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main.py

# BASHZHIEOMSZIECMARRG V1.0
# main.py — BRSEHAD (FastAPI + TERMESERE)

import os

import sys

import logging

import asyncio

from typing import Optional



from datetime import datetime
from contextlib import asynccontextmanager

from fastapi import FastAPI, Request, Response

from fastapi.middleware.cors import CORSMiddleware

from fastapi.middleware.trustedhost import TrustedHostMiddleware
from fastapi.responses import JSONResponse

import uvicorn

#
# BEEE
#

LOG_FORMAT = (
"%(asctime)s | %(levelname)-8s | %(name)s:%(lineno)d | %(message)s"

def setup_logging(log_level: str = "INF0") —> None:
"EfC BE RS, B EAERI A"
logging.basicConfig(
level=getattr(logging, log_level.upper(), logging.INFO),
format=L0G_FORMAT,
handlers=[
logging.StreamHandler(sys.stdout),
logging.FileHandler(
"logs/analytics.log", encoding="utf-8", mode="a"
D
P

logger = logging.getLogger("writech.analytics")

#

# ZREE
#

class AnalyticsConfig:
MMPER R BRE" "

# RBEARRE

SERVICE_NAME: str = "writech-learning-analytics"

SERVICE_VERSION: str = "1.0.0"

HOST: str = os.getenv("ANALYTICS_HOST", "0.0.0.0")

PORT: int = int(os.getenv("ANALYTICS_PORT", "8300"))

DEBUG: bool = os.getenv("ANALYTICS_DEBUG", "false").lower() == "true"

# HIEEEERRE

CLICKHOUSE_HOST: str = os.getenv("CH_HOST", "localhost")
CLICKHOUSE_PORT: int = int(os.getenv("CH_PORT", '"9000"))
CLICKHOUSE_DB: str = os.getenv('"CH_DB", "writech_analytics")
CLICKHOUSE_USER: str = os.getenv('"CH_USER", "default")
CLICKHOUSE_PASSWORD: str = os.getenv("CH_PASSWORD", "")

MYSQL_HOST: str = os.getenv("MYSQL_HOST", "localhost")
MYSQL_PORT: int = int(os.getenv("MYSQL_PORT", "3306"))
MYSQL_DB: str = os.getenv("MYSQL_DB", "writech_analytics")



MYSQL_USER: str = os.getenv("MYSQL_USER", "root")
MYSQL_PASSWORD: str = os.getenv("MYSQL_PASSWORD", "")

# NeodjzNiREEEE

NEO4J_URI: str = os.getenv("NE04J_URI", "bolt://localhost:7687")
NEO4J_USER: str = os.getenv("NE0O4J_USER", "neo4j")
NEO4J_PASSWORD: str = os.getenv("NE04J_PASSWORD", "")

# Kafkafig&

KAFKA_BROKERS: str = os.getenv("KAFKA_BROKERS", "localhost:9092")
KAFKA_TOPIC_STROKE: str = "writech.stroke.raw"

KAFKA_TOPIC_GRADE: str = "writech.grade.result"

KAFKA_GROUP_ID: str = "analytics—consumer—-group"

# REERRE
REPORT_OUTPUT_DIR: str = os.getenv("REPORT_DIR", "/data/reports")
REPORT_TEMPLATE_DIR: str = os.getenv(

"TEMPLATE_DIR", "/data/templates"

# WTENRER (55FaHE)
JWT_SECRET: str = os.getenv("JWT_SECRET", "writech-jwt-secret-key")
JWT_ALGORITHM: str = "HS256"

# ERESERE
DAILY_REPORT_CRON: str = "0 2 * x x" # S8XK&E24
WEEKLY_REPORT_CRON: str = "0 3 * % 1" # SEA—%5234

#
# NALBEHREE
#

@asynccontextmanager
async def lifespan(app: FastAPI):
"N A B s AN K A BT R B R TR
logger.info(
"IEFESED %S V%S ...",
AnalyticsConfig.SERVICE_NAME,
AnalyticsConfig.SERVICE_VERSION,

# BBt SRS ANt
try:
# i ClickHouseiE
logger.info("##aftClickHouseE E: %s:%d",
AnalyticsConfig.CLICKHOUSE_HOST,
AnalyticsConfig.CLICKHOUSE_PORT)
# await init_clickhouse_pool()

# WIAMySQLIEIE
logger.info("#IIATEMYySQLERE: %s:%d",
AnalyticsConfig.MYSQL_HOST,
AnalyticsConfig.MYSQL_PORT)
# await init_mysql_pool()

# ¥tA1tNeo4 jIREN



logger.info("#iA1tNeodjiE E: %s", AnalyticsConfig.NE04J_URI)
# await init_neo4j_driver()

# BfiKafkajH &L
logger.info("ExhKafkalE&E#&E: %s", AnalyticsConfig.KAFKA_BROKERS)
# start_kafka_consumers()

# SEMERESAE
logger. info (" FMEMIREEMES")
# register_cron_jobs()

logger.info ("FRERSZEMH AT TTR")

except Exception as e:
logger.error ("BRSBAVAHEKM: %s", str(e))
raise

yield

# KAREBER

logger.info (" EEXFRS...")

# await close_clickhouse_pool()
# await close_mysql_pool()

# await close_neo4j_driver()

# stop_kafka_consumers()
logger.info("RBELEXHA")

#
# FastAPINABIE
#

app = FastAPI(
title="BABHFMES TS FEZMARR",
description="XZ4£PBEREDEIEHTAEES N, £RFFMRS",
version=AnalyticsConfig.SERVICE_VERSION,
lifespan=1lifespan,

# CORSHIEME (RIFEIRRIImEEEIA)
app.add_middleware(
CORSMiddleware,
allow_origins=[
"https://admin.writech.com",
"https://teacher.writech.com",
Ug
allow_credentials=True,
allow_methods=["GET", "POST", "PUT"],
allow_headers=["*"],

# F{EEANRL

app.add_middleware(
TrustedHostMiddleware,
allowed_hosts=["*.writech.com", "localhost"],



#

# ZRFEH

#

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

"M HEREG: ICRABERIEESS SHRE"""
start_time = datetime.now()
request_id = request.headers.get("X-Request-ID", "")

# WATEK
response: Response = await call_next(request)

# ITEEN

duration_ms = (datetime.now() — start_time).total_seconds() *x 1000

# CEREITAE (BEEWNSHERED)
if request.url.path.startswith("/api/v1/"):
logger.info(
"AUDIT | %s | %s %s | status=%d | %.1fms | user=%s",
request_id,
request.method,
request.url.path,
response.status_code,
duration_ms,
request.headers.get('"X-User-ID", "anonymous"),

return response

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

H*

H B B R

NUUEIESRREG . BUMXERAYEUE, RKNEFEFLEE"""
MIWTHEZER AR 2 R REE

H

user_info = decode_jwt(token)
role = user_info.get("role", "")

BRI -

teacher: {XFAIiAla] class_ids SCEINAIEEE
parent: {XFAIif[E] student_ids SEEMNAIEE
admin: RIIFEAREEBEIE

super_admin: JFoRRH

HOH R R K H R R R

response = await call_next(request)
return response

B ERIER

SAFEMEAPIER HELR

from api.profile_api import router as profile_router
from api.report_api import router as report_router
from api.growth_api import router as growth_router

token = request.headers.get("Authorization", "").replace("Bearer ",

||||)



app.include_router(profile_router, prefix="/api/v1l/profile")
app.include_router(report_router, prefix="/api/v1l/report")
app.include_router(growth_router, prefix="/api/v1l/growth")

H OB R R

+H

RN ERO

#

@app.get("/health")
async def health_check():
e E IR S, KubernetesfEEIREHER"""
return {
"status": "healthy",
"service": AnalyticsConfig.SERVICE_NAME,
"version": AnalyticsConfig.SERVICE_VERSION,
"timestamp": datetime.now().isoformat(),

@app.get("/ready")
async def readiness_check():
RIS, BIAFA KRS PTAE
checks = {
"clickhouse": False,
"mysql": False,
"neo4j": False,
"kafka": False,

¥

# & ClickHouseiEiE

# try:

# await clickhouse_ping()

# checks["clickhouse"] = True
# except Exception:

# pass

all_ready = all(checks.values())
return JSONResponse(
status_code=200 if all_ready else 503,
content={
"ready": all_ready,
"checks": checks,

b
)
#
# ZRFRELE
#

@app.exception_handler(Exception)
async def global_exception_handler(request: Request, exc: Exception):
"MERRERIRK, RES—EIREX"
logger.error(
"RLEEE | %S5 %S | %s: %s",



request.method,
request.url.path,
type(exc).__name__,
str(exc),
)
return JSONResponse(
status_code=500,
content={
""code": 500,
"message": "ARESAEPEIR",
"detail": str(exc) if AnalyticsConfig.DEBUG else None,
B

+H

H

BEmAO

if __name__ == "__main__":
# WMRESEREAE
os.makedirs("logs", exist_ok=True)
os.makedirs(AnalyticsConfig.REPORT_OUTPUT_DIR, exist_ok=True)

setup_logging("DEBUG" if AnalyticsConfig.DEBUG else "INFQ")
logger.info("BFIEPHALRS. . .")

uvicorn. run(
"main:app",
host=AnalyticsConfig.HOST,
port=AnalyticsConfig.PORT,
reload=AnalyticsConfig.DEBUG,
workers=4 if not AnalyticsConfig.DEBUG else 1,
log_level="info",

analytics/

analytics/knowledge_graph.py

# BASHRZBIEDNSZIEOMARRGE V1.0
# analytics/knowledge_graph.py — Neo4j#liRELERSHIES|E

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

logger = logging.getlLogger("writech.analytics.knowledge_graph")
#

#  FNRENEEERE
#




@dataclass
class KnowledgeNode:
R A
node_id: str
name: str
subject: str
grade: str
chapter: str = ""
section: str = ""
difficulty: float = 0.5 # HEZRI 0-1
importance: float = 0.5 # EEREE 0-1
description: str = ""

@dataclass
class KnowledgeEdge:
"R RS R
source_id: str
target_id: str
relation_type: str # prerequisite/includes/related
weight: float = 1.0

@dataclass

class StudentMastery:
MRS R AR RN EEE"
student_id: str
knowledge_id: str
mastery_level: float = 0.0 # ZiEE 0-1
practice_count: int = 0
correct_count: int 0
error_count: int =
last_practice: str

I o 1l

@dataclass

class ErrorAttribution:
" AR R
question_id: str
error_knowledge_ids: List[str] # EiExBEIAS
root_cause_ids: List[str] # REFIRR (FIIRKRERE)
suggestion: str = ""

#
# ANRENESIE
#

class KnowledgeGraphEngine:

NeodjZNIREES| 2

%l]lR RENENEIRS BN
. HEFREBIE (BMETIREAIRR)
FIRRHETE

E""".“EP



4. MRREEERGUHE

def __init__ (self, uri: str, user: str, password: str):
"I Neod] R
self.uri = uri
self.user = user
self.password = password
# self._driver = GraphDatabase.driver(uri, auth=(user, password))
logger.info("HNRENES|E#MBM: %s", uri)

async def query_subject_graph(
self, subject: str, grade: Optionallstr] = None
) —> TuplelList[KnowledgeNode], List[KnowledgeEdge]]:

EiOEMNBNTBAIREIEEN

Args:
subject: ®ERBM
grade: PIAFRIIIR

Returns:
(FRIIK, BIIR)

logger.info("EBAIREE: subject=%s, grade=%s", subject, grade)

# Cypher&if]: REVFABAIRS TS

node_query = """

MATCH (k:KnowledgePoint {subject: $subject})

WHERE ($grade IS NULL OR k.grade = $grade)

