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Ha KHOepHeTHKaTa B pas/MiHM 00/1acTU Ha HayKaTa
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joreHT 1o Hay4dHa crernuaianoct 02.21.10 “IIpuiokenne Ha TPUHIUIIATE U
METOJITE B pa3indnu obsactu na mHaykara (rexanmiecka)’ B UMKT-BAH,
ceknus “VIHTeJIUreHTHH CUCTEMU

OO6m1a XxapakTepucTuKa Ha MPe/ICTaAaBEHUTE TPYI0BE

3a ydacTHe B KOHKypca ca mpejcTaBeHHu 28 myOauKaluu, 3 YHUBEPCUTETCKH yUeOHUKA U 2
YHUBepCUTETCKH yueGHu mocobust. Ot mybiukanuure, 17 ca B ciucanus ¢ umnakt dhakrop [Bl
-B10, T2 -T'5, I'7, I'8, T'14| u 7 ca B comcanust ¢ SJR [I'l, T'6, T'9 - T'13|. I[IyGiukanunre He
HOBTAPAT MpeJCTaBeHuTe 33 pUI00uBaHe Ha 00pa3oBaTe/IHATa U HAYYHA CTEHEH “JIOKTOP U 3a
3aeMaHe Ha aKaJeMHUYHAT IIbLKHOCT “mOImeHT’ .

IlpencraBenuTe 3a KOHKypCa HaydHU NyOJUKaIluu ce TPynupaT TeMa-
TUYHO B CJIEJTHUTE TPYIIN:

1. OBycJIOBEHOCT U 9yBCTBUTEIHOCT Ha MaTpu4Hu ypasaenus [B1l - B10, I'l - I'3, I'5 - I'11,
I'13, I'l5 - I'18|.

2. Codr kommiorunr [T'4].

3. Ilepconannocr u nosejenue npu exekrponna Tbprosust [['12, ['14].
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|B1] Popchev, I., Angelova, V. On the Sensitivity Estimation of the Matrix Equation
X+ A*X'A = Q. Cybernet. Inf. Techn., 10, 2, IICT- BAS, 2010, ISSN:1311-
9702, 14-30

Peztome: Hanpasen e anayim3 #Ha epeKTUBHOCTTA HA IepTypPOAIMOHHATE TPAHUIT, IIPE/I-
JIOKEHHU B IIeT JUTEePATyPHH U3TOYHHKA 33 PEAJHHTe U KOMILIEKCHUTe ypaBHeHHs X ° +
A*X'A = Q, ¢ s ut — peannn uncaa. CpaBHeHHETO ¢ HapaBeHO Ha Ga3aTa HA HIKOJKO
YUCJIEHU IIPUMEPA, B3€TU OT JiuTeparypara. Pesyjararure or eKCIePUMEHTAJHUS aHaInu3
MO3BOJISIBAT Ja Ce KaAacupuuupar pasrjierkj JaHuTe TPAHUNM [0 OTHOIIEHHE Ha OJIM30CT
A0 OlleHdBaHaTa BEJIMNYUHA U IAJTOCTHOTO UM ITPUJIOZKEHUE. Ha6JIIO,ZLaBaHOTO IIoBeJeHne 1
aHAJIU3MPAHUTE CBOMCTBA Ha IPAHUIINTE, PA3T/IeJaHN B CTATHSITA, BayKaT 38 BCAKA 33144,
KOATO MPUHAIIEKE KbM KJIaca Ha H3IOJ3BAHATE eKCIIEPUMEHTATHH MOJIEIH.

Abstract: In this paper the effectiveness of the perturbation bounds proposed in five
issues for the real and the complex equations X® + A*X!'A = Q, with s and ¢ — real
numbers is analyzed. The comparison is made on the base of several numerical examples,
taken from the literature. The results of the experimental analysis allow to classify the
bounds considered with respect to closeness to the estimated quantity and comprehensive
application. The observed behaviour and the analysed properties of the bounds considered
in the paper hold true for every problem, which belongs to the class of the experimental
models used.

|B2] Popchev, I., Angelova, V. On the Sensitivity of the Matrix Equations X +
A*X7'A = Q. Cybernet. Inf. Techn., 10, 4, IICT - BAS, 2010, ISSN:1311-9702,
36-61

Peztome: I3pbpiien e cpaBHuTe/ieH aHa/n3 Ha €(PEKTUBHOCTTA ¥ TOYHOCTTA HA ChIECT-
ByBallluTe ME€TOAUN 3a OIEHKa Ha YYBCTBUTE/JIHOCTTA Ha PEIIEeHUETO Ha HeJuHelTHuTe MaT-
puunu ypasaenudg X £ A*X 1A = . ObexT Ha aHaiu3a ca HepTypOAIMOHHUATE IPAHUIINL
Ha pelleHuaTa Ha ypasHenus X £ A* X 1A = (Q, KakTo U MeTouTe, CBbLP3aHy ¢ OlleHKaTa
Ha IyBCTBUTEIHOCTTA Ha PEIICHUeTO Ha ypaBHeHuaTa X ° + A*X ' A = Q) 3a KoHKpeTHHA
caydait, korato s = 1, t = 1. N3caeaBa ce 1moBeIeHUETO U HAJIEXKIHOCTTA HA I'DAHUIM-
Te, IpeJJOZKeH B JeBeT U3TOYHHNKA, Ype3 €eKCIEPUMEHTH C JAeBeT HCTPUBUAJIHU YUCJICHU
npruMepa KaKTO B PeajiHusl, TaKa W B KOMILIEKCHUs CJOydan. AHAJIU3UpPa Ce MOBeIeHue-
TO Ha U3CJeBaHuTe neprypdbanuonnu rpanumnu. [locousar ce obacTu Ha NPHIOKEHAETO
UM, B 3aBUCUMOCT OT e(DeKTHBHOCTTA, TPYAHOCTUTE IPU U3UUCICHUITA, HAICKITHOCTTA U
TOYHOCTTA.

Abstract: We analyze and compare the effectiveness and the accuracy of the existing
methods for estimating the sensitivity of the solution to the nonlinear matrix equations
X £ A*X1A = . Object of the analysis are the perturbation bounds concerning
equations X + A*X 1A = @, as well as the methods related to the estimation of the
sensitivity of the solution to the equations X*® &+ A*X'A = (@ for the particular case,
when s = 1, ¢ = 1. We examine the behavior and the reliability of the bounds, proposed in
nine sources, through experiments with nine non-trivial numerical examples in both real
and complex cases. Analyzing the behavior of the perturbation bounds considered in the



B3]

[B4]

paper, we point out their areas of application in dependence of effectiveness, difficulties
for computing, reliability, and accuracy.

Konstantinov, M., Petkov, P., Popchev, 1., Angelova, V. Perturbation bounds
for the matrix equation X°®4+ A"X'A = Q. C. R. Acad. Bulgare Sci, 63, 9, 2010,
ISSN:1310-1331, 1265-1272

Pe3rome: YyscTBUTETHOCTTA HA pellleHHEeTO Ha PeaJHOTO MaTPUIHO ypaBHeHHe X° +
AUXtA = (@, KoraTto s e MOJOKHUTETHO IAA0 Yuca0, () e eIUHUIHATA MATPUIA H t e
OTPUIATEJHO I[SJI0 YUCI0, KAKTO U Korato () > 0 u ¢ e MOJIOKUTEJIHO ISJI0 YUCJI0, U
HA KOMILIEKCHOTO MaTPUYHO YPaBHEHUE C S-TIOJIOKUTEJHO IO YUCJIO U (-OTPULIATE/THO
710 YUCJI0 Bede € M3CJe/BaHa B JiuTepaTypara. B Ta3u craTus ce pasriex/ia 4yBCTBU-
TeJTHOCTTA Ha HeJIMHEHHOTO KOMIIEKCHO MaTpudHo ypasaenne X°+ AMX!A = Q) B obmua
caydaii, KbJIeTO CTeIIeHHUTE MOKA3aTeaIn s U ¢ ca peaJiHu duciaa. /Jlokaspa ce Teopema 3a
C'BIIECTBYBAHETO Ha TOJIOKUTETHO OIMpeeeH0 pellleHne Ha ypaBHeHHeTo. Upes m3mosis-
BaHe Ha TeXHUKATA Ha IIpou3BoAHuTe Ha Ppeliie u npuIaraHe Ha METO/1a HA MayKOPAHTUTE
Ha Jlanywor m npunmuna wa [llayaep 3a dukcupanara To4YKa, ca U3BEJIEHU JIOKAJHU U
HEJIOKAJIHA IepTYpOAIMOHHE I'PAHUIU 33 ITOJIOXKUTE/THO OIpeeeHOTO penienue X Ha
YPaBHEHHETO.

Abstract: The sensitivity of the solution to the real version of equation X*+A"X?A = Q,
when s is a positive integer, () is the identity matrix and ¢ is negative integer, as well
as when Q > 0 and t is a positive integer, or to the complex matrix equation with s-
positive integer and t-negative integer is already studied in the literature. In this paper
we consider the sensitivity of the non-linear complex matrix equation X* + ATX?A = Q
in the general case, where the exponents s and t are real numbers. A theorem on the
existence of a positive definite solution of the equation is proved. Using the technique of
Frechét derivatives and applying the method of Lyapunov majorants and the Schauder
fixed point principle, local and non-local perturbation bounds for the positive definite
solution X of the equation are obtained.

Popchev, 1., Konstantinov, M., Petkov, P., Angelova, V. Condition numbers of
the nonlinear matrix equation X + A" X 1A+ BYEX-1B = [. C. R. Acad. Bulgare
Sci, 64, 12, BAS, 2011, ISSN:1310-1331, 1679-1688

Peziome: Crarugara e mocBerena Ha 00yC/JIOBEHOCTTA HA HEIUHEHHOTO KOMILIEKCHO MaT-
puuano ypasaerne X +AYX 1A+ BUX 1B = | ¢ xpagparnn Marpunu Ha ganante A u B
(A" o3mauaBa KOMILIEKCHO cIIperHaTaTa TpaHCIOHMpaHa /uid EpmuToBo crnpernarara/
Ha marpunara A, [ e e JuHUYHATA MATPUIA). PellleHrneTo Ha TOBa YpaBHEHUE € CBbP3aHO
C'bC CHIECTBYBAHETO HA MATPUIHA JEKOMIIO3UIINS [PU PelllaBaHe Ha CUCTeMa OT JIMHEeH-
HU ypaBHEHWS Upe3 pa3jaraHe HA JBe JUHEHHU CHCTEMH ChC ChOTBETHO TOPHO W OJTHO
TPUBI'bJIHU MAaTpUUHu KoedunmenTu. V3Beaenn ca mogodpenn abcoTIOTHE U OTHOCUTETHI
HOPMOBH, CMECeHH M ITOKOMIIOHEHTHH YHCJIa Ha O00YCJIOBEHOCT Ha ypaBHeHHeTO. dnciara
Ha 0OYCJIOBEHOCT €a JIECHO M3YHCIMMHI MEPKHU 38 IYBCTBHTETHOCT HA, PEIIEHHETO 110 OTHO-
IeHne Ha CMYIIEHWS B JAHHUTE U Ce U3I0J3BaT 3a (opMmy/aupane HA JIECHO W3UUCIUMU



JIOKQJTHYA TePTYPOAIMOHHY I'PAHUIY 34 PEIIEHUETO KATO (PYHKINS HA CMYIIECHUATA B JaH-
HUTe. Yncnara Ha 00YCJOBEHOCT TO3BOJISABAT Ja Ce OIeHW HUBOTO HA HEONpEeIeTeHOCT B
PEIIEHNeTo, TLIZKAII0 Ce Ha TPeIlKH (0T u3MepBaHe, MOJIeTUupaHe, 3aKPbIVIsBaHe) B JTaH-
HUTE, [IPEJIM /13 Ce IPUJIOKHU YUCJIEH AJIPOPUTbM 3a pelllaBaHe Ha ypaBHeHueTo. ['panunure
ca MOJIYYEeHH C MOMOIITAa HA TEXHUKUTE Ha npousBojnute na dperre u npujarane Ha mMe-
TOJIA HA MazKOpaHTUTE Ha JIAMyHOB U npuHIMNA Ha (pUKcHpaHaTa TouKa. Pe3ysirarure ca
UTIOCTPUPAHU C YUCTEHU MPUMEPH.

Abstract: The paper is devoted to the conditioning of the nonlinear complex matrix
equation X + AMX 1A + BEX 1B = [ with square data matrices A and B (A" denotes
the complex conjugate transpose of the matrix A) and I being the identity matrix. The
solution of this equation is related to the existence of a certain matrix decomposition
when solving a system of linear equations by decomposition into two linear systems with
lower and upper triangular block coefficient matrices, respectively. Explicit expressions
for the absolute and relative norm-wise, mixed and component-wise condition numbers
for the equation are proposed in the paper. The condition numbers are easily computable
measures for the sensitivity of the solution relative to perturbations in the data. The
condition numbers are used to derive easily computable local bounds for the perturbation
in the result as a function of the perturbations in the data. The condition numbers allow
to estimate the level of uncertainty in the solution due to errors (measurement, modeling,
round-off) in the data before applying a numerical algorithm to solve the equation.
The bounds are obtained using the Fréchet derivatives and applying the techniques of
Lyapunov majorants and fixed point principles. The results are illustrated by numerical
examples.

