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Enhancing Tamil document images for better OCR recognition

Ram Krishna Pandey, A G Ramakrishnan

MILE Laboratory, Department of Electrical Engineering,
Indian Institute of Science, Bangalore 560012, India
rkpandey @ee.iisc.ernet.in, ramkiag @ee.iisc.ernet.in

Abstract:

Spatial resolution is an important factor when passing a document image to a properly trained OCR for
obtaining editable text. Experimental results in terms of character level accuracy on different
resolutions of the same document image are different when passed to OCR for recognition i.e. the
character and word level accuracy of document images is different when scanned at a different
resolution. We have found that when the resolution is low the accuracy is also low and the accuracy
increases steadily when the same image is scanned at higher resolutions. In this paper, we have studied
the performance of a properly trained OCR on Tamil document images and found that the accuracy
can be improved by increasing the resolution of the image. Through extensive experiments, we have
obtained a convolutional neural network architecture which can take the low-resolution document
images and can obtain high-resolution document images with a factor of two. We have shown a very
good improvement in terms of PSNR, visual quality and character level accuracy of the reconstructed
output images.

Keywords: document image, spatial resolution, convolutional neural network, super-
resolution, document quality, OCR, PSNR, recognition accuracy.

1. Introduction:

Experimental results suggest that Optical character recognizers (OCR) character-level
accuracy (CLA) reduces significantly with the decrease in the spatial resolution of document
images. And in many situations, it is not possible to obtain HR image for e.g. supposes the
document is scanned at low resolution and the original document destroyed. In this work, our
objective is to construct an HR image, given a single LR binary image. The work reported in
the literature mostly deal with super-resolution of natural images, whereas we try to overcome
the spatial resolution problem in document images. Various methods proposed in literature
are [3,4,6,9,14,16,17,20]. Note that all the works have shown their results on natural images.
Since we are using only binary images for training and testing, we found that the above
scheme does not improve the PSNR and OCR accuracy as much as our proposed simple and
fast CNN architecture. In this work, we have used deep learning concepts to obtain a novel
CNN architecture especially trained on binary Tamil document images with ReLU and
PReLU activations, We have performed multiple experiments with various parameter settings
and different architectures to obtain an effective approach for Tamil document image super-
resolution.

II. Problem definition:

In digital world digitization of document images have important applications, consider a
situation where the documents are scanned at a very low resolution to save memory



requirement and now, the ground truth is not available to perform the scanning again at high
resolution. So we are left with only one choice of increasing the resolution of the already
scanned document images.

Given a low-resolution image, we want to obtain a high-resolution image, for this, we have
used a convolutional neural network and the architecture of the CNN is given in Fig 1. Since
the images are document images (which has fewer features compared to natural images) we
have optimally taken less number of filters for speed up and to avoid more redundancy
because of the repeating nature of less varying filters. Once the model is trained means the
weights are now stable, we can obtain a high-resolution image from the low-resolution input
image. The size issue between the patches (LR and HR) have been taken care in the dataset.
Loss function used in the CNN architecture is MSE and the model parameters are learned
using standard back propagation and stochastic gradient descent with momentum.

16 10

32 filters 16 filters 1 filter
Activation can be ReLU or PRelLU

Fig. 1: CNN architecture used for obtaining high resolution image from a given LR image

II1. Contributions:

Studied the performance of the OCR on different resolution of the document images and
found the recognition can be improved by increasing the resolution of the image. This
becomes the real problem of increasing the OCR accuracy on low-resolution Tamil document
images. By performing extensive experiment on all recently available algorithms and
techniques, we have tried to select (in terms of test time, higher PSNR and OCR accuracy) the
CNN architecture suited for binary document image super-resolution. Our proposed CNN
architecture for Tamil document image superesolution is fast and robust to resolutions. To
show the robustness of the model the results of PSNR improvement and OCR CLA and WLA
are given. We report the performance of our enhancement technique in terms of OCR
accuracy for Tamil using MILE OCR [13]. It is important to note that the image is enhanced
before passing it to the OCR and hence there is no need for any changes in the OCR design.

IV. Details of the CNN model:
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Table I: 3-Layer convolutional neural network architecture designed for
Tamil single document image SR with ReLU or PReLLU

Layer Type Filter size and no. | siride | pad output

conv 1 16 = 16 = 1 Hxbhxlx32 1 NIL | 12 x 12 x 32
Act.fn. | 12 = 12 = 32 ReLUJPReLlT NIL | 12 = 12 = 32
conv2 12 = 12 = 32 1x1x32x16 NIL | 12 = 12 x 16
Actfn. | 12 x 12 x 16 ReLU/PReLU NIL | 12 x 12 x 16
conv3 12 = 12 % 16 d3xdxloxl NIL 10 = 10 = 1

If the input to the convolution layer is of size wy x h; x d; and at each layer we have four

hyper parameters namely, the number of filters n¢, the spatial extent filter (se), stride (s) and

amount of zero padding (zp); then the output size is calculated according to the formula [24]:
W2 = (Wi=Se+2xZp)/s+1; h2 = (h; -s.+2 x z,)/s +1and d; = n¢

A. Initialization:

For the network to train well and not to become dead or irresponsive initialization is
important. Suppose the network is initialized to a matrix of zeros the network will not update
at all. And if it is initialized to a matrix of ones all neurons will try to extract similar features
which are not desired. Out of the various initializations proposed we have used the
initialization technique discussed in [21] : Var(Wi)=2/ni.

B. Activation function:

Various activation functions proposed in the literature in recent years, we are using ReLU
[23] and PReL.U [21] activations, which give better results for our specific task. Using ReLU
as an activation avoids vanishing gradient problem in the network. Our network architecture
is designed so that it avoids exploding gradient problem.

C. Dataset:

One of the important steps involved in training a deep neural network is the dataset
availability, since Tamil document images super-resolution is not addressed in such a way, we
have created our own dataset for this task. We wanted our super-resolution technique to work
on multiple resolutions and hence we have taken a mixture of multiple resolutions of 135
document images for training and 18 for testing. From these images, we have randomly
selected 5.1 million HR-LR patch pairs from the training images. LR image is obtained by
down-sampling and up-sampling the HR image by a factor of 2. LR patches are 16x16
overlapping patches with a stride of 6 obtained from the LR image. And corresponding HR
patches of size 10x10 taken from the HR image.

Low res Image - Training High res Image - Training Low res Image - Training High res Image - Training
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Fig. 2: Sample LR and HR patch pairs of dataset used to train the model.



We have taken proper care in such that HR-LR patches correspondence remains intact. The
test data set and the training data set is different so that generalization is better.

Table 2 shows mean PSNR results for CNN_ReLLU and CNN_PReLLU methods on Tamil
images scanned at different resolution. Figure 3 shows a segment of Tamil document image
reconstructed using CNN_ReLLU and CNN_PReLU. Table 3 shows the mean character level
accuracy (CLA) and word level accuracy (WLA) of Tamil test images reconstructed using
CNN_PReLU along with those of the LR input images. Figures 4 and 5 are the feature of a
sample input Tamil character which is obtained by convolving the learnt filters of the CNN at
the output of first and second layer of the CNN architecture. As can be visually perceived that
the feature at first layer is less complex than the features at the second layer. The last layer has
single filter which takes the weighted combination of the input and produces a single
reconstructed HR output of the input features at this layer.
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Fig. 3: Results with ReLU & PReLU activations on a segment of Tamil Binary image

Table 2: Mean PSNR of CNN_ReLU and CNN_PReLU

Resolution | LR_input | Bicubic | YiMa [14] | CNN_ReLU | CNN_PRel.U
Binary50dpi 1417 1474 1495 16.69 1680 |
BinaryT5dpi 15.08 15.62 15.88 1941 19.59
Binary [(dpi | 1640 17.28 20.10 278 2298
Binary150dpi | 17.55 1836 2165 26.20 26.60

{'?’I_l.'f} _..;,'7}" L' I“IT:-‘{; uﬂj i“l]l-; - ng :r{ ..
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Fig. 4: Total 32 features or the responses of filters at the output of first convolution layer.
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Fig. 5: Total 16 features or the responses of filters at the output of second convolution layer.

Table 3: Mean WLA and CLA Table 4: Comparison of our results with Yi.Ma
[14]
CNN_ReLU | Yi. Ma [14] [ Speedup
r Resolution | MET in sec. | MET in sec. Factor

| Metric | LR lllpllt | CNN_PRCLU | 50 dpi 1.6 136 85
CLA 54.9 90.2 75 dpi 3.1 270 87
100 dpi 39 425 109
WLA 11.3 54.0 150 dpi 14.8 962 65

VI. Conclusion:

Our proposed approach to enhance the quality of Tamil document images resulted in mean
PSNR improvements of 2.63, 4.51, 6.58 and 9.05 dB over LR images of 50, 75, 100 and 150
dpi, respectively. This improved the OCR character and word-level accuracy on these images
as listed in Table 3. Our model is robust to different resolutions of input images and is
lightweight the proof of robustness is the result listed in Table 4, and the proof of light weight
is the execution time our model takes to obtain the HR image. Some of the input test images
and the corresponding HR images are available at this URL [30]
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Development of a Speech-Enabled Interactive Enquiry System in Tamil for Agriculture

S. Johanan J oysinghl, M. Nanmalar!, G. Anushiya Rachel', V. Sherlin Solomil, V.
Dhanalakshmi’, P. Vijayalakshmi', T. Nagarajan'

1Speech Lab, SSN College of Engineering, Chennai, India,
>Tamil Virtual Academy, Chennai, India

Agriculture is one of the most prominent and quintessential occupations in the world.
In India, more than half the population is involved in agriculture. Yet, there is a lack in
productivity, measured in produce per hectare per year, compared to other countries such as
Brazil, United States, and France [1]. This could be attributed to the fact that sufficient
information about the state of the art methods and practices do not reach the farmers.
Although information is available on various web portals, these cannot be fully utilized by
farmers due to their lacking in technological aspects.

Speech technology aims at bridging the gap between man and technology by
providing a natural interface between them. Providing such an interface to access agricultural
data would mean that farmers can now obtain the latest information through a more natural
way of communication. In the current work, we focus on building such an intuitive, time-
independent and human-independent interface, to provide farmers in Tamil Nadu with
agricultural information in their mother tongue, Tamil. Three crops are handled, namely rice,
ragi, and sugarcane. Of these, rice has been given the utmost importance, since it is the most
popularly grown crop.

I Speech Recognition
-—""'i" System

Web |
Interface

Solution kr Specch Synthesis
Systeim

T AT 1 1

Fig. 1. Components of the enguiry sysiem

Fig. 1 shows the components of the enquiry system. The main components are the
speech recognition system that converts speech to text, and the speech synthesis system that
converts text to speech. A conversational logic uses these two components along with a
database to provide the user with the information they require. A web page acts as the
interface between the user and the other components of the system. A typical flow would
involve the following steps: (i) application is initialized by the user, (ii) a question in the form
of speech is posed to the user, (iii) answer in the form of speech is obtained from the user, (iv)
obtained answer is recognized, (v) if the speech is not recognized with confidence then the
user is asked to confirm the recognized keyword, (vi) if recognized keyword is not the
keyword intended by the user, process is repeated from step (ii) else system proceeds to the
next step, (vii) recognized text is used to generate the next question, (viii) steps (ii) to (vii) are
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repeated until the exact information required by the user is understood, (ix) finally the
required information is synthesized. We refer to a sequence of one question and its
corresponding answer to be a stage.

The questions are formulated such that they elicit one of 432 possible one-word
responses. Therefore, in the current work, a triphone-based isolated word, limited vocabulary
system is used. A triphone-based system provides better performance compared to a
monophone system as it uses contextual information. To reduce confusion and increase
recognition performance, multiple recognizers are used, one for each stage. To measure the
confidence in recognition, as described in step (v) above, a likelihood-based threshold
mechanism is used. In order to derive the threshold for each word, initially, all examples of
each word (wi) in the training data are recognized by the appropriate recognition systems. The
two best hypotheses (wi and wj) and the ratio of their corresponding log-likelihoods, p(Ow
i,n [Awi) and p (Owi,nlAwj), is obtained. This ratio takes a value between 0 and 1, where a
lower value indicates a higher level of confidence. The average of the ratios corresponding to

all N examples of the same word is set as the threshold (Twi) for that word, as shown in Eq.
1.

T =l N ptﬂlln'jnl"‘wi.]
M N ERE (0w )

Here, Owi,nlAwj) is the observation sequence corresponding the nth example of the word, wi,
and Awi and Awj are the models corresponding to the words, w iand wj.

When a certain word is fed to the recognition system, the ratio between the first and
second highest likelihoods is calculated. The first best recognition result is considered as the
keyword. The ratio is compared with the threshold already calculated for that keyword. If the
ratio is less than the threshold, then the decision is deemed to be correct and the system
proceeds to the next stage. Otherwise, the system goes into the confirmation step as
mentioned above. This approach is helpful in two ways. One, it avoids misdirection in the
conversational flow as compared to a situation where there are no confirmations. Two, it
reduces the time spent on each stage when the keywords are recognized with confidence, as
compared to a situation where user replies are confirmed every time, irrespective of the
confidence measure.

The user might answer in a phrase or sentence as well, to handle out of vocabulary
words in such situations, garbage models [2] are used. A garbage model is a model that does
not correspond to any particular word or its derivatives. Out of vocabulary words are usually
random and are hence identified as garbage words and ignored.

A hidden Markov model (HMM)-based speech synthesis system (HTS) [3] developed
with 5 hours of speech data is used to convert text to speech in this system. The advantages of
using an HTS as opposed to recorded wav files are, (i) reusability - it can be used to
synthesize any new sentence, hence modification of data is not an issue, and, (i1) reduced
memory requirement - the size of the synthesizer is ~4MB, which corresponds to only
approximately 4 wav files recorded at 48 kHz and 16-bit depth, and lasting ~10 seconds. HTS
also offers better quality and lower memory requirement as compared to a unit selection
synthesis (USS) system [4] which works by concatenating relevant contextual subword units
to synthesize speech, instead of using a statistical parametric model.

In conclusion, the current work focuses on developing a speech-enabled interactive
enquiry system to provide information related to agriculture. While existing systems
described in [5] and [6] provide a speech interface for accessing agriculture commodity
prices, in the current work, queries related to the production and protection of three crops,
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namely, rice, ragi, and sugarcane are addressed. The current work also focuses on a
conversational mode of accessing information. Further, the modularity of the application
allows it to be expanded to other crops, with minimal effort.
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Abstract:

This paper presents our work on building a medium vocabulary continuous speech
recognition (MVCSR) system for Tamil using neural networks. To build our automatic
speech recognition (ASR) system, we have used 6.5 hours of Tamil speech recorded from 30
speakers covering a vocabulary size of 13,000 words. Of which, 4.5 hours of data was used
for training, 1 hour of data for testing and 1 hour of data for cross-validation. We have built
two independent recognition systems, one for phone recognition and the other for continuous
speech recognition. Our system achieves phone-level accuracy of 75.1% and word-level
accuracy of 96.5%.

I. Introduction:

In the last 40 years, we have seen steady progress in speech recognition research. This
progress can be attributed to two factors: (i) the use of hidden Markov model (HMM) in
modeling the temporal variations in speech and (ii) the increasing computational power of
modern computers. In the past 10 years alone, we have seen many low-cost commercial
interactive speech recognition applications developed by Apple, Microsoft, Amazon, etc. It is
also well known that automatic speech recognition (ASR) research is mainly focused on
English and other European languages. It can be said that no substantial progress has been
made for Tamil speech recognition due to the unavailability of standard speech and text
corpora. Our research focuses on overcoming these limitations to build a reasonably good
Tamil LVCSR system.

Speech recognition researchers around the world have acknowledged the efficiency of
deep neural networks (DNNs) in building ASR. DNNs trained on several thousand hours of
speech, have reduced the word error rate significantly compared to traditional methods and
achieve word-level accuracy of about 90% for vocabulary size of about 2,00,000 for English
language. Such ASR systems are now widely used for commercial and entertainment
purposes. Due to the lack of standard speech databases, ASR research in Tamil has not
progressed at all. This motivated us to take up the task for building a domain and speaker-
independent ASR system for a medium vocabulary task and later extend it for a larger
vocabulary.

The rest of the paper is organized as follows; Section II describes the building blocks
of an ASR system. Section III discusses about the tools and databases used in building our
Tamil ASR system. In Section IV, we describe the steps in building a Tamil ASR. We
provide the evaluation results of our phone recognition and continuous speech recognition
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system in Section V. Finally, we conclude and briefly discuss our future research directions in
Section VL.

II. Description of an ASR system:

The process of speech recognition involves many modules as described in Fig. 1. The
first step is to acquire speech signal through a microphone and convert it to digital format.
The next step is pre-processing which involves noise removal and converting the signal to an
overlapping frame sequence using windowing technique. The next step is to extract features
from the frame sequence. Commonly used features are Mel-frequency cepstral coefficients
and perceptual linear prediction coefficients. Then, these features are passed to the decoder
which uses acoustic model (AM), language model (LM) and lexicon model (pronunciation
dictionary) to decode the best possible word sequence.

Speech . . :
P Pre-processing Feature extraction Decoder Post-processing

acquisition

Acoustic Language Lexicon
models models models

Fig. I: Block diagram of an ASR system

The acoustic model captures important attributes to characterize sound units (i.e.,
phones). Typically hidden Markov models (HMM) coupled with Gaussian mixture models
(GMM) are used as acoustic models. Recently, deep neural networks (DNNs) have replaced
GMMs providing a greater modeling power. Language model captures the likelihood of a
word occurring after any other words. This is typically a bi-gram or tri-gram word model.
Lexicon model bridges the gap between AM and LM. It is just a grapheme to phoneme
conversion module, which maps each word in the vocabulary to its corresponding phone
sequence.

Finally, the post-processing stage converts the recognized word sequence to
human/machine readable format. For an ASR system to perform efficiently, we have to train
AM on several hundred hours of transcribed speech corpus. Similarly, LM has to be trained
on huge amount of text data.

II1. Tools and databases used:

To develop our Tamil ASR system, we have used the state-of-the-art open source
toolkit named Kaldi. It has numerous functionalities which can be used to build AM of our
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desired choice. To build LM, we have used the toolkit named IRSTLM to compute the bi-
gram word probabilities. We have built our own lexicon model (basically a grapheme to
phoneme converter) to convert words to phone sequence. We have identified a total of 43
phones in Tamil language and our ASR system is built based on this phone set.

Learning an AM and LM requires transcribed speech corpus and text corpus
respectively. We have obtained 6.5 hours of transcribed speech corpus from CIIL, Mysore.
This corpus is a newspaper read-speech recorded from 30 speakers (18 male and 12 female).
The entire corpus is divided into three chunks of size 4.5 hrs (training), 1 hour (development)
and 1 hour (testing). The training set is used to learn the AM parameters and development set
is used for validation purpose and the testing set is used for reporting the performance of our
ASR system.

IV. Steps in building Tamil ASR:

To build an ASR system, we need speech utterances to be transcribed at phone-level
but most often we have the utterances transcribed at sentence-level. As a flat-start, we convert
the transcription to phone sequence and align them equally across time as shown in Fig. 1L
We then build a monophone system using these equal alignments and refine them iteratively.
As the characteristics of a phone vary with respect to its preceding and succeeding phones, it
is necessary to capture this context dependent variation for each phone and so triphone
models are preferred to monophone models. The next step is to build a triphone model using
the alignments obtained from monophone training. This step results in further refinement of
the alignments. Then, we apply feature transformation on the input feature vector to further
increase the accuracy of the system thereby further improving the alignments.
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Fig. 11: Converting text transcription to phone-level equal alignments
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As the ASR task is intended to be speaker-independent, we need to suppress speaker
information in AM and so a well known approach known as speaker adaptive training (SAT)
is used to further refine the alignments. These alignments are then used to train the final deep
neural network based AM. The DNN used here is a 7-layer fully connected feed-forward
network, which is pretrained initially in an unsupervised manner

We have built two ASR systems: one for phoneme recognition and the other for
continuous speech recognition and we have reported their performance in the next section.

V. Results:

We have achieved the best possible phone level accuracy of 75.1% using our phone
recognition system and word level accuracy of 96.5% using our continuous speech
recognition system.

VI. Conclusion and future work:

Thus, we have elaborated the steps involved in building a Tamil ASR system. With
6.5 hours of data, our system was able to achieve a word level accuracy of 96.5% for a
vocabulary of 13,000 words. We plan to collect about 150 hours of speech and scale the
vocabulary size to about 1,00,000 words to build a large vocabulary continuous speech
recognition system. We are planning to use several hours of English training speech (which
are readily available) for pre-training our Tamil ASR system to boost the accuracy further.

Acknowledgment:
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ABSTRACT

Noisy Tamil speech was enhanced using dictionary based source separation approach. The
enhanced speech was perceptually evaluated by seven Tamil natives and judged to be
significantly improved in intelligibility (MOS score of 3.5). Noisy speech is simulated by
adding different noises from the NOISEX database to Tamil utterances at different signal to
noise ratios. Noise dictionaries were built using random selection method. Tamil speech was
derived from different speakers and speaker dictionaries were also built with 1000 atoms in
each dictionary. First, the noise source was identified employing a selected subset of frame-
wise features from the test data using signal to distortion ratio (SDR) measure with active set
Newton algorithm (ASNA). Then, the speaker was identified, once again using a subset of
high energy features of the test data from a concatenated dictionary comprising all the speaker
dictionaries and the estimated noise dictionary.

Index Terms: Dictionary learning, cosine similarity, audio classification, source recovery,
sparse representation.

INTRODUCTION

[17] Motivation for the present study

Most of the hearing aids [1] do amplification of the sounds that reach the ear, while some of
them also compensate (equalize) for the specific auditory frequency response of the person
with hearing disability (PWHD). Hence, when the speech contains a significant amount of
background noise, the perception is further affected. While this issue is true also for the
people with normal hearing, the effect is more pronounced for PWHD. Thus, a system is
highly desirable, which possesses the capability of separating the speech from the noise. Here,
we report our work on a system that identifies the noise type (among a set of few expected
noise sources) as well as the speaker (from a known set of speakers that the person normally
meets with during his daily life) and then extracts the speech from the noisy speech, known as
speech enhancement. It has been observed that identifying noise and speaker type improves
the speech enhancement performance.

B. Literature review

Dictionary learning is a method of represent-ing features from a large training data using a
weighted linear combination of vectors called as atoms. Estimating weights corresponding to
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these atoms is termed as sparse coding or source recovery. Audio signals are represented as a
linear combination of non-negative dictionary atoms for audio source separation [2], [3], [4],
recognition [5], [6], classification [7], [8] and coding [9], [10]. The simplest dictionary
learning (DL) method is a random selection of features from the training data [11]. Matching
pursuit [12], orthogonal matching pursuit (OMP) [13], focal underdetermined system solver
(FOCUSS) [14] and basis pursuit [15] are some of the source recovery algorithms.

Noise classification can be seen as a first step in machine listening [16], which enables the
system to know the background environment. Classification of noise types has been reported
in the case of pure noise sources. Kates [17] addressed the problem of noise classification for
hearing aid applications based on the variation of signal envelope as feature. Maleh et al. [18]
used line spectral frequencies as features for classification of different kinds of noise as well
as noise and speech classification. Casey [19] proposed a system to classify twenty different
types of sounds using a hidden Markov model classifier and a reduced-dimension log-spectral
features.

Sparsity based speaker identification using discriminative dictionary learning was done by
Tzagkarakis et al. [20] while non-negative matrix factorization for feature extraction was
explored by Joder et al. [21]. Representation of audio signals as a sparse, linear combination
of non-negative vectors called as dictionary atoms has been used for audio source separation
[2], [3], [4], recognition [5], [6], classification [7], [8] and coding [10], [9].

We have used active-set Newton algorithm (ASNA)[11] for source recovery. The training
phase for the classification problem is DL from various speaker/noise sources. The dictionary
atoms capture the variation in the spectral characteristics of the speech and noise sources.

PROPOSED APPROACH
Additive noise model is assumed and one of the noise sources is added at a time to each of the

Tamil utterances with different signal to noise ratios, by scaling the energy of the noise
segment appropriately.

s[n] = sy[n] + sy[n] (1)
where, sg[n], sy[n] and s[n] are the clean Tamil utterance, noise signal and the simulated noisy
speech, respectively. Figure 1 shows the speech utterance spoken by a Tamil speaker with a
pitch frequency of 145 Hz, babble noise and noisy speech signal at an SNR of 0 dB.

A. Feature extraction and dictionary learning

From the training set of speech and noise sources, frames of 60 ms duration are extracted with
a shift of 15 ms. The magnitude of the short-time Fourier transform of these frames are used
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as the features. A dictionary is a matrix D € IR™* containing K column vectors denoted as
atoms, di, 1 <k < K. A given feature vector y can be represented as a linear combination of a
few dictionary atoms as y = Dx , where x is the vector of weights for the atoms. Features for

each speaker and noise source are extracted separately and the corresponding dictionaries are
built. Dictionary is learnt by random selection of N (= 1000) features as atoms. Noise and
speaker dictionaries are built from the training data, using the random selection dictionary
learning algorithm. Djs = [di; dip..din] and Dj, = [d;1 djp..djn] are the i-th speaker and j-th noise
dictionaries, respectively and each is a p X N matrix, with N atoms of dimension p.

B. Noise and speaker classification

Each test feature vector is explored for maximum cosine similarity with an atom of one of the
noise dictionaries. The cosine similarity is computed with each atom of each of the noise and
speech dictionaries. Then, a subset of features of the noisy speech are selected for noise
classification based on the maximum similarity between the noisy feature y with any of the
dictiona i o ' ) I ‘

k = arg max yT(Ef‘;"?’l <n< Nand1l <k < (M+M,) (2)

where d is the n-th atom of the k-th source, Ms and Mn are the No. of speaker and noise
dictionaries. If the atom with the highest correlation belongs to sourcek, then the

corresponding feature y is selected for noise classification, if and only if k corresponds to a
noise source. Now, using this subset of test feature vectors, the noise source is estimated for
each feature using the signal to distortion ratio (SDR) measure and ASNA recovery
algorithm. The sum of SDRj over all the subset of features with the estimated noise index j is
found as TSDR]. This is computed for each of the noise indices and the noise label for the

. . . argmax
utterance is estimated as j = i TSDR,

J

The speech component in noisy speech contains some silence segments, which become noise
only segments having low energy. Hence, to determine the speaker, we use only the 60% of
high energy test frames. Similarly, the top 80% atoms with the highest energy (before
normalization) are chosen from the speech dictionary. The TDCS-0.8 algorithm (Cosine
similarity based dictionary learning with T; = T; = 0.8 [22]) and ASNA with L1 normalization
are used for speaker classification[23]. The sum of weights SWy corresponding to each
speaker dictionary index k is found and the total sum of weights for each speaker source is
TSWy = PSWy over all the features of the selected subset. The speaker label for the utterance
arg max

k

is estimated as k = SW, .

C. Separation of speech and noise signals
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The estimated noise index ; and speaker index k are used to recover the noise and speaker

components of the test features using a concatenated dictionary, D = [Dj Df] and recovery

algorithm ASNA. The estimated features y and the noise and speech component y ,y  are

A i Nk T TAqT
y=[D,D;1lx; x; ]
A _ 3 T A — Ig T
y,=Djx;, y,=D/x;

The speech component in the time domain s[n] is reconstructed using the estimated j and

phase of the mixed audio signal using overlap and add method as § [n] . The corresponding

noise signal is estimated as § [n] = s[n]—5 [n] .

MILE Tamil Male speaker

500 1000 1500 2000 2500 3000 3500

Babble noise
T T T T
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05 | 1 1 1 1 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Noisy speech signal
T T

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Time in ms

Fig. 1. Illustration of speech, noise and the noisy speech signal at an SNR of 0 dB

D. Measures for quantifying separation performance

The following measures are used to evaluate the performance of speech and noise separation:
Signal to distortion ratio (SDR) [24]: between the original and the estimated

speech signal is defined as:

Il's [n]ll,
s [n]=5 [n]l,

SDR =20log
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SDR quantifies the deviation of the separated speech signal from the original
signal; higher the SDR, better is the separation performance.

e Mean Opinion Score (MOS): is the average of opinion score given by many
human evaluators for the enhanced speech after separation. A subjective score
(opinion score) ranging from 1 to 5, where 1 indicates unsatisfactory speech
quality and annoying and objectionable distortion while 5 indicates excellent
speech quality and imperceptible distortion [25] is used for evaluation on the
enhanced speech.

RESULTS

The database for speech sources is taken from MILE Tamil speaker and noise sources
(factory, babble) from NOISEX[26] and traffic noise from online. The noise classification
accuracy is 100%. We have shown good speaker classification accuracy in [23] for English
speakers. As we have only one Tamil speaker, we have not shown the speaker classification
accuracy for Tamil speakers. The SDR obtained for speech and noise sources mixed at 0 dB
SNR is shown is Table.l. It is seen that babble noise gives low SDR due to its speech like
structure and traffic noise give the highest SDR.

TABLE 1
SDER EVALUATION ON SPEECH MILE TAMIL SPEAKER MIXED
WITH BABBLE, FACTORY AND TRAFFIC NOISE.

Speech source Nuoise source SDR
MILE Tamil speaker Babble 54 dB
MILE Tamil speaker Factory 7.3 dB
MILE Tamil speaker Traffic 8.47 dB

A. Perceptive Evaluation

We validate the effectiveness of the system by 7 human evaluators. The subjective evaluation
indicates a significant enhancement in the perceived quality of speech and the information
communicated. All the human evaluators know Tamil and their average age is 24 years. The
MOS score given the human evaluators is found to be 3.5 and the standard deviation is 0.84.

CONCLUSION

This methodology, when incorporated in hearing aids, will go a long way in improving the
quality of life of the elderly and the people with hearing disability. It is also possible to embed
this enhancement algorithm in mobile phones to improve the quality of the received speech,
by estimating the noise source and enhancing it using a generic multispeaker dictionary,
rather than a concatenated dictionary from a fixed set of speakers.
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Abstract.

An impressive field of research, Offline Tamil Handwritten Character Recognition is one of
the testing errands in the Optical Character Recognition field. Considering the intricacy,
various works are accessible to give the answer for perceiving the Tamil written by hand
characters, yet at the same time, it is open for the research. Maybe a couple of our works are
giving the sensible solution in this field of research. The principle commitment of this works
is, finding the indispensable difficulties behind the recognition of transcribed type of Tamil
characters. This paper additionally dissects the effective algorithms of our attempts to direct
the exploration in right strategy. Likewise, look at how the algorithmic methodology stands
up to the handwritten character many-sided quality. The final analysis demonstrates the
positive and negative of the works and gives the correct decision of the pattern to locate the
privilege algorithmic strategy.

Keyword: Shape, Direction, Location,Tree Representation

1 Introduction

In recent years, Offline Tamil handwritten character recognition assumes a critical part in the
Optical Character Recognition (OCR). Computerizing the huge reports, for example, Palm
scripts, old sonnets, chronicled records and so on, are fundamental for Tamil individuals. The
expanding interest of this recognition framework persuades to include in this exploration by
giving an important support and respectable commitment. The Tamil dialect contains rich
character sets, which contain 247 characters incorporate (12 vowels, 18 consonants, 216
combinational characters and one unique character). The novelty of this paper lies in,
distinguishing key the difficulties by analyzing the shape of the characters and furthermore
the current commitments in this handwritten character frameworks to give the solution for
this. Two center groupings of fundamental difficulties in Tamil handwritten character
recognition are general multifaceted nature and author's many-sided quality.This part of the
work portrays the most perceptible difficulties which made by the writers. The debate, for
example, comparable shape, shape and angle variety, superfluous circles and curves, shape
brokenness, pointless connectivity and character combination are basic testing variables
recognized from those characters [1]. At first, the distinctive handwritten characters from
various writers seem to be comparative in specific situations. This is one of the most
noteworthy difficulties in this recognition framework. The accompanying difficulties are
distinguished from the chosen characters (shown in figure 1).
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Fig. 1. (a) Similar shape introduced by writers (af looks &) and ig looks L9).
(b) Unnecessary curves ().

(c) Unnecessary loops middle of er, looks like a. (d) Similar in shape (g and g). () Miner
variation among er and er.(f) Shape variation (@)). (g) Angle variation leads to shape variation
(e looks ). (h) Character discontinuity (gy and #)). (i) Character structure connectivity (&
and ). (j) Unwanted loops (5, f), e and ). (k) Unknown shape character (), 57 and &). (1)
Unnecessary curves (4, o, @) and ev). (m) Similar shape (9 looks e7, m looks =1, & looks (3),
@/ looks 9, and &y looks af)). (n) Double letters (gpar and oar). (0) Writing issues (s and ¢e5)
The complexity introduced by writers such as variation in shape, similar in shape, needless
loops and curves and the variation in location is giving more hardness in the recognition
level. Different examinations have been taken in this exploration and various algorithmic
systems were proposed on those characters. This work concentrates on the recognizable proof
of the exceptional method for commitment to getting achievements in the examination on

Tamil written by hand character recognition field.

The foremost phases of our research in this field are feature selection and pre-extraction,
extraction and classification. The essential image processing techniques are utilized for the
pre-preparing methods [3]. In the period of feature selection, the components are chosen by
the zoning [3][6][7], quad [13], genuine shape with no division. In the following fragment,
the algorithm to pre-extract the character portion was applied to the selected division of
image in the previous procedure. For that, the chain code [9] travel has been utilized. Two
methods for the feature extraction system are inferred on these chosen or pre-extricated
feature, they are statistical [2][8] which depends on the pixel variety and structure which
depends on the shape and direction [11][12][10].



37

While considering the statistical features, the pre-extraction procedures are not utilized at
times in light of the fact that the pixel variety calculation can be applied specifically to the
image. The pre-extracted pictures are fundamental for testing the shape and direction of
character divide. A few feature extraction methods were proposed in this research field. This
paper manages an examination of the imperative and best feature extraction systems for
finding an ideal approach the exploration. With the analysis, five distinctive effective
algorithmic strategies have been analyzed to proceed with the exploration in the correct
bearing. They are the locational highlight which has been doing the statistical way by
utilizing the quadtree [13] and zone [7][10], a directional element by utilizing the chain code
[10] and the shape includes by utilizing the strip tree [12] and prism tree [11]. The
multifaceted nature level of each character utilized as a part of the each work has additionally
considered for this examination. Properties of each algorithmic idea and the execution of a
similar when the unpredictability is expanded are dissected.

2 General Challenges: An Analysis

The Tamil handwritten characters are gathered impressively from different Tamil Writers in
all age gathering and few of them from HP-India Tamil dataset [14]. Add up to 24700
examples which contain 100 samples for each character are gathered. In the investigation, the
accompanying gatherings have been framed. They are, Good for Recognition (GR), Similar
in Shape introduced by Writers (SSW), Shape Variation (SV), Location Variation (LV),
Structure Discontinuity (SD), Unnecessary Loops (UL) and Unnecessary Curves (UC). With
no issues, 30% of characters from all examples are gathered in the GR class. 5.4% characters
are going under the gathering SSW. In the most minimal level, 2.0% characters come in the
class SD. Three is no different issues are accessible in these three gatherings (GR, SSW and
SD). At the largest amount, 22% characters contain SV issues and furthermore 64% of
character are containing SV and different issues too. 9.7% characters are assembled with the
issues LV yet 28% of characters are contained both LV and different issues.

Challenges
100.0
80.0

60.0

40.0
2
20.0
22.0
il 9.7 E ol

SSW SV Lv SD

0.0

Individual issues W Combined issues

Fig. 2. Analysis on challenges

18% UL characters are accessible in the gathered examples and moreover 64.8 % of
characters which contain UL and every other issue. 12.7% characters are chosen from the
gathering UC. At the largest amount, 79.6% characters are contained UC and different issues.
According to the examination, out of 24700 specimens, just 30% of characters are fitting to
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perceive however 70% of characters are going under difficult issues, essentially shape
variety, unnecessary loops, and unnecessary curves. 64 to 79% of issues contains the
dangerous issues which require an uncommon algorithmic treatment to perceive. The
portrayal of the same has appeared in figure 1.

3 Feature Analysis

The examination has been begun from few of imperative existing works.Conventional feature
extraction[26] system was utilized to separate curve features, with the support of Neural
network algorithm, 12 Tamil characters were recognized with the exactness 94.4%. The line
and curve were separated by utilizing the normalized feature vectors[25]. With the assistance
of Fuzzy approach, seven characters were perceived with the 88 to 100 % of precision. There
are two phases were used in [23]. In thefirst stage, the picture was partitioned into 7*7
equivalent squares and component transition features vectors were extricated. Character
Contour is acquired by utilizing Freeman's Chain code in thesecond stage. K-mean algorithm
and multi-layer perception (MLP) support to get 92.77 and 89.66% precise in each stage.
Row-wise, column wise and diagonal-wise feature variation [20]were extracted by utilizing
the Encoding binary variation technique. With the assistance of comparison strategy, 10
characters (Tamil numerals) were classified. Kohonen'sSelf-Organizing Feature Map
(SOFM) method [15] group the characters from aheight, width, thenumber of horizontal,
vertical lines and curves, thenumber of circles and slant lines, image centroid and unique dots
which were extracted from 8 letters as it were. Height and width [21] were scaled from the
character images by utilizing bi-linear interpolation method. 67 characters were classified by
the classified by the Self-organizing feature maps (SOP) calculation with the precision rate
98.50%. 10 diverse character is classified by MLP [16] with the assistance of the character
highlights height and width. Endpoints, fork focuses, holes, length, shape, and flow of
individual strokes were noted from theoctal graph in character image and projection profiles
also included with these features. The same was taken as acontributionto feature matching
methodology and accomplished over every one of the 82 % of accuracy rate [22]. Character
stature, width, number of horizontal and vertical lines (long and short), horizontal and
vertical curves, circles, slope lines, image centroid and dots[18] are separated and classified
the characters by Support Vector Machine (SVM) with the precision result 97%. Statistical
component[17], for example, cover vertical projection profile, word profile, background-to-
ink transition separated from character image and the same was classified by the Hidden
Markov Model (HMM) strategy. Pixel varieties were caught from thezone-based approach
and classified the same by SVM[19]. Average of 82.04% (62.8 % for 3 characters, 98.9 % for
12 characters, every one of the 34 characters - 82.04) exactness rate was accomplished for 34
characters. Structure Boundaries (scale and shift invariant) [24] were extracted by eight-
neighbor adjacent and MLP calculation utilized for perceiving the 30 characters with the
accuracy rate 97%. The descriptions of the same have been listed in Table 1.

The issues has been attempted to solve in our past works. The solution which very adapting
with Tamil Handwritten characters are examined here.

3.1 Locational Features

Two successful algorithms which were utilized as a part of the past works have been
examined here, they are Quadtree [13] and the zoning [10] techniques. Slight changes have
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been suggested on both the algorithmic technique to fulfill the need. The pre-extracted image
was separated into four quads. Further, every quad has been subdivided into 4 sub-quads.

Paper

[26] T
Paulpandianet al

[25] RM
Sureshet al

23] U
Bhattacharyaet
al

[20] R
Bremananthet al

[15] P
Banumathi et al

[21] R Indra
Gandhiet al

[16] Stuti
Asthana et al

[22] R
Jagadeesh
Kannanet al

[18] C Suresh
Kumaret al

Table 1. Analysis on related works

Features

Curve- Conventional
Feature

Line and arc

Component transition
features vectors —
Block (Zone)

Row-wise, column-
wise, and diagonal-wise
feature variation

Height, width,
thenumber of
horizontal, vertical
lines and curves,
thenumber of circles
and slope lines, image
centroid and special
dots

Height and width

Height and width

Endpoints, fork points,

holes, length, shape, or

curvature of individual
strokes

Character height, width,
number of horizontal
and vertical lines (long
and short), horizontal
and vertical curves,
circles, slope lines,

Pros

It is useful to
consider shapes of
characters

Can address more
variation

Good to address the
characters with real
shape

Small changes are
also recognizable

May be suitable for
printed characters

Suitable for online
and printed
characters.

