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“Distributional” Hypothesis

® Extensive use of distributional similarity derived from the
“distributional” hypothesis (Harris 1959) is one of the
key concepts of NLP that made it successful.

® Hindle (1990), Grefenstette (1993), Lee (1997), Lin (1998)

® Reason for its nearly unanimous acceptance is not so
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Three Questions We Address

® Can distributional similarity really be equated with semantic similarity?

® No agreement seems to be reached as to what count as semantic
similarity.

® And there are several kinds of semantic similarity itself.

® Even if distributional similarity can be equated with semanti

YV
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Outline

® Method

® Preparing data
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General Framework

® Step |.Select a set of “base” terms B = {b\, by, ..., bn}

® Step 2. Use a certain similarity measure M (such as Jensen-
Shannon divergence) to construct a list of n terms T = [t;),

tio bl it

@ where t;; denotes the j"

ost similar term in Tg ainst
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Product of Steps | and 2

bi’s most similar
term under M

b’s 2" most similar
term under M

b’s k" most similar
term under M

L1,

)

t12

Tk

0,1
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Parameters Considered

® How much for n? In other words, how many “bases” to
evaluate!?

® |nh our case,n = 150,000

® How much for k? In other words, how many similar
erms to evaluate?
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Characteristics of Step 3

® We classified 300,000 pairs into the |8 finer-grained
classes of semantic relation (to be explained).

® But we also applied candidate filtering (to be explained).
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Sample of

Data Used in Step 3

w-reclassified00.xls

<> A B C D E
1 ID Freq(w1) ja w1 2 w2 a|type

2 000046-2 276782 FE XE W[ RER B DH S REE ]
3 000060-2 247607 —AZEA w[ERE B DH S FRIRE ]
4 000124-1 169125 RA SA w[EREZ B DH S FRIRE ]
5 000141-1 155062 = BAE W[IERBREXBFDHSRIERFEXT]
6 000246-1 112967 BAE R3E W[EBRXBFDHSRIERFEXT]
7 000246-2 112967 BAE 75 A5E w[ZRER I H DHHRFRENT]
8 000278-2 106469 FE BEEL tIEFF DI AT EESE T ]

9 000295-2 102504 D =2 w[ e B DH S FRIRE ]
10 000318-1 97929 fib A BEA w[ERER B DH S FRIEE ]
11 000332-2 95655 EBE BRE w[RER B DH S FRIEE ]
12 000466-1 76516 ¥ WK W[ RER B DH D RIEE ]
13 000484-2 74686 FIFE BAE w[ERE#R LB DHSFRIREN ]
14 000487-1 74579 —H #8 c[(REHEDZN) R EEEERT]
15 | 000505-2 73514 Ti§ IS h[ £ FAraExt]

16 000531-2 71535 B0 —8 c[(REHEDZN) R EEEERT]
17 000532-2 71351 KRE BEE h[ 4 FArsE*t]

18 000534-1 71079 A BIEAY h[ b FArsExt]

19 000543-2 69966 minE BEE W[ RER B DH S FRIRE ]
20 000565-2 67594 HE BE w[ERER B DH S FRIRE ]
21 000574-2 66867 AE BE W[ RER B DH S FRIEE ]
22 000576-2 66637 HIEE NERERFIE h[ E4 FArsEx]

23 000579-2 66430 SER RFE tIEFF DI AT eSSt

24 NNNSK’N.1 fRA7 Bk Broa wl I HEFEHEMNHAEIXESEIG]
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|0 Most Similar Terms of
“L/_OT/” (piano)

rank Japanese (original) English translation Score
I TLY b=V Electone, electric organ -0.322
p) Ll violin —0.357
3 Bzt violin —0.358
3 T cello —0.358
5 N2 trumpet -0.377
6 = IRi#R shamisen, Japanese 3-string guitar —0.383
7 IR T saxophone -0.390
8 ALY organ -0.392
9 77J)%v bk clarinet -0.394
10 - erh hu —0.396
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|0 Most Similar Terms of
“5L A% /]/ 1 AF—7 (Tchaikovsky)

rank Japanese (original) English translation Score
I 77—ALX Brahms —0.152
2 =R Schumann —0.163
3 AV TFTIAY —> Mendelssohn —0.166
4 S 2 T e Shostakovich —0.178
5 N IR Sibelius —0.180
6 JINA R Haydn —0.18l
6 N> T Handel —0.18l1
8 2 Ravel —0.182
9 sanes AV Schubert —0.197
10 N—hk—"TJxV Beethoven —0.190

13
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Terms Excluded from Candidates

® Strings that were judged to fail to have meaning due to
segmentation error.

® An independent task was performed for this.

