CS 215 Manual
Spring 2009
Sonoma Sf[ate University
Computer Science Department

Instructor: Dr. Tia Watts
tla.watts@sonoma.edu

CS 215 Manual Page 1



Table of Contents

Course Syllabus — Spring 2009 ..o aaaes 3
Proposed Course Schedule — SPring 2009......cooe oo 5
(o] 1103 VAo ] o I @0 F=1 o o] = 11 o o P 6
(o] 1oy VAo o I [ et a0 L=T (=N ] = o [ 6
Laboratory Assignment and Project SUbmMISSION IREWAS ... 9
Laboratory EXErciSe 1 (CH+ REVIEW).........uiiiieeeiiiiiiiieiee ettt e e e e e e e e e e e e e s nnnnenees 11.
Laboratory Exercise 2 (Algorithm DeVelOpPMENT) ..., 23
Laboratory EXercise 3 (CH+ SITUCES) ......coi et 27
Laboratory EXErciSe 4 (CH+ CIASSES)......uuueeeeeeeiriiiiiiieeeei ittt e e e e e e e e e e e e s s e e e e e e e e e e e b e eeaeeeean 31
Laboratory EXErCiSE 5 (THE STL)....ciiiiiiiiiiiiiiiiiiiiieieeesieeeieaet et eaaeaeeeeesssessssessssssssssssssssnsnsennnennnn 35
Laboratory Exercise 6 (Operator OVErloading) ccceec..oooeeeeee e 39
Laboratory Exercise 7 (Makefiles and TemMPIAES)......uuviiiiiiiiiiiiieee e 43
Laboratory Exercise 8 (Dynamic memory alloCation) ..............covvviiiiiiiiiiiiiiieeeeeeeeeeee e 49
Laboratory EXercise 9 (TEMPIALE ClASSES)...ccerreeiiiiiiiiiiiiieeieeeeeeee ettt ee e e ee e e e ettt e e e e e e e e eeeeeeeees 1.6
Laboratory Exercise 10 (DOUDIY LINKEA LISES) . eeeeeeeeeeeeeeeeeeeeeee e 67
Laboratory EXercise 11 (TEMPIAEA LISTS) ..o eteieiiiiieiiieiii e et e e e e e aaa s 75
Laboratory Exercise 12 (Exception HANAING) ..ceeeeeeee oo 83
Laboratory EXercise 13 (INtro t0 MIFC)...... .o eeeeiiiiiiiiiiiiiiieiietieaeteaaeeee s mameeeeeeeeeeeseeeennsenneennnennnennnnnnnns 89.
Laboratory Exercise 14 (Inheritance and Polymomalis. ... 97
Laboratory Exercise 15 (Ordered LINKEA LiSS) e iiiiiieiiieeieeee ettt 107
Laboratory EXerciSe 16 (MOr€ M C) ... ... i ceeeaeeeiiee ettt ettt e e e e e e e e e e et e e e e e et e e e e e e e e e e e e e e e e eeeeees 115
EXam 1 REVIEW QUESTIONS. ... .coieiiiiiii i ceee s s e e e e e e e et s e e e e e e e ettt e e e eeeeeeeeeesasataseeaeeeessenan s eeeeeeessnnnnnnnn 129
EXam 2 REVIEW QUESTIONS. ... ...oeiiiiiiii it cceeette et e e e e ettt ee e e e e e e e eet b e e s eeaaaaeeses st bt seeeesesestbanaeeeseeesssssnnnnn 130
FiNal REVIEW QUESTIONS. ......oeiiieiiiiiiiiiiieeeeee ettt ettt ettt ettt ettt ettt ettt eeeeeeeeeee et eeeeeeeeeeeeeeeeeeeessessssnnsssnnnnnnes 132
Code AnalysisS HOMEWOIK ASSIGNIMENT...........omm e eeeeeeeeaeeee e e e e e e e e e e e e e e e e e e e e e e aeeaaaaa s e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaans 135
Summary of Essential LINUX COMMENUS ..........uuuuieriiiieiiiiiietieiiereenneeeneeeeeeee. a—————.esssrreerr————————————. 144
Summary of Essential @macs COMMANTS.......coommmeerrreieiieeeeee e e e e e e e e s e e e e e e e e s annnreees 147
Summary of Essential Vi COMMENUS..........ooeeeieeiiiiii e e e e e e e e 148
GDB QUICK REFERENCHSDB VEISION 4 ......uuiiiiiitiiitiuiuuetuuneenuennnnnnnnnnnnnamnsesssssnssssnnennsssnnesnnnennnnnnnnnnnns 151

CS 215 Manual Page 2



Course Syllabus — Spring 2009

Catalog Description
Lecture, 2 hours; laboratory, 3 hours. Pointersdyrhmic allocation of storage; linked lists; an
introduction to the object oriented programming @@aradigm; classes and objects; encapsulation;
member variables and member functions; inheritamckpolymorphism; scoping; templates; iterators;
error handling techniques. Prerequisite: Compledib@S 110 and 115 with a C- or better, or consént
instructor.

This course is currently taught using C++.

Prerequisites
CS 115 (CS 150) or instructor consent. Basic C/@rogramming skills are required. Students lacking a
background in C/C++ will need to familiarize thedes with the language within the first two weels o
the course. Students who have not acquired a stoamglation in the fundamentals of procedural
programming (i.e., earned a grade below a C- ilC® must retake CS 115 or its equivalent before
taking this course.

Instructor
Dr. Tia Watts Darwin 116E (707) 644-2807
e-mail:tiawatts@cs.sonoma.e@Message subject MUST begin wills 215)
Office Hours: Tuesday 12:00 - 1:00 pm OfficdLab
Thursday 2:00 - 3:00 pm Office or Lab
Class Mesetings
Lecture: Monday/Wednesday  2:30 — 3:45 pm Da@tin
Lab Section: Wednesday 10:00 am —-12:50 pm  Da28&in

Course Objectives
Upon successful completion of this course, theestudill be able to:
» Use predefined classes to declare objects in apgtagram.
» Design, implement, and use new C++ classes.
* Employ operator overloading in C++ classes.
» Design, implement, and use template classes.
* Use single and multi-dimensional arrays in a Cassiprogram.
» Use static and dynamic arrays in a C++ class/prmgra
» Develop and implement recursive algorithms
» Design, implement, and use linked lists in a C-asslprogram.
» Use container classes from the Standard Templatardy (STL).
* Employ inheritance and polymorphism in C++ classes.
» Design and implement applications using a librdrgplication development classes

Important Dates

26 January 2009 First day of classes

6 February 2009 Last day to ADD or DROP courses

16 February 2009 President’'s Day Observed (Nssela— University closed)
20 February 2009 Last day to WITHDRAW from cowrsaline

4 March 2009 Midterm Exam 1

31 March 2009 Cesar Chavez Day Observed (Nse&sas University closed)
8 April 2009 Midterm Exam 2

13-17 April 2009 Spring Break (No classes — Ursitg open)

15 May 2009 Last day of classes

18 May 2009 Final Exam: 2:00 - 3:50 pm (ten&liv
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Course Materials
Text

Absolute C++; (3rd Edition)
by Walter Savitch; Addison Wesley Publishers; 200?

Getting Started with Microsoft Visual C++ 6 with rtroduction to MFC (2nd Edition)
by Harvey M. Deitel, Paul J. Deitel, Tem Nieto, dlvard Strassberger

Other Materials
CS 215 Lab Manual
Loose Leaf Binder; Hole Punch; Small Stapler

Coursework
Lecture
The proposed outline of the topics to be covergrtars in the course schedule. Students are expgected
attend all lectures and to read the relevant sextd the text prior to lecture. Students are rasjtbe for
making up the missed work if they are abs@iitelectronic devices must be turned off duringuiee.
Labs
The lab meetings provide an opportunity for studémthe class to interact with each other and thiéh
instructor, to get immediate solutions to codinglgdems, and to get advice on the process of
programming. The labs for this course are desigogive the student an opportunity to work with a
variety of programming concepts. Lab attendan@ssentially mandatory. Lab exercises are due at the
end of the lab period; an extension (until the beigig of the next lab) will automatically be givenly to
students who have not completed the assignmerttawet attended the full lab.
Programming Projects
Several programming projects will be assigned dutive semester. Each project will require that you
write one or more C++ program modules. Projectahtes and times will be stated on the project
assignment handout. Projects must be submittetieogide date and time. Submission times will bedase
on the UNIX date/time stamp on the file(s). No patg will be accepted after the due date and time.
Midterms and Final Exam
The examinations are based on the assumptiondbhtstudent is responsible for knowing the material
covered in class (lecture and lab) and also mawmwigered in relevant sections of the course #kt.
exams are closed book; however, one 8 ¥ biyahbiwritten sheet of notes (front and back) will be
allowed. The final exam will be comprehensive. fEhmay be one or more unannounced quizzes given
during the semester. Exams cannot be made up wydadsave made arrangements with the instructor
prior to the date of the exam. Quizzes cannot beenog.

Grading
Homework, Lab Attendance and Exercises 20%
Programming Project 30%
Exams and Quizzes 50%

Grading Scale:
100...93...90...87...83...80...77...73...70...67... 63...60...0
| A |A-|B+|B |B-|C+|C |C-|D+|D | D-| F|

Note: You must separately earn a passing gradbeoprogramming projects and the exams in order to
pass the course.

CS Majors must take this course for a letter grabfeversity guidelines regarding the grade of
Incomplete will be strictly adhered to. Incomplgtades will only be given for circumstances beyand
student’s control; inability to keep up with theka@ue to an excessive course load, for example, is
insufficient to warrant an Incomplete. The Universilso requires that, to be a candidate for an
Incomplete grade, the student must currently bagl@i (or better) work in the course.
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Proposed Course Schedule — Spring 2009

[®N

Week [Monday |Lecture/Lab Topics Lab |Reading Activities

1 26 January] C++ Review 1 Ch 14,9

2 2 February| Arrays 2 Chs Project 1 assigne

3 9 February| Structs, arrays of structs, sorting 3Ch 6

4 16 FebruarjClass design and implementation 4 Che,7 Projelctet
Project 2 assigned

5 23 FebruaryOperator overloading, friend functions 5 Ch8

6 2 March Arrays of objects, STL vector class 6| 7Ch9 Exam 1 (4 March

7 9 March Modular programming, “make” files, redars |7 Ch 11 Project 2 due;
Project 3 assigneq

8 13 March | Template classes 8 Ch 16

9 23 March | Pointers, linked lists 9 Ch 10, 17,

10 30 March | Linked list class 10 Ch1o0,17 Produe;
Project 4 assigned

11 6 April Defining iterators Random access operato |11 |Ch 17 Exam 2 (8 April)

dereferencing operator
13 April Spring Break

12 20 April Exception Handling 12| Ch18 Projectuked
Project 5 assigned

13 27 April Inheritance, polymorphism 13] Ch 10, 17

14 4 May MFC (Microsoft Foundation Classes) 14 @h1

15 11 May Inheritance, polymorphism 153 Ch14 Pridgedue

18 May Final Exam — Monday — 18 May — 2:00 — 3050, Ch1-19 Final Exam
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Sonoma State University
Computer Science Department

Policy on Collaboration

You are encouraged to discuss course materialoslier students. Don't be shy about consulting aityone, but
please understand that you, and only you, bearegnsibility for solving the problems associatgith
producing a successful project or solving a laligassent. Please read the CS Department policy agigrism
and keep the following in mind.

All material turned in for credit must be your owork (team assignments are an exception to thig). rday
discuss ideas and approaches but you should wolaletails and write up all solutions on yourrowZopying
part or all of another student's assignment, witvithout the student's knowledge, is prohibiteidhifarly,
copying old or published solutions is prohibited.

Receive help with care. Avoid working too closelighnanother student. Otherwise, you can unwittingdgome
dependent on that student's help and fool younstelfthinking that you understand things bettentiiau really
do. Always attempt to do as much as you can on gour. Then, after you do seek help, be sure to waodugh
similar problems on your own. Also, don't forgdtet sources of programming help such as the yatldek,
http://www.cplusplus.com, the debugger, and CodeMfaand Visual C++ documentation.

Give help with care. Don't help too much. When yoderstand something, you may be tempted to show
someone the complete solution. However, if youhit®, tyou will rob them of the learning experiend¢eamaching
the solution on their own. Try giving a hint thatlelp them get "unstuck” Although you are allav® help
other students, you are never under any obligatiao so.

Violations of these restrictions carry severe piggl Remember that you are ultimately (i.e., dwan exam or
quiz) responsible for understanding the material.

Policy on Incomplete Grade
It is the policy of the Computer Science Departnibat a grade of Incomplete (1) shall be assigrmdy when
the instructor concludes that a clearly identifiggpbrtion of course requirements cannot be metinitte
academic term for unforeseen, but fully justifieshsons; and that there is still a possibility arinéng credit.

An incomplete shall NOT be assigned when:

. the request is made before the thirteenth weédhstrfuction

. it is necessary for the student to attend a m@agation of the class when it is next offered (iiea student
needs to repeat a class, an incomplete shouldengitvbn)

. the student is not passing the course with ar@eter at the time of the request

. the student is unable to keep up with course wloikkto an excessive course load

The condition for removal of the Incomplete shaldntered on the "Request for Incomplete" formaundpy

filed in the department office prior to listing dt on the Grade Roster. The student must retargtiades for
any coursework that was due prior to the incomgbeiag assigned. The incomplete cannot be remoneden
basis of work taken at another institution nor &enrolling in the course.

An incomplete must be made up within one calendar ynmediately following the end of the term inievhit
was assigned. This limitation prevails whether afrthe student maintains continuous enrollmentufaio
complete the assigned work will result in an inctete"l" being converted to a "NC" which will affethe grade
point average.

CS 215 Manual Page 6



Spring 2009 University Calendar

e 1 Spring 2009 Registration Fees Due
e 12-16 Second Registration (fees due February 6th )
e 15 Scholarship Application deadline for Fall 2009

e 19 Martin Luther King Jr. Birthday (campus closed)

January 2009 « 20-21 No Registration or Add/Drop activity (FinaaicAid Processing)
102 [3 * 22 University Convocation

4 /5 6|7 8|9 10
11 |12 |13 |14 |15 |16 |17

18 |19 [20 |21 |22 |23 |24 e 22-23 Open Registration (no appointment needeat) Néw and Continuing Students.
25 |26 |27 |28 |29 |30 |31 FEES due Feb. 6th.

e 22 Faculty Development Day

e 23 Orientation and Advising
e 23 Last day to cancel registration with full refusfdfees
e 26 Instruction Begins

* 26-Feb 6 Late Registration, Add/Drop continuesgfdee Feb 6th )
Note: Contract Courses submitted by February 6thlvei added to schedule by Census

e 6 Last day to Add or Register Late

e 6 Last day to Drop

e 6 Last day to submit Contract Course
e 7-20 Drop with a 'W' - done on-line

*  9-20 Petition to Add with $20 Administrative Feas$(adding classes permitted

because of serious and compelling reasons only)
February 2009

» 15 Final deadline for graduation applications tesbkemitted for Spring 2009
1|2 (3[4 |5]6]7
8 |9 |10 11 |12 |13 |14
15 16 (17 |18 |19 |20 |21
22 |23 |24 |25 |26 |27 |28

e 15 Graduation Application Priority Filing date fbecember 2009
e 16 Presidents Day - campus closed

e 20 Last day to add Special Studies/IndependentetlidternshipsContract courses
submitted after February 8th will appear on thedgnt schedule in mid March.

e 20 Last day to petition to add

e 20 Last day to change grade modi®ne on-line
e 20 Last day to drop with a 'Wdeone on-line

* 23 Census date

e 23-March 13 REGISTRATION FREEZEno processing
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March 2009

1
8
15
22
29

2 13|14 |51|6 |7

9 |10 |11 |12 13 |14
16 (17 |18 |19 |20 |21
23 |24 |25 |26 27 |28
30 |31

April 2009

5
12
19
26

1121|314
6 |78 |9 |10 |11
13 |14 |15 |16 |17 |18
20 |21 |22 |23 |24 |25
27 |28 |29 |30

May 2009

3
10
17
24
31

12

4 |56 |7 |8]9
11 |12 |13 |14 |15 |16
18 |19 |20 |21 |22 |23
25 |26 |27 |28 |29 30

CS 215 Manual

23-April 17 Petition to late withdraw from a clasih $20 administrative fee begins
(dropping classes permitted because of seriouscantpelling reasons only)

31 ERD due for First Registration eligibility F2009

31 Cesar Chavez Birthday (campus closed)

1 Final deadline for graduation applications tasbbmitted for August 2009
1 - June 2 Summer 2009 Registration*

2 Last day to withdraw and receive pro-rated cdatieh of fees

13- 17 Spring Break (no classes, campus open)

17 Last day to withdraw (no refund)

18-May 15 Withdrawing from the semester or Univigrsit this point follows same
requirements as retroactive withdra@quires Petition form and documentation)

27 - May 1 Registration for Fall 2009 - by appoietmhonly

15 Last day of instruction
18-22 Final Exams

23 Commencement
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Laboratory Assignment and Project Submission licsitons

All laboratory assignments and projects will bersitbed electronically using the linux platform.
Naming standards are important; if you do not felthe standards, | will not receive your submission
and you will not receive credit for the submission.

Submitting Laboratory Assignments

1. Make a copy of the program to put in the drop Bt example:
cp Labl.cpp  yourl ast nanelLl.cpp

2. Copy your new copy to the drop box. For example:
cp yourl ast nanmelLl.cpp ~tiawatts/cs215drop/

Note the period at the end of each these statemerntss important!

3. Wait about 2 minutes and then check the web pagertty that your file has reached the drop box:
http://www.cs.sonoma.edu/~tiawatts/cs215/lablstib.tx

Submitting projects

1. Make a copy of the program to put in the drop Bt example:
cp Projectl.cpp your | ast nanmePl.cpp

2. Copy your new copy of the assignment to the drop Bor example:
cp yourl ast namePl.cpp ~tiawatts/cs215drop/

Note the period at the end of this statement. s.ifhportant!

3. Wait about 2 minutes and then check the web pagertty that your file has reached the drop box:
http://www.cs.sonoma.edu/~tiawatts/cs215/projlstib.t
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Laboratory Exercise 1 (C++ Review)

Topics: C++ Review
Compiling and executing C++ programs on a Linwatfokm
C++ strings
file input
console display output
loops
decision statements
simple arithmetic
cin.fail() condition test
using a debugger

Goals: Upon successful completion of this lab gbauld be able to:
Start a linux session

Enter and edit a C++ program

Compile and run a C++ program

Rename and submit a C++ program to the drop box
Complete a linux session

Write a C++ input statement

Write a C++ output statement

Predict when the C++ cin.fail () test will return 1

Use the gdb debugger

CoNoRrWNE

Related text sections:
Chapter 2 (C++ program format)
emacs reference
linux reference
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Laboratory Exercise 1 Instructions

Part 1

1. Boot the computer and select the Linux operatirsgesy.
2. Logon as “student”

3. Start a console session.

4. Use ssh to remotely connect to the mainframe:
ssh username@cwolf.cs.sonoma.edu

Note: steps 1 through 4 can also be done using the Windows oper ating system and TeraTerm SSH or Putty.

5. You may need to change your password:
passwd

6. Create and switch to a CS 215 subdirectory andod bérectory within your CS 215 directory:
mkdir cs215
cd cs215
mkdir Labl
cd Labl

7. Using emacs, vi, or another text editor, erterfollowing C++ program (call the file Labla.cpp):

#include <iostream>
using namespace std;

int main ()

L
intv;
cout << “Enter the data set input: *;
cin >>v;
cout << v << (cin.fail() ? “ true” : “ fals e”) << endl;
cin >>v;
cout << v << (cin.fail() ? “ true” : “ fals e”) << endl;
cin >>v;
cout << v << (cin.fail() ? “ true” : “ fals e”) << endl;
return O;

}

8. Compile the program using the g++ compiler (cad éxecutabel labla):
g++ Labla.cpp —o labla

9. Execute the program several times:

Jlabla
Use each of the data sets in the following tablmjst. Each time the program asks you to ented#ta set,
enter all of the characters in the data set tis¢ tiime the program pauses for input. Record thputu
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9. (continuded)

Case| Input data Observed Output
1. 51215

2 5 -12 15

3. 5al2

4. 5.13 -12 15

5. abc5 12

10. Write 1 to 3 sentences describing your observatdise rules used by the input operator (>>) witén
used to read an integer value.

11. Modify the program by changing the type of v framhtio float.

12. Recompile and run the program with each of the setstin the following table (Enter all of the infputhe
data set the first time the program pauses fortjnRecord the output.

Case| Input data Observed Output

1. 5.112.0515.23

2. 5.1 -12.05 15.23

3. 5 12 15.23

4. 5.13 ai5

5. abc5 12

13. Write 1 to 3 sentences describing your observaiidtise rules used by the input operator (>>) witén
used to read a float value.
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14. Modify the program by changing the type of v frdwet to char.

15. Recompile and run the program with each oftitita sets in the following table (Enter all of theut in the
data set the first time the program pauses fortjnRecord the output.

Case| Input data Observed Output
1. abc

2 a b c

3. abc

4. 5a125

5. abc 5 12

16. Write 1 to 3 sentences describing your observaindtise rules used by the input operator(>>) whes used
to read a character value.

17. Modify the program by changing the type ofanfrchar to string. Note: you will also need to addther
include directive#include <string>

18. Recompile and run the program with each ofitita sets in the following table (Enter all of thpeut in the
data set the first time the program pauses fortjnRecord the output.

