CyOF-FholINCERG M EIRE L LERTSN ?

H5ak TR &

)

#J: ﬁE Vo4 - Fob, @ ZXBEB. V¥VL - JVED, 7TF0SVY - FeINI, PLYY - 07, IV - F47 - €I,
N AN ES 1‘% O B, 41773 - w7, Bl @#@Nh EARE EF—.
aboraton N EiE | PR XK. 235 - YavqvF RE FRLG IAD - FI-0 BLAY - VI

NOUE

EATGHRZE?ADDLHS?

HES I\ 2 — 2585 FiC LTEMEE O EAR D EHVIRS TOE I H AFEDOH L - RIVPERE VS TEERIB LI T RO DOWVWTWE
B A SATDL DR ENERETA— T 72— 227 (FRBEE) DL OE/N\2—VFBIINIILE Y A, s S H#Eamldat - FEEN LSBT
U A:U%‘%\AI@%fE@?'L (IS E T AR O LTI SMAIEERE LI HEREE Z1—J b3y FFEOEMFE LOMmEZHEL

GPU%‘:J% W RS E % BVHSImE1 L

GPUDMSETREED 2R WS I LT, . HBBHANSBHULVWEIC.ZWTEEWBE HE
E/-\fﬂiﬁnmam 797/3/ SAT (7 EESH.SNFEEEONDSBRNBEHEE F S
BIBEME R EE) 128 A T408E . : MESTUFRVWET R EKUIEW TFLEEELLKEZL
\%J@_ T BIENTEET WeWSZo0BEHDEE LW EORD
L_l;@_%g_;( EF)LeE. S5V /o WLV ESTUEWVWEX T CDELDIC.EHOBHIEF
DRIV 1—Y VT REDRE RS I p— Z#LU.ARICETOENZHIET RDELVR

MO .EOEZRAIRENEVWSHEHBENELFTT,

BB BRI DIEICDBNDET,

J—IE rTEDHEDRVD & WS % A FR Tl W5 TCSATH A =
e@@@ GPGPUIC & 25T ETEE T 5 FECTZILTIYUXLEZFEFELEUL
" t_oc_d)ﬁ)I/ZI'JXAL j< IV e

SATY )L\, BatSATE £ L % MR RN RE L
L = - BatSATIZGPU L TEI< & L@“/\écb\j%d%zititv
i =8> MaxSATY JL/N NEETWBIEFTMNSEE N T
% \,\i'é'oc_@MaxSAT‘/)l//\ ZREDEVWF—LAERET S
[ZGPGPUE(ES T &I k> T, E_ M KEODEFRASHELICWS
HTDMaxSATVILINK D (EL % IREED /DI WF—LAEZIRET S
TENTEEXT LS \HEZ@HM M ZDESBIRRTOEERRE
Z D EIEMaxSATY )L/ T LA HFEICOWTHFEE L TWET,

UL SSATHRIEZ R EE T,

BRIREIZ Db DFEH
HR DILTE: LFIT (BFERASOFE)IHIREER IS Z0ER T \ 200 Ve s - Zf:

smem TR BRI EFEITBHDFEETI.EBLLIL-ILE

EEBRRY e | NLP (FEFRIE T OV L) cRanETNPERVT,
% HEORERMEZRB LD, FHIICHEZXILLFITORE
—Attractor__ £HE LT RENFRE 1 — SRy NT— &R

loo 11, 12, ) ()( ...... ) I FIENMRESNTVET,
Ve;tor r=(:]0, r=i1,m r=k—i1, r=ik, r=iif+1, ri=k+2,~-~ }’L:\ JlC (. D/_I_\\/ I\O)'ITEJJ %%\ ifﬁ?%']ﬁl]*‘/ NJO—2J®d
Input: pail.'s of interpretations of the form (I, 1,,,) € 2f#8x 2HB :Ei'_‘} b{B)@\ ,L,\%U)r%@%/,‘u#b\% NFES,

Output: logic program P such that I,,, = Tp(l,) for any (I, I; 1)

FAFS588} ZOMEDIE TR GBEDH DY AT LDZBD, EHET ! {"5"' 2 T

DFE EENIVRATLDZEGRENHDXT,

g < 5 N ZxgNANx11 \NT19
T7 < Toa N\ T N\ X7

g < g NT7ANTIANT10 N\ T

e JRQE 257 /34 AEREED S DRIEITENE T ML L HER

M ECHEREG ST/ 1 ARBATOT L EREBAERIC KD REEE (LR ROB TOEFRENSBB SN TVWE T RE LT/ 1 A2 B <R
BRI EDLSICHESNATLLOD 2B U RBICHE T 2 REREETILIZATLLON? ET )L 2R E S 5 FRAPHARIX I TLU &

