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AN ESTIMATE OF INVESTMENT PORTFOLIO'S VALUE !

Hristiyan Velikov — Student
Financial Mathematics

University of Ruse “Angel Kanchev”
E-mail: hristiyanvel@gmail.com

Prof. Velizar Pavlov, PhD

Head of Department of Applied Mathematics & Statistics,
University of Ruse “Angel Kanchev”

E-mail: vpavlov@uni-ruse.bg

Abstract: An Estimate of Investment Portfolio's Value: Investment and risk management problems are
fundamental problems for both financial institutions and individual investors. Making a good analysis of one’s portfolio
is key to successful investing. This paper considers two possible investments. We estimate the risk premium and the
investment portfolio’s value. Then we suggest a way of limiting the risk through diversification and upon our analysis,
show a 5-step algorithm for choosing and evaluating one’s portfolio.

Key words: risk, portfolio, investment, optimization, diversification, hedging

BBBEJIEHUE

duHaHCOBaTa MHBECTUIIUS € JBJITOCPOYHO BJIaraHe Ha MapUYHH CPEACTBA WIIM KaUTall 3a
npugo0rBaHe Ha (PMHAHCOBU MHCTPYMEHTHU WJIM JIPYTH aKTUBH C IIJI Ja C€ TTOCTUTHAT NEYEJIUBIIH
BB3BpBIIaHMS BbB (popMara Ha TMXBA, AUBUICHTH, IOBHUILIABaHE HAa CTOIHOCTTA HA MHCTPYMEHTA WU
apyr Bu poxon (Bux [1]).

CrpliecTByBarT J1Ba BU1a MHBECTUTOPH: MHANBUAYAIHUA U MHCTUTYIIMOHATHY. M ipu ABaTa Buaa
€ HY)KHO J1a C€ MUHE Mpe3 Bepura oT ChOOpaKeHHsI, aHAIIM3U U JICUCTBUS MPEIH Ja Ce TOCTUTHE 10
peaHOTO BIIaraHEe Ha MapUYHU CPEJCTBA WJIM TaKa HApEYEHOTO HHBECTUpaHe. Bceku enuH
WHBECTUTOP TPSOBa J]a MMa SICHO OIPEACIICHH 3a HETo 1eJIM U orpaHudeHus. [Ipu nnauBuyanure
WHBECTUTOPHU TE3U LIEJIM U OTPaHUYEHMS J0 ToJisiMa CTENEH Ce OMpEeNEeNsaT OT TOBa, HA KOW eTal B
YKU3HEHHS CH IIUKBJI ce Hamupart. LlenuTe Ha Mutajl, TOKY-II10 3aBBPIINAI CTYJIEHT, HAapUMep, KpatHO
Ce pa3lnyaBaT OT T€3M Ha NEHCHOHUpPAaHAa BJIOBUIIA B NpPEKJIOHHA Bb3pacT. OT apyra crpaHa,
OTpaHUYCHUSITA HA MHCTUTYIIMOHATTHUTE MHBECTUTOPHU YE€CTO OMBAT YCIOXKHIBAHU OT PEAUIA MPABHU
3aJIBJKEHUS U PEryIHpaIly pa3nopeaon.

Jpyra BakHa 3a/1aua B MHBECTUIIMOHHUS MTPOLIEC € AaHAIU3BT HA IIEHHUTE KHIKA U 1a3apa, Ipu
KOWTO OIIEHABaM€ pHUCKAa W OYaKBaHATa BBH3BPBIIAEMOCT KAaTo aTpuOyTH Ha Ienus Habop OT
BB3MOXKHUTE WHBECTUIIMOHHU CpecTBA. YacT oT aHanM3a Ha €IMH UHBECTUTOP € OMPEICIISIHETO Ha
Hal-100OpUTE OTHOIIEHUS PUCK-BB3BPBIIAEMOCT M u300pa Ha Hail-moOpus mopTdeitn ot
MHOXECTBOTO Ha BB3MOKHUTE Toptdeimm. [lo apyr HauymH Ka3aHO, ChCTaBSHE Ha ONTHMAJICH
nopThen OT aKTUBH.

CeplimecTBYBaT TpH OCHOBHHU TPHHIIMIA B CHCTABIHETO HA €IWH MOPT(]Eis, KaTo U B TPHUTE
PHUCKBT 3aeMaT LEHTPAITHO MSCTO:

- MuBecTuTOpUTE M30SATBAT PUCKA U U3MCKBAT Bh3HATPAXKIEHHUE, 32 Ja MpeAnprueMaT PUCKOBH
WHBECTHIIMU. Bb3HarpaxkJieHHeTo ce MpueMa 3a pPHUCKOBA IMpeMUsi — OyakBaHa HOpMa Ha
BB3BPBIINAEMOCT, KOSTO € MO-BUCOKA OT Ta3H MPHU AITEPHATUBHUTE O0€3PUCKOBY WHBECTHUIIHH;

- Bcexn maBecTHTOp TpsiOBa Ja HANpaBU OIEHKA HA CBOSI JIMYEH KOMITPOMUCEH M300p MEXIY
nopT¢EeHIHNS PUCK M OYaKBaHATa BH3BPBINAEMOCT. 3a IENITa M3MOoJ3Ba (PYHKIIUS HA TMOJIE3HOCT,

1 JloknaasT e IpejicTaBeH Ha CTyAeHTCcKaTa Hay4yHa cecust Ha 23. 05. 2018 r. B cexius ,,drMHaHCOBA MaTeMaTHKa™ ¢ OPUTHHAIHO 3ariaBue Ha Obirapeku esuk: OLIEHKA HA

TOJIE3HOCTTA HA MHBECTULIMOHEH TTOPT®ENJI.
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KOSITO TpEArojiara, 4eé WHBECTUTOPUTE MOTaT Ja MPHUCBOST CTOMHOCT 3a ONaromoiydyue WiH
MOJIE3HOCT Ha BCEKU MHBECTUITMOHEH MOPT(HEHIT B 3aBUCHMOCT OT HETOBUTE PUCK U Bb3BPBIIAEMOCT;

- PuckbT Ha eauH akTUB HE OMBa Ja Ce OLICHSIBA OTAEITHO OT MopTdeiaa, B KOWTO TOH €
BKItOYeH. [IpaBUTHUAT HAUMH 32 OLICHKA HAa PUCKA, CBbp3aH C J1aJieH UHAUBUIAYaJeH aKTUB € J1a ce
OIICHU HETOBOTO BJIMSIHUE BBPXY JICTJIUBOCTTA HA IEJIHs TOPTHENUIT OT MHBECTHIINH.

PUCKOBA IIPEMUA

Koraro rOBOpHM 3a HAJIMYHUETO HA PUCK O3Ha4YaBa, Y€ 3a JaACHO cnOuTHE CbIICCTBYBA IIOBEYC
OT €IuH M3X0J. B HauamoTo Ha HAIIM JOKJAMd € IOJC3HO Ja BbBEACM M M3SICHHM HSIKOM OCHOBHH
IIOHATHA KaTO IIPOCTa IEPCIICKTHUBA.

Heka nomycHewm, ue qaieH HHBECTUTOP MMa JKeJlaHUE J1a nHBecTupa B komnanust X cyma W =
1000 €, npu KoeTo B Kpas Ha Mepuoja ca Bb3MOXKHH JBa n3Xo/1a. [IbpBUAT U3X0/1 € OJIaronpusITeH,
ToU oHaca Ha uHBecTuTOopa cyma Wi = 1500 € u Heka BEposTHOCTTA 32 HETOBOTO HACTHIIBAHE € P =
0.6. Bropust uzxoz e HebmaronpusiteH, cymara € Wo = 800 € u Toif HacThIBa ¢ BEpOSATHOCT 1 - p =
0.4. Ta3u mpocTa nepcrneKkTUBa MOKEM JIa OHATJIEUM C IbPBO Ha ChbOUTHSITA:

Wi= 1500£

p=06

W= 1000€

Wse= 800€

Bb3HKMKBa BBIIPOCHT, KaK TO3H MOPTEilsi Moxe 1a Ob/Je OlleHeH. EMUH OT HAauMHKTE € J1a ce
M3M0J13Ba CPE/ICTBATa HA AUCKPUIITHBHATA CTATUCTHKA M J1a C€ TPECMETHE CpeHaTa CTOMHOCT WIIN
OYaKBaHATa cyma B Kpas Ha nepuozaa E(W):

E(W) =pW; + (1 —p)W,
E(W)=0.6*1500+0.4*800=1220,
KOETO 03HayaBa, 4ye ovyakBaHaTa reuanda e P = 1220 - 1000 =220 €.

Cera MoOXeM Ja TIpEeCMETHEM JUCHEepCHUATa M CTaHAAPTHOTO OTKJIOHEHWE Ha JaJeHUs
nopTdeiin. 3a Ta3u 1en u3noiazBame GopMysnata 3a JUCIEPCus:

o? =p[W; —EW)? + (1 — p)[W, — EW)]?
o’ =0.6(1500 —1220)? + 0.4(800 —1220)* = 117600 ,
OTKBAETO o = 342.93.

CrnenoBaTeHO Ta3u MHBECTHUIIMS € JIOCTa PUCKOBA, ThH KaTO CTAaHAAPTHOTO OTKJIOHEHUE HA
neyanbara € MHOTO TO-TOJIIMO OT o4akBaHarta nedanoa 220 €. 3a 1a uma peanHa mpeacTaBa Jajid
OuaKkBaHaTa revyanda € JOCTaThYHO TOJIIMa, 32 J]a OMpPaBJae TaKbB PHCK, MHBECTUTOPA € HYKHO Ja
MIPOYYH aNTepHATUBHU MOPTQein.

Hexka nonycHeM, ye CbKpOBHUIIHUTE OOHOBE Ca €/1Ha TaKaBa aJTepHATHBA, IIPU KOETO 32 ChIIUs
nepuoJ] Bb3BpbinaeMoctTa € 4%, 1.e. npu uuBectupanu 1000 €, Te 6uxa goHECHIU cUrypHa rnedanoa
or 40 €.

Taka ce ouepraBar JBE BB3MOXKHOCTH: IPOCTa MEPCIEKTUBA ¢ O4YaKBaHa medanbda 220 € u
WHBECTUIMS B CBHKPOBHUINHU OOHOBE ChC curypHa mewanba 40 €. CrnemoBarernHO ouyakBaHaTa
npezeHa nevyanda Ha PUCKOBUS MOPTQHENs, CIpsIMO WHBECTUIMATA B O€30MaCHU CHKPOBHIIHU
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6onoBe ¢ 180 €. Ta3u mpenenHa mevanda ce Hapuya OILIe PUCKOBA MPeMMs, KOATO C€ sBSBA
KOMITEHCAITHS 32 MHBECTHIIMOHHHS PUCK.

PuckoBara npemust B TO3M CIIydail € IMOJIOKUTEIIHA, KOETO 03HAUaBa, Y€ HHBECTUTOPHT MOXKE
7la IpHeMe J1a/ieHaTa IpocTa MepCleKTHBA WIK Ja s OTXBBPJIM aKO JIONIbJIHUTENHATA redanoa (180
€) He e 10CTaThYHO IroJIsIMa, 3a J1a KOMIIEHCHPA IIOEMaHUs PUCK.

PUCK-BB3BPAIIAEMOCT

HuBecTuTOpUTE, KOUTO U30TBAT PUCKA HE MPHEMAT HHBECTHIIMOHHU MOPT(HEHIN, KOUTO UMAT
HyJIeBa WM OTpUIATENHA pHCKoBa mpemus. Ole moBedye, HHBECTUTOPBHT-PUCKOGOO ,,r100sBa™ ¢
M3BECTCH MPOIICHT OYaKBaHATa HOPMa Ha BB3BPBIINAEMOCT OT JaJCH PUCKOB moptdeiin, 3a na ce
or4ere CBbp3aHus ¢ nmoprdeiina puck. KoikoTo mo-roisiMm € pucKbT, Bb3IPHEMaH OT HHBECTHUTODA,
TOJIKOBA MO-TOJIAMA € Ii1o0ara.

Ta3u cucrema 3a puCK-1106a OOMKHOBEHO C€ M3MO0J3Ba OT (PMHAHCOBUTE TEOPETULU MU C€
Hapyya OIEHKA/CTOMHOCT Ha MOJE3HOCT. Becekn MHBECTUTOP MOKE J1a HAlpaBHM TakaBa OLIEHKA Ha
KOHKYPHUPAIIUTE CE WHBECTULIMOHHU MOPT(PEHIN B 3aBUCUMOCT OT OYAaKBAHUTE Bb3BPBIIAEMOCT U
puck Ha Te3u noptdeitn. Ta3u oneHka 3a mose3HOCT/OIaronoaydne yecto OuBa CrioMeHara Karo
CPEACTBO 3a KJacupaHe Ha MOpTdeisin, KaTo Mo-BUCOKHM OLIEHKM MOJIydaBaT noprdeiliute ¢ mo-
[IPUBJIEKATEIHU NPOPIIN PUCK-BB3BpbIaeMocT. DopmysaTa, KOATO C€ U3I0II3BA €:

U=EW)—0.005xA = o2 (1)

KkbJeTo U e CTOMHOCTTa Ha MOJIE3HOCT, @ A € HHJIEKCHT Ha pucko(hoOus Ha MHBECTUTOPA, KOUTO
C€ U3MEHS B IpaHUIM OT 1 /10 §, KaTO KOJIKOTO MO-TOJIsIMa € CTOMHOCTTA Ha A, TOJIKOBA MO-CKJIOHHH
ca UHBECTUTOPUTE J1a N30ATBaT PUCKA.

B pasrnexnanus ciy4ail HHBECTUTOPBT MMAT OYaKBaHA Bb3BPbILAEMOCT 22% U CTaHAAPTHO
oTkJoHeHue 34%. AKO JIOIyCHEM e/lHa yMepeHa CTOWHOCT Ha ITapaMeThpa 3a U30ArBaHe Ha pucka A
= 3, TO 3a OllEHKaTa Ha MOJIE3HOCT Ha nopTdeitna mo ¢popmyna (1) ce momyyana:

U =22-0.005*3*34° = 4.66%,

KOETO € MaJlKO MoBede OT Oe3pHCKOBHSI MPOICHT B CIIy4as HA MHBECTHpPAHE B CHKPOBHIIHU
OOHOBE.

Ha ta3u 6a3a ce BbBeX/1a MOHATHETO "eKBUBAJICHTEH CUTYpeH mporeHT" (certainty equivalent
rate) ma mageH moptdeilsi, KOMTO € paBeH Ha MPOIEHTHATa JOXOIHOCT, KOSATO OW TpsiOBaio na
npennarat 0e3pMCKOBUTE MHBECTHUIIMH, 32 J]a ca €IHAKBO MPHUBJIEKATETHH C PUCKOBUS MOPTQeEiin

(Bux [1]).

Hexka nomycHem, 4e iMaMe HAKOJIKO pa3InyHu NopTdeiiia - ¢ BUCOKa Bb3BPBLIAEMOCT U BUCOK
PHUCK, KaKTO U C TO-HUCHK PUCK, HO U MO-HUCKA Bb3BPbIaeMoCT (BUXk Tabnuua 1).

Tabmuma 1. Ouenka Ha MOJIE3HOCT

E(W) % o % U %
10% 20.00% 10 - 0.005 * 3 * 400 = 4%
15% 27.08% 15 - 0.005 * 3 * 733.32 = 4%
20% 32.65% 20 - 0.005 * 3 x 1066.02 = 4%
25% 37.40% 25— 0.005 * 3  1398.76 — 4%
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NuBectutopute (0T TN A=3) 1me ObAAT €IHAKBO MPUBJICUYECHU OT BCUYKH TOpPEe CIIOMEHATH
noptdeim, 3aoTo UMaT eHaKBa OIleHKa Ha MOJIE3HOCT. Te3u mopTdeim e jgexar BbpXy eIHa
KpHWBa B rpadukaTa Bb3BPbIIaEMOCT-OTKIIOHEHHE, KOSTO CBBP3Ba BCHUKH MOPTHEHIH C eTHA U ChINa
CTOMHOCT Ha Tosie3HoCT ((urypa 1), HapedeHa KpuBa Ha Oe3pa3iauune (Bux [3]).

Bceku mopTdeiin Hamupaii ce Ha ceBepo3anaj OT KpuBaTa Ha Oe3pasindue € mo-100bp OT Te3H,
JIeKAIIN BbPXY KPHBATa WK HA FOTOM3TOK OT Hesl, KOUTO Ca MO-HeMpUBIICKaTeTHH. Pasriiexnanust
noptdeiin nma oreHka Ha nosnesHoct U = 4.66%, kosTo ce HaMHpa HaJ| KpuBaTa Ha Oe3pasiuiue,
KOETO ro mpasu 100wp (durypa 1).

E(W)

o

@urypa 1. Kpusa Ha 6e3pa3ianuue U olleHKa Ha MOJE3HOCT

OI'PAHUYABAHE HA PUCKA

Jlpyra BaxkHa 3ajava, CBbp3aHa C MOJIE3HOCTTa Ha mopTdeiina € orpaHUYaBaHETO Ha PHCKA.
ToBa moe 1a ce HampaBu upe3 nuBepcudukanus (Bux [2]).

B pasrnexxganus ciydail Heka MPEIIOJIOKHM, Y€ WHBECTUTOPBHT pellaBa Jia paslpenesn
MapuTe CH HAIOJIOBUHA MEX]y CUTYpHUTE ChkpoBuiHu OoHoBe (TB - treasury bills) u puckosus
noptdeitn. ToraBa HoBaTa o4akBaHa HOpMa Ha BB3BPBIIAEMOCT € TPETErIIeHa CPeJHa CTOMHOCT Ha
OYaKBaHUTE JBE HOPMHU:

EW.,)=0.5EW)+0.5E(TB) =0.5%22 + 0.5% 4 =13%

EcTecTtBeHO HOBUSAT HOpT(l)eﬁH HMa 1 HOBO MPETCITICHO CTAHAAPTHO OTKIJIIOHCHHUC!

Gy =050 =05%34 =17%
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E(WW)

Unew L]

)

®durypa 2. HoBa o1ieHka Ha MOJIE3HOCT COPSIMO KpUBa Ha Oe3pa3inndne

JlecHo ce BMXKIA, Y€ KAKTO OYaKBaHATa BB3BPBIIAEMOCT, TaKa M CTAHAAPTHOTO OTKJIOHCHHE
UMaT mo-Mayiku croiiHocTH. 1o ¢hopmyna (1) 3a omeHkara Ha MOJIE3HOCT MOJTydyaBaMe

U, =13—0.005%3*17> =8.67%

AKO cpaBHUM ITbpBaTa OIEHKA HA MMOJIE3HOCT U Ta3W Ha KOMOMHHUPAHUS MOPTHEHIT OT PUCKOB
aKTUB U CbKPOBUIIIHH OOHOBE, BIK/IaMe, Ue TS € MOYTH yIBOCHA.

I'paduunara naTepnperanus (purypa 2) mokassa, ye HoBara oleHka Ha mone3noct U, ce

new
HaMUpa [0-Ha CeBepO3aIia i OT KpuBara Ha Oe3pasiuune B cpaBHeHHE ¢ U, KOETO 03Ha4aBa, ue HOBUST
KOMILIEKCEH MOpTQEi € mo-100bp, MaKap U OYaKBaHATa Bb3BPAIIa€MOCT Jia € MO-MaJIKa.

3AKVIIOYEHUE

W3BbpuiBaHe Ha MpEABApUTEEH aHAIN3 € OT W3KIHYMUTEIHA BaXHOCT IIPU ChCTAaBSIHETO Ha
€IUH WHBECTHIMOHEH mnoprdeln. Enun noO6bp mHBecTUTOp HE cM HabaBs umH(pOpMauuara OT
BECTHUIY, YCEIlaHus WK ciyxoBe [4]. 3a 1a Ob/ie ycneleH U neueInBIll, HHBECTUTOPBT TPsOBa /1a
Ipoy4yd Tas3apa M Jla HampaBU HAaOOp OT MOTEHLUUAJIHU WHBECTULUMU B PUCKOBH aKTHBH WU
CHKpOBUIITHU O0HOBe. Cliesl TOBa Ja OILICHW BCUYKU alTEPHATHUBHU MOPTQEIIn, 3a Ja uMa peajiHa
IpeJcTaBa KbJie Mo rpadukaTa Bb3BphIIAEMOCT — OTKIIOHEHHE ce HaMMpa u30panus noptdeiin. Ensa
TOraBa, TOM MOXXE Jla B3€M€ CBOTBETHOTO HWHBECTHIIMOHHO pELICHHE: WHBECTHIMS C HHUCKa
BB3BPBIIAEMOCT U HUCBHK PUCK MJIM TaKaBa C BHCOKA BB3BPBILAEMOCT, HO U CHOTBETHO IIO-BHCOK
PUCK.

B®3 ocHOBa Ha HampaBeHMs aHaIM3 OMXME MOIJIM Jla MPEAJOKHUM AITOPUTHM 3a M300p Ha
MHBECTUIIMOHEH NMOPT(Ei1, BKIIIOUBALL CICAHUTE CTHIIKU:

1. Hamupane Ha cpeHaTa O4akBaHa Bb3BPBLIAEMOCT Ha JaJ€H aKTUB CIPSIMO UCTOPUUECKH
JTAaHHU 32 aKTHBA.

2. IlpecMsATaHe Ha CTaHJAPTHOTO OTKJIOHEHHE OTHOCHO BE€YE M3YMCIEHATa OvYaKBaHa
BB3BPBIIAEMOCT.

3. Hamupane Ha olleHKa Ha IOJIE3HOCT HAa aKTHBA M BHU3YyallU3MpaHe BbpPXY rpadukara
BB3BPBIIAEMOCT — OTKJIOHEHHE.

4. TuBepcudukaiys Ha pucka - 100aBsiHe Ha aKTUB / CbKPOBUIIHU OOHOBE KbM HOpTdeiina
U IIpeu3uucisBaHe HAa T. 1, 2 u 3.

5. CprnocTaBka Ha ABata noptdeiiina cupsMo KpuBaTa Ha Oe3pazindue.
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[Tpyu U3BIIHEHUETO HA TE3U CTHIIKU CE OYAKBa €MH MHBECTUTOP Jla MMa Mo-A00pa MmpeicTaBa

3a MOJIE3HOCTTA Ha CBOsI mopTdein. [Ipu HamudmeTo Ha MHOTO TaKWBa aJITEPHATUBHU MOPTQEHIH,
TOW MOXeE J]a B3eM€ Hail-100pOTO pelieHue.
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Abstract : Retrospection of Some Random Events and Approximations in Mathematics: Mathematics is one of
the most significant and at the same time topical achievements of the humanity. It is a part of any scientific discipline and
finds varied applications in a number of areas of everyday life. Going back in time, we learn not only who are the founders

of the most significant discoveries in mathematics, but also interesting facts. It is important to know them because of
general knowledge. This paper presents a different view to some random events and approximations, showing
mathematics used in practice. In fact, they are the fundamentals of financial mathematics. Thanks to random events and
approximations we can evaluate insurance risk opportunities, risk-profitability dependencies and predict anomalies of
the investment’s market.
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BBBEJIEHME

Benmukuar mBednapckn Martematuk, ¢wusuk u - pummocod Jleomapm Oiiep kasBa:
"MatemaTHKaTa € KIIOYBT Ha ISUI0TO YOBEIIKOo 3HaHue". Upes Hes MoxeM Jja 00SICHUM I[BETOBETE Ha
3ae3a Wi CTPYKTypaTra Ha MO3bKa, MOKEM J1a BHUKHEM B CyOATOMHHUSI CBSIT WJIM B TaJTAKTUKHUTE Ha
naneunust Kocmoc. Crmopen apyr Benuk wuscienoBaten Jleonmapmo na Bunum: "Huxaksa
JIOCTOBEPHOCT HSIMa B HAyKUTE TaM, KbAETO HE MOXKE J]a ce MPUIIOKK MaTeMaTUKaTa U B TOBa, KOETO
HsIMa Bpb3Ka ¢ MaTeMarukara'.

CrnoxxHata MaTeMaTHYeCKa TEOPHs C€ OCHOBaBa Ha MaTeMaTHUeCKU (GOPMYIH, B KOUTO MOXKE
Ja BUJAM TOJIKOBA MHOTO KpacoTa, KOJKOTO WMa B Hai-IpeKpacHaTa My3WKa Ha BEJHKHUTE
KOMITO3UTOPU WJIM B IIEABOBPUTE Ha H300pa3UTENIHOTO M3KYCTBO. Ta3u Teopus cTaBa OCOOEHO
ToJIe3Ha, KOraTo ce npusara B mpaktukata (Bux [8]). Ta3u 3agada Mmoske 1a Ob/1e peraBaHa yCrenrHo
caMmo OT XOpa, KOUTO UMAT HY)XKHAaTa TEOPETUYHA MOATOTOBKA M YMEHHUS Jla HAMpaBAT Ta3u Ba)KHA
BPB3Ka, a MPOIEChT Ha HEWHOTO pellaBaHe BUHATM ChABPKA PUCK 3a Tpemika. [I[puunHaTa 3a T03u
PUCK € Hail-001110, Y€ B MpaKTUKaTa BUHATH BIMSIAT U CIydaiiHu (akToOpHu, KOUTO HE MOrat Ja Obpaar
MIPEIBHJICHHU.

B nacrosimara paboTa € mpeAcTaBeH eauH MOo-pa3jiifyeH IMOTrje]l KbM HSIKOW CIy4ailHOCTH U
MPUOIVKCHUS, U3yYaBaHW OT MaTeMaTHKaTa M Taka HY)KHHU 3a MTPaKTUKATa.

3APOBE

3apoBeTe ca €IHM OT Hall-paHHUTE METOJU 3a TeHepHpaHe Ha ciay4ailHu uyucna (¢ur. 1).
[IbpBOHAaYaTHO OMIIM M3pabOTBAHMU OT IJIE3€HHATa KOCT Ha JIOMAIIHUTE )XKMBOTHHM, KaTo arHerara. B
JPEBHOCTTA XOpaTa BApBalM, Y€ 3apOBETE MOTaT Jia MpeAcKa3BaT ObACLIETO, Thi KaTo ce CMATAJIO,
4e caMHuTe OOroBe KOHTPOJIMPAT U3X0Aa OT XBbPJIIHUSATA.

2 JloknanbT € MpeCTaBeH Ha CTy/AeHTCKaTa Hay4Ha cecust Ha 23. 05. 2018 r. B cexuus ,,OuHaHCOBAa MaTeMaTHKA*
C OpMIHHAIIHO 3araBue Ha Obrapeku esuk: PETPOCIEKIMS HA HAKOU CIYUYAMHOCTU U IIPUBIKEHU S
B MATEMATUKATA
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B npoabmxenue Ha BEKOBE XBBPIISIHUATA HA 3ap CE€ U3MOJI3BAT 3a MPEMNOIaBaHe HA TEOpHs Ha
BeposiTHOCTUTE (BUXK [S5]). AKO pasriename CTaHAapTeH 3ap ¢ 6 CTpaHu, BBPXY BCSIKA OT KOUTO UMa
Pa3IUYHO YUCIIO, TO € JOOPE U3BECTHO, Y€ BEPOSTHOCTTA JIa CE€ MAJHE €THO KOHKPETHO YHCIIO TPU
eaHO XBBpIIsIHE € 1/6. BeposaTHOCTTa 1a ce maiHaT Cepusl OT 1 YKcia B ONpeesieHa nmopeaumna ¢ 1/ 6.

