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Abstract: Most data in real life can be described as multidimensional networks. How to process the analysis on multidimensional
networks from multiple views and multiple granularities is still the focus of current research. Meanwhile, OLAP (online analytical
processing) technology has been proven to be an effective tool on relational data. However, it is an enormous challenge to manage and
analyze multidimensional heterogeneous networks via OLAP technology to support effective decision making. In this paper, a P&D (path
and dimension) graph cube model is proposed. Based on this model, the graph cube materialization is divided into two parts, termed as
path related materialization and dimension related materialization, and the corresponding materialization algorithms are designed. Some
GraphOLAP operations are also refined to improve the ability of analyzing multidimensional networks. Finally, the algorithms are
implemented on Spark and the multidimensional networks are constructed through real datasets. These networks are then analyzed using
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the framework. The results of experiments validate the effectiveness and scalability of P&D graph cube model and the materialization
algorithms.
Key words: graph data cube; materialization; relation path; GraphOLAP
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D5 PR Ak SR s 1k R0 0 44 5 358 20 ) A AE 45 6 TR SR s B A - 4 188 S A B0 5 PR R S 284 ) 3 A B AR a7 A
5 B ST R T R A [ 28 2R 57 T A S AN T F ) Ak SR

BRATL AL T R A AR E ER OCR AR WA FR, 1 TR I SR B AL AT LA R A T R R AT,
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BPR AR TEAT ORAE, LA T S AR o A P RO P B BT LR AR I T B A A, AT E M — S K R AR
P(user,user,R")=user-song-singer-song-user, 7] DL ¥4 o1 & 3 #2 24T 4 % 8 U 5 13 2 P(user,singer,R")=
user-song-singer f#fifi ik, 4555 b X AR 7 R b RE 4R OC R IR AR VE LS 10 45 BT AR A R TR EARAE— 58
(1 0 29, I BN I o 3 4 7 00 RIS 4% LA i AT R, BV A — 5K AR BRI 4 R O T DA 4 R AT
J5 A4 v A5 21 JRE S B R IO AR A DR, B A% S A v ) A 4 R A — 2R 30 3R AN T 3R Sy FLE R ) ] B OG
R Y 255

Y B 77 A I AREAS cuboid SR8 2 T TR ST 4 BE L R IR SR A O BT BEAS cuboid PRAE A A T4
AR RN RGN B R TR T A R A BT B A A [ M U Y SR A T A R S O A I
T AN BEYAY TR 2 0 2% 1) 250 T 5 2 11, L 408 57 7 A R 0 A ok 0 ARG T BR AR S J7 DA IR o S 3N A
SHCBRATT T LS FH 8 53 40 A 1) S e Sk ot 4 B N7 D7 AR EAT W Ak B R TG T R A T R S S S ORI R S
THEAE OB SRS S B — P AR H.

P AR ST T R ST T R A I FR R R AH DG BRVEE S 1.2.2 A 1.2.3 WP A
122 XRBERON

P& AR 7 AR R WA 32 BERR BELAR UL O R R AR AL 1) L OC R IR AR A AT TR N IR A 8 R AR T R I
3 A2 0 AR AR W 4 PR B S 5 4% FRATT R B o A o L B P TR DG BB &% R [
oK A 4%, P(user,user,R")=user-song-singer-song-user,3: 41, R =R o R, o R;* o R, R, A1 R 7 W i Al W 1) 5%
Ry F Ry 7 i WE W I B, (1 9 2R 7E user-song-singer-song-user #4545 58 AN R 28 & BN AT & 15
SR [ 1 P B3R I 00 N B AT P SR G e B count(*) St AN ) B8 A2 1 0 B0, 1 P 2 IRV AE 2 R BR AR N IR
B AR IR R

P(userl-userl):count()=2,P(userl-user2):count()=0,P(userl-user3):count()=3,P(user2-user3):count()=4.

