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The term Dynamic Programming comes from Control Theory, not computer science.
Programming refersto the use of tables (arrays) to construct a solution. Used extensively in " Operation Research” given
in the Math dept.
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o Indynamic programming we usually reduce time by increasing the amount of space

o We solve the problem by solving sub-problems of increasing size and saving each optimal solution in atable
(usually).

o Thetableisthen used for finding the optimal solution to larger problems.

o Timeissaved since each sub-problemis solved only once.
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int fib (n) { A[0] =0
{ ifn<2 Alll =1
return n: fori«2ton
dsereturn (fib (n -1) + fib(n -2)); e A[n].do Alil1=ATi-1] +A[i -2]
} 1
Alg.5-1 } Alg. 5-2
T(n)=0(2"), T(n)=Q(2"?)
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n nl : L(n
cr=["=— "™ if 0<k<n x+y) =3 " xrkys
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(X+y)' =x+y
b e B

n-1 n-1
+ O<k<n
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(X+Y)* =x° +2xy + y*
(X+Vy)® =x>+3x°y+3xy* + y°
(X+y)* =x" +4xX°y + 6x°y* + 4xy® + y*

1 k=0 or k=n
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int bin(int n, int k)

if (k=0]n=k)
return 1,
else
return bin (=1, k-1) + bin (-1, k);

Alg. 5-3
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1- Establish arecursive property.
Useamatrix B of n+1 rows, k+1 columns where

B[n k]—(nJ
ok

B[i][j]:{B[i—JJ[J'—JJ+B[i—JJ[J], Qij<i .
1, J]=0o0r j=i

2- Solve an instance of the problem in a bottom-up fashion by
computing therowsin B.

intbin2 (int n, int k)
{
indexi,j ;
int B[O..n][0..K];
for (i=0;i<n;i++)

n— \n B n:3 L'?’ L n -3 n- L‘S
() b)(E\) ) b € @ Wl for (j=0;j<min(i, k) 1 j++)
e L ////// {
e if (j=01[j=i)
Blilli] = 1;
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} BIlil[j] = Bli-1][j—1] + B[i-1][i];
rgturn B[Nn][K] ;
} Alg. 5-4
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Vertex: represented by a circlein a graph.

Edge: aline from one vertex to another.

Graph: denoted as G(V,E).

Directed Graph: the edges have a direction.

Weighted Graph: each edge has a weight associated with it.

= bo
v; issaid to be adjacent to v; if thereis an edge fromv; to v;.
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A graph can be represented by the Adjacent Matrix, Wi][]j] - 0 1 o1 5
9 0 3 2 w

weight onedge, if thereisan edgefromy; tov, W=|lw o 0 4 o

WIi][j] =<, if thereisno edgefromy; tov, © o 2 0 3
0, ifi=j. 13 © o o 0]
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Shortest Paths problem is an optimization problem: | Problem: All sources Shortest paths.

a candidate solution is a path from one vertex to | Inputs: A weighted, directed graph with n vertices
another, the value is the length of the path, and the | and adjacent matrix W.

optimal value is the minimum of these lengths. Output: A two-dimensional array D.

D®[i][ j]=length of ashortest path fromv; tov; usingonly

verticesin theset{v,,v,,---,Vv, } asintermedi&e vertices.
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1. Establish arecursive property with which we can
compute D® from D*.

2. Solve an instance of the problem in a bottom-up fashion
by representing the processfor k= 1ton.

void floyd (int n, const number W][], number D[][])
{
index i,j, k;
D=W
for (k= 1, k<= n; k++)
for (1=1;1<=n;i++)
for (j=1j<=n;j++)

D [i][j]= min{ D [i][j], D [il[K]+ D [KI[jI};
D(k)[i][j]=min{D(k_l)[i][J'], D(k_l)[i][k]+D(k_l)[k][i]} }
e~ s Alg. 55
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Principle of Optimization

The principle of optimality is said to apply in a
problem if an optimal solution to an instance of
aproblem always contains optimal solutions to
all sub-instances.

Dynamic Programming Algorithm
1- Establish arecursive property that gives the

VL to Vs @ [Ve, Vs, Vo, Vu] optimal solution to an instance _of the pro_blem.
2- Compute the value of an optimal solutionin a
Vito Vs [y, V2, Vg bottom-up fashion.
Je o £ P IS ?a-s;:ic;r;]struct an optimal solution in a bottom-up
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