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:FaH

n SAO0ILE At 2= & & (vertex)
2 (edge)2 = Helet X
s 1eHE G

.V: SIS PN
« B2t EF

HAEQ| 2tHO2 HAEL N UCH
FCH D SHCE
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:Fa T 20 39 (1/3)

« Z2(path): 2t 0fl Q5 RO
CIRE HFO| 2| AE B2 2HH O 2|AE,

s HHE=H Z2(simple path): =& & &0

==& LIEtLHAl 2= E 2.
s A2 )2 2= 5240 E=J4
=Mot= el =

I=

s HAZE L4 (connected component): 1 ch
LHel AEE E2 12
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:Pa T 20 Ol (2/3)

AOIZ(cycle): = Wi 2k OXI S & & O]
%O'OF 4=, 9|§(C|rcwt)a C &,
3 =

C
= =(forest): 0431 u%':: OI H& el &=,
s QMEEZ[(spanning tree): 1HXEC| 2

JQ-II-ICD Ec_:»l- |_B SdE Eal

n & TJH Z(complete graph): A2 = U=

P=dtds Z= ddlE
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cit SN &2 (3/3)

W

| 2H 2 (weighted graph): 24 0f

s

NESXIIF F=HE e,

Stak _) el X (directed graph): 2t 0f
a0l 20 = 2,

H E 2 3 (network): Jts 2H&F e =
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‘_FEHEE\ 0l (1/4)

MNE=2H2 &lE 2 AHE LIEHH i 2
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‘_FEHEE\ 0l (2/4)

MEEE JisXlz LHEHH =2t A e H
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:PEH ol Ol (3/4)

S8 I

(directed graph = digraph)

SrsrS Defst a2 el

I=
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s OIF S Y — |V[*|V] &

O =2

O(|V[?)Ql 8 AI2F XS D =A,

n QI8 2|AE B A 2|AE, A2
e =20 HA,
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‘.Fﬂ szl T (1/7)

« [VIX|V] 222 B3
s EAA(, D=1 8812 &E&EjAMOIA 2t&0

| US
c A, ) =0: IS I JAOI 2AH0] US

(- HA

Ol

n 28 JjES AR
- A (, e FEIZEH A2 AP 2H0
AN=XIE LIEH
e JISX UAs dHES R
. A, DE 1 EH/\|01| IIEXIE A
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‘P@ 2AE TEEY (1/3)

« [V|JHO 2 2IAER B

BT 2IAEE BB O QFE HHES
AAER GG £S

= O
s JISA Ues AL 8
2| AEE IJISKE B2ttt
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« 20| & EAH(DFS: Depth-First Search)
« HHl & &AM (BFS: Breadth-First Search)
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:HDFS (2/4)

#definen 100 /* H&E2| JH& n =100 */
struct node {

Int vertex;

struct node *next ;

o

struct node *head[n];

<18 6-7> 2F 2AE Itz 2X
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:HDFS (3/4)

int mark, flag[n] ;

dfs(G) {
e ol 2lAE HSO ef=Z G = (V, E)
=< 2= &80 CHet DFS &t=Z 0, HiE flaglll &&=
intv;
mark = 0;
for (v=0; v<n; v++) /*flagl =D|3} */
flag[v] = 0;

for (v=0; v <n; v++)
if (flag[v] == 0) dfs_visit (v);

“~oourth WN

4/16/2007

[H>
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:H)FS (4/4)

dfs_visit(int v) {

/* Oled « X X
= /s O O

Z2 :yIl et HBAH 2O =51X 20| LM EFA */

=

struct node *t ;

mark++; flag[v] = mark ;

t = head;

while(t '= NULL) {
if(flag[t->vertex] == 0) dfs_visit(t->vertex) ;
t = t->next ;

}

~~ NOoO Ul h~h WN =

4/16/2007
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:LBFS (2/3)

int flag[n], mark ;

bfs(G) {
/¥ e oy elAE HEEO 2 G = (V, E)
=4 2= &0 Ciet BFSEA 2. 81 € flaglll &2 =M JI=. */
intv;
mark = 0 ;

init_queue( ) ;

for(v=0;v<n;v++) [*flag2 =D|3} */
flag[v] = 0 ;

for(v=0; v<n; v++)
if (flag[v] == 0) bfs_visit (v) ;

