Computational Linguistics and Chinese Language Processing
Vol. 25, No. 1, June 2020, pp. 103-122 103

©The Association for Computational Linguistics and Chinese Language Processing

FERI 2Bk : B IR R S IR AR Z i 5T
A Research of Applying Multi-hop Attention and

Memory Relations on Memory Networks

B - BIIE - FRET

Jing-Han Zhan,Alan Liu, and Chiung-Hon Lee

T

ey Eﬁ/%lﬁﬁm‘ TEE RS > 72 B ASE SR FHUSHE K
HIZERE; o M aC AR o] DLE FRRENRE S (15 » AISCFEY S ~ fZEERE
F’EJ {Hﬁ Trka%é]]u?i B ERIHAE RS o Asm S AT B4R A se A - [

BAEBE BB IER - BAR AR AER LR T > FBEEFEE IS
(Attention Mechanism) HEARREAHBHAVECIE » WHEE P KRB R - MBEEH
BB SR Facebook FTZ LAY bAbI HiE 4 - /Htlﬂitﬁ 20 JEN[EFERE A
7% eI EREE IR A [FE SRR o LI Ze A EC R I RABRETE - 4Rk
SUIRRABIVELE > BRT N IE 26.8%EENETEESN Hj EHE i (A A AR
NEER T 82 iR m4Y 9.2% /5 15 - [FIRF B BB ER U NIV 2 1F R Sass B »
=R ER R E A R E R ER R -

Abstract

With the rapid advancement of machine learning and deep learning, a great
breakthrough has been achieved in many areas of natural language processing in
recent years. Complex language tasks, such as article classification, abstract
extraction, question answering, machine translation, and image description

generation, have been solved by neural networks. In this paper, we propose a new
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model based on memory networks to include a multi-hop mechanism to process a
set of sentences in small quantity, and the question-answering task is used as the
verification application. The model saves the knowledge in memory first and then
finds the relevant memory through the attention mechanism, and the output module
reasons the final answer. All experiments have used the bAbI dataset provided by
Facebook. There are 20 different kinds of Q&A tasks in the data set that can be
used to evaluate the model in different aspects. This approach reduces the number
of memory associations through the calculation of associations between memories.
In addition to reducing the calculation weight of 26.8%, it can also improve the
accuracy of the model, which can increase by about 9.2% in the experiment. The
experiments also used a smaller amount of data to verify the system for improving

the case of insufficient data set.
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1. 4&3% (Introduction)
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Bordes, Chopra & Mikolov, 2016)20 TE{T-75 T ER=E » BEREREL % 0 25549 9.2% 7 45 1Y R
o BHBHENE B AR ENTIA - *ﬁttﬁ/\ﬁﬁﬁﬁﬁfﬁ%% R SRS
TFE 3 E{EEEEE - B8 T FE 26. 8% EENEE

AR BE T 2R/ NG T e B R 3 B IR A R AR BRI SR I 9T SRR 5 BB =6 Ryt gt 7 A8
Bat s A AR ST 7 B T VA — £V 0 REEE B AR B © S USRI Ry B BaaS S B A -
EEEEZ R RN o BRsS R iR R 7 ARV o7 L © ek — 6 Fyblam B/
HEGE AR S ST T A B BEL > DURCRAR T E NI 77 -

2. X BRElEE (Literature Review)

SCIE RS (Memory Networks) T Z2 8 > I Z(E B BB R AT S A E > SRATSMIECIRAY
TSR - BRI B B AR RIS IR A E > FA A A AL R
RE BB EC RS R B 2 - SUIRAERR T SR AH S TR - S EE 7 o] St & HR A
AEDTAER - AN AR BT I - DURGE S R AR B -

2.1 FEJIH#E] (Attention Mechanism)

T B 1 E](Attention mechanism) iy 5 F A B 4815, > 3 (Bahdanau, Cho & Bengio,
2015)&E A BHAS A Y - FUE PSR BIRRETS | BRER IEHIERNE A
FEE R L -

11 4 1 2= AR 2529 K (Encoder-Decoder) (Cho et al., 2014)AVHEH, » 043 7 B2l RNN
(Recurrent Neural Networks) (Elman, 1990)EH:CBIIRE - W THEBEAESEHSE
IREFEEFBHTRER o (H R RS A2 10 R R P ARY4R S R EAHE - SE0EE
A EIE P A SIERAFFLHE - BREAEANIFEEGTE S MEEIIEHIH
PR AT DUA GRS R A AR B YRR -

