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Peakomponentanaliiiis
(principal component analysis, PCA)
Peakomponentanaliiusi eesmargiks on
« andmemahu vahendamine info koondamise teel,
» latentsete (otseselt mittemdodetavate)
naitajate/mustrite hindamine,
 Uuldiste indeksite tekitamine,
» objektide/gruppide klasterdamine,
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Tunnused

* Peakomponentanallis on rakendatav arvutunnuste korral.
* Tunnused voivad olla
o pidevad - méotmistulemused,
o diskreetsed - kui mitu midagi on,
o jarjestustunnused - hinnangud naiteks 5-pallisel skaalal,
o binaarsed (0/1-tulpi) - midagi toimus/ei toimunud
(voivad olla ka nn ‘dummy variables’).

» Tunnused ei pea olema mdodetud samades uhikutes ja/voi
samal skaalal.

» Anallsi voib samaaegselt kaasata erinevat tiipi
arvtunnuseid (selles osas voivad erinevate inimeste
arvamused lahkneda ...)
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Kui palju uurimisobjekte (n) ja kui palju tunnuseid (k)?

Uhtset vastust pole ®©

* Monikord soovitused: n >> k (a’la 10 mé6tmist iga tunnuse
kohta - aga kehtib see soovitus eelkdige faktoranaluusi
puhul).

* Monikord vaited: 100-200 méotmist on igal juhul piisavalt.

» Reaalselt séltub palju uuringusse kaasatud tunnuste
omavaheliste seoste tugevusest, mustrite universaalsusest
jmt.

» Voimalik viia labi no ristvalideerimine: teostada
peakomponentanaluus korduvalt, jattes iga kord valja kas
uks voi mitu vaatlust - kui tulemused erinevate vaatluste
valja jatmisel eriti ei muutu, voib lugeda tuvastatud
mustrid-indeksid-seadusparad kehtivateks.
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Naide: Ulvi Moor jt, ,,6unauuring®.

» Ankeetkusitlus aastatel 2007 ja 2012;

« kokku 668 inimest, mehed-naised, viis vanuseklassi, neli
haridustaset;

« kiisimused kujul
- ,Kas eelistate kodumaist v4i importéuna?“,
- ,Kui olulised on duna puhul Teile kui tarbijale ...“ jne;

« kiisimuste vastused 5-palliskaalal (1-5)
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,O0unauuring® - kuidas uurida seoseid ja erinevusi?

« Tavaline lahendus:
. sagedustabelid ja vastavad joonised

O Naine

400 | WMees L%

- keskmised

Vastanute arv
~
=1
=]

Aamsta Sugu  Vanus  Haridus Kodurmais Hind Walimus  Maitse  Tervislikk Mahesus Magusus

2007 Maine  36-45  K&rgharidus 5 2 4 5 5 5 3

2007 Maine  36-45  K@rgharidus 4 4 4 |3 5 5 4

2007 Maine  31-35  Keskharidus 4 3 4 4 2 4 2

2007 Maine 36-45  Kdrgharidus 4 5 4 |3 5 4 2

2007 Maine  31-35  Kdrgharidus 4 4 4 5 5 2 3

2007 Maine 26-30  Kdrgharidus 4 3 4 5 5 4 4

2007 Maine  36-45  Kdrgharidus 3 4 4 3 5 4 3
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100 tu 56%
60%
o +—
Haput Haput Magusat  VBimalikult
magusa hapu magusat
varjundiga varjundiga
.84al 9. Missuguse maitsega dunu eelistate?
32 w3 |y g 17y
.36
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2007 | 2012 | 2007 | 2012 | 2007 | 2012 | 2007 | 2012
Maitse Tervisliklas Vilirms Hind
- korrelatsioonid

Kodumaisus Hind Walimus Maitse  Tervishkkus  Mahesus  Magusus
Kodumaisus 1
Hind 0.0003808 1
Walirmus 00786273 01235804 1
Maitge: 00185297 -0.0942401 02282795 1
Terviskkus 03668458 01049978 00228645 01102184 1
Mahesus 0176403 00465162 00144782 0.0326808  0.29894E3 1
Magusus 00319697 0.0810915 016785925 01122004 -0.0066483 -0.0069751 1
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,O0unauuring® - kuidas uurida seoseid ja erinevusi?

« Veel tabeleid ja jooniseid

NERERE

eskmine olulisus (Estanderd hillve)

ari dus

£
476 4.86 Kas eelistate i
snz| M) |ane| e kodumaist véi
impontduna? ind
OKindlasti kodumaist
O Pigem kodumaist
! = i . .
Mees | Naine | Mees | Naine | Mees | Naj H Paritolu pole ohline
Maitse Tervislikkus Wilirms. ®Pigem importimz
mKindlasti importiuna

E E E

Kas eelistate mahetootrisest vBi tavatootmisest parinevat duna?

Probleem:

erinevate tabelite ja jooniste arv on vaga suur, mistéttu on raske
aduda terviklikku kompleksset pilti ja olulisemaid seadusparasid!
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,O0unauuring“ - peakomponentanaliiiis (PCA)

» Eesmargiks leida algsete tunnuste lineaarkombinatsioonid, mis kirjeldaksid
voimalikult hasti ara algseis tunnustes sisalduva info:

_. X; - ,Kas eelistate kodumaist v6i importéuna?“,

X, - ,,Kui olulised on 6una puhul Teile kui tarbijale éuna hind“,

<-= X3 - ,,Kui olulised on 6una puhul Teile kui tarbijale 6una valimus®,

X, - ,,Kui olulised on 6una puhul Teile kui tarbijale una maitse*,

X5 - ,,Kui olulised on 6una puhul Teile kui tarbijale duna tervislikkus“,

N Xe - »Kas eelistate kodumaist voi importéuna?“,

x; - ,Kas eelistate mahetootmisest voi tavatootmisest parinevat 6una?“.

