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Abstract

This short note is inspired by the work of [1] which is devoted on the four-parameter
Kies distribution. Some of the results presented in this seminal paper need to be clarified.
We present and prove the correct results following the original work.

Pesrome

Tasu kparka GesiezkKa e mopojieHa oT craTus [1], mocBeTeHa Ha YeTHPHUIIAPAMETPUTHOTO
pasupejenenne Ha Kuiic. Hakou oT pesynrarure, mpejicTaBeHd B Ta3W OCHOBHA CTaTHd, CE
HYKJadAT OT u3scHaABaHe. Hue mpeicraBsame u ToKa3BaMe MPABUIHATE PEIYIATATH, CJIe/IBaii-
KM OpUTMHAJHUAA TPY.

[1] Satheesh Kumar C., S. H. S. Dharmaja (2014) On some properties of Kies distribution,
Metron, 72(1), 97-122.



2  Zaevski, T., Kyurkchiev, N.. On some composite Kies
families: distributional properties and saturation in Hausdorff
sense. Modern Stochastics: Theory and Applications,

10, 3, VTeX, 2023, ISSN:2351-6054, DOI:10.15559 /23-
VMSTA227,287-312. SJR (Scopus):0.48, JCR-IF (Web
of Science):0.7 Q2 (Scopus)

Abstract

The stochastic literature contains several extensions of the exponential distribution which
increase its applicability and flexibility. In the present article, some properties of a new power
modified exponential family with an original Kies correction are discussed. This family is
defined as a Kies distribution which domain is transformed by another Kies distribution.
Its probabilistic properties are investigated and some limitations for the saturation in the
Hausdorff sense are derived. Moreover, a formula of a semiclosed form is obtained for this
saturation. Also the tail behavior of these distributions is examined considering three different
criteria inspired by the financial markets, namely, the VaR, AVaR, and expectile based VaR.
Some numerical experiments are provided, too.

Pesrome

Hayunara jmreparypa B 06J/IaCcTTa Ha CTOXaCTHKATA ChIbPrKa HIKOJKO 0DOOIIEHUs Ha
€KCIIOHEHITHATHOTO paslpe/ie/ieHne, KOUTO ITOBAIIaBaT HeroBarTa MIPUIOKIMOCT U I'bBKABOCT.
B macrosimara cratusg ca oOCHJIEHN HIKOW CBONCTBA Ha HOBa CTEIEHHA (paMUIUS C OPUTH-
nastHa Kopekrmst Ha Kwuiic (Kies). Ta e nedunnpana karo pasmnpesenenne uva Kuiic, ansaro
Jnedunnuonna obracT e TpanchopMupaHa upes Jipyro pasupejenenue va Kuiic. M3creiBa-
HU Ca HeHUTEe BEPOSITHOCTHU CBOMCTBA U Ca M3BEIEHN HIKOM OIPAHMYEHNS 3a HACUIIAHETO B
cvuchst Ha Xaycaopd (Hausdorff). Ocsen ToBa e nostydena hopmyiia B 110/1y3aTBOPEH BUJT 38
ToBa HacuriaHe. ChIO Taka € U3C/Ie/IBAHO MMOBEIEHNETO Ha OMAIIKNATE Ha Te3W paslpejie/ie-
HUsA, KATO Cca pas3r/ie/laHu TPHU Pa3/IMIHU KPUTEPHUs, U3I0/I3BAHN BbB (DUHAHCOBUTE IMa3apH,
a umenno: VaR (croitnocr mox puck), AVaR (cpeana croitnoct moj puck) u 6asupana Ha
ekcriektus1 VaR. IlpegocraBenn ca u HIKOM YUCJIEHH €KCIIEPUMEHTH.



3  Zaevski, T., Kyurkchiev, N.. On min- and max-Kies
families: distributional properties and saturation in Hausdorff
sense. Modern Stochastics: Theory and Applications,

11, 3, VTeX, 2024, ISSN:2351-6054, DOI:10.15559 /24-
VMSTA244, 265-288. SJR (Scopus):0.499, JCR-IF (Web
of Science):1 Q2 (Scopus)

Abstract

The purpose of this paper is to explore two probability distributions originating from
the Kies distribution defined on an arbitrary domain. The first one describes the minimum
of several Kies random variables whereas the second one is for their maximum — they are
named min- and max-Kies, respectively. The properties of the min-Kies distribution are
studied in details, and later some duality arguments are used to examine the max variant.
Also the saturations in the Hausdorff sense are investigated. Some numerical experiments
are provided.

Pesrome

[enra Ha Tasw crartud € ja U3CAE/Ba JIB€ BEPOATHOCTHU pa3lpeJie/IeHus, TPOU3/TA3aIi
oT pazmpeiesienneTo Ha Kuiic BbpXy mpousBosieH unrepsaJ. [IbpBoTo omnmmcBa MUHIMyMa Ha
HAKOJIKO Kuiic-caydaiiHu BeJIMIUHU, JIOKATO BTOPOTO C€ OTHACHA 38 TEXHUS MaKCUMyM — Te
ca HapedeHn cboTBeTHO Min-Kies n max-Kies. CpoiicTBara Ha min-Kies pasmupenenenuero ca
[IPOYYEHN TOPOOHO, CJIe] KOeTO Ca W3IMOI3BAHN apryMeHTH 3a JyaHOCT 38 MaxX-BapUaHTA.
CwhImo Taka ca pasrielaHu HACHIIAHUATA B CMUCHJI Ha Xaycaopd. [IpoBenenn ca m Hakon
YUCJIEHN €KCIIEPUMEHTH.



