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Abstract  As the complexity of software continues to increase, program comprehension has
become increasingly important in the process of software development. Code comments are one of
the most important documents in program comprehension, and high-quality code comments are of
great value for program maintenance. However, during software development developers often
neglect to update corresponding comments after changing code. This could introduce inconsistent
comments, which not only cause confusion in software development and maintenance but also
have a negative impact on the robustness of the system. To address this problem, some research
has attempted to automatically update corresponding comments when code changes occur. While
code contains abundant and explicit structural information, existing approaches often treat code as
plain text and ignore its structural information when updating comments. This can lead to many
failures in comment updates. To address this issue, this paper proposes a code comment updating
approach called MMCUP (Multi-Modal Comment UPdating) that integrates multi-modal information.
MMCUP uses three modalities of information, which includes old code comment sequence, code
edit sequence, and AST difference sequence. First, data processing is performed to construct
comment sequences based on the original comment information. Then, Code edit sequences and
AST difference sequences are constructed based on the code before and after changes. These

sequences are combined with old code comments to form input sequences that are fed into the
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model. After that, the Transformer encoder is used to encode each token in the input sequence
separately. During training, multi-modal information features are fused through a multi-head
attention mechanism. Finally, the decoder in Transformer is used to decode the encoded multi-
modal information features and update comments. Experimental results show that MMCUP has
improved Accuracy by 5. 8% compared to HatCUP and 4. 4% compared to HebCUP. The Recall @5
is 3. 6% higher than HatCUP which achieves previous best performance. To determine whether
the code edit sequence and AST difference sequence used in MMCUP can help improve the
performance of comment update, we conducted ablation experiments. The experimental results
show that both the code edit sequence and AST difference sequence can improve comment update
performance. In addition, we conducted experimental analysis on the effect of MMCUP when
facing more complex scenarios of code changes. The results show that compared with other
approaches, for complex samples, MMCUP has shown the best performance among all comment
update approaches. This indicates that MMCUP can learn different comment update situations to
cope with more complex scenarios. To further validate the effectiveness of our method, we conducted
a manual evaluation comparing MMCUP with HatCUP. The results of the manual evaluation also
showed that the comments updated by MMCUP were more in line with the expectations of
developers. Meanwhile, we discussed the reasons for failure cases of MMCUP and conducted an
threats to validity analysis. In future research, we will further optimize the structured features
extracted from code. For example, we will utilize control flow and data flow when extracting code
features to increase the information obtained by the model. Additionally, we plan to explore other

modalities of information that could be integrated into our model to further improve its performance.
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Code Change: Bt “ completers” 5 # fy “ Completer”, HatCUP ¥

- public Collection <Completer> getCompleters() {

return Collections.unmodifiableList(completers);
+ public Completer getCompleter() {
+

}

Old Comment: Returns an unmodifiable list of all the completers.

return completer;

New Comment: Returns the completer.

CUP: Returns a collection of all the completer.

HebCUP: Returns an unmodifiable list of all the Completer.
HatCUP:

Returns an unmodifiable completer of all the completers.
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A SR AR 1 SCAS 22 S5 M A5 4 22 57t 0 ) R
AR 2 B8 e 51 A AST 22 53 17 81 05 IR0 B 7 51
LA LR U AT B SR O T Ak B 4 30 I
MMCUP R, 5 & - 5 15 380 FE A (9 A0 25 48 )7
B B R 22 S e ) LA e TH T e A 38011 5 4 g A
s DUAE OB B AEAS Y AP TR 4 iR P R

BET I TR
NCEad
1A MHFER

Ml ub
ASTE R
. AST
5% SRR
551
TRER
TR
e —> ARG
E—  Haw R
L P
EREE >[=] S
r—

T

/] | Transformer

N Y 2%
: Jl,  SER R
: o S
Transformer —
P | A : -
N LR R

K 3 MMCUP J7 ik i f2 |4

4.1 HIFELEHER

FE LB B s MMCUP X QRS 58 e DA S B 1Y
J £ R AT AL B E S AR i AR S O O A
AR G 56 e A1) o MR B 3 R ) A6 15 R R R A L i
W) TE R TS AR5 AR AST 172216 1% 1
AEACRD S BT (4 G5 K AL P 5 5 e JE L O T A Rl
ZHSE R K LR T AT AR DI i A
741,
41,1 FERF A AR G 48 e 510 1) A

TE G 8V R 51 I S AR A0 B 0 12 i 44 T 0
TERE B bR SRR E AT % 20 X v 20 i 1) 25 2R P A )
) 2 | i 4 V5 HEAT G A L SR 5 0V R R A A I R
b A5 EAT S 08, O 00 ] 28 0% 8 48 11 B v B B
P I 23 ) A 1B BRI i 1 TE R 4.

e AL A 4 58 T 5 I 1 S AR o i R R
AR B B W iy 4% 3% L £ 28 ) i 44 1208 AR o S 24
A hL, DL b OOV (Out of Vocabulary) #Lid] , 4R )5
MG 73 Z J5 0 45 A @A e 4.

