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	Course Number:  CAI 4304

Number of Credits: 3


	Subject Area: Foundations

	

	Catalog Description: Topics will include the concepts, principles, and approaches of the computer processing of natural languages, including the relevant linguistics phenomena, formal methods, and end applications.  Prerequisites: COP 3530 or COP 3538

	Textbook: “Speech and Language Processing, 2nd Edition” by Daniel Jurafsky and James H. Martin, Pearson Prentice Hall, 2009 (ISBN-13: 978-0-13-187321-6).

	References: None

	Prerequisites Courses: COP 3530 or COP 3538

	Corequisites Courses: None



Type:  Elective for CS (Applications group).

Prerequisites Topics:
· Familiarity with basic techniques of algorithm analysis
· Familiarity with recursive methods
· Understand linked data structures (linked lists, binary trees)
· Understand advanced data structures (priority queues, disjoint set union/find) 

Course Outcomes:

1. Explain key linguistic phenomena at the morphological, syntactic, semantic, and pragmatic levels of language.
2. Apply the formal approaches to representing these linguistic phenomena, such as formal models of grammar, HMMs, and frame semantics.
3. Explain the computational approaches to manipulating these formal representations, including rule-based and statistical classifier approaches.
4. Outline how existing techniques may be assembled to create end-to-end natural language applications such as question answering or machine translation systems.

Relationship between Course Outcomes and Program Outcomes	

	
	BS in CS: Program Outcomes
	Course Outcomes

		a)
	Demonstrate proficiency in the foundation areas of Computer Science including mathematics, discrete structures, logic and the theory of algorithms



	2,3

		b)
	Demonstrate proficiency in various areas of Computer Science including data structures and algorithms, concepts of programming languages and computer systems.



	2, 3, 4

		c)
	Demonstrate proficiency in problem solving and application of software engineering techniques



	1,4

		d)
	Demonstrate mastery of at least one modern programming language and proficiency in at least one other.



	

		e)
	Demonstrate understanding of the social and ethical concerns of the practicing computer scientist.



	

		f)
	Demonstrate the ability to work cooperatively in teams.



	

		g)
	Demonstrate effective communication skills.



	4









Assessment Plan for the Course & how Data in the Course are used to assess Program Outcomes

	Student and Instructor Course Outcome Surveys are administered at the conclusion of each offering, and are evaluated as described in the School’s Assessment Plan:
https://abet.cs.fiu.edu/csassessment/



Outline
	Week
	Topic
	Outcomes

	1
	Morphology, Parts of Speech
	1

	2
	Syntax, Model-Theoretic Semantics
	

	3
	Lexical Semantics
	

	4
	Pragmatics
	

	5
	Finite State Automata
	2

	6
	Context-Free Grammars
	

	7
	First Order Logic
	

	8
	Frame Semantics
	

	9
	Hidden Markov Models
	3

	10
	Sequence Classification, Synatx
	

	11
	Forward Algorithm, Viterbi
	

	12
	Rule-Based Systems, Classifiers
	

	13
	Question Answering
	4

	14
	Machine Translation
	

	15
	Information Extraction
	

	16
	Conversational Agents
	





Grading Policies

Grades in this course will be determined by your performance in four key areas:
· Exams (70%)
· Assignments (20%)
· Homeworks (10%)

Letter Grade Distribution Table

	Letter
	Range %
	Letter
	Range %
	Letter
	Range %

	A
	92 or above
	B
	82 - 87.9
	C
	70 - 77.9

	A-
	90 - 91.9
	B-
	80 - 81.9
	D
	60 - 69.9

	B+
	88 - 89.9
	C+
	78 - 79.9
	F
	less than 60




Course Outcomes Emphasized in Laboratory Projects / Assignments
	Outcome
	Number of Weeks

	Homework problems addressing fundamental linguistic phenomena (Outcome 1)
	3

	Homework problems addressing formal representational issues (Outcome 2)
	3

	Homework problems addressing computational approaches to NLP (Outcome 3)
	4

	Homework problems addressing assembling end-to-end systems (Outcome 4)
	2




Oral and Written Communication
No significant coverage
	Written Reports
	Oral Presentations

