30 Cau Hoi Phong Van Selenium — Phién Ban
Thwc Chién (C6 Code)

Tai liéu nay danh cho vong live coding, take-home assignment, hoac khi em mudn 6n ky thuat trwéc
phong van. Mbi cau c6 code Java thuc chién véi Selenium WebDriver 4 va JUnit 5 — stack phd bién
nhat trong cac du an enterprise — kém cac bay thudng gip va best practice tir kinh nghiém thuc té.

Phan 1 — Cau héi can ban déng géi trong tinh huéng (10 cau)

Cau 1. Setup driver cho team dang chuyén ttr Selenium 3 Ién 4. Code cii duing
WebDriverManager — em refactor thé nao?

Vi sao interviewer héi: Test em c6 biét Selenium 4 da c6 Selenium Manager built-in, va cé biét refactor
an toan khong.

Code cii (Selenium 3 style):

import io.github.bonigarcia.wdm.WebDriverManager ;
import org.openga.selenium.WebDriver;

import org.openga.selenium.chrome.ChromeDriver;
import org.openga.selenium.chrome.ChromeOptions;

public class OldDriverFactory {
public static WebDriver createDriver() {

WebDriverManager.chromedriver().setup(); // Khong can nira
ChromeOptions options = new ChromeOptions();
options.addArguments("--start-maximized");

return new ChromeDriver(options);

Code mé&i (Selenium 4.6+):
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import org.openga.selenium.WebDriver;

import org.openga.selenium.chrome.ChromeDriver;
import org.openga.selenium.chrome.ChromeOptions;
import java.time.Duration;

public class DriverFactory {
public static WebDriver createChromeDriver() {
ChromeOptions options = new ChromeOptions();
options.addArguments("--start-maximized");
options.addArguments("--disable-notifications");
options.addArguments("--disable-popup-blocking");

// Selenium Manager TU DPONG tai dung version driver
// KHONG can WebDriverManager nira
WebDriver driver = new ChromeDriver (options);

driver.manage().timeouts()
.pageLoadTimeout (Duration.ofSeconds(30))
.scriptTimeout (Duration.ofSeconds(10));

return driver;

Refactor checklist khi migrate:

// 1. Xbéa WebDriverManager dependency khéi pom.xml
// <dependency>

// <groupId>io.github.bonigarcia</groupId>

// <artifactId>webdrivermanager</artifactId>
// </dependency>

// 2. Xba cac dong WebDriverManager.*.setup() — Selenium Manager tu

// 3. DesiredCapabilities - d6i sang Options class

// CU:

DesiredCapabilities caps = new DesiredCapabilities();
caps.setCapability(ChromeOptions.CAPABILITY, chromeOpts);

// MOT:
ChromeOptions options = new ChromeOptions();
// merge truyc tiép, khéng qua DesiredCapabilities

// 4. driver.manage().timeouts() — déi sang Duration
// CU:
driver.manage().timeouts().implicitlyWait (10, TimeUnit.SECONDS);

// MOT:
driver.manage().timeouts().implicitlywait(Duration.ofSeconds(10));

Bay migration:

- Quén x6a WebDriverManager khoéi pom.xml — van ding song song gay conflict version
- DevOps dang cache ~/.cache/selenium cili — clear cache trwéc khi build CI
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- Test cii phu thuéc behavior cia JSON Wire Protocol (Selenium 3) — Selenium 4 dung W3C, mot so
response khac format

Cau 2. Em dang test dropdown c6 50 option, verify option "Ha Noi" ton tai. Viét
code — va chi ra anti-pattern em sé tranh.

Vi sao interviewer hoi: Test em biét khi nao dung findElement vs findElements , cé dung exception
dung cach khéng.

X Anti-pattern (KHONG bao gi®» lam):

// SAI: dung exception dé check ton tai — dat va khong ré y
public boolean isOptionExists(String optionText) {
try {
driver.findElement (By.xpath("//option[text()="" + optionText + "']"));
return true;

} catch (NoSuchElementException e) {
return false;

{4 cach dung — dung findElements :

import org.openga.selenium.By;
import org.openga.selenium.WebElement;
import java.util.List;

public boolean isOptionExists(String optionText) {
// findElements TRA VE LIST RONG khi khong thay, KHONG throw exception

List<wWebElement> options = driver.findElements(
By .xpath("//select[@id="city']/option[text()="" + optionText + "']")

)5

return !options.isEmpty();

{74 cach té6t hon — dung select class cho native dropdown:
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import org.openga.selenium.support.ui.Select;

public boolean isOptionExistsViaSelect(String optionText) {
Select dropdown = new Select(driver.findElement(By.id("city")));
return dropdown.getOptions().stream()
.anyMatch(opt -> opt.getText().equals(optionText));

public void selectOptionIfExists(String optionText) {
Select dropdown = new Select(driver.findElement(By.id("city")));

boolean exists = dropdown.getOptions().stream()
.anyMatch(opt -> opt.getText().equals(optionText));

if (!exists) {
throw new IllegalArgumentException(
"Option '" + optionText + "' khdng tdn tai trong dropdown. " +
"Available options: " + dropdown.getOptions().stream()
.map (WebElement: :getText).toList()

dropdown.selectByVisibleText (optionText);

Bay v&i custom dropdown (div 16ng nhau):

// Dropdown ludi tai — option chi render KHI m&

public boolean isOptionInCustomDropdown(WebElement triggerBtn, String optionText) {
// BUGC 1: Click m& dropdown
triggerBtn.click();

// BUGC 2: Poi option list render xong
wait.until(ExpectedConditions.visibilityOfElementLocated(
By.cssSelector (".dropdown-menu.show")

));

// BUGC 3: Find tdt cad option SAU KHI dropdown da m&

List<WebElement> options = driver.findElements(
By.cssSelector (" .dropdown-menu .dropdown-item")

)/

return options.stream().anyMatch(opt -> opt.getText().equals(optionText));

Pattern chung — Helper utility:
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public class ElementUtils {
public static boolean isPresent(WebDriver driver, By locator) {

return !driver.findElements(locator).isEmpty();

public static int count(WebDriver driver, By locator) {
return driver.findElements(locator).size();

public static boolean isVisible(WebDriver driver, By locator) {
return driver.findElements(locator).stream()
.anyMatch(WebElement::isDisplayed);

// St dung:
if (ElementUtils.isPresent(driver, By.id("error-msg"))) {
// handle error

Cau 3. Dev push code méi lam v& 30 locator. Em viét script tw dong phat hién

locator nao con dung dwoc, locator nao chét — code thé nao?

Vi sao interviewer héi: Test em c6 biét viét tooling cho team, khéng chi viét test.
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import org.openga.selenium.By;

import org.openga.selenium.WebDriver;
import java.util.*;

import java.util.stream.Collectors;

public class LocatorHealthChecker {

public record LocatorHealth(String name, By locator, boolean found, int count, String erro

private final WebDriver driver;
private final Map<String, By> locatorRegistry;

public LocatorHealthChecker (WebDriver driver) {
this.driver = driver;
this.locatorRegistry = new LinkedHashMap<>();

public LocatorHealthChecker register(String name, By locator) {
locatorRegistry.put(name, locator);
return this;

public List<LocatorHealth> checkAll() {
return locatorRegistry.entrySet().stream()
.map(e -> checkOne(e.getKey(), e.getValue()))
.collect(Collectors.toList());

private LocatorHealth checkOne(String name, By locator) {
try {
List<WebElement> elements = driver.findElements(locator);
return new LocatorHealth(name, locator, !elements.isEmpty(), elements.size(), null)
} catch (Exception e) {
return new LocatorHealth(name, locator, false, 0, e.getMessage());

public void printReport() {
List<LocatorHealth> results = checkAll();

long total = results.size();
long broken = results.stream().filter(r -> !r.found()).count();

System.out.println("=".repeat(70));

System.out.printf ("LOCATOR HEALTH REPORT — %d/%d broken (%.1f%%)%n",
broken, total, broken * 100.0 / total);

System.out.println("=".repeat(70));

for (LocatorHealth r : results) {

String status = r.found() ? "#@"
String detail = r.found()

? String.format("found %d element(s)", r.count())

"NOT FOUND";

System.out.printf("%s %-30s %s%n", status, r.name(), detail);
if (r.error() != null) {

System.out.printf(" L Error: %s%n", r.error());
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St dung dé health-check toan b LoginPage:

@Test
void healthCheckLoginPagelLocators() {
driver.get("https://app.example.com/login");

new LocatorHealthChecker (driver)
.register("email_input", By.cssSelector("[data-testid="email']"))
.register("password_input", By.cssSelector("[data-testid="'password']"))
.register("submit_button", By.cssSelector("[data-testid="'submit']"))
.register("forgot_password_link", By.linkText("Quén mat khau"))
.register("signup_1link", By.cssSelector("a[href="'/signup']"))
.register("error_message", By.cssSelector(".error-banner"))
.printReport();

email_input found 1 element(s)
password_input found 1 element(s)
submit_button found 1 element(s)
forgot_password_link NOT FOUND
signup_1link found 1 element(s)
error_message NOT FOUND

Pro tip — Gan vao CI:

# .github/workflows/locator-health-check.yml
name: Daily Locator Health Check
on:
schedule:
- cron: '@ 6 * * *' # 6h sang méi ngay
jobs:
check:
runs-on: ubuntu-latest
steps:
- uses: actions/checkout@v4
- name: Run health check
run: mvn test -Dtest=LocatorHealthSuite
- name: Notify if broken > 10%
if: failure()
run: |
curl -X POST -H 'Content-type: application/json' \
--data '{"text":"4\ Locator broken rate > 10% — dev da d6i UI"}' \
${{ secrets.SLACK_WEBHOOK }}

- Phat hién locator v& truéc khi suite chay dém fail hang loat. Bao cho dev kip thoi.

Anh Tester https://anhtester.com

Trang 7 / 66



https://anhtester.com/

Cau 4. Em phat hién code team tron implicit wait va explicit wait. Em viét utility
class wait chuan dé ca team diing — code thé nao?