W5 7275 2 5 AT r A ) o e A
2 g — R /NG IRl SOAR 22 S A X [ TE Aok

P& HOH B AR 7 41 22 1) 1Y 22 55 38 2 25 S5 40 B 46
T LUK TH AR 722 55 Ay 3 AR I Y #5242 47 20
. TEXT T B A 25 30 Bl B FRATRE g A A
VEr g = Fh 28 8. INSERT . DEL.UPDATE. H+,
INSERT J& $& 8 i A IHACHS o 9 38 43 . DEL 245 IH
A o B R 978 53 UPDATE 248 IH AU H 92
AR ARG v ) 4 LR 4. i BT RS2 . UPDATE
WA R R JE B AR N AL DL AR S IH
T v g IR £ &> RALKS Bl 4 R e AR B RRHT S Y
PR 4 B 58 4 AH [R) B AS X 32 4 RELUS T &0 A0 i i
FEAHS K& A AR Al ] R A [ A i ][4 ]
(HAE_END) (8 20 AQRS 5T 21 5 F 17 #5344
TR TR s A A T A A g R 4 1 o R
Pl AR 7 B 0 21 48 1 AR A 2 Bl B Y N
e m, 1) AR S 0 1 i P A AR g BT 81 02
2y I T s AU STA 8 A6 1 2 58 1 91 B
. “(DEL) collection<  (DEL_END)»” & /x M B T
“collection<C”, “¢{ UPDATEFROM ) completers
(UPDATETO) completer (UPDATE_END)” /R
Z B S M “completers” B 5 i “completer”.
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R

public Collection<-Completer>getCompleters( ){

return Collections.unmodifiableList(completers );
}

—=

public Completer getCompleters( ){

return completer;

}

(NCE gl

public <DEL>> collection <~<-DEL_END>> completer <-DEL>>>
<DEL_END> get <UPDATEFROM> completers

<UPDATETO> completer <UPDATE END>( ){return<<UPDATEFROM>

collections . unmodifiable list(completers) <<UPDATETO> completer
<UPDATE END>;

B4 g 5 A Rl

4,12 AR AR TR 4 A Ak 15 B B R

BCRT A TAEZ B0 AR B9 AST 780 A LB W
F AR AR A OC I 25 M A A B TR A Sk 4 3l
T 4 A O R S AR S 1 AST 22 5 % 91 5% i iR 16 5
Z IR EE e 22 5. 5 B A L i A
XFRE AST (128 55 78 81 i A 5 1 AR RS A 15 st 28 780
7 JE MR L A0SR AST R 730 [ (8 F 2R 0L F b
FSCA Y 7 A Y 8 4 3 BUF A K K R R
TRl P EE R OC R YL R T X AST

S DL Ak

LAk 3 78 4 B AST 22 5% 5 B, 15 4 0
YRS AR G 1 AST #4725 5060 B, HL vk,
WMAZRHHA R A, & M S

RGBT
public Collection<Completer=>getCompleters( ){
return Collections.unmodifiableList(completers );

public Completer getCompleters(){

return completer;

< delete, SimpleName, Collections™>
< delete, SimpleName, Collection™
< delete, SimpleName, unmodifiableList™>

~“update, SimpleName, getCompleters™ <:]

update, SimpleName, completers>

ZES T

l =

3 25 57 5 2 S5 o AR X T AT R B VEAS TR Wk Y
AR 2 4y ) J: UPDATE. MOVE, INSERT,
DELETE. H 1, UPDATE X # IH{t S AST ¥ &4
JRYEAE % 28 4. MOVE QR IHAR RS /9 4 55 8% 3
FH AR AST iy 5 — i &. INSERT b7 15
SR AFIHAAS A9 AST . DELETE 8 2 IH U RS
H) AST A7 5B R 72 PR BT X 2 25 S 1 R
JG s 3 IR AT R L R A AT R Y
TR CERAE I AR B s M D 4R
255 SR BT B S AR BUR S ) AST 2 5%
JE . B S R TR Z LR 1 eb i 4D A T SR
HAST 22 5 7 5 i) 1 A2

AST# R

3
v

SimpleName:

sl SimpleName:
o unmodifiableList

Collection Collections

SimpleName: N\ SimpleName:
getCompleters getCompleter
SimpleName: L SimpleName:
getCompleters getCompleter

Bl 5 AST 25 57 )7 51 4 g FER )

4.1.3 MEdEF5I
LRI A T 9 3% I A 20 58 25 A AT 55
LA 2 it i L DA A 2 o B ) e B e EL A

G A PERE . KR R A S [ — A 4 5 8 X A [
25 B {5 B AT At B AT Lol A TR B M Al A 2
5 R Z IR 5 Z . BT 7E AR R R 81 I 3k B 3 4 2%
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., MMCUP Xt 285 | ik 4b B 753 21 89 5 51
PTG UM 255 B A5 75, I f A ) [7]
— i A% P R AT R AR SR I A, MMCUP 7 %
X FIRAL RS A5 B Y S AT RS U2
B AE B 7 9. 78 i A L 17 81 v o i 98 40 h
IHE B e 3 op i) & 2 g A0S 9 58 51 B O
AST 2575 =& B R IR AT 5 (o) 04T 70 B, DA
DX 3 A [ 7 £ 5 R T

4.2 HWEHIZEMER

MMCUP fii f #: T Transformer [ % 15 #5-fif
T EAI AR AT AL it , MMCUP 15 5844 41
B9 HUETE Ry 91 3R AT ) A B S OB ) AR S
(R 2 G e 91 i A I TR 4 R 4 o 1) AR S R R T
FEFF IR R 275 24 Z2 i A\ B BB i e 4%

