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/**

*x BASEEEPCIHNARGE V1.0

* WebRTCIRFER — LHPCHREERNSRIDEEEZR/ BMAE
*

* INBEIRAR:

* 1. WebRTCmatsiEiEET (ICEMREIEINE . STUN/TURNERIE)



* 2. REHRSINGE (desktopCapturer API)

* 3. BENMBERIZS (RIBEMEZRRESEED PRANZR)
* 4. (5LBRSEE (BidWebSocketZ#SDPFIICEIRIE)
*x 5. ZEIENER (—PPCFIIRSIEIZDARIRS)

* 6. RREXEEE (2R/F0/BEXXE)

x 7. BMESER (REEM + EXNBENESR)

* 8. IBRLLEH (PINBEX, FhlERBIUSE)

*/

import { EventEmitter } from 'events';
import crypto from 'crypto';

/¢ BEBEMIEER +/
interface CastTarget {

deviceld: string; // RER&EMHE—IRR

deviceName: string; // BREETRER (N"HELISER")
deviceType: 'board' | 'tv'; // R&HE: EEBR / B0

ipAddress: string; // REIPHuNE

port: number; // ERImO

status: 'discovered' | 'connecting' | 'connected' | 'disconnected';
peerConnection: any; // RTCPeerConnection3Lfl

lastPingTime: number; // RECHET(E]

/xx REEESEH */
interface CastConfig {

maxWidth: number; /] BAERDERRE
maxHeight: number; /! RRERDBESE
maxFrameRate: number; // BRI

minBitrate: number; // &IERBZE (kbps)
maxBitrate: number; // ==BE (kbps)
enableAudio: boolean; // BREEWMEM
captureMode: 'screen' | ‘'window' | 'region'; // IHIFHEI
stunServers: stringl[]; // STUNRRZS 285K
turnServer: string; // TURNHR4#ARSS 28thit
turnUsername: string; // TURNINIERRF &
turnCredential: string; // TURNIAIEZZHS
signalServerUrl: string; // 1E<HRSEEWebSocketithiit
pinCode: string; // EREPINES (40IEh=F)

/xk BRASLHIT x/
interface CastQualityStats {

currentBitrate: number; // ZHRifB=E (kbps)
currentFps: number; // HBEIER
packetlLoss: number; // BEEE (Both)
roundTripTime: number; // FIRIER (7))
resolution: string; // SHEIDPER
encoderType: string; // YmiBERRE

timestamp: number;

/xx ERHEBRBI +/
interface SignalMessage {
type: 'offer' | 'answer' | 'candidate' | 'pin_verify' | 'cast_stop'



'quality_adjust';
fromDeviceId: string;
toDeviceld: string;
payload: any;
timestamp: number;
signature: string; // HMAC-SHA256H B %R

// RN REE
const DEFAULT_CAST_CONFIG: CastConfig = {
maxWidth: 1920,
maxHeight: 1080,
maxFrameRate: 30,
minBitrate: 500,
maxBitrate: 4000,
enableAudio: true,
captureMode: 'screen',
stunServers: ['stun:stun.writech.com:3478'],
turnServer: 'turn:turn.writech.com:3478"',

turnUsername: '',
turnCredential: '',
signalServerUrl: 'wss://signal.writech.com/cast',
pinCode: "'
IE
/%%

* IREEER - EEWebRTCRRENTEA AR

* XFRENEOZIARRERFAS

*/

class ScreenCastManager extends EventEmitter {
private config: CastConfig;

private targets: Map<string, CastTarget> = new Map(); // HBEBmZEIIR
private localStream: MediaStream | null = null; // AR
private signalSocket: WebSocket | null = null; // 1{5<WebSocketi&Ei%
private localDeviceld: string; // AHIRENRR
private statsTimers: Map<string, ReturnType<typeof setInterval>> = new Map();
private qualityHistory: CastQualityStats[] = []; /! REGITHE
private isCapturing: boolean = false;

private hmacKey: string; // EEEZERH

constructor(config?: Partial<CastConfig>) {
super();
this.config = { ...DEFAULT_CAST_CONFIG, ...config };
// {EFREIMACHEIE+AT (B B4 AR E— IR B RIR
this.localDeviceld = “pc_${crypto.randomBytes(4).toString('hex')}";
this.hmacKey = crypto.randomBytes(16).toString('hex"');

/%*
* AR REESE
* BIETRSEHRER, HEEBERERRIVER
*/
async initialize(): Promise<void> {
try {
await this.connectSignalServer();



console.log( ' [ScreenCast] REEERWAMLTR');

} catch (error) {
console.error('[ScreenCast] #¥BHEM:", error);
throw error;

VESS
* ERETRSEH (
* X% BEEE
*/
private async connectSignalServer(): Promise<void> {
return new Promise((resolve, reject) => {
const url = "${this.config.signalServerUrl}?
devicelId=${this.localDeviceld}&type=pc";
this.signalSocket = new WebSocket(url);

BidWebSocket33$#SDPFNIICEMRIE)
(FREUEBERER)

this.signalSocket.onopen = () => {
console.log( ' [ScreenCast] {ELMRSEEZMIN');
resolve();

I8

this.signalSocket.onmessage = (event: MessageEvent) => {
try {
const message: SignalMessage = JSON.parse(event.data);
this.handleSignalMessage(message);
} catch (error) {
console.error('[ScreenCast] {E<EEMITLI: ', error);

+;

this.signalSocket.onclose = () => {
console.warn(' [ScreenCast] {ELEEM, SWEEE');
setTimeout(() => this.connectSignalServer(), 5000);
BE

this.signalSocket.onerror = (error) => {
console.error('[ScreenCast] {5&%EEEIR: ", error);
reject(error);
g
1

VESS
* QBEQHED AR
* IRIBEBEBRTAERIRE (SDPRHE/ ICERIE/PINIGIES)
*/
private handleSignalMessage(message: SignalMessage): void {
// WIBHRES (BpLEEN)
if (message.signature && !this.verifyMessageSignature(message)) {
console.warn('[ScreenCast] JERERBMIFLM, EF:', message.type);
return;

switch (message.type) {
case 'answer':
this.handleRemoteAnswer(message. fromDeviceId, message.payload);



break;

case 'candidate':
this.handleRemoteCandidate(message.fromDeviceId, message.payload);
break;

case 'pin_verify':
this.handlePinVerifyResult(message.fromDeviceId, message.payload);
break;

case 'quality_adjust':
this.handleQualityAdjust(message.fromDeviceId, message.payload);
break;

case 'cast_stop':
this.handleRemoteStop(message.fromDeviceld);

break;
default:
console.warn('[ScreenCast] FKRANELHEA:', message.type);
¥
ks
/ %k

*x FHiaREEEIR - {£AElectron desktopCapturer APIIREURZASTIR
* XIFERE. B0, BEXRF=FHERER
*/
async startCapture(sourceld?: string): Promise<void> {
if (this.isCapturing) {
console.warn('[ScreenCast] BEERED, BELELESFHRE");
return;

try {
// @3JElectron desktopCapturersXEXRIBrIEER/&E R
const { desktopCapturer } = require('electron');
const sources = await desktopCapturer.getSources({
types: this.config.captureMode === ‘window' ? ['window'] : ['screen'],
thumbnailSize: { width: 320, height: 180 }

1)
if (sources.length === 0) {

throw new Error('R¥ZITANERR");
}

// EERER EOMERAE—TIIEER)

const selectedSource = sourceld
? sources.find((s: any) => s.id === sourceld) || sources[0]
: sources[0];

// ERETSRARSE
const videoConstraints: any = {
mandatory: {

chromeMediaSource: 'desktop',
chromeMediaSourcelId: selectedSource.id,
maxWidth: this.config.maxWidth,
maxHeight: this.config.maxHeight,
maxFrameRate: this.config.maxFrameRate,
minFrameRate: 15

+;



// FREURORR (AR + mlEEsm)
const stream = await (navigator.mediaDevices as any).getUserMedia({
video: videoConstraints,
audio: this.config.enableAudio ? {
mandatory: { chromeMediaSource: 'desktop' }
} : false
1)

this.localStream stream;

this.isCapturing = true;

this.emit('captureStarted', { sourceld: selectedSource.id, name:
selectedSource.name });

console.log('[ScreenCast] REEHIAEREN: "', selectedSource.name);

} catch (error) {
console.error('[ScreenCast] REHIKKM:", error);
throw error;

/%%

* EIEEARRERERFERE

* BIERTCPeerConnection, RINAHLA, &IXSDP Offer

*/
async castToDevice(deviceId: string, deviceName: string, ipAddress: string, port:

number): Promise<void> {
if (!this.localStream) {
throw new Error('iB%BsREEMIA");

// BIEKREBIRCE

const target: CastTarget = {
deviceld, deviceName,
deviceType: 'board',
ipAddress, port,
status: 'connecting',
peerConnection: null,
lastPingTime: Date.now()

bE

// EEEICERRSS2E (STUN + TURN)
const iceConfig: RTCConfiguration = {
iceServers: [
{ urls: this.config.stunServers },

{
urls: this.config.turnServer,
username: this.config.turnUsername,
credential: this.config.turnCredential
b

1,
iceCandidatePoolSize: 10
18

// BIZERTCPeerConnection
const pc = new RTCPeerConnection(iceConfig);
target.peerConnection = pc;

// IO AT A HIE



this.localStream.getTracks().forEach(track => {

1)

pc.addTrack(track, this.localStream!);

// BEEVSIRBSE (i5(EMAH.264 High Profile)
const sender = pc.getSenders().find(s => s.track?.kind === 'video');
if (sender) {

const params = sender.getParameters();

if (params.encodings && params.encodings.length > 0) {
params.encodings [@] .maxBitrate = this.config.maxBitrate * 1000;
params.encodings [0].maxFramerate = this.config.maxFrameRate;
await sender.setParameters(params);

// ERIRICEMRIASM, KIXLX IR
pc.onicecandidate = (event) => {

if (event.candidate) {
this.sendSignalMessage ({

type: 'candidate',
fromDeviceId: this.localDeviceld,
toDeviceld: deviceld,
payload: event.candidate.toJSON(),
timestamp: Date.now(),
signature: ''

// BITERIRSE®N
pc.onconnectionstatechange = () => {

I8

console.log(" [ScreenCast] &EEIRS[${deviceName}]: , pc.connectionState);
switch (pc.connectionState) {
case 'connected':
target.status = 'connected';
this.startQualityMonitor(deviceld);
this.emit('deviceConnected', { deviceld, deviceName });
break;
case 'disconnected':
case 'failed':
target.status = 'disconnected';
this.stopQualityMonitor(deviceld);
this.emit('deviceDisconnected', { deviceIld, deviceName });
break;

// BIEHKIESDP O0ffer
const offer = await pc.createOffer({

1)

offerToReceiveAudio: false,
offerToReceiveVideo: false

await pc.setLocalDescription(offer);

// BEELIRSH/AEf ferg KRS
this.sendSignalMessage({

type: 'offer',



fromDevicelId: this.localDeviceld,

toDeviceId: deviceld,

payload: { sdp: offer.sdp, type: offer.type, pinCode: this.config.pinCode },
timestamp: Date.now(),

signature: "'

1)

this.targets.set(deviceld, target);
console.log(" [ScreenCast] Bf@ ${deviceName} KiiZFIFK );

/xk QMRITIRIZEAISDP Answer x/

private async handleRemoteAnswer(deviceld: string, payload: any): Promise<void> {
const target = this.targets.get(deviceld);
if (!'target || !target.peerConnection) return;

try {
const answer = new RTCSessionDescription(payload);
await target.peerConnection.setRemoteDescription(answer);
console.log(" [ScreenCast] W%l ${target.deviceName} EJAnswer');
} catch (error) {
console.error(’ [ScreenCast] i&ERemoteDescriptionsk:", error);

/*x QAIRIRIHICEMRIE */

private async handleRemoteCandidate(deviceId: string, payload: any): Promise<void> {
const target = this.targets.get(deviceld);
if (!target || !target.peerConnection) return;

try {

const candidate = new RTCIceCandidate(payload);

await target.peerConnection.addIceCandidate(candidate);
} catch (error) {

console.error('[ScreenCast] FRMICE(REKRM:", error);

