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ଡ୓̳߮௧�̵Ϫࣇ࡝ീࣻ� �
Ƃſźě���Ţƀǀģ�ƶƳŚƷŚĭō�ƽƺŬŤƀū�ŵŹřŵ�ƵŹŚƃř�ƽżǀģ�ƶģ�ƶŝ�ƺŬŤƀū�Ʋƿř�Źŵ�ƾƷŚĭōƾŤƿżƯ�ƶģ��ƶŝ�ŢŞƀƳ��ŵŹřŵ�ƶƳŚƷŚĭōŚƳ�ƽƺŬŤƀū 

 

ƁƹŹ�ƶƳŚƷŚĭō�ƽƺŬŤƀū�ƞƬŤŴƯ�ƽŚƷ��
1- Greedy Search, 2- A* Search, 3- IDA* Search, 4- MA* Search, 5- SMA* Search, 6- RBFS 7- Hill-climbing,  

8- Simulated Annealing, 9- Genetic Algorithm 10-�. 

ƶŤƨƳ��ƶƳŚƷŚĭō�ƽƺŬŤƀū��ƵŶǀƯŚƳ�ƮƷ�ƽŹŚŤƟŚƿ�ƽƺŬŤƀū�Śƿ�ƦǀŤƀƿŹƺǀƷ�ƽƺŬŤƀū�ƾƯ�ŵƺƃ� 
 

�Ƃſźě��ƦǀŤƀƿŹƺǀƷ�Ţƀǀģ���
��

ƩŚŨƯ��ƶƿŚƀưƷ�ƲƿźŤƨƿŵżƳ�ƦǀŤƀƿŹƺǀƷ�ƽřźŝ�ƵŹƹŵ�ƵŶƴƃƹźƟ�ƶƫŚƀƯ�ŵźĭ��
1. Select a starting city. 
2. Select the one closest to the current city. 
3. Repeat step 2 until all cities have been visited. 

O(n2) vs. O(n!) 

�ƽƺŬŤƀūƦǀŤƀƿŹƺǀƷ��
ƾƯ�ƵŵŚƠŤſř��ƶƫŚƀƯ�ƽŚƌƟ�ƽŚƸŤƫŚů�ŢǀŝƺƬƐƯ�ƱřżǀƯ�ŵŹƹōźŝ�ŢƸū�ƾŝŚƿŻŹř�ƖŝŚţ�Żř��ƦǀŤƀƿŹƺǀƷ�Śƿ�ƶƳŚƷŚĭō�ƽƺŬŤƀū�ƽŚƸƃƹŹ�ŶƴƴƧ���

ƾŝŚƿŻŹř�ƖŝŚţ�(Evaluation Function)���ƽƺŬŤƀū�Śƿ�ƶƳŚƷŚĭōƦǀŤƀƿŹƺǀƷƾƯ�ƵźƸŝ��ƺŬŤƀū�ŶƳƹŹ�ŢƿřŶƷ�ŢƸū�ƾŝŚƿŻŹř�ƖŝŚţ�Żř��ŵźǀĭ���ŢƫŚů�ƾŝŚƿŻŹř�ƖŝŚţ
ƾƬƧ��ƖŝŚţ�Żř�ƽźţƦǀŤƀƿŹƺǀƷŢſř��ƁƹŹ��ƽĦţřźŤſř�ƽřŹřŵ�ƶƳŚƷŚĭō�ƽƺŬŤƀū�ƽŚƷ��ƽŚƷ�ƝƹźƘƯ�źƿŻŢſř���

 ƲƿźŤƸŝ�Ʃƹř�ƽƺŬŤƀū 

o ƶƳŚƈƿźů�ƽƺŬŤƀū 

o �ƽƺŬŤƀūA*� 

 ƹŶŰƯ�ƶƔƟŚů�ƽƺŬŤƀūƵŶƃŵ 

o ƁƹŹ  IDA*   

o �ƁƹŹMA* 

o �ƁƹŹ SMA*  

o ��� 

 ƮŤƿŹƺĮƫř��ŭǈƇř�ƽŚƷ�ƵŶƳƺƃƽŹřźĪţ 

o ƶĜţ��ƽŵŹƺƳ 

o ōƶǀŞƃ�ĬƴǀƫŚƳ�ƽŻŚſ�ƵŶƃ 

o ƾƿƺţźě�ƽƺŬŤƀū 

o ƦǀŤƳĥ�ƮŤƿŹƺĮƫř 

o �� 
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æå 

Ʃƹř�ƽƺŬŤƀū�ƲƿźŤƸŝ���
�Ƃſźě�ƮŤƿŹƺĮƫř�ƾůřźƏ�ŽŹŵ�Źŵ��ŚƷ��ŵƺŝ�ƶƳƺĮģ��ƲƿźŤƸŝ�Ʃƹř�ƽƺŬŤƀū���

 

æ��ƶƳŚƈƿźů�ƽƺŬŤƀū�ƲƿźŤƸŝ�Ʃƹř�ƽƺŬŤƀūƶƳŚƈƿźů����
 

h(n) = estimated cost of the cheapest path from the state at n to a goal state,       f(n) = h(n) 

�ƾƬƇř�ƵŶƿř����������Ƶźĭ�ŢƀŴƳ�ƶƧ�Ţſř�Ʊō�ƶƳŚƈƿźů�ƲƿźŤƸŝ�Ʃƹř�ƽƺŬŤƀū�ƁƹŹ��������ƾƯ�źƔƳ�ƶŝ�ƶƧ�ŶŝŚƿ�ƁźŤƀĭ�ƽř�ŶſŹ����Ţſř�ƲƿźŤƸŝ�����Ţſř�źŤƨƿŵżƳ�ƝŶƷ�ƶŝ���ƽřźŝ�
�ƹ�ƾŝŚƿŻŹřźĭ�ƲǀǀƘţƲƿźŤƸŝ�źƔƳ�ƶŝ�Ƶ��ƖŝŚţ�Żř��ƦǀŤƀƿŹƺǀƷhƾƯ�ƵŵŚƠŤſř��ŵƺƃ���

��

ƩŚŨƯ���������ƽřźŝ�ƶƧ�ŵźǀĮŝ�źƔƳ�Źŵ�ƾţŚŝƹŹ�ƾŝŚƿźǀƀƯ����ŵƺų����ƶƐƤƳ�ŻřA����ƶƐƤƳ�ƶŝ�I������ƶƐƤƳ�źƷ�Źŵ�ƶƳŚƈƿźů�ƽƺŬŤƀū�ƁƹŹ�Żř������ŶºƴƧ�ƵŵŚƠŤºſř�ƽŶºƘŝ�ƶºƐƤƳ�śŚŴŤƳř�ƽřźŝ���
����ƶƧ�ŶǀƴƧ�ƉźƟ���šŚŝƹŹ�Ʋƿř�ƦǀŤſŹƺǀƷ�ƖŝŚţ�������ƲŤƳō�Ǝſƺţ�řŹ�ƮǀƤŤƀƯ�Ǝų�ƶƬƇŚƟ��ƵŹřƺƷŚƯ������ƶŞſŚŰƯ�ƶƐƤƳ�ƹŵ�Ʋǀŝ�ƽř���ŵƺºƃ�ƾƯ������������šŚºŝƹŹ�Ǝºſƺţ��ƵŶºƃ�Ƶŵƺºưǀě�źǀƀºƯ

�Ţƀǀģ�Ţſř�ŹŶƤģ�ƵŶƃ�Ƶŵƺưǀě�ŢƟŚƀƯ���
��

State h(n) 

A 366 
B 374 
C 329 
D 244 
E 253 
F 178 
G 193 
H 98 
I 0 

 
f(n) = hSLD(n)   

��

��
�ƪƨƃè�æ��ƾŝŚƿźǀƀƯ�ƶƄƤƳ 

��

�ŢƟŚƀƯ�źǀƀƯ�Śŝ��šŚŝƹŹ�Ǝſƺţ�ƵŶƃ�ƵŵƺưǀěƶƳŚƈƿźů�ƽƺŬŤƀū�ƁƹŹ���A-E-F-I = 140 + 99 + 211= 450��

Ƃſźě���ŚƿōźŤƸŝ�źǀƀƯ�źŤưƧ�ƩƺƏ�Śŝ���šŚŝƹŹ�ƽřźŝ�ŵŹřŵ�ŵƺūƹ����������������A-E-G-H-I = 418 
��

ƶŤƨƳ���ƲƿřźŝŚƴŝ�ƽƺŬŤƀūŢƀǀƳ�ƶƴǀƸŝ��ƶƳŚƈƿźů� 
��

ƾĭĦƿƹ�ƶƳŚƈƿźů�ƽƺŬŤƀū�ƽŚƷ��
o ŢƀǀƳ�ƪƯŚƧ���
o ŢƀǀƳ�ƶƴǀƸŝ���
o ƾƳŚƯŻ�ƾĭŶǀĤǀě�� O(bm)��
o ǀěƾƳŚƨƯ�ƾĭŶǀĤ�� O(bm)���
o �ƦǀŤƀƿŹƺǀƷ�ƖŝŚţ�ƾƿōŹŚƧ�ƹ�Ţƣŵ�ƶŝ�ƁƹŹ�ƾƿōŹŚƧhŵŹřŵ�ƾĮŤƀŝ�� 

