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/] FNEEDH : FELRVWIRVEEHFLLIETS
const tasks = [

{ id: 1, text: "BEW¥”, completed: false }
1;

// Bk EELARWIDEFH
updateTask (999, { completed: true }); // TS —HFRET ZAREMN

// RE : BHENCEFEERSR

if (taskExists(999)) {
updateTask(999, { completed: true });

} else {
console.error("Y RV HBROMYEFHA”);
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|2.1 F=41RYF—vav

AAT—HOREE L&Y, FERT—IDREFEEZHITXT,

class TaskValidator {
static validateTask(task) {
const errors = [];

// BT 14 —IL KDL
if (ltask.text || task.text.trim() ==="") {
errors.push( ¥ R FF XA MNIMETT);

// T—4% B O
if (typeof task.completed !== "boolean’) {
errors.push BETREIXEBETHIVLEIHYET);

// B DEEFIREE
if (task.text &% task.text. length > 500) {
errors.pushC # RO 7% X MIS0O0XFELUARTHINELNHYET);

// BSEE DWREE

const validPriorities = [' low’, 'normal’, "high’];

if (task.priority && lvalidPriorities. includes(task.priority)) {
errors.push(C EYWBERETT );

// B DIREE
if (task.dueDate && isNaN(new Date(task.dueDate).getTime())) {
errors.push(C EWRHARBE TY);

}

return {
isValid: errors. length === 0,
errors: errors

b

static validateTaskList(tasks) {
// BEBIDIREE
if (lArray. isArray(tasks)) {
return { isValid: false, errors: (922 YR KNIERITHZIREGHYET ] };

const errors = [1;

const ids = new Set();

tasks. forEach((task, index) => {
// &Y AU OEBIMREE
const taskValidation = this.validateTask(task);
if (ltaskValidation. isValid) {
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errors.push(C4 X~ ${index + 1}: ${taskValidation.errors. join(’, ")}7);

// IDEE DIREE
if (task.id) {
if (ids.has(task.id)) {
errors.push(CE# 9 5ID: ${task.id}’);
1
ids.add(task. id);

1)

return {
isValid: errors. length === 0,
errors: errors

b

| 2.2 RIgEBEE
FELRBER %[5 <HDOFHIEHEETT,

class TaskStateManager {
constructor() {

/] BMBREEBRDESR

this.allowedTransitions = {
"draft’: ["active’, ’cancelled ],
“active’: ["completed’, ’cancelled’, ’paused’ ],
"paused’ : ["active’, 'cancelled’ ],
"completed’ : [Tactive’]l, // BTZIYMET I &IFHARE
"cancelled’ : ["draft’] // BMYEHLNOTEZIILRY Z &IEHTRE

b

canTransition(fromState, toState) {
const allowed = this.allowedTransitions[fromState] || [J;
return allowed. includes(toState);

validateStateTransition(task, newState) {
const currentState = task.status || 'draft’;

if (Ithis.canTransition(currentState, newState)) {
throw new Error(
THEMARIREEER: ${currentState} A5 ${newState} ~DLTHIITETIEA"
)

// FEDREBEFICR T 2BI0REE
if (newState === "completed’ && !task.text.trim()) {
throw new ErrorC ZZDY RV IERTTEEHA);
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—

if (newState === "active’ && task.dueDate && new Date(task.dueDate) < new Date()) {
console.warnC HARRYIND Y R V&7 U714 TIZLTWET);

return true;

|2.3 F—sAMEE
BEBOT—FHY—R BTOEBEAUHERSET,

class DataSyncManager {
constructor(storageKey) {
this.storageKey = storageKey;
this.memoryCache = null;
this. lastSyncTime = null;
this.version = 0;

// XE' &localStorageD[EHR
syncWithStorage() {

try {
const stored = localStorage.getItem(this.storageKey);
const storedData = stored ? JSON.parse(stored) : [1;

/[l N=2 a3 VvEBILLDHERE
const storedVersion = localStorage.getItem("${this.storageKey} version™) || 0;

if (this.memoryCache && this.version == parselnt(storedVersion)) {
console.warn( T —4 DHmEIREINFE L, BRFET—ITEHRLET, ');
this.handleConflict(this.memoryCache, storedData);

this. memoryCache = storedData;
this.version = parselnt(storedVersion);

this. lastSyncTime = new Date();

return storedData;
} catch (error) {

console.error( T— 4 EHBITZS—:", error);
[/ TS—BEXAEYF vy 1B
return this.memoryCache || [];

