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Why do we visualize data”?

Total Bandwidth
(millions of bits per second)
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Why Visual?
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Mean of X
Variance of X
Mean of y
Variance of y

Correlation
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Why Visual?

[F. J. Anscombe]
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Why Visual?
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Visual Pop-out

[C. G. Healey]
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http://www.csc.ncsu.edu/faculty/healey/PP/

Supporting Scalable Visualization

e WO Problems:
- Lots of data, how to display (encode) it
- User Interaction is key to gaining insight, requires low latency
e Addressing big data:
- Encoding should focus on available resolution, not size of data
- Approaches:
e Sampling
* Modeling
* Binning
- Bin = Aggregate (— Smooth) = Plot

[J. Heer]
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http://courses.cs.washington.edu/courses/cse442/20au/lectures/CSE442-Scalability.pdf

Time Series Aggregation

* Value 1M samples -> 2,653 plotted points
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http://courses.cs.washington.edu/courses/cse512/23sp/lectures/CSE512-Scalability.pdf

Time Series Aggregation

e |nsight: the resolution is bound by the number of pixels
e Compute average value per pixel (1 point/pixel)
- ...this may miss extreme (min, max) values
e Plot min/max values per pixel (2 points/pixel)
- ...this does better, but still misrepresents
e M4: min/max values & timestamps (4 points/pixel)
- ...this provides provable fidelity to the full data!

[Jugel, 2014, via J. Heer]
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http://courses.cs.washington.edu/courses/cse512/23sp/lectures/CSE512-Scalability.pdf

cffects of Latency

e Higher latency leads to...
- Reduced user activity and data set coverage
- Significantly fewer brushing actions
- Less observation, generalization & hypothesis

* Interaction effect: Exposure to delay reduces subseqguent performance In
low-latency interface.

o Different interactions exhibit varied sensitivity to latency. Brushing is highly
sensitive!

[Liu et al. via J. Heer]

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 10



http://courses.cs.washington.edu/courses/cse442/20au/lectures/CSE442-Scalability.pdf

Interactive Scalability Solutions

e Use Database Technology: datalbases built for scalability

e Client-side Indexing (Data Cubes): take advantage of data structure
e Prefetching: load data before requests based on predictions

o Approximation: show estimates early but with error information

[J. Heer]

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 11



http://courses.cs.washington.edu/courses/cse442/20au/lectures/CSE442-Scalability.pdf

Sampling vs. Aggregation
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http://vis.stanford.edu/files/2013-imMens-EuroVis.pdf

Full 5-D Data Cube

Month, Day, Hour, X, Y]
~2.3 Billion Bins

Z. Liu et al., 2013]

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 13


http://vis.stanford.edu/files/2013-imMens-EuroVis.pdf

Break Into Tiles
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http://vis.stanford.edu/files/2013-imMens-EuroVis.pdf
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http://vis.stanford.edu/files/2013-imMens-EuroVis.pdf

Aggregation of liles for Results
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http://vis.stanford.edu/files/2013-imMens-EuroVis.pdf

Prefetching

e Predict which tiles a user will need next and prefetch those
Use common patterns (zoom, pan)
Use regions of interest (ROISs)

ROI TILES e

l.-é*"‘“l T |
- -
I o

e
l "-ls I

[Battle et al., 2016]
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| atency Ditferences In lasks
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© Brushing is more common and people are sensitive to latencies.

® Prioritize brushing latency over view switching latency.

[D. Moritz et al. via J. Heer]
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http://courses.cs.washington.edu/courses/cse442/20au/lectures/CSE442-Scalability.pdf
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[D. Moritz et al. via J. Heer]
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http://courses.cs.washington.edu/courses/cse442/20au/lectures/CSE442-Scalability.pdf

Assignment 5

o Spatial, Graph, and Temporal Data Processing

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 20



Data Cubes

J. Han, M. Kamber, and J. Pel

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University


http://hanj.cs.illinois.edu/bk3/bk3_slides/04OLAP.ppt

Data Cube: A Lattice of Cuboids

0—D (apex) cuboid

1-D cuboids

) w‘- : location,supplier
& 2-D cuboids
3—D cuboids

4-D (base) cuboid
[Han et al., 2011]

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University = 22



Cube Operations

e Roll-up: aggregate up the given hierarchy
e Drill-down: refine down the given hierarchy
e Roll-up and drill-down are "inverses’

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 23



Spatial Data Exploration Motivation

L. Battle

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University


https://courses.cs.washington.edu/courses/cse512/18sp/lectures/CSE512-Interaction.pdf

