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& Hi BM25L aElSE ol8sked, Y] A3 AEE @Al oje) A3 AEHE EolH 2R Y

A7) FHEA7E e w3k ZS GFE VRS o835t Y] AEE do] BdS SstGAl7] AL,
A7) AbAskG 9lo] EEle graphcdebert B codebert-mlmél,

e
Ho
~
=
ox
=2
=
s
=
El
S
el

"ol bsd 9F A

g7 e

BERT(Bidirectional Encoder Representations from Transformers), GPT(Generative Pre-Training), %
XLNET(eXtra Long NETwork)9} 72 ARAShGE o] W9l (Pre-Trained Language Models, PLMs)+ #H< % d
b Ao} A (Natural Language Processing, NLP) oFoll4 7]A] =&l (Machine Reading Comprehension,
MRC), 7018 <12l (Named Entity Recognition, NER), ¥7] FZ(relation extraction)@} 2 3¢ A
(downstream tasks)olA AT He TS o] EUT. ©o]H3 Plisv= EWANYH op7|HAE 7|Nto g sjy,
WA & H|XE BAE I3 A (unsupervised text corpus)® EH-E AFH B (pre-train)dta dH¢ A
oAl dhx dlolH 2 wMZA (finetune)S F3F3Th, NLPAIA Q] ARAE G wAxy 2d HA2 2209y
oo} (programming language)E 913+ AFAEEe] WAS ZHA AT

CodeBERT, graphcodebert Addoje} T 2agw) dojs ¥ 53k dojrmdz I HAM(code search), =
= ¥ AA(code document generation)d} Zo] HXo| =% 3}% PLMo|t}.

T wd w%E xdo] FEA(natural
s
S

language documents)®} &7 6 /Mo =gy Aoje] S (functions)S EF3HE CodeSearchNet Ho]E Al

o= A FAT

CodeBERTS] 79 AFA8rs #AA #FF MM(standard masked language modeling)®} RTD(replaced token
detection)& 238t 54 F(objective function)ZE QQ 0}1 graphcodebert= F =9 9w] FZF(semantic
structure) & 83t = E ¥ (code representation)S 53T, I EHS 53k o]t AldS G &
a5 2oy Ao ¥ A, I A (similarity) & v‘i—%ﬁé T Ate HAllA =g FFehA @2 4

A2 A AAHOR P9 AEEYIT FRT LEEC] ARAsE AR/ A4S P2 Aoz ey
o ARE 2ZEdY AR FiE bl AZEd WYL TN AAAE ABsE FAS Jus
B BA, N R A el 5 e e mel 2FE o] ArAela, AAHCR Be AT AdHn
i Hoelth, ol 98l RN WAl WAZ, T HLE 3k FAT AAREL BET 5 JeAY oRE wuse
FaelZe PWHL H24717] A8 g Faste

A S A%k 3 ©AY HFHQ doly dEY AL g A
glom Aol AZ%HE Okapi AZ~¥9] BM25, BM25L 59 daugl&oz <k #(positive pairs)d <9 %
(negative pairs)S AASFFTE. T3, wxt 71AE GAFE(Cross-validated ensemble) WS dlolg &3 o]

EASE wa S el gusa BRA 4 F2T ¢ Ao
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[0019] olgt, # WAAd HEH EHES Fxs &
7} ol2lgh AAdEe 93] AgE A A E =
AE e

[0020] 2 o= dF dHelHAY T54E A7 A% 54 dolE Y WS Albsta
Z(BM25, BM25L 5)S o]&3lo] %ol (positive pairs)¥ 22| #(negative pairs) Hlo]E]
< AlbEet.

i
b
ﬂ?

)

[0021] wek, B odigoaM s By g342 A5 S 98], = ¥ d(code representation)S AFASHEFE Aol mEl (oA
), CodeBERT, graphcodebert )& wAZA(finetuning)dtil, ++3(inference) Ao .z} AZ GAHE
(Cross—validated ensemble)S #-&3t <= Qit}.

