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» Ea5cillist I B ENERK

BlliEERE: EREFFRMER, MBRIIRE, ESHREFMEFRFHRMBEN]. SolilEErRmRE
W FRBIAIARAGRREE, ATLABRIHERFLEFAHUCH . WRBEHRRENLAR,

L0 (RRBEETTNE

50000 L1: REBEsTilia + SRt HEREIRE BTN S %0, 2.5FFRJEIE, LOFIL1RBIRIMIZER%1EFH93% [2]
L2: BHIHREIRITIGIE

.....

BT TRA: Old functional tests
k=] 30000
- hthLLL

M78 M79 | MB0 I"I f.-‘.S: f‘.-153 ABS | MB& | MB7 | MBE MBS  MS0 M91 | M9Z M93 | MSS MSE M102 M10 M1 M M1 V108 [M109 M110 M111 M112 M113 M114 M115 M116 M117 M118 M119 M120
mLl Tess 2723 3744 | 4582 | 5297 | 5381 5831 613 6684 | 7232 7668 | 7983 B486 8908 9385 9385 102B6 15968 18598 23272 24945 26594 27109 27 2 787 34020 34983 35405 37404 3846739412 40000 41452 434830 47909 49007 51113 51775
mlLl Tess BEE 958 2130 2241 25 | 3095 | 3753 | 4045 4215 | 3723 Bs 3786 4168 479 1153 1485 1774 2177 B9 | 2438 2597 2735 2B13 2935 2966 3127 3528 3592 3750 3B49 3928 4023 4187 4310 4353
ml2 Tess 430 580 652 980 | 1102 1200 1410 1653 1B58 1918 2068 2190 2585 2883 | 3021 3228 3489 3719 | 3917 | 3969
m TRA Tests 27054 24841 24135 24097 24381 25212 22198 21981 21908 189577 19528/19124 15098 19041 19041 1BG37 18749 18252 14683 12449 11559 10554 10070 9686 | 7500 4155 2199  3EB6 2254 1593 1519 1386 13856 755 181 136 & 0

RN 10%

N ?

W (e > @RENETIRNEIGLSET )

R > RREDERIHARIALS005ET AT iRE/EaTiht

> FRREBAN RGN RIERFERIAS0003ET | | |
QE) Sk
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[2] https://learn.microsoft.com/en-us/devops/develop/shift-left-make- testing fast-reliable
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» BEFRIGSTRARENBINEREIA

Random initial test suites Test suite evolution Minimized test suite

> HEFEEIGILEGIEREAR, MEvosuite [1] M > = S =
> EFRAERIGEES, BUSEREARBIIIREA 2L 7 | oemm

Evosuite 351z E

> BETRSHITRONLAGIERIA
> FERRBEERRES T oS o

> ETRENATURBIAE RN

[1] Gordon Fraser and Andrea Arcuri. 2011. EvoSuite: automatic test suite generation for object-oriented software. ESEC/FSE '11
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TS TP TEHeE/IEMERESE100+48¢E, 80+FF
L RE, W0, xxx, o, ooEERE, 24
S | f smean | ( mszsacert MRS | BRtE, EAME SR ERAR%, HP
' | | | IR T B RN IOEER40%, RIF
- e Fuzzing | TYRIBEIRN57%,
S UT EeokBE, TEARKBES%, ATHDA%
— — H TR 2R ]7
| IEERAT | i ] A o (K) Loc
2 30
. - . [
* ij:jjﬁ*iln Java ; Before After Before After
. E2M g2 T E: maven, gradle :
25 **T’J?f en, gre | . BIRAREERET% - STUTERERYST%
o SHFAFPURKAEZE: JUnit4, JUnit5, spring-boot-starter-test, spock 5 - =40Kloc

o Z¥E2FhmockiEZR: mockito, powermock
o« SHENERERTITARGMES, SIHRF3FRAERTRRS
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« Commons-lang
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> aiEE
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> SRR
> SR SFITRFZEZRERIEIE (e.g., ML
BEEYE. FEaEdE) | ERBARELILE
FIX LS ZSS RN E R I .
> ZIE=QBIELEARE
> AEES. FAREZRE. MfERESRKRK, &
" RN AGEZEMZ SN K,
> Ee
> AEZFTEMBNEAEIIE PN AFSHT
. N, EREORNFEHEER,
> W=
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Bl BEORETHSEENRK
static MediaType createImageType(String subtype) { | static MediaType createFontType(String subtype) {
return create(IMAGE_TYPE, subtype); return create(FONT_TYPE, subtype):
} Existing method in v; } Added Method in v,

public void testCreateImageType() {
MediaType newType = MediaType.createImageType("yams");

public void testCreateFontType() {
MediaType newType = MediaType.createFontType("yans");

assertEquals( empected: "image”, newType.type()); assertEquals( epected "font”, newType,type());
assertEquals( epected: "yans", newType.subtype()); assertEquals( epected: "yans", newType.subtype());
r Existing Testcase in v; } Modified Testcase in v,