— R RMARTT LR R Z A KRR BARHAT 5L, 7 X R AR T S 45 R 5 AT B AT 11 B AR AT
RSP ERR R B T — B n BT OC R AR, FRATT AT DA A M R o K n-1
AR R T 2 (4%, T R 42 T8 20X — 44, L 8 n=2 W 10 06 F B 2 56 R A, B 1ol LUK ok o0 451
T B OG ZR B AT 20 ) B

A7 ) PR B B4 VA 2 ) 1) join 34 3 A2 AT 22 6 B U1 B30 00 R D ek 7R A8 A L EAT 04k, B 4 R AR IR T
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SRR R 2 B8 A5 01 320 (R BB 3G DT 52 g B0 G 0 06 R IR AR T S A DAk, — T TR R W] e a2 1% A% [R] 19 3% 22
A, 7 — T AL join AR B AL BB AT AN J7 T4 T A 4 SRk

o B MICREER I X R, BATTAR B A7 1 e R A 92> 6 A5 D ) T B A TR

ML AT LR To-o-TerTie Teeam - T B8 Tom - Tiog=Toe T Theame o= T B 80X 45 38 450 DA o) K it
PR PR RN R AR TS AT A AT 58 1RO 2R B AR A B O IR 38 2 Bl oK 0 B AR FE 0 A5 B x TR B itk 42,
FATAT A HL A A8 Sk P A ) R B 7 B 4% 490 0 BR 42 A-B-C-B-A N H B B 5075 38 3 WO e A5 H A
ANT#4% A-B-C FIl C-B-A, H P 5 P, AHAE, TRk, 3Tl LA RUVHEE Py SR 5 I i3 B Py oy 05 s T oy i > 153 51
Py, B TG BHEAT 2 YO R B AR T DL g AR 45 B A% B S o6 T AR B0 42, 1 n % 42 A-B-C-C-B-A,IX Al i it
SURMEAE S 8 W25 T IR SEARZR Y C AEAE B G RIS T v 2 IR AR TR 2 4 YO R A 16 364 1 3 ¥ 43
A-B-C,C-C Fil C-B-A, B 15 Py AHAE, [ HIL 13 4% Py (¥ Y5 3 F1 () 3 SR AR B P, 3k FEAN T 3 Y% F2 B VE il vy A4S 3]
SERE S R R AR . SR AR X RR B 45 43 AR A5 1) 1 1 15 50 A Sk o R B8 450 BT B T 9 R T 2 AT S O R I A 1 B 1) 9
FEUAT AT SRS AR B A n B BB vE BT B AT I B 0 IR B0R (n—-2) A AR B 0 Bkt HEAT DAV JS B 3R 1)
TR 3 R BN (n—n%2)/2, BR] 1k, 3 7 25 m] DU 2850y 20 26 2458V T 10 B0, 3307 4 ot v B I ).

o LR join AR R FATIRAL.

join 441 7T LLiE i Map-Side Join #1 Reduce-Side Join 3k S B Map-Side Join B — Nz /N T4 3% 8R4 1)
KOl BEE ) R AR B B AREAS T S B B Sk BB AE map i Bt AT 4 #2248 45 M I Reduce-Side Join 7£ reduce
I A B AN A 3K T T AN AH 244 2 I ) 1) shuffle 3 7. 5k 4R, Map-Side Join % 77 30k 2l Join #2441 N
)V FEAH B TR B P A o BT AR R AR — ) HR AR DR % VAN S Tk e R AR R N
FR AR A BB RIS 0RO T A R0 AR B A 2 T A SR 1D B I 3 R, BT m AR 40 3 B i 1 o I B K
JIN 2 Y A FH IR o 322 42 S g

singer2

songd

songl ﬁ
\\‘ \\ Path Count(*)
userl 0\ a P(userl-userl) 2
P(userl-user2) 0
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Fig.4 Path-Related materialization
K4 KRERDNK

BT B W7 AR S BT R DL SEIROC R AR A SR, AR 2.