[B5] Popchev, I., Angelova, V. Residual bound of the matrix equation X + A9 X 1A+
BUX-1B = I. C. R. Acad. Bulg. Sci., 66, 10, 2013, ISSN:1310-1331, 1379-1384

Pesrome: 13Bejiena e HeslOKaIHA I'PAHUIA HA OCTATbYHATA IPEINKA B U3YUCJIEHOTO 1PUbJIU-
JKeHO EPMHTOBO MOJIOXKHTEIHO OLpeeIeHo peimenne Ha ypapemmero X+ ARX 1A 4

BUX~1B = [. Ypapuenunero BL3HUKBA IIPH pellfaBaHe Ha CHCTEMaTa OT JHHEHHH aares-

puYHU ypaBHeHud Pz = f upe3 MaTpudHO pa3iarane. I'paHunara e n3BegeHa Ha 0azaTa

Ha HeJIOKAJHUS MepTypOallioHeH aHa N3, Ype3 Mpuarane Ha TEXHUKATE HA MaXKOPHUTApP-

aute Jlanywos n npunnunute Ha pukcupanarta Touka. [Ipemioxkenara rpanuia Moxe 1a

ce W3MO0/I3Ba KATO CTON-KPUTEPHUil HA WTEPANMOHHU AJTOPUTME IPHU PEIlaBaHe HA yPaB-

Hernero. [IpenuMcTBO Ha TpaHUIATA ca HEWHATA NPOCTOTA W MPAKTUIECKA MOJE3HOCT 3a

OIleHKa HA TOYHOCTTA Ha MPHUOJIUZKEHOTO pellleHne, MOy IeHO ¢ TOMOIITa Ha UTepaIioHeH

AJITOPUTHM. TeopeTUIHUTEe Pe3yITaTH ca WIOCTPHPAHU ¢ HIKOJIKO YHCJIeHH MpUMepa.

Abstract: We consider non-local residual bound for the calculated approximation of
the Hermitian positive definite solution to equation X + AYX~'A + BEX-'B = [
Equation occurs when solving the system of linear algebraic equations Px = f by matrix
decomposition. In this paper, we present a computable norm-wise non-local residual bound
for the positive definite solution to the equation. The bound is obtained on the basis of the
non-local perturbation analysis, the techniques of the Lyapunov majorants and the fixed
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point principles. The bound proposed can be used as a stopping criterion for iterative
algorithms when solving the equation. The advantage of the bound is its simplicity and
practical usefulness to assess the accuracy of the approximate solution using an iterative
algorithm. The theoretical results are illustrated with some simple numerical examples.

|B6] Popchev, L.P., Angelova, V.A. Condition numbers and local perturbation
bounds for the matrix equation X* + A"X*A = Q. C. R. Acad. Bulgare Sci,
66, 1, ,,Prof. Marin Drinov* Academic Publishing House, 2013, ISSN:1310-
1331, 21-28

Pe3rome: Upes npuiarane Ha TeOpUATa HA HOPMOBHSA U HOKOMIIOHEHTHHUs TEpTYpOaIu-
OHEH aHAJU3, Ca W3BEJIeHU MOMOOPEHN W3PAa3H 3a HOPMOBHTE, MOKOMIIOHEHTHH U CMECEHU
qpcIa Ha 00YCJ0BEHOCT Ha KOMIUIEKCHOTO MaTpuuano ypasuenne X° + ANX!'A = Q, k-
nero A e HeCHHTYJISAPHA 1 X N KOMILIEKCHA MaTpura, a () e EpMHTOBO MOJIOXKHTETHO
onpeeena marpuna. AT oznavasa KomIIekcHO cripernarta TpaHcnonupana /uau Epvu-
TOBO ClperHarara/ Ha MaTpuiara A, a CTENeHHUTEe MOKA3ATeNH S U t ca PealHu IHCIIA.
[TokommoneHTHATA MEPTYPOANMOHHA TPAHHIIA € OIEeHKA HA IYBCTBHTEJIHOCTTA HA €JIEMEH-
TUTE Ha pCIIEeHUETO K'bM CMYHICHUA B CJICMCHTHUTE Ha MaTpulaTa OT JaHHU. I/I3H0ﬂ3BaHeTO
ihe IOAX0 04110, KOI'aTO €JIEMEHTUTE Ha MAaTPUYIHUTE KOGCI)I/H_[I/IGHTI/I BapHupaT IO ClleIhaJieH
Ha4YWH, HaIIpUMep KOraTo HAKOHU OT TAX OCTaBaT ITOCTOAHHMU. HpeﬂﬂO}KeHI/I Ca W I'paHuIn
OT I'bPBU peJ] 3a IPENIKUTe B U3YUCJICHOTO pemnierne. ducaara Ha 00YCJIOBEHOCT U MPEJI-
JIOYKEHUTE JIOKAJHU MepTypOAMOHHN TPAHUIU MO3BOJISBAT JIECHO U3YHCIAMA H ODbp3a
OIEHKA HA TOYHOCTTA HA M3YUCJACHOTO permrenue. KdekTuBHocTTa HA IIPEIJIOKEHUTE I'Pa-
HUIM € JIeMOHCTpUpaHa ¢ yucyen npumMep. Crarusita e npoxbizkenne Ha [B3|, kbaero ca
M3BEJIEHN YCJIOBUS 3a C'HIECTBYBAHE HA PEIIEHNETO U € HAIPABEH HOPMOB MepTypbarmo-
HeH aHaju3 Ha ypasuenueTo. CpaBHUTEEH aHAIN3 Ha e(DEKTHBHOCTTA U HAJIEKTHOCTTA
Ha MOBEYETO M3BECTHU B JIUTEPATYpATa MepTYpPOAIMOHHE I'PAHUIA HA TOBA ypaBHEHHUE €
nazen B [B2].

Abstract: In this paper, we apply the theory of norm-wise and component-wise perturbation
analysis to derive explicite expressions for the norm-wise, mixed and component-wise
condition numbers to the complex matrix equation X°® + ANX!'A = @, where A is
a nonsingular n X n complex matrix and ) is an Hermitian positive definite matrix.
A stands for the conjugate transpose of A and both s and ¢ are real numbers. The
component-wise perturbation bound is an estimate of the sensitivity of the elements of
the solution to perturbations in the elements of the data. Its use is convenient when the
elements of the data vary in a special way, e.g., when some of them remain constant. First
order bounds for the perturbations in the computed solution are proposed, as well. The
condition numbers and the local perturbation bounds proposed allow easy computable
and fast estimate of the accuracy of the computed solution. The effectiveness of the
bounds proposed are demonstrated with a numerical example. The paper is a sequel to
[B3|, where the existence of solution and norm-wise perturbation analysis of the equation
are considered. Comparison analysis to the effectiveness and the reliability of most of the
perturabtion bounds to this equation is given in |B2].



|B7] Popchev, I., Angelova, V. Residual Bound for the Matrix Equation from
Interpolation Problems. Comptes rendus de 1’Academie bulgare des Sciences,
69, 8, Prof. Marin Drinov Academic Publishing House, 2016, ISSN:1310-1331,
957-962

Peziome: Cratusara pasrie:kia HEJIHHEHHOTO KOMILIEKCHO MaTPHUYHO ypaBHeHme X —
S ARX A, = Q, eebpsano ¢be 3azadaTa 3a uaTepnonamusa. C X e o3naueno Epmu-
TOBO MOJOKUATETHO ONpeeneHoTo pemenne, A;, ¢ = 1,2,...,m u () ca MaTpuIu oT JIaH-
HE KaTo () e KpMuTOBO MOI0KUTETHO ONpe/Ie/IeHa MATPHUIA. Pa3rieK 1aH0TO HeJTMHEeTHO
MaTPUYHO ypPaBHEHHE € CBbP3aHO C PelraBaHeTO Ha Pa3IndHi TPAKTUYIECKH MPOOJIeMHU.
3a m = 1 ypasaernero e X — AUX"1A = Q u e cBbp3ano cbe 3370a91 OT aHAIN3a Ha
CTaIHOHAPHU ['ayCOBM pelUIpPOYHM IIPOIECH B KPAaeH HHTEepBaJ. 3a m > 1 ypaBHEHHETO
€ CBBbP3aHOTO ¢ MOIEIUPAHETO HA ONTHMAJHH HHTEPIOJIANNOHHN 330390 U HEJIUHEHHOTO
Marpuuno ypasnenne X = Q+ AH(X —C) LA, ¢ C - mn X mn m010KATETHO ONpeieIeHa
MaTpHIA, A - N X n IPOU3BOIHA MATPHIA H X - 1 X 1 GJI0K JHATOHATHA MATPHIA ¢ MAT-
purnata X € C™*" no nuaronasa. YyBcTBHTETHOCTTA U 00YCJIOBEHOCTTA HA YPABHEHUETO
ca IMIHPOKO H3CJeABaHU B juTeparypara. CpaBHHUTeIeH aHAJIM3 HA PA3JHYHH IMepTypba-
IIMOHHU TPAHUIM 32 PEIIEHNeTo Ha ypaBHeHHETO e Hampaeed B [B2|. B smreparypara ca
[PeJJIOZKEHH IPAHUIM Ha OCTAT'bYHATA I'PENIKa B PEIIEHUETO, DAa3upaHu Ha COOCTBEHUTE
CTOWHOCTH Ha M3YMCJIEHOTO C UTEPAIMOHEH aJITOPUTHM IPUOJINKEHO PellleHre Ha ypaBHe-
HueTo. B Ta3m craTtus e w3BejieHa HOPMOBA HEJIOKAJIHA TPAHUIA HA OCTATHIHATA TPETITKA
B IPUOIMKEHOTO pelleHne Ha HeJTMHeHHOTO MATPUIHO ypaBHEHHEe, N3MOJI3BAiKA MeTOIa
Ha MakKOpaHTUTe Ha JISIyHOB M HpUIaraiiky TeXHHKHTE Ha TPUHIUNA Ha (pHKCHpaHATa,
TOYKA. 38 M3YUC/ASIBAHETO HA I'PAHUINATA HE € HEOOXOAMMO IMO3HABAHETO HA TOYHOTO Pe-
HIieHrue Ha YPpaBHEHHETO U TOBa 4 IIPaBH IIOAXOJAAINA 3a U3IIOJI3BaHEe KAaTO CTOIL KpI/ITepI/Iﬁ,
KOraTo Ce Mpujiara UTePAIMOHeH aJTOPUTHM 33 U3UHUC/IABAHE HA PEIeHHeTO HA ypPaBHE-
aueTo. CpaBHeHHETO Ha epEeKTHBHOCTTA Ha IIPeJIOKeHATa IPAHUIA ChC CbIIECTBYBAIN
B JINTEpATypaTa TPAHUIN Ha OCTATHIHATA IPEIIKa, Bb3 OCHOBA HA YHCJIEH IPUMEp OT JIU-
Teparypara, JI0Ka3Ba MPeJAUMCTBATA HA IIPEJJIOKEHATA I'PAHUIA, B CMUCDH/I HA OCTPOTA U
TOYHOCT.

Abstract: The considered nonlinear matrix equation arises in different practical problems.
For m = 1 the equation becomes X — AYX 1A = ) and is related to problems in the
analysis of stationary Gaussian reciprocal processes over a finite interval. For m > 1 the
equation comes from the related to modeling of optimal interpolation problems nonlinear
matrix equation X = Q + A¥(X — C)7'A, with C - mn x mn positive definite matrix,
A - mm X n arbitrary matrix and X is a m x m block diagonal matrix with the matrix
X € C™™ on each diagonal entry. The sensitivity and the conditioning of the equation
are widely considered in the literature. A comparison of different perturbation estimates
of the accuracy of the solution to the equation is given in [B2|. Residual bounds, based
on the eigenvalues of the approximate solution to the equation, obtained by an iterative
algorithm, are proposed in the literature. In this paper we derive norm-wise non-local
residual bound of an approximate solution to the nonlinear matrix equation using the
method of Lyapunov majorants and applying the techniques of fixed point principle. The



B8]

bound does not need any knowledge of the exact solution of the equation and is suitable
for use as a stop criteria of the iterations, when computing iteratively the solution of the
equation. The comparison of the effectiveness of the bound proposed with the residual
bound from the literature, based on numerical example from the literature, verify the
advantage of the bound proposed in sens of sharpness and the accuracy.

