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e

3-2® DNC “E 7 )V, vanilla DNC, rsDNC, DNC-DMS
WKHER E B D20 D 7 — % 7 7 F v B H 7 IH A
AN, WS LFIER IS 2 B 2 & A 7S B RIS
WOWTIELWERZERT 282 M L€ 5 Z
% H4E83. rsDNC, DNC-DMS ZR—2 & L7425
ETMIZRZNGEO 7— Xty MTBWTFY
top-1 accuracy, “F-¥3 top-10 accuracy Ty d R W iER
ZEM L. EHIT, 1sDNC ZR—R Y ULT4REF
HBIIEER L7z GEO 7 — 2t v MIZBW T top-1
accuracy ¥ ¥ top-10 accuracy D i /5 Tl € 7L
Z b\ 5 7.

1 EC®HIC

JT4E, Transformer [1] 72 ¥ DT 4 —F =2 —F )L
Iy MU —=2FarvEa—XEYaryLHARSE
e Wo X FXERXRATDEMIAEZ—<y
FUTRXBOTHEHERRERBZRFTTE L2,
Transformer 113 & W XXARIEHR % B € & ORI
> a— F§ 58T context fragmentation problem [2]
BHY, ZOMEEREL ZDIREDERE XAEY
WIZF v v a2 LTEL ST ERFHER 3,42
RBELXNTESD, Transformer ERX—R ¥ L/2ET
ME, 77 7RRKRBED T — X EEDORICLEE
DO, RORINIH T 2REDEBIEL Vo 7
R ZITORENICEIRERALR D 5 I TE
7z. Neural Turing Machine [5] *=° Differentiable Neural
Computer (DNC) [6] {ZAERICHEAEH X AJRER X £V
EROZET, MELT -2 LT ATV LR R
I RfRE, ZROERBPR, ROWRID¥E %2 A[HEIC
L7=. AWFZE T, DNC &, X 5IZDNC 2B L
72 1sDNC [7] £ DNC-DMS [8] iZxf L C, BEREE &
A I B WTHEREZRT D 2 HEA A & HE L
R AANDS Z e RilA, FHELEIER NS

— 2018 —

AN 2 G ATEMSUTOVWTIELWE R 24
T BRE M EEE s 22 BIET.

2 BERR

Differentiable Neural Computer (DNC) [6] (XA4FRIZ X
EVATHIM e RV 2FpD =2 —-F 0%y b U —
I7TH5. XEVITHI M O N HOF L, ¥
DFEHZOWTEIZHAL T, $REBEFEZALDLE
RITEALEEFRT 5 DIT attention mechanism 23
b 5.

Gt A UEIETIX, read vector r 1Z X EV M I
read weighting w” Z 2217z, X €V HHMITH T 2 H

AftEfe LTErEINS .
N
rzzpmem
i=1
ZIZT, YCiEj=1,..,WERT.

EEXIAABIETIEX, X EY M X write weighting
w" Z W T %3 erase vector e 1T & D AE AR H
HE X, write vectory BT Z ¥ TEH NS .

MIi, j1 — MTi, j1(1 = w™ [ile[j]) + w™ [i]v [ /]

HARBNEIZHE DS S FMAT, R X E
VoYY, BIMXEVEDOYT, 03200
attention mechanism 12 X » TEF X1 5. DNC 2
RUZZETNLE LT, QA X X7 IZRHL L 72 robust
and scalable DNC (rsDNC) [7] %° DNC (ZXf L T 3 D
DX R (i.e. de-allocation mechanisms, masked content

based addressing, sharpness enhancement) % 7 7% - 7
DNC-DMS [8] & EHDHERENT W 5.

3 REFE

3 D®E 7L, DNC [6], isDNC [7], DNC-DMS [8]
WCHT SRR Z RTF S 2720 DXEY 7 —
7O F v, HMREMER ©mEEE 21T 5 72
HOTaLy YT —FT7F ¥ 2BMT L. K 11iE
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Processor
Gate Max
Min
Output y, More
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Major_city

e ~/
e\, —————— g e Major_river

" /1N X Major_lake —> v
Processor \ s Not
j U Count
N Density
NN
N
N

Sum

|
| N
i COntext Knowledge SN Context
Ve | memory memory | “ [\ Knowledge
AN
/h

5 5
NN
S ) ~.23 Time-step
\.