“— NN O U1 A WN

4/16/2007
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FS (3/3)

bfs_visit(int v) {

[xQled s HA HS y

vt He 2 d=2 Ul 24 2= =A S flag BHZ0ll. */

1 struct node *t; intu;
2 enqueue(v); flag[v] = -
3 while ('queue_empty( ) ) {
4 u = delqueue ();
5 mark ++ ; flag[u] = mark ;
6 for (t = head[u]; t!= NULL; t-> next)
7 if (flag[t->vertex] == 0) {
8 enqueue(t-> vertex) ;
9 flag[t->vertex] =- 1
10 1
11 }

)
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i% At X2 (Topological Sorting)

O
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5 31l
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Ok il
Ny ol
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52 o a=_ KO
S & RVl
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K0 o) oll oF

43

4/16/2007



‘k—wg 29| of
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Algorithm 1 [Topological Sort]

= Find a node
element of t

= Delete vand

v with in-degree zero; make v be the first
ne schedule.

recursively t

ne remaining vertices.

its incident edges from the graph. Schedule

Time : O(|V|+|E|)

4/16/2007

45




*3 1= 19 &= 0 (1

(1/2)
S
/

:/




‘L%*ﬂ 215 19 == 0 (2/2)
1 |

® "
(e) ()

(9)
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Algorithm 2 [Optimal Topological Sort]

= Do a DFS on the graph starting from a vertex (of in-
degree zero).

= Output the vertices in reverse order of their finish times.

Time : ©(|V|+|E|)

4/16/2007 48
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10l = ] ol
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= =3

ctHSA
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= c|s 22 &= 0l (3/3)
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imvaﬂ.c.w.\

HZ& R4 (connected component) : 2=
X”é“éia*Oﬂ A2t & Mot U2 F=
| EH
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‘_LO% oz J2HT (1/2)

articulation point) : X4 Al 2D}

=
OI/\* | 22Oz 28| 4= A
X
=

2
ol
0
A

- O O

5 0
l

0| LU Ol= H& 2

BA —

= Ci2l| (bridge) : MJHAot®H el Z It = 0] &S

SEOR 20| fE 24,
dz2 )t &Mote = EH | ?% ) HE
= 25 ChelE MofolH 013 & A J <ol &l L.
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‘_LO% 1z J2HI (2/2)

<& 6-17> Z&&, U], 0I5 &8 4&
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X 5t

int dfs_visit_ap(int v) {
/¥ U HE HS v

o

oS
=9 g8, ddez oE

[l
m
0z
10
0z
0
10
0Z
[0
T
ol
*
~~

1 int min, m;
2 struct node *t ;
3 mark++ ; flag[v] = mark ; min = mark ;
4 t = head[v]
5 while (t = NULL) {
6 if (flag[t->vertex] == 0 { /¥ 022 EE0|H */
7 m = dfs_visit_ap (t->vertex) ; [* t->vertex O|GHOIA &
8 zlatel 89
9 if (m < min) min=m;
10 if (m >= flag[v]) printf ("%Cc", name(v) ) ; iSRS,
11 } else /*O0|0 22}E ZFH0IH, 5 4 230|H
12 if (flag[t->vertex] < min) min = flag[t->vertex] ;
13 t =t->next;
14 }
15 return (min) ;
by
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igm§9+
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AN CHoll A SO F 94§DP

of it
=Mots 200 2 =

s A

i — A2 dF=0] ot
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‘_L%EE%E\ = 0ff (1/3)
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i%*ﬂa%e == 0ff (2/3)
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‘L%EEI%B == 0| (3/3)
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e =
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E= 88 20l =0t
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‘FH\ AE E2] (2/2)

s GO ZAAMEELZ| (MST: Minimum
Spanning Tree) :
« GO AIRERIS & 2tM 9| 80| £ A0
MEEC

| 2 A2 (Kruskal)2l &2 0t = 2l (Prim)2l
B

H
=

0Z U
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= I

Prim (G, r)
{
S<d;
HE r= Y25 ACHD HAIotL], e SOl 2etAl2ICE
while (5+V) {
SOIM V-SE HZot= 2t E S = A2012 2tH (x, y) E 2=
> (x€S, yeV-S)
HE yE S2CAUCHD H Aot LD, E g SOl e AIZICH
by
b v 2= A2+ O(|E|log|V])
\
gl o=
: =< O = o
s Prim €12|&2 greedy 2112|152 €5
- — = = | —
s Greedy 2112|&SC 2 XA E B&ot= EF 0
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fg 2l 6.1 (1/2)

s HZE IS A E G =
C

(V, E)Oil CHotd SE

Vo K2 XEH0l2t 5HAL (U, v)Itu &
S0l v E V-S0I 2| A JIEX| 2t 0|2}
2t (u, V)2 EBEHs FA A E2) D}