Angelova, V., Hached, M., Jbilou, K. Approximate solutions to large non-
symmetric differential Riccati problems with applications to transport theory.
Numerical Linear Algebra with Applications, €2272, 27(1), John Wiley & Sons
Ltd, 2020, ISSN:1099-1506, DOI:10.1002/nla.2272, 1-17

Pestome: B crarusra ce pasriexka HECUMETPHIHOTO TUQEPEHIIHATHO MATPHIHO yPaB-
HeHue Ha PUKaTh ¢ BUCOKa pa3MepHOCT U ¢ AsSICHATA YacT OT HUCHK panr. dudepennuar-
HUTE HECUMETPHYHN ypaBHeHUs Ha PUKaTh UrpasT OCHOBHA POJisi B MHOIO O0JIACTH KaTO
TEOpHUs Ha, TPAHCIOPTHUTE MPOIECH, MO Ha (DIYHUHU ITOTOIHN, BAPUAITMOHHO CMATA~
He, ONTHMAJIHO YIIpaBjeHue u gpuirrpanus, Hi-yupapieHue, JUHAMAYIHO IPOIPAMUPAHe U
judepennuainm urpu. JJoKoJIKOTO HE € U3BECTHO, HAMA Pa3pabOTeH MeTO/l 3a pelllaBaHe
HA YPaBHEHHETO € BHCOKA Pa3MepHOCT. B Tasu craTmst ce mMOKa3Ba Kak Jia ce MPUJIOKHI
paszmupenusar 6j0k anropurbMm Ha Aprosaau (EBA) 3a nmoay4yasanero Ha npubausuTesHn
pelieHust OT HUCHK paHr. Pasriexka ce JacTHHST CJydail, ChOTBETCTBAIl Ha HECHMET-
puaHOTO AudepeHnrnaIH0 MaTPUIHO ypaBHeHWe Ha PukaTw oT TpaHCHIOpPTHATA TEOPHSs.
[lokazano e Kaxk Jia ce HpujaraT MeTOAU OT THUIA Ha KpuaoB Karo pasmupeHHAT OJI0K
AJITOPUTHM Ha APHOJIIN, 32 [1a ce IMOIydaT MPHOIU3UTETHN PEIleHns ¢ HUCHK paHr. [Ibp-
BOHAYAJIHATA 33/a4a Ce IIPOEKTUPA BbPXY HPOCTPAHCTBA C HOHUZKEHA PA3MEPHOCT, 3a Jla
Ce ToJIyYaT HeCUMEeTPUIHU JudepeHInaIHl YPaBHEHNS OT HUCHK PAHT, KOUTO Ce pelrraBaT
C TIOMOIITA HA eKCIIOHEHIINAIHOTO MPUOJINKEHWe W 9pe3 APYyrd WHTErPAIMOHHN CXeMU
kato dopmysia 3a obparna audepennuanus (BDF) win merona na Posenbpok. Ilpecra-
BEH € C'bII0 TaKa II0JX0, OCHOBAH Ha IIpUJIaranero Ha cxemMaTta BDF KbM mbpBoHaYaIHATA
3a/la4a, KOeTo BOJIM JI0 pelllaBaHeTo Ha ajredpudHu ypaBHenust Ha Pukaru, Kouro ca pe-
menn ¢ Hioronos 6710k meron Ha ApHosau. U ¢ Tpure MeToga ce mocTura mpudIH3uTe THO
pemnenre. HampaBenu ca 4uc/ieHN eKCIIEPUMEHTH, CPaBHSIBAIIA TE€3W TOAXOAN 3a 331291
¢ ToJigMa pa3MepHOCT. CbIIo Taka € MOKAa3aHO KaK Ta3W TEeXHUKA MOYKE JIeCHO Jia Ce U3-
0JI3Ba 3a pellaBaHe Ha HIKOM 3aJa4d OT J00pe MO3HATOTO TPAHCIOPTHO ypasHenue. B
Ta3u CTaTHsI, TEXHUKUTE HA MaKOpAaHTUTe Ha JISIyHOB M NPUHIUIBT Ha (DUKCHpAHATA,
TOYKa Ce W3MO0JI3BaT 3a IOJiydyaBaHe Ha HEJOKAJHU HEJUHEHHU TIPDAHUIU Ha IPeIlkaTta,
MPEeJICTABIABAINA PA3CTOAHUETO MEK/Iy MPUOJIN3UTETHOTO PellieHrne Ha HeCUMEeTPUIHOTO
JuepeHnualno MATPUIHO ypaBHeHue Ha PuKaTu OT MOHUXKEH Pej B TOYHOTO pellieHue.

Abstract: In the present paper, we consider large scale nonsymmetric differential matrix
Riccati equations with low rank right hand sides. The differential nonsymmetric Riccati
equations play a fundamental role in many areas such as transport theory, fluid queues
models, variational theory, optimal control and filtering, Hi-control, invariant embedding
and scattering processes, dynamic programming and differential games. To our knowledge
there is no existing method in the large scale case. In this paper, we show how to apply the
extended block Arnoldi algorithm (EBA) to get low rank approximate solutions. We treat
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the special case corresponding to nonsymmetric differential matrix Riccati equations from
transport theory. We show how to apply Krylov-type methods such as the extended block
Arnoldi algorithm to get low rank approximate solutions. The initial problem is projected
onto small subspaces to get low dimensional nonsymmetric differential equations that
are solved using the exponential approximation or via other integration schemes such
as Backward Differentiation Formula (BDF) or Rosenbrok method. We also present an
approach based on the application of the BDF scheme to the initial problem, leading to
the resolution of algebraic Riccati equations which are solved by a Newton-block Arnoldi
method. All three methods were able to achieve an approximate solution. We reported
some numerical experiments comparing those approaches for large scale problems.We also
show how these technique could be easily used to solve some problems from the well known
transport equation. In this paper, the techniques of the Lyapunov majorants and fixed
point principle are used to obtain a non-local nonlinear bound of the error representing
the distance between the approximate solution to the nonsymmetric differential low-rank
Riccati equation to the exact solution.

Angelova, V., Hached, M., Jbilou, K. Sensitivity of the Solution to Non-
symmetric Differential Matrix Riccati Equation. Mathematics, 9, 8, 2021,
ISSN:2227-7390, DOI:https://doi.org/10.3390/math9080855, 855-1-855-18

Peziome: Hecumerpuunure nudepeHInainyn ypaBHeHUs HAa PUKaTH ca cBbp3aHU ¢ JId-
HelflHU TpaHWYHY 33/Ia9W, Bb3HUKBAIIM B TEOPHUs HAa UTPUTE, TeOPUs Ha YIPABIEHHUETO,
BapUAIMOHHO CMsTaHE M TEOPUS HA TPAHCIOPTHUTE Hponecu. Te ca MexKIMHHA CT'bIIKA B
33/la4UTe OT AIPOKCUMAIINS IO CHHTYJIIPHU CMYIIEHUS U TEOPHUHA Ha YIPABJICHUETO, KO-
raTo ce npuwjarar JIMHeiiHu TpaHcdopMalum, 3a Ja ¢e HaMaJi PeIbT HA CUCTEMUTE OT
BHCOK De/JI /10 IO-HUCHK peJl WU JI0 YaCTHYHA JeKOMIO3UINs HA cucTeMu. Ta3m craTtus ce
dokycupa BbpXy YyBCTBUTETHOCTTA HA PENIEHNETO K'bM CMYIIIEHUs B MATPUIHUTE Koedu-
HUMEHTU U HAYAJHOTO C'bCcrosinue. JIBa 10/1X0/1a HA HeJIOKAJHUs HepTypOaluoHed aHa/u3
HA CHUMETPUYHOTO JudepeHInaHo MaTpUIHO ypaBHeHue Ha Pukarm ca pasmmpenu Jio
HecuMerpuunug caydait. [Ipumraraiiku texuukure Ha npouszBognute na dperre, Meroia
Ha MaKOpaHTUTe Ha JIAMYHOB W NpUHIHUNHATE Ha (DUKCHPAHATA TOYKA, Ca W3BEJEHH JIBE
nepTypoOaIMonHr rpaHuIy. [IbpBaTa rpaHua ce ocHOBaBa Ha WHTerpajgHara ¢opMma Ha
PEIIeHneTo U ce TOayYaBa 32 HeCUMETPUIHOTO AU(EPEeHITNATIHO MATPUYHO yPaBHEHNE HA
Pukaru B obmiara my ¢gpopma. Bropara rpanuia usnosi3sa TBbPACHUETO Ha KJIACUYECKa-
Ta Teopud Ha PaJioH 3a €eKBUBAJEHTHOCT HA PENIeHUETO HA JU(MEPEHIHATHOTO MATPUIHO
ypaBHeHNeTO HA PUKaTu ¢ pelmeHneTo Ha rpaHUMYHATA 33/1a4a HA acOUUpaHaTa audepen-
uaJHa cucTeMa. BropaTta rpanuia mMa MpeInMCTBOTO Ja He € CBbpP3aHa C PellaBaHeTO
HA HECUMETPUIHOTO NupePeHIuaTHO MATPUIHO YpaBHeHNe HA PUKATH U CJIeJOBATEHO €
npobJjieMUTe Ha JUBEPreHIMATa HA YUCAeHaTa Ipoleaypa. Bropara rpanuna e ¢popmyJiu-
paHa 3a TPUOJU3NTESHOTO PereHre Ha MAIladMPaAHOTO HECHMETPUYIHO JAndepeHITnATHO
ypaBHenue Ha PukaTu or nmoHWKeH pejl. JIBeTe rpaHUIM W3MOJI3BAT ChIECTBYBAIIATE
OIeHKW Ha YYBCTBUTENTHOCTTA 33 MATPUIHATA €KCIIOHEHTA W Ca aJTepHATUBHHU. UuCJeHn-
Te TPUMePH MOKA3BAT, Ue MPe/IJIOZKEHUTE OIMEHKHU Ca JOCTa OCTPHU KAKTO 32 YPABHEHUETO OT
HOHUYKEH PeJ, Taka U 3a ypaBHenue Ha Pukaru ¢ Bucoka pasmepunoct. [leprypbamuonnara
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IPaHNIIA € OT PelraBallo 3HaUYeHne B MPOIeca Ha YMCJIEHO pelllaBaHe Ha eHO ypaBHEHHe,
KaKTO M MHCTPYMEHT 3a OIleHKA Ha YCTONYMBOCTTA Ha IpoIleca Ha u34ucjeHue. TecHure
nepTypOAIMOHHYN I'PAHUIIU, TPEJJIO?KEHH B CTATUATA, IIO3BOJISIBAT JIa C€ OIMEHU TOYHOCTTA
Ha YMUCJICEHOTO PEIIeHHEe HA HECUMETPUYHOTO JIMdEePeHIHaJ HO MATPUYHO ypaBHEHUE Ha,
Puxkarn.

Abstract: Nonsymmetric differential Riccati equations are related to linear boundary
value problems arising in game and control theory, oscillation criterion problems for second
order differential systems, variational calculus and theory of transport processes. They
are an intermediate step in problems from singular perturbations and control theory
when linear transformations are applied in order to reduce high-order systems to lower
order or to partially decomposed systems. This work is focusing on the sensitivity of
the solution to perturbations in the matrix coefficients and the initial condition. Two
approaches of nonlocal perturbation analysis of the symmetric differential Riccati equation
are extended to the nonsymmetric case. Applying the techniques of Fréchet derivatives,
Lyapunov majorants and fixed point principle, two perturbation bounds are derived.
The first bound is based on the integral form of the solution and is derived for the
nonsymmetric differential Riccati equation in its general form. The second one exploits
the statement of the classical Radon’s theory of local equivalence of the solution to the
differential matrix Riccati equation to the solution of the initial value problem of the
associated differential system. It has the advantage of not being related with the solution
of the nonsymmetric differential Riccati equation and hence with problems of divergence
of the numerical procedure. The second bound is formulated for the low dimensional
approximate solution to the large scale nonsymmetric differential Riccati equation. The
two bounds exploit the existing sensitivity estimates for the matrix exponential and are
alternative. Numerical examples show that the estimates proposed are fairly sharp for both
low dimensional and large-scale Riccati equation. The perturbation bound is a crucial issue
of the process of numerical solution of an equation as well as a tool to evaluate the stability
of the computation process. The tight perturbation bounds, proposed in the paper, allow
to estimate the accuracy of the solution to a numerically solved nonsymmetric differential
matrix Riccati equation.

