CMU
Separate degrees for CS, Comp Bio (joint) in CSD, CompE part of ECE.

5 year B.S./M.S. has thesis in CS (24 out of 48 credits by UW standards) but not in ECE where it is course-only.  All courses are graduate courses with certain number of ‘star courses’ in CS.   Students can start these courses in senior year in ECE but only after senior year in CS. 

Double majors between CS and CompE possible.  This is useful because it substitutes for a minor requirement.
Semester system - course credits converted to UW-equivalent numbers.

The basic structure has all but one of the core semester courses by the end of 200-level courses.  Intro to the major has two explicit entry points (essentially 142 or 143) based on prior programming experience.  1st year includes a 321-like course suggested in the 1st quarter. The only required course at the junior/senior levels is the Algorithms course.   There is a required sophomore TC course.   Required core courses roughly match 142, 143, 321, 326, 303 (somewhat different), part of 341 (functional programming), 378 (a broader course than ours), 421 plus a Great Ideas in Theory course (suggested spring of Freshman year) for which we have no equivalent.   No 370 equivalent anywhere.   322 is part of an optional semester course that does 322+431 but regular expressions covered in Unix course.  Math requirements similar to ours.  More Science/Engineering required – 4 semester courses = 2 full years.    Minor requirement.  Beyond the core: 6 additional semester courses required, split as 1 Applications, 1 Systems, 1 Math-y “fundamentals of algorithms” course (either math or verification),  1 logic/PL/automata course,  2 electives.
Overall: somewhat more math/theory-oriented (in the broad sense) than our curriculum.   
No hardware.
Suggested Course Sequence (Revised September, 2006) 
	 

	Freshman Year

	[image: image1.png]


Fall
	 
	 

	Course Number
	Course Name
	Units

	15-111
	Intermediate/Advanced Programming
	10

	15-128
	Freshman Immigration Course
	1

	21-120
	Differential & Integral Calculus
	10

	21-127
	Concepts of Mathematics
	9

	76-101
	Interpretation and Argument
	9

	99-10x
	Computing Skills Workshop
	3

	xx-xxx
	Science/Engineering Course
	9

	Total:
	51
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Spring
	 
	 

	Course Number
	Course Name
	Units

	15-211
	Fundamental Data Structures and Algorithms
	12

	15-251
	Great Theoretical Ideas in Computer Science
	12

	21-122
	Integration, Differential Equations, and Approximation
	10

	xx-xxx
	Science/Engineering Course
	9

	xx-xxx
	Humanities and Arts Elective
	9

	Total:
	52

	Sophomore Year
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Fall
	 
	 

	Course Number
	Course Name
	Units

	15-123
	Effective Programming in C and UNIX
	9

	15-212
	Principles of Programming
	12

	21-241
	Matrix Algebra
	9

	xx-xxx
	Science/Engineering Course
	9

	xx-xxx
	Humanities and Arts Elective
	9

	Total:
	48
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Spring
	 
	 

	Course Number
	Course Name
	Units

	15-213
	Introduction to Computer Systems
	12

	15-221
	Technical Communication for Computer Scientists
	9

	15-xxx
	Computer Science Elective
	9

	xx-xxx
	Science/Engineering Course
	9

	xx-xxx
	Minor Requirement / Free Elective
	9

	Total:
	48

	Junior Year
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Fall
	 
	 

	Course Number
	Course Name
	Units

	15-451
	Algorithm Design and Analysis
	12

	15-xxx
	Computer Science Elective
	9

	xx-xxx
	Probability Course
	9

	xx-xxx
	Humanities and Arts Elective
	9

	xx-xxx
	Minor Requirement / Free Elective
	9

	Total:
	48
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Spring
	 
	 

	Course Number
	Course Name
	Units

	15-xxx
	Computer Science Elective
	12

	15-xxx
	Computer Science Elective
	9

	xx-xxx
	Humanities and Arts Elective
	9

	xx-xxx
	Minor Requirement / Free Elective
	9

	Total:
	39

	Senior Year
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Fall
	 
	 

	Course Number
	Course Name
	Units

	15-xxx
	Computer Science Elective
	12

	xx-xxx
	Humanities and Arts Elective
	9

	xx-xxx
	Minor Requirement / Free Elective
	9

	xx-xxx 
	Minor Requirement / Free Elective
	9

	Total:
	39
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Spring
	 
	 

