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public class IntComparator {
public int max(int a, int b) {

if (a > b) {
return a;
} else {
return b;
}



File Edit View Navigate Code Refactor Build Run Tools VCS Window Help

conference-examples ~  Version control ~

(]

]

)

@

G0 e v

i

Project

~ [3 conference-examples [spring-boot-testing] C:\export\wsps\conference-example
> [ .idea
~ [Osrc
~ [ main
v [Djava
v [] com.rest.order
~ [ no.spring
~ [E] basic.flow
© IntComparator
>[5 error.suite
> [2J mocks
> [2] standard.flow
> lypes.inferring
(@) OrderServiceApplication
» |L2resources
> [Jtest
> [ target
@ .gitignore
= Jenkinsfile
B=) mvnw
= mvnw.crmd
M pom.xml
Mi README.md
[ spring-baot-testing.iml
» [h External Libraries
v Scratches and Consoles
~ [J Extensions
~ [ Java
{} predefinedExternalAnnotations.json

rviceApplicationjava  (© CalculatorServicejava  (© CalculatorServiceTestjava

package com.rest.order.no.spring.basic.flow;

8 usages
public class IntComparator {
4 usages
4 public int ma|x(in‘t X, int y) o
if (x> y) 4
return x;
7 } else {
return y;

O conference-examples > src > main > java > com > rest > order > no > spring > basic > flow > (© IntComparator > @ max

(©) OrderService.java

IntComparatorTest ~

© OrderServiceTest.java

4:18

> &

© IntComparalor.java

R

CRLF

UTF-8

OFF

4 spaces
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public final class IntComparatorTest {
///region Test suites for executable com.rest.order.no.spring.basic.flow.IntComparator.max

///region SYMBOLIC EXECUTION: SUCCESSFUL EXECUTIONS for method max(int, int)

/**
* @utbot.classUnderTest {@link IntComparator/
* @utbot.methodUnderTest {@link IntComparator#max(int, int)}
* @utbot.executesCondition {@code (x > y): True}
* @utbot.returnsFrom {@code return x;}
*/
@Test
@DisplayName("max: x >y : True -> return x")
public void testMax_XGreaterThanY() {
IntComparator intComparator = new IntComparator();

int actual = intComparator.max(-1, -2);

assertEquals(-1, actual); maEE"

}

14



HE OSHAYAETUTO'A AONRER



public class ArraylListVerifier {

boolean checkIfNotEmpty(ArraylList<Integer> collection) {
return collection.size() > 0;

¥
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Project package com.rest.order.no.spring.error.suite; OFF

W = oo i - -] H “\ -
(g conference-examples [spring-boot-testing] C:\export ingavk Java.utiL. koraylist;

> [D.idea
v Dsre 12 usages
v B main public class ArraylListVerifier {
v [Djava -
) Y 6 usages
v [J com.rest.order ) boolean checkIfNotEmpty(ArrayList<Integer> collection) {
~ [E)no.spring return collection.size() > @;
> [2] basic.flow }
v [5] error.suite }
©) ArrayListVerifier
> [£] mocks

v [2] standard.flow
> [2] controllers
> [E) models
>[50 repositories
> (&) services

> [2] types.inferring
(©) OrderServiceApplication

> [2resources
> [ test
> [T target
@ .gitignore
= Jenkinsfile
(2 mvnw
= mvnw.cmd
11 pom.xml
ML+ README.md
(=) spring-boot-testing.iml
> [ih External Libraries
v =% scratches and Consoles
v [ Extensions
v [ Java
{} predefinedExternalAnnotations.json



Structure

~ (©) = ArrayListVerifierTest

~ . Test suites for executable com.rest.order.no.spring.error.suite. ArrayListVerifier.checkifNotEmpty

Fa

> SYMBOLIC EXECUTION: SUCCESSFUL EXECUTIONS for method checkifMotEmpty(java.util. ArrayList)

- SYMBOLIC EXECUTION: ERROR SUITE for method checkifNotEmpty(java.util. ArrayList)
@) testCheckifNotEmpty_ThrowMullPointerException(): void

