CSC 221: Computer Programming |

= C++ libraries
» cmath, cctype

= classes and objects

Fall 2001

» abstract data types, classes and objects

» datafields, member functions

= string class
» datafields and member functions
» logical connectives, short-circuit evaluation

= user-defined classes

» Dieclass, projects and separate compilation

C++ libraries

C++ provides numerous libraries of useful code
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= cmath  functions for manipulating numbers, including:
doubl e fabs(double x); 11
doubl e sqrt(double x); 1
doubl e ceil (double x); 1
doubl e floor(double x); I
doubl e pow(doubl e x, double y); 11
= Ccctype
bool isal pha(char ch); /Il returns
bool i sl ower(char ch); /Il returns
bool isupper(char ch); /1l returns
bool isdigit(char ch); /1l returns
bool isspace(char ch); /Il returns
11 (space,
char tol ower(char ch); I
char toupper(char ch); 11
11

NOTE: both return ch if not a letter




character examples

suppose you wanted to prompt the user for ay/n answer

char response;
cin >> response;

if (tolower(response)
Pl ayGane() ;
}

el se {
cout << "Thanks for playing."
}

="y ) {

<< endl;

cout << "Do you want to play again? (y/n) ";

suppose you wanted to read in amiddle initial and verify it

char nmiddlelnitial;

cout << "Enter your middle initial: ";
cin > mddlelnitial;

if (isalpha(mddlelnitial) == false) {

}

cout << "That is not a valid initial."

<< endl;

abstract data types

for primitive types such as numbers and characters,

libraries of stand-alone functions suffice

for defining/manipulating more complex types,
abetter (more generalizable) approach is needed

an abstract data type (ADT) is a collection of data and the associated

operations that can be applied to that data

e.g., aninteger is anumber (series of digits) with assumed operations: addition,
subtraction, multiplication, division, compare with other integers, ...

e.g., astringisasequence of characters enclosed in quotes with operations:
concatenation, determine it length, access a character, access a substring, ...




C++ classesand ADT's

in C++, new abstract data types can be defined as classes
= once aclass has been defined and #included into a program, it is
indistinguishable from the predefined data types of C++
=> by defining anew class, you can extend the expressibility of C++

= when you create an instance of a class, that object encapsulates the data and

operations of that class (a.k.a. member functions)

EXAMPLE: the C++ string classin <string>

DATA: asequence of characters (enclosed in quotes)

MEMBER FUNCTIONS:

+ >> << I/ operators for concatenation, input, and output

int length(); /'l returns nunber of chars in string

char at(int index); Il returns character at index (first index is 0)

string substr(int pos, int len);// returns substring starting at pos of length len

int find(string substr);
11 returns constant string::npos if not found

int find(char ch); Il simlarly finds index of character ch

Il returns position of first occurrence of substr,

#i ncl ude <i ostrean
#i ncl ude <string>
#i ncl ude <cctype>
usi ng namespace std;

string class

string Capitalize(string str);

i int main()
to create an object, wrin =t oobar":
- g word = "foobar";
deCIare avaril ableOf cout << word << " contains " << word.|ength()
that type (as before) << " characters." << endl;
cout << "Capitalized, its: " << Capitalize(word) << endl;
h h;
Eoﬁ{ 2< "Enter a character to search for: ";
to call a member cin >> ch;

function on that
object,

obj ect. funtionCal |

eg.,
wor d. | engt h()
wor d. at (0)

int index = word.find(ch);
if (index == string::npos) {

cout << word << " does not contain "
}

el se {
cout << ch << "

<< ch << endl;

is found at index " << index << endl;

return O;

}
TEELLEEEEL L i nn b r i r i n b r b rr i r b r i rr b rirri e

string Capitalize(string str)
/1 Assumes: str is a single word (no spaces)
Il Returns: a copy of str with the first char capitalized

char cap = toupper(str.at(0));
return cap + str.substr(1, str.length()-1);




Pig Latin (v. 1)

Suppose we want to
convert aword into
Pig Latin
= simplest version
nix = ixnay
pig > igpay
latin > atinlay
banana > ananabay

= {0 convert aword,
move the last | etter

/1 piglatin.cpp Dave Reed 9/ 30/ 01
2

Il First version of Pig Latin translator.
PELETITEI T r i r i n i n i i iy

#i ncl ude <i ostreanr
#incl ude <string>
usi ng namespace std;
string PigLatin(string word);
int main()
string word;
cout << "Enter a word: “;
cin >> word;
cout << "That translates to: " << PigLatin(word) << endl;

return O;

RN NN NN NN}

string PigLatin(string word)
/1l Assumes: word is a single word (no spaces)
/1l Returns: the Pig Latin translation of the word

to theend and ajd { return word. substr(1, word.length()-1) + word.at(0) + "ay";
Ilayll )
opsoay?

using our program,

00ps > opsoay

ARE THESE RIGHT?

apple > ppleaay

for "rea" Pig Latin, you must consider first letter of word
= if aconsonant, then convert as before (move first letter to end then add "ay")
= if avowel, simply add "way" to the end

00ps > oopsway

apple > appleway

30, we need to be able to determine whether the first letter is a vowel

HOW?




