7" TASC-ARS

2, joint 2011 Joint Meeting of

Taipei Symposium

The 2011 Taipei International Statistical Symposium and

7th Conference of the Asian Regional Section of the IASC

Exploring Symbolic Data Structure
using Matrix Visualization

Yin-Jing Tien, Chun-houh Chen, Chiun-How Kao,
Junji Nakano, Sheau-Hue Shieh, Chuan-kai Yang

Institute of Statistical Science, Academia Sinica

Dec. 17, 2011



Outline

Matrix Visualization and related techniques
Symbolic data Matrix Visualization
Examples

Summary

2/40



Outline

Matrix Visualization and related techniques
Symbolic data Matrix Visualization
Examples

Summary

3/40



Exploratory Data Analysis
EDA, John Tukey (1977

It is important to understand what you
CAN DO before you learn to measure
how WELL you seem to have DONE it

allow the data to speak for themselves
before standard assumptions or formal modeling
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The Iris Data
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Graphics/Visualization for
high dimensional data?
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A. Correlation Matrix
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Generalized Association Plots (GAP, Chen 2002) for MV
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Some essential elements in a GAP MV procedure

3. Proximity 4. Permutation
(Variable p * p) (variable)
Continuous
Ordinal iﬁ

Binary

Nominal Q

1. Data Matrix 2. Proximity Matrix for Subject

(n* p) (n* n) 4. Permutation
(subject)
(w/ Color coding) i
Continuous Continuous
Ordinal Ordinal =
Binary Binary
Nominal Nominal
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Hierarchical Tree Seriation
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Symbolic data

» (Classical Data : Individuals: single value
Single player
age = 25, eye color = blue

» Symbolic Data : Symbolic units (groups/classes)
Team
interval : age range = [20, 36]
multiple values: eye color = {blue,brown,black}

(Billard and Diday (2006))
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Symbolic data analysis
When?

 When we are interested the higher level units
(groups/classes ).

* When the mitial data are composed by
Symbolic data tables
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Symbolic data types

Symbolic data <

r ( ) continuous
multi — valued { .
ordinal
quantitative 1 modal multi — valued

interval — valued
.modal interval — valued(histogram)
multi — valued
modal multi — valued

qualitative {

\ Mixed — valued data
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Symbolic data types

Multi-valued symbolic random variable Y is {12,23,20}
one or more values

Interval-valued symbolic random variable Y (17, 25]
is one that takes values
in an interval

Modal multi-valued {single, 3/8, married, 5/8}

Y(w)=1{n, 7, ;k=12,..., su}

Modal interval-valued (Histogram) {[12,40), 1/7, [40, 60), 2/7, [60, 80], 4/7}

Y(Z/l) = {[auk, buk), puk,k = 1,2,...,Su}

14/40



Visualization Tools for Symbolic Data (Analysis)

SFDA - Classes and 8Os Interval Coordinates b et o Price Axis 2
) gouteur_chateau i PP
Ais 2 (16.25%) vl Blane Poids Ch’ens \A:cewnim""
K 100
g ‘—I— Mastitt
w e . I
e v 5 L SaiBer
,__H'I—. 1 =4 Dogalle
’ ’ N |:|
_—
A Levrier Arig 1
Heigh
o0 o ~ Blerger Alle Pointer
i Caniche Basset
Z
® 77 Labracer Governan
o s Chihuahua Pekinais
! Wil
0050 ams o 0025 oos0 45 &0 75 a0 30 45 60 75
e Auser Hauteur du
Figure 4: Graphical output of SFDA
| o
M=2sU T R L R ol i s e & R R s D R
Concapt NotaPneus & 0 GETERRy apD NotePneu oD e e carrmnta maseian B e
M 35-591
1 44 1 + 1.34 1 4 1734 1 Meas ]
= —"—— M=50E
RESPLUELFWI91 I . I - 00130 I M3EERE
1334 121 1 MeasE
= =] Feas)
RESPUELEVIS2 I ST I I Fese -
| 173 Feasu
F35-B0E
RESPIELEVI3 I I FsoE
0080 F>581
{ ! Fis-5au
[=— Fassal
RESPLELEV/S4 I I 0100 I |
T T Figure 235 Pyramidal representation of symbolic objects.
== oo - R
RESPLELEV/S5 I I
I I ol . Figure 56: Breakdown - Superimposition of the new and the old objects
SPCA - S0s Convex Hulls
= —=m—|
RESPUELEVI96 I - [INRE I Mo s 2
173 123 Lantorgrn
= —mmmm|
LR RahY I. noten 1. : e
1554 123 cume [] ~ e
wn P e T
RESPLELEVIOg I B I B e I ! e \\ ] .
b e ! S s e
= —m| onah e SO0z
ESPIELENSS I | 00190 I ~ e
1234 1214 T } =S B
N%»m
e —"r
s . @ w
j mw serie 7
SYR software with the TABSYR & STATSYR modules Figure 51: Example of 3D Zoom Star
M : s :
s 1
position 17 N
4, position 17
°3
|—| _position 8 osition
daeed @ o " 4 :
January December position 11 47 position 11 &4
= — R 7
ol 4 08 > 2.6] 4 [poll > 4.1]
S ) S— a2 =
- < Fig.2 position 17, position 17
\\,_uv,,, s S v v *;
| 4
. L = 3 June September = osition 8 1 osition 8
g > - N el
Ly ' " amil b .
- ‘h"rﬁk‘ ' ' position 11 05" o8 1 5/40
position 114

