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Introduction

1. "Schematic Invariants by Reduction to Ground Invariants” by Jussi Rintanen

2. Implementation in Fast Downward

3. Evaluation with STRIPS benchmarks on sciCORE cluster
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Task Example

(define (domain transport)
(:requirements :typing :action-costs)
(:types

location locatable - object
capacity-number - object
vehicle package - locatable

Example from: https://github.com/aibasel/downward-benchmarks
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https://github.com/aibasel/downward-benchmarks

Task Example

(:predicates
(road 711 712 - location)
(at 7x - locatable 71 - location)
(in ?x - package ?v - vehicle)
(capacity ?v - vehicle ?sl - capacity-number)
(capacity-predecessor 7sl 7s2 - capacity-number)
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Task Example

(:action drive
:parameters (?v - vehicle 7?11 712 - location)
:precondition (and
(at ?v 711)
(road 711 ?712)
)
:effect (and
(not (at ?7v 711))
(at ?v 712)
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Task Example

(:objects
city-loc-1 - location
city-loc-2 - location
city-loc-3 - location
truck-1 - vehicle
truck-2 - vehicle
package-1 - package
package-2 - package
capacity-0 - capacity-number
capacity-1 - capacity-number
capacity-2 - capacity-number
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Task Example

(:init
(capacity-predecessor capacity-0 capacity-1)
(capacity-predecessor capacity-1 capacity-2)
(at package-1 city-loc-3)
(at package-2 city-loc-3)
(at truck-1 city-loc-3)
(capacity truck-1 capacity-2)
(at truck-2 city-loc-1)
(capacity truck-2 capacity-2)
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Invariant

(O Formula that is true in all reachable states

O Formulas of the form:

X =

x = (4L Vi)
O Examples:

(O Schematic invariant candidate:

(01 #Fvy) = (—in(z,vy) V —in(z,vy))

O Ground invariant candidate:

—in(package-1, truck-1) VV —in(package-1, truck-2)
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Schematic Invariant Synthesis Algorithm

Algorithm 1 Schematic Invariant Synthesis Algorithm

1 CS := schematic formulas true in the initial state
2: A, := schematic actions
3. (' := all ground instances of C

by instantiating all schematic formulas in C'S using limited grounding

4 A= all grounded actions
by instantiating all schematic actions in AS using limited grounding
. repeat
Cy:=C
foreacha € Aandc € C do
it Cy U {regr,(—c)} € SAT for some ¢ then

C := (C\{c}) U weaken(c)
10: end if
11: end for
12: untit C' = C
13: IS 1= all schematic invariants

extracted from the found ground invariants in C

14: return IS 9/19
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Implementation

O Translation of PDDL task into Finite Domain Representation (FDR) task:

1. Normalization

2. Invariant synthesis

3. Generation of mutex groups
4. FDR task generation

O Maximum clique enumeration algorithm by Tomita

O Difficulty: initial schematic invariant candidate set
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Initial Schematic Invariant Candidate Set

O Goal: Strongest possible candidates

O Procedure:

1. Single literal invariant candidate:
o Example: —in(?x, 7v)

2. Weaker forms:

o Inequality:
(P2l # 722) = —at(?x1,?11) V —at(?22, 712)

o Equality:
—at(?xz,?01) V —at(?z, 702)

o Add literal:
—at(?zl,?01) V —at(?x2, 712)
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Evaluation

O Comparison of planner using existing invariant synthesis

(O Evaluated Metrics:

1

ok wnN

Time and Memory Errors
Time Performance for Finding Invariants
Search Time Performance
Plan Validity
Finite Domain Variable Structure
o Number of Variables
o Average Number of possible Values per Variable
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Time Performance for Finding Invariants

Time by New Schematic Invariant Synthesis (seconds)

Time for Finding Invariants Relationships Across Domains
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Domain

barman-mcol4-strips
barman-opt11-strips
barman-optl4-strips
barman-satl1-strips
barman-sat14-strips
childsnack-opt14-strips
childsnack-sat14-strips

Y

-

pegsol-08-strips
pegsol-opt11-strips
pegsol-satll-strips
scanalyzer-08-strips
scanalyzer-opt11-strips
scanalyzer-sat11-strips
so0koban-optOB-strips
11-strips

elevators-opt11-strips
el trips

sokoban-sat08-strips
t11-strips

elevators-sat11-strips
floortile-opt1 1-strips
floortile-opt14-strips
floortile-satll-strips
floortile-sat14-strips
hiking-agl14-strips
hiking-opt14-strips
hiking-sat14-strips
nomystery-opt11-strips
nomystery-sat11-strips
parking-opt11-strips
parking-optld-strips
parking-sat11-strips
parking-sat14-strips

