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from fastapi import FastAPI, Request, HTTPException
from fastapi.middleware.cors import CORSMiddleware
from fastapi.responses import JSONResponse

from contextlib import asynccontextmanager

import uvicorn

import logging

import time

from typing import Dict, Any

# SABWSEREEH

from api.ocr_api import router as ocr_router

from api.math_api import router as math_router

from api.stroke_order_api import router as stroke_order_router
from api.essay_api import router as essay_router

from service.model_manager import ModelManager

from config.settings import Settings

# AGEE
logging.basicConfig(
level=1logging.INFO,
format="%(asctime)s [%(levelname)s] %(name)s: %(message)s"
)
logger = logging.getLogger("writech-ai-engine")

# TREE
settings = Settings()

# EREERIEIRER LA
model_manager = ModelManager(settings)

@asynccontextmanager

async def lifespan(app: FastAPI):
N4 ERERE
BRI I FTEAIRELEIGPU/ CPUNTE
KA BRI ELE R
logger.info("BASAISIZEH, MEEE...")
# JBohET N EEE
await model_manager.load_all_models()
logger.info("FIEREINESTR, RSHMLE")
yield
# KRBT
logger.info("BRSZXFH, BEERER...")
model_manager.release_all_models()
logger.info("&REFFEHEK")



# QUi FastAPI RIFSLf

app = FastAPI(
title="BAEFEIRFISAIDIT5|E",
description="X%8ERMFERENEDLIBHITOCRIRG . HEHXIREI. EIND T RATEREHZ",
version="1.0.0",
lifespan=lifespan

# BEAREGEE

app.add_middleware(
CORSMiddleware,
allow_origins=["x"],
allow_credentials=True,
allow_methods=["*"1,
allow_headers=["%"1,

@app.middleware("http")

async def request_logging_middleware(request: Request, call_next):
ERBEES HRe e
IR MERLLIERT B, RESRD . EIBFERY

start_time = time.time()
request_id = request.headers.get("X-Request-ID", str(time.time()))

# WMABUBR/IREE (BERERE, &A10MB)
content_length = request.headers.get("content-length")
if content_length and int(content_length) > 10 x 1024 x 1024:
return JSONResponse(
status_code=413,
content={"code": 413, "msg": "BEREIEIKR, FAZIFIOMB", "data": None}

response = await call_next(request)

# 1IORIEKIER (8]

process_time = time.time() - start_time
response.headers["X-Process-Time"] = f"{process_time:.4f}"
response.headers["X-Request-ID"] = request_id

logger.info(
f"{request.method} {request.url.path} "
f'"status={response.status_code} "
f'time={process_time:.4f}s"

return response

@app.middleware("http")
async def mtls_authentication_middleware(request: Request, call_next):

mTLS IXEiAE A B4



MERARSS BB EFE R RAE P ImES

ZEigit:

- BRSBEMN: NEARSSE mTLS XREIAIE

- IERRE: MABIERARIS KRG (BFBRERE)

# MEELNAERRSEA

client_cert = request.headers.get("X-Client-Cert")
api_key = request.headers.get("X-API-Key")

# BERBREREAHTEINLE
whitelist_paths = ["/health", '"/docs", "/openapi.json"]
if request.url.path in whitelist_paths:

return await call_next(request)

# IFAPI KeySiEFiHiE+H
if not api_key and not client_cert:
return JSONResponse(
status_code=401,
content={"code": 401, "msg": "ER/MAIFEIE", "data": None}

if api_key and api_key != settings.api_key:
return JSONResponse(
status_code=403,
content={"code": 403, "msg": "API Key7X%{", "data": None}

return await call_next(request)

# JEME LSS

app.
app.
app.
app.

include_router(ocr_router, prefix="/api/v1l/ocr", tags=["OCRiRZI"])
include_router(math_router, prefix="/api/vl/math", tags=["#UFiR%"1)
include_router(stroke_order_router, prefix="/api/vl/stroke-order", tags=I["Z£IfiTH"1)
include_router(essay_router, prefix="/api/vl/essay", tags=I["fE3Citeq"])

@app.get("/health")
async def health_check():

MR EIRR
model_status = model_manager.get_all_status()
return {

"code": 200,

"msg": "success",

"data": {

"status": "healthy",
"models": model_status,
"version": "1.0.0"

@app.get("/api/vl/model/status")
async def get_model_status():

EIZREINEIRESS A



GET /api/vl/model/status

status = model_manager.get_all_status()

return {
""code": 200,
"msg": "success",

"data": status

@app.exception_handler(HTTPException)
async def http_exception_handler(request: Request, exc: HTTPException):
MR —HTTPRE b
return JSONResponse(
status_code=exc.status_code,
content={
"code": exc.status_code,
"msg": exc.detail,
"data": None

@app.exception_handler(Exception)
async def general_exception_handler(request: Request, exc: Exception):
g —SE gt
logger.error(f"R4MESE: {str(exc)}", exc_info=True)
return JSONResponse(
status_code=500,
content={
""code": 500,
"msg": "AIS|ZBRIEEIR",
"data": None

if __name__ == "_ _main__":
uvicorn. run(
"main:app",
host="0.0.0.0",
port=8001,
workers=4,
log_level="info"

api/

api/essay_api.py

# BARAEESIRBSAIDSIZ5E V1.0
# ESCIEBUEOER - AIVESGED St BRI RS



fEXXHEERAPIHE]
RHFALESOTD . SHREDN (BH/EE/RE/MERE) . HEBINEMFINEE
XENFEY R ERIE N, BT RESRESNLPHOTEE

import time

import json

import logging

import hashlib

import re

from typing import List, Dict, Optional, Tuple

from dataclasses import dataclass, field

from enum import Enum

from fastapi import APIRouter, HTTPException, Depends
from pydantic import BaseModel, Field, validator

logger = logging.getLogger(__name__)

# HURREIE X

class EssayReviewRequest(BaseModel):
Rt EaE kK
text: str = Field(..., min_length=10, max_length=5000, description="f{EXO0CRIRBIXZA")
title: Optionallstr] = Field(None, description="{EXgE")
grade: int = Field(3, ge=1, le=9, description="4&%(1-9)")
genre: str = Field("narrative", description="1{fzEH!:
narrative/argumentative/expository/descriptive")
max_score: int = Field(100, description="3%%1E")
student_id: Optional[str] = Field(None, description="#341ID")
assignment_id: Optionallstr] = Field(None, description="{EID")
enable_suggestions: bool = Field(True, description="2&T4MEEIN")

@validator('genre')
def validate_genre(cls, v):
valid_genres = ['narrative', 'argumentative', 'expository', 'descriptive'l
if v not in valid_genres:
raise ValueError(f'XKEE NN {valid_genres}')
return v

class SentenceError(BaseModel):
A REIRITE"
sentence: str = Field(..., description="[RigaF")
error_type: str = Field(..., description="4giRZHA")
suggestion: str = Field(..., description="{&o&iX")
position: int = Field(..., description="GFERXFTHMUERS|")

class EssayScoreDetail(BaseModel):
MME B WEIT S EE
structure: float = Field(..., description="4&%")
grammar: float = Field(..., description="i&%%")
content: float = Field(..., description="RAZ&%H")
rhetoric: float = Field(..., description="{&&5H")
handwriting: Optional[float] = Field(None, description="HE% (WHF) ")



# XASHIR

class TextAnalyzer:
XASHTRZE
REEMNP XA DINEE: 26, @M. IRORE

# HEAARITR
SENTENCE_ENDINGS
# FPIETEITIR
PARAGRAPH_INDENT = ' '

I
-~
°
S
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@staticmethod
def split_sentences(text: str) —> List[str]:
"N AR BRI FIIR "
sentences = []
current = ""
for char in text:
current += char
if char in TextAnalyzer.SENTENCE_ENDINGS:
if current.strip():
sentences.append(current.strip())
current = ""
if current.strip():
sentences.append(current.strip())
return sentences

@staticmethod
def split_paragraphs(text: str) —> List[str]:
NS BN ESETIR
# RBITRDE, TETEE
paragraphs = [p.strip() for p in text.split('\n') if p.strip()]
return paragraphs

@staticmethod

def count_characters(text: str) —> Dictl[str, int]:
R i NS G
chinese_count = sum(1 for c in text if '\u4e@0' <= c <= '\u9fff')
punctuation_count = sum(1l for c in text if c in *,, ! 2 ;: """ () €D .
total_count = len(text.replace(' ', '').replace('\n', ''))
return {

"total": total_count,
"chinese": chinese_count,
"punctuation": punctuation_count

@staticmethod

def detect_rhetoric(text: str) —> List[Dict]:
MMM FIAERIER
INBE L EEE: b, HELE. A BkKFH

rhetorics = []

# el EE"E. . " tWEn . A EXREE



simile_patterns = [
r'.{2,10}—#", r'w@E.{2,10}"', r'{5#.{2,10}",
r'i¥%.{2,10}", r'ifw.{2,10}', r'sEa.{2,10}"
1
for pattern in simile_patterns:
matches = re.finditer(pattern, text)
for m in matches:
rhetorics.append({
"type": "simile", "name": "LtI&",
"text": m.group(), "position": m.start()
1)

# HEEEAGN: EELIBMU TR EN
sentences = TextAnalyzer.split_sentences(text)
for i in range(len(sentences) - 2):
s1, s2, s3 = sentences[i], sentences[i+1], sentences[i+2]
# BT = P EETFRERIEEFERE
if (abs(len(sl) - len(s2)) < 5 and abs(len(s2) - len(s3)) < 5 and
len(sl) > 5 and s1[@] == s2[0] == s3[0]):
rhetorics.append({
"type": "parallelism", "name": "HFtE",
"text": f"{s1}{s2}{s3}", "position": text.find(s1)
1)

# AR JFEASHER ANEIERE
personification_patterns = [
r' [NREEWERRYGEZKW] . {0, 3} [KR18HkEERI] ',
r' [NREEMEBRYEKWI] . {0,3} DERERIEE] '
1
for pattern in personification_patterns:
matches = re.finditer(pattern, text)
for m in matches:
rhetorics.append({
"type": "personification", "name": "#IA",
"text": m.group(), "position": m.start()
1)

return rhetorics

# ESCF D 51E

class EssayScoringEngine:
EXITH 5%
BETFZHEpTEBNEHITERETD
HoHE: 51(25%) . EE(25%) . RBE(30%) . EF(20%)

# BERIEFHCCE

EXPECTED_LENGTH = {
1: (50, 150), 2: (100, 250), 3: (200, 400),
4: (300, 500), 5: (350, 600), 6: (400, 700),
7: (500, 800), 8: (600, 900), 9: (600, 1000)

# D HENERE



DIMENSION_WEIGHTS = {
"structure": 0.25,
"grammar": 0.25,
""content": 0.30,
"rhetoric": 0.20

def __init_ (self):
self._text_analyzer = TextAnalyzer()
self._error_patterns = self._load_error_patterns()
logger. info ("1E30IF 5 51 E¥NIAHTA")

def _load_error_patterns(self) —> List[Dict]:
"NEE B A IREE"
return [
{"pattern": r"gpy", "type": "repetition", "msg": "EERF'MMN'"},
{Ilpat.ternll: rIITTII' II.typell: Ilrepetitionll' IImsgll: IlEE%?ITTIII}’

{llpat.ternll: rllﬁ.{s'sg}?\jn, ll.typell: ".l.ogicll, ||msg||: IIEE{E%‘%‘, E.D\{*E

&},

{"pattern": r"#E.{3,20}4E.{3,20}AF", "type": "style", "msg": "WEFEHR'A

&' EE"Y,
{"pattern": r"JEEIEE", "type": "repetition", "msg": "ES{FM'IEE'"T},
{"pattern": r"[,1{3,}", "type": "punctuation", "msg": "ELFAZMNEE,
BSErE"},
1

def score_structure(self, text: str, grade: int) —> Tuple[float, Listl[str]l]:
TMEXESEN (%9 100)
ME: R, FLERTREM. FHRED AN, BRESEM
comments = []
score = 100.0

paragraphs self._text_analyzer.split_paragraphs(text)
char_stats = self._text_analyzer.count_characters(text)

# EREREOTME (RREE3-8ER)
if len(paragraphs) < 2:

score —= 25

comments.append ("NXERDVESEXD, BINDEPEFELEMEFHT)
elif len(paragraphs) < 3:

score —= 10

comments.append ("ESEHRD, BB EESE")

# FEOITL
expected = self.EXPECTED_LENGTH.get(grade, (300, 600))
if char_stats["chinese"] < expected[0]:
deficit = expected[@] - char_stats['chinese"]
score —= min(30, deficit // 10)

BIEA

comments.append (f"=F#{®/> ({char_stats['chinese']1}F), ZEREIN{expected[0]}-

r—‘—|ll)

{expected[1]}=F
elif char_stats["chinese"] > expected[1] * 1.5:

score —= 5
comments.append ("FHIRESZ, BINBEEHEOREER")

# FEREERWHME



if paragraphs:
first_para = paragraphs[0]
last_para = paragraphs[-1]
if len(first_para) < 15:
score —= 10
comments.append ("FLFFEE, BINFEFRIIA")
if len(last_para) < 10:
score —= 10
comments.append ("FERIFERE, BININEWERITRER")

return max(@, score), comments

def score_grammar(self, text: str) —> Tuple[float, List[SentenceErrorl]:
THMEIBALERYE (D 100)
WE: BIER. ImRER. 1E1ERE
errors = [1]
score = 100.0

# {FRE X EIRE 1T TEC AN
for ep in self._error_patterns:
matches = re.finditer(ep["pattern"], text)
for m in matches:
errors.append(SentenceError(
sentence=m.group(),
error_type=ep["type"],
suggestion=ep["msg"],
position=m.start()
))

score —= 5 # 8MEEHEIRNSD

# MEQFKE (IKNEFIERIER)

sentences = self._text_analyzer.split_sentences(text)

for i, s in enumerate(sentences):

if len(s) > 80:
errors.append(SentenceError(

sentence=s[:30] + "...",
error_type="1long_sentence",
suggestion="GFiI&K, BWUFDAZTEUIESTIEME",
position=text.find(s)

))

score —= 3
return max(@, score), errors

def score_content(self, text: str, title: Optionallstr], genre: str, grade: int) —>
Tuplelfloat, List[strl]:
TMERNERE (%20 100)
ME: FEEXYE. ABFEEE. BEERM. BRKREA
comments = []
score = 85.0 # EiliD (WEHDIFHENL, ATRESEMD)

char_stats = self._text_analyzer.count_characters(text)
sentences = self._text_analyzer.split_sentences(text)



def

# NBFEE: BEARIECHEHEEITG,
unique_chars = set(c for c in text if '\u4e@0' <= c <= '"\u9fff')
vocab_richness = len(unique_chars) / max(char_stats["chinese"], 1)
if vocab_richness > 0.6:

score += 10

comments.append("&ECEE, AE@ZHEML")
elif vocab_richness < 0.3:

score —= 10

comments.append ("{ECRANE—, BIERAEFEENEIERE")

# BEERMN: KERDERERA

connectors = ['Ek', 'FRRA', "(EBE', '#&@m', '8@X%', 'EXx', '&F', 'BZ',
"M, 'mAa', '=|&%', '18', 'BR', T2

used_connectors = [c for c in connectors if c in text]

if len(used_connectors) >= 3:

score += 5
comments.append ("ZEARIAERIRY, TCER")

elif len(used_connectors) == @ and len(sentences) > 5:
score —= 5

comments.append ("fR/NBEEERE, EiUEINTEFIRETXEER"

# 1ERFRIAT L
emotion_words = ['Fi', "BRE', '&X', 'Bsp', "I, 'Ho', "FIF,
DREE', '=@R', T, '#Eo', "Hk'd
used_emotions = [w for w in emotion_words if w in text]
if used_emotions:
score += 3
comments.append ("BIAEHNIBRRIA, 1EE T XERREN")

return min(100, max(@, score)), comments

score_rhetoric(self, text: str, grade: int) —> Tuple[float, List[str]]:
FhEEEH (%D 100)

WE: BEFFENERHENRE

comments = []

score = 70.0 # EHH

rhetorics = self._text_analyzer.detect_rhetoric(text)

# RIBENBINEEHEMD
rhetoric_types = set(r["type"] for r in rhetorics)
if len(rhetoric_types) >= 3
score += 25
comments.append ("8 F ZizRAFE, FHT{len(rhetoric_types) }fEEFEFIE")
elif len(rhetoric_types) >= 1:
score += 15
used_names = set(r['"name"] for r in rhetorics)
comments.append (f"{EBT{'. '.join(used_names) }HEEFFE")
else:
comments.append ("ZEIUEHFEALLME . HILEFBEFFIAILERIAKR")

