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Abstract

A new language model for Arabic language for large
vocabulary automatic speech recognition (ASR) is introduced.
The derivative future of the Arabic word is quite useful in
dividing the process into two phases. In phase-1 the fixed
words, the prefix, the suffix and the form of the derivative
words are determined through phase-1M-gram, of course,
given the acoustical data. In phase 2 another M-gram is used
to determine the roots of the derivative words. The idea was
tested on 60 words (10 roots x 6 forms). Results are
encouraging the idea, and more work is to follow to realize a
complete large vocabulary ASR for Arabic language.

1. Introduction

Speech sentences are represented by sequences of words
indicated here by w= (w; w,,..., w;) where W, is the generic
word uttered at discrete time “t”. Sequences of words are
communicated through the voice that is a sequence of acoustic
sounds X. Recognition accuracy can be greatly improved by
taking advantage of the possible a priori information on the
sequences to be recognized.

ASR can successfully use language information if such
knowledge is somehow embedded in a “language model”. A
language model may be based on different principles as shown
below. Language models used in ASR includes: unigram
model [2][3], Finite state language [4][S]grammar language
model [6][7], stochastic model (like M-gram) maximum
entropy [10],[11], and other language models [8].[9].

2. The M-gram Model
Because M-gram is the mostly used in large vocabulary ASR
systems, a statistical definition of the M-gram is introduced.
Language models require estimation of the a priori probability
P(W) of a sequence of words W=y, y».  wyP(W) can be
factorized in conditional probabilities:

N

P(W) =P(W1,W2"'J WN)= P(W]) H P(W,‘\W[_]....W])
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The estimation of such a large set of probabilities from a finite
set of training data is not feasible. Such a drawback can be
overcome by resorting to a M-gram model. In this case, the
conditional probability of a word w; at position i is evaluated
considering only the M-/ preceding words in the phrase. In
essence, the language is assumed stationary M- Markov and
the probability of (1) can be evaluated considering that:
P(W,‘ Wi eesy WI) = P(Wiwi-l"-) Wi-M)

Since the memory M defines the number of probabilities to be
estimated low values of M are required to obtain sufficient
accuracy from given limited training set. Only models with
memories one, two and three, calls unigram, bigram and
trigram, are generally considered, Models with a larger
memory require larger training sets since every sequence of M
words should be “seen” sufficient times to achieve good
estimation accuracy [1].

3.The Task complexity

One of the widely used measures is the perplexity (PP) the
value of (PP) turns out to be the average number of word
hypothesis that the recognizer generates at each recognition
step. This value is highly correlated to the recognition
accuracy and it is a much more reliable measure of the
complexity of the recognition task than the vocabulary size.
Low values of (PP) on the training data reveal a good language
model capability.

An objective comparison between different language models
should be made, training them on the same training set and
testing on the same test set. The lower value of perplexity
reveals the best model.

4. Arabic Language Nature:
We can summarize the classification of the Arabic word as
follows:
Arabic word

— T

Original Arabized

Derivative  fixed

These terms are explained below:

e Derivative Arabic words: these are the verbs and
nouns that are built according to the Arabic
derivation rules. The sweeping majority of the
Arabic words belong to this category.

e  Fixed Arabic words: These are as a set of words
molded by Arabs, anciently, and do not obey the
Arabic derivation rules. Most of these fixed words
are neither verbs nor nouns, most of them are
functional words like pronouns, prepositions,
conjunctions, question words, and the like. They may
be best regarded as the glue that ties the words of the




Arabic sentence together. The category of the fixed
Arabic words contains a limited number of members.
e The Arabized words: are nouns borrowed form
foreign languages (perhaps with some phonetic
adjustments to suit the Arabic pronunciation) and
have become common among the native Arabic
speakers. To preserve the purity of the Arabic
language , it is not preferable to consider a word in
this category unless its meaning has no counterpart in
the category of the original Arabic words.[12]
Example: The fixed words are frequent in the Arabic text.