2.2 B4R (Memory Network)
B4 (Memory Network, MemNN) (Weston, Chopra & Bordes, 2014) Facebook A T %%
ZEm= et - BRI S S MR A R IIECIRAE T - ERIY AR E - 4
RAFRIBEBH LA - WRAVEERRESE - BOEIEREE P IEE RS - RNN 7[ DI
xﬁlﬁﬁf‘gfﬁ%%ﬁﬁﬂﬂﬁ'ﬂ%{ﬁé%% FEREE 2% E—(Eir P aE R - (HH A
BRI TEFEEENR  BISEER R EITAE - BN R YIRS E R
O] BE & 5 BEE ) 2% (gradient vanishing) EiLfHE /@ VE (gradient exploding) AVRTREZEA: » 5 EL
RNN £ RHEC R T RN ZRA - B R REAECE~EE) (Long Short-Term Memory,
LSTM) (Hochreiter & Schmidhuber, 1997)fH¥42 5 T RIEAGCIERE ST - (HE KA
PNH B IRFIFAE -
0 15 4 i B PR 1 AE 72 B 4R it AR 7 A7 A 08 BE B Y 05 = 22 3 (Strong-Supervised
Learning) » 5l| 4k F 9035 75 1R At B & S AHRHAVARSE ) » 2RI G IERT A BUiR S8 A S hr
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EEIAEE M FIRE LR TE I EA F AV BER EECR FER | o bl sl R4 S
(End-to-End Memory Networks, MemN2N)f& %I (Sukhbaatar, Szlam, Weston & Fergus, 2015) >
TEEC IR MRS IE A AR F B e » (EH A DA w7 e e - AR SEaE 7
F(Weak-Supervise Learning) B[R] 5ERHISR » A FIE A HE e 1 e FH 21K [BIRY B B0
B L o PR FI M £ B 1 (Soft Attention Mechanism) S50 1R B RE
TERAGVAZSE - A6 (F AR S Vs RS B s ki -

BHREEC B 4G EE (Dynamic Memory Networks, DMN){ERY (Kumar et al., 2016) » K S {7

INEE S e L SHI Y B S R R B AR A — 1 - 2RI DL GO IR RS R A T » 7]
75 i U 2R SR R 4R 0 FEF AR B R ~ BRI AR GG 5 - SRR 2R B e
EAERSEAELL - F 2 i PUEEARATAERE - o0 Bl Rl AfA4H - FERRAH - 1B RaCBiEd
(Episodic Memory Module) EfEZEAE - BARTAGCIEAERSHY A EAENRIE 720 o LA
B P32 0532 BE T %50 (Gate Recurrent Unit, GRU) (Chung, Gulcehre, Cho & Bengio, 2014)
GRtts - BEEIE D A HERS BT PR EOIR G  FHE R B4l 548 (Bags of word, BOW) HH]
DA R S50 2 R I e BRI g

FEFE 248 P 0 AR E (Knowledge Bases, KBs)H] LAIA TR & A A MG F
&= HEI A SRR  SATRIARBEENEER - HRBEBmEYE SR aE 2T
HESHY KB » AR EREEIA FE RV - #EEC R (Key-Value Memory Networks)
I (Miller et al., 2016){s1 F (& (key-value) Y77 = SCEE R AVERESFE T 2K - ZRIEEE
I it U s PR A AR AY - SHERER ARV IR A 7 4Rt - BRI BB S P
R R B, -

R EO S A e A5 T B ¥ U SO TR RS R U AE L - B KAV AR B SRV REFE T =K -
It U EC TR GRS 2 1 R [E A AGE R SOR GRS - M (E O IR s AE B e rY )7 =5k
0 PLEC R (key memory) BL{E ST 1R (value memory) [ A 1T - S{ERCIEAGES (ERE K A3l
GRAERE A o A SR AR T E A TGRS o BN BB A o [ A o
AR 7= 0 TN AR sal R AZEFHAVEI SR fEEH BA T HE M -

IERT B RS 4% (Recurrent Entity Networks, EntNet)f& %] (Henaff, Weston, Szlam, Bordes
& LeCun, 2017) - SCgkt SRV ERGELREEN IR T - EA M &R AR - AR AR
R EEFESC IR IT - FTIER B 2AGE S R AV REHE AR B B - HAE bAbI-10k
Hi S Children'sBook Test (CBT)##5 % single hop Hlll4k - B A2 2 J77ARB R
& -

FeM{c i3m0 (Sukhbaatar et al., 2015) (Henaff et al., 2017)d > J574  DI— TG E
PHETTE BRI » RVECREAARCE R A ER % - FI{E bAbI ZifRH & imiE 16/20
TE(EHS o (HFR A a a7 S T4k - WA IR IER - 558 &SRR S 58
i 2/20 TAIETS > HEEERASR ARG & o M insc RAE s R A0 25 a8 55 85 B 5 =Calll 4k - AHE
P9S8 E LIRS - B EFLLAIIR SR - KR TR EIashRs -

Mm&r & TR SRR A EdE - I— SIS R ATt g e ATl —T
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EERENGR > FEAAE SR E SRR - Imimsc B EAEE T 17/20 IR B
RERC IR AR AL I A 1 18/20 TR - [T & SC il i AT A (55 HU IR B By IR B A AP A 2
AP SEER R KA 0.54% - W0FR 1 FioR -

&L F/FREF 10k BHEE HERGEF

[Table 1. Experimental results of different models with 10k data]

Model MemNN MemN2N DMN EntNet
Mean Error 39.2 4.2 6.395 0.54
Failed Tasks(error>5%) 17 3 2 0

BEZAFESR 1 o EntNet {£ 10k BE & - SR/ S%REEEfIEBATA £ - HE
FEHB {3 (75 T HYSEERAIE R AN 4% - 1M B2 A R DAY 1k By SE 81T SRAvEs -
IEREREAIETEIE AR 99.5%[%%] 89.1% o RUILFER VEBIZHIIEILT » AN EEIER
AT ARy ZE [ - E R R RE TR e D B TRl RETOR - w] DUR D FISRIF R - BBk
EHIRA - MR R ERFHA R ER SR VEIEN - A LB aIRseR -

2.3 %Pk EME] (Multi-hop Attention)

