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Deep Learning Models with Memory
Architecture for Solving Logical Problems

Taiga Niitsu” and Atsushi Takeda®

In this study, we propose a deep learning model that integrates a memory structure that
retains long-term contextual information and a self-attention mechanism that captures
short-term word-to-word relations. This model achieves long-term context retention and
logical inference by storing and referencing contextual information in the memory
structure and analyzing relationships in the self-attention mechanism. The proposed
model improves the performance of both context preservation and logical inference in
natural language processing tasks that require long sentences and logical contexts, which
have been a challenge for conventional models. Experimental results showed that the
proposed model achieved higher accuracy than the conventional model in the
question-answering task, indicating new possibilities for solving problems in the field of
natural language processing.
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1. H=:

I, HARSEEAE (NLP) 1F, ==—F /%y NU—7 Eiffodtic k> TR

REREEZEFCVWS, VAL h=a—F /3%y U —27 (RNN) REHYEE
(LSTM) v b U—Z[1]i%. BRI RGBSR A HE & L, S3HE 7 /LOBFIRER
BAE W72 Y, < DX AT Tl % BIFC& 7z, $£72. Transformer[2]% Ffik L 95
BERT[3]%° GPT[4]72 EDEF /L1, HOEEMKRE (Self-Attention) ZEI L. XHOD
HFEM OB BE I 2 D12 FFD, Z ORHKIZ L Y . Transformer 1330 51 LB
DN & @G 72 ORI A2 W3 L. H AR S EEALER D 43 BT 36\ C EE 2 70 FAR H I
Lo Tnd, LOLRRL, ZR6D=2—FVFy hT =721, WL OO
EBRTFAET D, B2 RO RN SUIRMKTE 20 5 2 A7 Clidk, HIFHE Y OHE6E
FRBETERWVIEAND D, —HI72 RNN R° LSTM (&, BRHIZR R 2 RE L2aR
DALVERT 5 A CTENTWD 5, SUIRNOEH Z BT TRET 2RENIcEDO S
A& 5, —J7. Transformer E7 /L%, H OEEMEREIC L - CTOIRO BEEME 2 K812
XD ENFRETHLIN, BB RERFELETAZETELRS LRAKRD L
N5, ¥z, EXXBEMERSUREH 5> X A7 TIE, TNENOETANREE LT HHE
NEBLZIRNEBRMEL 72D,

AL TIE, AT VG EEERBLRS LEERYPEET V2 RET D, Z0F
EIX, fE3R® RNN X° LSTM. Transformer NN FNHWZ D8 x wikRT5 2 &% H
BLTCEISNTWS, BEMICIE. AT UBELZHAWDS Z L CEBMZ SCIRER %
BAIZIRFF L, HEIZS U TR RA USRI 5, 7o, HEEMELZIEHT S
T & CRELIN 7 R O BILR I & SRS CRAT L. EHE SR O & & 2817
Lo TOTTR—FIZLY, REAMRREBRRCHRINHGRE RO N D X A 7128
WTh, —EBMEDHDMENTREL 725,

2. BAEWRE

BHE#EMFSE & LT, End-to-End Memory Networks[5]& Differentiable Neural Computer
(DNC) [6]23%F 5%, End-to-End Memory Networks (%, #MEA € VU [7]Z2F]H LT
BRISEET) =2 —TF N0y NU—J ThHDH, TRFEHIE, ERICEET 21FHE
HBAE D POBEBEICZIRL, RIZEZEIATH DL, ZOEMAIZLD, HEOX
RF—UV— FEREI LR A L 2V, kD RNN X LSTM A &F & LT
T B2 SUREVER T 288023 E L7, DNC ld=a2—F /3y b T — 728
ARV EMAEDLEDL LT, RUARRERELFALLET LV THD, SMEATEY
ERAVWTHERE BRICHRAEE TE D720 KREOHEBRE DAL L AT &
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5 HCEEBMEIC K-> T o7 ¥ 2 Mo BEEER O BERM: 2 RIREZFHE - 568 ) & £,
Z OREIL, Query, Key, Value &9 3 DO kL &M L CHEER O RHEE %
HEL, TORREEONIMEEE AT 2K, FHEENRNTENZ T EE %
W5, LT, BEEEISCCEEFEORALZENICHE L, XREEOEHRZ
HAETHEMATH D, 72 & 21X, [The dog ate the food because it was hungry] &9
RN T, Tit) AETRGIEIRIC L - THAe 5, B CEERE CTlX. Query <7
ML EFWT Tit) EMOEFE (Key X7 hL) OBJEELZFRE L, B#EER 27 2%
Do ZOAATIZHESE, Value N7 MANLEEFREME ST D, K1 IREINT
W5 E 91z, Tit) 28 Tdogl L TWHHE, TOMEEZX T RELSR2Y EE
28 Tdog) (ZHEFT 5, —J5, BIONRTIE Tit) A3 Tfood) ZIETAEEMERH Y, =
D X 52 B IR BRI SR A F 0 B 2 B IS T DR I 2 FF o, T DFRE
{2 &Y | Transformer |Z3CAREMREZ Z[E L2206 BEEMOBBRMEEZIE X 5 2 & BN AHE
Teofe, LinL, BEEIREHREREE LT 2BNICIZE L RAIWEORMNH Y |
EXOMECIIMERNMET T 285605 5,