4 iy an Dl 8 Baaladl LS ) S5 T a5 8 el 5yl o2
s Bty il i B sl U85
Total number of words in the paragraph =23.
Number of fixed words in the paragraph =8
Frequency of fixed Arabic words in the paragraph =8/23
~35%
The Structure of the Arabic Word’s Body:
Any Arabic word can in general consists of (prefix, body,
suffix). The body part of the Arabic word has in turn an
internal structure which is different for the bodies of the
derivative Arabic words from that of the non-derivative; fixed
and Arabized ones.
Let us start with the derivative bodies. Arabic has a very
powerful bodies-generation mechanism called derivation that
makes Arabic have the richest vocabulary ever found among
all the important contemporary natural languages. Arabic has a
relatively small number, about one thousand, of derivative
forms. Each form is a string of two types of characters; fixed
characters (or constants) and 3 or 4 generic characters (or
variables). Although the form carries one or more specific
semantics, it cannot be a word’s body on its own. Arabic also
has a limited number , about five thousands, of life derivative
roots. Each root is a set of 3 or 4 fixed characters. Each root
also cannot be a ward’s body on its own. Nevertheless, the
root has one or more standalone specific semantics. The
derivation of a word’s body from a specific root and a specific
form is made by respectively substituting the generic
characters of the form with the fixed characters of the root.
The derivation process is successful only if each constant
character of the root is in the permitted range of the
corresponding generic character of the form. The semantic of
the resulting word’s body is a mix of the semantic of its form
and the semantic of its root albeit the latter plays a greater role.
Each of the forms mentioned above might be regarded as a
general derivation rule and the bodies made by combining
them with roots are called regular derivative bodies. However,
there is a small set, few hundreds, of derivative bodies that are
irregular. The form of an irregular derivative body is tailored
only for that specific bodys; i.e., such a form does not have any
generic characters and can hence combine with only one
specific root to produce one specific body. Irregular derivative
bodies were in fact regular derivative ones that have been
deviated from its regularity. People then preferred the deviated
form that became famous and neglected the regular one that
became extinct.
On the other hand, the bodies of the fixed Arabic words and
the Arabized words have no internal structure because they are
molded. The form of such a body is simply a string with all its
characters fixed. The form in this case is in fact a body on its
own. Now the root plays no role in building the body. So, we
can formulate the Arabic word as follows:

w=p+b+s
=p+r¥f+s 2)

Where (w) is the Arabic word,

(p) is the Prefix

(s) is the suffix

(r) is the root,

(f) is the form.
+ “is the conjunction operator, and

“* “is the combination operator [12] We can refer
to any Arabic word in its function form that could be
expressed as: w; = w(p;, 13, £, S;)
5. The proposed algorithm:

New after explaining the nature of the Arabic language, I will
introduce the new proposed language model which I called
Two-Phase M-Gram of Arabic Language [TPM-GOAL] .
In the beginning, let us look to table-1, where 6 Arabic forms
and 10 roots are used to derive 60 words. Two things are to be
noted: First, the two dimensional nature of the derivative
words of the Arabic Language. Second, not all the derived
words are in use.
As can be seen in table-1, two entries are available for each
Arabic derivative word. We propose to apply the M-gram
twice, and in two phases. In phase-1, all the derivative words

“«

are mapped to the generic form (e.g.... Jszie ¢ Jeli).

I recognize in this phase: The fixed words, the prefixes the
suffixes and the forms of the derivative words.

Table-1: 6-forms and 10 toots of derivative Arabic words.

Qs | Jedied | e | gel | ey | gu | From
Root
R e e e
Jhe | gE | Jse | g6 | ok | e s
e R 2 paxa Ale e 2o 2o
P | S | asan | s | S | & |
Ay il 25 o dal ua n Na ay
PR W R YR Sy s £
Khe | R | LRk | SW | ga | s Ka
Gope | Gos | G | GUL | & | G | dw
RENV) RENV VY R PENO RN 23 fE 2
Sie | g | gdhe | sl | el | 8RO gk

Let us give example of this phase, a sentence that looks, like:
o2l g I Ll i 5 A0yl Sane (i€
Will take this shape
Alels Y Leladl o 1G4 Jadl Jad
As can be seen:

Prefixes such as e dl
A la

1.1.1. Suffixes such as

Fixed words such as s

Forms such as

To keep easiness of understanding we don’t include in these
analyses some issues that will only complicate the analysis but
will not remove the generality of the proposed solution.

The first issue is the interaction between some prefixes (or
suffixes) and the body of the word (e.g. u~-ll) . The second
issue is the irregular derivatives specially the “Ella”
characters. These irregular derivatives will only increase the



forms number but the proposed model will not reduce the
generality.

Now , let us have a look to the size of the vocabulary of each
of the two phases. In the first phase, we have,

About 260 prefixes
550 suffixes
300 fixed words,

and 1000Forms
So, the vocabulary size of this phase is around V|, = 2210

Applying the M-gram to the words of phasel will reduce the
perplexity. Having V; much less than the whole vocabulary
size of the Arabic language V will enable us form using even
higher orders of M.

