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Initially scram
bled

configuration

m
oves that w

ill lead to the sorted configuration
G

oal: given an initial configuration of tiles, find a sequence of

Sam
 L

oyd’s 8-puzzle 

Sequence of m
oves

Sorted configuration

A
 particular configuration is called a ST

A
T

E
 of the puzzle.

 (N
/S/E

/W
 m

eans tile m
oves N

orth/South/E
ast/W

est)

T
ransition-S

3
4

2
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7
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5
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4
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7
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N
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W E
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3
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7

8
4

State T
ransition D

iagram
 of 8-puzzle

State T
ransition D

iagram
: picture of adjacent states

A
 state Y

 is A
D

JA
C

E
N

T
 to state X

 if Y
 can be reached from

 X
 in one m

ove

-V

State T
ransition D

iagram
 for a 2x2 Puzzle
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S
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S
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E
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H
eart of S

aM
:  a S

tack  and S
tack P

ointer (S
P

)

S
tack:  an array of integers 

S
tack grow

s w
hen integer is "pushed" on top.

S
tack shrinks w

hen integer is "popped" from
 top. 

S
tack starts at address 0 and grow

s to larger addresses.

S
tack pointer: first "free" address in stack 

                           (initialized to 0)

7-24
0 1 2 3

S
P

 (S
tack P

ointer)
3

S
tack
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3
S
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-24
0 1 2 3

S
P

7-24
0 1 2 3

3
S

P

7-24
0 1 2 3

4
S

P

Integer
an 
P

opping

Integer
an 
P

ushing

16

P
ushing 16 on stack

P
op: rem

oves 7 from
 stack and returns it

4
4

2

O
perations on S

tack

S
tack operations are used to im

plem
ent S

aM
 com

m
ands.

T
hey are N

O
T

 S
aM

 com
m

ands them
selves.

II

S
aM

 com
m

ands

//pops tw
o values from

 top of stack

//adds them
 and pushes result

//pops tw
o values (say top and below

)

//and pushes result of doing (below
 - top)

A
D

D

S
U

B

T
IM

E
S

G
R

E
A

T
E

R

A
N

D

.......... //pushes that integer on stack

P
U

S
H

IM
M

       *som
e integer*

// boolean values are sim
ulated using 0/1 (false/true)

//logical A
N

D

S
T

O
P

//term
inate execution of program

A
LL arithm

etic/logical operations pop values from
 stack

perform
 operation and push result.

IQ

7-24
0 1 2 3

3
S

P
4

0 1 2 3

4
S

P

4
4

S
aM

 C
om

m
ands

P
U

S
H

IM
M

  16

- push the integer 16 on stack -2 7 16

IS



A
D

D

- pop tw
o values from

 stack (7 and -2)
- add them

 (5)
- push result

7-24
0 1 2 3

3
S

P

54
0 1 2 3

2
S

P

4
4

S
aM

 C
om

m
ands

SU
B

: sim
ilar; result w

ould be  (-2) - (7) =
 -9

IV
G

R
E

A
T

E
R

- pop tw
o values (V

top and V
below

) from
 stack

- in exam
ple, V

top =
 7 and V

below
 =

 -2

- if V
below

 >
 V

top push 1 else push 0

- in exam
ple, w

e w
ould push 0.

7-24
0 1 2 3

3
S

P
4

0 1 2 3

2
S

P

4
4

S
aM

 C
om

m
ands

B
ooleans are sim

ulated in S
aM

 w
ith integers

  T
rue ->

 1, false ->
 0

0
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