Time-stept / t+1
/

Input x,

1 HFEXEV oty 2oL ETLOE
ENER

DNC XHE DK H#EA Y 2 Tut vy b2 EOEER
ETFNLNDEREERT. XA LAT v Tt TITD
WHEIZLIRO@EY TH 5 .

YhE =7 RNN) E AN %, &, BIZA A
ATy TTXMRAEY M, € RVW /s

HAMLERBEORZ POty b re | =

[rflll;...;rf’_lf] (re & el 11,. . ;If D B) I

MAT, BiZALRAT Yy 7THIEAEY

MK e RVVY o FAH L REDNRZ L

Dty bk =R, 2 LTHIA A A
ATy 7TDOTaty POHEEKRONRT v
viot RIS, T RIS NV R, B
W3 5.

2. hy DRMEESLNC LD, v, =Wk, &, BiX
A LRT Y FIZBFBXARX T 2H#HST % 7%
DDNRT R =R L TeRT MV & = Wehy,
BEALRZRT v TITBT BHGHRX TV ZHIHT
27DDNRT VL =Weh,y, ZLUTHEA AL
AT 70TayHICHWLNE Y — RS
MV g =Weh, 215 %.

3. I K o TR B ADEEAANTON,
XE) QIR HEHTIN L. FH#A TV ADE
XIAAI TR,

4, 7uty Y ToOEBNUEIT g &, WAL LR
Ty T TXRAEY D oFAH LIRS bLE

AL re, XA LRAT Yy 7THERXEY H
SatAH LR ML RREE LT rk W T
fibihs.

5. RIS, re E WE DT LNALZNRY ML
L, rk e WEEMFITHELRERY P, KU
BRALRATy TOTay 26D ML
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v EW, ZRTTHELNZRT P LI, R
L, By ZitET 5.

Y= v+ WrS + Work 2wy,

read vector r¢ ¥ rk, value vector v, [ 3K A4 1A
7 v 7O RNN ANDAINTEMEN 3.

M EONMEZENIRT Z 2T X D’ TODXEYA
DiAEEEREL Tat v HRERITS.

3.1 HEXEUBE

HIFE R € VIIHFEEN— R (KB) Z HWTHE N
5. KB D7 7 7 k& Resource Description Framework
(RDR)VIERO =0 (35, BiE, HIEE) TxH
ENns. Iz, THAOEEIZHRETH S, ) 1X=
O (HA, H#8, Ha) T&RXN 3. DNCDETIL
W=D EN» 2052, BOD 1 D%IRT
IO HEEXEBZLTKB 7727 b e¥ET 5.
Bl ZE, A1 “HA”, “HE or %, M <®
HTH5. ETFTNVIEIKBDITXRTDO MY Sz
WTH#HL, KB2RZ2RFELLAEYV =y I %
B 5 5. 2L T, ERiFEELLXEYV 2=y }b%
RBEETNVOHEHAEY) 2=y b2 LTHHT .

3.2 Z7OtwvHuig

Taty P =y B W THM R E M EH
BrmMHEEZIT S 201, 13 0HEZHE
L %
Major_river, Major_lake, Not,
Density, Sum, Context, Knowledge. R X
£ 25D read vector r¢ ¥ HIFE X TV 5 5 D read
vector rtK I3 A VY FILDFBRERIN—Z7 DY R},
ARV R by & THIGRY R b e zh2ehZEf X
nab.

Superlatives : Max JEHEIIFIFK Y R b %2321 HL
D, ZORKAMEEIRT. Min HEIXFRMICHERD 2
FEEZTED, ZORIMERIRT.

Comparatives : More {HEIIXARY R b & A5k
VA TSDOWMT 2T, A&V X b ORI DI
IO REVHZXIRY A b SHIRT. Less {H
FATFIARICSCAR Y A+ HIGR Y R b O %2 32
D, HEkY R P ORIIO LD /NS Wi % Xk
YR M2 5RT. Major_city, Major.river,
Major_lake {HEBEIIFIGFKY X b 2ZITHD, ZhZ
A1 “150,000”, “750”, #5,000” £ h K ZWEZ RS

1) https://www.w3.org/TR/rdf11-primer/

. Max, Min, More, Less, Major_city,

Count,
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|1 HEER—RD—EL.

type alabama state
capital alabama montgomery

population alabama 3894.0e+3

Negation : Not JHEIIXARY 2 + L AIFK Y 2 +
DM ZZ D, IRV A bHHHEEY X 25|
W2 R R

Calculation : count HEIIFIFKV X + &2 321
Y, ZOBEER%EIRT. Density HAITRY X
M EHIERY R N OWGESZTED, BEREBICHERY
A M THISNTZARY R b 2R, sum JEEIZHIEK
VR P &RITIRD, ZOEEOMZIRT.

