BAS EhREPCIRLARY V1.0

REFENME — AP REFMHSIITREES

B2 BASENMREPCIHNBRY

BERRAS: V1.0

FIA: RN BERSRHEERAE

Xi4ER: PCRENAAFRIEFM + IR

XH44RS: WRITECH-APP-PC-DS-001

‘mEIEHEA: 2026%F2H

BERAFES: Windows 10/11 641 / macOS 12 Monterey &UAE

Ex
« B—F RUBMAER
s BE RARMSITER
o B=E RORIRINEEIFMIRAA
o BINE RFERESERIR
o« BAE S5RBINEXER
o B

F—E REELEHD

11 REENTSIEELRR

BABEEIREPCIHNARMG (M TEMR'PC APP") EEBAEEMFEASHRYINRHKGESHRZIE, XIF
WindowsHimacOSIXFEA, PC APPEFElectron + Vue.js 3IEZEF %, BIRoMBEEREIBNAFER. SIEEELE
BMFEZM/MRIED (USB/IEEDT), RMEBFRHIE. RERFE. FUMR. HEEEETERFTIER.
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KB, RFHMEFSER - FHMRGE (CSV/Exceligl) LEZEFRHASZRAR - EMRKEBRSHAERE

1.3 BITHRSRAENK

Windows¥E&:

fic B 15 RIEEK BELE

BRIERS Windows 10 (644, kR4s1903) Windows 11

PISEES Intel Core i5 (44%) Intel Core i7/i9 8 AMD Ryzen 7
AF 8GB RAM 16GB RAM

EF X WebGL 2.0MME/EE NVIDIA / AMDIIL &

= SSD 10GBR]FZS[8] SSD 50GBHE A% 4]

TS BEIJEARMELWIiFi 5 FIRIAKRIHWiFi 6

B BLE 4.0 (FIi%, #EER) BLE 5.0

UsSB USB 2.0 (RATE&EE) USB 3.0

e 1920x1080 2560x1440 X

macOSEE:



=l RIEER HFICE

BRIERS macOS 12 Monterey macOS 14 Sonoma
PISEES Intel Core i5 B, Apple M1 Apple M2/M3

RTE 8GB 16GB

1704 10GBAIAZE 50GBF]FH=E]

1.4 HFERESSHEAME

FERAK:
AR hRZS Fi&
Electron 28.0.0 BEES R ENFEER
Node.js 20.x LTS FHIBIGITHER
Vue.js 3.4.0 SEZHTZUINESS
TypeScript 5.3.0 ERL 2 JavaScriptiBss
Pinia 2.1.7 Vue SIRSE
Vite 5.0.0 AmETE (BFui#iz)
Axios 1.6.2 HTTPIEKEE
WebSocket (ws) 8.16.0 IBE (E#E)
SQLite (better—sqlited) 9.4.3 AHERE (E#HTE)
IndexedDB  (Dexie.js) 3.2.4 BRHEADEFME
Canvas 2D + WebGL T EREAE EMBERS|E
C++ Addon (Node-API) =%l SEREEDEBEE. USBEIE
node-bluetooth 11.4 BLERPFEER
node-usb 2.11.0 USB HIDI&&Ai]
WebRTC BRHRRE BEMIX
electron-updater 6.1.7 BaEH

Electron IPC@{522443:

PC APP&T{ﬁHEIeotronE’\JIEE (Main Process) + B##72 (Renderer Process) Z2f3: - Ei#HiZ: AMERZAPI
B (f3efE. USB/BLEIREE(S. SQLite#UERE. WebSocketi&EiE) - BHRHTE: Vuejs SHEES, BT
IPCﬂﬁHE HFZRIINEE — PreloadiilZds: 7EERHIEHLTERETHIZAPI ({FMHcontextlsolationfRiF)

1.5 hRZ<5EEA



e A% Fa

V0.7 Beta 2025%8H Windows/macOS
V0.9 RC 2025%F 18 Windows/macOS
V1.0 2026F2H Windows/macOS

BE RARMSIRITER

FEXE
EM&ERTIA, REWE, FllR®H
RFERRAREE . IRENRE. BUESH

IERRR: WebGLEINEZ:, WHEXH. AEBIHEY

2.1 Electronpi %544

ElectronEi##E (Main Process)
Node.js + ChromiumizEfThd

| |

(better-sqlite3) | |E‘“;ETLT"| | electron-updater | |
|

I

| woEE | | xRz | | wEEE ||

| BrowserWindow| | EB#&%fE | | USB(node-usb) | |
| /2 | | ®#EtE | | BLE(node-bluetooth) [

L | L | | | |
I 1 [ 1 [ 1 |
| sQLite#tiEEE | | WebSocket | | B#MEH ||

I

L

IPCi#{Z (ipcMain/ipcRenderer)

Preload#l& (contextBridgeZ2RE) |
|
|

JE#2 (Renderer Process) |
Vue.js 3 + TypeScript |
T 1T 1T |
| &8I8 | | ®EmE | | BESW ||
| Vuedts | | vuetAff | | vuetAft | |
L | L | | | |
T 1T 1 |
| zwmER | | Piniafk®s | |
| Canvas/WebGL | | &I | |
L | | |
|
2.2 #HEEE@EEFIRTT
IPC@i&#%l (ipcMain / ipcRenderer):
// src/preload/index.ts — contextBridgeRFEAPIZEIHTE

import { contextBridge, ipcRenderer } from 'electron'

contextBridge.exposeInMainWorld('electronAPI"',

// BOBEIRIE
db: {
query: (sql: string, params: any[]) =>

ipcRenderer.invoke('db:query', sql, params),

run: (sql: string, params: any[]) =>

ipcRenderer.invoke('db:run', sql, params),

H

/1] XHERIE



file: {

save: (fileName: string, data: Buffer) =>

ipcRenderer.invoke('file:save', fileName, data),

open: (filters: FileFilter[]) =>
ipcRenderer.invoke('file:open', filters),

exportPDF: (content: any) =>
ipcRenderer.invoke('file:exportPDF', content),
Vo
// &EBE
device: {
scanBLE: () => ipcRenderer.invoke('device:scanBLE'),
connectBLE: (deviceId: string) =>
ipcRenderer.invoke( 'device:connectBLE', deviceld),
connectUSB: () => ipcRenderer.invoke('device:connectUSB'),
onInkData: (callback: (data: InkPoint[]) => void) => {
ipcRenderer.on('device:inkData', (_event, data) => callback(data))
By
}I
// BREH
cast: {
startCasting: (targetInfo: CastTarget) =>
ipcRenderer.invoke('cast:start', targetInfo),
stopCasting: () => ipcRenderer.invoke('cast:stop'),
i
// ‘O
window: {
openLessonWindow: () => ipcRenderer.invoke('window:openLesson'),
enterPresentation: () => ipcRenderer.invoke('window:enterPresentation'),
}

I}

2.3 EWERSIERIT

PC APP{ERWebGL + C++ Native Addon3LI 54 &l
(EEERRA):

// src/renderer/rendering/StrokeRenderer.ts
export class StrokeRenderer {
private gl: WebGL2RenderingContext
private program: WebGLProgram
private vertexBuffer: WebGLBuffer

constructor(canvas: HTMLCanvasElement) {
this.gl = canvas.getContext('webgl2')!
this.initShaders()

this.vertexBuffer = this.gl.createBuffer()!

private initShaders() {
// mEERE: REERETEER
const vertexShader = “#version 300 es
in vec2 a_position;
in float a_pressure;
in float a_segment_pos; // 0=f2m, 1=%&
uniform mat4 u_projection;
uniform float u_base_width;

out float v_pressure;

EEMER, AR (RIBEHEZHEE)

= (ATEZHITE)

il

EZEYR



void main() {
// EEWE: HRKA (sigmoidiZiEiil)
float taper = min(a_segment_pos * 4.0, (1.0 — a_segment_pos) x 4.0);
taper = clamp(taper, 0.0, 1.0);

/] BREZE = BHMTE x E& x EERN
float width = u_base_width * a_pressure *x (0.3 + 0.7 % taper);

// BEEGBEY R (REY KRUEE)

gl_PointSize = width;

gl_Position = u_projection *x vec4(a_position, 0.0, 1.0);
v_pressure = a_pressure;

// REREESR: NBELSESER

const fragmentShader = “#version 300 es
precision mediump float;
in float v_pressure;
out vecd fragColor;

void main() {
// BEf2m (@dgl_PointCoordEIEA)
vec2 coord = gl_PointCoord - vec2(0.5);
float r = length(coord);
float alpha = 1.0 - smoothstep(0.4, 0.5, r); // DERNEE
fragColor = vec4(0.1, 0.1, 0.1, alpha); // FIREBED

this.program = this.createShaderProgram(vertexShader, fragmentShader)

h

// &H—%FE (AZDLITEM)
drawStroke(points: StrokePoint[]) {
if (points.length < 2) return

const gl = this.gl
gl.useProgram(this.program)