4  Zaevski, T., Kyurkchiev, N.. On some mixtures of the
Kies distribution. Hacettepe Journal of Mathematics
and Statistics, 53, 5, Hacettepe University, 2024, ISSN:2651-
477X, DOI:10.15672/hujms.1482377, 1453-1483. SJR

(Scopus):0.346, JCR-IF (Web of Science):0.9 Q2 (Web
of Science)

Abstract

The purpose of this paper is to explore some mixtures, discrete and continuous, based
on the Kies distribution. Some conditions for convergence are established. We study the
probabilistic properties of these mixtures. Special attention is taken to the so-called Hausdorft
saturation. Several models are examined in detail — bimodal, multimodal, and mixtures
based on binomial, geometric, exponential, gamma, and beta distributions. We provide some
numerical experiments for real-life tasks — one for the Standard and Poor’s 500 financial
index and another for unemployment insurance issues. In addition, we check the consistency
of the proposed estimator using generated data of different sizes.

Pesiome

[leaTa Ha Tas3u craTus € Jia W3CJe/IBa HIKOU CMeCU (JIMCKPETHU U HEelPEeKbCHATH ), Ga3u-
paHu Ha pasipejeseHneTo Ha Kuiic. YcraHoBeHHU ca yCJIOBHUs 3a CbXOAUMOCT. M3ciienBanu
ca BepOHTHOCTHI/ITe CBOIICTBa Ha TE3U CMECH. CHeHI/IaHHO BHUMaHUE € O6'praTO Ha TaKa
HapedeHOTOo HacuiaHe Ha Xaycaopd. Pasriemann ca moipodHO HAKOJIKO MOJesa — OMMo1alI-
HU, MYJITHMOJAJIHNA, KAKTO U CMecH, 6a3upaHn Ha OMHOMHO, T€OMETPUIHO, €KCITOHEHITHAJTHO,
rama u Oera pasnpejesnenus. I[IpejgcraBeHn ca HIKOU YMCIEHN €KCIEPUMEHTH 34 3aJa9d OT
peaJIHus KUBOT — eIHa 3a ¢puHaHcopud uHgeke S&P 500 u apyra 0THOCHO UCKOBE 3a 00e3Ie-
TECHHUA HpI/I 6e3pa6OTI/IHa. B JOII'bJIHEHHE, HpOBepHBaIVIe CbCTOATE/IHOCTTA Ha HpeﬂﬂO}KeHI/Iﬂ
€CTUMAaTOpP, U3NOJI3BAKN I'eHEPUPAHU JAHHU C PA3/IMYHU PA3MEPHOCTTH.



5 Zaevski, T., Kyurkchiev, N.. On the Hausdorff saturation
of some trigonometric-Kies families. Palestine Journal
of Mathematics, 13, 2, Palestine Polytechnic University,
2024, ISSN:2219-5688, 249-262. SJR (Scopus):0.374 Q3
(Scopus)

Abstract

The purpose of this paper is to examine some trigonometric transformations of the Kies
probability distribution. We consider the saturation in the Hausdorff sense which measures
the speed of occurrence of a random event. Semi-closed form formulas for this saturation
are derived. Also, some duality relations are obtained. Several numerical experiments are
provided to validate the theoretical conclusions. The derived results can be applicable in
many scientific and practical fields such as Biostatistics, Survival theory, Population dynamics,
Lifetime analysis, Growth theory, Debugging and Test theory, Computer viruses propagation,
Insurance mathematics, etc.

Pesome

enra Ha Tasu craTus e Ja M3CJIeBa HIKOM TPUTOHOMETPUYIHK TpaHchOopMaIun Ha Be-
POATHOCTHOTO pasmpejeseHue nHa Kuiic. Pasriiexxjame HacumaneTo B CMUCHI HA Xaycaopd,
KOETO M3MepBa MHTEH3MBHOCTTA Ha HACTbIIBaHe Ha JaJIeHO ciIydaiiHo chouTue. V3Benenu ca
dopMmyn B mosIy3aTBOpPeH Bu 3a ToBa Hacuimane. CbINO Taka ca MOJYyYeHU HSIKOU peJia-
nnn 3a ayaaHocT. IIpeacraBenn ca YucieHn eKCIIEpUMEHTH 32 BaJuIupaHe Ha TEOPETUIHUTE
NU3BOIN. MBBQ,Z[QHI/ITQ pe3yjaTaTu MoraTt Iga 6']3,ZLaT IIPpUJIO2KUMH B MHOI'O HAQYYHU U IIPAKTHU-
JecKn 00JIaCTH KaTo OMOCTATHCTUKA, TEOPHUs Ha OIEJISTBAHETO, JIMHAMUKA Ha, MOIYJIAINNATE,
aHaJIM3 Ha BPeMeTO Ha YKUBOT, TeOPHSA Ha pacTerka, TEOPHUsI Ha OTCTPAHSIBAHETO Ha T'PEIIKH,
pasmpocTpaHeHne Ha KOMITIOThLPHHU BUPYCH, 3acTpaxoBaTe/IHa MaTeMaThKa 1 JIp.



6 Zaevski, T., Kyurkchiev, N., Iliev, A., Kyurkchiev, V.,
Rahnev, A.. Studying chaos in a modified dynamical
model: some applications. Axioms, 15, 5, MDPI, 2026,

ISSN:2075-1680, DOI:10.3390/axioms15050327, 327. JCR-

IF (Web of Science):1.5 Q2 (Web of Science)
Abstract

Many authors consider modified SIQR (susceptible, infected, isolated (quarantined), and
recovered individuals) models for childhood diseases. In this paper, we examine a modified
differential system with N free parameters that may be of interest to epidemiology experts.
We pay special attention to the Melnikov function, which corresponds to the proposed new
model. We create the Melnikov equation (M(t) = 0) and analyze all of its roots using a
specially designed software program. This gives the researcher the chance to accurately
comprehend and articulate the classical Melnikov criterion for the potential appearance of
chaos in the dynamical system. Additionally, we present a few specific modules for examining
the new model’s dynamics. Additionally covered is a potential use of the Melnikov function
that corresponds to the differential model under consideration, with particular potential in
the modeling and synthesis of antenna diagrams. Last but not least, we consider the proposed
generalization from a stochastic point of view.

