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INTRO OF SATISFIABILITY

« Satisfiability (SAT): determining whether a given logical formula

can be assigned truth values to make the entire formula true
e Recent success with these problems
= Expressed as sets of propositional clauses

= More flexible and accurate than deductive approach




Wumpus in CNF

Knowledge Base: Variables:
(-F Vv PA2V PB1) A BA1 =F
(F Vv aPA2) A BB1 =?
(FV—aPB1) A PA2 =?
(wBB1V PB2VPC1)AN PB1=?

(BB1V —PB2) A PB2 =?
(BB1V —PC1) PC1 =?

Each clause is a
disjunction. Only
one variable in it
needs to be true.
As soon as one
variable in the
clause is T, the
whole clause is T.




Wumpus in CNF

Knowledge Base: Variables:
BA1 =F
BBl =F

PA2 =F
PB1 = F This model

PB2 — F satisties the

pC1 = F e€xpression. The
Wumpus World
rules allow at
least one possible
world.




PLANNING AS DEDUCTION

» First-order logic - using predicates

* Initial conditions + sequence of actions = goal conditions

« Blocks world two step example

dry,y1, 21, T2, Y2, 220

onl A, B, 1.] Mol B, Table, 1) A clear(A, 1A

movel ry, y1, 21, 1) A move(ra, v2,22,2) D

on(H,A,3)




ANOMALOUS MODEL®S

« Model interpretations that satisfy the SAT formulation

* Does not correspond to valid solutions in the original
planning problem

« When encoding a planning problem as a SAT instance, each
time step and action is represented using boolean variables




WORLD CHANGES BUT NO ACTIONS OCCUR

on(B,A,2),on(B,A,3),clear(Table, 1),
clear(T'able,2),clear(Table,3)

{ on(A,B,1),on(B,Table,1),clear( A,1), }




FALSE PRECONDITIONS BUT ACTION STILL
PERFORMED

]’ on( A, B,1),on(B,Table, 1), clear{ A, 1), }

| move(B,Table, A, 1),0n(B,A,2),0n(B,A,3)




PLANNING AS SATISFIABILITY

Any model of the axioms corresponds to a valid plan

on| A, B.1) Aonl B, Table, 1) A clear{ A, 1) A oni B, A, 3)

Block A'is on top of There is nothing on top
block B at time 1 of block A attime 1

Block B is on the table At time 3 we want block B
at time 1 to be on top of block A




FALSE PRECONDITIONS AXIOM

Rule out that an action executes despite that its preconditions
are false




ONE ACTION AT A TIME AXIOM

So that multiple actions don't happen simutaneously




ACTION OCCURS AT EVERY TIME AXIOM

Can also introduce a "do nothing" action if wanted




HOW CAN A PLANNING
PROBLEM BE TRANSLATE.
INTO A SAT PROBLEM?




INITIAL SETUP USING PREDICATE®S

* Wumpus starts in room A F& ;
« Wumpus wants the cake in ol =

room C
-
« Actions  Constraints
= Move(A, B) = Move one room at a time
= Move(B, C) = Valid preconditions
= Move(B, A) = Has 2 time steps
= Move(C, B)




PROPOSITIONAL ENCODING

« Variable states e Action states F &
= W(A, t) = Move(A, B, 1) : g
= W(B, t) = Move(B, C, t) = L

= W(C, t)

o= .




ENCODE CONSTRAINTS INTO BOOLEAN
CLAUSES

* Wumpus starts in room A « W(A, 0)
* Wumpus wants the cake in  « W(C, 2)

room C o (WA, HAW(B, 1)) A =(W(A, )AW(C, 1)) A
« Actions =(W(B, t)AW(C, 1))
= Move « Move(A, B, 1) -> (W(A, t) AW(B, t+1))

« Move(B, C, t)-> (W(B, t) A W(C, t+1))
« (W(A, 1) A “Move(A, B, t)) -> W(A, t+1)




SOLVE WITH A SAT SOLVER

e Could use GSAT

e Possible solution could be

= Move(A, B, 0) = True
= Move(B, C, 1) = True

b

'l




Predicates that take 3 or
COMPRESSING

PREDIC ATES more args are replaced by

several that only take 2 args

problem USINE MovE using object, source, dest
# props # clauses

anomaly 2,364 5,529

reversal 22418 753

mediunm 6,533 155,724

hanoi 63,049 137,106

huge =3,000,000 | = 5,000,000

Table 11 Comparison of size of propositional theories using one ternary predicate

versus three binary predicates,




random A 100 1,290 i sec 2.8 min
random B 140 1,506 14 sec | 4.7 hours
FEFFICIENCY random C | 500 [ 6,450 | 1.6 hours

coloring A | 2,125 | 165,419 5 hours

coloring B | 2,250 | 180,576 5 hours

e anomaly 04 93: 26 sec

reversal 215

medinm 244

TWO a | g O H‘th ms use d hanoi 258 3,795 I3 hours

huge Q996 0,02 —

for solving SAT

Table 2 Comparison of speed of GSAT versus DP on solving sample coloring
random, and planning satisfiability problems.

oroblems

problem in‘:,ill 11 ex p anded

Davis-Putnam vs.

anomaly "‘h sec 1.9 sec

G S AT reversal | 2,53 — [ 35591 1.2 min

medium | 3,025 — [ 5,235 1.2 min
1t1 [ Table 3: Improvement in performance of GSAT by adding additional axioms to
Additional axioms le 3 Improy ! JSAT by adding

riule out impossible states,
helped GSAT




CONCLUSION

- Formal model based on satistfiability rather than
deduction

- Deductive axioms must be strengthened to prevent
anomalous models

- How a planning problem is translated into a SAT
oroblem

- Efficiency of SAT algorithm models




THANK YOU
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