	Course Number
	Course Name
	Units

	15-xxx
	Computer Science Elective
	9

	xx-xxx
	Humanities and Arts Elective
	9

	xx-xxx
	Minor Requirement / Free Elective
	9

	xx-xxx
	Minor Requirement / Free Elective
	9

	Total:
	36



Minimum number of units required for the degree: 360

Required

· 15-111 Intermediate/Advanced Programming (students with no prior programming experience take 15-100 Introductory/Intermediate Programming and 15-111) (5 credits) A continuation of the process of program design and analysis for students with some prior programming experience (functions, loops, and arrays, not necessarily in Java). The course reinforces object-oriented programming techniques in Java and covers data aggregates, data structures (e.g., linked lists, stacks, queues, trees, and graphs), and an introduction to the analysis of algorithms that operate on those data structures. The course, along with 21-127, serves as a prerequisite for 15-211. NOTE: students who receive a grade of C or less in 15-111 should discuss whether they are adequately prepared for 15-211 with their academic advisor. (No Prereq)  Note 15100 description (5 credits) An introduction to the process of program design and analysis using the Java programming language for students who have NO prior programming experience. Topics to be covered include basic data types and their operators, I/O, control structures (selection, loops), classes (including methods and fields), arrays, and simple sorting and searching algorithms. Students with prior programming experience are strongly encouraged to take 15-111. If you've taken a programming course in a language other than Java and have used functions, loops, and arrays, you should NOT enroll in 15-100 and instead enroll in 15-111. NOTE: students who receive a grade of C or less in 15-100 should discuss whether they are adequately prepared for 15-200 with their academic advisor. (No Prereq)
· 15-123 Effective Programming in C and UNIX (4.5 credits) This course is designed to provide a substantial exposure to the C programming language and the Unix programming environment for students with prior programming experience but minimal exposure to C. Features of the C language that are emphasized include arrays, structs and unions, dynamic memory allocation (malloc and free), pointers, pointer arithmetic, and casting. Data structures that are emphasized include lists and hash tables. Students will develop a sense of proper programming style in the C idiom, and will be exposed to cross-platform portability issues. Students will learn to use tools such as emacs/vi, make, and gdb to assist them in the design, testing and debugging of their programs. Students will learn about regular expresions and grep and will be able to use a scripting language such as Perl to solve simple problems.  (Prereq 15-100)
· 15-128 Freshman Immigration Course (0.5 credits)
· Computing Skills Workshop (1.5 credits) Computing Skills Workshop (CSW) is a 3-unit required class that ALL incoming undergraduate students take when they arrive on campus. The course is comprised of mostly Carnegie Mellon specific information and helps students understand what resources are available to them and what responsibilities they have as a user in our computing community. Class is held twice/week for 50 min for 1/2 of the semester. There is very little work required outside of class, so students are expected to attend all classes. This course is only offered during the Fall and Spring semesters. There are no test-out opportunities or summer programs. Advanced Placement Computing Courses cannot be credited/substituted for this requirement.
· 15-211 Fundamental Data Structures and Algorithms (6 credits) Fundamental programming concepts are presented together with supporting theoretical foundations and practical applications. This course emphasizes the practical application of techniques for writing and analyzing programs: data abstraction, program verification, and performance analysis. These techniques are applied in the design and analysis of fundamental algorithms and data structures. The course is currently taught in Java. (Prereq 15-111, 21-127)
· 15-212 Principles of Programming (6 credits) This course presents principles and techniques of programming, focusing on sophisticated methods for specifying, constructing, and reasoning about computer programs. Via features of a high-level functional programming language (currently ML), this course concretely illustrates mechanisms for building user-defined data types, including recursive and polymorphic types, and infinite data structures such as streams; for building higher-order control constructs such as first-class functions and continuations; and for building large programs using advanced module composition. It also introduces the use of formal methods for specifying and verifying programs. (Prereq 15-251)
15-213 Introduction to Computer Systems (6 credits) This course provides a programmer's view of how computer systems execute programs, store information, and communicate. It enables students to become more effective programmers, especially in dealing with issues of performance, portability and robustness. It also serves as a foundation for courses on compilers, networks, operating systems, and computer architecture, where a deeper understanding of systems-level issues is required. Topics covered include: machine-level code and its generation by optimizing compilers, performance evaluation and optimization, computer arithmetic, memory organization and management, networking technology and protocols, and supporting concurrent computation. (Prereq 15-123) (TAKEN by both CS and ECE students) 15-213 is the course we refer to as ICS+ in the CS:APP Preface. About 300 undergraduates (mostly sophomores and juniors) take 15-213 each year: roughly 140 CS, 100 ECE, and 60 other. The 15-213 course serves several different purposes in our curriculum: 