&= A et
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2] 6.1 (2/2)

N e e e e e e e e =

-

v
\

<& 6-34> x4 2td & HE e
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= =3¢l 6.2

BE GOl LHBH 2|4 AIF E2|9 2t B E
To 22 & a0l 6t1, CE % Gy = (V,
B)OIl QU= 8t G1Z QA 5HXF. PO (y,

v)D I C2t CHE ¢
2HS0l24EH (U, v) € TQ! TIF =T SHCL.

= Kruskal®| £1c2|&
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ruskal (G, r)

0.
ol

1K
ol
oD
KD

o]

KJ

U

Ol

—t

oJ
K0
KO

o]

I9)

-

U

0

Ul

14 < n-1) {

Al

5

~J

while (T2

etCt;

4 (u, v)E Ml A

i

~J

010

2~ H]

Ky

KJ
0D

)
ol
0D
KD

Uk

T<—TU{u, v)};

4 Al 2+: O(|E[log|V])

1o

<+

v
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LS v.s, dFAZ (2/2)
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X S A2 (2/2)

- S AIRE 202

- SYANRFHOZLH A HE( 012 IHPRE
st
. O AER 2D2IB
= 52| JISXIE oEotAl 2= zIHE=
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:H)ijkstra ot 2|5 (1/2)

s Dijkstra & 12| S -
HelJr za0l 8
St O

D e — )
o 1-=

2 S O[Lt.

« Dijkstra & )2[&=2 20 A B S
ZAQEERIE flet g eSS At

M2l €Lt
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co N O Ul A W IN -

ijkstra € 12|S (2/2)

Dijkstra(G, A, s) {

* a2 dd=EG=(V,E), 218 &
=9 :sZ22H CUE 2= HENAS = ZBZ2| 20| */
U={s}
for (2= & v)

D[v] = A[s][v];
while (U !1=V) {
Diw]It =201 & weV-UE & &,
U= UU{w};
for (woll C1&E St 2= & v) {
D[v] = min (D[v], D[w] +A[w][V];

U
>
=
J
0
0
wn

<12 6-44> T F2E [ots ORIAER} LD2IE
4/16/2007
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ijkstra 2 12|52 H &4

. O[&88 88 S0lA &8sk 24 Hel 88 wel ALl

Diw]= sOl A witAl 2l =& =2 Z0[0|LCt.
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‘_H)ijkstra Ot 12| = O] AlSH Al

= O(|E|log|V])
o\

5l 08
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‘Flm_ IC 22|15 (1/2)

s Dijkstra € J12|&= 2HH2| JtsSXIJF 50| &S
S g==Xe] N E’gEEL

. Dijkstra X D2IES & & SO Bt TEE X E O
HBHAlS ZISHHEIZ CHAl HIAGHR 2222 0/ 8t
OOl CHSHAI =S RITHR =S5HR L =Ch

s HOH-II & (Bellman-Ford) 2 12&2 25 X
G=(V,E)UllA 2t&82 JISXIIF S8 g =
olsote S22 &0 B2 zHAEZ
2 el s0[ L0,
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‘_L%FP_E\EE = 0 (2/2)
|
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. S| ALOI20| YO B AOISS  #0| D
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« VI*|V| 82 D=(dy)

- d - FF KM ZH XIS F S 22O
20

« d0— BA BISIHk 0512 HEOIS
ZRots B MM FA K2 2

d=xz2 20

d® = min(d,®&, d,(D+d, kD), dO=w(i, )
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iz (3/3)

= M X|CH A

99
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4/16/2007 <1&8 6-47> 2= HEMN 2t0| X HZ 0f|AH JHE 100



3D = min(d©, d;,©+d, (@)
= min(°, 4+3)
=7

4/16/2007 CtEZ Ol 2= 101



d3:@ = min(dy®, dy,M+d,D)
= min(7, 6-1)
=5

4/16/2007 O X AZ (N A= 102
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0
S
D® =] 4
(00)
!