// MEMSEE (8= x, y, pressure, segment_pos)
const vertices = new Float32Array(points.length x 4)
const totalLength = points.length - 1

for (let i = 0; i < points.length; i++) {
const p = points[i]

vertices[i x 4 + 0] = p.x
vertices[i *x 4 + 1] = p.y
vertices[i * 4 + 2] = p.pressure

vertices[i *x 4 + 3] i / totalLength // segment_pos: 0-1

gl.bindBuffer(gl.ARRAY_BUFFER, this.vertexBuffer)
gl.bufferData(gl.ARRAY_BUFFER, vertices, gl.DYNAMIC_DRAW)

// BERME

const posLoc = gl.getAttribLocation(this.program, 'a_position')
gl.enableVertexAttribArray(posLoc)
gl.vertexAttribPointer(posLoc, 2, gl.FLOAT, false, 16, 0)

const pressureLoc = gl.getAttribLocation(this.program, 'a_pressure')
gl.enableVertexAttribArray(pressurelLoc)
gl.vertexAttribPointer(pressureLoc, 1, gl.FLOAT, false, 16, 8)

const segPosLoc = gl.getAttribLocation(this.program, 'a_segment_pos"')
gl.enableVertexAttribArray(segPosLoc)
gl.vertexAttribPointer(segPosLoc, 1, gl.FLOAT, false, 16, 12)



gl.drawArrays(gl.POINTS, @, points.length)

s
b

2.4 BRIt

SQLite#BER (EHTE, better-sqlite3):

xRA
lessons
assignments
students
submissions
grading_records
dot_code_maps
devices

app_config

IndexedDB7ZfiE (GE¥i#FE, Dexie.js):

iR

inkDataDB

resourceCacheDB

2.5 #&Oixit

IRAPHEO (GEFR#ETEEIAxiosiAMA):

#0

B%
SRENPER IR
ellfe 2l
IRENRRRTIE
EEHERES
SRERVIR TR
AR PR

BIREZR

&
POST
GET
POST
GET
PUT
GET
POST

GET

FEFE B
id, title, subject, grade, content_json, created_at IR
id, lesson_id, class_id, title, deadline, status B\l /idE
id, class_id, name, student_no, parent_phone FAEER
id, assignment_id, student_id, ink_data_path, score, status R IRZZIE R
id, submission_id, teacher_comment, manual_score, ai_score #HIER
id, lesson_page_id, dot_code_range_start, dot_code_range_end RS AR &Y
id, type, identifier, name, last_connected EEEIREICE
key, value, updated_at Nz e BB EXY
iEA
ABEEMRREIEEHE (BRIEUNTEEDLIE)
BRXHAMET (FIEEA. REER)
URL R
/api/vl/auth/login Bk S &%
/api/vl/class/list SRENBUMEIRAITELR

/api/vl/assignment/create
/api/vl/assignment/{id}/submissions
/api/vl/submission/{id}/grade
/api/vl/analytics/class/{id}
/api/vl/dotcode/generate

/api/vl/resource/search

RAHTEL
RNFERRIIER
RIFHEEREE
YERESIR DT

A AR A R BERD

BRHYFER



#0O BiE URL 5t8A

HIXIRE POST /api/vl/report/push/{class_id} HEBEFBERELR

WebSocketER1iE{F (EHFEWebSocket):

// src/main/services/websocket-service.ts
export class WebSocketService {
private ws: WebSocket | null = null
private mainWindow: BrowserWindow

connect(classroomId: string, token: string) {
this.ws = new WebSocket(
‘wss://api.writech.cn/ws/vl/classroom?id=${classroomId}",
{ headers: { Authorization: ‘Bearer ${token}' } }

this.ws.on('message', (data: string) => {
const event = JSON.parse(data)

switch (event.type) {
case 'stroke.realtime':
/] EREDBIERERHZ
this.mainWindow.webContents.send('ws:inkData', event)
break

case 'submission.complete':
// BIREFRHBEREZLERR
this.mainWindow.webContents.send('ws:submissionComplete', event)
break

case 'result.aiGraded':

// AI#EEGERGBAN
this.mainWindow.webContents.send('ws:aiGradingDone', event)

break
¥
1)

this.ws.on('close', () => {
// SWEBEhEE
setTimeout(() => this.connect(classroomId, token), 5000)

1)

}

sendControl(type: string, payload: any) {
if (this.ws?.readyState === WebSocket.OPEN) {

this.ws.send(JSON.stringify({ type, ...payload }))

}

}

}

26 REIRIT
RIFRES:

// src/main/index.ts — R2ERE
const win = new BrowserWindow({
webPreferences: {
preload: path.join(__dirname, 'preload.js'),
contextIsolation: true, // BRLETXRE ()
nodeIntegration: false, // BILEZR#HEEEIBONode. js (£28)

2N



sandbox: true, // BREZHAIEIVE
webSecurity: true, // BRWebZ2KEE (CORSEH)
allowRunningInsecureContent: false, // ZIBEEASR
+
})

// ZBECSPRABRERME (FHXSS)
session.defaultSession.webRequest.onHeadersReceived((details, callback) => {
callback({
responseHeaders: {
...details.responseHeaders,
'Content-Security-Policy': [
"default-src 'self'; " +
"script-src 'self'; " +
"style-src 'self' 'unsafe-inline'; " +
"connect-src https://api.writech.cn wss://api.writech.cn; " +
"img-src 'self' https://cdn.writech.cn data:;"
1
}
1)
1)

FEERE:

o SQLite#EEFEASQLCipheril® (BiAIKEBRAFERZBES + REEN)

o PAENEIE (IndexedDB) 7ZfifFElectron userDataB %, Z{FRFXHARIRI,
o RYSEPDFXIFMEIEIN (PDFEIERF)

e BMEHBVESNRMBERIIT (Windows Authenticode / macOS Gatekeeper)

REBRIF:

o Electron ASARFt4FITE, BhIEEIEZIEEUVER
o XBWKEIBIE (EDFBEE. RIFBAENT) 4RiFNC++ Native Addon (.nodeXf4)
o EEMEERAIEESE (terserk4E)

B=E OEIRINEEIFAIRA

3.1 FRIEER

JERIBS{E: src/renderer/features/lesson/

FIRLARZPC APPRIRZL\BIfEINGE, RMAKPPTAORMHI(ESRE:

R REERAHE:
I
| [xt] [4REE] [EA] [ER] [E2] [TA] [#E8)] EHASPCIR |
| |
| T T 1
| TEAERE| HEXE (HER) | BHER |
| | | |
| [ | | xR |
| g2ml || | | ke 40 vl
| [#3m] | | SH&EF: — K X i | | & (48 v |
| [+ gmgl || || |
| | | UEERnAsxKE] | | =pEmigE: |
I

[ | | sEsmEm] |



| w=E | o] DEotE] UeR] UEe (s |

| mA |
| [x=iE] | |
I . |
|
L

[EE] | |
| |

TR AR

// src/shared/types/lesson.ts
interface LessonData {
id: string
title: string
subject: 'chinese' | 'math' | 'english'
grade: string
pages: LessonPagel]
metadata: {
createdAt: number
updatedAt: number
teacherId: string
schoolld: string

+
+
interface LessonPage {
id: string
pageIndex: number
background: string // BERBHEREURL
elements: PageElement[] // TiEZR (XF/ER/Fik/EE)
dotCodeRange?: { // HBENSFESTERE (F3%)

start: string
end: string
}
speakerNote?: string // EHEE

type PageElement = TextElement | ImageElement | CalligraphyElement | QuestionElement

interface QuestionElement {
type: 'question'
id: string
questionType: 'choice' | 'fill_blank' | 'writing' | 'essay'
questionText: string
standardAnswer?: string | stringl]l // WEZZE
scoringRules?: ScoringRule[] // TS FN
position: { x: number; y: number; width: number; height: number }

RAEBARHE (RIEBEHER):

// src/renderer/features/dotcode/DotCodeBinder.vue
// BRETAS RbESCEYE, AT ENAY s R L AR

// BEZSE:

// 1. BMEEFEITONTEEE (W%E1-31)
// 2. RERTHZFETEREREEEE

// 3. ABTIHEE—HNRIEFBIDTEE

// 4. ERERIERSAIPDF (600DPIFTENFERE)

async function generateDotCodePDF(pages: LessonPage[]): Promise<Blob> {

// ETIRRERELGERE



const dotCodeRange = await api.dotcode.allocate({
pageCount: pages.length,
school_id: store.user.schoolld

1)