# SEANEHEESEK
if grade >= 5 and len(rhetoric_types) < 2:
score —= 10



comments.append ("ZERBZINEIMER2FHIN L ETFFIE")
return min(100, max(@, score)), comments

def review_essay(self, request: EssayReviewRequest) —> Dict:

FEMBEN, BRESSMEEEDTE

start_time = time.time()

# BHEMITITS

struct_score, struct_comments = self.score_structure(request.text,
request.grade)

grammar_score, grammar_errors = self.score_grammar(request.text)

content_score, content_comments = self.score_content(

request.text, request.title, request.genre, request.grade)

rhetoric_score, rhetoric_comments = self.score_rhetoric(request.text,

request.grade)

# BNRETTELEY, HMSEHSE

weighted_score = (
struct_score *x self.DIMENSION_WEIGHTS["structure"] +
grammar_score * self.DIMENSION_WEIGHTS["grammar"] +
content_score * self.DIMENSION_WEIGHTS["content"] +
rhetoric_score * self.DIMENSION_WEIGHTS["rhetoric"]

)

total_score = round(weighted_score / 100 * request.max_score, 1)

# FHRIT
char_stats = TextAnalyzer.count_characters(request.text)

# ERGZETE

overall_comment = self._generate_overall_comment (
total_score, request.max_score, struct_comments,
content_comments, rhetoric_comments

elapsed = (time.time() - start_time) * 1000

result = {
"total_score": total_score,
"max_score'": request.max_score,
"dimensions": {
"structure": round(struct_score / 100 x request.max_score x
self.DIMENSION_WEIGHTS["structure"l, 1),
"grammar": round(grammar_score / 100 * request.max_score x
self.DIMENSION_WEIGHTS["grammar"], 1),
"content": round(content_score / 100 *x request.max_score
self.DIMENSION_WEIGHTS["content"], 1),
"rhetoric": round(rhetoric_score / 100 * request.max_score x
self.DIMENSION_WEIGHTS["rhetoric"], 1),
b
"character_count": char_stats,
"overall_comment": overall_comment,
"structure_analysis": struct_comments,
"content_analysis": content_comments,
"rhetoric_analysis": rhetoric_comments,



"grammar_errors": [e.dict() for e in grammar_errors] if
request.enable_suggestions else [],
"inference_time_ms": round(elapsed, 2)
}

return result

def _generate_overall_comment(self, score: float, max_score: int,
struct_comments: List, content_comments: List,
rhetoric_comments: List) -> str:
R EIEE
ratio = score / max_score
if ratio >= 0.9:
prefix = "{fF! "
elif ratio >= 0.75:
prefix = "R#F, "
elif ratio >= 0.6:
prefix = "HZ, "
else:
prefix = "FHEME, "

suggestions = []

if struct_comments:
suggestions.append(struct_comments[@])

if content_comments:
suggestions.append(content_comments[0])

if rhetoric_comments:
suggestions.append(rhetoric_comments[@])

return f"{prefix}{'; '.join(suggestions[:3])}"

# APIREHE X

router = APIRouter(prefix="/api/v1", tags=["{Exxi#ter"]1)
_scoring_engine = EssayScoringEngine()

@router.post('/essay/review")
async def review_essay(request: EssayReviewRequest):

AT SHtteED
POST /api/vl/essay/review
BMNEXOCRIRBIN A, REGETS . SHEEDITRUEBEEIN
try:
result = _scoring_engine.review_essay(request)

# HItHTIER

logger.info(
fUYESTHEENGERL . score={result['total_score'l}/{request.max_score}, "
f"student={request.student_id}, assignment={request.assignment_id}, "
f"chars={result['character_count']['chinese']l}, time=

{result['inference_time_ms"']}ms"
)
return {"code": 200, "msg": "success", "data": result}
except Exception as e:



logger.error(f"fEXXtRFE: {str(e)}")
raise HTTPException(status_code=500, detail=f"{EXHHRZZEFE: {str(e)}")

api/math_api.py

# —— coding: utf-8 —x—

BASFEIRBISAIDM5 M4 V1.0

;25 RHIRFRD
XEFEOWEE. AER. LEAERARNFHRFEATIR]

from fastapi import APIRouter, HTTPException
from pydantic import BaseModel, Field

from typing import List, Optional, Dict, Any
import numpy as np

import logging

import time

import uuid

import re

logger
router

logging.getlLogger("writech-ai-engine.math")
APIRouter()

class MathStrokePoint(BaseModel):
MR R A A
x: int = Field(..., ge=0, 1e=65535)
y: int = Field(..., ge=0, le=65535)
pressure: int = Field(@, ge=0, le=255)
timestamp: int = Field(...)
pen_up: bool = Field(False)

class MathRecognizeRequest(BaseModel):
AR BE R
strokes: List[List[MathStrokePoint]] = Field(..., description="%T%UE")
math_type: str = Field("arithmetic", description="4#{L5!:
arithmetic/equation/geometry")
grade_level: int = Field(3, ge=1, le=6, description="&FE#(1-6)")

class MathStep(BaseModel):
eSS
step_no: int = Field(..., description="$EFS")
expression: str = Field(..., description="ZFiA=x")
result: Optional[str] = Field(None, description="itE%R")
is_correct: bool = Field(True, description="2Z&HIEM")
error_type: Optionall[str] = Field(None, description="4&iREH")
error_detail: Optional[str] = Field(None, description="4&i%i¥15")

class MathRecognizeResult(BaseModel):



MRS QB g R

latex: str = Field(..., description="LaTeX&RiAR")

result: Optional[str] = Field(None, description="i+&4%")
is_correct: bool = Field(True, description="ZREEHIEMHE")
steps: List[MathStep] = Field(default=[], description="it&HE"
confidence: float = Field(..., description="iRZIEEE")

class MathEngine:

25 IRA5 |1 E

XEFRBIZEEY:

- mEE (hEsRER. ESEE)

- BXE (mEEX. BEENX. REEX. REER)
- BRI (L< =)

- DHE

- BEREAE (—T—RHE)

W
El -~ ERER - 528 - FSRF - EM9F - RAXEEZ - HEWIE

def __init_ (self):
self.model = None
self.is_loaded = False
# ZENRERSES
self.symbol_set = set("0123456789+—x+=><()/.%")
logger. info ("#HiR55 | Z¥IAH A" )

def load_model(self, model_path: str):
U nE IR
logger. info (f"MNEFHENFIRFIEE: {model_path}")
self.is_loaded = True
logger. info ("#FIRBIEEINERTTAL")

def recognize(self, strokes: List[List[MathStrokePoint]],
math_type: str = "arithmetic",
grade_level: int = 3) —-> MathRecognizeResult:

25 IRFERTE

start_time = time.time()

# S EMMESEIRESR
image = self._preprocess_strokes(strokes)

# W2 BHESHE
segments = self._segment_symbols(image)

# HI83: [FSIRFI (CNND K28)
symbols = self._recognize_symbols(segments)

# SR4: EMHH (RESERFTIRMERN=EXER)
structure = self._analyze_structure(symbols, math_type)

# S5 RANER (EpLaTeXFIHFERERN)



latex_expr, math_expr = self._reconstruct_expression(structure)

# $186: ITERIE
result, is_correct, steps = self._verify_calculation(math_expr, grade_level)

inference_time = time.time() - start_time
logger.info(f"#FiRAI5EM: latex={latex_expr}, correct={is_correct}, "
f"time={inference_time:.4f}s")

return MathRecognizeResult(
latex=1latex_expr,
result=result,
is_correct=is_correct,
steps=steps,
confidence=0.92

def _preprocess_strokes(self, strokes: List[List[MathStrokePoint]]) —> np.ndarray:
NUNEMTANE . AARIE— > B - BERAREE"""
canvas_h, canvas_w = 64, 512
canvas = np.zeros((canvas_h, canvas_w), dtype=np.float32)

all_x = [p.x for s in strokes for p in s]
all_y = [p.y for s in strokes for p in s]
if not all_x:

return canvas

min_x, max_x = min(all_x), max(all_x)

min_y, max_y = min(all_y), max(all_y)

w = max(max_x - min_x, 1)

h = max(max_y - min_y, 1)

scale = min((canvas_w — 10) / w, (canvas_h - 10) / h)

for stroke in strokes:
for i in range(1, len(stroke)):

x1 = int((stroke[i-1].x — min_x) * scale + 5)
yl = int((strokel[i-1].y — min_y) * scale + 5)
x2 = int((stroke[i].x — min_x) * scale + 5)
y2 = int((stroke[i]l.y - min_y) * scale + 5)
x1, x2 = np.clip([x1, x21, @, canvas_w - 1)
yl, y2 = np.clip([y1l, y21, @, canvas_h - 1)
canvas [yl:y2+1, x1:x2+1] = 1.0

return canvas

def _segment_symbols(self, image: np.ndarray) —> List[Dict]:

HERFSDE

ETEBE DTSRG D BN NS X

segments = []

# EREBESTHTRSHE

# labels = cv2.connectedComponents(image)

# BEHDEER

segments = [
{"bbox": [10, 5, 40, 551, "image": image[5:55, 10:401},
{"bbox": [45, 20, 65, 45], "image": image[20:45, 45:65]1},



{"bbox": [70, 5, 100, 55], "image": image[5:55, 70:100]},
{"bbox": [105, 20, 125, 45], “image": image[20:45, 105:125]},
{"bbox": [130, 5, 160, 55], "image": image[5:55, 130:160]},

]

return segments

def _recognize_symbols(self, segments: List[Dict]) —> List[Dict]:
FFS5R%0 (CNND38)
WENDEIXEHITHRT/BERFDE
symbols = []
# EIRBIER
mock_symbols = ["1", "2", "+", "3", "=", "1", "5"]
for i, seg in enumerate(segments):
if i < len(mock_symbols):
symbols.append({
"symbol": mock_symbols[i],
"bbox": seg["bbox"],
"confidence": 0.95 - i x 0.01
})

return symbols

def _analyze_structure(self, symbols: List[Dict], math_type: str) —> Dict:
LN D T
RIERF ST A EXRRENFZRATNNEN
BRI DB, ESSEHREN
# xR (MWERIAFDNEIRF)
sorted_symbols = sorted(symbols, key=lambda s: s['bbox"1[0])

if math_type == "arithmetic":

return {"type": "linear", "symbols": sorted_symbols}
elif math_type == "equation":

return {"type": "equation", '"symbols": sorted_symbols}
else:

return {"type": "unknown", "symbols": sorted_symbols}

def _reconstruct_expression(self, structure: Dict) —> tuple:

RIANE#R
MEMHFSEIIERLaTeXRAXM AT ERIAR

symbols = structure.get("symbols", [])
chars = [s["symbol"] for s in symbols]
text = "".join(chars)

# “RiLaTeX
latex = text.replace("x", "\\times ").replace("+", "\\div ")

# ERPITERAR
math_expr = text.replace("x", "x").replace("+", "/")

return latex, math_expr

def _verify_calculation(self, math_expr: str, grade_level: int) —> tuple:



PTERIE
RIS RAR, HHERER, SHyess

steps = []

# RO BESTHMN
if "=" in math_expr:
parts = math_expr.split("=")
if len(parts) ==
left = parts[0].strip()
right = parts[1].strip()

try:
left_val = self._safe_eval(left)
right_val = self._safe_eval(right)

steps.append(MathStep
step_no=1,
expression=1left,
result=str(left_val),
is_correct=True

))

is_correct = abs(left_val - right_val) < 1e-9
steps.append(MathStep

step_no=2,

expression=f"{left} = {right}",

result=str(right_val),

is_correct=is_correct,

error_type=None if is_correct else "calculation",

error_detail=None if is_correct else f"IEMEZMNN{left_vall}"

))
return str(left_val), is_correct, steps

except Exception:
pass

return None, True, steps

def _safe_eval(self, expr: str) —-> float:
e ERAN (NAFRFMERSER) """
allowed_chars = set('0123456789.+—x/() ")
if not all(c in allowed_chars for c in expr):
raise ValueError(f"fAREMNFRAR: {expr}t")
return eval(expr) # (NEZE2RKEFER

# ERFSIZXH
math_engine = MathEngine()

@router.post("/recognize")
async def recognize_math(request: MathRecognizeRequest):

ozl ATVRFED



POST /api/vl/math/recognize
if not request.strokes:
raise HTTPException(status_code=400, detail="ZEHEIFERERNZT")

result = math_engine.recognize(
strokes=request.strokes,
math_type=request.math_type,
grade_level=request.grade_level

return {
""code": 200,
"msg": "success",
"data": {
"request_id": str(uuid.uuid4()),
"result": result.dict()
}
ks

api/ocr_api.py

# —k— coding: utf-8 —x—

BABFEIRAISAISSIERHE V1.0

OCRIRFIHEORIR
REPRXFEXFOCRIRAIRSS, ETFPaddle0CREEEE

from fastapi import APIRouter, HTTPException
from pydantic import BaseModel, Field

from typing import List, Optional, Dict, Any
import numpy as np

import logging

import time

import uuid

logger = logging.getLogger("writech-ai-engine.ocr")
router = APIRouter()
# 1B/ NMaRARELTE X

class StrokePoint(BaseModel):
A AR
Xx: int = Field(..., ge=0, 1e=65535, description="X4#x")
y: int = Field(..., ge=0, 1e=65535, description="Y#445")
pressure: int = Field(@, ge=0, le=255, description="/E/{E")
timestamp: int = Field(..., description="RtE&(Z#)")
pen_up: bool = Field(False, description="$4%%ric")

class O0CRRequest(BaseModel):



"UOCRIRBNER
strokes: List[List[StrokePoint]] = Field(..., description="2E%iE (IREEHHE)"
page_id: Optionallstr] = Field(None, description="smFFi3TIEID")
pen_id: Optional[str] = Field(None, description="£5i&&ID")

language: str = Field("zh", description="iR5iE=: zh/en/mixed")

recognition_mode: str = Field("line", description="iR%I#&=: char/word/line/page")

class CharDetail(BaseModel):
R =<E= it ITES - E
char: str = Field(..., description="iR3IA=F")
confidence: float = Field(..., description="&{EE(0-1)")
bbox: List[int] = Field(..., description="8®E1E[x1,y1,x2,y2]1")
stroke_indices: List[int] = Field(default=[], description="XWNHEEZX5|")

class OCRResult(BaseModel):
"MUQCRIRBIG R
text: str = Field(..., description="3R3I7")
confidence: float = Field(..., description="Z{xEEE(0-1)")
bbox: List[int] = Field(default=[], description="XAXIFEEIE")
char_details: List[CharDetaill = Field(default=[1, description="Z&EFi¥i&")

class OCRResponse(BaseModel):

IIIIIIOCR.I/D\%IJH[EI]F_‘L—IIII 1"
code: int = 200
msg: str = "success"

data: OptionallDict[str, Any]l] = None

# OCR #3E5|g

class OCREngine:

Padd1eOCR IES|&

HEEERRE:
EDBIT - LR (F—/ER) - ZEHE
- BB (0CR) - A (BEEFETR/EREH) - ERAL

ZHERIRAER

- char: BFR3 (BEFiRF, RESFHIEE)
- word: JAAIRE (REHENRR)

- line: 7R3 (ZATIRAEI, FAIAME)

- page: ETURH (£TIXFiRH)

def __init_ (self):
"R OCRfEEE S | BB
self.model = None
self.model_version = "1.0.0"
self.is_loaded = False
# REMARGRT
self.input_height = 48
self.input_width = 320
# EEEHE



def

def

self.confidence_threshold = 0.5
logger.info("OCRS|Z#IBMHTRK")

load_model(self, model_path: str):

fn#iPadd1e0CRIERY

A HAES-256 N 17 fiE, IR AFARZINE
logger.info(f"hN&0CR&EAL: {model_path}")

# FREEEINMY

# decrypted_model = self._decrypt_model(model_path)
# self.model = paddle.jit.load(decrypted_model)
self.is_loaded = True

logger.info("OCRERNNZESTA")

preprocess_strokes(self, strokes: List[List[StrokePoint]l]) -> np.ndarray:

EDTAEEE

N

B

1. S4RE—f (AREIRIREERRT)

2. EBIRGE (RRAIMARER)

3. EMERANREEEG

4. BEBER~VE— (resizeZlEREANRT)

# THEMA RRILFE

all_points = []

for stroke in strokes:

for point in stroke:
all_points.append((point.x, point.y))

if not all_points:
return np.zeros((1, self.input_height, self.input_width), dtype=np.float32)

xs = [pl[@] for p in all_points]
ys [p[1] for p in all_points]
min_x, max_x = min(xs), max(xs)
min_y, max_y = min(ys), max(ys)

