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ABSTRACT

Temporal information extraction (TIE) plays a critical role in natural language processing (NLP) applications such as question
answering, information retrieval, and event timeline generation. While significant research exists for English and other
resource-rich languages, temporal analysis for low-resource languages like Gujarati remains unexplored. This paper presents a
rule-based approach for temporal information extraction in Gujarati text, focusing on identifying and normalizing expressions
related to time (dates, days, duration, temporal adverbs). Our system leverages handcrafted linguistic rules based on Gujarati
grammar, suffix patterns, and temporal keywords. Preliminary evaluations on a curated dataset of Gujarati news articles and
stories demonstrate the effectiveness of rule-based methods in handling morphological rich language features, achieving
promising accuracy for explicit temporal expressions.
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Cultural/Seasonal | (2 qofl ugdl”, after Diwali, on
I. INTRODUCTION ) Uttarayan, on
GlRl2BLel Gujarati New Year,

Temporal information refers to expressions in text that denote

time, including dates, times, durations, and temporal signals

Rad” "wsadML” during monsoon

etc. "QURAL el
Type Example English Meaning
Date " olof R éjﬁgazyozlgs’tn%tmh Extracting such information is vital for applications like
20:U", "Ll ' temporal question answering, event ordering, and historical
Q> "Wl data analysis. For high-resource languages, machine learning
WBa and deep learning approaches dominate temporal information
i extraction. However, Gujarati—a morphologically rich Indo-
Time "HeRell 5 A S.QOMF;&ﬂ?;?gr?ig’ht Aryan language—suffers from a lack of annotated corpora and
"olqR", "AA ' ' computational resources, making purely data-driven methods
¢:30", "HuRl" less feasible.
Duration " sels”, "l 2 hours, 3 days, 1 Thl_s re_search explore§ a r_ule-_ba_sed approach tailored _fo_r
week, for many Gujarati text. We design linguistic rules to detect explicit
Rau, "As years temporal expressions, handle morphological variations, and
A", "unll anl normalize temporal information into a structured format (e.g.,
yell” ISO 8601).
Frequency "eR", dally, twice aweek | 1, LITERATURE REVIEW
"HlleHl A AR", | frequently ' Rule-based methods, though less scalable than machine
"HEA As AR", learning, remain effective for low-resource languages where
"R AR" linguistic knowledge can compensate for data scarcity.The
- ParsTime system is based on rules, which enables it to extract
Relative R IS SIA" today, yesterday, . . . )
’ " | tomorrow, now, and standardize Persian time-related expressions as per
"aledl s, after a while TIMEX3 annotation guidelines. Experimental outcomes
"sual", "AdlaR demonstrate that ParsTime can identify temporal expressions
uedl in Persian texts with an F1-score of 0.89[1].Research in [2]
focuses on

temporal expression (TE) extraction and
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normalization challenges in Chinese clinical notes using a
rule-based system. The system, divided into direct, indirect,
and uncertain TEs, achieved an F-score of 93.40% on TE
extraction and 92.58% on TE normalization. TimeBankPT[3]
is a corpus developed for Portuguese language annotated in
TimeML format. INDTime[4] is a temporal tagger developed
for English focusing on festivals, and events in Indian context.
Research work in [5] presents rule based and machine
learning based approaches for identifying and classifying
temporal entities in Hindi. CRF-based classifier is used
trained on human tagged data, achieving a strict F1-measure
of 0.78. The ILTIMEX2012 corpus, a gold standard dataset, is
used for temporal tagging.KtimeML[6] provides Specification
of Temporal and Event Expressions in Korean Text. Based on
literature work, it is observed temporal information extraction
has been widely studied in English, especially through
frameworks like TimeML [7] and HeidelTime[8]. In Indian
languages, limited work exists:
¢ Hindi and Bengali have seen preliminary systems for
temporal tagging using hybrid rule-based approaches.
Gujarati NLP research has primarily focused on tokenization,
morphological analysis, and part-of-speech tagging, with
minimal emphasis on temporal extraction.

I11. RESEARCHMETHODOLOGY

Due to morphological richness of Gujarati language, it is
important to understand the linguistic characterstics of it.
Temporal expression may appear at any position in the
sentence. Some temporal expression require context to
like "$(@' which can mean

interpret “yesterday” or

“tomorrow,” depending on context. To resolve ambiguity in
such expression, understanding of entire sentence becomes
necessary. In this context, we have first manually analyzed
500 gujarati news articles, blogs, and short stories. After
analysis, sentences focusing on temporal expressions were
extracted, and a collection of 1,500 such sentences was
developed. Sentences containing explicit time expressions
were manually annotated.

Figure 1 depicts flow diagram of temporal information
extraction pipeline. Based on annotated corpus, regular
expression-based on linguistic rules are designed to detect
temporal categories:

(1) Regular expressions are designed to extract explicit
temporal expressions, focusing on day, , month, year and date
etc. For e.g. Pattern: [0-9]1{1,2}[-/.1[0-9]1{1,2}[-
/.110-91{2,4} (e.g., 12-08-2015). Gujarati Month like:

o3|, Fu3l, 3,

(2) Regular expressions for day like (keywords: A\HclR,

HolnalR, ¢udlR...) with Morphological handling for

phrases (RUH R, HolOcUR...) are designed.
(3) Regular expression focusing on relative expressions like

(5lA  (yesterday/tomorrow), OlE&SIA  (yesterday), W%

(today), 840Gl (now), dL2l (= (last month)) are designed.

Input Raw Text

l

Tokenization

l

Regular
Expression
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SO\

Temporal
Expression

Non-Temporal
Expression

Figure 1. Temporal Information Extraction Pipeline

(4) Regular expression focusing on duration are designed
(Numeric + Unit: 3 (@a, A wsa(Sa, u ay)

All explicit temporal expressions are converted into date
format (DD-MM-YYYY). All relative expressions are
mapped to relative offsets from document creation time
(DCT). All regular expressions are designed using java regex

IV. EVALUATION & RESULTS

For evaluation, the manually annotated dataset described in
Section Il was used. The dataset contains 1000 test sentences.
Evaluation metrics like precision, recall and f-measure are
used.

Precision (P) measures correctness of the system’s results.
_ Correctlyextractedtemporalexpressions(TP) (1)

Allextractedexpressions(TP+FP)
TP- True Positive
FP- False Positive
FN- False Negative

Recall measures the coverage of the system.

_ Correctlyextractedtemporalexpressions(TP)

@

Allactualtemporalexpressions(TP+FN)
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F measure is a mean of precision and recall.

2XPrecisionXRecall

F= — (3)

Precision+Recall

Table 2. Result

Category Precision Recall F- measure
Date 0.91 0.88 0.89
Expressions
Day 0.87 0.82 0.84
Expressions
Relative 0.80 0.76 0.78
Expressions
Duration 0.85 0.81 0.83
Overall 0.86 0.82 0.84

Figure 2. Comparison of result for extracted temporal
expression
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The rule-based approach proves effective for explicit temporal
expressions in Gujarati. However, challenges remain for:

e Ambiguity resolution ($().

e Implicit temporal references ( W& av Eaidl
"last year’s Diwali").

e Domain adaptation (news vs. conversational text).

V. CONCLUSION & FUTURE WORK

This paper presents a rule-based framework for temporal
information extraction in Gujarati text. Despite resource
limitations, linguistic rules achieve strong performance on
explicit temporal expressions. This work contributes towards
foundational NLP tools for Gujarati and sets the stage for

hybrid or neural approaches as annotated datasets become
available. A hybrid system integrating rule-based extraction
with machine learning models for disambiguation could
further improve accuracy.
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