Case| Input data Observed Output

1. abc def ghi

2. abc def ghi

3. abcdefgh

4. 5.183 -12 15

5. abc5 12

19. Write 1 to 3 sentences describing your obsiemsibf the rules used by the input operator(>>¢mvh is used
to read a C++ string value.
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20. Using a text editor, create a document callgoilla.txt that describes the rules for reading argdloats,
characters, and C++ strings from an input streaanhif your rules should describe exactly what lgllread
from the input stream and when the stream will fafter you have completed your rules, use theofuihg
exercises to verify that they are correct.

21.1n the boxes below, predict the output that will be generated by this program for each of the sets of
keyboard input data. Do not enter or run the program!

#include <iostream>
#include <string>

using namespace std;
int main ()
L
int i;
float f;
char c;
string s;
bool failflag;
cout << "Enter line of data: ",
cin >>i;
failflag = cin.fail();
/I Set breakpoint 1 here
while (i 1= 0)
{ cin>>f>>c>>s;
failflag = cin.fail();
/I Set breakpoint 2 here
cout << "The output is: ";
cout<<i<<''<<f<<'"
cout << c <<''<<s<<endl
cout << "Enter line of data: ";
cin >>i;
failflag = cin.fail();
/I Set breakpoint 3 here
cout << "At end of loop\n";

}

return O;

Data Set 1 keyboard input predicted output

53.14 a bcd

7.13 4 abcd
0 —

Data Set 2 keyboard input predicted output

53.14 a bcd

7.14 4 a bcd
3.14 4 a bcd >
0
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22. Enter and run the program with each of the glats (Call the program Lablb.cpp and the exetmtablb.)

Data Set 1 keyboard input actual program output

53.14 a bcd
7.14 4 abcd
0

Data Set 2 keyboard input actual program output

53.14 a bcd
7.134 a bcd
3.14 4 a bcd
0

23. Recompile your program so that it can run withia tkebugger:
g++ -g Lablb.cpp —o lablb

24. Using the debugger, look at the values in eaclabbiafter each failflag assignment statement. Riete
values in the following table.
gdb lablb

You will need to use the following gdb commands:
list
break < |ine nunber>
run
display < vari abl e>
continue
quit

Data Set 1

Breakpoint I f c s failflag

W N | W N | W N P
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Data Set 2

Breakpoint

[ f C S failflag

W N P W NP W NP W DN

The debugging session for data set 1 is listedeaéhd of this lab exercise.

25. After verifying that your rules are correct, subyour Labla.txt file as yourlastnameL1.txt.

cp Labla.txt your | ast namelL1.txt
cp yourl ast namelLl.txt ~tiawatts/cs215drop/

Part 2

1. Write a program called Lablc.cpp based on theviolig specifications:

A.

Your program should open, for input, a text fildea “words.txt”. This file will contain severalres
of text.

Your program should count the number of words @anftke. A word is defined as a string of
characters delimited by white space.

Your program should count the number of vowelhmfile. Only A(a), E(e), I(l), O(0), and U(u)
should be counted as vowels by your program.

. Your program should count the number of consoniarttse file.

Your program should count the number of digitshie file.

Your program should count the number of speciataittars in the file. Any non-white-space
character that is not included in the counts dbsdrin statements C, D, or E should be counted as
special characters by your program.

Your program should print out a summary of the ¢sun
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H. Sample Input and Output:

words.txt console output
This file contains 15 words Words: 15
It has lots of letters and Vowels: 22
very few special Consonants: 44
characters! Digits: 2
Special characters: 2

2. Compile your program using the g++ compiler; createexecutable call lablc:

3. Using a text editor, create a file called wordsfaxttesting your program; you can use the samata d
shown above.

4. Run the executable:
Jlablc

5. If your program does not execute correctly, modifyecompile it and execute it again.

6. When you are sure that your program is executimgectly, make a copy of the program to put in the
drop box and move your copy to the drop box:
cp Lablc.cpp your | ast namelLl1.cpp
cp yourl ast nanmelLl.cpp ~tiawatts/cs215drop/

7. Wait about 2 minutes and then check the web pagertty that you file has reached the drop box:
http://www.cs.sonoma.edu/~tiawatts/cs215/lablsub.tx
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Debugging session for data set 1

$g++ -g Lablb.cpp -0 lablb

gdb lablb

GNU gdb Red Hat Linux (6.3.0.0-1.143.el4rh)
Copyright 2004 Free Software Foundation, Inc.

GDB is free software, covered by the GNU General Pu
welcome to change it and/or distribute copies of it
Type "show copying" to see the conditions.

There is absolutely no warranty for GDB. Type "sho
This GDB was configured as "i386-redhat-linux-gnu".
library “/lib/tls/libthread_db.so.1".

(gdb) list
1 #include <iostream>

2 #include <string>

3

4 using namespace std;

5 int main ()

6 |

7 inti;

8 float f;

9 char c;

10 string s;

(gdb) list

11 bool failflag;

12 cout << "Enter line of data: ";
13 cin >>i;

14 failflag = cin.fail();

15 /I Set breakpoint 1 here

16 while (i 1= 0)

17 {

18 cin >>f>>c>>s;

19 failflag = cin.fail();

20 /I Set breakpoint 2 here
(gdb) list

21 cout << "The output is: ";
22 cout<<i<<''<<f<<'
23 cout<<c<<''<<s<<en
24 cout << "Enter line of data
25 cin >> i

26 failflag = cin.fail();

27 /I Set breakpoint 3 here
28 cout << "At end of loop\n";
29 }

30 return O;

(gdb) break 15

Breakpoint 1 at 0x8048¢28: file Lablb.cpp, line 15.
(gdb) break 20

Breakpoint 2 at 0x8048c79: file Labl1b.cpp, line 20.
(gdb) break 27

Breakpoint 3 at 0x8048d4c: file Labl1b.cpp, line 27.
(gdb) run

Starting program: /home/tiawatts/cs215f07/lablb
Enter line of data: 5 3.14 a bcd

Breakpoint 1, main () at Lablb.cpp:16

16 while (i 1= 0)
(gdb) display i
1.i=5

CS 215 Manual
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(gdb) display f
2:f=3.9911027e-34

(gdb) display ¢

3:c=0"\0

(gdb) display s

4: s = {static npos = 4294967295,

_M_dataplus = {<std::allocator<char>> = {<__gnu_c xx::new_allocator<char>> = {<No
data fields>}, <No data fields>}, _M_p = 0x27040c " "1}
(gdb) display failflag
5: failflag = false
(gdb) c
Continuing.

Breakpoint 2, main () at Lablb.cpp:21
21 cout << "The output is: ";
5: failflag = false

4: s = {static npos = 4294967295,

_M_dataplus = {<std::allocator<char>> = {<__gnu_c xx::new_allocator<char>> = {<No
data fields>}, <No data fields>}, _M_p = 0x905e04c "bcd"}}
3:c=97'a
2: f = 3.1400001
1:i=5
(gdb) c
Continuing.

The output is: 5 3.14 a bed
Enter line of data: 7.13 4 abcd

Breakpoint 3, main () at Lablb.cpp:28

28 cout << "At end of loop\n";
5: failflag = false

4: s = {static npos = 4294967295,

_M_dataplus = {<std::allocator<char>>={<_ gnu_c xx::new_allocator<char>> = {<No
data fields>}, <No data fields>}, _M_p = 0x905e04c "bcd"}}
3:c=97'a
2: f = 3.1400001
Li=7
(gdb) c
Continuing.

At end of loop

Breakpoint 1, main () at Lablb.cpp:16
16 while (i 1= 0)

5: failflag = false

4: s = {static npos = 4294967295,

_M_dataplus = {<std::allocator<char>>={<_ gnu_c xx::new_allocator<char>> = {<No
data fields>}, <No data fields>}, M_p = 0x905e04c "bcd"}}
3:c=97'a
2: f=3.1400001
1:i=7
(gdb) c
Continuing.

Breakpoint 2, main () at Lablb.cpp:21
21 cout << "The output is: ";
5: failflag = false

4: s = {static npos = 4294967295,

_M_dataplus = {<std::allocator<char>>={<_ gnu_c xx::new_allocator<char>> = {<No
data fields>}, <No data fields>}, _M_p = 0x905e064 "abcd"}}
3:c=52"4

2:1=0.129999995
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Li=7

(gdb) c

Continuing.

The output is: 7 0.13 4 abcd
Enter line of data: 0

Breakpoint 3, main () at Lablb.cpp:28

28 cout << "At end of loop\n";
5: failflag = false

4: s = {static npos = 4294967295,

_M_dataplus = {<std::allocator<char>>={<_ gnu_c xx::new_allocator<char>> = {<No
data fields>}, <No data fields>}, M_p = 0x905e064 "abcd"}}
3:c=52"4
2:f=0.129999995
1:i=0
(gdb) c
Continuing.

At end of loop

Breakpoint 1, main () at Lablb.cpp:16
16 while (i 1= 0)

5: failflag = false

4: s = {static npos = 4294967295,

_M_dataplus = {<std::allocator<char>> = {<__gnu_c xx::new_allocator<char>> = {<No
data fields>}, <No data fields>}, M_p = 0x905e064 "abcd"}}
3:c=52"'4
2: f=0.129999995
1:i=0
(gdb) c
Continuing.

Program exited normally.
(gdb) quit
$
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Laboratory Exercise 2 (Algorithm Development)

Topics: Code analysis
Algorithm development

Goals: Upon successful completion of this lab yieoutd be able to:

1. Read a C++ program containing loops and decisiaterstents
2. Read a C++ program containing functions and funatialls
3. Develop a flow chart for a program containing loapsl decision statements
4. Use a debugger to follow the flow of a C++ program
Related text sections:
Chapter 2
Chapter 3
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Laboratory Exercise 2 Instructions

Part 1.

1. Using your favorite text editor, create a file edlyourlastnamemail. Enter the following information
into the file (replaced the italicized words wittetappropriate information). Make sure there iaraiage
return at the end of the line.

mail—s  "$1" you@avorite.isp <$2# Firstname Lastnane

for example:
mail -=s  "$1" cbhrownc@sonoma.edu < $2 # Charlie Brown
2. Close the file and copy it to the CS 215 dropbox:

cp your | ast nanme.mail ~tiawatts/cs215drop/.

Part 2.

On the next page, there is a short program andcfiavts for each of the functions in the program.

1. Predict the output of the program when the follapkeyboard input is provided:
3 6
12 8
3 4

N
OO pRr o

0

o

2. Enter and execute the program to determine if poedictions are correct.

3. If your predictions were not correct, use the dejendo trace the execution of the program; in paldi,
set breakpoints to watch the values passed int@ahaf the “find” function.

4. Using a text editor, open a file for the answerthtofollowing questions:

a. What does the function find actually find?

b. What does it do to the input values?

c. Describe a problem where the function find wouldahémportant component of a program
designed to solve the problem.

5. Place your answers in the dropbox ~tiawatts/cs2kbedsyourlastname?2.txt.

Part 3.

1. Using SFC-v2-3.exe (available at http://www.cs.soaedu/~tiawatts/SFC), create a flowchart for the
program you submitted for labl, part 2.

2. Modify your flowchart so that it will print the numer of vowels, consonants, digits and special ctara
in each word as well as the total number of vowesdgsonants, digits and special characters in the
complete file.
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#include <iostream>
using namespace std;

int find (int & a, int & b);
int main ()

intvl, v2;
cin >> vl >>v2;
while (v1 || v2)

cout << find (v1, v2);
cout<< ''<<vl<<''<gy2 <<
cin >> vl >>v2;

}

return O;

START
irt fird int &

a,int & k)

iMf=as=
bh7ah

i

boal flag
= falze

=1
28 lag

CS 215 Manual

START
int main

irt w1,
w2

endl;

cout == ' ==
Wl == ==
w2 == endl

STOR
return O

int find (int & a, int & b)

{

intf=a<b?a:b;

bool flag = false;

while (f > 1 && 'flag)
if (@% f==0)&& (b % f==0))
{

a=alf;
b = b/f;
flag = true;
}
else
f--;
return f;
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Part 4.

1. Modify the program you submitted for lab 1 to reflehe changes you made in part 2. Sample inpat dat
and results are illustrated below.

2. Format the output of your program as illustrateldweAll numeric values should be right justified 8
spaces.

3. Place your completed program in the dropbox ~titsi@215drop agourlastname2.cpp.
4. Place your completed flowchart in the dropbox ~titte/cs215drop agourlastname?2.sfc.

5. Verify that all 3 of your files (.txt, .cpp, andc¥are in the dropbox.

Sample Input Sample Output
Word Vowels Const. Digits Special

This file contains 1 1 3 0 0
15 words. It has 2 2 2 0 0
lots of letters 3 3 5 0 0
and very few ' 4 0 0 2 0
special 5 1 4 0 1
characters! 6 1 1 0 0

7 1 2 0 0

8 1 3 0 0

9 1 1 0 0

10 2 5 0 0

11 1 2 0 0

12 1 3 0 0

13 1 2 0 0

14 3 4 0 0

15 3 7 0 1

Totals 22 44 2 2
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Laboratory Exercise 3 (C++ structs)

Topics: C++ structs
C++ arrays
C strings
Sorting

Goals: Upon successful completion of this lab yieousd be able to:
1. Define and use a struct in a C++ program
2. Define and use a static array in a C++ program
3. Define and use C strings in a C++ programs
4. Sort the entries in an array

Related text sections:
Chapter 5
Chapter 6
Chapter 9
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Laboratory Exercise 3 Instructions
Part 1.

1. Add the following structure definition to the pragn you submitted for lab 2.
struct worddata

{
string word;
int vowels;
int consonants;
int digits;
int specialchars;
|3

2. Modify your program so that it reads the words fribra file “words.txt” into an array of
worddata entries. There will be no more than 10€d&an the file.

3. Modify your program so that it stores the numbevafels, consonants, digits, and special
characters for each word in the worddata entryHferword.

4. Modify your program so that it stores the total m@mof vowels, consonants, digits, and special
characters in a separate worddata variable.

Part 2.

1. Create a flow chart for a function called wordsbet will sort an array of worddata entries into
ASCII lexicographical order. The function shouldollement theselection sort (as discussed in
lab.) The parameters for wordsort are an arrayastidata entries and a count of the number of
used entries in the array. The return type is vbigk entries should be sorted into ascending
word order.

2. Add your wordsort function to your program. You lélso need to a worddata Swap function to
your program.

3. Maodify the output of your program so that it prithe word instead of the word number. Words
should be left justified in 12 spaces. (Numeriasesal should remain right justified in 8 spaces.)

4. Test your program to make sure that it reads thelsvisom the file, calculates the appropriate
values, and prints the words and their correspandatues in sorted order. Sample data is
illustrated on the next page.

6. Place your completed program in the dropbox ~titsie215drop agourlastname3.cpp.

7. Place your completed flowchart in the dropbox ~8t®e/cs215drop agurlastname3.sfc.

8. Verify that both of your files (.cpp and .sfc) anghe dropbox.
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Sample Input

Sample

Output

This file contains
15 words. It has
lots of letters
and very few
special
characters!

CS 215 Manual — Spring 2009

Word  Vowels Const. Digits Special

15 0 0 2 0
It 1 1 0 0
This 1 3 0 0
and 1 2 0 0
characters! 3 7 0
contains 3 5 0
few 1 2 0 0
file 2 2 0 0
has 1 2 0 0
letters 2 5 0 0
lots 1 3 0 0
of 1 1 0 0
special 3 4 0
very 1 3 0 0
words. 1 4 0
Totals 22 44 2
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Laboratory Exercise 4 (C++ classes)

Topics: C++ classes
Class constructors
Class destructor
Class accessor functions
Class mutator functions

Goals: Upon successful completion of this lab yleousd be able to:
1. Write a description of a simple C++ class
2. Implement the member functions of a C++ class
3. Describe the purpose of a class constructor
4. Describe the purpose of a class destructor

Related text sections:
Chapter 6
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Laboratory Exercise 4 Instructions

1. Copy the file Lab4.cpp from the pickup folder:
cp ~tiawatts/cs215pickup/Lab4.cpp

/I Title: Lab 4 Driver program
/I Author: Dr. Watts

/I Description: This program is designed to test th

#include <iostream>
#include <iomanip>
#include <fstream>
#include <string>
#include "Lab4.h"

using namespace std;

const int MAX = 100;

int main ()

{

/I Open file for input

ifstream input ("words.txt");

string inword;

WordData words[MAX];

/I Intitialize word counter

int count = 0;

/I Read until array is filled or end of fil
while (count < MAX && input >> inword)

Il Insert word into array
words[count].SetWord(inword);
Il Increment counter
count ++;
}
/I Close inout file
input.close();
/I Print report header
cout << setw (12) << left << "Word";
cout << setw (8) << right << "Vowels";
cout << setw (8) << right << "Const.";
cout << setw (8) << right << "Digits";
cout << setw (8) << right << "Special";
cout << endl;
/I Loop through all words in array
for (inti =0; i < count; i++)

/I Print data for word
words[i]. WriteData(cout);
cout << endl;

}

return O;
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2. Using a text editor, enter the following preprocegiirectives and class description into a
file called Lab4.h:

#ifndef WORDDATA
#define WORDDATA

#include <cstring>
#include <string>
#include <iostream>
#include <iomanip>
using hamespace std;

class WordData

{
public:
WordData ();
WordData (const WordData & OtherWord);
~WordData ();
void SetWord (const string & InWord);
string GetWord () const;
void WriteData (ostream & outs) const;
private:
char * word; /I C-string to hold the word
int vowels; /l vowel counter
int consonants; /I consonant counter
int digits; /I digit counter
int specialchars; Il special character counter
¥

/I Function implementations will be placed here

#endif

3. Try to compile the file Lab4.cpp.
g++ Lab4.cpp —o lab4
The linker should return errors because only timetion prototypes have been declared; the
functions must still be implemented.

4. Implement the default constructdktordData ();
Specifications:
a. Will set the word to new char [1]; with word[0] 30°;
b. Will set the counters to O.

5. Implement the copy constructor:
WordData (WordData & OtherWord);
Specifications:
a. Will copy the word from OtherWord
b. Will copy the counters from OtherWord
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6. Implement the destructorWordData ();
Specifications:
a. Will release the memory used to store word

7. Implement the mutator function:
void SetWord (string InWord);
Specifications:
a. Will allocate space to store the C string assodiatith InWord
b. Will count the vowels in InWord (a, e, i, 0, or u)
c. Will count the consonants in InWord (letters the aot vowels)
d. Will count the digiits in InWord (0, 1, 2, 3, 4,6, 7, 8, or 9)
e. Will count the “special characters” in InWord (cheters that do not fall in any of the
other categories)

8. Implementand test the accessor functiostring GetWord ();
Specifications:
a. Will return the C string word as a C++ string

9. Implement the output function:
void WriteData (ostream & outs);
Specifications:
a. Will write the value of word, left justified in 1&paces.
b. Will write the counter values, each right justified8 spaces.
c. No new line at the end.

10. Compile your program:
g++ Lab4.cpp —o lab4

11. Execute your compiled program. The output should be

Word Vowels Const. Digits Special
This 1 3 0 0
file 2 2 0 0
contains 3 5 0 0
15 0 0 2 0
words. 1 4 0 1
It 1 1 0 0
has 1 2 0 0
lots 1 3

of 1 1 0 0
letters 2 5 0 0
and 1 2 0 0
very 1 3 0 0
few 1 2 0 0
special 3 4 0 0

characters! 3 7 0 1

12. When your program is executing correctly, drop yoampleted header file in the
~tiawatts/cs215drop folder gsurlastname4.h.
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Laboratory Exercise 5 (The STL)

Topics: Class accessor functions
STL (Standard Template Library) vector containers

Goals: Upon successful completion of this lab yleousd be able to:
1. Declare and implement accessor functions
2. Use accessor functions in an application program
3. Use a vector container in an application program

Related text sections:

Chapter 6
Chapter 7

CS 215 Manual — Spring 2009
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Laboratory Exercise 5 Instructions

For this lab you will be modifying the class yowad to the character counting program in lab 4.

1.

2.

Copy the header file Lab4.h to a file called Lab5.h

Add member functions the WordData class in Labd.&ccess the counter values in the
WordData class:

int GetNumVowels () const;

int GetNumConsonants () const;

int GetNumDigits () const;

int GetNumSpecialChars () const;

Implement the accessor functiont GetNumVowels () const;
Specifications:
a. Will return the integer value vowels

Implement the accessor functiant GetNumConsonants () const;
Specifications:
a. Will return the integer value consonants

Implement the accessor functiont GetNumDigits () const;
Specifications:
a. Will return the integer value digits

Implement the accessor functiont GetNumSpecialChars () const;
Specifications:
a. Will return the integer value specialchars

Copy the application program Lab4.cpp to a fildezhl ab5a.cpp. Modify the application
program Lab5a.cpp to:
a. Include Lab5.h instead of Lab4.h
b. Print a line of dashes after the list of individwadrds.
c. Print a totals line with sums of the individual otsiat the end of the list of
individual words.

Word Vowels Const. Digits Special
This 1 3 0 0

file 2 2 0 0

contains 3 5 0 0

15 0 0 2 0

words. 1 4 0 1

It 1 1 0 0

has 1 2 0 0

lots 1 3 0
of 1 1 0 0
letters
and
very
few
special 3
characters! 3 7 0 1

Total 22 44 2 2
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8. Drop your modified application program in the ~t&ttg/cs215drop folder as
yourlastname5.cpp.

