State Heuristic
3 3
Q;@@ :

S
A 11
G
B 9
C 5
@/ b 5
For each of the following search algorithms, find the E 3
nodes expanded and the path returned (break ties
alphabetically, e.g. S->A->D precedes S->C->E->B): F 5
Edges are bi-directional. Use graph search.
- DFS H 6
- BFS
- UCS G 0
- Greedy

- A*



DFS (S) closed_list = {}



DFS (S) closed_list = {S }



DFS —— \closed_list ={S}
(S,A) (S,B) (S,C)



DFS —— \closed_list ={S,A}
(S,A) (S,B) (S,C)

..

(S, A) is chosen to expand because it alphabetically
precedes (S,B) and (S,C)



DFS —— \closed_list ={S,A}
L7 (SA) (S,B) (S,C)

(S,A,D)

Note (S,A,S) is also considered but is not
added because S is already in the closed list.
We don’t add nodes that lead to visited states.



DFS —— \closed_list ={S,A, D}
(S,A) (S,B) (S,C)

(S,A,D)



DFS —— \closed_list ={S,A, D}
(S,A) (S,B) (S,C)

/

(S,A,D)
T T~

(S,A,D,B) (S,A,D,F)



DFS —— \closed_list ={S,A,D,B}
(S,A) (S,B) (S,C)

/

(S,A,D)
T T~

(S,A,D,B) (S,A,D,F)



DFS —— \closed_list ={S,A,D,B}
(S,A) (S,B) (S,C)

/
(S,A,D)
T T~
(S,A,D,B) (S,A,D,F)

T

(S,AD,B,E)  (S,AD,B,G)



DFS —— \closed_list ={S,A,D, B, G}
(S,A) (S,B) (S,C)

/
(S,A,D)
T T~
(S,A,D,B) (S,A,D,F)

T

(S,AD,BE)  (S,AD,B,G)



DFS —— \closed_list ={S,A,D, B, G}
(S,A) (S,B) (S,C)

/
(S,A,D)
T T~
(S,A,D,B) (S,A,D,F)

\
(S,A,D/,B,E) (S,A,D,B,G)
/ | T~

(S,A,D,B,E,C) (S,AD,B,E,F) (S,AD,B,E,H)



DFS — (S) \closed_list ={S,A,D,B,G,C}
(S,A) (S,B) (S,C)

/
(S,A,D)
T T~
(S,A,D,B) (S,A,D,F)

\
(S,A,D/,B,E) (S,A,D,B,G)
/ | T~

(S,A,D,B,E,C) (S,AD,B,E,F) (S,AD,B,E,H)



DFS ) \closed_list ={S,A,D, B, G, C}
(S,A) (S,B) (S,C)
|

(S,A,D)
T T~

(S,A,D,B) (S,A,D,F)

\
(S,A,DI,B,E) (S,A,D,B,G)
/ | T~

(S,A,D,B,E,C) (S,AD,B,E,F) (S,AD,B,E,H)
<.,

No unvisited neighbouring state from C to put
into fringe. Proceed to expand the next node
from fringe.



DFS — (S) \closed_list ={S,A,D,B,G,C,F}
(S,A) (S,B) (S,C)

/
(S,A,D)
T T~
(S,A,D,B) (S,A,D,F)

\
(S,A,Dl,B,E) (S,A,D,B,G)
/ | T~

(S,A,D,B,E,C) (S,AD,B,E,F) (S,AD,B,E,H)



DFS — (S) \closed_list ={S,A,D,B,G,C,F}
(S,A) (S,B) (S,C)

/
(S,A,D)
T T~
(S,A,D,B) (S,A,D,F)

\
(S,A,D/,B,E) (S,A,D,B,G)
/ | T~

(S,A,D,B,E,C) (S,AD,B,E,F) (S,AD,B,E,H)

\

(S,A,D,B,E,F,G)



DFS 0 \C'Osed_"st ={S,A,D,B,G,C,F,G)
(S,A) (S,B) (S,C)
|

(S,A,D)
T T~

(S,A,D,B) (S,A,D,F)

\
(S,A,D/,B,E) (S,A,D,B,G)
/ | T~

(S,A,D,B,E,C) (S,AD,B,E,F) (S,AD,B,E,H)

\

(S,A,D,B,E,F,G) Nodes expanded: 8
Path returned: (S,A,D,B,E,F,G)
Declare success!!!






