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BERLH & S5 (1/2) |

iﬂ: ﬂ##ﬁ/ﬁﬁ?@b@]é{]#@}%% E]‘Eb;}%% struct v2f {

float4 pos : POSITION;

w — Vi = ] = Vi — ] = . . . - loat2 uv : TEXCOORD;

F2 HAB IR B 69 3% T 5 B/ 4B T30 B (data presentation animation) : 78 "

SR AL I B4 Eh AT ' B i AR s A i A i :

RAFF I % 6930 25 E AL (dynamic changes) 5 i+ & %% i 42 (evolution processes); 2 vertfanpdota_fall ) POSITION
v2f o;

%%*@}%ﬂ%&&%@b@%ﬁ%: ‘?’7—57!7 iﬁ-"‘iﬁ‘o ék,\’-i: i%d)\% ftalfifi, % o.pos = mul (UNITY_MATRIX_MVP,v.vertex);

o.uv = v.texcoord;
AR R BR B HIE T ERTANE LG LN, REFEITH 24 return o
M, TR EEL TS SRREHEN, LARRLRE —Hades ]
JEZ R T ; Bk ME B AR R 5L A T #H T float4 frag(vaf v)-COLOR(

float4 texColor = tex2D(_MainTex,v.uv);
return texColor;

HERBRTHBORE: HEALK, £25, FRAABHFHES /
GPUE ¥, 12GPURAZE ] th R M, RAZZI TR LB E R R LB H P Subshader {
- Pass{

2 XE CGPROGRAM
#pragma vertex vert
#pragma fragment frag
ENDCG

}
}

GPU%AZ: 523 ¥y & e



B H & 53 (2/2)
o AFITAMAF F LR EAP B AR T RALIE A TS R AEAAL A Y visual clutter
— A& R E 9 (source-destination query)
— ik 4 HE 490D %44 (origin-destination query)
o H Rty IR E R A T 4E 09 B AR GUIE A BT H)

— VLR A B ARE CRIFANEY HEABR T, Bl DTISAE F K5 T IRHGE 30 AL 2% F 89 3uig &
#): “show (BN (AUCUD))”

CHI202I

AT Mk L PR, mATHEE T 1GScript
o BAIERF): %t LA XK EiEH (interaction grammar) 585 Al P bR 2 B KB E =)
R
— BABRIETVHEEEMIMEAMBELREENRXET: “EXWE R XX E—AFHbox”
placeANewBox {boxID("A"), at (“WHITER_MATTER"), color=green, alpha=0.5};

— B H G (cp & paste & cut & add & delete & append & switch & clip loop): i if £ 48 LK &k 2 45
@ b W7 R F 2 KA

_ HAANGERAE ., TS 5 4 i R show(BA(AUCUD))
— FRER. £E: HAHRLE RHMOR AR K, LR TR

o KWW : HBEIEANYBAFHEER, ETHDANLEEKETIIA R P EXABRX (ROI)
R EMT 2 F N 0T E sk
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A8 % T4k

AL RAT KG9 TAEADSL (43 A & LEIHET): AR 34T £ AT
# (VolumeShop, Voreen, ShaderFramework %)

E
R & A

— External Grammars (Ext) v.s. Internal Grammars (Int)
— Textual Grammars (Tex) v.s. Graphical Grammars (Gra)