It can addresslimited
samples.

Cons

Cannot address more
variation.

Cannot address the
printed form of
characters also

Failed to recognized if
character count is
increased with more
variation

Not address the similar
shape characters

Failed,if the character
count is increased

Not enough to address
any type of variation.
Need a helps from
other algorithms also

Failed to address
similar shape
characters.

Cannot address shape
variation if character
count has been
increased.
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image centroid and dots

vertical projection

[17] AN Sigappi profile, word profile, Matching with
et al background-to-ink unique characters
transition
Highly suits for Failed to address all
[19] N Shanthiet  Pixel variations from printed shapes and variations
al zone
Boundaries (scale and Highly suits for

24 h 1
[24]] Suthaet a shift invariant) printed

Pixel density was figured from every quad (R1, R2, R3 and R4). The quad which had the
most elevated density was taken as the principle feature vector (R1) as portrayed in figure 3.
Whatever remains of the features were investigated from each sub-quad, which were taken as
features if important. 28 Tamil characters were chosen from vowels and consonants for this
test and accomplished 88.25% precision rate.

In zoning method, the pre-separated image was isolated into 4X4 zones [10] as appeared in
figure 4 and the pixel density was ascertained from each zone. The zone which contains the
most noteworthy pixel density esteem had considered as a feature. On the off chance that
more than one zone contains a similar measure of pixel density, that zone was additionally
considered for the feature portrayal. Thirty characters (vowels and consonants) were utilized
for those examinations. The zoning strategy alone may not help for confronting all
difficulties, in this way, these system has explored different avenues regarding directional
components. The investigation of the same is recorded in the table2.

FV: R1, R2(1,2), R3

Fig. 3. Feature representation by Quadtree

Fig. 4. Feature representation in zone (4X4)
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Table 2. Analysis on locational points

Successive points Issues
It can be highly helpful for recognizing the Not withstands if character count has been
character with the real shape increased
Slight changes inshape are also acceptable Not suitable for similar shapes (g and )

Highly fit for unique character even it has high ~ Cannot adaptable for minor changes in
variation real shape (er and e7)
Quadtree suits better than zone

Not suitable for location mismatch (ie,
shape variation)

Solvable if unnecessary loops are introduced by
the writer but a support is needed from direction
and shape

3.2 Directional Features

Chain code methodology was utilized here for finding the direction [10] of the character
partitions (as shown in figure 5). It can be utilized in based on the writing order or the shape.
Here, going to the pixel position of Tamil character is the hardest errand, so the pre-
extraction systems were an essential one for this. On the off chance that the direction travel
would not restore any direction but rather there was a pixel in the image then the point
considered as a dot. If the directional points have returned all direction, at that point there
may be a round shape feature.

2
1
>0 7 T 13 1
/ Val v
\\‘ Fvo . \\3/’
N
6 ,73. 7
R
ae Ly

Fig. 5. Directional points

The directional point was a successful calculation while considering more samples.
Moreover, to consider all kind of character issues, this calculation consolidated with zone
system and accomplished 90.7 % precision rate. The examination about this feature is given
in Table 3.

Table 3. Analysis of directional features

Successive points Issues
It can solve the problem of location Giving solution for similar shape, but not
mismatch accurate
It can recognize the shape if the shape is Raising issues when character count is

changing increased
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Giving solution for similar shape

3.3 Shape-based Features

It can catch the genuine shape of the character portion, here the two different tree strategies
are utilized for getting the shape of the characters, and they are strip tree and prism tree.
Here, the features are represented in the tree. Feature pre-extraction techniques are essential
for this procedure.

3.3.1 Strip tree

Strip division [4] was occurred utilizing the formation of rectangular as appeared in figure 6.
At first, the whole shape was taken in a rectangle which indicated as root. Further, a mid-line
has been drawn by utilizing the touching points on the outskirt of the rectangle or end points,
which isolates the rectangle into two. The same has been set apart as a sub-node under the
root. The same was proceeded in all sub-rectangles until the point that no further rectangle
can be subdivided. The level of the tree and the node esteems were considered as feature
points. 88% precise outcomes have been accomplished for 10 characters were browsed
vowels [12].

3.3.2 Prism tree

Prism tree [5] [11] is extracting the features by utilizing the triangle development as appeared
in figure 7. At first, a line was drawn between two end points of the character parts. From the
midpoint of the line, a perpendicular point was set apart on the character portion, this point
was given the triangular association. Further, the triangle execution occurred from the
adjacent points of the main triangle. It had been actualized for a specific level, which couldn't
give a triangulated further. The principal rectangle was noted as root in the tree, whatever is
left of them were signified as leaf nodes as appeared in figure 7. This tree execution was
effective when compared with strip tree. 90.08% accuracy rate has been achieved for 28
chosen characters. The examination of the same has been portrayed in Table 4.

L1

Fig. 6. Shape extracted by strip tree
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Tree Leaf =AC, CD, DE, EF, EG, GF. FI, IH, H., 1B

Fig. 7. Shape extracted by prism tree

Table 4. Analysis on shape-based features

Successive points Issues

Location mismatch issues are solvable Shape variation with location mismatch is
not solvable

It can easily identify the shape of the Not solvable if the unnecessary portion has
character portion been introduced by writers

Giving solution for similar shape

4 Comparative Analysis

By and large, all algorithms are achievements in any of the viewpoints, particularly, the
location-based methodology can address shape variety, theshape-based system can represent
the location varies and the direction based technique can address both shape and location
variety. The issue is, any of the arrangements can address the accompanying issues

e Similar in shape to the handwritten character set,
Identify the uniqueness among the written by hand characters
Should not have any attention on the undesirable circle and curves.
High-end variety
Style variations
Here, there is a solution for style variations and high shape variety, however, the calculation
may not supplant the undesirable circle and curves. Rather, the solution must obstruct
recognizing the uniqueness among the separate character sets and a minor variety which
giving the comparative shape among irrelevant characters. The accompanying (Table 5)
depicts the solution of every issue

Table 5. Feature Solution
S.No  Algorithm Solution

Pixel density in the zone may not help for representing all characters.
If samples are increased it will be failed. Good for printed characters
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Used for locating the character portion. It is also failing to represent
2 Quadtree  all 247 characters. Comparing with zone, it is successful for unique
character sets

Useful for perceiving more examples. May not suitable for similar in

3 Directional
shape.

Better to represent the shape, but when representing in a tree, it is
4 Strip tree  failed. The main reason is many characters return same tree
representation sometimes.

Good for representing shape when comparing Strip tree in this
application. It is an exceedingly valuable calculation to speak to minor
shape varieties likewise yet the top of the line variety may prompt
disappointment when tests are expanded

5 Prism Tree

According to this examination, all algorithmic strategy is essential for perceiving the written
by hand character, where Prism tree can address shape consummately yet require a change in
different sorts feature portrayal. Here, the shape extraction alone won't classify the
transcribed characters. There must be a requirement for changing algorithmic technique in
directional element extraction and location-based feature extraction. In the event that the
methodology has a consolidated variant of all their strategy of feature extraction algorithm, at
that point, this could be better to address all issues are found in Tamil handwritten character
recognition.

5 Conclusion

This paper has been investigated different issues are found among the handwritten characters
gathered from different perspectives. According to the examination taken from the gathered
examples, 64 to 79% of the character contains all assortment of issues. Three different base
algorithmic methods which gone under statistical and structural phases of feature extraction
has been dissected here to distinguish the best route of this recognition framework. Shape-
based prism tree methodology has been picked the best than strip tree technique. Changes
must requirement for location and direction based systems. Noticeably, these three systems
are essential for extracting their one of a kind method for feature extraction and draw out the
uniqueness of Tamil transcribed character sets.
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Abstract

Digitization and implementation of machine learning algorithms with data from Tamil
literature of the three genres namely Sangam, medieval and modern period has been a challenging task
mainly due to their complex word structures, formation of multiple shades of meanings historically,
and a host of others. The aim of this paper is not only to present methods of storing the existing
digitized literature data using recent technologies, but also to devise suitable algorithm to manipulate
them byplausible means, especially using relational database and JSON technologies. Without
undermining the merits of any of the past technologies of Tamil information ages, including palm
leaves, stone inscriptions, copper inscriptions and so on, this paper attempts to try to harness the power
of digital technology in a number of noval ways. Our attempt will be to closely look into the power of
the Java Script Object Notation (JSON) technology as well as Relational Database Structures along
with other ways of manipulationof data using the Vue.Js technology. There have been many
technologies to utilize the power of JSON format and relational databases, including Angular.js and
others. But, we would like to show in this paper how the Vue.js technology along with the JSON and
relational database structures has potentials to search and research vast amount of texts from Tamil’s
ancient traditions. The sites we would focus on illustrating and developing further in this paper include
a) http://sangam.tamilnlp.com/mp/, which offers Tamil literature data in JSON format with a novel
filter technique; b) http://sangam.tamilnlp.com/glossing.php, which provides a dynamic link between

Tamil lexicon stored in a relational database with that of the texts through glossing technology; c)
http://sangam.tamilnlp.com/read poem.php, which offers a way to contextualize words among

Sangam, medieval and modern texts and attempt to lay out a comprehensive historical information;d)
http://sangam.tamilnlp.com/, which allows a wide-ranging search techniques across the three genres

such as old, medieval and modern Tamil and finally plungingdeep into the morphological tagging
possibilities as demonstrated in the site http://www.thetamillanguage.com/tamilnlp/tagit.html.

Tamil data in Java Script Object Notation (JSON) format:

As of now, we have many resources for e-texts of Tamil texts from Sangam, medieval, and
modern Tamil in HTML format (cf. http://www.projectmadurai.org/,
http://www.tamilvu.org/library/libindex.htm, http://ilakkiyam.com/and a host of others). Due to many

constraints involved in HTML and text formats, using these sites for the purposes of machine learning
and other novel ways analyzing the text including the use of advanced search techniques becomes
harder, although not impossible. = However, there are other resources including that of
http://www.tamilpulavar.org/api.php, http://www.thetamillanguage.com/sangam etc., which use
relational databases such as MySQL, Oracle etc., to store and retrieve data for the purposes of Natural

Language Processing as well as search engines. Although the relational databases are popular and
very powerful in many senses, they do still require a robust server technology as well as a front-end
technology. In comparison to these two different data formats, the JSON format is considered to be
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more popular than the other formats for the important reason that it can be used from a client side
processing without having to rely on any server side technologies. The site
http://sangam.tamilnlp.com/mp/ that is developed as part of this work consists of a number of Tamil
Sangam literature works in JSON format.

A simple JSON record would be as below:
[{ "Number": 1,

"Linel": " 9&r1psHevet (s 6lH6060TID 5",
"Line2": "useusrpsnHGme_sva.",
"Translation": ""The sound ‘a’ superceds all linguistic sounds; the primeval superceds the world",

" "

mv": "6T5 SIS EH6T 6TVVTID HHETHWS g LILIeDL_WTEH O\FTevTIy (HHHOTD6T, 9HGLITeV

2 6U&LD HL_6YeM6T Iy LILIEHL_WTEH Gl&TenTiy (HeHHEmg.",

Sp": 6T BHISHHET 6TVVTID YHETHSBI6V ClGTL BIGHTDST; (9HICLTV) 2 VHD HL_6y6rflsy
QBT BIGSMSI.",

"mk": "9ETD TWSSHIEHEHEG PHETWLD; BLidHeusT, 2 V&V eurepld 2 ullisEnd s,
(LpSHeiTemLD",
"transliterationl": "akara mutala eluttellam ati",

"transliteration2": "pakavan mutarré ulaku"

}

As can be seen from this example, each line from Thirukkural along with its other related information
such as translation, transliteration, commentaries from different authors are noted with a key so, they
can all be accounted for programmatically using the ‘key’ vs. ‘value’ pair of object notation. In
principle, each of these records in this type of notations can further be illustrated with sub-notations in
any imaginable recursive manner. More recursive any JSON string can be more indepth information
they can be stored in. So, any program that is designed to read these lines would be capable
ofprocessing them in a number of different complex ways possible.

The site under discussion employes the Vue.js technology (https://vuejs.org/) to manipulate
and process data from Tamil literature stored in JSON format. JSON format, which adheres to object
notation techniques, can relate data in a number of different relational possibilities and thus making

the machine to identify the relations between words, phrases etc., in a coherent manner possible.
Further, the search engine that is built in this site allows us to search both from lemma as well as

inflected forms. To cite one example, searching “m” can fetch instances where this word is used in

the forms such as migeVib, BisDH, Bl etc. Further, this format can hold comparatively large amount
of data in a single client side page and searching through the text is also relatively faster.

This site can further be enhanced in such a way that it can be allowed to fetch records that are
historically relevant by linking more JSON text of literature belonging to different periods of time.
The three genres of Tamil namely Sangam, medieval and modern Tamil underwent a massive number
of changes in word senses as well as in the context of formation of new words. In order for one to
make an extensive research in such historical contexts, one needs to store text from the three genres as
provided in the site http://sangam.tamilnlp.com/. Although this site uses Oracle back-end and PHP
front-end, it performsthe fetching of records from many combinations within old, medieval and
modern Tamil data. The word wpalsv, for example, when searched from all of the texts belonging to
the three period, one can immediately notice that it occurs more in religious literature than in secular
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literature such as the Sangam text. Similarly, when the word jswewr is searched in all of these three
genres, one can observe that this word is used more in Sangam literature and less in religious
literature.Further this word may be found to be occurring with the meaning of ‘boat’ throughout in
Sangam literature but only used in the meaning of ‘tie together’ in the context of medieval literature.
What one may presume from these two simple examples is that the religious literature can be
considered to make use of nature more extensively than the Sangam literature. Similarly, the use of
the technology surrounding the word ryswevor is observed more with the livelihood of people during the
Sangam period than those during the medieval period. ~ Obviously, this type of analyses is possible
only with e-texts stored either in JSON or RDBS formats, but neither the HTML or text formats would
envisage such opportunities. For further details about historical research conducted for Tamil using
this type of relational databases see Renganathan (2009) and Renganathan (2010).

Glossing technology:

Glossing is a process that is used widely in computer assisted learning and teaching.
Additional interpretations of any word or phrase that occur within any e-text can be offered by linking
the word with an electronic dictionary. Usually, the ‘div’ structure that is used in HTML technology
is employed for this purpose extensively. When the pointer of a mouse is placed on any word within a
text, theJavascript code written in AJAX technology is capable of consulting the electronic
dictionaries stored in server side relational databases and fetch the dictionary entry in an asynchronous
fashion. These technologies are used to read any Tamil text of all the three genres by consulting the
Tamil lexicon stored in Oracle database. This is evident from the site
http://sangam.tamilnlp.com/glossing.php. The advantage of this site is that it serves as an API to read
any e-text from any site simply by adding the wrl in GET format as in
‘http://sangam.tamilnlp.com/url_gloss.php?url=".

Dhttp://sangam.tamilnlp.com/url_gloss.php?url=export/etext_copy/aacaarakkoovai.txt
2)http://sangam.tamilnlp.com/url_gloss.php?url=http://www.projectmadurai.org/pm_etexts/utf8/pmuni
0008 _01.html

In this context, almost all of the e-text can be read consulting the Madras University Lexicon in a
dynamic manner. Further, the glosses that are fetched in this page is not restricted to just the head
entries of the lexicon, but all of the records where particular word occurs within the lexicon isalso
fetched and displayed as part of the gloss. One advantage of this method is that when a particular
word is inflected and the corresponding form is not available in the dictionary as a head word, fetching
the related instances of using the inflected word in the other part of the dictionary can throw further
light on the word. This way, even the inflected forms can still be glossed with the help of this
technology. A comprehensive machine learning algorithm can still be devised to split inflected words
into corresponding lemma so the corresponding entries can be fetched dynamically. Development of
such a tagger can be possible for modern Tamil texts than forSangam Tamil for the reason that in
Sangam Tamil texts the words occur in manyconvoluted combinations (ex.ysueflsu@epeuGlarsus)and

in unusually split word forms based on meter(ex. @)svergioswLwslGsarplener). (see
Renganathan 2016 for a discussion on the limitations of tagging Sangam corpus).

Contextualized References of words and machine learning techniques:

As already mentioned, fruitful use of electronic Tamil data lies in the way how we store them
and how we retrieve and synthesize them. Subsequently, there lies the element of machine learning by
which the machine is made to learn from the algorithm we write, rather than following the algorithm
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itself in a sequential manner. In other words, the fundamental idea behind machine learning is that
the machine must be able to make new algorithms through the already available algorithms and
constantly build its repertoire of knowledge. Although what we discussed so far in the context of
JSON format and Glossing technology can not truly be defined as machine learning techniques as
such, they can still be considered as the basis of machine learning for the fact that they offer a
fundamental infrastructure to build such machine learning systems. Successful machine learning
systems can be built more easily when the data is in a structured format, as in JSON or RDBM rather
than in text or HTML format. In this context, this section attempts to discuss a developed system that
1s written in the PROLOG language using a list manipulation technique. The system in question can
be tested in the url:

http://www.thetamillanguage.com/tamilnlp/tagit.html

The main idea behind this system is to use the concept of set theory to make the machine learn from a
list structure. When a sentence in Tamil is given as input, this system parses the words and make a list
structure with all the suffixes tagged using a predefined set of tags. For example, when the sentence
gmaems HAailiy anIDLYBEHEGH GDEMEST OsETavr(h) UDSESEImIGW uFd sumiiliy
@)ma@ip. is made as input, this system identifies the phrases, suffixes and other information such as
noun, verb etc., using its dictionary and algorithm and consequently builds its database in a list form as
in:

"nn snn nn nn

[["adj","oru"],["nom","vakai","noun"],["nom","civappu","tr"],["dat","eRumpu","tr","pl"],[ "nom","iRa

kkai","tr","pl"],["nom","koNTu","tr"],["pa_ajp","paRakkakkuuTu"],["nom","vacati","noun"],["nom",

nmn

vaayppu","noun"[,["pr

"non: nn nn

,"irn","neut.sg",

nmuownn nmwnn

conj"],["nom",".","period"],["nom",".","period"]]

With is structure in memory, when posed with questions such as wr@é@ eusFdl eumiiliy
BmESng? eTmIbLIEG eTeiTar @) MHabdmg? and so on, this system parses the input questions into
corresponding list forms and attempts to match them with the existing database of list structures by
employing PROLOG’s logical operators such as ‘subset’, ‘sublist’ and so on. Subsequently, it gets the
correct answers based on the matches it finds (see Gazdar and Chris Mellish 1989 for a discussion on
list manipulation techniques using PROLOG). In a sense, this concept of responding to structures
based on the list manipulation technique is identical to how human interprets natural language
sentences (cf. Johnson-Laird 1983). Human’s understanding of sentences, obviously, go beyond list
structures, and uses many complex semantic analyses including presupposition, hyponymy,
implications etc. The fundamental concept that is intended to illustrate here is that any successful
machine learning algorithm for natural languages can or should begin in this type of list structures and
build upon them successively by incorporating more semantic as well as syntactic knowledge in the
form of list structures.

This system when posed with a simple question sretresr? would fetch all the information from
the database and offer respective answers in Tamil sentences. What is unique about this system is that
it is built with suitable algorithms to both decoding of Tamil words as well as generating sentences in
a natural language format by employing necessary morphological operations encompasing Tamil
morphology. In this respect, this system is adequeately built with morphological and sysntactic
knowledge base of Tamil. However, what is lacking, perhaps can be developed further, is a sound
semantic knowledge encompasing all possible word senses in the form of such semantic information
like ‘presuppostion’, ‘hyperonymy’, ‘hyponymy’, ‘synonymy’, ‘polysemy’ etc., which mainly play a
crucial role in the interpretation of natural language sentences. (see Renganathan 2016 for the
interrelationship between syntax and semantics in the context of interpretation of human languages by
machine).



51

Conclusion:

This paper, on the one hand, is an attempt to harness the power of the technologies of JSON,
Vue.js, Relational database, PHP and others to the fullest extent possible, and on the other hand it lays
out a comprehensive algorithm as to how these technologies can be exploited within the context of the
data from the three genres of Tamil to store, retrieve and synthesize. In essence, this research is a
continuation of my ongoing thrust to empower Tamil data with emerging digital technologies, and in
no sense it can be considered complete. Particularly, the list manipulation technique that is described
in detail in this paper and in my earlier works need fullest and continued consideration in order to
foresee a comprehensive machine learning application that can interpret Tamil sentences like any
human. Tamil is a complex language in many respects and its mirage of complexities can be
accounted for only when the power of technology and the extensive and indepth linguistic knoweldge
of Tamil can cross their paths in a productive manner.
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Abstract:

Case markers in a language is the associative linguistic unit for conveying the meaning.
Conveying an intended meaning is very necessary which otherwise may lead to unnecessary
issues. This paper focuses on the analysis and interpretation of case markers with the
combined efforts of linguistic and computational techniques for processing Thirukkural. A
rule based system with Tholkapiyam to be the basis for most of the rules is being developed
using python programming language for Tamil.

plgpsid

2 sValeV FBr&Ess BT 1§60 ST ClHTHTEMOWITET (R)eVSHBHENTLD 5. (Lp. @) T6vwTL_TLD
BTHDTERTIge) CHTeTHWIg. Y eTTeL FlevdbmanTid CHTaTNIUSD S (PeTGL (B)6Vd % awT
Qputeyd LVBeum BVSHMTS TnMIBETTHS GlETewTL  yteysst Cxmeirniler [1].
gsT Carren(d,wp.59b mrm) GanGrralefli_Lew, tNGerm CLm (422 — 348 ) usvi
(3)VEHEMTSH Fn MIHEWET Fon M) U|6ITETEITEW T

SUIPlT PHL @evdssenTd GlgTevasritilwid [2]. sl Gwrifluilsr seflss
Iewwlienu allerdssGau  Ggrevsrilwd Qupmiiul L g [3]. CsrevsTiiiwgdler
TWdgl, OFrev, Qumrmer eteor 1611 mrpuTdhser o dreresr [4].  @)BmTed SHLlip
Qurfluilest @evssemt  Guessewerud, SWIP @VEHFWS GlHTETENHHEMETU|LD,
Quryl @evsaslw eueridd HBlewevsewar QYrmriihg 2 (Heurssliul L 6CSTeTenLod
SOIPleT BsF Anbs @)evdhHemT LpHeL HTed [O].
Geaupmiewoser - Case Markers

CBTVSTULNWLGS D CFTLVSIBTTISSHIV FnDLUILIL (H6TaT p6dTLIG @)UV 6 6D,
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Gugitd stapssBsrrsHeid Cappim LpPE GEIIIGADT [5].
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‘U CVsg Wpolw Caupmiewio wGHUIHE

spsvauLfl D MlewL_ L6&H6v Couasr(Hid”
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Caimiuhssedlsir, GCeupmiewwwiTullesr  eTedTLITIT. O luFFleneowiTi 6T
2 swgwrdAflwi @eireyid FApliurs allerd@GSmri. “ Ceummiew eTedTenid GLiwii
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QPHBTEV BHBI%S BNHUSTHEULD, PHBTEV 2 6L WHTHBEWGID, §PHBTV @)L LoTdhau|Ld
@susurm CoumiLiQdgieug 6Tes1d.” 6Tedm 2 ewTwTANWTSHeT dFmpmiig — GloTLfld e
Caupmiewio 6TdTH (B)6VEHMTS dnmi B)STHWIEH LOWITSHF 6T6TLIG] LeOLILI(HILD.

@susuriieys s (hewruiley Ggrevasriilu Caupmisww Gevdssant allglsamer
ILiLewLwirEds CaTent(h), slhobEGHmefler [6] Caupmienwsener sHenflesf] 2 gailujL et
Qrriiphg flw CFuiglsemer auynBIGuGs @)dbasl (hewruilesr GhTesaid. o ewflsf]
Qurfluilwed giewmulled Glevdsent Quieayds@ SO gmm Cwriflevw  eTeueuTmy
vwetu(hSglougl, SHewilefl plrevreriser 2 gaiuj st enugsrsr ( PYTHON)  sretrm
senfleofl  Gwrfl euplwrs  SwmEGmeaflsy o srer  CeunHmiewiodHenar  HewTL M H!
QITiIHG @)euauTiiened BlspdhD (LpuweTmisTGermiD.

s Gwrpluller oglitenL 9@ ser @rent®h stewr Gorlullwevreri @mliiuir.
1.Quwir, 2.eflewer, @Q)bs GLW@HLD allewesTujb @)eVeVTLE) 6ThHG GoTHluyd (F)wiki@eug)
(3)svemev. CQuuw@pd  allwerwld  sereflweNedHha — Sfbgk  Gurmemer
Camiubpsgdleper. CUwWCrTH Gewewhg OGuTmeaflener CoumLBGHID Fnm)
Caupmiewio sterliLi(pb. QU@ allewerwyd WL B @@ OCSTLITS (LPLGWITH.
Caupmiewiy CUTETD @)VEHEHVTH FnMIG6T ST (JVHHMTS CSTL L GClLTHewer
2 eTiggIHlermer. Geupmiewiser Srer GlHTLTGLIT(HeT 2 (HhUTEHBSSIM & LD
STTeNTLTEMGI, CounmiewiodsTL i, Gsupmiewio HVeVTSH CIGTL T, jeVeuLflsElHTL T,
eTedTD LG LiLNer sulfdl @) semerr omlwisvmid [7].

Geaupmiemouilsir suemasaser - Types of Case Markers

Carevsritiwn  CaupmiewwdsE Chriguirs, B)VEHMTID  Fn DarilsLemeV.
Caupmiewio sy stedrmy GFrsvedail B, ailafl CeunmiswwGuir® 6T () sT6dTSHlBTMTIT.
Caupmiewio 6J(Lp 6T6ITM &H(HSHSHIML WUTHET 2 6TTTIH6T. HedTTeV OlHTevsTLiLilui
sheb% alellCur® e ®, eoTmgFm P HSHETE allaflogy srer SHesfl @ uiensv
Swioliug) GO 5565 ETHSTEL0.
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sTaT GlLwim, 82,90, &, B)6T, g1, Hevwr, allafl 61 CounHmiewiosHewer Hevsfld Hresfluims
Uflgg ammisug sewflefl Blreorerigser ewugmer Curleufleow  eraflewwowirs
BlIrevL(hHS, OsTevsTlLwsFler Coryl BlrevLBsSsD GlLMgh 2 FHeLb.
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Geupmiemio susws wrlflser Case Marker Classification with examples
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T(HHSHISSTLL TS, eJPTIDCeuDMIeHLD SHevT 6T ClHTeVHTLILNWID ST (HSlTMF.
FlmeueTemeui  HTOMISGHL CuHul L  Gpersefley  FHewr eTedim  ClFTEVEMEV
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B)evEHemT 9 MlEhHLD @)eweTHG Fn L L Ta CFUILCILIL CouevTiguig @)si.
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@)L belupmisiTer CaunHmieniosHewerd SewTL_ Pl LwsTUBSSWSDG @)eTHlwenowm
STrewrd 2 eui(h. wesflgissr Cuad Qumnens Quriflsefler o sreaf@(input) wmHmib
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QVEHMTS  HTaydHewer YPITwl SHeuswoliyll  CQupm QT HlwrTss SlspIDS.
6T6UGUOTEY  HIGEUTLOTET  (3)6Vd56uTLI uenflseweruld  ewuBmTer  Glomleurfluirs
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Abstract:

Sentence-medial pause in synthetic speech is essential to make it sound more natural and
intelligible. In the current work, part-of-speech (POS) based rules are used to identify the
place-of-pause/phrase-breaks in any given Tamil text, to result in a pause-induced Tamil
synthetic speech, which is expected to be natural. The place-of-pause is identified using
unigram and bigram statistics from phrase-break annotated text corpora containing text from
different domains such as tourism, sports, historic novels etc. The variation of phrase-breaks
with respect to the domain of the text is also analysed and an overlap of 54.54% is observed
across these domains. The unigram rule set for phrase-break introduces spurious breaks in a
sentence which is reduced by the bigram rule set. Theplace-of-pause induced speech is
synthesized using a hidden Markov model (HMM) based text-to-speech synthesis system
(HTS) for Tamil. The quality and intelligibility for naturalness of the synthetic speech is
evaluated using mean opinion score (MOS). The synthetic speech with pauses shows an
improvement 0f0.93in MOS score over the synthetic speech without pauses.

Keywords: place-of-pause, phrase-break,bigram and unigram statistics, HTS

1. Introduction:

The right word may be effective, but no word was as effective as a rightly timed pause [Mark
Twain].A sentence-medial pause(i.e., pause within a sentence) in speech or phrase-boundary
in text have the power to add emotion and improve clarity of the intended message.For
example,

Sentence without phrase-break/pause: Kiran likes to eat chocolate pizzas and cabbage.
Sentence with phrase-break/pause: Kiran likes to eat chocolate, pizzas, and cabbage.

The former sentence delivers the meaning that Kiran likes to eat pizzas and cabbage covered
in chocolate while making use of comma in the latter gives the meaning that Kiran likes to eat
three things namely, chocolate, pizza, and cabbage. It is evident from the above example that
the sentence with pause is easily readable and understandable than the sentence without
pause. Phrase boundaries in a text depict expected place-of-pause in speech. The pause or
silence factor becomes more important in case of speech in order to incorporate a sense of
naturalness and to improve intelligibility in it. The importance of pause in speech is attributed
to the following factors:
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e Pause helps in punctuating the words in speech to emphasize on important contents.

e Pause helps define emotion in speech.

e Proper pausing allows the listener to understand the speech content.

e Pausing helps the speaker catch some breath and gives time to build the next set of
words to be spoken.

Thus, pauses in sentences (sentence-medial pauses) have the ability to improve the quality of
the text and speech in terms of clarity of content.As given in [1], the sentence-medial pauses
in any language depend on several factors such as, syntactic type of phrase that precedes a
syntactic boundary (i.e., parts-of-speech information), phrase length, and distance between the
current phrase and its dependent phrase. These factors are represented in written forms with
the help of appropriate case-markers. Indian languages inherently lack case-markers or
phrase-boundaries in its written form [2], [3]. Though modern writing include some case-
markers such as, comma (,) and semi-colon (;), they are mostly artificial. Tamil does not
make use of phrase boundaries except period (.) in its written form and identifying these
additional phrase boundaries remain a research issue.

Speech synthesis systems aim at synthesizing highly natural and intelligible speech for a
given text in any language. The state-of-the-art hidden Markov model (HMM) based speech
synthesis system (HTS) for Tamil [4] results in synthetic speech of good quality in terms of
intelligibility. However, incorporating naturalness in this synthetic speech remains a
challenge. The above discussed phrase-break identification is necessary to induce phrase-
breaks in Tamil text as a pre-processing stage before synthesizing the corresponding text. The
phrase-breaks are converted to silence models in the synthesizer thus inducing sentence-
medial pauses in the final synthetic speech. This is expected to improve the naturalness of the
synthetic speech.

In [2], phrase-boundary prediction for Tamil and Hindi is carried out based on a decision tree
developed on a manually annotated corpora. Morpheme tags occurring at the end of words
having the need of phrase-breaks are identified manually. These morpheme tags are included
as features and phraseboundaries are introduced after the occurrence of the morpheme tags.
Though successful, this approach requires the laborious task of identifying the morpheme tags
for the language. In [5], syllable level features i.e., word-terminal syllables are used to model
phrase breaks. The terminal syllables serve to discriminate words based on syntactic meaning,
and can therefore be used to model phrase breaks. The phrase-break model is developed based
on the probability of various terminal syllables occurring before a phrase-break in the training
text. This approach does not make use of any additional linguistic resources such as POS
tagging. Improvement in terms of naturalness is achieved using phrase-prediction based on
terminal syllables. However, relying only on the syllable feature can lead to deletion of
required phrase-breaks or insertion of unnecessary phrase-breaks as it does not consider the
purpose of the word in a particular context.

In the current work, phrase boundaries in Tamil text are identified based on parts-of-speech
(POS) tags and these phrase-breaks are used to synthesize a pause induced speech in
Tamil.Fig.1 shows the proposed system which consists of the proposed phrase-boundary
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detector for Tamil to identify the place-of-pause in any given Tamil text, and the Tamil HTS
system which converts the pause-induced Tamil text to pause-induced Tamil speech with
improved naturalness.

Tamil text
Tamil with phrase Tamil speech
text ;
amitfex Phrase boundary breaks Tamil text-to- with pauses
> detector speech system >

Fig.1 Pause-induced Tamil speech synthesis system

2. Phrase-boundary detector:

As described above, phrase-boundaries in text are assumed to be the expected place-of-pause
in speech.POS tagging helps in defining the nature of the words in a given context and thus is
a reliable source to identify the importance of the words as a phrase boundary. For example,
Tamil is a verb-ending language where phrases and sentences predominantly end with verbs.
The Tamil POS tagset [6] contains of 9 POS tags under the verb category, based on the
context of the word, tense, and number. However, not all these 9 tags are essential phrase
boundaries in Tamil. Thus, the phrase-boundary identification is carried out using unigram
and bigram statistics of the POS tags from POS tagged Tamil texts having manually inserted
phrase-breaks and covering various domains such as, tourism, agriculture, health, and general
domain. The unigram statistics are taken by identifying the POS of the word following which
there is a comma in the text, whereas bigram statistics are obtained by extracting the POS of
two words before the occurrence of comma. In the current work, the unigram and bigram
statistics refer to the frequency count distribution of the POS tags. Analysis of phrase
boundaries in the texts of different domains is carried outto check the possibility of variation
in phrase-breaks due to variations in domains.

2.1 Domain analysis:

Tamil texts with manually annotated phrase-breaks from 4 different domains is POS tagged
[6] to analyse the variation in unigram phrase-break statistics across domains. The general
domain text [7] contains 3732 sentences whereas the tourism, health and agriculture texts [8]
contain 15200, 14999 and 3400 sentences respectively.Table I shows the top 6 frequently
occurring POS tags (covers more than 75% of phrase-breaks) in various domains based on
unigram statistics.

An overlap of 54.54% of top POS tags is observed across domains whereas the rest vary
depending on the domain. While the occurrence of nouns and verbs as phrase-breaks across
the domain remains consistent, other POS tags such as CC_CCS (conjunctions), RB (adverbs)
and DM_DMQ (numerals) as phrase-breaks vary with respect to the domain. This variation
can be credited to the fact that the structure of sentence and vocabulary of each domain is
unique. In the current work, general domain is analysed further to derive phrase-boundary
rules.
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Table I: Distribution of POS based on unigram statistics across various domains

General Domain Health Domain Tourism Domain Agriculture Domain
N_NN N_NN N_NN N_NN
V_VM_VF V_VM_VF V_VM_VF V_VM_VF
V_VM_VNF_VBN PSP V_VM_VNF_VBN V_VM_VNF_VBN
N_NNP CC_CCS PSP PSP
PSP V_VM_VNF_VBN N_NNP RB
DM_DMQ RB RB N_NNP

2.2 POS-based phrase boundary:

The general domain text is analysed and the frequency counts of POS of words preceding a
comma in the text is obtained. It is observed that some POS tags (having frequency counts
below 10) rarely occur before a phrase-break and hence can be neglected from the rule
set.The POS tags are arranged in descending order of their frequency countand are used to
frame the unigram rule set. The unigram rule set consists of 11 rules (i.e., 11 frequently
occurring unigram POS tags).

For example,

Unigram rule: If (POS of the word == N_NN) then insert a comma after the word.

Sentence using unigram rule:sueri @)eTibLIHeuGHlV, SHlewTpid, pH (LPLeWL uilsdT,

QeusiTemend s m, FrLL(Heugi, BV

It is observed that, phrase-breaking using the unigram ruleset induces spurious and
unnecessary phrase-breaks in sentences. Thus to reduce this, bigram POS statistics is obtained
where the frequency counts of POS of two words preceding a comma is used to frame better
rules.21 bigram rules are framed using the bigram frequency counts. Apart from the POS
derived rules, phrase length between two consecutive phrase-breaks is also considered to
avoid frequent phrase-break insertions resulting in unnecessary pauses in the final synthetic
speech.The distance between phrase-breaks was fixed to be a minimum of 3 words.

For example,

Bigram rule: If (POS bigram == JJ N_NN) and (dist. from previous break >= 3) then insert
comma after the word.

Sentence using bigram rule: eueri @erid L(HUSSleV, FleTpd sp(fH (LPL_ewL_ulledr
QeusiTemend s FriLBeugl, VeV
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Common noun (N_NN) is a high frequency POS tag in any text and using the unigram rule
above results in spurious commas. This issue is reduced by the bigram rule which states that a
noun preceded by an adjective (JJ) is a probable place of phrase-break. Similarly, bigram
rules for other POS tags are also framed some of which are given below:

Rule 1: If (POS bigram == N_NN PSP) and (dist. from previous break >= 3) then insert
comma after the word.(where PSP — postposition)

Rule 2: If (POS bigram == N_NN V_VM_VF) and (dist. from previous break >= 3) then
insert comma after the word. (where V_VM_VF — finite verb)

The pause-induced Tamil text is synthesized using a hidden Markov model (HMM) based
speech synthesis system (HTS) for Tamil.

3. Tamil text-to-speech synthesis system:

A text-to-speech (TTS) synthesis system converts any given text to the corresponding speech.
Hidden Markov model (HMM) based text-to-speech synthesis system (HTS) [9] is a widely
used approach for speech synthesis which consists of two phases namely, training phase and
synthesis phase. In the training phase, HMMs are trained with features derived from one hour
of speech data collected. Each feature vector includes Mel-generalized coefficients with its
derivative (35*3) and excitation features namely, the log fundamental frequency with its
derivatives (1*3), thus totalling to a 108-dimensional feature vector. Context-independent
models are trained for all the phonemes in the data following which context-dependent
pentaphone models are trained using tree-based clustering. For the current work, common
phoneset in [7] and letter-to-sound rules defined in [4] are used. In the synthesis phase, text
input is converted to a pentaphone sequence which is used to concatenate HMMs and form a
sentence-level HMM. From the sentence HMM, the fundamental frequency and cepstral
coefficients are generated using a speech parameter generation algorithm. The new parameters
are used to synthesize the speech output using a Mel log spectrum approximation (MLSA)
filter.

As shown in Fig.1, the phrase-break induced text is given to a Tamil text-to-speech synthesis
system as input. In order to develop the Hidden Markov model (HMM) based text-to-speech
synthesis system (HTS), five hours of Tamil speech data is collected from a femalespeaker in
studio environment. The speech is recorded at 48 KHz using a carbon microphone. The
phrase-breaks occurring in the input text are converted into silence models in the HTS system
which results in a pause at that position in the output synthetic speech.

3.1 Pauses insynthetic speech:

Pauses in synthetic speech is expected to increase its intelligibility and naturalness. The
phrase break process using bigram rule-setdiscussed earlier, is used to insert phrase-breaks in
appropriate places in the input target language text. This text is synthesized using the above
developed HTS for Tamil.
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The naturalness of the synthetic speech with and without proposed pauses, is evaluated for 20
sentences using the mean opinion score (MOS) [10] given by 10 human evaluators. The 20
sentences are induced with phrase-breaks using the proposed method along with the already
existing phrase-breaks in modern Tamil text.The MOS varies between 1 and 5 where 5
denotes that the synthetic speech is highly natural and 1 denotes poor naturalness in the
synthetic speech. The average MOS for the systems are given in Table ILIt is observed that,
the speech with pause is more natural due to the pauses identified in the input Tamil text.

