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Abstract

A major fault with current AI planning systems is that they may do well on one problem domain but poorly on another.   We examine the planners, FF, IPP, and Blackbox on the Sokoban domain and examine their performance with respect to the amount of parallelism in the problem. This parallelism can be controlled by the number of Sokobans in the instance. We also examine how the planners fare when resource bounding is added to domains on which results for the planners have been previously recorded. We show that FF does not perform as well as IPP or Blackbox on problems which require parallelism. However, FF is much more greatly improved by adding resource bounding to the problem than are either of the other two planners.
Introduction
Blackbox, IPP, and FF are state of the art planners.   Within the past two years, they have all been entered in the yearly international planning competitions AIPS and ICAPS.  During these competitions each planner is run on several different domains and the results of the planners are compared. One problem with this approach is that a planner which does well on one domain in the competition may not do well on another. This makes it difficult to choose a planner as the winner of such a competition and also raises some interesting questions as to why planners are successful on some domains and not others.  We examine how parallel actions in a problem domain affect the speed in plan creation and the quality of the created plans among these planners. 
FF
FF is fast forward heuristic based state space planner. FF takes the original planning problem and relaxes it. It then solves the relaxed problem using Graphplan. This relaxed solution is then used as a heuristic for FF’s local search which is enforced hill climbing. If the local search fails, FF will perform a best-first search over the entire search space (Hoffman  2000).

IPP

IPP is based on Graphplan. The graph is built up by IPP from the initial facts and actions. IPP also contains an algorithm called Removing Irrelevant Facts and Operators (RIFO).  This is used to simplify the planning problem for IPP  (Koehler  1998).
BLACKBOX

Blackbox is a constraint based planner. Graphplan is used to construct a planning graph for the problem and this planning graph is used to create a satisfiability problem. Blackbox can employ a number of different state-of-the-art satisfiability planners in order to solve the problem  (Kautz and Selman  1999)
Motivation

Parallelism is an integral part of AI planning. When comparing planners, speed in plan creation is always of great importance. However, the quality of the plan created is equally important and may be of even greater importance when planners are used in an industrial or commercial setting.  If the plan being created will involve the use of a great amount of costly resources, most users would prefer a planner which generates a truly optimal plan rather than one that runs marginally quicker than others.  We can define plan quality as the following three components: plan length, plan time, and resources consumed. Plan length is simply the number of unique actions occurring in a plan. Plan time is the number of distinct time steps required to execute the plan. Obviously in a plan with parallel actions, plan time will be less than plan length. Finally, we can define resources consumed simply as any entity which is consumed during the execution of the plan. Money, energy, fuel, and materials are all valid examples of resources which could be consumed. The specific resource will vary from domain to domain.
We are concerned with how the existence of parallel actions will affect the three planners in question. Specifically, we are trying to answer three questions. 

1) Which of the planners will inherently be the most efficient when parallel actions are required in the optimal plan?
2) How will each of the planners scale on a single problem instance as the number of Sokobans in that instance is increased?

3) How will the speed in plan creation and plan quality be affected on all three planners when resource bounding is added to domains that contain parallel actions?

We propose to answer these questions by examining results of the planners on domains where parallel actions are required in the optimal solution.
Approach

We take a three part approach to investigating these planners. Firstly, we examine the planners on the Sokoban domain. Secondly, we examine how each of the planners scales on a single problem instance as the number of Sokobans in that instance grows. Finally, we examine how the speed of plan creation and the plan quality is affected when resource bounding is added to the problems on which we are running the planners.

Parallelism on the Sokoban Domain
The Sokoban domain is a classic AI planning domain in artificial intelligence. An interactive Java applet depicting the game can be found here, http://javaboutique.internet.com/Sokoban, and the full domain specified in STRIPS notation can be found in Figure 13. The domain is based around the idea of a creature called a Sokoban attempting to push crate to specified goal locations on a 2D grid which serves as the world. Locations on the grid may be blocked, which indicates that neither a Sokoban nor a crate may exist at that location. The game is completed when all blocks are at goal locations.
Our interest in this world stems from the fact that multiple Sokobans can exist in a single grid. Each Sokoban may or may not take part in pushing the blocks to the goal locations.  Thus we have a domain in which parallel actions can play a crucial role in the quality of the plan created.
We examined several different types of problems in the Sokoban domain. First, we examined several simple problems in which the use of multiple Sokobans would not affect the plan length but would reduce the time steps required to complete the plan.  Secondly, we examined problems in which the use of multiple Sokobans at once would immediately achieve certain goals on the problem. Finally, problems in which the optimal solution required that multiple Sokobans be used, but in which the result of using multiple Sokobans isn’t realized until very late in the plan.
Scalability
Secondly, we examine the scalability of the planners on a single problem instance. We take a 10 X 10 grid as our world and vary the number of Sokobans on the grid from 1 to 5 (See Figure 12). We examine the speed of plan creation and plan quality among the planners on this problem instance and look for the planner or planner which scales the best as the number of Sokobans grows.