2Bk EE £ (Multi-hop  Attention) Bl Ui ¥ Uiy 5T TR A RS A B Hh FRTEE Y - B8 R EREL S R
REBLE RS R - S (E AR R SRR B8 70 REFIEE A [E
AT NE B 2 PR A - F] DU bR B A HERE BE

) 2E 75 (b 49 PR #5 Y (Question  Reduction Networks, QRN) (Seo, Min, Farhadi &
Hajishirzi, 2017) fHEAUZLHE Fy RNN /Y —7fd - ]G 25 3 40 B BRI 51 RH % - 150 2
SEHUET] - 2L o ZEEIRAGE RO - RS RSB R E LR
EZGESE - AN QRN A1 AHR Y A ZCREFAE IR R (S A & I Ry _E 0171k
FET1-3 4R B HERR BT 7 AR -

AOA Reader f& %I (Attention-over-Attention) (Cui et al., 2017) » F&F§ A E 25+ 7%
(Cloze-style questions) o B i KA —RAE T AR —BRA R B I HI4E S - 5
BN REE TR HYAE R - MIRCE B —— R B IEHIET R TTE - HA0A 8 m) P2
TEPRAGLRY Sf Sle B R 58k B R REEE T T ARG - ARG [ EEEFEAH TR » 4848 softmax FTE G4
AU - IR ITRHIRET T E R e BB A U704 - T bam SR It 7 R HOR &
#1 5 document-to-query HY)FE STEUE » ETE query-to-document 1 £ & JIHEE » % F
FH WA & FEFEAR SRS BB 12 B IR EUE - WA B 1 G A AT HERE -

a5 (Trischler et al., 2016)#2H! | EpiReader fHEEAEpEAEAY - H] AR H 2858 S (175
HRYIEZZ R o EpiReader #8177 Ry il o3 » 55— 8077 2 HUii4H (Extractor) » 727
J& A LR AT PR FRAUH S TE R E A AT RE 3R A 2 5 B8 b oy Ry E A
(Reasoner) » 4 48 5 2% feg Y 56 72 L g 258 2 22 BT R 2 e U RV = SRR AR T K & P REME
FREREE L/ NER R EE S AL o A AR A R P B A R R U B R o



108 ErE &

TR EE 2 4 i 2315 (Neural Semantic Encoders, NSE) (Munkhdalai & Yu, 2016)Z24#
TR B 25wl HUAR I 26 Ko [ e 20 8 (EAGIRRTA B R RE 7 A [E HERR AP 3 - A LR
N AR AL B R G Haham » A e A 7 SRR e A o T A B F e
It NSE H[ ] Bh A& S B s 20 DU R LR

FLPH 67 (Sukhbaatar et al., 2015) (Henaff et al., 2017) (Seo et al., 2017) & Ex s bl 3=
FMEEH > HGEE 2 B bAl R R > DI—TEERFIS > BEBE PR EES
PRERREH AT IR = i@ S B E SR R I 8ER % - RNEIZ PR H i g B84SR -

762. QRN £ MemN2N fZZ/F /5 hop EEREH#E
[Table 2. Different hop experimental data of QRN and MemN2N models]

MemN2N QRN
Model
1 hop 2 hop 3 hop 2r 3r
Mean Error 9.58 8.45 8.15 9.9 11.3
Failed Tasks(error>5%) 17 11 11 7 5

DL5 2 i 5 HIEA#035 (Children's Book Test, CBT) Ry B g sids - % 3 B 26 fa B kol
B2 PR R B st R - B AT 2 Bk A o [R 2 BRI R Ry B BT 9E<H
SRAVEEES > AR S ZE R E sl AR (5] 07 20K 20 Bk 3 B 45 & BE DR A 1Y -
7¢ 3. Single £ Multi hop A/E/ZF CBT SR ErfetaR

[Table 3. Different models of Single and Multi hop experimental results]

Model Named Entities Common Nouns
ﬁﬁs;r F:if;:ng“age 0.439 0.577
LSTMs (context+query) 0.418 0.560
Single Pass ' Window LSTM 0.436 0.582
EntNet (general) 0.484 0.540
EntNet (simple) 0.616 0.588
MemNN 0.493 0.554
MemNN-+self-sup 0.666 0.630
Multi Pass EpiReader 0.697 0.674
AoA Reader 0.720 0.694
NSE 0.732 0.714
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2.4 BE{&4EEE (Relation Network)

(% 48i& (Relation Network) (Santoro et al., 2017) HHYLEYEBIIA I ~ ERSEUEE
7 IR GETE » PRt S S E 1R S AH T THERE - REAAEES E N B A%
(Visual Question Answering, VQA) » {i FH ffj BE IS B A A S =~ RV » Aot
NS R BCH R R B A —EWRBE - St & o B A - HiE
A RS S BT R TR < [ VB R R -

RS A ESAE N H AR 5 (TR MR - mTR EHE AR R EIAVEEIE - $2
THEIIHEEE ST o FTTER R BRI ERARR (B L o AR S E B P M A A E
EHEM R 5558 71 bADI dataset {E{EF5 i | /\{E - [fif£ Sort-of-CLEVR 1 {5
RABVEES - Bl NS FTRE 2 SRy 0 8 -

RelNet (Bansal, Neelakantan & McCallum, 2017)5 5+ E W W P4 R (G HIRE &
WA ERE AR AEEE HERSORIRE AL AT RO R B R 2 AR - B R E
Regps A A B R RS A BRI A - SCIRAYEEAAE B 2 FE 8T » 1T RelNet #5407 iR (55T
BREC R ISR o SRR A X EEEAAEE - ZRES N ETHE
AR Z MEHIRHYE - A6 R A R -