Vi sao interviewer héi: Cau nay test em c6 biét design API cho team dung, khong chi viét test.
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import org.openga.selenium.*;

import org.openga.selenium.support.ui.ExpectedCondition;
import org.openga.selenium.support.ui.ExpectedConditions;
import org.openga.selenium.support.ui.WebDriverWait;
import java.time.Duration;

import java.util.List;

import java.util.function.Function;

/**
* Wait utility chudn cho ca team.
* QUY TAC: KHONG dung implicit wait & bdt ky dau trong project.
* Moi wait phdi di qua class nay.
*/
public class WaitUtils {

private static final Duration DEFAULT_TIMEOUT = Duration.ofSeconds(10);
private static final Duration POLLING_INTERVAL = Duration.ofMillis(500);

private final WebDriver driver;
private final WebDriverWait wait;

public WaitUtils(WebDriver driver) {
this(driver, DEFAULT_TIMEOUT);

public wWaitUtils(WebDriver driver, Duration timeout) {
this.driver = driver;
this.wait = new WebDriverWait(driver, timeout);
this.wait.pollingEvery(POLLING_INTERVAL);
.wait.ignoring(StaleElementReferenceException.class);

public WebElement forClickable(By locator) {

return wait.until(ExpectedConditions.elementToBeClickable(locator));

public WebElement forVisible(By locator) {
return wait.until(ExpectedConditions.visibilityOfElementLocated(locator));

public boolean forInvisible(By locator) {
return wait.until(ExpectedConditions.invisibilityOfElementLocated(locator));

public List<webElement> forAllVisible(By locator) {
return wait.until(ExpectedConditions.visibilityOfAllElementsLocatedBy(locator));

public WebElement forPresent(By locator) {
return wait.until(ExpectedConditions.presenceOfElementLocated(locator));
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public boolean forTextToBe(By locator, String expectedText) {
return wait.until(ExpectedConditions.textToBe(locator, expectedText));

public boolean forAttributeToBe(By locator, String attr, String value) {
return wait.until(ExpectedConditions.attributeToBe(locator, attr, value));

public boolean forUrlContains(String fragment) {
return wait.until(ExpectedConditions.urlContains(fragment));

public boolean forTitleContains(String fragment) {
return wait.until(ExpectedConditions.titleContains(fragment));

public <T> T forCustom(Function<WebDriver, T> condition) {
return wait.until(condition::apply);

public void forPageReady() {
wait.until(d -> ((JavascriptExecutor) d)
.executeScript("return document.readyState").equals("complete"));

public void forJQueryIdle() {
wait.until(d -> {

try {

Long active = (Long) ((JavascriptExecutor) d)
.executeScript("return jQuery.active");

return active != null && active == 0;

} catch (Exception e) {
return true; // khéng cé jQuery — coi nhw idle

BaseTest cau hinh driver KHONG implicit wait:
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public abstract class BaseTest {
protected WebDriver driver;
protected WaitUtils wait;

@BeforeEach
void setUp() {
driver = DriverFactory.createChromeDriver();

// QUAN TRONG: implicit wait phai = © (khéng dung)
driver.manage().timeouts().implicitlywait(Duration.ZERO);

wait = new WaitUtils(driver);

@AfterEach
void tearDown() {
if (driver !'= null) driver.quit();

Page Object dung WaitUtils:

public class LoginPage extends BasePage {
private final By emailInput = By.id("email");
private final By submitBtn = By.cssSelector("[data-testid="'submit']");
private final By dashboardHeader = By.id("dashboard-header");

public LoginPage(WebDriver driver) {
super (driver);

public DashboardPage loginAs(String email, String password) {
wait.forVisible(emailInput).sendKeys(email);
wait.forVisible(By.id("password")).sendKeys(password);
wait.forClickable(submitBtn).click();

// Cho navigation hoan tat
wait.forUrlContains("/dashboard");

wait.forVisible(dashboardHeader);

return new DashboardPage(driver);

Cach giai thich cho team:
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// TRUOC KHI fix — tron implicit + explicit
public class BadLoginPage {
public BadLoginPage(WebDriver driver) {
// Implicit wait set & dau d6 trong BaseTest
driver.manage().timeouts().implicitlywait(Duration.ofSeconds(10));

// Explicit wait LAI & day — timeout cong dén KHONG kiém soat duogc
new WebDriverWait(driver, Duration.ofSeconds(10))
.until(ExpectedConditions.elementToBeClickable(By.id("submit")));

// M SAU KHI fix
public class GoodLoginPage {
public GoodLoginPage(WebDriver driver) {
// Implicit wait = @ & BaseTest
// Explicit wait qua WaitUtils — 100% kiém soat dwoc timing
wait.forClickable(By.id("submit"));

// SO liéu dé thuyét phuc team:

// Truéc: suite flaky 15%, trung binh 1 test fail tén 24s timeout
// Sau: suite flaky 2%, trung binh 1 test fail tén 10s timeout
// Tiét kiém: ~14s x 100 test x 5 lan fail/ngay = 116 phdt/ngay

Cau 5. Em dworc giao refactor test cii day Tthread.sleep . Vi€t quy trinh refactor an

toan — bao gom code "before/after" cho mot sleep cu thé.
Vi sao interviewer héi: Test em c6 biét refactor incremental, khdng pha test dang pass.

Quy trinh 4 bwéc:
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// ==
// BUGC 1: Poc context cla sleep — comment intent vao code
// ==
public class LegacyCheckoutTest {

public void completeCheckout() {
driver.findElement(By.id("add-to-cart")).click();
Thread.sleep(2000); // ???
driver.findElement (By.id("checkout-btn")).click();
Thread.sleep(3000); // ?2??
driver.findElement (By.id("confirm")).click();
Thread.sleep(5000); // ???
Assert.assertTrue(driver.findElement(By.id("success")).isDisplayed());

// Sau khi doc va comment intent:
public class LegacyCheckoutTestAnnotated {

public void completeCheckout() {
driver.findElement(By.id("add-to-cart")).click();
Thread.sleep(2000); // INTENT: chd cart counter cap nhat

driver.findElement (By.id("checkout-btn")).click();
Thread.sleep(3000); // INTENT: chd navigate sang trang checkout

driver.findElement (By.id("confirm")).click();
Thread.sleep(5000); // INTENT: cho payment API response

Assert.assertTrue(driver.findElement(By.id("success")).isDisplayed());

// ==
// BUGC 2: Thay TUNG sleep MOT, khong thay t&dt ca cung luc
//

// X TRUOGC: sleep ctng 2 giay
driver.findElement(By.id("add-to-cart")).click();
Thread.sleep(2000); // INTENT: chd cart counter cap nhat

// M SAU: cho diéu kién cu thé (text cla counter)
driver.findElement (By.id("add-to-cart")).click();
new WebDriverWait(driver, Duration.ofSeconds(5))
.until(ExpectedConditions.textToBePresentInElementLocated(
By.id("cart-counter"), "1"

));

// Hoac néu counter chi don gian la tang:
String oldCount = driver.findElement(By.id("cart-counter")).getText();
driver.findElement (By.id("add-to-cart")).click();
new WebDriverWait(driver, Duration.ofSeconds(5))
.until(d -> !d.findElement(By.id("cart-counter")).getText().equals(oldCount));
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Test runner dé verify refactor an toan:

public class RefactorSafetyRunner {

Jx*
* Chay test N lan lién tiép, in ti 1& pass va thoi gian trung binh.
* DUng trudéc va sau refactor dé so sanh.
*/
public static void runStabilityTest(Runnable testMethod, int iterations) {
int passed = 0, failed = 0;
long totalTime = 0;
List<String> failures = new ArraylList<>();

for (int i = 1; i <= iterations; i++) {
long start = System.currentTimeMillis();
try {
testMethod.run();
passed++;
System.out.printf("Run %d: M PASS (%dms)%n",
i, System.currentTimeMillis() - start);
} catch (Throwable t) {
failed++;
failures.add("Run " + i + ": " + t.getMessage());
System.out.printf("Run %d: FAIL — %s%n", i, t.getMessage());
}

totalTime += (System.currentTimeMillis() - start);

System.out.println("\n" + "=".repeat(60));
System.out.printf("Stability: %d/%d passed (%.1f%%)%n",

passed, iterations, passed * 100.0 / iterations);
System.out.printf("Avg time: %.1fs%n'", totalTime / 1000.0 / iterations);
System.out.println("=".repeat(60));

// St dung:
@Test
void measureCheckoutStability() {
RefactorSafetyRunner.runStabilityTest (
() -> new CheckoutFlow(driver).completeCheckout(),
20 // chay 20 lan

)5

Sleep dwgc phép gilv — phai c6 comment giai thich:
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// === SLEEP HQP LE ===

// Ly do: CSS animation slide-in 300ms, khong cé hook dé detect két thuc
// Pa thk: animationend event khong fire trong Firefox

// TODO: néu Firefox fix bug, refactor thanh waitForAnimation()
Thread.sleep(350);

// === SLEEP HQP LE ===

// Ly do: reproduce race condition c6é y cho test concurrent
// Khong duoc x6a — day la diém test critical
Thread.sleep(1000);

Cau 6. Test pass local nhwng fail trén Cl v&i staleElementReferenceException . Em viét
helper retry va quy wéc cho team — code thé nao?

Vi sao interviewer héi: Cau nay check em c6 biét viét defensive code ma khdéng che bug.
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import org.openga.selenium.*;
import java.time.Duration;
import java.util.function.Supplier;

public class StaleResistantActions {

private static final int MAX_RETRY = 3;
private static final Duration RETRY_INTERVAL = Duration.ofMillis(300);

/**
* Retry action khi gap StaleElementReferenceException.
* KHONG retry vdi cac exception khac — dé chdng bubble 1én.
*/
public static <T> T retryOnStale(Supplier<T> action) {
StaleElementReferenceException lastException = null;

for (int attempt = 1; attempt <= MAX_RETRY; attempt++) {
try {
return action.get();
} catch (StaleElementReferenceException e) {
lastException = e;
System.out.printf("4\ Stale element, retry %d/%d%n", attempt, MAX_RETRY);
sleep(RETRY_INTERVAL);

throw new RuntimeException(
"Stale element after " + MAX_RETRY + " retries", lastException);

public static void retryOnStale(Runnable action) {
retryonStale(() -> { action.run(); return null; });

private static void sleep(Duration duration) {
try {
Thread.sleep(duration.toMillis());
} catch (InterruptedException e) {
Thread.currentThread().interrupt();

Pattern dung ding — khong Iwu reference lau:
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public class ProductListPage extends BasePage {

private final By productCards By.cssSelector(".product-card");
private final By addToCartBtn By.cssSelector(".add-to-cart");

// SAI — luwu list element, sau khi click 1 cai, 1list bi re-render
public void addAllToCartBad() {
List<WebElement> cards = driver.findElements(productCards);
for (WebElement card : cards) {
card.findElement (addToCartBtn).click(); // StaleException!

