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Intelligent visualization and visual analytics

Tao Jun', Zhang Yu®, Chen Qing’, Liu Can‘, Chen Siming’, Yuan Xiaoru"®"
1. School of Computer Science and Engineering , Sun Yat-sen University , National Supercomputer Center in Guangzhou
Guangzhou 510006, Chinas 2. Department of Computer Science , University of Oxford, Oxford  0XI3QD, UK;

3. College of Design and Innovation , Tongji University , Shanghai 200092, Chinas 4. School of Intelligence Science and Technology
and Key Laboratory of Machine Perception and Intelligence of Ministry of Education , Peking University , Beijing 100871, China;
5. School of Data Science, Fudan University, Shanghai 200433, China; 6. National Engineering Laboratory of
Big Data Analysis and Applications, Peking University , Beijing 100871, China

Abstract: Visualization and visual analysis have become an key instrument in analyzing and understanding data in the era
of big data. Visualization maps data to the visual channel through visual encoding, allowing users to quickly access multi-
dimensional information from large amounts of data through the human perception , while visual analysis builds an interac-
tion loop between data and users based on the visual representation, and promotes the user”s reasoning on complex data

analysis through interactive visual interfaces. However, as the current data scale continues to grow and its structure
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figure adapted from "Wang, Q., Chen, Z., Wang, Y., & Qu, H. (2021). A survey on ML4VIS: Applying machine learning advances to data visualization. IEEE transactions
on visualization and computer graphics, 28(12), 5134-5153.” 4
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Show Me: Automatic Presentation for Visual Analysis
ETRHPEFHNREEENBREHIT IR IMCREEFN TR =

Table 1: Automatic marks rules

Pane Type Mark Type View Type
Field Field

C G Text Cross-tab
Qd C Bar Bar view
Qd Cdate Line Line view
Qd Qd Shape Scatter plot
Qi C Gantt Gantt view
Qi Qd Line Line view
Q1 Q1 Shape Scatter plot

[1] Mackinlay, Jock, Pat Hanrahan, and Chris Stolte. "Show me: Automatic presentation for visual analysis." IEEE transactions on
visualization and computer graphics 13.6 (2007): 1137-1144. -5-
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Recap: Channel Expressive Types & Effective Ranking

(3® Magnitude Channels: Ordered Attributes

Position on common scale
Position on unaligned scale
Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Same

Same

Most »

Effectiveness

<4 Least

(3 Identity Channels: Categorical Attributes

Spatial region

Color hue - . .

. t.) e o
Motion o ® G
Shape + O 0 A

Expressiveness principle
« match channel and data characteristics

Effectiveness principle

* encode most important attributes with highest
* ranked channels

» spatial position ranks high for both
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Voyager: Exploratory Analysis via Faceted Browsing of Visualization Recommendations
Voyager{EFiCompasss | ZRFHITAI{l{L #EE, CompassE4: 7 FtRIAR PRI IRITISREME, HRIBELURITEHR
ITRIARIRITHE,

Data Types Encoding Channels

quantitative, temporal | x,y > size > color > text

ordinal X,y > column, row > color > size
nominal X,y > column, row > color > shape

Table 1. Permitted encoding channels for each data type in Compass,

ordered by perceptual effectiveness rankings.

Required Supported Channels
Mark Types Channels X, Y | Column, Row | Color | Shape | Size | Detail | Text

point Xory v v v v v v
tick Xory v v v
bar xory v v v

line, area xandy v v v v

text text and v v v
(row or column)

Table 2. Required and permitted encoding channels by mark type.

Data Types Mark Types

0 tick > point > text
(OorN) x (OorN) point > text

OxN bar > point > text

Q X (T or O) line > bar > point > text
0oxQ point > text

Table 3. Permitted mark types based on the data types of the x and y
channels. N, O, T, Q denote nominal, ordinal, temporal and quantitative

types, respectively.

Positions X,y

Facets column, row

Level of detail color (hue), shape, detail
Retinal measures | color (luminance), size

Table 4. Encoding channel groups used to perform clustering.

