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FIRERL ASTRCFGERALE

- HSIEEN (Abstract Syntax Tree, Ly v sn oy o g i n v
AST) B—METFEREEALE | oo
SNz EE A Fem:egg’}‘?tﬁiidineﬂ,-}
- TR BMTURAKRRABHI—MNE () Code sippet and deseription

AR, AR, BERT. REGERE e Int checkistruct st *heac]

» =HAE (Control Flow Graph, CFG) whie | [0

J — LSRN N ﬁ\ while‘[rhead}
ZEE J J «U‘*EF%_E:L_ZIKEQZEUFE%U;}%?E head Compound
/%EI\J'I’ rl:T_l g .....---'/EO If retur&n 0;

if (head->data%2

head

- BEAR: 83 —F&5IFHRITRIES, [read J[80] [

. 1 hea%head—}next; return 1;
FEBERSZ ] N
— 18 ERRZ ERYEHEIREE ead | |2
(b) Abstract syntax tree (c) Control-flow graph
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Co0SS: Leveraging Statement Semantics for Code Summarization
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.+ EXEHERAMED
— FABERE M ERIHRIZ LT TIRR
(MAM) IR EEER
—- FEESERIEE, #ITBREEEN

11



CoSS {LiBtokenEr \FNRAL

1S tokenir \ 54mH3

— Xi851a: LA, ”: 0! - (space)}YERS ADIRM, BB RERR{/ItokenFS1,
BEX = {x1,%9, ..., %:}

— [EFIRM: FIFWord2VeciEtokenRHX = {x1, x5, ..., x: 2R NRAIE V, =
{Vx,» Vays s Uy, }o FHRFIERT I GMIE)\*NEF];

— TransformerZ®f3: F|HBZ
LEENINHIEIEE
token[@ &, HIHERARE

)

AN —
Eémv,x -_ {v,xl, v,xz, ...,vxt}
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« CFGExA\S7miE
- BEY: ERESETNEHIRSEIE=IENER
— node2vec &R FlIFBWord2VecH 7 I0Bi-LSTMEA RT3 AR ER N,
S8 CFGT RBNE MAFHIE
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CoSS CFGHERAFYmAD

-
 node2vec fRIR
gi% 1 function withdraw() public returns (uint){
o il P S -+ P _ 2 L_:int amount = balance[msg.sender];
- WTFREABNTRESN = 3 fremeiragd
5 msg.sender. transfer (amount);}
E4h AEL = [t—wrrmwmymm—rmlj[
{nll nZJ e )nk} I Wordzvec *Eikﬂlglﬂ] ° o msg.sender); : i

return amount;}

m MRICHER m x FRIRIERERFVy =
{an» U, e vnk}

— RAEREEVY = {vn,, Vn,, -, Uy, JHBI Bi-
LSTM ELUHERIE SRR [aIRYI~
KERER, FHEERL 1x F BEFERT R
#IIaER

}
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CoSS CFGHERAFYmAD

- ETEFEINE ( GAT) HImiZes
— BCFGEA NEZEENDIRIERIE]: True F False 1353 BIEHATRMRFF A <T>
F <F> TR, tRRFT <E> ToieRAL
- MEEELNE, BEREMEN
BIERZF I RR RV y =

{v’nl, Vs eees v’nk}

LeakyReLU(aT[ani | |anj])

° al]=

YkeN, LeakyReLU(aT[ani [(Wvn, 1)

n _ K k k
* v n; — ||k=10-(2kENi aij w vnj)
* vy, = LayerNorm(v",, +

FEN(V",))
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— BUREE: (RIEHUELE*3 (Java, Python, Solidity)
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(b) Length distribution of Python code
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(c) Length distribution of Solidity code