// M PUNG — index by position, re-find méi iteration
public void addAllToCartGood() {
int count = driver.findElements(productCards).size();

for (int 1 = 0; i < count; i++) {
// Re-find list méi vong lap
WebElement card = driver.findElements(productCards).get(i);
card.findElement (addToCartBtn).click();

// Cho DOM &6n dinh trudc iteration tiép
wait.forJQueryIdle();

// M PUNG — dung helper retryoOnStale cho truong hop phic tap
public void addProductToCart(int productIndex) {
StaleResistantActions.retryOnStale(() -> {
List<WebElement> cards = driver.findElements(productCards);
cards.get(productIndex).findElement(addToCartBtn).click();

Code review checklist — quy wé&c team:
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QUY UGC TEAM vé xr ly WebElement (dat trong CONTRIBUTING.md):

1. KHONG luu WebElement vao field ciha class
private WebElement submitBtn;
M private final By submitBtn = By.id("submit");

KHONG dung bién WebElement dai qua 10 dong code
Néu can dung nhiéu lan — find lai

KHONG tuwong tac voi WebElement sau khi navigate/refresh
Moi reference cili déu stale sau page change

DUNG StaleResistantActions.retryonStale() cho dynamic content
Khi khéng tranh dugc phdi luu reference tam thoi

KHONG retry nhiéu hon 3 1an
Nhiéu hon = che bug, khéng phdi x& ly stale

Cau 7. Test form dang ky 15 trwo'ng — desigh code POM nang cao véi data builder.
Viét du 3 1&p: page, builder, test.

Vi sao interviewer héi: Cau nay test em cé biét design system, khdng chi viét mét class.

LOP 1 — Page class:
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import org.openga.selenium.By;
import org.openga.selenium.WebDriver;

public class RegistrationPage extends BasePage {

private
private
private
private
private
private
private
private
private
private
private
private
private
private
private

private

Locators (final, dat dau class)

final
final
final
final
final
final
final
final
final
final
final
final
final
final
final

final

By
By
By
By
By
By
By
By
By
By
By
By
By
By
By

By

firstNameInput = By.cssSelector("[data-testid="'first-name']");
lastNameInput = By.cssSelector("[data-testid="'last-name']");
emailInput = By.cssSelector("[data-testid="email']");
passwordInput = By.cssSelector('"[data-testid="'password']");

confirmPasswordInput = By.cssSelector("[data-testid='confirm-password']");

phoneInput = By.cssSelector("[data-testid="phone']");
dobInput = By.cssSelector("[data-testid="dob']");
genderRadio = By.name('"gender");

countrySelect = By.cssSelector("[data-testid="country']");
citySelect = By.cssSelector("[data-testid="city']");
addressInput = By.cssSelector("[data-testid="address']");
zipInput = By.cssSelector("[data-testid="zip']");

newsletterCheckbox = By.cssSelector("[data-testid="newsletter']");

termsCheckbox = By.cssSelector("[data-testid="'terms']");
submitBtn = By.cssSelector("[data-testid="submit']");

errorAlert = By.cssSelector(".error-alert");

public RegistrationPage(WebDriver driver) {
super (driver);

public RegistrationPage open() {
driver.get(config.getBaseUrl() + "/register");
wait.forVisible(firstNameInput);
return this;

// KHONG c6 15 method setter riéng 1é

// CHI c6 mot method fillForm nhan object data

public RegistrationPage fillForm(RegistrationData data) {
type(firstNameInput, data.firstName());
type(lastNameInput, data.lastName());
type(emailInput, data.email());
type(passwordInput, data.password());
type(confirmPasswordInput, data.password()); // dung lai password
type(phoneInput, data.phone());
type(dobInput, data.dateOfBirth());
selectRadio(genderRadio, data.gender());
selectDropdown(countrySelect, data.country());
selectDropdown(citySelect, data.city());
type(addressInput, data.address());
type(zipInput, data.zipCode());

if (data.subscribeNewsletter()) check(newsletterCheckbox);
if (data.acceptTerms()) check(termsCheckbox);

return this;
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public DashboardPage submitExpectingSuccess() {
click(submitBtn);
wait.forUrlContains("/welcome");
return new DashboardPage(driver);

public RegistrationPage submitExpectingError() {
click(submitBtn);
wait.forVisible(errorAlert);
return this;

public String getErrorMessage() {
return wait.forVisible(errorAlert).getText();

LOP 2 — Data record + Builder:
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// Record bat bién — Java 16+
public record RegistrationData(

String firstName,

String lastName,

String email,

String password,

String phone,

String dateOfBirth,

String gender,

String country,

String city,

String address,

String zipCode,

boolean subscribeNewsletter,

boolean acceptTerms

) {3

public class RegistrationDataBuilder {
// Defaults — da sb6 test dung gia tri nay
private String firstName = "Test";
private String lastName = "User";
private String email = "test" + System.currentTimeMillis() + "@example.com";
private String password = "Test@1234";
private String phone = "0901234567";
private String dateOfBirth = "1990-01-15";
private String gender = "male";
private String country = "Vietnam";
private String city = "Ho Chi Minh";
private String address = "123 Test Street";
private String zipCode = "70000";
private boolean subscribeNewsletter = false;
private boolean acceptTerms = true;

Builder methods cho tung field
public RegistrationDataBuilder withEmail(String email) {
this.email = email;
return this;

public RegistrationDataBuilder withPassword(String password) {
this.password = password;
return this;

Preset methods cho cac kich ban pho bién
public RegistrationDataBuilder validData() {
// defaults da hop 1é — khdéng thay d6i gi
return this;

public RegistrationDataBuilder withMissingEmail() {
this.email = "";
return this;

public RegistrationDataBuilder withInvalidEmail() {
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this.email = "not-an-email";
return this;

public RegistrationDataBuilder withMismatchedPassword() {
this.password = "weak";
return this;

public RegistrationDataBuilder withoutAcceptingTerms() {
this.acceptTerms = false;
return this;

public RegistrationData build() {
return new RegistrationData(
firstName, lastName, email, password, phone, dateOfBirth,
gender, country, city, address, zipCode,
subscribeNewsletter, acceptTerms

LOP 3 — Test class (sach, doc nhw tiéng Anh):
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public class RegistrationTests extends BaseTest {

@Test
@DisplayName("User dang ky voi data hop 1é — chuyén sang welcome page")
void shouldRegisterSuccessfully() {
RegistrationData data = new RegistrationDataBuilder ()
.validData()
.build();

DashboardPage dashboard = new RegistrationPage(driver)
.open()
.fillForm(data)
.submitExpectingSuccess();

assertThat (dashboard.getWelcomeMessage())
.contains("Xin chao " + data.firstName());

@Test
@DisplayName("Email khéng hop 1é — hién thi 16i")
void shouldShowErrorForInvalidEmail() {
RegistrationData data = new RegistrationDataBuilder ()
.withInvalidEmail()
.build();

String error = new RegistrationPage(driver)
.open()
.fillForm(data)
.submitExpectingError()
.getErrorMessage();

assertThat(error).contains("Email khdng ding dinh dang");

@Test
@DisplayName("Khéng tick diéu khoadn — submit bi chan")
void shouldBlockSubmitWithoutAcceptingTerms() {
RegistrationData data = new RegistrationDataBuilder ()
.withoutAcceptingTerms()
.build();

String error = new RegistrationPage(driver)
.open()
.fillForm(data)
.submitExpectingError()
.getErrorMessage();

assertThat(error).contains("Ban phai déng y diéu khodn");

Lo ich design nay:
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UI d6i - chi skra RegistrationPage (1 file)
Thém field méi — thém 1 dong vao record + 1 dong vao fillForm

Kich ban test mdéi - thém preset method vao builder (1 dong)
Test case - doc nhuw tiéng Anh ty nhién, khéong lo chi tiét ky thuat

Cau 8. Test SPA React — element em dang gil¢r bi unmount sau khi click. Code xtp
ly chuan va pattern cho team.

Vi sao interviewer héi: Cau nay check em c6 hi€éu React lifecycle va testing pattern hién dai.
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public class ReactPageHelpers {

private final WebDriver driver;
private final WaitUtils wait;

public ReactPageHelpers(WebDriver driver) {
this.driver = driver;
this.wait = new WaitUtils(driver);

/‘k*
* Pattern: Cho STATE MOI 6n dinh, khong cho element cii bién méat.
*/
public <T> T clickAndwWaitForNewState(By clickTarget, By newStateIndicator,
Function<wWebDriver, T> resultExtractor) {
wait.forClickable(clickTarget).click();

// Cho element cla state MOI xudt hién
wait.forVisible(newStateIndicator);

// Optional: cho React idle (khong con re-render dang chay)
waitForReactIdle();

return resultExtractor.apply(driver);

J*
* Cho React khéng con pending updates.
*/
public void waitForReactIdle() {
wait.forCustom(d -> {
JavascriptExecutor js = (JavascriptExecutor) d;
try {
// React 18 — kiém tra concurrent rendering
Object isIdle = js.executeScript(
"if (window.__ REACT_DEVTOOLS GLOBAL_HOOK_ ) {" +
" var hook = window.__REACT_DEVTOOLS_GLOBAL_HOOK__ ;" +
" return Object.keys(hook.renderers || {}).length > 0;" +
nynoy
"return true;"
)i
return Boolean.TRUE.equals(isIdle);
} catch (Exception e) {
return true; // Khéng cé React DevTools — coi nhu idle

Jxx
* Click moét button ma sau khi click, button text d6i (loading state).
* Pattern: button cung data-testid nhung text khac.

