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Abstract

proposed model takes high-dimensional item features and rating labels from a large number of users as input and outputs

We propose a model to visualize and analyze user preferences (degrees of liking or disliking) for items. The

item coordinates in a visually interpretable low-dimensional latent space and weight vectors (user embeddings) representing
user preference functions. To address the challenge of embedding various information into a constrained low-dimensional

latent space, we adopt a solution using Random Fourier features. In evaluation experiments using publicly available real-world

datasets, we confirmed favorable results.
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2. EAEHR

2.1 77 RXiBFE (Gaussian Processes, GP)

AN X = {xn eRPIN € RNXD 25t 3, 1y
{un}, € RN 2%, ¥ e RN, H£9MITH Kx =
(hmJﬁ@LJENWN$jEUVWN}®ﬁ7X%ﬁK%5E
Xy 3H T RBFRITHES LWV, gy~ GP(u, k) ¥ EL [3],[4].
ZIT, k(xi,x;30) R, 2D2DAN x;,x; e RP Z5IH L
72, TG R=RODH—3NVEBTHS. h—2VBEKE LT,
il 2.1¥, RBF (Radial Basis Function) 71— %/l

llxi — x;11? .
krBF(xi,xj;7,0,€) = Texp | ———————| +€6(i, J)
g

REDBHOLNE. 6@, ) 1ki=j k61, ZhBNI0 %R
THEBTH 5.
2.2 #LIRME7— 1) IHE (Random Fourier features, RFF)
HYAERICE, F-ZBN I LT, FHEEDN ONY) T
HB2EVIHEPD B, AT, ALY -V 2R E
(Random Fourier features, RFF) [5] 12 & D, FIEEZKBT 5.
xn € RPICHIET % RFF ¢, € RM 13, RO K5 12HKZN 3.

cos(w{ xp +by)
[2 | cos(w]xn +b2)
én = @(xn) = I . eRM

cos(w g xn +bar)

¢ : RP — RM % RFF ORHEH L VS . Bl 8] 1.
2SR, wn ~ N(wnl0,1p), by ~ Unif(b,,|0,27) D ¥ &=,
¢! ¢j ~ krpr(xi,xj) €785, N(xlu, 2) &, Fu, Ho8IT
H| ¥ OIEFSA, Unif(x|a, b) 1%, KM [a,b] BT 23—
i, Ip &, D ROBEN{THI%RT.

N D7 — X gk Fwizh — 3Ll f %, M {8d RFF
PHAWT, RO X5IEET 3.

N N
flxn) = Z aik(xi,xp) = Zai¢;—¢n =w ¢
=1 i=1

w=3N ai¢; € RM v B, BMLHBIEHE v ¢, T,
IR f (x) AL TV R DD EETH L. ZOFKICE
D, NXNDH—FVATHIOBEKITEZ T2 Z P TE, 5
BEZ ONM2),M < N~NE&KRT 22 e TE 3.
2.3 HURBEEEZHETTIL (Gaussian Process Latent
Variable Model, GPLVM)

AWFFE T, H v RBFEBTEZEE 7V (Gaussian Process
Latent Variable Model, GPLVM) [6]~[8] ZRX—RIZE X 5. T
DETME, IERFERT —XOBBREELIZ 2 Z e N TE 5.

B X = {x, eRP} e RVXD 2, WIS T 2B ELHE
Z={z,€eR2}eRN*Q 0 « D ¥¥5%. GPLVM &, BHllD
BT X g €RN de{l,...,D} P, U REFEGPO,Kz) 1T
WS WHERMERET NV TH .

ROMBILEEZRKILT B 22T, BEER Z 2HET 5.
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1 BEEFTLDT T T 4 HILETFILERE

L(Z) =log p(X|Z)p(Z)
o -% log |Kz| - %tr(K;xxT) - %tr(ZZT)

TA T LOFRHE X 723 TRL, 2—F—DFHHEi 7L Y 72
Y, HoERy, BEESK Z TRWT 3#0ZEF L[99~
[11] BI/BEINTWVWA. [11]1E, FT AT LNDT T ATV
55, FiRICR->TWB 2 WIEDDH 5. [9],[1011F, 75
25 RN Y ORIV, 2—H —DEIFERTEA
PHEAEEIN TV, GO L 7zva—3 -
DAABBE LN, Fiz, RO -2 X 3iHliERE,
{ERRITCBEZZRNC KM S 2 72D DETFNLORRN S, FEE L
TEF LN TWA. [12],[13] TlX, RFF 2% GPLVM 732
RINTW3., LarL, EiloRg2/8ERE, Al LT
FELTORN., KFETIE, ThoOREERIRT2ETLE
HET5.