Table II. Performance evaluation of speech synthesis system in terms of MOS

Speech Synthesis System MOS
Without proposed pauses 2.89
With proposed pauses 3.72

4. Summary and future work:

Sentence-medial pauses are essential in synthetic speech to make it sound more natural and
intelligible. The sentence-medial pauses in written form is depicted using case-markers. The
absence of case-markers in Tamil makes it difficult to identify the phrase boundaries in Tamil
text. The current work, proposes the integration of phrase-boundary detector and speech
synthesis system where the phrase-break induced by the former is converted to sentence-
medial pauses in the latter.The phrase-boundaries are detected using rule framed from the
statistics of unigram and bigram POS tags preceding a phrase-break. The phrase-breaks across
domains is observed to have an overlap of upto 54.54%. The phrase boundary inserted text is
synthesized using an HMM-based speech synthesis system (HTS) for Tamil. The output of
the HTS is evaluated using MOS and compared with the MOS of speech synthesized using
text without phrase boundaries. It is observed that pause-induced text shows an improvement
of 0.93 in MOS score.

The phrase-boundary or place-of-pause depends on other factors such as utterance length,
nativity of the speaker, domain knowledge of the speaker, end syllable characteristics etc.
These features can be combined with the current POS features to improve the quality of
phrase-boundaries identified in the current work which in-turn will improve the naturalness of
the synthetic speech.
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Prefix Trees (Tries) for Tamil Language Processing

Elango Cheran

Enabling Tamil language computing on each new technology platform requires ensuring that
each layer of the technology stack supports the language. While it is useful to assess what
those layers are, and the progress that has been made for Tamil over the years, it is also
important to look forward to solving future problems that need work at higher-level layers.
Towards that goal, the prefix tree (trie) is an important data structure that can be used to
enable basic Tamil language operations that enable more advanced work for Tamil to be
done. The ways in which we can apply prefix trees for Tamil are general enough that they

would very likely apply to other Indic languages, too.

A prefix tree is a special type of tree data structure that is used to efficiently store several
strings that may share various prefix substrings in common with each other. Each letter of a
string is stored as a node, with each subsequent letter stored in a child node of the previous
letter's node. For example, if we constructed a prefix tree to hold the strings [bot, bow, be,

bed, go, got], it would look like:

root
(25 g

() °
nil nil

nil nil nil nil

Figure 1: a prefix tree constructed from a list of strings
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More generically, prefix trees can contain sequences made up of (a set of) elements. Most
commonly, prefix trees are used to represent strings, and strings are merely sequences of
characters. Following each path from the root of a prefix tree to a leaf node will contain the
ordered elements of an input sequence. In Figure 1, a leaf node is represented as “nil”,
which can be considered like an end-of-word marker that is not a part of the tree’s input

sequences.

There are some easily solvable challenges in the basic processing operations of Tamil text
for which prefix trees offer a natural solution. To explain those challenges, let’s first examine
the English example in Figure 1. In the Unicode character set, every English letter is
represented by a single Unicode codepoint in the specification. In a programming language
like Java which supports Unicode, these codepoints each map to a single Character value,
where the Character refers to the data type as provided by the programming language. So
an implementation of a prefix tree that only supports English could have each internal tree

node hold a single Character value.

The Unicode specification for Tamil (and other Indic languages) represents the logical letters
of the alphabet sometimes with more than codepoint. Letters like 9;..sper (vowels, or

2 uilelrapsg) and &..eor (consonant+’a’, or ysrelwuiclupss) are all represented by one
codepoint. Letters like & (consonant, QuwiGwepsgl) and sir..Gser (C+V except C+oy,
&I wds sallr QuiiGwuwpsg) are represented by two successive codepoints in
Unicode. See Figure 2. In the end, there is a one-to-one correspondence between a Tamil
Unicode character sequence and the logical Tamil text that it creates, and that is the ultimate
goal of any universal language encoding specification. Any challenges to deal with the text

thereafter at a higher level are technical ones for software developers.

The above description of how to map Tamil language letters into the corresponding Unicode
codepoint(s) already reflects the challenge somewhat. Figure 2 shows not only the
difference between number of logical letters and codepoints, but it also shows the counter-
intuitive property that the character sequence of sus is a subset of suggemss. For these

reasons, one of the first tasks that naturally arises when dealing with Tamil text in Unicode is
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to convert the character sequence into a sequence of strings representing the logical letters.
This parsing task, like any other stateful task involving transitions between states, can be
represented by a finite state machine (FSM). The FSM represents all of the logic used to
enumerate the states and determine the conditions required in order to transition from one

particular state to another.

Figure 2: a list of words, letters, and Unicode points for English and Tamil

Text Logical letters Number of | Text Unicode codepoints | Number of
logical Text Unicode
letters codepoints
go g,0 2 g,0 2
got g, o, t 3 g, ot 3
bot b, o, t 3 b, o, t 3
bow b, 0, w 3 b, o, w 3
Sewf] %, awfl 2 5, ewr, 91 (OBBF) 3
Semllens %, awf), w3 3 &, swr, @ (0BBF), s, w® |5
(0BC8)

U (hHsM S 6, (I, M& 3 au, 7, @= (0BC1), &, sm© 5
(0BCS8)

RS 6u, (h, & 3 au, 7, @= (0BC1), s 4

Parsers naturally can be described using FSMs, and in the case of parsing Tamil text, the
FSM containing all valid transition paths is the prefix tree itself. Thus, the prefix tree
containing the string representations of all logical Tamil letters is the simplest mechanism for

writing code to parse Tamil text (Figure 3).

For example, a Tamil text-to-letter parsers written in more imperative code will require
complex logic for consonants since there must be a peek ahead at the next character (if

there is one) to distinguish oy&rGwwGw s g (C+oy) from QuwiiGlwwsg (C) or any other
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o ullrEwwGlwwpsdg (C+V). In the case of sumems, after parsing the su, the next character in
the stream is . Until we look ahead at the next character, we won’t know if 5 is the full letter
(in the case of the word surey) or if the next character should be combined for the full letter
(in the case of sugpsms, where the next character after y is ©= (0BC1)). The imperative style

implementation also requires verbose nested if-else statement logic.

root

Figure 3: a prefix tree containing each Tamil letter's character sequence representation

However, a prefix tree offers the operation of longest shared prefix, meaning that given an
input string, it will return the longest string in the prefix tree shared with the input. In the
English example, with an input of “gothic”, the prefix tree will return “got”, even though “go”
exists in the tree and is also a prefix. This operation is exactly all that is needed for Tamil

text-to-letter parsing. See Figure 4.

The discrepancy in approaches is more apparent for letters with longer Unicode codepoint
sequences. Some Grantha letters in Tamil text require up to 4 codepoints. An imperative
style parser code may need a 4-level nested if-else block, but the prefix tree-based parser
code remains unchanged. Dealing with letters requiring more than 2 characters is an
infrequent case for Tamil text, but it is perhaps relevant and significant for other Indic

languages.
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Figure 4: the input and output of a prefix tree’s longest shared prefix function

Input string Output from Tamil letter prefix tree’s longest prefix
function

6 (HeW & 6u

Hew s ]

6% (1153

It is important to take note that many useful Tamil language operations do not happen at the
unit of a letter (stepsa1) but instead at unit of a phoneme (speSlwssr). Tamil, as an
agglutinative language, encodes much grammatical information through word suffixes.
Suffixes (afl@gg)) are so common that the basic rules governing word changes when adding
suffixes are given a name (#54), “sandhi” - to meet). A simple case to show the importance
of phoneme units over letter units for grammar would be to indicate “and” for a compound
subject, indicated by adding “-=_io" to each subject. For the words wrwr and wrih), the
sandhi rules imply the changes wrwr + (su) + 2 1b = wrwrey and wrw + (i) + o 1b =
wriluyip, resulting in “wrwreyib wrdluyn". The inserted su and i is based on the vowel
sound of the final letter in both words, not the final letter's consonant sound. The words

9ssT and gyewrewrT also add su, Whereas gmisws and il add (i).

Figure 5: letters vs. phonemes for Tamil words

Word Letters Final letter | Phonemes Final Sandhi change

phoneme | (-2_ib)

LOTLOT O, LD Lom b, 9y, 1D, I, 2 2
T o, 1) 6] b, 9y, b, (3) €) 1
OS&T 9, &, & &Ir 9, &, &, I, 2 61
SEIDE | 5 @I, e M% S, 9|, B, &, @ | & g
<O GOOT 630T T S|, 66T, GWOTT 6wI T 9|, &0, 6wT, &, |2 6l

g)l-bl—ﬂ g, Lb, Lﬂ Lﬂ ,Q'—); @,1 Lba L‘a @ @ L
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There are extra sandhi rules applied in the case of noun case suffixes (Seupmieno). For two
words with the same last letter, w® and &), adding the same case suffix “-@)sv" operates
differently. For w(@®), the change is simpler: w@® + (su) + @)sv = w@eallsv. For &r@, an
arithmetic on the word happens first: sr®) + -G)sv = (&, 9, 1, 2 ) -2+ 1L + (@), 6v) =
sriigev. Because of the final -i, the final -2_ is dropped, the -._ is doubled, and then the

@)sv is added.

We can use a prefix tree to split a Tamil word into phonemes by modifying the tree to allow a
value to be associated with each leaf node (input string), much like a map/dictionary. Each
Tamil letter string in the tree is associated with its phoneme sequence: & -> [, @)]; &= ->
[&, 2ar]; & ->[&] (Figure 6). Linguistic operations in Tamil often operate on a sequence of
phonemes and return a sequence of phonemes (Figure 7). Given phonemes, a prefix tree

can be created that converts the phoneme sequence back into regular Tamil text (Figure 8).

Figure 6: the input and output of a Tamil letter prefix tree modified to be associative

Input string Output from Tamil letter prefix tree’s

associated phoneme sequence

&1 (h [, QJ,]

® [, 2]

Figure 7: a function to prepare a noun for adding a case suffix (Geupgienio)
(uewrwmI-ClFwevgn M1 Goum mIew Lo-(Lp6sT-LOTHMLD
[Q&Fmsv]

(wouggis6lsTer |
TS BI%6T (QBTEDL ->6T(105BIH6T ClFTeD)
eflwstast (QpTenL ->gedlwsTasT GFTe)
561 (Hem L4 sTWHEI%6)

56 (BewL_d spedlwetrae)]
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(Qurmidsi

(="G" se7)
(QrudLBbs Oprmr Q516 (sorAuls) srugsgissi) ["r"])

(="mi" ser)
(Qswdu®bs Osro (Qsr6 (smLdulsid srpdsissh) ['Hp')

S Tyu)
Q&mev)))

Figure 8: the input and output of a prefix tree constructed as the inverse of Figure 6’s tree

Input string Output from inverse Tamil phoneme prefix
tree’s associated letter string

Sl 1" @6V ST
LG i
L (3)60 9
6V

Using prefix trees that have been modified to be associative, we can easily define
conversions from Tamil text to the old pre-Unicode encodings (and vice versa). More
importantly, once we start to think of Tamil text less in terms of the underlying character
sequences and more as sequences of logical letters or logical phonemes, implementing
other operations becomes clearer. For example, true lexicographical sorting can be
achieved for Tamil by splitting a word into letters and combining with a lookup map that
indicates the relative ordering of each letter. If we define the lexicographical ordering of
Tamil letters as [, @y, ..., 03, &, &, &1, ..., C&er, B, BI, ..., 67T, 67, ..., Glesren], our lookup
map would be {9 0, 9, 1, ..., 5 12, $ 13, & 14, &1 15, ..., Qser 25, m1 26, m 27, ..., &1 235,

eor 236, ..., Qerer 247}. Then sorting Tamil words becomes equivalent to sorting sequences
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of numbers, which is straightforward. In a sense, sorting sequences of numbers is
equivalent to sorting English text because of the one-to-one mapping of English letters and

Unicode codepoints.

Once we use the appropriate data structures to model our domain more accurately, the
functions we need to solve our basic problems become clear, and we can begin to solve
more advanced problems. For example, an intelligent spell checker might use sequence
alignment to measure closeness, for which the 2 most basic methods are global
(Needleman-Wunsch) and local (Smith-Waterman). Using the phoneme representation of
strings would not only fit the algorithms’ designs, but it would also provide better results.
There is much room to explore the implications of a phoneme-based modeling of Tamil text
(as is done in Korean and other languages), but prefix trees offer a necessary first step in
that direction, and they are general enough to be applicable to other Indic languages, if not

more.

An open-source library that implements these ideas, along with example projects in Java and

JavaScript using the library, including the above code, at: https://github.com/echeran/clj-

thamil.
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Abstract— Information is knowledge. Internet is the new-age tool of knowledge sharing.
Amount of information available in internet as well as the amount of information that is
dissipated through internet is immense. Thus, internet shapes human language and lives. Over
the past, the way people interact and learn has changed enormously. In this age of
information, it is necessary to learn how much language and communication is influenced in
the living society. Thus, many new fields of studies such as natural language processing
(NLP), speech recognition, language recognition, speaker recognition, computer-assisted
teaching and learning are extensively researched. Tamil being one of the oldest surviving-
classical language has adapted into various forms since its origin. But influence of other
languages on Tamil was less significant in the past compared to now. English being one of the
largest spoken languages in world, plays a key role in influencing native Tamil speakers
today. In this work, through our research studies, we quantify the shifts in language use
among the internet-using Tamil Speakers.

Index Terms— Internet, Social Networks, Human-Centered, Tamil-Computing.

INTRODUCTION

AMIL is one of the longest-surviving classical languages  in the world. Extensive efforts
Tare implemented by researchers and Tamil diasporas around the globe to protect the fineness
of this classical language. Recently Harvard Tamil Chair was established to elevate the Tamil
language research. Scholars and experts in information technology are developing many ways
by which classical Tamil can be preserved. In India more than one hundred thousand stone
inscriptions were found. out of which around 60,000 stone inscriptions were in Tamil, which
dates back to stone age period. This proves that Tamil is one of the oldest language spoken in
India. Apart from this many epigraphs and petro graphs were found in various archeological
excavation sites located in Tamil Nadu, India. Recent excavations in Keezhadi in Sivagangai
district of Tamil Nadu provided evidences of ancient civilization that lived in banks of river
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Vaigai. These findings dates back to Sangam era period. As humans evolved, languages were
developed as a means of communication. These communications initially were passed on to
generations only through sounds. Later these sounds were inscribed in stones as inscriptions
in pictographic forms to represent a particular object. As thousands of years passed by,
grammar was adapted. Early human civilizations recorded events, described things, in palm
leaf manuscripts. As grammar usage got matured, excellent literatures were written. Many
ancient Tamil literatures in palm leaf manuscripts aging thousands of years are being
preserved by archeology department. Colonization and western printing technology converted
many of these literatures into books. Millions of books were published in last couple of
hundred years. The way Tamil language is spoken and the way Tamil script is written in
stone-age inscriptions, palm-leaf manuscripts and books evolved with time. Today in this
digital era huge amount of information is stored in digital-media. Especially social-media has
become a platform were more information is being shared instantly.

In this work, we quantified the shift in language use among internet-using Tamil speakers.
For a comprehensive analysis, we studied a total of 100 Tamil speakers under three age
groups. Predominantly, we studied more people in age group 18 to 36 years of age to
understand the use of Tamil in Internet among youth. We raised some key questions related to
the language use in social networking sites and concluded our findings with some key points.

APPROACH AND METHODOLOGY

The study was conducted by individually surveying one hundred internet using Tamil
speakers. We used Google forms to collect the data. We studied the response of young Tamil
youth who use the internet most. We collected data from three different age groups. Fig. 1
illustrates the three different age groups. Individuals with 18-27 years of age, individuals with
27-36 years of age and individuals between 36-65 years of age participated in the study. Out
of the 100 participants 30% of survey takers belonged to 18-27 years of age; 40% of survey
takers belonged to 27-36 years age group; and remaining 30% belonged to 36-65 years of age
group. Clearly, students and working Tamil youth constituted 70% of the population studied
for this research. We also recorded the profession of the Tamils who took the survey. 27 of
those who took the survey were Information Technology IT professionals. It is very important
to analyze the impact of language shift among the software professionals who use computer at
ease. PhD students and researcher scholars constituted the second largest professional group
among the survey-takers. The other professions mentioned include but not limited to :
doctors, managers - employers in business firms, photographer, house-wife, retired. This
denote that we have covered a diverse set of group and not limited to a particular profession.
The Male : Female gender ratio among the survey takers was 80 : 20 which shows the large
number participation from Males as shown in Fig. 2. We are happy that almost 90% of the
survey takers had one degree and are graduates. We made a Fig. 3 to show the educational
qualifications of some of the survey-takers.

RESULTS AND DISCUSSIONS

Fig. 4, shows the medium of instruction in school/college. The 66% respondents were
educated in English. and 34% had Tamil as their medium of instruction in school and college.
We could also understand the impact of having English as the medium of instruction in
education sector. We also infer that among current generation of youth if we consider
surveying 100 native Tamil speakers, 66% of them are educated in English not in Tamil.
Especially it is very important to note that those who are educated in Tamil are from 36-65
age group. Fig. 5 shows the volume of English usage in work place. 13% people use very
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little English and more Tamil in their work. 34% people use average amount of English and
Tamil a the work place. Almost 21% responded that they use more English and less Tamil.
29% responded that they use only English as their language of communication in work place.
It is good know that almost 50% of the respondents still use Tamil as their language of
communication in work place. The myth that English is the only language for bringing better
communication in work environment might change among Tamil speakers. Majority of the
respondents, as shown in Fig 6, responded that Tamil is the language, they use to
communicate effectively with their friends and parents. They also voted that Tamil is easy to
speak than English for better communication as shown in Fig 7. But when it comes to social
media language use, more than 70% said English is easy to use. Only 29% felt Tamil is easy
to use in social media such as Face book / Whatsapp. On raising questions about the script
form used by Tamil speakers in social media some interesting results came. Only 26% of
respondents said they use English to type messages in social media. 32% uses Tamil letters to
type and most importantly, majority of Tamil speakers (almost 42%) use Tamil in Roman
letters (Eg : Vanakkam, Nandri).

44% responded that they cannot express sentiments like love, anger, sadness well in
English. 33% responded that may be. and only 22% responded that they can express
sentiments like love anger and sadness well in English. We infer that even though 70%
internet users feel that English is easy to use in social media, only 26% actually use pure
roman English script to type in social media and even among those who use English they
cannot properly communicate their sentiments in social media if they use English! Thus,
many of the internet users prefer to use Tamil.

69% of the respondents replied that they have used Google Tamil (Indic) keyboard. 31% of
the internet users have not yet tried Google Tamil (Indic) keyboard.

Around 75% responded that using roman English letters is more convenient and easy to
type. Only 25% use Tamil letters to type Tamil in social media.

We questioned if the Tamil speakers knew the meaning of following Tamil words.

BOGTe], @ewwhs, UFlLDI, Levall, ebmmLed; only 15% responded that they know the
meaning of all 5 words. Almost 18% responded that they do not know the meaning of all 5
words. 13% replied they know meaning of one word. 14% replied they know the meaning of
two words. 25% replied that they know the meaning of three words. 15% replied they know
the meaning of 4 words.

70% of Tamil speakers responded that spelling Tamil is easy. So the popular theory,
"spelling Tamil is difficult, that is why not many use Tamil in social media" is not valid
anymore. 17% responded that they can type in Tamil fast using Tamil letters. 43% responded
that they can type Tamil using Tamil letters in normal (average) speed. 26% said they can
type in Tamil but slow. 15% responded that they do not know how to type in Tamil (never
used a Tamil keyboard) !

By using Roman letters (English alphabets) to type Tamil 40% said they can type very fast.
and 43% said they can type at normal speed. 17% said even if they use roman English
alphabets to type Tamil their typing speed is slow.

64% responded that they can type in English very fast and 34% can type at normal speed.
less than 2% said their English typing speed is slow.

100% of survey takers replied that they know the meaning of following Thirukkural (which
are taught almost in all schools).

BT PHV TRSEIBVVTID 3]
usaueT WPSHCD 2 G.
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75% of survey takers replied that they know the meaning of following Thirukkural (which
is not so commonly taught in all schools).

ufluflglb QEauTd LITEVEVEV 2 1G5 HIF

QFrflullgd CursT S

Remaining 25% replied that they have not heard of this Thirukkural before.

Every day new Internet-words are being invented and popularly used, such as, Troll, Selfie,
Meme, Smiley, Emoticon. 67% of Tamil speakers who use internet responded that they do not
know the equivalent Tamil words for above words. For some commonly used English words
like Car, Geometry, Printer, 65% responded that they know the equivalent Tamil words and
35% responded that they do not know the equivalent Tamil words for all above three English
words.

92% of internet Tamil users use English for searching a query in Google. Only 8% use
Tamil to search in Google. When questioned if Tamil is used does the search engine provide
accurate answers that they sought, 40% of respondent said they did not get accurate result.

Almost 88% of the survey takers responded that their friends in social media use Tamil to
express their thoughts.

Finally, we know the psychological mind set of Tamil speaking internet users we raised
following question. "If Tamils don't use their language in internet/day-to-day life, Tamil
letters (script) may deform in 200 years. Your thoughts?" 58% responded that they already
started using Tamil and they will encourage their friends to use Tamil. 37% responded that "I
won't let Tamil Script to deform. I will start to use Tamil Scripts from Now" and last but not
least, 5% responded "It's OK to let Tamil script deform".

CONCLUSION

We have investigated, 100 Tamil speaking internet users. We tried to quantify the shift
in language use among internet users. Majority of the Tamil speakers use Tamil to
communicate in social media, either in Tamil letters or in roman alphabets form. It is
very important to build more applications that will make Tamil language use more
convenient and easy for the Tamil speaking internet users.
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APPENDIX TABLES

6. Gender LITe8l6uTLD

101 responses
3. Age QUG :
101 responses

@ Female

Male
@ 18 -27 years Old L

@ 27 -36 years old
36 - 65 years old

8. Medium of Instruction in School/College LiéiTerll &OQMAUND LUADDI g How much English you use everyday in your work? Geusnev @ GSleb
Quma ? sTeleUeTeY S RISILD LILIGTLRSSISDT ?

101 responses 101 responses

@ Tamil
@ English or Other

- h
13.9%
34.7%

@ Very little English, Mo

@ Normal amournt of En
More English an

@ I use only Engis
Tamil

Doping JL Mode AC Mode IM Mode

Concentration
(em?)

Source/Drain N :1x102° N:1x1020

Doping P:1x102° P:1x102°

N: 1x102°

Channel P: 1x1020 N:1x10'8,N-Type | N:1x10'5,P-Type

Doping P: 1x10'8,P-Type P: 1x10'8,N-Type

Substrate N : 5x10'8,P-Type

Doping P : 5x10'8,N-Type

Fig. 1 Device structure and important parameters of simulated 3-nm Gate Length (Lg) IM, AC & JL Germanium Bulk
FinFET.



12. Which language you think is easy to use in Facebook / Whatsapp
W&/TL LUAFUNEL 6THS ALMLE LWSTUGSSleUSI TeMN OIS
?

101 responses

@ English
@ Tamil

14.1f you use English more in Facebook/Whatsapp do you think you can
express sentiments like love, anger, sadness well in English? Q,oa,g,ncﬂeb

LA(@BLL QUMY S S RIALSMmS LILIET LGS 2 hiGe
2 ETTEYHENET (LD (PEDLOINS LND &S 2-tu1f§ (LI HDSHT ?

101 responses

@ Yes
®No
© Maybe

228%

19. which is more convenient and easy for you 61| &rﬁu&@é’@
steflenowins @ @G&HmE]

101 responses

@ to type in English (example : Good
morning buddy, Thank you, Good
night) (L (EOLOWITE SyRIHEILD

@ type Tamil in (Roman) English
alphabets (ex: saptiya, polaam,
Vaanga) SLOLD Sy HISe & Fleb
T(pglensl

® to type Tamil using Tamil characters
(example : GUGTISHEHLD &LOID
peTD ) S0 exp5EIseT
0L (BLb LWGITURSSIUSI

22. Do you think spelling (writing words in) Tamil is difficult &LALA6L
NenLpUNeLEOMLOCLET (SIS Slg.culld sTeiTm) 2 st senT ?
101 responses

@ Yes. Tamil Speliing is difficult

@ No Tamil speliing is easy
® Maybe

\~ 14.9%

13. What language you use to type in Social Media (Twitter / Whatsapp /
Facebook) ? Bru&6T (W &ETeS60 LAFUNED sTeitssr QLomL

uwisTu(® &g Hetreliy ?

101 responses

@ Pure Tamil Script - Example : BB
CUETEGHLD.. GUM(IBRIGHET.. 6T60T
S0 1QHgIGET

@ Tamil in Roman (English) Alphabets:
Ex : Nandri Vanakkam.. 2bBI&Ie0
apsg Qamsm( SO

® | use English to message / type in
Facebook / Whatsapp
SpRIGEDLL (HLD

15. Have you ever used Google Tamil (Indic) keyboard in mobile or computer
to type In Tamil? a.&61 LAY aNeMFLILIVENS
LWSTU(R S S GI6TTL T2

101 responses

@ Yes
® No

21. Do u know the meaning correct meaning of all the following 5 Tamil
words? Be0GTeY, QeniLihS, LUFLILMI, Levex), emMMITL 6D 6TeiTD Qb
SO AFTHSEHES QUITGET QGHujom ?

101 responses

@ Yes | know meaning of all 5 words
@ | know meaning of 4 words
@ | know meaning of 3 words
@ | know meaning of 2 words
@ | know meaning of 1 words
@ | do ot know meaning of all 5 words

14.9%

23. How fast you can type Tamil (using Tamil characters example : )
SLALAEL sTeualeNe| CousLoms L L & Q&L QgD ?

101 responses

@ very fast
@ normal speed
® slow

used tamil key board

426% v

80

@ | dont know to type in Tamil.. | never
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24. How fast you can type Tamil (using Roman (English) alphabets example: 25 How fast you can type in English (Example : Thank you ) & Ru&leo&led

Nandri ) SLOI6DLD QLRIF6L 6T(PS G A&TETI(B sTeuaueTey CousLons
SLL&& Qe Quigib ?

sTeueuaTey GausLoms L L && Qe Quieid ?

101 responses

101 responses

@ very fast
@ normal speed
426% ® slow

27. Do you know the meaning of this Thirukkural ? UlUNEDILD gy, &eUMLD
umeweLeL 2 1LGSHIENFMHuNen D GUIST SLb. 6T6TM & (B &GS meT
Qum(m et siBafym ?

101 responses

@ Yes - i know the meaning - i leamt it
before

@ | don'tknow - Because | have not
heard this Thirukkural before

29. Do you know the Tamil words for Troll, Selfie, Meme, smiley, Emoticon?
NeTeuB b NSNS 5 EnéE R armeT SO eumideng QMo ?
Troll, Selfie, Meme, smiley, Emoticon

101 responses

@ No | do not know equivalent Tamil
words for above words
@ Yes | know

32. Which language you use in Google for searching? &a.(& 61 CHL60160
stettent QLOMLA LweTUG S GlefTaen ?

101 responses

@ Tamil
@ Engiish

34. Do your Tamil friends use Tamil in social media to express their thoughts
? 2 RIGET BESITLITSE FELNG 261L_STi&erled GLAlemip
LWI&TUR S SIS eSTmesTT 2

101 responses

@ Ves
® No

@ very fast
@ normal speed
® slow

28. Do you know the meaning of this Thirukkural ? SI&J (LD&H6V
ST(p& L GeveLMD gLALISET (PHMHCMD 260G . 616D (B SGSDET
Qumm et il 2

101 responses

@ Yes - i know the meaning - i leamt it
before

@ | don't know - Because | have not
heard this Thirukkural before

30. Do you know the Tamil words for Car, Geometry, Printer? L63Tex (B LD
QUMIEMSEEE&S Barmer SO cumydeng QLo ? Plastic, Car,

Geometry, Printer?
101 responses

@ Yes | know Tamil words for all above
words

@ | dont know Tamil words for above
English words

65.3%

33. Have you used Tamil in Google search? If yes, how accurate was the
search engine in returning the answers you sought? &.(& 61 G5L 60160
SO AEren® CHlqlLG! 2 oIl ? CHL 6016 (Lplg. &Y &6T FHILTS
QUITBHSHAMHST?

101 responses

@ Google gave accurate search result
@ Did not get accurate result
® never searched using Tamil words

37. If Tamils don't use their language in Internet/Day to day life, Tamil script
may deform in coming 200 years.. §LAnLY HerNefued
2IeeLCUEUTNED SiTMTL eumpeleLLILETU(R S SeTleLsm6v
TETDMEL HLAILD 6T(LPS G euig eULD@6TTERILD 200 24,6307 (5'S E1h T
SengeuenL W eumlLesn®. @bS &(hSHener TLILIG
uny&ABsen

101 responses

@ s ok to let Tamil script deform

@ won't let Tamil script to deform.. | will
start to use Tamil scripts from now.

© already use Tamil in my sociall
media and | encourage ask my friends
0 use Tamil too
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1. amCurg s Cr) FewL (PewDIWTHEBSHBHD HH6u6D GIHTLHL HIL LID LIk,
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CriflFTihs Hewflenoullsy pewmwimer LullDHF euPBIGLILIL TenLD &HTTvTLOTS
CurmtiuTeT 2arluiiser LAl COTL HEW L (LPEPMIITHSHSHSHV LISV H61m)|Hew6r

Q) LPEHHSTMSTT 6TTLINGHUJLD HeBTL_Mlul (LpLgH M.

EUICUITHTEDLOHEWETS & dhEHLPHLOTES HTd LIsVEaUMI L 61l HeNBEHMET (3)HM G,
(PSS 6T(HGGHISTOTGI. GDIILITES, @)eVBIHHEHSBTET SLOLDPS &M (LpewHUWITS

W) el CH Mg ewevTULD,, ANWFLILIVN S H6THEHTVLTES Gl BISETTH6T llewFLILIVEH S | LD
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W el CHIL 6T Gl (hHHMET 2 (HeuTdhd @eveuFiors Gleueflulll Hsirerg). @)F6lFwm
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LfbgIeDTHeDETU|LD (LPSTEM QUGS MG
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Li6wsflem wi b ey LD LI6v (PO OlF 1w Geouevvrig ®)HHB6v,
O mflElLwTliILTeTiseflen L Guiwimesr O TL_TLITeY|LD 69 (I M 6WTLIL| LD
BT (HSHL eTHTUST euewT LVGouM Hdbsevdser GomflolLwiiiy el uigglsv
& 6T L1LI (D) 35163T M 63T . @) FHsbHVHMeTES  Hewenbg OLTHCLWTLLL  LewflEHewer
3 (HBIH W ERTLILISM & LD Crfleluwriiumreriseflen L -Guwiwimer SUEDEVEMLOL
CUTTHleweT 2 (HeuTdhGHeaudbM G Lrer GClwsTelLTmL &mall peTm )55 (HewTd6lseur
2 (heurdsl ul (hsrergl. @emewrtw eufluires @umi@d @)w6wrereummer alldssri
WPBHVTERT  HMVFOIFTY &I pHellEHemer 2 ererL SSullHrugiL 61  eTHHeTCou
QurhlelLwidsliul L sunenm Lber LomfG LIt ds & Lb L16wsf] G ew Lo uflew 6vT
B)VeVTEHSTHGHouBIL 6T Gomifl-ClLiiliLimerisetlen L GuiwimesT  6p(hBbIsslewewTLIew LI LD
CBTLTUTL ewevujid  THUBSSHIS DS @)samal  cpevd  aueTiS6ls B ILIBID
WoewTY  CTHELITIYSET L BislW Srassarsamnsds Clarasr(h OFwmens
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& (HAIlGEMETI|ID 6THTHTVSHBH0 2 (heUTEHS (LpLg-UJLb.

LeWBAUITLY)  BIEWEVWIBISET  (IpH6V T dF  BIMIUEHTHIGET  6usdT (& T6VeuLf]
YWleylildsemerd Llllp Glomfluiley sulpBIEausled GewmUTHH6T HTewTll Li(hdedTmevt.
umTwMIGHLILL L. CFTHEHTEhFAWSMSWID uTHE W HewlildhoHenerud ©la e
@it g WleyLiyser ereflgTEGou CeTOILIT(HeiTherlesr FiewenTOlHTesT(H HLOD 6remedriLs
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seflwrer CaTewsvCLF eTewdT spsiTlewerr eulpmiSlusirererr. @& Ceid el (HehL
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601&Cas T s6T-aT19Cuwim cpsvid WewpliurThssewerts Lgle GFiigh Heumenm Liler

OB TL TSNS TET UFPHH6T 6uLpmISLILIL. GousnT(HLd.

IrH  Fmeusstmiseaflsst 9 PleyliLll LVewSHHsT, LWLV SHSHT CLTSTD-0uMHEDMHF
FlurTidgd  SewslliugnHsTear S Lewwlililener 2 (haur@eug  OsTL LTS
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Qafalsseri. SeueurnTeaT sph &L LewwliL 2 (HeuTGLL g1, Sl ClFrmH FHdbsl,
BlevssanTs Fl(Hehd CuTeaTmeauHewmL LweTLBHSHF @)ewenTut sulflwimsGeu WPHHEL L&
sfluriifeners GFiig Camerar wpiqgujd. Geweu Hally, @eVmienHUIlNT TasdHLD
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HeRTL STV SylgLlitiewL_uilsy eueTihbghl U CsTl mIl LF GlFsd Gpplsewer i ig,
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uUeTOITLl  BewL (pewDWTEESSlewerTd OlFIgIumHD  FABsliyi, SorLr GursTm
geveril BrhHsefllsv @G iewpuiled FHHeum OGBHTYH BHIL LSSlT euslLTHD LHIIW
IWILIQIBIGEDETU|D GlLHMIs Gl TeTarLpLguib.
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@) whgIeuHD SO BT 1960, 20160 9y601®H BL_hsb FLU L L1GLITeweu Cgiagedlesr
CUTGIUTEHSTOTTHEW6T HouieusNHTSH LIVSeuM| LBSWOIST LHleVBIL LIBISH6T Tdluied
&L FgHemrsL LweTLBHSSLILL L 6. GHOILILTS FeLpss (3)eWeNTIL SHeThISH6T60 9T dluis)
s FAgserrev Cunolsmereriiul L Urdsrrwrerg WsO6uflu STéEssems
THUBSS WG TedTmI LiTeusTs BoLLILIBHEIDGI. sTestGou, B)bsb oy isuresrg 201610
SOPHTH FU L 1t Cursneu CaHiHedletTCLITEH| Feipd (3)6HmERTI & 61T IS 6IT

()T EhTHET 6TOINMTM, 6THMHTEH LIWSTLDSSIVTTTSH6T, BT ST LD
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BHOTBIGHETTETG| HHEUVHET LONMILD & (HdHEHIHHEMET 2 (HeuTdhEGL, ClgTlallds@Lb, s HLb
LHMID PHEUTHI C\HTETENSH FTTHES LITTEDEUHU 2_6V&HLD (Lp(LPsuUKHILD 67N 6% 6T Gou
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CBTLBIF LFleysewer @)Lg OHTL Bisler. sTHEHTGou, Flov &L FHsT Foupss
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"internetlivestats.com” sresrenitb @)ewemrwigerid ojeflsE @b SreyseflsirLig

@ bsluraisr Glwrds WwahseTosTensuillsy 34.8% Guir, gsreug L G511 46
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118 wlsvedlwerTaseyib, 2argsits LiGglseaflsy 25 LlsvedlwaTTHayld 2 sTeTg).
@)ewewTiiger LiwsTUTL 1960 2 _e0SCCw @) halwim @) revsremiblL b eudhds @ Lb
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SLpsHID 2.68 Carig LIWSSTUTL L TeTidhEnL_eoT @)renrL Tl _Gend GlLmmieTerg).
GlFetTn peT(h BLhd FLU L L1GLITemeu Chigedlsv Glrdhsid 5.79 CoHmigGuim
UTE&6Md G FGHHleww GluHV(HHHTT. 9 Flev sph Cohmrigd@d Copul GLmi
PBHVPEDMMUITES 6UTHSH65HGHLD (B)eW6TEhTH6T 6TedTLIG GHDIILIL & $553].

GuhCsrersL_(Henrser(Review of Literature)

@)susumiieyds L Rewruilsst FmelICLTH @55 H(HdbgIewL_w Flev

Y UI&HH L HWTEHET GHDISsH GHMILILSH6T HCL yeflsasliul Hererg. Gsib,
B)da5L_(HewTHaTTesrg|, CHTHYID — FoLpdh () eHENTU SATBISATI6IT HTdhd (LpLD
STETLINHEWLO WIS H(HSSTHOBTT(H, H6wfEHs Hslui Cahigedlsst GLTSID HMILD
@ bFw BTLTEpHLeTH CaiTHedledTGLITEID CLoMGISTaTET ILIL L 6D6udsaTT@Lb.
QLEVTT6Y, @)6U6UTUINTETS| (LPSHVPeDMMUWITES SO FL L 1oesTm G5 i HedllerGLimg)
B)emearehiHafler Feps @)emeRTUISETL LIWLSTUTL DL _U|LD ST HTHHSHMS U|LD
HTL_DleusNaETHe LD CLomblsTererliLil (HeTerg).

sTwgif eurenfl wHmid BGeeg 9 Gevurssr (2014) o s1Gwimi “A Survey on Impact of
Social Media on Election System” srsstm gemsvliLilev QFiig oy iiaflev, sL_bs 20141
uTrrepeTmd ChiaellarCLmgl Feps @)eneantsearmiseflsy 9rflwisv &I Fseflsr
LIS BISETT6Y UTHETTTHeflenL_Gut eTHLI(BID STEHEBLD LMHMILD {H6ST &TT6eSTLOT S
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Cxia6v (pLyeysaflsy sTHLIL_(HeTear THMBIGET &DHg ey ComlsTerert
Ul L g.

“Use of New Media in Election Campaigning (Lok Sabha Elections 2014)” stesrm
FeweoliLiley &uTsss Ll Lrderiwr (2014) sreirusui GFiig oy el epsvid,
‘Orssepsitar 815 Wlsvedweir eurdhasreariseaflsy Geumib 12 sgsafs Gui i (Hibgresr
Yyalw Csriflevml LikiGenar LweTUBGEILISNTSOTTS 2_6TaT6TT 6T63TMILD, 6T6aTE6u
SHCUTDHS G Fops (F)WEMTIW HeTHIGH6T B H6Talle) HThbHme 6JMLI(HSS ol 6Vemev
STTMTEYILD QU (HBISTVSSHIV B SH6THTHSLD LOEHLIGILITII jeTalsd 95 % e @D eTeTm)
GO Ul DeiTerg).

