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Abstract: Visual analytics is an important method used in big data analysis. The aim of big data visual analytics is to take advantage of
human’s cognitive abilities in visualizing information while utilizing computer’s capability in automatic analysis. By combining the
advantages of both human and computers, along with interactive analysis methods and interaction techniques, big data visual analytics can
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help people to understand the information, knowledge and wisdom behind big data directly and effectively. This article emphasizes on the
cognition, visualization and human computer interaction. It first analyzes the basic theories, including cognition theory, information
theory, interaction theory and user interface theory. Based on the analysis, the paper discusses the information visualization techniques
used in mainstream applications of big data, such as text visualization techniques, network visualization techniques, spatio-temporal
visualization techniques and multi-dimensional visualization techniques. In addition, it reviews the interaction techniques supporting
visual analytics, including interface metaphors and interaction components, multi-scale/multi-focus/multi-facet interaction techniques, and
natural interaction techniques faced on Post-WIMP. Finally, it discusses the bottleneck problems and technical challenges of big data
visual analytics.

Key words: big data; visualization; information visualization; visual analytics; human-computer interaction; cloud computing

5 BRATHHE S B 408 N K (big data) BHC.BEE TN . WIECM . =il 4 BEA KR E R F
REARG AR BGA. @9, FF. BHF. RIS 7 TR A WA SO A A T BB DL ATER I B &
K A A 0 S PR RE RS B A RIS RS I L AL Al I 4 A I A AR A R A B A
i AR A 2012 4, 4t AR 7 4 2.5EB(2.5%108) (1 ¥4 (http://www.ibm.com/big-data/us/en/). K ¥4 H AT 4V 4
fiF, BV A4 B 5K (volume) . 2RV L (variety) . I R & (velocity) LA K A {1 e 2 A (value), 25 AT ok T 38
HLIE 5Pk, (Nature) 2008 4 Hihi 7 K Hd: % Fl“big data”, & [ T1Hie T Bt it F BB . 29, b
DA A 25 % 5 T (s 5 Pk sk 1. (Science) T 2011 AR HI R T 40 fal & % £ 4 vt 37 (data deluge) 1 % T
“Dealing with Data”t, i HH 4] R FH 5 5t A 00 8 7= 4 5l A\ 20 25 100 % B8 A K B0 0 1 o 37 D ) 2 R AT 52
PO IO R G T AN Z 5 X — A B At s R,

RH I 23 W e KR B S0 0K % 00 ) 28 2 — ). Google B 42552 %« UC Berkeley k*% Hal Varian #(
FRAR H B IE A ARAR TCARANAE « il T wT R i B )3 1) BT E B, A T 3RATT A8 T B4R — 25 1 s SR 1 B n A
S5 3Tl 489 1 1 45 At U0 23 W L7 B 10 1 i Wi £ 6L, T 135 J6L 22 v 8 5 R UBURIV A B K B A o LA o
FEM MR I B 4 B0 0% 77, A TR ON 2 BT A R A2 0 1 BT 75 (04 B L R BL R R RS AT e s H 2
ST B 20 T 10 4 SR T AR B (22 06 R B E S D (AR) BT 2012 4F 11 4R, B L [ R ThEAT S
S BT FE (1R S5 e BV 2 19 4 Sk S DR 030 149 40 M 45 42 30 (http://swampland.time.com), %1 21, 38 3 e i 2 328 B 4 1o 1)
I3 M HH 3 O Gk N\ (2 47 o A Bl K = AR 3 X 742, 3 T J5 LA P BB AT 4 bt 5 P
U RN DGR A SRS AT A 28, F T oSt P A 56 R 4 B 71 3 e SR M T, DR 0 0 T D9k 1 DA B S R R (R AT 5

T R 0 2 AT R A AR R IFALAS AN A BLME S L3 B AN X — 3 R R K EE A A I B iR
5 VA FU AT LM P A 4 JBE i T — 2 ML BT S0 A 52 H R SRR L3 1 oF B 68 ) AN T2 e, DA% s
PEREALFL AV R eI R SIS R VLA S 3 B AL 4%, B i EF Hadoop FiT MapReduce HE 48 1 K £ s 4 #1757
RV S 4% S THT 11 K00 (10 WL 2% >3 RBCHE 2408 7 9 458, 3t 2 I K 580808 40 W 400 IR B 9 2 900, 99— A o J&
MNAE A 53 BT T AR R0 3R AR 1) A B R SR R 5 AW HL IR A NI DA J A 1 43 i 7 125, i R b A
&M PLES AT A K0 B8 7 kN 43 #7 3 F2 H  3X — 1R 5T 40 2 LUK S04 n 4143 #7 (visual analytics of big
data)® "Dl T E A K.

