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frequency tables

A frequency table counts the number of occurrences.

If the objects we count are limited in number,
then we can use an array.

But suppose:

¢ unknown in advance how many objects;
e fast access needed to the frequency table.
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avector of pairs

character frequencies

Our running main program is

#i ncl ude <i ostreane
usi ng nanespace std;

int main()

{

do
{
cout << "give character (dot
char c; cin >> c;
if(c =="'.") break;
/1 update frequency table

}
whi | e(true);
return O;

to stop)
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If we include <ut i | i t y>, then we can work with pairs:

avector of pairs

pai r<char,int> p;

p.first = c;
p. second = 1;

The first member of our pair is of type char .
The second member of our pair is of type i nt .
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the class pai r

If we include <uti |i t y>, then we can work with pairs:
pai r<char,int> p;

p.first = c;
p. second = 1;

The first member of our pair is of type char .
The second member of our pair is of type i nt .

The frequency table is a vector of pairs:
vector< pair<char,int> > f;

For a pair p as above, do: f. push_back( p)
at the first occurrence of c.
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frequency tables

M int get _index ( vector< pair<char,int> > f,
char c );

e Il returns -1 if c does not belong to f,

S ] otherwise returns the index of ¢ in f

to_string() and

read_set()

membership, union,
difference, and
intersection
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v atpare int get_index ( vector< pair<char,int> > f,
char c );

/! returns -1 if c does not belong to f,
/!l otherwise returns the index of ¢ in f

int get _index ( vector< pair<char,int> > f,

char c )
{
for(int i=0; i < f.size(); i++)
if(f[i].first ==¢) return i;

return -1;
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i int k = get_index(f,c);
v ot s if(k >-1)
f[ k] . second++;
el se

{

pai r<char,int> p;
p.first = c;

p. second = 1;

f. push_back(p);




MCS 360 L-27

25 Oct 2010

avector of pairs

processing a character

int k = get_index(f,c);

if(k >-1)

f[ K] .second++;
el se
{

pai r<char,int> p;
p.first = c;
p. second = 1;
f. push_back(p);
}

void wite ( vector< pair<char,int>>f )
{
for(int i=0; i<f.size(); i++)
cout << f[i].first << " occurred "
<< f[i].second << " tines " << endl;
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using a set
The STL class set is used as
set <char> S;
Processing a character c:
pai r<set<char>::iterator,bool>p = S.insert(c);

i f(p.second)

cout << " occurred for the first tine"
el se

cout << " already occurred: " << =*p.first;
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The STL class set is used as

set <char> S;

Processing a character c:

pai r<set<char>::iterator,bool>p = S.insert(c);
i f(p.second)

cout << " occurred for the first tine";
el se
cout << " already occurred: " << xp.first;

Calling S. i nsert (c) returns a pair p:
@ p. first indicates where c occurs in S;
® p.secondistrueifc € Sheforei nsert.
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writing a set

void wite ( set<char> S );
// wites the set of characters
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void wite ( set<char> S );
// wites the set of characters

ww void wite ( set<char> S)
{
for(set<char>::const_iterator i=S. begin();
i =S end(); i++)
cout << " " << *j;
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void wite ( set<char> S );
// wites the set of characters

void wite ( set<char> S)

{
for(set<char>::const_iterator i=S. begin();
i =S end(); i++)
cout << " " << %
}

The elements in the set are written in order,
thatis: a b c appears even as inserted in other order.
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reversing the order
By default, the second argument when instantiating a set is
the natural order induced by the < (less than) operator.
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reversing the order
By default, the second argument when instantiating a set is
the natural order induced by the < (less than) operator.

To reverse the order:

struct reverse_conpare

{

bool operator()(const char &a,

const char &b ) const
{
return (a>b);

}
b
int main()
{

set <char, reverse_conpare> R;
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using a set
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frequency table with
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different orders
The order on a set S must be a total order <:

e for every a,b € S: either a < b or not;
e ifnota < b andnotb > a, then a = b;
e ifa<bandb <c,thena<c.
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The order on a set S must be a total order <:

o forevery a,b € S: either a < b or not;
e ifnota < b andnotb > a, then a = b;
e ifa<bandb <c,thena<c.

Jl?:f“,“'“'kj“ Often an order is not unique, consider support sets, e.g.:
A={(4,2),(2,2),(2,1),(1,5) }

A collects the exponents of a polynomial f,
exponents corresponding to nonzero coefficients.




MCS 360 L-27

25 Oct 2010

different orders
The order on a set S must be a total order <:

e for every a,b € S: either a < b or not;
e ifnota < b andnotb > a, then a = b;
e ifa<bandb <c,thena<c.

Often an order is not unique, consider support sets, e.g.:
A={(4,2),(2,2),(2,1),(1,5) }

A collects the exponents of a polynomial f,
exponents corresponding to nonzero coefficients.

