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Input: A sequence of n numbers (at, ay, ..., a;).

Output: A permutatlon (reordermg) dy.ay, ... a,) of the input sequence
such that @1 =@y <+ =@,

for (1=0; i<n ;i++){

Examine list[i] to list [n-1] and suppose that the smallest integeris
at list [min];

Interchange list[ i ] and list [min];
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int binsearch (int list[ ] «int searchnum .int left .int right)

{
/* search list [0] <= list[1] <= ... <=list[ n-1 ] for searchnum Return its position if found .
Otherwise return -1 */

int middle ;

if (left <=right) {

middle = ( left + right )/ 2 ;

switch ( COMPARE ( list [ middle ] (searchnum )) {
case -1 : return

binsearch ( list .searchnum middle +1 .right) ;
case 0 : return middle ;
case 1 : return

binsearch ( list .searchnum left .middle -1) ;

}
}

return -1 ;
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int n,m;
for (int i = 1; i <= m; i++)
for (int j = 1; j <= n; j++)
X =x + 1;

S ot zz.=gn=n(

iml  j=l
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int Xx;

for (int j = 1; j <= n; j++)
for (int 1 = 1; i <= j; i++)
X =x + 1;

s laly l..{._..\ﬂ; w el eld (gladdls-
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1 1 Wl
2 1,2 9
3 1,2,3 2
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n(n+1) n n
xXi=x+1) 00003l =1 4+243 4. t0 = tl n(n+l)
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vold exchangesort(int n, keytype S[ ]) :
I'(n)= =) (n—i
{ =3 Y=y im0

i=l j=i+l  i=l

index i, ;

b —(n-D+(n-2)+...+1
for(i=1;i<=n-1;i++) ( ) +( )

for(j = i+1; j <= n; j++) =14+2+3+...+(n-2)+(n—-1)
=[1+2+...+n]—-n
exchange S[i].5[/]; n(n+1)

} _ ”:n(n—l)
2 2
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void matrixmuli( it n,
const mumber A [ 1.
const mumber B[ ][ 1.

number CT ][ 1)

mndex 1,j,k
for( =1 i <= n; i++)

n n n n n n
2 3
e Tm=22 215 2n=2n =
for(j=1.j <= n, j++)

{ i=1 j=1 k=1 =l j=l i=1
CTib]=0:
for(k=l. k<=n =t}

CCUl1 = CI1 = 411 * BT

}
}
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int 1i,n,Xx;
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int 1, j, n, x,Kk;
for (i =1; i < n / 2; i++)
for (3 =n/ 2; j <n; j++)
for (k = 0; k< i+ j; kt++)
X = x + 1;

s & - L n - . . n .
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%—1 %—1 .
n n( 3n
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im1 2= i=1 4( 2 j
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= C —1 |+C - e A e 3
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1
n

1 n(n+1) n+1
2

IIM3

- 1
A(Tl) = z(k XE) =
k=1

n+1_ 1 P+P
5= 2

A(n)=Z(k><—)+n(1 p)—gxn(n+1)+n(1—p)= >

2
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Vn>n, Icmg>0; 0<f(m)<cg(n)e f(n)€0(g(n)) or f(n)=0(g(n))

Yn>n, 3eny>0; 0<cg(n)<f(n)efln)e ﬂ(g(n)) or f(n) =Q(g(n))

Vn2ng 3cy,6,m>0; 0<cign) < f(n) < cpg(n) & f(n) € 6(g(n)) or f(n)=06(g(m))
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f(n) = 0O(g(n))

(a)

Lo sLadles 4 by o (5la 13900

f(n)= Q(g(n))
()

n

cyg(n)

o

fn)

—

n
f(n)= O(g(n))
(c)
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Ol e
f(n) = 4n* + 100n + 500 = 0(n?)) if g(n) = n?
Vn=>ngy4n? + 100n + 500 < cn?
100 500
4+T+73leno =1thenc =604 - f(n) =0(gn))
Qb *

f(n) = 4n? + 100n + 500 = Q(n?)) if g(n) = n*
Vn=>ng4n% + 100n + 500 = cn?

