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e “Gaussian Process Kernels for Pattern Discovery

and Extrapolation”, Andrew Gordon Wilson, Ryan
Prescott Adams, ICML 2013.

e HUVRABETHESH—XRIL%Z. RBFO KX SIHBEIFED
77 FIWBELOZFDHEAELEICEEEET .
UIEWT%DﬁTZ\Eg%Z%;tT
— YOS BEENICEETZS (!)

K Research Organization of Information and Systems 3§&
10/81  Summer School ¥I2¥#)#2021 Lectured The Institute of Statistical Mathematics Sidl




ANRT MNLEEI—XIL (2)

o HUZXBREDH—XILELT, EMN T=0—1
EIFTICERFET S, ERHN—FRILKkD) Z2&E RS
— RBF (A7 X)) H—x%ILH Z DfpfE

o MKF—DEEICLD. ERDKT)IE
k(’T) :/ 6271‘28 T¢(d8)
RD

@ﬁ%c_%zz‘@:% (T — ) TZR)
— (s)D IR Eﬂ@‘f DO D ZEMAREE
!

KD ZEXDTHTRESD |

11/81  Summer School ¥32#)3#2021 Lecture3 The Instltute of Statlstlcal Mathematlcs ;A I



ARV KNILEENT—FRILDA X—

) | R(f) |
J& R #8022 ] s H—=xIL
(MR 1h) F—1 (BE#)
%
F—1

Gaussian process summer school 2013D &Rl
“Kernel Design” (N. Durrande) & D 5|8

K Research Organization of Information and Systems 3§&
12/81  Summer School ¥I2¥)#2021 Lectured The Institute of Statistical Mathematics &




AR NLEEI—XIL (3)
e BEDHIAN—XI
k(z,a') = exp(— 5 (« — o)/ £2)
DREKEFRIRIG. 7—UIEBRmI S &
S(s) = (2n02) /2 exp(—2n2(2s?)

— 0D I X497

¥ Research Organization of Information and Systems Sgmii
13/81  Summer School ZUIE#3#2021 Lecture3 The Institute of Statistical Mathematics &%




AR NILEBEENT—XIV (4)
o k(1) EREMEIH TCOMHERZE ¢ (s) & F MG D T,
Y(s) ICBAU TEEHV AN ZZERAD
— 0ICEAUL TR T, [EfElFZ&E X TR
O(s|p,0%) = N(s|p,o°)
S(s) = (¢(s) + ¢(—s))/ 2

o NI ANTHDERERIE. HEDEETIELTD
N—RILEHEEZ TWS I & & H

k(t|o, p) = exp(—2m20?7?) cos(2mut)

14 /81 Summer School #3E¥)3E2021 Lecture3




AR MNILEEN—=FIL (B)

e L, ChIFA—XILELT. RDER
ZZ TW3BZ &L 5 (Spectral Mixture kernel)

P
= pr cos(2mT ;L(p) exp( 227{'20’6(;9)7'3)

— J)NTA—=Fw, p. oldBEED/\A/N—=/)\TX—%
RE{L TEETES

— ARDEFIDFEZFES & T, RERAI A%
BRELTWS

¥ Research Organization of Information and Systems Sgmii
15/81  Summer School ZUIE#3#2021 Lecture3 The Institute of Statistical Mathematics &%




Airline Passenger7—7%

e 1949-1961DHEA DIMERERZHDSE., REYD8FE%
PEICE>THED DAFEDNZ T

700- =P
F—4
600 f AR NIV
' JE A\
500 =

»,

AR Matern1 —xJL
" / )
Ne— HIORAN—=FRI

wW

o

(&)
T

200¢f

Airline Passengers (Thousands

1005 ¥ ' ' ' '
1%49 1951 1958 19585 1957 1959 1961
Year
16/ 81 Summer SChOOl ,;QIE;_LI_%}E2021 LectureS Research Organization of Information and Systems Sgmii

The Institute of Statistical Mathematics &



Airline Passengerf-“ 9 (2 )

—
O

—_
o

Log Spectral Density

0

| 2T NVREH—FI
\

HOAH—=RI

||
N

o MREENL > N (—

0 005 01 015 02 025 0.3

Frequency (1/month)

w/EICIAZ. 12,6,4,37 B0

t%@%@@ﬁm%ﬁZTm%
BEDHITRAA—FIVFR)IEE > fc < DRHMEIE

Ot

HAME

fn Research Organization of Infor
17/81  Summer School ¥32#)3#2021 Lecture3 The Institute of Statistical Mathematics

mation and Systems S337Rii




wmi

""Fa‘ﬁf@fﬁﬁ’a’:iﬁﬂu

m— ()
=i {D)
. — (c)