3. BREETIL

D KTEORBRAE O N DT 4 7 1% X = {x, e ROV €
RNXD v 33, HADZ—¥F—12X 25z Y e {0,1,-1}N*H
35, -V —hickd, 7471 n0fHli%E, y,, TERT.
RO T 4 Tl (EHD Wy, =1, FHT 4 7R2EHE (&
B &y =0, RFHHE (REED Xy = -1 2T 5.

REEFNLDIF 7 4 AVEFARERE B 1IIRT. 75
T4 ANVETFTARBEEMET 3, ROF—RER T 2 %2R
ET 5.

Q={wm ~N(wn|0,Ip) }%:1 € RD*M
b ={bm ~ Unif(by, | 0,27) }*_, e RM
foreachitemn=1,2,...,N

#n = (2032, D), zn ~ N(zn|0, IQ)

foreachuser h=1,2,...,H
Jan = w;—h¢n s Wy, ~ N(wyh|0, Ing)
Ynn ~ Bern(ypnlo (fun))

for each item feature dimensiond = 1,2,...,D
Ind = Wy, bn » Wxy ~ N(wxy|0, Ipr)

Xna = id(gna)

ZZT, o(x)=1/(1+e7™), id(x) =x, Bern(x|p) IX, /X5
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Algorithm 1 #3557 L 2) X 4

1. GivenT,M, Q,Ax, Ay, n

2: Inmitialize Z, Wy, Wx, ¢

: Training

Oy ={zn € Z, wy, € Wy, wx, € Wx}
cforr=1,..., T do

©; = ADAM(0,_1; &) 1)

: end for

N R

8: return O;

X—=R0<p<l DRALX—AHHTH 5.
T—RERTa L XTI, £3, RFF OREEBR ¢ @<
SA—% Qb Bt TV, Xic, RELOHR L
2% 74T L n OBIEEIE z, € RC BSEIHb X, Fi#
B o(z0;Q,b) 12X 5T, RFF ¢, ICEHINTNE, 2—
Y= hi2iE, A wy, € RM BEDLTEN, fuh = w), én,
Unh ~ Bern(yuplo(fun) I & 2T, FHE S RADBER ST
5. 74T ARHERZ, BXTd Z8iZ, Bhwy, BEZDH
R, gna = wy, dn, Xna = id(gna) T &> T, ERSOLTNS
MEALRTRERRIC Q < 318, 74 T L DIBIEFEIE 2, DHEHH
EEHIRLo2d, FE®R o 12X > T, XhEXITHREE
e v~L b 22 (Reproducing Kernel Hilbert Space, RKHS) -
OHEFEEE 35T, HIREFEML TN, £k, Z720
W2, BRAREREHEDALOTERL, 2—F - DHEA
{wy, HL,, 747 LORMITTT L OEA {wy, Yo, L 1H#
XBBZILT, EFALORRNEEDTVS.

4. #ER7ILIUVXL

REETNVOBELEE, T2 oHRTE271LIV R
L%, Algorithm-1 1Z7RS. 4 7L —> a2 8T, RFF DT
M, BEEBOXTT Q, FEANLERE Ax, Ay, FEHE n 3HH/
WEZBZNA =T RX—XTH3. ZIX, PCA THHLT
5. Wy, Wx &, BEEE N, Iy) THRLT 3. HiMcQ=
{wm ~N(wm | 0,Ip) Y™ . b = { by ~ Unif(by | 0,27) }M|
%, B> 7Y 2L, RFF OFHHEERIE ¢(;Q, b) THEET 3.

ROEHEEE L(©),0 = { Z, Wy, Wx } %, Bt (ADAM [14])
& -T, ‘vMbT 3.