Xt A A G B A PR 1 R 81 X = (xs x
Xsoeen X, ) s FE G B g rh O 22 Sk v R L R o )
T~ ] 5 H A ) 22 )Y 06 R 22 Sk TR ML
SEAEAR R By AL e (A ) e AR
i (query) Q Bl — R HEH XF 1Y B 5 (Key-Value)
HEATERAE 4 i s R B i B T s X (D) By
A HH dRQ R K YR,

Attention(Q,K,V)Softmax(?/i%)V (D

XF T BE A A 50 P A L G T o X s 4
JELRIE X LR Qo K V5 B A [R] 5 4% Ja] vl a3
ST 5 2 [a] 1 T 3 45 Rk 2 ) AN TR [ 1Y
TR 56 28 (9 4 e B R R R B AR G R
SRIG X A 25 () B TE B TR AS R AT PR
A e Pt L R A A AR O — SR Sk
(head). X (2) 09 Z 3k R BTHR T 1% . WO ol 2
AW S BRI head 85 1 AT Sk 4 iR AR
HOWTHES R o B k8GR, i 2 kT
B AL B R] DL 2] R 51 N AR R DGR

MultiHead(Q,K ,V) =
Concat(head, shead, s+ shead,; s+ shead, )W (2)

FE AT R e B A4 AT L2 2] 31 5 5 40 vh At
SMRHBC R B T AR MEESELER T
G ep, i LA A Y e & i A5 B AL & T = Fb
B .

28 3o o Bt i B2 BCIY A OC AR AE 23 B A B i B 2
L 55 g i g A LL L iR S N T AR RO 2 kTR R
71 (Masked Multi-Head Attention) , iX 52 B T 7£ 1|
Sk A F5 G I 20 60 0 BROER T 22 R e

I 7 L By A i 0 25 R 3 R R i 20 1 15 8. TE A I
23k = Iy, MMCUP 23 4 B 1 = ff 5 B il
1A S B 5 A T B A TR L 3k B RO e A )
22 515 B . e MR i, o e S A i By
FIR LA M el W R 2k E B . &5
Y T 25 1) i HE 2R AT 28 L o AR B 5 4 B B o 2 )
M FR 15 B A M I A R
4.3 EBEFHE

MMCUP (1 fif i #4523 I A2 247 000 4 Bt s L
BN FPHN 45 . AE U0 3k FE b, MMCUP fff 46 o 48
K (Beam Search) J5 3528 BT 41, 4 SR8 R 19 7
AEJT H AR B 2 A S R ) R A SOAR A AT
% LR T R AF AR, AE AR SCH, MMCUP 3 5 fif
FH A SR8 2R 0 R 8 v AR T R R I o L 4R
FAGRAE TR S R ke b @ i R AE R Y
B — 2o Y A2 RS WA T 4k 5 i R R
2RI Xof 3 R 2 AT T HE T AR B I AR Y
166 36 J5 457 s O i 7 5 A 5 4% MMCUP 23 7
B JZ 06 BUR A AT 8 B R 1 B TR B 1 4 R AL A B
HRT 5.

5 RIENIFMH

S VEAS T 4 H AR VR R R i MMCUP 1)
AR A SCHEH LAR A4 AN 5T ) BB 4 B T X st
(] T B AL -

RQI: 5 A 13 B 58 87 J7 i A L MMCUP 3
B 2

Hl: MMCUP fi G 1 Z2E8MF BT e
FESHT, o Bt MMCUP 5 HoAth B UE J7 12540 L 7 RE
ey, BF MMCURP A8 L At J7 325 78 1 8 58 A R0CR
FRERS T A BRI AKX RQ L FRATTE R
BT H7 J7 ¥ CUP, HebCUP #l HatCUP fE 3k %} [t
XF G2 A PPAR K 2 Ty BRI R R B AT T
Accuracy Recall@5 % 6 1~ A L TEAL 8 45,

RQ2: MMCUP {1 56 5 21 {1 % 13 B 0 3 4 SR 1
AR RN

AL : MMCUP fifi F AR 45 48 )3 51 1 AST 2
ST A LA o T R S BT R RE L 7R X RQ L B SE
MMCUP b fifi JT 69 A5 4 5 77 51 F0 AST 22 53 5 31
EAA B TR T E R E R AR FRATIEAT T M

RQ3: MMCUP 7E4b 3 AST 22 38 K FEAHT
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TR SR M B iy 2

L 7R A RQ o AT AST o iy B3
S BR 7B B SRR AST 22 AR IAEA i 2K
FEAS S Ty 3 B0 B T 77 0 T U Al 3 3] H 2 1 4
KFR I B R TE T, S A58 MMCUP 75 1 4
FFEA IS B9 B, 43 MMCUP 1 1 % i 26 3 5t i
4P BE T T 2 75 R A% A 50 b Ak B sk S A B i L 4
T A ST (] .

