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11 REE T S INEELR R

BASHFHRESINSEBEPHARRYE (UTER"ZBRA") 2EASEMNREFLAEE
DZOANt, RRNFERSREDRFEH1TSHEARLIEDN, ERTECRIFOMRE, B
., FREEE . RRIEHEERNBZARMREZIE,

FIBARAGRKBAIECES IR DT | ZHESHIFIAREEM, BidApache KafkaZU SERYERIETR,
Apache Flinki#1TRIVETLAMNE, ClickHousefzfi# o #rBL%4#E, Python (Pandas/Scikit-learn)
STIIZ2WE A, NeodjiBANRRKEXEIE, EChartsIEENrI IR KRER.

FEIPHERIR:



(1) ZETAZBEG: NEUFENMESHENZIER, BESFMNRRZEERNE. *#
SJENFIRE. BEREBREE. #E/BSMEMRE, BHINEE 7 BSUPENZSIIRE,

(2) MBSERFIEGIT: MR ERN RN, FIHELFEHD M. RERESH (/R/
/%), MREEEBXE. BABEHCRESIHIE, HEHITRR.

(3) RS ZHAMGHDIT: WERFULHZWNHTREDT, BREEERY (FEEHR). X9
E (BoBRIRIBRFEESVELNGSER) . ARRBEER. NRABRENILE,

(4) BEREAMKNE: UNEHMTZARTEBUFENREREH LN, BIEOCRIRAEMHZER
3 (RRFENSEIEE). ZINERRES. $5EEREZNF,

(6) BAUARSAIRENE: BFENERERSAREERNMIRR[BTREL, HEMRAEEE
FLMMR, EIERRERRR (W"NABEAR"NEER"DEHREEERE").

(6) HEMRME: ETZERGEETEBUNNBERR, ERHAMSERS, FHBHEUHIRA!
HEABPIESHENT,

(7) FIMEIRR: IRMMFEHMEChartsBR (ITEE. HRE. ErE. ANHE. REE%), X
IREPDFEY,

(8) FKiiA: T4 (S0/SA/SATRE) BLERBRSEATREFN, RAREN
K.

1.2 RERESERIDR

FRAZNZOMEE T HEBEN P EHENERERR A ATITHNRERE, EATUTH

=.
=

(1) TEEHFESZ: FNERENRELRES E—REUNERDF, THRBLMRARFES
BEERYT, BLORBARBFER,

(2) RRTBFLXEINR: RREFKEFRFEHEE, EAFBEELTRER. BEHTH
BEER. AMREETN, RESHEIMIRE,

(3) ZREFEHFMELRE: HSEAIRKAETEERZURNBZREEEXILE, RHZ
IRGEERENHDT ZEOUR, HTHIMNEERT,

(4) HEESNEIESIE: AN RZBREIEHITEEZRNAHNE, BETHREEVMHEEM
FETENBRIE,

(5) MHEMAFEIHE: ETRENMREERR, MFEEEFEHXIMNGSIBENZEIRR, X
WM E,



1.3 BITHRS RAEKR

A
BRIERS
PythonhR 7~
JavahR A
Apache Kafka
Apache Flink
ClickHouse
MySQL
Neo4j
MongoDB
Redis

RERS I E

ER

Linux (CentOS 7.6+ / Ubuntu 20.04+)
Python 3.9+

OpendDK 11+ (Flink{#F)
3.4+ (BiEENHZBAT)
117+ (SERYRALIEETL)
23.x+ (OLAPOHTELEIERE)
8.0+ (OLTPISS ki)
S5.x+ (RIREIEEUERE)
6.0+ (REIRETFAE)

7.0+ (EREUEER)

16#%CPU. 64GBHW{Z. 2TB SSD

ClickHouseSE B HIM& 21N (IRFRKHIE)

PRAIE
INEY (<B00%4)
A (500-3000%4)

KB (>3000%4%)

BINER G
3TR, BTA81%16GB
6TNR, BTR161%32GB

12+ 8, B HR321%64GB

1.4 FRIBSSREAANE

FEFRIESSER:

EiR BE/ER

Lz

TVEUELMNE, KafkallZZIClickHouse

BUEREETL | Java (Apache Flink)

PN

Python (Pandas, Scikit—learn,

PHEEE

NetworkX)

FPIRONEAR. NFFIRE EIEHE



853 ES/MER AR

REST AP

RESTAPER | python (FastaPi) MM EE IR
>3

AR Python (Matplotlib, Pillow) RBImEIRESR (PDFIRE)
HINENERIE | Python (py2neo) NeodjE ¥IE 1A o)
IREERK Python (ReportLab / WeasyPrint) PDFIREHERRAE AL

1.5 hRZ150R

B swam | we
=
o | 202652 | MMANEE, BAYWER. BASH. MASH. RKHD, MREE, RES

R HEINEE

B_E RAFMS T B

2.1 BRIt

FIEAZRALambdaetBA8, LIRS NTHIRAIERE (Speed Layer) AR
(Batch Layer), #RIFT RABAESEHIGNIE, REENHLREHTSEREDH.

HIER (ZFAERER / EWRAER / REGHER)
.

[
| HIERER |
| Apache Kafka CHEREH) |
| |
VSRR iR
[ 1 [ 1
|  EEE | | et R |
| Flinkifahi® | |  PythonERHESE (Pandasif) |
| TRRAENE | |  SH/SEPESHREER |
| | | |
13 d
1
BIREMR |

ClickHouse (OLAP%#r) + MySQL (OLTPUVZ3) + Neo4j (Ei) |
MongoDB (R&1REB) + Redis (SCET4ETR) |



BEE |
FastAPI (WHMPIRRS) + IRELEMRS + HWERS |

)

BRE
Webii## (Vue.js + ECharts) + Fligit

2.2 R CELSRN

LFECERAERREIT, UPBESIHENPL, HERAHET

EXXR (ClickHouse):

o fact_submission : fRAMRRBELR, ICERBRIFWRRNED . MIRSEE. BNEFER
e fact_writing_quality : BEREEILR, CXBAXBEWOCRERE. £liEn. B=E

%)
WREXR (MySQL + ClickHouse) :

o dim_student : FHEHE, FFXEID. @R, MR, FR. NZEEH

e dim_knowledge_point : ZNIRMAEE, SEFNRKID. BIR. R ER. KPR
e dim_assignment : fEAVEE, SEWID. #rf. F8}. EKB WELF!

o dim_date: HEA%RE, 4. A. B. B. ZHRSINEREMY

R&1EMER (ClickHouse):

e agg_student_weekly : ZAEBRARSEN (AT, BEFHIS . RRTME)
e agg_class_daily : MIEBHRSIEN (HAFEWVEMRE. FO15D)
e agg_knowledge_mastery : FIRREREERE (FEXINRREREERF, RZEEHM)

2.3 MiREEiEiT

AIRENE{EANeod EIBUREZME, BERARERER NEOAE:

RER
TRRE B AR

Subject id, name, grade_level FRTR (BX. %, 5%



TRKE

Chapter

KnowledgePoint

B
id, name, subject_id, sequence

id, name, chapter_id, difficulty

Concept id, name, description BETR (BETHNERHE)
KRKE:

KREKE Fm 158

CONTAINS Subject—Chapter, Chapter—KnowledgePoint = BI&%x&

PREREQUISITE | KnowledgePoint—KnowledgePoint FEXR (ZIBFELEIEA)

APPLIES KnowledgePoint—Concept RIFAX AR

SIMILAR KnowledgePoint«KnowledgePoint BUXR (XAME)

HEEHAEEE (Cypherifs):

// BRFEEREMAR LHERE, AIEEERERENFIERAIRS

MATCH (kp:KnowledgePoint {id: $error_kp_id})

MATCH path = (prereq:KnowledgePoint)-[:PREREQUISITEx*1..3]1—>(kp)

WHERE prereq.id IN $student_weak_kp_Tlist

RETURN prereq.name AS missing_prerequisite,
length(path) AS hop_distance

ORDER BY hop_distance ASC

LIMIT 5

2.4 BIERE IR

FIEELER (ClickHouse - fact_submission):

CREATE TABLE fact_submission (

submission_id
student_id
assignment_id
class_id
school_id
subject

grade
submit_time
total_score
max_score
score_rate
writing_score

stroke_order_score Float32,

UInte4,

UInte4,

UInte4,

UInt32,

UInt32,
LowCardinality(String),
UInts,
DateTime,
Float32,
Float32,
Float32,
Float32,
-— ZElno

—— 189% = total_score / max_score

-— BERE
(



time_spent_seconds UInt32, —-— ZUHB
is_late_submit UInt8 e=a
) ENGINE = MergeTree()

PARTITION BY toYYYYMM(submit_time)
ORDER BY (school_id, class_id, student_id, submit_time);

MR EIEERR (ClickHouse - agg_knowledge_mastery) :

CREATE TABLE agg_knowledge_mastery (

student_id

UInt64,

knowledge_point_id UInt32,

BHEIE

subject LowCardinality(String),

grade UInts,

mastery_score Float32, -—- BIEES (0-100), HREIAHA
error_count UIntie, — ZFNR R R HEIRER
last_correct_date Date, — IE—RENHHEA
last_error_date Date, — RE—RZBENBE

trend Ints, — EFAERE (-1TE/0EF/1LH)
updated_at DateTime

) ENGINE = ReplacingMergeTree(updated_at)
ORDER BY (student_id, knowledge_point_id);

2.5 &%

it

FEAPIEO (FastAPI):