RETURN k.id AS id, k.name AS name, k.subject AS subject,
k.grade AS grade, k.chapter AS chapter, k.section AS section,
k.difficulty AS difficulty, k.importance AS importance,
k.description AS description

ORDER BY k.chapter, k.section

# Cypher#&if): SRENFREXZRIL
edge_query = """
MATCH (a:KnowledgePoint {subject: $subject})-[r]->(b:KnowledgePoint)
WHERE ($grade IS NULL OR a.grade = $grade)
RETURN a.id AS source, b.id AS target, type(r) AS relation,
r.weight AS weight

[]
[]

nodes: List[KnowledgeNodel
edges: List[KnowledgeEdgel

# async with self._driver.async_session() as session:
# BETR
result = await session.run(node_query, subject=subject, grade=grade)
async for record in result:
nodes.append (KnowledgeNode (
node_id=record["id"],
name=record["name"],

H OB OB R R OB KR



# TEH
result = await session.run(edge_query, subject=subject, grade=grade)
async for record in result:
edges.append(KnowledgeEdge (
source_id=record["source"],
target_id=record["target"],
relation_type=record["relation"],
weight=record["weight"] or 1.0,

HOH R R WK OH R R R R

))

logger.info(
"ELEEIETEM: %dT s, %dif", len(nodes), len(edges)
)

return nodes, edges

async def query_prerequisites(
self, knowledge_id: str, max_depth: int = 3
) —> List[KnowledgeNode]:

EWHMIRRARIIRMRHE (BYAE LEH)

BTHERE: SEMRAR/AKREREN, EWEREK
MRRESHARERE, HIREARRA,

Args:
knowledge_id: B#r&1IR=ID
max_depth: RAEWRE

Returns:
AIIRENIRRIIR (FRIKBUREHEZ)
query = """
MATCH path = (target:KnowledgePoint {id: $kid})
<-[:PREREQUISITEx*1..$depth]-(prereq:KnowledgePoint)

RETURN prereq.id AS id, prereq.name AS name,
prereq.subject AS subject, prereg.grade AS grade,
prereq.chapter AS chapter, prereq.difficulty AS difficulty,
length(path) AS distance

ORDER BY distance ASC

prerequisites: List[KnowledgeNode] = []
# async with self._driver.async_session() as session:
# result = await session.run(
query, kid=knowledge_id, depth=max_depth
)
async for record in result:
prerequisites.append(KnowledgeNode (
node_id=record["id"],
name=record["name"],

HOH R OB WK KRR

))

logger.debug(
"HIIRAE %S HUBIIREE: Sd M,
knowledge_id,



len(prerequisites),
)

return prerequisites

async def attribute_errors(
self,
student_id: str,
error_question_ids: List[strl],
mastery_map: Dict[str, floatl,
) —> List[ErrorAttribution]:

HBRAAR DT

PRESTER: 1K

1. BEHIZEXBKEIFIRR

2. EHREMRRBEIRAIRR

3. KMENRMIRRNEREE

4. MREIRBAREE, WIANZRE

Args:
student_id: ZF4ID
error_question_ids: £5ERIDFIZE
mastery_map: {knowledge_id: mastery_level} EiREmE}

Returns:
HRHRERTIFR

logger.info(
"EETRIAE: student=%s, FHTER=%d",
student_id,
len(error_question_ids),

attributions: List[ErrorAttribution] = []
mastery_threshold = 0.6 # ZREEBE (ETLWHKRERE)

for question_id in error_question_ids:
# EHESXBRMIRSR
# question_kps = await self._query_question_knowledge(question_id)
question_kps: List[str] = []

root_causes: List[str] = []

for kp_id in question_kps:
mastery = mastery_map.get(kp_id, 0.0)

if mastery < mastery_threshold:
# ZANRRAREE, BWEIR
prereqs = await self.query_prerequisites(kp_id)

for prereq in prereqs:
prereg_mastery = mastery_map.get(
prereq.node_id, 0.0
)
if prereq_mastery < mastery_threshold:
# BIRtHRERE, ICHREA
if prereg.node_id not in root_causes:



root_causes.append(prereq.node_id)

# AR
suggestion = self._generate_suggestion(
question_kps, root_causes, mastery_map

attributions.append(ErrorAttribution(
question_id=question_id,
error_knowledge_ids=question_kps,
root_cause_ids=root_causes,
suggestion=suggestion,

))
return attributions

def _generate_suggestion(
self,
knowledge_ids: List[str],
root_cause_ids: List[str],
mastery_map: Dict[str, float],
) —> str:
"URIESRESRERE I I
if root_cause_ids:
return (
IR E IRIRANR A (H{len(root_cause_ids)}), "
35 TR SR SRS SRR ="
)
elif knowledge_ids:
avg_mastery = sum(
mastery_map.get(k, @) for k in knowledge_ids
) / max(len(knowledge_ids), 1)
if avg_mastery < 0.3:
return "ZAIRRZEERE, BWMNEMBSFERGEZI"
elif avg_mastery < 0.6:
return "ZAIRREE—EEM, BINNEEIESINE A"
else:
return "ZNRSERRLF, AREIRAEEEME O HIARNF"
return "ERLEAFEIX"

async def recommend_learning_path(
self,
student_id: str,
target_knowledge_id: str,
mastery_map: Dict[str, floatl],
) —> List[KnowledgeNode]:

FIRRHEE

ETANREERINEE, RPEEFEMEEIKTFE
BAIRRRME B,

[

1. FANEAREEMNRIIRAIR R
2. BHWEMNRASHRF

3. EEEMMIRETHE



# IRENBRANR R A9 FE AIIR
all_prereqs = await self.query_prerequisites(
target_knowledge_id, max_depth=5

# RERERIFIIFEIR SR
unmastered = [
node for node in all_prereqs
if mastery_map.get(node.node_id, 0.0) < 0.6

# REEMNREISHE

unmastered.sort(key=lambda n: n.difficulty)

# AMBEMRANIRRAE

# target_node = await self._get_knowledge_node(target_knowledge_id)
# if target_node:

# unmastered.append(target_node)

logger.info(
"ST)RRIRHTE: student=%s, target=%s, KRIFEKE=%d",
student_id,
target_knowledge_id,
len(unmastered),

return unmastered

async def aggregate_chapter_mastery(
self,
student_id: str,
subject: str,
mastery_map: Dict[str, floatl,
) —> List[Dictl[str, Anyll:

REDREIMARERE

BARESRETOH, TEEENGAEEE,
BTERETHENFIREIAE,

nodes, _ = await self.query_subject_graph(subject)

# BETHA

chapter_map: Dict[str, List[float]l] = {}

for node in nodes:
chapter = node.chapter or "Eft"
mastery = mastery_map.get(node.node_id, 0.0)
chapter_map.setdefault(chapter, []).append(mastery)

# ITEESETEYEEE
result = []
for chapter, masteries in chapter_map.items():
avg_mastery = sum(masteries) / max(len(masteries), 1)
result.append({
"chapter": chapter,
"avg_mastery": round(avg_mastery, 3),
"knowledge_count": len(masteries),



"mastered_count": sum(1 for m in masteries if m >= 0.6),

1)

result.sort(key=lambda x: x["chapter"])
return result

async def close(self) —> None:
Illlll*lﬂNe04J $;ﬁllllll
# await self._driver.close()
logger. info ("A1REIES | EEXF")

analytics/student_profiler.py

# BARASHZEHIED TSRS AAEE V1.0
# analytics/student_profiler.py - $4EZDITSIE

import logging

import math

from typing import Any, Dict, List, Optional, Tuple
from datetime import datetime, date, timedelta

from dataclasses import dataclass, field

logger = logging.getLogger("writech.analytics.profiler")

#
# BEROTEEEL
#
@dataclass
class ScoreTrend:
B R T =EE 6 R
date: str
score: float
subject: str
exam_type: str = "" # homework/exam/practice
@dataclass
class SubjectAbility:
MR B R
subject: str
overall_score: float = 0.0
knowledge_coverage: float = 0.0 # HIRABER
practice_frequency: float = 0.0 # Z&I5NE (X/F)
improvement_rate: float = 0.0 # BHIRE
stability: float = 0.0 # BEM (DEBENEE)
@dataclass
class LearningHabit:
RS S IRER

avg_daily_minutes: float = 0.0
peak_study_hour: int = 0 # FIEIERER (W)



weekly_pattern: List[float] = field(default_factory=1list) # BE—~HIK
consistency_score: float = 0.0 # ZIHFMEED
homework_timeliness: float = 0.0 # fERAHERZR

@dataclass

class WritingAbility:
"B ERE IR
stroke_order_accuracy: float = 0.0 # ZEIREME
writing_quality: float = 0.0 # BEREM
writing_speed: float = 0.0 # BERE(F/9D)

char_structure_score: float = 0.0 # FE&EMITH
improvement_trend: str = "stable" # #Iias

@dataclass

class ComprehensiveProfile:
MRS FEEG
student_id: str
student_name: str
class_id: str
grade: str
school_id: str

# GAWS

overall_score: float = 0.0
rank_in_class: int = @
rank_in_grade: int = 0@

percentile: float = 0.0

# BRIEED
subject_abilities: List[SubjectAbility] = field(default_factory=1list)

# P33R

learning_habit: Optional[LearningHabit] = None

# BERED
writing_ability: Optional[WritingAbility] = None

# PG

score_trends: List[ScoreTrend] = field(default_factory=1list)

# DITEIE
analyzed_at: str = ""

B H5I%E

H B H

class StudentProfiler:

FHEEBRDOIE

1. GAFEISIHE

2. FRBEREHS4TE



%5 SIRH
BB T
BB H ST
VER/ R

o U AW

# SRERE ATFEAWSIHE)
WEIGHT_HOMEWORK_SCORE = 0.30 # {EM/RGiHNE

WEIGHT_EXAM_SCORE = 0.35 # ZRMMGNE
WEIGHT_PRACTICE = 0.15 # FIRUNE
WEIGHT_WRITING = 0.10 # PEEENINE
WEIGHT_HABIT = 0.10 # FISJIENE

# VDI

EXCELLENT_THRESHOLD
GOOD_THRESHOLD = 75.
PASS_THRESHOLD = 60.