RQ4: MMCUP 7 [ xf 8% 1 58 ek hy 52 J 1Y
Yy 5 I VE R T PE Be iy 2

B : XA RQH, FRATTHY A HatCUP 922 3,
W 3T I S 2B A A A T B BT 7k HebCUP G
T2 TE B SR B 1% 0 Dl 52 7R 3 55, S iF 58 MMICUP
FETH X B2 5 SO 2B 48 T ARHIE 5 n) AL
5.1 Lg%t
5.1.1 BudsE

TESZE L FeA 164 T CUP 8%k, 3178 HebCUP
M HatCUP % T /E ) 2 {1 B0 42 ©. 3% S
£ E il L AP GitHub | 1496 4> java 3
HH iy 48 007 YR $& 38 44, IF e IR $5 28 ity 4% iy
8OYOME N4 T A 10 20 %0 4T BLIL T o ~F- 34 53 4
5 U AR AN AR L 38 2k ik Ay 3 AT AR I 2R AR TR
JUT A T B BT A kA A I I A R 3 A P i T R
FBT Z W B S Lin 258 0 AR i 5 i 00003 8 T X
KR A AR T Rk AT AL B RS ] 5 Bl
BN RN A, R IR R SR B AL R 5E T 6183 M
A B A4 80591,8827 Fl 9204 MRS -1 B 3L [H]
WAL FE AL, 4 5 AT U 25 L 50 0E A s, AR SCAE
MMCUP,CUP, HebCUP il HatCUP I iy 52 35 34
FEIZ AT U8 5 i B s 4 kAT

943 Ht MMCUP fE K [l 37 50 R 024 R 4n fa » 38
AT AR T B RE AR BEAT T R0 . 8 o, ARG B B
i J5 9 AST rhoA 3 sl B 144 i AR i 3R AN
HEF AST K2R 1Y 5. Wk b A 4697
ANFEAE B AST H A K2ZRMbr e, 5 51%. 8%
J& - AT T HatCUP (#3% & , BifF HebCUP JG
T T A Ak B B AR A SR ARG O A R AR A ) B .
X2 T HebCUP AR xE Ay A A5 5 o4 5 10 B 3 B i
A H R R B REA AT IE B 58T, Rtk AT DL 3
i HebCUP JEik iF i Ab 8 1 FF A b A 5 58 ol 5
R A MR A 6844 AEAS T B A REA Y
bR o 74. 3% B AR RIS E R E VAR
[ A A 20 S R A Bt 0 o LU S8 T B N3k 3 B,

®3 HEKHRITER

Ao B Ge T
Avg. <150 <200 <250
91.8 79.7% 87.1% 92.6%
HERKES T
Avg. <20 <40 <60
13.2 84.0% 99. 8% 100 %
AST £ 8K 5 IFEAR HRMA
K i e G4 Hoit N ACUN %)
4697 51.0% 6844 74.3%

5.1.2 iFM4ER

HR A5 i £ 3 19 BIF 5% ) 80 S 36 T Accuracy
Recall@5, AED ( Average Edit Distance), RED
(Relative Edit Distance) .GLEU™" #1 SARI"* 4t 6 4~
i b ok DAL A T B TR 1k PR e

Accuracy FIRVEH 77 15 2 5 1E 56 L 58 1
T FRATIE P B 4R v I & N B T S I TR AR A
Zx 2 TE R A AR T R TR 7 1 A I T R R 2
VE AR A U IA R B8 ). Accuracy J2 48 157 A i
PR 7 1 R ) 2 v HE 44 B8 — B T BN 2 25 T R AH [
AR BT o5 A o L.

Recall@5 5 Accuracy &L F R A 5 HE77 1
T 91 3 v HlE 44 i L ) TR A5 A N 2 25 T R AH () 1Y
S5 W RAFAE AR [A] 1 25 2R 0N BT )

AED RIRM & AT RS S B R 2
SIS B (E 6 0 SR 93 1 Levenstein B g5
VA [) 7 3 A 100 S 0 N 2 2 R 2 ) 1 22
B, Hr, Levenstein B85 H] T 00 & P A7 4F & )5 571
Z IR 25 5. IS AT 8 Z A Y Levenstein 25 &
FEH — A FAF A O 53— DA R I 0 I D G
BRAE B AED RYAE 8/ A3 T7 1k A Ry T B
5% RO .

RED F 77 17 AH 0k 5 44 2 5 B 25 09 ~F 2 (6L, AH
XoF AR A o B A AN ) OV A ) B R U R
SR Z A ER S5 IHERMS % R ZE 21
Al B b 4 — DA N AFEAR N4 AED
M RED #3573 70 i an s () Ml (o) fros. Horp
edit_distance 2 BLia] 2% B Levenstein FEES. v Fl y
Gr AT AR I TE R S 5 TR o R IHTE RE.

AED:%Z]l edit_distance(3"* ,y*) (3)
RED:i A ed.it_d.istance(j/”") Sy
N~ edit_distance(x™ , y*)

GLEU E41# A T 7018 2% 2 4% (Grammatical

€Y)

@ https://github. com/HATCUPO/hatcup
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Error Correction) J7 ¥ » 1% 48 b 8 i3 71 55 A= B 1) 4
THZHATHEER n-gram HS AT EAL . GLEU
I3 BUBGE A TR RS 2 2 TR R I

SART $84R i W T VPAN SCAS il 24T 55 . %48
g 2 B 4 2 55 R SCAS RN 2 25 Tl SR A T L
AN TR T3 v O B S B 0 S o L e B ] 0k /] 1 R 1Y
SO Z AR PR AT 43 8 o 2R AR 2 T
5.1.3  JEUHEH IR