We can write f in a pure lexicographic order:

f = C4,2X4y2 + Cz,zxzy2 + C2,1X2y + c1,5xy5

or in a degree lexicographic order:

f = caox?y? +C15xy° 4 Coax2y? 4 Cp1X%y.
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vectors versus sets

Characteristics of a vector:
e items are stored consecutively as an array;

e subscripting operator [ ] for direct access.
— vector is encapsulation of the C array type
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Characteristics of a vector:
e items are stored consecutively as an array;
e subscripting operator [ ] for direct access.
— vector is encapsulation of the C array type

Characteristics of a set:

¢ location where the items are stored is transparent;
e iterator follows order defined by function object;
e membership test with f i nd method.

— set is stored as balanced search tree
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using a multiset

The STL contains anul ti set, instantiated as
nmul ti set <char> S

In a multiset duplicate characters may occur.
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using a multiset

The STL contains a nul t i set , instantiated as
nmul ti set <char> S
In a multiset duplicate characters may occur.

Processing a character c:

Minsert(c);

Iterating over the elements of the multiset,
the elements are sorted so we count their occurrences.
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void wite frequencies ( nultiset<char> S )

{

e int count = O;

using a multiset

frequency tabl with char current;

amap

for(multiset<char>::const _iterator i=S. begin();
i 1= S.end(); i++)
{

if(i == S.begin())
{

*|’

current =
count = 1;
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0_string() and
read )

1ip, union,
e, and

code continued

el se

if(*i == current)
count ++;

el se {
cout << current << " occurs "

<< count << " times" << endl
count = 1;
current = *j;
} // end for

i f(count > Q)
cout << current << " occurs "
<< count << " tinmes" << endl
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frequency table with a map
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maps as sets of pairs
A map is a set of ordered pairs, e.g.:

{(a,1),(c,3),(b,3),...},
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A map is a set of ordered pairs, e.g.:

{(a,1),(c,3),(b,3),...},

where the types of the pair are
@ an index type for unique keys;
® a value type which need not be unique.
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25 0ct 2010 maps as sets of pairs
A map is a set of ordered pairs, e.g.:

{(a,1),(c,3),(b,3),...},

where the types of the pair are
@ an index type for unique keys;
® a value type which need not be unique.

This is an onto mapping, different keys are associated with
values that may be the same.
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0_string() and

maps as sets of pairs
A map is a set of ordered pairs, e.g.:

{(a,1),(c,3),(b,3),...},

where the types of the pair are
@ an index type for unique keys;
® a value type which need not be unique.

This is an onto mapping, different keys are associated with
values that may be the same.

Like a vector, a map has a subscripting operator [ ] .
We could view a vector is a special map with si ze_t as
index type. The map is known as an associative array.
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frequency table with
amap

0_string() and

maps as sets of pairs
A map is a set of ordered pairs, e.g.:

{(a,1),(c,3),(b,3),...},

where the types of the pair are
@ an index type for unique keys;
® a value type which need not be unique.

This is an onto mapping, different keys are associated with
values that may be the same.

Like a vector, a map has a subscripting operator [ ] .
We could view a vector is a special map with si ze_t as
index type. The map is known as an associative array.

With a mul t i map, the key does not need to be unique.
Example: nul ti map<stri ng, i nt >for an index to word
and page number.
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frequency table with map

#i ncl ude <i ostreanr
#i ncl ude <map>
usi ng nanespace std;
int main()

{

map<char,int> M
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using a multiset

frequency table with
amap

{

map<char,int> M

do
{

frequency table with map

#i ncl ude <i ostreanr
#i ncl ude <map>
usi ng nanespace std;
int main()

cout << "give character (dot

char c¢; cin >> c;
if(c =="'.") break;

i f(Mfind(c)

M end())

to stop)
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#i ncl ude <i ostreanr
#i ncl ude <map>
usi ng nanespace std;
int main()

using a mltset map<char,int> M

frequency table with

amap do

{

cout << "give character (dot . to stop)
char c; cin >> c;
if(c =="'.") break;
if(Mfind(c) == Mend())
Mc] =1,
el se

M c] ++;
}

whil e(true);
return O;
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a vector of pairs

using a set
using a multiset

frequency table with
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to_string() and
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writing the map

void wite( map<char,int> M);
/1 wites the frequency table
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frequency table with
amap

writing the map

void wite( map<char,int> M);
/1 wites the frequency table

... happens again with an iterator ...