- BEETV-UIRHBI S L,

NED S DEIZFEDE
o AR NILEEHT—XRILDE

iy

(3)

] W—XRIVDOEEE

- L

0 20 40 60 0 20 40 60
(a) (b)

20,

0 20 40 60

(0

101

0

R DOABICEKF &FFTICIET —F HIARE

e — /7 TC. BEIMEIC
gEMNMTES N TS

3 TLU->MD

BR L BED

18 /81 Summer School #3E¥)3E2021 Lecture3

arch Organization of Information and Systems 333

The Instltute of Statlstlcal Mathematlcs 2




NEIH S DEEE DER (B8)

o SEIENBIEERTEHEEOBRIILBT 5 £,
o TNERLYT ZEADES

BRT RS T—5 2y hhE SN

wmi

WS, BERUS, S B, <D & BAT

arch Organization of Information and Systems S3agii

19/81  Summer School HIE¥)3E2021 Lecture3 The Instltute of Statlstlcal Mathematlcs )|



THEFANDBRENEYIETIL

e Hofmann (1999), Blei+ (2001) [CIRZE 5

o XED "Hik) ZHEBNICHEIRI BZLHDETIL

o BINEDEIN S, AERIFRE TIHEFIC
RETHEDLNTWS

Research Org of Infor and Systems SLmil

20/81  Summer School #U2#)#22021 Lecture3 The Instltute of Statlstlcal Mathematlcs 2




“Bag of words” 7—7%

o XEDHICRIFFICIRN D EEBEICIIEBENH S
- XEDOHICIRN-“BEE"E FDHEE

[“IB3R":5, ()N 4 —
» “|T”:2, “EEAR.3
VAT L, “£57 k2,
— R4 | “75R"1)

o —fRICIF. XE=FA1=Zv ~, BE=BHT—7%
EAHAE A TOK
— . XE=A. BEE=BALCE®R

N7, Research Org of Infor :
21/81 Summer School ZUE#)#E2021 Lecture3 The Instltute of Statlstlcal Mathematlcs 'Jl



NEY JETILDOZFEZER (1) Bleir 2003)& b

The William Randolph Hearst Foundation will give 51.25 million to Lincoln Center, Metropoli-
tan Opera Co., New York Philharmonic and Juilliard School. “Our board felt that we had a
real opportunity to make a mark on the future of the performing arts with these grants an act
every bit as important as our traditional areas of support in health, medical research. education
and the social services,” Hearst Foundation President Randolph A. Hearst said Monday 1n
o the grants. Lincoln Center’s shale will be $200,000 for its new building, which
will house young artists and provide new public facilities. The Metropolitan Opera Co. and
New Y01k Philharmonic Wlll eceive 5400000 each. The Juilliard School, where music and
the performing arts are taught, will get $250.000. The Hearst Foundation, aleading supporter
of the Lincoln Center Consolidated Corporate Fund. will make 1its usual a
donation, too.
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Spectral Mixture LDA
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Spectral Mixture LDA (2)
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From Movements to Actions

Movements

Observation

1
1 N
r g

N
7

Motion 1 | Motion 2 ' Time

e Crucial for high-level recognition and planning
of actions of robots

— Planning for preparing dishes: wash->cut->boil->...

3, arch Organization of Information and Systems
37/81 Summer School #UE#)3E2021 Lecture3 The Instltute of Statlstlcal Mathematlcs Jli



Model of movements

Movements

L34

&
~

Observation

\

Motion 1 | Motion 2  Time
e Observations are continuous—> Stochastic models for
trajectories are necessary

e \We leverage the Gaussian processes

K Research Organization of Information and Systems 3§&
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Actual data of movements

=]

]V

V

ol

e Time series from two angles (knee and shoulder)
e How to induce “motion” from this data?

