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public class

Digraph

MaCagn dhh)S

void
Iterable<Integer>
int

int

Digraph

String

In

Digraph G = new Digraph(in) ;

for (int v = 0; v < G.V(); v++)
for (int w : G.adj(V))
StdOut.println(v + “->" + w);

Digraph(int V)
Digraph(In 1in)
addEdge(int v, 1nt w)
adj(int v)

VO

EQO

reverse()

toString()

in = new In(args[0]);
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tinyDG. txt
V“":h-ls E % java Digraph tinyDG.txt

22 < 0->5
4 2 0->1
g g 2->0
2 € 6=® (D
0 1 @ e 3->5
2 0 3->2
11 12 4->3
e (3) (9~ e
9 10 o

911 O 1D)—~{12 5—>4
7 9 :

10 12 11->4
1%{ ‘; 11->12
- 12-9
6 8
8 6

sCagn Bl)S

In in = new In(args[0]);

7 .
Sl s Qulsh

A

Digraph G = new Digraph(in) ;

for (int v = 0; v < G.V(); v++)

9,9 Wl

@l b

A

for (int w : G.adj(V))
StdOut.println(v + “->" + w);
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- 4
public class Graph
{

private final int V;
private int E;

private Bag<Integer>[] adj; «— UQLM¢<5&CMWH
AP
public Graph (int V) F SlJ Al
{ i, Vol
this.V = V;

adj = (Bag<Integer>[]) new Bag[V];
for (int v = 0; v < V; v++)
adj[v] = new Bag<Integer>() ;
}

public void addEdge (int v, int w) — V=W Jb @99
{
adj[v] .add(w) ;
adj[w] .add (v) ;

E++;
}
) s o
ublic Iterable<Integer> adj (int v) e
public Iterable<Integer> adj(int v - )
{ return adj[v]; } V. (wl; 4luss
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public class Digraph
{

private final int V;
private int E;

private Bag<Integer>[] adj; «— UQLM¢<5&CMWH
i e Di ; 7 51/ Sl
public Digraph (int V) F SN
{ i, Vol
this.V = V;

adj = (Bag<Integer>[]) new Bag[V];
for (int v = 0; v < V; v++)
adj[v] = new Bag<Integer>() ;
}

public void addEdge (int v, int w) «—— VoW Jb @99

{
adj[v] .add (w) ;

E++;
}
. 7
) o s Sl P
public Iterable<Integer> adj(int wv) — Y s @
{ return adj[v]; } vl Glussr

} 1090 - (500 ol 3o — (dosls Plalaln
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DFS (to visit a vertex v)

Mark v as visited.

Recursively visit all unmarked

vertices w adjacent to v.

1090 — 5918y 100 saw — oosly Hlaislbw



marked|[]

prev(]

OW O Joy U1l dWN KL O]

R R e
N RO

F

o I I I T L I B B L B I |

ksl (s1yal :,Bac (5gaTms

V ol bl ¢ly O
oS S ede v Wl o

Graph G IR0 - (5918 Jo0 saw — osls Hlaislu



marked|[]

prev(]

OW O Joy U1l dWN KL O]

R R e
N RO

mmmmmmmnjmmmm@

ksl (s1yal :,Bac (5gaTms

V ol bl ¢ly O
oS S ede v Wl o

Visit 0: check 5, check 1 1090 - (s015) ol suw — dasls Hlalslw



Islad (s1yal :,Bac (5oaTms

V o, Sl ol O
oS NS cdle v LWl 0

v marked|[] prev|]
0 T -
1 F -
2 F -
3 F -
4 F -
5 @ ©
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

Visit 5: check 4 IR0 - (5918 Jo0 saw — osls Hlaislu



marked|[]

Islad (s1yal :,Bac (5oaTms

V o, Sl ol O
oS NS cdle v LWl 0

prev(]

OW O Joy U1l dWN KL O]

'11'11'11'11"1"1'116@"1"1"1'&

Visit 4: check 3, check 2 1090 - (s015) ol suw — dasls Hlalslw



marked|[]