[0022] T, 9 BEy s Bdof Ui AEA Ay AYE EEdozA 2 dyox Adshs WHY aud
< A5y

[0023] w3k, B oA AekslsE WS Holk X 2 A A (processor) H/EE W E ] (memory)E Lol AFH A
e o8] " F Art. HFE AX = PC(Personal Computer), 3 FHFE, &3 PC, Av(server) &
S ¥ 4 Ja, wEA AFE FAE (TR Z=9)) fARE B Ax 2 WiyE Sk Q.

[0024] olstol A=, dlolH HAAE ¥, TEHE A=, ¢ B 59 S AHSE W, 2 wxp H4F B &
3 Ameth, & 1 2 g A4 NeEg EAw

[0025] dole] A 2] (Data Preprocessing)

[0026] F=e] EAA mdo]l A3 Al A(input sequence) = YUH 7)o %A AHA|(cleaning) ZFPo]l = <
AT, &2 FETE AEYHA G2 FEHE AFEHAY, An ZEC AA HAogdde Fae 9aE Huot ¥
Hol & F A7l witolth

[0027] TFAFoR, HoHE(A: ZEE) 77t thate] EAQ3 7|8 (new lines) H/EE Hol27 7L AAL = )

le) (e}

T
1) o] EASA @ AW ome & gom, BY
L 7F o] mpAuel 9Xshe Hony], A%HE oy
B2 oug 5 k. A 5o olalE B 98 A
e FA(AAY, # o /R AAZ) GA A5 BAelAE BT Fuols] Wi W ol
(null space)st ¥ & w50z AAY & Atk =, deold Axe H4e AP, Hejns], F4, 2 9
e

=
slol 2 % Holw g AASKE S TP Ao o & At

[0028] gl HE & (Data Filtering)

[0029] A2 g2 dolHZE sty sk 2 HAE ©olE(training and test data)® Z-8&3= HAA HolHY F
o] WAE 4 9dar, o]y dHlolH R dh5e R Fue HriE AT 4 flok. F71HQ dHolHE &
do] oS FEA7I7 A, FIHARD (BhE) diolE ¢t HAE dlolE] Atole] dHolE FEAS #FsISIT.



[0030]

[0031]

[0032]
[0033]

[0034]

[0035]

ZIHSd 10-2024-0070232

ok
=

rlo

wEkA, Eao] e (Y, 3 Gl 23] FAE Y AYgs s 3 Gl 23 o]y %

A FE e Fdl A

e

Bl W

+

(&) 1]

Algorithm 1 Efficient Data Filtering Strategies
A=DATAI, B=DATA2
Load TEST codes
procedure DEDUPLICATION(sequence, HT)
— Quick check ifi is in HT
I: Read All A, B values
2:  fori=0to len(A[i]) do

3 HT.add(A[{])

— Build HT

4; fori=0to len(Ali]) do

5 if B[i] not in HT then

6: First_filtered codes.append(B[i])

— First Filtering

procedure SIMPLIFY (code)
7:  return *’.join(code.split(*\n’)).rstrip(* *).strip()

procedure DELETE INTERSECTION(First _filtered codes)
8: for i=0to len(First_filtered codes|i]) do

9: if SIMPLIFY(First filtered codes[i]) not in
INTERSECTION(TEST _codes) then
10:

Second filtered codes.append(First filtered codes[i])

— Second Filtering
procedure EXHAUSTIVE SEARCH(Second filtered codes)

11: fori=0tolen (Second filtered codes[i]) do

12: USE TOKEN = True

13: if Second filtered codes[i] in TEST codes then

14: continue

157 else

16: for s = 0 to TEST codes do len(s) > 0 and
len(Second filtered codes[i]) > and ((Second filtered codes|i]
ins)

or (s in Second filtered codes|[i]))

17; USE TOKEN = False

18: if USE TOKEN == True then

19:

Third filtered codes.append(Second filtered codes|i])
— Third Filtering
20:  Return Third filtered codes

1) "ol F5 AA(Deduplication of Data)

WA, A, Bell sldal= ol 9 BHlA~E dlo]E (TEST_codes) & SZEghth. o|wl, A9} BE= sdg =iy <
oj& Ao, M2 vE dHeolHE yekdttal 7P e w, A 9/5E= Bo #jA] Elo]&(Hash Table, HD& A
dskaL, s HolES ol&ste] Ask Boll £3H o] = THE HolHE ¥ 2T+ v