// HFLPDF (A E#FZMPDFKItER)

const pdfData = await window.electronAPI.file.exportPDF ({
pages,
dotCodeInfo: dotCodeRange,
resolution: 600 // 600DPIITENIEE

1)

return new Blob([pdfDatal, { type: 'application/pdf' })

3.2 REZFER
JERIB{E: src/renderer/features/classroom/

REERE (Z5HR/):

[“R2EE] —FR2- - BE0E e #TH BE38E [LWiEE] |

T T
BHRRR (R | SUEBBRS (W8 | Ta |

I

|

|

I

|

| | | [&E |
| LgtyEim] | =1 (2@ O(ER] | (K] |
| | A B B | LR |
| sRE®: | RA] B - | LBE |

| — X X i | | 1=l |
| | R | |
| [«E=TT] [F—70>] | D 30/38| ERERES: |

| | | o W% B% |
| oRkz] OREl | [RMERT) Mkl | e BAE M

| [#RR] [BR] | | o BR & |

|

BEHIHENZAE (BFESHENEE):

// src/renderer/features/classroom/store/classroomStore.ts
const useClassroomStore = defineStore('classroom', {
state: () => ({
students: [] as Student[],
calledStudents: new Set<string>(), // EmBFLIDES
1,

actions: {
randomPickStudent(excludeCalled: boolean = true) {
let candidates = this.students

if (excludeCalled && this.calledStudents.size < this.students.length) {
// HIRERBZEE (BRIFMEASERI—R)
candidates = this.students.filter(
s => !this.calledStudents.has(s.id))
} else if (this.calledStudents.size >= this.students.length) {
// FIBA#BERE, BEE
this.calledStudents.clear()
I

// BENLIEEY ({EMcrypto.getRandomValues{RIiEREALIE)
const randomIndex = Math.floor(
(crypto.getRandomValues(new Uint32Array(1)) [0] / OxFFFFFFFF)



})

3.3

* candidates.length
)
const selected = candidates[randomIndex]

this.calledStudents.add(selected. id)

/] EERBREREEERRRET

websocketService.sendControl('classroom.pickStudent', {

studentId: selected.id,

studentName: selected.name,

effect: 'spotlight' // EiRIGERRIATIFN
1)

return selected

Rl ERIR

JERREXME: src/renderer/features/grading/

HeRERE (Wi=fE):

[«] E5REFHY - #t2g =#3: 38/40 Bt 25/38

SPATR | HEIPEHR

|
v K= 922 [B#tE] | %4 A OIEXRATE: 08:32
- 885 [Eitxl | |
e A - el | i
o BN -—  IEMEl | | ZEBEHS (EDET) ||
o Bt - IEE] | | [31] (2] (%3] [%R4] ||
coo | |

|
ATEIY: | AIDH (B=F):
IREIFEINGIR | 1] 98% ~ |
BABEMTERE | [=2] 95% v |

[F3] 729 » FE3ZINFHEIR
[74] 88% v

3 [ZINEENE, FHREE. .|

[RMPATE] (A [F—»] |

I
|
|
| =%: [ 85 1% (AIEiX: 85)
|
|
|

AFEBN#EERZ S -

// src/renderer/features/grading/composables/useAIGrading.ts

export function useAIGrading() {

const gradeSubmission = async (submissionId: string):
Promise<AIGradingResult> => {

/7 1. FRERATHEERER (RSBHEH#N, BiZEN)

const result = await api.grading.getAIResult(submissionId)

if (result.status === 'completed') {
return result.data
} else if (result.status === 'pending') {

// ATRTERE, BWERF (&2F60D)



return await pollForResult(submissionId, 60)
} else {
throw new Error('AI#ftERkM, BEFEHHEK")
}
+

// —BERMATEIN (ENALEZFDE)
const acceptAISuggestion = (aiResult: AIGradingResult) => {
return {
score: aiResult.totalScore,
perItemScores: aiResult.itemScores,
comment: aiResult.suggestedComment,
gradedBy: 'ai_assisted'

return { gradeSubmission, acceptAISuggestion }

3.4 USB/BLE=PEEEEER

JEREESIfE: src/main/services/device-service.ts

USBi%#&i#3}% (Node-API C++ Addon):

// src/main/services/device-service.ts
import { createRequire } from 'module’
const require = createRequire(import.meta.url)

// MEC++ Native Addon (SEIRUSB HIDE(EFIELTFR)
const writechNative = require('../../native/writech_native.node')

export class DeviceService {
private usbDevice: any = null
private bleDevice: any = null

// FHEUSB=PE%E (nRF52840 USB HIDIEZ)
async scanUSBPens(): Promise<USBDevicel[]> {
const devices = writechNative.listUSBHIDDevices()
return devices.filter((d: any) =>
d.vendorId === WRITECH_VENDOR_ID &&
d.productId === WRITECH_PEN_PRODUCT_ID

// FERERUSBRIFEHFHAEIEURE
async connectUSBPen(devicePath: string): Promise<void> {
this.usbDevice = writechNative.openUSBHIDDevice(devicePath)

// EMEEREIKEIE (C++EXH, S5RER)
writechNative.startInkReceiving(this.usbDevice, (rawData: Buffer) => {
// FEWIRIAHIDEUES (SBLERNHEER)
const points = this.parseInkPacket(rawData)

// NRERFR (C+HLI, fRIEMERE)
const smoothed = writechNative.smoothStroke(points)

/1 RFEER#E

this.mainWindow.webContents.send('device:inkData', smoothed)

}

private parselInkPacket(data: Buffer): InkPoint[] {



// BETSBLEMIAERINZE D RIBEI
const points: InkPoint[] = []
let offset = 0@

const packetType = dataloffset++]
const frameCount = dataloffset++]
const baseTimestamp = data.readUIntl6LE(offset); offset += 2

// B YIS

const x@ = data.readUIntl6LE(offset); offset += 2

const y@ = data.readUIntl6LE(offset); offset += 2

const p@ = dataloffset++]

const f@ = dataloffset++]

points.push({ x: x@, y: y@, pressure: p@ / 255, penUp: !!(f@0 & 0x01) })

// FEE: ED RS

let lastX = x@0, lastY = y@

for (let 1 = 1; i < frameCount; i++) {
const flags = dataloffset++]
const dx = (flags & 0x80) ? data.readIntl6LE(offset) : data.readInt8(offset)
offset += (flags & 0x80) ? 2 : 1
const dy = (flags & 0x40) ? data.readIntl6LE(offset) : data.readInt8(offset)
offset += (flags & 0x40) ? 2 : 1
const pressure = dataloffset++]

lastX += dx

lastY += dy

points.push({
x: lastX, y: lasty,
pressure: pressure / 255,
penUp: !!(flags & 0x01)

1)

}

return points
}
¥

3.5 RREITHIER
JBECEE 4. src/main/services/cast-service.ts

PC APPXZFFIF SENRY/ RTATRIFIEZERMR, XIFWebRTCHIHDMIFMIZREAT

// src/main/services/cast-service.ts
export class CastService {
// WebRTCIRE (T, @EEFER)
async startWebRTCCast(boardIP: string): Promise<void> {
// 1. FREVEREBHIRR
const captureStream = await desktopCapturer.getSources({
types: ['window'],
thumbnailSize: { width: 1920, height: 1080 }
1)

const lessonWindow = captureStream.find(s =>
s.name.includes('B#AE"') & s.name.includes('ig4"'))

// 2. BlEWebRTCEEZIEARIFAPP
const peerConnection = new RTCPeerConnection()
const stream = await navigator.mediaDevices.getUserMedia({
video: {
mandatory: {
chromeMediaSource: 'desktop',



chromeMediaSourceld: lessonWindow!.id,
}
} as any
})

stream.getTracks().forEach(track =>
peerConnection.addTrack(track, stream))

// 3. B ELIRSREILERE
const offer = await peerConnection.createOffer()
await peerConnection.setlLocalDescription(offer)

// RiFoffertaBifin (BidWebSocket(5<)
await signalingService.sendOffer(boardIP, offer)

/! BLEER
stopCasting(): void {
this.peerConnection?.close()
this.peerConnection = null
b
b

3.6 EUELTITS DITIRIR

JERIE{E: src/renderer/features/analytics/

o it  EIRMEUETFT0H [EE¥#IE] |
e A/  ZIREM=EZFETE [EEIE] |

PHRFENRERE:
I 1
| BERENE - “HEBU AHH (20250F) (SRSl |
| |
I I 1
| B | BREA RS |
| | |
| s 40 | 100] |
| A= 96.8% | 90| —— |
| T9%: 86.2% | 80| |
| bR 73% | 70! (R RE) |
| | |
I 1
| MREEEEST I
| |
| | #mRsA A# RE | |
| ] 1.2EsE 82% 32A VEXE | |
| | 2.57meEw 85%  34A v ||
| | 3.imEEE 65% 26N BB | |
| | 4.2EEW 90% 36A v ||
| L L
I I
| BEXENZE |
|
I
L