Fig. 1. Visualization on the Map of the China of the 5 Classes of the partition
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Essential elements in a GAP MV procedure?

. 3. Variable 3. Variable .
Classical Proximity Proximity Symbolic
Correlation
Covariance
polychoric ‘?
Correlation . . . °
2. Subject 1. Data 1. Data 2. Subject
Proximity Matrix Matrix Proximity
Fuclidean Distance —
Manhattan Distance E ? ?
Correlation ... ° °
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1. Computation of proximity matrix for variables

Motations :
wy, * The symbolic units (observations), u = 1,2,---,m.
dy = (§, 6,00 ,-fup} : The symbolic description of an observationw, € E, u = 1,2,---,m.

Consider two variables there are some association measures for different symbolic data type (Billard, and Diday 2006)

Multi-valued data :

For quantitative multi-valued variables £, and Z-, the empirical covariance function

Cov(Zy, Z;) is given by

CHU(ZIJZE) = i[zflle z.,f'zezz( é‘l X ‘:’2) 021.2'2 ('51- fg]] - ZIZE

Interval data :

For interval-valued variables Z, and Z,, the empirical covariance function Cov(Z,,Z;) is given by

1
Cov(Z1,22) = 5=Tuee 6162[0,Q,]"
_ 5 2 7 7 732 T Luj
Where, for j = 1,2, Q; = (ay — Z)) +(awy = Z;)(by — Zj) + (b — Z))", G; = {_ if7 .~ 7.
Correlation coefficient r(Z,,Z;) = Cov(Z,,2;)/57,57,
— — 2
Where Zuj = (b“.f + auj}f‘?:z} = zimEuEE (h“J' + ﬂu;'], Sz.f = #EHEE (E]‘uj'z <+ bujauj + ﬂujzj - # [EuEE (b”j + auj)]

Histogram data :

For modalinterval-valued (i.e., histogram-valued)variables Z; and Z,, the empirical covariance function is given by
Sui Suz

1 1/2
Cov(Z,,Z3) = ﬁz Z Z Puik, p“zj.;EGIGEIQIQE]
uek ki=1"ky=1
Where, for j =12, Q; = (ay, = Z) "+ (aui, = Z;) (bujt, = Zj) + (bu, — Z))". G; =
] J = Laly ; - H;kj I ujk_]' ] uj*:‘J ] ujkj I ’ ;_
Correlation coefficient r(Zy,Z;) = Cov(Z1,Z3)/Sz,5z,
Where
Zyi =230 b Z;=— W (b Sz == S (byik 2+ b 2
uj -Ezjﬁ:lpuﬁa( uj + auj)— j= EEHEE [Ekfl( ujk; + aidk;]pujkjl’ Z -Ezuef Ekﬁl( ujk; + uji.:J":'rﬂu:_ﬂ':J1 +ﬂu_;'jcj )puij -

1 su_f °
ey [E-HEE Ekr=1{b“i k + ﬁ“!"‘;) p “ﬂﬁ]

L ifZ; <Z;
-1, ifZy>Z;
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2. Computation of proximity matrix for symbolic units
Consider two symbolic units there are some proximity measures (Diday and Noirhomme
2008).