Although, in this paper, we have not yet calculated the PP1
perplexity of phase-1 of such as problem, but we expect that
there are few factors in favor and one factor against the low
PP1. Having V| much Less than V will encourage the use of
larger M for the M-gram used in this phase. Both lower V; and
larger M-gram are factors in favor of lower PP1. However
some correlation between specific words and others will be
lowered or diluted. As an example for that " «ad' the
preposition """ has high correlation with the verb "<a#d",
This will not be in favor of lower PP1. Anyway, the complete
analysis of these relations is to be noted here that the
acoustical data will be combined with the linguistic one.

In phase-2, after the assumption that we succeed to determine
from phase-1 fixed words, p,s,f of the previous words, only
remains the roots of the derivation words.

To formulate the M-gram of phase-2 remember that:

wi=w(p; fi, 17, 8)

Then,

P (Wilwii, Wi, ... wim)

=P (w(ps fi ris) / w (s, £, 13 89),

ceeee W (PiM » fioms Tiom » Siom) (3)

Here, without going deep into mathematics, all things are
known from phase-1 except r;, 1i., Iim. This problem is much
easier than the original problem (let us call it single phase M-
gram).

How many roots are available? For the active Arabic language
there are only 4000-5000 roots (although there are much more,
but we stated the active or life Arabic). Not to mention the
domain specific vocabulary that might reduce this number to
may be half or even less. We expect that PP2 (phase-2
perplexity) to be smaller than PP. This is not only due to,
having limited vocabulary size V, (4000-5000), but that’s also
due to the feasibility of using higher M in the M-Gram to be
used. As we mentioned before, more detailed analysis should
be conducted for future work. The second expected gain
would be due to the simplification of the search problem that
will result in a more faster system because in both phases the
vocabulary size is very limited w.r.t. the original vocabulary.

6. EXPERIMENTAL WORK:
In this work I have chosen a much smaller problem that will
test the framework and support any expectations. Ten roots in
six different forms are tested in two systems, see table-1.
In the first system, the whole 60 words are recognized in one
shot. In the second system the form is recognized first and the
root is recognized in the second phase. It is to be noted that

Hidden Markov Model (HMM) is used as the backbone of the
tow systems Phonetic based systems are used [1].

Set A: 15 high quality pronunciation candidates are recorded
for each word in the language space (table 1) for single
speaker (speakerl) (15 candidate x 60 word = 900 utterances).
Recording conditions: 16 kHz, quite room. (high Quality).

Set B: One candidate for each word in the language space are
recorded by the same speaker (speakerl) . (1 candidate x 60
word = 60 utterances) but with lower quality. Recoded at
lower quality conditions 8 kHz and telephone filter.

Set C: Was recorded by another speaker (speaker-2) consists
of 1147 speech utterances. It is not limited to Set A. it is quite
general Arabic speech. This data is used just to form HMM.
Models.

Set D: 33 utterances were recorded by speaker-1 . It is not
limited to Set A. this data is used sometimes for adaptation
purposes.

I have conducted 9experiments to test the feasibility of the
proposed ideas. We like to test the attainable accuracy using
the proposed algorithm that recognizes the word in two steps.
In the first we recognize the pattern, and in the second step the
root is recognized. However, for clear recording conditions, I
find that both proposed algorithms and the ordinary algorithm
(where the word is recognized in a single step by selecting the
word out of a limited vocabulary set) are comparable. So, we
conducted more experiments and I change recording
conditions to be more challenging. The recording conditions
and a different speaker (for training ) are used to sense the
potential of the proposed algorithm in comparison with the
ordinary one.

Table 2 summarizes the results of these experiments.

Table 2 tabulated results sorted by increase in accuracy

% accuracy =]
o - - g - S >
£% % £ 3 232
Esl g £s 2 | 33 | £5
E2 & g3 £ | 22 |E¢
) 52| &2 |¢
C B Non 38.31 53.31 15
c 3A°*f Non 4891 | 5221 | 33
C B D 45 46.71 1.7
C | 30fA D 52.81 | 5391 1.1
C | 30fA lof A 100 100 0
A | 3of A Non 100 100 0
C 3of A B 97.21 97.21 -2.8
Y2 of B, )
C 3of A Derivatives) 62.2 62.2 16.7
(Ismin el dad '
Y5 of B,
C 3of A Derivatives) 67.71 67.71 -29
(dsrin dely Jad

* means 3 pronunciation candidates of the 15 candidates
of set A.

7. CONCLUSION

The conducted experiments indeed tested the feasibility of the
proposed algorithm for small vocabulary size under several
conditions. Results are very promising. More work is needed
towards larger vocabulary Arabic ASR. This proposed
language model could improve both accuracy and speed. It is



to be noted from the results above that the proposed technique
is better in poor or non a adapted data, but les resistive for
noisy conditions.
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