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ABSTRACT Poetry writing is a qualitative subject and so is its analysis. Mapping of these poetic elements
onto a scale of real numbers is a lacking necessity. Albeit, Hindi literary heritage, being so huge and glorified,
there is remarkably very few computational works done exploring the underlying structures. Out of which
most of them is to detect a particular metre rather than a generalized approach. The state-of-art metadata
generator fails to provide any measures of underlying structural elements of poetry. There is no automated
system that generates rhyming pattern hidden in a poem for Hindi language or a system to detect and estimate
the extent of figure of speech in a given text of any language. In this article, to extract and evaluate elements
of poetry, three efficient tools, namely Text2Mātrā, RPaGen and FoSCal, have been designed and developed.
The Text2Mātrā tool provides the numeral scansion for any Hindi input text, which can serve as basis for
copious analytical and detection work. RPaGen detects the poem type of any input poem and outputs its
rhyming pattern. FoSCal gives a quantitative representation of detected figures of speech in any input text,
using the scoring scheme formulated using fuzzy approach and weighted analysis. These tools may find their
utility in various fields such as education, literary criticism, philology, authorship-attribution, etc. There have
been various computational activities done in the field of poetry analysis over the various languages across
the world. However, quantifying the extent of Figure of Speech in poetic compositions, in any language,
is entirely a novel approach.Mapping the aesthetic properties of a subjective idea (like poetry) onto a numeral
scale, to the best of our knowledge, is first of its kind for Hindi language.
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INDEX TERMS Figure of speech, hindi poetry, metre, rhyme, style, tool, weighted analysis, fuzzy,
alliteration, pattern.

I. INTRODUCTION20

Mammata, an eleventh-century rhetorician defines poetry as21

flawless meaningful compositions possessing certain desir-22

able qualities and adorned with aesthetic beauties so far as23

possible. Poet Vishwanath defines poetry as sentence(s) with24

aesthetic beauty. Later, a seventeenth-century savant Jagan-25

nath defines poetry as words propounding amusable mean-26

ings [7]. Although these and many other modern scholars27

differ in their idea of defining poetry, they roughly agree on28

certain elements like chanda or metre, tuka or rhyme, and29

alaṅkāra or figure of speech desirable in any poetry [7]. The30

poetic excellence in such literary pieces is highly attributed31

The associate editor coordinating the review of this manuscript and

approving it for publication was Dongxiao Yu .

to these elements. This research article is a very first attempt 32

towards mapping these agreed-upon considerable ingredients 33

of Hindi poetry onto a numerical scale to bring out its latent 34

qualities in the form of equivalent numeral value(s). 35

The regular structures contained in the intricacies ofmathe- 36

matics have been a matter of curiosity. In this respect, the dis- 37

guised structures in poems are no different frommathematical 38

structures [13], [25]. Comparative study of ideas in various 39

forms is the basic instinct of human beings. The purpose 40

of any such study, along with a few others, is to analyse 41

the virtues and vices inherent in these ideas. Expression of 42

feelings by means of poetry is probably the utmost form of 43

communication of thoughts. In this sense, the mathematical 44

and statistical study of the aesthetic aspects contained in 45

literary works, especially poems, is an important justifiable 46
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subject. The analysis of literary works is a common process.47

