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structure Natural —_Number is

objects: an ordered subrange of the integers starting at zero and ending at the
maximum integer (/INT-MAX) on the computer

functions:

for all x, y € Nat—_Number, TRUE, FALSE € Boolean
and where +, —, <, and == are the usual integer operations

Nat_No Zero( ) =
Boolean 1s—_Zero(x) L=

Nat_No Add(x, v) s
Boolean Equal(x, y) =
Nat—No Successor(x) =

Nat—No Subtract(x, y) e

end Natural —_Number

0

if (x) return FALSE

else return TRUE

if (x + y) <= INT_-MAX) return x + y
else return INT_-MAX

if (x == y) return TRUE
else return FALSE

if (x == INT-MAX) return x
else return x + |

if (x < y) return 0

else return x — y

Structure 1.1: Abstract data type Natural —Number
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BLIUEt. strcpy (person.name, " james") ;
char name([10];
int age; person.age = 10;
float salary; person.salary = 35000;
} person;

q;faJU;w‘dﬂo>h>t;3¢ﬂ\j\O[§L50J5> =

human_being ali, hasan,

typedef struct human-being ({ or typedef struct {

char name[10]; char name[10];

int age; int age;
float salary; float salary;
] } human-being;

b syt
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enum kind {stu,emp}; person ali,hasan;
typedef struct person {
kind flag; ali.flag= stu;
union { Ali.no.stuno=13245346753;
int empno;
long int stuno; hasan.flag=emp;
} no; hasan.no.empno=14353;
bi

ST
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structure Array is
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.
functions:
for all A € Array, i € index, x € item, j, size € integer

Array Create(j, list)  ::=  return an array of j dimensions where list
Is a j-tuple whose ith element is the the size of
the ith dimension. [tems are undefined.
ftem Retrieve(A, i) ::=  if (i € index) return the item associated
with index value i in array A
else return error
Array Store(A,i.x) = if (i in index)
return an array that is identical to array
A except the new pair <i, x> has been
inserted else return error.

end Array

S xo 0010 £g3 &K Ulgas 4
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Ordered (linear) list: (item1, item2, item3, ..., itemn)
Jls

(Sunday, Monday, Tuesday, Wednesday, Thursday, Friday,
Saturday)

(Ace, 2,3,4,5,6,7,8,9, 10, Jack, Queen, King)
(1941, 1942, 1943, 1944, 1945)
(al, a2, a3, ..., an-1, an)

B
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structure Polynomial is
objects: p(x) = a;x°'

+ - +a,x; a set of ordered pairs of <e;, a;> where a; in

Coefficients and e; in Exponents, e; are integers >= 0

functions:
for all poly, polyl, poly2 € Polynomial, coef €

Polynomial Zero()

Boolean 1sZero(poly)
Coefficient Coef(poly,expon)
Exponent Lead —Exp(poly)

Polynomial Attach(poly, coef, expon)

Polynomial Remove(poly, expon)

Polynomial SingleMult(poly, coef, expon)
Polynomial Add(polyl, poly?2)

Polynomial Mult(polyl, poly2)

end Polynomial

Coefficients, expon € Exponents

;=  return the polynomial,

px)=0

= if (poly) return FALSE

else return TRUE

= if (expon € poly) return its

coefficient else return zero

=  return the largest exponent in

poly

= if (expon € poly) return error

else return the polynomial poly
with the term <coef, expon>
inserted

w=  if (expon € poly)

return the polynomial poly with
the term whose exponent is
expon deleted

else return error

;== return the polynomial

expon

poly - coef - x

2=  return the polynomial

polyl + poly?2

::=  return the polynomial

polyl - poly2

Sl o> > & om0 (Sl 0010 £4o0
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A(X) = 3x?%+2x°+4 and B(x) = x*+10x3+3x%+1
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A(X) + B(x) = Z(ai + bi)xi
A(X) - B(x) = Z(aixi - Z(bjxj))
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» Representation |
a.degree=n
a.coef[i]=a,, //coefficient

Sghodall e,y dsi s sl s

#define MAX _degree 101 —
[*MAX degree of polynomial+1*/ _‘

typedef struct{

Int degree;

float coef [MAX degree];
}polynomial;

Drawback: The first
representation may
waste space.