IR BT %4955 (Recurrent  Relational Networks, RRN)#%I(Palm, Paquet & Winther,
2017):8 FHETRE R G A R OB R - 78 9% MYRUENILA 81 (EEIR: - S (E TR A0 =
FREE—17 ~ FE—FEEEGFEARNE - AR R ERAVET o HEA S SE R )
EACHVAREE By {h1,h2,...,h81} » i 2% R (MLP) F H (E TR~ M AVRARE - Kist
FHAYRAREME AN > A DS B 45 RE IR RE - S (8 B REAY B85 FE_ b — (@ 2P IR AE
i A DL BE R BUE - BERBER T E AR - > t17E bAbI HB4E - Pretty-CLEVR1 &I
1B -

PA(Cui et al., 2017) (Trischler et al., 2016){i &= i B S PR LAV & B RLmtE - (5
bAbI B & 10k B 340 > A6 7 20 TEES ISR RILIGE RN S 4 - HER
FILAT R > AR ERET B A VR AL BB SRaE SRR E -

22 4. relation MEEFFEZIHLEE

[Table 4. A comparison of relation models]

Method Mean Error Rate (%)
RRN 0.46+0.77

RelNet 0.29

EntNet 9.742.6

2.5 FHFI|SEMER] (Pre-trained Model)

AT EEACH A S AR ST (5 P R B S E TR SR (Pre-train) # FHRE S AY > MR FIRIZ A AGIE
Fi > i supervised HYSNIISRE e (Fine-tuning) iS4 - i 7 3 T ELAGHE A » SREZA
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RITRLSE -
H.oh BERT f&%(Devlin, Chang, Lee & Toutanova, 2018)L K 4 %485¢ 3 » 2 BERT &
/N BlISREEERAY Albert 1584 (Lan et al. 2019) - 2 i R (LR - HISEIHEE
FHJRER
iE s O THAN SRR A I e @RI REma sy 77 =0 PILGERF S H A E S IR T
1S B OR N RE AT REFRTT » tEB AT o] DU B/ NV DRt A8 31| 4 E0 A A S 3

3. Wi5E 7% (Research Method)

SLIRMERES BRSNS IRV ERTT - L RIIECIEAVAE ST - &R M =5 L i REAE P
AYRCTRE - R IERE 2 - SCIRMEEARC TR 2 fAH 8 F - SR F R B AR IR
RIS - SN R E SRR G R AR - e A A G F e SR TEHE
LIRS 2 - AUTSEAIEEECIE Z EHIR G T R B S Pt d e - EulfE s RalEd
TR R RE Ty W AR BRI F R BRss - AR B E 5 B LR HE B AV RE
77 o BEN AR 48 A SR SRR AL 200, - W a8 SR YRR T -

3.1 t#EAIZERE (Model Architecture)

S50 2 B B EniNet B (Henaf et al., 2017) 23508 FIELE AR T IR77 40
NI H B B SELAFI R R M - 3008 P 2 B 0 AT BT BT - BRI ST A
(memory slot) 2 11 13T BHIGH3 H ETER4RAL - (R4 HARHIBHRE (relation slonpy « [FUSHELET
RO ST R A B (TR T ELA — S MBI » B3
ST ST PO AR - UM B4R S EESY  4YHI% Encoder i+ EEH
1AM 2SR S RS B R AT+ DURITERG (R S35 ¢ BARSe RO e i T
A TP FT R R ATE  FOA I ST N B P GRS B
ST NERBIBE A MBS © IRt LSRR - 30 P SRR o HEE
WHVETE - SR T 58 | SV REBI - AE: EntNet - (AR RITIOAT
Relation memory HJ3(5) » LU BB %: &S0 RBIRS101 - S0 R HOBAYE -

Encoder module Dynamic memory module : output module
HE : r““"_| :
Input 4% Label ! Position , Memory E :
Question _’ encoder _| encoder l i Output > answer
: module
Relation memory

B RS

[Figure 1. Diagram of the model architecture]
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3.2 Encoderf&4H (Encoder Module)

IEERIER AR L AN EEBE hERES P B EEER AR
BRSETE » Rt A S AEINS AR e R RTEHTP = - IR EHVER - HhEAH
73 Ry WA {lE 20 BR4REE - 754 Label encoding )2 1 f) -8R fy 85~ FH4K 48 Position encoding
LT FENEBRT IR EENR - G@IEaE - FEIEE T ATA Ry R
JE B —(E[EE 8T - SR e R T B S N e S R AR o STk
SRRV ENL% o R AR R S S R A S B P N RoR - I T PR R
G GE R AT ERY 4R 5% » (1R i Bl 55 SR e s /5y S T A 5%
{hallway:1,John:2,the:3,to:4,went:5,.:6}

John went to the hallway.—[2,5,4,3,1,6]

AR EERR - AT FE DB P AR - (BRI S BN ES - DL
B+ Fs 9 - hallway 8({E 55 1 ~ John E{E fy 2 » hallway FYR{#% Fy John » 35 i fi) A RG]
BEE 2 HAVRA R - P DAE Lo B i P R A R R SR 2R [ & TS s TR
HHIEIAYEE iR S A EIY (A & o B SeiRIB s sy A/ » T B a5 &8 A0 % S A ATl
& SHEFERAHENFEE - IR ISR e — i S Rl - FEBE
M EAES RS - ISk BN EE -

fir B 4wl (Position encoding ) HHYIEAIA T 758 2 RIEFFHIRA (% - HAAESEEY
s NIEFE AR AR » =2 A BOW I FR4EE » Het i - Esa st
PRI A ARE - (HRERESEEFEEN A EAE - HNEEEE g aRARE
FERIAR—8E » AN JTEaBIFR - AHEHEER A FEA B AR HAEEEAAEEE K -

John likes Mary.#Mary likes John.