3% Research Organization of Infor and System
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Model using Gaussian processes

-

o/

=

] '

>

=

L

é Observed time-series sequence\ OnIy the Observation]
time

e Hidden state (motion class):  ¢; ~ Mult(c|c;—1)

e Generate trajectory: x; ~ GP(x|X,,)
e HMM, but segmentations are unknown

¥ Research Organization of Information and Systems Sgmii
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Application to Robotics

e Hidden semi-Markov model with Gaussian process
observations to model the time series of joint angles,
Forward-Backward Bayesian learning (infer “words”)

e Segmentation results using simple arm motions :

X

-/ 0 I | [ .’. ..A.l

Segmentation result

=]

¥ Research Organization of Information and Systems 3§&
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Dynamic programming MCMC

e Forward filtering:

alt][K][c] = GP(s, kklxc)zzp«:lc Jalt — k[’

e Backward sampling:

ke, ce ~ alt[Kk][c]
t—4 t—3i t—2 t—1 i

o~
I
o

/ / 7

£ / &

Ke_a, Crz ~ aft — 3][k][c] ke, ¢ ~ alt][k][c]
42/81 (kg = 2,Cps =2) (ke =3,¢c = 1) sthematies Bl




Lattice representation

BOS 1 2 3 4
Q) @ (L4 () OO0 () l

segment

p(x|3:5]|z[1:2]) ."\t.“ length

altllk} =Y p(XY; )alt—Kllj S

o SemizMarkov HMM (Murphy 02, Ostendorf 96)
— We do not know “correct path” beforehand (as HMM)

e Draw high-probabillity path via dynamic programming

K Research Organization of Information and Systems 3§&
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The first experiment

e Unsupervised segmentation of arm movements
measured by Kinect

e 2D coordinates (x,y) of the right hand
— Assume x and y are independently generated:
x ~ GP(c), y ~ GP(c)
e Motions involved:
— Move the hand to right
— Raise the hand high ol
— Raise the hand slightly

1000

500

=500}

~1009550 2500 0 500 1000

3% rch Organization of Information and Systems
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Results

» Correctly recovered the
three motions

» Learned
Gaussian
Processes:

————————————

1000

500

0

-500
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Motion segmentation

y
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e Correctly recognized Karate motions from observations
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Inferred motions (excerpt)

e Class 0: Right punch with an additional step

K Research Organization of Information and Systems 3§&
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Comparison with other methods
e GP-HSMM vs. HDP-HMM, HDP-HMM-+NPYLM

Ground truth

Proposed

HDP-HMM

HDP-HMM
NPYLM

Ground truth

Proposed

E I
HDP-HMM rror(1.cass
1 motion)

HDP-HMM
NPYLM

‘ Error
(confuse right punch
with right guard)

0 20 40 60 0o

Research Organization of Infor and Systems 3g&
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Number of Motions

e Number of hidden states (motions) can also be
estimated using hierarchical Dirichlet processes
— HDP-GP-HSMM
— “Sequence Pattern Extraction by Segmenting Time

Series Data Using GP-HSMM with Hierarchical Dirichlet
Process”, Nagano+, IROS 2018

TABLE V Ground
SEGMENTATION RESULTS FOR THE EXERCISE MOTION. truth: 11
Hamming # of estimate
distance Precision | Recall | F-measure classes /
HDP-GP-HSMM 0.31 0.38 0.95 0.55 107
HDP-HMM 0.82 0.070 1.0 0.13 14
HDP-HMM+NPYLM 0.63 0.61 1.0 0.76 26
BP-HMM 0.23 0.25 1.0 0.40 18
Autoplait 0.61 0.67 0.18 0.28 5
49/ 81 Summer SChOOl ,;QIE¢%}E2021 LectureS Research Organization of Information and Systems 3§&
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Number of Motions (2)

e \We leveraged infinite HMM (Beal+ 2001, Teh+ 2006)
with our semi-Markov structure

® Since the state space is infinite-dimensional,
also used a Beam sampling (van Gael+2007)
for slice sampling+dynamic programming

— Internally,using a stick-breaking representation
for possibly infinite state spaces

¥ Research Organization of Infor and System
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High-dimensional regime

e Actually, robot movements are quite high-
dimensional

— In our case, # of joint angles = 93
— Cannot apply the method to whole data

High dimensional time-series data : S
A

Observed value

¥ Research Organization of Information and Systems 3§&
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Strategy (to appear at IROS 2019)

e Solution: dimensionality reduction
e Linear PCA - NG

e GPLVM (Gaussian process LVM) = OK, but
inference is not stable

- =

e Using VAE as a surrogate of GPLVM

")
&

Fig. 3. Variational autoencoder (VAE) to obtain the latent low-dimensional

representation z; of observed time series ;.
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Simultaneous optimization

Observed sequence: §
Initial parameters: ue(i) = 0,Z.(i)) = e

Mean: u. (i)

Variance: Z¢ (i) | Convert s to latent variable sequence s
by VAE using u.(i) and 2. (i) as prior