« Taolisi lineaarkombinatsioone nimetatakse peakomponentideks voi
faktoriteks (principal components, factors): PC, = byX; + byyXy + oo + byXy
PCZ = b12X1 + bZZXZ T oo T b72X7
» Peakomponentanaliiiis moodustab
lineaarkombinatsioonid nii, et
esimene peakomponent kirjeldab ara voimalikult suure osa koigi
algtunnuste koguvarieeruvusest,
teine voimalikult suure osa alles jaanud varieeruvusest, jne.

PC; = by7Xy + byzXy + ... + b73X5
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,O0unauuring“ - peakomponentanaliiiis

» Matemaatiliselt baseerub peakomponentanaliiis uuritavate tunnuste
korrelatsiooni- voi kovariatsioonimaatriksi A omavaartusanaluitsil:

. lahendatakse maatriksvorrand Ab = Ab ehk (A - Al)b = 0, kus

- A on maatriksi A omavaartus (eigenvalue), mis
peakomponentanaliiusi kontekstis naitab faktori poolt kirjeldatavat
varieeruvust,

- vektor b on korrelatsioonimaatriksi omavektor (eigenvector),

mis peakomponentanaliiisi kontekstis sisaldab
korrelatsioonikordajaid algsete tunnuste ja moodustatud
peakomponendi vahel ja

- mille elemendid on ka algsete tunnuste (standardiseeritud)
vaartuste kordajaiks peakomponendi vaartust maaravas vorrandis
- nn faktorlaadungid (factor loadings);

koik omavektorid on omavahel ortogonaalsed, millest tuleneb ka,
et vastavad peakomponendid on séltumatud (nende omavaheline
korrelatsioon on null).
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younauuring - peakomponentanaluus

Aasta Sugu Vanus  Haridus Kadurnais Hind Walimus  Maitse  Tervislikk Mahesus Magusus

2007 Maine 36-45  KSrgharidus 5 2 4 5 3 3

Andmed 2007 Naine  36-45  KBrgharidus 4 4 4 5 H 4

2007 Maine  31-36  Keskharidus 4 3 4 4 2 4 2

2007 Naine  36-45  KS8rgharidus 4 3 4 5 3 4 2

2007 Naine  31-35  K8rgharidus 4 4 4 5 3 2 3

2007 Naine  26-30  K8rgharidus 4 3 4 5 3 4 4

o o 2007 Naine  36-45  KS8rgharidus 5 4 4 5 3 4 3

Korrelatsiooni- e > 2 . 2 2 2 2

maatriks Correlation Matrix

Koduma isus Hind Valimus Maitse Tervislikkus Mahesus Magusus

Koduma i sus 1.0000 0.0024 -.1168 0.0390 0.3672 0.3150 -.0336

Hind 0.0024 1.0000 0.0969 -.0955 0.0923 -.0532 0.0803

Valimus -.1168 0.0969 1.0000 0.2488 -.0026 0.0009 0.1644

Maitse 0.0390 -.095% 0.2488 1.0000 0.1175 0.0463 0.1065

Tervislikkus 0.3672 0.0923 -.0026 0.1175 1.0000 0.3010 -.0253

Mahesus 0.3150 -.0532 0.0009 0.0463 0.3010 1.0000 -.0137

Magusus -.0336 0.0802 0.1644 0.1065 -.0253 -.0137 1.0000

Eigenvalues of the Correlation Matrix

Omavaartused Eigomvalue  Difforence  Proportion  Cumulabive

68647373 0.31979660
36667713 0.27516894
09150819 0.21761178

2409 0.2409
1952 0.4362
1559 0.5921

~onbwn—
oo ———
cooceooee

n

e

©

873089641 0.11057473 9.7169
76332168 0.13469642 1090 0.8260
= 62862526 0.03912765 0898 0.9158
58949761 0842 1.0000
Omavektorid
Eigenvectors
PC1 pPC2 PC3 PC4 PCS PCB PC?
Kodumaisus 0.586188 -.102402 0.049232 0.130467 -.232729 -.G646768 0.392402
Hind 0.003733 0.150112 0.853858 -.279199 =-.090420 0.223958 0.334805
Valimus -.064445 0.651881 0.012185 -.320255 0.466492 -.479779 -.142776
Maitse 0.138294 0.550956 -.441186 -.227814 -.451197 0.329749 0.344188
Tervislikkus 0.582203 0.080325 0.150378 -.173669 -.237079 0.136212 -.725984
Mahesus 0.539543 0.009267 -.085812 0.152815 0.669466 0.415805 0.238774
Magusus -.054988 0.481603 0.209123 0.834896 -.109897 0.034131 -.10492%
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,O0unauuring“ - peakomponentanaliiiis

T = m

Omavaartused

Eigenvalues of the Correlation Matrix

Eigenvalue Difference Proportion Cumulative
1 1.68647373 0.321979660 0.2409 0.2409
2 1.36667713 0.27516894 0.1952 0.4362
3 1.09150819 0.21761178 0.1559 0.5921
4 0.87289641 0.11057473 0.1248 0.7169
5 0.76232168 0.13469642 0.1090 0.8260
6 0.62862526 0.03912765 0.0898 0.9158
77 | 0.58349761 0.0842 1.0000

. Korrelatsioonimaatriksi}r@rtused néi).aﬁpeakomponendi

poolt kirjeldatavat varieeruvust ja selle osa koguvarieeruvusest.

