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ALSI-Transformer: Transformer-Based Code Comment Generation with Aligned Lexical and Syntactic Information

Youngmi Park, Ahjeong Park, Chulyun Kim
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1) CAT(Code-Aligned Type sequence)

o CidiE VI Itz =4 MM HEN M0l= AATE X HH HI0IEC! Abstract Syntax Tree(AST), Structure-Based Traversal(SBT) a2 =& = JIE A0 &
otz 2ADE HIOIHO eHHIEE 2406t 012 226tz ME2 HI0IH B =S 2SI

o J|E 1012 HstoZ Hjist INE2 HI0IH B! Code-Aligned Type sequence(CAT)S Mot 012 220 AATEO oA, XM MH HE XE6t= 5
H= ARIsULL

o CATZ AAAL HH £S5 8 EER0M 8 I SO J|E S0 ohHEE H20t0] 88 &4 XAk

o CATZ2 AATENM M= AST=EH JE EZ21HEHY E20l = MUl T2t BEEIN 5= BEE J|EQ SBT BEELHH LI2 syntactic 8HE 2= &~ UsLILL

Code Sequence
public boolean isValidUse ( AnnotatedPrimitiveType type , Tree

tree ) { return BOOL_:}
SBT

( MethodDeclaration ( BasicType ) BasicType ( FormalParameter
( ReferenceType ) ReferenceType ) FormalParameter (
FormalParameter ( Referencelype ) Referencelype

) FormalParameter ( ReturnStatement ( MemberReference )
MemberReference ) ReturnStatement ) MethodDeclaration

CAT

Modifier BasicType MethodDeclaration Separator ReferenceType
FormalParameter Separator ReferenceType FormalParameter
Separator Separator Keyword |dentifier Separator Separator

FIGURE 2. Example of SBT and CAT.
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[ Encoder [‘ T Decoder |
Add & Norm Add & Norm -«
,, 4 3 _
?2) ALSI-Transformer Fest [
o AATE MZO| ot HHAHE! g0l Dol XFAEAH0 28 48 210eIE=E Lol =22 Z2 2! ALSI-TransformerE Hl & Norr AddiNom je
Multi-Head ‘ Multi-Head
ﬂ- Attention Attention
) L 1 J J
o ASLI-Transformerz= Transformer J|BF 518 D2 = gfe= U0 AAAEE IHO = SRS [ HEof IHHNH &4 ) ’ O —
| 4
Gate Network
= =90z YHote A2 =H= g £0/, CATI Gate NetworkE &80l 2A D9 lexical, syntactic @HE Ag! f Mol oo
- [ | .
SHZLILCH Cow [ ow 1t J
Paositional Positional Positional
Embedding Embedding Embedding
Embedding ] | Embedding ‘ [ NE"me‘::Q;:S' ‘
| I I
Code Sequence CAT Comment
TABLE 8. Results of comparison between ALSI-Transformer ( Gate Network) FIGURE 1. Structure of the ALSI-Transformer.

and five aggregation methods in terms of ELEU and METEOR.

Aggregation Method BLEU METEOR e Lexical, Syntatic 29| EHE Zgfot)| ot 1JHC 2IAHE AtEMsLILE
Alternation >1.26 6405 o DJHO| MEE Asioh= B © 2 Alternation, Separation, Addition, Average, Concatenation, Gate NetworkE &
Separation 52.40 65.20
Addition 53.21 65.89 oioi 11 X|E Z1 Gate Network®] 20| =2 5= EQSLILE
Average 20.75 63.46 o [}2}M ALSI-Transformer= Gate NetworkE AtSELILEH
Concatenation 51.41 64.23 Sb 235 HpS [J2 0] = .
Gate Network 53.80 66.11 o IH-Hol_l- =B o H Oﬂ HlEJO’I I_/IH
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2-1) ALSI-Transformer - Aggregation Methods