These analyses are broadly of two types - literary analysis48

and computational analysis. Literary analysis is subjective in49

nature, and is mainly practiced by those who have a direct50

association with literature. Whereas, computational analysis51

is objective in nature. The people involved may be related to52

literature, but they also have additional skills, through which53

they are also able to study and analyze the various indirect54

structures embedded in the poems.55

This article focuses on the automation of various elements56

of Hindi poetry namely, metre or chanda, rhyme or tuka,57

and figure of speech or alaṅkāra. A well-ordered and pre-58

determined miscellany of morae or syllables is referred to59

as chanda or metre. Mātrika and varṅika are the two most60

common forms of metres. The chanda, which is determined61

by the ordering and positioning of morae and syllables, is one62

of the emphases of this article, which can be used as one of63

the ways to get a numerical equivalent of a given text. For a64

seamless analysis of the mathematical structures underlying65

the words of the poetry, an equivalent numerical conversion66

of the words is required. Any Hindi poem’s original text67

form can alternatively be understood as a series of numeri-68

cal values 1 and 2. Such a metamorphosis is governed by a69

collection of well-defined rules spread throughout numerous70

literatures concerning the laws of Hindi poetry, rather than71

being a one-to-one function [7], [11], [19]. Moving on to72

the next element, rhyme appears to be an undeclared but73

important feature of contemporary poetry. Rhyming in a74

poem is determined by a number of aspects, including the75

position of the rhyming lines in the poem, as well as the words76

inside the lines. These aspects made the automation process77

of rhyme pattern generation a non-trivial task. Alaṅkāra,78

or figure of speech (FoS), is a Hindi ornamentation that is79

utilised to improve the elegance and influence of any poetry80

text. It adds ingenuity to any phrase bymaking it obscure. The81

use of rhetorical components enhances aesthetic beauty in82

poetry. Ornate compositions especially impress the listeners.83

Its correct use is also considered a sign of intelligence. FoS in84

Hindi is huge and only a part (alliteration) of it is embraced85

in this article. These elements are explained in detail in the86

following sections.87

Hindi is the third most spoken language in the world, yet88

its literary compositions are very less explored computation-89

ally [9], [33]. There are some computational works done in90

modern Hindi [21], [24] but very few in ancient Hindi poetry91

[5], [12], [15], [16], [17]. Kushwah and Joshi [12] proposed92

an algorithm for automatic detection of rola chanda, but93

their detection approach is confined to instants count, ignor-94

ing the other important elements of poetry (mood, rhyme,95

figure of speech). In a further work, Joshi and Kushwah96

[5] proposed the automatic detection algorithm for caupāı̄97

chanda. Audichya and Saini [15] discusses a technique for98

automatic metadata generation for Hindi poetry. Impressive99

work is done by Audichya and Saini [17] in the taxonomic100

listing of Hindi figures of speech, but insouciant work done101

in automating it, and in a very similar fashion [16] explained102

the chanda rules in Hindi poetic composition. The aspects 103

of poetry stated above are not exhaustive. It varies greatly 104

from language to language, which implies that algorithms 105

designed for poetry analysis in one language more often may 106

not be equally applicable to another. In contrast to Hindi, 107

a significant amount of work has been done in computing 108

poetic elements of other languages, such as metre detection 109

and classification of Arabic [1], [4], [18] and Persian poetry 110

[28], a study of metre as a stylistic feature in Latin poetry 111

[6], an expert system for harmony test of Arabic poetry [3], 112

a statistical evaluation of Chinese Tang [2], [32] and English 113

[10] poetry, an emotion based classification for Marathi [26], 114

Punjabi [8], and Arabic [20] poetry, a study of rhythm of 115

Tibetan poetry [14]. One of the surprises of this study is that 116

none of the above languages has a computational system or 117

tool that recognises and quantifies figure of speech, a very 118

important component of poetry, which is one of the novelties 119

of this article. 120

From the literature reviwed, it is to note that, we do not 121

yet have any automated tool to detect the nature of rhymes 122

contained in Hindi poetry. It is clear that numerical transfor- 123

mation of text is desirable when analysis comes into picture. 124

One such text to numerical converter is a part of metadata 125

generator given byAudichya and Saini [15], but an insouciant 126

work done in automating it and lacking to provide an algo- 127

rithm or a caliber result set. Acting upon the identified gap we 128

created tool that can generate rhyme pattern(s) hidden in an 129

input poem and a tool which outputs a sequence of 1s and 2s 130

tantamount to the input text. The use of rhetorical components 131

enhances aesthetic beauty in poetry. Ornate compositions 132

especially impress the listeners. Its correct use is also consid- 133

ered a sign of intelligence. Comparison of the aesthetic beauty 134

generated by ornamentation in two or more compositions is 135

absolutely expected. Such comparisons do happen in literary 136

analysis, but these comparisons are subjective. Therefore, 137

there is room for ambiguity in these analyses. However, this 138

skeptical situation can be avoided if the method of analysis 139

is made objective rather than subjective. There is no tool 140

or any automated system to the best of authors knowledge 141

that estimates the measure of aesthetic components of any 142

input Hindi text that can provide solution to the aforestated 143

problem. 144

In this article we propose a toolset that is probably the 145

most rigorous computational research done to the present in 146

the area of interest. Three efficient tools are offered, namely 147

Text2Mātrā, RPaGen and FoSCal. The Text2Mātrā tool pro- 148

vides the numeral scansion for any input text, which can 149

serve as the basis for copious analytical and detection (for 150

example, to detect chanda type, to detect rhythm pattern, 151

verifying metrical correctness of a given verse, etc.) work. 152

In the current context, RPaGen is the first of its kind, it detects 153

the poem type of any input poem and outputs its rhyming 154

pattern. FoSCal is a tool in a class by itself that estimates 155

the extent of aesthetic components (alliteration) of any input 156

text. The proposed toolset (Text2Mātrā, RPaGen and FoSCal) 157

covers the gaps identified. 158
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The major contributions of the proposed work are:159

• A Hindi poetry can be computationally analysed for the160

various agreed upon elements of poetry. With respect to161

the first two elements chanda and rhyme we created a162

detection and pattern generating tools (Text2Mātrā and163

RPaGen) that can help do the automated computational164

analysis of any poetic piece.165

• Using weighted analysis and fuzzy technique we for-166

mulated a scoring scheme for the next element, that167

is, figure of speech (alliteration). This scoring scheme168

serves as key to the creation of tool (FoSCal) that gives169

the quantitative estimation of the extent of aesthetic170

components in any given input text.171

The proposed toolset may help to spotlight the rich Indian172

literary heritage and can act as an attestation of the vast,173

highly-structured literary history of the nation. Philologists174

may find its application in pursuing the study of literary175

texts in order to establish their authenticity and their original176

form, and determination of their meaning. Poems are an177

ocean of emotions expressed in very few words that leave178

anyone affected. Learning poems will help to grow intellect179

and creativity. Poetry is a healthy way to let out the surging180

emotions in a growing teen. It helps any learning child to181

understand the impact of words. Owing to it, this work may182

find its utility in the field of education and even intended poets183

or lyricists may find these tools equally helpful. Apart from184

the educational aspect, these tools are highly serviceable to185

the community of literary critic. It not only helps them to186

strengthen their observations but also helps them to create187

one.188

This article has been organized in the following order.189

Section 2 provides an introduction to Hindi-alphabet and ele-190

ments of Hindi-Poetry. Algorithms along with their method-191

ology followed by their utility are discussed in section 3.192

Section 4 talks over implementation and detailed result dis-193

cussion. Finally, conclusions and future work are put in194

section 5.195

II. A BRIEF INTRODUCTION TO THE HINDI ALPHABET196

AND ELEMENTS OF HINDI POETRY197

A. INTRODUCTION TO HINDI ALPHABET198

Hindi-Alphabet is defined as a well-organized set of aks.ara199

(letter). An aks.ara is a root sound that cannot be broken200

anymore and can be pronounced by one effort of voice.201

Akṡara can be of two types, svara (vowels) and vyañjana202

(consonants). There is a total of eleven svara and thirty-203

three basic vyañjana in the Hindi-Alphabet (see Table 1)204

[27], [31].205

Svara are aks.ara that can be pronounced independently206

whereas vyañjana can be pronounced only with the help of207

svara. Svara can be further categorized as hrsva (short vowel)208

and dı̄rgha (long vowel) depending on the time required to209

pronounce them.Dı̄rgha svara requires twice the time needed210

to pronounce a hrsva svara [29].211

TABLE 1. Hindi-Alphabet.