L(®) = Lx(Z,Wx) +yLy(Z,Wy)

N

Lx(Z,Wx) = Z Z(xnd gnd) +Ax Z ”wxd”2

n=1d=1
Ly(Z,Wy) =
= > AKnYnn 10g( (fan)) + (1 = yn) log(1 = o ( fun))}
n,hel

H

2

+ay D wy, 113
h=1

Lx BH—3 NV v PG, Ly BAAHA—FNBIRT 4927y
DEFICHRIGLTWS. y i, 2008 REM Ly, Lx DN
SURAETETIRBTHSB. T ={(n,h) |y #-1,Yn,h}

X, BHllEn Y OA4A VYT v 2 RERERT. ky =
Hynn | Ynn = 0V} /H Ynn | Yynn = LRI &, 2 —=F — h I
X 2 FHM O ER] - BFlORGEEZRE S 2R TH 5.

SHEITBWTIE, jax [15], optax [16] Z Wz, AJELOL(©)/60
X, HEWMO TRDI.

5. &F ffi € B%

51 7—%2tvh

NEENTWEEF—X+ v b, MIND![17], ANIME?,
BEER3[18],[19] ZM T L T, i D T — &t v b ZHEHE
L7, L0 8% 2. /. MIND =2 —2D
BIEEIE, ANIME 137 =X OF¥fi, BEER &t — L OFHHi 7 —
Xty N TH5.

WELT -2ty FOEHEHRE R1IR"T. 2% —FF
fili Y ERMNDZ K ANR=RBRTFT =K TH2BZ &, EM - &fR
NI TH B e Bbhrb

SRR IC B2 > T, A TL—a YT =2,000, AL
DRILQ =2, REFFDRIC M =128, 7T 4 <4 FDEEHR

n =0.001, ERHLERE 1x = Ay = 0.01, {EEBEEOFAEZRE
y=10 2 L7. 7m+tvH#iX, GeForce RTX 3090 (1.70 GHz,
24GB) ZHW.

5.2 A—H—FEY OFH

Hem L7 Zz 2B, AMHOY 2735282 T,
B — oD MRS & BT L 7=, BREIE Y @ 20% &, TR

MRICOHEL TS, RT3 Y XLEFEIT L.
Estge LT, voyx74 v 270k IR, $EEFL),
XGBoost (XGB, JEEETIL, YU —FK) [20], ZE —+&
Frry (MLP, U ET L, =2—51F%R), H7 RERS
e (GPC, JEHMEETN, H—F WK ZHRHALE nox
T4 v 20, ZEA-—tTuy, FvRBESHEEOER
& [21],[22] Z W7z, XGBoost i, [20] Z W 2. Ehleg
@ LR, MLP, XGB, GPC 1%, ZITHIEETOREE X 226 7 b
Hoy zF#ILTw3

*@“%#oTﬁﬁr XTH?Zr®ERLT, Fiifs
1% ROC-AUC, F1-Score ZHRH L7z, R E 7LV OKIEIL,
T=200047L—>ayHORBEZERALL. fRE &R2
IZ7RY. ROC-AUC, Fl1-Score ¥ 12, 1RRE TN BAF ks
REeRLTED, 21—V —0OFHIERY RMLTWVWEZ2H
bhb

5.3 TATLEHE X OET

ML Z 20, 74T LOREERBICL, BERNET
52T, 747 2R BEORMOEEZFHME L /2. x4 138
HE, 2hq =wy,0(z0) B THAMEZR T LT 5. BRI, T
$TAi 7 (Mean Absolute Error, MAE), ¥ S —+ > bRz
(Mean Absolute Percentage Error, MAPE) %%/ L 7-.

(1) : https://msnews.github.io/

(7#2) : https://www.kaggle.com/datasets/dbdmobile/myanimelist-dataset
(7#3) : https://cseweb.ucsd.edu/~jmcauley/datasets.html#multi_aspect
(F£4) : https:/github.com/dmlc/xgboost
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AT — &ty P OFEHER. 22—V -3l Y ONIRR ST -ty FHRRAR—ZTH S

2, BHEDHNRYSIER - AFIANIWTH L Z L 3bh 5.

Z—¥—pfHili Yy OPFER  BIEDO MR

TRty TATLAEN FHMBOITLD a—¥-¥H  #H Rl A =Vl
MIND 14,595 384 4,131 1,187,381 59,104,564 62,473 1,124,908
ANIME 10,714 384 5,000 948,851 52,621,149 257,919 690,932
BEER 24,003 384 235 24003 5616702 5414 18589

£2 22—V —iHliT~LY OFHKEE. 227 OFHE + EHERZOEATii#. ROC-AUC,
F1-Score & HITRZWVIZEY RV, BEETADNRIFLRHEREZRLTVWS.