A AAdel ofstH, AWUA BEE 7HS AR PHX= AB2=(sequence) Hlo|HE A HolEE FE|H =
WS ojugith. HTo| A9] #ES WEF 7|&sta, o3 ghEe] Bl EAst=X9] AFE Flste WHelr).
HIT& &9 o] dole 7|58 AR JAFS o ¢ ok, ¢agF 19 All HH (1 ~ 6 lines)ellA, (1)
DEDUPLICATION @<rell 98® ZE= AJ@2¢l %713t9 HIE AZRE N2 HTS AT, =3, (2) MEA
A HTE Bet vlwste] 71 DY e F=(First_filtered_codes)S A ETH(lines 6). ©] IAo|A thi
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o T84S 2H"dEy.

JIN

, Al Z2EYE 3=

rr

T 5

rr

Ygol AR ASH BE ofvle & e,

2) a3 ere] AbA| (Deletion of Intersection)

A2 FE|FL, Al EIY AHANA EHL® 7o~ (trailing space) T2 °o|F=Z HIZ ebdstAl ZAeAA
ZL HolHE AYFTE AS HHo= g, AdHAA] &2 dolE &, T (sentences)d 9% & £ 2%
ol ¢ &= %Hﬂ(whlte spaces, oA, ' ') E/EE W (tabs, AW, '\t') 5L ouigd & Iy, L1
25 19 A2 BEFH(7 ~ 10 lines)olA, (1) SIMPLIFY 42 3= FxF4Y(character strings)ol EA4ss &
© MAE(new lines)& HH- oo ERIth. (2) FALE S Hel EAsks B 393 NS A7

(3) o]=A BHPE HAE s=e] Ald2et Al e Y =5 QI8 A (INTERSECTION) $He=s 3 ¥
AeFE 24498 Fd3te] A2 2H"Ed E’_E(Second filtered_codes)E Agtt. &, A2 THHAA= A
el EAetE BE MBS AR olo] &4 ¢, HE EAlEte B W ZAE Atold S AA% Fo
P pE g2 deee AY9s 4‘3]%5}. d A2, d}o]# (phthon)9] set()S &-83kod, DATAL = set()
5 DATAL.intersection(DATA2)ES 33t o = x4 I DATAL, DATA2ZR-E] wF3to] HE ol wrs pishats
TR, FEEE bolyE AAE ¢ vt
3) -4 7 M (Exhaustive Search)
A2 BEE HAAoA diF-iEe] Holee= AA"G. 2y, SEAS S9s] A7 93 BRie] Hasirt.
due]E 19 A3 e AN, A AMNS F=35le] s9F TEST codesES A2 Aoz nlustiar HE ol gl
EHES AAGA, FFHoR 5 HolHE AFEE A3 DY H F=(Third_filtered_codes)Z
A = g, &, A3 EHPANHE TS J|For BE o] 7k HuE F3] T dHolEHE AAT 4

0

mkl

FE FA Bd mdS 5717 e, REe F UbR 279 sks dolgrt Basit. duE ¥ mev)
AR #ae = Qe o] A(positive pair)elil, thE dhue 7 ZETF FARHA @tta ddEE &
o] #(negative pair)olt}. %o 2 s TAE ANZT F Ad=(label 0) = S | 4= 3, F
ol B Zolo e mdd 9lE e Ao 479 5128 WA 2EE &EfolA" 4 k. 29 A2

— %

BM25 darg] S-S of&sto], BT £AE dsHA oh=(label 1) 3= S AT + vt

o2 Ad * &9 (ranking)S vl
A4 Wi A ojn] AdFo] ATH

o}oq 94 A3 &9 HS WA=

Sol MEEL] A (41F]) 230l ((confidence) score)E 7]F2
E Ae Z2&4Q AL H7F 2 s 98 A4

a2l 2 W3 BM25L duy &S

HHRS Araitt, o] E 7Hto g 3= 7F fA HF mde F8A4S

il
=
o
_>;J_4(
“ oy M

BM25E 7]91EE ky, -, k,(ng 99 AA4)

Kel
=
2137 o] FA (document) D ~FAE 4HEE = Q).

