AP Computer Science AB Syllabus

Course Overview: AP Computer Science AB is an introductory course in computer science. It is equivalent to the first two semesters of an introductory Computer Science course at a college or university. Since this course extends the concepts and objectives of the AP Computer Science A course, students enrolled in AB should have successfully completed the AP Computer Science A curriculum and taken the AP Computer Science A exam. In the AB course, students move beyond simple programming to develop sophisticated skills in designing and building classes, working with data structures, analyzing efficiency, and navigating advanced data structures using trees, linked lists, sets, and maps. There is a strong emphasis on algorithms, object oriented programming, efficiency, and use of advanced data structures. Because the development of computer programs to solve problems is a skill fundamental to the study of computer science, a large part of the course is built around the development of computer programs or parts of programs that correctly solve a given problem. The course also emphasizes the design issues that make programs understandable, adaptable, and, when appropriate, reusable. At the same time, the development of useful computer programs and classes is used as a context for introducing other important concepts in computer science, including the development and analysis of algorithms, the development and use of fundamental data structures, and the study of standard algorithms and typical applications. In addition, an understanding of the basic hardware and software components of computer systems and the responsible use of these systems are integral parts of the course.

Course goals (and College Board curriculum requirements): After the completion of this course, students should be able to:

· design and implement computer-based solutions to problems in a variety of application areas [C3]

· use and implement commonly-used algorithms and data structures [C4]

· develop and select appropriate algorithms and data structures to solve problems [C5]

· code fluently in an object-oriented paradigm using the programming language Java. Students are expected to be familiar with and be able to use standard Java library classes from the AP Java subset [C6]

· read and understand a large program consisting of several classes and interacting objects. Students should be able to read and understand a description of the design and development process leading to such a program. (An example of such a program is the AP Computer Science Case Study.) [C7]

· identify the major hardware and software components of a computer system, their relationship with one another, and the roles of these components within the system [C8]

· recognize the ethical and social implications of computer use [C9]

Computer facilities: Students have access to the lab computers three days a week outside of  class time. Students also have access to computers each day, before and after school, in the media center. The course uses Java 2 Standard Edition 5.0 (Java 5), with the NetBeans IDE. This software is freely available at the Sun website (http://www.sun.com/).

Text and Supplemental Materials:
· Lewis, John, Joseph Chase, and Leigh Ann Sudhol. Java Software Structures for AP Computer Science. Upper Saddle River, NJ: Prentice Hall, 2007

· Lewis, John, William Loftus, and Cara Cocking. Java Software Solutions for AP Computer Science. 2nd ed. Upper Saddle River, NJ: Prentice Hall, 2007  (Used during first unit to review Computer Science A curriculum)

· College Board. AP GridWorld Case Study. New York: College Entrance Examination Board, 2006

· Litvin, Maria. Be Prepared for the AP Computer Science Exam. Andover, MA: Skylit Publishing, 2004

· Additional resources:

·  Introduction to Computer Science website developed by Bradley Kjell at Central Connecticut State University (CCSU) http://chortle.ccsu.ctstateu.edu/cs151/cs151java.htm

· Sun Microsystem's website, The Java Tutorials, : http://java.sun.com/docs/books/tutorial/java/

· Jython Environment for Students (JES) software,  http://coweb.cc.gatech.edu/mediaComp-plan/94

· Web Clearinghouse for Engineering and Computing Ethics, http://www4.ncsu.edu/~jherkert/ethicind.html

Course Outline [C2] 
	Unit 1: Review of Java Basics, Hardware/Software and Ethics
	Weeks 1 – 2
 (Days 1 – 11)
	[C3], [C4], [C5], [C6], [C7], [C8], [C9]

	College Board Topical Outline:
 All objectives under the “Computer Science A” column of the Topic Outline in the AP Computer Science Course Description
	Topics:
· Use the GridWorld Case Study as a platform to review Java principles and objectives from the AP Computer Science A course, including coding fluently in an object-oriented paradigm
· Understand the hardware/ software components of computers, their relationships, and their roles within a system
· Understand the ethical and social implications of computer use

	Assignments/Assessments:
Fluent coding in an object-oriented paradigm using the AP Java subset:

· GridWorld Case Study: Set up a project for the case study, then become familiar with the code; Read the manual for the case study, chapters 1 and 2, thoroughly

· Java Software Solutions: Review objected-oriented principles including object oriented design, classes vs. objects, state vs. behavior, method declarations, invoking methods with objects, parameters, overloading, interfaces, inheritance, and polymorphism (Self Review Questions 5.1 - 5.6, p. 290; Multiple Choice Questions 5.1 - 5.10, pp. 290 – 293; True False Questions 5.1 - 5.10, p. 293; Short Answer Questions 5.1 - 5.6, p. 294)
Hardware/software components, relationships, and roles within a system
· Read the notes, use the flash cards, and take the self-quiz on the Introduction to Computer Science website developed by Bradley Kjell at Central Connecticut State University (CCSU) http://chortle.ccsu.ctstateu.edu/cs151/cs151java.html  The appropriate sections are:

· Chapter 1, Introduction to Computer Systems

· Chapter 3, Computer Memory
· Chapter 4, The Processor
Ethical & social implications of computer use:
· Explore the Web Clearinghouse for Engineering and Computing Ethics in detail. 
· Start by exploring the Ethics in Computing section of the Ethics Centers. Ethics in Computing contains a thought-provoking collection of articles and papers broken into eight major categories: Commerce (fraud, gambling, free trade, …), Social-Justice (workplace issues, equity of access), Risks (network security, computer models, artificial intelligence, …), Speech Issues (free speech, anonymity, email privacy), Intellectual Property (software piracy, electronic copyrights), Computer Abuse (hacking, worms, viruses, …), Privacy (encryption, database privacy, spamming, …), Basics  (principles, whistle-blowing)
· The Professional Societies link connects to organizations such as: Association for Computing Machinery Special Interest Group on Computers and Society, Computer Professionals for Social Responsibility

· The Codes of Ethics page links to The Software Engineering Code of Ethics and Professional Practice.

· Develop a Powerpoint on a selected topic and present it to the class
Lab/Assessment:
· Design and create a new child class in the College Board’s GridWorld Case Study.

	Unit 2: Chapter 1 – Software Engineering
	Weeks 3 – 4
 (Days 12 – 21)
	[C3], [C4], [C5], [C6]

	College Board Topical Outline:
III. Program Analysis

E. Understand error 
      handling

     1.  Understand Runtime

          Exceptions

G. Analysis of Algorithms

     2.  Exact counts of
          statement execution
          counts

     3.  Big-Oh notation

     4.  Worst-case and
          average case time and
          space analysis

VI. Computing in Context

 D. Responsible use of 
      computer systems/

      Ethical use of systems
     
	Topics:
· Goals of software development

· Aspects of software quality

· Development life cycle models

· Unified Modeling Language (UML) notation
· Error handling

· Algorithm analysis
· Case Study
	Assignments/Assessments:
From this point on, all readings refer to Java Software Solutions for AP Computer Science unless otherwise noted
Software Development and Modeling:

· Reading: Pgs. 2 - 11

· Self Review: 1.1 – 1.6
· Exercises: 1.1 – 1.5
· Project: eXtreme Programming – Read the article at AP Central entitled “eXtreme Programming” by Cody Hendrickson.  

UML Modeling:

· Reading: Pgs. 12 – 13
· Self Review: 1.7 – 1.8,

· Exercises: 1.6

· Project:  Choose one or two objects from the case study for the AP Computer Science exam and create a UML diagram for the objects.

Error Handling:

· Reading: Pgs. 13 - 14, 
· Self Review: 1.9 

Analysis of Algorithms:

· Reading: Pgs. 14 - 19, 
· Self Review: 1.10 – 1.11,
· Short Answer: 1.7 – 1.9

	Day 22
	Exam
	

	Unit 3: Chapter 2 – Object Oriented Concepts in Java
	Weeks 5 – 7
(Days 23 - 37)
	[C4], [C5], [C6]

	College Board Topical Outline:
I. Object Oriented
    Program Design

A. Program Design: All sub

     categories
B. Class Design: All sub
     categories

II. Program
     Implementation
A. Implementation
     Techniques: 
     Methodology/ Object
     Oriented Development

B. Programming Constructs:
     Declarations/Class
     declarations
	Topics:
· Concepts behind Object Oriented Programming (simple inheritance structures, polymorphic code)

