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F7, BBEIRTIX LY 2 —X & 73— Xl /512 Transformer % W= FEPERTH
BN, 77T LAERTIEARELSTM 2 H WA FENERTH 3.

ARFETIE, TUA—RDERRTOT S LERETNVOMEIZEZ 2HELZS
MIZT 57280, BIEO T 5 LAEKET VDI Y I —X%Z LSTM H & Transformer 12
BEEZ -, BRI, 2BEOZ Y I — X 2MBEOBFEOET VEMAGDE T
GRtAFEOETVEERKL, 3207 —X &y 2 HAVWTHE® BLEU A 27 % g
L7.

FEROIER, 7R 77 LEBTIHLSTM T Y a—XE2H W A0E Wk b
T, TVI—XOMPEICLIMROEZT— Xty NMIKEFET 2MHEARDHZ Z & %
MR L 7=.
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The Impact of Transformer Encoder

for Program Synthesis Model
2021 19622037 FUNAYAMA Yu
Abstract

A technique that automatically generates programs from natural lan-
guage sentences is called program synthesis. Program synthesis usually uses
machine translation techniques to generate program based on natural lan-
guage. In particular, program synthesis uses Encoder-Decoder models con-
sisting of encoder and decoder. While prior studies on the program synthesis
have mainly discussed the decoder, the encoder has not been discussed in pro-
gram synthesis. Therefore, the performance of prior models could be improved
by studying the encoder. Actually, LSTM is frequently used as an encoder
and a decoder in program synthesis while other models such as Transformer
are overlooked.

In this thesis, we replaced the LSTM based encoder of the existing
program synthesis models with a Transformer based encoder and clarified the
effect of the difference between encoders on the performance of the program
synthesis model. For this purpose, we created four approaches using two
different encoders and two existing models and compared the accuracy and
BLEU scores using three datasets.

Our experiments show that the performance of approaches using the
encoder of LSTM tended to be higher, and the performance of such encoders
tended to depend on the datasets. This suggests that the performance of the

program synthesis models can be improved by using the appropriate encoder

for each dataset.
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1. #S

TSI LhEREETLHE, 2 0Tn I <idweb ZFH LU THRASEIZ XD IE
WEMBL, BELEESEZIE—&X—ZAPLTEELTWS [1,2. LAiL, K
BIZF—T7—FRZANLUTHRERY —22—-FFZ2BUEBELTHHT S HEIXE
MR PP2IEETHE. MBIZHVWSEXF—TU—RREPS T T I L2 BEEERT
5ZeNTENE, FEOMENMETE2EEZONS.

HASHEOX»SEE T I L2 ERT 2EMETTo I LAaKERIENS.
Tu7 I AERTIRERASEINNCE, ALIHIPEGERENATE L THY LN
TW3 [3,4]. EEOBMYFEBEMORRIZED, 077 LAEKTIEEWYEFE
ZIND ANTZMHEREAIITDODNT WS, FIZ, BRSEOX 2 AL T 270
TLAERIFERSENSY — 23— FIZHIIRT 2ME L UTHRA 5720, BEMEIER
DEMEED ANTWDS Z D%\ [5-7].

B M F 51 C X Long short-term memory (LSTM) % A \» 7z Sequence-to-Sequence
(Seq2Seq) [8] 2VA < FIH & T W72 2%, Attention [9] % F \» 7z Transformer [10] ®
BT X 0 BHER OKEE DS TREER 12 B U 7z [11,12]. Seq2Seq & Transformer & &% 5
LTV I—XKeTa—XTHEK I NS Encoder-Decoder €E 7V Th 5. BEMEIER T
l& Encoder-Decoder € 7V & K HW S 1, HTH Transformer BED T 7 7 2 b
ARVE—=RNEIROTWVAS.

7077 LEKIZE W TH Transformer % W 72152 1347 T W 5 A (13, 14],
LSTM 2 W72 FERREERTH . 72, LSTM ZHWZFHEDOLET 3 —
AEWRLTED, TVI—RIZDO2VTIRKIFLAYSEEINTLAY, Tya—X
AN X SRS EME T 2EELREE N D 5720, TV IA—-XOBHEFXET NV
PERDOBBIZOLN DL EZD. BB TRy I - X T7a-XDT7 %572
Fr 2 EMOMALDETHE LM% (15 2d 508, 70275 L8R TIEGFbh
TWRW., MEDZ ehs, a7 A8HIC3EEDORIALZIRINT VWS L
E25.

AHESETiE, LSTM & Transformer D 2 iDLy a—XEZHW, T3 —XD
T—=FTI7FvyDEBRIZEIEZTO T T LERETNVOMERANDHELZIH S PIZT
5. 2fBEOL Y I —REWHAT2ERAILL LT, MEOTOT I LAERET IV
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® SEQ2TREE [16] & TRANX [17] #fRH L 7=. FEBRIZIZ, EHKT 257077 L0 F
FERRAA UPRRRE3IDODT— XLy b [16,18,19] # H\, FEMiFERE I X Accuracy
& BLEU A 37 [20] & A\ 7=.

DO ARKTEORES 2N T 5. B2ETIEAMEDE = & 75 Encoder-Decoder €
TURHAFEE, 70 I L08KETIV, BTHAOMERLIIOVWTRARS. 3
BECTEHARMEOHMW L HREZMIZDOVTHERS, FHAZTIEERICHEALZET IV
DI, F—&Ztv b, FEBREIIOWTRAS., B5ETIREREREZEL,
Mo ficmE T2, FEOETIEEBBERICIOVWTERT S, MBI, HTETIK
AW D K 2 BN B .



2. BREEEMR

2.1 Encoder-Decoder €5 /L

Encoder-Decoder € 7 WV I BEMBIAR X Q&A &, BRA R A AZIZHWSNT WS
WEEETLD1IDTH S [8,21,22]. Encoder-Decoder ETIVIF LY I =X &5 a3 —
RD2DODEVa— )VTHEINTWSE., KK THEDS, BHRASHEOXZ AL L
T T L EERTETITOTITLAERKTIE, TVI—-XRIIERSHED XDOEKZ fi#
RURZ MVIZEMT 528E %2, 73a—-XIEZTOEBLEZRI M VvERIZT0 TS
LEHERT BHE %2R,

2.1.1 Seq2Seq

Encoder-Decoder € 7 )V &%k 3§ 5 LSTM % £ & LU 72 € 7 )L D Seq2Seq [8] A
HTHBH., T T, #iRd 5 Attention Z HUD A7z Seq2Seq Z 112 U CTEAAT 5.
Z D Seq2Seq DRI EX %X 2.1 1Z/RT. EOWMTHENZHON Ty a2 —X, £D
WARCH ENZH DR T I—KeRoTWE., BHROHEENSLLRDEXE2ERT 2
B, TA—RF—EIIITRTOHREEZH NI THDTIE AL, 1HFET DIERICHE N
T2, MEEZ 1 ODHAOULZBIZZOM D UZEEEZRORLADO T I —X DAL
LTHWAZ LT, ZORAETCITH I UZHELZEZERLRPSROEEEZH T
5. ZD7H, M21 D73 —X~OANEFE TRIORLDOE ] LhoTWwWb.

2.1 DEBIZOWTLATIZRT.

(1) Embedding

Embedding (M D AAE) 1§, EDOBEZBEERTLDNYT MIVAZEHT BHETH
L. BEINZRI MIVIIAOBERCIEENS. BEE2HAWTID I I N/ BEE
ZHDIAABIZANT B L THEODHHERDIEOSNS.