IGScript & X /4 3%

DSVL, DSML, DSEL
A BGDSL K34 P AR K& 493 (Vivaldi, ViSlang%) 37
e, R—Hty4A (Diderot¥), JU-F %A B EXF) & 2 H|

e IGScript2 4 FTDSVLX —F £, 125X 4DSVLITETRR Z &£ T,
— E, s
K2 H AT KR G
/8575855 |3 [=]3] |Z 2IE/S] [® 5/e/F/Z]e/s
s/&8lels)s/S)s|8le/=l8 [e]F</Z IS T S1EslE /L)<
S/&<[s/E/8]a/E/&] s/ &l&ls]§/S)E S/ET/F /& =15/ 5/12]8/S
-Stggﬂ,ﬂsc'ﬁ_g’wwwsﬂ'_m s/c/5/&/= slel QIS /55
ol /ST /o /s/S/5/5/5/5/&/8/% ISP B ) 55"@0&;‘&’
&/S/8/18/S/8/5 IS/5/8/8/8/£/5/S/€ SHESISIE S/9/2/8/S/8
Silz/z/Z/d/I2 /eI F/ IR ]S/ /a /R3S AT YRS
Ext
Int
Tex
DSVL
DSEL
Table 1: Some of related work classified according to the three criteria [60]. They are external (Ext) or
internal (Int), and the programming symbols are textual (Tex) or graphical (Gra), and DSVL is designed for
visualization libraries, DSML is for modeling libraries, DSEL is designed for embedded libraries.



AT xR, KT T — A

B #HAE (linked-view)

— —ATHMAZ BALRE (visualization space view)

— —AN%A% 72 B #ALB (coding space view), AR
BE2s B P 24T 649 9T AL Yk (visual steering) 5 T
ALE Mt (visual feedback) B T & 2069 3 @ % 45
RA& €4, SHAT. ROLE L

A BB F AL F 2 LROI

— AT ) P8 T e 4 AR R
(coarse-grained) 7L E 5 FTROIGG 4z E . K )v.
7 16)

— YA 72 18] o i A PO SR ks AT
(fine-grained) &L46M A 5 X EF @ a9 RT (2
% W47 4590 B A il it A5 5% AL)

— BAANG DS R R BRE: AT E AT ] Y
1% AR AR SR B A 5 — AN 18] B AT LAR B STAL R
It B T LR A

A
T#E% & ROI
IGScript
< \O\; {dtiData(

i Winsstyte (color = red
O [ Boocessn
e

O\ .' il X

@ | color ol
?;J:'j"’ P o
o5 .':‘. “E.L {t

)

o

o
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BAREH: B FORFELD
IGScript % AT X F 69848 A R F e K X454 4%: ¥ 2 8 Charles Hansen#=Chris R. Johnson &9 #}
ST AAL 4 £ 4 “The Visualization Handbook” [28]:
— 2-DAREH 4% (OM 5k =, Oth order tensors)
— 3D AREHHKIE, —MMARNIREIHEREKIE (OM5K=, Oth order tensors)
— ®WEHHKIE (UM IKE, lstorder tensors)
— REHRLFTERKFELFEDTI K (B 7K=, higher order tensors)




- @A

1load { //

[T )

[54 JEN

Grammar Design (1/2)

#1135 %%+ (General-purpose Grammars)
& X ROIA8 X &9 % 3¢ defineROI
F A8 A B AR K G R A load, R T CH+ 2 a9 5 £ F 2

A% Sk 4= 4] 48 X 89K £L: rotate, translate, scale (zoom), parallel

AR @ & R A8 % 89.3% £ animate, locate

similar to "overloading" function
// load a map-based 2-D

data(string dataFile):

scalar data
map (string mapFile);
// or load a 3-D data data)
volumeData (string dataFile);
rgbaScheme (string tf);// transfer

scalar (volume

function

// or load a vector field data, e.g., "ocean";

vectorFieldData(string dataFile) ;

// or load a DTI data, e.g.,
dtiData(string dataFile);

ndting

in C++

CHI202I

lrotate {axis=string, angle—string, duration=float
seconds };

2rotate {axis=(float ,float ,h float),
degrees , duration=float

3translate {to(float ,h float 6 float),
seconds };

iscale {factor=(float ,float , float),
seconds };

5animate {speed=string };

6parallel { //

7 rotate {axis=(float ,float , float),

angle=float
seconds };
duration=float

duration=float

// [low,

concurrently

moderate , highl]
executed

angle=float

degrees , duration=float seconds};