Brgwmr e8i (2014) stesrueui “The Effects of Internet Usage on Voter Choice in
the 2012 United States Presidential Elections” sresrm geweviiev GFiis
gputailsirLilg, ‘9 wifds Gy wrs semeveuir CHigHedley @M L &1 AuilenienL_w
Geul urerfleT @)ewewTwigerdhend LTTemeuuill L sui GLIHLOLTYID j6euhHdC%
AUTEHE6MSHHTHOLD, HL b BT S 60T (HHETTH FoLpS (3)eWENTII &61THI%HEW 6T
LwesTLI(hSSHILISUTH6T FRTHTIWS SL_Fd @ UTHH6TSHHTHLD” HevurTL_MlwiL

uL_(heTerg).

smbslwev QFwmgl” b (Theoretical Framework)

@bs gy isuresrg ‘Uses and Gratification Theory” srstrey i Gamiuimt_ewL_
ILiLenLwirs Glsmenrth Cumbelsrerarts Ll Rererg). @)He Cariuml snL_
wipieflwealrTer sTedllandHTL e sTerTenid H6lIM&ES Fepsallwisy 9 mlep s
FnHMILILILG, “W&&6T Feps MWD HBley FTihe CHMAUSHETS 29TL_&dend
LweTU (DG SIS STDSTT. 9 SevflliLil L pLsHTOUTMISSI, QOUTCuUrdE FTibs
Cremaus s TsCalTVeVg $HaIV FTihe CHemausHHTHECeUT, HBISEHS S
Caemauwirer GO L 201 gSeuenaseni Cxih6l% M55 SnisHeflsr Chemausniws
BlewmCeunmls Gl&meralssrmesti”. Gogid, GMILLTS @)bs CHTLLITL T6Tg| LddH6iT
STHMHTEH 29TL_HGenG LIWSTL(HHSTDSTT 6TedTn) B6iTalld @b, H|SHedT eLpsvLD
HWL_&HGHLD HHaUVS6T 6p(HeuledT (LpLg6leu(hldh@HLd ClFweLpewMUileL 6T6h616 S WiT6vT
LIBIeNS 6USlSBSTNG| 6TedT GaeiTalls @b LglevaflEsngi.

sTaarGeu, @bs Cariurl ewL o litenL wirs Gasrensr® 20160 oyer® bL_hs
Slps FLUL L1GUTeneu C5i5elleT@LITS) Foipsdh (@) enenTuld &6TBId 60
Cuneasmereriiul L Urgsryupid, @emerepiseaflest LiwesTLT(HILD 6ThHemaln S,
BTHEHSMS TDLBSHD 2 6TeTGI6TOTLIENS HeTL_MeudlsD B)bsh U1 H6U6TLD
QiS55I SI-
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@)bs 9 lialna@ ChemalTeT SrasHener ClLNIISDNHTS, CHeTalldHSTer speTm)
Swri QFwwiiu’ (b CFsrensrullsy sudfld @ 18 suwdlm @ Cuwpur_ 500
pUiHeflL1b LFlevser QUL L 6T, oy 6vT, ClLewT st &) (HLITedlewT (HLD LIBIGHHM
@bs el Cslsliul L Cseralsarenarsdgiid, 9H@&OILLL L puiseaflsT Feps
@ewewTiigerts LweTLT(H LHMILD FoLps (B)eWENTI HETHISH 6T 6T CLPSVLD T &Fliisy

&L Fgsemrsv Cunolsmereriiul L Urdargmiser &nldHs Sjeutsaflst &hsbens

MWD uenHUileL YWLESELI LIL 1y (HHSSI.
Gasirailg s mer cpsvid GUDLILIL L STeysener LGLUTIe GFiieugnars SPSS
steren b GssT@ LT HEpLd, Microsoft Excel 2016 srsttm 6)ost @) Lim (@M LD
LweTUBSSL LI L 6T. H1pSHSTaID cpeTm GHMIsCHTaTHemersnow’s LRSS @) bS
9iie) ComoelsrsrariiLil L gi.
1) 2016 gy er(® sLlpss FL L LiGuTeweu Caigedlesr g Fepsh
B)emewTiigarmISafledr LiFals.
2) S FTihd HHUDBENET FeLpd 3)eMEWTILISSETBISST cLpeULD ClLHMBl6D
L&HSHEHS G HlewL 5B allPlLIL|enTTeyld, gl suTdHHeaflliLgley 9 HMlw LikigLD.
3) Feps @)ewemTGemnhIs6T cLpsvld CoHelsTarariiBn CHigev LIFFFryd
&DHS wahHefleT WweThlensven i CgMhgIs 6% TeTer.
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suwgs Lilfleweuuyio wmmib g wpsiter 90 Cuii 25 whHmih HsH @ CogisTer auwig)L
Lflemeuwio CFibgeuisermeui. Cosyib, gy utailsy LBGsnHm 500 Cuiseflsy
Fsul_Fwrs 310 CGuir Feyps @)emenTwigennhisenar LiweTLbh G all (hLiLILTesT
Wsitesram & Hall FmesrGudlser (stomit Gumesr) stesrmiid, 105 CuirGwena/

Lo1q & 6uvtlevf] eTedTMLD, O psiTer 8D Guifledt afl(HLILILTS DEWIL dads & ewtlesflujLd

o _GTaT|.

uBIGHEDHUITETT &6 Fops @)enenTi Sarhis6fls) GFsvall®@o Corib:

9L suement (1) Casirailstarsr 16irLig gy iails umGasnHm 500 Cuiiseflsy
Flsul_Fwrs 350 CuirFeps 3)emanTIISETHIGEMET CLPSTH 61 (HL_BI% EHD:E
Guevraseyid, 110 Gui 2-3 supLrisearTseyid, b5 wpsirar 40 Cui sL_HB sp(mH

QUHL_LOTS (D) enenTl SaTBISeWaT LIWsTL(hSHS al(heusTs 6o MallsgsTerei.
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I L euemewr 1: LkIGsHuTeri&eflsiTe s E)ewemrwiserLiLiwiesrLir®

Qsfley 6T6U0T 630115 6

1. TEHSMSIT QUBHLBIZTTES FOLPS (3)NENTUI F6IT /IS 6T

vweTtuBSSlaumENiser? (e-sr. Guevyds, Lalll L i)

GC\F6ITM 6 (H 6U(HL_LOTSH 40
2-3 QU(HLBIKHETTS 110
3 eu(HL_BISEHSF CLo6VTS 350

2. QFuiglsemer YWHSHICSTeTUSDNETS FrTFIWTS @(1H HTerled
TS5 BmeT 6wt CBrsems Feps @) emenTid JH6mnidserfls)
CFvall @ iser?

2Lt CHr&SINGL GDDauTS 85

1-3 el b rmigsiT 190
3-5 wenflGprsbIssiT 160
5 wenllCBrssln @ Cevrs 65

QFiglBemem YWHSHI C\ETTUSDETS FeLPS (3)HEWTIW F6ITHIS6IT:

I Lsuenenr (1) Cxsirallstant 261y Yy iallsv LKIGsHMH 500 Cuisaflsy
Flsul_Fwrs 190 Cuie@m Bremerd @ 1-3 wewfl Cprsansg GFiiFlsenear o nlbHa
& TETUSDNHTS FeLps (3)6MERTUISETHBIGENET LILGTL(HDSI6USTHeLD, 3-5 evwt] GBHrid
steorm) 160 Guhid, sp(pLoewst]! CHISHF M & GHewmeurs sresrmyy 85 GLiHLd LHMILD

65 perer 65 Guiisp(h Brewerd @ S wewf! Chrdhdm @ Cuevrs GFiSlsenar 9 Mlbg

Q& TeTUSDNHTH FeLpss (B)eWENTIW FHeTHIGED6T HTHUSTES 6B flalldgsTerei.

Y rfwed GMIGS OFiIFd @ afl(HLILILTET 2aTL_Hauends:

OIL_Lsuement (2) Caxsiralstevsr 16irLilg gpiails umGsnHm 500 Cuiiseflsy
Flsul_Fwras 165 Guir Fwwres sTaTenilEamsuiled, HsToug Hrflwsd &nldhs
CFiiFsemer 9 MhgI CBTeTUSDEBTSH Feipss (F)ewemTGaTBISHD6T BT (HeusTds 165

91



Gu (b, CFUIF GG TeTHeW 6T eI GHousbTs 165 CL(pLD, ClGTeweVSEBTL FSH6iTeTsiTm)
135 Gupid, @)sipaserstesrmy 30 GLipib, BHwpsiTar S G BeWTLITSH6T CLPEVLOTS
5 MHgICsTeTUS TS LD LiglevatlbgisiTarsuri. GLog)id, ()5 e6dTeLpsVLd

GOLSB T L(HHSI pHOUT Fn L YTHWD FTihs CFiFlsemer HmlHg6ls TeTer
LweTU(h S GleuPlsVemed eTaiTLIg] 6% weHS M.

I Louemenr 2: 9rFlwed Frihs CFiISBEHLD, FpH ()HENTIW S6TIhIS EHLD

s fley 6T6UT 6515 6D &%

1. grfwed GYsSs QFiigsemer o mlbHS5ICST6TaT 6T616EM5WIT6EsT

oar_&&6mS LIW6TLIBS SIS0 T aH6ir?

FeLpS (9)eWENTII & 6T BIH6IT 165
QFUIBG S T6iT 61T 165
Qs pssit 30
QB TeMVEHTL S 135
BeRTLIT ST 5
CICINIEI 0

2. grfwed wHmID CFHTHV&H6T GDISH afleuTdld @G Semors

FOPS B)MEMTWIS HOTIBISENET [ BIG6T sTDMIE C\& eIy s emm?

BlIFFWILDTS 235

FeLpH Q) eWENTIW HOTBIGET &M GLIT SIS T6dT 210
SUGTT S )6 MId5 UL|6T6T6vT

Bsiemid G)svemev 55

LTHII 26TL_FLOT FOPS (3)ENENTI SHOETBISH6T 2.
IIL_Lsuement (2) Casirailstersr 26irLilg gpiailsy umGsnm 500 Cuisefl b o rdlwisv
wHmib CHiHeV&H6T &HMIGgI alleurdld @D THMI 29TL_FHLOTSH FeLpds
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B)ewemTiSaTBISENET 6T(HHHIS5 Gl TsTaTeLTLOT 6TadT CaHL S L FI. HHD G DS
ulswrs 235 Gui BléFwiwrs stesrmiid, 210 Cuir Feyps @) 6w TS oM HIS 6T
SHCLITGISHTET USTTS FI0UBISUGTETET 6TTMILD, LESHLpsiTer OO (3)siTem) LD
B)svswevGlsSTYID LIFlsvertlsgisTarei.

I L ouemenr 3. Feps @) enenTt HemhisEHD, CHTHed LIrsFFrrepid

@sfley 6T 6UBT U511 5 6 &

1. grfwed semevauissr whHmid s_FAullearilenL_Cuw 9 FlsMsg 6 mHLD
Fops @)eneRTWSem LIWTUTH 2 BSEHdsE SNCLTmSW )Ty
GBlewevenw Lfbgis6sTerer LweTLGEDST?

9Lb, 9)&1 LweTLBHSMSGI 240
JGHT (1 euswsuiled LiweTLIHSMGI 210
B)svemev, GLLILIGMBSSTET TDLIBHSHSHISI DS 50

2. grwe s _Aser Feps @)ewewrwisarhisaflsy aflerouy LrdFryo

QFiiloug GVISH 2 BIS6T &[HS06\B6orenr?

LweTU(B S DG 100
eumiIGUMHMIFI M 320
Cpreilyuib 80

3. sHCurengw Yrflwe) GpBlene GBSS TSTUG FPS
B)wemTwSeTEIS6T CLpeVLd M HI6iTef TH6TT?

91D, &Y LD LIwsTL(HS MG 170

9pLb, edTT6V ClLIHLOLITEYID Cerlg 6w wiTestemeussGer 290

6Tem W GLo HMHaIlsV6m6V 40




I rFwev s fs@Emid, Fops @)enenTwiSer LiwiesTLIT(HID:

9L suement (3) Caxsirailstarsr 16ty gy iails umGasnHm 500 Cuiiseflsy
QumpbburevTGermi, HBHreug 240 Cuir grflwed &L Assr HMID BT
SHWeVaUTHeT T 9 Bla TS G0 [HLD Fepss @)ewemTwisar LsTUT®H &HELTens W
Orfwev Cursens 9 Nbagl Carsrar LwesTLBHSIDEGeTMID, 210 Cui Heweu 7CHT
sp(Heuema Uiled LiweTL(HeusTHEeyLd, tbgwpsiter 50 Cuiir Hbsemas i Ligleyssir
GULILSSSHSTET allenaralllILSTEHaLD &[Hdbe CsTalsgsreareti.

Y rFwev s fAsEnid, Fops @)ewewtwser efleriour ydFryrepib:

9L suement (3) Caxsirailstarsr 2eirLilg gy iails umGasnHm 500 Cuisefl b o rdluwisv
s Aulleri CHiaev GMda% Feps @)ewmentt Hernhisered GLom 6l TeirenLd
afleriourmisst GnMSg Csl L Curgl, GlLHLOLTTEDLOWTeTouTH6T 9 HTeug 320
Guir, Hjemeu FHhi%kEHdEH GleumIiCUDHMID suswasullsyisitergrasayd, 100 Cuiigsnsu
vwetL(heug ey, Wawpsrer 80 Cuir geweu Crrsems allrwid GFiieusTHeayLd

oMU 6TeTevTIT.

FOPS (3)60 T WIS 6T BISEHLD, LIWIGSTLITHILD:

IIL_Lsuemewt (3) Casirailstaisr 3eirLig gy tails LBGsHM 500 Cuigeflsv 290 Guir
FOLPS (F)WENTI HETHBIGHETI6V HTHIGET HTed el wikigHsT 6lLIHLDLITEYLD
CaugsemswmerenausertTsGeu @) wmhassrHay, 170 Cuir sHCUTems W 9T dfluiey
GLpBlemevsn i HWlHg Gsmerer LiweTUl L GTaeyb, Wahwperer 40 Cui srmiser
sTew S UG HMHalleVensv GlwesTmd ClgMallsbgisTarei.

Fps @enanTwger aflairgshisafley LBIGHDL:

9L euement (4) Caxsirailstarsr 16irLig gy iails umGasnHm 500 Cuiiseflsy

QU@ LTt W TEeTTTHSTeug 345 CuiT Feps @) emenTuISaTBISATV HewL GlLIMHM
aflourgnigeaflsy miser LBIGCHNHMF VeV sTadaTmLD, LEHLO K@ 155 Cuii Thiser

alleuTgmiseaflsy LIGiEd01sTawTL_STHe 65 TdhHeTemesTi.

aursseflsEs 2 gailw smyesnfl:

9L suement (4) Caxsirarl sTevsr 26irLilg gy iails umGasnHm 500 Guiflsv 180
CuisBisafledT HedTLITHET LLHMILD Feps @) emenTwisar@G CaigHedlev s @Ml L
s Fé @ sursseflss 2 _gallwgrseayd, 100 Gui @@ bub wHMID Feps
B)emewTiigerid ster @) rewt(HGL 2 gallwsTasa b, &HusSBerilsT %HsH6s
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2 gallwgrs 80 Gumid, GHULD wHmiD HesruissTsrssty 70 Gk, Feps
@ ewemtwt sermisersredTm) 50 CLiHLd HMID LBSLO(HEH G 20 CLiBesdTLITH6IT 6TEdTMILD
HMHS3IH QB MallSs]hhbperi.

I L ouewenr 4. Feps @) enenTwgerhiseafled Cxige LrdaFrrepid, wpigCleuHda@Lo
Smad

sy 6T 6UBT U511 5 6 &

1. #fusFw Caise GVIHS Fops @) emenTwserhisefle) HenL GLIHD
afleurgmseflsy LIBIGSHMHIT&6rT?

9yib 155

@)sveme 345

2. £Cyp o _eirem 6163 HTrewf] 2_misewer @ GO L @@ sL_FHbE
urésefss 2 gailwig?

FeLpd () enewTI HETLD 50
&® L 80
[H6UOT LI 3561 20
@B IOUILD DML BHETLITS 6T 70
[BESTLIT G361 LODMILD &0LpS>(3)6 60T LI % 51 35 61T 180
@@ LD HDID FEPs () eDEIIT LIS BIS 6T 100
QPyeyey:

CunEeaTL gy liie)Lplgasemer LGLuTiie G\FiiubGurg GuevLds wmHmILD
Calll i GuUTeTn Feps B)ewenTWSHeTHIG6T TFiisy wHmIh CHigev 2 erefl L
LVGaum| NS IWTET CFIUISISET LLMHMILD HH6UVHMET Wbl O\EHTeTeT 2 _FH6 LD
WPEHBw 2011_H10TH 2 (HOleUBSGI6TaTHTH GG euHEIMGI. sTesTGou, jrdfluisy
s FAgsst urribuflw Cxiged Lrgsrr sudlpsnmesswar L HGL 695w Test(H

QUTEHESTOTTHENET H6UT @) UWIVTH] 6THTMILD, §3(h HTFTHISHHMNS HeWLOLILIGI6V (LpddhliLl




LIBIENS 6UBE5@HLD Blewsvsw i CBrdd Feps (3)ewenTi S kiE6T (LpedrGesrm]
au(HeUemS W LD @)H6T cLpsvld Y Plailwigisimgl. Gospih, B)bH 9 UIeuTeTSH| TS iieV

s AT Feps 3)eWMTWSHOTBIGHEDOT LIWISTLHSSHI0INS LDdSH6T 6uT@aunHmreiid,

9B cpevLd GlFiwliB eflerbuy FFFTr o)emi@ e nenil jeuidhsr

allmoLailsVeney sTeiTLIGl ClHTW RS M. au(HBISTVBISATV s SHeflenL_Gul,

GOILILTE B)ewearehiseflenL_Gur Feps @G)ewentt Honnhiserler LiweTUT® GLosy)Ld

9P 5551 euiseaflsit (1piy6leuB)d @ SIMevflev (LpHHw LIBIHSHULD, FeLpsh

Ulrggensrsmsner aileur s SaTOTH LD FoLps (3)eWeRTI SH6THBISH6T LOTMILD

6TEITLIFI6D WD 675ILOl6VEM6V.

@Dy SseiT:

1.

Gayatri Wani , Nilesh Alone (2014) 'A Survey on Impact of Social Media on
Election System', (IJCS/T) International Journal of Computer Science and
Information Technologies, Vol. 5 (6), pp. 73637366,
http://www.ijcsit.com/docs/Volume%205/vol5issue06/ijcsit20140506100.pdf
Media Ajir (2014) 'The Effects of Internet Usage on Voter Choice in the 2012
United States Presidential Elections', Creighfon University, pp. 1-13 [Online].

Available at:
https.//www.crelghton.edu/fileadmin/user/CCAS/departments/PoliticalScience
/Journal_of Political Research _JPR /2014 _JSP_papers/Media_A.pdf
Subhagata Bhattacharya (2014) Use of New Medla in Election Campaigning
(Lok Sabha Elections 2014), Delhi University: Available at :
https://www.academia.edu/7486078/Use_of New_Media_in_Election_Campai
gning_Lok_Sabha_Elections_2014_
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eTiflev - GlLrg LweTUTL 19D &LD, Cleuafluf(® CBréaslw FaITevESEHLD

& (HERTT ST 6T &BewTF6iT, SCT&F@GLOTIT FTLOITF,

| (HETTTLD Y SLOFT 6T, LOMMILD (LPSSHI | VOTGHT ITLONEV.

TPV GlomLf HM&ESHL L _ewer, FTer B8, &Tedloo@UITTevflwiT.

& (hH&BSHLD

oTfl6L sp(h SO sHewtlesf] Quomifl [1-3]- @b L0 Hewflesf] Quomifl ereirenid Lt 1qwGev
9 Crraaslwwrs Cli-Thamil Gurerm Sl sdiseafleorrsv [4], susrhd spp CBHmrdaslev
2 6iTergl. LY enT(Hser CGTL i wpwmHFwmeid, SeiLieudhdlerTepid HELTEI 6TLHl6V
Owrfl sprp Gurg GeuafluTl sw ewLuwjd Blewevullsy 2 esirengl. @)HH & (HEWTHIH 6V
6TV &L _b% LITewSMWIU|D, FhdldHs Gleunm CpmevaisHenearu|d, FeaursVsemeT| 3 (hH
QUTVTHM UTTemaud@Ld, GlurPlwmreri SlmerTiladEld euentiiL(hHHIb CBHTdHsleD
@)bS HL_HewT je»Lou|LD.

eTifleb Gomyl @)ewL_ LD
eV euflserTas eTifled Glorlenws @ewentwid sulfl eupmbIs PHUL GLTD. G)FHeV (Lpspev

wwmnd [1] swwrs wiyssenflefluley spp web server Blmall; 9®da ezhillang.org
6T FHeTSHFle0 @ewewtwitd euldl erfled Gomiflewws eupmidl, Cueid @)bs [2-3]
@ewewriwsufl @ewL_psHems syntax highlighting eypsowpid CuibuiBh$H O&THSEHTLD.
QYATTV FlWLGF HTHHELT & Gewmey; eThISEHSGHL Server Gumurieneldd,
Cauemev YFlad. p&EHwiwrs  eTflev  Gloryl GFsormewLw  Geuswriguwr  Apmri
LD ITEWTEU T 6> ) % 6wtlevfl D HlewL_WITgl, @)eWERTUI(LPLD SleWL_WTHI. (J)HeWEUT 2 60T H%
Uletr etiflev Glomflewwr sewflesfluilsy i Hb ChemeutiLiHd jemeydhdH B)WL (1pSHdHend
CHTHE G LG augalennds pHul CLmb. 3)51Car “eragdl” (L_ib:3).

Quer@uTm6T Glouefluf®

(H GIOSTEILIT(HST 6UlgaUHIOLIsHLI STevTly, @)@ Flewsvulled &)(hd @ LD 6THTDHTEYILD
IHewerr ClLTg| Gleuafluf® stedrmy eumd GuTepg s UL 1gwedll (h) 9 H6esflev 2 sirar
GOTTHIFWBIGemeTW|D, FHApliubsFhisewerujd Ffleuy GCeousweVOFUISIDST  6THTMILD
ufGsrgsg CeueflulHeug Ws pohaslwwrer sHewflesfl GUTPuilwey suaridd mlewev.
@bs Blewevewmw et erflev [uid @ 1,2] Qurfluilev wev LgHeT @b oy 6uT(H
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sThGslul L gl wahalwwrs Windows, Linux Quibig serhisaflsy eriflev Soiig -
‘sTapd” eteiTn @ewLwpsid [uLid: 3, 5] - swri Blewevulled LIWSTHSHID U
CruigBamrib. Guepito Android gensglsv @ “sTifle swaCui®” [urib 4] sretrm
Gmieh6lFwed (mobile app) serewmuid LWL GgI6TCarTID. @) Hs Ceuswevulley HrBbIS6IT
FhddHsH Feurevsemerujlo uUNM @b SLBewrulled wugley CFWLECmTID.  eTLfleD
Qurflepw Qeuefluf® OFiiw uBIGaflss EWETOUHSGEHD 6TBIGETS [HTMWlH6T -

6THRIGET| (LPTEITNMHewSH LI 1guied 1-3)6L LITTdHSH6VTLD:

Project Stars Language | closed open pull Fork | Contributors
issues issues | requests
Ezhil-Lang 78 Python 100 93 59 35 11

uliqwed 1:Github-@)ev eriflev Quomyl ukiseafliiy SersBler Lsireflalleur L iquiedled

eTiflev  Qloml L YT(HHeTTH YW Coussbsled @)HeT auemids CHTLTHI
B (HGEEIDSI, @) BHSTYID eueniFfewws  Flyed euflsefley eTedTeRTIPIGWITS -
Qurfluilest HTHHSSlVID, HewL_F LweTTerisefll_dalepib ' HGL & Tewr (LpigufLd.

Ol

Semhenn GLomLs)

uLib 1: erpd) OFwed OFBTL_&s LILLb. uLib 2: erifled Quomyf] Hesrevrid.

sTiflev Glomifleww @iy Amjeui Ampdlwii CQuUITgI LIWSTUTL 19D GLD, TS EHS S
spmieils@ HFAfwisensE Caheweuliu@id sTiflv  GlT eillerdsd, sHeawflewio
uTLBIGeT, eilerds o2 ewy, GumTsimeupenm Hwri OGlFig  Hvall HIGTEMTITSS
@ewrnis  GFuuGs wWHFwwrer Ceuswev. sTfle  GlwTflewwCuw  BlrsvL{BHIB),
ufGsrdlE@id Couswevewws sTevwrly, @)bs 6rhlev Glomyfl Heveall LeTerddn L Biserflev
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Blevgaurs sTflewsy LasLl L CHemeuiTar SFhIGH6T eHTHmBULD 66T LIT(HeiT
Qeuafluf B FHlullev oeflsEs @)miIE pwsvsE@mmib.

CAUsers\muthu\devel\ezhil-lang\editor\examples\5_recursive_functions\tower_of_hanoi.n -

G B & S e | Ei ] ® 113
f
el ————————— ekl
- & - S 5 e B I
| B g - 5i0p gmrsa Cusn - 2 gms ulu:-ﬁbg

i Lald ens&ley Gmhal 2940 HESDS 1]
loyh sisdlel @mma 3anb siEAnE 1
2opb 2iES6) @mnal 3ald aEAnE
1opih DI5E160 A mDHE! 2840 DESHE 1
35410 HEEIE QDI Loyl SIESDE 1
30 snsdlel @ mhHa) 294 HiESME 0
loyh susdle) Smma 2amh HEAME i

fact.n
factorial.n
fibo.n
fibo2.n
ged.n
tower_of_hanoi.n

@geuurraam Gammenr MU (GUL (h&ETT, (P& EL.S %
EE = ol windoze.n

@ (UL (heneTT>0) SyaaTiey Llist ) il s
hist_of_Cn loyth susHlel @mnal 3apb HES0HE 1
| Garnmesrmi (UL (h&erT-1, (LD&6u.D1& &, b-(Lpg s 2o4b £1EHE B DS I HEADES T

I LSS el " +striaul psein) +'w silupad] T 210 SiFEe ) BHE! Lo SIESMHES 1
= = thodarpattiyal.n

3L &Sleu @ mhal Loyio 21580 1
o gagesns sm° 241D 5860 @ mmal 3o ESME
10410 susFSley @ hal 2oy ESMHE 1
iy GR6IT @ @ &l Tl & 01 [ 0 < gl || b 28 1oyd SIFSIG DS 3o ES
Gul(p 1 2ouib sns&leu @mhal 3amb HiESnE 1

0-9 Sl Bleuerfl C B =

i end of fi

& 3 261 q &1 m

w

B
]

0]
]

uLib 3: e1@pd) - eTflev Gomyfl QFwied] 2_& T yesTihIS EIHL6IT LW @)ewL_(LpsbsLd

eTiflev sHa& LullpHd LrL_Biger

SUOIPL BlreL eTpgl ybsad [0.1], wqupts srelewrreflser [5.2] Gumsirmsumenm
Swrfgg GeuafluilBib eTiflev Glmiflemw Lullev sulfleuGggeT@armid. &HrblewTTeafluilsy
S gl 35min plfl_Bigsesir Lullpd [5.2]-@)sv @sveusFioms 2 _sreng. @)Hemest 6T(HH)
sT6iTEl M GerCluTmeflsy Quissl srelewrTafleww HewrLigGui LigdEeOTD. (B)ewgHulLd
QBTLTHg eupBIS] euheugl eThiser GMEGHTer. LD 3. -6V ST 1quiLig 6T(ps)]
QFwedluflev H L a1 L 175 @& dn (HBHVTH BTV 2 SHTTETIhIGET 2 6T6T6sT. LIL LD
5. @ev erflev Gmrfluflsev LOGO Gumsirm wLL BigsT auenreusnsd eT(HbgIbHTL L T

QFu1g6T@eTTLD.

B)ewewTwi HemH BV Fld %506
eTiflev Glwmfluflev @ewewrws gerp hitp://ezhillang.org  wmmb http://urbantamil.com

st @) Hlp Cmh Frihs sermissr AWS Amazon Gus senflesfluilsy @)wikis
UbHeT. eTTed 6TLflL Glomfl “go L 1d” @)ewewrwid sulfl erifled [3] eTedTmLIG 2 Bigeir
2 svallulled @)WmHCH eTflev Cmflewws HHMI GIEHTETOTEVTLD 6TETMLILG 2 6TOT F&YIWD
suflwiras  Fweuisst erflsv Qurfl @ewewTwsems H&E6LTCui 2016 Qarimig
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BHTHTSSNTT. ()BT CLpsiTmI LTSBIHEHSHGH @Q)bD @)ewenTUISATBISET (3)T6wT(HILD
CFwevNm| FHL_HHer. B)eTMID, B)H6TLIT, dn Ll D 6TedTD (F)ewewTiitd 6ulfl 6TLHl6L 6T6TMH
Gaemeusww  BIMSFHCeorrid;  urbantamil.com ereiTm  @ewewrwigeris  WPpuPBHTSH

STHSOUL (D (LpLBISWG).

B)emewTiigFlsL LOl6iTenIIGIHVVTLD CILITTRTEVY 6TTMID LITHISTLLTES GClFwedlsener
BImIeuCeusnT(BHd, ClFwIedHeNaT LITEIH TS CeusHT(HILD 6T6ITLIZ| 63(h FHLYGITLOTET LITL &M%

&sHEMLD.

SmesrGululled eTflev

SHCUTHIW HTVSHPL 6THIGLD wHCUAST FIMSTEUFWITEL LLTHMID HeWL_61% 6T T6V
Qbs M QuBG SHMSBID WTewTauiHewer GlFaTnewL_w eTihled GlTLl ewaGwi(h
eTedTn  (h OlFwedlleww 2 (HaurEHCearTd. ()& @)WMTWHNMGHBT  HTdh & BN G,

WeTCL FGewemTwG Bl Server-semear GbLBSSHIUSGID FOUTTH 2 _6T6TeNd 36wl (h
BTBIGSET S L 1O L spedTm; @)ewewtwt Herid Cawsmmiilest @Q)b% pwmHFullsd Lflseyb
HUSTLD C1F&Y|5HHI5IEMTLD.

SHCBUTF “sTflL swECw®” sTedTm ClFwedlsww Briser LuflGsTsewer wemwmuisy Google
Play Store-@)sv @) mpha1 Gumsvro [6]. @)g December, 2016 sty Qeuafluil i’ B
40-50 puisermey Bmiser ewHCUAUNCVCW 6Tiflev Comflewwr LuileTmy, ()ewewTuiid
sulfl ezhillang.org “e L ib” euyfl Blrsvasswer @udbdluyn erifled Qumflewws LIPHETLD.
SHBUTGE “Fn L 1D” BUSHESV FUTVHET 2 6TonHTeV @)Hhd CFwedlsww 1prp efFflev
Qeuaflull_ailsvemev. @BM@EGLD 6y &TETGUTLD 6TOTLIHIV 6THIGEHES HLOLIGmSs
2 er(D)). 6TLflL ewHCwi(h) GlFwIedlewi (LPSH6V Lilg WITSH & (HEWTTHTET &SVTF6IT 2_(HeUTHI],
sThIGEBL 6T (Qpewerr OGloauaflufi B Plewsvsh@ OClaTeT(HoubsTi. @eur 6uHBISHTE

CuTrPlwmeri, LLPELD DT 6T

T3 @ewL s uAGFTSemerT, SrLiLIBHSSH60
Geuafluf® CFiiub e s GCeTGLITHafley FHsv euflpswmEewar LilsTLD MU
CuTMluilwev BewL (Lpewm.

1. seofl UNGFrgemerr (Unit tests)

2. g () ufl@argemerr (integration tests)

3. Quimiggarid Bmisusv LMGFrgsemer (Operation system installation tests)

4. vwestic @ewL s ufGsrgemer (user interface testing)
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enfiefley Hlmeo ergps arifleney EIHTLmIS

15T [tnT (RISET

uLib 4 (@)Lg1): sriflev Gomfl “erifled ewaCu®” e _rmii® evasGud GlFwed.
uLib 5 (suevgi): srpd) QFwedlulley FFHrslev @) MHbSGI Fiphd euenreug Blrev.

B)emeu sTLVTOUNHEMMU|LD CIFUISTEV §3(F V6V GILOGTOILIT(HEWET HTLOTSH 2 (H6UT VLD
sTeoTLIg| Sewilestlulwedlsy BewL (pewm Lflgsv. @eumenm erflev Gomfluflev g 1, 2,
Gurermeumenm CrrigwirsGeu sTifls Source code @sv continuous integration eufl [7]
QFig6eT@earTid; B HSs Ly 3, 4 UTlGFTHemeTHeMeT swHouLf] OFUIGSHTLD.

ThIGERSEH s flbseusmr “stpdl” Ouertlurmenar uLfGsTgsewer  GlFiig)ib,
Uletrenml L Bisemer emisluyld sph Hrorer ClsTelummener 2 (Heumrddlujst@armid
eTedTLIg| BLOLGEems. Cwer6tlurmaflsy Lewp/auwy Gvevrs GlweT6lLmmsT sTaTLCS
@ svemev. @) Flev 2 _sirer GuTPlulwed Asmsw (complexity) swswrsTousn@ sph wesflHi
Capeweu — @gwear YwsIGCw Cewumsns miewmewrpleursd (Al)  sresflwmbis)

LUDSS(PLYULDT 6T6TLIG) STeVSST6V L (HGL ClFTeVeVEH I Lg W CaHsiTaril.

IBSS SL b - (prajr

eTiflev 6TBICs CuTdmg) etetTLeng LMW CuirGgieT@armid [8]; @) setTLIlg sp(H HTLoMEdT
sTWPleww 2 (HeursdElwstGarmid. @) semesr Fifleur allerbLyd CFUIZ), LOTERTOTHEHS S,
vullpd eflliug) BHSs S L 1b. sTiflev Gwmfl @)iGuTg LuinAs @ Swri, oy eTTev
WTewTeuiaEhd, YFAflwisend, ustafllseEbd SwTrm ? Seuissr CHemeusemer er(ips]
WL QD 6Tl  ewil  FhFlSGWT 6TTLFI HTHSle0 Y MbgI6HTeTar Geuerig i
2 erewin. HerLiledt ppBTeT 6TV GorPluyd FHLPSGIBIGD STiiLBSHSLLMBLD

[BIT6IT dn L QU (HLD 6TETLIGILD 6THIGH6T &HM]dHEHTeiT.
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Cuom CHmeiTas6ir

1.

M. Annamalai, “Ezhil (stflev) : A Tamil Programming Language,”
ArXiV/0907.4960 (2008).

M. Annamalai, et-al “An Introduction to Ezhil - Programming the Computer in
Tamil,”Tamil Internet Conference(INFITT), Kuala Lampur, Malaysia (2013).
M. Annamalai, et-al “Learning Ezhil Language via Web,” Tamil Internet
Conference(INFITT), Puducherry, India (2014).

Elango Cheran, “Exploring Programming Clojure in Other Human Languages,”
Clojure/West, Portland, Oregon (2015)

(1) Write Code in Tamil - Ezhil Programming Language, paperback (2013),
available https://www.amazon.com/Write-Code-Tamil-Programming-
Language/dp/1547233915

(2) sTpd) - sTLflev FHewflevf] Glomf) (sTGlewTTef] LI 19 u16V)

https://www.youtube.com/playlist?list=PLo6YZGIITE5S3mRVQelij91Xg6xiOonhXM

6.

7.

8.

Ezhil Language Handbook (sriflév ema@uwi(®), Google Play Store at

https://play.google.com/store/apps/details?id=com.ezhil.handbook

Travis C.I. Ezhil Language Continuous Integration and Unit Testing

https://travis-ci.org/Ezhil-Language-Foundation/Ezhil-Lang

M. Annamalai, “sriflev 6tmIGs Curaslng”,
http://ezhillang.wordpress.com/2017/03/02/ suswev Ligley.
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SLlflesr QUBBSTUSS STayser GCHeneuujib, LiweTLTHLD

CFsvauprefl

aflgeusvifigwir GlL_derrevedlsiv, Email : murali@visualmediatech.com

BTETCHTMID  eueTTHGHIeU(HLD SO  sewstlewLoullesr oueniFf  HHEUTH)
2 swruilled(mbg edld@ wrPlulpliug @GOIOUIL Gsdbagl eTATDTEID BT6TGHTMILD
auaribgl Rablurmsgmpuigid sy ploopnissias SUp FupssshEG

CHemauIITeT spesTm).

SPleL o Fulled (b @piuemr Sl Gs  HHeUVEHMET  OHTEHHH
pllew_Gw B LweTUT (HEE MauHSH (HSSIEDTOT 6TTHTEL @)eVemev. LWL 6p(h
smallwrs uweTuBdHums alll.  sllewy sm Caremeuwrs GlorerHeuhHouGCs
DD FSVWewMEG BT CFuID FAnbs CFemeu 6TTMID TnMEVTLD. HSTEUF
SLlewL eUTdHHH6ITHWTE wrHmeug. S GwTfEETeT suidhss CFemeu oy 6T(h
uev Gamig cpuTUIGE G @)(HSSIDGI. YOTTV Y BISIV GUOTIHGHTET 6UTdHDHH
Gremeu LV WL FIb Caxmigseaflsy 2 ereng).eT6VeVT HHallulled YymIFleVD 2 eTorg).
67 GleaTenfleL 9 mIFleVID 6p(h 6uiGHH Clomifl.

B Hlew euisss OCrPlurs wrHmsd CoheweuwTesr L Chemeuserflsy
slwssTer Cumbsreusd (  BigData Database) SREITM). CUBBSTT S
STdSeNGHlener 2 (heursHlall L med srey plaiwsv (B LT enFeiren) Gl&mressr(h
6TeVEVT GlewMEBeflaID Feps LweTUTL (hdEHSCHemeuwTesr LiweTUT(HEHewar eTeflsmas
2 (HOUT&HSIL.  (piguld. @)HeT cpsvld  SLllewpud, HWICHTEH  Fepdhddlemesru|Ld
2 Wiklewevsdd O6laTent(® 6lFsvsv wigujb. @mIGCH aileugFruibd, wHSHSHOID Ydlw
@)rent(® giswmHemer L (LD BT 6T6dT D} l16) & 6T(Hd g% 6% TewTLY (S EM6dT

afleuFrwib

FBIGSHTVSHSD aUMSLILBHSHIW WHIewenT BleVBIGarleD 2 66T LD&HH6T FHLD
BlvgFlew  eteiTOleTsiTear  LuliGHewer  alleweTS B (HBIDTIHST  6THTLINS  [HTLD
urLUiygssmissT suflGu Csfha6ETaTL_Tepib efleusTwid FTihsd LI(HeUBlEMVHST,
u@meuBlemey  wTHMESSTL ehul L Frifleyser , Cugfley GumermeumHewmu b
sTLPbgl 76 Plallwsy suflCu eTFlisTevdHBled TCHeID FohHeL GBiheTeL

FTefldhd 6JHIUTEH BT 6ULH(LPEHMEBEMET 2_(hHEUTHHEVTLD.

wbFlementoefle) CBTHSSLILIL(HeiTemr Li(Heu BHlenev

@ erGsusrflsy, wpgHIGoussiley , &mi, wmFi (Geofli), @psiruesfl, Lieruef] eTeTm
umeuplemevseafley Lflggh eweausbsTaid @erGeusifley eTedTLISDHTET  ClouliLiblemev,
Friugd, wepliCurfle), srHPler Geusd, sToHPler FHlewg GuTsTHaIDHeHD
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QUSTT & 1w LT &6, @)F@GLpBlewsvds @ GIUTHHST LIUNTSHET 6TE 6T6VEVTUMEMM LD
QBT &% CeuewTiq ujLd jeudlwiLb.

@)sweusmssit UMD @) (HdbdH CuT L seflesr @emewrwid (10T) epsvid LIV 7o
gerailevrer  alleusTwgFlener  GeugsrafllsTs  GFiiwerd  eteiTn  YerTaih G,
QsTPlevmIL LIBIG6ET eubgHiaill L TeY|lb @)eTT(pLd BHTLD (PewMWITSH ileudFTuidslnd mesr
Srey YMlalliewsy 2 (HeaursHsailsVene 6TaTLICH 2 aTenLo.

Soil Sensor System - wesr 2_swrirall

went 2 _ewiiallenw eileusTuwid CIFUILD LOEDITOVISHGH6T LIsHDHHHI Wed G 0% TesTL_ TV
sLluflsvevr () emenriiLedr cpsVId  LOeTERIY FFILILSL @) HESMST? (F)svemeviwiT
sTeiTLIsNS BLD GlFLGUFulleT eulfluirs GoeVTeTenid GIFUIWIGOTLD. LOGKTEWTT FFLILIGLD
GHODaUTE  @Q)BHHSTYID (dbF HHaus) 6laflalssliu@b. Geaumewn HrerTs
QrweoLhss CousT(holwesfled sTeVeVT LIUTHEHEGLD CHeweauwTar FILILISHS D 6T
9jeTey LMD 56160 ST SSH6TOTES BHLDLOlewL_Cuwi () HHEHCeuawT(hb. 2 HTIentHHm G,
QBN & T FTLILISLD B HLOTS () (5 EaussT(HID.

s e
.In;er:et:f:hi:gs. > | I
ST

QeuTTeY HM LUWTHEHESHTRT FILILSD GHMDDUTS 3)(HdHSEeuanTHIbD. 6TaarGou
IWOTHE  UewE  Lwisefledst  mrlug  allurBIGemer 2 (6 TdhdGaussTig g
uflwwrdng). @)sSsrayssarsslenear o peursslaillLre  humidifier sreirm
Friugepllgenud &Tant(h) FriusssleneT Chemauirear ere| 6% resT(Heubsiaill
@PLg-UyLo.