E/\JA;: A2 Approaches Primary Technique Modality
H/TI= CODE-NN[7] | LSTM Code Tokens
Code2seq [45] LSTM AST (Paths)
e I[ E,ﬁiﬁ% Hybrid-DRL [10] | Tree-LSTM, RL Code Tokens, AST
2 Ri-Guided [25] | HAN, RL Code Tokens, AST, CFG
N — CoCoSum [46] GRU, MRGNN Code Tokens, AST, UML
— 1$1f|\j:l§1‘,jx : BLEU-4 , ROUGE-L, CAST [13] Transformer, RVNN Code Tokens, AST (Splitted)
SG-Trans [41] Transformer Code Tokens, DFG
M ET E O R C I D E R SmartDoc [43] Transformer, Pointer, TL | Code Tokens
y CodeBERT [15] | pre-trained Transformer | Code Tokens
HGNN [44] Hybird GNN, IR CPG
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CoSS SCEGIZIT

 BLEU-4  METEOR
N METFEOR = (1 — Pen) - Frican
BLEU = BP - exp (Z wy, log pn) PR
1 Frnean = aP + (1 . &)R
_ ! €T ch\”
BP_{(zxp{l—E) c<r Pen=ﬂr..(a)
« ROUGE-L « CIDER
. = LS — ETF-IDFIE
o LCS(X,Y) — FI&&n-gram
les — R
P 5)  Pres i — 0n-gramAgPLEL
“= R+ B P - LHERILE
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CoSS XLt 3L

. SIS

AL/ = g
~ —:-—l—l—\,l—\l \
— Code-NN{XF A rStoken, YMELUEIRRZERBVCIDIFLE
C
— CodeBERT (Y7 Python &I BIFHIEEE Model —p——x—
NN AGNN  14.01 1450 _30.89
— CoSSEHGNNEHGNN{EEERZRICIES _HHITERER CoSS 1384 [14.63 32.25
- 48efEYy, (ERTFCPGHIEZY, B34 BFfIfE (4 RIRRYBFER S
o AIEESolidityEFERIZEIES
Java Python Solidity
Model B M R C B M R C B M R C
CODE-NN 1933 18.04 26.77 058 1295 585 1847 0.44 10.42 457 16.65 037
Code2seq 1325 1007 2356 045 1632 673 2335 061 1516 698 2100 055
Hybrid-DRL 2511 929 3913 0.5 1495 837 2201 0.5 1439 7.87 2476 0.73
RL-Guided  35.10 2001 37.19 1.68 2618 1043 3412 1.36 2208 855 2630 1.09
CoCoSum 3001 1604 37.83 146 2113 1306 3048 127 1864 1088 2665 097
CAST 3215 2278 3559 1.72 2489 1262 2731 1.8 2178 1085 2394 098
SG-Trans 3589 2367 4418 1.54 2506 12.86 3113 1.2 2191 11.01 25.87 1.02
CodeBERT  19.89 17.33 2948 1.04 2858 1154 3565 1.40 1112 550 1548 0.43
SmartDoc - - - - - - - - 16.31 8.57 2265  0.88
CoSS 3670 2574 4041 179 3026 14.64 4101 140 2659 12.07 3234 1.21
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CoSS XJEbELis

BLEU-4(%)
G 8 B 8 8 8

—— CODE-NN —se— RL-Guided ~a— CodeBERT
—w— Code2seq ~—&— CoCoSum —a— CoSS
~—a— Hybrid-DRL —m— CAST - SG-Trans

~t— CODE-NN ~se— RL-Guided ~a— CodeBERT
—=— Code2seq ~&— CoCoSum —e— CoSS
~—a— Hybrid-DRL —m— CAST o~ SG-Trans

—+— CODE-NN
—»— Code2seq

~se— RL-Guided ~a— CodeBERT o~ SG-Trans
—&—~ CoCoSum —e— CoSS —+— SmartDoc

—a— Hybrid-DRL —m— CAST

T T T T
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~»— Code2seq ~&~ CoCoSum —o— CoSS ~»— Code2seq ~——&—~ CoCoSum —e— CoSS
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~—a— Hybrid-DRL —m— CAST

20 40 60 &0 100
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»- SG-Trans
~—+— SmartDoc
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—a— Hybrid-DRL —m— CAST
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CoSS |ERASCEG