ZOBM

FEER

YIRS

FRISLE
BT

FREERN

B AREN I

fRRE DA

HTTPA
b

GET

GET

GET

GET

GET

GET

GET

POST

GET

/api/v1/profile/student/{id}

/api/vl/report/class/{id}

/api/v1/report/grade/{school_id}

/api/v1/error/analysis/{student_id}

/api/v1/heatmap/{student_id}

/api/v1/growth/{student_id}

/api/v1/assignment/analysis/{id}

/api/v1/report/export

/api/v1/push/preview/{student_id}

RIFLE TR P REGEE

PR BLT (SR EER
ﬂ;ll&\)

FRABYIREEIILE

FABTARASEHAIRR

FEMRARZREER ) ERE

B EREN MG RARK 7 2R

BRIEABIER /XD B/ AR R
D

A RPDFIRE, RETHURL

P B R I A R IR 2 B E

8t



HTTP
HEOEHR 5 7 ome 3346R
FoMRFIERERE (GUTR

Fohfha#IxE  POST /api/v1/push/trigger )

2.6 Zxixnit

AR EAN BRI
SASHIES RPEIST,, RATFIEIRRE SRITIIRIRIEE:

o BREER: FIEEETOMALUE, SREERIE

o FREER: JEEAIRCECEAMBURNZELE

o HN: (NAEFECEEHMNMRNZELRE, FEIES
o XK XAEFHCFRNFHFLE

o P& NAEHHCHFBEE

PR IGFEFastAPIFR B EXH, B TAPIEXRIIBEIWTETAFSMMAERE, SIEKNER
(student_id/class_id) #H1THXPREEIT,

SRR SR -

SHOREXHH, ZERRMNREER; ERATERAMIMMILARTIER (WARRY)
B, PERRBEBREN KB, RIPFERT,

BHENE:
FEFRAEBORBHRERATEEDN INE, EFEBRGRIBREIE, FHEEMREEK
R,

2.7 EREBLRH

DHABEAR:

Flink&EB$ (STRFETL) |
JobManager (11) + TaskManager x 4 (81M2MESHE) |

L (REHEIRBEN)

ClickHousefER$ (D7) |
SEL (E+BIE) + HE2 (E+BIE) + HH3 (F+EIF) |
{EFZooKeepe riniAEIZAEH |



{

APIFREE (FastAPI, ZEIA) + EAEREE (CronJob)

B=F OMRIRINEEFRi7 AR

3.1 I BUERESETLIRIR

BRXE: etl/flink_etl.py (Python/A = IEHAFlink Job), etl/Streaminglob.java (Flink
Streaming Job3ZR)
ThEEMR A :

ETLIERET Apache Kafkall = F R ML EREH, WEIEHTIER. ERMEREEA

ClickHouse D i €, Flink{RiE T exactly—oncefJiH B4MEIEY, HMREFUEREE. FEXK,
ETLLLIERRE :

Step 1: Flink Source - MKafka Topic "assignment.graded" SEHZHMRERES

Step 2: ZUEMET - BISONEAMMRERRFFILHIava POIO

Step 3: EBER - TIETBREIE (Wtotal_score < 03 > max_score)

Step 4: #FExEt - Bdassignment_idZE=MySQLIREMENIF¥IE (28, R, FiRA5IR)

Step 5: 1EfRITE - itEscore_rate = total_score / max_score

Step 6: ClickHouseB\ - #t25 A\ fact_submission® (F10005%ES5M A —/RItEBN)

Step 7: FMREHFED - BELFNZMHIRRE—E A fact_knowledge_practice®

Step 8: LM#EMREH - {#MRedis INCR/ZADDE ISR SRR SLR FEII D

KafkaiH BB (HEERGREMH):

||e
"t
||p

vent_type'": "assignment.graded",
imestamp': 1700000000000,
ayload": {

"submission_id": 99001,

"student_id": 12345,

"assignment_id": 56789,

"total_score": 85.5,

"max_score": 100,

"knowledge_point_scores": [
{"kp_id": 1001, "score": 10, "max_score": 10},
{"kp_id": 1002, "score": 8, "max_score": 10}

Ig

"writing_score": 78,



"stroke_order_score": 82,
'"graded_at": "2026-02-14T10:30:00+08:00"
}
}

3.2 ZEPT AZBEGRIR

BRH:  analytics/student_profile.py
IhEEmtA :

FIREGRRABUFEEMSHENTFIENHE, BIRERSNONEL, BEELE—R
ﬁ@W%WL&%\%ﬁAE\%R,ﬁTMEﬁAbEMW BRI,

EfS 4R 15AR

BEEAZSMAR LNAEFORILRAZERESE (0-100), MANEFRARR: - H8XKE
(=8 iﬂ-%?ﬁﬂ =HeXE (60-797): EE—MR, FEMRES - L8XE (<609):
EEEH, FEERHS

EEEITERBEIINTY, EHNGSERNERS:

def calculate_mastery_score(submission_records: List[Submission]) -> float:

TEMIREREDE (GEEINNTFLY)

FEHRERINEE S, FIMFEIHED

if not submission_records:
return 0.0

sorted_records = sorted(submission_records, key=lambda x: Xx.submit_time)
decay_factor = 0.9 # BRFEINERBRET

|
(S
()

weighted_sum =
weight_sum =
weight = 1.0

S
S

for record in reversed(sorted_records): # MEIHZISHIE
weighted_sum += record.score_rate * 100 *x weight
weight_sum += weight
weight *= decay_factor

return round(weighted_sum / weight_sum, 1) if weight_sum > 0 else 0.0

(2) ZIEHELE



BRERTEEASTRNEE LNEEED: - PRMIREE (BTN - BEATCHE
(BPERETID) - LAY (BIMEDF) - 2IFEH (FIHRIHRRE) - FiRY
B (FEMSOTHEEZRE)

(3) #L /B

[

AGBETERENHT N BARTHS5 LIPS, BABTI107 A FREIRC,
ZemERTy, deirERnEY, ENEEITHIEMERA,

3.3 MES FRZIRLITRIR

BIRXY:  analytics/class_analytics.py
IhaEMTIA :

MRFBEIHRR A BN ER BRI ABAEZBOLRIMNE, FEHFRFER. HESEE. Rl
BERETIR, EHSEAITER,

DGR
(1) BB et

FITYIRAFERGNDIER, EREPRERREDEE (90-100/80-89/70-79/60-
69/<60) MIFEALMALE, EITERLTID . UK. MEEFRITE,

(2) FRRHERESZ D

ICRBEAMBFENIRREZERYE, RAMRREZETHENNRAR (RVBE30%FEE
EERTODHNARFRUANHKEFZER), ERMAFHIIRRAATE, WEBMERAFZER,

(3) PIRME@SILE

EFREE L, MNEEFVRNOFIMEG. (FlITmRER. BEREHDFiEN, USEENTARTR
FUMREM T RBLERE LROXRI, FHEEERAINSUIRNBEX TR,

3.4 (Rl 5 Z 1RG5 T IRIR

BIRSY:  analytics/assignment_analysis.py
ThEEMR A :

N ERELSER, REBMTESHIHENEFER, RETWENLEDSTRE, HBEHIED
HMEE B IR RENHFEBRR,



KBD TR

(1) BEBEERE (PE)

WERH P = 2YNZIFHEYD / ZEHFD
PESEE 0-1, #fEiinE
BEEHETE: 0.3 = P < 0.7 (FEHE)

(2) BEXSDE (DfE)

BeFEiRE s MSEIRHIE, BEIR7SAEDE, B275hRDHE
D = (BPHEZEFHBY - ROBEZAFIED) / ZTHFD
DIESEE: -13/1, DESRTZENFEZL ) KFHXHEEN R

D < 0.2: RPEMR, ZAFEEK

D = 0.4: XPERW

(3) MRREBZRE

EREWBRBE<ANRARNBERER, RRAXFLESTMEMRAR, SMRARNEIRESD,
FEEIZUMTHEANIR R FERR,

3.5 BEEES] A KHIBRIR

IR analytics/writing_growth.py
ThEEREIA :

PERKNTERUN BHTARTFZESSEANHLEN, AREEERSNTEL. ZINER
HEAENHADIRE, NEFROBFZRDIRHENAIL,

EESR -
PERREERRTABIENERBELHINTDER: - BERED (WritingQualityScore) :

RERFHZZGGH . ZEELEFIFALEE - OCRIRBIERR: ERRMBEIEREE (FHRITE, RBIR
BE) - ZINERR: FIRGINZEIMTD FIE

BEoREE:

{ERZ LI AT B FFIEIEHITEEMNE, ITERRENHT /BT EEIER:
from sklearn.linear_model import LinearRegression
import numpy as np

def calculate_trend(scores: List[float], dates: List[datetime]) —> float:



T EBERSEBRIE
EERRHS, AERTES

if len(scores) < 2:
return 0.0

# BHEEIRNBE (BEFE—IRHKE)

day_numbers = [(d - dates[@]).days for d in dates]
X = np.array(day_numbers).reshape(-1, 1)

y = np.array(scores)

model = LinearRegression()
model.fit(X, vy)

return round(float(model.coef_[0]), 4) # BR#SL/ESHNDE

3.6 HAIRA S ANIREE REXRIR

BRI %  analytics/error_analysis.py
Theetit -

ARl ERIRGFENFIRERICR S Neodj ANREEH#HITREA DT, B EEH B EK L=
REAIRRE, MM RERRF"RARERR"VIEEES,

JHRBERE:

[any

Step
Step
Step

WEFEIENREWHESFETEE (FAA60%) HAE
IREUXLERA B X R AYETIR R FIR  (MMySQLIEL -FIR R R EX R E 1)
¢ BidNeod BIXLEAIR AR SEIE X RE
- EREEABMIRS (PREREQUISITEXRER, BhEi=1)
- EREEEEMIRS (BE2-3)
Step 4: 5SEANMIRZREHRIERZX LS
- RHFEEREIRR LNEREEDRET60HIER
Step 5: iRBIARFE
Blan: A" AR HIRES
> SEXR: NAM ~ ERAR - FHEMREED
- BFEFEERENtHES, WAR: FEEEsE SRV AETAIEREE
Step 6: £MBRIESHRRE (BRIRMLERL)

w N

3.7 HEMRIF(LIRIR

BIRZ{4:  analytics/teaching_effectiveness.py

THHEERRA -



FERRIHERRMNZE RSEIERIEZITNHZ BRI, ERERNBMSELHE, BRELR
EMENSIFNHEBER .