* Et algsed tunnused analuisi eel standardiseeritakse, on nende
dispersioon vordne uhega ja sestap omavad U
kirjeldusvoimet vaid peakomponendid, millele vastav omavaartus > 1.

iktunnustest suuremat

,O0unauuring“ - peakomponentanaliiiis

: X1 — X1
St(xl) =
le
o Comp1 Comp2 Comp3 Comp4 Comp5 Comp6 Comp?
MY | 0 | 1 T [ 1l ey i | meuw HEN 1 ey ey =
[T TINTW [| | LI T 1T w1 | | J0 (80 [ || 1 Mo MmTT

Eigerra
Axl
1.6799

R-i funktsioon dudi.pca

Ax1
24.00

Ax1

I | 0110 T | [ N | | I | [ = -0

lues:
AxZ2
1.3721

AxZ2
19. 60

Ax1:2
435 . 60

Total inertia: 7

Ax3
1.0921

Projected inertia (%) :

Ax3
15.60

Ax1:3
59.20

Ax4 Ax5
0.8785 0.7627

Ax4 AxS
12.55 10.90

Curulative projected inertis (%):

Ax1:4 Ax1:5
71.75 BZ .65

cees
Omavaartused Eigenvalues of the Correlation Matrix
Eigenvalue Difference Proportion Cunulative
e Erinevad prOgrammld 1 1.68647373  0.31979660 0.2408 0.2408
a.l.asta ad t [em S. 2 1.36667713 0.27516894 0.1952 0.4362
Vv V u usi1 3 1.09150819 0.21761178 0.1559 0.5921
J 4 0.87389641 0.11057473 0.1248 0.7169
i 3 5 0.76332168 0.13469642 0.1090 0.8260
erineval kUJUU 6 0.62862526 0.03912765 0.0898 0.9158
7 0.589349761 0.0842 1.0000
> apple.pc.cor <- princomp (appledatal,c(-1:-4)], cor=TRUE, scores=TRUE) SAS_‘
> sumary (apple.pc.cor) ]
Imwporcance of Components:
Comp.1 Comp.Z Comp.3 Conp.4 Conp. S Corp . & Corp . 7 prOtseduur
Standard deviation 1.25960871 1.17136805 1.0450556 0.8372817 0.8733405 0.78392800 0.7746460 g
Proportion of Variance 0.2389511 0.1960155 0.1560z20z 0.125502z 0.1089605 0.05779167 0.0857252 pr,ncomp
Cumulative Proportion 0.2389511 0.4360000 0.59z0z0z 0.7175224 0.5264525 0.581427460 1.0000000
> apple.pe.corisdevt: # peakomponentide dispersioonid (omavEirtused)
Corp. 1 Comp . 2 Corop . 3 Corop . 4 Corp . 5 Corp . & Corp . 7
1.67958677 1.3721324 1.0821411 0.5755157 0.7627236 0.6145431 0.6000764
> apple.po.corz = dudi.pcailappledatal,c(-1:-4)], scale=T, scannf=r)
. . . > sunwary(apple.po.cora)
R-i funktsioon princomp Class: pea dudi

Czll: dudi.pcaidf = appledatal, c(-1:-4)], scale = T, scannf = F)
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. Eigenvectors
Omavektorld PC1 PC2 PC3 PC4 PCS PC6 PC?
Koduma i sus 0.586188 =-.102402 | 0.049232 0.130467 =-.232729 -.B46768 0.392403
Hind 0.003733 0.150112 | 0.853858 -.279199 -.090420 0.223958 0.334805
Valimus -.064445 0.651881 | 0.012185 =-.320255 0.466492 -.479779 -.142776
Maitse 0.138294 0.550856 | -.441186 =-.227814 -.451197 0.329749 0.344188
Tervislikkus | 0.582203 0.080325 | 0.150378 -.173669 -.237079 0.136212 -.725984
Mahesus 0.539543 0.009267 | -.085812 0.152815 0.669466 0.415805 0.238774
Magusus -.054988 ~0.481603 | 0.209123 0.834896 -.109897 0.034131 -.104925
« Korrelatsioonimaatriksi omavektorid N
(eigenvectors) kujutavad enesest ”
korrelatsioonikordajaid algsete tunnuste 2
ja moodustatud peakomponentide vahel. .
— Hjhd
F3 Tervislikkus
« Samuti on omavektori elemendid iy
0 . e e Kodumaisus,
algsete tunnuste standardiseeritud vaartuste | -:
kordajaiks peakomponendi vaartust
maéaadravas vorrandis O e T
- nn faktorlaadungid (factor loadings).
Naiteks avaldub esimese peakomponendi vaartus kujul
PC, = 0,586*st(Kodum.) + 0,004*st(Hind) - 0,064*st(Valimus) + ...,
siin st() tahendab standardiseeritud tunnust.
I [ AT 1T 0T (O 1A | 1T 100100 S 11 11 1T 0TI | T iy el
[T NI T 1 | | [ || VI (¢ ||| JVIN (N || 01} | L0 | T = m
,Ounauuring“ - peakomponentanaliiiis
Omavektorid
» Erinevad programmid véivad anda tulemuseks vastupidise margiga
omavektorid!
Naiteks antud juhul PC2; = -PC2s.
> apple.po.corZicl PC1 pPCc2
R' Kodunaisus n.sasmsigé n.mzqnzgi: SAS' 5?g;mﬂisus g-ggg;gg E-:gg‘]‘?;
Valums  -0.osatae1 ) setasores Yal inus -.0ed4dn 0.651381
Maitse 0.138293607 -0.550955667 Tervislikkus 0.582203 0.080325%
Tervislikkus 0.582203193 -0.080325460 Mahesus 0.539543 0.009267
Hahesus 0.539542991 -0.0092663879 Magusus =-.054988 0.481603
Hagusus -0.054987774 -0.451603192
T T . Valimus
[ ) o2 i
} _—-—':7 — ~{taems ] é Tervislikkus
I! o P‘HI.,M . E 0 Mahesus|
A\ __."‘ Kodumaisus|
: AN y 04
| ".l Wy 1 “"‘--,.“7 - - | ul I 1 PC1(24.1%) m




Mitmemootmelise statistka koolitus EMU, jaanuar 2016

[T NI ||| 0 N | | U || 01 (B0 (¢ | | 010 (60 N Y || 1% R | | 01V N | | 01 vl ||
,O0unauuring“ - peakomponentanaliiiis
Skoorid

» Peakomponentide vaartuseid nimetatakse ka skoorideks (scores).
Skoorid on valja arvutatavad iga andmebaasi rea tarvis:

Kodum:iHind  Valimu:Maitse Tervisli Mahesi Magus PCAL FCAZ FCAS FCAd FCAL
5 2 4 5 |3 5 3| 1801704 0264187| 0399534 -0.32087 -05295

