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(factorial)
DFS



Afn = fn-l + fn-2
A

I Dynamic programming



Recursive Algorithm
fib(n)
{
f(n=1orn=2)
thenreturn 1,
else return (fib(n-1) +ib(n-2));
}



Call Tree

ﬁwn

fib(6)

|
fib(5) ‘ fib(5)

|
|
fib(4) fib(4) fib(4)

fib(3) fib(3) fib(3) fib(3) fib(3)

fib (1) fib(1) fib (1) \\ fib (1) fib(1)




fibonaccif)

{
fl1] Y f[ 2]
foriY ®n
fli]  ¥i-1]f+i-2];
return f[n];

}
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DP Algorithm
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DP

A Optimal substructure
'|'

A Overlapping recursive calls
'|'

m DP I ) off 2l
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5 | 5 3 | 11
9 (| 13 | 8
4 8 | -2 | 9

-16-




Recursive Algorithm
pebbldi, p)
:N[i,p]:i g p | i . pe iy, 2,3, 4}
{
if (I=1)
thenreturn w[1, p] ;
else{
max WV
forqY ®4{
Tt q p )
then {
t mp pdbbl€i '1,q);
if (tmp > max)thenma x Y t mp
}
}
return (w[i, p] + max) ;
}
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pebbleSur(n)
n

{
return max { pebbldn, p) } ;
) p=1.234

V pebble(i, 1) , pébple(i, 4)
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peb(5,1)

Call Tree

peb(4,3)

peb (3,1)

peb(3,2)

|
peb(2,2)
|

peb(1,1 peb(1,3) peb(1,4)

peb(1,1) peb(1,2)

peb

| —
peb(2,3) peb(2,1) peb(2,3) peb(2,4)

peb(1,2) peb(1,3) peb(1,1) peb(1,2) peb(1,2)

(4.2)

peb (3,1)

peb(3,3)

peb(3,4)

peb(2,2) peb(2,3) peb(2,1)
|

|
peb(2,2)
|

peb(2,2)

peb(1,1 peb(1,3) peb(1,4) peb(1,1) peb(1,2) peb(1,2) peb(1,3) peb(1,1 peb(1,3) peb(1,4) peb(1,1 peb(1,3)peb(1,4)
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A DP

I Optimal substructure
A pebble{,.) pebble{-1,.)
A

I Overlapping recursive calls
A
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pebbleSun(n)
{

forpY 4

_ peb[1,p]
foriY ®n{
forpY

}

Y ®m[ 1,

4]
pebfi,pl  Yi, phf max{pebli-1,q]} ;
q P

return max { petn, p] };

} p=1,2,34

-21-



Complexity

4
pebbleSun(n)
{ — n
foritY ®n{
forpY 4
peb,p] Vi, pf max{pebl[i-1, qf} ;
} q Y
return n11%4{ peldn, p] }; \
} ) 3

V Complexity:: O(n) n *41*3== O(n)

-22-



-23-



7 | 12| 5
3 m 18
17 w 3
10 | 14 | 9

-24-

{ 12 )
Rk
17 3 3
10 14 9




/ 12 S
3 11 18
17 3 3
10 14 9

7 12 S
3 11 18
17 3 3
10 14 9




Recursive Algorithm

matrixPatht )
(I ])
{
if (I =21and] = 1)then return my;
else if(i = 1) then return (matrixPath(1j-1) + my);
else if(j = 1) then return (matrixPath(-1, 1) + m);
else return ((min(matrixPathit1, j), matrixPath(ij-1)) + my);
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mat(4,4)

mat(4,3)
|
| |
mat (4,2) mat(3,3)
| |
| | | |
mat(4,1) mat(3,2) mat(3,2) mat(2,3)
| | | |
mat(3,1) | | | | | |
| mat(3,1) mat(2,2) mat|(3,1) mat(2,2) mat(2,2) mat|(1,3)
|
maT(Z,l) mat(2.1) ’—‘—‘ mat(2,1) ]—‘—\ V_‘—\ mat(1,2)
mat(1,1) | mat(2,1) mat(1,2) | mat(2,1) mat(1,2) mat(2,1) mat(1,2) |
mat(1,1) | | mat(1,1) | | | mat(1,1)
mat(1,1) mat(1,1) mat(1,1) mat(1,1) mat(1,1) mat(1,1)
mat(3,4)
|
| |
mat(2,4) mat(3,3) Ca” Tree
| |
| | |
mat(1,4) mat(2,3) mat(2,3) mat(3,2)
| | |
mat(1,3) | | | | |
| mat(1,3) mat(2,2) mat(2,2) mat(1,3) mat(3,1) mat(2,2)
mat(1,2) | ’_k_‘ ’_i_‘ | |
| mat(1,2) mat(1,2) mat(2,1)
mat(1,1) | mat(1,2) mat(2,1)

mat(2,1) mat(1,2) | |
mat(1,1) | | | |

mat(l,l) mat(l,l)
mat(1,1) mat(1,1) mat(1,1) ma_t%,_l)

mat(2,1) mat(1,2)
|

mat(1,1) mat(1,1)



DP
matrixPathi j)
(1)
{ A~
c[ 1, 1,; Y m
foriY ®n
cli, 1] ¥ c[i-1m];
forjY ®n
clLj] ¥y +rmol1,j-1]
foriY f@n
forjY ®n

cli,jl Yy +min(cfi-1,j], cfi, j-1]);
return c[n, nJ;

V Complexity:: O(n?)
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3: Matrix -Chain Multiplication

A Matrices A, B, C
i (AB)C = A(BC)
A :A:10n 100, B:10@, 5, C:5), 50
I (AB)C: 7500
I A(BC): 75000
AALALA, €., A ?
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Recursive Relation

A matrix multiplication
I n-1
AALe AA,
é (Are  A)(ALA)

Ldod
AAA)AzE A

AA (A6 A
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V. m[i, I A, A, &, A

V A, + Pr-1Px
o ro0 =),
ML= U min {mii, K + mk+L,j] + papd} | i<)
i Ok Oj-1
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Recursive Algorithm

rMatrixChaing, j)

{
If (i =) then return 0; 0
min Y D;
for kY itoj-1{
qY r Mat r i, B €rMatrix@h@ink+1,j) + p_,pP;
If (< min)thenmi n q;Y
}
return min:;
}
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DP

matrixChain(, j)

{
foriY 1fon
mi,ij Y O; 0
forrY fon1l =r+1
foriY fon-r{
jY i+r;
mfi,jl Y mii, K + fkel,j] + pipp}
} i Ok Oj-1
return m[1, nj;
}

V Complexity: , (n)
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