Exploring the Functional and Geometric Bias of Spatial
Relations Using Neural Language Models

EFF

ERKRFPEEELFER

wangxihao@pku.edu.cn

2022 4£10 A 31 H

1 of 15



@ Introduction

2 of 15



Locative expression

HIIFRIA (Locative expression) 2#iix Bia¥id (target object) 1
¥R (landmark) 2 8]k & B ZiF5E1E°

2 of 15



Locative expression

HIIFRIA (Locative expression) 2#iix Bia¥id (target object) 1
iR (landmark) 2 8K R B ZiAEIE°

Bring me the big red book on the table.
— — N —t

Target Landmark

| —

Prepositional
Phrase

Locative Expression

B: AHrFRIET M [Dobnik et al., 2018]

2 of 15



Locative expression

HIIFRIA (Locative expression) 2#iix Bia¥id (target object) 1
iR (landmark) 2 8K R B ZiAEIE°

Bring me the big red book on the table.
— — N —t

Target Landmark

| —

Prepositional
Phrase

Locative Expression

B: AHrFRIET M [Dobnik et al., 2018]

Locative_expression := target relation landmark

2 of 15



JL{T (Geometry) AZE vs. ThEE (Function) EZE
@ The umbrella is over/above the man.

e The man is under/below the umbrella.

3 of 15



JL{T (Geometry) AZE vs. ThEE (Function) EE
@ The umbrella is over/above the man.

@ The man is under/below the umbrella.

Wy
Wl

g |-.‘|-“u‘i|!\h||'
! LN} R

{ TS gty |

| ! A \

o l:"h ‘f‘ll g ‘I:‘Ill

1| AX M oy

LN Y g

E: JLAiE X S ThREE

BEIE W LEB5E06 [Coventry et al., 2001]

3 of 15



JL{T (Geometry) AZE vs. ThEE (Function) EE
@ The umbrella is over/above the man.
@ The man is under/below the umbrella.

5

-O- Control
O Functional
< Non-functional

MEAN RATING

canonical 45 degrees 90 degrees
ANGLE

Bl: JLAiE X 5 ThEEIE LSRR R [Coventry et al., 2001]

3 of 15



JL{T (Geometry) AZE vs. ThEE (Function) EE
@ The umbrella is over/above the man.
@ The man is under/below the umbrella.

6
o
-0~ OVER/UNDER
5 S, O ABOVE/BELOW
-
o 4
z g
E
o5 L9
o =,
z
gs o—
2 ‘o
1 _— e ]
canonical 45 degrees 90 degrees
ANGLE

Bl: JLAiE X 5 ThEEIE LSRR R [Coventry et al., 2001]

3 of 15



JL{T (Geometry) AZE vs. ThEE (Function) EE
@ The umbrella is over/above the man.
@ The man is under/below the umbrella.

6 =

-O- OVER/UNDER
O ABOVE/BELOW

MEAN RATING

Control Functional Non-functional
FUNCTIONALITY

Bl: JLAiE X 5 ThEEIE LSRR R [Coventry et al., 2001]

3 of 15



Applications and Difficulty

Given the distinction between geometric and functional factors
in shaping spatial semantics, a useful analysis that would inform
the design and creation of computational models of spatial se-
mantics is to identify the particular semantic bias (geomet-
ric/functional) that each spatial term evinces.
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Related works

Dobnik and Kelleher [2013, 2014]
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#EEE: Visual Genome [Krishna et al., 2017]

o £E1E 108 AKEF, FIgFHKEFHE 35 MMk, 26 ZEMEHM
21 XA
- cup on table
- girl holding on to bear
- woman standing on snow

SER—IRMEFTRER MR AR ERAHIEMN
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o HEIAM, WRTEXR
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o YILERIS A 10 Bt TIIIZR, MXEFENKXREF 20 &KL
X IREAT RS LR R AR AR

6 of 15



Language Model

B EIESHEE (Probabilistic language model)

-
P(wi.T) = HP(Wt+1|W1;r)

t=1

PR vie, B v BERARE, MRRDFH ¢ MARIAFREHER.
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Hypotheses

Hypothesis 1 (Weak)

MWik&Erh, FBMERERRT =EXRENRENLMIEX LARE.
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Results of Language Model 1 based on unbalanced corpus

unbalanced plain perplexity average in 10 folds
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Results of Language Model 2 based on balanced corpus

balanced plain perplexity average in 10 folds
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Results of Language Model 2 based on balanced corpus
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@ The frequency of using functionally-biased spatial relations are higher
in English, this bias and our strong hypothesis for predictability of
target-landmark pairs can be expressed with simple joint probabilities
which we are estimating with the language model:

P(target,relation,landmark) = P(relation) P(target,landmark|relation)
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it
o MTiAsAE/N, HIGEL, AAEXFHNFHEREMERT
o BIEJ/LARXRANTEMAN THERERREES

ik =
@ The frequency of using functionally-biased spatial relations are higher
in English, this bias and our strong hypothesis for predictability of
target-landmark pairs can be expressed with simple joint probabilities
which we are estimating with the language model:

P(target,relation,landmark) = P(relation) P(target,landmark|relation)

It is possible that targets and landmarks that occur with these
relations are very specific to these relations but infrequent with other
relations. When we remove their frequency support provided by the
frequency of relations these targets and landmarks become infrequent
in the dataset and therefore less probable which on overall results in
higher perplexities of phrases with functionally-biased relations.

Specificity of targets and landmarks can be a source of these results.
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Results of Language Model 2 based on balanced corpus
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Results of Language Model 2’

it
o TEf§ <s> target relation landmark < /s> B A <s> landmark
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@ Varying spatial relations

12 of 15



Hypotheses

Hypothesis 4

TEAMRERT, JUARXRMMERXRBL, ERSHER.
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BEHR
o HEZMZER JFNERZIMIERREMAIRIZIE, FEATIL
HRYIEE X TR BNE R0 -
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o IBIIRE T MM KRR X3 % 18] K R LA FITHRESFERTIN 572
E. BREFSHEATTURTZ AN BEBEEER.
o NMTHE—EREELIEXT "EEE XA F Btz E R a1
TN BRI
- EEEEMLE, BT () EERXRMENERES, B (i) EEMN
EEARBER, MERXEANEXRELILTRXEES.
- HEFEIER L, DRERXRMENERHINEES, BAERS
JBERHRE AMESEEXERNEREER.
o IFETIESHRENIAIUTMKE, TeEE—EREELRSXEE
SHIEXNER.
BEHRE
o MZMEEAIBNEEZIHIBEREMA/NNRE, FET
R R E X TR L R0
o TEARILH, 1§ “to the left of " fELAT “left". IFHRRFHITIEME
BE AT —EE AR ER X R TIREFLAER
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