




Solution to 2025-26 Dec/Jan NLP QP 

NATURAL LANGUAGE PROCESSING  
(VTU 7th Semester BE – BCS714B) 

 

MODULE 1 
 

Q1 (a) Define Natural Language Processing. Explain 
different approaches that use NLP techniques. (7 Marks) 

Definition of Natural Language Processing (NLP) 

Natural Language Processing (NLP) is a branch of Artificial Intelligence (AI) and 
Computational Linguistics that focuses on enabling computers to understand, interpret, 
analyze, and generate human language in both spoken and written forms.​
The primary goal of NLP is to bridge the communication gap between humans and machines, 
allowing computers to process natural language in a meaningful and useful way. 

NLP plays a crucial role in applications such as: 

●​ Machine Translation 
●​ Information Retrieval 
●​ Sentiment Analysis 
●​ Speech Recognition 
●​ Chatbots and Virtual Assistants 

 

Approaches used in NLP 
 

1. Rule-Based (Symbolic) Approach 



The rule-based approach relies on handcrafted linguistic rules created by domain experts. 
These rules include grammar rules, syntactic patterns, lexicons, and semantic constraints. 

Characteristics 

●​ Uses if-then rules 
●​ Depends heavily on linguistic knowledge 
●​ Deterministic in nature 

Example 

●​ Early grammar checkers 
●​ ELIZA chatbot 
●​ Rule-based machine translation systems 

Advantages 

●​ Highly interpretable 
●​ No training data required 
●​ Works well in controlled environments 

Limitations 

●​ Difficult to scale 
●​ Fails with ambiguity 
●​ Requires continuous rule maintenance 

 

2. Statistical Approach 

The statistical approach models language using probability theory and statistics. It learns 
patterns from large corpora and assigns probabilities to linguistic events. 

Key Idea​
Language is inherently probabilistic, and ambiguity can be resolved using likelihood estimates. 

Example 

●​ N-gram language models 
●​ Hidden Markov Models (HMM) for POS tagging 

Advantages 

●​ Handles ambiguity better than rule-based systems 
●​ Data-driven 



Limitations 

●​ Requires large annotated datasets 
●​ Suffers from data sparsity 

 

3. Machine Learning Approach 

Machine learning approaches use algorithms that learn patterns automatically from labeled or 
unlabeled data. 

Common Algorithms 

●​ Naive Bayes 
●​ Decision Trees 
●​ Support Vector Machines (SVM) 
●​ Conditional Random Fields (CRF) 

Applications 

●​ Text classification 
●​ Named Entity Recognition 
●​ POS tagging 

Advantages 

●​ More flexible 
●​ Better generalization 

Limitations 

●​ Feature engineering is required 
●​ Performance depends on data quality 

 

4. Deep Learning Approach 

Deep learning uses multi-layer neural networks to automatically learn features and 
representations. 

Models Used 

●​ Recurrent Neural Networks (RNN) 
●​ Long Short-Term Memory (LSTM) 
●​ Transformers (BERT, GPT) 



Applications 

●​ Neural Machine Translation 
●​ Speech recognition 
●​ Conversational AI 

Advantages 

●​ High accuracy 
●​ Handles context and long-range dependencies 

Limitations 

●​ Computationally expensive 
●​ Requires large datasets 
●​ Less interpretable 

 

5. Hybrid Approach 

Hybrid approaches combine rule-based techniques with statistical or neural models to 
leverage the strengths of both. 

 

Q1 (b) Explain Statistical Language Models. Explain 
N-gram Model. (6 Marks) 

Statistical Language Model (SLM) 

A Statistical Language Model assigns a probability to a sequence of words, helping the 
system decide which sentence is more likely in a given language. 

[​
P(w_1, w_2, \dots, w_n)​
] 

Used in: 

●​ Speech recognition 
●​ Machine translation 
●​ Predictive text 

 



N-gram Language Model 

An N-gram is a contiguous sequence of N words in a sentence. 

The model uses the Markov assumption, which states that the probability of a word depends 
only on the previous (N−1) words. 

 

Types of N-gram Models 

Unigram Model 

Assumes complete independence between words. 

[​
P(w_1, w_2) = P(w_1)P(w_2)​
] 

Bigram Model 

Considers one previous word. 

[​
P(w_i | w_{i-1})​
] 

Trigram Model 

Considers two previous words. 