/] T=HDRTFEN=VaVEH
saveToStorage(data) {
try {
/! REROEEHF v Y
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const validation = TaskValidator.validateTaskList(data);
if (lvalidation.isValid) {

throw new Error(C T —49 &M TS5 —: ${validation.errors.join(’, ")} );

/] PRIV OREE (IN—YaveT—92RBEER)

this.version++t;

localStorage. setItem(this.storageKey, JSON.stringify(data));
localStorage.setItem("${this.storageKey} version, this.version.toString());

this. memoryCache = data;

this. lastSyncTime = new Date();

// DY TILEREBEH
this.notifyOtherTabs(data);

} catch (error) {
console.error( T—H{REFEITS5—:", error);

throw error;

/] BRERRR

handleConflict(localData, storageData) {
/] BEREEMER  ZFDIALRY Y TaBk
const mergedData = this.mergeDataByTimestamp(localData, storageData);
this.memoryCache = mergedData;

return mergedData;

mergeDataByTimestamp(datal, data2) {

const merged = new Map();

// datal®% R & %38

datal. forEach(task => {
merged. set(task. id, task);

});

// data2H R THLWE DD HNILEH
data2. forEach(task => {

const existing = merged.get(task. id);
if (lexisting || new Date(task.updatedAt) > new Date(existing.updatedAt)) {
merged. set(task. id, task);

1)

return Array. from(merged. values());

// DY T D@
notifyOtherTabs(data) {
// Custom event for same-origin tabs
const event = new CustomEvent(’dataSync’, {

detail: { data, version: this.version, timestamp: new Date().toISOString() }

1)
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window, dispatchEvent (event);

// BroadcastChannel API for modern browsers
if (typeof BroadcastChannel !== "undefined’) {
const channel = new BroadcastChannel("${this.storageKey} sync™);
channel. postMessage ({
type: ’dataUpdate’,
data: data,
version: this.version,
timestamp: new Date().toISOString()
1

|2.4 bSO avER
BEBOREERFH ICR2TL. KEBICIIL2FEO—-LNY I LET,

class TaskTransaction {
constructor(dataManager) {
this. dataManager = dataManager;
this.operations = []1;

this.backup = null;

}
begin() {
// BEOREENNY )Ty
this.backup = JSON.parse(JSON,stringify(this.dataManager.getTasks()));
this.operations = [];
return this;
}

addOperation(operation) {
this.operations. push(operation);
return this;

async execute() {
try {
/] TRTOREEINRREST
for (const operation of this.operations) {

await operation();

// BRIEE : EEAII Y b
this.commit();

return { success: true };

} catch (error) {
// REEE: O—ILRy Y
this. rollback();
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throw new Error(C bS53 VKB ${error.message} );

}

}

commit() {
/] Ny DTy TERE
this.backup = null;
this.operations = [];

}

rollback() {
if (this.backup) {
[/ T—#8 & TTDREICET
this.dataManager. setTasks(this. backup);
this. backup = null;
}

this.operations = [];

// R BRI RV O—FEEH
async function bulkUpdateTasks(taskUpdates) {
const transaction = new TaskTransaction(taskManager);

try {
transaction. begin();

/) BERFBREE NS VYT 3 VITEMN
taskUpdates. forEach(update => {
transaction, addOperation(async () => {
await taskManager.updateTask(update. id, update.changes);
1
});

await transaction.execute();
console. log( —HEEH AT LELL);

} catch (error) {
console.errorC —FEEFICKB L F L/, error.message);

|3.1 ADDRAIEZ7AY bV K
F—HIR—ZOACIDRERRIA# 70O TV RIERT 2 55% -
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class ACIDCompliantTaskManager {

constructor() {
this.dataManager = new DataSyncManager (’ tasks’);

this. lockManager = new LockManager();

// Atomicity (JRFMH) : £WKINHELEBERK

async atomicOperation(operations) {
const transaction = new TaskTransaction(this.dataManager);
return transaction.begin().addOperations(operations).execute();

// Consistency (—&M) : FT—9DBAEUAEED
async saveWithConsistencyCheck(tasks) {
const validation = TaskValidator.validateTaskList(tasks);
if (lvalidation.isValid) {
throw new Error(C—EBM T > —: ${validation.errors.join(’, ')}°);

/) BREGEOFzvI (Bl BFERROHZHYRY)
this.validateReferentiallntegrity(tasks);

return this.dataManager.saveToStorage(tasks);

// Isolation (4 EEM) : BIFODEE
async isolatedUpdate(taskId, updateFn) {
const lock = await this. lockManager.acquireLock(taskId);
try {
const task = this.dataManager.getTaskById(taskId);
const updatedTask = updateFn(task);
await this.saveWithConsistencyCheck([updatedTask]);
return updatedTask;
} finally {
this. lockManager. releaseLock (taskId, Llock);