B. BASIC TERMINOLOGIES 212

There are some basic terminologies that one must know 213

before they dive into chandas. 214

1) SYLLABLE 215

A consonant along with a vowel or a vowel alone is consid- 216

ered as one syllable. Depending on the vowel (long or short) 217

type a syllable can be long (guru) or short (laghu). 218

2) LAGHU OR SHORT SYLLABLE 219

A short vowel ( [a], [i], [u] or [r. ]) with or without 220

consonant is called a short syllable or laghu. To represent 221

laghu, in the scansion and metrical analysis, a numerical 222

symbol 1 is used. For example, [ha], [hi] etc. are laghu. 223

3) GURU OR LONG SYLLABLE 224

A long vowel ( [ā], [ı̄], [ū], [e], [ai], [o], 225

[au]) with or without consonant is called a long syllable or 226

guru. To represent guru, in the scansion andmetrical analysis, 227

a numerical symbol 2 is used. For example, [hı̄], [hai], 228

etc. belong to guru. 229

4) MĀTRĀ OR MORA OR METRICAL UNIT 230

It is a unit of metrical quantity. It represents the time required 231

to utter a short vowel. Time required by a short vowel 232

is one mora and time required by a long vowel is two 233

morae [11], [29]. 234

The terms discussed above are required for the understand- 235

ing of a set of rules discussed in section 3(A), which is used 236

for the creation of Algorithm 1. 237
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Algorithm 1 Text_to_mātrā_converter (line)
Input: a line of text in Hindi
Output: a corresponding list of numerals 1s
and 2s
1: numerals← empty_list
2: for i← 0, length(line) – 1 do
3: for j← 0, length(word[i]) – 1 do
4: if word[i][j] in vyanjan or independent_hrsvaSwar

then
numerals · addToList(1)

5: end if
6: if word[i][j] in laghu then
7: continue
8: end if
9: if word[i][j] in guru or word[i][j] is ’,’ then

numerals · removeElement
numerals · addToList(2)

10: end if
11: if word[i][j] in independent_dirghaSwar then

numerals · addToList(2)
12: end if
13: end for
14: end for
15: return numerals

C. ELEMENTS OF POETRY238

The emergence of poetry in the human development saga239

is the result of human being continuously cultivating and240

becoming deeper and deeper and more organized in the241

course of communication. Scholars have defined poetry as242

the verbal means of conveying emotion, which in the context243

of the human intellect, expresses human feelings in a factual244

manner [29]. A flat presentation of facts provides ease, but245

such simplicity is often at the cost of the sensibility and aes-246

thetic beauty of the composition. In this sense, the expression247

of the feelings of the heart in beautiful, accurate and effective248

words is called poetry. The elements mood or rasa, metre or249

chanda, figure of speech or alaṅkāra, and rhyme or tuka are250

considered integral parts of poetry (Fig. 1) [7], [23].251

FIGURE 1. Elements of Hindi poetry.

The present article is an attempt towards the design and252

development of automation tools for analyzing three ele-253

ments of Hindi poetry. These tools provide a way to identify254

and extract features (apparent or non-apparent) from among 255

elements that, in some form, are crucial to approximate a 256

subjective idea (such as poetry) into an objective form (such 257

as number(s)). The basics needed to understand the current 258

context is discussed below: 259

1) CHANDA OR METRE 260

In Sanskrit and languages (such as Hindi) derived from 261

Sanskrit, chanda refers to poetic compositions with a 262

well-ordered and predefined miscellany of morae or 263

syllables. Metres are chiefly of two types, namely, mātrika 264

and varṅika. 265

A mātrika metre is characterized by having a fixed morae 266

count per metrical line, whereas, a varṅika metre is charac- 267

terized by the count and positions of syllables in each of its 268

metrical lines [11], [29]. 269

2) TUKĀNTATĀ OR RHYMING 270

It would be surprising to know that at the beginning of such 271

a long history of chanda based poetry, there was no accepted 272

practice of rhyme but over a period it became inseparable. 273

Lack of rhyme in singable compositions imply non-elegance 274

and is often perceived as a hindrance to its production. 275

The presence of rhyme is definitely visible in the compo- 276

sitions of old or ancient Hindi, from where it spontaneously 277

came into the compositions of modern Hindi. At the same 278

time, we also accept that in modern times, many free verse 279

compositions are often free from rhyme. But such composi- 280

tions are certainly not lyrical. 281

Details concerning the design of algorithm (Algorithm 2) 282

to generate rhyme pattern(s) for any input poem is discussed 283

in section 3(B). 284

3) ALAṄKĀRA OR FIGURE OF SPEECH 285

In Hindi, adornment that is used to enhance the elegance of 286

any poetic composition and makes it influential is alaṅkāra 287

or figure of speech (FoS). It makes any expression abstruse 288

and brings ingenuity to it. 289

Concepts needed for the understanding of scoring scheme 290

which is used for designing Algorithm 3 (section 3(C)) are 291

stated below. 292

Alaṅkāra in Hindi can be broadly classified as 293

arthālalaṅkāra, śabdālaṅkāra and ubhayalaṅkāra. Śab- 294

dalaṅkāra can be further categorized as character-oriented 295

(varṅa mūlaka) and word-oriented (śabda mūlaka). The 296

first FoS tool for Hindi language, proposed in this arti- 297

cle, covers character-oriented śabdālaṅkāra or alliteration, 298

which is further categorized into four types: chekānuprāsa, 299

vr. ttyanuprāsa, śrutyanuprāsa and antyānuprāsa (see Fig. 2). 300

a: Chekānuprāsa 301

If a group of consonants is repeated once in both form 302

and sequence then Chekānuprāsa is present. For example, 303

, [bāla belı̄ sūkhı̄ 304

sukhada, ihi rūkhe rukha ghāma] 305
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FIGURE 2. Alaṅkāra: Types and Subtypes.

