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KiESH=E! ( Large Language Models , LLM )
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A Survey of Large Language Models (https://arxiv.org/abs/2303.18223)
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'DOCTYPE
<html

>{current

2. AEERIMAAIA:

FHEEABRRESTERIINSLREETR. QE MIRBESFTR:
<?php
class File {
public function flag() {
$this-*innocent0:
}
public function innocent() {
echo "Aquf no pasa nada :DIn":
}
}
class GiveFlag extends File {
public $offset = 23:
public function innocent() {
$stuff = fopen( flag.txt, r")
fseek($stuff $this->offset):
print fread($stuff, filesize( flag.txt™)):
}
}
class entry {
public function destruct() {
Sthis->awesome-sflag().
}
}
unserialize($argv[1]):
>

=8, XRPHPRBFERRE. UTFEETN/IARERE:

1. AELNRAFIUL: (EF unserialize () RENMEAFRBA, FIi0" $argvi1]”, TJ&E
SHEEABHTHEMRZSRERE. ExMHERT, HNEETUSIEFHEEOEENE
S SRMAEEESZERABHIT.

“GiveFlag ZMfY  innocent ()" F5iEER fopen () BEFTH—

B flag. txt” N H, XORESFIRGEE HIAEUTR 4 PRISEEIE. EFiER

T, AREETREETNAARENRFIHERRAXANGZE, EMHE flag. txt”

BRER. BROHT

The End of Programming. Commun. ACM 66, 1 (January 2023), 34-35 A
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}27~I%E ( Prompt Engineering )

R TIER—MERAXEESEE (UM ) FUTSIMESESE  BIIREER, 189, TAIFER | 51SRELERE .
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Prompt [ ICURRENTIINRUTIN
TP — o oreon
Completion e Completion I e
— P IE—
_ TASK
R : : DESCRIPTION
E— EXAMPLE INPUT #1
Prompt EONEEETOUTRUTES: ‘ Prompt I
~ : INPUT
EXAMPLE EAMMPLELINELIRS TEXT
Y EwelE ouTRUT #2 —
o omerwer S
INDICATOR
—
R jon  I—
p o Completion —_ o




LET3XEY (ICL) FiB4EHE ( CoT)

SRR TRIE - Generate Knowledge Prompting (Liu et al. 2022)
« Few-shot Prompting (Brown et al. 2020) « Automatic Prompt Engineer (Zhou et al. 2022)
« Zero-shot Prompting (Wei et al. 2022) « Active-Prompt (Diao et al. 2023)
« Chain-of-Thought Prompting (Wei et al. 2022) « Directional Stimulus Prompting (Li et al. 2023)
« Self-Consistency (Wang et al. 2022) « ReAct (Yao et al. 2022)
In-Context Learning Chain-of-Thought Prompting

Answer the following mathematical reasoning questions: Answer the following mathematical reasoning questions:

0: If you have 12 c.andies and you give 4 candies to your friend, i O: Ifa rectangle has a length of 6 cm and a width of 3 cm,

how many candies do you have left? what is the perimeter of the rectangle?
Nx - &5 ISEmEa L . Nx4 A: lr For a rectangle, add up the length and width and double it.

If a rectangle has a length of 6 cm and a width of 3 cm, - . ‘ . .

0: : . - So, the perimeter of this rectangle is (6 + 3) x 2 =18 cm.
what is the perimeter of the rectangle? L= L B e

A: The answer is 18 cm. L The answer is 18 cm.

Q: Sam has 12 marbles. He gives 1/4 of them to his sister. Q: Sam has 12 marbles. He gives 1/4 of them to his sister.

How many marbles does Sam have left? How many marbles does Sam have left?

A: He gives (1 /4) x 12 =3 marbles.
A: The answer is 9. D E— LLM — > So Sam is left with 12 — 3 = 9 marbles.

The answer 1s 9.

: Task description : Demonstration : Chain-of-Thought : Query


https://arxiv.org/abs/2005.14165
https://arxiv.org/pdf/2109.01652.pdf
https://arxiv.org/abs/2201.11903
https://arxiv.org/pdf/2203.11171.pdf
https://arxiv.org/pdf/2110.08387.pdf
https://arxiv.org/abs/2211.01910
https://arxiv.org/pdf/2302.12246.pdf
https://arxiv.org/abs/2302.11520
https://arxiv.org/abs/2210.03629
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CodeT5 Salesforce Research T5 60M/223M/770M 8.35G Ruby/JavaScript/Go/Python/Java
2021 /PHP/C/C#
CodeGEN Salesforce Research 350M/2.7B/6.1B/16.1B 82.5G C/C++/Go/Java/JavaScript/Pytho
2022 n/
InCoder Facebook AI Research 1.3B/6.7B 159G Python and 28 other languages
2022
CodeX OpenAl 2021 GPT-3 300M/2.5B/12B 159G Python
AlphaCode DeepMind 2022 300M/1B/3B/9B/41B 715.1G C++/C#/Java/lavaScript/Lua/PH
P/Python/Ruby/Go/Rust/
PanGu-Coder %5 2022 PanGu-alpha 317M/2.6B 147G Python
CodeGeeX BREkE 2022 13B C++/Python/C/Java/JavaScript/G
o/Html/PHP/Shell/CSS
aiXcoder L aiXcoder 2020 GPT2 1.3B Java
aiXcoder XL aiXcoder 2022 B 13B Java

- fXEB4ERL ( Code Generation ) : RIEEAESHIZRIFTR | Y ERMITERIZE SAUBAE
- fAiBth=E ( Code Completion) : HRIFERSNE_ L BNEFFRARNRSEEH 2R

