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function addTask(task) {
const tasks = JSON.parse(localStorage.getItem(’ tasks’) || '[1"); // BELE%25HHAY
tasks. push(task);
localStorage.setItem(’ tasks’, JSON.stringify(tasks)); // BELE%RE

// R =<V ZAHBLE
class OptimizedTaskManager {
constructor() {
this.cache = null; // XEYF vy
this.isDirty = false; // ZEIS Y

getTasks() {
if (Ithis.cache) {

this.cache = JSON.parse(localStorage.getItem(’ tasks’) || "[1);
}

return this. cache;
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addTask(task) {
this. getTasks (). push(task);
this.isDirty = true;
this. debouncedSave(); // BIERTF

|2.1 R’ox—< v RAE
EROMBEEZRE LTRML Ry 2EBELET,

class PerformanceMonitor {
constructor() {
this.metrics = {
readTime: [],
writeTime: [],
parseTime: [],
stringifyTime: []

// localStoragediaHX Y tEREDAIE
measureRead(key) {
const start = performance.now();
const value = localStorage.getItem(key);
const readEnd = performance.now();

const parseStart = performance.now();
const data = value ? JSON.parse(value) : null;
const parseEnd = performance.now();

this.metrics. readTime. push(readEnd - start);
this.metrics.parseTime.push(parseEnd - parseStart);

return data;

// localStorage®Z XA HMREDAIE
measureWrite(key, data) {
const stringifyStart = performance.now();
const value = JSON.stringify(data);

const stringifyEnd = performance.now();

const writeStart = performance.now();
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localStorage.setItem(key, value);

const writeEnd = performance. now();

this.metrics.stringifyTime.push(stringifyEnd - stringifyStart);
this.metrics.writeTime.push(writeEnd - writeStart);

/] RT = RALIR—MDERK
generateReport() {
const report = {};

for (const [metric, times] of Object.entries(this.metrics)) {
if (times. length > 0) {
report[metric] = {
average: times.reduce((a, b) => a + b, 0) / times. length,
min: Math.min(...times),
max: Math.max(...times),
count: times. length

b

return report;

/] RT =X VAT Z—bMDERE
checkThresholds() {

const thresholds = {

readTime: 10, // 10msLl E3EE
writeTime: 50, // 50mskl b i3EL
parseTime: 20, // 20msBl biEL

stringifyTime: 30 // 30mskl b(3EL
4

const warnings = [1;

for (const [metric, threshold] of Object.entries(thresholds)) {
const times = this.metrics[metricl;
if (times. length > 0) {
const avg = times.reduce((a, b) => a + b, 0) / times. length;
if (avg > threshold) {
warnings. push(C${metric} DFEHEERIA ${avy. toFixed(2)}ms TRI{ES {threshold}msZBAXTWET );

return warnings;

|2.2 xEYF vy 1888
a7 localStorage 7 VB R &RIT D DD F v v o 1ELE .
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class CachedTaskStorage {
constructor() {
this.cache = new Map();
this.isDirty = new Set();

this. lastSave = new Map();

// EEHMNABERE
setInterval(() => this.flushDirtyData(), 5000);

/] R—=T BB DRTE
window. addEventListener (" beforeunload’, () => this.flushAlLL());

/) T DORE (Fvv¥aEk)
getData(key) {
if (this.cache.has(key)) {
return this.cache.get(key);

// ¥ wva3IR: localStorageh SFAEY

try {
const stored = localStorage.getItem(key);
const data = stored ? JSON.parse(stored) : null;
this.cache. set(key, data);
return data;

} catch (error) {
console.error(CF—45mAHEY TS5 — (${key}):", error);
return null;

/] T—YDERE (FvvPallRE BEEZXIAH)
setData(key, data) {

this.cache. set(key, data);

this. isDirty,add(key);

this. lastSave. set(key, Date.now());

/] BEICRENBERIGEDA > a Yy
if (this.shouldSaveImmediately(key, data)) {
this.saveToStorage (key);

// BNEICRETREDDOHE
shouldSavelmmediately(key, data) {
/] BERT—YDIFE
if (key.includes(’ important’) || key.includes(’critical’)) {

return true;

/] T=IH A IHNNIWNIGE
if (JSON.stringify(data). length < 1000) {

return true;
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}

return false;

/] BEBINET—YDH%ERT
flushDirtyData() {
for (const key of this.isDirty) {
this.saveToStorage(key);

// BT —48 DEHIRET
flushALL() {
for (const [key] of this.cache) {
this.saveToStorage(key);

