CIIUCBIIU

W Jepunuyus;

N munoee: et)uocebpmu, 0eoﬁﬂocebp3auu, KPb2060-C6BP3AHU, MHONCECMBEHU CNUCDKOBU
CmMpyKmypu

mpaszmep,

Enpaszen CNUCoHK;

Bno3uuus;

monepayuu nao cnucvk: makeEmpty, insert, remove, find, print, sort, next, previous, first, last

Wpeanuzauuu: upe3 Macue, upe3 CMpyKmypa u ykazamenu. AHaiu3 Ha npeoumcmea u
Hedocmamwvuu.



Cevpsanu cnucvyu

- UI3TPUBAHC HA CIICMCHT!
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- BMBKBAHE€ Ha CJICMCHT
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-3aTpyJHEHNS IPX BMBKBAHE B HAYaJIOTO, H3TPHBAHE Ha €JI. OT HAYAJ0TO U M300I0 U3TPHUBAHE Ha €]1.
- momoOpenue ¢ gobassHe Ha header:

/

A As | T2
Al - A2 \" | A3 H——J—— 4 .
header

CBBbp3aH cruchbK ¢ header exement

e e Dt 2 AN

header

npasen crmcesk ¢ hédder enément
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IIaoaonu B C++ (Templates) : a bit of theory

-Function templates
-Class templates template specialization
(generic programming in .NET)

Based on templates is constructed the Standard Template Library (STL) containing : container classes,
integrators and algorithms

i Function templates

The compiler generates separate source-code functions (named specializations) to handle each
function call appropriately.

( The same can be performed using macros (#define...). However, macros are not able to perform
type checking )

template<typengme T >

Or ~ Means ‘any fundamental type or user-defined type’
template< clasS ElementType >
Or
template< typename Border, typename fill Type >

Example: let construct a function template: printArray()

\




Il function template printArray definition
template< typename T >
void printArray( const T * const array, int count)
{ for(inti=0;i<count;i++) cout<<array[i]<<™"; cout<<endl;}//end function template int
main()
{ const int aCount = 5; // size of array a
const int bCount = 7; // size of array b
const int cCount = 6; // size of array c

inta[ aCount] = {1,2,3,4,5};
double b[ bCount ] = {1.1,2.2,33,44,55,6.6,7.7};
char c[ cCount ] = "HELLO™; // 6th position for null

cout << "Array a contains:™ << endl;

/[ call integer function-template specialization
printArray( a, aCount);
cout << "Array b contains:" << endl;

/[ call double function-template specialization So:
printArray( b, bCount); :

4 void printarray(const int * const, int);
cout << "'Array c contains:" << endl; P W )

void printarray( const double * const, int);

/[ call character function-template specialization
printArray( ¢, cCount);
} // end main



2. Class templates

template< typename T >

class Stack
{public:
Stack( int = 10 ); // default constructor (Stack size 10)
~Stack()
{ delete [] stackPtr; /Il deallocate internal space for Stack
} /l end ~Stack destructor

bool push(const T &);  // push an element onto the Stack
bool pop( T &); // pop an element off the Stack

/I determine whether Stack is empty
bool isEmpty() const
{ returntop==-1; }//end functionisEmpty

/I determine whether Stack is full
bool isFull() const
{ returntop==size-1; }//end function isFull

private:
int size; Il # of elements in the stack
int top; Il location of the top element (-1 means empty)
T *stackPtr; Il pointer to internal representation of the Stack

/l end class template Stack

}



/Il constructor template
template< typename T >
Stack< T >::Stack(ints)
:size(s>07?s:10),// validate size
top( -1), // Stack initially empty
stackPtr( new T[ size ] ) // allocate memory for elements
{} /I empty body for Stack constructor template

// push element onto Stack;

/I if successful, return true; otherwise, return false
template< typename T >

bool Stack< T >::push( const T &pushValue )

{
if (tisFull())
{
stackPtr[ ++top ] = pushValue; // place item on Stack
return true; // push successful
Y/ end if

return false; // push unsuccessful
} // end function template push

Il pop element off Stack;

/I if successful, return true; otherwise, return false
template< typename T >

bool Stack< T >::pop( T &popValue )

..}

ooooooooooo

: e .2/.2_.._7__:.__.