L. =H4dH OH |

1) Alternation: = A2AQF CATO| HZE0F L= 28 &8 LI
2) Seperation: D= AIEA =21 CAT 220! '<code>'di= E22= S84 = Zgf &8 2LILE

L. =4 OHd (|

)

)
3) Addition: D= AI2A LHIS 1 CAT LHIS S Add e Zgf 2Ed 2ALILE
4) Average: D= AIEHA LHIB 0F CAT LHZE S Average of 28 818 2ILILE
)

5) Concatenation: @& LA AQF AHIE I} CAT LHIE S Concatenationst Zef 2854 o1 [},

Code Sequence Code Sequence Embedding
Original Source Code

public boolean isValidUse public boolean isValidUse ... return BOOL_ : } |CNN Tel T2 Ted .o TeT65 TeT66 TeT67  ToT68

(annotated primitive type type , tree tree) |::> CAT ::) CAT Embedding
{ return BOOL_ ;}

Modifier BasicType| Identifier | ...|Keyword Identifier Seperator|Seperator| Tql T2 Tgy ... Tq765 Tq166 Tq767 TqT68
Alternation . Altemate input of Code sequence and CAT
| public Maodifier boolean BasicType | isValidUse | Identifier return Keyword BOOL_ Identifier ; Seperator } Seperator
Sepearation . Code sequence <code> CAT
| public boolean isValidUse .,  retumn BOOL_ : 14 <code> Modifier | BasicType | |dentifier Keyword | Identifier | Seperator | Seperator
Addition . Addition Code sequence and CAT embedding
T+ Ty T+ Ty T3+ Tga Te165 + TgT65 Tc766 T Tq766 T o767 + Tover Tc768 + Tqr68

Average . Average Code sequence and CAT embedding

avg(@e1, Tq1) avg(ees, &g3)

avg(xcres, qres) | 0VG(T o6, Tares) | avg(Terer, Tqrer) | avg(Teres, Toves)

Concatenation . Concatenate Code sequence and CAT embedding (756:12) * In the experiment, embeddings are compressed into another dimension instead of 768 dimension.

Ll Le2 Ll LeT54 755 LeT56

La1 €L L1l Tg12

FIGURE 3. Example of five aggregation methods. Code sequence and CAT extracted from original source code used for Alternation and Separation methods

Code sequence embedding and CAT embedding are generated through the CNN layer. Two embeddings are used for Addition and Avgerage. C'oncatenation

makes embedding in different ratios.
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Experiment Results
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TAELE 5. BLEU, n-gram BLEU, and METECR score for our model ALSI-Transformer compared with six baselines.
TABLE 7. Comparison of the number of model parameters, training time, and model size between ALSI-Transformer and SeTransformer.

Models BLEU BLEU 1 BLEU 2 BLEU3 BLEU4 METEOR — ,
- Models # of Parameters Training Time(s) Model Size (GB)
Seq2Seq (attention) [9]  37.87  46.53 41.53 37.81 35.04 23.29 ALSiTramformr 146930910 74779 %
Transformer [10] 45.55 55.62 46.30 41.57 38.69 29.06 SeTransformer [10] 167,308,038 265,140 10
DeepCom [6] 20.26 32.88 21.91 18.93 17.35 31.72
Hybrid-DeepCom [11] 38.20 51.63 40.56 36.70 34.41 51.26
TABLE 9. GOI'I'ID&TISUH results between ALSI-Transformer and ALSI-Transformer {MD—GI"I{}OGGT)
ComFormer [7] 42.99 55.31 47.57 41.72 36.26 59.12
SeTransformer [4] 49.00 62.78 51.91 47.47 44.62 62.99 Models BLEU METEOR Model Size (GB)
ALSI-Transformer 53.80 66.11 8.3
ALSI-Transformer 5380  57.26 56.29 52.49 50.03 66.11 ALSL Transformer (twoencoder) 5005 63.30 0
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