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1. (a) 5n-6n = O(n’)
Let f(n) = 5n%-6n, g(n) = n’. If f(n) = O(g(n)), then there exist positive constants ¢,

C2, N, such that ¢;*g(n) = f(n) = c,*g(n) for n=n,.
(1) choose ¢c;=3,¢c,=6

(i) 3 n*< 5n,%6n, (ii) 5n*6n; = 6 ny’

=> 1122 = -6ny

=> 21112 = 614
=n; = 3, n;#0 =1, = -6, n,70

By (i) & (ii), take ¢; = 3,c= 6, np = max {n;,n,} =3, 3n> < 5n”*-6n =< 6 n’ forn=3

Prove by Mathematical Induction Method:

Whenn=3 Whenn=3

3%¥32< 5%3% - 6*3  holds. 5%3% - 6*3=6*3% holds.
Suppose n =k, k>3 Suppose n =k, k>3
3*k*< 5%k* - 6%k holds. 5*k* - 6*k=6*k> holds.
Consider n = k+1

Consider n = k+1
3%(k+1)* = 3k*+6k+3 6*(k+1)* = 6k*+12k+6
<(5*k?* - 6*Kk)+6k+3 = (5*k2 - 6*K)+12k+6
=5%Kk?+3 = 5%k’ + 6k + 6
=5%k*+ 4k - 1, k>3

= 5*k*+ 10k+5-10k-2
= 5%(k+1)*-10k-2
< 5%(k+1)*- 6(k+1), k>3
By Mathematical Induction Method,
3n®> < 5n%-6n holds for n=3.

= 5%k’ + 10k + 5- 6k- 6
= 5%(k+1)* - 6(k+1)
By Mathematical Induction Method,
5n’-6n = 6n” holds for n=3



(2) choose ¢ =2, ¢c,=8
(i) 2n,°< 5n,%-6n,
=> 31112 = 614
=n; = 2, n;#0

(ii) 5n*6n, = 8n,’
= 31122 = -6y
=1, = -2, 1,70

By (i) & (ii), take ¢; = 2,co= 8, np = max {n;,n,} =2, 2n> = 5n>-6n =8n’ for n=2.

Prove by Mathematical Induction Method:

Whenn =2
2%22< 5%22 _ %2 holds.

Suppose n =k, k>2
2%k’ < 5%k* - 6%k holds.

Consider n = k+1
2%(k+1)* = 2k3+4k+2
= (5*k% - 6%k)+4k+2
=5%k?- 2k +2
< 5%K* +4k-1, k>2
=5%K*+10k + 5 - 6k - 6
= 5%(k+1)* - 6(k+1), k>3
By Mathematical Induction Method,
2n? =< 5n%-6n holds for n=3.

Whenn=2
5%22 — 6*2 <8%2% holds.

Suppose n =k, k>2
5%k? - 6*k=6*k* holds.

Consider n = k+1
8*(k+1)* = 8k*+16k+8
= (5*k% - 6%k)+16k+8
=5%k*+ 10k + 5 +3
=5%(k+1)* +3
= 5%(k+1)* - 6(k+1), k>3

By Mathematical Induction Method,
5n*-6n = 8n” holds for n=2.



1. (b) n! = O(n")

Let f(n) = n!, g(n) = n". If f(n) = O(g(n)), then there exist positive constants c, ny,

such that f(n) = c*g(n) for n=n,.

(1) choose c=1

n! =n*(n-1)* ---*1 = 1* n*n*---*n=1*n", fornp=1.

=>n! <1*n", forny=1.

=>n!=0(n").

(2) choose c=2

n! =n*(n-1)* ---*1 2% n*n*---*n=2*%n", fornp=1.

=>n! <2*n", forny=1.

=>n!=0(n").

Prove by Mathematical Induction Method:

(Hc=1
Whenn=1
1! < 1*1' holds
Supposen=k, k>1
k! < 1*k* holds
Consider n = k+1
(k+1)! = (k+1)*k!
= (kt1)*1#k"
= (k+1)*1* (k+1)¥
= I¥(k+1)<"!
By Mathematical Induction Method,
n! = 1*n" holds forn=1.

2)c=2
Whenn=1
1! < 2*1'  holds
Supposen=k, k>1
k! < 2%k holds
Consider n = k+1
(k+1)! = (k+1)*k!
= (kt1)*27k"
= (k+1)*2* (k+1)*
= 2%(k+1)"!
By Mathematical Induction Method,
n! =<2*n" holds forn=1.



1. (c) 2n*+nlogn = O(n?)