4
Jd 5 7@ 771246 1.260386) 0768522 1385335 -0.086
4 -038148 -314741( -0018597 -0.00201 1.47564

2
ol -n3gse1 0426845 AiAnn__1an3eE _ncaind
3
4

e

-076525 005342 Egenvalies g=2
1011838 \%5254 ‘

2
4

S SO S N

AR N

3
4
4
4
4
4

« NB! Kui méned uurimisobjektil
on mone algse tunnuse vaartus
puudu, jaab taoline objekt
vaikimisi analuisist valja

(st, et ei arvestata ka tema
teisi, olemasolevaid

vaartuseid).
| MR 1 RWE | HEL | R Wapel ul
[T NI h Mo 1 ™~ TIT 1. Nn 1§ T 1 e o — N
,O0unauuring“ - peakomponentanaliiiis
Skoorid

» Peakomponentide vaartused e skoorid voimaldavad peakomponente
seostada teiste andmebaasi kuuluvate tunnustega ja teha seelabi
Uldisemaid jareldusi andmetes leiduvate mustrite/struktuuride kohta.

Samas ei oma peakomponentide
vaartused mingit sisulist tahendust
arvestamata nende seotust algsete
tunnustega.
v
/
| =
x. B
1‘ \\ ’ /
\‘\ Magus \ s
\ Aaitse
P
N 11T I 1T 17 T MR | WEWE AN TN {1 7O || 0T iy el
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PC2 (19.5%)
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,O0unauuring“ - peakomponentanaliiiis

Keskmised skoorid pluss omavektori elemendid - nn bi-plot
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valimuys

Maitse

Magusus

Keskhoridus Naine
.

Tervislikkus

Z00 Mahesus
s %
k&rgharidus 46.55

Kodumaisus

2012 ©

Mees
.

=55

" pahihoridus  x

04 06

PC1 (24.1%)

Nl | W | 1T 00T [0 I | 1 T | [ 11 [ |1

[T M0 T TNmw 1 T

Lendscape 2nd Urban Planning 67 (2004) 173-183

Omavektorid ja skoorid

Bumblebee conumunities as an indicator for landscape
monitoring in the agri-environmental programmne

NN | 001 0 I T 0 [ I

Peakomponentanal

Kalev Sepp ™*, Merit Mikl®, Marika Mind®, Jaak Trun®

T T W 1T — I 1T OEm 1 nmm |

de teadusartiklist

tilis - na

RN
Lh /
1313\\\12/

N 9

8/ F2 \

Fig. 2. (a) Ordination of studied sites according to the results

of the PCA based on the regional bumblebes distribution. The
mumbers for the smdy areas are given in Table 4. A: Centroid of
less intensively used agriculmral area (LI) (<45% arable land):
B: centroid of intensively used agriculmural area (I) (»65% arable
land). (b) Correlation of the bumblebee species variables with the
two first axes of (F1 x F2) of the PCA. (1) B. lapidarius. (2) B.
Iucorum. (3) B. pascuorum. (4) B. veteranus, (3) B. schrencki. (6)
B. ruderarius. (7} B. pratorum. (3) B. hortorum. (9) B. svlvarum.
(10) B. sorocensis, (11) B. disnnguendus, (12) B. hvpnorum. (13)
B. rerrestris. (14) B. jonellus and (15) B. subrerrancus. The first
and second principal components describe 30.9 and 18.7% of the
overall data variation. respectively. The effect of the grouping
factor is statistically highly significant (P < 0.01).
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Peakomponentanaliiiis - naide teadusartiklist