// Durability (ki¥ctd) : 7—4 DKk
async durableSave(tasks) {
/! BHORELEICEZLAA
const promises = [
this.dataManager. saveToStorage (tasks),

this.saveToIndexedDB(tasks),
this.syncToServer (tasks)

1;

await Promise.all(promises);
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TRTCDEEZBEELTERR L. T—YDRLLEBHZTRICLET :

class TaskEventStore {
constructor() {
this.events = this. loadEvents();
this. snapshots = new Map();

/] ARY NDERER
recordEvent (event) {
const eventWithTimestamp = {
...event,
id: this.generateEventId(),
timestamp: new Date().toISOString(),
version: this.events. length + 1

b

this.events. push(eventWithTimestamp);

this.saveEvents();

return eventWithTimestamp;

/] ARYEDBIRYY RN EBHEE
reconstructTaskList(upToVersion = null) {
const targetEvents = upToVersion
? this.events.slice(0, upToVersion)
1 this.events;

const tasks = new Map();

targetEvents. forEach(event => {
switch (event. type) {
case ' TASK CREATED’ :

tasks. set(event. taskId, {
id: event. taskld,
text: event. text,
completed: false,
createdAt: event. timestamp,
updatedAt: event. timestamp

b

break;

case 'TASK UPDATED’ :
const existingTask = tasks.get(event. taskId);
if (existingTask) {
tasks.set(event. taskId, {
...existingTask,
...event, changes,
updatedAt: event. timestamp

1)

break;
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case ' TASK DELETED’ :
tasks.delete(event. taskId);

break;

1)

return Array. from(tasks.values());

/] AFvTTay bR (RT7+r—<v2@EL)
createSnapshot(version) {
const taskList = this.reconstructTaskList(version);
this.snapshots.set(version, {
tasks: taskList,
timestamp: new Date().toISOString()
1)

// BWRF vy T ay hOHIR
this.cleanupOldSnapshots();

// BFR1ETT
restoreToVersion(version) {
const tasks = this.reconstructTaskList(version);

return tasks;

|3.3 U741 LA
WebSocket®>SSE AR L) 7IL Y M LT —45 REH :

class RealtimeTaskSync {
constructor(taskManager) {
this. taskManager = taskManager;
this.websocket = null;
this. reconnectAttempts = 0;

this.maxReconnectAttempts = 5;

connect() {
this.websocket = new WebSocket(’ws://localhost:8080/tasks’);

this.websocket.onopen = () => {
console. log(" Y LY A AREANBEIAINFLE);
this. reconnectAttempts = 0;

b

this.websocket. onmessage = (event) => {
const data = JSON.parse(event.data);
this.handleRemoteUpdate(data);
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this.websocket.onclose = () => {
console. log(C EHmABHALONELKL);
this.attemptReconnect();

b

this.websocket.onerror = (error) => {
console.error(’ WebSocket =5 —:", error);

b

handleRemoteUpdate (data) {
switch (data.type) {
case ' TASK UPDATED’ :
/] FRERRR
const localTask = this. taskManager.getTaskById(data. task. id);
const resolvedTask = this.resolveConflict(localTask, data.task);

this. taskManager. updateTaskSilently(data. task. id, resolvedTask);
break;

case ' TASK CREATED’ :
this. taskManager. addTaskSi lently(data. task);
break;

case 'TASK DELETED’ :
this. taskManager.deleteTaskSilently(data. task. id);
break;

// Ul OBEFHEHM
this.notifyUIUpdate(data);

resolveConflict(localTask, remoteTask) {
// Last-Write-Wins BB
const localTime = new Date(localTask.updatedAt);
const remoteTime = new Date(remoteTask.updatedAt);

return remoteTime > localTime ? remoteTask : localTask;

| 4.1 B2 F—sBEEEFFDOTodo7 7Y
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class ConsistentTodoApp {
constructor() {
this.validator = new TaskValidator();
this.stateManager = new TaskStateManager();
this.dataSync = new DataSyncManager (' todoTasks’);

this.eventStore = new TaskEventStore();

this.setupEventListeners();
this.initializeApp();

async initializeApp() {

try {
/] T DEEEF v EEIH
await this.validateAndRepairData();

// UL O#ER1E
await this. loadAndDisplayTasks();

/] RIVFY TREDERE
this.setupMultiTabSync();