3.7 BEmNEHMIEIR
PC APPAE B&IEFINEE, BT electron-updater SEHEEE G AEH:

// src/main/updater.ts
import { autoUpdater } from 'electron-updater'
import { dialog, BrowserWindow } from 'electron'



export function setupAutoUpdater(mainWindow: BrowserWindow) {
// BINRRE—RER
autoUpdater.checkForUpdates()

setInterval(() => autoUpdater.checkForUpdates(), 60 * 60 * 1000)

autoUpdater.on('update-available', (info) => {
// BIhRARA, BHERHERRRT
mainWindow.webContents.send('updater:updateAvailable', info)

1)

autoUpdater.on('update-downloaded', (info) => {
// TESER, WEAFRELARE
dialog.showMessageBox(mainWindow, {
type: 'info',
title: 'EHWM4E’,
message: ARZA ${info.version} BETHEHTH, LAERLE? °,
buttons: ['IZBIR%E', 'FHELRE'],
defaultId: o,
}).then(({ response }) => {
if (response === 0) {
autoUpdater.quitAndInstall(false, true)
+
1)
1)

// WIEEFHEXEE (HEEEH

autoUpdater.on('before-quit-for-update', () => {
// electron-updaterBmiiEBER

1)

BUE RFAESERSE

41 RESHREH

WindowsZ3%:

1. TEZEEEE Writech-PC-Setup-1.0.0.exe (Z£J200MB)
2. WiFia(T, EFELZEBER (EIA C:\Program Files\Writech )
3. BRI EIEMX G RBEMEEIRES X
4. ZEEZHEEEEIN" BAS ER)EE " BFR
macOSZit:

1. F3{ Writech-PC-1.0.0.dmg

2. yTADMG, ¥¥"BAEEMNRE app 122" N AR " HK
3. B/RE{TIImacOSiER"RBEIRANFALRE", _E"F 7"

4. MARREBATRE (FERSGEERNR)

BRECE:

BERERE:
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2. BRIKS (FUS+EZEAMEKS)
3. EEFPRMFR



4., EEEAR (USBE/EFE/INE)
5. MhifkEs (k)
6. HAEFRE

4.2 FIRRIERIE
BUBATIRA:

BRIESER:
1. REEFRE"MERRME" (FCLri+N)
2. HEENR (ZBR/FWES/1E/ BEohiRE)
3. BNREARE, FR. ER
4. EHREXERNAS:
- BA-XFE: BARXAR
- BA-F0E: MEREIEEFIER
- BA-BER: FNEREE (REMEER)
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2. FRBOLEINRE (IRIBHL) EREFLIFTEES
3. k@

a. TEE-EB-IEFMILEE 3 IaT 3

b. IREFERR (FIZ30F~TRH)

c. |RE"FR", BRAREEREE
4. &

a. TEE-WE (HETIEREKSE)

b. BEEREZIZRIT (EE2RAREM)
5. BRPEES:

a. ERUBBSRTEFRERENE

b. A#-"RRER", ZZEERETRIBRAR
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3. Bt

a. REFEXRB, HEARZUEE

b. EBEATEI (BFFiTH+EIRDHT)

c. BHAIZEREM, [RE"RMATZIN —RTTHR
d. BHFFE, FMERD BRI FHE

e. RE"WIN"-BPET—TFEE

4. EECRSERE:

a. RE"HRAR"-IREREXEFEPadTIRKFN

b, RE"SHESGER"-SHCSV/Exce USRS 2

4.5 IRFERRERE

USBEIERBEE:

USBIEIFIRIE:
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2. SMEEEMH#AUSBEN (LEDHEESR)

U~ W

BLETCEL &S

BLEEIFIRIE:

PC APPETAIREIR
ER G RERTIRE—NBEFXE
REPE, PCREINERED

SETR"USBE EEE"

1. PC APP-ZE-ZREE-ARBETRE
2. FIASMERR (KREEAFX)
3. FIRABIN"Writech-XXXXXX"

4, RE"EEX", EIBRSERESX (Numeric Comparison)
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4.6 HEEHE
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RERE, BHEARE, REREEEHES

HHEEMRRRMRA

5.1 RIRSFEABHIFRR

THHERRIR
EStz-IN|

PreloadfiiZ~

HEAIEIRE
src/main/index.ts

src/preload/index. ts

iR

ElectronE#i2F 5.

BORE. R2ikE

contextBridge APIZ £ RE



THEERRIR
EHFZIPCLLIE
HUREERRSS
RERS
WebSocketfr$s
B RRSS
BREH

C++ Native Addon
BRHEAND
BHEE
RIS
HFHRITH
RERIF

e HER

BB DT

R YRS
WebGLEZS %
HTTPE i
ZHhindexedDB

MERE

RRBRE
src/main/ipc-handlers.ts
src/main/services/db-service.ts
src/main/services/device-service.ts
src/main/services/websocket-service.ts
src/main/services/cast-service.ts
src/main/updater.ts
native/writech_native/
src/renderer/main.ts
src/renderer/router/index.ts
src/renderer/store/
src/renderer/features/lesson/
src/renderer/features/classroom/
src/renderer/features/grading/
src/renderer/features/analytics/

src/renderer/features/dotcode/

src/renderer/rendering/StrokeRenderer. ts

src/renderer/api/client.ts
src/renderer/storage/inkDB. ts

electron.vite.config.ts

5.2 kS RENREE

i%BA

PG IPCIBEAILM IR R B AR
SQLite##EE#RRIE (better-sqlite3)
USB/BLE R %S BiEREIK
RIREABE (E#E)
WebRTCHz B 10X LI
electron-updater BEhE L E
USB HID&(S. LT 88E
Vue.js 3 N E#HBL
vue-routerE HEZE

PiniaZ §Store
RREER Ve Al
RERAVueB . STRIEIEAE
R EVueB . AlFEBhIt L
FIESITER VA
RS SEE FIPDFARL
WebGLEERS|ZE

Axios HTTPiER %
Dexie.jskBEEMEIBTZHE

Electron + Vitefd 2 &

K/REE

createWindow()

setupIpcHandlers()

DBService.query()

DeviceService.connectUSBPen()

FREEXX %

main/index.ts

main/ipc—handlers.ts

main/services/db-service.ts

main/services/device-service.ts

ThieisAR

BIEER
O, BEx
Eprialil

SERMERE
IPCi@E 4k
IER R

SQLite& it
EERS

USBE &
S58ERE
0T



K/REE

WebSocketService.connect()

CastService.startWebRTCCast()

StrokeRenderer.drawStroke()

useClassroomStore. randomPickStudent()

useAIGrading.gradeSubmission()

generateDotCodePDF ()

setupAutoUpdater()

FREEXX %

main/services/websocket-service.ts

main/services/cast-service.ts

renderer/rendering/StrokeRenderer.ts

renderer/features/classroom/store

renderer/features/grading/composables

renderer/features/dotcode/DotCodeBinder.vue

main/updater.ts
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RiE

Electron

Vue.js 3

Pinia
TypeScript

Vite

IPC
contextBridge
contextlsolation
Node-API (N-API)
Native Addon
SQLCipher
WebRTC
WebGL

ASAR
better-sqlite3

IndexedDB

X114l
XA V1.0

HEEH 2026FF2H14H

iR
GitHUbFF & EF A SEMNAESR, EFNode.js + Chromium
At JavaScriptiEZe, BFERFRE

Vue.js SHFHPRSEIERE (BHVuex)
JavaScripthf)L U EBER, 1RMEFSKENE
H—ARIRMEETR, WMIRAOFLRSES
Inter—Process Communication, #72E&{E
ElectronZ£API, ERE ETXHRETHIEINEE
ElectronZ2451%, PEIEER#HIZEEILEINode.js
Node.jslREH RAPI, BF45C++ Addon
C++#EHINode. jst BIEIR (.node3Zf¥)

SQLitefIMNZEY &

WebSLREEinE, IR REMMER (PC APPBTRE)
WebEIFZE, H5ia3+HrIOpenGL ES

Electroni 3143 (Atom Shell Archive)

E1:5'SQLite3 Node.jsiiaf, 1HEEMRT

WA BHATENOSQLENERE (ElectroniSi#izal )

FYNEASFHL B R 5] PCEF iR tAAR Z

WRIRFTE © 2026 RYIEASFHL B IR E]

fRC RORARSTHIFR

C1

PCREMNFAE TElectrontEZEtyiE, Fittiz (main process) it
Fi#tt2 (renderer process) ARUIRT. MEBIIPC (HiZEEE) LT28BE.

