An Insertion-Based Linked List Variable and Regular Constraint
for Classical Planning with Constraint Programming
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Motivation

* Often CP or SAT based planner use an array of variables of fixed length for the plan.

Plan {0, ..., 4} {0, ..., 4} {0, ..., 4} {0, ..., 4} {0, ...,4} {0, ..., 4}

* However, this representation hinders the potential of these planners to generate plansina
non-sequential way.
* Where to place required action 27?
* Where to place action 4 that needs to follow action 27?

* Branching on action precedence rather than on action positioning, could lead to stronger
branching heuristics.



Automata-based CP planning

* Derive factored automata form planning tasks and model the dynamics of the task with

Regular constraints.

Actions A Initial state sy Goal state G
o °
lift-to(fo) ‘boarded-pg, F)
lift-to(f1) (served-pg, F') (served-p;, T')
lift-to(f2) s
board( f3, po)
depart(f1,p0) served-pg, T’
board( fo,p1) ° :r- h
depart( fa, p1) (boarded-pq, F') : :
served-p,, F) : L

<'iliff-.’:‘l‘t.fn:f"

lift-to( f2)

board \J2, P )

depart(fu P1)

lift-to(fo)

= lift-to(f,) -x/& lift-to(f.)
Jalking-p1 board /depart( f., po) @ng Po board/depart( f., p1)

board( fo, p1)

hit to(f )

yoard /depart( f., po

board( f2, pg)

¥
@-PU lift-to( f,)
board/depart(f.,p1)

‘
boarded-p;

depart(fi1,po)

A\ lift-to(f.)
@J@)@ board/depart(f.,p;)
3

depart(f2, p1)

Y

B

board/depart( [, Po)



ldea — Planning with insertion-based variable

* Use the automata representation to construct the plan with insertions.

depart(f; P1 )

llff*t()( f[])

bos — eos

bos — board(fy, p1) — depart(f,,p;) — eos

bos — board(fy, p;) — lift-to(f,) — depart(f,, p;) — eos

h 4
board@j: lift-talfi) '
board/depart( f«,po)

Y

lift-to(f.) (‘J:‘_' lift-to( f,)
d- d-
board /depart( f., po @EHENE@D board /depart( f., p1)

o lift-to(f.) .\<ﬁ_> lift-to(f.)
JHIEnE 1 board /depart(f., po) wa.}tl'ng-pg board/depart(f.,p1)

board( fo, p1) board( f3, po)

@;@; lift-to(f,)
G board/depart(f.,p1)

depart(fo, p1) L‘lopar{'(f, Do)

bos — board(fy, p;) — lift-to(f,) — depart(f,, p;) — board(f,, py) — eos

bos — board(f,, p;) — lift-to(f,) — depart(f,, p;) — board(f,, py) — depart(f;, py) — eos

bos — board(fy, p1) — lift-to(f;) — depart(f,, p1) — board(f,, py) — lift-to(f;) — depart(f;, py) — eos



Linked list variable — Node

Unique identifier of the node.

| prev | | mext || Identifier of the previous and next node in the list.

Value of the node.

Y

B Values that can be inserted between this node and the next.

pPred v**“ | Values of the predecessor and successor.

() Position of the node in the list.




Linked list variable — Initialization

T WO

T W= O

1
<
3
=%
S

¥:{1,2,3,4,5}




Linked list variable — Variable consistency

N; = N; notes two consecutive nodes of the list
N; = N; notes a direct successor-predecessor relation
N; +» N; notes successive nodes that are not in a successor-predecessor relation

At all times:

* If N; » N;theny; <;

* IfN; > Nyandy; —y; = 1,then N; » N;

* N;» N;ifandonlyifB; = 0

e If Ni - N], then viS‘LLCC = Uj, Ujpred = V; and l/)J — l/)i =1
: d

* IfN; > N;,andifv; € v;““ orv; & v]pre , then N; w» N;

* N;w Njifandonlyify; —y; > 1



Linked list variable — Variable insertion

prev | newxt ’><j prev | newt
0
> ; =
B 5
pPred pee L < ,Upred suce
0 2
3 4 Insertvalue 3
=0 ¥:{3,4,5
2 40 after BOS
| e
Drev next "><ﬂ prev ‘ next ’><ﬂ prev ‘ next
0 0
= ; G=D ; =
B P N 5
0 0
?,pred pSuec by 1 ,Upred o5 Ly 1 < ,Ujm'ed 5ue
. 0 2 ﬁ— 2 2
3 3 3 4
$p=0 é) ¥:{1,2,3,4} é ¥ : {3,4,5}

