











390 HAFFIR 2024 5 35 55 1 &

£ 6 HMTOGRAR eI TAE
% T i WA @i e P
. A TS R A

T HARR R PG o AR P RN g ek QL Sharese L
ST PR e vﬁgﬁﬁﬁ‘m’j FTTRRAEHD Sip ty o —

. D T RV A BB T T R BT
DoheRec 2015 E I (AR VAL A BB S P, B R 36 LRG0 3R
ashboar We¥ R G BT AR M e BT A 28

RGN S AT T A B R TR e 5 B

VizDeck!" 2012

ARG A
JUBCE SR R

BT BT, A L e
Vodet®™ 017 i IVE XM BILE e ATRUPHT g S 4 B0 AR PR
SRS B ety RS B i
LADVES gy 2 TFaster RCNNIIE SR STWAHT TS BLALOGHRARR AL ol ooy S
Bzl witl al R N ﬁ b NS " m\ ="
I TR Rl O RIS At

BT AR A o 2 I 28 6 o AR
NIRRT VRS, R LI T K B SRS R 2 AL AN SRR A A HERE T L

N an204] SRS
MultiVision™ 2021 35 1 sir 3 Sl & th g%“*ﬂ A PRSI R R % ST b P
(et
" T LI M e ATRLOVT o AR I B T HE B % LA
DashBot™ 2022wy e I AR 8 X

VizDeck "'V ¥ AL Y SRR AT AT AL HERE A5 UK RE T Web 9 LR, % L HARSEHE G5 B A
ARSI, AR5 T TR 45 SR Pk Y BOGER K T ALK, AR A B RE R VizDeck s AT AT 4 A4
HERE S, FETCTTgR AL IS DU B JLAD A A REFERE Hh rTALO M CR B RO IR T3 200 B 27() @ (12 TR
HERE, T I SE R N TR AT e vk 9, B LART e 2™ A5 Hh RS TP AN R SRR A AT R E 2R D fi i
— I {8, MultiVision™ 54 T & 27(a)@ 1 f#AE H & LY RRI@ IR RE 2% S HERE, e IR B 2 I A5 1) i e
INEE S e B, IF H24 ) AR G5 R AC TN, Bric sk 4 H AR LLES 2ty s A\ SRS 2 rh ) AT 2
e PR 0 T R o BT AR BN 280 . Multi Vision™ ™ ¥ 3V S mT W 1] 28 o, 5 A B
BT XA 2 JE OGS I (R 1, a5 X3k B A1) MV Recommender Ji7 X 38 D H1 2381 H M T R HER (111138,
FIP R OSBRI 3R 5 X E 2 DASCR AL AT 3C R T DI R 1) B, JF H P il O i X 3 €
(1 Pl 2 2 ol ) R R SR K 2 8, DX F U0 AR e U L TR T e 2 DR AR f) 22 400 I R R Ak B 4R, P B
MultiVision" T I ZR IR 3 2 ST RS SUER o 20— Al AR BEAT VPR B0, JUR R I SR AR R S — VR4 S A

S SCHRIU P T84 A F H PR, 30t m] B P IR A2 4 R PR A 1
(] (] e
0]
(=]
6

K| 28  MultiVision™ " /12 T 5 i % &
% MultiVision J&} %, DashBot” SR T I 27(a) @M 3R B Bk 2 S HERE 7 2, $5 42 o A A R 285 1) 1) el
KAy ELAT 35 BR BRI BRAT 50 2% 18] (1) T R B R e SR P, 1% 2R 40 LA AT 10 AT A 20 R S, # s s I ZhBREs, Jf:
Wbt T — AR A2 W 284 R B Be A, BT NI RAT . 8 T A8 8 75 KB bRiC BE /8 M IG5 il R,



%5_? ;’% %aﬁgék%%ﬂ—?ﬂﬁ\*ﬁ#;\*??i 391

RIRT 2 F P HEFT H A0 R T AR AL 45 SR T B (A A AR TE TV 45 v AR I DA SR A5 B, A5 38 = s DA B A
HEE (0 AT AL, BT ) B, Voder ™ InAN T W11 27(a) BT R0 B@OFRE R, 'E 454 T ARE S ERBA TS
TR, WEERE R TP BRI 5k, JRR Ao RIRE B S T — R 2GS H P, xR R~ 5 B84
B MR S Sk AT A0 B LM BE R IR R . 7EA8 15 a0 _E, LADVECHRAE T B RE Ay 2K, & AR P DA 4t
) R B S AN, AR5 A W& 27(a) RO VR B 25 ST PR U B AR 5 T AL AR 25 4, A2 R )
N B2 BT A R £, B )5, TheRecDashboard POME 2438 T 5T WA B 7k L HF K 27(a) B LB g 7 A
B XL ERVFHHE A CEOGBRER MA IR S, KRG RASELR N BHEAFIZEE K2 ASKRIE, M
P HERE BRI CR A

HAR BRI AR A Ak, AR SR IR 0 n AL B R R TR 50, A e s I N BT B R R R
G BRI =2 K2R, Kot — PR A AR T A RS AN 8. ) A R TR B I R = T AR,
THH A R T AT IS A, F P AR M B AR E T AR AL B DR R, S B0 PR AR 45 3™ AR T RE. A Rt T R
PES R B RIS &, B TER S B  BEAE, [ X ReiE— D5 e 4 A i .
6.2.2  SrHTIR SRR g A

ot T A A5 2 1 BE R NS B AN UG ER HEAT 70 4. BUARER 6.2.1 15 e B iy iy AR
FOE N TR ) B A IR R T IR 4. TI6 T8 AH DS E s T Ak 2 T 22 56 1 P ke i, s 2
DA IR ES s v 28 5 () S0 R 5 A O 3l 75 B 2R 45 LA SE AR B 16 1) 07 XA 40 A &5 SRAR AR 45 P . <m0 A e A
WP S A T R BB A SO S, A TR B  JLHEAT SRR, DL BRI R A T R oA 4
BReHHE T 5 RUR LS F 7, ek 20 T 4R R S A R I B RE T TR RS A PR 2

SR, 5T 0 W 45 AL gt — AL 35 B T A 20 A7 = RO K 7 1l A BB sk v, RITRG 2 FH 7 [ s L % Aok
SRS B 3 B R AT AL AE B8 7, A7 | IR IR RF . ST P i 5, AR A R R R N AN AR
)L R v T AT AL AT R ORI B SRR T AU R g R I e I R 4.

7 MEEFINT LG T IE AR A 3R ROR T fe 28 A i AR AR, XUE RS L2 TAERAR WA 27(b) Br
R, RGUE e o W SN B0 S b SO e B, AR S 8 HE e S B Y e A R B, e A R AL
Wt s 3R A RN SR HERSCE A 1) 7 4 AT AR A e ROR. (AR =, 3 RGN T an i 27(0)@
eH R P e 3T, AT DA P SR A T BN AR 0 T R 43 B i U

AT BT B AR A B B LRI ), X BT S AR A = A B X T mT A s e A
A= B, B 52 BRI Y ) SCAH A S A5 56 S BR1.  TIA S — H ), Supporting™ 42 i 7 — AN A G4
BOHESE, S E T A o B o R B A 45 A s, MEHESRAR S, RSt IR T & Al s = RUR 28 i) 7
725, oA IR AR SRR 1) 5 125, 9, Calliope™* & — AN T UM KScHis 86 v 44 e 22 HY Al KL M i A& 1) R
4. LMK, DataShot™*" ] LA E B23E ik $0H 42 1 3 A et s 2820 (¥ A0 Al RO, e nf AT iR T
TAVE R R RZ T 27(b) MOMGB 2, BT LUAE B I RT3 BT SO BUR A — 2 & 7 BTG ), J5
BRI TR TR AL G D e RS i 7 D AR ROR 1 2. R e e AT RS A A, 6T A 5
AR A3 T R R A VA3 BT TSI 356 AN FH D 77 ChartStory™ ' A v 73X — IR BI A s i E RGA Bk, & 7T
DIARPHEELIRAR R A A s i T i BoAE R 38 —20 (an il 27(b) D), 48 J5 BB 20 M Dl 7E SEJE Al b vt FLA 3 1
G BT AT T RUA. 5754, AR et P EGER K RGA, 5 F P AT A8 L AN H] b (19, by it iStoryline™*)
IO T Q& 27(b)@ i FH A S AR, R P AR BLAR BCRIAAL B0, i P B B0 B A s AT R, AR B
T LR 1) 57 1K) PR 43 AT S RGA . [RIRE, Story Analyzer™ Ui 1] [ 4R 5 35 4 39 12 B AT MR AL 21 1A B TBE 2R O
FRT A5 AL 45 A ST, SR S B RS rT AR AL S AH TSR, 2 BRUbR S B TR 81 4 I R GE S A AR DG I e 2%
AR AE B S Eon. FIRA 200 FR 40 32 B I T RO B iy AR i AUR, eSSk i = R AN
ATy, KRR I AT AR A AR 55, M LAAL BRI R B AR B S, RS A X iR A B T B v Ay
BT, Ak FRE T2 ST 10 7 i (BBl an, A= Rl sl PR A Jo 1) AN TR S99 0 s ORI, - B 75 280 R 2 F) T R 45 3. ANk
FH T N ZRER AL IR B DR, s 380 ) ek REAT AT LG 2 T U ) D v 22

© A

AT httpy/ www. jos. org. cn




392 HAFFIR 2024 5 35 55 1 &

RT T RORE e L AR T AR

R ik WA i i T

LT A e 1 2 B 0 s i SRR it puig e

Supporting™ 2018 B, JFRUA e g i gt 00 (SR SRS CEVEL s 4
FHEFRSUIAT 2 LCRR BUE BRI BROER o0 e

Jiik
FT RS R SRR Feih T O MR .

G HE % B A

N OIRCLRRE T AR A . TRV 122 RO T g T PUCHE i
ISt 2018y gy onr e i R opgus T msmbcrausn g o L ERIIRAE
B E R AUA REAR B RIS
ST BN 77 R B T ke o
FRTECAR 4692, SR 45 S DataShotif SURIEHN Ly 1o o sy 3 LA

[207] o+ — g 1 v 8 ¥ R Y Iﬁ(ﬁfﬁ%ﬂéﬁﬁﬁ%)ﬁﬁ* S e o
DataShot 2019 S B HIRG I ZRA R HEM v Hidi gl HOHALA A 2 0 RUA 4 IR R, 55 s —

SRR, AL et BRI
s e T BV AL RUBCER, | I
T A RVRE o, TR : AT % S AT SR 8
StoryAnalyzer™ 2020 ! o Hithnse oo ATRMBPEAR S A, BN G
AR PR AIEAUE HOROE et O B S
i ML T 2 05045 4T % SR 6 SUF
S SRR SAE & T R IR SO LA KL U SRR
Calliope™ 2020 HHHIA S eI e, 0 TR s ity e e R A WL B T 40 e
iy LA SR A WG T OB AU R
o B BT R A ER
o L D e Bty p B e R AT E
ChartStory 2021 FEER, LLOR FER AR R EL
: ' SHMA MRS BT i, RIS I AR B

I IX BN ) S AL e W& oL

7 MRRESRKESE

B REEE P AR TR AT R TR AT B TR ABLAZEL. N DR RESEEOR, PRl oAt al B AN AT RE 3
B () AHLPMERE, 2 i ml RE23 AT AR SRR RE AL R AN B T AL 20 (0 T DM, T S T L A 42 e, 6 T Eid
B, ASTDRE M 1) ] RE AT R s A L R e TR L v AR R B AT RE T AL R AR A T T e
BRI AT BT IR R S R ST L2
7.1 EETS R B EE

o SCRFBIRAGRI N 22 T U R AT AR . AEBL S 5t B W A R B R S 7 B 7, RV T S 27
RGBS 5 R 3 T X L4 22 AN A (15 o R A 10 e, AR SR T LT Pk, v 5, BT ER mT AR 0 A
ARG B SRR A A o)A, R LR 22 U e T AR LA AT AT S, 5L JX T e AT AT A
Bt 224 B OB 5 A5 I L, 5T T, #E AT R A S E A 1) 22 75 Bt (R A% S AN A A I A7 AE A AR I
JFAH. LR, 2207 D) el RL o3 Hride £ T i 25 25 ARCAS P s 2 v s T DA A5 5 T Pl . DRI, el o 22 5 Ji ik 4
PRI OLT, B T2 a2 T5 i PUET R OS2 S 22 70 B R S5 R B BOR, IR 2B LK) 2 5 WM T AL
S M A AR K, SEELRSRA DR 10 22 5 iy 0 ] L3R A (LA IS 190 5 i BERA DR (1 22 J5 D[R] T 9L 40 BT PR S B, A7
R T-LRARVE 2 0 W 390 SEAFAE R B I ) R A )T (ki U 2 24 P2 P i i, = T LA AR R 258 A5 R 1
AR e b S 1R B L3, 3 AT ¥ 2 BT 1R A AR

