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Abstract— This paper focused on Gujarati Spell Checker Using Norvig Algorithm with Grammatical Rules of Rhasva, Dirgha, Anusvara.
Researchers make a note of Gujarati language history with a brief explanation of consonants and vowels. A total of 5, 5 and 14 rules are available
respectively for Anusvara, Rhasva, and Dirgha. Many Indian languages use the term Anusvara to denote a nasal sound with a specific symbol.
A single matra Small E-i (&<l 8) / U-u (&cl G — ¢) is called Rhasva in gujarati literature while double matra Long E-e (E:lfj g« fl) / Long
U-oo (E:li:[ GBl- ) known as Dirgha respectively. This manuscript constitutes an innovative effort in the domain of Gujarati Natural Language
Processing (GNLP) investigation, presenting a comprehensive repository of grammatical rules for the Gujarati language, inclusive of examples
in both English and Gujarati. The proposed system will use given grammatical rules. Researcher uses two version of dataset for Gujarati Spell
Checker with Norvig Algorithm in replace and insert function. One has whole barakhdi and second one focuses on Rhasva, Dirgha, Matras, and
Anusvara in algorithm process. Output of this paper may explain that the deep learning approach is more appropriate compare to other approach.
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I. INTRODUCTION

In this paper, researchers focus more on historical aspects of Gujarati languages and the technical bilingual rules of Gujarati grammar, as
well as propose a rule-based system.

a. Gujarati language History

Gujarati, being the language associated with Gandhi, has a noteworthy significance that warrants our attention. The Gujarati language
extends beyond the boundaries of Gujarat State, serving as the primary language of traders throughout India and even beyond to East Africa.
The Guijarati language incorporates borrowings from Persian, Arabic, Portuguese, and English.

A Guijarati language, similar to Marathi, Hindi, Punjabi, Oriya, and several other Indian languages, is classified within the Aryan linguistic
group and is considered a descendant of Sanskrit. The language in question exhibits its closest linguistic connections with Western Panjabi on
the one hand and Braj Bhasha, an archaic variant of Hindi, on the contrary. In addition to the regional dialects spoken in Gujarat, there are three
primary forms of the written and spoken language.

The Hindi language, namely the Gujarati dialect, has been officially accepted by the Government as the standard and hence is studied in
schools. Furthermore, Parsi Gujarati refers to the language used by the Parsi community in both spoken and written forms. This variant of
Gujarat deviates from the standard form by including a significant amount of original Persian terms, particularly in relation to religious subjects.
Additionally, it includes several Arabic and Urdu loanwords. Furthermore, its grammar exhibits a state of instability and irregularity.
Furthermore, the region of Muhammadan Gujarat, similar to Parsi Gujarat, extensively incorporates a significant quantity of lexicon derived
from Hindustani, which in turn has its origins in Persian and Arabic. However, although the lexicon of the language exhibits significant variation
depending on whether the speaker identifies as a Hindu, a Parsi, or a Muslim, the syntax remains mostly consistent when spoken properly. The
user's composition lacks an academic tone and structured organization. It requires a transformation to embody a more refined style. By acquiring
proficiency in this dialect, students will effortlessly grasp the subtle variations in form that emerge in different dialects, especially since these
distinctions primarily relate to orthography [1].

Throughout history, three additional prominent dialects have been recognized: Surati, named after the vibrant city of Surat in the southern
realm of Gujarat; Kathiawari, predominantly heard in the Saurashtra region (Kathiawar) that lies to the southwest of Ahmedabad; and a northern
dialect, occasionally called Pattani, taking its name from the historic city of Patan, found in the distant northern reaches of Ahmedabad. The
aforementioned descriptions of dialects lack clarity and fail to encapsulate a thorough exploration of Gujarati dialects, which remains elusive at
present [1].

b. Gujarati Alphabet

The enchanting Gujarati alphabet finds its roots in the ancient Sanskrit, echoing its elegance with remarkable fidelity. The fundamental
difference arises from the absence of the characteristic headline that typically links the majority of characters in the Devanagari script, imparting
Gujarati with its distinctive allure. Mirroring its Sanskrit sibling, the Gujarati language dances elegantly from left to right. Within the captivating
realm of linguistics, it is customary to classify letters, referred to as varn, into two main categories: vowels, known as svar, and consonants,
which are pronounced as vyanjan or venjan [2].

