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EARE - BEXEHIE Ruslan Salakhutdino: 355 E1iRFA
REFEIER

B BFEX /NS

EE_RERAS" 2SI #, Ruslan Salakhutdinov 85 Z= 7T /A (Incorporating Domain Knowledge
into Deep Learning Models) (FIUEFIRRINREZEIEEY) kS,

Ruslan Salakhutdinov, RRAEBEXRFZHR, MEXRUNBLZIAREE, BREENRERRSE,
ITEMROBAREZ IWRERBMAMEML, P Geoffrey Hinton, Z5#. REREEFERF T
ERIREE. ftbT 2000 FRESMESKRENELZM, BENEREEIAZFRT MEMENELEHR.
2016 &, NRRFAEBEKRY, BFRERFAALERLER, AMAERATEEARRLE. B
Ruslan ERITARFARILX 300 Z/F, BREFITEFR—NAENER, TBOMRG@A: EFIRA.
TR, EERR. ESER. SMHRKRENEGRD.

Ruslan i\, 2AFAIA AIBEEZAUERRZEE, EX2HEGRZEMREMME, EED XA

1. BRIESERS T
2. NTEEE: RRBRAFESIMZH
3 BOUAIRRMA R REF SRR R

4 BES. HUEES, AUEET]
AR, Rusian EBHENTRASE T 0ENE DAES . BTSSR, FMHTOREABITMR,

—. BEUSAIRE A BREF S HEE
B, Ruslan AEMEIRNT —NEEERRNGIF, WTE, NMRRIMMIERZBFNTXNEE: BRI,
DB LE T8 IR 7 25 AT LA RS A 2K IR? B EA =% MERS-CoV. SARS-CoV AR Covid-19, BEEZE X ElER,
BT MM ZIRETHERE SMENFIREFIZRIZR, ERNFELMNZE, XB2—DXTEMEE
REmSAENEWEE, TILHIARLRFMZNEBHRERZX MM, RINKELMBANNARSZE)
RERISAE X AITUE IR, B2 Ruslan ZARIHEEHRIX 1T

Domain Knowledge,

Which Coronaviruses Question Answer MERS-CoV,
are known to infect —— —_— SARS-CoV,
people? Covid-19

10 MLERIRAE R ARILAZK?
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PMIREREERDBZFEEEN, THERMNAENIWSSPRFTENRIRIIRENFE, HINE
BIp, AIVTHNENBREELRD, KENTFAIRRIFEFEN: BNFEMRGNPREERS, FAT
BNORN—LEEERGER G B, RMNBFEMEMERSE, FIUIECEER. GPS. IMU FHIKELHIE,
FMEEGNHHEE. ER, WE—EXBNENEREAFESTTINMIRZIE, EFOE LRE1S
REMEE, bFEZNTIIRZE, MTE 2, FHit, WEAKERXNEE. WELIERNZEX
Z, WARXMHEXAMRARE, EEREMRMITERBIEIFESENSGEERIRE, —EFZIHN
REHEL

Key C h d | Ie n geS Text Ontologies Tables
O O
===
l Dum.u;u
Knowle
© Heterogeneous Data < ’
omaye __, %70y | e
) people? | - o o
O Reasoning ®
TrE;-:mc_; T
O Weak Supervision
Inputs Outputs

IR EXXHRIREIRC KA BRZAEMGE, Ruslan HENDZETEHAR—MAR S @—EREIREM
XALEENHERIABREERS WE 3. B, HMNTRARNTEM T LEBRIZONREE: FBUIEINR
FREE,

o FRUE, ARGEEZFERFNHZ2ARENNEBIHAK, BEELTMRRE T —SERMANEL., Bl
BT 1993 EMEB BT HMRATEEELREF AR START R4A. FRBAMEEERS, EIRBETANIRE
MEENKRERAR, SHAFPRENEEH#ITENNERERNRS., IRAFRENBBERSIIRESR,
NEFREIEBER. Rz, MRAFPRETEBERSGMIRENRR, WRSEESTRIMOXEE, i\
TR ZRRXBIFF[IMEXEE, WERHITELIEEHFIRNERNER,

* HMIRFE (Knowledge Bases, KBS), FTiBAIIRE, HXMEBR EBN LMNEELTERATREMY
i, U=THNFEREME TR (Subject, Relationship, Object), E—MIFEEMLANER, LRANZNE
FreeBase,