Angelova, V., Balabanov, T., Popchev, I. On the sensitivity estimation of the
symmetric matrix Riccati differential equation. Comptes rendus de I’Academie
bulgare des Sciences, 75, 11, Prof. Marin Drinov Academic Publishing House,
2022, ISSN:1310-1331, DOI1:10.7546 /CRABS.2022.11.11, 1638-1646

Pestome: Pasriexmar ce Tpu Bede M3BECTHH MepTYyPOAIMOHHY OIEHKH HA DPENIeHHETO
HA CHMETPUTIHOTO MATPUYHO AndbepeHIHAIHO ypaBHeHne Ha Pukarn X (t) = AX(t) +
X(t)A+B—-X(t)CX(t), X(0)= Xo, b Bpemenus unrepsana 1’ = [0,t1], t; > 0, Bb3-
HUKBAIIO [PH ONTHMAJIHOTO YIpaBJeHHE Ha JUHEHHU CHCTEMU, ONTHMAa/IHa (DUITPAIII,
Teopus Ha urpurte, H., ynpajeHue Ha JIMHEHHN HeCcTallMOHAPHU cucTeMu U jp. Edex-
THBHOCTTA Ha pPa3lyIeKJIAHUTE I'PAHUIN Ce aHATU3upa ekcrepuMenTaaHo. CpaBHsBa ce
TSIXHATA OCTPOTA 3a 3aJa4d ¢ BJIOIIABAaHE Ha OOYCIOBEHOCTTA M (e TOCOYBAT O0JACTHTE
HA PUJIOYKEHNEe Ha IpaHuIuTe. [JeMOHCTpUpAHUTE TIPEJUMCTBA U HEJOCTATbIIA HA TPUTE



nepTypOaIMonH TPAHUIN, PA3IJieJ[aHd B TO3U €KCIIEPUMEHTAJIeH aHajnu3, MOKa3BaT, 4ye
I'PAHUIIATE Ca AJATePHATUBHU. AHAJMTHYIHOTO PelleHHe HA CKAJAPHOTO AU(EpeHITHATHO
ypaBHeHIe Ha PWKaTu Ha eUH OT eKCIepUMeHTAJTHUTE MOJIeTH € JOKa3aHO B TeopeMa.

Abstract: In this paper, we consider three already known perturbation estimates of the
solution to the symmetric matrix Riccati differential equation X (t) = A'X () + X (t)A +
B - X(t)CX(t), X(0)= Xy, on the time interval T = [0,t], t; > 0, arising in optimal
control linear systems, optimal filtering, game theory, H,, control of linear time-varying
systems, etc. The effectiveness of the bounds considered is analyzed experimentally,
their sharpness for problems with increasing conditioning is compared, and the areas of
application of the bounds are specified. The demonstrated advantages and disadvantages
of the three perturbation bounds considered in this experimental analysis show, that the
bounds are alternatives. The analytical solution to the scalar Riccati differential equation
of one of the experimental models is proved in theorem.
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Angelova, V., Konstantinov, M., Petkov, P., Popchev, I. Perturbation analysis
for the complex matrix equation X — A"/ X-1A = I. Proc. 16th IFAC World
Congress 2005, 16, 1, Praha, 2005, ISBN:978-3-902661-75-3, DOI:10.3182/
20050703-6-CZ-1902.00951, 43-47

Pestome: I3pbpiien e wrbjieH nepTypObannonet aHaau3 Ha KOMILIEKCHOTO MATPHYIHO yPaB-
nenne X — AMVX-1A = I, ¢ marpuna na mamaute A, pemenne X u I - ennnnvHaTa
MaTpuanara. TOBa YpaBHE€HHE Bb3HUKBaA B TE€OPpUATA Ha YIPABJICHHUETO IIPU pElllaBaHe€ Ha
cucreMnu OT JuHeitHn ypaBHenus upe3 LU jpexkommosuius. 3Benenn ca duciaa Ha o0yc-
JIOBEHOCT, JIOKAJTHU W HEeJOKAJJHU MepTypOanoHHn rpanunu. IIpunokeHara TexHuKa ce
OCHOBaBa, Ha MaKOpHUTapHHUTE Ha JIAIMYHOB U NpUHIUIATE Ha PDUKCHpaHaTa Todka. dajaen
e WIIOCTPATUBEH YUCJIOB MPUMED.

Abstract: In this paper a complete perturbation analysis of the complex matrix equation
X — AN X-1A = I, with data matrix A, solution X and I - the identity matrix is
presented. This equation arises in control theory when solving systems of linear equations
by LU decomposition. Condition numbers, local and non-local perturbation bounds are
obtained. The technique used is based on Lyapunov majorants and fixed point principles.
An illustrative numerical example is given.

Konstantinov, M., Petkov, P., Popchev, 1., Angelova, V. On the sensitivity of
the matrix equation XA—AX = X2. Cybernetics and Information Technologies,
8, 2, 2008, ISSN:1311-9702, 3-11

Pesziome: Pasriexia ce marpuynoro ypasHennero X A — AX = X2, KoeTo Bb3HHKBA
IpU U3ydaBaHeTo Ha abUHHU CTPYKTYPH Ha pasperruMa anaredbpa Ha JIuit u e cuenuaaex
caydail Ha ajareOpudHOTO ypaBHeHue Ha Pukaru. Besko pemenne X Ha ypaBHEHHETO €
HUJIMOTEHTHA MATPHIA U akKo A HgaMa KpaTHH coOCTBeHH cToiiHocTH, ToraBa X = 0 e
e IMHCTBEHOTO MATPUIHO pelleHne Ha ypaBHeHuero. ObpaTHO, ako A mMma KpaTHH COOC-
TBEHU CTOHHOCTH, TOraBa ChHIIECTBYBAT HETPUBHAJHE pelienud. Hanudwero Ha KparHu
CcOOCTBEHN CTOMHOCTH HA MATPHIATA ¢ JAaHHH A IpaBuM cTaHIapTHATa TeXHUKA 3a aHa-
JIN3 HA CMYyIIeHnsATa, baszupaHa Ha mpouspognuTe Ha Pperre, maxkopurapauTe JIsSmyHOB
1 IPUHIUNHATE Ha (PUKCHpaHATa TOYKA, HEMPHIOKHMA KbM pasriexkganusa npobaem. B
CTATH € MPeII0KEHO PAa3BUTHE HA CTaHIAPTHATA TEXHUKA Ha MePTypPOANOHHNAS aHAJINS,
KaTo TS € paslliupeHa 3a caydas Ha CHHIYJIdpHA OlepaTopHa MaTpHUlla, KOITO IIpeodpa-
3yBa pasIJiezkIaHOTO ypaBHEHHE B €KBUBAJECHTHO omepaTopHo ypasaenue. [losyduenn ca
JIOKAJIHY I'PAHUIM HAa HOPMATa HA HPOEKIUHA HA CMYIIEHHETO B HOANPOCTPAHCTBA C N X 1
MOJIOKUTETHO Kom3Mepenne. IIpoekiusaTa B mepTypOalMOHHATE MOAIPOCTPAHCTBA, TIpe-
0I0JIsIBa, HEJOCTAThKA Ha CTAHIAPTHATA TEXHHKA W MO3BOJISABA HEITHOTO NMPUIOKEHHE W B
caydad Ha CHHIYJIdpHA olepaTopHa marpuna. V3Bejaenu ca JIOKAJIHE U HEJOKAJHH I€p-
TYypOAIMOHHY IrpaHuiK. VIocTpaTUBHE YHCICHH IPUMEPH JTIeMOHCTPUPAT e(DEKTUBHOCTTA,
Ha TIPeJIOKEHUTE TPAHUIIN.

Abstract: The paper deals with the matrix equation XA — AX = X?, which arises in
studying affine structures on solvable Lie algebras and is a special case of the algebraic
Riccati equation. Every solution X of the equation is a nilpotent matrix and if A has no
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4]

multiple eigenvalues then X = 0 is the only matrix solution to the equation. Conversely, if
A has multiple eigenvalues then there exist nontrivial solutions. The multiple eigenvalues
of the data matrix A make the standard technique of perturbation analysis, based on the
Fréchet derivatives, Lyapunov majorants and fixed poitn principle, not applicable to the
problem considered. For this reason, in this paper the standard technique of perturbation
analysis is extended for the case, when the operator matrix, which transform the equation
considered in an equivalent operator equation is singular. We obtain local bounds on the
norm of certain projections of the perturbation on subspaces of K n x n of positive
codimension. The projection of the perturbation subspaces overcomes the shortcoming of
the standard technique and allows its application also in the case of a singular operator
matrix. Both local and nonlocal perturbation bounds are obtained. Illustrative numerical
examples demonstrate the effectiveness of the bounds proposed.

Konstantinov, M., Petkov, P., Popchev, I., Angelova, V. Perturbation bounds
for the matrix equation C'+ Y, | 4, XB; + AX*E = 0. C. R. Acad. Bulgare Sci.,
61, 9, 2008, ISSN:1310-1331, 1111-1120

Pestome: Hanpasen e nmeprypGanuoneH aHaln3 Ha MaTpu4HOTO ypasaenume C' + > 0,
A;XB; + AX°E =0, ¢ s u r - ecTecTBeHI 4uncja. VI3Benenu ca dmc/ia Ha 0OYCJIOBEHOCT,
JIOKAJIHU U HEJIOKAJIHU I'PaHUIIU Ha I'PEIIKUTE B pEeIleHneTo BbB beHKI_[I/IH OT CMYHIICHHATA
B JaHHuTe. JIoKajaHara rpaHuIa J1aBa 3aJ0BOIUTE/JIHA PE3YATATH 33 MAJIKH CMYIICHUS B
JNAaHHATE, HO HAMa JepUHUINS KOJKO MAJKH Morar jga Obigar Te. JlokaaHaTa IpaHuIa
JlaBa OICHKA Ha I'PElIKaTa B PEIIeHUeTO JOPHU, KOraTo Hopa i TBbPJIe BUCOKH CTOHHOCTH
Ha CMYIIEHHUATA B JaHHUTE, CMYTEHOTO ypaBHEHHe HaMa pelnenne. HenokaaHara rpanuna
€ MaJIKO I0-1IeCUMUCTUYHA, HO JaBa pe3y/aTaru, 3a CMYIIEHUsl B JIAHHWATE, IPUHA/IJIEKa-
I HA IPEJABAPUTEIHO OIpeje/eHa 00IacT Ha HNPUIOKHUMOCT Ha IpaHuuara. lIpuHaj-
JIEZKHOCTTA, Ha CMYIIEHUATA K'bM IPEABAPUTEIHO OlpeieieHara 001acT Ha, MPUIOKUMOCT
rapaHTUpa HAJTAIHEeTO Ha peIleHHe Ha CMYTEHOTO ypaBHEHHE.

Abstract: In this paper a perturbation analysis of the matrix equation C+3% ;| A, X B;+
AX*E = 0, s and r - natural numbers, is presented. Condition numbers, local and nonlocal
perturbation bounds are derived. The local bound gives satisfactory results for small
perturbations in the data. The nonlocal bound is slightly more pessimistic but holds when
the perturbation in the data belongs to a preliminary defined domain of applicability of
the bound.

Angelova, V. Investigations in the Area of Soft Computing. Cybernetics and
Information Technologies, 9, 1, IICT-BAS, 2009, ISSN:1311-9702, 18-24

Peziome: Cratusara pa3riexia TpoeKIuaTa Ha cOPT-KOMIIOTHHTA B U3CTICTBAHUATA HA
yaerure ot Uucturyra no nadopmanunonnn rexuoiorun Ha BAH. Ouepranu ca obsiacture
HA W3CJeIBAaHU 331291, KAKTO W TEH/IEHIHH 33 ObIeIn N3C/Ie/BAHUS.

Abstract: The article attempts to give a projection of Soft computing in the investigations
of the scientists from the Institute of information technologies of the Bulgarian academy
of sciences. Areas of studied problems, as well as trends are mentioned.
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[T'5] Konstantinov, M., Petkov, P., Popchev, I., Angelova, V. Sensitivity of the
matrix equation Ay + Zle 0 Af XPiA; =0, 0; = £1. Appl. Comput. Math, 10, 3,
Azerbaijan National Acad Sci, 2011, ISSN:1683-3511, 409-427

Pestome: M3ciieiBa ce 9yBCTBUTEIHOCTTA HA PEHICHUETO HA 000OIIEHOTO HEeJIMHEHHO MaT-
puuHO ypaBHeHnme Ay + Zle g AT XPiA; =0, 0, = £1 , KbJIeTO k € MOJOKATETHO Iig-
JIO 4umuciio, a p;, ¢ = 1,...k ca peanann umcia. Pasriexjaar ce KaKTO peajHusT, Taka u
KOMILIEKCHUST ciaydaii. V3nmosBaiikn TexHuKara Ha Mpou3BoaHuTe Ha Pperire, cMyTeHO-
TO ypaBHEHHE Ce 3aIUCBa KaTO eKBUBAJEHTHO OIEPATOPHO YpaBHEHHUE, KOETO IT03BOJIsIBA
HPUJIATAHETO HA METO/a Ha MarKOPAHTUTE Ha JIAIyHOB U IpUHIKIIA HA (DUKCHpAHATA TOY-
ka Ha [llaymzep 3a moaydyaBane Ha HOPMOBH YHCJIa HA 00YCJIOBEHOCT, KAKTO U JIOKAJTHU U
HeJIOKAJIHU eprypbanuonau rpanuiy. I13eenn ca abCoIIOTHN 1 OTHOCUTEIHA YUCJIa, Ha,
00yCJIOBEHOCT CIIPSIMO CMYIIEHHSATA B MaTPUYHHTE KOSMUIMEHTH M JIOKAJHU HepTypda-
IIHOHHU TPAHUIW 3a p = +r, p = +£1/s, p = +r/s, r, s ecrectBenn ducsa. [Ipeaiokenu
ca W HeJIOKAJHU TepTypOalnoHHu rpanuiy npu p = +1/2 p=1/3, p=1/s, u p = +r.
EdexktuBnoctTa Ha neprypOallmOHHATE IPAHUIU € JIeMOHCTPUPAHA ¢ YUCICHU TPUMEPH.