8 scale {factor=(float ,h float , K float), duration=
float seconds};

9 translate {to(float  float,h float), duration=
float seconds}:

10}

11

12defineR0I (roilID=int, roiName=string, at(float ,
float , float), size=(float ,float ,h float));
131locate {

14 roiArray=string [roilName#1l.,roiName#2,roiName
#3,...],

15 foreach {

16 duration=float seconds,

interval=float seconds



Grammar Design (2/2)

+ A& 3% &%t (Application-specific Grammars): trace { - N |
i%%%xﬁﬁﬁ%&%—%DTI&%%%ﬁ]%%ij’t%} _’ mode=string . //l:destlnai;c;r;;s ori}i;n .:%“rla]altlm-e]

clusteringAlg—=[dbscan .

- WMEZHPHOAEATREERGRILEZG, $hixHIE P ! lifeTime=float ,//lifetime of traced fieldlines

CHI202I

%ff‘é%éﬁODEi@, yxﬁﬁg%%é%)ég_j,z:ﬁ]g% '} color0fCenterPathline=[ci, c2, ...]
\ Z 5’/‘]{,\ I I -‘hélfMergeSplit { // overview-to-details
8 8 #IK & (overview-+details
8 timeSlots=[overviewtltimeUnits , t2, t3, ...]

— DTI%# ¥+ #) & TBox#) LHAMEF B Fan 0}

10lineStyle {color=colorlL, width=float };
11 tubeStyle {color=colorT, thickness=float };

1// overloading "placeANewBox": assigned by an ROI
2placeANewBox {boxID(string), at(roiName=string),
color=c, alpha=float };
3// overloading "placeANewBox"
lplaceANewBox {boxID(string), at(float,h float,h float)
size—=(float , float , float), color=c, alpha=
TimeStep@l (overview) float };
(b) mode = destination SmoveABox {boxID(string), to(float, float ,h float),
duration=float seconds};
6scaleABox {boxID(string), factor(float ,h float ,h float
), duration=float seconds};

TimeStep@l (overview)
(a) mode = origin

8// code block "with": set local color and opacity
9with (color=c, alpha=float) {

1 show (queryExpr); //e.g., show(not (ANB)U(CND))
= 11 pause (float seconds);

(a)"show(ENnat(F))" (b) The proposed IGScript 12 show (queryExpr); //e.g., show((ANCIU(BNC))




Design Details: x5 41 B 64 5=
AT A AEE T @

HMVEAT F R A RFR
B4%ixE (RAEMRE) ..

T AR E R KA 7 A

Letter

useInteractionGrammarScript;
// load{dtiData("human_brain@1")};
placeANewBox{ID("D"), at(®.1,8.9,08.8),
size=(@.02, @.03, ©.03),
color=yellow, alpha=e.7};
// "with" clause block Lexical
with (color=yellow, alpha=8.9) { Analysis
show(not(A)); _—
pause(5 seconds);
show(ANB) ;
pause(1l@ seconds);
show(not(not (ANBU(CUD) JUEUFN(GNH)));
}
. (a)
Check
. Y Spelling Errors
< /,’—

Compile
Terminate
Y
O O
Feedback . Check

Error Comglle Other

Terminate Errors

AVAN N

/)

at
alpha
size
D
Build A
Trie color
A with
Optimize
The Trie show
pause
moveABox
scaleABox
(<)

'Semantic Analyzer

| Lower Case: not Op

| like "a=not(A)" [
i

"_B;éYnotzanBu(cuo))UEUFn(GmH))

Original Expression

simplify

The compiler
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SERAALE : R G

B 4miES (RALERE) :

AT AGUI T Z AR E kA
# XA

FE ST AL 2 8] P B BT R R B4R
VEAR T B 5 4% 1% 3 2 69
IGScriptfX. 25
KA Z R 5T % 5

Bldm: TG ADFHRADL
B EBR BB, AT
TR T E AL GG 4950 & (Cp
& paste & cut & add & delete
& append & switch & clip
loop)

