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AIRCRAFT BATTLE DAMAGE REPAIR (ABDR) DOMAIN

The United States (US) Air Force has a program called Aircraft Battle Damage Repair (ABDR) that is used to repair damaged aircraft near the front lines during combat. The concept consists of evaluating the aircraft damages, developing repairs, and determining if repairs can be made in a reasonable time to either (a) get the aircraft back into combat or (b) give it enough capability to fly it back to a repair depot in the US. There are multiple ABDR teams, each consisting of 4 to 7 people certified in evaluating damages, developing repairs, sheet metal working, electrical systems, mechanical systems, etc. The teams have “war wagons” that contain all of their tools and repair supplies. Typically, the repairs taking the least amount of time to make an aircraft mission-ready are effected first. Repairs to different systems (even if they are on different aircraft) may be made in parallel if personnel and material resources are available. Further, if another aircraft comes in, its damages are assessed and a determination is made for when it will be repaired. It is possible that resources may get diverted from aircraft currently being repaired.

In the real world, the “war wagons” are portable and there is no set location that the aircraft has to be in for repair. However, given that the troops are near the front lines, you want to avoid exposing them to mortar shelling, enemy sniper fire, and the elements as much as possible. Thus, the domain requires an aircraft to be repaired inside a hangar. Further, consider that forward operating locations (as bases at the front-lines are officially known) are typically busy with active aircraft taxiing on and off the runway, either headed to or getting back from a mission. Thus, parking spots (pads) and hangars for damaged aircraft is limited.

The ABDR domain uses the Planning Domain Definition Language (PDDL) to define an environment for a planning tool to schedule resources (aircraft, people, and locations) for the repair of multiple damaged aircraft. The initial concept was to make time a critical factor in goal determination. Damage assessments would have a cost based upon the number of damages. Each repair would also have an associated cost. Moving aircraft from hangars to pads and vice versa would also be costly. Further, there would be a minimal cost for having personnel change locations. However, the author has never programmed in PDDL before and this challenge proved too difficult for a first attempt using PDDL 1.7.

Another item that proved difficult to code (without disjunction) is the ability of different people to have more than one skill. The initial concept was to enable some people to repair different items – like a primary and secondary skill. If it was their secondary skill, the repair may take longer. Even without the use of time, it was desirable to enable people to effect multiple types of repairs. However, the added complexity to the domain did not seem worthwhile without time as a goal factor.

The third item that was removed due to inability to properly code it was the concept of an aircraft being “fixed”. The original goals were to be that an aircraft is fixed (no system damages) and the amount of time it took to reach that. However, this required a way to manage knowing when all of an aircraft’s systems (which are repaired independently) are repaired. The author found references to a “forall” function; however, was unable to make it work. To overcome this, the goals now list repair to all aircraft systems individually. The author suspects that proper usage of this function may also make it easier to declare things like making the systems part of the aircraft – which is also currently done by listing every aircraft system individually.

In an effort to simplify the environment, the domain focuses on the repairs themselves. Each aircraft is comprised of systems that are either “mission-capable” (not broke) or “damaged”. Each person is capable of repairing only specific types of systems. To make a repair, the aircraft that the system is on must be in a hangar. Further, the person making the repair must also be in the hangar and have the appropriate skill. There is no definition of time with the exception of a single operator. Once a person is assigned to repair an aircraft system, that person must then let some time pass before being able to be reassigned. This additional operator simply prevents a person from being serially assigned one repair right after another and makes it more effective to use an idle person with similar qualifications. It also

A summary of the domain environment looks like this:

There are x hangars in which y aircraft can be repaired, where x ( 1 and y ( 1. There are at least z aircraft pads (where z ( 0 and z ( (x – y) ) to facilitate swapping aircraft in and out of hangars. A team of 4 people (1 electrician, 2 sheet metal workers, and 1 mechanic) manages the y aircraft. Each aircraft has 11 systems – 2 engines (left and right), a cockpit, an electrical system, a fuselage, 2 wings (left and right), a tail, and 3 wheels (front, left, and right). To repair a system, an aircraft must be in a hangar and a person with the appropriate repair skill must be in the hangar with that aircraft.

The following table provides what each person is capable of repairing:

	System
	Electrician
	Sheet Metal Worker
	Mechanic

	Engine
	
	
	X

	Cockpit
	X
	
	

	Electrical
	X
	
	

	Fuselage
	
	X
	

	Wing
	
	X
	

	Tail
	
	X
	

	Wheel
	
	
	X

	
	
	
	

	An ‘X’ indicates that the person can repair that system.


Assumptions:

1.
Damage assessment is already done.

2.
Enough tools and materials for all people to work at once.

3.
An aircraft must be in a hangar to be repaired.

4.
Repairs to all systems take an equal amount of time – 1 unit time.

5.
Aircraft cannot be moved during a repair.

6.
Repairs are independent of each other. (e.g. The electrical system doesn’t have to be fixed before the cockpit system.)

The ABDR domain shares some attributes with the Blocks domain, Scheduling domain, and Logistics domain reviewed in the previous project. Being a resource-scheduling domain, ABDR shares conceptual similarities with both the Scheduling and Logistics domains. Structure-wise, the ABDR domain is most similar to the Scheduling domain.

At a high level, both plan changes to some object and require tool resources to make those changes. The scheduling domain plans changes to surfaces to be painted, etc. ABDR plans repair changes to aircraft systems. The Scheduling domain schedules hardware tools and only certain tools can make certain changes. As described above, in the ABDR domain, personnel resources are used as the tools of change and only certain people can make certain repairs. Both also simulate a time lapse to stagnate application of resources through the use of a delay action. One difference is that some Scheduling domain actions may require another tool resource action before the first can take place. The ABDR domain assumes repairs are independent. Another main difference is that the ABDR domain treats the changed object with less abstraction. In fact, it has an added complexity of applying changes to multiple platforms (aircraft) that may be moved about and have to be in a specific location before changes can be made. Thus, a location resource is added.

The ABDR, Logistics and Blocks domains are similar where the ABDR and Scheduling domains are not. ABDR, Logistics and Blocks domains require resources to be in specific locations for certain actions to be performed. So, in some respects, the ABDR domain is a combination of the Scheduling and Logistics / Block domains.

A general description of the ABDR domain in a PDDL outline format follows. The actual PDDL description is provided as Appendix A.

DOMAIN DESCRIPTION (PDDL OUTLINE)

Objects:

Hangars: hangar_a, hangar_b

Pad: pad_a, pad_b

People: electrician, metalworker1, metalworker2, mechanic

Aircraft: aircraft1, aircraft 2, aircraft 3

Aircraft Parts:


left-engine1, right-engine1, left-engine2, right-engine2, left-engine3, right-engine3,


cockpit1, cockpit2, cockpit3,


electrical1, electrical2, electrical3,


fuselage1, fuselage2, fuselage3,


left-wing1, right-wing1, left-wing2, right-wing2, left-wing3, right-wing3,


tail1, tail2, tail3,


front-wheel1, left-wheel1, right-wheel1, front-wheel2, left-wheel2, right-wheel2,


front-wheel3, left-wheel3, right-wheel3

Predicates:

HANGAR(x)
true iff x is a hangar

PAD(x)
true iff x is a parking pad

PERSON(x)
true iff x is a person

ELECTRICIAN(x)
true iff x is an electrician

METALWORKER(x)
true iff x is a sheet metal worker

MECHANIC(x)
true iff x is a mechanic

AIRCRAFT(x)
true iff x is an aircraft

SYSTEM(x)
true iff x is an aircraft system

ENGINE(x)
true iff x is an engine system

COCKPIT(x)
true iff x is a cockpit system

ELECTRICAL(x)
true iff x is an electrical system

FUSELAGE(x)
true iff x is a fuselage system

WING(x)
true iff x is a wing system

TAIL(x)
true iff x is a tail system

WHEEL(x)
true iff x is a wheel system

in-hangar(x, y)
true iff x is an aircraft, y is a hangar, and x is in y
hangar-available(x)
true iff x is a hangar and it is available for an aircraft

on-pad(x, y)
true iff x is an aircraft, y is a parking pad, and x is on y
pad-available(x)
true iff x is a pad and it is available for an aircraft

on-aircraft(x, y)
true iff x is an aircraft system, y is an aircraft, and x is on y
at-hangar(x, y)
true iff x is a person, y is a hangar, and x is at y
movable(x)
true iff x is an aircraft and it is movable to a pad or hangar

mission-ready(x)
true iff x is an aircraft system and x is not damaged

damaged(x)
true iff x is an aircraft system and x is damaged

free(x)
true iff x is a person and x is not repairing a system

repairing(x, y)
true iff x is a person, y is an aircraft, and x is repairing an


  aircraft system on aircraft y
Action/Operator(s):

Name:
relocate-to-pad(x, y, z)
Description:
An aircraft, x, can move from a hangar, y, to a pad, z.

Precondition:
AIRCRAFT(x), HANGAR(y), PAD(z), in-hangar(x, y), 


pad-available(z), and movable(x) are true.

Effect:
on-pad(x, z) and hangar-available(y) become true. pad-available(z) and


in-hangar(x, y) become false.


Everything else doesn’t change.
Name:
relocate-to-hangar(x, y, z)
Description:
An aircraft, x, can move from a pad, y, to a hangar, z.

Precondition:
AIRCRAFT(x), PAD(y), HANGAR(z), on-pad(x, y) and


hangar-available(z) are true.