# ITESHEREES (RIFRSE)

width = max(max_x — min_x, 1)

height = max(max_y - min_y, 1)

scale = min(self.input_width / width, self.input_height / height) * 0.9

# SIEEREH
canvas = np.zeros((self.input_height, self.input_width), dtype=np.float32)

# BREDRE
for stroke in strokes:
for i in range(1, len(stroke)):

x1 = int((stroke[i - 1].x - min_x) % scale)

yl = int((stroke[i — 1].y — min_y) * scale)

x2 = int((strokel[il.x - min_x) * scale)

y2 = int((strokel[il.y - min_y) * scale)

# {FFABresenham& LE 4

self._draw_line(canvas, x1, yl, x2, y2,

thickness=max (1, strokel[i].pressure // 85))



def

def

# 13— zl[0, 1]
if canvas.max() > 0:
canvas = canvas / canvas.max()

return canvas.reshape(1l, self.input_height, self.input_width)

recognize(self, strokes: List[List[StrokePoint]],
mode: str = "line") —> List[OCRResult]:

HATOCRIRAI

@param strokes: ZElEIE (REEDA)
@param mode: IRBER (char/word/line/page)
@return: iRBIERTIR

start_time = time.time()

# FRabIE
image = self.preprocess_strokes(strokes)

# IREEUIE

# predictions = self.model(image)

# IRHLUEIRER

predictions = self._mock_inference(image, mode)

# FE (BEETR. &REH)
results = self._postprocess(predictions, mode)

inference_time = time.time() - start_time
logger.info(f"0CRIRAIFEAL, mode={mode}, time={inference_time:.4f}s, "
f"results={len(results)}")

return results

_postprocess(self, predictions: Dict, mode: str) —> List[0CRResult]:

BE4E: BEEETIER + EREH

- TEETEERIRAIER
- BPFREHNIE/1T
- EREFIFHEER

results = []

if mode == "char":
# BEFEN: BESTFHMISER
for char_pred in predictions.get("chars", [1):
if char_pred["confidence"] >= self.confidence_threshold:
result = OCRResult(
text=char_pred["char"],
confidence=char_pred["confidence"],
bbox=char_pred["bbox"],
char_details=[CharDetail(
char=char_pred["char"],
confidence=char_pred["confidence"],
bbox=char_pred["bbox"1,



def

def _mock_inference(self, image: np.ndarray, mode: str) —> Dict:

stroke_indices=char_pred.get("stroke_indices",

)]
)
results.append(result)

elif mode in ("1line", "page"):
# 17/TER: BHFRAXET
for line_pred in predictions.get("lines", []):

if line_pred["confidence"] >= self.confidence_threshold:

char_details = [
CharDetail(
char=cd["char"],
confidence=cd["confidence"],
bbox=cd["bbox"],

stroke_indices=cd.get("stroke_indices",

)

for cd in line_pred.get("char_details",

1

result = OCRResult(
text=1line_pred["text"],
confidence=1line_pred["confidence"],
bbox=1ine_pred["bbox"1,
char_details=char_details

)

results.append(result)

return results

_draw_line(self, canvas: np.ndarray, x1: int, yl: int,
x2: int, y2: int, thickness: int = 1):

"""BresenhamE&LHIEE"""

h, w = canvas.shape

dx = abs(x2 - x1)
dy = abs(y2 - y1)
sx =1 if x1 < x2 else -1
sy =1 if yl < y2 else -1

err = dx - dy

while True:
# SHMEER (FHE4H)
for tx in range(-thickness, thickness + 1):
for ty in range(-thickness, thickness + 1):
px, py = x1 + tx, yl + ty
if @ <= px <w and @ <= py < h:
canvas [pyl [px] = 1.0

if x1 == x2 and yl == y2:

break
e2 =2 x err
if e2 > —dy:
err —= dy
x1 += sx
if e2 < dx:
err += dx
yl += sy

[n



ERIERER (BTRA)

return {
"lines": [{
"text": "RBISE",
""confidence": 0.95,
"bbox": [10, 10, 200, 48],
"char_details": [
{"char": "/=", "confidence":
{"char": "#I", "confidence":
{"char": "x", "confidence":
{"char": "=", "confidence":
1
H,
"chars": []
+

0.96,
0.94,
0.97,
0.93,

def _decrypt_model(self, model_path: str) —> str:

nn IIAES‘ZSG&EE‘*%@Y{q:" nun
# (ERAMEENZAREEI Y
# key = settings.model_encryption_key

# cipher = AES.new(key, AES.MODE_CBC, iv)

return model_path

# £/50CR3|ZE3Lf|
ocr_engine = OCREngine()

# API B&H

@router.post("/recognize", response_model=0CRResponse)

async def recognize_text(request: OCRRequest):

FEXFOCRIRAEO
POST /api/vl/ocr/recognize

RRELAARERE, RERBI XA REFIFIF
SRR RXRRFESIRA
# BARES

if not request.strokes:

"bbox":
"bbox":
"bbox":
"bbox":

[10, 10, 50, 481},
[50, 10, 100, 48]},
[100, 10, 150, 481},
[150, 10, 200, 481}

raise HTTPException(status_code=400, detail="EHEHIERBERNT")

total_points = sum(len(stroke) for stroke in request.strokes)

if total_points > 50000:

raise HTTPException(status_code=400, detail="ZMS#IZ, SEALIE500005")

# HITOCRIRH!

results = ocr_engine.recognize(
strokes=request.strokes,
mode=request.recognition_mode

# HEZImAL

return OCRResponse(
code=200,
msg="success",



data={
"request_id": str(uuid.uuid4()),
"language": request.language,
"mode": request.recognition_mode,
"results": [r.dict() for r in results],
"total_chars": sum(len(r.text) for r in results)

@router.post("/batch-recognize")
async def batch_recognize(requests: List[0CRRequest]):
#LE0CRIRAIZEDO
—RIEKIRA Z H E ML R
results = []
for req in requests:
result = ocr_engine.recognize(
strokes=req.strokes,
mode=req.recognition_mode
)
results.append({
"page_id": req.page_id,
"results": [r.dict() for r in result]
1)

return {
""code": 200,
"msg": "success",
"data": {
"batch_size": len(requests),
"results": results

api/stroke_order_api.py

# BASFEIRFISAIDINS |5 V1.0
# ZIMToEOBR - ASCXFEIMRFS T RS

ZFoAPIIED
RACXFZEIMEREITE, BEREWD . EEBFRDDTHFINEE
ETREFIZIMDTEE, XFHGB2312ERAXFEIMTS

import time

import logging

import hashlib

import numpy as np

from typing import List, Dict, Optional, Tuple
from dataclasses import dataclass, field

from enum import Enum



from fastapi import APIRouter, HTTPException, Depends, Request
from pydantic import BaseModel, Field, validator

logger = logging.getlLogger(__name__)

# HURREIE X

class StrokePointInput(BaseModel):
A R
x: float = Field(..., description="X&%5")
y: float = Field(..., description="Y&4x")
pressure: float = Field(0.5, ge=0.0, le=1.0, description="E{E")
timestamp: int = Field(..., description="RJE& (Z®)")

class StrokeOrderRequest(BaseModel):
"""%J”‘D‘jimﬁiﬁx"""

character: str = Field(..., min_length=1, max_length=1, description="B#xXF")

strokes: List[List[StrokePointInput]l] = Field(..., description="HFHEHN

KL

pen_id: Optionall[str] = Field(None, description="mfFZ£i&&ID")
student_id: Optionallstr] = Field(None, description="%41ID")

difficulty_level: int = Field(1, ge=1, le=3, description="{¥p#EZERK1I-3")

@validator('character')
def validate_chinese_char(cls, v):
"R R B NHONEFE
if not '\ud4e00' <= v <= '\u9fff':
raise ValueError('{ZFHCNFEIMTES ")
return v

class WritingQualityRequest(BaseModel):
" EE REIEIEK

strokes: List[List[StrokePointInput]] = Field(..., description="25%#E")

[ Priad

reference_char: Optionall[str] = Field(None, description="&ZF&
eval_dimensions: List[str] = Field(
default=["structure", "spacing", "normative", "aesthetics"],
description="iFEME"

class StrokeDirection(str, Enum):
IIIIII%EH@*&%IIIIII

HORIZONTAL = "horizontal" # &
VERTICAL = "vertical" # =R
LEFT_FALLING = "left_falling" # il
RIGHT_FALLING = "right_falling" # &
DOT = "dot" # =R
TURNING = "turning" # i
HOOK = "hook" # 8
RISING = "rising" # 12
@dataclass
class StrokeFeature:
A B

direction: StrokeDirection # ZEHME

FIR")



start_point: Tuplel[float, float] # ECHIRAAR

end_point: Tuple[float, float] # CEERALAR

length: float # EEKE

avg_pressure: float # FEHEH

curvature: float # THE

speed: float # PERE
# WrAESE AR

class StrokeOrderDatabase:
WA
FEGB2312F AN FHMMEZINE S, BTEIMERMEEESS
HIERR: BXRIBEZ (DB BATEIMAE)

def __init__ (self):
# MMEZINTH: FF —> ZE8HEFS
self._standard_orders: Dictl[str, List[StrokeDirection]] = {}
# EEHFH: FH - EEEHN
self._stroke_counts: Dict[str, int] = {}
# MEBEAXFEINEIE
self._load_standard_data()

def _load_standard_data(self):
NS EZINEE (REIESEAE)
# —ERERNFEINEE
standard_data = {
"—": ([StrokeDirection.HORIZONTAL], 1),
"Z": ([StrokeDirection.HORIZONTAL, StrokeDirection.HORIZONTAL], 2),
"=": ([StrokeDirection.HORIZONTAL, StrokeDirection.HORIZONTAL,
StrokeDirection.HORIZONTALI, 3),
"4": ([StrokeDirection.HORIZONTAL, StrokeDirection.VERTICAL], 2),
"K": ([StrokeDirection.HORIZONTAL, StrokeDirection.LEFT_FALLING,
StrokeDirection.RIGHT_FALLING], 3),
"A": ([StrokeDirection.LEFT_FALLING, StrokeDirection.RIGHT_FALLING], 2),
"O": ([StrokeDirection.VERTICAL, StrokeDirection.TURNING,
StrokeDirection.HORIZONTAL], 3),
"H": ([StrokeDirection.VERTICAL, StrokeDirection.TURNING,
StrokeDirection.HORIZONTAL, StrokeDirection.HORIZONTAL], 4),
"H": ([StrokeDirection.LEFT_FALLING, StrokeDirection.TURNING,
StrokeDirection.HORIZONTAL, StrokeDirection.HORIZONTAL], 4),
"7k": ([StrokeDirection.VERTICAL, StrokeDirection.TURNING,
StrokeDirection.LEFT_FALLING, StrokeDirection.RIGHT_FALLING], 4),
¥
for char, (order, count) in standard_data.items():
self._standard_orders[char] = order
self._stroke_counts[char] = count
logger. info(f"tREEIMBIEEMNE K, £ {len(self._standard_orders)} ™XZF")

def get_standard_order(self, char: str) —> Optionall[List[StrokeDirection]]:
" RER I
return self._standard_orders.get(char)

def get_stroke_count(self, char: str) —> Optionall[int]:
MUSREUN AN EEE R



return self._stroke_counts.get(char)

# E

RoHT5I1%

class StrokeOrderAnalyzer:
EInoHrsE
BEEBALIREIESTE—ENAE. INF, HSinEEHITE TS
WoHE: ZINEWRYE. ZEH. BEIEY

def __init_ (self):
self._database = StrokeOrderDatabase()
self._direction_model = None # ZEEHEHHEIEE (CNN)
logger. info (" ZlMD 1751 E¥IEMHTA")

def _extract_stroke_feature(self, points: List[StrokePointInput]) —> StrokeFeature:
RSB N EZEBERSERE
BEAFE. KE. THE. BEEES
if len(points) < 2:
return StrokeFeature(
direction=StrokeDirection.DOT,
start_point=(points[0].x, points[@].y),
end_point=(points[0].x, points[@].y),
length=0.0, avg_pressure=points[@].pressure,
curvature=0.0, speed=0.0

# ITEELR
start = (points[0].x, points[@].y)
end = (points[-1].x, points[-1].y)

# WEZBEKE (RMBBRERKER)
total_length = 0.0
for i in range(1, len(points)):
dx = points[i].x — points[i-1].x
dy = points[i].y — points[i-1].y
total_length += np.sqrt(dxxdx + dyxdy)

# ITETENE
avg_pressure = np.mean([p.pressure for p in points])

# ITEPERE (DKE/HEZE)
time_diff = max(points[-1].timestamp — points[@].timestamp, 1)
speed = total_length / time_diff % 1000 # &=/

# ITETSHE (ZMBEKE / BLESE%ER)
direct_dist = np.sqrt((end[@]-start[@])*x2 + (end[1]-start[1])**2)
curvature = total_length / max(direct_dist, 1.0)

# HEEBEAG
direction = self._classify_direction(start, end, curvature)

return StrokeFeature(



direction=direction, start_point=start, end_point=end,
length=total_length, avg_pressure=avg_pressure,
curvature=curvature, speed=speed

def _classify_direction(self, start: Tuple, end: Tuple, curvature: float) —>
StrokeDirection:
ETRIERAHTIZSHEDLEEHE
FRAERENZSHELSSHIE
dx = end[@] - start[0]
dy = end[1] - start[1]
distance = np.sqrt(dxxdx + dyxdy)

# MEEEHTEAR
if distance < 5.0:
return StrokeDirection.DOT

# ItERE (GIERRAE, 0ERNIEART, IRETHAIE)
angle = np.degrees(np.arctan2(dy, dx))

# THESNEZEEHE N
if curvature > 1.8:
return StrokeDirection.TURNING if dy > @ else StrokeDirection.HOOK

# RIERECEHEZER AT
if -20 <= angle <= 20:

return StrokeDirection.HORIZONTAL # M BIOKERS
elif 70 <= angle <= 110:

return StrokeDirection.VERTICAL # B EREEET
elif 120 <= angle <= 170:

return StrokeDirection.LEFT_FALLING # ffi: £ FAM@
elif 20 < angle < 70:

return StrokeDirection.RIGHT_FALLING # #&: & TAM
elif -70 <= angle < -20:

return StrokeDirection.RISING # 18 AtAm
else:

return StrokeDirection.LEFT_FALLING # ERAVF N

def evaluate_stroke_order(self, char: str, strokes: List[List[StrokePointInputl],
difficulty: int = 1) —> Dict:
T ZE N5 1 Ff 1
BRFPAENE—E5MEZINE—LEX, TELER D

start_time = time.time()

# IREVTEZEIR
standard_order = self._database.get_standard_order(char)
standard_count = self._database.get_stroke_count(char)

# REFBAFP8 2L
user_features = [self._extract_stroke_feature(s) for s in strokes]
user_directions = [f.direction for f in user_features]

# ZEEHITD (HD100)



count_score = 100.0

if standard_count:
count_diff = abs(len(strokes) - standard_count)
count_score = max(@, 100 - count_diff x 25)

# ZIREMREITY (FELEXNAME)
order_score = 100.0
errors = [1]
if standard_order:
match_count 0
compare_len = min(len(user_directions), len(standard_order))
for i in range(compare_len):
if user_directions[i] == standard_order[il:
match_count += 1
else:
errors.append({
"stroke_index": i + 1,
"expected": standard_order[i].value,
"actual": user_directions[i].value,
"message": f"FE{i+1}EAMEIR: NA{standard_order[il.value}, 3Lfr
#9{user_directions[i].value}"
1)

order_score = (match_count / max(len(standard_order), 1)) * 100

# RIBEESRERITONE

weight_order = 0.5 + difficulty % 0.1 # WENS, ZEINERENEBR
weight_count = 1.0 - weight_order

total_score = order_score x weight_order + count_score % weight_count
elapsed = (time.time() - start_time) * 1000

return {
"character": char,
"total_score": round(total_score, 1),
"order_score": round(order_score, 1),
"count_score": round(count_score, 1),
"user_stroke_count": len(strokes),
"standard_stroke_count": standard_count,
"stroke_order": [d.value for d in user_directions],
"correct_order": [d.value for d in standard_order] if standard_order else

"errors": errors,
"inference_time_ms": round(elapsed, 2)

# PEREITNSIE

class WritingQualityEngine:
BERETNEIE
MEMBEE, ZEEE. Wet. EMENMHEETTMEBERE

def evaluate(self, strokes: List[List[StrokePointInput]l],
dimensions: List[str]) -> Dict:
"MURAT RS REEN



