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ROOES RS RERRAPRAN XX EA .V AZEDAREZTEAARTEINEE, ATRA XA F TS EE
A EFELR, BRD LB S EZWEANE EBEE 32 HE T —F KT CodeBERT #9 #%it £ X o £ 42 HAE A dpCodeBERT , vA
FMARBZERBEFBZHNREMR, oA BTEMMNAESERSE S ELFHEFRDH R HLEENEEHAN,dpCodeBERT
AR AL KB transformer B P 9B A A AR ARG EZ AR E ;R G . 0MAMBEGEEARETALINE A LR B
£ A —F RN L RN ;)G .dpCodeBERT 42 A 4k 45 38 id Ak 42 B K o A X AF/Eme S B AR < 18] SFdir b A 09 7 X &
NARBMETERES ol XA BRI ERXRBH EES., EIA 80 MAZRIT Py Rt BEX L EEFOHELE L
W EI AR E T AR R A EREA TR AR A X AN E A R (RCDDP) #= 1 35 4] 2 #E %4 (MRR) B A~ 36547 L35 87 9
T 10%~20% iR XA BHEZ o sl B KA RHEEHKIEE K.dpCodeBERT 4248 T CodeBERT st £ % 4X A5 44 22 fi# , 4%
% T CodeBERT £ 3 # X A2 35 P o9 5 A, B4 TN £ 5 46 B M 38 4% &,
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CodeBERT-based Language Model for Design Patterns

CHEN Shifei, LIU Dong and JIANG He

School of Software Technology,Dalian University of Technology,Dalian, Liaoning 116620, China

Abstract As summarizations of the experiences of practical software design.design patterns are regarded as an effective means
for software design assistance. Most of the current researches on design patterns mining aim at recognition of design pattern in-
stance in source codes,modelling design patterns with natural language corpus is largely unexplored. In order to enhance the per-
formance of language model for recommending design patterns with codes,class diagram or object collaboration,a design pattern
classification mining model based on CodeBERT, named dpCodeBERT,is proposed,achieving the contrast understanding of de-
sign patterns in natural language and programming language. Firstly, multi-classification dataset and code search dataset are ge-
nerated using random combination and used as inputs of the model. Using dpCodeBERT to get attention weights of each layer of
transformer of each token and statement from the inputs. Secondly, the input dataset is further improved by analyzing attention
weights and discovering the most important category of inputs. Finally, dpCodeBERT is applied to specific software engineering
downstream tasks such as design patterns selection and design patterns code search. The purposes of tasks are accomplished by
mapping distributed features to sample space trough fully connected layers and outputting multi values. The result of the experi-
ment on 80 software design problems in design pattern selection task shows that ratio of correct detection of design pattern(RCD-
DP)and mean reciprocal rank(MRR) of dpCodeBERT are improved by the average of 10% ~20% compared with baseline mo-
dels,and the design pattern selection is more accurate. Through in-depth study of the data demand of the model,dpCodeBERT
improves the understanding of class code of CodeBERT and discovers the application of CodeBERT in design patterns mining. It
has the characteristics of accurate prediction and great scalability.

Keywords Design pattern mining, Natural language processing, Pre-trained language models, CodeBERT, Model fine-tuning,
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S J5 i 1 2 4 R A [ IR 00T (R BH 5 R B P A 5 )
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W0 56 3 T PR A L PE R SR W AE 52 i DP 298 1E B 3R 00 4 2L
PERUMY . SR, X SERIF 5T T 1) (4 4T 55 S 76 PR AR A rh U B 3
R A S sk 4 Sk K 22 AR T DA A 2 e
RS R AE B R 4R T T I R I AR 2 R A g
1 TAE R AN HIF AR 2,

Y G 5 B R A PR A K b ek 3 T % R A 35k B AY 1R
1, FL 08 A8 R R 1 D0 b TR O R 2 20 A3 058 IR T
Wk A (Embedding) , 2 SR AE 8358 77 51 Al 4 J5 31 22 [A) 3
JZRB LB, B —CARIUN Word2Vee Fll Glove 23158 5 |
IR R A HF DP # AL DPWord2Vec € 7 i H 48
b AR E M DP 43280 k024, 2% ~120. 9%, 1
X 2Ty e AE M A TR Y B Pl R e A N B
FHs DP A | 2l o 4 U E 98 A% R T L th A RE ST B
FUARTE 5 5 ARS8 5 A Xk BE e DL B 7 3 5 5 BT
KRN, o AR BERT, GPT Ml CodeBERT 78 %)
B9S2 5 1 SCHSC IR A L BB AE X 4 — 10 &2 iR #k
R A EE v iRk DP AR PRI, SR X T R A
R SCAR T B o HLARR 45 32 31 SOAR K R SCAR AR i 24
HW, 3T DP A B B A B & 2 6] 4n DPWord2Vec (1
Douglass £ 5 H DP 38 F 18 2>, F 2 3 — 2 9 SCF ik
A 150 4S9 3Ci 4 /Y DP [ B 40 “ A large monolithic de-
sign does not scale well as new graphing or monitoring re-
quirements are levied”, it A i &7 3% » BP ff )2 AF & A B2 AR
MEFRfRE . DN VRN R W AT 45 (0 DP # B AR /N ECEE gl
ZRoN LR LA B AR