Islad (s1yal :,Bac (5oaTms

V ol Sl gl O
oS S ede v Wl o

prev|]

WO JoUldWNPRE O

H R R
N B O

'ﬂ'ﬂ"i'ﬂ"i'ﬂ'ﬂﬂﬂ@"i"jlﬂ

=

Visit 3: check 5, check 2 1090 - (s015) ol suw — dasls Hlalslw



marked|[]

prev|]

WO JoUldWNPRE O

H R R
N B O

T

o I I I O L I I I O L

P 1 11 1 1 © Ul & 1 1

Islad (s1yal :,Bac (5oaTms

V ol bl ¢ly O
oS S ede v Wl o

Visit 3: check 5, check 2 1090 - (s015) ol suw — dasls Hlalslw



marked|[]

Islad (s1yal :,Bac (5oaTms

V ol Sl gl O
oS S ede v Wl o

prev|]

WO JoUldWNPRE O

H R R
N B O

mmmmmmme»—:e@me

> (W)

PP 1 11 1 1 oW

Visit 2: check 0, check 3 1090 - (s015) ol suw — dasls Hlalslw



v marked|[] prev][]
0 T -
1 F -
2 T 3
3 T 4
4 T 5
5 T 0
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

Islad (s1yal :,Bac (5oaTms

V ol bl ¢ly O
oS S ede v Wl o

Visit 2: check 0, check 3 1090 - (s015) ol suw — dasls Hlalslw



v marked|[] prev][]
0 T -
1 F -
2 T 3
3 T 4
4 T 5
5 T 0
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

Islad (s1yal :,Bac (5oaTms

V ol bl ¢ly O
oS S ede v Wl o

2 done IR0 - (5918 Jo0 saw — osls Hlaislu



v marked|[] prev][]
0 T -
1 F -
2 T 3
3 T 4
4 T 5
5 T 0
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

Islad (s1yal :,Bac (5oaTms

V ol bl ¢ly O
oS S ede v Wl o

3 done IR0 - (5918 Jo0 saw — osls Hlaislu



Islad (s1yal :,Bac (5oaTms

V ol S gly O
S SBe iS5k Gyge 4 cilonis (6,105 Cudle aS |V jgle yugs, pled D
v marked|[] prev][]
0 T -
1 F -
2 T 3
3 T 4
4 T 5
5 T 0
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

1090 - (5315 pob 3w — osls Hlaisln




Islad (s1yal :,Bac (5oaTms

V ol S gly O
S SBe iS5k Gyge 4 cilonis (6,105 Cudle aS |V jgle yugs, pled D
v marked|[] prev][]
0 T -
1 F -
2 T 3
3 T 4
4 T 5
5 T 0
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

1090 - (5315 pob 3w — osls Hlaisln




Islad (s1yal :,Bac (5oaTms

V l, S gl O
S 6T cdle v i,
S SBe iS5k Gyge 4 cilonis (6,105 Cudle aS |V jgle yugs, pled D
v marked|[] prev|]
0 T -
1 F -
2 T 3
3 T 4
4 T 5
5 T 0
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

5 done

1090 — (5918) Jo0 sy — laasls pledslbn




v marked|[] prev|]
0 T -
1 F -
2 T 3
3 T 4
4 T 5
5 T 0
6 F -
7 F -
8 F -
9 F -
10 F -
11 F -
12 F -

0

Visit O:

Islad (s1yal :,Bac (5oaTms

check 5, check 1

V ol bl ¢ly O

00

w0

12

1090 - (5015) }ob saw — (adsls plaisln




marked|[]

Islad (s1yal :,Bac (5oaTms

V ol Sl gl O
oS S ede v Wl o

prev|]

WO JoUldWNPRE O

H R R
N B O

mmmmmmmen—:ee@e

|||||||om.>w@

Visit 1 1090 - (5915 Job saw — aasls plalslw



marked|[]

prev(]

