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Language Model, LLM)¢] F43F 2hd& zpodo] Az o1 & (semantics) & FZd| o} gttt Aozt A &
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Al(Dependency Graph) %
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|23Nnmcsmrc'xl Izswamchd-u| I 26 NameL oad}

|33 .\'amcLund'udd| | 35 Nume:2 | |34 Num:l| ------

xl=al+bl

x=a-b

(a,b):
x=0 [©)
) Lexical Analyzer
x=a-b;

Nature Code Sequence

res (1,2)
(res)

Source Code

Abstract Syntax Tree

Syntax Analyzer

i

Control Flow Graph

I

Data Flow Graph

®
Semantic Analyzer

> (‘ndj I diate R
)

Generator

<38 1> £A FEO| LIS XX T5i4]

(structural representation)< 534
12 A Q3R TAZ A

ojgjgt MetollA HE 543 = 53} A doj 2
(Code LLM)[5}& AHlojo} 2y lof 7ke] ofu|4]

)& BAE s53to], Z= ol (understanding), 44

o2 gFolop k=

H 9 (translation),
ERELET

(generation), 8 2F(summarization),
# k4] gA](vulnerability detection) &
olel g) A2 (Code Intelligence) 2+9& F33ict, E3],
GitHub, Stack Overflow SollA 433 ¥o)3l 7172
tloJgl& Rdo] Z=9o] 7
2 |8 opzet, 11 7154 =stA| g5 &

A o,

e ddedx A7 A

F=-FA (comment) ¥ E

Je=

= odgAx(Code Intelligence)= T2
olgfstal A= UdAT Zles AT
ol2, I7 = o|df(understanding)®} F= YA
(generation) 0. 2 TR-HT} 7} Il = M2 LA 3]
o] glon] = A o] Zel(Code LLM)2] A
28 WslE A 94 R 2w A4,

=
ol

A
‘__
3%

1. ZE 0|3} 2 (Code Understanding
Task)

AT AT AG o, 222 AR e g wogg Awels A BRe . gEd Az
o] 5 ol&f5t= AT 4 dlo]AE(Intelligent Agent)S T- L 3= A (Code Search), = 22 €% (Code Clone
st ol o, olefdt dojdEE 229 g 2 Detection), %4 B4 (Vulnerability Detection), EF¢}
S AR QA 0o 44T TRIS AN 2z e inference) S0 5l
n, Q75 A AY A5 HHst F e 5 F AMe 2olo] Aolo] Batals ZE AUsle 2
FETHE A ofhiz AR, Aol Aolsl A2 FUR A T
e AR e AEAR QAR ATEFHL Aaent space)el iigstel ol Suk AL Pt
2, (1) 2E ez 8 A, Q) AEE 7 12 o) 3 (Bi-Encoder) BAlo] 2EZ o|2r} Tt 2
= ol A T P, O E RLA AR =D 2 gxe ge ge 257) 3UB )5 e FAEAS
A, (4) FF AT kS AAH o2 e sl BAlg, t4d B9 HlmE Yol flojg 52
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(GNN) 7|9 o] &89}, g LIME Z=9] Ay S @7 ofsfsfof f?_r/} FEHAe A
o] =

et olsfste] AAA HAE BA AU MBS & 13l 715-& T Yot A8t A
FAshe 5, 1454 A BAs diAlsle dez . | FA3% Eﬂ’\Eﬂ]O]i AL IE A8 Z43E &
st 9tk 3 mdo] 228 FASAU AFshe A8 v=w
Hh(self-refinement) <o 2 AE 1 qlc}, o]zj3t
2. AE MM ztH(Code Generation E& LIME 9 A3t =771 opd 7idat B
Task) A5 (Assistive Intelhgence),di A A 7]l 9loH,

T A Hol YA ZHoA] A4 A4 a9E 9
o,

=)
=l
x2,

2= e Foldl aTAE UESE Z2ag
AE ARG, 1% 2SS 20 0 W he Aol
FQ ATEE F= 29 (Code Summarization), 2= H
9(Code Translation), &5 47 (Error Repair), HAEF| . 2= ?_101 E%gl HEI-II_{ EE
o] 2 A4 (Test-case Generation) 0] $1.oH, tjF-2 2}
Aol-2E F5AG(NL-PL)E 7]¥ho 2 3 it A

2= aoke Bt Foad $4L Aol Anat A 4
A2 AF S 9oz, 220 TR OE 9 ol @

>~£

A5t Ake} 8 4= Qr}. 270l do] &

-ﬁi‘l

B4 (Code LLM)9] &2 ztedo] 2o
PS5 (Pre-training) s 2jthele 2 17

Encoder-oniy ALBERT (6) BERTOverflow () | SeBERT (2)