(2) LSTM

Long short-term memory (LSTM) EHEEHM =2 - )L 3%y v 7—2 (RNN) O —
HThHbO, RNNIZT— M eENEEMAZMRA 72T —FT727F ¥ ThH5. RNN &

3
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A U<, LSTM RN REZH D LIROBEAD AL LT 57217 TaL, BHANDA
HIZHEHWE Z Lo THIRMIZEEZITS. LSTM OFHE S 7 7 %M 2.2 123R
T MPUTOAD IEY 7S N ERLTWS.

LSTM @7 — MZIE, BET7Z— b, ABDT—b HAOT75— O 3HEELH 5.

SET— b
2201 IZHHY L, MORTEINS.

f=o(zW,+ h W, + b (2.1)

RO W AN 0 KT BEATH D, WL O DB AVIRIE by, 125
THRHEHATHD. P IINATAE2RT. BHIT— MiE, STORLOEE LI
G A MOAEREREZETCHEHESE2T 5.

AAT—=h
H2207ICHEL, MOANTRIND.

i = o(x,W.+ hy W, + ) (2.2)

LSTM IZIXEH 7 — M KB A ELEHREBTHHEZ T TR, L WER
21R57-DOKE DB (M22Dg). ZHNIFROANTRINS.

g = tanh(xtW§ + ht_lw}% + bg> (23)

AN — MEZ OB LTHBETS. AN — MBI E N2 H LW
WIZENTZ T OMAEN D D D% WM T 5.

HAT— b
X 2200 ICMHEL, MOATRIND.

o = tanh(z, W, + hy—_ Wy + b°) (2.4)

ENIREE b, X o I tanh BB ZEH T 52 2 TRkdDondh, HhOyr—brik*x
DBRIZ tanh(c;) DB ERPIXDORELDORIVIREBE UL TENLETEETH D1 %
S 5.
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INSDTF = 2HAWTEHEEV g ERAVRER FZT7T XY=LV (o) ZHWT
MOATRINS.

ci=foc_1+goi (2.5)

hy = o o tanh(¢;) (2.6)

F— MBIV EHWAZ IZkD, RNNZHHLZHAIC UIEVIKMEE 25
AR KEIHTES.

Encoder-Decoder € 7V Cldi@H, T2 3 —X O LSTM OFERNIREE L ELILIX0
THIH T NE D, 73 —XDLSTM OfENRE L FTEEIVIET V32— XD LSTM
DEEH I THbE NG,

(3) Attention

Attention (JEZE) & 1%, 22D RZ F )L Query & Memory BdH -7 &, TN 5D
HOEZW D Z & T Memory o HELERZMIL T SHMOZ & TH D 23], K
21D X 57 Seq2Seq T, =TI —XDLSTM OH 3% Memory & LT, FI—X
DLSTM D S1% Query & LTS, TV a—RBFAINXOEZZhrb s 3 HEHE
EORZ NVIZIERMEL TW72h, Attention 2 FAVWS Z & TANDEZEEEIZX I L 72
R PMVBHBHHTEZLD12R 5.

Attention (ZIE WL D DB D 5 A%, AW TIIWNAEFEE (Dot-Product Atten-
tion) [9] ZH WA, NEEZEIABEZHVWCEAZFET L HETHY, T A—
REBBELLURWEZOAEY) Z2HNTE, ZHLHE V., NEFEEOEEAZUTIC

N

attention_weight = softmax(QM™) (2.7)

context_vector = attention_weight x* M (2.8)

ZZ T, QlEQuery 2, M ¥ Memory % 9. attention_weight |% Query & Memory
DHELIEZKXL TED, contextvector i Memory 2 Sl I N 7-EHE R ERE 0 5.
Attention 1 context_vector ZIRDJE~NH 1T 5.
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(4) Linear

SN

AWZE CTHW S Linear (24568 8) TIRXIRD XS REEZ1TS

AN

y = activation(zW + b) (2.9)

22T, WIEA, bldNATATH 5. 1HEEAABEE (activation) (2 1% tanh X
ReLU 2 ¥ S BIRTE 20, B IEE LR o258 X EE(EKO5 K% 2 D
FEHNT B, RGN IE Attention ik §° % Transformer D Feed Forward J& 7 &
THEHVWONTED, ARICK->THESI NS EMEAMBERITEL S.

(5) Softmax

Softmax (V7 b~v o7 ZBE) &, ANWEINEBMEOEFHL1LIZHRE LD IZEH
TEHEEBCTHE. UFIZY 7 b~y 2ZBBOR%25RT.

eXP(%)

Yk = m (2.10)

2.1.2 Transformer

Transformer & 1%, Vaswani & 2% 2017 FE KR L 727 —F 727 F¥THh 5 [10].
Transformer lZ HAREFEMIFIZBEWTT 7727 AR Y RX—REeLoTHY, £Ih
SILIIRELEZETABES LTV [11,12].

Transformer D& U T, LSTM 72 £ ® RNN %\ Attention 2 FfE & LT W
BIENETFLND. HIRABREHBEZTORVEZDANIXDOTRTOHEE MK
W TE 5720, WHA L 20 ZEHEHIERINDS.

AWSE T i& Transformer D LY I — XEF D A% K S 728, Transformer O LT > I —

REHIZDNWTHH RS, Transformer T 31— X O EK % X 2.3 1277

(1) Positional Encoding

Positional Encoding (fii &> 3 —F 1 > 7)) &%, AJIDHIEFNIALENG K% A
592700175 TH 5. RNN TIRHHFES] % HIXIZ AT U TV 72 A Transformer T
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WHREFFIZANT 5720, HENEHREGZDHERHD. £ T, ANNHEEDOH
MEHOKBERIINEL YA -T2 METS. iETYyaA—5T+1 2 PE X
ROATEHEINS.

PEpys9; = sin(pos /10000 dmodet) (2.11)
PFEpos i1 = cos(pos/10000%/ dmodet (2.12)

ZZ T, pos |\ IBHEEDAIE, i XD DIRIT, dmege W ETXTDJEDH ST DIRIT
BTh?.

(2) Multi-Head Attention

Multi-Head Attention & (&, Attention Z Wi IR 7=k TH 5. £ DO E
2 2412/"9. £7z, Multi-Head Attention THW 53T\ 3% Scaled Dot-Product
Attention DHBEE X % [X] 2.5 12 R

Scaled Dot-Product Attention A FOXTHH I NS,

Vi
ZIZT, Q K, VIiEENZN Query, Key, Value 2R L TE D, d; 1 K DIRITLE

KT
Attention(Q, K, V') = softmax (Q ) Vv (2.13)

ZRLTWS. Key & Value I 2.1.1(3) i T# R 7z Attention ® Memory & X Jis U C
W3,

¥ 25 DEEIZDOWTHIHT 5. MatMul J TIXHNEZFHHEL TW5. Scale J§ T
AR Z VI, TRELTWS. Zhidd BAREVEA, AP KELRDY 7 b
<7 ABEBO AT BIEFIZNS o T U E W, Attention 285 F < BEBEL 72 < 72
57-2OTH5. Mask @ TlE, "vFZTLDANXDEI 2T 5-HDICHVSN
% padding 72 &, EHLZWEH o OEAZ Y 7 b~y 7 AR Z#EH L 7ZBIZ 01
T5720, ANNIINEZRTZPILDO—#%Z —cclZBESHHITNWS.