// localStorage~DEEDREF
saveToStorage(key) {
try {
const data = this.cache.get(key);
if (data !== null) {
localStorage. setItem(key, JSON.stringify(data));
}
this. isDirty.delete(key);
} catch (error) {
console.error(CF—49REFILS— (${key}):", error);
this.handleStorageError(key, error);

// AMNL—=YITS—DMNE
handleStorageError(key, error) {
if (error.name === 'QuotaExceededError’) {
console.warn(’ localStorageMBEHINFEBLTWET);
this.cleanupOldData();

/[ BWT=9D0 ) =Ty S
cleanupOldData() {
const now = Date.now();
const maxAge = 7 % 24 % 60 * 60 *x 1000; // 7H

for (const [key] of this.cache) {
const lastAccess = this. lastSave.get(key) || 0;
if (now - lastAccess > maxAge) {

this. removeData(key);

removeData(key) {
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this.cache.delete(key);
this. isDirty.delete(key);
this. lastSave. delete(key);

localStorage. removeltem(key);

|2.3 F—9ERER—SV Y
KEF— 5 OHENRDE Fik -

class CompressedTaskStorage {
constructor() {
this.pageSize = 100; // 1R—=THEYDIY RV
this.compressionThreshold = 1000; // E#E%BEHKBT 2914 X (XFH)

/] T—48 DEWERE
saveCompressed(key, data) {
const jsonString = JSON.stringify(data);

if (jsonString. length > this.compressionThreshold) {
// LIE#E (EZhR)
const compressed = this.simpleCompress(jsonString);
localStorage.setItem(key, compressed);
localStorage.setItem( ${key} compressed™, ’true’);
} else {
localStorage. setItem(key, jsonString);
localStorage. removeltem( ${key} compressed’);

// EFET—H DFHEY

loadCompressed (key) {
const isCompressed = localStorage.getItem("${key} compressed™) === "true’;
const data = localStorage.getItem(key);

if (ldata) return null;

try {
if (isCompressed) {
const decompressed = this.simpleDecompress(data);
return JSON. parse(decompressed);
} else {
return JSON. parse(data);
}
} catch (error) {
console.error( F—41ETITS—:", error);
return null;
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// BBLLENE
simpleCompress(str) {
const dict = {};
let data = (str + ””).split(””);
let out = [];
let currChar;
let phrase = data[0];
let code = 256;

for (let i = 1; i < data. length; i++) {

currChar = datali];

if (dict[phrase + currChar] != null) {
phrase += currChar;

} else {
out.push(phrase. length > 1 ? dict[phrase] : phrase.charCodeAt(0));
dict[phrase + currChar] = code;
codett;
phrase = currChar;

out.push(phrase. length > 1 ? dict[phrase] : phrase.charCodeAt(0));

return btoa(JSON.stringify(out));

// BHLIER
simpleDecompress(str) {
const dict = {};
let data = JSON.parse(atob(str));
let currChar = String. fromCharCode(data[0]);
let oldPhrase = currChar;
let out = [currChar];
let code = 256;
let phrase;

for (let i = 1; i < data. length; i++) {
let currCode = datali];
if (currCode < 256) {
phrase = String. fromCharCode(datali]);
} else {
phrase = dict[currCode] ? dict[currCode] : (oldPhrase + currChar);
}
out. push(phrase);
currChar = phrase.charAt(0);
dict[code] = oldPhrase + currChar;
codet+;
oldPhrase = phrase;

return out. join("”);

/] R—=I v THEE
savePagedTasks(tasks) {
const totalPages = Math.ceil(tasks. length / this.pageSize);
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for (let page = 0; page < totalPages; page++) {
const start = page * this.pageSize;
const end = start + this,pageSize;
const pageData = tasks.slice(start, end);

this.saveCompressed( tasks page ${page}”, pageData);

/] A T—H DR:E
localStorage. setItem(’ tasks meta’, JSON.stringify({

totalTasks: tasks. length,

totalPages: totalPages,

pageSize: this.pageSize,

lastUpdated: new Date().toISOString()
1);

/] R=V B TDHRMIAH
loadTaskPage (pageNumber) {
return this. loadCompressed( tasks _page ${pageNumber} ) || [I;

/] B8 R DIEES: A

async loadAllTasksLazy() {
const meta = JSON.parse(localStorage.getItem(’ tasks meta’) || "{}');
if (Imeta.totalPages) return [];

const allTasks = [];

for (let page = 0; page < meta.totalPages; page++) {
const pageData = this. loadTaskPage(page);
allTasks. push(...pageData);