*/
public void clickAndwWaitForReady(By buttonLocator) {
WebElement button = wait.forClickable(buttonLocator);
String originalText = button.getText();
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button.click();

// Cho button tré lai text goc (loading - ready)
wait.forCustom(d -> {
try {
String currentText = d.findElement(buttonLocator).getText();
return currentText.equals(originalText);

} catch (StaleElementReferenceException e) {
return false;

St dung pattern nay:
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public class TodoListPage extends BasePage {

private final By addBtn = By.cssSelector("[data-testid="'add-todo']");

private final By todoInput = By.cssSelector("[data-testid='todo-input']");
private final By todoItems = By.cssSelector("[data-testid='todo-item']");
private final By todoCount = By.cssSelector("[data-testid='todo-count']");

private final ReactPageHelpers reactHelpers;

public TodoListPage(WebDriver driver) {

/**

super (driver);
this.reactHelpers = new ReactPageHelpers(driver);

* Add todo — React re-render list sau khi add.
* Pattern: cho count tang thay vi gilt reference 1list ci.

*/

public TodoListPage addTodo(String text) {

/**

int oldCount = getTodoCount();

type(todoInput, text);

reactHelpers.clickAndwaitForNewState(
addBtn,

By.cssSelector("[data-testid="'todo-item']:nth-child(" + (oldCount + 1) + ")"),

d -> null
)

return this;

* Delete todo theo index — React unmount item va shift cac item khac.

*/

public TodoListPage deleteTodoAt(int index) {

int oldCount = getTodoCount();
String todoTextBefore = getTodoTextAt(index);

// Click delete button cua item index
wait.forClickable(

By.cssSelector("[data-testid="'todo-item']:nth-child(" + (index + 1) + ")
).click();

// Cho count giam
wait.forCustom(d -> getTodoCount() == oldCount - 1);

return this;

public int getTodoCount() {

return driver.findElements(todoItems).size();

public String getTodoTextAt(int index) {

Anh Tester

return driver.findElements(todoItems).get(index).getText();
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Anti-pattern trong React testing:

// DUNG sleep sau khi click
button.click();
Thread.sleep(500); // React render time variable

// DUNG gilt reference qua re-render

WebElement item = driver.findElement(By.cssSelector(".todo-item"));
button.click(); // c6 thé trigger re-render

item.getText(); // StaleElementReferenceException

// PUNG dung XPath dai duwa vao DOM structure
By.xpath("//div[3]/div[2]/ul/1i[5]/span") // React do6i DOM thuong xuyén

// M PUNG: dung data-testid 6n dinh qua moi state
By.cssSelector("[data-testid="'todo-item-5"']")

Cau 9. Em la interviewer phéng van junior cho team. Viét code 1 bai test ngan dé
danh gia rng vién — kém rubric cham.

Vi sao interviewer héi: Cau nay danh cho senior — test kha nang design assessment va danh gia nguoi
khéac.

Pé bai dwa cho rng vién:

/**
* BAI TEST — 30 PHUT

trang https://demo-app.com/login voi:

Input email: id="email"

Input password: id="password"

Button submit: id="submit-btn"

Error message: class="error-message" (xudt hién sau khi submit fail)
Welcome page URL chitra "/dashboard" sau khi login thanh coéng

Yéu cau:

1. Viét 1 test case kiém tra login fail vé&i password sai

2. Verify error message hién thi didng "Invalid credentials"
3. Code phai co6 thé chay lai nhiéu 1an 6n dinh

Ban c6 thé dung IDE, search Google, KHONG dugc dung ChatGPT.
*/
public class LoginTest {
// TODO: viét code & day

Rubric cham 5 mirc (interviewer dling):
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public class InterviewRubric {

/‘k*
* MUC 1 — KHONG PAT (1/5)
* Code khong chay dugc, syntax error, khéng biét cadu truic co ban.
*/
public class Levell NotWorking {
// findElement viét sai, khong c6é WebDriver setup
// - Loal ngay

Jx*
* MUC 2 — BASIC (2/5)
* Test chay duwoc nhung cé Thread.sleep hodc implicit wait kiéu mu.
*/
public class Level2 Basic {
@Test
public void testLoginFail() throws InterruptedException {
driver.get("https://demo-app.com/login");
Thread.sleep(2000); // > Sleep mu

driver.findElement(By.id("email")).sendKeys("test@test.com");
driver.findElement (By.id("password")).sendKeys("wrongpass");
driver.findElement (By.id("submit-btn")).click();

Thread.sleep(2000); // > Sleep mu
String error = driver.findElement(By.className("error-message")).getText();
Assert.assertEquals(error, "Invalid credentials");

3

// - C6 thé tuyén cho intern, nhung can training

/**
* MUC 3 — BAT (3/5)
* CO explicit wait, coO teardown, khong c6 anti-pattern 1on.
*/
public class Level3_Acceptable {
WebDriver driver;
WebDriverWait wait;

@BeforeEach
void setUp() {
driver = new ChromeDriver();
wait = new WebDriverWait(driver, Duration.ofSeconds(10));

@AfterEach
void tearDown() {
if (driver !'= null) driver.quit();

@Test
void testLoginFail() {
driver.get("https://demo-app.com/login");

driver.findElement(By.id("email")).sendKeys("test@test.com");
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driver.findElement (By.id("password")).sendKeys("wrongpass");
driver.findElement (By.id("submit-btn")).click();

WebElement error = wait.until(
ExpectedConditions.visibilityOfElementLocated(By.className("error-message"))

)

Assert.assertEquals(error.getText(), "Invalid credentials");

}

// - Tuyén duwgc cho junior position

/**
* MUC 4 — TOT (4/5)
* C6 POM, c6 constants, c6 comment.
*/
public class Level4_Good {
// CO6 LoginPage class riéng, c6 URL constant
// C6 @BeforeEach setup driver, @AfterEach cleanup
// Code doc dé hiéu, bién d&t tén t6t
// — Tuyén dugc cho mid-level

Jx
* MUOC 5 — XUAT SAC (5/5)
* C6 POM + thoughts vé test stability, mentions retry pattern,
* héi clarifying questions vé requirements trudc khi code.
*/
public class Level5_Excellent {
// Bat dau bang cau hoi: "Login fail c6 nhiéu case khéng (sai email,
// sai password, account locked)? Em viét case nao cu thé?"
//
// P& xudt: "Em sé dung @ParameterizedTest cho nhiéu case fail khac nhau"
//
// Code co:
// - POM pattern
// - Constants/config riéng
// - Explicit wait vé&i condition cu thé (elementToBeClickable cho button)
// Verify cad URL khong d6i (van & /login) — khéng chi verify error text
// Comment gidi thich lwa chon locator
//
// Tuyén duoc cho senior position

Cau hoi follow-up theo level:
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public class FollowUpQuestions {

// H6i MQI (ng vién (ké ca level 2-3):
String gl = "Test nay cé thé chay song song voi 9 instance khac khéng? Vi sao?";
String g2 = "N&éu password sai, em verify gi dé chac chan login KHONG thanh céng?";

// Héi level 3-4:
String g3 = "Locator By.className('error-message') c6 rui ro gi khong?";
String g4 = "NEu sau 1 thang dev d6i class name, em handle thé nao?";

// Héi level 4-5:
String g5 = "Suite c6 200 test login nhw nay, em refactor ra sao?";
String g6 = "Khi nao em chuyén login qua API thay vi UI?";

Cau 10. Ban giao suite test cho team méi. Viéet README + mot file documentation

guan trong nhat theo em.
Vi sao interviewer héi: Cau nay check em c6 nghi vé sustainability dai han.

File 1 — README.md (technical onboarding):
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# Selenium E2E Test Suite
## Quick Start

" “bash

# Yéu cau: Java 17+, Maven 3.8+, Chrome browser

git clone <repo>

cd selenium-e2e-suite

cp .env.example .env # Dién credentials test environment

# Chay smoke tests (5 phut)
mvn test -Pgroups=smoke

# Chay regression (45 phat)
mvn test -Pgroups=regression

## Project Structure

src/
— main/java/com/company/
| — config/ # ConfiglLoader doc .env va config.properties
| — driver/ # DriverFactory + DriverManager (ThreadLocal)
| — pages/ # Page Object classes
| F— utils/ # WaitUtils, ElementUtils, ApiClient
| L— data/ # Test data builders
L— test/java/com/company/tests/
— smoke/ # 5-10 critical tests, chay méi PR
— regression/ # 200+ tests, chay nightly
L— e2e/ # Full user journey tests

## Environment Variables

| vVariable | Required | Default | Description |

[ e S

| BASE_URL | Yes | - | App URL (e.g. https://staging.app.com) |
| TEST_USER_EMAIL | Yes | - | Account dung cho test |

| TEST_USER_PASSWORD | Yes | - | Mat khau account |

| BROWSER | No | chrome | chrome, firefox, edge |

| HEADLESS | No | false | true/false |

| PARALLEL_THREADS | No | 4 | S6 test chay song song |

File 2 — DECISIONS.md (TAI LIEU QUAN TRONG NHAT):
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# Architecture Decision Records

> File nay ghi lai VI SAO team duwa ra cac quyét dinh k¢ thuat.
> Khi doc code khéng hiéu vi sao lam cach nay, hady doc file nay TRUOC khi refactor.