9. Drop your modified header file in the ~tiawatts/tS@rop folder agourlastname5.h.

10. Enter and compile the following C++ program (ch# source file Lab5b.cpp and the
executable lab5b).

/l Title: Lab 5 B Driver program

/I Author: Dr. Watts

/I Description: This program is designed to test th e WordData class with a
/I vector container

#include <iostream>
#include <iomanip>
#include <fstream>
#include <string>
#include <vector>
#include "Lab5.h"

using namespace std;
int main ()

/I Open file for input
ifstream input (“words.txt");
string inword;
Il create a vector to hold a collection of SordData objects
vector <WordData> words;
/I Intitialize word counter
// Read until array filled or end of file
while (input >> inword)
{
/I Insert word into a WordData obje ct
WordData oneword;
oneword.SetWord(inword);
/I Push oneword onto the end of the words vector
words.push_back (oneword);

/I Close inout file

input.close();

[/ Print report header

cout << setw (12) << left << "Word";
cout << setw (8) << right << "Vowels";
cout << setw (8) << right << "Const.";
cout << setw (8) << right << "Digits";
cout << setw (8) << right << "Special";
cout << endl;

I/l Loop through all words in array

for (inti = 0; i < words.size(); i++)

/I Print data for word
words[i]. WriteData(cout);
cout << endl;

}

return O;

11. Execute lab5b; the output from lab5b should besHrae as the output from lab 5a before you
added the Totals line.
12. Add the totals line facility to Lab5b.cpp.
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13. Modify Lab5a.cpp and Lab5b.cpp to read data frditeacalled “manywords.txt”.
14. Recompile each of the programs.
15. Copy the file manywords.txt from the cs215pickufalés to your folder.

16. Execute lab5a and lab5b. They should not produsrtiichl outputs — how do they differ?
Why do they differ?

17. Enter your answers to the previous questionsdrfite called Lab5.txt.

18. Drop your text file in the ~tiawatts/cs215dropdet asyourlastname5.txt and print a copy
to bring to class.
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Laboratory Exercise 6 (Operator Overloading)

Topics: overloaded operators in a class definition

Goals: Upon successful completion of this lab yieousd be able to:
Declare and implement class operators
Use class operators in an application program
Sort an array of class objects

Describe the relationship between the constructipy constructor, destructor, and assignment
operator for a class

Related text sections:
Chapter 7
Chapter 8
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Laboratory Exercise 6 Instructions
1. Copy your header file for lab 5 to a file calledo6ah.
2. Remove the prototype and implementation for “Wrid) from Lab6.h.

3. Add the following prototypes to the public sectimfyour WordData class description:
WordData & operator = (const WordData & OtherWord);
bool operator == (const WordData & OtherWord) const ;
WordData operator + (const WordData & OtherWord) co nst;

friend istream & operator >> (istream & ins, WordDa ta & w);
friend ostream & operator << (ostream & outs, const WordData &
w);

4. Implement the assignment operator for the WordDktss:
WordData & operator = (const WordData & OtherWord);

Specifications:
a. Will check for self assignment.
b. Will release dynamically allocated space.
c. Will dynamically allocate new space.
d. Will copy values from OtherWord to this WordDatgeati.
e. Will return this.

5. Implement the equalityoperator for the WordDatasla
bool operator == (const WordData & OtherWord) const

Specifications:
a. Will check for self testing.
b. Will return true if this WordData object is iderdgido OtherWord.
c. Will return false if this WordData object is notiatical to OtherWord

6. Implement the addition operator for the WordDatess!
WordData operator + (const WordData & OtherWord) co nst;
Specifications:
a. Will create a new WordData object.
b. Will concatenate OtherWord to the end of this WaatiDobject.
c. Will add count values
d. Will return new WordData object.

7. Implement the input operator for the WordData class
friend istream & operator >> (istream & ins, WordDa ta & w);
Specifications:
a. Will read in a new word from the input stream (ins)
b. Will return if the input stream (ins) fails.
c. Will store the word read from ins into w.
d. Will calculate the counts.
e. Wil returnins.

8. Implement the output operator for the WordDatalas
friend ostream & operator << (ostream & outs, const WordData &
w);
Specifications:
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a. Will write the value of word and the value of eaiftthe counts on a single line. The
word should be left justified lin 112 spaces argl¢bunts should each be right
justified in 8 spaces. Should not write a new line.

b. Will return outs.

9. Copy your program file Lab5b.cpp to a file callegb6a.cpp.

10. Remove all references to WriteData and SetWord fyoor Lab6a program.

11. Modify your Lab6a program to test all of the newthwals you added to the class.

12. When you are satisfied that you class is workingemly, drop your modified header file in

the ~tiawatts/cs215drop folder ysurlastname6.h.

13. Ask me to test your class.
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Laboratory Exercise 7 (Makefiles and Templates)

Topics: dynamic arrays
makefiles
Template functions
Sorting
SLT vector class and iterators

Goals: Upon successful completion of this lab yieousd be able to:
1. Resize a dynamic array of objects
2. Create a simple makefile and use the make utility
3. Write a C++ program that uses an STL vector.

Related text sections:

Chapter 11
Chapter 19
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Laboratory Exercise 7 Instructions

Part 1.

1.

2.

In your CS 215 directory, create a new subdirectatied Lab7.1.

Divide the header file you submitted for Lab 6 jbeh) into 2 files: worddata.h and
worddata.cpp, in directory Lab7.1.
a. your worddata.h file should contain your WordDdtess description and appropriate
macroguards.
b. your worddata.cpp file should contain an “include’ your worddata.h file and should
contain implementations for all of the friend andmber functions you have created for
the class.

Create a copy of your words.txt test file from &hs Lab7.txt in directory Lab7.1.
Enter the following make commands into a new fd#ex makefile in directory Lab7.1.

lab7 : application.o worddata.o
g++ -0 lab7 application.o worddata.o

application.o : application.cpp sorts.h worddata.h
g++ -c application.cpp

worddata.o : worddata.cpp worddata.h
g++ -c worddata.cpp

clean :
rm -f core.* *.0 lab7

The dependencies in this makefile indicate thales fire need to compile the executable lab7:
application.o, worddata.o, application.cpp, sortadrddata.h, amd worddata.cpp. The .o files
will be created by the make utility. You have attgareated worddata.h and worddata.cpp. The
missing files are application.cpp and sorts.h.

Enter the following template swap and sorts intew file called sorts.h in directory Lab7.1.

#ifndef SORT_TMP
#define SORT_TMP

/I Description : This file contains template implem entations of 3
/I simple sorts (exchange, insertion, and selection ).

template <class T>
void Swap (T &a, T &b)
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template <class T>
void eSort (T * A, size_t N)
{ /Il implemetation of exchange (bubble) sort for ar ray (A) of N entries
/Il of type T
bool swapped = true;
for (inti = 0; swapped && i < N; i++)

{

}

swapped = false;
for (intj = 1; j < N-i; j++)
if (A[j-1] > A[iD)

Swap (A[], A[-1]) :
swapped = true;

template <class T>
void iSort (T * A, size_t N)
{ Il implemetation of insertion sort for array (A) of N entries
/l of type T
for (inti=1;i<N;i++)

}

for (intj=i;j >0 && AJ[j] > A[j -11; )
Swap (All], All-1]);

template <class T>
void sSort (T * A, size_t N)
{ Il implemetation of selection sort for array (A) of N entries
/l of type T
for (inti=0;i<N; i++)

}

#endif

{
intp=i
for (intj = i+1; j < N; j++)
if (Alp] > A[i])

Swap (A[i], Alp]);

7. Create an application program (called applicatiom)¢hat

a.

b.

c.
d.

Uses a dynamic array of WordData entries. Thedilsize of the array should be 20
entries.

Reads words from the file Lab7.txt into the arr&y\MordData entries using your
overloaded input (>>) operator.

If the array size has been exceeded, increasesizthef the array by 10 entries.

Sorts the entries in your array into ascendingoudeng the eSort or sSort function
found in sorts.h.

Prints a list of the sorted entries using your maated output (<<) function. The listing
should be preceded by a heading line which idestifie columns and followed by a line
of 2 blank lines.

Sorts the entries in your array into descendingiouging the iSort function found in
sorts.h.
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10.
11.

12.

13.

14.

Part 2.

g. Prints a list of the sorted entries using your masted output (<<) function. The listing
should be preceded by a heading line which idestifie columns and followed by 2
blank lines.

h. Resorts the entries in your array into ascendindgtousing the ssort function found in
sorts.h.

i.  Prints a list of the sorted entries using your tmated output (<<) function. The listing
should be preceded by a heading line which idestifne columns and followed by 2
blank lines.

Using the make utility, try to compile your progravou should simply entemiake” at the
Linux prompt.

Your program probably did not compile. If you cailbf parse the error messages, you will see
the statement” no match for operator >"; the clasnissing a greater-than (>) operator. Add a
greater-than operator prototype to the WordDatssatgescription in worddata.h and the
implementation of the operator to your worddata fgp
a. The prototype should be similar to the prototypetfie == operator.
b. The implementation should use the strcmp functiocompare the words in the implicity
and explicitly passed objects. If the word in *tkisgctly follows the other word, the
operator should return true; otherwise it shoutdrrefalse.

Use make to compile your files and create the exbbel “lab7”.
Execute the program. You should see 2 lists of vdatd elements, the first sorted in ascending
order, the second in descending order.

Create a copy of your manywords.txt test file friam 6 as Lab7.txt in directory Lab7.1.
Execute the program. Again, you should see 2distgord data elements, the first sorted in
ascending order, the second in descending ordeseTlsts should be much longer than the lists

from the previous execution.

When it is executing correctly, drop a copy of yapplication program into the CS 215 drop box
asyourlastnamel 7.app.

In your CS 215 directory, create a new subdirectatied Lab7.2.
Copy worddata.h, worddata.cpp, and makefile frofn7.a to Lab7.2.

Remove all references to sorts.h from you new nilagkef
lab7 : application.o worddata.o
g++ -0 lab7 application.o worddata.o

application.o : application.cpp worddata.h
g++ -c application.cpp

worddata.o : worddata.cpp worddata.h
g++ -c worddata.cpp

clean :
rm -f core.* *.0 lab7
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4. Enter the following program as application.cpp:

/I Lab 7 Part 2 application program

/I Author: Dr. Watts

// Data: Spring 2009

/I Description: This program is designed to test th e WordData class when
I it is used in a vector. The vector will also be sorted

/I using the sort in the algorithm library.

#include <iostream>
#include <fstream>
#include <vector>
#include <algorithm>
#include "worddata.h"

using namespace std,;

int main (int argc, char * argv [])

/I Test for existence of file name argument
if (argc < 2)
{

cerr << "Usage: " << argv[0] << " < file-name>\n";
exit (1);
}

/I Test to see if file was opened
ifstream ins (argv[1]);
if (ins.fail ()
{

cerr << "No file " << argv[1] << " found\n";
exit (2);

vector<WordData> words;
WordData one;

/I Read words from file into WordData objects and p ush them onto the end
/I of the vector
while (ins >> one)
words.push_back (one);
ins.close();

/I Sort the WordData object vector into ascending o rder
sort (words.begin(), words.end());

/I Print the vector of Word Data objects using an i ndex
for (inti = 0; i < words.size(); i++)
cout << words][i] << endl;
cout << endl << endl;

/I Sort the WordData object vector into descending order
sort (words.rbegin(), words.rend());

/I Print the vector of Word Data objects using an i terator
for (vector<WordData>::iterator itr = words .begin();
itr ! = words.end(); itr++)

cout << *itr << endl;
cout << endl << endl;

return O;
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5. Using the make utility, try to compile your progra¥ou should simply entemfiake” at the
Linux prompt.

6. Your program probably did not compile. If you cangf parse the error messages, you will see
the statement” no match for operator <”; the clessds a less-than (<) operator for the algorithm
sort function to compile. Add a less-than operatatotype to the WordData class description in
worddata.h and the implementation of the operatgour worddata.cpp file.

a. The prototype should be similar to the prototypetiie == operator.

b. The implementation should use the strcmp functiocompare the words in the implicity
and explicitly passed objects. If the word in *tkisctly follows the other word, the
operator should return true; otherwise it shoutdrrefalse.

7. Try executing your program without designating puit file:
lab7
The program should produce an error message ahd exi

8. Try executing your program with a non-existent infile:
lab7 words.txt
The program should produce an error message ahd exi

9. Copy the words.txt and manywords.txt test filesrfiab 6 to Lab7.2.

10. Execute the program using words.txt as the inpett fi
lab7 words.txt
Again, you should see 2 lists of word data elemehesfirst sorted in ascending order, the second
in descending order.

11. Execute the program using manywords.txt as thetifilpu
lab7 manywords.txt
The lists produced by this execution of lab7 shdigdnuch longer than the lists from the
previous execution.

12. When the program is executing correctly, drop ayaapyour worddata header and
implementation files into the CS 215 drop boyarlasthamel 7.h andyourlastnamel 7.cpp
respectively.
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Laboratory Exercise 8 (Dynamic memory allocation)

Topics: Dynamic Array Lists
Singly Linked Lists

Goals: Upon successful completion of this lab yieousd be able to:

Maintain a list class in a dynamic array

Insert items into the beginning or end of a list

Remove items from the beginning or end of a list

Resize a list

Write an application program that uses a dynamiydist class
Initialize a singly linked list class (of integers)

Traverse a singly linked list

Insert a node at the front of a singly linked list

Insert a node at the end of a singly linked list

10 Remove a node from the front of a singly linked lis

11. Remove a node from the end of a singly linked list

12. Write an application program that uses a singligdahlist class

CoNo~WNE

Related text sections:
Chapter 10
Chapter 17
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Laboratory Exercise 8 Instructions

Part 1.
1. Logon to the linux system. Create a subdirectofedd.ab8.1
2. Copy the 4 files from ~tiawatts/cs215pickup/Lab& 3our new subdirectory.

3. List the files you copied. You should see make#ikst.h, Alist.cpp, and application.cpp,.

makefile:
lab8 : application.o AList.o
g++ -o lab8 application.o AList.0 -g

application.o : application.cpp AList.h
g++ -c application.cpp -g

AlList.o : AList.cpp AList.h
g++ -c AList.cpp -g

clean:
rm -f core.* *.0 lab8

AlList.h
#ifndef ALIST _H
#define ALIST_H

#define MIN_SIZE 10

#define GROW_FACTOR 1.25
#define SHRINK_LIMIT 0.5
#define SHRINK_FACTOR 0.8

#include <iostream>
using namespace std;

class AList
{
public:
AlList ();
AlList (const AList & other);
~AList ();
AList & operator = (const AList & other);
bool AList::operator == (const AList & othe r;
int Capacity () const;
int Used () const;
friend ostream & operator << (ostream & out s, const AList & L);
bool Insert (const int & value);
bool Delete (const int & value);
private:
int * data;
int capacity;
int used;
I3
#endif
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AList.cpp
#include "AList.h"

AlList::AList ()

{
data = new int [MIN_SIZE];
capacity = MIN_SIZE;
used = 0;

}

AlList::AList (const AList & other)

{
data = new int [other.capacity];
for (inti = 0; i < other.used; i++)

data[i] = other.data[i];

capacity = other.capacity;
used = other.used;

}

AlList::~AList ()

delete [] data;
}

AlList & AList::operator = (const AList & other)

if (this == &other)
return * this;
delete [] data;
data = new int [other.capacity];
for (inti = 0; i < other.used; i++)
data[i] = other.data[i];
capacity = other.capacity;
used = other.used;
return * this;

}

bool AList::operator == (const AList & other)

if (used != other.used)
return false;
for (inti =0; i < used; i++)
if (data[i] != other.datali])
return false;
return true;

}
int AList::Capacity () const
{
return capacity;
}

int AList::Used () const
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{

return used;

}
ostream & operator << (ostream & outs, const AList &L)
if (L.used)
outs << L.data[0];
for (inti=1;i< L.used; i++)
outs << '' << L.datal[i];
return outs;
}

bool AList::Insert (const int & value)
{/l This is a stubb; you will be completing this f unction.

return false;

}

bool AList::Delete (const int & value)
{ /I This is a stubb; you will be completing this f unction.
return false;

}

4. You will need to complete the implementation of thgert function. This function should:

a.
b.

Test to see if there is enough room in the da&ydo hold a new value.

If there is not enough room, the data array widchéo be resized. The new capacity of
the array should be the product of the current@fpand the GROWTH_FACTOR.

If the data array is being resized, if the systamnot allocate enough space, false should
be returned.

Locate the position where the new value shoulddred to maintain ascending order.
Move the array entries following the position bacle space each so that there is a space
for the new value.

Insert the new value in the array in the desiresitjom.

Increment the used count.

Return true if the insertion is successful.

5. You will need to complete the implementation of Bedete function. This function should:

a.
b.
c.

Q

Search for the input value in the data array.

If the value is not in the data array, return false

If the value is in the list, remove it from thetlisy moving the data items following the
value. If there is more than one occurance of #laevin the list, just remove the first
one.

Decrement the used counter.

If less than SHRINK_LIMIT of the capacity is curtnin use, the data array will need
to be resized. The new capacity of the array shbelthe maximum of MIN_SIZE or the
product of the current capacity and the SHRINK _FART

If the data array is being resized, if the systamnot allocate enough space, false should
be returned.

Return true if the deletion is successful.
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application.cpp

/I Lab 8 Part 1 application program
/I Author: Dr. Watts
/I Data: Spring 2009

/I Description: This program is designed to test th

#include <iostream>
#include <fstream>
#include "AList.h"

using namespace std;

int main (int argc, char * argvl[])

if (argc < 2)

}

cerr << "Usage: " << argv[0] << " <
exit (1);

ifstream ins (argv[1]);
if (ins.fail ()
{

}

cerr << "No file " << argv[1] << "
exit (2);

AList AL;
char action;
int value;

while (ins >> action)
switch (action)

case 'C': cout << AL.Capacity() <<
break;
case 'D': ins >> value;
if (AL.Delete (value))
cout << value << "
else
cout << value << "
break;
case 'l' : ins >> value;
if (AL.Insert (value))
cout << value << "

else
cout << value << "

break;

case 'U': cout << AL.Used() << end
break;

case 'W' : cout << AL << endl;
break;

default : cout << action <<"isn

}
return O;
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file-name>\n";

found\n”;

endl;

deleted from list\n";

not deleted from list\n";

inserted in list\n";

not inserted in list\n";

ot a valid option\n";
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6. The application program provides a framework fatitey this class. You will need to create an
input file to drive the testing process. A simpiput file might simple place a value in the list,
check the list's capacity and its used count aia gre list:

10
C

U
W

7. By adding new commands to the input file, testabeuracy of your Insert and Delete functions.

8. Hauve all of the functions in the class been testadtPa cout statement at the beginning of each
function to verify that it is actually being calldflany of the functions are not being called, add
additional actions to the application program.

9. When you are convinced that your class is workimgectly, remove the cout statements from
your AList function implementations and copy yourist.cpp file to the dropbox as
yourlastnameL8-1.cpp.

Part 2.

1. Create a subdirectory called Lab8.2

2. Copy the 2 files from ~tiawatts/cs215pickup/Lab& 3our new subdirectory.

3. List the files you copied. You should see makedihel application.cpp.

makefile

lab8 : application.o LList.0
g++ -0 lab8 application.o LList.0 -g

application.o : application.cpp LList.h
g++ -c application.cpp -g

LList.o : LList.cpp LList.h
g++ -c LList.cpp -g

clean :
rm -f core.* *.0 |ab8

4. You will be using a text editor to create the filddst.h and LList.cpp.
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5. Enter the following class description into a fildled LList.h:

#ifndef LLIST_H
#define LLIST_H

#include <iostream>
using namespace std;

class LList
{
private:
class LNode
{
public:
LNode ();
int data;
LNode * next;

k

public:
LList ();
LList (const LList & other);
~LList ();

LList & operator = (const LList & other);
bool operator == (const LList & other);

int Size () const;

friend ostream & operator << (ostream & out

bool InsertFirst (const int & value);
bool InsertLast (const int & value);
bool DeleteFirst ();
bool DeletelLast ();

private:
LNode * first;
int size;

h

#endif

6. Enter the following class description intole fialled LList.cpp:

#include "LList.h"

LList::LNode::LNode ()

{
data = 0;
next = NULL,;
}
LList::LList ()
first = NULL;
size = 0;
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LList::LList (const LList & other)

{
first = NULL;
size = 0;
for (LNode * n = other.first; n = NULL; n = n->next)
InsertLast (n->data);
}
LList::~LList ()
while (first)
DeleteFirst();
}
LList & LList::operator = (const LList & other)
{
if (this == &other)
return * this;
while (first)
DeleteFirst();
for (LNode * n = other first; n I= NULL; n = n->next)
InsertLast (n->data);
return * this;
}
bool LList::operator == (const LList & other)
{
if (size != other.size)
return false;
LNode * n = first;
LNode * m = other first;
while (n = NULL)
if (n->data != m->data)
return false;
n = n->next;
m = m->next;
}
return true;
}
int LList::Size () const
{
return size;
}
ostream & operator << (ostream & outs, const LList &L)
{
if (L.first == NULL)
return outs;
outs << L.first->data;
for (LList::LNode * n = L.first->next; n != NULL; n = n->next)
outs << '' << n->data;
return outs;
}
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bool LList::InsertFirst (const int & value)

{/l This is a stubb; you will be completing this f
return false;

}

bool LList::InsertLast (const int & value)

{/l This is a stubb; you will be completing this f
return false;

}

bool LList::DeleteFirst ()

{/l This is a stubb; you will be completing this f
return false;

}

bool LList::DeleteLast ()

{/l This is a stubb; you will be completing this f
return false;

}

6. Enter the following data into a file calledttas

15
J10
130
J 40
18
\W

S

J-3
117
J 24
I35

WSOUMUMUMOWOS
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7. After carefully reading the application program:

/I Lab 8 Part 2 application program
/I Author: Dr. Watts
// Data: Spring 2009

/I Description: This program is designed to test th

#include <iostream>
#include <fstream>
#include "LList.h"

using namespace std,;

int main (int argc, char * argv[])
if (argc < 2)
{

cerr << "Usage: " << argv[0] << " <
exit (1);

ifstream ins (argv[1]);
if (ins.fail ())
{

cerr << "No file " << argv[1] << "
exit (2);

}

LList LL;
char action;
int value;

while (ins >> action)
switch (action)

case 'D': if (LL.DeleteFirst ())
cout << "First valu
else
cout << "First valu
break;
case 'E': if (LL.DeleteLast ())
cout << "Last value
else
cout << "Last value
break;
case 'l' :ins >> value;
if (LL.InsertFirst (valu
cout << value <<"
else
cout << value <<"
break;
case 'J': ins >> value;
if (LL.InsertLast (value
cout << value <<"

else
cout << value << "

break;

case 'S': cout << LL.Size() << end
break;

case 'W': cout << LL << endl;
break;

default : cout << action <<"isn

}
return O;
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e deleted from list\n";
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e))

inserted at front of list\n";
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)

inserted at end of list\n";

not inserted at end of list\n";

ot a valid option\n";
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7a. Predict the output of the program for testfiarahe class has been completed:

7b. Predict the output of the program for test.ithwhe class in its current state:

8. Compile (make) and execute the the program usstgn as the input file:
lab8 test.in

were your predictions for 7b correct?
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9. Implement the InsertFirst function. This funatishould:
Allocate space for a new node.