Features BERT (50) CuBERT y Graphcw ‘ CodeRetriever (1)

| Encoder | C
Input Text ROBERTA (24)‘ CostSens BERT (1) ‘ ‘CodeBERT 51)| |Semenoe BERT (2)‘ |Trace BEAT (‘a)| PRGBERT (1)
Encoder-decoder [ cotext (0 AlphaCode ()

QOutput Text

Iﬁm\l ﬂ'—' PLBART (15) Codetrans (2) NatGen (2) | CodeT5+ (7) ‘
) Feal‘uresj I / J /'
T N Y N Ny

p N
| Encoder | T5 (20) | CodeT5 (46) ‘ UniXcoder (16) | SPT-Code (2) ‘ CodeReviewer (2) ‘

=

)
Input Text

‘ PolyCoder (8) H InstructGPT (5) |CmdePam)l 6) ‘ CodeGeeX (8) | CodeGeeX2 (3) ‘SiableLM (1)‘ CodeLlama (19)

Decoder-only

[aPr2 17 |GPTNeo (13)]| GodeGPT (26)|  Godeen 44) | LamDA i) | chatGPT 72) || wizardGoder (12) || GadeLiamaz (1)
4
Output Text GPT-1(4) ‘GPT—S (12) |GPT-J 13) |) GPT-3.5 (54) u CodeGen (7) H GPT-4 (ESJH LLaMA (1) Llama2 (10) |Llam32-Chat )
\{ Decoder ) I /
L ) — - — < -
| GPTNeoX (5) || PalM2 (1) N Bard @) [ Vicuna (11)| SamaCadergq CodeFuse (1)
Input Text ¥ ¥

-
| XLet ) | Codex(62) |InCoder (29) | PalM (4] | PalM-Goder (3) | | Ciaude (3) | | BLOOM (5) | | DeepSeek Coder (1)‘

¥ b
Gopilot (7} || PyCodeGPT (5) PanGu-Ccder(1)HOPT(5)|‘SlarCcder(25)|‘CIaudeE ) DeepSeeK(3)|
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ojF A7 = A4 ¢ MY B3ld d3d-t=
o F#+Z(Encoder-Decoder Architecture) 2 245 9lc}.
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o228 k] B¢ 72 dolH 598 5
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e

1. 2|0] ZAXHSemantic Gap)

Adojel e qlo] Atole] ojulH FUA|
1

st

=3 DCG-SQL17]L

representation)&

RAG (Retrieval-Augmented
Generation) H21-& 843 dlo]gj# o] 27|} Hg,

Pretraining Stage

Downstream Task

Code2NL Tasks (Input: Code / Output: Comment)
NL2Code Tasks (Input: Comment / Output: Code)
Code2Code Tasks (Input: Code / Output: Code)

(Semantic Gap)= FE LLMo] w3l 7} ZE 2 ¢l Addo] Ao] 7ol ofu] AAE ZFo]aA} 3t} o]
24 2 dhjoln} fjrye e AbAsk: wAle HTES ZE oFE ded dol W A7} obd, o]
Al ZE9} FA4 (comment) 9] & ShgalA|w, A S A2 RH 7t ow] AE AR AR gt oAl <
$ BT 2o QEEAG FAT EAske 4 ThAR:
$7} wr} o= Qo) Bde Alol-2E b v ojg
(NL—PL alignmen) & ¢85} sH5a14 Ralx, & 2. Z714(Robustness)
A B2 Gutsl Aol A Ashdrt o] A4
2 437 913 h&E 4 A=7} Prefix Tuning 7]5+e] F= LMY B4 Bdo] B4 & 127
CodePrompt{16]%, TEXE 72 o B2ad o = d#d 28S AT F Jde TS gt 1
u] Zpo]2 Zo]7] 93 Z=-9lo] Ho] H&(joint latent  EH T A7TEE Eelo] WA wH(perturbation)]
Output Comment
ot ot L SR S |
PLM PLM PLM PLM
Encoder Decoder Encoder Decoder
t ot t t ot t ot
Code & Comment Code

<8/ 3> Afolofer Z2T2f/g! 210f Aro[o] ofn) X £2/x][16]

@ Deep Contextual Schema Link Graph Construction

Embedding

@ Graph Embedding Retrieval
~—

DB Schema I Demo
[ ] Chiefs Pool
Chief g:::il::a Cheif_ID I'BEP"'B'l age
Ch\ef_IDl Dept_ID I age 9 - — T T
Pruned DB | Retrieve |
User Question Deep Contextual ¥
“How many chiefs of [ schema | Demo 1 Demo k |

Schema Link Graph

the departments are
older than 567"

| Linking

Retrieved Demonstrations

© SQL Generation with Demonstrations

[ [ User +.D8 |4 Retrieved o) | SFLECT CONT(*) FroM
[ — ] | Question Schema Dermonstrations chief WHERE age > 56
LLM Mode!
4> RAGE &8st Text-to-SQL &8i[17]
251t 0|o|of XS0 42 16
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=35t

