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

City College of San Francisco 
Course Outline of Record 

April2015 
Computer Science 
CS 111C 

E. Course Outline Preparer( s) 
Data Structures and Algorithms: Java 
Steve Abensohn 

F. Department Chairperson 

G. Dean 

II. COURSE SPECIFICS 
A. Hours 

B. Units 
C. Prerequisites 

Co requisites 
Advisories 

D. Course Justification 

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

III. CATALOG DESCRIPTION 

Lecture: 3 weekly (52.5 total) 
Conference: 1 weekly (17.5 total) 
3 
CS 111B 
None 
None 
CS 111C is the third of a three course sequence 
designed for students transferring to a four-year 
program, and is required for the AS and AS-T 
degrees in Computer Science. It's also required for 
the Computer Programming: Java Certificate. 
No 
Letter 
0 

The analysis and design of computer algorithms and their underlying data structures. Analysis of 
the timing and efficiency of algorithms. Study of lists, stacks, queues, trees, backtracking, 
searching, sorting and recursion. Introduction to graphs, hash tables, heaps, priority queues and 
direct access files. Further study of abstract data types and object -oriented programming. 

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

A. Predict the results of data structures, including lists, stacks, queues, trees, graphs, heaps, 
hash tables and priority queues, with associated algorithms such as insertion, deletion, 
retrieval, search, and traversal. 

B. Evaluate data structures and algorithms for given problems, including sorting and 
searching, considering appropriateness and efficiency. 

C. Design and implement algorithms and data structures, including array-based and linked 
list implementations. 

D. Design and implement recursive solutions. 
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V. CONTENT 
A. Solving problems 

City College of San Francisco 
Course Outline of Record 

1. Choice of data structures and algorithms 
2. Pseudocode and the language of algorithms 
3. Using UML to specify operations and methods 

B. Further study and enhancement of good programming practices for software engineering 
1. Extensibility, maintainability (making programs easy to read/understand) 
2. Naming conventions 
3. Strategies for designing and developing large object-oriented programs (OOD/OOP) 

C. The timing and efficiency of algorithms 
1. Big 0 notation 
2. Ranks of common algorithm running times: log n, n, nlog n, n2, 2" 
3. Running time function for single and nested loops 

D. Lists 
1. Array-based list implementation 
2. Linked list implementation 

E. Abstract Data Types (ADTs) and Interfaces 
F. Stacks 

1. Implementations 
2. Basic operations 

a. push 
b. pop 
c. peek 

3. Applications 
G. Recursion 

1. Recursive algorithms 
2. Relationship between stacks and recursion 

H. Queues 
1. Implementations 
2. Basic operations 

a. enqueue 
b. dequeue 

3. Applications 
I. Trees 

1. Introduction to binary trees 
2. Traversals, searches 
3. Using trees 

a. Binary search trees 
b. Heaps 
c. Balanced trees such as B-trees 

J. Linear and binary search algorithms 
1. Searching arrays and linear structures 
2. Searching trees, graphs and non-linear structures 

K. Sorting algorithm costs: time and space 
1. O(n*n) such as 

a. selection sort 
b. insertion sort 
c. shell sort 
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2. O(n*log n) such as 
a. heap sort 
b. merge sort 
c. quick sort 

City College of San Francisco 
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3. Best, worst and average case performance 
L. Graphs 

1. Definition and examples 
2. Implementations 

a. Adjacency list 
b. Adjacency matrix 

3. Traversals 
a. Depth-first search 
b. Breadth-first search 

M. Hashing and hash tables 
1. Simple hash functions 
2. Collision resolution techniques 

N. Heaps and priority queues 
1. Definitions 
2. Applications 
3. Implementation 

0. Block access time and file access methods 
1. Working with files external media 
2. Sample algorithm optimizing block access with external merge sort 

P. Backtracking 
a. Tree traversals 
b. Stacks 

VI. INSTRUCTIONAL METHODOLOGY 
A. Assignments 

1. In-class assignments 
a. Roll play algorithms, methods and statements at the client and implementation 

levels for lists, stacks, queues, trees and graphs. 
b. Analyze iterative and recursive sorting and searching algorithms. 
c. Calculate running time function for single and nested loops. 

2. Out-of-class assignments 
a. Designing and implementing ADTs 
b. Using specific techniques, approaches, principles, and algorithms for designing 

and developing programs, and to estimate the order of growth of these algorithms. 
c. Comparing and contrasting advantages/disadvantages of data structures and 

algorithms for sorting and searching. 
d. Writing iterative and recursive algorithms and methods to process arrays, 

linked lists, stacks, queues, trees, heaps and graphs. 
e. Creating hash tables. 
f. Writing programs that implement a list, that use recursion, that process stacks 

and trees. 
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B. Evaluation 
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1""""" 1. Student problem solving and programming assignments as described above that 
measure the student's ability to design, develop and analyze data structures and 
algorithms. 

2. Multiple tests and/or quizzes including topics such as processing advantages and 
costs of lists, stacks, queues, trees and graphs; writing and evaluating recursive 
methods; and, determining the order of growth of searching and sorting algorithms. 

3. Written in-class comprehensive final examination that includes developing and 
writing code using the algorithms and data structures covered in the class. 

C. Textbooks and Other Instructional Materials 
1. Frank Carrano and Timothy Hendry, Data Structures and Abstractions With Java 

(4th Edition), Prentice Hall, 2015 
2. Appropriate programming environment 

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