90.0

S o

def __init_ (self):
"R EIR DTS
logger. info ("ZEE&E DTS ZHAKL")

async def build_profile(
self,
student_id: str,
student_info: Dict[str, Anyl,
period_days: int = 30,

) —> ComprehensiveProfile:

MEFEZREER

Args:
student_id: ®4ID
student_info: Z4AEKEFE
period_days: o#fEH (X)

Returns:

GZEFIRER

logger.info(
"MEPEES: %s, PTEA=%dX", student_id, period_days

end_date = date.today()
start_date = end_date - timedelta(days=period_days)

# 1. RERIAENE

homework_data = await self._fetch_homework_data(
student_id, start_date, end_date

)

exam_data = await self._fetch_exam_data(
student_id, start_date, end_date

)

practice_data = await self._fetch_practice_data(
student_id, start_date, end_date

)

writing_data = await self._fetch_writing_data(



student_id, start_date, end_date

)

usage_data = await self._fetch_usage_data(
student_id, start_date, end_date

# 2. DINEHE
subject_abilities = self._analyze_subject_abilities(
homework_data, exam_data, practice_data
)
learning_habit = self._analyze_learning_habit(usage_data)
writing_ability = self._analyze_writing_ability(writing_data)
score_trends = self._analyze_score_trends(
homework_data, exam_data

# 3. ITESZEED
overall_score = self._calculate_overall_score(
subject_abilities, learning_habit, writing_ability

# 4. TEHS
rank_in_class, rank_in_grade, percentile = (
await self._calculate_rankings(
student_id,
student_info.get("class_id", ""),
student_info.get('grade", ""),
overall_score,

profile = ComprehensiveProfile(
student_id=student_id,
student_name=student_info.get("name", ""),
class_id=student_info.get("class_id", ""),
grade=student_info.get("grade", ""),
school_id=student_info.get("school_id", ""),
overall_score=round(overall_score, 1),
rank_in_class=rank_in_class,
rank_in_grade=rank_in_grade,
percentile=round(percentile, 1),
subject_abilities=subject_abilities,
learning_habit=1learning_habit,
writing_ability=writing_ability,
score_trends=score_trends,
analyzed_at=datetime.now().isoformat(),

# 5. BAClickHouseEBHER
await self._save_profile(profile)
logger.info(

"BIRIAETEN: %S, HZaito=%.1f, PRHEE=%d",
student_id, overall_score, rank_in_class,

return profile



async def _fetch_homework_data(

self, student_id: str, start: date, end: date
) —> List[Dict[str, Anyl]:

" ClickHous eSRERTEML AR SR ERE" "

# query = """

# SELECT subject, score, total_score, submitted_at, is_on_time
# FROM homework_submissions

# WHERE student_id = %(sid)s

# AND submitted_at BETWEEN %(start)s AND %(end)s

# ORDER BY submitted_at

# mun

# return await clickhouse_query(query, {

# "sid": student_id, "start": str(start), "end": str(end)
# 1)

return []

async def _fetch_exam_data(

self, student_id: str, start: date, end: date
) —> List[Dict[str, Anyl]:

" AClickHous e3RERE i AR S EE

return []

async def _fetch_practice_datal(

self, student_id: str, start: date, end: date
) —> List[Dict[str, Anyll:

"UUIRENGRS) (Fhh/EENR) BuETT

return []

async def _fetch_writing_data(

self, student_id: str, start: date, end: date
) —> List[Dict[str, Anyll:

"SRV BERET D BIE

return []

async def _fetch_usage_data(

self, student_id: str, start: date, end: date
) —> List[Dict[str, Anyll:

"SREN N FR{E R AT R

return []

def _analyze_subject_abilities(
self,
homework_data: List[Dict[str, Anyll,
exam_data: List[Dict[str, Anyll,
practice_data: List[Dict[str, Anyll,
) —> List[SubjectAbility]:

ERBReN S HTE

TR

- R/ EZH TS

- MRREER (BiEM/ 2ARRE)
- &38R (OR/B)

- HPEER (RA30KRVSHISORDEE)
- REM (DENEENEERIE—1)



subject_map: Dict[str, Dict[str, List[floatll] = {}

# BRERSELDE

for hw in homework_data:
subject = hw.get("subject", "unknown")
subject_map.setdefault(subject, {"scores": [], "dates": [1})
total = hw.get("total_score", 100)
score = hw.get("score", 0)
normalized = (score / max(total, 1)) * 100
subject_map[subject] ["scores"].append(normalized)

# BRRERESZHADH

for exam in exam_data:
subject = exam.get("subject", "unknown")
subject_map.setdefault(subject, {"scores": [], "dates": [1})
total = exam.get("total_score", 100)
score = exam.get('score", 0)
normalized = (score / max(total, 1)) * 100
subject_map[subject] ["scores"].append(normalized)

abilities: List[SubjectAbility] = []
for subject, data in subject_map.items():
scores = datal["scores"]
if not scores:
continue

avg_score = sum(scores) / len(scores)

# FREM: 1/ (1 + std_dev) J3—1tFl0-1

variance = sum((s - avg_score) ** 2 for s in scores) / max(
len(scores), 1

)

std_dev = math.sqrt(variance)

stability = 1.0 / (1.0 + std_dev / 10) # V3—1t

# HHRE: F¥ED - BIFEES
mid = len(scores) // 2
if mid > 0:
first_half_avg = sum(scores[:mid]) / mid
second_half_avg = sum(scores[mid:]) / max(
len(scores) - mid, 1
)
improvement = second_half_avg - first_half_avg
else:
improvement = 0.0

abilities.append(SubjectAbility(
subject=subject,
overall_score=round(avg_score, 1),
stability=round(stability, 3),
improvement_rate=round(improvement, 1),

))
return abilities

def _analyze_learning_habit/(
self, usage_data: List[Dict[str, Anyl]



) —> LearningHabit:

5 IR

PITHE:
- Bf9ZIEK
- ZI SRR
- AZJERX (A—2IER)
- ZIMEETS
if not usage_data:
return LearningHabit()

# RHPREERNK

daily_minutes: Dict[str, float] = {}

hourly_counts: Dict[int, int] = {}

weekday_minutes: Dict[int, List[float]] = {
i: [1 for i in range(7)

for record in usage_data:
date_str = record.get("date", "")
minutes = record.get("duration_minutes", 0)
hour = record.get("start_hour", 0)

daily_minutes[date_str] = (
daily_minutes.get(date_str, @) + minutes
)

hourly_counts[hour] = hourly_counts.get(hour, @) + 1

# B
total_days = max(len(daily_minutes), 1)
avg_daily = sum(daily_minutes.values()) / total_days

# FIBERER
peak_hour = max(
hourly_counts, key=hourly_counts.get, default=0

# FIFEM: BONKNOTS REE) S
if daily_minutes:

values = list(daily_minutes.values())

mean_val = sum(values) / len(values)

variance = sum((v — mean_val) *xkx 2 for v in values) / len(

values

)

std_val = math.sqrt(variance)

cv = std_val / max(mean_val, 1)

consistency = max(0.0, 1.0 — cv) # TRRHKH/HEEHS
else:

consistency = 0.0

return LearningHabit(
avg_daily_minutes=round(avg_daily, 1),
peak_study_hour=peak_hour,
consistency_score=round(consistency, 3),



def _analyze_writing_ability(
self, writing_data: List[Dict[str, Anyl]
) —> WritingAbility:

PERENIHE

ETZINERR. PETCHITD . PEREFHERSITHE,
B X S A FIR RAVEIRHIMT D #2255,
if not writing_data:

return WritingAbility()

# ITERHEEFYE
stroke_scores = [
d.get("stroke_order_score", @) for d in writing_data
1
quality_scores = [
d.get("quality_score", @) for d in writing_data
]
speeds = [d.get("speed", @) for d in writing_datal
structure_scores = [
d.get("structure_score", @) for d in writing_data

avg_stroke = sum(stroke_scores) / max(len(stroke_scores), 1)

avg_quality = sum(quality_scores) / max(len(quality_scores),

avg_speed = sum(speeds) / max(len(speeds), 1)

avg_structure = sum(structure_scores) / max(
len(structure_scores), 1

# FlHTE: BHEER vs IR
mid = len(quality_scores) // 2
if mid > 0:
early_avg = sum(quality_scores[:mid]) / mid
recent_avg = sum(quality_scores[mid:]) / max(
len(quality_scores) - mid, 1
)

if recent_avg - early_avg > 3:

trend = "improving"

elif early_avg - recent_avg > 3:
trend = "declining"

else:
trend = "stable"

else:
trend = "stable"

return WritingAbility(
stroke_order_accuracy=round(avg_stroke, 1),
writing_quality=round(avg_quality, 1),
writing_speed=round(avg_speed, 1),
char_structure_score=round(avg_structure, 1),
improvement_trend=trend,

def _analyze_score_trends(



self,
homework_data: List[Dict[str, Anyll,
exam_data: List[Dict[str, Anyll,
) —> List[ScoreTrend]:
MU RN R A R

trends: List[ScoreTrend] = []

for hw in homework_data:

total = hw.get("total_score", 100)

score = hw.get("score", 0)

normalized = (score / max(total, 1)) *x 100

trends.append(ScoreTrend(
date=hw.get("submitted_at", "")I[:101],
score=round(normalized, 1),
subject=hw.get("subject", ""),
exam_type="homework",

))

for exam in exam_data:

total = exam.get("total_score", 100)

score = exam.get("score", 0)

normalized = (score / max(total, 1)) * 100

trends.append(ScoreTrend(
date=exam.get("exam_date", "")I[:10],
score=round(normalized, 1),
subject=exam.get("subject", ""),
exam_type="exam",

))

# 1RBAHHE
trends.sort(key=1lambda t: t.date)
return trends

def _calculate_overall_score(
self,
subject_abilities: List[SubjectAbility],
learning_habit: LearningHabit,
writing_ability: WritingAbility,

) —> float:

HEEATS (E9%)

N
25D = EME%0.30 + ZidmEx0.35 + %43)%0.15
+ BEx0.10 + ¥ 1Ex0.10
# R/ ZR T
if subject_abilities:
academic_avg = sum(
a.overall_score for a in subject_abilities
) / len(subject_abilities)
else:
academic_avg = 0.0

# BERENTD (F—HAEDH)
writing_score = writing_ability.writing_quality



# 2B D (FlEMHEx100)
habit_score = learning_habit.consistency_score * 100

# MG E
overall = (
academic_avg * (self.WEIGHT_HOMEWORK_SCORE + self.WEIGHT_EXAM_SCORE)
+ academic_avg * self.WEIGHT_PRACTICE
+ writing_score *x self.WEIGHT_WRITING
+ habit_score x self.WEIGHT_HABIT

return min(100.0, max(0.0, overall))

async def _calculate_rankings(
self,
student_id: str,
class_id: str,
grade: str,
score: float,
) —> Tuplelint, int, float]:

HERRHRNERE D UHR

MClickHouse&HRIIMFBERFENEGEEITFD,

TESRRENEEUE.

# BHEMIFEA TS

# class_scores = await query_class_scores(class_id)

# class_rank = sum(1l for s in class_scores if s > score) + 1

BRI FRPETS

grade_scores = await query_grade_scores(grade)

grade_rank sum(1l for s in grade_scores if s > score) + 1
percentile = (1 - grade_rank / max(len(grade_scores), 1)) * 100

H OB K R

return 0, 0, 0.0

async def _save_profile(self, profile: ComprehensiveProfile) —> None:
"B BIEEA\C LickHouseBIg E & "
# clickhouse_client.execute(

# "INSERT INTO student_profile VALUES",
# [profile_to_row(profile)l,

# )

pass

analytics/writing_growth.py

# BABHZHTEHITSZIEZMMASHRG V1.0
# analytics/writing_growth.py - BEEEHIKIFENS|E

import logging

import math

from typing import Any, Dict, List, Optional, Tuple
from datetime import datetime, date, timedelta



from dataclasses import dataclass, field

logger = logging.getlLogger("writech.analytics.writing_growth")

#
# PBERREUERE
#

@dataclass

class WritingSnapshot:
n BRI
date: str
stroke_order_accuracy: float = 0.0
writing_quality: float = 0.0
writing_speed: float = 0.0
char_structure: float = 0.0
practice_count: int = 0
total_chars: int = 0@

@dataclass
class CharacterProgress:
R RIS R""
character: str
first_score: float
latest_score: float
best_score: float
practice_count: int
improvement: float # latest - first
mastery_level: str # beginner/intermediate/advanced/master

@dataclass

class WritingGrowthReport:
n SR KIRRE
student_id: str
period_start: str
period_end: str

# BIRITR

overall_level: str = "" # ¥Z/NVEM/ME/$EE
overall_score: float = 0.0
overall_trend: str = "stable"

# BHEXDEEE
stroke_order_score: float = 0.0
stroke_order_trend: str = "stable"
quality_score: float = 0.0
quality_trend: str = "stable"
speed_score: float = 0.0

speed_trend: str = "stable"
structure_score: float = 0.0
structure_trend: str = "stable"
# BIFRERIE

snapshots: List[WritingSnapshot] = field(default_factory=1list)



# BFHTHHT

most_improved_chars: List[CharacterProgress] = field(
default_factory=1list

)

needs_practice_chars: List[CharacterProgress] = field(
default_factory=1list

# IG5t

total_practice_sessions: int = 0
total_characters_written: int = 0
avg_daily_practice_minutes: float = 0.0

