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General Array
I/ a set of pairs <index, value> where for each value of
/[ index in IndexSet there Is a value of type . IndexSet is
/[ a finite ordered set of one or more dimensions.

GeneralArray( ], RangeList list, InitValue =
defaultValue);



Retrieve(index 1);
Il (1I€IndexSet) the float associated with 1 in the
/I array; throw an exception.

Store(index I, X);
Il (iI€IndexSet) replace the old value associated with |
I/ by X; throw an exception.

; //lend of GeneralArray
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ADT Polynomial

Polynomial

Il p(X)=a,x%+,...,+ a x®" ; a set of ordered pairs of <e;, a;>,

/I where a; IS a nonzero coefficient and e; Is a
// non-negative exponent

Polynomial ();
// Construct the polynomial p(x)=0
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AddTerm (Exponent e, Coefficient c);
// add the term <e,c>to * , so that it can be initialized

Polynomial Add (Polynomial poly);
// return the sum of the polynomials *  and poly

Polynomial Mult (Polynomial poly);
// return the product of the polynomials * and poly

Eval ( f);
/[ evaluate polynomial * at f and return the result



Polynomial Representation
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degree; // degree = MaxDegree
coef[MaxDegree+1];
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<< D

degree;
*coef;

Polynomial::Polynomial(  d)

degree=d;
coef= [degree+1];
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Polynomial; // forward declaration
Term
Polynomial;

coef; // coefficient
exp; /[ exponent

Polynomial

Term *termArray;
capacity; // size of termArray
terms; // number of nonzero terms
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A()

Polynomial Addition
3 C=A+B.

B( )

C().
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1 Polynomial Polynomial::Add (Polynomial b)

2 [/ return the sum of the polynomials*  and b.

3 Polynomial c;

4 aPos=0, bPos=0;

5 (( aPos < terms) && (b < b.terms))

6 (termArray[aPos].exp==Db.termArray[bPos].exp)

7 t = termArray[aPos].coef + termArray[bPos].coef

8 (t)

9 c.NewTerm (t, termArray[aPos].exp);

10 aPos++; bPos++;

11

12 (termArray[aPos].exp < b.termArray[bPos].exp)

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

14 bPos++;

=
o1



15

16  c.NewTerm (termArray[aPos].coef, termArray[aPos].exp);
17 aPos++;

18

19 // add in the remaining terms of *

20 (; aPos < terms; aPos++ )

21  c.NewTerm(termArray[aPos].coef, termArray[aPos].exp );
22 [/ add In the remaining terms of b

23 (; bPos < b.terms; bPos++)

24 c.NewTerm(b.termArray[bPos].coef, b.termArray[bPos].exp);
25 C;
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Polynomial::NewTerm( theCoeff,
theExp)
// add a new term to the end of termArray:.

(terms == capacity)
// double capacity of termArray

capacity *= 2;

term *temp = term[capacity]; // new array
copy(termArray, termAarry + terms, temp);

[ ] termArray; // deallocate old memory

termArray = temp;

termArray[terms].coef = theCoeff;
termArray| ++].exp = theExp;



Analysis of Add:

e 3 4 (1)

1,
< + -1

(1)
20 ()

23---



Analysis of doubling capacity:
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Sparse Matrices

Introduction
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SparseMatrix
// a set of <row, column, value>, where row, column are
// non-negative integers and form a unigue combination;
/[ value is also an integer.

SparseMatrix( r, ¢, 1);
/[ creates a rxc SparseMatrix with a capacity of t nonzero
/[ terms
SparseMatrix Transpose ( );

// return the SparseMatrix obtained by transposing *
SparseMatrix Add ( SparseMatrix b);
SparseMatrix Multiply ( SparseMatrix b);



Sparse Matrix Representation

SparseMatrix;
MatrixTerm
SparseMatrix;

row, col, value;
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A SparseMatrix:

rows, cols, terms, capacity;
MatrixTerm *smArray;
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Transpose:

F .2.3()