Here , in , , in , and , in306

have single repetition where order and form are307

maintained, so chekānuprāsa is present.308

b: Vr. ttyanuprāsa309

If one consonant is repeated once or several times; a group310

of consonants repeated once or several times in the form; a311

group of consonants repeated several times in both form and312

sequence then Vr. ttyanuprāsa is present.313

The above definition can be simplified into five cases:314

Case 1: One consonant is repeated once. For example,315

[ugharahim. b ilāma316

bilocana hı̄ ke]317

Here, is repeated once.318

Case 2: One consonant is repeated multiple times. For319

example,320

[sabahi sulabha saba321

dina saba desā]322

Here, is repeated multiple times.323

Case 3: A group of consonants is repeated once in the form.324

For Example,325

[rāsa saritā kaba326

baka avagāhahim. ]327

Here, ‘ ’ and ‘ ’ have single repetition328

but the sequence in group of consonants is not main-329

tained.330

Case 4: A group of consonants is repeated multiple times in331

the form. For example,332

333

[usa pramada ke alakadāma se mādaka surabhi334

nikalatı̄]335

Here, ‘ ’, is a group of consonants336

repeated multiple times in the form but without337

order.338

Case 5: A group of consonants is repeated multiple times in339

the form and sequence.340

For example,341

[sva kākalı̄ ko342

kalakan. ha kokilā]343

Here, ‘ ’ is a group of consonants repeated 344

multiple times in the form and with sequence. 345

If any of the five cases is established in a poem then 346

Vr. ttyanuprāsa is present [7]. 347

c: Śrutyanuprāsa 348

If sounds belonging to specific articulation point(s) dominate 349

then Śrutyanuprāsa is present. For example, 350

[tulası̄d- 351

āsa sı̄data nisi dina dekhata tumhārı̄ nit.hurāı̄] 352

In this line, letters belonging to the dental class, 353

in sequence, are , 354

which make 16 out of total 23 letters, that is, 69.56 percent 355

of letters belong to the dental class. So, it is fair to say letters 356

from the dental class dominate and hence śrutyanuprāsa is 357

present [23]. 358

d: Antyānuprāsa 359

The presence of rhyme, to any extent, is realized by 360

antyānuprāsa in the corresponding piece of literature. For 361

example, 362

[taim. rahı̄ma 363

mana āpuno, kı̄nom. cāru cakora] 364

[nisi bāsara 365

lāgo rahai, kr. s.n. acandra kı̄ ora] 366

Here, and form rhyming between the two lines 367

and so we can say antyānuprāsa is present. 368

III. ALGORITHMS AND METHODOLOGY 369

This section contains the various algorithms designed by 370

referring to the rules specified across a number of sources 371

along with their methodology. This discussion is followed by 372

the utility of the proposed tools. 373

The asymptotic computational complexities, in terms of 374

space and time, of the tools are discussed just below the 375

algorithm specifications of the respective tools. 376

A. CONVERTING A HINDI METRICAL LINE INTO 377

EQUIVALENT NUMERICAL SCANSION 378

Algorithm Text_to_mātrā_converter converts a given line of 379

Hindi text into an equivalent sequence of 1s and 2s. It assigns 380

1s and 2s for all laghus and gurus respectively except for a 381

few special cases where a laghu is assigned a weight of 2. 382

These special cases are [11], [29]- 383

1. If a vowel is followed by an anusvāra. For example, 384

in the word [kaṅka] the syllable [kaṅ] hasmātrā 385

value 2. 386

2. If a vowel is followed by a visarga. For example, 387

[tah. ] in the word [atah. ] has mātrā value 2. 388

3. If a vowel is followed by a conjunct consonant. For 389

example, [ba] in the word [bandha] is to be 390

considered long, since it is followed by the conjunct 391

[ndha]. 392
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Algorithm 1 converts the given input line into correseponding393

list of numerals, numerals. Here vyanjan is a list of all conso-394

nant sounds of Hindi Alphabet, laghu is a list of all short vow-395

els, guru is a list of all long vowels, independent_hrsvaSwar396

is a list of all hrsav svara and independent_dirghaSwar is a397

list of all dı̄rgha svara. addToList() is a function that inserts398

the given item into the list. removeElement() is a function that399

pops out element from the list.400

Referring to Algorithm 1, for a given input401

‘ ’ [dukha mem. sumirana saba kare],402

the corresponding output will be [1 1 2 1 1 1 1 1 1 1 2].403

The algorithm Text_to_mātrā_converter (line) takes a line404

of text as input. Letm and k denote the length of line (in terms405

of word count) and the maximum length of a word in that line406

respectively. Line number 1 is a declaration statement. Line407

number 2 is the beginning of a for loop, that executesm times.408

Line numer 3 is an inner for loop having frequency count k .409

All the lines in the algorithm from line 4 to 11 are statements410

that requires constant time. Line 15 is a constant time return411

statement. Thus the overall time required by the algorithm is412

majorly determined by the time elapsed in the nested loop,413

which is m · k , resulting in O(m · k) time complexity.414

For all practical purposes the variables m and k may be415

treated as constants rather as variables.416

B. DETERMINING THE RHYMING QUALITY IN HINDI417

POETRY418

In poetry, metrical or non-metrical, the end of their lines419

should also be according to the rules. Rhymes are defined420

to be of three types, namely, best, medium, and worst (see421

Table 2) [29]. The rhyming type is defined as not-present422

if none of the preceding types meet. Depending upon the423

sequencing of lines contributing to rhyming, a poem can be424

of multiple types. The proposed algorithm detects the rhyme425

pattern in a given input poem. The heterogeneity in poem426

structure makes this algorithm a non-trivial one.427

Rhyme is typically checked on the last words of concerned428

poetic lines. If the last words happen to be the same, we pro-429

ceed with the second last words and so on until we get a non-430

identical word pair.We have categorized the rhyme pattern on431

the line level into three classes, namely, RP1 (Rhyme Pattern432

1), RP2 and RP3. If the last word of both lines is different,433

they fall in class RP1. In case, the last words are identical434

but the second last words are not, then they fall in class RP2,435

else they fall in class RP3. To supplement this discussion,436

in Table 3, rhyme-making words (or phrases) are underlined437

for clarity.438

As mentioned earlier in this section, based upon length of439

each stanza and/ or position of lines participating in making440

rhymes, poetry can be of numerous types. In this section,441

we have proposed an algorithm Rhyme_pattern_generator to442

recognize the three most common poem types named PT1443

(Poem Type 1), PT2 and PT3. Rest of the poem types will444

fall under unknown type.445

TABLE 2. Example of rhyming words (different categories).

