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Urdu poetry retains a prominent position in the cultural heritage of Urdu language. Rhyme schemes and
meters are frequently employed in poetry, which follow specific patterns and structures. Natural Language
Processing has the capacity to recognize and analyze these patterns, which is beneficial in the investigation
of poetic forms. This research presents the UPMVM (Urdu Poetry Metrics Verification Model), a novel rule-
based architecture, designed for detecting meter of any given Urdu ghazal verse. In this work, we propose
an algorithm that consists of sixteen steps that identifies the Arud meter in the Urdu verses using a custom
developed system. This application will not only assist professional poets but also enable students to examine
poetry within the framework of prosody principles. The accurate analysis of the prosody of any poetry relies
on the act of uttering words rather than on a written record. UPMVM consists of two phases: 1) The primary
objective of the initial phase is to consolidate all available literature of the Arud system into a unified digital
platform, then develop individual and combined DFA of each identified meter for pattern recognition; 2)
the second phase is about the algorithmic implementation. All these rhythmical patterns are matched with
290 Arud meters and their sub-meters developed during this study. The implementation strategy of phase
2 comprises of five essential sub-phases including tokenization, orthography, syllable identification, weight
assignment, and meter detection. For evaluation of the proposed method, three different datasets are used for
feature extraction, token identification and performance measurement for identification of rhythmic patterns

Arud Meters, Natural
Language Processing,
Pattern Matching,
Poetry, Urdu Ghazal.

in Urdu poetry. The UPMVM model reached to promising outcome with an average accuracy of 94%.

I. INTRODUCTION

RDU poetry is based on Arud system derived from Arabic and

Persian languages. Arud System is the rhythmic pattern found in
any poetry. The knowledge of Arud is crucial in Urdu poetry because
it provides an appropriate process for ensuring that the poet's work
complies with poetic weight regulations [1]. Poetry consists of tone,
metrical forms, melody, imagery, and symbolic representation [2].
Al-Khalil bin Ahmed is the founder of lllm-e- Arrud [3]. He designed
this knowledge by using the ideologies of the tune. He used basic
knowledge of Arabic poetry; his focus was that every verse ensures
some patterns to give proper weights. Poetic Weight (PW) is a poetic
meter which is the rhythmical arrangement of (S i) mutaharik and
(u‘/ \-) sakin letters into verse parts lines [4]. Later on, these rules, with
some modification and addition, got popular in Persian poetry [5].
The origin of Urdu poem is believed to be couplet poems (a form of
Arabic poetry). Persian language influenced the Turkish and Indian
region and this art of versification got popular in these languages
as well [6]. Urdu poetry deals with Arud meter. Arud is the study
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of poetic meter that is practiced in Arabic, Turkish, Persian, Urdu,
Hindi, Punjabi, and other languages of South Asia. Arud meter is a
standard pattern of sounds established by poetry experts [7]. These
meters are composed of feet [6]. The feet are the basic sound patterns
composed of short or long syllables. Short syllable is represented by
“1” and long syllable with “2”. If a meter is developed by repetition
of a single foot, like o/ & o/ # o/ # o/ # (122 122 122 122), it
is called a simple meter. On the other hand, if a meter is formed by
combination of different feet, it is called a compound meter, such as
Olsd ML fikb (2122 1212 22). Different poetry styles use different
number of feet. The line of 8 feet is called Musaman (), while line
of 6 feet is referred as Musads (U+~). Meter nomenclature is based
on number of feet. There are 19 basic Arud meters [4] whereas one
more meter Jameel is added recently. These meters were designed to
make them easy to understand without referring context. The feet join
together in different orders and quantities to constitute the meters. If
the poetry were restricted to 19 basic meters only, it had limited choice
for poets. All meters consist of multiple sub-meters. These sub-meters
show different arrangements of feet with its zehaaf (JbJ) or catalexis.
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classifier, and linear prediction cestrum coefficient and Mel frequency
cepstral coefticient features. The speaker-dependent strategy achieves
the highest accuracy in the SVM model and surpasses the performance
of state-of-the-art research by 3%. An analogous methodology is
recognized in the field of Turkish literary academia. In 2012, Kurat
[28] introduced a system for identifying the Arud meter in Diwan
poetry, a crucial aspect of the old Turkish literary heritage. The initial
input consists of verses written in Ottoman character, which are
subsequently transformed into Latin Transcription Alphabets (LTA)
through transliteration. Following transliteration, the text is subjected
to metrical analysis in order to determine the meter and detect any
associated deviations or inconsistencies. In 2020, Muhammad Raihan
[26] created a web application specifically designed to detect Arud
meters in Punjabi Ghazal poetry. The approach entails applying
orthographic changes, scanning verses, and utilizing nested iterations
to synchronize rhythmic patterns with 37 Arud meters. The automated
methodology surpasses human alternatives in terms of efficiency. A
research based on observation and experience discovered that 83% of
the dataset used for testing could be accounted for by 5 particular Arud
meters. In 2023, Ayush [23] employed machine learning techniques
to automate the categorization of Punjabi ghazels. The dataset was
divided into four distinct categories. In Latent Dirichlet Allocation
scenarios, the Support Vector Classifier (SVC) consistently achieved
a higher accuracy rate of 82.17% compared to TF-IDF. Despite no
scientific research on detecting Urdu poetry metrics, websites like
Aruuz [32] and Rakhta [33] help poets determine their work’s meter.
Aruuz offers tools for detecting overlap weight, closest overlap,
word-matching corrections, and single word overlap. Aruuz dataset
[34] contain 80k Urdu words. On the other hand, Rakhta provides
a comprehensive online resource for Urdu literature, including
translations, dictionaries, audio and video resources. Both sites aim
to promote and uphold Urdu’s cultural heritage where Rakhta has
recently launched, in April 2023, the beta version of its project Taqti,
to detect the meter of any given verse. The fundamental knowledge of
the Arud meter was acquired from chapters 1-7 of the book “Pritchett
and Khaliq” [6] and chapters 2-5 of Captain Pybus’ book [7].