T
(1) SIRSHEFNER: WLEAREERIEL (MR KT8 %E5HEBE LT
EHE, EESERERF (>10%) HIRRPEFENAUREES,

(2) MEHLSR: WEFEREFHDNIFLEN, HBSFELLLHS, WA EERIE@LT,

(3) GIRBBEWE: SWHNHENFWERE (45)/NI/Z) SEEMGIRTTRIKEX, 1R
A IZIR BB RAVGR S SRR AL BA ST,

3.8 A AIRRS BIESHIRIR

WRIRSXY:  report/report_generator.py
Iheettin -

REBRFGABOMERERNATNMER, FFEWebFREXNET (EChartsREER) B
£5h (PDFEFSIRG) MR,

wEEH (FETAFRAR):

HE: PEMR. R HEEE. REEHRBH
F—HD: AREIER

- SEREL B E IR Se =R

- REENMFYDM LERAXLE

- "L/ BB EERANFER
BERD: MNREED

- SMRREEERNE (RENDH)

- EERFNSTHRR

- ERSEHENSTAIRR (REFRDH)
B=BD: BERENDH

- NEPERERHBEBTEE

- ZEIREHERES

- SYHRFIYKFISLE
BB WAD

- RNAHEREZHAIRFTOPS

- HBEEEURG] (EXER + RBIER + ERER)
BHED: FIEW

- ETHENTMHAEIRIN (RIRMEERR)

- EEHIFR

PDFA R :



fEAWeasyPrint §HTML/CSSIE IR SENREZNPDF, IFHXFRERN . EChartsEIREE
N (B PlaywrightTo 3k 30 888 2 EChartslF & &) . £ RAIPDFXX4ZEZ 0SS, HiRElIFHH
EARYZE R THIBJURL,

3.9 RKiRFIBHEIAIRIR

BERX4: analytics/parent_push.py
IhaEMTIA :

ZREFRREL (BH/SAVUKE) BFRNPERHENESSPDFREHNTEAMEERKF
., EERKRRIDE,

#HEZERET (BERE):

KEZBEHE (REXNR: k=FKK)
+ ARESTRMEN: 5% (NSRS, SThHZEE100%)
+ RNEFHED: 87.29 (LA: 83.5%, #E$3.7%9)
+ PEREFD: 829 (LA: 809, B#EP)
ENEESTIEY o

C BEBYAEFBEEINERERIAZISS, BEBRA10%

- HERRELSE3 IR D

REAFEXRTE:
- HE"DERE " AIRRGDE60%s, BININEAES

BB
C K=FEFEARERERARAUER, BERMAEHS, BRERST!

[EFRBIRE] [BRZUM]

ENE RIFERIESERSR

4.1 REERESMIaMt

ClickHouseSEBE 1AL :

H1: EFMBCLickHouseTim %% ClickHouse Server 23.x

HI82: EEEZooKeeper&EE: (314), AFClickHousegIA A

HIB3: ERET AMClickHouseEREEEXH (cluster.xml)
- ENEBEM: writech_cluster



- &SN FMEIATRIIR
HIRA: BATEIRERIIA L SQLAA

clickhouse-client -—query "$(cat schema/init_clickhouse.sql)"
HIR5: WIED R AIEMIN

SELECT * FROM system.clusters WHERE cluster='writech_cluster"';
HI%6: EEEFLinkZE#%ZEIClickHousef9IDBC URL
W7 BofFlink Streaming Job

flink run -c com.writech.analytics.etl.StreamingJob etl-job.jar
HIB8: INIEEIE: Akttt E 4 EIKatka, WMEClickHouseF2ERHEIHIFES A

4.2 BIEREEES EA

Kafka#{ERECE :

# config/settings.py HREIBREE
KAFKA_BOOTSTRAP_SERVERS = "kafka@1:9092, kafka02:9092, kafka03:9092"
KAFKA_TOPICS = {

"grading_results": "assignment.graded", # HEEER
"writing_quality": "ai.writing_quality", # BEREITFNE
"classroom_events": "classroom.events", # REOEH

b
KAFKA_CONSUMER_GROUP_ID
KAFKA_AUTO_OFFSET_RESET

"learning—analytics-service"
"earliest"

Neodj lIREHEEIES N

HIB1: ERMINAHIEX M (CSVAER: id, name, subject, grade, parent_id)
HIED: BRESEREUESIH (CSVRE: from_kp_id,to_kp_id, relation_type)
HIE3: PATENRENES AHIZ
python scripts/import_knowledge_graph.py \
——nodes knowledge_points.csv \
——edges knowledge_relations.csv
HR4A: WIEEES
python scripts/verify_knowledge_graph.py
(Rgad: HEAXTMIRETR, YEXR)

4.3 ZIEIREEERFRE

BINEBWRPIERE:

RIERE: BRETA - WEPD - JIRHE

MRHESN | ZER-M | [RARv]  [HEBEEE] |
T |
kit | ABFHD: 85.2% FERIER: 96% HHAM: 28 |




RASTERE | ARREEANE
|

FHEIR (EHGHF, SHT/BIGE)
H"a KxRYn LR TR BEH KRS

K= 88.0 83.0 1+5.0 82 ¥
Zm 62.0 68.0 1-6.0 75  B/XE A
L

1. BIRE T AR EIRE RN

2. BUNESEEEFRERSNXE (KE/AR/EAZH/BEX)
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. analytics/class_analytics.py
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fFillix lytics/ ' t lysi
o analytics/assignment_analysis.py
BER analytics/writing_growth.py
K - '
RS TeieE) lvsi

ana ics/error_analysis.
B4 y | y py
REE
o report/report_generator.py
REST Y

api
apign |

5.2 #IL\eR £ AR
analytics/student_profile.py &\ /53%:

RiER

get_student_profile(student_id, period)

calculate_knowledge_mastery(student_id,
kp_ids)

calculate_mastery_score(submissions)
get_radar_chart_data(student_id, period)

detect_progress_regression(student_id)
analytics/error_analysis.py i\ 3%:

hiE#

get_error_knowledge_points(student_id,
threshold)

FEL/ R

ClassAnalyticsZ

AssignmentAnalyzersE

WritingGrowthTrackerzg

ErrorAnalyzerzg

ReportGeneratorzs

EFBEWIROKH

ThiEaA

568
PRFERE
it

MR/ X
it

B EA
|

Neo4jEigE&E

HEIE

HTML—PDF
Heih

FastAPIF&H
T

REFE R ENESCERN TR B

BERE

HEFEARREEMRR ENEERE D

BEINFHERTERMAREER

HEZEI N EXENSEE IR

ML REBLE EAN#L BRI I1ER

ThieiaR

RRFEZERRTEENAIRRY
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hik# ThieiseA

trace_prerequisite_chain(kp_id, max_hops) 1BIINeodj BB FNR RIS HES
analyze_root_cause(student_id, error_kps) SEENENEREEREHITIRE DT
generate_attribution_text(attribution_result) BARLSE R A BAES HIAX AR

5.3 S RAFSE

Pythoni&iRas B HTE :

analytics/

— student_profile.py # PEEG (INEER_domain. pyfE=t)

— class_analytics.py # YR

— assignment_analysis.py # fElH#F

F— writing_growth.py # BERK
#

L— error_analysis.py B3R

api/

— student_api.py # FHEXAPI (domain_api.pyi&z)
— class_api.py # VERAERAPI

L— report_api.py # RESHAPI

ClickHouseR#r B35

o EER: fact_ BIZ, W fact_submission . fact_writing_quality
o WEXR: dim_ BIZ, W dim_student . dim_knowledge_point
o WEK: agg_ BIZ, W agg_student_weekly . agg_class_daily

o HHRAK: EXNRKRBEIM _dist, W fact_submission_dist

B =

fii&A FFEIRITH (GUI Mockup)

KR BEEARBHFZBIES TS 2B M ARG S ETEEERFERERNIRITRE, UEERFLR
ENFRETRERETE.