/xk RAERPINREIGIELESR */
private handlePinVerifyResult(deviceId: string, payload: { verified: boolean }):
void {
if (!payload.verified) {
console.warn(" [ScreenCast] &% ${deviceId} PINRZIGIERIN);
this.disconnectDevice(deviceld);
this.emit('pinVerifyFailed', { deviceld });

/+k MIBTIFREREIFRK (KEIHMBENEREREER) */
private handleQualityAdjust(deviceId: string, payload: { maxBitrate?: number;
maxFps?: number }): void {
const target = this.targets.get(deviceld);
if (!target || !target.peerConnection) return;

const sender = target.peerConnection.getSenders().find((s: any) => s.track?.kind
=== 'video');
if (sender) {



const params = sender.getParameters();
if (params.encodings && params.encodings.length > 0) {
if (payload.maxBitrate) {
params.encodings[0].maxBitrate = payload.maxBitrate *x 1000;
}
if (payload.maxFps) {
params.encodings[@] .maxFramerate = payload.maxFps;
}
sender.setParameters(params);
console.log(" [ScreenCast] BIFEKRFERE: BFE=¢${payload.maxBitrate}tkbps,
miZ=${payload.maxFps}fps’);
}

/xx QAIRIIRE EIRRIFK */

private handleRemoteStop(deviceId: string): void {
console.log(" [ScreenCast] WE)zimfEIEiER: ${deviceld} );
this.disconnectDevice(deviceld);

VeSS
* BuRRERERE
*x B3WRE—RWebRTCEERIHER
*/
private startQualityMonitor(deviceId: string): void {
const timer = setInterval(async () => {
const target = this.targets.get(deviceld);

if (!'target || !target.peerConnection) {
this.stopQualityMonitor(deviceld);
return;

}

try {

const stats = await target.peerConnection.getStats();
let qualityStats: CastQualityStats = {
currentBitrate: @, currentFps: 0,
packetLoss: @, roundTripTime: 0,
resolution: '', encoderType: '',
timestamp: Date.now()

g

stats.forEach((report: any) => {
if (report.type === 'outbound-rtp' && report.kind === 'video') {
qualityStats.currentBitrate = Math.round((report.bytesSent x 8)
/ 1000);

qualityStats.currentFps = report.framesPerSecond || 0;

qualityStats.resolution
“${report.frameWidth}x${report.frameHeight}";

qualityStats.encoderType = report.encoderImplementation ||

'unknown';
¥
if (report.type === 'candidate-pair' && report.state ===
'succeeded') {
qualityStats.roundTripTime = report.currentRoundTripTime * 1000;
¥

if (report.type === 'remote-inbound-rtp') {



qualityStats.packetLoss = report.fractionLost * 100;
});

// REFEHIHHE (RZRE10005%)

this.qualityHistory.push(qualityStats);

if (this.qualityHistory.length > 1000) {
this.qualityHistory.splice(@, this.qualityHistory.length - 1000);

// BENBERZE: XIS B REE
if (qualityStats.packetLoss > 5) {
const reducedBitrate = Math.max(
this.config.minBitrate,
qualityStats.currentBitrate *x 0.7
)k
this.adjustBitrate(deviceld, reducedBitrate);
} else if (qualityStats.packetLoss < 1 && qualityStats.currentBitrate <
this.config.maxBitrate) {
// RERARIFESIRSBER
const increasedBitrate = Math.min(
this.config.maxBitrate,
qualityStats.currentBitrate x 1.1
)k
this.adjustBitrate(deviceld, increasedBitrate);

this.emit('qualityUpdate', { deviceld, stats: qualityStats });
} catch (error) {
console.error('[ScreenCast] FREMIEZAITRM: ", error);
¥
}, 3000);

this.statsTimers.set(devicelId, timer);

/xk BIERERE */
private stopQualityMonitor(deviceId: string): void {
const timer = this.statsTimers.get(deviceld);
if (timer) {
clearInterval(timer);
this.statsTimers.delete(deviceId);

/¥x ENESTHENSNRSE *+/

private adjustBitrate(deviceId: string, targetBitrate: number): void {
const target = this.targets.get(deviceld);
if (!target || !target.peerConnection) return;

const sender = target.peerConnection.getSenders().find((s: any) => s.track?.kind
=== 'video');
if (sender) {
const params = sender.getParameters();
if (params.encodings && params.encodings.length > @) {
params.encodings[0].maxBitrate = Math.round(targetBitrate *x 1000);
sender.setParameters(params).catch((e: Error) => {



console.error('[ScreenCast] F3FRFEELM:', e.message);
1)

/kx BIFHEEIRBNIRFIEE +/

disconnectDevice(deviceId: string): void {
const target = this.targets.get(deviceld);
if (!'target) return;

// *HPeerConnection
if (target.peerConnection) {
target.peerConnection.close();

// BLRERE
this.stopQualityMonitor(deviceld);

// BHRIXS
this.sendSignalMessage({
type: 'cast_stop',
fromDeviceld: this.localDeviceld,
toDeviceld: deviceld,
payload: {},
timestamp: Date.now(),
signature: ''

1)

this.targets.delete(deviceld);
this.emit('deviceDisconnected', { deviceld, deviceName: target.deviceName });
console.log (" [ScreenCast] BEiFf#%/E: ${target.deviceName}");

/*x BIEFRIEREHBFREIR */
stopAllCasting(): void {
// WiFRRE#REBT
for (const deviceld of this.targets.keys()) {
this.disconnectDevice(deviceId);

// BlLRERHR

if (this.localStream) {
this.localStream.getTracks().forEach(track => track.stop());
this.localStream = null;

¥

this.isCapturing = false;

this.emit('allCastingStopped');
console.log(' [ScreenCast] FRAEEREEEL');

/xx BRIXELHEE (MIIIHMAC-SHA256%5 %) */
private sendSignalMessage(message: SignalMessage): void {
// EREEER, BHILELIWHEN
const content =
“${message.type}: ${message. fromDeviceId}: ${message.toDeviceld}:${message.timestamp} ;



message.signature = crypto.createHmac('sha256"',
this.hmacKey).update(content).digest('hex');

if (this.signalSocket && this.signalSocket.readyState === WebSocket.OPEN) {
this.signalSocket.send(JSON.stringify(message));
} else {

console.warn('[ScreenCast] ELEEATH, HEAKZELEW');

/xx BHFKREINEREEER */
private verifyMessageSignature(message: SignalMessage): boolean {
const content =
“${message.type}:${message. fromDeviceIld}:${message.toDeviceld}:${message.timestamp}";
const expected = crypto.createHmac('sha256"',
this.hmacKey).update(content).digest('hex');
return message.signature === expected;

/xk REVEHAIRBRSLE */
getStatus(): { isCapturing: boolean; connectedDevices: number; targets: any[] } {
const targetList = Array.from(this.targets.values()).map(t => ({
deviceld: t.deviceld,
deviceName: t.deviceName,
status: t.status,
deviceType: t.deviceType
)

return {
isCapturing: this.isCapturing,
connectedDevices: targetList.filter(t => t.status === 'connected').length,

targets: targetList
BE

/kx SHERIRREIERR, BHFIERIRE */
destroy(): void {
this.stopAllCasting();
if (this.signalSocket) {
this.signalSocket.close();
this.signalSocket = null;
¥
this.qualityHistory = [];
this.removeAllListeners();
console.log( ' [ScreenCast] HREEERTHR');

export default ScreenCastManager;

database/

database/db_manager.ts



/%%
BABEREPCIHN AR V1.0
IR ETRMER - EFbetter-sqlite3LIISQLIteAthEIRIE R 4L,

INBEIERR:

. BIRERHSRAEH (Schema Migration)

. PEETHIENEESIAR (IHERZE/Ell/NEEESH)
 EAEIERETE (AT + ATLHRE)

. IR/ REEBAREE (RDMEIER)

. RPERSBRET X RU4EP (RGTIES RFERERT )

. IBHTEIRRS| (REHXHEMNEIRER)

. BUBEEXXMEINZE (SQLCipherfEpy, BhlEASHbEUEMEE)

. BREMNSHIREERE

* K K K X X K K X X X X

1
2
3
4
5
6
7
8

*
~

import path from 'path';
import fs from 'fs';

import { app } from 'electron';
import crypto from 'crypto';

/R BUBERERO */
interface DatabaseConfig {

dbPath: string; // EIRESGER
encryptionKey: string; // MZE#5 (SQLCipher)
maxBackups: number; /! RRBMEE
autoVacuumInterval: number; // BmiZEEER ()
walMode: boolean; // RERRAWALE

[k FHEZEMIDFE */

interface StrokeRecord {
id: string;
studentId: string;
studentName: string;
assignmentId: string;
pageIndex: number;

strokeData: string; // JSONZFIL R E TR AL AR EE
thumbnailPath: string; // YEREEISEER1Z

collectTime: number; // FRERTE)E

syncStatus: number; // BTRES: 0=KEY, 1=BEF, 2=FAFKM
fileSize: number; // BEEARN (FT)

/x HEEIER */

interface GradeRecord {
id: string;
assignmentId: string;
studentId: string;

aiScore: number; // ALi¥% (0-100)
teacherScore: number; // BImTED (-1RRARHIK)
aiAnnotation: string; // AL#teR#mEISON

teacherAnnotation: string; // #UAFshHmEISON
gradeTime: number;
status: number; // O=T5HtEN, 1=AIE#t, 2=3MEit



/k PERIER */

interface ClassInfo {
classId: string;
className: string;
grade: string;
teacherId: string;
studentCount: number;
lastSyncTime: number;

Rk BEER */
interface StudentInfo {
studentId: string;
studentName: string;
classId: string;
seatNumber: number;
penDeviceld: string; /! BENRBEEIREZID
avatarPath: string;

/*x SBEIBRRET x/
interface DotCodeMapping {

dotCodeId: string; // HPERBME—HRR

coursewareld: string; // REID

pageIndex: number; // NRITIEZRSI

regionType: string; // XigZER: 'answer'/'writing'/'drawing’
coordinates: string; // XiFAHRISON

/xx IRETTEIR +/
interface CoursewareMeta {
coursewareld: string;
title: string;
type: string; // ‘ppt'/'pdf'/'custom’
filePath: string; // ANHSEIRR
pageCount: number;
fileSize: number;
createTime: number;
lastOpenTime: number;
cloudUrl: string; // imibht
syncStatus: number;

/¥x ERBRHIAEN */

interface Migration {
version: number;
description: string;
sql: string;

/* ] ﬁ&}grﬁ%fﬂ%ﬁ ] */

// EEEESchemahR A S, ERREWLEESIE
const CURRENT_SCHEMA_VERSION = 5;



/%x
* BUBREEESE - S—EIESQLiteBUREMNEREHA
* RARGIEHRE B —EUEEERE

*/

class DatabaseManager {
private db: any = null; // better-sqlite3 #EEESLH|
private config: DatabaseConfig; // BIEERE
private backupTimer: ReturnType<typeof setInterval> | null = null;
private vacuumTimer: ReturnType<typeof setInterval> | null = null;

private initialized: boolean = false;

constructor() {

// BNRE: BEEEMENRARIEER

const userDataPath = app.getPath('userData');

this.config = {
dbPath: path.join(userDataPath, 'writech_data.db'),
encryptionKey: this.loadOrCreateEncryptionKey(),
maxBackups: 5,
autoVacuumInterval: 24 % 60 * 60 *x 1000, // S24/)\WEE—K
walMode: true

/*%
* INEREL IR IR N2 % ER
* BIAGRERERALTEREIEEESRY (Bidkeytar)
* BRIBITHAERBEL 25612 R
*/
private loadOrCreateEncryptionKey(): string {
const keyFilePath = path.join(app.getPath('userData'), '.db_key');
try {
if (fs.existsSync(keyFilePath)) {
return fs.readFileSync(keyFilePath, 'utf-8').trim();
¥
// 256N ZERHRE
const newKey = crypto.randomBytes(32).toString('hex"');
fs.writeFileSync(keyFilePath, newKey, { mode: 00600 });
console.log(' [DatabaseManager] BAMFHEIEENZRZRA");
return newKey;
} catch (error) {
console.error('[DatabaseManager] ZiAEIRLM, (FRZKIAZELE: ', error);
return 'writech_default_key 2024"';