60), 1)

scores = {}

# RS AT TER DT
all_points = []
for stroke in strokes:

all_points.extend([(p.x, p.y, p.pressure) for p in strokel)

if not all_points:
return {"total_score": @, "dimensions": {}}

XS
ysS

[p[@] for p in all_points]
[p[1] for p in all_points]

# ITEPEXEDRIE
bbox_width = max(xs) — min(xs)
bbox_height = max(ys) - min(ys)

if "structure" in dimensions:
# SEMWEN: SEMIES TR
center_x = np.mean(xs)
center_y = np.mean(ys)
expected_center_x = min(xs) + bbox_width / 2
expected_center_y = min(ys) + bbox_height / 2

offset = np.sqrt((center_x — expected_center_x)*x2 + (center_y -
expected_center_y)**2)

max_offset = np.sqrt(bbox_width*x*2 + bbox_heightxx2) / 4

scores["structure"] = round(max(@, 100 - (offset / max(max_offset, 1)) *

if "spacing" in dimensions:
# EEEEHSMY: SESEERIR < EEATEE
if len(strokes) > 1:

start_points = [(s[0].x, s[@].y) for s in strokes if s]

gaps = []
for i in range(1, len(start_points)):

gap = np.sqrt((start_points[i] [@]-start_points[i-1][0])**2 +

(start_points[i] [1]-start_points[i-1] [1])%*2)

gaps.append(gap)
gap_std = np.std(gaps) if gaps else 0
gap_mean = np.mean(gaps) if gaps else 1
cv = gap_std / max(gap_mean, 1) # TRERH
scores["spacing"] = round(max(@, 100 - cv * 80), 1)
else:
scores["spacing"] = 80.0

if "normative" in dimensions:
# et PMEBSHENENREL
pressures = [p[2] for p in all_points]
pressure_std = np.std(pressures) if pressures else 0

scores["normative"] = round(max(@, 100 — pressure_std x 200), 1)

if "aesthetics" in dimensions:
# ENE: FEEERDENEBARLLH
aspect_ratio = bbox_width / max(bbox_height, 1)
ratio_score = max(@, 100 - abs(aspect_ratio - 1.0) x 50)
scores["aesthetics"] = round(ratio_score, 1)



total = np.mean(list(scores.values())) if scores else 0
return {"total_score": round(total, 1), "dimensions": scores}

# APIERHE X

router = APIRouter(prefix="/api/v1l", tags=["ZlR¥H"])
_analyzer = StrokeOrderAnalyzer()
_quality_engine = WritingQualityEngine()

@router.post("/stroke-order/evaluate")
async def evaluate_stroke_order(request: StrokeOrderRequest):
ZlRERMITFSED
POST /api/vl/stroke-order/evaluate
WMANFHNAFPBEEELHE, REZINEREITSERIES
try:
result = _analyzer.evaluate_stroke_order(
char=request.character,
strokes=request.strokes,
difficulty=request.difficulty_level
)
# IEREITAS (Rt MAIRSNERICRIARS. [, EEARA)
logger.info(
fUEIRTES M : char={request.character}, "
f"score={result['total_score'l}, pen={request.pen_id}, "
f'student={request.student_id}, time={result['inference_time_ms"']}ms"
)
return {"code": 200, "msg": "success", "data": result}
except Exception as e:
logger.error(f"EliTHoFE: {str(e)}")
raise HTTPException(status_code=500, detail=f"Z£|ToREZEE: {str(e)}")

@router.post("/writing/quality")
async def evaluate_writing_quality(request: WritingQualityRequest):
PFERETFNEND
POST /api/vl/writing/quality
MEH, BIEE. FEME. ENENAEITTNEERE
try:
result = _quality_engine.evaluate(
strokes=request.strokes,
dimensions=request.eval_dimensions
)
logger. info(f"BEREIFM5EMK: score={result['total_score']}")
return {"code": 200, "msg": "success", "data": result}
except Exception as e:
logger.error(f"HERETUFE: {str(e)}")
raise HTTPException(status_code=500, detail=f"HEF{REIFNEE: {str(e)}")

config/



config/settings.py

# BASFEIRFSAIDNS |25 V1.0
# RESREER - 2RREEESTERK

ERREEE

RMAISIZRSNAMBRENEE, 8iF:

ARSSIRO . AR, GPURLE. REINE. ASERHFH
IR ZEBEMREREN

import os

import json

import logging

import hashlib

import hmac

import time

from typing import Dict, List, Optional, Any
from dataclasses import dataclass, field
from pathlib import Path

logger = logging.getLogger(__name__)

# RSSERE

@dataclass

class ServerConfig:
"UMHTTP/gRPCARSECE """
http_host: str = "0.0.0.0"
http_port: int = 8000
grpc_host: str = "0.0.0.0"
grpc_port: int = 50051

workers: int = 4 # FastAPI worker#i=
grpc_max_workers: int = 10 # gRPCZ&FEMA/IN
max_request_size_mb: int = 10 # AEREANRS (FBHEBRERT)
request_timeout_s: int = 30 # TEKEBRTAT(E]

cors_origins: List[str] = field(default_factory=lambda: ["x*"])
debug: bool = False

@dataclass

class ModelConfig:
B il A
models_dir: str = "/opt/models" # RENHRE R
ocr_model_path: str = "/opt/models/ocr" # OCRIERUERZ
math_model_path: str = "/opt/models/math" # HFAIRBIER R
stroke_model_path: str = "/opt/models/stroke" # Z|MERFRZF
essay_model_path: str = "/opt/models/essay" # ESOEH SRR
max_batch_size: int = 32 # BRAHEIRHLAN
inference_timeout_ms: int = 5000 # BREIEEN
enable_fpl16: bool = True # FPl6F5EHIE

model_cache_size_gb: float = 4.0 # BRINFEFEAN



@dataclass
class GPUConfig:

"""GPU/NPUEE{##JDEEEE"""
device: str = "cuda" # WIRIEF: cuda / cpu / npu

gpu_ids: List[int] = field(default_factory=lambda: [0]) # {ERMIGPURS
gpu_memory_fraction: float = 0.8 # GPURTZ(ERA LA LR
enable_tensorrt: bool = True # BREBBTensorRTHNER
tensorrt_precision: str = "fpl6" # TensorRT#5E: fp32/fpl6/int8
triton_url: str = "localhost:8001" # Triton Inference Serveriilt

@dataclass
class CeleryConfig:
"""CeleryESBASIRE"""
broker_url: str = "redis://localhost:6379/0" # Redis Brokerithilt
result_backend: str = "redis://localhost:6379/1" # ZER7EF(EFIH
task_serializer: str = "json"
result_serializer: str = "json"
task_default_queue: str = "writech.default"
task_time_limit: int = 300 # ESHARATIIE (7))

task_soft_time_limit: int = 240 # BUGEBRT (Ah&SoftTimeLimitExceeded)
worker_concurrency: int = 8 # WorkerF# &%
worker_prefetch_multiplier: int = 2 # FREUZEX

@dataclass
class DatabaseConfig:
R
mysql_url: str = "mysql+pymysql://user:password@localhost:3306/writech_ai"
redis_url: str = "redis://localhost:6379/0"
mongodb_url: str = "mongodb://localhost:27017/writech_stroke"

pool_size: int = 20 # EEHARN
pool_recycle: int = 3600 # EIZOURRTE (7))
@dataclass
class LogConfig:
" REREE
level: str = "INFO"
format: str = "%(asctime)s [%(levelname)s] %(name)s: %(message)s"
log_dir: str = "/var/log/writech-ai"
max_file_size_mb: int = 100 # BPEEXERNDLER
backup_count: int = 10 # REBHEXHH=
enable_audit_log: bool = True # BA®EITES
audit_log_file: str = "audit.log" # BHITEEXUGE
# ZERE
@dataclass
class SecurityConfig:
e E "

# MTLSKEIAME (REi%iT: WERARSSEIMTLSIX [EIAIE)
enable_mtls: bool = True

server_cert_path: str = "/etc/ssl/server.crt"
server_key_path: str = "/etc/ssl/server.key"
ca_cert_path: str = "/etc/ssl/ca.crt"



# BENMINE (REIRTT: BEXMINEFE, HIENAERE)
model_encryption_enabled: bool = True
model_encryption_key_env: str = "WRITECH_MODEL_KEY" # IIZZHAMIMETEIZET

# ERRE (RERIT MAREBIRIES K/\BRH])

max_stroke_points: int = 100000 # BRIEKREAKLITREL
max_strokes_per_request: int = 500 # BRIEKREAEEL
max_text_length: int = 10000 # EXXABAKE

# IRERH|

rate_limit_per_minute: int = 600 # BOMRKIEREY
rate_limit_burst: int = 50 # RERIEKRE

# \ITEE (Z2-it: FBEIRBNEKICRBARA. iE. EEhRA)
enable_audit: bool = True

audit_retention_days: int = 90 # HitBERBRE
# mTLSIAIEE R

class MTLSAuthenticator:
mTLSIXEIAIEE RS
KEEFIRIER, ARIEENNAERS I LOEBAIS|E

def __init_ (self, config: SecurityConfig):
self._config = config
self._trusted_clients: Dict[str, str] = {} # BEEFIRIPIENX
logger.info("mTLSIAIFEIESZMGAML")

def load_certificates(self) —-> bool:
"N E AR S ImIE R AN CAIER
try:
cert_path = Path(self._config.server_cert_path)
key_path = Path(self._config.server_key_path)
ca_path = Path(self._config.ca_cert_path)

if not cert_path.exists():
logger.warning ( f"RRSBIFIEHBARFE: {cert_path}")
return False

logger.info("mTLSIFHINEETM")
return True
except Exception as e:
logger.error (f"iERMEELM: {str(e)}")
return False

def verify_client_cert(self, cert_fingerprint: str) —> bool:
"I P IR B R
if not self._config.enable_mtls:
return True
is_trusted = cert_fingerprint in self._trusted_clients
if not is_trusted:
logger.warning (f"RBEWEFIHIES: {cert_fingerprint}")
return is_trusted



def register_trusted_client(self, name: str, fingerprint: str):
IIIIII;EHH?E%%Fﬁ%IIIIII
self._trusted_clients[fingerprint] = name
logger. info(f"FMHZEEFiH: {namel}")

# ERERREN

class RequestValidator:
BEREBRIEE
SAPTIERFHITHIACE BIRES, [hIEERENMERKE

def __init__ (self, secret_key: str = ""):
self._secret = secret_key or os.environ.get("WRITECH_API_SECRET", "default-
secret")
self._nonce_cache: Dict[str, floatl = {} # WNIHET GHER)
self._nonce_ttl = 300 # FEHEUANE (B)

def generate_signature(self, payload: str, timestamp: int, nonce: str) —> str:
" RIERE R
message = f'"{payload}&timestamp={timestamp}&nonce={nonce}"
return hmac.new(
self._secret.encode(), message.encode(), hashlib.sha256
) .hexdigest()

def verify_signature(self, payload: str, timestamp: int,
nonce: str, signature: str) —> bool:

WENE RS

1. MENBHESEEREORN (BFER)

2. MEFBTNBESSEER HER)

3. WIFHMACEZRELE (BAER)

# EEORE (55%)

current_time = int(time.time())

if abs(current_time - timestamp) > 300:
logger.warning (f"i&KETEETHA: {timestamp}")
return False

# BB ERIRE

if nonce in self._nonce_cache:
logger.warning (f"&EE/IEKREENE: {nonce}")
return False

# HMACZE R IGIIE
expected = self.generate_signature(payload, timestamp, nonce)
is_valid = hmac.compare_digest(expected, signature)

if is_valid:
# EIFHENER
self._nonce_cache[noncel = time.time()
self._cleanup_nonce_cache()

return is_valid



def _cleanup_nonce_cache(self):
BT B R RE T
current = time.time()
expired = [k for k, v in self._nonce_cache.items() if current - v >
self._nonce_tt1]
for k in expired:
del self._nonce_cache[k]

# EREEEESR

class Settings:
TRREEER (84F)
MARZENREXMMBEE, IFCTRRER
BT EMARS TREXHY

_instance = None

def __new__(cls):
if cls._instance is None:
cls._instance = super().__new__(cls)
return cls._instance

def __init__ (self):
if hasattr(self, '_initialized'):
return
self._initialized = True

# IMBERREE

self.server = ServerConfig()
self.model = ModelConfig()
self.gpu = GPUConfig()
self.celery = CeleryConfig()
self.database = DatabaseConfig()
self.log = LogConfig()
self.security = SecurityConfig()

# MHMELEEBERE
self._load_from_env()

# MRt REAN
self.mtls_auth = MTLSAuthenticator(self.security)
self.request_validator = RequestValidator()

logger.info("2£BEEMHTH")

def _load_from_env(self):

"MMETEMERE (BEFAE) "

env_mapping = {
"WRITECH_HTTP_PORT": ("server", "http_port", int),
"WRITECH_GRPC_PORT": ("server", "grpc_port", int),
"WRITECH_WORKERS": ("server", "workers", int),
"WRITECH_DEBUG": ("server", "debug", lambda x: x.lower() == "true"),
"WRITECH_MODELS_DIR": ("model", "models_dir", str),



"WRITECH_GPU_DEVICE": ("gpu", "device", str),

"WRITECH_GPU_IDS": ("gpu", "gpu_ids", lambda x: [int(i) for i in
x.split(",")1),

"WRITECH_REDIS_URL": ("celery", "broker_url", str),

"WRITECH_MYSQL_URL": ("database", "mysql_url", str),

"WRITECH_LOG_LEVEL": ("log", "level", str),

"WRITECH_ENABLE_MTLS": ("security", "enable_mtls", lambda x: x.lower() ==
"true"),

for env_key, (section, field, converter) in env_mapping.items():
value = os.environ.get(env_key)
if value is not None:
config_obj = getattr(self, section)
try:
setattr(config_obj, field, converter(value))
logger. info(f"HIELEB=RE: {env_key} —> {section}.{field}")
except (ValueError, TypeError) as e:
logger.warning (f"HiETEEREM: {env_key}={value}, 5ix: {str(e)}")

def load_from_file(self, config_path: str):
" ISONERE XIS B E
try:
with open(config_path, 'r') as f:
config_data = json.load(f)
logger.info(f"EEEXHMNESM: {config_path}")

# FsectionEHELE
for section_name, section_data in config_data.items():
if hasattr(self, section_name) and isinstance(section_data, dict):
config_obj = getattr(self, section_name)
for key, value in section_data.items():
if hasattr(config_obj, key):
setattr(config_obj, key, value)

except FileNotFoundError:
logger.warning (f"EEXHAFE: {config_path}")
except json.JSONDecodeError as e:
logger.error(f"BEE&EXHISONETEIR: {str(e)}")

def to_dict(self) —> Dictlstr, Anyl:
"B ESHATE (REsSRER) "
result = {}
for section in ['server', 'model', 'gpu', 'celery', 'log']:
config_obj = getattr(self, section)
section_dict = {}
for key in vars(config_obj):
value = getattr(config_obj, key)
# [RRZREIEIALETER
if any(kw in key.lower() for kw in ['password', 'secret', 'key',
"token']):

section_dict [key] Mskok!!
else:
section_dict[key] = value
result[section] = section_dict

return result



# ERECEHA
settings = Settings()

engine/

engine/essay_scorer.py

# BASFSIRFISAIDNS IR V1o

# XTI BERIR - REZIEXTDEBIEEEE
EXIT D REF SR
E-TBERT/ERNIEFIE R AR PSR SIT D 25
XFZHEITD: AB. &4, 155, BERE

import time

import logging

import numpy as np

from typing import List, Dict, Optional, Tuple
from dataclasses import dataclass, field

from pathlib import Path

logger = logging.getLogger(__name__)

# Rl

@dataclass

class EssayModelConfig:
MRS S R EIF R
model_name: str = "writech-essay-scorer-v1"
model_path: str = "/opt/models/essay_scorer"
max_seq_length: int = 512 # BREBARIIKE
num_labels: int = 4 # EDHELE
score_range: Tuplel[int, int] = (0, 100) # ¥EHTE
batch_size: int = 8 # IR RN
use_gpu: bool = True # =EERGPUINE
fp16_inference: bool = True # BRERAFPLOEEEHIE

# XAYHIEHREN RS

class TextFeatureExtractor:
N AR ENZR
MAIESCARRIRENA T 1T BIST T HFERNIE AFAE
ST EFE: . 9. BEH. OLFEES
1B EHIEEI I ZE S BB RIDIRE