. RS
— WUF=FAFEAIRIV (token, CFGFIAST) TPRIRHESRYEZLEEE
GUF = OB E 2
« CoSS-T: {ERALSTMEETransform{E/gtokenBY4RiSss
 CoSS-B: FIRYIYHEEBI-LSTM, SRENCFGTIRERA
* CoSS-G: ECFGIEANFFIFRET FRERA
e C0SS-J: XALSTM{E9fiRrEes

d

4=l

Modality / Variant B Vi Java R C B I&E ython R C B Nsiohdlty R C

Code tokens 2927 2016 3145 1.34 2044 918 2378 095 18.62 880 21.77 0.79
AST 2213 1352  26.80 092 1432 553 1935 0.53 12.11 498 17.04 049
CFG 2412 1257 30.11 1.05 1883 7.79 2255 0.80 17.41 708 2056 0.70
Code tokens + AST 3345 2282 3699 1.51 2348 11.10 26.81 1.17 21.08 952 2315 095
Code tokens + CFG (CoSS) | 36.40 2574 4041 1.79 30.26 14.64 41.01 1.40 26.59 12.07 3234 1.21
AST + CFG S1.05 2373 S5.00 1.22 22.61 10.45 2399 1.08 1976 4.5 2294 .08
Code tokens + AST+ CFG 3691 25.07 42.06| 1.72 [30.65] 14.17 39.83 1.37 25.88 11297 34.23 | 1.15
CoSS5-T 29.12  18.79 29.08 1.21 21.33 897 2495 1.02 19.80 745  20.04 0.80
CoSS-B 3444 2326 3714 1.66 2735 1357 3313 122 2342 10.01 2925 1.26
CoS5-G 30.97 2298 3339 140 24.20  11.02 2534 1.18 2076 995 2494 1.02
CoSS-] 28.09 1545 2761 097 18.68 859 20.17 0.64 16.61 810 19.04 0.60
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o YIFER

— CodeBERT # SmartDoc 2{XZE
HOERVRE, FHERRESEAN,
RE IR

— CoSS-T &ZRYAYEZ CoSS HIH
=, BT Transformer BY4R1525
L Ei4R /43T CoSS HIIIIZREER
TIEAE R

— {5/ CFG BURELT) |4 FERE
LUfER AST FUIREIERES

THE AVERAGE TIME CONSUMPTION IN TRAINING (MINS/EPOCH)

Model/Modality/Variant Java Python Solidity
CODE-NN 95 24 14
Code2seq 101 27 15
Hybrid-DRL 178 44 24
RL-Guided 194 52 30
CoCoSum 171 48 27
CAST 110 31 18
SG-Trans 103 26 15
CodeBERT 71 19 11
SmartDoc - - 10
CoSS 83 21 13
Code Tokens 56 16 8
AST 94 21 11
CFG 45 11 6
Code tokens + AST 108 28 14
AST + CFG 99 26 13
Code tokens + AST + CFG 152 39 21
CoSS-T 40 95 23
CoSS-B 68 17 8
CoSS-G 80 22 13
CoSS-] 91 24 13
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CoSS ZH3Hr

+ ZEH7ZHr——~Python

Amnma An Ao AN A
w
Y mlu;'lmumli;{- mll-;; u:n(l- ul,‘luv- @
[ (. | I (.
def listdir (path, list_name): list -
for ff.ille in }cl)s._listdlr}(lp?t}.\]: - png I 0.6
} e_path = o}f.}‘)at‘.](::{l(pat X ile) images
i nqt os.path.isdir ( i e_path): under 0.4
list_name .append( file_path) i Y
if file_path[-3:] == "png"”
path | -
else None recursively | a N -
else: listdir(file_path, list_name —
(file_p ) <EO0S>
Ground Truth<’ Find-all-png images-under-the path-recursively.< n & a
- £ £ SEgS £ SE
CODE-NN¢ append png file name to-path.<’ & o 8 L B ] g’é 8 ®© o L8284
. = = — @ =
Code2seq’ append-png files-path-to-the list.’ %“q‘; =z 5 yls o cw g %g' 0 %g ‘?,g L §g':;,'%s_z' om 23 éﬂj g%l‘.f,'e\f
Hybrid-DRL< list-all-the-png files-within the-path.<’ - I ?i ‘ll_l-“l- T ?i ‘ll“l_ c|> ‘ILT ?T T |c ? ?T‘T T ?“I_ T ?? I ?T“I_ =gt
IS
RL-Guided’ list-all png-images-in the folder-and-add to-list.<’ png I ok
ot : ) i th- ) images
CoCoSum¢’ list file p.ath end with p1.12.<~ urdlar 0.50
CAST< add-png-images-to-thelist.< the
R iat-all-ono-files-: file- ! path . g -0.25
SG-Trans< list-all pog files-under-file -path.<’ fecursively "
CodeBERT+ find png-images-under-the path.< <EOS> ]
CoSS+ list-png-imagesunder -the-path recursively+’
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.+ PRSI