[1] Wongsuphasawat, Kanit, et al. "Voyager: Exploratory analysis via faceted browsing of visualization recommendations." IEEE
transactions on visualization and computer graphics 22.1 (2015): 649-658.
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Voyager: Exploratory Analysis via Faceted Browsing of Visualization Recommendations
Voyager{ffFlCompass5 | ZRH# TRt #EE, CompassE4h 7 Bl R PRI MAIRITIREMIE, HARIELURISIIH
TR LI,
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[1] Wongsuphasawat, Kanit, et al. "Voyager: Exploratory analysis via faceted browsing of visualization recommendations." IEEE
transactions on visualization and computer graphics 22.1 (2015): 649-658.
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VizML: A Machine Learning Approach to Visualization Recommendation

XA PR E O IITEZFNERE, BT INFER, #TAIRAIRITIEE, 7RAFHRMA
EERFUNAN RIS ERTN, 25 REIRIEIEE M PlotlylEERI23051 (EUE, BRI ) 3T,

1. Data Source 2. Raw Corpus 3a. Features 3b. Design Choices 4. Models 5. Recommended
Pairwise-Column Encoding-Level Choices
|IIII ; Dataset-Visualization Pairs —* 287K Ix 18K [_. Mark Type e NN / Baselines - § +{ Scatter, Line, Bar }
. " » 120K Datasets 5 o ! 1 pe
plotly S o5 Single-Column > —>|ls Shared Axis -5 ~ NN /Baselines .2 +{True, False }
Community Feed | & -58 > 287Kx80 — g | £ ' o
AP| Endpoints | — © 5 | S —Is on X- or Y-Axis -~ NN /Baselines - a >{X,Y}
. 1 N ! I LS Aggregation
- c re ‘ i Visualization-level -
i oo oo o
%B 3 ! = == | Dataset-level  + - yjsyalization Type -5 > NN/ Baselines 5 »{ Scatter, Line, Bar }
o o i izati 120K x 841 " e o
||||I ‘: % LEOR Hicuaheations S —’iHas Single Axis f"_,‘_’ + NN/ Baselines —'E’.: +{ True, False }
T © ; Design Choice Extraction * o

[1] Hu, Kevin, et al. "Vizml: A machine learning approach to visualization recommendation." Proceedings of the 2019 CHI
Conference on Human Factors in Computing Systems. 2019.
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Data2Vis: Automatic Generation of Data Visualizations Using Sequence to Sequence

Encoder RNN Attention Decoder RNN

Recurrent Neural Networks

h, — h, hn, “JT[ 1 1C S
3 A

X IR AT AT AR —1 “EhE" (0],
1A jsonfiZ T\ 7 i RV EHEENZE A AT ALAL
FEIRET, RENETTENRED
L2578

N Ml d ssssesssssssssces DI - ccccocossesisssassssiss sssseesssesssesvésesssssises | hal ki } .....................
Iﬁj E ﬁ)—:[ }Eﬁ ;EQTE %?ﬂ 2/] 5 y OOO /I\ ( éﬁ}% 3 K “num0”: “100”, {“stro":c“':::::::rrt:'::a‘l“:ggs"} ). {*num0”: “1605”, "encoding": { "x": { "field": "n‘;m(;:’,":'tset:ra:":e{'::andSize": 30}, "type":

“str0”™: “car”,“num1”: “1993"} } ] "quantitative" ..
E_I' T‘Jl_l ,f’b ) Xj- ----------------------- | forward transform T — | backward transform S —
U o [ “sale™ “100”, “catgegory”: “car”,“year”: “1993"} ... {“sale”: “1605”, "encoding": { "x": { "field": “sale”, "scale": { "bandSize": 30 }, "type":
“catgegory”: “car”,“year”: “1993"} } ] "quantitative" ..
Source Sequence [ dataset ] Target Sequence [ visualization specification ]

[1] Dibia, Victor, and Cagatay Demiralp. "Data2vis: Automatic generation of data visualizations using sequence-to-sequence
recurrent neural networks." IEEE computer graphics and applications 39.5 (2019): 33-46.
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LIDA: A Tool for Automatic Generation of Grammar-Agnostic Visualizations and

Infographics using Large Language Models

)
£ Cars.csv Generate code in visualization

based on context and goal

N " N . wm ----- > @ GOALEXPLOR:ILEMR -----Ef=~---->[m;ijj----------> = INFOGRAPHI::
ZE. BRI AE, FALLMZI]