TESEH H, B AT CUP L, HebCUP Fil HatCUPAE
B g Ho, CUP & 3 T IR 2% 2 1 7 ik H
BT 5 B 51 (Seq2Seq) HEZR , 7 Ji it i v 45 AL
] LSTM, U 5 ) B ] o 58 4 1l 47 204X ) 2
EAERZE LR IFGIA T 250 H 1 1 58 20
AE » LUA Rhab BEACHS T8 B BB 55 0 R AE. HebCUP
I — b e 3T R BB A0 O 1% L 05 VR U
FEACRD Y A2 B b Xof VR AL 4 R 1) £ B30T S
R HAE ZWOEMNHE b IS Tk CUP 1R RE
FEAOR AR A 1 R S BT A I ). HatCUP & —
T i TR B2 2 2 B O v Jl ok BT RNIN A 25 i 8 -

fiff A 2 2R A o DA — R 04 G i BIL I SR BT N B
MR AT s 5L 5 R W], HatCUP £ 3 i b CUP,
HebCUP & 7 R 53 77 1 B8 4 1 B A 1 g
5.1.4  SZELANTS

A f#i A Pytorch #1 Transformers 3 52 3 19
751 MMCUP, ff F§ GumTree 3£ 32 Bt AST (1 2
S Horb B A )i A R TR B 768 1R )
JER B E A 12, [ Adafactor 4L BT A S 4k,
W Uh 2% 2T B K 0..0005. FE I 25 31 ) 5 4 K/
BEHE N 30, Gttt g A7 B 2 1Y) Fe KA BE 43 Sl i B R
512 I 32. i A7 sE B #f 78 H AT 32 GB RAM, AMD
5700X 8-Core Processor flJiffii5 RTX 3070 GPU
IS 58 L.
5.2 XWHEREAWH
5.2.1 RQ1.: 5 H v B 3587 J7 ¥5 A7 Lk, MMCUP

B AN 2

o] 25 X A~ 8] L, AT 5 CUP, HebCUP il
HatCUP 7 B 26 £ 1Y 8048 5 b 3047 1% S iy, 52
a5 Rk 4 FoR.

x4 TREREFHENEREITLL

Fik% Accuracy /% Recall@5/ % AED RED GLEU SARI

CUP 15. 8 26.8 3.62 0. 960 50. 30 38.62
HebCUP 25.6 27.6 3.52 0. 896 54. 14 41. 29
HatCUP 24.2 34.9 3.43 0. 860 56. 46 45. 94
MMCUP 30.0 38.5 3.31 0. 878 59. 80 47.79

MFEHP A LLE W TE Accuray 4845 F . MMCUP
AT T e FERCR b3 F IR BE 2% ) 1 J7 i CUP Al
HatCUP 4351155 14. 2% F1 5. 8%. ILAh . % He i B
PR AERCR 1 HebCUP,MMCUP #2585 T 4. 4%.
XFF Recall@5 $5 45, MMCUP W1, bt 22 Hif % B8 & 47
()75 % HatCUP 5 3. 6%. X W] MMCUP fEfig 5
B b, AT 3 R BT L LA ) G 6 91 R AST 7 5]
REE fff MMCUP fg 2 1 47 i HE BR HoAth IO F B iy
T 5 A Y b 2 ) B AR B R R R = [
B G AR

Xt F AED 4845, MMCUP %5 I i 20 3R 5 47 19
J58: HatCUP FRET 0.12,3X %8 MMCUP i 5 5
MEBRRZELE T EANRANTEHNSHZ TR X T
RED #5475, MMCUP W% & F HatCUP. 43 #7 & 31, i%
JEH T RED 75 % 5 5 B 47 A, i MMCUP
05 1] = 7 J3 1 v BT 0 22 g X RE Y B el O 5K
FE R BT B A R B, 45 5§ 30 RED fl K. Bk 1
% ,MMCUP #§ RED {§{%F CUP 1 HebCUP,{{ L
HatCUP & 0. 018. .4+ . MMCUP 7£ GLEU Hi SARI
X PR A b 43 0 b T B 47 /9 U7 35 HatCUP 5

3.34 Fi 1. 85,35% F2 ] MMCUP 37 i 1 B 7E 7 W
JERBTE L. BRI 2 R MMCUP Jir 5
FER S SR O, v DA O R &
NG AR

25 N FR 2 PR BIE B AN [R) 5 ik A R R BT
BRI 25 L. 2 New Comment S5 &2 1 B, HAb 1T
DUSXoF 17 AN [ 5 3 1 S BT 25 2R CUP TE 1 1 W B 1 132
B “list™, {H 45 22 b 4% “ unmodifiable” & ¥ iy
“collection”. HebCUP # 48 & & =X A% #0003 51 H AL
T v 448 S0 9 4 T IS & A o %) B e i 3 3

*®5 AEFEMRGIPERER

Code Change:

- public Collection <Completer> getCompleters() {
return Collections.unmodifiableList(completers);

+ public Completer getCompleter() {

+ return completer;

}

Old Comment: Returns an unmodifiable list of all the completers.

New Comment: Returns the completer.

CUP: Returns a collection of all the completer.

HebCUP: Returns an unmodifiable list of all the Completer.
HatCUP: Returns an unmodifiable completer of all the completers.
MMCUP: Returns the completer.