## ADR-001: Dung Selenium 4 + JUnit 5, khoéng phai Playwright/Cypress

**Date:** 2024-03-15
**Status:** Accepted

### Context
Team c6 4 dev/QA, stack Java backend, app web Angular. Can chon framework test E2E.

### Decision
Selenium 4 + JUnit 5 + Maven.

### Rationale

1. Toan team da quen Java — khong can hoc stack JavaScript méi
2. CI/CD da c6 Maven pipeline — khéng can dau tuw thém

3. App c6 khach dung Safari — Cypress khong hé trg Safari

4., Stability nganh 15+ nam — risk thap khi team rotate

### Consequences

- Setup cham hon Cypress (~2 ngay so v&i 1 gio)

- Cu phap verbose hon Cypress/Playwright

- P6i lai: chay duoc moi browser, tich hop Java ecosystem tot

### When to reconsider

- Néu team chuyén sang full JavaScript stack
- Néu Selenium release breaking changes 16n
- Néu Playwright thém Java support tdét hon

## ADR-002: KHONG dung implicit wait, BAT BUOC explicit wait

**Date:** 2024-04-02
**Status:** Accepted

### Context
Suite ban dau flaky 15%, debug ra do trdén implicit + explicit wait.

### Decision

- “driver.manage().timeouts().implicitlywait(Duration.ZERO) & BaseTest
- Moi wait phai dung "WaitUtils® class

- Code review reject PR c6 “driver.findElement” khong qua wait

### Rationale

Tron implicit + explicit gay timeout cdng don khong kiém soat. Pa do:
- Truoc: avg test fail timeout 24s, flaky 15%

- Sau: avg test fail timeout 10s, flaky 2%

### Consequences
- Code dai hon (méi find phai qua wait)
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- P6i lai: test deterministic, debug dé

## ADR-003: Test data sinh qua API, khdng hard-code

**Date:** 2024-05-10
**Status:** Accepted

### Context
Test can user data. C6 3 luwa chon: hard-code, file JSON, sinh qua API.

### Decision
Sinh qua API v&i "UserDataBuilder.create()".

### Rationale

- Test doc lap (mbéi test c6 user riéng, chay song song duoc)
- Data ludn fresh (khdng bi stale nhu hard-code)

- API la contract 6n dinh hon database schema

### Consequences

- Can API endpoint cho test data (dev da expose /api/test/users’)
- Cleanup data sau test (da c6é "@AfterEach” cleanup)

## ADR-004: Login qua API + cookie injection, KHONG qua UI

**Date:** 2024-06-20
**Status:** Accepted

### Context
85% test case can login. Login qua UI mat ~6 giay/test.

### Decision
‘LoginHelper.loginViaApi() ™ — lay token qua POST /api/auth/login, inject vao cookie/localStorag

### Rationale

- Tiét kiém 6s x 200 test = 20 phut/lan chay

- Login UI van dugc test riéng trong 5 test dedicated
### Trade-off

- Khéng test dugc full login UI mdi 1lan
- P6i lai: suite chay 18 phut thay vi 38 phut

## ADR-005: Browser tools khdong dung JS click

**Date:** 2024-08-05
**Status:** Accepted

### Context
Co6 PR dé xuat default click qua JavaScript executor dé "én dinh hon".

### Decision
JavaScript click chi dung khi ‘ElementClickInterceptedException” that su xay ra. Moi PR c6 "js.
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### Rationale
JS click bypass tat ca check clha browser (visible, enabled, intercepted). Test pass nhung user

### Real incident
PR-2845 dung JS click cho nut "Mua hang" - test pass - user that khéng mua dugc vi c6 overlay a

## Notes for future maintainers

- **Khi mudn refactor mot quyét dinh nao & trén**, doc lai "Context" va "Real incident" trudc
- **khi thém quyét dinh méi**, follow format ADR nay
- **pling x6a ADR cli** — ké ca khi da reverse decision, gilr lai voi status "Superseded by ADR-XX

Buéi knowledge transfer (khéng phai file, nhwng critical):

## Knowledge Transfer Session Plan (3 bu6i x 1 gio®)

### Bub6i 1: Walkthrough code

- Demo chay smoke test local

- Walk qua 1 test case tlr dau dén cudi

- M& 1 Page Object class — giai thich pattern
- Q&A

### Bub6i 2: Walkthrough infrastructure
- CI/CD pipeline (.github/workflows)

- Test data lifecycle (tao, cleanup)

- Cach debug khi test fail trén CI

### Bu6i 3: Pain points va TODOs

- 5 test dang flaky — da biét nguyén nhan, chuwa fix
- 3 page chua c6 data-testid — dang ping dev

- Roadmap: chuyén sang Allure 3.x quy sau

- Record video lai cac budi nay. Nguoi méi join 6 thang sau xem lai duoc.
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Phan 2 — Framework va best practices (10 cau)

Cau 11. CAau truc project Maven chuan cho Selenium

selenium-framework/

F— pom.xm1l
— src/
— main/java/
L— com/company/automation/
— config/ # config loader, properties
— driver/ # DriverFactory, DriverManager
— pages/ # Page Objects
| — BasePage.java
| — LoginPage.java
| L— DashboardPage.java
— components/ # reusable UI parts (header, modal)
L— utils/ # helpers, waits, file ops

— java/

| L— com/company/automation/tests/
— BaseTest.java

— LoginTests.java

L— checkoutTests.java

|

|

|

L— resources/
— config.properties

— testdata/ # JSON, CSV test data
L— log4j2.xml

|
|
|
|
|
|
|
|
|
|
| L— test/
|
|
|
|
|
|
|
|
|

L— target/
— allure-results/
L— screenshots/

pom.xml chinh (Selenium 4 + JUnit 5):
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<dependencies>

<dependency>
<groupId>org.seleniumhq.selenium</groupId>
<artifactId>selenium-java</artifactId>
<version>4.18.1</version>

</dependency>

<dependency>
<groupId>org.junit.jupiter</groupId>
<artifactId>junit-jupiter</artifactId>
<version>5.10.2</version>
<scope>test</scope>

</dependency>

<dependency>
<groupId>io.gameta.allure</groupId>
<artifactId>allure-junit5</artifactId>
<version>2.25.0</version>

</dependency>

<dependency>
<groupId>org.assertj</groupId>
<artifactId>assertj-core</artifactId>
<version>3.25.3</version>

</dependency>

</dependencies>

<build>
<plugins>
<plugin>
<groupId>org.apache.maven.plugins</groupId>
<artifactId>maven-surefire-plugin</artifactId>
<version>3.2.5</version>
<configuration>
<parallel>methods</parallel>
<threadCount>4</threadCount>
</configuration>
</plugin>
</plugins>
</build>

Cau 12. Parallel Execution vé&i JUnit 5

junit-platform.properties:

junit.jupiter.execution.parallel.enabled=true
junit.jupiter.execution.parallel.mode.default=concurrent
junit.jupiter.execution.parallel.mode.classes.default=concurrent
junit.jupiter.execution.parallel.config.strategy=fixed
junit.jupiter.execution.parallel.config.fixed.parallelism=4

ThreadLocal cho WebDriver:
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public class DriverManager {
private static final ThreadLocal<WebDriver> driverThread = new ThreadLocal<>();

public static WebDriver getDriver() {
if (driverThread.get() == null) {
driverThread.set(createDriver());

}

return driverThread.get();

public static void quitDriver() {
WebDriver driver = driverThread.get();
if (driver != null) {
driver.quit();
driverThread.remove();

private static WebDriver createDriver() {
ChromeOptions options = new ChromeOptions();
options.addArguments("--headless=new");
return new ChromeDriver (options);

public class BaseTest {
@BeforeEach
void setup() {
DriverManager.getDriver();

@AfterEach
void teardown() {
DriverManager.quitDriver();

Quy téc test phai tuan thu parallel:

// Khéng dung static state chia sé
public class BadTest {
static String userId; // sé& bi race condition

@Test void testi() { userId = "123"; }
@Test void test2() { assertEquals("123", userId); } // khong dam bao

// M M6i test c6 data riéng
public class GoodTest {
@Test void testi() {
String userId = generateUniqueId();
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Cau 13. Selenium Grid 4 v&i Docker Compose

docker-compose.ymil:

version: "3"
services:
selenium-hub:

image: selenium/hub:4.18.1

container_name: selenium-hub
ports:

"4442:4442"

"4443:4443"

4444 :;4444"

chrome:
image: selenium/node-chrome:4.18.1
shm_size: 2gb
depends_on:
- selenium-hub
environment:
SE_EVENT_BUS_HOST=selenium-hub
SE_EVENT_BUS_PUBLISH_PORT=4442
SE_EVENT_BUS_SUBSCRIBE_PORT=4443
SE_NODE_MAX_SESSIONS=4
deploy:
replicas: 3

firefox:
image: selenium/node-firefox:4.18.1
shm_size: 2gb
depends_on:
- selenium-hub
environment:
- SE_EVENT_BUS_HOST=selenium-hub
- SE_EVENT_BUS_PUBLISH_PORT=4442
- SE_EVENT_BUS_SUBSCRIBE_PORT=4443

Khéi tao RemoteWebDriver:
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import org.openga.selenium.remote.RemoteWebDriver;
import java.net.URL;

public class GridDriverFactory {

public static WebDriver createRemoteDriver (String browser) throws Exception {
URL hubUrl = new URL("http://localhost:4444/wd/hub");

switch (browser.toLowerCase()) {
case "chrome":
ChromeOptions chromeOpts = new ChromeOptions();
chromeOpts.addArguments("--headless=new");
return new RemoteWebDriver (hubUrl, chromeOpts);

case "firefox":
FirefoxOptions firefoxOpts = new FirefoxOptions();
firefoxOpts.addArguments("-headless");
return new RemoteWebDriver (hubUrl, firefoxOpts);

default:
throw new IllegalArgumentException("Unknown browser: " + browser);

Khéi dong grid:

docker-compose up -d
# Truy cap http://localhost:4444 dé xem grid console

Cau 14. Test Data Management — JSON + builder pattern

testdatal/users.json:

"validUser": {
"email": "test@example.com",
"password": "Test@123",
"fullName": "Nguyén van A"

3

"invalidUser": {
"email": "invalid@example.com",
"password": "wrongpass"

Loader:
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import com.fasterxml.jackson.databind.ObjectMapper;
import com.fasterxml.jackson.databind.JsonNode;

public class TestDatalLoader {
private static final ObjectMapper mapper = new ObjectMapper();
private static JsonNode root;

static {
try {
InputStream is = TestDatalLoader.class.getResourceAsStream("/testdata/users.json");
root = mapper.readTree(is);
} catch (Exception e) {
throw new RuntimeException("Failed to load test data", e);

public static User getUser(String key) {
return mapper.convertValue(root.get(key), User.class);

Builder pattern cho data sinh dong:
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public class UserBuilder {
private String email = "user" + UUID.randomUUID() + "@test.com";
private String password = "Test@123";
private boolean verified = false;
private List<String> roles = new ArraylList<>();

public UserBuilder withEmail(String email) {
this.email = email;
return this;

public UserBuilder verified() {
this.verified = true;
return this;

public UserBuilder withRole(String role) {
this.roles.add(role);
return this;

public User build() {
return new User(email, password, verified, roles);