# HERRET[E]
analyzed_at: str = ""

#
# PERKITUSIE
#

class WritingGrowthAnalyzer:

FEREN RTINS E

IhgE:

1. SHEBBEEDTD (BN, FTE. FE. £4)
2. BEKBEST (B FEEERBIES)

3. BF#HSEIRR

4. BEELTE

5. PE[aMIZHT

# PEERITEE
LEVEL_THRESHOLDS = {
"4EE": 95.0,

"{f5%E": 85.0,
"B 70.0,
"A[7": 50.0,
"¥E": 0.0,

# BHENE

WEIGHTS = {
"stroke_order": 0.25,
"quality": 0.35,
"speed": 0.15,
"structure": 0.25,

def __init_ (self):
logger.info ("HEMKIEUSIZMIAK")

async def analyze_growth(
self,
student_id: str,



start_date: str,

end_date: str,

granularity: str = "weekly",
) —> WritingGrowthReport:

DITFEBSRENRKIF

Args:
student_id: ®4ID
start_date: o#friciaHER
end_date: DHEERAHEA
granularity: BfE#IE (daily/weekly/monthly)

Returns:
PEREKITNIRS

logger. info(
"PERIKOH: student=%s, %s~%s, HE=%s",
student_id, start_date, end_date, granularity,

# 1. RERIBBETH IR
raw_data = await self._fetch_writing_scores(
student_id, start_date, end_date

# 2. BRNEINERS
snapshots = self._aggregate_by_period(raw_data, granularity)

# 3. ITESHEEITHEE

stroke_score, stroke_trend = self._calc_dimension_trend(
[s.stroke_order_accuracy for s in snapshots]

)

quality_score, quality_trend = self._calc_dimension_trend(
[s.writing_quality for s in snapshots]

)

speed_score, speed_trend = self._calc_dimension_trend(
[s.writing_speed for s in snapshots]

)

structure_score, structure_trend = self._calc_dimension_trend(
[s.char_structure for s in snapshots]

# 4. HHEAWTS
overall_score = self._calc_overall_score(

stroke_score, quality_score, speed_score, structure_score
)
overall_level
overall_trend

self._determine_level(overall_score)
self._determine_overall_trend(snapshots)

# 5. pINEF#HD

char_data = await self._fetch_character_scores(
student_id, start_date, end_date

)

most_improved, needs_practice = self._analyze_char_progress/(
char_data



# 6. IG5t
total_sessions = sum(s.practice_count for s in snapshots)
total_chars = sum(s.total_chars for s in snapshots)
days = max(
(
datetime.fromisoformat(end_date)
— datetime.fromisoformat(start_date)
) .days,
1,
)
avg_daily = total_chars / days *x 0.5 # {HESRA&IDH

report = WritingGrowthReport(
student_id=student_id,
period_start=start_date,
period_end=end_date,
overall_level=overall_level,
overall_score=round(overall_score, 1),
overall_trend=overall_trend,
stroke_order_score=round(stroke_score, 1),
stroke_order_trend=stroke_trend,
quality_score=round(quality_score, 1),
quality_trend=quality_trend,
speed_score=round(speed_score, 1),
speed_trend=speed_trend,
structure_score=round(structure_score, 1),
structure_trend=structure_trend,
snapshots=snapshots,
most_improved_chars=most_improved[:10],
needs_practice_chars=needs_practice[:10],
total_practice_sessions=total_sessions,
total_characters_written=total_chars,
avg_daily_practice_minutes=round(avg_daily, 1),
analyzed_at=datetime.now().isoformat(),

return report

async def _fetch_writing_scores(

self, student_id: str, start: str, end: str
) —> List[Dictl[str, Anyll:

"M ClickHouseRER B 5iF o RigEE"""

# query = """

# SELECT date, stroke_order_accuracy, writing_quality,

# writing_speed, char_structure, practice_count, total_chars
# FROM writing_growth

# WHERE student_id = %(sid)s

# AND date BETWEEN %(start)s AND %(end)s

# ORDER BY date

# mun

return []

async def _fetch_character_scores(

self, student_id: str, start: str, end: str
) —> List[Dict[str, Anyll:

RIS B



# query =

# SELECT character, score, practice_at

# FROM practice_records

# WHERE student_id = %(sid)s

# AND practice_at BETWEEN %(start)s AND %(end)s
# ORDER BY character, practice_at

# mun

return []

def _aggregate_by_period(
self,
raw_data: List[Dict[str, Anyll,
granularity: str,
) —> List[WritingSnapshot]:
"R ERERES R EIES "

if not raw_data:

return [1]

# RAMSA
period_map: Dict[str, List[Dict[str, Anyl]] = {}
for record in raw_data:

date_str = record.get("date", "")
if granularity == "weekly":
# REANAE (BEA—HH)
dt = datetime.fromisoformat(date_str)
week_start = dt - timedelta(days=dt.weekday())
period_key = week_start.date().isoformat()
elif granularity == "monthly":
period_key = date_str[:7] # YYYY-MM
else:
period_key = date_str

period_map.setdefault(period_key, [1).append(record)

# REBGTEH
snapshots: List[WritingSnapshot] = []
for period, records in sorted(period_map.items()):

n = len(records)
snapshot = WritingSnapshot(
date=period,
stroke_order_accuracy=sum(
r.get("stroke_order_accuracy", @) for r in records
) / n,
writing_quality=sum(
r.get("writing_quality", @) for r in records
) / n,
writing_speed=sum(
r.get("writing_speed", @) for r in records
) / n,
char_structure=sum(
r.get("char_structure", @) for r in records
) / n,
practice_count=sum(
r.get("practice_count", @) for r in records
De
total_chars=sum(
r.get("total_chars", @) for r in records



)s
)
snapshots.append(snapshot)

return snapshots

def _calc_dimension_trend(
self, values: List[float]
) —> Tuplelfloat, str]:

HEEEENSINT oSS

{ERIEEFE oS (EMA) B EUEIRS,
I EEERITEMAS R HREMAFIBTEEEE
if not values:

return 0.0, "stable"

# BB FLY (REEHETF0.3)

alpha = 0.3

ema_values = [values[0]]

for i in range(1, len(values)):
ema = alpha % values[i] + (1 - alpha) * ema_values[-1]
ema_values.append(ema)

current_score = ema_values[-1]

# FEBFIMT: WEERTF RS+ ERRYEMALI(E
if len(ema_values) >= 4:
mid = len(ema_values) // 2
early_avg = sum(ema_values[:mid]) / mid
recent_avg = sum(ema_values[mid:]) / (len(ema_values) - mid)
diff = recent_avg - early_avg

if diff > 3:

trend = "improving"
elif diff < -3:

trend = "declining"
else:

trend = "stable"
else:
trend = "stable"

return current_score, trend

def _calc_overall_score(
self,
stroke: float,
quality: float,
speed: float,
structure: float,

) —> float:
"I ESE R EIES
return (

stroke x self.WEIGHTS["stroke_order"]
+ quality *x self.WEIGHTS["quality"]
+ speed * self.WEIGHTS["speed"]



+ structure * self.WEIGHTS["structure"]

def _determine_level(self, score: float) —> str:
"IRIEG ST RE RS ER" "
for level, threshold in self.LEVEL_THRESHOLDS.items():
if score >= threshold:
return level
return "#JE"

def _determine_overall_trend(
self, snapshots: List[WritingSnapshot]
) —> str:
BRI p Y V=
if len(snapshots) < 2:
return "stable"

# HEBTREBNEGSD
scores = []
for s in snapshots:
overall = self._calc_overall_score(
s.stroke_order_accuracy,
s.writing_quality,
s.writing_speed,
s.char_structure,
)
scores.append(overall)

# TR MEEYIRI R RTaZE
n = len(scores)
x_mean = (n - 1) / 2
y_mean = sum(scores) / n
numerator = sum(
(i — x_mean) * (scores[i] — y_mean) for i in range(n)
)

denominator = sum((i — x_mean) *x 2 for i in range(n))

if denominator ==
return "stable"

slope = numerator / denominator

if slope > 0.5:
return "improving"
elif slope < -0.5:
return "declining"
return "stable"

def _analyze_char_progress(
self, char_data: List[Dict[str, Anyl]
) —> TuplelList[CharacterProgress], List[CharacterProgress]]:

DITBEFHSER

MEMEITINF, ERERTONRITITED,
HHHS RARNFHDELHINF,



char_map: Dict[str, List[Tuple[float, strll]l = {}

for record in char_data:
char = record.get("character", "")
score = record.get("score", 0.0)
practice_at = record.get("practice_at", "")
char_map.setdefault(char, []).append((score, practice_at))

progress_list: List[CharacterProgress] = []

for char, entries in char_map.items():
# 1REEHEE

entries.sort(key=1lambda e: e[1])

first_score = entries[0][0]

latest_score = entries[-1]1[0]

best_score = max(e[@] for e in entries)
improvement = latest_score - first_score

# ZEZERATE
if latest_score >= 90:

level = "master"
elif latest_score >= 75:
level = "advanced"
elif latest_score >= 60:
level = "intermediate"
else:
level = "beginner"

progress_list.append(CharacterProgress(
character=char,
first_score=first_score,
latest_score=latest_score,
best_score=best_score,
practice_count=len(entries),
improvement=round(improvement, 1),
mastery_level=level,

))

# HTIRERFHT (HPRAMN)
most_improved = sorted(
progress_1list, key=lambda p: p.improvement, reverse=True

# MREIN (RFDRT70EERE>3)
needs_practice = sorted(
[
p for p in progress_list
if p.latest_score < 70 and p.practice_count > 3
1,
key=lambda p: p.latest_score,

return most_improved, needs_practice



api/

api/profile_api.py

# BRERFIEITSHECMARRGE V1.0
# api/profile_api.py - ZIEESAPIEL

import logging

from typing import Optional, List, Dict, Any
from datetime import datetime, date, timedelta
from enum import Enum

from fastapi import APIRouter, Query, Path, Depends, HTTPException
from pydantic import BaseModel, Field

logger = logging.getLogger("writech.analytics.profile")
router = APIRouter(tags=["ZEE{%"])
#

# BURRBIEN

#

class SubjectEnum(str, Enum):

AR s

CHINESE = "chinese"
MATH = "math"

ENGLISH = "english"
PHYSICS = "physics"
CHEMISTRY = '"chemistry"
BIOLOGY = "biology"

class KnowledgeMastery(BaseModel):

MRS ERE R

knowledge_id: str = Field(..., description="#1iR=ID")

knowledge_name: str = Field(..., description="#1IR&ER&R")

chapter: str = Field("", description="FiEET")

mastery_level: float = Field(0.0, ge=0.0, le=1.0, description="%EiEE (0-1)")
practice_count: int = Field(@, description="4kZ]/x%x")

correct_rate: float = Field(0.0, description="IEFZ")

last_practice_at: Optionallstr] = Field(None, description="&ifZ>JA[E)")
trend: str = Field("stable", description="#4#: improving/declining/stable")

class WeakPoint(BaseModel):

MUSESS RIIR AR EL

knowledge_id: str

knowledge_name: str

mastery_level: float

error_count: int = Field(@, description="%&i%/x%")
suggested_exercises: List[str] = Field([], description="##EF%>J&ID")
related_knowledge: List[str] = Field([], description="kEx&NIRs=")



class StudentProfile(BaseModel):
A B R
student_id: str
student_name: str
class_id: str
grade: str
school_id: str

# BIRFEAIKTE

overall_score: float = Field(0.0, description="4&Z&1EH (BDHE)")
overall_rank: int = Field(@, description="¥IZHEE")
overall_trend: str = Field("stable", description="2{K{5%")

# BRBEEEE
subject_scores: Dict[str, float] = Field({}, description="&&RBiEH")

# HRREIEEERE
knowledge_mastery: List[KnowledgeMastery] = Field([])

# HIHT

weak_points: List[WeakPoint] Field([]1)