®urypa 1. 3apose ®durypa 2. Koneno Ha kapyua

YUCIOTO i

JloOpe W3BECTHO €, Y€ YUCIOTO 7 € MPUOIM3UTENTHO paBHO Ha 3,14 W mpencraBisiBa
OTHOILICHUETO MEX]Y JbJDKUHATA HA A3aJ€Ha OKPBKHOCT U HelHUs auaMeTbp. HaBsipHO npeBHUTE
Xopa ca ro 3abens3anu O61aroJapeHye Ha TOBa, Y€ IIPU BCAKO 3aBbPTAHE HA KOJiesaTa Ha Kapyna T
ce MPHIBUXKBA HAIIPE]] C OKOJIO TPU I'bTU AMaMeTbpa Ha Kosenoto (¢ur. 2). Ilpes 1706 r. yenckust

MateMaTHK YWisiM J[PKOyHC BBBEXIa CHMBOJIAa TT, KOHTO € ImbpBaTa OyKBa Ha rpbhIKaTa Jyma 3a
nepudepus (Bmwx [6]). Ome mo-pano, npe3 1673 r., HeMckusaT mMatematuk [ordpun Bumxenm

Jlaitorun (Buxk [9]) otkpuBa (opmyrara, 4pe3 KOSITO TT MOXKE J1a ObJie MPEICTABEHO 1O CIICIHUS
HAa4YUH:

T i 1 1 1
—=1l—-=+-=-—z+ ..
4 3 5 7

JOTAPUTMHU

Jlxon Henep, oTkpuBaTenar Ha JOrapuTMHUTE, Ch3[aBa YCTPONUCTBO 3a MPECMSATAHE, U3BECTHO
kato "mnouyku Ha Henep" (¢wur. 3). ToBa ca npbuuiiy, U3NMHUCAHK C TAOJHUIIN HA YMHOKEHHUETO, KOUTO
MOTar Jia ce MOAPEKaaT B ONPENIEIIEH Pell U J1a YIECHIBAT IpecMATaHuATa. BepTaiuTe ce npbunliu
MO3BOJISIBAT YMHOKEHUETO Ja C€ MPEICTaBH KAaTo MOPEInlia OT MPOCTO chOupane. JlorapurbMbT Ha
YHCIIOTO X MPH OCHOBA a € paBeH Ha b U ce u3mucBa KaTo

log,x=b & x=a’

@urypa 3. [1nouku vHa Henep ®urypa 4. YucnoTo Hyna

HEIIEPOBO YUCJIO

SIko0 bepHynu oTkpuBa uyucioTo mpe3 1685 r. mpu M3ydyaBaHe Ha CIOXKHATa JHMXBa. AKO
MIPENIOJIOKHUM, Y€ B 6aHKOBa cMeTKa nMame 1 siB. npu rogumiHa guxsa 100%, npu koeTo cMeTkara
C€ OJIMXBSIBA BEJHBK F'OAMIIHO, TO CJEJ U3THUYaHE HAa TOAMHATA 1Ie uMaMe 2 jieBa. AKO JIMXBara ce
Ha4YuCIIsIBa BEHBXK Ha 6 Mecena ot roauHara (o 50% Ha mectMeceune), TO B Kpasi Ha TOJUHATA I11e
noxy4yum 2,25 nB. Ako uxBara ce HauucisBa exemeceddo (100% : 12 = 8,33% na mece1), To B Kpast
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Ha rojirHaTa e umame 2,61 nB. Ako nuxBata ce HauucisBa exenneBHo (100% : 365 = 0,274% Ha
JIeH), TO B Kpas Ha roguHaTa 1me umame 2,71 nB. Taka KOJIKOTO MO-4ECTO CE€ OJMXBSIBA CMETKATa,
TOJIKOBA IMO-TOJISIMA CyMa ce moydaBa. Obaue KpallHUAT pe3yNTaT He pacTe HeorpaHudeHo. bepHynu
3a0ersa3Ba, 4e Pe3ysTaThbT HE HAAXBBPJSA ONpeleicHa I'paHMIa, a UMEHHO 2,72 JB., KbM KOSTO
CTOMHOCT Cce MpUOIIKaBa MapuyHaTa cyma B Kpas Ha TOJIMHATA, KOTaTO CMETKaTa Ce OJIMXBsIBa BCE
MO-4YECTO U Mo-4ecTo. Tol JoKa3Ba, 4e Ta3u rpaHuYHa CTOMHOCT € yuciaoTo 2,718281828459045......,
KOETO MO-KbCHO € HapeyeHo HemepoBo umcino B yect Ha Jxon Hemep - m3oOperarens Ha
JorapuTMute, pu koero log, X = In X (Buk [7]).

HYJIA

[IppBOHaYaIHO APEBHUTE BaBUJIOHIIM HSIMaJId CUMBOJI 32 HyJa. ToBa BOJIM 10 HECUTYPHOCT B
TEXHUTE O3HA4YCHMs. BaBUIIOHCKHTE NUcapy OCTABsUIM €JUHCTBEHO IIPa3eH MHTEPBal TaM, KbIETO
HyJarta Tpa0Bao j1a ce nocrasu. ETo 3amio B cpepata iy B Kpas Ha 4yuciata He OMJI0 HUKAK JIECHO
na ce pasnmuuu OposaT Ha mpasnute mecra (Hampumep 12, 102 wmu 1002). Okono 650 r. ot H.c.
UHMckuTe Marematuiu bpaxmarynra, Maxasupa u bxackapa wu3nonsBanu Hylara B
MaTeMaTHuecku omnepauuu. bpaxmarynra o0siCHsIBa, € 4HMCIIO, OT KOETO OMBa M3BaJIEHO CHLIOTO
qucio, npaBu Hy’a. [lo-kbcHO MaTemMaTukbT XtoceuH Apmam (Bux [1]) nume: ,,BpBexnanero Ha
HyJiaTa B eceTnyHara OpoitHa cuctema npe3 XIII B. € Hail-3HaUMMOTO OCTUKEHHUE B Pa3BUTHETO HA
CHUCTEMa OT 4YMCJIa, 4Ype3 KOATO IPECMATAHETO Ha TOJEMM 4YHMCJa CTaBa BB3MOXHO. be3 Hes
OIMCAaHHUETO Ha IMPOIECUTE B THPTOBUATA, ACTPOHOMHUSITA, (PU3MKATA, XUMHUIATA U UHAYCTPHUITA OH
6uno HemuciuMo. Jlumncara Ha TakbB CUMBOJ € €UH OT CEPUO3HUTE HEJOCTaThLU Ha pUMCKAara
Opoiina cucrema.” Taka BbBEXKIaHETO Ha HyllaTa BB3IUIAMEHSBA UCTHMHCKU OT'bH, KOHTO B KpaiHa
CMETKa 1103BOJIIBa HAa YOBEYECTBOTO J1a pabOTH MO-JIECHO C TOJIEMH YMCia U J1a CTaHe e(peKTUBHO B
n3uucienusra (purypa 4).

®OPMYVYJIA HA CTUPJIUHT

JloOpe M3BeCTHO €, 4Ye 3a MOJ0KUTEIHU LN Yucia n ¢ n! ce 03HayaBa MPOU3BEIEHUETO Ha
BCHUYKH MOJOXKHUTEJIHYU LI YHCIIa, KOUTO ca NO-MaJIKy WK paBHU Ha N. ToBa 03HaueHNE € BbBEJCHO
or (¢peHckus Matematuk Kpuctman Kpamn mpes 1808 r. dakropuenure ca ChIIECTBEHH 3a
KOMOMHATOpHKaTa, KbJIETO € BaXKHO J1a Ce 103HaBa Oposi Bb3MOXKHU HAUYMHH, [0 KOUTO MOTaT Jia ce
noJpensaT o0eKTUTe B JajJieHa peauua. Te ce cpemar U B TEOpPHsl Ha BEPOSTHOCTUTE, TEOpUsS Ha
YyHuciiaTa U MaTeMaTHYHUS aHATU3 (BUXK [2]).

IIpe3 1730 r. mwornanackusT mareMatuk JDxeiimc CrtupnuHr B kHurata cu "Methodus

Differentialis" npeacrasst npubinxeHeTo
1

n+=
Nlx+/27e™"n 2

3AKOH 3A I'OJIEMUTE YUCJIA

3akoHbT 3a ronemute uucia (3['Y) e teopema ot Teopus Ha BEpOATHOCTHTE, AOKa3aHa OT
mBenapckus MareMatuk ko6 bepuynu [3]. Tst onucBa nbarocpodHara CTaOMIHOCT Ha MTPOU3BOIHA
BenuunHa. Hampumep, xorato OposT HAOMIOACHHS Ha JaJeH eKCIepUMEHT (KaTo XBBbpJISHE Ha
MOHETa) € JOCTaTh4YHO T'OJISIM, TO IPOLEHTHT OT CIy4yauTe, B KOUTO ce HaOII0AaBa JaJieH OonpeesieH
pe3yaTar CupsMO BCHUKH OMUTHU (HAIIpUMep Jia ce majia e3M), 1ie ce JoO0IrkKaBa o BEpOsSTHOCTTA 32
Tto3u pesynrar (B ciydas 0,5). 3actpaxoBatenute m3noisBar 31U, 3a ma HampaBsAT OICHKa Ha
PHUCKOBETE U 3aryoure.

bepnynu npecmsTta pasnpeneneHueTo Ha OenuTe TONKHU B YpHA, MbJIHA C HEU3BECTEH Opoil
4yepHU U Oenu Tonku. V3TersiHeTo Ha TOTIKU OT YpHATa U cllydaifHaTa 3aMsiHa Ha TOTKA MPH BCIKO
U3rerisiHe Mo3BoJiABa Ha bepHynu 1a HW34KMCIU CHOTHOIIEHHETO Ha OENUTEe CHPSIMO BCUYKHU
W3TETJICHU TOMKHU. bepHynu oTKpHBa, 4ye aKo HAalpaBy TOBA TOCTATHYHO TOJISIM OpOii MBTH, MOXKeE J1a
MOJTyYH JKeJlaHaTa TOYHOCT 3a THPCEHHUsS PE3YNTAaT U MpaBHU HU3BOAA, ye "AKO HaOIIOICHUSITA HA
BCUYKU CHOWTHSI MPOABIKAT N0 OE3KpaiHOCT, TO BEPOATHOCTTA 3alloyBa Ja KJIOHU KBbM IIBIIHA
CUTYPHOCT, BCHYKO Ha CBEeTa OM ce CIIyuBajio, JOPH U Hail-Mallko BEpOSITHUTE ChOUTHS 1€ TpsAOBa /1a
ce ciyyar IpH omnpenenenu odcrosrencTsa". B yect Ha bepHynu Ha mBeiiiapcka nomieHcka Mapka
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oT 1994 r. e u300pa3eH HErOBHUAT 00pa3 U € MpeCTaBeHo H300paxKeHrne Ha rpadukaTa u popmynara
Ha 3I'Y (ur. 7).

| MATHEMATICASSS ﬁ GN5659676L6
[x+.+x,)—E[X)

L
n

i

ZEHN DEUTSCHE MARK

; VAAAAAAAA

HEVETIA 80 - .

BURKARD WALTENSPUL COURVOISIER

@urypa 7. llIBerinapckara mapka ot 1994 r.  @urypa 8. banknorta ot 10 repMancku MapKu

HOPMAJIHO PA3IIPEJAEJIEHUE

ITpe3 1733 r. ppenckuar marematuk Abpaxam 160 MyaBbp 3a bPBH BT ONMCBA KpUBaTa Ha
HOpMaJIHOTO pasmpenenenue. MzpectHo e u kato ,,I'aycoBo” B yect Ha Kapn @punpux ["ayc, koifto
M3ydaBall KpHBaTa TOIWHHU MO-KbCHO. TSI TpeAcTaBisiBA BaXXHO CEMEHCTBO OT HEMPEKbCHATH
BEPOSTHOCTHM pAa3IpelesieHus,, NPUIOKUMH KbM BCHYKM HAay4YHU JUCLUIUIMHHU, KBJAETO C€
U3BbPUIBAT EKCIEPUMEHTH (BUXK [3]).

HopmanHoto pasmpeneneHue ce omnpeaeis OT CpeAHara CTOHHOCT M OT CTaHIAapTHOTO
OTKJIOHEHHE, KOETO ONpeaeist JOKOJIKO H3MEpeHaTa CTOHHOCT c€ OTKJIOHSBAa OT HCTHHCKATA.
IIpencraBeno rpaduyHo, pasnpeaeIeHUeTo ONMCBAa CUMETpUYHAa KaMOaHOBUIHA KpHUBa. B uecT Ha
I"ayc 1o 2002 r. Ha 6ankHOTaTa OT 10 TEepMaHCKK MapKu € H300pa3eH HETOBHUAT 00pa3 M KpHUBaTa Ha
HOPMaJIHOTO paznpeneneHue (dur. 8).

METO/]I HA HAU-MAJIKUTE KBAJIPATH

[TspBara 3HaUMMa MOHOTpadusl, KOITO KOMOMHHPA TEOPUS HAa BEPOSITHOCTUTE C MATEMATHYHUS
aHayn3, ¢ "AHaIUTHYHA TEOPHs Ha BepOsATHOCTUTE" HAa (PpEHCKHS MaTeMaTUK M acTpoHoM Iluep-
Cuwmon Jlamnac [4]. B Hes To# pasriexaa METOIu 3a onpe/essiHe Ha BEPOSTHOCTTA 3a CIyYBaHE Ha
JaIecHd ChCTaBHM CHLOWTHS Ha 0a3aTa Ha BEPOSTHOCTTA Ha OTJEIHHUTE KOMIOHEHTH. B kHurara ca
OMHMCaHU METOIBT HA Hall-MaJIKUTE KBaIpaTH U Ha T. Hap. "uria Ha brodon".

MeToabpT Ha Hali-MalKUTe KBaJIpaTH JHEC € 4acT OT MOBEYETO CTATUCTUYECKH KOMITIOTHPHU
MpOrpaMu, KOWTO YepTasAT JWHHWH VI IJIABHU HW3BUBKH TIpe3 HEOOpPaOOTEHH EKCIIEPUMEHTATHH
nanHu. ToBa e MaTeMaTHyecKa Mpolleypa 3a OTKpUBaHe Ha "Hali-1o0paTta KpuBa, ONKcBaIa JaJeH
HaOop ot mauHU. [locTposiBa ce KaTo ce MUHUMH3UpPA CyMara OT KBaJIpaTHTE Ha OTKIOHEHUSATA Ha
TOYKHUTE C JAHHU CIIPSAMO Ta3u KpuBa. MIHTepmpeTalus B TpUMEpPHUS Cllydail € mpeicTaBeHa Ha Qur.

9.

@urypa 9. Meton Ha Hali-mankute kBaapatu.  Purypa. 10 qu) Jpo Brodon (1727-1775)

3AJTAYA 3A UTJIATA HA BIO®OH

Mownte Kapno € agMUHHCTpaTUBEH KBapTajl B MOHAKO, M3BECTEH C MHOTOTO cH Ka3uHa. Ho
meroaute ,,Monte Kapno”, KpbCTeHM Ha HEro, ca OCHOBHM 3a MaTeMmMaTHKara M Haykara. Te
M3MOM3BaT ClAy4alHOCTTa, 3a Jla pellaBar 3ajJayd, BapHpally oT o0yiacTTa Ha CTaTHUCTUKaTa J0
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BEPIKHUTE SAPCHH PEAKLIMU U YIIPABIEHUETO Ha cBeTo(apuTe o mbpruuiara. EAHo oT Hali-paHHUTE
Y U3BECTHHU npuiokeHus Ha Meroaa e pe3 XVIII B. ToraBa GppeHCKUAT €CTECTBEHUK U MaTeMaTHK
rpad [Ivo bBrodpon (dur. 10) mycka uriia MHOrOKpaTHO BBPXY JIUCT XapTHs ¢ HAPUCYBAHU JIMHUU U
oTyuTa OpOST IBTHU, B KOUTO UIJIaTa JOKOcBa JinHUA. [0 TO3M HauMH TOI mojlydyaBa CTOMHOCTTA Ha
MaTeMaTHYecKaTa KOHCTAHTa IH.

JlHec CBpBXMOIIHU KOMITIOTPH MOTaT Jia TeHEepUpaT OrpoMeH Opoii MCeBAOCIy4aiiHU Yyncia B
cexkyHza. [1o To3u HaUMH y4eHUTE MOraT Jia c€ Bb3IMOIA3BAaT HAIMBIHO OT MeTouTe ,,MonTe Kapio™ u
Ja u3ydaBaT mpoOiieMd OT oOJiacTTa Ha MKOHOMHKAra, (U3MKaTa, XUMHUSATA, CTPYKTypaTa Ha
IIPOTEUHUTE, 00pa3yBaHETO HA FaTaKTUKUTE.

XU-KBAJPAT

TecThT Ha XU-KBajpaTa € IMpeacTaBeH 3a NpbB BT npe3 1900 1. oT OpuUTaHCKUS MaTEMaTUK
Kapn ITubpchr. OTTOraBa 10 cera HErOBHAT METOJ CE M3IO0JI3Ba B 0e30poit pazmuunu chepu: ot
KpunTorpadus ¥ CUTYPHOCT /10 aHaJIU3 Ha pe3yaTaTUTe Ha urpaunte B 6ei36oma. [Ipu npunaranero
Ha TecTa ce Mpuema, 4e pe3yiaTaTuTe ca He3aBUCUMHU. CTOWHOCTTa Ha XHM-KBaJpaT MOXe Ja Objae
W3YMCIICHA, aKO 3HaeM BCsKa HaOlrojaBaHa yecTota f, W TeopeTwuHa (oyakBaHa) yectora f, 3a

JaieHo crouTHe 1o GpopmynaTa

£, 1)
:Z(eft)

2
Axo dyecTtoTaTa Ha OYaKBaHUTE U Ha6J'IIO,Z[aBaHI/ITC cpOUTHS € CJIHaKBa, TO ToraBa y = 0. Heka

HampuMep TeCTBaMe XHMIIOTE3a, KOSITO TJIacH, Ye MOMyIalusITa npu OppMOapu U rnenepyau € eJHaKBa
(purypa 11). 3a uenra e HanpaBeHa cirydaiiHa u3Bajka ot 100 nmpou3BoIIHU HACEKOMHU, IIPU KOETO CE
oka3Ba, ye B Hes uMame 10 OpbmOapa u 90 menepyau. ToraBa uMaiku IpeaBUI, Y€ OYAKBAHUTE

2
4ecTOTH ca 1o 50 Opost OT BCEKH BUA, TO 32 ¥ IMOJydaBaMe

2 2
- (10-50)° (%0-50)
50 50

=64

-:."“4»“

Tk

$ *;;XX 4 #,

?,} .,.:%.*«\’
x"“’

ﬁw*

=

@urypa 11. [Tonynanus ot nenepyau u OpbpMobapu

HonyquaTa CTOMHOCT 64 ce pasjindaBa CBIICCTBECHO OT HYJIAT4, KOCTO IIOJICKa3Ba, 4YC
HaydaJlHaTa XHUII0TE3a HC € BApPHA.

MEJAJI HA ONJIAC

OuIaCOBUAT Menal € Hall-W3BECTHAaTa M BIMATENIHA Harpajga B MaremaTukara. Kakro u
HobGenoBara Harpaja 3a HocTHXeHHs B Jpyru obsiacTtu Ha HaykuTe, OUinacoBuaT Menan e yupeaeH
OT KEJIAHMETO MaTeMaTUKAaTa 1a CE U3AUTHE HaJl HALIMOHAITHUTE Bpaxau. ToM ce IpUCHKAAa Ha BCEKU
YeTUpU TOAMHHU U € HAarpaJia 3a MUHAJIM MOCTUXKEHUS M CTUMYJ 33 ObJIEIIH IPOYIBAHHUSL.

[Tonskora napuuat ®unncosust menan ,,HoOenoBa Harpana 3a matemaruka”. Toit obaue ce
BpbUBa CaMO Ha MaTeMaTHIM Ha Bb3pacT 10 40 roauuu. [lapuyHara cyma € CpaBHUTEIHO MajKa.
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ITpe3 2006 . e exsa 13500 nonapa B cpaBHeHue ¢ HoOenoBaTa Harpaza, KOATO € HaJl MUJIMOH J10J1apa.
Harpanara e yupenena ot kanaackus marematuk [>xoH Yapn3 @uiac v € BpbUeHa 3a MbPBU BT
npe3 1936 .

Ha nuneBata ctpana Ha Meana e u3o0pa3eH rpbUKUAT yueH ApxuMmes, a (hpazata Ha TaTUHCKU
Ha oOpaTHaTa cTpaHa 03HayaBa ,,] 031 MeZall ce AaBa Ha MaTeMaTULU, ChOPaHU OT IISUT CBAT, 3apajn
M3KIIIounTeHa padota” (dur. 12).

®urypa 12. MegansT Ha Ounic

JIrobonuTHO €, 4e OKOJIO 25 MpOoLeHTa OT MeJaJIMCTUTE ca €BpeH, a MOYTH I0JOBHUHATA ca
pabotunu B MucTHTYTA 32 HanpenHany npoyusanus B [IpunctsH, Hio xbpeu.

3AKVIIOYEHUE

beprpana Pecen nue: ,,MaremaTtukara, ako s pa3riie1aTe IpaBUIHO, IIPUTEKABA U IIOKa3Ba
HE caMO WCTHHA, HO U BBPXOBHA KpacoTa — CypoBa M CTyJEHa KpacoTa, ojJo0Ha Ha HU3fIIHA
CKynnTypa.”
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Abstract: Monte Carlo Methods are a broad class of computational algorithms, which are applied for finding the
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BBBEJIEHME

Meroaute Monte Kapiio ca mupoK Kj1ac OT U3YUCIUTENIHN aJrOPUTMH, KOUTO C€ Mpujarar 3a
HaMHpaHe Ha pelleHHe Ha MOCOYeH IpobieM, KOMTO MMa MHOXKECTBO 3aJaJIeHH BXOJHHM JaHHU.
PannusT BapuaHT Ha MeTOa MOKE J1a Ob/I€ BUSH B eKcriepuMenTa ,,Mrnara na bydon*, mposeaen
oute rpe3 XVIII B. Toii npeacrapisiBa MpeanoaoxKeHUe 3a M0/, HalpaBeH OT MapajieH! U PaBHU 110
LIMPUHA IbPBEHU IBCKH, KaTo upe3 Meronn Monte Kapiio ce n3uncisBa kakBa € BEpOATHOCTTA, AKO
ObJie M3MycHaTa UIJIa Ha M0J1a, TS Aa MOMajHe Taka, 4e Jia Ipecuya pa3CTOSHUETO MEXKAY JIBE AbCKU
[3].

MonepHata Bepcus Ha MapkoBara Bepura Ha Metoaun Monrte Kapno e uspaborena or
CranucnaB Yinam mnpe3 40-tre rogunu Ha XX B. Toil paGoTun 1mo mpoekTH B HalMOHAIHATa
nabopatopust ,,Jloc Anamoc“. HayuwaBaiiku 3a paOGotata My, /xon ¢on Hoiiman cb3naBa
enexktponHon3zuncnurenHa mammHa (ENIAC), upes kosTo mpuiara m3dmcieHusTra Ha Metoaurte
Monte Kapno. Umeto Metoau Monte Kapio npousnusa ot ceBMecTHaTa pabota Ha (oH Holiman u
VYnam, KoATO M3HCKBaja KoJoBO MMe. ToraBa TexeH koiera, Hukonait Merpononuc, npeuioxul
nmeto Monte Kapino, Ha umeTo Ha kasuHoto MoHTe Kapiio B MoHako, KbAETO YMYOTO Ha YIaM
B3€Ma MapH Ha3zaeM OT pOJHUHHU, 3a Ja 3anara [2].

Metoaute MonTe Kap:o cbiio Taka ca OuiaM MHOTO BayKHH 3a IPOEKTa ,,MaHXaTbH* (IIPOEKT
3a Ch3/laBaHe Ha IBPBUTE siApeHU opbxkKus, ochiecTBeH B CAILl mexxny 1939 u 1946r.) [3].

N3JI0’)KEHUE

Crpykrypara Ha Metoan Monrte Kapio 3aBucH €IUHCTBEHO OT HadallHaTa CTOMHOCT So Ha
[[eHaTa Ha Pa3rlieXkKIaHus aKTUB, T.€. IIeHaTa S B HAYaTHUS MOMEHT to, OT KOWTO 3amo4Ba OMIIHITA.
Metoabt Ha MonTe Kapio cumynupa ciydaiiHOTO IBH)KCHHE Ha IICHUTE Ha (PMHAHCOBUTE aKTUBH H
U3IMO0JI3Ba 32 OLICHSIBAHETO HA OINLMUTE JIOTUYECKH TBBPIEHUS U TOHATUS OT BEPOSITHOCTUTE U
CTaTHCTUKAaTa KaTo IIeHTpaJHa TpaHWYHa TEOpeMa, MaTeMaTU4YecKO OYaKBaHE, JIOBEPUTEITHHU
WHTEpBanu u ap. [1].

Karo navasno ce cumynupat rosisim 6poii leHOBH IIbTEKH, ONHMCBAILN CTYy4alHOTO JIBHYKEHHE Ha
naneHust 1eHoBu mpouec St B umHTepBana [0, T]. Ilpecmsta ce ¢ynkuusta Ha mnevanba u

3 JloknagbT e Ipe/ICTaBEH Ha CTyIEHTCKaTa HayuHa cecus Ha 23. 05. 2018 r. B cexuus ,,DMHaHCOBA MaTEMaTHKa*
¢ opuruHaiHo 3ariasue Ha Obarapcku esuk: METOJII MOHTE KAPJIO U ITPMJIOXEHUA.
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MaTEMaTHYECKOTO OYAKBAHE 33 BCSAKA OT MPUMEPHUTE IIEHOBU MBTEKH, CIIeJ KOGTO Ce MpecMsiTa
NpPEeMUyMbT Ha JaJeHaTa OIIUS Ype3 TUCKOHTUPAHE M HAMHPAHETO Ha JOBEPUTEIICH MHTEPBAJ 3a
CpeaHaTa CTOMHOCT OT BCUYKH CUMYJIMPAHU IIECHOBH ITBTEKHU.

[Tpu ouensiBane Ha EBporneiicku oMK € Hy)KHO Jia C€ HAaMEpPH MaTeMaTHYECKOTO OYaKBaHE Ha
¢dbyHKIMATA HA TIeyanba caMmo B jataTta Ha naaexka 1. [lomydeHusar pesynrat B MOMEHT T TpsiOBa aa
ce IMCKOHTHPA C MHOXKHTEN €11, 32 J1a MOTy4iM NpeMHyMa Ha [1a/IeHaTa OIS B HACTOSIIHA MOMEHT
t=0, T1.€:

V(S,,0)=eE (V (S;,T)). (1)
ds
3a na npunoxuM Merona Monrte Kapno xeM mozena na Biek-1omc i rdt + cdW, sa

npecMsiTaHe Ha mpeMuyma Ha EBporeiicka ko onius, npecmsatame pyHKuusTa Ha neyanoa:

Lo rice
V(S,T):= max Soe(rza Jrowi®

01, ()
kpaeTo K e crpaiikoBa 1ieHa, So — [IeHa Ha pasriiekIaHus aKTHB, JMXBa [ 1 BOJIATHIIHOCT O ca
NPEABAPUTEIIHO ONPEIEIICHN OT OaHKaTa U UKCUPaHH Mpe3 Leus )KUBOT Ha onuusTal € [O,T].