Pesrome

MHuoro asropu pasriexnar moaudurupann SIQR (Bb3npuemtunBnu, 3apasenu, n30mpa-
HI (KApaHTUHUDAHN) ¥ Bb3CTAHOBEHN WHIMBU/IN) MOJIEJIH 3a JIeTCKU Oostectu. B tasu naydna
paszpaborka mscieaBamMe Mmoncuinpana gudepeHnuaiia cucrema ¢ N cBOOOIHE ITapamMe-
Tbpa, KOATO MOXKe JIa IIPEJICTaB/IsIBa NHTEPEC 3a eKCIIEPTUTE 110 enujaeMuo orus. Oopbiname
CIIeIaJIHO BHUMaHUEe Ha (yHKIUATA Ha MEJIHUKOB, KOATO ChOTBETCTBA Ha IIPEJJIOKEHUs
o Mojzes. CberaBame ypasienunero na Memmukos (M (t) = 0) n anajau3upaMe BCHUKH
HEroOBU KOPEHU C IIOMOIITa Ha CIeuaJHO pa3paboTeHa codTyepHa mporpama. Tosa jiaBa
BBH3MOKHOCT Ha HM3CJIEJIOBATE/Id Jla pasdepe TOYHO U Jia (popMyIupa KJIaCUIeCKhus KPUTe-
puit Ha MeJIHMKOB 3a IMOTEHIMAJHATa MMOfBa Ha XaoC B AnHaMU4IHaTa cucreMa. OCBeH TOBa
[IPEJICTaBAME HAKOJIKO CHeIUMUYUHA MOJIyJIa 3a U3CJAeBAaHe HA JTUHAMUKATA HA HOBUS MO-
qiest. JlomrbaHuTeIHO € pas3riie[aHo MOTEHITUAHO pUIoKeHne Ha (hyHKIugTa Ha MeTHUKOB,
CHOTBETCTBAINA Ha pa3T/IeKJIaHud JuMepeHImagieH MOIe/I, IPU MOJETUPAHETO U CHHTEe3a
Ha aHTeHHHN perneTkn. He Ha mocse Ho MscTO, pas3riexjaMe IpeIIoKeH0TO 0600IeHne oT
CTOXaCTUYHA TJIE/IHA TOYKA.
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Abstract

The article contributes to the ongoing search for a market risk measure that is both
coherent and elicitable. We compare two traditional measures, namely Value-at-Risk and the
expected shortfall, with another relatively novel one established on the expectile probability
term. Our research is based on five models: Black—Scholes, exponential tempered stable,
Heston, Bates and another stochastic volatility model with a tempered stable jump correction.
We apply the general Fourier inversion formula to derive closed form formulas for calculating
not only the expectile based risk measure but also the Value-at-Risk and the expected
shortfall. These models are calibrated by combining nonlinear programming with simulated
annealing at a moving window. Additionally, we compare the generated values of the risk
measures with the real ones. Last but not least, we modify the expectile based risk measure
as well as the expected shortfall by introducing correction coefficients.

Pesrome

CrarusTa JOIPUHACA B IPOIBJIKABAIIOTO ThpPCeHe Ha MAPKA 3a Ma3apeH PUCK, KOATO Jia
6'b/le eJIHOBPEMEHHO KOXepeHTHa U TIoJJIeKalia Ha obpaTHo TectBate (elicitable). CpaBusBa-
Me JIBe TPaJIMIIMOHHN MepKH, a uMeHHo Cmotinocm nod puck (Value-at-Risk, VaR) u Ouaxean
nedocmue (Expected Shortfall, ES), ¢ npyra, orrocuresiHo HOBa MsipKa, ba3upaHa Ha eKCIIEK-
tus. Harmero usciiesiBane ce ocHoBasa Ha 1er Mojiena: biek-ITlosic (Black—Scholes), ekcrio-
HeHImaseH Mogudunupan crabuiren mozesn (exponential tempered stable), Xecrbr (Heston),
Beiitc (Bates) u ortie el MOJIEN ¢bC CTOXACTUIHA BOJTATUIHOCT U MOAUMDUIIUPAHO-CTAOITHI
ckokoBe. [Ipunarame dpopmynarta 3a odpbiane Ha TpaHchopmanuaTa Ha Dypue, 3a j1a u3-
BEJIEM AHAJMTHIHA (DOPMY/IN 38 U3UUC/sIBAHE HE CAMO HA EKCIIEKTUJIHATA PUCKOBa MSIPKA,
o cbiro taka Ha VaR u na ES. Cnomenarure mozenn ca KajubOpuUpaHu BbPXY IMOJIBUKEH
10 BPEMETO MPO30peI] Ype3 KOMOUHUpaHe Ha HeJTUHEHHO IporpaMupaHe ¢ ONTHMU3AINOHEH
MeToJ, basupaH Ha cuMysupaHo 3akajsBane (simulated annealing). Karo pesynrar, cpas-
HsBaMe TOJIyYe€HUTEe CTOWHOCTH Ha PUCKOBUTE MepKHU ¢ peasnure. He Ha moceaHo MscTo,
Mo uImpaMe KaKTo eKCIeKTHIHATa PUCKOBa MSAPKa, Taka n KS,| upe3 BbBexkK1aHe Ha KO-
PEKITMOHHY KOEDUITHEHTH.



8 Zaevski, T., Nedeltchev, D.. Moment Generating Function

of the Averaged Log-returns in the Heston’s Stochastic
Volatility Model. Comptes rendus de I’Académie bulgare
des Sciences, 78, 3, ,,Prof. Marin Drinov* Publishing

House of Bulgarian Academy of Sciences, 2025, ISSN:1310-

1331, DOI:10.7546/CRABS.2025.03.01, 321-330. SJR

(Scopus):0.179, JCR-IF (Web of Science):0.4 Q3 (Scopus)

Abstract

The aim of this short note is to investigate the domain of the moment generating function
of the log-returns in the Heston’s stochastic volatility model averaging the initial volatility
value through its stationary distribution. This way we deal with the problem that arises from
the fact that the volatility is a hidden market object and it is hard to be extracted.