The Gujarati language boasts a unique script of its own. This script can be identified as a syllabic alphabet, specifically a captivating abugida,
whose roots trace back to the ancient Brahmi script. In this intriguing writing system, every consonant naturally carries the vowel [o]. The
principles underlying this script bear striking similarities to those of the Devanagari script. Diacritic marks for vowels are deftly employed to
signify non-initial vowels, which may elegantly appear before, after, above, or below a consonant. The Gujarati script constitutes a harmonious
assembly of 47 characters, skillfully designed upon the principles of phonetic insight. Each character is embellished with its conventional
transliteration paired with its counterpart in the International Phonetic Alphabet. The arrangement commences with the essential vowels, fluidly
progresses into the syllabic vowels, and finally culminates in the diphthongs (most notably, the vowels e and o, which trace their lineage back
to ancient diphthongs and were acknowledged as such by the indigenous grammarians). Following the vowels, the stops and nasal consonants
are meticulously grouped into five captivating clusters, each housing five letters, classified by their place of articulation, transitioning from the
back of the throat to the forefront. For each collection, the order is as follows: voiceless unaspirated stop, voiceless aspirated stop, voiced
unaspirated stop, voiced aspirated stop, and nasal. After these five classifications, the semivowels (liquids and glides) are further organized
based on their points of articulation. Next, we shall explore the fricatives that begin with the sibilant tones. The final two clusters consist of
biconsonantal pairs, which are solely present in Sanskrit loanwords and have historically been woven into the fabric of the alphabet [3-5].

e In the transcription system used, the vowel sounds [e] and [¢] are both denoted by the letter "e." The vowel sound [9] is represented
by the letter "a," and the sound [a] is denoted by "a." Similarly, the vowel sounds [0] and [o] are represented by the letter "o0." Lastly,
the long vowels [i] and [u] are indicated by the letters """ and "G," respectively.

e The syllabic vowel "ri," transliterated as "r," appears exclusively in Sanskrit loanwords.

e Aspirated stops and affricates are indicated using digraphs, such as "ph" for /p"/ and "dh" for /d"/.

e The retroflex stops represented by the IPA symbols [] and [d] are typically transliterated as [t] and [d], respectively.

e The affricates tf and d3 are transcribed as "c" and "j," respectively.
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Figure 1: Gujarati vowels and Consonants [6].
Source: Own elaboration.

1. The Guijarati script encompasses three distinct symbols representing sibilant sounds, namely §, s, and s. However, it is important to

note that both the symbols § and s are phonetically pronounced as the voiceless postalveolar fricative sound, represented by the

International Phonetic Alphabet (IPA) symbol |.

The glottal fricative fi is often represented by the transliteration h.

3. The nasal sound represented by the symbol n_ is transcribed as n. The script has symbols for the palatal and velar nasals (fi, n);
nevertheless, these symbols are phonetically realized as the sound /n/.

4. The retroflex liquid sound represented by the International Phonetic Alphabet symbol [[] is often transliterated as [1].

5. The glide "w" is transcribed as the letter "v" in transliteration [7].

N

The melodious Gujarati tongue dances with a symphony of eight enchanting vowel sounds. Except for the charming notes of [e] and [o],
each vowel reveals a delightful twist of nasalization, accompanied by whispered and bold variants. Within the vibrant landscape of the Gujarati
language, one can find both petite and elongated vowels; yet, they shy away from being distinctive phonemes.

Front Central Back
High 1 u
High-mid ¢ 0
Mid 3

Low-mid £ i)
Low a

Figure 2: Gujarati Vowels [7].
Source: Own elaboration.

