Dynamic Programming



Dijkstra’s Algorithm

= Goal: Find the shortest path from sto t
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dijkstra{graph *g, int start) /* WAS prim(g,start) #*/

{
int 1,3; /* counters #*/
bool intree[MAXV]; /* 1s vertex in the tree yet? */
int distance [MAXV] ; /#* vertex distance from start */
int v; /* current vertex to process */
int w; /#* candidate next vertex #*/
int weight; /* edge weight #*/
int dist; /#* shortest current distance =*/

for (i=1; i<=g->nvertices; i++) {
intree[i] = FALSE;

distance[i] = MAXINT; while (intree[v] == FALSE) {

parent[i] = -1; intree[v] = TRUE;
b for (i=0; i<g->degree[v]; i++) {
. w = g-redges[v][i].v;
distance[start] = 0; weight = g->edges[v] [i] .weight;
v = atart; /* CHANGED =*/ if (Aistancelul > (distanca ] +T.m"|gh1"|§ {
/* CHANGED =/ distance[w] = distance[v]+weight;
parent [w] = v;
}
T
v=1;

dist = MAXINT;
for (i=2; i<=g->nvertices; i++)
if ((intree[i]l==FALSE) && (dist > distance[i])) {
dist = distancel[i]:
v o= 1;




Dynamic Programming

In mathematics and computer science, dynamic programming
is a method of solving complex problems by breaking them
down into simpler steps - wikipedia



http://en.wikipedia.org/wiki/Mathematics
http://en.wikipedia.org/wiki/Computer_science

Algorithms Review

= Backtracking
= search every possible solution
= optimal guaranteed
= inefficient

= Greedy Algorithm
= find the best at each stage - MST
= notalways optimal
= needs a proof
= Dynamic Programming
= efficient recursive algorithm



Recursive Algorithm

= Divide-and-Conquor
= top-down solution
= Fibonnaci

= can be inefficient
= duplicated computations

= Dynamic Programming
= bottom-up

s recursive and solve above limitations

= Fibonacci

= calculate F(1), F(2), .... and store the results
= use them to calculate F(n)



Binomial Coefficient
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int bino(int n, int k) {
if (k==0 || n==k)
return 1;

else
return bino(n-1, k-1) + bino(n-1, k);

{bino(n-2, k-2) + bino(n-2, k-1)} + {bino(n-2, k-1) + bino(n-2, k)}

Redundancy !



Binomial Coefficient (2)
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bino(int n, int k) {
long bclnllk]:
for( int i=0; i<=n: i++)
for( int j=0; j<=min(i,k); j++ )
if( 3==0 || j==I) bclilljil=1:
else bclill[j]l =becl[i—11[i—1] + bel[i-11[jl;
return be[nll[k]:

}




Floyd's Algorithm

» find all pairs shortest paths

= apply Dijkstra alg. for each vertex
= inefficient

= Floyd Alg.

= number each vertex from 1 ton

= start from WO=W, ends with W® which is a set of
shortest paths - bottom up

= compute WK from Wk-D - recursion

s typical dynamic programming problem



Floyd's Algorithm

s Adjacent Matrix: W
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= WOH][j]
= shortest path from v;to v;
= the path traverses vertices among {v,, v,, ..., v}

w 8 8 o




Floyd's Algorithm

= WOLI][j] = min(WED[i] [j], WOD[i] [K]+WEDK][j])

N —

C;se 1 C;ge 2

= shortest path from v; to v,using {vy, v, ..., v, }

=« Case 1: the path does not visit v,
Ex) WO1][3] = W®[1][3] =3

« Case 2: the path visits v,
Ex) WA[5][3] = WD[5][2] + WD[2][3] =443 =7



S=ol=E &8s <4>

= Cflo]E| F-

typedef struct {
int weight [MAXV+1] [MAXV+1];
int nvertices;

/* adjacency/weight info */
/* number of vertices in graph */

} adjacency_matrix;

initialize_adjacency_matrix(adjacency_matrix *g)

.{

int i,14; /* counters */
g —> nvertices = 0;
for (i=1; i<=MAXV; i++)

for (j=1; j<=MAXV; j++)
g->weight[i] [j] = MAXINT;

}

12
fI2
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read_adjacency_matrix(adjacency_matrix *g, bool directed)

