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Abstract - This paper proposes a rule-based stemmer for
the stemming of verbs in Punjabi language. The proposed
Punjabi Verb Stemmer (PVS) uses a rule-based approach for
the stemming of Punjabi verbs. A database containing valid
root verbs occurring in the Punjabilanguage has been created.
The database stores 3,135 Punjabi root verbs. When a verb is
input to the system, it is first compared with the database of
root verbs to discover whether the input verb is a root verb or
an inflected verb. If the input verb is a root verb, no stemming
is required and the input verb is returned as the output.
Otherwise, the input verb (inflected) is sent to the suffix
stripping algorithm to get the corresponding root verb which
uses a predefined suffix list. Punjabi is a resource-scarce
language with a very few linguistic resources developed so far.
In case of stemming in Punjabi language, most of the work
done so far has concentrated on stemming of noun words and
proper names, no published work for the stemming of Punjabi
verbs has been reported. The proposed PVS has an overall
accuracy of 95.21%. This stemmer can contribute to many
applications of natural language processing and text mining.
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1. INTRODUCTION

Stemming is a pre-processing task in the information
retrieval systems [1], which reduces an inflected word to its
stem, root or base form [2, 3]. For example, a stemming
algorithm reduces the words “discussion”, “discussing” and
“discussed” to the stem “discuss”. Stemming is used in the
information retrieval tasks to improve system performance
by enhancing the ability to match document queries [3]. For
example, when a user enters a query word ‘applying’, s/he
may also want to retrieve the documents that contain the
word ‘apply’ and ‘applied’ as well [4]. Stemming is used to
improve the efficiency of various search engines to get the
results [5].

Various methods have been used for stemming such as
stochastic algorithm, brute force algorithm, suffix stripping
algorithm, n-gram analysis, lemmatization algorithm, hybrid
approaches, etc. These methods differ in terms of accuracy
and performance [3].

Ramanathan and Rao [6] proposed a lightweight stemmer
for Hindi language. Their proposed stemmer conflates the
similar words using suffix removal. The suffix lists for the
stemmer were created manually. Dasgupta and Ng [7]
proposed an algorithm for the unsupervised morphological
parsing of Bengali language by segmenting the words into
prefixes, suffixes, and stems. Pandey and Siddiqui [8]
suggested an unsupervised stemming algorithm for Hindi
language. The algorithm was based on division technique.
Zehurul et.al [9] proposed a lightweight stemmer for Bengali
language based on a predefined suffix list which removes the
suffix of a word on a longest-match basis. Suba et.al [10]
suggested two kinds of stemmers for Gujarati language - a
lightweight inflectional stemmer based on a hybrid approach
and heavyweight derivational stemmer based on a rule-
based approach. Kumar and Rana [3] proposed a stemmer
for Punjabi language based on the duo of brute force and
suffix stripping approaches. Gupta and Lehal [11] proposed a
stemmer for noun and proper names occurring in Punjabi
language. The stemmer obtained a stem or radix of Punjabi
word and then searched in Punjabi noun and proper name
dictionary. Mishra and Chandra [12] suggested MAULIK: a
stemmer for Hindi language. The MAULIK algorithm was
used to stem the Hindi words by using hybrid technique.
Gupta [13] proposed a stemmer for verbs in Hindi language
based on suffix-stripping. The stemmer applied a technique
based on suffix removal rules in order to stem Hindi verbs.
Punjabi is a resource-scarce language with a very few
linguistic resources developed so far. In case of stemming in
Punjabi language, most of the work done so far has
concentrated on stemming of noun words and proper names,
no stemming is required and the input verb is returned as
the output. In this paper, a rule-based approach has been
proposed for the stemming of Punjabi verbs. Our approach is
similar to those of Ramanathan and Rao [6] for Hindi and
Zehurul et.al [9] for Bengali in which the suffix is stripped
from the input verb using a predefined list on the basis of
longest-match. PVS has an overall accuracy of 95.21%.