Return false if space cannot be allocated for tieen
Set the data of the new node to the input value
Set the next of the new node to the current first.
Set the first of the list to the new node.

Increment the size of the list.

Return true.

@~oooow

10. Compile and test the program to verify thatrjlasertFirst function is working correctly.

11. Implement the DeleteFirst function: This funatshould:
a. Return false if the list is empty (first == NULL Ofze == 0).
b. Save the first pointer in a temporary variable.
c. Change first to the current first's next.
d. Delete the node that was first (its address iscavgour temporary variable.)
e. Decrement the size of the list.
f. Return true.

12. Compile and test the program to verify thatrydaleteFirst function is working correctly.

13. Implement the InsertLast function. This funot&hould:
a. If the list is empty, call InsertFirst and retuts iesult.
b. Allocate space for a new node.
c. Return false if space cannot be allocated for tiden
d. Set the data of the new node to the input value
e. Set the next of the new node to NULL.
f. Traverse to the last node in the current list; sheepointer to the last node in a
temporary variable.
g. Set the next of the last node to the new node.
. Increment the size of the list.
i. Return true.

14. Compile and test the program to verify thatrasertLast function is working correctly.

15. Implement the DeleteLast function: This funetghould:

Return false if the list is empty (first == NULL Ogze == 0).

If there is only one node in the list (size ==d3ll DeleteFirst and return its result
Traverse to the"dto last node in the list..

Save the pointer to the last node in a temporamgaie.

Change the next of thé%%o last item to NULL..

Delete the node that was last (its address is sawsalir temporary variable.)
Decrement the size of the list.

Return true.

S@mPa0 Ty

16. Compile and test the program to verigt your DeleteLast function is working correctly.

17. When you are convinced that your LList class iskiray correctly, copy your LList.cpp file to the
dropbox as yourlastnamelL8-2.cpp.
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Laboratory Exercise 9 (Template classes)

Topics: Template classes

Goals: Upon successful completion of this lab yieousd be able to:
1. Define a template class
2. Test atemplate class using standard C++ types
3. Test atemplate class using a user defined type

Related text sections:
Chapter 16, 17
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Laboratory Exercise 9 Instructions
1. Create a new directory (folder) called Lab9.

2. Concatenate your LList.h and LList.cpp files fromtl8 Part 2 into a new file called LList.tmp in
your new Lab9 directory. Modify the class descdptas indicated below. Modify the function
implementations as described in lecture (the medifiefault constructors are illustrated below).

#i f ndef LLIST_TMP
#define LLIST_TMP

#include <iostream>
using namespace std,;

tenpl ate <cl ass LT> class LList;
tenpl ate <cl ass LT> ostream & operator << (ostream & outs, const LList <LT> & L);

tenpl ate <class LT>
class LList
t
private:
class LNode

public:
LNode ();
LT data;
LNode * next;

h

public:
LList ();
LList (const LList & other);
~LList ();
LList & operator = (const LList & other);
bool operator == (const LList & other);
int Size () const;

friend ostream & operator << <> (ostream & outs, const LList <LT> & L);
bool InsertFirst (const LT & value);
bool InsertLast (const LT & value);

bool DeleteFirst ();

bool DeleteLast ();
private:

LNode * first;

int size;

h

tenpl ate <class LT>
LList <LT>:: LNode::LNode ()

{
}

tenpl ate <class LT>
LList <LT>:LList ()

next = NULL,;

first = NULL;
size = 0;
}
More nmodi fied functions here .
#endi f
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3. Create an application program to test your linksidtémplate. This program should instantiate
LList objects using two of the standard C++ types:float, double, char, or bool. For example:
LList <int> L1,
LList <char> L2;

4. Your application program should specifically teatle of the functions in the template class. For
example:
L1.InsertFirst (10);
L2.InsertLast (‘c’);
cout << L1 << endl;
cout << L2.Size() << endl;

5. Compile and execute your program. Since therelisame .cpp file, you can simply use a g++
command to compile the program.

6. Once you are convinced that your linked list tertgla working correctly for standard C++
types, make a copy of your application progranest tiser/compiler defined types.

7. Copy the files CoordPt.h and CoordPt.cpp from CP&d&ip/Lab9. (Listings for these files start
on the next page.)

8. Add include statements to your new application poygto include the string library and
CoordPt.h.

9. Modify the LList instantiations to use string anddtdinatePoint:
LList <string> L1;
LList <CoordinatePoint> L2;

10. Modify your application program so that the funoBdest the new LList instantiations:
L1.InsertFirst (“Hello™);
L2.InsertLast (CoordinatePoint (1,2));
cout << L1 << endl;
cout << L2.Size() << endl;

11. Create a makefile to compile and link your appl@aprogram with the CoordPt

implementation.
lab9 : application.o CoordPt.o
g++ -0 lab9 application.o CoordPt.0 -g

application.o : application.cpp LList.tmp CoordPt.h
g++ -c application.cpp -g

CoordPt.o : CoordPt.cpp CoordPt.h
g++ -c CoordPt.cpp -g

clean :
rm -f core.* *.0 lab

12. Try to compile the program. What is wrong? Modlfig tCoordPt class so that the program will
compile. Compile and test your new application paogy

13. When you are convinced that your LList templateslis working correctly, copy your LList.tmp
file to the dropbox as yourlastnamelL9.tmp.
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#ifndef COORDPT_H
#define COORDPT_H

#include <iostream>
using namespace std;

class CoordinatePoint

{
public:
CoordinatePoint();
I/l Precondition: default constructor - no p
// Postcondition: a new object with x set t
Il created.

CoordinatePoint(int x_coord, int y_coord);
/I Precondition: x_coord and y_coord must b
// Postcondition: a new object with x set t
/l'y_coord will be created.

CoordinatePoint(const CoordinatePoint & Other);
I/l Precondition: copy constructor - Other m
// Postcondition: a new object with x set t
[/ will be created.

~CoordinatePoint();
I/l Precondition: destructor - no parameters
/I Postcondition: no action since there is

CoordinatePoint & operator = (const CoordinateP
/I Precondition: assignment operator - Othe
I/l Postcondition: for the existing object,
/l and y will be set to Other.y.

float Magnitude () const;
// Precondition: x and y are integer values
/I Postcondition: the distance from the ori
/I calculated (using the Pythagorean Theore

float Distance (const CoordinatePoint & Other)
[/l Precondition: *this and Other must be a
/I Postcondition: the distance from the *th
/I calculated (using the Pythagorean Theore

CoordinatePoint operator + (const CoordinatePoi
/I Precondition: *this and Other must be a
/I Postcondition: the sum of *this and Othe
/I calculated and returned.

friend istream & operator >> (istream & input,
// Precondition: p is an object of type Coo
[/l Postcondition: the contents of p will be
I/ input will be in the format (x,y) - wher
/I The parenthesis and comma will are requi
/I the fail flag will be set if the input f

friend ostream & operator << (ostream & output
I/l Precondition: p is an object of type Coo
// Postcondition: the contents of p will be
/I using the format (x,y) where x and y are
private:
intx,y;
I3
#endif
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#include "CoordPt.h"
#include <cmath>
using namespace std;

CoordinatePoint::CoordinatePoint()

/I Precondition: default constructor - no parameter s required.
/I Postcondition: a new object with x set to 0 and y set to
/I 0 will be created.
{

x=0;

y=0;
}
CoordinatePoint::CoordinatePoint(int x_coord, inty _coord)
/I Precondition: x_coord and y_coord must be intege r values.
/I Postcondition: a new object with x set to x_coor dandy setto
/l'y_coord will be created.
{

X = X_coord,;

y =y_coord,;
CoordinatePoint::CoordinatePoint(const CoordinatePo int & Other)
/I Precondition: copy constructor - Other must be a valid object.
/I Postcondition: a new object with x set to Other. x and

/l'y set to Other.y will be created.

x = Other.x;
y = Other.y;
}

CoordinatePoint::~CoordinatePoint()

/I Precondition: destructor - no parameters require d.

/I Postcondition: no action since there is no dynam ic memory.
{

}

CoordinatePoint & CoordinatePoint::operator = (cons t CoordinatePoint & Other)
/I Precondition: assignment operator - Other must b e a valid object.
/I Postcondition: for the existing object, x will b e set to Other.x
/I and y will be set to Other.y.
{
x = Other.x;
y = Other.y;
return *this;

}

float CoordinatePoint::Magnitude () const

/l Precondition: x and y are integer values.

/I Postcondition: the distance from the origin (0,0 ) will be
/I calculated (using the Pythagorean Theorem) and r eturned.

return sqrt (float (x * X + y * y));

}

float CoordinatePoint::Distance (const CoordinatePo int & Other) const
/I Precondition: *this and Other must be a valid ob jects.

/I Postcondition: the distance from the *this to Ot her will be

/I calculated (using the Pythagorean Theorem) and r eturned.

{

int deltax = x - Other.x;
int deltay =y - Other.y;
return sqrt (float (deltax * deltax + delta y * deltay));
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}

CoordinatePoint CoordinatePoint::operator + (const CoordinatePoint & Other)
/I Precondition: *this and Other must be a valid ob jects.
/I Postcondition: the sum of *this and Other will b e

/I calculated and returned.

int xvalue = x + Other.x;
int yvalue =y + Other.y;
return CoordinatePoint (xvalue, yvalue);

}
istream & operator >> (istream & input, Coordinate Point & p)
/I Precondition: p is an object of type CoordinateP oint.
/I Postcondition: the contents of p will be read fr om the input stream -
/l input will be in the format (x,y) - where x and y are integer values.
/I The parenthesis and comma will are required but will not be stored -
/I the fail flag will be set if the input format is incorrect.
char format;
input >> format >> p.x >> format >> p.y >> format;
return input;
}
ostream & operator << (ostream & output, const Coo rdinatePoint & p)
/I Precondition: p is an object of type CoordinateP oint.
/I Postcondition: the contents of p will be sent to the output stream
/I using the format (x,y) where x and y are the x a nd y coordinates
/I of p.
{
output <<'(" << p.x << ''<<py <<,
return output;
}
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Laboratory Exercise 10 (Doubly Linked Lists)

Topics: Doubly Linked Lists

Goals: Upon successful completion of this lab yleousd be able to:

Define a doubly linked list class

Define a corresponding node class

Insert items into the beginning or end of a dodiollyed list

Remove items from the beginning or end of a dolibked list

Write an application program that uses a doublelih list class

Write traversal functions using passed functiomsafdoubly linked list.

ok wnNE

Related text sections:
Chapter 16, 17
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Laboratory Exercise 10 Instructions
1. Create a new directory (folder) called Lab10.

2. Copy your LList.tmp file from Lab 9 to a new filaled LList2.tmp in your new Lab10 directory.
Modify the class description as indicated below difipthe function implementations as described in
lecture (the modified default constructors andttheersal functions are illustrated below).

#ifndef LLIST2_TMP
#define LLIST2_TMP

#include <iostream>
using namespace std;

tenpl ate <cl ass LT> class LList2;
tenpl ate <cl ass LT> ostream & operator << (ostream & outs, const LList2 <LT>&L);

template <class LT>
class LList2
t
private:
class LNode
{
public:
LNode ();
LT data;
LNode * next;
LNode * prev;
L

public:
LList2 ();
LList2 (const LList2 & other);
~LList2 ();
LList2 & operator = (const LList2 & other);
bool operator == (const LList2 & other);
int Size () const;
friend ostream & operator << <> (ostream & outs, const LList2<LT> & L);
bool InsertFirst (const LT & value);
bool InsertLast (const LT & value);
bool DeleteFirst ();
bool DeleteLast ();
void Forward (void function (const LT & paran));
voi d Backward (void function (const LT & param);
private:
LNode * first;
LNode * | ast;
int size;

h

template <class LT>
LList2<LT>::LNode::LNode ()
{
next = NULL,;
prev = NULL;
}

template <class LT>
LList2<LT>::LList2 ()

{
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first = NULL;
| ast = NULL;
size = 0;

More nodi fied functions here .

tenpl ate <class LT>
voi d LList2<LT>::Forward (void function (const LT & param)

for (LNode * n = first; n; n = n->next)
function (n->data);

}

tenpl ate <class LT>
voi d LList2<LT>::Backward (void function (const LT & paran))

for (LNode * n = last; n; n = n->prev)
function (n->data);
}
#endi f

3. Modify the InsertFirst and InsertLast functionaufdate the previous links and the pointer to the
last node as needed.

4. Modify the DeleteFirst and DeleteLast functionsipmlate the previous links and the pointer to
the last node as needed.

5. Create an application program to test the functadngur doubly linked list template class using
a standard C++ type for the instantiation.

6. Two new traversal functions have been added tacthss: Forward and Backward. These
functions are designed to traverse the list andyagpfunction to the data in each node of the list.
To use these functions you will need to createnatfan in your application program to pass to
the traversal. This function will need to have angument of the same type as your list
instantiation. For example, if your are using aeger list:

LList2 <int> L;
then, the following function could be used whevérsing the list:

void PrintValue (const int & value)

{
}

cout << “The value in the list is “ << value << endl;

To call the Forward traversal, include the command

L.Forward (PrintValue);
in your application program. As the Forward metpoolgresses through the nodes of L
(following the next links, it will call the functio PrintValue for each node. The value in data will
be passed to the function.

7. Compile and test your new application program.
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8. Copy the files Fraction.h, Fraction.cpp, Lab10app,enakefile, and Lab10.in from
~tiawatts/cs215pickup/Lab10. (Lab10app.cpp isdidielow; listings of Lab10.in, makefile,
Fraction.h, and Fraction.cpp start on the next page

Labl0app.cpp

#include <iostream>
#include <fstream>

#include "LList2.tmp"
#include "Fraction.h"

using namespace std;
/1 Add a gl obal variable for holding the sumof the fractions here
/1 Add function prototype here

int main ()

{
ifstream input ("Lab10.in");

fraction one;
LList2 <fraction> FL;

while (input >> one)
FL.InsertLast (one);
cout << "The fractions are: ";
cout << FL << endl;

// Add code to find the sumof the fractions in the list FL here
/1 Add code to print the sum here

return O;

}

/1 Add function inplenentation here

9. Add code (where indicated) to find and print thensaf the fractions read from the input file into
the list FL.

a. You will need to declare a global variable of tfection to hold the sum of the values.

b. Your function header will need one parameter: astaot reference to an object of type
fraction. Your function’s return type should be doi

c. Your function should add the fraction passed to the global sum.

d. To find the sum of the fractions, you will needuse one of the traversal functions
(Forward or Backward) from LList2. You will pasethame of your function to the
traversal function.

e. Add code (where indicated) to print the calculagech stored in your global variable.

10. Compile and execute your program. The output shbeid

The fractions are: 31/242/301/21 3/4
The total is 10 5/12
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11. When you are convinced that your LList2 templatesslis working correctly, copy your
LList2.tmp file to the dropbox as yourlastnameLfirpt

12. When you are convinced that your program is workiogectly, copy your well documented
Labl10app.cpp file to the dropbox as yourlastnametyif)

Lab10.in

31/2
42/3
01/2
13/4

makefile

lab10 : Lab10app.o Fraction.o
g++ -0 lab10 Lab10app.o Fraction.o -g

Lab10app.o : Labl0app.cpp LList2.tmp Fraction.h
g++ -c Lab10app.cpp -g

Fraction.o : Fraction.cpp Fraction.h
g++ -c Fraction.cpp -g

clean:
rm -f core.* *.0 lab10

Fraction.h

#ifndef FRACTION_H
#define FRACTION_H

#include <iostream>
using namespace std;

class fraction

L
public:
fraction ();
fraction (int w);
fraction (int n, unsigned d);
fraction (int w, unsigned n, unsigned d);
~fraction ();
fraction operator = (const fraction & other );
fraction operator + (const fraction & other ) const;
friend istream & operator >> (istream & ins , fraction & f);
friend ostream & operator << (ostream & out s, const fraction & f);
private:
void reduce ();
int whole;
int numerator,;
unsigned denominator;
h
#endif
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Fraction.cpp

#include "Fraction.h"

fraction::fraction ()

{
whole = 0;
numerator = 0;
denominator = 1;
}
fraction::fraction (int w)
{
whole = w;
numerator = 0;
denominator = 1;
}

fraction::fraction (int n, unsigned d)

whole = 0;
numerator = n;
denominator = d;
reduce();

}
fraction::fraction (int w, unsigned n, unsigned d)

whole = w;
numerator = n;
denominator = d;
this->reduce();

}
fraction::~fraction ()
{
}
fraction fraction::operator = (const fraction & oth er)
{
this->whole = other.whole;
this->numerator = other.numerator;
this->denominator = other.denominator;
this->reduce();
return *this;
}
fraction fraction::operator + (const fraction & oth er) const
{
fraction sum;
sum.whole = this->whole + other.whole;
sum.numerator = this->numerator * other.den ominator
+ this->denominator * other .numerator;
sum.denominator = this->denominator * other .denominator;
sum.reduce();
return sum;
}
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istream & operator >> (istream & ins, fraction & f)
{ /I Note: trivial version of >>

char temp;
ins >> f.whole >> f.numerator >> temp >> f. denominator;
return ins;

}

ostream & operator << (ostream & outs, const fracti on &f)

{ /I Note: trivial version of <<
outs << f.whole <<'' << f.numerator <</ ' << f.denominator;

return outs;

}
void fraction::reduce ()
{
intf=2;
denominator = denominator == 0 ? 1 : denomi nator;
whole += numerator / denominator;
numerator %= denominator;
while (f <= numerator)
if (numerator % f == 0) && (denomi nator % f == 0))
numerator /= f;
denominator /= f;
}
else
f++;
}
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Laboratory Exercise 11 (Templated Lists)

Topics: Template Linked Lists
Iterators
Overloaded ++. --, and * operators

Goals: Upon successful completion of this lab yleousd be able to:
1. Define an iterator for a template container class
2. Overload the increment (++) and decrement (--) aoes for an iterator.
3. Overload the de-referencing operator (*) for araiter.
4. Use the lterator for a Linked List class in an agtlon program

Related text sections:

Chapter 16
Chapter 17
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Laboratory Exercise 11 Instructions
1. Copy your LList2.tmp file from Lab 10 to a new L&l directory.

2. Modify the node type to be a struct.. You will mm¢ier need the “public:” key word since all of the
elements of a struct are public by default.

