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Analyza funkcionalnich dat — FDA

Functional Data Analalysis

Pro¢ funkcionalni data a co to znamena?
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Linedrni model — pfimka
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Motivace
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Motivace
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i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time

Linedrni model — polynom st. 3
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Motivace
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Jadrovy odhad
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Motivace

Observation
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B-splines - odhad
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Diskrétni data — funkcionalni data

¢ Reprezentace
N
2(t) =) ¢;(t)e
j=1

¢(t) ...bazové funkce, ¢; ... pFislusné koeficienty
Bazové systémy: B - spline, Fourier, polynomialni, mocninn3g,
exponencialni, waweletova, hlavni komponenty

¢ Vyhlazeni

(ctr- - ren) = argmin 3 [y — 28] + A / [La(t)]2 dt
i=1

2

Lx(t) ...mira ,hladkosti" z(t), nap¥. Lx(t) = C%;:c(t)
A ...vyhlazovaci parametr
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polynomy na riiznych podintervalech (segmentech)

segmenty jsou oddé&leny uzly (knots)
v uzlech na sebe polynomy navazuji (hladce)
systém je definovan:

e stupeil polynomu
e poloha a pocet uzll

polet bazovych funkci
N = stupefi + podet vnit¥nich uzld + 1

Jan Kolagek, Ondej Pokora (UMS) Funkcionalni PCA Brno 2018 15 /70



Time
- splines

<
O
Q
=
©
=
2
7]
=
=
=
o

B

Jan Kolégek, Ondrej Pokora (UMS)




0
(]
=
=
)
|
o

0
uoneAssqo

22 23

20 21

15 16

112

24

18 19

17

14

13

10

Time

Konstrukce

Jan Kolagek, Ondej Pokora (UMS)

17 / 70

Brno 2018

Funkcionalni PCA



2 (=]

-
] =)
N
=]
c
=
[

Time
icenasobné uzly
Funkcionalni PCA

\Y

50

Jan Kolégek, Ondrej Pokora (UMS)

P
191 Ly AeiL




Opakovana méreni
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Opakovana méreni
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kovana méreni
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Ridka data
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Ridka data
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Nondurable Goods Index

Index cen zboZi kratkodobé spotfeby v USA (1919 — 2000)
e produkty, které se opottebi (vy&erpaji) do 2 let (potraviny, tabak,
obleZeni, papirové vyrobky, sluzby, pohonné hmoty, atd.)
e v indexu se odraZi ekonomika kaZdodenniho Zivota
e exponencidlni rlist v minulém stoleti

e patrna sezdnni slozka (nap¥. zahrnuje vano&ni darky, zatatek 3kolniho
roku — nové Zaty, prazdniny — dovolené)

e zajimavé sledovat vyvoj indexu v ,normélnich" ¢asech a v dobé krize
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Nondurable Goods Index

120

Nondurable Goods Index
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Time

Index cen zboZi kratkodobé spotfeby v USA (1919 — 2000)

Jan Kolagek, Ondej Pokora (UMS) Funkcionalni PCA Brno 2018 29 /70



Nondurable Goods Index

e exponencidlni rdst, roste i volatilita
e logaritmicka transformace — linedrni rist s indexem 1,6 %
e 1960 — 1975 ,baby boom"
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Nondurable Goods Index

End of Vietnam War's

Log10 of Index

Stock market crash
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Time

Zlogaritmovand data
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N urable Goods Index
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Zlogaritmovana data 1964 — 1967
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Nondurable Goods Index

Fazovy diagram (phase — plane plot)

e 1. derivace — rychlost ristu (velocity)

e 2. derivace — moment zrychleni (acceleration)

e P¥. sin(27t) — harmonicky proces, pruZina oscilujici mezi dvéma stavy
(potencidlni, kineticky)

e kineticka energie — vyrobni proces v plném proudu a mnoZstvi
vyprodukovanych vyrobki

e potencialni energie — volny kapital, lidské zdroje, suroviny a ostatn{
zdroje, které jsou aktudlné dostupné pro rlist ekonomiky
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Nondurable Goods Index
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Nondurable Goods Index

