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I Transformer SEINISIHAEZR b g #E R f& BY
— RBHEHTransformerE B TIE
— YFTransformeriEHCBISEFN _EF R TreeGen

| Model StrAcc Acc+ BLEU

E LPN (Ling et al. 2016) 6.1 - 67.1
& | SEQ2TREE (Dong and Lapata 2016) 1.5 - 53.4
YN17 (Yin and Neubig 2017) 162 ~18.2 75.8
ASN (Rabinovich, Stern, and Klein 2017) 18.2 - 77.6
ReCode (Hayati et al. 2018) 19.6 - 78.4

| TreeGen-A 258 258 79.3

= ||JASN+SUPATT (Rabinovich, Stern, and Klein 2017) 22.7 - 79.2
2 | SZMTY (Sun et al. 2019) 773 303 79.6
£ |[1reeGen-B 318 333|808

TreeGen® MR N BRI RmiIE. KBEE., KBER. B3
R BERmESFZIOUE, ST EE2EBHSOTARZRIN
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Table 2: Comparison without Perfect Fault Localization

A

- RIS BURE

Project | jGenProg ‘ HDRepair | Nopol | CapGen | SketchFix | FixMiner | SimFix | TBar | DLFix ‘ PraPR | AVATAR ‘ Recoder

Chart 0/7 0/2 1/6 4/4 6/8 5/8 4/8 9/14 | 5/12 | 4/14 5/12 8/14
Closure 0/0 0/7 0/0 0/0 3/5 5/5 6/8 8/12 | 6/10 | 12/62 8/12 17/31
Lang 0/0 2/6 3/7 5/5 3/4 2/3 9/13 | 5/14 | 5/12 | 3/19 5/11 9/15
Math 5/18 4/7 1/21 12/16 7/8 12/14 14/26 | 18/36 | 12/28 | 6/40 6/13 15/30
Time 0/2 0/1 0/1 0/0 0/1 1/1 1/1 1/3 1/2 0/7 1/3 2/2
Mockito 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/2 1/1 1/6 2/2 2/2
Total | 527 | e/23 | 535 | 2125 | 19/26 | 25531 | 34/56 | 42/81 | 30/65 | 26/148 | 27/53 ||53/94 ]
P(%) | 185 | 261 | 143 | 840 | 731 | 806 | 607 | 519 | 462 | 176 | 509 56.4

In the cells, x/y:x denotes the number of correct patches, and y denotes the number of patches that can pass all the test cases.

MM RI2E NF %
% FFESEC/FSE21,

KERBIZESRIEERR
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ifstmt -> “if” ‘(" boolExpr ‘)" stmt 10
whilestat -> ‘while’ ‘(“ boolExpr ‘)’ stmt 11
boolExpr -> andExpr 12
boolExpr -> orExpr 13
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I| 5:If = test body orelse C: 'F @‘_ I
1| 9:For = target iter body orelse 4 I
I| 11:orelse > ... 2 o 3 » 16 » 14 |
1| 14:target = orelse ... — . |
1| 16:Assign = ... () I
il ... Extract o) I
______________ Grgph  _ o o o o e
—————— ‘;,lnp.ut________________
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| Code Generation Semantic Parsing Regex Synthesis

| Method HearthStone Django Concode | Atis Job | StrReg

| Metric StrAce BLEU Acc+ StrAce StrAce | ExeAcc ExeAce | DFAAce
KCAZI13 [Kwiatkowski ef al., 2013] - - - - . 89.0 - -
WKZ14 [Wang et al., 2014] - - - - . 91.3 90.7 -

Z | SEQ2TREE [Dong and Lapata, 2016] - - - - - 84.6 90.0 -

g ASN+SUPATT [Rabinovich ef al., 20171 2277 79.2 - - - 85.9 92.9 -

5 | TRANX [Yin and Neubig, 20181 - - - 73.7 - 86.3 90.0 -

Z | Tyer-Simp+200 idoms [Iyer et al., 2018] - - - - 12.20 - - -

§ GNN-Edge [Shaw er al., 2019] - - - - - 87.1 - -

2 SoftReGex [Park et al., 2019] - - - - - - - 28.2
TreeGen [Sun et al., 2020] 30.3£1.061 80.8 33.3 76.4 16.6 89.6+0.329 91.5+0.586 22.5
GPT-2 [Radford er al., 2019] 16.7 71 18.2 62.3 17.3 84.4 92.1 24.6
CodeGPT [Lu et al., 2021] 27.3 75.4 30.3 68.9 18.3 87.5 92.1 22.49