} catch (error) {

this.handleInitializationError(error);

async validateAndRepairData() {
try {
const tasks = this.dataSync.syncWithStorage();
const validation = this.validator.validateTaskList(tasks);

if (lvalidation.isValid) {
console.warn( 7 —9 BEM IS —HIHREINZE LA, validation.errors);

// BBNMERAERT
const repairedTasks = await this.repairData(tasks, validation.errors);
this.dataSync. saveToStorage(repairedTasks);

this.showNotificationC 77— ¥ DFRESEZBEEEBE L E LKL, warning’);
}
} catch (error) {
console.error( T—HHREEFTS5—:", error);
/] 7F=IINy Y BOHY R Y RS TRIA
this.dataSync. saveToStorage([]);

async repairData(tasks, errors) {
const repairedTasks = [];
const usedIds = new Set();

tasks. forEach((task, index) => {
try {
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// BT 14—V KDIEE
const repairedTask = {

id: task.id || “repaired ${Date.now()} ${index}",
text: task.text || = (BEIhESIRY)’,

completed: Boolean(task.completed),

priority: [’ low’, "normal’, ’"high’].includes(task.priority) ? task.priority :

createdAt: task.createdAt || new Date().toISOString(),
updatedAt: task.updatedAt || new Date().toISOString()
};

// IDERDIEE
if (usedIds.has(repairedTask.id)) {
repairedTask. id = “${repairedTask. id} dedup ${Date.now()};
1
usedIds. add(repairedTask. id);

// {BRIIREE
const taskValidation = this.validator.validateTask(repairedTask);

if (taskValidation.isValid) {
repairedTasks. push(repairedTask);

} catch (error) {
console.warn(C4 24 ${index} DIEEICKE:", error);

IDF

return repairedTasks;

}
async createTask(taskText, priority = "normal’) {
try {
// BRIREE

const newTask = {

id: this.generateld(),

text: taskText.trim(),

priority: priority,

completed: false,

createdAt: new Date().toISOString(),

updatedAt: new Date().toISOString()
Y

const validation = this.validator.validateTask(newTask);
if (lvalidation.isValid) {

throw new Error(validation.errors.join(’, '));

/NS VYUY 3 VR
const transaction = new TaskTransaction(this);

transaction.begin();

try {
// =48

const currentTasks = this.dataSync.syncWithStorage();

const updatedTasks [...currentTasks, newTask];
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/ BEEFIv Y
const listValidation = this.validator.validateTaskList(updatedTasks);
if (IlistValidation.isValid) {
throw new Error(C ) R hEEEM TS5 —: ${listValidation.errors.join(’, ")});

/! BRE
this.dataSync. saveToStorage (updatedTasks);

/] ARy Mg
this.eventStore. recordEvent ({
type: 'TASK CREATED’,

taskId: newTask. id,
text: newTask. text,
priority: newTask.priority

1)

transaction,commit();

// UIE#H
this.addTaskToUI(newTask);

this.showNotification(C # R/ AW EBIMI N F L7/, "success’);

return newTask;

} catch (error) {
transaction. rollback();

throw error;

} catch (error) {
console.error(C ¥ RAVERITS—:", error);
this.showNotification(error.message, 'error’);

throw error;

async updateTask(taskId, changes) {

try {
const currentTasks = this.dataSync.syncWithStorage();
const taskIndex = currentTasks.findIndex(task => task.id === taskId);
if (taskIndex === -1) {
throw new Error(C4# X% ID: ${taskId} AR2O2HNYFHEA);
}

const currentTask = currentTasks[taskIndex];

// IRREEBR DMREE
if (changes.status) {

this.stateManager.validateStateTransition(currentTask, changes.status);

/] BHT—5 DIEK
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const updatedTask = {

...currentTask,

...changes,

updatedAt: new Date().toISOString()
Y

// MREE
const validation = this.validator.validateTask(updatedTask);
if (lvalidation.isValid) {

throw new Error(validation.errors.join(’, '));

// BIFDRET
const newTaskList = [...currentTasks];
newTaskList[taskIndex] = updatedTask;

this.dataSync.saveToStorage(newTaskList);

/] ARy NS
this.eventStore. recordEvent ({
type: ' TASK UPDATED’,

taskId: tasklId,
changes: changes,

previousState: currentTask

1)
// UIE
this.updateTaskInUI(taskId, updatedTask);

this.showNotification(C # RV HAEHFINFE L/, success’);

return updatedTask;