1GScript

c

=]

NORCTN |

FERIODAPOSL T L ECNC

-

volumeData(
rgbaScheme

Congratulations! errors(0)

F 5 (KA A R & 7))
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Design Details: 5% 2L

Aot E @ = B AR F BB R IT AR A
— PCA: RIGE&W S & “LR” Ao
EWNCEEY

, B £ outlieris £,
- RBX: kKB (R EANR A 5 @ 4 32 69 J8 PAAEAR K AN 50,

EEEZ))

Load All Find Principal

Pathlines Directions
—_— —>
PCA
The Reference
- A , Pathline

) : ) i Get N
-‘* Get A Representative
M, Reference Pathlines for N
» Pathline from Tracking Cameras

R
Fréchet Distance

—_—
PCA Results

1: Al

4 Qutlier
;’ Pathline

Yy

o Remove Outlier
Pathlines

—
/ . L DBSCAN
Outlier Pathline ™

¥

3rd
k_ =4 in
:'.,|‘ this case

L‘\\QB

v
2nd

Camera tracking for pathline clusters (PCA components)

CHI202I
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Demo of IGScript

LA K BT TF # Mk https://dabigtou.github.io/richenliu/



Case Study 01: 2-Dir= ¥ # 4%

o T EUM &R HREK IR

o«
ol ®

@

//defineROI (...); // define all ROIs using parameter assignment /! global carbon emission dato, using the defoult colormapping scheme “blue-yellow-red”
load {  map(“blackMap®); data("carbonEmission"); }; // lood map-bosed rotate {axis=Y, angle=global, duration=35 seconds};

(a)

TRAVAPL EC

A 36-sec animation by the statement rotate

EC

G@m 0% &

foreach {durétiog seconds, (’b)
interval=5 seconds}
}; // end of locate

//defineROI (...); // define all ROIs using parameter assignment module via vis.
Locate { // space and coding space (all ROIs are defined only once)
roiArray = string["WesternEurope”, "Africa", "NorthAmerica", "SouthAmerica", "Asia"],

An animation with transitional scene switching across ROIs

Txm N




Case Study 02: 3-Dir& R 4%

o CTHEHEMNESWA HIEHEER=44k: LUNG (£TF A LRE)#HAND (£TF A T &)
o BARINRIER T ERAERFROIZ A, HAHEAROIFE 5k, WkITE], 455 534 7T 2 4
o ROIZMA4LKR MBI T LT A MEFIF G F k. (1) #HL#k; (2) RIEROIRKR K ), ErIEE A %K

IGScript a

(//defineRoI (...);
load { volumeData("human_lung");
rgbaScheme("rgba_lesions"); };
Locate {
roiArray=["Overview", "Leftpart",
"Leftpart_top", "Leftpart_bottom",
"Rightpart"],
foreach {
duration=25 seconds,
interval=2 seconds }
}; // end of locate

load { volumeData("hand");
rgbaScheme("boneSkinvessel™);};
Locate {
roiArray=["Overview", "Forefinger",
"Middlefinger", "Littlefinger",
"Vessels"],
foreach { duration=20 seconds,
interval=2 seconds
¥

}; // end of locate

]
O
-
o,
3
P
@

LA

910.:-:1{
volumeData(“huma 9")
rgbaScheme('rgba_lesions");

h
Vljlc--:ntc(
roiArray = [Overview,
LeftSideview,
LeftFrontview,
LeftBottom,
RightFrontview],
foreach{
duration =1 seconds,
interval = 6 seconds
}
k

Congratulations! errors(0)
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Case Study 03: B 4 5RF IR IR IR