Generation Adversarial Example Attack to mislead

Q Search for dissim code

Condidote dis-similar code ) Q. Get a high-
Codeset = atteniion line
wrapper +{ é
t s 40
- == Model
Adversarial
D Q Find valnerable position SN [aN Source Code
—_— —
e
Source Codel Adversarial
Source Code
example

public static int SumValue(int[] values) {
[UNK].[UNK]. [UNK). [UNK).[UNK]
int sum_value = 0;
for (int value : values) {
sum_value += value;

public static int SumValue(int[] values) {
int sum_value = 0:
for (int value : values) {
sum_value += value;

return sum_value;
return sum_value;

< Classification Task>

def node_radius(self, node)
return self.get_idx(node) *

el;.sﬂle A‘ g
self.internal _radius .
—— - Classification - %2
Model
“Computes the radial position Match or Not
of the node
< Retrieval Task>
Retrieval =I|
“Computes the radial position Model = | Code
of the node

We try to modify text to fool the models,
but modified text should have similar meaning to the original text

<72/ 5> FE Hrf oio] ZEo| FFs[18, 19]

2311
ﬂ%(Semantics—

g}, oo Fﬂri} Z'cli“ﬂ% o] HEY

Preserving Perturbation)& A€ 4

s29 99 498 4

(self-verification) Ao]

A=
o) )

il o 2 $8.5}+= 217] A

W
_XI__

1

gHZt(Hallucination)

= LIMo] EA3HA] %= APIE B30t/ 23
7}7 3 F=2 YA AL ‘T Aol vl
Zolt}. o]z ®do] St
*‘o}Xl FAY, dlolE Wi

(a) CoRAC Encoder

purchases = pd.DataFrame(data)
purchases[ Bananas'] = [1, 2, 1, 8]
purchases.to csv('purchases.csv')
df = pd.read_csv('purchases. csv')

df.set_index('Apples', inplace=True) Question

Code
import pandas as pd Code
;p‘{)les B8O, Question
*Oranges': [0, 3, 7, 2
} ==l L Relevant APl Document

Question Intent Instruction

print(df.head())

| Which function is utilized to write a CSV file?

: (b) Selective APl Document Retrieval

2

DataFrame() o Two-dimensional, size-mutable, heterogeneous tabular data.
to_csw() = Write object to a comma-separated values (csv) file.
read_csv() % Read a comma-separated values (csv) file into DataFrame.
set_index() i Set the DataFrame index using existing columns.
head() @ Return the first n rows.

API Function Description

(d) CoRAC Decoder

Free-form Answer

13poou3

Decoder

I I

Y N

\‘c) Question Semantic Intent Clustering

L

#: Centroid Pointl

tion Feat b %9
8 L}
* Question Feature oo o 5o
°
m °$%
a0 o0
32
83
e Relevance Score
i DataFrame() 0.02
=2 to_csv() * 0.40
read csv() ok 0.34 —
set_index() 0.17
head() 0.07

API function Features

12/ 6> RAGE &&3t Code QA gHE[20]
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71&7|n8
wislel of At H2 AFEL o] TAE WAt AR
7] 918 A4 A4 719 A (Knowledge-Augmented T3 CodeBERTScore[22]= F = Juld 7ke] o]u]4
Generation)& E§J3kaL §lt}. ol & S0 RAG 7|¥h = FAIEE 283, Z=9] Y fn|& g2 08 SH6t
AL A= BAE Fdet] A, AE APT EAY oAl = RS AT FFelle 2= A F2E ofY gt
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Ao oJmo} APl 5% =S HEFOEAH, %E% )
T AREE Fola AlZeg AT ol2g A2
G40 91E A4 Hohh, o8 A5 49 87 V.ZEH =2 MY
S A%k A3 AA (Trustworthy Code Generation)
o2 WAl 9k = A Ao} Zd(Code LIM)2 oA T3t I=
&3t ETE o], =g ofdfeta A A5 +

712 Z= 7} A% BLEU, CodeBLEU $& ¥
WA SARE 398 St gle, m=e )5
554 (Functional Equivalence)oluy} A& 7154

2t ol weh 2o
0] AL 43t

(Executability)& HHgs}A]
© 3= AP TS Jr} o
HumanEval[21}:& LLMo] AJAJg Z=7} F0i7 HAE
Aolxg T FEL SAstT pass@k AZE At

Fou, o]F e = A4 2d Fo| HFES

e AT A|2g o g dhalstal gict,
el agAd 42

AFAFo| PP M2 7
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7 Zi*é(RobustneSS), #zH(Hallucination), %7}

& of713] s Asfok T A4 HA| 2 ol
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2}H(Semantic
Gap),

(Evaluation) &
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