18



TABLE III Result for Test Case Understandability Study

Tool LMap Months DUtils Average
EVOSUITE 2.38 2.08 2.23 2.23
UTBOT-CONCOLIC 1.92 2.23 2.23 2.13
UTBOT-FUZZER 3.54 2.77 2.69 3.00
KEX-SYMBOLIC 3.62 4.00 4.23 3.95
KEX-coNcoLIC 3.54 3.92 3.62 3.69

Table III reports the results of the study. Columns LMap, Months, DUtils report the average rankings the
human participants assigned for each tool to the test cases for LinkedMap, Months and DistanceUtils
classes accordingly. Column Average reports the average across the test cases for the three classes. As the
N, il tAthe tool with the highest understandability of the selected test cases is UTBOT-CONCOLIC,
%, followed by EVOSUITE.

Scores and Rankings. The formula for the score [8] has been created and improved during the previous
editions of the tool competition and takes into account the line and branch coverage, the mutation score,
and the time budget used by the generator. Moreover, it applies a penalty for flaky and non-compiling tests.
We observed a final score of 678.12 for EVOSUITE, 426.19 for RANDOOP,
381.48 for UTBOT-FUZZER, 195.09 for KEX-CONCOLIC and 128.80 for KEX-SYMBOLIC. The rankings of
the tools are reported in the column CoverageR of Table IV.
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public class CustomByteReader {

public static int readBytes(byte[] buffer, DataProvider dataProvider) {
int bytesCount = 0;

byte c;

while ((c = dataProvider.nextByte()) != -1) {
buffer[bytesCount] = c;
bytesCount++;

}

return bytesCount;

¥

abstract class DataProvider {
public abstract byte nextByte();

}

21



Project 1 package com.rest.order.no.spring.mocks;

v [[3 conference-examples [spring-boot-testing] C:\export

) 5 usages
> O idea public class CustomByteReader {
v Bsre 5 usages
v B main 4@ public static int r‘eadbytes(byte[] buffer, DataProvider dataProvider) {
v Dijava int bytesCount = 0;
v [2] com.rest.order
> [5]no.spring byte c;
> [ standard.flow while ((c = dataProvider.nextByte()) !'= -1) {
> [Dtypes.inferring buffer[bytesCount] = c;
(© OrderServiceApplication ) bytesCount++;
> [Z2resources 11 }
> [Dtest
> [Dtarget 1 return bytesCount;
@ .gitignore ] }
= Jenkinsfile 15 }
=) mvnw
= mvnw.cmd 9 usages
1 pom.xml 7 abstract class DataProvider {
M README.md 5 usages
(=] spring-boot-testing.iml J public abstract byte nextByte();
> (b External Libraries b

v =9 scratches and Consoles
v [J Extensions
v [ Java
{} predefinedExternalAnnotations.json



@Test

public void testReadBytesl1() {
byte[] buffer = {Byte.MIN_VALUE};
DataProvider dataProviderMock = mock(DataProvider.class);
(when(dataProviderMock.nextByte())).thenReturn((byte) 0, (byte) -1);
int actual = CustomByteReader.readBytes(buffer, dataProviderMock);
assertEquals( expected: 1, actual);

byte finalBuffer® = buffer[0];

assertEquals((byte) 0, finalBuffer0);
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A Survey of Symbolic Execution Techniques

ROBERTO BALDONI, EMILIO COPPA, DANIELE CONO D'ELIA, CAMIL DEMETRESCU,
and IRENE FINOCCHI, Sapienza University of Rome

Many security and software testing applications require checking whether certain properties of a program
hold for any possible usage scenario. For instance, a tool for identifying software vulnerabilities may need to
rule out the existence of any backdoor to bypass a program's authentication. One approach would be to test the
program using different, possibly random inputs. As the backdoor may only be hit for very specific program
workloads, automated exploration of the space of possible inputs is of the essence. Symbaolic execution provides
an elegant solution to the problem, by systematically exploring many possible execution paths at the same
time without necessarily requiring concrete inputs. Rather than taking on fully specified input values, the
technique abstractly represents them as symbaols, resorting to constraint solvers to construct actual instances
that would cause property violations. Symbolic execution has been incubated in dozens of tools developed over
the last four decades, leading to major practical breakthroughs in a number of prominent software reliability
applications. The goal of this survey is to provide an gverview of the main ideas, challenges, and solutions
developed in the area, distilling them for a broad audience.