Effect:
in-hangar(x, z) and pad-available(y) become true. on-pad(x, y) and


hangar-available(z) become false.


Everything else doesn’t change.
Name:
change-hangar(p, x, y)
Description:
A person, p, can move from hangar, x, to hangar, y.

Precondition:
PERSON(p), HANGAR(x), HANGAR(y), at-hangar(p, x), free(p), and


x ( y are true.

Effect:
at-hangar(p, y) becomes true. at-hangar(p, x) becomes false.


Everything else doesn’t change.
Name:
repair-engine(p, x, y, z)
Description:
A mechanic, p, can repair an engine system, x, on an aircraft, y,


in hangar, z.

Precondition:
PERSON(p), MECHANIC(p), SYSTEM(x), ENGINE(x), AIRCRAFT(y), HANGAR(z), free(p), damaged(x), on-aircraft(x, y), in-hangar(y, z), and 


at-hangar(p, z) are true.

Effect:
mission-ready(x) and repairing(p, y) become true. movable(y), damaged(x), and free(p) become false.


Everything else doesn’t change.
Name:
repair-cockpit(p, x, y, z)
Description:
An electrician, p, can repair a cockpit system, x, on an aircraft, y, in 


hangar, z.

Precondition:
PERSON(p), ELECTRICIAN(p), SYSTEM(x), COCKPIT(x), AIRCRAFT(y), HANGAR(z), free(p), damaged(x), on-aircraft(x, y),       in-hangar(y, z), and at-hangar(p, z) are true.

Effect:
mission-ready(x) and repairing(p, y) become true. movable(y), damaged(x), and free(p) become false.


Everything else doesn’t change.
Name:
repair-electrical(p, x, y, z)
Description:
An electrician, p, can repair an electrical system, x, on an aircraft, y, in 


hangar, z.

Precondition:
PERSON(p), ELECTRICIAN(p), SYSTEM(x), ELECTRICAL(x), AIRCRAFT(y), HANGAR(z), free(p), damaged(x), on-aircraft(x, y),       in-hangar(y, z), and at-hangar(p, z) are true.

Effect:
mission-ready(x) and repairing(p, y) become true. movable(y), damaged(x), and free(p) become false.


Everything else doesn’t change.
Name:
repair-fuselage(p, x, y, z)
Description:
A sheet metal worker, p, can repair a fuselage system, x, on an aircraft, y, 


in hangar, z.

Precondition:
PERSON(p), METALWORKER(p), SYSTEM(x), FUSELAGE(x), AIRCRAFT(y), HANGAR(z), free(p), damaged(x), on-aircraft(x, y),       in-hangar(y, z), and at-hangar(p, z) are true.

Effect:
mission-ready(x) and repairing(p, y) become true. movable(y), damaged(x), and free(p) become false.


Everything else doesn’t change.
Name:
repair-wing(p, x, y, z)
Description:
A sheet metal worker, p, can repair a wing system, x, on an aircraft, y, 


in hangar, z.

Precondition:
PERSON(p), METALWORKER(p), SYSTEM(x), WING(x), AIRCRAFT(y), HANGAR(z), free(p), damaged(x), on-aircraft(x, y),       in-hangar(y, z), and at-hangar(p, z) are true.

Effect:
mission-ready(x) and repairing(p, y) become true. movable(y), damaged(x), and free(p) become false.


Everything else doesn’t change.
Name:
repair-tail(p, x, y, z)
Description:
An sheet metal worker, p, can repair a tail system, x, on an aircraft, y, 


in hangar, z.

Precondition:
PERSON(p), METALWORKER(p), SYSTEM(x), TAIL(x), AIRCRAFT(y), HANGAR(z), free(p), damaged(x), on-aircraft(x, y),       in-hangar(y, z), and at-hangar(p, z) are true.

Effect:
mission-ready(x) and repairing(p, y) become true. movable(y), damaged(x), and free(p) become false.


Everything else doesn’t change.
Name:
repair-wheel(p, x, y, z)
Description:
A mechanic, p, can repair a wheel system, x, on an aircraft, y, in hangar, z.

Precondition:
PERSON(p), MECHANIC(p), SYSTEM(x), WHEEL(x), AIRCRAFT(y), HANGAR(z), free(p), damaged(x), on-aircraft(x, y), in-hangar(y, z), and 


at-hangar(p, z) are true.

Effect:
mission-ready(x) and repairing(p, y) become true. movable(y), damaged(x), and free(p) become false.


Everything else doesn’t change.
Name:
pass-unit-time(p, y)
Description:
Free-up a person, p, who is currently repairing an aircraft system on an aircraft, y. Once freed-up, a person and an aircraft can be relocated.

Precondition:
PERSON(p), AIRCRAFT(y), and repairing(p, y) are true. free(p) is false.

Effect:
free(p) becomes true. repairing(p, y) and under-repair(y) become false.


Everything else doesn’t change.

PROBLEMS GENERATED FOR ABDR DOMAIN
Six problems were generated for the ABDR planning domain (see Appendix B). The number of damaged aircraft systems, the number of aircraft, the availability of locations, and the intentional lack of use of a resource were tested. Specific descriptions for each problem and the results of the runs on different planners are provided below.

	Problem:
	ABDR-2-22

	Description:
	Two aircraft and all 22 possible system damages. Four locations (2 hangar, 2 pads). The aircraft each start on a pad.

	Results:
	

	AltAlt:
	AltAlt provided a correct plan of 50 steps in length in 2.04 seconds. It is interesting to note that the planner first brought an aircraft into a hangar and began work. It then swapped that aircraft with the other and began another repair. Later, it swapped the two aircraft again and then finally put the second aircraft in the second hangar. An implementation of cost for moving aircraft (as discussed above) would likely improve this.

	Blackbox:
	Blackbox was unable to complete this problem and provided a stack dump report.

	FF:
	FF provided a 41-step plan in 1.41 seconds. However, resource usage was erroneous. For instance, it cited

“REPAIR-ENGINE MECHANIC LEFT-WING1 AIRCRAFT1 HANGAR_A”

in one step. While mechanics can repair engines, note that the “engine” it repaired was “LEFT-WING1”. The repair-engine operator states that the system must be of type ENGINE, which the wing is not. It should be noted that FF used the appropriate person for the operator type and even only repaired systems associated with a specific aircraft. However, it consistently applied the repair operator to an inappropriate system for that repair. FF is the only planner that did this.


	Problem:
	ABDR-3-3

	Description:
	Three aircraft and 3 damages. Four locations (2 hangar, 2 pads). Two aircraft start in a hangar. A third aircraft begins on a pad. There are more damages then are required to meet the goal. 

	Results:
	

	AltAlt:
	Provided a correct plan of 7 steps in 132 milliseconds. AltAlt swapped out a damaged aircraft (not in the goal set) with one that had systems in the goal set. Also, while one metal worker fixed one aircraft, the other moved to the other hangar and made a metal repair on another aircraft.

	Blackbox:
	Provided a correct plan of 7 steps in 135 milliseconds. Blackbox took a similar approach to AltAlt.

	FF:
	FF provides the following result: “ff: goal can be simplified to TRUE. The empty plan solves it”. While nice to know, it is effectively useless for managing an ABDR team. With unlimited time and enough room to swap aircraft, essentially all of the repairs are fixable.


	Problem:
	ABDR-3-11

	Description:
	Three aircraft and 11 damages. Four locations (2 hangar, 2 pads). Two aircraft start in a hangar. A third aircraft begins on a pad. The damages are set such that the electrician should not be used. 

	Results:
	

	AltAlt:
	Provided a correct plan of 24 steps in 116 milliseconds. AltAlt began by swapping two aircraft. It is difficult to see the planner’s purpose in doing so. Again, a cost for doing such would likely change this behavior. It is also very serial about managing people. It assigns multiple tasks to the mechanic, then to a metal worker, etc.

	Blackbox:
	Provided a correct plan with 25 steps in 11.13 seconds. Blackbox took a similar approach to AltAlt in that it also swapped out an aircraft very early in the plan. However, it then had the two metal workers work on different aircraft simultaneously (in the same level). Typically, Blackbox tends to use resources more in parallel then AltAlt. However, it may also be that Blackbox’s printing of the levels along the side makes it more obvious.

	FF:
	FF provides the following result: “ff: goal can be simplified to TRUE. The empty plan solves it” While nice to know, it is effectively useless for managing an ABDR team. With unlimited time and enough room to swap aircraft, essentially all of the repairs are fixable.


	Problem:
	ABDR-3-13

	Description:
	Three aircraft and 13 damages. Four locations (1 hangar, 3 pads). One aircraft starts in a hangar. The other aircraft begin on pads. Note that there is only one hangar for repairs in this problem. 

	Results:
	

	AltAlt:
	Provided a correct plan of 29 steps in 248 milliseconds. Again, AltAlt began by swapping two aircraft. Remains serial in its management of people. It assigns multiple tasks to the mechanic, then to a metal worker, etc.

	Blackbox:
	Provided a correct plan with 27 steps in 1 minute, 22 seconds. The removal of a hangar created complexities for Blackbox. It took a much longer time to compute the result in comparison to problem ABDR-3-11 with only two extra damages. In contrast to AltAlt, Blackbox immediately brought the people in the non-functional hangar over to the functional one. It then began immediate repair of the aircraft already in the hangar, again in a parallel fashion.