	Number
Required
	Approx. Number of pages
	Number
Required
	Approx. Time for each

	0
	0
	0
	0




Social and Ethical Implications of Computing Topics
No significant coverage
	Topic
	Class time
	Student Performance Measures

	
	
	



Approximate Number of Credit Hours Devoted to
Fundamental CS Topics

	Fundamental CS Area
	Core Hours
	Advanced Hours

	Algorithms
	1
	1

	Software Design
	0.5
	-

	Computer Organization and Architecture
	-
	-

	Data Structures
	0.5
	-

	Concepts of Programming Languages
	-
	-


Theoretical Contents
	Topic
	Class time

	Natural Language Processing
	12



Problem Analysis Experiences
	None



Solution Design Experiences
	None




The Coverage of Knowledge Units within Computer Science
Body of Knowledge[footnoteRef:1] [1: See Appendix A in Computer Science Curricula 2013. Final Report of the IEEE and ACM Joint Task Force on Computing Curricula, available at: https://www.acm.org/binaries/content/assets/education/cs2013_web_final.pdf 

] 

	Area
	Topic
	Type
	Lecture Hours

	AL
	Basic Automata Computability & Complexity
	Tier1
	1

	AL
	Basic Automata Computability & Complexity
	Tier2
	1

	AL
	Advanced Automata Computability & Complexity
	Elective
	1

	IS
	Basic Knowledge Representation & Reasoning
	Tier2
	1

	IS
	Basic Machine Learning
	Tier2
	2

	IS
	Advanced Representation & Reasoning
	Elective
	1

	IS
	Reasoning Under Uncertainty
	Elective
	3

	IS
	Natural Language Processing
	Elective
	26

	Total
	36



Sample Assignment 1: Interactive Dialog-Based Application
Description
Objective(s) Addressed:
· Objective 3: Develop and Test modal and modeless dialog windows.
· Objective 4: Integrate and Assess user interface elements (menus, keyboard accelerators, toolbars, and status bars).
· Objective 6: Identify and Implement common controls and dialogs.
Task:
Design and implement a Windows Forms application in C# that demonstrates robust dialog interactions. The application must include the following features:
· Main Form: Contains at least two buttons: one to launch a modal dialog and one to launch a modeless dialog.
· Modal Dialog:
· Captures user input (e.g., through text boxes, radio buttons, or checkboxes).
· Returns the data to update or modify elements on the main form.
· Modeless Dialog:
· Remains open concurrently with the main form.
· Continuously reflects changes based on user interactions or events triggered on the main form.
· Event Handling:
· Implement appropriate event handlers to manage dialog opening, closing, and data passing between dialogs and the main form.
· User Interface Enhancements:
· Use common controls and add at least one menu or toolbar on the main form that interacts with the dialogs.
Deliverables:
1. Complete source code (properly commented).
2. A brief design document (1–2 pages) that includes:
· A description of the application’s structure.
· A diagram illustrating the interaction between the main form and dialogs.
3. Screenshots or a short video demo showing:
· The main form.
· Both modal and modeless dialogs in action.
4. A short test report summarizing the test cases and their outcomes.
Sample Rubric for Assignment 1
	Criterion
	Exemplary (90–100%)
	Satisfactory (70–89%)
	Needs Improvement (50–69%)
	Unsatisfactory (Below 50%)
	Weight

	Functionality
	All required features are implemented; dialogs interact seamlessly; event handling is robust and error-free.
	Most required features are implemented; minor issues in dialog interactions or event handling.
	Several features are missing or malfunctioning; frequent errors during dialog interaction.
	Major functionality is absent or the application crashes frequently.
	30%

	User Interface Design
	Interface is intuitive, visually appealing, and meets all requirements (menus, toolbars, etc.); excellent layout and responsiveness.
	Good overall design with minor issues in layout or responsiveness; meets most requirements.
	Basic interface provided; design is cluttered or inconsistent; some required elements are missing.
	Poor design; difficult to navigate; lacks required UI components.
	20%

	Code Quality
	Code is clean, well-organized, and fully commented; adheres to best practices and naming conventions.
	Code is generally well-written with minor issues in organization or commenting.
	Code is somewhat disorganized or under-commented; inconsistent naming practices.
	Code is poorly structured, hard to read, or lacks essential commenting.
	20%

