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FPCA for volatility from high-frequency time series via
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Abstract

High-frequency data are now prevalent in financial time series. As a functional data arising from high-frequency
financial time series, we are concerned with the intraday volatility to which functional principal component analysis
(FPCA) is applied in order to achieve a dimension reduction. A review on FPCA and R function is made and high-
frequency KOSPI volatility is analysed as an application.
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A Eo] X(t) 9] AA W% oA d3}= H]-E-2l cumulative percentage of total variance (CPV)&= T3}
o] AArgit.
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-1 Mk
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et ot SRS ATorAlth 470 A2 (sparse data)oll TFF QAT Mol glov BEE AY
of 2 20]x] gk 7t AR} 47F BFH 02 ATt e A 47 AR & 4 ek o] A
ANze) g FAREA UL 81 S £ 4RE o] galo] FARUSE AL S|
A A7 A 4= Ak B2 e (smoothed) ghe ©]-8-5te] A4S HH H&eHE g 5k Aol o
T8 FAEEAE s SR 8% dAVE "ok

FPCA Fh4-t= }2:9) 7192 S-aebeh. v BeH}e B smoothed mean) A5 AAFFIC}. TR ZHAS)
vtz 45 o] 8-sho] FaehE &4 (smoothed covariance)E FF 3t o] F A A2 F@ehE T4t
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fix = ElfuelXi] = A&l ZxH (X — )
fdapace 77] 2] 2] FPCA §4=5 o] -8-3to] §]9] 244-& >33 4= itk PACE L) 5ol gk A4 U]
2 Yao 5 (2005)2 #HiLst7] vpetct.
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o] o A= =1 KOSPI aile A& o] sl s FAZEHE d¥ste & s 285t &
< A vas) Hizk ghe 2010 19 597 20154 69 304714 13494 8] 7| F 0 2 AFAITE &
oF 18 7Aoo 2 2AE KOSPI THI %= 23S o] &34 214050 HEAo| g3 Tolrr= ac}.
712 Pe(t)S k2] ARk tof A o] F=71ekaL 3F 9 yi(8) = logPy(t) — logPy (t — W) & 3kl A7k k45 o
27 st 2 8 AN & Stk B =2olM e h =52 sto] 53 1H4 21 £ 88 AAtsH

ol g3ttt 211 +AES AFT g yi ()0 el FEE PHS 0] 83 F4-F ARE HET T peatd
40} FPOA 48 ol §5t0] 48 F4% 242 Sasth KOSPL ARE BE5E #244
7o dolW AR YLD e AR BAS AT ARZAY 218 T BEa T Aet,
ofel A 720] peafd TS M4 A2} PACE T2 SL o851 FPCA 348 483 A7 vl
w1 gk

Feol ZIAANE o] &dte] USZA 5 Ty ARE HEsH & HSE g A=) peafd F4-F &
L3514t FPCA g4+ 71949t 719 (Gaussain kernel)S ©]8-310] H&3}5lH Epanechnikov kernel,
rectangular kernel 59| T}2 7|49 = o| 871535t}

19

number_of_basis_functions = 400

basis < — create.fourier.basis(rangeval = ¢(0,10), nbasis = number_of_basis_functions, period = fourier_period)
functional_data_squared < — Data2fd(t(data), argvals=seq(from = 0, to = 10, length.out = L), basis)
principal_components < — peca.fd(fdobj = functional data_squared, nharm = 2)

eigenfunctions < — principal_components$harmonics

4 AR WHE7] 913 “create.fowicr.basis” $4-9} “Data2id” 345 ol §5taich. AR 4018 A=
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Figure 4.1. Eigen functions : pca.fd (left) and FPCA (right).
Table 4.1. CPV values
CPV(pca.fd) CPV(FPCA)
FPC1 0.5834 0.87
FPC 2 0.6954 0.99

£ dataZ AASIR I o] & 3 3)
ST}, 41 “nharm & o] g-elo] A BT S8 He 4 oleh 7] LE of

3450] T}
(i) 2& A=ol tal FPCA §H4-8 o3} o] 48519t}

s < — seq(0,10, length.out=N)

functional_data_squared < — MakeFPCAInputs(IDs = rep(1:L, each=N), tVec=rep(s,L), t(data))
fpcaObj < — FPCA(functional _data_squared $ Ly, functional _data_squared $ Lt, list(plot = TRUE,
methodMuCovEst="smooth’, userBwCov=5))

eigenfunctionsl < — fpcaObj$phi[,1]

“MakeFPCAInputs’ B4 ol 8310l 42 AR WA TPCA” P8 AR /14 L2 3
%% WEE AR 50 345, N WA BEA

Figure 4.1:& peafd (349} FPCA 342 (%)% o] §-3to] Tt LgaH4 TehLolch HA) AlAo] B
A ILGatolm Wb AL T A LRGSR 22 R WA FALFPC LI AR FAL(FPC
2ol A ALy b x5 L A0 IR OAHOE I A A4 P
ARE WMEFHE BN 7S Ll AZF 0 peatdo] A= [0, 1], FPCAS] A4 [0,10]0 2 3
BT} peald BE A9 4] % 19] LRSS Aelow s A5 AT - ek FPCA Fol4
A AE 0 0% AEsh] 98] WAt SutE na s PelETh KOSPI A= B4 2t ] me|
A 5 el 3 AR 71E0R A Raa gtk 3 AR SRS AFe] A 0xct 2 ool gt
2 AT Qe 0B AFT Gol 23 Yk AAD AR MEHORN) B sty

=
HEOE MOtk I BA FALE FUNE 24E gasts 43S Bolth
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Table 4.1& Z}zFo] vlHol| A A& 27]9] $+d A E Q] =2 4182l cumulative percentage of total
variance (CPV) gt-& W.o]3=aL Qlth. ped fd 9H4=5 o] &3t Ao} FPCA 35 o83t AatofA A |
A T TR 4 680l U5E B3 04 UE 3 5 1S B4y Fel AUEE w4 ug

EO:] _Zr_ (o] o
ol =2 & & & Utk o]Hd F Aol7} WA= ol fr= F Aol A o8-8k BE I Aholofl )
ot ped.fd o< % 25T &, ol FE ol8ste] WS FPCA ohee w4 7he A% B8
(locally weighted linear smoother)& o83ttt A2 02 Ao FAROZ HA HES A3t F
qppae) B Azt 2 o THE AAY N5 BA0IH FPCA 42 o] g1 20| Aulg
S W9 RS e

Aolet AZHEITh & Aol A R4 dlAE B3 FPCA
o Se AQrstaA dheh 58] AH A0 Qojal
U 4 9 BAMT o) B Beksh] 913t o] o
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