M 1 ™ T 1

Principal Component 2 - 24.76 %

mrr o

c28-C42056

c21 C84
. c112
Omavektorid ehk 5 M ciss
CI/NAcins
C/NW20-100
CINAcS

NNDist csoL

NSOL.
CINCEL

faktorlaadungid. ' ey |7
0.4 . \\

Ccw20

y

C/NW100
CINSOL
|

N16! ~ —»cecEL \
4 = ———=NW20-10, i
N56 |
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N2s8| | CAcins
N21 N,,e// cwW100
» CINLIG
N10 N7 4—
“ha NW100
No/Co NDist,
0.4 CINHEM
NAcins
Virginie Parnaudeau, Bernard
N 2 3 038 cug  Nue
Nicolardota and Jérome Pages. -
Relevance of Organic Matter Fractions e
as Predictors of Wastewater Sludge 08 04 0 04 08
Mineralization in Soil. Journal of . : Bicinal C t'1 37.11 %
: X nt1 - 37.
Environmental Quality. rincipal GCompone o
AN | 00 T | 14T I AN | | | 1 [ AN | 00 T | O /41 A | 001 T |1}
[T I 1 Tnm 1 T WET 1 e T | | [P IR (BN | | 010 IR | | 11 I I || 0010 (vl ||
joustik 2 Gistl
Kergejoustiku MM 2013, meeste 10-voistlus
NIMI KOHT KOKKU 1100M KAUGUSH KUULITOU KORGUSH J 400M TJ110M  KETTAHEITEIVASHU ODAVISE J 1500M
Ashton Eaton (USA) 1 8809 10.35 7.73 14.38 1.93 46.02 13.72 45 5.2 64.83 269.8
Michael Schrader (GER) 2 8670 10.73 7.85 14.56 1.99 47.66 14.29 46.44 5 65.67 265.4
Damian Warner (CAN} 3 8512 10.43 7.39 14.23 2.05 438.41 13.96 44.13 4.8 64.67 270
Kevin Mayer (FRA) a4 8446 11.23 75 13.76 2.05 49.33 14.21 45.37 5.2 66.09 265
Eelco Sintnicolaas (NED) 5 8391 10.85 7.65 14.08 2.02 48.25 14.18 39.21 5.3 56.75 264.6
Carlos Chinin (BRA) 6 8388 10.78 7.54 14.45 1.96 48.8 14.05 45.84 5.1 59.98 276
Rico Freimuth (GER) 7 8382 10.6 7.22 14.8 1.99 48.05 13.9 43.74 4.9 56.21 277.8
Ilya Shkurenev (RUS) 8 8370 10.97 7.35 13.88 2.05 48.39 14.34 44.06 5.4 59.46 277
Willem Coertzen (RSA} 9 8343 10.95 744 13.88 2.05 48.32 143 43.25 45 69.35 264.6
Leonel Sudrez (CUB) 10 8317 11.07 7.33 142 19 48.21 14.62 45.41 4.9 68.61 263.9
Pascal Behrenbruch (GER) 11 8316 10.95 7.19 15.86 1.99 484 14.46 45.66 4.7 67.07 277.2
Andrei Krauchanka (BLR) 12 8314 11.19 7.39 14.84 2.11 49.65 14.44 46.12 5.1 59.98 279.6
Gunnar Nixon (USA) 13 8312 10.84 7.8 14.68 2.14 48.56 14.57 42.38 4.6 57.97 275.8
Mihail DudaZ [SRB) 14 8275 10.67 7.51 13.45 1.96 47.73 14.59 44.06 4.9 59.06 266.6
Thomas van der Plaetsen (BEL) 15 8255 11.09 7.64 13.57 2.05 45 14.66 41.17 5.1 65.31 2778
Artem Lukyanenkcu (RUS} 16 8177 11.11 7.08 14.43 1.99 45.01 14.21 44.06 5 61.83 273
Mikk Pahapill (EST) 17 8170 11.33 7.12 14.87 199 49.84 14.54 47.37 3 62.89 273.2
Eduard Mikhan (BLR) 18 7968 10.97 7.42 14.15 1.96 48.8 14.82 43 4.6 50.74 273.7
Maicel Uibo (EST) 19 7850 11.21 7.26 13.68 2.11 50.6 15.29 41.84 4.9 59.63 288.3
Sergey Sviridov (RUS) 20 7843 10.98 7.3 14.2 19 51.13 15.23 45.26 4.5 69.38 286.4.
Pelle Rietveld (NED) 21 7840 11.15 6.68 13.21 19 48.67 14.37 38.06 5.1 64.38 275.9
Keisuke Ushiro (JPN) 22 7751 11.44 6.84 13.17 1.96 51.2 15.32 45.31 4.9 67.65 278.9
Brent Newdick (NZL) 23 7744 11.14 7.28 13.84 2.02 50.25 15.19 42.48 45 57.3 278.5
Marcus Nilsson (SWE) 24 7540 11.42 6.62 14.81 1.87 50.56 15.04 42.48 4.5 54.86 260.1
AN | 00 T | [ I AN || | 11 [ AN | |00 I O /41 A | 001 T |1}
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Kergejoustiku MM 2013, meeste 10-voistlus

Uksikalade tulemuste peakomponentanaliiiis:
(B) korrelatsioonimaatriksi baasil?

standard deviation

> MoskvazD13.pe. covisdev'2

7.0909938 4.9103282 2.57242000 1.13828788
Proportion of Variance 0.6074238 0.2912719 0.07993949 0.01565243
Cuwulative Proportion 0.6074238 0.8986958 0.97863528 0.99428771 D.997593530 0.998653736 0.9994159194 0.9998535596 0.9999782033

0.523119243 0.296248669 0,2511833993 0, 1903355125 0.1015774418
0.003305819 0.001060206 0.0007621834 0,0004376403 0.0001246442

30 20 10 o 10 an -4 0 El
(G . ‘ (B) ‘ R
Ecuard bikhan (BLR) -
24 2 Thomas van der Plastse F o
Eelco Sintnicolaas (INED .y, g 1g‘rﬁéfno£ 5TH
isson [SWE) -
o flco Sintnicolaas (NED) = < Meyer (F =
: i
= o Al L1500MKeisuke sty
Mna\lDJJas\aF‘E\l A DR RET L5 "
3 CHAHREREL (plge! Ubo | 9 e e et GEFEEIc e, |
E . ) = At Leghenko (RUS)
3 24 Al LS} o 3 aros Cui (&
N Ml Pahdgil (EST) Michasl ;Lman,” p]
Baman s ) = . Leonel iace: Sergey Svird L o
agl < {0 RyMEEs tan der Plaetsen (BEL) = i = 7
o [ -n;\umlwaag”‘f' ' (BEL) ; 2 ) ;‘mg wg‘m a1 (EST)
S Rico Fraimuth (GER)
- vt . HETTAEDE
-l‘E - Pascal Befrenbruch (Gl Aarcus M W
e e - } - | ascal Befvenbruch (GERMarcus Milsson (SW- T
G T T T —- 3 T .
04 02 00 02 04 04 00 02 04
[ > swamary(NeskvazOls.pe.cov) Comp 1 Comp 1
Importance of components:
Corp. 1 Conp. 2 Conp. 3 Corp . 4 Conp. 5 Conp. 6 Corp . 7 Conp . 8 Conp . 9 Cotp . 10

Comp. 1 Conp . 2 Comp . 3 Comp . 4 Conp. 5 Conp. 6 Comp . 7 Conp . 8 p.9 Corp. 10
50.282193397 24.111323003  6.617344642 1.295699298 0.273653742 0.087763274 0.063093100 0.036227607 0. n1n317977 0.001804272
> SwawAry (Moskvazill.pe.oor)

Importance of cOMPOnENnts:
Comp. 1 Conp . 2 Comp . 3 Comp . 4 Conp. 5 Conp. 6 Comp . 7 Conp . 8 Conp . 9 Corp. 10
standard deviation 1.8277122 1.2625456 1,2096283 1.0108132 0,93050062 0,82629517 0,7535867 0.52671698 0.35475016 0.246447183

Proportion of Variance 0.3340532 0.1594021 0.1463201 0.1021743 0.08658314 0.06827637 0.0567893 0.02774308 0.01258477 0.006073621
Cuwulative Proportion 0.3340532 0.4934553 0.6397754 0.7419497 0.82853287 0.89680924 0.9535985 0.98134161 0.99392638 1.000000000

> Hnskvszms D cnr$sdev"2
Comp . Conp Comp . 3
3. 34n53179 1. ssqnzlqs 1.46320074

Comp. 4
1.02174324

Comm. 5 Conp. 6 Comp . 7 Conp . 8 Conp . 9 Corp. 10
0.86583140 0.68276371 0.5675296 027743078 0. 12584768 0.06073 621

4.247672e-02
2.179614e-05
1.000000e+00

(M)

(B)1

||| BTN I

|| | || [V || ]

Kergejoustiku MM 2013, meeste 10-voistlus

Uksikalade punktide peakomponentanaliiiis:
(A) kovariatsiooni- voi

standard deviation

Cwrulative Proportion 0.3328405
> MoskwaZO13p.pe.cor§odev 2

Proportion of Variance 0.3328405 0.1602413 0.1457591

0.4930817

(B) korrelatsioonimaatriksi baasil?