Resource Bounding

Finally, we examine the results created by each of the planners as resource bounding is added to the Sokoban domain. Resource bounding involves explicitly adding resources to the domain in the PDDL notation. We assign one resource unit to each move or push by a single Sokoban. A certain number of resources are assigned to each Sokoban in the problem instance and the resources cannot be used arbitrarily by any Sokoban. By doing this, we can force a planner to involve all Sokobans in a plan solution.  However, it is important to note that this does not force a planner to come up with an optimal solution to the problem in terms of the number of parallel actions. Because resource bounding does not enforce that actions occur in any order, it is still possible for a planner to devise a non-optimal solution on a domain which is resource bounded. The resource bounded domain used in our trials is included in Figure 14 in the Appendix. We ran the planners on all the problems in which FF did not find the optimal solution with resource bounding enforced.
Implementation

All tests were run on a 1000MHz Intel PIII system with 512MB of RAM running Microsoft Windows XP except where noted. Blackbox was run with the “-solver chaff” option in order to differentiate it from the IPP planner. Version 42 of Blackbox was used. Version 4.1 of IPP was used. Version 2.3 of FF was used. In all tests, a time limit of 20 minutes was enforced for the plan creation.
Parallelizing FF

Of the three planners in question, FF is the only planner which reports its plan in a strictly linear fashion. Due to our interest in parallel actions, the results of FF were hand parallelized before comparison with the results of IPP and FF.
Results
Parallelism on the Sokoban Domain

Trial One

Description
This is an extremely simple problem instance intended to serve as a sort of baseline for the planners. 

Figure 1
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Table 1

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	360
	33
	33

	IPP
	1.5
	33
	33

	FF
	0.7
	33
	33


Results

From this instance we can see that all three planners come up with an identical solution to this problem which contains no parallel actions. It can also be noted that Blackbox is much slower on this instance than either IPP or FF.

Trial Two

Description

In this trial we introduce perhaps the simplest form of parallelism. The problem contains two Sokobans and is otherwise completely identical to Trial 1.

Figure 2
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Table 2

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	2.2
	6
	5

	IPP
	1.2
	6
	5

	FF
	0.9
	6
	5


Results

Here we see that the time discrepancy between Blackbox and the other planners has disappeared. Comparing the running time of Blackbox on Trials 1 and 2, it appears that the addition of a second Sokoban has helped to make Blackbox much more competitive with the other planners on this specific problem instance. 
Trial Three

Description

This problem instance once again contains no parallelism and serves a baseline and also to validate or invalidate the results on Trial 1.

Figure 3
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Table 3

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	3.04
	16
	16

	IPP
	0.9
	16
	16

	FF
	0.3
	16
	16


Results

Here again we see that Blackbox lags behind in terms of speed while the plans created by the planners are identical in terms of plan quality. This is consistent with the results from Trial 1.
Trial Four

Description

This trial is the first in which the use of parallelism will produce a plan of greater quality but of equal length.

Figure 4
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Table 4

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	0.55
	5
	3

	IPP
	0.8
	5
	3

	FF
	0.5
	5
	3


Results

All three planners produce the optimal solution which involves both Sokobans taking part in the solution.

Trial Five

Description

This trial is similar to Trial 4, but slightly more complicated. In this problem, the use of multiple Sokobans isn’t beneficial until later in the solution – after the use of the first Sokoban has already become beneficial in reaching a goal state.

Figure 5
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Table 5

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	4.69
	12
	8

	IPP
	1.7
	12
	8

	FF
	0.5
	16
	11


Results

On this trial, FF first had difficulties with the parallel actions. IPP and Blackbox made use of both Sokobans to create the optimal solution, but FF’s plan involved only one Sokoban. Interestingly, FF’s plan had a greater plan length than IPP’s or Blackbox’s as well as a larger number of time steps.

Trial Six

Description

In this trial, we introduce 4 Sokobans on a relatively simple problem. Each of the Sokobans will push a crate into a goal state at the same point in time.

Figure 6
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Table 6

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	18
	12
	3

	IPP
	8.11
	12
	3

	FF
	83.11
	25
	21


Results

FF once again has trouble on this problem. Producing a solution that is of lesser quality and requiring a much longer time to produce the solution. 
Trial Seven

Description

In this problem, several of the Sokoban are able to push a crate to a goal state immediately. Others require a single move before being able to push a crate to a goal. This is also the first problem instance where we introduce a Sokoban which is not needed in the final solution.