CCS Concepts: » Software and its engineering — Software verification; Software testing and debugging:
+ Security and privacy — Software and application security;

Additional Key Words and Phrases: Symbolic execution, static analysis, concolic execution, software testing

ACM Reference Format:

Roberto Baldoni, Emilio Coppa, Daniele Cono D'Elia, Camil Demetrescu, and Irene Finocchi. 2018, A Survey of
Symbolic Execution Techniques. ACM Comput. Surv 51, 3, Article 0 ( 2018), 37 pages. https://doi.ong/ 0000001
OO0 T
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Python Java

»double
Number int
Spring

@Min(value = 18, message = "Age should not be less than 18")
@Max(value = 150, message = "Age should not be greater than 150")
private int age;

@Email(message = "Email should be valid")

private String email;



@Service
public class OrderService {
@Autowired
private OrderRepository orderRepository;

public boolean isMajorityExpensive(int threshold) {
(:) List<Order> allOrders = orderRepository.findAll();

<:> if (allOrders.isEmpty()) {
return false;

} Q 3aBUCMMOCTY

List<Order> expensiveOrders = new ArraylList<>(); (:) Jloruka
for (Order order: allOrders) {
if (order != null && order.getPrice() > threshold) {
expensiveOrders.add(order);

¥
¥

return expensiveOrders.size() > allOrders.size() / 2;

27



Project import ...

v [3 conference-examples [spring-boot-testing] C:\export\wsps\confere

4 usages
> [O.idea @Service
v Osre Q public class OrderService {
v Dmain @Autowired
v Djava ' Q private OrderRepository orderRepository;
~ [£] com.rest.order
> [e]no.spring 9 usages
~ [2] standard.flow 16 public boolean isPialjorityExpensiue(int threshold) {
> [2] controllers List<Order> allOrders = orderRepository.findAl1();
> [5) models
> [2] repositories if (allOrders.isEmpty()) {
~ [2] services return false;
(© OrderService hy
> [2] types.inferring
(©) OrderServiceApplication List<Order> expensivelrders = new Arraylist<=();
> [2resources for (Order order: allOrders) {
> [test if (order != null && order.getPrice() > threshold) {
> [target expensiveOrders.add(order);
@) .gitignore h
= Jenkinsfile +
L mvnw
I return expensiveOrders.size() > allOrders.size() / 2;
11 pom.xml +
ML README.md
[£] spring-boot-testing.iml N3 eSS
> il External Libraries public boolean isNotEmpty() {
o M e e e List<Order> orders = orderRepasitory.findA11();

. return orders.size() > 0;
+ [ Extensions ;

v [ Java

{} predefinedExternalAnnotations.json



@Test

public void testIsMajorityExpensive3() {
LinkedList linkedList = new LinkedList();
Order orderMock = mock(Order.class);
(when(orderMock.getPrice())).thenReturn(Integer.MAX VALUE);
linkedList.add(orderMock);
Order orderMockl = mock(Order.class);
(when(orderMockl.getPrice())).thenReturn(1);
linkedList.add(orderMockl);
Order orderMock2 = mock(Order.class);
(when(orderMock2.getPrice())).thenReturn(3);
linkedList.add(orderMock2);
Order orderMock3 = mock(Order.class);
(when(orderMock3.getPrice())).thenReturn(-1);
linkedList.add(orderMock3);
Order orderMock4 = mock(Order.class);
(when(orderMock4.getPrice())).thenReturn(9);
linkedList.add(orderMock4);
(when(orderRepositoryMock.findAl1())).thenReturn(linkedList);

boolean actual = orderService.isMajorityExpensive(17);

assertFalse(actual);
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GO gle inject a list in spring tests
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23 okT. 2015 . — | would make the field final and simply create a constructor. That way you can
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r-.
Y.

3 otBeTa - Jlyywwni oteeT: | finally figured it out... Sometimes, asking a question can give you a...