Nanocubes for Real-Time Exploration of
Spatiotemporal Datasets

L. Lins, J. T. Klosowski, and C. Scheidegger

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University



Goal: Interactive Exploration of Data Cubes

".?" ':s}: ?" :

language

en none es |t

device
- iphone

app

twitter

2012-01-01 2012-04-01 2012-07-01 2012-10-01

Linked view of tweets in San Diego, US

[Lins et. al, 2013]
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Move to Another Location

language
en none 'es

N\

devi
Iphone

2012-01-01 2012-04-01 2012-07-01 2012-10-01

Linked view of tweets In Ensenada, Mexico |
[Lins et. al, 2013]
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IPhone vs. Android Map
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Zoom into Chicago

[Lins et. al, 2013]

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 29



SuperBowl in Indianapolis

| e i [ otal count: 1,686,897 of 210,634,624
’% 1 S LR TR
. | . device
w ! WIiNndows
| a pad
= 5 3"} ' android
% , . iphone
none
5 | .
. S g
" -
, K *F

|

— . =0
| | | |
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[Lins et. al, 2013]
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New Year's Eve In Manhattan

Total count: 2,052,349 of 210,634,624

device

windows
pad
android
iphone
none

I
2012-01-01

[Lins et. al, 2013]
D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 31




Aggregations on Spatiotemporal Data

e Spatial: e.g. counting events in a spatial region (world or San Fran.)
e [emporal: e.g. queries at multiple scares (hour, day, week, month)
e Seek to address Visual Information Seeking Mantra:
e Overview first, zoom and filter, details-on-demand
e Multidimensional:

- Latitude, Longitude, Time + more

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University = 32



Data Cube Aggregations

Relation = A Cube on Device, Language 5
Country Device Language ,
US Android en Country Device Language Count
US iPhone ru All All | All 5
South Africa iPhone en All A.xndr oid All 2
India Android en All 1Phone All 3
Australia iPhone en All All en 4
All All ru 1
i All 1Phone ru 1
Aggregation 5 All Android en )
Country  Device  Language  Count All iPhone en 2
All All All 5

Group By on Device, Language | C

Count Device Language Count .
& S8 Equivalent to Group By on

All Android en 2 _
All iPhone en 5 all possible subsets of
All iPhone ru I {Device, Language}

[Lins et. al, 2013]

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University =~ 33



Nanocube Queries

e Representing natural language queries as data culbe queries

Natural language query S C t URL

count of all Delta flights R U R  {Delta} | R U /where/carrier=Delta

count of all Delta flights in the Midwest | R Midwest | R  { Delta} | R U /region/Midwest/where/carrier=Delta
count of all flights 1n 2010 R U D R 2010 | /field/carrier/when/2010

time-series of all United flights in 2009 | R U R {United} | D 2009 | /tseries/when/2009/where/carrier=United
heatmap of Delta flights in 2010 D tile( R {Delta} | R 2010 | /tile/tileO/when/2010/where/carrier=Delta

® S = space, ¢ = category, t = time
e R = rollup, D = drill down

o <value> after RD = subset of dimension's domain, U = universe
e Note that time queries are stored In an array of cumulative counts

[Lins et. al, 2013]
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Building a Nanocube

Five Tweets: Location and Device ' parent-child (same dimension):
2 _ o1 3 _ proper | shared
P 01,10
o K . content (next dimension):
02 04 A o Q
N a~~,6;ndr0|d iPhone iPhone . proper shared :
o O Android iPhone : ) 4
03 5 .' .
4 ( O ) = Android o1 (2] |21 - uﬁrds:c[e? .
device = ANArol 01 05 01 09 current step
gdevice( ® ) = iIPhone 01 02 03 dimension
— boundary
lopatiall | lpat
spatiall - spatial2 4 \Q 5 \Q
00,11 | 01,11 | 10,11 | 11,11 - . oh ok - .
! 10,01 11,01 ,
0,1 1,1 * .
e % 00,10 01,10 10,10 | 11,10 :
° ¥ 00,01 | 01,01 [ 0,01 | 11,01 ..
0,0 1,0 . - iPhone s Android’s Andréid Seh " Android,
’ ’ P Android IFnone . . g naroil IFnone \ ‘ iPh s
00,00 | 01,00 | 10,00 | 11,00 o \I i \ : Phgne Androld é k Iphone \ Iphone g .
_ \ 4 | 4 * ¥ | 4
Indexing Schema 0o 03| o1 04| 01| loa| |01 02| |o3] los 09 03 O 01 o4| |01 03 04
— | |/ : / : O
S H spatiall Spat1a12]7 [ dev1ce]] 01 02 03 04 01 02 03 04 Os 01 05 03 05