/] RET—95HAHFFDOUIGEERR

if (page % 5 === 0) {
await new Promise(resolve => setTimeout(resolve, 0));

return allTasks;

| 2.4 ;EFER%E (Debouncing) &/%vw FALIE
MEALEBEABEZROT RBELFE

class DebouncedTaskManager {
constructor() {
this.pendingChanges = new Map();
this.saveTimers = new Map();
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this.batchQueue = [];
this. isProcessingBatch = false;

this.defaultDelay = 300; // 77 #JL MEZERRE (IY®)
this.batchSize = 10; // Ny FH A4 X
this.maxBatchDelay = 1000; // &Kk/\v FiEE

/] BERFDRIT

debouncedSave(key, data, delay = this.defaultDelay) {
/] DBIDYAR—%0 YT
if (this.saveTimers.has(key)) {

clearTimeout(this.saveTimers. get(key));

/] BEREERE
this.pendingChanges. set(key, data);

/I FILWY AT —%RE

const timer = setTimeout(() => {
this.executeSave(key);

}, delay);

this.saveTimers.set(key, timer);
// ERDREFLE
executeSave(key) {

if (this.pendingChanges. has(key)) {

const data = this.pendingChanges. get(key);

try {

localStorage.setItem(key, JSON.stringify(data));

this.pendingChanges. delete(key);

this.saveTimers.delete(key);

console. logCC 7 — 4 R#EF5E T : ${key});

} catch (error) {
console.error(CIRETS—: ${key} , error);
this.handleSaveError(key, data, error);

/] Ny FREBICL 5—ERE
addToBatch(operation) {
this. batchQueue. push({
...operation,

timestamp: Date.now()

1)

/] Ny FHAZXIELEGE, FLEHRXEEREIRAEL BE
if (this.batchQueue. length >= this.batchSize || this.shouldProcessImmediately()) {

this.processBatch();
} else if (lthis.isProcessingBatch) {
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[/ Ny FAIBDEERETT
setTimeout (() => {
if (this.batchQueue. length > 0) {
this.processBatch();

}
}, this.maxBatchDelay);

shouldProcessImmediately() {
if (this.batchQueue. length === 0) return false;

const oldestOperation = this.batchQueue[0];
const age = Date.now() - oldestOperation.timestamp;

return age > this.maxBatchDelay;

async processBatch() {
if (this.isProcessingBatch || this.batchQueue. length === 0) return;

this. isProcessingBatch = true;
const batch = [...this.batchQueue];
this.batchQueue = [];

try {
// Ny FRLIE D RERE R
this.onBatchStart(batch. length);

for (const operation of batch) {
await this.processOperation(operation);

// BB OMEIE (VIISEERER)

await new Promise(resolve => setTimeout(resolve, 1));

this.onBatchComplete(batch. length);

} catch (error) {
console.error(C /Ny FALEBT S5 —:", error);
this.onBatchError(error, batch);

} finally {
this. isProcessingBatch = false;

async processOperation(operation) {
switch (operation, type) {

case ’save’:
localStorage.setItem(operation. key, JSON.stringify(operation.data));
break;

case 'delete’:
localStorage. removeltem(operation. key);
break;

case 'update’:
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const existing = localStorage.getItem(operation. key);
const data = existing ? JSON.parse(existing) : {};
Object.assign(data, operation.changes);

localStorage. setItem(operation. key, JSON.stringify(data));
break;

// BNEIRE (R2HF)
forceSave (key) {
if (this.pendingChanges. has(key)) {

this.executeSave(key);

/) ETOREBFRDEREEREF
flushALL() {
for (const key of this.pendingChanges. keys()) {
this. forceSave(key);

[/ Ny FAIB £ EEIET
if (this.batchQueue. length > 0) {
this.processBatch();

/] AR NNV RS—
onBatchStart(count) {
console. log(" /Ny FALIBRALA: ${count} FDIRIE);

onBatchComplete(count) {
console. log(C" /Ny FAUIEET : ${count} FDERIE");

onBatchError(error, batch) {
console.error(C /Ny FRIEBTIS—AFE:, error);
/[l TZ—DHEELBELZBHITF 2 —IEM
this.batchQueue.unshift(...batch);

handleSaveError(key, data, error) {
if (error.name === ’QuotaExceededError’) {
/] BEAROBE, aVWT—49 %8Ik L TEHT
this.cleanupStorage();
setTimeout (() => this.debouncedSave(key, data), 1000);

cleanupStorage() {
/) BmWERryvavOdT—8 EHIK
const keysToCheck = [1;
for (let i = 0; i < localStorage. length; i++) {
const key = localStorage.key(i);
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if (key.includes(’cache ) || key.includes(’ log ")) {
keysToCheck. push(key);

keysToCheck. forEach(key => {
try {
localStorage. removeltem(key);
} catch (e) {
console.warn(C o7 Y —> 7 v 7RE: ${key} );