- I ZERRNBREISEEARE SEF L T3NS BRI RZRERY
HERS |

- RERELRT: KGRI E T L

CodeSearchNet
35a4as /470 > . N~ - @ i Store
SCROTRESORYRIG25% s | 0 e e g S [

-_ *@E;ﬁ*ﬁ g ." Java Files ." Attributes Pg;’g;eassceu

* Project URLs Queri
-l ot

l Code Filters
SRS = | [P PP B

= Entities "
o« HUEFAEIE ST Diny e
= J\ — Methods Detector Detector Example Split & Filter Documented

Filter Doc Comments Methods

* %&?E%zﬁi-'_ Ext I'aCtProijts _l_-QUEFiES

Files ~— ~ ~ i S
Parse by SrcML = = = ] s E %
- e J ==

=5

Training  Validation Test Contextualized and

Set Set Set
Java Files XML Files Documented Methods
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StructCodeSum Z{iE

L3S

- FURINESITIE
— =EMIER
— EEEEMER
- BIAFAIRSS (SATD)

7 EMIER

— M TEMIER
=t
— 1Jcﬁf5T1ﬁJ SSATDIER
— 1&k[m j:
- FEEA
— (SERRARTEIAR
— HEFEMEEIA

: Repositories Classes Import
—" .' P .' .' Relations
e
CodeSearchNet ’ - ‘ call Store
Identify .' Packages .' Methods .' Relations [
Projects
." Java Files ." Attributes PostgresQl
Database
Project URLs Queries
Clone from l
GitHub Code Filters —
= v P &
= Extract (l > - =
Entities cl SATD Dirty . .
et Methods Detector Detector Example Split & Filter Documented
Filter Doc Comments Methods
Projects 1 .
Extract l Queries
Fles -— - . ] Spli o
= = = =
Training  Validation Test Contextualized and
Set Set Set
Java Files XML Files Documented Methods
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StructCodeSum ZUEEE/E

° %&.mﬁjﬂ‘fg

A ,\5]& w4 7K = Name C
— Z ount
j*él_j:q: (IZI&&\ = # Documentation comments 620,225
s L s # Function descriptions 464,143
Rﬁ\ 1%}55}EEIL_\ FF : Parameter descriptions 388.952
Methods with parameter descriptions
PR . s np : lescriptions 258313
}EE]]ZE\ l}g A j:EE”ZE) i Rcturn_dcscnptu_:mzt: [Id{:l:lllhcd by rules) 334,300 (35,156)
o # Exception QESEI‘IPUGUS (identified by rules) 61,359 (1,755)
_ 1q’__%%;§]:ﬁ # Methods w1tlh ilzxceptiun descriptions 44,749
: rll:Ista%c dclzmptmns 21,237
Ny otal words
. MRt
\ A
— ,'L:,l\l-|_620,225<7‘j_;£\ P Target Methods ' Contexts of the Target Methods
o gtzhluéis :E ']I‘glgegs # Lines # Projects  # Classes # Attributes # Class Methods # Calls
J:_FSZ -"T:;"-; Eﬁ: El ’\J SZ 22 123,925 6,226,876 | 4,244 153,659 823,503 2,067,575 1,308,471
N
s> = TR
* > g \ i ey == Ve -
JU EE’J?& E =< Splitting Stra"lt"‘rzagil::?ng ﬁg’é‘alrsggt Methods §7E;l12[11‘:2ti0n Descriptions  # Parameter Descriptions  # Return Descriptions
_ B g Mixed-project ~ Validati 2,022 ’ o0 267,530
ErH AR T O esing 6203 oo e
tn U2L 5 39, 33,419
“w Training 496,467 371,305 ’
= —1 —— . R , 306,813
H*&:E E*D Ij\] @'Z:J\E Cross-project  Validation 62,068 46,483 41,547 g? 18,221
Testing 61,690 46,355 40,592 30,586