1 4 XITF LA . MMCUP: fifi i 2 B35 5 2R AU 88 A 3 B 8 Ui ik 183

Berp  f“completers” & Bl 5 “ completer” , {H ¥ 45 M
W53 3 B JH Al 107 ) 53k 1) 35 4. HatCUP 4 “list” 5 42
HAE R “ completer”. HAT MMCUP X} i # #E17
T 2R AE P A LT I 1 SR T R

XT RQI Wy [ %4 ¥ F Accuracy 1 Recall @5
fabr . MMCUP g RE AL T HatCUP 85 H Ath =Fp Jr
B Hob Accuracy HHCHT 3R BB 4F 9 HebCUP
$ET 4. 4% Recall @5 $5 b5 fey Hi 1 AT 2% B 5 47
) HatCUP3. 6 %. AED $& 45 4 b 0 A1 2% 30 i 4 1)
HatCUP [ T 0. 12, X i B MMCUP A= i i 71
BRI b e 45208 2 75 1 B BV Sk Uk, MMCUP
Xof VR REHEAT BB B9 R RE O T H B R Fe O 1k

5.2.2 RQ2:MMCUP [ 5%t 21 7F % 1 B o B 2%
BRI 5 i 2 4] 7
Shy B4 i 2 s AR B AT 5 R R 2 1) A
KR BATE MMCUP 5] AT 4 57 51 Fl AST
ST, SR 43 BT 3 PR A4S R 3 R L i B R R Y 5T
kW, AT MMCUP 5 MMCUP w/o AST A
MMCUP w/o edit P A~A8 PR #E 47 T %F bb 52 56, H
1, MMCUP w/o AST RE7E#EAT B AL I Zhief & A fif
il AST 2 5541, MMCUP w/o edit J& 4§ 75 i 17
R R YI 25 i) B B o AT S P AR RS R 8 A 5 JE A
R T AN K A 1 A 1008 G 4 4. S 45 R
6 Fims.

& 6 MMCUP 51= R #8 5 4 {4 et 1) M BE Xt bE

k%G Accuracy /% Recall@5/ % AED RED GLEU SARI
MMCUP 30.0 38.5 3.31 0.878 59. 80 47.79
-w/o AST 28.4 32.4 3.42 0. 894 58.37 47.12
-w/o edit 27.6 30. 3 3.45 0.914 57.79 46. 42

MFE 6 ] LLE . MMCUP 72 & 345 45 131
F MMCUP w/o AST #1 MMCUP w/o edit. H
MMCUP w/o edit B% 5 £ 2%, %% F MMCUP,
Accuray FFET 2. 4% sRecall@5 FRET 8. 2% ,AED
1 RED 433 - F+ T 0.14 1 0. 036 ,GLEU 1 SARI
Y RRET 2,01 A 1. 37, 3 J2 H T R 440 B A AR
i P 5 K B g <, 9 HOW o e AR R A S B A
50 )3 5 v AH I 8 36 AS 1) A TR A 4 L b A
Kok, G B2 BE R M. 2, MMCUP w/o AST HY
Accuracy ¥ T MMCUP F[ET 1. 6% . Recall@5
FRT6.1%,AEDFIRED 435 FF+ 7 0. 11 1 0. 016,
GLEU #1 SARI 4y % F & T 1. 43 1 0. 67, i 32 BY
T MMCUP fg# AST 22 55 /3 51 1) wh B

XF RQ2 I8l 2 At 9 % 7 510 F0 A 4]
AST 22 R ¥ 51 MMCUP 745 48 br b AR b o2 4%
FE RV A7 B R B L X 2] MMCUP 1 Bir 47 1 0 4 1
SCAS RIS 25+ 22 7 Jy AR e 8 3 B A 70 o1 R o
MR SRS o 5 B R Z M R R, LU T
BRI fE.
5.2.3 RQ3:MMCUP fE4b 3 AST 22 SA R REA

i 8 88 T 1 i A e 2

M PCRT A AR RS SR 22 R AUME AST 2 5
BRI AT B 23 X0 5 30K OC 1 45 10 A0 A5 B 1Y 7 i
AE R B, R R T B O i AE o el s AR P
XTI B AST 4 58K 22 5 AR A AR an ] X AN [R]
5 ¥ T X I 2R AR 1 Ah BEE B R AT TSR R
[) P 3 R B T IR A X BB AR R R AT T S 25 R
gk 7 proR.

RT FREBREFHEMNKBERINEH
AST Z R AHARK M RE X EE

4 Accuracy/%  Recall@5/% AED RED

CUP 7.3 13.2 4. 41 0. 994
HebCUP 9.2 14.1 4. 38 0.983
HatCUP 11.8 20.2 4.35 0.975
MMCUP 17.9 26.8 4.22 0.979

WF 7 Al LLE ), MMCUP 1 Accuracy
Recall @5 |35 HUAR T S df i 8500 A EE T 26 HoAth
FEEDEET 6. 1% H 6. 6%. Hl X F 76 2 (A58
£ LRI, MMCUP B PEREA T 5 K IF B (Y 42
Fh. X BB MMCUP AL FE AST 25 5858 K I FEA
Af R B T R PEsE. X AED, MMCUP 1
AT BT 0. 13 fH i FRAT I EAEE
BT IR ) O B O 2 UIE] 9 R AL 7 RED 545 1
2 W = T HatCUP. Gk &/, MMCUP J& [fi %}
TR G AST 22 5 8K I R BLAR AT 1 77 i B #
CIEEETR