Convert datasets into a rich but Generate a set of potential Generate, evaluate, repair, filter Generate stylized infographics
% I—I —é— E 2 E - E compact natural language “goals*” given the dataset and execute visualization code based based on visualization
k-4 EE_I- )L: *D =/GM N E o representation (context). context. to yield specifications* . and style prompts.
................. Output +===-- Output  ======seenmnmanns temseeseseeeaeees Qutput Output [N
“ The cars dataset contains + Histogram of Miles per 2
technical specifications for gallon :
cars and has 9 fields - Name, + Plot of miles per gallon vs N
Miles_per_Gallon, Cylinders, horse power i -
Displacement, Horsepower, « Trends in miles per gallon 2 000 >
\ —- . We|ght__|n__|bs, Acceleration, over time i-
|—| DAEE IEI/\*?/L;q:Ei;&QE}jZ ( E ) Yean Orghse * Average horsepower per 5
| /( — ] o country z

o % » W w0 6 % s w o = ® o o4
Mis_ser_Gabion ftinned)

% goals may also be directly provided by * specification may be in any % Style prompt: line sketch art, line
the user. Supports multi-lingual input. p or drawing

Figure 1: LIDA generates visualizations and infographics across 4 modules - data summarization, goal exploration,
visualization generation and infographics generations. Example output from each module is shown.

[1] Dibia V. LIDA: A Tool for Automatic Generation of Grammar-Agnostic Visualizations and Infographics using Large Language Models[J]. arXiv
preprint arXiv:2303.02927, 2023.



ID/ B BEAR KR R L LI =

HeeJMIEE/RSEIE

ETREEp o Ll S el

viz2viz: Prompt-driven stylized visualization generation using a diffusion mode

{FASIRIR R (textual prompts)iZ B MR ER S,
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[1] Wu J, Chung J J Y, Adar E. viz2viz: Prompt-driven stylized visualization generation using a diffusion model[J]. arXiv preprint arXiv:2304.01919,
2023
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VEGA-LITE-LINTER

A smart visual designer for automatic diagnosis and improving your design
of visualization charts written in Vega-Lite.

iDV* Lab

© View on Github B Download Research Paper

Welcome to vega-lite-linter

— Q) — F — [a

Specification of a Linter Fixer Revised
Problematic Design Specification

Despite the growing popularity of data visualization, users may create imperfect visualizations with chart construction
errors, for example, applying the wrong type of data field with the encoding channel. Vega-lite-linter is a package to help
users detect flaws and rectify already-built but defective visualizations. As shown in the above figure, the package consists
of two components: (1) a visualization linter, which applies well-recognized principles to inspect the legitimacy of rendered
visualizations, and (2) a visualization fixer, which automatically corrects the detected violations according to the linter.
Given a visualization specification written in Vega-Lite, vega-lite-linter can automatically detect design problems and
provide revision suggestions for the visualization.

http://vegalite-linter.idvxlab.com/

5%

1
1
50 1 -
50 H o orign origin
| ° O urop  Europe
o o 1|, o pogin o0 s
i F N H Ousa ¥ m Ush
R X : § 0000 ) £ 10000
5 ot T 2 =1 2
o VizLinter| § 2 I |s 8 VizLinter[ >3
H 3 1 £ so00 e £ 5000
. : ’
. ol | 1 | | I ole o 0
© s 0 1w 20 1 T e ©  cyinders
Horsepower Q 1
| (*)
1
After Before After
(a) (b)
1
: 1,500 600
temp_min 1 50
o - [ K] 5
B g
8 z 1 | 81000 & R
| -
Ov ‘ - S0
d -VizLinter £ VizLinter[»] 5
¢ O - ki : EN 3200
] 1 S
1 100
o 1
1 0
2 20w 20 - 1 0 2 2 5 X g
pnotone ! Countof Rocords L
Mean of date 1 weather
1

Before After
(c)

ID/

ERE KRR ML SEIe =

INTELLIGENT BIG DATA VISUALIZATION LAB

Before After
(d)

