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Abstract: In this paper; we show how grid computing can further speedup Dynamic Time Warping (DTW) algorithm. More
specifically, we present experimental results of the data distribution of the Arabic printed cursive OCR based on the Dynamic
Time Warping (DTW) algorithm over the ScientiCic Research Tunisian Grid (SRTG). In fact, the Arabic printed cursive OCR
based on the DTW algorithm provides very interesting recognition and segmentation rates. Among the advantages of the
DTW algorithm, isits ability to achieve prop-erly and simultaneousdly the recognition and the segmentation of connected or
cursive characters from within a reference library of isolated characters. Unfortunately, the big amount of computing to be
achieved during the recognition process makesthe D TW execution timevery slow and hencerestricts its utilization. Conducted
experiments show and conrm that grid computing presents a very interesting framework to speedup the DTW execution
time. In addition, we found that the speedup and the efficiency factors increase with the size of the Arabic text.
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1. INTRODUCTION

Dynamic Time Warp (DTW) algorithm is a well known
procedure especially in pattern recognition [31], [1], [13],
[2], [3], [4], [12], [14], [32], [15], [8], [30], [29]. In fact,
this procedure is the result of the adaptation of dynamic
programming to thefield of pattern recognition. The purpose
of the DTW algorithm isto perform optimal time alignment
between a reference pattern and an unknown pattern and
evaluate their difference. Arabic printed cursive OCR
(Optical Character Recogni-tion) based on the DTW
algorithm provides very interesting recog-nition rates.
Conducted experiments achieved on high and medium
quality documents containing around 20000 Arabic words
show that the recognition average rate is more than 98%
and the segmentation average rate is more than 99%, [3],
[4], [5],[8],[27]. Moreover, wefound in particul ar that the
recognition rate (respectively, the segmentation rate)
increases when the font sizeincreases. Furthermore, what
makes the DTW algorithm very attractive is its ability to
recognize and segment s multa-neously and properly Arabic
printed cursive characters from within areferencelibrary of
isolated characters. Unfortunately, the underlying complex

computing of this algorithm makesits execution time very
slow and hencerestrictsits utilization.

Many solutions and approaches have been proposed to
speedup the execution time of the DTW algorithm [1], [13],
[12], [6], [14], [7], [15], [8], [27]. In this paper, we show
how grid computing [26], [16] can further peedupthe DTW
algorithm. More specifically, we present experimental results
of the data distribution of the DTW algorithm. Obtained
results conrm that grid computing using SRTG provides
indeed a very interesting infrastructure to speedup the
execution time of the studied application.

In Section (2), we describethe mechanism of the Arabic
printed cursive OCR based on the DTW algorithm. In
Section (3), we give a brief overview on grid computing
and the SRTG. The details of the distribution of the studied
application over the SRTG and the corresponding
performance evaluation are described and investigated in
Section (4). Concluding remarks and future investigations
are presented in section (5).

2. ARABIC OCR BASED ON THE DTW ALGORITHM

An OCR system is generally decomposed into four stages.
The (Orst one concerns the acquisition of the text scanned
image to be provided in the form of pixels or binary data.
The second stage deals with the pre-processing of this raw
dataand mainly concernsltering the scanned image, framing
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and positioning and the segmentation of thetext. The pre-
processing measurement vectors are however acompletely
inadequate support for the decision process. Thisisthetask
of the third stagewhich concernsthedescription and feature
extraction, and hence the determination of characteristic
fragments of the character or the group of connected
(cursive) characters to be recognized so that a certain
combination of characteristic fragments can be assigned with
adeqguate condence by the decision process to a recognized
class. The nal stage forms the culminating point of the
recognition process. the matter of decision on the correct
clasg cation of the unknown. What makesDTW an attractive
algorithm to use in the recognition processisitsability to
eliminate time differences between the characters or shapes
to berecognized [5], [8], [29], [27]. Based on the dynamic
programming path nding, DTW presents a computationally
efcient algorithm to find the optimal time aignment between
two occurrences of the same character and more generally
between any two given forms. Consider two symbols A and
B represented each by a sequence of feature vectors provided
by stage three of the recognition system, namely:

A=a,a,..a,..a (1)

B=b,b,...b,..b 2
where mand n are respectively thenumber of feature vectors
composing A and B. Asameasure of the difference between
two feature vectors a in A and bJ in B, adistance D(i, j) is
employed. Consequently, amatrix D of distancesisformed.
The optimal time alignment between the two symbols is
represented by the optimal path lying between point (1, 1)
and point (m, n) in D and warping through the matrix in
such a way that for any point (i, j) the cumulative distance
i, j) is minimum. A key operation for DTW is the
computation of the summation distance Srepresenting the
cumul ative distance S(m, n) at the end point (m, n) and dened
as.

m
S=min D(i,W(i)) 3)
i=1
where W(i) represents the warping function (that gov-erns
the way to find a significant optimal path in the matrix D)
with W(1) = 1 and W{m) = n. The warping function isin fact
amodd of time axis (i.e., the axis of the symbol A to be
recognized) uctuation in a character pattern. By using the
continuity conditions [2], [3], [4]: W(i+1)-W(i)=0,12
for each 1<i<m we obtain the following functional
equations on the cumul ative distances:

S(i-1,j),
S, ))=DG, j)+Minis(i-1,j-1)
i sli-1,j-2) 4

With theinitia condition:
S(1,1)=D(1,1) (5)

We then have S= §m, n). The warping function and
the optimal alignment can be found by the backtracking
technique.

A. Isolated Characters Recognition

We consider a reference library of R trained characters
forming the Arabic a phabet in some given fonts, and denoted
by C,r=1, 2, ..., R Thetechnique consiststo usethe DTW
pattern method to match an input character against the
referencelibrary. Theinput character isthus recognized as
thereference character that providesthebest time alignment,
namely character AisrecognizedtobeC,.

=Mk ise} (6)
where § is the summation distance corresponding to the
matching of Awith thereference character C, .

B. Cursive Characters Recognition

Words in many languages and especially Arabic are
inherently written in blocks of connected characters. A prior
segmentation of these blocks into separate characters may
be consequently needed. Indeed many researchers have
considered the segmentation of Arabic words into isolated
characters before performing the recog-nition phase [10],
[11], [9], [33]. We may therefore employ the isolated
character recognition algorithm described in the pre-ceding
section. The viahility of theuse of DTW technique, however,
isitsability and efciency to perform the recognition without
prior segmentation.

Let T constitutes a given connected sequence of Arabic
characters to be recognized. T is then composed of a se-
quenceof N featurevectors T, that are actually representing
the concatenation of some sub sequences of feature vectors
representing each an unknown character to be recognized.
As portrayed on Figure. 1, the text T lies on the time axis
(the X-axis) in such amanner that feature vector T, is at
timei on thisaxis. Thereferencelibrary isportrayed on the
Y-axis, where the reference character C is of length | ,
1<r<R

By abuse or extension of our earlier notation, we use
Si,j,r) to represent the cumulative distance at point (i, j)
relative to the reference character C. The objective is to
detect simultaneously and dynamically the number of
characters composing thetext T and al so recognizing these
characters.