// Tao qua API thay vi UI
public User create() {
User user = build();
return apiClient.createUser(user); // goi API that

// St dung:
@Test
void testAdminCanAccessSettings() {
User admin = new UserBuilder ()
.verified()
.withRole("admin")
.create(); // tao qua API, nhanh hon UI

new LoginPage(driver)
.loginAs(admin.getEmail(), admin.getPassword())
.openSettings();

Cau 15. Login mot lan — Cookie injection

LoginHelper.java:
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import org.openga.selenium.Cookie;

import com.fasterxml.jackson.databind.ObjectMapper;
import java.io.File;

import java.util.Set;

public class LoginHelper {
private static final File COOKIE_FILE = new File('"target/cookies.json");
private static final ObjectMapper mapper = new ObjectMapper();

// Goi 1 1lan & @BeforeAll
public static void saveSessionCookies(WebDriver driver, String email, String password)
new LoginPage(driver).open().loginAs(email, password);

Set<Cookie> cookies = driver.manage().getCookies();
try {
mapper .writeValue(COOKIE_FILE, cookies);
} catch (Exception e) {
throw new RuntimeException("Cannot save cookies", e);

// Goi & @BeforeEach cua mdéi test

public static void restoreSessionCookies(WebDriver driver, String baseUrl)
// Phai get domain truwdc khi add cookie
driver.get(baseUrl);

try {
Cookie[] cookies = mapper.readValue(COOKIE FILE, Cookie[].class);

for (Cookie c : cookies) {
driver.manage().addCookie(c);
}
} catch (Exception e) {
throw new RuntimeException("Cannot restore cookies", e);

driver.navigate().refresh();

Cach nhanh hon — login qua API:
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public class ApilLoginHelper {

public static String getAuthToken(String email, String password) {
// Goi API login endpoint
Response response = RestAssured.given()
.contentType("application/json")
.body(Map.of("email", email, "password", password))
.post("https://api.example.com/auth/login");

return response.jsonPath().getString("token");

public static void injectAuthToken(WebDriver driver, String token) {
driver.get("https://app.example.com"); // load domain truwdc

// Set vao localStorage
((JavascriptExecutor) driver).executeScript(
"window. localStorage.setItem('authToken', arguments[0]);", token

)5

// Hoac set vao cookie
driver.manage().addCookie(new Cookie("auth_token", token, ".example.com", "/", null));

driver.navigate().refresh();

@BeforeEach

void loginViaApi() {
String token = ApiLoginHelper.getAuthToken("test@example.com", "Test@123");
ApiLoginHelper.injectAuthToken(driver, token);
// Test bat dau & trang thai da dang nhap, khéng can UI login

Cau 16. Retry Mechanism cho Flaky Tests

JUnit 5 véi @RetryingTest (ttr junit-pioneer):
import org.junitpioneer.jupiter.RetryingTest;

@RetryingTest(maxAttempts = 2, suspendForMs = 1000)
void testLoginShouldSucceed() {
// Test sé& retry téi da 1 lan néu fail

Custom Extension cho retry v&i log:
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import org.junit.jupiter.api.extension.?*;

public class RetryExtension implements TestExecutionExceptionHandler {
private static final int MAX_RETRIES = 1;

@Ooverride
public void handleTestExecutionException(
ExtensionContext context, Throwable throwable) throws Throwable {

Integer count = context.getStore(ExtensionContext.Namespace.GLOBAL)
.getOrDefault("retryCount", Integer.class, 0);

if (count >= MAX_RETRIES) {
throw throwable; // fail that swu

context.getStore(ExtensionContext.Namespace.GLOBAL)
.put("retryCount", count + 1);

System.out.println(" 4\ Test failed, retrying... (attempt " + (count + 1) + ")");
// Re-run test method

Method method = context.getRequiredTestMethod();
method.invoke(context.getRequiredTestInstance());

Quy tac retry:

// Wl Retry t6i da 1 lan
// M Log méi 1an retry dé theo ddi flaky

// bung retry 3-5 lan — dé la che bug, khéng phai fix
// pirng retry ma khong log — khéng biét flaky dén mic nao

Cau 17. Logging v&i SLF4J + Log4j2

log4j2.xml:
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<?xml version="1.0" encoding="UTF-8"?>
<Configuration status="WARN">
<Appenders>
<Console name="Console" target="SYSTEM_OUT">
<PatternLayout pattern="%d{HH:mm:ss.SSS} [%t] %-5level %logger{36} - %msg%n'"/>
</Console>
<RollingFile name="RollingFile"
fileName="target/logs/test.log"
filePattern="target/logs/test-%d{yyyy-MM-dd}. log">
<PatternLayout pattern="%d %p %c{1.} [%t] %m%n'"/>
<Policies>
<TimeBasedTriggeringPolicy/>
</Policies>
</RollingFile>
</Appenders>
<Loggers>
<Logger name="com.company.automation" level="DEBUG"/>
<Logger name="org.openga.selenium" level="WARN"/>
<Root level="INFO">
<AppenderRef ref="Console"/>
<AppenderRef ref="RollingFile"/>
</Root>
</Loggers>
</Configuration>

St dung trong Page Object:

import org.slf4j.Logger;
import org.slf4j.LoggerFactory;

public class LoginPage extends BasePage {
private static final Logger log = LoggerFactory.getlLogger(LoginPage.class);

public DashboardPage loginAs(String email, String password) {
log.info("Attempting login with email: {}", email);

try {
type(emailInput, email);
type(passwordInput, "***"), // khdong log password
log.debug("Credentials entered, clicking submit");

click(submitBtn);
log.info("Login successful, navigating to dashboard");

return new DashboardPage(driver);

} catch (Exception e) {
log.error("Login failed for email: {}", email, e);
throw e;
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Cau 18. Allure Report — annotation va setup

import io.gameta.allure.*;

@Epic("E-commerce")
@Feature("Checkout")
public class CheckoutTests {

@Test
@Story("Apply discount code")
@Severity(SeveritylLevel.CRITICAL)
@Description("User can apply valid discount code and see updated total")
@Issue("JIRA-1234")
@TmsLink("TEST-5678")
void testApplyValidDiscountCode() {
applyDiscount ("SAVE10");
verifyDiscountApplied();

@Step("Apply discount code: {code}")
public void applyDiscount(String code) {
// step sé& hién thi trong Allure report
new CartPage(driver).enterDiscount(code).apply();

@Step("Verify discount was applied successfully")
public void verifyDiscountApplied() {
Assertions.assertTrue(new CartPage(driver).isDiscountVisible());

// Attachment
@Attachment(value = "Screenshot", type = "image/png")
public byte[] takeScreenshot() {
return ((TakesScreenshot) driver).getScreenshotAs(OutputType.BYTES);

@Attachment(value = "Page source", type = "text/html")
public String capturePageSource() {
return driver.getPageSource();

Chay va xem report:

# Chay test
mvn clean test

# Sinh report
mvn allure:report

# Serve report local
mvn allure:serve
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Cau 19. CIICD v¢i GitHub Actions

.github/workflows/selenium-tests.ymil:

Anh Tester https://anhtester.com Trang 48 / 66


https://anhtester.com/

name: Selenium Tests

on:
pull_request:
branches: [main]
schedule:
- cron: '@ 2 * * *' # 2 AM mbi ngay

jobs:
smoke-tests:
runs-on: ubuntu-latest
timeout-minutes: 15
steps:
- uses: actions/checkout@v4

- name: Setup JDK 17
uses: actions/setup-java@v4
with:
java-version: '17'
distribution: 'temurin'
cache: maven

name: Run smoke tests
run: mvn test -Dgroups=smoke -Dbrowser=chrome -Dheadless=true

name: Upload Allure results
if: always()
uses: actions/upload-artifact@v4
with:
name: allure-results
path: target/allure-results

name: Upload screenshots on failure
if: failure()
uses: actions/upload-artifact@v4
with:

name: screenshots

path: target/screenshots

full-regression:
if: github.event_name == 'schedule'
runs-on: ubuntu-latest
timeout-minutes: 60

services:
selenium-hub:
image: selenium/hub:4.18.1
ports:
- 4444:4444
chrome:
image: selenium/node-chrome:4.18.1
env:
SE_EVENT_BUS_HOST: selenium-hub
SE_EVENT_BUS_PUBLISH_PORT: 4442
SE_EVENT_BUS_SUBSCRIBE_PORT: 4443
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steps:
- uses: actions/checkout@v4
- name: Run regression
run: mvn test -Dremote=true -DhubUrl=http://localhost:4444

name: Notify Slack on failure
if: failure()
uses: slackapi/slack-github-action@vil
with:
payload: |
{

"text": "X Nightly regression failed",
"url": "${{ github.server_url }}/${{ github.repository }}/actions/runs/${{ githuf

env.
SLACK_WEBHOOK_URL: ${{ secrets.SLACK_WEBHOOK_URL }}

Cau 20. Cross-browser config qua System Properties

DriverFactory mé rong:
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public class DriverFactory {

public static WebDriver create() {
String browser = System.getProperty("browser", "chrome").toLowerCase();
boolean headless = Boolean.parseBoolean(System.getProperty("headless", "false"));

boolean remote = Boolean.parseBoolean(System.getProperty("remote", "false"));

if (remote) {
return createRemote(browser, headless);

}

return createlLocal(browser, headless);

private static WebDriver createlLocal(String browser, boolean headless) {
switch (browser) {
case "chrome": return createChrome(headless);
case "firefox": return createFirefox(headless);
case "safari": return new SafariDriver();
case "edge": return createEdge(headless);
default: throw new IllegalArgumentException("Unknown browser: " + browser);

private static WebDriver createChrome(boolean headless) {
ChromeOptions options = new ChromeOptions();
if (headless) options.addArguments("--headless=new");
options.addArguments("--window-size=1920,1080");
options.addArguments("--disable-dev-shm-usage");
options.addArguments("--no-sandbox");
return new ChromeDriver (options);

private static WebDriver createFirefox(boolean headless) {
FirefoxOptions options = new FirefoxOptions();
if (headless) options.addArguments("-headless");
options.addArguments("-width=1920");
options.addArguments("-height=1080");
return new FirefoxDriver(options);

private static WebDriver createEdge(boolean headless) {
EdgeOptions options = new EdgeOptions();
if (headless) options.addArguments("--headless=new");
return new EdgeDriver(options);

private static WebDriver createRemote(String browser, boolean headless) {
String hubUrl = System.getProperty("hubUrl", "http://localhost:4444/wd/hub");
try {
return new RemoteWebDriver (new URL(hubUrl), getOptions(browser, headless));
} catch (Exception e) {
throw new RuntimeException("Cannot connect to grid: " + hubUrl, e);
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Chay vé&i browser khac nhau:

mvn test -Dbrowser=chrome
mvn test -Dbrowser=firefox -Dheadless=true

mvn test -Dbrowser=edge -Dremote=true -DhubUrl=http://grid:4444/wd/hub

Phan 3 — Nang cao va ky thuat dac biét (10 cau)

