||||||||||||||||||||||||||||||||||

software

é@ )\ﬁ%{t Hj‘{-b Development

Digital
FbESFEI 11.24-25 | summit

RO RS EAISR: RS

ErM FLLAFENIEHER




e 4 A
HIRESEIES + ZEH> (EVINK

—1000 + $2/REZIPARIFE [ H¥

G ke ﬂ 23| P S K ie i L8y
@ﬁ@i K+IEL K+ S RBEFR RS AIFES K+ S BRRER R LI ES

2ixEdiE: 2024.05.24-25 =irda: 2024.09.20-21

\/ - - s

.

@ O O O O O
NDDig2 ﬂ 23| i NDDig2 % 5| A=W NDDig2 ﬁ 31|

NDD#2

aiedia: 2023.11.24-25 awedia: 2024.07.19-20 2iwediE: 2024.11.15-16




E 2037}

FURFENIEHEE, ANk "BATH”

PR RE TIEFRREIRsus. MTtES)n, Bl FESLE,
(FRERNAREEEARR., FTEMRRITFTNEERETIE, THES
NERBEESRINIEERE, SEAIEEER. ABEHE. AB4EN%E. 2

ICSE. ISSTA. AAAI, ACLERMHTRERATS UM SRESINFIE
H EER="TREFANIELN. EZ T ERFEASINMICSE, ISSTA, FSE
industry=iB(FEFEZERSER, ZTOSEM, TSE, JSS, EMSEZEFR

HAFRIEERRA.

AR R R & 2 T\ MUF AL DD A" %L TES

Al software.De e:o,u’r% nt Digital sumpit



N DD Al Rt RHFES
Al*software Development Digital summit

1. ARESLEREN o
H 5 2 (BEemesmk. G
CONTENTS 3 fBEmmimmizoks 000

- ~ ~ ‘f 0 o a o )

4. KHREEISIIBERIORKELR | 0 0 0
, 00 °,

5 20

\ o)
» 0 P
é ¢ 9

0



PART 01
B3 ERE 7Y

ND

;2
g
B
H
RE

3
¥
N

D

eeeeeeeeeeeeeeeeeeeeee

||||||||||||



» CESERKETY
BB R IIREA A S SISARE S RDH R, B ERRERERIR.

import datetime

def parse_expenses(expenses_string):
“""Parse the list of expenses and return the list of triples (date, value, currency).
Ignore lines starting with #.
Parse the date using datetime.
Example expenses string:
2016-01-02 -34.01 USD
2016-01-03 2.59 DKK
2016-01-03 -2.72 EUR

expenses = []

for line in expenses_string.splitlines():
if line.startswith("#"):

continue

date, value, currency = line.split(" ")
expenses.append((datetime.datetime.strptime(date, "%Y-%m-%d"),
float(value),
currency))
return expenses
& Copilot

https://github.com/features/copilot
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‘/ﬂl_‘ ! CodeAssist

BT7EHERRBIA, KKBPFRAIE,

B /3K https://www.zhihu.com/question/52838341
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» (CH3ER(ESHEILS

BxR HXI{E PN Th et
IBORACEEER  [1](2] — (T

(statement-level)

RRERAIBER  [3][4] — NERER

function-level BLEU.
( ) BIAESE K. EM
BRI B A ER sk CodeBLEU,

KRB CRIERK [5]

(class-level)

BERAINIBER [6] N =

(repo-level)

7~ Pass@k

[1] Sun, Zeyu, et al. "Treegen: A tree-based transformer architecture for code generation." Proceedings of the AAAI Conference on Artificial Intelligence. Vol. 34. No. 05. 2020.

[2] Wang, Yanlin, and Hui Li. "Code completion by modeling flattened abstract syntax trees as graphs." Proceedings of the AAAI conference on artificial intelligence. Vol. 35. No. 16. 2021.
[3] Jiang, Xue, et al. "Self-planning code generation with large language model." arXiv preprint arXiv:2303.06689 (2023).

[4] Huang, Baizhou, et al. "Enhancing Large Language Models in Coding Through Multi-Perspective Self-Consistency.“ arXiv preprint arXiv:2309.17272 (2023).

[5] Du, Xueying, et al. "Classeval: A manually-crafted benchmark for evaluating lims on class-level code generation." arXiv preprint arXiv:2308.01861 (2023).

[6] Liu, Tianyang, Canwen Xu, and Julian McAuley. "RepoBench: Benchmarking Repository-Level Code Auto-Completion Systems." arXiv preprint arXiv:2306.03091 (2023)
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I !
1 i

(function)

« ENBENHREN, ERISARETERIMUBENSGE. XEDEBEET AT EZERIMNI
ENERAIELAVEN
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split_pos = int(len(quer_data) * 0.7) 5>°
Subscript|

training_data = quer_datal:split_pos] altvaiing sws § e rest doa Y ‘ Y !
| ) [ e ) ) [ ]

test_data = quer_data[?:] H i
Name | [Stice Name | [Stice
= data| [lower| |}  data| [lower H
split_pos 0.87 step | ) upper o
i 0.07 H step
len 0.03 H .
poition” ][] B e