o XTFREA KRR, B S0 W2 00 R B A4 02 15 2 SR 1 - 2 SR AR X AN 4% 1 ATk T LU B AR ) K S
HWCN— L (B8 2 47~3 4.17);

o B L UTHUE K N n (R R IR KN n/2 Al n—n/2 PRy, BB n=2 ik SR A B g A
HE(EE 5 17);

o AN RABAELS FRARBKZE BRILTIAEZNRRESE I HEHHLIENICE 7
7);

o IRJE WA SRR BRI BT 55 HAT AT FERRYE HRE /) Y e T SR B K A O O R AR
FAME P mA LR (35 9 17~58 15 1T).
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Table 2 Path-Related materialization algorithm
R2 RABMEYTD:

B 3% 1. Path-Related materialization algorithm.
Input: Multidimension Heterogeneous Network G=(V,E,T,R,A);
Output:  Path-Related Aggregate Network.

1: for each path p in relation path set do

2: if isSymmetric(p) then

3: p=p.half

4: end if

5: Batches.add(DecomposePathIntoBatch(p))

6: end for

7: batches=IntegrateAndRemoveDupBatches(batches)
8: for batch in batches do

9: Do parallel execution for each job(Ej,E>) in batch as
10: if |E1|<<|E;| then

11: Ei,=MapSideWeightedJoin(E4,E>)

12: else

13: Ei,=ReduceSideWeightedJoin(Ey,E;)

14: end if

15: E'.add(Elz)

16: end for

17: V'=E.v,T'=PathSet.T,R’=PathSet.R
18: A'=V'.dimensions
19: return G'=(V',E',T',R",A")

1.2.3  KIR4EEEML

KR E T T 4 ER A WA E G824 7 M4 N=(V,E,T,RA)FC R KA PSet(T")=(Py,
Py,...,P), FE R R M R AR R SE T 113 80 R AR B & M4 G, Bl 75 Z 50 ¢ AN LRI BT A W RE I dERE 4L &
RAT BT A B4 BE R B R &

Y JE T RS T G 1A B N T AR 5 K A 2 o S I 45 v AR AN T R R B AL — AL 4R P, P DA
AT S5 IS TR A A P ST AR AN [T A 2 TR ] I 4 B ST 7 OB i Path Cube 110G 2 i AR SE REAT DG (H A%
G KOS ST T R A RN DG I T A LA AR DK I DA 1 g, FRATTAS O EE AR 4G 4 3 24 45 9 S AR R4 21 I 1 2R
AT A AR R TS AN s TR ) 5% FR ) S M R AN R AT I S M R N 2 TR R A R S ke T 2
VT AP S I S YT A TR PRI 2R 4k AR A5 B K LR, T S R R RS T SRR 5 AT TR 1 Hh 45,
D51 S A Bl - e B30 < 75 4, 4k P55 ST D7 R A S T L B g 1 4 5 0 5 A A0 A 0 A7 A T 3 K Ak s 4
K] OLAP #EAEEAT M4 5 & I, OLAP HAE LA — /N oy O 4E B 1 HEAT . BRIk, BATT 09 E A e vk —Fh R
A — 8 TRALFE I 6 09 21 4 26 V1 SEARE AR | LS 2 ) R4 R0 B AR 45 02 — MR AR SR B W8 1 3Bl 1, 1 56 A
8 P TT B A0 M Ak bl T A T A5 0 1) B AT 58 A IR TE 2 A A