® Terms begin with Roman digits (i.e.,”“0”,“1", ...,%9”)

® Terms ending with 88 derivational morphemes that lead to either

Za . = g " - ¥ R e
= ( .Q’I‘{‘ ) O ,'V"f": .(‘.-':- N 1 = ;~ - 'ﬂ"elti‘ “'\‘ e o -' e » -. e ‘ ¢ "" 5 ) "
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88 Derivational Morphemes for
Candidate Filtering

® Hedge-deriver o -Zh, By, -BErh,-Frr, -&
o HBE E b E D, -5, LI, X, -V, &%,-{ A, -B,-ED, B
(E Al - BLY S ELY FE -

o RV M) )

® Temporalizer or Locationalizer
o [FHWIFH,-co,-AB,-EW,-Oh,-
® Modalizer Z&,-EH -hOO,-& 2B, -, A, -

sl ki dnia s siiuain iyt - 45t =,-0F,-23,-5,-t8, - -I5h, -/,

: D’ '%Dy '.L?.t\\, 'b\bbg"f‘%bb ' _ '52-9'-J:"—F"ﬁﬁ’f‘f§,f‘g7b\.<9 ';}&-<’
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Factoring out “semantic similarity”

® VWe employed |8 finer-grained classes build on four basic
“components” of semantic similarity

|. synonymic relation

2. hypernym-hyponym relation
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|8 Subtypes in the Hierarchy

u: pair of terms
in no conceivable
semantic relation

pair of
meaningful
terms

s:* synonymous
pair in the
broadest sense

m: misuse pair

v*: notational
variation of the
same term

X: pair with a r: pair of terms in
meaningless a conceivable
form semantic relation

pair of forms

y: undecidable

p: meronymic
pair
——

S: synonymous
pair of different
terms

n: alias pair

h: hypernym-
hyponym pair

k*: classmate
without obvious
contrastiveness

k**: classmate
in the broadest
sense

o: pair in other,
unindentified
relation

c*: contrastive
pairs

e: erroneous
pair

f: quasi-
erroneous pair
——

v:allographic
pair
—

a:acronymic
pair

k: classmate
without shared
morpheme

W: classmate
with shared
morpheme

C: contrastive
pair without
antonymity

d: antonymic
pair

t: pair of terms
with inherent

temporal order
—
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|8 Subtypes in the Hierarchy

e: erroneous
pair

m: misuse pair

u: pair of terms
in no conceivable
semantic relation

v*: notational
variation of the
same term

f: quasi-
erroneous pair

K .
s:* synonymous v: allographic

pair of pair in the Sr_synf%nous air
meaningful broadest sense el s s
terms terms S

a:acronymic

: n: alias pair pair
P: meronymic —
X: pair with a r: pair of terms in pair k
. : classmate
pair of forms meaningless a conceivable ithone e d
form semantic relation N

h: hypernym- k*: classmate morpheme

without obvious e ——

hyponym pair W: classmate

contrastiveness

— with shared
y: undecidable K- classmate morpheme
. e
in the broadest .
C: contrastive
sense o
pair without
T —
antonymit
C*: contrastive ———

pairs

d: antonymic
pair

e o: pair in other,
unindentified
relation

t: pair of terms
with inherent
temporal order
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Characteristics of the Hierarchy

o s* k** p, h,and o are major divisions and are expected to be mutually
exclusive.

® s* has four subtypes: s, m, v¥ and n.

® [ has two subtypes: k* and c*.

® [¢* has two subtypes: s* and w differing with presence of a common morpheme.

h - g e C "
Ei:h B aYa a N - ) . "a -l - 4 A ) Lan. ™ s A h D
A . = [ ) [ ) N oo A a ’ b e h . . A . & M 2
s ?.’3 iy _' B R -._ql of o YD 4 ) ‘} D (27 N b ; _\"_' L X .‘_,' . . .c ol gt

Tuesday, September 7, 2010



NLPIX2010,Aug 28, 2010, Beijing

Dealing with Label Ambiguity

® But at least in practice, some labels are not mutually
exclusive!

® This does not guarantee the uniqueness of the labels to be
assigned.

® To solve this, the following priority was set to choose

Tuesday, September 7, 2010
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|. synonymous [s] pairs

|. (R 7T, #&7T) [both mean root]

2. (*DL/‘I'Q NN =MV E) [(supporting member, cooperating, member)]

—I-

JT, #n / T A) [(invoker of the process, parent process
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2. acronymic [a] pairs

|. (DEC, Digital Equipment)
2. (IBM, International Business Machine)

- 3.(MS A%, Microsoft £f) [(MS, Inc., Microsoft, Inc)]

e
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3. alias [n] pairs

|.(Steve Jobs, founder of Apple, Inc)
2.(Barak Obama, US President)
o (B—B . .[Yu_ihir,, k 4
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4. allographic [v] pairs

|. (Solo, solo) [with or without capitalization]

2. (center, centre), (colour, color) [difference between AmE and BE]

3.(77 1 AY,&H N T D) [both mean skin-scrubbing, pair of katakana

notation and hiragana notation]
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5. erroneous [e] pairs

| (FEERAFO—)L, FEAXFHO—)L) [FEE (shooting) is
mistaken for F;d (foaming)]
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6. quasi-erroneous [f] pairs

|.(ARA b, AIRA R) [both mean dropper]
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/. misuse [m] pairs

|. GKJE T, KT 1F) [both mean frozen, but the former is not

standard form]

