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Political Atlas of the World project
(MIT'MMO, 3kcnepT, NOIM)

STATIC DATA
192 states, 79 indicators

1) Using supervised approach, 5 indices were introduced

(1) Index of state consistency

(2) Index of national threats

(3) Index of capacity for international influence
(4) Quality of life index

(5) Index of institutional basis of democracy
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1)
2)
3)
4)

Four principal components of the static index data

“Threats” — vs. — “Quiality of Life”

“State Consistency” — vs. — “Democracy”

“State Consistency” — vs. — “Quality of Life”

“Influence”

Democracy
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Political Atlas of the World project
(MIT'MMO, 3kcnepT, NOIM)

DYNAMIC DATA

192 states, 45 indicators

1) Time series for the 1989-2005 period
2) Missing 6,7% of data values

3) Supervised approach is hardly applicable
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Outline of the presentation

-> Visualization of multidimensional data, brief introduction

-> Static analysis: How to visualize the four-dimensional space of the
Political Atlas of the World?

1) Visualizing the ‘political globe’
2) Method of ‘elastic sphere’

-> Dynamic analysis: First lessons from time series data

1) A state as a multidimensional trajectory

2) Global trajectory analysis and measure of state ‘successfulness’
3) Non-linear Quality of Life index

4) Turning points in the state evolution
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1) Visualization of multidimensional data
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Quantitative data as multidimensional object

Table of data
_____ / vector in the space
f dimension m
Object 1 <55 of dimensio
Object 2 3.4 4.6
Object n 6.7 8.1 0

L

n vectors in the space
of dimension m
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Index of national threats

Quality of life index

~ | U | “ | u 1 I 1 ' | ) | I | ' | u I r |
| NAME ABBREY REGION Quality of Life | Influence Threats Stateness  Democracy POPULATIOFAREA DENSITY
_|Afghanistan  AFG SOUTH_CENTRAL_ASIA 0.1a8 0.09 7.76 0.72 4.1 26824852 652000 40
_|Angala AGO CENTRAL_AFRICA 0.54 0.21 6.54 3.38 0.03 1177537 1246700 9
_|Albania ALB SOUTH_EUROPE 247 0.03 3 5.87 6.09 3364571 28748 17
_|Andarra AMD SOUTH_EUROPE 877 0.001 0.77 718 743 65939 468 1111
u _|United_Arab_ARE MIDDLE_EAST 5.06 0.z 1.19 8.37 0.64 2344402 62880
_|Argentina ARG SOUTH_AMERICA 3.58 0.56 2.07 8.07 B6.91 36737664 ZTEEBQDI I
_|Armenia ARM POST_SOVETIC 213 0.06 297 1.85 5.86 3409234 259800 114
_|Antigua_and_ATG CARIBEAN 3.19 0.0 297 4.75 4.92 64246 442 145
|Australia AUS OCEANIA B.17 079 0.91 a.17 7.02 18783551 7BEE550 2
_|Austria AUT WESTERN_EUROPE 6.08 0.47 0.77 8.68 8.09 8135299 83858 97
_|Azerbaijan  AZE POST_SOVETIC 1.71 0.1 6.85 321 3.46 7908224 66600 91
| |Burundi BOI EASTERM_AFRICA 0.3 0.07 73 09 29 6735937 27830 206
_|Belgium BEL WESTERN_EUROPE B.14 1.09 0.77 769 7.99 10162034 30510 334
_|Benin BEM WWESTERM_AFRICA 0.98 0.03 4.99 277 277 6305567 112620 56
_|Burkina_FascBFA WWESTERM_AFRICA 0.74 0.03 5.97 277 293 11575898 274200 42
_|Bangladesh BGD SOUTH_CENTRAL_ASIA 1.28 0.27 B.64 418 516 1271175367 144000 883
_|Bulgatia BGR EASTERM_EUROPE 27 0z 0.67 8.77 B.42 8194772 110910 74
_|Bahrain BHR WWESTERN_ASIA 4.27 0.05 1.03 5.19 1.39 629090 694 906
_|Bahamas BHS CARIBEAN 365 0.04 33 SE35| 5.36 283705 13878 20
_|Bosnia_and_|BIH SOUTH_EUROPE 267 0.07 1.81 197 572 3482495 51129 B8
_|Belarus BLR POST_SOVETIC 2.44 0.16 1.43 4.78 223 10401784 207600 50
_|Belize BLT CENTRAL AMERICA 269 0.01 338 5.03 5.02 235789 22960 10
_|Balivia BOL SOUTH_AMERICA 177 0.08 315 2.02 4.99 7982850 10985380 7
_|Brazil BRA SOUTH_AMERICA 2.83 1.0 2.16 8.39 6.25 171853126 8511965 20
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| NAME ABBREY REGION Quality of Life | Influence Threats Stateness  Democracy POPULATIOFAREA DENSITY

