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I. GENERAL DESCRIPTION 
A. Date 
B. Department 
C. Course Number 
D. Course Title 

E. Course Outline Preparer 

F. Department Chairperson 

G. Dean 

II. COURSE SPECIFICS 
A. Hours 

B. Units 
C. Prerequisites 

Corequisites 
Advisories 

D. Course Justification 

E. Field Trips 
F. Method of Grading 
G. Repeatability 

III. CATALOG DESCRIPTION 

April2015 
Computer Science 
CS270 
Computer Architecture with Assembly 
Language 
GregBoyd . 

Craig Persiko ~.r:/.. 
David Yee ~ -p;~ Otv,J. "f(e 

Lecture: 3 weekly (52.5 total) 
Conference: 1 weekly (17.5 total) 
3 
CS llOB or CS 111B 
None 
CS 160A and Math 115 
This course is a requirement for transfer to 
four-year college level Computer Science 
departments. CS 270 is required for the 
CCSF AS and AS-T degrees with major in 
Computer Science and is an elective for the 
Certificate in Computer Programming: C++. 
Students also take this course to deepen their 
background in Computer Science. 
No 
Letter 
0 

Basic computer organization including the instruction cycle, parts of CPU, memory 
hierarchy including caching, pipelining, exception handling, and issues of 
multiprocessing. Write assembly language programs using a sample architecture. 
Translation from high-level code is discussed. Basic hardware components and control 
circuits are designed in logic using combinational and sequential circuits. 

IV. MAJOR LEARNING OUTCOMES 
Upon completion of this course a student will be able to: 

A. Perform manipulations, conversions, and arithmetic at the machine level using 
various types of data including two's-complement integer, floating point, 
character and pointer data and their aggregates. 

B. Create assembly language programs by translating familiar higher-level language 
constructs to assembly, and verify that the results function correctly. 

C. Demonstrate how procedures and procedure calls are implemented in assembly 
language using a stack discipline. 

CCSF, Computer Science, CS 270, Computer Architecturew/ Assembly Language, April2015, Page 1 of 5 



I~ 

City College of San Francisco 
Course Outline of Record 

D. Design simple sequential circuits using transition diagrams and state tables and 
plan their implementation using fundamental building blocks. 

E. Design simple combinational circuits and use Boolean Algebra and standard 
circuit minimization techniques to simplify them. 

V.CONTENT 
A. Digital systems 

1. History and background 
a. Historical milestones in computer development 
b. Moore's Law, component miniaturization, and physical limitations 
c. Chip fabrication and its challenges 

2. Theoretical components of a computer system 
a. Input, output, computation, and datapath components 
b. Von Neumann machines and the Fetch-Decode-Execute cycle 
c. Using Register Transfer Notation to express data flow 

3. Basic components 
a. Transistors and gates 
b. Latches and flip-flops 
c. Decoders and multiplexers 
d. Registers and PLAs 
e. Counters 
f. Adders 
g. a simple ALU 

4. Design of simple circuits 
a. Logic expressions 
b. Circuit minimization using Boolean Algebra and Karnaugh maps. 
c. Combinational circuits 
d. Clocks, state machines and sequential circuits 

5. Use of simple circuits in the design of larger components 
B. Machine level representation of data 

1. Data sizes and types 
a. bits, bytes and words 
b. Integer data types 
c. Floating-point data types 

2. Numeric representation of data 
a. Number bases: binary, octal, hexadecimal 
b. Conversion between binary, octal, hexadecimal and decimal 
c. IEEE floating-point representation 

1. Single-precision 
2. Double-precision 

d. Representation of signed integers 
1. Sign and magnitude 
2. Two's complement 

e. Representation of non-numeric scalar data types such as multi-byte 
characters. 

f. Representation of character strings, arrays and compound types. 
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3. Arithmetic operations 
a. Addition and subtraction of integer types represented in two's complement 

1. Sign-extension and truncation 
2. Overflow detection 

b. Addition of floating-point data 
c. Pointer arithmetic 

1. addresses and dereferencing 
2. indexing using pointers 

C. Assembly level machine organization and instruction set design 
1. The organization of the Von Neumann machine 
2. The fetch-decode-execute cycle of the control unit 
3. Characteristics of a machine instruction set 

a. How machine models affect instruction set design 
b. Common instruction architectures 

1. Accumulator-based 
2. General register-based 
3. CISC vs RISC 

4. Common types of instructions 
a. Load and store 
b. Arithmetic 
c. Logical 
d. Branch 
e. Control: 110, traps and other specialized instructions 

5. Examples of addressing modes 
a. Register 
b. Memory 
c. Immediate 
d. Indexed (register-indirect with offset) 

6. Architecture and instruction set of a model machine 
D. Assembly-language programming of the model machine 

1. Instruction types 
2. Addressing modes 
3. Instruction encoding 
4. Assembly-language programming 
5. Subroutine call and return mechanism 
6. Translation of higher-level language constructs to assembly language 

a. If-statements 
b. Loops 
c. Switch statements 

7. The compilation process 
a. Phases of the compilation process 
b. The link step: dynamic vs. static 

8. Exceptions 
a. Accessing exception data 
b. Interrupts and exception types 
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c. Availability of registers 
d. Returning to user program vs. aborting 

E. Memory systems 
1. Memory hierarchy and main memory organization 
2. Latency Issues: the Von Neumann bottleneck 
3. Use of cache memory to reduce latency 

a. Direct -mapped caches 
b. Fully and set-associative caches 

4. Virtual memory 
a. Physical and virtual addresses 
b. Use of virtual memory to maximize memory availability and simplify 

addressing 
F. Functional organization 

1. Use of Register-Transfer-Notation to describe data flow in a processor 
2. Instruction-level parallelism 
3. Instruction pipelining: hazards and interlocks 

G. Parallel programming 
1. Amdahl's law 
2. Difficulties in parallel programming 
3. Atomic operations and critical sections 

H. Advanced topics 
1. Limitations of current semiconductor technologies 
2. Compiler optimizations 
3. Performance issues 
4. Future directions in machine architectures 

VI. INSTRUCTIONAL METHODOLOGY 
A. Assignments 

1. In-class assignments 
a. Converting integer data between radixes, and encoding floating-point data 

in binary 
b. Translating higher-level language to assembly language and discussing 

issues that arise 
c. Analyzing sample programs written in assembly language 
d. Solving circuit minimization problems using Boolean Algebra and 

standard minimization techniques. 
2. Out -of -class assignments 

a. Writing and debugging assembly language programs 
b. Designing and diagramming sample combinational and sequential circuits 

B. Evaluation 
1. Student assignments as described above that measure the student's ability to 

write assembly language programs, solve digital logic problems, and design 
simple combinational and sequential circuits. 

2. Periodic tests that measure the student's abilities and understanding of 
concepts such as: representation of binary data in various radixes and 
conversion between them, representation of floating-point data, cache issues, 
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assembly language programming and components of the compilation system. 
3. A comprehensive in-class written final examination covering the above topics 

C. Textbooks and other instructional materials 
1. Patterson, David, A., Hennessy, John L., Computer Organization and Design, 

Fifth Edition: The Hardware/Software Interface (The Morgan Kaufmann 
Series in Computer Architecture and Design), 2013 

2. Instructor generated handouts such as practice exercises, assignments, or 
review notes. 

3. Access to a computer with Internet access and that can run the provided 
simulation software. 

VII. TITLE 5 CLASSIFICATION 
CREDIT/DEGREE APPLICABLE (meets all standards of Title 5. Section 55002(a)). 
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