MIND ANIME BEER
Model ROC-AUC F1-Score ROC-AUC F1-Score ROC-AUC F1-Score
LR 0.631 +0.184 0.000 + 0.000 0.636 +0.128 0.112 +0.228 0.549 + 0.201 0.067 +0.193
MLP 0.577 £ 0.171 0.046 + 0.137 0.620 +0.115 0.313 +0.232 0.545 +0.195 0.283 +0.251
XGB 0.557 £ 0.194 0.003 +0.025 0.591 +0.126 0.238 +0.236 0.531 +0.200 0.251 +0.230
GPC 0.630 = 0.191 0.000 + 0.000 0.637 +0.127 0.117 £ 0.234 0.565 + 0.184 0.077 £ 0.198
REETIL 0.674 + 0.158 0.165 + 0.120 0.726 + 0.145 0.510 + 0.158 0.554 +0.190 0.331 +0.186
ﬁ 3 %?ﬂ% X ODE%}ﬁgﬁ% 1.0 T T T T T T T T T
MIND ANIME BEER
MAE 0.191 0.194 0.193 08k |
MAPE 4.737 4.62 4.82
P S A G S S G B A ]
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X b rmovies EROPEERAERT. M XoT, ROC-AUC 1E, XIF¥Z(LL
" h 11iu51(: Ture,

kids
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X 2

100

| .
MAE = — 3" |, = £nq| .MAPE = — " |Znd —2nd
n,d

Xnd

ND ND o

HEEZR3IORT. 57—ty MIHT 5 MAE & #0.19,
MAPE 4.6 ~ 4.8% TH o7z, EMMICHHER T 5729, MIND
F—REy M olfEREn: Z % 3,000 @YY L, B
AKE#HN K2 FHotfd, &74 7253 hTw3
HT TN FROUIHIGELTW3. [AED /) — RISEFICFEET
2X51%oTHEY, TORHE X IKMENT NS Z &HH
HINC DR TE 5.

5.4 RFF OR7T M ORE

M ={2,4,8,16,32,64,128,256,512 } ¥ Z{t X+, ROC-AUC
DOEALEFANRIz. MIND F—&+t v M EHAWERE B 310K
T. BATH B, M DKR/NE, ROC-AUC IZ X IF X 8N

hofz. LoL, Bon2HRIOBFIEIRDEL S K 4.
LB, 7A T2 E5E N TV TLTEMNIT LT
Z OBAAKITH 5. NI, D22 —F =2l L7274 T 4
Of: IR, &: &affl, Rili7 4 7 203 RR) &, FEET
IRUTDEF D TH B, M ={2,8,32} 1%, 74 7 LDEBIERE
MEAEEICEFLTED, »D, 2 —F—DREFS M, F
M EI BRI, SR WS BN EE R TS, 7
A T LDOEEFEREDEERILESB D ZF/BE 0D, ROohkhi—
BRI NE SRS M =128 UED, fRELECEEL
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M =128
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K4 MIZX3HEBMCOZ(N. LED Z ORI, FEIZ—V —0OFBIFHM. M > 128 T,
Z DHEEICIE SO E, KR LPRBHSHNE LN, HREMNREREI S

M5 2—F—HDALOHMK. FRELI—F —HDIAL wy, 1T
HL, BUIRERI 2 S 2 &) v ko TG LERESRRT
EEok3iz, FRlE—Y —OBFSMIHELTVS

T, MIND 7—&Xt v : 2 oELN5DTH 5.

6.1 1—H—1B®HiAH Wy DEIHRIL
2—F—HDIAB {wy, Y| € Wy, H=4,131 OWAR %I
AR5 HECHTZ - TiE, -SNE ZHWT, M =128 0T
M, 2HTEAHIR L7, FEotik, 752280k 20 ICEE
LiRER S 9220 v Nk o TRDT 7 AXEEITHIG
LTW3. R5Ho—md, ERIORT 5%, 02o0Ef
TG LTV 3.