Sreflwkig B GeaTamenty 9jenLoliL

alleusms BlVBISEEHSHS CHWMUWITET o6y Heworew! swr BTG eUPBISIL
QuTmL_sefler @ewentwid CGTLHVOBIL LD LwaTUBSIDSI. B)bs CBTLHVBIL LikiSenar
Guevrentewiy  CFILGauanT(Holweflsv  LullisEhsEGs CHeweuwimesr FriLSLD



105

SHenrentfler erey CUITSTUDDIGHTET FHHUVHMET STl 1g ST6USLOTSE LOTHMIEUE]
Ijeufuw Chemauwrmgi.
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DIY an Automatic Plant Watering Device

B afHSCHTL L BIGHEHES BTLOVLTSH FLOWBISID Hewrewt T el @)EHT
@bss  smal vwetu®Fmg. DIY an  Automatic Plant Watering Device,
Qane5Csman GG  GlaTsiteor  wewr  FrLUs 2 ewiellyd, @  FAPlw
S QUUTL L &IpLd sweu-emL @)ewewtliLd &) hHoHTEsv GLimg)Lb.

LFHser GoeursnTenLo

IewFe| 2 ewriallssr  cpevd wullisewers  &pPluyeter  yFFHsefler
sTenTemflbendsemit 6\5Mbg6sTsTareVTD, HEHTH 6THS OGleuliLiBlewevuilsy jeweugssir
LullirsEhsb @ eumBleTmer. The Olauliuplewevulled ausweussr vLullewr il (6
allevgFlaTmer GUTeTD sTeLVT allLITBISEHLD @)5EeTT(H GILIT(HHSILD.
LD/ 5SI6MLD

NGEEIREEA Y CILI(HH S T 615 S Sl 6dT ST % LD TN
9 SHBWTUFHWSEHemaITH DG

Prcg;acl_ence Of Anaemia Among Women Aged 15-49

Prevalence

200
Yo

0.0%

All India Tamil Nadu Krichnagiri District

SUPHHF0 sHCUTE 2 eter ClLBTHEHSE o Cur@Garruilesr sresriLI(BID
rssAaulitigyibast LUDDTEG®D 50%&E @ Gy 2 sireng stermy @)bdlw HGHi6M
QUiaysGHL Palsgistargl. @)a @ Curswrer allewers) eTarsblsTaTaTOOTD,
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QEVTTEY @) 6THATT6V TMLL L & 6T6dTLIENS YW BLok@ SHLllpsdsler &L bk D0
QU(HL_BIGETV sTHLIL L 2 _a0Te)y LTMHMBISGET, Li(HeU BHleweD, 2 anTem|ld 2 anre|, Geausmev,

LOGYT 2_6WETFF6D 6TV LISV &TTessildbenar &euwrl_ Ml Ceuevnriq i Heudluiipld 2 sireng,.

C%H@nﬁnants Found In Drinking Water In Rural India
0

19,720

Habitations Affected
=S

5,000

Iron Salinity Arsenic Fluoride Heavy Metal Nitrate

Contaminants

9perTeL BLoLllew_Gui Curgleurest sreayser i HGw 2 srer 2 srererGou ailr
CunasentL.  srrewflssr Bl Cuw  @evswsv. HCHTH HUPEGSV 2 siTar
9|V G G L1166 % 6 6V LD o (HL_bCHTmILD Lo evuT 61/ Lo T 6wt Wi T 55 (61h &5 (3
whSSHIULTGCFTHMTHmeT  ClLIHHSTUSLOTS — WTDHMIUE  LOEeudwbTerg).
e7Geor6ufleL usitefl  wrewteu/wreTallisefllen,_ G suBHLBEECHSTMHID  SlewL_d @D
wrenteuiseafledt saieusvsafledt 9jiglitiewulled CHeId 2 L 0 FHlwmrer FHobHe0H60T
@mbsTL  HeupBlewest  HMTLMIHLH < YeUiTHEHEEG — YPribLsSSL L GHCeow
GMTLILRSIL 1pigufid. @)&6dT cLpevld TBHMID FEHEVHET THLIL LTV 6THBTT6V @)Hd
Aabse THUBEIMSI eT6iTLINS GG alleusrTwGHlev CETHSH SHaUVHEMET 6% T6esT(H
QITIBSIL wpgujb. @)SGICUTETN 6TELVT FHIMMEHEHSH G SLPHSSINETET, SHLOlPS
WEHSHEHHHTRT,  SLIPHGHSHD 2 6Tem  FBleUBISH6T,  eWeVSH6T,  HT(HH6T  6Tewr
6T6VEVT & BT 6YHWETU|LD OLI(HHSTeUSSHB6L CFiid s Goussrig uig Heudlwiid.

@uGuirgy) ®)eweuGlutsLsVTLD Fev ol (1P T (H B 6T HeWL_& S TeY|LD
QBTGHSHSHLILL TV @) (HEHHISTDET. THHATEoU HlewL_G& HHeusVH6TeT Il LiLienL_ullev
eTeuTGou  Glaumplewer  pupewwwTs  6FTEHSSCeuamdrigwighl  Seudwid  F)ews
2 (HaUTSHGaUSleD 2 6ter CSTIHVBIL LI AdbaHe0E6T, HewL (LpeOM FoHHVHM6T Y TTIIHSI
@)pewerr OFwevLI(hGH eTetTadr CHemeusmssr ereiTLIens OGlouafl GaTewriouGs  @)bhs
gpuialler GBrdsLd

Sireyser

afleusmwid wHMID HSSHIUSSHIDD FTTHD FlbHe0BMET GCLIHHSTISLD LOHM)LD
Hre| gPlalwiensvd GlETanT®h sTafllsTs eTdliaTe UlrFenamssnsar SidHe0TID. ) 6dTT6V
9SNEG bsHG CHMUWTERT SHHauVHewer STl L Gslev CFildhasGauerig wig)
uAwTHEMSGI. SN G $PHSTENID G\HTLHVBIL LIBIS6T GlLHLD 2 gail Lflujib.

alleusTwsslNG CHMAUITRT HTTavllHewer WL _WTeTD Hrewt GlLmhL geflsr

@ ewemrwid (10T), geunplewer CFulldbas Gussseanilenw (Cloud Computing) Gurssrm
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Qariflevm il Likiser BWenL Cuw sTeflCs FlewL_GHlarmer. @)seT cpevld allensullsr
SILD, LOEUTERS63T euearid, ewlp Hevsrentflesr PH wliiy, sTmniler Geusid, sTHl6T LoTeH
oerey, LFFser  Cuweorewrewin  etewr  eTeVLT  aflurmisewerujld  CFisHg
alleusFTullsEpsEHTRT  WMUWSHTOSHHNMEHDHMT 2 (HauThHHlLevmd. G 2 siTer
IWITHBH| HHaULSewaTu| s (HFFr Glsmiflevm i Lib (Blockchain Technology) epsvid
QR (HBIFWENMTHHT6V 6THS 6lewBHH6T 6T6VVTID FAMHhH (Pewmulled eilewearsdhdaleTmet,
6Thp BleVmiseT FAnbs allemerdFensy O&TadT(h @)(HHSHIITMSI 6TOTLISHI QUSHT 6TEVVT
allFwmbIGemeaTU|D BTLD LPedT In L 19 G HevvllSSIL_(pLgujLb

BTBISET  BLSSleubd alleusTwid SHTSHIT  cpsVid  FIELISHIV  6T(HSSHD
& (DSBS speubleur® afl_igepib @ BTewerds@ 50 efll L i Hessrewt i gievwf]
SlewauliLgn@ ClFvalHLLILGFDgl. B)bS HewTewiswr LewT(HLD BTD LMIFLPMFS S,
vweTUu(hSs @uevrgl. 6lareflsy  giewll  Hleweuss 1L L TR e L enr
vweTLBHSSSHIUBTY. @ FLBdH@& 50 Ol Li sewrenti sTeidbGuTg FHLOLPSELD
YWss GHwmbs ULFD 3 Casriy Ol Li sawenfi efewimTalngl. @@ BTWTHE
Bsususre) seawrenti eTewTTGHLCUTSH M WLISSIDG, RMH UHLSIDE eTewr
UTTSSTe0 bLodh&Hd 05TbCH senrent T afewTTalngl. (F)eneauser 9 HaTHmsU|D HIe|
I Mlallwied giements6laTent(h WwahseflenL_Gur ClaTenT(h CFids Coussriguig Heudui.

G

@bs lisweu  CmblsTsrer Glmiwefluilsy @HHa Fov o ewriallsemer
SHSS (HHEHTID. bs 2 LsTewihiser FrlwrTear Grhrssled eubkh CFImTahsHTeL
BTRIS6T S L0 19pHS Sl LsFewer wL (B @vGCs 6HTHSS(HHHECDTLD.
2 LISTeTBIGET eubsLilsttaort @)bhs lle) WefdsLer CasrLrliul ® @)ser
P38 H6T HBHSS LTHTL 1960 FLofLildhasLIL({H LD

Resources

1.  http://www.homemade-circuits.com/2014/03/simple-automatic-plant-watering-

circuit.html

2. hitp://www.instructables.com/id/DIY-an-Automatic-Plant-Watering-Device/

http://www.indiaspend.com/cover-story/63-million-indians-without-clean-

drinking-water-population-of-australia-sweden-sri-lanka-bulgaria-13088
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rrpglw Gwmiflevw LweTU®SS) @) sIrenfluisy auesnflsddlenesr
CunosTsTauglsy ClFvauTsE @ ClFISHID STrenflaser. @)evnienduilsr
WL L &aerLiy wrel L b CGTLiiumrer g iie).

QF. Qgwuresir [1], @). Grrslef [2]
[1]. e wir@srflevmil L1d HevallBlmieusid, Carals@erd QyrwibLg L L &EHeriiL
(Advanced Technological Institute, Kovilkulam, Arayampathi, Batticaloa)
[2]. yesfls AfAeflwmeiv CaAwr GlLssTa6r LITL FTewsv, WL L doHerLiL
(BT/St/Cecilia’s Girls National School, Batticaloa)

# jeyapalanps@yahoo.com, @ rasaratnamrohini@gmail.com

916 F 5 (5&HSHLD

B)emewTiL Ul ES ST 2011 T Lglul LoTHDLD spedTMWlewest 67N LIS FH6V 6T63TLIS W 63T
Urgrer @evsasrs Gasrest® Lrrhslu Curlenw LweTLB)SS (3)svs s 76wt wisv
auenflsH s Hlemar CLmolsTaraugley blFsaITs @, ClFYISSHID &TTenilehsr. sTanIb ()6
QUTUIITETS L L SEHerliL wTeul L sFlewear ewwwili(hdhs CumolsrerariiLl (hsTersi.
@susumiialHEBTeT TMBlGTTS S6vflliLI’ L &TrewflHsir, Lo6STLILIT6ET 6w LOU|L 65T
C@TLrLewL_w wTWl&E6T,0$TLlEIL LGgIL 6T QSTLTLjewL LTMlse6T,sL L e»LoliL]
LTHMSSIL_STTET LOTWISH6T 6T6U BT6IT (& FBHHSHIT LOTWIHETTHS 01 TevsT(h
BleweVSHHIBIMH G S GwriffSluilevrer @)emenTut aueanilas CFemeuem LowisiserflesT
Gleumm] Tt Frihg wrPluilewerrujb iie) wrHflwrs ClsTent(h). (F)suauTiiolTers|
Cunolsmerert LI (heTengl. @)evmienasullest 0L L d&erliL] reul L GgledT $ymwliLm
2 mugglwreriser, LNrCss ClFwevsliLfeyseaflsy CaTHHL@L GurmeTTsTr
FHUTHSEHL 6T CGTLTLewL W 2 GHCUTHSSTHET, Y TF 9B ETTH6T FTHTTest
BI&STCeuri CurestC@mrilLLO(Hbg @)eueuriieydd CHeweUITET LIFDFSH BT 6Y 60T
allerrE06&TS g1, LHMID CHT LS LT mF L L 6uenaTsHsT LHMILD HeushTevflliL]
OJL_L_6UeneWTSH6IT sTeTLIOMMeWmMLT LIsTL(hGS Clupmish6lsrerariiLil (heTergi.
@amars 14 UrCss GFwesvslt Lifleyselleflhhgh LewLwTdhsliul L wrglifluillenssrt
vwetu®h S5 100 Cuit gy uieyH @ 2 L LBSsLiuL Leri. CFasMbasliLl L Sreyser
OgTewsfalwTseayd, LswrfHwrsan LuGluriiedss o L uBhSSIuUL L g

@)sueumiiauTestg| LleTauHd (Lpigeyser et Pt L gleuswlls g Ulallhss Chrdasd
&3 LUrCss GFwevsniefley Blwilldasiiul Berer Ll L grerdlsenst 85 afgiomevr
Ul L sTordlgser semeuliuTley ULl L GTs%6T QY eur @Geuisefl_ggls0 ellwimumyid

FIDLOBHSLOTERT HMWIQ) &GDMUTHS HTTLILIHFSTDI].
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@)ewewti euFFlEH6T THLIBHSBHH ClaTHLILSE OO afgmesr LBigaflliL
STTLILHSIDSI, G)ewenTt auenilad G\TLTuTeT allflliLjewTiey Wsa| b &HewDhs
WL GHleV SrenTliLi(hFSTmgI. SL01p Glomifluilsy (B)ewewTin 616vwTlsd 56T d 60
ST8eupmLiILIBeugenet 79 af HLoTereuTHs6T s MdaAleTneTT. GhTensvds
HL_L_enensehd @ OlFansflars GlLmmer aupnbidh) CFUISGETn 191 6uFSH)H6T
@)miiusTs 29 afswrereuisGer 2 L stLBFlsTmerri. @&mieh GFiiFlF CFemeuullev
GbL®BSSH6V HBH6UVSHET aLPBISLILIHOUSNET 3D 617 LD T6vT6M T EhLD
FLPHAUMVS ST BIS6TV CLobLI(BHdHeVH6T GLomlaTerartiLi(heugssnesr 67
aTHLOTETOUTSHEBHLD 2 L 6TLIL () TDMISH6IHTeTSHISTMETT. (F)eVUFLOTSH (B)eW6eNTIL 616vT%5
CFwpuTBHBemar sLlp Glomfluiley SrTwliym 2 HUSSWTETTHET FTiLITS
Cunol&TeTEpLd LT HeTTSTT FHUTHSEHL T ClSTLTLjewL_ W 2arLHlwiiTserfledr
werliLreTenty wrMlseflesr CsrLTym &ewrsid 0.4 9% SrenTiiLbhousenear 9y iiay]
QeuaflliL(hSHISTDGI.3) S HLOIp Comf] cLpsvLdTeT (B)eWewTiL suewilas ClLITHOTTSTT
Gremauskssit swwmiseflsr Cleunmls @ 2arpluiiseflest oliLenfliiy g lulleorst
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WPEHBWSSHIULD eUTUIHDHF).

sTaaT@ou GlaumMlail#H1d LHMILD T ILITERTEN LS HTTewflHsr @ent_Gui LAFLTeT 2 M6y
2 6TaTHemert By liey FLl 19 ST (HEldTmg). SO GComL cLpsvLomest (9)ewevsTit 66wt
QuUITHeTTHTT CFemeULSIT 6ULPHBIGSBIHTM (3)61616M 5 WITEST ()6HESTUI 65 LD UL BI 61l 63T
Qeup s @b 2arfluiiraseflest yiliLienfliiy Falullevrest weTliLITeTen L @ LolewL_ullev
Cohrmesr 2_mey 2 6TarblGeTLIG| (3)6UeUTMTET LEHTHE | (HA6V (F)eVeuFLOTS
OUTHOTH| HITTLOGG 2 DLISSHENET L0&HH6IT HEV6TTH(Hd FhHewDLILI(DdHddn Lg WLl
QurwHUTL 14N & p(H 2 hgl CHTVTHS HTeTLILIHBSTDI].

I L auement: 4.2 Qg riflevmL LiId STrenflEEndbEGh urmerTsTy GCFemeu
ewwwhisefer Cleunmlsa@id @enLullrsr Ggmiry

wom sl Geumml i’ L 1b

B mTLfleL HI Lith Lwaest @)swenteyd @ ewrdsLd 250"
WPp&SwGgieuid. (2-eursv) .000

*.0.05 w1 gFlev @)ewmemroyd@enTiod phHalwb euriiibsbdl (2-6uTs).

CLPEVLD DpUIRS ST 66T

Geup Ml L 1b MM G\HTLHl6L BIL' L1d &TTenflsEnhs @ @)ewL_ullevrst Gl peuTer
QarLiy @ewrsid 0.250 9@ whmin@)g 0.01 Blensv ojerailsy Lsrefluiluisy
WPEHIWSHSHIID UTUIHSHI. @)BIE STERTLILIHRILD LIVaTQTLOTET FTHHLOTERT 2 D6y
@ewewtis GlLTHeTTHTT CFemer ewowBIG6TeL GomHGlaTeTLiLiL Seauerig

Ggrlevmil L1 Falullevrer GibL(hdHBHVHmT FI195STL (HUSTES HEHLOSITDS.

I Louement: 4.3 L ewwliLsTTenflEsEhdb@Ghn uTrmerTsTy GFemeau enLowi e

ReummlasE b @)ewL_uflvrer GGrL_iL

oy Geumm) ot L (b

&L ewioliLy Lwaesr B)ementeyds & evvTasLd 120"
WPp&Swdgieuid. (2-eursv) .000

*.0.05 w1 gFlev ) ewemreyd@enTiod phHewD uTiibadgl (2-uTsv).

CLPEVLD DpUIR|S ST 66T
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0.120 @)ewewreyd @ewrsid BrewriiLiBeugiL et s Lenwli fHlullwmsvmet wrmlseflsr
THMId OHTeTarsY|dEHLD WL WG ST BlewevdgiblN @b Gleummld @ Lilen_uflsv 0.120
6TENILD LOBEYLD B6OHD DYETT6V FTHEHLOTEIT (3)6WEWMTEYds (&EWTHLD & T6wTLILI(h) 61 F 6 63T

9 itey GeuallliL@saiFlarmg). Fhlwrer spm HLLswiliLiler Cxemeauuilener ()
GeuaflliLi(hGgIeugiL 6T HL_LewioliL FHlullevrst sph LTHMSS DG @)e euewtls
QuTmerTHTr CFemeu ewLOWIBIGET 2 siTeuTmISLILIL. Couewnriy w CHemeuuilener ()
FL19ESTLHFSTDS].

5.0 g iteys uflbgienT LHDID (LPig6y

GleuaflpTL (B @)ewenTt auewfls @)ewenTuissarniseaflsir 2ot rgh Gom6lsrsiTeriiLi(hLb
FHhewaLILI(h 5560605 bSCrmuriimisHeaflsy Grsid GlsTeant(h) bblwE 6lFe0Teusw%Eemear
Q)& @LD 6TLG) @)STEMMI FULPHLD LITSSHeWET LT HBHTLO6V6V SLlew Lpu|Ld
CUTHTTSTTSHFewaTW|D F)pLILIHWTSH SHLILSD G B)sueuTDTET (F)sV6udF @)em et
auewtls LT meTTSTT CFeMeUs6T eDLOWIBISET SIFTWLILDLD FTihsSTH HedleyHm ST
2 Mugg wHmib alleusTullsens @ 9 meledhha CSTHDHLIL CeuesTiy wissgl %revshdlsr
SL_LTWLDTGLD. 6TITLISEMST Y UIe6dT FTTMT LOTMI&HETTEsT Lo6STLILITEIF, G1STLl6VRILLILD
LHMID S swioliL) FHlulevTaT &Treflsehd @b Frihs wrpBlwmeT Ol Gwr
eLpsVld L G&erliy wraul L G560 UrCss blFwessitifleyseaflsv 6% miflm b
@)emewtit suewtlas GlUTHaTTSTT ) COTFemerr CFemer eWLOUIBILHEHSGHLD (F)ewL_uilsD
CBrmrer @)emenTa|d @ mTani%heaflsit CFTemausmssT &l 19s55TL (HHOTDG HFCFemeausmsaflsy
FHU@LD 20t flwiTsefler oTliLsnfliillener o wisgiausnd Anbs 20t @GHealllILdb%emer
OITF LPHMLD YTFFTTUDM BIMI6USTHBIGET 6ULPBIS (LPedTerTEerssuT(HLD 6T63TLISEMITW|LD,
TS P(h VHTSH ()b (J)ewewTiLl 6U6WT%H HIOWISSHIEWEIT HL0GI HTF HL_L_WLDLIL|d F 6T
TMMISEIGTaRT(H HTm I L 2 HUSSWTETTSEHS G ClSTLTFAwTeT allflliLjenTiey
LullpAseir GTlsvmIL LI 2 gailser seanflaflwiiL®Bssiiul L @@ Gwuiulled bmiaest
SswliLilenerr 2 (HouTd@GHousley W&HbHS FHUT®H HTL L CeuesdsT(RILD 6T6ITLISEW6vTU|LD
Fflwrer CoumLBSSH6V FHHIETTUTWBISEDOTWLD, LIswTLTILTHM6V suLhlpemmoeaflsyiib,
2 flw Qurglwenioggev GlFwHLT(HHaTsL LTHDBIGEDT ST L L

2 MUSHWTeTTHT OlHTewTIy (HHDH CeuswTiy wensHujb Jsueuriie) LfbgenTsHalETDS.
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SLpF GLedled FmHS @)ewenTlIL|d STeydETesr G\oil1eLIT el
2 (Heurdasd GBrds

). BDETeT
[IT6VS [bM|616vTLD

S (HMTF 5 (H&HSHLD

SLDF G LpedlsL Blewearrey BIMIUSITHBIGZET HL0GI ST HeW6T 6p(h ClLITl Gl
Curmeflgbews s LwsTUHSS GewenTliLg SrauTs CleuaflullBib Chemer 2 srarg|.
s CitiGurmeflwid fib CuiGerie-68 2006 @6 (peiTewerd s ClETTENSHEEHD S
TMUSTHALD, WTHGI6V & TSI hIGENETU|LD, 6TNHOTE6U LILIGTLITL 1§60 2_6iTem
GitiCluTHeflwnisewerls LwsTUBHSS WD aulgeuenLodhsLiLL. Ceuswt(Hb. 3)bs
YUIEY HEWEVTHHIVH | (HBISHTLFUISBISET LOSTNHHDST & (HdHHI(H GHDILIL THiflenw
(CIDOC Conceptual Reference Model - £.9yi.671D) 91 L1ILIeDL_WITSHSHS GHTewT(D),
Urhs LweTumrL g6V 2 srer L Liflaflest &meussio (Dublin Core), @)s&wr (Schema)
Guretm OFTHOSTEGSlSewars LweTLBHSF) sTaflewoliLi(HGHLILL L (h
EiitiCluTHeflwsbens peTewausSmgl. @)bs CuuiiCuT®maflwid Csaflliy, LswL L,
& (HSSI(HLI QLT H6T, GlueTH a1t GlummeT, BUT, &L, @)L LD, Bl&Lpey, GBILb-g&meVLd
sl 6T () (PSETEWLD 61 (GLIL|HewerTd ClaTewTL . Gospib, 3)bH
QuiiuTmelwsens mevantGLrym &Gearm (Islander CLAW) stesrm @)ewewtiiLys
BHIeY HeTHHe0 BMieyeusnHasTer euldlpswmenwuld ailuflESngl. Fsueurm) %5660

QUETBIGENETIU|LD, JeWer Sl (LD ST HEMETU|LD (F)eWeWTHGILI LIS TeUSHEIT CLPSVLD Bj6rMew M

Qlevgaurs gemis, CsL, allereal, LGdspIw (LpLgujLb.

GDICFTHSH6T. @) ewewntiiLd Sr6ey, GoIiGuTHeflwib, euer eilufiiyd F'L_sib,
6TERTEWTLOG H6TEHFUILD, (LPLDEWLD, (LPLDEW LDG ST 61 S 6T LD

1. peireienr

2 svserraiw susmev (World Wide Web) urflw Qasriflsomil 1, Feps, Qurmertsrr
YrlfAeow sTHLBRSSUIGI. ) eIenTHISN6T, SjeuDMIdhEF @)ewL_ Guiwimest

@ ewewtiiLjbsemear 2_redlser 9svsvg suswev poauflsemearts (URL) Lwstu®ss)
(B)eweWTIILD 20T TS eI FHUSNSHTET B LG L L ewliGL 2 _susearTailul aemev

QY GL. @)seT KL Awirs, 9BHHSH HeVPpem D G\HTLHVBIL LILLTH GILIT(FEHETIT 6u6M6V
(Semantic Web) jsvevg1 @ emewtiiyg srey (Linked Data) Qs mifleomi Lisigsir
alleTBIGHISTD6T. (F)ewewTLIL|S HT6 STV RIL LIBIGET HL_hb Flev Y eT(HHETTS
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WPBTFF 9eWL_HGHIETOTET, LITQUOTET LILTUTL (Hd & eUbSISTETET. BHTLD 6T6v0T63v LD
SUATHBISHEMET H6VeVGI Hreysemer GlsuafluilBid (publishing), uflwrmib (data exchange),
(HBISlewenTd G (integration), sewr(hLily & @b (discovery), Lweru®dgih
pewmoaflsy LTl WrHMBIGENaTULD uTUILILGHemaTwLd ()% 6o reit(houmalsTmg).[1]
CumbsTemeu sppmi@LIBbsHeyb (structuring big data), sreysemearts Li@dsBluia)d
(reasoning with data), sreysswerts umm givedlwirer Casirailsmerd CsdbaaLb,
(P30 HeW6T 6T(HH B LD @)WeNTLILS ST6 BIL LIBISET 2561 F565TM6uT.

QUEHED Y EUENTBIHET 2_VHETTAI I 6UMEVD ) LG LILIEDL_WTH H{eHLDHSHET 6T63TMT6V,

@ ewewtiiyd Sreyd @ QurmLgssr (things) oevsvg QU@L sewearts umHplw
UMl & &6 LIt wrsE HewwaleTner.[2] QuT®Lssr sl uewL_LiLiTs,
BUTTS, @)L _LOTSH, &(HHSHTSH, BlBLPITSH, 6TSHIQITHLD eHLOWVTLD. (B)bHSHLI
CuTmLsemearts LNy, HeuPpmisHE QewL_CuiwireT G\HTLiLsHewer ailLiflsse)b
vwesTLBID Iy liuewL_g Cgrifleom’ LG suer eflufliiyg #1Ls1b (Resource
Description Framework - RDF - gy ii.19..6101) @p@&ib. suer eflufliigd L L_&1b sp(m
LT Hemer sT(peuTil - Liwesflemev - GFwHLBH LT msT (Subject-predicate-object) ersirm
Quinens CTL susFaTsSler HewiolienLids ClETaTL g pmisserTsy (Statements)
VeV g) (ibswosermev (triples) aflufadng). speuGleumrm GlLIT(HEHLD s2(H

Sl gIuDTeT 2 Fedlims) QewLwmerid sTenTliLQFSlTng. B)bhs 2 redllGu
UMM BewenTdha Ll LweTURSSLILI(HS STDSI. suer aflufliiy wplbewLodseir
wewwhHsTeysSsern (Triplestore) ermlev Caulldbslil ), staurisslst (SPARQL -
SPARQL Protocol and RDF Query Language) Gurerm Gmiflser oo ras

aflesTeu L ILIL_6VTLD.

suer allufliigg FU L &b sTeflewwTesrgl. sph GlLmhemer Lisvi GleueGeum mevr
pewmoeaflsy 2 Heudlss wiguib (represent/model) afluflgss (describe) wpigujib.
B)FHTTEL HTeyHewarLs LISl Taugley, LWTLRSSHI0SH D HeWL_H6T TDLIL_ L 6WT. (1
CUITGIeuTeT, USITLILIL & o lg Ll G GHLLEDD VVHI &(HHESTHM (LpeHMEHLD
(schema) Gaemeu sTeiTLIG) BEOTE 2 ewTTLILIL L &|. @)eueurm) s GOILLIL L glewm
uPBlw STeHEMET VUG HMlewar 2 (HLoTSITWTSHSL LIwsTLBILD 61 LIL&H6T
(classes/types/sets), uswrser (properties/attributes) wmmib 2 meysewers
(relationships) Q& e 11 &G GiiQuTHeflwid 9@, &)ewewriiLd
Sreyssrer ClwiitiCluTmeflwnisener suar allufliiyg FU L& HHSCHHD (PpewmewLD
(RDF Schema), suswev GuuiiGumrmeflw Gwry) (OWL), steflwr oymfley sprpmbigsenioliny
wpewmewi (SKOS) CGurssrm Qurflssmerts LwesTUBSS) 2 (Heurds wpiqub. &)bs



Qurflsenearts LweTLBHSHF GIlIGLTHeflwsemsujb FewewTlidh HreursGeu
QeuaflliL(h$H pigujib sTedrLig) GO GHE5H 5.

BLONDF G LpedlsL 6TevuTew ILOLILI(HSSH6V, 6TETENIILOLI LITSISHTLIL|, 6TEHTEUIILD Q16T HI%EH 6T
2 (HeUTd @D CFWMII L BIs6T L _hb &) (HLIG 46T (H%Ehd:FH CLoevrs
WPTORTRSSLILIL (B euBHSISTDET. LGIHTSH Sl L LD, BTV blmIeuesTd
CFWDHFL_L_BIG6T, LIglILSELD, SL01pS Hevaildh &HLpsid, HLOPHTH CauaTTedTenLoL
LIV&H6D6VEHLPSH LD, Q) HE 6TesdTewtID BITeVSHLD, ABISLILT SLOILD LOGTLOTLIeHL_e»LDd
S L 1D, S eflSFupL HBIG6T 6TedTm LIV ClFWMSIL L BikeT HLOLp 6TevvT6w01ILD
QUETBIGENET W5 LILIMHSSHISITD6T. LD BlmIeueTBis 61hd @D el LI d s 60
LIl EH6w6nd GG mL_midlusTerer. ()b 6TUTERIILL 6UOTHISENET, &6 DN

QUETT HGIe(HLD @R)eWENTLILS T d HL L ewLoLIL|d @ eTHM euensuilsy GleuaflullBeug,
S L ewliLg) SeuFwwm@gld. eusurm CFuiigsrCe gn dlsr G (h6lLimlullsv
S10edlwors @)L 1bELMF ClFIeuglev @) Hbg Fohsevrer Caeralls s @ Lbaveafldss
Fn LWl QU T S GLOTET LIWIssTHewarLt GlLm (plguid. @)eusurmi Lisv CFwmHIL L BigeiT
BHreyHewer @QenentliLd sreurd Gleuaflull, Ldr wpsiTeumid Cumg)
QuuwiuTmeflwBiseaflsst CxHemeu sTpsImgI. Cmarl L LIl L Blx)IeuesTsISsT
LUTSHIHTSHG TEHSLILBSSHID BTEVST, B)HLDSH6T, BTefHLIpSH6T, LIGVSYPTL & BI%H6T,
QUEHEVSHSHETHBISH6T, HTEYH6T 2 L LI L 6T6HTEWIILD QUTHIGHENETU|LD, HeuDEDT([H

OBTLLjewL_w LewTUTL B, suensLiL(heHSHe0 HMID CILITSHI HDIeys HT6dHewarTiLD
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(classification/knowledge organization, general knowledge) oéa, udlr, urrwfsss

Capemauwiret s GiILGLTHefldbend 2 (HauTsGHauens ChTHE B)bHs ) lia)dh
SL_(HewT HewLISIMF.

B0V @) &L (heWT 6T BTEVSLD, D),EUSHTEHLD, [HlEWESTEY [BM) 61T BIS EH G

Caxemauwirer CuwiiQuTmefluigsleir ChTdhesBISMOT, HeHSH algeULOLILIGIV LiledTLIMH M

Geuewrig i GlsmeTewssHewer aflLiflsg. @renrL_meugl @)g GwICUTHaflwusemns

augauemLILISM &L LwsTU®D weowpuiwensv (Methodology) eflum& @b, cpssTmTeugy)

T g liuenL GiiCurmeflwdbens @)g1 allufls @, @mslurs @)Hs

CiIGluTHefwsHems HBHSHSH HWeV(PewMI Hemehdw GLO6TOILIT(HETTET g6VsTELTTT

&Garraflev (Islandora CLAW) sriiLig i LiwisstLi(h$He0mid eTestmy 6T(H\d 51607 d & LD.

2. QuiiCur®meflwggler CHemeusmEHLd Grbmd:dmhids EnHLD

iGuT®Hefwid s @MU L piieys giswmulleit &HbgIHHHemearujd (Concepts)

unHmIs@G @ ewL_Cuwrer 2_meysemaruib (relationships) o peusliu@®ss, aillufss,

PUBIGUDSS 2 Heydlermgl.[3] BT alluflss PeweTwd HIHMEH6T HITEVSELD,
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QUTHLD LOMHMILD Y HBIGTL Fwsmisefesr 9pleyd HiemMEH6T 9 @H. (F)eweu
MG HTEVSHET, QY eIeTHISH6T, I (HLLOLITHLSBarTH GCHTLTLjewL _WeweU. BHTLD
2 (heurdEs WPpHU@LD Gwititlurweflwn @)% slewmaseaflsy LweTLBILD FEHe0TevT
BHHAUD UOTHIGENET (6T.5T OIBTLTH6T, UMEVSHETLD, HeWEVLIGILIT(H6T) allLifldhsds
Fn LG WHTSH ) (HHH CouswT(Hid. B)bhs euaTBIGMET BV G aITHS CHL, HeT(HLIG&HS

2 g6u Geuewr(hLb.

Cun@MIL L giemmaer Clrs s 9 BlaysaImME6T CIGTLTLITET 566D CLPVHISH D 6T
GeuaflliLi(BhGGID, auewsLILBSSID, spPBIGHUBSSHID, LS (HD CElewsevlt Lissflullev

FRHUL_(hsTererr. bH ChTeHalev BlTHS HMleysH HIWDHMT 6w LILI(h S LD
RBIGUBSSa D GluIIGluTmeflwid 2 Heu Ceuswr(hib. ()Hewar Hrsvsailwiedlsr
WIYFTTHS euenSLILIBHSH6D Fldbaev sTadTm) &HMI&HEHe0MLD.

S e FlmisussTGSlL1d L B &) (Hd G HHeusVEHm6T ailLIfES, 6(LYBISMLOSD
WL (HILb VeV TLo6Y LIVBaum BlmiauesThisEhd @ @ewLCw saeusv Lflwrmmip (data
exchange) G#iiweyib, LvLI SHTeT HHausvsewear (hetrogenous information)

R (HBIFWenTEHHa LD GliiGluTHeflwib 2 ser Ceusnr(Hd. @)d SHeUVSHEMOT & 6uwtl6vf]
eVl Ligbsmlw (reasoning) QFiwsg o 1quisrs 3)(Hdba CeusnuT(HILb.
sowwiu@sSsLul L s Blhur®@ssr @erm (decentralized), spiinfi L_erailsv
@ev@eurs BlewmGaupmd gn iy wgTseyd (implementable), Fi L i & (extendable)

Fn lqUISTHYLD @) (% Ceueist(hib.[4]

36T G T (H suemaH Uil CBHTdGHuBTRTTEV B b CLoUIIGILIT(Haflwbens

I LILeDL_WTHS STt sp(h BIL L SLLswilil) GOllurer Gserallsehd @
CohriquwiTs, @eV@GTSL LFleD Hrd FnlgbTs &) HEHs Ceuswwr(Hib. or.sm Gluflwmi
STYBIW BTEVS6T 6THdS GlewMmbsT LMW Quiflg Cuadlearmer? @)ha 20rGrm(h
CBTLTLemL W HHOOLITHLH6T sTeweu? @b 2arils Gummled miplt Gumled @b
Ww&&H6T WrTi? @)hdd HHSSIL UDM) OGTL TLDL W DpdHHBIGET sTeweu? @)boHb
&(HSBI(H/BIDDFTTHS 6TWSSTOTTHET WTT? B)hS THSSHISSTL (HdHH6T LTt
uewL_L1L, QewLoLiL], Bl&Lpey, CluT s sTeTm LIsVGeum ell_wmigsT LHMlus
CxerallsEhs @ LFD Srédm 14 wsTs @Q)Hs OwiiiGlummeflwid 9ewiow Ceusir(hLb.
@ GO L slewperinhg Caerallsehda@ (s7.4T 2 ullyamialler LITEBIST sTeneu)

@)% ChrigwTals LFlD T (LPLgWTLO6Y (&) (hBBEVTID. DYETTV bdbd HIEOMEFThd
CuowtiCurmelwsCsr®H Gsvplensvuile CBTL DS gn1qWSTS SewLow Coussor(H)Ld.
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3. QuiiiQur@meflw euig euewLOLIL|EETET C\ET6iTew 56T
B)ewewTLILd ST6YdHBTET BT (E, CldTaTENHHEMET 2_VHETTaI W 1MV Uil6dT

sty Liurerryret fib GuiGeriev-68 2006 (3)sv LilsiroupLomrmy (pssremeudsmi:[5]

i HHEU 6UGTHIGEMETW LD (6T.5T eUeWeVLILIGHSHLD, CHMTLIL, LIlgLDLD), $IH6UV H[6V6VT
suaTmIGHeweruid (s7.&m QuT 6T, HHoH5) w.i.2 (URI) Quwi Qaresr®

QerrmBISTL (HhH6V.

° o1& .M. u).9.8 Sewerts LwsTLHSH6V CLpsVLD B)bdb eueTBIGemeTL LiHIlwl
SHHAUVHM6Nd HewrTL_Plw 2 geayse0 (dereferencing using http)

PO WY G CUTEI, LWSTLIL &n 1g Ul HHVHDNTS FD/b%
Frgrisenerts LweTLBH S eupnbIGHHeL (6.1 yi.1q.6711 (RDF), stauimid @eusv
(SPARQL))

° Ulm suemmisends @ @)ewentiiLd &(HBH6L. (3)H6T 297115 GLOeVSH S 6U6ITHISH N6
HETL_BIW 256 5H6V.

BT HL_L_6WL&GE (PewesTU|Ld 6THS6leuT(h @)ewentliLdh Hrey GiliGluTHeflwwpd &)bs
ILILIDL & Cl&TeTenaHHemeT P55 jewiow Ceusnr(HLd.