aiRE)|

A0S
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StructCodeSum #ERYZEN

+ HIIUNEEEE
HTFLLMET % rsting ("o \

Build Instructions via
L]

- BE2% (EFLST™M) =Q — B | e

aTes | — o

' Template for Summary
Context-Aware
—_ EﬁA*EﬂEgJ: F I < > Function Description Code Summarizer Function Description
Target Method with ' Usage Description

E?{’%ﬁg E/J —Fj Call Graph Hybrid Context Parameter 1 Description
=12k I:

Parameter 2 Description
""""""""""""" Instruction-Tune

a: M4 on Multiple Tasks Parameter k Description
E j*é E/\JJ: | j Different Description p

Types as Different Tasks - Template for t retum beseription

Parameter Description

Structured Code

e Extract Hybrid Code
( Convert Hybrid Code ) Encode by LLM or ) I Yt t
Context to Instruction Lightweight Model ontex ' @
=Y — Solution 1: Pre-trained @ @
- = LLM @ .
- — Use natural language @ Trainin Template for‘ P.re-tralrjed LLM or
Retriever Existing Doc prompts to build the coltion 1. g . Return Description Lightweight Model
] instruction. B ) Corpus Trﬂ""ng \_ J
T ode Llama
</ > " Solution 2: Lightweight | @
Project Target Method Maodel C}
Use special tags to
| e =] dlstlngm:h different types Solution 2:
L TS, LSTM-Based Seq2Seq
N /o J

Code-Based Context
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StructCodeSum FEBEYZEH

HEHBLETX
- BRLET™X: 887N L8
ZEHIBFR
- X FFX: RAEMFIRRGE
NHEMETX
- MBS EinEERBIURNIER
A
o TR AENER (TF-IDF)
==

o g

=

rl.r]

L) — -~ "~
+ cos(r',r/) =

[_1'1]

dis(xi-xj)
max(|xt|,[x/])

o sim(x,,x/) =1-

%\

PageRank
l

7

Call Graph

Testing (~

fose =
_.7

Caller Method

Build Instructions via
Templates

</>

Target Method with
Hybrid Context

—

Template for
Function Description

Different Description
Types as Different Tasks

i
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e StructCodeSum
— LLMIES R0
« IRECEREIL(0) =

1 T; i ]
— 2L XLy logpe (VilyLe x)

« BXRAREBED B/ 0.33, 0.48
0 0.63
— BRERHE
« DRIETXIRREL. SEFNRREGAD
BRE, RIE=1TUNES
- ZESHNER
o NHEAEESNARZREEGTE
- XEFHIFBHASEAERRK

System Prompt (Fixed)
You are a helpful, precise, detailed, and concise artificial intelligence assistant with deep expertise in Java programming languages. You excel
at understanding and summarizing code effectively. In this task, you are required to read the provided Java method and its context. Based on
the given requirements, generate a specific type of summary, This summary can be a description of the method's functionality, a description of
the return value, or a description of a parameter.
Requirements:
The generated summary should accurately reflect the object to be described.
The generated summary should be concise and easy to understand.
If context is provided, you need to understand the code based on the context and generate a description.
Below is a method and its context. Your task is to provide the summary based on its target and format.
## Context:
#### Sibling methods signatures:
<sibling method signature - 1>
<sibling method signature - 2>

User Prompt

###H# Class Attributes:
<attribute - 1>
<attribute - 2>

i Path:

Project name : <project name>
Package name : <package name>
Class name : <class name>

Class Signature : <class signature>

H#HER Felevant documentation (Relevance level : {low, medium, high, very high}) |

<Relevant document>

### Method:

<code>

### Summary target:

{Functionality description, Return value description, Parameter description of <parameter name=>}
### Response (one sentence):

<summary>= QOutput

Split Instruction to
Three Sequences

5

Context
Encoder (Doc)

1 Similarity |

Documentation
Context

Method Parallel Decoder —
</> Encoder Attention —
-

Target Method Code Summary

R
Context

Encoder (Code)

Code-Based Context
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¢ éﬁ(uﬁ}'ﬁﬂﬁ
- FuEE: REEEESE* 1 (Java)
- XLEAE
— 57FhAEHITELES . CodeNN, AST-AttendGRU, AST-AttendGRU + FC . AST-
AttendGRU + PC _ Rencos., Re?2Com., CodeBERT
« AST-AttendGRUZZINREY, SiEtokenflmILAIAST, BISBT
* AST-AttendGRU + FCEIATGER L FX/EA%TE, BEVEENRI25MA
« AST-AttendGRU + PC5|ANIIBE % E F3/E %M 7T, BENEEEZ 101
« RencosEFE—NEETFRTFET NMT BU5 A& EHEP I
« Re2ComMB#RLHE. SBT. HBIMSBRER. RALFENNMBEDSHT
* ?&Q@iﬁ%
— ¥ ¥8%R: BLEU-4, ROUGE-L , METEOR, SIDE
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+ RQLl: AEMIBLTXHIEIN
- IREFSHIEIARE DinE T REER
- WREMBDEIT, Hybrid L R38R RE, DocsiRZ
— PathRYSTEAELER ETRXK , — 1" EFEE T —HESRIIIEE. WS aHri=EF
— EURSETHIFR T RIS, ARAVIEREESHEUFNBERIFNEIC, BIE M TR
- REREQBAEANEEINE LHETllgr, HELNXIARRYRBXE, ST,
fRTYIREESHR S, ETREBHNLETVFLERESERE, BaRriteeifT s

.. Mixed-project Cross-project . Mixed-project Cross-project

Description  Context o IETEORY ROUGEL | BLEU METEOR. - ROUGEL~  Description  Context —pr oy — vt ROUGEL | BLEU METEOR ROUGEL

None 20.73 24.15 45.81 13.36 20.58 40.83 None 22.50 22.84 46.97 11.21 16.95 36.53

Path 24.67 26.35 49.61 14.21 21.26 41.92 Path 29.83 26.51 52.84 11.22 16.67 35.88

Function | Atributes 2130 24,68 46.68 1338 2066 40.97 Function  Atiributes 2759 2531 50.82 11.19 16.88 36.29

Siblings 22.01 25.12 47.41 13.72 20.99 41.37 Siblings 28.15 25.56 51.57 11.35 16.85 36.46

Documents  41.17 34.11 62.62 23.20 23.76 45.40 Docs 37.31 30.37 56.44 23.49 23.20 45.96

Hybrid 42.29 35.01 63.80 24.65 24.94 46.87 Hybrid 41.00 32.37 60.42 23.16 23.04 46.08

None 31.58 28.51 51.01 16.99 22.16 43.45 None 35.29 28.30 54.98 16.13 17.66 38.94

Path 35.37 31.46 55.93 18.82 23.79 45.82 Path 41.84 3237 61.54 17.34 18.56 40.95

Return Atllri I?utcs 31.96 20.29 51.97 17.01 22.39 43.59 Return Attributes  39.40 30.88 5_9.0 1 1 7.Q2 18.07 40.19

Siblings 3293 30.16 53.49 17.68 23.03 44.70 Siblings 41.11 31.81 60.38 16.63 17.84 39.83

Documents ~ 49.79 37.77 67.69 27.60 2557 47.36 Docs 47.06 3482 64.55 28.65 24.94 51.14

