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[MifEREt] ATFEAXENRS — HRBAPFREINAMRSR: DRASRENSESE. SHEMENXAG
IR PR Al | SERRARRYN Al

120 4 N
EMERIESTERA o
100 —
80 .
60 D ——
|
v 1 § ENERA i
= 1 6.5x I;I Manual Tests R0 A ________________J %ﬁs&Assert
0 i T T T : --------------------------
Design Implementation Testing Maintenance R 0000 TN
Phase/Stage of the S/W Devel t in Which the Defect is Found Alformatd : ' MOCKEAS | I awmisrEEe
ase/Stage e evelopment in ch the Defect is Foun GUI Tosts : Integration i = i : ZEﬂ;IEmeE i
| e e e e e Vi 1 1
Integration E \___:&_*!:?EF?__’ZJ_____
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19884, Fuzz GeneratoreE X, AT UXUniFEREVEITM, B3 FuzzingEZ2WFZRE TIE BERABEF. £/t

FEHAI EAENEENMNTI ALK, B A TR R ST A
Fuzzing 20135, FuzzingBiARIBsRD7KIE: AFL, BEURREAETEIHREUCEEEMN

M55 Fuzzingly75zt. X—RARBEEH A RN ARHIE R,

19765, Symbolic ExecutionfUSEIRHIRY, BUMBTIEFAUEE, A MRS KBHNER, Tl FEBRRBE. 4%
FFEEPIBT R IREHE L. #a/ﬁ PO RFSREFRE A

Symbol Eooeion  2006%F, FTARIRIHT—H" MRS, FIMEHSITEREN — RS HATRANE
MERFRG) BORATARMREAR, XARAGRAREL T EFRMLinuxpt LASEHRR PG AR
B2 LEE,
19904, B. KorellBH T AIFAEEROMIRAMTREEZ, XEET AV ENS, TNESH WS
ETER SRR FIBIAE R AOUIAAE %, BREE, MSEEE. C
Search Based Software . . . s . o A
Teating SBSTMAIEREOMESEHE, B ARSI AreRY s,
IJER,
20234, EFAIGCHIIBERMALIEEESIE, LRAERTEERTRER - s SRR RGN TET
I AR - ' =25
A ORARBOTS R, _ ;ggg: (B ERET
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» LRI STt

> FBIEIESEE

SREIEXRR: ENSREFEELIEHREUESE
7, WZEHRERISONEGH, 5Z-Objects;
S EZRERL. lambdaRIAE 2
RATFWS RS,

> RfERE

EiSERER: WAl EEEBRUS, 78R
BHARIMERAYEE

[REAIREET): ETCRBRIABMIER, BiSE—RS
BRF—E. MRBIRAIEHEEME

AR & = EHENHFZ LR

AV SSEHRE R

> FRfaliEEE
M=s4E kYA, BFRGIEEAERIEEERE,
SEMAERRIAAEEHETF ATIFERG;

> ZiaETRE
BETSBST, BRFOTERONETRAIENRS, ZiE
SZENTEEENERRK, T REES,

> RHIEITREHE

BEITHE: FNRAMIERERK, FRIEENANEITS
R, LUEFCDevops;

INIRIRER: FHITROITRIRANEIE, LIRS
HE A,

DD Al+m¢ﬁﬁ7i§m@é
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» AIGCRE T RBIERRIZEE

KRR AEGLHTRABIERR, RESEBEHMRET T HMIBRAEE,

- FAGIaTEE - RIEEXITF
KIEEVAE B AT BRGNS T ERER TR, KERXATIERIES, (EREMTEEEES IS NSBEIRS
AR, LASmartUnitafl, iB@E%. ETININEEEINIEE R

Q1: Which test case is more readable and understandable?