Multi-Head Attention C % _E&E @ Scaled Dot-Product Attention % W T, KD X
DEHIICHIRZ MLVEEET 3.
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Attention

1

—

Linear J Linear _| Linear
Q K \)
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MultiHead(Q, K, V) = Concat(heady, ..., heady, )W (2.14)
where head; = Attention(QW<, KWX viw)) (2.15)

T, VORaEEd LTBE, TNETNOEME, W2 e Rimdaxd WK ¢
Rébmodetdi | YV ¢ Rbmoderxdv | [0 ¢ Rhoxdmoset T 5 % . ¥ —0 Attention TEET 2 D
TR, M240&512Q, K, V%hffliz4E L TZENZ T Attention % 54
5 (215X). 2D, HETLHETEFE CXICIZARSD K5I hfll D head; 254G L,
REIZEMEGEANANTS (214 4) .

% 2.3 Di# Y, Transformer T ¥ I — X O Multi-Head Attention ~D A1l 1D TH
5. 20, Q, K, VIREIULRZ MVTHBZ L z2HKT. T0D XS 7% Attention 1
H R (Self-Attention) & XN 5.

(3) Feed Forward

2.3 D Feed Forward 1% Position-wise Feed-Forward Network (fZi&HdD 74— K 7 %
J7—RAxy b s7—=2 FFN) 2RLTHD, 2BO2EEETCHEAINTWS. HiEE
ThHh51/EHDOEWBEEBIZIERLU ZH WS, FEN OFRENXNIILLTDOED TH 5.

FFN(z) = max(0, zW; + b)) W5 + by (2.16)

ZZT, FEFNOHFMEOWLE dip & 358, TNENDEAIE, W, € Rimodaxdsy,
by € R¥Us, Wy € RUss*dmoder | py € Rimodet TIH 5.

(4) Add & Norm

Transformer Tl &7 A ¥ v 7k [24] & Layer Normalization [25] Z R L TH b,
(2.3 D Add & Norm TI N H &217 5. AT v THERIILHET DO A S D #H % £}
FFUTBLFIETHS. 72, Layer Normalization I EHIETFIED 1 O2THB. 5
SOFIELERER 27O ECTHBEL 22 HAEHEECARBEEZMA 272D HW
LD,

12



213 ROV TEFTI

ATy TETINEFRASPREL 72, Seq2Seq & Transformer D T Y 3 — X K}
TA—XEHBWIREUEZET IV TH S [15]. A S I Seq2Seq, Transformer, T ¥
32— X2 LSTM % f W7 a2 — &IZ Transformer 2 W2 ATy €T, T a—
AT Transformer Z HHWT 23— XIZLSTM 2 HHW/Z ATy TET I, Git4FDE
TIVCHEMBIER X 2 7 247 WHEREZ bR U 72, £ DFER, Transformer DT> a2 — X
ETA—XDEENIIREL, 2BEOAT Yy TET IV ORISR X Seq2Seq & 0
Transformer (ZFEMELT B Z & 2R LU 7.

TYa—=RXRIZLSTM %, 7 32— XIZ Transformer Z W/ AT v 7ETILTI, £
R D LSTM O %2 T3 —=XIZANT 5. Z3ik Seq2Seq 12 B 1F % Attention ~ D
ANEFRLUEDTH .

TV 3— X2 Transformer %, 7 I —XIZLSTM Z W/ AT Y FTET IV TIE, T
YA—ZDHIET I =X D Attention NAHN I NS, TDEE, TI—-XDLSTM
DOHHREEZ MM T 5T MVDBRFEE LR WD, 0 TS 5.

22 EWFHE

I

Ao, PRICMHTEIAROT — X MO RBE LT — X2 HWTH
HIIZET IV EZFES

5Z

i

¥EFIETH D [11,20). FEIEEZIT o BRIIARKDT —X T
L5 —EEEY Ex 774 vFa—=>7 (fine tuning) EFER. 774 >V Fa—
SV ERITOIBETNVOBRBAIIRTEFIND D, —HMOEALZITE2EHT L F
FREBEEHCMEND. KAIETE Iy v Fa—=v T2V,
ETNVOEAIEHEMOPDOHIETHLINED, 774 v Fa—=v I Tk
HPFECESLA-EAZYMMHEE LTHAT2Z 2k, ETVORE %2 M E
SRDIILNTED. HDDERAITDT —XEBDBRVGE, 7z X A7 O KRB
TR ERFHFEHAOT— X ULTHHHATESY, Jurssaglkcidrns s
LEHRSHEDXBRENRT LR oT—XPRBER-OABEIHEL V. Xu ol
Stack Overflow ® 7R 7 7 I VI SEED R Fa AV MRS ED T -2 E2HWNTH
B8 247 5 T2 RE L2 [27).
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23 JOVSLEMETIV

Tar5LAEKEIE, ANINZELNLOME (B : AREEDOXR® T A MNr—
A, HE, oz MlAEOELDDRY [3,4,2831) S HEMWII TR T I L%
T 2EMTH 5.

HRSEDOXEZANLT B 70T I LAEMITIE, EfT 5% L L TSQL & Lk
EDSFED A %ELERT 5E TV [14,32,33] ¥, Python R X OPHASFEZ ELEHD
SELERTEIETNND B [5-7,16,17,28,29,34].

DABE, BB OSFEEZERTEDLETIVOFHNPSRMIETHALZ2DDETIVIC
DWVWTIRR S,

2.3.1 SEQ2TREE

SEQ2TREE % Attention % f \ 7z Seq2Seq & i & L T, £k T % 56D K&
FFIHTEDZEDICHBINAZETVTH S [16]. ANSNZHRASHED X% A
WD 7 T ) NEHT LM (Semantic Parsing) X A 2128\ T Seq2Seq % L [A]
LM feo7z. SEQQTREE CTIE Ty I — X ~ADANXDIEF %2 KiESHTANT
5FL Bl 2BRHLTWS.

SEQ2TREE ®E FILIZDOWTHMT 5. SEQQTREE DT> I — &3 1@ D&EH D
LSTM 2L TW52, Ta— XX 1 EOREZLSTM 2HHL T\, #@HED
LSTM I $ 355 % I LB S % A%, SEQ2TREE @ F 3 — & 0 LSTM I3 H 255 D A H
WERTZOEHEN T CRENICE 24K T 5. SEQQZTREED T 32— XD
LSTM O ER %K 2.6 1257, MOL EDKAEDO LSTMIZT > 32— XD LSTM O
BARZLADOEDERLTWS. HEOLSTM O EOHGEIXZ ORZTHEBRL 721
Thd. HIDS5H, <n> B AROIFERGEEL S %2, </s> FHFEINOK T 2K b —
7V TH5H. 72, HARIE parent-feeding 2R L TEHE D, BHOBHE TIT5 X 55%H
% ¢ D. parent-feeding I£ LSTM AND AR b VIZHOBWREEZESE TSI LT
EHINTWS.

2.6 DFITIRRDZ TV ZERLTVWS. &H, TOMTIEFHERZEKI LT
W5,

lambda $0 e (and (>(departure time $0) 1600:ti) (from $0 dallas:ci))

14



=»| LSTM =¥ LSTM = LSTM

' ' A ] A A
T Tand <> <n> </s>
LSTM =» LSTM =~ LSTM = LSTM
A ] 4. 4 A
R b L e Rl Lt R R R Rtttk ihekekekekakake LT 4

,_
0
_i
<
Y
—
n
_]
<
v
—
n
_]
<
¥

LSTM [:| LSTM P LSTM 1 LSTM P LSTM

A A A A A A A A
_____ | e __I.;_-_rt_____.l__________l [FARRpR R R R IR g | ——
ei?m:re $0 </s>
LSTM M= LSTM = LSTM
A A A

2.6 SEQ2TREED7TI—4 D LSTM OB EK
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o7V FFEREHVWSE I ETAMEZRFALTWS., Ta—-XiFrz) 2 — &
IZERTERTLZDOTEZL, FHilodhy () 2#HllT25DEFREILIZLTEE,
RODIZIEREHL ST E2EELT S, TOREOERI? KDDL, FFEkimd 5 DOERE
FAWTROBEOEKEZMHD S, ThzEEREL TV R AL ETHRIEL, K&
AT AT 2RI ES.