- EEMRBEE, RITEER, NESUETREUFE, ERFITFEEMRFINFERERSE. M
TRNAMMERSR. P RIRIHERF S5 A AIRR . SHFRIE.
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Pre-Train CodeBERT!!] Encoder 125M
[ ] GraphCodeBERT[2  Encoder 125M
> Model prediction
CodeGPTE] Decoder 124M
| ]
CodeT5M Encoder- 60/223/770M
Fine-tune same model Decoder
on Downstream task
UniXcoderl3] Unified 125M
9[ Model ]-—) prediction

[1] Feng, Zhangyin, et al. "CodeBERT: A Pre-Trained Model for Programming and Natural Languages." Findings of the Association for Computational Linguistics: EMNLP 2020. 2020.
[2] Guo, Daya, et al. "Graphcodebert: Pre-training code representations with data flow." arXiv preprint arXiv:2009.08366 (2020).

[3] Lu, Shuai, et al. "Codexglue: A machine learning benchmark dataset for code understanding and generation." arXiv preprint arXiv:2102.04664 (2021).

[4] Wang, Yue, et al. "Codet5: Identifier-aware unified pre-trained encoder-decoder models for code understanding and generation." arXiv preprint arXiv:2109.00859 (2021).

[5] Guo, Daya, et al. "Unixcoder: Unified cross-modal pre-training for code representation." arXiv preprint arXiv:2203.03850 (2022).
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Unixcoder: EFIEEST)Z

-

BAISERAIRTAL AST (BRI, B R ORI SIS,

Q

AN

b NME] é—%
AN~ o
UniXcoder with Shared Parameters  Self-attention Masks Pre-training Tasks
Encoder-only
N N N N (.|
Be9050
? i o
I ‘ J
o o ' ' f 1
Transformer Layer N /v' 0 | | | ) (VASK) (s ) ) (MASK ) ()
Decoder-only
CJE ..
OO mEEE
Transformer Layer 2 %%EE==
OO0CoOO0m
I
Transformer Layer 1

A <\§‘Emmmwmr

OO0 mEE
Position Embeddings OO0 .
- OO
Token Embeddings OOOOmm
A OO0 i j i i
1 [ o (| ) (wAsko) [ J(wasko) (5 ) [ 5]
Prefix Flattened AST [l Prevent from Attending (©) Denoising Objective

D. Guo, S. Lu, N. Duan, Y. Wang* et al., “Unixcoder: Unified cross-modal pre-training for code representation”, ACL, 2022.
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SoTaNa: ET KRB IRIRIRIRZENTF
Q SEAXRE ( ChatGPT ) SRAKERG LIESUEEXAIESEIES

O ETAREEARE, BSHEN0 VERE S EEE)E
Q SR T — P HiRfmiziaEEIFSoTaNa, AIEENmERR (WCIBER) LHISEIFHEER,

/JNo

Question Title Output Seed Pool Prompt ,
Demonstration 1 A
Sample et : . S
Demonstration 2 P Instruction Quer) . )
Question Body == Demonstrations | = |
8
5
Foundation Instruction-based
Model Data Generate
Parameter-efficient|| fine-tuning
[
= SoTaNa
5
Clear Submit Flag

Shi, E, Zhang, F, Wang, Y*, Chen, B, Du, L., Zhang, H., ... & Sun, H. (2023). SoTaNa: The Open-Source Software Development Assistant. arXiv preprint arXiv:2308.13416.
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=  Harbin instaute of Technology
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[1] Zheng Z, Ning K, Chen J, Wang Y, et al. (2023) Towards an Understanding of Large Language Models in Software Engineering Tasks. arXiv.
[2] Zheng Z, Ning K, Wang, Y*, et al. (2023). From General to Specific: The Evolution and Benchmarking of Code LLMs. arXiv.
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125M-1.3B 560M 158 160M-2.7B  Unknown 8B-540B nggﬁ}
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(= N RECURY
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MultiPL-T | Phi-1 Phi-1.5 WizardCoder ! . InCoder Code Llama | , PanGu- Coder2 | Code Alpca
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[1] Zheng Z, Ning K, Chen J, Wang Y, et al. (2023) Towards an Understanding of Large Language Models in Software Engineering Tasks. arXiv.
[2] Zheng Z, Ning K, Wang, Y*, et al. (2023). From General to Specific: The Evolution and Benchmarking of Code LLMs. arXiv.
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> M PolyCeder  ypix pymTs Code
Hacarsi \{;I . ; [ CodeT5+
GPT- GPT-cc Code | = CodeRL
NeoX i GPT gl JuPyTS Mf»