��
ƿŚƛ�ŵźų�ƶŝ�žƧ�ĢǀƷƾŶƴƧ�ƺŬŤƀū�ŵƺų�Źŵ�řŹ�Ʊō�źĮƯ��ŶſźƳ����ƲǀŤƄƴƿř���
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ç��ƽƺŬŤƀū�ƁƹŹ A*��
� 

�ƮŤƿŹƺĮƫřA��
o ƾŝŚƿŻŹř�ƖŝŚţ f(n) = g(n) + h(n)ƾƯ�ŹŚƧ�ƶŝ��ƖŝŚţ�ƶƧ�ŵźŝg(n)Śţ�ƶƄƿŹ�Ƶźĭ�Żř�ƶƴƿżƷ�ƲƿźŤưƧ��ƽŹŚū�Ƶźĭ�nŢſř�����ƖŝŚţg(n)�Źŵ�ƶƴƿżƷ�ƖŝŚţ�ƱŚưƷ��

�ƖŝŚţ�ƹ�Ţſř�ƶƴƿżƷ�Śŝ�ŹŚĭŻŚſ�ƽƺŬŤƀū�ƁƹŹh(n)�Ŷƃ�Ƶŵřŵ�ŮǀƋƺţ��ƶƳŚƈƿźů�ƽƺŬŤƀū�ƁƹŹ�Źŵ�ƶƧ�Ţſř�ƾƨǀŤƀƿŹƺǀƷ�ƖŝŚţ�ƮƷ���
o �ƖŝŚţ�źĭř�ŢƀǀƳ�ƪƯŚƧ�ƁƹŹh(n)ŵƺƃ�ƾƷŚƴŤƯŚƳ�ŶƳřƺŤŝ����
o ƶƴǀƸŝ�ƁƹŹ�ƾƴŤƟźƿŸě��ŢƀǀƳ���

 

ƮŤƿŹƺĮƫř A*��
o ƮŤƿŹƺĮƫř A*��ƮŤƿŹƺĮƫř A�Śŝ�Ţſř�ƽřƾŝŚƿŻŹř�ƖŝŚţ f(n) = g(n) + h(n)�ƹ�ŢƿŵƹŶŰƯ�Śŝh(n) <= h*(n)����
o h*(n)ƽŹŚū�Ƶźĭ�Żř�ƶƴǀƸŝ�źǀƀƯ�Źŵ�ƾƘƣřƹ�ƶƴƿżƷ��n�ƹ�Ţſř�ƝŶƷ�Ƶźĭ�Śţ�h(n)�ƽŹŚū�Ƶźĭ�Żř�ƾƴǀưŴţ�ƶƴƿżƷ�nƝŶƷ�Ƶźĭ�Śţ�Źŵ���ƶƴǀƸŝ�źǀƀƯŢſř���
o h(n)�ƾƴŤƟźƿŸě� (admissible)�źĭř�Ţſřh(n) <= h*(n) ��
o ƃ�ŢƿŵƹŶŰƯ�ƹ�ƍźadmissible���ƾƴǀưƌţ�ŢſřŹŵ�ƶƴǀƸŝ�śřƺū�ƲŤƟŚƿ�ƽřźŝ�ƮŤƿŹƺĮƫř A*��
o ƮŤƿŹƺĮƫř A*ŶƃŚŝ�ƶŤƃřŵ�ŢŞŨƯ�ŢŝŚŧ�ƶƴƿżƷ�źĮƬưƗ�źƷ�ƹ�ƾƷŚƴŤƯ�śŚƘƄƳř�ŜƿźƋ�źĭř�Ţſř�ƪƯŚƧ�ƾƯ�šŚŞŧř�ŵƺƃ����
o ƮŤƿŹƺĮƫř A*�ƾƴŤƟźƿŸě�� (admissible)Ţſř���
o ƮŤƿŹƺĮƫř A*�ƾƴŤƟźƿŸě�řźƿŻ�Ţſř�ƶƴǀƸŝ (admissible)�Ţſř�ƾƯ�šŚŞŧř�ŵƺƃ����

 )n*( h) n( h  n :   optimal cost trueh must be an underestimate of the  
��

Ƃſźě��ƮŤƿŹƺĮƫř�ƾƳŚƯŻ�ƹ�ƾƳŚƨƯ�ƾĭŶǀĤǀě A*�Ţƀǀģ��ƩŚŨƯƾŝŚƿźǀƀƯ�ƶƫŚƀƯ�ƽƺŬŤƀū�ƁƹŹ�Śŝ�řŹ�ƾƬŞƣ�šŚŝƹŹ�A*�ŶǀƴƧ�ƪů�������
ƪů�ƵřŹ�źǀƀƯ������������A-E-G-H-I = 418��

 
��

Ƃſźě��Ư�ƪƨƄ�ƵŶưƗ�ƽƺŬŤƀū�ƁƹŹA*�Ţƀǀģ��ƪů�ƵřŹ�Śƿ�ƪů�ƵřŹ��ŶƴƯřŶƧ�ŚƷ��

ŵƹŶŰƯ�ƶƔƟŚů�Śŝ�ƶƳŚƷŚĭō�ƽƺŬŤƀū��
Memory-conserving variations of A*: IDA*, MA*, SMA* 

æ��ƁƹŹ�IDA*��

Ƃſźě���ƽƺŬŤƀūIDSģ��ŵƺŝ�ƶƳƺĮ��
��

Iterative Deepening A* = IDA*��
��

ƩŚŨƯ�ŶƳƹŹ�ƾƬƧƁƹŹ� IDA*��
Find all nodes  

o Where f(n) < 100 
o Don�t expand any Where f(n) > 100 

o Find all nodes 
o Where f(n) < 150 
o Don�t expand any Where f(n) > 150 

And so on�  
��

�ƪƨƃè�ç��ƽƺŬŤƀū�ƾƬƧ�ŶƳƹŹ�IDA* 
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ƾĭĦƿƹ�ƽŚƷ�ƁƹŹ IDA*��
o Ţſř�ƶƴǀƸŝ�ƹ�ƪƯŚƧ���
o ŻŹř�ƖŝŚţ�ƶŝ�ƾĮŤƀŝ�Ʊō�ƾƳŚƯŻ�ƾĭŶǀĤǀě�ƾŝŚƿf_cost(n)�ŵŹřŵ���
o ƵŵŚǀě�řźƿŻ�Ţſř�ƾƐų�Ʊō�ƾƳŚƨƯ�ƾĭŶǀĤǀě��ƁƹŹ�ƶƿŚě�źŝ�ľŚſŚſř�Ʊō�ƽŻŚſIDSŢſř����
o �ƁƹŹ�ŲſŚěIDA*�ƁƹŹ�ŲſŚě�ƱŚưƷ A*Ţſř���

ƶŤƨƳ���ƽƺŬŤƀū�ƁƹŹ��ƮǀƃŚŝ�ƶŤƃřŶƳ�śřƺū�ƢưƗ�ŵŹƺƯ�Źŵ�ƾŞƿźƤţ�ƾţŚƗǈƏř�źĭřIDA*Ţſř�ƾŞſŚƴƯ�ƶƴƿżĭ���řźģ���
 

ç���ƁƹŹ�MA*��
ƽƺŬŤƀū�MA*ǀě�ƶŴƀƳ��ƲǀƄSMA*Ţſř�����

ƫŚƤƯ�ƶŝ��ƮŤƿŹƺĮƫř�Ʋƿř�ŵźƨƬưƗ�ƾƨƳƺĮģ�ŵŹƺƯ�Źŵ�źŤƄǀŝ�šŚƗǈƏř�ŜƀƧ�ƽřźŝƶ�[Chakrabarti 1989]ƶƘūřźƯ���ŶǀƴƧ���
��

��
�ƪƨƃè�è���ƮŤƿŹƺĮƫř�ƪůřźƯSMA*�ƩŚŨƯ�Ʀƿ�ƽƹŹ��

 

è��ƁƹŹ�SMA* 

 (Simplified Memory Bounded A*) ��

��
ƾĭĦƿƹ�ƽŚƷ SMA* 

o ŽźŤſŵŹŵ�ƶƔƟŚů�ƭŚưţ�Żř�ƵŵŚƠŤſř��
o ĭƺƬū�ƾƿŚū�Śţ�ƽŹřźĪţ�šǇŚů�Żř�ƽźǀ

ŶƷŶŝ�ƱŚĪƯř�ƶƔƟŚů�ƶĩ���
o ƪƯŚĩ��ƶƔƟŚů� ƶĪƳō� ƍźƄŝ� Ʊō� Ʊŵƺŝ

Ʈĩ� Ƶźǀųŷ� ƽřźŝ�ƢưƗ��ƵřŹźǀƀƯ� Ʋƿźţ
ŶƃŚŝ�ŵƺūƺƯ��ƪů���

o ƶƴǀƸŝ��ƽřźŝ�ƶƔƟŚů�ƶĪƳō�ƍźƄŝ�Ʊō�Ʊŵƺŝ
Ƶźǀųŷ�Ʈĩ�ƶƴƿżƷ���ƪů� ƵřŹźǀƀƯ� Ʋƿźţ

ŶƃŚŝ�ŵƺūƺƯ� 

o ���� 

��
ƶŤƨƳ���ƁƹŹSMA*��šŹřƺŤſř�Ǝſƺţ�

�ƩŚſ�Źŵ�ƪſřŹæîîç�ŵƺŞƸŝ�ƽřźŝ�MA*��
ƶŗřŹř�ƵŶƃ�Ţſř[Russell 1992]���

 