SEQ2TREE 3 EN R D EFERAE DN M EZEH L 2w, FEillz & RhidEz R
THONRDLNIERRA R EREEZERTE 5.

2.3.2 TRANX

TRANX Z 7027 Z 2 V7 535D Abstract Syntax Description Language (ASDL) ¢ ¥
AL TTO I 528K T 5, Seq2Seq 2 HffEL L€ F L TH 5 [17]. TRANX
FEBDO T T I LAERMEA AT IZEVWTHRREEZIZZNITEVER E 2572, TRANX
NHREEOX P67 7 L 2EMT5ETCOMERZK27TIZRT. TOXKD
ERROET KT EH 2 V5.

TRANX IFANINZHRASFEDO XN OX 2.7 IZRI N5 K S 7% Actions % £k
52 &% ET 5. Actions 1 ASDL D IR SCR (AST) Z2/Ed 5720 D@w T
HY, NEFKIZ Actions 2 L7952 & TASDL D AST 25K T A MATH L. &
7z, Actions ZAEWT B 7077 I VI FFEED ASDL XIET7 7 A MIZEDOWTEERS
Na7-8, 70275327 Z3EZ &I Actions D AEIZ R 5. TRANX I Actions
AR U728, U7z Actions 7* 5 ASDL @ AST 2{Efk L, 527 m 753y
"EEDASTANCEWT L, BT 0537 Z5EDAST I, Python3 @
G&llast 74T 7V FPERHAWAZETY —AA—RNIZEWMTES., ¥/, V-2
I— R 5 Actions T TOWEME AHETH 5.

TRANX I Attention & FH\ 7z Seq2Seq 2 H L LTHDH, TV a—XIZEX1ED
WEDOMNHMLSTM ZH WA, Ta3—XIE1 O LSTM 2 Hn5. 73—
XD LSTM NDATIZAT =2 v DORHMEHRZ T TR, DKL D Attention
DHSITH 3 2.1.1(3) Hi THHA U 7z context vector & B DEH % 5 X % parent-feeding

(7£1): Python3 ® ASDL 3 Z 262 TE 5.

https://github.com/python/cpython/blob/3.9/Parser/Python.asdl
(7 2): https://docs.python.org/ja/3/library/ast.html
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Actions ASDL-AST Python-AST
ApplyConstr(Expr) = P = = P
ApplyConstr(Call) < - € -
ApplyConstr(Attr.)

3 4,
ASDL 3% Vo

1
mod = Module(stmt* body) 1 :
| Interactive(stmt* body) : :
| Expression(expr body) LI |
: L ¥

AN Python J—F

pandas read top 100 lines in file.csv

pandas.read_csv(file.csv, nrow=100)

2.7 TRANX OB EK

17




A5G 5. Actions HRIXAREE % Fi72 720 A%, Actions 22 & A & #1172 ASDL @
AST ZF AL CTHOERZ A TE 5728, SEQ2TREE @ X 5 12 LSTM T A&
ERILUAW., £72, TRANX TR 707 I 02 EKT 5BIZANINZHASHE
DX S5 BBAH TR EDHGEZ 2 — 3 %8 T dH % pointer network [35] ZHL O A
TW3.,

TRANX 2MH§ 5 SR IE ASDL IZEMN I NTWB 728, ASDLET 71V
AAB TR TCENIEMRABREHEEERTE S,

24 FITHROBER

SEQ2TREE ® TRANX D & 5% 707 7 AGBRDEITFMHEICIIMESRL20H 5.
12iF, LSTMZ#HL TW2 Z & TH 5. BEMIMRIZH W T, Transformer i%
LSTM® &EAAA=a—F )b 2y b7 —2 (CNN) Z HWZET IV KD @WKEE T
RLUTED [10], £7z, Transformer Z FfE L Uz ETIVIEFIEROKEE 2 X 52m b
IHETWVWA [12,36). 7B T LG Transformer 2 A L TWA L& L TiX, @
# D Transformer % Seq2Seq 5 & LR U 72055 [14] %, fiiE > 3 —T 1 v 72 WE
UZZif9E [13) 23 5. L LZDEITARL, K727 1027 T L4E K T Transformer
MTIT77 MNARYR—=RTHDBLIEEVEH .

£ 120, 23 THNALAEZEITMEDIZLAEETI—KDOAZHBLTWS
ZeThd. TYIA—XEEVETNVEREZRRLTWEH L LTIE, CNNZHW
7= Encoder-Decoder & 7 )V DHISE [7]) BT S5 0%, KWL TIE T 0T I LEKT
JEKAWSONTWBLSTM ZHWAEETVERN G L T 5.
FaA—XiFrzrva—xoHhEzNALTCTOa s I L2EKT 5, Tva—X
DOVERED BARNRET IV EAKRDOMRBIZHEET 2 LEAOoNS. 213HTHN L@
D, TVA—ZXRXTA—XDT—FTI7F XY 2ESMRA LI LIZL> THEMIRE
TFIVDMERENRZ L 72H1% H 5. SEQ2TREE ¥ TRANX (25 2 — & ® LSTM D i
REZFHALTTR Y7 L0ME 2 TWASA, Transformer (2 IXFRIVIRFED 72\
HOEEMMZDIENTERY., LU, TVI—XIT@HEDOLSTM Z2/HL TV
27DBBORMDD 20, BWAPHZBY, TVa—-—X2RBLEZTRTILE
FE T IVIEAFLE LR\,

18



3. MMEDEW

24HiTHR AN K ST, TOT T ABHROETHETIEL Y I —XIINTHHR %
ToTWVWiR\W/ED, TVI—XOURBETVEROUEIZKET Z20HAET 20
Wb b, 22T, BITMETHVWSLNT WS LSTM T > I — X % Transformer T >/
I—RIZEESWMRABPILTIVI—XOHRREE2RAAD. AWFZ%ED HMWIE, Encoder-
Decoder € 7 IWIZJA K WS N T WA LSTM & Transformer iZEH L, 707 7 L85
BIZBWT, TNOEHVWAEZYI—XDT —FT 7 FvDERIZLDZETVOM
BEANDHEEHOSNMIITEILTHD.

DO, KR TELAFITRTMERM (RQ) IZDOWTHRIEZATS.

RQ1I ISTM Ty a—XZHWE7027 5 LAEKE T I & Transformer T 2 — X %
W=7 a 7 I LAEKETIVOMRIZIZED XS RERND 5 H

RQ2 2 —XDLSTM % 0 CTHIMLT 2 2 213702 5 LAKE T IV ORI E
ERCYR

RQ3 FiiFHE21T7-o7256, 7077 L08KETNVOMEIEIT I —-XDERIC
FoT¥Dk5iz8T 50

FNETNOMHEXRMEZHRELZEFAN=—a VIEMTO@EY TH S,

RQLIX, ¥556DT Yy a—ANT a5 L08KICHELTWErE2HET LD,
ZTNEFNOTYI—XE2HWEETATTOS S LE8E2T S ERE T 5.