S do> > O o (Sl 020 £43
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» Representation |1
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<

Class polynomial{

private:
Int degree;
float *coef;};

Polynomial::polynomial( int d)
{

degree=d;

coef=new float[degree+1]

¥

Drawback: X1000+1 in
this
representation
has 2 nonzero
term

S do> > O o (Sl 020 £43
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= Representation 11
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oS 3 g 015 el ) o bl L
#define MAX_TERMS 100
[*size of terms array™/
typedef struct{
float coef;
Int expon;
}polynomial;

polynomial terms [MAX_TERMS];
Int avail = 0;

S do> > O o (Sl 020 £43
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storage requirements: start, finish, 2*(finish-start+1)

representation specification

A(X) = 2x2000+]  <start, finish> poly
<0,1> A
<2.5> B

finishb avail
l d

1
2 0
5
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void padd(int starta,int finisha,int startb, int finishb,
int *startd, int *finishd)
{
/* add A(x) and B(x) to obtain D(x) */
float coefficient;
*startd = avail;
while (starta <= finisha && startb <= finishb)
switch (COMPARE (terms [starta]l .expon,
terms [startb] .expon)) {
case -1: /* a expon < b expon */
attach(terms[startb] .coef, terms[startb] .expon)

startb++;
break;

case 0: /* equal exponents */
coefficient = terms[starta].coef +

terms[startb] .coef;
if (coefficient)
attach(coefficient, terms[starta]l .expon) ;
starta++;
startb++;
break;
case 1l: /* a expon > b expon */
attach(terms[starta] .coef, terms[starta] .expon)
starta++;
}
/* add in remaining terms of A(x) */
for(; starta <= finisha; starta++)
attach(terms([starta] .coef, terms[starta] .expon) ;
/* add in remaining terms of B(x) */
for( ; startb <= finishb; startb++)
attach(terms([startb] .coef, terms[startb].expon);
*finishd = avail-1;

QJJSCCU&.
‘) B jA LS‘ AL»:-
@\,Du@@?

358l Cowd

D= A+B

Analysis: O(r#m)
where n(m) is the
number of nonzeros

in A (B)
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void attach(float coefficient, int exponent)

/* add a new term to the polynomial */

if (avail >= MAX_TERMS) {
fprintf (stderr,"Too many terms in the polynomial\n");

exit (1) ;
}
terms[avail] .coef = coefficient;
terms[avail++] .expon = exponent;
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row 0
row |
row 2
row 3

row 4

col0 col 1 col2

—_27 3 4 row 0
6 82 2 row 1
109 -64 11 row 2
12 8 9 row 3
48 27 47 row 4
- - row 5

5*3

(a)
15/15

col0 coll col2 col3 col4 col5

1

5
0
0
0

91

0

0

11

Q O o O

0
3
0
0
0

28

(b)

22

0 -I5
0 0
0 0
0 0
0 0
0 0

. sparse matrix
data structure?

6*6
8/36

bl e Sl
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structure Sparse—Matrix is

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.

functions:

for all a, b € Sparse—Matrix, x € item, i, j, max—col, max—row € index

Sparse—Matrix Create(max —row, max—col) ::=

Sparse—Matrix Transpose(a) ::=

Sparse_Matrix Add(a, b) ::=

Sparse—Matrix Multiply(a, b) ::=

return a Sparse—Matrix that can hold up to
max—items = max—row X max—col and whose
maximum row size is max—row and whose
maximum column size is max—col.