# BERENITE

writing_quality_score: float = Field(0.0, description="HSHEHITH")
stroke_order_accuracy: float = Field(0.0, description="2E|REmM=R")
writing_speed: float = Field(0.0, description="HE5&EE(F/H)")

# IS IRGIT

avg_daily_study_minutes: float = Field(0.0, description="HigZIJIH(H)")
homework_completion_rate: float = Field(0.0, description="{El/SERZE")
homework_on_time_rate: float = Field(0.0, description="#ZEHEITZH")

# TR
updated_at: str = Field("", description="E{REFAIE")

class ClassProfile(BaseModel):
R G R
class_id: str
class_name: str
grade: str
student_count: int

# VERERIEIR

avg_score: float = Field(0.0, description="¥IHKFI5")
median_score: float = Field(0.0, description="II&HNIH")
max_score: float = Field(0.0, description="&=%")
min_score: float = Field(0.0, description="&{&%")

std_deviation: float = Field(0.0, description="#m&ZE")

# BEDm (DEEAL)
score_distribution: Dict[str, int] = Field(
{}, description="%9#Eo%m: {'90-100': 5, '80-89': 10, ...}"



# MIRRIIRERE
knowledge_avg_mastery: List[Dict[str, Anyl] = Field(I[])

# EBPIMRS (PERAEE)
class_weak_points: List[Dict[str, Anyl]l = Field(I[])

# 1RSIt
homework_avg_completion: float = Field(0.0)
homework_avg_score: float = Field(0.0)

class ProfileCompareResponse(BaseModel):
e EAIEST L p
student_profile: StudentProfile
class_avg: Dict[str, float]
grade_avg: Dict[str, float]
percentile: float = Field(0.0, description="FHBHHMHE")

#
# API#EOTM
#

@router.get("/student/{student_id}", response_model=StudentProfile)
async def get_student_profile(

student_id: str = Path(..., description="%4%1ID"),

subject: Optional[SubjectEnum] = Query(None, description="##ERB"),

REFETAZIBEG

BREZFANIIRZERE. F55HT. BEREN. FIJRE2EEGEUE.
FNAEEARZE, RRAEEEHCSFX.

logger.info("&EF4EE%: student_id=%s, subject=%s", student_id, subject)

try:
# MClickHouse&Eif#AE R TR EIE
# profile_data = await query_student_profile(student_id)

# MNeodj BRI R ZEENEIFIFT
# mastery = await query_knowledge_mastery(student_id, subject)
# weak = await query_weak_points(student_id, subject)

# HEREGIE

profile = StudentProfile(
student_id=student_id,
student_name="",
class_id="",
grade="",
school_id="",
updated_at=datetime.now().isoformat(),

return profile

except Exception as e:



logger.error ("EIFEBZKM: %s", str(e))
raise HTTPException(status_code=500, detail=f"ZEFFEEGEK: {str(e)}")

@router.get("/class/{class_id}", response_model=ClassProfile)

async def get_class_profile(
class_id: str = Path(..., description="¥IZKID"),
subject: Optional[SubjectEnum] = Query(None, description="##iERIB"),
start_date: Optionallstr] = Query(None, description="#Zt4HHA"),
end_date: Optionallstr] = Query(None, description="#£5RHE"),

RERMERZP IR

RERTFID . 28BS, EBAMRRFUREENSITEUE.
RUEBITHIREER TS,

logger.info("&EBIMHKFIE: class_id=%s, subject=%s", class_id, subject)

try:
# MClickHouseR&E&EBIRSTITEIRE
# class_stats = await aggregate_class_stats(class_id, subject, ...)

class_profile = ClassProfile(
class_id=class_id,
class_name="",
grade="",
student_count=0,

return class_profile

except Exception as e:
logger.error ("EGWRFIFERM: %s", str(e))
raise HTTPException(status_code=500, detail=f"ZEfPIRZERMK: {str(e)}")

@router.get("/compare/{student_id}", response_model=ProfileCompareResponse)
async def compare_student_with_class(

student_id: str = Path(..., description="%41ID"),

subject: Optional[SubjectEnum] = Query(None),

FHESYR/ FRILEDHT

BFERTUENS MR TIMFERFIIXNLE, HEBDUHE.

logger.info ("2 53 LED#7: student_id=%s", student_id)

try:
# BEWRAEDTABR
# student = await query_student_profile(student_id)

# BWPIRMFRTIE
# class_avg = await query_class_avg(student.class_id, subject)
# grade_avg = await query_grade_avg(student.grade, subject)



# ItEEOUHER
# percentile = await calc_percentile(student_id, student.grade)

return ProfileCompareResponse(

student_profile=StudentProfile(
student_id=student_id,
student_name="",
class_id="",
grade="",
school_id="",

),

class_avg={},

grade_avg={},

percentile=0.0,

except Exception as e:
logger.error("ZIEXERM: %s", str(e))
raise HTTPException(status_code=500, detail=str(e))

@router.get("/knowledge-map/{student_id}")

async def get_knowledge_map(
student_id: str = Path(..., description="Z41ID"),
subject: SubjectEnum = Query(..., description="#g8"),

REGIREEEEE TR

MNeodj EifizRIBENREE SN, SMEETAZEE,
4 R EMEBITHEChart s;B AV EIE I SONEIE,
logger.info(
"EIENIRELE : student_id=%s, subject=%s", student_id, subject
)

try:
# MNeo4j BEHHIR =T =MD
# nodes = await neo4j_query_knowledge_nodes(subject)
# edges = await neo4j_query_knowledge_edges(subject)

# BWRANEHIRRNEEE
# mastery_map = await query_mastery_map(student_id, subject)

# {AZEEChartsEIEEUERR
graph_data = {

"nodes": [1, # [{id, name, mastery, category, ...}]
"edges": [1, # [{source, target, relation_type}]
"categories": [

{"name": "EZiE"},

{"name": "ZHLHEE"},

{nnamell . IIEEE}E“};
{"name": "FRZF"},

return {



""code": 0,
"message'": "success",
"data": graph_data,

except Exception as e:
logger.error ("EEFNMREIELM: %s", str(e))
raise HTTPException(status_code=500, detail=str(e))

@router.get("/weak-analysis/{student_id}")

async def analyze_weak_points(
student_id: str = Path(..., description="Z41ID"),
subject: Optional[SubjectEnum] = Query(None),

top_n: int = Query(1@0, ge=1, le=50, description=" RERINEFHL"),

BEMRARRED

HEEAEAERMEAIREERIRXR, DITEBRAHLETF SN,
logger.info(
"S#EFE oM student_id=%s, subject=%s, top=%d",
student_id, subject, top_n,

try:
# EWHERICRRKBEAIRR

# errors = await query_error_records(student_id, subject)

# FFANeodj MIREEHITIRE S
# REMRRERERE, HEHRRMIARESHARERE

# root_causes = await trace_knowledge_prerequisites(errors)

# RSN

weak_analysis = {
"weak_points": [I, # EIFANRSRTIR
"root_causes": [1, # REHIRR
"suggestions": [1, # ZIEIN
"recommended_exercises": [], # EEHT

}
return {
""code": 0,
"message'": '"success",
"data": weak_analysis,
+

except Exception as e:
logger.error (&5 OHTKM: %s", str(e))
raise HTTPException(status_code=500, detail=str(e))

api/report_api.py



# BASHEHESI TS ZBCHMASTRG V1.0
# api/report_api.py - RESHSEIHAPI
# api/growth_api.py - BUKHTAPI

# model/data_models.py - #ZOEIBEREE X

import logging

from typing import Optional, List, Dict, Any
from datetime import datetime, date

from enum import Enum

from fastapi import APIRouter, Query, Path, HTTPException, BackgroundTasks
from pydantic import BaseModel, Field

logger = logging.getlLogger("writech.analytics.api")

#

# RESHAPIRH
#

report_router = APIRouter(tags=["{R&ESH"])

class ExportRequest(BaseModel):
"R ESHIEK"
report_type: str = Field(..., description="#R&ZH")
target_id: str = Field(..., description="B#rID(Z4/PI&K)")
start_date: str = Field(..., description="FHEH")
end_date: str = Field(..., description="#455%RHHA")
format: str = Field("pdf", description="#aH4&z(: json/pdf/html")
include_charts: bool = Field(True, description="EZBZEXR")

class ExportResponse(BaseModel):
R ES N
task_id: str
status: str
download_url: Optional[str] = None
estimated_seconds: int = 0

@report_router.post("/export", response_model=ExportResponse)
async def export_report(

request: ExportRequest,

background_tasks: BackgroundTasks,

ERHASHFERS

SHERIRE, REMESID,
B Fim @I 55 IDR RS FFWebSocke t @4
logger.info(
"RESHIER: type=%s, target=%s, format=%s",
request.report_type,
request.target_id,



request.format,

# HERRESID
task_id = f"rpt_{datetime.now().strftime('%Y%msd%H%sM%S"')}_{request.target_id[:8]}"

# BIREERES ARSI
# background_tasks.add_task(

# generate_report_task,
# task_id=task_id,

# config=request,

# )

return ExportResponse(
task_id=task_id,
status="processing",
estimated_seconds=30,

@report_router.get("/status/{task_id}")
async def get_export_status(task_id: str = Path(...)):
" ERRESEESKES

# status = await query_task_status(task_id)

return {
"task_id": task_id,
"status": "completed",

"download_url": None,

@report_router.get("/class/{class_id}")

async def get_class_report(
class_id: str = Path(..., description="¥f£&ID"),
subject: Optionallstr] = Query(None),
start_date: Optionall[str] = Query(None),
end_date: Optionallstr] = Query(None),

R IRSITRS

BREHIRTS . HEHT. BBMRAZAITHIE.
YRR EE R B IREE,

logger.info("PHRIRESI: class=%s, subject=%s", class_id, subject)

# PR BMXAIEE AR

# verify_class_permission(current_user, class_id)

# MClickHouseZBPIRAITEIE
# stats = await aggregate_class_report(class_id, subject, ...)

return {
""code": 0,
"message'": "success",
"data": {

"class_id": class_id,



"student_count": 0,
"avg_score": 0,
"score_distribution": {},
"weak_points": [],
"top_students": [],

Y

@report_router.get("/history")
async def list_report_history(
target_id: str = Query(..., description="B#5ID"),
report_type: Optionallstr] = Query(None),
page: int = Query(1, ge=1),
page_size: int = Query(20, ge=1, 1e=100),

M B R ETIE
# reports = await query_report_history(target_id, report_type, ...)
return {
""code": 0,
"data": {
"total": 0,
"page": page,
"items": [],
B
}
#
#  FEKHIBAPIIRHE
#

growth_router = APIRouter(tags=["pKHE"])

@growth_router.get("/{student_id}")
async def get_growth_trajectory(
student_id: str = Path(..., description="Z41ID"),
subject: Optionallstr] = Query(None, description="#&g8"),
start_date: Optionall[str] = Query(None),
end_date: Optionall[str] = Query(None),
granularity: str = Query("weekly", description="#iE: daily/weekly/monthly"),

SRERZALE AR

IREIZA TEHE T AT [8)38 Bl RO & B AR 1 248,
BIEMGEE. PEENZN. ZIJRTHE.
RKNAIEEE S FRBIE.
logger.info(
"EKHE: student=%s, subject=%s, granularity=%s",
student_id, subject, granularity,

# PR
# verify_student_access(current_user, student_id)



# MClickHouseZ gAY FEIE
# trend_data = await query_growth_trend(student_id, subject,

return {
""code": 0,
"message'": "success",
"data": {
"student_id": student_id,
"period": f"{start_date} ~ {end_date}",
"score_trend": [1, # PEEas
"writing_trend": [1, # PERENERE
"habit_trend": [1, # ISR
"milestones": [], # BIEEEMN
}I
+