/%

* IR EIREERHMITIER

* SRAWALENIRSH AL S 1HEE

* I8ESQLCipherinzZa4a

*/

async initialize(): Promise<void> {
if (this.initialized) return;

try {
const Database = require('better-sqlite3');
const dbDir = path.dirname(this.config.dbPath);
if (!'fs.existsSync(dbDir)) {



fs.mkdirSync(dbDir, { recursive: true });

// RIEEUREEE (BRverboseAERTIERR)
this.db = new Database(this.config.dbPath, { verbose: undefined });

// &ESQLCipherinZa548
this.db.pragma( key='${this.config.encryptionKey}'");

// BRAWALER RS H R 1tEE

if (this.config.walMode) {
this.db.pragma('journal_mode=WAL");
this.db.pragma('synchronous=NORMAL');

// TBRIMBAR
this.db.pragma('foreign_keys=0N");

// BATEIREITR
this.runMigrations();

// BEIERES (B + EiE)
this.startAutoBackup();
this.startAutoVacuum();

this.initialized = true;
console. log( ' [DatabaseManager] HUBEWIALSER, hRAs:',
CURRENT_SCHEMA_VERSION) ;
} catch (error) {
console.error (' [DatabaseManager] HUBEWWBMELMK: ', error);
throw error;

/%%
* RENFRAEERBHIATIER
* BORANB—PEBHAE, RIRASIRFERT
*/
private getMigrations(): Migration[] {
return [
{
version: 1,
description: 'BIEERMRLEN",
sql: °
—— PEZMHIER
CREATE TABLE IF NOT EXISTS stroke_records (
id TEXT PRIMARY KEY,
student_id TEXT NOT NULL,
student_name TEXT NOT NULL,
assignment_id TEXT NOT NULL,
page_index INTEGER DEFAULT 0,
stroke_data TEXT NOT NULL,
thumbnail_path TEXT DEFAULT '‘',
collect_time INTEGER NOT NULL,
sync_status INTEGER DEFAULT @,
file_size INTEGER DEFAULT @,
created_at INTEGER DEFAULT (strftime('%s', 'now'))



D3

CREATE INDEX IF NOT EXISTS idx_stroke_student ON
stroke_records(student_id);

CREATE INDEX IF NOT EXISTS idx_stroke_assignment ON
stroke_records(assignment_id);

CREATE INDEX IF NOT EXISTS idx_stroke_time ON
stroke_records(collect_time);

— HBEFRR
CREATE TABLE IF NOT EXISTS grade_records (
id TEXT PRIMARY KEY,
assignment_id TEXT NOT NULL,
student_id TEXT NOT NULL,
ai_score REAL DEFAULT -1,
teacher_score REAL DEFAULT -1,
ai_annotation TEXT DEFAULT '{}',
teacher_annotation TEXT DEFAULT '{}',
grade_time INTEGER NOT NULL,
status INTEGER DEFAULT @,
created_at INTEGER DEFAULT (strftime('ss', 'now'))
F;
CREATE INDEX IF NOT EXISTS idx_grade_assignment ON
grade_records(assignment_id);
CREATE INDEX IF NOT EXISTS idx_grade_student ON
grade_records(student_id);

b
{
version: 2,
description: "RMMBFZEEER',
sql: °
-— NREBEFR
CREATE TABLE IF NOT EXISTS class_info (
class_id TEXT PRIMARY KEY,
class_name TEXT NOT NULL,
grade TEXT DEFAULT '',
teacher_id TEXT NOT NULL,
student_count INTEGER DEFAULT 0,
last_sync_time INTEGER DEFAULT @
D8

— RPEEREREX
CREATE TABLE IF NOT EXISTS student_info (
student_id TEXT PRIMARY KEY,
student_name TEXT NOT NULL,
class_id TEXT NOT NULL,
seat_number INTEGER DEFAULT 0,
pen_device_id TEXT DEFAULT '',
avatar_path TEXT DEFAULT '‘',
FOREIGN KEY (class_id) REFERENCES class_info(class_id)
D
CREATE INDEX IF NOT EXISTS idx_student_class ON
student_info(class_id);
CREATE INDEX IF NOT EXISTS idx_student_pen ON
student_info(pen_device_id);

b



version: 3,
description: ‘'IRHISFERBBREIR",
sql: °
— HMFEMRXARR (RMEITEHS RFEFEBIDSTN)
CREATE TABLE IF NOT EXISTS dot_code_mapping (
dot_code_id TEXT PRIMARY KEY,
courseware_id TEXT NOT NULL,
page_index INTEGER NOT NULL,
region_type TEXT DEFAULT 'answer',
coordinates TEXT DEFAULT '{}',
created_at INTEGER DEFAULT (strftime('ss', 'now'))
F;
CREATE INDEX IF NOT EXISTS idx_dotcode_courseware ON
dot_code_mapping(courseware_id);
I
{
version: 4,
description: "ZFIMRETTEIEE",
sql: °
—— RUETEIERS|IR
CREATE TABLE IF NOT EXISTS courseware_meta (
courseware_id TEXT PRIMARY KEY,
title TEXT NOT NULL,
type TEXT DEFAULT 'custom',
file_path TEXT NOT NULL,
page_count INTEGER DEFAULT @,
file_size INTEGER DEFAULT @,
create_time INTEGER NOT NULL,
last_open_time INTEGER DEFAULT @,
cloud_url TEXT DEFAULT '',
sync_status INTEGER DEFAULT @
D3
CREATE INDEX IF NOT EXISTS idx_courseware_type ON
courseware_meta(type);
CREATE INDEX IF NOT EXISTS idx_courseware_time ON
courseware_meta(last_open_time);
}r
{
version: 5,
description: 'ZMEY HEXRATBELEUEELR',
sql: °
— BIERSHER (ICRABERTIRE)
CREATE TABLE IF NOT EXISTS sync_log (
id INTEGER PRIMARY KEY AUTOINCREMENT,
table_name TEXT NOT NULL,
record_id TEXT NOT NULL,
operation TEXT NOT NULL,
payload TEXT DEFAULT '{}',
sync_status INTEGER DEFAULT 0,
retry_count INTEGER DEFAULT @,
created_at INTEGER DEFAULT (strftime('ss', 'now')),
synced_at INTEGER DEFAULT 0
ik
CREATE INDEX IF NOT EXISTS idx_sync_status ON sync_log(sync_status);



VeSS
* PITEIEETRS
* MBEBLHRIMRAS, MORXBITRIITAIERZHA
* [FHESHRTBNEFE
*/
private runMigrations(): void {
// BIERRAERERR
this.db.exec("

CREATE TABLE IF NOT EXISTS schema_version (
version INTEGER PRIMARY KEY,
description TEXT,
applied_at INTEGER DEFAULT (strftime('S%s"', 'now'))

);

Y);

// FRENHBIEURE R A

const row = this.db.prepare('SELECT MAX(version) as ver FROM
schema_version').get();

const currentVersion = row?.ver || 0;

if (currentVersion >= CURRENT_SCHEMA_VERSION) {
console. log( ' [DatabaseManager] #iBEERE&IIRA:", currentVersion);
return;

// FRESATRE R A FH IR A B AT
const migrations = this.getMigrations().filter(m => m.version > currentVersion);
const runAll = this.db.transaction(() => {
for (const migration of migrations) {
console.log (" [DatabaseManager] #17:F# v${migration.version}:
${migration.description}’);
this.db.exec(migration.sql);
this.db.prepare('INSERT INTO schema_version (version, description)
VALUES (?, ?)")
.run(migration.version, migration.description);

1)

runAll();
console.log(" [DatabaseManager] F#5erk: v${currentVersion} —>
v${CURRENT_SCHEMA_VERSION}");

/kx REFEZAZEDICE (HEEA, REBEAMEE) *x/
saveStrokeRecords(records: StrokeRecord[]): number {
const insertStmt = this.db.prepare(’
INSERT OR REPLACE INTO stroke_records
(id, student_id, student_name, assignment_id, page_index,
stroke_data, thumbnail_path, collect_time, sync_status, file_size)
VALUES (?, 2, ?, 2, ?, 2, 7,2, 7,7)



“Da

// ERESHERA, BREEZFEANSHALEEC-
const insertMany = this.db.transaction((items: StrokeRecord[]) => {
let count = 0;
for (const r of items) {
insertStmt. run(
r.id, r.studentId, r.studentName, r.assignmentId,
r.pageIndex, r.strokeData, r.thumbnailPath,
r.collectTime, r.syncStatus, r.fileSize
DE
count++;
}
// BERHERESHE
const logStmt = this.db.prepare(’
INSERT INTO sync_log (table_name, record_id, operation, payload)
VALUES ('stroke_records', ?, 'INSERT', ?)
Dt
for (const r of items) {
logStmt.run(r.id, JSON.stringify({ assignmentId: r.assignmentId }));
}
return count;

1)

return insertMany(records);

/0k IREWIDEWER (SKIEFHT)  */
getStrokesByAssignment(assignmentId: string, page: number = @, pageSize: number =
50): StrokeRecord[] {
const offset = page *x pageSize;
return this.db.prepare(’

SELECT id, student_id as studentId, student_name as studentName,
assignment_id as assignmentId, page_index as pagelndex,
stroke_data as strokeData, thumbnail_path as thumbnailPath,
collect_time as collectTime, sync_status as syncStatus,
file_size as fileSize

FROM stroke_records

WHERE assignment_id = ?

ORDER BY collect_time DESC

LIMIT ? OFFSET ?

“).all(assignmentId, pageSize, offset);

/xx BREZENMBEDR (BTREH) */
getStrokesByStudent(studentId: string, startTime?: number, endTime?: number):
StrokeRecord[] {
let sql = "SELECT * FROM stroke_records WHERE student_id = ?7°;
const params: any[] = [studentId];
if (startTime) {
sql += ' AND collect_time >= ?';
params.push(startTime);
}
if (endTime) {
sql += ' AND collect_time <= 7?7';
params.push(endTime);



sql += ' ORDER BY collect_time DESC';
return this.db.prepare(sql).all(...params);

/*xx FREGREISERICE (BTEMEEEE LE) */
getUnsyncedStrokes(limit: number = 100): StrokeRecord[] {
return this.db.prepare(’
SELECT * FROM stroke_records
WHERE sync_status = 0
ORDER BY collect_time ASC
LIMIT ?
“).all(limit);

/xx HHEBEREDELIRE */
updateStrokeSyncStatus(ids: string[], status: number): void {
const placeholders = ids.map(() => '?').join("',");
this.db.prepare(’
UPDATE stroke_records SET sync_status = ?
WHERE id IN (${placeholders})
‘).run(status, ...ids);

/k (RIFHEFHBUCE */
saveGradeRecord(record: GradeRecord): void {
this.db.prepare(’
INSERT OR REPLACE INTO grade_records
(id, assignment_id, student_id, ai_score, teacher_score,
ai_annotation, teacher_annotation, grade_time, status)
VALUES (?, 2, ?, 2, 7?2, 2?2, 7,7, 7)
Y).run(
record.id, record.assignmentId, record.studentId,
record.aiScore, record.teacherScore,
record.aiAnnotation, record.teacherAnnotation,
record.gradeTime, record.status

DB

/xx EREWRII RS RTIR */
getGradesByAssignment(assignmentId: string): GradeRecord[] {
return this.db.prepare(’
SELECT g.*, s.student_name as studentName
FROM grade_records g
LEFT JOIN student_info s ON g.student_id = s.student_id
WHERE g.assignment_id = ?
ORDER BY g.grade_time DESC
“).all(assignmentId);

/%x FREVFZUMMERATICREL */
getPendingGradeCount(): number {
const row = this.db.prepare(’
SELECT COUNT(x) as cnt FROM grade_records WHERE status < 2
Y).get();
return row?.cnt || 0;



/xk HERSMRER (MBHABEEFEIARM) */
syncClassInfo(classes: ClassInfol[]): void {
const upsert = this.db.prepare(’
INSERT OR REPLACE INTO class_info
(class_id, class_name, grade, teacher_id, student_count, last_sync_time)
VALUES (?, ?, ?, ?, 7, ?7)
Y);
const syncAll = this.db.transaction((items: ClassInfoll) => {
for (const c of items) {
upsert.run(c.classId, c.className, c.grade, c.teacherId, c.studentCount,
Date.now());
}
1);
syncAll(classes);