3. Add an iterator class and begin/end and rbegin/femnctions to your LList2 class description:

tenpl ate <cl ass LT> class LList2;
tenpl ate <cl ass LT> ostream & operator << (ostream & outs, const LList2 <LT>&L);

template <class LT>
class LList2

{

private:
typedef struct LNode

LNode ();

LT data;
LNode * next;
LNode * prev;

h
public:
class Ilterator
{
public:
Iterator ();
Iterator (LNode * NP);
const LT operator * () const;
Iterator operator ++ ();
Iterator operator ++ (int);
Iterator operator -- ();
Iterator operator -- (int);
bool operator == (const Iterator & other) const;
bool operator != (const Iterator & other) const;
private:
LNode * current;
b
LList2 ();
LList2 (const LList2 & other);
~LList2 ();

LList2 & operator = (const LList2 & other);
bool operator == (const LList2 & other);
int Size () const;
friend ostream & operator << <> (ostream & outs, const LList2<LT> & L);
bool InsertFirst (const LT & value);
bool InsertLast (const LT & value);
bool DeleteFirst ();
bool DeleteLast ();
void Forward (void function (const LT & par am));
void Backward (void function (const LT & pa ram));
Iterator begin () const;
Iterator rbegin () const;
Iterator end () const;
Iterator rend () const;
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private:
LNode * first;
LNode * last;
int size;

h
4. Add the following Iterator function implementatiotssyour LList2.tmp file:

template <class LT>
LList2<LT>::lterator::Iterator ()

{
}

template <class LT>
LList2<LT>::lterator::Iterator (LNode * NP)

{
}

template <class LT>
const LT LList2<LT>::lterator::operator * () const

{
}

template <class LT>
typename LList2<LT>::Iterator LList2<LT>::Iterator: :operator ++ ()

{

current = NULL,;

current = NP;

return current->data;

current = current->next;
return *this;

}

template <class LT>
typename LList2<LT>::Iterator LList2<LT>::lterator: :operator ++ (int)

Iterator temp = *this;
current = current->next;
return temp;

}

template <class LT>
typename LList2<LT>::Iterator LList2<LT>::lterator: :operator -- ()

current = current->prev;
return *this;

}

template <class LT>
typename LList2<LT>::Iterator LList2<LT>::lterator: :operator -- (int)

Iterator temp = *this;
current = current->prev;
return temp;

}

template <class LT>
bool LList2<LT>::lterator::operator == (const Itera tor & other) const

{
}

return current == other.current;
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template <class LT>
bool LList2<LT>::lterator::operator != (const Itera tor & other) const

{
}

return current != other.current;

5. Add the following LList2 function implementations your LList2.tmp file:

template <class LT>
typename LList2<LT>::lterator LList2<LT>::begin () const
{

Iterator temp (first);

return temp;

}

template <class LT>
typename LList2<LT>::lterator LList2<LT>::rbegin () const

Iterator temp (last);
return temp;

}

template <class LT>
typename LList2<LT>::lterator LList2<LT>::end () co nst

Iterator temp;
return temp;

}

template <class LT>
typename LList2<LT>::lterator LList2<LT>::rend () c onst

Iterator temp;
return temp;

}

6. Enter the following application program in a nele fialled application.cppO NOT COMPILE
THISPROGRAM!

#include <iostream>
#include "LList2.tmp"

using namespace std;
#define MAX 8

int main ()
{
LList2 <int> L1;
for (inti=0; i< MAX; i++)
if (i % 2)
L1.InsertFirst(i);
else
L1. InsertLast(i);
cout << "L1in order: ";
cout << L1 << endl;
cout << "Testing begin, end, post++ and *\n ;
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}

7.

8.

9.

for (LList2<int>::Iterator itr = L1.begin ( ); itr 1= L1.end(); itr++)
cout << "Value: " << *jtr << end|;
return O;

Before compiling and executing the program, predict togpot of the program:

Compile the program using the following command:
g++ -w application.cpp —o lablla
Note: the —w option will suppress all warnings.

Execute the program. How accurate was your predieti

10. Add code to the program to test the rbegin, rend pﬂ)st—functlons

cout << "Testing rbegin, rend, post-- and *\ n";
for (LList2<int>::Iterator itr = L1.rbegin(); itr I= L1.rend(); itr--)
cout << "Value: " << *itr << endl;

Before compiling and executing the program, predict tbgpot of this segment of the program:

Compile and execute the program; how accurate wasprediction?

11. Add code to the program to test the pre++ function:

cout << "Testing pre++\n";
cout << "Should write second item in list L1\n";
List2<int>::lterator itr = L1.begin();
cout << *++itr << endl;
Before compiling and executing the program, predict thgot of this segment of the program:

Compile and execute the program; how accurate wasprediction?

12. Add code to the program to test the pre++ function:

cout << "Testing pre--\n";
cout << "Should write second to last item in list L1\n";
itr = L1.rbegin();
cout << *--jtr << endl;
Before compiling and executing the program, predict tbgpot of this segment of the program:

Compile and execute the program; how accurate wasprediction?
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13. Copy the files card.h and card.cpp from the Lahiddigectory in the cs215pickup directory. These
files contain a class description and implementafiw a set of playing cards. Carefully review the
class description and its implementation. (Listingsard.h and card.cpp start on the next page.)

14. Copy the file cards.in from cs215pickup. This filentains a list of cards in the card class format.
AC AD AH AS
2C 2D 2H 2S

3C 3D 3H 3S
4C 4D 4H 4S

15. Create a new application that includes card.h and kList2.tmp, reads the cards in the input file,
stores them in a linked list, and writes out tise dif cards. A sample makefile for this program is
illustrated below:

labll : Labllapp.o card.o
g++ -0 labll Labllapp.o card.o -g

Labllapp.o : Labllapp.cpp LList2.tmp card.h
g++ -c Labllapp.cpp -g -w

card.o : card.cpp card.h
g++ -c card.cpp -g

clean :
rm -f core.* *.0 lab11

16. Add an additional segment of code to your prograat treates two new linked lists, each holding
half of the deck, and writes out the two new Iaftsards.

17. Add an additional segment of code to your prograat shuffles the two half lists, starting with the
first card in the second list, into a new linkest ind writes out the shuffled list.

18. For the input file you copied from the pickup faldéhe output should be:
The cards: AC AD AHAS 2C 2D 2H2S3C3D3H3S4C4 D 4H 4S
First half: AC AD AH AS 2C 2D 2H 2S
Second half: 3C 3D 3H 3S 4C 4D 4H 4S
Shuffled cards: 3C AC 3D AD 3H AH 3S AS 4C 2C 4D 2D 4H 2H 4S 2S

18. When you are convinced that your card shufflinmgram is working correctly, copy your well
documented .cpp file to the dropbox as yourlastrdrhepp.
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card.h

#ifndef CARD_H
#define CARD_H
#include <iostream>
using namespace std;

class card
{
public:

card ();
card (const card & other);
~card ();
card & operator = (const card & other);
bool operator == (const card & other) const
bool operator != (const card & other) const
bool operator < (const card & other) const;
bool operator > (const card & other) const;
bool operator <= (const card & other) const
bool operator >= (const card & other) const
friend istream & operator >> (istream & ins
friend ostream & operator << (ostream & out

char rank;
char suit;
private:
void evaluate ();
int sortval,
3
card.cpp

#include "card.h"

card::card ()

{
rank = suit ='?";
sortval = 0;
}
card::card (const card & other)
{
rank = other.rank;
suit = other.suit;
sortval = other.sortval;
}
card::~card ()
{
}

card & card::operator = (const card & other)
{

if (this == &other)

return * this;

rank = other.rank;

suit = other.suit;

sortval = other.sortval;

return * this;

}

bool card::operator == (const card & other) const

{
}

return sortval == other.sortval;
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bool card::operator != (const card & other) const

{
return sortval != other.sortval;
}
bool card::operator < (const card & other) const
{
return sortval < other.sortval,
}
bool card::operator > (const card & other) const
{
return sortval > other.sortval;
}
bool card::operator <= (const card & other) const
{
return sortval <= other.sortval;
}
bool card::operator >= (const card & other) const
{
return sortval >= other.sortval;
}
istream & operator >> (istream & ins, card & C)
{
card T;
ins >> T.rank;
ins >> T.suit;
T.evaluate();
if (T.sortval)
C=T;
else
ins.setstate(ios::failbit);
return ins;
return ins;
}
ostream & operator << (ostream & outs, const card & C)
{
outs << C.rank << C.suit;
return outs;
}
void card::evaluate ()
{
rank = toupper(rank);
suit = toupper(suit);
sortval = 0;
char r[] = {A"2','3','4''5''6','7",'8' 9T, J,'Q" 'K
char s[] ={'C', 'D', 'H', 'S}
inti;
for (i=0; i< 13 && rank !=r[i]; i++);
sortval = (i+1) * 100;
for (i = 0; i< 4 && suit != s[i]; i++);
sortval += i+1;
if (sortval / 100 < 1 || sortval / 100 > 13 Il
sortval % 100 < 1 || sortval % 100 > 4)
sortval = 0;
}
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Laboratory Exercise 12 (Exception Handling)

Topics: Overloaded [] operator
Exception Handling

Goals: Upon successful completion of this lab yieousd be able to:
1. Overload the indexing ([]) operator for a templedatainer class.
2. Use the C++ try...throw...catch syntax
3. Incorporate exception handling in a template comtiaclass
4. Write a program that incorporates exception hagdlin

Related text sections:
Chapter 18
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Laboratory Exercise 12 Instructions

1. Copy your LList2.tmp file from Lab 11 to a new L&B directory.
2. Add the following prototype and draft implementatio your LList2 template class:
LT & operator [] (const int & index) const;

template <class LT>
LT & LList2<LT>::operator [] (const int & index) co nst

LList2<LT>::LNode * n = first;
return n->data;

}

Note that the function operator[] returns a refecerntype. This causes it to be an |-value, allowing
you to use subscripted expressions on either gidesignment operators.

The complete description of the LList2 templatatishe end of this Laboratory Exercise.
3. Enter the following program in a file called appliion.cpp.

#include <iostream>
#include "LList2.tmp"

using hamespace std;
#define MAX 10

int main ()
{
LList2 <int> L1, L2;
for (inti=0;i< MAX; i++)
if (i % 2)
L1.InsertFirst(i);
else
L1. InsertLast(i);
cout << "L1in order: ";
cout << L1 << endl;
cout << "Testing the [] operator\n";
cout << "First to last:\n";
for (inti=0;i<L1.Size(); i++)
cout << "L1[" <<i<<"is " << L1Ji] << end];
L1[3] =7,
cout << "Last to first:\n";
for (inti = L1.Size()-1; i >=0; i--)
cout << "L1[" <<i<<"is " << L1Ji] << endl;
return O;

CS 215 Manual — Spring 2009 Page 84



7.

8.

9.

Compile and execute the program. Are the results wbu expected from the code in the application
program?

Modify the [] operator function to traverse throue list until it reaches the entry correspondimng
the position in the index paramenter. The opersttould then return the data item in the selected
entry.

Test your program again. The correct output shbald

First to last:
L1[0]is 9
L1[1]is 7
L1[2]is 5
L1[3]is 3
L1[4]is1
L1[5]is O
L1[6] is 2
L1[7]is 4
L1[8]is 6
L1[9]is 8
Last to first:
L1[9]is 8
L1[8]is 6
L1[7]is 4
L1[6]is 2
L1[5]is O
L1[4]is 1
L1[3]is 7
L1[2]is 5
L1[1]is 7
L1[0]is 9

If you did not get the correct output, review tloele in your [] operator and modify it.

Currently the dereferencing operator in your tertgan only be used on the Right Hand Side (rhs)
of an assignment statement. Edit the derefererapegator (*) for the iterator in LList2.tmp to allo
it to be used on the Left Hand Side (lhs) of angassent statement:

The prototype should be:
LT & operator * () const;

The implementation should be:
template <class LT>
LT & LList2<LT>::lterator::operator * () const

{
}

Add statements to application.cpp to test the éeeeting operator as both a Ihs and as a rhs
operator.

return current->data;

10. Copy the C++ files in ~tiawatts/cs215pickup/Lab&Zour Lab 12 directory.
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11. Compile the file Labl12a.cpp.

12. Beforerunning the program carefully read the source code and predict thpubut the value
calculated for ium” is 10 and the value calculated feraf " is 7.

13. Execute the program. Executing this program shm4dlt in a Segmentation Fault. Using gdb,
determine where the program crashed and modifycfiefile to eliminate the crash. Describe the
problem:

14. Are you now getting the expected output? If nohtowe to debug the .cpp file until the program
executes correctly.

15. Compile the file Lab12b.cpp.

16. Beforerunning the program carefully read the source code and predict thpubut the value
calculated for hum” is 8 and the value calculated faal " is 3.

17. Execute the program. Executing this program shoeddlt in a Segmentation Fault. Using gdb,
determine where the program crashed and modifycfiefile to eliminate the crash. Describe the
problem:
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18. Are you now getting the expected output? If nohtowe to debug the .cpp file until the program
executes correctly.

19. Compile the file Lab12c.cpp.

20. Beforerunning the program carefully read the source code and predict thpuut the value
calculated for ium” is 11 and the value calculated feraf " is 5.

21. Execute the program. Executing this program shmsdlt in a Segmentation Fault. Using gdb,
determine where the program crashed and modifycfiefile to eliminate the crash. Describe the
problem:

22. Are you now getting the expected output? If nohttwe to debug the .cpp file until the program
executes correctly.

23. Modify the *, ++, --, and [] operators for the l&or class to catch exceptions using C++ try-throw-
catch structures. Each of these operators shosklgaappropriate error message to the catch and
should then exit from the program. Each exit comansimould have a unique numeric identifier
argument.For example:

template <class LT>
LT & LList2<LT>::Iterator::operator * () const

{
try
{
if (current == NULL)
throw ("Cannot dereference a NULL pointer");
return current->data;
}
catch (const char * message)
{
cerr << message << endl;
exit (1);
}
}

24. When you are convinced that your Linked Listjpéate is working correctly, copy your well
documented .tmp file to the dropbox as yourlastid@damp.
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tenpl ate <cl ass LT> class LList2;

tenpl ate <cl ass LT> ostream & operator << (ostream & outs, const LList2

template <class LT>
class LList2

{

private:
typedef class LNode

public:
LNode ();
LT data;
LNode * next;
LNode * prev;

3
public:
typedef class Iterator
{
public:
Iterator ();
Iterator (LNode * NP);
LT & operator * () const;
Iterator operator ++ ();
Iterator operator ++ (int);
Iterator operator -- ();
Iterator operator -- (int);
bool operator == (const Ite
bool operator != (const Ite
private:

LNode * current;

3

LList2 ();

LList2 (const LList2 & other);

~LList2 ();

LList2 & operator = (const LList2 & other);

bool operator == (const LList2 & other);

int Size () const;

friend ostream & operator << <> (ostream &

bool InsertFirst (const LT & value);

bool InsertLast (const LT & value);

bool DeleteFirst ();

bool DeleteLast ();

void Forward (void function (const LT & par

void Backward (void function (const LT & pa

Iterator begin () const;

Iterator rbegin () const;

Iterator end () const;

Iterator rend () const;

LT & operator [] (const int & index) const;
private:

LNode * first;

LNode * last;

int size;
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Laboratory Exercise 13 (Intro to MFC)

Topics: Microsoft Foundation Classes

Goals: Upon successful completion of this lab yieousd be able to:
1. Write a simple winows program using the MFC Framieddw Class

Related text sections:
Chapters 1 - 5 (Introduction to MFC)
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Laboratory Exercise 13 Instructions
1. Create a new Visual C++ application project callad13.

2. Add a new header file called CLab13Win.h to yowijgct. Enter the following class description:

#include <afxwin.h>

class CLab13Win : public CFrameWnd

{
public:
CLab13Win ();
afx_msg void OnPaint ();
private:
int m_nMessageX;
int m_nMessageY;
DECLARE_MESSAGE_MAP ()
h

3. Add a new header file called CLab13App.h to youjgxt. Enter the following class description:

#include <afxwin.h>
#include "CLab13Win.h"

class CLab13App : public CWinApp

{ .
public:
BOOL InitInstance ();

h

4. Add a new implementation file called CLab13Win.¢pgyour project. Enter the following class
method implementation and message map:

#include <afxwin.h>
#include "CLab13Win.h"

CLab13Win::CLab13Win ()
Create (NULL, "Lab13");

m_nMessageX = 100;
m_nMessageY = 100;

}
afx_msg void CLab13Win::OnPaint ()
{
CPaintDC dc (this);
dc.DrawText("Hello World", CRect (m_nMessageX, m_n MessageY,
m_nMessageX+80, m_nMessageY+16), DT_LEFT);
}

BEGIN_MESSAGE_MAP (CLab13Win, CFrameWnd)
ON_WM_PAINT ()
END_MESSAGE_MAP ()
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5. Add a new implementation file called CLab13App.tpyour project. Enter the following class
method implementation and application variable al@tion

#include <afxwin.h>
#include "CLab13App.h"

BOOL CLab13App::Initinstance ()

{
m_pMainWnd = new CLab13Win();
m_pMainWnd->ShowWindow (m_nCmdShow);
m_pMainWnd->UpdateWindow ();
return TRUE;

}

CLab13App Lab13App;

6. Compile and execute the program — you should see:

CEEN——— =10/ ]

Hello Yorld

You have now written an MFC “Hello World” program!

7. This program will be more interesting if the “HelWldorld” text string is movable. One way to move
items is to drag them with the mouse. Modify CLaW1i3.h and CLab13Win.cpp as indicated:
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CLab13Win.h:
#include <afxwin.h>
class CLab13Win : public CFrameWnd

public:
CLab13Win ();
afx_msg void OnPaint ();
af x_nsg voi d OnMouseMove( Ul NT nFl ags, CPoint point );
private:
int m_nMessageX;
int m_nMessageY;
DECLARE_MESSAGE_MAP ()
%

CLab13Win.cpp:

#include <afxwin.h>
#include "CLab13Win.h"

CLab13Win::CLab13Win ()
Create (NULL, "Lab13");

m_nMessageX = 100;
m_nMessageY = 100;

}
afx_msg void CLab13Win::OnPaint ()
{
CPaintDC dc (this);
dc.DrawText("Hello World", CRect (m_nMessageX, m_n MessageY,
m_nMessageX+80, m_nMessageY+16), DT_LEFT);
}

af x_nmsg void CLabl13W n:: OnMouseMove( Ul NT nFl ags, CPoint point )

if (nFlags == MK _LBUTTON)

{
m nMessageX = point. x;
m nMessageY = point.y;
I nval i date (TRUE);

}

}

BEGIN_MESSAGE_MAP (CLab13Win, CFrameWnd)
ON_WM_PAINT ()
ON_WM_MOUSEMOVE( )
END_MESSAGE_MAP ()

8. Compile and execute the modified program.

9. The next set of modifications will create a patted background for the window. Modify
CLab13Win.h and CLab13Win.cpp as indicated:
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CLab13Win.h:

#include <afxwin.h>

class CLab13Win : public CFrameWnd

public:

CLab13Win ();
afx_msg void OnPaint ();
afx_msg void OnMouseMove( UINT nFlags, CPoint poi nt);

private:

h

int m_nMessageX;

nt
nt
nt
nt
nt
nt
nt
nt
nt

m nMessagey;
m nNunRect s;
m _nNumAr eas;
m nRedM n;
m_nRedMax;
m nG eenM n;
m nG eenMax;
m nBl ueM n;
m _nBl ueMax;

DECLARE_MESSAGE_MAP ()

Modify the constructor and OnPaint methods of CL3Win.cpp:

CLab13Win::CLab13Win ()

{

}

Create (NULL, "Lab13");
m_nMessageX = 100;
m_nMessageY = 100;

m nNunmRects = 5;
m NNumAr eas = 3;
m nRedM n = O;

m nRedMax = 255;
m nGreenM n = 0;
m nG eenMax = O;
m nBl ueM n = 255;
m nBl ueMax = O0;

afx_msg void CLab13Win::OnPaint ()

{

CPaintDC dc (this);
dc. Set BkMbde( TRANSPARENT) ;
dc. Set Text Col or (RGB (255, 255, 255));

CRect

rect,;

GetdientRect (&rect);

I nt
i nt
i nt
i nt
i nt
i nt
i nt

hei ght
wi dt h

del t aX
del taY
del taR
del t aG
del t aB

= rect.Height () / mnNumAreas;

=rect.Wdth () / mnNunmAreas;

width / 2 / mnNunRects;

height / 2 / mnNunRects;

(mnRedMax - mnRedM n) / (mnNunmRects - 1);
(mnGeenMax - mnGeenMn) / (mnNunRects - 1);
(mnBlueMax - mnBlueMn) / (mnNunRects - 1);
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for (int aX = 0; aX < mnNunAreas; aXt++)
for (int aY = 0; aY¥Y < mnNunAreas; aY++)

{
int ul X =aX * wdth;
int ulY = aY * height;
int IrX = (axX+1) * w dth;
int IrY = (aY+1l) * height;
for (int r = 0; r < mnNunRects; r++)
{
int red = mnRedMn + r * deltaR
int green = mnGeenMn + r * deltaG
int blue = mnBlueMn + r * deltab;
CBrush pai nt Brush;
pai nt Brush. Creat eSol i dBrush (RGB(red, green,
bl ue));
CBrush * pBrushSv = dc. Sel ect Obj ect
( &pai nt Brush) ;
dc. Rectangle (ul X + r*deltaX, ulY + r*deltay,
[rX - r*xdeltaX, IrY - r*deltay);
dc. Sel ect Obj ect (pBrushSv);
}
}
dc.DrawText("Hello World", CRect (m_nMessageX, m_n MessageY,

m_nMessageX+80, m_nMessageY+16), DT_LEFT);
}

10. Compile and execute the program — you should see:

i Lab13

Hello World
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11. Recompile and execute the program after changimgdlues ofm nNunRect s, and
m nNunmAr eas. Try several values for each of these variablescibe the purpose of each:

12. Recompile and execute the program after changmgadluesn nRedM n, m nRedMax,
m nG eenM n, mnG eenMax, m nBl ueM n, and m nBl ueMax = 0. Try several values for
each of these variables. Describe the purposechf ea

13. The next set of modifications will allow the userdmply the arrow keys to modify the patterened
background for the window. Modify CLab13Win.h anda®13Win.cpp as indicated:

Add the functiomnkeyDown to CLab13Win.cpp:

afx_msg void CLab13Win::OnKeyDown( UINT nChar, UINT nRepCnt, UINT nFlags)

{
switch (nChar)

case 37: // Left arrow key
m_nNumRects--;
Invalidate (TRUE);
break;

case 38: // Up arrow key
m_nNumAreas++;
Invalidate (TRUE);
break;

case 39: // Right arrow key
m_nNumRects++;
Invalidate (TRUE);
break;

case 40: // Down arrow key
m_nNumAreas--;
Invalidate (TRUE);
break;

default:

MessageBox ("Key not recognized");
}

}

Add the Key down windows message to the message map

BEGIN_MESSAGE_MAP (CLab13Win, CFrameWnd)
ON_WM_PAINT ()
ON_WW_KEYDOWN( )
ON_WM_MOUSEMOVE()
END_MESSAGE_MAP ()

Add the prototype foronkeyDown to CLab13Win.h:
afx_msg void OnKeyDown( UINT nChar, UINT nRepCnt, U INT nFlags );
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14. Compile and execute the program. After pressingitharrow () twice and the right arrow-¢)
three times you should see:

_ioix

Hello World

15. Experiment with the up, down, left, and right arrkeys until the program crashes. Modify the
program to prevent crashes.