# BRERAE (ATEHETXEEE)
CONNECTIVES = {



'causal': ['AX¥', 'FA', 'EW', 'HF', 'FI2', '#&m'l,
'adversative': ['{BE', '#Am', '"IF', ', 'E,.\ , 'RE&'I,
'progressive': ['mA', '#A', '~™MX', &', 'E , 'EB'l,
'sequential': ['&%', 'EHX', '&F', '#F', '®EF', 'BZ'l,

ks

# EREE (BTE=EREFEE)

DESCRIPTIVE_WORDS = [
"Em', W', UEZR', 'R, 'wEe', ', "ER', 'R,
Yzt tHdEst, 'SEE', '@, M, RN, IERR, R,
‘g, ‘w2, ‘8BRS, EE', '$®\', EA', ‘X4, 'Ea

def

extract_statistical_features(self, text:

RECIARSITHFE
RERT TSNS HSITEE

features = {}

# EMgit

chinese_chars = [c for c in text if '\u4e@0@' <= c <=
[s for s in text.replace('! ',

sentences =

if s.strip()]

paragraphs

features|['char_count']
features|['sentence_count']

str) —> Dictl[str,

"\u9fff'l]
's ').replace('? ',

[p for p in text.split('\n') if p.strip()]

= len(chinese_chars)
= len(sentences)

features|['paragraph_count'] = len(paragraphs)

# gk (GE2E0ERE)
if sentences:
sentence_lengths =

in sentences]

features|['avg_sentence_length']
features|['sentence_length_std']
else:
features['avg_sentence_length']
features['sentence_length_std']

# WLFEEE (REFRILLH])
unique_chars = set(chinese_chars)

features|['vocab_richness'] = len(unique_chars) / max(len(chinese_chars),

# ERRERST

total_connectives = 0

np.mean(sentence_lengths)
np.std(sentence_lengths)

for category, words in self.CONNECTIVES.items():

count =

sum(text.count(w) for w in words)

features [f'connective_{category}'] = count

total_connectives += count
features['total_connectives']

# EREERSGT (GEREFEERE)
descriptive_count =
features['descriptive_count']

# RN SERAT

= total_connectives

float]:

o ").split(’,

1)

sum(text.count(w) for w in self.DESCRIPTIVE_WORDS)
= descriptive_count

")

[len([c for c in s if '\u4e@0@' <= c <= '\u9fff'l) for s



features|['comma_count'] = text.count(', ')
features|['period_count'] = text.count(', ')
features|['exclamation_count'] = text.count('! ')
features|['question_count'] = text.count('? ')
features['quotation_count'] = text.count('"') + text.count('"")

return features

def extract_ngram_features(self, text: str, n: int = 2) —> Dictl[str, int]:
IRENFFIN—g ram$F1E
AT HRFEEXAMER
chinese_text = ''.join(c for c in text if '\u4e00' <= c <= '"\u9fff')
ngrams = {}
for i in range(len(chinese_text) - n + 1):
gram = chinese_text[i:i+n]
ngrams[gram] = ngrams.get(gram, 0) + 1
return ngrams

def text_to_embedding(self, text: str, max_length: int = 512) —> np.ndarray:
XA FIEN EE (HEIBERTHRES)
SEFRAE P IME R EFERNIE/BERTIE B RHT
HAMERSIHF I EERNBART
features = self.extract_statistical_features(text)
# MWEFTEmEH—N
feat_values = list(features.values())
feat_array = np.array(feat_values, dtype=np.float32)
# L2)3—1t
norm = np.linalg.norm(feat_array)
if norm > 0:
feat_array = feat_array / norm
H /B EEE4E
target_dim = 64
if len(feat_array) < target_dim:
feat_array = np.pad(feat_array, (@, target_dim - len(feat_array)))
else:
feat_array = feat_arrayl[:target_dim]
return feat_array

# WORELEIRER

class EssayScorerModel:
TEST D IR B IR B
IEFNGRIESGEDIREY, MATZHEITH IR
FHFGPUINERM FPL6 445 E #E IR DA (IER

def __init__ (self, config: EssayModelConfig):
self._config = config
self._model = None
self._tokenizer = None
self._feature_extractor = TextFeatureExtractor()



self._is_loaded = False

# WD UEE ZFRIRET

self._dimension_names = ['content', 'structure', 'language', 'emotion']
logger. info (f"¥ESLFDIEENIAM: {config.model_name}")

def load_model(self) —> bool:
IHIFDEBINE
A M IN B EERIEBHERNEFREE (R2R1T)
try:
model_dir = Path(self._config.model_path)
logger.info(f"EEMEESFEDER: {model_dir}")

# MBERENHELEFE

# SCERPMERNEPYTorch/ONNXIERIANE

# self._model = onnxruntime.InferenceSession(str(model_dir / "model.onnx"))
# self._tokenizer = AutoTokenizer.from_pretrained(str(model_dir))

# BEEIMNBRINEIRERS
self._is_loaded = True
logger. info (f"fESOTEDEEINE SR : {self._config.model_name}")
return True
except Exception as e:
logger.error(f"#&EEMELM: {str(e)}")
return False

def predict(self, text: str, grade: int = 6) —> Dict[str, float]:
HAT D HIE
BANEXXAE, BHEEETD

start_time = time.time()

# REUASHIE
features = self._feature_extractor.extract_statistical_features(text)
embedding = self._feature_extractor.text_to_embedding(text)

# BEFENNNITS (FARBEBENEEAR)
scores = self._rule_based_scoring(features, grade)

elapsed = (time.time() - start_time) * 1000
logger.debug ("o #IETM: {elapsed:.1f}ms")

return {
'scores': scores,
'features': features,
"inference_time_ms': round(elapsed, 2)

def _rule_based_scoring(self, features: Dict, grade: int) —> Dict[str, floatl:
ETHNRITD 1B (BEREEBNEREAR)
HREFIEBARTAHN, FRAIMHERTEAR TS

scores = {}



# NS (30%1XE)

# BFFH. WLFEEE. HERERS

content_score = 60.0 # EitD

expected_chars = {1: 100, 2: 150, 3: 250, 4: 350, 5: 450, 6: 550, 7: 650, 8:
750, 9: 800}

expected = expected_chars.get(grade, 500)

char_ratio = min(features.get('char_count', @) / max(expected, 1), 1.5)

content_score += char_ratio x 20

# WLEEEMD
vocab = features.get('vocab_richness', 0)
if vocab > 0.5:
content_score += 10
elif vocab > 0.3:
content_score += 5

# WEEFEEMD

if features.get('descriptive_count', @) >= 3:
content_score += 8

elif features.get('descriptive_count', 0) >= 1:
content_score += 4

scores['content'] = min(100, max(@, round(content_score, 1)))

# D (25%IXE)
structure_score = 65.0
para_count = features.get('paragraph_count', 1)
if 3 <= para_count <= 7:
structure_score += 20
elif 2 <= para_count <= 8:
structure_score += 10

# BALEREEREMD
if features.get('connective_sequential', 0) >= 2:
structure_score += 10

scores['structure']l = min(100, max(@, round(structure_score, 1)))

# BEWD (25%XE)
language_score = 70.0
avg_sent_len = features.get('avg_sentence_length', 0)
if 8 <= avg_sent_len <= 25:
language_score += 15 # GKEH
elif avg_sent_len > 40:
language_score -= 10 # GFIKND

# EFEERMND
total_conn = features.get('total_connectives', 0)
if total_conn >= 4:
language_score += 10
elif total_conn >= 2:
language_score += 5

scores['language'] = min(100, max(@, round(language_score, 1)))

# BRERETD (20%1XE)
emotion_score = 65.0



if features.get('exclamation_count', @) >= 1:
emotion_score += 8

if features.get('question_count', 0) >= 1:
emotion_score += 5

if features.get('quotation_count', @) >= 2:
emotion_score += 7 # BS|A/XE

scores['emotion'] = min(100, max(@, round(emotion_score, 1)))
return scores

def batch_predict(self, texts: List[str], grade: int = 6) —> List[Dict]:
2D HIE
FTEF—RAEZEEN, 1IREGPUFIRER
results = []
batch_start = time.time()

for i in range(@, len(texts), self._config.batch_size):
batch = texts[i:i + self._config.batch_sizel
for text in batch:
result = self.predict(text, grade)
results.append(result)

total_time = (time.time() - batch_start) *x 1000
logger.info(f"#tEF DM : {len(texts)}E, SfEAR{total_time:.1f}ms")
return results

# WS

class ScoreCalibrator:

RZT
HERRIAT SRR RIH S RTINS B A7
EFHETHIIBHTABNT, BRiTH T BRI

def __init_ (self):
# BERHEFDIENITEEZ (BTESDHIRE)
self._grade_stats = {
{'mean': 75, 'std': 12},
{'mean': 76, 'std': 11},
{'mean': 78, 'std': 10},
{'mean': 77, 'std': 11},
{'mean': 76, 'std': 12},
{'mean': 75, 'std': 13},
{'mean': 73, 'std': 14},
{'mean': 72, 'std': 15},
{'mean': 71, 'std': 15},

O 00 N O Ul &~ WDN B

def calibrate(self, raw_score: float, grade: int, max_score: int = 100) -> float:
RERBITFD
FEE R HARIA D BRER Bino e E



stats = self._grade_stats.get(grade, {'mean': 75, 'std': 12})

# Z-scoretnENEERMET
z_score = (raw_score - 50) / 25 # {RIRRBDEIIES0, wmEE25
calibrated = stats['mean'] + z_score *x stats['std']

# HERBEWCE
calibrated = max(max_score * 0.2, min(max_score, calibrated))
return round(calibrated, 1)

def calibrate_dimensions(self, dimension_scores: Dict[str, floatl,
grade: int, max_score: int = 100) -> Dict[str, floatl]:
RS RS
weights = {'content': 0.30, 'structure': 0.25, 'language': 0.25, 'emotion':
0.20}
calibrated = {}
for dim, score in dimension_scores.items():
raw_calibrated = self.calibrate(score, grade, 100)
# REENERENIZEENIrDE
dim_max = max_score x weights.get(dim, 0.25)
calibrated[dim] = round(raw_calibrated / 100 *x dim_max, 1)
return calibrated

engine/stroke_analyzer.py

# BASFEIRFISAISSIZHRMG V1.0
# ZIRPHBERIR - ZEIFRD SINFDROEE

EA b iy AN D
RMEZEEBDIFD . HEHE. EEEEQN.,
EZETRNETESEESNEA

import math

import logging

import numpy as np

from typing import List, Dict, Tuple, Optional
from dataclasses import dataclass, field

from enum import IntEnum

logger = logging.getLogger(__name__)

# BEEX

# ZEHEAETEE (EX)
DIRECTION_ANGLES = {

"horizontal": (-15, 15), # &
"vertical": (75, 105), # =
"left_falling": (120, 165), # i
"right_falling": (30, 75), # 5
"dot": None, # = (EHRHE)

"turning": None, # 3 (3FHAE)



"hook": None, # £ (F5HHE)
"rising": (-60, -15), # 12

# ZER/IKERE (BXR), BTREANRS
MIN_STROKE_LENGTH = 3.0

# ZEDRNNAEZMLERE (BN
ANGLE_CHANGE_THRESHOLD = 45.0

# RiFREER/NEHE
MIN_POINT_DISTANCE = 1.0

class StrokeType(IntEnum):

B A
UNKNOWN = 0

HORIZONTAL = 1 # té
VERTICAL = 2 # B

LEFT_FALLING = 3 #
RIGHT_FALLING = 4 # &

DOT = 5 # =
TURNING = 6 # I
HOOK = 7 #
RISING = 8 # 12
@dataclass
class Point2D:
MO T A R
x: float
y: float

pressure: float = 0.5
timestamp: int = 0

@dataclass
class StrokeSegment:
R
points: List[Point2D]
stroke_type: StrokeType = StrokeType.UNKNOWN
direction_angle: float = 0.0
length: float = 0.0
curvature: float = 0.0
avg_speed: float = 0.0
start_point: Optional[Point2D] = None
end_point: Optional[Point2D] = None

# EWLETR

class StrokeGeometry:
IIIIII%@}'L@.I_I_%IE*,&IIII 1]

@staticmethod
def distance(pl: Point2D, p2: Point2D) —> float:
" R IR B
return math.sqrt((p2.x — pl.x) *x 2 + (p2.y - pl.y) *x 2)



@staticmethod

def angle_degrees(pl: Point2D, p2: Point2D) —> float:
"UHEMp1EIp2 S @A (B, 0EANEAR, IMETEHE) M
dx = p2.x - pl.x
dy = p2.y - pl.y
return math.degrees(math.atan2(dy, dx))

@staticmethod
def path_length(points: List[Point2D]) -> float:
"I E SRR S RE"
total = 0.0
for i in range(1, len(points)):
total += StrokeGeometry.distance(points[i-1], points[i])
return total

@staticmethod
def curvature_ratio(points: List[Point2D]) —> float:
TESHELE (BEKE / BRE4ER)
1.0RTTEHSE, HEOATSHEEHS
if len(points) < 2:
return 1.0
path_len = StrokeGeometry.path_length(points)
direct = StrokeGeometry.distance(points[@], points[-1])
return path_len / max(direct, 0.001)

@staticmethod
def bounding_box(points: List[Point2D]) —> Tuplelfloat, float, float, float]:
e ESENEREE (min_x, min_y, max_x, max_y)"""
xs = [p.x for p in points]
ys = [p.y for p in points]
return min(xs), min(ys), max(xs), max(ys)

@staticmethod

def centroid(points: List[Point2D]) —> Point2D:
" E SR LA E L
cx = sum(p.x for p in points) / len(points)

cy = sum(p.y for p in points) / len(points)
return Point2D(cx, cy)

@staticmethod
def resample(points: List[Point2D], n: int) -> List[Point2D]:
ERERME: BAMMEEN R FIIEREANTEFER
X EMN LA E R T IR 0 18
if len(points) <= 1 or n <= 1:
return points[:n] if points else []

total_len = StrokeGeometry.path_length(points)
interval = total_len / (n - 1)
resampled = [Point2D(points[@].x, points[@].y, points[@].pressure)]

accumulated = 0.0
i=1
for i in range(1, n - 1):



target_dist = i * interval
while j < len(points) and accumulated + StrokeGeometry.distance(points[j-11,
points[j]) < target_dist:
accumulated += StrokeGeometry.distance(points[j-1]1, points[j])
j+=1
if j >= len(points):
break

remaining = target_dist - accumulated

seg_len = StrokeGeometry.distance(points[j-1]1, points[j])

ratio = remaining / max(seg_len, 0.001)

# SMIEETTERLR

new_x = points[j-1].x + ratio * (points[jl.x - points[j-11.x)

new_y = points[j-1].y + ratio *x (points[jl.y - points[j-11.y)

new_p = points[j-1].pressure + ratio % (points[j].pressure — points[j-
1].pressure)

resampled.append(Point2D(new_x, new_y, new_p))

resampled.append(Point2D(points[-1].x, points[-1].y, points[-1].pressure))
return resampled

# EBIFD 25

class StrokeSplitter:
ZEFRD
EEERNEM TR B IR D AR EBER
BEFUTHE#TIR S
1. ES (pressure=0sht(a)EIfFA)
2. FARER (AEZMHEIHE)
3. RERTR (PE5RERERFLEH)

def __init__ (self, angle_threshold: float = ANGLE_CHANGE_THRESHOLD,
time_gap_ms: int = 300, speed_ratio: float = 0.3):
self._angle_threshold = angle_threshold
self._time_gap_ms = time_gap_ms
self._speed_ratio = speed_ratio

def split_by_penup(self, points: List[Point2D]) -> List[List[Point2D]]:
BETHREEHRSEE
LB AV ET (8] Bl R I EESE N NOR, #AIEE
if not points:
return []

strokes = []
current_stroke = [points[0]]

for i in range(1, len(points)):
time_gap = points[i].timestamp - points[i-1].timestamp
is_penup = (points[i].pressure <= 0.01 or time_gap > self._time_gap_ms)

if is_penup and len(current_stroke) > 1:
strokes.append(current_stroke)



current_stroke = [points[i]]
else:
current_stroke.append(points[il)

if len(current_stroke) > 1:
strokes.append(current_stroke)

return strokes

def split_by_direction(self, points: List[Point2D]) -> List[List[Point2D]]:
EFraRTHRSEE (BFIRERN)
LESSNAORATMEBEEEN, mZRHTIRD
if len(points) < 3:
return [points] if points else []

segments = []
current = [points[0]]
prev_angle = StrokeGeometry.angle_degrees(points[@], points[1])

for i in range(1, len(points)):

current.append(points[il)

if 1 + 1 < len(points):
curr_angle = StrokeGeometry.angle_degrees(points[i]l, points[i+1])
angle_diff = abs(curr_angle - prev_angle)
# MERERBHL180ENIER
if angle_diff > 180:

angle_diff = 360 - angle_diff

if angle_diff > self._angle_threshold and len(current) > 2:
segments.append(current)
current = [points[il] # FDEEREAT—ERES
prev_angle = curr_angle

if len(current) > 1:
segments.append(current)

return segments

def split_by_speed(self, points: List[Point2D]) -> List[List[Point2D]]:
BETRERTIRDE
HPEREEREF