/xx WERTZFEES */
syncStudentInfo(students: StudentInfoll): void {
const upsert = this.db.prepare(’
INSERT OR REPLACE INTO student_info
(student_id, student_name, class_id, seat_number, pen_device_id,
avatar_path)
VALUES (?, 2, ?, 2, 7, ?)
Y);
const syncAll = this.db.transaction((items: StudentInfol[]) => {
for (const s of items) {
upsert.run(s.studentId, s.studentName, s.classId, s.seatNumber,
s.penDeviceld, s.avatarPath);
}
1);
syncAll(students);

[k FRIPRERZETIR *+/
getStudentsByClass(classId: string): StudentInfol[] {
return this.db.prepare(’
SELECT * FROM student_info WHERE class_id = ? ORDER BY seat_number
“).all(classId);

/xx BEREFEERFIDERFEE (BTINEDIRG)  */
findStudentByPenDevice(penDeviceld: string): StudentInfo | undefined {
return this.db.prepare(’
SELECT * FROM student_info WHERE pen_device_id = ?
*).get(penDeviceld);

/%% (RTFEPERIRET R R */
saveDotCodeMappings (mappings: DotCodeMapping([]): void {
const upsert = this.db.prepare(’
INSERT OR REPLACE INTO dot_code_mapping



(dot_code_id, courseware_id, page_index, region_type, coordinates)
VALUES (?, ?, ?, ?, ?)
Y);
const saveAll = this.db.transaction((items: DotCodeMapping[]) => {
for (const m of items) {
upsert.run(m.dotCodeId, m.coursewareld, m.pageIndex, m.regionType,
m.coordinates);
}
1);
saveAll(mappings);

/k IRIBESFERSIDEHR N NANRGTIE (EMBIEERER) */
findPageByDotCode(dotCodeId: string): DotCodeMapping | undefined {
return this.db.prepare(’
SELECT x FROM dot_code_mapping WHERE dot_code_id = ?
*).get(dotCodeld);

/kx ARFIRMETEIE */
saveCoursewareMeta(meta: CoursewareMeta): void {
this.db.prepare(’
INSERT OR REPLACE INTO courseware_meta
(courseware_id, title, type, file_path, page_count, file_size,
create_time, last_open_time, cloud_url, sync_status)
VALUES (?, 2, ?, ?, 2, 72,72, 7?,7?,7)
Y).run(
meta.coursewareld, meta.title, meta.type, meta.filePath,
meta.pageCount, meta.fileSize, meta.createTime,
meta. lastOpenTime, meta.cloudUrl, meta.syncStatus

DB

/#k SREERITITFFRNIRAIIR *+/
getRecentCoursewares(limit: number = 20): CoursewareMetal[] {
return this.db.prepare(’
SELECT * FROM courseware_meta ORDER BY last_open_time DESC LIMIT ?
“).all(limit);

/*xx BohEMENENS (B6/N&EH—R) */
private startAutoBackup(): void {
const BACKUP_INTERVAL = 6 * 60 *x 60 x 1000; // 6/)\AiY
this.backupTimer = setInterval(() => {
this.createBackup();
}, BACKUP_INTERVAL);

¥k BIRBUBESMD XS */
createBackup(): string {
const backupDir = path.join(path.dirname(this.config.dbPath), 'backups');
if (!fs.existsSync(backupDir)) {
fs.mkdirSync(backupDir, { recursive: true });



/! EREHXHE (BaNER)
const timestamp = new Date().toISOString().replace(/[:.1/g, '-');
const backupPath = path.join(backupDir, ‘writech_backup_¢${timestamp}.db");

// {EMSQLiteMIbackup APIRITEL SR (REEEE)
this.db.backup(backupPath);
console.log(' [DatabaseManager] ZiEERM5EM: "', backupPath);

// EEEEED (REB&ENT)
this.clean0ldBackups (backupDir);
return backupPath;

/xx FETHEANE N XM *+/
private cleanOldBackups(backupDir: string): void {
const files = fs.readdirSync(backupDir)
.filter(f => f.startsWith('writech_backup_"))
.sort()
.reverse();

// BIEFBYHRAHRENIEED

for (let i = this.config.maxBackups; i < files.length; i++) {
const filePath = path.join(backupDir, files[il);
fs.unlinkSync(filePath);
console.log( ' [DatabaseManager] EiBIEIHEAEM:", files[i]);

/*xx BENEEEEREIE (VACUUM)  x/
private startAutoVacuum(): void {
this.vacuumTimer = setInterval(() => {
try {
// EE30RBICRSENFEIGEIE (FBEEREB)
const threshold = Date.now() — 30 *x 24 x 60 x 60 x 1000;
const result = this.db.prepare(’
DELETE FROM stroke_records
WHERE sync_status = 1 AND collect_time < ?
“).run(threshold);
if (result.changes > 0) {
console. log (" [DatabaseManager] JBEMEIHIEMICRK: ${result.changes}&’);

// FEERTHNELS BT
this.db.prepare(’

DELETE FROM sync_log WHERE sync_status = 1 AND synced_at < ?
“).run(threshold);

// HATVACUUMEEIBH; =S (8]

this.db.exec('VACUUM');

console.log(' [DatabaseManager] ¥IBEEEREIESA');
} catch (error) {

console.error( ' [DatabaseManager] HUIEEZEIELM:', error);
¥

}, this.config.autoVacuumInterval);



/xx FREEIEESIHERS (ATPRSER) +/
getStatistics(): Record<string, number> {
const stats: Record<string, number> = {};
stats.strokeCount = this.db.prepare('SELECT COUNT(x) as c FROM
stroke_records').get().c;
stats.gradeCount = this.db.prepare('SELECT COUNT(x) as c FROM
grade_records').get().c;
stats.studentCount = this.db.prepare('SELECT COUNT(x%) as c FROM
student_info').get().c;
stats.coursewareCount = this.db.prepare('SELECT COUNT(x) as c FROM
courseware_meta').get().c;
stats.unsyncedCount = this.db.prepare('SELECT COUNT(x) as c FROM sync_log WHERE
sync_status=0').get().c;

// TTEEIRRES RN

try {
const stat = fs.statSync(this.config.dbPath);
stats.dbSizeBytes = stat.size;

} catch {
stats.dbSizeBytes = 0;

+

return stats;

/xx KEEIREERHIFERR */
close(): void {
if (this.backupTimer) {
clearInterval(this.backupTimer);
this.backupTimer = null;
+
if (this.vacuumTimer) {
clearInterval(this.vacuumTimer);
this.vacuumTimer = null;
}
if (this.db) {
// FHRETHAT—RcheckpointH{RWALEEEE N
try { this.db.pragma('wal_checkpoint(TRUNCATE)'); } catch {}
this.db.close();
this.db = null;
}
this.initialized = false;
console. log( ' [DatabaseManager] #UEEEZEEXMA");

/xk EREBIBREEEEIH */
const dbManager = new DatabaseManager();
export default dbManager;

main/



main/device_manager.ts

/%%

* BABENEEPCIHN AR V1.0

k

* device_manager.ts - USB/BLEIRZEIE
k

* IhEEIRAR:

* — USB HIDmI4EiEiEEE

*x - BLEEF mBFERHES EE

* — IRRBIEERNT (777 254LNREE)

* — IRRRIERET

*x - ZIREHITEE

*/

/% Eith N

/Rk IREEER */

enum DeviceInterface {
USB_HID = 'usb',
BLE = 'ble'

/K REIRES */

enum DeviceStatus {
DISCONNECTED = 'disconnected',
CONNECTING = 'connecting',
CONNECTED = 'connected',
ERROR = 'error'

/*xx BEEIREER */
interface PenDevice {

id: string; /* ZEWE—ID x/
name: string; /% IZBBM */
macAddress: string; /* MACHuiE *x/
interface: Devicelnterface; /x HEEAI */
status: DeviceStatus; /x ERIRS */
battery: number; /* BEBEDL */
firmwareVersion: string; /x Ef4HRA *x/
lastConnected: number; /*x BREEENEE x/

/¥ BT */

interface StrokePoint {
X: number; /% XMAR(ZXK) */
y: number; /% YMAR(ZXK) */
pressure: number; /x [EHE(0-1) x/
timestamp: number; /x BIEZE(ZF) *x/
penDown: boolean; /* EEMRE */

/xk IZREBHFENE x/
interface DeviceEventCallbacks {
onDeviceDiscovered: (device: PenDevice) => void;

*/



onDeviceConnected: (device: PenDevice) => void;
onDeviceDisconnected: (deviceld: string) => void;

onStrokeData: (deviceld: string, points: StrokePoint[]) => void;
onBatteryUpdate: (deviceld: string, level: number) => void;
onError: (deviceld: string, error: string) => void;

/% USB HIDE= */

/*xx BAB=EEUSB VendorID */
const WRITECH_USB_VID = 0x1234;
/*x BREEMEEUSB ProductID x/
const WRITECH_USB_PID = 0x5678;
/** USB HIDIRXNJZAKE */

const USB_REPORT_SIZE = 64;
/*+x USBRIEEIG (7)) */

const USB_POLL_INTERVAL = 5;

/% BLEXE */

/+x BAEEDRSBUUID */
const BLE_SERVICE_UUID = '0000ffe0-0000-1000-8000-00805f9b34fb";
/kx FEMEURISIEUUID (Notify) %/

const BLE_STROKE_CHAR_UUID = '0000ffel-0000-1000-8000-00805T9b34fb";
/*x EBEHFEUVID */

const BLE_BATTERY_CHAR_UUID
/¥k EREASMEUUID (Write) %/
const BLE_CONTROL_CHAR_UUID

'0000ffe2-0000-1000-8000-00805f9b34fb " ;

'0000ffe3-0000-1000-8000-008051f9b34fb " ;

/% A HRRRAD */

/%%
* fRRBTF T EIELIRRD
* RIDIEIN: 20MUX + 2007Y + 12fi[EN + 4filns
*/
function decodeCompactPoint(data: Buffer, offset: number): StrokePoint {
/% 1REN20MGIX4HR */
const rawX = (dataloffset] << 12) |
(dataloffset + 1] << 4) |
((data[offset + 2] >> 4) & OxOF);

/% IRER20IY 44T */

const rawY = ((data[offset + 2] & OxOF) << 16) |
(dataloffset + 3] << 8) |
dataloffset + 4];

/* REI2(IENE */
const rawPressure = (dataloffset + 5] << 4) |
((dataloffset + 6] >> 4) & OxOF);

/* REVALIARE */
const flags = dataloffset + 6] & OxOF;

return {
x: rawX x 0.3, /* RPERBBAIRENR */
y: rawY x 0.3,
pressure: rawPressure / 4095, /x J3—{tEI0-1 */



timestamp: Date.now(),
penDown: (flags & 0x01) !==
bE

/%%
*x TTEHCRC-16 CCITTHREE
*/
function crcl6CCITT(data: Buffer, length: number): number {
let crc = OxFFFF;
for (let i = 0; 1 < length; i++) {
crc = datali] << 8;
for (let j = 0; j < 8; j++) {
if (crc & 0x8000) {
crc = ((crc << 1) ~ 0x1021) & OXFFFF;
} else {
crc = (crc << 1) & OxFFFF;

¥
¥
+
return crc;
+
/% RREERR */
/%%

* HPFEIRREERR
* R—EIBUSBHBLEEIZM SFEIRE
*/
class DeviceManager {
/xk EEBRETIR */
private devices: Map<string, PenDevice> = new Map();
/*k BHETE */
private callbacks: DeviceEventCallbacks;
/*x USBRIETERZR */
private usbPollTimer: ReturnType<typeof setInterval> | null = null;
/%x BLEFHEIRTS */
private bleScanning: boolean = false;
/% BEREBITH */
private running: boolean = false;

constructor(callbacks: DeviceEventCallbacks) {
this.callbacks = callbacks;
console.log(' [IZEEE] #AKL");

/* USB HIDEE */

/%%

* JBEIUSBIRE WS

* {EAnode-usbFEMNIREHRIER

*/

startUSBMonitor(): void {
console.log(' [(ZEEE] BrIUSBEIT');
this.running = true;

