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Abstract It remains a challenging problem to design and implement effective visualization systems with a well-studied
fashion in the data era, This thesis proposesd a nested incremental model (NIM) for visualization developers from the
perspective of software engineering, The key idea and flowchart of our nested incremental model is demonstrated with a
visualization prototype for visual exploration of mobile base station data. The experiments verifies the effectiveness and
efficiency of the proposed NIM.,

Keywords Information visualization, Visualization systems development, Nested incremental model, Mobile base station

2 730070)3

WX, SUEN B EE KBTI RETFRHF R
BRRE A, XA L TAEE T 5 BERPLIB d 2Pk AR,
AL AT AT AL R E IR R & R E T AR, B
BALEE RO EE ., EERATMIAEE, FE2ERN
FrI L br A TH R 5T, 8 I A AT AL R i 2R
Haber F1 MacNabb F 1990 4£42 tH T — Bl 2E 0 #0409 IR K
SRMERITD | P — 2% BB AT B R B R T I\ B0 2 [ ) AT 0 55 ] ik
FH 4 BB BRSBTS R AT A 22
Card, Mackinlay 1 Shneiderman F 1999 4E X} bR 7] # 4L 7%
FRERRE BT S0 8 P W R A B HT AL R A AT e
FrEL, HM MK TR T B, BN & B L5 B AT AL i AR
BRI Tamara Munzner £ H) T — 4N 0 Z A REY, 43
ARBEREIERE CE XEEBMES BB/ EF5mR 2 e
5 FERNEIE L R XTBER ST #3RAE) TR AL R A%/ XX &
BURBHEELHME. C Stoite & A # 4 T T 354k 8 3 42
RIGT, BRI 4 Daniel Keim %8 A2 T 0] M40 4 £ bR HE I
B, HEBEEA— DA R TRELR P, AR LE

B EB.2017-01-18 BB HH.2017-03-12

ZU E e E A R A P AT R A R ) S ER )
IR, AT 38 R ST R R KR B WS %
BRAABIANRRER R . RICREAF RSB
3R RIS 5 E AT PB4 NERIRVE N R AER T
MRS & ERMEIMER S, AW EUBRSER
215 5 MR .

ARG IR HBARTRE— R EE. BT
RREPE ARG SR AR P R R AR SR A
R MBEAEAI%S ) BABRIH Winston Royce F 1970 4E 42
0T HA O B R BT T R T , 45 T0 5 3l % BRI
FFRITRN, YRS s % L — TGS A TR R . i
RUBIRY S BURE E o — AT R P R EE SR B R,
AT EMBMEERE, FHRARSHPBBEIR, B ER
EMEPEREM EFEE PRSI R, YHPAN
XA A R BLRE A 7R BT, FFE A LT AZRPEIUT 04 7 &
AR, SRHEA AR AR A R M ok R B R &
T XU Y . 3 B R R SRR 9 B — R B O B 1

AXFER BRBERES (6142221 DB,

B BQ985—), %, A, #HF, CCF & 5, EE R 7 1 KBRS0 37 . 8 BB 15 B AL %, E-mail: sukey1006 @ 126. com; $3 T # (1992—),
B W4, FEPR TR TR B R (1976 —) , o B BB, F B R R AR BB B B, E-mail : guoxy@gsau. edu. enGEAE
VEE) ;B H1976—), 5, H 4, # ¥, TEHR I B KA ML, E-mail: chenwei@cad. zju. edu. cn,



Fe #

i, 55 A AL R E R S FF R ik E B E 261

KSERG T BT R, MR THT R R
BERY AT R 1 I B0 bl L P T SR 9 28 4, AT R (R TF
KRB, N REZ BT R B NER. FENAP TR
AL R AR KR IFATHES T R, AR T —
FREFXT ATAL R TT & R B —— S B R i e Y
AR AT RS MERE S R AR ',
B EET RO BRI A B AT
LiESR 4 DB AR