In [35] one of the recent paper Maged used RRN and BiRRN for
tasks such as text classification, named entity recognition, or language
modeling, which might be adaptable for meter classification to detect
Arabic poetry meter. Urdu Arud meters classification work done
in different studies [36] [37] to explore the problems faced in Arud
system [38].

III. EVALUATION DATASET

The UPMVM model utilizes three datasets named UD1, UD2
and UD3. UD1 is primarily used to collect and retrieve 290 poetry
meters (rhythmic patterns [ #) and their corresponding feet. Existing
literature and expert’s feedback used to generate UD1. Other uses of
this dataset include the design of DFA state function sequences with
terminal state information to align the identified verse meters. UD2
is collected from Zeeshan’s repository [34] and updated. This update
process involves the parsing and tokenization of UD2 dataset. Arud
rules are then applied to each token for its discretization, resulting
into a tok-taqti which is then added to vocabulary if it is not already
present. This dataset UD2 contains 80,000 Urdu words along with
their diacritics, language information, and word variations. The third
dataset UD3 is used to evaluate the proposed model. UD3 contains
500 verses including structure-based genre, collected from published
books [3][4][5][6]. The dataset contains verses that have undergone
rigorous reviews by poetry specialists, and each verse is annotated
with poetic metrics like syllable count, rhyme scheme, meter pattern,
and metadata about genre, style, and period. UD3 serves as a starting
point for validating the UPMVM. Table II, Table IV and Table VI
present the important features of all three datasets. While Table III,
Table V and Table VII explore the record samples of all datasets.

Our understanding of the metrical structure of verses is not restricted
to particular poets or periods in poetry; rather, it applies to every Urdu
Ghazal verse. The dataset utilized for model evaluation comprises
works of early Urdu poets which are done during the nineteenth
century, with particular attention on its structural components.

TABLE II. UD1 DESCRIPTION

Feature Description Measure
Dataset: UD-1

No. of meters Identified Urdu meters and its Sub meters 290

Meter Language Urdu, English 2

Size of dataset 98KB

DFA terminal state

Final state showing the acceptance of pattern

DFA states pattern

Individual meter state functions pattern stored

Example state sequence
[0 33 34 35 36 37 38 39 601 602 603...]