» ’COdETS {51:} CodeTSMlx p

7 , = salesforce VerlGen Phlnd-
=. a5 GPT-Ne & CodeGen2 CodeGenapr Codellama
- G P T salesforce m
PyCodeGPT B = 00 =
_ _ CodeGen Code
.. WizardCoder mm GPT-C Vi Llama 2 Llama
w Ph.' . 5« w, - %@i@up
I-1. 4
Opel::Cod = =. ' a CodeFuse-
erPlus - —— > </> Codellama
ﬁ StarCoc‘I;r CodeGeeX m CodeGeeX2 Code Alpaca
\ ) SantaCoder G -
MultiCoder S < [
=yYiPanGu-Coder "’ aLM-Coce Replit-Code
—Latal, PanGu-
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[1] Zheng Z, Ning K, Chen J, Wang Y, et al. (2023) Towards an Understanding of Large Language Models in Software Engineering Tasks. arXiv.
[2] Zheng Z, Ning K, Wang, Y*, et al. (2023). From General to Specific: The Evolution and Benchmarking of Code LLMs. arXiv.
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S— HumanEval LM HumanEval LLaMA-65B 23.7 E 79.3 CodeGen-multi-2.7B 14.51 24.67 38.56
Pass@1 Pass@10 Pass@100 Pass@1 Pass@10 Pass@100 LLaMA-33B 21.7 - 70.7 CodeGen-multi-16B 18.3 - =
WizardCoder-Python-34B 73.2 - B Codex-25M 321 71 12.89 LLaMAZ2-7B 12.2 252 444 CodeGen-multi-16.1B 19.22 34.64 55.17
WizardCoder-15B 57.3 73.2 90.46 Codex-2.5B 21.36 35.42 59.50 LLaMA2-70B 30.5 594 87.0 CodeGen-mono-6B 26.1 423 65.8
Unnatural-Code-LLaMA-34B 62.2 Codex-12M 2.00 3.62 8.58 LLaMA2-34B 26 470 79.5 CodeGen-Mono-6.1B 26.13 4229  65.82
StarCoder-Python-15B 336 = = Codex-12B 28.81 4681 7231 LLaMA2-13B 20.1 34.8 612 CodeGen-Mono-350M 12.76 23.11 35.19
StarCoder-Prompted-15B 40.8 - - CodeT5Plus-16B-mono 30.9 51.6 76.7 LLaMA-13B 15.8 - 525 CodeGen-mono-350M 12.76 23.11 35.19
StarCoderBase-15B 304 - - CodeT5-770M 12.09 1924 3093 LaMDA-137B 140 - 473 CodeGen-mono-2B 23.7 36.6 57
StarCoder-15B 33.60 4578  79.82 CodeT5+-770M 155 272 427 JuPyT5-300M 5.40 1546  25.60 CodeGen-Mono-2.7B 23.70 36.64 5701
SantaCoder-1.1B 18 29 49 CodeT5+-6B 28.0 472 69.8 InstructCodeT5+-16B 35.0 54.5 77.9 CodeGen-mono-16B(16.1B) 29.28 49.86 75.00
Replit-Finetuned-2.7B 305 - - CodeT5+-2B 24.2 38.2 57.8 InCoder-multi-6.7B 152 2738 47.0 CodeGen2-7B 18.83 3178 5041
Replit-3B 219 - - CodeT5+-220M 12.0 207 316 InCoder-6B 152 27.8 47.0 CodeGen2-16B 20.46 36.5 56.71
Replit-2.7B 219 - = CodeT5+-16B 30.9 51.6 76.7 InCoder-6.7B 152 27.8 47.0 CodeGen2.5-7B-mono 33.4 584 82.7
PyCodeGPT-110M 8.33 13.36 19.13 CodeParrot-small-110M 3.58 8.03 14.96 InCoder-1.3B 8.9 16.7 256 CodeGen2.5-7B 28.36 47 .46 75.15
PolyCoder-400M 29 529 11.59 CodeParrot-multi-1.5B 4.0 8.7 17.9 GPT-NeoX-20B 154 256 412 CodeGen-16B-multi 19.2 34.6 55.2
PolyCoder—2.7B 5.59 9.84 17.68 CodeParrot-110M 3.80 6.57 12.78 GPT-NEO-350M 0.85 2.55 5.95 CodeGen-16.1B 34.6 - -
PolyCoder-160M 2.13 3.35 4.88 CodeParrot-1.5B 3.8 6.57 12.78 GP’T_NEQ_27B 6.41 11.27 2137 CodeGeeXZ—ﬁB 3549 626 8843
Emnd:CodeLiama-Rydmon-348-v1 605 - - CadeParot-1.58 3.99 8.69 17.88 GPT-Neo-125M 075 188 2.97 CodeGeeX-13B 22.89 39.57  60.92
Filind-Cogel.tamAdbey2 L - - CoceLLgMiAbfion- AR D84 08 M GPT-Neo-1.3B(1.5B) 479 747 1630 CodeFuse-CodeLlama-34B  74.4 . .
P Cocellama-345-v1 oo - ggg:ﬂ:%igﬁgﬁ;‘g gl - GPT-Neo-13B 479 747 163 BLOOM-7.1B 773 1738 2947
PanGu-Coder-317M 17.07 2405 3455 Code-LLaMA-Instruct-7B  34.8 64.3 88.1 GPT:J “6B s 2'62 _15 74 _27'74 gtggﬁjgw gzié ?'102 s ;)9_ 13
PanGu-Coder2-15B 6164 7955  91.75 Code-LLaMA-Instruct-34B  41.5 71.2 93.5 é‘m‘f‘m ] . i OOV 175D 15,55 sl
PanGu-Coder-2.6B 2378 3536  51.24 Code-LLaMA-Instruct-13B  42.7 71.6 916 PTAC) 2 : : :
PaLM-Coder-540B 360 - 88.4 Code-LLaMA-7B 335 59.6 85.9 GPT‘3'5(?P"’“AD a8l - - BLOOM-1.78 4,03 145 12.75
PaLM-8B 36 - 18.7 Code-LLaMA-34B 488 768  93.0 GPT-3.5(*) L B - BLOOM-1.1B 248 393 962
Pal M.62B 59 - by BT ahid T 36.0 60.4 298 Codex-85M 8.22 12.81 22.40 AlphaCode(dec)-89M 43 12.2 20.0
PaLM-540B %2 - 76.2 CodeGen.nl-6.1B 10.43 1836 29.85. Codex-679M 1622 2570 4095 AlphaCode(dec)-685M 142 24.4 38.8
OctoCoder 46.2 - ~ CodeGen-nl-2.7B 6.70 14.15 22.84 Codex-300M 13.17 20.37 36.27 AlphaCode(dec)—302M 11.6 18.8 31.8
MIM-2.7B 307 4822 696 CodeGen-nl-16.1B 14.24 2346 3833 code-davinci-002 470 749 92.1 AlphaCode(dec)-29M 34 58 11.2
MIM-1.3B 224 417 53.8 CodeGen-multi-6.1B 18.16 27.81 44.85 code-davinci-001 39.0 60.6 84.1 AlphaCode(dec)-13M 1.5 3.6 8.6
LLaMA-7B 10.5 - 36.5 CodeGen-multi-350M 6.67 10.61 16.84 code-cushman-001 33.5 54.3 714 AlphaCode(dec)-1.1B 17.1 28.2 45.3