The melodic cadence of vowel length in Sanskrit has sadly faded away. VVowels stretch their wings when they are accompanied by nasal
sounds or when they gracefully conclude a word. Aside from the sounds /e/ and /o/, Gujarati elegantly separates the realms of oral and nasal, as
well as murmured and non-murmured vowels. In the definitive embrace of word-final status, the elevated and subdued vowels of the /e/ and /o/
families exhibit distinct variations. The phonetic characters // and // blossomed into existence during the 15th century. Over time, Old Gujarati
gracefully transformed into Rajasthani and Middle Gujarati. Words borrowed from English generously contribute to the /ae/ sound [8].

The Gujarati language presents an intricate tapestry composed of 31 consonants, systematically classified into 20 stops, 3 fricatives, 3 nasals,
and 5 liquids and glides. These stops and nasals emerge from five distinct points of articulation: labial, dental, retroflex, palatal, and velar. The
palatal stops may be regarded as affricates in their unique charm. Each collection of stops in the Indo-Aryan lineage showcases a splendid fusion
of voiceless and voiced consonants, alongside unaspirated and aspirated forms. This captivating four-way distinction holds its ground within
the Indo-Aryan realm amidst the vast expanse of Indo-European tongues, as the ancient Proto-Indo-European dialect offered only a simpler
three-way variation.

The appealing retroflex consonants that adorn Gujarati, generated immediately beneath the alveolar ridge, lack their origins in Indo-
European ancestry, even though they are incorporated into Sanskrit. The genesis of these linguistic traits is likely intertwined with the influence
of the Dravidian language. Additionally, Gujarati boasts a retroflex liquid that has no lineage traced back to Sanskrit [9].
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Same as other languages Gujarati has a three genders, masculine (Narajati), feminine (Narijati) and neuter (Nan'yatara jati). One can identify
the masculine (Narajati), feminine (Nar7jati) and neuter (Nan'yatara jati) by asking question respectively 5dl (k&vd), 3dl (Kewvi), :fsq, (kevurh)

[10].
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Figure 3: Gujarati Consonants [7].

Source: Own elaboration.

1. Anusvara

The term "Anusvara" refers to a sign that is often used in several Indic scripts to indicate a nasal sound. This symbol is generally transliterated
as (m, m, M,m). The precise pronunciation of a word might change depending on its position inside the word and the specific language in which
it is used. Within the framework of ancient Sanskrit, the term "anusvara" designates the specific nasal sound in question, irrespective of its
written manifestation. There are many rules of anusvar in gujarati grammar, but researcher focus only five rules. Let us discuss with example

7-11].
Table 1: Description of Anusvara Rule.
Rule Number Description
Al Masculine (Narajati), words never have an anusvar, nor do related inflected adjectives or inflected forms of verbs.
A2 There is no Anusvara to feminine words, but If the feminine word is complimentary (Manartha) plural, then it
comes as anuswar.

A3 Neuter (Nan'yatara jati), words have a anusvar.

A4 Anusvara occurs when the subjects (Kartd) in the sentence belong to different genders.

A5 When two more than two subjects (Karta) joined with or [Athava], anusvar take a place as per last word gender.

Source: Own elaboration.

Table 2: Example of Anusvara Rule.

Rule Number Gujarati English Description

IS AN &dll. (Bha' satyapremi

hatarh.) [Right Sentence.] Brother was a truth | Brother is a Masculine (Narajati). Because of that
Al ALY AN &di. (Bhat satyapremi | lover. reason &l has no anusvar.

hata. [Wrong Sentence.]

Hlel el wleui. (Motarh bahéna

avyarn.) [Right Sentence.] . Sister is feminine (Narijati), Because of that reason
A2 Y12l 6l wilel. (Motarm bahéna Elder sister came. vl has anusvar.

avya.) [Wrong Sentence.]

ollof RE) QH(j, é(i (Nanurh

chokarurh ramaturh haturh.) [Right
A3 Sent.ence.]. The little boy was 9153 (ch6.karu.m) is a Neuter word, because of that

ollo] 9153 WM, &d. (Nanurh playing. reason U, &d has anusvar.

chokarurh ramatu hatu.) [Wrong

Sentence.]

o2-o113] Al Wl 5] Al 516 Y AU

&cli. (Nara-nart ané balakd sau ko'T s'T Men, women and children, are many gender in one

gayam hatam.) [Right Sentence.] Men, women and | sentence  [masculine  (Narajati), feminine
Al of2-e113] 24 (41015 AL SIS Y 21uL | children were all asleep. | (Narijati)], because of that reason i &li has a

&cll. (Nara-nart ang balako sau ko'T si'T anusvar.

gaya hata.) [Wrong Sentence.]