/* WHEEEMUSBIRE */



this.scanUSBDevices();

/*x YEIrUSBRIEIR S
usb.on('attach', (device) => this.onUSBAttach(device));
usb.on('detach', (device) => this.onUSBDetach(device)); */

/* BRIUSBEUELIE */

this.usbPollTimer = setInterval(() => {
this.pollUSBData();

}, USB_POLL_INTERVAL);

/%%
* FEEEENUSB HIDIR®E
*/
private scanUSBDevices(): void {
/* const devices = HID.devices()
.filter(d => d.vendorId === WRITECH_USB_VID &&
d.productId === WRITECH_USB_PID); x/

console.log(' [(ZEEE] USBIEHEER");

¥
/%%
* USBIZEIRALLIE
*/
private onUSBAttach(usbDevice: any): void {
const deviceld = ‘usb_${usbDevice.serialNumber || Date.now()}";
const pen: PenDevice = {
id: deviceld,
name: “WritechPen-USB-${deviceld.slice(-4)}",
macAddress: '',
interface: Devicelnterface.USB_HID,
status: DeviceStatus.CONNECTED,
battery: 100,
firmwareVersion: '1.0.0',
lastConnected: Date.now()
178
this.devices.set(deviceld, pen);
this.callbacks.onDeviceConnected(pen);
console.log (" [IREEE] USBIREEN: ${pen.name}’);
ks
/%%
* USBig& kAL E
*/
private onUSBDetach(usbDevice: any): void {

const deviceId = “usb_${usbDevice.serialNumber || ''}";

if (this.devices.has(deviceId)) {
this.devices.delete(deviceld);
this.callbacks.onDeviceDisconnected(deviceId);
console.log (' [ZRZEIE] USBI&EMFA: ${deviceld} );



/%%

* EIUSBIREHUIE

* JREYHIDIRSHAEMTALAR

*/

private pollUSBData(): void {

this.devices.forEach((device, deviceld) => {

if (device.interface !== Devicelnterface.USB_HID) return;
if (device.status !== DeviceStatus.CONNECTED) return;

/* const report = hidDevice.readSync();
if (report && report.length > @) {
this.parseUSBReport(deviceld, Buffer.from(report));
T ox/
});

/%%

* fRHTUSB HIDIRSL

* BT [RSCEE] [BUBERE] [REHE. .. ]

*/

private parseUSBReport(deviceId: string, report: Buffer): void {
const reportType = report[0];
const datalLen = report[1];

if (reportType === 0x01) {
/x EMEIERYX: Bl1FT—DSIRR (TFTLIT+HAFTIRER) */
const points: StrokePoint[] = [];
const pointSize = 11;

for (let offset = 2; offset + pointSize <= 2 + datalLen; offset += pointSize)

const point = decodeCompactPoint(report, offset);
/* EEBMIRHIREL */

point.timestamp = report.readUInt32LE(offset + 7);
points.push(point);

if (points.length > @) {
this.callbacks.onStrokeData(deviceId, points);
}
} else if (reportType === 0x04) {
/* BEIRN */
const battery = report[2];
this.callbacks.onBatteryUpdate(deviceld, battery);

/* BLEEIE */

/%%
* BEIBLEEF1IH
*/
startBLEScan(): void {
if (this.bleScanning) return;

console.log(' [(Z&EE] BrIBLEFME");
this.bleScanning = true;



/* noble.on('discover', (peripheral) => {
if (peripheral.advertisement.localName?.startsWith('WritechPen')) {
this.onBLEDiscover(peripheral);

¥
1)
noble.startScanning( [BLE_SERVICE_UUID], true); */
+
/%%
* {Z1EBLEITIH
*/

stopBLEScan(): void {
this.bleScanning = false;
/* noble.stopScanning(); */
console. log(' [1&&%EE] BLEIFHEEREL");

}

/%%
* BLEIZ& &RILEIAE
*/

private onBLEDiscover(peripheral: any): void {
const deviceId = “ble_${peripheral.address.replace(/:/g, '')};

if (this.devices.has(deviceId)) return;

const pen: PenDevice = {
id: deviceld,
name: peripheral.advertisement.localName || 'WritechPen',
macAddress: peripheral.address,
interface: DevicelInterface.BLE,
status: DeviceStatus.DISCONNECTED,
battery: 0,
firmwareVersion: '',
lastConnected: 0
bE

this.callbacks.onDeviceDiscovered(pen);
console.log (" [IZ&EEME] KUBLERE: ${pen.name} [${pen.macAddress}] );

3

/**
* EIEBLEIRS
*/

async connectBLE(devicelId: string): Promise<boolean> {
const device = this.devices.get(deviceld);
if (!device || device.interface !'== Devicelnterface.BLE) {
return false;

device.status = DeviceStatus.CONNECTING;
console.log (' [I&&EE] EHEBLERE: ${device.name}’);

try {
/* peripheral.connect((err) => { ... });
peripheral.discoverServices([BLE_SERVICE_UUID], (err, services) => {
services[0].discoverCharacteristics([...], (err, chars) => {



// TIRELEENotify
strokeChar.subscribe();
strokeChar.on('data', (data) => this.onBLEData(devicelId, data));
});
)i ox/

device.status = DeviceStatus.CONNECTED;
device.lastConnected = Date.now();
this.devices.set(deviceld, device);
this.callbacks.onDeviceConnected(device);
return true;

} catch (err: any) {
device.status = DeviceStatus.ERROR;
this.callbacks.onError(deviceld, err.message);
return false;

}
}
/%*
* BLEXUEHEILEIRE
*/

private onBLEData(deviceId: string, data: Buffer): void {
/* BLEFUEMIAENSUSBEML: [MiskoxAA] [£8] [KE] [U3E...]1 [CRC16] */
if (datal[@] !'== OxAA) return;

const frameType = datall];
const payloadLen = datal[2];

/* CRCHZEE */
const expectedCrc = data.readUInt16LE(3 + payloadLen);
const calcCrc = crcl6CCITT(data.slice(@, 3 + payloadLen), 3 + payloadLen);

if (expectedCrc !'== calcCrc) {
console.warn(” [{&REE] BLEEIBECRCIRIOLN: ${deviceld}’);
return;

}

if (frameType === 0x01) {

/% FEMAITEUE +/

const points: StrokePoint[] = [1;

const pointSize = 11;

for (let i = 3; i + pointSize <= 3 + payloadLen; i += pointSize) {
points.push(decodeCompactPoint(data, i));

}

if (points.length > @) {
this.callbacks.onStrokeData(deviceId, points);

}

} else if (frameType === 0x04) {
/* BEIIE */
this.callbacks.onBatteryUpdate(deviceId, datal3]);

/% NHEEO */

/k SREFREEERIRE +/
getConnectedDevices(): PenDevice[] {
return Array.from(this.devices.values())



.filter(d => d.status === DeviceStatus.CONNECTED);

/¥ SREVREHE */
getDeviceCount(): number {
return this.devices.size;

/*xx BIFFIEEIRE */
disconnect(devicelId: string): void {
const device = this.devices.get(deviceld);
if (device) {
device.status = DeviceStatus.DISCONNECTED;
this.callbacks.onDeviceDisconnected(deviceld);
console.log(" [IREEE] WiFEE: ${device.name});

/¥xk BIEFIEIREER *+/

shutdown(): void {
this.running = false;
if (this.usbPollTimer) {

clearInterval(this.usbPollTimer);

}
this.stopBLEScan();
this.devices.clear();
console.log(' [IR&EEE] BEXH');

export { DeviceManager, PenDevice, StrokePoint, DeviceStatus, Devicelnterface };

main/main.ts

/%x
BAEBhREPCIHN ARHE V1.0

main.ts - ElectronE#fEAO

IhBERAR:

- Electronf R4 EHEE
- FEOCESEE

- RAREER®

- IPCHE(EIEM

- BhEFaN

- BFIBIE

- 2RRELE

* X K K K X K K K X X ¥

*
~

import { app, BrowserWindow, Menu, Tray, ipcMain, dialog, shell } from 'electron';
import * as path from 'path';
import * as fs from 'fs';

/% N BEE */




/*k NFRRAS */

const APP_VERSION = '1.0.0';
/*%x NIFREM */

const APP_NAME = 'BASEREE"';
/xx BOFIARST */

const DEFAULT_WIDTH = 1440;
const DEFAULT_HEIGHT = 900;

/xk BRNEORS */

const MIN_WIDTH = 1024;

const MIN_HEIGHT = 680;

/xx FFRELIRE *+/

const IS_DEV = process.env.NODE_ENV === 'development';

*/

flo

/% R

[k EEROSLHE *+/
let mainWindow: BrowserWindow | null = null;
/¥k REGIEESIH x/

let tray: Tray | null = null;

/0 BORSRERE +/
const windowStatePath

path.join(app.getPath('userData'), 'window-state.json');

/% BORSEE */

/xk RIFHEDRES */
interface WindowState {
X?: number;
y?: number;
width: number;
height: number;
isMaximized: boolean;

H
/%%
* INE_ERREFERNE RS
*/
function loadWindowState(): WindowState {
try {
if (fs.existsSync(windowStatePath)) {
const data = fs.readFileSync(windowStatePath, 'utf-8');
return JSON.parse(data);
}
} catch (err) {
console.error(' [E#HFE] MBHEORSKW: ', err);
ks
return { width: DEFAULT_WIDTH, height: DEFAULT_HEIGHT, isMaximized: false };
+
/%
* REFEISREORES
*/

function saveWindowState(win: BrowserWindow): void {
const bounds = win.getBounds();
const state: WindowState = {
X: bounds.x,
y: bounds.y,



width: bounds.width,

height: bounds.height,

isMaximized: win.isMaximized()
bE
try {

fs.writeFileSync(windowStatePath, JSON.stringify(state, null, 2));
} catch (err) {

console.error(' [F##TE] REFODIREERNW: ', err);

+
}
/% BORIE */
VESS
* BIEEENO
* BELEEM. FmEHATEOSE
*/

function createMainWindow(): void {
const savedState = loadWindowState();

mainWindow = new BrowserWindow({

title: APP_NAME,

width: savedState.width,

height: savedState.height,

x: savedState.x,

y: savedState.y,

minWidth: MIN_WIDTH,

minHeight: MIN_HEIGHT,

show: false,

frame: true,

backgroundColor: '#ffffff',

webPreferences: {
/¥ LERIRI: BRHARDTEMN */
nodeIntegration: false,
contextIsolation: true,
sandbox: true,
/* FRONEMIAEERE *+/
preload: path.join(__dirname, 'preload.js'),
/* ZREEER */
webSecurity: true,
/*x ZBIFTHHRED */
allowRunningInsecureContent: false

19N

/* DNECERHTZTIE */

if (IS_DEV) A
mainWindow. loadURL( 'http://localhost:5173");
mainWindow.webContents.openDevTools();

} else {
mainWindow. loadFile(path.join(__dirname, '../renderer/index.html'));

/x BOMERER (BRERRE) */
mainWindow.once('ready-to-show', () => {
if (savedState.isMaximized) {
mainWindow?.maximize();



}

mainWindow?.show();

console.log(' [F#FE] FEOSET');
1)

/* BOXARGIREFIRES */
mainWindow.on('close', (event) => {

if (mainWindow) {
saveWindowState (mainWindow) ;

s

mainWindow.on('closed', () => {
mainWindow = null;

1)

/* EEINPREEE RSN TSRITH +/
mainWindow.webContents.setWindowOpenHandler(({ url }) => {
shell.openExternal(url);
return { action: ‘'deny' };

1)
console.log (' [E#HFE] HOBIEM: ${savedState.width}x${savedState.height} );
}
/% ARIEE */
/%%
x QIRARIEEERRRE
*/

function createTray(): void {
const iconPath = path.join(__dirname, '../assets/tray-icon.png');
tray = new Tray(iconPath);
tray.setToolTip(APP_NAME);

const contextMenu = Menu.buildFromTemplate([

label: 'ExRFHFO', click: () => mainWindow?.show() },

type: ‘'separator' },

label: "IRBEIE', click: () => sendToRenderer('navigate', '/devices') },
label: 'i&&', click: () => sendToRenderer('navigate', '/settings') },
type: 'separator' },

label: “hgZA~ ${APP_VERSION}', enabled: false },

label: "JBH', click: () => app.quit() }

P S N U U U U iy

1);

tray.setContextMenu(contextMenu);
tray.on('click', () => mainWindow?.show());