Using class template Stack<T>

/[ Stack class template test program.

#include <iostream>

#include ""Stack.h" Il Stack class template definition
using namespace std;

int main()

{
Stack< double > doubleStack( 5 ); Il size 5
double doubleValue = 1.1;

cout << ""Pushing elements onto doubleStack\n"";

// push 5 doubles onto doubleStack
while ( doubleStack.push( doubleValue) )
{
cout << doubleValue << ' *;
doubleValue +=1.1;
} /I end while

cout << "\nStack is full. Cannot push " << doubleValue
<< "\n\nPopping elements from doubleStack\n*;

Il pop elements from doubleStack

while ( doubleStack.pop( doubleValue ) )
cout << doubleValue << ' *;



Templates & inheritance

*A class template can be derived from a class-template specialization
*A class template can be derived from a class-nontemplate
*A class template-specialization can be derived from a class-template specialization

*A non-template class can be derived from a class-template specialization

Now to return to complex data structures:



-TeKJapanus Ha A0CTPaAKTeH CIOUCHK, ChCTaBeH 0T 3 Kiaaca:
v .-_.E-.:-EI"‘;!:"' 3 g

- cCaMud CIIUCHK; o,

- Bb3eJI;
- mo3unus (iterator-class).

| template <class Object>
class List; // Incomplete declaration.

template <class Objects

class ListItr: // Incomplete declaration.
templgxgmgglqss Obje2t>

class ListNode"

{

ListNode( const Object & theElement = Object( ), ListNode * n = NULL )
: element( theElement ), next( n ) {1}

Object element;
ListNode *next;

I ~friend class List<Objects;
friend class ListItr<Objects:

AT i
I a



-pea.ﬂmaunﬂ Ha KJjaca — Iterator: CRBPAKA METO/IH 32 POXOKAHE;
- KOHCTPYKTOPHT MYy € prrvafé ¢ friend class = List. :

Templare <crass upject>

CTT/ES L’EEEEL)

I
S

publ-ic:

ListItr( ) : current( NULL ) // 3a 00110 M3TION3BaHE
{
}
bool isPastEnd( ) const
{

return current == NULL;
}
void advance( )
{

if( !'isPastEnd( ) )

current = current->next;

1
const Object & retrieve( ) const
{

if( isPastEnd( ) )

throw BadIterator( );

return current->element; .

3 3a u3noissane ot List
priv

ListNode<Object> * rent; // Current position
ListItr( ListNode<Object> *theNode ) : current( theNode ) { }

friend class List<Object>; // Grant access to constructor
};



il
- neknapanus Ha List kiac: '

___template <cTass Object>
,#E?HSS 1

public:
List( ); .
List({ const List & rhs ) 7 Ld o T »
~List{ );

(

bool isEmpty( ) const;
void makeEmpty( );
ListItr<Object> zeroth{ ) const;

ListItr<Object> first{ ) const;
void insert{ const Object & X, const ListItr<Object> & p);

ListItr<0Object> Find( const Object & x ) const;
ListItr<Object> findPrevious( const Object & x ) const

void remove( const Object & x }:

const List & operator=({ .const List & rhs bH

private:
Listhd&:ﬂhject} *haader; // MHUIUMPA ce B KOHCTPYKTOPA 1mocJjie

5 |



- AeuHHIMS Ha MeToaHn Ha LISt kaaca: e T

__tehplate <class Object»
List<Objact>::List( )

header = new ListNode<Object>;
}

}f#t
* Test if the 1ist is logically empty.
* Return true if empty, false otherwise.
*f
template <class Object>
bool List¢Dbject>::isEmpty( J const

{
}

;'l'*
¥ Return an iterator representing the header node.
vy
template <class Objects _ _
ListItr«bject> List<Object>: :zeroth( ) const

return header-snext =— NULL;

return ListItrﬂﬂbjectaf header 3;



(continued)

/**
* Return an iterator representing the first node in the 1list.
* This operation is valid for empty lists.
*/

template <class Object>

ListItr<Object> List<Object>::first( ) const
{

}

! - pynxuum ot kiaca: 32 BpblIaHe HA MLPBH eJIeMEHT U 3a print

return ListItr<Object>( header->next )

// Simple print function
template <class Object>

void printlList( const List<Object> & thelist )
{
if( theList.isEmpty( ) )
cout << "Empty Tist" << endl;
else

{
ListItr<Object> itr = thelist.first( );
for( ; !itr.isPastEnd( ); itr.advance( ) )
cout << itr.retrieve( ) << " ";

3

cout << endl;

g Tttty ;2/22 o



-He00X0MUMH JIM ca 3 KJIaca B peajin3anusaTa Ha CIUCbKa?