	FF:
	FF provides the following result: “ff: goal can be simplified to TRUE. The empty plan solves it” While nice to know, it is effectively useless for managing an ABDR team. With unlimited time and enough room to swap aircraft, essentially all of the repairs are fixable.


	Problem:
	ABDR-4-14

	Description:
	Four aircraft and 14 damages. Five locations (2 hangars, 3 pads). Two aircraft start in hangars. The other two aircraft begin on pads.

	Results:
	

	AltAlt:
	Provided a correct plan of 37 steps in 1.15 seconds. Again, AltAlt began by swapping two aircraft. It effected a repair, swapped it out, made some repairs to the new aircraft, and then brought the other back in. Remains serial in its management of people. It assigns a few tasks to the mechanic, then to a metal worker, etc.

	Blackbox:
	Provided a correct plan with 34 steps in 13.84 seconds. Immediately began repairs, brought the other people over from the other hangar and had them begin repairs on the same aircraft. Then, Blackbox had two people change hangars and begin repairs on the second aircraft while the others finished other repairs on the first aircraft. When the first aircraft was completely repaired, it was swapped out with a third and repairs began on it. Overall, the plan seemed very logical and efficient.

	FF:
	FF once again provides the following result: “ff: goal can be simplified to TRUE. The empty plan solves it”. While nice to know, it is effectively useless for managing an ABDR team. With unlimited time and enough room to swap aircraft, essentially all of the repairs are fixable.


	Problem:
	ABDR-4-44

	Description:
	Four aircraft and all 44 possible system damages. Five locations (2 hangars, 3 pads). Two aircraft start in hangars. The other two aircraft begin on pads.

	Results:
	

	AltAlt:
	Provided a correct plan of 98 steps in 35.52 seconds. AltAlt finally began immediate work on an aircraft in a hangar. It also appeared to be conducting two repairs on the same aircraft in parallel. However, even though the aircraft had further damage, it was later swapped out, another brought in, and this aircraft was again swapped in for the rest of its repairs later down the plan. This pattern was repeated with repair of the other aircraft – AltAlt was providing plans that were more efficient in terms of dealing with aircraft and the plan was more recognizable as parallel in nature in dealing with personnel resources.

	Blackbox:
	Blackbox was unable to complete this problem and provided a stack dump report.

	FF:
	FF provided an 88-step plan in 7.66 seconds. However, similar to problem ABDR-2-22, resource usage was erroneous. The constraints are in the domain and appear correct as far as the author can tell. Again, FF is the only planner that did this.


Results Summary
The results provided by the AltAlt and Blackbox planners were favorable. As mentioned above in the individual problem summaries, AltAlt provided reasonable solutions but frequently they did not appear to be the most efficient in terms of parallel resource management. Blackbox plans made the most sense with respect to applying resources in parallel but Blackbox is unable to handle the larger problems that contain a lot of repairs. This, however, is not inconsistent with what was seen for Blackbox under Project 1. Thus, I do not believe that it is an immediate fault of the framework of the ABDR domain.

The performance of the Fast Forward (FF) planner remains a mystery. On the larger problems to which it provided a response, FF applied people resources to appropriate repair types but against incorrect systems. (See individual problem summaries above.) However, any attempts to isolate the problem by focusing on a specific area with a small problem resulted in FF informing the author, “the goal can be simplified to true and the empty plan solves it.” Further, attempts to use ff.exe input parameters force FF to provide a plan met with failure. However, by forcing a location goal not relevant to the ABDR domain as defined (e.g. all repairs must be completed and “aircraft x must end at pad y”), FF tries to compute a response. However, after waiting a few minutes for FF to complete a modified ABDR-3-13 problem and watching available memory sink dangerously low, I shut it down.

The author has examined the PDDL description for an explanation to FF’s behavior but is unable to locate anything that may be causing the wrong actions to be applied to systems.

APPENDIX A:

PDDL DESCRIPTION FOR ABDR DOMAIN

(define (domain abdr)

  (:requirements :strips)


  (:predicates  (HANGAR ?hangar) (PAD ?pad) (PERSON ?person)



(ELECTRICIAN ?person) (METALWORKER ?person) (MECHANIC ?person)



(AIRCRAFT ?aircraft) (SYSTEM ?system) (ENGINE ?engine)



(COCKPIT ?cockpit) (ELECTRICAL ?electrical) (FUSELAGE ?fuselage)



(WING ?wing) (TAIL ?tail) (WHEEL ?wheel) (in-hangar ?aircraft ?hangar)



(hangar-available ?hangar) (on-pad ?aircraft ?pad)



(pad-available ?pad) (on-aircraft ?system ?aircraft)



(at-hangar ?person ?hangar) (movable ?aircraft)



(mission-ready ?system) (damaged ?system) (free ?person)



(repairing ?person ?aircraft) )


  (:action
relocate-to-pad



:parameters (?aircraft ?hangar ?pad)



:precondition (and (AIRCRAFT ?aircraft) (HANGAR ?hangar)




(PAD ?pad) (in-hangar ?aircraft ?hangar)




(pad-available ?pad) (movable ?aircraft) )



:effect (and (on-pad ?aircraft ?pad) (hangar-available ?hangar)




(not (pad-available ?pad)) (not (in-hangar ?aircraft ?hangar)) ) )


  (:action
relocate-to-hangar



:parameters (?aircraft ?pad ?hangar)



:precondition (and (AIRCRAFT ?aircraft) (PAD ?pad) (HANGAR ?hangar)




(on-pad ?aircraft ?pad) (hangar-available ?hangar) )



:effect (and (in-hangar ?aircraft ?hangar) (pad-available ?pad)




(not(on-pad ?aircraft ?pad)) (not (hangar-available ?hangar)) ) )


  (:action
change-hangar



:parameters (?person ?hangar-from ?hangar-to)



:precondition (and (PERSON ?person) (HANGAR ?hangar-from)




(HANGAR ?hangar-to) (at-hangar ?person ?hangar-from)




(free ?person) (not (= ?hangar-from ?hangar-to)) )



:effect (and (at-hangar ?person ?hangar-to)




(not (at-hangar ?person ?hangar-from)) ) )


  (:action
repair-engine



:parameters (?person ?engine ?aircraft ?hangar)



:precondition (and (PERSON ?person) (MECHANIC ?person)




(SYSTEM ?engine) (ENGINE ?engine) (AIRCRAFT ?aircraft)




(HANGAR ?hangar) (free ?person) (damaged ?engine)




(on-aircraft ?engine ?aircraft) (in-hangar ?aircraft ?hangar)




(at-hangar ?person ?hangar) )



:effect (and (mission-ready ?engine) (repairing ?person ?aircraft)




(not (movable ?aircraft)) (not (damaged ?engine))




(not (free ?person)) ) )


  (:action
repair-cockpit



:parameters (?person ?cockpit ?aircraft ?hangar)



:precondition (and (PERSON ?person) (ELECTRICIAN ?person)




(SYSTEM ?cockpit) (COCKPIT ?cockpit) (AIRCRAFT ?aircraft)




(HANGAR ?hangar) (free ?person) (damaged ?cockpit)




(on-aircraft ?cockpit ?aircraft) (in-hangar ?aircraft ?hangar)




(at-hangar ?person ?hangar) )



:effect (and (mission-ready ?cockpit) (repairing ?person ?aircraft)




(not (movable ?aircraft)) (not (damaged ?cockpit))




(not (free ?person)) ) )


  (:action
repair-electrical



:parameters (?person ?electrical ?aircraft ?hangar)



:precondition (and (PERSON ?person) (ELECTRICIAN ?person)




(SYSTEM ?electrical) (ELECTRICAL ?electrical)




(AIRCRAFT ?aircraft) (HANGAR ?hangar) (free ?person)




(damaged ?electrical) (on-aircraft ?electrical ?aircraft)




(in-hangar ?aircraft ?hangar) (at-hangar ?person ?hangar) )



:effect (and (mission-ready ?electrical) (repairing ?person ?aircraft)




(not (movable ?aircraft)) (not (damaged ?electrical))




(not (free ?person)) ) )


  (:action
repair-fuselage



:parameters (?person ?fuselage ?aircraft ?hangar)



:precondition (and (PERSON ?person) (METALWORKER ?person)




(SYSTEM ?fuselage) (FUSELAGE ?fuselage) (AIRCRAFT ?aircraft)




(HANGAR ?hangar) (free ?person) (damaged ?fuselage)




(on-aircraft ?fuselage ?aircraft) 




(in-hangar ?aircraft ?hangar) (at-hangar ?person ?hangar) )



:effect (and (mission-ready ?fuselage) (repairing ?person ?aircraft)




(not (movable ?aircraft)) (not (damaged ?fuselage))




(not (free ?person)) ) )


  (:action
repair-wing



:parameters (?person ?wing ?aircraft ?hangar)



:precondition (and (PERSON ?person) (METALWORKER ?person)




(SYSTEM ?wing) (WING ?wing) (AIRCRAFT ?aircraft)




(HANGAR ?hangar) (free ?person) (damaged ?wing)




(on-aircraft ?wing ?aircraft) (in-hangar ?aircraft ?hangar)




(at-hangar ?person ?hangar) )



:effect (and (mission-ready ?wing) (repairing ?person ?aircraft)




(not (movable ?aircraft)) (not (damaged ?wing))




(not (free ?person)) ) )


  (:action
repair-tail



:parameters (?person ?tail ?aircraft ?hangar)