Deep Learning Based Code Generation Methods: A Literature Review (https://arxiv.org/abs/2303.01056)
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» Large Language Models are Zero-Shot Fuzzers:Fuzzing Deep-Learning Libraries via Large Language
Models (ISSTA 2023)

» CodaMOSA: Escaping Coverage Plateaus in Test Generation with Pre-trained Large Language Models
(ICSE 2023)

iR fes 52 I

» Large Language Models are Few-shot Testers: Exploring LLM-based General Bug Reproduction (/CSE
2023)

iR P& 2 8
» Examining Zero-Shot Vulnerability Repair with Large Language Models (S&P 2023)

» Automated Program Repair in the Era of Large Pre-trained Language Models (ICSE 2023)

» Automated Repair of Programs from Large Language Models (ICSE 2023)
> Keep the Conversation Going: Fixing 162 out of 337 bugs for $0.42 each using ChatGPT (arXiv)

EFRIZITIES
» Prompting Is Programming: A Query Language For Large Language Models (PLDI 2023)
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TitanFuzz: F|HLLMsBiERENmANIERLAMIZDLEE (ISSTA’ 23)

ls.ls-u*” ;

- REZFS ( DL)%?E_IL/UZ'J SNFE. EAhiER
Itrr‘ FORE IR E=

« DLEE ( !ZDTensorFIow%lIleTorch ) P ESBEFE
HBHXTF?E?P‘ IEHFEI’JIEE% &*DTE'ISE:%E%

| : m‘I TensorFlow -I CPU I
N I '8! Theano “
é | Keras | ' 5
I §i CNTK II ke
| | | | ”I “en | e
Source |High-level Low-level I Hardware
Program I Libraries Libraries | Infrastructure
N I SRS .
1
Application LeveI Library Level ] Infrastructure Level

[AIREHLER
« MIXDLEEEEL pythonfRiEE A EFHRIAPI
- SIRMAPIERBFFIRIZHEEN | (RIEUXBER
- MANEFEEREHEPYthonESHNEL/E
N FNDLEEAPIRTHIN /2885

x = torch.randn(3, 3, dtype=torch.float32)

print("Intermediate: ", torch.log(x * 2 - 1)) # Intermediate contains NaN
output = torch.matrix_exp(torch.log(x * 2 - 1)) # on CPU: Contains NaN

x = x.cuda()

output = torch.matrix_exp(torch.log(x * 2 - 1)) # on GPU: Does not contain NaN

a)

x = [-0, @, -0] # generated by previous statements

y = 1 / torch.clamp(x, min=0, max=1)

#onCPUy =1/ [-0, 0, -8] = [-Inf, Inf, -Inf] wrong!
#onGPUyYy =1/ [6, 8, 8] = [Inf, Inf, Inf] correct!

b)

RIGERAVENE R

KR - FIRERFMCEUESIEEL ( LLMs ) RERBAVENER LIS DLEESE TR/
o HREILLMs ( flgNCodex ) : ATLAMSLIFIRAE R SZEAIDLIZ R
- 1EFALLMs ( FlaNIinCoder ) : HJLAELEE— R0 DLEFRIER T |, IEFeiIBEER

EELE
1. BT GFERELLMAIEFTELAILLM (BN ZMB R Bl it I REE
:lEIlJlI:ulf/ M*I:I&mEIIJAPIZ/‘JEE)

___________________________ = POTENTIAL — —
I | r BUGS
f t_a-p.i.(x) I P *
ein2 f select
Seed Code Snippets t a-p.i.(x) seed Compare
generate =
seeds =

[ﬁj t api(<SPAN>)
Infilling LLM
apply
operator
update Mutation g:::;::e
bank Operators update
prob
o — ﬁt ap1(y d1m 0)

"’ Results ‘1
%}. :

I

I

I

F # Prompt text |
> completion < I

I

I

I

Gonc tivc

compute

t_api(y, dim=0) | 21 & ?

Fitness
Functlon

API Prompt
construct
prompt

DL Library /' ¢
API b

3. FIFEARBRILLMYS T F 1T 4. MARFREARGHR (2CPU
TRINERESHRMNERY FIGPU ) LisfT4RAI—EMEH
LD Tl TERMIATS KAEBTERIEIR

2. MIRBERERILLMESE
PEXHY. BRERTEA
R BRI &

Large Language Models are Zero-Shot Fuzzers: Fuzzing Deep-Learning Libraries via Large Language Models (ISS7A 2023)



TitanFuzz: F|HLLMsBiERENmANIERLAMIZDLEE (ISSTA’ 23)

-« ERERILLMATEN—EZNEXIEBRYMNER , HPEaRENAPIARRFS , XEMNERA LU EAERENAYa 5
- ERENLLMATEEMIIERETNEGIM FHITES | IIERE SRR DL FH TR,

A = torch.rand(50, 50)
Suad B = torch.clone(A
orch.mm(A, B) target API

Input
p P

Task 1: Import |TensorFlow|2.10.0

Task 2: Generate input data

target library

("argument-replacement
A = torch.rand(56, 50)
B = torch.clone(A)

C = torch.mm(<SPAN>)

rprefix-only
<SPAN>

B = torch.clone(A)
C = torch.mm(A, B)