RE SR B mIIR ISR R > BB mask HYJTEREEAIIANERRE % - A
TNHAKMPTR © e, el AT HEEFEZENVEHBRE > . ) 2T EZEEN
multiplicative mask > /& AJF/IISRAY A & (5 A E(E mask 1Y HAER I AL E &R - B
GREVEIE N E - EHEFERN AR ER - R BN m B EEAAE - EE
BRI BEREEIA Z4RIET - R EIMERRER G T EE -

se = XifiOe (1)

3.3 EjfESCERI4H (Dynamic Memory Module)

FhREEC IR A A WA (E B0 43 40 - 7 il Ry IR GE A AE BLRE A kA1 - SCIEFRELL key-value
I PRTT > key PRIFERE ~ value fRIFIREE - B SEsCBR B AE LR R Z fEnVRE
RGN > sCIEfE R AR EMAS - 2280 T AR 2 Brr o A28 EntNet
2 R B AR ZE A T BRI o il AS o EE f DA Z 4R ke -
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gate gate
key
) [
fo T
! ( ) if":
memory siot
update \ update

()
@ . . H .

relation slot

Whn
gate gate
key

gm _®

memory slot i : i :
update update
relation slot
~
G/ '(:HI
input input

I8 2. B R

[Figure 2. Diagram of the dynamic memory module architecture]

S RIEER U R BEAFREE G T o t HARRMES T - RIBIEF#RAZE
TE PN R T a0 TR AL B (1 - S (I S IR FH key Al value 2H 55,53 Hll Fs wi il hi> D key-value
I A RFE RN - key BFEIRFER - value B EIR{AIREE - #HIA T AR - & key
RTF T John ;Z{EE S > value fr7F T John PV EN(E - S{ECEMEEN A H CHY key 1 value
[m & 0 B A BE D key-value HYEE S o] $ 2 HE YGRS 537 E 3% S E A N SO R -

John went to hallway.=>{key:John,value:went to hallway}

B EEA T AZERIANE  25E BN E AT key ~ value 7 YR -
0 F71% sigmoid activation function » g; 52 gate » B EUEE Y 0~1 [ - FREUE Ry P
P > F DU E SR B ORFE 25/ DECIRINES o gi FH wy Fl hy JRE o RS 2 BB R P A UTHC
T2 %P~ memory (NAHRVUCELAZESE o BALECIEME B RSEHRBIAVEE ) » Frat&E
AEE ERE - AF3) A RNN #IEHEAR > FLETEHIA G TIINE - LB REE
FriEEIE A memory FAREEE o ¢ FJLUE(EENY activation function » B EG BT THE(H
FHf9E PReLU « U ~ V ~ WS B rl 3l SRMEEE, I H FTA Y gated RNN SLE0ig b (8 > jA%k
R PRI SR B — 2 58T - A EECIEMRE hy NS R IERE N A P EEElE
FEAN > B P E PR E AR - ANO)HLE S A EEHN A MR
TIAGCIERERN » M EREA S EEKEOR > B3R normalization #{H - (REFECIE R EE
{H#IE -
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gi < o(sTh; + sTw;) )
h, < o(URj + Vw; + Ws,) (3)
hi —hi+g;Oh, )
pp— )

T Inl

AU (I B (A DR S HE RO TR B A HLM A IR AVRR (7 - SR SesC B & 152t
K NE P EHEECIRAVPTEEUE - R BUE R WA SR T R L R B - AH EIRIP I
SRS H B AP R E Y] WA(OFTR « AT B VIER KRR 2R T
T g™ g7 A FIABE G BEFEARANY SO - BIA0BIRA 20 (E3L 5 -
SCIEfE | LEAn AT AV EC IR R R 19 (8B (o RHS LR (R IR IR R —(ERH (g - 20t
& SEAEREI o] B R S ERE (B L B A SO AR AV RR R - A AU(DATR -

gl =gl"glo(< spmij>) 6)
ol =9 ™
i,j

AXQ@ETERIGEHANE - FE A~ B Rl SREE - fRIBE AR A NS g
ANB]F-s P EEHHINE > fxf& LA PReLU £ activation function o 2AT(9) A BE R Hr ©
BRI BB S 3 AIREAINE » W0 IR A BE (%08 P9 25 FF DL SRR A8 e -

fij « PReLU(ArU + BSt) (®)

rj e 1+ 9i O T ©9)

3.4 wyH#E4E (Output Module)
B REEC IR A S e SO IR A h B RE (il R R IR RR OR A48 T ASEAHHERR (3 A - 2 =(0(10)
o [EE ST TR by B RE (S iy 17 A —iE - I3 b rTHl| SR EE Cat R G0 Em, - AR
75 IR R query AH BEHYp, BUE - BUE B & FAAEAME S A XA DR -
m; = C[hl’; rij] (10)
p; = Softmax(qTm;) (11)

