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e Tyrimo objektas:
e Stochastinés dinaminés sistemos, stebimos su triukSmu.
o Tyrimo tikslas:

e Sudaryti ir pritaikyti rekursinius algoritmus stochastiniy dinaminiy
sistemy filtravimui, identifikavimui ir valdymui realiu laiku, esant
adityviajam sistemy stebéjimo triukSmui.

3/22



o Tyrimo uzdaviniai:

o AnalitiSkai apzvelgti su triukSmu stebimy stochastiniy dinaminiy
sistemy filtravimo, identifikavimo ir valdymo realiu laiku uzdaviniy
sprendimo metodus;

e Sudaryti rekursinius algoritmus tiesiniy ir netiesiniy stochastiniy
dinaminiy sistemy, stebimy su triukSmu, filtravimui, identifikavimui ir
valdymui realiu laiku;

e Sudarytus algoritmus istirti statistinio modeliavimo biidu, jrodyti jy
konvergavima ir palyginti su esamais algoritmais;

e Sudarytus algoritmus pritaikyti praktiniams uzdaviniams spresti.

o Planuojami rezultatai:

o Sudaryti korektiski ir konkurencingi rekursiniai algoritmai, skirti
stochastiniy dinaminiy sistemy, stebimy su triukSmu, filtravimui,
identifikavimui ir valdymui realiu laiku;

e Sudaryti algoritmai pritaikyti socialiniy, verslo ir/ar technikos
procesy/sistemy modeliavimui bei simuliavimui.
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Visy studijy planas ir jo vykdymo suvestiné
1 lentelé: Visy studijy planas.
Studijy metai | Egzaminai Dalyvavimas Publikacijos
konferencijose
Planas Ivykdyta Planas | Jvykdyta | Planas | |vykdyta | Bukle
1(2018/2019) 1 1 1
11(2019/2020) |1 1 1 1 1
1l (2020/2021) | 2 2 2 1 Iteikta

1V (2022/2023)

1
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Ataskaitiniy mety darbo planas ir jo jvykdymas

2 lentelé: Einamicji studijy metai (11L: 2020/2021).

September 21-23,
2022, Vilnius,
Lithuania
(https://msbe.tech).
Pranedimas: Efficient
Maximum Likelihood
Batch Estimation With
Pure Time Serles Dota
of a One-Dimensional
Cumulative Structural
Equation Model”.

Egzaminai y fi P
Planas dh Planas dh Planas I a
Skaitinis IElaikyta. 31* European Straipsnis Efficient Pakartotina
intelektas Egzamino Conference on Maximum Likelihood Batch i jteikta po
investuojant j laikymo data: Operational Research, | Estimation With Pure Time recenzavim
vertybinius 2021 m. 11-14 July 2021, Series Data of @ One- o
popierius sousfo 15d.; Athens, Greece Dimensional Cumulative
jvertinimas: (https://euro2021.eur | Structural Equation Model” |
10 (puikiai). o-online.org/f). iurnalg R Journal™
Pranedimas: (https://journal.r-
wIncremental project.org/)
Maximum Likelihood
Estimation of
Noisy Gaussian
Random Walk".
Statistinis I5laikyta. 2" International &
modeliavimas Egzamino European Conference
ir stochastinis laikymo data: “Modeliing and
optimizavimas 2021 m. Simulation
sousio 19 d.; of Social-Behavioural
jvertinimas; hy
10 (puikiai). in Creative Societies”,
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Visy moksliniy tyrimy ir disertacijos rengimo etapai

(1)
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Visy moksliniy tyrimy ir disertacijos rengimo etapai

(2)
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Trumpas per pusmetj gauty moksliniy rezultaty
pristatymas

@ Dinaminiy strukturiniy lyg¢iy modeliai;
o Efektyvis didZiausio tikétinumo parametry vertinimo algoritmai Siems
modeliams;

@ Rinktinés skaidreés iS konferencijos praneSimo Sia tema medziagos
(angly k.).