Latent variable sequence: s

- Divide s 1nto segments Z,, Z,, -+ by
HDP-GP-HSMM
- Update parameters u. (i), 2. (i)

N—

Segmentation runs in
the latent space

Segments: Z,,Z 4, "
Classes: ¢g, €y,

Research Organization of Information and Systems 3§&
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Note

e In this case, each cluster (=motion) has its own
VAE for compression

— VAE priors are different for each cluster

2.0 2.0
1.5 A 1.5 4
N(z)0,e)
10 o 10 B
= ] N(z|p (i), Zc(i))
N 0.0 0.0 1 /
~0.5 - i—1 0.5 - F=1
x X X g x x X X X
-1.0 4 x . -1.0 4 x .
15 i=2 1 i {2 ¢
-2.0 T T T T T T T -2.0 T T Y T T T
-2.0 -1 -1.0 -0.5 0.0 05 1.0 1.5 2.0 -2.0 -1.5 —1.0 -0.5 0.0 0.5 1.0 1.5 2.0
z1 z1
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Graphical model

e \We observe only s (high-dimensional time series)

4 <;> Hierarchical Dirichlet
- process-variational

77—’@* : autoencoder-Gaussian
oo

process-hidden semi-
Markov model
(Long!)

0.9

HVGH

Observation

arch Organization of Information and Systems 333
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Experiments

e Dance exercises which include four and seven
unit motions (labels are not used in learning)

T 7oy

X 4: Four unlt motlons included in the chlcken dance: (a)
beaks, (b) wings, (c) tail feathers, and (d) claps.

LA

) (d)

oA

2] 5: Seven unit motions included in the exercise motionl:
(a) jumping jack, (b) twist, (c¢) arm circle, (d) bend over,
(e) knee raise, (f) squatting, and (g) jogging

Research Organization of Information and Systems 5
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2

esults (1)

e Exercise containing four unit motions:

7 1: Segmentation results for the chicken dance.

Hamming # of estimated
distance Precision | Recall | F-measure classes
HVGH 0.23 0.86 0.86 0.86 4
VAE+HDP-GP-HSMM 0.31 1.0 0.71 0.83 4
VAE+HDP-HMM 0.74 0.15 1.0 0.26 11
VAE+
HDP-HMM+NPYLM 0.48 1.0 0.86 0.92 7
VAE+BP-HMM 0.34 1.0 0.86 0.92 3
VAE+Autoplait 0.66 0.0 0.0 0.0 1

T~

VAE as a preprocessing
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Results (2)

e EXxercise containing seven unit motions:

#* 2: Segmentation results for the exercise motion.

Hamming # of estimated
distance | Precision | Recall | F-measure classes
HVGH 0.16 0.66 0.93 0.75 11
VAE+HDP-GP-HSMM 0.24 0.53 0.93 0.67 12
VAE+HDP-HMM 0.75 0.05 1.0 0.09 10
VAE+
HDP-HMM-+NPYLM 0.61 0.30 1.0 0.45 28
VAE+BP-HMM 0.58 0.29 0.97 0.44 7
VAE+Autoplait 0.76 0.0 0.0 0.0 2

T~

VAE as a preprocessing
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Estimated latent space in VAE

3 3 3
») 2] 2 ‘>
9.". ..o'
1 o€ . 1 :‘ 1 % .
1 a
- %%
z\(;’O i * tS’O *;‘ t\t?O i’.ﬁ.‘..
(] . e w
. ¢ Iy
-14 '.:} 1 .. B | s
-2 :‘ -2+ & 22
3 “ 3
3 2 1 0 1 2 3 -3 2 1 0 1 2 3 3 2 1 0 1 2
Z1 Z1 Z9

e \When VAE is separately learned for compression
e Motions (in color) are mixed and not separated

Research Organization of Information and Systems 3§&
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Estimated latent space in VAE (2)

3 3 3
i g | 2 > 2] 3
1 - \’-' .x."
| 9 ‘: 1 o % =iz 1 1 “D. 3 a
PR SN i v A - e
No m!‘?iﬁ"? & o . ..‘ \ o “'.
N V- ° . . N 0 = ¢ . N 0 o ~ \
-11 1 2 |
3
-2 2 2
3 e . 3
3 3. 1 0 1 2 3 -3 2 1 0 1 2 3 3 2 1 0 1 2
Z Zy Zy

e \When simultaneously learned in HVGH
e Motions (in color) are clearly separated
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Zoology and Brain science (Marmoset)

class06
type
floor
wall
£
8 3]
= 4
QNJ
Il
o) .—E—_Lw b [—7
S
9 N ™ w o < - g e
class
C
floor wall
| B 3 L} LI
o L B " 3 "
N =n» 3 =
A & Freq
o R e - L R =2 n 025
% 8- a @ oa o | 050
B . -. .075
B E " = BN - s

e Can recognize ape’s motions completely automatically
e joint work with Koki Mimura (NCAP), JSAI 2019