3. AEVEEZEALE-ZREFETILORSE

ABFZETIE, AE VE L EREEZRE Lo LOWIREEEET V2R E LT
BV, ZOET VIR R EEH - BT AT UMESL ., BEHaHE
AR OBIRYE 2 B ICARAT 9% B CIEEMME 2 A5 b5 2 & T XH o HGERH
DR 2 Rl LoD, BEOHHRZRFF L TREILISCTERI L LI
LV IRO —HIEZ MR L. A b — U — 2RO SR IS 2 BUE L 70728 B BRI
DY) 28R E 2 R D REN 2 A TV D,
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AECILRETIEBFEET VORMBMEEE K 2 2 RICHHT 5, KT T 1T,
AT =4 % A +—1Y— (X2 Stories) & 27 =V (X 2 Query) ® 2 I/, ThZ
Na_7 MBERICER L%, AT VBES B OEBEEBEAHAGbE TREEL,
BB 2 AR T DA E RS, £ ANWT—FIZA =V —L o2V IZ5
Fond, A M=V —ix, XIREERT 2 REREEEZHE L. FEOEMIZE XD
THOEME D, —Ji, 72VIE, A=) —IZESOWTUSEEERT HEOOE
Blagd, 2nboT—XE, BHEEHEMN TR MERICER S, HE TR EE
F—H L LTETMIANSNS, SbIc, ANF—Fci3RYvarzra—7 g
V7 MEA S, HEEOIEFERAREF SN D, ZOFE, 7 VIZIXHEEDIEF 21
IR ST RV v arymra—T 4 RS, A M=V —IZIXHEFEONEFE
WITIZ, XOMEFLRBTEA LI ICIREINo v a—TFT o 7 R#EHIND,
TORMBUZ LY, R b=V —L 7 ) RENENOHLE L IEREIZE T G 2 D HER
WD, WIT, A R—D —DO_T MVTETAVOHFEE 725 AE U (X 2 memory)
AN END, ZOAEVHET, A=V —2KZEH LoD, UIRIEHRZ L -
REF T DMREA FFo, F7o, R Lo HEEM o BRI 2 B IS TS5 2 (L7 % i 2.
TW5, M20AEVHET SN TRT LI, A M=V —PNEHOCTHELINDH
B TN DOMEREY IR LATONEXOBEHNE-IN, £ 56 OO EMEN G
HEhb, ZAUC kY, BRICEZ DBICHERERAZDRITEY H9 2 & A THE
LY RO —EMERHERE SN D, 51T, AF VBT L > TRE S BRI,
HOEEME L BE TS, COBCEE#EL K207 ) EAEUHBENDOR
FleRENbs L 2ic, 7o) Z2RICAEYNICRF SN A b=V —NOBHFERE
BCRB L, X AT ICRERT — X 2KV ALEEZRi23, ZO@BETIX, 7=
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3 AEUMIEICERORE: & B

UL AEUSEICERMINEREKR L, ThEhoBEES MBS 5, s
MERT AT REVERIEE, BRI T <2570, LERTFRNEL
BRI NHE SIS, ZTOFEIZLD, A=V —2KDOARE 7 =V OBE 4
EHMUNZET LT 2 Z ENFREE 70D, BT, B OB X o CER - HE
(LENTIERE FEITRRA R D BNER SN S, BIRICHH Sh - BEE RIS S
e A=V —¢ 27U ORI BEME 2 SO L 72 SRR EN D, Zo—#oD
i e UIN QIR ENDEEFEET VL, Ao HAhETOETnERTE
WTRIERMICIIRIE SR ZIE A L, YR A2 EEHITRENZER L T 5,