Fl
e
ob
rlr
_Y‘i
Hn

}(query sentence) Qo tigte] ths 3t

f(k;,D) - (my + 1)

flkoD) +my - 1DL4 1 )

score(D, Q) = Z IDF (k;) -

A7 FskAo A f(k, D)= D WA ko w@o] H=(term frequency, TF)o]al, |D|& @o]E(words)e] ZAo]
(length)o]ar, allS ¥A¢ H+ Zol(average document length)o|th. m¥} b= 3to| ¥ detr| gl Eo|t}.

IDF(k;) = In (N = Bl + 0'5) 1

n(k) + 0.5

o FA WX (inverse document frequency, IDF)& AA F4 Al(total document set)olA] ©@o]7} =F-(rare)
AEE Wk DRk = Ad "Y(query term) k9 IDF 7FoX](weight) & AL, nk)E kT £33t
TAEY NFE UeRY. s dagss ogtd, S8X Y dolHAY o] gAsA T/ ATt

Wz A= JAE 719 (Cross—validated ensemble)

mdel <5 AL 7+ dolg 7+ ZyH<l d5 dolej M (training dstaset), A3 dlo]E|Al(validating
dataset), @ HAE dHo]E M (testing dataset) & FEE7] wFd], dolgo EFdo] EA A Ak
e H7M7F o]Fod = gtk & 2% wARF AF E 7ol i AwbEQl ANQE =AETE. E 2004, K-

|
(0¢]
|
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4
30,
AN

d od=Z, shad 2E AdE EE dE 25 e 29E 2 5 A U] BE T 5-E5d Aol 30
o RAERY 1570 datE FE2E ¢ A A AT PEE VIS olgshd, AA dF ke 3& E59
M vhe Adgs AR (threshold) 2k vl ko =M A Aag =5 5 vk, FAH R, dAHe]
0.5 @, MA| ¢S kel Fite] 0.55 W& 45 1, 184 8& 45 022 452 5 Ao

ol RE dolHE 3 HA AMgstomyn, melo] wWsd] § dlo|EH & ket Aol ofel thE #A
olM dtEd Eele] dE Fol v B AeE I ¢ des I

=38 2 e o AAjdel o A s 2R A iy B fAMY dd i Adshy] SR 55
wolth, & 3o EAlE 7F @A) Aok A= Y AAFe s dd 5 A B, AFY ASEE
AR wd 2 A AAY fAP dd AR SoR WHE R St

tgom, doled e BHY T £ + Arh(S200). =
g@ e BeRFon, £ dolHE od 4 uel FAK
A WAZ FHE 5 93, olel Ud AR HPe YR du

e g E dolHE o] &ste], Bde] dFol o] §3tr] A S A g o] AHE = Jrh(S300). Gl
A g-o] A2 BM25 U/EE BU2SL 59 &aEsS ol8ste] AAdE 4 ).

S a5 2 A ZFA(fine tuning) o EZR, T2 A =
b 4~ QUTR(S400). . A= ARG EER graphcodebert 9F
(e}

o §A4e BEEE 2Y
ou}, ¥ W] ofe] A= AL ohith. Z, Al AMsE wde] olgH &

codebert-mlmE ©] &3}

ATt

S, WA AF AR BUS ogdtel 852 AT £ Atk 45 A 4T Aol WekE Fof K W ¥
% 9T F Ao A A2, Y S5 dolEE oo AF wel K AR F@ekn, $TE K A9 )
OJEE olgdtel k Ao RUS Sras, 2 mae AF Aol AAA ¥ES T F Ak oF ¥ RE U
NEE 7ol o1 §F &

t}
of mzady :meo) fAabgel e S ArhSH00). A Shge] $EE
2=
T

B 8, 2EES] 7 84, S/EE SR 7 84 5 AZEY)
=

of 74 ase Hgoem 7L F v, dE S0, AAdEddA d¥E A R A4 gaas, dE 89,

IZ2AAM, ZEEY, ALU(Arithmetic Logic Unit), YRAE Als Z=2 MM (Digital Signal Processor), ®}o]=
273 ¥, FPA(Field Programmable array), PLU(Programmable Logic Unit), VlO|AZZZAA, H WH
(instruction)& Al FFE + A& thE oWz FXof o], s} o]t WE HAFYH T 5+ 54
AFHE ol &3t FdE F Advh. A A= 9 A A (Operation System, 05) H 7] &G A ‘ol A
TP = s o] e AZESo] o FEAlolAE FAT F k. E3, A A= AZEY]e A &
gate], dolHE H, AF, = E