TABLE III. UD1 RECORD SAMPLE

Meter ID Meter EngName Meter UrduName DFA states Sequences Terminal Meter feet /Afail J<6
. . [0 33 34 35 370 372 374 384 (s s
A L G e
101 Hazeej Musamn Akhrab _AS L 385 386 387 379 380 381 382] 382 Fedr ey
Kamil Musamn Muzmar N [0 1201 202 233 234 270 271 . .
66 Salim Alakhir 22T I 272 273 274 275 276 277 278 282 F s T
279 280 281 282]
Rajez Musaman Matawa . o [033 3455565758112 113 o L e
35 Mazal Jig 114 115 116 117 598] 5% o S S
9 Mutakarib Musaman Maqsor e u‘b.,zl*& [0123456789101131] 31 B
Ramal Musaman Makhboun T [0 3359 177 178 218 219 220 S s
% Mahzof Maskin o SreE L 221 648 649 | 649 ST
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TABLE IV. UD2 DESCRIPTION

Dataset: UD-2
Feature Description Measure
No. of token Urdu token with diacritics 80k tokens
Token Language Urdu, Persian, Arabic, Sanskrit, English Languages merged
in Urdu 98KB
Size of Dataset 8.50 MB

Example state sequence

Tok-Taqti Basic A 1 li ki k i
ok-Taqti asic Arud rules applied on token to get tok_taqti [0 33 34 35 36 37 38 39 601 602 603...]
TABLE V. UD2 SAMPLE RECORD
Token ID Token Muarrab Taqti Language
45008 =l b/ bt/ g
7 3 51 3T ST =
23 &7 Sl s +ol+T 2
124 4] ks IS N ) S
178 & A G+L+T &
333 il il F+T Sz
364 el el il sl
441 ] s ekl R
476 T i FHu+T 74
1075 Bil Bl S+T Sae
64500 o) 5 3 74
TABLE VI. UD3 DESCRIPTION
Feature Description Measure
No of Verses Number of verses used for result analysis 500
Meter Language Urdu
Size of Dataset 5 KB
Verse Annotation Randomly selected Ghazal verses
No. of meters Most frequently used meters in Urdu 9
TABLE VII. UD3 SAMPLE RECORD
Vi# Verse Verse Meter Verse Afail Verse Syllable quantification
1 Yo (B S0A ST A BB A A A 1222122212221222
2 e ekie £T0FHTF S o L P ikt 21221122112222
5 b SRS ERTR R BT 12121212121221
4 AAGTLAMSET G el P e 2221212122212
5 Ltz o) AndeCir g S U Wb T 166 212221222122212

During the development of our dataset, we have observed that current
state of Urdu poetry resources is inadequate for the purpose of meter
detection and Urdu related NLP. In this context, our dataset, for meter
detection, is an initial data collection.

IV. METHODOLOGY

Identifying the Arud meter in poetry requires a sophisticated
technique of scansion. The fundamental concept underlying this
approach involves transforming the verse into a corresponding rhythm
pattern. The primary contribution of this work is the development of

an innovative method known as UPMVM, which seeks to identify
every original or variation meter found in any verse in conventional
Urdu poetry. UPMVM consists of two primary modules: the first one
is used for gathering Urdu meter data, while the second one is used
to implement algorithm for developing applications to analyze meter
detection. The rule-based approach used in our method encapsulates
the domain-specific knowledge or heuristics, guiding the system’s
behavior in processing and analyzing data. Rule-based systems are
characterized by their explicit representation of knowledge in the
form of if-then rules or logical statements.
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\

Fig. 1. UPMVM Steps.

The literature highlights the need for further research on the prosody
of Urdu poetry due to limited data resources and the absence of a standard
model for verifying written Urdu poetry verses. UPMVM comprises of
two main phases following main steps as shown in Fig. 1. First six steps
comprise phase I while remaining 10 steps make the phase II.

The first phase involves gathering metrics related to Urdu
poetry and constructing its DFA, while the second phase involves
implementing algorithms to create an application that can identify
verse meters. Each phase has its own unique set of steps. The initial
phase of meter collection and DFA construction goal is to compile
metrics and their sub-meters for Urdu poetry from published works,
quantify them and then each detected metric’s DFA is created. The
second phase of algorithmic implementation is to develop a tool by
executing algorithms for validating Urdu verse meter. Both phases
contain the number of steps shown in Fig. 1, which describes the
pictorial representation of UPMVM.

A. Phase One

Phase I of the UPMVM comprises six steps aimed at meter collection
and constructing meters DFA for pattern recognition.