No operation : Context [HEIIHRY R b %%
JELY, ZNHERIRL, Knowledge JHEIZEN
VR MZRZITEDY, FAkcERBEZIRYT. 2hb
D2 DODEHFEIX LR OEBES NS EHY TRVWIGE
DI=DITHE L.

13 DFEFE D H /11T gate vectorg DY 7 b= v 7 A
HI e kEE L, value vector v ZHEER T 5.

4 ER

41 F—=a2tvy bk

GEO F— &t v  [921F 7 XV H OHFIC B ¥
% 880 DEMIL & Prolog KX D7 7 7 P DF— &
N—RZ &8, BRMXOFERY A 13280 TH 5.
' [f] 31X superlatives, comparatives, negation <° count,
density, sum ¥ L 7z calculation % & ¥. GEO 7 — X
oy MFEMSITH T 2B NG ENT WD o
72728, BAEANFTTY /) 7—ariiiol. &
AT —=RR=Apo0MB LT 474DV R b
ThHh, BEXZ0ors386 7474 ThHb.
Z1Z, “Which rivers flow through Alaska 7 &\ 5 E i
FE AN L, BIDOERM “Give me the cities in the U.S.
PIE386 TV T 4T 4 LVIDRDELDER R
D, 600 B FNEEEZ, 2800 FLET AR
W=,

GEO ® 7 — XN — 27 5 RDF JER D =>ff %
ERL L, £1IWCRT. =2 (type, alabama,
state) & alabama ®D type I¥ state TH D L HE
B3 3. type Vb —a 3347022
IVT4T48LT, 5DDILYT 47 4 . state,
city, river, mountain, lake ZF%DKBIZ

2)  https://cs.stanford.edu/ pliang/software/
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2 GEO T — &%ty ¥ GEO 1380 I BT 3 FHg
Acc@k.

GEO GEO 1380

Acc@1 Acc@10 | Acc@1 Acc@10
DNC [6] 20.93 4498 | 24.37 51.16
rsDNC [7] 20.76 4486 | 26.04 53.41
DNC-DMS [8] 20.20 4446 | 2537 52.53
DNC+KM 19.53 4358 | 25.39 52.82
rsDNC+KM 20.69 4398 | 26.08 53.87
DNC-DMS+KM 20.88 4540 | 25.10 52.23
DNC+KM+P 20.03 43.82 | 23.76 51.46
rsDNC+KM+P 21.20 4516 | 25.79 53.28
DNC-DMS+KM+P 19.51 4358 | 22.82 50.69

BMUZ ZOKBIEHE R XL YAD 11 YL —
Tay, 12ISTT 474, 2250 MU TLEED.
X 512, P7=75 500 QA 7 &2 ANFETERK L GEO
F—&Zty NRIRELE. COWRLETFT—& 1y
k% “GEO 1380” ¥ FEXR. 1,000 ¥ > 7L %2282,
380 > T E T A MHW .

4.2 R

K 2IWCGEO 77— X+t v k¥ GEO 1380 IZBIT 3
E2TOETNLDT A b 35175 DF4 top-1 accuracy
(Acc@1) & top-10 accuracy (Acc@10) Z/R3. “+KM”
4P BENZNRRTFETH2HEXEY 2
=v b (KM) DB, FYatyHa=y b P) DB
nzRT.

GEO 7 — &t v MIZEBE W T, rsDNC+KM+P (&
Acc@1 THRH BRWAERZEMK L, DNC-DMS+KM
¥ Acc@10 TR b E\W R 2 7 %1872, GEO 1380 7 —
Xty FTIE, rsDNC+KM iZDEF L% EH 5
72. QA B A7 IR L7 isDNC 2 L7z T L
FRWHERICR2MEALD 5. IBERETLDIFEA
RAVIFIALDETILLDEVD, BEFIEDOR
A Y MIERBREINA NG X =R EAZZ
MHDBID, 7—FT77FvI2XbdDTEIFER
TV, §XRTDA2 7P GEO 1380 T L - 7=
72, IhRERTFT—Zty MIETILOKBER E
WHENTH 5.