TABLE 3. Examples of different rhyme patterns.

• Poem Type 1: Poems in which rhyme is expected within 446

each consecutive pair of lines (couplets) come under 447

this type. If there are n lines in a poem then rhyme is 448

expected between line 1 & line 2, line 3 & line 4, line 449

5 & line 6, . . . , and line n-1 & line n. Dohā, Caupāı̄, 450

Bhujam. gaprayāta are some of the common metre-based 451

poem types that fall under this class. Here, the number 452

of lines in the poem should be a multiple of two. 453

• Poem Type 2: Poems in which rhyme is expected 454

between even lines of each quadruplet come under this 455

type. If there are n lines in a poem then rhyme is expected 456
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FIGURE 3. Overview of rhyme pattern extraction.

between line 2& line 4, line 6& line 8, . . . , and line n-2457

& line n. Here, the number of lines in the poem must be458

a multiple of four.459

• Poem Type 3: In this type, given a poem of length n,460

rhyme is expected between lines 1&2, followed by lines461

2& 4, lines 2& 6 up to lines 2& n. Here, the number of462

lines must be more than four and a multiple of two.463

Altogether, given a poem as input, first its type (PT1, PT2,464

PT3 or unknown) gets checked. Once we get the poem type,465

we check the rhyme pattern (RP1, RP2 or RP3) on the desired466

lines. Based on the rhyme pattern, it yields the words on467

which rhyme will be checked and classified as best, medium,468

worst or not present (Fig. 3).469

Algorithm 2 takes poem as input and returns rhyme470

pattern(s) of the poem. It checks the poem type and471

invokes functions (checkPT1(lines), checkPT2(lines) and472

checkPT3(lines)) to extract rhyme out of it accordingly. Algo-473

rithm for the invoked functions is presented as Algorithm 2.2,474

2.3 and 2.4. Here, getRhyme(line1, line2) is a function that475

returns the rhyme class. randomCheck(poem) is a function476

that checks the poem type on the randomly picked lines of477

the given poem.478

To simplify, Algorithm 2 checks poem type and accord-479

ingly calls one among Algorithm 2.2, 2.3 and 2.4, which in480

turn calls Algorithm 2.1.481

Algorithm 2.1 checks the rhyme pattern on the line level482

and the rhyme class for the input lines (line1, line2). Here,483

getRP() is a function that returns the rhyme pattern type,484

getLastWord() is a function that returns the word from the485

end of line on which rhyme will be checked and syllabifier()486

is a function that returns the list of syllables of a word.487

Algorithm 2.2 returns the rhyming pattern for the input488

poem (lines) according to PT1. It calls checkRhyme(), Algo-489

rithm 2. 1, to get the rhyme pattern on the line level.490

Algorithm 2 Rhyme_pattern_generator (poem)
Input: Poem
Output: Rhyme pattern(s) of the input
poem
1: lines← list_of_lines(poem)
2: n← total_lines(poem)
3: if n % 2 == 0 then x ← checkRhyme(lines[0],
lines[1])
y← checkRhyme(lines[2], lines[3])
z← checkRhyme(lines[1], lines[3])
p← checkRhyme(lines[0], lines[3])

4: if x then
5: if y = 0 and p then

decision← 3
6: else if y then decision← 1
7: else decision← randomCheck(lines)
8: end if
9: else if z and n %4==0 then decision← 2

10: else decision← randomCheck(lines)
11: end if
12: ifdecision == 1 then checkPT1(lines)
13: else if decision == 2 then checkPT2(lines)
14: else ifdecision == 3 then checkPT3(lines)
15: else return ’’UnknownType’’
16: end if
17: return ’’InvalidInput’’

Algorithm 2.1 checkRhyme(line1, line2)
Input: lines on which rhyming is to check
Output: Rhyming pattern and rhyme class for the input
lines
1: RP← getRP (line1, line2)
2: word1← syllabifier(getLastWord(line1, RP))
3: word2← syllabifier(getLastWord(line2, RP))
4: for i← 0, min(3, length(word1), length( word2)) do

syll1← word1[length(word1) −i]
syll2← word2[length(word2) −i]

5: if syll1 == syll2 then
score← score + 2

6: else if syll1 and syll2 have same vowel then
score← score + 1

7: end if
8: end for
9: if score > 4 then

return[RP, ‘Best’]
10: else if score < 4 and score > 2 then

return[RP, ‘Medium’]
11: else if score < 2 and score > 0 then

return[RP, ‘Worst’]
12: else

return[RP, ‘NotPresent’]

Algorithm 2.3 returns the rhyming pattern for the input 491

poem (lines) according to PT2. 492
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Algorithm 2.2 checkPT1(lines)
Input: set of lines
Output: returns the rhyming sequence according to poem
pattern 1
1: for i← 0, length(lines) − 1, by 2 do

x ← checkRhyme(line[i], line[i+ 1])
addToList · result(x)

2: end for
3: return result

Algorithm 2.3 checkPT2(lines)
Input: set of lines
Output: returns the rhyming sequence according to poem
pattern 2
1: for i← 0, length(lines) − 1, by 4 do

x ← checkRhyme(line[i+ 1], line[i+ 3])
addToList · result(x)

2: end for
3: return result

Algorithm 2.4 checkPT3(lines)
Input: set of lines
Output: returns the rhyming sequence according to poem
pattern 3
1: x ← checkRhyme(lines[0], lines[1])
2: y← checkRhyme(lines[0], lines[3])
3: addToList · result(x)
4: addToList · result(y)
5: for i← 3, length(lines) − 1, by 2 do

x ← checkRhyme(line[i], line[i+ 2])
addToList · result(x)