fEPass@1 t, MEERFHEGPT-4, EPass@10F0Pass@100_, MgeEFAIEUnnatural-Code-LLaMA-34B.

Zheng Z, Ning K, Wang, Y*, et al. (2023). From General to Specific: The Evolution and Benchmarking of Code LLMs. arXiv.

AlIREHER TR & £ B H A\ B2 R NiD ﬁ!:jﬁgitﬁf@’%f&i‘!%%;

. . s



U
O
2>
a3
s
=2
RE
S
4t
R
B

||||||||||||||||||||||||||||||||||

PART 03
(B e R EIMGRO L kR s



» KiTESRIS=

WEOMNARIEIRE B {CSEIIEN, XESEMNERBLENTTRE T E2EN
EL. AT, ALHTERENITERRKINGMPBIXLERBRE ., MITERIR
Y= N RITERD IFRREE,

BERSH HiEE/token | YIZkET|g]
/gpu hours
ARA

GPT-4

GPT-3.5 ﬂi’ﬂ] 5&%11 AR
LLama 7/13/33/65B 1.0/1.0/1.4/1.4T  1.76M
Llama?2 7/13/34/70B 2T 3.36M
codellama 7/13/34B 2T+5008B 400K
starcoder 15.58B 1T 320K

AlIREHER TR & £ B H A\ B2 R NDD ﬁ't&*‘ﬁﬂ@’%?i‘ﬁ“%:f



» BiTHSZRDR

SR AER AR E RS EREE, RN SATRE
FreRti B,

0 2aa O

P 7T E;’H&E’ili)lléﬁ/?&ﬂ SRAREGFENR FFREERNEsE  EONFEDE
8]
S/ MIGPUSR ERIMSE R SEIGPUNEIIR  RDIIIA HEEiN St
FER

AL SRR & £ i\ ST AL NiDD ALgfimegzas



» SHEBHIEEAR

%I]t,\,i&’t‘"

O BRHAMAEL, 4RERFAR
B (FRAZTEER) R
IMERL (FRAFERE) AU
AN, (EFERBIEEE N
RRpRIR R m A BTz,

0 ANREEARET MR MERLA
N, A A,
LR, FERS
SE,

725%’51351‘35

QMEFLE—5 N AT | AR EL
PR ZERIIN B EERZAISBIN.

QESRBIF R TRECR A EZERY
24, ALIEEREEREA/N
THHEEK, SCUEREYR0E, A
THEIERE,

AR & = EHENHFZ LR

iRBls
O RE— I RRR S S LIRENTE

P EERIGRER, RIS
Rich

QEXTLIBDIGEEN (B4R
Bl adtiTEN) BT EARAD
4 (ARBTG5 EREIEN) KR
17. PO RERIR L TE&*&E’J%@EJ‘&I@
[EIRY{RER 7 H=ELES

VDD At FERTES

Al software.De e:o,u}% nt Digitsl stmmit -



» SHEBHIEEAR

Pretrained W
T

Weights

==
- f.)

N

ERMER SR

O {EFkDER— N BERERR
(AT || SRS BRI EERE P AYF:
A, BRI EERED T
RoE, B TERENSEE
iﬂlﬁ'%%%&“o

O EFRD R AEEHREIRES

AES RSB AUERRILIL.

