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Subspace-based Set Operations on a Pre-trained Word Embedding Space
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Word embedding is a fundamental technology in natural language processing. Representation learning for words
has been progressing; however, word set operations in embedding spaces have not been defined yet, although they
are often performed on sets of words. In this study, we aim to compute representations of sets and set operations
using only pre-trained word embeddings. We focused on quantum logic and demonstrated that quantum logic can
function as a linguistic set operation in the embedding space.
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HMe—BLLAELRET 2, BREOFLDHIEE 1 0@ED,
Z0d EEzoOVWTHRR S,

TTCERDORA HEESG A % {wi, we,. ..} HiE w ITHG
T HHFERY M LE v, TRT, TIZT. BADETRIALL
WHRIITLE RETH o 7o AWK TIE, TTTHEHEE w %
HEENRT ML v, T, HEERE A = {wr, we, ...} ZHEEN
7 FADRDIFBIE D EMTRIAT 2,
(5)

Sa = S{w;,we,...} = span{vVu,; , Vu,, ...}
DI, #RBUER 22 % B TER 2R 2 PR,
EGICHTRER HIES A OWES A X, B2 Sa
DERMHZER (Sa)t TEHT 3,

Sy =(Sa)" :={u| v eSa,u-v=0} (6)

HHEE AL BOMES AUBIE 0% Sa & Sg O
ZEfE Sa + Sp THRHT 2,
Sau =Sa +Sp :={u+v|u € Sa,v S} (7)

H2HEE A L BOHEEEY ANBIE. HZ%EM Sa ¥ S
DB (RZEM) SanNSeg THRIT %,

SarB =Sa NS ={v|v&Sa,veSs}

(8)

IREREFROHE ROMHELAEL LT, HiEoEGIINT 2
IFERfR (Bl: boy € Male) &, X7 hLOEZZERICHT
5 IREEMHR (Bl vioy € Smale) THRELTE 2, L L—RH
R DOFIREFANY PV ORD BEX) OMSEEHL &
v, Bl z21E Male 2AIZE TN TWRWEEE nephew 12
LT, Vnephew o) SMale t;tﬁa:i&b\{ﬁlﬁ@:ﬁﬁbfh\fl L
TH NRERERIERV) L 2fETHXATLES, 22 TK
HETIE. RT ML v, LHEDZER Sa DA XITIHT T [0, 1]
D EHHE %R T IRBE DB 1(Sa, vw) ZEFRT S,

= max { v -vul

llwell[|lvw]]
0S, v, Fvw & Sa @ 725 GE—IE8EMA) T, HEEELA
ZERITHEENR S PAEL O T ADEERINELE 2 RIS 5 2

L REBMNCHIT 3 28BN TE 3, v, € Sa DBREREBE
31T, vy BPSa CEXRTIEHEIEZ0TH S,

u € SA} 9)

p(Sa,vw) = cosbs, 4

3.3 Subspace Johnson

EE-WEECHET 2y =M o EREEZHR
. HAZEM ECTHEAHEME Johnson (X (4) ZEH
TZ %, Johnson ZHEZFLE L LTHI "— FRE
BETHDH, MEFRFHAEMEZMFoTY 7 MITREAT
%, flZ1X A {A, boy, walks, in, the, park} & B
{The, kid, runs, in, the, square} DFEVELHE T2 2 2%
2B TNOIFFABUIZTH B HEEDOELIX {in, the} D
2QHETH 270, FLEWREEE L H»FE)E LW Johnson
TIFEBEIIE IR o T LU E S, fRRIETIIERT 22 & HFEAN
JMVOERERREE L L GEENRETRETS2 22T
V7 MNREROEREZFHTE 2, ZOHLWREZR Sub-
spaceohnson ¥ ME&,

1
TA] > vall2p(Ss, va)
acA

Subspaceohnson(A, B) =

1 (10)
+ 57 O |[vsllap(Sa, vs)
Bl /=
€

Z 2Tl Johnson IZBIFRHEE A DHFE e ¥ ANB L DE
BEZIREE n OMTREL T3,

ANB| _ Saeax(B,o)
A] A]

ZaeA :U’(SB? ’Ua)

A] (11)

ZZTx(B,a)idacBDrE1%, a ¢ BOLEITIZO
BRTHETEBTH S, B, X111 1BV Taec ARDT
a € ANBODL ZDA 1 ZIRT, HFERT bLOD /L LIITERE
DEBEEPRKMENTNEDT, ZhdERL ||[ve||20(Ss, va)
D% Johnson D3 FELEZ 5,

4. RE&
(=5

B TIRE T B U2 H D S BE - HAHED TS558
HREERBICE>TWEDh 18D, HTtrEAoM%
ERETEZ200 428D ). EEGEGOMFRERITE
300 (4.38)1 W HEITOWTERZEL THRIET 3,

4.1 HAZEE EOESREEDOEERISEE
REBHETESZH T ZER Svale (&, HEEE A Male

{king, man, ...} 2EPERT [BHEN] 20 EHRERE

HTETWE1EA S 0 ? IR EDHEERA T RARITE T



72 2: HEEE S OHRZZERNDRY bL y cos FEUE BA7 3 HD
HiZE, fdiFH U7 HEEEEE1E Male = {his, male, ...} Female =
{queen, heroine, ...}, Color = {purple, white, ...}, Fruit =

Yot SHEEREE T,

{lime, grape, ..

RINTIES HBOTERIT HBoOTEOEEHEEE

Male SMale brother-in-law,
nephews™, step-father

Male (SMale)J‘ drunken, erect, nominal

Male U Female
Color N Fruit

SMale + SFemale moms™, uncle*, boy™
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STS12 STS13 STS14 STS15 STS16 Avg.

g Avg-cos 52.1 49.6 54.6 56.1 51.4 52.8
S DynaMax 58.2  53.9 65.1 70.9 71.1 63.8
U Subspace 55.7 61.0 67.2 72.9 69.7 65.3
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>
g DynaMax 53.7 59.5 68.0 74.2 71.3 65.3
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