IDF

| 3.1 localStorage vs IndexedDB vs WebSQL

N7 =TV ALE & @t aRIRE %

class StoragePerformanceComparison {
constructor() {
this.testData = this.generateTestData(1000); // 10004DF A MY R ¥

generateTestData(count) {
const tasks = [];
for (let i = 0; i < count; i++) {
tasks. push({
id: “task ${i}",
text: "4 R4 ${i} DOFEMMAERAR . repeat(Math. floor (Math. random() * 10) + 1),
completed: Math.random() > 0.5,
priority: [’ low’, ’"normal’, ’high’ J[Math. floor (Math. random() * 3)1],
tags: Array. from({length: Math. floor(Math. random() * 5)}, (, i) => “tag${i}’),
createdAt: new Date(Date.now() - Math.random() * 86400000).toIS0String(),
updatedAt: new Date().toISOString()
1
}

return tasks;

// localStoragelkfET X N
async testLocalStorage() {
const results = { write: 0, read: 0, size: 0 };

[/ EERHT RS
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const writeStart = performance.now();

localStorage.setItem(’ test tasks’, JSON.stringify(this.testData));

results.write = performance.now() - writeStart;

/] YA XHEE
results.size = localStorage.getItem(’ test tasks’). length;

// BRHEY TR B

const readStart = performance.now();

JSON. parse(localStorage.getItem(’ test tasks’));
results.read = performance.now() - readStart;

/o= Ty

localStorage. removeltem(’ test tasks’);

return results;

// IndexedDBIEET R h
async testIndexedDB() {

const results = { write: 0, read: 0, size: 0 };

return new Promise((resolve, reject) => {
const request = indexedDB.open(’ PerformanceTest’, 1);

request.onerror = () => reject(request.error);

request.onsuccess = async () => {
const db = request. result;

try {
/] EZIRAHT R
const writeStart = performance.now();
const transaction = db.transaction([’ tasks’], ’readwrite’);

const store = transaction,objectStore(’ tasks’);

for (const task of this.testData) {
store, add(task);

await new Promise(resolve => {
transaction.oncomplete = resolve;

1)

results.write = performance.now() - writeStart;

// FmHEY TR K

const readStart = performance.now();

const readTransaction = db. transaction([’ tasks’ ], 'readonly’);
const readStore = readTransaction.objectStore(’ tasks’);

const allTasks = [];

await new Promise(resolve => {
const cursor = readStore.openCursor();
cursor.onsuccess = (event) => {

const cursor = event. target.result;
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if (cursor) {
allTasks. push(cursor.value);
cursor.continue();

} else {
resolve();

b
b
results. read = performance.now() - readStart;
JSON. stringify(allTasks). length;

results.size

/o= Ty T
db.close();
indexedDB. de leteDatabase (' PerformanceTest’ );

resolve(results);
} catch (error) {
reject(error);

b

request.onupgradeneeded = (event) => {
const db = event. target.result;
const store = db.createObjectStore(’ tasks’, { keyPath: "id 1});
};
1)

// BENALEET
async runComparison() {
console. log(’ Z b L — Y RELLER A BHIA. .. );

const localStorageResults = await this.testLocalStorage();
const indexedDBResults = await this.testIndexedDB();

const comparison = {
localStorage: localStorageResults,
indexedDB: indexedDBResults,
recommendation: this.generateRecommendation(localStorageResults, indexedDBResults)

b

console. table(comparison);

return comparison;

generateRecommendation(localStorage, indexedDB) {

”y

let recommendation = ;

if (localStorage.write < indexedDB.write &% localStorage.read < indexedDB. read) {
recommendation = "/NFET —4 TidlocalStorage N HE”;

} else if (indexedDB.write < localStorage.write && indexedDB. read < localStorage.read) {
recommendation = "KiFE T —4 TldIndexedDBA HR";