Pesome

[Henra Ha Ta3m KpaTKa cTaTusd € Ja u3cjieaBa JepUHUINOHHATa 00/IacT Ha (PYHKIUITA,
ropazKaiia MOMEHTHUTE, Ha JIOTapUTMUIHATA JIOXOJJHOCT B MOJIeJIa CbC CTOXAaCTUYHA, BOJIa-
TUJIHOCT Ha XeCTbH, KaTO HauaHATA CTOMHOCT Ha BOJIATHIHOCTTA € yCpeHeHa Upe3 HeifHOTO
crannoHapHo pastpejesnenue. [lo To3u mHadwn perraBame mpod/ieMa, IPpOU3TUIAIL OT (hakTa,
e BOJIATMJIHOCTTA € CKPUT Ta3apeH OOEKT U € TPY/IHA 3a U3BJINIAHE.



9 Nedeltchev, D., Zaevski, T.. Measuring market risk
through Entropic VaR. Mathematical Modelling and
Numerical Simulation with Applications, 6, 1, NEU
Press, 2026, ISSN:2791-8564, DOI:10.53391 /2791-8564.1024,
251-278. SJR (Scopus):0.8 Q1, (Scopus)

Abstract

The article aims at measuring the market risk beyond the basic risk measures like the
Value-at-Risk (VaR) and the Expected Shortfall (ES). The Entropic Value-at-Risk is selected
among the available measures based on its advantages — it is the coherent upper bound of the
VaR and ES. This risk measure is applied to the classical Black-Scholes model as well as to
some more realistic ones such as the exponential tempered stable model (the log-returns are
presented by a tempered stable Lévy process), the stochastic volatility model of Heston, its
jump extension of Bates, and another stochastic volatility model but with tempered stable
jump behavior. Closed or semi-closed form formulas are obtained for all these models. The
derived theoretical results are applied to a historical sample for the S&P 500 index. There
are several advantages of the use of a stochastic model instead of the direct application of
the risk measure to the statistical data. The main of them is that an appropriate model can
capture the inherent features of the financial asset that are hidden in the time series due
to an insufficient number of observations. This is especially true for the distribution tails —
terms closely related to the risk measures.

Pesiome

Crarusara nMa 3a eI Jla U3MEPHU Ma3apHUs PUCK OTBbJ OCHOBHUTE MEPKH 33 PUCK Ka-
to Cmotinocm nod puck (VaR) n Owaxean nedocmue (ES). Enrponniinara croitnoct 1o
puck (Entropic Value-at-Risk, EVaR) e us6pana cpej HajiudHuTE MEPKH Bb3 OCHOBA Ha
HeflHUTe TPEeJUMCTBA — T € KoXepeHTHaTa ropua rpanuia #Ha VaR m ES. Taszu mspka 3a
PHCK € IpHJIOKeHa KaKTO KbM Kjacuueckus mojen Ha Biek-1Tosic (Black-Scholes), raka
U K'bM HSIKOU TO-PEATUCTUIHN MOJIE/INA, KATO HAIIPUMED €KCIIOHEHITHAHISA MO(DUITTPAHO-
crabusieH MoJies1 (Ipu KOWTO JIOrapUTMUIHATA JTOXOJHOCT Ce TIPEJICTaBst Ipe3 MoAuduImpan
crabuiieH mporiec Ha JIeBu), Mozesa ¢bC CTOXAaCTHIHA BOJATHJIHOCT HA XECTHH, HETOBOTO
pasimpeHne ¢hbC CKOKOBe Ha beiirc m ole enH MO ChC CTOXACTHIHA BOJIATUIHOCT, HO
¢ MoUpUIINPAHO-CTAOMTHO TIOBE/IEHNE HA CKOKOBETE. 3a BCUYIKHU TE3W MOJE/H Ca MOJIYIeHU
dopmysn B 3aTBOpeH uin nosy3arBoper Buj 3a EVaR. M3Benenure TeopeTnynn pesyaraTi
ca TPUJIOXKEHN K'bM HCTOpHYecKa m3BaJska 3a mHaekca S&P 500. MsmoasBanero Ha cToxac-
THUYEH MOJIEJI BMECTO JIMPEKTHOTO IPU/IaraHe Ha MspKaTa 3a PUCK BbPXY CTATHUCTUYECKUTE
JIAHHA UMa HSKOJKO IpeauMcTBa. OCHOBHOTO OT TAX €, Ue MOIXOISIIUAT MOJE]T MOXKE Jia
YJIOBU IIPUCHIUTE XaPAKTEPUCTUKU Ha (DUHAHCOBUS AKTUB, KOUTO OCTABAT CKPUTH BbB Bpe-
MEBHUTE PeJoBe MOPaJIM HeJocTaTbieH Opoit Hadsoenud. ToBa Baxkum ¢ ocobena cujia 3a
OTIAIIIKUTE Ha Pa3lpee/leHNeTo, KOUTO Ca TsCHO CBbP3aHU C MEPKUTE 3a PUCK.
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10 Zaevski, T.. On the American style futures contracts.
Croatian Operational Research Review, 15, 1, Croatian
Operational Research Society, 2024, ISSN:1848-0225,
1848-9931, DOI:10.17535 /crorr.2024.0004, 39-50. SJR
(Scopus):0.251, JCR-IF (Web of Science):0.4 Q3
(Scopus)

Abstract

There is a large number of sources devoted to the American style options. On the other
hand, the American futures contracts are understudied in the scientific literature. This
motivated us to examine these instruments in comparison to the relevant options. Their
optimal boundaries are obtained and a finite difference scheme is applied to the pricing
problem. We consider separately the long and short positions.