C.11

EHREROER

ElectronT #1255 B #2524

ROTRINGE

// main/index.ts — ElectronE#fEZAO
import { app, BrowserWindow, ipcMain, dialog, shell } from 'electron'

import
import

import

{ join } from '

{ BleManager } from './ble/BleManager'

import { LocalDatabase } from './database/LocalDatabase’
{ SyncService } from './sync/SyncService'

(BLE, X{#1/0. ZAHEUERE),

=
8



import { NativeInkEngine } from './native/NativeInkEngine'
import { AutoUpdater } from './updater/AutoUpdater'’

let mainWindow: BrowserWindow | null = null
let bleManager: BleManager | null = null

let localDb: LocalDatabase | null = null

let syncService: SyncService | null = null
let inkEngine: NativeInkEngine | null = null

async function createMainWindow() {
mainWindow = new BrowserWindow({
width: 1280,
height: 800,
minWidth: 1024,
minHeight: 640,
webPreferences: {
preload: join(__dirname, '../preload/index.js"'),

contextIsolation: true, // REERHRE
nodeIntegration: false, // BIEEFR#EEEAONode. js
webSecurity: true,
sandbox: false // f¥fpreloadifaiNode. js
}I
titleBarStyle: process.platform === 'darwin' ? 'hiddenInset' : 'default',
show: false // BOEREEBEETR, BRAR
1)
// hNERF

if (process.env.ELECTRON_RENDERER_URL) {
mainWindow. loadURL (process.env.ELECTRON_RENDERER_URL) // F&&E
} else {

mainWindow. loadFile(join(__dirname, '../renderer/index.html')) // AF=#&zR

b

mainWindow.once('ready-to-show', () => {
mainWindow!.show()

1)

// PRLEFREO, FEIMEBINILE 4T FFaksE
mainWindow.webContents.setWindowOpenHandler(({ url }) => {
shell.openExternal(url)
return { action: 'deny' }

1)

async function initializeServices() {
// WIANZARMSQLIte iR E
localDb = new LocalDatabase(join(app.getPath('userData'), 'writech.db'))
await localDb.initialize()

// ¥YaBLEERE ({£MNoble C++ Addon)
bleManager = new BleManager()
await bleManager.initialize()

// WMIAMLEDS|ZE (C++ Native Addon)
inkEngine = new NativeInkEngine()

// MIATEIERZ RS
syncService = new SyncService(localDb, 'https://api.writech.com')

// EMFRBIPCAMEER
registerIpcHandlers()

app.whenReady().then(async () => {
await initializeServices()
await createMainWindow()



AutoUpdater.checkForUpdates()
1)

app.on('window-all-closed', () => {
bleManager?.destroy()
syncService?.stop()
localDb?.close()
if (process.platform !== 'darwin') app.quit()
1)

C.1.2 PreloadR24fiE

// preload/index.ts — contextBridgeZ£HREAPI
import { contextBridge, ipcRenderer } from ‘'electron’

// EERHERENAPIEZE
contextBridge.exposeInMainWorld('writechAPI', {
// BLEfREEIRE
ble: {
startScan: () => ipcRenderer.invoke('ble:startScan'),
stopScan: () => ipcRenderer.invoke('ble:stopScan'),
connect: (deviceld: string) => ipcRenderer.invoke('ble:connect', deviceld),
disconnect: (devicelId: string) => ipcRenderer.invoke('ble:disconnect', deviceld),
onDeviceFound: (callback: (device: BleDevice) => void) => {
ipcRenderer.on('ble:deviceFound', (_, device) => callback(device))
}r
onInkData: (callback: (data: InkData) => void) => {
ipcRenderer.on('ble:inkData', (_, data) => callback(data))
}’
onConnectionChanged: (callback: (deviceld: string, connected: boolean) => void) => {
ipcRenderer.on('ble:connectionChanged', (_, deviceId, connected) => callback(deviceId, connected))
}
B
/] AHERIREEIRIE
database: {
saveStroke: (stroke: StrokeRecord) => ipcRenderer.invoke('db:saveStroke', stroke),
getStrokes: (filter: StrokeFilter) => ipcRenderer.invoke('db:getStrokes', filter),
saveHomework: (homework: HomeworkRecord) => ipcRenderer.invoke('db:saveHomework', homework),
getHomeworkList: (query: HomeworkQuery) => ipcRenderer.invoke('db:getHomeworkList"', query),
deleteOldData: (beforeDate: Date) => ipcRenderer.invoke('db:deleteOldData', beforeDate)
}I

/] XERGRE
files: {
exportToPdf: (content: ExportContent) => ipcRenderer.invoke('files:exportToPdf', content),
exportToImage: (content: ExportContent) => ipcRenderer.invoke('files:exportToImage', content),
openFile: () => ipcRenderer.invoke('files:openFile'),
saveFile: (data: Uint8Array, defaultName: string) =>
ipcRenderer.invoke('files:saveFile', data, defaultName)
b

// BimES
sync: {
syncNow: () => ipcRenderer.invoke('sync:syncNow'),
getSyncStatus: () => ipcRenderer.invoke('sync:getStatus'),
onSyncProgress: (callback: (progress: SyncProgress) => void) => {
ipcRenderer.on('sync:progress', (_, progress) => callback(progress))

}
I
// NMABEE
app: {

getVersion: () => ipcRenderer.invoke('app:getVersion'),



checkUpdate: () => ipcRenderer.invoke( 'app:checkUpdate'),
openDevTools: () => ipcRenderer.invoke('app:openDevTools'),
relaunch: () => ipcRenderer.invoke('app:relaunch')
}
1)

C.2 BLEZEHZEIL (Noble C++ Addon)
PCEFimi@idNoble (Node.js BLEEE) EIZRERERIEE, FHC++ Native AddonM B SSNETEIE.

C.2.1 BLEEIEZRII

// main/ble/BleManager.ts

import noble from '@abandonware/noble'

import { EventEmitter } from 'events'

import { InkEngine } from '../native/NativeInkEngine'

const WRITECH_PEN_SERVICE_UUID = '6e400001-b5a3-f393-e@a9-e50e24dccae’
const INK_DATA_CHAR_UUID = '6e400002-b5a3-f393-e0a9-e50e24dcca9e’

const CONTROL_CHAR_UUID = '6e400003-b5a3-f393-e@a9-e50e24dcca9e’

const WRITECH_PEN_NAME_PREFIX = 'WritechPen-'

export class BleManager extends EventEmitter {
private connectedPens: Map<string, noble.Peripheral> = new Map()
private inkCharacteristics: Map<string, noble.Characteristic> = new Map()
private scanning = false

async initialize(): Promise<void> {
noble.on('stateChange', (state) => {
if (state === 'poweredOn' && this.scanning) {
noble.startScanning( [WRITECH_PEN_SERVICE_UUID], true)
I
1)

noble.on('discover', (peripheral) => {
const name = peripheral.advertisement.localName ||
if (name.startsWith(WRITECH_PEN_NAME_PREFIX)) {
this.emit('deviceFound"', {
id: peripheral.id,
name: name,
rssi: peripheral.rssi,
address: peripheral.address

P

b
o)
b

async startScan(): Promise<void> {
this.scanning = true
if (noble.state === 'poweredOn') {
noble.startScanning( [WRITECH_PEN_SERVICE_UUID], true)
}

async stopScan(): Promise<void> {
this.scanning = false
noble.stopScanning()

b

async connect(peripheralld: string): Promise<void> {
const peripheral = await this.findPeripheral(peripheralld)
if (!peripheral) throw new Error('Device not found: ' + peripheralld)



await new Promise<void>((resolve, reject) => {
peripheral.connect((err) => {
if (err) reject(err)
else resolve()
1)
1)

// RELBRSFFHIE
const { characteristics } = await new Promise<noble.ServicesAndCharacteristics>(
(resolve, reject) => {
peripheral.discoverAllServicesAndCharacteristics((err, services, chars) => {
if (err) reject(err)
else resolve({ services, characteristics: chars })
1)
+

const inkChar = characteristics.find(c => c.uuid === INK_DATA_CHAR_UUID)
if (!inkChar) throw new Error('Ink characteristic not found')

this.connectedPens.set(peripheralld, peripheral)
this.inkCharacteristics.set(peripheralld, inkChar)

// TR EE @A
await new Promise<void>((resolve, reject) => {
inkChar.subscribe((err) => {
if (err) reject(err)
else resolve()
1)
1)

inkChar.on('data', (data: Buffer) => {
this.processInkData(peripheralld, data)
})

peripheral.on('disconnect', () => {
this.connectedPens.delete(peripheralld)
this.inkCharacteristics.delete(peripheralld)
this.emit('connectionChanged', peripheralld, false)

// BohEE
setTimeout(() => this.connect(peripheralld), 3000)
1)
this.emit('connectionChanged', peripheralld, true)
+
VESS