Figure 7
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Table 7

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	24.22
	7
	2

	IPP
	14.32
	7
	2

	FF
	1.1
	7
	2


Results

FF has no trouble on this problem instance and solves the problem in substantially less time than IPP and Blackbox.
Trial Eight

Description

This trial is relatively simple. However, the Sokobans must cooperate in a new way as the top Sokoban is required to move off the goal location before the bottom Sokoban can push a crate onto the location.

Figure 8
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Table 8

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	7.54
	6
	4

	IPP
	3.4
	6
	4

	FF
	1
	9
	7


Results

This instance also proves to be troubling for FF. It solves the problem extremely quickly, but comes up with a solution that requires three more actions and 3 more time steps than IPP and Blackbox since FF neglects to make use of both Sokobans.
Trial Nine

Description

Trial 9 contains nine Sokobans. Each of which requires just a single push to reach a goal state.

Figure 9
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Table 9

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	56.48
	12
	1

	IPP
	61.48
	12
	1

	FF
	4.7
	12
	1


Results

All three planners produce identical results and FF solves the problem the most quickly.

Trial Ten

Description

In this problem instance, both Sokobans are needed in order to come up with the plan that requires the least time steps. The Sokobans here must travel quite a distance before they are able to work together to push the crates into goal locations.

Figure 10
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Table 10

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	39.03
	28
	15

	IPP
	4.3
	28
	15

	FF
	0.5
	28
	28


Results

FF also does not come up with the optimal solution on this problem instance. Here it uses a single Sokoban to solve the problem, thus creating a plan which is approximately twice as long as the plans created by IPP and Blackbox.
Trial Eleven
Description

In this massively parallel trial, the Sokobans are required to work in a kind of lock-step in order to solve the problem. The movement or push of one Sokoban will free up locations which will allow others to move and push and so on.

Figure 11
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Table 11

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	87
	12
	2

	IPP
	3.3
	12
	2

	FF
	47.06
	12
	2


Results

Interestingly, all three planners come up with identical solutions and FF find the most optimal solution. FF also requires much longer to generate this solution than FF or IPP.

Scalability
From the results shown in Figure 12 and Table 15 in the Appendix, it is obvious that none of the planners scale well on the problem instance we experimented with.  We can say very little from our results except that all of the planners appear to perform very poorly on what does not seem to be an overly complex problem. Most likely the large size of the board and our time limit of 20 minutes per planner contributed to the results we saw. FF performed the best on this problem in terms of the time taken to solve.
Resource Bounding

We ran the planners on all the problems in which FF did not find the optimal solution with resource bounding enforced. It can be seen generally from the following results that resource bounding forced FF to find a more optimal solution – although it did not force FF to find the most optimal solution in any case.  Interestingly, resource bounding had the most profound effect on the running times of IPP and Blackbox which was not expected. It was expected that FF would be the most effected due to the increases on the state-space. However, in some cases adding resource bounding actually improved the running times of FF on the problem.
Trial 5 with Resource Bounding
Table 12

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	80
	12
	8

	IPP
	9.61
	12
	8

	FF
	6.1
	12
	10


Results

Here we see that FF reduced the number of time steps required in its plan from 11 to 10 – a very modest improvement and we see that the running time of Blackbox increased by a factor of 20.

Trial 6 with Resource Bounding
Table 13

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	3614
	12
	3

	IPP
	20.42
	12
	3

	FF
	2.8
	12
	7


Results

Table 13 shows a dramatic increase in the optimality of FF’s solution. The number of time steps required drops from 21 to 7. Once again we see a huge increase in the running times of IPP and Blackbox with Blackbox requiring over 6 minutes to solve the problem while FF solves the problem in 2.8 seconds.
Trial 8 with Resource Bounding
Table 14

	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	85
	6
	4

	IPP
	7.21
	6
	4

	FF
	0.8
	6
	5


Results

Resource bounding does not produce a dramatic effect on the quality of the solutions here. It does however increase the solution time of Blackbox by a factor of 10. 
Trial 10 with Resource Bounding
Table 15
	
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	N/A
	N/A
	N/A

	IPP
	36.05
	28
	15

	FF
	N/A
	N/A
	N/A


Results

Interestingly, here neither FF nor Blackbox are able to solve the problem once. The running time of IPP is increased by a factor of almost 10 but it still solves the problem.
Conclusions 
We have shown that FF performs much more poorly than IPP and Blackbox on domains which require parallel actions.  This result is to be expected as both IPP and Blackbox are inherently aware of time and parallel actions while FF is strictly a linear planner.