2. (33, FH1X) [(open a lecture, open a school) yet susceptible

saaforimisuselas

. e b Eh—
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8. hypernym-hyponym [h] pairs

RRY —IL,ERY TN 4 (T RTa/NL, BER
[(search tool, search [(festival, music festival)]
Soitugre)] 5. (Y YEYYIL ETY)

2. (REXTR, RAXIRR) [(cymbidium, orchid)]

- [(unemployment measures, |
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9. meronymic [p] pairs

1.(B & D, D) [(earth, sea)]
2.(HERY, T #%) [(affirmation, admission)]

3.(F1 R, fiffFERR) [(findings, research results)]
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| 0. classmates with shared
morpheme [w]

= Ka%{) [(gas facilities, electric facilities)]

2.(R51, =) [(affiliate station(s), local satation(s))]

ﬁ ~ bl oo . .
A# w3, PHEALL 1) [UNHgata City, vvakayama City)y

Nl e
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| . classmates without shared
morpheme [K]

|. (Tom, Jerry)
2. (B EZE, (ATI1ED) [(selfculture, training)]

E—

u E= == -T—I-L - 1O
y “' ‘ JI-A _E\. <N HI- N :;’491_ 2 _U ‘ D9 » .r-" S )
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| 2. contrastive pairs without
antonymity [c]

\ ~

REF) [(romanticism, naturalism)]

siEincrastias sl e st bl s i (mobile

Tuesday, September 7, 2010
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| 3. antonymic [d] pairs

|. (375, 77f#%) [(bonding, 5. (F4t, N#E) [(tax-exclusive

disintegration)] prices, tax-inclusive prices)]

2. (! D NI PEREESS E%)[(gravel 6. ()7 Sl e s
road, pavement)] L —=F) [(front break, rear

e (EF , %’_ﬁﬁ)_(west waIIs) i )] -
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| 4. pairs with inherent temporal
order [t]

. (FEX D, HiER) 4. (BEED, ®REHM L)
[(harvesting of rice, planting of [(catnap, stay up)]

rice)] 5. (E7H, Z5) [(poaching,
2. (SR, 22IER) [(day contraband trade)]

of departure, day of arrival)] 6 T |3 |':|:'|

,\).[(surrender ot
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|5. pairs in other relation [o]

|. (R0, 78 55 8K) [(ulterior motives, possessive feeling)]

WA

E

H =4

—H
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|6. unrelated [u] pairs
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| 7. nonsensical [x] pairs

l.(b>Tfch, FBIR)
2.(ZILT v, HEIE)

‘ gt 20 ot - wd . -
s Y { J % b ot [
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| 8. unclassified [y] pairs

|. (5P, ;
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Details of the Classification Task

® |7 people were asked to perform the classification task
using the guidelines specified by the first and second
author.

® The task took nearly 3 months (= regular 2 months + extra |
month for rework).
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Rank Count Ratio (%) | Cumulative (%) Class Label
I 108, 149 36.04 36.04 classmates without common k
2 67,089 22.35 58.39 classmates with common w
3 26,113 A 67.09 synonymic pairs S
4 24,599 8.20 75.29 hypernym-hyponym pairs h
5 20,766 6.92 82.21 allographic pairs \'
6 18.950 6.31 88.52 pairs in “other” relation o
7 12,383 4.13 92.65 unrelated pairs u
8 8,092 2.70 95.34 contrastive pairs C
9 3,793 .26 96.61 pairs with temporal order t
|10 3,038 .01 97.62 antonymic pairs d
| 2,995 1.00 98.62 meronymic pairs P
12 1,855 0.62 9923 acronymic pairs a
13 725 0.24 99.48 alias pairs n
14 AR) 0.24 99.71 erroneous pairs =
|5 397 0.13 99.85 misuse pairs m
16 250 0.08 99.93 nonsensical pairs X
|7 180 0.06 99.99 quasi-erroneous pairs f
18 33 0.01 100.00 unclassified y
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Basic Results

|.Union of k and w makes 58.39% (strict condition).

2.Union of k** and s* makes 79.01% (moderate condition).
o [ ={k,w,c,d,t}is a generalized class of classmates to make 62.10%.
e s“={s ,a, n,v,e,f m} generalized class of synonymic pairs to make

1691%

.
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Further Question

® What is the (side)effect of k = 2? Did we get a
representative result!

® An informal preliminary analysis of sample 1000 palrs

<Y

A [ / O ’
(g o oy .-&‘ ‘C . ) i“ C ' AL I C F [\ y 4 e \ : ‘ G i » Y
R . '—1’ il R 4 = L 3 d 2\ g e e e s ~ - ~ e b

*7/%
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Rankwise Distribution of Types
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Summary

® Our aim was to see to what extent distributionally similar
terms can be equated with semantically similar terms
when semantic similarity is factored out.

® | oose condition with all labels except 0, u, m,x and y
make roughly 88%. Even moderate condition with k** and
5™ makes 79.01%. So, it would be safe to say that the
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Potential inconsistency

® The distinction among classes is sometimes obscure,
especially the one between p and h is hard to make in
Japanese.

® For example, is the right label for (X2, X1X) p or h?
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