AR T S =R

eI, ERYSCE 7 SIERYMERE.

AR & = EHENHFZ LR

H Iw

'ﬁ@

b\l

QATREAR—METENEFETE
SHEEMAMERRIS S LRSS
T IR BT B (55 L RMERERY
AR,

QAMRENT AL ES00E, F
NEAUSAIRE R KER)
FHIRE, [ERTF) T IIZRE R
EBARFIR. BEFENRIEE
HTER/MENRID S THFRIE A.

°L_EE . 1‘;1*

QiEECEERE R IIRIT | SREE R LA T
FEISHREERER, TEENRIES
. XERRFZGETESHI, FJLIEA
20 | AR ELZRFIR A R B,

Diﬁ@ﬂ%%ﬁﬂ%ﬁ?l‘i AR IRFE TESHY
, IR ERIFAERD T |45 S E0ANE,
Mﬁ'ﬁ;&ﬂnx&ﬂ’] "o, XFRRM T R
E AR, EAR LA ARRNYESE
AN PRERCRS, TR EHIIZREE

MER,

VDD At FERTES

Al* softwar. D e:o,u’r% nt Pigital stimmit -




» SERIEREA
Telly: ESSUtAIBAASTTI figs [ISSTA" 23]

Q SCUFAR AT IZRRENAREREARIMCEER . 1A, 1&EE 18X, &4,
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W Pre-trained I Fine-tuned

e

—— [ e Layer N Layer N
Lexical |
Probing y
s Y O sy e e e —— —
Syntactic | ﬁ Aﬁ
Probing
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Layer 3 : Layer3
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i 1

Layer 1 _ Layer1
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Different Layer

E. Shi, Y. Wang= et al., “Towards Efficient Fine-tuning of Pre-trained Code Models: An Experimental Study and Beyond”, ISSTA, 2023.
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GPT-4 ARH
GPT-3.5 NH
LLama 1.0/1.0/1.4/1.4T
Llama-2 2T
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starcoder 1T
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SUEERE A EUERI TG, BREREMFEGE, LB
MEE. BRSO MBRIEIEEREREELER. EERAE. MAZRBS,

I det get tri arealpts): 1 def calculate_triangle_area (pts):
o SRss =S Sl p GSRIESI & SR 2  a, b, ¢ = ptsl0], pts[l], pts[2]
i vl - np.array(b) - np.array(a) 3 vl = np.array(b) - np.array(a)
i np:afray(c) B pp.array(a) 4 v2 = np.array(c) - np.array(a)
5 areaTgr? ;)abs(sp.llnalg.norm(sp.cross(vl, W 5 area_tri = abs(sp.linalg.norm(sp.cross(vl, v2
2
6 return area_tri 6 retu;; ;re; trd
(a) Original code (b) Rewrite method name
1 def get_tri_area( points ) : 1 def get_tri_area(pts):
B . . . 2 a, b, © = pbs[0], pts[l], pts[Z]
2 a, b, ¢ = gt 0], Fociikaetl[]1], Epostm=cH (2 ] 3 vl = [b[i] - a[i] for i in range(len(a))]
3 vectorl = np.array(b) - np.array(a) 4 v2 = [c[i] - a[i] for i in range(len(a))]
4 vector2 = np.array(c) - np.array(a) D area_tri = math.sgrt (pow((v1[0] » v2[1l] - vl
5 area_triangle = abs(sp.linalg.norm(sp.cross( [1] = v2[01), 2}) [/ 2
vectorl,vector2))/2) 6 return area_tri
6 return area_triangle
(c) Rewrite variables (d) Use different library functions

Wang, Y*, Guo, L, Shi, E, et al (2023). You Augment Me: Exploring ChatGPT-based Data Augmentation for Semantic Code Search ICSME 2023
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EREEE(T): HURER

HIRE AR EANERRIBEURESERE R NMERREY(GPT-3, ChatGPT, GPT-4, Llama 25)4HRk
KESREAVHIEEIE.

You are asked to come up with a set of 20 diverse software Step 2: Classification

engineering-related task instructions... 175' seed ta'sks with Task Pool Step 1: Instruction Generation Task Identification
1 instruction and - s

Requirements: 1 instance per task ) )

1. Include diverse types of software engineering tasks such as / LM
e . P . - g & = N—r, Instruction : Give me a quote from a LM
coding, debugging, testing, documentation, etc. o— N famous person on this topic.
0- Nl
9. The instructions should be 1 to 2 sentences long. Either an
1 ti t tion 1 itted.
mmperative senteénce or a question 1s permitte Step 3+ Tnstitice Generition
### Example 1 4
s . : : Yes
Instruction: Explain the concept of a stack in computer science. Instruction : Find out if the given text is in favor of or against abortion.
. . M 4 -
Input. Step 4 Hiltering Class Label: Pro-abortion
<noinput> Input: Text: I believe that women should have the right to choose whether or not Output-first LM
Output: \\they want to have an abortion.
A stack is a data structure in which elements can be added or removed only
from the top " - . c N
Instruction : Give me a quote from a famous person on this topic. w o
### Example 6 Input: Topic: The importance of being honest. J
Output: "Honesty is the first chapter in the book of wisdom." - Thomas Jefferson
Instruction: T il P Input-first