— I B T35 538 N2 AN AR 45 2977 80% LA bk 1 T W38 R 48189 24 X B UL B W 1) Wl AL
119 P T 3 7= 8 43 W7 8 T T B, 20 AT o A A e 0% — IR 2R 5008 1 I BRuml 115 IR R e A R DL R B & e 1
JIT 7 72 LI ) 22 B FE (http://internet-map.net/) 44 196 AN E K111 35 J7 A W ik 54 2 45k >k, AR 4 200 2 5 1~
Sl e T A B R o DG R AR P R AT R, A S A BRI O /N R i T 0 3 9 AR e e, G A R T ) B a3 )
MR B4 R IR A0 L o 5 0 P Bk e B 1) sl 1) i 42 B AT ] AL B 1 Facebook LA 2% Google J2 ¥t 2 5t K 1)

A ek SOV DR b, D s TR 4 T A O 4 AR T R 7 T BRI TR s AR AT AL A

85 DA AL 48 1 T L5 BB (business intelligence, fRiFR B3I, W] 404k — B2 T 2 () 75 2 00 = B (Y SR T 3 6 AT 5
AR IF AR RN 45 A AHUAS T FBEAS FNH A, DR M s L4 1] 3 =2 358 mT 4043 B A ANHLAS T e [ 1, K B A &
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(0 B % (mental image). 283 20 AX4E I & J& A5 5 AT RLAK © 48 i AT S0 52 2% i) Sy sik Ay o T FL080,

ANLAZ H (human-computer interaction) 2 Xk N5 R G  [A130 o Fo RO 5 76— 2 a8 B 7 AR
RS HE N A A i R OB v (1 ZR T LU 45 ML B, th T DU T SN B pE T S (user interface) 5%
AU TG (K 72 AKUAZ T FE 0 A SR 3 4% 10,300 3 62 B A 1 2R 8 30 A R 0 A PO MR 2 e 7 0 2
75 ACM*“H 2 SRR 5 B 2 B b 3 LA i — A B X1 1 T P S 9 28 AL AC L1 S — 7 T
SRR TR Bl 0 2 R T LR G A R — NG AR AAE A AU RENLAE A 5 — TR 78
Sy RN R GRS B IS TR AN G B9 A 2, X ) Wi E Sk 23 A R A vk 1) . L AT 5, 32 BEAIE 5 )
FEFF A AN EIRA I F P FURTE R . 22 B 75 30 DA MY B A8 BB RS 5 n 2 3018 FH P Sk & AR RS B AR 1]
g Yt SR BT AR AR R e T N P ST B BN A R A

W 2 i, nT 4 HT (visual analytics) & BH4/ME BT MAL . AHLAZ H . VAR . BRIZHE . 5808, -
SR B S RIE ST AT (14 88 SR T 2 R T 5 05 1 LK% Thomas AT Cook 7 2005 4F 2 H ()5 ST #1453
T ol 3 ik A T AT A TR SR Al 1 PR P 0 KRR A2 2 0 S AT 20 A7 B 01 e 2 5 AR TR T 4 BT
TBAT IR T AR B — 50 R — 300 B A6 PR Rl RE, rp R 203 9 4% 6 2 AT AL BRI [ B0 43 B A 2R AR B0 405 w3
RS0 R B A AR 4% 10 H B S UM, 11 2006 4R, AT R Ak ALK [ B T 4% 23 X |EEE VisWeek JT 44 43 4F
P TT R MR 5 B R 745 (IEEE Conf. on Visual Analytics Science and Technology, f#i # IEEE VAST). 7T #1
I3 WA ST — A8 SOV 5T 357 A T8 T g — B ST RIE 50 40 <2 R AR 43 W7 M8 B 1 s 005 A H b 2 — B S TG
)RR . B MO . B 3 A — S50 B0d S R AT 20 A7 T, RO vy W43 (0B 9 5 25 K 0008 0 11 7

© PERREERSMROT  httpy/ www. jos. org. cn



1912 Journal of Software k42 4% Vol.25, No.9, September 2014
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Fig.2 Scope and process of visual analytics!*
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Fig.8 Graph and tree visualization by node-link diagram!®*
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Fig.9 Tree visualization by space-filling diagram!®®¢7:6!
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Fig.11 ASK-Graphview: Large graph visualization tool using hierarchical clutering and multiscale interaction!’
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Fig.14 Density techniques used in flow map®?
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Fig.17 Stacking techniques used inSpace time cube!®®!
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Fig.18 Parallel coordinates used in spatial-temporal visualization!®®®"]
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Fig.23 Aggregation for parallel coordinates*®2*33!
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Fig.24 Aruvi: A user interface supporting reasoning process in visual analysis !
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Fig.33 Multi-Touch interaction on tabletop Fig.34 Visual analysis with sketching
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