· Develop simple classes based upon problem statements 
· Use these concepts work in Java programs
	Assignments/Assessments:
Introduction to Objects, Creating Objects and Accessing Behavior:

· Reading: Pgs. 26 – 32, 
· Self Review: 2.1 – 2.4, 

· Exercises: 2.1 – 2.2

Creating classes and Defining Objects:

· Reading: Pgs. 26 - 39

· Self Review: 2.5 – 2.27,
· Exercises: 2.3,
· Programming Assignments: 2.1 – 2.4 

· Project:  Choose a system to model that is encountered in every day life. (grocery store, post office, library, etc.) Model the interactions between at least 4 different objects within that system.  Outline possible methods as well as state variables for the objects selected from the system.
References and Aliases:

· Reading: Pgs. 32 - 45, 
· Self Review: 2.8 – 2.9, Exercises: 2.4 – 2.5,
·  Programming Assignments: 2.5 – 2.6

Wrapper Classes:

· Reading: Pgs. 46
· Self Review: 2.10
· Program Assignment: 2.6

Inheritance and Exceptions:

· Reading: Pgs. 47 - 61, 
· Self Review: 2.11 – 2.12

· Exercises: 2.6 – 2.9
· Program Assignments: 2.7

	Day 38
	Exam
	

	Unit 4: Chapter 3 – Collections
	Weeks 8 – 10

(Days 39 - 53)
	[C4], [C5], [C6]

	College Board Topical Outline:
I. Object Oriented
    Program Design
A.  Program Design: Apply
      data abstraction and
      encapsulation; under-

      stand and implement a
      given class hierarchy.
 B. Class Design: Choose
      appropriate advanced
      data structures and
       algorithms.

II. Program

     Implementation

B.  Programming
      Constructs: class
      declarations

III.  Program Analysis

E. Understand error
     handling: runtime

     exceptions; throw
     runtime exceptions
G. Analysis of Algorithms:
     Informal comparisons of
      running times; exact
      calculation of statement
      execution counts; big Oh
      notation; worst-case and
      average-case time and
      space analysis

IV. Standard Data
      Structures

C.   One Dimensional Arrays

K.  Sets

V.  Standard Algorithms

A.  All operations on AB
      level data structures   
	Topics:
· Collection concepts and terms.

· Set collection

· Basic structure of the Java Collections API

· Collection design

· Use a set collection to solve a problem

· Array implementation of a set
· Review array traversals, as well as algorithms that provide for indexing and singular accessing of the array
· Reoccurring theme: Define/explore an abstract data type, examples of its possible use; then  implement the ADT 
	Assignments/Assessments:
Introduction to Collections – A Set:

· Reading: Pgs. 68 - 75,
· Self Review: 3.1 – 3.6
· Exercises: 3.1 – 3.4

Using a Set:

· Reading: Pgs. 76 - 79

Implementing a Set:

· Reading: Pgs. 79 – 93,
· Self Review: 3.7 – 3.10,
· Exercises: 3.5, 
· Programming Assignments: 3.1 – 3.3

Analysis:

· Reading: Pgs. 94 - 97, 
· Self Review: 3.11 – 3.12,
· Exercises: 3.6 – 3.7,
· Programming Assignments: 3.4 – 3.5

	Day 54
	Exam
	

	Unit 5: Chapter 4 – Linked Structures
	Weeks 11 – 13
(Days 55 – 69)
	[C4], [C5], [C6]

	College Board Topical Outline:
I. Object Oriented
    Program Design
A.  Program Design: Apply
      data abstraction and
      encapsulation; under-

      stand and implement a
      given class hierarchy.
 B. Class Design: Choose
      appropriate advanced
      data structures and
       algorithms.

