Extending ILP-based
Abductive Reasoning with

Cutting Plane Inference
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#ZR (Observation):
John got a gun  John went to a store

B = A (Background Knowledge):
go-hunt — get-gun
go-shopping — go-to-store
rob — get-gun & go-to-store

z2B8 (Explanation):
@ John will be robbing?
John goes hunting and shopping?
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#ZR (Observation):
get-gun(John) A go-to-store(John)

B = (Background Knowledge):
(Vx) go-hunt(x) — get-gun(x)
(Vx) go-shopping(x) — go-to-store(x)
(Vx) rob(x) — get-gun A go-to-store(x)

zB8 (Explanation):
robbing(John)
hunting(John) A\ shopping(John)
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“Interpreting sentences is to find
the lowest-cost explanation to the sentence.”

--- Hobbs+ [93]
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sick(x) — resign(x, y) SICk( ) — go(x V) A hospltal(y)
/1 hate(x, y) =resign(x, y) hospital(AbcHospital). |
| old() ~resign(x,y) /| boring(y)~ hate(x,y) |
g‘ghﬁu 5’,','3 """ ) " /,:é """"" “ ,"'

res@n(Steve MICFOSOft’)//\ dm go(m AbcHospltc?iI)

ILP cc_otém‘\iﬂsj ,,,,,, ]

reS|gn(Steve Mlcrosoft) go(m, AbcHoépltaI) '
sick(Steve) ) hate(Steve. Mlcrosoit oId§Steve) SICk( ) hospltal(\rAbCHospital)
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SR O H* (B U H* |= 0):
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sick(x) — resign(x, y) sick(x) — go(x, y) A hospital(y)
hate(x, y) — resign(x, y) hospital(AbcHospital).
old(x) — resign(x, y) boring(y) — hate(x, y)

#H o:
resign(Steve, Microsoft) A dm go(m, AbcHospital)

ILP [C KB EAL

h =1

hsick(Steve) =1, hhate(Steve, Microsoft) = 0, hoId Steve) ~ =0, hSICk =1, hhospitaI(AbcHospitaI) =0
S, Steve = 1, hboring(Microsoft) = 0, hhospitaI(AbcHospitaI) =0

cost(H) =

resign(Steve, Microsoft) 1 h o(Steve, AbcHospltaI)

tH
B OA H* (B U H* |= 0):

sick(Steve) A sick(m) A Steve=m A resign(Steve, Microsoft) A go(Steve, AbcHospit_aI_)
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sick(x) — resign(x, y) sick(x) — go(x, y) A hospital(y)
hate(x, y) — resign(x, y)  hospital(AbcHospital).
old(x) — resign(x, y) boring(y) — hate(x, y)
Bl 0-
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teve) = O’ hsick(m) = O’ hhospitaI(AbcHospitaI) =0
Sm Steve — O hborlng( rosoft) — O hhosp|taI(AbcHosp|taI) =0

cost(H) = Z h, cost(p) — r,reward(p)
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B OA H* (B U H* |= 0):

sick(Steve) A resign(Steve, Microsoft) A go(Steve, AbcHospital)

h =1,h

sick(Steve) hate(Steve, Microso
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sick(x) — resign(x, y) sick(x o(x, y) A hospital(y) |

hate(x, y) — resign(x,y¥)  hospital(AbcHospital).

,1- =TSR 0D ZEq] .Bﬁ{%\ boring(y) — hate(x, y)
Latdﬁi[% FEmicd
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eve, Microsoft) — 1 e. g rhate(St Mi) = thFIﬂg(MI)
hsick(Steve) =1, hhate( &S, Misrsaoft) = =0, hoId (Steve) — » Hhospital(AbcHospital) = Y
Sm,Steve - O hborlng(Mlcrosoft - O thSpI Hospital) =0

cost(H) = Z hp cost(p) - r reward(p)
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FE O H* (BU H* |= 0):
sick(Steve) A resign(Steve, Microsoft) A go(Steve, AbcHospital)
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Cutting Plane Inference (CPl) O:;EH
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— 108 RO x=y, y=z, x#z
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. 289,655 {E D WordNet axioms (e.g. synset9(x) => synset10(x))

« 7,558 {E M FrameNet axioms
(e.g. GIVING(e1, x, y) => GETTING(e2, y, z))

SRITRIR
— ILP V)] /X—: Gurobi optimizer 5.0
— semantic parser: Boxer [Bos 08]




fak (1): SHROMHERIFROE(L

Method Depth | Generation [sec.]
(timeout = 120)
1 0.01 (100.0 %)
2 0.08 (100.0 %)

7‘-\
CPIBL 3 0.56 (99.9 %)
00 4.78 (90.7 %)
1 0.01 (100.0 %)
CPI % b 2 0.04 (100.0 %)
3 0.09 (100.0 %)
00 0.84 (98.4 %)
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— 7—% 1w b: CoNLL Shared Task 2011, 303 documents

— 1 document [&, RTE DZFh D HhiEbRL

— "z ~\—X: WordNet, FrameNet, Narrative Schemas
[Chambers & Jurafsky 07, 08, 09]
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BLANC-R |BLANC-P | BLANC-F

Abduction 59.9 60.9 60.3
Standford CoreNLP 63.5 76.2 66.7
- WRZEH, R4 IC state-of-the-art [CIE DWW T L\%

V=ILIZZ 55 (IH/IX\—=Y 3>, CPIEXREKRIFEHANH)
— http://code.google.com/p/henry-tacitus/
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