OW O Joy U1l dWN KL O]

T

L I I O B I I I O I I |

1 1 1 1 1 1 O Ul WwOo I

Islad (s1yal :,Bac (5oaTms

V ol bl ¢ly O
oS S ede v Wl o

1l done

1090 - (5015) }ob saw — (adsls plaisln




marked|[]

prev|]

WO JoUldWNPRE O

H R R
N B O

T

L I I O B I I I O I I |

1 1 1 1 1 1 O Ul WwOo I

Islad (s1yal :,Bac (5oaTms

V ol bl ¢ly O
oS S ede v Wl o

0 done

1090 - (5015) }ob saw — (adsls plaisln




ksl (s1yal :,Bac (5gaTms

v  marked[] ©prev]]

0 T -

1 T 0 ” e
2 T 3 Qv pwy LG Ovgy

3 T 4 e i, !

4 T 5

5 T 0

1090 - (5015) }ob saw — (adsls plaisln




Il > SHlwasly) :Rac (5oa3ML

I ===,

public class DepthFirstPaths
{

4
b Juin s 0V Al
private boolean[] marked; - M vV A
marked[v] = true
public DepthFirstPaths (Graph G, int s)
{
marked = new boolean(G.V()) ; — 4Jyl (2, 40
dfs (G, s); «———— S @ Juaie (g, (8l
}
private void dfs(Graph G, int v) —— DFS /il sotius
{
marked|[v] = true;

for (int w : G.adj(v))
if ('marked[w]) dfs (G, w);

public boolean visited(int v) —— Scuwl Juain s vV i, UT
{ return marked[v]; }
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public class DirectedDFS
{

4

& (/ o I

private boolean[] marked; PRI ol Jutia S 4V p
marked[v] = true

public DirectedDFS (Digraph G, int s)
{

marked = new boolean[G.V()]; — 4Jyl (2, 40

dfs (G, s); «——F— S 4{(}@2’.60”95/ U:i’b..
}
public void dfs (Digraph G, int v) e DFS(;&§Q5yw@
{

marked[v] = true;

for (int w : G.adj(v))
if ('marked[w]) dfs (G, w);

public boolean visited(int v) —— Scuwl Juain s vV i, UT
{ return marked[v]; }
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BFS (from source vertex s)

Put s onto a FIFO queue and mark s as visited.
Repeat until the queue is empty:

- remove the least recently added vertex v

- add each unmarked vertex w pointing from v:

add w to queue and mark it as visited.

o] )‘d&.e[.?- Lthb;é‘)f 6‘)-? G > ‘-o;’.:“ﬁﬂ‘ SO BFS S >

{AI*IW'““I‘T*I
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enqueue (0)
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dequeue 0: check 2, check 1
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public class BreadthFirstPaths
{

private boolean[] marked;
private int[] prev;
private int s;

public void bfs (Graph G, int s) {
Queue<Integer> q = new Queue<integer>() ;
g.enqueue (s) ;
marked[s] = true;
while ('qg.isEmpty()) ({
int v = g.dequeue() ;
for (int w : G.adj(v))
if (!'marked[w])
{
marked[w] = true;
previw] = v;
g.enqueue (w) ;

}
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public class BreadthFirstDirectedPaths
{

private boolean[] marked;
private int[] prev;
private int s;

public void bfs (Digraph G, int s) ({
Queue<Integer> q = new Queue<integer>() ;
g.enqueue (s) ;
marked[s] = true;
while ('qg.isEmpty()) ({
int v = g.dequeue() ;
for (int w : G.adj(v))
if (!'marked[w])
{
marked[w] = true;
previw] = v;
g.enqueue (w) ;

}

} 1090 - (500 ol 3o — (dosls Plalaln
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Queue<String> queue = new Queue<String>() ; l
SET<String> discovered = new SET<String>() ;