0 516 ust Wl AYel 14, w1 «tefl.

(Mém ko'T patra athava rajinamum . _ -

apyurh nzltl{)i.) [Right Scn{lcnccl I have not submitted any La_st' Subjeit_ (Karta) [PetlY is 2 n?Uter
A5 )6 ust weld] el IRy oefl letter or resignation. (Nan'yatara jati), because of that reason W1 has

- s s S a anusvar.
(Mérh ko'T patra athava rajinamurh apyu
nathi.) [Wrong Sentence.]

Source: Own elaboration.
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Now, if we examine the masculine (Narajati), feminine (Narijati) and neuter (Nan'yatara jati) by asking question respectively 5d) (k&vo),

34l (K&vi), gcj, (k&vurh) from given example,
Bhai [MLE].......... 3d) (kevo)

Sister [M&s]...........

3d) (Kevi)

Little Boy [09152]... 39 (kévurh)

Please note that English Translation of 3dl (k&vo), 3dl (Kevi), ?;q; (k&vurh) is — ‘How...” only. No one can predict, when one ask English

translated question for ide

ntification to know gender [7, 12, 13].

2. Rhasva and Dirgha

Generally all students feel hesitant while spelling. Especially Short-Rhasva E-i (&d ) and Dirgha-Long E-e (5,'1&1' g — -ﬂ), as well as

Short-Rhasva U-u (&¥cl G — ) and Dirgha-Long U-00 (E.'lﬁlr G- ¢) [7.12,13].

Table 3: Description and Example of Rhasva and Dirgha Rule.
Rule Number Description Example
B1 In words starting with "Tri ()" and Pri (W), | Triphala ((36011), Trishul ((324¢1), Trishanku ((42i), Trirango
put a short 7" (321, etc.
B2 In words starting with 'Pri' ([il), putashort'i'. | Print ([ilra), Prince ([flr%{), Priye-Beloved ([fm) etc.
o | e s L | o 1. s, 1, o, A . IR, o
the second letter. Alld(sri)
B4 In the words related to 'it-8ct', use 6L & — | Prérita (URdl), protsahita (Uletl(Ed), utsahita (BediLled),
, kalankita (56 (5dl), icchita (8[R8d).
Bs In words when 'ek-85 is found at the end of | <l(dS (Naitika), UHL[BLS (pramanika), BleLS (dainika), 6lloL (G5
the word, only the Matra '8’ [ i'isused. | (bhauglika), AS1L[=lS (vaijiianika).
B6 In words related to 'lya-8¥l', use only use eRul (Darjya), PN (rtpiya), allerl (vaniya), s(sul
ad - [o. (kadiya), Li[6 (ganthiya).
87 In words when 'ee-©3' is found at the end of | UA%SIY (Rajakiya), 2UYIU (rastiya), (AULSIYU (vidyakiya),
the word, add long ‘e-8)°- . Ylels{ly (mananiya).
- - Rafd (sthiti), [dl2 (tithi), [2(52 (tikita), PLR (giri), M[d
B8 Some words where both 'i-' & — [ available. (miti), (EL[il[Fl) (bhﬁmitg , H)ﬁl[a (sam(iti) ) (gir)
B9 Letter which come before ref (35) has a long Sldet (Kirtarla), dilel (ﬁrt}rla), ‘@Qf, (jirna), chf (marti), %@ﬂ
‘E-U’ - *8-Gl’. (sphiirti), Y8l (chiirna), JA (stry)
B10 Letter which come before “Y-’, has a short | (i[5 (niskriya), (v (priya), (alMs (niyamaka), &l
‘P (ksatriya)
B11 If '6Ql-ish', ‘Se¢-Indra’ is arrive end of a | Aclldlel (Sattadhia), oUIUIEQL (n'yayadhia), dldleg,
word, then Long 'e-8” is there. (ydgendra), #19{]sg, (bhogindra)
dudl-duRas{l (Tapasvi-tapasvini), (azuiel-(aa Ll
B12 Hrasva 'e' comes in feminine form of word. (vidyarthi-vidyarthini), ALPI-APIAl (yogi-yogini), HIUId]-
Y1l (mayavi-mayavini)
. L s GUAA-GUAL AL (Upaydgi-upayogita), dosdl-dRadl
B13 ﬁ/:ertf?ed?clzg Itg?e,nztu:hesiﬁéxisc:;tta or ‘edl- (t&jasvi-tgjasvita), {24 LM (svami-svamitva), sl
' ) 1o (Rl dl (ojasvi-ojasvita).
B14 The word has an e-¢5, u-Gl hrasva before a | Gc¥LS (Utsaha), ¢ (rudra), @24\ (lucco), (54 ¥ (klista), UR (21
jodaksara (two constant connected). (parisista), €€GS (hullada), °§R'n (jus'sd).