CHI202I

o RERF: FBTEARF A% (R ENIA S @A R IFEALRANK), FRBEANL “POTER” (M
% %3k B Bk IZ 10 4R)

o ODHX: *TrAXlorigint X (£ _ER) Rdestinationtz X, (£ F B) £ & A FHIK XS

. fm"HﬂF&% E"ﬂFﬁttlme step#t T4 K P (R 2T &) k&t RITRA; T ERAISE 5
(lifeTime); iz 7 Bt A9 5 @ 3% . (animate)

IGScript @ ®

s @
. ,, N . O o
‘ '
< cte
3 ) P |blue. red
o @
TimeStep2@| (4 lenses) oX)
(a) mode = origin: orginal points clustering to recommend 4 representative pathlines
—_— ®
9
o
-]
..' - Iat rsi0)
TimeStep@l (overview) Ti'meStepla (2 lenses) | TimeStep2e|(4 lenses) TimeStep25 (1 lens) 7
_(b) mode = destination: destination points clustering to recommend 4 representative pathlines )
: - - = &
load {vectorFieldData("ocean.dat")}; I lifeTime = 20 days, :haLfMergeSplit {
animate {speed=moderate}; : colorsOfCenterPathline : timeSlots u
trace { mode=origin, //or destination | = [ , red, 11 =[overview3days,5,9,0,3] }; A
clusteringAlg=[pca, dbscan], 1} //4 cutcrs means 4 LensEs (max) v //manually cyclic camera splitting

Animation snapshots with four time-steps (#01, #10, #20,
#25) for the ocean data

TomN



Case Study 04: DTk 4% K/((‘E;CHIZOZI

// define all ROIs in parameter assignment module via visualization
// space and coding space, which will be invoked only once for each ROI

// defineROI (...); // defined ROIs are global variables

load {dtiData("human_braineli")};
lineStyle {color=green, width=1.0};

placeANewBox {boxID("A"), at("ROI#HB11"), color=green, alpha=8.5};
placeANewBox {boxID("B"), at("ROI#HB12"), color=red, alpha=0.6};
placeANewBox {boxID("C"), at("ROI#HB13"), color=yellow, alpha=8.6};

// defineROI (...); // defined ROIs are global variables

load {dtiData("human_braine2")};

placeANewBox {boxID("E"), at("ROI#HB21"), color=red, alpha=0.8};
placeANewBox {boxID("F"), at("ROI#HB22"), color=yellow, alpha=©.8}; (2)
with (color=green,alpha=1.8) {

show(ENnot(F)); }; // end of with

load {dtiData("pig_heart")};

placeANewBox {boxID("G"),at("ROI#PH11"), color=red,alpha=0.8};
placeANewBox {boxID("H"),at("ROI#PH12"), color=green,alpha=0.8};
placeANewBox {boxID("I"),at("ROI#PH13"), color=orange,alpha=0.8}; (b)
with(color=yellow,alpha=1.0) {

(b¥=show(GNHNI)" show(GNHNI); }; // end of with

load {dtiData("pig_heart")};

lineStyle {color=red, width=1.8};

placeANewBox {boxID("A"), at("ROI#PH14"), color=red,alpha=@.8}; (c)
placeANewBox {boxID("B"), at("ROI#PH15"), color=green,alpha=0.8};
placeANewBox {boxID("C"), at("ROI#PH16"), color=purple,alpha=0.8};
placeANewBox {boxID("D"), at("ROI#PH17"), color=brown,alpha=0.6};

load {dtiData("pig_heart")};

with (color=yellow,alpha=1.0) {
Show(aN(aucuD)); show (BN(AUCUD))
pause(5 seconds); // after 5-sec pause,

// show(...); // then show other queries
BN(AUCUD))" }; // end of with

ATRELNIGAMNE, RERAETEATRARH I RER




Discussion and Future Work CHI202]