2. PROPOSED METHODOLOGY FOR STEMMING OF
PUNJABI VERBS

2.1 Categorization of verbs in Punjabi language

A verb is intended to explain states, activities or events
and the main components of predicates that form particular
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sentences [13]. In the Punjabi language, verbs can be
categorized as one-word verbs or two-word verbs. For

Table- 2: Suffix-list-2 having suffix length-5

example, 3I&T is a one-word verb with 3J as root and & as sr. No. Suffix Sr.No. Suffix
suffix. Similarly, fed&™ I9&T is a two-word verb with fedaT L gEm 3. <ar
dd as root and &7 as suffix. 2. gy 4, aigft
2.2 Approach used
pp Table- 3: Suffix-list-3 having suffix length-4
In this paper, a rule-based approach has been proposed S Ne. Suffi S No. Sufix
for the stemming of Punjabi verbs. A database containing .
valid root verbs existing in the Punjabi language has been 1 g 7. ==y
created. The database stores 3,135 Punjabi root verbs. When .
averbis input to the system, it is compared with the database 2, gt 8. T
of root verbs to check whether the input verbis arootverb or
an inflected verb. If it is a root verb, no stemming is required 3. e 9. s
and the input verb is returned as the output. Otherwise, the
inputverb (inflected) is sent to the suffix-stripping algorithm 4, &3 10. o
to get the corresponding root verb. This algorithm strips the
suffix from the input verb on a longest-match basis. The 5. o 11. har
figure below presents a schematic diagram of PVS.
o 6. gt
START
e Table- 4: Suffix-list-4 having suffix length-3
e - - 2 . YES 2 " = - Sr. No. Suffix Sr. No. Suffix
T [ oy % MWEAY /7 s )
p = - 1. ot 8. g
ACCESS T"r:i RULES 2 ?ﬁ.m.r 9 raﬁ.
Wi sl 3. g 10. il
} CENERATE THY ROOT WORD ‘ 4. é-h-rr 11. ea-l-r
Fig -1: Schematic diagram of PVS 5. ge 12. il
2.3 List of suffixes for Punjabi verbs 6. gt 13. <t
First, a total of 48 suffixes existing for Punjabi verbs were 7. @
identified. Then, these suffixes were categorized into different
lists on the basis of suffix length. These lists help to construct o ) ]
the rules for PVS. The lists of suffixes that we have used in Table- 5: Suffix-list-5 having suffix length-2
stemmer are as below:
Sr. No. Suffix Sr. No. Suffix
Table- 1: Suffix-list-1 having suffix length-6
1. o 8. =
Sr. No. Suffix Sr. No. Suffix 2. é- 9, g
1. Tigthor 4. TR 3 3 10. =
2. orgight 5. @E’W 4, femr 11. )
3 _:::‘,—ei—aﬁ 5. fE’Y;{T 12. ?ﬁ‘
6. 1513 13. g
7. Sl 14. fomr
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Table- 6: Suffix-list-6 having suffix length-1

Sr. No. Suffix

1. g

2.4 Proposed rules for PVS

After generating the suffix lists, we have created rules for
stemming based on the length of suffixes. We have made 48
rules for removal of suffix from the input verb. The most
appropriate rule is matched with the input verb, and the
suffix is stripped. The rules used for PVS are as follows:

Rule 1: if a word of Punjabi verb ends with ‘€", remove the
suffix ‘@ at the end of word.

Rule 2: if a word of Punjabi verb ends with ‘@Y, remove the
suffix ‘€Y at the end of word.

Rule 3: if a word of Punjabi verb ends with ‘@, remove the
suffix ‘@ at the end of word.

Rule 4: if a word of Punjabi verb ends with ‘®T, remove the
suffix ‘®" at the end of word.

Rule 5: if a word of Punjabi verb ends with ‘a, remove the
suffix ‘@ at the end of word.

Rule 6: if a word of Punjabi verb ends with ‘%', remove the
suffix ‘&’ at the end of word.