[1] Shi, E, Zhang, F, Wang, Y*, Chen, B, Du, L., Zhang, H., ... & Sun, H. (2023). SoTaNa: The Open-Source Software Development Assistant. arXiv preprint arXiv:2308.13416.
[2] Self-Instruct: Aligning Language Models with Self-Generated Instructions
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.l.arge Language Models

Srmp.'e Ung:zatmn .,L

@ Knowledge Base | | E]i Content Interpreter @ Common System | @ ool Learning Tﬂ:

Reasoner E®

-----------------------------

------------------------------------------------------------

® - Personalization

Fig. 1. The Overview of LLM for Personalization

Chen, Jin, et al. "When large language models meet personalization: Perspectives of challenges and opportunities." arXiv preprint arXiv:2307.16376 (2023).
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\

QA THLRTEHERRDRABERSES ., MR, RReMEE
£ IMBR BRI BB T RS RIS £ R IR,

Supplementary Comment This code is slow as

Line 3, printn + k it uses brute force. Solution . java :12: ForLoopCanBeForeach :
R A better approach is )

SyntaxError: Missing parentheses to use the formula This for loop can be replaced by a foreach

in call to ‘print’. Did you mean ces MN*1))/3. 100

print(n + k)? Fix the bug. P

[1] Arefin, Sayed Erfan, et al. "Unmasking the giant: A comprehensive evaluation of ChatGPT's proficiency in coding algorithms and data structures." arXiv preprint arXiv:2307.05360 (2023).
[2] Zhang, Kechi, et al. "Self-Edit: Fault-Aware Code Editor for Code Generation." arXiv preprint arXiv:2305.04087 (2023).
[3] Madaan, Aman, et al. "Self-refine: Iterative refinement with self-feedback." arXiv preprint arXiv:2303.17651 (2023).

[4] Liu, Yue, et al. "Refining ChatGPT-Generated Code: Characterizing and Mitigating Code Quality Issues." arXiv preprint arXiv:2307.12596 (2023).
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? e = ) u E & Problem Description
~find the smallest integer x

» I.I ‘ ﬁ- greater than n, so it is
divisible by the number k_

Input

53
2% |1.LLM for generating

I Output
L II=I4
L programs 3. Fault-aware Code Editor

. EERIGER 2
print ? +k '
3

W
r‘
L 4

Editor Output

>
print {(n + k)

"The generated code has quality issues. Please |
provide a better code implementation as expected | spiementary comment
by the task description.” el o Dy

print(n + k)? Fix the bug.

° ﬂEU . 9|\¥|3_ _E-1§:%\ ’ 1§ Uﬂﬂgﬁiq;{% ,§\\ \_/_ Ej‘%ﬁ Figure 2: Pipeline of our self-edit approach.

1I:I / U\T
N "\
. KHEERIEAEE ok e

N\ — ",/

Use M to get feedback on its own output Use ‘M to refine its previous output, given its feedback

Figure 1: Given an input (@), SELF-REFINE starts by generating an output and passing it back to the
same model M to get feedback (()). The feedback is passed back to M, which refines the previously
generated output ((2). Steps (D) and () iterate until a stopping condition is met. SELF-REFINE is
instantiated with a language model such as GPT-3.5 and does not involve human assistance.
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Performance and
Efficiency
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BRI T TR W

. Fig. 4. Comparison of Fix Rates for Different Feedback Types and Code Quality Issues
. 4 j(’I‘E’*” XIBAIHMERIEARIRE

AN H
IL‘J\ I} Wﬁ'r EIXE1%1IEO b) SUPERVISED Feedback Generation ¢) RL4F- Reinforced Feedback Generation
1. CRITIQUE x,y — ¢

> WTMEESRERIRER? . . .
X,y — — C

’ .
*‘. R(}’ ynew
2. REFINE X, §,€ = Voo

- ,y — LMiaek
x:j),f'—h LMask —I-yn taﬁ@
8

[1] Liu, Yue, et al. "Refining ChatGPT-Generated Code: Characterizing and Mitigating Code Quality Issues." arXiv preprint arXiv:2307.12596 (2023).
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> ERLE
> (NEL30%RYRERIRT R EL, FIRTORIREEBRF T CEFEANELEER,
> ER—EIEARRREHACETESENESREEEM BRI, [2][3][4][5]1 5 X SLhrTT

&=, EAERBSEAPIN BARUIEETT T RR, BEAMMER RN ERIRAIEEL
APIX A H1G R H B AR CID AT 8 A RYAPIRY 415 B R B AR B S RS AE BESS

[1] Yu, Hao, et al. "CoderEval: A Benchmark of Pragmatic Code Generation with Generative Pre-trained Models." arXiv preprint arXiv:2302.00288 (2023).
[2] Zan, Daoguang, et al. "When language model meets private library." arXiv preprint arXiv:2210.17236 (2022)

[3] Zan, Daoguang, et al. "Private-library-oriented code generation with large language models." arXiv preprint arXiv:2307.15370 (2023).

