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(meta—data layer), 17 M%#&)2 (behavior—data layer) Fl
R CEHEE (context—data layer)3 43 .
JUEHE )2 T TR B R . REERTR] . R
L THAFL, TROESREdR et BT
Bo meta-data oeBHRZESE, BT
meta-data = { user_id, source_system, data_type,
timestamp, session_id ) (1)
PR 2 AR AL ORI
127 DA TR, BN ] RGP AT TR SORI
¥=o behavior-data 47 P HEIZEE, FEAMUNT
behavior-data = {action_type, action_object,
duration, score, status} (2)
R SCHEE R TR AT R R A PR L
IR En ey I R A R L S L o S e € Y SNl
VAAT R A3 NAEEE o context-data g 1R 3C
sk, e
context-data = {device_type, os_type, browser-type,
location, network-type) (3)
BT FiRE X, ARE RGN
Bt AL N -
r = (meta-data, behavior-data, context-data) (4 )
T BRI ERESE R W RN
R={ry, 7y, 7} (5)
HHA, 7, = (meta-data, behavior-data,, context-datay).,
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2.1 HDFS

Hadoop AR R G (Hadoop Distributed
File System, HDFS) J&LA PC HLEE A B 15 LAk ) 776
F4: ", HDFS A& #8775 (NameNode) FIEHE 15
. (DataNode) PN A1 {0, 44 BRI R A8 BRSO A AL
BEAEE, MR ST B R SRR, A
MAEZR GNP 1 R, S 7 ity 25 A SRR, —
AN S E TR R P R 53 45 T4 (Block)
— MUl H A 128 MB % 512 MB Z [0, 25, HE
P ] 4 FR T REOR B ALLE, RIS AMEE,
Fie AL PR R 8 B0 B B ORI S A B R
Moo R, B P i EAR SRR RSCE, s
FRE A TR UETEIE RN 00 T AR PR RS B AR
Gb, EEAFOT, —ASCHFPER AR 2 A BIAAE
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0 RIAHREIRET ARSEE A, %ML PR
RAHEZY, IRIERSEICE. 4% iR
PRI, DU 1) 44 FR R0 SR SO EAR B, IR S
O EAR BS, i BR95 0 B 15 BN BE 15 R e I
SO M AR, A RRY AT ST AL E AR A AR
TAE, JEAEES S8R SO BCTAE, iy R
R UEE I RAE S 2 M, REMTEREAZ K
S0 . HDFS SERE 1 U Z A8 1 Java B3 414K
izl fE . ZoraUr, BdEwd S i HIE
T, TLAA RS S AR 8eE

B 1 HDFS RfFiEZR
2.2 Spark XEIFEFHITITE LN
Spark & —Fi 3 T HDFS 1 K B0 I 471 H
A 00 R DA 3 43 A SUBHE 4R (Resilient
Distributed Dataset, RDD ) A #% .0 B9 1 17 11 & &
T, RDD 2T A7 A9 R 5n S 45, il i fe i
( Transformation ) F1 1T 2 (Action) Wi 2 # 1F 5¢
Ol 55 % 4R e 4 5 /A 45 map. groupByKey il
reduceByKey T R VE AL $S count, reduce(func)
yi| foreach(func) S IEEABERAN PRSI FR Y, RDD %
FAEMENLET, dtEUi, RDD HA R 3 E 17 sh i
PEWS, A2 defrits, HitEaRmmE 2 s, %
BRI HDFS BEAKE, T2 RDD, i id it
Z5 R EOHT S [0 HDFS. 7E A1 RDD #EA 78 1% 55 11k
FRERAERS, 385 R AT RDD XA EHRE AT,
EARE A FEAJURARIE (key, value) SEMEXFER, T
Fif 1 map . reduceByKey Fl groupByKey #4152 A1
P
2.3 Spark-DataFusion #5231
A SCHI T Spark KB 17 1155 280 523 2 4
S by o I AT R B RS TR R Y S B
B 45 KAl s v AL RS Bl 5 S B B Kt
FREALBT BE i mapl SERL, B RS B Bl map2 Fl
groupByKey 58 . 2% > 7 G0 I Ui BUH F W) A7t FE 45
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(1) mapl B (BAE D, = (d). dy. -} RR%)
FAY 1 ARHAR A, mapl B e BRI KR4 d,
WA R BE RDD, 44 K value, , TE A5 M

value, = d, (6)
mapl M value, " 53 5 i3 U meta . behavior il
context AR, TEMIREACRARSE value,, HIEA ML
FRUT
value, = ( meta, behavior, context) (7)
RSB
B35 1 mapl

Input: value,

Output: value,
01 meta = value,.getMeta( );
02 behavior = value,.getBehaviror( );
03 context = value,.getContext( );
04 value, = (meta, behavior, context);
05 value,.savetoHDFS( );

(2) map2 S8, map2 T Te NEERLGUHE R LA
Bedm, BE4G, M HDFS 328 value,, FEHEEL user-id, 4= %,
FR(EXT RDD, H (keys, value,) F AL, HIEAMFRATT:

key, = user-id (8)
value, = (meta, behavior, context ) (9)
ERSIIURAS AT
=R map2

Input: value,

Output: (key,, value,)
01 user-id = value,.getUser—id( );
02 key, = user-id;
03 valuey = value,;

04 Emit(keys, value,);
(3) groupByKey S8, groupByKey 1 57 use-
id JATEARR S, FAREL R P B P il s S B A
list 1, ZE W% (use-id, list(meta, behavior, context)) ¥% =\
g . WK (keys, valuey), Tt Ry (key,, valuey), F.
WFRIRITF PR :

key, = key, (10)
value, = ((meta,, behavior,, context,y),
(meta,, behavior,, context,), ++*) (11)
T E SIS B
B3k 3. groupByKey
Input: (keys, list(values))

Output: (key,, value,)
01 key, = key,;
02 value, = list(value);
03 value,.savetoHDFS( );
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Multi-source Heterogeneous Learning Behavior Data Fusion Model Based on

Spark Parallel Architecture
WANG Chongke, REN Gang, WEI Yong
( School of Computer Science and Technology, Henan Institute of Technology, Xinxiang 453003, China )

Abstract: In the current process of educational informatization, learning behavior data exhibits significant
multi—source heterogeneity and large—scale characteristics, posing considerable challenges to data fusion
computing. This paper designs a three—layer structured learning behavior standard dataset, including a metadata
layer, behavioral data layer, and contextual data layer, providing a unified framework for semantic integration of
heterogeneous data. Based on this dataset, a multi—source heterogeneous learning behavior data fusion model
is constructed using Spark's parallel architecture. Experimental results demonstrate that the model exhibits
excellent data scalability and computational node scalability, significantly improving the processing efficiency of

large—scale learning behavior data, which has positive significance for promoting deep mining of big educational

data.
Key words: Spark; learning behavior data; data fusion; parallel computing
(RfE%HE = &)
18
HEFIR https://www. cnki. net