1 HREMEER

L1 ATHRERGEHRS

TR GEM S B, R KRR E LK F AN
FUERBRSBHPRRIARE—REERENH
. HHESREAMNSR, TROAEE LA T RFE R
HRRITAES K. ATREREFES, K20 RTH
Wit , ERA ERNGTRE, 8- M REN I EHS
HHBETTRARGERHE, BT REHITEEN
AT LA R R R IES, AR S BT R &
Tl AL, PR S B AT WAL R AL, R THRR AR E
T BB AL E BT A 5 XU .
1.2 HENMBRBEXER

HREH B RR B A B — N K IR 43 % 3 T AE RS i
SER/NEER, — /N AT BT R A R, B —
MERMEAE - TEHTRRERITHERMETFT. BRE
B OIBEE XA — R (BB, ZRA &
TR, TR P B R AR S O P R SR 4 SR S B 8
REFWER T —MEE, MER , EERAHEH P #EXK,
HEE w8 TRARE. & THENBEETRIHERHAT
ARG B AR R A 0 3 B0 DR A ) AL R L, 1
IR RO B R G REHAT AWTHGR AR AR . R
R RITWAR A 1 FiR, HEAELR A 2 iR,

| o | Bone ]

| M5t Je—7 =11 |

M2 WMEREHEIFHESER

1.3 ERHERAR
BERA P EE S RE R AT BOTRSCE) 4 F

BREWAR  WINEI R 7 51 Fa 5K 547 Bdie Ak 2 . AT R4k BR

53 H LR ATALIE 3 s FLP BRI AE R E S 2 5h

EEEER TAER—2, BN RETA R SRR
BLANE 3 TR .

=R { AP R R |
RELE
ARBRSEFRE -
T

B3 EEMERH

L3.1 XS

HENGETZERFTRM . FREBHLE . EHSE
B HBY WSSO AR TR EENH PSR A
RIEREE BRF R OB 4 MHFERF.

(DO P8,

AR RFEEMIAN UL ERIRSE RO L2, 2
BEBAUR L A BTSSR TR S . THRBR
P e A S 8 BB I AT T L R A Th B AR
it

(2) R B0E

FHEEHESHP BTN BB E—SNE
BB, Fitb 2 E TR A EIE R E N RN R AN E
NAEFEAA P EE, 2EERAS TR, FREST
S AR ER R R AT A SR R A SEE R R E SRR 5
BREUE B 0 AN, BIFF & B AT R4 3R G0 B B SR A0 B A B
B B R BUT R AE AT AL R G A s 20 , R L 5@ it )
HEAEEN B api KB BHFE RS IMNRFHEEAH
JB, NSRRI 5 W4 | B A A 0% T8 8 0 T R A B AT K
e R S E AR, WEmaFETF GIS R4
HITRARAL

I BARTER

ATRALIE R — AT E WA W R, B4R P AT REA 0t
BAMERYERBEARMGE R, FEEFHL LT
MREFURAEI R EHHP, REXBASETRIFELA
TENF R BEEMBRLHNRANENEE. XBER
FREMATMARGERT L FIEFRR, FEARFHEE
8677, [Flat R IE R FRAR A 1E T ST F Al AL B m R R 2,

D

HRPREESTREE TR RAR AT IR, R
TR XREF R G R, G HEF EEMEREF 2Kt
5%RETEER AT RENTHARTERT.

1.3.2 #iEsm

FHRBET 2T AL G BIEE. Wik S HER
&, B AT AL E R TR E NSRS, A A B T
BRETRER AP A AR SR AL H . BB AL IR — S M BUE TS
Ve BB A R BUEE T,

(D BIETEBE

FHEEE—- RSB E RS TEREERERER. M
N A ERE, REBRMBETRESFB SIS RERE
FEHE A BREL. E, g7 A2 A,
ERMBIEEE, URBBIERE B TARR. BER
R FEA AT BREAHKRME G E RS IRE . MRIT
RIEFE. BB SIS vt T R IR KA B2 W Th