:precondition (and (PERSON ?person) (METALWORKER ?person)




(SYSTEM ?tail) (TAIL ?tail) (AIRCRAFT ?aircraft)




(HANGAR ?hangar) (free ?person) (damaged ?tail)




(on-aircraft ?tail ?aircraft) (in-hangar ?aircraft ?hangar) 




(at-hangar ?person ?hangar) )



:effect (and (mission-ready ?tail) (repairing ?person ?aircraft)




(not (movable ?aircraft)) (not (damaged ?tail))




(not (free ?person)) ) )


  (:action
repair-wheel



:parameters (?person ?wheel ?aircraft ?hangar)



:precondition (and (PERSON ?person) (MECHANIC ?person)




(SYSTEM ?wheel) (WHEEL ?wheel) (AIRCRAFT ?aircraft)




(HANGAR ?hangar) (free ?person) (damaged ?wheel)




(on-aircraft ?wheel ?aircraft) (in-hangar ?aircraft ?hangar) 




(at-hangar ?person ?hangar) )



:effect (and (mission-ready ?wheel) (repairing ?person ?aircraft)




(not (movable ?aircraft)) (not (damaged ?wheel))




(not (free ?person)) ) )


  (:action
pass-unit-time



:parameters (?person ?aircraft)



:precondition (and (PERSON ?person) (AIRCRAFT ?aircraft)




(repairing ?person ?aircraft) )



:effect (and (free ?person) (movable ?aircraft)




(not (repairing ?person ?aircraft)) ) )

)

APPENDIX B:

PDDL PROBLEM DESCRIPTIONS FOR ABDR DOMAIN

;;  Author:  Gary Mayer

;;   Class:  CSE 574 - Fall 2004

;; Program:  Project 2

;;

;; This problem was developed for the ABDR domain. It entails fixing all

;; 22 problems on 2 damaged aircraft.

;;

(define (problem ABDR-2-22)

  (:domain abdr)

  (:objects hangar_a hangar_b pad_a pad_b


electrician metalworker1 metalworker2 mechanic 


aircraft1 aircraft2


left-engine1 right-engine1 left-engine2 right-engine2


cockpit1 cockpit2


electrical1 electrical2


fuselage1 fuselage2 tail1 tail2


left-wing1 right-wing1 left-wing2 right-wing2 


front-wheel1 left-wheel1 right-wheel1 front-wheel2 left-wheel2 right-wheel2 )

  (:INIT (HANGAR hangar_a) (HANGAR hangar_b) (PAD pad_a) (PAD pad_b)


(PERSON electrician) (PERSON metalworker1) (PERSON metalworker2)


(PERSON mechanic) (ELECTRICIAN electrician) (METALWORKER metalworker1)


(METALWORKER metalworker2) (MECHANIC mechanic)


(AIRCRAFT aircraft1) (AIRCRAFT aircraft2)


(SYSTEM left-engine1) (SYSTEM right-engine1) (SYSTEM left-engine2)


(SYSTEM right-engine2)


(SYSTEM cockpit1) (SYSTEM cockpit2)


(SYSTEM electrical1) (SYSTEM electrical2)


(SYSTEM fuselage1) (SYSTEM fuselage2)


(SYSTEM tail1) (SYSTEM tail2)


(SYSTEM left-wing1) (SYSTEM right-wing1) (SYSTEM left-wing2)


(SYSTEM right-wing2)


(SYSTEM front-wheel1) (SYSTEM left-wheel1) (SYSTEM right-wheel1)


(SYSTEM front-wheel2) (SYSTEM left-wheel2) (SYSTEM right-wheel2)


(ENGINE left-engine1) (ENGINE right-engine1)


(ENGINE left-engine2) (ENGINE right-engine2)


(COCKPIT cockpit1) (COCKPIT cockpit2)


(ELECTRICAL electrical1) (ELECTRICAL electrical2)


(FUSELAGE fuselage1) (FUSELAGE fuselage2)


(WING left-wing1) (WING right-wing1)


(WING left-wing2) (WING right-wing2)


(TAIL tail1) (TAIL tail2)


(WHEEL front-wheel1) (WHEEL left-wheel1) (WHEEL right-wheel1)


(WHEEL front-wheel2) (WHEEL left-wheel2) (WHEEL right-wheel2)


(on-aircraft left-engine1 aircraft1) (on-aircraft right-engine1 aircraft1)


(on-aircraft left-engine2 aircraft2) (on-aircraft right-engine2 aircraft2) 


(on-aircraft cockpit1 aircraft1) (on-aircraft cockpit2 aircraft2)


(on-aircraft electrical1 aircraft1) (on-aircraft electrical2 aircraft2)


(on-aircraft fuselage1 aircraft1) (on-aircraft fuselage2 aircraft2)


(on-aircraft tail1 aircraft1) (on-aircraft tail2 aircraft2)


(on-aircraft left-wing1 aircraft1) (on-aircraft right-wing1 aircraft1)


(on-aircraft left-wing2 aircraft2) (on-aircraft right-wing2 aircraft2)


(on-aircraft front-wheel1 aircraft1) (on-aircraft left-wheel1 aircraft1)


(on-aircraft right-wheel1 aircraft1) (on-aircraft front-wheel2 aircraft2)


(on-aircraft left-wheel2 aircraft2) (on-aircraft right-wheel2 aircraft2)


(on-pad aircraft1 pad_b) (on-pad aircraft2 pad_a)


(hangar-available hangar_a) (hangar-available hangar_b)


(movable aircraft1) (movable aircraft2)


(at-hangar electrician hangar_a) (at-hangar mechanic hangar_a)


(at-hangar metalworker1 hangar_b) (at-hangar metalworker2 hangar_b)


(free electrician) (free mechanic) (free metalworker1) (free metalworker2)


(damaged left-engine1)


(damaged right-engine1)


(damaged cockpit1)


(damaged electrical1)


(damaged fuselage1)


(damaged tail1)


(damaged left-wing1)


(damaged right-wing1)


(damaged front-wheel1)


(damaged left-wheel1)


(damaged right-wheel1)


(damaged left-engine2)


(damaged right-engine2)


(damaged cockpit2)


(damaged electrical2)


(damaged fuselage2)


(damaged tail2)


(damaged left-wing2)


(damaged right-wing2)


(damaged front-wheel2)


(damaged left-wheel2)


(damaged right-wheel2) )

  (:goal (and (mission-ready left-engine1)


(mission-ready right-engine1)


(mission-ready cockpit1)


(mission-ready electrical1)


(mission-ready fuselage1)


(mission-ready tail1)


(mission-ready left-wing1)


(mission-ready right-wing1)


(mission-ready front-wheel1)


(mission-ready left-wheel1)


(mission-ready right-wheel1)


(mission-ready left-engine2)


(mission-ready right-engine2)


(mission-ready cockpit2)


(mission-ready electrical2)


(mission-ready fuselage2)


(mission-ready tail2)


(mission-ready left-wing2)


(mission-ready right-wing2)


(mission-ready front-wheel2)


(mission-ready left-wheel2)


(mission-ready right-wheel2)) )

)

;; END ABDR-2-22

;;  Author:  Gary Mayer

;;   Class:  CSE 574 - Fall 2004

;; Program:  Project 2

;;

;; This problem was developed for the ABDR domain. It entails fixing

;; 3 problems on 3 damaged aircraft.

;;

(define (problem ABDR-3-3)

  (:domain abdr)

  (:objects hangar_a hangar_b pad_a pad_b


electrician metalworker1 metalworker2 mechanic 


aircraft1 aircraft2 aircraft3


left-engine1 right-engine1 left-engine2 right-engine2 left-engine3 right-engine3


cockpit1 cockpit2 cockpit3 electrical1 electrical2 electrical3


fuselage1 fuselage2 fuselage3 tail1 tail2 tail3


left-wing1 right-wing1 left-wing2 right-wing2 left-wing3 right-wing3


front-wheel1 left-wheel1 right-wheel1 front-wheel2 left-wheel2 right-wheel2


front-wheel3 left-wheel3 right-wheel3 )

  (:INIT (HANGAR hangar_a) (HANGAR hangar_b) (PAD pad_a) (PAD pad_b) 


(PERSON electrician) (PERSON metalworker1) (PERSON metalworker2)


(PERSON mechanic) (ELECTRICIAN electrician) (METALWORKER metalworker1)


(METALWORKER metalworker2) (MECHANIC mechanic)


(AIRCRAFT aircraft1) (AIRCRAFT aircraft2) (AIRCRAFT aircraft3)


(SYSTEM left-engine1) (SYSTEM right-engine1) (SYSTEM left-engine2)


(SYSTEM right-engine2) (SYSTEM left-engine3) (SYSTEM right-engine3)


(SYSTEM cockpit1) (SYSTEM cockpit2) (SYSTEM cockpit3)


(SYSTEM electrical1) (SYSTEM electrical2) (SYSTEM electrical3)


(SYSTEM fuselage1) (SYSTEM fuselage2) (SYSTEM fuselage3)


(SYSTEM tail1) (SYSTEM tail2) (SYSTEM tail3)


(SYSTEM left-wing1) (SYSTEM right-wing1) (SYSTEM left-wing2)


(SYSTEM right-wing2) (SYSTEM left-wing3) (SYSTEM right-wing3)


(SYSTEM front-wheel1) (SYSTEM left-wheel1) (SYSTEM right-wheel1)