9/22



Dynamic Structural Equation Model (DSEM)

3.2 Dynamic panel structural equation model

In this section we consider a dynamic panel simultaneous equation model with latent
variables and fixed effects (DPSEM(p, q)). A DPSEM(p, g) model for the individual
i=1,...,N at time ¢ = 1,...,T can be written for the generic individual at any
time period ¢ using the “ ¢-notation” as

P q
My = ZBjnxe—j + erficﬁ +&a (3.1)
=0 =0
Y = Ayt iy + e (3.2)
i = Agly+ phgy + 0 (3.3)
where 1, = (ngsl)’n,(f), . .,nf:"))’ and €, = (E,!,U,Eff), cey ,(f))' are vectors of latent
variables, y;, = ((yf,'),ygf’,.,‘ , y‘(,'")' and x;; = (:E,l),a:ff), . ,xff) ' are vectors of

observable variables, and Bj (m x m), I'; (m x g), Az (k x g), and 4, (n x m)
are coefficient matrices. The contemporaneous and simultaneous coefficients are in
By, and I'y, while By, By, ..., By, and I';, I'y, ..., I'; contain coefficients of
the lagged endogenous and exogenous latent variables. Finally, pt,; and p,; are the
nx 1and k x 1 vectors of individual means, respectively. We treat p,; and p,; as
vectors of coincidental (fixed) parameters, which makes the DPSEM model (3.1)-
(3.3) a “ fixed-effects” panel model. The statistical assumptions about the variables
in (3.1)~(3.3) are as follows.
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Cumulative Structural Equation Model (CSEM)
Under Consideration (1)

Output measurement equation:

Yt = Nt + €t, (0.1)

where {y:}, t € 7t isa sequence of scalar observed outcomes, {n+}, t € Zt isa sequence of scalar latent spaces, and

{et}, t € 7% isa sequence of independent and identically distributed A (0, 0'5) scalar observed process noises.
Transition equation:

Nt+1 =Nt + pn + Ln&e41 + CG+1,  mo =0, (0.2)

where iy, is a scalar intercept term, L, is an 1 X k vector of latent input weights, {€z 41}, t € /ATE sequence of
independent and identically distributed k& X 1 vectors of latent input to the latent process (common factors) where

41 ~ N (Ok x1> Lk x k), and {¢¢41}.t € 7% is a sequence of independent and identically distributed A (O, o-fl) scalar
latent process errors.

Input measurement equation:

Tpp1 = po + La&er1 + 0e41, (03)

where {41}, t € 7% is a sequence of m X 1 vectors of observed inputs, p, is an m X 1 vector of intercept terms, L is
an m X k matrix of factor loadings, and {é:41}, t € zt isa sequence of independent and identically distributed m X 1

vectors of specific factors where ;1 ~ N (Umx 1, diag (Ugl [} Ugm ) ) .

It is assumed that {441}, {d¢41}, {Ce+1} and {er}, t € 77T are mutually independent and t < T (T € N).
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Algorithm Development (2)

We attach Ay, to the end of x4, t = 1,...,T, and denote the resulting
vector as z;, additionally denoting z = (21, ..., z7)". Then

Ezi =p
and
LL + Uy, T=0
sz(T) = _\Ijly T=1 )
O(m+1)x(m+1), Otherwise
where
(02 0 0 0 ] 0 0 ... 0 0]
0 o2, 0 0 00 ...0 0
Yo = : 0 0 ;o U= : 0 0
0o 0 0 o2 0 00 0 0 0
L0 0 0 0 o2+207] 00 0 0 o2
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Algorithm Development (5)

By taking the logarithm of (??7), we obtain the logarithmic likelihood
function:

vec Tzz

‘C(H) = £(07 Zvec) = _% (ln(‘czz’) +d, C. 1dvec + (m + 1)T ln(27r))

where 6 = (fiyee, ) are parameters of the multivariate normal
distribution.
Since it is true that

L(0)

argmax [£(0)] = arg max [} = argmin
0 0 T 0

ln(’CZZD + d;ecczz dvec
T

can be used for both normalisation and simplicity purposes, we further
consider the minimisation of function £(6) defined as

ln(]sz\) + dgjecczz dvec
T

L(6) = (0.4)
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Algorithm Development (10)