6.2 A—H—DUSREI>VY

Web ¥4 M EBETIHEIC, YOI BB FOI—F —
B, EOLLLWEELTWADPERLZVE WS =— A0 DH
5. Wy k27 I7ARXV Y7352 2I1I2&h, ZO=—XWZH A
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VW IEEEORE (ZORTIX6.00 TH2S. [FH—D
IS RARICHBT BEE, T rus s a0 FAGr 5.
BT I RARDTENC, REL—F —DBIFAHERRL TH 5.
K6n5, Z77ARDAN, 77 AXEOHEHZIESTZ
MWTE5,

6.3 HMaA—Y—oH

BFOBELMEICESWT, 74 T2 HE LW REYD=—
AWH 5. WA, 2 —F—HDAALBONREED S, FEM
I—Y—EMHTES. B7 T, EHOI—¥ -3 3,
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WHEE L7475 100%, RA4TRT.

Wy D OHLENREHTE 2 2 2R LT, HIXIE, B4
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7. BbHbIC

AWFFETIE, 74 TN T 22 —F —03F (GUFE - Hin
DEAEWV) AL - 9T 2-DD0EFALEREL. HE
bo7=DICBHE (<3 X00) IR N iBEZER, 74
T LADRHERZHO I —FIC X 25z WS, FERINER S
HHE RS E 2 2 WO E R, BLIRILY — ) ZRE
12& b, RKHS EOB#EY 32 Z 2 THALL 72

TATLDRHE L 2 —F—DFHl Z L%, [FRICK MBS
570 DK E ERL, BEBT AW AREC L 51
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EF -2 EHVCITHEER TV, 74T LOREEL 12—



K6 —¥%—HdAAWy DF > FurJa, okt (Z52A2FEE2ERT) 5, ¥

SV B EROL—F =23, YOXIXFETI2O0EET 2N TES.

User 1 User 2 User 3 User 4 User b
5 s o & oo
o8t s’ » g?. o :g 0 '-:~ .'
S22 [latiie "i O N 2% w. 05 ¢
Fo o AR & 8 > )
° 'a o, -~ 5 SOV ', : . C ° '
e 3 e e e °° . }.‘.'... .. ” ) 0" 8 3
RO b e . e o co o0 et e K . . . ¢ S
RS . ‘:.f""‘-;’?"v L b ) F e g 71 v
. o o B . o oe ) I 4 .o h, o ]
. A .'.- . < .® . .

X 7

Bl —H — DB 9. User | DLl —H — (User 2 ~ User 5) BRREINT W5, H#

HFOIRIZEEL L 22d, 74 T LDME « fHli R — IR L->TW\W3,

P —DFE Z v, WHEZRMUBEEEZFETETVWS
e ERMER L. ¥, BELEZ—Y—EHDIAAREH WA

Gkl

c I DFERIE R L.

KEFNVZ, W, FE, VA7, TEE, AEEHRY,
TATHIINT 32—V OFHii L WS BRTT — apERSh
%, IRRVEBRADGHASIRFTE 5.

&!I.I.

i

2

AW, R ANELSCHEAIE Tmercari R4D PhD Support
Program] OXZICE DEHEL TV T.

(1]

(2]

(3]

(4]
(31

(6]

(7]

X 23

H. Hotelling, “Analysis of a complex of statistical variables into prin-
cipal components.,” Journal of educational psychology, vol.24, no.6,
p.417, 1933.

L. van derMaaten and G. Hinton, “Visualizing data using t-sne,”
Journal of Machine Learning Research, vol.9, no.86, pp.2579-2605,
2008. http://jmlr.org/papers/v9/vandermaaten08a.html

C.K. Williams and C.E. Rasmussen, Gaussian processes for machine
learning, vol.2, MIT press Cambridge, MA, 2006.

R, RPIAE, #v 2\ e BMeEE, #wt, 2019.
A. Rahimi and B. Recht, “Random features for large-scale kernel
machines,” Proceedings of the 20th International Conference on Neu-
ral Information Processing Systems, p.1177-1184, NIPS’07, Curran
Associates Inc., Red Hook, NY, USA, 2007.

N.D. Lawrence, “Gaussian process latent variable models for visuali-
sation of high dimensional data,” Proceedings of the 16th International
Conference on Neural Information Processing Systems, p.329-336,
NIPS’03, MIT Press, Cambridge, MA, USA, 2003.