V diagramu sledujeme:
e podstatné cykly
e polomér cyklu
e horizontdIni polohu st¥edu
o vertikalni polohu stfedu

e zmény tvaru v Case
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Nondurable Goods Index

Acceleration

Velocity

,Klidny" rok 1964
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Canadian Weather

Pocasi v Kanadé
e ro¢ni teploty v Kanadé
e primérné denni hodnoty za obdobi 1960 — 1994
e méfeno v 35 rliznych lokalitach
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Canadian Weather

20
place
—— Awida  — Quebec
—— Bagotwille — Regina
—— Calgary  — Resolute
—— Dawson  — Sherbrooke
— Edmonton — Scheffervil
—— Fredericton — St. Johns

’ —— Halifax ~ — Sydney

§ —— Charlottvl — The Pas

5 ~— Churchill  — Thunder Bay

£ — Inuvik — Toronto

# — lgaluit  — Uranium City
— Kamloops — Vancouver
— London  — Victoria
— Montreal  — Whitehorse

-20 — Ottawa  — Winnipeg

— Pr. Albert  — Yarmouth
— Pr. George — Yellowknife
— Pr. Rupert

0 100 200 300

Jan Kolagek, Ondej Pokora (UMS) Funkcionalni PCA



Canadian Weather

20

Temperature
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Canadian Weather

Popisné charakteristiky

e Stredni hodnota p(t) = EX(t), odhad Z(t) = 1 3 (1)

i=1
¢ Kovariance a(s,t)n: E[X (s) — p(9)][X () — p(t)],
odhad 6 (s,t) = %Z;l [i(s) — Z(s)] [z:(t) — Z(t)]
e Rozptyl VarX(t) = o(t,t)

e Korelace p(s,t) =
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Canadian Weather
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Canadian Weather
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Canadian Weather
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Canadian Weather

Funkciondlni analyza hlavnich komponent — FPCA

e Karhunen — Loeve:

7(s,t) = > (516 (0). de [ &6 (01t = 16 = )
j=1

Komponenta &;(t) maximalizuje d; = Var [ &;(¢)[X (t) — p(t)]dt
Podil vysvétleného rozptylu d;/ " d;
Skére FPCA

ey = / & (Ol (t) — 2())dt

Rekonstrukce
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Canadian Weather
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Canadian Weather

component
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°
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Main Components
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Prvni 3 hlavni komponenty — vyhlazené
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Canadian Weather
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Canadian Weather
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Reconstructed Curves
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Canadian Weather
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Reconstructed Curves
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Canadian Weather
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Canadian Weather
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Canadian Weather
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Canadian Weather
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Auditory EPI

Neuronova aktivita pfi vyskytu tinnitu

e mé¥eni sluchové evokovaného potencidlu EPI na kryse pFi rliznych
intenzitach zvuku

19 intenzit zvuku: -15 dB, -10dB, ..., 70 dB, 75 dB
4 typy zvuku: tény 1 kHz, 10 kHz, 16 kHz a ,.click” (smé&s)
79 méreni kaZdy den

6 kontrolnich dni (con)

e 8 dni po aplikaci salycilatu sodného (SS)

Zdroj: Department of Biological Science and Technology, National Chiao
Tung University, Hsinchu, Taiwan
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Auditory EPI
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Auditory EPI

10k, SS-1, 79 trials

90

60

EP integral [uV ms]

30
sound intensity [dB SPL]
Namé¥ené hodnoty
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Auditory EPI

10k, SS-1, 79 trials

EP integral [uV ms]
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sound intensity [dB SPL]
Vyhlazend data
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Auditory EPI
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Auditory EPI
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Auditory EPI
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Auditory EPI
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Auditory EPI
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Auditory EPI
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Auditory EPI
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