G IGlUTHeflwkIHeDeT Uiy IS G CUTS 6THTCHTSSLILIBID §p(H GILITHIF Fdsev
Cririu@ssev (Mapping and Alignment) Alsasv 9@ . sTougl 2Gr FGiwMEDWIF
FTiHS OtIGLTHeflwsbiser 95 Hlewmeww APl CeumTHsEHLTesTT
su@GLiydasearre b uewrsenmepid (language-level mismatches) suswrwenm GFiiw
WPHU®BILD. VG b SHlewmewuw allufliiugley Glurmer Frihs CeumiLr(h
(semantics-level mismatches) srewriiL®ib. @)bhsd AossHemevd &ida GlLrg Coplemev
Quiitieurmeflwriiser (Upper Ontologies) ojsvevg @mlliy GwiiiGluimmeflwikiger
(Reference Ontologies) 2 gayalsitmenr.[6]

BewewtiiLg srailsT g litenL all il ssHaHaTGou 2 _siTameunewm LIwedTLI(HBH6V,
2 siTareuNmIH @ @)ewewTLILd & ([HBH6V Y GHLD. HbDH CHTdHaleV 6TNEHeTG6u LIT6u6eVTesT
LwesTUTL 1g60 2 6item GoiliGlurheflwkisemearts @ weTmeusny BT LiweTU (B S
Gouewr(Hd.[7] GLogyiid, GowiCLITHeflwd SyigLILIEHL LT LISHTL{EHEHET 61U T IenD

O\ FIIGI, LIWISTIH6T HhiIs6T CHMaUBHEHDHES THMUTN CHTHH LIWeTLHSS LD, B L &

Fnlg Weurmiid CowiiQummefluid Sjewowr CeussdT(BID.
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4. QuLCuTrmeflwsensd 2_HourdGasDBTaT (Lpenmuilie)
EwitiuTwHeflwnisener ailuflss LV Wewpullwedser 2 (). ClLTFHIUTS
UestupmiiL®Bib s wpewmullwenev Lilssteumomm) efluifldbssvrin:[8]

* Qrwpurtisnu Qgeafleurs susnrwenm ClFiigsv - Define the scope

* &(HSSBI(HBHmET suswIiemm GlFISH6, 6T.aT sugLliydsser - Define the concepts
¥ B [HEHBI(HHHEDET Lilg DV Ol TeTL (h LITGUTL 1960 @LMBIGLHSH6D -
Organize the concepts/classes into a taxonomy

* U@L EHdE @)ewL_GuiwiTer 2 meysenear susnrwsnm GlFiigsv - Define the
relations

* U@ LI SafledT LIGRTL|SeDOTU|LD, bSLI LIGTL|H6T 6T(REHEBD Fnlg il LDFLIL|&H S D 6T LD
susmrwenm GFigsv - Define properties, their domains and ranges

* @PltiuTeT QuT®HLsewer suswrwenm GlFiigev - Defining the instances

* 9y Caxrersemar (axioms), aflglsswear(rules), GFwmam misemear (functions) efluiMsgssv

6T gl CBIEsED @ g LlitenL wrer Guwplewsv CuuiliGurmeaflwgsler g,
TM&ATEa LThHS LWeTUTL 1q60 2 _6iter GouiliGlurmeflwmbisemers LweaTU®BSs] B g
QUL UMLOLILIGI G LD. IHD euewsulled @)d giemmulled LIWETLL &dn 191w GLoblemev
QuiitieurmeflwniiserTs (Upper Ontologies) 9yg liisnL wpewmaFri
Quiitielurmeflwin (Basic Formal Ontology -Lil.sri1.p) ommib jewesrdgievsH

O (HBISTL_FWSHBISET WSTMSSl6T &HSSI, &MLy wrglfl (CIDOC Conceptual
Reference Model - ..y i.611d) ewwdlermest. giswmari CuiiGurmeflwhiserTs
(Domain Ontologies) Lilia@Guyip (BIBFRAME), Guriisvesri Qurg srey orglil
(Portland Common Data Model), slnis <o,eusmrs srey wrglfl (Open Archive Data
Model) Gurssrmemeu yemdlssrmesr. Guospib, L Lifleflesr smeusid (Dublin Core),
sta&bwr (Schema.org), FOAF Gursrmemeu @mliLiTest &hdbgI(Hobsewer GlauaflliLiBdbs

LIWIGTLIL & &on g LLIGUT.

BTLD (Lp&Temeauds@Ld CouiICILT Hefluih S eNTHHIVDH ) (HBISTL Fluis BIS 6T
weTmssler &hHHaIH GOl wralfleow (CIDOC Conceptual Reference Model -

fl. 9T .6TD) HliLiewL_WTEd CETeTEpd. @)bsd GUILY wrdlfl uestum’ (b wryflenLo
QBTLTUTET HHeusLHemeT L HLILITLTeT euLfluilsd 2 (Heurd@eudsm @Ld, LI&lTeudsm @b
vweTLBID i HewerdgIvsd £isrid (1ISO 21127:2014) o4@10.[9] B)Flev suswrwenm
CFULNILILIERILD UGHLILHEDET 2_N6dHener LIsTLHmem CohemeudsGasni Gaibgl
LweTUDSS B)5H MBI HSDSGI. sTefleniid eTiog) LweTUTH p(H GMILLN L
wpewmuils @)bhs &ML wrslfluilsy @) mbaH CaumiLiib. Fi.yi.6Tib @)6T BlaLpeweu
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oW ILBH)SHS W eI pewmen il LsTUHDTSI, He®L (LpedMUilsd LIwisTLIML 16D
B)mEH&H CuTg GwiiiGlurefllwkiEEhsSE O\BHEBBLTE Yewujb. GVILIUTS
allas & s5r6y[10], @)&Hwm (schema.org), LILF QuuiiGurmeaflwsigsend@[11]
O\ (HdHBLOTSE HeWLOUJLD.

usstEwrflwrssio (Multilinquality) Quiii@ur el eulgsusn iy gh WpHEw o m
G. sHCUTH sp(h iy (value) erbg Gomflulley o sireng| sTeTLIMSD
GDIILSDHSTET (LPEHMEHET 2_6TTT6T. Y TT6V LFHILIL|SH6T L (HILD H6VEVT L6V

QU@ LILH6IT, LIGWTL|S6T 2 L 1L’ L (Lp(LYEWLOWITET FLPsVILD LIssTGomLfls6rflsL
B)BbBTVSHTET p(H aill_wHems allerall LPpLOWITRT SHa10Hem6r SLHLPICVGCW GlLm
WPWLd. SHEG WPSM SL L 1oTs p(h CliiCuTmeflgensg ellgaisniogg)

Comfl6lLwTeSs5 GauadT@HID.

ugliiy) Guevrssstemnto (Versioning) GowiiGummefw suigsuswLolied &hdbalsv Gl meem
Geuewrig i @)esTenICImT(H (psHaslw alll_wib @b, @ GG ummefluib

Qg UewLSSLILL L LTOTT 9|1 LIV STIenThisEhdhsT @)DewmliLhdHsiL Celssnriy
QU(RHLD. Hew (pewMLiLIg LFTfEsEayd, GnHemmLiL(hssay b Chemewmesr

2 6TaL L ewiliL] Seudluwid . @)bd el _whbiser HLOPF @LpsYIdh@Hd GCHew el Tevr
s2(H BlewevwiTesr GIlIGILTHeflwid 2 Heurssriu@d CuTgl HeussilbaliuiL

Geuerrig wisneu.

5. QuiiiQur@meflw eflufliiy

Lil.erir.gp (BFO) wommib A. gy .61i0 (CRM) &l @)resst(id 2 _svdlsL 2 _siter
IMITHeMS LD Blewevwrestemeu (Continuant - persistent), srsvderiyenL_weneu
9JVeVg) BlsLpLsmen (occurants - temporal) sreirm suswas LIRS GISssTmenr.[12]

fl. oy .6TD LIV LI Blewevd &L swwenud (Multi level hierarchy) Qaresregi. @)slsv
@)mbgl wTmuL (B, BT SL WL WTET 6Taflul 6ulgUHLOLIEHLI (LPeiTeN6udSSIEMTLD. 9bhd
suemauiled 9ewTL Sl 2 ster Yewergens b (E1 CRM Entity) o w6 umrmsir (Entity)
eTeiTm)| CBTLBIF), 56T $CYCW pHeTewid suGLiysewer LMGHCnrid. 3)hs
SLDL_IITET WG (LpswD @)a&k o, allsHlSsrey, LILNF CowiiCummeflus

QU1G UEHLOLIDLI §3S5BF. QY EBTTEV @b U@ LILH6T F. 9T .6TLD 6u@LiLEeaflsy &) HbgI
9C8s CuTHGerr(h) @) mi@ LweTLBdSLILI(h 56T D 6vT.

E73 Information Object:
° E78 Collection
° F1 Work
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E28 Conceptual Object E18 Physical Thing
E21 Person E74 Group
E53 Place E5 Event

E52 Time-Span

E73 Information Object/E73 ga6usv Glummer stesrm 2 HELIT[H6T 6LV
u@GLILlewedrl LweTLBdS] BTVHLID, B 6UeRTLD, I (HLOGLIT(HL ST LoHMILD LoFLflenLodssir
upPlw uBleysewerd GUlébs Brid LWeTUBSS (Plgujb. @)eupmleir

Graflliyssewearu)d LewL_LiLsemer FApliurs alluflss GUTileVsiTl Srey TSl
(Portland Data Model) uwesru@®@dmai. Gumril_svesrl srey wralfl Gsiliiy
(pcdm:Collection), us»_riy (pcdm:Object), wpmitd Camriiy (pcdm:File) oy alwesumenm
alluf&&lng). geueur Caaflliewuuyb usyL riswuuh L rifleflst &meusio (Dublin

Core) Gumrsstp aflufliiy BsTeylt LTSl LweTU(BGS] ailLiflda LpigujLb.

E28 Conceptual Object/E28 &g a1mL1 Gluim st wpHesreniowimd GILIm(HsiT Bj6060S T8t
[BISRTL|SVLOTST QilL_WBIHeN6Td &MIha L LweTL@LD. 6uewdL1L(hHedl6V LiwlesTLI(HILD
semevliysenearujb (Subjects/Topics) @) seir 2 gallujL_er 2 (Heudlds wpiguib.

LB LITYID B)H5HMSH W UMSLILIHSHVEH6T 96V HMVFOIFTH 6% T @ LIL %6
stallw 9 Mley sppmisewioliy wpewmewwsvuils (Simple Knowledge Organization System
(SKOS)) vwetu®s ) o HeuTsSLLBSSTDeT. @i THSHISHHTL (D) (W6 %I6V%
S uewSLILBHSHL ewmewioullesr (Universal Decimal Classification) @)swewriiLs
S16 Geusfluf(h =@ Lb.

E18 Physical Thing/E18 GQuerE a1t QUi e ssTL_gFlsd 2 6Tem HaH660 H6V6VG]

& (HSSI(H VTS 6TeVVTLI CILIT(HL Hewarujd HL_mislwgl. 3)g1 Cogyiid, HevflL
Gurmert (E19 Physical Object) osvsvg @) ssrGlewrmsitnilsst anmm (E26 Physical
Feature), weflsi o peursslwgr (E22 Man-Made Object, E25 Man-Made Feature)
Isvevg Quimsnswressr (E19 Physical Object, E26 Physical Feature), o _uili

o _srengm (E20 Biological Object) stssrmy gorewiowima suswrwenm GFiiwiu@sermest.
E21 Person/E21 puir, E74 Group/E74 @ 9jsvevg oemwiiy, ES3 Place/@) ib
pFlwer E18 Querd st GQumrmaflsit 2 L1 6u@LILSH6TST6IT. 6T6lenID BHTEVS, O 616wTH,
I HBIGTL Fwsls uewL Liysewer allufés, CsL, LweaTUBSS @)eweu (LPHHWILD )@ Lb.
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E18 Querdasis GlLim(msir 6TedTLISM @ 6T 6UTLDT6Y STVFFTILISHL_WeUDEDD B6V6VS]
wlaspusmeusmw (occurants - temporal) ES Event/ glsipey wpmib ES2 Time-
Span/@prib-sTevib su@LiLsst Gament(® alluflss wyuyib. ES Event/ES Blsipey
QUTEVTMH MG BHl%1p6YHEMETUJLD, §3(H LISHL_LIL|S G BB Fnlglll [l 1D6) ST LD
2HBICECw Gmisslng. E52 Time-Span/Grrib-&msvid sph @il Gpir
uflrentdensg i LFeyCaFinu LwsTu®sSIng (temporal extent). er.asr 2009, G 1981,
FBIS STV, e(h GOV L Chrib 9svevg) Hemrdengu b (instant of time), srev

@ ew1_Glsusflemwuyid (interval of time) Caumu®SFHCwr Hem15 CoussT(HLD.

GuGev, BTLD (PesTeWaId G LD GILICILTalWSS6T (PHETEMLD 61 (& LIL S 6T
CrraLCarTid. BHSEHI JeweudF B)ewL_CWIWTET 2 MeYHEN6T BHTLD 6U6DT IIEHD
GFiiw CeusT(Hb. @)BIE 2_meysEnd@o (Relations) Lissrysend @i (Properties)
@ewL_Gw 2 _sirer CeumiT s &L (Heugl LIWTLOGEGI. 2 meyder ClUTHieuTS

@) sremClom(h GlLimHewer &I (HIb. LssTL ST Blewsvujsenearts (literal) LwestuBSH)
b Gurmemer Crrigwirs afluifé L.

(1 LIWL_LIeDLI & (HdHEI(H, @)L_LD, BlBHLPeY HV6VG] HTeVLD, SeWLOLIL], BLIT
GuretmaumEmr @ Lilsitaupid 2 peysemert LweTUBGS] CSTLTLLUBGS (LpLgULb:
dcterms:subject, dcterms:spatial, dcterms:temporal, schema:organization,
schema:person. @)Gs Gumrsitmy spp mLi dbp:knownFor, dbo:birthPlace,
schema:birthDate, schema:memberOf, schema:relatedTo @)swerr QgrLiyL(BhSS
Wlguid. @)eusurmi speubleum(p eu@LiLdhGH @)ewL_GUIUITET 2 N6 dHenar eUenTuIeHnM
O\ Fi1g] OF1pewOWTET @)WENTLILS $T6Yd &L L ewLILTS §(h GiititluThefliidbeng
2 (HeUT&HS (Plgujd. @eieurTm) 2 (HeuTshsriul L e, CloiiGummerfluigsler
suswIeyswesT @)mi@ srewreorid: https://goo.gl/CwXs42

6. mevenrGLrym &Carrafileb (Islandora CLAW) glimiegev

mevenrGLmym (islandora.ca) eTesrLig) eTesTewtln auaThIGEmar LITHISTES, GLO6VTESTENLD
OFIw, HeWIHHLILMRSS LWTUDBLD h HLLDHD GeT6lLIT(HeT H6TD Y GHL. B)bHS
Cuereumrmener 150 &@ib CMHLIL L LIVHEMVESEH LIPS BIGET, HT6VSH MBI,

9} UETHBIKH 6T, B (HBISTLFUISBISET LISTL(HSHIBSTDT. (3)BH6T 9 (HdHD
SweVpewm LSl mevetCLmrym &Germ (Islandora-CLAW), @)swewriind sreyd

O FUI601% E1H &S TET HETLOTSH LIV BIMIUSTHBIGZETTEV Fn L LT SIL_% L1160

(https://github.com/Islandora-CLAW/CLAW) o_heurés il ® sumamg).
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eeTGLTrm &Gearm (HepLivisd 8.3 (drupal.org) 2 sirerL_ds GosvTesTemio 6 (hmidwiib
(Content Management System), so@uGLryr 4.7 (fedorarepository.org) @)emewriiLg
srey serp (Linked Data Platform), L1Gsrs&lrmis 2.4 (blazegraph.com) wpibewing
sreysserid (Triplestore) g Slweupplewerts LwsSTURSF 2 (HouTsSLILBSMS!.
MepLinsd oi.g.6101 (RDF) @)d @ 9y liuswLwrer oy sraiswersd smalngl. &Sarr
GriliLedlsv oy i.1q.6711 suermigssit (RDF Resources), oy i.1q.6101 @)svevrs susnmbigssir (Non
RDF Resources) stesrm @)p 2 _sirerL_&a wrglfsemer (Content Types) ojswid gid
SHHBDTDGI. @)bD lgLiLenL 2 6TeTL &3 LTglfHenearts LweTLbhdHB BTLD

6T H0OleUT(H 2_6TerL_ds LrFflewwiujb 2 (Heurdss (pigufd. 6T.&T CF& LD, LIEHL LIL],
BUT, ewioliL], @)L 1b. @)bs 2 eTerL &% wrHlflEeaflev sTiodh@Hs Chemeuwrssr RDF
Mapping g0 Qi wpguyiv. @)susurm RDF Mapping Giisugsir eart_ma (hepLiLisd

2 6T G mIGemen Q)ewewrliL|dh Sreurs Gleuafluill wpguid. WevesrCLmrym &Germ
@)sueurm) Geuafluil_LILBLD yi.1q.6TL1 LPLDEMLOBEWOT 26ILIGL TrTailsy CFildbaIng).
Guoaiid, Sjeupewm LGer&dSrmi wpibewind HreydHensslev GDuf® GlFuigh (index)
SHISTDGI. @Q)bsb WPewd sreyssersensg staumisdler (SPARQL) wewesr 2ari s
aflesrou (piquid. yi.1q.67L1 & Gleuafluil_LiL(BHID HHeUDSEMOTWLD WIT(HLD W%
(piqujid, F1 1 WPIqUID, FI0F] (PLODIS HTOYSBNMESHD GF16l8 (1pig.uid.

7. 2 e»rwmLgYILb (pig6|d@EnHLd

SLDF GHLpedlsL Blewearrey BIMIUSTHIGZET HL0g] ST HW6T (1 ClLITS)
EiitiCluTHeflwsens Lt LwsTUBH S GewenTliLs Sraurs GleauafluilBhiib CHemeu

2 6Tengl. Q)b Y UIe)] HEWUTHHIVH | (HbISHTLFUISBISET LOSTNHDET & (HdHI(H
@iy wralfl (CIDOC Conceptual Reference Model - £.gi.6110)
IgLiswL_ullewrerT steflswwiLRSSLILL L CoitiGlurmeflwib speiTewm
alluflggiereng). Caid, 9wH BlMIeUdsan gl (5 L L DM BIL LId SL_LenLoLiL]
QPETEMMULD (pesTemeusgleTendl. SNDCLTSH Gsvplemsvuilsy alluflssiiul Berer 3)b5
EitiCIuTHeflwdbens HVOWIDTS suewTWenD G\FIIGIOHTTOUS D SH HL L L
LewfliuTs: Sewou|ld. bdHF FhGTLILSHe0 LeTOITIITSSLD CGTL TLTS
FHHVBEHLD FnlgH6VTEH Y UILILIL SereisT(HILD.
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ABSTRACT

The Social Networks are becoming one of the modern platforms to connect with
other people to share the information such as texts, video, audio, images, etc. There is a
special type social network available which allows us to share the locations in the form of
check-ins, geotags to others called Location Based Social Networks that uses geolocation
attributes for sharing. The proposed approach makes use of available large amount of
social data from both travel based services (such as Foursquare) and community
contributed photos with added heterogeneous data (such as Flickr), to provide efficient
recommendation for single POIs (Point Of Interest) and for the Travel Sequence based on
the user interests. Thus by using the unstructured social media data like images, geo-tags,
check-ins with advanced machine learning algorithms are used to provide efficient
recommendations. This proposed work in this paper follows sequential approach to
provide the travel recommendation to the users, namely, collection of data from multiple
sources and preprocessing those data, selecting venue features to provide
recommendations, applying venue recommendation algorithm which predicts venues
similar to user queries by using Content Based recommendation algorithm, to analyze the
sentiment on each locations by using NLTK packages which further used to provide
recommendations in Tamil language and to provide travel sequence to the users by
predicting set of places as a travel sequence to the interacting people.

1. Introduction:

Personalization in LBSNs allows users to modify their searches as needed and
recommendations has to be provides as per the user's interests. The proposed system takes
the input as the location name which has to be geo coded to obtain the geo location
information for the location such as Latitude and Longitude. These geo location
information helps us to collect the data belong to those locations using APIs from social
network service providers. These Application Programming Interfaces allows us to use the



given input and acts like medium to crawl data from the service providers in the major
formats like JSON and XML. Location Based Social Networks (LBSN) like Foursquare
and Photo sharing services like Flickr allows users to collect their data by obtaining the
credentials for accessing the publicly shared information on their services. The data
collected are in the format of JSON. The data collected using the API contains noises
such as missing data, symbols and short words, emoticons, data with no geotags and
irrelevant data to the query that are preprocessed and preprocessed data is stored in the
database.

2. Methodology

The proposed system mainly consists of two parts such as Sentiment analysis and Travel
recommendation. The content based recommendation engine uses venue features like
check-in counts, ratings to provide the recommendations from which the Top-N places are
recommended. The proposed system predicts the set of POIs which the users might like
using the venue features and popularity ranking methodology approach to sort predicted
places based on maximum ratings to each locations. This work allows users to select for
both the venue recommendation as well as the travel recommendation. Venue
recommendations are made based upon category and places of interest by the users; the
proposed system allows users to select categories like Food, Entertainment, Drinks, Cafe,
Outdoor Activities and Venues to obtain better personalized recommendations.

3. System Architecture
The detailed description of proposed travel recommendation process has been given as
follows.

Travel recommendation methodology takes series of POIs and sorts them based on the
distances to each location by using the Haversine metric to compute distances using Great
Circle distance formula. These distances are used to select the POIs and to create the
Travel Sequence for Top-N recommendations. This travel sequence recommendation
consists of attributes like next POI to be visited, estimated travel time to the next venue
and venue features like check-in counts and ratings of each POIs. Sentiment analysis is
done on each venues based on the semantic data obtained from the Flickr and Foursquare
tips and applied to NLP techniques to preprocess the unwanted data, then the sentiment is
checked using the popular machine learning library Textblob. The sentiments on each
location are displayed to the users where user can sense the opinion of each venue by
previously visited users. Finally, the proposed work provides the recommendations in the
form of Maps on which each location information is pointed with a marker, the location
descriptions are provided in both the Tamil and English. Tamil description for each places
are added by applying NLP techniques which involves translation on famous tips and
description to the location.
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Architecture of Travel Recommendation System
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SETOF
RECOMMENDED
POls
Adding Tami
Descriptions Using NLP
fransiations
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TRAVEL RECOMMENDATION
On OSM map with Markers

‘ POl SELECTION

VENUE RECOMMENDATION

On OSM map with Markers

| Haversine Metric Distance Calculaiton

POI Ranking & Routing
w.rtdistance & Dijikstra's Algorithm

ARCHITECTURE OF TRAVEL RECOMMENDATION SYSTEM

VENUE
RECOMMENDATION
POI
Recommendation in
tamil

USER INPUT PREPROCESSED

DATA

{Location Detail) (JSON Format)

TRAVEL
SEQUENCE
RECOMMENDATION
Recommending each
POI’s in travel
sequence in
Tamil

CROSS LINGUAL PLACES
RECOMMENDATION

Results with Images, Places
Information with Hotel
Recommendation

Architecture of Tamil Descriptions to the Recommendations

4. Conclusion

Including Tamil Description to the Recommendation

Tamil Description is added to all the recommendation including particular Point Of

Interest recommendation as well as Travel Sequence Recommendation

with use of Google



Translate and Wikipedia. Tamil description to each places added if there is any description
available for given locations.

This inclusion of Tamil Description can provide better readability to Native Tamil

Users. Only specification of places will be given with using Tamil Descriptions and
Packages will be containing Alpha-numeric characters.
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Guepib  @ewewtliLiley @VVT FHTHMS allgeumISGHD GuUITgE BTD @)L bFTIHS
Gauilliusgglev (Local Storage) @mibasrewms urLswew CFLILSTS Fn M Cesrmid.
2 svallulled @)HebGHL @)L bFrihs CFUlliussFer sl F Csmsrarerey S5 erib.Li
' HGw. sTearGeu K& G CoheweuwiTesr GTHEH GMIHOSTMS LTL VH6feT GloTsHs
9jerey O erih.Ll]l ewwH SHTHT(HLOTRTTEY [BLOLOTEY 6T6VVT LITL 6VHeweTuld GCFLbldhs
Wwrgl. @)sn@ Brb Caum LV 2 _Gglsenard enswmer GealssTly e (HLD. 2 & TTeRTLOTS
vwerflL b HBHs pewm @ewentwt @ewentliy HewL d@GH Curg BT THHATE6u
Crildhd HHausHEmer LUYDLILBSHS alll B Yslw UTL susemer CFLHGE! e96udhdHeVTLD.

G G meirassir
[1] https://developers.google.com/web/progressive-web-apps/
[2] https://developer.mozilla.org/en-US/docs/Web/API/Service_Worker_API/ Using_

Service_Workers

[3] https://projects.spring.io/spring-framework/

[4] https://www.htmI5rocks.com/en/tutorials/offline/storage/
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Tamil Open-Source Landscape — Opportunities and Challenges

Muthiah Annamalai*, T. Shrinivasan+
* - ezhillang @ gmail.com, + tshrinivasan @ gmail.com

Introduction

General tenet of Open-Source and FreeSoftware originally founded by pioneers like Richard
Stallman and Eric. S. Raymond [1a,b] continues to rely on collective good of developing
software in open and creatively monetizing it outside of closed-source traditional models.
Tamil open-source software has its roots from various GNU/Linux user-groups across
Tamilnadu [2a], and individuals motivated by Tamil support on Internet [2b,c]. More recently
arise in awareness created by Tamilnadu branch of FSF [2d].

Tamil open-source software (TOSS) continues to grow with over a hundred repositories in
github that contribute code for libraries, applications, speech synthesis tools, Android/iOS
apps, OCR tools, web-utilities, translations and font faces. While Tamil open-source work
truly may have started with translation efforts and localization of KDE (tamillinux in early
2000s) and GNOME (especially GTK) in same period of late 90s and early 2000s, today it
continues to grow in an organic, if unorganized way. In the meanwhile many projects, have
come and gone and morphed in their existence. (Please note this is not, by any means
complete, representative, inclusive history of Tamil open-source development or Tamil
computing — just a partial glimpse).

The various challenges are identified below, will be elaborated with appropriate examples,
1. Limited market for Tamil software
2. Marketing efforts for digital Tamil products
3. Lack of reusable, ready s/w components for Tamil software delays development and
increases costs of development, production and post-production are limiting future
projects
4. Tamil origin Tech workers are indifferent to TOSS causes

Barriers to entry into the Tamil open-source software (TOSS) space are identified and
removal of these issues could spurt a growth phase in TOSS
1. Software not addressing the market — teaching developers to address real market
needs
2. Address demographic needs:
What about other adults, young-adults, teenagers, boys and girls usage of software?
3. Sometimes CS challenges are hard — CS education and continuous growth are
recommended for developers
4. Multiple roles required for software development, graphic art, testing, documentation,
packaging and release, which are lesser known to potential Tamil contributors
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We also like to highlight several open-source Tamil projects which helped create newer
projects and grow the ecosystem. We also found Tamil project “OCRW:ikisource” by one of
authors inspired an Oriya language application. So there is tremendous potential for growth in
Indian-language computing by learning from one-another.

Further issues in TOSS include leadership and fund-raising
abilities, continuity of the developer community sustenance and
growth, promotion of open-source way of contributing to digital
Tamil. For security of the Tamil open-source community we
realize that a non-profit model with Wikipedia style rapid-grants
for 6month periods to grow the community, certify young
engineers contributions, and provide leadership will be ideal.
Currently Thamizha and Ezhil Language Foundation have
provided some aspect discussed here. Malayalam engineers have
provided leadership for their efforts through Swatantra
Computing [3a] (SMC) and maintaining frameworks like SILPA
and 11-Indian language TTS system called Dhvani [3b].

(09
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Image 1

We provide a list of representative Tamil open-source projects and number of contributors,
and bugs reported/fixed and the pull requests from GitHub data in Table. 1. Our full review of
TOSS landscape is expected to serve as a milestone of present day Tamil adoption and growth
aspects.

closed open pull
Project Stars Language issues issues requests Fork  Contrbutors
Ezhil-Lang 78 Python 100 93 9 35 11
open-tamil 37 Python, Java, 61 54 8 26 6
OCR4wikisource 26 Python 54 32 g 17 5
FkType Mukta 46 Font 24 2 5 16 3
ratreya/lipika-ime 21 Objective-C 17 3 9 13 2
VanillaandCream/Catamaran-Tamil 26 Font 7 10 4 7 3
FreeTamilEbooks (Android client) 6 Android/Java 3 10 o N" 1
thamizha/eKalappai 11 C++ 3 13 4 8 3
velsubra/Tamil 6 Java 2 0 5 3 2
ashckr/TamilNLP 9 Python 1 0 1 4 1
mayeoresan/Android-TamilUtil 15 Java 0 0 0 15 1
thamizha/android-tamilvisai 14 Java 0 3 3 14 6
godlytalias/Bible Database 18 PL/pgsQL 0 0 1 9 2
vasure nganathan/tamil-tts 24 php 0 0 0 & 1
rdamodharan/tamil-stemmer 2 C 0 0 0 4 1
echeran/CLJThamil 36 Clojure 0 0 0 3 1
psankar/Korkai 10 Go 0 0 o 3 1
rprabhu/Tamil Dictionary 8 Javascript 0 0 0 2 1

Table 1: Representative List of Tamil Open-Source projects by Git-Hub community

GitHub collaboration space
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GitHub is an open-source project development space that is popular and many Tamil origin
developers are present and contributing to various open-source efforts — within and outside of
Tamil computing.

Typically the project founders create a GitHub repository and choose one of the open-source
licenses like MIT, Apache, GPL etc. and start uploading their code and setting up unit-tests
and continuous-integration tests via Travis-CI. Other developers may join in by forking the git
repository and working on one or more issues (bugs) or features and sending a pull-request to
the original (founder's) repository.

The founder can have one or more comments and after resolving any outstanding
disagreements the software pull-request is committed to the source repository and merged into
one. Rinse-and-repeat of this flow is usual Git-Hub development

Collectives in GitHub

Thamziha group [4] in GitHub is the single largest pool of
volunteer developers followed behind by Ezhil-Language-
Foundation. Thamizha group has 42 volunteer developers,
24 source projects, 2 forks, and contains sources for
important projects like eKalappai, tamil-fonts, visaineri,
Peyar, and Thamizha.org website. Major coding languages '
used in 26 repositories of Thamizha are JavaScript, Python,

HTM, PHP. and Java. Thamizha is a open-source volunteer
group with a supporting mailing list at freetamilcomputing
[5], with -the logo in Image. 2.

Image 2: Thamizha group at Git Hub «

Repositories by Language

To gain a measure of interest and popularity of language based projects by developers in
Github, we collected data by running searches on Github [7] and found the surprising result in
Image. 3. Tamil language repositories outnumber Hindi or Malayalam, Kannada and Telugu
efforts together.

While our data collection methods are by Github search and admittedly coarse grained, we
still see on the 760 Tamil projects hosted on Github, even if only 20% of them are active, a
resounding interest in Tamil computing. We need all of these 760 projects and developers to
come on to mainstream and become active, thriving contributors. This data is a call for
general Tamil community to support these budding open-source developers and channelize
their energies to create useful, inventive software to further improve Tamil computing
landscape. The more active among these 760 projects are dictionaries, Android and i0S
applications, keyboards, transliteration software, programming languages in Tamil,
encoders/converters for Tamil, Tamil font collections, book translations etc.
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B Repositories ) o
Github repositories by language on July, 2017
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Image 3: Chart of repositories in Github by language in July, 2017.

Why TOSS does not reach end-users?

With such a large body of software available within reach of developers it is natural to
wonder why Tamil software usage has not “taken-off” in a big way. In this section we present
some detailed analysis of why Tamil open-source software has missed the big-impact on
general Tamil users and continues to under-perform its reach.

We present this analysis naming several valuable, popular projects with intention of
highlighting their missing pieces and improving their impact — with complete understanding
of how strapped for support, funding and manpower many of these projects can be. Hence
authors request creative license to critique:

1. Software is not packaged well
Most of the software are in development stage always; except a handful of TOSS projects rest of
them binary executable packages for Linux/Windows is available. Not everyone has access to a
development environment. This batteries excluded approach fails us.

Examples:
(a) Until recently the Ezhil-Language software was not available for downloads to Windows and
Linux platform for general users to try out.
(b) A popular software component often requested by developers but not available as a
component is the tamil-stemmer by R. Damodharan [8]

2. Lack of online demos

Even for software libraries, there no online demonstrations to have a taste of them, before
installing. Example - open-tamil, has a non-unicode to unicode convertor, with many font
combinations then any other available tool. since, it has no web interface or site, nobody knows and
uses it.

3. No windows version
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As windows is still used by regular users, we need to ship packagesfor windows too. Example :
OCR4WikiSource is a connector for Google OCR and Wikisource, but works only for Linux. New
users found it difficult use with Linux. So, they not using it.

4. No showcase site for all the web applications or fonts

There are many web applications for Tamil. But there is no showcase site to list them all, install
and let the users to play around it. Few apps have their own sites. But they work sometime and die
without maintenance.

We have TamilTTS, avalokitam, Velmurugan's Tamil tools [9], anunaadam, Pallanguzhi, Ezhil
Lang etc as source code in github. Few sites work and many are not. If we have a common portal
with samples installed, will be easy to explore. Need a portal like http://www.opensourcecms.com/.
Need a section to list all fonts with sample images.

5. Cant use with major software

Few Tools work as standalone. But the real need would to be used as plugin to any other major
system. Example: Spellchecker by Thamizha. It works with Mozilla browser. But the needs is to
work with MS Office/LibreOffice/PageMaker/InDesign. There may be tech issues like proprietary
software may not allow plugins to be developed by others.

6. Lack of Graphical User Interfaces (GUI)

Ul should be nice and easy to easy adoption. Most developers are not good Ul designers, and the
applications are not looking good. Example - Tamil tools by Velmurugan Subramanian. This is
good in linguistic features, but not good at UL

7. Lack of user/developer documentation

With no or less documentation, users find it is difficult on using a software further. When a
developer is left with no developer documentation, he/she looks for another project with nice
developer doc. Example : Velmurugan Subramanian's Tamil application is good. But its
documentation is missing with the source code. The site for doc is not working now.

8. Lack of marketing done by developers

The applications are developed and source is pushed to github. There no announcements in public
mailing lists like FreeTamilComputing or similar. There may be few Facebook posts or tweets. But
to get more people's attention, the project releases should be announced to wider audience.

9. Lack of Offline events
The offline events like intro talks on Linux users groups, hackathons will inspire local people to
contribute. These kind of events are not happening.

10. Not mobile friendly

Most of the web apps wont work well with mobile browsers. Cant make mobile apps with
webview. They should have mobile friendly CSS styles. Possible applications should be converted
as mobile apps too. Like tamil games, spell checkers, TTS, OCR etc, should be available as
mobile apps. Example: Thamizha's spellcheckers wont work with mobile browsers.

11. No lobbying
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Cant convince big giants to install the TOSS as inbuilt. Example: e-kalappai can be a part of
windows by default. Indic-keyboard can be a part of android. Still these are not happened. We
don’t know how to do this and whom to contact.

12. No funding.
There are no private/govt agencies for funding. No events like GSOC. No events/prizes/goodies for
developers.

13. Transliteration is cheap alternative

Institutional users of Tamil — mainly Tamil cinema industry — does not strongly patronize Tamil
software in script writing, re-recording, dubbing, music production/playback singing etc. and
chooses to use transliterated Tamil. However there are problems in Tamil prosody, diction which is
appalling in Tamil cinema industry today, but more importantly they fail to be a market for Tamil
software.

14. Lack of reusing
Most of the features are buried with the applications itself. No libraries/API are provided.

15. Other basic issues for end-user:

a) He/She don’t know tamil typing.

b) Tamil keyboards (physical) are not available; most of them are onscreen keyboards. keyboard
covers with tamil letters embossed are available

¢) Too many keyboard layouts like Tamil Typewriter, Tamil99 cause confusion to user

d) Too many fonts/engines. Still unicode is not a standard. Introduction of TACE/16 makes it
complex especially without open-source tools for TACE encoding.

e) Fear of typing wrongly as no default spellcheckers are available across the OS — Tamil writing
is more self-critical and acts negatively to suppress Tamil usage online.

We think addressing one or more of these issues highlighted above will create a positive
feedback growth-cycle for the Tamil Open-Source landscape.

Recommendations
We feel the following recommendations are necessary to groom young talents into Tamil
software generally and open-source Tamil computing in particular:

1. A central FAQ about accessing Tamil script/text functions in various programming
languages to address developer training

2. There is a need for institutional effort to have a Tamil coding school

3. There is a need for Tamil marketplace for software

Conclusions

We report in this paper, Tamil open-source software community is a vibrant place with
software developers, font designers, translators, voice-over artists, and general user testers,
who come together for love of their language, and promotion of critical thinking, and modern
language usage in Tamil. We identify a need for institutional support at various stages from
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grooming software developers in Tamil, to marketing platform for Tamil software. There is
bright future for tamil software if we will meet challenges it brings with it.
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The role of VLE Frog in assisting students, teacher and parents in M -
learning and usage of ICT tool such as smartphones and computational
devices in school curriculum.

Shanti Ramalinggam <shanti.usm @gmail.com>
SJK(T) West Country Barat, Selangor, Malaysia

Abstract

The latest teaching-learning approach M-learning is known as learning through mobile
computational devices (Quinn, 2000). Network-based learning content (Malin en, Kari, &
Tiusanen, 2003). Wireless network-learning (Boerner, 2002) or technology-based curriculum
(Anderson, 2001). Emergence of a new pedagogical approach which promotes student-
centred learning experience using technologies based on M-learning will offer opportunities,
convenience, advantages and dynamic environment enabling students to succeed in their
studies.

Mobile learning is a way of learning where students and teachers don’t need to be concerned
regarding the time and place restrictions. Small sized technologically advanced gadgets such
as PDA(Personal Digital Assistant), Compaq iPaq, laptop, wireless screen phone, smartphone
and many other are used to send and receive information in regards to learning and teaching.
Study note, homework, and assignments are synchronized through group chats and websites
and received by students and parents.

Students from Year four till Year six at SJK (T) West Country Barat were used as the sample
for this research and questionnaire is used as instrument. All the data were processed using

SPSS software to identify the mean score percentage frequency, Pearson correlation and One
Way ANOVA.

Introduction

In Malaysia, YTL Communications has collaborated with Education Department in
providing free smartphones to teachers to incorporated Mlearning in their curriculum. VLE
Frog, a branding under YTL’s 1Bestari Network has been creating and managing online and
smartphone based applications for students, teachers and parents to actively involve in
teaching-learning activities using the latest technological advancement.This article highlights
the concept and benefits of M-learning through VLE Frog applications, and discusses the
prospects of M-learning in the future curriculum.

Among the modules are:

. PIE (Participation, Interaction, and Engagement) :
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This module will guide participants to attract attention and increase students
interactivein learning and teaching process through creation of a new website, using
the 3 widget Text, Media and Wall in the Frog VLE. The workshop will also provide
space for teachers to share ideas in classroom management.

o CAKE (Connect and Keep Engaging) :
The module aims to empower teachers and students with a means of creative and
innovative learning through video conferencing technology with the use of the Frog

Connected Classroom learning concept.

. PUFFS (Project Using Frog for Students) :

This module is designed for teachers who wish to engage students in 21st century
learning through project based learning using Frog VLE. This module will also
provide a space for teachers to share their experiences and designing digital projects
for students with Frog widget.

. GULAI (Game Up Learning And Involvement) :
This module will introduce FrogPlay as reviewing applications for students with pre-
existing quizzes, mini-games and a robust performance reporting.
This workshop will also include a way for teachers to guide students' learning through
ongoing feedback on the performance of students with the use of application
FrogPlay.

. NASI LEMAK (Smartphone based Frog applications) :
NasiLemak module is a module that includes all the modules in YES Altitude
smartphones and Frog mobile application. Teachers can choose to start the workshop
using pieces of any module in question.

Methodology

Questionnaire was used as the instrument in this research. According to Cohen,
Manion & Morrison (2007) questionnaire is suitable because it is able to directly collect data
from a large size sample whereby it will improve the accuracy of the statistic sample to
estimate to population parameter thus decreasing the sample differences, it isalso believed to
increase the accuracy and true reaction given by respondents without being influence by the
researcher’ behaviour (Mohd Majid Konting, 2005). Level twostudents were the population.
In order to avoid biasness, random sampling was used because it is easier to control.
Especially for this research, the selection of sample will be based on the students’ attendance
sheet (table). The final sample of the research consists of 85 standard six students from West
Country Barat Primary School (Tamil), Kajang, Selangor. The sample includes male and
female students from various family backgrounds. 22 samples were selected randomly
through selection of odd numbers for the reason of pilot study. L.G Gay, G.E. Mills and P.
Airasian (2006) and Sekaran (2000) stated that selection of sample from population must be
similar to the real sample.
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The validity of the questionnaire was also proven. According to MohdMajidKonting
(2005) testing the level of validity of questionnaire is vital to determine whether the item
formed are suitable with the respondent. Internal Consistency Reliability in the Alpha

Cronbach Test indicated the value of Alpha Cronbach for all aspects in Part B are 0.6
till 0.9, which indicate a high value of reliability.