e G5 1 4 J3E 7 5 i 1 0 3K 2 B okl v AR B TRRIF S oKk L 3 R S R A A B R P i —
Tolo, 00 o 15 R A bR LD 180 A S AN 4 1 O A AR T 4 0 B ) v i S I 0K L 37 R R SRS i
B ARAR K 5 — Bl g 02 25 H 55— A 37 7 AR A T (shell), & TSG V15545 52 K/ 1 (K0T A3 48 155 (0 21 4 L Aih 11 4
JEE LA E LT RS 8 R SR 1 S T S SRE AR T, T A fi AR 1 b = R v 448 132 1) OLAP 4 B b 2 b, Ah 5% BE
(shell fragment)™ iy v th A2 — i A3 25 0 24 £ 2% T 5 S0 SR 7 A0 48 7 WIS B0 00 vk BT 05 AR AR 38 B
D5 1 BB Al v Ak AR 5 R B A B 2R 5 1 I Kt 45 ), 1 R B 4 R A IR R R e Al W, 1% 7
L RE S AT RCth A B B, 5 HL 0T DA Ak M6 7 7 PR AT AE 2R VA B SR AR JE R R g e — AN R R B B
P B, BATTHE X L 4 1 K1) 43 L 22 A ASAR AT IR 4 B e Be A4 A0 — AN 1 B AL A L IR 80 HE 2R 514 S5 7 15 2=
5155 cuboid 2 A SR ZR M N AR R BE R TR S TG T S A B ST 5 AR BE BRATT A ET LA S A MU AE LSBT
it LB 527 R b A cuboid.

A 413 v BEEVE N T S M 4%, 2 SR AT (1) TG AR 10 7 v 0 v o B 2 W) 1D, 5 2 o S O D) 485 1Y 15
WL (A7 22 PR 0 SR 5 48 ) — 350.(2) BT AT 4 B R 90 9 ASAHAS 1A 4 B BEASE A5 A% 11 IR U B, X P vk e
I 2 1) F AT S R e A AT T SR R, DS T A A SO & B R SRR
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(AL SR A% Fr B SRR BT R 1A 2 O RO AN 25 08 T AE S [R 4 FE 20 0 SRR 2 1) B . B3R b e
BB N T 7 5T 1 8% B00H s A R AR e 19X 8% v 220 (1 ) R, AN i A s 4 88 2R 6 D 4 DAL e FRAV TR B 0F O 2R B i
4038 v BORVE B I8 R R AN 25 18 S (0 B B T A2 A 0l 44 40 TR 5 S A (D IR 300, W v T — e il 22 4 S o ) 4%
IIR=R7

h T BE L AR R i, AT AT TR 3 53R 4 AR I/NER AR AR A — SR 3R 3 B H T S A P SEfE Y
N BEIR AN S AR I 524k P A 3 ANYEFE A, B,C, HILH 54N £, 4 5 40 PID B Hp Biios. SE4A VA 2 AN 4E £ D, E,
HILAT 5 N5 1,4 5 40 VID iR R h 4t 7 5 4534, % 5 40 EID PR,

TG, BT A 6 Fodk 45 58 1 500+ gt 130 H 2R 5 | R A4 B 40 A B AR ) s kA, 2 1 Y SRk B
EAE BT S5 BHER S 45 AR 4 R ZE 040 45 T 54k P2 SO AN 4 FE 406 (9 G 41, HR 1) (134
SR T SR VAR — AN YERE (K T2 A BRATT U B A 5 B IR R (— A P B R o R (R AN e K AE) A
3 HAGSLE P FISEfE VO RISERE A& R o l— AN B BRI B 4R B BE(ABC) P BRATT VB 7 AN iR
A,B,C,AB,AC,BC,ABC.7£ 4 J& J Bt(D,E) 1, AT AT 5 3 ANJy R4 D,E,DE. T 7 v (AN J7 A% AR B — 4
R HEZR 51 K AH DRI I A AN S D 5% TR R A AU N R TR T T 4E L A4 (IR IR & I A8 4R 45 3R FiAH
RIR I,

Table 3 A sample entity P, V and realation in P-V
R3 SHEPVEPVXREE

EID VID PID Weight | VID D E [PID A B C
1 6 1 2 6 dl el 1 al bl «cl
2 9 3 5 7 d2 el 2 al b2 «c2
3 6 4 1 8 d2 e3 3 al bl c2
4 7 2 1 9 d2  e2 4 a2z b2 «cl
5 8 5 2 10 dl e3 5 a2 b2 cl

Table 4 A sample inverted index for entity ID and edge ID
x4 WRHUMBEHRS]