(SYSTEM front-wheel2) (SYSTEM left-wheel2) (SYSTEM right-wheel2)


(SYSTEM front-wheel3) (SYSTEM left-wheel3) (SYSTEM right-wheel3)


(ENGINE left-engine1) (ENGINE right-engine1)


(ENGINE left-engine2) (ENGINE right-engine2)


(ENGINE left-engine3) (ENGINE right-engine3)


(COCKPIT cockpit1) (COCKPIT cockpit2) (COCKPIT cockpit3)


(ELECTRICAL electrical1) (ELECTRICAL electrical2) (ELECTRICAL electrical3)


(FUSELAGE fuselage1) (FUSELAGE fuselage2) (FUSELAGE fuselage3)


(WING left-wing1) (WING right-wing1)


(WING left-wing2) (WING right-wing2)


(WING left-wing3) (WING right-wing3)


(TAIL tail1) (TAIL tail2) (TAIL tail3)


(WHEEL front-wheel1) (WHEEL left-wheel1) (WHEEL right-wheel1)


(WHEEL front-wheel2) (WHEEL left-wheel2) (WHEEL right-wheel2)


(WHEEL front-wheel3) (WHEEL left-wheel3) (WHEEL right-wheel3)


(on-aircraft left-engine1 aircraft1) (on-aircraft right-engine1 aircraft1)


(on-aircraft left-engine2 aircraft2) (on-aircraft right-engine2 aircraft2) 


(on-aircraft left-engine3 aircraft3) (on-aircraft right-engine3 aircraft3) 


(on-aircraft cockpit1 aircraft1) (on-aircraft cockpit2 aircraft2)


(on-aircraft cockpit3 aircraft3) (on-aircraft electrical1 aircraft1)


(on-aircraft electrical2 aircraft2) (on-aircraft electrical3 aircraft3)


(on-aircraft fuselage1 aircraft1) (on-aircraft fuselage2 aircraft2)


(on-aircraft fuselage3 aircraft3) (on-aircraft tail1 aircraft1)


(on-aircraft tail2 aircraft2) (on-aircraft tail3 aircraft3)


(on-aircraft left-wing1 aircraft1) (on-aircraft right-wing1 aircraft1)


(on-aircraft left-wing2 aircraft2) (on-aircraft right-wing2 aircraft2)


(on-aircraft left-wing3 aircraft3) (on-aircraft right-wing3 aircraft3)


(on-aircraft front-wheel1 aircraft1) (on-aircraft left-wheel1 aircraft1)


(on-aircraft right-wheel1 aircraft1) (on-aircraft front-wheel2 aircraft2)


(on-aircraft left-wheel2 aircraft2) (on-aircraft right-wheel2 aircraft2)


(on-aircraft front-wheel3 aircraft3) (on-aircraft left-wheel3 aircraft3)


(on-aircraft right-wheel3 aircraft3)


(in-hangar aircraft1 hangar_a) (in-hangar aircraft3 hangar_b)


(on-pad aircraft2 pad_a) (pad-available pad_b)


(movable aircraft1) (movable aircraft2) (movable aircraft3)


(at-hangar electrician hangar_a) (at-hangar mechanic hangar_a)


(at-hangar metalworker1 hangar_b) (at-hangar metalworker2 hangar_b)


(free electrician) (free mechanic) (free metalworker1) (free metalworker2)


(mission-ready left-engine1) (mission-ready right-engine1)


(mission-ready left-engine2) (mission-ready right-engine2)


(mission-ready left-engine3) (mission-ready right-engine3)


(mission-ready cockpit2) (mission-ready cockpit3)


(mission-ready electrical1) (mission-ready electrical3)


(mission-ready fuselage1) (mission-ready fuselage3)


(mission-ready tail1) 


(mission-ready left-wing1)


(mission-ready right-wing2)


(mission-ready left-wing3) (mission-ready right-wing3)


(mission-ready front-wheel1)(mission-ready left-wheel1)(mission-ready right-wheel1)


(mission-ready front-wheel2) (mission-ready right-wheel2)


(mission-ready front-wheel3)(mission-ready left-wheel3)(mission-ready right-wheel3)


(damaged cockpit1) (damaged right-wing1)


(damaged fuselage2) (damaged left-wheel2) (damaged electrical2)


(damaged left-wing2) (damaged tail2)


(damaged tail3) )

  (:goal (and (mission-ready fuselage2) (mission-ready left-wheel2)

        (mission-ready right-wing1)) )

)

;; END ABDR-3-3

;;  Author:  Gary Mayer

;;   Class:  CSE 574 - Fall 2004

;; Program:  Project 2

;;

;; This problem was developed for the ABDR domain. It entails fixing

;; 11 problems on 3 damaged aircraft.

;;

;; Note that the damages are set such that the electrician should play no role

;; in the repairs (i.e. no electrical or cockpit systems are damaged).

;;

(define (problem ABDR-3-11)

  (:domain abdr)

  (:objects hangar_a hangar_b pad_a pad_b


electrician metalworker1 metalworker2 mechanic 


aircraft1 aircraft2 aircraft3


left-engine1 right-engine1 left-engine2 right-engine2 left-engine3 right-engine3


cockpit1 cockpit2 cockpit3 electrical1 electrical2 electrical3


fuselage1 fuselage2 fuselage3 tail1 tail2 tail3


left-wing1 right-wing1 left-wing2 right-wing2 left-wing3 right-wing3


front-wheel1 left-wheel1 right-wheel1 front-wheel2 left-wheel2 right-wheel2


front-wheel3 left-wheel3 right-wheel3 )

  (:INIT (HANGAR hangar_a) (HANGAR hangar_b) (PAD pad_a) (PAD pad_b) 


(PERSON electrician) (PERSON metalworker1) (PERSON metalworker2)


(PERSON mechanic) (ELECTRICIAN electrician) (METALWORKER metalworker1)


(METALWORKER metalworker2) (MECHANIC mechanic)


(AIRCRAFT aircraft1) (AIRCRAFT aircraft2) (AIRCRAFT aircraft3)


(SYSTEM left-engine1) (SYSTEM right-engine1) (SYSTEM left-engine2)


(SYSTEM right-engine2) (SYSTEM left-engine3) (SYSTEM right-engine3)


(SYSTEM cockpit1) (SYSTEM cockpit2) (SYSTEM cockpit3)


(SYSTEM electrical1) (SYSTEM electrical2) (SYSTEM electrical3)


(SYSTEM fuselage1) (SYSTEM fuselage2) (SYSTEM fuselage3)


(SYSTEM tail1) (SYSTEM tail2) (SYSTEM tail3)


(SYSTEM left-wing1) (SYSTEM right-wing1) (SYSTEM left-wing2)


(SYSTEM right-wing2) (SYSTEM left-wing3) (SYSTEM right-wing3)


(SYSTEM front-wheel1) (SYSTEM left-wheel1) (SYSTEM right-wheel1)


(SYSTEM front-wheel2) (SYSTEM left-wheel2) (SYSTEM right-wheel2)


(SYSTEM front-wheel3) (SYSTEM left-wheel3) (SYSTEM right-wheel3)


(ENGINE left-engine1) (ENGINE right-engine1)


(ENGINE left-engine2) (ENGINE right-engine2)


(ENGINE left-engine3) (ENGINE right-engine3)


(COCKPIT cockpit1) (COCKPIT cockpit2) (COCKPIT cockpit3)


(ELECTRICAL electrical1) (ELECTRICAL electrical2) (ELECTRICAL electrical3)


(FUSELAGE fuselage1) (FUSELAGE fuselage2) (FUSELAGE fuselage3)


(WING left-wing1) (WING right-wing1)


(WING left-wing2) (WING right-wing2)


(WING left-wing3) (WING right-wing3)


(TAIL tail1) (TAIL tail2) (TAIL tail3)


(WHEEL front-wheel1) (WHEEL left-wheel1) (WHEEL right-wheel1)


(WHEEL front-wheel2) (WHEEL left-wheel2) (WHEEL right-wheel2)


(WHEEL front-wheel3) (WHEEL left-wheel3) (WHEEL right-wheel3)


(on-aircraft left-engine1 aircraft1) (on-aircraft right-engine1 aircraft1)


(on-aircraft left-engine2 aircraft2) (on-aircraft right-engine2 aircraft2) 


(on-aircraft left-engine3 aircraft3) (on-aircraft right-engine3 aircraft3) 


(on-aircraft cockpit1 aircraft1) (on-aircraft cockpit2 aircraft2)


(on-aircraft cockpit3 aircraft3) (on-aircraft electrical1 aircraft1)


(on-aircraft electrical2 aircraft2) (on-aircraft electrical3 aircraft3)


(on-aircraft fuselage1 aircraft1) (on-aircraft fuselage2 aircraft2)


(on-aircraft fuselage3 aircraft3) (on-aircraft tail1 aircraft1)


(on-aircraft tail2 aircraft2) (on-aircraft tail3 aircraft3)


(on-aircraft left-wing1 aircraft1) (on-aircraft right-wing1 aircraft1)


(on-aircraft left-wing2 aircraft2) (on-aircraft right-wing2 aircraft2)


(on-aircraft left-wing3 aircraft3) (on-aircraft right-wing3 aircraft3)


(on-aircraft front-wheel1 aircraft1) (on-aircraft left-wheel1 aircraft1)


(on-aircraft right-wheel1 aircraft1) (on-aircraft front-wheel2 aircraft2)