void wite( map<char,int> M)
{
for(map<char,int>::const_iterator i = M begin();
i = Mend(); i++)
cout << i->first << " occurs "
<< i->second << " tines" << endl;
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@® Set Functions
to_string() and read_set()
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o string to_string ( set<char> S)
av {
ostringstreamr;
bool first_tine = true;
ro<< "{";
. for(set<char>::const_iterator i=S. begin();
i 1= S.end(); i++)
ey {
g if(first_tine)
first _time = fal se;
el se
r << " s ";
r << " " << oxj;
}
ro<<" }";

return r.str();
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using a set

using a multiset
frequency table with
amap

to_string() and
read_set()
membership, union,
difference, and
intersection

function r ead_set ()

set <char> read_set ()

{

set <char > S;

do

{
cout << "give character (dot
char c¢; cin >> ¢c;
if(c =="'.") break;
S.insert(c);

}

whil e(true);

return S;

to stop)
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Sets, and Maps

membership, union, difference, and intersection
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set <char> randomset ( int n);
/!l returns a random set of n characters

int main()

{

cout << "give nunber of elenents : ";
int n; cin >> n;

frequency table wit
amap

o_string() and
oo, o, set<char> A = random set(n);
difference, and

intersectn cout << "give a character : ";
char c¢; cin >> c;

set<char>::iterator i = Afind(c);
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frequency table witt
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0_string() and
ead_set()
membership, union,
difference, and
intersection

/1

int main()

{

the fi nd() method

set <char> randomset ( int n);
returns a randomset of n characters

cout << "give nunber of elenents : ";
int n; cin >> n;

set<char> A = random set(n);

cout << "give a character

char c; cin >> c;

set<char>::iterator i = Afind(c);
if(i == A end())
cout << ¢ << " does not occur in A

el se

cout << ¢ << " does occurs

<< K

<< endl

in A as

<< endl ;
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defining a subset

$ /tnp/set mem

gi ve nunber of elenents : 10

the set A: { b, ¢, d, g, t, X, y}
give a character : d

d does occurs in A as d

defining a subset

-> give start character in A: d
-> give stop character in A : t

the subset { d, q, t }
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membership, union,
difference, and
intersection

| ower bound and upper _bound

cout << "defining a subset ..." << endl
cout << "-> give start character in A: ";
char start; cin >> start;

cout << "-> give stop character in A: "
char stop; cin >> stop

set <char > B;
for(set<char>::const_iterator
i = A lower_bound(start);
i !'= A upper_bound(stop); i++) B.insert(xi);

cout << "the subset " << to_string(B) << endl

| ower _bound returns iterator to the first occurrence
upper _bound returns iterator to smallest larger item
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membership, union,
difference, and
intersection

including <al gori t hne

#i ncl ude <i ostreane

#i ncl ude <set >

#i ncl ude <al gorithne
usi ng nanespace std;

int main()
{
set<char> A B, UD,1I;

A = read_set();
cout << "the set A: " << to_string(A) << endl;
B = read_set();
cout << "the set B: " << to_string(B) << endl;
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difference, and
intersection

union with adapter

code continued...

set _uni on( A begin(), A end(),
B. begi n(), B. end(),
inserter(U, U begin()));

cout << "union of Aand B : "
<< to_string(VU) << endl;

The i nsert er is an iterator adapter which inserts
elements into a container.
The arguments of i nsert er are

e the container where to do the insert,
e an iterator within the container.
Each insertion appends to the current end of the container.
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difference and intersection

computing difference and intersection is similar:

set _difference(A begin(),A end(),
B. begi n(), B. end(),
inserter(D, D. begin()));
cout << "difference of Aand B: "
<< to_string(D) << endl;

set _intersection(A begin(), A end(),

B. begi n(), B. end(),

inserter(l,l.begin()));

cout << "intersection of Aand B: "
<< to_string(l) << endl;



MCS 360 L-27

25 Oct 2010

membership, union,
difference, and
intersection

Summary + Assignments

Started chapter 9 on STL sets and maps.

Assignments:

@ Define atemplated class tri pl et to store three items
of the types given in the templates. Provide a
constructor and members first, second,andt hird.
Testthe t ri pl et with interactive code to store a set of
names, as family, given, and middle name.

® Consider set of vect or <i nt > objects. Give code for
function objects pur el ex and degl ex to define the <
operator respectively for pure lexicographic and degree
lexicographic order. Show how to convert a
set <vect or <i nt >, pur el ex>object into a
set <vect or <i nt >, degl ex> object.

Lab tomorrow (Tuesday 26 October) is in SEL 2263.
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® Given two sets X and Y, the product X x Y is defined
as{ (x,y) | x € X,y €Y }. Overload the operator * to
take the product of a set of char with a set of i nt
objects. The result is stored as a set of pairs.

@ Redo the previous exercise so you can make the
product of sets of any type.

Homework collection on Friday 29 October, at noon:
#1,2 of L-21; #1,2 of L-22; and #4 of L-23.
Lab tomorrow (Tuesday 26 October) is in SEL 2263.