Source: Own el

aboration.

In Al, researchers have two approaches: Rule-based and machine learning for computational linguistics work. In rule-based systems, the
decision logic of the system is established at the outset and offers little flexibility after it is deployed. Contrarily, artificially intelligent
machines acquire knowledge in an ongoing manner with the need for human guidance. The decision between a rule-based system and a system
that uses machine learning is contingent upon the level of stringency required for parameters, considerations about effectiveness as well as
training expenses, and whether the rules will be devised by a data science team or an algorithm. Here researchers discuss rule based work [14-

15].

Il. RULE BASED

A rule-driven mechanism in the realm of computer science is a computational architecture that harnesses rules to articulate domain-specific
insights and utilizes universal reasoning to tackle challenges within that sphere. In the vibrant decade of the 1970s, two distinct varieties of rule-
driven mechanisms emerged within the field of artificial intelligence. Production frameworks apply if-then rules to derive actions contingent
upon specific conditions. Logic programming frameworks employ rules that produce conclusions from scenarios predicated on if-then
propositions. The contrasts and correlations between these two types of rule-driven mechanisms have sparked considerable misunderstanding
and confusion. Both varieties of rule-driven mechanisms utilize either forward or backward chaining, unlike imperative programming, which
executes commands in a linear fashion. Logic programming frameworks embody a logical interpretation, whereas production frameworks do
not possess this characteristic [16-18].
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a. Benefits and drawbacks of rule-based systems [19-21]

e Precision: Rule-based systems function based on the principles of cause and effect, and are limited to operating within the boundaries
of their predefined set of rules. Therefore, the rules of the system function as protective barriers to guarantee exactness and
correctness.

e User-friendly interface: Rule-based systems may effectively complete jobs and repetitive procedures using small amounts of
uncomplicated data. This facilitates the process of developers in creating, using, and troubleshooting them.

e Velocity: Rule-based systems, when properly trained, can produce prompt and effective judgments, since they do not allow for any
ambiguity or development. Their restricted boundaries guarantee prompt replies.

e However, due to its simple nature, rule-based systems often fail to meet the following criteria:

e Narrow focus: Rule-based systems are deterministic and lack the ability to acquire new knowledge, thereby restricting their
functionality to the boundaries of their initial programming. The addition of excessive regulations may impede the efficiency of a
system and bring intricacy.

e Immutable: Inherently, rule-based systems are static and lack scalability. Modifying current regulations or integrating new ones
might generate laborious and costly complexities.

e Limited cognitive abilities: The effectiveness of a rule-based system is solely reliant on the quality of the rules established by its
authors, and it lacks the ability to make autonomous judgments outside of those regulations. Consequently, the system's actions are
limited to its stated programming and will expose any deficiencies or oversights in the initial set of principles.

b. Proposed a Rule Based Error Detection and Correction System [22-24]

Rule-based Error Detection and Correction System is intriguing. It operate by utilizing a predefined set of guidelines that identify and correct
frequent spelling and typography mistakes, then applying these guidelines to the incorrectly written word. These principles are the opposite or
reverse of typical mistakes, based on intuition. Every accurate word produced by this procedure is considered a recommendation for
modification. The rules are equipped with probabilities, allowing for the ranking of ideas by aggregating the probabilities associated with the
applicable rules. Distance editing is a specific instance of a rule-based approach but with restrictions on the available rules.