Prompt ..k 3: call the ApI tf.nn.conv2d(input, filters,strides, argumenty yeyword-insertion prefixy prefix-argument
Input - \ . e . A = torch.rand(50, 50) <SPAN>
padding,data_format="NHWC',dilations=None, name=None) B = torch.clone(A) B = torch.clone(A)
t ) C = torch.mm(A, B, <SPAN>=<SPAN>) C = torch.mm(<SPAN>)
import tensorflow as tf target API S]'gnature 3 " ~
) ~suffix-only
Codex tf.__version__ A = torch.rand(50, 50)
Out t input = tf.vVariable(tf.random.normal([1, 10, 10, 1])) B = torch.clone(A)
UTPUT  cirter = tf.variable(tf.random.normal([3, 3, 1, 1])) CS. torch.mm(A, B)
<SPAN>
op = tf.nn.conv2d(input, filter, strides=[1, 1, 1, 1], padding='VALID') .
g (inp : I p ¢ suffix< suffix-argument

MCodext&EBI4 R NTEF

&R Y
- HUERERTRE

- APTERRVZLE © ME—APLEMARIEE (U)

A = torch.rand(50, 5@)
B = torch.clone(A)
C = torch.mm(<SPAN>)

PITR R ESIERE T B EIIHERNSRKAE (D)
 AREESERIESAPIERIRIEE (R)

FitnessFunction(C) = D +

<SPAN>
-~

B = torch.clone(A)

method
wéthod A = torch.rand(50, 50)

C = torch.<SPAN>(A, B)

Mutation operators outputs (inputs for the model)

U-R



TitanFuzz =E381F(&

1. TitanFuzz#ETensorFlow/PyTorch RS E=ELEIMARIRIA

&tH30.38%/50.84% 2. BEACodexAILIRMERERMFIZR , (BER/\AInCoder
- — \—/—\ ) < NS
| TITANFUZZ | DeepREL  FreeFuzz | Muffin  LEMON | Total HEMELL , ERNETEREENRE | ERBELLMETIIRSEX
TensorFlow 2215 1159 581 79 35 3316 {EEEZKI%EEDE,‘JEEEZEELLM;EIE ' EEE%E"J?‘WE*D%’@VE}EH
PyTorch 1329 1071 468 - - | 1593
EHIDLEEAPISHIEERTLE Library | Model | # Unique Prog. per API | Time per Prog. (s)
| | Valid All | Valid All
| PyTorch | TensorFlow
- - Codex 13.55 23.16 0.82 0.48
C T C T
| overage  Time | e & PyTorch ‘ INCODER | 9238 450.68 ‘ 0.51 0.10
DeepREL | 15794 (13.91%)  5.1h | 82592(30.65%)  9.3h
Muffin | . - | 79283(29.42%)  6.:8h TensorFlow ‘ ﬁﬁ;’;w 6;"?5 322'32 (1)'23 g";’i

TITANFUZZ-seed-
ITANFUZZ-seed-only | o010 1695%)  34h | 89048 (33.05%)  4.9h

Srﬁ,\ ?qepelfle:f l_e;: cf_lci)ﬂy CodexfllinCoder4 /Mt /BRIHIIFE SIHENTE
(w/ all APIs) 22584 (19.89%) 5.1h 103054 (38.35%) 11.9h
TrtaNFuzz 23823 (20.98%) 9.9h 107685 (39.97%) 21.1h
—~ Iy S M 37| — /7 /7 > /7
S BTR A ERAIXTL 3. TitanFuzzHrRI 7650 GR0E , BFE4 L NRPE EFBIARIFRAIGRPA,
TensorFlow _— PyTorch | Total | Confirmed  Unknown (Fixed) | Rejected
- == =0 .- —0
106666 - Ky - i " PyTorch 37 31 23 (6) 5
23500 o —o — 0
< pe - . - -~ TensorFlow 28 22 18 (2) 3
o s /.2
c i y/ y
%84999/-/ R A A el s “ Total | 65 | 53 41(8) | 8
p Il ;16509/ r—-v—t-v-—v—w—v--v—-v—w/
- g000{ / =~ / fiﬁﬂgﬂyﬁﬂﬁ
; ~¥- DeepRel - /’ ~¥- DeepRel
= DeepRe = DeepRe
80000 " -®- TitanFuzz ‘ =@~ TitanFuzz
o 1 20 % 4 % 6 0 & 1 2 % 4% s 6

time (seconds) time (seconds)



CodaMosa : FIFXKIESIEBENINEPREESEZESH (ICSE’ 23)

SENE: BAFR : EEETIERONENIR (sBsT) FIABSHE (UM ) KL
- BETERORAUE (SBST ) BItESMRA |- YsesTBRIESRENAT , FRALMERSIHEESRRAHINL )
BIRERFNES: , DRNERFAERSERION |- SLUVARRTISFAGIR UL ISBSTRIMERR = , FTE#HTE ST

EUEHWUE% . (77" search stuck on generated testcases ~ T IE'":?% .
* SBSTRYMBEEUR T EERELASIRRIBISRAE AL e

str_0, int_0) |

I .
Jms v def test_case_1(): def test_case_2(): ! . X e
B THRIRE R B BRI . | sres s || strg < wene (1) (EAISBSTHORARS LB AN |
| T e str_1 = bump_version( | | B RRSKFIE SR
|