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

if the dimensions of a and b are the same

return the matrix produced by adding
corresponding  items, namely those with
identical row and column values.

else return error

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]=
Y(alillk]-b[k]1[j]) where d(i, j) is the (i, j)th
element

else return error.

bl g Slo
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row, column in # of nonzero terms

ascending order 2y rowé&"“m\m’)

col0 coll col2 col3 col4 col5

row0|[15 0 0 2 0 =I5 5

2 0 3 22

rowl | 0 11 3 0 0 0 [3] 0 5 -15

_ [4] 1 1 11

walo 0 0 0 0 > @ |1 L

row3 | 0 0 0 0 0 0 [6] 2 3 -6

7] 4 0 91

row4 91 0 0 0 0 0 [8] 5 o) 28
row5| 0 0 28 0 0 0 (@)

& b sl <row, col, value> gla b aw 51 ol,T & 50l o
3,8 okl bl o S

bl g Slo
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Create operation (sjlw coly *

Sparse—Matrix Create(max —row, max—col) ::=

#tdefine MAX_TERMS 101 /* maximum number of terms +1%*/
typedef struct ({

int ol
int row;
int value;
} term;
term a[MAX_TERMS] ;

bl g Slo
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row  col

value

al0]
(1]
2]
3]
[4]
[5]
[6]
[7]
(8]

n BN ==0 00N
O W — hh WO

(a)

15
22
=15
11

91
28

row col value

b[0]
[1]
(2]
[3]
[4]
[5]
(6]
(7]
(8]

8

15
91
11
3
28
22
-6
-15

DN W WD — O O
SO W —= —= O

(b)
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For each row i
take element <i, |, value> and store it in element <j, i, value> of the

transpose.

difficulty: where to put <J, 1, value>
(0,0, 15) ====> (0, 0, 15)

0322y ==—=>(3 0.27)

(0, 5, -15) ====> (5, 0, -15)

(1) ==== (1 1119

For all elements in column j,
place element <i, J, value> in element <j, 1, value>

u:,’\fa}uﬁﬂu¢wu\i\{6&>@gwomggﬁ,§ﬂ
j‘%\)\b%ﬂh&f@’WyJ;OKS'}b)b )\.@.3‘)
b S bl G1osls aelsl |y AT 3 e g oals 513 Y b s
s o3\l e ple I e s 215 gla O g 1) 035 (5 ko 4

D (80 8 (50 e Ly A
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void transpose(term a[], term b[])
/* b 1s set to the transpose of a */

{

ASSlgn int n.;i.,J:; currentb;
el e n = al0].value; /* total number of elements */
A['][J] tO B[J][l] b[0].zow = al0].col; /* zows i b = ¢olumns in & */
blR).col = a{0}.xow; /* columns in b = vows in a %/
b[0].value = n;

if (n s 0 ) { /* non zero matrix */

place element <i, |, value> In el s T
element <j, 1, value> _ for (i = 0; i < al0].col; i++)

/* transpose by the columns in a */

ZoEer o= 1g g #= #1y o 4d)
- /* find elements from the current column */
Forall columnsi  «——=1 if (alj].col == i) {
: ; [*-element 15 10 current column, add it o b */
For all elements in column | \ blcurrentb] .row = al3].col;
< bl[currentb].col = alj].row;
blcurrentb] .value = a[j].value;
tbh++;
Scan the array Seeine

“columns” times.

s }
o ==> O(columns*elements)

“elements” elements.

o3lgil § i 5951
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al0]
(1]
2]
3]
(4]
[5]
[6]
[7]
(8]

0
1
2
3

i=1 j=8

EX: A[6][6] transpose to B[6][6] afi].col =2 1=
Matrix A
Row Col Value void transpose(term al[], term b[])
6 6 ] /* b is set to the transpose of a */
{
0 0 5 inkt Tisl;J:; currenth;
0 3 % n = af[0].value; /* total number of elements */
0 5 15 b[0] .row = a[0).col; /* rows ip b = columns in a */
| | N b[0] .col = al0] .row; /* columns in b = rows in a */
Bl0]) ovalue =0z R
| 3 3 ii (o> 0 ) -{ /* non zero matrix */ Set Up I’OW&(é()[lg!lr[nt;ll
currentb = 1; In
! 3 6 for {1 = 0+ 1.z al8licols di+4+)
4 0 91 /* transpose by the columns in a */
5 9 28 tor (J-= 18 3 <= 17 J++)
/* find elements from the current column */
Matrix B # if - (alfjl.col == 1) 4
Row Col Value /* element is in current column, add it to b */
6 6 3 bleurrentbh] .row = alj] .col;
0 0 pbleurrentb] .col = alil.rows
15 b[currentb] .value = al[j].value;
0 4 91 currentb++;
1 el }