A1 RGFiTE (Dashboard)
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HmEIBA: RYIBAERTBRAS]

XA5hRAS: V1.0

‘REIEEA: 2026F2H

WRAXFEER: AXHERAVDRYBAERSZBR AR, REBINAFEHSEE

BiRC #OEIEIF R

C.1 NHEAIREREE (BKT)

MIHEFAEIIRIEER (Bayesian Knowledge Tracing, BKT) BAZRSZIFZHNZOEE, BTFEHE
SPAENENMNRRNEREER,

C.1.1 ERISEHENX

BKT REE S MRS

SH e aX HAETEE
VIR E R R P(Lo) FEAEEIRGI TS ERZAIR R R 0.1~0.4
SR P(T) BRGIBMN'RERE"TRH"EE"HIHER 0.05 ~ 0.4
RIS P(G) REBIZAIR A E X AR 0.1~0.3
KRR P(S) EEEZAIRSNEEOEER (FE0) 0.02 ~ 0.1

C.1.2 HiZ#SdiE

8B tRENE, PEEEMRS k EERERAN:

& - L_t=PREESE t REIEEEIE k) - correct_t = B t REIZTEXR (1=, 0=%)
SR—: RIEEEEREMTRME

WMREN (correct_t =1):
P(L_t | correct) = L_{t-1} x (1 - P(S)) / [L_{t-1} x (1 - P(S)) + (1 - L_{t-1}) x P(G)]
WMREE (correct_t = 0):

P(L_t | wrong) = L_{t-1} x P(S) / [L_{t-1} x P(S) + (1 - L_{t-1}) x (1 - P(G))]



SR ZRFIER, WNTXEIRNEREHRE

N

L_{t+1} = P(L_t | result) + (1 - P(L_t | result)) x P(T)

C.1.3 Java IR ES

// BayesianKnowledgeTracker.java
public class BayesianKnowledgeTracker {

private final double pInit; // WREEME
private final double pTransit; // %=
private final double pGuess; // &M=
private final double pSlip; // KIFHEER

public BayesianKnowledgeTracker(double pInit, double pTransit,
double pGuess, double pSlip) {
this.pInit = pInit;
this.pTransit = pTransit;
this.pGuess = pGuess;
this.pSlip = pSlip;

/%%

* RBBFJICRFIIEFARSAEEGR

* @param answers ZBERRET (true=3t, false=%8)

* @return RLERWRMEITE [0.0, 1.0]

*/

public double update(List<Boolean> answers) {
double pMastered = pInit;
for (boolean correct : answers) {

pMastered = updateStep(pMastered, correct);

}

return pMastered;

private double updateStep(double pMastered, boolean correct) {
double pCorrectGivenMastered = 1.0 - pSlip;
double pCorrectGivenNotMastered = pGuess;

double pCorrect = pMastered x pCorrectGivenMastered
+ (1 - pMastered) * pCorrectGivenNotMastered;

// DM HrE SRR3R
double pMasteredGivenResult;
if (correct) {
pMasteredGivenResult = (pMastered *x pCorrectGivenMastered) / pCorrect;
} else {
double pWrong = 1.0 - pCorrect;
pMasteredGivenResult = (pMastered x pSlip) / pWrong;

// MAFEIER: BREIBENEIE
return pMasteredGivenResult + (1 — pMasteredGivenResult) x pTransit;



/%*
* HMFAERTEREZMIRR (HXEE 0.95)
*/

public boolean isMastered(List<Boolean> answers) {
return update(answers) >= 0.95;

C.1.4 SHEIRE

RETEI L LEHE B RUES AR RAEY BKT S

# bkt_calibrator.py
import numpy as np
from scipy.optimize import minimize

def calibrate_bkt_params(student_records: list[dict]) -> dict:

ERASZAMARMIT (MLE) KU BKT S%

student_records: B8%I1c®%E3 student_id, knowledge_point, answer_sequence
RE: BHINSNRM BKT 2% {kp_id: {p_init, p_transit, p_guess, p_slip}}

results = {}

for kp_id, records in group_by_knowledge_point(student_records).items():

# RS EASRRE
def neg_log_likelihood(params):

p_init, p_transit, p_guess, p_slip = params

# ARSECEE

if not (0.01 < p_init < 0.99 and 0.01 < p_transit < 0.99

and 0.01 < p_guess < 0.5 and 0.01 < p_slip < 0.2):
return 1lel@

total_1ll = 0.0
for record in records:
11 = compute_sequence_likelihood (
record['answer_sequence'],
p_init, p_transit, p_guess, p_slip
)
total_11 += np.log(max(1l, 1le-10))
return —total_11 # S/IVEHBRIFEBA

# {§MA L-BFGS-B {fift
result = minimize(
neg_log_likelihood,
x0=[0.3, 0.2, 0.2, 0.05]1, # ¥ESEIHEN
method='L-BFGS-B"',
bounds=[(0.01, ©0.99)] * 2 + [(0.01, 0.5), (0.01, 0.2)]

results[kp_id] = {



'p_init': result.x[0],
'p_transit': result.x[1],
'p_guess': result.x[2],
'p_slip': result.x[3]

return results

C.2 PIREHWEFEHE
C.2.1 MR R EiLiai2

FIRLHASFNENIRREEETRENENE, BERIHE (DAG) #RFNRRZBHE
KA

FIRRENRERG) (ZFREFE):
MEER - WMAEINE - A
AR -~ MAERE -~ =fEUA
MEE -~ BEiEE

FiAEM -~ RER - MAUEREA
PRIZEM - TREERE

FIFAE ~ HNESIZE

EE I JSON STV FEEANR

{
"nodes": [
{"id": "kp_001", "name": "IEEAM", "grade": 1, "subject": "math"},
{"id": "kp_002", "name": "E{UEHIDE", 'grade": 2, "subject": "math"},
{"id": "kp_003", "name": "SEJAX", "grade'": 2, "subject": "math"}
1,
"edges": [
{"from": "kp_001", "to": "kp_002", "type": "prerequisite"},
{"from": "kp_002", "to": "kp_004", "type": "prerequisite"}
]
b

C.2.2 MEMEFRE

# path_recommender.py
class LearningPathRecommender:
MR ANE R ERNSH DR S R EE

def __init_ (self, knowledge_graph: dict):
self.graph = knowledge_graph
self.mastery_threshold = 0.95 # ZER¥IFEHE



def recommend_next(self, student_id: str,
mastery_scores: dict[str, floatl],
target_kps: list[str]) —> listl[str]:

HEE TS NFEINAIRR

mastery_scores: {kp_id: BB} (3EH BKT {4&)
target_kps: BinHEEZENIIRRTIE
RE: EEMEZINIIRRIIR (FRAUERHRF)
# HWERZIENBIRAMIRS
unmastered = [kp for kp in target_kps
if mastery_scores.get(kp, @) < self.mastery_threshold]

# hINEER, HOUHR ISR A" MRS
ready_kps = [1]
for kp in unmastered:
prerequisites = self.get_prerequisites(kp)
all_prereqgs_mastered = all(
mastery_scores.get(p, @) >= self.mastery_threshold
for p in prerequisites
)
if all_prereqs_mastered:
ready_kps.append (kp)

# MER: EEMBERLHENTIRSALSHZE ("HFaR"E)
ready_kps.sort(key=lambda kp: -mastery_scores.get(kp, 0))

return ready_kps[:5] # JZHEHEST
def get_prerequisites(self, kp_id: str) —> list[str]:
MERERAIIR A BRI AR R TR

return [edge['from'] for edge in self.graph['edges']
if edgel['to'] == kp_id and edge['type']l == 'prerequisite']

C.3 Flink G IEEFOEE
ZEMEMA Apache Flink #4732 IBEUETRAME, OB OEENT:

C.3.1 BHEOHEIHELSI

// WritingFrequencyAggregator.java
public class WritingFrequencyAggregator
implements AggregateFunction<WritingEvent, FregAccumulator, FrequencyStats> {

@Override
public FregAccumulator createAccumulator() {
return new FregAccumulator();

@Override
public FregAccumulator add(WritingEvent event, FreqAccumulator acc) {



acc.totalStrokes += event.getStrokeCount();
acc.totalCharacters += event.getCharacterCount();
acc.totalDurationMs += event.getDurationMs();
acc.sessionCount++;

return acc;

@Override
public FrequencyStats getResult(FregAccumulator acc) {
return FrequencyStats.builder()
.averageStrokesPerSession(acc.totalStrokes / Math.max(1, acc.sessionCount))
.averageCharactersPerMinute (
acc.totalCharacters / Math.max(1, acc.totalDurationMs / 60_000.0)
)
.totalSessions(acc.sessionCount)
Lbuild();

@Override
public FregAccumulator merge(FregAccumulator a, FregAccumulator b) {
a.totalStrokes += b.totalStrokes;
a.totalCharacters += b.totalCharacters;
a.totalDurationMs += b.totalDurationMs;
a.sessionCount += b.sessionCount;
return a;

C.3.2 TR M EaBEa

// LearningTrendDetector.java (Flink ProcessWindowFunction)
public class LearningTrendDetector
extends ProcessWindowFunction<ScoreRecord, LearningTrend, String, TimeWindow> {

@Override

public void process(String studentId,
Context context,
Iterable<ScoreRecord> records,
Collector<LearningTrend> out) throws Exception {

List<ScoreRecord> scorelList = new ArrayList<>();
for (ScoreRecord record : records) {
scoreList.add(record);

}

scorelList.sort(Comparator.comparing(ScoreRecord::getTimestamp));
if (scoreList.size() < 3) return; // #ERE, Bkt

// GHEEVATTE R GEBRIR
double slope = computelLinearRegressionSlope(scorelList);

// TERERGS HEFIINRE
double recentAvg = scorelList.subList(scoreList.size() - 3, scoreList.size())
.stream().mapToDouble(ScoreRecord::getScore).average().orElse(0);



double historicalAvg = scorelList.stream()
.mapToDouble(ScoreRecord::getScore).average().orElse(0);