REERJEETR EHEE - BB EAE SRE0 AR - LIRS
PLFREA B EE R - ZMERRRE AN HREFENER - HPRIRH 52
BB - query FIEE & IR IEINSRAFHY T 2 bk K (E4ERERY A& q « AbTSeE HEUE R
BIEER » ZAREFEEERHRATRENEEY -
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u= Z pim; (12)
i

y = R@(q + Hu) (13)

56 —EEURERET I3 > ZHER S B fe T HE B RE ) - AR E SR It
PRSI AMEE A > i BT BB E R D REEAHSRIN4EAY [ & u > B query [RIEAHNN -
TRy #iHY query [ & > EEAR(D2)E15H > F%—JGEHRE hop Bugin 1 - [RAHEH
&% hopl » B —KETE R hop2 » fRILIEHE - 1A AHFTR -

q=q+u (14)

3.5 & (Discussion)

ARHFE DL EntNet A iHoR R - E5lE 4SS sC BRI R > s BB >
JERERCIEME BT ELE o 1F 3.1 BirP 1 4H R AR Z04% - T2 Encode 1541 ~ BREECIERHE
4H DA R g T aE Bk - 3.2 89 M 48 S T A0l By [m) S 2 203 o (e T FE A R EI]5/| 4R
aHlE A EAVAEAR - 3.3 Hith /M 4HENRE S IR AH A ED - B E LR IRFEE IV T 0 bR TR
LR AECIERE SN - R GAVET R IABIA » (R EREC IR & a5 - 51
B IEMR G > RV R ST BEEE L B E M AN & - BRI FEEECIER
=R - TR SRR E - 3.4 67 fla D EAHIANET o & SCIRBIAE A bR kI IR
7% - i EAH ST R A SO IR TR B AH R 43 - WG HEE R R A 2 - tH9E A
IR RET BRI BB AT HEE 7575 > vVZ(EE I EIAR ERTEC B4R 250 > sl HARER
FHYZEFERIRERY | o

4. EEs (Experiments)

ACHFFEFIT A BEBR B R bADI dataset f§ 15 EFERBRAEAVBURAE » LERUEAE IS ET Facebook Al
Research (FAIR)FF {747 5 RRBRAR AT A 20K « BRI IE 055038 F 1941 P0G -
SYAT
(—) BORSEELET ~ RS  FTRETIRIE A A S %
(7) BPIEGLE AR O - 5% TR SRS T 2L -
(5) BEF - EFBEEHONR PIRE) S - = T REE S SO TR F 52438
LR -
(F9) 1 20 TEERS P HRE IKERHR ST 10K LR P PR R 2 BB 8
B BB L AORTEET » RIS -

DITBEBR R RAERENE - LIS XUBRaE = BT A R 17495 %
SR o BRI | SRR » 0 10k MBI B ) 1k - IEIB S KB
BRABCEHR. -
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4.1 BE— (IR ER E ) (Experiment 1: Multi-hop Reasoning)

HERER

HATEIE BB Rt am T > BT UG S Bkt R AR AV R S HE R i AR B ki
BRSSO B AT > 1] EntNet fRAUE R HpbERIEAL  ANEERE SR 2 Pt E
I B A T > S SR ARER A AR T RE

HERANE

AT s 5 | A 6 i 5 TR AR 1Y 25 BB HE B AN 5 988 UL U7 VR I DR 1 B 6 i 4 B2
EntNet R > B EFHCRBETRERR > HMEARETAZ RN - fliHE S
HEHEE > BEEE IS S BB RECE - R R S RS
% MEE—JOEEMGRET R R BB - AERESUEINPREE - 40 3.4 /NEiTHY
NF(14)  EBETIESIET R A BE BT ERT AT query AHIN > BURHTHY query FEL
SRBCEEIIRFIRETR » B2 XERESE I 1> FhR b bl 87 S B pkig
25 o T EReS REEHAFR 6 .2 Multi hop HiIfir -

HEREIE T LIEL - Bk E WA A A AR - E T Y AR
TR TR T RRAEES - PHssseR R BTt o sl AR ARSI SR
AERERIIRE > (TR N A BECHIEE - MBS AR T RO - #EH R
TEIELHRT PRV ERRA 2 - BUATR (e SRV & ER4S B HEE ARG HE T T IR AV R - ISR
sSTER _IEBIRRRAE R - SR AR R HE A NI LR IR HIRE T - EnliR
FHEBHERE S RETRTHREIIATCR -

4.2 B (ECIERIES) (Experiment 2: Memory Relation)

HEREH

BEE SR L EEAIF EntNet AR BIREECIRIAA - IR E SR —AVERRGER > IR EMT
S AR THEERE ST - I E e iRt R A SR Z I - MR m AR Y
BEILORFERE. - SCIREEBREYET FRE R A BRSO 18 SR A2 - AR AJHEC IR PRI P
A rse 2L - EEBE AR R EASGECE - ABREEIMrFC B ER
MR > DA INHE B A AT HIERE. - SR AL AE

'RAE

ARE R SCIE R R ARIE A ((0)s TR L B P TEEUE - FH DR TE IE R Bas i A BT HRH
25 - iR BE B FEHAAE - (R 20 EECIEME REEZEEN - S5/MES
DA REH 518 FH LAOR A RERC TR AR (5 > 4035 —(BEsC g B H A Fr A SC BB A T 5
PRIFIE —(ERE (R - BREEE B RERENS - R GRE N GBELEEE R
AR - BT RIEME Cm 2 JRRIEEEE > WAKASFTR - 20 FEEERET RS