Pesome

CoiecTByBa T0JIsIM OPOIT U3TOYHUIM, [IOCBETEHN Ha aMepUKaHCKusA BuI onnn. OT apy-
ra crpaHa, (pOIYbPCHUTE JIOTOBOPU OT aMEPUKAHCKH THUII Ca HEJIO0CTATHIHO H3CJIEIBAHU B
HaydHaTa JuTeparypa. ToBa HM MOTHBHUpPA Jla pasriejlaMe Te3W UWHCTPYMEHTH B CpaBHEHUE
C¢bC ChOTBETHUTE omiuu. [loydenn ca TexunTe oNTUMAIHA TPAHUIIA U € MTPUIOXKEHA CXeMa,
¢ KpailHu pa3jiuKu KbM 3jadaTa 3a olleHsgBaHe. Pa3rjexkjjame OTJIETHO JIbJTUTE U KbCUTE
HO3UIINUH.
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11 Zaevski, T., Sariev, H., Savov, M.. A Fast and Accurate
Numerical Approach for Pricing American-Style Power
Options. Mathematics, 13, 12, MDPI, 2025, ISSN:2227-

7390, DOI1:10.3390 /math13122031, 2031. SJR (Scopus):0.497,
JCR-IF (Web of Science):2.3 Q1, (Web of Science)

Abstract

In this paper, we present a fast and accurate numerical approach applied to specific
American-style derivatives, namely American power call and put options, whose main feature
is that the underlying asset is raised to a power. The study is set in the Black—Scholes
framework, and we consider continuously paying dividends assets and arbitrary positive
values for the power. It is important to note that although a log-normal process raised to a
power is again log-normal, the resulting change in variables may lead to a negative dividend
rate, and this case remains largely understudied in the literature. We derive closed-form
formulas for the perpetual options’ optimal boundaries and for the fair prices. For finite
maturities, we approximate the optimal boundary using some first-hitting properties of the
Brownian motion. As a consequence, we obtain the option price quickly and with relatively
high accuracy—the error is at the third decimal position. We further provide a comprehensive
analysis of the impact of the parameters on the options’ value, and discuss ordinary European
and American capped options. Various numerical examples are provided.

Pesrome

B Ta3U CTaTHdA IIpeJCTaBAME 6'bp3 n TO4YeH YHuCJIeH IIOJAXO0I, IIPUJIOZKEH K'bM CHeHI/Id)I/IqHI/I
JICPUBATHBI OT AMEPUKAHCKH THII, & IMEHHO aMEPUKAHCKH CTEIICHHU KOJI | ITyT OIIIAHN, YUSITO
OCHOBHA XapaKTEPUCTHKa €, Ye 6a30BUAT aKTUB € MOBJUTHAT Ha creneH. V3cieasaneTo e cu-
TyHpaHo B paMKHTe Ha Mojesa Ha Biaek—IIlosc, Karo pasriexkaMe akTHBI ¢ HEIPEKbCHATO
u3llJlalaHe Ha JUBUJICHTHU U IIPOU3BOJIHU ITOJIOZKUTEJ/THU CTOMHOCTH 3a CTelleHHUd I1oKa3aTel.
Baxno e 1a ce orhesexn, 9e BIIPEKH e JIOPHOPMAJIEH MPOIEC, OBJIUTHAT Ha CTEIIEH, € OT-
HOBO JIOTHOPMAJICH, MPOU3THYAINATA OT TOBA CMAHA Ha MPOMEHIMBHATE MOZKE JIa JOBEIEC 0
oTpHIATEeHA IUBUICHTHA CTaBKa — CIydaii, KOHTO ocTaBa JI0 TOJIsIMa CTENeH c1abo MpoydeH
B uTeparypara. 3sexkmame hopMy/Iu B 3aTBOPEH BUJL 38 ONTUMAJHATE IPAHUIM U 38 CIIpa-
BeJJINBUTE IICHU Ha 663Cp0qHHTe OIIII M. Sa KpaﬁHI/I IIaJ1e2K1 allpOKCUMUpaMe OlITUMaJIHaTa
I'paHula, KaTO U3IIOJI3BaMe€ HAKOU CBOIiCTBa Ha II'bPBOTO JOCTUI'aHE JO HUBO Ha BpayHOBOTO
nBuzKeHne. B pesynaTar Ha ToBa mosydaBame ObP30 IeHATa Ha ONIUATA, IPH TOBA ¢ OTHOCH-
TEJIHO BUCOKA TOYHOCT — I'PEIlKaTa € eJBa B TPeTHs 3HaK cJejl JeceTrnunara 3aneras. Cie
TOBa IPEJOCTaBAME TI0POOEH aHAIN3 Ha BAUAHUETO Ha IIapPAMETPHUTE BbhPXY CTOHHOCTTA Ha
OIIIMUTE U pPa3rjiezKJ1aMe KaKTO O6I/IKHOB€HI/IT€ eBpOHeﬁCKI/I, TaKa 1 aME€PpUKaHCKUTE OIIIUU C
taBaH (capped options). [IpencraBern ca n pasHoOGpa3HU YUCIECHN TPUMEDHL.
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Zaevski, T.. On the e-optimality of American options.
China Finance Review International, 15, 4, Emerald,
2025, ISSN:2044-1398, DOI:10.1108 /CFRI-06-2024-0361,
688-714. SJR (Scopus):1.818, JCR-IF (Web of Science):10.8
Q1, (Web of Science)

Abstract

Purpose — The purpose of this paper is to examine the American pricing problem under

the assumption that the holder exercises not only when the underlying asset hits the optimal
boundary but also when it falls in a properly defined e-optimal set.

