Pith g 0000 ]
Buffering), in which we fragment the files into pes, and 20000 l Ei
use the MaxFlow approach from FFToG. However, we do R 0.01 0.02 0.03
not distribute the pieces in the grid, and therends file Arival Rate [reg/sec]
repllcatlon. In MPNB, there are multlple pathS he flle ‘ @ Simulation Total Time B FFToG Total Transfer Time 0O MPNB Total Transfer Time ‘
source can transmit on all wavelengths of its egitinks. Fig. 6. Comparison between the services times Giod-and MPBN.
Comparison between FFToG and olor e rander me_ thods Related to the very large total transfer times ioletd, a
1600000 simple approximative computation tells us how weaob
_ oo M M —Siaton such large total trans_fer times. _For file sizesveen 0.6 — 6
& oo0000 | _;‘;‘j;;j;al TBytes (range equivalent with 4915 — 49150 Gbits),
£ eoo000 ] Transfer Time assuming that we always find 8 wavelengths to feareach
R st Tme file in parallel (for the experiment ifig. 5 and 6 W=16), we
200000 { B can transport a file at 8*10Gbps = 80Gbps. Thisivedes
° OOO: O_Oi O_Oj 002 with transfer times per file between aprox 61.5 15 6.
Arival Rate [reqisec] Taking the average, we obtain aproximative 338 rsfipe

Fig. 5. Comparison of total service times of thedfile-transfer methods. ~ transfer. For 500 (in the experiment Fig. 5 and 6,
H\IRequestSSOO) noninterferring requests, we get a total
the difference thafig. 5 compares all three file transfertranSfer time of 169000 sec, close to what we abfeim

methods (FFToG, MPBN and OPBN), whidg. 6 presents MPEBN for the arrival rate of 0.03.

detailed differences between the first two methddlg. 5 In Fig. 5, 6, 7, 8we show the “Simulation Total Time”
shows transfer times for different values of requasival \hich is the total network simulation time; in akgrid, it
rate. FromArrivalRate parameter, we generate request intefyould be a period over which we monitor the grid
arrival times, which are negative-exponentiallytulisited.  performance. Ifig. 6, for the rate of 0.005, simulation time
As explained in Section IV. B, the 0.005, 0.01,2).0.03 s 95333 s (approximately 26% hours). For highéesiaas
arrival rates correspond to an average of onerditpiest at NRequests isonstant, requests will be more frequent. So,
every 200, 100, 50, respectively 33.3 secofig. 5and6  simulation will finish earlier (irFig. 6, for the arrival rate of
have the following fixed simulation parametef®~=16, (.03, simulation time decreases to less than 4%shou
P_S-200 GB, DiskOccupancy=30%, so generatehFiles= If we compare simulation time with FFToG transiemne

28, NRequest500. (seeFig. 6), for the rate of 0.005, simulation time is larger
In Fig. 5, we can see that FFToG obtains transfer timgban FFToG transfer time, for rate of 0.01, theg almost
of between 27 and 24 times better than OPBN. Téis the same, and for rates of 0.02 and 0.03, trartsfez is
expected, as the grid has many wavelengths pef\iekL6), much larger than simulation time. For very slovwhairrates,
hence, the multipath routing really matters. OPBNirfstic  the grid links are almost free, and we can find lot paths
obtains almost the same times for all differentvatrrates. for transfer. In this case, total transfer timevesy small.
This is because it only uses one wavelength, slodés not When rates become higher, network is more utilizeths
create as many path conflicts as the two multipatthods.  are more difficult to find, so transfer times beeotarger.

Fig. 5 andFig. 6 present exactly the same results, wit



Also, there are many requests served in paralefos one
unit of simulation time, we count more units of ¢éinfone
unit for each request served in parallel) to thalttransfer
time (see Eqn. 3). Therefore, for high rates, totahsfer
time is much larger than simulation time.

FFToG Performance with variation of number of

requests
250000

200000

@ Simulation

150000 Time

Time [sec]

100000

@ FFToG Total
Transfer Time

50000 - |:| i
04

100 250 500 750
Number of Requests

1000

Fig.7. FFToG performance when varying the numbeegfiests.

achieves much better transferring times. With tiezgase in
requests rate, the 8 wavelength deployment s@atetome
congested as shown by the higher increase in tratisfies
as shown in the Figure. While for the 16 waveleagthse
there are enough resources as result the trarisfer just

increases slightly, even for an arrival rate of 10.0
requests/sec.
FFToG Performance
120000
g 100000
é 80000 ] ]
F 60000 4 @ 8 wawelengths
E m 16 wawelengths
2 40000
g
= 20000
[
T 04 EE
0.003 0005  0.0075 0.01
Arrival rate [reg/sec]

ForFig. 7, we use the following set of fixed parameterst;; o FrroG performance for different number ofvstengths per link.

ArrivalRate=0.005, W=16, P_S=150 GB, DiskOccupancy

=25%, and generatedFiles= 24. We vary the total number

of requests from 100 to 1000. Both simulation tinzesl
FFToG times increase when number of requests iseseas
there are more requests to serve. An interestiogigathat,

for 100 requests, FFToG time is larger compared talgorithm (FFToG) utilizes multipath routing,

simulation time, than in the case of 1000 requeBltss is
because, initially, pieces are not replicated, s need
requests to replicate the file in the grid.

FFToG Performance depending on Piece Size
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V. CONCLUSION

In this paper, we proposed a cooperative mechafism
optimizing large file transfers in lambda grids. rGanline
inftgent
buffering and fragmentation of the files. Throwimulation,
we compared our approach with a traditional ondrpeatd-
to-end file-transfer approach and with a simple tipath
approach, with no buffering, and demonstrated FafoG
is very efficient. As future work we plan to do exjmental
analysis of our algorithm on a lambda grid netwsuch as
National LambdaRail.
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