116 ErE &

190 & BEl{% > FERF 190 (BB F 57 B PR {72 B REATREAIE A - EER&EEA1FE 6 12 Relation
slot M7

number of relation = CJ* (15)

bAbI BIEEE PR [ET A R B » BT B EE A S E AR i
HAREGHEE - REBEE TG - ZBHEBETEREA N850 o IR
JRAeEC BB ORTT - BeJ7 AT DU A RO 8% o 28 56 a) M nvREF: < EEEIERTAE
BEVE BB - 75 2 ERER R MRS BB R R BRI S R R e+ - 4
REHE M RIRERYE 22 M RA AV T BT 2 I i L IR RE VR T B SR NI H 2 -
{EfEF 3 EAMN TR EATAIARRT - B N BB T B0 T A0
a2 .

s S MR EFTA RET: ST 54 RelNet fEAYEEER F I 755%) » B REIFAHE E R e
Jiik o BINEENEA R MERENS EFFREE GPU FTEZENIEERA - RE
o 20 {EECIRAE R et E i 190 [ERA (% - SLE R 190 (ERR GEUEFZEUR 20 (ER G ME (R
7 HIVARFEZENER - ] UK Ry DRI E AR E 6 E(E - R EHRAE
BRIV E RN T 26.8% o BFBGAE RAVEHE o] LIS R EHEB IR AR R E >
B RERER LT HERS DR B T -

5. (RIFHTA IR AR T A T BB B LT

[Table 5. A comparision between all relation method and relation slot method]

Task All relation method Relation slot
Task 1: Single Supporting Fact 110000 80000
Task 2: Two Supporting Facts 112900 82900
Task 3: Three Supporting Facts 113400 83400
Task 4: Two Argument Relations 109400 79400
Task 5: Three Argument Relations 115200 85200
Task 6: Yes/No Questions 113400 83400
Task 7: Counting 115100 85100
Task 8: Lists/Sets 115100 85100
Task 9: Simple Negation 111100 81100
Task 10: Indefinite Knowledge 111500 81500
Task 11: Basic Coreference 111600 81600
Task 12: Conjunction 110400 80400
Task 13: Compound Coreference 111600 81600
Task 14: Time Reasoning 111700 81700
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Task 15: Basic Deduction 109700 79700
Task 16: Basic Induction 109500 79500
Task 17: Positional Reasoning 111100 81100
Task 18: Size Reasoning 110700 80700
Task 19: Path Finding 113200 83200
Task 20: Agent’s Motivations 113600 83600
Sum of all task parameters 2240200 1640200
Mean parameters 112010 82010

4.3 EE=(8kCERER) (Self memory Relation)

HERER

e duiEt R LY 190 (ERFRIZHU A RIE S EH AR RIE - BEERA T
R A TR T AR AT R - fEBIRREC IR AT ORAFT - Bl ] A B 22 AR
BrE TR - LIRFTARIGEBUEE R E W IR T - T DU BT B & S
BHE - HHE %’Mﬁiﬁ%{#ua (B BB TN IR N - A S NE BRI (RE R R R E
Ao EERECEEICIEN BB > Bl e LB R EA S mE

HERANE

BBt RO AR ER - ZhENER =S ELE - %iﬂﬁﬁiﬁﬁﬁﬁfﬂ’]?ﬂﬁ JR

$HJ/\E§JH§ FEEVER Sy R A S - Bt AT R B ARt aC B - 08 s((16)~(18)AT
BRI A ) TR S IR E R RE (5 - T AR E %Ez:ﬁﬁl A= (19)ZE

%ﬁﬁlﬁﬂ%mﬁt‘kﬁﬁﬂ’]é&% 7T Y H S AL RA S - EEREE R AIFR 6 1 2 Self memory

VAN

9ij = 9i" 9] 0(< s¢, hy >) (16)
=Zﬁb (17)

ij
7, « PReLU(Ah; + Bs;) (18)

hi «— hi + gr @ ‘F'i (19)
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6. [FIRIVHEZHIE « BraE - HEHBE T ER R 55RE)

[Table 6. Error rate of different models]

ERE F

Task Original | Multi hop | Relation Self
model (hop2) slot memory
Task 1: Single Supporting Fact 0.00% 0.00% 0.00% 0.00%
Task 2: Two Supporting Facts 20.80% 28.40% 11.60% 52.30%
Task 3: Three Supporting Facts 58.70% 56.70% 62.90% 62.10%
Task 4: Two Argument Relations 0.10% 0.20% 0.00% 0.00%
Task 5: Three Argument Relations 1.20% 1.20% 1.40% 17.20%
Task 6: Yes/No Questions 3.60% 3.50% 1.90% 11.40%
Task 7: Counting 10.10% 10.10% 6.90% 23.40%
Task 8: Lists/Sets 1.30% 2.20% 1.70% 9.10%
Task 9: Simple Negation 0.40% 0.00% 0.00% 35.60%
Task 10: Indefinite Knowledge 0.50% 3.70% 0.80% 3.80%
Task 11: Basic Coreference 8.90% 8.00% 4.20% 7.50%
Task 12: Conjunction 0.00% 0.00% 0.00% 0.60%
Task 13: Compound Coreference 5.60% 5.60% 6.20% 5.80%
Task 14: Time Reasoning 20.50% 21.30% 20.60% 55.90%
Task 15: Basic Deduction 5.10% 29.70% 0.00% 45.80%
Task 16: Basic Induction 50.00% 50.70% 51.00% 51.20%
Task 17: Positional Reasoning 41.20% 39.00% 37.70% 39.40%
Task 18: Size Reasoning 8.00% 7.60% 6.20% 8.50%
Task 19: Path Finding 87.80% 86.80% 85.30% 87.60%
Task 20: Agent’s Motivations 0.90% 0.20% 0.90% 2.90%
Mean Error 16.24%  17.74% 14.96% 26.00%
Failed Tasks(error>5%) 11 11 9 15