& 8 R ) B W b B T MMCUP 748
M EBAT G AST 22 R KMEAR F L . R
540 Ay B AT A AR L S Sy S R AR AL R 8
R DLE L IH AR R T 7 ik i AR S
“Method method”, 7€ J7 ¥ N 8 M B T 77 3 98 F
24 “method”, X 7E AST H 4l 8Ly W 9 I B
SRR AEAT T AR L Y B 2, B T Method”.
FEA Bl g7k, A5 MMCUP 76 3 B B T
“Method” 4 B 1 1E B (1 58 7 .
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Code Change:

- public boolean canCallListenerInterface(Component component, Method method){
- return isEnabled(component) && component.canCallListenerInterface(method);

+public boolean canCallListenerInterface(Component component){
+return isEnabled(component) && component.canCallListenerInterface();

i

Old comment: For further information please read the javadoc on

{@link Component#canCallListenerInterface(Method)}, this method has the same semantics.

New comment: For further information please read the javadoc on

{@link Component#canCallListenerInterface()}, this method has the same semantics.

CUP: For further information please read the javadoc on

{@link Component#canCallListenerInterface(Method)}, this method has the same semantics.

HebCUP: For further information please read the javadoc on

{@link Component#canCallListenerInterface(Method)}, this method has the same semantics.

HatCUP: For further information please read the javadoc on

{@link Component#canCallListenerInterface(Method)}, this method has the same semantics.

MMCUP: For further information please read the javadoc on

{@link Component#canCallListenerInterface()}, this method has the same semantics.

XF RQ3 [y [ % % FHB AT 5 AST 22 R K
REA , MMCUP Lt H Ath %] Lt 7 5 76 Accuracy
Recall @5 545 FZE /DS T 6. 1% A1 6. 6%. A%}
FrEam B 4E L g R, MMCUP J2 3 H 5 K1
PEREHE A, X 0 MMCUP BE6% T 47 b 3l $2 31 0 ol
A JE AR 45 48 22 S 0 15 5 OF F0 T 3R i R
5.2.4 RQ4:MMCUP 7£ i % RS 55 ol 5 o &2 %

H S SR T R SR M R An i 2

AT HatCUP iy %5 8 38+ 8 & UM
DU 4 R 1 B B T 7 3 HebCUP JG % 1E #5958 Y
5Bk & 243 5. HebCUP O AEAR 8 J3 & = 90 10
PR AR T I B EA T A4 R0 1 BT
XiF AR L B P 2 A B A QR B N A R
W ARME T Bl SO BT BB AR. IR ik, o] LA S
fB 15 HebCUP JG ik 1F fffy Ak 3 (1% 3 57 8 8 o Oy &2 44
N T BRSBTS B R o Bk

P BB S8R AR ey 36 AN [ 7 3 TR 1 28 3 B )
BOE RN OLBEAT T S0 A5 R I 9 iR,

K9 TRAAEERBEELRAERGIHEIN LRI

iR A Accuracy/%  Recall@5/% AED RED

CUP 3.2 8.8 4. 36 0.978
HebCUP 0.0 1.1 4. 41 0.992
HatCUP 8.1 16.2 4.27 0. 969
MMCUP 13.7 21.6 4.23 0.973

M9 o LUA . MMCUP A H T At 9 7
LR T A A PR BE L 3 2 W1 A (S RE 8 Ak 2 2 0
TS AR A 1 AR TR L 0 BB A8 AR 4 A2 JR AR
it 742 Al 0 T R BRI 00 1 4 2% ~J BRI OC R LUE
BA A

TG F B R O B % Y 3 5 i, MMICUP
HE EE T A T R BT 512 M LA A v A e Al 42 4K
A B 4 A T R TR 2 () A IR AR ANk 10 YR

R 10 REDEREHRAI3

Code Change:
- @Deprecated

+ public Builder pingBeforeActivateConnection (boolean pingBeforeActivateConnection) {

+ public Builder protocol Version (Protocol Version protocolVersion) {

+ LettuceAssert.notNull(protocol Version, "Protocol Version must not be null");

- this.pingBeforeActivateConnection = pingBeforeActivateConnection;

+ this.protocol Version = protocol Version;
return this;

}

Old comment: See{@link #DEFAULT PING BEFORE ACTIVATE CONNECTION}.

New comment: See {@link #DEFAULT PROTOCOL VERSION}

CUP: See {@link #protocolVersion PING BEFORE_Version}.

HebCUP: See {@link #DEFAULT protocol BEFORE ACTIVATE CONNECTION}.

HatCUP: See {@link #DEFAULT PING BEFORE ACTIVATE CONNECTION}.

MMCUP: See {@link #DEFAULT PROTOCOL VERSION}
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1], 76 77 V5 45 7 1 AR 2406 pingBefore Activate-
Connection” &2 5 “protocol Ver sion”, 11 B Hp i) 1&
et s B 1A BB 2 AETRAL BN L pingBefore-
ActivateConnection” fil “ protocol Version” £ g 5 43
R 22 A4 R TR I 7E B BT I X I 8 A A 18
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IR . FEX 7R il b, CUP i ik “DEFAULT”
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BT 544 L R “PING” {2 24y “protocol” 5
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TR A MMCUP #4717 1E 8 09 T 8 58T
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%% 9 B . MMCUP fil HatCUP 43 3 8 37 5 1 1
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MEBTER G h AT TREALHE Y AT E RS 55
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(WIEFEG ) WERSSE TR RIANE
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W5 S HFRA — & WAL B A7 A /D i [n] 8 )
ANGEEE H A BBk D T B AR S S Ep T

(3) T3 (1 43« T RBEAR X e B AT 1 S L
B B SRR AT T R BB B = B G
BN ARSI T IO E SC T L.