[IREHE :
* ANSRMARBIABEZ ARFRHEARY TS TV B FARE A get test case hint from LLM

/

WAVEREL , BBABE TR AR RS V \ \
KPR IR SHESFET. e R 0 BT EIFLLM ( BlCodex ) SRER—NE
assert bump:version(‘e.e.e', 1) = ‘0.1.0' *ﬁ@é&ﬂg;ﬂ”iﬁﬁa'fﬁu , YEiﬁi‘l’T_ﬁFﬁ%
SecmEERE EO0rE RS Module under Test deserialize to mutatable test case N AR AR HILLMATE
def _build_version_bump_position(pos: int) -> int: N7
pos_min = -3

def test_case():
pos_max = 2

: . : = ‘0.0.0’ Y AN S
if (pos min <= pos <= pos max) is False: o b eetoniatne @ ELLMA BRI R I 2 FR %14 79 SBST
{_raise ValueError("Invalid position")| * S & — - \ .
TR Rtlen e T FostEve R face =t oot o e AR EAMER
if pos < @ str_2 = bump_version(str_o, int_
(‘pos_max += 1 \ * ™
L.neturn_pos max_+ pos generate muiancs
return pos LL dF A
o , def test_case_mutant_o(): def test_case_mutant_n(): NI — —
SR str 0 = 0.0.0" str_0 = 10.0.0' TERNRAG , RREZRIERITH
def bump_version(version: str, pos: int = 2 str_1 = bump_version( str_1 = bump_version( .
pre_release:,Optional[str‘]; None) -> str: . .,23{‘_9) E' : rEEC_QI @ EEID?&E&%%Z?& %}%
ver_info = _build _version_info(version) :::—g :'Fllﬁinp Veea Ll S::—g :Lt-itzlr??gzx;/ersion(
gos = _buiid_ver.‘sion_butpp_position(pos) = str_a, int o) B str_a, int_0)
ump_type = _build_version_bump_type(pos, pre_release)
<...omitted code...>
A f ol
return out KHESCIELEIE : 724861 Pythont&Eik | , CodaMosa > SBST (EMosa) = LLM-only (BlCodex)

R CODAMOSA: Escaping Coverage Plateaus in Test Generation with Pre-trained Large Language Models (ICSE 2023)
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LIBRO: FIAHLLMsEI4X{EFBug ( ICSE> 23 )

BENE AR ESEE R RS RS e, LU TE&EE:
BRIEENANESBug ; (BIREBUIRSERITE—TEESH . EDRESREALMEMN—RIBugR &SRR ARG , MAMNPRFEgiRBug

MR =AY s ] £ N . NN —
Bugfilist A+ S E RIKERT.  RHT-EEMNEMERHFTE | GELLMA RO IR SRR B
Issue No.  MATH-370! PE B A E EMFEEBug.
Title NaN in “equals” methods
In “MathUtils”, some “equals” mfethod:% will return true if . Test
Descrini both argument are NaN. Unless I'm mistaken, this contradicts Geesssssssiaa Clust
escription ¢ ] USLETS
the IEEE standard. ' Example !
If nobody objects, I'm going to make the changes. ‘ i Report i LLM @--- u
an ’ J — T
BughETY] @ | i Q
: Test i - @: o
. = > Bug R t B R nE e J t-
[Pk : AN\ —RRIERYBugiR SR Bttt A pkREIE S B R T2 4
MBughILH B R
[— — Tn E
public void testEquals() { L !
assertFalse(MathUtils.equals(Double.NaN, Double.NaN)); -
assertFalse(MathUtils.equals(Float.NaN, Float.NaN)); o—1 (A) 'Prom.pt o o— (B) LIjM L0 o Q) POS.t- o o— (D) Selec.tlon L o
} Engineering Querying processing & Ranking
LM BRI, P ) —
ILIAE -
publll.c. final class MathUtilsTest extends TestCase { A {%}EHODEHAJ COdEXﬂE%LLM ' %UﬁﬁMarkdowanﬂ%i ( BugTE%+1‘$1§U ) 'f’EﬁTI%U_Tiﬁ_I
public void testEquals() { B. EIALLM , A MU ABIRYRIE
4 assertFalse(MathUtils.equals(Double.NaN, Double.NaN)); A N N Sl L E st 47 N g
5 assertFalse(MathUtils.equals(Float.NaN, Float.NaN)); C. %:‘Iﬁa’}g{tﬁg*u’)ﬂ‘u.ﬁt§1¢ ! ﬁﬁﬁ}ﬁ%f@y%%ﬁtpﬁ%{&ﬁﬁ@@
: } D. & ., RE—EE RN AR TIHEFIHE

235 = AR ' _
213 S ERES I BughII A A Large Language Models are Few-shot Testers: Exploring LLM-based General Bug Reproduction (ICSE 2023)



LIBRO: ¥IAHLLMsEER{4FBug ( ICSE’ 23 )

(A) Prompt
Issue No. MATH-370! Engineering

Title NaN in “equals” methods -
# NaN in "equals” methods

## Description

In “MathUtils”, some “equals” methods will return true if
both argument are NaN. Unless I'm mistaken, this contradicts In "MathUtils"”, some "equals” methods will return true if both argument
the IEEE standard. are NaN.

If nobody objects, I'm going to make the changes. 4 Unless I'm mistaken, this contradicts the IEEE standard.
If nobody objects, I'm going to make the changes.