ABFGEE X B A DP R 5 J7 1 09 A 2 R AT 55 H0a /9 X
B 4R T —FP I T CodeBERT (#3831 46% 20 2481 5 3, X i%
TR R B AR T 1 — e R AT A AR L 3l a i i A B R
AT R AR R 5N S TR0 AT BN 2 o), O 4 R A 4R
EEERBIAT DP M X AL 5 05 B . A SCmy £ 2 ok an
T DM T —F LA CodeBERT )8 A Fl Al 97 Ji2 5 504 & nl
AR DP #5515 2) 3 i 0 GoF SR M=
i EE R, & BN A R ) PR G R SRR AE Ak X DP

IS AZ P RE A T S 0 5 3) K T $2 U vE L T S DP A
KB 55 5 BIETH A 5 3 A0S0 T AR P URD A 7 , T2 0 V7 £ 4%
BB HBRM T — 2L 1T B L 55 19 EW Tk, X
# M dpCodeBERT HA 3k T iy S AR A1 F 305 & 1 R AR
22D BE T AR R b B T TR R B A AR S A R L S A G T
PEDEAL RO T f 2 .

2 ETF CodeBERT yiZ it Xi=1E

2.1 tRBIEMEIEL

CodeBERT 3 i 7 SCAR J¥ 31 22 1 1 ] 43 2% 4 W [ CLS ],
DA K 43 B 45 4 W [SEP] 3 2 4] 7O SE ARME R ik, W5
CCLST4 Al X Rif 1) 5 ¢ ROtk 25 AR 3 & 98 91 R AE , I rp 131
Mo AT S5 WARSs . XTI CodeBERT £ #Y JE 4745 4 , 7%
BLERXS DP 43 42T 55 BTG M W) 7 5 L B R e W
ok, R dpCodeBERT, B AAREZR AN 1 7R
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Fig. 1 Overall framework of dpCodeBERT
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Transformer 2\ 4% )2 (1, 768) 1 Softmax JZ#) 1 ; 55 — 14~
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DP #f 38 SCA 7 — 5 S W 20 & 1Y 7 2 A2 BT A X e S o
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b, BRI JE 3 — 2 KW AL-E DP il i SCAR A =R AR S
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ELAS A TR FRATT R P B S AR 22 ) 3 SR iR RS =2
Vi g e 24 O R T J R, IR 4 T B SR 2 A R Ok DL B
CodeBERT, B I #FEARBIRLIL N (¢, X, YY), Hh X={a,,
Zosersxyx VRRB BTG F LY = {31y s yiv )
TR B iR JE WP 51 B o € Z Fon 5 [CLSTA JiAd xt
NEEIAT 55 TE B T 2R . A He )2 I s T DUAR 98 B AR 19 AT
55 HEAT VA L ) AR B R AT 55 B i sk & R/ R (2,768)
EB TR IE BEAT: 55 o 1l AR 4l DP A~ 85048 28 40 25488 .
2.2 dpCodeBERT % 4 &R

2y BB R E T DP B BAE 55 I 2R 8008 b 9 Y1l 25
FEASFNPEAL BE A & DP B SCF Rl R . EF X AR 2 L i i SC
AR R AR IR, Bk 1 DR A R PN B84 LD,
L9 o SR AR BT BR Biow AT LB B, S BT A S $5 LU 915 186 A2 ER
R E 1 T INZER Dy FITPAE Do 1 22 4325 17 51 20408 (4
FhRZE A RUE A o AR T A 2 S SUAR ) - 22 ) AE TR
RS ZS B P R OCHEOE R X B S R R AT n AR 240 25
ik Z2HREIEE RS
HIA : (PN, LD s Biow s Bup)
i 1 s (Diain s Deval)
L. Digain <D 3 Devar <@ s TD< Q3 VD<)
2. for k<1 to |PN| do / * 1L F45 10 1T x /
3.s<1/ % f7%5 « /;SDLk]<Q / = S Hliik » /;
4. for 1<-1 to |LD[k]| do / * 1L F45 10 47 = /
5./ % X FE kA DP WS 14740k « /
6. if words(LD [k]!) < Biow then continue
7. if words(LD [k]1) <Bu,
8. then SD<LD [k]{;s<1+1;
9. else SD<LD[k] ! ;s<1;
10. B3 SD[ k]<-SD[k]USD
11. for k<=1 to PN/ do / » 1L F5 16 47 « /
12. C<k; (X, Y)<TD[ k] AT & — il i
13. if #% p >p then
14. Dirain<Derain U (C. X, YO U(C, YL, XD
15. else Devar < Deva U (C, X, YO U (CLY,XD
16. return(randomize(Dywin) s randomize( Devat))