B aBe nemu ca mokassa mpomsBognata na Pperre wa dynkmuara A — AP ¢ p = —1/s,
B TO4YKaTa A, KaKTO U HOPMOBHUTE I'DaHHUIM 3a 4JjeHOBETE OT BTOPU U 110O-BUCOK DEC Ha
cMytenuero B marpunara A 3a p = —1/2 u p = £r, r > 2. Te3u pesyararu ca cbe
CaAMOCTOSTEJIHO 3HAYEHUE.

Abstract: In this paper, the sensitivity of the solution to the general type nonlinear
matrix equation Ay + Zle o Af XPiA; =0, 0; = £1 is studied, where £ is a positive
integer and p;, © = 1,...k are real numbers. Both, the real and the complex case are
studied. Using the technique of Fréchet derivatives, the perturbed equation is written as an
equivalent operator equation, which allows applying the method of Lyapunov majorants
and Schauder fixed point principle to obtain normwise condition numbers as well as
local and nonlocal perturbation bounds. Absolute and relative condition numbers relative
to perturbations in the matrix coefficients and local perturbation bounds for p = =+r,
p = x1/s, p = £r/s, r, s natural numbers are derived. Non-local perturbation bounds
forp=+1/2, p=1/3, p=1/s, and p = £r are proposed as well. The local bound gives
satisfactory results for small perturbations in the data. The non-local bound is slightly
more pessimistic but holds when the perturbation in the data belongs to a preliminary
defined domain of applicability of the bound. Several numerical examples are given to
illustrate the effectiveness of the perturbation bounds.

In two lemmas, the Fréchet derivative of the function A — AP, with p = —1/s, at the
point A, as well as normwise bounds for the terms of second and higher order of the
perturbation in the matrix A for p = —1/2 and p = £r, r > 2, are proved. These results
are of independent significance.
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[T'6] Popchev, I., Petkov, P., Konstantinov, M., Angelova, V. Perturbation bounds
for the nonlinear matrix equation X + APX(-1)A+BHX(_1)B = . LSSC 2011,
LNCS 7116, Springer, Heidelberg, 2012, ISSN:0302-9743, DOI1:10.1007/978-
3-642-29843-1 17, 155-162

Pestome: Hampapen e nbjeH nepTypOallioHeH aHAIU3 HA HEJTMHEHHOTO MATPUIHO ypaB-
nerne X + AUX 1A+ BYX"'B = I, kpnero A u B ca KBaIpaTHI KOMIIJIEKCHH MaTpPHIIH,
AY oBo3nauaBa KOMILTIEKCHO cIIperHaTa TpaHCHOHMpaHa /uin EpMuToBO cipermaraTa/
Ha Marpurara A n I e enmHmuHaTa MaTpuia. MaTpudHOTO ypaBHEHHE € CBbP3aHO ChC
3ajavara 3a peliaBaHe Ha cUcTeMara OT JimHelHu ypaBHeHuss Pr = F, upe3 Tpancdop-
MEpaHe Ha CUCTeMAaTa B JBe JIMHEHHU CUCTEMHU ChC CBOTBETHO JIOJIHO- B TOPHO-TPUBI'bJICH
osiok MaTpuden koedunuenT. ChIIecTBYBaHETO HA pa3/jaraHeTo Ha MAaTPHUIATA € CBbP3a-
HO C pelllaBaHeTO Ha YpaBHEHUETO, paslyeaHo B cTaTudaATa. JIOKOJKOTO HH € M3BECTHO,
TOBA € I'bPBOTO M3CJI/IBAHE HA YyBCTBUTEIHOCTTA Ha ypaBuenuero. [losyyenu ca Jjiokas-
HU TepTypPOAIMOHHN IPAHUIM ¢ MOMOIITa Ha mpousBomauTe Ha Pperne. 3a ga ce w3Beae
HeJIOKaJIHA HepTypOalmoHia rpaHuia, CMyTeHOTO YpaBHEHHUE ce 3aIICBa B eKBUBAJICHTHA
dopMa KaTo MATPUYHO YpaBHEHHUE 3a CMYIIEHHETO B PEIICHUETO U Ce Ipuiara TeXHUKaTa
HA MayKOpaHTUTe Ha JIAmyHOB u mpuHIuNa Ha dpukcupanara Touka Ha Illaymep. Jlokan-
HUTE TPAHUIM Ce M3BEXKIAT, KATO Ce IMpeHeOPerHar 4jieHOBeTe OT BTOPH U MO-BHCOK PeJl
W Ca BaJUIHH caMo acuMuToTmdno. Tnit karo A — A me e xomorenna, npn nssexgane
HA YMCJIaTa Ha OOYCJIOBEHOCT U JIOKAJHUTE T'PAHUIM Ce TIpUJara TeXHUKaTa, OCHOBaHA Ha
TEOpUATa Ha aJUTHBHUTE onepaTopu. HelokaHara rpaHuna e BaJuHa P CMYIIEHUS B
JIAHHATE, IPUHAJIeZKAIIN Ha 001aCT OT JAOIYCTHMHU CMYIIeHHs. BKIoUBaHeTo Ha CMyIIe-
HUsATa B 00J1aCTTa 34 AOIYCTHMOCT FapaHTHpPa, 9€ CMYTEHOTO YPaBHEHHE HMa, €IHHCTBEHO
pellierne B OKOJIHOCTTa Ha TOYHOTO /HecMyTeHoTo/ perenne. HesokanHata rpaHuna e
CTpoOra, HO MOXKe Ja He CbhIIeCTBYBa UJIN MOZKE J1a 6’1),[(6 NMeCUMUCTHUYIHa B HAKOU CJIy4dau.
[lepTypbanuoHHUTE IPAHUIU HO3BOJIABAT j1a ce (hOPMYIUPAT ONEHKH Ha 0DYCJIOBEHOCTTA
U TOYHOCTTA HA M3YUCJICHOTO PellleHue, PH U3I0JI3BaHe HA YCTOUIHB YUCIeH aJIIOPUTHBM
3a pelaBaHe Ha ypaBHEHUETO. YUC/JIeHUTe eKCHePUMEHTH IIOKA3BAT, € 33 PA3IJICK IaHUs
KJIAC YUCJICHU 3aJIa4U, MPEII0KEeHUTE NepTYPOAIMOHHN IPAHUIN JAaBAT 3a0BOJUTE/THO
TOYHHU OIEHKU Ha I'pCIIKaTa B PEHICHUETO Ha YPaBHEHUETO.

Abstract: In this paper we make a complete perturbation analysis of the nonlinear
matrix equation X + A"X"'A 4 BEX"'B = I where A and B are square complex
matrices, A" denotes the complex conjugate transpose of the matrix A and I is the
identity matrix. The matrix equation is related to the problem of solving the system
of linear equations Px = f, when it is transformed to two linear systems with lower
and upper triangular block coefficient matrix, respectively. The existence of the matrix
decomposition is related to the solution of the equation, considered in the paper. We make
a complete perturbation analysis of the equation, which, to the best of our knowledge,
is the first study on the sensitivity of the equation. Local perturbation bounds are
derived using the Fréchet derivatives. To derive the non-local perturbation bound, the
perturbation analysis problem is written in equivalent form as a matrix equation for the
perturbation in the solution, and the technique of Lyapunov majorants and the fixed
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point principle of Schauder are used. The local bounds are obtained neglecting second
and higher order terms and are only asymptotically valid. For the calculation of the
condition numbers and the local bounds, the technique, based on the theory of additive
operators, must be applied because the function A — AM is not homogeneous. The
non-local bound gives a domain of admissible perturbations and a non-linear function,
which estimates the perturbations in the solution to the equation. The inclusion of the
perturbations to the domain of admissibility guaranties that the perturbed equation has
a unique solution in a neighbourhood of the unperturbed solution. The non-local bound
is rigorous, but may not exist or may be pessimistic in some cases. The perturbation
bounds allow to derive condition and accuracy estimates for the computed solution, when
using a stable numerical algorithm to solve the equation. Numerical experiments show
that for the considered class of numerical problems, the perturbation bounds, proposed,
give satisfactory accurate estimates of the perturbation in the solution to the equation.

Popchev, I., Angelova, V. Residual bound of the matrix equations X + AJX 1A,
— A,. C. R. Acad. Bulg. Sci., 67, 9, 2014, ISSN:1310-1331, 1217-1222

Pestome: PasriexiaT ce HelnHeiHUTe KOMILIEKCHE MaTpuunu ypapHenusa X £ AN X 1A,
= Ay, kbjero A; e EpMUTOBO MOJIOXKUTEHO ONPEIeSeHa N X 1 KOMILIEKCHA MaTpPHUILA,
a All oGosnauasa xommiekcuo crpernara Tpancrnonupana /Epumuroso cupernarara/ Ha
Ag. YpaBHeHUSATa HAMUPAT MIHPOKO MPUIOKEHUE B PA3IUIHN 00JIACTH KATO TEOPHUS Ha
YVIPAaBJICHHETO, JTUHAMUYIHO IIPOrpaMUupaHe, CTATUCTHKA, cToXacTudna (gpuarpaius. Karo
e HallpaBEeHO IIPEINOI0KEHUETO, Ye ca M3IIbJIHEHN HEOOXOIUMHUTE U JOCTATBHIHHN YCJIOBUS
3a CHIIECTBYBAHETO HA EPMHUTOBO IMOJIOXKHUTETHO ONPEIEC/ICHH DPEIICHUs Ha yDPABHEHHSI-
Ta, € W3BeJeHa ceMinia, e(heKTUBHA U JIECHO M3YNC/INMa HOPMOBA HEJIOKAJIHA TPAHUIA HA
OCTATHIHATA TPEINTKa B W3YHCJIEHUTE UPE3 UTEPAIMOHEH AJTOPUTHM TPUOJIU3UTETHE Pe-
IeHUs HA ypaBHeHHATA. ['paHUNaTa € ¢ NpaKTHIeCKO 3HaYeHUe 3a OIeHKA Ha TOYHOCTTA
Ha OpHUOINKEHOTO pelleHne, MOJIYUYeHO Upe3 HTEPAIMOHeH aJIropuTbM. EdekTuBHOCTTA
HA [PE/JIOZKEHATA I'PAHUIA € WIIOCTPUpana ¢ ducjien npumep. CpaBHEHHETO C M3BECTHA
B IMTepaTypaTa IPaHuIa Ha OcTaThbaHaTa rpemmka 3a ypasnenne X + AXX 1A, = A no-
Ka3Ba MPEBB3X0CTBO HA TPEJIOKEHATa B CTATUSITA IPAHUIIA 10 OTHOIIEHWE HA TOYHOCT
U OCTPOTA.