Cau 21. Selenium 4 Relative Locators

import static org.openga.selenium.support.locators.RelativelLocator.with;

// "Tim input ndm BEN PHAI label 'Email'"

WebElement emailInput = driver.findElement(
with(By.tagName("input")).toRightOf(By.xpath("//label[text()="Email']"))

)i

// "Tim checkbox NAM DUGI label 'Remember me'"
WebElement rememberMe = driver.findElement (
with(By.tagName("input")).below(By.xpath("//label[text()="'Remember me']"))

)5

// "Tim button 'Save' GAN nhdt véi 'Cancel'"
WebElement saveBtn = driver.findElement (
with(By.tagName("button")).near (By.xpath("//button[text()="'Cancel']"))

)

// CHAIN nhiéu relative
WebElement target = driver.findElement (
with(By.tagName("input"))
.toRightOf (By.id("label-email"))
.above(By.id("submit-btn"))

Khi nao dung:

// M Visual layout testing

WebElement pricelLabel = driver.findElement(By.cssSelector(".price"));

WebElement discountBadge = driver.findElement(
with(By.cssSelector(".badge")).toLeftOf(priceLabel)

)5

// Verify discount badge nam bén trai price

// KHONG dung cho test functional théng thuong
// Layout ddi nhe - test v&
// CSS Selector &n dinh hon cho test thuong
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Cau 22. Chrome DevTools Protocol — Network Interception

import org.openga.selenium.chrome.ChromeDriver;

import org.openga.selenium.devtools.DevTools;

import org.openga.selenium.devtools.v120.network.Network;

import org.openga.selenium.devtools.v120.network.model.RequestId;

ChromeDriver driver = new ChromeDriver();

DevTools devTools = driver.getDevTools();

devTools.createSession();

devTools.send(Network.enable(Optional.empty(), Optional.empty(), Optional.empty()));

// 1. LOG moi network request
devTools.addListener (Network.requestWillBeSent(), request -> {
System.out.println("B¥ " + request.getRequest().getMethod() + " " +
request.getRequest().getUrl());

1}

devTools.addListener (Network.responseReceived(), response -> {
System.out.println("@ " + response.getResponse().getStatus() + " " +
response.getResponse().getUrl());

D

// 2. BLOCK request
devTools.send(Network.setBlockedURLs(List.of(
"*google-analytics*",
"*facebook.com/tr*",
"* png" // chan anh dé test load nhanh hon

)));

// 3. GIA LAP network cham (3G)
devTools.send(Network.emulateNetworkConditions(
false, // offline
100, // latency ms
50 * 1024, // download bytes/s
20 * 1024, // upload bytes/s
Optional.of(ConnectionType.CELLULAR3G)

)5

// 4. MOCK response
devTools.send(Fetch.enable(...));
devTools.addListener (Fetch.requestPaused(), request -> {
if (request.getRequest().getUrl().contains("/api/user")) {
// Tra vé fake response
devTools.send(Fetch.fulfillRequest(
request.getRequestId(),
200,
Optional.empty(),
Optional.empty(),
Optional.of (Base64.getEncoder().encodeToString(
"{\"name\":\"Mocked User\"}".getBytes()

)
Optional.empty()
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Cau 23. CDP — Console logs, performance metrics

DevTools devTools = ((ChromeDriver) driver).getDevTools();
devTools.createSession();

// 1. CAPTURE console logs twr trang
devTools.send(Log.enable());
devTools.addListener (Log.entryAdded(), entry -> {
System.out.println("[" + entry.getLevel() + "] " + entry.getText());
1)

// 2. CAPTURE JS exceptions
devTools.send(Runtime.enable());
devTools.addListener (Runtime.exceptionThrown(), exc -> {
System.err.printin(" JS Exception: " + exc.getExceptionDetails().getText());

1)

// 3. PERFORMANCE METRICS
devTools.send(Performance.enable(Optional.empty()));

driver.get("https://example.com");

List<Metric> metrics = devTools.send(Performance.getMetrics());
for (Metric m : metrics) {
System.out.println(m.getName() + ": " + m.getValue());

// Do Largest Contentful Paint, First Contentful Paint

String perfData = (String) ((JavascriptExecutor) driver).executeScript(
"var perfData = window.performance.getEntriesByType('paint');" +
"return JSON.stringify(perfData);"

);

System.out.println("Paint metrics: " + perfData);

// 4. EMULATE device
devTools.send(Emulation.setDeviceMetricsOverride(
375, 667, 2.0, true,
Optional.empty(), Optional.empty(), Optional.empty(),
Optional.empty(), Optional.empty(), Optional.empty(),
Optional.empty(), Optional.empty(), Optional.empty()

Cau 24. Visual Regression Testing

Cach 1: Compare screenshots vé&i AShot:
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import .yandex.gatools.ashot.AShot;

import .yandex.qgatools.ashot.Screenshot;

import .yandex.gatools.ashot.comparison.ImageDiff;

import .yandex.gatools.ashot.comparison.ImageDiffer;
import .yandex.gatools.ashot.shooting.ShootingStrategies;

public class VisualRegression {

public static void compareWithBaseline(WebDriver driver, String testName) throws IOExceptid
Screenshot actual = new AShot()
.shootingStrategy(ShootingStrategies.viewportPasting(100))
.takeScreenshot(driver);

BufferedImage actualImage = actual.getImage();
File baselineFile = new File("baselines/" + testName + ".png");

if (!baselineFile.exists()) {
// Lan dau — luu lam baseline
ImageIO.write(actualImage, "PNG", baselineFile);
System.out.println("# Baseline created: " + baselineFile);
return;

BufferedImage expected = ImageIO.read(baselineFile);

ImageDiff diff = new ImageDiffer()
.withDiffSizeTrigger(20) // tolerance pixel
.makeDiff (expected, actualImage);

if (diff.hasDiff()) {
File diffFile = new File("diffs/" + testName + ".png");
ImageIO.write(diff.getMarkedImage(), "PNG", diffFile);
throw new AssertionError("Visual diff detected. See: " + diffFile);

// St dung:
@Test
void homePageShouldMatchBaseline() throws IOException {
driver.get("https://example.com");
wait.until(d -> ((JavascriptExecutor) d)
.executeScript("return document.readyState").equals("complete"));

VisualRegression.compareWithBaseline(driver, "home-page");

Céach 2: Tich hop Applitools | Percy:
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// Applitools example
Eyes eyes = new Eyes();
eyes.setApiKey(System.getenv("APPLITOOLS_API_KEY"));

try {
eyes.open(driver, "MyApp", "Login Page Test");
driver.get("https://example.com/login");
eyes.checkWindow("Login Page");
eyes.close();

} finally {
eyes.abortIfNotClosed();
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Cau 25. Mobile Web Testing v&@i Chrome Emulation

import org.openga.selenium.chrome.ChromeOptions;
import java.util.Map;

// CACH 1: Emulate device c6 sdn

ChromeOptions options = new ChromeOptions();

Map<String, String> mobileEmulation = Map.of("deviceName", "iPhone 12 Pro");
options.setExperimentalOption("mobileEmulation", mobileEmulation);

WebDriver driver = new ChromeDriver (options);

// CACH 2: Custom device
Map<String, Object> deviceMetrics = Map.of(
"width", 375,
"height", 812,
"pixelRatio", 3.0
)
Map<String, Object> mobileSettings = Map.of(
"deviceMetrics", deviceMetrics,
"userAgent", "Mozilla/5.0 (iPhone; CPU iPhone 0S 15_0 like Mac 0S X)..."
)

options.setExperimentalOption("mobileEmulation", mobileSettings);

// CACH 3: Test responsive bang resize window
driver.manage().window().setSize(new Dimension(375, 667));
driver.get("https://example.com");

// Check mobile menu xuat hién
assertTrue(driver.findElement (By.cssSelector(".hamburger-menu")).isDisplayed());

// Test khac viewport sizes
int[][] viewports = {
{320, 568}, iPhone SE
{375, 667}, iPhone 8
{768, 1024}, iPad
{1920, 1080} Desktop
}

for (int[] vp : viewports) {
driver.manage().window().setSize(new Dimension(vp[0], vp[1]));
System.out.println("Testing at " + vp[0] + "x" + vp[1]);
// chay assertion responsive
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Cau 26. Database verification trong test

import java.sql.*;

public class DatabaseHelper {
private static final String URL = "jdbc:postgresql://localhost:5432/testdb";
private static final String USER = "test";
private static final String PASS = "test";

public static User getUserByEmail(String email) {
String sql = "SELECT id, email, full_name, status FROM users WHERE email = ?";

try (Connection conn = DriverManager.getConnection(URL, USER, PASS);
PreparedStatement stmt = conn.prepareStatement(sql)) {

stmt.setString(1, email);
ResultSet rs = stmt.executeQuery();

if (rs.next()) {
return new User(
rs.getLong("id"),
rs.getString("email"),
rs.getString("full_name"),
rs.getString("status")
)i
}

return null;

} catch (SQLException e) {
throw new RuntimeException("DB query failed", e);

public static void cleanupTestUsers() {
String sql = "DELETE FROM users WHERE email LIKE 'test %@example.com'";
try (Connection conn = DriverManager.getConnection(URL, USER, PASS);
Statement stmt = conn.createStatement()) {
int deleted = stmt.executeUpdate(sql);
System.out.println("Cleaned up " + deleted + " test users");
} catch (SQLException e) {
throw new RuntimeException(e);