100 500
4 + " + > >cifng>0thenc=4 - f(n) =Q(gn))




(1)90.5\03

V>0 3ng>0;,0<f(n) <cgn) & f(n) € o(g(n)) or f(n) =o0(g(n))
f(n)

lim ——==0
n-co g(n)

V>0 3ng>0;,0<cgn) <f(n) e f(n) e oo(g(n)) or f(n) = w(gn))
lim M = 00
n-o g(n)
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S
*f(n) =0(gm),gn) =0(h(n)) & f(n) =06(h(n))

*f(n) =0(@mn),g(n) =0(h(n)) & f(n)=0(h(n))

* f(n) =Q(gn),gn) = Q(h(n)) & f(n) =Q(h(n))

*f(n) =o0(g(n)),gn) =o(h(n)) & f(n)=o(h(n))

* f(n) =w(gn)),gn) =wh(n) & f(n)=wl(n))

(owlSail) 2650
* f(n) =0(f(n))

* f(n) =0(f(n))

* f(n) = Q(f(n))
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*f() =0(gn)) = gn) =06(f(n))

O W 3Ll ¢

* f(n) =0(g(n)) & gn) =Q(f())

e f(n) =0(g(n)) & gn) = w(f(n)
bsa‘}.@}dubwsgef&b‘ebw‘s,w& ’.,, “e o

c f() =0(g)) ~ a<b
 f() =Q(g(n)) ~ a=b
* f(M) =6(g(n)) =~ a=b
* f(m) =0(g(n)) ~ a<b
c f() =w(gm) =~ a>b

Q
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INSERTION-SORT(A4, n)

| fori=2ton

2 key = Ali]

3 [l Insert A[i] into the sorted subarray A[1 : i — 1].
4 j=i-1

5 while j > 0 and A[j] > key

6 Alj + 1] = A[]]

7 j=j—1

8§  A[j+ 1]=key
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INSERTION-SORT(A, 1)

1 fori=2ton

n
T(n) = cin+cain—1)+caln—1)+cs Dt + ce

4-(3-§£:(z,-— 1) 4+ cs(n — 1) .

2 key = Ali]

3 Il Insert A[i] into the sorted subarray A[1 : i — 1].
4 j=i—1

5 while j > 0 and A[j] > key

6 Alj + 1] = A[J]

7 Jj=j—1

8 Alj + 1] = key

n
Z{r; — 1)

=2

c1
c2
0

c4
c5
6
7
g

costtimes

n—1
n—1

mn I
L ,.f —. iV

Yot —1)

.‘—l‘f

Z?=z“i —1)

n—1
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i =1

I
N

rn(n 4+ 1) : _
= 1 (by equation (A.2) on page 1141)

and

Zu-n

[

= (again. by equation (A .2)) .



we find that in the worst case, the running time of INSERTION-SORT
IS

T(") — Cl" + (‘2(” — ]) + C4(” el l) + ("5 (

i) . 1
e (n(n? )) Lp, (M) + cg(n—1)

242+ )+ (atatar=-=-2+

—+ — ottt ————— cg | n

(2 P 2) (' NEBES > 8)

—(Ca4 o+ es+cy). (22

nin+1) l)
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MERGEC(4, p, g, r)

lng, =q—p+1
2NR=T1—(

Il length of A[p : ¢]
Il length of A[g + 1 : 7]

3let L[O : ny — 1] and R[0 : ng — 1] be new arrays

sfori=0tony — |

s Lli]=Alp + 1
ofor j=0tonp —
7 Rlj]=Alg+]
81 =0
97 =10
10k =p

|/l copy A[p : gl into L[0 : nj — 1]

1 Il copy A[g + 1 :r]into R[0:ng — 1]

+ 1]
Il i indexes the smallest remaining element in L
Il j indexes the smallest remaining element in R
Il k indexes the location 1n A4 to fill

11/l As long as each of the arrays L and R contains an unmerged

element,

Il copy the smallest unmerged element back into A[p : r].



12while i <ny andj<npg
13 if L[] £ R[/]

14 Alk] = LJi]

15 =1+ 1

16 else A[k] = R[]

17 Jj=j+1

18 k=k+1

19// Having gone through one of L. and R entirely, copy the
/] remainder of the other to the end of A[p : r].