* FRMTBLEELHIEE
* &3 [x:2B] [y:2B] [[£/:1B] [Af[E)B%:4B] [#n=5:1B] x ns
*/
private processInkData(penId: string, data: Buffer): void {
const points: InkPoint[] = []
for (let offset = 0; offset + 10 <= data.length; offset += 10) {
const x = data.readUInt16BE(offset) / 65535.0
const y = data.readUInt16BE(offset + 2) / 65535.0
const pressure = dataloffset + 4] / 255.0
const timestamp = data.readUInt32BE(offset + 5)
const flags = dataloffset + 9]
const isPenUp = (flags & 0x01) !== 0

points.push({ x, y, pressure, timestamp, isPenUp })
if (points.length > 0) {

this.emit('inkData', { penId, points })
}



destroy(): void {
noble.stopScanning()
this.connectedPens. forEach((peripheral) => {
peripheral.disconnect()
})
this.connectedPens.clear()
this.inkCharacteristics.clear()

b

C.3 ZEUEREIRIT (better-sqlite3)
PCEFik{EFSQLItetE R AMEIERE, BiTbetter—sqlite3IRFNLIMEH LB IRIE,

C.3.1 EUREWIRM S Schema

// main/database/LocalDatabase.ts
import Database from 'better-sqlite3'
import { join } from 'path'

export class LocalDatabase {
private db: Database.Database

constructor(dbPath: string) {
this.db = new Database(dbPath, {

verbose: process.env.NODE_ENV === 'development' ? console.log : undefined
1)
this.db.pragma('journal_mode = WAL') // WALEER, RFFH&EILIHRE
this.db.pragma('synchronous = NORMAL') // MEESZEMTE
this.db.pragma('foreign_keys = ON') // BRMEAR
this.db.pragma('cache_size = -32000"') // 32MBTI4ETF

async initialize(): Promise<void> {
this.createTables()
this.createIndexes()
this.runMigrations()

b

private createTables(): void {
this.db.exec(®

— BFEERR

CREATE TABLE IF NOT EXISTS users (
id TEXT PRIMARY KEY,
username TEXT NOT NULL UNIQUE,
display_name TEXT NOT NULL,
role TEXT NOT NULL CHECK(role IN ('teacher', 'student', 'admin')),
school_id TEXT,
class_id TEXT,
avatar_url TEXT,
created_at INTEGER NOT NULL DEFAULT (strftime('%s', 'now')),
updated_at INTEGER NOT NULL DEFAULT (strftime('S%ss', 'now')),
sync_status TEXT NOT NULL DEFAULT 'synced' CHECK(sync_status IN ('synced', 'pending',

‘conflict'))
E;

— REIERER

CREATE TABLE IF NOT EXISTS classroom_sessions (
id TEXT PRIMARY KEY,
teacher_id TEXT NOT NULL REFERENCES users(id),
class_id TEXT NOT NULL,



)8

classroom_name TEXT NOT NULL,

start_time INTEGER NOT NULL,

end_time INTEGER,

status TEXT NOT NULL DEFAULT ‘'active' CHECK(status IN ('active', 'ended', ‘'archived')),
student_count INTEGER DEFAULT 0,

metadata TEXT, —— JSON¥ BFE%

sync_status TEXT NOT NULL DEFAULT 'pending',

created_at INTEGER NOT NULL DEFAULT (strftime('S%ss', 'now'))

—— EMHBIER (BB, {FFRINTEGERER)
CREATE TABLE IF NOT EXISTS ink_strokes (

)8

id INTEGER PRIMARY KEY AUTOINCREMENT,

session_id TEXT NOT NULL REFERENCES classroom_sessions(id),
student_id TEXT NOT NULL,

pen_id TEXT NOT NULL,

stroke_data BLOB NOT NULL, —- EZEEMNEDSRHFIEE
point_count INTEGER NOT NULL,

start_time INTEGER NOT NULL,

end_time INTEGER NOT NULL,

bounding_box TEXT, —— JSON: {x,y,w,h}

sync_status TEXT NOT NULL DEFAULT 'pending',

created_at INTEGER NOT NULL DEFAULT (strftime('S%ss', 'now'))

— RlIERE
CREATE TABLE IF NOT EXISTS homework_records (

)8

id TEXT PRIMARY KEY,
session_id TEXT REFERENCES classroom_sessions(id),
student_id TEXT NOT NULL,
assignment_id TEXT NOT NULL,
submit_time INTEGER,
ink_stroke_ids TEXT, —— JSON¥{4H: XBXEYZEMID
score REAL,
feedback TEXT,
status TEXT NOT NULL DEFAULT 'submitted'
CHECK(status IN ('draft', 'submitted', 'graded', 'returned')),
sync_status TEXT NOT NULL DEFAULT 'pending',
created_at INTEGER NOT NULL DEFAULT (strftime('%s', 'now'))

-— RFBEER
CREATE TABLE IF NOT EXISTS sync_logs (

id INTEGER PRIMARY KEY AUTOINCREMENT,

table_name TEXT NOT NULL,

record_id TEXT NOT NULL,

operation TEXT NOT NULL CHECK(operation IN ('insert', 'update', ‘'delete')),
sync_time INTEGER,

error_message TEXT,

retry_count INTEGER DEFAULT @,

created_at INTEGER NOT NULL DEFAULT (strftime('%s', 'now'))

private createIndexes(): void {
this.db.exec(’
CREATE INDEX IF NOT EXISTS idx_ink_strokes_session ON ink_strokes(session_id);
CREATE INDEX IF NOT EXISTS idx_ink_strokes_student ON ink_strokes(student_id);
CREATE INDEX IF NOT EXISTS idx_ink_strokes_sync ON ink_strokes(sync_status) WHERE sync_status =
'pending’;
CREATE INDEX IF NOT EXISTS idx_homework_student ON homework_records(student_id);
CREATE INDEX IF NOT EXISTS idx_homework_assignment ON homework_records(assignment_id);
CREATE INDEX IF NOT EXISTS idx_sessions_teacher ON classroom_sessions(teacher_id);
CREATE INDEX IF NOT EXISTS idx_sessions_time ON classroom_sessions(start_time DESC);

")



[k HEBANED (FERMMFEC, HEEZEMTEREN) */
saveStrokeBatch(strokes: StrokeRecord[]): void {
const stmt = this.db.prepare(’
INSERT INTO ink_strokes
(session_id, student_id, pen_id, stroke_data, point_count,
start_time, end_time, bounding_box, sync_status)
VALUES
(@sessionId, @studentId, @penld, @strokeData, @pointCount,
@startTime, @endTime, @boundingBox, 'pending')
)
const insertMany = this.db.transaction((records: StrokeRecord[]) => {
for (const r of records) stmt.run(r)
})
insertMany(strokes)

b

/¢ BEWFESHNEDIE (HELE) */
getPendingStrokes(limit = 100): StrokeRecord[] {
return this.db.prepare(’
SELECT x FROM ink_strokes
WHERE sync_status = 'pending’
ORDER BY created_at ASC
LIMIT ?
Y).all(limit) as StrokeRecord[]

/*k WRCEDRERD */
markStrokesSynced(ids: number[]): void {
const placeholders = ids.map(() => '?').join(',")
this.db.prepare(’
UPDATE ink_strokes SET sync_status = 'synced' WHERE id IN (${placeholders})
“).run(...ids)

close(): void {
this.db.close()
+

C.4 HBRITHRS
PCEFIHIMBLMS (Offline-First) 5REE, AbIRIEMESASALIte, BAMRSELFRIE LERITIH.