} else {
recommendation = "F—4&H A X EMA/NRY —VITH L THERY,;
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return recommendation;

|3.2 xEYY—H 5K
REMEG7Z IV I—>ay TOXEYEE:

class MemoryOptimizedTaskManager {
constructor() {
this.cache = new Map();
this.cacheStats = {
hits: 0,
misses: 0,
evictions: 0
};
this.maxCacheSize = 100; // {AF¥vrv>ath(4 X
this.ttl = 5 % 60 * 1000; // 55 DTTL

/] EHHAXEY L) =Ty T
setInterval(() => this.cleanupMemory(), 60000); // 19T &

/) AEVEAEDOER
this. setupMemoryMonitoring();

setupMemoryMonitoring() {
if ("memory’ in performance) {
setInterval(() => {

const memory = performance.memory;

const usage = {
used: Math. round(memory.usedJSHeapSize / 1048576), // MB
total: Math. round(memory. totalJSHeapSize / 1048576), // MB
Limit: Math. round(memory. jsHeapSizeLimit / 1048576) // MB

b

/] AEVEEENTNEBALSOES

if (usage.used / usage. limit > 0.7) {
console.warn(’ XEYFHEN S R>TWET:’, usage);
this.aggressiveCleanup();

}
}, 10000); // 108

// LRU v v a1mEE
get(key) {
const item = this.cache.get(key);

if (litem) {

this.cacheStats.misses+t+;
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return null;

// TIL Fxzv ¥

if (Date.now() - item.timestamp > this.ttl) {
this.cache.delete(key);
this.cacheStats. missest+;

return null;

// LRU: POERAINETA T LEREILEE
this. cache. delete(key);

this.cache.set(key, { ...item, timestamp: Date.now() });
this.cacheStats. hits++;

return item. data;

set(key, data) {
/] FrviatAa DR
if (this.cache.size >= this.maxCacheSize) {
/] mEBFWT AT LEHIER
const firstKey = this.cache.keys().next().value;
this.cache.delete(firstKey);
this.cacheStats.evictions++;

this. cache. set(key, {
data: data,

timestamp: Date.now()

1)

cleanupMemory() {
const now = Date.now();

const beforeSize = this.cache.size;

/] BARREINT A T L DHEIRR
for (const [key, item] of this.cache.entries()) {
if (now - item.timestamp > this.ttl) {
this.cache.delete(key);

const afterSize = this.cache.size;

const cleaned = beforeSize - afterSize;

if (cleaned > 0) {
console. logC X EY 2 Y =27y 7 ${cleaned}ED T 1 F L A& IR );

// WeakMap ICLBAR—I LI 3 Vit
this.triggerGC();
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aggressiveCleanup() {
/] EBHRI Y =Ty S
this.cache.clear();

this.cacheStats.evictions += this.cache.size;

// DOMZEZRDZRHEIRR

this.cleanupDOMReferences();

/] ARY KN ZF—DOHIRR
this.cleanupEventListeners();

console. log( EIBMAAEY V)=V T7yv THERITLELEL);

triggerGC() {
/] A=y LU ¥arvoerhk
if (window.gc) {
window. gc();

cleanupDOMReferences() {
// FEZDINERDSR % HIR
const obsoleteElements = document.querySelectorAlL(’.task-item[data-obsolete="true”]’);
obsoleteElements. forEach(element => element. remove());

cleanupEventListeners() {
/) BWARY KN ZF—DHIRR
// BEFEENRUITZL—LT7—JILKE

getMemoryStats() {
return {

cacheSize: this.cache.size,

cacheStats: this.cacheStats,

memoryUsage: performance.memory ? {
used: Math. round(performance.memory.usedJSHeapSize / 1048576),
total: Math. round(performance.memory. totalJSHeapSize / 1048576)

} o onull

|3.3 7O/ Ly o THHAH
ABT— 5 OBRBEHHEARAS (T2 UX AL :

class ProgressiveTaskLoader {
constructor() {
this.pageSize = 20;
this.currentPage = 0;
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this. isLoading = false;
this.hasMore = true;
this. loadedTasks = [];

this.setupInfiniteScroll();

async loadInitialTasks() {
const tasks = await this. loadTaskPage(0);
this. renderTasks(tasks);
this.currentPage = 0;
this. loadedTasks = [...tasks];

return tasks;

async loadTaskPage(page) {
if (this.isLoading) return [];

this. isLoading = true;

this.showLoadingIndicator();

try {
/] R=S T EDT— S HHAH
const startIndex = page * this.pageSize;
const allTasks = await this.getAllTasksFromStorage();
const pageTasks = allTasks.slice(startIndex, startIndex + this.pageSize);