[​
P(w_i | w_{i-2}, w_{i-1})​
] 

 

Advantages 

●​ Simple and efficient 
●​ Easy to implement 

Limitations 

●​ Data sparsity problem 
●​ Ignores long-distance dependencies 



 

Q1 (c) Construct the Transformational Grammar 
representation and surface structure for: 
“The boy was praised by the teacher” (6 Marks) 

Deep Structure 

The deep structure represents the basic semantic meaning of the sentence. 

Active form:​
The teacher praised the boy. 

 

Transformational Rules Applied 

1.​ Object movement (boy → subject position) 
2.​ Verb conversion to past participle 
3.​ Auxiliary insertion (“was”) 
4.​ Agent introduced using “by” 

 

Surface Structure 

The boy was praised by the teacher. 

 

Parse Tree (Surface Structure) 



 
 
 
 

 

MODULE 2 
 

Q2 (a) What is the role of transformational rules in 
transformational grammar? Explain with example. (7 
Marks) 
Transformational grammar distinguishes between: 

●​ Deep structure (semantic representation) 
●​ Surface structure (actual sentence form) 

 

Role of Transformational Rules 



●​ Convert deep structures into surface structures 
●​ Explain sentence variations 
●​ Maintain meaning while changing form 
●​ Handle passive, interrogative, and negative constructions 

 

Example 

Deep structure: 

The teacher teaches students. 

Transformation: 

●​ Passive transformation 
●​ NP movement 
●​ Verb form change 

Surface structure: 

Students are taught by the teacher. 

 

Q2 (b) Describe DFA and NFA. Mention properties of 
Finite Automata. (7 Marks) 

Deterministic Finite Automaton (DFA) 

●​ Exactly one transition for each input symbol 
●​ No ε-transitions 
●​ Fully deterministic 

 

Non-Deterministic Finite Automaton (NFA) 

●​ Multiple transitions allowed 
●​ ε-transitions allowed 
●​ More flexible but conceptually complex 

 



Properties of Finite Automata 

●​ Finite set of states 
●​ Single start state 
●​ One or more accepting states 
●​ Recognizes regular languages 
●​ Memoryless (no stack or tape) 

 

Q2 (c) Active to Passive Transformation with Parse 
Structure 
Sentence: 

The teacher will announce the result 

Parse Structure 

 
 

Passive Sentence 

The result will be announced by the teacher 

 

MODULE 2 – CONTINUED 
 

Q3 (a) Explain CYK Syntactic Parsing Algorithm. (7 
Marks) 



The CYK (Cocke–Younger–Kasami) algorithm is a bottom-up dynamic programming 
algorithm used for parsing sentences using context-free grammars in Chomsky Normal 
Form (CNF). 

 

Assumptions 

●​ Grammar must be in CNF 
●​ Sentence length = n 
●​ Parsing table is n × n 

 

Algorithm Steps 

1.​ Fill diagonal with lexical categories 
2.​ Combine lower-level constituents 
3.​ Fill upper triangular matrix 
4.​ If S appears in top-right cell → sentence is grammatical 

 

Advantages 

●​ Guaranteed correctness 
●​ Efficient for CFGs 
●​ Suitable for syntactic analysis 

 

Q3 (b) Minimum Edit Distance between TUTOR and 
TUMOUR (5 Marks) 

Allowed Operations 

●​ Insert 
●​ Delete 
●​ Substitute 

 

Edit Distance Matrix 



 
 

Q3 (c) CYK Parsing for “The man read this book” (8 
Marks) 

Grammar in CNF 

S → NP VP​
VP → VERB NP​
NP → DET NOUN​
DET → THE | THIS​
NOUN → MAN | BOOK​
VERB → READ 

 



 

MODULE 3 
 

Q5 (a) Explain Binary Naive Bayes Algorithm. (8 Marks) 
Binary Naive Bayes is a variant of Naive Bayes where features indicate presence or absence 
of words instead of frequency. 

 

Assumptions 

●​ Feature independence 
●​ Binary feature representation 

 

Steps 

1.​ Convert documents into binary vectors 
2.​ Calculate prior probabilities 
3.​ Calculate likelihood probabilities 
4.​ Apply Bayes theorem 



 

Formula 

[​
P(C|D) ∝ P(C) \prod P(w_i|C)​
] 

 

Applications 

●​ Spam detection 
●​ Sentiment analysis 
●​ Topic classification 

 

Q5 (b) Explain Paired Bootstrap Test. (4 Marks) 
●​ Statistical significance testing method 
●​ Compares two NLP systems 
●​ Uses resampling with replacement 
●​ Estimates confidence intervals 

 

 

Q6 (a) Explain 

(i) Naive Bayes Classifier 

●​ Probabilistic classifier 



●​ Uses Bayes theorem 
●​ Assumes conditional independence 

(ii) Naive Bayes as Language Model 

●​ Computes word sequence probabilities 
●​ Used in speech and text prediction 

 

Q6 (b) Define Classification. Explain Binary 
Classification. (4 Marks) 
Classification assigns input to predefined categories. 