II. Program

     Implementation

B.  Programming
      Constructs: class
      declarations

III.  Program Analysis

E. Understand error
     handling: runtime

     exceptions; throw
     runtime exceptions
G. Analysis of Algorithms:
     Informal comparisons of
      running times; exact
      calculation of statement
      execution counts; big Oh
      notation; worst-case and
      average-case time and
      space analysis

IV. Standard Data
      Structures

E.  Linked Lists
K.  Sets

V.  Standard Algorithms: 

 A. All operations on AB
      level data structures   
	Topics:
· References to create linked structures.

· Compare linked structures to array based structures

· Techniques for managing a linked list

· Need for a separate node object to form linked structures

· Implementing a set collection using a linked list
· Linked structures will be explored until students are comfortable both reading and writing code that contains these structures.  Students will be required to both read isolated abstract algorithms as well as write standard algorithms using linked structures.  
· Become comfortable with the differences between a linked list structure and an array and the standard time differences between basic insertions, deletions, retrievals, etc.

· Study special cases:  inserting or deleting into the front of the list; traversing past the end of the list;  missing the last element in the list; null pointer exceptions
	Assignments/Assessments:
Introduction to Linked Structures:

· Project: Create a visual representation of a linked list using everyday items, then model basic operations with their manipulatives. Describe and model the processes involved in the basic linked algorithms 
· Reading: Pgs. 100 – 106, 
· Self Review: 4.1 – 4.4,
· Exercises: 4.1 – 4.2,

· Programming Project: Implement a linked list such as a library simulation, video library,  or student records and implement basic traversal, additions and deletions from the list
Implementing a Set with Links:

· Reading: Pgs. 106 – 115
· Self Review: 4.5, 4.7, 4.8,

· Exercises: 4.3 – 4.7, 
· Programming Assignments: 4.1 – 4.4 

Analysis:

· Reading: Pgs. 115 - 117,
· Self Review: 4.6,
· Programming Assignments: 4.5 – 4.6

	Day 70
	Exam
	


	Unit 6: Chapter 5 – Maps
	Weeks 15 – 17

 (Days 71 – 83)
	[C4], [C5], [C6]

	College Board Topical Outline:
I.  Object Oriented

     Program Design

B. Class Design: Choose
     appropriate advanced
     data structures and
     algorithms

II.  Program Implementation

A. Implementation
      Techniques: Method- 

       ology/ Object Oriented
       Development
B. Programming Constructs:
     Declarations/Class
      declarations
C. Java Library classes
III.  Program Analysis
E. Understand error
     handling: runtime

     exceptions; throw
     runtime exceptions
G. Analysis of Algorithms:
     Informal comparisons of
      running times; exact
      calculation of statement
      execution counts; big Oh
      notation; worst-case and
      average-case time and
      space analysis

IV. Standard Data
      Structures

C.  One-Dimensional arrays

L.  Maps

V.  Standard Algorithms: 

 A.  All operations on AB
      level data structures         B.  Searching/ Hashing
	Topics:
· Define a map

· Examine inserting and removing items in a map

· Detail implementing a map with arrays

· Discuss using a hash table to implement a map

· Analyze the put and remove methods
· Reason the map and hash table ADT’s separately from each other.  
· Efficiency discussions/ comparisons/contrasts between all ADTs learned
	Assignments/Assessments:
Introduction to Maps:

· Reading: Pgs. 121 – 124, Self Review: 5.1 – 5.3, 

· Exercises: 5.1 – 5.2

· Project:  Explore how maps are used in every day life.  Create a table containing at least 3 examples of maps, and state the key and element pairings witnessed within the systems.  Discuss what each of the situations has in common and develop with pseudocode for operations on the systems (ie – library books mapped by number, insertions required when new books are purchased, retrievals when books are checked in or out for state changes to the book object, and removals when books are removed from the library)

Array Implementation of a Map:

· Reading: Pgs. 124 - 130

· Self Review: 5.4 – 5.8, Programming Assignments: 5.1 – 5.4 

Hash Table Implementation of a Map:

· Reading: Pgs. 130 - 132, Self Review: 5.9, 

· Exercises: 5.4 – 5.5, 5.7, Programming Assignments: 5.5, 5.7, 5.8

Analysis:

· Reading: Pgs. 133 - 134, Self Review: 5.10, 

· Exercises: 5.6, 5.8, 5.9 Program Assignments: 5.6

	Day 84 - 85
	Exam & Final Review
	

	
	Week 18
Days 86 - 90
	FINAL EXAMS

	Days 91 & 92
	Go over final exams
	

	Unit 7: Chapter 6 – Recursion
	      Weeks 19 – 21
     (Days 93 – 106)
	[C4], [C5], [C6]