Hybid 5026 38.57 6857 | 2032 2681 5030 Hybid 4951 3641 6693 | 2811 2464 5043

None 30.63 27.56 55.16 23.88 22.08 47.83 None 30.20 25.44 52.08 19.76 19.21 42.14

Path 33.73 29.59 58.95 25.00 22.73 48.63 Path 36.88 29.05 58.07 19.69 19.12 42.06

Parameter Attributes 30.75 27.80 55.21 23.98 22.00 48.26 Parameter Attributes 34.63 27.69 55.68 19.92 19.56 42.33

Siblings 31.48 28.29 56.14 24.36 2235 48.42 Siblings 36.93 29.25 57.72 19.55 19.09 41.80

Documents  49.18 37.18 67.38 35.66 28.17 53.87 Docs 44.49 32.76 62.04 33.09 26.55 53.18

Hybid 4971 37.59 6744 | 3698 2901 5511 Hybrid 4710 3447 6481 | 3302 2647 53.02
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+ RQ2: SERFTHIZELAIELIR
— StructCodeSum (Lightweight) 5Code LlamaAt5LTF, {B{XEE44MEBEE
— AST-AttendGRU + FCEHTBENIERE LT, S ETXXHIAHEN

— fBEEFRencos #1Re?Com,  StructCodeSumMZHBIIIE FEFABRIAE, KTMNIIIZEEE
FieER, FEBEMARIZRE T, ELUSRBLMCIBESE
Model Mixed-Project Cross-Project
“BLEU METEOR ROUGE-L SIDE | BLEU METEOR ROUGE-L. SIDE

CodeNN 18.86 19.92 40.85 7409 | 8.55 13.81 30.22 75.05

AST-AttendGRU 18.43 20.83 41.91 81.38 | 8.48 14.66 30.77 83.25

AST-AttendGRU + FC 20.86 22.03 43.49 80.09 | 9.74 16.10 33.67 82.53

AST-AttendGRU + PC 17.83 20.12 41.14 81.08 | 9.78 16.21 33.75 81.93

Rencos 23.57 23.73 48.13 8192 | 11.56 17.37 37.25 83.42

Re2Com 29.10 26.08 50.86 79.39 | 11.00 16.18 34.64 82.08

CodeBERT 27.84 25.82 52.25 7240 | 12.73 18.03 38.67 82.57

Code Llama (Prompt) 21.83 23.16 42.40 8322 | 23.20 23.76 45.40 84.83

StructCodeSum (Lightweight)  41.84 32.87 61.01 83.20 | 23.88 23.69 46.90 84.74

StructCodeSum (LLM) 42.29 35.01 63.80 83.92 | 24.65 24.94 46.87 85.07
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« RQ3: AT
- (ERY: BEMMEZEIINEHREERNTHILLGI
- BEAM: BENEEEMERIRG T
— MIEETIE N EPFETIREN4001N DA, SKIEARDIZEIEE, FRUAZITENRZ=M
IWRIF E A REIASREF T, DEIM 1 &l 5 BIEEEL

Example 1

@0verride
public void shutdown() {
runner.set(false);

try {

threadA.join();

if (threadB != null)
Source Code threadB.join();

Approach Naturalness Informativeness } catch (Exception e) {}

CloseHelper.quietClose(driver);

Human-Written 4,78 4,20 try {

Thread.sleep(508);

Code Llama (Prompt) 4.55 3.38 } } catch (Exception e) {}
StructCodeSum (LLM) 4.61 3.72

Package Name | org.nd4j.parameterserver.distributed.transport
Context Class Name BaseTransport
Human-Written | This method stops transport system.
CodeBERT Shutdown the client.
Summary g’g%ﬁ}ix) Shutdown the thread.
StructCodeSum
(LLM)