} catch (error) {

console.errorC # RV EHITS—:", error);
this.showNotification(error.message, 'error’);

throw error;

async deleteTask(taskId) {
try {

const currentTasks = this.dataSync.syncWithStorage();
const taskIndex = currentTasks.findIndex(task => task.id === taskId);
if (taskIndex === -1) {

throw new Error(C4# R4 1ID: ${taskId} AR2I2HNYFHEA);

const taskToDelete = currentTasks[taskIndex];

const updatedTasks = currentTasks. filter(task => task.id == taskId);

this.dataSync.saveToStorage(updatedTasks);

/] ARV NERERk

this.eventStore. recordEvent ({
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type: 'TASK DELETED’,

taskId: tasklId,

deletedTask: taskToDelete
1

// UIE#H
this. removeTaskFromUI(taskId);

this.showNotification(" # R 7 W HIBpRI N E L7/, success’);

return taskToDelete;

} catch (error) {
console.error(C # R VHIBRT S —:", error);
this.showNotification(error.message, 'error’);

throw error;

setupMultiTabSync() {
// Storage event for cross-tab synchronization
window. addEventListener (' storage’, (e) => {
if (e.key === "todoTasks’) {

this.handleExternalDataChange(e.newValue);

1)

// Custom event for same-tab updates

window. addEventListener (" dataSync’, (e) => {
this.handleDataSyncEvent(e.detail);

1)

handleExternalDataChange(newData) {
try {
const tasks = newData ? JSON.parse(newData) : [];
const validation = this.validator.validateTaskList(tasks);

if (validation.isValid) {
this. renderTaskList(tasks);
this.showNotification(" s ¥ 7 COLEEARHELFE LK, "info');

} else {
console.warn(’ i ¥ THSDARIERT —4 HHRH:", validation.errors);

}

} catch (error) {
console.errorC HERT— Y EEBDME TS —:", error);

generateld() {
return “task ${Date.now()} ${Math. random().toString(36).substr(2, 9)};

showNotification(message, type) {
// BRIV AT LADRERE
const notification = document.createElement('div’);
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notification.className = “notification ${type};
notification. textContent = message;
document. body. appendChild(notification);

setTimeout (() => notification.remove(), 3000);

/) TV r—2ar ot
document. addEventListener (" DOMContentLoaded’, () => {
try {
const app = new ConsistentTodoApp();

/) 7=V ITZ—NY RYVT
window. addEventListener (" error’, (e) => {
console.error(C 75— 3T S5—:", e.error);
app. showNotification( FHILARWIS—AFELFLE, "error’);
b

window. addEventListener (" unhandledrejection’, (e) => {
console.error (" RUMIEDPromiseE&:’, e.reason);
app. showNotificationC IEEHBAMEBTCIS—HIARELZE L', "error’);
1)

} catch (error) {
console.error(C 77— a3 VAL S —:", error);

document. body. innerHTML = "<p> 7 74— a VOMELICEKB L E Lk, R—VEBHEMAAAFLTLEIWL, /p;

1)

|4.2 Fy TRBEUF Ty h—

class DatalntegrityChecker {
constructor(taskManager) {

this. taskManager = taskManager;

performFul lCheck() {
const results = {

passed: 0,
failed: 0,
warnings: 0,
details: []
};
try {

/] BEXREBEEEFT VY
this.checkBasicIntegrity(results);

/] BRESGHEFI VY
this.checkReferentialIntegrity(results);
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/] EVRRAI—=ILFTvY
this.checkBusinessRules(results);

/] NI F—RVAFTYY
this.checkPerformance(results);

} catch (error) {
results.details. push({
type: 'error’,
message: EBAMF v IHRICTS—HFEE: ${error.message}’
1
results. failed+t;

return results;

checkBasicIntegrity(results) {

const tasks = this. taskManager. getTasks();

// IDE®F VY
const ids = tasks.map(task => task.id);
const uniquelds = new Set(ids);
if (ids.length !== uniquelds.size) {
results.details. push({
type: “error’,
message: 'IDEEAMREINF LL
1
results. failed+t;
} else {
results. passed+t;

/] BT A —IVRFTv Y
tasks. forEach((task, index) => {
if (Itask.id || !task.text || task.completed === undefined) {
results.details.push({
type: error’,
message: & XV ${index + 1HIMHBET7 4+ —ILKAFTRBLTVET
b
results. failed++;
} else {
results. passed+t;

1)

generateReport(results) {
const report = {
summary: {
total: results.passed + results.failed + results.warnings,
passed: results.passed,
failed: results. failed,
warnings: results,warnings,

success: results, failed ===
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} ’

details: results.details,
timestamp: new Date().toISOString()

b

console. logC F—9EBEMLR— b, report);

return report;
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