Rule 7: if aword of Punjabi verb ends with ", remove the
suffix ‘Eh™ at the end of word.

Rule 8: if a word of Punjabi verb ends with ‘ST remove the
suffix ‘Sh™ at the end of word.

Rule 9: if a word of Punjabi verb ends with “€MI”, remove the
suffix ‘€MI” at the end of word.

Rule 10: ifa word of Punjabi verb ends with ‘@E"”, remove the
suffix '@ET' at the end of word.

Rule 11: if aword of Punjabi verb ends with '@E"T’, remove the
suffix '@é’ at the end of word.

Rule 12: if aword of Punjabi verb ends with '@Er’, remove the
suffix ‘6" at the end of word.

Rule 13:if aword of Punjabi verb ends with 'Qﬁ’, remove the
suffix ‘G€V at the end of word.

Rule 14: if a word of Punjabi verb ends with '@é’, remove the
suffix ‘G2 at the end of the word.

Rule 15: if a word of Punjabi verb ends with ’@?’, remove the

suffix €€ “ at the end of the word.

Rule 16: ifa word of Punjabi verb ends with ‘€3Y, remove the
suffix ‘€41 at the end of word.

Rule 17: if a word of Punjabi verb ends with “Td, remove
the suffix ‘=73 at the end of word.

Rule 18: if a word of Punjabi verb ends with ‘@9, remove
the suffix ‘9" at the end of word.

Rule 19: if a word of Punjabi verb ends with ‘91", remove
the suffix ‘@91 at the end of word.

Rule 20: ifa word of Punjabi verb ends with ‘TIY, remove the
suffix ‘€4 at the end of word.

Rule 21: if a word of Punjabi verb ends with ‘€€MI”, remove
the suffix ‘€M™ at the end of word.

Rule 22: if a word of Punjabi verb ends with ‘Q'E'TW', remove
the suffix ‘€M at the end of word.

Rule 23: ifa word of Punjabi verb ends with ‘/@dV, remove
the suffix ‘>"€79" at the end of word.

Rule 24: if a word of Punjabi verb ends with ‘“'&€4dI", remove
the suffix ‘“>'@JI” at the end of word.

Rule 25: if a word of Punjabi verb ends with ‘TG, remove
the suffix ‘JM™ at the end of word.

Rule 26: if a word of Punjabi verb ends with ‘73", remove
the suffix ‘731" at the end of word.

Rule 27: if a word of Punjabi verb ends with ‘73", remove
the suffix ‘™3 at the end of word.

Rule 28: ifa word of Punjabi verb ends with ‘SJ”, remove the
suffix ‘Sd” at the end of word.

Rule 29: if a word of Punjabi verb ends with ‘“iE¥M”, remove
the suffix ‘€M at the end of word.

Rule 30: ifa word of Punjabi verb ends with 2, remove the
suffix ‘=91 at the end of word.

Rule 31: if a word of Punjabi verb ends with 'éGT', remove the
suffix =3V at the end of word.

Rule 32: if a word of Punjabi verb ends with ‘i, remove the
suffix ‘2’ at the end of word.

Rule 33:ifa word of Punjabi verb ends with ‘8", remove the
suffix ‘€™ at the end of word.

Rule 34: ifa word of Punjabi verb ends with ‘iit-ﬂET', remove the

suffix “¥" at the end of word.
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Rule 35: if aword of Punjabi verb ends with ‘8, remove the
suffix ‘"2’ at the end of word.

Rule 36: if a word of Punjabi verb ends with ‘-:::-"é’, remove the
suffix ‘"2 at the end of word.

Rule 37: if a word of Punjabi verb ends with ‘=" remove
the suffix I at the end of word.

Rule 38: if a word of Punjabi verb ends with ‘€™ remove the
suffix ‘f@n™ at the end of word.

Rule 39: if a word of Punjabi verb ends with ‘e remove
the suffix @™ at the end of word.

Rule 40: if a word of Punjabi verb ends with ‘@€, remove the
suffix ‘€€ at the end of word.