<]& 6-47> =2

=
—

N I

I~ O B

HEW 20| Ho

1
(_53 Va = min(5, 0+5)
=5
1
O —

3

d,c® = min(ds@), d,,@+d,@)

2 WX deH= 103



ds@ = min(d;®), d,,3+d,3)
= min(5, 1+1)
=2

4/16/2007 < 1& 6-47> 2= 3N 2O XH FZ WA = 104



O 2 3 4 1

5 0 1 2 -1 dy® = min(dss®, dyD+dy@)
D(S) 4 4 0 1 @f ;2 (2, 2+0)

8 340 1

7234 0

OE
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loyd &€ 1)2l& (7/7)

Floyd(A, n) {

oo N O o1 A W N -

% 021 + O]
LI S

All..n][1..n], n = |V]
é}:‘:. O| j.| a| oHa=l D*/

Hed

= E
O A
I T o

g

=
=

0

int i, j, k;
for(i=1; i <=n; i++)
for (j = 1; j <=n; j++)
D[i]0] = AL
for (k=1; k <=n; k++)
for(i=1; i <=n; i++)
for (j = 1;j <=n; j++)
if (D[i][] > Dlil[k] + DLk][])
D[i][G] = DLi]l[k] + DIk][];

<13 6-48> Z= A x|t =2 Z0IE o= =
4/16/2007
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‘Fg% Floyd 210215 (1/2)

FloyPath(A, n) {
[¥ 2 olgZglE dE A[L..n][1..n], n=|V|
B A 2t el g D, et Al HE P ¥/

£ 2& = =

‘B

int i, j, k;

1 for(i=1; i <=n; i++)
2 for(G=1; j<=n; j++) {
3 DLiIG] = ALIIGT

4 P[i1[i] = O;

5 ¥

6 for (k =1; k <=n; k++)
7 for(i=1; i<=n; i++)

8 for(G=1; j<=n; j++)

9 if (D[i][] > D[iI[k] + DIKIGD) <

10 D[i][j] = D[il[k] + D[K][j1;
11 PLiI0] = k;
12 b

}

2 | =LEEE c o
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‘ng% Floyd 210215 (2/2)

PrintPath(int i, int j) {
int k;

1 if ((k = P[i]GD '=0) <
2 PrintPath (i, k);
3 printf ("%d", k);
4 PrintPath (k, j);
5 ]
’
<72 6-50> 2 & XE FZO| QI

4/16/2007
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:HDAG o| x| C

= MOI20| Sl 7 == DAGEH stit
= DAG : Directed Acyclic Graph

s DAGUIAM S ZHABZ = HSAIZ2H0| 2HEES
st = ALY
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DAG-ShortestPath(G, r)
{
for each ucsv
dir] < O;
Gel == 48 Eet
for each uEV (FIAEE =A=2)
foreachveElL(u) D> L(u) : 28 uz2RH HZ2E 5S¢
if (d[u] + w[u, v] <d[v]) then {
d[u] < d[u] + w[u, v];
prev[v] < U;

v =3 Al 2k O(|V|+]|E])
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‘_H)AG-ShortestPathQ SEESL:|
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:HDAG-ShortestPathQ Az O

6 f/a\m
(© oy——[0]——(=) <o
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‘_HDAG-ShortestPathQ\ &= O

/\ |
(06( . 2 3
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‘_H)AG-ShortestPathQ SEESL:|
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b

[£t11] Searching & Al
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i What is Search For?

s All Al is search!

= Not totally true (obviously) but more true than
you might think.

» Finding a good/best solution to a problem
amongst many possible solutions.

= Ways of methodically deciding which
solutions are better than others.
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i Types of Searches

= Blind searches consider alternative actions
without any bias
= Breadth-first
=« Depth-first
» Iterative deepening
= Uniform cost

s Heuristic searches use a heuristic to inform their
choice of action

= Greedy
= A"
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i Example: The 8-puzzle

SEIS
(@)
o)

9

3) 1/2]3
(4) 8| |4
7165

A sequence of tile moving action
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Example: The 8-puzzle

2

(5)7tels

w

N

(3) 1/2]3
8(4) 8| |4
7165 1

OIS
()
N
9
[HEN
N

[EEY
oo
IS

g
~
0
8L
In
i
0
aL
w

[EEY
N
w
N
w

~
o |0
GIEN
~N |-
o |0
GIEN

o
AN
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