262 WO MR %

2017 4

BE AR H A h A R L A SE AR T Ve T,
Wrangler' ) $1 OpenRefine !,

(OB AE

SEAEHR B R A TSR A48, DME R ST L R G TT
iR raaEH. 58NS R IE R S EE YT
R, A REF ETE RBINBEEEASA TN EE
BRI EGHER R, UF R ES R RIER
B JT & 0T AR BT B A BT il e SR A TR A 4,
AR TIH RENGFHERZ RIS R TR MRk
B 53 Rh 7 R v A M1 AR B B LU SR A e BB A4
BRINEREREER, A EEERMEEERAE, SUEE
T4 7 AR F S R — R R s R 2 AR B
FR,HEE T EE A RMSITIRE. TR K
BB FEHR MySQL, MongoDB 4,

(OB

FIHBIR 2B A B E  RIETE R — P g 2
AR, AR B B4k L 540 15 T 0 B0 , % s B ml A AL B S AR
AL BN IR . ¥R MR TR LR U E IR E
B BB SRR R A, R BIEPHRETI RS
I 35 B A B OARAE , X F P TR RGR T 5 8 R B g 7T X TR
TRBOE 20, B FH A 0B U RS 410 1 T B U5 . v 3 IR B R IR
WE., ANEFRERAMNSEMRT =4, 5T =40 5uEH
W T AT AT LB R RSB . BRI X R AR SR AT T AL
2R, — R E ST S AL TE , B R L T R R YRR R
EMERRYE, L4 R BE 41T (MultiDimensional Scaling, MDS) ,
F RSB (PCA) 1 AE FUAE B 43 % (NMIF) J& T 2R HE P 4t
ISOMAP fMEHALHEHE(LLE) B TIRLWMEE. BE. K
REMEBEERESBTRANGERBR, 8 AREMR
BRI IEFRE BBENRE, REEE T B SBIE
B A RBR AT 40T LA U2 25 1 B e U 5 R A M T
LA AR 32 1 5k R BB R 4 5 P SRR A R MLERURE L £
AREUEE ABURESE 4 2510 1) SR A s BCHE [R) — 28 3 34 AT
ARG BRI RO R o RS LU s ,
AT R 4 P R LR R S, HBR R B P R EE NS
¥, AT R BRARBERE 35 . 10 B FE 4138 9 4% o 75 X R [R] A B 2t
TR FEA M P T BB FFF TR L 4,
PEN A EUR IS R TR, FRANEBRFTESR K
means"'2 ZIREARD HFHEFHRBROVE,
1.L3.3 TTHBH5ERE

P RBR S A AC B AT AL BT A% O 2. ATRRIETT B9
B bR L P B OS 7E B e i B ) PO SR B B R £ BN R
SrEE B B E R T A S AE R ol Ak R SRt RAT R
A, WM A E R E T AT LS R R
KIS R .

(1) ] R B 5

AV TR BT O , D ZB0RE O R ST AL B8 I, B8
FAPRESHEBF TR ERANASE. BILEREH
— e H R VT RS SR LT R, SN ETR
A SRR TTA R A, R (B S =N ETE
ZHERE AR, IS R GBRR S, BT AT ARR TN
—ANEETAE BREL RE TR SR RE S, WEEEH P

FEAR P ST R RRR . ST AL T I Rk e ) R
JE 3ot T P P AR A R DR B 4R — R T,
S I PR T A RS A 8 T P A i
BRI E A/ JER 1 BB L R A, R
IR O R 1 A 2 1 (L AR AT A, 24 R A
B BT 4 752 LS B o P 6 4 R M
7], 4% AL % Mackinlay 855 7 7 7445 26 70 g 7T 40
LWL RO SE ™ I 4 FTR | B TE 00 B e
A 5 e 250K 0 1 L0 5 5 500 B 1
SRR (B A 58 K B R RUAR + K  F6 B 28 S 80
AR R ERIE & A7 AU A2 R,