	College Board Topical Outline:
II. Program
      Implementation
A. Implementation

     Techniques: method-

      ology; procedural
      abstraction

B. Programming Constructs:
     control/ recursion

III. Program Analysis
G. Analysis of Algorithms
IV. Standard Data Structures
 D. Two Dimensional Arrays
	Topics:
· Explain the underlying concepts of recursion

· Examine recursive methods and unravel their processing steps

· Define infinite recursion and discuss ways to avoid it

· Explain when recursion should and should not be used

· Demonstrate the use of recursion to solve problems
· Read and understand the maze traversal program and the towers of Hanoi problem.
· Become comfortable coding using recursion
	Assignments/Assessments:
Introduction to Recursion

· Reading: Pgs. 140 – 145, Self Review: 6.1 – 6.6, 

· Exercises: 6.1 – 6.7, Programming Projects: 6.1 – 6.3, 6.5 – 6.6

Sample Recursive Problems:

· Reading: Pgs. 145 - 155

· Self Review: 6.7, Exercises: 6.8 – 6.10, 

· Programming Assignments: 6.4, 6.7 – 6.8 

Analyzing Recursion:

· Reading: Pgs. 155 - 157, Exercises: 6.11 – 6.14,

· Read the examples of recursion code, stepping through them and comparing them to non-recursive code for working with linked structures and trees

	Day 107
	Exam
	

	Unit 8: Chapter 7 – Searching and Sorting
	Weeks  21 – 23 
     (Days 108 –  115)
	[C4], [C5], [C6]

	College Board Topical Outline:
V.  Standard Algorithms
B. Searching: sequential; 
     binary
C. Sorting: selection;

     insertion; mergesort;

     quicksort
	Topics:
· Examine the linear search and binary search algorithms

· Study several sorting algorithms
· Analyze and compare the different algorithms for speed and efficiency with varying types of data.
· Manipulate sorts to sort in descending rather than ascending order
	Assignments/Assessments:
Searching:

· Reading: Pgs. 161 - 166, Self Review: 7.1 – 7.2, 

· Exercise: 7.1

Sequential Sorts:

· Recommended Assignments:  Reading: Pgs. 166 - 174

· Self Review: 7.3 – 7.6, Exercises: 7.2 – 7.4 using the sequential sorts, 

· Programming Assignments: 7.1 – 7.2 

· Project:  Use a website that animates the sorts the class is reading and writing.  Compare and contrast the processes observed in the animations.
Logarithmic Sorts:

· Reading: Pgs. 174 - 180, Self Review: 7.7 – 7.8,

· Exercises: 7.2 – 7.4 using the logarithmic sorts, 7.5 – 7.6,

· Programming Assignments: 7.3

	Days 116 & 117
	Exam
	

	Unit 9: Chapter 8 – Stacks
	      Weeks 24 – 26

     (Days 118 –  128)
	[C4], [C5], [C6]

	College Board Topical Outline:
I. Object-Oriented
    Program Design
B. Class Design: Choose
     appropriate advanced
     data structures and
     algorithms.

II.  Program
      Implementation

C.  Java Library Classes
III. Program Analysis

G.  Analysis of Algorithms

IV. Standard Data
      Structures

F.   Stacks   
	Topics:
· Examine stack processing

· Define a stack abstract data type

· Show how a stack can be used to solve problems

· Look at stack implementations

· Compare stack implementations
· Understand the two different implementations of stacks in context the of understanding some of the differences between an array and a linked data structure
· Strengthen ability to  distinguish between different data structures for a given problem
	Assignments/Assessments

Introduction to Stacks:

· Reading: Pgs. 162 – 164, Self Review: 8.1 – 8.3, 

· Exercises: 8.1 – 8.2

Using Stacks:

· Reading: Pgs. 165 - 173

· Self Review: 8.8, Exercises: 8.4 – 8.6, 

· Programming Assignments: 8.3 – 8.5, 8.10 – 8.11 

Implementing Stacks:

· Reading: Pgs. 174 - 181, Self Review: 8.4 – 8.7, 

· Exercises: 8.3, Programming Assignments: 8.6 – 8.9

Analyzing Stacks:

· Reading: Pgs. 181 - 184, Exercises 8.7 

· Program Assignments: 8.12 – 8.15 

	Days 129 & 130
	Exam
	

	Unit 10: Chapter 9 – Queues
	Weeks 27 — 29

 (Days 131 – 143)
	[C4], [C5], [C6]

	College Board Topical Outline:
I.  Object Oriented
     Program Design
B. Class Design: Design and
     implement a set of
      interacting classes;

      choose appropriate
      advanced data structures
      and algorithms

III. Program Analysis

G.  Analysis of Algorithms:

      all subdivisions
IV. Standard Data
      Structures

G. Queues

V.  Standard Algorithms

A. Operations on AB-Level
     data structures previously
     listed.
	Topics:
· Look at queue processing

· Define a queue abstract data type

· Show how a queue can be used to solve problems

· Learn types of queue implementations

· Compare queue implementation

· Explore Priority Queues
	Assignments/Assessments:
Defining a Queue ADT:

· Reading: Pgs. 211 – 214, Self Review: 9.1 – 9.3, 

· Exercises: 9.1 – 9.2, Programming Projects: 9.9

Using Queues: Code Keys:

· Reading: Pgs. 215 - 218

Using Queues: Ticket Counter:

· Reading: Pgs. 218 – 223, Exercises: 9.5

· Programming Projects: 9.10

Using Queues: Radix Sort:

· Reading: Pgs. 223 - 227, Self Review: 9.4, 

· Exercises: 9.6 – 9.7

Implementing Queues:

· Reading: Pgs. 227 - 235, Self Review: 9.5 – 9.7, 

· Exercises: 9.4, 9.8 – 9.11, Program Projects: 9.1 – 9.5

Analyzing Queues:

· Reading: Pgs. 235 - 238, Self Review: 9.8 – 9.9, 

· Exercises: 9.3, Program Projects: 9.6 – 9.8

	Days 144 & 141
	Exam
	

	Unit 11: Cumulative Design Project/Exam Review
	Weeks 29 — 30 
(Days 146 – 152)
	[C3], [C4], [C5], [C6]

	
	Topics:
· Summary experience for reviewing and analyzing all ADT’s, meeting all analysis, design & coding objectives for the course
	Assignments/Assessments:
· Design an ADT and create an implementation from the ground up.  Alternative implementations must be presented. Design documents must include efficiency analysis of all key operations on the data, and support the ADT selected in the design process. 

	Unit 12: AP GridWorld Case Study, Chapter 5 Cumulative Project/Exam Review
	Weeks 31 — 32

 (Days 153 – 159)
	[C6], [C7]

	
	Topics:
· Summary experience for reviewing and analyzing all ADT’s, meeting all analysis, design & coding objectives for the course
	Assignments/Assessments:
· All portions of the AB sections of the AP Computer Science Case Study … Note: the first year of the GridWorld Case Study, we will take a few extra days and go through the entire case study since students will not have previous experience with it from the A course

	Unit 13: Exam Review & Practice Exam
	Week 33
 (Days 160 – 164 )
	

	
	Topics:
· Reviews for the AP Exam, focusing on the AP Computer Science Java Subset, the GridWorld Testable Classes and Concepts, multiple-choice review books, and released free response questions
· Program analysis & design

· Developing classes

· Inheritance

· Case Study
	Assignments:
· Review the AP Computer Science Java Subset and ensure all of the language features and items in the summary table have been covered

· Review Appendix A, Testable Classes and Concepts, in the GridWorld Case Study to ensure all tested items have been covered
· Study the GridWorld Quick Reference for the AB Test. It will be available for both the multiple choice and free response sections of the AP exam. It is helpful to use this document when performing graded activities related to the GridWorld Case Study. 
· Work released free-response questions, then working through the solutions in a mock-test environment. 

· Study the Quick References for the exam
· Grade code using canonic solutions and the rubric
· Practice multiple-choice questions from the Litvin AP review book.

Projects:
· Select a major topic to review the class on. The review must include conceptual information, coding and multiple-choice questions.

	AP Exams
	Weeks 34 — 35 

(Days 165 –  175)
	

	Final Exams
	Week 36 

(Days 175 – 180)
	