FEATEREXEZH, 5N QA BRBIMRERHTRRREEEMMELNHAITERN., BTHIRE, 3
LBE—TEBBNE AT URTRRICICHELEE ., ZEENOREET, ATRBEEFEIUNERESHS
AR, MARERSEESMANAR, FANNETHTRRNEESHBEIZE— T REMENIE, BN, @
X KBS X4 ABIFIRER ZAEARRAFEE DA b EF 2 ES A7 E,

elbe



Knowledge Base as a Knowledge Source
Question Subgraph

50M Passages 50M Entities 50 Passages 500 Entities
e
<zl | t
—
.
1. Entity Linking
¥ 2. Graph
Text Retrieval Comprehension
R
| o\
Question ol A AT
@ ....- .
A J

Open-domain QA using fused KBs & Text

Dhingra*®, Sun®, Zaheer, Mazaitis, Salakhutdinov, Cohen EMNLP 2018

BATIERXERS, EARERRERIEZRMNTHIE. BE, BIIEATUERY WE3): &, i)
ERMRERHERMREE; HX, SREFHRTXAER &E, SEXAEREILIMRENE, WREGH
ZWESINFIRENERE, HARENEHAEE T IEMRE ML,

FREMEMEHTERZE (REIEREA, BEXAERRRAREIEER B—HEEEENEE, ¥/
AR BIEE A, BEERRIORN, ARES@EEE T ERHERMEFE—NMulti-Hop Question, Multi-Hop
Question, ZEkEI, MBBXEMESEENAFTEZLHIELIE, 5 Single Face 1L, ZHOAREFE R
RN —RFIHR, BTHEARER, BNABEARARIE—TI6. ITE 4R, NREMNLEILD
ZERALEE—TRAERNEM: £~ Voglibose FA R BEIREME? A, HIENAIUEXMaEES B
A a R

1. PR/AS)4EF= Voglibose ?
2. ZAEINBERIZTEME?

EARBNOXAKERG, BN THEER, Voglibose XML NS NREFIBATE, ZAEEBARANIH
AT, ZRTNDEIRERERKR,

ARXMAN, HMETEENEERMERRE, KREAOZT-TEREE, SR, SHEEHEIBH=T
FEZHE R A, Ruslan BEEIRERI, T ZzRMESHEIREIR. BAER. AEGEAREMN?

o]/



Where is the company which
manufactured Voglibose
headquartered?

Multi-Hop Text
Question Corpus

Voglibose is a product of
\Japan's

‘ Which company
largest pharmaceutical company.

manufactured Voglibose?

Unknown!

- -
Whers js The t
et . y | Its headquarters is located in Chuo
ku, Osaka.

Need to answer first question before
Ans = Chuo-ku, Osaka second passage can be retrieved!

Relational Following

Where is the company which

’ : : manufactured Voglibose
Differentiable Reasoning over a Virtual KB headquartered?
Dhingra, Zaheer, Balochandran, Newbig, Salakhutdinoy, Cohen

IELR 2020 foval)

X ~{ Voglibose }
R1 = “manufacturer®

R2 ~ *headquarter location”

| X.follow(R1) ‘

Y = X.follow(R) = {z' s.t. R(z,2') holds} s
« Given a set of entities X ;
‘ follow(R2) ‘

- Follow the relation R
+ To arrive at a set of entities ¥

4: Zpkia)RSE B E

Ruslan REFIARAEZIHCSEZME T LR, tWNMER, BTSSP NETEHEMNERR, &M
ZMBARARA] LA AP0 MER:

¢ Graph Construction
ZERNZOBREIE, B5OERERBRNBEFEHERNEIESND, TEGHE 1) REXRE
MIEREXEE, FHISKBEALCEERSMNN TS 2) FHEBHEIEMBEXEZH facts and
entities; 3) A L —REXRMNESEFSTARINL.