Binary classification: 

●​ Two classes​
 

●​ Example: Spam / Not Spam 

 

 

 

MODULE 4 
 



Q7 (a) Explain Information Retrieval Approaches. (6 
Marks) 

Indexing 

Creates a mapping between terms and documents. 

Stop Word Elimination 

Removes common words with low semantic value. 

Stemming 

Reduces words to base form. 

 

Q7 (b) Limitations of WordNet in Modern NLP. (8 Marks) 
●​ Static lexical resource 
●​ Limited domain coverage 
●​ Lacks contextual semantics 
●​ Not suitable for deep learning 
●​ Manual updates required 

 

 

 

MODULE 5 
 



Excellent 👍​
Below are VERY DETAILED, FULL-LENGTH, 10/10-LEVEL answers for Question 9 and 
Question 10, written exactly in the VTU / Indian university examination style.​
These answers are longer than needed, so you can safely trim them, but every important 
point an examiner looks for is included. 

 

MODULE 5 
 

Q9 (a) What are lexical divergences? Illustrate with 
examples how they affect Machine Translation. (7 Marks) 

Definition of Lexical Divergence 

Lexical divergence refers to the phenomenon where a word or expression in one language 
does not have a direct one-to-one lexical equivalent in another language. This divergence 
arises due to differences in vocabulary, cultural context, idiomatic usage, and semantic 
scope across languages. 

Lexical divergence is one of the major challenges faced in Machine Translation (MT) systems, 
especially when translating between structurally and culturally distant languages. 

 

Types of Lexical Divergences 
 

1. One-to-Many Lexical Divergence 

A single word in the source language may translate into multiple words in the target language. 

Example: 

●​ English: wear 
●​ Hindi: 

○​ पहनना (for clothes) 
○​ ओढ़ना (for shawls) 
○​ लगाना (for accessories) 



Impact on MT:​
MT systems must rely on context to choose the correct target word. Failure to do so results in 
incorrect translations. 

 

2. Many-to-One Lexical Divergence 

Multiple words in the source language map to a single word in the target language. 

Example: 

●​ English: house, home 
●​ Hindi: घर 

Impact on MT:​
Semantic distinctions may be lost during translation. 

 

3. Idiomatic Lexical Divergence 

Idioms and fixed expressions cannot be translated literally. 

Example: 

●​ English: give up 
●​ Hindi: छोड़ देना 

Literal translation produces meaningless output. 

 

4. Lexical Gap (Non-Lexicalized Concepts) 

Some concepts exist in one language but do not exist as a single word in another. 

Example: 

●​ English: privacy 
●​ No exact equivalent in many Indian languages 

Impact on MT:​
Requires paraphrasing or explanation. 

 



5. Cultural Lexical Divergence 

Words tied to culture may not translate directly. 

Example: 

●​ English: Thanksgiving 
●​ Indian languages require explanation rather than translation 

 

Effects of Lexical Divergence on Machine Translation 

●​ Leads to incorrect word selection 
●​ Reduces translation fluency 
●​ Causes semantic distortion 
●​ Increases dependency on context and world knowledge 

 

Handling Lexical Divergence in MT 

●​ Use of bilingual dictionaries with contextual tags 
●​ Word sense disambiguation (WSD) 
●​ Neural Machine Translation (NMT) 
●​ Phrase-based translation models 

 
 

Q9 (b) Explain how human and automatic evaluations are 
used in Machine Translation evaluation. (8 Marks) 
Machine Translation (MT) evaluation measures the quality, accuracy, and usability of 
translated output. Evaluation methods are broadly classified into human evaluation and 
automatic evaluation. 

 

1. Human Evaluation of Machine Translation 
Human evaluation involves experts or native speakers assessing translation quality. 

 



Criteria Used in Human Evaluation 
 

1. Adequacy 

Measures how much of the source meaning is preserved in the translation. 

Scale example: 

●​ 5 – All meaning preserved 
●​ 1 – No meaning preserved 

 

2. Fluency 

Measures how grammatically correct and natural the translation is in the target language. 

 

3. Fidelity 

Checks faithfulness to the source sentence without adding or omitting information. 