We have also shown that FF responds much more favorably to resource bounding than does IPP or Blackbox. The running time of FF decreased dramatically on domains when resource bounding was added to the domain while the running times of IPP and Blackbox actually increased dramatically which was not expected.

In terms of scalability, our results our inconclusive.  None of the planners performed well on the scalability problem. FF was the quickest planner on such a large problem, but its solutions were often far from optimal. A more rigorous would be required before any concrete observations could be made.
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Table 15

	1
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	N/A
	N/A
	N/A

	IPP
	6606.29
	32
	32

	FF
	12.71
	61
	61

	
	
	
	

	2
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	N/A
	N/A
	N/A

	IPP
	36566.77
	34
	17

	FF
	82.61
	52
	42

	
	
	
	

	3
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	N/A
	N/A
	N/A

	IPP
	N/A
	N/A
	N/A

	FF
	214
	42
	30

	
	
	
	

	4
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	N/A
	N/A
	N/A

	IPP
	N/A
	N/A
	N/A

	FF
	521.64
	40
	26

	
	
	
	

	5
	Time to Solve
	Number of Steps 
	Time Steps Required

	BLACKBOX
	N/A
	N/A
	N/A

	IPP
	N/A
	N/A
	N/A

	FF
	1277.73
	40
	27


Figure 13

(define (domain sokoban)


(:requirements :strips)


(:predicates
(SOKOBAN ?sokoban)




(LOCATION ?location)




(BLOCK ?block)




(vert-adjacent ?loc1 ?loc2)




(horiz-adjacent ?loc1 ?loc2)




(at ?obj ?location)




(clear ?loc)




(goal-location ?loc)




(at-goal-location ?block)


)

(:action MOVE-SOKOBAN-HORIZONTAL


:parameters


(?sokoban

 ?loc1


 ?loc2


)


:precondition


(and (SOKOBAN ?sokoban) (LOCATION ?loc1) (LOCATION ?loc2) 


     (at ?sokoban ?loc1) (horiz-adjacent ?loc1 ?loc2) (clear ?loc2)


)


:effect


(and (at ?sokoban ?loc2) (not (at ?sokoban ?loc1))


     (clear ?loc1) (not (clear ?loc2))


)

)

(:action MOVE-SOKOBAN-VERTICAL


:parameters


(?sokoban

 ?loc1


 ?loc2


)


:precondition


(and (SOKOBAN ?sokoban) (LOCATION ?loc1) (LOCATION ?loc2) 


     (at ?sokoban ?loc1) (vert-adjacent ?loc1 ?loc2) (clear ?loc2)


)


:effect


(and (at ?sokoban ?loc2) (not (at ?sokoban ?loc1))


     (clear ?loc1) (not (clear ?loc2))


)

)

(:action PUSH-BLOCK-HORIZONTAL


:parameters


(?sokoban

 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc)


     (at ?sokoban ?socloc) (at ?block ?oldblockloc)


     (horiz-adjacent ?socloc ?oldblockloc) (horiz-adjacent ?oldblockloc ?newblockloc)


     (clear ?newblockloc)


     ;;(not (goal-location ?newblockloc))


     ;;(not-goal-location ?newblockloc)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))


     (not (at-goal-location ?block))


)

)

(:action PUSH-BLOCK-HORIZONTAL-TO-GOAL


:parameters


(?sokoban

 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc)


     (at ?sokoban ?socloc) (at ?block ?oldblockloc)


     (horiz-adjacent ?socloc ?oldblockloc) (horiz-adjacent ?oldblockloc ?newblockloc)


     (clear ?newblockloc)


     (goal-location ?newblockloc)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))


     (at-goal-location ?block)


)

)

(:action PUSH-BLOCK-VERTICAL


:parameters


(?sokoban

 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc)


     (at ?sokoban ?socloc) (at ?block ?oldblockloc)


     (vert-adjacent ?socloc ?oldblockloc) (vert-adjacent ?oldblockloc ?newblockloc)

             (clear ?newblockloc)

    
     ;;(not (goal-location ?newblockloc))


     ;;(not-goal-location ?newblockloc)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))

    
     (not (at-goal-location ?block))


)

)

(:action PUSH-BLOCK-VERTICAL-TO-GOAL


:parameters


(?sokoban

 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc)


     (at ?sokoban ?socloc) (at ?block ?oldblockloc)


     (vert-adjacent ?socloc ?oldblockloc) (vert-adjacent ?oldblockloc ?newblockloc)


     (clear ?newblockloc)


     (goal-location ?newblockloc)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))


