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AA714, y (y>0)= 78] sepvEolar, cSim(h, t)= het t Atole] ATA FRF9 FAMdS veie, ICC-)
= 4 9l diF ARFES @t A Hogs vehlis 16 )2 Simth, t)E Airstsketl AR
™, cSim(h, t)= <F823>3} o] Aol 5= U},

84 3

max

SMRO= L Sl

IC(c)

IC(c) = —log p(c)

o714, Sub(h, t)v ATH 3 AHE he} to WE F FIES e
3 W (visiting) & w c9} ThA

QAo hol  Aole] FAME 7bE A7hE B 1w (parent node)®) Rl mel AFW F etk woh
FAAoR AWew, b % o B #He] Qi FE =B LSS AFH 49 GA4E woldt
am, B oagel AL Skl AFH FPe mwA gHols] W, I AAe AFH £3% vehh
7 o) gugel Ykl e Axsel & 4 gt

waE B ougel o AAdel BE AFH §3(0% dehlt wdolth w4F Fus, ck F 104 3
wEE AN, 7 wEx 7§39 gue 33t RES TFWT. T w=S(root node) o S

0°lth. cine 9 =E=(leaf node)olE22, & plepy)T (1/17)0]aL, IC(cyy) = -log(1/17) = 1.230°] HU}.
T OE g2, 270 =22 cpqoll doA, plen) s (4/17)0]2 2 1C(cyr) = —-log(4/17) = 0.6280] HAt}. 49

EAE OE d =ES0 AR 7] AW deek 2o

tgow, Eaol mAE wsh de AFA F¥ol mel (B Adsks whel distel MY, A% S, ¥
7 QEE hel 7 Ao e A9, s B2 MmO BE f80] cueln, B B A o
£ f30] e olv, A BeHE(x)7 19 A%, 0ol cnst e AAHE Y APEE R wmol] o

woll, cSimCh, t) = IC(c)) = 0.276°] Ark. HEZF, max IC(- )= ASA F3o we ¢ == Juzst 54
stk A o® | (= 1 X {1-(0.276/1.230)} = 0.7757} €},

Do E ThE FAF 8 hoh ¢ 29 U wAYS vehl S.olth S,E DE FRAIY) 9% Fh
82 (narrowing factor)$h 2tk 53], hsh t7h S|4 o= feigol grhd, D Gl ST AR
ek, oleld 97} ohiehe, hsh /b WHBLEZ (s ¢ Abolel Fol ALFH) bt t. AbolE Jh | AR

AR, S obd <Faassh gol 4old 5 At
7314 4

Spe = (1 + B)mh+1—hop{h,t}

o714, mhi H &5l g AL, 2, ., mh})E YERNIL, hot(h, t)E hZHE DojAde t9 &
TE YEpIH, F4% 62 6 € (0, 0, Doz AAE 4 rh. TS, he} ¢ Aol F47F A7) dAES
Well &akx oy, het t= BAV) gls Az fdsta, old wE hopth, t)E mh + 12 A3 &
ATk, o ® | D& Ates Rl tigte] Adw it



shH

°©

3= Ad

10-2020-0139995

0.052 A4

Z1Hko &

=

=

5

=

=

SN
3, 6

=
o

0.7030] #t}.

(3+142)

NS

o

HgS

o)
k=]

Alelel wel F je] F3k MEE heb 7 Fo] AL, mh
a5, m

A)
=

1

he} t9]

ke)

=
o

t)7F 28k3 748 o, Dy, = 0.775/(140.05)

2 cie®t cigel di

Le= Y (ke = tell - Dpe)?
(h,t)eE®

4714, hot t.

hop(h,

[0063]
[0064]
[0065]
[0066]