And So on...
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CL T
= O(columns*elements) vs. O(columns*rows)
= elements --> columns * rows b . bl w il By
O(columns?*rows)
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>S5 14 O(columns + elements)
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—..| RowStart[i-1]+RowsSize[i-1] |, Rowstart[i] =

[0] [1] [2] [3] [4] [5]

row_terms 22 )
starting pos=1 3 4 6 8 8

row col value row col value

al0] 6 6 8 b[0] 6 6 8
[1] 0 0 15 [1] 0 0 15
[2] 0 3 22 [2] 0 4 91
[3] 0 5 -15 [3] 1 1 11
(4] 1 1 11 4] 2 1 3
[5] 1 2 3 [5] 2 5 28
[6] 2 3 -6 [6] 3 0 22
(71 4 0 91 (7] 3 2 -6
[8] 5 2 5 0 -15

28 transpose (8]
g (b)

&y 00lgl 5 s 5o
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rowte)rms @ @ @ 0 0O @ #col = 6

#term = 6
Matrix A starting=pos-=1--3-"-4-=-6" -8
Row Col Value void fast_transpose(term a[], term b[])
a[0] 8 {
/* the transpose of a is placed in b */
[l] [5 ' int row—terms[MAX_COL], starting-—pos[MAX_COL];
2] 72 int i,3j, num—cols = a[0].col, num-terms = a[0].value;
b[0] .row = num-cols; Db[0].col = a[0].row;
3] -15 b[0].value = num—terms;
4] 11 # if (num__terms > 0) { /* nonzero matrix */

3 for (1 = 0; i < num—cols; i++)
row_terms[l] = 0;
-6 for (i = 1; i <= num—terms; i++)

91 row_terms[a[1] col]++;
startlngwpos[OJ = g

5]
[6]
[7]
8]

DN B == OO O
0o [OO |2 [D9 |[— [ [ (O[O

28 for (1 = 1; 1 < num—cols; i++)
starting-pos([i] =
starting-pos[i-1] + row—terms([i-1];

for (1 = 1; i <= num—terms; i++) {
j = starting-pos(ali].col]++;
b[j]l.row = a[i].col; bl(jl.col = al[i].row;

b[j].value = al[i].value;

gt
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0]
1]
2]
3]
4]
5]
(6]
[7]
8]

—_— — — — p—

ooONOUThR~RWNE O

[OF A sl 14l 15

]
row terms =2 1 2 2 0 1
8 9

Matrix A starting pos=3 4 6 8
Row Col Value
6 6 8 void fast_transpose(term a[], term b[])
0 0] 15 ( _ |
/* the transpose of a i1s placed in b */
O 3 22 int row-—terms[MAX_COL], starting—pos[MAX-COL];
0 5 -15 int i,j, num—cols = a[0].col, num—terms = a[0].value;
1 b[0].row = num-cols; b[0].col = a[0].row;
] l b[0] .value = num—terms;
| ) 3 if (num—terms > 0) { /* nonzero matrix */
9 3 6 for (i = 0; i < num—cols; i++)
- row—terms[i] = 0;
4 (0 91 for (i = 1; i <= num—terms; i++)
row—terms([al[i].col]++;
5 2 28 starting-pos[0] = 1;
Matrix B for (i = 1; i < num—cols; i++)

Row Col Value

6

starting-pos[i] =
starting-pos[i-1] + row—terms[i-1];
8 r (1 = 1; 1 <= num—terms; i++) {

---')» fo
15 q j = starting-pos[ali].col]++;

91 b[j].row = a[i].col; b[j]l.col = a[i].row;
11 b[j].value = ali].value;
}

3 }
28 }
22

CGGWWNNEFE OO
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-6
=35



void fast_transpose(term al[]l, term bl[])
{
/* the transpose of a is placed in b */
int row—terms[MAX_-COL], starting-—pos[MAX-COL];
int i,3j, num—cols = a[0].col, num—terms = al[0].value;
b[0] .row = num—cols; Db[0].col = a[0].row;
b[0] .value = num—-terms;
if (num—-terms > 0) { /* nonzero matrix */
for (1 = 0; 1 < num—cols; 1i++)
For columns [ e
: for (1 = 1; 1 <= num—terms; 1i++)
Buildup row_term For elements row_terms[ali].col]++;
starting-pos([0] = 1;
(1 = 1; 1 < num—cols; 1++)