16. When you are convinced that your program isimgrcorrectly, tar and zip your folder into a file
called asyourlastname13.gz and drop it into the course dropbox..
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Laboratory Exercise 14 (Inheritance and Polymomphis

Topics: Hierarchical Class Structures and Polymiar@ontainers

Goals: Upon successful completion of this lab yleousd be able to:

Define a hierarchical class structure

Define Virtual Functions

Write application programs that use polymorphism

Create a doubly linked list of pointers to polymuigobjects.

Write a program that uses a doubly linked list ofhers to polymorphic objects

arwpdE

Related text sections:
Chapter 14
Chapter 15
Chapter 17
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Laboratory Exercise 14 Instructions (part 1)

1. Create a new folder for Lab 14 and copy the fitestiawatts/cs215pickup/Labl14 to your new folder.
The files are listed at the end of this lab.

2. Use the makefile to compile the program.Executeptiegram using the following input:
option: a
side: 3
option: b
one leg: 3
the other leg: 4
option: q

Your interactive session should look like:
Select one of the following options:
a. Create an Equilateral Triangle
b. Create a Right Triangle

g. Exit
a
Enter the length of the side of the equilateral tri angle: 3
The area of your 3 sided polygon is 0; its perimeter is 0.

Select one of the following options:
a. Create an Equilateral Triangle
b. Create a Right Triangle

g. Exit
b
Enter the length of one leg of the right triangle: 3
Enter the length of the other leg of the right tria ngle: 4
The area of your 3 sided polygon is 0; its perimeter is 0.

Select one of the following options:
a. Create an Equilateral Triangle
b. Create a Right Triangle
g. Exit

q
Good bye

3. The zero values in the output indicate that thetions to calculate the area and perimeters of the
equilateral and right triangles have not been cetepl Using the formulas you found for the
homework assignment, complete the Area and Penrhetetions for the Equilateral and Right
classes.

4. Recompile and execute the program. The correcubstpuld be:
The area of your 3 sided polygon is 3.89711; its p erimeter is 9.
The area of your 3 sided polygon is 6; its perimete ris 12.
5. Using the equilateral and right triangle classea a®del, complete the implementation of the
scalene triangle class. Include a menu optiongicafscalene triangle. Include a case in the create
function for a scalene triangle.

6. Compile and test your modifications.
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7. Add two new classes to the polygon heirarchy: Sgjaad Rectangle. These new classes should both
be children of the Quadrilateral class. Add optihand e) to the menu and cases to the create
function to incorporate these new classes in tipéiGgtion program.

8. Complete the implementation of the Regular polygass. Include the Regular polygon class in the
implementation program (option f). The interactsession should ask the user first for the number of
sides, then for the length of each side.

9. When you are convinced that your polygon classahehy is working correctly, copy your well
documented .h and .cpp files to the dropboyaslastnamil14.h andyourlasthamé&l4.cpp
respectively.

makefile

lab14 : Labl14.0 polygon.o
g++ -0 lab14 Labl14.0 polygon.o -g

Labl4.0 : Labl4.cpp polygon.h
g++ -c Labl4.cpp -g

polygon.o : polygon.cpp polygon.h
g++ -c polygon.cpp -g

clean:
rm -f core.* *.0 lab14

Labl14.cpp

#include <iostream>
#include "polygon.h"

char menu ();
int main ()

char option;

do

{
option = menu ();
Polygon * pp = create (option);
f{f (Pp)

std::cout << *pp;
delete pp;

} while (option !="Q";
return 0;

}

char menu ()

char choice;

std::cout << "Select one of the following optio ns:\n";
std::cout << "\ta. Create an Equilateral Triang le\n";
std::cout << "\tb. Create a Right Triangle\n";

std::cout << "\tg. Exit\n";

std::cin >> choice;

return toupper(choice);
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Polygon * create (char choice)

Polygon * pp = NULL,;
switch (choice)
{
case 'A"
{
int side;
std::cout << "Enter the length of the s ide of the "
<< "equilateral triangle: ";
std::cin >> side;
pp = new Equilateral (side);
break;
}
case 'B"
{
int sidel, side2;
std::cout << "Enter the length of one | eg of the "
<< "right triangle: ";
std::cin >> sidel;
std::cout << "Enter the length of the o ther leg of the "
<< "right triangle: ";
std::cin >> side2;
pp = new Right (sidel, side2);
break;
}
case 'Q"
{
std::cout << "Good bye\n";
break;

default:
std::cout << "Invalid option - please t ry again\n”;
}

return pp;

}
polygon.h

#ifndef POLYGON_H
#define POLYGON_H

#include <iostream>
using namespace std,;

class Polygon

public:
Polygon ();
Polygon (const Polygon & p);
~Polygon ();
Polygon & operator = (const Polygon & p);
virtual int Sides () const { return 0; }
virtual double Area () const { return O; }

virtual double Perimeter () const { return 0;}

friend ostream & operator << (ostream & out s, const Polygon & P);
protected:

double side;
private:

I3
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class Triangle : public Polygon
{
public:
Triangle ();
Triangle (const Triangle & p);
~Triangle ();
Triangle & operator = (const Triangle & p);
int Sides () const;
private:

I3

class Equilateral : public Triangle

public:
Equilateral ();
Equilateral (double S);
~Equilateral ();
Equilateral (const Equilateral & p);
Equilateral & operator = (const Equilateral & p);
double Area () const;
double Perimeter () const;
private:

3
class Right : public Triangle

public:
Right ();
Right (double S1, double S2);
~Right ();
Right (const Right & p);
Right & operator = (const Right & p);
double Area () const;
double Perimeter () const;
private:
double side2;
I3

class Scalene : public Triangle
{
public:
Scalene ();
Scalene (double S1, double S2, double S3);
~Scalene ();
Scalene (const Scalene & p);
Scalene & operator = (const Scalene & p);
double Area () const;
double Perimeter () const;
private:
double side2, side3;
h

class Quadrilateral : public Polygon

public:
Quadrilateral ();
Quadrilateral (const Quadrilateral & p);
~Quadrilateral ();
Quadrilateral & operator = (const Quadrilat eral & p);
int Sides () const;
private:
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h
/I Add Square and Rectangle classes here
class Regular : public Polygon

public:
Regular ();
Regular (int N, double S);
Regular (const Regular & p);
~Regular ();
Regular & operator = (const Regular & p);
int Sides () const;
double Area () const;
double Perimeter () const;
private:
int num_sides;

h

#endif

polygon.cpp

include <iostream>
#include <cmath>
#include "polygon.h"
using namespace std,;

Polygon::Polygon ()
{

side = 0;
}
Polygon::Polygon (const Polygon & p)
side = p.side;
}
Polygon::~Polygon ()
{
}
Polygon & Polygon::operator = (const Polygon & p)
side = p.side;
return * this;
}
ostream & operator << (ostream & outs, const Polygo n & P)
{
outs << "The area of your " << P.Sides()
<< " sided polygon is " << P.Area ()
<< "; its perimeter is " << P.Perimete r() <<".\n";
return outs;
}
Triangle::Triangle ()
{
side = 0;
}
Triangle::Triangle (const Triangle & p)
{
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side = p.side;

}
Triangle::~Triangle ()
{
}
Triangle & Triangle::operator = (const Triangle & p )
{
side = p.side;
return * this;
}
int Triangle::Sides () const
{
return 3;
}
Equilateral::Equilateral ()
side = 0;
}
Equilateral::Equilateral (double S)
side = S;
}
Equilateral::~Equilateral ()
{
}
Equilateral::Equilateral (const Equilateral & p)
side = p.side;
}
Equilateral & Equilateral::operator = (const Equila teral & p)
{
side = p.side;
return * this;
}

double Equilateral::Area () const

/I Calculate and return area here
return O;

}

double Equilateral::Perimeter () const

[/l Calculate and return perimeter here
return O;

}
Right::Right ()

side = side2 = 0;
}

Right::Right (double S1, double S2)

side = S1;
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side2 = S2;

}
Right::~Right ()
{
}
Right::Right (const Right & p)
{
side = p.side;
side2 = p.side2;
}
Right & Right::operator = (const Right & p)
side = p.side;
side2 = p.side2;

return * this;

}

double Right::Area () const

/I Calculate and return area here
return O;

}

double Right::Perimeter () const

[/l Calculate and return perimeter here

return O;
}
Scalene::Scalene ()
{
side = side2 = side3 = 0;
}
Scalene::Scalene (double S1, double S2, double S3)
side = S1;
side2 = S2;
side3 = S3;
}
Scalene::~Scalene ()
{
}
Scalene::Scalene (const Scalene & p)
{
side = p.side;
side2 = p.side2;
side3 = p.side2;
}
Scalene & Scalene::operator = (const Scalene & p)
{
side = p.side;
side2 = p.side2;
side3 = p.side2;
return * this;
}
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double Scalene::Area () const

/I Calculate and return area here
return O;

}

double Scalene::Perimeter () const

/I Calculate and return perimeter here

return O;
}
Quadrilateral::Quadrilateral ()
{
}
Quadrilateral::Quadrilateral (const Quadrilateral & p)
{
}
Quadrilateral & Quadrilateral::operator = (const Qu adrilateral & p)
{
return * this;
}
int Quadrilateral::Sides () const
{
return 4,
}
Regular::Regular ()
}
Regular::Regular (const Regular & p)
{
}

Regular & Regular::operator = (const Regular & p)

return * this;

}
int Regular::Sides () const
{
return num_sides;
}

double Regular::Area () const

/I Calculate and return area here
return O;

}

double Regular::Perimeter () const

/I Calculate and return perimeter here
return O;
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Laboratory Exercise 14 Instructions (part 2)

1. Copy the file LList2.tmp from your Lab 12 folder your new folder. Modify the application program
(Labl4.cpp) to include your LList2.tmp file. Modifile makefile to include LList2.tmp as a
dependency for creating Lab14.0.

2. Instantiate a linked list of polygon pointers anddifly the do while loop in the main function of the
application:

LList2 <Polygon *> PLP;
do
{

option = menu ();
Polygon * pp = create (option);

if (pp)
PLP.InsertLast (pp);
} while (option !='Q");

3. Add statements after the loop to print the conteftke linked list from beginning to end.

4. Use the makefile to compile the program.Executeptiogram using the following input:
option: a
side: 3
option: b
one leg: 3
the other leg: 4
option: q

The output should be:

The area of your 3 sided polygon is 3.89711; its pe rimeter is 9.
The area of your 3 sided polygon is 6; its perimete ris 12.

If your output looks more like:
0x804c290 0x804c2b0
than the correct output, you are printing the asklre of the objects instead of the data in the
objects. Fix your program to print the data.
Test the other classes in your polygon class tediyar
5. Add a segment of code to print the data in reverder.
6. Add a segment of code to find and print the totdhe areas of the polygons in the list.

7. Add a segment of code to find and print the totahe perimeters of the polygons in the list.

8. When you are convinced that your application progrmworking correctly, copy your well
documented .cpp file to the dropboxyasirlastname14.app.
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Laboratory Exercise 15 (Ordered Linked Lists)

Topics: Ordered Linked Lists

Goals: Upon successful completion of this lab yieousd be able to:

Insert nodes into the “middle” of a doubley linKesd

Remove nodes from the “middle” of a doubley linkist

Determine if a value is containined in a doublekéd list

Use a doubley linked list to store an ordered set

Create a new ordered set containing the unionasti@red sets
Create a new ordered set containing the interseofi@ ordered sets

ourwNE

Related text sections:
Chapter 17
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Laboratory Exercise 16 Instructions

1.

2.

10.

11.

12.

13.

14.

Copy your LList2.tmp file from Lab12 to a new Lab directory.
Rename your LList2.tmp file OrderedSet.tmp.
Rename the clafdrderedSet . Change the template type3ad.

Move the methods
bool InsertFirst (const ST & value);
bool InsertLast (const ST & value);
bool DeleteFirst ();
bool DeleteLast ();
from the public section of the class to thiggie section of the class.

Add the following methods to the public sectiortted OrderedSet class:
void Clear ();
bool IsEmpty () const;
bool IsIn (const ST & value) const;
bool Insert (const ST & value);
bool Delete (const ST & value);
OrderedSet operator + (const OrderedSet & o ther);
OrderedSet operator * (const OrderedSet & o ther);

Implement theClear method to delete all items in the set.

Implement thdsEmpty method to return true if there are no nodes irstiteand false if there are
nodes in the set.

Implement thdsin  method to return true if the specified item ighie set and false if it is not in the
set.

Implement thénsert method to maintain the nodes of the set in asognalider based on the node
data. Duplicate data items are not permitted;efithlue is already in the list, the method should
simply return false. Thimsert method should use thiesertFirst andinsertLast

methods from the private section of the class whsmappropriate.

Implement theDelete method to remove the specifed node from the Stitelvalue is not in the
list, the method should simply return false. Tedete method should use theleteFirst and
DeleteLast methods from the private section of the class whesmappropriate.

Implement the ouput operator (<<) to list the itamthe set in set braces ({ and }), separated by
commas. For exampl€2,4,5,7,10}.

Implement the+ operator to return an ordered set containing ttienuof its two ordered set
operands{1,3,5,7,9} + {1,2,3,5,7} ={1,2,3,5,7,9}

Implement theé operator to return an ordered set containingritersection of its two ordered set
operands{1,3,5,7,9} * {1,2,3,5,7} = {1,3,5,7}

The full class definition is on the next page:
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template <class ST>
class OrderedSet

{

private:
typedef class Node
public:
Node ();
ST data;
Node * next;
Node * prev;
h
public:
typedef class Iterator
public:
Iterator ();
Iterator (Node * NP);
const ST operator * () const;
Iterator operator ++ ();
Iterator operator ++ (int);
Iterator operator -- ();
Iterator operator -- (int);
bool operator == (const Iterato
bool operator != (const Iterato
private:
Node * current;
h
OrderedSet ();
OrderedSet (const OrderedSet & other);
~OrderedSet ();
OrderedSet & operator = (const OrderedSet &
bool operator == (const OrderedSet & other)
int Size () const;
void Clear ();
bool ISsEmpty () const;
bool IsIn (const ST & value) const;
bool Insert (const ST & value);
bool Delete (const ST & value);
OrderedSet operator + (const OrderedSet & o
OrderedSet operator * (const OrderedSet & o
void Forward (void function (const ST & par
void Backward (void function (const ST & pa
Iterator begin () const;
Iterator rbegin () const;
Iterator end () const;
Iterator rend () const;
ST operator [] (const int & index) const;
friend ostream & operator << <> (ostream &
private:
Node * first;
Node * last;
int size;
bool InsertFirst (const ST & value);
bool InsertLast (const ST & value);
bool DeleteFirst ();
bool DeleteLast ();
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r & other) const;
r & other) const;

other);

ther);
ther);
am));
ram));

outs, const OrderedSet<ST> & S);
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15. Use the following program to test thesert
OrderedSet class. Before running the program, predict itgaotit

/I OrderedSet test program 1
#include <iostream>
#include <cstdlib>

#include "OrderedSet.tmp"

using namespace std,;

int main ()

{

}

16. Use the following program to test tB&ze andISEmpty
Before running the program, predict its output:

OrderedSet<int> S1;

cout << "Insert values in set:\n";
Si.nsert (1);

Sl.Insert (5);

Si.Insert (3);

Sl.Insert (7);

Sl.nsert (-1);

cout << "Elements in S1: " << S1 << end|;
return O;

/I OrderedSet test program 2
#include <iostream>
#include <cstdlib>

#include "OrderedSet.tmp"

using namespace std,;

int main ()

OrderedSet<char> S1;
cout << "Test if new set is empty:\n";
if (S1.IsEmpty ())
cout << "S1 is empty\n";
else
cout << "S1is NOT empty\n";
cout << "Insert values in set:\n";
Sl.Insert (‘c’);
Si.Insert (‘X’);
Sl.Insert (‘r');
Sl.nsert (‘2);
Sl.nsert (‘a’);
cout << "Test if modified set is empty:\n";
if (S1.IsEmpty ())
cout << "S1 is empty\n";
else
cout << "S1is NOT empty\n";
cout << "Elements in S1: " << S1 << endl;
cout << "The size of Sl is: " << S1.Size()
return O;
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method and the output (<<) operator of the

methods of th®rderedSet class.
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17. Use the following program to test tBelete, Clear andisin  methods of th®©rderedSet
class. Before running the program, predict its outp

/I OrderedSet test program 3
#include <iostream>
#include <cstdlib>

#include "OrderedSet.tmp"

using namespace std,;

int main ()
{
OrderedSet<int> S1;
cout << "Insert values 7,12,-3,-4,15,12, an d 10 in set:\n";
Si.Insert (7);
Sl.Insert (12);
Si.nsert (-3);
Sl.Insert (-4);
Si.Insert (15);
Sl.Insert (12);
Si.Insert (10);
cout << "Elements in S1: " << S1 << end|;
cout << "The size of S1is: " << S1.Size() << endl;
cout << "Test IsIn and delete items found i n set:\n";
if (S1.IsIn (-4))
cout << "-4is in S1\n";
else
cout << "-4 is not in S1\n";
S1.Delete(-4);
if (S1.IsIn (5))
cout << "5is in S1\n";
else
cout << "5 is not in S1\n";
S1.Delete(5);
if (S1.IsIn (7))
cout << "7 is in S1\n";
else
cout << "7 is not in S1\n";
S1.Delete(7);
if (S1.IsIn (15))
cout << "15isin S1\n";
else
cout << "15is not in S1\n";
S1.Delete(15);
cout << "Elements in S1: " << S1 << end|;
cout << "Test clear:\n";
S1.Clear();
cout << "Test attempt to delete item from e mpty set:\n";
if (S1.IsIn (7))
cout << "7 is in S1\n";
else
cout << "7 is not in S1\n";
S1.Delete(7);
return O;
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18. Use the following program to test some of the tmranethods of the OrderedSet class. Before
running the program, predict its output:

/I OrderedSet test program 4
#include <iostream>
#include <cstdlib>

#include <string>

#include "OrderedSet.tmp"

using namespace std,;
int main ()

OrderedSet<string> S1;

cout << "Insert values in set:\n";

Si.Insert (“Hello”);

Sl.Insert (“CS 215");

Si.Insert (“students”);

cout << "Elements in S1: " << S1 << endl;
cout << "Testing begin, rbegin, and *:\n";

cout << "The contents of begin() is: " << * S1.begin() << endl;
cout << "The contents of rbegin() is: " << *S1.rbegin() << endl;
return O;

19. Use the following program to test more of the iteranethods and some of the exception handling of
the OrderedSet class. Before running the prograedigt its output:

/I OrderedSet test program 5
#include <iostream>
#include <cstdlib>

#include "OrderedSet.tmp"

using namespace std;

int main ()
{
OrderedSet<int> S1;
Sl.nsert (7);
Sl.Insert (12);
Sl.nsert (-3);
Sl.Insert (-4);
cout << "Elements in S1: " << S1 << end|;
OrderedSet<int>::Iterator i = S1.begin();
cout << "Testing iterator = begin(); it con tains: " << *j << endl;
cout << "Testing ++ operators:\n";
cout << *ji++ << '
cout << *++i<< '
cout << *i << endl;
for (i = S1.begin(); i = Sl.end(); i++)

cout << ™j="<<H <<
cout << endl;
cout << "Testing ++ exception handling:\n";
i =Sl.end();
i++;
return O;
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20. Use the following program to test more of the iteranethods and some of the exception handling of
the OrderedSet class. Before running the prograediqt its output:

/I OrderedSet test program 6
#include <iostream>
#include <cstdlib>

#include "OrderedSet.tmp"

using namespace std;

int main ()
{
OrderedSet<int> S1;
Si.nsert (7);
Sl.Insert (12);
Si.nsert (-3);
Sl.Insert (-4);
cout << "Elements in S1: " << S1 << end|;
OrderedSet<int>::Iterator i = S1.rbegin();
cout << "Testing iterator = rbegin(); it co ntains: " << *j << endl;
cout << "Testing -- operators:\n";
cout << *--j<< '
cout << *j-- <<'
cout << *i << endl;
for (i = S1.rbegin(); i '= Sl.rend(); i--)
cout << ™j="<<*<<"Y
cout << endl;
cout << "Testing -- exception handling:\n";
i =Sl.end();
I-=

return O;

21. Use the following program to test the brackgt) operator and some of the exception handling ®f th
OrderedSet class. Before running the program, grrédioutput:

/I OrderedSet test program 7
#include <iostream>
#include <cstdlib>

#include "OrderedSet.tmp"

using namespace std,;
int main ()

OrderedSet<int> S1;
Si.Insert (6);
Sl.Insert (-5);
Si.Insert (4);
cout << "Elements in S1: " << S1 << endl;
cout << "Testing [] operator:\n";
int sum = 0;
for (inti= 0; i < S1.Size(); i++)
sum = sum + S1Ji];
cout << "The sum of the integersiis: " <<'s um << endl;
cout << "The contents of S1[-2] is: ";
cout << S1[-2] << endl;
return O;
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22. Use the following program to test the union (+) amdrsection (*) operators of the OrderedSet
class. Before running the program, predict its outp

/I OrderedSet test program 8
#include <iostream>
#include <cstdlib>

#include "OrderedSet.tmp"

using namespace std;
int main ()

OrderedSet<int> S1;

cout << "Insert values 7,12,-3,-4,15,12, an d 10in S1:\n";
Sl.Insert (7);

Sl.nsert (12);

Sl.Insert (-3);

Sl.Insert (-4);

Sl.Insert (15);

Sl.Insert (12);

Si.Insert (10);

OrderedSet<int> S2;

cout << "Insert values -1,2,3,-14,5,12 and 0in S2:\n";
S2.Insert (-1);

S2.Insert (2);

S2.Insert (3);

S2.Insert (-14);

S2.Insert (5);

S2.Insert (12);

S2.Insert (0);

cout << "Elements in S1: " << S1 << end|;
cout << "Elements in S2: " << S2 << end|;
OrderedSet<int> S3;

cout << "Testing S3 = S1 + S2\n";
S3=S1+ S2;

cout << "Elements in S3: " << S3 << end|;
cout << "Testing S3 = S2 + S1\n";
S3=S2 + S1;

cout << "Elements in S3: " << S3 << end|;
cout << "Testing S3 = S1 * S2\n";
S3=S51*S2;

cout << "Elements in S3: " << S3 << end|;
cout << "Testing S3 = S2 * S1\n";

S3 =52 *31,;

cout << "Elements in S3: " << S3 << end|;
return O;

}

23. When you are convinced that y@nderedSet template is working correctly, copy your well
documented .tmp file to the dropbox as yourlastidrbgmp.
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Laboratory Exercise 16 (More MFC)

Topics: MFC and Polymorphic Containers

Goals: Upon successful completion of this lab yieousd be able to:
7. Write a simple windows program using the MFC Fraifiadow and Dialog classes
8. Include a doubley linked list of pointers to polympbic objects in an MFC program

Related text sections:
Chapter 5 (Introduction to MFC)
Chapter 14
Chapter 15
Chapter 17
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Laboratory Exercise 16 Instructions
23. Create a new Visual C++ application project callat16.