C.41 [EFHRSSEI

// main/sync/SyncService.ts

import { LocalDatabase } from '../database/LocalDatabase’
import axios, { AxiosInstance } from 'axios'

import { EventEmitter } from 'events'

import pako from 'pako' // ¥UEE%

export class SyncService extends EventEmitter {
private db: LocalDatabase
private http: AxiosInstance
private syncTimer: NodelS.Timer | null = null
private syncing = false

private static readonly SYNC_INTERVAL_MS = 30_000 // 30%EH—RX
private static readonly BATCH_SIZE = 50 // St EE505KITR
private static readonly MAX_RETRY = 3



constructor(db: LocalDatabase, baseUrl: string) {
super()
this.db = db
this.http = axios.create({
baseURL: baseUrl,
timeout: 30_000,
headers: {
'Content-Type': 'application/json',
'X-Client-Type': 'PC_APP',
'X-App-Version': app.getVersion()
+
})
+

start(authToken: string): void {
this.http.defaults.headers.common['Authorization'] = "Bearer ${authToken}"
this.syncTimer = setInterval(() => this.syncAll(), SyncService.SYNC_INTERVAL_MS)
// IBIHATIRES
this.syncAll()

¥

stop(): void {
if (this.syncTimer) {
clearInterval(this.syncTimer)
this.syncTimer = null

b

async syncAll(): Promise<void> {
if (this.syncing) return
this.syncing = true
let totalSynced = 0@
let totalErrors = 0@

try {
this.emit('progress', { status: 'syncing', message: 'IFZERFEDEIE..." })

// 1. EEGRTNEDLE

while (true) {
const pending = this.db.getPendingStrokes(SyncService.BATCH_SIZE)
if (pending.length === 0) break

// EBED_HFBIEELE
const payload = pending.map(s => ({

teeS,

strokeData: Buffer.from(pako.deflate(s.strokeData)).toString('base64"')
1)

const response = await this.http.post('/api/vl/strokes/batch', payload)
if (response.status === 200) {
const syncedIds = pending.map(s => s.id!)
this.db.markStrokesSynced(syncedIds)
totalSynced += pending.length
}

this.emit('progress', {
status: 'syncing',
message: ‘BREY ${totalSynced} REL",
synced: totalSynced

1)

// 2. MNEIGRIEGEIHEIE GUER. RERE)
await this.pullUpdates()

this.emit('progress', {



status: 'completed',
message: ‘[@F5EH, L£fE ${totalSynced} %, %% ${totalErrors} %°,
synced: totalSynced,
errors: totalErrors

bl

} catch (error) {
totalErrors++
this.emit('progress', {
status: 'error',
message: '[BEKM: ' + (error as Error).message
1)
} finally {
this.syncing = false

}

private async pullUpdates(): Promise<void> {

// HIBREFTHOHEIREE R

const lastSyncTime = this.db.getLastSyncTime('homework_records"')

const response = await this.http.get('/api/v1l/homework/updates', {
params: { since: lastSyncTime }

1)

if (response.data.records?.length > 0) {
this.db.upsertHomeworkRecords(response.data.records)

b

C.5 PDF/BElRSHINGE

// main/export/ExportService.ts

import { BrowserWindow, ipcMain } from 'electron'
import { join } from 'path'

import * as fs from 'fs/promises’

export class ExportService {

VESS
* J§CanvasEilNESH APDF
* JRIE: BIZERBABrowserwWindow, fNEEBEIEEREIEApPrintToPDF
*/
static async exportToPdf(content: ExportContent, outputPath: string): Promise<void> {
const hiddenWin = new BrowserWindow/({
show: false,
webPreferences: {
offscreen: true
+
1)

await hiddenWin.loadFile(join(__dirname, '../renderer/export.html'))

// ESEEENEDTLE
await hiddenWin.webContents.executeJavaScript(
‘window. renderExportContent (${JSON.stringify(content)})"’

/! EEERTR
await new Promise(resolve => setTimeout(resolve, 500))

const pdfData = await hiddenWin.webContents.printToPDF({
pageSize: 'A4',
printBackground: true,
marginsType: 1 // S/\A8iE



o)

await fs.writeFile(outputPath, pdfData)
hiddenWin.destroy()
+

/%
* JFENE S HIPNGE H
* {#FfElectronfycapturePage APIHEUERAS
*/
static async exportToImage(content: ExportContent, outputPath: string): Promise<void> {
const hiddenWin = new BrowserWindow({
width: content.width || 2480, // AAEE @ 300dpi
height: content.height || 3508, // A4S @ 300dpi
show: false,
webPreferences: { offscreen: true }
1)

await hiddenWin.loadFile(join(__dirname, '../renderer/export.html'))
await hiddenWin.webContents.executelavaScript(
“window. renderExportContent(${JSON.stringify(content)})"
)
await new Promise(resolve => setTimeout(resolve, 500))

const nativeImage = await hiddenWin.webContents.capturePage({
x: 0, y: 0, width: content.width || 2480, height: content.height || 3508
})

await fs.writeFile(outputPath, nativeImage.toPNG())
hiddenWin.destroy()

C.6 ReactBFRFEZEZIIMELR

C.6.1 CanvasZEilis$IAMt

// renderer/src/components/InkCanvas.tsx
import React, { useRef, useEffect, useCallback } from 'react'’
import { useInkStore } from '../store/inkStore'

interface InkCanvasProps {
width: number
height: number
studentId?: string // EEFHIDRREBRIZFEED
readonly?: boolean

=

export const InkCanvas: React.FC<InkCanvasProps> = ({
width, height, studentId, readonly = false
) =
const canvasRef = useRef<HTMLCanvasElement>(null)
const contextRef = useRef<CanvasRenderingContext2D | null>(null)
const { strokes, addPoint, endStroke } = useInkStore()

// #iaftCanvas EFX
useEffect(() => {
const canvas = canvasRef.current
if (!canvas) return
const ctx = canvas.getContext('2d', { willReadFrequently: false })
if (lctx) return
ctx.lineCap = 'round'
ctx.lineJoin = 'round'



ctx.strokeStyle =

'#lalaze’

contextRef.current = ctx

o)

/1 HEDHIEREHNERER

useEffect(() => {

const canvas = canvasRef.current
const ctx = contextRef.current
if (!canvas || 'ctx) return

ctx.clearRect(@, @, width, height)
ctx.fillStyle = '#ffffff'

ctx.fillRect(0, ©

, width, height)

const filteredStrokes = studentId
? strokes.filter(s => s.studentId === studentId)

: strokes

for (const stroke

of filteredStrokes) {

if (stroke.points.length < 2) continue

ctx.strokeStyle
ctx.beginPath()

= stroke.color

const pts = stroke.points
ctx.moveTo(pts[@].x * width, pts[@].y * height)

for (let i = 1;
const midX
const midY

i < pts.length - 1; i++) {
((pts[il.x + pts[i+1].x) / 2) * width
((pts[il.y + pts[i+1l.y) / 2) % height

ctx.quadraticCurveTo(
pts[il.x * width, pts[il.y x height, midX, midY

)
ctx. lineWidth
¥

ctx.stroke()

}

= 1.5 + pts[il.pressure * 3

}, [strokes, studentId, width, height])

return (
<canvas
ref={canvasRef}
width={width}
height={height}

className="1ink-
style={{ border:

/>

canvas"

fiRD SEERFEFi

'1px solid #e@e@e@', borderRadius: 4 }}
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R
HomeworkPage.tsx
ReportPage.tsx
SettingsPage.tsx
BleDevicePanel.tsx
StudentGrid.tsx

ink_engine.cpp

binding.gyp

E.2 WEERE

// package.json (¥®EE)

B’z

src/renderer/pages/HomeworkPage.tsx
src/renderer/pages/ReportPage.tsx
src/renderer/pages/SettingsPage.tsx
src/renderer/components/BleDevicePanel.tsx
src/renderer/components/StudentGrid.tsx
native/src/ink_engine.cpp

native/binding.gyp

{
"name": "writech-pc",
"version": "1.0.0",
"main": "dist/main/index.js",

"scripts": {

""dev": "electron-vite dev",
"build": "electron-vite build",

ThiEiseA

R EETIE
REETENE
RETUH
BLER & HR
A WAELE
C++ JNIE 5| %

Native AddonZRiZE&

"build:win": "npm run build && electron-builder —--win",

"build:mac": "npm run build && electron-builder —--mac",

"build:linux": "npm run build && electron-builder ——1linux",
"rebuild-native": "electron-rebuild -f -w better-sqlite3,@abandonware/noble"

}l

"dependencies": {

"electron": '"728.0.0"

b

"@abandonware/noble": '"~1.9,2-15",
"better-sqlite3": "79.4.3",
"axios": "71.6.0",
"pako": "~2.1.0",
"react": "~18.2.0",
"zustand": ""4.5.0"
"build": {
"appId": "com.writech.pc",
"productName": "BRASEEEPCHR",
"win": {
"target": '"nsis",
"icon": "build/icon.ico"
}r
"mac": {
"target": "dmg",
"icon": "build/icon.icns",
"category": "public.app-category.education”
I
"linux": {
"target": ["deb", "AppImage"l,
"icon": "build/icon.png"
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Bt RG #MFERARRE

G.1 WindowsIEEN B & R
G.1.1 USB HIDi& & &3
PCZE %853 USB HIDIMY 5 & 8E LB

// usb_hid_reader.cpp

#include <windows.h>

#include <hidsdi.h>

#include <setupapi.h>

#pragma comment(lib, '"hid.lib")
#pragma comment(lib, "setupapi.lib")

class UsbHidReader {
HANDLE device_handle_ = INVALID_HANDLE_VALUE;

static const USHORT VENDOR_ID = 0x1234;
static const USHORT PRODUCT_ID = 0x5678;

public:
bool openDevice() {
GUID hid_guid;
HidD_GetHidGuid(&hid_guid);

HDEVINFO device_info = SetupDiGetClassDevs(
&hid_guid, nullptr, nullptr,
DIGCF_PRESENT | DIGCF_DEVICEINTERFACE);