)

, 2 Ay 2 A S k. oY HeE kel Ay FX = st A
BE AR, Y 7] EokellA S AAE TH A=, A" FA7F 55 fe] A
7] @4 (Processing Element) R/%E &5 §39 A7 845 38 F Jd&s & F Advk. dE =01, A
FAE By Y ZEAM e o] ZRAAN Z shte] FEEHE 23 ¢ k. E3, WY ZEAA

(Parallel Processor)9} 22, 2 A7 T4 (Processing Configuration)
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o
N
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AXEO = HFH T2 (Computer Program), FZE(Code), W® (Instruction), =& °lE F 3l o439
£3E T  dorn, dste uE s&Ast=F A AXE AU SHAeR e AygF o=
(Collectively) A= AA& WHET F At AZEQo] Y/EE dolHE, A Ao st A=A A
g Ao My T HolH= Awdr] 9o, oju §89o 74, T4 2 (Component), Z&A Fx, A
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= A& 3 (Signal Wave)ell gF+x o=,
YEIZ A4dd FAFE AL Ao Z4bEo]A,

EEO R -
i wyen AHAY AdE 2% vk, AxEe] 0 HolE: s} ol ARE BE s A% 0l
Aol A 5 3k

Arelel wE e B AFE 9 Fael 148 4 s T2ay 9y Uz pase ARy @
% 7bs Al 7150 5 QT A7) AR 95 ks s Zad ge, deld B, ey Tx 2
UEow wx 2¥ste] X8 4 k. 37 hAl) 1SHE Zeoaw gue 08 dsel 598 A
P F48 Aol ARE LxEde] YAl FAsel Ag s 4D $E k. AFE W5 7

A
T 715 wAe deE = yx3m, TRy yx3g 9 zy] golxel e x17] v A (Magnetic Media), CD-
ROM, DVDe} #& 37|15 wiA|(Optical Media), ZEFEZE tX=A(Floptical Disk)et #& X7]-3 wiA
(Magneto-optical Media), & (ROM), (RAM), ZA WxEdg T3 2 L2203 HHS AFsia FPes
53] 749 stedo] AA7F 23hdn. 223 gE ] o Aodedd o wEoAE A 22 7]
o p

=
2~
T

of =k ole} SIHZYE TS5 ARSI FFE e A AgE e iAH Qo Z=E XF

719 st=so] A= Ao 2 FAsty] fs sk o] AXEdC] RERA AFdes 749
Ao, 1 QL mpghrpA o]t}

oo wde mAE AAldE Fam AgEdoy ol oAIHQl Aol watetH | i s Eoke] 4
A2E 7R A ol Y v Wy 9 75 d B A7 Thesithe S olald Aelrk. oE Eol,
A sEe] Add WA vE &R FRHAY, R/Es Add A", 72, AA, 2 4 A
S50l Ady WY 2 Yu2 23 e 2FYAY, B A 84 EE FEE 9dte] gAY
A gk A TEHTH

Data Filtering Strategies Forming positive & negative pairs Model training

P—

| 1. Deduplication of Data | | gy poOSitive sentence pairs |
% i 2. Deletion of Intersection : : .
i3 i | By negative sentence pairs |

Exhaustive Search i

Pre-tramed language model

raw text

—_
s

)

2

rMoclt—.‘l Training

B r  ven Tain Train
Train - Train Train Train
Train Train - Train Train
Train Train Train - Train
Train Train Train Train -

model,

model,

modely

TEER

models

Testing K
= Result,
= Result,
TEST — — Resulty Ensemble
— Result,
— Results
\ J
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