18 PN HLD MU EE 45 3— 10 fTRRH £
AT TR 42l B R AR E BRI B T A R 5 13— 15
12278 G B BR M R R A, 2 L 451 43 T B0 )11 5 4 AN B E 4 5 5
16 A7 BEHLALRE AR T 5 i 0] 45
2.3 dpCodeBERT fX 758 &8I

R R T+ DP A RAL 5, Hi A& H
BRI S IR DL IR A 4 B B e SRR A, 5 i 2 )
SCAR R A FIAR S A TE bR 245 2 T A g SC B B BE L AT 1R )
A SCAS B DA A

FEARBIR (¢, X, YD, Al F X B SCAR ) F Y J& SCAR B
X A ER =0, 1) HFR/R X MY £ HEK IR
ORI IE R RS IRB . CAREN FTHRE 1 RRY
WAHF X o W FSCA TS, — A BT B R A ] -y
[CLS] Provide an interface for creating families of related or
dependent objects without specifying their concrete classes.

[SEP]class A{\n private static A obj;\n private AO){} \n

public static A getAO {---}\n}\n [SEP]. XFEHI c=1,5%
RNY X BB,

RMRTF L RATA 3 Fh 5 A 8] iy A BCHE A 2 X Rz 9 11
255 B A 3R (des-only)  AXAR A% (code-only) Fl1 $ i& 1€ 1
(des-code), XtF des-code, ffi AR #EH CodeBERT XWi& & H
T INZAHL, Xt T des-only 1 code-only ., #f — 2 i F [
—IEE NS H AR SRR B AR R 3 A5 B AR R A S A
/N, BRI kB, des-only H #7i0 ffi dpCodeBERT 7E B fi#
DP i ik 12 5 F U0 E 7 1 45 1R 4F 5 code-only H 45 38 fifi &
TERR 7 S 2% 2] DP J7 ik )8 FH IR ¥ 5 des-code H #rid ff dp-
CodeBERT 2] H SR 15 F MEL P18 5 Z BB X E &R,
WA BB A R 7 5 3 IR B AR — — X,
Bk 50k 2 LISy L PD VAL G SR o AT =X
patname BITET IS SRC Ay A L i /2 FE AR 2 S )+
75,

EX 1 BRES PD R R —AHE0E L PDLA]=
(name,1,.D,P,C,S), Hotf PD[k]. name NI b )4 F,
PD[k]. 1 A HFEE,PD[k]. D A HICFHiik, PDLr]. P R H
2 5% ,PD(k].C KRS H5HE MM ML, PDL]. S K
BT IR,

EX 2 EEEASSH pLEEL O BT %
HEHEEL.ERX EE XN p= Class X Inter face X Attribute X
Method .

Eik 2 AHREREEG A

#iA : (PD.m.p.SRC, patname)

f iy - (DY, DL

1 wihsdk . DY, < O:Dl <O

2. for k<-1 to |PD| do / * L F45 25 17 = /

3. if t=des_only then / x 1FF% 1247 = /
AR T k BBFS

X<-PD[k]. 1;Y<-PD[j]. I;

update(ps Diin s D7+ (0, X, Y))
X<-PD[k]. I; Y<—clause(PD[j]. P) ;
updateCps Diin s D7+ (1,X,Y))

for i<=1 to |PDLk]. C|—1 do / » 1L F56 1147 x /
10. X<-PD[k]. C[i]; Y<-PD[k]. C[i+1];
11. updateCp, DY DF(1.X,Y))

© o N o Ul

12, if PD[k]. name= patname then

13.  SRCP<participants(SRC) / * (& 5% = /

14. if == code_only then

15. for i==1 to |PD[k]. S| —1do / * Ik T4 17 15 = /

16. X<PD[k]. S[i]; Y<PD[k]. S[i+17;
17. updateCps D s DT (1, X5 Y))

18. (c¢»X,Y) < match(PD[k],i,SRCP)
19. update(ps D s DI (e X5 YD)

20. if r=des_code then
21. fori<==1to |PD[k].C| do /* IETF% 11 47 %/
22, X<PD[k]. C[i]; Y<-PD[k]. S[i];

23. updateCp,Df ;. - DI+ (1,X,Y))
24, (cs_+Y) <match(PD[k],i,SRCP)
25. update(p, D} . DI 1, (c,X,Y))

26. return(D]

train

=
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B 188 13— 15 AT X B R AR A R AE XS ARG . 58 12— 13 7%
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PR PDLR]. CL1]="“Product de fines the inter face of ob-
jects the factory method creates.”, —JEB R 13 41, 0l &
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Table 1 Statistics of datasets in design patterns selection task
B & eS¢ LT &
GoF 5508 3300
Douglass 3228 2770
Security 13024 11114

SR b, RO 4R L jsonl SCHRRE SUAF G, H AR D5 (8
AL AE O A B0 o 7 0 0 R v AR SR Y A AU
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Table 3 Results on design pattern code search
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