24. Copy the header (.h) and implementation (.cpp} fitem ~tiawatts/cs215pickup/Lab16 to the folder
created for your Lab16 project.

25. Compile and execute the program. You should see:

M DrawShapes

26. Press any arrow key to popup the “Create Rectanligddg box to add more rectangles to the
display:

Enter height

-

Enter width
1f30

Select colar

" Red

o Yellow

M DrawShapes

" Blue

k. Cancel
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Enter height

o

Enter width
10

Select calar

" Red

Ml DrawShapes

Cancel

27. Copy your LList2.tmp template file to a new heafilercalled LList2.h in your Lab16 project.
Modify the output (<<) prototype as indicated:

/I friend ostream & operator << <> (ostream & ou
friend ostream & operator << (ostream & outs,

ts, const LList2<LT> & L);
const LList2<LT> & L);

28. Replace the array m_rectangles in the class CSbapament with a linked list:

CRectangle * m_rectangles [16]; >
LList2 <CRectangle> m_rectangles;

29. Modify CShapesDocument.cpp as needed to accommtuateray to linked list replacement in the
previous step.
a. Each call to the Add function in the class CShaprDtent should use InsertLast to add the

new shape to the end of the m_rectangles linkéd lis

b. The four loop in the Paint function should usetaraitor to traverse the m_rectangles linked
list.
c. Currently the CShapeDocument Paint function pahesectangles in a 4x4 grid in the

device context window. Only 16 rectangles can lm@rnodated. Modify the Add function
to accept more than 16 rectangles (theoreticaliizdéuld accept an infinitely many
rectangles) and to calculate new values for m_n@uwism_nRows such that if there are N
rectangles in the list, m_nCols and m_nRows arh &8s that or equal to the ceiling of the
square root of N, and m_nRows is less than or équal nCols.

30. Compile and execute the modified program. Add mmecgangles to the display to test your modified
Add and Paint functions.

31. Create a copy of your Polygon class files from LaBsand 14. Modify the class names to follow the
standards recommended for MFC:
a. Polygon - CPolygon

b. Triangle ->CTriangle
c. Equilateral - CEquilateral
d. etc.
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10. Add a “Paint” function to your CPolygon cla$se Paint function for CRectangle is listed below;
simplified CPolygon class currently used in Labid8sted at the end of this Lab exercise. Uss ida
model.

void CRectangle::Paint (CPaintDC & dc, int midX, in t midY)
{

CBrush colorBrush;
colorBrush.CreateSolidBrush (color);
CBrush * pBrushSv = dc.SelectObject (&colorBrush)
dc.Rectangle (midX - side2 / 2, midY - side / 2,
midX + side2 / 2, midY + side / 2);
dc.SelectObject (pBrushSv);

32. Add 3 new Create Dialogs to your project:
a. Equilateral Triangle
b. Right Triangle
c. Regular Polygon

33. Modify the switch statement in the function OnKeyidoin the class CShapeWin so that each arrow
key adds a different shape to the document.

34. Add Paint functions to the classes CEquilateraligR and CRegular.

35. Replace the linked list m_rectangles in CShapeDeauwith a linked list of polygons:
LList2 <CPolygon> m_polygons;

36. Test your modified program. You should be abledd and display a variety of shapes using the
arrow keys and the new dialogs.

37. When you are convinced that your program is workiogectly, tar and zip your folder into a file
called agyourlastnamk16.tgz and drop it into the course dropbox..
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#include

<iostream>

using namespace std;
template <class LT> class LList2;
template < class LT> ostream & operator << (ostream & outs, const LList2<LT> & L);
template < class LT>
class LList2
{
private
typedef class LNode
public
LNode ();
LT data;
LNode * next;
LNode * prev;
h
public
typedef class Iterator
{
public
Iterator ();
Iterator (LNode * NP);
LT & operator *() const ;
Iterator operator  ++ ();
Iterator operator ++( int );
Iterator operator - ();
Iterator operator --( int );
bool operator ==( const Iterator & other) const ;
bool operator !=( const Iterator & other) const ;
private
LNode * current;
h
LList2 ();
LList2 ( const LList2 & other);
~LList2 ();
LList2 & operator =( const LList2 & other);
bool operator ==( const LList2 & other);
int Size () const ;
/1 friend ostream & operator << <> (ostream & outs, const LList2<LT> & L);

friend ostream & operator << (ostream & outs,
bool InsertFirst ( const LT & value);
bool InsertLast ( const LT & value);
bool DeleteFirst ();
bool DeleteLast ();
void Forward ( void function (
void Backward (  void function (

const LT & param));

Iterator begin () const ;
Iterator rbegin () const ;
Iterator end () const ;
Iterator rend () const ;
LT & operator [J]( const int & index) const ;
private
LNode * first;
LNode * last;
int size;
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const LT & param));

const

LLi st2<LT> & L);
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/I File: CShapesApp.h

#include <afxwin.h>
#include "CShapesWin.h"

class CShapesApp : public CWinApp

{
public:
BOOL InitInstance ();

3
/I File: CShapesApp.cpp

#include <afxwin.h>
#include "CShapesApp.h"

BOOL CShapesApp::Initinstance ()

{
m_pMainWnd = new CShapesWin();
m_pMainWnd->ShowWindow (m_nCmdShow);
m_pMainWnd->UpdateWindow ();
return TRUE;

}

CShapesApp shapesApp;
/I File: CShapesWin.h

#include <afxwin.h>
#include "CShapesDocument.h"

class CShapesWin : public CFrameWnd

{
public:
CShapesWin ();
afx_msg void OnPaint ();
afx_msg void OnKeyDown( UINT nChar, UINT nRepCnt,
private:
CShapesDocument m_doc;
DECLARE_MESSAGE_MAP ()
%

/I File: CShapesWin.cpp

#include <afxwin.h>
#include "CShapesWin.h"
#include "CRectDialog.h"
#include "shapelds.h"

CShapesWin::CShapesWin ()
{

}

Create (NULL, "DrawShapes");
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afx_msg void CShapesWin::OnPaint ()
{
CPaintDC dc (this);
CRect rect;
GetClientRect (&rect);
m_doc.Paint (dc, rect);

}

afx_msg void CShapesWin::OnKeyDown( UINT nChar, UIN T nRepCnt, UINT nFlags )

{
switch (nChar)

case 37: /I Left arrow key
case 38: // Up arrow key
case 39: // Right arrow key
case 40: // Down arrow key
{
CRectDialog rectDialog;
if (rectDialog.DoModal() == IDOK)
if (m_doc.Add (new CRectangle (rectDialog.m_nHe ight,
rectDialog.m_nWidth, rectDialog.m_Color)) == TRUE)
Invalidate (TRUE);
break;
}
default:
MessageBox ("Key not recognized");
}

}

BEGIN_MESSAGE_MAP (CShapesWin, CFrameWnd)
ON_WM_PAINT ()
ON_WM_KEYDOWN()

END_MESSAGE_MAP ()

/I File: CShapesDocument.h

#include <afxwin.h>
#include "CPolygon.h"
#include "LList2.h"

const int c_nMax = 16;

class CShapesDocument : public CDocument
{
public:
CShapesDocument ();
void Paint (CPaintDC & dc, CRect & winArea);
BOOL Add (CRectangle * rect);
CRectangle * m_rectangles [16];
int m_nRCount;
int m_nRows;
int m_nCaols;
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/I File: CShapesDocument.cpp

#include "CShapesDocument.h"

CShapesDocument::CShapesDocument ()

{

}

m_nRows = 4;
m_nCols = 4;

m_nRCount = 0;
for (inti=0;i<c_nMax; i++)

{
}

Il For testing

m_rectangles [0] = new CRectangle (10, 20, RGB(255
m_rectangles [1] = new CRectangle (30, 40, RGB(255
m_rectangles [2] = new CRectangle (50, 20, RGB(0,2
m_rectangles [3] = new CRectangle (70, 40, RGB(0,2
m_rectangles [4] = new CRectangle (90, 20, RGB(0,0
m_rectangles [5] = new CRectangle (110, 40, RGB(0,
m_nRCount = 6;

m_rectangles[i] = NULL;

BOOL CShapesDocument::Add (CRectangle * rect)

{

}

if (m_nRCount >= ¢_nMax)

return FALSE;
m_rectangles [m_nRCount] = rect;
m_nRCount++;
return TRUE;

void CShapesDocument::Paint (CPaintDC & dc, CRect &

{

int halfRow = winArea.Height() / (2 * m_nRows);

int halfCol = winArea.Width() / (2 * m_nCols);
intp=0;

for (intr = 0; p <m_nRCount && r < m_nRows; r++)

for (int c = 0; p < m_nRCount && ¢ < m_nCaols; c++
m_rectangles[p++]->Paint (dc, (2 * ¢ + 1) * half

+ 1) * halfRow);

}

/I File: shapelds.h

#define IDC_OK 2000
#define IDC_Cancel 2001
#define IDC_Height 2002
#define IDC_Width 2003

#define IDC_Red 2004
#define IDC_Yellow 2005

#define IDC_Blue 2006
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/I File: Rectangle.rc

#include <afxres.h>
#include "shapelds.h"

Rectangle DIALOG 50,50,130,130
STYLE DS_MODALFRAME | WS_POPUP | WS_CAPTION | WS_SYSMENU

CAPTION "Create Rectangle"

{
LTEXT "Enter height", IDC_STATIC, 20, 15, 50, 8
EDITTEXT IDC_Height, 20, 25, 60, 16
LTEXT "Enter width", IDC_STATIC, 20, 45, 50, 8
EDITTEXT IDC_Width, 20, 55, 60, 16
GROUPBOX "Select color", IDC_STATIC, 20, 75, 50, 5 0
AUTORADIOBUTTON "Red", IDC_Red, 30, 60, 50, 16, WS _GROUP
AUTORADIOBUTTON "Yellow", IDC_Yellow, 30, 70, 50, 16
AUTORADIOBUTTON "Blue", IDC_Blue, 30, 80, 50, 16
PUSHBUTTON "OK", IDC_OK, 20,100,30,15, NOT WS_TABS TOP
PUSHBUTTON "Cancel", IDC_Cancel, 80,100,30,15, NOT WS_TABSTOP

}

/I File: CRectDialog.h
#include <afxwin.h>

class CRectDialog : public CDialog
{
public:
CRectDialog ();
afx_msg void OnOK ();
afx_msg void OnCancel ();
int m_nHeight;
int m_nWidth;
COLORREF m_Color;
private:
DECLARE_MESSAGE_MAP ()

%
/I File: CRectDialog.cpp

#include "CRectDialog.h"
#include "shapelds.h"

const int TEXT_MAX = 20;
CRectDialog::CRectDialog () : CDialog ("Rectangle™)
{

m_nHeight = 0;
m_nWidth = 0;
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afx_msg void CRectDialog::0OnOK ()
{
char editText [TEXT_MAX + 1];
CEdit * heightEdit = (CEdit *) (GetDIgltem (IDC_He ight));
heightEdit->GetWindowText (editText, TEXT_MAX);
m_nHeight = atoi (editText);
if (m_nHeight <= 0)

EndDialog (!IDOK);
return;

}
CEdit * widthEdit = (CEdit *) (GetDlgltem (IDC_Wid th));
widthEdit->GetWindowText (editText, TEXT_MAX);
m_nWidth = atoi (editText);
if (m_nWidth <= 0)
{
EndDialog (!IDOK);
return;

}
int color = GetCheckedRadioButton (IDC_Red, IDC_BI ue);
switch (color)

{

case IDC_Red:
m_Color = RGB (255, 0, 0);
break;

case IDC_Yellow:
m_Color = RGB (255, 255, 0);
break;

case IDC_Blue:
m_Color = RGB (0, 0, 255);
break;

default:
m_Color = RGB (255, 255, 255);

}
EndDialog (IDOK);
}

afx_msg void CRectDialog::OnCancel ()
{

m_nHeight = 0;

m_nWidth = 0;

EndDialog (!IDOK);
}

BEGIN_MESSAGE_MAP (CRectDialog, CDialog)
ON_COMMAND (IDC_OK, OnOK)
ON_COMMAND (IDC_Cancel, OnCancel)

END_MESSAGE_MAP ()
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/I File: CPolygon.h

#ifndef CPolygon_H
#define CPolygon_H

#include <iostream>
#include <afxwin.h>

using namespace std;

class CPol ygon
{
public:
CPolygon ();
CPolygon (const CPolygon & p);
~CPolygon ();
CPolygon & operator = (const CPolygon & p);
virtual int Sides () const { return 0; }
virtual double Area () const { return O; }
virtual double Perimeter () const { return 0;}
friend ostream & operator << (ostream & out s, const CPolygon & P);
virtual void Paint (CPaintDC & dc, int mdX int mdy) {}
protected:
double side;
COLORREF col or;
private:

}1
class CQuadril at eral : public CPolygon

public:
CQuadrilateral ();
CQuadrilateral (const CQuadrilateral & p);
~CQuadrilateral ();
CQuadrilateral & operator = (const CQuadril ateral & p);
int Sides () const;
private:

X
class CRect angl e : public CQuadrilateral

public:
CRectangle ();
CRectangle (double L, double W);
CRect angl e (double L, double W COLORREF C);
~CRectangle ();
CRectangle (const CRectangle & p);
CRectangle & operator = (const CRectangle & p);
double Area () const;
double Perimeter () const;
void Paint (CPaintDC & dc, int mdX int mdY);
private:
double side2;
X

#endif
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/I File: CPolygon.cpp

#include <iostream>
#include <cmath>
#include "CPolygon.h"
using namespace std;

#define M_PI 3.14159
CPolygon::CPolygon ()
side = 0;
color = RG (255, 0, 0);
}

CPolygon::CPolygon (const CPolygon & p)
{

side = p.side;
color = p.color;
}
CPolygon::~CPolygon ()
{
}

CPolygon & CPolygon::operator = (const CPolygon & p

side = p.side;
return * this;

}

ostream & operator << (ostream & outs, const CPolyg

{

outs << "The area of your " << P.Sides()
<< " sided CPolygon is " << P.Area ()
<< "; its perimeter is " << P.Perimete
return outs;

}

CQuadrilateral::CQuadrilateral ()

{
}

CQuadrilateral::CQuadrilateral (const CQuadrilatera

{
}

CQuadrilateral::~CQuadrilateral ()

{
}

CQuadrilateral & CQuadrilateral::operator = (const

{
}

return * this;

CS 215 Manual — Spring 2009

on & P)

r) <<"\n";

| & p)

CQuadrilateral & p)

Page 126



int CQuadrilateral::Sides () const

{
return 4;
}
CRectangle::CRectangle ()
{
side = 0;
}
CRectangle::CRectangle (double L, double W)
{
side = L;
side2 = W,
}
CRect angl e: : CRectangl e (double L, double W COLORREF O
{
side = L;
side2 = W
color = C
}
CRectangle::~CRectangle ()
{
}
CRectangle::CRectangle (const CRectangle & p)
{
side = p.side;
side2 = p.side2;
color = p.color;
}
CRectangle & CRectangle::operator = (const CRectang le & p)
{
side = p.side;
side2 = p.side2;
color = p.color;
return * this;
}

double CRectangle::Area () const

/I Calculate and return area here
return side * side2;

}

double CRectangle::Perimeter () const

/I Calculate and return perimeter here
return 2 * side + 2 * side2;
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void CRectangl e::Paint (CPaintDC & dc, int mdX, int mdy)
{
CBrush col or Brush;
col or Brush. Creat eSol i dBrush (col or);
CBrush * pBrushSv = dc. Sel ect Obj ect (&col orBrush);
dc. Rectangle (mdX - side2 / 2, mdY - side / 2,
mdX + side2 / 2, mdY + side / 2);
dc. Sel ect Obj ect (pBrushSv);
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Exam 1 Review Questions

1. Define each of the following terms:
program
function
case sensitive
declaration
variable
initialization
literal
scope
type casting
order of operator evaluation
order of operand evaluation
namespace

. preprocessor
conditional operator expression
constant pass by reference
overloading
multi-dimensional arrays
out of range error
structs
classes

FWSeTOSITATTSQTOQ0 T

2. Describe each of the following relationships:
key vs. reserved words

C-strings vs C++ strings

global vs. local definitions

cout vs. cerr

break vs. continue

exit vs. return

pass by value vs. pass by reference
preconditions vs. post conditions
static vs. dynamic arrays

default vs. copy constructors

T TSe@meoo0oT

3. What is structured programming? Describe the ttypes of control structures used in
structured programming.

4. What is short circuit evaluation? Why is short gitevaluation important?

5. Describe the purpose of each of the following:
a. constructor
b. destuctor
C. copy constructor
d. assignment operator
e. friend function
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Exam 2 Review Questions

1. What is a "memory leak”? How does a memory lealkudedVhy are memory leaks
dangerous?

2. What is a "dangling pointer”? How does a danglimgnper occur? Why are dangling
pointers dangerous?

3. What is a constructor? When is a constructor called
4. What is a destructor? When is a destructor called?

5. How do the copy constructor and the assignmentabdpefor a class differ? Why? Give an
example of a call to a copy constructor and atoadin assignment operator.

6. What is the purpose of operator overloading?

7. What is a friend function or operator? How doedgentl function differ from member
function?

8. Why are the input (>>) and output (>>) operatorsrinaded as “friends™?
9. Is it possible to overload the assignment operada friend?

10.1Is it possible to overload an addition/concatematiperator as a friend?
11.What is a template function?

12.What is a template class?

13.What is the purpose of a template function or ¢lass

14.Given the following declaration: float * A; writdé code to dynamically allocate an array
with E entries for A.

15. Write the code to release the memory allocated\for

16. Given the following declaration: int ** M; write thcode to dynamically allocate a two
dimensional array with E rows of F entries for M.

17.Write the code to release the memory allocated/for
18.What is a linked list?

19.What are the benefits of using a linked list indtea single dimension array?

CS 215 Manual — Spring 2009 Page 130



20.What are the benefits of using a single dimensroayanstead of a linked list?

21.Use the follow description of a singly linked ldass to answer parts a - ?.

class LList
{ |
private:
class Lnode
{
public:
Lnode ();
int data;
Lnode * next;
3
public:
LList ();
LList (const LList & other);
~LList ();

LList & operator = (const LList & other);
bool InsertFirst (const int & value);
bool DeleteFirst (int & value);
private;
Lnode * first;

3

a. Why is the Lnode class a private attribute of thest class?

b. Why are the functions and attributes of Lnode ablg?

c. Why is there no copy constructor, destructor, srggsnent operator associated with
Lnode?

d. Why is there a copy constructor, a destructor,amdssignment operator associated with
LList?

e. Write the implementation dfnode();
f.  Write the implementation dfList();
g. Write the implementation dfList(const LList & other);
h. Write the implementation ofLList();
i.  Write the implementation dfList & operator = (const LList &

other);

What is wrong with the following code segment?

for (Lnode * n = first; n->next = NULL; n = n->nex t)

cout << n->data <<
“is not the last value in the list.\n";
k. How would you fix the code in part j to print allitithe last value in the list?