Design/methodology /approach — The purpose of this paper is to examine the American

pricing problem under the assumption that the holder exercises not only when the underlying
asset hits the optimal boundary but also when it falls in a properly defined e-optimal set.
The put and call versions are examined separately. We derive closed-form formulas for the
perpetual case. A numerical algorithm for approximating the e-optimal strip is constructed
when the maturity is finite. We adapt the Crank-Nicolson finite difference approach to
derive the option price or, more precisely, the interval at which it varies. Some numerical
experiments are provided.

Findings — We derive closed-form formulas for the perpetual options. A numerical

algorithm for approximating the e-optimal strip is constructed when the maturity is finite.
We adapt the Crank—Nicolson finite difference approach to derive the option price or, more
precisely, the interval in which it varies. Some numerical experiments are provided.

Originality /value — We examine the American pricing problem under the assumption

that the holder exercises not only when the underlying asset hits the optimal boundary
but also when it falls in a properly defined e-optimal set. This is important to take into
account the risk preferences of the investors. Closed-form formulas for the perpetual options
are derived. A numerical algorithm for approximating the e-optimal strip is construct

Pesrome

HeJI - HeﬂTa Ha HaCTOdIllaTa CTaTud € Ja U3CJIeJBa 3a/avdaTa 3a OIlCHdABaHe Ha aMepH-

KaHCKH OIIINUU IIPU AOIIyCKaHe, Y€ IIpuTezKaTe idT I'l YIIpazKHdBa HE CaMO KOoraTo IieHaTa Ha
0a30BUd aKTUB JOCTUI'HE OIITUMaJIHaTa I'PaHUlla, HO U KOI'aTO IIOIIa/HE B IIPABUJIHO ,ﬂe(bI/IHI/I—

paHO €-ONTHUMAJTHO MHOXKECTBO.

Hwu3zaiin /meromonorusi /noaxoxn — Ilenra Ha HacTosIaTa CTATHS € J1a U3CIe/Ba IPO6-
JIleMa 3a OIleHsBaHe Ha aMePUKAHCKH OIIIIH P! JIOIYCKAHETO, Ue MPUTEXKATEAT TH YIIParK-
HsIBa HE CaMO KOTaTo IleHaTa Ha 6a30BUs aKTUB JOCTUTHE ONITUMAJIHATA IPAHUIIA, HO U KOTATO
[OTIa/THE B TIPABUJIHO JePUHUPAHO €-ONTHMAJIHO MHOXKECTBO. BapuanTure 3a myT U KOJI OII-
IUU ce pasriiexkaaT otiaesnno. V3seaenn ca opmysin B 3aTBOpeH BU/I 3a Cydas Ha Oe3Cpod-
nu onmmu. [Ipu KpaeH majiek € KOHCTpyUpaH YHUCJICH aJrOPUTDHM 3a AllPOKCUMHUPAHE Ha €-
ontTuMmaJiHaTa uBna. Momudunupan e MeTorbT Ha KpalinuTe pasinku Ha Kpank—Hukbiacba
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3a M3BEXKJaHe Ha IleHaTa Ha OIIHUATa WA, [I0-TOYHO, Ha MHTEpBaJja, B KOHNTO Ts Bapupa.
[IpencraBeHn ca u HIKOU UNUCIEHN €KCIEPUMEHTH.

Pesynratu — U3Benenn ca hopmysin B 3aTBOPEH BUJ 38 6€3CPOYHUTE ONIUU U € KOHCT-
PYHUpaH YUCJIEH aJITOPUTHM 3 allPOKCUMUPaHe Ha €-ONTUMAJHATA UBUIA [IPU KPaeH MaIexK.
Momudunupan e MeToabT Ha Kpaiinnre paszinuku Ha Kpank—HukbicbhbH 3a u3BexkaHe Ha
IeHaTa Ha OIIUATAa WK Ha WHTEpPBaJia, B KONTO Td Bapupa, KaTo ca IPeJICTaBeHN YHCICHI
€KCIIEPUMEHTH.

Hay4yna opuruHa/JTHOCT U mpaKTUYecKa 3HaUnMOCT — 3ciieiBame 3a/1a1aTa 3a orie-
HsIBaHEe HA aMEPUKAHCKU OIIIAN [IPU JIOIYCKAHETO, Y€ MTPUTEKATEIAT TH YIIParKHsIBa He CaMo
KOraTo IeHaTa Ha 0a30BUs aKTUB JOCTUTHE ONTHUMAaJHATA I'DAHUIA, HO U KOTaTO IOIAIHE
B IPABUJTHO JeMUHUPAHO €-ONTHMAIHO MHOXKecTBO. ToBa € BayKHO, 3a Jia ce B3eMaT IpeJl-
BHJI PUCKOBUTE IPEIOUNTaHUA Ha nHBecTutopute. V3Beaenn ca opMmy/in B 3aTBOPEH BU
3a ciydas Ha Oe3cpounu omrmu. [Ipu kpaeH majek e KOHCTPyUpaH UUCICH AJTOPUTHM 32
AIPOKCUMUPAHE Ha €-ONTUMAJHATA UBUIIA.
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13 Zaevski, T.. Pricing finite maturity game call options
with convertible features. Communications in Statistics
- Simulation and Computation, 55(8), 3361-3384. Taylor
and Francis Ltd., 2026, ISSN:0361-0918,
DOI1:10.1080/03610918.2025.2488972, SJR (Scopus):0.47,
JCR-IF (Web of Science):0.9, Q2 (Scopus)

Abstract

This paper considers the pricing problem for game call options on the finite maturity
horizon. These financial instruments appear as a natural extension of the American-style
options. Their main feature is that the writer can cancel the option prematurely paying
some amount above the usual option payment. We assume that this penalty consists of three
parts — a proportion of the usual option payment, some shares of the underlying assets, and a
fixed amount. We approximate the optimal exercise boundaries for both option’s participants
by maximizing their financial expectations. This way, a boundary value problem for option
pricing arises. We apply the Crank-Nicolson finite difference approach to solve it. Some
numerical experiments are performed.