There surely existsanumber k andindices (m, m,, ...,
m,) such that

le@ sz@ @ka

repre-sentstheoptimal alignment totext T where @ denotes
the concatenation operation. The path warping from point
(1, 1, m) to point (N, | ., K) and representing the optimal
alignment istherefore of minimum cumulative distance that
is:
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SN, 1, K= TR SN ) ™

This path, however, is not continuous since it spans
many different charactersin thedistancematrix. Wetherefore
must allow at any time the transition from the end of one
reference character to the beginning of anew character. The
end of reference character C_is rst reached whenever the

warping function reaches point (i, I , 1), i = ["*],....N.. As

we can see from Figure 1, the end of reference characters
C, C, C,arerst reached at time 3, 4, and 3 respectively.
The end points of the reference characters are shown on
Figure 1, inside diamonds and points at which transitions
occur are represented within circles. From these times on
and up until time N, the warping function always reaches
theends of the reference characters. At each timei, we allow
the start of the warping function at the beginning of each
reference character along with addition of the smallest
cumul ative distance of the end points found at time (i — 1).
Theresulting functional equationsare:

s(i-1,j,r),
S, j,1)=DG,j,n+ MIN{s(i-1,j-1r),
Sl si-1j-2r) (8)
1<r<R
with theboundary conditions:
S6,4,n=DG,1,nN+ _MN  Si-1l, k)
Ir+1] .
1{7 <i<N
i, ©)
1<r<R

To trace back the warping function and retrieve the
optimal align-ment path, we have to maintain thetransition
time (to be memorized) from one reference character to the
others. This can easily be accomplished by the following
procedure:

b(i-1,j,r),
b(i, j,r)=trace MINb(i - 1,j - 1,r),
M bi-1j-2r) (10)
I<r<R

Where the trace min function returns the element
correspond-ing to the term that minimizes the functional
equations. Thefunctioning of thisalgorithmis portrayed on
Figure. 1. through the two vectors ViecA et \ecB and where
\ecB(i) representsthe reference character giving the least
cumulative distance at timei, and VecA(i) providesthe link
tothestart of thisreference character in thetext T. The heavy
marked path through the distance matrix represents the
optimal alignment of text T to the reference library. We
observe that thetext isrecognizedasC ® C,.

Figure.1 exemplifiesthe computing complexity induced
by theDTW algorithm.
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Figure 1: The DTW Mechanism.

3. GRID COMPUTING

A gridisacaollection of machines, sometimesreferred to as
“nodes,” “resources,” “members,” “donors,” “clients,”
“hosts,” “engines,” and many other such terms. They all
contribute and provideresourcestothegrid asawhole. Some
resources may be used by all usersof the grid while others
may have specic restrictions [25], [24], [26], [16]. In most
organizations, there are large amounts of underutilized
computing resources. Most desktop machinesare busy less
than 5 percent of thetime. In some organizations, even the
server machinescan often berelatively idle. Grid computing
provides a framework for exploiting these underutilized
resources for a better efciency of resource usage [24].

Often, machines may have enormous unused disk drive
capacity. Grid computing, more specically, a "data grid”,
can be used to aggregate this unused storage into a much
larger virtual data store, possibly congured to achieve
improved performanceand reiability over that of any single
machine[24].

Consequently, agrid computingisan infrastructure that
allows to many ingtitutions (regardless their geographical
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loca-tions) to interconnect a large collection of their
heterogeneous computer networks and systems to share
together a set of software and/or hardware resources,
services, licences ... [23], [24], [26]. This huge ability of
sharing resourcesin various combinationswill lead to many
advantages such as:

1. increase the efciency of resource usage;

2. facilitate the remote collaboration between

institutions and researchers,
3. provide users with a huge computing power;
4. provide userswith ahuge storage capacity, etc.

A. The Scientic Research Tunisian Grid (SRTG)

The Scientic Research Tunisian Grid (SRTG) isimplemented
by the research team UTIC [17]. It is similar to the
XtremWeb-CH [18] which is an improved version of
XtremWeb [19]. The main goal of the SRTG isto provide
to Tunisan researchers an effective experimental framework
to achieve their different needs such asthe de-ployment of
greedy applications and their corresponding performance
evaluation.