In conducting the research, approval from the District Education Office was required.
The duration of time in conducting the research was after school session (curriculum period)
to ensure that it will not impede with the students’ learning process. All questionnaire
collected will be analysed by using SPSS software. Inferential statistic is used to assist in
analysing the data. Pearson correlation and One Way ANOVA was used to analyse research
question 1, 3,4, 5 & 6.

The findings of the research indicated positive significant improvements among
students, who use the Mlearning software to assist in their learning. Comparison among
students who use the software and those who don’t has given a clear indication of the impacts
of the ICT usage in learning which could help improve students creative thinking.

Conclusions

The research has helped the school management identify more fun and constructive learning
system through the usage of smart phone and other computational devices and able to
improve the students thinking ability and creative learning. The usage of Frogasia website and
modules has helped students, teachers, and parents to interact in a more personal way through
video conferencing and social messaging services. The study also helped teachers to construct
a thinking based learning system rather than exam orientated learning through the use of
smart devices. The drawback to this is to provide the students with enough tools such as
computers and smartphones for them to use the applications. Although YES has been
marketing their YES ALTITUDE smartphone for RM 180 but still it’s a burden to provide the
device to all students and parents. Apart from that education institutions must invest in more
facilities in order to make this learning method available to all students.
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sDL$56060 Sreuslomifluilwedlsir LIkIG,

Dr A Ra Sivakumaran
Head, Tamil Language & Cultural Division, National Institute of Education, Singapore

2 0&6ILTIlsafle GFDELTHWTSS &MHmBLILIHLD Fv GlTLHefle) HTaVsS TV
Wphewsw Glwriflwurs ellersi@Geaug SOP6ITL. HEWLTLY 2 V&l LIVLITSBISHE )LD
sHUlGSU-LURSIDG) - sPSLILBHE DI, Crflsssvaiuilsr ChTdhaLd, &ML [
GO L Qurilepw s LweTurl B ChTdslsy HMLGSCasTHLD 6TaTLGCSH o) G Lb.
Gomifluiledr (B)6V5%%EMTHMSU|LD GIFTMHSHOTEHF ILSHeWSHU|LD jeuDMedT @)uisVLITesT
&(HGHSIL Leoliuml (H uwesturl ig68mbg (Communicative function) sesflem ol
L@SFH sHMISECSETHLILg Gwrflsssval ( teaching the language ) oy arg).
Ijsusurm sHMId GsrRLiug Gwrflsewwiiummlss (teaching about the language)
&M1& G\HTHLILSTSEEeu ewiow|ib.

&HGHSIL Heoliuml_ H0 vweturl (h Crragled (Communicative approach)
Curiflwwd sHMIEEETHGS LPHVCHMeu HHEBTESHSHV GIoTLHLILITL Bigsewer
9wLILICH 9y @Lb. rPliiurL_misefled @)L LMD Lseusd (lessons/texts)
CFwmhenswTs 2 (Heurdasliul L sstpr (Synthetic) ojsvsvgr e wriflenwils
LweTU(H S S Ceuri QuisdLTs CBIiguITesT &HGgIL LeOLILTL 1960 LIWeTL(HSs U
CBTL TaHemer 2 _ararL_&alwgr (Authentic) ereirLig) Heousrdglev Ga meirarGouessvrig i 6
WPEHBWSTn DT GLD.

@uevLITe &HGGHIL VLIS HSSI60 LTRSS W CSTL THemeard ©lsTesrL_
STeYdbsensHems (COrpus) o liLenL_wirad G1&reanr(h) HewwdaliL(bhan
CurfliurL_BisGer MBS 6TTD &HHSGH SHEUTHI CCeTBIL auHS M.
RHOTLE G 2 (HeuTSSLILIBE D HT6YSHTBIGET HdHDH6THISH6N 6T LIWeSTLITL 1gH-
Capug swg @uisvLiled wrmiLiBih. B)&HsLHenTwTerdl SLlpEITLHIS Hesvalld @l
vweTuBHF DLlleT HTeydBHemHems (€lectronic learning corpus) oy liLienL wrsd

OB TERTL_G).

@) bCBTEHHIV HewdSLILIL L GLOIPOITL LOl6TSHT6yBHeTdema 6T616UT6lMEVEVTLD
LweTU (DS B!, LOTERTOUTH O SHLOewLpd HNMIs ST HEHSHVTLD 6T6TLICSH
®)daL_(hewruller GBTdsLD.
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SLP6ITL) leTHTaysersems Crflds sevaiuilsy @)reanT®h suendsserflev
LweTLI(hSSEVTLD. 6Tm, LITL BiGenere_(heuTdh@Geugsm &L (curriculum / syllabus
design, text book preparation) usvsusnsEefley LiwsiTLBGGHI6uG. LHEDTETH,
LOTEWTeU T & EH G SLlewLplt LiwssTUTL (h) CBrdaley LweTu® sl Luilnmiaid gL
Grrig BLaugEmaHsEndhEL (teaching / learning activities) wwesTu®Sg10ug.

SLP6ITIflewwds SNHMIH6IsTeTer CausHT(HID 6THTMTEL (LpSH6edled LdGIomLfluilsy
aupmISLILGHLD ClFTHSHefeT GluTHewear HPlbgl GlsmTeTer Geusswr(hib. ClLITHewer
DVIHGHI C&TeTUSD S STTSH HIHNTIWITSH (3)(Héh S LD 6THTLSHV &HHH CeumLim([®
B)svsmev. g eurTeL Glomifluilsy @)L DEILIMID BiSSHeWesT GIFTMEHLD LILIGSTLITL 160

B mEH&HLCUTE HHTTIHIO GuTHewer L HGL & HeuslsVewsv, GVt 6p(K6ElFT6L
RHOILTHefled " HG eumeuglsVemev. LiwsTLH S CouTileT 91" F& @ Ll (b
QLM ermuls ueRuTHeflev (Usage contexts) oyFClFrsva heudieus(h.

QL S3IDCHHL auHLDEILITHewars sHueuT HMlbgl Gl&sTeTEhbCLTGs GlTLlenwids
waHaUTLItlLm @wsYib. pHOFTeV 6THOBHHS @)L _5Fl6V 6THSLIGILIT(HeTleD 6T6LEVTLD

R (HLMIUOl6V 6UbBGI6TaTG| 6TETLIENS BTLD L (HOITEHSHTEHS 6\5MHg ClaTeTeusD S
@)daraysHerid seb 2 gallyfldng. @)slsv Chrigwirs wrevTalisemer FH LB GBI
vullpAwelliugn@d CFTn@wsd emLall (Concordancer ) wWaseyb LiwssTLIBILD.
@)F6lFwensv CHOETsTOUSMHGHLI LwsTLUBID Fev HraysHer GITL ) iie)dHhsHallseT
umm) ( corpus analysis tools) @kigl CualiLBSIngl. pmEFT GuTHIOuTS Coum)
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Abstract

An enhanced mobile application for Tamil learners named “Interactive Video Quiz” is
developed to create a collaborative environment among Tamil students in a classroom. This
work tries to ensure that all Tamil students and educators benefit from a learning environment
that provides adequate access to high quality applications in Tamil. In order to support Next
Generation Learning in Tamil (NGL-T), an effective formative assessment practices including
planning, implementing and refining student’s formative assessment practices has been
considered. The large computations in the applications that require higher bandwidth are
computationally offloaded to resource rich cloud. By doing so, QoS/QoE parameters are
satisfied and the quality of the application is improved.

1 Introduction

NGL-T equipped with state-of-the-art audio, visual technology aims to enhance the
collaborative classroom level engagement among Tamil learners and instructors both onsite
and at remote locations. NGL-T transforms the way of acquiring education through latest
technologies focusing on competency among Tamil learners. Next Generation Classrooms
include multiple pieces of equipment such as Tablets, Laptop Computers and Smartphones
like Micromax, Motorola, iPhone, Microsoft phone, Samsung etc that offer a variety of
options for instruction.

A lot of mobile gaming applications have become popular currently. Such applications are
in need of high resource mobile devices that can handle heavy computational tasks just like a
personal computer [6]. Computational Offloading is a Mobile Cloud Computing (MCC)
technique to take care of those tasks. The basic principle behind this technique lies on
identifying the computationally low and heavy tasks and shifting the heavy tasks to a rich
server in the vicinity [7].

There are two ways in which a larger task can be made to execute in another resource rich
device. One is Clonecloud; the other one is Cloudlet. Clonecloud [11] possesses some serious
limitations like machine dependent applications and mobility which are not possible in it,
whereas in cloudlet, the machine dependent tasks alone can be executed locally while
executing the rest in another device. It is also sufficient to handle mobile situations [9].

In order to achieve an interactive Tamil learning environment using Bring Your Own
Device (BYOD) method, network bandwidth of the mobile phones plays a vital role [ 8].
With the help of cloud technology, the possibility rate of collaboration learning in a classroom
can be achieved up to an optimum level. The learning content is screen shared between Tamil
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educators and learners in the classrooms for achieving cooperative and interactive
engagement learning as shown in the prototype below.

Fig 1: Screen Sharing in Classroom

The main objectives of this work are:

To deliver a mobile application for Next Generation Learning (NGL-T) to the Tamil
learners and educators to benefit from a learning environment that provides adequate
access to high quality resources using cloud.

To support the learning with the effective formative assessment practices, including
planning, implementing and refining their formative assessment practices.

To satisfy the QoS/QoE standards by applying computational offloading technique for
using resource rich cloud to carry out large computations effectively.

System Model
The following diagram Fig 2. shows the overall system architecture of NGCL using

cloud. The process of screen sharing the interactive video session among the classroom
learners is classified into the following major tasks:

Identifying the nearby compute cloud (Cloudlets)
To carry out the large computations faster, nearby cloud is searched.
Computational offloading of huge processes
The learning video content is a highly resource intensive application that will
be migrated to the nearer cloudlet for processing.
Qo0S/QoE based Video Analytics
o Pre-fetching the video from Video Service Provider
* Admission control
= Packet Classification
= Packet Scheduling
» Traffic policing and Shaping
o Opverlaying questionnaires on the video
o Buffering video to the mobile devices
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Fig 2. Overall System Architecture of NGCL

Features of Mobile App

This classroom interaction learning app constitutes of two learning components. One
is Interactive Quiz session; the other one is Group Collaboration.

A. Interactive Quiz Session
The usage of online video as a primary resource in Tamil education is comparatively
rare. The construction and instrumentation of an Interactive Video Lecture Platform measures

the student engagement with interactive video quizzes in Tamil. Here quiz questions are
overlaid on the frames of the video.
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Fig 3. Embedding Questions in video

The dynamic radio environment with fluctuating network bandwidth and wide range

of device capabilities are managed by the mobile cloud [10] that provides offloading of the
streaming process in the cloud.
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B. Group Collaboration

Using a shared display of mobile devices within the same physical space allows
teachers and students to share the same information, so that teachers can detect any problems
and clarify specific concepts if necessary. This may increase the investment costs of
computers to each student and the educators. A much cheaper way to build an Interpersonal
Computer with a shared display is to follow the Bring Your Own Device (BYOD) method.

CET LI

Fig 4. Video with Quiz overlaid

C. Monitoring Learning Behaviour of the Students

The purpose of these questionnaires is to understand Tamil learner perceptions of the
technology as well as their behaviours towards answering them. The questions are inspected
in terms of cognitive complexity to determine whether complexity affects the students’
engagement.

Fig 5. Student Scoreboard

3 Performance Measures

The application is tested with different set of mobile users and with variation in
number of users in the learning discussion that happened within a classroom. The resultant
video in the application is shared among the Tamil learners who participated in the
discussion. The streaming time taken by the video has been tabulated by varying the number
of users from 1 up to 10. The tested video is of 5 minutes in length.

It is observed that the streaming time among the users increases gradually when the
number of mobile devices in the discussion increases. The scores of each learner is also
calculated based on their outcome in the quiz overlaid in the video.
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Number of users Streaming time (in s)
1 2
2 2
3 2
4 5
5 6
6 6
7 9
8 9
9 11
10 11

Table 1. Number of users Vs Streaming time

Conclusion
NGL-T targets at affording emerging learning technologies in Tamil, collecting and

sharing evidence of what works, and fostering a community of innovators and adopters
resulting in a robust pool of solutions and greater institutional adoption which, in turn, will
dramatically improve the quality of learning experiences among Tamil learners. The purpose
of this work is to encourage Tamil learners to use the latest technology applications as
English learners do. The quizzes are embedded into the video lectures to allow Tamil students
to follow along at their own pace and clarify the results with their educators all within the
lecture.

Our future work has been planned to decrease the hike in the streaming time even

when the number of mobile devices in the discussion increases.
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Engaging Augmented Reality and Collaborating With Learners
To Inspire and Maximize Learning of Tamil Language
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Abstract

Learners retain a very small amount of the information that they hear and a slightly larger
percentage of what is shown to them. However, when they become actively involved in an experience,
they retain much more information that is presented to them. In particular, the visual triggering of
Augmented Reality sparks enthusiasm in learners, maximizing the opportunity for interaction,
encouraging critical response and the adoption of new perspectives and positions. This paper describes
how Augmented Reality has been used to promote the learning of Tamil Language. Abstract concepts
or ideas in Tamil that might be difficult for learners to comprehend can be presented through an
enhanced learning environment. Augmented Reality can harness both asynchronous and synchronous
learning, allowing learners to acquire the ability to make links across different areas of knowledge and
to generate, develop and evaluate ideas and information. Augmented Reality is indeed a powerful way
of promoting active language learning.

1. Introduction

In Singapore, every student takes up Mother Tongue Language as a mandatory second
language subject. Students dread learning Tamil Languagebecause they find it difficult to comprehend.
Furthermore, most consider Tamil Language as having very little or no relevance to their future.
Hence, many learnershavelow commitment towards learning Tamil Language.Most learners are able
to read texts in Tamil, but many are unable to comprehend what they read. They are also unable to
interpret what they hear. In addition, many are not able to express themselves clearly when speaking
or writingTamil.As a result of all these, many learnersresort to learning Tamil through English. For
instance, they take notes in English of what is being taught in Tamil Language.

This scenario did not dampen my belief that students will learnTamil better if their language
learning interest is kindled. I decided to inspire their learning through engaging them in a meaningful
and active learning environment.To do this, I decided to use Augmented Reality Applications to
provide a more authentic learning environment that engages learners in ways that were never possible
before. With Augmented Reality, all learners can have their own unique discovery path through real-
life immersive simulations, with no time pressure and no real consequences if mistakes are made
during learning. This technology thus promotes active learning and encourageslearners to take on
diverse thinking perspectives.EngagingAugmented Realityboth stimulates the learning interest of
students and equips them with the desire to explore further avenues of developing the various Tamil
Language skills.

2. Methodology
The following objectives and strands explain how and why Iuse Augmented Reality to enhance the

joy of learning.
2.1 Learning Objectives

1. Learners are first introduced to Augmented Reality. They discover its uses, especially how
it can act as a vital trigger for learning. Learners then find out about the diverse range and
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characteristics of Augmented Reality and describe and explain their extensive, applied uses. They will
get to choose the type of Augmented Reality that most fascinates them and demonstrate how it affects
their learning.

2. Learners also have the opportunity to analyze and compare learning through Augmented
Reality withthat involving traditional pedagogies. In doing this, they evaluate the impact of
Augmented Reality and portray their understanding and learning of Tamil Language.

2.2. Strand 1: Understanding learning and every learner

I have been teaching since 1997 and pursued a Master Degree in 2013. Subsequently, after a
hiatus of two years, Ireturned to teaching in 2015. After teaching Tamil Language for one term, I
developed abetter understanding ofhow a learner-centric approach can be effective in promoting
learning. This involves the teacher understanding the needs and strengths of learners, the process of
learning, and how learners’ minds are engaged in the learning process. As the progress of growing
technology affects the educational ambience, I explored how it can be tapped to supportthe learning of
Tamil Language. With my conviction that every child can learn, I am also learning from my day-to-
day experiences of teaching Tamil Language the underlying principles of learning for every learner.

2.3. Strand 2: Nurturing and inspiring learners

While I passionately support the conventional pedagogies, I am keen to harness Computer and
online-assisted teaching in the learning of Tamil to provide efficacious lessons. Motivating my
students to learn the language effortlesslyhas been one of my goals. This approach establishes
anadvantageous learning environment that stimulates and empowers learners. What I have gathered
from my experience in teaching for nearly two decadesis that very little learning can occur unless
learners are motivated on a consistent basis through the five key ingredients impacting students’
motivation: student, teacher, content, method or process, and environment. Bearing in mind that in
general, students are complex creatures with complex needs and desires, I amalgamated these five
ingredients to motivate them.

2.4. Evidence of Impact on Student Learning

In Singapore, students studying Tamil Language in secondary schools are streamed according
to their academic abilities. The students in Express and Normal Academic streams sit for papers with
higher weightingfor written assessments. Those in the Normal Technical stream do Basic Tamil where
the focus is on Oracy. I teach Tamil Language to all three streams. The students from these three
streams are of mixed ability, but the common factor found among them was that they were not keen to
learn Tamil. My observations suggested that adopting a range of teaching techniques would aid in
effectively engaging these students in their learning. Keeping my lessons well-paced, I used various
teaching techniques and online toolsto engage my students of differing abilities.

Students started to display traces of interest, especially when I designed my lessons
utilisingonline tools such as Educreations, Kahoot, Plickers,Socrative, Padlet, Media Broadcasts and
social platforms like Skype and Facebook. I got wind of what they wanted and used these to spur their
interest further. Students’ interest were evident from their keenness to attend Tamil Lessons, timely
attendance to Tamil Lessons, on time submission of assignments, and improving results in both
formative and summative assessments.

Informal techniques such as Checks For Understanding (during teaching), Written Reflections
(End of Lesson), Polls (End of Module) and formal techniques such as Quizzes, Online Learning
Modes along with the usual in-class activities and deliverables to evaluate individual students’
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learning, provided me with the evidence that this approach has impacted students’ learning.
Embarking on the use of Augmented Reality was a natural progression for me in my continued quest
to ignite students’ interest in learning. I found out that Augmented Reality motivated and engagedmy
students to learnwith genuine interest and commitment. Augmented Reality also helped to foster
greater students' attention and satisfaction. In short, engaging Augmented Reality in the teaching and
learning of Tamil Language truly inspired my learners.

2.5. How will students experience lessons involvingAugmented Reality?
Educators can usethe “Explain, Elaborate and Experience Approach” (EEEA)to generate a
meaningful involvement of the learners.

2.5.1. Explain

Firstly, teachers can do a presentation to demonstrate the basic idea of Augmented Reality
which is to superimpose graphics, audio and other sense enhancements over a real-world environment
in real-time. They can further explain how Augmented Reality adds graphics and sound to the natural
world and how it augments the real world scene in such a way that the user can maintain a sense of
presence in that world. The user interacts with the real world and, at the same time, see both the real
and virtual world co-existing — the user is not cut off from reality.

2.5.2. Elaboration

Studentsmay then be provided opportunities to explore and harness Augmented Reality from
widely available tools online. After gaining exposure and trying out these online tools, students can be
asked to share how Augmented Reality has truly changed the way they view the world, how the
technology and its components loomed informative graphics and audio to coincide with whatever they
see, and how it has enhanced their learning. Students will then share how Augmented Reality apps
have become transportable and generally available on various devices. They will share their
findingson how Augmented Reality is beginning to occupy its place in audio-visual media and used in
various fields in our life in tangible and exciting ways such as news and sports. Above all, they will
show how Augmented Reality is being used to facilitate the learning of Tamil Language.

2.5.3. Experience

This involves lessons where the students are taken through hands-on activities to better
understand how Augmented Reality creates immersive, computer-generated environments for them to
gain more experience. They will comprehend how using Augmented Reality creates the interface for
learners to use these systems to learn more about a certain historical event. The hands-on activities
will enable students to walk into a Civil War battlefield and see a recreation of historical events in
panoramic view.From their own classroom, students can see The Majestic Taj Mahal ‘appearing’ right
in front of them and experience a panoramic tour of it. It would immerse the learners in the learning
session and they would alsoestablish better collaboration among one another.

3. Conclusion

It can be established that students’ learning interest will certainly be ignited when using
Augmented Reality. However, educators must be careful not to let the wide availability of Augmented
Reality apps, which are mainly in English, to distract from the main aim of its use as a tool for
learning of Tamil Language. There are so many Augmented Reality apps available online and, if not
monitored, students may shift their interest to try out every one of them, for all these apps carry
intriguing demonstrations and games. We need to alertstudents to be mindful of this. We need to
partner with parents to create an awareness of how Augmented Reality can create a useful learning
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environment. Once the students are au fait with the rudiments of the Augmented Reality, they can then
progress to the next stage, where they will learn how to create their own Augmented Reality and this
can be used to assign projects.

We can liaise with some of the leading Augmented Reality app owners to showcase quality
student projects. If successful, thesestudents’projects will be available in Tamil Language for many to
use and benefit. Moving on, students with entrepreneurial abilities may even develop and market their
own Tamil Augmented Reality apps, thus maximizing the use of Augmented Reality in Tamil
Language.
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uTFs et ewsuilGevGut 2_adr®). surdAriNener Gomels TeirEnhbELITS|
QUTHALILIOITHOTTE) L BHSSH60 2 66T $&HaUIVSEMETILD 2_6TOTL &% 5HMS U|LD HjeUTeuiT
allmoL CoussFMHEHHLI 2 _6TeuThIs (PLyHlBTmG). 6THTOTMTS, @ &Tolewrmedluilsy
2 6iTem CIFIFIBEHLD 2 6TOTL SHHLPLD UTFHTHEHE: G HeTarLiLI(HasleTmert . 676 earevflsv,
HTOlewTTef %6 HewssLILL L CaussCsTH), 9HHTolemTTafluilesr GlFiiglenwiu)b

2 6TOTL $HSMSBU|LD aUTFHTSH6T LileTLnm CeussT(Hid. sTaar@eu, LOl6ITeNT6VS61fl6D
HTOlewITefHewmeard CFILILIg UTFHTHEHEEHRP(HOISTL TFAWTET eyILINdmS QILPHISH
2_FH6uailsVeMeVeTITanID &(hbemsd B)BICSH (LpesTeweudaslEmmiD.

9),. HengHeiler Lileirerenf]

SLOp Glomiflewwds HMHLNG @D CBHTHsle) LSTETVHST 2 (houTdhdLILL 19 (HHSTEILD,
HWMHHEN T YWIOLIL|, RPIT HWVTHHIVHS HTeWLOHUId 6l T 63T (66U TH D

Qg eTLL_aflvensv. AW T, AkisliyT Curetm BT(HHeflsL uTIPLD & LDHENDH BT
LI6V60l6BT LD& & 6T eUT(LPLD FLp6edle auemilaTmeri. LeVGaum LenTUTL (h aillpTdhdeneriLb
e Tt T(HHleTmert. @eunCnr® L 13 B)(H%h G LD HNHHEN6NTS (& LPHEW S5 61T
FRUTLCLT® Lg&EHayLD, HeuismssT surpd FGLCeT® SBIS6T STUIGITLemWw

B)emewTdH6 b 6uTiiiLILIeT]d @ L.

QbsS SI_LSFleT aulfl 2 (HeuTsHSLILBILD BTeTSHeTeV, HLOLPTH6T HSHlHLD UM IHLD
BTHSHETV 2_6T6r HeValld Ol TaTenHEHMETd: & (HdHHl6L ClaTevT(hd %6 %6
TWSLILIRID. suTHEHEGLD @)L BISHEHSCHDLI LIL BIGEDETU|LD @5LP6VEEMEI LD
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LTHMWeDLDd G LD BIL LD, HTevdsenar euTHabsL LiwsTUBILD ClFwedlseafl GevGul

CFidasUiLI(Hib.

@). aflewemwiT_ b BL61q &e»SHSH6T

CupLbLITVTETS SO WleTenTeVSH6T euTHLICLIT®H BlevTm afl(hFermesr. eurdldbaiu L
FHWMHHMT PL_1G WG CHTL T L UG SHewBH6T CFTdhabLILIL alleVens.

ObsS SI_LSFl6T H1p euHLd BrevHeflsy, eurTALiLiler FRUTL L 9 SHl5leHa GClomLfl
allemerim_(Ho6r @)ewentdaLiLi(HD. allewerwT(hLD LOT6RToT % 61hdk S,

oard; Gl i ep B Tedl GG eupmISLILIBID. @)iLgdF CFiieusest suLfl
wrenteuiseaflenL_Guw Gog)itb eurflds CousnT(HLD 6TTERID pT6uLD Fn (HFTMS.
&Il BT @) ibLblesTenTedled 2 (HeuTdhBLILIL L hL 6114 deDHEHET WTeLD F6e» ilesr
2 6TOTL_&&LD, SMSLOTHSTH6T, GIFTMH&HET YSlwieuDewmd: Gl&TeanT(h 2 (HeuTdhdLi-

Ul Lemer. orenTauiseflenl_Gur CsTL_iT CaTsiTEnb suriilienL e7HLBHSD]

9 BHBEMBHEMET LB (DWTT h3I 2 6TeUTBISF CFUIWLLD QYDDeNeV 67D LIDHSEI60SHM S TS LD
Q)b LOlITETEVSH 6T (6w T &5 L1LI (D)3 63T D 63T .

FF. leiTeiL LIl LiwesTUm(h)

leTenil Lisems Lt LweTLBhSSI0 LpLeV ClFwsvEemear GmbelasTsiTar (LpigujLb.
9puitey GFiwiul L 1leTenTevser Feveunmlev, G\GmPleVBIL LI &)(hd&LD BT TewTdhd 6D
L QG Asv g MiFH6T CFTEHSLILIL g (HLILINSS HTRT(PLYHSTDSI. @G &6F Anbs
SSVIG(PPD STHTDI Fo DIVIBDE, V.

QBTPlVBIL LIGHTEV @)HSHLI LIGTLTL 6L 6ULPHIS (QUIsVILD 6TTLISHS allL,
b L1 LIwiesTLIT(h) heW & E1hds G L1 LILIEH)|6TOTSH T &% Ceuessr(Hid eTeTLIG
b SLDNDHHEHB G ()] 2 (b S

(P 6ITEW LD UITGIT S|

9,586, BTHIKZET &LHNDSEEHHBTHBe ADLILITERT 2 _6TeTL_&&HsHewdHdh HIL_L O
2 Mg QFGCHTID. 9H&TLINGCSH, @)euaysiTarL_&HmiGemar s &HieVedlwnTer suplulled
GHUHMSBEEhd&HF ClFSTHewL_ W $&HbHS O1STVRIL LIGewsd 65iley ClFIGSHTLD.
SHCUTemS W Bleweouilsy, 2aTL_TL 6V, b TLILIL BIHEWOT 2 L L|&dS] LHSTENT6VSH 6T
2 meurss Ustaflsaflspib aft 196)1b LiweTUTL 196D 2 66T LTI LId &(HelHewer,
GOIILTSHS DHUWL_GHS &(Hallsemerd sarGeanrml L O GLmib. QUTgIauTS, cLpesTm)
UG IWTET & HallsGar 2 _siTerer. LisTaflsaflsy e-GLil & mailsHsT LiTausUTssT
LweTUTL 1g60 2 6iTenedr. ef L1960 2y 6vTiqrmil(h%Hallsemer HSlaL LiweTLmL g 6D
2 sirereur. Q) HLILNeID @)F@SHWev BT (hdHEG BTH Coumi’ B @) HLILIeHSu|bHeTGLTIiD.
THSHIGHTL L TSH, H6wflds Brhseaflsy m-Cul (hosralBsaflspib slswmrsLi
LwesTL (h& % L1LI (65T M 6vT.
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PLOILIMHD 6TBISET LOSTETEVHST Sla L1 LiweTLTL 1ggpismer g-Gui’,
et rrii®), elleCL e 9 alw leTenil L1g % mallseafls Gr $rsslsv
QrwevLBeusns 2 miF) GlFiigeTGearTiD.

(LPBHETEMLDS Fn MIH 66V PITMHTET 20mL_T(HID UFSH], BHTLILIL LD, YeWFQLL L LD, &T6V
ugley @) bLlleTenTeYId&Hd ChemeuliLil L ar. LeTeresfld @&rev udlemeusd CFiliLig,
GHYHMSEEh&HF ClFTNHHMET (PeHwDWITES 2 FFTHEGLD aufl(pewnaHemeT|d 2 L 6T
HN&HF CIFUISISBTMGI. LOTEWTEUTH6T HeWBHHeWeT surTF @ Cuirg Fflwmrer o FFflliy,
BIMISSLD, Build, G\grestl o FlweudmiL 61 eurdld @b euLflpewmaHemeTuyid
sDUlGSlTDgI. @)L F CFIeugl, HLYHDSEEHDHI5 HeDHHEMETWLD CIFTMHEMETIL|LD
allenreurss Blewerailsy GlETeTEHLD QDHMENEVU|LD USTTSHESTMSI. LOSTETEV, HTeorTHGeu
UTHSHI5 HTL_(HID FLpeL, LilsiTarresfld &Hred @)6LeVTLD6D & LpHewsHdGeT euT @D @ Lpsv

6T (3)(h @ LpsVSH6IT CFTdHBLILIL (H6iTemest.

BL_6)19 &H6M3 616N 56T

BT6V&SGeTT () LTenTalTaHefler FHUTL L& gn L L, Coryl ellenearwim_(haossT
@ ewentdHL1IGlLHMIsTareT. “‘surflbgids STL®H, ‘BrEer surdEHECmest 6TenIb sumdLiL
BL6UIGHMHHMET CLnElsTeRTL LilsiTaar@r wrenteuissr @)hs allenearwiml_(hobsnear
aflemerwimheuri. pspev HL L GFHlev 4 suswswiTer allewerwiml_(Haer (B)enewrdssLi

uL_(psiTerent:

1. UL &@Geflwed

UL &Gallwedled restauiaser Gleul L Ll L LIL BISenar (penwmuiTd (B @ 6.
euGleuTm pewm allewerwim_enL ComH6lasTsTEnd GLITGILD LT 6T T % 61hd% &)
GleuelGaum| LIL BI&H6IT 6uLpmISLILIBID. SHTERTLIOIT &aTHeN6Td ST b (gl GCLogid
Guspib ullpFewwd QFunug gresr@ @) iuilnFser, rewTeuisehd @ FeilliLlenerd
BTTE.
2. UL $CHTH GCFTVeme @)enenTd @D aflewerwim_ (b

MG UTHGS LileTeri, semspulled @)L bGlLHM LIL_BISEHLD GFTMHE EHLD
@)suailemearim 1g60 L@&dSLILI(BILD. LOTERTEUTHET LIL IS &Hbd ClFTeVEYIL 65T
@ewewriiLii. Wlseayld steflewwwirer @)bs allenarwiml (h) LTI % EHdH: @ WaSILPFF enw G
S(HLD.
3. BIDb F1”BHFH6L

S UL ST ST Fs6r @bt LuinFulled @)ewentdsiLI(HILD. LDTevwT6M T 6T
BhIEEHSEGL Lgds suemasulled sTHm BImmkisemery LweTuBds] BpwnHmL
LIL_B1%e0hd & Bmewpl (heui. mewTteuiEeflsr HAbsenear 9pnmened HTeT(HeUsM G

BIDBIEEBLD GIeweRTLIOILIT(H6TSHEHLD LIL BIGewerd Fnml eweudsLiLiBID.
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4. aflQuL_L eTaps g aflensmwim’_®

@bl LWl Fuilew LoresTauTs Ehd @ LIL (pLd efl(HLL L 6T(pdbgl HL L BIdkEHLD
QULPBIGSLILI(HILD. LOTEWTeUTH6T LIL HiI%EHECHMLI 6T(PSHGI HL L migeaflsy afl(Hr L
TS Blemest BlrLiLjsur.
@lsusuenswiret Glwry] aflswerwim (heHswer Gom6lsTeTeUSBaTTD, & LHENSH S EHdb S
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allewerwim_1q VI LOTEwToUTHEHDb S 2ardGHal Iy LiLifa eupnbisLiLBhSSTnS].
(3)6UUEHSE WITET BL_6)1G F6eWEBEH6T LOT6wTEUTHemer GLoesTGLog)Iid LAl6ITenTevEHem L
LweTU(DSS Q) TeucLpL Ly, LOTwTeUTH6f T euTHLILS SN auaTidhs LlsHea|Lb

SlewewtL|fElesTmevr.

Gl L
SLOLPlL G)TenILD eueTTFFLIGILDTS Siewm @)FH1. @)D (LPH6L WPwHF LIVOTHMD TENILD
Aptiumis gewwwlt LUVGaIM| g MISH6T HYTTWIGILIHMET. HewdHeulgalipld LullnHF

LPEOMSEEBHLD YUIHLH CoHTHG @)ewenTdhasll CUDDST. S&HbHS Q)L SV HHs jerailsy
OB TlevmIL LD LwsTUBSSL UL LGl @D (pupF pSSTICILTl Yewiowii
ul L Pleyilés sevaillwmeri GlLI(HLOGHTHLD &([HHSHIHEHL GlLMLILIL L 6vT.

@UIRLIBHBSIL L _GgletT Gleum )] @)g1 CLITSTD HIL LIBISH6T SL_Bisw BT SHewer
GeuafluilL LIsV(HSHGHLD 2 _HEiHeD j6rfld @b eTeor HLoL S EGmmid!

SL_(HeWT 6TIPSHDH HH6YWT oD Y DMILILIQSS WL, (LpewesToui Lprar OB HILoTM 6T,
SflehT (PWSHG CBEHTMET, S GWIT([HEk @) 6T6dT BTBlWHeMeVLI LjeOLILI(HSS)
EEINENE] 8

EMVFO\FTDE 6.
uevsprL 1o - multimedia; 2ar_mi_ev - interactive; Lwesriul_L_pjley - user experience
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ABSTRACT:

Recent digital games have been developed not only for entertainment purposes, but also to
promote learning. In this research work, Kids AR Memory Matching game in Tamil has been
proposed which is an Augmented Reality (AR) game for learning words in English and Tamil
language. First person game controllers have been used as user interfaces to increase
immersion in playing games. Game controllers allow a player to explore and move, reload
and destroy then activate secondary functions such as zooming within a forest environment.
The goodness of the features extracted from the instances and the number of training
instances are key components for building an effective model. This work is completely
implemented in Unity 3D and has been compared with ABC3D Augmented Reality game.
This work consists of three components — i. Matching Images with Word, ii. First Person
Controller and iii. Third Person Controller.

1. INTRODUCTION

The objective of the research work is to develop an Augmented Reality based game which
can help children to learn words and their usages. The outcome of the research work is the
Words matching with images game (Padam Inaithal) which is a specially designed game. The
implementation of Padam Inaithal is divided into three main components. The first part
includes matching the images with words. This is achieved using the vuforia packages from
vuforia developer portal which is a database for right and wrong answer. The second part is
the first person controller which is present in the forest environment. The traditional Doom-
style first person controls are not physically realistic. The solution is the specialized Character
Controller. It is simply a capsule shaped Collider which can be told to move in some direction
from a script. The third part is basically interfacing the third person controller in the forest
environment. Third-person controller games almost always incorporate an aim-assist feature,
since aiming from a third-person camera is difficult.

2. RELATED WORK :

R.Ballagas et al. [1] have proposed the world of mobile technologies is in a constant and
growing popularity, becoming more ubiquitous every day. Mobile devices have increasingly
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demonstrated their usefulness and applicability in a daily basis, to assist users in their work, to
be used in a familiar environment or to support forms of entertainment. These devices are
equipped with high resolution cameras and other resources such as GPS and accelerometer.
A. Mulloni et al. [2] have proposed the interest in implementing augmented reality
applications on mobile systems has increased significantly. These systems, which integrate
reality with virtual elements, provide the user with an easy and safe interaction, without prior
knowledge of this technology. Augmented reality can be useful in any application that needs
to display information not available. P. Skalski et al. [4] proposed game controllers that are
used as user interfaces to increase immersion in video games. Research on the subject has
focused on studies of how interactivity can affect enjoyment leading to find positive relation
between the two.

3. SYSTEM ARCHITECTURE

The following figure 1 depicts the System Architecture Diagram for Kids AR
Memory Matching game in Tamil namely the Padam Inaithal. It shows the overall schematic
view of the process involved in gaming. The user interface module provides bilingual
languages (both Tamil and English). The image part contains the image target and
corresponding meta-data which is stored in the cloud database. The user places the marker on
the webcam and using vuforia SDK, image detection and tracking is done for correctness of
matching.

3D-Model
character

IMAGE

Figure. 1. System Architecture Diagram for Kids AR Memory Matching game in

Tamil
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For the correct match, the game is processed based on scores such as AR game, virtual play,
First person controller and Third person controller. For the third person controller users their
face is recognized and introduced as a 3D model in the game to provide immersive AR
gaming.

The main menu of Padam Inaithal consists of free mode game, settings and exit user
interfaces. The settings consist of two language interfaces English and Tamil. The Tamil
language interface is used to specify buttons, textual contents and immersive gaming
experiences. The words are constructed using online Tamil keyboard and used as a user
interface in Kids AR Memory Matching game in Tamil. The required Tamil word cards are
created to play the Kids AR Memory Matching game in Tamil and the image recognition
technique using Vuforia identifies feature selection points to extract the unique feature points
for correct recognition. The interface between Tamil and English is easily switchable using
settings options.

To facilitate the children to play, both Tamil and English language interface were
developed. Tamil is a consistently head-final language. The verb comes at the end of the
clause, with a typical word order of subject-object-verb. However, word order in Tamil is also
flexible, so that surface permutations of the SOV order are possible with different pragmatic
effects. Tamil has postpositions rather than prepositions. Demonstratives and modifiers
precede the noun within the noun phrase. Subordinate clauses precede the verb of the matrix
clause. The Tamil language interface is also implemented in certain coding of the paper using
mono develop unity. The main menu, free mode game and its scoring, virtual butterfly-squash
gaming, first person controller and third person controller gaming are developed for both
Tamil and English language interfaces.

4. RESULTS

The words and the image when matched correctly results in correct animal 3D model and
if the words and images are not matched correctly, then it results in wrong answer 3D model.
For the correct answer test case, the score is increased by one, and proceeds to the next levels.
For the wrong answer test case, the score is decreased by one and goes to preceding levels.
The experience of Padam Inaithal is shown in figure 2.

»oFREEMODE-WORMAGE = 12FREEMODE-WORMAGE=

Figure 2. Correct case “Horse”and Wrong case “Cats”

4.1 Evaluation
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The PADAM INAITHAL game is compared with ABC3D mobile game, in order to show
the various analysis parameters like Augmented Reality Immersive, gaming levels, user
rating, image recognition, user interface and the results are given in table. 1

Analysis Wormage AR game ABC3D AR game

Image Recogniton 25(out of 26 image content]  26{out of 26 textual image content)
AR Immersive 2{out of 4 levels) 2| out of 4 levels)

Gaming Levels 4{out of 5 levels) 3(out of 5 levels)

User Rating(best) 40(out of 50 people) 38(out of 50 people)

User Interface(Scene alignment methaodology) 3(out of 4 Ul's) 2(out of 4 Ul's)

Table 1 Comparison of PADAM INAITHAL with ABC3D mobile game

In the image recognition technique, there are total 26 cards available and out of the 26
cards PADAM INAITHAL game identifies 25 image content cards and ABC3D game
identifies 26 textual image content cards. In the PADAM INAITHAL AR game out of 4
levels, 2 are Augmented Reality oriented and in ABC3D mobile game out of 4 levels, 2 are
Augmented Reality oriented. From the survey of 50 people, 40 of them rated PADAM
INAITHAL AR game as best, 5 of them rated the game as fair, 3 of them rated it as average
and 2 of them rated the game as poor. Also, for the ABC3D mobile game 38 of them rated
PADAM INAITHAL AR game as best, 4 of them rated the game as fair, 2 of them rated it as
average and 4 of them rated the game as poor. In the PADAM INAITHAL AR game out of 5
levels, 4 levels are completed (ARgame, FPC, TPC, Virtual play) and story environment is
not working perfectly. In the ABC3D game out of 5 levels, 3 levels are completed (Textual
recognition AR game, Story environment, Virtual play) FPC and TPC is not working
perfectly. In the context of user interface Padam Inaithal uses both English and Tamil
interfaces whereas ABC3D mobile game uses only English interface.