Abstract: The nonlinear complex matrix equations X + AYX~1A4, = A; are considered,
where A; is a Hermitian positive definite n x n complex matrix and ALY denotes the
conjugate transpose of A,. These have wide applications in various areas as control theory,
dynamic programming, statistics, ladder network, stochastic filtering. Assuming that the
necessary and sufficient conditions for the existence of Hermitian positive definite solutions
of the equations are fulfilled, we derive a simple, effective and easy computable norm-
wise non-local residual bound for the computed by an iterative algorithm approximate
solutions to the equation. The bound is simple and of a practical use to assess the accuracy
of the approximate solution obtained by an iterative algorithm. The effectiveness of the
bound proposed is illustrated by a numerical example. A comparison with a known in the
literature residual bound shows the superiority of the proposed in the paper bound for
equation X + ANX 1A, = A; in terms of accuracy and sharpness.
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[T'8] Popchev, I., Konstantinov, M., Petkov, P., Angelova, V. Norm-wise, mixes and
component-wise condition numbers of matrix equation A, + Zle o Af XPi A =
0,0; = £1. Journal of Applied and Computational Mathematics, 13, 1, Azerbai-
jan National Acad Sci, 2014, ISSN:1683-3511, 18-30

Pezome: I/ISBG,ILGHI/I Cca HOPMOBH, CMECEHH U IIOKOMIIOHEHTHH YHCJIa Ha O6YCJIOBeHOCT Ha
k

HEJTMHEHOTO MATPUIHO ypaBHeHne Ag + Z 0, A, XP"A; =0, 0; = £1, KbJIeTO pelreHne-
i=1

to X u xoedurmenture A;, ¢ = 0,...,k ca peajHH WU KOMILIEKCHH N X N MATPHUIA U
k > 2 e MOMOKHUTENHO A0 Yncao. B gombanerne, Ag n X ca CHMETPUYHH HEOTPHIIA-
TEJTHO OIIpejie/IeHN MATPHUIU B PeaJHUS Caydaii 1 EpMHUTOBO HEOTPHIIATEIHO OIIPeIeIeHI
MAaTPHIU B KOMILIEKCHUS caydaii. CTeneHHuTe mokasaTesu p;, ¢ = 1, ..., k ca peajaHu duc-
aa. Crarusrta e upojbizkenue Ha |[['5], KbJero e 10Ka3aHO CHIMECTBYBAHETO HA PEIICHUE
HA ypaBHEHHETO, KAKTO M €A U3BEJIeHH JIOKAJHH U HEJOKAJTHHU MepTypPOAIMOHHN TPAHUIIH.
Popmynupann ca aOCOJTIOTHH W OTHOCUTETHH HOPMOBHU, CMECEHH M MOKOMITOHEHTHH INC/Ia
Ha OOYCJIOBEHOCT 3a ypaBHenuero. JlajeHn ca M3YUCIUMU U3Pa3u 3a caydaure p; = +r,
pi = t1/s,up; = +r/s, 3a r, s mosoxurennu nean anciaa. [Ipemnoxenn ca ropuu rpanu-
i Ha CMECeHUTe W MOKOMIIOHEHTHHTE YUCIa HAa 00YCJOBEHOCT 33 PEAJHOTO YpaBHEHHE.
Yucmata Ha 00YCA0BEHOCT €A MSIPKA 33 IyBCTBUTETHOCTTA HA PENIEHHETO K'bM CMYIIEHUSI
B JAHHUTE W yJacTBAT BbB (POPMYIUPAHETO HA NMEPTYPOAIMOHHN TPAHUIINA 33 U3UYHC/IE-
HOoTO peirenue. OT cBog CTpaHa, MePTYPOANMOHHUTE I'DAHHUIM €A €JIeMEHT OT BHUCOKOII-
POM3BOJIUTETHUTE U3UUCACHUALA. 3a 3aJa9H, IPU KOUTO JAHHUTE BAPUPAT 3HAYUTETHO II0
roJIeMUHA, YeCTO € TOo-I00pe J1a ce M3MOI3BaT OTHOCUTEHHN YHCAa Ha o0ycaoBenocT. Ko-
raTo CMYIIEHUSTA C€ PA3INYABAT 3HATUTETHO B KOMIOHEHTHTE, € TTOJIe3HO Ja e TPUI0KI
MOKOMITIOHEHTHHUST aHAIN3, Thil KATO HOPMOBHTE I'PAHUIMA, KOUTO JaBAaT MSPKa, ChOTBET-
CTBAIla CaMO 3a Hal-rojeMuTe CMYINeHHs, Ouxa OWIM MeCUMUCTHYHHU 38 CTPYKTYpPUpAHU
U IMO-MaJIKu cMmylnenus. CMeceHuTe 4ducja Ha OOYCJIOBEHOCT JIaBaT HMO-TOYHH OICHKHU 3a
3aJ1a9M ¢ pa3pejieHn MATPUIM HA JAHHUTE /UMAT HSIKOU HYJEBH KOMIIOHEHTH/, Thil KaTo
OOHMKHOBEHO HE Ce HATPYIBAT IPENIKK OT 3aKPbIJIsIBAHE B HYJIEBUTE €JIEMEHTH HA JTAaHHUTE.
YucieHn mpuMepH MOKA3BaT, e OMEHKUTE Ca JT0CTa OCTPH.

Abstract: This paper set out to determine norm-wise, mixed and component-wise condi-
k

tion numbers of the nonlinear matrix equation Ay + Z 0;A; XP"A; =0, 0; = £1, where

=1
the solution X and the coefficients A;, i = 0, ..., k are real or complex n X n matrices and

k > 2 is a positive integer. In addition, Ay and X are symmetric non-negative definite
matrices in the real case and Hermitian non-negative definite matrices in the complex
case. The exponents p;, i = 1,...,k are real numbers. The paper is a sequel to [['5],
where the existence of solution to the equation was studied, as well as local and non-local
perturbation bounds are derived. In this paper we obtain absolute and relative norm-wise,
mixed and component-wise condition numbers for the equation. Explicit expressions for
the cases p; = +r, p; = £1/s, and p; = +r/s, for r, s positive integers are given. Upper
bounds of the mixed and the component-wise condition numbers for the real equation
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are proposed. The condition numbers are measures for the sensitivity of the solution to
perturbations in the data and are involved in the formulation of perturbation bounds
for the computed solution. In turn, the perturbation estimates are elements of the high-
performance computations. For problems which data differ widely in their magnitude,
it is often better to use the relative condition numbers. When the perturbations differ
significantly in the components it is useful to apply the component-wise analysis, since
the norm-wise bounds giving relevant measure only for the largest perturbations, would
be pessimistic for structured and smaller perturbations. The mixed condition numbers
give sharper estimates for problems with data, having some zero components, because
usually no rounding errors are introduced in the zero data elements. Numerical examples
show that the estimates are fairly sharp.

Angelova, V. Local Perturbation Analysis of the Stochastic Matrix Riccati
Equation with Applications in Finance. Advanced Computing in Industrial
Mathematics. Studies in Computational Intelligence, 728, Springer Internatio-
nal Publishing, 2018, ISBN:978-3-319-65529-1, ISSN:1860-949X, DOI1:10.1007/
978-3-319-65530-7 1, 1-9

Pestome: Croxacruvanara auHeidHO KBaJgparudra ontumusanus /SLQ/ karo moaxos 3a
yIpaBjeHne ce e JoKa3aJja, de JaBa eEeKTUBHU U TOAXOJSIIN PellieHns] Ha WHBECTHUIIN-
OHHHUTE IpobjieMd BbLB duHancure. MaTpudHoTo ypaBHeHHe Ha PHUKaTH, CBBpP3aHO ChC
CTOXAaCTHYHATA JUHEHHO KBaJpaTudHaTa onTuMu3anusd SLQ), e cTOXacTUIHOTO MATPUIHO
ypasuenue na Pukaru /SMRE/. JIoko/IKOTO HU € u3BecTHO, dyBeTBUTE HOCTTA HA SMRE
BCe OIlle He e aHaJu3upaHa. B craTusTa € HAIIpaBeH JIOKaJIeH nepTypOalnoHeH aHaJu3 Ha,
CTOXAaCTHYHOTO MaTpuvHO ypasHenue Ha Pukatu /SMRE/ ¢ npuioxkenus B nnHeiinara
KBa/IpaTHYHA ONTHUMHU3AIMUS HA CTOXaCTUIHUTE puHancoBu Mouenn. Cies 3alucBaHa Ha
SMRE B exBuBajienTHa ¢dopMma Ha aduHeH JUHEEH OIlepaTop U IIPUIaraHe Ha TeXHUKUTE
Ha mpou3BogHUTe Ha Ppelre, ca U3BeIeHN aDCOTIOTHA W OTHOCUTEHE HOPMOBU UHCIA Ha
obycsioBeHoCT U € hbOpMyIUpaHa JOKaIHA (I'bDBH D) PAHUIA 33 I'DEITKATA B H3UUCIIe-
HOTO pellleHne Ha ypaBHeHnero. Jucaara Ha 00yCcJI0BEHOCT U epTypOaIlmoHHaTa IPAHNTLA,
HO3BOJIABAT JIa ce oreHu odbycaoBenocTra Ha SMRE n TouHOCTTAa HA HErOBOTO U3YUCICHO
Ype3 YUCJCHO YCTONYUB aJropuTbM pelleHue.

Abstract: The stochastic linear quadratic /SLQ/ control approach proves to give effective
and appropriate solutions to investment problems in finance. The matrix Riccati equation
subject to the SLQ problem, is the stochastic matrix Riccati equation /SMRE/. From the
best of our knowledge the sensitivity of the SMRE is still not analyzed. In this paper a local
perturbation analysis of the stochastic matrix Riccati equation /SMRE/ with applications
in linear quadratic optimization of stochastic finance models is made. Rewriting the
SMRE in equivalent form of affine linear operators and applying the techniques of Fréchet
derivatives, absolute and relative norm-wise condition numbers are derived and local (first
order) perturbation bounds for the error in the computed solution are formulated. The
condition numbers and the perturbation bounds allow to estimate the conditioning of the
SMRE and the accuracy of its computed by a numerical stable algorithm solution.
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[['10] Angelova, V. Perturbation analysis of a nonlinear matrix equation arising
in tree-like stochastic processes. Studies in Computational Intelligence, 793,
Springer Nature Switzerland AG, 2019, ISSN:1860-949X, E-ISSN:1860-9503,
DOI:10.1007/978-3-319-97277-0 4, 37-50

Peziome: Pemennero, n3uncieno B cpejata Ha MalllMHHATA apUTMETUKA ¢ KpafiHa TOY-
HOCT, TpsOBa na Obje NpuAPy?KEeHO OT aHaJ u3 Ha OOYCJIOBEHOCTTA HA pellaBaHaTa 3a-
nada. B pesyarar ma mepTypbanMoOHHUS aHAIN3 Ce M3BEYKJIAT MEPKH 33 YYBCTBUTEJ-
HOCTTa HA peIIeHneTO KbM CMYIIeHud B MaTpudHuTe Koedurmentu. 1lo tazu mpuamna,
3a Jla ce YCTAaHOBM TOYHOCTTA HA U3YUCIEHOTO C UTEPAIMOHEH aJTOPUTHM pellleHHe Ha
HEJTMHEHHOTO MATPUYHO YpaBHEHUE, Bb3HUKBAIIO B JTHPBOBUIHU CTOXACTUYHU MPOIECH
X = @(8)7 q)(S) =C — Z:il AiX_lDi, ¢S = (Ab AQ, ce ,Am, Dl, DQ, ceey Dm, O) S
U= R ) R™™ x . x R™™ — (2m + 1)-rpyna Ha KOJEKIUATa OT MATPHIHI KOe-

2m+1

dunmentun A;, D;, C € R 3a i =1,...,mu X € R"™" — HecHHI'YJIIpHO peIleHNe,
B cTaTuATa ca (GhOPMYIUPAHH HOPMOBU, CMECEHH U MOKOMIIOHEHTHHM YMC/IA HA 00YCI0Be-
HOCT, KAKTO W JIOKaJIHU neprypoOarnuonan rpanunu. C mOMOIITa HA METOIWTE HA HEJIH-
HefiHus TTepTypbannones aHan3 (MaxKopanTu Ha JIsmyHOB, NpHHIMIH Ha (GUKCHpaHaTa
TOYKA) Ca MOJIY9IeHH U HOPMOBH HEJOKAJTHU TPAHUIN HA OCTATHYHATA TPEIIKA B PellleHHe-
T0. I'panunuTe Ha OcTaThIHATA TPENIKA ca (POPMYJIUPAHK II0 OTHOIIEHHE Ha U3YHCIEHOTO
HpUOIU3UTEHO pelleHne Ha yPAaBHEHUETO W MOraT JIa Ce M3MOJI3BAT KATO CTOI KPUTEPUH
Ha UTepaluuTe, [IPU PEIllaBaHe Ha Pa3lvIeK/IaHOTO HeJINHEHHO MaTPUYHO YPaBHEHUE Upe3
YHUCJIEHO YCTONYUB UTEePAITUOHEH AJTOPUTBM.