T

200 200 00 D 0 200 300 4 2 ] 2 4
GV PR (B) - ‘ ‘
Gunnar Nixen (USA) 2 = ] q
s Eduard Mikhan (BLR) & van des Plastsen (BEL)
El Maicel ibo (EST)
= " eile Rianveld (NEOD)
Brant Newdick (NZL) g F_TE I e R R ares s
o - X .
o Jous p e hay |'FPA\
P e Prg Wi = L g KALGUSH e
Haiceltibe b T Covist () Kglsuie Lish
P_J_1ol iF s < o
[} - uau(ﬁ‘én! i EL'iI Marcus Nilssor ) Mg[u}mmthm ]
o ki "\l fizen [RSA) " =
- o anko (RUS)
8 © ""'g'ﬂ@lﬁﬁﬁﬂ renbri SR iridov (FIJS) ?‘H\‘t‘”‘f” ks (RUS)
- i, - Michal Sates ok
Thethas vap der Plagts:
Lton (Ushe \m.mmw L 8 “ SO/ A ———"
2 Mayer (RRA b <7 melfﬁap\h—s «
R Keiin My rd Mikhan
gk m‘i rez (CUB) Rico Freimh (5]
¢ Keisule Ushira (P =
p_TE PE  p ¢ e B . # RastallPabibesuch (GEAharcus Milsson (54
= Z4 “
< Palls Ristveid (NED) L
T T T T T T T
04 02 00 a4 04 02 00 02 04
- Comp.1 Comg.1
> Sumsary (Hoskvaz0l3p.pe. cov)
Importance of cowponents:
D, L Conp. 2 = Conp . 5 Conp. 6 Conp . 7 Conp . 8 Conp . 9 Conp . 10

113, 5232231 78.4184698 76. 152n455 70, sszszs? 53.44232987 42.57216073 4192794459 26,90197587 20, 335553 14, 629704451

Proportion of Varisnce —0.3428009 0.1632843 0.1539823 0.1334104 0.07583653 0.04812371 0.04667828 0.01921658 0.010984 0.005683015
Cuwulative Proportion — 0.3428009 0.5060852 0.6600675 0.7934779 0.86931442 0.91743813 0.96411641 0.98333298 0.994317
> MoskvazDl3p.pe.covisdev 2
Cowp. 1 Cowp.2 Cowp. 3 Cowp. 4 Cowp. 5 Cowp. 6 Cowp. 7 Coup.8 Cowp.9  Cowp. 10
12910.2368 6149.4564 5799.1341 5024.3751 2856.0826 1812.3889 1757.9525  723.7163  413.6689  214.0283
> suawary (Moskvaz013p.pe.cor
Importance of component:
Comp.1  Comp.z  Comp.3 Comp. 5 Comp. Comp. 7 mp. 8 Comp.9 Comp. 10
Stendard deviation 1.8243916 1.2658644 1.2073075 1. nnsvnsn 0.93043218 0. EZESESDl 0.7520278 0. 53154149 0.35862548 0.249981744

0.1019512 0.08657041 0.06871896 0.0565546 0.02825364 0.01286122 0.006249087

0.6388409 0.7407921 0.82736250 0.89608146 0.9526361 0.93088969 0.99375091 1.000000000

1.000000000

Comp. 1 Comp. 2 Comp.3 Comp. 4 Comp. 5 Comp. 6 Comp. 7 Comp. 8 Comp.9 Comp. 10
3.32840455 1.60241271 1.45759143 1.01951220 0.86570407 0.68718962 0.56554596 0.28253635 0.12861224 0.06249087
“lm I P WA 1 1T nEy neny FTT T T 0 T 1 P |
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Uksikalade punktide peakomponentanaltilis
korrelatsioonimaatriksi baasil

Kergejoustiku MM 2013,

L] | LI (| | g1 T T

meeste 10-voistlus

entanaliiiis:
imaatriksi baasil?
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[ermouseivee |

7
[Foremvasrive |

Uksikalade punktide peakomponentanallitis
kovariatsioonimaatriksi baasil

T - m

Bl

Kergejoustiku MM 2013, meeste 10-voistlus

Thomas van def Plagtsen (BEL) Gunnar Nieon (USA)
~ Eelcn Sitniliblaas (NED) igicel Uikio (EST) 2 Ecyard Mktian (BLR)
Pelle Ristyeld (NED) o
Iiya Shiurdfey (RUS) - Brent Newdick (WZL)
35
= Kevin alfer (FRA) -
= Gunnar 1on (LS4) RTINS P FRico Freifllh (GER) Welcel Ubo (EST)
a1 Winail DL (SRE) i ey Ushir & :
2 i Darion o P R ke (BLy  Bret Meswsike (NZL) 3 | Dam\anmwﬁ%ﬂ%’\ ke EEE% Marcus Missor (!
[= B edion (s carts olfin éﬁ‘ﬂﬂn Lukyéiienko (RUS) b o Migdae), i) (BR Mascal Behréfbruch (GERBergey Sviridov (RUS)
A o
5 Michae Scllader (GER) I B cton 52 \uya@ﬁ]ﬂ?’iﬁi”(? Haelten BRapennEsT)
O & Sergey Sviridoy (RUS) Kevin Maller (FR&1,
Leanel SUBFez (GRh ESD 4 ohel Sigiez (CUE)
N Eduard Midien (PLR; Keisuke Lishirn (JPN)
Rico Freifith (GER)
=
o 2
Pascal Behrépbruch (GER) Mareus NIS3on (SVVE) - Pellz Rietyeld (NED)
T T T T T T T T T
-4 -2 0 2 200 -100 1] 100 200
PG (33.3%) PO (34.3%)
| |0 | ||| BTN I | | [ || VI (¢ ||| JVIN (N || 01} | L0 | T = m