#3112, GEO1380 7 — Xt v MZBIF2L2TD
ETNVOEEMEXA TDT A 3ETHTDOFY
Acc@10 7R .

Simple : 1Hop (% “What states border Texas?” @ K
SIHEBXB 120 L—vari2EBLILER
PR3 5. ] 21X, “What states border states that border
states that border states that border Texas?” (X 4 DDV
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+3 GEO1380 F— &ty MIBIFAZREME A TDVY Acc@10.

DNC rsDNC DNC-dms | DNC rsDNC DNC-dms DNC rsDNC DNC-dms

+KM  +KM +KM | +KM+P +KM+P +KM+P

Simple 1Hop 74.83 7598 76.29 | 77.03  79.23 76.93 78.46 77.85 74.59
2Hop 23.60  25.67 26.53 | 23.77  24.29 23.94 21.96 24.29 22.74

4Hop 46.43  60.71 59.52 | 66.67 51.19 66.67 50.00 52.38 47.62

Superlatives ~ Argmax 6744  67.83 68.60 | 68.99  68.22 67.83 67.44 69.38 67.05
Argmax-1Hop | 85.28  85.28 85.06 | 86.15  85.93 85.50 81.82 85.71 84.42

Argmax-2Hop | 75.85  78.91 76.19 | 75.51  76.53 75.85 72.45 77.21 77.21

Argmin 79.63  82.10 79.01 | 77.16  82.10 79.01 75.93 83.33 80.86

Argmin-1Hop | 88.44  89.12 89.80 | 92.52  88.44 89.12 85.71 90.48 83.67

Argmin-2Hop | 43.79  50.33 56.21 | 5098 47.71 48.37 41.18 54.90 32.68

Comparatives Major 70.62  84.18 77.40 | 80.23  86.44 68.36 79.66 77.40 72.88
Major-1Hop 42.69  49.26 40.72 | 42.86  46.96 40.23 36.95 45.65 39.90

Major-2Hop 2143  22.79 21.43|20.07 21.77 23.13 22.45 20.75 21.09

Negation Not-1Hop 5227 63.64 60.61 | 60.86  65.15 56.31 54.55 60.35 56.06
Calculation Count 100.0  100.0 100.0 | 100.0  100.0 100.0 100.0 100.0 100.0
Count-1Hop 96.00  96.00 85.33 1 97.33  92.00 90.67 88.00 94.67 93.33

Count-2Hop 100.0  100.0 66.67 | 100.0  100.0 83.33 100.0 100.0 100.0

Density 8.11 7.68 7.62 | 8.59 9.32 8.05 8.35 8.23 8.41

Sum-1Hop 81.25 81.25 81.25 | 81.25  81.25 81.25 81.25 81.25 81.25

All 51.16  53.41 52.53 | 52.82 53.87 52.23 51.46 53.28 50.69

L—aveEatlzd, Zofilid4Hop TH 5. 1Hop
1& GEO & GEO 1380 Di /5 D 30%LA L% i) % 7z
B, TORAL T TENRATE2EL eI EEOR
WHERIZD D35, 4Hop DR A ¥+ A3 2Hop DR A
YFEDEVDIX, 4Hop DA 2Hop L h #HEL W
WHEOLLTHICEZ 200 LARWVWA, Zh
X 4Hop D% ¥ TR Vit nwiZe EZ b h,
multi-hop DY > TN ZHER T 2 0ED D 5.

Superlatives Argmax (X “What is the largest
state?” D & 5 IZE LAY “largest”, “highest”, “longest”
REL VWO LHEEREL I R EKT 5. Argmax &
Argmin [IZB W T, isDNC+KM+P Db B\ R a7 %
137z, superlatives DD % £ 7 TlX, rsDNC+KM+P
Wy FRAFITEPIRP 0T, ERTHRRX
IR T N E HARTHE IR,

Comparatives : Z @ % A 7% “What states high
point are higher than that of Colorado?” D X 512 3 2D
B More, Less, Major 5. Ky THIHEZ %
&, Ra7E "dor.