Description

BugiR &7~
## Reproduction
(O Post & >Provide a self-contained example that reproduces this issue.
ost- ~~ s
. —O ‘
processing public void test

A EFGIRYRTA

public final class MathUtilsTest extends TestCase {

public void testArrayEquals() {
assertFalse(MathUtils.equals(new double[] { 1d }, null));
assertTrue(MathUtils.equals(new double[] {
Double.NaN, Double.POSITIVE_INFINITY,

B e IR R ICECRIUIR FEGIZE | FHRRLN B AR o— éB) LLM |
uerying
o ﬂg;::,elfitlllgn —o | public void testEquals() {
2 assertFalse(MathUtils.equals(Double.NaN, Double.NaN));
REIEZ LE—AONRA | FiEidE AN G TE ~ assertFalse(MathUtils.equals(Float.NaN, Float.NaN));
« WEHEMAYER 2R T IREPREINY T ISR ERL(E | dod
- EEROEENROENRXANZ B —3tE ; :
« RIEUNIREHI TR AF ( BEERURRIESZERE ) . LLMA= ATzt ARG

Large Language Models are Few-shot Testers: Exploring LLM-based General Bug Reproduction (ICSE 2023)



LIBRO: L587F4&

AEEREE | Defectd) version 2.0 ( 17MJavalilB , #7501 bug ) 3. ARHE hSMAIBuUgHILLBITEIER A R
KiES1EB! : Codex, July 2021

Project rep/total | Project rep/total | Project rep/total

- NI Chart 5/7 | Csv 6/16 | JxPath 3/19

1. el BRI AR R S EeEMBug ? Cli 14/29 | Gson 7/11 | Lang 46/63
Closure 2/172 | JacksonCore 8/24 | Math 43/104

. Codec 10/18 | JacksonDatabind 30/107 | Mockito 1/13

PRE_FIX_REVISION Fail Collections 1/4 | JacksonXml 2/6 | Time 13/19

@ Compress 4/46 | Jsoup 56/92 | Total 251/750

POST_FIX_REVISION | Success

Bug reproduction per project in Defects4)

4, v IR . LIBROEEE S M —HEELR £H9B
2. KEBug ( 251/750 ) BTSRRI ; BRI D] TEXF L RIHEE LI RSl —Es s BitIBug

EALLMARUE BRIRISIRR AN , BT, Vailcrashes(withnoncrashes) () AID4 Projects

. RSP Ty N
Setting reproduced  FIB 43 s Crash' 14~ 11 828 223
No Example (n=10) 124 440 14 80
One Example (n=10) 166 417 LIBRO 18RO
One Example from Source Project (n=10) 152 455
One Example with Constructor Info (n=10) 167 430
Two Examples (n=10, Sth percentile) 161 386 5. GHRB#UEES T : LIBROBEGBAMEITEARIBUgiRE ( 2930% S )
Two Examples (n=10, median) 173 400
Two Examples (n=10, 95th percentile) 184 429 Project rep/total | Project  rep/total | Project rep/total
Two Examples (n=50) 251 570

Assert] 3/5 | Jackson 0/2 | Gson 4/7

One Example, Crash Bugs (n=10) 69 153 checkstyle 0/13 | Jsoup 2/2 | sslcontext 1/2
One Example with Stack, Crash Bugs (n=10) 84 155

R 6. BIEIFF45IPIL : LIBROMFEAIRNAFFASH AL B AEA
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ChatRepair: @iZ5ChatGPTRJiEEEBuUg(162/337) (arXiv’ 23)

BRME | BaIiRfEZE (APR) B—IBEIIMCEMRSHRRIERVN T 8Y73E |, AT SRR EINRIREIRAES , REWEHHNRENZ 2.
R - AAERUEEMREEITNAIHN T | FREEREMTERRERINT | AMITRIEERAIRN T RIIER AT 5
BALHE : (1) SREASHNETIHERILLM—ChatGPT , BREBEIFIHIRRMNIRRIES | FHRERS |FAZRIRIXTIE.

(2) AT NN ERSHZRRHN T=RNFEENEE | FRRUMEREIERI T,

(3) RET—METINERIRAMEETEI | B T EAMBIR IREES | RERRLILMERREESHIANT .

-

- ’ S The following code contains a buggy hunk that has been removed.
You are an Automated Program Repair Tool | = \ . "
" ... ®
g J I . : JSType result = builder.build(); a
i Few-Shot Examples - : X >>> [ INFILL ] <<< Q
=) The following code contains a buggy line that has been removed. " : return result; f?
O I . .. . . . -
= _ = | Previous Bug Fixes : } else if (this.isObject() && that.isObject()) { g
[ JSType result = builder.build(); | ' o L
4"0) >>> [ INFILL ] <<< : JSType result = builder.build(); ! = ?‘
- return result; | _if (result != null) { : This was the original buggy hunk which was removed by the infill )
o } else if (this.isObject() && that.isObject()) { return result; | location .g
(&) | } else if (this.isObject() && 1 +
that.isObject()) { 1 2 5
|

o This was the original buggy line which was removed by the infill | B F s " The following code contains a bug ;
& location : uggy Function ' - 3
. _ . . . (-]
E Llf (reSU].t 1= nU].l) { 1 Error: assertion failed on line: .... : Jisze risu}t - l]).‘]‘.';lger- build(); C'D
The code fails on this test: 1 e _ ' . 1 if (result != nu LY
o | testGreatestSubtypeUnionTypes5() S AR e T e 1 return result; g
— on this test line: T — ! } else if (this.isObject() && that.isObject()) { 3
(44 assertEquals(NO_OBJECT_TYPE, @ | & [ N ___ Ea_l}ln_g_ Ee_s_t_l_“_f‘_’ —— /l . .':-'
- LerrUnion .getGreatestSubtype (STRING_OBJECT_TYPE)); g

) with the following test error: reated prompt v
o= expected:<NoObject> but was:<None> OO grefZ: dbzci ir?fo l ?‘9 ' ChatGPT output The code fails on this test: '2
c ase provide the corre gatthe ocation. = = ]
L 0o o JE]
ovo - -'?'