Dissimilarity measures for Boolean symbolic descriptions
Gowda and Diday’s dissimilarity measure (1991)

Ichino and Yaguchi’s first formulation of a dissimilarity measure (1994)
Ichino and Yaguchi’s normalized dissimilarity measure (1994)
Ichino and Yaguchi’s normalized and weighted dissimilarity measure (1994)

de Carvalho’s normalized dissimilarity measure for constrained Boolean descriptions
(1998)

de Carvalho’s dissimilarity measure (1994)

de Carvalho’s extension of Ichino and Yaguchi’s dissimilarity (1994)

de Carvalho’s first dissimilarity measure based on description potential (1998)

de Carvalho’s second dissimilarity measure based on description potential (1998)

de Carvalho’s normalized dissimilarity measure based on description potential (1998)

The Hausdorff distance, The L, distance, The L, distance.

Dissimilarity measures for probabilistic symbolic descriptions

The Kullback—Leibler (KL) divergence, The x? divergence, The Hellinger coefficient,
Renyi's divergence, The variation distance, The Kullback divergence 18/40



3. Color coding for symbolic data

Interval data
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3. Color coding for symbolic data

Continuous multi-valued
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dataféee ]1Y ]
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3. Color coding for symbolic data

Ordinal multi-valued

eeee Y, { Yl ki=1,.5)
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3. Color coding for symbolic data

Modal multi-valued

{ au, P =1,..., S i =, m, ~=1,....p
ex: {100, .05; 105, .10; 114, .25; 118, .45; 128, .15}
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3. Color coding for symbolic data

Modal interval-valued (histogram)
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Symbolic Data Analysis Tutorial COMPSTAT - August 2010:
Principal Component Analysis (PCA)

Interval Lynne Billard
Bats data: Head

(21 Species, 4 variables) . ea
Empirical Tail
Correlation

Species Head Tail  Height Forearm Height

PIPC [33,52] [2633] [4,7]  [27.32]

PRH 35.43] [2430] [8.11] [3441] Forearm

MOUS [38,50] [30.40] [7.8]  [32.37] PIPC

PIPS [43,48] [34,39] [6,7]  [31,38] PRH

PIPN [44.48] [3444] [7.8]  [31,36] g?gg

MDAUB  [41,51] [30,39] [8,11] [33.41] S

MNAT  [42,50] [3243] [89]  [36.42] MDAUB

MDEC [40,45] [3944] [99]  [3642] MNAT

MGP [45,53] [35,38] [10,12] [39,44] MDEC

OCOM [41,51] [34,50] [9,10]  [34,50] MGP

MBEC [46,53] [34.44] [9.11] [39.44] ﬁggg

SBOR [48,54] [3847] [9,11] [37,42] SO

BARB [44,58] [41,54] [6.8]  [3541] BARE

OGRIS  [47,53] [43,53] [7.9]1  [37.41] OGRIS

SBIC [50,63] [4045] [8,10]  [40,47] SBIC

FCHEV [50,69] [30,43] [11,13] [51,61] FCHEV

MSCH [52,60] [S0,60] [10,11] [42,48] ggg;

SCOM [62,80] [46,57] [9,12]  [48,56] NOCT

NOCT [60,82] [41,59] [10,12] [45,55] GMUR

GMUR  [65,80] [48,60] [12,16] [55,68] MGES H

MGES [82,87] [46,57] [11,12] [58,63]

Euclidean
Housdorff 25/40
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2 real examples of MV for SDA:

A.2{ 7112010 Database (interval)

(with Junji Nakano, ISM)
(DVD national manpower-ROM*“published by the Asahi Shimbun)
A collection of regional data.