IsVowel function (v. 1)

whenever you have awell-defined, self-contained task to perform,
consider defining a function

= |sVowel function takes a
character as input, returns
trueif itisavowel (else
false)

= uses cascading if-else to
check all possible letters
(lower-case and upper-case)

CAN WE SIMPLIFY THIS?

bool 1sVowel (char ch)
Il Assunmes: ch is a letter
/1l Returns: true if chis a vowel
{
if (ch=="a) {
return true;
}

else if (ch =="A) {
return true;
}

else if (ch =="e") {
return true;

}

else if (ch =="E) {
return true;

}

else if (ch =='U) {
return true;

}
el se {
return false;

IsVowel function (v. 2)

= assume <cctype> library has
been #included

= first convert the character to
lower-case, then only have
to check against lower-case
vowels

STILL TEDIOUS!

LOTSOF TESTSWITH THE
SAME RESULT

could make use of the toupper function from <cctype>

bool |sVowel (char ch)

Il Assumes: ch is a letter

/1 Returns: true if chis a vowel
{

ch = tolower(ch);

if (ch=="a) {
return true;

}

else if (ch =="'e") {
return true;

}

else if (ch =="i") {
return true;

else if (ch =="'0") {
return true;

}

else if (ch =="u") {

return true;

el se {
return false;
}

}




Boolean logical connectives

C++ provideslogical connectives for complex Boolean expressions

&& represents conjunction (AND) note: characters are

if (ch>'A & ch<='2) { comparable, and
cout << ch << " is a capital letter." << endl; | lettersare consecutive

|| representsdisjunction (OR)

if (grade < 0 || grade > 100) {
cout << "That is not a valid grade!" << endl;

}

I represents negation (NOT)

if (lisalpha(mddlelnitial)) {
cout << "That is not a valid initial." << endl;

}

short-circuit evaluation

& and || both are employ short-circuit evaluation

= assoon as atest in aconjunction fails, stop and evaluate to false

if (ch>='A & ch<='7) { if ch <"A’, then no
cout << ch << " is a capital letter." << endl; |pointincomparing
} with 'Z', return false

= assoon asatest in adigunction succeeds, stop and evaluate to true

if grade < O, then no

if (grade < 0 || grade > 100) { S .
cout << "That is not a valid grade!" << endl; pqlnt In comparing
} with 100, return true

in addition to avoiding unnecessary computation, can be useful asafilter

if (nunberf Scores > 0 && sunfX Scor es/ nunber O Scores >= 90) {
cout << "You get an A" << endl;

}




IsVowel function (v. 3)

in IsVowel, can combine all casesthat return true using OR (] | )

bool 1sVowel (char ch)

/1 Assumes: ch is a letter

/1l Returns: true if chis a vowel
{

ch = tol ower(ch);

if (ch =="'a' bool IsVowel (char ch)

return true; Il Assunes: ch is a letter
! /!l Returns: true if ch is a vowel ("aei ouAEl QU")
else if (ch =="'e") { {

return true; ch = tol over(ch);

} . e
else if (ch=="i if (ch==ra || ch=="e || .
re(turn true:) ¢ = ch:;urln tlrlue(':h == ol ch ==u) |{
} ;
else if (ch =="'0") {
. el se {
} return true; return false;
else if (ch =="'u") { }
return true; }
}
el se

return false;

}

}

|sVowel function (v. 4)

whenever you see an if-else of this pattern,

if (SOME_TEST) {

return true; /1 if SOME_TEST is true, returns true
el se {

return fal se; /1 if SOME_TEST is false, returns false
}

the same effect could be achieved by returning the TEST value

return SOVE_TEST; /1l returns value of SOVE_TEST directly

much cleaner and clearer

bool IsVowel (char ch)
Il Assunes: ch is a letter
I/l Returns: true if ch is a vowel ("aei ouAEl QU")

{

ch = tolower(ch);

return (ch == "a" || ch =='e" || ch=="i" || ch=="0" || ch =="u");




Pig Latin (v. 2)