Step1: Collection and Classification of Urdu Meter and its Sub-meters

This initial phase entails the comprehensive gathering of data
pertaining to Arud meter, a fundamental aspect of Urdu poetry.
The compilation process involves sourcing information from
literary works and consultations with experts [6][7][8][21][3]. A
thorough examination of available materials has resulted in the
identification of 290 meters. Each associated with its respective
units of measurement, namely feet or Afails. The classification of
meters is based on the foundational principles of feet and zeehaf.
Basic meters such as sw kamil, *3» Hazej, and #8% Mutakarib
are introduced, alongside the corresponding number of feet, such
as Musadas for six feet and Musaman for eight feet. Additionally,
meters nomenclature is established, incorporating the alignment
of zeehaf points within meters for precise identification and
categorization. A detailed presentation of meter nomenclature and
quantification is provided in Table VIII.

Step 2: Description and Analysis of Meter Contents (Afail — &)

This step involves the meticulous examination of the constituents
of each identified meter and its sub-meters. The composition of
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TABLE VIII. METER NOMENCLATURE & QUANTIFICATION

1 Mutakarib Musadas JASAS A
U B 122122122
(Left to right)
Mutakarib Musaman Aslam Magsor BEREE N
2 A .
2 Fi e 22122122121

feet is analyzed with regard to their short and long syllables. For
instance, the meter pattern o+ is dissected into its constituent
syllables (/«#.3), with a quantification of 1 2 2, denoting the
sequence of short, long, and long syllables.

Step 3: Quantification of Feet in Meters

Once the feet have been accessed, the following step is to quantify
them in meters. The quantification of each meter is represented
as a sequence of 1s and 2s. As discussed above, a short syllable is
represented by the number 1, whereas a long syllable is represented
by the number 2. There will be no alteration in feet, so there will
be no flexible syllable in Afail/feet composition. For example,
if we have a metric quantification string pattern as in Fig. 2:
1212212122 feet/Afails ¥ J & 4 we parse this £ 7.7 i
meter string into tokens in the form of afail and then quantify
them. The JFLAP [39] software was used to build individual as
well as combined DFA for all 290 meters listed in dataset UD1.

Step 4: Construct a Deterministic Finite Automaton (DFA)

A DFA is constructed for every meter that has been identified in
the preceding stages. Each DFA is used for pattern recognition of
the meters through its state sequences. Fig. 2 shows individual
meter ((L" 7 —>) Mutakarib Magboz Aslam’s DFA.

Fig. 2. Individual Meter DFA.
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Fig. 3. Combined DFA of meter Mutakarib.

Step 5: Integrate the individual DFA

The individual DFAs of all meters and sub-meters are integrated
to formulate an optimal combined pattern. Firstly, combined
DFA of all basic 20 meters with their sub-meters is created.
Lastly overall combined patterns are created for showcases of
the interconnectedness of meters and their corresponding sub-
meters. One of the basic Meter /&> Mutakarib ‘s Combined DFA
is depicted in Fig. 3.

Step 6: Development of Database and Verification Process

The database stores meter name with its feet/Afail and the series
of DFA state patterns in combined DFA with their terminal state.
The stored metric sequence will be compared with the generated
verse sequence to determine whether the entered verse is written
with the appropriate emphasis to match a specific meter.

B. Phase Two

This phase I of UPMVM comprises 11 steps, during which a variety

of procedures are utilized for implementation. This application is
designed to determine the meter of any Urdu poetry verse entered by
the user. In algorithmic representation of certain terms, we use some
symbols presented in form of the following equations:

Verse — vr= Y1, tok (1)
# Verse is collection of tokens

Tokens — tok = Y-, toktaqti (2)
# Token is collection of token-taqti words

TokenTaqti — toktaqti = Yi, le 3)
# Tokentaqti is a collection of letters

Letters — le = Y-, vo, cn (4)
# Letters is collection of vowel & consonant

Vowel — vo = {¢_cse(§eleT o} (5)
# Vowel are set of certain Urdu alphabets

Letters — cn = {~ ooz} (6)

# All remaining Urdu alphabets which are not vowels

Step 1: System Input (poetic verses)

Input a Verse (vr) into the tool without diacritic (=¢7). vr is
collection of verse tokens according to eq (1).
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Step 2: Tokenization

Split verse (vr) into tokens (tok) as shown in eq (2) using ‘space’
based split function. Algorithm 1 generates number of tokens by
applying space split function. Identified tokens are then matched
with the dataset consisting of more than 80K Urdu lexicon [34].
If a token tok is found in the database, then token with diacritics
is retrieved from UD2 dataset in UPMV application for further
actions, otherwise step 3 invokes.