RQ2 %, 213f Tl R7z & 512, Transformer T> A —X 2V & Ei25 a—
2D LSTM OHIHREZ 0 THHLT 2 Z RO DFERITHEL T W I hHFHET
5728, 7A—XDLSTM % 0 THI#{LT 2 LSTM T VI —XZ2HWZET IV % B
MU CTEKRT 5.

RQ3 1%, HAIFHOEMIZLI2MEOLIRIFZZ VI —KDT—FT 7 F v DE
BIZE-TERREVFAET 2720, ThZThOT I —XE2HWZETIVTHAFE
BeI74vFa—=v 235K BR%E2T 5.

19



4. RERTFE

ARETIE, SETHALZRQIZHET 572D EBRICEHALZ 707 I A

ERETILRT XYy h R IZDO0WTHRRS,

4.1 ERICEALEETIL

AWFFE T, 2.3.1 #i THIH L 72 SEQ2TREE & 2.3.2 fi THilH L 7z TRANX @ 2 D
DTV T TLERETNVENRIZERZITo7. TNODETIVEEAZHEIE,
2DODETFTIVDFENKRELL BR-TWE I e, FELBAHINTVWEZ LT
H5.

RQLIZEIE T 5728, AKiFFETIZLSTM T > 31— X % H\\W/= SEQ2TREE ¢ TRANX
W2 Z, Transformer T > 3 — X % 7z SEQ2TREE & TRANX O & &t 4f oD 71
T LERETNVEMERLUEZ. 512, RQ2OERE2T 5720, Ta3—XDLSTM
0 CHIMEd 5 LSTM = > 2 — X % f\7z SEQ2TREE & TRANX & {Efk L 7.

FH X Pytorch ™ V&2 FHWT, AR SN TW 5 5EE %2 FIZ Transformer 2 BT 5
TATo7z. Transformer O %% (Z 1% Pytorch @ TransformerEncoderLayer 27 7 A % Fi| f
U7z, F72, MMET Y3 —T 1Y 7 DFEEIE Pytorch DF 2— b 7OV E2% 53E
L.

BETIVIZHAVWBNANR=NRITA=RBEIZODVWTHHAT 5. RElFEIZTD
IO ET IV T LICEA D, SEQ2TREE Tl RMSProp [37] %, TRANX
Tl Adam [38] Z i U 7z. RMSProp @ %# & # 13 0.007 2, Adam O ¥ ¥ *K [ 0.001
ZH W7z, HDIAAJE D IR TG embedding & LSTM D ¥R It hidden, Transformer @ X
T dmoder V& {64, 128, 256, 512} %, HOIAAME & Attention D K1y 777 &K dr &
Transformer @ K B 77 7 MK dry... 1 {0.1, 03} 2, NvFH 4 Xk 64 %2 HW»
7z. %7z, Transformer ® Multi-Head Attention @ head £ njeaq (& {2, 4, 8} %, Feed
Forward J& D IR It dgp 1% {128, 256, 512, 1024} %, Transformer T > I — X D J&§ D K
Nayer 13 {1, 2,4,6} ZHWZ. THOEDNANR=NIFA—=RDH PS5V DD
AGOLETEBREZIT- 7.

(## 1) : https://pytorch.org/
(7 2): https://pytorch.org/tutorials/beginner/transformer_tutorial.html
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4.2 FH@EIER

AW TIE, BREELETHW 6N B RKRNRFMIEED Accuracy & BLEU A
a7 MW, TNENDOFMERIC O WTHNAT 5.

4.2.1 Accuracy

Accuracy L IFHEREMED I L THY, 2T —ZDI5HbETIANRELL FHIT
T —RDEEERT, PHEMELRETHVONTWVWAIEETH B. Accuracy 1
LFoATHEEINS.

ELL FHTERT— 28
57— 2K

Accuracy (%) = * 100 (4.1)

422 BLEUXZO7

Bilingual Evaluation Understudy (BLEU) A 27 &1, EMEXE ERXDOEHLIE %
HWoEETHY, BRI CAERSHELHEDO D E CTESHVWSONTWSIEETH
% [20]. EfEX AR XDEEES I EZENETNR, CLTDHL, 2DDXD—HE p, &

RDOATERINSD.
R CT—HU 7 n-gram &
Pn = C' D4 n-gram

ZZT, ngram IXEGET B nflOHEOZT L EF DO THS. HlZIX, "Iplay
piano” & WS 3 DD HEN SR DB XN H B & &, 2-gram (n=2) 13" play” & play
piano” M 2D &R 5. F7z, n-gram BME A B L ZIZ[HE U n-gram BB T 2550
H5N, ngram i 1ELFHEMAL, AL OIXEHEINSG.

CHREIDVEMNGECp, WELSBRDTELZ L&YY, BLEUZ 2T %4t
B BBUZH T R F L T 1 £ 8 Brevity Penalty (BP) ZfH\%. ROHEEKR%E r, C
DHFEHZ cLT5L, BPIFATO LS TR TIN5,

(4.2)

Bp 1 (c>r) (4.3)
el=e (c<r)

pp & BPZHWT, BLEU A 7RO LS IcHEHINS.

N
1
BLEU 2 27 (%) = BP * exp(; > "logpy) * 100 (4.4)
n=1

21



4.4XD N iZn-gram Dn Dig KfEZ KT, —MBIIIN=4XHHINTED, Kiff
HTHEINEMATS.

43 FT—4%+tv hk
431 FAHLEZTF—4%tv hk

AKWETIFEULTD3IDOTFT—Xty b2HWS., £/, TNoDT—XEy MZE
IFNTVWET—XOHE2RAITIZRT. TORDEZETD EEVPEHREEDO X T, B
MW7) FRIZY —AT2—FKZ2RT.

ATIS ATIS 15373l D 7 TV & ZNIZXIGT 2 HAR S FEDOEM XA & 72 5 fifi 44 2%
FHATLDT =Ry N TH5[16]. 7TV T LAXFREATERINLTY
5. 4434 HDOEE T — &, 91 HMOMEET — &, 448MHD T A b T — X THEK
IN5. FHMFEEIC IZ Accuracy W SH T WS

DJANGO DJANGO & Django 7 L — A7 — 7 @3 5 U 7= 18,805 17 D Python2 M
Y= 22— REZFIERMSNZIAY FORTDF—X Ly hTH 3 [18].
1f7DY =22 —=REZNIZHIETHIARA M2 1DDF—X &L, 16,000 f
D¥ET— %, 1,000 HDOMGEET — &, 1805fHDT AN TF—XTHKINS. FF
filli 5 AR 12 IZ Accuracy W H N T W5

CoNaLa CoNalLa I Stack Overflow 22 5 ¥ 1 = > 27 L 7z 2,878 {fl ® Python3 @ ) — A
I—REZNHIEHNBTE2FETEMINAZIAY DT XY FTH
% [19]. 2,178 D% E T — &, 200 fHDMREET — &%, 500D 7T A b7 — X THE
REND. FMIERIIZIZBLEU 22 72 HWshTWwab. £/, CoNaLa lZ B
BCERINZ60 HEOT—XHEELTVWS.

EROT—XEy MIHEENTVWEFHET IZH LT, HREFEOXDEZ X
HHLTWARAULT — 2O EHAELZDHDERL2ITRT.