M. Titsias and N.D. Lawrence, “Bayesian gaussian process latent vari-
able model,” Proceedings of the thirteenth international conference on

[8]

[9]

[10]

(1]

[12]

[13]

(14]

[15]

[16]

artificial intelligence and statistics)MLR Workshop and Conference
Proceedings, pp.844-851 2010.

V. Lalchand, A. Ravuri, and N.D. Lawrence, “Generalised gplvm
with stochastic variational inference,” Proceedings of The 25th Inter-
national Conference on Artificial Intelligence and Statistics, eds. by
G. Camps-Valls, FJ.R. Ruiz, and 1. Valera, vol.151, pp.7841-7864,
Proceedings of Machine Learning Research, PMLR, 28-30 Mar 2022.
https://proceedings.mlr.press/v151/lalchand22a.html

MIR—%, FHERM, “HEOMREZERN Y U#EANR~RA X
BB T BB 2R M E 7L, e B T vk e E
FRIREFZE 2 (MPS), vol.2022, no.32, pp.1-6, 2022.

MIR—8, FHEARHM, “2—3F —BLFRIHIEO 72 O 72 fE
BANA T ZERBELEEE TV, ATAIRE AR 2 E K
X, volJSAI2023, pp.4L2GS403-4L2GS403, 2023.

R. Urtasun and T. Darrell, “Discriminative gaussian process latent
variable model for classification,” Proceedings of the 24th interna-
tional conference on Machine learning, pp.927-934, 2007.

G. Gundersen, M. Zhang, and B. Engelhardt, “Latent variable mod-
eling with random features,” International Conference on Artificial
Intelligence and StatisticsPMLR, pp.1333-1341 2021.

M.M. Zhang, G.W. Gundersen, and B.E. Engelhardt, “Bayesian non-
linear latent variable modeling via random fourier features,” 2023.
D.P. Kingma and J. Ba, “Adam: A method for stochastic optimiza-
tion,” 2017.

J. Bradbury, R. Frostig, P. Hawkins, M.J. Johnson, C. Leary, D.
Maclaurin, G. Necula, A. Paszke, J. VanderPlas, S. Wanderman-
Milne, and Q. Zhang, “JAX: composable transformations of
Python+NumPy programs,” 2018. http://github.com/google/jax
DeepMind, 1. Babuschkin, K. Baumli, A. Bell, S. Bhupatiraju, J.
Bruce, P. Buchlovsky, D. Budden, T. Cai, A. Clark, I. Danihelka, A.
Dedieu, C. Fantacci, J. Godwin, C. Jones, R. Hemsley, T. Hennigan,
M. Hessel, S. Hou, S. Kapturowski, T. Keck, I. Kemaev, M. King,
M. Kunesch, L. Martens, H. Merzic, V. Mikulik, T. Norman, G. Pa-
pamakarios, J. Quan, R. Ring, F. Ruiz, A. Sanchez, L. Sartran, R.

66—



F4 RTO2—F—DEEL7ZT7ATLDY X . Hi# L T news, finance 7 73V OHEELH
WS, a—H¥—zhth, BRE574T7L52HELTNS.