EE]
[ ZEFIREIEELEGILTE, MAEHSR
if len(points) < 3:

return [points] if points else []

# ITEET RIRERRE

speeds = []

for i in range(1, len(points)):
dist = StrokeGeometry.distance(points[i-1], points[il)
dt = max(points[i].timestamp - points[i-1].timestamp, 1)
speeds.append(dist / dt *x 1000) # &X/#

avg_speed = np.mean(speeds) if speeds else 0
threshold = avg_speed * self._speed_ratio



segments = []
current = [points[0]]

for i in range(len(speeds)):
current.append(points[i + 1])
if speeds[i]l < threshold and len(current) > 3:
segments.append(current)
current = [points[i + 11]

if len(current) > 1:
segments.append(current)

return segments

# EAEESItEES

class StrokeClassifier:
ZEEBHERR

RIBZEO/VEHE (. KE. THE) HAEEERE

@staticmethod
def classify(segment: List[Point2D]) -> StrokeType:
SN BT R R S
if len(segment) < 2:
return StrokeType.DOT

length = StrokeGeometry.path_length(segment)
curvature = StrokeGeometry.curvature_ratio(segment)

# MEEEHENR
if length < MIN_STROKE_LENGTH * 2:
return StrokeType.DOT

# SEMEHTEREA
if curvature > 2.0:
# MERmESEHE @ LN
if len(segment) >= 3:
end_angle = StrokeGeometry.angle_degrees(segment[-2], segment[-1])
if -90 < end_angle < -10:
return StrokeType.HOOK
return StrokeType.TURNING

# RIERASRBHE

angle = StrokeGeometry.angle_degrees(segment[0], segment[-1])

if -20 <= angle <= 20:
return StrokeType.HORIZONTAL
elif 70 <= angle <= 110:
return StrokeType.VERTICAL
elif 120 <= angle <= 170 or -170 <= angle <= -150:
return StrokeType.LEFT_FALLING
elif 25 <= angle <= 70:
return StrokeType.RIGHT_FALLING



elif -65 <= angle <= -20:
return StrokeType.RISING
else:
return StrokeType.UNKNOWN

# EWEUEITE

class StrokeSimilarity:
EMBRUEITE
{EFADTW (Dynamic Time Warping) EEITEMEENABMEE
BT E£IREE3 MR T

@staticmethod

def dtw_distance(seql: List[Point2D], seq2: List[Point2D]) -> float:
shASET BRI RE B
EHEMKNEFIIN&RNRIRCEEE

n = len(seql)
m = len(seq2)
if n ==0 or m ==

return float('inf"')

# RN R
dtw_matrix = np.full((n + 1, m + 1), float('inf'))
dtw_matrix[0] [0] = @

for i in range(1, n + 1):
for j in range(1, m + 1):
cost = StrokeGeometry.distance(seql[i-1]1, seq2[j-1])
dtw_matrix[i] [j] = cost + min(
dtw_matrix[i-11[j], # A
dtw_matrix[i] [j-11, # HER
dtw_matrix[i-1][j-1] # [LES

return dtw_matrix[n][m]

@staticmethod
def normalized_similarity(seql: List[Point2D], seq2: List[Point2D],
resample_n: int = 32) —> float:

IP—EWENE (0-12[8, 1XRRZEEE)
SEREREFITEDTWES, &EF—X
# SRERFEHEERE
rsl = StrokeGeometry.resample(seql, resample_n)
rs2 = StrokeGeometry.resample(seq2, resample_n)

if not rsl or not rs2:
return 0.0

# JA— 145z [0, 1155
all_pts = rsl + rs2



bbox = StrokeGeometry.bounding_box(all_pts)

scale = max(bbox[2] - bbox[@], bbox[3] - bbox[1], 1.0)
norml = [Point2D((p.x - bbox[@]) / scale, (p.y - bbox[1]) / scale) for p in rsi1]
norm2 = [Point2D((p.x — bbox[@]) / scale, (p.y — bbox[1]) / scale) for p in rs2]

dtw_dist = StrokeSimilarity.dtw_distance(norml, norm2)
# JEDTWEE ARSI ZIAEME 5 21

similarity = max(@, 1.0 - dtw_dist / resample_n)
return round(similarity, 4)

# Zlnstres (BA)

class StrokeAnalyzer:
ElRoirgg (BEMAFER)
RETENEZEEIRD -2 E-HF-LEN DT

def __init_ (self):
self._splitter = StrokeSplitter()
self._classifier = StrokeClassifier()
self._similarity = StrokeSimilarity()
logger. info (" EIMD 7234018 TTA")

def analyze(self, raw_points: List[Point2D]) —-> List[StrokeSegment]:

RO RIGLTE - D - 9F - BHEERS
# £—9: WRESHHED
strokes = self._splitter.split_by_penup(raw_points)

segments = []
for stroke_points in strokes:
# B IRIRFEER
if StrokeGeometry.path_length(stroke_points) < MIN_STROKE_LENGTH:
continue

# = DEREERE

stroke_type = self._classifier.classify(stroke_points)

# BE: WEEERERER

seg = StrokeSegment (
points=stroke_points,
stroke_type=stroke_type,
direction_angle=StrokeGeometry.angle_degrees(stroke_points[0],

stroke_points[-11),

length=StrokeGeometry.path_length(stroke_points),
curvature=StrokeGeometry.curvature_ratio(stroke_points),
start_point=stroke_points[0],
end_point=stroke_points[-1]

# TERERE
if stroke_points[-1].timestamp > stroke_points[@].timestamp:
time_s = (stroke_points[-1].timestamp - stroke_points[@].timestamp) /



1000.0
seg.avg_speed = seg.length / max(time_s, 0.001)

segments.append(seg)

logger.debug(f"EHmHH=RA: {len(raw_points)}NREIAA - {len(segments) I NEH")
return segments

def compare_stroke_orders(self, user_strokes: List[List[Point2D]],
template_strokes: List[List[Point2D]]) —> Dict:
LA EE S EREBRELE
REE—ENITEERTNEZEBIED R
match_results = []
total_similarity = 0.0
compare_count = min(len(user_strokes), len(template_strokes))

for i in range(compare_count):
sim = self._similarity.normalized_similarity(user_strokes[il],
template_strokes[i])

match_results.append({
"stroke_index": i + 1,
"similarity": sim,
"match": sim > 0.6

1)

total_similarity += sim

avg_similarity = total_similarity / max(compare_count, 1)
count_penalty = abs(len(user_strokes) - len(template_strokes)) * 0.1

return {
"overall_similarity": round(max(@, avg_similarity - count_penalty), 4),
"stroke_matches": match_results,
"user_count": len(user_strokes),
"template_count": len(template_strokes)

grpc_server/

grpc_server/inference_service.py

# BASFEIRFSAIDNSIZ54E V1.0
# gRPCHEEIRFIRSEIR ~ SHERERIHEELIRS!

gRPCi#IEARS

RESHERA M EETIRGIED
RAGRPCWERIEL, ERTHEZSE TSXEHKIRBIER
ZRFRSIRRINIMAL, SLEMRIERIRAIE R %

import time



import json

import logging

import uuid

import asyncio

from typing import List, Dict, Optional, AsyncIterator
from dataclasses import dataclass, field

from enum import Enum

from concurrent import futures

logger = logging.getLogger(__name__)

# gRPCEEEX (FMProto)

class RecognitionType(str, Enum):

R Y 1B il ==

OCR = "ocr" # XFiR5!

MATH = "math" # BEIR5

STROKE_ORDER = "stroke_order" # ZlfiEsD

ESSAY = "essay" # YESTHtER
@dataclass

class StrokePoint:
"R (3YRZprotobuf StrokePoint message) """
x: float
y: float
pressure: float = 0.5
timestamp: int = 0

@dataclass
class StrokeData:
"MUEIREEE (3FRZprotobuf StrokeData message) """
stroke_id: str = ""
pen_id: str = ""
page_id: str = ""
student_id: str = ""
strokes: List[List[StrokePoint]] = field(default_factory=1list)

@dataclass

class RecognitionRequest:
"RBIEK (3FRZprotobuf RecognitionRequest message) """
request_id: str = ""
recognition_type: RecognitionType

RecognitionType.O0CR

stroke_data: Optional[StrokeDatal = None

priority: int = 2 # O=HR&MER, 4=RIR
callback_topic: str = "" # Z5R[EIEAMQTT Topic
timeout_ms: int = 5000 # FBATHY[E)

@dataclass
class RecognitionResult:
MRRIER (WEprotobuf RecognitionResult message)
request_id: str = ""
recognition_type: str = ""
status: str = "success" # success / error / timeout



result_text: str = ""

confidence: float = 0.0

details: Dict = field(default_factory=dict)
processing_time_ms: float = 0.0
model_version: str = ""

# MEIRBI LIRSS

class BatchRecognitionProcessor:
#HEIRBIL RS
BZMIRFNERIZER DA, HEIEANGPUHIE
B R ERAGPURIAERMEITE

def __init__ (self, max_batch_size: int = 32, max_wait_ms: int = 50):
self._max_batch_size = max_batch_size
self._max_wait_ms = max_wait_ms
self._pending_requests: Dict[str, List[RecognitionRequest]] = {
rt.value: [] for rt in RecognitionType
+
self._results: Dict[str, RecognitionResult] = {}
logger. info(f"i#t2IRBILIEEZVIIA: batch_size={max_batch_size}, wait_ms=
{max_wait_ms}")

def add_request(self, request: RecognitionRequest) —> str:
N INIRBIE R EIHE LR FERATY
if not request.request_id:
request.request_id = str(uuid.uuid4())

queue = self._pending_requests.get(request.recognition_type.value, [1])
queue.append(request)
self._pending_requests[request.recognition_type.valuel = queue

logger.debug(f"i&KRAPA: id={request.request_id}, type=
{request.recognition_type.value}")

# HATUIARIHEA/NBT R HELLIE
if len(queue) >= self._max_batch_size:
self._process_batch(request.recognition_type.value)

return request.request_id

def _process_batch(self, recognition_type: str):
HATHE AL IEHETE
FEBAT R RERIRIL A NENE, Si—iENRE R
queue = self._pending_requests.get(recognition_type, [1)
if not queue:
return

batch = queuel:self._max_batch_size]
self._pending_requests[recognition_type] = queuelself._max_batch_size:]

batch_start = time.time()



logger.info(f"#t4BFFIA: type={recognition_type}, batch_size={len(batch)}")

for req in batch:
try:
result = self._process_single(req)
self._results[req.request_id] = result
except Exception as e:
self._results[req.request_id] = RecognitionResult(
request_id=req.request_id,
recognition_type=recognition_type,
status="error",
details={"error": str(e)}

elapsed = (time.time() - batch_start) *x 1000
logger.info(f"#t4b3E5ER: type={recognition_type}, count={len(batch)}, time=
{elapsed:.1f}ms")

def _process_single(self, request: RecognitionRequest) —-> RecognitionResult:
II""%IEQ/'\.IR%U.FEE*"""

start_time = time.time()

# RIBIRBIEEL D KBS A HEIES | E

if request.recognition_type == RecognitionType.OCR:
result_text = self._run_ocr_inference(request.stroke_data)
confidence = 0.92

elif request.recognition_type == RecognitionType.MATH:
result_text = self._run_math_inference(request.stroke_data)
confidence = 0.88

elif request.recognition_type == RecognitionType.STROKE_ORDER:
result_text = self._run_stroke_order_inference(request.stroke_data)
confidence = 0.95

else:
result_text = ""
confidence = 0.0

elapsed = (time.time() - start_time) *x 1000

return RecognitionResult(
request_id=request.request_id,
recognition_type=request.recognition_type.value,
status="success",
result_text=result_text,
confidence=confidence,
processing_time_ms=round(elapsed, 2),
model_version="v1.0.0"

def _run_ocr_inference(self, stroke_data: Optional[StrokeDatal) —> str:

"MUHITOCRIERE (A PaddleOCR5|E) "

if not stroke_data or not stroke_data.strokes:
return ""

# SLRRIMEARIEMAPaddle0CRIBIRE B

# preprocessed = preprocess(stroke_data)

# result = ocr_engine.recognize(preprocessed)

return " [OCRIRBIZE]"



def _run_math_inference(self, stroke_data: Optional[StrokeDatal) —> str:
MU HATE RS IR B MR
if not stroke_data or not stroke_data.strokes:
return ""
return " [EREFHIRBIER]"

def _run_stroke_order_inference(self, stroke_data: Optional[StrokeData]) —> str:
" AT IR AT
if not stroke_data or not stroke_data.strokes:
return ""
return " [ZEIRpFER]"

def get_result(self, request_id: str) —> Optional[RecognitionResult]:
”""Ei@i{u\%uéﬁ man

return self._results.get(request_id)

def flush_all(self):
" aR IS IR AT BASI FR AV AL ERE SR
for rt in self._pending_requests:
while self._pending_requests|[rt]:
self._process_batch(rt)

# gRPCARSS LI

class RecognitionServiceImpl:
gRPC RecognitionService BRZSCIN
R, protobuf BRSBEN:
service RecognitionService {
rpc Recognize(RecognitionRequest) returns (RecognitionResult);
rpc BatchRecognize(stream RecognitionRequest) returns (stream
RecognitionResult);
rpc GetModelStatus(Empty) returns (ModelStatusResponse);
}

def __init_ (self):
self._processor = BatchRecognitionProcessor()
self._request_count = 0
self._total_latency_ms = 0.0
logger.info("gRPC RecognitionService #JBH5R")

def Recognize(self, request: RecognitionRequest) -> RecognitionResult:
FIRIRFIRPC
BB MRAIEK, REHRFIER
self._request_count += 1
start_time = time.time()

# WIEERSE
if not request.stroke_data or not request.stroke_data.strokes:
return RecognitionResult(
request_id=request.request_id,
status="error",
details={"error": "S£l#IEH="



# 1ERBHEANIB RS H IS AL
request_id = self._processor.add_request(request)
self._processor.flush_all() # IZEN4ME (B)RIERARSESEI)

result = self._processor.get_result(request_id)
elapsed = (time.time() - start_time) * 1000
self._total_latency_ms += elapsed

if result:
# B\ITA®E
logger.info(
f"gRPC Recognize: id={request_id}, type=
{request.recognition_type.value}, "
f'"time={elapsed:.1f}ms, pen={request.stroke_data.pen_id}"
)

return result

return RecognitionResult(
request_id=request_id, status="error",
details={"error": "4MEIBEI"}

def BatchRecognize(self, request_iterator) -> List[RecognitionResult]:
TMICHE=IRBIRPC (WX ETR)
EWWEBEIER, HtELEERTIREIRAIZE
ERTHEZDS M0+ EH A EHNSEITIRG
results = []
request_ids = []

# EWFREIEK

for request in request_iterator:
rid = self._processor.add_request(request)
request_ids.append(rid)
self._request_count += 1

# ELIE
self._processor.flush_all()

# WEER
for rid in request_ids:
result = self._processor.get_result(rid)
if result:
results.append(result)

logger.info(f"BatchRecognizeSemk: 1EKE={1len(request_ids)}, ZLR#=
{len(results)}")

return results

def GetModelStatus(self) —> Dict:

IIII"E‘I@@@“K;&S\RPCHH n
return {

"total_requests": self._request_count,
"avg_latency_ms": round(self._total_latency_ms / max(self._request_count,



1), 2),

"models": [
{"name": "ocr_model", "version": "v1.0.0", "status": "active"},
{"name": "math_model", "version": "v1.0.0", "status": "active"},
{"name": "stroke_order_model", "version": "v1.0.0", "status": "active"},
]
¥
# gRPCARSS 2R BN

class GrpcServer:
gRPCARSEREE
Bl EEgRPCIEIER S IR
ZHTLSWEIAIE (NTLSR&i%1T)

def __init__ (self, host: str = "0.0.0.0", port:
max_workers: int = 10, enable_t1s:

int = 50051,
bool = True):

self._host = host
self._port = port

self._max_workers = max_workers

self._enable_tls = enable_tls
self._service = RecognitionServiceImpl()
self._server = None

logger.info(f"gRPCARSZ 2B E: {host}:{port}, workers={max_workers}, tls=

{enable_t1ls}")

def

start(self):
BNgRPCARSS 22
WZATLS, MEARSBIHIEBFCAIERBFmTLSIXEIAE

logger.info(f"/Z6IgRPCARSEZE:: {self._host}:{self._port}")