Negation : Not (& “What state has no rivers?” @ X
SIWCHMX P EERRZEZL I 2 HKT 5. A
O rsDNC+KM (3D E 7 L% L[A] - 7z,

Calculation : Z® % 4 73 “How many states are
in the USA?” @ X 512 3 D D{#HHA : Count, Density,
Sum Z#% 5. Count ¥ Sum DR A ¥ Mo x4 7
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Y TSN — 75T, Density DFERIZ L T
K.

4.3 &

B ZA TBONT V 2AEWDB1=DICT— Xty
FEXDILRST Z2HLEND S, 72, GEO 7 — X
£y hDOY A XIMED 880 TH D, EEEIT2 - T
HEF 1380 THDH, =2 —FLF v FT—TD¥
BTN E T E 3728, WikiTableQuestions [10] D &
IRKHET — 2Ly VERWTHYE T2 ZehE
T3,

5 HDHDOHIC

3-2® DNC “E 5L, vanilla DNC, rsDNC, DNC-DMS
WHIXEY) e a3 ZBML, EEBEETL,
HRAGRSC B BINEE CaRHEEE DB T
DZEMINERAZ I U THRESH Lz 28 1L
72 1sDNC+KM+P ¥ DNC-DMS+KM I # #1# 3L GEO
T—Xty MZBWTHEE Acc@1 & FH Acc@10
TR DEWHERZER L X512, #EET L
rsDNC+KM & GEO 1380 7 — Xt v MZBW T
Acc@1 ¥ ¥ Acc@10 Dfi 5 THDE T L% EF -
7z, SHBOMETIX, REETNVKIERFEST, S
g, REBL Vo HllG T 20T 27 %72
F o B THRRE L.

;Il!.!l
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A SRERERTE

FTRTDETNDANAA =835 A —RIFZFIT [6]
WZHEDL G BENEY A X256 D 1 ELSTM[11], v
FHA X2, FEHR1Ix1074, XEVRIC 256 x 64,
A LAY FEi4, FZAANY FE1, EX
VAR 509 D RMSProp A 77 4 < A ¥ [12]. [7]IZ
WV ISDNC [7] D Fay 777 FRIZ 10%E L.
HuggingFaceS) bert-base-uncased model % f241KIT 768
O BERT [13] encoder (2 L7z, B3 [14] 25
BT OREIL 2. 5 HEIREMGE[15] TS =
Ry ZFOETNANEFEEIEL. 7YX L1
DFRTHETNZ 3MEFETL, FHORE L W&
T5.

HIFENR =X ZHWTHIGEEA Y 2R T 2720
W2, 32DF VI FILET IR XEY RIC 256 X 64
T, SHEIREMIT 10 TRy 7§08 X7,
LD EIHTR DI D TH 5. DNC, rsDNC, DNC-
DMS @ top-10 accuracy (& & 312 41 78.90%, 78.39%,
79.63%72 o 7z, HIF A £V HFICHW 2 HTEEE
THULREFHERICHVZEHET VI FCEET
H%. O%DH, DNC E FHWTHEH LA EY
M, DNC ZR—2 ¥ L7RBRETNVCHEHEINS.
B 7—2tvkh

GEO 7 — &+t v b [9] & GEO 1380 @ & [ &%
A T8 % R 412" F. Compound % A 7 1% “How
many states have a higher point than the highest point of
the state with the largest capital city in the U.S.?” D X 5
C4DDRA T Superlatives, Comparatives, Negation,

Calculation & L7-HMIX 2/ ->THD, IFX
FRhHAGDOEPHEINTWS.

3) https://github.com/huggingface/transformers
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R4 KEMEATE

GEO | GEO
1380
Simple 1Hop 94 | 145
2Hop 10 11
4Hop 1 1
Superlatives ~ Argmax 20 27
Argmax-1Hop 43 49
Argmax-2Hop 21 24
Argmin 10 16
Argmin-1Hop 13 15
Argmin-2Hop 4
Comparatives Major 3
Major-1Hop 8 12
Major-2Hop 2 3
Negation Not-1Hop 2 3
Calculation Count 8 11
Count-1Hop 6 11
Count-2Hop 1 1
Density 3 4
Sum-1Hop 2 2
Compound 30 35
All 280 | 380
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