String root = “www.tabrizu.ac.ir”;
queue.enqueue (root) ;
discovered.add(root) ;

while ('queue.isEmpty()) ({

String v = queue.dequeue() ; — Olgiam @yl
StdOut.println(v) ;
In in = new In(v);
String input = in.readAll();

(S}i{%)pw

String regexp = “http:// (\\w+\\.)* (\\w+)”; > 9898 (slodid, (80
Pattern pattern = Pattern.compile (regexp) ; é______:gﬂgdngyaﬁw(yd
Matcher matcher = pattern.matcher (input) ; t )
while (matcher.£find()) http://xxx.yyy.zzz

{

String w = matcher.group() ;

if (!'discovered.contains(w)) ({
discovered.add (w) ;
queue.enqueue (W) ;

} 1090 — (5018) o0 3w — laasls Hlalalbv
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public class DepthFirstOrder

{

private boolean[] marked;
private Stack<Integer> reversePost;

public DepthFirstOrder (Digraph G)
{

reversePost = new Stack<Integer>() ;

marked = new boolean[G.V()];
for (int v = 0; v < G.V(); v++)
if ('marked[v]) dfs(G, Vv);
}

private void dfs(Digraph G, int v) {
marked[v] = true;
for (int w : G.adj(v))
if (!'marked[w]) dfs (G, w);
reversePost.push(v) ;

}

public Iterable<Integer> reversePost ()
{ return reversePost; }

—
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public class A extends B % javac A.java

t A.java:1: cyclic inheritance involving A
y S public class A extends B { }

1 error

public class B extends C

{
}

public class C extends A

{

}
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7 done
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Strong component: 7
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Y.y

dfs(1)
1 done

dfs(0)
dfs(5)
dfs(4)
dfs(3)
check 5
dfs(2)
check 0
check 3
2 done
3 done
check 2
4 done
5 done
check 1
0 done
check 2
check 4
check 5
check 3

dfs(11)
check 4
dfs(12)
dfs(9)
check 11
dfs(10)
| check 12
10 done
9 done
12 done
11 done
check 9
check 12
check 10

dfs(6)
check 9
check 4
dfs(B)
| check &
8 done
check 0

& done

008w 5 e3y)e

dfs(7)
check B
check 9

7 done

check B
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public class CC
{
private boolean[] marked; I
private int[] id;
private int count;

public CC(Graph G) {
marked = new boolean[G.V()];
id = new int[G.V()];

for (int v = 0; v < G.V(); v++) {
if ('marked[v]) {
dfs (G, v);
count++;

}

private void dfs(Graph G, int v) {
marked|[v] = true;
id[v] = count;
for (int w : G.adj(v))
if ('marked[v]) dfs (G, w);
}

public boolean connected(int v, int w)
{ return id[v] == id[w]; }
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public class KosarajuSCC

{

private boolean[] marked;
private int[] id;
private int count;

public KosarajuSCC (Digraph G)

{
marked = new boolean[G.V()];
id = new int[G.V ()]

3Cagn A1YS )y (508 snan (slaanlgs

DepthFirstOrder dfs = new DepthFirstOrder (G.reverse());

for (int v : dfs.reversePost())
{
if ('marked[v])
{
dfs (G, v);
count++;

}

private void dfs (Digraph G, int wv)
{
marked[v] = true;
id[v] = count;
for (int w : G.adj(v))
if ('marked[v]) dfs (G, w);
}

public boolean stronglyConnected(int v, int w)

{ return id[v] == id[w]; }

1090 — (5018) o0 3w — laasls Hlalalbv



1S (wjlsy Slaeis)gsll

&

wollA :)lsciga

Yo%

SRy o fewd

* =8 =8 =9 =8 =8 = -
i [ I i H
[ B R . & H... .
[ i
7 1
[ S S -.4 L _w. a8
ol ]
f oy
| |
. LR T T HL » = +1
[} [} i
- H - =
)
Ty H
H.._ L S -
Ll
L S . .

udy

3

4
Y

“H
9

Lsﬁxkc'(jggﬁaiLuﬁ;’

(L 99)