[4] Liu, Mingwei, et al. "CodeGen4Libs: A Two-Stage Approach for Library-Oriented Code Generation.

[5] Zhou, Shuyan, et al. "Docprompting: Generating code by retrieving the docs." The Eleventh International Conference on Learning Representations. 2022.
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» BFKiEERIrepo-level A XHSERL
> BAIH

> EANIIERRIEED AWDIE: R ERFIE BT
> IR RIEBFRENBRES MR, TAfEP$A?Hjm$H1UlﬁE’]X#é‘SZﬁﬁﬁ%Exo

> LR BeRMTERNERS BRI BAES MR SMiE&EMprompt, iLRA
4 A B FRER L

) @ ) from pygments import * @
Generate. HI’TML.Wlthpython = code = ‘print(“reading docs”)’
iyn.tax f”ghl."ghtmg f,o’r, ‘retriever ’ s = highlight(code, PythonLexer(),
print(‘reading docs’) ‘ HtmlFormatter())

Pygment is a generic syntax highlighter A formatter takes the token stream and writes it @
@)  toan output file ...

A lexer splits the source into tokens, fragments ... cluss HimIRormyitter

Format tokens as HTML 4 <span> tags with ...
class PythonLexer -y

FOI’ Python source COde £ @ , \q [ \q : D [T = - I D ‘ j

[1] Zhou, Shuyan, et al. "Docprompting: Generating code by retrieving the docs." The Eleventh International Conference on Learning Representations. 2022.
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» EFKiREIfrepo-levelf{Ci3 Rk
> EELIERNER

> TEEZRERRRBNVAPIERRT, RENBERBEENKE. Flin, SEEBRMKBX
A, SHFAERABUNREERS

> BEIMUEAENRNER/N, REBENNBREREFE TR, AMEERLEFETALGET,

REVEE—REBLL R %, Et&%ﬁﬁ*ﬁgﬁkﬁﬁiﬁkﬁh, M—PE, —PXHF BEE
—“IMpackage.

# using M; |
namespace Q
namespace N namespace P {
{ : classB A ConstructedBy
_P|class S = BaseClassOf-Pcass A: S lqstlgrf:gtlgg}??'& { Constructs
/ { < DerivedClassOf| { ( ’ B(int x)
ParentOf_—{ | virtual void foo() {
{ Impdyts
] - \lmponedBy ?verride void fo )\(V }
Ch"dgf h \ Jvar a = new B(1);| void bar(int x)
} Uses/UsedBy-; {
} Overrides Calls
—OverridenBy | } CalledBy ) }
} } }

[1] Bairi, Ramakrishna, et al. "CodePlan: Repository-level Coding using LLMs and Planning." arXiv preprint arXiv:2309.12499 (2023).
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1S EMIECHSERL
BT ABRNEEARBERSHE

1&EBY%1%: llama2-chat-13b
HAESE: LUK mainnetid (EZE2023438)
it XZEEALDT10
bR : ASEE. MIbRER

301  \n \n pragma solidity ~0.8.1@0;\n \n import "./ERC721A.sol";\n import "@openzeppelin/contracts, —-validation_split_percentage 0.001 \

302 pragma solidity ©.5.17;\n \n \n import './interfaces/IPublicLock.sol';\n import '@openzeppelir -—per_device_train_batch_size ${per_device_train_batch_size} \
303 pragma solidity ~0.4.18;\n \n library SafeMath {\n  function mul(uint256 a, uint256 b) interr --do_train |

304  pragma solidity 70.6.0;\n \n abstract contract ILendingPool {\n function flashLoan( addre: ::Si: fRANDOM \

305 \n pragma solidity ~0.8.0;\n \n contract FeeDistributor {\n \n uint256 public immutable st ——num_train_epochs 1 \

306 pragma solidity ~0.8.0;\n \n import "./DolaFlashMinter.sol";\n \n contract MainnetDolaFlashMirt --1r_scheduler_type cosine \

307 pragma solidity 70.6.0;\n \n abstract contract CompoundOracleInterface {\n function getUnc —--learning_rate 2e-4 \

308 \n \n \n \n pragma solidity >=0.6.0 <@.8.0;\n \n interface IERC20 {\n \n function tote --warmup_ratio 0.05 \

309 \n \n pragma solidity @0.8.11;\n \n abstrac  ~——weight_decay 8.01 \

310 pragma solidity >=0.8.10 >=0.8.0 <0.9.0;\n \n import "@openzeppelin/contracts/token/ERC20/ERC: "logg%ng—Strategy il
--logging_steps 10 \

311 pragma solidity 70.6.0;\n pragma experimental ABIEncoderV2;\n \n import "../../utils/FlashLoar —save strategy steps \
312  \n \n pragma solidity ~0.8.9;\n \n abstract contract Context {\n function _msgSender() ini ——save:total_limit 3 A
313 pragma solidity 70.6.0;\n \n import "../../DS/DSMath.sol";\n import "../../DS/DSProxy.sol";\n --save_steps 200 \