/] ARAAHBEEDY I 2L —Y 3y (REOUIBEZHIR)
await new Promise(resolve => setTimeout(resolve, 100));

this. hasMore = startIndex + this.pageSize < allTasks. length;
return pageTasks;
} finally {

this. isLoading = false;
this.hideLoadingIndicator();

async loadMoreTasks() {

if (Ithis.hasMore || this.isLoading) return;

const nextPage = this.currentPage + 1;

const newTasks = await this. loadTaskPage(nextPage);
if (newTasks. length > 0) {
this.currentPage = nextPage;

this. loadedTasks. push(...newTasks);
this. appendTasks(newTasks);

return newTasks;
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setupInfiniteScroll() {

const container = document.getElementById(’ taskContainer’);
if (lcontainer) return;

let ticking = false;

const checkScroll = () => {
const { scrollTop, scrollHeight, clientHeight } = container;
const threshold = 100; // 100pxFEIThM Y H—

if (scrollHeight - scrollTop - clientHeight < threshold) {
this. loadMoreTasks();

ticking = false;

b

container.addEventListener('scroll’, () => {
if (Iticking) {
requestAnimationFrame(checkScroll);
ticking = true;

1)

//ARTBR IV O—I)LDERE
setupVirtualScroll() {
const container = document.getElementById(’ taskContainer’);
const itemHeight = 60; // YRV T7ATLDES
const visibleCount = Math.ceil(container.clientHeight / itemHeight) + 5; // /Xwv 27 »

let startIndex = 0;
let endIndex = visibleCount;

const updateVirtualView = () => {
const scrollTop = container.scrollTop;
const newStartIndex = Math. floor(scrollTop / itemHeight);
const newEndIndex = newStartIndex + visibleCount;

if (newStartIndex !== startIndex || newEndIndex !== endIndex) {
startIndex = newStartIndex;

endIndex = newEndIndex;

this.renderVirtualTasks(startIndex, endIndex);
b

container.addEventListener (" scroll’, () => {

requestAnimationFrame(updateVirtualView);

1)

renderVirtualTasks(startIndex, endIndex) {
const container = document.getElementById(’ taskList’);

const visibleTasks = this. loadedTasks.slice(startIndex, endIndex);
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[/ AVTTDEIZL2EDEIICHRE
const totalHeight = this. loadedTasks. length * 60;
container.style.height = “${totalHeight}px;

// BERRTYT 2EEOAEL VI VT
const visibleContainer = document.getElementById(’ visibleTasks’) |]

document.createElement("div’);

visibleContainer.id = "visibleTasks’;
visibleContainer.style.transform = “translateY(${startIndex * 60}px)";
visibleContainer. innerHTML = '’ ;

visibleTasks. forEach(task => {
const element = this.createTaskElement(task);

visibleContainer. appendChild(element);

1)

if (lvisibleContainer.parentNode) {

container.appendChild(visibleContainer);

async getAllTasksFromStorage() {
// T TIRREMNART — Y 5l = Rk
const chunks = [];
let chunkIndex = 0;

while (true) {
const chunkKey = “tasks chunk ${chunkIndex} ;

const chunk = localStorage.getItem(chunkKey);

if (lchunk) break;

try {
chunks. push(...JSON. parse(chunk));
} catch (error) {
console.error(CF + > % ${chunkIndex} DFHEHRAHIS5—:", error);

chunkIndex++;

return chunks;

showLoadingIndicator() {
const indicator = document.getElementById(’ loadingIndicator’);
if (indicator) {
indicator.style.display = "block’;

hideLoadingIndicator() {
const indicator = document.getElementById(’ loadingIndicator’);
if (indicator) {
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indicator.style.display = "none’;

| 4.1 BiEEETodo 7 7)) DeLRE

class HighPerformanceTodoApp {
constructor() {
/] RT =V ARBEIVR—F Vb
this.performanceMonitor = new PerformanceMonitor();
this.cachedStorage = new CachedTaskStorage();
this.debouncedManager = new DebouncedTaskManager () ;
this.memoryManager = new MemoryOptimizedTaskManager();

this.progressivelLoader = new ProgressiveTaskLoader();

/] BEE

this.config = {
autoSavelInterval: 5000,
maxTasksInMemory: 500,
compressionThreshold: 1000,
performanceAlertThreshold: 100

b

this.initializeApp();

async initializeApp() {
try {
/] RT F—< v RERDOREEA
this.startPerformanceMonitoring();

// #ET— 4 DA IAH
await this. loadInitialData();