Reintroduce values of previous and next nodes



Regular constraint for array of variables

OO0,

Plan {0,1,2,3,4} {0,1,3,4} {1,2,3,4} {0,1,2,3,4}




Regular constraint for array of variables

OO0,

Plan {0,3} {0,1,2,3,4} {1,2,3,4} {2,4}




Regular constraint for the linked list variable

prev | neat “><-' prev newt
| B |1
0 1 G=D 1 i
[ [ 2
3
o] LB [o
,“prea' ,vsucc _y 1 1 g Upred ﬂsucc
- 2 2
3 3
¥=0 4 4 ¥:{1,2,3,4,5}
5 5
0 1 2 >< >< : ,
o -3 g [ 4 - 5 N prev next 1 ~ prev | | next - ~ prev | next
/ \ R
H%( tart — pl@l 0 0
N N/ Q=5 1 G=3> ! CG=5>
2 2
B ——> i B —4—> i B
0 0
pPred piuce iy 1 g pred piuce Ly 1 < pPred Suee
0 2 2 2
3 3 3 4
Y=0 4 ¥:{1,2,3,4} 4 ¥:{3,4,5}
5 5
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Regular constraint for the linked list variable

Possible : {}
Starting : {}

Ending : {}
Required : {}
Path : ]

Possible values to insert (B)
Possible starting values (vP"¢4)

Possible ending values (v54¢¢)
Required values for insertion

Possible path to reach state ()

prev | next "><"f prev next
0
1
G= 2 G=5
3
B » 4 B
o 8] [o
wPre puee o 1 1 g yPred pBHee
- 2 2
3 3
Pp=0 4 4 ¥:{1,2,3,4,5}
5 5
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Regular constraint — Propagation

Possible : {7}
Starting : {}
Ending : {5}
Required : {}
Path : ||

Possible : {0}
Starting : {0}
Ending : {0}
Required : {0}
Path : [0]

Possible : {3}
Starting : {3}
Ending : {3}
Required : {3}
Path : [3]

’@o—»s\tt»o

3

Possible: {0,3,1
Starting : {0,3}
:Ending :43,1}
Required : {3}
Path: [0,3] ‘

S
Sb —1

,\4

19

4

(3]

[l

Possible : {3,4}
Starting : {3}
Ending : {4}
Required : {3,4}
Path : (3, 4]

Possible : {0,1,2,3,4}
Starting : {0,3}
Ending : {2,4}
Required : {3,4}
Path : [0,3, 4]

Possible : {0,1,2,3,4}
Starting : {0,3}
Ending : {2,4}
Required : {3, 4}
Path : [0,0,3,4]

Possible : {0,1,2,3,4}
Starting : {0,3}
Ending : {2,4}
Required : {3,4}
MinPath : [3,4]
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Branching

bos — board(f,, p;) — depart(f,,p;) — eos

A AL A
e N\

[] [lift—to(f,)] []

] (1 depart(fu, po).board(fo, po)]
] [board(fy, po)]  [depart(fy, po)]

lift-to( f2)

llft to(f:

board( f3, po)
depart(fa, p1)

. board( f, p1) .

].lft tO f[;

...

lift- tO f]

lift- tO(f[))

waiting-pg board/depart(f., p1)

board( f2, po)
\ 4

- lift-to(f,)
board/depart(f., p1)

depart(f1,po)

lift-to(f.)
board /depart(f.,p;)
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Experimental results

Model (CP solver) solved optimal
Array (MiniCPBP) 60 33
Array (CP-SAT) 141 69
Linked list (MaxiCP) 150 63

Comparison of the performance of the model using the linked list
variable to the two models using a sequence of integer variables for
the two different solvers, MiniCPBP and CP-SAT. Over the 150
tasks of the Miconic domain, the first column reports the number of
tasks solved, while the second column reports the number of tasks
for which the optimal solution was found.

20  oa
10 ® :..o*.: o'... .'.oo.'.
0 s '-M“...'..,“.O.P’..:.“. ...............

Difference of the best plan length found by the linked list model
and the sequence model with CP-SAT fort he tasks of the Miconic
domain ordered by increasing difficulty.
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Conclusion

* Anovelinsertion-based variable representing an ordered
sequence of elements with repetitions, the linked list
variable.

* A Regular constraint for this variable for which the
propagation of the constraint can, in addition to pruning the
domain of the variable, provide information to guide the
search towards solutions.

* Potentialin using Insertion based-variable to solve classical
planning.
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