Let f(n) =2n*+nlogn, g(n) = n’. If f(n) = O(g(n)), then there exist positive constants
C1, C2, Ny, such that ¢;*g(n) = f(n) = c,*g(n) for n=n,.

(1) choose c;=1, ;=3
(i) 1*n12§ 2n12+n1|09111
=>n,” = - nylogn, , n;#0

=n; =1

(ii) 2n*+nylogn, = 3%*n,”
=> 1122 = n2|Ogn2, n,70
=>n, = logn,
=>1, >1

By (i) & (ii), take ¢; = 1, ¢;= 3, ng = max {n;,n,} = 1, In* =2n*+nlogn=3n’ forn=1.

Prove by Mathematical Induction Method:

Whenn=1
1#17< 2*¥1%+1*logl  holds.
Suppose n =k, k>1
1*¥K*< 2k*+klogk  holds.
Consider n = k+1
1*(k+1)* = 1k*+ 2k + 1
< (2k*+ klogk) + 2k + 1
= (2k* +2k+1) + klogk
< (2K? +4k+2)+klog(k+1)+ log(k+1), k>1
=2%(k+1)*+(k+1) log(k+1)

By Mathematical Induction Method,
1*n® =2n*+nlogn holds for n=1.

Whenn =3
2*1%+ 1*logl =3*1%  holds.
Suppose n =k, k>1
2%Kk*+ k*logk =<3*k*> holds.
Consider n = k+1
3H(k+1)% = 2(k+1)2+ (k+1)X
=2(k+1)*+ K>+ 2k + 1
=2(k+1)*+ 3k%:2k?) + 2k + 1
= 2(k+1)*+ k*logk + 2k + 1
=2(k+1)*+ k* logk + k + k+1
=2(k+1)*+ k*(logk+1) + k+1
=2(k+1)*+ k*(log10k) + (k+1)
= 2(k+1)*+ k*log(k+1) + log (k+1), k>1
=2(k+1)*+ (k+1)*log(k+1)
By Mathematical Induction Method,
2n*+nlogn=3*n* holds for n=1.



(2) choose ¢;=3/2,c,=4
(i) (3/2)*n;>< 2n,*+n,logn,
=>n = - 2n;logn; , n1#0
=>n; = 1

(ii) 2n*+nylogn, = 4%n,”
=>2n,> > nylogn,, ny#0
=>n, = (1/2)logn,
—>n, = 1

By (i) & (ii), take ¢ = 3/2, ¢, =4, no = max {n;,n,}=1, 1n* <2n*+nlogn=3n’* forn=1.

Prove by Mathematical Induction Method:

Whenn=1
(3/2)*1°< 2*1?+1*logl  holds.
Suppose n =k, k>1
(3/2)*k*< 2k*+klogk holds.
Consider n = k+1
(3/2)*(k+1)* = (3/2)k*+ 3k + (3/2)
< (2k*+ klogk) + 3k + (3/2)
= (2k* +3k+(3/2)) + klogk
< (2K? +4k+2)+klog(k+1)+ log(k+1), k>1
=2%(k+1)*+(k+1) log(k+1)

By Mathematical Induction Method,
(3/2)*n* =2n*+nlogn holds forn=1.

Whenn=1
2*%1%+ 1*logl =4*1*>  holds.
Suppose n =k, k>1
2%K* + k*logk =4*k>  holds.
Consider n = k+1
A(k+1)> = 2(k+1)2+ 2(k+1)>
=2(k+1)*+2k*+ 4k + 2
=2(k+1)*+ (4k%-2k?) + 4k + 2
= 2(k+1)*+ k*logk + 4k + 2
=2(k+1)*+ k* logk + k + 3k + 2
=2(k+1)*+ k*(logk+1) + 3k + 2
=2(k+1)*+ k*(log10k) + (3k+2)
= 2(k+1)*+ k*log(k+1) + log (k+1), k>1
=2(k+1)*+ (k+1)*log(k+1)
By Mathematical Induction Method,
2n*+nlogn=4*n” holds for n=1.
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Statement s/e | Frequency Total steps
void mult(int a[m][n], int b[n][p], int 0 0 0
c[m][p]) 0 0 0
{ 0 0 0
inti, j, k; 1 m+1 m+1
for(i=0; i <m; it++) 1 m(p+1) mp+m
for(=0; j <p; j++) { 1 mp mp
c[i][j] = 0; 1 mp(n+1) mpn+mp
for(k = 0; k <nj k++) 1 mpn mpn
cli]j] +=ali][k] * | ¢ 0
bIk][j]; 0 0
}

}

Total 2mpn+3mp+2m+1