LN YRS b6 e ot W T O T A N 7 R DS oY 4 € W S ST T O R R
S MTHEIE R FIEE 3R, 7 BT I ER T X% 2RI H 2 Ab, 38 AT LA s DARE— 242 U ESE R A1 R 2 1)
(M9G R, &3 58 — A Al R 7 1) SE R S S S B IR Can S8 asl), 10 1 el 40 73 A 1) 0 S 250 38 i ) R LA T 55 0
BT R HT IS5 H B A ER R AR A%, A Bt A IS ECHR I b a6 15 38 1 Bcdi s VA Bt i 5, DL Ty

© PEFEEESK I hitps/ www. jos. org. cn



%E P‘T? ;’% 4&1‘7 ﬁ%é&#@‘ﬂ—?ﬂ;ﬁ\*ﬁ'#{*?E'ii 393

BT (R 4 . AL 2 o A 55 360 5 A SR 00l 8 et ) T B LA = N R s AT 42 v B B PR 28 e, (RLAE T A2 AT 1)
Yy AT R B0, B S TGRSR Pkig. 5, ¥ A SR EOE 2 10 8 1 2 75 B LR S, RIAS BE 1] 5 e
T EAG FHRAEY R 8w M, W] B 3R BA 158 Y 70 W2 5 — AR ZE N Bk . ok, TENLAS 5 SIS
oh, AT DL R R S S (B A RN R RY, DAPE AL AR Y 1 R 4 T, T 1 B0 M U O 8 3G 5 PR Wi 2, AR
AT S b, BRI R S AT AT TP H AR R AU PR AR s AR DG, ST 19 B A VT A A B 2
— Rk MEE T, 12090 T B TRt A FF (1937 5 5 B AT BOR 9 5 27 fe] 151 3 FL v R 3 AT 250808 1 i 2>t
i 1875 1 5 3 5 S P AT U AR ) R 2 A5 B
7.2 BEEHEAIMIL

o UL 3G N Be B AT AL, — DT, H AT BB T AL R G K Z A T R A R SR e
E AT AL, 490 AR A R A AR HERE A TG I T AR A 2 S SR, 2 TN AN ] () s e, 434 E A A0
PRI, PR AN TR AT I H AR AR ) AN R 55— T, N D BRAE 1 b S5 R DA RIE T A AR
IAERL. AL, el R N A e bR, 1E— P38 A 4 Re nT ALAL HERE R Ak Re & — AMEAIT N o ). % g
BRI RS BRI A R PR, s, iR BdESsss, 815N H 2 A4 B0 R HE#
B ER AT S5 g P, LA B A T AR A I A A E AR R

o N fEREVER BERTALAAT. IA I AT RRAL R AT AL 3 B FR 4 AR AR T ey 5 B P AR i = SO s T A
g R, AE A3 R] DG I ny A 45 AT 2 BT HE SR SR, X S8 nT AL A R A R R IR AR R, X
PREILAE P T BRI Y| I AL S AT — AN 45, (BN BERE AT X S5 R AR AR S B DRk, T ARG AT
PR BT R 0 T B & AR — s AR 1k, LIS Bl P A i A R 0 PR A B B, o G £ EH R R 8. NS
SR, T AR AT A AT (1) E AR R P AL AR LA AT DR R AR A mT Ao AT (R RIS AT LA A i il %
(data lineage) FIAR X143 #T (root cause analysis) 2557 AT JE.
73 S AT

o N T HEMR e IR s AT A3 BT . FE R EH A, e 0 P v 255 P 0 23 T TR I A 28 ) 2 sy 38 P k. B
H IR K Z AT BRI T R P 29 8, IAEARRIVHSAE L . S 2. N DR REFI AT AL IR 4 A A B EAT
k. SR, IA BRI AR REAR I =% 8 T AL AN TR 2 A7 A 25 R, SR RV SR ) mT T R PR B 7R 1 %
J B P AN 2 SRS SR IR Bk . AR R TSP A A BRI A1 BEREAT DI, 25T N L Be AR W R AL AT A 23 b7 1
R B R B P A AT @, H P A R TR R IR A, DL SR B O WA A AT Y SN AT
A, wT DA 6 P T S A EAT R EAT 3 B A 20, AT AR SR PR T AR 3 b A -t mT DA A e s
SR A TEAT PRS0 AT A ) 10 3 5 RIS 20 T 3 s A TR AR P 50 T ot v i s A Sk P D R AE A T4, 38 v
DAASE R B 27 S AR AT B s F T Ak 25 SR 1) R 4 208, Y80/ N B0 Rl A5 AR LB s vE Q4040
7.4 BEEMTMSEO

o [ B AT TR . H TS T B ARE T A VR 55 28 IR ) B 2T A BT LA R0 B AIK T TR 43 A 119
IR, ORAG T TR A BT I A8 B, DA AR T R R T — AN A FLTRE I AT R A AT L AR, BT T e T
oA AR ARAFAE T B R A B AN SRR S 15 AT AT R4 v . A R 1) 1) 2 X T AR 43 M 2 L AT DA & &
INFEREr) B ARE T AL B AR LR rT LA T W AU AR, SCRe 28 24145 2R, 2R im0
Br, A PR R R R4 AT 1) 4 IR

o FHE T I RUAR AL . AT BT SO AR A% Ot B T2 AT AL e Wi A 4 R M N TERR R, T
BARRAE . AU HTRFI BT AR 55— P A J B S R SRR I, LA T 2R B R T2 BT B SR 5 ) T X B
FH P PR A I ol R A A 3 PR R R, I T AR R 2 2 T A T I AR50, 185 S = RAUR B AN
AT B R B2 SR A 1S3 T s ASGR A AN AL 3 BT B ST A, SR D7 vk AR B St Ft rp i) R 2R =R SR Rl s, R
TEPERIRT Y R ZE. ARk, FRE TR RUR R R 455 N L Re. nIAAG. BzdE . AR 5 BAEEOR,
TN T REBRIG TSN U LRI B OCHR I R ), 8 I AT MR RE BT AL Ak i S AU R ASEAR L AUk, Je i

© A

AT httpy/ www. jos. org. cn




394 HAFFIR 2024 5 35 55 1 &

HAZ I B — A s T B OB R, I3 B ARTE & AL PSRBT A SCHA 1) A A
7.5 BREAHLOTAOTENEE

IE201 TmageNet! ™ {44 £ I T ¥ 2 >3 B 1 VSR SE B AR OB SR, A8 58 A0 43 A7 400080t 5 2207
T T (R S v B B DA HEAIL 25 25% 5 /IR L 2 S BOR IR B A e AT 0 BOR TR SR . H K 2 B0 e vl
ML B AR GUHI R JE T AT RS [ M R AT SR Bt AR I 5, X el B K 22 02 0T B A s sty R 4% e
AT R, IF AT T BRI SR, X LY HIH 4 DA DA B FA B RO A5: il L 1 A A 4 23 O, AT 3 S5CE A 1] Y T R 23
BT AR5 (TR ARACHERE AT 55) b, ANTR) AR S0 A AN [] PR B B b AT VPN, 4 e 2 RD B = 201 A LA, ANAI T
AU IARITTE. VA T A 9 2 A mT R4 7 1R B vE 24 4R, 9001 IDEBench!*'f1 nvBench!®, {H X 46 Ak Hi 4 4
WIRAFAEAE S5 5 A DRSS . DRI, A8 B W 23 () v s B (KO BE AR R . B0 2 e T LT 1K)
SEHEHHE AR I RIT ST, ¥ 50 B 5 B e T L T rh A TR ROAE 55, Bl n T RAL s R . P A8 L BERIAT
HAT RS W RE S, A Xk e B (AT 4530 3 42 SR A A b A VT 1) 7 by s A 1 22 P v et 4.
7.6 BREATL O THIR RS

H K 2 Bt T 50 Bt R G T U8 AR AN [ B T AL 0BT AR 55, R AN [l I BOR B 2 AHE R 5 22 (1), ey i
AN S LA REHSCHE T R0 BT (10 I A A7 AE K B AL (1) sl 2D 3K Rl 52T 08 e P 0 Bl (2) AN TR] T 4
IINT ARG P E R A A, Hofe b H A B Rk R GTHEAT To e AT 1. IR 27 S WL 2 2D REAE 2547 # k™ AR T
LML — AN A FOR R T RN A2, BT R ey IEAT IR Al VSRR (A scikit-learn) I 2
TSR IOHLES 2 2 TF R HESE (I PyTorch). AU, “# AR FEAN T i R 1H) 55 2, 3L IR) R4 B wI WL 23 At (K14
AEVHSURITT R HESE, FE IR 0 B8 AU 20 A7 PO R AU SRR 23 A RS2, gt A0 A mT 4L 20 A7 2 A 2 AL SR R .

8 B 4

ASCANEHE B AR BT N TR RE A RLA Hh e, Ll R i Kl mT A U ) AR AR Bk
ITHEL. AT, Bk TR RERUE AT L AL OB R SCBEBORHESE, 2045 1 4 % OIFFT A Tl 17 vl Lo
BT e o . R e PTAAL . RO TAIL T R RE AT AL M 1. R T, RSO R EE AN 04T T IR R Lk 4
AN AR W FRIRIE 5 Pk il S A P dm o 2 . 8 E vl L BT 2 — AN 4 RO A2 SR 9 4, £ Kl 8 RE XA
AR, H AT I AR T m A R B B, (AT A7 AR KB ORI S i i A . BE 0k, ARSCRHE 1% AT
PRI ), JF e B T e B8dla vl WA A (R A Fg a9

References:

[1]  Project Group on Strategic Research on Artificial Intelligence 2.0 in China. Strategic Research on Artificial Intelligence 2.0 in China.
Hangzhou: Zhejiang University Press, 2018 (in Chinese).

[2] Chen W, Shen ZQ, Tao YB. Data Visualization. 2nd ed., Beijing: Publishing House of Electronics Industry, 2019 (in Chinese).

[3] Card SK, Mackinlay JD, Shneiderman B. Readings in Information Visualization: Using Vision to Think. San Francisco: Morgan
Kaufmann Publishers, 1999. 1-712.

[4] Qin XD, Luo YY, Tang N, Li GL. Making data visualization more efficient and effective: A survey. The VLDB Journal, 2020, 29(1):
93—117. [doi: 10.1007/s00778-019-00588-3]

[5] Luo YY, Qin XD, Tang N, Li GL. DeepEye: Towards automatic data visualization. In: Proc. of the 34th IEEE Int’l Conf. on Data
Engineering. Paris: IEEE, 2018. 101-112. [doi: 10.1109/ICDE.2018.00019]

[6] Luo YY, Tang N, Li GL, Chai CL, Li WB, Qin XD. Synthesizing natural language to visualization (NL2VIS) benchmarks from
NL2SQL benchmarks. In: Proc. of the 2021 Int’l Conf. on Management of Data. ACM, 2021. 1235-1247. [doi: 10.1145/3448016.
3457261]

[7] Luo YY, Tang N, Li GL, Tang JW, Chai CL, Qin XD. Natural language to visualization by neural machine translation. IEEE Trans. on
Visualization and Computer Graphics, 2022, 28(1): 217-226. [doi: 10.1109/TVCG.2021.3114848]

[8] Shen LX, Shen EY, Luo YY, Yang XC, Hu XM, Zhang XS, Tai ZW, Wang JM. Towards natural language interfaces for data
visualization: A survey. IEEE Trans. on Visualization and Computer Graphics, 2022, 29(6): 3121-3144. [doi: 10.1109/TVCG.2022.