6: end for
7: return result

Algorithm 2.4 returns the rhyming pattern for the input493

poem (lines) according to PT3.494

The procedure of extraction of rhyme pattern for a given495

input poem is depicted in Fig. 4.496

The sub-algorithm checkRhyme(line1, line2) takes a pair497

of lines as input. Line 1 is a call to constant time function498

getRP(line1, line2). Lines 2 and 3 call the O(k) time com-499

plexity function syllabifier(word). The for loop in line 4 runs500

for constant time (maximum 3 iteration). All of the remain-501

ing operations require constant time resulting in O(k) over-502

all complexity. The sub-algorithm checkPT1(lines) receives503

input consisting of l number of lines. The for loop at line 1504

runs for (l/2) + 1 times wherein checkRhyme(line1, line2)505

is invoked. Remaining all operations here have constant506

computational times resulting in O(l · k) time complex-507

ity for sub-algorithm checkPT1(lines). Following the sim-508

ilar observations, the sub-algorithms checkPT2(lines) and509

checkPT3(lines) result in O(l · k) time complexity.510

The algotithm Rhyme_pattern_generator (poem) takes the 511

entire poem as its input. Lines 1 and 2 are constant time 512

assignment operations. The conditional statement at line 513

3 requires constant time and the assignment operations to 514

variable x, y, z and p invoke checkRhyme(line1, line2) seri- 515

ally, requiring O(k · l) time by each assignment operation. 516

All computation operations from line 4 to 11 require con- 517

stant times. Line 12 invokes checkPT1(lines), line 13 invokes 518

checkPT2(lines) and line 14 invokes checkPT3(lines) and 519

each of them have O(k · l) time complexity. Remaining 520

operations require constant time, resulting in overall O(k · l) 521

complexity for Rhyme_pattern_generator (poem). 522

C. DETERMINING PRESENCE AND EXTENT OF 523

RHETORICAL ELEMENTS IN HINDI POETRY 524

Figures of Speech (alaṅkāra) make significant contribution to 525

the art of poetics and are recognized as a prominent element 526

of poetry. The presence of rhetorical elements very often 527

gets reflected in the enhanced suaveness of poetic composi- 528

tions. Measuring the extent of such elegance is an important 529

idea as literary compositions with a significant presence of 530

rhetorical elements tend to enthral their receiver. Mapping 531

this subjective property onto a numeral scale may help in 532

performing comparative analyses of such literary pieces. The 533

proposed tool provides a quantitative measure of the presence 534

and extent of rhetorical elements in any text, giving a score 535

ranging from zero to one, where zero and one correspond to 536

lowest and highest score respectively. 537

The tool focuses on alliteration, a type of alaṅkāra that is 538

based on the repetition of one or more aks.ara. Alliteration 539

can be of four types (discussed in section 2); the score is 540

calculated for each type independently and then fused to get 541

the final score for the entire poem. Scoring methodology, pro- 542

pounded by authors of this article, for each type is discussed 543

below. 544

Antyānuprāsa is present in the text if rhyming is present. 545

The algorithm for generating a rhyme pattern for a given 546

poem is discussed in section 3(B). Rhyming can be best, 547

medium,worst or not present. It is obvious that the best rhyme 548

in any poem will be more captivating than one with inferior 549

rhyme (medium, worst or not present). So, the best rhyme is 550

scored 1, which is the highest scoring value and not present 551

is scored 0, which is the lowest scoring value. Medium and 552

worst types are scored 2/3 and 1/3 respectively. This assignment 553

is justified by the fact that these weights are equidistant on the 554

number scale with extreme values zero and one (see Fig. 5). 555

Sounds in Hindi are classified into six classes based on 556

their place of articulation (see Table 4). Śrutyanuprāsa is 557

realizedwhen sounds belonging to specific articulation points 558

dominate. The majority implies dominance, but in some 559

cases, even non-majoritarian may dominate. Based on con- 560

text, function checkShrutya(text,d) is supplied with a suit- 561

able value for dominance (i.e., d). Recommended dominance 562

value is forty percent or above. 563

For a particular d value setting (say forty percent), the 564

presence of śrutyanuprāsa may be acknowledged by the 565
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FIGURE 4. Flow diagram for Rhyme_pattern_generator.

TABLE 4. Hindi-alphabet based on place of articulation.

FIGURE 5. Weight assignment for different rhyme types.

score value 1 if calculated dominance exceeds 0.4, and zero566

otherwise. However, from a practical viewpoint, it is unfair567

to assign a score of zero for the case where calculated dom-568

inance is slightly lower than the required threshold. Hence,569

scoring for śrutyanuprāsa is not crisp but a fuzzy problem and570

for the same reason, the right degenerate trapezoidal function571

(Fig. 6) is used to score the presence of śrutyanuprāsa in any572

input text.573

FIGURE 6. Right degenerate trapezoidal function.

Let a and d represent x coordinates of membership func- 574

tion µ. Then, 575
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Right degenerate Trapezoidal (x; a, d ) = 0 if x < a;576