| TreeGen + Grape 33.6x1.255 854 36.3 77.3 17.6 ‘ 92.16+0.167 92.55+0.817 | 28.9

S8 =E: TreeGen+Grape: 3510/ GPT-2, CodeGPT: 1.11Z

TASHEH R IFER
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Term yping
x:Cel
_— (T-VAR)
I'x:C
I'-1tg: C jelds(Co) =C F
L fields(Cq) (T-F1ELD)
rl—t[}.f,' . C|i
I'tp: C[J
mtype(m,Co) = D
r-TtT:C C <: ﬁ (TNYR)
-INVK
I'=tp.m(T) : C
,'zc:!dsiC] = Df
r-t:C C<: T-NEW)
-NEW
F'newC(t) : C
[ty :D D<:C
(T-UCAST)
' {C:}t{] 1 C

'ty : D C=<:D C=D
(T-DCAST)
' (C)ty : C
F'=ty:D C4£D D<£ C
stupid warning
(T-SCAST)
' (QOty: C
Method typing
f!E,th'iS:C—t[] : Eo En <: Cy

CT(C) = class Cextends D {...}
override(m, D, C—Cgy)

Com (CX) {return tp;} 0KinC

Class typing
K=C(g,CP
{super(@); this.f=F;}
fieldsiD) =D§ MOK inC

C OK

class C extends D {C f; KM} OK

Figure 19-4: Featherweight Java (typing)
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Project | Bugs | CapGen | SimFix | TBar | DLFix | Hanabi | Recoder | Recoder-F | Recoder-T | Tare
Chart 26 4/4 4/8 9/14 5/12 3/5 8/14 9/15 8/16 11/16
Closure 133 0/0 6/8 8/12 6/10 -/- 13/33 14/36 15/31 15/29
Lang 64 5/5 9/13 5/14 5/12 4/4 9/15 9/15 11/23 13/22
Math 106 12/16 14/26 18/36 12/28 19/22 15/30 16/31 16/40 19/42
Time 26 0/0 1/1 1/3 1/2 2/2 2/2 2/2 2/4 2/4
Mockito 38 0/0 0/0 172 1/1 -/- 2/2 2/2 2/2 2/2
Total | 393 | 21/25 | 34/56 | 42/81 | 30/65 | 28/33 | 49/96 | 52/101 | 54/116 | 62/115

HEM= 2R aval2E TR, NNIEEREELFE EiR1SlavatEEE
BEAEMEAMNRILZ. L HSBNSEEMEZERNTE
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P EIHwIZIBS SOEHRM . KB = A HEE]
A BT ARER N A T 2= 2L ?

<identifier= ::= <mitial> | <initial> <more>
<initial> ::= <letter=| | $
=more> ::= <final> | <more > <final> . .
<final> ::= <initial> | <digit> JavaX &
<letter=:=a|b|c|...z|A|B|...|Z
<digit=:=0|1|2|3|4|5|6|7|8|9 A2
Python3Z7%&

stringliteral = [stringprefix](shortstring | longstring)
Str‘ingpPE'FiX — llr\ll | Ilull | IIRII | ||U|| | ll_Fll | IIFII

| "'Fr‘" | llFr‘ll | II_FRII | ||FR|| | "I’"F" | "PF" | ||R_F|| | ||RF||
shortstring = "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring ::= "'''" longstringitem* "'''" | '"""' longstringitem* '"""'
shortstringitem ::= shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar ::= <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq ::= "\" <any source character>
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Natural Language-Based Code Generation

Models Concode Conala Django MBPP
Metric BLEU EM  CodeBLEU | BLEU EM | BLEU EM | pass@80
GPT-C(110M) 30.85 19.85 33.10 30.32 4.80 72.56  68.91 10.40
CodeGPT-adapted(110M) 3594  20.15 37.27 31.04 4.60 7124 72.13 12.60
CoTexT(220M) 19.19 19.72 38.13 31.45 6.20 7591 7843 14.00
PLBART(220M) 36.69 18.75 38.52 3244 5.10 72.81  79.12 12.00
CodeT5-small(60M) 38.13  21.55 41.39 31.23 6.00 76.91 81.77 19.20
CodeT5-base(220M) 40.73  22.30 432 38.91 8.40 81.40  84.04 24.00
CodeT5-large(770M) 42.66  22.65 45.08 39.96 7.40 82.11 83.16 32.40
Unixcoder(110M) 38.73  22.65 40.86 36.09 1020 | 78.42 7535 | 2240
GrammarT5-small(60M) 38.68  21.25 41.62 39.18 8.00 81.20  82.77 26.00
GrammarT5-base(220M) 4230  24.75 45.38 4142 1040 | 82.20 84.27 32.00
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