(4) 220 43) « BUyFE BEXT R Btk 47 7 s gL 1
R MRS RG] ST R AR

Answer question for the following information:
Code Change:
- public Collection <Completer> getCompleters() {
return Collections.unmodifiableList(completers);
+ public Completer getCompleter() {
+ return completer;
¥
Old Comment: Returns an unmodifiable list of all the completers.
New Comment: Returns the completer.

Comment1: Returns an unmodifiable completer of all the completers.
Score:

Comment2: Returns the completer.
Score:

K6 NTPFHr il m &

T I LB A 4 B4 AR A B L T DL B
JIF MMCUP 2% b HatCUP 55 H A7 3.

EN T R, AR AR 16 i35
AT BT VR A R N PR 0 T A5 R FR AT
FE T LU HUNRE 25 51 vb il S P o A o AE A WD R R
WIFEAR AT T U8 A2 -

(D) g e vE B SE A AR R I 45 8 T AS ) G 20 5.

O BEEFERSSHERTE2SMER . KRG H
7PN

(36 36 v B 5 O O i B T A R L R A
B S A PR
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Code Change:

- byte[] depPkg(final Dependency dep) {

+ String depPkg(final PkgDep dep) {

- final TokenSet instVers = new TokenSet();
- for(final byte[] nextPkg : repo.pkgDict()) {

if(nextPkg != null && startsWith(nextPkg, dep.pkg)) instVers.add(version(nextPkg));

+ final HashSet<String> instVers = new HashSet<>();
+ for(final String nextPkg : repo.pkgDict().keySet()) {

+  if(nextPkg startsWith(dep.name)) instVers.add(version(nextPkg));

}

- final byte[] version = avail Version(dep, instVers);
- return version == null ? null : dep.name(version);
+ final String version = avail Version(dep, instVers);

+ return version == null ? null : dep.id(version);

}

Old comment: Checks if secondary package, i.e.

New comment: Checks if a secondary package, i.e.

MMCUP: Checks if secondary package names, i.e.

BEAh 3 13 7R Bl J T 1 24 0 - MMCUP
AR AR H 9 48 24 o5 TH B R B “response sched-
uler” B4ty T “token”  fHZH [E R P IE A T W
S LT X R DL T TG I OE i AU A A
225 TE R o8 42— 0 B . MMCUP BB 1E 8 53

BRI L 0GR A BN IE 75 1.

73— RIS LR T R N RAE B B I L
HEH TEANTNEFHERSS T2 AN TR X
Pt 0N MMCUP JG ik MR8 I 25 45 3 0] e 2R B A
PEATHORT. W 14 FroR RN BORZ kAT T
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Code Change:

- public Scheduler getResponseScheduler() {
return responseScheduler;

+ public String getToken () {
+  return token;

}

Old comment: Returns the defined response scheduler.

New comment: Returns the currently configured token.

MMCUP: Returns the defined token.

* 14 BATEEBNGEASBUEREMAMATH

Code Change:
_ public static RouterOptions create() {
return builder().build();
)
+ public Builder mutate() {
Builder builder = new Builder();
builder.setToken(getToken())
.setReactorResources(getReactorResources())
.setExchangeStrategies(getExchangeStrategies())
.setGlobalRateLimiter(getGlobalRateLimiter());
getResponseTransformers().forEach(builder::onClientResponse);
return builder;

!

4
+
4
+
+
+
+
+

Old comment: Returns a new {@link RouterOptions} with default settings.

New comment: Create a {@link Builder} using the options configured in this instance.

MMCUP: Returns a new {@link RouterOptions} with default settings.

B ONFE ] LUE 5 R p A 2 ) AR AR UK
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@ https://pytorch. org/
@  https://github. com/huggingface/transformers

o

@  https://github. com/GumTreeDiff
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Background

The research of this paper belongs to code comment update
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developers often neglect to update the corresponding comments
after changing the code, which results in inconsistent comments
and affects the maintainability of software. In recent years,
with the increasing frequency of software updates, inconsistent
comments are inevitably introduced.

In previous work, the researchers attempted to use
machine learning methods to automatically update the corre-
sponding comments when code changes. In this process, they
have built a large data set for experiments. The results show
that these works have achieved good results, but there are
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that the structured information of the code can effectively
improve the accuracy of comment updating.

On the basis of the previous research, we propose a
comment update approach MMCUP based on multi-modal
information. MMCUP trains the Transformer model with
multi-modal features which include old code comments, code
edit sequences and AST differencing sequences. Abstract Syntax
Tree (AST) can describe the structured information of code
and has been widely used in previous relevant research.
Therefore, MMCUP describes the structural differences by
using the AST of the codes before and after modification.
Because the length of AST differencing sequences is too long.
which is not conducive for the model to capture important
dependencies. Therefore, we need to simplify representation
of the AST difference. Experiments show that our method
improves the accuracy of comment updating and achieves

good results even in the case of complex code modification.