5. CONCLUSION

Augmented Reality game PADAM INAITHAL (words matching with images game)
thought of learning of English language, focused on specific words, in a simple, interesting
and interactive way. The results indicate that children who used the Augmented Reality game
had a superior English learning progress than those who only used traditional methods. This
work indicates that the use of Augmented Reality games has a positive pedagogical impact in
the learning process concerning young children, more exactly in the progressive domain of
oral recognition of words and concepts and their corresponding written form. Accordingly, we
strongly believe that AR will be in a short term, an important tool in the class activities in
some areas of education. As a future work, the PADAM INAITHAL (words matching with
images game) can be well extended to the teaching and learning processes with students of
other ages and in the teaching of other languages. Since PADAM INAITHAL (words
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matching with images game) runs in a simple and cheap hardware that requires only a PC
equipped with a webcam, it can be used for teaching aids in most schools.
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Abstract

Digitizing texts from Tamil literatures of three different genres have been a
challenging task, especially in the context of crowd resourcing and distribution. "Project
Madurai" (http://www.projectmadurai.org/) has been a very successful attempt ever since it
was implemented about twenty years ago. The crowd resourcing method was exploited in a
very sophisticated fashion to collect, digitize, proof-read, store and finally distributing to the
world. Multiple methods of distribution namely in plain html format, distributable pdf format
and in multiple encoding formats namely ascii, eight bit and unicode texts. With the
experience we gained on crowd resourcing, we would like to layout a novel way of enriching
the existing texts with extendable infrastructure, especially for its effective use in research and
learning. This paper attempts to present a method of human assisted machine learning,
instead of implementing any algorithm with a full-fledged learning technique. Our goal will
be to convert the existing texts into other formats namely JSON, relational database, word net
and others. We demonstrate in this paper with suitable interfaces for how human’s effort can
be included in a supplementary fashion from a crowd resourcing technique, while at the same
time machine is trained with suitable data to further manipulate toward outputting them in a
comprehensive form. We demonstrate in this paper how the url

http://www.thetamillanguage.com/url gloss.php?url=
can be used to feed into any Tamil etext page and get a machine learning algorithm built with

Crowd-Sourcing technique.

Introduction

The important tasks we would focus on in this paper are a) conversion of HTML texts
to a relational database as well as JSON structure, b) identify a plausible and optimum
structure for the relational database and JSON formats and c) identify the meaningful ways of
performing the stemming practices using a Crow-Sourcing technique. While the first two
tasks do not require as much effort as possible, but the success of the most important last task
would fully depend upon the former. Stemming and tagging Tamil texts have been the most
significant aspect of digitization and distribution of Tamil texts for the reason that the
inflected Tamil words of both Sangam, medieval and modern Texts pose a daunting task for
information storage as well as retrieval. Many attempts have been made so far to stem and
tag Tamil texts, including the one as demonstrated in
http://www.thetamillanguage.com/tamilnlp/tagit.html. The aim of this paper is mainly to
extend this automatic method of stemming and tagging process into a more manageable
method by implementing the crowd resourcing techniques as we demonstrated by the Madurai
Project earlier. However, the technique we demonstrate in this paper extends the above
automatic method and implement a crowd resourcing method by employing suitable
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interfaces. Further, this method will be intended to work with texts from Sangam, medieval
and modern period particularly working with the corpus that is presented in the Madurai
Project. In essence, this paper attempts to illustrate as well as demonstrate a machine learning
technique exclusively exploiting the crowd resourcing process with suitable interfaces for
human interference.

Project Madurai

Project Madurai was started twenty years ago with volunteers across the globe
performing both collection as well as digitization of Tamil data ranging from old Tamil to
modern Tamil. In order to maintain the authenticity, the volunteers were divided into many
categories including those collect rare materials, xerox them and send to those who are
assigned the task of typing. The other category of people are those who can proof read the
text to make sure the digitized data are error free in all respects. When the project was
started, there was no any standardized font, as we have in the form of Unicode. With the
meticulous involvement of members of INFITT and the Tamil Nadu government, a standard
font called TSCII and the volunteers were trained to use this font throughout the process to
maintain standard. Later, when Unicode was introduced, we had to convert all of the texts
entered in TSCII to Unicode compliant format and it was done using many available
convertors.

Significance of Digitization

In general, it is believed that any digitization process is meant for preservation of
archaic text. In fact, advantages of digitized text should be more than preservation as far of
any linguistic data is concerned. Cross-reference, searching, statistical analysis, conducting
historical research etc., are some of the most significant aspects of digitized data. These
scopes can not be accomplished with the digitized linguistic data either in HTML or PDF
format. Instead, what requires to be done is making the stored data to be accessible in a
number of different flexible formats. Storing them in any relational database, for example,
would enable anyone to retrieve the data in a multiple number of formats. This paper intends
to describe some of the issues involved while converting the existing Tamil literature data that
is stored widely in the internet, including that of what is made available in Madurai project.

Stemming Old and Medieval Tamil Data and Limitations of Crowd Resourcing:

One of the immediate requirements for any Tamil literature data is to perform the
stemming of inflected forms, as the machine can notbe trained to perform any high level
processes unless suitable algorithm is written to make available morphological and syntactic
knowledge of the text. Stemming Tamil words into their corresponding morphological units,
in general, is a complex task especially for the reasons of its agglutinative nature. But, it is
more complicated in the case of old Tamil data as most of the texts in old Tamil are in poetic
forms and the words are separated in many odd ways to meet meter and other poem types.

To cite one example, consider the following line from akananiiru (264):

malaiyilvanamminanintanna
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This sentence when attempted to segment using the tagger:
http://www.thetamillanguage.com/tamilnlp/tagit.html(See Renganathan 2016 fore details of
this tagger) we get the output as below:

nn nn nn

[["loc","mazhai","noun"],["nom","vaanam","tr"],[ "nul","miinaNin"],[ "nul","tanna"],[ "nom",".

nn

,"period"]]

The first two words are segmented as expected, but the other two words did not get the result
as desired. This is for the important reason that these words are segmented differently from
source words in the poem to maintain meter. When this sentence is realigned as
malaiyilvanamminanintanna

We can get the desired output as:

nn nmn nn nn 9

[["loc","mazhai","noun"],["nom","vaanam","tr"],["nom", "miin","tr"],[ "adv","aNi”,

"n o monn

“anna",”’adv_m”],["nom",".","period"]]

Thus, in order to get this desired output, one would need to train the tagger with more rules,
but accounting for this type of segmented form adhering to meter is almost impossible. The
only solution one would expect to have in this kind of situation is that the tagger needs to
have a human intervention for segmenting words that are parsed for metrical purposes. In
order to accomplish this type of tasks, though, one would surely depend on crowd resourcing
involving people who have sufficient knowledge in old Tamil poems and the segmentation
techniques. Limiting people with such knowledge naturally minimizes the power of crowd
resourcing, as one can not expect to have as many people as one would expect to have such
specialized knowledge.

Javascript Object Notation (JSON) Structure of Medieval and Old Tamil Data:

The important limitation of the Sangam and Medieval Tamil texts , as we have now in
http://www.projectmadurai.org/, is that they are all in HTML and PDF formats, which don’t
have the convenience of searching and researching across different genres of literature. As
for using Tamil literature texts for references in the context of writing research articles and
books, one would surely need all the texts searchable by many factors including author, poem
number, line number, chapters, composition, commentaries and so on. In order to
accommodate all of these information as well as exploring Tamil words for their historical
changes as well as development of meaning across the genres, what is supposed to be a
meaningful attempt is to identify a plausible and resourceful structure of Tamil literature
records and use them to build a very comprehensive database, either in JSON format or in any
other relational database format. Unfortunately, no such attempts have been made so far,
despite many efforts to digitize and preserve Tamil literature from ancient times. Often times,
these digitization efforts are of the nature of reinventing the wheels with multiple efforts
digitizing and typing the same text by many people.
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In this section, we propose an ideal format of Tamil literature data in JSON format and
how this can be advantageous over storing text in a rather linier format. JSON format has
been one of the very popular data structures that is used by many programming languages
including Javascript, PHP, JAVA, Python and so on for the main reason that it can be stored
in text format and itdoes not require any relational databases such as MySQL, SQL server,
Oracle and so on. Further, it is easily exportable to other database formats without too much
programming efforts. What is important is to identify the “key” vs. “value” relationships to
account for the data. For example, consider the following poem from Tirumantiram and how
it can be presented in a JSON string.

Text:

FL_[b &I B GSTD TGOS LDGVLD LOGOTTS)

B LB/ 1B GYTD TGOT S L_GD G GTGHOTLD 6TLD LD ITILI GBT

B L[B! B GSTD TGO G 15 (& < LI L{ D LD FFF GOT

SL_[bSI BT Te816181 G L% ews (B BlwimmGer. (S pLop@oid 14).

JSON:

“Number’: "14",

"poem_source”: [
"&L_pgIpleTnIes LoD LwTTS 17,
" & L[5 [5) GOT/D TGHTS LGV 6L GESTGHSTLD GTLO LD MUIGoT 2,
"B L[5GB GBI TGHTSY 61 15 & LIy LD FreFesT 37,
" & L[5GB e8I MevTe1rsI & LD % 655 (b Blestp G ert. 47

I,

“poem_translit_s”: [

"katantuninrankamalammalarati 17,
"katantuninrankatalvannamemmayan 27,
"katantuninranavarkkuappuramican 3”,
"katantuninranenkumkantuninrane. 4"

] “poem_parsed”: [

“sL_paIBl@ID TSI TYS 17,
“SL_[BGI )60 TGT% L6V 61 GESTGRTLO GTLO LD MU 63T 2,
“BL_[B&I BT TG 6 [T &9 LiL|DLdFFesT 37,
“SL_[B&I Bl M6816T81 G LD % 6wt () Bl Gsip mGewr. 47

I,

“poem_translit_p”: [
"katantuninrankamalam malar ati 17,
"katantuninrankatalvannamemmayan 2”,
"katantuninranavarkkuappuramican 3”,
"katantuninranenkumkantuninrane. 4"
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“poem_translation”:[
“Excelled Him, Lotus, Flowers and all 17,
“Excelled Him, Color of the Ocean, our mystery man 2”,
“Excelled Him, Surpassing Him is God 3”,
“Excelled Him, Every whereVisible, He is 4”

99 [13 29 (13 2 [13

The keys used here include ‘“Number”, “poem_source”, “poem_translit_s”, “poem_parsed”,
“poem_translit_p” and “poem_translation”. What is significant to note here is that this type
of detailed structure as stored in JSON format can easily be used for a number of different
purposes such as glossing, historical research, translations, advanced search, filtering and so
on, which is not possible in the available HTML and PDF formats. However, converting all of
the available e-texts, as given in Madurai Project as well as in other electronic resources of
Tamil is humanly impossible for many reasons including the available quantity, expert
knowledge to parse text, making a viable interface to input this type of specialized data and so
on so forth. Unless one sets up a robust online interface that can allow experts to manually
input all of thesedata structures through crowd-sourcing, this task can never be envisioned by
any other means. As illustrated by Vamshi et al. (2017) one needs to implement what they
call “Active Crowd Translation” method, according to which the Crowd Sourcing attempts
along with the machine learning algorithm need to be integrated constantly. So, as and when
any new linguistic structure is presented through Crowd sourcing, the machine learning
algorithm should immediately use the new knowledge with the already available knowledge
base in order to make it independent further. Along these lines, one can speed up the process
of Crowd Sourcing by integrating the already developed taggers as shown in
http://www.thetamillanguage.com/tamilnlp/tagit.html.This will minimize the amount of
human intervention during this process.

Once this type of robust database of Tamil literature texts from Sangam to Modern Tamil is
built, any available programming resources can be used to manipulate them any way one
would want. One of such attempts was made to convert some of the Madurai Project texts
into JSON text, and used for quick search using the VUE.JS technology, as can be viewed at:
http://sangam.tamilnlp.com/mp/. With this type of electronic text, data mining is thoroughly
possible (See Eickhoff 2011 for advantages of Crowd Sourcing and data mining.)

Crowd Sourcing Technique for Stemming Words from Tamil Poems:

As indicated in the above JSON structure for Tamil poems, all but the key
“poem_parsed” requires human knowledge as well as a Crowd Sourcing technique to
successfully exploit all of the Madurai project files to build very meaningful and novel
resources. In order to use all of the Madurai Project files, we have implemented a webpage
written in PHP, JQuery and Javascript as can be seen at:
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http://www.thetamillanguage.com/url gloss.php?url=. This script can be fed into any of the
Madurai Project files as given below.

http://www.thetamillanguage.com/url gloss.php?url=
http://www.projectmadurai.org/pm_etexts/utf8/pmuni0010 02.html

This allows users to read the text with suitable gloss from lexicon. As one can see, not all of
the words can be glossed for the reason that many words like o uvigsngsmevare inflected and
unless the head word o uiajis stored in the database, or a tagger is built to identify the head
word. By crowd sourcing, it is possible to segment this type of inflected words and save them
as separate record in JSON format.

T{"word":"e_uigsnssra", " annotation":"2_uiay" }]'

This system, thus, is capable of building its knowledge base through Crowd Sourcing on an
ongoing basis. The more number of people get involved in this process, the more efficient
and powerful the electronic texts will be. The contributions of users by this stemming process
is stored in a MySQL database, so the glossing software can consult this it dynamically.

Conclusion:

It is attempted in this paperhow some of the uses of digitized Tamil texts from Sangam
to Modern period can be optimized with both the process of Crowd Sourcing as well as by
employing the already built machine learning algorithm through the morphological taggers
and glossing. It is shown how the data prepared in JSON structure along with the Vue.JS
technology allows one to build client side search engines, data mining as well as filtering of
texts without having to rely on any relational databases from the server side. What is
significant is to develop suitable web based user-friendly Crowd Source interfaces so the
unsegmented and inflected Tamil texts of three genres can be parsed and stored as part of the
JSON data, so meaningful linguistic applications can be built without much complexities.
With the system as illustrated in this paper, it is possible to make use of the electronic texts as
stored in Madurai Project Website and other sites in a more efficient manner possible.
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A Newly Digitalized Archive of Tamil Texts, Video, Audio and other Graphic Materials

Brenda Beck,
Department of Anthropology, University of Toronto

This paper is about my own personally collected and digitalized Tamil archive, something |
have just recently finishing compiling and indexing. My intent is to share it with students and
scholars interested in learning more about Tamil traditional life, as it was experienced, in the
villages of Kongunadu not so long ago. For nearly two years, between December 1%, 1964
and August of 1966, I lived in a village named Olappalayam, located about 6 miles East of the
town of Kangayam in Tamilnadu. At the time I was enrolled in doctoral studies at the
Institute of Social Anthropology, Oxford University, UK. This stay in Tamilnadu was my
personally chosen “fieldwork™ project. My goal was to learn Tamil from local speakers and to
immerse myself in local culture in an attempt to document and develop a understanding of
local history and its many related social traditions. I have returned to this same village
numerous times since then and, unwittingly, witnessed a stunning degree of transformation in
the area over a period of just 52 years.

I choose Olappalayam for its centrality in what was then a tradition-focused and relatively
unstudied area of Tamilnadu. Although Olappalayam has always been located close to a main
“trunk” road it was still a quiet and culturally conventional place when I first lived there. The
area has blossomed in terms of industrial investment and is now a booming community
housing many immigrant workers who have come from other parts of India in search of work.
A number of large employers have built factories and warehouses in the neighborhood. The
main road has been vastly widened, the lovely shade trees on that road all cut down and the
noise of bus and lorry traffic has replaced the gentle sound of the many squeaking bullock
carts that the author remembers. Rents are high, water is scarce and locals have many
complaints about how life has changed. What my research archive has “captured” is how life
once was in this area, documented by many photographs, maps, charts and copious field
notes. But more than documenting the look of the place and its geographic layout, my
research attempted to capture the culture and social traditions common to this area.

The Kongu region encompasses a large, quite dry, upland plain that is surrounded by high
hills. This area never suffered domination for long by any of the three great Southern
kingdoms, each of which was dependent for its strong economy on a vibrant costal trade (the
Chola, Chera and Pandiya empires). The Kongu area has always been distinctively different.
As recently as the 11" and 12" centuries it was heavily forested and know for its skilled and
resilient tribal residents, many of whom are mentioned in the famous Sangam texts. Kongu
was a resource-rich inland plan where artisans flourished along with traders. It was watered
by the great Kaveri River and cris-crossed by many overland trade routes that linked the area
to distant places via a vast trade network. The people of this region were then, and still are,
fiercely proud of their distinctive heritage, their relative independence and their resourceful
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attitudes. They are a population that has been steeled by the challenges of living far from the
central urban nodes and “cultured” courts of the grand rulers of peninsular life. Although
there are Brahmins in the area, of course, the powerful families in this area are all peasant
landowners by background. The culture of the area is characterized by a distinctly “non-
Brahman” set of social values.

Looking back on my work of over fifty years in this region, I wanted to compile an archive of
research materials that could be used by students to learn about a number of key Tamil
cultural themes. One of the sub-project for this has been to collect together all of my audio
tape recordings. This is a unique body of cultural memories captured in story form as shared
with me by local villagers. By introducing me to their oral traditions they helped me improve
my Tamil language skills and also gave me many new ways to build my understanding of
their lives and to build by knowledge of their rich, subtle and textured heritage. I was also
fortunate in finding a very kind female cook and companion. After some time her son joined
us and became my dedicated research assistant. It was this man, K. Sundaram of Olappalayam
(OKS) who faithfully collected so many tape recordings of local stoeies and legends for me,
and then doggedly and patiently transcribe them all! His work now constitutes the largest part
of the archive I have built. Sundaram was also a great help with my local census work,
including household counts, family genealogies, and field ownership surveys. He also helped
me to build charts of food exchange customs involving various castes and much more.
Compiling this archive would not have been possible without his help.

The chart below outlines the bare bones of the B. Beck digital archival collection I describe
here:

INDEX OF THE BECK ARCHIVE
(Much more extensive indexes describing this
archive are available to those who are interested) Total scanned pages
(legal size)
TOPIC
Researcher's field notes (typed) 1964-66 - in
order of date + card index +1964-66 diary-

typed (from handwritten original) 822
Olappalayam and neighborhood 1965 Census

+field ownership records 993
Local Caste Stories, Caste interaction charts 104
Coimbatore City 1966 house-to-house caste

survey by Malaria workers 91
Regional Kongu structures — including the. four

titled families of the Kongu area 33
MacKenzie Manuscripts accessed in Madras 129
Family lineage Histories- including temple rights 301
Annanmar-Ponnivala Story texts 6,006

Major stories-legends (except Annanmar 6,643
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Ponnivala story)

Shorter Stories 552
Myths and stories about various gods, lesser

divine beings and temple origins 517
Kavadi songs plus lullaby and kummi songs 62
Temple Maps 172
Temple rituals -plus inscriptions and related

stories 166
Transcripts of human possession events by gods

and/or by evil spirits 1,053

Wedding, funeral and coming of age rituals -

detailed descriptions 734
Proverbs and riddles 22
Research Assistant Answers to Questions

from Brenda's letters 523
Oxford B.Litt. Thesis 206
Oxford D.Phil. Thesis 522
Color Slide Index (pages in loose leaf notebook) 187
Black and White Photo index - typed pages 5
Audio Tapes Index - typed pages 8
Also stored in Olappalayam: list of duplicate tape

transcripts 1
Total pages scanned 19,852

PLUS
Color slides (all scanned as .jpg images) 3,256
Black and White Photos (scan of negatives +

contact prints) as .jpg files 1,429
Original 5" audio tapes - (now all are accessible

in a digital .wav format) 34

*Note: The archive is still expanding and the totals reported here are expected to increase
slightly in
the coming months.

In addition to the archival materials discussed above there are a number of related interpretive
materials which I am still using frequently, but which I intend to contribute to this core of
research materials in due time. These include:

1. A 13 hour animated video series telling the Annanmar (Ponnivala) story. This large
animation project was directed by an authentic Tamil folk artist, Ravichandran
Arumugam. Th complete video series is available with two separate narrated sound
tracks, one in English and the other in Tamil. It can be used in multiple new ways,
for language teaching and more.
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2. An ipad version of the same Annanmar story, intended for use in teaching reading
(in Tamil or English). The ipad version (first half of the story only) reads the legend
aloud in either language while presenting illustrations and also highlighting each
spoken word in written form, as it is pronounced. The ipad version also includes
some short video excerpts that relate to particular episodes. There are many
technical development possibilities here, including converting this program for
android use, programming a similar presentation based on the second half of the
same story, narrating it in other Indian languages, and more.

3. A digital game developed as an educational tool for kids. The game is based on the
traditional and very ancient Indian “Parcheesi” or taiyam contest.

4. A 2-part set of graphic novels, about 800 full-color graphic pages, telling the same
Annanmar story in printed form. Both a Tamil and an English version have been
produced and broadcast both in Canada and in Tamilnadu. Both graphic novel sets
are available as digital files as well.

There are many ways for this archive to be used. Here are some of the thoughts I have. Others
will very likely think of more:

RESEARCH SUGGESTIONS - by Data Set

Olappalayam and neighborhood 1965 Census +field ownership records

There is a striking opportunity here to document how fast change can occur and what
specific directions and subtle contours have been involved. Follow-up field work with fresh
mapping and interviewing would be required.

Local Caste Stories, Caste interaction charts

Detailed caste interaction customs and contrasting left and right-hand caste value
systems constituted a major part of my original research focus. A follow-up investigation
exploring how these attitudes (especially interaction customs) have both persisted and
changed, in the face of monumental changes would be of great interest to a variety of
scholars.

A Coimbatore City 1966 house-to-house caste survey done by Malaria workers

This is a truly unique data set on Coimbatore City, probably not equaled for its detail by
records from any other city in India. This information was obtained courtesy of Malaria
workers who repeatedly went door-to-door, in Coimbatore, in 1966 asking about fevers. In
this context, a setting where they knew most of the families they spoke to, I asked the team to
record the caste of the families they visited. This was not as sensitive a topic then as it is now.
The results are a map-able data set of household-by-household caste identities, street by street,
for the entire city. Although directly parallel information would not likely be collectable
today, modern sampling techniques might produce a very interesting general picture of how
caste distribution patterns have changed in fifty years, particularly striking might be how
some neighbourhoods have changed more than others.
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Regional Kongu structures — including the four titled families of the Kongu area

Kongunadu was a conceptually structured region that had a formal architecture of sub-
nadus, titled families, specially identified temples and much more. The area provides a very
interesting example of traditional Tamil thinking about the interweaving of sacred and
profane spaces. My (unpublished) D.Phil. thesis also provides a lot of information on this
topic. Developing a comparison between these patterns and the traditional conceptual
structure of other parts of India would be informative. A recent Ph.D. thesis submitted to
Pondichery University has focused on the history of Kongu’s four titled families specifically
and could usefully supplement what is to be found in this archive.

MacKenzie Manuscripts accessed in Madras (now Chennai)

These are notes on much older manuscripts housed in Chennai that contain details
related to an impressive heritage of ordering themes that together describe Kongu as a unique
social “space.” These notes need to be further catalogued, after which they could be used to
provide additional information that could help develop a deeper and wider study how local
Tamil cultural identities have become interwoven with place, as well as how they have
changed over time.

Family lineage Histories- including temple rights

This is a very large collection of personal interviews that I and my research assistant
conducted with a wide range of family elders. It would be very interesting to track down
some of these families today and explore how their sense of identity links to the traditions
described fifty years ago by their relatives, as well as exploring how those same family and
lineage identities have evolved in the modern context.

Annanmar-Ponnivala Story texts

This particular part of the collection is extensive and represents the core of much of my
work over the years, especially my attempts to share this particular story widely through
animation, graphic novels, large vinyl murals and more. This is a cultural gem of the first
order that is not widely known or appreciated. There are several versions represented in this
archive, both multiple tellings by the same bard and variants preserved and promoted by
various practicing-bard who hail from different “lineages.” There is a great deal of interesting
further research to be pulled from this collection of texts that will help us to better understand
how oral traditions evolve over time in relation to place and also get “adjusted” for
presentation to a variety of audiences. Tamils have yet to develop pride in this very special
part of their rich story heritage. It is my hope that getting to know this great story in depth will
provide the essential starting point for a much-needed oral culture discovery process.

Major stories-legends (except Annanmar Ponnivala story)

The archive also contains a number of other important transcripts of locally performed,
lengthy story narratives. Some of these are variants of pan-Indian legends (like the story of
Sita’s wedding). Others are extremely interesting variants of famous Tamil legends like
Kovalan’s story. And still others are unique to this region, as far as I know. One can also
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uncover a variety of intriguing crossovers with European tales of various kinds. This is a
hugely interesting area for further research and study.

Shorter Stories, Riddles, Songs, Lullabies etc.

There is much more in this archive than I have the space to describe here. For example,
the collection includes an extensive collection of over 100 maps of temple layouts, lengthy
descriptions of life-cycle rituals, and transcriptions of a number of “possession” events where
either a god, a goddess, or some evil spirit speaks through an individual for a period of time.
All these topics are worthy of further study. In the case of wedding ceremonies, which are
described in great detail for a number of communities, an interesting comparison could be
made with the data compilation provided in my B.Litt. thesis (also in the archive) where I
look at ritual patterning by caste groupings using Edgar Thurston’s wedding descriptions
provided in his much earlier and very famous publication: The Castes and Tribes of South
India.

Color Slides

The collection includes over 3,250 digitized colored slides. Many of these capture
scenes in the life of Kongu residents that convey the feeling and the cultural texture of the
region in the mid-sixties. Selections drawn from this archive can be used to illustrate various
research works, but could also become an exhibition that would stand on its own as an
expression of “life and times” of people in this area during that mid-century “era.”

Black and White Photos

The scanned black and white photos contained in the archive are less numerous and
more personal. Many were taken and then given to local families as a “thank you™ for their
research help. It would be of real interest to local people living in the area today if someone
were to take these photographs back to this locale and find some of the families that were
earlier documented. It would be a very nice way to do a follow-up study of some of the
family groups covered in my original research. The archive’s many family genealogies and
lineage stories could also be shared in this way.

Audio Tapes

The huge collection of audio tapes digitalized for this archive will be of interest to Tamil
linguists studying the Kongu Tamil dialect. Furthermore, there is the possibility of sharing
many of the stories and legends housed here by broadcasting selected recordings, perhaps via
the radio or sharing them on the internet.

B. Beck’s Oxford B.Litt. and D. Phil. theses

Both these works have considerable research value of their own. They each contain a lot
of unpublished data (never published in the case of my D.Phil. manuscript) that is organized
and discussed at length. Because these two works are very difficult to find on line I have
included a digitized copy of both as a possibly useful supplement to this broader archival
collection.
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IN SUM:

It is my hope that this freshly compiled collection of research data (roughly 100 gigabytes in
size) will serve multiple scholarly interests, helping scholars to better understand how the
people of Tamilnadu are evolving with the times. The fact that this is a digital archive will
make this body of 50-year-old information about the Kongu area easily accessible to Tamil
researchers around the world. For me it is a dream-come-true, something I never imagined
would be possible when I first collected all this material during my own primary field work
completed than fifty years ago. I am thrilled to now be able to “give back” much of what was
so generously shared with me by local villagers at that time. Irequest that this material be
respectfully used to further our understanding of the strength and the beauty of this one small
part of a much wider, fuller and deeper corpus of the Tamil-speaking peoples’ heritage
culture. WHERE THIS UNIQUE DIGITAL ARCHIVE WILL FIND A HOME has not yet
been determined.
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Can technological advancements such as Digital Archiving play a critical role in
preserving a classical language?

Ram Kallapiran
Academic and Collaborations Manager,
UK College of Business and Computing, London, Essex, UK IG2 6NW
Email: pudhuyugan @yahoo.com

Abstract

We live in an age of information overload as stated by futurist Toffler A. (1970). Enormous
amounts of literature and resources are being digitally produced every day in every language.
It is therefore imperative to use the right approach to seamlessly archive these digital
resources lest they may be lost or misrepresented in the long run. The technology of semantic
Web project has facilitated the hope that this could be achieved by transferring all printed,
filmed data into the digital realm for public access along with the newly-produced digital
resources. This paper aims to explore the role of technological developments in this
preservation process. The uses and challenges of digital archiving have been taken up for
investigation along with the discussions on the current efforts undertaken in the field. The
digital archiving of a classical language such as Tamil has been taken up as an exemplar. This
paper constructs a view on how these steps can be taken forward in the preservation of a
classical language for the precise and purposeful use of future generations, mainly through the
recommendation of a three-part process.

What is Digital Archiving?

According to Hodge (2000), Digital Archiving can be defined as long-term storage,
preservation and access to information that is ‘born digital’ or for which the digital version is
considered to be the primary archive.

On the other hand, Digital library is one that contains a collection of original, digitised
resources that can be searched. The primary focus here is uniqueness.

As can be comprehended Digital archiving is not a conflicting concept to digital libraries but
can be seen as a more sophisticated advancement within that. However unlike digital libraries,
digital archives are not necessarily unique or part of a collection.

Why is it important?

The dangers of erosion and infestation inflicted by insects to ancient texts and traditional
inscriptions that were maintained in proprietary & historic formats such as palm-leaves led to
the dawn of the print age. We are undergoing a similar turn in history at this point in time. An
ocean of short-term information are being produced today digitally such as museum records,
literary creations, research articles, records of socio-cultural developments, government
orders, blogs, social networking feeds, news items, web articles & other e-resources. However
due to the very nature of such resources, factors such as accountability, ownership and aptness
of the maintenance methods used, can be questioned. Digital material is risky and vulnerable
to loss. Hence there is a need to preserve them in a systematic basis which is the primary use
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of digital archiving.

In addition, as we know concepts like blended learning have come to the fore today, in an
attempt to help e-learning realise its true potential.

“A high-quality education system is one that achieves quality and equity” (Woods A.,
Comber B., Iyer R., 2015)

Digital Archiving can be useful not just for reference and research but in learning and
education as well, in providing equal, quality learning opportunities to all.

The challenges of Digital Archiving

Whilst the uses are evident, a number of acknowledged challenges can also be found which
can’t be overlooked. In order to achieve optimum benefits in the process of preservation these
challenges of digital archiving as articulated below should be evaluated and duly dealt with.

* How to standardise metadata used for Digital archiving?

* How to handle Copyrights issues on articles that have featured in multiple locations?

* How to categorise the searching mechanism for articles, authors and publications?

* How can we methodically address the incognizance of digital archiving in people who
produce digital resources?

Why is it required for a classical language such as Tamil?

According to linguistic scholars like George L. Hart (2000), a classical language can be
termed as one that is ancient with a copious body of literature and is an independent tradition
which has come to being mostly on its own. This means most of the root words of the
language can be found in the very same language. A few other scholars believe that it should
also be a living language in addition to the above. Tamil fully qualifies as a classical language
in all these counts.

Asko Parpola, who is a Professor emeritus of Indology at the University of Helsinki, Finland,
has carried out a rigorous research on the script used in Indus Valley Civilisation which is
said to have matured some 3000 years BC. He has concluded in his book ‘Deciphering the
Indus script’ (1994) that the Indus script belonged to ancient Tamil or proto-Dravidian. The
ancient literature in Tamil has been widely translated and acclaimed across the world
(Zvelebil K., 1973).

A long surviving language can provide bounteous amounts of details on history, politics, arts,
culture, advancements made by human civilisations, socio-cultural dynamics and so on. In
many cases these can serve as tertiary, secondary or even primary sources of information for
research. Hence it can be useful in comprehending living patterns and genealogy of entire
nations at various points in time. It is important, therefore, not only to preserve the long-
standing body of literature but also to preserve the newer set of digital literature that is being
produced currently as offshoots emerging from their ancient counterparts or independent of
them.

On the other hand there are numerous challenges that arise from the digitization of a language
that dates back to thousands of years. The lack of a standard platform, loss of linking data,
influences of marginal groups, and authenticity of information and so on can be named as
examples. So such digitization measures should bring together state-of-the- art technology
and scholarly linguistic expertise under the umbrella of a singular archiving infrastructure.
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What resources can be used to achieve this?

It is very important to connect datasets across the semantic web so that future users can access
data relevant to a subject. By connecting to global datasets and constantly upgrading them, we
could ensure the concerted and continued preservation of the classical language. Therefore
employing effective and highly customisable search mechanism as driven by technologies
such as web3.0 are paramount.

The use of technologies such as SSI involving digital conversion where required, accessing
digitally stored data and use concepts such as Deep Learning can be helpful here.

An archiving mechanism sponsored by an international federation such as Google, UNESCO
can help here. They have indeed initiated some successful projects. Also such archiving
should be added on to semantic web projects such as LOD Cloud (Insight, University of
Manheim, 2017) which can connect to the global databases. This way the digital archiving
process can be made seamlessly scalable and durable[1].

[1] The Digital Library Federation has made publications on the interesting developments
happening in this field (Heterick B., 2002)

When it comes to preserving a classical language such as Tamil there have been some on-
going but disintegrated attempts in archiving digital resources. Whilst many initiatives in
creating Digital libraries can be found such as www.chennailibrary.com ,
www.tamilheritage.com, Madurai Project, they can be further enhanced in forms of clearly
earmarked digital archives considering the humongous volumes of modern literature that are
being produced currently, solely in electronic formats in websites, blogs and so on.
However these can be different to the classification made by Hodge discussed above. These
archives aim to preserve existing and ancient publications that are scattered across various
libraries in Tamilnadu by firstly capturing them as microfilms and later digitizing the reels.
Examples include Roja Muthiah Research Library (RMRL) project on digitizing early
publications on the history of Tamilnadu, Professor Anne Gilliland, University of California
EAP 191 project on archiving publications of French India between 1800 and 1923 and so on
(British Library Endangered Archives, No date).

How can it be taken forward?

The challenges of digital archiving as identified above can be effectively handled in the
following ways

 Appropriate handling of Metadata is key

* Creating awareness on digital archiving

* Creating and managing international projects on digital archiving in order to preserve Tamil.
In addition to the above the use of suitable technologies, disaster recovery plans and data
migration mechanisms should all be planned, executed and periodically managed under an
overarching mechanism which can be termed as ‘Digital Archiving Infrastructure for Tamil’
[DAIT] or Digital Archiving Tamil Environment [DATE]

Recommendations
The challenges in the utilisation of digital archiving were discussed above and so were the
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challenges that are associated with the preservation of a classical language. Both of these
pools of challenges should be effectively handled. This can be done by the inception of an
overarching standard that encompasses digital archiving as an integral part of it. This research
recommends the use of a three-part process to achieve this silky balance in achieving a
solution to the problem

The three parts are ‘Digital Publishing — Digital Archiving — Digital searching’.

Digital publishing involves publishing and bringing all that have been published in a
searchable library format. We already have some initiatives in Tamil Digital libraries as
mentioned above [2]. All new publications should be made digitally available and connected
to the Digital Archiving Infrastructure

[2] Digital libraries frequently use the protocol Open Archives Initiative Protocol for
Metadata Harvesting.

Digital Archiving can involve all of what has been discussed above

Digital searching tries to create a connection between global databases, digital libraries and
archives3 so as to facilitate deep and advanced searching which are customised. This can be
presented in form of Digital Libraries which are all connected to the Infrastructure that has
been recommended

In order to fully realise the potential of the three-part process mentioned above in practical
terms, the following recommendations have been made;

* To identify a Project Owner — National governments can take ownership of the project and
execute it through a university for enduring scholarly sustenance. For instance Tamilnadu
government can embark on this initiative and function as the Project Owner. Instead of
reinventing the wheel this project can utilise and integrate existing resources discussed above
and expand on them

* To create a viable plan on Content Ownership — All copyrights and publication rights
inclusive of display & search should be obtained with appropriate license agreements in place
and a ‘light archive4’ access provided to users

* To Create a Digital Archiving Infrastructure [DAIT] — Digital archiving that is disintegrated
will not offer the real benefit that has been envisioned here. Given that the resources on Tamil
range from a variety of sources, it is vital to create an infrastructure that includes data
migration, digital library, searching, backup & disaster recovery and connection to global
datasets

* To use appropriate Data management technologies (such as cloud storage) — The use of
state-of-the-art technologies is key in tackling all the technological challenges identified
above and to achieve success

5

* To Work out the Economics — Terabytes of storage are available for very affordable prices
these days. For example both Google and Dropbox offer cloud storage for rates as cheap as
$10 per terabyte. So project cost should be suitably worked out for the creation and
maintenance of DAIT
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Conclusion

As explicated above from many angles it can be concluded that the systematic use of digital
archiving created and managed in form of a suitable project as recommended in this paper,
aptly aided by suitable technologies & architecture, is indeed a key Concepts like data
chaining and data channelling can be effectively used here [3].

Archive that is always available for a large community of users ( [4] Heterick B., 2002)
Key references on technologies have been discussed by many [5]. Some important references
have been given included in the Bibliography for further reading

requirement in the preservation of the classical Tamil language for the benefit of future
generations. This research can be further taken forward by investigating the use of newer
technological advancement in the field as they come by. It is also crucial to maintain a
constant vigil on the continued upkeep of a singular, universal voice for Tamil Digital
Archiving so as to retain the integration process intact.
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Discovering Deep Knowledge from Relational and Sequence Data

Andrew K.C. Wong
Systems Design Engineering and Centre of Pattern Analysis and Machine Intelligence
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Abstract

This talk presents a novel method P2K (Pattern-to-Knowledge) with surprising findings that
deep knowledge could be discovered from mixed-mode relational, biological and temporal
sequence data without reliance on explicit prior knowledge. By deep knowledge, we mean the
hidden and entangled associations, governed by different underlying factors, that could not be
revealed with traditional methods but could be unveiled in different transformed disentangled
statistical spaces by P2K. From relational mixed-mode datasets, biological and temporal
sequences, it is able to discover the "what" and "where" of crucial associations, units,
elements or mechanisms related explicitly to the source environments. The knowledge
discovered is able to enhance predictive analysis and pattern clustering and reveal subtle
associations and subgroup characteristics. Its outcomes could be validated via domain experts
and knowledgebase (including data banks and literature) in Intra-Internet or through new
tests/experiments. It enhances the experts' insights and efficiency by shortening the search
process and improving predictive analysis. P2K has been applied to temporal sequence
patterns with varying magnitude and time delays to discover a wide range of local relations
alongacross mixed-mode time series without relying explicitly on prior models. Incorporated
in P2K is a new method for predicting rare events in imbalanced data that has great potential
for abnormal financial trend forecast and fault detection. P2K will open an avenue to discover
deep knowledge for biology, drug discovery and medical research as well as engineering and
business practice. It meets a new challenge in the era of big data.
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Hong Kong University. He is an IEEE Fellow for his contribution to machine intelligence,
computer vision, and intelligent robotics areas. Currently, he is a Distinguished Professor
Emeritus at UW. He was the Founding Director of the Pattern Analysis and Machine
Intelligence Laboratory (PAMI Lab) at UW, now the Centre of PAMI. and a Visiting
Distinguished Chair Professor at the Hong Kong Polytechnic University (0003). He has
published over 300 papers and chapters, and holds seven US Patents. He served as the
General Chair of the International Conferences IASTED (1996) and IROS (1998). Dr. Wong
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Over the years, based on his developed core technologies, he co-founded Virtek Vision
International Corporation, a leader in laser and vision technology and served as President (87-
93), Chairman (93-97) and Director of the Board (97-03) of it. In 1997, he co-founded Pattern
Discovery Software Technologies Inc. and served as its Chairman until 06/2013. He is now
serving as the chief scientist of Knowledge Fund Limited.
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