Research Organization of Information and Systems il
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(3) Nonparametric Bayesian
Deep Visualization

(7Y FR N HR)E DEREFZ, IBISML 43 (2021) THRERE)

62/ 80




T — % AIRAL

ERITT — 5 Z2RITFE T2 IE3RTTICE# L T8k
— T—IRZORIDATY TEULT, fk#AE UTARAX

a0 [vi 12 | Yo

1 ,
z -

o TR HT(PCA) TIEIRFEN B % IR ZIATIZ
IEZ SN WIERE LA ERIZE N Z L)
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NPDV: NP Bayesian Deep Visualization

[ Y € RVXD ] o V-X, X -V \D
— i % BRI
Mapping ! Dimension Reduction  E W1 L
with L layers —— : — via NN-iWMM _
o units NN — Ol (proposed in this paper) @ Y- \—>X - NN-IWMM
170 BIE(C
wnoom —L_XeR™ J| ] —a—7ILxRY bk
| | Vel Y
(ver™s) t-SNEI(C & 5 A48

1t
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MR — =7 )L (IWMM)

2
op

>

~N

L
=2

: N %%
Y { f o i)
li"- . i & oo

- § aa

\ F.° 0% o

80 \ 00000%,
L GP o o
g o o >

(lwata+ 2013)
£ D5

Latent space X Observed space Y

o BIEZERTCOERBEE NIV A>T Xi@
gL REAZ 1

o BT —YYDARITH Y, H.
ILZE S T=GPICHRES Yy ~ GP(u, Kx)

/l

X

BEEZREXTOH—X
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NNGPAH—XI)ILEZa2—FI)LFR Y
e 1EDZ1—ZJIXYMNT. ANZ2 ET B

® |E

J=[D)pA 1( ) (&
_b1+z Lol 2 <b0+Z k:vk)
N, 1| pt A 3

Wl Wffy NN(Ovaw/Nf)
N1 7 RA1E

. b’

0 bf NN(070b>
W SRET 2
NQ h
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NNGPAO—XILEZa2—FILXY & (2)
_b1_|_ZW21] } <50+Z k,azk>

S W EINA 7 R b5 [FHILGRD T, HAl i?iE_Lfok

HERZHON T, RMEREEENS ERDMHIC
LG0T plz1(x), 2 (x), -, 25, (2))

— g E= /]

%%QELﬁ\EuﬁD - HI R IEFE

— I XN SHEHS MO
— HEUE

\

Ilmll

I’I

K (z,2") = E 2 (2) 7 (')

= 03, + 0, B [z (2)2; (2")] = o3, + 07,C(, 7)
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NNGPAO—XILEZa2—FILX Y & (3)
ozlﬁﬁwﬁﬁ%*ﬁﬁﬁzL@EtﬁE?%t

_w+§jzjj r(2) = (=7 (@)

o A0, B
K'(z,2') = E [ ()2 («')

1 1

=o0; + o2 E e ap(0, k1) (o2 (2) (2 (2))]

— COEFEIE. (1) AU XEREIE (2) HERTMLTIE
ICETE T 5D, (3) ReLUR ERFFEDDIC DWW T,
BITRIC KD 5N 3.
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NNGPAH—XIL&EZa—ZFILXR Y

e PpH'ReLUD & = (Cho&Saul 2009, Lee+ 2017)

o2
Kz,2') =0l + =X ; \/Kﬁ W, o) K1 (2, o)
T
< (sim 0%} + (m— 00) cos 04}

0t , = cos ! K'(z, o)
o Vv E (z, ) K (! 2
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NN-iIWMM®D ALK E T )L

@ BT TI AN Wil °°/rb|:|7]'7X:ET)|/
’Z‘ 75757'_ & ( \

4 B WY & w

X = {x;} o
- e

o X &N—FILEHO @ & @
INTAX—5 0,0y @/ N 0 @ @
h\bNNGij/_ X E i ~

T51| KNN Z R @/:(:5 Q\NNGP ’