[Lins et. al, 2013]
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Summed-area Table

e Fvery node in the previous figure stores an array of timestamped counts like
this:

0 1 2 3 4 5 6 / 3 9 10 11 12 13 time

query/tseries/1/3/4

start at bin 1, use buckets of 3 bins each, and collect 4 of these buckets

solve using... l

[Lins et. al, 2013]
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Building a Nanocube: Step 1

parent-child (same dimension):

— Five Tweets: Location and Device Q
proper | shared .
01 content (next dimension):
O
¥ O O
09 04
proper | shared
)
. > O
03 D
updated in
ldevice( O ) = Android current step
ldevice ( @ ) = iPhone . .
device( @) dimension
/ / boundary
____ ‘tspatiall spatial2
00,11 1 01,11 10,11 | 11,11
0,1 1,1 w/
00,10 H56)1,‘10 10,10 | 11,10 AndrOId 1
(@) (@) 1
= . 00,01 | 01,01 | 0,01 11,(.)1 :
0,0 1,0 .
00,00 | 01,00 | 10,00 | 11,00 I

Indexing Schema

S = [ [gspatial].) Espatial2]7 [gdevice] ]

[Lins et. al, 2013]
D. Koop, CSCI 640/490, Fall 2025 :
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Building a Nanocube: Step 2

parent-child (same dimension):
—  Five Tweets: Location and Device Q
proper | shared .

O

01 : 2 0,1 “‘ content (next dimension):
® O u Y
0
1 04 ‘\‘ proper sharedc;)
[ ) s
) 1) 1
03 i 01,10 O
' updated in

gdevice( O ) = Android

current step
gdevice( ® ) = iPhone

dimension
boundary

_ gspatiall EspatialQ

00,11 | 01,11 L 10,11 | 11,11

Android IIPhone

0,1 1,1

00,10 |H1,10 ] 10,10 | 11,10
o K o)

°
00,01 | 01,01 | f0,01 | 11,01

0,0 1,0

00,00 | 01,00 | 10,00 | 11,00

Indexing Schema

S = [ [gspatial].) Espatial2]7 [gdevice] ]

[Lins et. al, 2013]
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Building a Nanocube: Step 3

parent-child (same dimension):

proper | shared

O

content (next dimension):
proper? shared?
v

updated in
current step

dimension
boundary

| Five Tweets: Location and Device r

~ < Android iPhone ’

iPhone % 01
| j

— _f_pguﬂ L Lspatiar2 |

" amm"

’
>l ldevice( O ) = Android

00,11 | 01,11 | 10,11 | 11,11
0,1 1,1
$ . 00,10 f1,10 [ 10,10 f 11,10
[ ]
00,01 | 01,01 | ?o,01 | 11,01
0,0 1,0
00,00 | 01,00 | 10,00 | 11,00

Indexing Schema

S — [ [gspatiall 3 espatialQ]a [ﬁdevice] ]

[Lins et. al, 2013]
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Building a Nanocube: Step 4

parent-child (same dimension):

proper | shared

O

content (next dimension):
proper? shared
v

updated in
current step

dimension
boundary
[ Five Tweets: Location and Device '_
01
¢ 5
()
L [9)
O3 5
edevice( ©) ) = Android
Edevice( o ) = iPhone
__1 gspatiall L Espatia12 l_
T —— 00,11 |1 01,11 | 10,11 | 11,11
0,1 il
$ . 00,10 f1,10 [ 10,10 f 11,10
00,01 | 01,01 ﬂ),01 11,(.)1
0,0 1,0
00,00 | 01,00 | 10,00 | 11,00

Indexing Schema

S — [ [gspatiall 3 espatialQ]a [ﬁdevice] ]

[Lins et. al, 2013]
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Building a Nanocube: Step 5

parent-child (same dimension):

proper | shared

O

content (next dimension):

‘ proper? shared?
@ O

updated in
current step

dimension
boundary
[ Five Tweets: Location and Device i_
01
.\ ¢ K
/ _ Android iPhone 02 04
iPhone Android °
% 05
ldevice( O ) = Android
Edevice( o ) = iPhone
02 3 5 0]‘ 04 01 02 __| fspafciall l_ Kspatia12 L
T P — 00,11 |1 01,11 | 10,11 | 11,11
0,1 1,1
S X 00,10.&01,10 10,1% 11,10
O1 O2 03 04 Og5 01 09 R el D
00,00 | 01,00 | 10,00 | 11,00

Indexing Schema

S — [ [gspatiall 3 espatialQ]a [ﬁdevice] ]

[Lins et. al, 2013]
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Nanocubes Discussion

