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The Array as an Abstract Data Type

· Array

· A collection of data of the same type

· An array is usually implemented as a consecutive set of memory locations

· int list[5], *plist[5]

Variable

Memory Address

list[0]

base address= b

list[1]

b+sizeof(int)

list[2]

b+2*sizeof(int)

list[3]

b+3*sizeof(int)

list[4]

b+4*sizeof(int)
· ADT definition 

· More general structure than "a consecutive set of memory locations."

Abstract Data Type Array

Class GeneralArray{

//objects: A set of pairs <index, value> where for each value of index there //is a value from the set item. Index is a finite ordered set of one or more //dimensions, for example,

 {0, ..., n-1} for one dimension, 

{(0, 0), (0, 1), (0, 2), (1, 0), (1, 1), (1, 2), (2, 0), (2, 1), (2, 2)} for two dimensions, etc.

Public:
  GeneralArray(int j, RangeList list,float initValue=defaultValue);

//The constructor creates a j dimensional array;

//the range of the kth dimension is given by the kth element of list;

//for each i in the index set, insert <i, initValue> into the array.

  float Retrieve(index i);

// if ((i in index) return the item associated with index value i in array 




      else return error

Void Store(i, float x);

// if (i in index) insert the new pair <i, x> 




      else return error.

};//end of GeneralArray

The Polynomial Abstract Data Type

· Examples of polynomials
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· Sum and product of polynomials

· Let A(x)=aixi and B(x)= bixi
· Sum




A(x)+ B(x)=  (ai + bi)xi
· Product




A(x)*B(x)=  (aixi *  (bjxj))

· Define the abstract data type Polynomial

Abstract Data Type Polynomial

class Polynomial{ 
  //objects: p(x)= a0xe0+ . . . +anxen; a set of ordered pairs of <ei, ai> where ai in Coefficients and ei in Exponents, ei are integers >= 0
Public:
    Polynomial();


// return the polynomial p(x)= 0

  int operator!();


//if *this is the Zero polynomial, return 1





     else return 0

  Coefficient Coef(Exponent e);


//return its coefficient of e in *this
  Exponent LeadExp();


//return the largest exponent in *this

Polynomial Add(Polynomial poly);


// return the polynomial *this and poly

  Polynomial Mult(Polynomial poly);


// return the polynomial *this*poly

};//end Polynomial

The Representations of Polynomials

· representation 1, 

private:


int degree; //degree <= MaxDegree


float coef[MaxDegree+1];

Let A(x)=aixi, then  

a.degree= n, 

a.coef[i]=an-i, ,0<= i<= n

· Advantages

· Simply algorithms for most operations(+, -, *, /)

· Disadvantages

· Waste spaces if a.degree << MaxDegree
The Representations of Polynomials(Cont.)

· Representation 2, to avoid the waste of spaces, let its size is a.degree + 1

private:


int degree; //degree <= MaxDegree


float *coef;

polynomial:: polynomial(int d)

{

degree= d, 

coef=new float[degree+1];

}

· Disadvantages

· Waste spaces if have many zero terms, ex. X1000+ 1
The Representations of Polynomials(Cont.)

· Representation 3, termArray

Class polynomial;

Class term{

Friend polynomial;

private:


int exp


float coef;


}

polynomial:: polynomial(int d)

private:

static term termArray[MaxTerms];// MaxTerms is a constant.

// termArray[MaxTerms] shared by all polynomial objects.

static int free;

int start, finish;

A.start
  A.finish
B.start        B.finish  
free
coef
2    
1
1
 10
 3
1

exp
1000
    0
4
 3
 2
0



0
    1
2
 3
 4
5
     6

· Advantages

· Save space when polynomial is sparse

· Disadvantages

· Waste twice space when all terms are nonzero

Program: Function to add two polynomials

· Polynomial C = A + B, assumed Representation 3.

· The term of Polynomial C starting at the position free

Polynomial  Polynomial::Add(polynomial B)
{/* return the sum of A(x)(in *this) and B(x) */

  polynomial C; int a=start; int b=B.start; C.start=free; float c;

while((a<=finish)&&(b<=B.finish))

switch(compare(termArray[a].exp,termArray[b].exp)){

case ‘=’:

c= termArray[a].coef+ termArray[b].coef

if(c) NewTerm(c, termArray[a].exp)

a++;b++;

break;

case ‘<’:

NewTerm(termArray[b].coef, termArray[b].exp);

 b++;

break;

case ‘>’:

NewTerm(termArray[a].coef, termArray[a].exp);

 a++;

}//end of while

  /* add in remaining terms of A(x)
*/

for(;a<= Finish; a++)

  NewTerm(termArray[a].coef, termArray[a].exp);

  /* add in remaining terms of B(x)
*/

for(;b<= B.Finish; b++) 

NewTerm(termArray[b].coef, termArray[b].exp);

C.Finish = free-1;

Return C;

}//end of add()


void Polynomial::NewTerm(float c, int e)

//Add a new term to C(x).