Tuple(2-dim)  PID EID | Tuple(1-dim) VID EID Tuplel Tuple2  Intersection  EID
(al,bl,*) {13}y {12} (d1,*) {6,10} {1,3} (@al,b1*) (d1*)  {12}n{1,3} {1}
(a2,b2,*) {45} {35} (d2,*) {789} {245} | (al,*,cl) (d1,*) {1} {1,3} {1}
(al,b2,*) {2} {4} (*,e1) {6,7} {1,3,4} | (a2,b2,*)  (*,e3) {3,5}n{5} {5}
(al*,c1) {1} {1} (*.e2) {9} {2}
(a2,*,c1) {45} {35} (*,e3) {8,10} {5}
(al,*,c2) {2,3}y {2,4}
RIKLAE L SIE DS WA 5. B AT SE A5 2 P A K SE SR I 308 1 R AS SRR, I SR 4 B2 1) J B L 3k
AT 2 TR R T R v, IR B AT VYR G o T A ) A B 2 FRATI A X B R PR O e B (B 1 AT Uk
XA S PRSI (10 BT AT 4k B G — AN LR R o TR B E 3 G 41 (tuple lattice) 4 HU R
Koy st g — P RE L & A HER B3 7 AT~55 9 A7) SF s b A ) R 1] T PR SREME S T UKL S H P A £ 459
HER 51 AH 25 18 B vk 520 A A i 45 1), FRATT ST 1) 33 AN 1) SR A, AT AR B B A T 4L
(a,b,*),(a,*),(b,*). W R BATI _F 1) B A, B SR 7= AR (a,%) A (b, ), 48 5 38 15 R /AR AR SR A4S (a,b, ), IX Z KR AT 75

10* AMEL B2 AT LV 10° A (ab,*)%d, I HUF5E H I 28 (b, *) JF AN — 5 #5762 ot 90, DR e K 1
TSRS o SO AR R A 567 2E (b, *), e 4l (8, %), (0, *) W] LA S AR BT A7 TC 2 -t — LB fij 5 (1 B {8 3 e 1T 3R AT
TR R AR B AR AR T I Bk S R AR, TR AL SR A S S B 0T R B A R RS B A T A T K S A R R
RF AR S A BT AT AL AR URF (58 1347). 06 TN R HE R 51 300, 360 JL IO S R A JE AR I AP AH SGIEK 11322 1) 5 44
PRIAFAL A RR (51 14 47~ 16 17). e 28 FRA THEREAS TT AU S SE AR NIL A5 A5 — kS ) Jle e A2 - 48 J3E &1 577
13 R BL(3 18 17).
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Table 5 Graph Frag-Shell algorithm
Rz 5 XTSI R Frag-Shell 51k

& 3% 2. Graph Frag-Shell algorithm.
Input: Path Aggregate Network G=(V,E,T,R,A); PathSet={p1,pz,...,Px};
Output:  Fragment P&D Graph Cube S (S1,S,,...,Sn).

1: for each type T; in T do

2 if num(A;)>threshold then

3 partition dimensions (A', A?,...,A") into a set of k fragments Fiy,Fiz,...,Fi
4: else

5: put dimensions (A',A%,...,A") into one fragment F;

6 end if

7 for each fragment Fj; in F; do

8 scan the tuple lattice of F;;

9: build an inverted index entry (tupleylist(V)) for each tuple in Bottom-To-Up order
10: end for

11: end for

12: for each path P;i(S;,D;) in Path Set do

13: aggregate edges into (sij,list(E)) and (dij,list(E))

14: for each inverted index entry (tuple,list(V)) do

15: union each v in list(V) corresponding list(E) as (tuple,list(V))

16: end for

17: end for

18: combine (tupleylist(V)) with (tupley,list(E))