I3
/% IPCE(EALIE */
/%%

* [EERHZRIEHES

*/

function sendToRenderer(channel: string, data: any): void {
mainWindow?.webContents.send(channel, data);



/%%
* FRIPCEREAMIESS
* JBRHTEBIE IPCEAEHENRSTAPI
*/
function setupIpcHandlers(): void {
/* REVNAEE */
ipcMain.handle('app:getInfo', () => ({
version: APP_VERSION,
name: APP_NAME,
platform: process.platform,
arch: process.arch,
userDataPath: app.getPath('userData')
)

/% XRREIHEE */
ipcMain.handle('dialog:openFile', async (_, options) => {
const result = await dialog.showOpenDialog(mainWindow!, {

title: options.title || "I&EXH',
filters: options.filters || [{ name: 'FREX', extensions: ['x'] }1,
properties: options.properties || ['openFile'l

});

return result.filePaths;

)

/¥ RIEXXHITIFE */
ipcMain.handle('dialog:saveFile', async (_, options) => {
const result = await dialog.showSaveDialog(mainWindow!, {
title: options.title || 'REXMH',
defaultPath: options.defaultPath,
filters: options.filters || [{ name: 'FRFEX4', extensions: ['x'] }]
1)
return result.filePath;
FDE

/* XHEEY x/

ipcMain.handle('fs:readFile', async (_, filePath: string) => {
return fs.readFileSync(filePath, 'utf-8');

;i

/*x XHBEN */

ipcMain.handle('fs:writeFile', async (_, filePath: string, content: string) => {
fs.writeFileSync(filePath, content, 'utf-8');
return true;

)

/* $TENINEE */
ipcMain.handle('print:start', async (_, options) => {
mainWindow?.webContents.print({

silent: options.silent || false,
printBackground: true,

copies: options.copies || 1,
pageSize: options.pageSize || 'A4'

1)
1) 8

/x BOEH *+/



ipcMain.on('window:minimize', () => mainWindow?.minimize());
ipcMain.on('window:maximize', () => {
if (mainWindow?.isMaximized()) {
mainWindow.unmaximize();
} else {
mainWindow?.maximize();

)

ipcMain.on('window:close', () => mainWindow?.close());

console. log (' [F#F2] IPCRMESIFMTR');

/* BEIEH */

/%*

* KMENFAE

* {ffelectron-updateriEHZEEH

*/

function checkForUpdates(): void {
if (IS_DEV) return;

console.log(' [E#FE] KENEEH...');
/* autoUpdater.checkForUpdatesAndNotify()
.then(result => { ... })
.catch(err => { ... }); */
/* autoUpdater.on('update-available', (info) => {
sendToRenderer('update:available', info);
FDE
autoUpdater.on('download-progress', (progress) => {
sendToRenderer('update:progress', progress);
FDE
autoUpdater.on('update-downloaded', (info) => {
sendToRenderer('update:downloaded', info);
Y

/% N4 ar EIHA

/¥ BRIREBIFNEIT */
const gotLock = app.requestSingleInstancelLock();
if (!gotLock) {
console.log(' [E#FE] EBFXLHIE!T, BE');
app.quit();

app.on('second-instance', () => {
/x APESEITAESNXIfIN, REEEEDO */
if (mainWindow) {
if (mainWindow.isMinimized()) mainWindow.restore();
mainWindow. focus();

3
/*x NIFATREE */

app.whenReady().then(() => {
console.log (" [E#72] ${APP_NAME} v${APP_VERSION} =z );

*/



createMainWindow();
createTray();
setupIpcHandlers();

/* JERWEEF */
setTimeout(checkForUpdates, 5000);
1);

/* macOSHFFRGIE: FREBROXFGEMEIE x/
app.on(‘'activate', () => {
if (BrowserWindow.getAllWindows().length === @) {
createMainWindow();
ks
});

/* FREEOXHEIBRE (macOSERIN) */
app.on('window-all-closed', () => {
if (process.platform !== ‘'darwin') {
app.quit();
+
3

/* TREEWNE +/
process.on('uncaughtException', (error) => {
console.error (' [E#HFiE] KRFEKRFEE:"', error);

dialog.showErrorBox('BMAIR", ~AEKRFEANEIR: \n${error.message}");
B g

renderer/api/

renderer/api/cloud_api.ts

/%%

il

EEmREPCIHNFARE V1.0
cloud_api.ts - =FAAPLEERE

INREIAR :

— HTTP REST APIff# (Axios)
- IWT TokenZEIE5 BHRIRIFH

- IEREHER (BR/ME/BE)
- MOR#ZER (ERNE/Eix)
— APIZERITEN

- B&IEKRBAGI

* X K K K X K K X X ¥

*
~

/% EKRFEN */

/xx F—MRAEIL */

interface ApiResponse<T = any> {
code: number;
msg: string;



data: T;

/¥x DTISE *+/
interface PageParams {
page: number;
size: number;
sort?: string;

/*%x DT */

interface PageResult<T> {
total: number;
pages: number;
current: number;
records: T[];

/xx BPER */
interface UserInfo {
userId: string;
name: string;
role: 'admin' | 'teacher' | 'student'
phone: string;
schoolld: string;
schoolWName: string;
avatar: string;

/xx REER */

interface ClassroomInfo {
classroomId: string;
className: string;
grade: string;
teacherId: string;
teacherName: string;
studentCount: number;
gatewayId: string;

0k EAER *x/

interface AssignmentInfo {
assignmentId: string;
title: string;

type: 'homework' | 'exam' | 'practice';

classId: string;
deadline: string;

'parent’;

status: 'draft' | 'published' | 'closed';

totalStudents: number;
submittedCount: number;

/*x FIERE +/

interface LearningReport {
studentId: string;
studentName: string;
subject: string;



overallScore: number;

writingScore: number;

strokeOrderAccuracy: number;

knowledgePoints: { name: string; mastery: number }[];
trend: { date: string; score: number }I[];

/xx INIESHE */
interface AuthTokens {
accessToken: string;
refreshToken: string;
expiresIn: number; /x BXER () x/
tokenType: string;

/* [ */

/*x APIERHURL */

const API_BASE_URL = 'https://api.writech.cn';
/*% BRI *+/

const REQUEST_TIMEOUT = 30000;

/*x TokenRlfTiRRiE (Z®) */

const TOKEN_REFRESH_AHEAD = 5 * 60 *x 1000;
/*x mAEIRE */

const MAX_RETRIES = 3;

/% TokenEIE */

/*x 1ZERToken(S B */

let currentTokens: AuthTokens | null = null;

/*xx TokeniIHRRTBIBY */

let tokenExpiresAt: number = 0;

/xx BERIEFERIFToken *x/

let isRefreshing: boolean = false;

/% EfFTokenRIFTHIIEKIATI */

let refreshQueue: Array<(token: string) => void> = [];

/%
* RIFINESHE
*/

function saveTokens(tokens: AuthTokens): void {
currentTokens = tokens;
tokenExpiresAt = Date.now() + tokens.expiresIn * 1000;
/* 2 MtFlelectron-store */
console.log(" [API] TokenBEfRfE, BREIE ${new
Date(tokenExpiresAt).toLocaleString()}");
¥

/%
* FRENZATAccess Token
* WNREMEE BRI B o RlER
*/
async function getValidToken(): Promise<string> {
if (!currentTokens) {
throw new Error('RKEH');



/* MERTBERIFT +/
if (Date.now() + TOKEN_REFRESH_AHEAD > tokenExpiresAt) {
if (!isRefreshing) {
isRefreshing = true;
try {

const newTokens = await refreshToken(currentTokens.refreshToken);

saveTokens (newTokens) ;

/x BRFAEFGFRNER */

refreshQueue.forEach(resolve => resolve(newTokens.accessToken));

refreshQueue = [];

} finally {
isRefreshing = false;

}

} else {

/¥ FEFEEHITHRIFISER */

return new Promise<string>(resolve => {
refreshQueue.push(resolve);

1)
}
ks
return currentTokens.accessToken;
+
/% HTTPiERE 4
/%%
* BAHTTPIERA A
*/
async function request<T>(

method: 'GET' | 'POST' | 'PUT' | 'DELETE',

path: string,

data?: any,

retryCount: number = 0

): Promise<ApiResponse<T>> {

const url = “${API_BASE_URL}${path}";

const headers: Record<string, string> = {
'Content-Type': 'application/json',
'"Accept': 'application/json’

18

/* RIMAIESL */
try {
const token = await getValidToken();
headers['Authorization'] = “Bearer ${token} ;
} catch {
/*x BFREOANFEEToken */

/* WIMERER */

const timestamp = Date.now().toString();
headers['X-Timestamp'] = timestamp;
headers['X-Device-Id'] = getDeviceld();

try {
const response = await fetch(url, {
method,

*/



headers,

body: data ? JSON.stringify(data) : undefined,

signal: AbortSignal.timeout(REQUEST_TIMEOUT)
3

const json: ApiResponse<T> = await response.json();

/*x RLIBAVSEHR */
if (json.code === 401 && retryCount < 1) {
/* Tokend 8, ZRXRIFEER +/
console.log( ' [API] TokenidHA, RIFFEFEZziR"');
if (currentTokens) {
const newTokens = await refreshToken(currentTokens.refreshToken);
saveTokens (newTokens) ;
return request<T>(method, path, data, retryCount + 1);

if (json.code !'== 200 && json.code !== 0) {
console.warn(’ [API] W#4i2: ${method} ${path} code=${json.code}
msg=${json.msg}’);
¥

return json;
} catch (error: any) {
console.error(’ [API] &ER%LM: ${method} ${path}’, error.message);

/* MEHIRER */
if (retryCount < MAX_RETRIES && isNetworkError(error)) {
const delay = Math.pow(2, retryCount) * 1000;
console.log(" [API] ${delay}msFEif (${retryCount + 1}/${MAX_RETRIES}) );
await sleep(delay);
return request<T>(method, path, data, retryCount + 1);

return { code: -1, msg: error.message || 'MZZEEIR', data: null as any };

function isNetworkError(error: any): boolean {
return error.name === 'TypeError' || error.name === 'AbortError';

function sleep(ms: number): Promise<void> {
return new Promise(resolve => setTimeout(resolve, ms));

}
function getDeviceId(): string {
return 'PC-' + (typeof window !== 'undefined' ?
navigator.userAgent.slice(-8) : ‘'unknown');
}
/% APIFE */

/xx BPER */
async function login(username: string, password: string):
Promise<ApiResponse<AuthTokens>> {



const result = await request<AuthTokens>('POST',
username, password, device_type: 'pc'

1)

if (result.code === 200 && result.data) {
saveTokens(result.data);

}

return result;

/*xx filFiToken *x/
async function refreshToken(token: string): Promise<AuthTokens> {
const resp = await fetch(  ${API_BASE_URL}/api/v1l/auth/refresh’, {

method: 'POST',

'/api/v1l/auth/login', {

headers: { 'Content-Type': 'application/json' },
body: JSON.stringify({ refresh_token: token })

)

const json: ApiResponse<AuthTokens> = await resp.json();

if (json.code !'== 200 || !'json.data) {
throw new Error('TokenRlIFiLmM");
+

return json.data;

/xx SRENEHRIAPESR */

async function getUserInfo():

Promise<ApiResponse<UserInfo>> {

return request<UserInfo>('GET', '/api/vl/user/me');

/xk FREVIERTIER */

async function getClassrooms():

Promise<ApiResponse<ClassroomInfo[]>> {

return request<ClassroomInfo[]>('GET', '/api/vl/classroom/list');

/*% FREMENTIR */
async function getAssignments(classId: string, params: PageParams):
Promise<ApiResponse<PageResult<AssignmentInfo>>> {

return request<PageResult<AssignmentInfo>>('GET',

‘/api/vl/assignment/list?

class_id=${classId}&page=${params.pagelt&size=${params.size}");