@ P EBEEBEL AT httpy/ www. jos. org. cn



https://doi.org/10.1007/s00778-019-00588-3
https://doi.org/10.1109/ICDE.2018.00019
https://doi.org/10.1145/3448016.3457261
https://doi.org/10.1145/3448016.3457261
https://doi.org/10.1109/TVCG.2021.3114848
https://doi.org/10.1109/TVCG.2022.3148007

B2 T F ARBETASTH ARG 395

3148007]
[9] Battle L, Scheidegger C. A structured review of data management technology for interactive visualization and analysis. IEEE Trans. on
Visualization and Computer Graphics, 2021, 27(2): 1128-1138. [doi: 10.1109/TVCG.2020.3028891]

[10] Zhu SJ, Sun GD, Jiang Q, Zha M, Liang RH. A survey on automatic infographics and visualization recommendations. Visual
Informatics, 2020, 4(3): 24-40. [doi: 10.1016/j.visinf.2020.07.002]

[11]  Wang QW, Chen ZT, Wang Y, Qu HM. A survey on ML4VIS: Applying machine learning advances to data visualization. [EEE Trans.
on Visualization and Computer Graphics, 2022, 28(12): 5134-5153. [doi: 10.1109/TVCG.2021.3106142]

[12]  Wu AY, Wang Y, Shu XH, Moritz D, Cui WW, Zhang HD, Zhang DM, Qu HM. AI4VIS: Survey on artificial intelligence approaches
for data visualization. IEEE Trans. on Visualization and Computer Graphics, 2022, 28(12): 5049-5070. [doi: 10.1109/TVCG.2021.
3099002]

[13] XiaJZ, LiJ, Chen SM, Qin HX, Liu SX. A survey on interdisciplinary research of visualization and artificial intelligence. SCIENTIA

SINICA Informationis, 2021, 51(11): 1777-1801 (in Chinese with English abstract). [doi: 10.1360/SSI-2021-0062]

14]  OpenGL. 2022. https://en.wikipedia.org/wiki/OpenGL

15]  Java 2D tutorial. 2022. https://zetcode.com/gfx/java2d/

16]  Html canvas. 2022. https://en.wikipedia.org/wiki/Canvas_element

—_ — —_, —

17]  Satyanarayan A, Moritz D, Wongsuphasawat K, Heer J. Vega-Lite: A grammar of interactive graphics. IEEE Trans. on Visualization

and Computer Graphics, 2017, 23(1): 341-350. [doi: 10.1109/TVCG.2016.2599030]

[18] Wongsuphasawat K, Moritz D, Anand A, Mackinlay J, Howe B, Heer J. Towards a general-purpose query language for visualization
recommendation. In: Proc. of the 2016 Workshop on Human-in-the-loop Data Analytics. San Francisco: ACM, 2016. 4. [doi: 10.1145/
2939502.2939506]

[19] Hanrahan P. VizQL: A language for query, analysis and visualization. In: Proc. of the 2006 ACM SIGMOD Int’l Conf. on Management
of Data. Chicago: ACM, 2006. 721. [doi: 10.1145/1142473.1142560]

[20]  Altair. 2022. https://altair-viz.github.io/index.html

[21]  Apache echarts. 2022. https://echarts.apache.org/en/index.html

[22]  ggplot2. 2023. https://ggplot2.tidyverse.org/

[23] Siddiqui T, Lee J, Kim A, Xue E, Yu XF, Zou SA, Guo LJ, Liu CF, Wang CR, Karahalios K, Parameswaran AG. Fast-forwarding to
desired visualizations with zenvisage. In: Proc. of the 8th Biennial Conf. on Innovative Data Systems Research. Chaminade:
www.cidrdb.org, 2017. 43—49.

[24] Satyanarayan A, Wongsuphasawat K, Heer J. Declarative interaction design for data visualization. In: Proc. of the 27th Annual ACM
Symp. on User Interface Software and Technology. Honolulu: ACM, 2014. 669-678. [doi: 10.1145/2642918.2647360]

25] Tableau. 2022. https://www.tableau.com/

26]  Google sheets. 2022. https://www.google.com/sheets/about/

27]  Excel. 2022. https://www.microsoft.com/en-us/microsoft-365/excel

[

[

[

[28] Many eyes. 2022. https://www.ibm.com/support/pages/many-eyes-and-visualization-data

[29] Data illustrator. 2022. https://data-illustrator.cs.umd.edu/

[30] Lyra. 2022. http:/idl.cs.washington.edu/projects/lyra/

[31] Satyanarayan A, Heer J. Lyra: An interactive visualization design environment. In: Proc. of the 16th Eurographics Conf. on
Visualization. Swansea: Eurographics Association, 2014. 351-360.

[32] Mackinlay J. Automating the design of graphical presentations of relational information. ACM Trans. on Graphics, 1986, 5(2): 110-141.
[doi: 10.1145/22949.22950]

[33] QuickSight. 2022. https://aws.amazon.com/cn/quicksight/

[34] QIlik. 2022. https://www.qlik.com/us/

[35] Luo YY, Qin XD, Tang N, Li GL, Wang XR. DeepEye: Creating good data visualizations by keyword search. In: Proc. of the 2018 Int’l
Conf. on Management of Data. Houston: ACM, 2018. 1733-1736. [doi: 10.1145/3183713.3193545]

[36] Luo YY, Qin XD, Chai CL, Tang N, Li GL, Li WB. Steerable self-driving data visualization. IEEE Trans. on Knowledge and Data
Engineering, 2022, 34(1): 475-490. [doi: 10.1109/TKDE.2020.2981464]

[37] Wongsuphasawat K, Qu ZN, Moritz D, Chang R, Ouk F, Anand A, Mackinlay J, Howe B, Heer J. Voyager2: Augmenting visual
analysis with partial view specifications. In: Proc. of the 2017 CHI Conf. on Human Factors in Computing Systems. Denver: ACM,
2017.2648-2659. [doi: 10.1145/3025453.3025768]

[38] Haber RB, McNabb DA. Visualization idioms: A conceptual model for scientific visualization systems. In: Proc. of the 1990

©

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1109/TVCG.2022.3148007
https://doi.org/10.1109/TVCG.2020.3028891
https://doi.org/10.1016/j.visinf.2020.07.002
https://doi.org/10.1109/TVCG.2021.3106142
https://doi.org/10.1109/TVCG.2021.3099002
https://doi.org/10.1109/TVCG.2021.3099002
https://doi.org/10.1360/SSI-2021-0062
https://en.wikipedia.org/wiki/OpenGL
https://zetcode.com/gfx/java2d/
https://en.wikipedia.org/wiki/Canvas_element
https://doi.org/10.1109/TVCG.2016.2599030
https://doi.org/10.1145/2939502.2939506
https://doi.org/10.1145/2939502.2939506
https://doi.org/10.1145/1142473.1142560
https://altair-viz.github.io/index.html
https://echarts.apache.org/en/index.html
https://ggplot2.tidyverse.org/
https://doi.org/10.1145/2642918.2647360
https://www.tableau.com/
https://www.google.com/sheets/about/
https://www.microsoft.com/en-us/microsoft-365/excel
https://www.ibm.com/support/pages/many-eyes-and-visualization-data
https://data-illustrator.cs.umd.edu/
http://idl.cs.washington.edu/projects/lyra/
https://doi.org/10.1145/22949.22950
https://aws.amazon.com/cn/quicksight/
https://www.qlik.com/us/
https://doi.org/10.1145/3183713.3193545
https://doi.org/10.1109/TKDE.2020.2981464
https://doi.org/10.1145/3025453.3025768

396 HAFFIR 2024 5 35 55 1 &

Visualization in Scientific Computing. London: IEEE, 1990. 74-93.

[39] Pirolli P, Card S. The sensemaking process and leverage points for analyst technology as identified through cognitive task analysis. In:
Proc. of the 2005 Int’1 Conf. on Intelligence Analysis. 2005. 2—4.

[40] Card SK, Mackinlay JD, Shneiderman B. Readings in Information Visualization: Using Vision to Think. San Francisco: Morgan
Kaufmann, 1999.

[41] Munzner T. A nested model for visualization design and validation. IEEE Trans. on Visualization and Computer Graphics, 2009, 15(6):
921-928. [doi: 10.1109/TVCG.2009.111]

[42] Lamba M, Madhusudhan M. Information visualization. In: Lamba M, Madhusudhan M, eds. Text Mining for Information Professionals.
Cham: Springer, 2022. 243-293. [doi: 10.1007/978-3-030-85085-2 9]

[43] Ren L, Du Y, Ma S, Zhang XL, Dai GZ. Visual analytics towards big data. Ruan Jian Xue Bao/Journal of Software, 2014, 25(9):
1909-1936 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4645 . htm [doi: 10.13328/j.cnki.jos.004645]

[44] Keim D, Andrienko G, Fekete JD, Gorg C, Kohlhammer J, Melangon G. Visual analytics: Definition, process, and challenges. In:
Kerren A, Stasko JT, Fekete JD, North C, eds. Information Visualization. Berlin, Heidelberg: Springer, 2008. 154—175. [doi: 10.1007/
978-3-540-70956-5_7]

[45] wvan Wijk JJ. The value of visualization. In: Proc. of the 2005 IEEE Visualization. Minneapolis: IEEE, 2005. 79-86. [doi: 10.1109/
VISUAL.2005.1532781]

[46] Cleaning big data: Most time-consuming, least enjoyable data science task, survey says. 2022. https://www.forbes.com/sites/gilpress/
2016/03/23/data-preparation-most-time-consuming-least-enjoyable-data-science-task-survey-says/?sh=666536¢96163

[47] FanJ, Chen JY, Liu TY, Shen YW, Li GL, Du XY. Relational data synthesis using generative adversarial networks: A design space
exploration. Proc. of the VLDB Endowment, 2020, 13(12): 1962-1975. [doi: 10.14778/3407790.3407802]

[48] Chai CL, Li GL, Li J, Deng D, Feng JH. Cost-effective crowdsourced entity resolution: A partial-order approach. In: Proc. of the 2016
Int’l Conf. on Management of Data. San Francisco: ACM, 2016. 969-984. [doi: 10.1145/2882903.2915252]

[49] Elmagarmid AK, Ipeirotis PG, Verykios VS. Duplicate record detection: A survey. IEEE Trans. on Knowledge and Data Engineering,
2007, 19(1): 1-16. [doi: 10.1109/TKDE.2007.250581]

[50] Chen HP, Jajodia S, Liu J, Park N, Sokolov V, Subrahmanian VS. Faketables: Using GANs to generate functional dependency
preserving tables with bounded real data. In: Proc. of the 28th Int’l Joint Conf. on Artificial Intelligence. Macao: AAAI Press, 2019.
2074-2080.