32 AEDHEE

AR CTIRET HDRBEBFZEET VBT D AEVFEEILZ, A M=V —OLHEMTD
B & HEEEAL COFEMREROBZERVIELEHT 52 LT, XINB LM
D BRI W UNZ AT L. BRI SCIRD — B M2 MR 20 A2 R, K313
DAEVEEDO—HOWENERLTWVD, £T, A b=V —ANOKSUTHFEHENL TN
7 M RICE B SN, HERERKET — ¥ LTET VAN SRS, KRIZ, %
THNOHFEEHREZEN L, XTEEEZTRNTHUERToOND, ZOERHRIBIZLY
AN DEFEM OB WA S, SCHEM OB AR EREND, EkESn=E
WaEAEVIHRGET D, 2O OKTOER) % HIZ, Vertical Attention 251 H S5,
Vertical Attention |%, SCRRIOFHEAEA Z AT L, SCRI L ORI FR0RH M 2 Bl
THEHNE R, ZONETIE, BESTHOBHRBHE I, A b=V —2KkDx
R2SFEBR X4 %, Vertical Attention it % H1Z | ¥KIZ Horizontal Attention 233 Fl & 71
%, Horizontal Attention |%, X OFEMZRERLE ATV, HAEM O BERMEZ IS
T35, ZONBETIX, XHTEERHEBFELZOHAIERZIME L, STREOHH
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BRI T 5, TOMBL L THONTEXOELN AT VIZEME I, IRD Vertical
Attention |[ZFIH S5, ZOFEMINTHRAEFEIZ, O Vertical Attention 233 A S
%, Vertical Attention |&, AE Y NOBEFEH & H 21BN SN2 XDOEK /A
THZ LT, XEOHAERZ S HITERSMEIT L, A b=V — 2RO SR & T
T 5, ZONBETIE, A F—V —2K %28 U7 [REEROCHEENEFMICEERE I N D,
Horizontal Attention & Vertical Attention O f Z 4 0 iK$ Z & T, XN & X OIFEH
DEEH - A I, ATV BENICHENIZEEIN TV, ZOXEMRQAERIC L
0. BT LR SCIREHR 2R/ LoD, M HiaMoBEREE2ERT 2 &
NTE, ZOWENA b=V —RROCARD — B Z ffR L7222 O g) 7 5% & A pk
TOHHEE D,

4. RE-HBR

41 RER

AR TIL, BEBET NVOMRERIET 572012, BIIGEZ X7 [9]% 5125
EiTolc, TOXAZF, Ah—=U—borxl (EW) BASLIH, 722 VIS CT
EREREIEZ AR T DR NEFHMIT A DO TH D, TOX AT Zi8&E LI-BEHBIL, 2
RET AR EH 2SR RORER & BEEM O BRI 2 i a T sRiTh D 2 &
IZESNWTND, BRI, A M=V —2KZ8E L, 7 VICEET A5 HEE
WIZRET 2 XIRO—EEORFEE, 720 & X b=V —NOHEGEMOBERMEZ X
THYREEZEEHTRES LD 2 DOBEN O 21T o 72, 2D OREIXR
RETNVORFTEMEER/ELTBY . MREFMICBWTERELRERTH D, KERT
I, BRISEZ A7 IR b LTe T — 2ty FE2HWT, IBREE T /LD L LEIRGE
L7z, bt ge & UCHM L7277 113, Transformer, Memory Network, Differentiable
Neural Computer (DNC) ® 3 D Th D, TNENDOET /IE, SUIRERFF-CHFER OB
BPEMRITIC B W TR DHMEFF 720, BEET VOB R MRE L LT 2 729
DGR HHEL 70D, FHBFEEE LT, ARESNREERZ = VICH L TIELWA %
WET HEIEREE (Accuracy) M L7, ZOHEEZH WD Z LT, BEET LN
7 VIR LT EDOREEMREIE 4 AR T E 20 EERICFEE L 72,

12 R

F1iF, ZAZ I NPBH AT 20 DFERITHOWTZEDRIZEKREEE (accuracy) %R LT
W5, EROBE, #EET VT —HBOF R 7 TRFET VERE L LRI HEL R
L7z, %2, # A7 1 (Single Supporting Fact) & # A7 4 (Two Argument Relations)
TIE, ZNEIRE 1.000 &9 5EBE/R A a7 Z5dk LTz, # A2 1 Tid, A b—Y
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—NOH—OFEEZ EREICFEL, MEZERTIRNDDBEEINZ, £, ¥ 27
4 TiX, A b=V —NOEEOSTIRBIRZMHT L, TN D Z2HE L T e n % %
BXHITREADHERINTZ, S5, A2 9 (Simple Negation) Tix, HEXRHOD
IR KD BN D T IREET VLR 0.922 % 724k L. Memory Networks (0.885) .
DNC (0.920), Transformer (0.646) % E[Rl->7-, ZOfERIL, BEET AN EO=
a7 AL, BEE WA EMICARET AR NEA LTINS Z L AR LTINS,
F72, X A7 16 (Basic Induction) TiL, REOMWECBEEHER T HHE/1 2 7R L |
EEETNVIIIEE 0486 Ak L7z, ZHIMthoET L% ERISFERTHY . #Hii-ie
AR~ DM R ST, —J, BEET /VIEZ A7 3 (Three Supporting Facts)
L& 227 19 (Path Finding) (2B WTHEREMET T 2ENAONTZ, ¥ A7 3 TiX,
A b=V —DOXEENELL, RIOSCIRRRF EEEOFEEORENMLEL SNDHH,
BEETNVOREEIZ 021012 EF o7, X AT 19 TiE, A b— U —2(KD STRIEFHF
MM TR BT . RIEORFER EBEE O X A BBE D S DS E OB