TrendDirection direction;

if (slope > 2.0) direction = TrendDirection.IMPROVING;

else if (slope < -2.0) direction = TrendDirection.DECLINING;
else direction = TrendDirection.STABLE;

out.collect(LearningTrend.builder()
.studentId(studentId)
.direction(direction)
.slope(slope)
.recentAverage(recentAvg)
.historicalAverage(historicalAvg)
.windowStart(context.window().getStart())
.windowEnd(context.window().getEnd())
Lbuild());

private double computelLinearRegressionSlope(List<ScoreRecord> records) {
int n = records.size();
double sumX = @, sumY = 0, sumXY = 0, sumX2 = 0;
for (int i = 0; i < n; i++) {
sumX += 1ij;
sumY += records.get(i).getScore();
sumXY += i % records.get(i).getScore();
sumxX2 += 1 x 1i;

¥
double denominator = n % sumX2 - sumX *x sumX;
return denominator == @ ? @ : (n * sumXY — sumX * sumY) / denominator;

C.4 ClickHouse ¥iEE#MHL
Z41{EM ClickHouse TEFIBOMALEGE, sHHNHRETMZRM T TIAML:

C.4.1 MR EIEVER STt

— SIEMLIE, MREASHSITEUE
CREATE MATERIALIZED VIEW class_daily_stats
ENGINE = AggregatingMergeTree()
PARTITION BY toYYYYMM(stat_date)
ORDER BY (class_id, stat_date, knowledge_point_id)
POPULATE
AS SELECT
class_id,
toDate(practice_time) AS stat_date,
knowledge_point_id,
countState() AS practice_count,
avgState(score) AS avg_score,
avgState(duration_ms) AS avg_duration,



countIfState(score >= 90) AS excellent_count
FROM student_practice_records
GROUP BY class_id, stat_date, knowledge_point_id;

— & (FIAMHAE, FERA 10x+)

SELECT
knowledge_point_id,
countMerge(practice_count) AS total_practice,
avgMerge(avg_score) AS average_score,
avgMerge(avg_duration) / 1000 AS avg_duration_sec

FROM class_daily_stats

WHERE class_id = 'class_001"'

AND stat_date BETWEEN '2024-03-01' AND '2024-03-31'
GROUP BY knowledge_point_id
ORDER BY average_score ASC;

C.4.2 A EG @2

— 2AEBRRK (FEFTEEE)
CREATE TABLE student_profiles (
student_id String,
profile_date Date,
— PBETHEFME (324@E)
writing_features Array(Float32),
—— MRAREREE@E (RIIRSEEINF)
mastery_vector Array(Float32),
—— ZEINEINE (BE/IEE/RE/ EinE)
learning_style_tags Array(String),
— FNT™xRER %
predicted_score Float32,
created_at DateTime DEFAULT now()
) ENGINE = ReplacingMergeTree(created_at)
PARTITION BY toYYYYMM(profile_date)
ORDER BY (student_id, profile_date);

—— EEREMUEE (BETRZBEUE)
—— 3¥: ClickHouse {#f arrayDotProduct itEHEREUE
SELECT
target.student_id AS target_student,
similar.student_id AS similar_student,
arrayDotProduct(target.mastery_vector, similar.mastery_vector) /
(sqrt(arraySum(arrayMap(x —> x*x, target.mastery_vector))) x
sqrt(arraySum(arrayMap(x —> xxx, similar.mastery_vector)))) AS cosine_similarity
FROM student_profiles AS target
CROSS JOIN student_profiles AS similar
WHERE target.student_id = 'student_001'
AND similar.student_id !'= target.student_id
AND target.profile_date = similar.profile_date
ORDER BY cosine_similarity DESC
LIMIT 10;
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| 2B Redis + ClickHouse
| BKT #EEUfEHT + IRZMRE
v

DHERBN MysSQL (W SSEHE)

F—
|
|
|
|
|
F— RELMIRS (Report Service)
| | i£BX MysQL + ClickHouse
| | JasperReports &% PDF
| v
| W5 FhE 0SS (PDF 3REM)
|
L » #MZPRE (Alert Service)
| WIF Kafka SR Topic
| fbRTREE AR
v
BARS (FE(E/#E/804E)

D.2 BiEERZES IR

MySQL EFEZOES]:

—— student_scores B4k (X + EE&K3I)
CREATE TABLE student_scores (
id BIGINT PRIMARY KEY AUTO_INCREMENT,
student_id VARCHAR(32) NOT NULL,
class_id VARCHAR(32) NOT NULL,
assignment_id VARCHAR(64),
knowledge_point_id VARCHAR(32),
score DECIMAL(5,2),
practice_time DATETIME NOT NULL,



created_at DATETIME DEFAULT CURRENT_TIMESTAMP
) PARTITION BY RANGE (YEAR(practice_time)) (
PARTITION p2023 VALUES LESS THAN (2024),
PARTITION p2024 VALUES LESS THAN (2025),
PARTITION p2025 VALUES LESS THAN (2026),
PARTITION pmax VALUES LESS THAN MAXVALUE
D g

-— XBEWIHERSI

CREATE INDEX idx_student_kp ON student_scores(student_id, knowledge_point_id,
practice_time);

CREATE INDEX idx_class_date ON student_scores(class_id, practice_time, score);
CREATE INDEX idx_assignment ON student_scores(assignment_id, student_id);

—— learning_paths ¥IBRFEER

CREATE TABLE learning_path_recommendations (
id BIGINT PRIMARY KEY AUTO_INCREMENT,
student_id VARCHAR(32) NOT NULL,

recommended_kps JSON, — EEENRSTIER (JSONELLH)
priority_scores JSON, — BHIRRMERDE
reason_tags JSON, — EFEHIRE

status TINYINT DEFAULT 0, —— 0=1F5ERk 1=3#1T% 2=B5m
created_at DATETIME DEFAULT CURRENT_TIMESTAMP,

expires_at DATETIME, — EEEWE

INDEX idx_student_status (student_id, status, created_at)

D.3 Redis EFREixit

EFREGEIE:

analytics:{entity_type}:{entity_id}:{metric}

BREFRTRG:

analytics:student:s@@1:mastery_vector - Hash, FNR=ZEREEQE (TTL=1/)\A)
analytics:student:s001:daily_stats - Hash, HBEZJ%iT (TTL=E)XH00:00)
analytics:class:c001:rank_snapshot - ZSet, PIRHERIRER (TTL=30%%h)
analytics:school:sch@@1l:progress_board - String, FHROFEEEREIE (TTL=55%)
analytics:kp:kp@@1l:difficulty - String, FNREAENISHEERI (TTL=24/)F)

BYRE 127 R

E1 HiESHED
#0 BE | BE 3387

GET /api/vl/export/scores/excel

SEHFEMGE RITR /B RS
(Excel) R TRAE



&0

SHEURFER
£ (PDF)

SHIMRREE
B

SHBEEDR
IR

SHEAE

KA

GET

GET

GET

GET

AR
MR FT DR

/api/vl/export/report/class/{id}/pdf

/api/vl/export/mastery/matrix

& PDF

MR ENIREERE
B (CSV)

TR RIS LR

/api/vl/export/ink/raw/{assignment_id}

/api/vl/export/mistakes/{student_id}

E.2 Webhook @401

RARAZHFBIT Webhook [@Z =75 R HIASTAT S

/] FEBGFRETESEM (Webhook #EiX)

{

"event_type": "STUDENT_SCORE_ALERT",
"2024-03-15T14:30:00Z",

"timestamp":

"data": {

"student_id":
"'student_name":
"class_id":
"alert_level":

"metric":

"current_value":

"spo1",
"K=",
"cool",
"WARNING",
"average_score",
68.5,

"historical_average": 85.2,

"decline_rate":
"knowledge_points":
"recommended_action": "RINIR#AES, EREIMRENOBIIRR"

E.3 EfEai&0

&0
REERIIR

BERERGDE
gt

FeEANIR R E

B

Kk

GET

GET

POST

-19.6,

["kp_division", "kp_fraction"],

2 EES

/api/admin/schools

/api/admin/statistics/overview

/api/admin/knowledge—graph

(ZIP, & JSON)

FHEDE (PDF,
SiEI=

2R BIE)

iR
EEARDABIRAER

FaEaRn (APE/BIE
=/APIERZ)

BEFTRTE AR R 454



&0 BiE | BE

BKT 208
i

PUT /api/admin/bkt/calibrate

EEMZLRE | GET /api/admin/alert/configs

EMERF{E  PUT /api/admin/alert/configs/{id}

PR F EREMHRR S

F.1 KR

iR

fil & IR BKT SEEMRE

BEEMEMENNEE

HRZEMERREE

=] g

ARS5 2% 3TAERE, BT /R 324 CPU + 128GB N7Z + 2TB NVMe SSD
Flink 31 TaskManager, &1 16 Task Slot

ClickHouse TR FA + B, BIEE 501217

RERER JMeter 100 H & 452, 1FEEM305 £

F.2 #OEtRit 4R

mixin 5 TPS
EMEIEIREN (Kafka) 50,0005/
Flink &b 2 (BKT E57) 10,0004 /)
ClickHouse ¥R 5 E 1 500 QPS
ZI5RE PDF &5 5013 /7 &
REST APl (R4RiEEX) 2,000 QPS

F.3 ZEMY

s BRSP4 BEEE
INBYEARR (1FRT) 500A 500MB
REIZR (5F) 5,000 A 5GB

Fi9FER
12ms
230ms
15ms
1.2s

8ms

HEFLE

BHREE (81#%/32GB)

3T R/NERE (161%/64GB)

P99 iR
45ms
520ms
85ms
3.5s

35ms

CPU 5H
35%
65%
20%
40%

25%



MR HigFER HEREE HEFLE

KEIXE (50FR) 50,000 A 50GB R EERE (324%/128GB x 317 4)
H&LFEE (500Ff) 500,000 A 500GB WM LER (REYT HES)

AXFERIKITRINE AR SR B IRA A, ATBRARAT SRS F (KA T ZEXE
ICEA,

MIRG ZREGFMIRITHE

G.1 FlinkiE B e 2 hT
BIESHT R {EFApache FlinkSCHISEAT R EUEAME, MR EMEERTE ORSRIT.