Algorithm 1: Splitting Urdu Verse

Data: Array of verse splitted via split function
Result: Split Urdu verse with taqti
Split() ;
String[] Patterns = vr.Split(“ ”);
foreach String tok in Patterns do
Match tokens in the Lexicon database;
if match found then
extract toktaqti with diacritics;
else
insert missing token taqti with diacritics;
end
end
end

Step 3: Adding missing token to dictionary

Add a missing token if the token is not found in the database. A
function Inserttaqti() is called in Algorithm 2 to insert the missing
token with its taqti into UD2 dataset.

Algorithm 2: Database Insertion Function

tok search missing token;

enter token taqti \# database with diacritics;
update database;

return missing token;

Step 4: Systematic analysis of tokens

The system utilizes a series of scansion Arud rules functions to
systematically analyze all toktaqti words, identifying those that
produce audible sounds upon pronunciation. Various scansion
algorithms given below (algorithms 3-12), ie. nasalization,
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implementing diacritics such as Tashdid (), Kahrii Zer (), Dagger
Alif ('), wow (s) construction, Kasr-e-Izafat, Silent Letters (s, ¢),
Alif Madd Grafting (), and Alif Grafting ('), can be applied as
necessary on any token tok during this step.

Algorithm 3: Nasalization Procedure

Data: token le contain »

Result: toktaqti without »

if toktaqti contains 4 (Unicode U + 06BE) then
remove 4

end

if toktaqti contains o (Unicode U + 06BA) then
remove o

end

Algorithm 4: Procedure removeTashdid

Data: toktaqti le contains tashdid
Detected letter with Tashdid Result: Modified le without tashdid
if le contains U + 0651 then

repeat

Repeat the le twice with diacritic U + 0651,

until [e twice;

end

Algorithm 5: Procedure deal KahriiZer
Data: toktaqti
Result: Modified verse with Kharii Zer replaced by
if verse contains "Kharii Zer" then
Replace "Kharii Zer" with ;
end

Algorithm 6: Procedure DaggerAlif
Data: toktaqti
Result: Modified verse with Dagger Alif replaced by ! ;
if verse contains "Dagger Alif' then
Replace "Dagger Alif" with !;
end

Algorithm 7: Procedure wowConstruction
Data: tok, le
Result: Modified word with appended at the end if it is followed
by le
if tok is followed by le s then
Append at the end of the word;
end

Algorithm 8: Procedure Kasrelzafat
Data: toktaqti
Result: Modified verse with Kasrelzafat replaced by =
if verse contains Kasrelzafat then
Replace Kasrelzafat with 2 ;
end
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Algorithm 9: Procedure silentWow
Data: toktaqti

Result: Modified toktaqti with removed if it is immediately after
the letter ¢

if toktaqti contains ¢ then
Remove ;

end

Algorithm 10: Procedure silentHamza
Data: toktakti

Result: Modified toktaqti with removed if it is at the end of a
word

if toktaqti contains « at the end of a word then
Remove ¢;

end

Algorithm 11: Procedure AlifMaddGrafting
Data: input toktaqti

Result: Modified vr with vo 1 replaced with vo | under certain
conditions

if vr contains a toktaqti starting with vo then
if the last le of previous toktaqti is con then
Replace vo T with vo | in the toktaqti;
end

end

Algorithm 12: Procedure ReplacingHamza
Data: toktaqti

Result: Modified verse with Hamza « replaced by Alif if it is not
at the end of a token

if a tok in the verse contains Hamza « which is not at the end then
Replace Hamza + with Alif );

end

For example in Algorithm 3 of Nasalization, Unicode U+06BE is
detecting » while U+06BA is used for v . According to Arud rules
2, o does not make any sound and omitted from the token tok. A
Nasalization algorithms is invoked for every diacritic in the token
tok and triggered to execute appropriate procedure when specific
diacritics were applied to the tokens. When necessary, these Arud
rules were implemented to toktaqti via an if — then condition.