// St dung:
@Test
void testRegistrationCreatesUserInDB() {
String email = "test_" + UUID.randomUUID() + "@example.com";

// Register qua UI
new RegisterPage(driver).open().registerWith(email, "Test@123");

// Verify truc tiép & DB

User user = DatabaseHelper.getUserByEmail(email);
assertNotNull(user, "User phdi duwoc tao trong DB");
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assertEquals("pending", user.getStatus());

@AfterEach

void cleanup() {
DatabaseHelper.cleanupTestUsers();

Quan diém: dung DB query cho verify, wu tién diung API cho setup. Tranh INSERT truc ti€p vao DB vi
gan test vao schema.
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Céu 27. BrowserStack /| Sauce Labs integration

import org.openga.selenium.MutableCapabilities;
import org.openga.selenium.remote.RemoteWebDriver;
import java.net.URL;

public class CloudDriverFactory {

public static WebDriver createBrowserStackDriver (String testName) throws Exception {
String userName = System.getenv("BROWSERSTACK USER");
String accessKey = System.getenv("BROWSERSTACK KEY");
URL url = new URL("https://hub-cloud.browserstack.com/wd/hub");

MutableCapabilities caps = new MutableCapabilities();

// Browser
caps.setCapability("browserName", "Chrome");
caps.setCapability("browserVersion", "latest");

// 0S

Map<String, Object> bstackOptions = new HashMap<>();
bstackOptions.put("os", "Windows");
bstackOptions.put("osVersion", "11");
bstackOptions.put("buildName", "Selenium Build " + System.getenv("BUILD_NUMBER"));
bstackOptions.put("sessionName", testName);
bstackOptions.put("projectName", "MyApp E2E");
bstackOptions.put("seleniumVersion", "4.18.1");
bstackOptions.put("debug", true);
bstackOptions.put("networkLogs", true);
bstackOptions.put("video", true);
bstackOptions.put("userName", userName);
bstackOptions.put("accessKey", accessKey);

caps.setCapability("bstack:options", bstackOptions);

return new RemoteWebDriver (url, caps);

// Test trén thiét bi mobile that
public static WebDriver createMobileDriver(String testName) throws Exception
MutableCapabilities caps = new MutableCapabilities();

Map<String, Object> bstackOptions = new HashMap<>();
bstackOptions.put("deviceName", "iPhone 14 Pro");
bstackOptions.put("osVersion", "16");
bstackOptions.put("realMobile", true);
bstackOptions.put("sessionName", testName);
bstackOptions.put("userName", System.getenv("BROWSERSTACK USER"));
bstackOptions.put("accessKey", System.getenv('"BROWSERSTACK KEY"));

caps.setCapability("browserName", "Safari");
caps.setCapability("bstack:options", bstackOptions);

return new RemoteWebDriver (

new URL("https://hub-cloud.browserstack.com/wd/hub"), caps
)
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Mark test status trén BrowserStack:

@AfterEach
void markTestStatus(TestInfo testInfo) {
boolean passed = testInfo.getTags().contains("passed");
String status = passed ? "passed" : "failed";
String reason = passed ? "All assertions passed" : "Test failed";

((JavascriptExecutor) driver).executeScript(
"browserstack_executor: {\"action\": \'"setSessionStatus\", " +
"\"arguments\": {\"status\":\"" + status + "\", \"reason\": \"" + reason + "\"}}"

)i
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Cau 28. Custom ExpectedConditions

import org.openga.selenium.support.ui.ExpectedCondition;

public class CustomConditions {

// Cho element c6 specific attribute value
public static ExpectedCondition<Boolean> attributeToBe(
WebElement element, String attribute, String expectedvValue) {

return driver -> {
try {
return element.getAttribute(attribute).equals(expectedVvalue);
} catch (StaleElementReferenceException e) {
return false;

i

// Cho table c6 it nhat N row

public static ExpectedCondition<List<WebElement>> tableToHaveAtLeastRows(
By tableLocator, int minRows) {

return driver -> {
List<WebElement> rows = driver.findElements(
new ByChained(tableLocator, By.tagName("tr"))
)i
return rows.size() >= minRows ? rows : null;

}

// Cho download hoan tat (file xudt hién va stable size)
public static ExpectedCondition<Path> fileToBeDownloaded(Path expectedFile) {
return driver -> {
if (!Files.exists(expectedFile)) return null;
try {
long sizel = Files.size(expectedFile);
Thread.sleep(500);
long size2 = Files.size(expectedFile);
return sizel == size2 && sizel > 0 ? expectedFile
} catch (Exception e) {
return null;

i ¥

// Cho jQuery / Ajax requests done
public static ExpectedCondition<Boolean> ajaxCompleted() {
return driver -> {
JavascriptExecutor js = (JavascriptExecutor) driver;
try {
Long active = (Long) js.executeScript("return jQuery.active");
return active != null && active == 0;
} catch (Exception e) {
return true; // khdng cdé jQuery
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iy

// Cho React app idle
public static ExpectedCondition<Boolean> reactToBeIdle() {

return driver -> {
JavascriptExecutor js = (JavascriptExecutor) driver;
return (Boolean) js.executeScript(
"return document.readyState === 'complete' && " +
"(!window.React || !'window.React.__ SECRET_DOM_HANDLERS) "
);
}

// St dung:
wait.until(CustomConditions.attributeToBe(element, "aria-expanded", "true"));
wait.until(CustomConditions.tableToHaveAtLeastRows(By.id("results"), 10));
wait.until(CustomConditions.fileToBeDownloaded(Path.of("/tmp/report.pdf")));
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Cau 29. Accessibility Testing véi axe-core

import com.deque.html.axecore.selenium.AxeBuilder;
import com.deque.html.axecore.results.Results;
import com.deque.html.axecore.results.Rule;

public class AccessibilityHelper {

public static void checkAccessibility(WebDriver driver, String pageName) {
Results results = new AxeBuilder ()
.withTags(Arrays.asList("wcag2a", "wcag2aa'", "best-practice"))
.analyze(driver);

List<Rule> violations = results.getViolations();

if (!violations.isEmpty()) {
StringBuilder report = new StringBuilder();
report.append("& Accessibility violations on ").append(pageName).append(":\n\n");

for (Rule v : violations) {
report.append(" ").append(v.getId())
.append(" [").append(v.getImpact()).append("]\n")
.append(" ") .append(v.getDescription()).append("\n")
.append(" Affected: ").append(v.getNodes().size()).append(" elements\n")
.append(" Help: ").append(v.getHelpUrl()).append("\n\n");

// Save JSON for detailed report
try {
new AxeReporter().writeResultsToJsonFile(
"target/axe-reports/" + pageName, results
)
} catch (Exception ignored) {}

throw new AssertionError(report.toString());

// St dung:

@Test

void homepageShouldBeAccessible() {
driver.get("https://example.com");
AccessibilityHelper.checkAccessibility(driver, "homepage");

// Hoac check chi moét region:

Results results = new AxeBuilder ()
.include(Arrays.asList ("#main-content"))
.exclude(Arrays.asList(".ads-banner"))
.analyze(driver);
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Cau 30. Page Factory va @FindBy

import org.openga.selenium.support.FindBy;
import org.openga.selenium.support.PageFactory;
import org.openga.selenium.support.How;

public class LoginPagePageFactory {

@FindBy(id = "email")
private WebElement emailInput;

@FindBy(css = "[data-testid="password']")
private WebElement passwordInput;

@FindBy(xpath = "//button[@type="'submit']")
private WebElement submitBtn;

@FindBys({
@FindBy(css = ".error-container"),
@FindBy(tagName = "span")

1

private List<WebElement> errorMessages;

@FindAl1l({
@FindBy(className = "warning"),
@FindBy(className = "alert-danger")
b

private List<WebElement> allAlerts;
private WebDriver driver;
public LoginPagePageFactory(WebDriver driver) {

this.driver = driver;
PageFactory.initElements(driver, this);

public void login(String email, String password)
emailInput.sendKeys(email);
passwordInput.sendKeys(password);
submitBtn.click();

Lazy initialization v&i AjaxElementLocatorFactory:

import org.openga.selenium.support.pagefactory.AjaxElementLocatorFactory;
public LoginPagePageFactory(WebDriver driver) {
this.driver = driver;

// 10s wait built-in cho moi @FindBy
PageFactory.initElements(new AjaxElementLocatorFactory(driver, 10), this);

I\ Page Factory c6 nén dung khéng?
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// Pros:
// - Code clean vé&i @FindBy annotations
// - Lazy initialization

// cons:
// Co thé gay StaleElementReferenceException nhiéu hon

// Khé debug khi locator sai (16i xudt hién & luc dung, khong phai khi init)
// Khéng support By chains phtc tap
// Selenium team khéng khuyén khich ti&r Selenium 4

// Quan diém hién dai:
// Dung classic POM (nhu Cau 4) — explicit, dé debug, dé refactor
public class ModernLoginPage extends BasePage {
private final By emailInput = By.id("email"); // explicit By locator

public void login(String email, String pass) {
type(emailInput, email); // find ngay truwéc khi dung - tranh stale

Loi két — Checklist trwéc phéng van

Code chuan bi mang theo:

- [4 Mot POM project hoan chinh trén GitHub (LoginPage + 1-2 page khéc)
- [Y4 Mat workflow CI/CD .yml chay dwoc

- [Y4 Mat test c6 Allure report dep, c6 screenshot khi fail

- [Y4 Mat test v&i cookie injection / API login

Cau héi hay dwoc héi ngau nhién trong live coding:

- "Viét code cho mot element c6 text 'Loaded™ — CustomConditions
- "M@ 2 tab, switch qua lai" - Window handle pattern

- "Test mot form c6 10 field" — POM + builder pattern

- "Test mot bang c6 pagination" —» Custom condition + for loop

- "Mock mot API response” — CDP Fetch.fulfillRequest

Cau chét cubi phéng van:

"Em khbng phai la nguoi viét test gidi nhat. Em la nguwoi lubn hoi: test nay cé can thiét khéng, co
chay nhanh khéng, cé tin duoc khéng. Ba cdu héi dé gitp em luén refactor duoc suite tét hon theo
thoi gian."
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