Analysis of Algorithm
Complexity: Time and Space Il

Instructor: Shizhe Zhou
Course Code:00125401
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3.1 HEAREE (n=1000) TRYIE{TRIE (s)

B 4] 4 B4 2 it i8) 5 18] 4
ETR 6] 1000 #/# 2000 /3 4000 #/# 8000 /3
lbn 0.010 0.005 0.003 0.001
n 1 0.5 0.25 0.125
n lbn 10 5 2.5 1.25
32 16 8 4
1 000 500 250 125
1 000 000 500 000 250 000 125 000
1" 10" 10% 10* 10%®

Log(1000,2)= 9.965784284662087
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> g(n)

[k, #5g(n) = o(f(n)), JWFRE (n) = @(g(n)).
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(1) sum=0;

(2) for(i=1;i<=n;i++)
(3) for(j=1;j<=n;j++)

(4) sum++;
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fi: T(n)=2n%+n+1 =0(n?)



[1] X=X+1;

[2] for(i=1;i<n; i++)
X++;

[3] for(i=1;i<=n;i++)
for(j=1; j<=i;j++)
X+ +;
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- The Substitution method T(n)=4T(n/2) + n

- Special case for Fibonacci-type recurrence
T(n) =aT(n-1)+bT(n-2), T(1)=s, T(2)=t;

- The Recursion-tree method ARSIl N lelok =gl

- The Master method T(n)= iaiT(n/bi)+f(n)

- The General method for all-history-related type
T(n)=aT(n/b) + f(n)
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Fibonacci Type — A Special Case

Fibonacci Type Recurrence

* T(n) =aT(n-1)+bT(n-2), T(1)=s, T(2)=t;
o R € B L2 P35~P36

FibonacciBlIE X RFEHZL R
| Fn)=F(n-1)+F(n-2), F()=1, F(2)=1,
| C 2" =c2"" 42"
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Example: T(n)=4T(n/2)+n
We shall prove that 7(n) = O(n?).

Assume that 7(k) < ck? for k < n:

T(n)=4T(n/2)+n
<4cn? +n
x =0(n) Wrong! We must prove the I.H.

=cn? —(—n) [ desired —residual -

AR AR EE A
for no choice of ¢ > 0. Lose! ozFr=kE4ET(n) !




/
| a 6
L&

1

1H L

SRR

IDEA: Strengthen the inductive hypothesis.
* Subtract a low-order term.
Inductive hypothesis: T(k) < ¢, k? — ¢,k for k< n.
I'(n)=4T(n/2)+n
<4(c;(n/2)2 —cy,(n/2)+n
=cn? —2cn+n

=cn? —con—(con —n)
<cn?—con if ¢, > 1.

Pick ¢, big enough to handle the initial conditions.