B4 EARELEEE A TS 7 0. R R A Liff T

(AT

i A B AT AL TR 2R BEH TR A B P B S BAR IR R
BxF TR ARG, FEAF BRI A ERRELZHER.
AR TR P R R B BE R E TR RS
o, ABCE T HL R R BR . 3T AL R G, AT LA H
BISEH BTN E R TIEEYER SR, AT BT %
ZHE I RAR AT R A R S S I e R L R R
BB ST AR 55 T ) AN TR N S 8, O R AT A
AR EAERL, LT 3 A AR AR BT Al L6 3 H I 22
HHE,

DRESE 4R R . g T A AR IR — i 20 R BE G A7 IR B
BB, B BRI B il K B AR, [N i s
) 50 ) 200 OB ST A R R T AL B ER AN +
TR SRl P R /R B R B N L S ML ORTE BRI A 1T, 1
F 3 I o i B A IR AR OB B S T B B 0 A 5 AT AT
. B BTABE ST -+ AT AR R i S Y R AT - T R AL 451
pUESS e L NEY; 8. =T 5 AL

R BT SO S XS AR R — L o s BoR BT A
ByE X — R AR A AR A — B LR 22 1 24 T 2R
FRARR AN, B — DB 2B 30 15 % R R BT
FEHAR LS B A R

3) B BR S AY 2 A5 B 0] XoF ] — 8 5] B 2R F £
EAMTTHARE RS, AR AR NHETRE,
E—REP LTS REEH B A RE . ZUERH R
T HRRBAEZ A, BB P 5 3 E SRS 1 5
#EER.

X 3 MEMEA RN ARG E, TR e E & EH



£ 6 1] ##

i, 55 T 1) PR RGBS T R R R 263

LR A SCHEART T AL B0 T ¥ R e i SR ) 3 RS Y
&S A I AT S Bk
L3.4 THMEZH

AR AL TE Y2 T AL i B R B S — 2 2 RT Pk
HIRA R, SVG Ml Canvas EMFIEET Web ) EZ LK)y
2L EN& BA AR R .

SVGAT 45 it 2% B )N SR xml SCA K 43 K Bt 1k
B , I SE 48 AT BRI . SVG EIE L% 5 B A Xt 4
F A (Document Object Model, Dom) SE{4, K i, AT 58 4 % §3F
Dom f) i A5 4 CURLYE , G045 F R 8K 3l | css #E2UHE & 5, A&
BRI s AR B, WA SVG £ E EA d3. js, Rap-
hael. js 5§,

Canvas™" J& html5 Frbr i B 85 02 i B B Apple
5] A WebKit, T Mac OS X ) Dashboard, J§ X {F Safari Fl
Google Chrome 52 i, £ Z I fE & % 1+ & P o K & B E.
Canvas 750 % &% ] 15 3% i A7 S04, 48— N2 (8] APT R BL 4G
P A TR ] B AR R R ZE i 5 . Canvas EJERY
S 5 H javascript S RIAE F L. B BIRZ Can-
vas JiE E S E0 300 17, AT 2 1 APT SR G645 F P BB
Fi, &N fabric. js #1 zRender 2§, Canvas i WebGL F1 GLSL
A B S B =4k 23 [H) 2x 1), H AT HI 9 WebGL AT #0416 4
A Three. js,deck. gl 2, Canvas £ 7 9 1& FH T AR A A m] 40
e,

2 FUNEBBBEARUREFE

A SCHE BT B R T RGE i B R BT &
BRI AR IR 61, A 2014 48 1 A A1 2 H /Y 700 J5 &R FHLIY
140 4Z4%18 5% F1 25000 A~ 35 3k B A5 BT S 16 ) 50408 P f B T
2014 4E 1 A 21 HZE 2014 48 1 A 27 H—J& 69588 , 405
U0 81 PR ) 7 TR AN 7T RE SRR DX AV X 22 18], T i 4 LA SeA
s S AE0k - BATIC SR — A FH P 7E BT Jk ok B A 25080 , LA it
[ 3 1ID” B SRARAE  Hh ik i H P AE — R N R sh Bl .
BRI ALAL R GE R R AR R P A sh Ll 1% R G R A5
BPO T A DA, 8 2t 5 P Y858 43 5 v b AR
P R (AL IR A iR R 3 i R, 4 5 BITR .