4. THE DTW DATA DISTRIBUTION OVER THE SRTG

Thedatadistribution adopted i n this paper has been achieved
according to the following steps:

» firgt of dl, the input binary image or (images) of
the text(s) to be recognized was (are) split into parts
named binary sub images (or sub texts);

» and then, these obtained sub images have been
assgned optimally among a set of target computers
of the SRTG,

TheSRTGisin fact distributed among severa inditutions
using hetero-geneous computersinterconnected through the
Internet. One of these computers is termed the coordinator
and theremaining ones are termed workers. The coordinator
isrespons ble of the management of the OCR processand the
coordination among workers. Moreover, it isworking as a
web server service, consequently, it can for example and
instantaneoudly provide to users the number of available
workers. Thus, if we need to launch on the SRTG an Arabic
printed cursive OCR then we have rst to log in to the
coordinator, ask it about the number, computing capacity and
Operating Systemsof availableworkers. Second, we haveto
fix the number and the speci cations of thetarget workersthat
will participatein the work. Finally, we have to prepare the
different XML les describing the distributed application to
be processed [21], [22]. These les which include all access
paths of the datato be processed (the binary subimages) and
the code to be executed by every designated worker, must be
sent to the coordinator. After receiving these les, the
coordinator assignsthem among thetarget workers. Werecall
herethat thetarget workersare designated by the coordinator
however their number is fixed by the user.

Consequently, every worker participating in the work
must achievethe following tasks:

» the pre-processing and segmentation of the binary
sub image (they correspond to the second stage of
an OCR system);

* the description and feature extraction of the
segmented parts which correspond to connected
characters (they correspond to the third stages of
an OCR system);

» the recognition of these connected characters by
the DTW algorithm.

After the processing of these tasks, every worker must
turn back itsresults (recognized sub texts) to the coordinator.
In the same manner, the coordinator must rst concatenatein
the right order these obtained results into one le and then
turnsit back to the user (see Figure 2).

Recognized data

—

L_

/

Results concatenation

o

Figure 2: Data Distribution Workflow

A. Experimental Sudy

We would like to remember that the SRTG was recently
implemented and tested by the UTIC research team [17].
Conducted experiments have the following conditions:

» the studied application was implemented in “C
sharp” language;

* tomakeeasy the optimal assignment process of the
input subimages among thetarget workers, we have
considered in one hand two Arabic cursive texts
corpusformed of 3500 and 7000 randomly chaosen
words which was scanned by a HP scanner with a
resolution of 300 dpi (dots per inch). On the other
hand, we have considered a set of 9 dedicated
homogeneous target workershaving the exact same
congura-tion which was: 3GHZ as CPU frequency,
512 Mega Octets as RAM capacity and Windows
XP-professional as operating system;

» the reference library used was composed of 103
charac-tersrepresenting approximately the totality
of the Arabic aphabet (including the characters
shape variation according to their position in
words);

» thegrid networking capacity isaround 100KBs;
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<Crderancemert isRelative="1" >
<Application applicationDe scription="
RecARAB " Clicrt="Molamed "=
<o dule ModuleDescription="M0"
Ilodul eDrirIr="/app "=

=Binaty BinaryExecutable="M0"
BinarySubF ol der="Windows"
BiraryOshame=" Windows "

<Task Description="T3"
Applicatior="Rec AR AB "
Applicationiodul e="U"
uzertarme=" Mohomed " Dirln="/3"
Fileln="dir.zp" Final="1">

<Input Inpottlarmne=" textl txt " /=
<Input Inputhame=" text2.txt " />
<Input Inputhame=" text3 txt " />

BiraryCpuType="1x86" /> <Chatput

<Mdodule= Outputame="TexteResultat. xt" /=
<o dule ModuleDescription="M1" </ Task=