Transposing a Matrix
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Improvement:
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1 SparseMatrix SparseMatrix:: Transpose ()
2 /[ return the transpose of *
3 SparseMatrix b(cols, rows, terms);

4 (terms > 0)
5 /[nonzero matrix
6 currentB = 0;



10
11
12
13
14
15
16
17
18

( ¢=0; c<cols; c++) // transpose by columns
( 1=0; i<terms; i++)
// find and move terms in column ¢
( smArray[i].col ==c¢)

b.smArray[CurrentB].row = c;
b.smArray[CurrentB].col = smArray[i].row;
b.smArray[CurrentB++].value= smArray[i].value;

// end of (terms > 0)
b;






J=0;J < columns;j++)

(

1=0; i <rows; i++) B[j][i] = A[i][i];
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1 SparseMatrix SparseMatrix::FastTranspos ()

2 /] return the transpose of * In O(terms+cols) time.,
3 SparseMatrix b(cols, rows, terms);

4 (terms > 0)

5  // nonzero matrix

6 *rowSize = [cols];

7 *rowStart = [cols];

8 [/ compute rowSize[i] = number of terms in row i of b
9 fill(rowSize, rowSize + cols, 0); // initialze

10 (i=0; i<terms; i++ ) rowSize[smArray[i].col]++;



11 // rowStart[i] = starting position of row 1 in b

12
13
14
15
16
17
18
19
20
21

rowsStart[0] = O;
(i=1;i<cols;i++) rowStart[i]=rowStart[i-1]+rowSize[i-1];
(1I=0; I<terms; i++)
// copy from *thisto b
J = rowStart[smArray[i].col];
b.smArray[j].row = smArray[i].col;
b.smArray[j].col = smArray/[i].row;
b.smArray[j].value = smArray[i].value;

rowStart[smArray[i].col]++;
// end of
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[ ] rowSize;
[ ] rowStart;

// end of
b;
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Analysis:
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Exercises: P107-1, 2, 4
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The String Abstract data Type

AD 2.5
String
/[ a finite set of zero or more characters;

String ( *Init, m);
/[ Initialize *  to string init of length m
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== (String t );

Iif* equals t, return else
()5
Iif> IS empty return else
Length ();

// return the number of chars in *
String Concat (String t);
String Substr (1, )E
Find (String pat);
// return 1 such that pat matches the substring of *  that
// begins at position i. Return —1 if pat is either empty or not
// a substring of *



Assume the String class Is represented by:

* str;
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String Pattern Matching: A Simple

Algorithm

s+

T G
Pat —— i

' ' Go Back!
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== 0)
/1

++)

++)
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String Pattern Matching: The Knuth-Morris-Pratt
Algorithm

a d e ca
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Basic ldeas:
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An concrete example:

|
s:...abdab’.IP
=
pat = abdab cacab
t

J=5
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An concrete example:

S=. .

pat =

!
.abdab’.l>
|
|

7’
7
7
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7’
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abd/abclzacab

T
=5
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For example, pat=abcabcacab, we have

j 0 2 3 4 5 6 7

pat a b ¢ a b ¢ a oc

f -1 -1 -1 1 2 -1
Note:

 largest : no match be missed
ek<j: avolid dead loop
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1  String::FastFind (String pat)

2 [/ Determine if pat Is a substring of s

3 PosP =0, PosS =0;

4 LengthP= pat.Length( ), LengthS= Length( );
5 ((PosP < LengthP) && (PosS < LengthS))
6 ( pat.str[PosP] == str[PosS] ) // characters match
{ PosP ++; PosS ++;

8

9

10 ( PosP==0)

11 PosS++;

12 PosP= pat.f [PosP-1] + 1;

13 ((PosP < LengthP) || LengthP==0)) -1;
14 PosS - LengthP ;

15 }



Analysis of FastFind:
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(0)=1, (1),
X X
pat — A a — A b
\ r A 1
Y Y171
Yy Yy
f(-1) -1 ]

b

()=(-D+1
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X X
A A
pat [/ C a [ \ b
Z Z Z Z
f(-1) f(-1) -1 )
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Analysis of fail:
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