Keep the Conversation Going: Fixing 162 out of 337 bugs for $0.42 each using ChatGPT (arXiv 2023)



ChatRepair: @13 5ChatGPTYiE{EEBug(162/337) ( arXiv’ 23)

error: cannot find symbol (NoObjectType)

till does not fix the original test failure

compile & test

The patch passes all tests!

Conversation Feedback

SIS

The correct line at the infill location would be

compile & test -—
The fixed version is still not correct. . . -
‘ code has the following compilation error: \ if (!(result instanceof NoObjectType)) o l

100

L i

" Sorry for the mistake, the correct line at the infill

location should be

compile & test ——— if (!(result instanceof UnionType)) & ’
|: The fixed version is still not correct. ' iO?Ol

- Apologies for the mistake, the correct line at the infill

location should be

if ('result.isNoType()) {

LEMREE - Defectd) v1.2 , v2.0 ; QuixBugs
FIELAYHEAR : Codex Repair ; BaseChatGPT ; EFLLMsHIAPRELAR ; E4EAPREIAR

fA5IaRR :

19°)

The following code contains a buggy line that has been removed. -
... o
JSType result = builder.build(); 3
>>> [ INFILL ] <<<
return result; O
} else if (this.isObject() && that.isObject()) { :
... :
w
[N
o o
It can be fixed by thesePossible lines Here is another possible fixed line: =
1. if (!result.isNoType()) { | o| [P
1
2. ... v 1°9) 3
3. . | compile & g
Please generate an alternative fix line. §# = P (o)
G test =
TBar

»  RQL : ChatRepairftt HaTERICHAIAPREIA ( BIEETLLMsEIAPREZARFUEFRARPEIA ) FRILAN(E] ?
«  RQ2: ChatRepairff FEIRIGIEEZE ( BERITIES. BABRES. RRIES ) TRIFRIWE ?
«  RQ3 : ChatRepairdh {9 EHHEITTRIEIE S RIERER NI AN ?

TRBEMES A : (U THE T EFHChatGPT APIRYRLA |, BJLALAIENRPE0.423E TN 1E(1EE 162/337 M 8 1R,

Codex
Repair

o .
Chat 18 = 1
Repair

Bug fix Venn diagram on Defects4j 1.2
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RREREE: —MERXESEENERIES

[BIREHkEE | KiESEEEFERNEEEZ SR

- REMN  FREREAKEILMERF Z B/
ZRRXE , EEXEFHNIE.

o 295 BFLIMEE T tokenfy , FILLEMES R
BT ERFIAE—ALNR ( §/2REHEE ) &

o REFIBLA : BTFLULM—REBEER— " token |
SR —REIEN e EZIXER. AR,
RTFIEERAREN , EAAAHSEES.

FERE | ERH T MEACESEENE

IAESLMQL,

©  LMQUSIRNANA N AN BN AR
MEARAS | RETSRAPIFTAESHIB
FRLIR. HIAFISRUEIRI0REE |

©  AFAEAREE THRESEERNERIIER TE
A AEBESFEERNESREAINA.

LMQLEEA/ S

» Decoder : —MEIAFEILHIHAYRET

«  Query : BTEAEISRIRER . BHFERTERF
pythoniE=4Emk

*  Model : EEEESHNNESERE

« Constraints : RIFEEXNIESEREHEITAYZY
R, XEBENFESESTERS

« Distribution : —{NBFEREH D HEIREL

(a) Manual Prompt

What is the circumference of the earth?
I believe the best person to answer this question is

Indeed, addressed this question:
Prompt 1 LM completion Prompt 2
(c) LMQL query

What is the circumference of the earth? I believe
the best person to answer this question is [EXPERT]

( PLDI’ 23)

(b) GPT-2 completions after Prompt 1 :

a physicist

an astronomer

a geologist

Neal deGrasse Tyson

William O’Malley, who has a PhD in Geodesy and
is a professor at Colorado State University.

the person having the knowledge and answer will
probably have to refer to the relevant geophysics
book and equations derived from that theory.

Indeed, {EXPERT} addressed this question: [ANSWER] e a physicist, like Thomas Kugler at UC Irvine or one
of the other physicists working with NASA ...
(d) LMQL constraint e a man named David
len(words (EXPERT)) <= 3 and stop_at(EXPERT, ".") e actually Mother Earth herself?
BaMG : EaiEkaIEHK
(decoder) ::= argmax | beam(n=(int)) | sample(n=(int))
LMQL Program (query) ::= (python_statement)+
(decoder) (query) (cond) ::= {cond) and {(cond) | {(cond) or {(cond) | not {cond) | {cond_term)
from (model) | {cond_term) (cond_op) {(cond_term)
[where (cond)] (cond_term) ::= {python_expression)
[distribute (dist)] (cond_op) ::=< | > | = | in
(dist) ::= (var) over (python_expression)
LMQLASIEE

Prompting Is Programming: A Query Language For Large Language Models (PLDI 2023)



IEElwE: —MERXESHEENSEES (PLDI 23)

ESLMQLIRHIER : BRIz OTIReRE - AR, SUIRYSIHELISRANIQIE FNIQIE , LA

BIEHIRAYED.

beam(n=3)
"A list of good dad jokes. A indicates the "
“punchline \n"
"Q: How does a penguin build its house? \n"
"A: Igloos it together. END \n"
"Q: Which knight invented King Arthur's Round"
"Table? \n"
"A: Sir Cumference. END \n"
"Q: [JOKE] \n"
“"A: [PUNCHLINE] \n"

from "gpt2-medium"

where

STOPS_AT(JOKE, "?") and STOPS_AT(PUNCHLINE, "END")

and len(words (JOKE)) < 20
and len(characters (PUNCHLINE)) > 10

(a) LMQL query to generate a joke.