Pesrome

B Tasm crarug ce pasriexk/ia 3ajladara 3a OlleHsIBaHE Ha KaHCEJIUPYEMU KOJI OIIUHU C
KpaeH najex. Te3n puHAHCOBM MHCTPYMEHTHU Ce MOABIBAT KaTO €CTECTBEHO 0DOOIEeHUE Ha
orrmuuTe OT aMepukanckn Tuil. OCHOBHATA MM XapaKTEPUCTUKA €, Ue M3/IaTesIIT MOXKe Ja
AHYJIUpa OIIUATA IIPEJCPOTHO, AILIANANKYI Ollpe/iesieHa cyMa Ha1 obndaiinus reiiod. [Ipes-
rojiarame, ue Ta3w HeyCTOWKA ce ChCTOU OT TPHU YaCTU — IIPOIOPIUA OT obudaiinus meiod,
orpejiesieH Opoit akiuu oT 6a30BUsd AaKTUB U (PUKCHpaHa cyMa. ATTPOKCUMUpPAME OITUMAJIHU-
Te TPAHUIM 3a YIparKHABaHe U 3a JABaMaTa YYACTHUIM B KOHTPAKTA YPE3 MAKCUMU3UPAHE
Ha Texuute puHancoBu odakBanud. [lo To3n HauMH BBH3HMKBA T'PAHUYHA 3aja4a 3a IeHaTa
Ha onnudata. [Ipumarame merona Ha KpaitauTe pasiukn Ha Kpawk-Hukbiacba 3a HeitHOTO
pemmaBane. lIpencraBenn ca 1 HAKON YUC/IEHN €KCIIEPUMEHTH.
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Zaevski, T.. On the impact of the penalty on the
cancellable American options. Modern Stochastics: Theory
and Applications, 13, 1, VTeX, 2026, ISSN:2351-6054
(Online) 2351-6046 (Print), DOI:10.15559 /25-VMSTA 286,
83-115. SJR (Scopus):0.598, JCR-IF (Web of Science):1.2

Q2 (Scopus)
Abstract

The cancellable American options, also known as game options, are financial instruments
that give a canceling right to the option’s writer in addition to the existing such holder’s
right. The writer owes some penalty above the usual option payoff for using this right. We
assume that this penalty consists of three parts — a proportion of the usual payoff, some
number of shares of the underlying asset, and a fixed amount. It turns out that a cancellable
option can be of one of the following three types — a regular American option, an American-
style derivative that expires either at the maturity or when the underlying asset reaches the
strike, or a real cancellable option. In this paper, the impact of the penalty on the option’s
type is investigated. The perpetual case is only explored having in mind that it determines
the kind of the finite maturity instruments in some sense.

Pesome

KaHCG.HI/IpyeMI/ITe aAMEPpUKaHCKHM OIIIHHN, U3BECTHU OIlE€ KaTO UI'POBU OIIIIUU, Ca CbI/IHaHCOBI/I
WHCTPYMEHTH, KOUTO IMPEJOCTABAT IIPABO HA NPEKpaTdBaHe Ha U3JiaTesld Ha ONIUATA B JI0-
I'bJIHEHUE K'bM CHIIECTBYBAIIOTO TAKOBA IIPABO Ha HEeHHUS mpuTeKaTes. V3aarendar bk
orpe/iesieHa HEYCTOMKA HaJT OOMIafHOTO ILTAIAHE TI0 OIIUATA 38 H3II0/I3BAaHeTO HA TOBA IIPa-
Bo. [Ipemnosiarame, 1e Ta3u HeycToilka ce CbCTOU OT TPU YACTU — HPOIOPIHS OT OOUYIANHIS
neitod, orpejiesien 6poit aknuu ot 6azoBus akTuB u pukcupana cyma. Oka3sa ce, Ue eHaA
KaHCeJmpyeMa, OIIus MOXKe Jia ObJie OT €IMH OT CJIEJIHUTE TPU BUJia — OOMKHOBEHA aMepH-
KaHCKa OIlliud, JepuBaT OT aMEPHUKaHCKH THII, KOWTO M3THUYa WJIN Ha IIaJe>Ka, njiIn Korato
6a30BUAT aKTHUB JIOCTUTHE CTPaiika, WJIM NCTUHCKA KaHceJnpyeMa omniusd. B Ta3u crarus ce
M3CJIeIBa 3HAUYEHNETO HA HEYCTOWKATa BbPXY THUIA Ha OlIudATa. Pasriiexa ce eJIMHCTBEHO
0e3CPOUHUAT CiIy4ail, KaTo ce MMa MPEJBUJI, Y€ B U3BECTEH CMUCHJI TOW OIpPeJIe/isd BUIA HA
UHCTPYMEHTHUTE C KPacH HaJIeK.
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15  Zaevski, T.. On the put-call duality of the game
options. Mathematical Modelling and Analysis, 31,
3, Vilnius Tech, 2026, ISSN:1392-6292, 1648-3510,
DOI:10.3846 /mma.2026.24619, 542-560. SJR (Scopus):0.504,
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Abstract

The purpose of this paper is to obtain a duality between the game put and call options
assuming three component penalties — proportion of the usual option payoff, shares of the
underlying asset, and a fixed amount. We examine separately the cases of finite and infinite
maturities. For the perpetual options, we need to derive a polynomial-style equations for
the optimal boundaries. We prove the existence and uniqueness of their solutions as well
as provide a method for their deriving. This result is important in itself since the current
literature in the field is based on inverting of several functions or on solving of non-linear
systems which may lead to some computational difficulties and significant errors for extreme
parameter values. Furthermore, the duality is established under a finite time horizon too. It
is important to note that this duality does not hold under the classical assumption of a fixed
penalty.