\/ AntV

https://ava.antv.vision/en/docs/quide/chart-linter/intro

[1] Chen, Qing, Fuling Sun, Xinyue Xu, Zui Chen, Jiazhe Wang, and Nan Cao. “Vizlinter: A linter and fixer framework for data visualization.” IEEE TVCG 2022
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Chart2Vec: A Universal Embedding of Context-Aware Visualizations

https://github.com/idvxlab/chart2vec
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[1] Lee B, Riche N H, Isenberg P, et al. More than telling a story: Transforming data into visually shared stories[]]. IEEE computer graphics and applications, 2015, 35(5): 84-90.
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[1] VizBelle: A Design Space of Embellishments for Data Visualization

Design Spaces

@ Sensory challenge

@ Loss of control

Shrill/deep/pressing sound

Big size

Dense texture
Dark background
Heavy use of red

Fade-out effect

Sharp/distorted shape

Role-playing game
Details behind data

Picture with negative semantics

Metaphor with negative semantics

Unit visualization

Self-run animation

User behavior bound timer/counter

Emotive language
Concrete scale
Harsh treatment

Stretched layout
I Tough task

B Effective in augmenting negative emotions

[2] Negative emotions, positive outcomes? exploring the communication of negativity in serious data stories

[3] The chart excites me! Exploring how data visualization design influences affective arousal
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67% 12
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20% 15
88% 16
7% 13
70% 46
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1%
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l.:l' m

A Y n hd
n 1| ; | & _., iiIJ i (a) Selection (b) Expansion  (c) Simulation (d) Back-Propagation

searching updating
¥
(f*, 4%)
Algorithm 1: Logic-Oriented Monte Carlo Tree Search
Input :D,G
I Output:’s={flvrl"'vfn—lvrn—lyf;l}
1 fo < Initialize(D); T < {fo}; S < {};
2 while G is not fulfilled do
/* 1.selection */
3 fi < select(T);
________ /* 2.expansion */
o o 4 F; < Expand(f));
c 4 /* 3.simulation */
s | Ts<{fiF<F;fp<fs
6 while within time limitation do

// Calculate the reward of each node in F in
context of 7 and find the node feF with
the highest reward A. The design space

= will be explored in direction of f, — f in

the simulation process.

1 (38 7 f,A < Reward(7;, F);
Q) n) // Add f in the simulation tree 7; as a child
i\ = of f, and update reward of the relevant

nodes in 7; based on A. After that, find

the node f* ¢F; with the highest reward in

Ts, where f; - f* determines the best

searching direction found so far.

8 f*,A* < BackPropagation(7y, f,A);

// Select the next node f, and expand it in the
simulation tree for a further exploration

9 fp < select(Ts); F < Expand(fp);

10 end

/* 4.back-propagation */

1 BackPropagation(7, f*,A*);

2 | S<P*={fi,r, " fa-tsFa-1,Jn};

13 end

14 return S;
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BEETIMLERF5 Calliope EEENEIFNE T HE AutoClip

e . . et U m e )
Story Generation Engine Story Editor — —
: (| o L A :‘_,f - _ al i m- A ;
f“.‘ /’i;: ‘ ,!:: - == - — ' ] T : ‘-MM: s[eze
\‘ 3 £ \ j g A\t m—
\‘"j : \‘5 ‘ : \ \;
: Y t NENE SRS
Logic-Oriented ' Sy @ s=aitsain || @ smewsnmn || @ sEmksnay
Monte Carlo Tree Search = el il d[]x s i || R | | i ;E.T:@;) s
II -. | BMOBERIR T= 3 cos(cici) ;T;;)EZ;:;E;’;{E&
. * ..:‘w SRBISRBFH4H(Kim Younahoon, et al), PRENBHRRI SIS 8
Fact Generation IREREER Bt 7= 2000 | | GHTRBRE P
. GRS c- oS- Suca| | = oo S g PO B S O e O !
Story Editing, [t -[2] -0
Data Space Visualization, and Sharing kil
spreadsheet ) configuration

https://datacalliope.com https://autoclips.idvxlab.com/#/

[1] Calliope: Automatic Visual Data Story Generation from a Spreadsheet [2] AutoClips: An Automatic Approach to Video Generation from Data Facts
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Fact Organization

Topic default
Partition default
Style

= —
Layout

=]

]|
Node
Size
Opacity
Label
Link
Width

Opacity

Regenerate

o] {EE RS Bl

Fact Editor

Harry Potter, Ron Weasley and Hermione
Granger are influential NODES as they have top