|Afgharistan  AFG SOUTH_CENTRAL_ASIA 01a 009 776 072 421 2562482 652000 40

|Angola AGO CENTRAL_AFRICA 0.54 021 6.54 338 003 1177537 1246700 E]

TAlbania  ALB SOUTH_EUROPE 247 [iliE] £ 587 B03 3364571 28748 17

JAndoma  AND SOUTH_EUROPE 577 0001 077 718 743 55539 168 141

L “|United_Arab_ARE MIDDLE_EAST 5.06 02 1.19 537 064 2344402 52560 2

G ra p h S a n d d I a g ra m s [JAmentina ARG SOUTH_AMERICA 356 0.56 207 507 £01  36737ER4 27EEEOO |

TAmenia  ARM POST_SOVETIC 213 006 207 185 58 3408234 29600 T14

|Antigua_and_ATG CARIBEAN 3.19 0.0 297 475 492 54246 442 145

TAustralia AUS OCEANIA 6.17 079 0.91 817 7.02] 18783551 7686850 2

“|Austria AUT WESTERN_EUROPE [ 047 (ikzd 868 a08  A133299 53855 a7

|Azerbaijan  AZE POST_SOVETIC .71 0.1 6.85 321 3.46) 7908224 56500 91

[Burundi B0 EASTERN_AFRICA 03 0.07 73 09 29 5735837 27630 206

|Belgiom  BEL WESTERN_EUROPE 614 109 077 768 708 10182034 30510 334

“|Benin BEN WESTERN_AFRICA, 098 0.03 499 277 277| 5305567 112620 55

“|Burkina_FascBFA WESTERN_AFRICA, 0.74 0.03 597 277 293 11575898 274200 12

“|Bangladesh BGD SOUTH_CENTRAL_ASIA 126 [iF24 3] 418 516 127117957 144000 833

Bulgaria  BGR EASTERN_EUROPE 271 02 067 577 B42  B194772 110910 74

“|Bahrain BHR WESTERN_ASIA 427 0.05 1.03 519 1.39 629090 594 908

Bahamas  BHS CARIBEAN 365 004 339 535 536 283705 13678 20

"|Busnia_and_IBIH SOUTH_EUROPE 267 nor 151 197 572 3482435 51129 68

|Belarus BLR POST_SOVETIC 2.44 0.16 1.43 478 223 10401784 207600 50

Belize BLZ CENTRAL_AMERICA 2569 0.01 339 503 502 235789 22960 [0

"|Balivia BOL SOUTH_AMERICA 177 [iliz] 315 202 408 78A2850 1098580 7

Brazil BRA SOUTH_AMERICA 283 1.01 2.16 6.39 625 171853126 B511965 20

TRarhadns  ARA CARIRFAN A0R nne EE] ARl a1 2Fa191 20 A3
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Quality of life
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State consistency

Democracy
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Multidimensional objects

1 Dimanision

2 Dimensions

4 Dimensions

3 Dimansions

PR R e,

mga R n i

5 Dimensions
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For multidimensional objects it is not possible to visualize all the
details — their image depends on the way of projection

U

Cell-first:
Cube

—

Edge-first:
Hexagonal prism
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Vertex-first:
Rhombic dodecahedron




Shadows of multidimensionality
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Carl Pearson (1857-1936) and his ideas

Linear regression
Correlation coefficient

Normal distribution

Variation properties

Method of principal
components
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Mean point

«Mean» state (minimum 0, maximum 10)

<Quality of life> = 2,63 (Romania — 2,62, Thailand — 2,66 / Russia — 2,68)
<Potential of Influence> = 0.37 (Morocco — 0,35, Denmark — 0,4 / Russia — 2,6)
<Threats> = 3.93 (Vietnam — 3,9, Micronesia - 3,96 / Russia — 4,34)
<Stateness> = 4.9 (Santa-Lucia — 4,9, Algeria — 5,01 / Russia — 7,5)
<Democracy> = 4.59 (Cambodge — 4,58, Venezuela — 4,63 / Russia — 5,24)