KJIAChT ‘iterator’ uMa HAKOJIKO (PyHKIIUN:
1. abcTpakTHUTE MOHATHS ‘CIIMCHK’ U ‘O3UIUASA’

ca pa3jIn4uMMu;
2. CIUCBKBT MOXKe 12 ce 00padoTBa €THOBPEMEHHO OT
HSIKOJIKO MeCTa, 4pe3 HAKoJIKo iterator kiaca.

-meToabT find() Mo:ke 1a ce peajiM3upa peKypCHBHO, HO KMa MO-100bP MOAX0 (BHK MO-T01Y);
- MOYTH BcHYKHU MeToam ce onensiBat ¢ O(1), find() m findprevious() - ¢ O(N);

* Return 1tgrator corresponding to the first node containing an item x.
* Iterator isPastEnd if item is not found.

*/
template <class Object> .
ListItr<Object> List<Object>::find{ const: bject & x ) const
{ _ 1€~~hm;huﬂumﬁwff~”’;0 )¢
J* 1%/ ListNode<Object> *itr = header->next;

Jt 2%/ while( itr = NULL & itr->element != x )
/* 3?/ 1tr = itr->next:

/* 4%/ return ListItr<Cbject>( itr );



o
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# Remove the first occurrence of an item x.
*/
template <class Object>-

void L1st<0b3ecti;xremng;z)const Object & x )
R

L1stItr<0bject> p = findPrevious( x ): f

if( p. current->next l= NULL )

{
L1stNode<0b]ect> *o]dNode = p.current-s>next;
P.current->next = p.current->next->next; // Bypass deleted node\
N de]ete oldNode;

T
e P L



’ 1% /

Hi
e

' /M}
* Return iterator prior to the first node containing an item x.
k/
template <class Object>

ListItr<Object> List<0bject>::findPrevious( const Object & x ) const
{

ListNode<Object> *itr = header;
2%/ while( itr->next != NULL && itr-snext- >element = x )
3%/ 1tr = itr- >next
4%/ return ListItr<Object>( itr ):
}
[¥

¥ Tnsert item x after p.

* | - i & [n);
remplate <class Object> ¢ Object & X, const ListItr<Object>

void List<Object>:: +insert( cons

->next )
if( p.current 1= NLL 1ew niedbiect (1 PN

p. current- ->next =



paﬁoTa C mamMerTTa. - 0C00eHOCTH HPHPad0Ta ¢ yKasaTelln: BpeMEHHO ChXpaHsiBaMe—
aTeJIHO MPUKJIIYUM padorara ¢ 00eKTa

yKa3aT. KbM HEeHYKeH 00eKT U I'0 Ia3uM J0KaT0 0KO

aBHO B J1eCTPYKIHA.

/'k*
* Make the 17 i
hy ist logically empty.
mbareame delete, kKoaKkoTo ssfs] Etet<gl-;l)ass Object>
€ Bb3MOKHO : 15T<UDJect>: ﬂ'}ikweEmpty( )
while( !isEmpty( ) )
) remove( first( ).retrieve( ) );
/**
* Destructor
*/

tgmp1ate <class Object>
List<Object>::~List( )
{
makeEmpty( );
delete header:
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Kpbroso-cBbp3aHu cnucbum




il CRUCDBUU 8 NPEOCMABAHEMO HA NOJUHOM (AOCMPAKMEH MUN — ROJTUHOM, C NOJIOHCUMETHU

eKCNOHeHmu)

mp:  Pi(X) = 10x~1000 + 5x~14 + 1
P2(X) = 3x1990 — 2x"1492 + 11X + 5

[Tpu xoedunuentu ai 1= 0 B mpeobnagaBaiia cTeneH: yaio0Ha € peaau3aius npe3 Macus.
U IIPOLIETypH 3a ChOMpaHe, u3BakJaaHe, YMHOKEHHE ... HaJl monuHoMu. Hampumep:

class Polynomial
{
public:
Polynomial();
void insertTerm(int coef, int exp);
void zeroPolynomial();
Polynomial operator+(const Polynomial &rhs) const;

private:
vector<int> coeffArray;
int highPower;