3] p I .

g | HEE EvoSuite : 1—'5-'\1:5%1

5+ Equal :

i { mmm AthenaTest : ———————————————— RIS B FEGREAT R

. I

5 = ' [ —

6 - [ | I AR #ELoad class

7 - : —

8- — ; —— Build4ERE

9 - (] . ————

10 I —
4 e ————"
B i - : e S FhFFafI
13 - eeesss——
! ' AR WRAER
Q2: Which test case is testing the method more appropriately?
. ] ' [e—— &

g.}- BN EvoSuite O ————— rREs

2 - Equal -

3 mmm AthenaTest . —— PERRIBRINFF

4 4 I |

5 .-

g- o BB

- E_—

g " — : [R—— MockRiert Method BRIERR .
10 4 I E— pre Objects® : ;
11 — : é é :
12 - ; Sting Class C ABHR Public  3Public/ik
13 4 Integer instance Pz IiEER REER

ALIR SR & & E i\ PR NiDD A ntgsszEs
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» FEREEH [ER-to- izt ]

K-to-MiAGI, HRIE—REFRKEMRIRATNIHAGI(Java & Python), BEFREURATHE, RSHEALILNE;

BHEERR: Aunitiw5 — T ERNEHIB RS BEMER: RE—RTUNEIS—NE 5

Y ———— hasCloseElementsfy5i%, 1ZA A ERARISGIRFZE
SEH RN FEZBREEE/NTF A ENRE

import org.junit.BeforeClass; python
import org.junit.Test;

import org.openga.selenium.By;

import org.openga.selenium.WebDriver;

import org.openga.selenium.WebElement;

import org.openqga.selenium.chrome.ChromeDriver;

import unittest
om your_module import has_close_elements, find_closest

0 N O UV WN P

class TestHosCloseElements(unittest.TestCase):
def test_no_close_elements(self):
nums = [1, 2, 3]
threshold = 8.5
result = has_close_elements({nums, threshold)
expected_result = False
self.assertEqual(result, expected_ result)

public class LoginPageTest {
private static WebDriver driver;

@BeforeClass

public static void setUp(Q) {
System.setProperty("webdriver.chrome.driver", "path/to/chromedriver™);
driver = new ChromeDriver();
driver.get("https://www.example.com/login");

o
=S W N e WwN

o
w M~

f test_one_element_list(self):
nums = [4]
threshold = 8.6
@Test s result = has_close_elements{nums, threshold)
public void testLoginWithValidCredentials() { expected_result = True
// Type valid username and password self.assertEqual(result, expected_result)
WebElement usernameInput = driver.findElement(By.1id("username"));
WebElement passwordInput = driver.findElement(By.id("password")); def test_two_elements_list(self):
usernameInput.sendKeys("valid_username"); nums = [1, 7]
passwordInput.sendKeys("valid_password"); threshold = 8.8

}

[
[T

) result = has_close_elements(nums, threshold)
// Click login button expected_result = False
WebElement loginButton = driver.findElement(By.name("loginBtn")); self.assertEqual(result, expected_result)
loginButton.click();
f test_three elements_list(self):
nums = [18, 20, 30]
threshold = 6.9
result = has_close_elements({nums, threshold)
expected_result = True
self.assertEqual(result, expected_result)

// Check if welcome message is displayed
WebElement welcomeMessage = driver.findElement(By.className("welcome-message"));
Assert.assertEquals("Welcome, valid_username!", welcomeMessage.getText());

AUEENIREFRR % 2 it A BRI NDD A‘*}@ﬁﬁfﬁ?




» Fmfe/d [1RACES-to- izt ]

#HES-to- i AR, RIFEINATIRERIIMAINXAS, BRsZFhMES: Java, Python, JavaScript, C++, Go;
- HERENRE: SigHF o

A TEIDERERIE [SlE=L.!

?‘j L\/{‘Fq‘.ﬁﬁ%_’%‘%?ﬂ” : ;. import org.junit.Test;

import static org.junit.Assert.*;

pUbllC class BUbblesort{ public class BubbleSortTest {

public static void bubbleSort(int[] arr) { @Test
public void testBubbleSort() {
intn-= arr.length; // Test case for sorting an array of integers in ascending order using the bubble sort algorithm

int[] arr = new int[1{5,2,8,3};

3 . . s _ 1.4 BubbleSort.bubbleSort(arr);
for (lnt 1= 0’ 1<n 1' l++) { assertArrayEquals(new int[]{2,3,5,8}, arr);

boolean Swapped = false; // Test case for sorting an empty array of integers in descending order using the bubble sort algorithm
int[] emptyArr = new int[]{};
for (j_nt ] = O' J <n-ij- "]} j++) { BubbleSort.bubbleSort(emptyArr);
assertArrayEquals(new int[]{}, emptyArr);

if (arr[j]l > arr[j +1]){
// Test case for sorting a null array of integers in ascending order using the bubble sort algorithm
Integer[] nullArr = null;
BubbleSort.bubbleSort(nullArr);
assertNullCnullArr);

int temp = arr[j];

arr[j]l = arr[j +1];

arr[j + 1] = temp;
MRAEKE R 100091817
swapped = true;