Mockito - Injecting a List of mocks - Stack Overflow

How to mock injected list of implementations? - Stack Overflow
Mockito: How to properly mock a List of Spring Services

How to use Dependency Injection with Spring Boot Unit Testing?
[pyrne pesynerathl ¢ canta stackoverflow.com

20 doeBp. 2017T.
9 asr. 2021 .

26 map. 2021 r.
11 nek. 2020r.
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46

| finally figured it out...
Sometimes, asking a question can give you a better approach to your problems :p

The problem is | was linking the validators to the list before they were mocked. The validators was
then null and no reference could be updated when the MockitAnnotations.initMocks(this) was
called.

Moreover, to avoid iterator problems on List, | had to use @Spy instead of @Mock .

Here Is the final solution:

@Mock
private EsmRegexValidator regexValidator;

@Mock
private EsmFormNotNullValidator notNullValidator;

@Mock
private EsmFormDataTypeValidator dataValidator;

@InjectMocks
private EsmFormValidatorManager validatorManager;

@Spy
private List<IEsmFormValidator> validators = new Arraylist<IEsmFormValidator>();

@Mock

32



@Service

public class OrderService {
@Autowired

private OrderRepository orderRepository;

public boolean isMajorityExpensive(int threshold) {

(.}
}

public boolean isNotEmpty() {

List<Order> orders = orderRepository.findAll();
return orders.size() > 0;

33



@Test
public void testIsNotEmptyl() {

List listMock = mock(List.class);
(when(listMock.size())).thenReturn(9);
(when(orderRepositoryMock.findAll())).thenReturn(listMock);

boolean actual = orderService.isNotEmpty();

assertFalse(actual);
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@Service

public class OrderService {
@Autowired

private OrderRepository orderRepository;

public boolean isMajorityExpensive(int threshold) {

(.}
}

public boolean isNotEmpty() {

List<Order> orders = orderRepository.findAll();
return orders.size() > 0;
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@Service
public class CalculatorService {

@Autowired
public Calculator calculator;

public long calcSquareSum(int a, int b) {
return calculator.multiply(a, a) + calculator.multiply(b, b);

¥
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public void testCalcSquareSuml() {
CalculatorService calculatorService = new CalculatorService();
Calculator calculatorMock = mock(Calculator.class);

(when(calculatorMock.multiply(anyInt(), anyInt()))).thenReturn(OL, OL);

calculatorService.calculator = calculatorMock;
long actual = calculatorService.calcSquareSum(1l, -255);

assertEquals(0L, actual);
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Project

- (@ conference-examples [spring-boot-testing] C:\export\wsps\confere

> [D.idea
~ [Osrc
v [ main
~ Djava
~ [2J com.rest.order
> [0 no.spring
~ [ standard.flow
> [&J contrallers
> [5J models
> [&] repositories
> [2 services
~ [2]types.inferring
(D Calculator
(© Calculatorlmpl
© CalculatorService
(©) OrderServiceApplication
> [Zresources
> Dtest
> [target
@) .gitignore
= Jenkinsfile
B mvnw
= mvnw.cmd
11 pom.xml
ML README.md
[2] spring-boot-testing.iml
[lh External Libraries
- =% Scratches and Consoles
~ [J Extensions
~ [ Java
{} predefinedExternalAnnotations.json

12

package com.rest.arder.types.inferring;
import .

2 usages
@Service
public class CalculatorService {

@Autowired
public Calculator calculator;

1T usage
public long calcSquhr‘eSum[int a, int b) {
return calculator.multiply(a, a) + calculator.multiply(b, b);



@Test

public void testCalcSquareSuml() {
CalculatorService calculatorService = new CalculatorService();
CalculatorImpl calculator = new CalculatorImpl();
calculatorService.calculator = calculator;

long actual = calculatorService.calcSquareSum(1, -255);

assertEquals(65026L, actual);
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@RestController
@RequestMapping(value = "/api")
public class OrderController {

private OrderService orderService;

public OrderController(OrderService orderService) {
this.orderService = orderService;

¥

@GetMapping(path = "/isMajorityExpensive")
public boolean isMajorityExpensive(@RequestParam int threshold) {
return orderService.isMajorityExpensive(threshold);