“Closest” to the mean point

Mean Algeria Columbia Belize
Quality 2,63 2,58 2,71 2,69
Influence 0,37 0,43 0,40 0,01
Threats 3,93 423 4,79 3,39
StateCons 4 90 5,01 6,03 5,03

Democracy 4,59 3,64 5,43 5,02
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Mean point of data is the center of gravity
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First principal component is the line ‘closest’ to data

& 2
2| =1 —>min
i=1
15t Principal
N axis
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The first principal component of
Political Atlas of the World

Luxemt Ehiopia Luxembou
10,00 QrEmeoun 10,00 o 10,00 o =
. Wiyanmar
p Hat &
5,00 — 8,00 OFitrea o oGS T 8,00
Sud
- wenean © _DME . O © i
Nanway Irefand ] iger Thaiand o
o Senegal imbj K
¢ o ° © 3 Qe : Higeria O o " = Osuitzatand oz &
8 Saddaio Hetigtands £ D St B S Skt — = i
u . -
2 so0-f e O, sﬁ E o @ M O O sivador £ 600 B apore_Spain
inla o : e I Taiwan
2 Uniter Arab Emirates g " — 5 ° owQa Fakistan oo, O 2 e o tsrael
= chtenstein = o land b3
= Slavenia OO @ypris vl New Zealand =] Pataudan (Cnea B qland | wan P O = ted Aral Emirates O Korea (South)
o o e ! Namibiay! GCzech Republ
F Gasoh Reputgio & 1B Korea (South) = Sa0 Tome and Principe WO Crinisia D Z Barbados
= - 5 E Libya~ Bypt * 4,00
S 400 Estonia Slvaking OSErcly oland _ Chile o s Wkrshal tstands < Tuvan ) 882 o Rw U s P
o Py 60 @ Buguay bl > Grenada 8 N o Dominican Republic 3 c N Saudi Acabia
° o B 00, S g & 2y z oo o s Bt NG B e RS G o
uador -} = c ey SheRs O Mauris - 5ii-Lanica
00 Linan Lebanon S5 O Tt gy T S e Ecc\ _ soffh atica oAy megﬂ&gﬂméa %wn S5 o g ©
200 wrggast ey oPhdrteneqra O L g:gna SP‘:’I‘&]“‘EX %,m 200 ol Tongs g 0 PP e Sranc® e 1S oegnesia Philippines
00— astan il ! o . "
o Tajicistan & IS Woracen Gl Serbia and Morteneg  Estonia @ qp e 5“"‘“"':""’\& o oohﬁ?mnce> F Shiepat © © L
ST © g0 000 Flgetistan o _vemen e KEES iy © warf i’ doatia © o
= 5 mnHOSIU jand anmar Caech Republic e gogi il s SO Ethiopia
had =) =t San-hbring mnunz N itrea o
500 O g i O " Zimbabue oo Mt e Tanzania Somalia
L Afghaniss Canada dgan Republic
T T T T T T T T T T T T T T T
0,00 2,00 400 6,00 8,00 10,00 0,00 2,00 4,00 6,00 00 10,00 0,00 2,00 400 5,00 8,00 10,00
Index of state consistency Index of state consistency Index of national threats
Suitzerfand -
Suitzertand
10,00 ) 10,00
= Canada _piathertands = Netherands_Gana
g o o New Zealand H
G 800 Finlan® etand £ 500 New Zealand © aystriS]
] France e usa Tuval lsrael India s Tuwalu India
& @ Croatiag,  Meidd © S Taiuan ° @ Dominiea O o o
E-] =) o Kkia (smh) b Niangalia_Ulkraine
Karibati “ ol il o
W Jaine i 5 o @ oo . Jr——
o Czech an o Sol [ Phil i Lypels) i) dapan  San-larin
w 600 o, Fij T, O _solomon s hilippines: B 600 goomePishas o PUER 20
W i o o ik O Lichtenstein
] Slovalda 7 L% Papua o &umea Indonesia 0 ] Niger ma o
s - Rt [-) Sri-Lanka 38 o Maldoyg 9 e
= Lohtenstein O ¥ Russin  Blecotho T‘Vga"do Niger = LiberiaQ, soRIHES
= ° o © % S - I Thaitand @ Barbados
E Seychelles D  MueigPOsenesdl o Bhiopia B g0 ey £ i Seychelles
S 4004 ublaysia o e Leome o £ 7] rananinc0 © B gy apore
£ o B o ST oo
] %0 o QO @Eetal Afan Repuiic e (e Ticgy Repuslic
£ Singapore Onahun"‘b"m‘““ Carae - s D 120 © Daon
e aiti - hbnaco
o Wbnace Belarus . Egypt o P uzhgman éi"ﬁ B ot 5]
H 200 S & o ran PARISEN Kyrayzstod 2 b EWM;FGWW c m..m .
2 Bahrain N oo syria Usgphistan S o nepal = s Nam‘o ordgn Oman
= Oman Guinea 9D swazitand @~ OMFY Guba gy Oatar oo
B Tonga© " MEIAVES 6 5 g (=== o Tkign o o o
o _Bunei o Yremen T Ghina Saudi Aeabia United Aeab Emirates
Saudi Aabia China o : 000 Oivviapay o o
000 United Arab Emirates. audi Acabia ® Djbout Somalia__Angola OEﬂtréa Somalia Sudan Turkmenistan
! Mauritania  Sudan - hiyanmar T T T T T T
T T T T 0,00 2,00 4,00 6,00 8,00 10,00
0,00 200 4,00 6,00 8,00 10,00 Quality of life index
Index of national threats