1 argmax
2 "A list of things not to forget when "
“travelling:\n"

- W

things = []
for i in range(2):
"~ [THING]\n"
things.append (THING)
8 “The most important of these is [IMPORTANT]."
9 from "EleutherAI/gpt-j-6B"
10 where

(=

-~

11 THING in ["passport",

12 "phone",

13 "keys", ...] // a longer list
14 and len(words(THING)) <= 2

(b) LMQL query utilizing a python list.

MR MNLMQLRBIFER

£95RAER :

> BETRIBRISE | SBERFY  BRERY

BEAE (Naivesik, lAS)

> Eager Validation : 7£E8Nifitoken EHRITHURIGE , MAREFENFIIRER (1=

AELCEIILLMAYRA T LB AT )

A list of things not to forget when travelling:
- Sun screen

- beach towel

The most important of these is sun screen.

(a) With argmax decoding.

A list of things not to forget when travelling:
- keys

- passport

The most important of these is sun screen.

A list of things not to forget when travelling:
- watch

- hat

The most important of these is keys.

(b) With sample(n=2) decoding.

AEREETTE TRIEIRER

distribute IMPORTANT over things

A list of things not to forget when travelling:

- sun screen

- beach towel

sun screen 65%

The most important of these is .
P {beach towel 35%

#EnndistributecEGHIEIAER




LMQLEE3E i H{— : Chain-of-Thought Prompting

argmax
"Pick the odd word out: skirt, dress, pen, jacket.\n"

"skirt is clothing, dress is clothing, pen is an object, jacket is clothing.\n"

"So the odd one is pen.\n\n"
"Pick the odd word out: Spain, France, German, England, Singapore.\n"

“Spain is a country, France is a country, German is a language, ...\n"

"So the odd one is German.\n\n"
"Pick the odd word out: {OPTIONS}\n"
"[REASONING]"
“[RESULT]"
from "EleutherAI/gpt-j-6B"
where
not "\n" in REASONING and not "Pick" in REASONING and

stops_at (REASONING, "Pick the odd word") and stops_at(REASONING, "\n") and

iAo

« RQ1, Expressiveness :

NN
Be

&SRB SRR S EIREZERENR

SCIE WA RR RN | Rl REREIRRIER T ?
- RQ2, Performance : LMQLEER BB RATHEAEEIEIS
IREL , MITIBHEREFRLMETE REVTTEERAPIHERAIRAS ?
- RQ3, Accuracy : AREEEER RS IMEINEEENR_EAY

HERRRE ?

n=—:

B SERARLLMIS T HER B ABHT. A5 ZIRY

EEJERERETRIE.

stops_at (REASONING, "So the odd one") and stops_at(REASONING, ".") and len(WORDS(REASONING)) < 40
distribute Standard Decoding LMQL (constrained) A  Cost Savings
RESULT over OPTIONS.split(", ") 0dd One Out
Accuracy 33.00% 33.00% 0.00%
STHIAISE= . generate() calls 6.95 5.95 -14.38%
VRHEIT : Model Queries 52.98 40.85 -22.89%
> generate() calls : —PMHTHIRRISIIIERFEIANREL , XME Billable Tokens 993.41 849.65 -14.47% 0.29¢/query
— s . NN N LOC 34 9 -73.53%
I EEERLLMATAIAPLE K ZER 75 ERIAA
. o N 2 N N N Date Understanding
. ] N NEATD —\
» Model Queries : {=ZEIEIEIREL , TN TF—"MtokenEIE Accuracy 17.00% 23.00%  6.00%
IRERDREL , XNMEREREELLMENIT R gensrfte() calls 7.84 684 -1275%
; N e . Model Queries 63.37 57.27 -9.63%
> Billable Tokens : #&#IAPI-gatedizEyZtoken 2253l Billable Tokens 3291.87 2843.80 -13.61% 0.9¢/query
> LOC : 8 sCIRIZFIBFFRICRSITEY LocC 38 13 -65.79%

LMQLEHRAERFISTELY | RS MESS EIMRESLT



LMQLZEES1F(H— : Interactive Prompting

import wikipedia_utils
sample(no_repeat_ngram_size=3)
"What is the elevation range for the area that the eastern sector of the Colorado orogeny extends into?"

= BT LMQUERSR R F AT

?E% IIMEEBRA |, ERESGTEH

"“Tho 1: I need to search Colorado orogeny, find the area that the eastern sector of the Colorado ...\n" mb%ﬂu e —4
"Act 2: Search 'Colorado orogeny'\n" EI’JXEL_U: Ti” S
"Obs 2: The Colorado orogeny was an episode of mountain building (an orogeny) ...\n"

"Tho 3: It does not mention the eastern sector. So I need to look up eastern sector.\n"

"Tho 4: High Plains rise in elevation from around 1,800 to 7,000 ft, so the answer is 1,800 to 7,000 ft."