22.Modify the class for part 21 to be a template class

23.Modify the class for part 22 to be a doubly linkesd class.
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Final Review Questions
1. What is a makefile? Why do we use makefiles?
2. What are the benefits of separate compilation? \@reits drawbacks?

3. Why is a template class not divided into a headgrand an implementation (.cpp) file for
separate compilation?

4. What factors might prevent a template instantiatfom compiling?

5. In the following friend prototype belonging to ctaStype, what is the purpose of the <X>?
friend ostream operator << <> (ostream& outs, const Ctype<X> & obj);

6. What are the benefits of linked lists? The drawls@ck
7. Why is a doubly linked list more powerful than agy linked list?
8. Under what conditions is a dynamic array a bet#a gtructure than a linked list?

9. What is an exception? Describe the function of geerh of the try/throw/catch exception
handling methodology.

10.What is an iterator?
11.How does the pre ++ operator differ from the posoperator defined for an iterator class?

12.Under what conditions would it be appropriate taehan iterator method throw an
exception?

13.1n a class that contains an iterator, what do teéhods begin() and end() do?
14.What is the purpose of a dereferencing (*) openat@n iterator class?

15. What does the acronym STL stand for? What is the?SWhat is the purpose of the STL?
16. Given the following prototype in template class @&y

void Apply (void What (const T & data) const);
and the following declaration and call in main,
Ctype<int> O;
O.Apply (funky);
write the prototype of funky.
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17. Use the following (incomplete) node and list cldsscriptions to answer questions a, b, c,
and d.

class list
{ .
private:
class node
{
public:
node * next;
node * prev;
int data;
node * first;
node * last;
public:
/[l Will insert “v” as the second value in the lis t

void InsertSecond (const int & v);
/I Will delete the second value from the list
void DeleteSecond ();

h

Code the implementation of InsertSecond.

In what situations might InsertSecond throw an pkoa?
Code the implementation of DeleteSecond.

In what situations might DeleteSecond throw an ptioa?

apop

18.What is a union? How does a union differ from ac?

19.What is inheritance? What are its benefits? Whaitardrawbacks?

20.What is a derived class?

21.What is a virtual function?

22.What is polymorphism?

23.Describe the public, private, and protected sestmfra class.

24. A stack is a “Last In First Out” data structure vNigems are “pushed” on to the top of the
stack, and the only item that can be “popped” ftbmstack is the item most recently
“pushed” onto the stack. What changes would youariakyour LList2 template class to use
it to implement a stack?

25.A queue is a “First In First Out” data structureeviNitems are “inserted” on to the end of the
gueue, and the only item that can be “removed” ftbenqueue is the item at the front of the

gueue. What changes would you make to your LLst2ptiate class to use it to implement a
queue?
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26.Use the following (incomplete) node and list cldsscriptions to answer questions a — f.

class list
{ |
private:
class node
{
public:
node * next;
node * prev;
int size;
// data will hold a dynamic array of
Il “size” integers.
int * data;
node ();
node (int Size);
~node ();
node * first;
node * last;
public:
list ();
~list ();
friend ostream & operator << (ostream & outs,
const list & L);
¥

Draw an illustration of a list maintained in thigtd structure.

Write the implementation of node ().

Write the implementation of node (int Siize); wh&iee is the desired size of the
dynamic array.

Write the implementation of ~node();

Write the implementation of list ();

Write the implementation of ~list ();

Write the implementation of the output operatortfa list. The output operator should
write the data for each node on a separate limgrgjavith the data in the first node of
the list.

oo

@~oo

27.What is the MFC? What is its purpose?

28.How does “event” programming differ from “procediirgrogramming?
29.What function is called to update the contentsro&C Frame Window?
30.What is a “modal” dialog?

31.Why is there no “main” function in an MFC program?

32.What is the purpose of and MFC message map?
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Sonoma State University Name
Computer Science Department
CS 215 — Spring 2009 — Watts

Homework 1
Code Analysis Homework Assignment

This homework assignment is designed to give yastpe at understanding and following C++ code.
Step 1: TURN OFF YOUR COMPUTER!

Step 2: Use the code distributed with this assignirtedetermine the affect of each line of thisguean
on the List object IL. Following each line of codea block diagram of IL; fill in each of the apprate
values in IL to illustrate the modifications maddlt by the method called on the line of code. dse
guestion mark (?) to indicate an unknown (garbagh)e.

#include <iostream>
#include "List.h"
using namespace std;

void main ()

{
inti;
List <int> IL (6);

Cap. Used First Last Data

A4

cin >> IL; /[ Keyboard input: 1 2 3456 7

Cap. Used First Last Data

\4

IL.Method4(i);

Cap. Used First Last Data

A4

IL.Method1(7);

Cap. Used First Last Data

v

IL.Method4(i);

Cap. Used First Last Data

\4

IL.Method1(8);
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Cap. Used First Last Data

»
»

IL.Method2(9);

Cap. Used First Last Data

\ 4

IL.Method2(10);

Cap. Used First Last Data

\4

IL.Method2(11);
Cap. Used First Last Data

\4

IL.Method2(12);
Cap. Used First Last Data

\4

IL.Method2(13);

Cap. Used First Last Data

\4

IL.Method4(i);
Cap. Used First Last Data

\ 4

IL.Method3(i);

Cap. Used First Last Data

\4

IL.Method4(i);
Cap. Used First Last Data

\4

IL.Method3(i);

Cap. Used First Last Data

»
»

IL.Method3(i);
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Cap. Used First Last Data

\4

IL.Method4(i);

Cap. Used First Last Data

\4

IL.Method3(i);

Cap. Used First Last Data

A4

IL.Method4(i);

Cap. Used First Last Data

\4

cout << IL << endl;

}

Step 3: Write a description of the data structorplemented in this assignment and the actions peed
by Methods 1 - 5.
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/I List.h for CS 215 Code Analysis Homework

#ifndef LIST_H
#define LIST_H

#include <iostream>
using namespace std;

template <class T>
class List

{
public:
List ();
List (const size_t & in_size);
List (const List<T> & other);
~List ();
List<T> & operator = (const List<T> & other);
size_t Length () const;
bool Method1 (const T & value);
bool Method2 (const T & value);
bool Method3 (T & value);
bool Method4 (T & value);
void Show ();
friend istream & operator >> <T> (istream & ins, L
friend ostream & operator << <T> (ostream & outs,

private:
#define CHUNK 4
bool Method5 (const size_t & new_capacity);

size_t capacity;
T * data;

size_t used;

int first;

int last;

h

template <class T>
List<T>::List ()

{
capacity = 0;
data = NULL;
used = 0;
first = last = -1;
}

template <class T>
List<T>::List (const size_t & size)

{
capacity = size;
data = new T [capacity];
used = 0;
first = last = -1;
}
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template <class T>
List<T>::List (const List<T> & other)
{
capacity = other.capacity;
data = new T [capacity];
used = other.used;
first = other.first;
last = other.last;
inti, j = first;
for (i=0; i < used; i++)

data[j] = other.data[j];
j=( +1) % capacity;

}

template <class T>
List<T>::~List ()

delete [] data;
}

template <class T>

List<T> & List<T>::operator = (const List<T> & othe

if (this == & other)
return * this;
if (capacity != other.capacity)

delete [] data;
capacity = other.capacity;
data = new T [capacity];

}

used = other.used;

first = other.first;

last = other.last;

inti, j = first;

for (i = 0; i < used; i++)

data[j] = other.data[j];
j=( + 1) % capacity;

return * this;

}

template <class T>
size_t List<T>::Length () const

{
}

return used;
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template <class T>
bool List<T>::Method1l (const T & value)
{
if (used == capacity)
if (Method5 (capacity + CHUNK) == false)
return false;
if (first == -1)
first = last = 0;
else if (first == 0)
first = capacity - 1;
else
first--;
data[first] = value;
used++;
return true;

}

template <class T>
bool List<T>::Method2 (const T & value)
{
if (used == capacity)
if (Method5 (capacity + CHUNK) == false)
return false;
if (last == -1)
first = last = O;
else
last = (last + 1) % capacity;
data[last] = value;
used++;
return true;

}

template <class T>
bool List<T>::Method3 (T & value)

{
if (used == 0)
return false;
value = datal[first];
if (capacity - used >= 1.5 * CHUNK)
if (Method5 (capacity - CHUNK) == false)
return false;
used--;
if (used == 0)
first = last = -1,
else
first = (first + 1) % capacity;
return true;
}
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template <class T>
bool List<T>::Method4 (T & value)
{
if (used == 0)
return false;
value = data[last];
if (capacity - used >= 1.5 * CHUNK)

if (Method5 (capacity - CHUNK) == false)

return false;

used--;
if (used == 0)

first = last = -1;
else if (last == 0)

last = capacity -1;
else

last--;
return true;

}

template <class T>

bool List<T>::Method5 (const size_t & new_capacity)

{
T * temp = data;
data = new T [new_capacity];
if (data == NULL)
{
data = temp;
return false;

}
if (used > 0)
{

int j = first;

int k = (new_capacity - used) / 2;
first = k;

last = first + used - 1;

for (inti=0; i <used; i++)

data[k] = templ[j];
j = (j+1) % capacity;
k++;
}

b _

capacity = new_capacity;

delete [] temp;

return true;

}

template <class T>

void List<T>::Show ()

{
cout << "¢:" << capacity <<'*";
cout << "u:" << used << '
cout << "f:" << first << "' ";
cout << '"[:" << last << '";
for (inti = 0; i < capacity; i++)

cout << "d[" << i << "[:" << data[i] << "

cout << endl;
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}

template <class T>
istream & operator >> (istream & ins, List<T> & L)

{

}

inti;
for (i = 0; (i < L.capacity) && 'ins.fail(); i++)
ins >> L.data[i];

L.used =i;
L.first = 0;
Llast=i-1;
return ins;

template <class T>
ostream & operator << (ostream & outs, const List<T

{

#endif

inti;

int j = L.first;

for (i=0; i< L.used; i++)
{

outs << L.data[j] << "";
j = (j+1) % L.capacity;

return outs;
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Sonoma State University
Computer Science Department
CS 215 — Spring 2009 — Watts

Use textbooks, the internet, or other resourcestaplete the following table:

Homework 2
Due at the beginning of Lab 13

Name

Polygon Area Perimeter Area Perimeter
Type Calculation Calculation Formula Formula
Right leg =3" leg =3"
Triangle leg = 4" leg = 4”
Equilateral side = 4” side = 4”
Triangle
Scalene side = 4” side = 4”
Triangle side =5" side =5"
side = 6" side = 6"
Square side = 4" side = 4”
Rectangle length = 4” length = 4”
width = 77 width = 77
Regular 10 sides 10 sides
N-sided side =4 side =4~
Polygon
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Summary of Essential Linux Commands

man command - get the manual pages for a given ‘commandexample, run ‘'man’ on any of the shell commands
given below to get information on usage and expiions.

info command - get info for the given ‘command’ (run ‘info'arshell).

AD - quits programs, exits shells.

AL - clears a console/terminal.

Ipattern - re-runs the last command executed beginning pattern(in a shell).

"z - suspends the execution of a program (in a shell)

Is- get a file listin; use "-al' to get a long filsting that includes hidden files and attributes.
cd directory - change directory to 'directory’.

cp pathl path2 - copies from 'pathl' to ‘path2'.

mv pathl path2 - moves or renames 'pathl' to 'path2'.

rm filename - removes 'filename' (asks for confimation).

rm -rf path - removes 'path' and everything that it contaiasursively) without asking for confirmation
(CAREFUL!).

rmdir directory - removes the directory 'directory' (asks for cmation).

touch filename - creates the empty file filename'.

mkdir dirname - creates the directory 'dirname’.

chmod flagsfilename - change that access rules for the given file.

mount /floppy - mounts the floppy drive one /floppy. Similartpount /cdrom mounts the cdrom.

mount -t udf /dev/cdrom /mnt/cdrom - Adaptec DirectCD uses a different filesystem @)@nd so cdroms cut
with it need to be mounted differently. If thisrist done, the dreaded "DriveReady SeekComplete'Hreppens.

umount /floppy - unmounts the floppy drive. Similarly, umountrech mounts the cdrom. Always do this before
ejecting the disk media.

ssh - secure shell, a secure form of telnet; NEVERtabeet, because it sends passwords out in theafréelear.
sftp - secure ftp, a secure form of ftp; NEVER use fagfip.

tar -xvf archivetar - extracts files from the tar archive ‘archive;tase -zxvf if the archive ends in .tar.gz or gz
invoke the gzip filter. To create a tar archive usd, and to list its contents use tvf; againginghe z option if the

gzip filter is to be used.

unzip archive.zip - extracts files from the zip archive 'archive'zigse the corresponding 'zip' program to create
archives.
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find . -name filename -finds a file starting from current directory; useame' for case insensitivity

find . -path pathname -finds a path starting from current directory; ggame' for case insensitivity

grep pattern file - look for a 'pattern’ in a given 'file' or filedse '-i' for case insensitivity, '-r' for direcyor
recursion, '-n' to print out the line numbers, ardto suppress the error messages. For exangdégrep -irns
pattern *' to look for the pattern in any filesthre current directory and subdirectories.

mor e filename - views ‘filename' in a terminal that allows yaupage down by pressing space.

lessfilename - views ‘filename' in a terminal that allows yaustroll up and down with the arrows; type "/" to
search. Less is more!

emacs -nw filename - edits 'filename' in the terminal (type “x”s tvg, and “x”c to exit).
sed - stream editor

diff filel file2 - prints differences between 'filel' and ‘file2'

kill processid - kills process with id 'processid'.

jobs - lists the jobs running in the shell.

bg - moves a suspended program into the backgroypd;this immediately after the keystroke "z.
fg # - moves job '#' into the foreground.

top - lists processes in terms of cpu usage. Note:Wibpeport that almost all available memory iséd'. The
memory is actually being employed as a cache bjiribg kernel and is released to user programseased.

uptime - gives the system uptime and load averages.

cat filel file2 ... - concatenates files to stdout; use ‘cat > outdxtrite what is typed to stdin into the file taut'
(finish with a ~D at the beginning of a line).

wc - print the number of bytes, words, and lines tex file.

emacs filename - edits ‘filename' (type ~x"s to save, and “x"exd).

nedit - text editor with a nice giu. Uses mac keystrokes

pine - a nice email reading and sending program

gcc - the GNU C Compiler. gcc file.c will create an extable called a.out

g++ - the GNU C++ Compiler. g++ file.cpp will create earecutable called a.out

make - makes a C program into an executable givenxisemce of a 'Makefile'.
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RAND(3) Linux Programmeréas Mahua RAND(3)

NAME
rand, srand - random number generator.

SYNOPSIS
#include <stdlib.h>

int rand(void);
void srand(unsigned int seed);

DESCRIPTION
The rand() function returns a pseudo-randoteger between 0 and RAND_MAX.

The srand() function sets its argument as the &#el new sequence of pseudo-random
integers to be returned by rand(). These segsence repeatable by calling srand() with the
same seed value.

If no seed value is provided, the rand() functtis automatically seeded with a value of 1.

RETURN VALUE

The rand() function returns a value betw®and RAND_MAX. The srand() returns no
value.

NOTES
The versions of rand() and srand() in the Linuxikrary use the same random number
generator as random() and srandom(), so the lovaderdits should be as random as the higher-
order bits. However, on older rand() implemewtadi the lower-order bits are much less random
than the higher-order bits. In Numerical Recipe€imhe Art of Scientific Computing (William
H. Press, Brian P. Flannery, Saul A. Teukolsky,I¥fit T. Vetterling; New York: Cambridge
University Press, 1992 (2nd ed., p. 277)), thdofdhg comments are made:

"If you want to generate a randoteger between 1 and 10, you
should always do it by using high-order bitsiras
j=1+(int) (10.0*rand()/(RAND_MAX+1.0));
and never by anything resembling
j=1+(rand() % 10);
(which uses lower-order bits)."

Random-number generation is a complex topic. Thmmétical Recipes in C book (see
reference above) provides an excellent discusdipragtical random-number generation issues
in Chapter 7 (Random Numbers). For a more the@alediscussion which also covers many
practical issues in depth, please see Chagfeaiddom Numbers) in Donald E. Knuth’'s The
Art of Computer Programming, volume 2 (Seminuméridgorithms), 2nd ed.; Reading,
Massachusetts: Addison-Wesley Publishing Compa®§11

CONFORMING TO SVID 3, BSD 4.3, ISO 9899
SEE ALSO
random(3), srandom(3), initstate(3), see&t
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Summary of Essential emacs Commands

Use "emacs foo" to create a file named foo, odiban existing file named "foo". You can do somerkv
just by typing in the window once emacs comesfé Trhe backspace or delete key should do what you
think it does.

In the list below, C- means "control key", M- medngeta key" (escape). For meta commands, press the

meta key, then the other key. Thus M-f standsHerkeyboard sequence "press meta key", " press f".

C-xC-s  Save file

C-x C-f  Find (open) file. Emacs asks fée flame at bottom of screen.
C-xC-z  Leave emacs temporarily (return Wigh (“foreground"))
C-xC-c  Quit emacs

C-g Abort command (get out of trouble)

C-f Move cursor forward one character

C-b Move cursor backwards one character

C-n Move cursor to next line

C-p Move cursor to previous line

C-a Move cursor to beginning of line

C-e Move cursor to end of line

C-v Go forward one screen

M-v Go backward one screen

C-k Kill text from cursor to end of linéCut text out)

C-y Yank back killed text. (Paste taxt i

C-l Redisplay the screen if it is gatble
M-f Move cursor forward one word
M-b Move cursor backwards one word
M-> Move to end of file

M-< Move to beginning of file

C-u7C-n Move forward 7 lines
C-u10C-p Move back 10 lines

To go to a specific line: Type M-x goto-line <rete; then type the line number followed by <return>.
There a shortcuts. Type the command "help -g emgaics” in a local window to find out about it. (Laic
shortcut is M-x #).

Emacs has an excellent on-line help tutorial. T@iysstart up emacs. When you are "in emacs", Gfpe
h, then type the letter "t". Follow directions. Wihgou wish to leave the tutorial, type C-x C-c.

Many keyboards have "arrow" keys. These move thgocwaround in the expected way. The DEC

machines have a "compose"” key which works likentle¢a key, except: hold the compose key down
while pressing the other key.
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Summary of Essential vi Commands

Cursor control and position

h Left

I Down

k Up

| (or spacebar) Right

W Forward one word

b Back one word

e End of word

( Beginning of current sentence

) Beginning of next sentence

{ Beginning of current paragraph

} Beginning of next paragraph

[ Beginning of current section

1] Beginning of next section

0 Start of current line

$ End of current line

" First non-white character of current line
+ or RETURN First character of next line

- First character of previous line

n| characten of current line

H Top line of current screen

M Middle line of current screen

L Last line of current screen

nH n lines after top line of current screen
nL n lines before last line of current screen
Ctrl-F Forward one screen

Ctrl-B Back one screen

Ctrl-D Down half a screen

Ctrl-U Up half a screen

Ctrl-E Display another line at bottom of screen
Ctrl-Y Display another line at top of screen

z RETURN Redraw screen with cursor at top

Z. Redraw screen with cursor in middle
Z- Redraw screen with cursor at bottom
Ctrl-L Redraw screen without re-positioning
Ctrl-R Redraw screen without re-positioning
/text Search fotext (forwards)

/ Repeat forward search

2text Search fotext (backwards)

? Repeat previous search backwards

n Repeat previous search

N Repeat previous search, but it opposite direction
/text+n Go to linen aftertext

2Aext?n Go to linen beforetext

% Find match of current parenthesis, brace, orketac

CS 215 Manual — Spring 2009 Page 148



Ctrl-G Display line number of cursor

nG Move cursor to line number

n Move cursor to line number

G Move to last line in file

Editing

A Append to end of current line

[ Insert before cursor

I Insert at beginning of line

0 Open line above cursor

®) Open line below cursor

ESC End of insert mode

Ctrl-l Insert a tab

Ctrl-T Move to next tab position

Backspace Move back one character

Ctrl-U Delete current line

Ctrl-Vv Quote next character

Ctrl-w Move back one word

cw Change word

cc Change line

C Change from current position to end of line
dd Delete current line

ndd Deleten lines

D Delete remainer of line

dw Delete word

d} Delete rest of paragraph

an Delete back to start of line

c/pat Delete up to first occurance of pattern
dn Delete up to next occurance of pattern
dfa Delete up to and includirgon current line
dta Delete up to, but not including,on current line
dL Delete up to last line on screen

dG Delete to end of file

J Join two lines

p Insert buffer after cursor

P Insert buffer before cursor

rx Replace character with

Rtext Replacdextbeginning at cursor

S Substitute character

ns Substituten characters

S Substitute entire line

u Undo last change

) Restore current line
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File Handling

W Write file

w! Write file (ignoring warnings)

w! file Overwritefile (ignoring warnings)

‘wW( Write file and quit

q Quit

:q! Quit (even if changes not saved)

:w file Write file asfile, leaving original untouched
27 Quit, only writing file if changed

X Quit, only writing file if changed

:n1,n2v file Write linesnlton2 tofile

:n1,n2v >> file Append line11ton2tofile

-efile2 Editfile2 (current file becomes alternate file)
el Reload file from disk (revert to previous sawedsion)
e Edit alternate file

% Display current filename

# Display alternate filename

‘n Edit next file

:n! Edit next file (ignoring warnings)

‘nfiles Specify new list ofiles

't file Insertfile after cursor

:r 'lcommand Runcommandand insert output after current line
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GDB QUICK REFERENCEos version s
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