TR T
~ W R T T T
W ow O oA o émwﬂ LR T W 1
poEX wwo®2 = I I N A NG
= o SUNNTY T H_ o m By N o LAY * o W o W T Wﬁ
TE 45 TELEW paw: LhTa b Pgm 2 3 =
oo X RN T g RO I X 4 ® .gm ~ F
x R S S Tl I S % om
g X B o g BN TP o g oy B = e NB T g o B
T “ r Wy T o 1) N = mw mw wm 5 o Mw o) o R Ly T OOX
—_
<@ 9" N N oo T e ® N 4
&~ 2 S5 = ~ 1 ) B = o) -~ o}
N R oz S a2 <0 W T (S Al — - | N A
- Nk 2 ﬂvﬂor = _ T T % S oy RO D
pwEE T ECRR < I _,Homﬂwau)qﬁﬂm Tox oW g R
S o = P D E o U F W 2T = < = ﬁw LT o ol
7 —_— o — ~ — ) ~
oo o szlnm %wL - MZHLCT = o_uM %\mi T @'
— K B g ol = 2 = X H C o5 odo O HT Z,
N R OW o ~ EL .o T = = 10r# EE 0 A » o EE _ .UT =
F el W B ZF WA o~ Ww e e T e o3 _ il
- 7o B H;.a ABHIWL = ) <0 1 io M‘NF - = 1 ™ o B Ot —_ 0
o_mﬁ o y ﬂmﬁﬂlﬂormlﬂr ﬁ_ﬁﬂdl.]L m ,E.#ﬂt ,1m|, X of < q
X 0 o | .= wir o o om ° ) =
R Moy X wF ° =B o e B ) io Wax 8 )
— N £ g
EhLE pEeEl TEEfEirzc grEnz i ,OL
W T B T oo Tyaex Tz o5 i T X e
=X 5 oM . TN - Py ZEE DL A el £ oL ow
N T T 24Ty wom R n o
o - BN oo WS Hoaf = C S
S T @ LT TSy oF N o
wmhog o bl B s o~ BT oo o T
mﬂ i o° < 70 3 3 o oy oo W X T R Mn gD P = mw
B o F e Txm g BHFW Wt — s Ebw N2
mm Xogr oo 5 W AECY ‘oW He o oF g RN < Mm g R N
[ - — ] — 3 - —_ 3
TEN Y Tg 80y mdwd o X o ERFE R
5 4 7 WD & . o wor w g A
S - ! dog B = I R JCE R B o g = BxOFE g o
o K W o= o T ‘mLm_/H ° ﬂﬂo]ﬂo o ‘.Hw o JR 5 Gril m Rs) i
T o £ T %NE% G T No N s g e
= =g ¥ ol Bk, EHa T4 X - B xzs 2 23
T kT o e e T %@ﬁﬂﬁ. X oo SN EEE £ x 2
R g w Sar ey N rr B 1 wrﬂ@;eporm s % T L. : v
T oo = O o = S REF WE < A - S o KIS
3 5 Ko ST Lm oM Twdg E&.%iov "OE iggW 8 &
) N T - 0 . - —_— — )
TT N T shapPE 5T oy e o X P f B
RO X = Mﬂﬁﬂ\m tgewﬂo o B % woF o FEPE & i
< : ° oo S g T %P o)) — — B o = 4
FZER g - ﬁzalnmﬂﬂﬂgﬂxﬁﬂwhlv T S
oo 2 LtmﬁeTﬂzs a o o o o B2 7,@ X B g =
I S ZHmTES iﬂ%wo@ﬁ%w@ﬁwwﬂmﬂi -
=~ = N ~o oo ol ™ . o oS ~x ° X A d
i Moo W o i Er I %L 7o Mo £ T U Fo A %
of o2 T oo Mo W woww 5o % = @ R oy o 4
o o = I I (S = B I i o 5 %
on Mﬁm No = " X — o N o= o % — oy © o - wo T e X o
™ How AR X° 0 ol ~ T O M N A B o o - oF 70 M o
T Lol awrarT =4 Wy &N ¥ EP g = = x
i S Wﬂ@ﬂo ,mjl,JmEﬂzc = m M,N\W M
= X "I
SR N w oW eEx W .| m%
S
\O NG} %
e 2 A —
S = S 2 =
= 3 S 5
= m_ s
=2

"



[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

ZIHSd 10-2020-0139995

A7, R Aol Aol e, R Aol Aol §AE Fu A dehie], RE Al Aol f4la

A spe ww Ade yeag, wa, ANetOl v | 909 9 eqularization term) e UErATH, A3H o
2 A fAS obe] <t 73} o] AakE 4 gl
74 7
4 1
r‘SIm(Rl,Rg) =