RQ3 DEBRTIT D FHEEFICHVWEF =Xty MZIOWTHHAT 5. AWFETIr
DEAFZHIIXu S R PR/ELTVWET Xy b 2HWTIIo7/, ZDT—X
v M, CoNaLa 7T — X &y hDEELTWE 60 HHOT—2 D55, WEHEH

(7 3): https://www.djangoproject.com/
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x41 T—49tv DI

Ty T—XDH

ATIS list the al0 flight arriv in ci0

(lambda $0 e (and (flight $0) (airline $0 al0) (to $0 ci0)))

DJANGO return path_info.decode method return value called with UTF_8 as the argument.

return path_info.decode(UTF_8)

CoNala check if directory ‘directory ‘ exists and create it if necessary

if (not os.path.exists(directory)):\n os.makedirs(directory)

F42 BT -9 Y NOBAREZDXDEENEEET —IDH

ATIS DJANGO CoNalLa

T— X (2T) 5,373 18,805 2,878
FET— X 4,434 16,000 2,178
FEHT—-XPOBEHRSEO XD HGER CEHAH) 10.6 14.3 10.3
FEHT—-RXPOERSIEDO XD HEGEL (hdefi) 10 12 10
FERTFT—XPOEEHELTVWSLIHRSED XD 1,125 4,162 88
FET—XFOEHLTWVWL2HASHEOXDEEG 25% 26% 3%

23



L7710 AEDF — & & Python3.7.5 D APl K¥a XAV b S5NE LT —X 2 H
WZHERENTEY, TOTFT—XBOEFHT 1143271 TH 5. ZOHFRGFEHT— X
X CoNaLa T — XYy b CI7 74 v Fa—=v I 35720 ERESNZEDTHS
728, RQ3 1L CoNaLa T — Xty b DATEERL /.

4.3.2 gFIALE

AHiTIE SEQ2TREE & TRANX ZNFNDET IV THWSE T =Xty ML T
FTo BB IZ DOWTEHT 5.

9, SEQQTREE THWA F—&X &y M U CTHrozai B Iz DWW THHT
5. 2318 T L & 512, SEQQTREE Xl X2 HWTAMEEEZ KRB L T
W5, RA1IDPS5DLNBEEDIT, ATIST—X 1y hDO 7 TV IZFHFIN TR E % KRB
TEHSHETHLH7-0, FIUHEZIT 5 BEIR W, LA L, DJANGO *® CoNaLa 7 —
Aty b DFEEIE Python TH D 7-DRTMUHEZ T B ENH L. £ I TARMIETIL,
DJANGO % CoNaLa ¥ — & v MMZ&ENTWS Python DY — A2 32— RIZH L T,
TRANX THWSHNTWA ASDL X7 7 A V2R LU CRILE 2 7\, BHRSEE
DX & ASDL-AST XDRT DT —XEZEHK L. 2328 ThRAZ@ED, K2.70D—
OB — MY AT E S, [oT, REFFLTIEDIANGO & CoNaLa 7 — X v
N @ Python @Y — A 3 — K% ASDL ® AST ~N& &L, X512 TRANX THE
SN TW5S ASDL D AST % X FHNZZE# T D2 W T XX FHANE LB 72, (#
HD7=d, ZOEHL - FH % ASDL-AST X & X, fil 21X, £ 4.1 D"return
path_info.decode (UTF_8)" ® ASDL-AST X%

(Return (expr?-value (Call (expr-func (Attribute (expr-value (Name
(identifier-id pathinfo) (expr_context-ctx (Load)))) (identifier-attr decode)))
(expr*-args (Name (identifier-id UTF_8) (expr_context-ctx (Load))))

(keyword*-keywords))))

YA, B, MMEOEEG FT U TWANRERIZI1IITOXTH 5.
TRANX TIX GO ES@EY, 320OTF—XEYy hDZTY»Y —A3— K% Actions

NYWEHT BT 217\, HARASFED XL Actions DT DT — R EZFRL 7.
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433 FHEAE

SEQ2TREE TATIS ¥ — &ty b ZHWTH#ET A, EFVIEI2 D) 24EKT
5728, EFELEZITVEERT—XD I Y %ZHWT Accuracy TREfli L 7z. U A
LU, DJANGO & CoNaLa 7 —&X &y hZ2HWTH¥H T 2554, €7 ViE ASDL-AST
X & T 5D, ASDL-AST XH 56 AST NOHEABIITE R WO, L 7~
ASDL-AST X & [Efi# T — & @ ASDL-AST X % i\ T Accuracy % 7z (X BLEU A 2 7
TEHili U 7z

TRANX TAWISETHHA L3207 —X 2y b2 HWTEHET 2HE, €TV
FNFND Actions 2 KT B H, KL 7z Actions ZK 27D DI 7T )RV —
AZAa—RKAEHL, TNH6E2F—2F A ALEEDE b —2F A1 A LEEMRT — X
% T Accuracy % 72 1Z BLEU 2 2 7 TR U 7=.

FAW 2 BEMME R X > TEBEENZE DL L A REMERH 2720, RQL DEBRTIE 3
DDTF—REy M ZFNFNIZH LT Accuracy & BLEU A 2 7 D [ij /5 TFEAfi U 72 A%,
RQ2 & RQ3 @ FER T IXHERTIK Z2 FRI 2 S 4.3.1 8 Tk R 7= G4 F5 42 0> & T FEAG L 7=

HbHY—AA—=R%E b —2F 14 AXLUTBLEU 237 235 L 2% & ASDL-AST
XIZZE#UTBLEU A2 7 258 B UAMBREIERLII L ICERPLETDH 5.
#l Z IX, "return pathinfo.decode(UTF_8)” & return pathinfo.decode(UTF_16)” D
BLEU 27 2R3 5&, b—2F 4 AUTHMLZ8EE1E64.3%& 70, ASDL-
AST SCIZZEM L CTEHEi U 7235615 95.2% & 74 5. £ - T, SEQ2TREE ¥ TRANX @
{1C® BLEU 23 7 QB IEEED2 2\, £7/2, KEOHWIZRL T Y a—
REHWEGEII Tl I L08R ETLVDOEERED LSBT E20#HAET S Z
ETHD. TD-dD, AMETIFATFEBEOET VDI LNV REENTVWENIL
BT2DTIE AL, 2BEOT Y 3 —X% A/ SEQ2TREE [d - TO g & 2 ff 44
DTy aA—X%ZHW7 TRANX [A £ T HIgIZ3 1T 7.

4.4 FBRIE
AHETIHADDHERZHWTERLUZ., UMTFIZENTNOHEKOER 2 R
9. OS X3 X T Ubuntu Server 18.04 LTS TH 5.
e Intel®Xeon®CPU E5-2630 v4 @ 2.20GHz 2 Ik, GeForce®GTX 1080 Ti 11GB 1

25



£, RAM 64GB

o Intel®Core™i7-6700K CPU @ 4.00GHz 1 #, GeForce®GTX 1080 8GB 1 #,
RAM 32GB

e Intel®Xeon®CPU E5-1620 v3 @ 3.50GHz 1 %, GeForce®GTX TITAN X 12GB
1%, RAM 64GB

o Intel®Xeon®Silver 4210 CPU @ 2.20GHz 1 %, GeForce®RTX 2080 Ti 11GB 1
£, RAM 128GB