{

int i; /* counter */
int m; /* number of edges */
int x,y,w; /* placeholder for edge/weight */

initialize_adjacency_matrix(g);
scanf ("%d %d\n",&(g->nvertices),&n);

for (i=1; i<=m; i++) {
scanf ("%d %d %d\n",&x,&y,&w);
g->weight [x] [y] = w;
if (directed==FALSE) g->weight[y][x] = w;




E=o|l=E 2|5 <5>

= Al 24 HAE
= WOil[il = min(W&Di[il WED[1[k]4+WEDIK][i])

floyd(adjacenay_matrix *g)

.[
int i,j; /* dimension counters */
int k; /* intermediate vertex counter */
int through_k; /* distance through vertex k */

for (k=1; k<=sg->nvertices; k++)
for (i=1; i<=g->nvertices:; i++)
for (j=1; j<=g->nvertices; j++) {
through_k = g->weight[i] [k]+g->weight [k] [j];
if (through_k < g->weight[i] [j])
g->weight [i] [j] = through_k;




String Matching

s Edit Distance

= number of any following costs to make two strings match
= subs - match
= insertion
= deletion

= after any above operation, you are given shorter strings to
match



#define MATCH 0 /* enumerated type symbol for match */
#define INSERT 1 /* enumerated type symbol for insert */
#define DELETE 2 /* enumerated type symbol for delete */

int string_compare(char *s, char *t, int i, int j)

{
int k: /* counter */
int opt[3]; /* cost of the three options */
int lowest_cost; /* lowest cost */
if (i == 0) return(j * indel(’ ’)); | delete remaining tail of t

if (3

0) return(i * indel(’ ’));

opt [MATCH] = string_compare(s,t,i-1,j-1) + match(s[i],t[jl);
opt [INSERT] = string_compare(s,t,i,j-1) + indel(t[jl);
opt [DELETE] = string_compare(s,t,i-1,j) + indel(s[i]);

lowest_cost = opt [MATCH];
for (k=INSERT; k<=DELETE; k++)
if (opt[k] < lowest_cost) lowest_cost = optl[k];

return( lowest_cost );



Algorithm Review

= The number of function call grows exponentially
= The maximum number of distinct function call is

int string_compare(char *s, char *t, int i, int j)

s Let’'s make a table like. ....
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s[0..i] and t[O0..j]
» worst case: subs all chars - diagonal values are i

* cell[i, j] means cost to make two strings match
* computing a cell requires three cells
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de|H|o|E HFH <3>

m. .

L]

o i5 niA|, 2 B8N 2EE T8

=2 HEF FAH[GESm 0=
’%*—IF_’CL

« TFCH (j+1)BA] BizS HAl=
o| o iFEoll A JEAHE BiFEE FECH

=0 0f, o| W iFECH U= &t
ALEFOIHIEH & ZOFCE,
. S, 0= 0| Of TMLEA| S iRk

MEEFH E T2 iTeM L E %"“

O = LR of ZIE

j+ 1Ry
stop!

)
Ol

. 5
1S

:r
Ol




de|H|o|E HFH <3>

m;=ming_, ; ,{my; - walk(k,c0)+walk(k,i)+walk(i o)}

. OiX|gte 2 (M) HE S0l iSol ke,
1 Mol (1MW) HAH 52 52t

xt2 o kZ0|ACH. walk (k, )

- 3%, m 2 m L 2FE kS 22 =z
gai7bs BE S20| o3t 59
H| 2 (walk(k,)) 2 B, iSof| HE= 7
H| 2 (walk(k,i)+walk(i,))& H5tH =C}

kS

{

Ik(k,i
Ol 2XE sh2stdl o 7Y B2t walk(k,D
2 aZolM B Ch3 bBolM HE o,
s7150| 2ol 0|58 B4o| HEE
A AFSH= walk(a,b) &==o|C}.

ji-1H 0|=



Similar Problems

A numerical sequence is monotonically increasing if the ith
element is at least as big as the (i — 1)st element. The
maximum monotone subsequence problem seeks to delete
the fewest number of elements from an input string S to
leave a monotonically increasing subsequence. Thus a
longest increasing subsequence of “243517698” is “23568.”

Find the longest sequence of elephants whose weights are
increasing but whose IQ’s are decreasing.

Can this be done as a special case of edit distance?