Step 5: Token scansion

This step extracts the entirety of token scansion (toktaqti-) values
from the step 4. After applying the Arud rule to the retrieved
toktaqti, any of the algorithms listed above may be utilized
depending on the diacritics present in the token. For toktaqti, a
number of Arud rules are implemented to the tok. The classification
of taqti words into short, flexible, and long syllables is determined
by the length of the words and the position of the vowels in these
toktaqti words as shown in Algorithm 13.
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Algorithm 13: Scantokenlength Procedure

if token.length = 1 then
Call scanOnelength();

end

else if token.length = 2 then
Call scanTwolength();

end

else if token.length = 3 then
Call scanThreelength();

end

else if token.length = 4 then
Call scanFourlength();

end

else if token.length = 5 then
Call scanFivelength();

end

The Scantokenlength function is responsible for determining the
length of each token and then calls the corresponding functions
in accordance with the length of the token. Every Scanlength
function (scanOnelength, scanTwolength, scanThreelength,
scanFourlength and scanFivelength) in Algorithm 13 is specifically
engineered to evaluate the placement of consonants and vowels
within the token and apply Arud rules mentioned in algorithms
3-12. The identification of toktaqti syllables within the token is
facilitated by this analysis.

Step 6: Taqti word differentiation

The system differentiates taqti words into short, flexible, and long
syllables, which are based on the position of the vowels and the
length of the words. Algorithm 14 used for this procedure.

Algorithm 14: Syllables Identification Procedure
all toktaqti in the vr are traversed if (con is followed by vo) then
Mark the syllable as Long;
end
if (vo not at the end of toktaqti) then
Mark the syllable as Long;
end
if (con alone in toktaqti) then
Mark the syllable as Short;
end
if (vo at the end of toktaqti) then
Mark the syllable as Flexible;
end
if (con is preceded by con) then
Mark the Sakin char as a short syllable;

end

Step 7: Taqti- token quantification
In this step taqti tokens are quantified according to the identified
syllable by calling function assigncode(). Words are differentiated
as short, long, and flexible syllables as per arud rules and quantified
as 1, 2, and, x respectively as shown in Algorithm 15.
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Algorithm 15: AssignCode Procedure

all toktaqti in the vr are traversed if (syllable is Long) then
Set weight of syllable to "2";

end

if (syllable is single Short) then
Set weight of syllable to "1";

end

if (syllable is Flexible) then
Set weight of syllable to "x" // flexible weight;

end

Step 8: Sequence generation

This step generates two sequences for flexible syllable words
by calling the function generatesequence(). The flexible syllable
is treated as ‘1’ in the first pattern row and then ‘2’ in the other
pattern. The same is repeated for each flexible syllable found in
the verse pattern.

In summary, step 8, generates all possible sequences denoted by
1 and 2, representing syllable types. The number of generated
patterns depends on the presence of ‘x’ flexible syllables. For
example, in Verse test-case 1 of Fig. 5, a sequence like [2 2 x 2 x
21122121 2 1] generates four distinct patterns by applying
Algorithm 16. These patterns are essential for understanding
the rhythmic structure and meter of Urdu poetry. The generated
sequence produces four possible patterns as

2212112212121
2212212212121

2222112212121
2222212212121

Algorithm 16: Generate All Possible Sequences

Data: Original Urdu verse
Result: Verse All possible sequences
GenerateSequence() ;
if Vr contains X;
then Check the number of X in verse length;
foreach X in Vr sequence do

interpret X with 1 ;

interpret X with 2;

Display all possible sequences;

Step 9: Matching verse pattern

This step compares the verse pattern generated in previous step
sequentially with the series of stored DFA (step 6, UD1 dataset
column # 4) by calling a matchSquence() function (see Algorithm
17).

Algorithm 17: DFA state $q_{0}$ function for MatchSequence
Input: Verse DFA states matched sequence
if next == null then

display "No meter is matched";
if next ==1then
fq1();
end
else
fq(33);
end
end
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Step10: Matching verse pattern with Afail

The system detects the exact match of the pattern with the DFA
state sequence and verifies the meter name with its Afail. In this
step, we can detect the meter name with its Afail of any entered
verse. Overall cumulative algorithm for detecting verse meter is
depicted in Algorithm 18.