, x v
® EE//\_HI_ Yjé/ATEd — LE oo 1= ~kNN
O EICNNGPHOY S
ol OS2 —#. 1y NEDEENTELR
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t-SNE & DS

/ SS] -
o BE [ Yer™
0000 .--
Mapping l
with L layers —— :
o0 units NN |
0000 .-
Modeling | N
withr ot L X €RMQ ]
[V c RNXS]

HIIEDES2DDE

=5 )L % LW

Dimension Reduction
— via NN-1IWMM

(proposed in this paper)

Visualization
[ viat-SNE

ICHHATOE S H?
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o RegBayes | ERDHNOHINZERURA XET
IV ETE (. Zhut, 2014)

<

SNE & Dt 5 RegBayes

=122 p@)Y)  RDEBE LEREDERE & —3
(A. Zellner, 1988)

=

~

min

KL(O)[p(®)] ~ [ @) logp(¥Ie)do (@ parameter
q(0) -

SO

P : probability distribution
| s.t. q(0) €

v

;11(11011) KL[q(8)||p(8)] — / (0) logp(Y'|0)do R(0,Y) : Regularization term

- M EBERZ cREDM ¢ (0) x

B.L:
\

p(Y'|0)p(0) exp(—AR(6,Y))
0, Y D[RR 20 [C A
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NPDV®DE At

e NPDVOD[EIFRF72 11 (¢*(@) & NN-IWMM, t-SNED
XJ Iit)
q"(6)  p(Y|0)p(8) exp(—AR(6,Y))
, NN-iIWMM t-SNE
2% D BE{EH
])(Y, X, z, {mk?kaWk}?;l|V) ]

x p(Y|X)p(X |z, {mr, "k, 7k } he1)P(2|{7k } k=1) /— NN-iWMM
X p({muk e=1)P({Tk }r=1)P({ Tk }=1) _
x exp(—AKL[p™ ||p"]) X, VREI® t-SNED X MR

— AIf{ERIRE V. NNGPAO—XRILD o, oy ISFEFERRAR
INTAX—%

— A FHBINT A =5 % RIFFFR TIE A=ND TEZE
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NPDVDEE
o BINEIM : ZNDH Q EE S RED TR

L =Eyx)|logp(Y[X)] — Eyx)[log ¢(X)]

p(X < {mkarkaﬂ-k}k 1)
+ Eq(x,2,m, lo
Q(Xa ’ 3 d)) g ( {mka Rk}k) )

—51—|—£2—)\R—|— H(q ( )

(*) Gauss Entropy

— AE,(x)[KL[p*[|p"]]

— Re-parametrization trick % & 9 T q(®n) = N(2n|pn, Sn)
75\5157553[1*&75:’:}3?[/ Mz T )L OEE
LU e, BELEAN—XATEE
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= e =/ L
7<1%9_i aX AL

e 7 XA NF—%:20newsgroups (%E:Z). Livedoor
—a21—X—/CR (HAEE)
— 20newsgroups: Internet®USENETH 5 BX > T /-

20D —RTIN—TDT7F X .
1800025

— Livedoor: Livedoor—2—XDTFF AN, 9473V,
730053

o tf.idf CHIALIE, 1,000°RJTICHERME L THSH2RITIC
CIE:ZA ¢

e t-SNE (Maaten+ 2009), Deep K-means (Phard+ 2020)
s %
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EERFE R (20newsgroups: EE)
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($5(CDeep k-means)

RRDIEE)

iEEE  Deep k-means GPLVM t-SNE t-SNE-GPLVM REFZE (RED=ES)

k=10 0.383 0.527 0.559 0.593 * 0.599 (+0.6%)
k=20 0.347 0496 0.512 0.529 * 0.552 (+ 2.3%)
k=30 0.330 0.487 0.492 0.500 * 0.529 (+ 2.9%)

fFEELD HHRMEICT 5 R 5 — % BT EE

Bx AR X Z RO K
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NPDV

GPLVM

=ER 5 R (Livedoor:

Deep K-means

’777\’90),}:51'; D"J‘BL\ X

X : DSAA-NBEWNA-N—3vTS

TEEDEBE (KF  &5RE. " RROBE)
¥ Deep k-means t-SNE-GPLVM t-SNE GPLVM REFZE (RED=ES)
k=10 0755 0793 | 0793 0809 * 0.844 (+ 3.5%)
k=20 0.746 0.767 0.767 0.798~* 0.822 (+ 2.4%)
k=30 0.742 0.747 0.747 0.790* 0.809 (+ 1.9%)
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