A fEIDEFELE

@Test
: | public void testBubbleSortWithLargeInputSize(D{
if ('SwaPPEd) { int[] inputArr = new int[100];
Random rand = new Random();
break; for(int i=0;i<inputArr.length;i++){
inputArr[i]=rand.nextInt(101);
} }

BubbleSort.bubbleSort(inputArr);

} Arrays.sort(inputArr);
assertEquals("The output of the function should be a sorted array", Arrays.toString(inputArr), Arrays.toString(BubbleSort,

UL AHSRIELHANBRARKEBTI008, HFREETRTPIRE. HIMEMIavahiiRandomZERHENER— T ER100 N TRVERHA, HIEEEBEHFH

A ZN EX i & = i N\ B F R X NDDAPEME';@ ﬁ-’?lﬁ%‘,

AI*software. ent Digitgl stmmit
kL 1.




» Fmfe/d [1RACES-to- izt ]

- SRENRE: 83/MEhttpiEk

@Test

s Exception {

Id = "123456";
der() = new fluentAdd("[
"test-1dc\",\"name\"

EasyMock exppct(httpcllent executeRequest((RequestBuilder) EasyMock ject())).andReturn(new ListenableFuture<Response>() {
@0verride
public boolean cancel(boolean mayInterruptIfRunning) {
return false;

t(builder @0verride
public boolean isCancelled() {
return false;

@0verride
public boolean isDone() {
return true;

@0verride

public Response get() th s InterruptedException, ExecutionException {
Response response = new Response();
response. setStatusCode(200);
JSONObject responseBody = new JSONObject();
responseBody.put("success", true);
responseBody.put("result", expectedResult);

atch (Exceptione response. setResponseBody(responseBody.toJSONString());

.error("query trace failed! return response;

@0verride
public Response get(long timeout, TimeUnit unit) throws InterruptedException, ExecutionException, TimeoutException {
return get();

1900, €) B8P
EasyMock.replay(httpclient);

/7 AT
JSONArray actualResult = service.queryTree(g=t=r-

AR R R E £ EiF N BZ UK "  NiDD ALELREA =
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» ~amee] [FK-53 - Wizt ]

mR-MS-MiX A : REFRMPERIINMNRIZES, BESABERRENNRARG, EEUXBNRIEENSHERTE,
AFEEESEIRANZIEEIR,

ﬁﬁ Eﬁ{_ﬁﬁ% Eﬁ)\IEEUSG rStaffNOﬂ] belongingwo rkbenCh CDde @ 1. 5 N EffuserStaffNoFbelongingWorkbenchCode, FiHRIREIZ IR R R

2. 5 NiE1RMuserStaffNogibelongingWorkbenchCode, FiffEEnull;
#EzcacheBWETFEMMWAL AR, NREEEENER, NREHEEENULL, e iy
EI X ThEE RIS 5

»

4. BN TFEMuserStaffNoFlbelongingWorkbenchCode, FRHEAIRElnull, i}

MUFERBEXMR, GeLdliiinR, BAERKBERN
public class UserRolePermissionFacadeImpl implements UserRolePermissionFac
private UserRolePermissionResult queryInCache(String userStaffNo, String b
String key = _
String value = zcacheService.getValue(key);

p

UserRolePermissionResult userRolePermissionResult = null; ; aebliolResaley;
if (StringUtils.isNotBlank(value)) {
userRolePermissionResult = JSON.parseObject(value, UserRolePer

;

return userRolePermissionResult;

ent Dlgltal summlt
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» ~amfe] [AitAflxh 2]

Wi AflthE: WFEREEAsserthSNiXABGHRITIE, 1ERAGIBERIE;

TEEEVRHG () mitmmceT
public static int hexDigitTolnt(final char hexDigit) { N FEARER:
final int digit = Character.digit(hexDigit, 16); A
if (digit < 0) {
throw new lllegalArgumentException("Cannot interpret '" + hexDigit + "' as a hexadecimal 2
digit"); 3
return digit; 4 ar hexDigi
} 5 1t result = Conversion.hexDigitToInt(hexDigit);
o THRBEHNLEBNRBERODN AHLEO Efescorthiss . e e
5 Test
S public void testHexDigitTolnt_withValidinput() { u
char hexDigit = 'A'; 8
int result = Conversion.hexDigitTolnt(hexDigit); 9
) 10
@Test 11 char hexDigit =

public void testHexDigitTolnt_withinvalidinput() {
char hexDigit = 'Z';
Conversion.hexDigitTolnt(hexDigit);