4
w| [ —{ swwm |
[ ##2 |—— wawum |

il
L)

[ #m | nmam |
L)

[ Bone | Zx#tonm |

5 LR B vT P S A A

2.1 Bl EENG. REARBEINE

% FR G A X T LRE S AR ) AT A R AT TS A S 3
B 5 PR M2 2R 8 9 A A0 IR O R 7 A [R) AR FR) 3% B 0L i
KFR XL AT ARG A A 1
2.1.1 $himREX %

BT F USSR AT AP 207 I B S AR
R15r J P RRAS RS SR AR HORASBO AE f5 %
T Zheng 155 b L BOWFFT ) 48 18 JE 5 1 A Bk [6] A 35 33

>

INT A S K — BEPLE R 3 R e LRSS R 2 %093 R ¥ 3l
R X EIFBGE F Be AT R IR B 88 s X
BINRE A SCR ) K-Means 38325 047 R 26 R R FRIE )
ﬁ‘j‘] Py ss ovess8) sﬁﬁP L) 9.2 9% s X ﬂﬂﬁiﬂﬁ- ﬁ'%‘“ﬁ
R LU A | Bk ) A G HE B RO L B R AR B BT B
AR O SR P L SR R 1 s,

F 1 RAFHE W it

FAE(E #ak
b 1 9 EAHAEEMOANTHRKE
REEAEXAIE —ADAFAE R X BB E
BN L BT A R A T
v A TEREHHANEHGE, LEAFARX
FHEAS By BE B 09 7 AR

BRATFEAG R LK ot B LE AT iHH W

KEME o mwraeE
BHEe  BAREERNQLEHNRL
A TR R R R R S
THEE  —MAEA R RE R R T 3t
A A B
BEKRE A RMKE

XX BERHIEMEHEATIH — L5 SR K-Means 75 %54 3l
FBORATRAE. TR B 0 T ALRCR AT T 2
HAF B K RAERN 20,

2.1.2 #BRA

X FHLRE N BT IR 2 5 AR SR IR 19 B B A
> A I (] R S A T e B R AL B Rt . — 1 P EEAS [l s
8] BE A R J B AT RE S BOR BUA R 92 rh . R, ORE
JZ T _E AR AN [ SR 0] 22 K A N B d% . R 3B
2 /B HEAT — YRR ) 77 3 BRI T 20 9 254k A B
T 0 SR 2 o T Y T — i 200 A0 — ik 21 g SR 2K ] A e RS A
H, ARION T — PR IERAG 84 A RALMFH] L, TG 2] — 4
20 x 84 (FEREREIE . TSI RS AR AY N B 28 LB A B ]
AP RS SR E) 5 X R AR SR FH P AT AR Bl ) 2 SRR
IR PR BLIR S FE RO AR AL, Ui 6 P

: : g G i (Q

(b)

()

T 23 23 T2 T2 T2
20:00 22:00

Th2s 23 Thu23  ThuZ3  Thu23 Tu23 T
00:00 02:00 04:00 06:00 08:00 1000 12:00 14:00 16:00 18:00

TE: ()4 (b) , (o) XA 9328 BB - B ol EEAR YU I«

6 AR YL

2.1.3 THBL

AR BUE I AT [ 2k B AR b 32 22 L OT , A I 21 11
—ANBRIEKH— NI R S 0K B R it 2 R 2K
BT & A BRI R BB A T A B G e i R 2 HhiE B
BB BT o A EE 1), B30 R TR R i B 2 R iz R i sh i
FBZs, 20 AN TRISAE ] — ek 0 b o 2 i L HE B U 4 BR
18 B BB BT o5 A B L B AT HES AR B2 3 e BB o L )
B BR R 3 4B, i 6 TR, (a) KRR FKiE 3