{

 if(free >=MaxTerms){

cerr<< “Too many terms”<< endl;

exit(1);

}

termArray[free].coef=c;

termArray[free].exp=e;

free++;

}//end

Analysis of Add()

· O(n+m)

· the number of iteration is bounded by m+n-1
   -m: number of nonzero terms in A

   -n: number of nonzero terms in B

· Worst case occurs

 

A(x)=  x2i  and B(x)=  x2i+1, i = 0 ~ n

The Sparse Matrix Abstract Data Type

· Matrix

· Examples of matrix

· Sparse matrix

· Many zero items

· Representation of matrix

· A[][], standard representation

· Sparse matrix, store non-zero item only

col 0 
col 1  
col 2
row 0
 -27  
3
      4

row 1
  6
     82
     -2

row 2
 109  
-64
     11

row 3
  12  
8
      9

row 4  48
     27    
47

col 0
col 1
col 2
col 3
col 4
col 5
row 0
15
0
0
22
0
-15

row 1
0
11
3
0
0
0

row 2
0
0
0
-6
0
0

row 3
0
0
0
0
0
0

row 4
91
0
0
0
0
0

row 5
0
0
28
0
0
0

Abstract Data Type Sparse Matrix

class SparseMatrix

{
//objects: a set of triples, <row, column, value>, where row and column are integers and

// form a unique combination, and value comes from the set item.

public:

  SparseMatrix(int MaxRow, int MaxCol);

//create a SparseMatrix that can hold up to
MaxItems= MaxRow*MaxCol and whose //maximum row size is MaxRow
and whose maximum column size is MaxCol

  SparseMatrix Transpose();

// return the matrix produced by interchanging the row and column value of every triple.

  SparseMatrix Add(SparseMatrix b);

//if the dimensions of a(*this) and b are the same, return the matrix produced by adding //corresponding items, namely those with identical row and column values. else return //error.

  SparseMatrix Multiply(a, b);

//if number of columns in a equals number of rows in b return the matrix d produced by //multiplying a by b according to the formula: d[i][j]= Sum(a[i][k](b[k][j]), where d(i, j) is the (i, j)th element, k=0 ~ ((columns of a) –1) else return error.

Representation of Sparse Matrix


class SparseMatrix;

class MatrixTerm {


  friend class SparseMatrix 

      private:
int col, row, value;



};

private:


int col, row,Terms;

MatrixTerm smArray[MaxTerms];

Note: triples are ordered by row and within rows by columns
Representation of Sparse Matrix


col0    col1   col2    col3   col4    col5
row0
15       0     0      22     0      -15

row1
0       11     3       0     0       0

row2
0        0     0      -6     0       0

row3
0        0     0       0     0       0

row4
91       0     0       0     0       0

row5
0        0     28      0     0       0


row
col
value
smArray[0] 
0
0
15


smArray[1] 
0
3
22

smArray[2] 
0
5
-15

smArray[3] 
1
1
11

smArray[4] 
1
2
3

smArray[5] 
2
3
-6

smArray[6] 
4
0
91

smArray[7] 
5
2
28

Transposing a Matrix

· Transpose a matrix, [i][j] ( [j][i]
for(j=0; j< columns; j++)

  
for(i=0; i< rows; i++)


     b[j][i]= a[i][j];

· O(columns*rows)

· For the sparse matrix

for (all elements in column j)
  place element <i, j, value> in element < j, i, value>;

- O(columns*terms) /*program 2.10, page 91 */

· Analysis of complexity 
  - When terms=rows*columns, 

worse case: O(columns*terms)= O(rows*columns2) 
  - A better approach 

FastTranspose( ); O(terms + columns), worse case: O(rows*columns)
/* program 2.11, page 93 */