institutCurie



The meaning of the first principal component

Life Quality 0,53
Influence

Threats -0,48

State Cons 0,51

Democracy

unlucky lucky

INSLILUL



Principal plane is the optimal flat screen for orthogonal projecting
of multidimensional data from dimension N to dimension 2

Points in dimension N
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Principal manifolds (non-linear principal components)

A%

“Principal graphs
and manifolds”

In
Handbook
on machine
Principal Manifolds |ea rn | ng
for Data Visualization
and Dimension reseaI'Ch

Reduction

@ Springer

Published in 2007  To be published in 2009stitut
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 How to represent the 4-dimensional
space of the Political Atlas of the
World?

1) using point colors and sizes

institut



Component2 &3
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 How to represent the 4-dimensional
space of the Political Atlas of the
World?

2) Using properties of 3D-sphere

institut



From five indexes to four principal components and
three-dimensional sphere

(=

Democracy

o - PC1, PC2, PC3, PC4

=n

Stateness

(PC1)2+(PC2)2+(PC3)2+(PC4)2 = 1

Three-dimensional sphere in four-dimensional space

D

institutCurie



SOUTH SOUTH
W oo 0 55 WO

‘ EASTERN EASTERN
OCEANIA <> ASTERY STERL

i WESTERH E WESTERH WESTERH
ASTA EURCPE AFRICA
EASTERN HOTHERN HOTHERH
ASTA ENEOFE AFRICA
SOUTH NORTH CENTERAL
A e Y "\\ EALST 4514 . AMERICA . AFRICA
Monolia K, bl AEH p ."
B Lt O ame @ Gy O
¢ Sa0 Tome and Frincipe = e EAST
Comp : Ceben] ‘ Wl R, NTE AMERICA
7 T T, % PCST SOUTH
] Fil SOVETIC . AMERICA O RUSSIA
10000 m
100 000 O
1000 000 [
10 000 000 [

100 000 000 []
1,000 000 000 [T]

Croatia

“." . e v b TR y
by ] P [

“Strength”
of-Component 4

F

-,

institut




Interactive visualization

« http://atlas.savvy.ru/visatlas/PolitAtlas.exe
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Component 2
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Component 2

Cluster analysis : 10 clusters
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Cluster 2: 53 ‘fed’ countries
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Component 2

Cluster analysis : 10 clusters
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Cluster analysis : 10 clusters
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 How to represent the 4-dimensional
space of the Political Atlas of the
World?

3) Using ‘elastic sphere’
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Dvnamic analysis (1989-2005):
First lessons from time series data
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STATE AS MULTIDIMENSIONAL TRAJECTORY
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STATE AS MULTIDIMENSIONAL TRAJECTORY
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Topic 1. Global trends in
multidimensional trajectories of states

What are the most general trends in the trajectories direction?
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‘Successfulness’ index?
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Successfulness 2005

20

15

10

-10

USA
L ]
Chi:la -
Russia+ ?
I"idiai ...‘
. .¢°0’.0'
* @ *
. o * o ‘o%
T T * ¥
. % 2 he
. .00: . ¢
> %o
IS
XAR A
*
0.2 0.4 0.6 0.8 1

@

institutCurie



‘Successfulness’ spectrum
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Topic 2. Non-linear index of quality of life

How to combine 4 features into one in the most objective way?