Abstract: The solution, obtained in the environment of finite precision machine arithmetic
must be allays accompanied by an analysis of the conditioning of the problem solved. The
perturbation analysis derives measures for the sensitivity of the solution to perturbations
in the matrix coefficients. Motivated by these, in order to ascertain the accuracy of an
iteratively calculated solution to a nonlinear matrix equation arising in Tree-like stochastic
processe X = ®(S), @(S)=C->", A X 'D;, with S = (A1, Ay, ..., Ay, D1, Do, ...,
Dy, C) € U =R x R™™ x ... x R™" — the (2m+1)-tuple of the collection of matrix
2m+1

coefficients A;, D;, C € R"™" for : = 1,...,m and X € R"" — a nonsingular solution,
in this paper norm-wise, mixed and component-wise condition numbers, as well as local
perturbation bounds are formulated and norm-wise non-local residual bounds are derived
using the methods of nonlinear perturbation analysis (Fréchet derivatives, Lyapunov
majorants, fixed-point principles). The residual bounds are formulated in terms of the
computed approximate solution to the equation and can be used as a stop criteria of the
iterations, when solving the considered nonlinear matrix equation by a numerically stable
iterative algorithm.
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[[11] Angelova, V. Non-local perturbation analysis for equation arising in Tree-Like
stochastic processes. Advanced Computing in Industrial Mathematics, Studies
in Computational Intelligence, 961, Springer, Cham, 2021, ISBN:978-3-030-
71615-8, DOI:10.1007/978-3-030-71616-5 3, 16-25

Pestome: 3a HeauHeiiHO MATPUYHO ypaBHEHNE, BH3HUKBAIIO TPU IHbPBOBHUIHU CTOXAC-
tuann nporecu B [['10] ca dopMyaupann HOPMOBH, CMECEHH W IIOKOMIIOHEHTHH YHCJIA
Ha O0YCJIOBEHOCT, KAKTO M JIOKAJHH HePTYPOAIMOHHH T'PAHUIUA M Ca H3BEJCHU HOPMO-
B HEJIOKAJTHU TPAHUIU Ha OCTATHIHATA IpeliKka. JIOKaTHWTe TpaHuIy ca BaJUTHA CaMO
acuMuToTHIHO. OTpPaHNYIEHHETO €KBHBAJEHTHOTO CMYINEHHEe B JaHHUTE Aa Oble J0CTa-
THIHO MAJKO, 3a JIa e OCUTYPU TMPHJIOKHUMOCT B JOCTAThUHA TOYHOCT HA JOKAJIHATA
rpaHuIla, € HeJoCTaTbK Ha JIOKAJHATA I'PAHUIA, KOUTO Cce MPeojossdBa C HeJIOKaJHATa
neprypbamuonta rpanuna. Karo npoabizkenne Ha TPEIUIIHATE Pe3yJITaTH, B Ta3H CTa-
THs € HOpMYInpaHa HeJOKATHA MepTypOaoHHa TPAHUIA 32 PEIIeHHeTO Ha HeJTUHEHHOTO
MaTPUYHO yYpPaBHEHHE, Bb3HUKBAIIO B JbPBOBUIHUTE CTOXaCTHYHH Iporech. ['panunara
e bopMyIupaHa C MOMOIITA Ha METOIUTE Ha MarKOpPaHTHTe Ha JIANMyHOB M NMPUHITUINATE
Ha ¢pukcupanara Touka. Hemokasnara rpaHuna e mo-meCUMHCTUYHA OT JIOKAJIHATA I'pa-
HHUIIA, T'bif KATO TS BKJIIOYBA B cebe CH OCBEH JIOKAJIHATA I'PAHMUIA B MIpPKa 33 eJIeMEHTHTE
OT BTOPH W TO-BUCOK peji. Ho e Bammana 3a cMyIeHnd B JaHHUTE, TPUHATEKAITNA KbM
AIpPUOPpH 3a/1a/1eHa 00/1aCT, KOETO rapaHTupa ChIIeCTBYBAHETO HA PEIleHHe HA CMYyTEHOTO
ypaBHEHWE B OKOJHOCT Ha TOYHOTO PeIlTeHre.

Abstract: For a nonlinear matrix equation arising in Tree-like stochastic processes in
[['10] norm-wise, mixes and component-wise condition numbers, as well as local perturbation
bounds are formulated and norm-wise non-local residual bounds are derived. The local
bounds are valid only asymptotically. The exigence to be small enough for the perturbations
in the data in order to ensure sufficient accuracy of the local bound is an disadvantage of
the local bound which is overcome in the non-local perturbation bound. As a continuation
of the previous results, in this paper a non-local perturbation bound for the solution to
the nonlinear matrix equation arising in Tree-like stochastic processes is formulated using
the techniques of Fréchet derivatives and the methods of Lyapunov majorants and fixed-
point principles. The non-local bound is more pessimistic than the local bound, but it is
formulated for data perturbations included in a given a priori prescribed domain which
guarantees the existence of the solution to the perturbed equation in a neighborhood of
the exact solution.

[['12] Popchev, I., Ketipov, R., Angelova, V. Risk Averseness and Emotional Stability
in e-Commerce. Cybernetics and Information Technologies, 21, 3, Prof. Marin
Drinov Academic Publishing House, 2021, ISSN:1314 4081, DO1:10.2478 /cait-
2020-0030, 73-84

Pesiome: N3ciieiBa ce Bpb3KaTa MEXKJIy eMOIMOHATHATA CTAOMITHOCT, €/IHA OT OCHOBHUTE
JIeTepDMUHAHTH Ha JIHYHOCTTA, M HEXKeJaHHeTO Ha HOTPeOUTe/InTe 13 PUCKYBAT, OT €IHA
CTpaHa, W IOBEJICHUETO Ha MOTPeOUTEeIUTe B 00JACTTa HA eJIeKTPOHHATA ThProBHUs, OT
apyra crpana. Ilpemioxken e KpaTbK Iperjie/l Ha JHEITHS OCHOBEH €TaJIOH 3a W3MepBaHe
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Ha JoBernkaTa JuaHocT — Mogenst va [omemure mer. [IpoBeieHo e TecTOBO MpoyUBaHe 3a
HneJuTe Ha u3cieaBanero, bazupano Ha TIPI tecrt ¢ 226 yaactauiu. Tectst TIPI e Bau -
paHa M ChbKpaTeHa Bepcusd Ha meTdakKTOpHUS Mojesa. Pe3yTarbT oT NpoBeIeHOTO POy U-
BaHe IIOTB'bP2K/laBa HAJIMIUETO Ha 3HAYUMU BP'b3KU ME2KJ/TY JIMYHOCTHO-ACTCPMHUHAHTHATA
eMOIMOHA/HA CTA0UIHOCT 1 WHMOPMUPAHOCTTA 33 MOTPEOUTEICKUST PUCK, OT €JIHa CTPa-
Ha, 1 HAKOU OT Ha6.HIO,ZLaBaHI/ITe OCHOBHH beHKI_[I/IOHaJ'IHOCTI/I Ha OHJIANH Mara3mHuTe, OT
Jgpyra. Peanusupanu ca JiBa perpecHoHHE Mojiesia OT 00JacTTa Ha MAIIKHHOTO OOydYeHHe
(JTuneitna perpecust /Linesr Regression/ u Cayuwaiina ropa /Random Forest/), 3a na ce
HAITPaBU HAJIEXKIHA MIPOrHO3a 32 MPEANOUYNTAHAATA HA TOTPEOUTEIsI B IPOIEca HA OHIaiH
nazapysane. Hanpasenure u3zBoau 060061aBaT nmoJydeHUTe PE3yJATaTH U aHAJII3A.

Abstract: The study aims to examine the issue of the relationship between Emotional
stability, one of the fundamental personality determinants, and users’ Risk Averseness,
on the one hand, and user behavior in the field of e-commerce, on the other hand.
In the beginning, a brief overview of today’s primary benchmark for the measurement
of human personality — the Big Five Model is proposed. For the aim of the research,
based on the TIPI test study with 226 participants is conducted. The TIPI test is a
validated and abridged version of the Five-Factor model. The result of the conducted
survey confirms the existence of significant relationships between personality determinant
Emotional stability and consumer Risk awareness, on one side, and some of the observed
main functionalities of the online stores, on the other side. Two regression models of the
field of Machine Learning (Linear Regression and Random Forest) are implemented to
make a reliable forecast about the user’s preferences in the process of online shopping.
The made conclusions rely on the obtained results and analysis.

Angelova, V. Sensitivity of the nonlinear matrix equation X? = A 4+ M (B +
X-H)~1M*. Advanced Computing in Industrial Mathematics, . BGSIAM 2020.
Studies in Computational Intelligence, 1076, Springer, Cham, 2023, ISSN:1860-
949X, DOI:10.1007/978—3—031—20951—2_1, 1-11

Peztome: Cratusara pasryiexia 9yBCTBHTEIHOCTTA HA HEJUHEITHOTO MaTPUYHO ypaBHE-
e F(X,Q) := XP — A— M(B+ X1)"'M* = 0, 3a nonokurenno msio aucao p > 1.
3a caydasg p = 1, ypaBHeHHeTO € 100pe MO3HATOTO B TEOPHs HA YIPABJIEHHETO, CTOXAC-
THIHATA (PUITPAINS, TMHAMAYHOTO IPOrpaMUApaHe CHMETPUIHO JTUCKPETHO aareOpuIHO
marpuuno ypashenue na Pukaru X = MX (I+BX)"'M*+ A u xoraro B = 0, crasa juc-
KPETHO ajreGpHYHO MATPUIHO ypaBHeHHe Ha JISAMyHOB /Win ypaBHeHHeTo Ha EpMuTHan
Maita/ X = M*XM+A, ¢ A= A*, Bp3uukBany npu 06paboTKaTa Ha CUTHAJU U TEOPHs
Ha yIpaBJIeHHeTO Ha cucTeMd. IIpwiraraiiku JoKaJHHS U HeJOKAJHHS HepTypOaIrmoHeH
aHajn3, basmpaHd Ha TEXHUKHTEe Ha mpouspomguuTe Ha Ppemre, MeToga Ha MayKOpaHTH-
Te Ha JIsnyHoB u npuHnuna Ha gpukcupaHnara touka Ha [llaygep, ca u3BejieHU JIOKAJIHU
1 HEeJOKAJHU MepTypOarnoHHu TpaHuu. JIOKaJHUTe IPAHUIN €A TPAHUIU HA TPEITKUTE
OT 'bPBU peji B pertenuero X, popMmyiupanu Ha Oa3ata Ha abCOTIOTHH U OTHOCUTETHU
9UCIa Ha O0OYCJIOBEHOCT HA YPAaBHEHHETO M BAJHIHU CAMO aCHMITOTHIHO 38 JIOCTATHU-
HO MaJIKd CMYIIeHHs B mapauTe. PopMyampaHaTa HeJOKAJIHA HepTypOAIMOHHA IPAHMIIIA,
BKJIIOYBA JIOKAJTHATA I'PAHUIA, KAKTO U WICHOBE OT BTOPU PEJ| HA CMYIIEHUATA B JTAHHUTE,
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NPUHAJIEZKANTN KbM Ja/IeHa allpHOPHO onpejesera 00aacT, KOeTO TapaHTHpa ChIECTBY-
BaHETO Ha €IMHCTBEHO PellleHre Ha CMYTEHOTO YpPaBHEHHe B OKOJHOCTTA Ha HECMYTEHOTO
TOYHOTO pelierre. UncaeHuTe TpUMEPH WIIOCTPUPAT ePeKTHBHOCTTA HA TIPEJIOKEHUTE
neprypoaIrMoHHu I'PAHUIIN.

Abstract: The paper deals with the sensitivity of the nonlinear matrix equation F'(X, Q)
= XP—A— M(B+ X1)"'M* =0, for a positive integer p > 1. For the case p = 1, the
equation is the well known in control theory, stochastic filtering, dynamic programming
and ladder network symmetric discrete-time algebraic Riccati equation X = MX (I +
BX)™'M*+ A and when B = 0, it becomes the discrete-time algebraic Lyapunov equation
/or Hermitian Stein equation/ X = M*X M+ A, with A = A*, arising in signal processing,
system and control theory. Applying the local and the nonlocal perturbation analysis,
based on the techniques of Fréchet derivatives, the method of Lyapunov majorants and
Schauder fixed point principle, local and nonlocal perturbation bounds are derived. The
local bounds are first order perturbation bounds for the error in the solution X, formulated
on the base of absolute and relative condition numbers of the equation and valid only
asymptotically for sufficiently small perturbations in the data. The formulated nonlocal
perturbation bound involves the local bound, as well as terms of second order of the
perturbations in the data included in a given a priori prescribed domain that guarantees
the existence of a unique solution to the perturbed equation in a neighborhood of the
unperturbed solution. Numerical examples illustrate the effectiveness of the perturbation
bounds proposed.