I

/xx BAfEAL */
async function publishAssignment(assignment: Partial<AssignmentInfo>):
Promise<ApiResponse<{ assignmentId: string }>> {

return request<{ assignmentId: string }>('POST',

assignment);

b

/¥ _EREMEIRE */
async function uploadStrokeData(assignmentId: string, studentId: string,

strokeData: anyl[]):

'/api/vl/assignment/publish',

Promise<ApiResponse<void>> {

return request<void>('POST', '/api/vl/stroke/upload', {

assignment_id: assignmentId,
student_id: studentId,
strokes: strokeData

)



/xx SRERATHEERZER */
async function getGradingResult(assignmentId: string): Promise<ApiResponse<any>> {
return request<any>('GET', ‘/api/vl/result/${assignmentId}’);

/% FREVZIEIRE */
async function getLearningReport(studentId: string):
Promise<ApiResponse<LearningReport>> {

return request<LearningReport>('GET', */api/v1l/report/student/${studentId}");

/Rx TEHIRHER x/
async function getResourceDownloadUrl(resourceld: string): Promise<ApiResponse<{ url:
string }>> {

return request<{ url: string }>('GET', "/api/vl/resource/download/${resourceld}’);

/*x BEER *+/
async function logout(): Promise<void> {
await request<void>('POST', '/api/vl/auth/logout');
currentTokens = null;
tokenExpiresAt = 0;
console.log(' [API] BEEHEZR');

¥

/% S */

export {
login, logout, getUserInfo, getClassrooms, getAssignments,
publishAssignment, uploadStrokeData, getGradingResult,
getLearningReport, getResourceDownloadUrl, saveTokens

IE

export type {
ApiResponse, UserInfo, ClassroomInfo, AssignmentInfo,
LearningReport, AuthTokens, PageParams, PageResult

};

renderer/components/

renderer/components/StrokeCanvas.vue

/%%

x BRSEEEPCIHNAHG V1.0

*

* StrokeCanvas.vue — EBERAGE
*

* INREEIRAR:

* — Canvas 2DE4REEE R

* — ENRNEZEEMR

* — NERMETE

*x - ZERER (BR+EEREE+HFIER)
* — ZMLEHEIE



* - BRSFRFR
*/

<template>
<div class="stroke-canvas—-container" ref="containerRef">
<!-—— BEE: Rt/ AE8HF —
<canvas ref="bgCanvas" class="canvas-layer canvas-bg'"></canvas>
<!—— ZENR: EXHNEE ——>
<canvas ref="strokeCanvas" class="canvas-layer canvas-stroke'></canvas>
<!—— JENE: HBIEESHNER —
<canvas ref="activeCanvas" class="canvas-layer canvas—active'></canvas>

<l-—— TE#E -—
<div class="canvas-toolbar" v-if="showToolbar'">

<button @click="setPenColor('#000000')" :class="{ active: penColor === '#000000"
}'>2</button>

<button @click="setPenColor('#FF0000')" :class="{ active: penColor === '#FF0000"'
}'>4I</button>

<button @click="setPenColor('#0000FF')" :class="{ active: penColor === '#0000FF'

> </button>
<button @click="toggleEraser" :class="{ active: eraserMode }">t#%F</button>
<button @click="undo">#%E</button>
<button @click="redo">Eft{</button>
<button @click="clearAll">&E%=</button>
</div>

<!—— FERiztE -——>

<div class="zoom-controls">
<span class="zoom-label">{{ Math.round(scale x 100) }}%</span>
<button @click="zoomIn">+</button>
<button @click="zoomOut">-</button>
<button @click="resetZoom">&EN</button>

</div>

</div>
</template>

<script setup lang="ts">
import { ref, onMounted, onUnmounted, watch, nextTick } from 'vue';

/% Props5Emits */

interface Props {
/xk BMBEE */
width?: number;
/xk BfEE */
height?: number;
/*x ERERFURL */
backgroundUrl?: string;
/xx BEERIAE */
showToolbar?: boolean;
/xx BEREERX (NBTREL) */
readonly?: boolean;

const props = withDefaults(defineProps<Props>(), {
width: 1920,
height: 1080,



showToolbar: true,
readonly: false
});

const emit = defineEmits<{
(e: 'stroke-complete', stroke: StrokeData): void;
(e: 'stroke-point', point: PointData): void;

>(0);

/* KEEN */
interface PointData {
X: number;
y: number;
pressure: number;
timestamp: number;
}
interface StrokeData {
strokeId: string;
color: string;
width: number;
points: PointDatall;
¥
/* iRz L ER R */
/%% DOM3|F */
const containerRef = ref<HTMLDivElement>();
const bgCanvas = ref<HTMLCanvasElement>();
const strokeCanvas = ref<HTMLCanvasElement>();
const activeCanvas = ref<HTMLCanvasElement>();
/xx BEfa X x/
let bgCtx: CanvasRenderingContext2D | null = null;
let strokeCtx: CanvasRenderingContext2D | null = null;
let activeCtx: CanvasRenderingContext2D | null = null;
/0K BEIRTS */
const penColor = ref('#000000');
const penWidth = ref(3);
const eraserMode = ref(false);
const scale = ref(1.0);
/¥k HEIEE */
let currentStroke: StrokeData | null = null;
/xx EEREBRIIR */
const completedStrokes: StrokeDatall = [1;
/xx REERE +/
const undoStack: StrokeDatall = [];
[k BiftE */
const redoStack: StrokeDatall = [];
/¥xk BREIETELSH) */
let isDrawing = false;
/% TBEEEE */




/xx NERMEFEBR/NEE */
const SMOOTH_MIN DIST = 2;
/xx EERNRELL */

const PEN_MIN_WIDTH_RATIO = 0.25;

/xx EBRRAREL */

const PEN_MAX_WIDTH_RATIO = 1.6;

/% AR */

onMounted(() => {
initCanvases();
if (props.backgroundurl) {
loadBackground(props.backgroundUrl);
b
if (!props.readonly) {
setupInputHandlers();

7)) 8

onUnmounted(() => {
removeInputHandlers();

1)

/% EfRHAT */

/%%
* YR =2EH
*/
function initCanvases(): void {
const canvases = [bgCanvas.value, strokeCanvas.value, activeCanvas.value];
canvases.forEach(canvas => {
if (canvas) {
canvas.width = props.width;
canvas.height = props.height;

s

bgCtx = bgCanvas.value?.getContext('2d') ?? null;
strokeCtx = strokeCanvas.value?.getContext('2d') ?? null;
activeCtx = activeCanvas.value?.getContext('2d') ?? null;

/% EMEINIBE */
if (strokeCtx) {

strokeCtx.lineCap = 'round';
strokeCtx.lineJoin = 'round';
b
if (activeCtx) {
activeCtx.lineCap = 'round';
activeCtx.lineJoin = 'round';
}
console.log (" [E#] #ia: ${props.width}x${props.height} );
¥
/%%

* MBERER
*/



function loadBackground(url: string): void {

const img = new Image();

img.onload = () => {
bgCtx?.drawImage(img, @, @, props.width, props.height);
console.log (" [Ef] BHSEMZMm: ${url}’);

L

img.onerror = () => {
console.error(’ [Efi] EH:MEBLW: ${url}’);

i

img.src = url;

/% BMANSHLLE */

function setupInputHandlers(): void {
const canvas = activeCanvas.value;
if (!canvas) return;

canvas.addEventListener('pointerdown', onPointerDown);
canvas.addEventListener('pointermove', onPointerMove);
canvas.addEventListener('pointerup', onPointerUp);

canvas.addEventListener('pointercancel', onPointerUp);

/* BIFERAMIRIT R (BBLETTEDRRD)  */
canvas.style.touchAction = 'none';

function removeInputHandlers(): void {
const canvas = activeCanvas.value;
if (!canvas) return;

canvas.removeEventListener('pointerdown', onPointerDown);
canvas.removeEventListener('pointermove', onPointerMove);
canvas.removeEventListener('pointerup', onPointerUp);

canvas.removeEventListener('pointercancel', onPointerUp);

/%%

* IBEHRT - FHEHER

*/

function onPointerDown(e: PointerEvent): void {
if (props.readonly) return;

isDrawing = true;
const { canvasX, canvasY } = screenToCanvas(e.offsetX, e.offsetY);
const pressure = e.pressure || 0.5;

currentStroke = {
strokeIld: ‘stroke_${Date.now()}",
color: eraserMode.value ? '#FFFFFF' : penColor.value,
width: penWidth.value,
points: [{ x: canvasX, y: canvasY, pressure, timestamp: Date.now() }]

/%x
* 1EEEEN - RINRAE R HSLRYLRH



*/
function onPointerMove(e: PointerEvent): void {
if (!isDrawing || 'currentStroke) return;

const { canvasX, canvasY } = screenToCanvas(e.offsetX, e.offsetY);
const pressure = e.pressure || 0.5;

const lastPt = currentStroke.points[currentStroke.points.length - 1];
const dx = canvasX - lastPt.x;

const dy = canvasY - lastPt.y;

const dist = Math.sqrt(dx * dx + dy * dy);

/* BEENEBT +/
if (dist < SMOOTH_MIN_DIST) return;

const point: PointData = { x: canvasX, y: canvasY, pressure, timestamp: Date.now()

T
currentStroke.points.push(point);
emit('stroke-point', point);
/* WBEBREMER */
drawSegment (activeCtx!, lastPt, point, currentStroke.color, currentStroke.width);
¥
/%%
* 1EEHEE - TREE
*/
function onPointerUp(e: PointerEvent): void {
if (!isDrawing || !currentStroke) return;
isDrawing = false;
if (currentStroke.points.length >= 2) {
completedStrokes.push(currentStroke);
undoStack.push(currentStroke);
redoStack. length = 0;
/* BEBGHEIZEDZE */
drawFullStroke(strokeCtx!, currentStroke);
emit('stroke-complete', currentStroke);
ks
/*x BEENE */
activeCtx?.clearRect(@, @, props.width, props.height);
currentStroke = null;
}
/% LLTHIRER */
/%%
* GRHIBRPNEE (FEHES)
*/

function drawSegment(ctx: CanvasRenderingContext2D, from: PointData,
to: PointData, color: string, baseWidth: number): void {
/* ENRNESE: BEMENZN +/
const widthRatio = PEN_MIN_WIDTH_RATIO +
(PEN_MAX_WIDTH_RATIO - PEN_MIN_WIDTH_RATIO) * to.pressure;



const lineWidth = baseWidth * widthRatio;

ctx.strokeStyle = color;
ctx.lineWidth = lineWidth;
ctx.beginPath();
ctx.moveTo(from.x, from.y);
ctx.lineTo(to.x, to.y);
ctx.stroke();

I

/xx

*x SHEBER (NE/RMETR)
*/

function drawFullStroke(ctx: CanvasRenderingContext2D, stroke: StrokeData): void {
const points = stroke.points;
if (points.length < 2) return;

ctx.strokeStyle = stroke.color;

for (let i = 1; i < points.length; i++) {
const prev = points[i - 1];
const curr = points[il;

const widthRatio = PEN_MIN_WIDTH_RATIO +
(PEN_MAX_WIDTH_RATIO - PEN_MIN_WIDTH_RATIO) * curr.pressure;
ctx.lineWidth = stroke.width *x widthRatio;

if (i >=2) {
/*x ZRNERMLETR */
const prevPrev = points[i - 2];
const midX1l = (prevPrev.x + prev.x) / 2;
const midY1l = (prevPrev.y + prev.y) / 2;
const midX2 = (prev.x + curr.x) / 2;
const midY2 = (prev.y + curr.y) / 2

ctx.beginPath();
ctx.moveTo(midX1, midY1);
ctx.quadraticCurveTo(prev.x, prev.y, midX2, midY2);
ctx.stroke();
} else {
ctx.beginPath();
ctx.moveTo(prev.x, prev.y);
ctx.lineTo(curr.x, curr.y);
ctx.stroke();

/% A FnEEIR */

function screenToCanvas(sx: number, sy: number): { canvasX: number; canvasY: number } {
return {
canvasX: sx / scale.value,
canvasY: sy / scale.value