Pesrome

Henra Ha HACTOAIIATA CTATHS € JIa U3BEJIE JYAJTHOCT MEXKIYy KAHCEJUPYEMH IIyT U KOJ
OTIITUU TIPU JIOITyCKaHE 38 TPUKOMIIOHEHTHU HEYCTONKHU — IIPOIOPITUs OT CTAHAPTHUS 11eitod
OTIIIUATA, AKIMH OT 0A30BUsI aKTUB 1 (PUKCHpaHa CyMa. AHATU3UPAHN Ca TOOTIETHO CIyTan-
Te ¢ KpaeH 1 Oe3KpaeH majiexK. 3a 6e3CPOTHUTE ONIUN CEe U3BEXKIAT YPABHEHUS OT TOJTMHOMEH
THUI 3& OIIpeJiesIsTHe Ha ONTHUMaJHUTe T'panuiiy. /lokazaHo e cbllecTByBaHe U €IMHCTBEHOCT
Ha PENIeHnsATa U € TPEeJJIOZKEH MeTO/I 3 TAXHOTO HamMupaHe. 1o3u pe3yaraT uMa caMOoCTOs-
TEJTHO HAYYHO 3HAYEHUE, T'hbil KATO CHIECTBYBAIATA JUTEpaTypa B 00JaCTTa Ce OCHOBaBa Ha
oOpbIlaHe HA MHOYXKECTBO (DYHKIIUU WJIU Ha pelllaBaHe Ha CUCTEMU OT HeJIMHEHHN YpaBHEHU,
KOETO MOZKe JIa JIOBEJIE JI0 U3YNCIUTEIHN 3aTPYAHEHAA U 3HAYUTEIHN ITPEIIKN IIPU €KCTPEM-
HU CTOMHOCTH Ha IapaMeTpuTe. YCTAHOBEHA € W JIyaJJHOCTTa IIPU KPaeH BPeMeBU XOPU3OHT.
Baxkmo e j1a ce orbesiexku, e ToBa ChOTHOIIIEHNE Ha JYAJHOCT HE € B CUJIa [IPU KJIACHIECKOTO
JIOIyCcKaHe 3a (DUKCUpaHa HEYCTOHKA.
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16 Zaevski, Ts.. Building the yield curve in low-liquidity
markets. Data Science in Finance and Economics, 6,
3, AIMS Press, 2026, ISSN:2769-2140,
DOI:10.3934/DSFE.2026014, 397-424. SJR (Scopus):0.44,
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Abstract

This paper proposes a semi-statistical framework for constructing yield curves from
primarymarket government securities data in illiquid bond markets. Because government
debt issuances are infrequent and sparse, the yield curve cannot be directly estimated from
available market information. To address this limitation, the term structure of interest
rates is characterized by classical affine stochastic models, calibrated through a transition-
density-based estimation. For practical application, we employ themodels of Vasicek and
Cox—Ingersoll-Ross. The proposed framework combines historical observations with stochastic
modeling to handle incomplete market data. The methodology is empirically evaluated
using U.S. and Bulgarian Treasury securities. Results suggest that the approach produces
stable and economically consistent yield curve estimates, particularly in environments where
secondary-market data are limited or unreliable. The framework is especially relevant for
emerging markets and may also support backtesting, forecasting, model validation, and
structural analysis of bond markets.

Pesrome

B nacrosimara pa3zpaboTka ce mpejjara moJycTaTUCTUIecKa paMKa 3a KOHCTpyupaHe Ha
KPHUBHU Ha JIOXOJHOCTTA 10 JIAHHU OT ITbPBUYHUSA I1a3ap Ha JIbPyKABHU IEHHW KHUXKA IIPHU
HEJINKBUJIHU Ta3apu Ha objuranuu. Thil KaTo eMHCHUTe Ha JIbPKABEH b/ Ca PEJIKH U
CIOPAINIHHI, KPpUBaTa Ha JIOXOJHOCTTA HE MOXKe Jia ObJie JUPEKTHO OlleHEeHa Bb3 OCHOBa Ha
Ha/IMIHATA TTa3apHa nHpOpMaIys. 3a IPeoIo/siBaHe Ha TOBA OTpaHUYCHIE CPOYHATA, CTPYK-
Typa Ha JINXBEHHUTE IPOIEHTH Ce XapaKTepU3Upa Upe3 KJIaCUIeCcKd apUHHU CTOXACTUTHHU
MOJIeJIN, KaJTMOPUPAHN TTOCPEICTBOM IPEXO/HATA IIBTHOCT . 3a IMEeJNTe Ha MPAKTHIECKOTO
IpIJIOXKEeHNe ca n3noj3Banu mojgennTe Ha Bacmuek m Kokc—Murepcosi—Poc. Ilpemnoxkenara
paMKa KOMOMHUpa NCTOPUIECKH HAOJIOJEHNS ChC CTOXACTUIHO MOJEIUpaHe 3a CIIPaBsHe C
HEITbJIHA MTa3apHU JaHHu. MeTomoorudara e eMInpPUYHO TeCTBaHa C JIAHHU 38 ChbKPOBUIITHI
nennn Kamka Ha CAIIl u Bwarapus. Pesynrarure mokassat, de MOJXOIbT IeHEpUpPa CTa-
OWJTHU 1 MKOHOMUYECKH ChOOpPA3HU OIEHKYU Ha KPUBaTa Ha, JIOXOJHOCTTA, OCOOEHO B yCJIOBHS,
[IpY KOUTO JAHHUTE OT BTOPUIHUS T1a3ap ca OrpaHUYeHN WJIM HeHaJexk iHu. Paszpaborenara
paMKa € 0CODEHO NPUJIOKUMa 38 Pa3BUBAIIN Ce Ha3apud U MOXKe Jia IOCJIYXKH IIPU 00paT-
HO TeCTBaHe, IPOrHO3WPAHE, BAJMIMPAHe Ha MOJIEJIM U CTPYKTYPEH aHAJIU3 Ha [1a3apuTe Ha
OOJIATAIIN.
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