Mlodul eDvirIr="/app /"> </Tahle=

<Binary BinaryF secutable="M1" </Ordenancement =

BiratySubFolder=" Windows "
BiratyOsMName=" Windows "
BiraryCpuType="ix86" />

<Mdodule=

</Application=

«Tahle>

< Task Description="T0"
Application="Rec AR AB"
Applictionhodule=" R"

userMame=" Moharned" Dirln="/0"
Fileln="dir.zip" Final="0">

<Input Inputhlame="TmgTexthup" />
< Input Inputhame =" IingBib bup " />
< Input Inputhame =" fileAscii. xt" />
= Cutpt OuputMarne="text] txt" /=
<{Tag>

< Task Descriptior="T1"
Application="RecARAB "
Applicationbdodule="R"

usetMarne=" Mohamed " Dirlr="/1/"
Fileln="dir.zip" Final="0">

<Input InputName="ImeTexthwp" /=
< Imput Inputhame =" IngBb bip " /=
< [nput Inputhlame =" fileAscii. e " />
<Cutpt OutputMame="text2.txt" />
=/Tas>

< Task Descriptior="T2"
Application="RecARAB "
Applicationbodule="R"

userMarne=" Mohamed " Dirlr="/2/"
Fileln="dir.zip" Final="0">

<Input InputName="ImgTexthmp" />
< Input Inputhame =" ImgBb bp " /=
< [nput Inputhame =" fileAscii. e " />
<Cutput OutputMame="text3.txt" /=
<iTadc

Figure 3: An XML file Sample

* the XML le generation have been achieved

manually.

To assessthe performances and benetsof the distribution
of the studied appli-cation, we shall measure the gain in
computing time when using the SRTG as opposed to just
using one standal one worker. Formally, we define the speed
factor as the ratio of the elapsed (execution) time using a
sequential mode (a standal one worker) to the elapsed time
using thegrid computing (SRTG).

The efciency factor constitutes ancther factor which is
commonly used to assess the performance of such
deployment. It expresses the percentage of the CPU
utilization of all workers participating in the work In our
case, thisfactor is dened as theratio of the speedup factor
to thetotal number of workers participating in thework.

Werecall that the elapsed time using a sequential mode
has been computed on one of the 9 homoge-neous target
workers of the SRTG previously presented.

Conducted experiments areillustrated by Figure.4 and
Figure 5. Weshow in particular that:
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» the speedup factor increases as the number of
workersincreases,

» the speedup factor increases with the size of the
corpus;

» the€efficiency factor increases with the size of the
corpus too. These results are very interesting
because users can govern easily the expected
responsetime, speedup and efciency factorsof their
application just by playing on the task granularity
(thesize of theinput binary image of thetext) which
conrms our previousanalytical study [28];

» theefficiency factor isalways>0.58, it meansthat
more than 58% of the computing power of the
workers participating in the work is used,;

* inthesecond experiment, if weuse9 workersthen
the speedup factor reachesthe value 6.7 which will
lead to the recognition of more than 250 Arabic
characters per second. This is a very interesting
result given that currently commercialized sysems
have approximately the same speed but less
recognition rate c, f., [20] compared to our
approach especially for medium and low quality
texts (documents).

Consequently, the SRTG isan interesting infrastructure

to speedup the DTW algorithm and certainly other greedy
algorithms.
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Figure 4: Case Where the Text Corpus is Formed of 3500 Words
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Figure 5: Case Where the Text Corpus is Formed of 7000 Words

5. CONCLUSION AND PERSPECTIVE

We presented in this paper the experimental results of the
DTW datadistribution trough the Arabic cursive OCR over
a grid computing architecture. The objective of this
digribution istoreduce the complex computing of the DTW
algorithm. Performance eval uation of thisdistribution over
the Scientic Research Tunisian Grid conrms that this
infrastructure can provide an effective framework to speedup
the DTW by interesting factor that can lead to a powerful
Arabic OCR system. Furthermore, conducted experiments
show that the number of workersto be used, the achievable
speedup and efciency factors can be easily governed by the
USers.

Many investigations are under studies, especially the
auto-matic optimization of the number of target workersthat
will participate in the work and the automatic generation of
the XML file describing a given greedy application.
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