(on-aircraft left-wheel2 aircraft2) (on-aircraft right-wheel2 aircraft2)


(on-aircraft front-wheel3 aircraft3) (on-aircraft left-wheel3 aircraft3)


(on-aircraft right-wheel3 aircraft3)


(in-hangar aircraft1 hangar_a) (in-hangar aircraft3 hangar_b)


(on-pad aircraft2 pad_a) (pad-available pad_b)


(movable aircraft1) (movable aircraft2) (movable aircraft3)


(at-hangar electrician hangar_a) (at-hangar mechanic hangar_a)


(at-hangar metalworker1 hangar_b) (at-hangar metalworker2 hangar_b)


(free electrician) (free mechanic) (free metalworker1) (free metalworker2)


(mission-ready left-engine1)


(damaged right-engine1)


(mission-ready cockpit1)


(mission-ready electrical1)


(damaged fuselage1)


(damaged tail1)


(mission-ready left-wing1)


(damaged right-wing1)


(mission-ready front-wheel1)


(mission-ready left-wheel1)


(mission-ready right-wheel1)


(damaged left-engine2)


(damaged right-engine2)


(mission-ready cockpit2)


(mission-ready electrical2)


(mission-ready fuselage2)


(mission-ready tail2)


(mission-ready left-wing2)


(mission-ready right-wing2)


(mission-ready front-wheel2)


(damaged left-wheel2)


(mission-ready right-wheel2)


(mission-ready left-engine3)


(mission-ready right-engine3)


(mission-ready cockpit3)


(mission-ready electrical3)


(damaged fuselage3)


(damaged tail3)


(mission-ready left-wing3)


(damaged right-wing3)


(damaged front-wheel3)


(mission-ready left-wheel3)


(mission-ready right-wheel3) )

  (:goal (and (mission-ready left-engine1) (mission-ready fuselage1)


(mission-ready tail1) (mission-ready right-wing1)


(mission-ready left-engine2) (mission-ready right-engine2)


(mission-ready left-wheel2)


(mission-ready fuselage3) (mission-ready tail3)


(mission-ready right-wing3) (mission-ready front-wheel3)) )

)

;; END ABDR-3-11

;;  Author:  Gary Mayer

;;   Class:  CSE 574 - Fall 2004

;; Program:  Project 2

;;

;; This problem was developed for the ABDR domain. It entails fixing

;; 13 problems on 3 damaged aircraft.

;;

;; Note that an additional problem is that a hangar is broke. To facilitate

;; swapping aircraft, a third pad is inserted.

;;

(define (problem ABDR-3-13)

  (:domain abdr)

  (:objects hangar_a hangar_b pad_a pad_b pad_c


electrician metalworker1 metalworker2 mechanic 


aircraft1 aircraft2 aircraft3


left-engine1 right-engine1 left-engine2 right-engine2 left-engine3 right-engine3


cockpit1 cockpit2 cockpit3 electrical1 electrical2 electrical3


fuselage1 fuselage2 fuselage3 tail1 tail2 tail3


left-wing1 right-wing1 left-wing2 right-wing2 left-wing3 right-wing3


front-wheel1 left-wheel1 right-wheel1 front-wheel2 left-wheel2 right-wheel2


front-wheel3 left-wheel3 right-wheel3 )

  (:INIT (HANGAR hangar_a) (HANGAR hangar_b) (PAD pad_a) (PAD pad_b) (PAD pad_c)


(PERSON electrician) (PERSON metalworker1) (PERSON metalworker2)


(PERSON mechanic) (ELECTRICIAN electrician) (METALWORKER metalworker1)


(METALWORKER metalworker2) (MECHANIC mechanic)


(AIRCRAFT aircraft1) (AIRCRAFT aircraft2) (AIRCRAFT aircraft3)


(SYSTEM left-engine1) (SYSTEM right-engine1) (SYSTEM left-engine2)


(SYSTEM right-engine2) (SYSTEM left-engine3) (SYSTEM right-engine3)


(SYSTEM cockpit1) (SYSTEM cockpit2) (SYSTEM cockpit3)


(SYSTEM electrical1) (SYSTEM electrical2) (SYSTEM electrical3)


(SYSTEM fuselage1) (SYSTEM fuselage2) (SYSTEM fuselage3)


(SYSTEM tail1) (SYSTEM tail2) (SYSTEM tail3)


(SYSTEM left-wing1) (SYSTEM right-wing1) (SYSTEM left-wing2)


(SYSTEM right-wing2) (SYSTEM left-wing3) (SYSTEM right-wing3)


(SYSTEM front-wheel1) (SYSTEM left-wheel1) (SYSTEM right-wheel1)


(SYSTEM front-wheel2) (SYSTEM left-wheel2) (SYSTEM right-wheel2)


(SYSTEM front-wheel3) (SYSTEM left-wheel3) (SYSTEM right-wheel3)


(ENGINE left-engine1) (ENGINE right-engine1)


(ENGINE left-engine2) (ENGINE right-engine2)


(ENGINE left-engine3) (ENGINE right-engine3)


(COCKPIT cockpit1) (COCKPIT cockpit2) (COCKPIT cockpit3)


(ELECTRICAL electrical1) (ELECTRICAL electrical2) (ELECTRICAL electrical3)


(FUSELAGE fuselage1) (FUSELAGE fuselage2) (FUSELAGE fuselage3)


(WING left-wing1) (WING right-wing1)


(WING left-wing2) (WING right-wing2)


(WING left-wing3) (WING right-wing3)


(TAIL tail1) (TAIL tail2) (TAIL tail3)


(WHEEL front-wheel1) (WHEEL left-wheel1) (WHEEL right-wheel1)


(WHEEL front-wheel2) (WHEEL left-wheel2) (WHEEL right-wheel2)


(WHEEL front-wheel3) (WHEEL left-wheel3) (WHEEL right-wheel3)


(on-aircraft left-engine1 aircraft1) (on-aircraft right-engine1 aircraft1)


(on-aircraft left-engine2 aircraft2) (on-aircraft right-engine2 aircraft2) 


(on-aircraft left-engine3 aircraft3) (on-aircraft right-engine3 aircraft3) 


(on-aircraft cockpit1 aircraft1) (on-aircraft cockpit2 aircraft2)


(on-aircraft cockpit3 aircraft3) (on-aircraft electrical1 aircraft1)


(on-aircraft electrical2 aircraft2) (on-aircraft electrical3 aircraft3)


(on-aircraft fuselage1 aircraft1) (on-aircraft fuselage2 aircraft2)


(on-aircraft fuselage3 aircraft3) (on-aircraft tail1 aircraft1)


(on-aircraft tail2 aircraft2) (on-aircraft tail3 aircraft3)


(on-aircraft left-wing1 aircraft1) (on-aircraft right-wing1 aircraft1)


(on-aircraft left-wing2 aircraft2) (on-aircraft right-wing2 aircraft2)


(on-aircraft left-wing3 aircraft3) (on-aircraft right-wing3 aircraft3)


(on-aircraft front-wheel1 aircraft1) (on-aircraft left-wheel1 aircraft1)


(on-aircraft right-wheel1 aircraft1) (on-aircraft front-wheel2 aircraft2)


(on-aircraft left-wheel2 aircraft2) (on-aircraft right-wheel2 aircraft2)


(on-aircraft front-wheel3 aircraft3) (on-aircraft left-wheel3 aircraft3)


(on-aircraft right-wheel3 aircraft3)


(in-hangar aircraft1 hangar_a)


(on-pad aircraft2 pad_a) (on-pad aircraft3 pad_b) (pad-available pad_c)


(movable aircraft1) (movable aircraft2) (movable aircraft3)


(at-hangar electrician hangar_a) (at-hangar mechanic hangar_a)


(at-hangar metalworker1 hangar_b) (at-hangar metalworker2 hangar_b)


(free electrician) (free mechanic) (free metalworker1) (free metalworker2)


(mission-ready left-engine1)


(damaged right-engine1)


(mission-ready cockpit1)


(damaged electrical1)


(damaged fuselage1)


(damaged tail1)


(mission-ready left-wing1)


(damaged right-wing1)


(mission-ready front-wheel1)


(mission-ready left-wheel1)


(mission-ready right-wheel1)


(damaged left-engine2)


(damaged right-engine2)


(mission-ready cockpit2)


(mission-ready electrical2)


(mission-ready fuselage2)


(mission-ready tail2)


(mission-ready left-wing2)


(mission-ready right-wing2)


(mission-ready front-wheel2)


(damaged left-wheel2)


(mission-ready right-wheel2)


(mission-ready left-engine3)


(mission-ready right-engine3)


(damaged cockpit3)


(mission-ready electrical3)


(damaged fuselage3)


(damaged tail3)


(mission-ready left-wing3)


(damaged right-wing3)


(damaged front-wheel3)


(mission-ready left-wheel3)


(mission-ready right-wheel3) )

  (:goal (and (mission-ready left-engine1) (mission-ready electrical1)


(mission-ready fuselage1) (mission-ready tail1) (mission-ready right-wing1)


(mission-ready left-engine2) (mission-ready right-engine2)


(mission-ready left-wheel2)


(mission-ready cockpit3) (mission-ready fuselage3) (mission-ready tail3)


(mission-ready right-wing3) (mission-ready front-wheel3)) )

)

;; END ABDR-3-13

;;  Author:  Gary Mayer

;;   Class:  CSE 574 - Fall 2004

;; Program:  Project 2

;;

;; This problem was developed for the ABDR domain. It entails fixing

;; 14 problems on 4 damaged aircraft. To facilitate swapping aircraft,

;; a third pad is inserted.