- BpemMe 3a ]';'all,_aJIHa mmxm u 5
- onepanus yMHOKeHHe, HAIIP. ec BpeMe, nponopunonanno Ha l'lpOH3BeIleHHeTO
HA CTeNEHUTE HA ABATA MOJUHOMA (He3aBHCHMO, Ye IIOBEYeTO eJI. B MATPULHTE
ca (.

- PAa3XHIICHUEC HA MAMCT.

AJTCPHATUBCH IOAXO0/1 — U3I10JI13BaAHEC HA CBbP3aH CIIMCBK:

+—={10| 1000 51 14 =1 0 | +—

3 {1990 > 211492 >11] 1 5|0 | +—_




€T0 ACRJIapanusaTa. e
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class Literal

{
private:
// Various constructors
int coefficient;
int exponent;
friend class Polynomial;
H

class Polynomial

{

public:
Polynomial( );
void insertTerm( int coef, int exp );
void zeroPolynomial( );
Polynomial operator+( const Polynomial & rhs ) const;
Polynomial operator*( const Polynomial & rhs ) const;
void print( ostream & out ) const;

private:

List<Literal> terms;

};



3az(aqa° A W,
Nmame yHHMBepcHTETCKA CTPYKTYpa € 40 000 crynenTa n 2500 kypca. Heo0xogquma e cTpykrypa,
NMPeanoCcTABAIIA JIECHO reHeprpaHe Ha oT4yeTu. Hamp:

- CHUCHK HA CTYJAEHTH IO NMpeaMeTH

- CIUCBHK HA M3YYaBaHU OT CTYIEHT KypcoBe.

IIbpBa peanm3anusi — mnpe3 2-MepeH MacHB: CTYIeHTH € = KypcoBe.
3a ropHure croiiHocTH — MacuB ¢ 100 000 000 kieTkm.
IIpu cpexno 3anucBane mo 3 Kypca ot cryaeHT — camo 120 000 kiieTku HOCAT
uHopmanus ( 0.1 % ).

Hpyra peanmaunﬂ MaTpUYeH (IBOHHOCRENZAH) CTINCHK:

R o W /1 (S
[ [ 3

S1 l S2 S3 J s4 ss

3] |

:




pop
Stack push

top

Stack model: input to a stack is by push, output is by pop and top

top




peajin3anus Ha CTEK Npe3 CBbP3aH CHUCHK

Var

oLt
e

template <class Object>
class Stack
{
public:
Stack( );
Stack({ const Stack & rhs );
~Stack( );

bool isEmpty( ) const;
bool isFull( ) const;
const Object & top( ) const;

void makeEmpty( );

void pop( J); .

void push( const Object & x );
Object topAndPop( );

const Stack & operator=( const Stack & rhs );

private:
struct ListNode

{

Object element;
ListNode *next;

ListNode( const Object & theElement, ListNode * n = NULL )
: element( theElement ), next( n ) { }

};

ListNode *topOfStack;
1



/**
* Construct the stack.
=/
template <class Object>
Stack<Object>::Stack{ D

{
3
S

* Destructor.

*/
Ttemplate <class Object>
Stack<Object>::~Stack{ )

{
hy

/**
* Test if the stack i1s logically full.

* Return false always, in this implementation.
#:/

template <class Object>

bool Stack<Object>::disFull( ) const

{
by

/s’rs‘r
* Test 1f the stack 1is Tlogically empty.

