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o Algorithms, efficiency, analysis and order
0 Divide & Conquer
0o Dynamic Programming

0 Greedy Approach
0 Backtracking
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o Amortized Analysis

0 Advanced Data Structures
= Binomial Heap

= Fibonacci Heap
= Disjoint Sets
0 Network Flow
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o Introduction to Algorithms, (CLRS)

o Foundations of Algorithms Using C++
Pseudocode
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int fib (int n)
{

if (n <= 1)
return n;
else

return fib (n - 1) + fib (n-=2);:
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index 1;
int £[0 .. nl;
£t 0 ] = 0;
if (n > 0)
f1 1 1 = 1;
for (1 = 2; 1<= n,; 1++)

f[ 1 ] =1f[1i-1]1 + £ [1 -2 ];
}

return f/ n J;
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number sum(int n, number S[])

{
index i;
number result;
result = 0;
for (i=0; i<=n; i++)
result = result + S[i];
return result;
by

B(n)=A(n)=W(n) = n 14
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number sum(int n, number S[])

{
index i;
number result;
result = 0;
for (i=0; i<=n; i++)
result = result + S[i];
return result;
by

B(n)=A(n)=W(n) = n 13




void seqgsearch(int n, keytype S[], index &Location)

{

location = 1;
While (location<=n && S[location]!=x)

location++;
if (location>n)
location=0;
b
B(n) =7
W(n) =7

A(n) =7? e
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void seqgsearch(int n, keytype S[], index &Location)
{

location = 1;
While (location<=n && S[location]!=x)

location++;
if (location>n)
location=0;
b
B(n) =1
W(n) = n

A(n) = 1/n(14+24+3+4+...+n)=1/2(n+1)
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for (i=1; i<=n-1; i++)
for (j=i+1; j<=n; j++)
if (S[j]1<SI[i])
exchange(S[i],S[jl);
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for (i=1; i<=n-1; i++)
for (j=i+1; j<=n; j++)
if (S[j1<SIil)
exchange(SIi],S[i]);

B(n)=A(n)=W(n) = n-1 +n-2 + n-3 +
...+1=n(n-1)/2
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Asymptotic Upper Bound

Og(n) = O(f(n)) S 3IAc>0,nyp=20,Vn=>nyg = gn) <cf(n)

n—

(a) g(n € O(f(n)) 21
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® Table 1.3 The quadratic term eventually dominates

n 0.1n? 0.1n° + n + 100
10 10 120
20 40 160
n() 250 400
100 1,000 1,200
1,000 100,000 101,100
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f(n) = a,,n™+...+a;n*+aq,

f(n) =0mm)
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@ Table 1.4 Execution times for algorithms with the given time complexities

n fn)y=1Ilgn  f(n)=n fn)=nlgn f(n)=n" f(n)=mn? f(n)=2"
10 0.003 us* 0.01 ps 0.033 us 0.10 ps 1.0 ps 1 ps

20 0.004 ps 0.02 ps 0.086 ps 0.40 ps 8.0 ps 1 ms'

30 0.005 ps 0.03 ps 0.147 ps 0.90 us 27.0 ps 1s

40 0.005 ps 0.04 ps 0.213 us 1.60 ps 64.0 us 18.3 min

50 0.006 ps 0.05 us 0.282 pus 2.50 ps 125.0 ps 13 days

10 0.007 ps 0.10 ps 0.664 s 10.00 s 1.0 ms 4 % 10*? years
10 0.010 ps 1.00 s 9.966 pis 1.00 ms 1.0 s

10* 0.013 ps 10.00 s 130.000 s 100.00 ms 16.7 min

10° 0.017 ps 0.10 ms 1.670 ms 10.00 s 11.6 days

10° 0.020 ps 1.00 ms 19.930 ms 16.70 min 31.7 years

107 0.023 ps 0.01 s 2.660 s 1.16 days 31,709 years

108 0.027 ps 0.10 s 2.660 s 115.70 days  3.17 x 107 years
E'L__I_UQ 0.030 ps 1.00 s 29.900 s 31.70 years

*1 pus = 1079 second.

i1 ms = 1072 second.
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Asymptotic L.Lower Bound
gm) =Q(f(n)) ©3c>0,n5=0,Vn =nyg = gn) = cf(n)

a(n)
of(n) = 9, 1) eilme (Gl 50 SO LK/
| n——

N
(b) g(n) € £2(f(n))
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df(n)

() t5.9(N) s 1 9(1) € O(A(N))

g(n)

"-'M‘f‘-)‘*.':’))"‘)"g‘-)“:’)(s*-*-.’. cf(n)

!\If n—
(c) g(n) € B(f(n))

gm) =0(f(n)) ©3c,d>0,ny =0,Yn=ny =

cf(n) =g(n) =df(n)
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gm) =o(f(n)) ©Vc>0,Iny=0; n = ng = g(n) < cf(n)

f(N) S5 55 G(N) s = 9(N) € O((N)) 5103

el (1) 5 2 G(N) s 2 g(N) € O(A(N)) 510
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gm) = w(f(n)) © Ve >0,3ny=0; n = ng = gn) > cf(n)

f(N) a5 6150.G(N) st 0 G(N) € W(F(N)) 1T

e (1) 5 55.G(N) w5 2+ 9(N) € W(AN)) 1O
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Ogn) €o(f(n)) = gn) € 0(g(n))

ogm) € 0(f(n) = f(n) € Q(g(n))

Ogm) € Q(f(n) = f(n) €0(g(n))
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olf b>1anda > 1, then log,n € ©(log,n)

Al e ans SO o oled mles O
olIfb>a >0, then a” € o(b")

Ll oles 2l o 5l 50 n! o
o Foralla > 0, a” € o(n!)
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Vn ?log(n)
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In(n!)
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for(i=1;i<=n;i++)

{
j=n;
while(j>=1)
{
J = floor(i/2);(*)
h
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®(lgn), ©(n), ©(nign), ©(n?), ©(17), ©(NX), ®(a"), O©(b"), B(N!)
wherek>j>2andb>a>1
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B lim, e 220 = 0= f(n) = 0(g(n))

0 lim 22 = o0 = f(n) = w(g(n))

n—-o g(n)

o lim 22 = ¢ ¢ >0 = f(n) =60(gn))

n—-o g(n)
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