;;

(define (problem ABDR-4-14)

  (:domain abdr)

  (:objects hangar_a hangar_b pad_a pad_b pad_c


electrician metalworker1 metalworker2 mechanic 


aircraft1 aircraft2 aircraft3 aircraft4


left-engine1 right-engine1 left-engine2 right-engine2 left-engine3 right-engine3


left-engine4 right-engine4


cockpit1 cockpit2 cockpit3 cockpit4


electrical1 electrical2 electrical3 electrical4


fuselage1 fuselage2 fuselage3 fuselage4 tail1 tail2 tail3 tail4


left-wing1 right-wing1 left-wing2 right-wing2 left-wing3 right-wing3


left-wing4 right-wing4


front-wheel1 left-wheel1 right-wheel1 front-wheel2 left-wheel2 right-wheel2


front-wheel3 left-wheel3 right-wheel3 front-wheel4 left-wheel4 right-wheel4)

  (:INIT (HANGAR hangar_a) (HANGAR hangar_b) (PAD pad_a) (PAD pad_b) (PAD pad_c)


(PERSON electrician) (PERSON metalworker1) (PERSON metalworker2)


(PERSON mechanic) (ELECTRICIAN electrician) (METALWORKER metalworker1)


(METALWORKER metalworker2) (MECHANIC mechanic)


(AIRCRAFT aircraft1) (AIRCRAFT aircraft2) (AIRCRAFT aircraft3) (AIRCRAFT aircraft4)


(SYSTEM left-engine1) (SYSTEM right-engine1) (SYSTEM left-engine2)


(SYSTEM right-engine2) (SYSTEM left-engine3) (SYSTEM right-engine3)


(SYSTEM left-engine4) (SYSTEM right-engine4)


(SYSTEM cockpit1) (SYSTEM cockpit2) (SYSTEM cockpit3) (SYSTEM cockpit4)


(SYSTEM electrical1) (SYSTEM electrical2) (SYSTEM electrical3) (SYSTEM electrical4)


(SYSTEM fuselage1) (SYSTEM fuselage2) (SYSTEM fuselage3) (SYSTEM fuselage4)


(SYSTEM tail1) (SYSTEM tail2) (SYSTEM tail3) (SYSTEM tail4)


(SYSTEM left-wing1) (SYSTEM right-wing1) (SYSTEM left-wing2)


(SYSTEM right-wing2) (SYSTEM left-wing3) (SYSTEM right-wing3)


(SYSTEM left-wing4) (SYSTEM right-wing4)


(SYSTEM front-wheel1) (SYSTEM left-wheel1) (SYSTEM right-wheel1)


(SYSTEM front-wheel2) (SYSTEM left-wheel2) (SYSTEM right-wheel2)


(SYSTEM front-wheel3) (SYSTEM left-wheel3) (SYSTEM right-wheel3)


(SYSTEM front-wheel4) (SYSTEM left-wheel4) (SYSTEM right-wheel4)


(ENGINE left-engine1) (ENGINE right-engine1)


(ENGINE left-engine2) (ENGINE right-engine2)


(ENGINE left-engine3) (ENGINE right-engine3)


(ENGINE left-engine4) (ENGINE right-engine4)


(COCKPIT cockpit1) (COCKPIT cockpit2) (COCKPIT cockpit3) (COCKPIT cockpit4)


(ELECTRICAL electrical1) (ELECTRICAL electrical2) (ELECTRICAL electrical3)


(ELECTRICAL electrical4)


(FUSELAGE fuselage1) (FUSELAGE fuselage2) (FUSELAGE fuselage3) (FUSELAGE fuselage4)


(WING left-wing1) (WING right-wing1)


(WING left-wing2) (WING right-wing2)


(WING left-wing3) (WING right-wing3)


(WING left-wing4) (WING right-wing4)


(TAIL tail1) (TAIL tail2) (TAIL tail3) (TAIL tail4)


(WHEEL front-wheel1) (WHEEL left-wheel1) (WHEEL right-wheel1)


(WHEEL front-wheel2) (WHEEL left-wheel2) (WHEEL right-wheel2)


(WHEEL front-wheel3) (WHEEL left-wheel3) (WHEEL right-wheel3)


(WHEEL front-wheel4) (WHEEL left-wheel4) (WHEEL right-wheel4)


(on-aircraft left-engine1 aircraft1) (on-aircraft right-engine1 aircraft1)


(on-aircraft left-engine2 aircraft2) (on-aircraft right-engine2 aircraft2) 


(on-aircraft left-engine3 aircraft3) (on-aircraft right-engine3 aircraft3) 


(on-aircraft left-engine4 aircraft3) (on-aircraft right-engine4 aircraft3)


(on-aircraft cockpit1 aircraft1) (on-aircraft cockpit2 aircraft2)


(on-aircraft cockpit3 aircraft3) (on-aircraft cockpit4 aircraft4)


(on-aircraft electrical1 aircraft1) (on-aircraft electrical2 aircraft2)


(on-aircraft electrical3 aircraft3) (on-aircraft electrical4 aircraft4)


(on-aircraft fuselage1 aircraft1) (on-aircraft fuselage2 aircraft2)


(on-aircraft fuselage3 aircraft3) (on-aircraft fuselage4 aircraft4)


(on-aircraft tail1 aircraft1) (on-aircraft tail2 aircraft2)


(on-aircraft tail3 aircraft3) (on-aircraft tail4 aircraft4)


(on-aircraft left-wing1 aircraft1) (on-aircraft right-wing1 aircraft1)


(on-aircraft left-wing2 aircraft2) (on-aircraft right-wing2 aircraft2)


(on-aircraft left-wing3 aircraft3) (on-aircraft right-wing3 aircraft3)


(on-aircraft left-wing4 aircraft3) (on-aircraft right-wing4 aircraft3)


(on-aircraft front-wheel1 aircraft1) (on-aircraft left-wheel1 aircraft1)


(on-aircraft right-wheel1 aircraft1) (on-aircraft front-wheel2 aircraft2)


(on-aircraft left-wheel2 aircraft2) (on-aircraft right-wheel2 aircraft2)


(on-aircraft front-wheel3 aircraft3) (on-aircraft left-wheel3 aircraft3)


(on-aircraft right-wheel3 aircraft3) (on-aircraft front-wheel4 aircraft2)


(on-aircraft left-wheel4 aircraft2) (on-aircraft right-wheel4 aircraft2)


(in-hangar aircraft1 hangar_a) (in-hangar aircraft3 hangar_b)


(on-pad aircraft2 pad_a) (pad-available pad_b) (on-pad aircraft4 pad_c)


(movable aircraft1) (movable aircraft2) (movable aircraft3) (movable aircraft4)


(at-hangar electrician hangar_a) (at-hangar mechanic hangar_a)


(at-hangar metalworker1 hangar_b) (at-hangar metalworker2 hangar_b)


(free electrician) (free mechanic) (free metalworker1) (free metalworker2)


(mission-ready left-engine1)


(damaged right-engine1)


(damaged cockpit1)


(mission-ready electrical1)


(mission-ready fuselage1)


(mission-ready tail1)


(mission-ready left-wing1)


(damaged right-wing1)


(mission-ready front-wheel1)


(mission-ready left-wheel1)


(mission-ready right-wheel1)


(mission-ready left-engine2)


(mission-ready right-engine2)


(mission-ready cockpit2)


(damaged electrical2)


(mission-ready fuselage2)


(damaged tail2)


(mission-ready left-wing2)


(mission-ready right-wing2)


(damaged front-wheel2)


(mission-ready left-wheel2)


(damaged right-wheel2)


(damaged left-engine3)


(mission-ready right-engine3)


(mission-ready cockpit3)


(damaged electrical3)


(damaged fuselage3)


(mission-ready tail3)


(mission-ready left-wing3)


(damaged right-wing3)


(mission-ready front-wheel3)


(mission-ready left-wheel3)


(mission-ready right-wheel3)


(mission-ready left-engine4)


(mission-ready right-engine4)


(mission-ready cockpit4)


(mission-ready electrical4)


(damaged fuselage4)


(damaged tail4)


(damaged left-wing4)


(mission-ready right-wing4)


(mission-ready front-wheel4)


(mission-ready left-wheel4)


(mission-ready right-wheel4) )

  (:goal (and (mission-ready right-engine1) (mission-ready right-wing1)


(mission-ready cockpit1) (mission-ready electrical2) (mission-ready tail2)


(mission-ready front-wheel2) (mission-ready right-wheel2)

   (mission-ready left-engine3)


(mission-ready electrical3) (mission-ready fuselage3) (mission-ready right-wing3)


(mission-ready fuselage4) (mission-ready tail4) (mission-ready left-wing4)) )

)

;; END ABDR-4-14

;;  Author:  Gary Mayer

;;   Class:  CSE 574 - Fall 2004

;; Program:  Project 2

;;

;; This problem was developed for the ABDR domain. It entails fixing all

;; 44 possible systems on 4 damaged aircraft. To facilitate swapping aircraft,

;; a third pad is inserted.