# SLERIAEARMgRPCARS BB
# self._server =

grpc.server(futures.ThreadPoolExecutor(max_workers=self._max_workers))

# inference_pb2_grpc.add_RecognitionServiceServicer_to_server(self._service,

self._server)

#
if self._enable_tls:
# mTLSWEIANERE (Z2i%it)

with open('/etc/ssl/server.key', 'rb') as f:
server_key = f.read()

with open('/etc/ssl/server.crt', 'rb') as f:
server_cert = f.read()

with open('/etc/ssl/ca.crt', 'rb') as f:

credentials = grpc.ssl_server_credentials(
[(server_key, server_cert)l],
root_certificates=ca_cert,
require_client_auth=True # ERZFUHIEH
)
self._server.add_secure_port(f'{self._host}:{self._port}', credentials)

#
#
#
#
#
#
#
# ca_cert = f.read()
#
#
#
#
#
#
# else:



# self._server.add_insecure_port(f'{self._host}:{self._port}"')

#
# self._server.start()

logger.info(f"gRPCIRBZ2RERN: {self._host}:{self._port}")

def stop(self, grace_seconds: int = 5):
" Rk FlgRPCARSS 2"
if self._server:
# self._server.stop(grace_seconds)
logger.info("gRPCARSZZREFXH")

def get_stats(self) —> Dict:
"REVRSBRSITHER
return self._service.GetModelStatus()

preprocessing/

preprocessing/stroke_processor.py

# BASFEIRFISAIDINSIZHHE V1.0
# EMTAMERIR - ZEDEUETGIEEE

EMTTALIRIELR

RHEDALITEIRN TR IEEE:

AR - SR - ZEEDE - 1HEER - KERKIR
AN IB 4 RE N AT BAIAR LN

import math

import logging

import numpy as np

from typing import List, Dict, Tuple, Optional
from dataclasses import dataclass

logger = logging.getlLogger(__name__)

# BIREN

@dataclass

class RawStrokePoint:
"I AT R (R B SFEE/MRBRIgEE) "
x: float # Xtn (RRFEER(i)
y: float # YA (RRFEERA)
pressure: float # E/HE (0.0-1.0)
timestamp: int # RENEE (E)
pen_up: bool = False # IRZEIMC

@dataclass
class ProcessedStroke:
"SRR R B



points: np.ndarray # F—1LAREE (N, 3) [x, y, pressure]
stroke_index: int = @ # EBFS
point_count: int = @ # REERE
length: float = 0.0 # ZEEKE
duration_ms: int = @ # PEEN

# EIRIEK A

class NoiseFilter:

EMEIRIEK R
ERREIEFIRNREFNRER
RS RIBK R :

1. RERIG (BHSETEIILT)
2. PEIRKE CHPRBKITIRS)
3. 2R (RDHE)

def __init__ (self, max_jump_distance: float = 50.0,
median_window: int = 3, gaussian_sigma: float = 1.0):
self._max_jump = max_jump_distance
self._median_window = median_window
self._gaussian_sigma = gaussian_sigma

def remove_outliers(self, points: List[RawStrokePoint]) —> List[RawStrokePoint]:
B 5 % BEER =
LiEMRNEEBTHEN, BRZFER
T R ER G EE RN S AL IRBEER
if len(points) < 3:
return points

filtered = [points[0@]]

for i in range(1, len(points)):
dx = points[i].x — points[i-1].x
dy = points[i].y — points[i-1].y
dist = math.sqrt(dxxdx + dyxdy)

if dist <= self._max_jump:
filtered.append(points[i])
else:
logger.debug(f"ZIfrFEE=: index={i}, distance={dist:.1f}")

return filtered

def median_filter(self, points: List[RawStrokePoint]) —-> List[RawStrokePoint]:
—HREIRIK
FIXFAY AR BIATHEISE, BRCERBKTERS
EIRHRE ZEBAIARAISEA T EFEE
if len(points) < self._median_window:
return points

half_w = self._median_window // 2



def

filtered = []

for i in range(len(points)):
start = max(@, i - half_w)
end = min(len(points), i + half_w + 1)
window = points[start:end]

sorted([p.x for p in window]l) [len(window) // 2]
sorted([p.y for p in window]l) [len(window) // 2]

median_x
median_y

filtered.append(RawStrokePoint (
x=median_x, y=median_y,
pressure=points[i].pressure,
timestamp=points[i].timestamp,
pen_up=points[i].pen_up

))
return filtered

gaussian_smooth(self, points: List[RawStrokePoint]) —> List[RawStrokePoint]:
SHTEEIRK
{ER— S SARETHTERTEE
BRELDBERE, EEEERG
if len(points) < 3:

return points

# MESEZ

kernel_size = max(3, int(self._gaussian_sigma * 4) | 1) # RFEFHK

half_k = kernel_size // 2

kernel = np.array(I
math.exp(-0.5 x ((i - half_k) / self._gaussian_sigma) *x 2)
for i in range(kernel_size)

1)

kernel = kernel / kernel.sum() # V3—1t

XS
YysS

np.array([p.x for p in points])
np.array([p.y for p in points])

# HWRIEREER
padded_x = np.pad(xs, half_k, mode='edge')
padded_y = np.pad(ys, half_k, mode='edge')

smooth_x = np.convolve(padded_x, kernel, mode='valid')
smooth_y = np.convolve(padded_y, kernel, mode='valid')

filtered = []
for i in range(len(points)):
filtered.append(RawStrokePoint (
x=float(smooth_x[i]), y=float(smooth_yl[il),
pressure=points[i].pressure,
timestamp=points[i].timestamp,
pen_up=points[i].pen_up

))

return filtered



def apply(self, points: List[RawStrokePoint]) —> List[RawStrokePoint]:

TSR B

result = self.remove_outliers(points)

result = self.median_filter(result)
result = self.gaussian_smooth(result)
return result

# AIRYT— 1L 2R

class CoordinateNormalizer:

AR 12

BARRDYR. RRKKR T RBELIRE—T— L EINEEE
XFEFZM—HKEE: Min-Max)3—ft. Z-ScoretmEft. LEFIZER

def __init_ (self, target_range: Tuple[float, float] = (0.0, 1.0),
preserve_aspect_ratio: bool = True):

self._target_min
self._target_max =
self._preserve_aspect =

def

Min-Max)3—1t

GAARERETRI [0, 115EE, RISKEL

if not points:
return points

XS [p.x for p in points]
ys = [p.y for p in points]
min_x, max_Xx =

target_range[0]
target_range[1]
preserve_aspect_ratio

min_max_normalize(self, points: List[RawStrokePoint]) —> List[RawStrokePoint]:

min(xs), max(xs)

min_y, max_y = min(ys), max(ys)

# BEA—ENEF RIS KEL

if self._preserve_aspect:
range_x = max_x — min_x
range_y = max_y — min_y

scale = max(range_x, range_y)

if scale < le-6:
scale = 1.0
else:
scale = 1.0 # 93—t

target_range =
normalized = []
for p in points:

if self._preserve_aspect:

nx = self._target_min

ny = self._target_min
else:

rx = max_x — min_x if

ry = max_y - min_y if

nx = self._target_min

ny = self._target_min

self._target_max - self._target_min

+ (p.x - min_x) / scale * target_range
+ (p.y - min_y) / scale * target_range

max_x > min_x else 1.0
max_y > min_y else 1.0
+ (p.x = min_x) / rx x target_range
+ (p.y - min_y) / ry x target_range



normalized.append(RawStrokePoint (
X=NnX, y=ny, pressure=p.pressure,
timestamp=p.timestamp, pen_up=p.pen_up
))

return normalized

def center_normalize(self, points: List[RawStrokePoint]) —-> List[RawStrokePoint]:

FRE—1E
BEBNEOTBERR, LIRMRNATREZHTREI
AT E DR B R R ITES
if not points:
return points

XS
ys

np.array([p.x for p in points])
np.array([p.y for p in points])

cx, cy = np.mean(xs), np.mean(ys)
std = max(np.std(np.concatenate([xs, ysl)), le-6)

normalized = []
for p in points:
normalized.append(RawStrokePoint (
x=(p.x — ¢cx) / std,
y=(p.y - cy) / std,
pressure=p.pressure,
timestamp=p.timestamp,
pen_up=p.pen_up
))

return normalized

# ZEE oI

class StrokeSegmenter:
EEDEIR
EENAITRTIRIRES 4D BN EE

def __init__ (self, min_stroke_points: int

penup_time_threshold_ms: int
self._min_points = min_stroke_points

self._penup_threshold = penup_time_threshold_ms

3
200):

def segment(self, points: List[RawStrokePoint]) -> List[List[RawStrokePoint]]:
"SI EIRNEETIR" "

if not points:

return [1]
strokes = []
current = [points[0]]

for i in range(1, len(points)):
# KOG ERM
is_penup = points[i].pen_up



time_gap = points[il.timestamp - points[i-1].timestamp
is_time_break = time_gap > self._penup_threshold

if (is_penup or is_time_break) and len(current) >= self._min_points:
strokes.append(current)
current = []

if not is_penup:
current.append(points[il])

if len(current) >= self._min_points:
strokes.append(current)

logger.debug(f"E£EDEIEM: {len(points)}s= —> {len(strokes)}E&E")
return strokes

# IR EE

class StrokePreprocessor:
EMFTAMEEE (BESFATMALESRE)
iz [RIGAAR - B - 13— - ZEEDE - KERK
EHEAREMRInumMpy#RE, PTEZIENATHIERE

def __init_ (self):
self._noise_filter = NoiseFilter()
self._normalizer = CoordinateNormalizer()
self._segmenter = StrokeSegmenter()
logger. info (" EMMEE BB MMTR")

def process(self, raw_points: List[RawStrokePoint],
target_size: Tuplelint, int] = (64, 64)) —> Dict:
HATREMAEEE
REIFLNE R EEEIETE R E G E
if not raw_points:
return {"strokes": [], "image": np.zeros(target_size)}

# B RIFEK
denoised = self._noise_filter.apply(raw_points)

# BITH AR
normalized = self._normalizer.min_max_normalize(denoised)

# B=F: EEDE
stroke_groups = self._segmenter.segment(normalized)

# S$I0%: MiEProcessedStrokedds
processed_strokes = []
for idx, group in enumerate(stroke_groups):
points_array = np.array([[p.x, p.y, p.pressure] for p in group],
dtype=np.float32)
length = sum(
math.sqrt((group[il.x - group[i-1].x)**2 + (group[il.y - groupl[i-



1].y)*x2)

def

for i in range(1, len(group))
)
duration = group[-1].timestamp - group[@].timestamp if len(group) > 1 else 0

processed_strokes.append(ProcessedStroke(
points=points_array,
stroke_index=1idx,
point_count=len(group),
length=1length,
duration_ms=duration

))

# BhE: BRAEGKE (BFONNERRA)
image = self._render_to_image(normalized, target_size)

logger.debug (
fUIabiEseRy: {len(raw_points) }RiAs - {len(denoised)}&ME - "
f*{len(processed_strokes)}£E - {target_size}E&"

return {
"strokes": processed_strokes,
"image": image,
"total_points": len(denoised),
"stroke_count": len(processed_strokes)

_render_to_image(self, points: List[RawStrokePoint],
size: Tuplelint, int]) —> np.ndarray:

BEMALITER N EER

{EFBresenhamBE & &I AEEEMBALITS

4 BB ER T EIEE I CNNAREL SN

w, h = size

image = np.zeros((h, w), dtype=np.float32)

for i in range(1, len(points)):
if points[i].pen_up:
continue

# BresenhamEZi&t

x0 = int(points[i-1].x * (w - 1))
y0 = int(points[i-1].y * (h - 1))
x1 = int(points[il.x x (w — 1))
yl = int(points[il.y * (h - 1))

# HEIEGTER

X0 = max(@, min(w - 1, x0))
y0 = max(@, min(h - 1, y0))
x1 = max(@, min(w - 1, x1))
yl = max(@, min(h - 1, y1))
dx = abs(x1 - x@)
dy = abs(yl - y0)

SX 1 if x0 < x1 else -1



sy =1 if y0 < yl else -1
err = dx - dy

while True:
# BIBENEREGERE
pressure = (points[i-1].pressure + points[i].pressure) / 2
imagely@, x@] = max(imagely@, x@], pressure)

if x0 == x1 and y0 == yl:

break
e2 =2 x err
if e2 > —dy:
err —= dy
X0 += sx
if e2 < dx:
err += dx
yo += sy

return image

service/

service/model_manager.py

# BASFEIRFISAISSIZHRMG V1.0
# REGRAEERIR - KRB, RADR, REHSKELRD

RENRAEIZIRS
READEIBRBARAEIR, shSmMe. REM. WERT. ERFINEE
XFEMinIOEE B FEXHEMML f lowsEIniE iR

import os

import time

import json

import hashlib

import shutil

import logging

import threading

from typing import Dict, List, Optional, Tuple
from dataclasses import dataclass, field
from datetime import datetime

from pathlib import Path

from enum import Enum

logger = logging.getLogger(__name__)

# HRRE

class ModelStatus(str, Enum):
||||||$§§gqﬁ§$iéuuu
DOWNLOADING = "downloading" # T#H &



LOADING = "loading" # &

ACTIVE = "active" # HEEIK

STANDBY = "standby" # 5o (EMEEREBAH)
DEPRECATED = "deprecated" # EER

FAILED = "failed" # INEEKM

class DeployStrategy(str, Enum):
IIIIIIEB%%%W%""II

IMMEDIATE = "immediate" # MENE SR
CANARY = "canary" # BUERERM
BLUE_GREEN = "blue_green" # BEREE
ROLLING = "rolling" # RohEH

@dataclass

class ModelVersion:
MR RIRAE R
model_name: str # WEIZIR (40 ocr_vl, math_v2)
version: str # BEXMARAS (40 1.2.3)
file_path: str # ZHAREISTHERR
file_size: int = 0 # R (FT)
sha256: str = "" # XAHESHA-25656F]
accuracy: float = 0.0 # FEERER (U SEERER)
latency_p99_ms: float = 0.0 # POOMEIRIEIR

status: ModelStatus = ModelStatus.STANDBY

created_at: str = "" # BIERTE
deployed_at: str = "" # BREE
deploy_ratio: float = 0.0 # WEAMLERF (0-1)

metadata: Dict = field(default_factory=dict) # ZRsMTiE

@dataclass

class ModelRegistry:
IIIIII&EE?IHH%%EIIIIII
name: str # KEEIZIR
description: str # EREIA

current_version: Optionallstr] = None # HEIRIKMRA
previous_version: Optionallstr] = None # LE—hRA (BFEIR)
versions: Dict[str, ModelVersion] = field(default_factory=dict)

# REBEEP i

class ModelRepositoryClient:
REBER iR
MEMInION RIFEIFAERN G BE
SEFREHR B, TH. RAIIREN
REISTHAES-256 NE 7 (REIRIT)

def __init__(self, endpoint: str = "minio.writech.internal:9000",
access_key: str = "o

, secret_key: str = ,
bucket: str = "model-repository"):

self._endpoint = endpoint

self._bucket = bucket



access_key
secret_key

self._access_key
self._secret_key
# AHEFER
self._cache_dir = Path("/opt/models/cache")
self._cache_dir.mkdir(parents=True, exist_ok=True)

logger. info(f"EREEXZFIHEE/L: endpoint={endpoint}, bucket={bucket}")

def download_model(self, model_name: str, version: str,
target_path: str) —> bool:
MMinIOEE T AR RS2 At
THSEREHTSHA-2565E 22 4R
object_key = f"{model_name}/{version}/model.onnx"
logger.info(f"FIAT&H&ER:: {object_key} —> {target_path}")

try:
# ZFRIAEAERAMInI0 SDKTH
# self._client.fget_object(self._bucket, object_key, target_path)

# BT IR
target = Path(target_path)
target.parent.mkdir(parents=True, exist_ok=True)

logger.info(f"&REIXHTH5MK: {object_key}")
return True
except Exception as e:
logger.error(f "B THEM: {object_key}, £ix: {str(e)}")
return False

def list_versions(self, model_name: str) —> List[str]:
" IR RV R A] AR kAR
logger. info(f"&EEEARATIFR: {model_name}")
# TFRMEREIEMin IO RETS
return []

def compute_sha256(self, file_path: str) —> str:
MU E A SHA-256 50 F0 "
sha256_hash = hashlib.sha256()
try:
with open(file_path, "rb") as f:
for chunk in iter(lambda: f.read(8192), b""):
sha256_hash.update(chunk)
return sha256_hash.hexdigest()
except FileNotFoundError:
return ""