Ƃſźě��Ʃƹř�ƽƺŬŤƀū�Śƿ�ƾŤƄĭŻŚŝ�ƲƿźŤƸŝ�RBFSƁǈţ�ƶƧ�Ţſř�ƾƃƹŹ��ƾƯ�Ʃƹř�ƽƺŬŤƀūŚţ�ŶƴƧ�ŶƴƧ�řźūř�ƮƧ�ƶƔƟŚů�ƝźƈƯ�Śŝ�řŹ�ƲƿźŤƸŝ���ƶƳƺĮģ��
��



ƶƳŚƷŚĭō�ƽƺŬŤƀū����������������������������������������������������������������ƾƗƺƴƈƯ�ƁƺƷ��ƽźſ�ſƭƺ������������������������������������Infomed Search ��
 

ƯŽŹŶ��̶ έά �ϛ෼ਪ΋ ඵෂ�� ��
æè 

�ƖŝřƺţƦǀŤƀƿŹƺǀƷŚƸƳō�ƾůřźƏ�ƹ���
��

ƩŚŨƯ��ƖŝŚţ�Żř�ƦǀŤƀƿŹƺǀƷ��ƽŹŚŤƟŚƿ�ƖŝŚţ�ƾŝŚƿźǀƀƯ�ƶƫŚƀƯ�Źŵ�� �h(n) = Euclidean (straight-line) distance from n to goal. 
��
 

æ��ƵŵŚſ��ƽŻŚſ(Relaxation)��

Ƃſźě���Ţƀǀģ�ƵŶƃ�ŢůřŹ�Śƿ�ƵŵŚſ�ƶƫŚƀƯ��
ƩŚŨƯ���ŢƄƷ�ƽŚưƘƯ�� �h1(n) = number of tiles out of place in n. 

h2(n) = total Manhattan distance (i.e., number of squares from desired location of each tile). 
 

ç�ƽŹŚŤƟŚƿ�Ɩŝřƺţ�ŜǀƧźţ���
źĭř�h1��ƹh2�ƵŚĮƳō��ŶƴƃŚŝ�ƾƴŤƟźƿŸě�ƽŹŚŤƟŚƿ�Ɩŝřƺţ���

�h3 = max (h1, h2) �Ţſř�ƾƴŤƟźƿŸě�ƽŹŚŤƟŚƿ�ƖŝŚţ���řźģ��
��

è�ƽŹŚƯō�šŚƗǈƏř� ��
o ƶƳƺưƳ�Śŝ�źƔƳ�ŵŹƺƯ�ƶƫŚƀƯ�ƞƬŤŴƯ�ƽŚƷ�šƹŚƠŤƯ�ƹ�ƾƯ�Ōřźūř��ŵƺƃ���
o �ƽƹŹ�ŪƿŚŤƳřƶƳƺưƳ�ƽřźū�ƪǀƬŰţ�ƞƬŤŴƯ�ƽŚƷ��ƹ�ƶƳŚǀƯ��ƲǀĮƳŚǀƯ�ƪŨƯ�ƽŹŚƯō�ƽŚƷ����ŵƺƃ�ƾƯ�ƭŚŬƳř���

 

é�ƾĭĦƿƹ�ũřźŴŤſř���
ƾĭĦƿƹ�ƽřŹřŵ�ƪŗŚƀƯ�ƾƌƘŝ�ŚƷƿƾĭĦƿƹ�Ʋƿř�ƶƧ�ŶƴŤƀƷ�ƾ�ƽŹŚŤƟŚƿ�ƖŝŚţ�ƶŞſŚŰƯ�Źŵ�ŚƷ�ƦǀŤƀƿŹƺǀƷ�ŶƳŹřŵ�ƾưƸƯ�ƂƤƳ�����

ƩŚŨƯ�ŪƳźƐƃ�ƽŻŚŝ���
o ŚƷ�ƵźƸƯ�ŵřŶƘţ��
o ƲƨưƯ�šǈưů�ŵřŶƘţ��
o ƵźƸƯ�ƁŻŹř�ƹ�ƷŚ 

o �����

ƶŤƨƳ��ƾĭĦƿƹ�ƾƯŚưţ�ƲŤƟźĭ�źƔƳ�Źŵ�ƽřźŝ�ŚƷ�ƾƯ��ŜƿřźƋ�ƶƧŵźƧ�ƵŵŚƠŤſř�ƾƐų�ŜǀƧźţ�ƖŝŚţ�Ʀƿ�Żř�Ʊřƺţ�ŢſŚƷ�ƾĭĦƿƹ�źǀŧŚţ�ƱřżǀƯ�ƹ�ƁŻŹř�ƶŝ�ƶŤƀŝřƹ����
��

Ƃſźě���Ɩŝřƺţ�ƞƿźƘţ�ƽƹŹ�Żř�ƹ�ƾŤůřŹ�ƶŝ�ƹ�ƮǀƃŚŝ�ƶŤƃřŵ�ƦǀŤƀƿŹƺǀƷ�ƖŝŚţ�ƹŵ�źĭř��ƦǀŤƀƿŹƺǀƷźŤƸŝ�ƦǀƯřŶƧ�ƶƧ�ƮǀƷŵ�ƆǀŴƄţ�ƮǀƳřƺŤƳ�ƶģ��Ţſř�
�ŵŹřŵ�ŵƺūƹ�źŤƸŝ�ƦǀŤƀƿŹƺǀƷ�ƖŝŚţ�ƆǀŴƄţ�ƽřźŝ�ƽŹŚǀƘƯ�Śƿ�ƾƃƹŹ��

��

źŧƺƯ�śŚƘƄƳř�ŜƿźƋ��
Effective Branching Factor = EBF( b*) 
 

N+1 = 1+b*+ (b*)2+...+(b*)d N = 1+b*+ (b*)2+...+(b*)d 
��

N���Ƶźĭ�ŵřŶƘţ�ŚƷƺŬŤƀū�ŢųŹŵ�ƽ��
 d��ŢųŹŵ�ƢưƗ�ƺŬŤƀū��
b*���źŧƺƯ�śŚƘƄƳř�ŜƿźƋ��

Ƃſźě���źĭř�ƽƺŬŤƀūA*�ƢưƗ�Źŵê�Śŝ�êç��ŶƃŚŝ�Ƶźĭb*��Ʊō�Ţƀǀģ��
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æé 

�ƩƹŶū�Źŵè�æ��b*�ƱŚƄƳ��ŢƄƷ�ƽŚưƘƯ�ƽřźŝ�ƁƹŹ�ƶſ�Ƶŵřŵ�ƵŶƃ�Ţſř���
��
��

ƩƹŶūè�æ��
d IDS A1* A2* 

2� � 2.45 1.79 1.79 

6 2.73 1.34 1.30 

12 2.78 (3,644,035) 1.42 (227) 1.24 (73) 

16 -- 1.45 1.25 

20 -- 1.47 1.27 

24 -- 1.48 (39,135) 1.26 (1,641) 
��

 
o h1 = number of misplaced tiles 
o h2 = sum of distances of tiles to their goal 

positions 
��

��

ƮŤƿŹƺĮƫř�ƮŤƿŹƺĮƫř�Śƿ�ƾƬŰƯ�ƽƺŬŤƀū�ƽŚƷ�ƽŹřźƨţ�ƵŶƳƺƃŵƺŞƸŝ�ƽŚƷ��
o �ƮŤƿŹƺĮƫřƶĜţ�ƽŵŹƺƳ��
o ƶǀŞƃ�ĬƴǀƫŚƳō�ƽŻŚſ�ƵŶƃ��
o ƾƬŰƯ�ƾƿƺţźě�ƽƺŬŤƀū��
o ƦǀŤƳĥ�ƮŤƿŹƺĮƫř��
o �����

��

ŤƨƳƶ���Ʋƿř�ƶƳƺĭƁƹŹ�ŚƷ�ƶƴǀƸŝ�ƪƿŚƀƯ�ƪů�ƽřźŝ��ŶƳŹřŵ�ƾƳřƹřźƟ�ŵźŝŹŚƧ��ƽŻŚſ��řźģ� 

��
ƪƨƃÐ�Ñ��ƶĜţ�ƽƺŬŤƀū�ƽŵŹƺƳ��

��
ƶĜţ�ƽŵŹƺƳ�(Hill Climbing)��

��
 

 

��
ƽŵŹƺƳ�ƶĜţ�ƁƹŹ�ƾƬƇř�ŹŚƘƃ�Śƿ�ƵŶƿř���

Always choose the next best successor state. 
Stop when no improvement possible 
��

ƩŚŨƯ��ưƘƯ�ŢƄƷ�ƽŚ�řŹƶĜţ�ƁƹŹ�Śŝ�ŶǀƴƧ�ƪů�ƽŵŹƺƳ���
��
 
 
 
 
 

 