HIEXA g E: T B AHF 8 Z Charles Hansen #= Chris R. Johnson “The Visualization
Handbook” [28]) & 4569w £ & A % a9 AL 5 4 3E
—  2-D/3D #~E % % #% (Oth order tensors)
— =% % 4% (Lst order tensors)
—  REH AT A9 IE (higher order tensors)
KA LA T &t scalability on data types
— REREBETRNFNLAXEAFLHKIE, 1GScripthliE
— AR K F DA RARI AR F R AR EAPIs, AR A% R A HAE G — e dE 2 g A A9 APIs
(application-specific functions), 4= 2|IGScriptéy & 5 E& 2
PR ITAE: AFHEFROI
— MEBF I 7k AashiEHEROI
—  ARBARIE IR FAIE A P VT AR 49ROIs
AR E B
— R P % egsample codesik Bl FAE iR EF, REFE A
- ZEXRSELREBERNEEXRT, HTHEMBREER
—  ERATAGA T FRGUIR @A) A P B #43Z1GScriptay K45
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Conclusions

BIMERAFERLT AETFLAXKRELEEHRIEIRSE T30 @MELTL IGScript
Bt T —AMEKFHAE : TR ) 5K Z

- ERAS. FHERAEFE . RO BT #2452 5 64 =T A0 &5t Fe =T #4540

FAEMRET ERREFZERBEFS (RBERR)

—  HiFER: KR P ARER R A E RS IF R B 2T 5 5GPUE § 69 K5

—  R%FEH (RBLERS): KA P ETANLE B ) 2 F4RE 8 5 £ s IGScriptéy K5
IGScriptRAD: 45 B8 B AR5 3 8935 k44, REE AR L LRE

— @R (cp & paste & cut & add & delete & append & switch & clip loop): if it % LK kit 5h @ K Wi/ 2 %3
B W #

- ZREA. XF: ARG HFELRMNGETAMKKR, LARTHhE
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BoATHREAS

Xiaohan Wang, Chuyu Zhang, Yu Zhu, Xueyi Chen, Liming Shen, Richen Liu*, and Rongtao Qian.
Hybrid Line-Based and Region-Based Interactive Set Data Visualization.

CHI Conference on Human Factors in Computing Systems (ACM CHI’21 LBW) ,

Article No.: 411, pages 1-7, Yokohama, Japan, May 8-13, 2021.

(Late-Breaking Work: LBW, 3427 W +2 W [ 7 &9 poster track& L)



Motivation
% A% 4B (set data) TALM —H B A 1R K 89k,
- HEU—RBRFREASXFRENE X
- REXAAHR: %, ZH—, ZHE. WARBE—RETAA
2] % /75 & (PCA, DBSCAN), —/N7r k& (#714=CNN) T ¥As% % kit L&
B 4%
ILA B T ke R
- ERE: RERREZHLSOELXE
— A F & F ik (line-based): T ikiF B HAT B8535 M5 8, o T#R$IE P
HFHE LR EER A
— R FRBA T, (region-based): TTH &£, ATEHTEEFSE

Grrial Madia Uiei ol Anabsie

CHI 2021
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Line-based: Kelp Diagram Region-based: BubbleSets
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— Euler and Venn diagrams
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LR : HEARR TNV ERAEANENE, ARELATYENEFTERE
&t %
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2B/ LAk, TR L% Asurvey paper “emerging trends of deep learning methods” [Veres et al. TITS’19]



(b)
A17% LAk, 3NABI£74]: Asurvey paper on “Simulation data visualization” [Chen et al. Visual Informatics’19]
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685 ik, 3R £%]: Asurvey on “Social media data visualization” [Chen et al. EuroVis STAR’17 (CGF)]
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«  BAANARASBMMIE
— Goddard Earth Observing System Model, Version 5 (GEOS-5)
— Model of Ozone and Related Tracers, Version 4 (MOZART-4)
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Demo of BalloonVis

LA K BT TF # Mk https://dabigtou.github.io/richenliu/
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