1—|lo1 —vz2]f2

A7IA, viz Net( =)ol 93] Shsd FAF FH A Rio] 54 MBS oustar, v Net(-)oll o8] st
ReSH frAbebA] &2 F1 A9 R0 54 WEHE ov| ),
Triplet network® ©]-&3fe A9e] fFAMIS Shashy] sl A9 dolHE A Ju= mAAAL

stk B g XAAE A9 RS 339

dimension) & UERIE], s ASA @0 U 37 oﬂaw ojvd wayel i 54 2718 theban,
i
A

web hE AAst7] 98, B deeo AxE WA %9 RS Mel(index)stal, A9 Rol| &£slE 37 AEHEES

Zb 33k AElEl A @ HQ Fmel wste] AQlsty] gl WHEE 4 k. A A=, I3 AEjEl Al uhy

& T E‘r°‘”(space tili ng) Ho“”% olgd 4 ded, oy T Bdy Wl o] dg FAEH 7]&d
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(bucket) 0.2 AFEE 4= it}

Z2AM(610)= &3t AEE S A FAMS SAs: FA(600) 2 RS Ao 4 k. ), 2
A (610)= HIFE 5 7 A% wiAl(620) 0 AdE sk oo Zrages AT 4 vk, sk o
ol ZRaRES sy o] ANFE A¥ rhe WHols ¥ g don, AHSH 24¥ Tt WHols T2
A (610)el ofs] dBE = A 3 AEE L] Aq FAMIE S8 FA(600) 2 stolm olA[H Q1 Al

H3H -L”—E. 7hed A% wiAl(620)= HIFE AW 7hs W o lﬁx ﬁil% SiE, Ze Eﬂ olE] H/E=
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< 4§*1]*1(610)°ﬂ o] A8 7hedk WHole s ﬁf}f}f&ﬂ. %‘ *a’/\l@bﬂ/\i 7““51 J*Efi s ZV* gl
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=)
Ed]
R, Type Hierarchy | type sub-type
3 I Shopping
® ' : mall D Cosmetics
| : shopping mall
& : g Clothing
| shopping mall
|
: Restaurant<>
Korean
I @ restaurant
| Japanese
R1 R2 R3 | @ restaurant
& S : Cultural A
M O |1 place A c
A A M | Cinema
A : A Museum
|
| Factory O
EH2

I7m R, Spatial Knowledge Graph
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EH3

Symbol Description

mh a threshold for the max number of hops

Dy, a hierarchical type and semantic relatedness aware distance

between h and ¢

Chiz a hierarchical type aware distance between h and ¢

Sht the semantic relatedness between h and ¢

he, te the vector representations of h and ¢

Y a distancing parameter for Cp;

cSim(h, t) | the hierarchical type similarity between k and ¢

IC(-) the information content of a type

Sub(h, t) a set of types that subsumes both the types of h and ¢

p(c) probability of encountering ¢ w.r.t. a type hierarchy

hop(h, t) the number of hops that ¢ is away from h

0 a narrowing rate for Sy

Le a distance based loss function for spatial entity embedding
EH4

(0531) C4q ||

Ci11 G112

(0.276) ¢4 Yo

Ci13 G114
(1.230)

(0.385) €,

(0.753) G5 >

(0.628) €y /\ (0.929) €pp ()

.....

C221
(1.230)

Cz12 ©C213

(1.230)

C121 C122 Ca11

(1.230)

_15_




ZIHSd 10-2020-0139995

EH5

Symbol | Description
Net(-) a shared convolutional neural network
Ri/R_ a region that is similar/dissimilar to Rq
dy/d_ the Euclidean distance between the vector representations

of Rg and Ry /R_
L a ratio-based loss function for learning region similarity
é a gap parameter for £;
A a regularization parameter for £,
widg,;q | the width of a grid
lengriq | thelength of a grid
A the granularity factors for space tiling
rSim(-) | the region similarity measure
Vj the feature vector of region R; learned by Ne#(-)

EH6
600
dAH 8= Jtsdt
M & DI (620)
— T2 )
2 A A (630)
610 660
2= QIHM0I A sS4 CIHHIOIA
(640) (650)
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