Rule 41: if a word of Punjabi verb ends with €7’ remove the
suffix ‘=1 at the end of word.

Rule 42: if a word of Punjabi verb ends with ‘€", remove the
suffix ‘" at the end of word.

Rule 43: if a word of Punjabi verb ends with ‘€, remove the
suffix ‘= at the end of word.

Rule 44: if a word of Punjabi verb ends with ‘B2’ remove the
suffix ‘€12’ at the end of word.

Rule 45: if a word of Punjabi verb ends with ‘f-™T, remove
the suffix ‘fo" at the end of word.

Rule 46: if a word of Punjabi verb ends with T, remove
the suffix ‘2’2791 at the end of word.

Rule 47: if aword of Punjabi verb ends with ‘i@, remove the
suffix ‘*Y" at the end of word.

Rule 48: if a word of Punjabi verb ends with ‘@, remove the

suffix ‘2" at the end of word.
2.5 Proposed Algorithm

Step 1: Read word from user input containing only verbs.
Step 2: Check whether the entered word is root word.
Ifthe entered word is root word, then print the word
as output.
Go to step 1.
Step 3: SUFF = Last six characters from the right side of the
word.
If SUFF exists in the suffix-list-1 (length-6), then:
Print the root word obtained after stripping
SUFF, go to step 1.
Step 4: SUFF = Last five characters from the right side of the
word.
If SUFF exists in the suffix-list-2 (length-5), then:
Print the root word obtained after stripping

SUFF, go to step 1.
Step 5: SUFF = Last four characters from the right side of the
word.
If SUFF exists in the suffix-list-3 (length-4), then:
Print the root word obtained after stripping
SUFF, go to step 1.
Step 6: SUFF = Last three characters from the right side of
the word.
If SUFF exists in the suffix-list-4 (length-3), then:
Print the root word obtained after stripping
SUFF, go to step 1.
Step 7: SUFF = Lasttwo characters from the right side of the
word.
If SUFF exists in the suffix-list-5 (length-2), then:
Print the root word obtained after stripping
SUFF, go to step 1.
Step 8: SUFF = Last one character from the right side of the
word.
If SUFF exists in the suffix-list-6 (length-1), then:
Print the root word obtained after stripping
SUFF, go to step 1.
Step 9: Exit.

At step 1, the word is read from the user input which
should be a Punjabi verb. At step 2, the entered word is
searched in the root verb database, to find whether the
entered word is a root word or not. If the input word is not
present in the database, then we go to step 3. At this step, the
last six characters from the right side of the word are
extracted. If the extracted characters exist in the suffix-list-1
(thelist having length of suffix equal to 6), then the matching
suffix is removed from the entered word. If the extracted
characters do not exist in suffix-list-1, then suffix-list-2 is
searched and so on until the last characters of the word do
not match with the suffix list. If matched, then the suffix is
removed from the word.

3. RESULTS AND DISCUSSION

Accuracy of the stemmer depends on the words in the
database (i.e. the list of root words) and the rules created to
remove suffixes. We have stored 3,135 words in the database.
It decreases the probability of switching to the second option
for removing suffixes [12].

To calculate the accuracy of the system, we input 3,135 words
to PVS for analysis. Among these 3,135 words, 2,985 words
have been correctly evaluated and 150 words are invalid
because they violate specific and general rules. The accuracy
of our stemmer is 95.21%.

4. CONCLUSION

Stemming produces linguistically standardized text that
helps in enhancing the results of information retrieval tasks
[1]. Our proposed stemmer works with Punjabi verbs which
uses a rule-based suffix-stripping technique to perform the
stemming of the Punjabi verbs. Punjabi is a resource-scarce
language with stemmers existing for nouns and proper
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names only. PVS is the reportedly the first stemmer for the
stemming of Punjabi verbs with an overall accuracy of
95.21%. PVS can be enhanced by enabling it for the
stemming of Punjabi adverbs and adjectives. This stemmer
can contribute to many applications of information retrieval
and natural language processing.
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