[51] Park N, Mohammadi M, Gorde K, Jajodia S, Park H, Kim Y. Data synthesis based on generative adversarial networks. Proc. of the
VLDB Endowment, 2018, 11(10): 1071-1083. [doi: 10.14778/3231751.3231757]

[52] Qinl XD, Chai CL, Tang N, Li J, Luo YY, Li GL, Zhu YY. Synthesizing privacy preserving entity resolution datasets. In: Proc. of the
38th Int’l Conf. on Data Engineering. Kuala Lumpur: IEEE, 2022. 2359-2371. [doi: 10.1109/ICDE53745.2022.00222]

[53] Dimitriadou K, Papaemmanouil O, Diao YL. Explore-by-example: An automatic query steering framework for interactive data
exploration. In: Proc. of the 2014 ACM SIGMOD Int’l Conf. on Management of Data. Snowbird: ACM, 2014. 517-528. [doi: 10.1145/
2588555.2610523]

[54] Konda P, Das S, Paul Suganthan GC, Doan A, Ardalan A, Ballard JR, Li H, Panahi F, Zhang HJ, Naughton J, Prasad S, Krishnan G,
Deep R, Raghavendra V. Magellan: Toward building entity matching management systems. Proc. of the VLDB Endowment, 2016,
9(12): 1197-1208. [doi: 10.14778/2994509.2994535]

[55] Qin XD, Chai CL, Luo YY, Zhao TY, Tang N, Li GL, Feng JH, Yu X, Ouzzani M. Interactively discovering and ranking desired tuples
by data exploration. The VLDB Journal, 2022, 31(4): 753-777. [doi: 10.1007/s00778-021-00714-0]

[56] Qin XD, Chai CL, Luo YY, Tang T, Li GL. Interactively discovering and ranking desired tuples without writing SQL queries. In: Proc.
of the 2020 ACM SIGMOD Int’l Conf. on Management of Data. Portland: ACM, 2020. 2745-2748. [doi: 10.1145/3318464.3384695]

[57] Qin XD, Chai CL, Luo YY, Zhao TY, Tang N, Li GL, Feng JH, Yu X, Ouzzani M. Ranking desired tuples by database exploration. In:
Proc. of the 37th Int’] Conf. on Data Engineering. Chania: IEEE, 2021. 1973-1978. [doi: 10.1109/ICDE51399.2021.00186]

[58] Cashman D, Xu SY, Das S, Heimerl F, Liu C, Humayoun SR, Gleicher M, Endert A, Chang R. CAVA: A visual analytics system for
exploratory columnar data augmentation using knowledge graphs. IEEE Trans. on Visualization and Computer Graphics, 2021, 27(2):
1731-1741. [doi: 10.1109/TVCG.2020.3030443]

[59] Zhang Y, Ives ZG. Finding related tables in data lakes for interactive data science. In: Proc. of the 2020 ACM SIGMOD Int’l Conf. on
Management of Data. Portland: ACM, 2020. 1951-1966. [doi: 10.1145/3318464.3389726]

[60] Xu L, Skoularidou M, Cuesta-Infante A, Veeramachaneni K. Modeling tabular data using conditional GAN. Advances in Neural
Information Processing Systems, 2019, 32: 7335-7345.

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1109/TVCG.2009.111
https://doi.org/10.1007/978-3-030-85085-2_9
http://www.jos.org.cn/1000-9825/4645.htm
https://doi.org/10.13328/j.cnki.jos.004645
https://doi.org/10.1007/978-3-540-70956-5_7
https://doi.org/10.1007/978-3-540-70956-5_7
https://doi.org/10.1109/VISUAL.2005.1532781
https://doi.org/10.1109/VISUAL.2005.1532781
https://www.forbes.com/sites/gilpress/2016/03/23/data-preparation-most-time-consuming-least-enjoyable-data-science-task-survey-says/?sh=666536e96f63
https://www.forbes.com/sites/gilpress/2016/03/23/data-preparation-most-time-consuming-least-enjoyable-data-science-task-survey-says/?sh=666536e96f63
https://doi.org/10.14778/3407790.3407802
https://doi.org/10.1145/2882903.2915252
https://doi.org/10.1109/TKDE.2007.250581
https://doi.org/10.14778/3231751.3231757
https://doi.org/10.1109/ICDE53745.2022.00222
https://doi.org/10.1145/2588555.2610523
https://doi.org/10.1145/2588555.2610523
https://doi.org/10.14778/2994509.2994535
https://doi.org/10.1007/s00778-021-00714-0
https://doi.org/10.1145/3318464.3384695
https://doi.org/10.1109/ICDE51399.2021.00186
https://doi.org/10.1109/TVCG.2020.3030443
https://doi.org/10.1145/3318464.3389726

BB T F ARBIBETASTH ARG 397

[61] Settles B. Active learning literature survey. Madison: University of Wisconsin-Madison, 2009.

[62] Brinker K. Incorporating diversity in active learning with support vector machines. In: Proc. of the 20th Int’l Conf. on on Machine
Learning. Washington: AAAI Press, 2003. 59—66.

[63] Melville P, Mooney RJ. Diverse ensembles for active learning. In: Proc. of the 21st Int’l Conf. on Machine Learning. Banff: ACM,
2004. 74. [doi: 10.1145/1015330.1015385]

[64] Shen YY, Chakrabarti K, Chaudhuri S, Ding BL, Novik L. Discovering queries based on example tuples. In: Proc. of the 2014 ACM
SIGMOD Int’l Conf. on Management of Data. Snowbird: ACM, 2014. 493-504. [doi: 10.1145/2588555.2593664]

[65] Fariha A, Meliou A. Example-driven query intent discovery: Abductive reasoning using semantic similarity. Proc. of the VLDB
Endowment, 2019, 12(11): 1262—1275. [doi: 10.14778/3342263.3342266]

[66] Huang EH, Peng LP, Di Palma L, Abdelkafi A, Liu AN, Diao YL. Optimization for active learning-based interactive database
exploration. Proc. of the VLDB Endowment, 2018, 12(1): 71-84. [doi: 10.14778/3275536.3275542]

[67] Xie M, Chen TW, Wong CW. FindYourFavorite: An interactive system for finding the user’s favorite tuple in the database. In: Proc. of
the 2019 Int’l Conf. on Management of Data. Amsterdam: ACM, 2019. 2017-2020. [doi: 10.1145/3299869.3320215]

[68] Zhang J, Cormode G, Procopiuc CM, Srivastava D, Xiao XK. PrivBayes: Private data release via Bayesian networks. ACM Trans. on
Database Systems, 2017, 42(4): 25. [doi: 10.1145/3134428]

[69] Chan B, Wu L, Talbot J, Cammarano M, Hanrahan P. Vispedia: Interactive visual exploration of wikipedia data via search-based
integration. IEEE Trans. on Visualization and Computer Graphics, 2008, 14(6): 1213-1220. [doi: 10.1109/TVCG.2008.178]

[70] Cho I, Dou W, Wang DX, Sauda E, Ribarsky W. VaiRoma: A visual analytics system for making sense of places, times, and events in
roman history. [EEE Trans. on Visualization and Computer Graphics, 2016, 22(1): 210-219. [doi: 10.1109/TVCG.2015.2467971]

[71]1  Fernandez RC, Deng D, Mansour E, Qahtan AA, Tao WB, Abedjan Z, Elmagarmid A, Ilyas IF, Madden S, Ouzzani M, Stonebraker M,
Tang N. A demo of the data civilizer system. In: Proc. of the 2017 ACM Int’l Conf. on Management of Data. Chicago: ACM, 2017.
1639-1642. [doi: 10.1145/3035918.3058740]

[72] Hao S, Li GL, Feng JH, Wang N. Survey of structured data cleaning methods. Journal of Tsinghua University (Science & Technology),
2018, 58(12): 1037-1050 (in Chinese with English abstract). [doi: 10.16511/j.cnki.qghdxxb.2018.22.053]

[73] Morton K, Balazinska M, Grossman D, MaCkinlay J. Support the data enthusiast: Challenges for next-generation data-analysis systems.
Proc. of the VLDB Endowment, 2014, 7(6): 453—456. [doi: 10.14778/2732279.2732282]

[74] Khayyat Z, Ilyas IF, Jindal A, Madden S, Ouzzani M, Papotti P, Quiané-Ruiz JA, Tang N, Yin S. BigDansing: A system for big data
cleansing. In: Proc. of the 2015 ACM SIGMOD Int’l Conf. on Management of Data. Melbourne: ACM, 2015. 1215-1230. [doi: 10.1145/
2723372.2747646]

[75] Abedjan Z, Chu X, Deng D, Fernandez RC, Ilyas IF, Ouzzani M, Papotti P, Stonebraker M, Tang N. Detecting data errors: Where are
we and what needs to be done? Proc. of the VLDB Endowment, 2016, 9(12): 993-1009. [doi: 10.14778/2994509.2994518]

[76] Kandel S, Paepcke A, Hellerstein J, et al. Wrangler: Interactive visual specification of data transformation scripts. In: Proc. of the 2011
SIGCHI Conf. on Human Factors in Computing Systems. ACM, 2011. 3363-3372.

[77] Luo YY, Chai CL, Qin XD, Tang N, Li GL. VisClean: Interactive cleaning for progressive visualization. Proc. ofthe VLDB
Endowment, 2020, 13(12): 2821-2824. [doi: 10.14778/3415478.3415484]

[78] Luo YY, Chai CL, Qin XD, Tang N, Li GL. Interactive cleaning for progressive visualization through composite questions. In: Proc. of
the 36th IEEE Int’l Conf. on Data Engineering. Dallas: IEEE, 2020. 733-744. [doi: 10.1109/ICDE48307.2020.00069]

[79] Wang CL, Feng Y, Bodik R, Dillig I, Cheung A, Ko AJ. Falx: Synthesis-powered visualization authoring. In: Proc. of the 2021 CHI
Conf. on Human Factors in Computing Systems. Yokohama: ACM, 2021. 106. [doi: 10.1145/3411764.3445249]

[80] Wu AY, Xie LWH, Lee B, Wang Y, Cui WW, Qu HM. Learning to automate chart layout configurations using crowdsourced paired
comparison. In: Proc. of the 2021 CHI Conf. on Human Factors in Computing Systems. Yokohama: ACM, 2021. 14. [doi: 10.1145/
3411764.3445179]

[81] Qian X, Rossi RA, Du F, Kim S, Koh E, Malik S, Lee TY, Chan J. Learning to recommend visualizations from data. In: Proc. of the
27th ACM SIGKDD Conf. on Knowledge Discovery & Data Mining. Singapore: ACM, 2021. 1359-1369. [doi: 10.1145/34475438.
3467224]

[82] Lee DJL, Setlur V, Tory M, Karahalios K, Parameswaran A. Deconstructing categorization in visualization recommendation: A
taxonomy and comparative study. IEEE Trans. on Visualization and Computer Graphics, 2022, 28(12): 4225-4239. [doi: 10.1109/
TVCG.2021.3085751]

[83] Vartak M, Huang SL, Siddiqui T, Madden S, Parameswaran A. Towards visualization recommendation systems. ACM SIGMOD
Record, 2017, 45(4): 34-39. [doi: 10.1145/3092931.3092937]

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1145/1015330.1015385
https://doi.org/10.1145/2588555.2593664
https://doi.org/10.14778/3342263.3342266
https://doi.org/10.14778/3275536.3275542
https://doi.org/10.1145/3299869.3320215
https://doi.org/10.1145/3134428
https://doi.org/10.1109/TVCG.2008.178
https://doi.org/10.1109/TVCG.2015.2467971
https://doi.org/10.1145/3035918.3058740
https://doi.org/10.16511/j.cnki.qhdxxb.2018.22.053
https://doi.org/10.14778/2732279.2732282
https://doi.org/10.1145/2723372.2747646
https://doi.org/10.1145/2723372.2747646
https://doi.org/10.14778/2994509.2994518
https://doi.org/10.14778/3415478.3415484
https://doi.org/10.1109/ICDE48307.2020.00069
https://doi.org/10.1145/3411764.3445249
https://doi.org/10.1145/3411764.3445179
https://doi.org/10.1145/3411764.3445179
https://doi.org/10.1145/3447548.3467224
https://doi.org/10.1145/3447548.3467224
https://doi.org/10.1109/TVCG.2021.3085751
https://doi.org/10.1109/TVCG.2021.3085751
https://doi.org/10.1145/3092931.3092937

398 HAFFIR 2024 5 35 55 1 &

[84] Zhou MY, Wang T, Ji PX, Han S, Zhang DM. Table2Analysis: Modeling and recommendation of common analysis patterns for multi-
dimensional data. In: Proc. of the 34th AAAI Conf. on Artificial Intelligence. New York: AAAI Press, 2020: 320-328. [doi: 10.1609/
aaai.v34i01.5366]

[85] Ma PC, Ding R, Han S, Zhang DM. Metainsight: Automatic discovery of structured knowledge for exploratory data analysis. In: Proc.
of the 2021 Int’l Conf. on Management of Data. ACM, 2021. 1262-1274. [doi: 10.1145/3448016.3457267]

[86] Shen LX, Shen EY, Tai ZW, Xu YH, Dong JX, Wang JM. Visual data analysis with task-based recommendations. Data Science and
Engineering, 2022, 7(4): 354-369. [doi: 10.1007/s41019-022-00195-3]

[87] Vartak M, Rahman S, Madden S, Parameswaran A, Polyzotis N. SzDB: Efficient data-driven visualization recommendations to support
visual analytics. Proc. of the VLDB Endowment, 2015, 8(13): 2182-2193. [doi: 10.14778/2831360.2831371]