# REIN SRS

class ModellLoader:
BEINE 2R
TSR R S AN E B IES | h
X #50NNX Runtime. TensorRT. PaddleliteZs ZihiIBfis
BRI HERNFETRENES (Z2iRT: TS - RERGER)



SUPPORTED_FORMATS = ['.onnx', '.trt', '.nb', '.pdmodel'l]

def __init_ (self, device: str = "gpu"):
self._device = device
self._loaded_models: Dict[str, object] = {} # EMEHAEEIH
self._load_lock = threading.Lock()
logger. info (f"#&REMEBFMIAN : device={device}")

def load(self, model_path: str, model_name: str) —> bool:
DNEAR B SRR | E2
XA BRBIFMNE
with self._load_lock:
try:
path = Path(model_path)
if not path.exists():
logger.error(f'"#@BEXHAIFE: {model_path}")
return False

suffix = path.suffix. lower()

if suffix not in self.SUPPORTED_FORMATS:
logger.error (f"AZFMERIEL: {suffix}")
return False

logger.info(f"EfEMEER: {model_name} ({model_path})")

# RIERNEREIEER
if suffix == '.onnx"':
# {FFONNX Runtimejfn
# session = onnxruntime.InferenceSession(model_path, providers=
['CUDAExecutionProvider'])
# self._loaded_models[model_name] = session
pass
elif suffix == '.trt':
# {#ATensorRTHIE;
# engine = trt.Runtime(trt.Logger()).deserialize_cuda_engine(...)

pass

elif suffix == '.pdmodel':
# {EFAPaddleLitemnss
pass

self._loaded_models[model_name] = {"path": model_path, '"loaded_at":
time.time()}
logger.info(f"#EENEKIN: {model_name}")
return True
except Exception as e:
logger.error(f"#EENNFLM: {model_name}, %£&i%: {str(e)}")
return False

def unload(self, model_name: str) —> bool:
"UUEIEEINERIER, BHRGPURE"""
with self._load_lock:
if model_name in self._loaded_models:
del self._loaded_models [model_name]
logger.info(f"#&ZE 2% : {model_name}")



return True
return False

def is_loaded(self, model_name: str) —> bool:
II"”*ﬁE@ﬁEZEEEEJJuﬁ" un
return model_name in self._loaded_models

def get_loaded_models(self) —> Listl[str]:
"UUSRENFR B BN SRR Z AR
return list(self._loaded_models.keys())

# REGRAEE RS

class ModelManager:
REGRAEIEE (BOE)
EIRFTA AT IR R A AR A A A I HA -
- TE - E - BE - WE - R -
SIFREN (RENERY%®) MPDREDR

R
R

def __init_ (self, models_dir: str = "/opt/models"):
self._models_dir = Path(models_dir)
self._models_dir.mkdir(parents=True, exist_ok=True)
self._registry: Dict[str, ModelRegistryl = {}
self._repo_client = ModelRepositoryClient()
self._loader = ModelLoader()
self._deploy_lock = threading.Lock()
logger. info(f"EEIRAEIEZRMIAMN: models_dir={models_dir}")

def register_model(self, name: str, description: str) —-> ModelRegistry:
TR g
if name not in self._registry:
self._registryl[name] = ModelRegistry(name=name, description=description)
logger.info(f'";&Msr&E8: {name} - {description}")
return self._registry[namel

def add_version(self, model_name: str, version: str,
accuracy: float = 0.0, metadata: Dict = None) —>
Optional[ModelVersion]:

R INFTAAR Bk AR

MIZBL B FE N H 3 F M EI A3t

if model_name not in self._registry:
logger.error(f"#EKFM: {model_name}")
return None

# MBRAHEMERR
version_dir = self._models_dir / model_name / version
model_file = str(version_dir / "model.onnx")

# MMinIOTEHER XX

mv = ModelVersion(
model_name=model_name, version=version,
file_path=model_file, accuracy=accuracy,



status=ModelStatus.DOWNLOADING,
created_at=datetime.now().isoformat(),
metadata=metadata or {}

success = self._repo_client.download_model(model_name, version, model_file)
if success:
mv.sha256 = self._repo_client.compute_sha256(model_file)
mv.status = ModelStatus.STANDBY
self._registry[model_namel.versions[version] = mv
logger.info(f"&RERARMEEIN: {model_name}@{version}")
else:
mv.status = ModelStatus.FAILED
logger.error(f"&EARARIIKM: {model_namel}@{version}")

return mv

def deploy_version(self, model_name: str, version: str,
strategy: DeployStrategy = DeployStrategy.IMMEDIATE,
canary_ratio: float = 0.1) —> bool:
ERE S E MR AR R
XEZMEERE: LHEE. SLENE. BENE
with self._deploy_lock:
registry = self._registry.get(model_name)
if not registry or version not in registry.versions:
logger.error(f'#ERALNFEE: {model_name}@{version}")
return False

mv = registry.versions[version]

# DNEFThRAEE

load_key = f"{model_name}_v{version}"

if not self._loader.load(mv.file_path, load_key):
mv.status = ModelStatus.FAILED
return False

if strategy == DeployStrategy.IMMEDIATE:
# IENEE]iR
old_version = registry.current_version
registry.previous_version = old_version
registry.current_version = version
mv.status = ModelStatus.ACTIVE
mv.deploy_ratio = 1.0
mv.deployed_at = datetime.now().isoformat()

# ENEIBARAS
if old_version:
old_key = f"{model_name}_v{old_version}"
self._loader.unload(old_key)
if old_version in registry.versions:
registry.versions[old_version].status = ModelStatus.DEPRECATED

logger.info(f"#&REI 2S5 EZM: {model_name}@{version}")

elif strategy == DeployStrategy.CANARY:



# FLERERS: FRAEREE D RE

mv.status = ModelStatus.ACTIVE

mv.deploy_ratio = canary_ratio

mv.deployed_at = datetime.now().isoformat()

logger.info(f"#&EKELA®: {model_name}@{version}, &EttHl=
{canary_ratio}")

return True

def rollback(self, model_name: str) —> bool:
ERE E—hrA (RDRER)
BEBRARICHES, RE E—ERhRA
registry = self._registry.get(model_name)
if not registry or not registry.previous_version:
logger.error(f"FEEZR: {model_name}, BATIEIRAIkRA")
return False

return self.deploy_version(
model_name, registry.previous_version,
strategy=DeployStrategy.IMMEDIATE

def get_model_status(self) —> List[Dict]:
EWMEREN SRS
GET /api/vl/model/status EOKEIER
status_list = []
for name, registry in self._registry.items():
for ver, mv in registry.versions.items():
status_list.append({
""model_name": name,
"'version": ver,
"status": mv.status.value,
"accuracy": mv.accuracy,
"latency_p99_ms": mv.latency_p99_ms,
""deploy_ratio": mv.deploy_ratio,
"is_current": ver == registry.current_version,
""deployed_at": mv.deployed_at
)
return status_list

def check_for_updates(self) —-> List[Dict]:

KMBEERBERTA MIRAR A

EHIRA LS AT UMEE B s E

updates = [1]

for name, registry in self._registry.items():
remote_versions = self._repo_client.list_versions(name)
local_versions = set(registry.versions.keys())
new_versions = [v for v in remote_versions if v not in local_versions]
if new_versions:

updates.append ({
"model_name": name,



""new_versions": new_versions,
"current_version": registry.current_version
1)

return updates

service/task_scheduler.py

# BASFEIRFNSAIDINSIZHRHE V1.0
# Celery®HESFEER - RFBERFLUIESMARBE

CeleryFSBEERS

BEATIRFIERNZSESING, ZIFMAERAE. FS5Ei.
SZROEEHN. TSHEBIREINEE
{ERedistE ) BBrokerfl&&Backend

import time

import json

import logging

import uuid

from typing import Dict, List, Optional, Any
from dataclasses import dataclass, field
from datetime import datetime, timedelta
from enum import IntEnum

logger = logging.getLogger(__name__)

# ESMITREX

class TaskPriority(IntEnum):
"MMESAER (BEW ML RES)
CRITICAL = 0 # RefifR: REXINEMFR

HIGH = 1 # SMER: BIMELLN
NORMAL = 2 # TEMAR: ElEHtE
LOW = 3 # RIS HEHLEIELIE

BACKGROUND = 4 # A BEEOTE/INGREIBERK

class TaskStatus:

MIMESRESEE""
PENDING = "PENDING" # EFERT
STARTED = "STARTED" # BFBENT
PROCESSING = "PROCESSING" # AR
SUCCESS = "SUCCESS" # HATEID
FAILURE = "FAILURE" # MITRM
RETRY = "RETRY" # Eide
REVOKED = "REVOKED" # EBUH
@dataclass
class TaskRecord:
mMEREE

task_id: str



task_type: str # {E552£8 (ocr/math/stroke_order/essay)
priority: TaskPriority

status: str = TaskStatus.PENDING

input_data: Dict = field(default_factory=dict)
result: Optional[Dict] = None

error_message: Optionall[str] = None

retry_count: int = 0

max_retries: int = 3

created_at: str = ""

started_at: Optionallstr] = None

completed_at: Optionallstr] = None

callback_url: Optionallstr] = None # SER{/EEIEEHIURL
student_id: Optionallstr] = None

assignment_id: Optionall[str] = None

# ESNTIEE S

class TaskQueueManager:
ES5BASIETESS
EEZMULRBAT, BRSMERES WIREINER) AEE
{EFRedisHFEE (ZSET) ML KIAE

# BESEEINEIARNTIZ
QUEUE_MAPPING = {

"ocr": "writech.ocr",

"math": "writech.math",

"stroke_order": "writech.stroke_order",
"essay": "writech.essay",

"batch": "writech.batch"

def __init__ (self, redis_url: str = "redis://localhost:6379/0"):
self._redis_url = redis_url
self._tasks: Dict[str, TaskRecord] = {} # REFESRICE (EF=IFiEHRedis)
self._queue: List[TaskRecord] = [] # HSRENT
logger. info(f"{ESFIEEREVIIAN: redis={redis_url}")

def submit_task(self, task_type: str, input_data: Dict,
priority: TaskPriority = TaskPriority.NORMAL,
callback_url: Optionallstr] = None,
student_id: Optionallstr] = None,
assignment_id: Optionallstr] = None) —> str:
RZIRRBIESEIBAT
REMESID, AL ABIIDEGMESRSHER

task_id = str(uuid.uuid4())

record = TaskRecord(
task_id=task_id,
task_type=task_type,
priority=priority,
input_data=input_data,
created_at=datetime.now().isoformat(),



callback_url=callback_urtl,
student_id=student_id,
assignment_id=assignment_id

self._tasks[task_id] = record

self._queue.append(record)

# RINERHRE (BUE/WIHERIE)

self._queue.sort(key=lambda t: (t.priority, t.created_at))

queue_name = self.QUEUE_MAPPING.get(task_type, "writech.default")
logger.info(
fESEIRR: id={task_id}, type={task_type}, "
f'priority={priority.name}, queue={queue_namel}"
)

return task_id

def get_next_task(self) —> Optional[TaskRecord]:
"SREVAT R SE R R IS RATES
for task in self._queue:
if task.status == TaskStatus.PENDING:

task.status = TaskStatus.STARTED
task.started_at = datetime.now().isoformat()
return task

return None

def update_task_status(self, task_id: str, status: str,
result: Optional[Dict] = None,
error: Optionallstr] = None):
NSRS
if task_id in self._tasks:
task = self._tasks[task_id]
task.status = status
if result:
task.result = result
if error:
task.error_message = error
if status in (TaskStatus.SUCCESS, TaskStatus.FAILURE):
task.completed_at = datetime.now().isoformat()
logger.info(f"{ESIKSEH: id={task_id}, status={status}")

def get_task_status(self, task_id: str) —> OptionallDict]:

" EESREHAR

task = self._tasks.get(task_id)

if not task:
return None

return {
"task_id": task.task_id,
"task_type'": task.task_type,
"status": task.status,
"priority": task.priority.name,
"result": task.result,
"error_message'": task.error_message,
"retry_count": task.retry_count,
"created_at": task.created_at,
"started_at": task.started_at,
"completed_at": task.completed_at



def get_queue_stats(self) —-> Dict:

MUUSRENBATIGEIHE R

stats = {"total": len(self._tasks)}

for status in [TaskStatus.PENDING, TaskStatus.STARTED,

TaskStatus.SUCCESS, TaskStatus.FAILURE]:
stats[status.lower()] = sum(
1 for t in self._tasks.values() if t.status == status

)

return stats

# CeleryFESEX

class CeleryTaskExecutor:
CeleryfE&EiniTss
EXZHEATIRFIHCeleryRH1ES
BMMES KB N — DRI AES R EFHATIATY

def __init__ (self, queue_manager: TaskQueueManager):
self._queue_manager = queue_manager
self._task_handlers: Dict[str, callable] = {}
logger.info("CeleryFSHiTaMIAML")

def register_handler(self, task_type: str, handler: callable):
IIIIII;IHH_1£%%IEI\_ZI§&IIIIII
self._task_handlers[task_typel = handler
logger.info(f";EAHES40IERS: {task_typel}")

def execute_task(self, task_id: str) —> Dict:
HITIEERES
BEEEL4E, EiliZE. Bl
task = self._queue_manager._tasks.get(task_id)
if not task:
return {"error": "{EFSAFE"}

handler = self._task_handlers.get(task.task_type)
if not handler:
self._queue_manager.update_task_status(
task_id, TaskStatus.FAILURE,
error=f">RIFMAOES B {task.task_type}"
)
return {"error": fU;RIEMAIESER: {task.task_typel}"}

try:
self._queue_manager.update_task_status(task_id, TaskStatus.PROCESSING)

# WITHIEES

start_time = time.time()

result = handler(task.input_data)

elapsed = (time.time() - start_time) * 1000



result['processing_time_ms'] = round(elapsed, 2)
self._queue_manager.update_task_status(task_id, TaskStatus.SUCCESS,
result=result)

# BEITETICR (RERit: MBIRIEKRICEKIEARS. E)
logger.info(
fUESNITRR: id={task_id}, type={task.task_type}, "
f"time={elapsed:.1f}ms, student={task.student_id}"

# WAEEAURLIEEIEA A
if task.callback_url:
self._send_callback(task.callback_url, task_id, result)

return result

except Exception as e:
task.retry_count += 1
if task.retry_count < task.max_retries:
# Bid: BESEIFIMART
task.status = TaskStatus.RETRY
logger.warning (f"{£53&Eil: id={task_id}, retry=
{task.retry_count}/{task.max_retries}")
else:
self._queue_manager.update_task_status(
task_id, TaskStatus.FAILURE, error=str(e)
)
logger.error(fESHL%LM: id={task_id}, error={str(e)}")
return {"error": str(e)}

def _send_callback(self, url: str, task_id: str, result: Dict):
R IR RS SR B
try:
# SCERPFE(ERhttpx/aiohttp LiEPOSTIER
logger.info(f"&FESEE: url={url}, task_id={task_id}")
except Exception as e:
logger.error (f"EEBMEM: {str(e)}")

# ENEERE

class ScheduledTaskRunner:
ENESBERR
BEFRRMRTNEEES, W
- RBREERE (859%)
- THIESERE (8/)\)
- MYBEIEIRRE (B
- REEHNE (8X)

def __init__ (self):
self._schedules: Dict[str, Dict] = {}
self._running = False
logger. info (" ERMESEERMAML")

def register_schedule(self, name: str, interval_seconds: int,



handler: callable, description: str = ""):

e ER RS
self._schedules[name] = {

"interval": interval_seconds,

"handler": handler,

"description": description,

"last_run": None,

"run_count": 0,

"error_count": 0
}

logger.info(f'";EMERES: {name}, [EfF={interval_seconds}s")

def run_task(self, name: str) —> Optionall[Dict]:
" BT IR E R E RS
schedule = self._schedules.get(name)
if not schedule:
return None

try:
start = time.time()
result = schedule['"handler"]()
elapsed = time.time() - start
schedule["last_run"] = datetime.now().isoformat()
schedule["run_count"] += 1
logger.info(f"ERMESHITR: {name}, FEWR={elapsed:.2f}s")
return {"name": name, "success": True, "elapsed_s": round(elapsed, 2)}
except Exception as e:
schedule["error_count"] += 1
logger.error (f"ERESNITEM: {name}, EHiR={str(e)}")
return {"name": name, "success": False, "error": str(e)}

def get_schedule_status(self) —> List[Dict]:

"RENER A E R ESIRS

return [{
"name": name,
"interval_seconds": info["interval"],
"description": info["description"],
"last_run": info["last_run"],
"run_count": info["run_count"],
"error_count": info["error_count"]

} for name, info in self._schedules.items()]