* Return true if empty, false otherwise.
s’c/

Ttemplate <class Object>

bool Stack<Object>::1isEmpty( ) const

{

topOfStack = NULL;

makeEmpty ( ) ;

return false;

return topOfStack == NULL ;
¥
Va i
* Make the stack Tlogically empty.
=/

template <class Object>
void Stack<Object>: :makeEmpty( )

{
while( lisEmpty( D> )
pop(C 2;



Hi
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* Insert x into the stack.
*/
template <class Object>
void Stack<Object>::push( const Object & x )

{
topOfStack = new ListNode( x, topOfStack );

}

Routine to push onto a stack—linked list implementation

[T .
st TR P TI r " S—

»/fn’r
* (et the most recently inserted item in the stack.
* Return the most recently inserted item in the stack
* or throw an exception if empty.
*/
template <class Object>
const Object & Stack<Object>::top( ) const
{
if( isEmpty( ) )
throw Underflow( ):
return topOfStack->element;

}



P
R

iy

Jon
* Remove the most recently inserted item from the stack.
* Throw the Underflow exception if the stack is empty.
*/

template <class Object>

void Stack<Object>::pop( )

{
if( isEmpty( ) )
throw new Underflow( );
ListNode *oldTop = topOfStack;
topOfStack = topOfStack->next;
delete ol1dTop;
}

Ro‘u‘__tmipq“tp pqp_ﬂ_f;pmra stack—linked list implementatiq_n

/**
* Return and remove the most recently inserted item from the st:
* Throw the Underflow exception if the stack is empty.
*/
template <class Object>
- Object Stack<Object>::topAndPop( )
{
Object topItem = top( );
pop( );
return topIltem;



P
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pcajim3anuia HaA CTCK IIPE3 MaCuB:

template <class Object>
class Stack
{
public:
explicit Stack( int capacity = 10 );

bool isEmpty( ) const;
bool isFull( ) const;
const Object & top( ) const;

void makeEmpty( );
void pop( );
void push( const Object & x )};

Ob] ect tODAM BPbIIIA He YKa3aTeJ, a eJleMeHTa, KOITo
MOCJIeTHO € BKapaH
private:
vector<Object> theArray;
At topOfStack;

¥



MPUII0KEHHS ChC CTEK 5

yIPaBJIABA IPUOPUTETHTE;

/ Y100€H 32 MALIMHHA PeaTu3anus;

1. nocrguxcen 3amuc :

L'UL LISLALILG, LIIC PUSLLLX CXPITSSI0H

6523 +8%+3 4%

is evaluated as follows: The first four symbols are placed on the stack. The resulting
stack is |

topOfStack -

AN L Do W

Next a “+’ is read, so 3 and 2 are popped from the stack and their sum, 5, is pushed.



6523+8*+3+*

topOfStack —

RV R

Next 8 is pushed.

topOfStack —

N o

Now a “*’ is seen, so 8 and 5 are popped and 5 8 = 40 is pushed.

ropOfStack — 40

5
6

Next a <+ is seen, so 40 and 5 are popped and 5 + 40 = 45 is pushu

topQOfStack — 45
6
Now, 3 is pushed.
topOfStack — 3
45
6

ATers ¢ 17 smmrme R and 45 and pushes 45 + 3 = 48.



topOfStack — 48
| 6

Finally, a ‘#’ is seen and 48 and 6 are popped; the result, 6 * 48 = 288, is pr

topofStack — 288
IL .




2. npe06p53yBaHe (pe3 cTeK) OT NpeHKCeH KbM HOCT(HKEH sannc:

Lo A
it s
L

HCKa UMaMcC:
atb*c+(d*e+f)*g

To see how this algorithm performs, we will convert the long infix expressic
above into its postfix form. First, the symbol a is read, so it is passed through to tl
output. Then + is read and pushed onto the stack. Next b is read and passed throug

g e to the output. The state of affairs at this juncture is as follows:
1.mpu )’ u3BIHYaAME

oT cTeka a0 “(*

2. Ip4 MPOYMTaHe HA ‘onepanus’

H3BJIMYAMe OT CTeKa /10 + | ’ 2b W
JOCTHIaHe HA N0-HUCKO Stack

Output
NPUOPHUTETHA ONepanus.

3. mocturaiiku Kpast Ha BXoHUS Next a * is read. The top entry on the operator stack has lower precedence than -

MOTOK, U3MpPa3BaMe CTeKa, so nothing is output and * is put on the stack. Next, c is read and output. Thus fa;
NUIIEHKH BCHYKO B H3XOIHUA  we have

IOTOK.