[88] Siddiqui T, Kim A, Lee J, Karahalios K, Parameswaran A. Effortless data exploration with zenvisage: An expressive and interactive
visual analytics system. Proc. of the VLDB Endowment, 2016, 10(4): 457-468. [doi: 10.14778/3025111.3025126]

[89] Moritz D, Wang CL, Nelson GL, Lin H, Smith AM, Howe B, Heer J. Formalizing visualization design knowledge as constraints:
Actionable and extensible models in draco. IEEE Trans. on Visualization and Computer Graphics, 2019, 25(1): 438—448. [doi: 10.1109/
TVCG.2018.2865240]

[90] Hu K, Bakker MA, Li S, Kraska T, Hidalgo C. VizML: A machine learning approach to visualization recommendation. In: Proc. of the
2019 CHI Conf. on Human Factors in Computing Systems. New York: ACM, 2019. 128. [doi: 10.1145/3290605.3300358]

[91] Ding R, Han S, Xu Y, Zhang HD, Zhang DM. Quickinsights: Quick and automatic discovery of insights from multi-dimensional data.
In: Proc. of the 2019 Int’l Conf. on Management of Data. Amsterdam: ACM, 2019. 317-332. [doi: 10.1145/3299869.3314037]

[92] Shen LX, Shen EY, Tai ZW, Song YR, Wang JM. TaskVis: Task-oriented visualization recommendation. In: Agus M, Garth C, Kerren
A, eds. EuroVis 2021-Short Papers. The Eurographics Association, 2021. [doi: 10.2312/evs.20211061]

[93] Zeng ZH, Moh P, Du F, Hoffswell J, Lee TY, Malik S, Koh E, Battle L. An evaluation-focused framework for visualization
recommendation algorithms. IEEE Trans. on Visualization and Computer Graphics, 2022, 28(1): 346-356. [doi: 10.1109/TVCG.2021.
3114814]

[94] Wongsuphasawat K, Moritz D, Anand A, MaCkinlay J, Howe B, Heer J. Voyager: Exploratory analysis via faceted browsing of
visualization recommendations. IEEE Trans. on Visualization and Computer Graphics, 2016, 22(1): 649-658. [doi: 10.1109/TVCG.2015.
2467191]

[95] Patel H, Guttula S, Mittal RS, Manwani N, Berti-Equille L, Manatkar A. Advances in exploratory data analysis, visualisation and quality
for data centric Al systems. In: Proc. of the 28th ACM SIGKDD Conf. on Knowledge Discovery and Data Mining. Washington: ACM,
2022. 4814-4815. [doi: 10.1145/3534678.3542604]

[96] Deng DZ, Wu AY, Qu HM, Wu YC. DashBot: Insight-driven dashboard generation based on deep reinforcement learning. IEEE Trans.
on Visualization and Computer Graphics, 2023, 29(1): 690-700. [doi: 10.1109/TVCG.2022.3209468]

[97] Tang JW, Luo YY, Ouzzani M, Li GL, Chen HY. Sevi: Speech-to-visualization through neural machine translation. In: Proc. of the
2022 Int’] Conf. on Management of Data. Philadelphia: ACM, 2022. 2353-2356. [doi: 10.1145/3514221.3520150]

[98] Mackinlay J, Hanrahan P, Stolte C. ShowMe: Automatic presentation for visual analysis. IEEE Trans. on Visualization and Computer
Graphics, 2007, 13(6): 1137-1144. [doi: 10.1109/TVCG.2007.70594]

[99] Lee DIL, Tang DX, Agarwal K, Boonmark T, Chen C, Kang J, Mukhopadhyay U, Song J, Yong M, Hearst MA, Parameswaran AG.
Lux: Always-on visualization recommendations for exploratory dataframe workflows. Proc. of the VLDB Endowment, 2021, 15(3):
727-738. [doi: 10.14778/3494124.3494151]

[100] Narechania A, Srinivasan A, Stasko J. NL4DV: A toolkit for generating analytic specifications for data visualization from natural
language queries. IEEE Trans. on Visualization and Computer Graphics, 2021, 27(2): 369-379. [doi: 10.1109/TVCG.2020.3030378]

[101] Lee DIL, Dev H, Hu HZ, Elmeleegy H, Parameswaran A. Avoiding drill-down fallacies with VisPilot: Assisted exploration of data
subsets. In: Proc. of the 24th Int’l Conf. on Intelligent User Interfaces. Marina del Ray: ACM, 2019. 186-196. [doi: 10.1145/3301275.
3302307]

[102] Wang CL, Feng Y, Bodik R, Cheung A, Dillig I. Visualization by example. Proc. of the ACM on Programming Languages, 2020,
4(POPL): 49. [doi: 10.1145/3371117]

[103] Gotz D, Wen Z. Behavior-driven visualization recommendation. In: Proc. of the 14th Int’l Conf. on Intelligent User Interfaces. Sanibel
Island: ACM, 2009. 315-324. [doi: 10.1145/1502650.1502695]

[104] Dibia V, Demiralp C. Data2Vis: Automatic generation of data visualizations using sequence-to-sequence recurrent neural networks.
IEEE Computer Graphics and Applications, 2019, 39(5): 33-46. [doi: 10.1109/MCG.2019.2924636]

[105] Zhou MY, Li QT, He XY, Li YJ, Liu YB, Ji W, Han S, Chen YN, Jiang DX, Zhang DM. Table2Charts: Recommending charts by

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1609/aaai.v34i01.5366
https://doi.org/10.1609/aaai.v34i01.5366
https://doi.org/10.1145/3448016.3457267
https://doi.org/10.1007/s41019-022-00195-3
https://doi.org/10.14778/2831360.2831371
https://doi.org/10.14778/3025111.3025126
https://doi.org/10.1109/TVCG.2018.2865240
https://doi.org/10.1109/TVCG.2018.2865240
https://doi.org/10.1145/3290605.3300358
https://doi.org/10.1145/3299869.3314037
https://doi.org/10.2312/evs.20211061
https://doi.org/10.1109/TVCG.2021.3114814
https://doi.org/10.1109/TVCG.2021.3114814
https://doi.org/10.1109/TVCG.2015.2467191
https://doi.org/10.1109/TVCG.2015.2467191
https://doi.org/10.1145/3534678.3542604
https://doi.org/10.1109/TVCG.2022.3209468
https://doi.org/10.1145/3514221.3520150
https://doi.org/10.1109/TVCG.2007.70594
https://doi.org/10.14778/3494124.3494151
https://doi.org/10.1109/TVCG.2020.3030378
https://doi.org/10.1145/3301275.3302307
https://doi.org/10.1145/3301275.3302307
https://doi.org/10.1145/3371117
https://doi.org/10.1145/1502650.1502695
https://doi.org/10.1109/MCG.2019.2924636

B2 F F ARBIBETASH ARG 399

learning shared table representations. In: Proc. of the 27th ACM SIGKDD Conf. on Knowledge Discovery & Data Mining. ACM, 2021.
2389-2399. [doi: 10.1145/3447548.3467279]

[106] Mutlu B, Veas E, Trattner C. VizRec: Recommending personalized visualizations. ACM Trans. on Interactive Intelligent Systems, 2016,
6(4): 31. [doi: 10.1145/2983923]

[107] Qian X, Rossi RA, Du F, Kim S, Koh E, Malik S, Lee TY, Ahmed NK. Personalized visualization recommendation. ACM Trans. on the
Web, 2022, 16(3): 11. [doi: 10.1145/3538703]

[108] Song YF, Zhao XF, Wong RCW, Jiang D. RGVisNet: A hybrid retrieval-generation neural framework towards automatic data
visualization generation. In: Proc. of the 28th ACM SIGKDD Conf. on Knowledge Discovery and Data Mining. Washington: ACM,
2022. 1646-1655. [doi: 10.1145/3534678.3539330]

[109] Ojo F, Rossi RA, Hoffswell J, Guo SN, Du F, Kim S, Xiao C, Koh E. VisGNN: Personalized visualization recommendationvia graph
neural networks. In: Proc. of the 2022 ACM Web Conf. ACM, 2022. 2810-2818. [doi: 10.1145/3485447.3512001]

[110] Cao YR, Li XH, Pan JY, Lin WC. VisGuide: User-oriented recommendations for data event extraction. In: Proc. of the 2022 CHI Conf.
on Human Factors in Computing Systems. New Orleans: ACM, 2022. 412. [doi: 10.1145/3491102.3517648]

[111] Key A, Howe B, Perry D, Aragon C. VizDeck: Self-organizing dashboards for visual analytics. In: Proc. of the 2012 ACM SIGMOD Int’]
Conf. on Management of Data. Scottsdale: ACM, 2012. 681-684. [doi: 10.1145/2213836.2213931]

[112]  Lin H, Moritz D, Heer J. Dziban: Balancing agency & automation in visualization design via anchored recommendations. In: Proc. of
the 2020 CHI Conf. on Human Factors in Computing Systems. Honolulu: ACM, 2020. 1-12. [doi: 10.1145/3313831.3376880]

[113] Li HT, Wang Y, Zhang SH, Song YQ, Qu HM. KG4Vis: A knowledge graph-based approach for visualization recommendation. IEEE
Trans. on Visualization and Computer Graphics, 2022, 28(1): 195-205. [doi: 10.1109/TVCG.2021.3114863]

[114] Manning C, Surdeanu M, Bauer J, Finkel J, Bethard S, McClosky D. The stanford CoreNLP natural language processing toolkit. In:
Proc. of the 52nd Annual Meeting of the Association for Computational Linguistics: System Demonstrations. Baltimore: ACL, 2014.
55-60. [doi: 10.3115/v1/P14-5010]

[115] Vaswani A, Shazeer N, Parmar N, Uszkoreit J, Jones L, Gomez AN, Kaiser L, Polosukhin I. Attention is all you need. In: Proc. of the
31st Int’l Conf. on Neural Information Processing Systems. Long Beach: Curran Associates Inc., 2017. 6000-6010.

[116] Devlin J, Chang MW, Lee K, Toutanova K. BERT: Pre-training of deep bidirectional Transformers for language understanding. In:
Proc. of the 2019 Conf. of the North American Chapter of the Association for Computational Linguistics: Human Language
Technologies. Minneapolis: Association for Computational Linguistics, 2019. 4171-4186. [doi: 10.18653/v1/N19-1423]

[117]  Herbrich R, Graepel T, Obermayer K. Support vector learning for ordinal regression. In: Proc. of the 9th Int’l Conf. on Artificial Neural
Networks ICANN 1999. Edinburgh: IET, 1999. 97-102. [doi: 10.1049/cp:19991091]

[118] Bordes A, Usunier N, Garcia-Duran A, Weston J, Yakhnenko O. Translating embeddings for modeling multi-relational data. In: Proc. of
the 26th Int’l Conf. on Neural Information Processing Systems. Lake Tahoe: Curran Associates Inc., 2013. 2787-2795.

[119] Liu ZC, Heer J. The effects of interactive latency on exploratory visual analysis. IEEE Trans. on Visualization and Computer Graphics,
2014, 20(12): 2122-2131. [doi: 10.1109/TVCG.2014.2346452]

[120]  Zhao Y, Wang YH, Zhang J, Fu CW, Xu ML, Moritz D. KD-box: Line-segment-based KD-tree for interactive exploration of large-scale
time-series data. IEEE Trans. on Visualization and Computer Graphics, 2022, 28(1): 890-900. [doi: 10.1109/TVCG.2021.3114865]

[121]  Moritz D, Howe B, Heer J. Falcon: Balancing interactive latency and resolution sensitivity for scalable linked visualizations. In: Proc. of
the 2019 CHI Conf. on Human Factors in Computing Systems. Glasgow: ACM, 2019. 694. [doi: 10.1145/3290605.3300924]

[122] Pang ZF, Wu S, Chen G, Chen K, Shou LD. FlashView: An interactive visual explorer for raw data. Proc. of the VLDB Endowment,
2017, 10(12): 1869—1872. [doi: 10.14778/3137765.3137796]

[123] Lins L, Klosowski JT, Scheidegger C. Nanocubes for real-time exploration of spatiotemporal datasets. IEEE Trans. on Visualization and
Computer Graphics, 2013, 19(12): 2456-2465. [doi: 10.1109/TVCG.2013.179]

[124] Liu C, Wu C, Shao HN, Yuan XR. SmartCube: An adaptive data management architecture for the real-time visualization of
spatiotemporal datasets. IEEE Trans. on Visualization and Computer Graphics, 2020, 26(1): 790-799. [doi: 10.1109/TVCG.2019.
2934434]

[125]  Pahins CAL, Stephens SA, Scheidegger C, Comba JLD. Hashedcubes: Simple, low memory, real-time visual exploration of big data.
IEEE Trans. on Visualization and Computer Graphics, 2017, 23(1): 671-680. [doi: 10.1109/TVCG.2016.2598624]

[126] Tao WB, Liu XY, Demiralp C, Chang R, Stonebraker M. Kyrix: Interactive visual data exploration at scale. In: Proc. of the 9th Biennial
Conf. on Innovative Data Systems Research. Asilomar: www.cidrdb.org, 2019. 70-75.