B. Cross Cultural Comparison of Rural
Education Practice in China, Taiwan,
and the US (modal multi-valued)

27/40



Example: & # 2010 Database (Collabor. with Junji Nakano, ISM)
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Hierarchy for Regions of /7] Data

LLevel 1 Level 2 Level 3 Level 4 Level 0
Major Major
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Number of private establishments Services

Population Basic Resident Registers Total Number of Retail Stores

Household Basic Resident Registers Annual Sales Stores

Population moved in Annual Sales Retail Stores

Population moved out Number of restaurants

Population by year 0-4 Anngal Shipments of industrial products
Population by year 5-9 Agricultural output value

Population by year 10-14 Taxable income

Population by year 15-19 Local tax revenues

Population by year 20-24 Total expenditures

Population by year 25-29 Number of ownership car

Population by year 30-34 Number of educat%onal facilities . .
Population by year 35-39 Number of Establishments Books Stationery Retail

Population by year 40-44 Number of libraries

Population by year 45-49 Number of nursery

Population by year 50-54 Number of community centers

Population by year 55-59 Number of hospitals

Population by year 60-64 National manpower Composite Index
Population by year > 65 Populat}on index |

Municipal workers Per capita level of national manpower
New construction housing stock Population ratio populated area (Area)
Total number of establishments Daytime and nighttime population ratio

Basic Resident Registers population growth
Population density (area)
Census households (compared to single-person hous

Total number of employees, business
Number of private establishments
The number of employees at private businesses

Number of establishments Services Percentage of populat%on < 15
Number of private establishments Services Percentage of populat}on 15-29
Total Number of Retail Stores Percentage of population 30-44
Annual Sales Stores Percentage of population 45-64
Annual Sales Retail Stores Percentage of population > 65

3 Industrial sector work force composition 1
3 Industrial sector work force composition 2

Number of restaurants
Annual Shipments of industrial products

Agricultural output value 3 Industrial sector work force composition 3
Taxable income Annual sales growth rate of retail shops
Local tax revenues Income gap 31/40

Total expenditures Increase local tax revenues



Data :

63 (continuous) variables for 1962 Local area (Level 4)
were merged into

63 (interval) variables for 151 Region (Level 2)

63 variables
. Level 1
............ Major Region (10)
............. : 0 =i
............ 63 variables | .
original | T (interval) Gl
1962 continuous ) 3 P - 1T -
data . merge o
Local areg 151 Region  interval 4 ity
(Level 4) (Level 2) data 5 fl1s - oG
’ 6 I - i
""" 7 EOET Y 7
““““““““ 8 ?[F[%F[;wi ]) 7
“““““““ 9 —kl'{&)?‘{fﬁ)‘;l )7
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Symbolic GAP for {J:2010 Data (Original Orders)
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Symbolic GAP for = 772010 Data (HCT_R2E Orders)
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Cross Cultural
Comparison of
Rural Education
Practice in
China, Taiwan,
and the US

N O~ wWN

. MATHEMATICAL KNOWLEDGE TEST

Part A: Computation

Part B: Number Concepts and Equations
Part C. Geometry

Part D: Word Problems

. AFTER SCHOOL LEARNING ACTIVITIES
.ATTITUDES TOWARD LEARNING
. SCHOOL CLASSMATES AND FRIENDS

HOME ENVIRONMENT

. CREATIVITY—How creative are students
. On the back side of this page,

please use your pen or pencil to draw a picture of

what an ALIEN--Creature from outer space--
looks like

Benjamin, J. (2006) “Cross Cultural Comparison of Rural Education Practice
in China, Taiwan, and the United States,” American Educational Research
Association Annual Conference.

Madigan, T., Benjamin, J., and Shieh, S. H. (2006) “Rural Education Practices
and Outcomes in China and the United States,” 101 Annual Meeting of the
American Sociological Association, Montreal, Quebec.
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School
Class 3 13 2
students 272 361 95

number of testing

: Computation 50
Mathematical Nurmber C {
Knowledge Test Umber Loncepts 11

and Equations
Geometry 10
Word Problems 17

number of testing

After School Learning Activities 3
Attitudes Toward Learning 5
School Classmates And Friends 6
Home Environment 12
Creativity 8
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1.66
r 207
249

Test category
Computation Geometry

Number Concepts Word
and Equations Problems

Country

|
Taiwan China U.S.A.

country code

Test per Class

I 12

correct incorrect missing
proport proport proport
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Test category

Comiutation Geometry

Number Concepts Word
and Equations Problems

com

£

II

i-
n |
u

|
Country
Test per Class
|
Taiwan China U.S.A. _ I

correct incorrect missing
proportion proportion  proportion
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Summary

 We have extended our matrix visualization methods
on symbolic data with continuous data types.

* We will also try to extend our matrix visualization
methods to other symbolic data types (categorical).
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Thank you for your attention !
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