Fig. 4 is a proposed rule-based system. In this system, firstly, input text is tried to match the rules. If all rules match, a final suggestion or

answer may come. Or, through matching with a dictionary word, a final suggestion or answer will be there as a final state. Please note that the
whole system works on lexicon-based work. Rules come from tables 1, 2, and 3. These are very helpful rules for identifying spelling mistakes.

1. NORVIG SPELL CHECKER ALGORITHM

It implements an Gujarati corpus to Norvig's algorithm to create a spell checker. Spell checking technologies learn proper spelling from a
corpus and use the right word as a reference if a word is misspelled. Norvig's algorithm learns word-by-word spellings from a text or list. The
most likely rectification issue may be formalized as a sequence decoding problem. Suppose w is received. Thus, we seek a word ¢ from every
candidate correction that maximizes its intended corrective given the word w:

argmaxc e candidates P(C|w) 1)
This is Bayes' Theorem corresponding:
argmaxc ecandidates P(C) P(w|c) / P(w) ()

One can factor P(w) out since it's the same for every candidate c:

argmaxc e candidates P(C) P(w|C) (3)
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Figure 4: System for Rule Based Error Detection and Correction System.
Source: Own elaboration.

e Selection Mechanism: The candidate with the highest overall probability is chosen using the argmax function.

e Candidate Model: ccc represents a member of the candidates. It provides information on the candidate corrections, ccc, that should
be considered.

e Language Model: P(c)P(c)P(c) represents the probability that ccc appears as a word in English text. For example, the word "the"
appears in approximately 7% of English text, so P(the)P(\text{the})P(the) would be 0.07.

e Error Model: P(w|c)P(w|c)P(wIc) indicates the probability that the writer intended to type ccc but mistakenly typed www. For
example, P(tehithe)P(\text{teh}|\text{the})P(teh|the) is relatively high, while
P(theeexyz|the)P(\text{theeexyz}|\text{the})P(theeexyz|the) would be extremely low.

The code provided below is a core component of the Norvig Algorithm for the English language.

def editsl (word):
"A11l edits that are one edit away from “word"."

letters = 'abcdefghijklmnopgrstuvWiye '

splits = [(word[:1i], word[i:]) for i in range(len(word) + 1)]

deletes = [L + R[1:] for L, R in splits if R]

transposes = [L + R[1] + R[0] + R[2:] for L, R in splits if len(R)>1]

replaces = [L + c + R[1:] for L, R in splits if R for c in
letters]

inserts = [L + 2 + R for L, R in splits for c in letters]

recturn set(deletes + transposes + replaces + inserts)

def edits2 (word):
"A1l edits that are two edits away from “word ."
return (e2 for el in editsl (word) for e2 in editsl(el))
Figure 5: Norvig Program- Letters a to z.
Source: Own elaboration.

Now we are just replacing the English letters with Gujarati whole barakhdi as per given below data.
def replace or insert (word):

letters =
8GRI MU : 551(5515 555515155 W LU AR B U191 B19]1 A N A1 el L [ELell e,
alell el eiel: U L RA1YYAAA A AU 991 (69651 9 8 DD €91 £9£9:25%1 (%5 %) %Y % B %S98 1% °: 5 3L (35351 p p D d sl bz 2l
[2212222212122:661(6816650616166:551(5S15533515155: 22l (22lggo0alal 62l RRNEIQ BN RN IRl dd L [ddl
dddddldldd: e (eefle g el eeie: el [eLlg bl Ol i et MYy R Rt est | [so{lojsi Aol edlodet:-uy L Qulyyad
Ul 551(581 5555815165 Ml (Mol AA ool oiog:eiet 1[G el e @@ efl el ef et (R RNl u A 2 LRIy
YALARNYURUR2RRAA2:4d (G4 ggadddlda:ddi(ddlggaddldldd:2letL 101 gLQl NN it LNNIYYN
WYL R[N Y YA AR sl @Sl gsddsldlss:nniollquddioiloin: e (aell e e Al el el et sisil
susllgsiSiStsilstlsist:

return [1 + ¢ + r[l:] for 1, r in split(word) if r for c in letters]
Now, researchers call,

checker = SpellChecker ("Gujarati2.txt")
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Here Gujarati2.txt is a corpus of Gujarati language.

print(replace("l-léMcﬂ"))
[rsludl, wlsludl, veludl, Seludl, Geludl, ‘Qlsludl, ssludl, Nsludl, eiudl, wilsiudl’, wilsludl,
weludl, Seludl, meludl, teludl, 'seludl, selwdl,..... ]

Here, researchers use Helud] word for replace or insert function.
Now, in second way researchers insert or replace with  letters ="ol,(o,0g

LY

def replace or insert(word):

letters :"l,[—,’lwu\’“i,,\,Q,\[Q-LQL\"
return [I + ¢ + r[1:] for I, rin  split(word) if r for ¢ in letters]

Now, researchers call,
checker = SpellChecker("Gujarati2.txt")

Here Gujarati2.txt is a corpus of Gujarati language.

print(replace("H&1G46]"))
[oleldl,  slodl, (celdl,  siudl, Cleiudl, " sludl, geludl, Leludl, ‘pelwdl, sludl, peludl’, | siudl,
weludl.....]
. :

Here, researchers use H&lH ¢ word for replace or insert function.

Gujarati Words
Y,/ Correct
Word

Norving Algorithm -deletes.+ transposes.+ replaces (Two
way - whole barakhdi and Rhasva, Dirgha, Matras, and
inserts (Two way- whole barakhdi and Rhasva,Dirgha
and Anusvara)

rOutput Store in List ]

|

[ Probability ]

Figure 6: Norvig Algorithm for Gujarati Text.
Source: Own elaboration.

Fig. 6 is a flow diagram of the proposed system using the Norvig algorithm for Gujarati text. First of all, Gujarati text enters in the system;
if the words match, no kind of suggestion arrives. Otherwise, four steps will be there: deletes, transposes, replaces (two ways whole barakhdi
and Rhasva, Dirgha, Matras, and Anusvara) and inserts (two ways whole barakhdi and Rhasva). Following these four steps, researchers will
store suggestive words in the list, calculate the probability, and then finalize the process [25-26-27].

IV. RESULT AND ANALYSIS

In result part, Norvig suggest one method. Where right end side incorrect words and left end side correct words. Colon (:) use has a
separation. The whole spell-testsetl.txt has below data set.

Heludl: Helw(d Helold Helw Huslg

(G19821: (Ghos2L BB (G 6482l (K21 K QU%

qlsda50L: dld A58 dl5d A58 dl5dA528 dl5dAL
YA YA A4H YH Ydl

LS wLSAA 25N 25N 24150
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Now, researchers focus on the following functions developed by Norvig for testing purposes: Where one correct word is on the left end side
after a colon () and an and an incorrect word on the right end side. Both words match; if the words match, the know percentage has more value,
and if they do not match, the unknown percentage has few value. In the output section, researcher’s analysis says that if all things match answer
should be 100% match and if few words match, among 4 incorrect word 1 word is match only 25% word is match as per output section.

def Testset():
with open(‘spell-testsetl.txt") as fp:
for line in fp:

X=

(right, wrongs) = line.replace("\n", "").split(":")

print(line.replace("\n", "").split(":"))

for wrong in wrongs.split():
print((right,wrong))
x.append((right,wrong))

spelltest(x)

result=Testset()
print(result)

Output-

[(ClscASWQ, 'dld (351, (Alsd=15L, 'dlsd[HA50L), (dlsdxASL, 'Al5d=A5L), (dlsd=5L, ‘dlSdAQLY]
[dld=s1]

dld=s810

correction(elld(A5281) => dld (31524 (0); expected Q15158 (0)
0% of 4 correct (25% unknown)