}

=
N

Conversion.hexDigitToInt(hexDigit);

=
(o8}

FFRACEE B Ecommons-langRUCIE AERM, ZITENE, Llpass@1F1Asserts@iieis b ErENiEsx:

=t 35t BH FEtME
pass@1 Bruh#bITAssertfs, FIEZEHITH BAssertiRit i@ 67.7%
Asserti@RIGAEE BaithEEYAssert MERIEH SEE 97.8%

AR EHEREETR R £ @i\ B2 AT £t NiD ﬁ!:jﬂitﬁf@’%f&iﬁ%
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» IHEAKE

W e Qmemnerr [ ) [ omEr ] rompi | o | wERm | O izt ARG
ZES B G AHEE
Prompt i 77J|gl %i«"'mﬂﬂ-w?\tﬁ\*izkig‘]

R A T o ; 800W;
i E ) CodeGPT i
o [ momees - o R BRI momse || ) | (ANTCODEMODEL) | | WEHECET
i | |

. e T |
) | f Tt A F AR
T e~y ———— v BR-to- Wi A

&# Answer

|
I
|
: Fine tuning Incontext Prompt BRESER : v AN T
1 earning Engineering s L-to-) |
B el s N ————— — i NS -to- LA
= aky vIRN 1 [ PANEN [ M=
v EK-Mg - Al
N N, A3 LY
SEERG > LB HHER - ML FHIER v WGk
Java - //Test Class
mﬁ]_>ftﬁ5m§q public class TestCalendarBuilder {
= prlvate final Date date = new Date(12345)
il ‘ vate CalendarBuilder builde annw
K
iﬁ Python | ——" EMOC te SpecimenContext mockContext;
2 ontex
o9 Bef
| P % R K v WEB Chat
JavaScript \ his. bui lder — new‘(alenda{ﬁu'ilderz)';t o -
| when(this.mockContext. resolve(Date.class .thenReturn(date);
| | } v IDEfHH
| Vd
C++ | '\@ - Q> | (gzleﬂs.tc vo d et ns_gr g ian_ca ‘Le d ar_with_i esul ed date() (
| W WD Dect result = 12 bulldr.create{colendar lass, sockContext); v ClHH%
| " instanceo egorianCalendar); =
G e e s / 'LP\%” ;;%ER 1 assertEq als(date, ((Calendar) res 'Et) ge tT me())
o
+
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» SEREFSEE

IRBISERAPSIEREVNAREXEE, NATEXSRENXABHIIIGETE?

RERSISGFERENX :

- WX AGISHRNIEFERILE
- RISEALER

- IBRFEE

- Wik AfiziTEd

=ERERI:

- KIBEEMeta(ER, Wstardy. 2Afork, B
FIE4 ;

- RIBBECHER, &IF—RCI5Coverage LR
RE;

- KBS 5RBGIHSEAIRET;

AR SN AR iR & 2 T H N S F RS X

—

A AR

BN IBER

FIEHE

ETZRRRRIFEFML

NEREA

RIE

ERRE

BadCase& il

BEE5fork

release

s

=ERERG

7 iEmgt

e
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HumanEval

HumanEval-X

MBPP

CodeXGLUE

AR TN IR iR &R =

RS AR E(ES NS

HumanEvallHOpenAlfgH., CodextdiE T —MNEIE164NATFEER
Python/RIZiaIREAVEHESEHUmankval, HpENMwiZREERECL.
docstrings, EREUAFIILA unit tests, HumanEvalhRRFZIaIRRaT LA
FRIHMEESEMRE. RN, BiAse N IRtz ee

HFHumanEval I37#PythomiE S, FEILEIEREH T HumanEval-X3&
BRI E SRR ZIE S £ MEES]. HumanEval-X&28201
SREFEHEAR, B=Python, C++, Java, JavaScript. Go, ®JF
FEMES.