MBI E B ARG RAVEET - L E R P AR AL MEA D o s Rl

3
gp

SRR FET MR AMEACR - (e B ERE R REAS » K& iSRG R IR FRIRCR
N BRI o B RO - EARIER 7 REEAVEELLE - WL E T
SCIRRARE RORT A DU R DREEE SR BE(ERS v % | BREE R AR 20 B

gD
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K 1. BB % e = H 2l EATIEE LB

[Table 7. A comparision between relation slot and self memory update]

Task Relation slot Self memory update
Task 1: Single Supporting Fact 80000 70000
Task 2: Two Supporting Facts 82900 72900
Task 3: Three Supporting Facts 83400 73400
Task 4: Two Argument Relations 79400 69400
Task 5: Three Argument Relations 85200 75200
Task 6: Yes/No Questions 83400 73400
Task 7: Counting 85100 75100
Task 8: Lists/Sets 85100 75100
Task 9: Simple Negation 81100 71100
Task 10: Indefinite Knowledge 81500 71500
Task 11: Basic Coreference 81600 71600
Task 12: Conjunction 80400 70400
Task 13: Compound Coreference 81600 71600
Task 14: Time Reasoning 81700 71700
Task 15: Basic Deduction 79700 69700
Task 16: Basic Induction 79500 69500
Task 17: Positional Reasoning 81100 71100
Task 18: Size Reasoning 80700 70700
Task 19: Path Finding 83200 73200
Task 20: Agent’s Motivations 83600 73600
Sum of all task parameter 1640200 1440200
Mean parameter 82010 72010

4.4 FEp4ELE (Experiment summary)

AT = I BB rh E B ERESW (l7 /)« R ST R E - (CEMRTTEE - BB
— R A R B B B E AR TR R IR TR B s HE R R AR AE
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Hhia R BRREC IR T s R B R REIAVRRAR ST RGP BhaC IR HRA (-
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(e E B S T B BB SRR R R > R AR (TS 2 (YRR ST -

R =R MRS - KRG TR AR S CrF RS R EIR R R B EECIER > K
MR R B RE UR T - HESwRE BRI ST R ROR SR - S RGC R RFHYREL - B AT
EERE P REFRENAE R AL - Bt RICIEHIRE (R BB EH AT - 1M
R ER AT e aC R BB E Y R B BRI - AR R S APV IR R T 0

EHEERRETHAE B EEENER)  WE N AR R AR R
HREAEEFEAHEEE G EES S > EEHERFERAERA A -

B B — RABH e P A B TR bR > B E MRS RS - FrAEBEE M T
60 HHEEHE - WER T T 26.8%1H#EE - B AR EHKRER
BRI ST T 20 HiEE -

5. 453 (Conclusions)

RS ST B R TR PR R R EU IR + 4000 o R o B T B
BHRAE S B O, « (A0 BB 8 BB 4 T UG A EC M B B - AR
51 Google Deepmind (BB 3(Santoro et al., 2017) FERH: » 8 FH S B (2 1725 (75
(Visual Question Answering, VQA) » #F ETRIRI IR BA (5 - T30 HEABRA U2 H HOTE R
R IR R B 2t SRR EHHSCAAE 17 » RelNet BRI J 4R (50
ey A EABRGF » FRFMBUMIA AT (LR B th R B A RO ER I A i SR B
SR o AT B RIS T LA R D M LR -

BE5R TR AR (LR T 20 (ERTAREM + BRAIMRIREL 190 (BB (52A0E] 20 8
B o+ BV R Tt AT DL BB T B AR T - e AT A3 (T
FIHTE R BR AN R  H RS R G B O AR B « R
TR BRREPY + AT LU RS AT T 5 I A/ + DRy L A4 P 7 T
LR -

AR BB 1T DU SRR o] DU SR » TR 7 A R IR IR
ETERIT P9 EntNet S5 » 411 5 SUB AR F 32 R GRA J PN - T3 S Ay th
DAFFIEREATIE RS LR - S ~ 3D RS R LA R -

DUAHSOR RS  RACE TR e BT R TS - BB P R DUBH R EIE
BRTHORUER R » B (R 2 SRR R B - BUER A BN IEAR - BT S
BRI B B AT HRT A (LSS - TSR e B e S PR A R ST e
(B R E B R T LRI = (R B R e — e - FIAE
B  JIBBRBLE IR = % BB IABRIE - bAL BB IR 3 B ERET SR
R - SRACE BRI A ABRIRING T - Rt R A © TR
PR R B

ST 5 S5 TE R (R BRI 5+ RS04 MR MR T i)
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