G.1.1 R IEHEZESITFlink Job

// flink/jobs/ClassroomRealTimeStatsJob.java
public class ClassroomRealTimeStatsJob {

public static void main(String[] args) throws Exception {
StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
env.setParallelism(4);
env.enableCheckpointing(30_000); // 30f#—)&kcheckpoint

// Bc&StateBackend ({£FRocksDBIFRMIRTS)
env.setStateBackend(new EmbeddedRocksDBStateBackend(true));

env.getCheckpointConfig().setCheckpointStorage('hdfs://namenode/flink/checkpoints");

// EZEKafkaZMRREMH (IJSONHET)

KafkaSource<String> kafkaSource = KafkaSource.<String>builder()
.setBootstrapServers('"kafka:9092")
.setTopics("writech.ink.submit")
.setGroupId("flink-learning-analytics")
.setStarting0ffsets(0ffsetsInitializer.latest())
.setValueOnlyDeserializer(new SimpleStringSchema())
Lbuild();

DataStream<InkSubmitEvent> events = env
. fromSource(kafkaSource, WatermarkStrategy
.<String>forBoundedOut0fOrderness(Duration.ofSeconds(5))
.withTimestampAssigner((e, t) —> parseTimestamp(e)),
"kafka-source")
.map(json —> MAPPER.readValue(json, InkSubmitEvent.class))
.name("parse-events");



// #R(sessionId, studentId)R&
DataStream<StudentSessionStats> sessionStats = events

.keyBy(e —> e.getSessionId() + "_" + e.getStudentId())
.window(TumblingEventTimeWindows.of (Time.minutes(1)))
.aggregate(

new AccuracyAggregateFunction(),
new SessionStatsWindowFunction()
)

.name("session-stats—-1min");

// BAClickHouse (ittEInsert)

sessionStats
.addSink(new ClickHouseSink<>("writech_analytics.student_session_stats_rt"))
.name("clickhouse-sink");

// FEIERtE ARedis (ZETEREIE, TTL=1/)7dT)

sessionStats
.addSink(new RedisSink<>(new SessionStatsRedisMapper()))
.name (" redis-sink");

env.execute("Classroom Real-Time Stats");

/xx ETRRRERE */
static class AccuracyAggregateFunction
implements AggregateFunction<InkSubmitEvent, AccuracyAccumulator,
AccuracyResult> {

@Override
public AccuracyAccumulator createAccumulator() {
return new AccuracyAccumulator();

@Override
public AccuracyAccumulator add(InkSubmitEvent event, AccuracyAccumulator acc) {
acc.totalQuestions++;
if (event.isCorrect()) acc.correctQuestions++;
acc.totalInkPoints += event.getInkPointCount();
acc.studentId = event.getStudentId();
acc.sessionId = event.getSessionId();
return acc;

@Override
public AccuracyResult getResult(AccuracyAccumulator acc) {
return new AccuracyResult/(
acc.studentId, acc.sessionld,
acc.totalQuestions == 0 ? 0.0 :
(double) acc.correctQuestions / acc.totalQuestions,
acc.totalInkPoints
);

@Override
public AccuracyAccumulator merge(AccuracyAccumulator a, AccuracyAccumulator b) {
a.totalQuestions += b.totalQuestions;



a.correctQuestions += b.correctQuestions;
a.totalInkPoints += b.totalInkPoints;
return aj;

G.1.2 ZAEINAZEEEBKTHEEFHHJob

// flink/jobs/BktUpdateJob.java
public class BktUpdateJob {

public static void main(String[] args) throws Exception {
StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment();
env.setParallelism(2);
env.enableCheckpointing(60_000);

// HEEAAESR
DataStream<GradeResult> gradeStream = env
. fromSource(buildKafkaSource("writech.homework.graded"), watermarkStrategy,
"grade-source")
.map(json -> MAPPER. readValue(json, GradeResult.class));

// #&(studentId, knowledgePoint)%4AEEFIBKT
gradeStream
.keyBy(r —> r.getStudentId() + "_" + r.getKnowledgePoint())
.process(new BktUpdateFunction())
.name ("bkt-update")
.addSink(new BktResultSink())
.name("bkt-result-sink");

env.execute("BKT Mastery Update");

VESS

*x BIRSHIBKTEHProcessFunction

* 8 (studentId, knowledgePoint)#iIF—1EREIRES

*/

static class BktUpdateFunction extends KeyedProcessFunction<String, GradeResult,
BktResult> {

private ValueState<Double> masteryState;

@Override
public void open(Configuration parameters) {
masteryState = getRuntimeContext().getState(
new ValueStateDescriptor<>("mastery", Double.class, 0.1));

@Override
public void processElement(GradeResult result,
Context ctx, Collector<BktResult> out) throws Exception {
double currentMastery = masteryState.value();



double newMastery = updateBKT(currentMastery, result.isCorrect());
masteryState.update(newMastery);
out.collect(new BktResult(

result.getStudentId(), result.getKnowledgePoint(),

newMastery, ctx.timestamp()));

private double updateBKT(double p, boolean correct) {
final double pTransit = 0.1, pSlip = 0.08, pGuess = 0.2;
double pCorrect = p * (1 - pSlip) + (1 - p) * pGuess;
double updated = correct
? (p * (1 - pSlip)) / pCorrect
(p * pSlip) / (1 - pCorrect);
return updated + (1 - updated) * pTransit;

G.2 ClickHouse#iBETERIZIT

—— ClickHouse#2XDDL (52ZhR)

— 1. ZHAREIRLIT (MergeTree)
CREATE TABLE IF NOT EXISTS writech_analytics.student_session_stats_rt (

session_id String,
student_id String,
school_id String,
class_id String,
window_start DateTime,
window_end DateTime,

total_questions UInt32,
correct_questions UInt32,
accuracy_rate Float32 MATERIALIZED correct_questions / total_questions,
total_ink_points UInt64,
avg_response_ms UInt32,
created_at DateTime DEFAULT now()
) ENGINE = ReplacingMergeTree(window_start)
PARTITION BY toYYYYMM(window_start)
ORDER BY (school_id, class_id, session_id, student_id, window_start)
TTL window_start + INTERVAL 2 YEAR;

—— 2. BKTZNIREIEE (ReplacingMergeTree)
CREATE TABLE IF NOT EXISTS writech_analytics.student_knowledge_mastery (

student_id String,
knowledge_point String,
subject String,
mastery_level Float32,
update_time DateTime,
version UInt64

) ENGINE = ReplacingMergeTree(version)
ORDER BY (student_id, knowledge_point)
SETTINGS index_granularity = 8192;

—-— 3. fEA&it (SummingMergeTree)



CREATE TABLE IF NOT EXISTS writech_analytics.homework_stats (

school_id String,
class_id String,
assignment_id String,
student_id String,
date Date,
submit_count UInt32,
correct_count UInt32,
total_score Float64,

attempt_count UInt32
) ENGINE = SummingMergeTree((submit_count, correct_count, total_score))
PARTITION BY toYYYYMM(date)
ORDER BY (school_id, class_id, assignment_id, date, student_id);

— 4. NRESHZEHEE WHIE)

CREATE MATERIALIZED VIEW IF NOT EXISTS writech_analytics.class_daily_summary
ENGINE = AggregatingMergeTree()

PARTITION BY toYYYYMM(stat_date)

ORDER BY (school_id, class_id, stat_date)

AS SELECT
school_id,
class_id,

toDate(window_start) AS stat_date,

sumState(correct_questions) AS sum_correct,

sumState(total_questions) AS sum_total,

avgState(accuracy_rate) AS avg_accuracy,

unigState(student_id) AS active_students
FROM writech_analytics.student_session_stats_rt
GROUP BY school_id, class_id, stat_date;

— M AEERRSG

SELECT
stat_date,
sumMerge(sum_correct) / sumMerge(sum_total) AS class_accuracy,
unigMerge(active_students) AS active_students

FROM writech_analytics.class_daily_summary

WHERE school_id = 'school_001' AND class_id = 'class_3_2'

AND stat_date BETWEEN '2026-01-01' AND '2026-01-31'
GROUP BY stat_date
ORDER BY stat_date;

G.3 FIBRWERE

# analytics/recommendation/learning_path.py
from typing import List, Dict, Optional
import networkx as nx

from dataclasses import dataclass

@dataclass

class KnowledgeNode:
IIIIII%D.IR/@"_I'&'EIIIIII

id: str
name: str
subject: str



difficulty: int # 1-5
estimated_time _min: int # FUitEIIAETE (9Heh)

class LearningPathPlanner:

ETDAG (FAXIE) B MERZE S BREILEE
A E AR HIK R A ADAG
RIEFE LRI ZEERERAT R
ERAIMNEFEREEZ IR
HEAEBKTEEEMSIAREEZ

def __init__ (self, knowledge_graph: nx.DiGraph):
self.graph = knowledge_graph
self._validate_dag()

def _validate_dag(self):
"MEEEIIREE 2B I E
if not nx.is_directed_acyclic_graph(self.graph):
cycles = list(nx.simple_cycles(self.graph))
raise ValueError(f"Knowledge graph has cycles: {cycles[:3]}")

def plan_path(
self,
student_id: str,
mastery_levels: Dict[str, floatl, # knowledge_point —> mastery [0,1]
target_knowledge: Optionall[str] = None,
max_steps: int = 10
) —> List[KnowledgeNode]:

NEEMU T F S R

Args:
student_id: ®4ID
mastery_levels: ZHREMNHAIZIEE
target_knowledge: B#R1iRs (NoneRRLREIRT)
max_steps: \EME/LMENRS

Returns:
WEZINIRRIIR (EEINF)

MASTERY_THRESHOLD = 0.7 # ZEiEE>T0%5MANEERE
# HWEAREIENAINS (mastery < threshold)
unmastered = {
kp for kp, mastery in mastery_levels.items()
if mastery < MASTERY_THRESHOLD and kp in self.graph.nodes

if target_knowledge:
# BinSm: HHEXEAIR SRR E IR
unmastered &= self._get_prerequisites(target_knowledge)
unmastered.add(target_knowledge)

if not unmastered:
return [1 # 2HEER



# HINEEE (FRRER RIAEZ IINE)
topo_order = list(nx.topological_sort(self.graph))

# TREARZENTR, REHINE

path_ids = [n for n in topo_order if n in unmastered]

# MEBTTRNERGEESHE
ready_to_learn = []
for kp_id in path_ids:
prerequisites = list(self.graph.predecessors(kp_id))
if all(mastery_levels.get(p, @) >= MASTERY_THRESHOLD
for p in prerequisites):
ready_to_learn.append(kp_id)
if len(ready_to_learn) >= max_steps:
break

# RPIHENFTRERE (MASEESSNIRR)
ready_to_learn.sort(
key=lambda kp: (
self.graph.nodes[kpl.get('difficulty', 3),
self.graph.nodes[kpl.get('estimated_time_min', 30)

return [

KnowledgeNode (
id=kp,
name=self.graph.nodes [kp].get('name', kp),
subject=self.graph.nodes[kp]l.get('subject', ''),
difficulty=self.graph.nodes[kpl.get('difficulty', 3),
estimated_time_min=self.graph.nodes[kp].get('estimated_time_min', 20)

)

for kp in ready_to_learn

def _get_prerequisites(self, target: str) —> set:
"SREYBARANR R BIFR BRI E AR (&)
return nx.ancestors(self.graph, target)

def get_progress_summary (
self,
mastery_levels: Dictl[str, floatl,
subject: Optionallstr] = None

) —> Dict:
||||||%-£Hy$>——]i&’§¢|¥jguuu
nodes = [n for n in self.graph.nodes

if subject is None or self.graph.nodes[n].get('subject') == subject]

total = len(nodes)
mastered = sum(1 for n in nodes if mastery_levels.get(n, @) >= 0.7)
return {

'total': total,

'mastered': mastered,

"in_progress': sum(1l for n in nodes

if 0.3 <= mastery_levels.get(n, 0) < 0.7),
'not_started': total - mastered — sum(
1 for n in nodes if 0.3 <= mastery_levels.get(n, 0) < 0.7),



'completion_rate': mastered / total if total > 0 else 0.0,

G.4 APHEO%ZE

#ZO®E RiE tEA
/api/v1/analytics/class/{id}/realtime GET SREVMIRSERT1E (WebSocketifiix)
/api/v1/analytics/student/{id}/mastery GET SRINFE IR R EIEEEF
/api/v1/analytics/student/{id}/path GET REN M E S BRI
/api/v1/analytics/student/{id}/mistakes GET SREVER DRSS
/api/v1/analytics/student/{id}/trend GET SRENE D) a5 1 R EENE
/api/v1/analytics/class/{id}/heatmap GET REGNRRERERND
/api/v1/analytics/homework/{id}/stats GET SREVEML SRt o4
/api/v1/analytics/export/class/{id} POST @ SHIIRPDFIRE

fRG #hFEFARAE

G.1 MiREEWES Ei9
G.1.1 FRANA S BB
AIRESRAEETIE (DAG) BEFRAIRAKERER:

// KnowledgeGraphService.java
@Service
public class KnowledgeGraphService {

@Autowired
private Neo4jTemplate neod4j; // {EFNeodjEEIEE

VeSS
* BWEMRSFRERIER (BIFRE<S)
*/

public List<KnowledgeNode> findPrerequisites(String nodeId, int maxDepth) {
String cypher =
"MATCH path = (target:KnowledgeNode {id: $nodeId})" +
"<—[:REQUIRES*1.." + maxDepth + "]-(prereq:KnowledgeNode) " +
"RETURN DISTINCT prereq " +
"ORDER BY length(path) ASC";



return neo4j.query(cypher,
Map.of('"nodeId", nodeId), KnowledgeNode.class);

}

/%%
* BERM N NIRRZ BNREFE S KEZ
*/

public List<KnowledgeNode> shortestLearningPath(String fromId, String toId) {
String cypher =
"MATCH path = shortestPath(" +
" (from:KnowledgeNode {id: $fromId})-[:REQUIRES*]->(to:KnowledgeNode {id:
$told})" +
") RETURN nodes(path) AS nodes";

return neo4j.queryForObject(cypher,
Map.of("fromId", fromId, "toId", told),
result —> (List<KnowledgeNode>) result.get("nodes"));

ks

/%%

* FRENPAE LIRS SINAIRR (FIERHELE)
*/

public List<KnowledgeNode> getReadyToLearn(String studentId, String subjectId) {
String cypher =
"MATCH (s:Student {id: $studentId})-[:MASTERED]->(mastered:KnowledgeNode) "

"MATCH (candidate:KnowledgeNode {subject: $subjectId}) " +
"WHERE NOT (s)-[:MASTERED]->(candidate) " + // EKEZEE

"AND NOT (candidate)-[:REQUIRES]->(:KnowledgeNode " +

" WHERE NOT (s)-[:MASTERED]—>()) " + // FiBRIEEZEE
"RETURN candidate ORDER BY candidate.difficulty ASC LIMIT 10";

return neo4j.query(cypher,

Map.of("studentId", studentId, "subjectId", subjectId),
KnowledgeNode.class);

G.2 FIEIREPDFAERL

G.2.1 JasperReportst&EiR5| &

// ReportGenerationService.java
@Service
public class ReportGenerationService {

private static final String TEMPLATE_DIR = "/templates/reports/";

@Autowired
private StudentAnalyticsService analyticsService;

public byte[] generateStudentReport(String studentId,



LocalDate startDate,
LocalDate endDate) {
/7 1. RERELRIE
StudentReportData data = buildReportData(studentId, startDate, endDate);

// 2. INEJasperReportiEiy
InputStream templateStream = getClass().getResourceAsStream(
TEMPLATE_DIR + "student_report.jrxml");
JasperReport jasperReport = JasperCompileManager.compileReport(templateStream);

// 3. EREE

Map<String, Object> params = new HashMap<>();

params.put("studentName", data.getStudentName());

params.put("reportPeriod", data.getReportPeriod());

params.put("masteryRate", data.getMasteryRate());

params.put("CHART_DATA", new JRBeanCollectionDataSource(data.getChartItems()));
params.put ("MISTAKE_DATA", new JRBeanCollectionDataSource(data.getMistakes()));

JasperPrint jasperPrint = JasperFillManager.fillReport(
jasperReport, params, new JREmptyDataSource());

// 4. SHAPDF
return JasperExportManager.exportReportToPdf(jasperPrint);

private StudentReportData buildReportData(String studentId,
LocalDate start,
LocalDate end) {
StudentReportData data = new StudentReportData();
data.setStudentName(studentRepo.findById(studentId).getName());
data.setReportPeriod(start + " & " + end);

/! BERERE

data.setMasteryRate(analyticsService.getMasteryRateBySubject(
studentId, start, end));

// FINKEE (RARS)

data.setChartItems(analyticsService.getLearningTimeTrend(

studentId, start, end, "WEEKLY"));

// BINEERETOP10
data.setMistakes(analyticsService.getTopMistakes(studentId, 10));

return dataj;

G.3 T2 IF R LR

G.3.1 Flink CEPE Z-SE 1444

// LearningEventCEP.java - SZE44EMM
public class LearningEventCEP {



Ve

* R L IRE " B
* %ﬂ?ﬁlﬁl‘]?ﬂ()ﬂﬂﬁbﬁ%
*/

public static PatternStream<AnswerEvent> consecutiveWrongAnswers(
DataStream<AnswerEvent> stream) {

Pattern<AnswerEvent, ?> pattern = Pattern
.<AnswerEvent>begin("first_wrong")
.where(e —> le.isCorrect())
.next("second_wrong")

.where(e —> le.isCorrect())
.next("third_wrong")

.where(e —> l!e.isCorrect())
.within(Time.minutes(10)); // 109HA

return CEP.pattern(stream.keyBy(AnswerEvent::getStudentId), pattern);

VESS

* A" <A B IR IE"

* BESHPRREREIMAESR

*/

public static DataStream<IdleAlert> detectIdleStudents(
DataStream<AnswerEvent> stream) {

return stream
.keyBy (AnswerEvent: :getStudentId)
.window(TumblingEventTimeWindows.of (Time.minutes(5)))
.aggregate(new CountAggregator())
.filter(count -> count == 0)
.map(count —> new IdleAlert(count.getStudentId()));

G.4 HiESHSMRINEE

G.4.1 ExcelZSheet&H

// ExcelExportService.java
@Service
public class ExcelExportService {

public byte[] exportClassAnalytics(String classId,
LocalDate startDate,
LocalDate endDate) throws IOException {
try (XSSFWorkbook workbook = new XSSFWorkbook()) {
// Sheetl: PIREK
createClassOverviewSheet (workbook, classId, startDate, endDate);
// Sheet2: HMIRREEEIER
createMasteryMatrixSheet(workbook, classId);
// Sheet3: LT



createMistakeAnalysisSheet (workbook, classId, startDate, endDate);
// Sheetd: FAHIE
createStudentRankingSheet (workbook, classId, startDate, endDate);

