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Efficient Estimation of Plausible Abductive Hypotheses Using A* Search

1,a) b) d)

KazETO YAMAMOTO Naova Inoue!®  Kentaro Inuth®  Yuki Arase>?  Junicar Tsuin®-®

Abstract: Abduction is inference to the best explanation. While abduction has long been considered as a promising
framework for natural language processing (NLP), its computational complexity hinders applying abduction to prac-
tical NLP problems. In this paper, we adapt an A* search-based technique for abduction in order to prune its search
space efficiently. More specifically, we present an algorithm to effectively eliminate literals which do not introduce
any unification from the search space. Our experiment reveals that our search-based technique considerably reduces
the size of the search space and improves the efficiency of the state-of-the-art inference algorithm for abduction on
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first-order logic.
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went to the bank
is the purpose of
got a loan

John and he
are coreferent

bank refers to
a financial bank

i loan(yék% (Fez, y1, yafIssue(e2, y3, y2, y1) A financial_inst(y3)
I

N x2=y3,

..,

N

i LA, ', s s
Explanation issue(e>x2,x3,x1)  financial_inst(x2)  issue(e2, y3, y2, y1)
= go(e2, X1,x2). __ = bank(x2) = get(e2, y1, y2)
oo T . !
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Observation AN o /7' ~~~~~~~~~
(Jere2xix2y1y2) ’ S
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; john(xl)/f\ go(el, x1, x2) A bank(x2) A he(y1) A get(e2, y1, y2) A loan(y2)

hypothesized
Input John went to the bank. He got a loan.
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Algorithm 10 00000000
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P;— @
forall/ € P,_; do
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P, « P, U getPotential Elemental Explanation(l, a)
end for

A A Sl >

end for

Ne)

: end for
depth,
P e py
: for all py, p; in P do

—_ = =
=

P « P U getEqualityAssumption(py, p2)
: end for

—_
&~ W

: return P

Algorithm 2 getPotentialElemental Explanation(l, a)
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I: P—@
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7: end if

8: return P
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Algorithm4 A*0 0 0000000000000
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1: PO

2: X0

3: fori=1tondo

4 for j=1toi—1do

5 if d"(0;,0)) < dist,,, then

6: X & X, Xgart = 0 N Xgelf = 0i A Xgoal = 0j A Xgis = 0
7 X — X, Xgart = 0j N Xgelf = 0j A Xgoal = 0i A Xgist = 0
8 end if

9 end for
10: end for

11: while X # @ do
12: X < arg r;lin{xdist + d*(xse/f’ xgoal)}

XE.
13: foralla={p Apy A... A\p, = g} in Bdo

14: R « getPotentialElemental Explanation(x.r, a)

15: P« PUR

16: for all  in R do

17: hasReached « false

18: for all p in P do

19: U « getEqualityAssumption(r, p)

20: P—PUU

21: if U # @ A isExplanationOf (1, Xgoq1) then

22: hasReached < True

23: X < X\, Ystarr = Xgoal N Yself = D N Ygoal = Xstart

24: end if

25: end for

26: if —hasReached N x;is + 6(a) + d*(r, Xgoa1) < distya, then

27: X — XUy, Ysart = Xstart NYself = F'NYgoal = Xgoal NYVdist =
Xaist + 0(a)

28: end if

29: end for

30: end for

31: X(_x\{ylyEXAyself:xself}
32: end while
33: return P
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*2 http://pascallin.ecs.soton.ac.uk/Challenges/RTE2/
3 http://svn.ask.it.usyd.edu.au/trac/candc
4 http://www.gurobi.com/
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Baseline (depth,,,. = 4) | Baseline (depth,,,, = 3) | A*-based (dist,,qx = 6) | A*-based (dist,qx =5) | A*-based (dist,qx = 4)

Objective 278.5 279.8 279.8 280.6 282.6
Rate of objective 1.0 1.0050 1.0051 1.0082 1.0152
# of literals 1579 1059 233 176 65
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