/1 piglatin.cpp Dave Reed 9/30/ 01
11

/1 Second version of Pig Latin translator.
FELELELETE g

#incl ude <i ostrean»
#i ncl ude <string>
#incl ude <cctype>
usi ng namespace std;

string PigLatin(string word);
bool IsVowel (char ch);

int main()
string word;
cout << "Enter a word: ";
cin >> word;

cout << "That translates to: "
<< PigLatin(word) << endl;

return O;

}
PHEELLELEEL LT e rr i n b r i r b rr e rir ey

string PiglLatin(string word)
I/ Assumes: word is a single word (no spaces)
/1 Returns: the Pig Latin translation of the word
{
if (IsVowel (word.at(0))) {
return word + "way";

el se {
return word. substr(1, word.length()-1) +
word. at (0) + "ay";

}

bool 1sVowel (char ch)
Il Assunes: ch is a letter
I/l Returns: true if ch is a vowel ("aei ouAEl QU")

{

ch = tolower(ch);

return (ch == "a' ch == ‘e []|
c ch =="'0" || ch==u");

a ||
ho==it ||

IsVowel function (v. 5 & V. 6)

could utilize another string member
function: find

recall: f i nd searches for thefirst
occurrence of a character or
substring in astring, and returnsits
index (string: : npos if not found)

create astring of al vowels, then
search for chusing fi nd

ADVANTAGES?

bool |sVowel (char ch)
Il Assunes: ch is a letter
I/l Returns: true if ch is a vowel ("aei ouAEl QU")

const string VOAELS = "aei ouAEl QU";

if (VOAELS.find(ch) != string::npos) {
return true;

el se {
return false;
}

bool |sVowel (char ch)
Il Assunes: ch is a letter
I/l Returns: true if ch is a vowel ("aei ouAEl QU")
{
const string VOAELS = "aei ouAEl QU";

return (VOWELS. find(ch) != string::npos);




Pig Latin (v. 3)

/1 piglatin.cpp Dave Reed 9/30/ 01
11

Il Third version of Pig Latin translator.
FELETELELE i g

#incl ude <i ostrean»
#i ncl ude <string>
using namespace std;

string PigLatin(string word);
bool IsVowel (char ch);

int main()
string word;
cout << "Enter a word: ";
cin >> word;

cout << "That translates to: "
<< PigLatin(word) << endl;

L

string PigLatin(string word)
/1 Assumes: word is a single word (no spaces)
/!l Returns: the Pig Latin translation of the word

if (IsVowel (word.at(0))) {
return word + "way";

el se {
return word. substr(1, word.length()-1) +
word. at (0) + "ay";

}
return O; }
} bool IsVowel (char ch)
I Il Assumes: chis aletter .
/Il Returns: true if ch is a vowel ("aeiouAEl QU")
I const string VOAELS = "aei OuAEl QU';
return (VOAELS. find(ch) != string::npos);

using our program,

creighton - reightoncay

ARE THESE RIGHT?

thrill = hrilltay

for "red" Pig Latin, if the word starts with a sequence of consonants,
must move the entire sequence to the end then add "ay"

creighton - eightoncray

thrill = illthray

30, we need to be able to find the first occurrence of a vowel

HOW?




Handling multiple consonants

modifications to
PigLatin are
relatively easy

can use the find
member function
to find a specific

string PigLatin(string word)
Il Assumes: word is a single word (no spaces)
/!l Returns: the Pig Latin translation of the word

int vowel I ndex = Fi ndVowel (word);

if (vowel Index == 0 || vowellndex == string::npos) {
return word + "way";

el se {
return word. substr(vowel | ndex, word.!|ength()-vowel | ndex) +
word. substr (0, vowel | ndex) + "ay";
}
}

int FindVowel (string str)
Chara:ter, bUt /1 Assumes: str is a single word (no spaces)
/1 Returns: the index of the first vowel in str, or
hOW dO you 11 string::npos if no vowel is found
search for any , 77
vowel
int FindVowel (string str)
l ' | /1 Assumes: str is a single word (no spaces)
UGLY,_, /!l Returns: the index of the first vowel in str, or
! string::npos if no vowel is found
// NOTE: THI S IS REALLY UGLY, REPETITIVE CCDE -- CALLS FOR LOGCPI NG
. {
FindVowed can int indexCa = str.find('a'), indexCfA = str.find('A');
b d . th int indexOfe = str.find('e'), indexOFE = str.find('E);
int indexOfi = str.find('i'), indexCfl = str.find('I1");
e OneUSII’]g e int indexOfo = str.find('o"), indexOfO = str.find('O);
toolswe knOW int indexOu = str.find('u'), indexOfU = str.find('U);
)
but not easily (e n T = stri na: nanes’ ¢
i indexCfa ! = string::npos
if (indexSoFar == string::npos || indexOfa < indexSoFar) {
= must search fOI’ i ndexSoFar = indexCfa;
}
}
eaCh VOWEI if (indexOA !'= string::npos) {
(|ower-case and if (indexSoFar == string::npos || indexOFA < indexSoFar) {
) i ndexSoFar = i ndexCf A;
upper-case
}
if (indexCOfe !'= string::npos) {
= then must if (indexSoFar == string::npos || indexOfe < indexSoFar) {
compareall to i ndexSoFar = indexCfe;
}
find smallest }
index (if any)
if (indexOfU!= string::npos) {
if (indexSoFar == string::npos || indexOPU < indexSoFar) {
i ndexSoFar = i ndexCfU;
}
WE REALLY }
NEED LOOPS' return indexSoFar; ) .
} link to entire source code
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User-defined classes