	Documentation
	Design document is thorough, clear, and well-structured; includes detailed diagrams and explanations.
	Documentation covers most aspects of the design with acceptable clarity and structure.
	Documentation is minimal or lacks clarity; diagrams or explanations are insufficient.
	Documentation is missing or does not support understanding of the design.
	15%

	Testing and Validation
	Comprehensive test cases are provided with detailed outcomes; evidence of systematic testing is clear.
	Test cases cover most functionalities; some test outcomes are provided.
	Few test cases are documented; testing is superficial and not well documented.
	Little or no evidence of testing; major functionalities were not verified.
	15%


Sample Assignment 2: Document-Based Graphics Application with Multithreading
Description
Objective(s) Addressed:
· Objective 5: Construct and Validate document and dialog-based applications.
· Objective 7: Employ and Evaluate advanced programming techniques (database connectivity, serialization, drag and drop, multithreading).
· Objective 8: Synthesize and Deploy programming solutions for a visual environment.
Task:
Develop a Windows Forms application in C# that implements a document-view architecture for creating and editing simple graphical documents. The application must include the following features:
· Document-View Structure:
· Support for creating, opening, editing, and saving documents that consist of drawn shapes (lines, rectangles, circles, etc.).
· The document model should be separated from the view.
· Graphics Interface:
· Use GDI+ to draw shapes on a canvas.
· Provide options to select different pens, brushes, and fonts.
· Printing and Print Preview:
· Include functionality for print preview and printing of the graphical document.
· Multithreading:
· Implement at least one background thread (e.g., for autosaving, real-time updates, or processing user commands) to enhance performance and responsiveness.
· Additional Enhancements (Optional):
· Support drag and drop functionality for adding graphical elements.
Deliverables:
1. Complete source code with proper inline documentation.
2. A design document (2–3 pages) including:
· System architecture and UML diagrams (class diagrams, sequence diagrams, etc.).
· An explanation of how multithreading is implemented and integrated with the document-view model.
3. Screenshots or a short video demo illustrating:
· The drawing canvas with various shapes.
· The print preview and printing functionality.
· The multithreaded feature in action (e.g., an autosave indicator).
4. A test report summarizing functional and performance tests, with emphasis on multithreading stability.
Sample Rubric for Assignment 2
	Criterion
	Exemplary (90–100%)
	Satisfactory (70–89%)
	Needs Improvement (50–69%)
	Unsatisfactory (Below 50%)
	Weight

	Functionality and Requirements
	All specified features (document-view, drawing, printing, multithreading) are fully implemented and work flawlessly; optional enhancements are well-integrated.
	Most features are implemented; minor issues exist in one or two areas; optional enhancements are partially implemented.
	Some core features are missing or have significant bugs; multithreading or printing features are not robust.
	Core functionalities are missing or non-functional; the application does not meet basic requirements.
	30%

	Graphics and UI Design
	The UI is intuitive and visually appealing; drawing tools are easy to use and effectively integrated into the document-view architecture.
	The UI is functional with some design or usability issues; drawing tools work but lack polish.
	The UI is basic or cluttered; drawing tools are difficult to use or inconsistently implemented.
	Poor UI design; drawing tools are confusing or missing; the interface hinders user interaction.
	25%

	Implementation of Multithreading
	Multithreading is implemented effectively with no performance issues; background processes enhance usability without causing errors or delays.
	Multithreading is implemented, though some minor issues or delays occur; overall enhancement is noticeable.
	Multithreading is present but causes occasional performance issues or race conditions.
	No effective multithreading is implemented, or its implementation causes major issues.
	20%

	Code Quality and Documentation
	Code is clean, modular, and thoroughly commented; follows best practices; design document is comprehensive and clear.
	Code is generally well-written with minor inconsistencies; documentation is adequate but could be more detailed.
	Code quality is uneven; documentation is incomplete or lacks clarity in some sections.
	Code is poorly structured with little or no documentation; design document is missing or unhelpful.
	15%

	Testing and Debugging
	Extensive test cases are provided with clear documentation of outcomes; the application demonstrates high stability and performance under various conditions.
	Sufficient test cases are documented; most features have been adequately tested with minor issues reported.
	Limited test cases provided; several bugs remain unaddressed; testing evidence is minimal.
	Little or no testing is evident; many critical issues persist without resolution.
	10%
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