[1] Shimmi, Samiha, and Mona Rahimi. "Patterns of Code-to-Test Co-evolution for Automated Test Suite Maintenance." ICST’2022.
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HEZEBEIIAT SR FIE, 23FEERAFRIEN20%
LLM 2 B 9 26 5 0t F FATIRM, 23FERFRX20RR

Q1: Which test case is more readable and understandable?

g: I EvoSuite —
2 Equal
2- B AthenaTest
- —
1
54 —-— 5
6 — ; I Y A ~
7 ! I k I gz <=k % patA 7k \AK
8 = . ] *EJ_—:FI:J ﬁk/ﬂ“ﬁt §I % -Ll:-
9 ] _
104 —— E—
114 —
124 ] 8
134 _ —
Q2: Which test case is testing the method more appropriately? ¥
0 7 —
1 WM EvoSuite ———— i
2 Equal I
3- Ml AthenaTest
4 I |
54 ] 5
6 L — |
7_
8- — : — 4
94 .
104 | I
114 ] 3
124 [
L : : . : : r : : T : : :
Q3: Which test case would you prefer to have in your project? 2
2: I EvoSuite !
2- mmm AthenaTest : 1
3 |
44 ]
5 ] 0
7 e ——
i 2R 3R 17 58 65 7H 8H 9R
9
104
114
124 |
13- T T T T T T T
12 10 8 6 4 2 0 2 4 6 8 10 12

Number of Responses

Tufano, Michele, et al. “Unit test case generation with transformers and focal context.” MSRA, 2020.
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CORRECTNESS OF GENERATED TESTS

Metrics (%) ChatGPT | AthenaTest | Evosuite
Syntactical correct 2z 100.0 54.8 100.0
Success compilation 42.1 18.8 66.8
Passing execution 24.8 14.4 59.7
EFFECTIVENESS OF CHATTESTER
Metrics (%) ChatGPT | CHATTESTER- | CHATTESTER
Syntactical correct 100.0 100.0 100.0
Success compilation 39.0 50.7 733
Passing execution 223 203 41.0
Category Detailed Errors Frequency
—— Cannot find symbol class 1,934
R yrrll t(', Cannot find symbol method 471
e:’; o Cannot find symbol variable 466
ks Cannot find symbol 169
Incompatible types 13
Type Error Constructor cannot be applied to given types 46
Methods cannot be applied to given types 11
Access Error | Private access 75
Al,j&.nr?d kg Abstract class cannot be instantiated 33
Initiation Error
Unsupported ; ’
Operator Diamond operator is not supported 15
Category | Detailed Errors Frequency
java.lang.AssertionError/
Assertion | org.opentest4j.AssertionFailedError/
E =i ; ; 148
rror org.junit.ComparisonFailure/
org.junit.internal. ArrayComparisonFailure
java.lang Illegal ArgumentException 6
Runtime | java.lang.RuntimeException 5
Error java.lang. NullPointerException 3
others 11
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“ChatTester: No More Manual Tests? Evaluating and Improving ChatGPT for Unit Test Generation”
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» BFXEBIERRIE Tl AHISER - GPT4

public int findIndex(int[] sortedArray, int target) {
if (sortedArray == null) {
throw new RuntimeException("array is null");

}
for (int i = 0; i < sortedArray.length; i++) {
if (sortedArrayl[i] target) {
return i;

}

return -1;

KIZE & pR M AY L -
ZENNRZE (BRFFZL7ER)
RIFAY OIS 'I’?ciFDTJCE%ﬁ
RAFEFHNS

fﬁﬁ’ﬂ?ﬂﬂlﬁ%?&

public class ArrayExamplesTest {

4 usages
private ArrayExamples arraykExamples = new ArrayExamples();
no usages
@Test
void testFindIndex_withNullArray() {
// Test Explanation: We need to test when the array is null.
Exception ex = Assertions.assertThrows(RuntimeException.class, ()
-> arrayExamples.findIndex( sortedArray: null, target: 1));
Assertions.assertEquals( expected: "array is null", ex.getMessage());
}
no usages
@Test
void testFindIndex_ExistingElement() {
// Test Explanation: We need to test when the array contains the target element.
int[] array = {1, 2, 3, 4, 5};
int target = 3;
int expected = 2;
Assertions.assertEquals(expected, arrayExamples.findIndex(array, target));
}
no usages
@Test
void testFindIndex_NonExistingElement() {

// Test Explanation: We need to test when the array doesn't contain the target element.

int[] array = {1, 2, 3, 4, 5};

int target = 6;

int expected = -1;