Algorithm 18: Collective Urdu Poetic Verse Matching Algorithm
Input: Enter Urdu verse without diacritics
Output: Urdu Verse Matched Meter, Meter Name, Meter Feets
Entered Urdu poetic verse;
vr splits into tokens by split() // Apply Algorithm 1;
for each token in the Database do
if token found then
Scantokenlength() // Apply Algorithm 13;
else
dbinsertion() // Apply Algorithm ';
end
end
for each le in taqti-token do
apply Arud rules // (algorithms 3-12, Arud rules algo applied
where needed);
end
for each taqti-token in tokens do
callassigncode() // Apply Algorithm 15;
end
for each sequence in original sequence do
generatesequence(Patterns) // generate all possible verse pattern;
for each Pattern in Patterns do
for each state function do
matchedSequence() // Apply Algorithm 16;
end
display detected meter;
end
end

Next, the Algorithm 18 is written in pseudo code form for clarity to
increase readability.

Algorithm: Collective Urdu Poetic Verse Matching Algorithm
Input:
Urdu verse without diacritics
Output:
Matched Meter, Meter Name, Meter feet
Procedure:
1. Split the Urdu poetic verse into tokens.
2. For each token in the dataset:
a. If the token is found:
i. Apply Algorithm 13 (Scan token length).
b. Else:
i. Apply Algorithm 2 (missing token insertion).
3. For each “taqti-token" in tokens:
a. Apply Arud rules (Algorithms 3-12, and additional rules if needed).
4. For each taqti-token" in tokens:
a. Call “assign code()" (Apply Algorithm 15).
5. For each sequence in the original sequence:
a. Generate sequences ("Patterns”) for all possible verse patterns.
b. For each pattern in the generated patterns:
i. For each state function:
- Apply Algorithm 16 (Match sequence).
6. Display the detected meter.
End

V. ExAMPLE TEST CASE: VERSE STEP BY STEP
IMPLEMENTATION

After explaining the step by step working of proposed methods,
now, we run our solution for a test input to elaborate the UPMVM
process of meter identification. Through this instrument, the verse
writer can discern the metrical structure of a given verse. Looking
closely at the steps that were taken in the implementation phase, Fig. 4
gives detailed view about how the second phase of the UPMVM is put
into consideration. The second phase is explored with a verse example
and divided into five sub-phases, each of which applies several
functions to complete the specific tasks. In the second phase, 11 steps
are summed up into five sub-phases i.e. Tokenization, orthography,
syllable identification, weight assignment, and meter detection. Let
consider a sample verse as a test case 1:

Jie glasly )¢ S el

Once a verse is input to the system, the verse goes through the sub-
phases of the phase 2 of UMPVM as shown.

1. Tokenization (step 1-2)

In the first phase of pre-processing tokenization is performed as
described above. The possible tokens of the above verse are as
follows:

= | olwb sl Y Js 2l
s

J

. Orthography (step 3 - 4)
Orthography is performed on the tokenized verse. Here, the

scansion rules are applied where applicable to the identified token.
The example output is as follows:

20 = [+ ] [o |

—

EE

. Syllable Identification (Right to Left) (step 5 - 6)

The third phase transforms detected tokens into Arud tokens
by applying Arud rules, which are applicable on each identified
token. The output of syllable identification is shown below, where
4 in token 'zl is removed and, due to tashdid on z#, letter z is
counted twice. » is also removed from word (< transforming it
into us<x . The output of this phase is the Arud token which gives
the sense of short, flexible, or long syllables:

Lo ] s

a0

) Lr| c_d|da

o)

¢ |u“|‘bg|%)

Assigning weights (Left to Right) (step 7-8)

In this second to last phase of verse implementation, each Arud
token is detected as a short, long, or flexible syllable. Where the
short syllable is assigned a weight of 1, the long syllable as 2, and
the third flexible syllable as X. The example verse is assigned
weights as shown below. This pattern is further used for meter
matching.

22x2x2112212121
Meter Matching (Left to Right) (step 9 - 10)

In this last phase of implementation, where verse meter is detected
with its state function, each state function is matched to the above-
required pattern in the metric function. These state functions are
created using combined optimized

DFA state sequences of identified meters. Each state function
starts matching from state function q0, then according to the
sequence generated above that calls the corresponding state
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Fig. 4. Implementation Example of UPMVM.
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