· For humanities, liberal arts, and non-CE (Computer Engineering) students in the engineering school, it is often the terminal course in their systems education. 

· For CS and CE students, it serves as the foundational prereq for upper level systems courses offered in both the CS and ECE departments, including networks (CS), compilers (CS), databases (CS), operating systems (CS), embedded systems (ECE), distributed systems (CS), computer architecture (ECE), and parallel computer architecture (CS). Establishing 15-213 as a prereq for the upper level systems courses helps those instructors offer better courses because they can make assumptions about the general systems maturity of their students. For example, instructors in the ECE computer architecture course can now assume that students know how assembly language, caches, and virtual memory work, and thus they can focus right away on the more interesting and appropriate design issues such as ISA design, cache design, and TLB design. 

· It provides our students with experience in programming C. This is important because the upper level CS and CE systems courses require knowledge of C, but the CS intro courses are all based on Java. 

· 15-251 Great Theoretical Ideas in Computer Science (6 credits) This course is about how to use theoretical ideas to formulate and solve problems in computer science. It integrates mathematical material with general problem solving techniques and computer science applications. Examples are drawn from Algorithms, Complexity Theory, Game Theory, Probability Theory, Graph Theory, Automata Theory, Algebra, Cryptography, and Combinatorics. Assignments involve both mathematical proofs and programming. (Prereq 15-111/100 and 21-127)
· 15-451 Algorithm Design and Analysis (6 credits) This course is about the design and analysis of algorithms. We study specific algorithms for a variety of problems, as well as general design and analysis techniques. Specific topics include searching, sorting, algorithms for graph problems, efficient data structures, lower bounds and NP-completeness. A variety of other topics may be covered at the discretion of the instructor. These include parallel algorithms, randomized algorithms, geometric algorithms, low level techniques for efficient programming, cryptography, and cryptographic protocols. (Prereq 15-211 and 15-251)
· one Communications course:

· 15-221 Technical Communication for Computer Scientists (4.5 credits) The course is designed for sophomore computer science majors to improve their abilities in practical, professional communications (both written and oral). It aims to help students compose clear, concise technical writings and oral presentations for multi-level audiences. Assignments include technical definitions, descriptions, instructions, process explanations, abstracts, memos, and research reports. Assignments may incorporate recent computer science research at Carnegie Mellon, projects in related technical courses, and professional case studies. (Prereq 1st year English “Interpretation and Argument” class)
· one Applications course:

· 15-323 Music Systems and Information Processing

· 15-381 Artificial Intelligence: Representation and Problem Solving

· 15-384 Robotic Manipulation

· 15-385 Computer Vision

· 15-413 Software Engineering

· 15-415 Database Applications

· 15-437 Web Application Development

· 15-462 Computer Graphics

· 15-463 Computational Photography

· 15-482 Human Language Technologies

· 15-490 Computational Neuroscience

· 15-681 Artificial Intelligence: Machine Learning

· 16-362 Mobile Robot Programming Laboratory

· others as appropriate

· one Fundamentals of Algorithms course:

· 15-354 Computational Discrete Mathematics  (6 credits) This course is about the computational aspects of some of the standard concepts of discrete mathematics (relations, functions, logic, graphs, algebra, automata), with emphasis on efficient algorithms. We begin with a brief introduction to computability and computational complexity. Other topics include: iteration, orbits and fixed points, order and equivalence relations, propositional logic and satisfiability testing, finite fields and shift register sequences, finite state machines, and cellular automata. Computational support for some of the material is available in the form of a Mathematica package. 
· 15-355 Modern Computer Algebra