1 FETNVICBITHEMIGEZ A2 O accuracy

acouracy
task/m odel transform er | m em ory netw ork DNC proposalm odel
Single Supporting Fact 0.510 0.993 0.910 1.000
Two Supporting Facts 0.346 0.279 0.608 0.389
Three Supporting Facts 0.186 0.246 0.604 0.210
Two Argum entRelations 0.767 0.957 0.990 1.000
Three Argum entRelations 0.601 0.804 0.980 0.663
Yes/No Questions 0.794 0.911 0.930 0.606
Counting 0.696 0.826 0.900 0.851
Lists/Sets 0.716 0.821 0.940 0.908
SimpleNegation 0.646 0.885 0.920 0.922
Indefinite Know ledge 0.721 0.414 0.900 0.851
Basic Coreference 0.801 0.907 0.960 0.918
Con jinction 0.759 0.996 0.950 0.772
Com pound Coreference 0.943 0.942 0.960 0.944
TimeReasoning 0.625 0.972 0.890 0.920
Basic Deduction 0.584 1.000 0.720 0.511
Basic hduction 0.451 0.479 0.460 0.486
PositionalReasoning 0.493 0.571 0.670 0.524
Size Reasoning 0.685 0.736 0.950 0.898
Path Finding 0.112 0.113 0.350 0.126
Agent's M otivations 0.976 0.808 1.000 0.917
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THY, BEETIVITKE 0.126 ek L7z, ZORKRIZ, oD X 2RI NHEKRSE
SEALEAROMETHALZ 2R LTS, ULEDOERENS, #RET VT DX
A7 CHAFET V& LRI DR L, TORFOEIMESHB Sz —FHT, BX
SCARSCHEIEIR X A 7 IZB WL & B AMERER B3RO b N D Z LR noTz,

5. F&O

AL CIE, BRI SCIRGERR & IR BIRIEMT 2 e Lo 2 =T L 244
L. TOMREZERMIEE X A7 2@ U CRGE LTz, BETT VX, WRNERE R
ETHEZAT 1R, MENRIIRE RS 52 27 4 128V TRE 1.000 2508k L,
BUWHEREEZ R LT, £70, A7 9T, SEO=aT7 U AZEMICEHMFEL, Zhic
FAINEE LT DRI DI S B FET V& BRI AREEZZER LT, & HIZ,
H AT 16 TiE, REOMWEBEMZ2 7 UV SCIRICH#E 9 25 ki3 iR S, iefT
TNDEERIMFRENEZR LT, — T, RVWA MU —ZRFL, EHOFEFELH
BT DHHAY 3R, WMEHEGREZ O B DO F AT ZFEA LIZHX A7 191280 T,
S L7 MR ERROOENDFEFR Loz, BETT VL, KHASUIRE REF LB
HIEREMHT2ENDEELTCVDEEOD, XAZ3DEHICA M= —DLEEN
ZWVEAICIE, ATV ICREFETREERENTTVORFEZB LT LE D 2 &N
LLTEREVIThRoTz, £, A2 19 TIE, A b— U — KD STNRILE, B4

i REORE L WS REBOERENMAEGDLEDX AT THY, T_XTOET IV
WCE > THREETHD Z EBRMRBINTZ, TNODRERNL, X RT3 X AT 19 DFR
JEITREET NMCHFADO L O TR, BRSFELESRSER LTV 25 EE /R
METHD L \VNZ D, AFFENERET D FIEIL, IR STIREEEE & R0 B R ML AT
ERAETLHT7T 7 a—F & LT, b OFERRIZ T Bl 2 R R LT D,
Frlo, AEVREETEH LB RORE - AL, 5% O ARSELIIZB W T
HEREEZR-TEELZOND, ZTOTFEEIDIIHESEDLZ LT, EXURD
IERRE 0% BEEHERR O TRL A HAIFF T X 5, AWFZEIL, BARSFHUHESBICBIT 5 E
IR BE OfRRIZ BT 72— 2 " T H O TH D, SH%OI LRI EEOIM 24 L
770
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