// Ul oty NTyv T
this.setupEventListeners();

this. setupAutoSave();
console. log(’ HMHEETodo 7 7)) A FIERIEI N FE LA );
} catch (error) {

console.error(C 7 7 #IHA{IL =S —:", error);

this.handleInitializationError(error);
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startPerformanceMonitoring() {
/] EHMANTI 44—V RAFTv Y

setInterval(() => {
const report = this.performanceMonitor.generateReport();
this.performanceMonitor.checkThresholds();

const warnings

if (warnings. length > 0) {
console.warn(’ /X7 4 —< > RE4:’, warnings);

this.optimizePerformance();

}
}, 30000); // 3R T &

async loadInitialData() {
performance. now();

const loadStart

try {
/] ¥y ahsEEGHIAMS
this.memoryManager.get(’allTasks’);

let tasks =

if (ltasks) {
/) FrovTaAZIR:AMNL—=UDLHRAIAHS
= this.performanceMonitor. measureRead(’ tasks’);

tasks =
this.memoryManager.set(’allTasks’, tasks);

£=
B0

// TRgLyyT AHTUIEHT
await this.progressivelLoader. loadInitialTasks();

performance.now() - loadStart;

const loadTime
console. logCHIEAT — 9 5 AHIAATT . ${loadTime. toFixed(2)}ms™);

} catch (error) {
console.error( F—45mHIAAFITS5—:", error);

throw error;

// SMRERS R VB
= "normal’) {

async addTask(taskText, priority =
performance. now();

const operationStart

try {
/) N)F—2ay
if (ltaskText || taskText.trim() ==="") {
throw new ErrorC 9 2V FF XA MR ETY);

/] FLWY R DIER

const newTask = {
id: this.generateOptimizedId(),

text: taskText.trim(),

priority: priority,
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completed: false,
createdAt: new Date().toISOString(),
updatedAt: new Date().toISOString()

b

/] ATV F Yy aDEH

const currentTasks = this.memoryManager.get(’allTasks’) || [];
currentTasks. push(newTask) ;

this.memoryManager.set(’allTasks’, currentTasks);

/] BEFRTF

this.debouncedManager. debouncedSave(’ tasks’, currentTasks);

// Ul QENEREH
this.addTaskToUIOptimized(newTask);

const operationTime = performance.now() - operationStart;
console. log("# X2 3EHN: ${operationTime. toFixed(2)}ms™);

return newTask;

} catch (error) {
console.error(C ¥ RV BINTS—:", error);

throw error;

// SMEERY RV EFHT
async updateTask(taskId, updates) {

const operationStart = performance.now();

try {
const tasks = this.memoryManager.get(’allTasks’) || [];
const taskIndex = tasks.findIndex(task => task.id === taskId);
if (taskIndex === -1) {
throw new ErrorC 9 RV HNEDHMY FHA);
}
/] R DERH
tasks[taskIndex] = {
...tasks[taskIndex],
...updates,
updatedAt: new Date().toISOString()
¥

/] Fvya1DEH

this.memoryManager.set(’allTasks’, tasks);

/] Ny FRBICL BEERE

this. debouncedManager. addToBatch ({
type: ’save’,
key: 'tasks’,
data: tasks

1)
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// UL DOhEBY 78R BT
this.updateTaskElementOptimized(taskId, tasks[taskIndex]);

const operationTime = performance.now() - operationStart;
console. logC 4% RV E#H: ${operationTime. toFixed(2)}ms™);

return tasks[taskIndex];

} catch (error) {
console.errorC # RV EHITS—:", error);

throw error;

// SRS R U B
async deleteTask(taskId) {
const operationStart = performance.now();

try {
const tasks = this.memoryManager.get(’allTasks’) || [];
const taskIndex = tasks. findIndex(task => task.id === taskId);

if (taskIndex === -1) {
throw new ErrorC 9 ROV DBREDOHhYFEFHA);

const deletedTask = tasks[taskIndex];

// WEBEIR (NT7+—<Y2R@AL)
tasks[taskIndex].deleted = true;
tasks[taskIndex].deletedAt = new Date().toISOString();

/] Fvya1DEH

this.memoryManager.set(’allTasks’, tasks);

/] BERE

this.debouncedManager. debouncedSave (' tasks’, tasks);

// UT By D BENEEHIER
this. removeTaskFromUIOptimized(taskId);

const operationTime = performance.now() - operationStart;
console. log(C" % R U HlIf&: ${operationTime. toFixed(2)}ms™);

return deletedTask;
} catch (error) {

console.error(C ¥ A VHIBRT S —:", error);

throw error;