· 15-414 Bug Catching: Automated Program Verification and Testing (4.5 credits) Many CS and ECE students will be developing software and hardware that must be ultra reliable at some point in their careers. Logical errors in such designs can be costly, even life threatening. There have already been a number of well publicized errors like the Intel Pentium floating point error and the Arian 5 crash. In this course we will study tools for finding and preventing logical errors. Three types of tools will be studied: automated theorem proving, state exploration techniques like model checking and tools based on static program analysis. Although students will learn the theoretical basis for such tools, the emphasis will be on actually using them on real examples.
· 21-301 Combinatorics (4.5 credits) A major part of the course concentrates on algebraic methods, which are relevant in the study of error correcting codes, and other areas. Topics covered in depth include permutations and combinations, generating functions, recurrence relations, the principle of inclusion and exclusion, and the Fibonacci sequence and the harmonic series. Additional topics may include existence proofs, partitions, finite calculus, generating combinatorial objects, Polya theory, codes, probabilistic methods.
· 21-373 Algebraic Structures

· 21-484 Graph Theory

· others as appropriate

· one Fundamentals of Programming course:

· 15-312 Foundations of Programming Languages 
· 15-317 Constructive Logic

· 15-453 Formal Languages and Automata 
· 17-651 Models of Software Systems

· 21-300 Basic Logic

· 80-310 Logic and Computation

· 80-311 Computability and Incompleteness

· others as appropriate

· one Systems Programming course:

· 15-410 Operating System Design and Implementation

· 15-418 Parallel Computer Architecture and Programming

· 15-441 Computer Networks

· 18-447 Introduction to Computer Architecture

· others as appropriate

· two Computer Science electives

Mathematics/Probability 

· 21-120 Differential & Integral Calculus

· 21-122 Integration, Differential Equations, and Approximation

· 21-127 Concepts of Mathematics (4.5 credits) This course introduces the basic concepts, ideas and tools involved in doing mathematics. As such, its main focus is on presenting informal logic, and the methods of mathematical proof. These subjects are closely related to the application of mathematics in many areas, particularly computer science. Topics discussed include a basic introduction to elementary number theory, induction, the algebra of sets, relations, equivalence relations, congruences, partitions, and functions, including injections, surjections, and bijections.
· 21-241 Matrix Algebra (or 21-341 Linear Algebra)

· one of the following Probability courses:

· 15-359 Probability and Computing

· 21-325 Probability

· 36-217 Probability Theory and Random Processes

· 36-225 Introduction to Probability and Statistics I

· 36-625 Probability and Mathematical Statistics I

Engineering and Natural Sciences 

Four engineering or science courses are required, of which at least one must have a laboratory component and at least two must be from the same department. At present, courses meeting the lab requirement are:

· 09-101 Introduction to Experimental Chemistry (this 3 unit lab together with 09-105, Introduction to Modern Chemistry, satisfies the lab requirement)

· 27-100 Engineering the Materials of the Future

· 33-104 Experimental Physics

· 85-310 Research Methods in Cognitive Psychology

Required Minor

Comp Bio

Curriculum for Inter-college Computational Biology Degree
	 
	Units
	Course Number
	Course Title

	Math/Stats Core
	 
	 
	 

	 
	10
	21-120
	Differential and Integral Calculus

	 
	10
	21-122
	Integration, Diff Equations, and Approximation

	 
	9
	21-127
	Concepts of Mathematics

	 
	9
	21-xxx
	Math Elective (21-241, 21-260, 21-341)

	 
	9
	36-xxx
	Stats Elective (36-217, 36-225, 36-247, 36-625)

	 
	47
	 
	 

	 
	 
	 
	 

	General Science Core
	 
	 
	 

	 
	10
	09-105
	Introduction to Modern Chemistry

	 
	10
	09-106
	Modern Chemistry II

	 
	9
	09-217
	Organic Chemistry I

	 
	12
	33-111
	Physics for Science Students I

	 
	41
	 
	 

	 
	 
	 
	 

	Colloquia
	 
	 
	 

	 
	1
	03-201 or 15-128
	Bio Colloquium or CS Immigration Course

	 
	1
	03-411
	Topics in Research

	 
	2
	 
	 

	 
	 
	 
	 

	Biological Sci Core
	 
	 
	 