BFS (S) closed_list = {}



BFS (S)  closed_list = {S}



BFS 0 \closed_list ={S}
(S.A) | (5.C)

(S,B)



BFS 0 \closed_list ={S,A}
(S,A) | (S,C)

(S,B)



BFS 0 \closed_list ={S,A}
(S,A) | (S,C)

| (S,B)

(S,A,D)



BFS 0 \closed_list ={S,A,B}
(S.A) \ (5,C)

| (S,B)

(S,A,D)



BFS 0 \closed_list ={S,A,B}
S.A) | S.0)
| - (5.8)

(S.A.D) (S,B,D) I (S,B,G)
(S,B,E)



BFS 0 \closed_list ={S,A,B,C}
(S.A) \ (S,C)
| A

(S.A.D) (S,B,D) ' (S,B,G)
(S,B,E)



BFS

 (

(S,A)

(S,A,D) (S,B,D)

S)
\

|

\closed_list ={S,A,B,C}

(S,B,G)

(S,B,E)



BFS

’ ’(

(S,A)

(S,A,D) (S,B,D)

S)
\

|

\closed_list ={S,A,B,C,D}

(S,B,G)

(S,B,E)



BFS 0 \closed_list ={S,A,B,C,D}

(S.A) \

(S,C)
(S,B)
/ / \ \ \
/ (S,A,D) (S,B,D) (S,B,E) (S,B,G) (S,C,E)

(S,A,D,F)



BFS S

G T

(S,A)

/
/ (S,A,D)

(S,A,D,F)

closed_list = {S,A,B,C,D }

(S,B)
/ \ \

(S,B,E)
Y...

We plan to expand (S,B,D) but
realize state D has already been
visited before (using closed_list)
so skip it!

(S,B,G)

(S,C,E)



BFS 0 \closed_list = {S,A,B,C,D,E }

(S.A) \

(S,C)
(S,B)
/ / \ \ \
/ (S,A,D) (S,B,E) (S,B,G) (S,C,E)

(S,A,D,F)



BFS 0 \closed_list = {S,A,B,C,D,E }

(S,A)

\ (5.C)
(.B)
/ / \ \ \
(S,A,D) (S,B,E) (S,B,G) (S,C,E)

(S,A,D,F) (S,B,E,F) (S,B,E,H)



BFS 0 \closed_list ={S,A,B,C,D,E,G}

(S,A)

\ (5.C)

(S,B)
/ / \ \ \
/ SAD) / 55 \ (S,B,GD)ecIare success!!! (SCE)

(S,A,D,F) (S,B,E,F) (S,B,E,H)

Nodes expanded: 7
Path returned: (S,B,G)