Iy

T

thoughtful-mcol4-strips
thoughtful-sat14-strips
tidybat-opt11-5trips
tidybot-optld-strips
transport-opt08-strips
transport-optl1-strips
transport-opt14-strips
visitall-opt11-strips
visitall-opt14-strips
woodworking-opt08-strips
woodworking-opt11-strips
woodworking-sat08-strips
woodworking-satl1-strips
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Time Performance for Finding Invariants

Time by New Schematic Invariant Synthesis (seconds)

Time for Finding Invariants Relationships Across Domains
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pegsol-satll-strips
scanalyzer-08-strips
scanalyzer-opt11-strips
scanalyzer-sat11-strips
so0koban-optOB-strips
11-strips

elevators-opt11-strips
el trips

sokoban-sat08-strips
t11-strips

elevators-sat11-strips
floortile-opt1 1-strips
floortile-opt14-strips
floortile-satll-strips
floortile-sat14-strips
hiking-agl14-strips
hiking-opt14-strips
hiking-sat14-strips
nomystery-opt11-strips
nomystery-sat11-strips
parking-opt11-strips
parking-optld-strips
parking-sat11-strips
parking-sat14-strips

Iy

T

thoughtful-mcol4-strips
thoughtful-sat14-strips
tidybat-opt11-5trips
tidybot-optld-strips
transport-opt08-strips
transport-optl1-strips
transport-opt14-strips
visitall-opt11-strips
visitall-opt14-strips
woodworking-opt08-strips
woodworking-opt11-strips
woodworking-sat08-strips
woodworking-satl1-strips
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Search Time Performance

Existing Invariant Synthesis New Schematic Invariant Synthesis
Total Search Time by Domain
2500
2000
w
=
2
S 1500
[
a
L
E
[
T 1000
e
500 A
0L
S F L EEE L EFELEEFFELE LSS LSS
B N N N N N N N N N N N N N NN AN
oY By A¥ LI N G N AN B AN R AN AN AN WD N N
R S g e e s g g e i N I S S e e e e g e e g
>
S S e R I B S S
B A A AT O P & BNE P PP B
S S S A e i T o O T o T
EIC OO & LT S S S 00
& &f o 74 & nipob

15/19



Plan Validity

Comparison of Valid Plans Across Domains
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Domain
barman-mcold-strips ]
barman-optlL-strips *
barman-optl4-strips
barman-satl1-strips .

barman-satl4-strips

pegsol-08-strips
pegsol-opt] 1-strips
pegsol-satll-strips
scanalyzer-08-strips
scanalyzer-opt11-strips

childsnack-optl4.strips 4  scanalyzersatll-strips
childsnack satl4-strips @  sokoban-optOB-strips

o * 11-strips
elevators-opt11-strips @ sokoban-sat08-strips.

o trips . it11-strips
elevators satl1-strips @ thoughtful-mcald-strips
flaortile-optl 1-strips #  thoughtful-sat14-strips
flnortile-opt14-strips fidybot-optl1-strips
floortile satl1-strips ® tidybot-optld-strips
flnortile-satL4-strips TanSport-opto8-Strips
hiking-agl14-strips +  transport-optll-strips
hiking-opt14-strips @ tansport-optl4-strips
hiking-sat14-strips visitall-opt11-strips
nomystery-optllstrips @ Visitall-optl4-strips
nomystery-sat11-strips woodworking-opt08-strips
parking-optll-strips @ woodworking-optL1-strips
parking-optl4-strips *  woodworking-sat08-strips

parking-sat11-strips.
parking-sat14-strips

Woodworking-satl1-5trips

16/19



Conclusion

O Implementation too slow
O More suitable data structures

(O Similar impact on search

O Implementation and integration: challenging and time-consuming
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Questions
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Additional Slide: Limited Grounding

O Grounding function: D(t) = set of objects for type ¢

O Limited grounding function D/<t), with the following characteristics:

1. D'(t) C D(t)

2. |D'(t)] = LYV (A, P)

3.D'(t,) C D' (ty)iff D(ty) C D(ty)
forall {{tg,t1}| tg,t; € T}

O Lower bound humber:

LN (A, P) = max(maz . ,prms,(a), ma:cpepprmst(p))

+ (N — 1) * (max,c pprms,(p))
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