= (x - a)/(d - a ) if a ≤ x ≤ d ;577

= 1 if x> d;578

µ(x) = max(min(x − a/d − a, 1), 0) (1)579

The µ(x) value calculated using (1) yields the desired580

ŚrutyanuprāsaScore (śScore)581

Here, d is the point of dominance set by the user and a is the582

lower bound calculated by assuming the uniform distribution583

of sounds across all the available classes.584

a = 1/number of place of articulation classes585

a = ceil( 1/6 ) = 0.17586

Vr. ttyanuprāsa is yet another prominent alaṅkāra type, and587

is further classified into five different subtypes (refer section588

2); chekānuprāsa is one of these five subtypes. Scoring589

methodology for vr. ttyanuprāsa and chekānuprāsa goes as590

follows [7]:591

Let,592

n1 = no. of words where first or last593

consonant have multiple repetition594

n2 = no. of words where first or last595

consonant have single repetition596

n3 = no. of words where group of consonants597

have multiple repetition598

n4 = no. of words where group of consonants599

have single repetition600

n5 = no. of words where ordered group of601

consonants has multiple repetition602

n6 = no. of words where ordered group of603

consonants have single repetition604

tw = no. of words in the input text605

Then,606

Si = ni/tw, where 1 ≤ i ≤ 5607

vr.ttyanuprāsaScore (vScore) = max{Si}608

chekānuprāsaScore(cScore) = n6/tw609

antyānuprāsaScore(aScore) ∈ {0, 1/3, 2/3, 1}610

Total figure of speech score for the poem is:611

alaṅkāraScore (alScore)612

= [((śScore+ vScore+ cScore)/3)+ aScore]/2 (2)613

The final alaṅkāra score for the input poem is given using (2).614

Algorithm 3 gives the alaṅkāra score (poemScore) of any615

input text ( poem). The algorithm invokes various functions616

where,multiOdrdered(line) is a function that returns two lists,617

first is the list of words having group of vyañjana with mup-618

tiple repetition and second is the list of words having group619

of vyañjana with only one repetition. And order of vyañjana620

is maintained in both cases. unordered(line) is a function that621

returns two lists, first is the list of words having a group of622

Algorithm 3 Alaṅkāra_score(poem)
Input: Poem
Output: alaṅkāra score of the input
poem
1: for i← 0, no_of_lines(poem) − 1 do

totalWords← total_Words(line[i])
tempResult← multiOrdered(line[i])

2: if tempResult[0] 6= empty then
S5← length(tempResult[0])/totalWords

3: end if
4: if tempResult[1] 6= empty then

chekānuprāsaScore
← length(tempResult[1])/totalWords

5: end if
tempResult← unordered(line[i])

6: if tempResult[0] 6= empty then
S4← length(tempResult[0])/totalWords

7: end if
8: if tempResult[1] 6= empty then

S3← length(tempResult[1])/totalWords
9: end if tempResult← firstLast(line[i])

10: if tempResult[0] 6= empty then
S2← length(tempResult[0])/totalWords

11: end if
12: if tempResult[1] 6= empty then

S1← length(tempResult[1])/totalWords
13: end if

vr.ttyanuprāsaScore← max(S1, S2, S3, S4, S5)
tempResult← checkShrutya(line[i])
a← totalVyanjan ∗ 0.4
b← totalVyanjan ∗ 0.17
śrutyanuprāsaScore ← max(min(((tempResult –

a)/(b− a)), 1), 0)
totalScore ← (chekānuprāsaScore +

vr.ttyanuprāsaScore + śrutyanuprāsaScore)/3
add · result(totalScore)

14: end for
15: tempResult← Rhyme_pattern_generator(poem)
16: for i, tempResult[1] do
17: if i == ’Best’ then

score[i]← 1
18: else if i == ’Medium’ then

score[i]← 2/3
19: else if i == ’Worst’ then

score[i]← 1/3
20: else

score[i]← 0
21: end if
22: end for
23: antyānuprāsa← sum(score)/length(Score)
24: poemScore ← ((sum(result)/length(poem)) +

antyānuprāsa)/2
25: return poemScore
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vyañjana with multiple repetitions and second is the list of623

