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ransition G

raph of 8-Puzzle
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nodes

edges: connection betw
een 

tw
o nodes

G
raph: set of N

odes and E
dges betw

een nodes

>

G
raph: a very general data structure

E
 =

 {(A
,B

), (B
,C

),(C
,B

),.....}

V
 =

 {A
,B

,C
,D

,E
,F,G

,H
,I,J}

E
dge (A

,B
): 

A
 is source of edge

B
 is destination of edge

G
raphs can represent state transitions, road m

aps, m
azes ........

In som
e graphs, edges m

ay have additional inform
ation.

- puzzle graph: edges annotated w
ith N

/S/E
/W

A

B
C

D
E

F
G

H

I
J

V
: set of nodes 

E
: set of edges (pairs of nodes)

In som
e graphs, certain nodes m

ay be special

- puzzle graph: initial and final (sorted) nodes are special

G
raph in exam

ple is a D
IR

E
C

T
E

D
 graph

      analogy: 1-w
ay street vs 2-w

ay street
U

ndirected graph: no arrow
s on edges?

# �  ��� � 
��� 
�� �

A

B
C

D
E

F
G

H

I
J

E
 =

 {(A
,B

), (B
,C

),(C
,B

),.....}

V
 =

 {A
,B

,C
,D

,E
,F,G

,H
,I,J}

!@AB
CDEF DGH
IJ KHED KL
GDBH
IDEF DGM
NHGDGHA O
PD QG KHED K
R DF S

HAB
CDEF DGH
ITJ ODUR TV WX VR TV YXZX

!@AB
CEDF ODDH IJ KHED KLKA [
\D OH
IHAB
CDEF DGH
IKHED K

!]K CDEF DGH
IJ KHED KL
GDBH
IDEF DGM
NHGDEDGB QKJB QH KQG KHED K
R DF S

QK CDEF DGH
ITJ ODUR WV TX VR ^V TXZX

!]K CEDF ODDH IJ KHED KLKA [
\D OH
IQK CDEF DGH
IKHED K

!YDF ODDH IJ KHED KQK
J KA KE QO
DPBDEF OJ_ NLKA [
\D OH
IDEF DG

JBBJP NDEBH KQKB
NJBF OJ_ N

!`Ea J KPD KPb LKHED KQGGJ QEBH
\DJEa JPD KBBH KHED [QIR [V KX QGJ K

DEF D QKB
NDF OJ_ N

]KBA QB QcD db V MDPJ KF DB IOH [[BH K
\b B O
JcD OG QKF H KDDEF D S

e

!fJB NLJGDg AD KPDH IDEF DG QKM
NQP NEDGB QKJB QH KKHEDH IJ KDEF D QK

GDg AD KPD QGGHA O
PD KHEDH IKD hB
DEF D QKGDg AD KPD

ihJ [_ dDG LR QXR `V WX VR WV TX VR TV YXR QQXR jV ]X VR ]V kX

!lHA O
PDH IJ_ JB NLGHA O
PDH ImOGB
DEF DH K
_ JB N

YDGB QKJB QH KH
I_ JB NLEDGB QKJB QH KH
IdJGB
DEF DH K
_ JB N

!nDJP NJ\ QdQBb LKHED KQGGJ QEBH
\D ODJP NJ\ dD IOH [
KHED [QIB ND OD QG

J_ JB NIOH [[BH KS

!oND OD [
Jb \D [
J Kb _ JB NG IOH [H KD KHEDBH
J KHB
ND OS

ihJ [_ dD LR iV ^X J KER iV WX VR WV TX VR TV YX VR YV pX VR pV ^X

!l Q[
_ dD_ JB NLJ_ JB NQKM
NQP NDcD Ob KHED QGB
NDGHA O
PDJ KE

EDGB QKJB QH KH
IJB [HGBBMH
DEF DGH KB
ND_ JB N

ihJ [_ dD LR KHB
JG Q[
_ dD_ JB NXR TV WX VR WV TX VR TV YX

!Tb P dD LJG Q[
_ dD_ JB NM
NHGDGHA O
PDJ KEEDGB QKJB QH KKHEDGJ ODB ND

GJ [D SihJ [_ dD LR QXR TV WX VR WV TXR QQXR YV pX VR pV kX VR kV YX

q



Path problem
s

A

B
C

D
E

F
G

H

I
J

X

Y

Z

For puzzle problem
, answ

er is no for som
e nodes!

M
any interesting problem

s can be phrased as path problem
s in graphs.

1  2  3
4  5  6
8  7  0

Sam
 L

oyd: cannot reach sorted state from

(1) Is there a w
ay to reach the sorted state, starting from

 any scram
bled

      position of tiles? G
R

A
PH

 SE
A

R
C

H
 (sim

ilar to search in array)

R
eachability problem

:
Is there a path from

 a given node to the node representing sorted position?

r

Path problem
s

A

B
C

D
E

F
G

H

I
J

X

Y

Z

M
inim

al path problem
s:

Find the shortest path from
 node A

 to node F.
Find the shortest path from

 every node to F.

L
ength of a path: num

ber of edges in path

For puzzle problem
, this corresponds to path w

ith few
est m

oves.

T
his is m

ore appropriate for path problem
s in graphs representing m

aps.
L

ength of path =
 sum

 of lengths of distances on path.
Som

etim
es, edges have distances.	s

Path problem
s

A

B
C

D
E

F
G

H

I
J

X

Y

Z

C
ycle: Path that starts and ends at sam

e node.

T
ravelling salesm

an’s problem
:

Find the sm
allest length cycle that passes through all nodes.

N
o one know

s if there is an efficient algorithm
 for this problem

.

  (N
P/N

P-com
plete problem

s)

E
asy to com

e up w
ith slow

 algorithm
s for this problem

.
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L
et us try to execute a few

 steps of the algorithm
 for this problem

.

Scram
bled

State

	r

3
12

2 3
1

3
2 1

12
3

12
3

1
2 3

2
13

1
2 3

3
1

3
1

2

2

3
2 1

3
12

32
1

: configuration in toD
o set

: configuration in D
one set

A
lgorithm

 for Solving Puzzle

N
ote: w

e are not keeping track of m
oves that brought us to a given configuration

: som
e possible initial steps

1s
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