Shutdown the transport.
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» Discussion: {UfiBfEEIELICSD

yam

11

seti2tokenFHINNER S, xEBIFAIE, yEBHEE, 2L TXY, d@XELETX
e HIEENAYTS AT

EHinCRELAIES{EZY/936%,

SRS TR, SREBE T, SHETL

S AKT25%0T, DLiEIE50%, X

RBREFRIAZ EURIC

REREFHN—FIRCREEENB L IR

Deﬁmtlon

Explanation

I: =

)ﬂ\el(w

) set )r'lict(qp“”‘
;m.ﬁ h — u_’_’_n

Tattr =

Ij=
I =

Uuath =
Datir =
Dy =
Dy =

ﬂ\:l(q’“”

[set y)\

_ lsetlynse(g™ ™ty

_ st ylmcl ™)
‘ ib = sell y
|set( 'y}ﬂse(

set( y)ﬂ(w&l( JUset(d))|

[set(y)]

[set(w)]
(set(y)—
[set(y]]

[se1(y)
(set(y)—set{x))rset(d

setl@) )set( g

| (set{y) —set{x))set(q

afh')l

.sab]l

set{y) —set(®) ) Mset( g )|

set{y )
Dh — | (set(y) —set(z ) )(set(q)Uset(d))

set(y)]

% Summary tokens that appear in the target method.

% Summary tokens that appear in the path context.

% Summary tokens that appear in the class attributes.

% Summary tokens that appear in the sibling method signatures.

% Summary tokens that appear in the documentation context.

% Summary tokens that appear in the hybrid context.

% Summary tokens that appear in the path context but do not appear in the target method.

% Summary tokens that appear in the class attributes but do not appear in the target method.

% Summary tokens that appear in the sibling method signatures but do not appear in the target method.

% Summary tokens that appear in the documentation context but do not appear in the target method.

% Summary tokens that appear in the hybrid context but do not appear in the target method.

DESC[‘i])ﬁDl'I er Range Count Ig; Ipath (D;Lmth) Iaf,f_q‘(Dattr} ‘rsib(Dsfb) Id(Dd) Ih(Dh}
All 464143 36.15 8.87 (2.55) 1521 (2.18)  39.53 (7.94)  53.90 (32.77) 70.72 (38.11)
[0.25) 143478 1332 6.25 (4.03) 8.85 (3.53) 2355 (11.75)  52.53 (44.25)  63.05 (50.48)
Function [25.50) 191172 3433 8.89 (2.61) 14.69 (2.10) 3814 (8.17)  53.61 (33.22)  69.57 (37.48)
[50,75) 99091 56.601 1146 (1.03) 20.52 (0.99) 54.19 (4.18) 56.15 (23.27)  78.71 (25.42)
[75.100] 30402 88.65  12.70 (0.18) 3LIT(0.07) 7591 (0.82)  54.82 (6.65)  88.13 (13.43)
All 334300 3543  9.85 (2.35) 1441 (1.97)  38.41 (8.85)  55.12 (34.04) 70.76 (39.69)
[0.25) 119947 1127 4.63 (3.32) 6.61 (2.80) 22.08 (13.99) 5133 (44.37)  60.61 (51.22)
Return [25.50) 112469 33.81  9.19 (2.90) 1331229 3692(8.77) 5472 (34.68) 70,03 (39.20)
[50.75) 76164 58.62  13.68 (0.78) 21.83 (0.80) 53.34 (3.60) 59.97 (25.04)  80.84 (26.89)
[75.100] 25720 8648 25.73 (0.11) 33.59(0.15)  76.87(0.71)  60.16 (9.68)  91.48 (16.78)
Al 258313 3852 8.10 (1.45) 1464 (2.03) 4285 (8.36) 61.22 (36.69) 77.06 (41.07)
[0.25) 64791 1299 5.29 (2.70) 9.16 (3.56) 2429 (12.56)  61.53 (52.28)  69.86 (57.41)
Parameter [25,50) 104606 33.87 740 (1.51) 13.04 (2.15) 39.12(9.05)  59.84 (37.84)  73.96 (41.86)
[50,75) 72345 5766 10.44 (0.55) 20.18 (0.88) 57.54 (5.20) 62.65 (26.80)  84.55 (29.35)
[75,100] 16571 8415  13.26 (0.12) 21.92 (0.25) 7479 (1.36) 6259 (11.65)  92.05 (16.83)
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