��

��
�ƪƨƃè�ê��ƶĜţ�ƁƹŹ�Śŝ�ŢƄƷ�ƽŚưƘƯ�ƪů�ƽŵŹƺƳ��

��

ř�ƶŝ�ƱŵźŝƿƳ�İƴƘƯ�ƲǀưƷ�ƺţ�ƶĩ�ŢƀǀİƃŚŝ�Ʃƹř�ƶƄ��ř�ƶŝ�ƱŵźŝƿŻř�źŤƸŝ�ƺţ�ƶĩ�Ţſř�İƴƘƯ�Ʋ İƃŚŝ�ŢƬŞƣ���ƺŝ�ǈŝ�İƳƿź���
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ƶĜţ�ƁƹŹ�ƵŵŚſ�ƽĦţřźŤſř�ƪǀƫŵ�ƶŝ�ƽŵŹƺƳ��ƶƧ�ƽřŢƫŚů�Ƃƴƿżĭ�Źŵ�ƽŚƷ�ƽŶƘŝ��ŹŚģŵ�Ţſř�ƲƨưƯ��ŵŹřŵźƿŻ�šǈƨƄƯŵƺƃ�� 

o ƮưƿżƧŚƯ�ƾƬŰƯ�ƽŚƷ�(Local Maxima) 

o šǈƟ�ŚƷ�(Plateaus) 

o ƶƜǀţ�ŚƷ�(Ridges) 
 

��
ƪƨƃè�ë�ƶĜţ�ƁƹŹ�šǈƨƄƯ��ƽŵŹƺƳ��

Ƃſźě�ƪů�ƵřŹ�ƶģ��ƶĜţ�ƁƹŹ�šǈƨƄƯ�ƽřźŝ�ƾƿŚƷ�ƾƯŵŚƸƴƄǀě��ƽŵŹƺƳ��ŶǀƴƧ��
��

ƶǀŞƃ�ĬƴǀƫŚƳō�ƽŻŚſ�ƵŶƃ(Simulated Annealing) ��
��

��
ƃ�ƪƨè�ì���ƾƬƧ�ŶƳƹŹƶǀŞƃ�ĬƴǀƫŚƳō�ƽŻŚſ�ƵŶƃ 

ƾƿƺţźě�ƽƺŬŤƀū(Beam Search)��
��ƁƹŹ�Ʋƿř�ƹ�ƁźŤƀĭŢſř�ƽŵŹƺƳ�ƶĜţ�ƁƹŹ�ƶŤƟŚƿ�ƶƘſƺţ��ƶĜţ�ƽƺŬŤƀū�ƪůřźƯ�ƪƨƃ�Źŵ�ƩŚŨƯ�Ʀƿ�ƽƹŹ�ƽŵŹƺƳè�íƵŵřŵ�ƱŚƄƳ�ƭŚĭ�ŹŚƸģ�Źŵ���ƵŶƃ�Ţſř���

��

ƭŚĭ�ƾƬŰƯ�ƽƺţźě�ƽƺŬŤƀū�ƽŚƷ��
æ��Śŝ�ƺŬŤƀū�ƕƹźƃ� k�ƾƟŵŚƈţ�ŢƫŚů��
ç�Ŭƿř�ŢƫŚů�ƶưƷ�ŵŚ��ƽŶƘŝ�ƽŚƷ k�ŢƫŚů��
è��ƽŹřŶƸĮƳ�kŢƫŚů�Żř�ƲƿźŤƸŝ�Śţ���ƵŶƃ�ŵŚŬƿř�ƽŚƷ��
é�ƭƹŵ�ƭŚĭ�ƶŝ�ŢƄĭŻŚŝ���

ƮŤƿŹƺĮƫř�ŵƺŞƸŝ��
Optimization: ignore leafs that are not goal nodes (see C) 

 
 

 

 
�ƪƨƃè�í�Śŝ�ƾƿƺţźě�ƽƺŬŤƀū�ƮŤƿŹƺĮƫř�ƪůřźƯ��k=2��

��

řźŝįƁźě��ŚƷįƷŚĭ���ŶƴƬŝ�İƳ�ǀŻŚř�ƯŚĭ�Ŷƴģ�ŢſİƹŹ�žě�ƿƮ���īŹżŝ�ŵŹř���
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Ƃſźě��ƶĜţ�Ʋǀŝ�ƾƯƺƸƠƯ�źƔƳ�Żř�ƾƏŚŞţŹř�ƶģ��Ţſř�ƾƿƺţźě�ƽƺŬŤƀū�ƹ�ƽŵŹƺƳ��
��

ƶŤƨƳ����šǇŚƤƯ�ƹ�ŜŤƧ�Żř�ƾƌƘŝ�Źŵ��ƾƿƺţźě�ƽƺŬŤƀū�ƽřźŝƽŚū�ƶŝ�f(n) = h(n)�Żř���f(n) = g(n) + h(n) ƵŵŚƠŤſř����ƵŶƃ�Ţſř���
��

ƾĭĦƿƹ�ƾƿƺţźě�ƽƺŬŤƀū�ƽŚƷ��
o ŢƀǀƳ�ƪƯŚƧ���řźģ��
o ŢƀǀƳ�ƶƴǀƸŝ���řźģ��

��

ƽƺŬŤƀūOnline��
ƆƣŚƳ�šŚƗǈƏř�Śŝ�ŢƫŚů�ƽŚƷŚƌƟ�ƽřźŝ�ƲƿǈƳō�ƽƺŬŤƀū�šŚƗǈƏř�ƭŶƗ�Śƿ��Ţſř�ŶǀƠƯ��ƪƯŚƗ��ŚƷŶƳŹřŶƳ�ƎǀŰƯ�Żř�ƾƬƯŚƧ�šŚƗǈƏř�ǇƺưƘƯ��ƾƘƣřƹ�ƪŗŚƀƯ�Źŵ���

o ƶĜţ�ƮŤƿŹƺĮƫř�ƽŵŹƺƳ��
o ƽƺŬŤƀū�LRTA*��

�Ʋƿźưţ�ŚƷ��
Ʋƿźưţè�æ������ƪƨƃ�ƽƺŬŤƀū�ŢųŹŵ�ƶūƺţ�Śŝè�î���Śţ�źƿŵŚƤƯ�ƹ����Ƶźĭ�ƽřźŝ�ƦǀŤƀƿŹƺǀƷ�Ɩŝ��ƁƹŹ��źƿŻ�ƩƹřŶū�Źŵ��ŚƷ��ƺŬŤƀū�ŢųŹŵ�Ʋƿř�źŝ�řŹ�źƿŻ�ƽƺŬŤƀū�ƽŚƷ

ŶǀƷŵ�ƱŚƄƳ�ƭŚĭ�ƶŝ�ƭŚĭ��ƁƹŹ�źƷ�ƽřźŝ�řŹ�ƪƇŚů�ƹ�ƵŵźƧ�ƩŚưƗř����
ƞƫř�ƁƹŹ�SMA*ś��������ƶƳŚƈƿźů�ƽƺŬŤƀū��ƶƳŚƈƿźů�ƲƿźŤƸŝ�Ʃƹř�ũ�������ƶĜţ�ƽƺŬŤƀū��ŵ�����ƹ��ƽŵŹƺƳ�ƾƿƺţźě�ƽƺŬŤƀū���
�Śů�ŢƿŵƹŵƹŶŰƯ�ƁƹŹ�ƽřźŝ�ƶƔƟSMA*��è�ƾƿƺţźě�ƽƺŬŤƀū�ƽřźŝ�ƹ�ŵƺƃ�ƉźƟ�Ƶźĭ�k = 2ŵƺƃ�ƶŤƟźĭźƔƳ�Źŵ�����

��

��
��

h Ƶźĭ��
5 G 
2 H 
0 I 
0 J 
5 K � �

��
ƪƨƃè�î��ƺŬŤƀū�ŢųŹŵ� �

��
��

h��Ƶźĭ��
12 A 
10 B 
5 C 
0 D 
5 E 
0 F � �

��

Ʋƿźưţè�ç��ƽƺŬŤƀū�RBFSƽƺŬŤƀū�Śŝ�řŹ��LRTA* ��ƽƺŬŤƀū�ƹITSA*�ŶǀƴƧ�ƶƀƿŚƤƯ��ƹ�ŚƿřżƯ�ŶƴƯřŶƧ�ƁƹŹ�źƷ�ŜƿŚƘƯ���
Ʋƿźưţè�è��ƁƹŹ�Żř�Ʀƿ�źƷ�ƽřźŝ�ŶǀƳżŝ�ƩŚŨƯ�ƾƘƣřƹ�ƾƿŚƷŵźŝŹŚƧ�Śƿ�ŵźŝŹŚƧ��ƵŶƃ�ƾƟźƘƯ�ƺŬŤƀū�ƽŚƷ����
Ʋƿźưţè�é��ƁƹŹ�źǀƔƳ�ƾƿŚƷ�A*ƾſŹźŝ�ƶƧ��ƪưƗ�ƺŬŤƀū�ŢųŹŵ�ƽƹŹ��Ŷƃ�ƾƯ�ŶƳŵźƧ��ƁƹŹ�ƶƳƺĭ�Ʋƿř�ƶƳƺĮģ�ŚƷ�ƾƯ�ƺŬŤƀū�Ɲřźĭ�ƽřźŝ���ŵƺƃ�ƵŵŚƠŤſř�ŶƳřƺţ��
Ʋƿźưţè�ê�ƢǀƤŰţ��ŶǀƴƧ�ƽƺŬŤƀūMA* ��ƹ�ƽƺŬŤƀūGSMA*�ŢƷŚŞƃ�ƶģ�šƹŚƠţ�ƹ�ŚƷ��Śŝ�ƾƿŚƷSMA* �Źřŵ��ŶƳ��

��

ŹŚţƿĨ�źţƿŜƃ�ŢƗŚſ�Ʋ�ƃŹƺų�ƕƺƬƏ�Żř�ƪŞƣ�šŚƗŚſ�ŢſŹŵ�ŶǀŢſř����


