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= ~#f (binary tree)

O Hfeni &gk L4t 2B T (7 2% ) BIfEs = A4 (binary tree)

full complete perfect
binarytree binarytree binarytree

= ~3¥F #f (Binary search tree)

I AEME - AR VT NMEE O FEF EE 0 RIRERBRET R
%’14&% %0 Rz F gt B & ] SRR s
CEERETF R E 0 PRI R A T -
1——3-;}*5]— i*ﬁ&/ﬁﬁ_ﬁ%,:m&gjﬁ

T ) e fAE B AriE g oo A HF B (Binary Search Tree) &L ffi¥(Balanced) ?

(a) 30,20,50,5,25,41,80
(b) 5,20,25,30,41,50,80
(c) 80,50,41,30,25,20,5
(d) 50,80,41,30,25,20,5

Ir % & }%@?I rAEFHR S TR ﬁ #riE 2 - A HOF BT (Binary Search Tree) & #ick > ?
(a) 100, 200, 300, 400, 500, 600
(b) 300, 200, 500, 400, 100, 600
(c) 600, 500, 400, 300, 200, 100
(d) 400, 100, 500, 100, 200, 600

= RIEF Benig gE_(traversal)

O =+ B i Hi_(preorder traversal)
O ¢ Aif Bt (inorder traversal)
O ¢ 5 i i (postorder traversal)
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W 5 if B¥_(preorder traversal)
o *¢ =+

4\

1. B R
2. AR L RIAFehvEie e e
3. AR PRV e e
O FHERA
O 50 35 25 40 36 41 60
¥ B if B¢_(inorder traversal)
o =°¢+
1. AR = pIAehiie ot o
2. KA
3. AR pIRFevEie e e
O FHEAMA :
O 25 35 36 40 41 50 60
{4 B if ¢_(postorder traversal)
® 214
1. WG 2 Rk o e
2. AR RIMFeiiie e v
3. Kot 58k
® FHETEAE
B 25 36 41 40 35 60 50

()
(0)
(® () o o
@ L6 O Gf @ B

» O ®©® @ ©® ©

Inorder:
Preorder:

Postorder:
Sy
O 7 -34% 538t =48 traversal * VA Bl40T
O # 5 ! —*ab/+cde

O ¢ 5 ! a*b-c+d/e
O &5 :ab*cd+e/-
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W35 (Graph)

O 7} (Graph) £4;11i§ (Edge) ## 8 (node, Vertex)idiids kefe it o
O G=(V, E)
o v
O E = edge set
O W47

O Adjacency list

vertex set

O Adjacency matrix

#& v B (undirected Graph) % 5w/

' 2| s /] ]
Q12 2 [ 5] MHET M :
‘.e =y g :
@ a 5 4] =~ 1] 2|~ 5
(@ (b) ©
7 # B (directed Graph) % 7 i3
123456
I 2| 4]/] 1fo1 01 00
2 5|/ 2000001 0
6 2 (3) 3 6 5|7 300000 1 1
4l reld 4010000
3 4|/ 5000100
&—6 @O 6 Pplels 6[0 00001
(a) (h) ©
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Adjacency matrix

Adjacency List

DIZaN
o &

FEE b

|

|_|=|.,|~.|...|=|.-.|-|-.|

}

Bl A; e

O Breadth-first search (BFS)
O Depth-first search (DFS)
O Topological sort

o Strongly connected components

Breadth-First Search (BFS)

Breadth First Search

1. q ={}
2.q=}2]- )
3.q=1{9, 3
0 4. q = {1}
5. q = {4}
6. q = {5}

Using 3 queue
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#include <string.h>
#define N 7

int visited[N]; // visited array
int graph[N] [N] = {
{ OI ll 1/ OI Ol OI O }l
{ O/ Ol O/ Ol O/ Ol 1 }I
{0, 0, 0, 1, O, 0, 1 },
{0, 0, 0, 0, 1, 0, O },
{0, 0, 0, 0, O, O, 1 },
{ 6, 0, 0, 1, O, 0, O },
{0, 0, 0, 0, O, O, O } };
int front = 0;
int rear = 0;
int g[N] = { 0 };

void bfs (int v);
int main () {
// make all vertex unvisited
memset (visited, 0, sizeof (visited));
// run bfs from 0Oth vertex
bfs (0);
return O;

}
void bfs(int v) {

visited[v] = 1; // make vertex v visited
// enqueue vertex v
qlrear] = v; // insert at rear
rear++; // increment rear
while (rear '= front) // condition for empty queue
{
// dequeue
int u = glfront];
printf ("%d ", u);
front++;
// check adjacent nodes from u
for (int 1 = 0; 1 < N; i++) {
// 1if there is adjacent vertex enqueue it
if (!visited[i] && graphlu] [i]) {
qglrear] = 1i;
rear++;
visited[i] = 1;
}
}
}

printf ("\n");
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BFS:
BFS:
BFS:

Depth-first search (DFS)

LA kRS N ARG

DFS Algorithm (Pseudo Code)

n « number of nodes
Initialize visited[ ] to false (0)
for (i=0;i<n; i++)

visited[i] = 0;

void DFS (vertex 1)

{

[DFS starting from i]

visited[i]=1;
for each w adjacent to i
if (!visited[w])

DFS (w) ;
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DFS Example

#include<stdio.h>

void DFS (int) ;
int G[10][10],visited[10],n;
//n is no of vertices and graph 1is sorted in array G[10][10]
void main ()
{

int i,7;

scanf ("%d", &n) ;

//read the adjecency matrix

for (i=0;i<n; i++)

for (j=0;j<n;j++)
scanf ("%d",&G[1]1[3]1);