264 it B/ LR

2017 4§

B BERIT & EEBIR T 0. 95 (b) KRR RGE 3 BB o b KT
0. 1/hF 0. 95 (o) KAz 3 i BEBT o FLfl/hF 0.1, 31X 3
AN DX SR AR (0 B HE A Pl DR A . RN ] R A e
R 7 HIL I A I 220 SR 2K (1] F) e REABE R, B A2 A KL A B0 T
BRI,
2.1.4 =EK

H T 20 SRS B HE AN 0 E L A< SOl 32 P
KB REAEA R N2 T R R . Bk fP S
FE— 20 F B R RIS L b2 B — R K G L P8 g A1
20 9 ) — SR S i 4, - iR S8 I R R M BT AT 19 s AR P A A
R Rl 5 30 2 ) R 7 SR A8 1 o i B — B[], 16 R
B I b R P A L SR 5 U B s 1] ik P B RS R
DX 1] » o P R i A R S AT AL 0K
2.2 HfbigEfis

i SR B AT AR FH P AT LA R A TR i T Ak
ECREAH [7] ik 220 AN [ 3R 26 9 Bl Bt (B ey T e = — A R BE il
KR, NS ZRREGEE . ETRREBOHL RS,

A B2 T SR A b B AR

BEHE 1 o R

i P L PR 5 TR 2K B L PR AR N L, P MR g SR e v — 4R
A A B3 X 7 A S PR b B s (] o 7 S B P o R A
MR SR AT 4R L S B BR B BB f5 8 (I P RE S
T T R R HR R, W 7(a) Bis, i AE
F B FIITF S H OpenStreetMap™” e 523,

By hE 2. FRAE(EL PR IE

Xt PRSI, HP RGO HAE S BLL A , W X R
B R BE O LA B SR IE (ORI AE 4 v LI Hhol
i B 7 P A4S B 2 b B AR AE (B 2 47 AT P4k, A 7 (b)) B
7. TERRFRERLIE R — A~ /DT AR A K9 % AR
{6 BB RARIEB K, I 70 fiR.

BiAE 3 AL

K B NPT B 72 R G P BT AT 9k, A7 BY T E A
H AR P AR S R 51 B0 E © A B9 A RS Sh K, e A R T
B AR P ID B, AT 8 R HAE AN [ R 28 o i R sh ik , an
E 7(e) FiR .,

Tl R G RE AR L 2 IhRE ARBLE 2 IR , A AUREE P

oe

Teva rgers Moty pasem: o

Time:Jan.21-Jan 27,2014

#Persons: 106.378 (e)

#Mobility:patterns:20

#Dimensions of mabilty features: 10

Search Persons by 10

Search |

| 460005876051371
(e bt N

2| 460008581752571 | (120.68,27.97)

1120.88.27.67)

« | 4soo0erasratery | (1208827971

5 | seooreisianent | (120882797

s 460021887212071 | (120.88.27.97]

480028585626171 | (120.88.27.87)

e | seonzverronsen | naoss e

ol
b oo
I o5 i
#
/
bi

{ i

\ AN ot j
T e

{ %
N 'i\' —— ] pmm—a—i

D5 TH,

Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 Wed 22 23

Normalzod Voe 0 SENESNEIE 00:00 0200 04:00 06:00 08:00 10:00 1200 1400 16:00 18:00 2000 200 00:00

i(d)