;;

(define (problem ABDR-4-44)

  (:domain abdr)

  (:objects hangar_a hangar_b pad_a pad_b pad_c


electrician metalworker1 metalworker2 mechanic 


aircraft1 aircraft2 aircraft3 aircraft4


left-engine1 right-engine1 left-engine2 right-engine2 left-engine3 right-engine3


left-engine4 right-engine4


cockpit1 cockpit2 cockpit3 cockpit4


electrical1 electrical2 electrical3 electrical4


fuselage1 fuselage2 fuselage3 fuselage4 tail1 tail2 tail3 tail4


left-wing1 right-wing1 left-wing2 right-wing2 left-wing3 right-wing3


left-wing4 right-wing4


front-wheel1 left-wheel1 right-wheel1 front-wheel2 left-wheel2 right-wheel2


front-wheel3 left-wheel3 right-wheel3 front-wheel4 left-wheel4 right-wheel4)

  (:INIT (HANGAR hangar_a) (HANGAR hangar_b) (PAD pad_a) (PAD pad_b) (PAD pad_c)


(PERSON electrician) (PERSON metalworker1) (PERSON metalworker2)


(PERSON mechanic) (ELECTRICIAN electrician) (METALWORKER metalworker1)


(METALWORKER metalworker2) (MECHANIC mechanic)


(AIRCRAFT aircraft1) (AIRCRAFT aircraft2) (AIRCRAFT aircraft3) (AIRCRAFT aircraft4)


(SYSTEM left-engine1) (SYSTEM right-engine1) (SYSTEM left-engine2)


(SYSTEM right-engine2) (SYSTEM left-engine3) (SYSTEM right-engine3)


(SYSTEM left-engine4) (SYSTEM right-engine4)


(SYSTEM cockpit1) (SYSTEM cockpit2) (SYSTEM cockpit3) (SYSTEM cockpit4)


(SYSTEM electrical1) (SYSTEM electrical2) (SYSTEM electrical3) (SYSTEM electrical4)


(SYSTEM fuselage1) (SYSTEM fuselage2) (SYSTEM fuselage3) (SYSTEM fuselage4)


(SYSTEM tail1) (SYSTEM tail2) (SYSTEM tail3) (SYSTEM tail4)


(SYSTEM left-wing1) (SYSTEM right-wing1) (SYSTEM left-wing2)


(SYSTEM right-wing2) (SYSTEM left-wing3) (SYSTEM right-wing3)


(SYSTEM left-wing4) (SYSTEM right-wing4)


(SYSTEM front-wheel1) (SYSTEM left-wheel1) (SYSTEM right-wheel1)


(SYSTEM front-wheel2) (SYSTEM left-wheel2) (SYSTEM right-wheel2)


(SYSTEM front-wheel3) (SYSTEM left-wheel3) (SYSTEM right-wheel3)


(SYSTEM front-wheel4) (SYSTEM left-wheel4) (SYSTEM right-wheel4)


(ENGINE left-engine1) (ENGINE right-engine1)


(ENGINE left-engine2) (ENGINE right-engine2)


(ENGINE left-engine3) (ENGINE right-engine3)


(ENGINE left-engine4) (ENGINE right-engine4)


(COCKPIT cockpit1) (COCKPIT cockpit2) (COCKPIT cockpit3) (COCKPIT cockpit4)


(ELECTRICAL electrical1) (ELECTRICAL electrical2) (ELECTRICAL electrical3)


(ELECTRICAL electrical4)


(FUSELAGE fuselage1) (FUSELAGE fuselage2) (FUSELAGE fuselage3) (FUSELAGE fuselage4)


(WING left-wing1) (WING right-wing1)


(WING left-wing2) (WING right-wing2)


(WING left-wing3) (WING right-wing3)


(WING left-wing4) (WING right-wing4)


(TAIL tail1) (TAIL tail2) (TAIL tail3) (TAIL tail4)


(WHEEL front-wheel1) (WHEEL left-wheel1) (WHEEL right-wheel1)


(WHEEL front-wheel2) (WHEEL left-wheel2) (WHEEL right-wheel2)


(WHEEL front-wheel3) (WHEEL left-wheel3) (WHEEL right-wheel3)


(WHEEL front-wheel4) (WHEEL left-wheel4) (WHEEL right-wheel4)


(on-aircraft left-engine1 aircraft1) (on-aircraft right-engine1 aircraft1)


(on-aircraft left-engine2 aircraft2) (on-aircraft right-engine2 aircraft2) 


(on-aircraft left-engine3 aircraft3) (on-aircraft right-engine3 aircraft3) 


(on-aircraft left-engine4 aircraft4) (on-aircraft right-engine4 aircraft4)


(on-aircraft cockpit1 aircraft1) (on-aircraft cockpit2 aircraft2)


(on-aircraft cockpit3 aircraft3) (on-aircraft cockpit4 aircraft4)


(on-aircraft electrical1 aircraft1) (on-aircraft electrical2 aircraft2)


(on-aircraft electrical3 aircraft3) (on-aircraft electrical4 aircraft4)


(on-aircraft fuselage1 aircraft1) (on-aircraft fuselage2 aircraft2)


(on-aircraft fuselage3 aircraft3) (on-aircraft fuselage4 aircraft4)


(on-aircraft tail1 aircraft1) (on-aircraft tail2 aircraft2)


(on-aircraft tail3 aircraft3) (on-aircraft tail4 aircraft4)


(on-aircraft left-wing1 aircraft1) (on-aircraft right-wing1 aircraft1)


(on-aircraft left-wing2 aircraft2) (on-aircraft right-wing2 aircraft2)


(on-aircraft left-wing3 aircraft3) (on-aircraft right-wing3 aircraft3)


(on-aircraft left-wing4 aircraft4) (on-aircraft right-wing4 aircraft4)


(on-aircraft front-wheel1 aircraft1) (on-aircraft left-wheel1 aircraft1)


(on-aircraft right-wheel1 aircraft1) (on-aircraft front-wheel2 aircraft2)


(on-aircraft left-wheel2 aircraft2) (on-aircraft right-wheel2 aircraft2)


(on-aircraft front-wheel3 aircraft3) (on-aircraft left-wheel3 aircraft3)


(on-aircraft right-wheel3 aircraft3) (on-aircraft front-wheel4 aircraft4)


(on-aircraft left-wheel4 aircraft4) (on-aircraft right-wheel4 aircraft4)


(in-hangar aircraft1 hangar_a) (in-hangar aircraft3 hangar_b)


(on-pad aircraft2 pad_a) (pad-available pad_b) (on-pad aircraft4 pad_c)


(movable aircraft1) (movable aircraft2) (movable aircraft3) (movable aircraft4)


(at-hangar electrician hangar_a) (at-hangar mechanic hangar_a)


(at-hangar metalworker1 hangar_b) (at-hangar metalworker2 hangar_b)


(free electrician) (free mechanic) (free metalworker1) (free metalworker2)


(damaged left-engine1)


(damaged right-engine1)


(damaged cockpit1)


(damaged electrical1)


(damaged fuselage1)


(damaged tail1)


(damaged left-wing1)


(damaged right-wing1)


(damaged front-wheel1)


(damaged left-wheel1)


(damaged right-wheel1)


(damaged left-engine2)


(damaged right-engine2)


(damaged cockpit2)


(damaged electrical2)


(damaged fuselage2)


(damaged tail2)


(damaged left-wing2)


(damaged right-wing2)


(damaged front-wheel2)


(damaged left-wheel2)


(damaged right-wheel2)


(damaged left-engine3)


(damaged right-engine3)


(damaged cockpit3)


(damaged electrical3)


(damaged fuselage3)


(damaged tail3)


(damaged left-wing3)


(damaged right-wing3)


(damaged front-wheel3)


(damaged left-wheel3)


(damaged right-wheel3)


(damaged left-engine4)


(damaged right-engine4)


(damaged cockpit4)


(damaged electrical4)


(damaged fuselage4)


(damaged tail4)


(damaged left-wing4)


(damaged right-wing4)


(damaged front-wheel4)


(damaged left-wheel4)


(damaged right-wheel4) )

  (:goal (and 
(mission-ready left-engine1)


(mission-ready right-engine1)


(mission-ready cockpit1)


(mission-ready electrical1)


(mission-ready fuselage1)


(mission-ready tail1)


(mission-ready left-wing1)


(mission-ready right-wing1)


(mission-ready front-wheel1)


(mission-ready left-wheel1)


(mission-ready right-wheel1)


(mission-ready left-engine2)


(mission-ready right-engine2)


(mission-ready cockpit2)


(mission-ready electrical2)


(mission-ready fuselage2)


(mission-ready tail2)


(mission-ready left-wing2)


(mission-ready right-wing2)


(mission-ready front-wheel2)


(mission-ready left-wheel2)


(mission-ready right-wheel2)


(mission-ready left-engine3)


(mission-ready right-engine3)


(mission-ready cockpit3)


(mission-ready electrical3)


(mission-ready fuselage3)


(mission-ready tail3)


(mission-ready left-wing3)


(mission-ready right-wing3)


(mission-ready front-wheel3)


(mission-ready left-wheel3)


(mission-ready right-wheel3)


(mission-ready left-engine4)


(mission-ready right-engine4)


(mission-ready cockpit4)


(mission-ready electrical4)


(mission-ready fuselage4)


(mission-ready tail4)


(mission-ready left-wing4)


(mission-ready right-wing4)


(mission-ready front-wheel4)


(mission-ready left-wheel4)


(mission-ready right-wheel4)) )

)

;; END ABDR-4-44
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