similar to string, you can define your own classes (types) in C++

example: suppose we want to simulate dice rolls for experimentation

= built-inr and function uses a complex algorithm to generate a sequence of
uniformly distributed numbers

doubl e rand(); returns a random number
Note: each time a programis run, the same sequence is generated!

» srand initializesthe number generation algorithm so that a different
sequence is obtained (but same seed > same sequence)

voi d srand(unsigned int seed); initializesthe agorithm with seed

= canusetheti me function from <ctime> to specify a unique seed

srand(unsi gned(tine(0)));

dice smulation
UQIy COde Il rollemcpp
. 11
= |ots of detail /1 Simulates rolling two dice
. LELETEL b inn
= repetition

#i ncl ude <iostreanr
#i ncl ude <cti me>
#i ncl ude <cmat h>

also, we would like have | using namespace std;
additional functionality int min()
{

= alow for dice with srand(unsi gned(tinme(0)));
different # of sides _ )
int rolll = int(fabs(rand()))% + 1;
- foraparticular die be int roll2 = int(fabs(rand()))% + 1;
able to determine cout << "You rolled " << (rolll + roll2) << endl;
»> # of sides return O;

> #timesrolled

11



Dieclass

can encapsulate behavior of adiein anew class (type)
DATA: number of sides, count of number of rolls

OPERATIONS: roll the die, determine # sides, determine # rolls so far

in order to use a class (type), you must

= #include its definition

#include "Die.h" guotes around file name specify a user-defined
class (compiler will look in local directory)

= know how to create an object and apply the member functions

int Roll(); returns random roll of die
int NunSi des(); returns number of sides on die
int nunRol I s(); returns number of times has been rolled

dice simulation (with Die objects)

mUCh Cl eaner H rol | em cpp

/1 Simulates rolling two dice
TIEEETEE i
= hides ugly details of #incl ude <i ostreanmr
getting time, calling #i ncl ude "Die. h”
. usi ng nanespace std;
srand, and squeezing the
random number into the i(m mai n()

range1to 6 Die dl, d2:
int rolll = dl.Roll();
) ) ) int roll2 = d2.Roll();
= also hides inclusion of
low-level libraries cout << "You rolled " << (rolll + roll2) << endl;

return O;
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dice simulation (cont.)

Il rollemcpp
11

/1 Simulates rolling two dice
alsomoregeneral TEEEEEEE b r i ri i rr

#i ncl ude <iostreanp
#include "Die.h"

= can declare dice with usi ng namespace st d;
diff. # of sides
int main()
Roll function {

1 i Di i xSi ded, ei ght Sided(8);
automatically adjusts e sixSided, eightSided(8)

int suml = sixSided.Roll () + sixSided.Roll();

cout << "Two 6-sided dice: " << sunl << endl;
= encapsulates the code int sun® = sixSided.Roll() + eightSided. Roll();
for keeping track of # cout << "6- and 8-sided dice:" << sunR << endl;
sides and # of rolls cout << "The " << sixSided. NunSi des()
<< "-sided die has been rolled "
each die keeps track of << sixSided. NunRol I s() << " tines." << endl;
i |
itself! return O;
}
ADT/class summary

an Abstract Data Type (ADT) isacollection of dataalong with the
operations that are allowed on that data

C++ provides severd built-in ADTs: int, double, char, bodl, ...

in C++, can define anew ADT by defining a class
= aclass encapsulates data fields (variables) and member functions

in order to use an ADT defined as aclass,
= must be able to #include the class definition
= must know how to create an object & call the appropriate member functions

#i ncl ude <string> #include "Die. h"
int length(); int Roll();
char at(int index); int NunBides();

int find(char ch); int NunRolls();
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