\r/ S?ENSZHFILTELHDTLL
FEEOEADT RIS DY A0 C cL
e SRR ERIRRRERRR] 555 DN E T 1R NN SR A DIR % ﬂ ~
1 %‘[ﬁﬁgj‘,//) P, CAKXN I/ nH o n07 n013
insa 11900.7 WNT  -2BES LR 5L m . . l ! . E ‘ ﬂ ' . ' ’. - . ! J SOTLY:  SHOTIE  -MM0MME 43703 5216 / \ — — O o
— T T T ﬁ 3- H n . Wi R . m E'i ! T TR TR b n%—( lJ * j b\ ? $ﬁﬁ I;'B _C\Li Z j
16837 13E0E  AMIST M43 4518 <3518 ST63031  MEITRE  TRGRAT  BETTR  -BREAE  EITELE
a4 10039.1 M6 1601 6303 LY - . . ! ! . !‘ - “ . E . I ! ? A7308.2 5755 IBEA 7as3 $.'-I%.8-E ML -
Ii{.’ll?.:l l:l}?i'.:l 3!9‘53.! .’33‘-16: :ijmi ‘!.2334 -6]\.?0!.; 42‘!5-!.1 6&563 ; 1] L\.\?&S? :l‘i:i?i _- /r’r- -~ —_—
Ere e I HH e bf«-*?kjb CEADICH[A—V7
e LR LT LY | SR \ A
oo s e s s M EE ! BERS AN EEEE o e o o e o AV c_%r— b%%ﬁ El'j @\*%H E}M %
EESELN T TE L TR S e s < . B all e
D G DINT WS AN SHEW AT I AL NS e A ORIS oWs T 4G 4N WA G G S TEZ_T (& nﬂﬁ J & L—-s(j. L/ Y2¢%Y o O
8433, 1FRST  -HITSS  -T0MSE -1ESRE LG -I0OTRD -LGMAT  -213MAS -232133 102108 -H3I0A GhlA2  -1B1M 310882 -ROTRMME  REIRSA (1B -BIDBAY  -16E300 I -E n ﬂm
SR LIE ZILRYRNT—7, 01
= l:ln e — 1 / {?}, i
w A _ _cad/ /4 = ! " y,
S ) id0019_¢792 | id0028_c806 ), id0037_c819 H# % §IJ %‘éﬁ% ?E ﬁ .'J 0) A %I:I ?i TI-I- ] % l_ ﬁﬂ 3 A '(;i
id0020_c793 id0029_e808 id0038_c820 — [~ 3 - ' g
id0003_c550 ) id0UTecZ65 ) id0021_c794 ) id0030_cB0S ). id0039_cB21 Ebjxg J -~ 7 Lj_( L \ i -a— *EH ,# % %g— tl::_l—_-l__, %& ? .
id0004_c563 ) id0013_c775 ~~kd0022_c796 ), id0031_cB10 ), id0040_c822 o) 10N/ L, 1 |
id0005_c570 id0014_c776 id0023ed98 id0032_c811 id0041_c823 %ﬂo ﬁ‘ nﬂ-‘
/ 10006 €629 1 10015 €779 I 100024 799 1. 00033 cB12 1. 1d0042 caz4 \ =) % /J \ a J —_— 9 / / ] / 2 7‘:)\ b j( m\ ,‘_
7o — — nl4 - n05
AEEE NN AT e ZEETETILZHETEL, fHPiRAI= o i °
He LT L E, B
llll Illl llll fe LT LET e
— _ -0 P ‘
77 A%No.2IC 1R
AN ] . *
i llll llll llll
SEY
/ j n nl2
| | . | o o
o "/ x10
o

Email: inoue@nii.ac.jp

N I EigH L =B %% /ENEREMER BHRETVVVTIVAER




How to extract important knowledge from big data and use it for inference?