2 ETFHRZ-4E AR GraphOLAP ##1E

Y5 — A B A% -4 FE ST 5 Ak, GraphOL AP #1538 ik 37 75 R R 51 K W 48 A6 AN TR 2R . ANRDRLEE . ASTR] A
FE 2 (B AT AL AR G2 OLAP $-4EA A& NG Yl DIBREE (R0 P 2% $i 4, GraphOLAP (1) & Fi i E A
H 5N E N TE UE R AL G X GraphOLAP #:4E 19T EZ AT X M L5 (1 B3 T BB AEZEAT AT 7T 3k
[9,10,17, 2519 K¢ W9 £ K1l 43 g ¥ P04 5 05 B4k 4y BIEAT B36 . TG ERAE B A R M 48 SCHRR[19] 51N T 8244
YEMIE S IR IZAE BB T 1 MR SCIR[LL] R BT sk 5 Ak S e B ke il i T B R
BRERVE RS DA AR B N S B RE SRS T H B /N 7, RO AR B 3@ 00 7 5 R
BT AH DG 3R QG IFS 4 GraphOLAP #4E 14 F S0 IE A 2 A Bedl 2 H 28 5 100 b i k. R
e AR Y AL S0 8 A% - 4 BE ST 5 AR BE T RN T GraphOLAP A R AR$ 4, 3 /8 3wl b8t 1 80 0 B 53554y
YR A R SR, T T 0 W4 B o T I £ B
21 EHBITh

AR B 5 R A A I B B AT L e EAR SE OLAP w45 2 Fis B A2 4 JE I AN
] J2 X (A1 AR Ak, DN 267 5 1] ooy J2 58 .1 Al A2 48 5 N o J2 O 1) 0L B35 4% 2 At Stk 0 48 504t T 4 v B T 7 S 4
1) 24 S A5 R A0 3B 7 5 SR R] D ID R R Al b /AN TR 48 3 TR R IR AT SR A . R 40, AR AN B il A2 AT 10 0 4% 4
PE 943 H7 7 S IR e BRI AT S SR O R S Sz AR FE NG Lo N AR R0 O K R AR L NG S ORI GERE B R
AN ] 1 S 2.
211 KRREE BT

KRR LA T B A 2 BT 0T 109 48 (1 SR DG R B D90 8% Hh 60 2 2 P S A 28 200 AR ) SE 2 ) A FLI%E
F AT P 28 HEAT 43 A I, BRATTAT A A SRR 0 SE ARSI (01T s 0 G I, OC R IR AT B4 a1 OC R ik
FPRAR AT R A2 sl 7 43 BT 75 B — A X RIEEAE TR G W 4% D0 R kAT BAR/ AR E iR oR 2 (PSet,M()), Je 1, PSet
HRBBAES MONRERECREAD LGN RS BN 1 SRR R R 5L Z R ER K
AR A B ) IR A 8 AN 23 7 AR AV R AR ER A T 4% e IR 30 O 2R iR R AR A 31 BRI 25 7 AR )3, Bl R
ARE. G R B AR EARF B A vh X R AT A0 AT 7R A (v, v, PSet, M), He b va,vp O fiF A I (R 465 AR
R LA SRR o] 3 6 B 425 T R 1 B 3R AT
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LB 1 Fras i M2 4 6, 1 1(0) 2 7 1 2 B9 45 72 ({user-song-user },count(*)) -5 (user-user,count(*) Y 11 35 15
12 A M 4% . H (user2,user4,{user-song-user},count(*))=2 (user2,user4,{user-user},count(*))=0.
2.1.2 SRURYERZ LAR/ T4

RIRYEE BRI 51640 OLAP 54F I AT 5 3800, #7026 o i 4 PR AL FE HEAT SR B 5 47 o0 AN R 1Y)
JE 48 OLAP Wi B35/ T 4445 B 2 R4 )5 1 B f{H, T GraphOLAP m R4 B 45/ T 4449 20 2 R AL sldiy
I35 R ARG LR rUER G IR DG 2R B DG IR 2 S8 2R 5 P 4% QIR AE S8 B R 4] LLR TR (o, et -, ),
PSet,M()), P :PSet 2 OC R AR I G H AT oA 4, 38 70 B 4 W) 2 kAT 4 2 61T 8l MO) R R 6 3G (o e,
oo N Y B A R TR N IR S A BEEAT AR G BRAE R AR T Bl o R BUM 4% v (1 S 44 2 B e AR AR AR R 1T Y
I ) SR, 3o 3K 6 5 PR EAT 2 1) 1] AR 7R K (AL (o, @y - - o), PSELMQ)Y, Ho v Ay R A7 20 1 1 B PR A G B R
PO 23 R (1R AN 7 A0); ) IR, BR 5 o0 0% vt 2 30 o B R R A5 R, R X 8 T R AT A D R AR S (ALA (e,
;... ai),PSEt, M), et ALA B HEFE IR — AN EYEAE A S A 1) 102 B 2 360 120 0 [0 9 A28 - 4 88 57 7 4,
IRIBRHE BT 1 A5 B 45 A ] a2 8 57 07 AR I 2 3R A