26



5. RERER

51 EEWHER

EFTERMIZRQL DEBIMERZRT. REBRTHERLZ4DDET IV E 431HiT
MHLZ3 20T =Xy b E2HOWTERL MR EZXLLIZRT. ZOKRD L
DHNZET VDL ZELTED, "-LSTM’ B WVWT W3 H DIFLSTM T > J—
X% W7 5, "-Transformer” 23 W T W % % D% Transformer T > I — X %
FAWAEETILTH S, £51056b05 & 512, SEQQTREE T, "SEQ2TREE-
LSTM” ® Accuracy & BLEU A 2 7 1¥”SEQ2TREE-Transformer” & 0 @& WG H & 225
7z. TRANX T, ATIS & DJANGO TI¥” TRANX-LSTM” ® Accuracy ¥ BLEU A I
7 1" TRANX-Transformer” & 0 @ WAEH & 72 0, CoNaLa TILiPlifEfEic k> TR %A
HAERE o7z,

RIZRQ2 DEBRMERZ/RT. RQLDADDETNIZAIBHTHHALZT A —XD
LSTM % 0 CHIHMET 22 DD ET IV EZEBIML7ZZ6 DDET IV EHWTERL ZHHER
2R521ZRT. ZORD-LSTMO DM VWTWEETLANT I—XDLSTM % 0 T
AL LZZETVTH L. D7D, X51DOHRD —HMEHL TS, K520
5bh 5 & 5Ii2, SEQ2TREE T, "SEQ2TREE-LSTM0” @ Accuracy & BLEU Z I
7 1¥”SEQ2TREE-LSTM” & D R WE R & 72572, TRANX Tl, "TRANX-LSTMO0” @D
DJANGO @ Accuracy (&" TRANX-LSTM” & D K W5 & 72572 A%, ATIS @ Accuracy
& CoNaLa ® BLEU A I 7 {Z"TRANX-LSTM” & D @ W iER & Ao 72,

HEIZRQ3 DEBIERZRT. FRIFHEZT VW CoNala TV 7 Y Fa—=v
LG EDEREEE2ESIIZRT. ZORIPSDLND X S51Z, SEQ2TREE TR E

R E 2175 EMEEAME T I 2R e o7z, —J, TRANX TIRHEM¥EZTS &
MEREDN M BT AF5RE L7, £/, HEFEHEZITS5 I & T, "SEQ2TREE-LSTM”
& 7?SEQ2TREE-Transformer” M & B D 2 1% 2.4% 5 5 1.3% N & /NX < 72D, "TRANX-
LSTM” &” TRANX-Transformer” DAER D EE 1.1%H 5 0.3%~NE/NE K o7z,

INSLDRERABEHR UEZEEZDETILONAINRN—NNFT A —R%EHE54 55IZR7.
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x51 3207 -9ty hOERER

ATIS DJANGO CoNala

Accuracy BLEU Accuracy BLEU Accuracy BLEU
SEQ2TREE-LSTM 76.3 90.7 20.4 70.0 0.0 58.6
SEQ2TREE-Transformer 57.1 83.8 15.7 49.9 0.0 56.2
EF2ODETIVORERD A 19.2 6.9 4.7 201 0.0 2.4
TRANX-LSTM 87.1 95.7 77.9 64.5 2.9 28.0
TRANX-Transformer 68.8 92.0 42.8 48.7 2.4 29.1
EE2ODET IV ORERD A 18.3 3.7 35.1 158 0.5 1.1

%52 FTOA—4YDLSTMOERRE.R 0 CHHL L -EZEDERBRER

ATIS(Accuracy) DJANGO(Accuracy) CoNaLa(BLEU)
SEQ2TREE-LSTM 76.3 20.4 58.6
SEQ2TREE-LSTMO0 70.8 20.3 55.2
EF2ODETIVORERD A 5.5 0.1 3.4
TRANX-LSTM 87.1 77.9 28.0
TRANX-LSTMO 88.4 75.3 28.2
EE2ODET IV OFERD A 1.3 2.6 0.2
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x53 FRFEBOAEICKIERFER

CoNaLa(BLEU)

HTEEDH O HFHEHRU
SEQ2TREE-LSTM 32.9 58.6
SEQ2TREE-Transformer 34.2 56.2
EFE2DODET IV ORERD A 1.3 2.4
TRANX-LSTM 29.6 28.0
TRANX-Transformer 29.9 29.1
ER2DODET IV DRERD A 0.3 1.1
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54 LSTMIVO—49DEFTILDINT A —4

embedding hidden  dr

ATIS (Accuracy) 256 256 0.3

ATIS (BLEU) 256 256 0.3

DJANGO (Accuracy) 256 256 0.3

SEQ2TREE-LSTM  DJANGO (BLEU) 256 256 0.3
CoNaLa (Accuracy) 256 256 0.3

CoNaLa (BLEU) 256 256 0.3

CoNaLa (ZHHij%#H) 256 256 0.3

ATIS (Accuracy) 256 256 0.3

SEQ2TREE-LSTM0 DJANGO (Accuracy) 256 256 0.3
CoNaLa (BLEU) 256 256 0.3

ATIS (Accuracy) 256 256 0.3

ATIS (BLEU) 256 256 0.3

DJANGO (Accuracy) 256 256 0.3

TRANX-LSTM DJANGO (BLEU) 256 256 0.3
CoNaLa (Accuracy) 256 256 0.3

CoNaLa (BLEU) 128 128 0.3

CoNaLa (ZHui%¥H) 512 512 0.3

ATIS (Accuracy) 256 256 0.3

TRANX-LSTMO DJANGO (Accuracy) 256 256 0.3
CoNaLa (BLEU) 128 128 0.3
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X5.5 Transformer TV I—49 DETFTILD/INS A —4

imodel dff Nhead Niayer dr  dryans

ATIS (Accuracy) 256 1024 8 1 03 0.1

ATIS (BLEU) 256 1024 8 1 03 0.1

DJANGO (Accuracy) 64 256 4 1 03 0.1

SEQ2TREE-Transformer DJANGO (BLEU) 64 256 4 1 0.3 0.1
CoNaLa (Accuracy) 256 1024 2 2 0.3 0.1

CoNaLa (BLEU) 256 1024 2 2 0.3 0.1

CoNaLa (Hgi%H) 256 1024 8 1 0.3 0.1

ATIS (Accuracy) 128 128 8 2 0.3 0.1

ATIS (BLEU) 128 256 8 2 0.3 0.1

DJANGO (Accuracy) 128 256 4 4 0.3 0.1

TRANX-Transformer DJANGO (BLEU) 128 256 8 2 0.3 0.1
CoNaLa (Accuracy) 256 512 8 2 0.3 0.1

CoNaLa (BLEU) 256 512 8 1 03 0.1

CoNaLa (Hgi%H) 256 1024 8 1 03 0.1
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5.2 MIABREANDEZE

52.1 RQL: LSTM IV I—4#a2#RAWE707ZLEMETI & Transformer T >
O—4%#RAVWAETOVSLERETIOEEICIIEDE S REENHDH

FE51M6, TVI—XDELIFZT—XEy NMIIKETAE@ANDH D, ATIS &
DIANGO T YL 6 DETILNTHILSTM I Y I —XD BB WEgEE 52 &0
HLhoTz.

