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1. Keep gridlines parallel X'A= &
2. Keep gridlines evenly spaced  ® V' = Y&V
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PaccMoTpuM KBaJipaTUYHBIA aJIrOPUTM pelleHust 3Toi 3aa4n. Haiinem mocrenoBaTebHO Bek-
TOPBI Uy, Vi M CHHIYJSIDHBbIE 4nciaa A\, i k = 1,...,7. B KadecrBe sTHX BeKTOpOB GepyTcst
HOPMHPOBAHHBIE 3HAYEHUSI BEKTOPOB ay, U by, COOTBETCTBEHHO
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BexTops! ay, u by, HaxoasATCs Kak Ipefessl IocieoBaTebHocTel BekTopos {ay, } k {b,}, coor-

BETCTBEHHO
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Puc. 13. UreparuBHas mpole/fypa OLEHHBAHUS CHHIYJISIPHBIX BEKTOPOB.

TIporenypa HaxoXKeHUs MOC/IEI0BATEILHOCTEH BEKTOPOB Ay, , by, Uy, Vi HaIMHaeTCA C BBIOO-
pa HambosIbIIe o HopMe cTpoku by, Marpuner X. [nsa k = 1 ¢hopMyIsl HaXOXKIEHHS BEKTO-
poB aj,, by, umeror BY,

Xb] aj
a;, = s 1 e —
s T s+1 — T ’ -
mx1 bibj, 1xn apa,
J1Jis1 BBIYMCIIEHUS] BEKTOPOB Ug, Vi IPU kK = 2, .. ., T UCIIOJIb3yeTCs BHIIENPUBEEHHAsT (POPMYIIa, C

TO¥ pasHuUIeil, 9T0 MATPHUNa X 3aMEHSIeTCsl Ha CKOPPEKTUPOBAHHYIO Ha k-M miare Marpuily X1 =
X — ugA,vy. Ha pucyske 7?7 nokasassl gBe ureparu, s = 1, 2, nepsoro mara kK = 1 ynporeHHoi
MIDOIIEIVDBI HAXOXKJIEHHS] CHHIVIISIDHOTO DA3JI0XKEHMUS.



Tpebyercst MUHUMU3UPOBATH EBKJINI0BO PACCTOSIHUE OT BEKTOPA y 110 BGKTWOT BEK-
TOD JIEXKUT B IPOCTPAHCTBE CTOJIOIIOB MATPHUIBI X, TaK KAK XW — 3TO JIMHEHHAST KOMOMHAIUS
CTOJIOIIOB 9TOM MaTPUILI C KO3MMUIUEHTAMA W1, . . . , Wy,. 380294 OLEHKA W SKBHBaJICHTHA 3a1a4€
HaXOXKJIEHWSI TOUKA P = XW, O/IMKaUIIeHt K y ¥ HAXOMASIIEHCST B IPOCTPAHCTBE CTOJIOIOB MATPH-
bl X. Cjie10BaTeIbHO, BEKTOP P JIOJI2KEH OBITH MPOEKIMEl Y Ha IPOCTPAHCTBO CTOJIOIOB, BEKTOD
PErpecCHOHHBIX OCTATKOB XW — Yy JIOJKEH OBITH OPTOTOHAJIEH 3TOMY IIPOCTPaHCTBY. PaccMoTpum

[IPOM3BOJIbHBINA BEKTOP XV, OPTOTOHAJIBHBIN BEKTOPY PErPECCUOHHBIX OCTATK! -y

(Xv)"(Xw —y) = v(XXw — XTy)
T »\

Tak Kak 9TO PaBEHCTBO JOJIXKHO OBIEE cnpaBe,quBo ISt I/I3BOJI

, To X" XwW —
aTpuma X'X

r'O BEKTOPAN

X"y = 0, cm. puc. ??. Ecay/cTonbir fﬂ-’ BHCHMEI, TO
obpaTnMa ¥ ypaBHEHHE UMee[ €IMHC %Zgnu oTHoc METPOB

Puc. 6. IIpoekiust BeKTOpa 3aBUCUMOI [TEPEMEHHOMN Ha, MPOCTPAHCTBO CTOJIOIOB MATPHUIIBI ILIAHA.

[Ipoeknust BeKTOpa y Ha IIPOCTPAHCTBO CTOJIOIOB MATPHUIBI X HMEET BHJ W - V‘M i

p=Xw= X(XTX)_ley = Py.

Marpuna P = X(X"X)'X" maspiBaercss marpuneit npoektuposanus. OHa OHA WIEMIOTEHTHA,
P2 = P, u cummerpuuna, PT = P.



15/09/2021, 23:08 Singular spectrum analysis - Wikipedia

SSA can be used as a model-free technique so that it can be applied to arbitrary time
series including non-stationary time series. The basic aim of SSA is to decompose the
time series into the sum of interpretable components such as trend, periodic components
and noise with no a-priori assumptions about the parametric form of these components.

Consider a real-valued time series X = (21,...,2n) of length N. Let L (1 <L < N)
be some integer called the window lengthand K = N — L + 1.

Main algorithm
1st step: Embedding.

Form the trajectory matrix of the series X, which is the L x K matrix

1 T2 T3 e g
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— . . — LK _ |z T T oz
X = [X1 HESR XK] = (‘”ij).-,}-:1 = 3 4 5 K+2
Zr Zr+1 Try2 .- TN

where X; = (€i,...,%42-1)7 (1 < i< K) are lagged vectors of size L. The matrix
X is a Hankel matrix which means that X has equal elements @;; on the anti-diagonals
¢+ j = const.

2nd step: Singular Value Decomposition (SVD).

Perform the singular value decomposition (SVD) of the trajectory matrix X. Set
S = XXT and denote by A1, ..., A the eigenvalues of S taken in the decreasing order
of magnitude (A; > ... > Az > 0) and by Uy,...,Ur the orthonormal system of the
eigenvectors of the matrix S corresponding to these eigenvalues.

Set d = rank X = max{, such that A; > 0} (note that d = L for a typical real-life
series) and V; = XTU; /+/Ai (i =1,...,d). In this notation, the SVD of the trajectory
matrix X can be written as

X=X1+...+ Xy,
where

X; = VAUVE
are matrices having rank 1; these are called elementary matrices. The collection
(\/X , Ui, V;) will be called the ith eigentriple (abbreviated as ET) of the SVD. Vectors U;

are the left singular vectors of the matrix X, numbers 4/); are the singular values and

provide the singular spectrum of X; this gives the name to SSA. Vectors /A V; = XTy;
are called vectors of principal components (PCs).
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1-st Principal Component
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Ilpoekyus p mouku b Ha npamyro, onpedeseHHYHO 6eKMOpom a,
3adaemces gopmyaoli
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Paccmosnue (6 ksadpame) om smoti mouku 00 npamod pasHaemcs
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D10 No3BOJISIET HaM MOBTOPUTbH puc. 3.1 yxXKe ¢ yKasaHueMm ¢popMyJisl
AN ompefiesieHHsi Touku p (puc. 3.3).
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[Mpoekuus BexTOopa b Ha BEKTOD 4.



The simplest probtem statement in machine

S is the criterion,

T is an optimization algorithm, Wﬂ'a .

W is some solution,
w = arg min S(wly, ). s IR

1 These notations are equivalent: x;, x(i),i — x.
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