¥
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a File Edit View Navigate Code Refactor Build Run Tools VCS Window Help - o

conference-examples ~  Version control |> OrderControllerTest v [> £ @ A Q ©
] Project - © OrderController.java * (G OrderServiceApplicationjava  © CalculatorServicejava  (© CalculatorServiceTestjava  (© OrderServicejava  (© OrderServiceTestjava  © IntComparatorjava & v
v [ conference-examples [spring-boot-testit 1 package com.rest.order.standard.flow.controllers; v
8o > [ .idea 2
o v Osrc > import ...
v [ main 5
(& v [Djava @RestController
v [ com.rest.order 7 @RequestMapping(value = ®v"/api")
> [3] no.spring s Q public class OrderController {
v [2] standard.flow 9
v [] controllers 2 usages
(©) OrderController : private OrderService orderService;
>[5 models 11
> [2] repositories 12Q > public OrderController(OrderService orderService) { this.orderService = orderService; }
> [2] services 15
> [ types.inferring 16 ? @cetMapping(path = ®v"/isMajorityExpensive")
@) OrderServiceApplication 17 G public boolean isMajo}*ityExpensive(@RequestParam int threshold) {
> [2resources 18 return orderService.isMajorityExpensive(threshold);
> Dtest 19 }
> [Jtarget 2€ b
@ .gitignore
= Jenkinsfile
B2 mvnw
= mvnw.cmd
117 pom.xml
ML README.md
[Z) spring-boot-testing.iml
> [h External Libraries
v =® scratches and Consoles
B v [ Extensions
= v [3Java
@ {} predefinedExternalAnnotations.js
>
®
0)
¥

O conference-examples > src > main > java > com > rest > order > standard > flow > controllers > © OrderController > @isMajorityExpensive 17:26 CRLF UTF-8 4 spaces (0}



@Test
public void testIsMajorityExpensivel() throws Exception {
UriComponentsBuilder uriComponentsBuilder = fromPath("/api/isMajorityExpensive");
Object[] values = {4097};
UriComponentsBuilder uriComponentsBuilderl = uriComponentsBuilder.queryParam("threshold", values);
String urlTemplate = uriComponentsBuilderl.toUriString();
Object[] uriVariables = {};
MockHttpServletRequestBuilder mockHttpServletRequestBuilder = get(urlTemplate, uriVariables);

ResultActions actual = mockMvc.perform(mockHttpServletRequestBuilder);
actual.andDo(print());

actual.andExpect((status()).is(200));
actual.andExpect((content()).string("false"));
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@Service
public class OrderService {

@Autowired
private OrderRepository orderRepository;

public boolean isMajorityExpensive(int threshold) {..}

public boolean isNotEmpty() {

List<Order> orders = orderRepository.findAll();
return orders.size() > 0;
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File Edit View Navigate Code Refactor Build Run Tools VCS Window Help

conference-examples ~  Version control v

(B]

Q0
Q

@)

o ¥ O 0 @ B

Project v ollerjava  (© OrderControllerTest.java (G OrderServiceApplicationjava  (© CalculatorServicejava  (© CalculatorServiceTestjava  © OrderService.java »
3 import ...
v [[3 conference-examples [spring-boot-testing] C:\export\wsps\conference-example P
10
> [D.idea i
usages
v O@src " " 3
1 ervice
v [ main e
v [java @ Generate Tests with UnitTestBot X
v [] com.rest.order
> [3) no.spring Test sources root: ..Jsrcftest v
v [&] standard.flow
v B3 controllers Testing framework: JUnit 5 v
{
© OrderController Spring configuration: No configuration v ® 10):
>[5 models d
> [2] repositories s Unit tests
v [ services
© OrderService \ctive profile(s): default
> [ types.inferring Mocking strategy: Mock everything outside the class v @
(@ OrderServiceApplication
bR rashnreas Mock static methods b
> Dtest Parameterized tests
S B3 taret reshold) {
= 1arge Test generation timeout: 60 % secondsperclass (2
@) .gitignore
= Jenkinsfile Generate tests for:
mvnw Member
= yw.omg | @«  isMajorityExpensive(threshold:int):boolean 0/ 2:
M pom.xml P ok b d
v = i 8
T (@) isNotEmpty():boolean
[Z) spring-boot-testing.iml
> (b External Libraries
v =% scratches and Consoles
v [ Extensions |
Generate Tests | v Cancel
v [ Java
{} predefinedExternalAnnotations.json - }
Generate Tests with UnitTestBot via Alt+Shift+U
conference-examples > src > main > java > com > rest > order > standard > flow > services > (© OrderService > @ isNotEmpty 33:24

OrderServiceTest v [> ¥

v

LF

UTF-8

4 spaces

(o)



Integrity test

/>I<>I<

* This sanity checkR test fails 1f the
application context cannot start.