& starting_pos .
FOI’ CO|UmﬂS starting-pos[i] =

starting-pos[i-1] + row—terms[i-1];

for (i = 1; 1 <= num—terms; i++) {
j = starting-—pos[ali].col]++;
transpose For elements b[j]l.row = a[i].col; bljl.col = al[i].row;
bl[j].value = a(i].value;
———

&y 03l ¢ s 5951 D ya0 o S
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O(columns+elements) vs. O(columns*rows)
MM‘?@ﬁéﬂ‘ﬂ‘ij)bﬁj@B}bvﬁ
elements --> columns * rows Ll paloal oo ile S
O(columns*rows)
5 55 FastTranspose b . ,o Lib (gdags obdjl jl eslitul Il 4t
&l al,l c I
il o (6 2 abisl> A 5L TrANSPOSE L awslas 5 FasStTranspose 4y =
Additional row_terms and starting_pos arrays
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int a[3][5];

b
¥ b

v

a[0][0]

a[0][1]

al0](2]

a[0][3]

a[0][4]

a[1][0]

a[1][1]

a[1][2]

a[1][3]

a[1][4]

a[2][0]

al2][1]

a[2][2]

a(2](3]

a[2][4]
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Alupperg][upper]

= Row major order:

= Column major order:

row,

row,

I‘OWuo_l

AlD] - o+ 1*upper, + )

ATl : o + j*upper, +

col, col, col,; 4

A[0][0] A[O][1] A[O][uv1-1]

o a+ U a+(u;-1)* u,
A[1][0] A[1][1] A[1][u1-1]
o+ u,

A[uO-1][0] A[uO-1][1] A[u0-1j[u1-1]

0L+(U0'1)*u1
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s[0] s[1] s[2] s[3]

A N D \O

char s[] = {“AND” };
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string ,> .U pat S, pat string « ols ahy 33 S A4S o5
S g I

int string::Find (String pat)
{
/li is set to -1 if paty does not occure in s (*this)
/lotherwise 1 is set to point to the first position in *this where pat begins.
char * p=pat.str; *s=str;
int i=0; //i is starting point
if (*s && *p)
while ( i1 <= length()-pat.length() )
If (*p++=*s++) //characters match, get next char in pat and s
if (! *p) returni;
}
else { //no match
I++; s=str+i; p= pat.str;
}
return -1; // pat is empty or does not occur in s
}// end of Find
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class CMyString
{

public: S f Face e Q°9}-é‘ -
char *str; . N w =,
* 9 oS ).10[.0.0 LS)‘J“Q:X’
char *f; . e
CMyString (char *init,int 1len);
CMyString (CMyString &s); oas jLus

int Getlength() ;
int Find(CMyString &pat) ;

void Fastfind (CString é&pat);

void Fail() ;
};
CMyString: :CMyString(char *init,int le)
{
str=new char[le];
f=new char|[le];
strcpy(str,init) ;

}
CMyString: :CMyString (CMyString &s)
{
str=new char[s.Getlength()+1];

f=new char[s.Getlength()+1];

strcpy(str,s.str);



int CMyString: :Fail ()
{
int lengthp=Getlength() ;
f[0]=-1;
for (int j=1 ; j<lengthp ; j++)
{
int pf = £[j-11];
while (str[j] '=str[pf+1l] && pf>=0)
1=f[pf];
if (str[j]==str[pf+l])
£l]]=p£f+1;
else
£[31=-1;



int CMyString: :Fastfind (CMyString é&pat)
{
pat.Fail () ;

int posp=0,poss=0;

int lengthp=pat.Getlength() ,h lengths=Getlength() ;

while (posp<lengthp && poss<lengths)
{

if (pat.str[posp]l==str[poss])
{

posp++;
poss++;
}
else
{
if (posp==0)
poss++;
else
posp=pat.f[posp-1]+1;
}
}
if (posp<lengthp)

return -1;
return poss-lengthp;