*

+ | abc ]

Stack Output

The next symbol is a +. Checking the stack, we find that we will pop a * and place

it on the output; pop the other +, which is not of Jower but equal priority, on the
stack; and then push the +.

+ , abc*+ T

Stack Output




at+b*c+(d*e+f)*g

The next symbol read is a ¢, which, being of highest precedence, is placed on the
stack. Then d is read and output.

(
+ [ abc*+d
Stack Output

We continue by reading a *. Since open parentheses do not get removed except

when a closed parenthesis is being processed, there is no output. Next, e is read and
output.

B

(
+ [ abc*+de ]
Stack Output

The next symbol read is a +. We pop and output * and then push +. Then we read
and output f.

+

(

+ [ abc*+de~*f ]
Stack Output

Now we read a ), so the stack is emptied back to the (. We output a +.

+ | abc*+de*f+ ]
Stack Output

We read a * next; it is pushed onto the stack. Then g is read and output.

*

| abc*+de*f+g |

Stack Output

The input is now empty, so we pop and output symbols from the stack until it is
emptv.



CTEK

3. BUKaHe HA (DYHKIIMM:

NnpeaaBaHe HA MapaMeTpPH;
CIenuaJeH cJay4yail nNpu peKypCuBHY MOBUKBaHus (ppeiim)

NpuMep € ONMANIHA PEeKYPCUs U jJoma cTpykrypa (Hamp. npu 20000 esiemenTa):

/¥1%/
/*2*/

/43¢
/4%

/**

:/Print List from ListNode p onwards; assume friendship granted.
temp]ate <class Object>

void printlist( ListNode<Object> *p )

if( p == NULL )
return;

cout << p->element << endl;
printList( p->next );



no00peHa Bepcusi HA MpeAUIIHATa peaju3anus Ha printList():

/7‘.";':
®
*/

template <class Objects
void printList( ListNode<Object> *p )
{

Print List from ListNode p onwards; assume friendship granted.

while( true )
{
if( p == NULL )
return;

cout << p->element << endl;
P = p->next;
}
}
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pecajn3anuda Ha OIMAINKH YPE€3 CIIUCBK,
peajin3anuda Ha onmalmka 4Ype3 MaCuB:

Initial State

L!lf::lt!iszv
frontbackj

After enqueue(l)

N T T Y B !?'Iﬂ]

L back

front

After enqueue(3)

/Hf! [ [ [ 1 ] I%HT
| back front7

After dequeue, Which Returns 2

[lllf! [ T T T | 12141/

! back

front

After dequeue, Which Returns 4

lLf!ff L1 T ] 12147/

Eront back




Afrer dequeue, Which Returns 1

ENE IREENER

back \

After dequeue, Which Returns 3
and Makes the Queue Empty

\D\f\ﬂ\ L1 | \Z\ﬂ

/**
* Construct the queue.
*/
template <class Object>
Queue<Object>::Queue( int capacity ) : theArray( capacity )

AeKJapamusa Ha {

KJac — makeEmpty( );

omnaIika . }

(peanm3zanus /i

npes * Make the queue logically empty.
MAaCHB ) */

template <class Object>
void Queue<Object>: :makeEmpty( )

{
currentSize = 0;
front = 0;
back = -1;



peajiu3anusi HAa METOAHM HA onamKa (mpe3 Macus) :

/**
* Construct the queue.
*/
template <class Object>
— Queue<Object>::Queue( int capacity ) : theArray( capacity )
{
makeEmpty( ):
}
/-k*
* Make the queue logically empty.
*/

template <class Object>

— ~ void Queue<Object>: :makeEmpty( )

{
currentSize = 0;
front = 0;
back = -1;



peajiu3anusi HAa METOAHM HA onamKa (mpe3 Macus) :

/-k*
* Tnsert x into the queue.
* Throw Overflow if the queue is full.
*/
template <class Object>
— void Queue<Object>::enqueue( const Object & x )
{
if( isFull( ) )
throw Overflow( );
increment( back );
theArray[ back ] = x;
currentSize++;

}
[

% Internal method to increment x with wraparound.
*/
- template <class Object>
void Queue<Object>::increment( int & x )
{

if( ++x == theArray.size( ) )
x =0;



o
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peajiu3anusi HAa METOAHM HA onamKa (mpe3 Macus) :