	 
	9
	03-121
	Modern Biology

	 
	9
	03-231/232
	Biochemistry

	 
	9
	03-240
	Cell Biology

	 
	9
	03-330
	Genetics

	 
	36
	 
	 

	 
	 
	 
	 

	Laboratory Core
	 
	 
	 

	 
	1
	03-342
	Intro to Bio Lab Practices (03-343 co-req)

	 
	12
	03-343
	Experimental Techniques in Molecular Biology

	 
	13
	 
	 

	 
	 
	 
	 

	Computer Sci Core
	 
	 
	 

	 
	10
	15-111
	Intermediate/Advanced Programming

	 
	9
	15-123
	Effective Programming in C and UNIX

	 
	12
	15-211
	Fundamental Data Structures and Algorithms

	 
	12
	15-251
	Great Theoretical Ideas in Computer Science

	 
	9
	15-451
	Algorithm Design and Analysis

	 
	52
	 
	 

	 
	 
	 
	 

	Major Electives
	 
	 
	 

	 
	12
	03-510 or 03-511
	Computational Biology or Comp. Mol. Bio

	 
	18
	03-xxx/15-xxx
	2 Computational Biology Electives

	 
	9
	03-3xx
	Advanced Biology Elective

	 
	9
	15-xxx
	Computer Science Elective (15-212 or above)

	 
	48
	 
	 

	 
	 
	 
	 

	General Education
	 
	 
	 

	 
	3
	99-101
	Computing Skills Workshop

	 
	9
	76-101
	Interpretation and Argument

	 
	9
	Cat.1
	Cognition, Choice and Behavior Menu

	 
	9
	Cat.2
	Econ., Political and Social Institutions Menu

	 
	9
	Cat.3
	Cultural Analysis Menu

	 
	9
	Humanities/Arts1
	H&SS or CFA Elective

	 
	9
	Humanities/Arts2
	H&SS or CFA Elective

	 
	9
	Humanities/Arts3
	H&SS or CFA Elective

	 
	9
	Humanities/Arts4
	H&SS or CFA Elective

	 
	75
	 
	 

	 
	 
	 
	 

	Free Electives
	 
	 
	 

	 
	9
	xx-xxx
	Free Elective

	 
	9
	xx-xxx
	Free Elective

	 
	9
	xx-xxx
	Free Elective

	 
	9
	xx-xxx
	Free Elective

	 
	36
	 
	 


 

ECE Comp E
15-111

18-220 
Fundamentals of Electrical Engineering 
12

18-240 
Fundamentals of Computer Engineering 
12

18-202  
Mathematical Foundations of Electrical Engineering 
12

21-127 
Concepts of Mathematics 
9

Appendix A: Graduation Course Requirement Sheet: B.S. in ECE

You may wish to print and retain this sheet to track your progress through the B.S. program. 

Mathematics, Science, and Computer Programming 105 units 

	Course
	Units
	

	1 Corequisite to 18-220, Fundamentals of EE 

2 Corequisite to 18-240, Fundamentals of CE 

3 Any course in Biology, Chemistry or Physics; or any 200 level course or higher in Mathematics or Statistics except 21-257, 21-261, 36-207, 36-208, 36-209, and 36-210 