Thomas van def Plastsen (BEL)

Eelco Sintniiblaas (NED) Maicel Uibo (EST)

Pelle Rietield (NED)
lya ShkufBhev (RUS)
Kevin Mdler (FRA)

Keisuke Ushil
Brent Newdick (NZL)

ot A PN

Darnian MMEW&'&WKWMM (BLR)
Artem Lukyanenko (RUS)

Carlos Chilhin (BRA)
Michael Scllader (GER)

of, Effon (USA)

o Leonel Suirez (CUB) Sergey Sviridov (RUS)
Mikk Patiapill (EST)
Eduard Mikhan (BLR)
Rico Freiffith (GER)

Pascal Behrdfibruch (GER)
T
0

Marcus hilsson (SWE)
T
2

S

[ IEETY]

|

[ ey 1l

PC1{33.4%)

Jooksuajad miinus-margiga - siis vastab
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Naide: Piret Raudsepp jt, ,keefiride uuring“.

Peakomponentanaliiiisi
korrelatsioonanaliiiisi

lilisi tulemus ei pruugi iihtida
tulemustegal!

seee o

(A)

G

m

3

B3

= e

: St

= 3

i \\ -

-
[ Tropyness]
Sour bidk NL&dlog NL33log Acceptab)
Sour_t 1 h7s  oos 0193 o108
Yeasty_t q hse 01 0050 012
Bitter_t q C1(20.0%) bs0 0320 0008 0070
Unpure_t o UZES DS TO00  UUTI Uz 0T DBl 00 0067 0BT 0T 010 G0/ 0628 0338 0472
sour_o 0460 0339 0314 o001l 1000/l 0431 0320 0168 0028 005 0192 -0.088| 0335000407 -011s 017s[NDSES 0041
veasty_o o027 BRI 0547 02070431 10000604 0256 0166 0195 0005 -0.009 0024 0217 -0082 0075 007
Unpure_o ooso| 0397 04270000468 osofE0E 1c00 0037 0201 009 0209 0273 005 -0088 0185 0148 0310
Lumps 0242 0258 0071 0054 -0173 0256 0037 0070 -0015 -02070M0M40 007 0172 -0021 0153 0273
Viscossity 0431 0451 0205 0002 0173 0168 0120 0054 0198 0055 0025 -001s -oovofll0dEs
Ropyness 0278 0301 0027 0174 0148 0057 0o3s| 0344 0005 0088 0200 0004 0351
pH 025 0121 0020 0151 -0028 0165 0308 0313090451 0245 0077 0057 0300
Fat 0132[70285 012 0160 005 0195 0201 0009 -0108 003 0148 -0169 0159 -0020
Dry_matter 0328 0088 0182 0067 0194 0005 009 0015 0129 0043 0010 0107 0295 0254 ©00ss 012
Microorganism:  -0.182 0073 0132 0251 -0088 0009 0209 0207 -0054 0034 00s9| 0314 0275 0087 0152
Yeastcounts o105 [0desl 0327 011 Vosss[NEEE ozsM0dE o150 003& 0313 018 0010 0017/ 0455 0269 0087 0177
Titratable_acid{il0858 0093 0165 017000407 -0024 0056 007 0055 -0005| -D451 -0030 007 -0.059 1000 -0117 o34c/GEEE oon
Antiowidativity 0175 0139 00so| 086D 0114 0217 D088 0172 0025 -00B8 D245 0148 -0.295) 0315 0357 0395
NLaslog 0008 -0188 03200628 0176 -00B2 D185 -0021 0015 0200 0077 0169 0256 0275 0269 034 0289
NLSSlog 0198 -0050 -0oos  -03ssfGBE 0075 018 0153 0070 0002 0057 0158 0053 -0087 0057 |M0SGH 0081
Acceptabilty 0108 0121 0070, 0472 00a1 0075 -0310 0273 [GHER 0300 000 0121 0152 0177 0071 1000
| | NI 11000 [ (. [ 1INT NNy |1 I | | 0 NN T NNy 1l

[T W 1 T 1 T

T T W 1T

| | [V I (I | | OO || VN I

Naide: Henn Raave, , heintaimede saagikus*.

Peakomponentide vaartuste (e skooride) kasutamine
modelleerimisel (naiteks principal component regression)

N_norm Niidete_a Katseaasti Taimiku_v Sademed Sademete Temp Sademed_Kerahein AasnurmilTeised  Kogusaak
0 5 1971 1 219.5 12.2 13.9 15.8 0.97 0.04 0.08 1.08
o 5 1972 2 316.5 14.5 15.3 20.6 0.23 0.38 0.58 118
0 E 1973 3 340.1 18.9 141 24.1 0.38 0.32 0.78 148
0 5 1974 4 291.4 14.8 13.3 22 0.43 0.71 0.02 117
0 5 1975 5 219.2 12.3 15.1 14.5 0.44 0.68 0 112
0 E 1976 6 2318 13.5 12.7 18.3 0.24 0.3 0.13 0.67
0 E 1977 7 284.9 18.5 13.2 21.5 0.16 0.12 0.14 0.42
n 5 1078 2 s23 5 209 172 Ag nas ne nne 119

1m(formula = Aasnurmikss
data = saagikus)

Residuals:

Signif. codes:

Min 10 Median 30 Max
-4.9784 -0.9711 -0.0953 0.5703 4.8951
Cosfficients:

Estimate\Std. Error t walus Pr(>|t])
(Intercept) 0.5093323 | 0.3808963  1.337 0.1819
N_norm 0.0075063 | 0.0004018 18.681  <2e-16 7*%7
Niidete_srv  -0.0159360 | D.0803638 -0.198  0.9429
Taiwiku vanus 0.0305137) 0.0086053  3.177  0.0016 7%

O *=*4 0,001 **=7 0.01

~ N_norm + Niidete_srv + Taimiku_vanus,

o 0.05 .7 o001 0 1

Residual standard error:
Kultiple R-scuared:

0.4718,

1.615)on 40z degrees of freedom
hdjusted R-squared: 0.4673

F-statistic:

119.7 on 3 and 402 DF,

< 2.2e-186

p-value:

Aga ilmastik?