Transposing a Sparse Matrix

row
col
value
a[1]
0
0
15


a[2]
0
3
22

a[3]
0
5
-15

a[4]
1
1
11

a[5]
1
2
3

a[6]
2
3
-6

a[7]
4
0
91

a[8]
5
2
28 


row
col
value
b[1]
0
0
15


b[2]
0
4
91

b[3]
1
1
11

b[4]
2
1
3

b[5]
2
5
28

b[6]
3
0
22

b[7]
3
2
-6

b[8]
5
0
-15 

Matrix Multiplication

· Definition

· Given A and B where A is mxn and B is nxp, the product Result has dimension mxp. Its <i, j> element is:
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   for 0<= i <=m, 0<= j <p.
Program : Sparse Matrix Multiplication

· For sparse matrix

· See program 2.12 and 2.13, page 95 
· Analysis of Multiply
· Before the first for loop, O(B.cols + B.Terms)

· [image: image2.wmf](
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For i and j loop

· For classic algorithm

/* program , page 97 */
· O(A.rows*A.cols*B.cols)

· Notes

· In worst case, A.terms=A.rows*A.cols or B.terms= A.cols*B.rows, so O(B.cols*A.terms + A.rows*B.terms) = O(A.rows*A.cols*B.cols). Multiply( ) of sparse matrix is slower by a constant factor.

The Representation of Multidimensional Arrays

· One dimension /* figure 2.5, page 101 */
· Address of an any entry A[i]= base+i*sizeof(type A[])

· Two dimension, A[Max1][Max2] /* figure 2.6, page 102 */
· Address of A[i][j]= base+ i*Max2+ j

· Three dimension, A[M1][M2][M3] /* figure 2.7, page 103 */
· Address of A[i][j][k]= base+ i*M1*M2+ j*M3+k

The Representation of Multidimensional Arrays

· N-dimension, A[M0][M2].  .  .[Mn-1]

· Address of any entry A[i0][i1]...[in-1]
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Abstract Data Type String

Class String

{

 //objects: a finite set of zero or more characters.

 public:

String (char *init, int m);

//Constructor that initializes *this to string init of length is m. 

int operator==(string t);

// if the string represented by *this equal string t return 1(true)

       else return 0(false)

int operator!();

// if *this is empty then return 1(TRUE); else return 0 (FALSE).

int Length();

//return the number of characters in *this. 

String Concat(String t);

//return a string whose elements are those of *this followed by those of t.

String Substr(int i, int j);

//return the string containing j characters of *this at positions i, i+1, ..., i+j-1,

//if these are valid positions of *this; else return empty string.

int Find(String pat);

//return an index i such that pat matches the substring of *this that begins at 

//position i. Return –1 if pat is either empty or not a substring of *this.

};
Pattern Matching

· Given two strings, string and pat, where pat is a pattern to be searched for in string

· The easiest method 

· /* program 2.14, page 106 */
· O(LengthP*LengthS )

The Optimal Algorithm for Pattern Matching

· Linear complexity

· By Knuth, Morris, and Pratt

· Strategy

· If a mismatch occurs, use 

· our knowledge of the characters in the pattern and 

· the position in the pattern where the mismatch occurred to determine where we should continue the search

string= . . . a b c a ? ?  .  .  . ?
    pat= . . . a b c a b c a c a b

The Failure Function

· Definition

· If p= p0p1. . .pn-1 is a pattern, then its failure function, f, is defined as:


f(j)= largest i< j such that p0p1. . .pi= pj-ipj-i+1. . .pj, if such a i>= 0 exists

    = -1, otherwise

· Example

j 
0   1   2  3  4  5  6  7  8  9
pat 
a   b   c  a  b  c  a  c  a  b

   f    -1  -1  -1  0  1  2  3  -1  0  1

Rule for Optimal Pattern Matching

· If a partial match is found such that si-j. . .si-1=p0p1. . .pj-1 and si<>pj then matching may be resumed by comparing si and pf(j-1)+1 if  j<>0. If j= 0, continue by comparing si+1 and p0

· Example 如上
Example of Optimal Pattern Matching

j 
0   1   2  3  4  5  6  7  8  9
pat 
a   b   c  a  b  c  a  c  a  b

 f     -1  -1  -1  0  1  2  3  -1  0  1

str        c b a b c a a b c a b c a b c a c a b
Knuth, Morris, Pratt pattern matching algorithm

· The FastFind( ) algorithm

· /* program 2.15, page 108 */
· O(LengthS )

· The fail( ) algorithm

· /* program 2.16, page 109 */
· O(LengthP )
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