FEEELLE 1 BTon R g% 41, B 1(c) Bz 1 &2 ((Gender),{user-song-user},count(*)) 5 ((Gender),{user-user},
count(*)y A= 13 B ¥ 2R & W 4, 3L,

(man,(Gender),{user-song-user},count(*))=2,(man,women,(Gender),{user-song-user},count(*))=4.

22 YIRIIR
TEAE SR OLAP ) 7 45 A 3k B3 4 vh 4 8 (W AL EAT 3 A, BT 23 ek o 5 5 A R R AT 240 o0, X6 15 380 F s kAT
I3 BT A, V) B VR e R A v R s DX ) 1 B B SR 8 (E EAT 23 A 75 GraphOLAP o X i i 29 3
o 0T HH JEAT D) BRI ) 7k ] DAAR B 159 4 v ) — A A R B L BT O ) T Ok P A O 4
HEAT D) R FRATTO U Sl Jeg 2 Sy = () P =3, T i D) 2 b B A6 2 il A Ay = P P 3 s A B 5 G AR /) 3,
5(a) 73 2R AN T D) BERAR, T T DI 000 £ vh AE 58 BUAIG T 30 27 R FH 7 700 55, U0 T I 1) 5 o I A AR I AN AR i X
8] 1A P 1 R DA B B HOR R 1 30, T B 5(b) BT is.
album1 user3 album1 user3
S song2 x S song2 A
/ songl : i / songl/A
* song3 * u song3
singerl */ o<user2 singerl ﬁ/ °<user2

singer2 singer2

album2 album2
singer3 userl singer3
(a) 500 L R P 228 &R (D)) (b) 30 % LL NI/ SR R I 45 (V1B

Fig.5 Asample of slice/dlice operation
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e '&\?TI_JEI’JF'/AEP o B B R B R T LAR IR i ((en, @, -, 0), VSet,PSet, M()), et VSet b fii 4 A 1)
B TR RS VL ER VSet S AT R G

woman man
Fig.6 A sample of part-roll-up/part-drill-down operation

K6 o 4ESE LA T AR
3 ETHE-HEILHKRIAES G ML S ITIESR

h T S HER A 22 4 W 4% 1 3 A, 3R ATT3E T HDFS(hadoop distributed file system) 5 34T i L HEA &+ T
BE TR AR-4E LN T AR 1Y) GraphOLAP XU 22 4E M 45 73 BT HEAE HE AR B8 an 18] 7 J .
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Fig.7 Framework for large-scale multidimensional network analysis architecture
K7 R 2 2 14 2% 3 W HE SR S8 )

HEZERT LAY B 4 N2

o IFHELAR

%R FE R OGS WIS AT S A vt S DR, T 0 IR kAT i B AT B2 Yarn 71 Hadoop (1 4E 78 R 48 1
AT G5 BN 25 T8 B8 (0 A 6, 70122 b JRATME ) Yarn X SR DR kAT 38 B IR A UL KR il B384 T Spark 5
Hadoop HEZE. b2tk A BRAE. A AEH OGSV R A 4848 3% 2 I8 AT, Yarn X B T e B i
W

o HdlEEIRR
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Fig.8 A sample of video network analysis
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Fig.10 Network obtained through entity-roll-up operation
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