2—F— HFIY

ZA4 db

finance No. 1 milk company declares bankruptcy amid drop in demand
news FBI investigating killing of US women and children in Mexico
news Fast food cashier and manager fired for refusing to serve police officer
lifestyle A master suite with an "open-concept’ bathroom that has no doors or privacy is asking for $1,200/month in rent
Vel video Creepy fish with "human-like face’ found swimming in lake
news Iraq protests death toll rises to 305 with nearly 15,000 injured
news Louisville police: TARC bus, car collision results in TARC passenger’s death, two injured
news Multistate police pursuit ends on Cane Run Road
foodanddrink  Snow crab sells for record price in Japan
finance A $30,000 handbag. A disastrous wine spill. And now, a country club is suing its own waiter.
finance "Priceless’ finds that turned out to be worthless
finance No. 1 milk company declares bankruptcy amid drop in demand
travel Do you have the right to recline your airline airplane seat? No, and here’s why
finance One of America’s biggest solar panel makers quits manufacturing
User 2 news Experts crack mystery of ancient Egypt’s sacred bird mummies
travel Video shows a Boeing 737 plane carrying 196 people burst into flames just after landing at an Egyptian airport
news College gymnast dies following training accident in Connecticut
finance The cost to become a US citizen is going up 61 percent
news Missing California hiker found dead at top of glacier just weeks before baby was due
lifestyle Kendall Jenner Wore the Tiniest Dress to Go Jewelry Shopping
music Top 100 country songs of all time
finance Supreme Court refuses to block lawsuit against gun manufacturer brought by Sandy Hook families
finance One of America’s biggest solar panel makers quits manufacturing
news Fast food cashier and manager fired for refusing to serve police officer
autos Japan Wants You To Stop Buying All Its Skyline GT-Rs
User 3 health This 'new’ strain of HIV is actually a good thing
finance Dean Foods files for bankruptcy
news A rock in Omaha became an overnight attraction thanks to the cars that can’t seem to avoid it
autos These 7 sports cars crushed their horsepower ratings in our dyno tests
video Dramatic Footage Shows Plane Skidding Off Runway at O’Hare Airport in Chicago
news Mother of missing Florida girl charged; human remains found
lifestyle 18 Quiet Dogs That Don’t Bark (Too Much)
news A woman was found dead with an ax in her head. 37 years later, her husband faces charges
news Family of woman missing since 2006 refocuses search after new tip
User 4 news Nurse took in disabled teen, then tortured and killed her, police say.
news Missing California hiker found dead at top of glacier just weeks before baby was due
foodanddrink  When to Use Your Oven’s Convection Function
news Porsche launches into second story of New Jersey building, killing 2
music Broadway Star Laurel Griggs Suffered Asthma Attack Before She Died at Age 13
finance Are Stores Open on Veterans Day? Target, Aldi, Walmart and More
health 40 Restaurant Meals You Should Never Eat After 40
travel 50 must-see stops on the East Coast
sports The Geno Smith coin toss conspiracy is the dumbest thing in Seahawks’ win over 49ers
news College gymnast dies following training accident in Connecticut
User 5 news Photos of the Day
news Officials: At least 13 dead in Slovakia bus crash
foodanddrink  Thanksgiving side dishes: 11 unique recipes to try this season
sports Christian McCaftrey on pace to threaten NFL record for scrimmage yards
news 3 castaway cows swam to North Carolina’s Outer Banks to escape Hurricane Dorian
news ’One in a million’ deer captured on camera in Michigan woods

Schneider, E. Sezener, S. Spencer, S. Srinivasan, M. Stanojevi¢, W.

Stokowiec, L. Wang, G. Zhou, and F. Viola, “The DeepMind JAX



Ecosystem,” 2020. http://github.com/google-deepmind

[17] F. Wu, Y. Qiao, J.-H. Chen, C. Wu, T. Qi, J. Lian, D. Liu, X. Xie, J.
Gao, W. Wu, et al., “Mind: A large-scale dataset for news recommen-
dation,” Proceedings of the 58th annual meeting of the association for
computational linguistics, pp.3597-3606, 2020.

[18] J. McAuley, J. Leskovec, and D. Jurafsky, “Learning attitudes and
attributes from multi-aspect reviews,” 2012 IEEE 12th International
Conference on Data MiningIEEE, pp.1020-1025 2012.

[19] J.J.McAuley and J. Leskovec, “From amateurs to connoisseurs: mod-
eling the evolution of user expertise through online reviews,” Pro-
ceedings of the 22nd international conference on World Wide Web,
pp-897-908, 2013.

[20] T. Chen and C. Guestrin, “Xgboost: A scalable tree boosting sys-
tem,” Proceedings of the 22nd acm sigkdd international conference
on knowledge discovery and data mining, pp.785-794, 2016.

[21] F. Pedregosa, G. Varoquaux, A. Gramfort, V. Michel, B. Thirion, O.
Grisel, M. Blondel, P. Prettenhofer, R. Weiss, V. Dubourg, J. Van-
derplas, A. Passos, D. Cournapeau, M. Brucher, M. Perrot, and E.
Duchesnay, “Scikit-learn: Machine learning in Python,” Journal of
Machine Learning Research, vol.12, pp.2825-2830, 2011.

[22] L. Buitinck, G. Louppe, M. Blondel, F. Pedregosa, A. Mueller, O.
Grisel, V. Niculae, P. Prettenhofer, A. Gramfort, J. Grobler, R. Lay-
ton, J. VanderPlas, A. Joly, B. Holt, and G. Varoquaux, “API de-
sign for machine learning software: experiences from the scikit-learn
project,” ECML PKDD Workshop: Languages for Data Mining and
Machine Learning, pp.108-122, 2013.