     (at-goal-location ?block)


)

)

Figure 14

;; sokoban domain

;; James Welle

(define (domain sokoban)


(:requirements :strips)


(:predicates
(SOKOBAN ?sokoban)




(LOCATION ?location)




(BLOCK ?block)




(RESOURCE ?resource)




(vert-adjacent ?loc1 ?loc2)




(horiz-adjacent ?loc1 ?loc2)




(at ?obj ?location)




(clear ?loc)




(goal-location ?loc)




(at-goal-location ?block)




(can-use ?sokoban ?resource)


)

(:action MOVE-SOKOBAN-HORIZONTAL


:parameters


(?sokoban


 ?loc1


 ?loc2


 ?res


)


:precondition


(and (SOKOBAN ?sokoban) (LOCATION ?loc1) (LOCATION ?loc2) (RESOURCE ?res)


     (at ?sokoban ?loc1) (horiz-adjacent ?loc1 ?loc2) (clear ?loc2) (can-use ?sokoban ?res)



)


:effect


(and (at ?sokoban ?loc2) (not (at ?sokoban ?loc1))


     (clear ?loc1) (not (clear ?loc2))


     (not (RESOURCE ?res))


)

)

(:action MOVE-SOKOBAN-VERTICAL


:parameters


(?sokoban


 ?loc1


 ?loc2


 ?res


)


:precondition


(and (SOKOBAN ?sokoban) (LOCATION ?loc1) (LOCATION ?loc2) (RESOURCE ?res)


     (at ?sokoban ?loc1) (vert-adjacent ?loc1 ?loc2) (clear ?loc2) (can-use ?sokoban ?res)


)


:effect


(and (at ?sokoban ?loc2) (not (at ?sokoban ?loc1))


     (clear ?loc1) (not (clear ?loc2))


     (not (RESOURCE ?res))


)

)

(:action PUSH-BLOCK-HORIZONTAL


:parameters


(?sokoban


 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc


 ?res


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc) (RESOURCE ?res)


     (at ?sokoban ?socloc) (at ?block ?oldblockloc)


     (horiz-adjacent ?socloc ?oldblockloc) (horiz-adjacent ?oldblockloc ?newblockloc)


     (clear ?newblockloc) (can-use ?sokoban ?res)


     ;;(not (goal-location ?newblockloc))


     ;;(not-goal-location ?newblockloc)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))


     (not (at-goal-location ?block))


     (not (RESOURCE ?res))


)

)

(:action PUSH-BLOCK-HORIZONTAL-TO-GOAL


:parameters


(?sokoban


 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc

         ?res


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc) (RESOURCE ?res)


     (horiz-adjacent ?socloc ?oldblockloc) (horiz-adjacent ?oldblockloc ?newblockloc)


     (clear ?newblockloc)


     (goal-location ?newblockloc) (can-use ?sokoban ?res)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))


     (at-goal-location ?block)


     (not (RESOURCE ?res))


)

)

(:action PUSH-BLOCK-VERTICAL


:parameters


(?sokoban


 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc


 ?res


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc) (RESOURCE ?res)


     (at ?sokoban ?socloc) (at ?block ?oldblockloc)


     (vert-adjacent ?socloc ?oldblockloc) (vert-adjacent ?oldblockloc ?newblockloc)

             (clear ?newblockloc) (can-use ?sokoban ?res)

    
     ;;(not (goal-location ?newblockloc))


     ;;(not-goal-location ?newblockloc)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))

    
     (not (at-goal-location ?block))


     (not (RESOURCE ?res))


)

)

(:action PUSH-BLOCK-VERTICAL-TO-GOAL


:parameters


(?sokoban


 ?block


 ?socloc


 ?oldblockloc


 ?newblockloc


 ?res


)


:precondition


(and (SOKOBAN ?sokoban) (BLOCK ?block) (LOCATION ?socloc) (LOCATION ?oldblockloc) (LOCATION ?newblockloc) (RESOURCE ?res)


     (at ?sokoban ?socloc) (at ?block ?oldblockloc)


     (vert-adjacent ?socloc ?oldblockloc) (vert-adjacent ?oldblockloc ?newblockloc)


     (clear ?newblockloc)


     (goal-location ?newblockloc) (can-use ?sokoban ?res)


)


:effect


(and (at ?block ?newblockloc) (at ?sokoban ?oldblockloc) (not (at ?sokoban ?socloc)) (not (at ?block ?oldblockloc))


     (clear ?socloc) (not (clear ?oldblockloc)) (not (clear ?newblockloc))


     (at-goal-location ?block) (not (RESOURCE ?res))


)

)

)