Assertions.assertEquals(expected, arrayExamples.findIndex(array, target));
b5
no usages
@Test void testFindIndex_EmptyArray() {

// Test Explanation: We need to test when the array is empty.

int[] array = {};

int target = 1;

int expected = -1;

Assertions.assertEquals(expected, arrayExamples.findIndex(array, target));
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» g3t

© BENEE - ETFX + Prompt
public String savelata(User user, Strng id, String content) throws I0Exception { . . Mt . 't cases. Please just write the test cases code

oubleCheckSingleton instance) {

if (lverify(user))
public class SampleService {

return INVALID_USER, e _
} . %ﬂ,*t L instance. showCount();
; i @Data e 1 [1
Data data = redisDao.query( boe "data”, id, Data.class): pubiie ctiuss BEEE { h . 1 Gl e
if (lverify(data)) { Siijjft S e s | -
Mtum INVALID-DATA; ;i::_zc;c—;:e; boolean isValid;
} ¥

. BEpTE%
data. setEncrypted (StaticUtil. encrypt (content)) AR

ELombok.Data

ResuLtEnum result = save(data); pubTic class BEEE 1
no usages
retumn cellbeck(result)] private String id;

} No usages
private boolean isExpired;
No usages

private String encrypted;

B KoK, BoiiEENEREL o R S
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train and evaluate loss Q I’)rfflir\ 1%)551 Ows %I)\

SREERE

0.6

0.5 1

0.4 -

loss

0.3 -

I —

0.2 -

0.1 -

0 200 400 600 800 1000
step

min train loss: ©.8961, step: 968©
min eval loss: ©.485629296875, step: 380
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3.21%

31.80%
69.77%
12.22%
55.60%
38.60%
15.70%
33.20%
24.00%
6.37%

77.06%
65.09%

13.32%
98.04%
88.63%
4.49%

73.60%
51.00%
5.67%

69.80%
58.00%
10.89%
89.59%
78.59%
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13.32%
98.04%
88.63%
4.49%

85.60%
60.00%
5.67%

93.20%
69.80%
10.89%
95.50%
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public int findIndex(int[] sortedArray, int target) {

@Test
public void testFindIndex_empty() {...}

if (sortedArray == null) { @Test
throw new RuntimeException("array is null"); public void testFindIndex_singleElementMatchingTarget() {...}
]_
for (int i = 0; i < sortedArray.length; i++) { @Test
if (sortedArray[i] == target) { public void testFindIndex_singleElementNotMatchingTarget() {...}
return 1i;
1 @Test
} public void testFindIndex_multipleElementsNoMatch() {
// Test on multiple elements but none matches the target
FESHIY int[] input = {1, 2, 3, 4, 5};
¥ assertEquals( expected: -1, new ArrayExamples().findIndex(input, target:6));
I3
@Test

public void testFindIndex_multipleElementsOneMatchAtStart() {...}
/-—
TEE : 100%

@Test

PaSS@l: 100% public void testFindIndex_multipleElementsOneMatchInMiddle() {...}

@Test
public void testFindIndex_multipleElementsOneMatchAtEnd() {...}

@Test
public void testFindIndex_nullInput() {...}
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listExamples = new ListExamples();l

ApFt

@Test public void tearDown() throws Exception { Q:[: ﬁ /_, \ AY
public void testSplitArrayWithCountLessThanListSize() { } | I:' A

List<String> list = new ArrayList<~>();

m

public void testSplitArray2() {

exampleg.addToList(list, "a"); . . :
List<Integer> list = new ArrayList<~>();

examples.addToList(list, "b"); for (int i 0: i 10; i++) {
or (int 1 =0; 1 < 10; i++

exampleg.addToList(list, "c");

list.add(i);

List<List<String>>|res = examples.spllitArray(list, 2); b

List<List<Integer>> result F listExamples.jplitArray(list, count 1);

Assertions.assertEquals( expected: 2, res.size());
Assertions.assertEquals( expected: 10, result.get().size());

Assertions.assertEquals( expected: 2, res.get(8).size());

Assertions.assertEquals( expected: "a", res.get(0).get(0));

Assertions.assertEquals( expected: "b", res.get(0).get(1));

Assertions.assertEquals( expected: 1, res.get(1).size()); public void testSplitArray3() {
List<Integer> list = new ArrayList<~>();
Assertions.assertEquals( expected: "c", res.get(1).get(8));
for (int i = 0; i < 10; i++) {

list.add(i);
compile failed'

@Test
@Test

public void testSplitArrayWithNulllList() { List<List<Integer>> result 3 listExamples.gplitArray(list, count 2);

List<List<String>> res = pxamples.splitArray(null, 3); I
Assertions.ossertEquals( expected: 5, result.get(0).size());

Assertions.assertNull(res);

Assertions.ossertEquals( expected: 5, result.get(1).size());
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