B2 XS s
AR SRR S m@E A\ B2 A NiD A'**‘*%W“@n

T <



» BEFAKIRBENEEES

HAESE: LA mainnetit b (EZE2023538) 3

AR T L

SUESRMETA:
> RGN, SREWHSIEEM(AST), MASTHIZEIXSLIFEIE FELIRKEER

> XWTFBHFEN, BEHPRBRHARIEAinput, ZFSAKBIIEEFSLILIR BS{F/9output

RZHEAXT 10009549

2 {

3 "instruction": "The following is incomplete Solidity code for a smart contract. I need you to finish wrii o

4 "input": "function totalSupply(){\n function safeAdd(uint a, uint b) public pure returns (uint c) {\n P

5 "output": "\n\npragma solidity ~0.5.@;\n\ncontract ERC20Interface {\n function totalSupply() public v: 0x4e153611d6babb609fa63c81a2be19d873717870_Owned.txt

6 h 0x4e15361fd6b4bb609fa63c81a2be19d873717870_Wallet.txt

7 { 0x5ca381bbfb58f0092df149bd3d243b08b9a8386e_BasicToken.txt

8 "instruction": "Please take this Solidity smart contract code snippet and expand it out into a finished, 0x5ca381bbfb58f0092df149bd3d243b08b9a8386e_ERC20.txt

9 "input": "function balanceOf(address owner){\n return balances[owner];\n Fnfunction transfer(: 0x5ca381bbfb58f0092df149bd3d243b08b9a8386e_ERC20Basic.txt

10 "output": "\npragma solidity ~@.8.2;\n\ncontract Token {\n mapping(address => uint) public balances;\r 0x5ca381bbfb58f0092df149bd3d243b08b9a8386e_MXCToken.txt

Al 1, 0x5ca381bbfb58f0092df149bd3d243b08b9a8386e_Standard Token.txt

12 { 0x6b7a87899490ece95443e979ca9485cbe7e71522_AnyswapV4Router.txt
13 "instruction": "Please expand on this snippet of a smart contract written in Solidity to make it a comple 0x7d29a64504629172a429e64183d6673b9dacbfce_ApproveAndCallFallBack.xt
14 "input": "function Put(uint _unlockTime){\n var acc = Acclmsg.sender];\n acc.balance += ms¢ LD P B P e A e LU L

15 "output": "\ncontract ALFA_Bank\n{\n function Put(uint _unlockTime)\n public\n payable\n {\n gi;j23:23:822;21;2:322:221i2:22;2223:2E:Z?:;Z;:Kttxt

16 h 0x7d29264504629172a429e64183d6673b9dacbfce_VXV.txt

1 { 0x706d7f8b3445d8dfc790c52463990ef01467c578_ERC1820Client txt

18 "instruction": "I have a part of a smart contract's code in Solidity. Could you please complete the code 0x706d7f8b3445d8dfc790c52463990ef01467c578_ERC1820Registry.txt

19 "input": "function balanceOf(address account){\n function deploy(address stakingToken, uint256 reward! 0x706d78b3445d8dfc790c524e3990ef014e7c578_FlexaCollateralManager.txt
20 "output": "pragma solidity ~0.6.2;\n\ninterface IStakingRewards {\n function balanceOf(address accouni 0x706d7f8b3445d8dfc790c524e3990ef014e7c578_Ownable.txt

21 }, 0x08389495d7456e1951ddf7c3a1314a4bfb646d8b_CRPT.txt
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» BEFAKIRENEGESONBE

1 pragma solidity "0.4.26;
g asb.A.
A LASolidityRERERESLINAIBRE -
3 contract Ownable {
BrEOLL.A.
W 88BN TESRESY 4 |
5 address public owner;
6
7 event OwnershipTransferred(address indexed previousOwner, address indexed newOwner);
8
1 function Ownable()A{ 9 construct Ownable() public {
2 owner = msg.sender; 10 owner = msg.sender;
3} e I
4 13 modifier onlyOwner() {
5 function transferOwnership(address newOwner){ 14 require(owner == msg.sender);
6 require(newOwner '= address(0)); 13 }—;
; 16
7 OwnershipTransferred(owner, newOwner); 15
8 owner = newOwner; 18 function transferOwnership(address newOwner) public onlyOwner {
o) } 19 require(newOwner != address(0));
20 OwnershipTransferred(owner, newOwner);
E1 S NBM B HER 21 owner = newOwner;
22 }
23
24 function () external payable {}
25 }
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Code Snippets Iﬁ
: Target Code
from the Reposito
il Completion

E Code Code |
i | Retriever Generator | : !

1R

B

e \:
Code Code 5
Retriever L Generator | :

Unfinished Code
in the Target File

[1] Zhang, Fengji, et al. "Repocoder: Repository-level code completion through iterative retrieval and generation." arXiv preprint arXiv:2303.12570 (2023).
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[1] Kang, Sungmin, Juyeon Yoon, and Shin Yoo. “Large language models are few-shot testers: Exploring lim-based general bug reproduction”, ICSE, 2023.
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