® Save space by organizing the data in a manner that takes advantage of data
sparseness

e | Imited to one spatial dimension, one temporal dimension
®* Precompute once, then exploration has low latency

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 42




Example: American vs. Delta

fps(1,10,60s): 29.00 28.30 26.10 #1asks: siacked liles =0
American A 29/9,1.;(‘)9-22 19h - 2008-04-05 22h S.um: 1140 Val: 0

Minneapolis’

iseries =0

res_mem=68M pending liles=0

| Chicago, . |
: Grsat : Graat
t/ ba)! Lake Derr ot U n | t e (1 <w York t/ Salt Lako » Derr—=r U n ' t ‘e H *‘# -2W YOfk
b . e o ) : 4 :-mladelphsa o : W tad B b rmladelpma
san Francisco Ve U o,x L .Na hington D.C. San Francisco, Vogas 3z St L 1 ¥ashington D.C
Los Angeles tSt - Los Angeles S t astreq -
San Dreg: Pho'cnd El Paso ,C arleston  gormuda San Diegt Phocm‘ EI Paso D*‘L' . 3 anesion germuda
Hous' . Houstn, s : -'O'." S
Mexico | Jliami Mexico !“iiami
La Paz, g * H. Bahamas La Paz, - T Bahamas
avana avana
Guadalyjara ng'co Cuba Guadala;:n M8XICO

»- tty a8’ San Juan
. & ﬁ Jamaica ‘
" #Honduras

“ American% (sum: 13.4k)
" Della% (sum: 15.2k)
f\’

L

o

1987 21:46 Nov 06, 1992 08:31 Dec 29,1997 20:16

One value per 1w

D. Koop, CSCI 640/490, Fall 2025

MMMW M. N p AT ITA, (J\\_,_ WM«J&, ﬁ,l‘v\“\

o & 4 San Juan
nd \ . ‘ Jamaica '
e fHonduras

911

N
o
ux A

Feb 21,2003 08:01

18

15

12

Mﬂf*\_‘w%. 6

Apr 14,2008 20:46

[Lins et. al, 2013]
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Example: Cell Data Records

o G R Total count: 1,043,884,027 of 1,043,884,027

ot et

Duration

over_60_min
30 _to_ 59 min
10_to_29 min
o to 9 min

1 _ to_ 4 min
under_1_min

-0
I I | I I |
10-06-272010-07-042010-07-112010-07-182010-07-252010-08-01

[Lins et. al, 2013]
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Example: Cell Data Records

Total count: 1,490,178 of 1,043,884,027

Duration

over 60 _min
30 _to 59 min

under 1_min

| | | | | | =0

10-06-272010-07-042010-07-112010-07-182010-07-252010-08-01

NS et. al, 201 3]
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Big Spatial Data Management

A. Eldawy

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University


https://www.cs.ucr.edu/~eldawy/21SCS167/slides/CS167-07-BigSpatialData.pdf

Motivation

o Complexity of geospatial file formats and problems with reading in a
distributed context

® | oad balancing the processing across nodes
e EXxisting solutions focus on one dataset instead of many
e Need a visual-based interface

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 47




Beast Architecture

C | o | (Beast)
Spatial Modules
(Spatial) User Programs
User Program Spatial >
User Programs
+ Language
RDD APIs saL Spark Java/
Spark Java/ N _ Scala APIS
Scala APIS L Spatial
Job Monitoring Operators S
and Scheduling + Job Monitoring
Job Monitoring RDD Runtime and Scheduling
and Scheduling N Early
Storage Pruning RDD Runtime
RDD Runtime I N
Spatial

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University ~ 48
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Beast Architecture

¥ 3EAST

Visualization Framework

Big
Spatial RDD-based Query Processor

Data

Spatial Partitioner & Load Balancer
Apps

In-situ Spark Loaders/Writers

Spatial Data Types

D. Koop, CSCI 640/490, Fall 2025 Northern Illinois University 49
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https://www.cs.ucr.edu/~eldawy/21SCS167/slides/CS167-07-BigSpatialData.pdf

Beast Spatial Data Types

Point Envelope

g

Geometry

Feature
[A. Eldawy, 2021]
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https://www.cs.ucr.edu/~eldawy/21SCS167/slides/CS167-07-BigSpatialData.pdf

Beast Partitioning/Indexing & Range Query

A, Eldawy, 2021]
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https://www.cs.ucr.edu/~eldawy/21SCS167/slides/CS167-07-BigSpatialData.pdf

Beast Spatial Join

Join Directly Partition — Join

/ ~ ——=
/ / // //
— - /// g

-

LT TH v
R Vo vt

Total of 36 overlapping pairs Only 16 overlapping pairs

/A, Eldawy, 2021]
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