ByteArrayOutputStream out = new ByteArrayOutputStream();
workbook.write(out);
return out.toByteArray();

private void createMasteryMatrixSheet(XSSFWorkbook wb, String classId) {
Sheet sheet = wb.createSheet ("4IiRERZEEE");

// RABER: Ze=EiE, He=NoEE, A8=KEE

XSSFCellStyle greenStyle = createColorStyle(wb, new XSSFColor(
new byte[l{(byte)144, (byte)238, (byte)144}, null));

XSSFCellStyle yellowStyle = createColorStyle(wb, new XSSFColor(
new byte[l{(byte)255, (byte)255, (byte)@}, null));

XSSFCellStyle redStyle = createColorStyle(wb, new XSSFColor(
new byte[]{(byte)255, (byte)99, (byte)71}, null));

List<Student> students = studentRepo.findByClassId(classId);
List<KnowledgeNode> nodes = knowledgeRepo.findByGrade(
classRepo.findById(classId).getGrade());

// Tk HNRRBM
Row header = sheet.createRow(0);
header.createCell(0).setCellValue("S4#=");
for (int j = @; j < nodes.size(); j++) {
header.createCell(j + 1).setCellValue(nodes.get(j).getName());

// BT

for (int i = @; i < students.size(); i++) {
Row row = sheet.createRow(i + 1);
row.createCell(0).setCellValue(students.get(i).getName());

for (int j = 0; j < nodes.size(); j++) {
double mastery = masteryService.getMastery(
students.get(i).getId(), nodes.get(j).getId());

Cell cell = row.createCell(j + 1);
cell.setCellValue(String.format("%.0f%%", mastery x 100));

if (mastery >= 0.8) cell.setCellStyle(greenStyle);
else if (mastery >= 0.5) cell.setCellStyle(yellowStyle);
else cell.setCellStyle(redStyle);

// B3R
for (int i = @; i <= nodes.size(); i++) sheet.autoSizeColumn(i);
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// MistakePatternAnalyzer.java
@Service
public class MistakePatternAnalyzer {

/%%
* WEERNEIHITK-MeansRE, RMHAMEIRER
*/

public List<MistakeCluster> clusterMistakes(String studentId) {
List<MistakeRecord> mistakes = mistakeRepo.findByStudentId(studentId);
if (mistakes.size() < 3) return List.of(); // HALTE

// REWHEEE: [F1RRID, #HiREE, WEZER]
List<double[]> features = mistakes.stream()
.map(m —> new double[]{
knowledgeGraph.getNodeIndex (m.getKnowledgeNodeId()),
m.getErrorType().ordinal(),
m.getDifficultyLevel()
1)
.collect(Collectors.tolList());

// K-Means®Z (K=3)
KMeansPlusPlusClusterer<DoublePoint> clusterer =
new KMeansPlusPlusClusterer<>(3, 100);
List<CentroidCluster<DoublePoint>> clusters =
clusterer.cluster(features.stream()
.map(DoublePoint: :new)
.collect(Collectors.toList()));

return clusters.stream().map(cluster —> {
MistakeCluster mc = new MistakeCluster();
mc.setCentroid(cluster.getCenter().getPoint());
mc.setSize(cluster.getPoints().size());
mc.setDominantPattern(analyzeDominantPattern(cluster));
mc.setRecommendedContent (recommendContent(mc.getDominantPattern()));
return mc;

}).collect(Collectors.toList());

private String analyzeDominantPattern(CentroidCluster<DoublePoint> cluster) {
/! DITREPRERNNERER
double[] centroid = cluster.getCenter().getPoint();
int errorTypeldx = (int) Math.round(centroid[1]);
return ErrorType.values() [errorTypeIdx].getDescription();
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// AdaptivePracticeService.java
@Service
public class AdaptivePracticeService {

VESS
* BETHRFAZIEE, BhtFET—E84S&
* Bin: BEREEETL0-70%5ZEHNAIRRNNIAE (REFIXE)
*/
public Question selectNextQuestion(String studentId, String subjectId) {
// FEFRERIRRERE
Map<String, Double> masteryMap = bktService.getAllMastery(studentId, subjectId);

// TEEEEESEHIXEANEIRSR (40%<EiEE<70%)

List<String> candidateNodes = masteryMap.entrySet().stream()
.filter(e —> e.getValue() >= 0.4 && e.getValue() <= 0.7)
.sorted(Map.Entry.comparingByValue()) // {H5cERERITH
.map(Map.Entry::getKey)

L limit(5)
.collect(Collectors.toList());

if (candidateNodes.isEmpty()) {
// TEEXE, EEZEERENMIRS
candidateNodes = masteryMap.entrySet().stream()
.min(Map.Entry.comparingByValue())
.map(e —> List.of(e.getKey()))
.orElse(List.of());

if (candidateNodes.isEmpty()) {
return questionRepo.findRandom(subjectId);

// MIZEERIIR = A A SR
String targetNode = candidateNodes.get(
(int) (Math.random() % candidateNodes.size()));

// HRSOEMENEE (BREES)
Set<String> recentQuestions = practiceHistoryRepo

.findRecentQuestionIds(studentId, 20);

return questionRepo.findByKnowledgeNode(targetNode, recentQuestions);

H.3 2 IREERERK

// ScheduledReportGenerator.java
@Component
public class ScheduledReportGenerator {

@Autowired



private ReportGenerationService reportService;

@Autowired
private NotificationService notificationService;

// BA—BRL8RER EAFIERE

@Scheduled(cron = "0 @ 8 * *x MON")

public void generateWeeklyReports() {
log. info("HIEEMBRAZERS...");
LocalDate endDate = LocalDate.now().minusDays(1);
LocalDate startDate = endDate.minusWeeks(1);

List<String> activeStudentIds = studentRepo.findActiveStudentIds();

activeStudentIds.parallelStream().forEach(studentId —> {
try {
byte[] pdf = reportService.generateStudentReport(
studentId, startDate, endDate);

// LEfEFI0SS

String reportUrl = ossService.upload(
String.format("reports/%s/%s_weekly.pdf", studentId, endDate),
pdf);

// HFRBAEFENRK
notificationService.sendReportReady(studentId, reportUrl, "weekly");

} catch (Exception e) {
log.error("EmMIRELM: student={}", studentId, e);

1)

log.info("BEREEMTM, H{}»", activeStudentIds.size());

// BRER2REBHAIRREEE
@Scheduled(cron = "0 0 2 %x * %*")
public void updateMasteryScores() {
log. info ("B EEMZEEITD...");
bktService.batchUpdateAllStudents();

BRI b FEFRARHAE

11 FEITHEIERSE

// BehaviorTrackingService.java
@Service
public class BehaviorTrackingService {



@Autowired
private KafkaTemplate<String, BehaviorEvent> kafkaTemplate;

/%%

* BRFETHENH (BFKRIERKatka, TRMMERE)
*/

@Async

public void track(String studentId, BehaviorEventType type, Map<String, Object>
data) {
BehaviorEvent event = BehaviorEvent.builder()
.studentId(studentId)
.type(type)
.data(data)
.timestamp(Instant.now())
.sessionId(getCurrentSessionId())
.deviceInfo(getDeviceInfo())
Lbuild();

kafkaTemplate.send('"student-behavior-events", studentId, event);

// ERESAE
public void trackHomeworkStart(String studentId, String homeworkId) {
track(studentId, BehaviorEventType.HOMEWORK_START, Map.of(
"homework_id", homeworkId,
"start_time", Instant.now().toString()
));

public void trackQuestionAnswer(String studentId, String questionId,
boolean correct, long timeTakenMs) {
track(studentId, BehaviorEventType.QUESTION_ANSWER, Map.of(
"question_id", questionId,
"correct", correct,
"time_taken_ms", timeTakenMs
));

public void trackStudySession(String studentId, long durationMs,
String subjectId) {
track(studentId, BehaviorEventType.STUDY_SESSION_END, Map.of(
"duration_ms", durationMs,
"subject_id", subjectId,
"focus_score", calculateFocusScore(studentId, durationMs)
));

private double calculateFocusScore(String studentId, long durationMs) {
// ETEIRRENEHRRTERIE TS
return Math.min(1.0, durationMs / 1800000.0); // 307 %## D

.2 EHERRFAGRIF



// PrivacyDataMasker.java
@Component
public class PrivacyDataMasker {

/%%

* EURFRAITR B IE
* ATEES B AAPIIDA R R FA

*/

public StudentDTO maskStudentData(Student student, boolean isParent) {

}

StudentDTO dto = StudentDTO.fromEntity(student);

if (!isParent) {
// ERKEBNRELDER
dto.setPhone(maskPhone(student.getPhone()));
dto.setParentName(maskName(student.getParentName()));

}

// WBARBSMILSEXER

if (student.getIdCard() '= null) {
dto.setIdCard(student.getIdCard().substring(@, 6) + "skikikiotkik');

}

return dto;

public String maskPhone(String phone) {

}

if (phone == null || phone.length() < 7) return "sx";
return phone.substring(@, 3) + "sekxx" + phone.substring(7);

public String maskName(String name) {

if (name == null || name.isEmpty()) return "sxx";
if (name.length() == 2) return name.charAt(0) + "x";
return name.charAt(@) + "x".repeat(name.length() - 2) +

name.charAt(name.length() - 1);

}

}
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