words having a group of vyañjana with only one repetition.624

firstLast(line) is a function that returns two lists. First list con-625

tains words that have the first or last vyañjana repeated more626

than once and the second list contains words that have the first627

or last vyañjana repeated only once. checkShrutya(text,d) is628

a function that takes text and dominance value as parameter629

and returns the highest number of consonants belonging to630

one of the six points of the articulation class.631

The algotithm Alaṅkāra_score(poem) takes an entire poem632

as input. The loop at line 1 runs for l (the count of lines633

in input poem) times. The assignement inside the loop to634

the variable totalWords requires constant time, whereas the635

assignment to tempResult is a call to O(m) time function,636

multiOredered(line[i]). Lines from 2 to 5 are constant time637

statements. tempResult assignment in line 5 is a call to O(m)638

time function, unoredered(line[i]). All the statements from639

line 6 to 9 require constant time. The assignment operation640

in line 9 invokes the function firstLast(line[i]) and its timing641

requirement is constant. Lines 10 to 14 are statements that642

require constant time. Rhyme_pattern_generator (poem) is643

invoked at line 15 and as analysed earlier the time com-644

plexity of this function evaluates to O(k · l). Line 16 is645

the beginning of an another loop that runs for maximum646

l/2 times. Lines 17 to 25 are all statements with constant647

time. Thus, the overall time complexity of the algorithm648

Alaṅkāra_score(poem) is maximum{O(l · m), O(k · l)}.649

The process of alaṅkāra score calculation for a given input650

poem is depicted in Fig. 7.651

A discussion on the utility of the proposed tools:652

• Algorithm 1 converts a given text into equivalent653

numeral scansion consisting of values 1s and 2s only;654

thereby opening scope for quantitative analysis of qual-655

itative data.656

• Poems employ aesthetic and rhythmic elements of lan-657

guage, such as phonesthetics, sound symbolism, and658

metre, to evoke meanings in addition to, or instead of,659

a mundane apparent meaning. In the process of making660

the poem, technicality or the rhythm can be missed, the661

above algorithms can help to detect the flaw, if any, in the662

poem.663

• The numeral scansion produced by algorithm 1,664

rhyming pattern by algorithm 2 and figure of speech665

score by algorithm 3 automate and supplement the com-666

parative study of style among a number of poetic com-667

positions by different authors.668

• These tools may serve as an early model for the auto-669

mated literary critic.670

IV. IMPLEMENTATION AND RESULT ANALYSIS671

This section contains implementations of algorithms dis-672

cussed in section 3. The robustness of these implementations673

is ensured by subjecting them to a rigorous validation pro-674

cess over an all-inclusive set of inputs. The implementations675

are done using python programming language on Google676

Colaboratory.677

A. TOOL 1: Text2Mātrā 678

Text2Mātrā tool, an implementation of algorithm 679

Text_to_mātrā_converter, generates numeral scansion for a 680

given text in Hindi. As an illustration, the input-output for 681

four representative chanda types are given in 682

Table 5 [36]. 683

The correctness of the output produced may be validated 684

against the rules for corresponding chanda type. 685

• Dohā is a moraic metre with two metrical lines and 686

each line having two quarters, resulting in a total of 687

four quarters. First quarter of each line or odd quar- 688

ters have a total of thirteen instant (mātrā) counts 689

and the second quarter of each line or even quarters 690

have a total of eleven instant (mātrā) counts; thereby 691

resulting in twenty-four instant counts per metrical 692

line. Input 1 from Table 5 is a dohā chanda and 693

the output scansion clearly corroborates the aforestated 694

rules. 695

• Caupāı̄ is one of the very famed moraic metre consist- 696

ing of four quarters. Each quarter totals sixteen instant 697

counts and any quarter must not end with 121 [laghu, 698

guru, laghu] or 221 [guru, guru, laghu]. Input 2 from 699

Table 5 is a caupāı̄ and the output clearly stands for the 700

stated rules. 701

• Śloka is a well-known syllabic metre (profusely used in 702

vedic literature) consisting of two lines. A line has two 703

quarters and each quarter is formed of eight syllables. 704

Every odd quarter must have fifth, sixth and seventh 705

syllables as [laghu, guru, guru] i.e., 122 and every even 706

quarter must have fifth, sixth and seventh syllables as 707

[laghu, guru, laghu] i.e., 121. Input 3 from Table 5 is 708

a ś loka and its output scansion follows the given 709

rules. 710

• Bhujam. gaprayāta is a syllabic metre where each line 711

is formed out of four repetitions of [laghu, guru, guru] 712

i.e., 122, resulting in twelve syllables for each line. 713

Input 4 from Table 5 is an example of bhujaṅgaprayāta 714

chanda and the output scansion validates the pre-existent 715

rules. 716

B. TOOL 2: RPaGen (RHYME PATTERN GENERATOR) 717

RPaGen tool, an implementation of algorithm 718

Rhyme_pattern_generator extracts rhyme pattern from given 719

Hindi poem. As an illustration, the input-output for a few 720

representative poems is given in Table 6. A sufficiently large 721

number of valid and invalid inputs were provided to check 722

the robustness of the tool and some of them are listed in 723

Table 6 [36]. 724

Poem in example 1 (Table 6) belongs to class PT3. There- 725

fore, lines 1 and 2 should rhyme. Further, there are two ways 726

to get the rhyme pattern of the input poem, first is when 727

line 1 rhymes with lines 4, 6 and 8 and the second is when 728

line 2 rhymes with lines 4, 6 and 8. The tool provides both 729

possible rhyming patterns. So, when you look at the output of 730

example input 1 (Table 6), it is a list of three elements. First 731

is the rhyming pattern and rhyme class between lines 1 and 2, 732
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FIGURE 7. Flow diagram for alaṅkāraScore.

TABLE 5. Sample input-output from Text2Mātrā tool.

second is a rhyming pattern in poem corresponding to line 1733

and third is the rhyming pattern in the poem corresponding to734

line 2.735

Poem in example 4 (Table 6) is a combination of PT2736

(example 2, Table 6) and PT1 (example 3, Table 6) for which737

the output given by the RPaGen is unknown type, which is 738

correct as no such poem type is defined. Similarly, for the 739

poem in example 5 (Table 6), output given by the RPaGen 740

is unknown type, which is valid as there is no rhyme in the 741

poem. 742
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TABLE 6. Sample input-output from RPaGen tool.
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TABLE 6. (Continued.) Sample input-output from RPaGen tool.

FIGURE 8. Overall contribution of the conveyed research.

In case, the length of the poem supplied as input is not a743

valid one, RPaGen outputs invalid input message (example744

input 8, Table 6).745

C. TOOL 3: FoSCal (FIGURE OF SPEECH CALCULATOR)746

FoSCal tool, an implementation of algorithmAlaṅkāra_score,747

measures various rhetoric properties. It then generates a748

master score for the given input poem. A sufficiently wide749

spectrum of input types was provided to check the robustness750

of the tool and some of them are listed below [34], [36].751

As discussed, alaṅkāra adds beauty and elegance to the752

poem. A poem is expected to have more alaṅkāra than any753

plain text. FoSCal is tested on 194 stories frommānasarovara754

by Premchand [34] and stories from other authors, FoS score755

for three of them is displayed in Table 7. Apart from stories,756

it is tested on 50 newspaper articles, three of them are shown757

in Table 7. The tool is then used to generate score for 551 dohā758

by Tulsidas (score shown in Table 7), 899 dohā by Kabir and759

poems by Dinkar, Dushyant Kumar & Bachchan. The FoS760

score generated by the tool stands in favour of the fact stated761

earlier. The overall contribution of the conveyed research can762

be viewed in Fig. 8.763

TABLE 7. Sample input-output from FoSCal tool.

There are tools developed for other languages such as 764

Sanskrit metre identifier [37]. This tool outputs the probable 765

metre for any input verse in Sanskrit. The tool is raw and 766

primitive but the work is under progress. Geet Gatiroop pro- 767

vides a tool that calculates the instant counts for lines of any 768

input verse in Hindi language [35]. The optimal automated 769

rhyme determining tool is a state of art for Russian poetry 770

[30]. RhymeDesign, is an open-source implementation tool 771

for detecting sonic device in poetry for English language [22]. 772

V. CONCLUSION 773

The mathematical and statistical study of the aesthetic ele- 774

ments of poetic compositions is important for many rea- 775

sons. In this connection, in this research, we have proposed 776

some tools for the study and analysis of the elements of 777

Hindi poetry. The Text2Mātrā tool provides a scansion, which 778

can be the foundation for various observations related to 779

chanda, like chanda type detection and classification, rhythm 780

determination, correctness verification of chanda, etc. The 781

RPaGen tool provides a multifunctional output of rhyme pat- 782

tern(s) for an input Hindi poem. The salutary of the tool can 783

be seen in the very article, the pattern produced by RPaGen 784

is used by FoSCal for alaṅkāra scoring. The FoSCal, the 785

maiden tool for alaṅkāra score generation, engineered over 786

one of the so many types of alaṅkāra, creates a space and 787

motivation for automation of the related works which are still 788

unexplored. 789
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Remark: The ‘International Alphabet of Sanskrit Translit-790

eration’ (IAST) scheme is used in romanization of Hindi texts791

used in this manuscript.792
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