18



/% TER=RE */

function setPenColor(color: string): void {
penColor.value = color;
eraserMode.value = false;

function toggleEraser(): void {
eraserMode.value = !eraserMode.value;

function undo(): void {
const stroke = undoStack.pop();
if (!stroke) return;

redoStack.push(stroke);
completedStrokes.splice(completedStrokes.index0f(stroke), 1);
redrawAllStrokes();

function redo(): void {
const stroke = redoStack.pop();
if (!stroke) return;

undoStack.push(stroke);
completedStrokes.push(stroke);
redrawAl1Strokes();

function clearAll(): void {
completedStrokes.length = 0;
undoStack. length = 0;
redoStack. length = 0;
strokeCtx?.clearRect(@, @, props.width, props.height);
activeCtx?.clearRect(@, @, props.width, props.height);

function redrawAl1Strokes(): void {
strokeCtx?.clearRect(@, @, props.width, props.height);
completedStrokes.forEach(stroke => {
drawFullStroke(strokeCtx!, stroke);
Ok

/* BB */

function zoomIn(): void {
scale.value = Math.min(scale.value % 1.25, 3.0);

function zoomOut(): void {
scale.value = Math.max(scale.value / 1.25, 0.25);

function resetZoom(): void {
scale.value = 1.0;



/% SRR UL */

/%%
* EUWHMNBEDTEIE (FAimEIWebSocketitix)
*/

function addExternalStroke(stroke: StrokeData): void {
completedStrokes.push(stroke);
drawFullStroke(strokeCtx!, stroke);

b

/%%
*x ZEWEREDE
*/

async function replayStrokes(strokes: StrokeDatal], speedMultiplier: number = 1):
Promise<void> {
for (const stroke of strokes) {
for (let i = 1; i < stroke.points.length; i++) {
const prev = stroke.points[i - 1];
const curr = stroke.points[il;

drawSegment (strokeCtx!, prev, curr, stroke.color, stroke.width);

const delay = (curr.timestamp - prev.timestamp) / speedMultiplier;
await new Promise(resolve => setTimeout(resolve, Math.max(delay, 5)));

/* SHAERXAMEAR */
defineExpose({ addExternalStroke, replayStrokes, clearAll, loadBackground });
</script>

<style scoped>
.stroke—canvas-container {
position: relative;
overflow: hidden;
background: #f5f5f5;
¥
.canvas-layer {
position: absolute;
top: 0;
left: 0;
}
.canvas-bg { z-index: 1; }
.canvas-stroke { z-index: 2; }
.canvas—-active { z-index: 3; cursor: crosshair; }
.canvas—toolbar {
position: absolute;
bottom: 16px;
left: 50%;
transform: translateX(-50%);
z-index: 10;
display: flex;
gap: 8px;
padding: 8px 16px;
background: rgba(255,255,255,0.95);



border-radius: 8px;
box-shadow: @ 2px 8px rgba(0,0,0,0.15);
}
.canvas—toolbar button {
padding: 6px 14px;
border: 1px solid #ddd;
border-radius: 4px;
background: #fff;
cursor: pointer;
font-size: 13px;
}
.canvas—toolbar button.active {
background: #1976d2;
color: #fff;
border-color: #1976d2;
¥
.zoom-controls {
position: absolute;
top: 16px;
right: 16px;
z-index: 10;
display: flex;
align-items: center;
gap: 6px;
padding: 4px 1@px;
background: rgba(255,255,255,0.9);
border-radius: 6px;
box-shadow: @ 1px 4px rgba(0,0,0,0.1);
}
.zoom-label { font-size: 12px; color: #666; min-width: 36px; text-align: center; }
.zoom-controls button {
width: 28px;
height: 28px;
border: 1px solid #ddd;
border-radius: 4px;
background: #fff;
cursor: pointer;
font-size: 14px;
¥
</style>

renderer/store/

renderer/store/index.ts

/%

* BASEREPCIHNBRME V1.0

*

* index.ts - PiniaRSEIE (£/FStore)

*

* INBEIRAR:

*x - ARFINEBRSER

*x - RERSER (HENRE/FETR/EDEIE)



*/

* - REERRSEE
* — R ERSEE
* — WebSocketLATHUIERS
*x — XM EME (electron-store)
*/
import { defineStore } from 'pinia';
import { ref, computed, reactive } from 'vue';
/% KEEN
/*x NIFATEIET */
type ViewMode = 'prepare' | 'lesson' | 'grade' | 'report';
/% IREER */
interface DeviceState {
id: string;
name: string;
type: 'usb' | 'ble’;
status: 'connected' | 'disconnected' | ‘'error';
battery: number;
¥
/xx PHEFELIRS */
interface StudentOnlineState {
studentId: string;
name: string;
penld: string;
online: boolean;
lastActive: number;
strokeCount: number;
¥
/xx REGRIHIE x/
interface ClassroomLiveData {
classroomId: string;
className: string;
startTime: number;
onlineStudents: StudentOnlineStatel];
totalStrokes: number;
isRecording: boolean;
}
/%k HEES */

interface GradeTask {

assignmentId: string;

studentId: string;

studentName: string;

status: 'pending' | 'ai_graded' | 'reviewed'
aiScore: number;

teacherScore: number;

feedback: string;

'completed’;

/%

FFStore

*/

/%



* APINES ERRESERE
*/
export const useUserStore = defineStore('user', () => {
/¥k BERBER */
const isLoggedIn = ref(false);
/¢ HEIAFER +/
const userInfo = ref<{
userId: string;
name: string;
role: string;
phone: string;
schoolld: string;
schooName: string;
avatar: string;
} | null>(null);
/*x ERESE */
const loginTime = ref(0);
/**x TokeniIHARTE) */
const tokenExpiresAt = ref(0);

/¥x AFABETRE */
const roleLabel = computed(() => {
const roleMap: Record<string, string> = {
admin: '&BE&R',
teacher: 'Zm',
student: 'Z4&£',
parent: 'K
bE
return roleMapluserInfo.value?.role || ''] || 'ZRz0';

s

/*%
* BRMINERERFPIRE
*/
function setLoggedIn(user: typeof userInfo.value, expiresAt: number): void {
isLoggedIn.value = true;
userInfo.value = user;
loginTime.value = Date.now();
tokenExpiresAt.value = expiresAt;
console.log(" [Store]l RAAFE%: ${user?.name} (${user?.role})’);

VESS

* BEER

*/

function logout(): void {
isLoggedIn.value = false;
userInfo.value = null;
loginTime.value = 0;
tokenExpiresAt.value = 0;
console.log('[Store] AFBEEL');

return { isLoggedIn, userInfo, loginTime, tokenExpiresAt, rolelLabel, setlLoggedIn,
logout };
});



/% BEStore */

/%%
* IRENSERE
* EEYHFNRERSTITEE
*/
export const useClassroomStore = defineStore('classroom', () => {
/¥x HEIEERE */
const viewMode = ref<ViewMode>('prepare');
/xx HENREHIE */
const liveData = ref<ClassroomLiveData | null>(null);
/¥k BEERER */
const isInClass = ref(false);
/*x WebSocketiEZRE */
const wsConnected = ref(false);

/kx TELFEE +/
const onlineCount = computed(() =>
liveData.value?.onlineStudents.filter(s => s.online).length || @
)
/% BFEE x/
const totalStudents = computed(() =>
liveData.value?.onlineStudents.length || @
)k
/% LR x/
const onlineRate = computed(() => {
const total = totalStudents.value;
return total > @ ? Math.round((onlineCount.value / total) * 100) : 0;
3

/%%

* FHAIRE

*/

function startClass(classroomId: string, className: string, students:

StudentOnlineState[]): void {
liveData.value = {

classroomld,
className,
startTime: Date.now(),
onlineStudents: students,
totalStrokes: 0,
isRecording: false

18
isInClass.value = true;
viewMode.value = 'lesson';
console.log(" [Store] BEFA: ${className}, ¥4£${students.length} A );
ks
/%
* GRIRE
*/

function endClass(): void {

const duration = liveData.value ? Date.now() - liveData.value.startTime :

console.log (" [Store] REZ®R, Ef+=${Math.round(duration / 60000)}7%f,
‘gEi=${liveData.value?.totalStrokes}");

isInClass.value = false;

liveData.value = null;



/%%
* EFAELIRE
*/
function updateStudentStatus(studentId: string, online: boolean): void {

const student = liveData.value?.onlineStudents.find(s => s.studentId ===
studentlId);
if (student) {
student.online = online;
student.lastActive = Date.now();

}
b
/%%
* BRINEDEHETTEL
*/

function addStrokeCount(count: number): void {
if (liveData.value) {
liveData.value.totalStrokes += count;

/*%

* TIRIERET

*/

function setViewMode(mode: ViewMode): void {
viewMode.value = mode;
console.log(" [Store] #MELN#E: ${mode}’);

¥
return {
viewMode, liveData, isInClass, wsConnected,
onlineCount, totalStudents, onlineRate,
startClass, endClass, updateStudentStatus, addStrokeCount, setViewMode
18
)
VES i%%&Store */
/%%
* IREERINSER
*/

export const useDeviceStore = defineStore('device', () => {
/xx BEREERIIER */
const devices = ref<DeviceState[l>([]);
/*x IEFEF3HEBLE */
const isScanning = ref(false);

/kx BEEFIREE x/
const connectedCount = computed(() =>

devices.value.filter(d => d.status === 'connected').length
) g

Ve
* ANINEEMRE
*/



function upsertDevice(device: DeviceState): void {
const idx = devices.value.findIndex(d => d.id === device.id);
if (idx >= 0) {
devices.value[idx] = device;
} else {
devices.value.push(device);

¥
ks
/*%
* BiRgE
*/
function removeDevice(deviceIld: string): void {
devices.value = devices.value.filter(d => d.id !== deviceld);
b
VESS
*x BIMREHE
*/
function updateBattery(deviceId: string, battery: number): void {
const device = devices.value.find(d => d.id === deviceld);
if (device) {
device.battery = battery;
¥
ks

return { devices, isScanning, connectedCount, upsertDevice, removeDevice,
updateBattery };

3);
VES #t24Store */
/%%

* (R ECIRSE TR

*/

export const useGradeStore = defineStore('grade', () => {
/%k HEIHEERAOPEALID */
const currentAssignmentId = ref('');
/*xx HEEESSIIFR */
const gradeTasks = ref<GradeTask[1>([1);
/kx HEIHEIRFEE RS +/
const currentTaskIndex = ref(0);

/%% EHEERER */
const pendingCount = computed(() =>
gradeTasks.value.filter(t => t.status === 'ai_graded' || t.status ===
'pending').length
)k
/*x BESTREL */
const completedCount = computed(() =>
gradeTasks.value.filter(t => t.status === 'completed' || t.status ===
'reviewed').length
)
/xx BIRHETDEE */
const progressPercent = computed(() => {
const total = gradeTasks.value.length;
return total > @ ? Math.round((completedCount.value / total) *x 100) : 0;



FDE

/Hx HETHEBUESS */

const currentTask = computed(() => gradeTasks.valuelcurrentTaskIndex.value] ||
null);

/%%
* INEIEESTIR
*/
function loadTasks(assignmentId: string, tasks: GradeTask[]): void {
currentAssignmentId.value = assignmentId;
gradeTasks.value = tasks;
currentTaskIndex.value = 0;
console.log (" [Store] M#FHLES: ${tasks.lengthHH{EI");

b
/%%
* AN RER
*/
function submitGrade(studentId: string, score: number, feedback: string): void {
const task = gradeTasks.value.find(t => t.studentId === studentId);
if (task) {
task.teacherScore = score;
task. feedback = feedback;
task.status = 'reviewed';
console.log( " [Store] #tE&5emi: ${task.studentName}, #=%${score}’);
}
}
/%%
* R —ME TS
*/

function nextTask(): boolean {
for (let i = currentTaskIndex.value + 1; i < gradeTasks.value.length; i++) {
if (gradeTasks.value[i].status !== 'completed' && gradeTasks.value[i].status
I== 'reviewed') {
currentTaskIndex.value = i;
return true;

b

return false;

/%%
* tNIRE) E—MES
*/
function prevTask(): boolean {
if (currentTaskIndex.value > @) {
currentTaskIndex.value——;
return true;

¥

return false;
ks
return {

currentAssignmentId, gradeTasks, currentTaskIndex,
pendingCount, completedCount, progressPercent, currentTask,
loadTasks, submitGrade, nextTask, prevTask
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