Ca) M TR IR s (b) BEi R s (OO RERE AR 5 () RASEL RS BRI B 5 (o) A AVTHIAR
7 FHLEE RO AT AL R G R R A

ERIE ASOREAT BT P @R AR B 1k
RAGBESEAF DL $R 1 T —Fhic R BB o v R BHE 55 43
it AN [ 3 AR, 4 R BR iR S TSR T B
ReBE BRETFIACE. 4 NSO TR, P RO SR X R F
AL AR G0 A L3 BER 1 AR P B 30 257 SR A W 14 B
A R 1 o DTS2 97 58 38 R GE SRR, 0 2 0 P oK L ol f
GEBCTHAR AL T 7 SR B0 A B T AR A 46 B 1 IF R A
Ao eJe AT P S v AL R G R TF R SE B30 E T
EWRRRIN SN . R RGBT BT B0 1
AP 38 5 R B 58 43 ) Bt e P A P AR (L
A 3 R AT ARIE R R 5E &t SE5EM
BT 77 SEAH EL (6 RS 09 R BT K B T B 2R G B T 4t 47
PEA KRR T H i ES 1 BB 7E W] L R G A BHIT ot 8

Fh L T I A — S PR

(DX AT R G T & B MHG 7T LSRR R et
FREE, BEA R M5 FIF R & AT T BT, Bl T3
SRANER E I 16 13 F) AN 0 B B BT R AR 5 LR, (BB 4 J0) 43
A R AR R B b R e AR G AR M SR, B IR 43
HWRBITIEA B IR 2 D REAR R G 1) 7 4 AR A SR 5 it
ST S AR R 3 o M R 2 i AR A S AR LA
9 TR 2R 35 SR P — b sl LR O vk R4 () R A A A, 48 4
BRI 43

(2) HR 1S RO JR T e (AT R AR, LA 77 U 0F &
R GNRIG RADF 2 (8] AR A1 50 1 AR AL FR LT , )£ fek T RE
Aertdma LBk,

PR ) P ik 4 o MR A7 AT LB H A it AR o R



5634

B

i, 5 A AT AL R R 5T R B B R

265

— AR AL R L FE X 0 7 AT I B R B R
5, IR BEAT S BAR R 2 M R4 & NI B RE A N
RN T —H MBI T

(1]

(2]

(3]

(4]

(6]

7]

(&d
(9]

(10]

2 £ X W

HABER R B, MCNABB D A. Visualization idioms: A conceptual
model for scientific visualization systems[]J]. Visualization in
Scientific Computing,1990,74,93.

CARDd S K,MACKINLAY ] D,SHNEIDERMAN B. Readings
in information visualization; using vision to think[ M]. Morgan
Kaufmann, 1999.

MUNZNER T. Visualization Analysis and Design[M]. CRC
Press, 2014,

MUNZNER T. A nested model for visualization design and vali-
dation[ J]. IEEE Transactions on Visualization and Computer
Graphics, 2009,15(6) :921-928.

STOLTLE C,HANRAHAN P, Polaris: A system for query,
analysis and visualization of multi-dimensional relational databa-
ses[ J]. IEEE Transcations on Visualization and Computer
Graphics,2002,8(1) : 52-56.

KEIM D, ANDRIENKO G,FEKETE J D,et al. Visual Analy-
tics: Definition, Process, and Challenges[J]. Lecture Notes in
Computer Science, 2008,4950;154-175.

B, DU, . SRR IR LML dbo . s 7 Tk i AR AL
2014.6.

. B TR FIRIM]. b3 FE R R, 2003,

ROYCE W W. Managing the development of large software sys-
tems[ ] . Proceedings of IEEE WESCON, 1970,26(8) :328-338.
KANDEL S,PAEPCKE A,HELLERSTEIN J, et al. Wrangler:
Interactive visual specification of data transformation scripts[ C]//

Proceedings of the SIGCHI Conference on Human Factors in

(1]

[12]

(13]

(14]

[15]

[16]

(171

(18]

(19]

[20]

Computing Systems, ACM, 2011:3363-3372.

MORRIS T, GUIDRY T, MAGDINIE M. OpenRefine: A {ree,
open source, powerful tool for working with messy data[ R/
OL]. Technical report, The OpenRefine Development Team,
2015, http://openrefine, org,2015.