Googletg HMBPPiF IS (Mostly Basic Programming Problems)

HE 5974/ PythonsiREsS

B MRIRIBE SR E LIRS (CodeXGLUE) , @&code-

code. code-text, text-code. text-text PR

AN FRTA

BLEU

CodeBLEU

pass@k

XE3 R T S SR

THREERRBIIRESEARBZE N-gram RIILEE
E.

#EBLEUZ b, CodeBLEU AERRTEEAABAIFEE

FER. AST U FREELARAIBEEZ EAYE
ERISE., CodeBLEU HBRARERAZMNFEEH 1Y
KRS

FANARAER TkNMEE. NRANMBEEPE—NET
TEETMEN, NEAXNNAIRRFEARR T

pass@kN 2 £ EBa)rRHERRAIEC 5,
—igKiEpass@1;

NiDD A" EM#EHZ&&?IE%
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» 1RBI R

RECRIBEERL, ERHUMankEval-XiFUEHI TS, OfEiRRkApass@1;

t:::i::) prompt (string) declaration (string) canonical_solution (string) test (string) example

"Java/@" "import java.util.; import java.lang.*; class ‘"import java.util.s; import “ for (int i = 8; i < numbers.size(); i++) { for "public class Main { public static void "public
Solution § /+* Check if in given list of java.lang.*; class Solution { (int § =1 + 1; j < numbers.size(); j++) { double main(String[] args) { Solution s = new main(5t
numbexs, are any two numbers closer to each public boolean distance = Math.abs{numbers.get(i) - Solution(); List<Boolean> correct = List<Bc
other than given threshold. »>> hasCloseElements(List<Double> numbers.get(j)); if (distance < threshold) return Arrays.aslList( s.hasCloseElements(new Arraylist<> !s.hasC
hasCloseElements{Arrays.asList(1.@, 2.0, 3.8), numbers, double threshold) { * true; } } return false; ¥ }* (Arrays.asList(11.0, 2.0, 3.9, 4.0, 5.8, 2.2}), (Arrays
0.5) false »>> 8.3), !s.hasCloseElements(new Arraylist<: 5.hasCl
hasCloseElements{Arrays.asList(1.8, 2.8, 3.0, (Arrays.asList(1.8, 2.0, 3.9, 4.6, 5.8, 2.2}), (Arrays
4.0, 5.8, 2.8), 0.3) true */ public boolean 0.85), s.hasCloseElements(new Arraylist<s YA |
hasCloseElements(List<Double> numbers, double (Arrays.asList(1.8, 2.0, 5.9, 4.6, 5.8)), 08.93), Asserti
threshold) § * 15.hasCloseElements (new ArraylList<»

(Arrays.asList(1.8, 2.8, 5.9, 4.6, 5.08)), 6.8),
5.hasCloseElements (new Arraylist<>
(Arrays.asList(1.8, 2.0, 3.0, 4.6, 5.8, 2.8)),
0.1), s.hasCloseElements({new ArraylList<>
{Arrays.askList(1.1, 2.2, 3.1, 4.1, 5.1)), 1.8@),
!5 hasCloseElements (new Arraylist<»
{Arrays.askList(1.1, 2.2, 3.1, 4.1, 5.1)), 08.5) );
if (eorvect _contains(false)) § throw new

i A RTINS S
promptfEFHumankEval-X&fJdeclaration + canonical solution, ft¥dpromptiEFEtEEERTHEGIZE (B&% P tests, 24
assert) , MKFAAGIEPAIEERtestsERFITIEIINIA/Ipass;

- IRBIHR
{EFHumankval-XFEUEITRERSNA RBIEMEEHITIFM (FERFA7TbAIENLER, 13biEEpass@ 1HREIIERE(L)

Java pass@1 Python pass@1  Js pass@1 Go pass@1 C++ pass@1 TestGPT-7BIEENBFRE, WilASREWiHE:
48.6% 35.67% 39.02% 22.1% 56.2% https://github.com/codefuse-ai/Test-Agent
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» BESRE
ERILED AL FECRHSR

* pass @ k%*glt’\j:‘é’jiﬁh%ﬂ * L\)\Eﬂ Eiﬁﬁ] Epﬁig/l\ﬂ;:ﬁ%
.+ AIRBS A AR, SEFERR

BRI TIS(kEED . H.lﬁ E

. %Wpromptaid]@%
- AfleEsRERE

FIRGEE, RIEES

AR SR (LR & 2 T8 A\ 2R VDD ﬁ':ff*f?f%z%?w%’::-*:--.
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