Knowledge Representation and Learning

Kat s u m i I N o u e Sophie Tourret; Kotaro Okazaki; Maxime Clement; Abderrahmane Chaabani; Alexis Robbes;
NOUE O Nguyén Pinh, Hién; Hitomi Komata; Junya Yamaguchi; Yin Jun Phua; Kensuke Kikuchi; Junichi Sakuma;
bl P i,\?f Taisuke Sato; Tenda Okimoto; Nicolas Schwind; Chiaki Sakama; Tony Ribeiro; Morgan Magnin

Research Topic and Target

There have been major breakthroughs in the machine learning research field, particularly around pattern recognition. However higher level tasks such as knowledge
extraction and representation, logical inference have not been advancing as much. Symbolic reasoning such as SAT and deep learning techniques such as those used
in pattern recognition can be integrated together. Symbolic reasoning is complementary to recognition and learning, and is essential towards realizing strong Al. In
our research, we attempt to combine symbolic Al techniques such as knowledge representation, with machine learning techniques such as neural networks.

Multi-Objective Constraint

Highly Parallel Computing with GPU Optimization

By using GPUtosolve SAT (Boolean Sat- In real life, we are often confronted with problems which have multi-
isfiability Problem), perform logical : ple solutions with different trade-offs. For example, when
inference and abduction, we hope to utilize travelling from one place to another, we can often choose between
the highly parallel nature of GPU to speed ' i a route which is faster but more expensive, or another route which is
up the “thinking” of Al. This has the im- slower but cheaper. Deciding which route to take often depends on
plication of being able to speed up the time our current financial situation and the time available.
it takes to solve certain real world problem:s, p— Py
such as model checking, planning, schedul- s We can also consider an emergency situation, in which we
ing and many more. _ : have to form a
Boolean Variable Evaluate branches by solving In this research, we have developed rescqe team.
@@G@ sub-problems parallelly on GPU an algorithm to parallelize SAT solv- We might have to
Batch . | led BatSAT h choose between
[OC ing. A SAT.so ver called ba as forming a team
also lgeen |mplemen’Fed based on j‘h's that can work well together, butistoo faraway from the
ool o 1o i .algorlthm. Ba.tSAT rellesgnanorlglqal emergency site, or forming a team that doesn’t work
j \ implementation of a weighted partial well together, but is situated near the emergency site.
MaxSAT solver that runs on GPU. Additionally, we might have to consider a situation in
CAC CAC This MaxSAT solver performs bet- which even in the event of losing a team member, the
ter than the current state-of-the-art team as a whole still has to be functional.

MaxSAT solvers. This is used to speed
up the branching heuristc in BatSAT.

Learning from Interpretation Transition

LFITisatechniqueforlearning transition rulesjust by observ-

\g Extensions: ing the environment. A normal logic program is constructed
' * delays (k-Markov system) | tg explain the behavior of the environment. This normal logic pro-
* multi-valued variables . .
Internal e Actidn gram can then be used to explain the relationship between the
* nondeterministic . ol oo .
state srobabilistic transitions variables, or can be used to perform predictions. Multiple approach-
_—Atiractor < es have been developed, including logical methods and neural net-
1 1\ /1\ /1
I I ] 1 X2 0 1 1 0 0 0 WOFkS.
041,42 » 10 3(,:3=0 ol 1 1 1 L
Tlmg;izrles w) \o/\u J\/\i/\i/) ) Such techniques can be applied to motion learning for robots,
Vector t=0, t=1,:-- t=k—1,t=k t=k+1, t=k+2,--- o o o .
IMput_pairs.of INoTpretations oF e form(, I..;) € 258 x 27F modelling gene regulatory networks, and also predicting if a
Output: logic program P such thatl;,; = Tp(It) for any (I, I;4+1) patient will become sick if exposed to certain viruses. :(;6 <— —|aj5 /\ —|:L'9 /\ '/1’.11 /\ 3312

Dynamic Environments

74— T4 N\ xg \Nx7

- T , _ Recent extensions has also been made to deal with systems with con-
» Inoue, K., Ribeiro, T., Sakama, C.: “Learning from Interpretation Transition”,
g < g N7 NI NT190 N\ 1]

Machine Learning, 94(1):51-79, 2014. tinuous values, systems that contains delays or even systems that are
asynchronous.

Modelling Trans-Device Content Experience and
Knowledge Development for Detection of TV Audience

Hisl Bl Many people no longer watch television at fixed times. This research focuses on obtaining consumer characteristics across multiple mediums and devices, at-
i » tempting to construct a model that could explain consumer behaviors. By answering what the rules and functions that drive consumer behaviors are, whether
- these can be encoded into knowledge base, and whether this knowledge can lead to the discovery of unknown behavior patterns, the television industry might
| be able to devise more effective con- 207 n013
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Contact: Professor KATSUMI INOUE, Principles of Informatics Research Division
Email: inoue@nii.ac.jp
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