1) GROSS PRODUCT PER PERSON
2) LIFE SPAN EXPECTATION

3) INFANCE MORTALITY

4) TUBERCULOSIS INCIDENCE

-

-,
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Kazakhstan'’s problems: high GDP PER PERSON
and high TUBERCULOSIS INCIDENCE and INFANCE_MORTALITY
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Topic 3. “Turning points” on the
multidimensional trajectories

When a state history is mostly affected by some
(internal or external) factors?
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RUSSIA in the 1989-2005
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BELGIUM in 1989-2005
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Topic 4. Verhulst local models
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Predict the future from today and the past

Xiv1 = FOX¢, X Xior --0)
Simplest models (predictions):

1) X,+; = A = const (tomorrow is the same as today)
2) X,,; = X+A (additive improvement or degrading — linear trend)
3) X;1 = A-X; (proportional improvement — exponential growth/decline)

All of them are ‘trivial’ (linear)
The simplest non-trivial (non-linear) model

4) Xi11 = XFA-X; (X-K) — Verhulst’'s model
Leads to several possible solutions
(saturation, exponential, periodic, chaotic)

-
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HDI Belgium

1995 IS il | 0
McxoaHbli BpEMEHHOM psaf,

Initial time series

e a=-0486
B 1985 r. penaetcs nporHos B 1990r. nporHo3 yTo4HsieTca ¢
Ha OCHOBE 3Ha4YeHUN Tpex neT ncnosnib3oBaHnem nepuoga 1980-1990.
(1975-1985) o Tom, 4TO K 2030r. lMpenckasbiBaeTCs HEOrpaHUYEHHbIN
NYP Bbinget Ha 0.925 (3HayeHue K). 3KCNoHeHumanbHbIn pocT (a<0)
OpHako, yxe B 1990 poct NYP n B 1995r. nporHo3 cbbiBaeTcs.
onepexaeT NporHo3
(urpaeT posib Kakon-To In 1990 the prognosis is corrected
BHELLHWI hakTop) with use of the (1980-1990) period. One

predicts unlimited growth (a<0) and in 1995
In 1985 one makes a prognosis based HDI achieves the predicted value.
on the HDI values during the last
three years (1975-1985) about that
towards 2030 HDI will gradually
achieve 0.925 (K value).
However, already in 1990 HDI becomes
higher than predicted (some external factor .
plays a role). -
institut



197% 1985 1995 2005 Plil | 202

B 1995r. nporHo3 ka4ecTBeHHO
OCTaeTCs NPEXHUM —
3KCMNOHEHLUMarbHbIN

POCT C YyTb MEHbLUMMW TEMMaMM
(3HayeHue a). OgHako, B 2000r. aTOT
NMPOrHO3 OKa3biBaeTCH CIULLKOM
ONTUMUCTUYEH (KaKOW-TO BHELLIHUN
haKTop pesKo orpaHMYnBaET pocT).

In 1995 the prognosis qualitatively
remains the same: exponential growth
with slightly slower speed (a value).
However, in 2000 this prognosis
happens to be too optimistic (some
external factor now limits the growth)

a=0.61

oo K=0.954

1975 1985 1535 105 il 202

B 2000r. Ha ocHOBe nepuoaa
(1990-2000) nporHo3upyeTcs GbicTpas
(3HayeHuMe a) cTarHauus K 3Ha4EeHMo
NYP 0.954 (3Ha4venne K). OgHako,
Aaxe aToT nporHos k 2005r.

OKa3blBaeTCA CIMMLLKOM ONTUMUCTUYEH.

In 2000 based on the (1990-2000) period

one predicts rapid (a value) stagnation
to the HDI values 0.954 (K value).

However, even this prognosis happens to

be too optimistic towards 2005.

1975 lags 1995 00 015 102

B 2005r. nporHo3 koppekTupyetcs:
Aarnee npeackasbiBaeTcs nosiHas
cTarHauusa co 3HadyeHnem NYP B 0.946
(oocTurHyT npegen pocrta)

In 2005 the prognosis is corrected:
further one predicts complete stagnation
with HDI value 0.946

(growth limit has been reached).
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