¢ Context Encoding
RO BARE N TIEFRA N REMERESSTRPBHER — T BIK, FfIMRZ2H Context, EERHATIG
[REBAY[E)RE Question —EIHHEEER, HITHG, BRIBENERBAIHMENED, @, F1EM Bag-
Of-Symbol B3 A BEBL SR EITHRD, KWRIREFMHEA—T N #@E, HEM Bag-Of-Ngrams 97
BRI AT THRED, TFiER Nv E@E,

e]8e



¢ Graph Reasoning

ZERZOBEN BE®EZNE, #HITEREENERE, NIGSITHARETIPERLONNE, BRNZFE
SEMENEZPE TR NMRIAGES, BT HERXEHEN,

¢ Multi-task Prediction

ZERNZOBITEEREZE, BMINTRARIEATAENFES, ATFERTRAELETRE,
ELHENFEMS —MERAOMKRE, NBEARBNADHTEE, MMETSESOTN.
EEDHRRER, HIMDERE), UM Entity) ERTIR, KR (Relationship) fER®, CIZIERERHT
EMNTERE, ERREEABITEM., BAFMRIBEMLIBXRICIS, HYE#ITNACRM, B, )
ZRICICYRBNFEH S, EEEHTENIRPAINERERASEBHREFNEFERATFHEINE, B
AR THEIEERE, DT AFRME. ENERIIFICICERNIREDR, Ruslan SINGEOHENGEES
BB R D S THRHEEFREERIESENR, REFHER, Ruslan K3, I XPIEEIFEREX
B, BEABRMNBEEARLEZERAEERANINREZETHESRN, FETEMNRENNE., 8
Ruslan FTZIIMANREZIFE SR AE, BFICICHEERIRAN, MURIXLERENEIESMNMNERN, £
B2 NN ER” (JRBZENZEXR) EB55E, BNSHEtER, ETIL, Ruslan AIMEIL—
PERERM DA ZH” OARE, XTEEFATKETEESHN, BARRETREN—LMRRE, X7
FHRERMAEE R, ARSRNEN . &E, Ruslan ABMIRBR T MBEEENBERRE, WTE S,

Results
Graph Networks - Graph Networks & QOurs
(1-step retrieval) (Multi-step retrieval)
100
844 844 86,0 878
82,5 81,0 782
75
®
a 50
T 362 40,2
) I I
0 S | SN}
1-hop 2-hop 3-hop
Speed
- Graph Network QOurs
(Multi-Step retrieval)
45
34 33.0
g
n
e = 19,0
- 16,3
] 13,0
1
= : s
0 PR N i
1-hop 2-hop 3-hop

E 5: Ruslan SEEENRMARME (FBE / EE) WLLE
e]Qe



— REBUEISES

WHEERSE 8BS, Ruslan AEMDZET MAMRE (FZREXEFLNE) PHNE-_TMHE—RERBLFEIS
EHNEENAR. thisdh, BAIOPAMMBRHAMBENALIERE, HERQTEEFY, BMENSEENS
SJBENTFTIBM“ BR”. Ruslan BRAFKAIFE T — M EEET WHMENSIE—ABZASM. WTE6 H,
MRFANTCNBASMOEIEZIEES, BNBENSAZENNMEBE, EHRENBETIHIIALS
ZREMT, HEMHTEEZMLERER GURA) BARMEt.

Navigation
onE b w?
Action _“':_‘ !
Observations
Goal Location “ Environment
End-to-end Reinforcement Learning
4 e Q - .n. Q+ =
. =3 I' ot E Tl .ﬂ. Q_ Rawand
Obsarvations Neural Network Actions
Ruslan 5, SMEMEEEAENXREES. SMESTMAZMERARTE, 6, RBRES, BIEISH

AN ERLNR EXEM, ERFESSINERNRRSE. BEFAEESEMH4, ERMMEHHTSMIZ
DEBZRER, BNQUERILEORTESNMME, XEHNTRAREMT ABETCE, UEERMMIZEHK
FBR, HEEFRNNEMEANSBETMRGI G, £ 2019 F, FARN—LEMRAZELEFRREER
IREIRA R E S S ERBRZ DA, ARARING, EREAEIHERESFL: 1) M TRENHAT
5, ZHEBRNEARED NERENRINEIRLEE, MmoatFIEE ] UERMEGRPHETLEE, (£
FRAEXEFRENRE; 2) BAOFIATUERMN AT HRNLEMNE 3) BREHNNBIFIEE, &
ARIATMRSHETRSMEITHRE, ELEREEERME, A, BN TMIINSHEKR, EBEEIRED
BETERUNGRMEG: BEENK, ENEFEHEZERK.
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Exploration

= How to efficiently explore an unseen environment?