// BB I N RFRERE

searchTasks(query, options = {}) {
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const searchStart = performance.now();

const tasks = this.memoryManager.get(’allTasks’) || [];
const {

caseSensitive = false,

maxResults = 100,

includeCompleted = true

} = options;

const searchTerm = caseSensitive ? query : query.toLowerCase();

const results = tasks.filter(task => {
if (task.deleted) return false;
if (lincludeCompleted && task.completed) return false;

const taskText = caseSensitive ? task.text : task.text.toLowerCase();
return taskText. includes(searchTerm);
}).slice(@, maxResults);

const searchTime = performance.now() - searchStart;
console. log(C#3E=T: ${results. length}{k (${searchTime. toFixed(2)}ms) );

return results;

// UIsx@{b 4 v R

addTaskToUIOptimized(task) {
const container = document.getElementById(’ taskList’);
const taskElement = this.createTaskElementOptimized(task);

// DocumentFragment %{HEMA L T3HXRAYA DOM #2B4E
const fragment = document.createDocumentFragment();
fragment. appendChi ld(taskE lement);
container.appendChild(fragment);

createTaskElementOptimized(task) {
/] TYTL—hoO—VILL 2EERERER
const template = document.getElementById(’ taskTemplate’);
const clone = template.content.cloneNode(true);

/] BDEREDDH % BH
const taskElement = clone.querySelector(’.task-item’);

taskElement. dataset. id = task. id;

const textElement = clone.querySelector(’.task-text’);
textElement. textContent = task. text;

const checkbox = clone.querySelector(’. task-checkbox’);

checkbox. checked = task.completed;

return clone;

updateTaskE lementOptimized(taskId, task) {
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const element = document.querySelector( [data-id="${taskId}”]");
if (lelement) return;

/] BEBBDOHEEH (RAEOHBHEEZEITS)

const textElement = element.querySelector(’.task-text’);

const checkbox = element.querySelector(’. task-checkbox’);

if (textElement. textContent !== task.text) {
textElement. textContent = task. text;

if (checkbox.checked !== task.completed) {

checkbox. checked = task.completed;

/] U5 XA DMERLER

element.classList. toggle(’ completed’, task.completed);

removeTaskFromUIOptimized(taskId) {
const element = document.querySelector( [data-id="${taskId}”]");
if (element) {
/] 7IT—RT7OMNP7=A=>3Y
element.style.opacity = '0";

element.style.transition = opacity 0.3s ease’;

setTimeout (() => {
element. remove();

}, 300);

/] IRT F—< v ARBILDET
optimizePerformance() {

console. log(' N7 # —< v ARHEILEERITH... );

[/ ARV =Ty
this.memoryManager. cleanupMemory();

/) BWF vy a1 DI
this.cachedStorage. cleanupOldData();

// BIERTEDEEIET
this.debouncedManager. f lushALL();

// AR—=TaALIvavoev b

if (window.gc) {

window. gc();

console. log( N7 4 —< VY ARBILET);

// mBEEI NI IDER

generateOptimizedId() {
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[/ &K VNEIRBARIDARK (crypto APIFIF)
if (crypto & crypto. randomUUID) {
return crypto. randomUUID();

/] 7A=Y Y EERRERET V4 ALID
return “task ${Date.now()} ${Math.random().toString(36).substr(2, 6)};

// BEMRTFDERE
setupAutoSave() {
setInterval (() => {
this.debouncedManager. flushALL();
}, this.config.autoSavelnterval);

[/ R—=T R DRE
window. addEventListener (" beforeunload’, () => {

this. debouncedManager. f lushALL();
1)

/] N7 =< AFETOIE
getPerformanceStats() {

return {
monitor: this.performanceMonitor.generateReport(),
memory: this.memoryManager.getMemoryStats(),
cache: this.cachedStorage.getCacheStats ? this.cachedStorage.getCacheStats() : null

b

/) TV =2 ar ot

document. addEventListener (" DOMContentLoaded’, () => {
/] R7 =< R ERA
const initStart = performance.now();

try {
const app = new HighPerformanceTodoApp();

const initTime = performance.now() - initStart;
console. logC 7 7Y fIHA{LBSER: ${initTime.toFixed(2)}ms’);

/] BAFBEDONRT +—< > AER
if (process.env.NODE ENV === ’development’) {
setInterval(() => {
const stats = app.getPerformanceStats();
console. table(stats.monitor);
}, 10000);

} catch (error) {
console.error(C 7 ) r— a3 VHHEAL KRB, error);

1)
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