2owhile i < njf
21 Alk] = L[]
22 =i+ 1
23 k=k+1
24while j < np
25 Alk] = R]J]
26 j=j+1

27 k=k+1



MERGE-SORT(4, p, r)

Lifp2r

2 return

4 MERGE-SORT(4, p, ¢)

s MERGE-SORT(4, ¢ + 1, 1)

Il zero or one element?

[l midpoint of A[p : 1]

Il recursivel

y sort A

Il recursive!

6 Il Merge Alp : gl and A[g + 1 : r] nto A[p : r].

7 MERGE(4, p, g, r)

y sort A

piq

g+ 1:
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T(n) = a1l (%)-l-cf(n): T(n)=0(f (n))

0" <O(fm) ¢
T(n)=lognxO(f(n))

a=b S



hol andS (oguas ;3 diged Xar (o)

Sgr daled 5 s 4y 398 S b alaly gl W3L T(1) =1 ,T(n) = 3T (2) +n? 3l

H(nk) = 0(N?).2g solgs lio day,

29 38lss 15 Oy00 4 b Sl daly gl 280 T(1) = 0 ,T(n) = 2T (2) + 130

T(n) = 0(n'°8p2) = 9(nl°822) = G(n).ss walgs Llio ala,

a = b" ani pb=258=2 k=1 100, g0 abaly sl T(n) = 2T(§)+n,§l'
T(n) = 8(n*logn) = 6 (n10gMN) el hlis &0 45 59b dlasly gosly ol



ol andS pogas 13 50 diged M (ow)

T(n) = 4T ':) +log n

LA 4 n
n %%t = plos2 _ 2 P O(t‘(n))zlogn::an2 > log n
T(n)=0(n2)

T(n) = 3T(-:—:-) +nlogn

a

Iogb 3

log 0.79
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Oldos 5 dgud o0 diwoli PUSH ! aiiy Sy 59,INSERT) ) z,5 @llos *
sl POP CUél (S od Cdlyyd puais gly ologS,] &5 (DELETE) s
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STACK-EMPTY(S)

1if S.top ==
2 return TRUE
3 else return FALSE

PUSH(S, x)

1if S.top == S.size

2 error “overflow”
3else S.top = S.top + 1
4  S|S.top] = x

L ally (59, Clles

POP(S)
| if STACK-EMPTY(S)

2

error ‘underflow”

3else S.top = S.top — 1

4

return S[S.7op + 1]
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(c)

1

2 3 4 353 6 7T 8 ¥ I 1 12

15/]6 (98| 4

A }

Q.head =7 Q.tail = 12

2. % X 6 0B .9 2 11

Wl o

15(6 |98 |4 |17

! !

Q.tail=3 Q.head =7

2 % X 0 7 8B % 2% 1L T

LW I I )

15(6 (918|417

} }

Q.tail = 3 Q.head = 8

BV



ENQUEUE(Q, x)

1 OQ[O.tail]l = x

2 1f Q.tail == Q.size

3 Qtail=1

4 else Q.tail = Q.tail + 1

DEQUEUE(Q)

1 x = Q|0.head]

2if Q.head == Q.size

3 Q.head =1

4 else Q. head = Q.head + 1
5 return x
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LIST-SEARCH(L, k)

1 x = L.head

2 while x # NIL and x.key = k
3 X = Xx.next

4 return x

LIST-DELETE(L, x)

1 if x.prev = NIL

2 X.prev.next = x.next
3else L. head = x.next

4 if x.next # NIL

5 X.next.prey = x.prev

LIST-PREPEND(L, x)

1 x.next = L.head
2 x.prev = NIL
3if L. head = NIL

4  L.head. prev = x
5 L.head = x

LIST-INSERT(x, )

1 xX.next = y.next

2 xX.prev =y

3if y.nexr = NIL

4 yv.next.prev — x
5 y.next = x
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1if x == NIL or k == x.key

2 return x

3if k < x.key

4  return TREE-SEARCH(x. /eft, k)

5 else return TREE-SEARCH(x.right, k)

ITERATIVE-TREE-SEARCH(x, k)

1 while x # NIL and k # x.key
2 ifk < x.key

3 x = x.left

4  else x = x.right

5return x






TREE-MINIMUM(x)

iwhile x./eft # NIL
2 x = x.left
3return x

TREE-MAXIMUM(x)

Iwhile x.right # NIL
2 X = Xx.right
return x
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