@growth_router.get("/writing/{student_id}")

async def get_writing_growth(
student_id: str = Path(..., description="Z41ID"),
start_date: str = Query(..., description="FIRHEH"),
end_date: str = Query(..., description="4®RHHE"),

KB ERENMKIRE

BREZIVERE, BEMTE. PERESHENRKEDS,
logger.info(
"HERKEI: student=%s, %s~%s",
student_id, start_date, end_date,

~

THABEMKDHTEIE
from analytics.writing_growth import WritingGrowthAnalyzer
analyzer = WritingGrowthAnalyzer()
report = await analyzer.analyze_growth(
student_id, start_date, end_date

H OB K R R R

return {
""code": 0,
"message": "success",
"data": {
"student_id": student_id,
"overall_level": "",
"overall_score": 0,
"dimensions": {
"stroke_order": {"score": 0, "trend": "stable"},
"quality": {"score": 0, "trend": "stable"},
"speed": {"score": @, "trend": "stable"},
"structure": {"score": 0, "trend": "stable"},
B
"snapshots": [1],
"most_improved_chars": [],
"needs_practice_chars": [1,



@growth_router.get("/error/analysis/{student_id}")
async def get_error_analysis(
student_id: str = Path(..., description="%41ID"),
subject: Optionallstr] = Query(None),
top_n: int = Query(20, ge=1, 1le=100),

HBRIAR DT

IREIFAMEDISTT. FIRRES O, BRI,
FEEFIRENEHTIRE D,
logger. info(

"EEROMT: student=%s, subject=%s", student_id, subject

return {
""code": 0,
"message'": "success",
"data": {
"student_id": student_id,
"total_errors": 0,
"py_subject": {}, # ERBESA
"pby_knowledge": [, # RANR =
"error_types": {}, # HWADSE
"root_causes": [1, # RADH (ZHREE)
"recommendations": [1, # ZIEN
I
+

@growth_router.post("/push/parent")

async def push_to_parent(
student_id: str = Query(..., description="##41D"),
report_type: str = Query("weekly", description="#xiR&EHRE"),
background_tasks: BackgroundTasks = None,

MR PRERSHEEZER KR

BidWebSocket S APPHEA BAIR KEEFIEIRE .
RKiIGRRERENZSHEE,

logger.info("ZH&H*: student=%s, type=%s", student_id, report_type)

# ERRKRRS
# background_tasks.add_task(

# generate_and_push_parent_report,
# student_id=student_id,

# report_type=report_type,

#)

return {



""code": 0,
"message": "HIEETRERR",
"data": {"student_id": student_id},

#

# ZOBIBREEENX (model/data_models.py)

#

class GradelLevel(str, Enum):

||||||Eg&$iéuu n
GRADE_1 = '"grade_1"
GRADE_2 = '"grade_2"

GRADE_3 = '"grade_3"
GRADE_4 = "grade_4"
GRADE_5 = "grade_5"
GRADE_6 = "grade_6"
GRADE_7 = "grade_7"
GRADE_8 = "grade_8"
GRADE_9 = '"grade_9"

class StudentInfo(BaseModel):

Illlllﬁigj:{%—l%\llllll
student_id: str
name: str

class_id: str

grade: GradelLevel

school_id: str

gender: Optionallstr] = None
created_at: Optionall[str] = None

class ClassInfo(BaseModel):
"R AR
class_id: str
class_name: str
grade: GradelLevel
school_id: str
teacher_id: str
student_count: int = 0

class SchoolInfo(BaseModel):
MR
school_id: str
school_name: str
region: str
district: str

class ErrorRecord(BaseModel):
"UUEERRICRAEEY (MysQL) vt
id: Optionallint] = None
student_id: str
homework_id: str



question_id: str

subject: str

knowledge_point: str = ""

error_type: str = "" # ITHEEIR/RRE/FERE /AN
student_answer: str = ""

correct_answer: str = ""

created_at: str = ""

class ExamAnalysis(BaseModel):
IS ERER (ClickHouse) "M
exam_id: str
class_id: str
subject: str
exam_date: str
avg_score: float = 0.0
median_score: float = 0.0
max_score: float = 0.0
min_score: float = 0.0
std_deviation: float = 0.0
pass_rate: float = 0.0
excellent_rate: float = 0.0
score_distribution: Dict[str, int] = {}
difficulty_coefficient: float = 0.0
discrimination_index: float = 0.0

class KafkaEventSchema(BaseModel):
"""KafkaEME2Schema"""
event_id: str
event_type: str
student_id: str
class_id: str = ""
school_id: str = ""
timestamp: str
source: str = ""
payload: Dict[str, Anyl = {}

class Config:
json_schema_extra = {
"example": {
"event_id": "evt_20240101_001",
"event_type": 'grade_result",
"student_id": '"stu_001",
"class_id": '"cls_001",
"school_id": '"sch_001",
"timestamp": '"2024-01-01T10:00:00+08:00",

"source": "pad",

"payload": {
"homework_id": '"hw_001",
"subject": "chinese",

"'score": 85,
"total_score": 100,
Ve



etl/

etl/flink_processor.py

# BAEHZHIES TS ZIBCHMASRG V1.0
# etl/flink_processor.py — Flink ETLSCR#UEAMNEEE

import logging
import json
import hashlib

from typing import Any, Dict, List, Optional, Tuple
from datetime import datetime, timedelta

from dataclasses import dataclass, field, asdict
from enum import Enum

logger = logging.getlLogger("writech.analytics.etl")
#

# ETLEUEREY

#

class EventType(str, Enum):
MRS
STROKE_RAW = "stroke_raw"
GRADE_RESULT = "grade_result"
HOMEWORK_SUBMIT = "homework_submit"
OCR_RESULT = "ocr_result"
STROKE_ORDER = "stroke_order"
WRITING_QUALITY = "writing_quality"
EXAM_SCORE = "exam_score"
LOGIN_EVENT = "login_event"

@dataclass

class RawEvent:
" YR R
event_id: str
event_type: EventType
student_id: str
class_id: str
school_id: str
timestamp: str
payload: Dict[str, Any]
source: str = ""

@dataclass

class AggregatedMetric:
"UEAIEITAIE (SAClickHouse) "
metric_id: str
student_id: str
class_id: str
school_id: str

# [RIGETEIE
# HER
# EWIRRS
# OCRIRBILR
# ElRTo&ER
# BEREITD
# EWHGR
# BREH

# EH4EE (pad/mobile/pc/board)



subject: str

metric_type: str # 3IgtnZEHY

metric_value: float

dimension: str = "" # #H#E (fknowledge_id)
period: str = "daily" # R&REHA
period_start: str = ""

period_end: str = ""

created_at: str = ""

@dataclass

class StudentDailyStats:
g HHIE
student_id: str
date: str
subject: str
# 1EVEEE
homework_count: int = @
homework_completed: int = 0
homework_avg_score: float = 0.0
# HIHE
practice_count: int = 0
practice_total_chars: int = 0
practice_avg_score: float
# PEYRE
writing_quality_avg: float = 0.0
stroke_order_accuracy: float = 0.0
writing_speed_avg: float = 0.0
# HEOKE
error_count: int = 0
error_knowledge_points: List[str] = field(default_factory=1list)
# WE%EE
study_duration_minutes: int = 0@

1
(S
S

#
# Flink ETLAMEEE
#

class FlinkETLProcessor:

FlinkSEETETLAM 3RS

BB
[EYA M/ IR - Kafka - FlinkSZAHTE -
REIERBE NClickHouse -~ ERN4ERIZHIRS

SAERRNER :
1. #UEXRE (Kafka Source)
2. BIBERSNEN
3. IMREITE
4, @Ot
5. BAClickHouse (Sink)

def __init_ (self, config: Dictl[str, Anyl):
IIII"%}J&S{{ETL%}E%‘%"""



self.kafka_brokers = config.get("kafka_brokers", "localhost:9092")
self.kafka_topics = config.get("kafka_topics", [1)
self.clickhouse_config = config.get("clickhouse", {})
self.batch_size = config.get("batch_size", 100)
self.window_size_seconds = config.get("window_size", 60)

# REPHIREEHAX

self._daily_stats_buffer: Dict[str, StudentDailyStats] = {}
self._metric_buffer: List[AggregatedMetric] = []
self._error_records_buffer: List[Dict[str, Anyl] = []

# BERESRIT
self._processed_count = 0
self._error_count = 0
self._dropped_count = 0

logger. info(
"FlinkETL#)%ft: brokers=%s, topics=%s, batch=%d",
self.kafka_brokers,
self.kafka_topics,
self.batch_size,

def start_pipeline(self) —-> None:
IIIIIIEE}JETL%E@%‘LIIII 1]
logger.info("E&IFlink ETLAMEEE...")

# EEBFLinkITIME

# env = StreamExecutionEnvironment.get_execution_environment()
# env.set_parallelism(4)

# env.enable_checkpointing(60000) # 60%’checkpoint

E X KafkasiiER

kafka_source = KafkaSource.builder() \
.set_bootstrap_servers(self.kafka_brokers) \
.set_topics(self.kafka_topics) \
.set_group_id("analytics-et1") \
.set_starting_offsets(KafkaOffsetsInitializer.latest()) \
.set_value_only_deserializer(SimpleStringSchema()) \
Louild()

HOoH B R OB OB KR

H*

BIREIER
stream = env.from_source(kafka_source, ...)

+

# BB IREE

# stream \

# .map(self._parse_event) \

# .filter(self._validate_event) \

# .key_by(lambda e: e.student_id) \

# .window(TumblingEventTimeWindows.of (Time.minutes(1))) \
# .process(self._aggregate_window) \

# .add_sink(clickhouse_sink)

# env.execute("WritechAnalyticsETL")

logger. info("ETLEBER")



def

_parse_event(self, raw_json: str) -> Optional[RawEvent]:

EEMTTRIAISONGE B ARawEvent I &

RE AL :
- hFifElZevent_type, student_id, timestamp=FEX
- timestampigz{iki& (ISO 8601)

- diE=payload
try:

data = json.loads(raw_json)

# FERSEEEMRI
required_fields = ["event_type", "student_id", "timestamp"]
for field_name in required_fields:
if field_name not in data or not datal[field_name]:
self._dropped_count += 1
logger.debug("EFATEEMH: RD%s", field_name)
return None

# BHEBR
try:
event_type = EventType(data["event_type"])
except ValueError:
self._dropped_count += 1
logger.debug ("EFRIMBMER: %s", datal"event_type"l])
return None

# BEBRL

try:
datetime.fromisoformat(

data["timestamp"].replace("Z", "+00:00")

)

except (ValueError, AttributeError):
self._dropped_count += 1
return None

# ERE—SHID (XEA)

event_id = hashlib.md5(
f'{datal'student_id']l}_{datal'timestamp']l}_{raw_json[:50]}"
.encode()

) .hexdigest()

event = RawEvent(
event_id=event_id,
event_type=event_type,
student_id=data["student_id"],
class_id=data.get("class_id", ""),
school_id=data.get("school_id", ""),
timestamp=data["timestamp"],
payload=data.get("payload", {}),
source=data.get("source", ""),

self._processed_count += 1
return event



except json.JSONDecodeError as e:
self._error_count += 1
logger.warning (" JSONfEMTLIK: %s", str(e))
return None

except Exception as e:
self._error_count += 1
logger.error ("SH@EMEE: %s", str(e))
return None

def _validate_event(self, event: Optional[RawEvent]) -> bool:
man g{#ﬁ&“&‘lgﬂ;,u" mnn
if event is None:
return False

# TRTIBEIE (B 7RALE)
try:
event_time = datetime.fromisoformat(
event.timestamp.replace("z", "+00:00")
)
if datetime.now(event_time.tzinfo) - event_time > timedelta(days=7):
self._dropped_count += 1
return False
except Exception:
return False

return True

def process_event(self, event: RawEvent) —> None:

RIBSHERB S RE

TESEHEBEEARNREEE:
stroke_raw: EitPEENSE

- grade_result: BFfEWEDHIT
stroke_order: EFZEINERZE
writing_quality: EFBEREITH

handler_map = {
EventType.STROKE_RAW: self._process_stroke,
EventType.GRADE_RESULT: self._process_grade,
EventType.HOMEWORK_SUBMIT: self._process_homework,
EventType.OCR_RESULT: self._process_ocr,
EventType.STROKE_ORDER: self._process_stroke_order,
EventType.WRITING_QUALITY: self._process_writing_quality,
EventType.EXAM_SCORE: self._process_exam_score,

handler = handler_map.get(event.event_type)
if handler:
handler(event)
else:
logger.debug ("RAEAIEHEE: %s", event.event_type)

def _get_daily_stats(

self, student_id: str, date_str: str, subject: str
) —> StudentDailyStats:

" RN B A B B



key = f"{student_id}_{date_str}_{subject}"
if key not in self._daily_stats_buffer:
self._daily_stats_buffer[key] = StudentDailyStats(
student_id=student_id,
date=date_str,
subject=subject,
)
return self._daily_stats_buffer[key]

def _process_stroke(self, event: RawEvent) —> None:
"N R YA AR E S A
payload = event.payload
stroke_count = payload.get("stroke_count", 0)
page_id = payload.get("page_id", "")

# R2itETEREHST

date_str = event.timestamp[:10]

subject = payload.get("subject", "unknown")

stats = self._get_daily_stats(event.student_id, date_str, subject)
stats.practice_total_chars += stroke_count

# £REDER SIS

metric = AggregatedMetric(
metric_id=event.event_id,
student_id=event.student_id,
class_id=event.class_id,
school_id=event.school_id,
subject=subject,
metric_type="stroke_count",
metric_value=float(stroke_count),
dimension=page_id,
period_start=date_str,
created_at=event.timestamp,

)

self._metric_buffer.append(metric)

def _process_grade(self, event: RawEvent) —> None:
nUn OB R E S
payload = event.payload
score = payload.get("score", 0)
total_score = payload.get("total_score", 100)
subject = payload.get("subject", "unknown")
homework_id = payload.get("homework_id", "")

date_str = event.timestamp[:10]

stats = self._get_daily_stats(event.student_id, date_str, subject)
stats.homework_count += 1

stats.homework_completed += 1

# IBEERTD

n = stats.homework_completed

stats.homework_avg_score = (
stats.homework_avg_score x (n - 1) + score

) / n

# QEREERRIDR
errors = payload.get("errors", [])



for error in errors:
knowledge_point = error.get('"knowledge_point", "")
if knowledge_point:
stats.error_count += 1
if knowledge_point not in stats.error_knowledge_points:
stats.error_knowledge_points.append(knowledge_point)

# HEEE AMySQL
self._error_records_buffer.append({
"student_id": event.student_id,
""homework_id": homework_id,
"question_id": error.get("question_id", ""),
"subject": subject,
""knowledge_point": knowledge_point,
"error_type": error.get("error_type", ""),
""created_at": event.timestamp,

})

def _process_homework(self, event: RawEvent) —> None:
"t ONRE R RS
payload = event.payload
subject = payload.get("subject", "unknown")
time_cost = payload.get("time_cost_minutes", 0)

date_str = event.timestamp[:10]
stats = self._get_daily_stats(event.student_id, date_str, subject)
stats.study_duration_minutes += time_cost

def _process_ocr(self, event: RawEvent) —> None:
"M OMBOCRIRBIG R EH "
payload = event.payload
confidence = payload.get("confidence", 0.0)
char_count = payload.get("char_count", 0)

# OCRIRBILERATHENTE R SIEMEIER

metric = AggregatedMetric(
metric_id=event.event_id,
student_id=event.student_id,
class_id=event.class_id,
school_id=event.school_id,
subject="chinese",
metric_type="ocr_confidence",
metric_value=confidence,
created_at=event.timestamp,

)

self._metric_buffer.append(metric)

def _process_stroke_order(self, event: RawEvent) -> None:
MU OB S R B
payload = event.payload
score = payload.get("score", 0.0)
character = payload.get('character", "")

date_str = event.timestamp[:10]
stats = self._get_daily_stats(event.student_id, date_str, "chinese")

# IBEEMEINERE



stats.practice_count += 1

n = stats.practice_count

stats.stroke_order_accuracy = (
stats.stroke_order_accuracy * (n — 1) + score

) / n

def _process_writing_quality(self, event: RawEvent) —> None:
RS RS B
payload = event.payload
quality_score = payload.get('"quality_score", 0.0)
speed = payload.get("speed", 0.0)

date_str = event.timestamp[:10]
stats = self._get_daily_stats(event.student_id, date_str, "chinese")

# BB EREREM
count = max(stats.practice_count, 1)
stats.writing_quality_avg = (

stats.writing_quality_avg * (count - 1) + quality_score
) / count
stats.writing_speed_avg = (

stats.writing_speed_avg * (count - 1) + speed
) / count

def _process_exam_score(self, event: RawEvent) —> None:
nUOhEEI R S
payload = event.payload
subject = payload.get("subject", "unknown")
score = payload.get("score", 0)
total = payload.get('total_score", 100)

metric = AggregatedMetric(
metric_id=event.event_id,
student_id=event.student_id,
class_id=event.class_id,
school_id=event.school_id,
subject=subject,
metric_type="exam_score",
metric_value=float(score),
dimension=payload.get("exam_id", ""),
created_at=event.timestamp,

)

self._metric_buffer.append(metric)

def flush_to_clickhouse(self) —> int:

BRAXNREIEMMEES AClickHouse

fFRClickHouseIINSERTHI EE NIR S 1HAE.,

ENEEEEHX,

REIS NHIEEE,

if not self._metric_buffer and not self._daily_stats_buffer:
return 0

total_written = 0



# SEAREIER

if self._metric_buffer:
metrics = [asdict(m) for m in self._metric_buffer]
# clickhouse_client.execute(

# "INSERT INTO analytics_metrics VALUES",
# metrics,
# )

total_written += len(metrics)

logger. info("EA%d&RE1EIMEIClickHouse", len(metrics))

self._metric_buffer.clear()

# SEASHST
if self._daily_stats_buffer:
daily_stats = [

asdict(s) for s in self._daily_stats_buffer.values()

1
# clickhouse_client.execute(

# "INSERT INTO student_daily_stats VALUES",
# daily_stats,
# )

total_written += len(daily_stats)

logger.info("EA\%d%&EH%115IClickHouse", len(daily_stats))

self._daily_stats_buffer.clear()

# BENBEFICFREIMYSQL
if self._error_records_buffer:

# mysql_batch_insert("error_record", self._error_records_buffer)

total_written += len(self._error_records_buffer)
logger.info(

"B N%A I EEIMYSQL", len(self._error_records_buffer)

)

self._error_records_buffer.clear()

return total_written

def get_pipeline_stats(self) —> Dictl[str, int]:

v RN R

return {
"processed": self._processed_count,
"errors": self._error_count,
"dropped": self._dropped_count,
"buffer_metrics": len(self._metric_buffer),
"puffer_daily": len(self._daily_stats_buffer),
"buffer_errors": len(self._error_records_buffer),

def stop_pipeline(self) —> None:
"WMSIFETLEE, RmIFRFAEZERX""
logger.info("EEfELEETLEE...")
self.flush_to_clickhouse()
logger. info(
"ETLEBEEELE. Fiit: %s", self.get_pipeline_stats()

report/



report/report_generator.py

# BABHRZHIESTSZBISMARRG V1.0
# report/report_generator.py - FIERELMS|IE

import logging

import json

import hashlib

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

from enum import Enum

logger = logging.getLogger("writech.analytics.report")

REXRBSER

H H B

class ReportType(str, Enum):
IIIIII?E%%?&W%IIIIII

STUDENT_WEEKLY = "student_weekly" # FHEER
STUDENT_MONTHLY = "student_monthly" # FEAR
CLASS_WEEKLY = "class_weekly" # VIR AR
CLASS_MONTHLY = "class_monthly" # VIR AR
EXAM_ANALYSIS = "exam_analysis" # ZXDMIRE
WRITING_GROWTH = "writing_growth" # PERKRS
PARENT_PUSH = "parent_push" # REHEERS

class ReportFormat(str, Enum):
tUR AR
JSON = "json"
PDF = "pdf"
HTML = "html"

@dataclass
class ReportSection:
nrpEET
title: str
section_type: str # summary/chart/table/text/recommendation
content: Dict[str, Any] = field(default_factory=dict)
order: int = 0

@dataclass
class ReportConfig:
MR EE R EE"
report_type: ReportType
target_id: str # FEIDSYIKID
start_date: str
end_date: str
output_format: ReportFormat = ReportFormat.JSON



include_charts: bool = True
include_recommendations: bool = True
language: str = "zh-CN"

@dataclass

class GeneratedReport:
R 27 T
report_id: str
report_type: ReportType
target_id: str
title: str
period: str
sections: List[ReportSection]
summary: str = ""
generated_at: str = ""
file_path: Optionallstr] = None

def to_json(self) —> Dictl[str, Any]:

"M EBI{E 9 ISON

return {
"report_id": self.report_id,
"report_type": self.report_type.value,
"target_id": self.target_id,
"title": self.title,
"period": self.period,
"summary": self.summary,
"sections": [

{
"title": s.title,
"type": s.section_type,
"content": s.content,
"order": s.order,

b

for s in self.sections
g
"generated_at": self.generated_at,
"file_path": self.file_path,

b
#
# IREEMSIE
#

class ReportGenerator:

FIFIREEMSIZE

TR

1. ZEAER/BIR (PAZBERE+ SR+ BSEEN+EIN)
VIRREIR/ BiR (MERGIT+D D H+E5551IR M)
ERXONRE (RADT+R D E+HEEREN)
BEEWKRE (BEREEE+EZINEL+33LE)
REHRIRE (Bl NAZBE+ZIZIN)

u b~ WN

HttgzL: JSON / PDF / HTML



def __init__ (self, output_dir: str, template_dir: str):
"R iRES 1B
self.output_dir = output_dir
self.template_dir = template_dir
logger. info("#R&ESIZMIA/: output=%s", output_dir)

async def generate_report(
self, config: ReportConfig
) —> GeneratedReport:

RIBREERIRS

Az

1. MClickHouse/MySQLEERIAEIE
2. ARXNNIREERBNDITELE

3. BARIREET

4. HEAEEER

logger.info(
"THAAERIRS : type=%s, target=%s, period=%s~%s",
config.report_type.value,
config.target_id,
config.start_date,
config.end_date,

# WRIBRELED K

generator_map = {
ReportType.STUDENT_WEEKLY: self._gen_student_report,
ReportType.STUDENT_MONTHLY: self._gen_student_report,
ReportType.CLASS_WEEKLY: self._gen_class_report,
ReportType.CLASS_MONTHLY: self._gen_class_report,
ReportType.EXAM_ANALYSIS: self._gen_exam_report,
ReportType.WRITING_GROWTH: self._gen_writing_report,
ReportType.PARENT_PUSH: self._gen_parent_report,

gen_func = generator_map.get(config.report_type)
if not gen_func:
raise ValueError(f"AR 1509k E2E: {config. report_type}")

report = await gen_func(config)

# M REEERN

if config.output_format == ReportFormat.PDF:
await self._export_pdf(report)

elif config.output_format == ReportFormat.HTML:
await self._export_html(report)

logger.info(

MREARNSER: 1d=%s, title=%s",
report.report_id, report.title,

return report



async def _gen_student_report(
self, config: ReportConfig
) —> GeneratedReport:

ERFETAZERS (BR/BR)

BT

1. BRHRE (RETD. H&. B8)

2. ERIEDN (D8, ERMRS. FHHER)

3. fEWEMIER

4. BEHENITL

5. ZIJIRP

6. MHEMHEIN

report_id = self._gen_report_id(config)

period_label = f"{config.start_date} ~ {config.end_date}"
is_weekly = config.report_type == ReportType.STUDENT_WEEKLY

sections: List[ReportSection] = []

# BT BRI
# overview_data = await self._query_student_overview(
# config.target_id, config.start_date, config.end_date
#)
sections.append(ReportSection(
title="SRZIEH K",
section_type="summary",
content={
"overall_score": 0,
"rank_in_class": 0,
"rank_change": 0, # 5_LHISSLERIRISML
"trend": "stable",
"highlight": "", # =SSR
B
order=1,
))

# 5§27 &SRB
sections.append(ReportSection(
title="&RBZ2EDH",
section_type="chart",
content={
"chart_type": "radar", # TiAE
"subjects": [1, # [{name, score, class_avg, grade_avg}]
"detail": [1, # BRHEADT
Y
order=2,

))

# 37 fRASERIER
sections.append(ReportSection(
title="{EWSEMEEIT",
section_type="table",
content={
"total_homework": 0,
""completed": 0,



"on_time": 0,
"avg_score": 0,
"completion_rate": 0,
"detail_list": [1, # FBRMELAEH
b
order=3,

))

# 847 BEREIHE
sections.append(ReportSection(
title="HEREHITL",
section_type="chart",
content={
"chart_type": "line", # EERREE
"stroke_order_accuracy": 0,
"writing_quality": o,
"writing_speed": 0,
“"trend_data": [1, # NEHES
"improvement": "",
iy
order=4,

))

# 57 FIIIR
sections.append(ReportSection(
title="%IJJIRHH",
section_type="chart",
content={
"chart_type": "bar", # HHREEBRRESANK
"avg_daily_minutes": 0,
""peak_hour": 0,
"weekly_pattern": [], # A—~HEEK
"consistency": 0,
I
order=5,
))

# 6T TMAEIY
if config.include_recommendations:
recommendations = self._generate_recommendations(
student_id=config.target_id,
sections=sections,
)
sections.append(ReportSection(
title=""PMEHEIEIN",
section_type="recommendation",
content={
"recommendations'": recommendations,
I
order=6,
))

# LR

summary = self._generate_summary(sections, "student")

return GeneratedReport(
report_id=report_id,



report_type=config. report_type,
target_id=config.target_id,

title=f"24£{'A"' if is_weekly else 'RB'}ZIFRE",
period=period_label,

sections=sections,

summary=summary,
generated_at=datetime.now().isoformat(),

async def _gen_class_report(
self, config: ReportConfig
) —> GeneratedReport:

ERVERFERS

B R, SO, EBANRA. MBE/H#TEE . HEED
report_id = self._gen_report_id(config)
sections: List[ReportSection] = []

# VERARIT
sections.append(ReportSection(
title="RZFIFHE",
section_type="summary",
content={
"student_count": 0,
"avg_score": 0,
"median_score": 0,
"pass_rate": 0,
"excellent_rate": 0,
}r
order=1,

))

# BEDMm
sections.append(ReportSection(
title="mH&EDHOM",
section_type="chart",
content={
"chart_type": "histogram",
"distribution": {}, # ZHEABDH
"comparison": {}, # 5 EHESSEE
i
order=2,
))

# HEEBEIIRR
sections.append(ReportSection(
title="LEIBFIRS",
section_type="table",
content={
"weak_points": [1, # [{ZiRm, ERZE, FTRAZ}]
I
order=3,

))

# B/ ESFE



sections.append(ReportSection(
title="MMESHSFE",
section_type="table",

content={
"top_students": [1, # B0
"most_improved": [1, # HESRARNFEE
"need_attention": [], # J|RIFNFE

I

order=4,

))

# BFEN
sections.append(ReportSection(
title="#FoHEIN",
section_type="recommendation",
content={
"recommendations": [
"X ESS AR SRR PRI T RS,
"KERS RS, REEITTIES",
"R BELH R ARIKFEZEE K",
g
Y
order=5,

))

return GeneratedReport(
report_id=report_id,
report_type=config.report_type,
target_id=config.target_id,
title="MRFFEHTIRE",
period=f"{config.start_date} ~ {config.end_date}",
sections=sections,
generated_at=datetime.now().isoformat(),

async def _gen_exam_report(
self, config: ReportConfig
) —> GeneratedReport:
"MERER OIS (RADH+RAEREHEERE) "

report_id = self._gen_report_id(config)

sections = [
ReportSection(
title="ZHXELREFR",
section_type="summary",
content={"exam_name": "", "subject": "", "total_score": 100},
order=1,
) ’
ReportSection(
title="p&geit"
section_type="chart",
content={
"avg": 0, "median": 0, "max": @, "min": O,
"std_dev": 0, "pass_rate": 0,
"distribution": {},

+

order=2,



)s

ReportSection(
title="ME D",
section_type="table",

content={

"questions": []1, # &&
}I
order=3,

return GeneratedReport(
report_id=report_id,
report_type=config.report_type,
target_id=config.target_id,
title="Z{DIRE",
period=config.start_date,
sections=sections,

generated_at=datetime.now().isoformat(),

async def _gen_writing_report(
self, config: ReportConfig
) —> GeneratedReport:

"""ﬂiﬁﬁ%gﬁzﬁ?ﬁ%"""

report_id = self._gen_report_id(config)

sections = [
ReportSection(
title="HEgEHZT",
section_type="summary",
content={
"overall_level": "",
"'stroke_accuracy": 0,
"quality_score": 0,
"speed": 0,

e

order=1,

),

ReportSection(
title="mKa",
section_type="chart",
content={

"chart_type": "line",

"data_points": [1, # {&@A/BrEDHEE

e
order=2,

)r

ReportSection(
title="ERHE[[=A",
section_type="table",
content={

"issues": [], # ZINEIR. EMME

}

order=3,

)s



return GeneratedReport(
report_id=report_id,
report_type=config.report_type,
target_id=config.target_id,
title="HEHKIRE",
period=f"{config.start_date} ~ {config.end_date}",
sections=sections,
generated_at=datetime.now().isoformat(),

async def _gen_parent_report/(
self, config: ReportConfig
) —> GeneratedReport:

ERRKEERS (BLAR)

FRIGIREEEAT

- RAFEIMR (1. HRETWL)
- IR

- BEXENNE

- RREAGEN

report_id = self._gen_report_id(config)

sections = [

ReportSection(
title="ZAREAZIMR",
section_type="summary",
content={

"overall_score": 0,

"rank_change": 0,

""homework_completed": 0,

"total_homework": o,

"study_minutes": 0,

e
order=1,

),

ReportSection(
title="BEXZF",
section_type="text",
content={

"attention_subjects": [],

"weak_points": [],

e
order=2,

),

ReportSection(
title="ZxRKZIX",
section_type="recommendation",
content={

"recommendations": [
"ERINE (R IR SRR,
"EINERTHI5-200 WA E",
"ZEmMZFEESENE LS,

] ’

3



order=3,

return GeneratedReport(
report_id=report_id,
report_type=config.report_type,
target_id=config.target_id,
title="&ZFARAZIFRE",
period=f"{config.start_date} ~ {config.end_date}",
sections=sections,
generated_at=datetime.now().isoformat(),

def _generate_recommendations(
self,
student_id: str,
sections: List[ReportSection],
) —> List[str]:
MM EFRETHRIBER S BN
recommendations: List[str] = []

# WRAIFEA TR AE AR EIY

for section in sections:

if section.title == "fE/=MZIT"
rate = section.content.get("completion_rate", 0)
if rate < 80:

recommendations.append(
"TEWSERERIRIE, BIEEREREW S RFTMASIR"

if section.title == "HEREHIHE":
quality = section.content.get("writing_quality", 0)
if quality < 60:
recommendations.append(
"EEABMESRES, BNEBREFISHHFIES"

if section.title == "ZEIJIJBHH":
consistency = section.content.get("consistency", 0)
if consistency < 0.5:
recommendations.append(
"FI B EIAGEIE, BNEIEEENEIERIT"

if not recommendations:
recommendations.append ("H#ERIGEFHNZSI SR, FRERHALS! )

return recommendations

def _generate_summary(
self,
sections: List[ReportSection],
report_target: str,

) —> str:
MRIEIRE R T BEshER X FRE

if report_target == "student":



return "AIRELCLS T ZFEERSEABANZWRI, $EEHMNEIIIRDW. "

elif report_target == "class":
return "FRELCE THRERSEHRNRBEZE. HEaoHmHNBFERN, "
return ""

def _gen_report_id(self, config: ReportConfig) —> str:
MU Ry E—R S ID"
raw = (
f"{config.report_type.value}_{config.target_id} "
f"{config.start_date}_ {config.end_date}"
)
return hashlib.md5(raw.encode()).hexdigest()[:16]

async def _export_pdf(self, report: GeneratedReport) —> None:

BIRESHIPDFXH

{£FReportLab/WeasyPrint;EPDF:

- T1/E: B#ASlogo + IREIRRR

- EX: BETRE (BXREMEChartsERNER)

— Tifl: T8 + A REAT(E)

# from weasyprint import HTML

# html_content = self._render_html_template(report)

# pdf_path = f"{self.output_dir}/{report.report_id}.pdf"
# HTML(string=html_content).write_pdf(pdf_path)

# report.file_path = pdf_path

logger.info("PDF&H: %s", report.report_id)

async def _export_html(self, report: GeneratedReport) —> None:
IR S OHTML A
# html_path = f"{self.output_dir}/{report.report_id}.html"
# with open(html_path, "w", encoding="utf-8") as f:
# f.write(self._render_html_template(report))
# report.file_path = html_path
logger.info("HTMLSH: %s'", report.report_id)

ERIREERRE

H B

class ReportScheduler:

IREENERRERS

2o

- BHERRENAI—RNFAEBR

- BA—4%R EEANZERRTNIRER
- SR1REMERMABIR

def __init__ (self, generator: ReportGenerator):
self.generator = generator
logger. info ("R EFAERFEML")

async def run_daily_reports(self) —> int:



"R B HIREERES"""
yesterday = (date.today() - timedelta(days=1)).isoformat()
logger.info("HITEHIREEM: date=%s", yesterday)

generated_count = 0
BRFAEIRFEID
student_ids = await get_active_student_ids()
for sid in student_ids:
config = ReportConfig(
report_type=ReportType.PARENT_PUSH,
target_id=sid,
start_date=yesterday,
end_date=yesterday,
)
await self.generator.generate_report(config)
generated_count += 1

HOoH H R OH KRR B W R

logger.info("BHREEMTM: H%dfs", generated_count)
return generated_count

async def run_weekly_reports(self) —-> int:
"RITBEREERES"""
end_date = date.today() - timedelta(days=1)
start_date = end_date - timedelta(days=6)
logger. info(
"HITERAIRE: %s ~ %s",
start_date.isoformat(),
end_date.isoformat(),

generated_count = 0
# ARFAERIRMVIRER
# ...

logger.info("BEMREEMTM: H%df", generated_count)
return generated_count

async def run_monthly_reports(self) —> int:
"UHAT BEREERES""
today = date.today()
end_date = today.replace(day=1) - timedelta(days=1)
start_date = end_date.replace(day=1)
logger. info(
"HATAEIRS: %s ~ %s",
start_date.isoformat(),
end_date.isoformat(),

generated_count = 0@

# ERFERR. VRAR. BERKERS
# ...

logger.info (" BERSEMSEA: H%dfp", generated_count)
return generated_count