4 Same as above 

	15-100 
	Introductory/Intermediate Programming OR
	10
	 

	15-111 
	Intermediate/Advanced Programming
	10
	 

	18-202 1 
	Mathematical Foundations of Electrical Engineering
	12
	 

	21-127 2 
	Introduction to Modern Mathematics
	9
	 

	33-106 
	Physics for Engineering Students I
	12
	 

	33-107 
	Physics for Engineering Students II
	12
	 

	36-xxx 
	Probability and Statistics
	9
	 

	99-101 
	Computing Skills Workshop
	3
	 

	xx-xxx 3 
	Math/Science Elective
	9
	 

	yy-yyy 4 
	Math/Science Elective
	9
	 

	Class of 2006 and later

	21-120 
	Differential and Integral Calculus AND
	10
	 

	21-122 
	Integration, Differential Equations, Approximations; OR
	10
	 

	21-115 
	Differential Calculus (AP) AND
	5
	 

	21-121 
	Integration, Differential Equations AND
	10
	 

	21-123 
	Calculus of Approximation
	5
	 

	Class of 2005 and earlier

	21-115 
	Differential Calculus
	5
	 

	21-116 
	Integral Calculus
	5
	 

	21-117 
	Integration and Differential Equations
	5
	 

	21-118 
	Calculus of Approximation
	5
	


Freshman Engineering 24 units 

	Course
	Units
	

	7 06-100, 12-101, 19-101, 24-101, 27-100 

	18-100 
	Introduction to Electrical and Computer Engineering
	12
	 

	xx-xxx 7 
	CIT Introduction to Engineering Course
	12
	 


ECE Seminar (Class of 2007 and later) 1 units 

	Course
	Units
	

	

	18-200 
	Emerging Trends in Electrical and Computer Engineering
	1
	 


ECE Core 24 units 

	Course
	Units
	

	

	18-220 
	Fundamentals of Electrical Engineering
	12
	 

	18-240 
	Fundamentals of Computer Engineering
	12
	 


ECE Breadth 36 units 

	Course
	Units
	

	

	
	ECE Breadth Course 1
	12
	 

	
	ECE Breadth Course 2
	12
	 

	
	ECE Breadth Course 3
	12
	 


ECE Coverage, Depth, Design 36 units 

	Course
	Units
	

	8 Must have one of the breadth courses as a prerequisite 

9 The Capstone Design course also satisfies an ECE depth or coverage requirement 

	xx-xxx 8 
	Depth requirement
	12
	 

	yy-yyy 9 
	ECE Coverage Requirement 1
	12
	 

	
	ECE Coverage Requirement 2
	12
	 


Engineering Elective 12 units 

	Course
	Units
	

	10 Any technical course in CIT except 18-202 or any 200 level or higher course in CS 

	xx-xxx 10 
	Engineering Elective
	12
	 


Free Electives 51 units 

	Course
	Units
	

	

	
	
	Variable
	 

	
	
	Variable
	 

	
	
	Variable
	 

	
	
	Variable
	 

	
	
	Variable
	 

	
	
	Variable
	 

	
	
	Variable
	 


Total units: 360 

QPA Requirements

Computer Software

15211 
Fundamental Data Structures and Algorithms 
12

15212 
Principles of Programming 
12

15312 
Foundations of Programming Languages 
12

15381 
Artificial Intelligence: Representation and Problem Solving 
9

15385 
Computer Vision 
9

15410 
Operating Systems Design and Implementation 
12

15411 
Compiler Design 
12

15412 
Operating System Practicum 
12

15415 
Database Applications 
12

15441 
Computer Networks 
12

15451 
Algorithm Design and Analysis 
12

15453 
Formal Languages and Automata 
9

15462 
Computer Graphics 
12

15681 
Artificial Intelligence: Machine Learning 
12

18349 
Embedded Real-Time Systems 
12

18411 
Computational Techniques in Engineering 
12

18487 
Introduction to Computer and Network Security and Applied Cryptography 
12

18730 
Introduction to Computer Security 
12

18749 
Fault-Tolerant Distributed Systems 
12

18845 
Internet Services 
12

Computer Hardware

15213 
Introduction to Computer Systems 
12

18340 
Digital Computation 
12

18341 
Logic Design Using Simulation, Synthesis, and Verification Techniques 
12

18345 
Introduction to Telecommunication Networks 
12

18348 
Embedded System Engineering 
12

18349 
Embedded Real-Time Systems 
12

18447 
Introduction to Computer Architecture 
12

18540 
Rapid Prototyping of Computer Systems 
12

18544 
Network Design and Evaluation 
12

18545 
Advanced Digital Design Project 
12

18549 
Embedded Systems Design 
12

18741 
Advanced Computer Architecture 
12

18742 
Multiprocessor Computer Architecture 
12

18744 
Hardware Systems Engineering 
12

18746 
Advanced Storage Systems 
12

18747 
Advanced Techniques in Microprocessors 
12

18759 
Wireless Networks 
12

18760 
VLSI CAD: Logic to Layout 
12

18765 
Digital Systems Testing and Testable Design 
12

18766 
The Art and Science of System Level Design 
12

18767 
VLSI CAD: Software to Logic 
12

18843 
Mobile and Pervasive Computing 
12