[127] Tao WB, Liu XY, Wang YD, Battle L, Demiralp C, Chang R, Stonebraker M. Kyrix: Interactive pan/zoom visualizations at scale.
Computer Graphics Forum, 2019, 38(3): 529-540. [doi: 10.1111/cgf.13708]

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1145/3447548.3467279
https://doi.org/10.1145/2983923
https://doi.org/10.1145/3538703
https://doi.org/10.1145/3534678.3539330
https://doi.org/10.1145/3485447.3512001
https://doi.org/10.1145/3491102.3517648
https://doi.org/10.1145/2213836.2213931
https://doi.org/10.1145/3313831.3376880
https://doi.org/10.1109/TVCG.2021.3114863
https://doi.org/10.3115/v1/P14-5010
https://doi.org/10.18653/v1/N19-1423
https://doi.org/10.1049/cp:19991091
https://doi.org/10.1109/TVCG.2014.2346452
https://doi.org/10.1109/TVCG.2021.3114865
https://doi.org/10.1145/3290605.3300924
https://doi.org/10.14778/3137765.3137796
https://doi.org/10.1109/TVCG.2013.179
https://doi.org/10.1109/TVCG.2019.2934434
https://doi.org/10.1109/TVCG.2019.2934434
https://doi.org/10.1109/TVCG.2016.2598624
https://doi.org/10.1111/cgf.13708

400 HAFFIR 2024 5 35 55 1 &

[128] Tao WB, Hou XL, Sah A, Battle L, Chang R, Stonebraker M. Kyrix-S: Authoring scalable scatterplot visualizations of big data. IEEE
Trans. on Visualization and Computer Graphics, 2021, 27(2): 401-411. [doi: 10.1109/TVCG.2020.3030372]

[129] Mei HH, Chen W, Wei YT, Hu YZ, Zhou SY, Lin BR, Zhao Y, Xia JZ. RSATree: Distribution-aware data representation of large-scale
tabular datasets for flexible visual query. IEEE Trans. on Visualization and Computer Graphics, 2020, 26(1): 1161-1171. [doi: 10.1109/
TVCG.2019.2934800]

[130] Lin QW, Ke WC, Lou JG, Zhang HY, Sui KX, Xu Y, Zhou ZY, Qiao B, Zhang DM. BigIN4: Instant, interactive insight identification
for multi-dimensional big data. In: Proc. of the 24th ACM SIGKDD Int’l Conf. on Knowledge Discovery & Data Mining. London:
ACM, 2018. 547-555. [doi: 10.1145/3219819.3219867]

[131] Crotty A, Galakatos A, Zgraggen E, Binnig C, Kraska T. The case for interactive data exploration accelerators (IDEAs). In: Proc. of the
2016 Workshop on Human-in-the-loop Data Analytics. San Francisco: ACM, 2016. 11. [doi: 10.1145/2939502.2939513]

[132] Pahins CAL, Ferreira N, Comba JL. Real-time exploration of large spatiotemporal datasets based on order statistics. IEEE Trans. on
Visualization and Computer Graphics, 2020, 26(11): 3314-3326. [doi: 10.1109/TVCG.2019.2914446]

[133] LiuZC, Jiang BY, Heer J. imMens: Real-time visual querying of big data. Computer Graphics Forum, 2013, 32(3pt4): 421-430. [doi: 10.
1111/cgf.12129]

[134]  Yu J, Sarwat M. Turbocharging geospatial visualization dashboards via a materialized sampling cube approach. In: Proc. of the 36th
IEEE Int’l Conf. on Data Engineering. Dallas: IEEE, 2020. 1165-1176. [doi: 10.1109/ICDE48307.2020.00105]

[135] Miranda F, Lage M, Doraiswamy H, Mydlarz C, Salamon J, Lockerman Y, Freire J, Silva CT. Time lattice: A data structure for the
interactive visual analysis of large time series. Computer Graphics Forum, 2018, 37(3): 23-35. [doi: 10.1111/cgf.13398]

[136] Kandel S, Parikh R, Paepcke A, Hellerstein JM, Heer J. Profiler: Integrated statistical analysis and visualization for data quality
assessment. In: Proc. of the 2012 Int’l Working Conf. on Advanced Visual Interfaces. Capri: ACM, 2012. 547-554. [doi: 10.1145/
2254556.2254659]

[137] Kamat N, Jayachandran P, Tunga K, Nandi A. Distributed and interactive cube exploration. In: Proc. of the 30th Int’l Conf. on Data
Engineering. Chicago: IEEE, 2014. 472-483. [doi: 10.1109/ICDE.2014.6816674]

[138] Mitra S, Khandelwal P, Pallickara S, Pallickara SL. STASH: Fast hierarchical aggregation queries for effective visual spatiotemporal
explorations. In: Proc. of the 2019 IEEE Int’l Conf. on Cluster Computing. Albuquerque: IEEE, 2019. 1-11. [doi: 10.1109/CLUSTER.
2019.8891029]

[139] Stolte C, Tang D, Hanrahan P. Multiscale visualization using data cubes. IEEE Trans. on Visualization and Computer Graphics, 2003,
9(2): 176-187. [doi: 10.1109/TVCG.2003.1196005]

[140] Jugel U, Jerzak Z, Hackenbroich G, Markl V. M4: A visualization-oriented time series data aggregation. Proc. of the VLDB
Endowment, 2014, 7(10): 797-808. [doi: 10.14778/2732951.2732953]

[141] Kalinin A, Cetintemel U, Zdonik S. Interactive data exploration using semantic windows. In: Proc. of the 2014 ACM SIGMOD Int’l
Conf. on Management of Data. Snowbird: ACM, 2014. 505-516. [doi: 10.1145/2588555.2593666]

[142] Doshi PR, Rundensteiner EA, Ward MO. Prefetching for visual data exploration. In: Proc. of the 8th Int’l Conf. on Database Systems for
Advanced Applications. Kyoto: IEEE, 2003. 195-202. [doi: 10.1109/DASFAA.2003.1192383]

[143] Chan SM, Xiao L, Gerth J, Hanrahan P. Maintaining interactivity while exploring massive time series. In: Proc. of the 2008 IEEE Symp.
on Visual Analytics Science and Technology. Columbus: IEEE, 2008. 59—66. [doi: 10.1109/VAST.2008.4677357]

[144] Battle L, Chang R, Stonebraker M. Dynamic prefetching of data tiles for interactive visualization. In: Proc. of the 2016 Int’l Conf. on
Management of Data. San Francisco: ACM, 2016. 1363—1375. [doi: 10.1145/2882903.2882919]

[145] Guo HQ, Zhang J, Liu RC, Liu L, Yuan XR, Huang J, Meng XF, Pan JS. Advection-based sparse data management for visualizing
unsteady flow. IEEE Trans. on Visualization and Computer Graphics, 2014, 20(12): 2555-2564. [doi: 10.1109/TVCG.2014.2346418]

[146] Dong LM, Bai QS, Kim T, Chen TJ, Liu WD, Li C. Marviq: Quality-aware geospatial visualization of range-selection queries using
materialization. In: Proc. of the 2020 ACM SIGMOD Int’l Conf. on Management of Data. Portland: ACM, 2020. 67-82. [doi: 10.1145/
3318464.3389730]

[147] Ding BL, Huang SL, Chaudhuri S, Chakrabarti K, Wang C. Sample+Seek: Approximating aggregates with distribution precision
guarantee. In: Proc. of the 2016 Int’l Conf. on Management of Data. San Francisco: ACM, 2016. 679-694. [doi: 10.1145/2882903.
2915249]

[148] Moritz D, Fisher D, Ding BL, Wang C. Trust, but verify: Optimistic visualizations of approximate queries for exploring big data. In:
Proc. of the 2017 CHI Conf. on Human Factors in Computing Systems. Denver: ACM, 2017. 2904-2915. [doi: 10.1145/3025453.
3025456]

[149]  Fisher D, Popov I, Drucker S, Schraefel MC. Trust me, [’m partially right: Incremental visualization lets analysts explore large datasets

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1109/TVCG.2020.3030372
https://doi.org/10.1109/TVCG.2019.2934800
https://doi.org/10.1109/TVCG.2019.2934800
https://doi.org/10.1145/3219819.3219867
https://doi.org/10.1145/2939502.2939513
https://doi.org/10.1109/TVCG.2019.2914446
https://doi.org/10.1111/cgf.12129
https://doi.org/10.1111/cgf.12129
https://doi.org/10.1109/ICDE48307.2020.00105
https://doi.org/10.1111/cgf.13398
https://doi.org/10.1145/2254556.2254659
https://doi.org/10.1145/2254556.2254659
https://doi.org/10.1109/ICDE.2014.6816674
https://doi.org/10.1109/CLUSTER.2019.8891029
https://doi.org/10.1109/CLUSTER.2019.8891029
https://doi.org/10.1109/TVCG.2003.1196005
https://doi.org/10.14778/2732951.2732953
https://doi.org/10.1145/2588555.2593666
https://doi.org/10.1109/DASFAA.2003.1192383
https://doi.org/10.1109/VAST.2008.4677357
https://doi.org/10.1145/2882903.2882919
https://doi.org/10.1109/TVCG.2014.2346418
https://doi.org/10.1145/3318464.3389730
https://doi.org/10.1145/3318464.3389730
https://doi.org/10.1145/2882903.2915249
https://doi.org/10.1145/2882903.2915249
https://doi.org/10.1145/3025453.3025456
https://doi.org/10.1145/3025453.3025456

B2 F F ARBBETASH ARG 401

faster. In: Proc. of the 2012 SIGCHI Conf. on Human Factors in Computing Systems. Austin: ACM, 2012. 1673—1682. [doi: 10.1145/
2207676.2208294]

[150] Rahman S, Aliakbarpour M, Kong HK, Blais E, Karahalios K, Parameswaran A, Rubinfield R. I’ve seen “enough”: Incrementally
improving visualizations to support rapid decision making. Proc. of the VLDB Endowment, 2017, 10(11): 1262—1273. [doi: 10.14778/
3137628.3137637]

[151]  Stoehr N, Meyer J, Markl V, Bai QS, Kim T, Chen DY, Li C. Heatflip: Temporal-spatial sampling for progressive heat maps on social
media data. In: Proc. of the 2018 IEEE Int’l Conf. on Big Data. Seattle: IEEE, 2018. 3723-3732. [doi: 10.1109/BigData.2018.8621939]

[152] Kim A, Blais E, Parameswaran A, Indyk P, Madden S, Rubinfeld R. Rapid sampling for visualizations with ordering guarantees. Proc.
of the VLDB Endowment, 2015, 8(5): 521-532. [doi: 10.14778/2735479.2735485]

[153] Alabi D, Wu E. PFunk-H: Approximate query processing using perceptual models. In: Proc. of the 2016 Workshop on Human-in-the-
loop Data Analytics. San Francisco: ACM, 2016. 10. [doi: 10.1145/2939502.2939512]

[154] Wesley R, Eldridge M, Terlecki PT. An analytic data engine for visualization in tableau. In: Proc. of the 2011 ACM SIGMOD Int’1
Conf. on Management of data. Athens: ACM, 2011. 1185-1194. [doi: 10.1145/1989323.1989449]

[155] Sarwat M. Interactive and scalable exploration of big spatial data—A data management perspective. In: Proc. of the 16th IEEE Int’1
Conf. on Mobile Data Management. Pittsburgh: IEEE, 2015. 263-270. [doi: 10.1109/MDM.2015.67]

[156] Chen X, Ge T, Zhang J, Chen BQ, Fu CW, Deussen O, Wang YH. A recursive subdivision technique for sampling multi-class
scatterplots. IEEE Trans. on Visualization and Computer Graphics, 2020, 26(1): 729-738. [doi: 10.1109/TVCG.2019.2934541]

[157] Crotty A, Galakatos A, Zgraggen E, Binnig C, Kraska T. Vizdom: Interactive analytics through pen and touch. Proc. of the VLDB
Endowment, 2015, 8(12): 2024-2027. [doi: 10.14778/2824032.2824127]

[158] Moritz D, Fisher D. Visualizing a million time series with the density line chart. arXiv:1808.06019, 2018.