KEESICERE!

dlsd35K10

correction(&l5c(358l) => dl5d (354 (0); expected €l5cxA5L (0)
0% of 4 correct (50% unknown)

[AlSda5017]

dlsda501 1

[AlSda2017]

dlsdaRQ1 1

correction(Gl5cd~28l) => 1528l (0); expected Al15d=15 (0)
25% of 4 correct (75% unknown)

[YECL, " EC UM ™ Yd]

(YA, ' ECL)

(YA, HEeL)

(|G, Ye)

(A6, '{a)

[(ECL, YA, (A, UACL), (YAH', YA, (YA, Y4)]
{4, oy, Mo}

460

correction({e®™) => U4 (15); expected JEH (0)

0% of 4 correct (25% unknown)

TR ICRRNCTO RIS

40

correction(U€®™) => U4 (15); expected JEH (0)

0% of 4 correct (50% unknown)

{ue}

UM 0

correction(J*) => UM (5); expected Y4H (0)

0% of 4 correct (75% unknown)

{43}

4 0

correction(@) => U4 (15); expected Y&H (0)

0% of 4 correct (100% unknown)

15, 215 Md 2158d 215N 2150

(s, s

(LS, 2SN

(LS, s

(LS, wis

[('Mlsr@d', LS, (SN, SN, (L5, sAY), (s, s [NY]
RATEIOISH|
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wIsMd 1

[415Nd]

I5Nd 1

correction(L5Nd) => ¥115Nd (0); expected 24L5[Nd (0)
25% of 4 correct (25% unknown)

[u415[

wis 1

correction(+LS ﬁ?[) => s (0); expected ¥LS Nd 0)
25% of 4 correct (50% unknown)

[24ts[
wlsM 1

correction(+LS ﬁ?[) => s (0); expected ¥LS Nd 0)
25% of 4 correct (75% unknown)
None

Graph 1 is testing analysis of correct and incorrect words. Researchers found that among many words, right end side words match with left
end side, where only two words, €™ and #L5 [il(d, are 25% correct words from the left end side list. From 4 words, only 1 word is a match

28-29-30].

0,3
3 25%——25%
g 0,25
g 02
8
20,15
2
£ 01
]
s« 0,05
& 0 0 0
g 0
& NS N
g & & & &
0 o @ e

N o N
N
X- rightside- correct words

Graph 1: X-Y Norvig Algorithm Testing.
Source: Own elaboration.

V. CONCLUSION

This study suggested a system for finding and fixing mistakes in Gujarati texts that uses the Norvig Algorithm and the ideas of rhasva,
dirgha, and anusvara. In this section, the writers provide a brief overview of the Gujarati language, complemented by insights regarding
consonants and vowels. A quick look at machine learning and rule-based systems was done to help understand the proposed rule-based system
and the Norvig algorithm for two types of text: whole barakhdi with rhasva, dirgha, and anusvara. Figures 4 and 5, respectively, show the rules-
based and Norvig-based algorithm flowcharts. Finally, for testing purposes, Norvig introduces a new concept in the text file: right and left side
words. The Norvig Algorithm's output provides valuable insights. Researchers discovered correct words from a variety of sources during testing.
In the development set, researchers received 0, 0, 0, 25, and 25% of the correct phrases from the provided testing words, respectively. The
researchers may have used an exceedingly challenging test set, or my straightforward model may simply be incapable of achieving an accuracy
rate of 80% or 90%. Through Figure 4 and 5, researcher get an idea rule based and machine learning approach will be getting less accuracy and
only Norvig Algorithm cannot solve the spelling error of Gujarati Text. Researcher will be proposed a Deep Learning based hybrid novel
approach to solve spelling errors of Gujarati language. For that researchers may use RNN, LSTM, Bi-LSTM, GRU and BERT. Overall, this
paper can help to know the grammatical rules like rhasva, dirgha, and anusvara for Gujarati Spell Checker using Norvig Algorithm.
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