*/
@Test

public void contextlLoads() {}




@SpringBootTest

@BootstrapWith(SpringBootTestContextBootstrapper.class)
@DirtiesContext(classMode = DirtiesContext.ClassMode.BEFORE EACH TEST METHOD)
@Transactional

@AutoConfigureTestDatabase

@AutoConfigureMockMvc

public class OrderControllerTest {
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CnmBoAbHbIN aHanun3 (Symbolic)

KoHkpeTHoe ncnonHeHune (Concrete)

Concolic



“An am ép pa3zep”

23CTUPYyemoe
PUNOXKEeHUe
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“An am ép pa3zep”

/BBM\‘

Fuzzer

TecTmpyemoe

NPUIOXKeHue
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“An am ép pa3zep”
T

NOKNAQ

3HaKoMCTBO ¢ ¢a33epamMu

_ Makcum leneBuH
Huawel

~_
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Be3onacHo?




30HbI PUCKA

* Spring KOHTEKCT
* BbI30Bbl CNYyXKO
 ObHOBNEHUA 6a3 AAHHbIX

e ®ansoBada cuctema
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S grams 1n existence. For 84% of these utilities, KLEE’s
. ——
automatically generated tests covered 80—-100% of exe-
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[1Nr0Cbl reHepaTopOoB TECTOB

* PUKcauma noseaeHUA

* PuKcauma owmnbokK ([lonosHnTenbHble MHCNEeKLUUM)
 ABTOMATMYECKME TECTbl Iy4Lle, YEM UX OTCYTCTBUE
* MoXKHO nepenucaTb, ecam bygeTt Bpems
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Element -~
~ [E]com
~ [E@3h
v B

Before

Class, %
79% (117/147)
79% (117/147)
79% (117/147)
57% (4/7)
100% (0/0)
100% (18/18)
73% (30/47)
33% (1/3)
100% (1/1)
BO% (25/31)
B4% (16/19)
100% (1/1)
B4% (21/25)
0% (0/1)

Method, %
70% (955/1358)
70% (955/1358)
70% (955/1358)
69% (50/72)
100% (0/0)
95% (369/388)
55% (170/308)
21% (3/14)
100% (1/1)

61% (176/285)
69% (104/149)
75% (3/4)
59% (79/132)
0% (0/5)

Line, %

3% (2087/6697)
31% (2087/6697)
31% (2087/6697)
1% (54/786)
100% (0/0)

83% (523/625)
20% (559/2680)
4% (3/68)

100% (2/2)

25% (495/1937)
33% (176/530)
91% (22/24)
34% (253/737)
0% (0/18)

After

Class, %

86% (133/153)
86% (133/153)
86% (133/153)
57% (4/7)
90% (18/20)
100% (0/0)
94% (16/17)
81% (26/32)
100% (3/3)
100% (1/1)
88% (22/25)
100% (19/19)
100% (1/1)
85% (23/27)
0% (0/1)

Method, %

81% (1194/1463)
81% (1194/1463)
81% (1194/1463)
69% (50/72)
78% (197/252)
100% (0/0)

85% (306/356)
90% (209/232)
50% (7/14)

100% (2/2)

76% (172/226)
83% (126/151)
100% (4/4)

81% (121/149)
0% (0/5)

Line, %
64% (3754/5824)
64% (3754/5824)
64% (3754/5824)
71% (54/76)
75% (339/450)
100% (0/0)
T7% (456/592)
63% (1221/1927)
77% (44/57)
100% (3/3)
61% (823/1332)
55% (291/525)
95% (22/23)
61% (501/821)
0% (0/18)
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Q&A
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