[159] Wang YH, Feng K, Chu XW, Zhang J, Fu CW, Sedlmair M, Yu XH, Chen BQ. A perception-driven approach to supervised
dimensionality reduction for visualization. IEEE Trans. on Visualization and Computer Graphics, 2018, 24(5): 1828-1840. [doi: 10.
1109/TVCG.2017.2701829]

[160]  Stolper CD, Perer A, Gotz D. Progressive visual analytics: User-driven visual exploration of in-progress analytics. IEEE Trans. on
Visualization and Computer Graphics, 2014, 20(12): 1653-1662. [doi: 10.1109/TVCG.2014.2346574]

[161] JiaJF, Li C, Carey MJ. Drum: A rhythmic approach to interactive analytics on large data. In: Proc. of the 2017 IEEE Int’l Conf. on Big
Data. Boston: IEEE, 2017. 636—645. [doi: 10.1109/BigData.2017.8257979]

[162] Im JF, Villegas FG, McGuffin MJ. VisReduce: Fast and responsive incremental information visualization of large datasets. In: Proc. of
the 2013 IEEE Int’l Conf. on Big Data. Silicon Valley: IEEE, 2013. 25-32. [doi: 10.1109/BigData.2013.6691710]

[163] Brown ET, Ottley A, Zhao H, Lin Q, Souvenir R, Endert A, Chang R. Finding waldo: Learning about users from their interactions. IEEE
Trans. on Visualization and Computer Graphics, 2014, 20(12): 1663-1672. [doi: 10.1109/TVCG.2014.2346575]

[164] Bai QS, Alsudais S, Li C, Zhao S. Maliva: Using machine learning to rewrite visualization queries under time constraints. In: Proc. of
the 26th Int’] Conf. on Extending Database Technology. Ioannina: OpenProceedings.org, 2023. 157—170.

[165] Wang Z, Cashman D, Li MW, Li JX, Berger M, Levine JA, Chang R, Scheidegger C. NeuralCubes: Deep representations for visual data
exploration. In: Proc. of the 2021 IEEE Int’l Conf. on Big Data. Orlando: IEEE, 2021. 550-561. [doi: 10.1109/BigData52589.2021.
9671390]

[166] Root C, Mostak T. MapD: A GPU-powered big data analytics and visualization platform. In: Proc. of the 2016 ACM SIGGRAPH Talks.
Anaheim: ACM, 2016. 73. [doi: 10.1145/2897839.2927468]

[167] McDonnel B, Elmqvist N. Towards utilizing GPUs in information visualization: A model and implementation of image-space
operations. IEEE Trans. on Visualization and Computer Graphics, 2009, 15(6): 1105-1112. [doi: 10.1109/TVCG.2009.191]

[168] Eldawy A, Mokbel MF, Jonathan C. HadoopViz: A MapReduce framework for extensible visualization of big spatial data. In: Proc. of
the 32nd IEEE Int’l Conf. on Data Engineering. Helsinki: IEEE, 2016. 601-612. [doi: 10.1109/ICDE.2016.7498274]

[169] Eldawy A, Mokbel MF, Alharthi S, Alzaidy A, Tarek K, Ghani S. SHAHED: A MapReduce-based system for querying and visualizing
spatio-temporal satellite data. In: Proc. of the 31st IEEE Int’l Conf. on Data Engineering. Seoul: IEEE, 2015. 1585-1596. [doi: 10.1109/
ICDE.2015.7113427]

[170]  YuJ, Zhang ZS, Sarwat M. GeoSparkViz: A scalable geospatial data visualization framework in the apache spark ecosystem. In: Proc.
of the 30th Int’l Conf. on Scientific and Statistical Database Management. Bozen-Bolzano: ACM, 2018. 15. [doi: 10.1145/3221269.
3223040]

[171] Baird JC. Psychophysical Analysis of Visual Space: International Series of Monographs in Experimental Psychology. New York:
Elsevier, 2013.

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1145/2207676.2208294
https://doi.org/10.1145/2207676.2208294
https://doi.org/10.14778/3137628.3137637
https://doi.org/10.14778/3137628.3137637
https://doi.org/10.1109/BigData.2018.8621939
https://doi.org/10.14778/2735479.2735485
https://doi.org/10.1145/2939502.2939512
https://doi.org/10.1145/1989323.1989449
https://doi.org/10.1109/MDM.2015.67
https://doi.org/10.1109/TVCG.2019.2934541
https://doi.org/10.14778/2824032.2824127
https://doi.org/10.1109/TVCG.2017.2701829
https://doi.org/10.1109/TVCG.2017.2701829
https://doi.org/10.1109/TVCG.2014.2346574
https://doi.org/10.1109/BigData.2017.8257979
https://doi.org/10.1109/BigData.2013.6691710
https://doi.org/10.1109/TVCG.2014.2346575
https://doi.org/10.1109/BigData52589.2021.9671390
https://doi.org/10.1109/BigData52589.2021.9671390
https://doi.org/10.1145/2897839.2927468
https://doi.org/10.1109/TVCG.2009.191
https://doi.org/10.1109/ICDE.2016.7498274
https://doi.org/10.1109/ICDE.2015.7113427
https://doi.org/10.1109/ICDE.2015.7113427
https://doi.org/10.1145/3221269.3223040
https://doi.org/10.1145/3221269.3223040

402 HAFFIR 2024 5 35 55 1 &

[172] Cleveland WS, McGill R. Graphical perception: Theory, experimentation, and application to the development of graphical methods.
Journal of the American Statistical Association, 1984, 79(387): 531-554. [doi: 10.1080/01621459.1984.10478080]

[173]  Gleicher M, Correll M, Nothelfer C, Franconeri S. Perception of average value in multiclass scatterplots. IEEE Trans. on Visualization
and Computer Graphics, 2013, 19(12): 2316-2325. [doi: 10.1109/TVCG.2013.183]

[174] Heer J, Bostock M. Crowdsourcing graphical perception: Using mechanical turk to assess visualization design. In: Proc. of the 2010
SIGCHI Conf. on Human Factors in Computing Systems. Atlanta: ACM, 2010. 203-212. [doi: 10.1145/1753326.1753357]

[175] Kersten D, Mamassian P, Yuille A. Object perception as Bayesian inference. Annual Review of Psychology, 2004, 55: 271-304. [doi:
10.1146/annurev.psych.55.090902.142005]

[176] LiGL, Zhou XH, Cao L. Al meets database: AI4DB and DB4AL. In: Proc. of the 2021 Int’l Conf. on Management of Data. ACM, 2021.
2859-2866. [doi: 10.1145/3448016.3457542]

[177]  White III CC, White DJ. Markov decision processes. European Journal of Operational Research, 1989, 39(1): 1-16. [doi: 10.1016/0377-
2217(89)90348-2]

[178]  Apache hadoop homepage. 2022. https://hadoop.apache.org/

[179]  Apache spark homepage. 2022. http://spark.apache.org/

[180] Lee B, Srinivasan A, Isenberg P, Stasko J. Post-wimp interaction for information visualization. Foundations and Trends® in Human-
computer Interaction, 2021, 14(1): 1-95. [doi: 10.1561/1100000081]

[181] Chen YR, Wu E. PI2: End-to-end interactive visualization interface generation from queries. In: Proc. of the 2022 Int’l Conf. on
Management of Data. Philadelphia: ACM, 2022. 1711-1725. [doi: 10.1145/3514221.3526166]

[182] Siddiqui T, Luh P, Wang ZS, Karahalios K, Parameswaran AG. From sketching to natural language: Expressive visual querying for
accelerating insight. ACM SIGMOD Record, 2021, 50(1): 51-58. [doi: 10.1145/3471485.3471498]

[183] Kim JH. Interactive interface for data analysis and report generation. U.S. Patent No.11397746, 2022-07-26.

[184] Pandey A, Srinivasan A, Setlur V. MEDLEY: Intent-based recommendations to support dashboard composition. IEEE Trans. on
Visualization and Computer Graphics, 2023, 29(1): 1135-1145. [doi: 10.1109/TVCG.2022.3209421]

[185] Wang Y, Hou ZT, Shen LX, Wu TS, Wang JQ, Huang H, Zhang HD, Zhang DM. Towards natural language-based visualization
authoring. IEEE Trans. on Visualization and Computer Graphics, 2023, 29(1): 1222-1232. [doi: 10.1109/TVCG.2022.3209357]

[186] Sun YW, Leigh J, Johnson A, Lee S. Articulate: A semi-automated model for translating natural language queries into meaningful
visualizations. In: Proc. of the 10th Int’l Symp. on Smart Graphics. Banff: Springer, 2010. 184-195. [doi: 10.1007/978-3-642-13544-
6_18]

[187] Gao T, Dontcheva M, Adar E, Liu ZC, Karahalios KG. DataTone: Managing ambiguity in natural language interfaces for data
visualization. In: Proc. of the 28th Annual ACM Symp. on User Interface Software & Technology. Charlotte: ACM, 2015. 489-500.
[doi: 10.1145/2807442.2807478]

[188]  Setlur V, Battersby SE, Tory M, Gossweiler R, Chang AX. Eviza: A natural language interface for visual analysis. In: Proc. of the 29th
Annual Symp. on User Interface Software and Technology. Tokyo: ACM, 2016. 365-377. [doi: 10.1145/2984511.2984588]

[189] Hoque E, Setlur V, Tory M, Dykeman I. Applying pragmatics principles for interaction with visual analytics. IEEE Trans. on
Visualization and Computer Graphics, 2018, 24(1): 309-318. [doi: 10.1109/TVCG.2017.2744684]

[190] Yu BW, Silva CT. FlowSense: A natural language interface for visual data exploration within a dataflow system. IEEE Trans. on
Visualization and Computer Graphics, 2020, 26(1): 1-11. [doi: 10.1109/TVCG.2019.2934668]

[191]  Srinivasan A, Lee B, Stasko J. Interweaving multimodal interaction with flexible unit visualizations for data exploration. IEEE Trans. on
Visualization and Computer Graphics, 2021, 27(8): 3519-3533. [doi: 10.1109/TVCG.2020.2978050]

[192]  Setlur V, Hoque E, Kim DH, Chang AX. Sneak pique: Exploring autocompletion as a data discovery scaffold for supporting visual
analysis. In: Proc. of the 33rd Annual ACM Symp. on User Interface Software and Technology. ACM, 2020. 966—978. [doi: 10.1145/
3379337.3415813]

[193]  Setlur V, Kumar A. Sentifiers: Interpreting vague intent modifiers in visual analysis using word co-occurrence and sentiment analysis.
In: Proc. of the 2020 IEEE Visualization Conf. Salt Lake City: IEEE, 2020. 216-220. [doi: 10.1109/VIS47514.2020.00050]

[194]  Setlur V, Battersby S, Wong T. GeoSneakPique: Visual autocompletion for geospatial queries. In: Proc. of the 2021 IEEE Visualization
Conf. New Orleans: IEEE, 2021. 166—170. [doi: 10.1109/VIS49827.2021.9623324]

[195]  Srinivasan A, Setlur V. Snowy: Recommending utterances for conversational visual analysis. In: Proc. of the 34th Annual ACM Symp.
on User Interface Software and Technology. ACM, 2021. 864—880. [doi: 10.1145/3472749.3474792]

[196] Wang XB, Cheng FR, Wang Y, Xu K, Long J, Lu H, Qu HM. Interactive data analysis with next-step natural language query
recommendation. arXiv:2201.04868, 2022.