3 degree.
type Rank
subgraph
partition None
measure degree
focus Harry_Potter

Ron_Weasley

LY

HarryPotter

Th ph is rated based on the HarryPotter g

es tant COMMUNITIES partitioned by gre

algorithm. Among them, the three communities

are coh

PARTITION: Greedy modularity communities

dges. This

COMMUNITIES as they

have top

le edge number

Harry Potter is an
influential NODE based
on the highest degree.

influential
COMMUNITIES as
they have top 3 size.

m
Ron Weasley is an
influential NODE
in % based on the
highest degree.

Lord Voldemort is
an influential NODE
in  based on the
highest degree.

GRAPH SUMMARY -

DISTRIBUTION

Distribution of
COMMUNITIES' size.

DISTRIBUTION

Distribution
NODES'

Recommended Data Facts X

Create a new fact

ﬁ Harry_Potter is an influential NODE based on
the highest degree.

Harry_Potter, Ron_Weasley and
O Hermione_Granger are influential NODES as
they have top 3 degree.

Sﬁ( Harry_Potter is an influential NODE based on
the highest eigenvector centrality.

Harry_Potter, Ron_Weasley and
O Hermione_Granger are influential NODES as
they have top 3 eigenvector centrality.

ﬁ:’ Harry_Potter is an influential NODE based on
the highest PageRank score.

Harry_Potter, Lord_Voldemort and
O Ron_Weasley are influential NODES as they
have top 3 PageRank score.

Harry_Potter, Ron_Weasley and
Albus_Dumbledore are influential NODES
between % and " as they have top 3
PageRank score.

Calliope-Net: Automatic Generation of Graph Data Facts via Annotated Node-link Diagrams
IEEE VIS 2023
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g/N/N/N/N/N/N/N/N/N/N/S/N /N9
&5 ;
Annotated (2] 2] 2] ﬂ
Chart (1) (1) 2
&2 eoleo
Inf hi o >
nfographic 0o 3
oo o o0 0@ 6
60 2
Timeline & 6
Storyline 0
@ O 0 e o @
aﬂ = @ | @ < 1
= 9|0
1
Data Comics 0o 5
@=
Scrollytelling 1
& Slideshow ) 1
Ab E 5 -1 o | Y
o ZEO0 = n | 00 600
& Bef == Pl A = 1 = oloE
4
Data Video g 1
sumMm|o|2|1]3 . 1|6 BN 5 ‘ 9 10 14 20 BN EN
® Design Space ©® Authoring tool
® ML/Al-supported tool @® ML/Al-generator tool

Chen, Q., Cao, S., Wang, J., & Cao, N. (2023). How does automation shape the process of narrative visualization: A survey of tools. IEEE Transactions on
Visualization and Computer Graphics.
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TABLE 1: The design spaces and tools of major narrative visualization genres.

IDf & REA KR FT AL SRR =

Design Space Authoring tool ML/Al-supported tool ML/AI-generator tool SUM
Annotated Chart (71 181 [9] [10] [IH 6[]1?%7[]1?1]8[]1?1]9[]15] [20] [21] 15
Infographic [22] [23] [[2274]] [251[26] | [28] [[53?]] [[3?2]] [[;;]] 1321 [36] [37] [38] [39] [40] [41] 20
Timeline & Storyline [42] [43] [[2;1]] [45] [46] [48] [49] [50] [51] [[5552]] [53] [54] 14
Data Comics [56] [[6517]] [[655]] [[6539]] [60] [64] [65] [66] [67] [68] [69] [70] 15
e [711 (721 [73] [74] [75] [76] [77] [78] [79] 9
Data Video [[88%] [[8861]] [[8872]] [[583]] [[88;‘]] [90] [91] [92] [93] [94] [95] [96] [97] 18
SUM 38 20 24 9 91
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Narrative Visualization Tools Browser
How Does Automation Shape the Process of Narrative Visualization: A Survey on Tools PPT(Submitted to IEEE TVCG)
Qing Chen, Shixiong Cao, Jiazhe Wang, Nan Cao

Intelligent Big Data Visualization Lab (iIDV¥)

http://autovis.idvxlab.com/
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