/** |
% Return and remove the Teast recently inserted item from the queu
# Throw Underflow if the queue is empty.
*/

template <class Object>

——)  (bject Queue<Object>::dequeue( )

{
if( isEmpty( ) )
throw Underflow( );

currentSize--;

Object frontItem = theArray[ front |;
increment( front );

return frontItem;



H3I0J3BaHEe HA OIIAIIIKH:

*B peajiu3auus Ha rpadu;

*OMANIKH 321a4H HANP. KbM NPHHTEP;
eonmamku 3a1a4u KoM file server;
*OMANIKH OT 3asiIBKH 32 00CJIy’KBaHe;
*OIAIIKH OT KJIMEHTH;

eomaIIKu ot cro0menus B Windows;



-Generalization of the simpler notion of an ordinary array with direct addressing (time of O(1) )

Direct addressing is applicable when 1 position € -1 key

- instead of using key as an index into the array directly, the index can be computed from the key

DIRECT-ADDRESS TABLES - basic idea

When the universe ‘U’ of keys is reasonably small;

To represent a dynamic set of data we use an array (direct-address table : T(0... m-1) ) in which
each position (slot) corresponds to a key in U. Keys are stored with the s Ite data. Operations
should run for O(1)ti

Tt vr G OO LUULEY

satellite data

Implementing a d
U=1{01,...,9) g a dynamic set by a direct-addres

s table 7. Each key in th
corresponds to an index in the table, The set K = {2,3,5, g} of aztllll:l“:er)s'ts:

m the table that contain
i pointers to elements. The other slots, heavily shaded,



-When U is too large and the set of used keys (K) is smaller, we have to waste time & memory
Is better to use not direct-addressable table , but a hash with time O(1) again.

-Use of hash function h(k) to compute the slot from the key ‘k’ (before element with key k
had been stored in slot k)

- ‘h’ maps U keys into the slots of a hash table T[0... m-1]

h(kl)
hiks)

hiky) = h(ks)
h(ks)

m-1

same slot, so they collide.
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B Collision resolution by chaining. Eac)i hash-table slot 7'[ j] dontains a linked list of all
the keys whose hash value is j. For example, ii(ky) = h(ky) and h(ks) = h(kz) = h(k7).



How to find a_good hash function?

Uniform hashing
for example if keys are random real numbers ‘k’ independently and uniformly distributed
in the range 0<= k <=1, the hash function:

h(k) =Lkm |

Is a simple uniform hash function (‘m” is number of slots in ‘T’)

The selection of the hash function depends of used data.

Example:
compiler’s symbol table for storing identifiers from the program. Closely related symbols like
pt and pts may occur frequently . A good hash function would minimize the chance that such
variant hash to the same slot



Gives good resultz
of keys.

*Hash function is created by taking the remainder of °‘k’ divided by ‘m’:

h(k) = k mod m

Example 1: let the hash table has size of M = 12 (we have chosen divider ‘m’)
the current key is: k =100
so: h(k) = 4

Some VBlues of ‘m’ must be avoided — ‘m’ should not be a power of 2
ifm=2 , h(Kk) will be just the low order p-bits of k. They probably will be
same for most of the time.

Example 2: having hash table with n=2000 strings; we want:
it’s satisfactory to look up to 3 elements in collision, so let the hash table be of size m = 701
(701 is near to 2000/3; not a power of 2)
hash function for this may be:

h(k) = k mod 701



«2 steps are to be executed:
*Multiply the key ‘k’ by a constant A in range 0 <A <1 and extract the fractional part of ‘kA’

*Then multiply this value by ‘m’ and take the floor of the result
In short the hash function is:

h(k) = lm (kAmod 1)

Where kA mod 1 means the fractional part of KA: kA - LkA]

*Now m may be power of 2 (m=2 " , where ‘p’ is some integer)
*Suppose w —word size;

‘K’ fits into single word

‘A’may be =s/2 , where °s’is integer in the range 0 <s <2

w

The following chart describes the process:



~——— extract p bits

The multiplication method of hashing. The w-bit representation of the key k is multi-

plived by the w-bit value s = A - 2. The p highest-order bits of the lower w-bit half of the product

form the desired hash value A (k).