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1080/01621459.1984.10478080
https://doi.org/10.1109/TVCG.2013.183
https://doi.org/10.1145/1753326.1753357
https://doi.org/10.1146/annurev.psych.55.090902.142005
https://doi.org/10.1145/3448016.3457542
https://doi.org/10.1016/0377-2217(89)90348-2
https://doi.org/10.1016/0377-2217(89)90348-2
https://hadoop.apache.org/
http://spark.apache.org/
https://doi.org/10.1561/1100000081
https://doi.org/10.1145/3514221.3526166
https://doi.org/10.1145/3471485.3471498
https://doi.org/10.1109/TVCG.2022.3209421
https://doi.org/10.1109/TVCG.2022.3209357
https://doi.org/10.1007/978-3-642-13544-6_18
https://doi.org/10.1007/978-3-642-13544-6_18
https://doi.org/10.1145/2807442.2807478
https://doi.org/10.1145/2984511.2984588
https://doi.org/10.1109/TVCG.2017.2744684
https://doi.org/10.1109/TVCG.2019.2934668
https://doi.org/10.1109/TVCG.2020.2978050
https://doi.org/10.1145/3379337.3415813
https://doi.org/10.1145/3379337.3415813
https://doi.org/10.1109/VIS47514.2020.00050
https://doi.org/10.1109/VIS49827.2021.9623324
https://doi.org/10.1145/3472749.3474792

BB T F ARBIBETASTH ARG 403

[197] LiuC, HanY, Jiang RK, Yuan XR. ADVISor: Automatic visualization answer for natural-language question on tabular data. In: Proc. of
the 14th IEEE Pacific Visualization Symp. Tianjin: IEEE, 2021. 11-20. [doi: 10.1109/PacificVis52677.2021.00010]

[198] Kassel JF, Rohs M. Valletto: A multimodal interface for ubiquitous visual analytics. In: Proc. of the 2018 the Extended Abstracts of CHI
Conf. on Human Factors in Computing Systems. Montreal: ACM, 2018. LBW005. [doi: 10.1145/3170427.3188445]

[199] Srinivasan A, Stasko J. Orko: Facilitating multimodal interaction for visual exploration and analysis of networks. IEEE Trans. on
Visualization and Computer Graphics, 2018, 24(1): 511-521. [doi: 10.1109/TVCG.2017.2745219]

[200] Kim YH, Lee B, Srinivasan A, Choe EK. Data@Hand: Fostering visual exploration of personal data on smartphones leveraging speech
and touch interaction. In: Proc. of the 2021 CHI Conf. on Human Factors in Computing Systems. Yokohama: ACM, 2021. 462. [doi: 10.
1145/3411764.3445421]

[201]  Tschinkel G, Di Sciascio C, Mutlu B, Sabol V. The recommendation dashboard: A system to visualise and organise recommendations.
In: Proc. of the 19th Int’l Conf. on Information Visualisation. Washington: IEEE, 2015. 241-244. [doi: 10.1109/iV.2015.51]

[202]  Srinivasan A, Drucker SM, Endert A, Stasko J. Augmenting visualizations with interactive data facts to facilitate interpretation and
communication. IEEE Trans. on Visualization and Computer Graphics, 2019, 25(1): 672—681. [doi: 10.1109/TVCG.2018.2865145]

[203] Ma RX, Mei HH, Guan HH, Huang W, Zhang F, Xin CY, Dai WZ, Wen X, Chen W. LADV: Deep learning assisted authoring of
dashboard visualizations from images and sketches. IEEE Trans. on Visualization and Computer Graphics, 2021, 27(9): 3717-3732.
[doi: 10.1109/TVCG.2020.2980227]

[204] Wu AY, Wang Y, Zhou MY, He XY, Zhang HD, Qu HM, Zhang DM. MultiVision: Designing analytical dashboards with deep learning
based recommendation. IEEE Trans. on Visualization and Computer Graphics, 2022, 28(1): 162-172. [doi: 10.1109/TVCG.2021.
3114826]

[205] Chen SM, Li J, Andrienko G, Andrienko N, Wang Y, Nguyen PH, Turkay C. Supporting story synthesis: Bridging the gap between
visual analytics and storytelling. IEEE Trans. on Visualization and Computer Graphics, 2020, 26(7): 2499-2516. [doi: 10.1109/TVCG.
2018.2889054]

[206] Tang T, Rubab S, Lai JW, Cui WW, Yu LY, Wu YC. iStoryline: Effective convergence to hand-drawn storylines. IEEE Trans. on
Visualization and Computer Graphics, 2019, 25(1): 769-778. [doi: 10.1109/TVCG.2018.2864899]

[207] Wang Y, Sun ZD, Zhang HD, Cui WW, Xu K, Ma XJ, Zhang DM. DataShot: Automatic generation of fact sheets from tabular data.
IEEE Trans. on Visualization and Computer Graphics, 2020, 26(1): 895-905. [doi: 10.1109/TVCG.2019.2934398]

[208] Mitri M. Story analysis using natural language processing and interactive dashboards. Journal of Computer Information Systems, 2022,
62(2): 216-226. [doi: 10.1080/08874417.2020.1774442]

[209] Shi DQ, Xu XY, Sun FL, Shi Y, Cao N. Calliope: Automatic visual data story generation from a spreadsheet. IEEE Trans. on
Visualization and Computer Graphics, 2021, 27(2): 453-463. [doi: 10.1109/TVCG.2020.3030403]

[210]  Zhao J, Xu SY, Chandrasegaran S, Bryan C, Du F, Mishra A, Qian X, Li YR, Ma KL. ChartStory: Automated partitioning, layout, and
captioning of charts into comic-style narratives. IEEE Trans. on Visualization and Computer Graphics, 2023, 29(2): 1384—1399. [doi: 10.
1109/TVCG.2021.3114211]

[211] Cox K, Grinter RE, Hibino S, Jagadeesan LJ, Mantilla D. A multi-modal natural language interface to an information visualization
environment. Int’l Journal of Speech Technology, 2001, 4(3—4): 297-314. [doi: 10.1023/A:1011368926479]

[212] Hu K, Gaikwad SNS, Hulsebos M, Bakker MA, Zgraggen E, Hidalgo C, Kraska T, Li GL, Satyanarayan A, Demiralp C. VizNet:
Towards a large-scale visualization learning and benchmarking repository. In: Proc. of the 2019 CHI Conf. on Human Factors in
Computing Systems. Glasgow: ACM, 2019. 662. [doi: 10.1145/3290605.3300892]

[213] Fu SW, Xiong K, Ge XD, Tang SL, Chen W, Wu YC. Quda: Natural language queries for visual data analytics. arXiv:2005.03257,
2020.

[214]  Srinivasan A, Nyapathy N, Lee B, Drucker SM, Stasko J. Collecting and characterizing natural language utterances for specifying data
visualizations. In: Proc. of the 2021 CHI Conf. on Human Factors in Computing Systems. Yokohama: ACM, 2021. 464. [doi: 10.1145/
3411764.3445400]

[215]  Srinivasan A, Dontcheva M, Adar E, Walker S. Discovering natural language commands in multimodal interfaces. In: Proc. of the 24th
Int’l Conf. on Intelligent User Interfaces. Marina: ACM, 2019. 661-672. [doi: 10.1145/3301275.3302292]

[216] Alwi NNAN, Hassan NH, Baharuden AF, Bakar NAA, Maarop N. Data visualization of supplier selection using business intelligence
dashboard. In: Proc. of the 6th Int’l Visual Informatics Conf. Bangi: Springer, 2019. 71-81. [doi: 10.1007/978-3-030-34032-2_7]

[217]  Lee B, Riche NH, Isenberg P, Carpendale S. More than telling a story: Transforming data into visually shared stories. IEEE Computer
Graphics and Applications, 2015, 35(5): 84-90. [doi: 10.1109/MCG.2015.99]

[218] Zheng XR, Qiao XT, Cao Y, Lau RWH. Content-aware generative modeling of graphic design layouts. ACM Trans. on Graphics, 2019,

FEEFEAERT  http:/ www. jOs. 0rg. cn


https://doi.org/10.1109/PacificVis52677.2021.00010
https://doi.org/10.1145/3170427.3188445
https://doi.org/10.1109/TVCG.2017.2745219
https://doi.org/10.1145/3411764.3445421
https://doi.org/10.1145/3411764.3445421
https://doi.org/10.1109/iV.2015.51
https://doi.org/10.1109/TVCG.2018.2865145
https://doi.org/10.1109/TVCG.2020.2980227
https://doi.org/10.1109/TVCG.2021.3114826
https://doi.org/10.1109/TVCG.2021.3114826
https://doi.org/10.1109/TVCG.2018.2889054
https://doi.org/10.1109/TVCG.2018.2889054
https://doi.org/10.1109/TVCG.2018.2864899
https://doi.org/10.1109/TVCG.2019.2934398
https://doi.org/10.1080/08874417.2020.1774442
https://doi.org/10.1109/TVCG.2020.3030403
https://doi.org/10.1109/TVCG.2021.3114211
https://doi.org/10.1109/TVCG.2021.3114211
https://doi.org/10.1023/A:1011368926479
https://doi.org/10.1145/3290605.3300892
https://doi.org/10.1145/3411764.3445400
https://doi.org/10.1145/3411764.3445400
https://doi.org/10.1145/3301275.3302292
https://doi.org/10.1007/978-3-030-34032-2_7
https://doi.org/10.1109/MCG.2015.99

404 HAFFIR 2024 55 35 5% 1

38(4): 133. [doi: 10.1145/3306346.3322971]

[219] Deng J, Dong W, Socher R, Li LJ, Li K, Fei-Fei L. ImageNet: A large-scale hierarchical image database. In: Proc. of the 2009 IEEE
Conf. on Computer Vision and Pattern Recognition. Miami: IEEE, 2009. 248-255. [doi: 10.1109/CVPR.2009.5206848]

[220] Eichmann P, Zgraggen E, Binnig C, Kraska T. IDEBench: A benchmark for interactive data exploration. In: Proc. of the 2020 ACM
SIGMOD Int’l Conf. on Management of Data. Portland: ACM, 2020. 1555-1569. [doi: 10.1145/3318464.3380574]

B o 3253 32k -
[1] P E AT BE2.0K e MW i 00 H 4. oh RN T 82,0 K R Mk A 5. Ao : LK AL, 2018.
[2] R, DRI, Wt B nl Ak, 520, dunt: dar DAL ARAL, 2019.
[13] A&, 24, REY, Fa A, g, af i 5 A TR R8s SUF R ik, hERFA: 5 BRNE, 2021, 51(11): 1777-1801. [doi: 10.
1360/SSI-2021-0062]
[43] AE#E, A—, S, 5k e, SRS KRB WAL B 2R B2, 2014, 25(9): 1909-1936. http:/www.jos.org.cn/1000-9825/4645.
htm [doi: 10.13328/j.cnki.jos.004645]
[72] A3, 2= R, W, 5. S ERE R AR Z0A . R (A R EFAR), 2018, 58(12): 1037-1050. [doi: 10.16511/j.cnki.
ghdxxb.2018.22.053]

BEF(1996—), 5, W4, EEHTFGEN
REHCH PTRLMATT, SCRF R8T A3 B B B 4 2.

BFEME(1996—), 5, Wik, 32 BERFFTATR L L
P AT R

RE#(1995—), 2, 2, FEHTITAIR Y £
P, Boli iR, Ko L.

FER(1980—), U5, [t Bz, 1L S0,
CCF st o B3, B Ul Bod 178, KMt
SMT S T, AL

eSS httpa// www. jOS. 0rg. cn



https://doi.org/10.1145/3306346.3322971
https://doi.org/10.1109/CVPR.2009.5206848
https://doi.org/10.1145/3318464.3380574
https://doi.org/10.1360/SSI-2021-0062
https://doi.org/10.1360/SSI-2021-0062
http://www.jos.org.cn/1000-9825/4645.htm
http://www.jos.org.cn/1000-9825/4645.htm
https://doi.org/10.13328/j.cnki.jos.004645
https://doi.org/10.16511/j.cnki.qhdxxb.2018.22.053
https://doi.org/10.16511/j.cnki.qhdxxb.2018.22.053