//visited 1s initialized to zero
for (i=0;i<n;i++)
visited[1]=0;

DFS (0) ;
}
void DFS (int 1)
{
int j;
printf ("\n%d",1i);
visited[i]=1;

for (j=0; j<n; j++)
if (!visited[jl&&G[1i] [j]==1)
DFS (J) s

m Probing List is implemented as stack (LIFO)
m Example
A’s neighbor: B, C, E A
~1B’s neighbor: A, C, F ‘
71 C’s neighbor: A, B, D
~1D’s neighbor: E, C, F Q‘G e
E’s neighbor: A, D o Q
~1F’s neighbor: B, D
start from vertex A

DFS:
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UVA 572 Oil Deposits 78 v (DFS $i# i 3 )

Description

Due to recent rains, water has pooled in various places in Farmer John's field, which is represented by a
rectangle of N x M (1 <= N <= 100; 1 <= M <= 100) squares. Each square contains either water ("W") or dry
land ('."). Farmer John would like to figure out how many ponds have formed in his field. A pond is a
connected set of squares with water in them, where a square is considered adjacent to all eight of its
neighbors.

Given a diagram of Farmer John's field, determine how many ponds he has.

Input

* Line 1: Two space-separated integers: N and M

* Lines 2..N+1: M characters per line representing one row of Farmer John's field. Each character is either 'W'
or '.". The characters do not have spaces between them.

Output

* Line 1: The number of ponds in Farmer John's field.

Sample Input f347 :

1012 - i DFS$HHUHA -

Weooonn.. WW. e KABWRAIF fud R IW, £F -
RRCTINE ¢ FRHR- BT j:?r B T AR e idX
......... W . s FHERTUAGERRRATALEC G HE
......... W.. e WEF- BRNAFESIZ

WLl W.. e tEEREPPRRIPME BRI o

WL ... WW. floodfill

W.W.W..... W

W.W...... W.

WL W.

Sample Output

3

#include<cstdio>

#include<cstring>

const int maxn=1000+5;

char tu[maxn] [maxn]; //§s > Bz
int m,n,idx[maxn] [maxn]; //{&kiz'L7|

void dfs(int r,int c¢,int id)
{

1f(r<0] |r>=m]| |c<0]| |c>=n)

return;
if(idx[r] [c]>0] |tulr] [c]!="W") wiyr i
return; ‘
idx[r] [c]=id; \\\\J
for (int dr=-1; dr<=1; dr++) et : o
for (int dc=-1; dc<=1l; dc++) // EIFE RSB
if (dr!=0]|dc!=0) e e

dfs (r+dr,c+dc,id) ;
int dx[]={-1,-1.-1,0,01,1,1}
} int dy[l={-1.0.1,-1,1.-1,0.1}
int main ()
{
int i,73;
while (scanf ("%d%d", &m, &n) ==2&&m&&n)
{
for(i =0; i<m; i++)
scanf ("%s",tulil]);
memset (idx, 0, sizeof (idx) ) ;
int g=0;
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for (i=0; i<m; i++)
for(j=0; j<n; j++)
if (idx[1][J]==0&&tuli] [J]l=="W")
dfs(i,],++q) ;
printf ("$d\n",q) ;
}

return 0;

}
FHEE A (Topological sort)

O pH A iy R R #— § v B2 P& BRI & - 5]
O =27 Fri- o

Ans:

— 4 % ? Eular Path

void euler (int u)
(5) O, |
for (int v=0; v<n; v++)
o o if (Glul [v] && !vis[u][v]){
e e vis([u] [v] = vis[v][u] = 1;

euler (v);

printf (“%d %d\n”, u, v);

—

O 1736 & AP FL i1 wethl- £ > A R4geT
- BEAE - L= d»‘\/.»,"ﬁ‘." ;
1. B AP
2. B¢ A eliBdcs 08 2

T & D
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Minimum spanning tree

12

Kruskal's algorithm

O B 230z 4 Bb LBk o

Kruskal's algorithm:

sort the edges of G in increasing order by length

keep a subgraph S of G, initially empty

for each edge e in sorted order
if the endpoints of e are disconnected in S
add e to S

return S

O it ¥ - B Greedy method (f <& %)

o:: .

o Vo
W= ==uin
oo oViunioo,
T mm
AOTTmMQO

>WOMMNNRI>0
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Cost adjacency matrix

Dijkstra’s Algorithm

Single Source All Destinations

void shortestpath(int v, int
cost[] [MAX_ERXTICES] , int distance[], int n.
short int found[])

int i, u, w;

for (i=0; i<n; i++) {
found[i] = FALSE; O(n)
distance([i] = cost[v] [i]:

}

found([v] = TRUE:;

distancel[v] = 0;

for (i=0; i<n-2; i++) {determine n-1 paths from v
u = choose(distance, n, found);
found[u] = TRUE;
for (w=0; w<n; wt++)
if (!'found([w]) ol w
if (distance[u]l+cost[u] [w]<distancelw])
distance[w] = distance[u] tcost[u] [w]:

12

Example for the Shortest Path oo
N 1500 44
Chicago __—
=1 Denver 1200 (ape 250
Franeisco e 1200 (3 J~._
(1 Y890y = 1000
ey, A2 .
s )
300 1000~ 1400 ___— -
X . New Orleans — 200 /
@ NorSiew
= Ve 1000
Los Angeles T——(6) Miami
4] 1 2 3 4 s 6
o 0
1 300 0
2 1000 800 0
3 1200 0O
4 1500 0O 250
5 1000 0 900 1400
6 0 1000
7 1700 CHAPTER 6 660
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