Ketipov, R., Angelova, V., Doukovska, L., Schnalle, R. Predicting User Beha-
vior in E-Commerce Using Machine Learning. Cybernetics and Information
Technologies, 23, 3, Institute of Information and Communication Technologies,
Bulgarian Academy of Sciences, 2023, ISSN:1311-9702, DOI1:10.2478 /cait-2023-
0026, 89-101

PGBIOMe: yHI/IKaﬂHI/ITe YepTU Ha BCEKHU YO0BEK CbAbpPzKaT HECHHU IMPO3PEHUA 3a HEI'OBOTO
HOTPeOUTENICKO TOBeIeHHEe, KOETO IT03B0JIABA HA YUCHUTE W eKCIePTUTe OT UHIAYCTPHATA
118 pa3paboTAT MHOBATHBHIA MAPKETHHIOBH CTPATEIUH, IIEPCOHATM3UPAHN PELICHUs U 1O-
n00peH moTpebuTescKr OIUT. ToBa U3c/aenBaHe MpeacTaBsd KOHIENTYAJIHA PAMKA, KOATO
U3CIeIBa BPB3KATA MEKIY OCHOBHATE M3MEPEHHUS Ha JTUYHOCTTA U CTUIOBETE Ha OHJIANH
naszapysaHe Ha norpedburenure. Upes uznosnspanero na recra TIPI, HagexHa n Bamm-
paHa aJITepHaTUBA Ha MeT(aKTOPHUSI MOJIE/I, C€ YCTAHOBIBAT WHIMBUIYAJTHU TTOTPEOUTE/I-
cku npoduan. Pesynrarnre paskpupaT 3HAYUTEIHA BPb3Ka MEXKIY KIIOYOBU JTUIHOCTHU
yeprn U cuenuuIHr GYHKIUOHAIHOCTH 32 OHJIAMH mazapypaHe. 3a Ja ce IPOTHO3UPAT
TOYHO HYZKJINTE, OUAKBAHUATA U MPEANOYNTAHAATA Ha KIMCeHTUTe B VIHTepHeT, B CTaTHs-
Ta ce IpeJIara BHEAPABAHETO HA JBa MOJEA 34 MAIIMHHO 00ydeHue, a uMeHHO /I'bpBo Ha
pemernnsta /Decision Trees/ u Cayuaiina ropa /Random Forest/. Crnopen npuioxkenure
noKa3aTeJn 3a OIeHKA W JBaTa MOJEIA JAEMOHCTPUPAT A0OPU MPOrHO3H 334 MOBEACHUETO
Ha MOTPEOUTEINTE Bb3 OCHOBA HA TAXHATA JTHYHOCT.

Abstract: Each person’s unique traits hold valuable insights into their consumer behavior,
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allowing scholars and industry experts to develop innovative marketing strategies, persona-
lized solutions, and enhanced user experiences. This study presents a conceptual framework
that explores the connection between fundamental personality dimensions and users’
online shopping styles. By employing the TIPI test, a reliable and validated alternative
to the Five-Factor model, individual consumer profiles are established. The results reveal
a significant relationship between key personality traits and specific online shopping
functionalities. To accurately forecast customers’ needs, expectations, and preferences
on the Internet, we propose the implementation of two Machine Learning models, namely
Decision Trees and Random Forest. According to the applied evaluation metrics, both
models demonstrate fine predictions of consumer behavior based on their personality.

Konstantinov, M., Petkov, P., Pelova, G., Angelova, V. Perturbation analysis
of differential and difference matrix quadratic equations: A survey. Proc.
of the Bulgarian-Turkish-Ukrainian Scientific Conf. Mathematical analysis,
differential equations and their applications, Sunny Beach, Sept. 15-20, 2010,
Editors A. Andreev, L. Karandzulov, Academic Publishing House “Prof. Marin
Drinov”,, 2011, ISBN:978-954-322454-8, 101-110

Pestome: Marpuunure kBajgparudnn ypaBHenus (audepeniuantn, JudepeHdnn u aJi-
reOpUYHN) WMAT MHOTO MPHUJIOKeHHs B 00JiacTTa Ha HayKaTa W TeXHHKaTa, OCOOEHO B
ONITUMAJIHOTO YIIpaBjeHue, pobacTHOTO yrpasjenue u (uarpaiusTa. B ¢bioro Bpeme
JYBCTBUTETHOCTTA HA TEXHHUTe PellleHHsd 1O OTHOIIEeHWe Ha CMYIIEHUSATa B ChbOTBETHUTE
MATPUYIHU KOeMUIINEeHTH He ca MPOYUYEHU B JOCTATHIHA CTEleH, BbIPEKH e ca MOJIOXKe-
HU IOJIEMU YCUJIUs B Tasu 1ocoka. Jludepenipasinure u HelpeKbCHATUTE aarebpudaHu
MaTPpUYHU KBAJIPATUYHU YPABHEHUS BBH3HUKBAT €CTECTBEHO NPH MOJEIUpAaHe HA HEIpe-
K'bCHATHU JIMTHAMUIHU CUCTEMHU. TeXHUTE JUCKPETHU CHOTBETCTBUS, KOTATO C€ aHAJTU3UPAT
JIMHAMUYHU CHCTEMH C JTUCKPETHO BpeMe. lndepeHUHNUTe YpaBHEHUs Bb3HHUKBAT U MIpH
NpUJIAraHeTo Ha YUCJIeHH MeTOIN 3a pelllaBaHe Ha TudepeHITnaJIHd MATPUIHN YPABHEHUS.
B crarusita e npejcraBeHO KpaTKO IIPOYyYBaHe HA Pe3yJITaTuTe, HOJIYyYeH! B 00/1acTTa Ha
aHa/n3a HA CMYIIEHUd HA TAKUBA ypaBHeHusd. B peku ciaydan e Bb3MOXKHO J1a ce JIOKaxKe,
4e e/iHa 1epTypOallMonHa IpaHuIla BUHATH € To-100pa OT Jpyra nepTypOannonna rpaHu-
13, BbIPEKHN Ye TaKUBa pe3ysITaTu ca m3BecTHU. CpaBHeHHATa OOMKHOBEHO Ce TMPAaBAT HA
KOHKDETHHU MPUMEPH 3a MATPUYHU ypaBHeHHs ¢ u3BecTHH (pedepenThu) pemenns. Kato
IPABUJIO MEPTYPOAMOHHUTE TPAHUIU, TTOJTYUYCHA OT PA3JIUYHU aBTOPU U U3BEJICHU Upe3
HPUJIATAHETO HA PA3JUYHUTE TEXHUKHU Ca aJTePHATUBHU, T.e. HUKOS I'DAHUIA HE € BUHAT'U
1o-1006pa OT JIPYT'H U3BECTHU I'PAHUIIN.

Abstract: Matrix quadratic equations (differential, difference and algebraic) have many
applications in science and engineering, especially in optimal control, robust control and
filtering. At the same time the sensitivity of their solutions relative to perturbations in
the corresponding matrix coefficients has not been studied to a sufficient extent although
a great effort has been made in this direction. Differential and continuous-time algebraic
matrix quadratic equations arise naturally when modeling continuous—time dynamical
systems. Their discrete counterparts when discrete-time dynamical systems are analyzed.
Difference equations arise also in the implementation of numerical methods for solving
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differential matrix equations. In this paper we present a brief survey on results obtained
in the area of perturbation analysis of such equations. In rare cases it is possible to prove
that one perturbation bound is always better than another perturbation bound, although
such results are known. Comparisons are usually made on particular examples of matrix
equations with known (reference) solutions. As a rule the perturbation bounds obtained
by different authors and by different techniques are alternative, i.e. no bound is always
superior to the other known bounds.

Popchev, 1., Angelova, V. Improved residual bound of the matrix equation
X+ A X~1A, = A;. Proc. of the Int. workshop on Advanced control an optimi-
zation: Step ahead ‘2014 /ACOSA’2014/, Bankya, Bulgaria, 8-10 May 2014,
2014, ISSN:1314-4634, D0O1:10.13140/2.1.3682.8965, 1-3

Pestome: Pasriex ia ce HeJIMHEHHOTO KOMILIEKCHO MaTpu4Ho ypaphnenue X +ANX 1A, =
Ay, kpjero A; e EpMUTOBO MOTOKUTEIHO OnpeaeaeHa n X n KOMILIEKCHA MaTpuia, Ay e
KOMIIJIEKCHa MaTpHlla OT pead N u AI; € HellHaTa KOMILIEKCHO CliperdaTa TpaHCIIOHHUPpaHa
/EpmuroBo cupernarara/ u X e EpMHTOBO MOMOXKHUTENHO ONpe/ieseHo pereHue. Topa
ypaBHEHHe HAMHPA IMHPOKO IIPHUIOKEHHE B PA3IUIHI 00JTACTH KATO TEOPHUs HA yIpaBJe-
HUETO, TMHAMUYIHO IIPOrpaMUpaHe, CTATHCTHKA, CTOXaCTHIHA uaTpamnms. ToBa ompee-
JisT HHTEpeca Ha MHOTO aBTOPH K'bM YpaBHEHHETO. B Ta3m cTaTHs e m3BeIeHa eJIeraHTHA,
eeKTUBHA U JIECHO M3YHC/INMa HOPMOBA HEJIOKAJIHA IPAHUIA HA OCTAT'hYHATA IPEIIKA B
M3YHUCIEHOTO Ype3 UTePAIMOHeH aJrOPUThbM HPUOIU3UTETHO DEIleHHe Ha YPABHEHUETO.
I'panunara Ha ocraThbuHaTa IPEIKa MOYKE Jla Ce W3MOJI3Ba 3a OlEHKa Ha TOYHOCTTA Ha
HpUOJIMZKEHOTO pellleHne B UTEePAIMOHHA IPOIELY Pa.

Abstract: We consider the nonlinear complex matrix equation X + ANX~1A4, = A,
where A; is a Hermitian positive definite n X n complex matrix, A, is a complex matrix
of order n and A is its complex conjugate transpose and X is the Hermitian positive
definite solution. This equation finds wide applications in various areas as control theory,
dynamic programming, statistics, ladder network, stochastic filtering. This determines
the interest of many authors to the equation. In this paper we derive a simple, effective
and easy computable norm-wise non-local residual bound for the computed by an iterative
algorithm approximate solution to the equation. The residual bound can be used to assess
the accuracy of the approximate solution in an iterative procedure.

Popchev, 1., Angelova, V. Residual bound of the matrix equations X = A; +
oA X"%)A5,0 = +1. Proc. of the Int. Conf. on Big Data, Knowledge and
Control Systems Engineering /BdKCSE’2014/, Sofia, Bulgaria, 5 November
2014, p. 19 — 22, Edt. R. Andreev, John Atanasoff Society of Automatics and
Informatics, 2014, ISSN:2367-6450, DOI1:10.13140/2.1.5026.3849, 19-22

Peziome: I13Besena e nepryparonHa I'DAaHATA HA OCTATBIHATA IPEITKA B PElleHudaTa Ha
HeJIMHeHHATe KOMILIeKCHE MaTpudnu ypapaenus X = A;+0ANX2A,, o0 = £1 no mMerona
Ha MaxKOpaHTHTe Ha JISMyHOB W MpUHIUNNTe Ha (pUKcHpaHaTa Touka. EdexkTtuBHOCTTA
HA I'PAHUIUTE € WIIOCTPUpaHa ¢ udPoB IpuMep OT peJ d.
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Abstract: Residual bound for the non-linear complex matrix equations X = A; +
o ANX2A,, 0 = £1 is derived using the method of the Lyapunov majorants and the
technique of the fixed point principles. The effectiveness of the bound is illustrated by a
numerical example of order 5.

Popchev, 1., Angelova, V. Residual bounds of the nonlinear matrix equation
X + A*F(X)A = Q. International Journal of Data Science, 1, 4, Inderscience
publichers, 2016, ISSN:2053-0811, DOI1:10.1504/1JDS.2016.081370, 340-352

Pestome: Crarusra e npepaborena u pasmmpena Bepcus Ha [['17]. Pasriexna ce nesu-
HeitnoTo Mmarpudno ypasuenne X + A*F(X)A = Q. Dopmymupanu ca HOPMOBHU HEJIOKATHU
IPAHUIN HA OCTATHIHATA TPEITKA B PEIIEHNETO, MTOJIYIeHO Ipe3 UTePAIHOHEH AJITOPUTHM.
['panunuTe Ha ocTAaTbIHATA T'PEIIKA Ca W3BEJIEHH MO0 MeTOJla HAa MayKOpaHTuTe Ha Jldmy-
HOB M TeXHUKHTe Ha MPUHIHNA HA (DUKCHpaHaTa TOYKa. Pasrienanu ca moapobHO jBa
KOHKDETHU CJIydasi Ha yPABHEHHETO W C4 MOJIyYeHU U3YUC/IUMA U3PAa3u HA HOPMOBUTE He-
JIOKAJTHU TPAHUIN HA OCTATHIHATA IPEIrKa. Pa3rieann ca YUCIeHH MPUMEPH 33 IBaTA,
pasrieJaHyd B CTATHATA DA3IWYHU CJOydas Ha HennHeiina marpuana Gynknusa F(X), 3a
J1a ce TeMOHCTpHupa eeKTUBHOCTTA Ha MpeJJIOKEeHNTe TPAHUIIH.

Abstract: This paper is a revised and expanded version of [['17|. The nonlinear matrix
equation X + A*F(X)A = @ is considered. Norm-wise non-local residual bounds for the
accuracy of the solution obtained by an iterative algorithm are formulated. The residual
bounds are derived using the method of Lyapunov majorants and the techniques of the
fixed point principle. Two particular cases of the equation are considered in details and
explicit expressions of the norm-wise non-local residual bounds are obtained as well.
Numerical examples for the two, considered in the paper different cases of the nonlinear
matrix function F'(X) are provided to demonstrate the efficiency of the bounds proposed.
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