+ Limitations of end-to-end reinforcement learning:

* Learning about mapping, pose-estimation ¥
and path-planning in expensive

+ Sample inefficiency
*» Poor generalization
* Our solution:
* Incorporating the strengths of learning

* Modular and hierarchical system
7 SIMEENER KBRS

LT, Ruslan 24T —FEH#IFTEIE——Active Neural SLAM (ANS) , XTI T{ERE T —MERMKHIER
RS EFRZE S ZHMEPRIRER, MR ERIHERA", Ruslan NAEMNB T RHELENETEINGERN
M, BEERFTES SLAM RRNDTEZHLE, URE/MAMRE., BEFINERESHAELE
BAREM (£ SLAM RReP), E2FBNSHURRPFATEHRNERNE, ERHENSHRKRPHIEM
TIRSETNEHE. ZEEESTRRPERECEIAR, ARETENAR, BN, mlFIEPH
IRBED BAER)IG, ME 8 MABANBEMFIERE: 1H42 SLAM ERIRIEE A RGB MM (EMZ /231
LN it B AN BEA RS AE T,

ERSMERBEMRLMRGMNEZBHMERBET, FERIMBRENMNBHEEERNEMEIT. FSBSMRE

WRTFIIHEHEN, FEERNEFTIEIRTSHEANERE., ZEEEE NS SR E PointGoal
%, H7E CVPR 2019 Habitation PointGoal Sffifkik B IABIEE TR LS.

Active Neural SLAM: Overview

(i8]
-
Global Policy Long-term ] v

. v

- -
Map (m,) £
RE— t “ X Planner
Short-term

Neural SLAM

Local Policy

8: Active Neural SLAM EEE(RIELEE

VAR



ME 8, AENTEFERDHENER, EXREBANNBEEN=THIE, 23NERRE. BEREREE
SLAM, TEZMNBEENA—TRX=1" " BAER:

o FERKREE, F3)HERRIRAENE SIHIE —TEBAL BLE B AT E RS, XK S EEN R P
VIR, BIEl: M SLAM RIRE N SEIRBTUNMHEERY . EXMBERT, SEAEERITIRT I
¥, B2, WREHEMBLRE, W2 SLAMERDATUNRIE, BLEEREAREZRZER, B
RIS IRIEZ(E BRI AE RS, HEERRE.

* 2REK, FI-TERBREEMBFRPETNS —TEERER—TRAETOROKRR (FBE) NERHE
% (Yamauchi, 1997), MFRWEXNERRNWEAZENARREZNZ B 2ENAR. ETORORREARL
RERXTLR LBESEAREZENE R, ERRF Ruslan R, ERFEAEEREENVINE R LHTINE
SEFEEFNER, EMMIR, Ruslan AR, ETRNGHNRRER T AENERRELY M/EENAEZE/)
X, BT, WHEERNE/HERZE T RNNEE, &R T7TECNRKBER, MMRSTERX.

* 4 SLAM, ANS 5EZMIXFITET ANS EREFSIMIEERIIGESMAITER, BT TREEERESRKET
BMERSMIEE, Ruslan M ANS SRR T IEMGITER, RERMARRSSZEENRNNEBMEIT, SRR
A, EMESBESMHEITEE, ANS AR TEL. B, Ruslan EMRE, EEEESHITRNERT, MM
RTHIMERENTIEL 1%, MAEREGSFUTELA10%, IRERZHHN, BEAEANGRFTEE KN
BRRR, FEEBERZHEENEERZMER, MISEEE. BEIZSHENBANEBLELTNIZE
R IR B RS ENRIIEEE.

&/, Ruslan B45E], ANS RN T —MRRMUCNSAMER, ENATRASMAENETEINSMTIENR
=, ZEBEERRNKEMES LA TRING A, #EAEE. BIrNESZERINERENZHEND. K
F, ZREAINT RS RIIBEXES, MEXBRSMMERNEE, EREXHE SLAM EREE—1E
IRIMERNRIBXEENZ EERE, ZEEEFI NS SRRt THERES, MEESEIZETE
WEN, MEEEEEATSHREM.

=. &5

ARHAER, Ruslan AFMNDZT MAEER: 1) dEETHAIRNBTREZSIER, MMESFEI
EIERFVIERBE; 2) MARREERAEY, SEEANSNLE RESMASNBERZLEN. AT
Ruslan FIE, BAWAESZNEES, EEFERT I THEORRRRIE, ZEE, ARMNIZETH
SRHNEG, EFITRNIERIREMENES.
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