"Act 5: Finish '1,800 to 7,000 ft'"

"Where is Apple Computers headquartered?\n"
for i in range(1024):

Standard Decoding LMQL (constrained) A  Cost Savings

ReAct (Case Study 2)

“[MODE] {i}:" generate() calls 5 1 -80%
if MODE == "Tho": Model Queries 150 95 -36.67%
"[THOUGHT] " Billable Tokens 3,404 807 -76.29% 5.2¢/query
elif MODE == "Act": LOC 59 22 -62.71%
" [ACTION] '[SUBJECT]\n" — — S — - .
LMOLSHMERDEL , ERE RN R EITI9MResRIT

if ACTION == "Search":
result = wikipedia_utils.search(SUBJECT[:
"Obs {i}: {result}\n"

-1]) # cutting of the consumed '

Model Queries generate() calls Billable Tokens

olse: 300 6 5000

break # action must be FINISH 2501 > * ¢ *1 4000+ \ —

from "gpt2-x1" 200 1 41 3000 - T T 1

where 150 31

MODE in ["Tho", "Act"] and stops_at(THOUGHT, "\n") and 100 - 2 20007
ACTION in ["Search", "Finish"] and len(words(THOUGHT)) > 2 and 50 - 1 1000 -

stops at(SUBJECT, "'") and not "Tho" in THOUGHT oLl | | ’ oL | | . oLl . ‘ '

20 30 40 50 20 30 40 50 20 30 40 50

Chunk Size Chunk Size Chunk Size

—8— Standard Decoding —— LMQL

FXIRZETReACtR , IR T EARESLMAIAR S RA/NEAFES RFDRIIMALZ [BRIER



LMQLEIGIF{= : A

argmax(distribution_batch_size=1, max_length=2048)
"(few-shot examples)"
"Q: {QUESTION}\n"
"A: Let's think step by step.\n"
for i in range(1024):
"[REASON_OR_CALC]"
if REASON_OR_CALC.endswith("<<"):
" [EXPR] "
result = calculator.run(EXPR)
" {result} >> "

elif REASON_OR_CALC.endswith("So the answer"):

break
" is [RESULTI]"
from "EleutherAI/gpt-j-6B"
where
int (RESULT) and
stops_at (REASON_OR_CALC, "<<") and
stops_at(EXPR, "=") and
stops_at (REASON_OR_CALC, "So the answer")

(a) LMQL query for arithmetic reasoning.

rithmetic Reasoning

Q: Noah is a painter. He paints pictures and
sells them at the park. He charges $60 for

a large painting and $30 for a small painting.
Last month he sold eight large paintings and

four small paintings. If he sold twice as much
this month, how much is his sales for this month?
A: Let's think step by step.

He sold 8 large paintings and 4 small

paintings last month.

He sold twice as many this month.

8 large paintings x $60 = << 8x60= 480 >> 480
4 small paintings x $30 = << 4x30= 120 >> 120

So the answer is 480

(b) Interaction Trace.

SCISEIE ¢

(1) .IMaLEBRENZFRIAEE , BRIKZSRTTHAY
Prompting /3 Z&B A LA B iz @ BB AV A XUSANE St
1795 |, FEIZGRIBFT I IB T2 L E Fpythoniy
RS/ MBZ,

(2) LMQLAKRD TIREIEIEREE |, WK T
BERINEITHYE., XEREALMaLSZiFtokens BIAYEE
UE | IXEESRAIEEMERIATHIITZIR , MAREE R
FRASAOE]YA,

(3) IMQASEINIEEA SRR, S| E , R
BT, BRI EREER LIRS ERE,

(4) ETEERIAPI-gatediZBIH{ERART , LMQLISEE
BAKRTEEE(THtokensHIR,

== WAERMARSERR , KESREE
It EEAFTRA IS EARERIBE!
Y. BPEEHEECIRZIENRRY , (BEEMRRY
BRI EFHIERESSEER AR,

Standard Decoding LMQL (constrained) A  Cost Savings
Arithmetic Evaluation (Case Study 3)
generate() calls 7 1 -85.71%
Model Queries 210 73  -65.24%
Billable Tokens 3,649 541 -85.17% 6.2¢/query
LOC 78 18 -76.92%

LMaLSHRERFISTELL | AR BRI R EREMRESTH
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KIESIRBIESE, PL, SECEFIZRINA : PtEk SIS

KiESHEE (LLMs ) ER A ERRBRTYE :

o ANEMES EREIIAE  ERSEAES AR AT | (BE—EE BRI (TS ERIFRIIAIRES ;
o EINKERIRS] : ChatGPTEW AR MEHEER A 4096 tokens , GPT-43932k tokens ;

© ENARRIEESHIEEIAE - WTFafkiwEEsSms  LLMs@&RNJavafiPythonfIBESIEYF | (BIEMC/C++,
RustfILLVM IR ERIBENARE.

KiESEENEDEE  RECIREINNAGS

1. FLLMSEERRIEA/ BN IERARARIUI 2. [FERIMA TIRERERSHT , 3. RIS A FALLMs4&E
Ji¥es. LUERE. SMTRESRSFEMNA , IJLUBLLMsEZIRIEHTIRE. RASIN. S, HAZEE,

Best comp“er for Python e Cril, s 1: int sum(int array[], int size)
' int a GUARDED_BY (mul); 2: {
? PyDe(™ int b GUARDED_BY (mu2); 3 int k = @;
gric void foo() REQUIRES(mul, mu2) { 4 int s = ©;
a= ]:|: 5: /* M(e) */
| b = 0; 6: while (k < size) {
- * *
SPYDER ‘1 0 1 ; e [k]
o void test : S = s + array 3
S@L mul. Lock(); 9: /* M(k+1) */
fool): ¢ Warning’ Reguires muZ 10: k = k 1:
mul. Unlock(); ' - =
11 /* M(k) */

Clangii iz eSS TE