With the aforementioned choice of 6 and given expressions (??) and (?7),
function (0.4) is ultimately reorganised as follows:

1
,C(S, Yy, 2s, ng/nuxa Mn) = T (hl <(‘Ez|U§)T ’Q|)

+tr (d X, d,) (0.5)
+ % ((dy — do2s) Q71 (dy — duSs)) )
)

S

where dy = zy — 1rxijiy, Q = (52“) I+ J, where z, = (Ay, ..., Ayr)'.
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Algorithm Development (13)

By manipulating the derivatives and the estimators obtained from them

(?7)—(?7?), we can achieve a gradual way to obtain 6*:

Iy = flo, (0.6
=%,
s* = argmin L(s),
s€[0,1]
B =3, (s%), (0.9)
iy = o (7). (0.10)
o2 =67 (s%), (0.11)
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Algorithm Development (16)

1 ([u]l:T,l),([Q]I:T,l:T)71[”]1:T,1

Let us denote c = - ar ; here g = [([Q]l:T,l:T) _1] o Thus, instead of

calculating terms of the form u/Q ™' v in (2?)=(??), we calculate terms of the form c» since % # simply cancels out in 3

and fiy, while, for &5 and £, the use of c introduces robust expressions, as we now calculate them as follows:

2
G, =4arg
fr

s g
fr41

and -
L =h+1n(g),

where

In (|Q
Jne

fr
(frs1) 7 T)

=In

and

g=—
where g is cp with u = v = czy — dy3s and fr = Z?:BI 527 is to be calculated recursively:
2(T—1)

fr=fr-1+s
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Algorithm Development (17)

Recursively, ¢ is calculated as follows:

o — 17l fT—lfTJrlc +aTbT
T T 72 T-1 T

s

(liir,1)’ [([Q]I:T,l:T)_l} (®lyir,1)’ [([Qh:T,1:T) _1]

where ap = LTLT hd bp = LTVT ore also to be
aT ar
calculated recursively:
fr—1
ar =s ar—_1 + [u]lT 1,
fr—1
by =s br_1 + [vlT,1-

fr

The starting values for all the recursions, namely a1, b1, c1, and f1, are

ay = [uly

by = [v]y ¢,

c1 = [u]y, [Uh,l ’
f1=1.
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Experimental Results (9)

Fixed sample size experiment #2

Fixed sample size experiment #1

Algorithm 1 accuracy / (Algorithm 1 accuracy + Algorithm 2 accuracy)
Algorithm 1 acouracy / (Algorithm 1 aceuracy + Algorithm 2 acouracy)

A fixed sample size experiment with A fixed sample size experiment with
T =10. T = 20.
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Experimental Results (10)

Fixed sample size experiment #4

Fixed sample size experiment #3

(AoBuna9e Z WUOBIY + KOBINSIE | WIOBIY) f ASBINDZE | WOBIY

A fixed sample size experiment with

T

A fixed sample size experiment with

T

100.

50.
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Experimental Results (11)

Fixed sample size experiment #6

Fixed sample size experiment #5

Algorithm 1 accuracy / (Algorithm 1 accuracy + Algorithm 2 accuracy)
Algorithm 1 acouracy / (Algorithm 1 aceuracy + Algorithm 2 acouracy)

A fixed sample size experiment with A fixed sample size experiment with
T = 1000. T = 10000.

20/22



Implementation in R

o EMLI — Efficient Maximum Likelihood Inference for Linear Dynamical
Models (https://CRAN.R-project.org/package=EMLI);

@ Three functions available that allow generating the considered CSEM
data, running the developed algorithm, and evaluating the estimation

accuracy;
@ More models and features to be added.
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Kito pusmecio darbo planas

2022/2023 m. m. darbo planas:

% Parengti ir publikuoti straipsnj, skirta sukurty algoritmy pritaikymui socialiniy procesy
modeliavimo ir simuliavimo kontekste;

» Sudalyvauti The 23rd Conference of the International Federation of QOperational
Research Societies, July, 10 to 14, 2023, Santiago, Chile;

# Parengti disertacija.
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