UCS (S),0 closed_list = {}



UCS (S),0 closed_list ={S }



UCS / (S),0 \closed_list ={S}
/

(S,A),3 (S,B),6 (S,C),2



UCS / (S),0 \closed_list ={S,C}
/

(S,A),3 (S,B),6 (S,C),2



UCS / (S),0 \closed_list ={S,C}
/

(S,A),3 (S,B),6 (S,C|),2
(S,C,E),3



UCS / (S),0 \closed_list = {S,C,A}
/

(S,A),3 (S,B),6 (S,C|),2
(S,C,E),3



UCS / (S),0 \closed_list = {S,C,A}
/

(S,A),3 (S,B),6 (S,C),2
- |
(S,A,D),6 (S.C.E).3



UCS / (S),0 closed_list = {S,C,A,E }
/ \

(S,A),3 (S,B),6 (S,C),2
— |
(S,A.D).6 (S,C,E),3



UCS / (S),0 closed_list = {S,C,A,E }
/ \

(S,A),3 (S,B),6 (S,C),2
— |
(S,A,D),6 B —

\

(S,C,E,B),5 (S.C.EF).9 (S,C,E,H),8



UCS / (S),0 closed_list = {S,C,A,E,B }
/ \

(S,A),3 (S,B),6 (S,C),2
— |
(S,A,D),6 B —

\

(S,C,E,B),5 (S.C.EF).9 (S,C,E,H),8



UCS / (S),0 closed_list = {S,C,A,E,B }
/ \

(S,A),3 (S,B),6 (S,C),2
— |
(S,A,D),6 B —

\

/ (S,C,E,B),5 \ (S.C.EF).9 (S,C,E,H),8

(S,C,E,B,D),9 (S,C,E,B,G),14



UCS / (S),0 closed_list = {S,C,A,E,B,D }
/ \

(S,A),3 (S,B),6 (S,C),2
— |
(S,A,D),6 B —

\

/ (S,C,E,B),5 \ (S.C.EF).9 (S,C,E,H),8

(S,C,E,B,D),9 (S,C,E,B,G),14



UCS / (S),0 closed_list = {S,C,A,E,B,D }
/ \

(S,A),3 (S,B),6 (S,C),2
- |
(S,A,D),6 (S.C.E).3
S _—sems —

(S,A,D,F),11 / (S,C,EB),5 \ (S,C,E,F),9 (S,C.E,H),8

(S,C,E,B,D),9 (S,C,E,B,G),14



UCS / (S),0 \closed list = {S,C,A,E,B,D }

(S,A),3 (S, C) 2

S,A,D),6 S,C,E 3
o BEPE i OO T

\

(S,A,D,F),11 / (S,C,EB),5 \ (S,C,E,F),9 (S,C.E,H),8

(S,C,E,B,D),9 (S,C,E,B,G),14



UCS / (S),0 closed_list = {S,C,A,E,B,D,H }
/ \

5.3 (s, C) 2
(S,AD).6 (S,C,E),3
e — T T

(S,A,D,F),11 / (S,C,E,B),5 \ (S,C,E,F),9 (S,C,E,H),8

(S,C,E,B,D),9 (S,C,E,B,G),14



UCS

/ (S),0 closed_list = {S,C,A,E,B,D,H }
/ \

(S.A).3 (S, C) 2
% (S,A,D),6 — (S’C’i\
(S,A,D,F),11 / (S,C,E,B),5 \ (S,C,E,F),9 (S,C,E,H),8

(S,C,E,B,D),9 (S,C,E,B,G),14

(S,C,E,H,G),16



UCS / (S),0 closed_list = {S,C,A,E,B,D,H }
/ \

(SA)3 (S, C) 2
/ (S,A,D),6 o (S,C,E),3 _—
(S,A,D,F),11 / (S,C,E,B),5 \ (S,C,E,F),9 (S,C,E,H),8
(S,C,E,B,G),14

(S,C,EH,G),16



UCS

/ (S),0 closed_list = {S,C,A,E,B,D,H,F }
/ \

(S,A),3 (S,B),6 (S,C),2
_— |
/ (S!AyD)s6 / (S!C,i\
(S,A,D,F),11 / (S,C,E,B),5 \ (S,C,E,F),9 (S,C,E,H),8
(S,C,E,B,D),9 (S,C,E,B,G),14

(S,C,EH,G),16



UCS / (S),0 closed_list = {S,C,A,E,B,D,H,F }
/ \

5.3 (s, C) 2
(S,AD).6 (S,C,E),3
e — T T

(S,A,D,F),11 / (S,C,E,B),5 \ (S,C,E,F),9 (S.C,E,H),8

(S,C,E,B,G),14
(S,C,E,H,G),16

(S,C,E,F,G),14



UCS

/ (S),0 closed_list = {S,C,A,E,B,D,H,F }
/ \

(S,A),3 (S,B),6 (S,C),2
_— |
/ (S!AyD)s6 / (S!C,i\
(S,A,D,F),11 / (S,C,E,B),5 \ (S,C,E,F),9 (S,C,E,H),8
(S,C,E,B,D),9 (S,C,E,B,G),14

(S,C,EH,G),16

(S,C,E,F,G),14



UCS

/ (S),0 closed_list = {S,C,A,E,B,D,H,F.G }
/ \

(S.A).3 (S, C) 2
P (S,A,D),6 — (S,C,E),3 —_
/ (S,C,E,B),5 \ (S.C.E.F).9 (S,C,E,H),8
(S,C,E,B,G),14

Declare success!!! (S,C,E,H,G),16

(S,C,E,F,G),14

Nodes expanded: 9
Path returned: (S,C,E,B,G)






Greedy closed_list = {}

Each node is a
tuple of

(path to state s,
heuristic of s)

(S), 12



Greedy closed_list = {S}



Greedy closed_list = {S }

(S), 12

— N —y,

(S,A), 11 (S,B), 9 (S,C), 5



Greedy closed_list = {S,C }

(S), 12

— N —y,

(S,A), 11 (S,B), 9 (S,C), 5



Greedy closed_list = {S,C }

(S), 12
(S,A), 11 (S,B), 9 (S, C), 5

v

(S,C,E), 3



Greedy closed_list = {S,C,E }

(S), 12
(S,A), 11 (S,B), 9 (S, C), 5

v

(S,C,E), 3



Greedy closed_list = {S,C,E }

(S), 12
(S,A), 11 (S,B), 9 (S, C), 5
(S, C, E), 3
- "X —

(S,C,E,B),8 (S,C,E,F),5 (S,C,E,H)6



Greedy closed_list = {S,C,E,F}

(S), 12
(S,A), 11 (S,B), 9 (S, C), 5
(S, C,E), 3
< —

(S,C,E,B),8 (S,C,E,F),5 (S,C,E,H)6



Greedy closed_list = {S,C,E,F}

(S), 12
(S,A), 11 (S,B), 9 (S, C), 5
(S, C,E), 3
< —
(S,C,E,B),8 (S,C,E,F),5 (S,C,E,H)6
> ~

(S, C,E, F, D), 8 (S, C,E,F,G),0



Greedy closed_list = {S,C,E,F,G }

(S), 12
(S,A), 11 (S,B), 9 (S,C), 5
Nodes expanded: 5 (S,C,E), 3
Path returned: (S,C,E,F,G) < T N —
(S,C,E,B),8 (S,C,E,F),5 (S,C,E, H),6
> ~>
(S,C,E,F, D), 8 (S,C,E,F, G),0