MACQUEEN ]. Some methods for classification and analysis of
multivariate observations[ J]. Proceedings of the Fifth Berkeley
Symposium on Mathematical Statistics and Probability, 1967, 1
(14).281-297.

SIBSON R. SLINK ; an optimally efficient algorithm for the sin-
gle-link cluster method[J]. The Computer Journal,1973,16(1):
30-34.

ESTER M,KRIEGEL H P, SANDER ], et al. A density-based
algorithm for discovering clusters in large spatial databases with
noise[ J]. Kdd,1996,96(34) :226-231.

MACKINLAY J. Automating the design of graphical presenta-
tions of relational information[J]. ACM Transactions on Graphics
(Tog),1986,5(2):110-141.

FERRAIOLO J,JUN F,JACKSON D. Scalable vector graphics
(SVG) 1. 0 specification M. Tuniverse, 2000.

FULTON S,FULTON J. HTMLS5 canvas M. O’ Reilly Media,
Inc. 2013.

JOHNSON D W,JANKUN-KELLY T J. A scalability study of
web-native information visualization[ C] // Proceedings of Graphics
Interface 2008. Canadian Information Processing Society, 2008 .
163-168.

ZHENG Y,CAPRA L, WOLFSON O, et al. Urban computing:
concepts, methodologies, and applications [ J1. ACM Transac-
tions on Intelligent Systems and Technology (TIST), 2014, 5
(3):38.

HAKLAY M, WEBER P. Openstreetmap: User-generated street
maps[J]. IEEE Pervasive Computing,2008,7(4) :12-18.

(L% 231 70

[19]

[20]

[21]

[22]

(23]

GEEM Z W,TSENG C L. New Methodology, Harmony Search-
and Its Robustness[ C] // Late-Breaking Papers of Genetic and
Evolutionary Computation Conference ( GECCO-2002). New
York, USA,2002,174-178,

KANG S L,GEEM Z W. A new structural optimization Method
based on harmony search algorithm[J]. Computes and Struc-
tures, 2004,82(9/10) : 781-798.

LEE K S,GEEM Z W. A new meta-heuristic algorithm For con-
tinuous engineering optimization: harmony Search theory and
practice[ ] ]. Computer Methods in Applied Mechanics and Engi-
neering, 2005, 194 (36-38):3902-3933.

GEEM Z W,LEE K S,PARK Y. Application of harmony search
to vehicle routing[J]. American Journal of Applied Sciences,
2005,2(12) :1552-1557.

KOUNTOURIOTIS P A, OBRADOVIC D, MANDIC D P, et
al. Multi-step forecasting using echo state networks[ C]// Inter-
national Conference on Computer As a Tool. 2005:1574-1577.

[24] BUEHNER M, YOUNG P. A Tighter Bound for the Echo State

f25]

[26]

[27]

L8]

(29]

Property[J]. IEEE Transactions on Neural Networks, 2006, 17
(3):820-824.

SKOWRONSKI M D, HARRI ] G. Automatic speech recogni-
tion using a predictive echo state network classifier[ J]. Neural
Networks, 2007,20(3) : 414-423.

LIN X, YANG Z, SONG Y. Short-term stock price prediction
based on echo state networks[ ] ]. Expert Systems with Applica-
tions, 2009,36(3) :7313-7317.

HOLZMANN G, HAUSER H. Echo State networks with filter
neurons and a delay & sun readout{]J]. Neural Networks, 2010,
23(2):244-256

OZTURK M C,XU D M, Principle ] C. Analysis and design of
echo state networks[ J]. Neural Computation, 2007,19(1):111-
138.

TIAN Z D,GAO X W, LI S J,et al. Prediction Method for Net-
work Traffic Based on Genetic Algorithm Optimized Echo State
Network[ J]. Journal of Computer Research and Development,
2015,52(5):1137-1145. (in Chinese)

H fr A, B 630, WL, % BRI R AR S R & BN 4
WEBWI ] HEYBTRS &R, 2015,52(5) :1137-1145