*Different ‘A’ works differently. The optimal choice depends on the characteristics of the data
being hashed. Knuth suggests that:
A around 0.6180339887... and is likely to work reasonably well

Example: let k=123456, p=14, m= 214 = 16384 and w =3322.
‘A’ is chosen to be fraction of the form s/2 , that is closest to 0391803398.. , S0 that
A= 2654435769/2%° . Then k*s = 327706022297664 = 76300 * 2 + 17612864
so r1 = 76300 and ro = 17612864. The 14 most significant bits of r0 yield the value of h(k) =67



sUniversal hashing — when hash function is chosen randomly in a way that is independent of the keys that are
actually going to be stored. Then will be impossible to chain all data into 1 slot
*Usually a collection of functions must be ready and ‘universal hashing ¢ means to choose one of them at random

Open addressing

*All elements are stored in the hash table itself (the key ‘K’ is identical to the element for key °k’)
*No lists, no elements are outside the table, no chaining

*No pointers are used. Instead we examine sequence of slots

*The table includes slots or empty elements

1. Open add reSSing — linear probing (successively examining)

*Given an ordinary hash function h’: U = {0,1,...m-1} which we refer to as an auxiliary hash function,
the method uses the hash function:
h(k,i) = (h’(k) + i) mod m
fori=0,1,2,..., m-1
There are only ‘m’ distinct probe sequences.
Linear probing is easy to implement, but suffers from primary clustering — needs long runs on occupied slots



*Uses hash function:
h(k,i) = (W’(k) + c i +c,i*) mod m
where h’ is auxiliary hash function; ¢, and c,are auxiliary constants; i =0,1,...m-1
*Works with jumps, depending of i and ‘¢’
*\Works better than linear probing, but empty slots exists
*If 2 keys have the same initial probe position, there probe sequence are the same (secondary clustering)



*The best method between open-addressing methods — near too the randomly chosen permutations
*Uses a hash function:

h(k,i) = (hl(k) + ihz(k)) mod m
Where h, and h, are auxiliary hash functions

* h, (k) must be relatively prime to the hash table size ‘m’ for the entire hash table to be searched
*Usually ‘m’ is a power of 2 and h, is designed to always produce an odd number. Or:
‘m’ be prime and
hy (k) =k mod m
h,(k) =1 + (k mod m’)
where m’ is slightly less than m (for example m-1).

Example: k= 123456;
m=701; m’=700 > h, (k) =80
h, (k) = 257
so the first probe is to position 80 and then every
g5 7th slot (modulo m) is examined until the key is found,
or every slot is examined
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Insertion by double hashing. Here we have a hash table of size 13 with hi (k) =
k mod 13 and hp (k) = 1 + (k mod 11). Since 14 = 1 (mod 13) and 14 = 3 (mod 11), the key 14
is inserted into empty slot 9, after slots 1 and 5 are examined and found to be occupied.



Perfect hashing

. Hashing can be used to obtain worst-case performance when the set of keys is static — stored
once into a table and never changed. Example — the set of reserved words in a programming
language, or set of file names on a CD-ROM. We call perfect hashing if the worst-case number
of memory accesses required to perform a search is O(1)

. The basic idea of perfect hashing is to use a 2-levels hashing scheme with universal hashing at
each level:



D1 2 3 4 & 7 8§ 9 10 11 12 13 14 15

Using perfect hashing to store the set K = {10, 22, 37, 40, 52, 60, 70, 72, 75}. The
outer hash function is A(k) = ((ak + b) mod p) mod m, where a = 3, b = 42, p = 101, and
m = 9. For example, h(75) = 2, so key 75 hashes to slot 2 of table 7. A secondary hash table S j
stores all keys hashing to slot j. The size of hash table S; is m ;, and the associated hash function
ishj(k) = ((ajk + bj) mod p) mod m . Since hy(75) = 7, key 75 is stored in slot 7 of secondary
hash table S,. There are no collisions in any of the secondary hash tables, and so searching takes
constant time in the worst case.

*The first level is the same as for hashing with chaining: n keys are hashed into m slots using hash
function h from a family of universal hash functions.

Instead of making a list of the keys hashing to slot j, we use a small secondary hash table Sj
With an associated hash functions hj and no collisions at the secondary level (the size m of Sj
must be not exceedingly big