Declare Success!






A*

(S), 0+12

closed_list = {}

Each node is a
\ tuple of
(path to state s,

cumulative cost to
s + heuristic of s)



A*

(S), 0+12

closed_list = {S}



A*

— (S), 0+12

<
(S, A), 3+11

(S,B), 6+9

closed_list = {S}

-
(S, C), 2+5



A*

— (S), 0+12

<
(S, A), 3+11

(S,B), 6+9

closed_list = {S,C}

-
(S, C), 2+5



A*

— (S), 0+12

<
(S, A), 3+11

(S,B), 6+9

closed_list = {S,C}

-
(S, C), 2+5

\

(S, C, E), 3+3



A*

— (S), 0+12

<
(S, A), 3+11

(S,B), 6+9

closed_list = {S,C,E}

-
(S, C), 2+5

\

(S, C, E), 3+3



A*

<
(S, A), 3+11

closed_list = {S,C,E}

— (S), 0+12 o
\ (S, C), 2+5
(S,B), 6+9 \/
— (S,C,E),3+3
(S, C, E, B), 5+9 ) ,E,\H§8+6
(S, C. E, F), 9+5



A*

closed_list = {S,C,E,A}

(S, A), 3+11

— (S), 0+12 o
X (S, C), 2+5
(S,B), 6+9 \/

o— (S.C,E), 343 W

(S,C,E,B), 549 (S, CrBrH), 8+6
(S,C, E, F),9+5



A*

closed_list = {S,C,E,A}

(S, A), 3+11

(S, A, D), 6+8

— (S), 0+12 o
X (S, C), 2+5
(S,B), 6+9 \/

o— (S, CE), 343
(S, C, E, B), 5+9 h\&\A

H), 8+6
(S, C, E, F), 9+5



A*

closed_list = {S,C,E,A,D}

(S, A), 3+11

(S, A, D), 6+8

— (S), 0+12 o
X (S, C), 2+5
(S,B), 6+9 \/

o— (S, CE), 343
(S, C, E, B), 5+9 h\&\A

H), 8+6
(S, C, E, F), 9+5



A* closed_list = {S,C,E,A,D}

T — (S), 0+12 Y
(S, A), 3+11 * (S. C), 2+5
)6 v
(S, A, D), 6+8 (S,B), 6+9
-— —> P (S, C, E), 343 \

(S,A, D, B), 1049 (S,A, D, F), 1145

(S, C, E, B), 5+9 m |

H), 8
(S,C,E, F).9

+
+



A*

closed_list = {S,C,E,A,D,B}

< — (S), 0+12 L
(S, A), 3+11 Y (S, C), 2+5
(S, A, D), 6+8 (S,B), 6+9 v
« —- -— (S, C, E), 3+3 \
(S.A.D.B).10+0 (S ADFLINS o o b sig S,
(S,C,E,F),9



A*

closed_list = {S,C,E,A,D,B}

< — (S), 0+12 L
(S, A), 3+11 Y (S, C), 2+5
(S, A, D), 6+8 (S,B), 6+9 v

<
(S, A, D, B), 10+9

—
(S, A, D, F), 11+5

/

(S, C, E, B, S), 11+12

o— (S.C,E), 343 W

(S, C, E, B), 5+9 (S, TrbrH), 8+6
v TS, C.E F) 9+5
(S.C,E,B,D),9+8 (S,C,E



A* closed_list = {S,C,E,A,D,B,G}

e — (S), 0+12 Y
(S, A), 3+11 4 (S, C), 2+5
<~ v
(S, A, D), 6+8 (S,B), 6+9
P e / (S, C, E), 3+3 \
(S.ADB)10% S ADPAS g ¢ E B) 519 < (S, CByH), 8+6
/ \@ C B r) oes

(S,C,E, B, S),11+12 (S,C,E, B,D),9+8 (S, C,E, B, G), 14+0

Node expanded: 7 Declare Success!!!

Path returned: (S, C, E, B, G)