 

4. Comprehensibility 

Evaluates how easily the translation can be understood. 

 

Advantages of Human Evaluation 

●​ Highly accurate 
●​ Captures semantic nuances 
●​ Evaluates context and meaning 

 

Limitations of Human Evaluation 

●​ Expensive 
●​ Time-consuming 
●​ Subjective 



●​ Difficult to scale 

 

2. Automatic Evaluation of Machine Translation 
Automatic evaluation uses computational metrics to compare MT output against reference 
translations. 

 

Popular Automatic Evaluation Metrics 
 

1. BLEU (Bilingual Evaluation Understudy) 

●​ Based on n-gram precision 
●​ Measures overlap between MT output and reference translation 
●​ Widely used in research and industry 

Limitations: 

●​ Ignores semantics 
●​ Penalizes legitimate paraphrases 

 

2. METEOR 

●​ Considers synonymy and stemming 
●​ Uses precision and recall 
●​ Higher correlation with human judgment 

 

3. TER (Translation Edit Rate) 

●​ Measures number of edits needed to convert MT output to reference 
●​ Lower TER indicates better quality 

 

Advantages of Automatic Evaluation 



●​ Fast 
●​ Cost-effective 
●​ Reproducible 
●​ Suitable for large-scale testing 

 

Limitations of Automatic Evaluation 

●​ Poor semantic understanding 
●​ Sensitive to wording 
●​ Depends on quality of reference translation 

 

Q9 (c) Explain the use of Machine Translation in NLP. (5 
Marks) 
Machine Translation (MT) is a core application of NLP that enables automatic translation of 
text or speech from one language to another. 

 

Uses of Machine Translation in NLP 

1.​ Breaking language barriers in communication 
2.​ Multilingual information access 
3.​ Cross-lingual information retrieval 
4.​ International business and e-commerce 
5.​ Education and research 

 

Q10 (a) What are the major bias and 
ethical issues raised during Machine 
Translation? (7 Marks) 
Machine Translation systems are trained on large corpora, which may contain biases and 
ethical concerns. 



 

1. Gender Bias 

MT systems often reinforce gender stereotypes. 

Example: 

●​ “The nurse” → she 
●​ “The engineer” → he 

 

2. Cultural Bias 

Translations may favor dominant cultures and ignore local contexts. 

 

3. Racial and Social Bias 

Biased training data can result in offensive or discriminatory translations. 

 

4. Privacy and Data Security 

User inputs may be logged or misused. 

 

5. Low-Resource Language Neglect 

Languages with limited data receive poor translation quality. 

 

6. Ethical Responsibility 

Errors in medical, legal, or governmental translations can have serious consequences. 

 

Mitigation Strategies 

●​ Bias-aware training 



●​ Diverse datasets 
●​ Human-in-the-loop systems 
●​ Ethical AI guidelines 

 

Q10 (b) Explain how language and translation 
divergences help to build better Machine Translation 
models. (8 Marks) 
Understanding language and translation divergences helps improve MT systems. 

 

Types of Divergences 
 

1. Lexical Divergence 

Different word mappings across languages. 

 

2. Structural Divergence 

Differences in sentence structure. 

Example:​
English (SVO) → Hindi (SOV) 

 

3. Semantic Divergence 

Same structure but different meaning. 

 

4. Pragmatic Divergence 

Meaning depends on social or cultural context. 

 



How Divergence Awareness Improves MT 

●​ Better word alignment 
●​ Improved reordering models 
●​ Enhanced context handling 
●​ Improved neural attention mechanisms 

 

Role in Neural MT 

●​ Attention models handle reordering 
●​ Contextual embeddings resolve ambiguity 

 
 

Q10 (c) Explain Encoder–Decoder Model Architecture. (5 
Marks) 
The Encoder–Decoder architecture is the foundation of Neural Machine Translation (NMT). 

 

Architecture Overview 
Input Sentence 
     ↓ 
  Encoder (RNN/LSTM/Transformer) 
     ↓ 
Context Vector / Attention Mechanism 
     ↓ 
  Decoder (RNN/LSTM/Transformer) 
     ↓ 
Output Sentence 
 

 

Encoder 

●​ Converts input sentence into numerical representations 
●​ Captures semantic information 

 



Decoder 

●​ Generates target sentence word-by-word 
●​ Uses context vector and attention 

 

Advantages 

●​ Handles variable-length sentences 
●​ Learns end-to-end mapping 

 

Applications 

●​ Machine Translation 
●​ Text Summarization 
●​ Speech Translation 
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