SP_DEVICE_INTERFACE_DATA interface_data{};
interface_data.cbSize = sizeof(SP_DEVICE_INTERFACE_DATA);

for (DWORD i = @; SetupDiEnumDevicelInterfaces(device_info, nullptr,
&hid_guid, i, &interface_data); i++) {

// REUEEREZ

DWORD required_size = 0;

SetupDiGetDeviceInterfaceDetail(device_info, &interface_data,
nullptr, @, &required_size, nullptr);

auto detail_data = (SP_DEVICE_INTERFACE_DETAIL_DATAx)
malloc(required_size);
detail_data->cbSize = sizeof(SP_DEVICE_INTERFACE_DETAIL_DATA);

SetupDiGetDeviceInterfaceDetail(device_info, &interface_data,
detail_data, required_size, nullptr, nullptr);

HANDLE h = CreateFile(detail_data->DevicePath,
GENERIC_READ | GENERIC_WRITE,
FILE_SHARE_READ | FILE_SHARE_WRITE,



nullptr, OPEN_EXISTING, FILE_FLAG_OVERLAPPED, nullptr);
free(detail_data);

if (h != INVALID_HANDLE_VALUE) {
HIDD_ATTRIBUTES attrs{};
attrs.Size = sizeof(HIDD_ATTRIBUTES);
HidD_GetAttributes(h, &attrs);

if (attrs.VendorID == VENDOR_ID &&
attrs.ProductID == PRODUCT_ID) {
device_handle_ = h;
SetupDiDestroyDeviceInfoList(device_info);
return true;

¥

CloseHandle(h);

SetupDiDestroyDeviceInfolList(device_info);
return false;

bool readReport(uint8_tx buffer, size_t size) {
DWORD bytes_read = 0;
OVERLAPPED ov{};
ov.hEvent = CreateEvent(nullptr, TRUE, FALSE, nullptr);

BOOL ok = ReadFile(device_handle_, buffer, (DWORD)size,
&bytes_read, &ov);

if (!ok && GetLastError() == ERROR_IO_PENDING) {
DWORD wait = WaitForSingleObject(ov.hEvent, 1000);
if (wait == WAIT_OBJECT_0) {
GetOverlappedResult(device_handle_, &ov, &bytes_read, FALSE);
ok = TRUE;

CloseHandle(ov.hEvent);
return ok !'= FALSE;

G.2 PDFiR{4E#5| &

// pdf_renderer.cpp
#include <fpdfview.h> // PDFium

class PdfRenderer {
FPDF_DOCUMENT document_ = nullptr;

public:
bool loadFile(const wchar_tx path) {
FPDF_InitLibrary();

// RERBREFEUTF-8

int len = WideCharToMultiByte(CP_UTF8, @, path, -1, nullptr, @, nullptr, nullptr);
std::string utf8_path(len, 0);

WideCharToMultiByte(CP_UTF8, @, path, -1, utf8_path.data(), len, nullptr, nullptr);

document_ = FPDF_LoadDocument(utf8_path.c_str(), nullptr);
return document_ != nullptr;



int getPageCount() {
return document_ ? FPDF_GetPageCount(document_) : 0;

// TBHIEETIRBGRAMIE

std::vector<uint8_t> renderPage(int pageIndex, int targetWidth, int targetHeight)
FPDF_PAGE page = FPDF_LoadPage(document_, pageIndex);
if (!page) return {};

FPDF_BITMAP bitmap = FPDFBitmap_Create(targetWidth, targetHeight, 1);
FPDFBitmap_FillRect(bitmap, @, @, targetWidth, targetHeight, @xFFFFFFFF);

FPDF_RenderPageBitmap(bitmap, page, @, 0, targetWidth, targetHeight,
0, FPDF_ANNOT);

const uint8_tx buf = (uint8_tx)FPDFBitmap_GetBuffer(bitmap);
int stride = FPDFBitmap_GetStride(bitmap);

std::vector<uint8_t> result(targetHeight *x stride);
memcpy (result.data(), buf, result.size());

FPDFBitmap_Destroy(bitmap);
FPDF_ClosePage(page);

return result;

~PdfRenderer() {
if (document_) FPDF_CloseDocument(document_);
FPDF_DestroyLibrary();
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// system_tray.cpp
class SystemTray {
HWND hwnd_;
NOTIFYICONDATA nid_{};
HMENU popup_menu_ = nullptr;

public:

void create(HWND hwnd, HICON icon) {
hwnd_ = hwnd;
nid_.cbhSize = sizeof (NOTIFYICONDATA);
nid_.hWnd = hwnd;
nid_.uID = 1;
nid_.uFlags = NIF_ICON | NIF_MESSAGE | NIF_TIP;
nid_.uCallbackMessage = WM_USER + 1;
nid_.hIcon = icon;
wcscpy_s(nid_.szTip, L"BASEMRE");
Shell_NotifyIcon(NIM_ADD, &nid_);

popup_menu_ = CreatePopupMenu();
AppendMenu(popup_menu_, MF_STRING, 1001, L"fJFEHE");
AppendMenu(popup_menu_, MF_SEPARATOR, @, nullptr);
AppendMenu(popup_menu_, MF_STRING, 1002, L“EH");

void showContextMenu() {
POINT pt;
GetCursorPos(&pt);
SetForegroundwWindow(hwnd_) ;



TrackPopupMenu (popup_menu_, TPM_RIGHTBUTTON,
pt.x, pt.y, 0, hwnd_, nullptr);

static void setAutoStart(bool enable) {
HKEY key;
RegOpenKeyEx (HKEY_CURRENT_USER,
L"Software\\Microsoft\\Windows\\CurrentVersion\\Run",
0, KEY_WRITE, &key);

if (enable) {

wchar_t exe_path[MAX_PATH];

GetModuleFileName(nullptr, exe_path, MAX_PATH);

RegSetValueEx(key, L"WritechClassroom", @, REG_SZ,

(const BYTEx)exe_path, (wcslen(exe_path) + 1) *x sizeof(wchar_t));

} else {

RegDeleteValue(key, L"WritechClassroom");
¥
RegCloseKey (key);
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// windows_toast.cpp - Windows 10/11 Toasti@40
#include <winrt/Windows.UI.Notifications.h>
#include <winrt/Windows.Data.Xml.Dom.h>

using namespace winrt::Windows::UI::Notifications;
using namespace winrt::Windows::Data::Xml::Dom;

class ToastNotifier {
public:
static void showHomeworkReminder(const std::wstring& title,
const std::wstring& body) {
// ¥iEToast XMLIEHR
std::wstring xml = LR"(
<toast>
<visual>
<binding template="ToastGeneric">
<text id="1">)" + title + LR"(</text>
<text id="2">)" + body + LR"(</text>
<image placement="appLogoOverride" src="ms-appx:///Assets/logo.png"/>
</binding>
</visual>
<actions>
<action content="&H&" activationType="foreground" arguments="view_homework" />
<action content="f§fE" activationType="system" arguments="dismiss"/>
</actions>
</toast>)";

XmlDocument doc;
doc.LoadXml(xml);

auto notifier = ToastNotificationManager::CreateToastNotifier(
L"com.writech.classroom");

ToastNotification notification(doc);
notifier.Show(notification);
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// multi_monitor.cpp
#include <windows.h>
#include <vector>

struct MonitorInfo {
HMONITOR handle;
RECT rect;
bool isPrimary;
int dpiX, dpiY;
b3

std::vector<MonitorInfo> EnumerateMonitors() {
std::vector<MonitorInfo> monitors;

EnumDisplayMonitors(nullptr, nullptr, [](HMONITOR hMon, HDC, LPRECT 1pRect, LPARAM 1Param) {

autox list = reinterpret_cast<std::vector<MonitorInfo>*>(1Param);

MONITORINFOEX info;
info.cbSize = sizeof(MONITORINFOEX);
GetMonitorInfo(hMon, &info);

UINT dpiX = 96, dpiY = 96;
GetDpiForMonitor(hMon, MDT_EFFECTIVE_DPI, &dpiX, &dpiY);

list->push_back({
hMon,
info.rcWork,
(info.dwFlags & MONITORINFOF_PRIMARY) != 0,
(int)dpiX, (int)dpiY

F)g

return TRUE;

}, reinterpret_cast<LPARAM>(&monitors));

return monitors;
// BEOBDHIIEE R RS
void MoveWindowToMonitor(HWND hwnd, int monitorIndex) {
auto monitors = EnumerateMonitors();
if (monitorIndex >= monitors.size()) return;
const RECT& r = monitors[monitorIndex].rect;
int w = r.right - r.left;

int h = r.bottom - r.top;

SetWindowPos(hwnd, HWND_TOP, r.left, r.top, w, h, SWP_SHOWWINDOW);
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