I | | 10T [

1 1 ] iy 1l 11 0T |

11000 [

Tanel Kaart
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Naide: Henn Raave, , heintaimede saagikus®.

Im(formula = Aiasnurmikas ~ N_norm + Niidete_arv + Taimiku vanus +

Temp + Sademed + Sademed temp + Sademete standardhalve, data = saagikus)
Residuals: Aga ilmastik?

Min 10 HMedian 30 Max
-4.1404 -0.8614 -0.0436 0.8641 4.8396
Coefficients:

Estimate Std. Error t walue Prix|t|)
(Intercept) 12.5231821 3.1827921 3.93F T S~ 0c =
Nﬁnnrm 0.0075063 0.0003z282 22.87
NlldEtEiﬁrV -0.0159360 0.0656346 -0.24 10 20 30 40 10 20 30 40
Taimiku_vanus 0.0274527 0.0082193 3.3 - e EE— 1
Temp —-1.0140230 0.2266325 -4.47 ke Lz
T i Mﬂ 074 || »e 110.99| o= [
SﬂdEmEtEistﬂndErdhElV -0.0794528 0.0169599 -4.68 Fa
:;;mf. codes: 0 “*%%/ 0,000 ‘v 0.01 **7 0.08 ;: , SEER ST
Residual standard error: 1.3F3 on 398 degrees of fr EE., 235 - m o 075 -
Multiple R-sguared: 0.6512, Adjusted R-sguared: = ° °
F-statistic: 106.1 on 7 and [F98 DF, p-wvalue: < 2.2 F oo
by o - ao Temp Lo
Ongi need mojud negatiivsed? D I -088 "ofE
Korrelatsioonanaliilis vaidab = - z - :
vastupidist! 5 XM 4 N -
e > ] e

Miks siis mudelis teistpidine seos tuleb? i
Vastus: multikollineaarsus! _ -

[T 1T AT T 1K 10 L

MEn Mo 1 T Mo 1 — N T o T o m

Naide: Henn Raave, , heintaimede saagikus“.

Mida teha?

» Mitte poorata tahelepanu ilmastikunaitajate moju olemusele -
eesmargiks ei ole hinnata ilmastiku moju, vaid ellimineerida
ilmastiku moju tegelikult huvi pakkuvate faktorite mojust ja/voi
hinnata, kuivord kogu faktorite komplekt saagikust ulelildse
prognoosida voimaldab.

» Valida valja vaid uks ilmastikunaitaja ja konstrueerida mudel
sellega voi konstrueerida mitu alternatiivset mudelit, igas erinev
ilmastikunaitaja.

» Rakendada omavahel seoses olevatele ilmastikunaitajatele
peakomponentanaliiusi ning kasutada saagikust prognoosivas
mudelis esimest (ja vajadusel ka teist-kolmandat) peakomponenti;
jareldused ilmastikunaitajate mojust saagikusele tulenevad siis
peakomponendi seosest algsete tunnustega ,,vaadatuna labi“
peakomponendile vastava regressioonikordaja mudelis.

[T | [T 0T [ 1K | 1100 TR | 1l ([T weny el
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> poa.saagikusico

Comp1 Compz
Sademed -0.9385820 -0.24593228
Sademete_standardhdlve -0.8550646 -0.20018672
Temp 0.6474827 -0.76170716
Sademed_temp -0.9739194 -0.09363358

> proa.saagikusieig
[11(2.979824467)0. 659522617 0.328559334 0.002093552
> 1p0*pca.saagifusieig/sum (poa.seagikusieig)

1] JUIN I T~ 1T T TINW 1 MrT T 00 T mn MmTT
Naide: Henn Raave, , heintaimede saagikus®.

[0
[

B g

[ma)

[1]1|74.49561167)17.235806544 S.21398335 0.05253955

Imiformula = kasnurmikas ~ N_norm + Niidete_arv + Taimiku vanus +

PCALl, data = saagikus)
Residuals:

Hin 1o Median 3Q Hax
-4.3101 -0.8323 -0.0670 0.7625 4.39516
Coefficients:

Estimate 3tcd. Error t wvalues Prix|t]|)

(Intercept) 0.8021396 0.3411551 1.765 0.07833
N_norm 0.0075063 0.0003535 20.864 < Ze-1g6 #*%
Niidete_arv 0.0718533 .221 0.
Taimiku_wvanus 0.0086222 &
FCAl F17559 <
Signif. codes: 0 '¥*%7 0,001 ‘++f 0,01 ‘%7 0,05 .f o001 v 1

Residual standard error: 1.45 on 401 degrees of freedom
Multiple R-squared: 0.5776, Adjusted R-squared: 0.35734
F-statistic: 137.1 on 4 and 401 DF, p-value: < I.Ze-16

{100 T | 0 AN | [ I 0T [’ l

ey

emza [ el

Mida rohkem sademeid,
suurem sademete
varieeruvus, madalam
temperatuur ja suurem
sademete temperatuuri suhe,
seda korgem saagikus.

(Y | [0 1 [ T | [ 1 [ |1

w1 IR m 1 T TIET 1. TR m 1
Alterations in milk metabolome and coagulation
ability during the lactation of dairy cows
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Figure 2. Results of principal component (PC; ion mode. Change
in the a o the linear d
‘model considering additionally fixe ing) and random
effect of cow are presented.
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Figure 3. Loading plots of principal component (PC:
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analyses and their account of totaliances of MS signals measured in positive (pos)

=p+B + P+ D+ M+ bxLDIM,

+ b x LDL
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Naide tulemuste esitamisest: Dea Anton jt,
polufenoolide sisalduse muutused tomateis
kiipsemise kaigus
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Naide: Dea Anton jt,

poliifenoolide sisalduse muutused
tomateis kiipsemise kaigus
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