[23] N.Reimers and I. Gurevych, “Sentence-BERT: Sentence embeddings
using Siamese BERT-networks,” Proceedings of the 2019 Confer-
ence on Empirical Methods in Natural Language Processing and
the 9th International Joint Conference on Natural Language Pro-
cessing (EMNLP-IICNLP), eds. by K. Inui, J. Jiang, V. Ng, and
X. Wan, pp.3982-3992, Association for Computational Linguistics,
Hong Kong, China, Nov. 2019. https://aclanthology.org/D19-1410

f 23

1. RFF OEH
k(x,y) =k(x—y) TH2 23 35. Bochner DFEH XD [5],

k== [ p(@e o
FA4 5 —DNRR el? =cosh+ising & HNT,

- /RD (@) feos (07 (x - ) +isin (07 (x - 1)} do
FEROHEDOAIZEHLT,

- [, p@eos 0T = ) do

- /R p(w)cos (@Tx - 0Ty) do

b ~ Unif(b|0,27) %A LT,

2n
=/1/ p(b)p(w)cos((w x+b)— (w"y+b))dbdw
rP Jo

—_—— —-o

@ B
HEE cos(a — B) = 2 cos(a) cos(B) — cos(a + B) ZRWT,
2n
= / / p(b)p(w){2cos(w ' x + b) cos(w "y + b)
RP Jo
—cos(w" (x +y) +2b)}dbdw

ST p(b) cos(wT (x +y) +2b)db =0 L 2B DT,

2
= / / p(b)p(w){2cos(w x + b) cos(w "y + b)}dbdw
RP JO

1 M

2 cos(wx + by) cos(wmy + bm)
1

<LW

M
= Z i cos(wLx + bm)\/ M cos(w;y +bm)

cos(w/ x +by) cos(w/y+by)

2 Cos(w;—x + b2) 2

M : M

cos(w, y + b7)

cos(w-'[‘—/[x+bM) cos(wLy+bM)

= o1 oy
k(L y) ~ by

p(w) DEDY FIT L T, AR D—F VBB k(x,y) Z3EM
TE 3. FHIX 5] 22,

2. FHMET—2tv bOEE

L@ e LT, 1) RIEZEGLITOHIER, 2) F—2—
P =X BF—7 4 T LANDFHIIHRFTDAE R L 7=,

2.1 MIND F—42t v+

=P = I LT, 74T 5nBRREN, BE (ZV v
7) LTSy, =1 (ERD, LTWRWES y,, =0 (A
B, RINTOVRVWEEE, y=-1 (RAD &Lk IE
B3 10 FL Ld 22— —D AL, 22— —FHli Yy 2
L.

FRoZMtEER-T H ND2—F—odT, 1EB L, BE
XNz hHB, =a—Zne{l,2,... N} ZHHiL:E &
=2 =K LT, title, abstract 17 LADTF A MEMELT
sentence-transformersS ¢ [23] 12T 384 XITDNZ b IVITEHLL,
TATLDRHE X 2 LT,

2.2 ANIME 7—#+tv b+

FHiiik, 1~5Tf53hTws, 4.0 EEZEH 1, Z20LL
Nzeaflor L. EFH 104U LD 22— —% H=5,000
AL, 22— —FHli ¥ ZHEEL 7.

HANDZ—% =T, 1EHDE, FHiXNL7 =X 2t
L, &7 =X ® Synopsis (BtE) & 7 4%, sentence-transformers
T 384 JTLDNY MWVIEBL, 74T L0RHEX & L.

2.3 BEER7T—2&tv

i, 1~ 10 THGIRTWS. 9.0 L ERIEM 1, Zhi
Neaflor Lk, EFD 104 EH 52— —2HHL, ¥
ZREFL 7-.

HAD2—%—OHT, 1EDEE, §FHiliXhke—LZzH
L7z, & —IZXTT 5 review 7 7 0%, 7YX LIZHEAK 10
> 7V 2L, sentence-transformers C 384 RITLD XY b
WCEHL, 74T L0RMEX 2 L.

(75) : https://github.com/UKPLab/sentence-transformers
(76) 1 &7 all-MiniLM-L6-v2 % FlI .