522 RQ2: 31— 4DLSTMZ20THIHAtT 22 &I 7OV LAERETILON
ICET 5D

%52#6,%M%M®%?WWqSMPULMMW%%ﬁT6k,Mwmwﬁ
1 5.5%, 2.6%, 1.3%, 0.1%D A%, BLEU A 37 TIiX 3.4%, 0.2%D 7% M R X
FA—KDLSTM % 0 T T2 LB ETVICHBATERVHELZ LIETZ
EDbhotz. £z, TOREBIBLTUEHEEIETZ2HLEDOTIEARVWI 2D
oz,

5.2.3 RQ3: EEEA2To72188, 7O SLEKETIOHREIFZ Y I—4 D
ERBICE>TEDELDICERRT D

£5306, HEPEA2T5I & TILSTM T Y I —XDE T IV & Transformer T >
I—XDETILEDOMWEDENNI LS BEZI ERbhrot.
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6. EE

6.1 MRFZMICHTEIEER

6.1.1 RQL: LSTM I >YI—4%4%#BHWAT7O045LEKTETI & Transformer TV
I—4552BVWETO7SLAARETIVOMREICIEEDELEIBREENH 2 H

£51128WT, 2KIIZ Transformer T2 I —XDETF N D HFNEBHER L -
7-H il e UT, 5 DFEET Transformer DYEREZ + 2125 S HBR P07 Z & BFE
Z 6N 5. Transformer O &R 3L Tl njgyer = 6 AWV SN TEH D, Transformer %
BHALTWVWAEZ S DOMETHERAREZIEENUEDNATA—ZPHONT WS,
U UAMZETIRRSSIZRT LI, RERWIER LR/ E T IV D nygyer 12 BA
TDEDNHE L, Nigyer =6 TEBRUZGEIZIFLALEDET VT ELFHTER
Molz. TOHMBELULTHE, 7—ZEy hO#HP, TI—XDLSTM AP 1ERZIFT
BEINTEOHEMEPIARLTVWEIEREZAOND.

72, 78275 A4 KT Transformer T> 3 — & & LSTM ¥ 2 — X DM PEMN R
KBRWHEELEEZERZONS. Tu T I LEREEEIROT — 22y NTIEIANX
DEEPXORIREBRBRDZENDY, WTET7T—FT 7 F v DM B2
AR B 5.

LSTM T Y 3 — XD HBENTZHRRE o722 806, 5% 70T I LAEKT
Transformer Z L LZET NV EZR I HEICT Yy I—XE2LSTMIZT 52T, 7
077 LERETIVOWRREL ET2HEELDZEERS.

6.1.2 RQ2: TA—49DLSTM %20 CHHLT B &I TAITSLERETILOMN
EBICHET D H

#5212 F & 512, "TRANX-LSTM” &” TRANX-LSTMO0” @ ## 5 D 72 1% 2 K 1)
IZ”SEQ2TREE-LSTM” £ ”SEQ2TREE-LSTM0” DfE R D% L b /N W, ZOHE L L
T, SEQQTREE & 27 TV ® Y —Z2a2— RZ2EHEKT 55, TRANX & Actions %
BT A XEEMALUEZFEEZAVCTWSEZEREZ OGNS, TD2D, XiE%EF
MU77a2 5 068 FHEE2HAWS Z LT, Transformer T2 2 —X &2 WS EEIZ
FA—XDLSTM %2 0 CHIMLT A2 Z LIk EE2RBMTEZ EZOLND.
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TRANX TIHT Y I =K IZHABLSTM MW SN T WS, MI5E LSTM % W
=56, T3—XDLSTM 2 g1t $ 2 X7 MIVITIE AT XD EH] & Hfh D HFED
BHEPLEENDZ LI D. "-LSTMO"D AR ENIZMERE o/ OB L
LT, ZOBWERBOREBERS ) A XA hoTWETREERH S, Tus I 4
BEOANITIE @A L L, TOHLERYOBBEOERIZAHATH 20, Kk
DHFEIT R D EGEIZHANTEHEEENEROATGEEDH 5. —F, SEQ2TREE TldH
HHEDLSTMAHWSNTWED, 2318 THHLZLSICT VI —-KXDANX%E
KEEZHETANLTWS., D72, SEQQTREE D T Y 3 — X ® LSTM D fx#& %1
DOHETNTIIATNTXDEHRA D HEFEDIFHRAZ < & EFN 5. "SEQ2TREE-LSTM0” T &
ZOERYOHEERREZFIHTER LR o7 72O"SEQ2TREE-LSTM” & 0 HHEAME T
L& 25,

ARBFZE Tl Transformer T I — X 2 WA 41T 3 — XD LSTM % 0 THIH4L
LTED, ZOMBHAERZETVOMRBIZEELZGEATWS I LB bhol. T
I—XDLSTM % & b BWAHETHHT 2 Z & T, Transformer T 3 — X %
ZETFTLVOMREL AT IAGEENDHELEZS.

6.1.3 RQ3: EgixEA2T-o7184, 7AVSLEKETIOEREIFT>I—45D
ERBICESTEDEDICELT DD

RKE3IWCRT LI, FRiFEFEE2TSILTLSITM T Y I —XDE F )& Trans-
former T I —XDETIVOWBEDEN/NS K Rolz. BWRIRTIX, 7 —X
DE % X F L Seq2Seq & Transformer, 2.1.3 8 CHHL7Z2DD AT Y TETILD
BEtADDETIVOUBEDEZDN/NI K Ro2Z EDWA S [15] Ik @HEINLTY
5. IN6DZ NS, RETIEN I GEOT — X CHAIFEHZ2To7208, &
RKERT—RXTHMFE %275 I L TLSTM =Y 23 —XDE 7 )& Transformer T
VA—XDETIVOMREDOEZIZISIZNILK B2WBEELDLELEZONS. &K
RZRETIVOMERDENNS WEE, METIERCFHKFH P AT OfHER Y
FEMALCZVya—XR2RITES.

SEQ2TREE TR HERIFH 2175 &, HEFHZITOLL»>725E L0 HHREIK
TUL7. HAZEEE2RI-BBTOT AN T — 20K E2ERT 52, BLEU 23
TIZARRRED D, 7740 Fa—= VIR ELFATVRVWI R bhrolz. H
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MZEAT -2 OMERTFETEDONEZT—X L DE 3570, SEQ2TREE (213 5#
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6.2 ZHMEANDER

6.2.1 BB Z LM

MRS Z MM T ERICB 1 2B FEOZ IOV THEwT 5.

AEER D FAMFERIZ 1T Accuracy & BLEU 227 2 W2, 205 OFEIT AR L
XD EMOXEFUEZIEHMTWE2Z2HbEETHS. LrL, 70T AL
HUB{EZ2 T 55D ThH-TCEHEBOEEZNH 5. il 21X Python THNIK, "x =
x + 17¢7x += 1"IXE UEIEZR T 5D, Accuracy ¥ BLEU 227 Tl Zihvs DA%
f— & ARTIMATER V. TDD, 0TI LOFETHERZFAMT 54,
TH ST LDOERE AT - R E O EANKETH B.

F72, RQIOFEFTIE3D2DOT =Xty MMZX U T Accuracy & BLEU 227 % H
WM U 7228, RQ2 & RQ3 D FEER TIXHFMIMK 22 H# D> & 4.3.1 & THHH U 7= 2EA4M
BEOAZEHWCIMEL 72, £5.1525, ATIS & DJANGO 7—Xtv ML Tk
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F—Xty MIBEUTIHITEMERILI DTy I—XOELEP WL RN H 7.
F/z, 1 DOFAMEETIMLUZZ 21249, RQ2 & RQ3IDEED/-HD T — X M
Pl imotz. FDH, RQ2ERQ3 % 1 DD HMMIEIEZ FHWTHM L 722 2132
LMEANDEBHELD D 5.

6.2.2 ABIZHM

AN ZE G M TIREBRFE RO — I DWW TOZYMZERT 5.

AKERTHEA L7075 LE8E TV SEQ2TREE & TRANX 25565 H 5
WEERBIZRNRTEZNANBRETIVTHS. 707 T LAEKIZIZSQL A ERED
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EHRLDRERICR LR D B.
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6.2.3 MEIZHM
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