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What is classical planning ?

plan

search algorithm

heuristic

landmarks
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a sequence of actions



Initial state
Passenger on floor 2: <p-at, 2>
Elevator on floor 1: <e-at, 1>  
Passenger not inside the elevator: <p-in, ¬e>

The goal 
Passenger on floor 1: <p-at, 1>

Elevator problem State variable
 p-at, e-at, p-in
dom(p-at) = {1, 2}, dom(e-at) = {1, 2}, dom(p-in) = {e, ¬e} 
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Action
p-leave-e-1
pre: <p-in, e>, <e-at, 1>
eff: <p-at, 1>



Definition - Disjunctive Fact Landmark
A disjunctive fact landmark �� for state s is a set of atoms 
such that all s-plans π visit a state containing some atom in ��.

Definition - Disjunctive Action Landmark
A disjunctive action landmark �� for state s is a set of actions 
such that all s-plans π satisfy �� ∩ π ≠ ∅.
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Preparation: Fact landmarks
Generation of fact landmarks: Backchaining + Fact landmark candidates test

{ <p-at, 1> } 

first achievers: p-leave-e-1

preconditions: { <p-in, e> }

first achievers: p-board-e-2

preconditions: {<e-at, 2>}  

first achievers: e-move-1-2

preconditions: 
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, {<p-at, 2> }

, { <e-at, 1> }

 { <e-at, 1> }



Fact Landmark Graph (V, E) 
V: a set of  fact landmarks, E: a set of edges labeled with natural orderings.

{ <p-at, 1> } 

{ <p-in, e> }

{ <e-at, 2> } 

derive
action 
landmarks
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F = {�1, . . . ,��},

��(F)=∪�=1�  first-achievers(��)



{ p-leave-e-1} 

Action Landmark Graph (V, E)
V: a set of action landmarks, E: a set of edges labeled with natural orderings.

{ p-board-e-2}

{ e-move-1-2 }

Fact landmarks F and F’: 
F → F’

Corresponding action landmarks ��(�) and ��(�’):
��(�)→ ��(�’)
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{ <p-at, 1> } 

{ <p-in, e> }

{ <e-at, 2> } 



How a fact landmark holds in a state?
How an action landmark holds in a state?

F = {<p-in, e>}
A = { p-board-e-2, e-move-2-1} 
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{<p-in, e>, <e-at, 2>}{<p-at, 2>, <e-at, 2>}

S S’

p-board-e-2



Transition produced by some action a:  s 
�

 s’
L = {�1, �2 , . . . , �� } 

Hit(a) = {A ∈  L |  a ∈ A }

To track action landmarks’ status at each state s

past future �3

�1, �2

Hit(a) = {�2, �3} 

past

future

�1

past

future

�3, �2

S S’a

Example: L = {�1,   �2,  �3}, 
�1= {b, c}, �2= {a}, �3= {a, d}
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�3

�1, �2

�1 →  �2 

past

future

�1

past

future

    
�3,   �2

Example: L = {�1,   �2,  �3}, 
�1= {b, c}, �2= {a}, �3= {a, d}

Conflict occurs.
�2 ∈ Hit(a) is not considered 
as achieved.

S S’
a
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S’

�1
�2

��
...

Conservative merge at s’: 
푝��� (s’) = ∩�=1�  푝�����(s’)
�푢�푢�� (s’) = ∪�=1�  �푢�푢���� (s’)

   

Example: L = {�1,   �2,  �3}, �1= {b, c}, �2= {a}, �3= {a, d}
 �1

�
 �’, �2

�
�’

After the first transition: past(s’) = {�1}, future(s’)= {�2,  �3} 
After the second transition: past(s’) = {�3}, future(s’) = {�1,  �2}
Merge at s’ : past(s’) = ∅, future(s’) = {�1,   �2,  �3}

Optimistic merge at s’:
푝��� (s’) = ∪�=1�  푝�����(s’)
�푢�푢�� (s’) = ∩�=1� �푢�푢���� (s’)

===> not valid
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Original landmark count heuristic ℎ�푢�
��: a set of fact landmarks that need to be achieved at state s, � ∈ �� is a fact landmark, �’s first 
achievers is �� =  {� | � ∈ ��}.
ℎ�푢�(s) =  �∈���(��)
�(��)=����∈��푐���(�)

Adaptation ℎ�−�푢� 
 �� : a set of action landmarks that need to be achieved at state s, � ∈ �� is an action landmark
ℎ�−�푢�(s) =  �∈���(�)
�(�)=����∈�푐���(�)
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What do we compare?

ℎ�푢� ℎ�−�푢� 4 fact landmark factories: hm, rhw, exhaust, zg 

Resource limit?
• Search time limit: 5 minutes
• Memory limit: 3584MB
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What search algorithm do we use? 
greedy best first search (lazy) algorithm
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 landmark loss percentage =  #fact landmarks −  #action landmarks
  #fact landmarks  
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a high loss ≠ error

#fact landmarks

#
ac

ti
on

 l
an

d
m

ar
k
s

hm rhw

exhaust zg
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Whether the loss of landmarks introduced by the transformer affects the initial heuristic value  ?

ℎ�푢�(��) =  ℎ�−�푢�(��)
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ℎ�푢�  VS ℎ�−�푢�(with conversative merge rule)
 

When a heuristic can better 
guide the search, the search 
algorithm expands fewer states.

ℎ�−�푢�

ℎ�
푢�

hm rhw

zg exhaust
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Percentage of tasks on which the 
heuristics have identical expansions

ℎ�푢�  VS ℎ�−�푢�(with optimistic merge rule)
 

ℎ�−�푢�

ℎ�
푢�

hm rhw

zg exhaust



19

• Search time score
• Search time per expansion

Second row: Time per expansion, numbers are multiplied by 10−5 and measured in second.

ℎ�푢�  VS ℎ�−�푢�(with conversative merge rule)
 

0.37    0.47      0.46       0.48Mean of search time score
  ℎ�−�푢� (with optimistic merge rule)
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Second row: Memory per expansion is measured in KB

Mean of memory score 
  ℎ�−�푢� (with optimistic merge rule)

0.23    0.36      0.33       0.34

ℎ�푢�  VS ℎ�−�푢�(with conversative merge rule)
 • Memory score

• Memory per expansion
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Coverage records #tasks that search algorithm can solve within the resource limits.

with conservative merge rule with optimistic merge rule
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• action landmark heuristic: less time/memory per state 
expansion; more expansions; longer search times;  
higher memory consumption; lower coverages

Future work:
• Let other landmark heuristics use the action landmarks.
• Refine the evaluation of status of action landmarks.
• Build the action landmarks directly on tasks.
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ℎ�−�푢�
optimistic merge rule VS conservative merge rule
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ℎ�−�푢�
optimistic merge rule VS conservative merge rule