[Mpemuymute Ha onuusaTa V(St, 0) 3a BCsika 1IeHOBA IThTEKA, MOJyYeHA MO ropHaTa (opmyiia,
ce TI0JTydJaBaT upe3 JUCKOHTHpAaHe Ha QYHKIMATA HA Tedan6a ¢ MHOKHTeNs €7

V(S,,0):=e™"| max| S,e' 2 0. ()

3a 3aBbpIIBaHE HA NpujaraLeTo Ha meroga Monte Kapiio ce npecMsATa 10BEpUTEICH HHTEPBAT
3a CTOMHOCTUTE Ha IPEMUYMHTE HA ONLUATA.
3a 12 Ob€ NOCTUTHATO HEOOXOIUMOTO HUBO Ha TOYHOCT C€ M3MOJI3BAT rojsiM Opoil 1IeHOBU
II'bTEKU. AKO MCKaMe J1a yBEJIMYMM TOYHOCTTA C €/1Ha JIECETa € HY’KHO J1a YBEJIMYUM CTOKPAaTHO Opost
HA TEHEPUPAHUTE LICHOBU IIBTEKHU.
EBpuctnynara ctpykrypa Ha Mmetosa MoHTe Kapio € OCHOBHO HErOBO MPEAUMCTBO, Thi KaTo
IIPY HETO MOTarT JIECHO Jla CE CUMYJIMpAT LIEHOBU IIBTEKW HAa HECTaHAApTHU JepuBatu. IIpumep 3a
HECTaHJAapTHU JEpUBaTH ca OapUEpHUTE OMIMH, KOUTO Ca MHOTO TOMYJSpHU JAEpUBAaTH Ha
¢unaHcoBuTe nazapu. ChlLIECTBYBAT JBE OCHOBHU MPUYMHH 328 ThPI'YBaHETO HA TOJIIMO KOJIMYECTBO
OapuepHH ONIMU Ha OOPCOBUTE Ma3apHu:
1. uMar no-HUCKU IPEMUYMU OT CbOTBETHUTE BAaHUJIOBH OILIUU
2. KOMIICHCAIlMUTe, KOUTO C€ M3IUIAIAT B CIy4ald, 4e OMIUATAa Ce aHyJaupa, T.€. lleHaTa Ha
pasriiexaaHus akTHUB € JIOCTUTHala IpeIBApUTENIHO ONpe/iesieHa Oapuepa npeau JaTaTa Ha
majgex [1].
CuMynanusara Ha cilydallHU 4HCJIa YECTO € €IMHCTBEHUAT HA4YMH J1a CE ONHULIE U IeHepupa
BEPOSITHOCTHOTO PA3MpeNieieHne St Ha pa3TiIeKaaHus aKTHB.
l'onemMuHata Ha BpeMeBHUTE CTBIIKM ce M30Mpa Taka, ye LIEHOBUTE MBTEKH Ja CTUMYIHUpAT
peanucTuaHo croxactuunus npouec St B unrepana 0 <t <T. 3a Ta3u nen ce MUHABA IPE3 CIETHUTE
JIBE Hella:
1. Bpemero O<t<T o mamexxa T Ha majgeHa OmuMs ce IUCKPETH3UpA 4pe3 U3OMpaHe Ha

HOAXO/sIIa BpeMeBa CcThIKa At, urpaema poss Ha BpeMeBus MHTEpBad Ol BbB (opmyla
1
Si.a=S.exp| | r —502 ot+osg\ot |, xpaero j=1,.., Nut, + NAt=T,;

2. TenepupaHe Ha IEHOBH IBTEKH St, BCAKA OT KOWUTO OMBAa IeHEpHpaHa MOOTICIHO Ype3
IMOCJIEIOBATEIIHI CTOMHOCTH Sto,...,Sto+jAt,...,ST, J=L...,N;t, =0ut, + NAt=T ot

popmyna S5 =S, EXP, r—%az 5t+O‘8\/§ .
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[lenaTa Ha pa3riexnanus akTuB B Mojena Ha brek-11lonc St nma JorHOpMaliHO pa3npeneeHme
(log-normal distribution) 3a pasnauka oT Moena Ha MepTOH, KbJIECTO IIEHATA Ha pa3riIe/K/IaHHsT aKTHB

N
St cnempa mpomec Ha JleBn L, = pdt+oW, +2Yt,K0171T0 € C IO0-CIOXKHO pa3npe/esieHue:
t=1

NI
S, =S, exp| pdt + oW, + ZYi , KbOemo [ = p —%0-2 - ﬂ{exp(;/ +%02j —1j — OT IIO3HaTOTO B
i=1
15
MKOHOMHMKATA JIOTHOPMAITHO OT (popMyIIa Sy, 5 = S, EXP| | I — > o |ot+og/ot |

IIpumep 1.

Heka cumynupame 30 IICHOBU IBTEKH, KaTO IICHATa HA Pa3TJICKIaHUsS AaKTUB B HAYAIHUS
MOMEHT € S, = 35 U ce OIuCBa OT CIy4YaeH mpoliec, cieasan] bpayHoBo jgyraHe. 3a CUMyIaluuTe ca
usnonsBann cieanure napamerpu: NRepl =30¢ Gposit Ha cumynupanuTe MbTEKH, GE3PUCKOBHSAT
nuxBed npoueHt e I' = 0,07 u Bomarunnocrra e o = 0,1 3a mepuox ot exna roguna, T.€. T =2 (TO3M
MIEPUOJT MOXKE JIa C€ pa3rIIexk/1a KaTo MaIexK 3a JaJIeH BH]I OIS ).

OOumsT Opoit Ha MEKIMHHUTE BPEMEBH MOMEHTH W3ITOJI3BaHU 332 CUMYJIALIMATA HAa [IEHOBHUTE
nprekn ¢ 100, T.e. umame 50 CTHIKH O BPEeMETO U choTBEeTHO mapamersp NSteps =100.

Ilenara Ha aJIcHUsl aKTUB 32 MAIBK TIEPUOJ] OT BpEMe HE C€ U3MEHs psA3Ko. ToBa € OCHOBHO
OTJIIMYUTEITHO CBOMCTBO Ha bpayHoBoTO nTyTrane. Upes Ta3u nporpama ca reHeprupaHul IICHOBU ITBTEKH,
KOUTO MOXE Ja BHIUTe Ha Qurypara mo-moiy. ['padukute NOTBBpPXKAaBaT JBE OCHOBHHU

OTJIMYUTETHU XapaKTEPUCTUKH Ha LICHOBUTE MbTEKH, CiieABaly bpayHOBO iyTaHe B Mozena Ha briek-
lonc:

1. HempekbcHaTH TmpoMmenu (continuous changes) Ha croifHOCTTa Ha IeHOBaTa MbTEKA, T.C.
[[eHaTa Ha pa3riieXk/1aHus aKTUB MMa MOBUILIEHUE UM HaMallsiBaHE BbB BCEKH €JUH MOMEHT

2. MaJKy U3MEHEHUSs B [IeHaTa Ha pa3riiek/1aHus aKTUB 32 KPaThK MEPHOJ] OT BpeMe, T.€. IICHUTE
HE MOrar Jia c€ INPOMEHST psA3Ko. MHOro € majika BEpOATHOCTTA Ja C€ CIydaT roJIEMUM
MIPOMEHM B II€HATa, KOETO U3KJIFOUBA MOsIBaTa Ha CKOKOBE [1].

IIporpama 1

$CuMyJlalilMsgd Ha LEeHOBU II'bTEKM B MoJeJa Ha Biek-lloJic
% function SPaths =

% Prl1(sSO0, r, sigma, T, NSteps, NRepl)

NRepl = 30; % OpoM LIEHOBM IBTEKU
NSteps = 100; % ©Opolt BpeMeBU CTBIKU
T = 2; % MaTypuUTeT

SO0 = 35; % HauaJiHa lieHa Ha aKTuBa

r = 0.07; % Oe3pUCKOB JIMXBEH IPOLEHT

Q

sigma = 0.1
dt=T/NSteps
(

Q

s dopwmyiia

; rnapamMeTb P Ha BOJIATUIIHOCT
; OBJDKMHA Ha BPEMEBUTE CTBIKU
3.3) Ba cumyJalMda Ha 1L eHOBU IIBTEKN:

%
%

1
= SH&:SteXp([I‘—EGZ)&JrGE\/E , xpmeTo A =dt, ¢~N(0,1).

2
. o
nudt=(r-0.5*sigma”2) *dt; % nudt:= r——E—dt
sidt=sigma*sqgrt (dt); % sidt=o+dt
T'eHepupaHe Ha LEHOBM MNBTEKUM KATO CTOMHOCTUTE UM
ce 3amnaszBaT B MaTpula c pasMepHocT [NRepl x NSteps],
NRepl e OposaT Ha LIEHOBUTE IIBTEKM Ha
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[e)

3 NSteps e OpoAT Ha €IHAKBUTE BPEMEBU CTBIKU

Increments = nudt+sidt*randn (NRepl,NSteps) ;

LogPaths = cumsum([log(S0) *ones (NRepl,1l),Increments],2);
% lleHOBM OBTEKM B HOBa MaTpuia Spaths

SPaths = exp(LogPaths);

% Iuk®BII 3a I'eHeprpaHe Ha II0CJIeOoBaTeJIHVM BpeMEeBU tj

5 cremxn: bt byt =0t =dt t; =20t tyg,., = (NSteps)dt
for j = 1:NSteps+1l
t(j) = (3-1)*dt; % B nmporpamara ijzt
end
% T'eHepupaHe Ha ourypa C UeHOBUTe ObTeku SPaths
plot (t, SPaths)
% ETuMxeTr 3a 3arJjlaBMe M OCHM Ha TeHepupaHaTa ourypa
title ('Cumynaumsa Ha LIEHOBU I'BETEKU B MoIeJia Ha Brnexk-
Mosc', '"FontSize',12)
xlabel ('BpemMe t mo nmamexa T, T=2")
ylabel ('30 ueHoBmM nbrekm reHepupaHm or S {0}=35")

Cumynauma Ha LeHoBK NbTeku B Modena Ha Bnex-lonc

= = [8,]
o (8] o
T T T

o
[il
S

30 UeHOBW NBTEKW FEHEPUPAHK OT %=35

(53]
o
T

25 1 1 1 1 1
0 02 04 06 08 1 12 14 16 18 2

Bpeme t ao nagexa T, T=2

@ur. 1. Cumynamus Ha IIEHOBU IIbTEKU, MOJCIIMPAHU Upe3 CiiydacH mpoiec: bpayHoBo
nyrane B Mogaena Ha biek-Ilonc

IIpumep 2. Heka cumynupame eHOBU MbTEKH, KAaTO IBMKEHUETO HA LIEHATA Ha Pa3rJIeKIaHUs
aKTHUB C€ OIKCBA OT mpoliec Ha JIeBn, n3non3BaH B Mojena Ha MepToH.

3a 1a MOKeM Ja HamnpaBUM cpaBHeHUEe ¢ Mojena Ha bnek-Illosnc, me u3non3Bame chiuTe
napameTpu ot mporpama 1, T.e. 6e3prckoB smxBeH nporuedt = 0,07 u Bomatmnnoct o =0,13a

NEePUOJ IBE TOJMHU | = 2 (TO3M MEPUO MOXKE Jla ce Pas3riek/a KaTo Majek 3a JAaJeH BUJI OIS ),
a OpoAT Ha cUMyJMpaHHUTE LeHOBH MbTeKH € 30 u 1eHaTa Ha pasrIeXIaHHs aKTHB B HadaJlHUS
MoMmeHT S, = 35. [IpumepbT € n3cneaBan upes nmporpama 2.

IIporpama 2

CuMmysialia Ha LEHOBM NBTEKM B MOmejsia Ha MepToH
= 100; % OpoM BpeMeBU CTBIKU

= 30; % OpoM LEHOBU NIBTEKU

= 2; % MaTypuTrerT

price = 35; % HauaJilHa LieHa Ha akKTUBAa

strike = 35; % cTparkorBa leHa

rate = 0.07; % juxBa

H X =2 o
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sigma = 0.1; % BOJIATUJIHOCT
div = 0; % OUBUIEHT
lambda = 5; % mapaMeT® P 3a MHTEHBUTETAa Ha CKOKOBeTe

% TeopeTuuHu GOpMyJM 3a pa3lpenelleHuaTa
% log(l+k) ~ N(Gammal,Delta”2)

% Gammal = Gamma-0.5*Delta”2,
% E(k) = kappa = exp(Gamma) - 1
Gamma = 0; Delta = 0.3;
Gammal = Gamma - 0.5*Delta”2;
kappa = exp (Gamma) - 1;
dt = T/N; % BpemMeBa CTBIKA
for i = 1:N+1
t (i) = (i-1)*dt;
end
sum = 0; % HyJjeBa CTOMHOCT 3a CyMMpaHe Ha oeuajbu

for i =1 : M
% HauajiHa LeHa Ha akKTMBa Ba BCAIKa CHUMYJIALMS
S(1,i) = price;
for j = 2:N+1

T'eHepupaHe Ha CJAydYaMHUTE UMcJia 4dpes

% cTaHmapTHO HopMasHO pasnpeneieHue

deviate = normrnd(0,1);

% T'eHepupaHe Ha CJaydYalHM umMciia upes [1oaCcoHOBO

pasznpenesieHue

temp = poissrnd(lambda*dt) ;

0;

o°

l:temp
JS = normrnd (Gammal, Delta) ;
TJS = TJS + JS;
end
% T'eHepupaHe Ha LeHOBUTe nbTeku S(j,1)
S(3,1) = S(j-1,1) *exp((rate-div-lambda*kappa-
0.5*sigma”2) *dt+sigma*sqgrt (dt) *deviate+TJS) ;
end
payoff = max(S(N+1,i)-strike, 0); % umcra neuasnda
sum = sum + payoff; % cymMpaHe Ha nedajabure
end
% lleHa Ha BaHMJIOBa EBpomnercka KOJI ONUMsa MeTola Ha
% MounTe KapJsio, KaTo Cce IOMCKOHTHMpPA OduakBaHaTa LeHa
Euro Call Value = exp(-rate*T)* (sum/M)
% TeHepupaHe Ha ourypa C UeHOBUTe ObTeku SPaths
plot (t, S)
tETukeTH 3a 3arJlaBMe M OCM Ha I'eHepupaHaTa ourypa
title ('Cumysaumusa Ha LEeHOBM I'BTEKM C Ipollec Ha JleBM B MoIeJia Ha
MepTon ', 'FontSize',12)
xlabel ('BpemMe t pmo namexa T, T=2"')
ylabel ('30 uenoBu neTexmu reHepmpanu oT S {0}=35")

- 26 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2018, volume 57, book 6.5.

CuM{ynaum{ Ha UeHOBM N'bTEKU C npouec Ha INeBn B Mogena Ha MepTou
50 T T T T T T T T T

=35

1=
o

30 ueHoBW NbTEKW reHepupaHu oT So
o
o

L L . . 1 . . !
0 02 04 06 08 1 12 14 16 18 2
Bpewme t no napgexa T, T=2

@ur. 2. CuMynanus Ha LIECHOBU ITEKHU B MOJies1a HAa MepToH

U3BOIM

[Tpu rerepupaneTo Ha IEHOBH ITBTEKH B MOJieia Ha MepToH TpsiOBa a ObIaT CUMYJIUPaHH JBA
CIly4aiiHU Tpolieca — e1H, KOWTO OMUCBA CKOKOBETe Ha IieHaTa Ha jaajaeHus aktuB (IloacoHoB) u
nudy3noneH (bpayHnoso syrane). BaxkHo 3a cumymnanusita Ha IICHOBH ITBTEKH B MOJiesia Ha MepToH
€, ue JiBara CilIy4allHU Ipolieca ca He3aBUCUMHU €IUH OT apyr [1].

[Tpuaranero Ha Merona MoHTe Kapiio He n3HucKBa 3a1bI009CHH MaTEMATHICCKH MTO3HAHUS B
o0jacTTa Ha MHTETPATHOTO W MU(GEPEHIMATHOTO CMSTaHE 3a pas3liuKa OT JIPYrH KOJIMYECTBEHHU
METOAM KaTo KBaJpaTypHHs METOJl U CXEMHUTE Ha KpaiiHu paziuku. CTpykTypara Ha Meroga MoHnTe
Kapno n3uckBa nmo3nanus ot JuHeiiHaTa anredpa KaTo YMHOKEHHE Ha YKclia ¢ MAaTPUIIM, ChONpaHe

U YMHOXEHUE HAa MaTpULM, MOpaJyd TOBa TOM JIECHO MOK€ Ja ObJe BHEIPEH 4pe3 cUCcTeMara
MATLAB (MatrixLaboratory) [1].
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Abstract: Option Pricing Using Monte Carlo Methods: Choosing the right derivatives to make a portfolio is a
complicated task as is choosing the right mathematical model for pricing them. In this article we will examine the
advantages and disadvantages of the different models for options pricing, which will help us to choose the best one. We
will make a comparison of the Black-Scholes' and Merton's models using the Monte Carlo method. Our results suggest
that Merton's model is better as the possibility of appearance of jumps in the price paths. It is important to make difference
between the models because making a mistake in these calculations would cost big losses of the portfolio owner.
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BBBEJIEHME

Onmuute ca (QUHAHCOBU JepuUBATH, KOMTO JaBaT IMPaBOTO, HO HE U 3abJDKCHHETO, Ha
COOCTBEHHMKA CH, J1a Ky WJIM MPOJaAe JaJeH aKTHB Ha MPEJBAPUTEIIHO YTOBOPEHA IIeHa U Jara.
KynyBausT miaia onpeeneHa npeMus 3a ToBa cu mpao. Te 6uBart ABa Buja: ko u myT oniuu. Kon
OIIIMUTE JJAaBaT MMPABOTO HA COOCTBEHWKA Ja Ky JaJeH aKTUB, a IyT ONIMHUTE — Ja mpoaaae. Upes
OMIIMUTE MOTAT J1a Ce ThPryBaT aKTUBU KaTO : aKIHMH, o0nuranuu, Groubpcu, Gopybpau, HHIACKCH,
CYPOBHHHU U BaJTyTH. HNwma usaxonko Ppa3JIMuHU THUIIA OIIIKWH 110 OTHOIICHUEC Ha AaTaTa Ha U3IIBJIHCHUC!
aMEepUKAHCKH, eBPOMNEIHCKU, OepMyICKH, HApUYaHU OIll€ BAaHWJIOBH OILIMU W a3MaTCKH, OapHepHH,
nykOaK, HApHUaHH OIlle eK30THUYHH OIIIINH.

MHOro UHBECTUTOPHU THPTryBaT ¢ OaApUEPHU OMIUH, 32 J1a OTPAHUYAT PUCKA OT TOJIEMHU 3aryou.
Ha onmusara morat ga 6baat noctaBenu ropua (U) u monna (L) 6apuepa, 3a 1a ce u30erHar rojieMu
3aryou. Onuusara ryou BaluIHOCT, aKO TIPE/IH Majieka [ieHaTa Ha Ja/IeHUs aKTUB € ToMa{HaIa U3BbH
6apuepnus kopuaop (L,U). Onuuute ¢ 6apuepu ce oneHssar ¢ meroan Monte Kapio.

Metoaute Monte Kaprmo umar MHOTO MpUIIOKEHHS B pa3nuyHu obnactu. Hampumep, BHB
¢u3nkaTta ca B OCHOBaTa Ha CHBPEMEHHOTO IPOTHO3MpPAaHE HAa BPEMETO M TPOCKTHpAaHE Ha
aepoaHaMU4YHU GopMu. B TenekoMmyHuKanuuTe, Mpy IUIAHUPAHETO Ha 0e3KUYHA MPExXa, TPOEKTHT
TpsiOBa 1a ce TOKaxke, MPpHU TOJSIMO pasHOOOpas3me OT CIEHAapHH, KOUTO 3aBHUCAT TJIABHO OT Opos Ha
NoTpeOuTEeNUTe, TEXHUTE MECTa U YCIyruTe, KOUTo Te usnon3par. Meroaure Monrte Kapio
0OMKHOBEHO C€ M3IOJI3BAT 32 TEHEPHUPAHE HA Te3H MOoTpeduTenu.|[3]

B cratusTa e mpecMeTHaT mpeMuyMa Ha eBponeiicka ko onius ¢ 6apuepu. EkcriepuMeHTsT €
nposeaeH ¢ meronn Monte Kapio kato ca mpwioxkenu monenute Ha bnek-Ilonc m Mepron.
HabmronaBa ce kak MHTEH3UTETa Ha CKOKOBETE M OapHepHaTa 4ecTOTa BIMAT BHPXY IpeMUyMa Ha
OIIIMATA.

N3JI0’)KEHUE

B cayuail Ha nuckpeTHO Habi0aBaHa HOKAyT KOJ ONIUS C JBe OapuepH, QpyHKUIMATA Ha
nevanbaTa ©Ma BUja Ha BaHWJI0Ba EBporeticka ko omiws, T.e. max(S-K,0), Ho omniusTa n3tuya 6e3
CTOMHOCT, aKO MPEJIH Majieka i, leHaTa Ha pas3riIeKIaHusI akTUB S e TolaHalIa U3BBbH OapuepHUs
kopuaop [L,U], B koiiTo u 1a e MmomenT t npeau magexa T , T.e. 3a te [0,T) umame V(S,1)=0, ako S¢
(L,VU) v ipm t=T:

4 JloknambT € IpeICTaBeH Ha CTy/IeHTcKaTa Hay4yHa cecus Ha 23. 05. 2018 r. B cexims ,,dHHaHCOBa MaTeMaTHKA™ ¢ OPUTHHAIHO 3arjiaBHe Ha

onrapeku esux: OLIEHSBAHE HA OITIWM C METOAU MOHTE KAPJIO.
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0,axoS <L,
V(S,T) = smax(S — K,0),axoL < S <U,
0,axoS >U

T.¢. QyHKIKATA HA TieyanbaTa e BchbuiHocT ycaouero V(S,T) npu t=T. [IpecmsaTanero Ha
peMuyMa Ha JTUCKPETHH HOKAyT KOJI OIIHUU C JIBe Oapuepu uMame

e "E[Max(S, - K,0)La Ly Lo, 1 A =£5, € (LU)}.

B ciryuaii ye exna ot GapuepuTe € JOCTUTHATA U ONLUATA € aHyIUpaHa, IPUTEKATEIAT MOXKE
na Ob/ie KOMIIEHCUPAaH C JOIMBbIHUTENHO 3ariaiane R, KoeTo e npeaBapuTenHo onpeaenacHo. B To3u
cilyyail onmusTa ry0u BaTMAHOCT, (PYHKIMATA Ha revyandara € Hyla, HO IPeMUyMbT Ha OMIUATA He
€ HyJna, a ce onpenens no popmynara

V(Lt,)=e "R, V(Ut,)=eR,,

KbACTO ti € MOMCHT, KOraTto 6apI/IepI/ITC LuUce InpuiaratT 1 neHaTta Ha pasriiCcKkaaHusd aKTUB St- c
1

JOCTUTHAJIA €/IHA OT TAX (JUCKPETHUTE MOMEHTH t; ca puxcupann).

B cnyuaii, ye He ce M3MIaIAT KOMIIEHCALMY [IPH aHYJIMPAHE Ha OIUM ¢ 6apuepH, ciegHara
3aBHCUMOCT MEXKAY IPEMUYMHUTE Ha OIIINHU, ChOTBETHO C IOCTOSIHHU OapuepH, JUCKpETHH Oapuepu
1 OOMKHOBEHU BaHMUJIOBU ONIMH Oe3 OapuepH € U3IbIHeHa:

HOKAym_ onyusi _ ¢ _ NOCMOstHHU_ bapuepu Ouckpemna_ HOKaym_ onyus eanunosa _onyusi _6es_bapuepu

B monena na brnex-1llonc paBeHCTBO MOXe J1a ce JOCTUTHE, KOraTo GapuepuTe ca TBbPAEC
OTJaJIeYeH! OT CTpaiiKkoBara IieHa, HAIpUMEp TopHara Oapuepa € QukcupaHa aa Obae IBa IMBTH
CTpaiika.

Heka npecmetHem npemuyma Ha EBpornelicka 1uckpeTHa HOKayT KOJI OMIMS € JBe Oapuepu
L u U, nepunupana ¢ ¢pyHkuus Ha nevanba max(S-K,0) B garara Ha magexa T, cTpaiikoBa 1eHa
K=40, napamerspp Ha BoJaTwIHOCT 10% TroaumIHO,maJek eaHa TroawHa, 8% OE3pUCKOB JIMXBEH
IPOLIEHT, 00pa3yBaH Ha roauinHa 0a3a, foiaHa 6apuepa L=35, ropna 0apuepa U=50 u HavanHa 11eHa
Ha pasrnexaanus aktuB S0=40.

[Ile n3cneaBame npeMrymMa Ha HOKayT ONIMM ¢ Oapuepu B Mojena Ha MepToH 3a pasiuunu
cmotHocmu Ha napamemvpa A , OUCBAIIl HHTEH3UTETa Ha CKOKOBETE 3a €IMHUIIA BpeMe. 3a ICHOTa
OapuepHarTa 4ecToTa 03HayaBame ¢ M.

IIle mpoBeaem ekcriepuMeHT ¢ MoaenuTe Ha biek-1lonc 1 MepToH KaTo NpuIoKUM METo/a
Monrte Kapno upes 10 ° 1eHOBH mbTeKH, IpH HETKPATHO TIPHIAraHe Ha GapHepH, CEIMUYHO U JHEBHO
HaOJII0ICHNE U Pa3JInYHU CTOMHOCTH Ha MHTeH3uTeTa. Llle HaOIro1aBame BIMSHUETO HA

- HHTEH3UTETa Ha CKOKOBETE;

- bapuepHaTa 4ecToTa;

- bapuepHaTa 4ecToTa M MHTEH3UTETa Ha CKOKOBETE BHPXY MPEMHYMa Ha OIIHUATA.

Pesynrarure ca mpencraBenu B Tabmuma 1, kpaero L=35 u U=50, S,=40, K=40, T=1,
o0 =0,01 u r=0,08. [Ipn onmmu ¢ magex 1 roguHa mapaMeTbpbT M UMa cToiHOCTH M =50 UM =
250, chOTBETHO MPH CEIMHUYHO ¥ JHEBHO HaOIroneHUe Ha omusaTa. [Ipy meTkpaTHO mpujiaraHe Ha
OapuepH 3a mapaMeTbpa m umMame m = 5.

B Monena Ha MepToH aHanmM3bT Ha PE3yJITaTUTE MMOKAa3Ba, Y€ C YBEIIMYABAHE HA CTOMHOCTTA
Ha A, OpeMHUYMbT Ha HOKAyT KOJ OIIMs C TUCKPETHU Oapuepun HamaisiBa ot 2,4142 mo 0,9643,
korato A ce yBenmuuaBa or A=5 1o A=25. ToBa MOXe JiecHO aa ObJie 0OSCHEHO KAaTO CE B3eME
MPEBU/I MPABO MPOMOPIMOHATHATA 3aBUCUMOCT MEXAY BB3MOXKHOCTTA Jia Ce€ Tpecede enHa OT
OapuepuTe U CTOWHOCTTA Ha TapaMeTbpa A , OIKMCBAIIl YeCTOTaTa Ha CKOKOBETE.

Ta3u 3aKOHOMEpPHOCT c€ TIOTBBPIXKAaBa U OT MPOIEHTA, KOWTO MOKa3Ba Oposi Ha IIEHOBHUTE
OBTEKH TPECeKIN elHa OT Oapuepute, KbM OOLIMS Opoil CUMyIMpaHH IEHOBU ITBTEKH, T.C.
croitnoctTa Ha 100*(NCrossed/NRepl) B mporpama 2. To3u nporient 3a 4 =5 e 20,96%, m1okaro 3a
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A =25 ce e yBemnumni 10 38%. Ille orOenexum, 4e TO3HM U3BOJ 3a YBEIUUECHUETO Ha Pa3TICKIaHUs
MPOIICHT OT MPECEKJIM IIEHOBH ITBTEKU € BaJUICH M 3a IMO-MaJKH CTOWHOCTH Ha IMapamMeThbpa
BoJaTHIIHOCT O, T.e. mpu o < 0,1. To3u deHomeH Moxe 1a ce OOSACHH ChC 3HAYMMOCTTA HA
napamMeTbpa Ha MHTEH3UTET A B Mojena Ha MepToH, KOWTO ONKCBAa ‘aKTUBHOCTTA' HA IICHOBUTE
IIbTEKH.

Tabauua 1. [Ipemuym Ha EBporielicka TUCKpeTHA HOKAYT KOJI OMITUS C JBE Oapuepw.

Ha6nronaBana Mogen na bnak-Ilonc Mogaen Ha MepToH CbC CKOKOBE
YecToTa Ha 0e3 CKOKOBe IPH [IapaMeThp Ha MHTEH3UTET A
Oapuepure

m MIPEMUYM Ha OMIIUsTA 1 MIPEMUYM Ha OMIIUAITA

(cTammapTHa TpeIIKa) (cTammapTHa TpEIKa)

5 2,6899 (0,0052) 5 2,4142 (0,0036)

5 2,6899 (0,0052) 10 1,9069 (0,0040)

5 2,6899 (0,0052) 25 0,9643 (0,0038)
50 2,5368 (0,0050) 5 2,4075 (0,0036)
50 2,5368 (0,0050) 10 1,8824 (0,0040)
50 2,5368 (0,0050) 25 0,9069 (0,0036)
250 2,4746 (0,0050) 5 2,4019 (0,0036)
250 2,4746 (0,0050) 10 1,8764 (0,0020)
250 2,4746 (0,0050) 25 0,8982 (0,0036)

B nmbpBonavannus moxen Ha bnek-Illonc orcherBa mapaMersp, KOMTO XapakTepusupa
€BEHTYyaJIHa MOsIBa Ha CKOKOBE B IIEHOBUA poliec S, . MoxeM yCIOBHO /1a cuuTaMe, 4e mapaMmeTbpbT

A e Bunaru 0 B mojgena Ha bnek-Iosnc, 1.e. A=0, K0eTo 00sicHsIBa HA0JIt01aBaHUTE MAJTKU U3MEHEHUS
Ha CTOMHOCTHTE Ha CUMYJIUpPAHUTE IIEHOBU MIBTEKH B MOCIIEIOBATEIHN BpeMeBU MoMeHTH [1]. He
ciydaiiHo, mpu A=0 4acTHOTO AU(EPEHIIMATHO YpaBHEHHE OMMCBAII0 PEMUyMa Ha OIIIUU B MOJIeNIa
Ha MepToH, ce TpaHchopMupa oT

av 1 0%V

v
=13 0282 S5zt (r—d- Ak)S— — 1V 4+ AE[V(S(1 + k),t) = V(S5 t)] =

B U3BECTHOTO (PyHJaMEHTaIHO ypaBHeHHe Ha brek-1onc:

ov Sav+1 22
g TS5 T30S gz TV =

N300pbT Ha MaTeMaTHYECKH MOJIEN 3a OLEHSBaHE Ha OMNIUH € OT TOoJsIMO 3HaueHHE 3a
IpUTeXaTeNsd Ha onuus ¢ Oapuepu B ciyyauTe, KOraTro OMNIMATA C€ aHyJIupa MpU JOCTUTaHE Ha
Oapueputre W TOW oOuyakBa KommeHcauus. M30panuar mMozmen u JNafeHUST (PUHAHCOB JAepUBaAT
OTIpEJIeJIAT JI0 TOJIIMa CTEINeH U U3I0JI3BAHETO Ha MOAX OIS YhCiIeH MeTo 1. Pa3Oupa ce ToBa 3aBucH
OT MIOCTABEHUTE IIeJIM KaTO JOCTUTaHE HAa TOYHOCT U U3UUCIUTETHO BpEME UM KOMOWHAIUS OT Te3U
nBa (akropa [2].

[To oTHoOIIEHNE Ha BIMSHMETO Ha OapHepHaTa 4ecTOoTa BbpPXY IpeMHUyma Ha HOKAyT OIIIH,
MOKEM Jla pa3rpaHUyuM IIbpBOHAYaIHMs Mozenl Ha biek-1llonc ¢ eqHO OT HETOBUTE pa3lIMpPEHUs
Mojzena Ha MepToH, B KOHTO LIEHOBUTE IMBTEKU CE XapaKTEpU3UpPAT ¢ BH3MOXKHOCTTA OT MOsBa Ha
ckokoBe. B Mmozena Ha MepTtoH 3a pukcupan napamersp A=5, npu yectotu 5, 50 u 250, npeMuymMbT
Ha HOKayT omuus € cboTBeTHO 2,4142; 2,4075 u 2,4019. ChmusaT U3BOJ € BaIMACH U KOTaro
¢duxcupame A=10, kpreTo mpemMuymuTe ca chboTBeTHO 1,8824 m 1,8764 u mpu A=25, CHOTBETHO
0,9069 u 0,8982, karo IMaMe MPeIBU]] YECTOTaTa CaMO MIPH CEAMUYHO U THEBHO HAOIIOACHHUE.

OOUKHOBEHHTE BAaHWJIOBH OILIUU HSMAT Oapuepu, T.e. uectorata € m=0, HO IPEMUYMBT UM €
BUHAru MO-TOJISIM OT OmNIuuTe ¢ Gapuepu. B tabnunara cbe cTpenka cMe OTOeIsI3IMIocoKaTa Ha
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PaCcTCHC Ha IpEMUyMa B pcaa. HpI/I HOKHH OIIIIHUUTC, BEPOATHOCTTA J1da CC aKTHBUPA OIIUATA € IIPaBO
MPOTNOPIIMOHATTHA HA YeCTOTaTa Ha OapuepuTe, BaluIHa € 3aBUCUMOCTTA:

VBaHI/I.IIOBa onuus 6e3 6apuepu = VH

OKHH oInyud C IOCTOAHHHU Gapl/lepl/l -

>

]/L[I/ICerTHa HOKHH OIlIudg

Tabauua 2. 3cnenBane Ha nmpeMryMa Ha HOKayT omnuuu ¢ ase 6apuepu L=95 u U=140 B
3aBUCHMOCT OT OapuepHara yectora M npu nanex 1=0,5 u napamerpu S,=100, K=100, kpaero o

=0,2 u r=0,1.
Hokayt [Tocrosunu | uckpetHu JuckperHu JuckpeTHu Banunosa
Onuus Oapuepu Oapuepu Oapuepu Oapuepu onuus
yecToTa m>10° m=250 m=50 m=5 m=0
IPEMHIYM — — — — —

HpeMI/IYMT:T Ha HOKHH OIIIHATAa HaMaJIsIBa KOrato 4€Crorara HaMajisiBa, T.C. TOYHO 06paTHO
Ha HOKAyT oIusra. H_[C OT6CJIC)I(I/IM, 4c J0pHU U IIpU MHOI'O I'OJICMHA CTOMHOCTHU Ha m, xato

Hanpumep M=10°, mpeMUyMBT Ha OMIIMKUTE C JUCKPETHH OapHepH ce Pas3IuyaBa 3HAYUTETHO OT
TO3H Ha ONILHUH C HOCTOsTHHY Oapuepu. He e 1nenechobpa3Ho MaTeMaTHYeCKO H3CIIe/IBaHe Ha
JUCKPETHHUS CITy4ail Ha HAOII0IeHNE Ype3 HEMPEKbCHATOCT 3a JOCTATHYHO FOJIEMH CTOMHOCTH Ha
m, 3amioTo npakTudecku Mm<250[1].

IIporpama 1

% AssetlJumpC.m
function SPaths = AssetJumpC(SO0, K, r, T, sigma, lambda, Nsteps, NRepl)
Gamma=0; Delta=0.3; Gammal=Gamma-0.5*Delta"2;
kappa = exp(Gamma) - 1; dt = T/Nsteps;
fori=1:NRepl
SPaths(1,1) = SO; % HavyalHa CTOMHOCT Ha aKTHUBA
for j = 2:Nsteps+1
% I'enepupane Ha ciay4yaiiHuTe uncia ype3 HopmanHo pasnpeneneHue
deviate = normrnd(0,1);
% I'enepupane Ha ciy4yaiinu ymcia upe3 [loacoHOBO pasmipeseneHmne
temp = poissrnd(lambda*dt); TJS = 0;
for k = 1:temp
JS = normrnd(Gammal,Delta); TJS = TJS + JS;
end
SPaths(j,i) = SPaths(j-1,i)*
exp((r-lambda*kappa - 0.5*sigma”2)*dt +
sigma*sqrt(dt)*deviate + TJS);
end

end
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IIporpama 2
% Meton MonTe Kapio 3a orieHsiBaHe Ha TUCKPETHH HOKAYT OMIIMH ¢ JBE Oapuepu B Mojiena Ha
Mepron
% MCEJump.m
function[D,CI,NCrossed] =
MCEJump(SO,K,r,T,sigma,lambda,L,U,NSteps,NRepl)
% I'enepupaHe Ha HEHOBUTE IIBTEKU
Payoff=zeros(NRepl,1);
NCrossed =0;
for i=1:NRepl
Path = AssetJumpC(SO,K,T,r,sigma,lambda,NSteps,1);
crossed = any(Path <=L | Path >=U);
if crossed = =
Payoff(i)=max(0,Path(NSteps+1)-K);
% B ciyuaii Ha myT onnusl, GyHKUMATA HA nedanoda e:
% Payoff(i)=max(0,K-Path(NSteps+1));
else
Payoff(i)=0;
NCrossed=NCrossed+1;
end
end
% OrmpenensiHe MpeMruyMa Ha OMIUATA U CHOTBETHUS 95%
% JOBCPUTCIICH MHTCPBAJI 3a CpCAHATA LICHA
[D,aux,Cl]=normfit((exp(-r*T))*Payoff);
% IIpoueHT 1leHOBUTE MbTEKU (CHpSIMO OOIIHs Opoit
% cUMyNHpaHH), KOUTO Cca MPECEKIN OapUEPUTE €:

100*(NCrossed/NRepl)

3AKVIIOYEHUE

B cratusra craBa SICHO, Y€ MOACIBT Ha MepTOH IpaBH IMO—TOYHA OLCHKA Ha 6apHepHHTe
OIIIIMH, 3all1OTO BKJIFOYBA B cebe cu mapaMeTsnp, KOWTO OIIMCBAa CKOKOBETE Ha HOEHOBUTC ITBTCKH.
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Abstract: Mathematical Model for Financial Accounting Analysis of an Enterprise's Liquidity Created in
Excel. A mathematical model conducting automated liquidity analysis of an enterprise after entering data from the
balance sheet. It presents not only the actual state of the liquidity ratios, but also how they can be improved. Improving
liquidity ratios depends on the change in short-term liabilities and short-term assets. The model takes into account the
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BBBEJIEHME

JIMKBUHOCTTA € CLIOCOOHOCTTA Ha MPEAIPUATHETO J1a IPEBPhIIA KPAaTKOTPAHUTE CU aKTUBHU
B [NIApUYHU CPEJICTBA, 32 J]a IOKPUBA KPATKOCPOUHUTE CU 3a]IBJKEHUS B KPaThK CPOK U IPU MUHUMYM
3aryou. ChlecTBYBaT HAKOJIKO MOKa3aTels (Koe(UIMEeHTH) 3a TMKBUAHOCT. [IpencraBen e Mmoxen,
u3paboteH B Excel 3a aHanu3 Ha KoepUIMEHTUTE Ha JTUKBUIHOCT HA ThPTOBCKO MPEINPUATHE, CIIE]
BBBEX/AHE Ha JJaHHU 3a CTOMHOCTTa Ha KPaTKOCPOUYHUTE MAcCHBHU M 32 CTOMHOCTHTE HA BHUJI0BETE
KpaTKoTpaiiHu akTuBU. OCBEH aHaiM3, MOJENBT ChIIO MPEJICTaBs U pelleHHe Ha mpolieMa 3a
110/100psiIBaHEe Ha JIMKBUAHOCTTA MIPH MPEABAPUTENHO 3aa/IeHU LIEJIEBH ONTUMAITHU KOEPUIIMEHTH.

N3JT0KEHUE

Kanuranst BioKEH B KpaTKOTpafIHPITG AKTHWBU UMa 3a ICJI Ja OCBIUICCTBABA HCIIPEKBCHATOCTTA
Ha TPOM3BOJCTBEHHS TMPOLEC, IUIATSIKOCIIOCOOHOCT H  JIMKBUJHOCT HA MPEIIPHUATHETO.
PanronaiHOTO M3MOJI3BaHE Ha OOOPOTHHUTE CpPEACTBA BOJM JI0 HaMallsiBaHEe CeOECTOMHOCTTa Ha
npoayKnuAaTa, yBCJIM4YaBaHC Ha MNPOU3BOAUTCIHOCTTA, noz[06p$[BaHe Ha Ka4e€CTBOTO, HKOHOMHNYHO
M3pa3xo/IBaHe Ha MaTePUATHUTE 3aIacH U Jp., KOSTO YBEIUYaBa U peHTaOMITHOCTTA. [1]

JIukBuAHOCTTA ce AepUHUpPA KAaTO KOIMYECTBEHA XapaKTEPUCTHKA Ha CIIOCOOHOCTTA Ha J]a/IEHO
MpeanpusaTHe Ja M3IUIalla KPaTKOCPOYHHUTE CH 3aAbIDKCHUS] C HAIMYHUTE KPAaTKOTPAWHU aKTHBH,
KOETO € PaBHOCHJIHO Ha CIIOCOOHOCTTA Ha aKTHBHUTE Ha MPEINPHUATHETO Ja c€ 0OphIIaT B MApUIHH
CpeIcTBa, KOUTO ca Hal-mukBuAHU. KazaHo Mo JApyr HauyuH, JTUKBHIHOCTTA € IOKa3aTen 3a
(DMHAHCOBOTO PAaBHOBECHE MEXKIY KPAaTKOTPAWHUTE aKTUBUTE M KPATKOCPOUHHUTE 3abIDKCHUS. [4]
BaxxHo € 1ma WMa CHOTBETCTBHE MEXKAY CyMara Ha MPEACTOAIIUTE TUIANIAHUS M cymaTa Ha
pasIoylaraeMHTe 3a TAX JUKBUJIHUA aKTHBH, ThH KAaTO TUIANIAHHUSITA Ca PAa3IMIHU BBB BPEMETO U 3a
[[eNTa Ce M3YHCISABAT PA3IMYHU MOKA3aTeNu 3a JIMKBUAHOCT, KaTO CE€ MOCOYBAT M TPAHMIIUTE 32
TSXHOTO U3MEHEHHE. [2]

5 JloknabT € TIpeJICTaBEH Ha CTyIEHTCKaTa HaydHa cecus Ha 23. 05. 2018 r. B cexuus ,,OUHAHCOBA MaTeEMaTHKa"
¢ opuruHaiHo 3ariasue Ha Obsrapcku esuk: MOJEJ 3A AHAJIU3 HA JIMKBUAHOCTTA C EXCEL.
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JIMKBUHOCTTA HA MPENNpUATHETO OMBa CTaTWUYHA M AMHaMU4HA. B Monena e HaOnerHaro Ha
aHaJlu3a Ha CTaTWYHATa JIMKBHUJIHOCT, KOATO € CIIOCOOHOCTTa Ha MPEeANpUSTHETO Ja Troracssa
KpPaTKOCPOYHUTE CH OCUETOBOJIECHH 33aIbJDKEHHUSA. TO ce YyCTaHOBSBA C IMOMOIITA HAa CUETOBOIHUS
OamaHC W chpaBKaTa 3a B3eMaHUATA, 3aabibkeHusita W npoBusuute (Emement Ne 7.3 Ha
NPUJIOKEHUETO KbM (puHaHCOBUS oT4eT). B TAX ce cpappika uHPOpManus, MO3BOJSABAIIA
W3UUCIIsIBAaHE Ha MOKa3aTeauTe 3a JIMKBUAHOCT. BenmuunHuTe Ha Te3u mokasarenu TpsoBa ga Obaat
OTIOBECTEHH B CIIPAaBKATa 32 ONIOBECTSIBAHE HAa CYETOBOJHATA ITOJIMTHKA, Thil KATO CHIIECTBYBA TAKOBA
m3uckBane B CC 1 IlpencraBsue Ha dunancoBu otuetu (T. 19.3.5). [3] B 1. 16 oT u3BecTHUTE HU
OO MONMOXKEHHsI 32 M3TOTBSHE W INpEJACTaBsiHE Ha (DUHAHCOBU OTYETH, KOUTO Ca OJOOPEHU OT
CpBera Mo MEXIyHApOJHU CUETOBOJHHU CTaHIApPTH, C€ Ka3Ba, 4e “TIOoj JMKBHAHOCT ce pa3zbupa
HAIMYHOCTTA HA TTAPUYHU CPEACTBA B OJIM3KO OBJEIIe IPU OTYUTAHE HA (PMHAHCOBHUTE 33 bJKCHUS
3a chlIus nepruoa”. BChbIIHOCT HAMMCAHOTO OT HAC OTHOCHO JIMKBUAHOCTTA € UMEHHO B JiyXa Ha TOBa
olpeNieNieHue 3a JIMKBHAHOCTTa Ha (upmara. Ilokasarenure 3a cTraTMyHa JTUKBUIAHOCT ca: [3]
Koedurment na obma nmukBugHoct (Kom), koehunuent Ha 0bp3a mukBuaHocT (KO6), Koedumment
Ha He3abaBHa TUKBUAHOCT (KHiT) 1 KoedumenT Ha abcomoTHa TuKBUAHOCT (Kai).

[IppBO me pasriename koedunueHta Ha adbcomroTHa nukBuaHOocT (Kam). Toit e paBen Ha
CBIIOCTABSHETO Ha MAPUYHHUTE CPEACTBA KbM KPATKOCPOYHHUTE TTACHBH WIIN:

[lTapuyHM cpefcTBa

Kan =
KpaTkocpoyHu macuBu

Kakro ce 3a0ens3Ba, Ipy H34YMCIISIBAHETO MY C€ M3I0I3BAT HAll-ObP30IMKBHIHN aKTUBH, WIH Ka3aHO
[0 Ipyr HA4MH, €IMMUHUPAHU Ca BCHUKH aKTHBH, KOUTO Ca MO-0aBHO JIMKBUAHU OT MapUYHHUTE
cpeactBa. TpsOBa na ce orOenexu ChIO, Y€ MAPUYHUTE CPEACTBA MOTaT Ja BapupaT B pa3IHuHU
BaJyTH U TOPaaU KOETO, B 3aBUCUMOCT OT Cly4asl MPEBPBLIAHETO UM KbM BajyTaTa, C KOSATO CE
THPryBa B CbOTBETHATA JbpiKaBa, IOHIKOIa MOXKE J]Ja OTHEME JI0 HSKOJIKO JICHA.

[IpenopbuuTEeNHUTE TPAHUIM 32 KoeuIeHTa Ha abcomoTHa nTukBuaAHOCT ca ot 0.1 mo 0.2.
CrnenoBaTenHO BCAKO ChbOTHOILIEHUE HA TAPUYHUTE CPEICTBA KbM KPATKOCPOUHMTE MTACUBHU, KOETO €
o Masko 0.1 o3HauaBa, ye NpeAnpUATHETO HE pa3Iioyara ¢ Hy)KHUTE HaJIMYHU TapUYHU CPENICTBA 32
MOKpHUBaHe Ha KpaTkocpouHuTe cu 3aabikeHus. Koraro Kan e Han 0.2, ToraBa MokeM J1a HalipaBUM
M3BO/A, Y€ MPEINpPUATHETO UM HATMYHU NapUYHU CPE/ICTBA, KOMTO HE ONOJI30TBOPSABA, OMIIO MOJ
¢opMaTa Ha KpaTKOCPOYHHM MHBECTHIIMH, MOKYIKAa Ha HOBM MaTEpHUaIHH 3alacd WIM MOJ HSIKOS
apyra ¢opma, ¢ 1Led HU3MO0J3BaHETO Ha M3JIMLIHUTE MapUyHM CpeAcTBa B JEWHOCTTAa Ha
npennpusaTero. B 3aBUcHUMOCT OT oTpacioBaTa M OpaHiioBara crneuuduxa, or (GUHAHCOBHS U
MIPOU3BO/ICTBEHHS LIMKBJ HA MPEIIPUATHETO ONTUMAITHUS KOS(PHUIIMEHT Ha aOCOIIOTHA JTUKBUIHOCT
Moxe na 0bae B rpanunu oT 0.1 1o 0.2. B 3aBucuMocCT 0T akTyaiaHusi KOe(UIIMEHT Ha aOCOJI0THA
JMKBUAHOCT U ONTUMAIIHUS KOSCPHUIMEHT 32 A3JICHOTO NPEANpUsATHE, MOXKe J1a ObJie M3UUCICHO KaK
na ObAaT peryjJupaHy U Ha KakBa CTOMHOCT /1a Ob/1aT paBHU MApUUHUTE CPEACTBA.

TpsibBa na ce 3Hae KakBa € MpeABHIEHATA MPOMSHA Ha KPAaTKOCPOUHUTE MacuBH. AKO C k
oTOenexxuM mpenBujeHaTa npomsiHa Ha KpaTtkocpouHute nacuBu (KII), To 11 moxe na Obae
MOJIOKUTENTHA, OTpHuIaTenHa win pasHa Ha Hyna (0). C KII, orbenszBame KpaTKOCpPOUHUTE MAaCHBH,
clJie]] I3BBPINBAHE Ha MPEABUICHATA MpoMsiHa Ha TsaxHata ctoiHocT KII, = KII + k. Orbens3Bame
CBIIO C P CyMaTa, ¢ KOATO TpsOBa J1a Ob/ie MpOMEHEeHa CTOMHOCTTa Ha MapUYHHUTE CPEACTBA 3a Ja
O0b1e KoehuIeHTa Ha abCOTI0THA JIMKBUIHOCT B U3MCKyeMuTe Tpanuiiu. Axko Kas, e onmrumannmst
KOC(QUIMEHT 3a JaIEHOTO MPEIPUeTo, KOWTO € TIOCTABEH 3a I11eJl, TOraBa:

[IC+p

= ETE kbaeto Kai, € (0,1;0,2).

Kau,
Ot Ta3u Gopmyna Moxe 1a ObJe U3BEIeHA 3aBUCUMOCT 32 P!
p = Kous, * (KIT + k) — TIC.
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®opmynarta 3a npomsiHata Ha [1C, npencraBena karo npoueHty ot 11C usrnexna no ciaeaHus
Ha4VH:
Kau,

T

p%

[Ipu u3uncnenusTa, B HUKaKbB CiIy4ail He TpsAOBa Ja ce mpeHeOpersa (axra, 4e npu MpoMsHaTa
Ha CTOMHOCTHUTE Ha OTACIHUTEC CIICMCHTH Ha KpaTKOTpaﬁHHTe AKTUBH, CC IPOMCHA U Idj1aTa
CTOMHOCT Ha KpaTKOTPAaWHUTE aKTUBH, CHILO Y€ B 3aBUCHUMOCT OT TOBa KakK ce IUIaHUpa Ja ObaaT
M3IIOJI3BAHU TAPUYHUTE CPEACTBA M APYTUTE KPATKOTPalHH aKTUBH, MOXKE Ja ObJie M3MEHEHa U
CTOMHOCTTA Ha KPATKOCPOUYHUTE MACHUBH.

Ha cnenBamio msicto mie pasriename koeduirenTa Ha HezabaBHa JIMKBUAHOCT (KHiT), KOHTO €©
paBeH Ha CBHIIOCTaBSHETO Ha MApUYHHUTE cpeacTBa M KpartkocpouHute uHBectunuu (KM) xbm
KPaTKOCPOYHHUTE MAaCUBU WJIH:

[TapuyHu cpefcTBa + KpaTKOCpOYHU UHBECTULUH

Kui =
KpaTkocpoyHu nacuBu

[Ipy wu3uMcasiBaHe Ha TO3M KOE(DUIMEHT C€ HU3KIIYBAT KPAaTKOCPOUYHUTE B3EMaHUSA MU
Mmatepuanaute 3anacu. Koedunuenra Ha HezabaBHa nmukBuaHocT (KHiT) mokasBa ciocoOHOCTTa Ha
HNPEINpUATHETO J1a 0OpbIlla aKTUBUTE B MapH, B CPOK OT HAKOJIKO ceamuuu.[2] Toi e ocobeHo
HEOOXO/MM 33 M3YHUCIIIBaHE TPU TMPENNPHUATHS, UMALIH TPYIHO WHKACHPAIIA C€ KPAaTKOCPOUHU
B3eMaHus. B 3aBucumocT OT oTpacioBata M OpaHmoBa coenu@uka, OT (UHAHCOBUSA U
MIPOU3BOICTBEHHS IIUKBJI HA TPEATIPUATHETO, ONTUMAIHUS KOSPHUIIMEHT Ha He3a0aBHA JIMKBHIHOCT
Moxe s1a Opae B rpanunu ot 0.2 no 0.3. B 3aBucHMOCT OT akTyaiaHMs KOS(QHUIMEHT Ha He3abaBHA
JUKBUAHOCT, OT ONITUMAITHUS KOSPHUIIMEHT 32 IaJICHOTO MPEANPHUITHE, U OT U3YHCIICHATA ITPEIH TOBA
(p) — cymara, ¢ xosTO TpsiOBa 1a Obe MPOMEHEHa CTOMHOCTTA Ha TTAPHYHUTE CPEACTBA, MOXE J1a
ObJIe U3YHCIICHO KaK J1a ObJIaT peryarupaHy U KakBa TpsiOBa 1a Obae CTOHHOCTTa Ha KPATKOCPOYHHUTE
uHBecTuiu. OTOeNsI3BaMe ChIO C N CyMarta, ¢ KOSTO TPsiOBa Ja Obje MPOMEHEHa CTOMHOCTTa Ha
KpPaTKOCPOYHUTE MHBECTHUIINH, 32 J1a Obae Koe(HuIleHTa Ha He3a0aBHa JIMKBUIHOCT B U3UCKYEMHUTE
rpanunu. Axo KHu, e onTumanHus koepuIMEHT Ha He3abaBHA JMKBHUJIHOCT 3a JAaJIEHOTO
MIpeNNpPUETO, KOMTO TpsiOBa 1a ObJie MOCTUTHAT, TOraBa:

[IC+p+KU+n
KII + k

Kui, = ,kbaeto Kuin, € (0,2;0,3)

Ot Ta3u gpopmyna Moxe /1a ObJe U3BEJeHa 3aBUCUMOCT 32 N
n = Kui, * (K[ + k) —TIC—p — KU,

q)OpMy.TIaTa 3a IpoOMsAHATa Ha KI/I, MMpeaACTaBCHA KAaTO B IIPOLICHTH OT KN H3IJICK A IO CICIHUA

Ha4YuH:

% = n Ky = (KIT+ k) —IC — p — KK
0T KU T KN ’

CrneaBamuar KoepUIMEeHT, KONTO 111e ObJe pa3riiefad € KoeQUuieHTa Ha Obp3a JTUKBUIHOCT
(K6m). Toli e paBeH Ha CHIIOCTaBIHETO HAa KPAaTKOTpaHUTE aKTUBM Oe3 MarepuaiaHute 3anacu (M3)
KBbM KPaTKOCPOYHUTE MaCUBU WIIH:

K = [TapuyHu cpeacTBa + KpaTkocpoyHu MHBecTULIMU + KpaTKocpoyHUu B3emanud

KpaTkocpoyHu nacuBu

KoeduruenTsT Ha Obp3a JIUKBUIHOCT MOKAa3Ba COCOOHOCTTA HAa MPEANPHUATHETO Ja 00pbIa
HAJTMYHUTE CU aKTUBH B TIapU B PAMKHUTE Ha HIKOJIKO Mecera. To3u KOeQHUIIMEHT B TIO-TOJISIM CTETICH
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JlaBa MPEICTaBa 3a PEATHUTE MapUYHU CPEJICTBA, C KOUTO MPEANPUITUETO pa3moiiara, 1 KOUTO Io-
Obp30 MoraT fa ObaaT U3IUIaTeHu Ha Kpeautopute. [3] TpsiOBa ga ce oTOeNexu, 4Ye CTOMHOCTTa Ha
KpaTKOCPOYHHUTE B3eMaHWs, TpsOBa Ja OBJEe KOHTPOJIUPAH B pasmep mo-manbk oT 40% ot
kpatkocpounute macuBu (KB<0.4KII), m mo Bpeme CTOWHOCTTa Ha TEKYIIUTE KPATKOCPOUYHH
B3eMaHMsl TPsOBa J1a ObJe MO MaIBK OT pa3Mepa Ha TeKyImuTe KparkocpouHu macuBH (TkB<Tkm).
To3u KOHTpON mMO3BOJSIBA HE caMO Mo-7o0pa JMKBUAHOCT, HO M MO-7100pa oOpaiiaemMocT,
CIIEIOBATETHO M PEHTAOWIHOCT. B 3aBHCMMOCT OT oTpaciioBata W OpaHIIOBa CHElU(UKa, OT
(UHAHCOBHS U MPOU3BOJCTBEHUS LIUKBI HA MPEANPUATHETO, ONTUMAIHUS KoedUlrueHT Ha Obp3a
JUKBHUJIHOCT MOe /1a Obe B rpanuny oT 0.5 1o 0.6. B 3aBUCHUMOCT OT aKTyalHHs U ONTUMAIHUS
Koe(hUIIEeHT Ha Obp3a JTUKBUIHOCT 32 JaICHOTO NPEANPUATHE, OT H3UUCICHATA peu ToBa (p) U (n)
- CyMuTe, C KOWUTO TpsiOBa na ObAAT NPOMEHEHH CTOWHOCTUTE HA MAPUYHHUTE CPEICTBA U
KpPaTKOCPOYHHUTE MHBECTHIIMH, MOXKE JIa CE M3YMCIH KakK Ja ObJaT peryjiupaHd U KakBa TpsOBa Ja
ObJle CTOMHOCTTA HAa KPATKOCPOYHHUTE B3EMaHUSI.

Axo ¢ | orOenexxuMm cymara, ¢ KOATO TpsiOBa na ObJe NIPOMEHEHA CTOMHOCTTAa Ha
kpatkocpounute Biemanus (KB) 3a na 0b1e koeduumenta Ha 6bp3a JUKBUIHOCT B U3UCKYEMHUTE
rpanunu. Koraro K61, e ontumannus koeduueHT Ha Obp3a TUKBUIHOCT 32 Ja/IEHOTO MPEANPUETO,
KOWTO TpsiOBa a ObJe MOCTUTHAT, TOraBa:

MC+p+KU+n+KB+!I
KIT + k

K6u, = ,kbaeto K6, € (0,5;0,6)

Ot Ta3u hopmyIia Moxe 1a Ob/ic U3BECHA 3aBUCUMOCT 3a [:
[l =Kéua, * (K[l + k) —IIC—p — KU —n—KB,

CDOpMy.TIaTa 3a IIpOMsAHATa Ha KB, npeacTaB€Ha KaTo IMMpPOUCHTHU OT KB HU3TJICKAA IO CIICAHUA
Ha4YuH:

o | K6, * (KIl+ k) —TIC—p — KU —n — KB
KB KB ’

[TocnenquuAT KOeUIMEHT, KOWTO 1ie ObJie pasriiefaH € KoeuueHTa Ha o01a JTMKBUIHOCT
(Kom). Toii moka3Ba cmocoOHOCTTa Ha MPEANPUITHETO Ja 00pbIlla HATMYHUTE CH aKTUBH B Mapu B
pamkuTe Ha eHa roguHa [3]. Ko e paBeH Ha chlOCTaBsHETO Ha KpaTKoTpaitHuTe akThBH (KA) KbM
KpaTKOCPOYHHU MaCUBU WIIH:

o _TCHKA+KB+M3 _ KA
o= KII T KI

B cunHa 3aBHCHMMOCT OT oOTpacioBara W OpaHmioBaTa crenupuka, oT (UHAHCOBHS U
MIPOU3BOJICTBEHUS IIUKBJI HA MPEINPUATUETO, ONTUMATHHS KOSPHUIIMEHT Ha 00II1a TUKBUIHOCT MOXKE
na 0b1e B rpanuiy ot 1 1o 2. Ako Kon e mo-manbk ot 1, ToraBa Moxe Jia ce HallpaBH W3BOJIa, Y€
MPEANPUITHETO HE € JIUKBUIHO, UM TOJIsIMA CTOMHOCT OT HATPYIaHU 3abJDKEHUS W HEOCTaThYHA
CTOMHOCT Ha KPaTKOTPAHUTE AKTUBU C KOUTO J]a MOKE J1a T MTOKPHUE, KOETO MOXKE J]a C€ AbJIKU Ha
HeOaTaHCUPAHO U HETPABIIIHO yIIPaBJICHNWE HA aKTUBHUTE HA IpeanpusiTiueTo. Koraro cToifHocTTa Ha
Kon > 2, ce cuuta ye npeanpusaTHETO € CBPBX JHMKBHIHO, UMA M3IUIIBK OT CPEACTBA, KOUTO HE
yCIsiBa J1a OTOJI30TBOPH B CBOsI OM3HEC mporiec. HeparmoHaIHOTO HW3MOJI3BaHE HA TMApUYHHUTE
CpeICTBa, 3a0aBEHOTO pa3IUIalllaHe C KIIMEHTH U 3a0aBeHaTa o0pamaeMocT Ha MAaTepUATTHUTE 3arlacH,
MOTaT ChIIO Ja ObJaT MPUYMHHU 3a MPEKaJIeHO BHcokaTta cTolHOocT Ha Kom. TpsOBa ga ce mma
MIPEeNIBUI, Y€ €THA 3HAYUTEITHA YacT OT OOOPOTHHS KAaIUTAll € aHTaKMpaHa B MATEPUATHUTE 3aIacy,
KOWUTO HE BUHArM MOTaT Jia C€ OTHECAT B KaTeropusaTa Obp30 JIMKBHIHU, KOETO € HelnocTaThK Ha Ko
[3]. Ilopaau TOBa, ce mpenopbuBa, MPU aHAIKM3a Ja Ce U3I0JI3BAT U APYIUTe MOKa3aTenu, Taka ye Aa
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ObJie NOMBIHEHA MH(pOpPMALIUATA 32 PABHUIIETO HA JTUKBHIHOCTTA U Ja ObJie MOBUIICHA HEWHAaTa
JIOCTOBEPHOCT.

3a na 6b1e onTUMU3HpaHa padoTaTa Ha MPEANPUATHETO MOXKE J]a Ce MPECMETHE KaK U B KaKBa
CTeNeH Ja ObJaT peryiupaHu KpaTKoTpailHuTe akTuBH. HamansBanero u yBenuuaBaHero Ha KA
BOJISIT CbOTBETHO /10 HamalisaBaHe u yBenundaaHe Ha Koo [Tonexe KA sximousar [1C, KU, KB u M3,
a HUE B TOPHHUTE CTHIIKUA CME M3YMCIWIIHN Kak 1a 6baat peryaupanu [1C, K1 u KB, Tyk e Habnernem
Ha perynanusTa Ha M3. CriegoBaTenHO, B 3aBUCUMOCT OT aKTyaJHUS U ONTUMAJIHUS KOS(PHUIIMEHT Ha
001112 JIMKBH/IHOCT 3a JaJICHOTO MPEINPUATHE, U OT U3UUCICHUTE Tipean ToBa (p), (n) u (1), moxe na
ObJie U3YKCIEHO KaKBa TpsAOBa Aa Ob/ie CTOMHOCTTA HA MAaTEpUATTHUTE 3aIlacH.

AKO m e cymaTa, ¢ KOSTO TpsiOBa /a ObJie MPOMEHEHA CTOMHOCTTAa Ha MaTEepUATHUTE 3aracu
(M3) 3a ga Opae koedummeHTa Ha 00mA JTUKBUAHOCT B M3WCKyemuTe rpanunu. Axko Kous, e
ONTUMATTHHS KOS(PHUIIMEHT Ha 001Ia JIMKBUAHOCT 32 AJCHOTO MPEANPUETO, KOUTO TpsOBa 1a Obae
MIOCTUTHAT, TOraBa:

NC+p+KA+n+KB+I+M3+m KA+p+n+l+m
KIl + k B KI + k ’

KOJIZ =

kbaeto Kous, € (1;2)
OT TyK MOXe /1a ObJic U3BECHA 3aBHCUMOCT 33 M.

m = Kos, * (KIT+ k) —IIC—p—-—KWU—-—n—-—KB—-1—M3,
01040
m = Kos, * (K+ k) —KA—p—n—|,

dopmyrara 3a npomsiHaTa Ha M3, mpecTaBeHa KaTo MpOLeHTH 0T M3 U3IJIexk/1a 1Mo CIeTHUS
HAa4YUH:
m  Kou, x (KIT+ k) —KA—p—n—|,

0y — — =
mh =3 M3 ’

Ilpumep: Omnpenenere JIMKBUIHOCTTA W HalpaBeTe MoJeNn 3a perynupaHe Ha KA Ha
npeanpustTie “X” 3a mepuoj ciej eaHa roJWHa, MPHU yCIOBHE, Y€ B PAaMKHUTE Ha €HA TOJWHA €
ianupano ysenndasase Ha KII ¢ 10%. Ako Texymara croiiHocT Ha M3=60 000 n8., KB=25 500 18B.,
KH=1 000 8., [IC=24 000 nB. u KI1=65 000 nB. Criopen ekcriepTHO MHEHHE, KOCPUIIMEHTUTE Ha
JMKBUAHOCT 3a MPEANPUATHETO TPpsAOBa ha ObJAT CHOTBETHO MpuOM3nTeNHO paBHU Ha Kan=0.2,
Kun=0.25, Kon=0.6, Kon=1.2.
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Texyma Koedpnuuentn Ha | Texyma Hesnesn
ro/IHHA JIMKBHIHOCT TO/IMHA cToiiHOCTH
Koedrmnent Ha
Kparkorpaiinu AKTHBH 110 500.00 a0COIOTHA JTMKBHIHOCT 0.3692 0.20
Koedunuenr Ha HezabaBHa
[MTapnunu CpenctBa 24 000.00 JIMKBHTHOCT 0.3846 0.25
Kpatkocpounu Koedunmenr Ha Obp3a
WuBecTnimu 1 000.00 JIMKBHTHOCT 0.7769 0.60
Koedunmenr Ha  oOmia
Kpatkocpounu B3emanus 25 500.00 JIMKBUAHOCT 1.7000 1.20
Martepuanau 3amnacu 60 000.00
Kpatkocpounu Ilacusu 65 000.00
IInanupana MIpOMsIHA Ha
Kpatkocpounu IlacuBu B 1B. 6 500
[Tnanupana NpOMsTHA Ha
Kpatkocpounu ITacusu B % 10.00%
Kparkocpounu IlacuBu B 1B.
cJIe]] ITaHMpaHaTa MPoMsHa 71 500.00

Cnopen MOKAa3aTC¢JIMTE 0T TEKyliaTa roimHa

[Mapuunure Cpencraa Tpsi0Ba J1a ObJIAT HAMAJICHH C

40.42% | 9 700 JB.
Kpartkocpounure Tpsi0Ba 1a ObJIAT yBEIUYCHU C

MuBecTuimm 257.50% | 2 575 as.

Kparkocpounute B3emanust TpsiOBa qa ObIaT HAMAJICHH C
1.86% | 475 as.

Marepuanuute 3anacu TpsiOBa a2 ObJaT HAMAJICHH C
28.50% | 17 100 as.

Pewenue: Cnen BbBEXJaHE HA TaHHU 32 CTOMHOCTTA HA KPaTKOTpailHUTE aKTUBH U
KpaTKOCPOYHUTE NaCUBU Ha MPEANPUATHETO, U 3a KEIAHUTE HUBA HAa KOS(PUIIMEHTHUTE 3a
JMKBUAHOCT B MOJieNia M3rotBeH B EXcel, MomensbT HU M3Bexkaa pe3yarar. Moxe aa Obie HapaBeH
M3BOJIa, Y€ B pAMKHTE Ha MEpUO/Ia, IPe3 KOWTO € IIIaHUPAHO YBEJINYaBAHETO HA KPATKOCPOUHUTE
nacusu ¢ 10%, TpsiOBa:

- [lapuunuTte cpencrpa na 6bpaat HamaneHnu ¢ 9 700 nB., KoeTo 03HauYaBa, ye TpsiOBa 1a ObaAaT
n3noin3Banu Hag 40% OT TSIX U Ja ce ocTaBAT HAIMUHU okoo 14 300 .

- KparkocpounuTte nHBeCTHULIMU TpsiOBa 1a ObAaT yBelIUYeHH ¢ 2 575 JB. UM HAJl ABa U
MI0JIOBUHA ITBTH.

- CroifHoCTTa Ha KPaTKOCPOUYHUTE B3eMaHUs TpsiOBa fja Obae HamaneHa ¢ 475 neBa, Ui C
61130 2%.

- IIpennpusituero TpsOBa 1a HaMaId MaTepUaIHUTE cu 3anacu ¢ Hax 28.5%, niu cve 17 100
JB.

3AKVIIOYEHUE

[Tpennoxen e monen Ha Excel, u3Bexxmamny mMareMaTnyeckd OTTOBOP Ha TOBa Kak TpsOBa na
ObJaT peryaupaHu OTACITHUTE JIEMEHTH Ha KPATKOTPAMHUTE aKTUBH, 3a JIOCTUTAHE HA ONTUMAITHU
HUBa Ha KOe(DUIIMEHTUTE 3a JIUKBUIHOCT. Upe3 HEro ce aBTOMATU3HMpAT U3UHUCICHUATA, TT0100psBa
ce KOHTpOJa BbpXY JIMKBUAHOCTTa U oOpamaemoctra. [IpunoxeHnero Ha Mojena B MpakTHKaTa
MOXE J1a CIIECTU 3HAUMTENIHU CPEACTBA U BpeMe Ha MPEANPUATHUSATA.
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Abstract: In this paper the Leland model for option pricing is considered, which is an effective and successful
extension to the widely spread Black—Scholes framework, making use of the latter with a volatility adjustment. It is famous
for taking the transaction costs into account. Also, the iterative Newton—Raphson method for finding the implied volatility
is employed due to its simplicity and high convergence rate. The implied volatiltity is of particular importance since is it
is the main ingredient in the calculation of the option price. Furtermore, the algorithm for deriving the implied volatility
values and surface is presented and discussed. Numerical experiments with real market data are performed which support
the conclusions and explain the results.
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INTRODUCTION

For all assets and derivatives including options, one of the most fundamental promlems is
deriving their “fair” price. The market is arguably the mechanism that makes the prices, so we have
to model the market in order to find a reasonable option price. In this paper we adopted the model [5]
named after Hayne Leland which could be viewed as an extension and improvement to still
ubiquitously used Black—Scholes framework.

Let us briefly introduce the basic assumptions which the Black—Scholes model [1] is based on.
To begin with, we assume the existence of at least one risky asset, called underlying asset, and a
riskless asset, e. g. zero coupon bond. Moreover, the riskless interest rate is a constant; the price of
the underlying asset follows a geometric Brownian motion. The following assumptions are posed on
the market: an arbitrage is not allowed, thus all market participants have equal, immediate and
unlimited information; borrowing and lending money of all quantity is allowed at the riskless rate as
well as longing or shorting the underlying asset; individual trade doesn’t affect the market price [2].

In the sake of comprehensiveness and punctuality we have to mention that the Black—Scholes
model assumes the market is frictionless, i. e. there are no transaction costs. This is the simplification
of the reality which the Leland model doesn’t require as discussed later. So, the famous PDE of Black
and Scholes is stated as:

av 1 , 0%V av

—+-0%52—=+1rS——1V =0, 1
S0l o S (1)

6 JloxnambT e IpeacTaBed Ha CTyAeHTCKaTa HayuHa cecus Ha 23. 05. 2018 r. B cexnus ,,OUHAHCOBA MATEMATHKA™
¢ opurnHaiHo 3aryasue Ha Obsrapcku esuk: YHCJIIEHO ITPECMSTAHE HA TIOBBPXHUHATA HA KOCBEHATA
BOJIATHUJIHOCT OT ITASAPHU TAHHU B PEAJTHO BPEME, M3ITOJI3BAMKI MOJIEJTA HA JIEJTAH/I.
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with the following well-known analytical solutions for European call and put options:

Vi = SN(dP®) — Ke"TON(dSS), Vg = =SN(=df®) + Ke "T-ON(=df"),

where
N(x) = fe 2 ds
\/_
is the cumulative distribution function of the standard normal distribution and
2
ln% (r+ )(T—t) ln%+(r—%)(T—t)
dBs = , dBs = =dBs — oVT —t.
! oVvT — t 2 oVvT —t !

In the original temporal variable the PDE is backward with the following boundary and terminal
conditions (foracall): V(S,T) = (S— K)*, V(0,t) =0, V(S,t) =5,S — oo. It can also be shown
that V(S,t) ~S — Ke "T~9, § — oo, The boundary conditions for an European put option are
derived in the same manner.

As stated above, the absence of transaction costs is one of the main limitations of the Black—
Scholes framework. There are many ways for this feature to be overcome. One of the most widely
used approaches is the one which was exploited by Leland. It is successful because it is independent
from the individual investor’s risk preference and has a closed-form solution, while the others are
time consuming to compute.

Definitely, estimating transaction costs is an important topic from both theoretical and empirical
points of view. They consist of bid-ask spreads, commissions, brokerage and other costs related to
security trading [6].

Now we will briefly explain the idea of Leland. He developed a hedging strategy in which the
price of an European option is given by the Black—Scholes model with an adjusted volatility. The
latter depends on the proportional transaction costs rate, the volatility of the underlying asset and the
rebalancing interval of the replicating portfolio [6]. He claimed that the hedging error could be
arbitrary small if the length of the rebalancing frequency tends to zero and if one uses the Black—
Scholes delta-hedging stategy with the adjusted volatility (3).

Let us denote
_ Sask T Spia _ Sask — Spia

cC = ———
2 ' S ’

and we hedge discretely on intervals of minimum At time (years). It is impossible for us to hedge

continuously due to the presence of transaction costs [8]. Now, using the replication portfolio

arguments and the Leland’s propositions we arrive at the final form of the PDE:

aV+1ZSaV +56V V=0 @)
ot 12797 3s? ar asz os T T

It is the nonlinearity that distincts (2) from its Black—Scholes sibling (1). This means that the
option trading strategies, for example, no longer could be evaluated through pricing each constituent
option and then summing the prices. The financial interpretation is that in case of transaction costs
the number of instruments in a portfolio matters, because it is not the same if we hedge them together
or separately [8].

In case of European vanilla options, though, this problem is easily overcome. Since both call
and put options have a positive gamma, (2) could be easily transformed to (1) via volatility
adjustment:

(3)

6% =0%1-

oAt
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Of course, 62 has to be positive, so this imposes lower bound on At:
C2
At > ——.
mo

The financial interpretation of the last inequality is that it is not possible to hedge more
frequently than some threshold — simply because the costs will outweight the option value.

IMPLIED VOLATILITY

Finding the implied volatility is a fundamental problem in finances. What is more, the volatility
is by far the most significant parameter influencing on the price movements of the underlying assets
and hence the options. The volatility level is so important that options are quoted in terms of volatility
instead of price between traders. Furthermore, the volatility is not constant but depends on the
remaining time to maturity and the strike price — which is not implemented in the original Black—
Scholes model [2].

There are two main approaches to find the implied volatility. The first of them is analytical.
The goal of the researchers is to calculate the variation of the volatility using the market databases
and the Black—Scholes formula. Usially a finite approximation of the CDF of the standard normal
distribution is used as well as some simplifying assumptions — e. g. in-the-money case is considered
[71

The other main approach is based on a numerical method for finding the roots of a (nonlinear)
algebraic equation. We aim at finding this value of o, for which f(¢) = C™ — g(a) = 0, where C™
is the observed market price of a call option and g(a) = V4 is the solution of (2). Such numerical
algorithm is the Newton—Raphson method, which is widely spread for its simplicity and efficiency.
The task for finding o is well-posed since o exists and it is unique in the arbitrage-free boundaries

for option price g(o): e. g. when g(o) € ((S—Ke‘T(T‘t))+, S) for a call option and g(o) €
((Ke‘r(T‘t) -s)", Ke‘T(T‘t)) for a put option.

ALGORITHM

Our goal eventually is to find the (numerical) value of the implied volatility. We need the bid
and ask prices of the underlying asset S,;; and S, as well as the bid and ask prices of the option
value V,,;4 and Vg, strike K, remaining time to expiration T and the riskless interest rate r. All of
them except r are directly observable from the market.

Let us denote
c 2
Le = — (4)
O'\/At\/;

and then compute the implied volatility using the other parametres via the method described above.
We need to emphasize that for finding ¢;,;; and o,¢, We use V4 and Vg, respectively and in both
procedures we input S but not S,;4 and S, [8]. Afterwards, by solving the system

(1—Le)o? = ofiy
2 _ 2 ()
(1+Le)o* =g/
we find the value of the unknown parameter o. From the system (5) we derive the value of Le too
and via substituting in (4) we can find the value of At [8].

NUMERICAL RESULTS

For the implementation R programming language is used. We access market data in real time
from http://finance.yahoo.com employing the functionality provided in quantmod R package. We
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use constant value for the riskless interest rate » = 0.0183 taken from US treasury bond rates. Next
we implement the root-finding algorithm.

In order to acheve satisfactory estimate of the volatilty, we need to employ a numerical method
with high order of convergence and a reasonable starting point. Such a model is the Newton method
[4]. For initial point we will use some of the analytical results, because they are reasonable guess and
are often close to the real value. For the purpose of this paper we will make use of Bharadia,
Christofides and Salkin formula [7, 2].

The described procedure is executed for every pair of T and K. It is worth mentioning, though,
that we are not guaranteed to have an option available for arbitrary expiry date and strike. To put it
in other words, for some maturity the corresponding set of strikes is different from the set related to
another maturity. This phenomenon makes the domain of the implied volatility surface not a
rectangular but an irregular one.

We continue with exposing a part of R code responsible for retrieving the data and computing
the grid of implied volatility. This partiqular example uses options over the stock share prices of
Amazon.com Inc. for the front month:

Q <- “AMZN’

Q.S <- getQuote (Q, what=yahooQF (c ("Bid", "Ask")))
Sbid <- Q.S$Bid

Sask <- Q.SSAsk

S <- (Sask + Sbid) / 2

c <- (Sask - Sbid) / S

Q.opt <- getOptionChain (Q)

Vbid <- calls$Bid[1i]

Vask <- callsS$SAsk[i]

sigma bid <- BSImplVolCall(S, K[i], r, taul[j], Vbid)
sigma_ask <- BSImplVolCall (S, K[i], r, tau[]J], Vask)

Le <- (sigma_ask”2-sigma bid”"2) / (sigma ask”2+sigma bid"2)
sigmas[j, 1] <- sigma_ask / sqgrt(l+Le)

After gathering data and processing the implied volatilities, we have the opportunity to
interpolate the values between the nodes. However, this is not a compulsory step if we use the derived
values only for showing the surface and not for computational purposes. Then we plot the grid in
interactive environment (Fig. 1). For the purpose of scaling we transform the functional values in
their negative natural logarithm.
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Implied Volatility Surfice Implied Volatility Surfice

Implied Volatilty Surfice

T =
5@ 2

Stiikes: from 8 027 3 4 5 6 7 8
Maturities: from Aug.24.2018 to Dec.21.2018

2 4 Maturities: from Aug.24.2018 to De.21.2018
Maturities from Aug.24.2018 fo Dec.21.2018

Fig. 1. Implied volatility surfaces of options on Apple Inc.,
General Electric Co. and Microsoft Corp. stock shares

The first feature that comes into mind is that the surface graph is to a some extent rough. This
is so because we use linear interpolation between nodes, which in scarce data could be far from each
other. The second reason is that the volatilities match exactly the market data which is far from being
pure and clean. It is the market data that is the reason for the white holes in the surface — for such set
of parameters either the option value or the value of vega is very close to zero and the numerical
procedure fails to converge. In such situations the quoted volatility is reported zero as well.

A complete implementation is done using Shiny Applications and deployed to [3].

CONCLUSION

Computing the implied volatility surface is a fundamental and contemporary problem in
finances. In the paper we examined calculating the surface employing the Leland model and making
use of the iterative Newton method. The practical realization confirms the applicability of the
algorithm.

Future developments include improvements to current model, e. g. using nonconstant interest
rate or using better interpolating method, for example cubic splines. What is more, the independent

variable ¢ could be changed to o+/t or the target function to be logarithmised. It is possible to
experiment with another method with higher order of convergence. Finally, a model other than Leland
could be used.
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Abstract: Accurate and Numerical Solutions for Black-Scholes European Options: The paper reviews existing
differential methods. In the finite difference methods, the derivatives of the function are replaced by the corresponding
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the methods applied for the heat equation and furthermore the use in Black — Sholes model.
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BBBEJAEHHUE

OnuusATa € J0roBop MeXay JBE CTPaHM, NPU KOATO €AHATa CTpaHa € 3aJbJDKEHa, Mpu
KeJlaHWe Ha JpyraTa CTpaHa, ja i mpoJaae Win KyIu onpeeseH Opoil akuuu Mo NpeiBapuTeIHO
JIOTOBOpEHA 1IeHa U Mpeau U3TUYAHETO Ha ompenesneH cpok. CTpaHara, KOSTO MPoJaBa ONIUITA CE
Hapuya MpojaBad WIM NOANUCHUK Ha onuusaTa. CrpaHaTa, KOATO KyIllyBa ONLUATa CE€ Hapuya
KylyBau WIM IpUTEXaTell Ha omnuusTa. B 3aBUCMMOCT OT TOBa, 32 KaKBO CE€ OTHACS OMNIMATA 3a
MOKYIKa WIM Npojakba Ha akuMM onuuure OuBar aBa Buaa: Koa omuus - T4 JaBa mpaBo Ha
MIpUTEXKATEINS J]a 3aKyNU onpezesieH Opoil akiuuu no (uKcHpaHaTa B OMIMOHHUS JIOTOBOpP II€HA Ha
IIPUTEXKATENA CH W NPEAu M3THYaHE Ha JIOrOBOpeHHus cpok; IIyr ommms — T8 maBa mpaBo Ha
MIPUTEKATEINS CU J1a IPOJaJe onpeieneH Opoil akuu no GUKCUpaHaTa B ONIIMOHHUS JIOTOBOP LIeHA
U NIpeay U3THYaHe Ha JOTOBOPEHUS CPOK. B 3aBUCHMOCT OT TOBa KOTra MOJKE J1a CE yNPaXHH ONIUITA
ce pas3riex/ar JiBa Buaa onuuu: EBponeiicka — onmusaTa Moe J1a ce yIpakHU caMo Ha pUKCHUpaHaTa
nara T; AMepuKkaHcKa — TSI MOXKeE J]a C€ yIIPakHU BbB BCEKM MOMEHT OT IIEPHOJIa MEXKY N3/1aBaHETO
Ha ONUMATA U AararTa Ha nmajexa T.

MertoauTe Ha KpalHUTE pa3jMKH C€ M3MOJI3BAaT TOJKOBA IIMPOKO, 3aIIOTO MpPUTEKaBAT
peauna MoyIoKUTENHN cBolicTBa. HampuMep Te mo3BosiBaT MHOTO 100pe J1a ce ONpeeny peaa Ha
rpelikaTta i HUBOTO Ha TOYHOCT Ha aJlfOPUTHhMa, I0KaTO MpH APYrH METoAU He e Taka. Omie, Te ca
yIoOHW 3a TpecMsTaHe Ha AW(EpPEHIMATHU YpPaBHEHHUS ChC CPAaBHUTEIHO CIIO)KHU Ha4YallHU U
TEPMHUHAIHU ycioBus [3].

Hue pasriciKaamMe JJIMHECCH MOJICIT Ha baex—Illoic 3a oleHKa Ha KOJI U IIyT oA

oW1 LG AV
ot 29 sz T s T T

7 JIoKiIambT € mpeacTaBeH Ha CTyaeHTCKaTa HaydHa cecus Ha 23. 05. 2018 r. B cexuust ,,OHHAHCOBA MATEMATHKA  C OPUTHHAITHO 3ariiaBue Ha

Owarapeku esuk: TOUHU Y YMCJIEHU PEILIEHMS 3A BJIEK-IIIOJIC EBPOITEMCKY OITLINHN
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C KpaifHa 11eHa, CbOTBETHO 3a KOJI ¥ IyT OIIINU
C(S,T) =(S—K)"(kxon) = max(S — K, 0),
P(S,T) = (K — S)*(nyr).
I'paHnYHHU yCIIOBHS HAll — YECTO Ca CIICIHUTE:
C(0,t) =0,C(S,t) =S —Ee™ ™D npu § = 400 (xox),

P(0,t) = Ee T P(S,t) = 0 npu S = +oo (myT).
Ja noyoxum
2

—1() =L 2r — 0,9 )—1v(1<2T )
x=In(z), =20 YD) =3 e?, )

nimn

k=1 (k1)
V(x,7) =e 2 + y(x,1),

1 TaKa HaMHUpaMeE, U€ Yy YAOBJICTBOPABA YPABHCHUCTO HA TOIIOIIPOBOAHOCTTA

dy 0%y
9t oax2 '€ [0, T],x € [Xmin, Xmax]-

Or TYK, BmeaﬁKH CC KbM OPUTMHAJIHUTC IIPOMCHIIMBH, HAIIPUMEDP 3a KOJI OIIIUATA UMaME:
C(S,t) = SN(d,) — Ke " TDN(d.)
kbaeTo N(Z) € crangapTHOTO pasnpeaeaeHne

1 x Ly 1
N(Z) =Ef_we 2y dy, di = ((\/%-Fz)kil)\/z

JUPEPEHYHU AITPOKCUMALIUA

Judepenunara arnpokcuManysi Ha CTOMHOCTTa Ha IPOU3BOAHATa Ha pyHKIUATA f(X)B TOUKa
Xo, HanpuMmep f'(x,) € HAKaKkBa KOMOMHALUSA OT CTOMHOCTUTE Ha (YHKIUATA B TOUKHU, OJIM3KH J10 X,.

Hanpumep, ako 3a HakakBo Masiko h > 0 pasBueM f(x + h) B pex Ha Teiurbp, pazaenum Ha h
U TpyIUpame 4JI€HOBETE OT JBETE CTPAaHU Ha PABEHCTBOTO I1OJIy4YaBaMe

f+h) - fx) h

f160) = e 4 5 1)

3a ¢ € (x,x + h) u ToraBa

i L LEHD @

Twit kato f''(€) e uncio, To pasnukara Mexay f'(x) U IupepeHuHOTO YaCTHO € u3pa3 Ha ht,
T. €. TpelIKaTa, KosiTo JOMyCcKaMe, € OT IbpBH pell. ToBa o3HauaBa, 4e ako 10 mbTH HaManuM h, TO
e nojyaumM 10 mbTH mo-To4HO pubIMKeHue [2].

Judepenunata pasnuka, KOATO pas3rieaaxMme, c€ Hapuya MpaBa WIM JsCHA pa3iuka.AKo

B3€MEM I10J BHUMAHHE TOYKHTE X — hH X BMECTO IIo-rope pasrjicAaHuTe, e MoJayduM ClcaHaTta
alipoOKCUManud:

1y LS =R

h )
KOSITO c€ Hapuya oOpaTHa WJIH JisiBa pasiuka. Tyk rpemkara cbilo € oT IbPBU pea. AKO IOUCKaMe
Jla HaMaJluM Ipelikara, TpssoBa Ja pasrieaMe nosede Ha Opoil Touku okono x.  Heka B3EMEM

TPUTE TOUKHU X — h, xu x + h. Cnex kato pa3BueM B pell Ha Telnbp croiiHocTuTe f(x — h) U f(x + h),
BaJM ITBPBUS U3pa3 OT BTOPHUS U 3alTACBAME
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o feth) = f&—h)
o0 ~ — ,

KbJIETO IPEIIKaTa € OT BTOPU pejl, T. €. ako HamainuM 10 mbTH h, Tpenikara e HaMmajee oT MopsiAbka
Ha 100 nbpTH. ToBa mpeAcTaBiIABa HEHTPAIHA PA3JIMKA.

@urypa 1. CpaBHeHue Ha IpaBa pasjivka (0TJISBO) U LEHTpajaHa pa3auka (OTAsICHO)
NP alpOKCHMAIIHS Ha ITbpBa MIPOU3BO/IHA.

[IpenmyiiecTBOTO Ha MMO-BUCOKUS peJ Ipellika ce 3abens3Ba HarienHo (¢urypa 1).3a no-
BHCOK peI NPOM3BOIHHU CBIIO TpsiOBa ma m3bepem moBede Ha Opoil Touku. Cren momoOHH
npeoOpa3yBaHus MOJy4aBaMe [IEHTpaHaTa PasjifKa 3a BTOpaTa NPOU3BOIHA:

" (x+h)-2f(x)+ —-h
fr1() ~ LR, (1)

KBJACTO Irpeuikara Cbio € OT BTOPHU PCA.

JUPEPEHYHU CXEMHA

Heka pasrinename TOMIMHHOTO [u(EpeHIIMAaTHO YpaBHEHHE C €JHa MPOCTPAHCTBEHA
MPOMEHJINBA
dy 9%y
—=—=,7€ |0, T|,x € |x,,is, X ,
ot dx2 [ ] [ min max]
ChC CJIEAHUTE TPAHUYHHU YCIIOBUS:

y(x,0) = yo(x), y Xmin, T) = y1(0), Y Wmax T) = ¥ ().

ToBa mapabGonuyHo nUQEepeHIMATIHO YpaBHEHHUE 3aeMa BaXKHO MSICTO JIOpU BBB (hMHAHCOBaTa
MaremaTuKa, Thi KaTto ypaBHeHHETO Ha biek u Illonc Moxe na ce cBene A0 TOIUNIMHHOTO CaMo ¢
HSIKOJIKO TTOJIaraHusl.

Brompeku, e ypaBHeHue (1) MMa aHaTWTUYHO pellleHHE, HHE I pasriefaMe YHUCICHOTO
pemaBaHe mnocpenctBoM metona Ha Kpank — HHKBICHH, KaTo 3a CpaBHEHHME 1€ MapKUpame M
JPYTUTE U3BECTHU AUPEPEHUHH CXEMHU.

Heka nuckperusupame o01IacTTa [Xin, Xmax] H2 N paBHU HHTEpBaja

X =xmin+ih3ai=0,1,...,N,

Xmax — Xmin
h=—"—

N

1 HeKa T; = Atr.j3aj=0,1,..,M, At =
Hexka npubmmknm u y(x;,7;) = Y;;.

SABHA JIM®PEPEHYHA CXEMA

ITpu siBHaTa cxema M3MOJ3BaMe IIpaBaTa pa3jiMKa 3a IPOU3BOJHATA 10 BPEME M BTOpara
LIEHTpajiHa pa3jiika 3a BTOpaTa MpPOW3BOJHA MO mpocTpaHcTBO. Cre KaTo MPUIOKHM Beue
nokazaHuTe GopMyiH MojydaBame
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Vier =Yy Yieg =2V + Vg 0
A At h?
T
1 aKO O3HAYHM p = 37, CE NIONy4aBa

Yijer = pYim1j + (1 — 2p)Y + pYiyqj

Yo; = Yl(Tj)
Ynj :Yr(Tj)
J.n+l
@ { -0
j-1,n J.n j+1,n

Qurypa 2. SIBHa qudepeHuHa cxema.

CrpykTypaTra Ha BB3JIUTE OT MpeKaTa, KOUTO y4yacTBaT B €/lHA UTepalus ce BIDKIAT Ha
¢urypa 2.YucneHara rpemika € mbpBH pell 0 BpeMe B BTOPH 110 IIPOCTPAHCTBO:

Ay = 0(At) + O(h?).

[IpenuMcTBaTa Ha sIBHaTa CXeMa ca, 4e TS € IPOCTa U JIECHA 3a pa30MpaHe U UMILUIEMEHTaIus,
KaKTO M Y€ MOXeE Jla Ce peaju3upa UTEPaTUBHO, 03 /1a € HY)KHO M3YHCICHUSITA 32 BCEKH BPEMEBU
CIJIOH J1a ce MpaBAT eAHOBpeMeHHO. ToBa BOAM U JJO HaMaJIeHa U3YUCIUTEIHA CJIOKHOCT.

OCHOBHHMST M HEIOCTaThK 00aye € MHOTO 3HAaUYMM — TS He € Oe3yCIOBHO ycToiunBa. 3a aa
ObJie YyCTOWYUBA, IOCTATHYHO YCIOBHE € J]a € U3IBIHEHO p < %

B IMpaKTKaTa ABHUTC CXCMU HC Ca UCCTO U3IIOJI3BAHU.

HESABHA JIM®EPEHYHA CXEMA
IIpu HesiBHAaTa audepeHdHa cxema ce M3MoN3Ba oOpaTHaTa pasiiiKa 3a MPOU3BOJHATA IO
BpEMe M OTHOBO BTOPATa [IEHTPAJIHA Pa3jIiKa 3a MPOM3BOIHATA MO IPOCTpaHCTBO. CXeMara M3riex/aa
Taka:
Yirr =Yy Yicgjen =2V + Viggjnn 0
At h? B

Yij = =pYic1jer + L+ 2p)Yj00 — pYivajua
Yojr1 = Yl(Tj+1)
Ynjrr = Y (Tj41)

j-1,n+1 j,n+1 Jj+1,n+1
@ @

Jj.n

@urypa 3. HesiBHa cxema
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PexbT Ha TpeIKaTa € ChIIUAT KaTo Npu sBHaTa cxema: Ay = 0 (A1) + 0(h?).

[IpeauMCcTBOTO M Mpe/ IBHATa CXeMa € TOJISIMO — HesIBHAaTa cxeMa € 0€3yCIIOBHO yCTONYMBA.
ToBa, obade, OT cBOS CTpaHa BOJAM JO IIOBHUILEHA HM3YMCIUTEIHA CIIOXHOCT M CBOTBETHO
HEBBH3MOKHOCTTA U3YHMCIICHUATA IO €IMH BPEMEBU CJIOHN J]a Ce MPaBAT MOCIeI0BaTeNIHO.3aTOBA MIPU
BCEKM BPEMEBH CIIOH Ce peliaBa MaTpUYHO ypaBHEHHE. MaTpuiara, ¢ KoATo ce paboTH, € ¢ TosM
pa3Mep, HO Thi KaTo T4 € TPUJUaroHaliHa, ChIIECTBYBAT ObP3U METOIU 32 OOPBILAHETO .

SABHO-HESIBHA CXEMA HA KPAHK-HUKBJICBbH

IIpu cxemara Ha Kpank — HUKBICHH c€ M3MOJI3BAT LICHTPAJIHU PA3JIMKU U [0 BPEME, U IO
pOCTpaHCcTBO. TOBa € €1Ha OT OCHOBHUTE PA3JIMKHU C IpeauInHuTe cxeMu. [1o To3u HauuH ce 3acsra
TOYKara Yl.j +h KOATO HE € 4acT oT Mpeskara. [Toiryqasa ce

Yijr1 — Y _1<Yi—1j+1 = 2Yij1 + Vit 4 Yi_1j —2Y; + Yi+1j) ~ 0
At 2 h? h?
U CHOTBETHO
20+ p)Yije1 —2(1 — p)Yij = p(Yicqjyr + Yigrjor + Yicqj + Yierj)
Yo;j = Yi(1), Yoj41 = Yi(Tj41)
Ynj = Yr(Tj)fYNj+1 = Yr(Tj+1)

j-1,n+1 j,n+1  j+1,n+1

@ O
@ O
j-1,n j.n j+1,n

®urypa 4.Cxema Ha Kpank-HuxbiicbH

Hopazm LHEHTpaJIHAaTa pa3JjiiKa I10 BpEME, IIpU CXEMaTa HaKpaHK — HukbnceH rpeuikara € oT
BTOpH pC€a U 11O IBETC U3MCPCHUSA!

Ay = 0(At?) + 0(h?).

Cxemata Ha Kpank — HuxbichH € ycinoBHO yctoiuuBa. ToraBa 3amo ce € HaJlOXKHIIO
pa3paboTrBaHeTo 1? Thil KaTO peAbT Ha TPELIKUTE U 1O JIBETE IPOMEHJIMBHU € €IHAKbB, TO € Pa3yMHO
" ABCTEC CTBHIIKHU J1a Ca OT €AHAKBB MOPAABK — T. €. At =~ h. UmeHHO TOBa JaBa rojimMoTo nmpeanuMcTBO
Ha cxemaTa Ha Kpank — HUKBJICHH: METOIBT € O-0bP30 CXOJIAIL M MOKE J]a C€ MOCTUTHE UJICHTUYHA
TOYHOCT CIIPSIMO IPYTHTE METOU C MO-MaJIbK OpOi BPEMEBH CTHIIKH.

Enun HemocTaThK Ha cxemara €, 4e He Ce CIpaBs TOJIKOBa J00pe ¢ OCHMIIAIMUTE, KOUTO Ce
Ha0JII0AaBaT OKOJIO NMPEKBbCBAHUS WM BIVIM NpU (PYHKIUATA HA PEIIEHHETO. 3aToBa € 100pa uies
II'BPBO Jia CE€ M3IMO0JI3Ba YUCTO HESIBHA CXEMA, JOKATO HETJIaJKOCTUTE MU3YE€3HAT, U CIle] TOBa Ja Ce
IMPEBKIIFOYU KbM CXEMaTa Ha KpaHK — HukBICHH ¢ mo-rojsiMa BpEMCBa CTHIIKA.

PEAJIM3ALIUA HA CXEMATA HA KPAHK - HUKBJICBH
JudepeHuHOTO ypaBHEHHE MOXeE J]a C€ 3aluIle B MaTpUUYEeH BUJI:

AYjpy = BY; + p(cjar + ¢p),

KbIACTO
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2(1+p) —p 0

[ —p 2(1+p) —p ]
A=| 0 —p  2(1+p) 0 o |
| 0 0 0 w Zp 20+ p)]

[2(1—-p) p 0 -~ 00

p 2(1-p) p « 0 0
B = 0 p 2(1—-p) 0 0 )
0 0 0 -~ p 201-p)

T
Y = (Y Yoy o Yung) G = (YOJ' =Y(7),0,...,0,Yy; = Yr(Tj)) :

O4eBHIHO PELIEHUETO CE 1aBa C
Vier = A7 (BY + p(cas + 1))

CobOctBenure croiiHocTH HA A~ 1B ca

kn
= 2 dsin® (i’;’) k=12 ..,N—1.
2+451n2(2N)

Toii kato |a;| < 13a Bcsko k, peliieHre BUHATK ChIECTBYBA U CXeMarTa € YCIOBHO yCTOMUMBA.

Haii-texxkara omeparusi B pelIaBaHETO HA YpPaBHEHHWETO € HAMHPAHETO Ha oOpaTHaTa
MaTpulia Ha A. Berpeku, ye Moxe J1a ce M3Mo3Ba TUPEKTHO MeTo Ha SIkoOu, meron Ha [ayc —
3aiifien uau CBPBHXTOpHA peNlakcaius, Hail-1o0pe € 1a ce Bb3moyi3BaMe OT (akTa, ye mMaTpuilara €
TpuauaronaiaHa. Hanmpumep Moxke Ja u3nosi3BaMe MEeTo/1a Ha IMPOroHKaTa.

YUCJIEH EKCIITMPUMEHT

Ome ot 1977 r. kpaiiHute nU(EpeHUYHH CXEMHU CE€ HM3MOJI3BAaT aKTUBHO B 0O0JIacTTa Ha
¢unancoBara marematuka. Jlocera pasrienaxme metona Ha Kpank — HUKBICHH, MPUITOKEH BBPXY
TOIUTMHHOTO ypaBHEHHUE, KOETO OT CBOSI CTpaHa JIECHO ce CBeX/1a 0 ypaBHeHueTo Ha biek u Illonc.
Obaue, MOCIETHOTO OTHOBO € MapaboIMUHO TU(EPEHIINATHO YPAaBHEHUE U MOXKE HAIlPaBO KbM HETO
Jla ce TIOIXO/M ¢ KpaitHa nudepenunacxema.OCHOBHUST MOMEHT € Jia ce ,,00bpHE “BpEMETO, TaKka ue
MaTypUTETHT Ha ONMIHUATA Ja € B T = 0, a HACTOSAIIHAT MOMeHTT = T.TakaBa mporpaMHa peann3aius
e npezacraBeHa BbB (aiina Ha MATIJIAB.

>>help optionCN
Function to calculate the price of a vanilla European
Put and Call option using the Crank-Nicolson finite difference
method
oPrice = optionCN (K, SO,r,sig,Smax,h)

Inputs: K - strike

SO0 - stock price

r - risk free interest rate

sig - volatility

Smax - maximal stock price (end spatial point)

h - size of the spatial step

Output: oPrice - the call and put option price
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3AKJIIOYEHUE

HacrosmmsaT nokian npeacrass:
Tpanchopmanius KosSTO mpeBexaa ypaBHeHHETo Ha biex — [llonc onmucBamio meHW Ha OMIMH JI0
TOIUIMHHOTO yYpaBHEHHE. 32 MOCIETHOTO Ca MOCTPOCHU MHOTO YMCIEHU METOAU. BaxkHa cThIlKa OT
pEIICHHETO Ha €IHAa 33/aya € MPaBHIHUAT MoA00p Ha METOH, KOWTo mie Obae minonsBaH. Crex
HaIlpaBEeHUs aHAJIU3 UMaMe Bb3MOKHOCTTA /1a CPABHHMM IOJIE3HOCTTA HA BCEKU €IMH OT METOJAMTE
CHPSIMO JTaJIeH TpooIIeM.
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APPLICATION OF THE BLACK-SCHOLES MODEL FOR EVALUATING
OPTIONS ®

Dimitar Stanev — Student

Financial Mathematics

University of Ruse “Angel Kanchev”
E-mail: mi7ko574n3v@abv.bg

Assist. Prof. Tihomir Gyulov, PhD,
Department of Mathematics
University of Ruse “Angel Kanchev”
E-mail: tgulov@uni-ruse.bg

Abstract: Application of the Black-Scholes Model for Evaluating Options: For years, economists and
mathematicians have sought to find a convenient formula for easily calculating options premiums. In 1973 the Black-
Scholes formula for the call option was published. This is the first formula to calculate the theoretical value of the
premium.

Key words: formula, Black-Scholes, options, premium.

BBBEJIEHUE

BbpB ¢uHaHCcHTE omuusATa € LIeHHAa KHHra, KOATO JaBa Ha KylyBaua MpaBOTO, HO HE U
3aIBJDKEHUETO, /1a KYIH WIH MPOAaJIe onpeaesieH 0a30B aKTHB MM HHCTPYMEHT Ha IPEABAPUTEITHO
orpezeNieHa lIeHa Ha WM Mpeau omnpeneieHa Aara. [IpogaBauybT nMa ChbOTBETHOTO 3aIbDKEHUE
M3ITBJIHY CJIeNTKaTa — KOETO € Ja MPOoJIajie MM KYIH — aKo KyIyBaubT yIpakHU onmuaTa. KymyBaubT
IUIamia mpeMust Ha mpojiaBadya 3a ToBa cH mpaBo. Omius, KOSTO JaBa MpaBo Ja ce KyIU HElo Ha
ompeseneHa 1ieHa ce Hapuda ko (call) onmus. A omiwus, KOsTO aBa IPaBo J1a ce Mpojaje HElo Ha
oIpeJiesieHa 1ieHa ce Hapuyda IyT (put) OmIHs.

Bcesika ¢uHaHCOBa OMIMS € JIOTOBOP MEXIY JIBE CTPaHH ChC CPEIIYINOJIOKHU WHTepecH. Cammure
JIOTOBOpU MO OMNIMUTE MOraT Aa ObAaT CJIO0XKHHU, HO OOMKHOBEHO CBhIbp)KAT CIIETHHUTE
XapaKTePUCTHKH: KOJI WU ITyT OIIIHS, KOJTUYECTBO M BH]I HAa aKTHBA, IICHA Ha yIIpaKHSIBaHE, 1aTa Ha
U3TUYaHe, YCIOBUS IO CAETKaTa, MpeMusl.

OnmuuTte ce AensT Ha JBa BHJA: BAaHWJIOBH W E€K30THYHH. BaHmioBuTe OMBAT AMEpPUKAaHCKH,
bepmyncku u EBponeicku.

MOJAEJI HA BJIEK-IIOJIC

Mogenst Ha braek-lllonc e maremarnuecku monen Ha (PUHAHCOBHUS Ta3ap ChAbPIKAIl
JIepUBaTUBHU MHBECTUIIMOHHM MHCTpyMeHTH. OT MoJena Moxe Jia ce u3Bene popmynara Ha biek-
[Ilonc, kosATO ce HM3MOd3Ba 3a MpecMsiTaHe Ha leHara Ha EBponelickara Onmus. Monpenst e
nyosmkyBan B [1] "Journal of political economy" cwc 3armaBue "The Pricing of Options and
Corporate Liabilities" or ®unrsp brek u Maiipsh [llonc. Cnen oTkprBaHeTo Ha GpopMyJiara ciensa
JPacTUYEH PBCT B THPTOBUATA C OMIIMH U JIETUTUMHUPA HAYUHO JIeiHOCTUTE Ha UnkarckaTa Oopca 3a
oOMsiHa Ha OMIMM M JIPYTH Mazapu 3a onuuu no ceera. @opmynara Ha bnek-1llonc e mupoko
U3MO0JI3BaHa, HO 4YECTO C NPOMEHM M KOpeKuuu oT TeproBuure B Nazapa Ha onuuu. MHOro
eMIIMPUYHU TECTOBE ca MOKa3alu, ue IieHuTe, noayuenu ot baek-1lonc, ca npubnusurento 61u3ku
710 HaOJII01aBaHUTE [IEHH, BBIIPEKH, Y€ UMa HSIKOU U3BECTHU HECHOTBETCTBHUSL.

8 JloKIamabT € MpEeICTABEH Ha CTyAeHTCKaTa Hay4yHa cecus Ha 23. 05. 2018 r. B cekius ,,OMHAHCOBA MATEMATHKA™ C OPUTHHAIHO 3arjiaBUe Ha

onnrapeku esux: [IPUJIOXKEHUE HA MOJIEJIA HA BJIEK-LIOJIC 3A OLIEHSIBAHE HA OITLNA
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YacTtHOTO AudepeHITMaIHO ypaBHEHUETO 1Mo Mojena Ha brek-11lonc nma Buaa:

ﬁ+10282ﬂ+r8ﬁ—rv =0,
ot 2 0S 0S

KBbACTO: Ve [neHaTta Ha JCpuUBaTUBa, te BpPEMETO, KOCTO OCTaBa A0 Iaacxka, o € BOJIATUIINTETA Ha
OCHaTa Ha OIIIusATA, Se ImaszapHara 1cHa Ha OoImguATa, 1 € OCHOBHHUA JIMXBCH ITPOLICHT.

Huec dopmynata Ha bnex—Illonc e mupoko uH3MOJA3BaHA OT MA3aPHUTE YYACTHHIIH,
HWHTEpECYBAIIH CE€ OT ThProBusiTa ¢ oniuu. Ts nmpenoara HIKOJIKO OTPaHUYCHUS:

- OnuuuTe ca OT €BPONEHCKH THIT,

- Be3pucKoBUAT JIMXBEH MPOIEHT € M3BECTEH U HE CE MPOMEHS [0 Kpas Ha CpoKa Ha

BAJIMIHOCT HA OILIHUATA;

- CratucTHuecKkd BEpPOSTHOCTHOTO pa3mpeleicHHe Ha IileHaTa Ha 0a30BUS aKTUB €

JIOTAPUTMUYHO HOPMAJTHO;

- Tpan3akuuOHHUTE Pa3Xx0/In C€ UBKIIOYBAT;

- AKIIMUTE HE U3IUIAIAT TUBHIECHTH.

®opmyna Ha biek-Ilonc 3a npecmsaTane Ha EBporielicka Ko onuys uMa BUaa:

C(S;,t) = N(d1)S: — N(dZ)Ke—r(T—t)

d, = l (St)+ +a2 (T —1t)
1= k)T T

d2=d1_O-VT_t

kpaero: C e 1eHata Ha eBporneiickata kos onuusi, N(d) e HopManHOTO pasmpeneneHue, K e
CTpaiikoBara IIeHa, yrOBOpEHa B JOTOBOpa 3a 3aKylyBaHe Ha ommmarta, (T —t) e BpemMeTo, KOeTo
ocTaBa JI0 Ma/ieXa Ha OIIUsATa,

®opmyna Ha brnek-Ilonc 3a npecmsaTane Ha EBporielicka myT omnus uMa BU1a
P(Set) = N(=d)Ke™ """ — N(=d,)S,

OI_IGHKaTa Ha OMMIUHUTE € TCMA KAaKTO B aKaICMUYHUTE CPC/IU, TaKa U B IIPAKTHKATA. B ocHoBHH
JIMHUH, OICHKATa Ha €/1Ha OIIusA € pa3aciCHa OOUKHOBEHO Ha JBC 4aCTH:

1. BpTpemnara npuchliiia CTOMHOCT € HEOTPULIATENIHA BEJIMUMHA, ONIPEeNIeHa OT pa3jiuKaTa
MEXy Ma3apHaTa CTOWHOCT Ha 0a30BUs aKTHB M IIEHATa Ha YIPKHIBAHE Ha JaJICHA OTIIHS.

[Ipu myT OIS BUABT M € CIEAHUSA:

P =(K—-S5)" =max{K — S,0}.
I[Tpu Ko onuusTa:

C =(S—-K)* =max{S —K,0}.

2. BpemeBara CTOWHOCT 3aBUCH OT ChBKYITHOCT OT JIpYT'Hl (JaKTOpH, KOUTO Ype3 MPOMEHIINBA
HEJIMHENHA Bpb3Ka OTpa3sBaT AUCKOHTUPAHATA OYaKBaHA CTOMHOCT Ha /1aTaTa Ha U3THUYaHE.
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[Ipu myT ommuuTe HApacTBaHETO B Kypca Ha 0a30BHMS aKTUB BOJIU JI0 HaMaJsiBaHE Ha
omnIMoOHHAaTa 1eHa. L{eHaTa Ha ympaKHsSBaHE € IPYTUAT KJIOY0B (HAKTOp 32 OMIMOHHATA MPEMHS.
HapacTBanero Ha IieHaTa Ha ynpaXHsBaHE BOJM J0 HaMaJliBaHE CTOWHOCTA Ha KOJ onuuute. [Ipu
CBIIIOTO JIBWKCHHE Ha II€HATa Ha YIPaXKHSIBaHE CTOWHOCTTa Ha MyT omiuute pacre. [lopamu
0OCTOSTEIICTBOTO, Y€ MPUTESIKATEIAT HA OMIIMATA HE € 3abJDKCH Ja 5 YIPAXKHU U OM IO HAIPaBHJI
caMo B CJIy4ail Ha MKOHOMHUYECKaA [1eJIeChOOPa3HOCT, BhTPEIIHATA CTOMHOCT HA €{HA OIS HE MOXKE
na Obe OTpUIIATETHA.

OneHsBaHETO HA ONLMUTE UMa 32 L1eJl 1a ONPEEIIN TAXHATa TECOPETUYHA, IPABUIIHA CTOMHOCT
BBB BCEKHU €IMH MOMEHT OT ONL[MOHHUSA CPOK. ToBa € cpell Hal-BaKHUTE BBIIPOCH 3a UHBECTUTOPUTE
Ha OopcoBUTE Na3apy. Y CTAHOBSBAHETO Ha CIIPABEUIMBA M1a3apHa LIeHa Ha ONLUUTE € 33 /bJDKUTEIIHA
MPEIOCTaBKa 3a YCIEIIHOTO NMpUilaraHe Ha ThPrOBCKM U MOpT(delnHu crpateruu ¢ onuuu. Tasu
Oe3cropHa 3HaYMMOCT Ha IpoOseMa 3a OLIEHKaTa Ha OINLUUTE NPEAU3BHUKBA U HHTEPECHT KbM
pemaBanero My. Ciel; OCHOBOIIOJIATAHETO KOETO IpaBu MonaenbT Ha biek-Ilonc ce u3Bexxnar u
IpYTH METOJM 3a OLICHKa Ha ONUMU. BbhOpeku pasinuusaTa CM BCHUYKM MOJEJIHM HMMAT 3a Lell
IIpecMsATaHe LIeHaTa Ha onuuATa. Tei Kato MoaensT Ha biek-1losnc € mMbpBUAT C Takasa L€l TOU
HOCHU U B ce0e cu MHOro HejoctaTblu. [10-HOBUTE MOIeNHN 3a OLIEHKA Ha OMIMU ca 10CTa 10 TOYHH,
a ¥ ca TSACHO CBBbp3aHU ¢ (PMHAHCOBHS Ia3ap B CEralHo Bpeme. Bornpekn ToBa moxensT Ha brek-
[losnc cu ocTaBa Hall-IECHOTO 3a CMsITaHe NMPUOIMKEHHE 0 PEATHUTE CTOMHOCTU Ha OMLIUUTE.

INPUJIO)KEHUE HA MOJIEJIA HA BJIEK-ITIOJIC: POJIOYBBP OIIIUA

bepmynckara onuus € 1epuBaTUBEH MHCTPYMEHT, IPU KOMUTO MPUTEKATEIAT HA OIILMUATA UMa
[IPaBOTO, HO HE U 3aIbJDKEHUETO, 1A YIPAXKHU CBOSATA OIS CaMO HA IIPEABAPUTEIIHO OIPEIEICHU
JIaTH, HACTHIIBALM HA PEJIOBHU MHTEPBAJIM IPE3 LSJIOTO BpEMETpAcHE Ha AoroBopa. Tosa s mpaBu
XuOpua MeXKIy AMEpHUKAaHCKaA OMIIHS, IPU KOSTO MOKE J]a Ce YIPAXKHU MO BCSIKO BpeMe OT Mepruojia
Ha goroBopa u EBporielicka omimus, KOATO MOXKE Ja CE€ yNpaXKHU camMO B Kpas Ha Iepuoaa Ha
norosopa. [lomyuaBat umero cu oT (hakta, ue bepMmyackute ocTpoBH ce HaMUPAT reorpadCKu MEKIY
Covenunenure matu 1 EBpomna. bepmyackure omniuu morar ja Ob1aT MyT WK KOJ.
Nma HAKoIKO mpenumcTBa W HexocrarblM B bepmyackure onuuu. [IpomaBaunre Ha bepmyncku
OMITMU UMAT IMO-TOJSIM KOHTPOJI BHPXY TOBa Kora omiusTa e Obae ynpaxHeHa. KymyBauute Ha
bepmyncku onuuu mony4yaBaT BapuaHT, KOMTO € MO-€BTUH OT AMEpPUKaHCKaTa OMNLMS U MO-MaJKo
OrpaHUYMUTENEH OT EBporelickaTa onuus.
Haii-o6mo ka3ano eqna bepmy/cka oniust Moxke J1a ce OMHUILE MO cieqHus HaunH. Heka natute Ha
YIOPAKHSIBAHE Ca OMPEJEICHN OT BPEMEBUTE MOMEHTH tq, ty, t3, ..., ty, 0 =ity < t; < - <ty =T,
kbpaeTo T e majeskHaTa gata Ha onnusaTa. Cielnr ToBa, ¢ Uti IIIe 03HAYMM HaCTOsIIaTa CTOMHOCT KbM
MomeHTa t = 0 Ha raTexHaTa QyHKITUS Py yIIpakHsBaHE Ha ONuusaTa B MoMmeHTta t;, i = 1,2, ..., N.
Hanpuwmep:

+
Ui, = e "l (Stl. -K ) pu bepMyncka ko onuus ¢ 1ieHa Ha ynpaxkHsBaHe K, u

+
Uy, = e "l (K - Sti) pu bepmycka myT onuus ¢ 1ieHa Ha ynpaxHsaBaHe K.

Hexka pasriemame 10roBop 3a MHBECTHIIHS C TapaHTHpaHa cyMa Mpu nafex (maturity guarantee) (Bx.
Bilodeau [2]). [Ipu TakbB JOTOBOp € HaJIMIIE MUHUMAJTHA TapaHTHPaHa CTOWHOCT K Ha WHBECTHITUS
B JajzeH 0a30B aKTUB KbM MOMEHTA Ha Tajeka, TOSCT MPH IMaJIeK MHBECTUTOPHT IMOIydaBa TO-
rojsiMaTa OT CIIEHHUTE JIBE CTOWHOCTH - TapaHTHpaHaTa CyMa WU Ma3apHaTa IieHa Ha 0a30BUS aKTHB.
C npyru nymu, TakbB JOTOBOP MOXKE Ja OBJ€ pasriiek/iaH KaTo KOMOWHAIMs OT WHBECTUIIUS B
0a30BHS aKTUB W OIIMA 32 Mpojax0a (IyT OMiMs) Ha TO3M aKTUB C IIeHA Ha YIpa)xKHSIBaHE,
ChBMaJalla ¢ rapantupanara cyma K. Heka ¢ S, e o3HaueHa 1ieHaTa Ha akTHBa B HAUATHHUSI MOMEHT
t = 0, ac t; — MOMEHTHT Ha MaJeXa Ha TaKbB JOTOBOp. OUEeBUIHO, HHBECTUIIUATA B TAKHB JJOTOBOP
€ cyma OT S, ¥ IIeHaTa Ha omIusTa 3a npoaaxoa. [Ipu npeanonoxenusta ot mozena Ha brnek-11loyrc,
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AKO aKTHUBBHT UMA BOJIATUJIHOCT O, 4 663pI/ICKOBaTa AOXOAHOCT € O3Ha4Y€HAa C ', TO I€HaTa Ha JO0TOBOpa
€

So + P(So, K, 7,0,t;) = Ke "'*N(—d;) + So(1 — N(=dy)) = Ke ""'N(—d,) + SoN(d,),
KBbIETO

So o
In—>+(r+—)t1
dlz%, d2=d1—0'vt1.

e pasrinename vacteH ciydail Ha bepmyzacka onuus, T.Hap. Ponoysvp onyus (rollover option)
(Bilodeau [2], Schweizer [3]) BbpXy TOroBOp 3a MHBECTHIIUS C TapaHTHpaHa cyMa MMpHU MaaexK t; €
(0,T), xkpmero T € CpOKBT Ha OMIUATA. T MPEIOCTaBs €IHA OT CICAHHUTE JBE BH3MOKHOCTH B
MOMEHTA .

a) ympakKHsBaHE Ha J0TOBOPa, B PE3yNTAT Ha KOETO MHBECTUTOPBT MoMydaBa max{S; , K};

St
0) OJHOBABAHE HA JOrOBOPA JI0 ClIEBAIATA MAeXkKHa JaTa ¢ HOBa rapaHnTupana cyma K (5—1)
0

FapaHTI/IpaHaTa CyMa IIpyu NIOAHOBABAHEC € OIPCACIICHA 110 TAKbB HAYWH, Y€ 3a BCCKU OTACJICH IICPUOJ
Aa €€ 3ara3Ba CbOTHOHMICHUCTO MCKAY rapaHThpaHa CyMa U ICHA Ha aKTHBAa B HAYaJI0TO MY, TOCCT

rapaHTHpaHa cyMa rapaHTHpaHa cyMa
KbM MOMeHTa T KbM MOMeHTa tq
K(St,/50) _ K
Stl So

Mosxe na ce pasriexja Mmo-o0mia cuTyalus, IpU KOSTO MMa HSKOJIKO MEXIUHHU MOMEHTa 3a
IIOJTHOBsIBaHE Ha JjoroBopa. Hue 1e ce cipem camo Ha citydasi, KoraTo UMa caMo €/JMH TaKbB MOMEHT.
MoseM 1a cuMTaMe TakaBa pOJIOYBBp OILMS KAaTO YacTEeH Cily4ail Ha OepMy/JcKa OILHUs, YUATO
JMCKOHTHpaHaTa CTOMHOCT Ha (yHKLMATA HA OTIUIATA €:

U, = max(X,,,Ke ™) = X, + (Ke™™ —x,.)",
Ur = max (Xp, 22 Ke 7T~ = X, + (S2 Ke 7Tt — XT)+,
0 0

kpaeto ¢ X, = e ™S, , t € [0,T], e o3Ha4eHa HacTosAmaTa (JMCKOHTHPAHATa) CTOMHOCT Ha IleHaTa
S: Ha OaszoBus akrtuB. llle cuutame, ye mporechT S; c€ OMUCBA Ype3 N€OMETPUYHO OpayHOBO
IBIKEHUE C BOJATUIIHOCT O, a MOPOJIeHaTa OT Hero ¢unrpanus e o3HayaBame ¢ F = {F,}. C P*
1€ 03HAYUM E€KBHBAJIEHTHATa MAapTHHIaJHA MAPKA, CIOPSAMO KOSATO MPOLECHT Xy € MAPTUHIAJ, a C
E*[] me o3HayaBamMe CHOTBETHOTO MAaTEMaTHUYECKO O4YaKBaHE OTHOCHO P*. Jla o3Haumm ¢ M
YCIOBHOTO O4yakBaHe Ha Uy KbM MOMEHTA t;
+
M., := E*|Ur|F,,| = E* | X7 + X, Xfe-r(”l) — ))((—T |Fe,
0 ty

+

=X, |1+E Xﬁe—r”—tl) —%
=X, (1+c"),
KBbAETO
+
K X K
= E || —e @) 1) | = —N(=d}) = N(—d}) = 0
c Xoe th S, (—=d3) (—dy) =
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(m30+rs2e?)r-e0))

O'W)T—tl

I
d1,2 =

X 1
Tyk wusnom3Baxme TOBa, Ye X—T = exp(a(W{f - W, ) - EGZ(T —t1)) ¢ HesaBucuma ot Fp
t

cily4yaiiHa TPOMEHJIMBA, OTKBJETO CIIE/BA, e

E* [(ﬁe—r(T—tl) _ ﬁ)+ |F ] - E* [(ﬁe—r(T—tl) _ ﬁ)+]
Xo Xty ty Xo Xt

1

Torasa 3a HacTosiaTa CTOWHOCT Vi Ha OMIHMATA B MOMCHTA U C€ MOJIy4YaBa

V;, = max (th,Ke‘”l,Mtl) = max(th,Ke"rtl, 1+ c*)th)

Ke—'rtl +
= (1+c*)<Xt1 +<1+C* —Xt1> )

a 3a CTOMHOCTTA WM IIPEMUSITA Ha OMIMTA B HAYAJIHUS MOMEHT t, = 0 ciensa, ue ([2],[3])

Vo=E'[V,] =@ +c?) (—e-”lzv(—d;) + sozv(—dz)>,

1+c*
KBIETO
(1+c")S, 1,
g ln—K +(ri70)tl
1,2 O'\/t—l .
3AKJIIOYEHHUE

I[e(bI/IHI/IanMC OIIINUTE N 00sCHUXME KaKBO npeacTaBIABaT TC. Pa3FJI€I[aXMe TEXHUTEC BUIOBEC,
Karo ce cnpsaxme Ha EBponelickure xon u iyt omnmuu. Crnex ToBa nedunupaxme mojena Ha biek-
[onc 3a npecmsitaneTo um. Crieq; TOBa 00SICHUXME HAYMHA 110 KOWTO paboTAT bepmyickuTe onmuu.
Pasrnenaxme wacten cinyuyail Ha bepmyackure onumu, a uMeHHO PonoyBbp ommus. M3Bemoxme
dbopmynata 3a orieHka Ha PojoyBbp onmusita B pamkuTe Ha Mojena Ha biek-11lorc.
Teopusdra 3a 1leHAaTa Ha ONIMUTE B JHEIIHO BpEME € MpH3HATa 3a Hall-yCIEUIHO pa3BUBAIllaTa Ce
TEOpHUA HE CaMO BLB (1)I/IHaHCI/ITe, HO M U3MCKAY BCUYKU KJIIOHOBC HA NKOHOMHNYECKATa HayKa. Hpez
1997 r. momenpt Ha brnek-llonc Hocu Ha aBTOopuTe cu HoOenoBa Harpaga B obOnacTra Ha
MKOHOMHMKaTa. MoAenbT CTOM KaTo OCHOBA Ha MO-Npeln3Hu Mojenu. B nHentHo Bpeme popmynara
€ ChC CTaTyTa Ha CBEIIEHO MHUCMO B 00JIacTTa Ha (PUHAHCHUTE.
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the computation and impact of the Minimum capital requirement are discussed.

Keywords: Value-at-Risk, Expected Shortfall, Minimum Capital Requirement, Market Risk, Portfolio Risk
Management

JEL Codes: C12, C13, G10

INTRODUCTION

Risk management is of paramount importance in contemporary world. There are number of
reasons why one should invest in quantitative risk management. Every stakeholder including
customers of a financial service, managers, regulators, politicians and public might have different
arguments, but eventually an agreement between all the various interests should be established. For
example, modern society relies on the smooth functioning of banking and insurance systems and has
a collective interest in the stability of such systems. The regulatory process culminating in Basel 111
has been strongly motivated by the fear of systemic risk, i. e. the danger that problems in a single
financial institution may spill over, and in extreme situations, disrupt the normal functioning of the
entire financial system. In the face of such scenaria, society views risk management positively and
entrusts regulators with the task of forging the framework for safeguarding its interests.

What is more, it is widely believed that proper financial risk management can increase the value
of a corporation and hence shareholder value. The major reasons for this are that risk management
can reduce tax costs and the fact that it is beneficial due to the better access to financial markets a
company has than an individual investor. In addition, risk management can increase the firm value in
the presence of bankruptcy costs, as it makes bankruptcy less likely [4].

In this paper we will present an approach for improving a sample bank market risk management
framework. We will achieve this by comparing the currently used risk measures and models with
alternative ones, evaluating their performance and suggesting replacing the current methods if
needed.

STATEMENT OF THE PROBLEM

9 JloknaaeT € Mpe/ICTaBeH Ha CTy/eHTCKaTa HayyHa cecus Ha 23. 05. 2018 r. B cekuus ,,OuHaHCOBa MaTeMaTHKa
¢ opuruHaiHo 3aryasue Ha Obarapceku esuk: [IPECMATAHE HA CTOMHOCT-IIO/-PUCK, OHAKBAH HEJJOCTUI"
1 MUHMMAJIHO N3UCKBAHE 3A KAIIMTAJI 3A ITASAPEH PUCK 3A ITOPT®ENJI OT MHOI'O AKTHUBH.
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Let us assume a bank is currently implementing the calculation of the regulatory minimum
capital requirement for market risk based on Value-at-Risk methodology in accordance with Articles
362 — 369 of the Regulation (EU) Ne 575/2013 of the European Parliament and of the Council of 26
June 2013 on prudential requirements for credit institutions and investment firms [5]. The bank is
currently calculating the minimum capital requirement for market risk using the VaR model based on
CCC-GARCH(1, 1) model. Our aim is to assess the suitability of the approach via calculating the
VaR with BEKK-GARCH(1, 1) model and comparing them. We will detect the better-performing
model through backtesting using Kupiec and Christoffersen tests. Furthermore, we will consider
replacement of VaR by the Expected Shortfall if the latter risk measure is performing better. Finally,
we will calculate the impact on minimum capital requirement for market risk using both the VaR and
ES approach. We will conclude the paper with suggestions and reccomendations about the
improvement of the market risk management framework.

For the purpose of the analysis, we will consider the following investment portfolio, although
the approach works for arbitrary multiple asset (nonlinear) portfolio consisting of equities:

e €2 000 000 invested in Procter & Gamble Co. shares (PG, in $);
e €2 000 000 invested in PepsiCo, Inc. shares (PEP, in $);

e €3 000 000 invested in Société Générale shares (GLE.PA, in €);
e €2 000 000 invested in bitcoins (BTC).

RISK FACTORS AND DATA SOURCES

Given this portfolio and since the bank invests euros, it is exposed to the following set of risk
factors:

e Price of Procter & Gamble Co. shares (in $);

e Price of PepsiCo, Inc. shares (in $);

e Price of Société Générale shares (in €);

e USDEUR exchange rate;

e BTCEUR exchange rate.

We will implement all the algorithms in R programming language. We will retrieve market data
(on daily basis) for the risk factors from Yahoo Finance and European Central Bank using the
functionality in quantmod and ecb R packages, respectively.

Due to the slight difference between working days in USA and Europe, the temporal data

domains are different for the different market data. To overcome this, we do intersection of all
available dates and take the data only for the common ones.

To say it again, we use the daily adjusted close price for each equity or rate. As a reliable
analysis requires data for at least five years, we gather data from the beginning of 2013.

GENERATING SCENARIA

All the equities in the portfolio are risky assets, i. e. it is exposed to risk of loss. In theory we
could lose everything — this is the portfolio to become worthless. This conclusion, though, is not very
helpful. Therefore, we aim to find an upper limit of the loss with some probability. This is a way to
define the Value-at-Risk (VVaR) measure [3]. As usual, we will calculate VaR with probability level
99% and holding period one business day.

For calculating VaR we will need the changes of the risk factors. We will use the relative
geometric returns defined by
= In @
TS

which for a single day are close to their arithmetic counterparts.
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There are two ways for generating scenaria for VaR calculation. One of it is the historical
simulation. After calculating the returns for some period of time, then we define a window size. In
every window we have observations which define the empirical cumulative distribution function.
Then VaR is equal to the resp. quantile of that empirical distribution.

The main advantages of this method are the simplicity of the implementation and the fact that
it does not require any specific assumption on the class of the distribution function. The main issue,
though, is the assumption of stationarity [4]. As we examine the plot of the returns (fig. 1), we can
discover that this is not the case, so it appears that historical simulation does not fit our needs.

Another approach is to use a parametric method. In our case it is best to use such with an
assumption of non-stationary distributions. Another advantage is that one is not limited only to cases
that had happened in the past. The bank currently uses CCC-GARCH(1, 1) model, which could be
defined as follows:

rt =c+ et! ‘c:tN N(O'Zt)l
=04 ., ) c=(ch ..., e, = (e}, ..., €))7, ,
T, = diag(o,) Rdiag(@), o = (02, ..., 5)", @
N2 . 2 : 2 .
(a,f) = w; + ,Bi(atl_l) + ai(eg_l) , 1=1,..,5
where R is the stationary correlation matrix, which can be computed as the (unconditional) variance—
covariance matrix of standardised residuals. In CCC-GARCH model it is assumed that volatilties are
time-dependent but correlations between factors remain constant [3].

We implement model (2) with the help of ccgarch package. For the coefficients to be
estimated, we have to provide initial values. They are derived from five univariate fits (for every risk
factor) with £Garch package. Then a number of scenaria is generated for each particular day.

The challenger model is called BEKK-GARCH(1, 1) and is defined as follows:
rr=c+e¢&, &~N(0Z),
=0k .2 c=(c, ..., e = (e, ..., &), (3)
2 =CTC+ A%, A+ BTe,_ el B,
where A, B and C are square matrices of parametres. It allows for interaction between asset returns
and volatiltites. Both (2) and (3) preserve the positive semi-definiteness of the covariance matrix [1].

We can implement (3) making use of mgarchBEKK package. However, if we do this in a
straightforward manner, we encounter a limitation. The estimator has to fit 65 parametres for 5-
dimensional data, which is not feasible for reasonable time. One approach to tackle the situation is to
use dimention reduction technique, e. g. principle component analysis. We choose the threshold of
two principal components by the criteria in [3] — for example, when estimating the whole data, the
first and second components bring 86% and 10% of the variability. What is more, only the first
eigenvalue is greater than the average. After estimation, we do backward transformation to the
original problem.

As we noted before, there are periods with low volatility and periods with high volatility (fig. 1).
In this case a model, which is calibrated once on all data, would perform poorly. To overcome this,
we gradually recalibrate the models. We do recalibration on every month. The first recalibration,
however, is done after more than a year — this is because the numerical procedures for fitting do not
converge for shorter period.

The number of scenaria per day is chosen more or less empirically. We generate 1000 scenaria
per day and this appears to be enough, because the difference in the results compared to the approach
with 10000 scenaria per day is insignificant.

So far we generated “hypothetical” scenaria for tomorrow values of the risk factors. Using them
we generate “hypothetical” tomorrow prices for all equities. For each scenatio, we calculate
“hypothetical” tomorrow value of the whole portfolio as a weighted average of the prices of the
equities. For each scenario, we calculate the relative changes in the portfolio value in a way similar
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to (1). These constitute the empirical distribution of the relative changes, where the respective
quantile is calculated from, which in turn is used for computing the relevant risk measure.

CALCULATING VALUE-AT-RISK AND BACKTESTING

After generation of the scenaria, we continue with the calculation of VaR itself. This is done
just as taking the respective quantile of the relative empirical distribution. We work with confidence
99%, so we take the 1-percentile (with opposite sign) [3]. The performance of both the models could
be observed on fig. 1.

Daily Log Returns

g | — CCC
. ——  BEKK
: q' Mmm» R WMW’MNW‘
g . il
3 B I I I | '
2014 2015 2016 2017 2018
Time

Fig. 1. Daily logarithmic returns with VaR, estimated by CCC-GARCH(1, 1)
and BEKK-GARCH(1, 1) models resp.

Now we apply backtesting procedures. Two powerful tests are these of Kupiec and
Christoffersen. The first of them is a statistical test that examines whether the proportion of failures
calculated from the data corresponds to its theoretical value. Hence, it is focused on the unconditional
coverage property only [3].

We observe VaR for N days experiencing K exceedances. We adopt the null hypothesis H,,
that the actual relative frequency of exceedances q corresponds to the chosen probability level p. The
test is a likelihood ratio test and it is based on the following statistics:

LRp,r = —2(InA(K,N,p) —InA(K, N, p)), 4
where

ACK,N,6) = (g) X (1 — G)NK.

The LRp,r statistics is asymptotically y? distributed with one degree of freedom. We accept
H, with 95% significance if LR lies in the non-rejection interval for the respective quantile and
number of observations.
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Unlike (4), the second test we will aply focuses on both frequency and independence of the
exceedances. The statistics follows:

LRch = LRpor + LRing, )
where
1 — g)Noo+N1o gNo1+N11
LRind = -2 ln< ( N q) Z N N );
(1 = qo1)Noo(1 — g11)N10qg, Norgy N1
where

Ny, — the number of days with an exceedance following after no exceedance,

N;; —the number of days with an exceedance following after an exceedance,

Ny, — the number of days with no exceedance following after no exceedance,

N;, — the number of days with no exceedance following after an exceedance,

qo01 — relative frequency of exceedances given no exceedance occurred the day before,
q11 — relative frequency of exceedances given an exceedance occurred the day before,
_ Noy _ Nyy _ No;y + Nyy

" Noo + Noy’ fi1 = Nio + Nyy'’ 1= Noo + Nog + Nyg + Nyiq'

The LR, statistics is asymptotically y? distributed with two degrees of freedom. Apparently,
if g % qo1 = q11, LRjnq 1S close to zero. When p = q in (4), LRp, is close to zero and we do not
reject H,.

The values (4), (5) for our portfolio are as follows: LRp,r = 11.17 and LR, = 11.49 for
CCC-GARCH(1, 1) model and LRp,r = 43.37 and LR, = 46.88 for BEKK-GARCH(1, 1) model.
We easily conclude that LRy, and LR, lie in the non-rejection interval [6, 20] for CCC-GARCH(1,

1) but not for BEKK-GARCH(1, 1) [2]. Not only we accept the first and reject the second model, but
we suggest the bank continue to use CCC-GARCH(1, 1) as so far.

do1

CALCULATING EXPECTED SHORTFALL

Although VaR is probably the most spread risk measure for market risk, it suffers from two
major drawbacks. First of all, VaR represents the minimum loss given we are in market turmoil, but
it does not contain information about the magnitude of losses exceeding it. Secondly, VaR is not a
subadditive risk measure. For a proper risk measure it is reasonable to expect that the sum of risks of
several parts of a portfolio does not exceed the risk of the whole portfolio (the effect of the
diversification). However, this might not be true for VaR [3].

This is why another risk measure is introduced — Expected Shortfall. ES is defined as the
expected loss given that it is greater than VaR. Sometimes it is called conditional VaR. It is a
subadditive risk measure.

Taking the recommendations of the Basel Committee into account, we will compute ES at
probability level 97.5%. Then we will compare it with the aforementioned results via backtesting.
For ES calculating we use the established CCC-GARCH(1, 1) model. Applying ES we derive
LRp,r = 0.98 and LR, = 1.31. Obviously, these values are very close to zero and we accept the
null hypothesis. At first glance the usage of ES may look too conservative, but this is not the case
(fig. 2). The differences between the values of VVaR and ES are small and the number of exceedances
is the same — 26. Nevertheless, based on the vast difference in the test statistics, we strongly
recommend the bank switch to ES when using risk measure for market risk.
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Daily Log Returns
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Fig. 2. Daily logarithmic returns with ES, estimated by CCC-GARCH(1, 1) model

STRESSED RISK MEASURES AND MINIMUM CAPITAL REQUIREMENT

VaR has many important applications in financial management. For example, VaR is used in
internal limit systems in asset management, e. g. for imposing limit sets for individual traders. The
main usage, though, is for determining the minimum capital requirement. VVaR can be interpreted as
the minimum amount of capital to cover losses with a predefined probability level. The requirement
to hold this capital is set by the bank internal management, supervising authorities or investors and
credit rating agencies [4].

The minimum required capital, in accordance with [5], is calculated in the following way:

60
MRC. = 10 0 me 10 0
+ = max{VaR{°(99 /0),% VaR;2;(99%)
= ©)
m
+ max {SVaR§°(99%),6—gz SVaRtlfi(99%)},

i=1
where m, and m, are bank-specific multiplicators prescribed by the regulator based on the model
quality and whose values depend on the simple regulatory test. Furthermore, sVaR is called stressed
VaR and is calculated for the current portfolio as calibrating the model to data from a continuous 12-
month period of significant financial stress relevant to the bank’s portfolio.

For the hectic period we choose the last two years based on fig. 1 and 2. The calculation of
sVaR is done in the same way as VaR except the fact that the model is calibrated with the data from
the middle of 2016.

What is more, we need to use VaR with 10-day holding period. The common practice is the

usage of multiplicative scaling factor of v10, i. e. VaR'® = v/10 VaR?. This, however, is only correct
when the returns follow a geometric random walk (based on normal distribution) with zero mean.
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As we did previously, we repeat these calculations using ES at probability level 97.5% instead
of VaR at 99%. We find that within the most recent 250 business days each of VaR and ES encounter
8 exceedances, while each of sVaR and SES encounter 7 exceedances. Thus m, = 3.75 and m, =
3.65. The values of MRC (6) are plotted on fig. 3:

Minimum Capital Requirement

— VaRMRC

—— ESMRC

30000000

MRC
20000000
|

10000000

2017 2018
Time
Fig. 3. Minimal required capital, estimated with VaR 99% and ES 97.5%

It is obvious that in hectic periods MRC is greater than in periods with low volatility.
Furthermore, in relative units, the difference between MRC calculated by VaR and ES is not huge.
Despite this, because of the importance of these values, we recommend using ES for calculating the
minimum capital requirement.

CONCLUSION

As we stated in the beginning, risk management is a vital part of the modern society. In its
world there are no right models but we have to assess the pros and cons of the various models by
exploring its assumptions and traits. However, we must be aware that all models simplify the reality
and they impose deviation we cannot escape from. For example, as we compute VVaR we cannot be
99% confident that the loss wouldn’t exceed VaR when we liquidate the position, e. g. due to the
market illiquidity. Nevertheless, a thorough analysis of the used models can reduce the risk and bring
confidence in the market risk framework.

A sample way to extend this research is to consider other risk measures, e. g. lower and upper
partial moments, or assume the returns belong to a different class (heavy—tailed) distributions, for
example Student t distribution.
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INTRODUCTION

The release of ESP8266 [1] device a few years ago enabled internet connectivity of devices and
a new area of IT has been created — Internet of Things (1oT). The price of that development board is
approximately $2 and it has WiFi and a full network stack. Termohub is a web application developed
in C# and ASP .NET Core [2]. It was first created only for temperature sensors (hence the name), but
now any kind of sensor can be used. For the database | used Microsoft SQL Server [3] since it
integrates well with ASP .NET Core and Entity Framework Core. Entity Framework is a ORM
(object-relational mapper) framework for .NET Core and was used to design the database using code-
first approach. Since the whole application is done with .NET Core it means it is cross-platform and
can be run in Windows, Mac OS X and GNU/Lunix. The firmware for the 10T devices was written
in C++ in the Arduino [4] environment.

A lot of other loT-related applications exist, but most of them are paid and offered as a cloud
service. Termohub is free and open-source [5] and offers a DIY (Do it yourself) approach. It can
either be started on your own machine or just use it on my server [6].

ARCHITECTURE

1. System design

The whole system can be separated in these modules: Firmware, Web API, Database, Web app.
Figure 1 shows how all of the modules interact together.

The 10T device sends the data it collects from sensors every N seconds (can be changed from
the web interface) in JSON format in a POST request to the server. The server handles those requests
and stores them in SQL Server. Later an user can access that data trough the web site in the form of
charts and can also configure each device and sensor. Next | will explain each module in more detail.

0 Moxmager e mpencraBeH Ha cryneHTCKara HayduHa cecus Ha 03.05.2018 r. B ceknms ,Mndopmaruka® c
OpHUTHHAIHO 3ariaBue Ha Obarapeku esuk: TERMOHUB — IOT YEB YCIIVTA.
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L

IoT HTTP HTTP
Device E: Web server| < > User
- = femm=m=
"
SQL Server

Figure 1: Architecture

2. Database

The database was designed in code-first approach which means no SQL code was written.
The tables were designed as C# classes where each field is a column in the database. All the
classes are mapped to tables with Entity Framework. It also translates LINQ (Language
INtegrated Query) to SQL queries. This is very beneficial since SQL has different dialects and if
you want to change the database engine you will have to change the SQL queries too, but with
entity framework you write the table models and queries in C# and it translates them to SQL of
the database you use. Any other Entity Framework supported database can be used. The only
change you have to make is change the connection string.

Entity Framework also supports migrations. This means that the database model can have
versions and we can change the design of the database iteratively without loosing any data. Entity
Framework generates these migrations for us based on our model C# classes. So to add a column
to a table is as easy as defining a new field in a class and tell it to generate a new migration.

The actual database model is designed like this. There is the User table that contains a list
of Devices that the user owns. Each Device has columns for Name, Delay (this is the delay
between device requests), Owner (an user) and a list of Sensors that belong to this Device. Each
Sensor has a Name, Unit (unit of measure °C/°F used for display only), an optional Alert and a
list of Readings. A Reading has Time and Value and represents a single data point in time. The
Sensor’s Alert stores Sign (representing > or <), Limit (a threshold number), Email (to who to
send the alert) and IsNotified (if an e-mail was already sent). The database diagram is shown on
Figure 2.

3. Firmware

The device firmware is written in C++ using the Arduino environment. It uses several open-
source libraries for Arduino and ESP8266. It runs in two modes: configuration and execution.

When the device first starts it checks if it has a WiFi configuration stored in it’s EEPROM.
If it doesn’t have then it turns itself into AP (Access Point) with SSID “Termohub” and password
“12345678”. It also starts a DNS server and a web server. When the user connects to the AP the
device redirects all requests to it’s web server. An interface opens and lets the user configure
WiFi by choosing SSID and entering a password for his own router. The user also has to enter
his credentials for his account in Termohub’s web service (you have to register beforehand).
When the device connects successfully it stores the configuration in it’s EEPROM. The next time
it boots it would not turn itself into AP, but it will connect to the configured router as a client.
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Figure 2: Database relations

In the execution mode the device first sends a request to the web API with the stored user
credentials and if successful gets an access token. Then the device initializes all sensors using the
OneWire protocol. This protocol can be used to connect many sensors on a single bus and only
use 3 pins for the whole bus. Each sensor has an address built-in. The protocol also enables
connecting a different number of sensors without changing the code. It automatically finds all
sensors on the bus. After initialization the device enters the main loop. It reads each sensor’s
value and builds a JSON payload. It sends a DevicelD (formed by taking a part of the device’s
MAC address), SensorID (formed by taking two bytes of the OneWire address) and Value (the
reading from that sensor). Note that no Time value is sent, because it is the time the server writes
the value in the database. As a response the server returns a single number that represents the
delay the device should sleep before it’s next request. With each request an Authorization header
with the access token is also sent. This means that all unauthenticated requests will be ignored by
the server.

WEB APPLICATION

ASP .NET Core is organized in MVC (Model View Controller) architecture and has DI
(Dependency Injection) built-in. DI allows any service a controller needs to be injected into the
constructor of that class. The models are the classes mentioned in the Database section used to
design the tables. The controllers handle HTTP requests and serve the views to the user. The
views contain the HTML content, but may contain some C# logic.

Users can be in Admin or User role. The Admins can view all the devices and sensors in
the system while normal Users can view only those who they own. There are two types of
authentication schemes: Cookie and JWT. Cookie authentication is used when using a browser
while the JWT is for the API for the devices. The Account controller handles user registration
and login. The first user that is registered in the system becomes an Admin. Each next user
becomes a normal User, but Admins can promote normal users to Admins.

The Device controller shows a list of devices (Figure 3). If the current user is an Admin it
shows all devices of all users. If the user is a normal User it only shows the devices that user
owns.
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Figure 3: List of devices

Settings
Name: |Laptop | Delay (second?ﬁo owner:

Figure 4: Device settings

Each device can be configured (by pressing on the cog). When configuring a device it’s name
and delay can be changed. If the current user is an admin then also the device’s owner can be changed
(Figure 4).

admin

LTpbKneBo 1-3

Worl;lflOOM Frizer YUQFIK E o Frrizelr' 71

0.3 °C -10.0 °C

Figure 5: List of sensors

 admin]
Settings
Name: |Frizer1 Unit: |=c Alert: ¥
If value ‘30 then send e-mail to |bosakmaw@gmail.com
Update

Figure 6: Sensor settings and alert

When you click on a device a list of that device’s sensors is shown. The user interface is
the same as the list of devices. For each sensor the most recently recorded temperature is shown
(Figure 5).

Each sensor can be configured to set it’s name, unit of measure and set an alert (Figure 6).
When the alert checkbox is checked the additional fields bellow appear. When there is a reading
with value above/below the given limit value an e-mail will be sent with an alert and a link to
that sensor. An e-mail is sent only once when the limit value is exceeded. Another e-mail is sent
when the temperature goes back to normal confirming that the problem is fixed.
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When you click on a sensor a page with a chart with the most recent temperatures is drawn.
The same page can be used to show information for an older date given you provide from and to
dates interval. The Live link changes the view to a similar chart that updates itself live as data
comes in. The report link downloads a .csv format file with the data in the from-to date interval.
It can later be used in a spreadsheet program.

| acmin]

Freezer

From: 04/14/2018, 12:37:55 PM To: |04/14/2018, 03:37:55 PM Submit

date
[ S mp T alert

Figure 7: Sensor details and chart

The front-end part of the application that draws the charts is done in JavaScript using the
Chart.js library. For the live chart every few seconds the script requests for newer data and
appends it to the chart points.

CONCLUSION

Developing for the internet of things devices allows us to use existing technologies for web
development to do exciting projects. Devices are now connected to the internet and we can think
about them as web services. Termohub involved full stack programming from doing the hardware,
writing the firmware, doing the back-end web API and then doing the front-end charts. | hope
this paper has given some insight in this new field of IT.

Acknowledgement: This work was supervised by Prof. Katalina Grigorova from
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BBBEJIEHUE

Web-6a3upanuTe crucTeMH HaMUpPaT TOJISIMO MPHUIOKEHHE B M3ITBJIHCHHETO Ha MHOXXECTBO
PYTUHHU JeiHOCTU. IHTepHEeT nmpe/iara rojiiMo KOJIM4ecTBO HH(OpMALIHS, KOSITO € JIECHOAOCThITHA
I10 BCSIKO BPEME, OT BCSIKO MSICTO U € BCSIKO YCTPONCTBO, CBbP3aHO KbM I100aHaTa Mpexka. Crarusara
OIKCBA MPOEKTa U peanu3anuaTa Ha Web-0a3upaHa cucrema 3a ynpapjieHHe Ha aBTONAPK. 32
L[EJITa € Ch3a/IeHO IUIaT(POPMEHO HE3aBUCUMO yeO MPUIIOKEHHUE, ChCTOSIIO C€ OT MOJYJ 3a KIUEHT,
MOJIYJI 32 MEHUDKBP, MOAYJ 32 MOPHOP U aIMUHUCTPATUBEH MOIYIL.

CUCTEMMU 3A YIIPABJIEHUE HA TPAHCIIOPT - CPABHEHUE

CrpliecTByBaT MHOTO CUCTEMHU 32 YIIPaBJICHHE HAa TPAHCIIOPTHA JeHOCT. OCHOBHUTE MPOLECH
B Tasu HeﬁHOCT ca — HnaHHpaHe, I/I3B’prJ_IBaHC Ha TpaHCIIOPTa, HpOCJ’IC,Z[SIBaHC u I/I3MepBaHe C Oea
KaJKynauus Ha croiHocT. [Ipernen Ha Hali-u3non3Banute, kbM MapT 2018 1. cucreMu Moxe 1a Obae
Hamepen B https://www.capterra.com/transportation-management-software/  (Transportation
Management Software), a cpaBHeHHe Ha TpH OT TAxX ¢ mpeactaBeno B Taomura 1 (Comparison of
Transport Management Systems)

Tabnuya 1

DispatchMAX

easm  MyRouteOnline

Transporters.io
& P

plowing, landscaping, pool
cleaning, newspapers, pest
control

Best for
Who uses this | trucking companies, 3PL | sales calls, deliveries, | Transport operators who
software? logistic companies. maintenance, trucking, | offer pre-booked private
courier, recycling, | hire. Coach/Bus hire and
inspections, insurance, real | charter, pre-booked taxis,
estate, laundry, snow | airport transfers and much

more. Suitable for both
vehicle operators as well as
brokers.

Target Customer
Size (Users)

2-999

1000+

50-99

Pricing

1 JloknaasT € mpeicTaBeH Ha CTyjeHTcKata HayuHa cecus Ha 03.05.2018 B cexuus ,,MHdopmaruka® c
OpHUrHHAIHO 3ariaBue Ha Obarapeku e3uk: YEB BASIPAHA CUCTEMA 3A YIIPABJIEHUE HA ABTOITAPK.
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Documentation

Documentation

Starting Price $130.00/month/user $14.95/one-time $19.00/month/user
Free Trial v YES v YES v  YES
Free Version v YES v YES v YES
Product details
Platform Web/Windows Web Web
i0OS/Adroid Mobile - NO Android
Features Billing & Invoicing Not provided by | Billing & Invoicing
Carrier Management vendor -
Customer Management Customer Management
Dispatch Management Dispatch Management
Driver Management Driver Management
Fleet / Equipment Fleet / Equipment
Management Management
Load Management -
Order Management Order Management
Quotes / Estimates Quotes / Estimates
Routing Routing
Scheduling Scheduling
Shipment Management -
Ratings
Overall % % % % % 5/5 (5) * % % % & 5/5 (20) * % % % % 5/5 (1)
Ease of Use * % %k % 5/5 * % %k % 5/5 * % %k % 5/5
Customer Service | % % % %% 5/5 * % % % % 5/5 * % & % % 5/5
Features & N/A * % & % & 5/5 * % %k % 5/5
Functionality
Value of Money N/A * % % % % 5/5 * % % % % 5/5
Training & Support
Support - 24/7 (Live Rep) -
Business Hours Business Hours -
Online Online Online
Training In Person In Person In Person
Live Online Live Online Live Online
Webinars - -

Documentation

B pesyiarar Ha HampaBeHOTO CpaBHEHHE, MOXE Ja ce O0000lIM, 4Ye TEe3M CHCTEMH C
npeaHa3HaueHHE 3a TOJIEMH aBTOMAPKOBE M 3a TOJIEMH TOBAPH U HE Ca TIOAXOIAIIN 38 MaJTbK OU3HEC.

APXUTEKTYPEH MOJEJ HA CUCTEMATA

1. H360p na mexnono2us 3a pazpadbomka u npocpamen e3ux

3a peanu3anuaTa Ha cCCTEMaTa ca U3IMO0JI3BaHU €THHU OT Hai-pa3snpoCTpaHEeHUTE U U3MOJI3BaHU
B MoMmeHTa TexHosorun - PHP, MVC ma6non 3a pa3paborBane Ha copryep-Laravel 5.4, MySQL,
HTMLS, CSS3, JavaScript, Jquery 1.8.3, GIT u Composer. TSXHO ChIIECTBEHO TPEIUMCTBO € TOBA,
4e ca Oe3MIaTHU U OOMIOAOCTBITHH, MTOIBPKAT CE OT Pa3INYHHU IIIaTHOPMH U Opay3bpu.

3a ¢ynkuusra ,,J1300p Ha mapmpyt” ce u3nomsa Google Maps API. Tosa e monymspna
KapTorpa)cka cucrema, KOATO MpenocTaBsi reorpadcku kapth Ha memust cBsat. Google Maps
npeJulara pa3jauyHu MapuIpyTH ¢ MOAPOOHH YII'BTBAHUS 3a MPUABHKBAHE C aBTOMOOWII, BEJIOCUTIE T
i nema. MapopmanmsTa TOCTOSHHO Ce aKTyalTu3upa U IOMBJIBA OT KJIMEHTCKH OT3UBH 32 XOTEIH,

PECTOPAHTU U APYTI'U 00CKTH.

oesmrarHo (Google Maps API).
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Murpauuun
MNomara 3a
Ch3faBaHeTo Ha
cxemara Ha bazata

e — Mogen
. Npasu epBaka ¢ bazaTa faHHK.

Waennua, 3anucea, 3TpuBea,
obHoeABa naHHuTe B DazaTa

baza o1 JaHHu

Moayn 3a chifaBaHe Ha KoxTponep MapupyTH3aTop
ObpaboTea 3anBknMTE

IR W3uckea undpopmanma ot
BL3IMOXHOCT 3a Ch3aBaHe L zalelnE) L et MOMYUYEHH OT BLHILEH

Ha 3aABKM KbM Dazata 0BpaboTeHNTe AaHHH KbM obekT
uarneauTe

Harnen
Buayannanpa AaHHKWTE NOMyYeHW oT
KOHTpOnepa

MoTpeOuTenckn sanBKu oT
BbHIWEeH obekT

Que. 1. Apxumexmypa na Laravel

[Ipu paspaboTBaHeTO Ha CHUCTeMaTa € H3MOJ3BaHa codryepHata pamka Laravel, uwmsro
apxXuTeKTypa e nokasana Ha ¢uwur. 1 (Laravel — The PHP Framework for Web ). Ot cxemara ce Bmxna
kak e peamm3upad MVC mabiona 3a pazpaboTka Ha ye® MpUIIOKEHHUS, a OTIACTHUTE M €JIEMEHTH ca:
Mapmpytuzatop (Routing), Konrponep (Controller), Mogen (Model), U3srnen (View), Moayn 3a
cb3naBane Ha 3asBkH (Query Builder) m Murpauuu (Migration).

2. baza oannu

JlaHHUTE B cuUcTeMara ce ChbXpaHsABAT B pejanuMoHHA 0a3za oT gaHHu. M3nomseana e CYBJ]
(RDBMS) MySQL c¢ komanus utf8_unicode_ci, 3a ma moraT aa ce mojyIbp:kaT UMEHA HA POJIA U
notrpeOutenu Ha kKupuiauna. OCBeH CbC CUMBOJIM Ha KUPWIMLA, KOJNAUsATa pabOTH U C JPYyrd
HEJIATUHCKH CUMBOJIH.

[f] & 2vioparkvehicle_repair
@id - int{10) unsigned

gvehicle_id - int(11) 4
@serviceName : varchar(191)

E {3 aviopark orders. E o aviopark services

) aviopark order_status.
id - int(10) unsigned gid - int(10) unsigned gid - int(10) unsigned

gservices_id : int(11)

4 wvehicle_id - int(11)
gorder_status_id : int(11)
gdriver_id : int(11)
gmanager_id : int(11)
gcustomer_id : int(11)
@addressSending - text

atype : varchar(191) g description : text

mcode : varchar(191) gpriceLoaded - decimal(8,2)
mcreated_at : timestamp

mupdated_at : timestamp

gpriceUnLoaded : decimal(8,2)
gminWeight : int(11)
gmaxWeight : int(11)
mcreated_at @ timestamp
mupdated_at - timestamp

mdatelnRepair : date

mdateQutRepair : date
@repairType - varchar(191)
#price : decimal(8,2)
mcreated_at - timestamp

177

3 aviopark password_resets

@email : varchar(191)
@token : varchar(191)
mcreated_at : timestamp

@addressReceiver : text @name - varchar({191)

o

mupdated_at : timestamp

wprice : decimal(8.2) aviopark roles.

#kilometres : double(8,2)

£y aviopark vehicle_status

@id : int(10) unsigned

3 aviopark migrations

@id - int{10) unsigned

@migration - varchar(191)

mcreated_at - timestamp
mupdated_at : timestamp

@id - int(10) unsigned
@name : varchar(255)

mcreated_at : timestamp

atype - text gtimeToArrive : double
morderDate : datetime

mdeleted_at : timestamp

EQ aviopark vehicles EO
qid : int(10) unsigned id - int{10) unsigned
@brand : varchar(191) igfirsiName - varchar(191)
@fuelType : varchar(191) @lastName : varchar(191)
gemail : varchar(191)
@password - varchar(191)

gbatch - int(11)

mupdated_at : timestamp
gcode : text

mcreated_at © timestamp

mupdated_at - timestamp

gcode : text

E @ avtopark logvehicle

@id - int(10) unsigned
wvehicle_id - int(11) d
Emessage : text

avtopark users

E {3 aviopark vehicle_reservation
@regNumber : varchar(191) . X
gid : int(10) unsigned

€ vehicle_id - int(11)

mdate : datetime #vehicle_types_id : int{11)

@egn - varchar{191)

mcreated_at © timestamp #vehicle_status_id : int(11) i ot b n -V
mupdated_at : timestamp minsurance : date wariver_| '!” [_ ) a @driveLicenseCategory - varchar(191)
- mtechnicalReview : date weustomer d: int(11) mdriveLicenseExpired : date
worder_id - int(11) > b

grole_id : int{10) unsigned
gremember_token : varchar(100)
mereated at © fimestamp
mupdated_at : timestamp
ghulstat - int(11)
@customerAddress : varchar(191)

#fuelConsumption : double(8,2)
#chargeWeight - int(11)
gmileage - int(11)

E 3 aviopark vehicle_types.

@id - int(10) unsigned

morderStartDate - datetime

morderEndDate - datetime
phpe = mcreated_at - timestamp merealed_at - timestamp

mcreated_at - imestamp mupdated_at : timestamp

mupdated_at . timestamp mupdated_at : timestamp

@code : text @driveLicenseNeed : text

gcustomerPhone : int(11)

Que. 2. Penayuonen mooen na bazama oamnHu

Penanmonnusat mojen Ha 6a3ara JaHHM, BKITFOYBAI TaOJIUIIM, TEXHUTE aTpHOYTH U BPB3KH, €
mokasaH Ha ¢ur. 2. iMeHaTa Ha TaOJIUITUTE MMOJICKA3BaT JAHHUTE, KOUTO ChIBPIKAT.
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PEAJIM3AIIUA HA CUCTEMATA
Cucremara e peau3upaHa B YeTUPH OCHOBHU MOJIYJIa, MPEIHA3HAYCHHU 32 YETHPU KaTeropuu
norpebutenu — Anmunauctpatop, Menwmkbp, Kmuent u Hlopsop. HocTenbr 10 cuctema ce
moJiy4yaBa 4upe3 Ipou3BoJieH Opay3bp Ha aapec https://avtoparkruse.top.

1. Mooyn ,,AOmunucmpamop,,

JlocThI 10 A AMUHUCTPATHBHUS MOJYJI UMa TIOTPEOUTEIAT aIMUHUCTPATOP, KOHTO ce Ch3aBa
C MHCTAJIUpaHeTo Ha cuctemara. HeroBaTta pouisi ce 3akiifouaBa B Ch3JaBaHE M YINpaBICHHE Ha
OCTaHAINTE KATETOPUU MOTPEOUTENH, BKIIFOUUTEIHO U IPYTH aIMUHCTPATOPH.

2. Mooyn ,,Knuenm*“

OT HavaIHUS €KpaH 32 OTOPHU3AIHS, KIIMEHTHT MOXKE JIa C€ PETUCTPUPA (aKO HE €) WIIH J1a BlIe3e
B CHCTEMara ChC ChlecTBYBala perucrpamus. Cie KaTo MoJydd AOCThII IO CUCTEMaTa MOXKE Ja:
MPETJIeKIA U aKTyaTn3upa IpoQuiia CH; 1a MPEriexk /ia ChCTOSIHUETO Ha HANIPaBEHHU MOPBYKH (TEXHHUS
cTaryc); na J00aBsi HOBH MOpbhUKH (dur. 3).

KIUEHT

KNWEHT MPEFNER HA NPOOUAA

—d WBAH
W3XOf OT CHCTEMATA
- MEHIO 2A OPBUKM EE
y HoBa nopbuka S

Que. 3. Ocnosen exkpar na mooyn ,, Knuenm

OcHoBHaTa (H)yHKIIMOHATHOCT HA TO3M MOJIYJI € II0JJaBaHe Ha MOPBYKA 32 U3BHPIIBAHE HA
TpaHcrnopTHa yciyra. ToBa cTaBa oT uzbopa Ha onius [lopbuku/Hoa nopbuka (¢ur.4).
3a BcsiKa IOPBYKA CE ONPEACIST CICIHUTE 33AbJDKUTEITHH MTapaMeTpu:
1. Bug Ha ycnmyrata — Mallkd, CPEJIHUM WIM TOJIEMH TOBapH, B 3aBUCUMOCT OT HYXKIUTE Ha
KITUCHTA.
2. Jlata 3a U3BBpIIBaHE Ha yciyraTa — n30upa ce oT KaJeHap.
3. Mapmpyt — 3amaBa ce HavaJeH M KpaeH aapec. ToBa craBa WM 4Ype3 KapTara, WIH 4pe3
BBBEX/JIaHE PBYHO Ha aZjpecuTe. AKO pbUHO BbBEJIEHUAT MapILIPYT € KOPEKTEH U ChILECTBYBA
B Google Maps, pa3cTOSHUETO U BPEMETO I1I€ C€ U3YKMCIN aBTOMAaTUYHO, MHAUE CE BHBEXK/IA.

Cba3fasaHe Ha nopbyka

@opma 32 ChagaBaHe Ha HoBa NophyKa

B HA YCIVTATA -
o Satellite

Plosest

Bucharest
®

Bulgaria

°
Plovdiv
nnosane

Macedonia

(FYROM)
e [E3¢ 4

a _/Thessaloniki Wil
ecacarovixn

Boogle

TIOAIA 3ASBKA

Que. 4. [lobassne Ha nopvuka

Cren BbBeXXAaHe Ha Ta3u MHPOpMaIus (3abJDKUTENHA) Ce 1101aBa MOpbUKaTa KbM TPaHCIIOpPTHATA
¢upma ot OyToH ,,Ilogait moppuka®.
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3. Mooyn ,Menudxcop*
To3u moTpebuTen ce ch3maBa OT aAMHUHUCTPATOpa M OCHOBHATA MY pOJisi € Ja 00padoTBa
IIOJIYYCHH 3as4BKHU 34 ITOPBYKH WJIA Jid IIPpaBX HOBHU TAKHWBA.

MEHIO C U3BECTABAHE 2A HOBA NOPBYKA o
MEHUOXbP

—_— 2 e
NABALLO MEHIO ABTONARH / \
MPEMNER HA NPODIN
W2XOA OT CUCTEMATA
Control Panel - Manage
0BV NOPBYKH akm )
-

pt

®
MAALLC MEHIO NOPBYKM \ //

JMPEKTEH AOCTBN 10 PECYPCHTE HA CUCTEMATA

Que. 5 Ochosen ekpan Ha Mooya ,, Menudicwvp

B ropHus neceH bI'bi Ha OCHOBHHS €KpaH Ha MOJyJa C€ MOJy4YaBaT M3BECTHS 32 HOBHUTE
nopbuk (ur.5). MeHUKBpBT TpsiOBa na 00pabOTH BCsKa HOBa 3asgBKa, KOETO BKIIIOYBA
OTIpeJIeNIsIHE Ha KOHKPETHO MPEBO3HO CPEACTBO M KOHKPETEH MIO(pHOpP, KOUTO Ja U3BBPILIHU yCIyrara
(¢ur.6). CnuCchbKbT ¢ HATMYHUTE MPEBO3HU CPENICTBA ce (GUITPUpPA B 3aBUCUMOCT OT CBOOOIHHTE 3a
narata MIIC u Buma Ha ToBapa (rojieMu TOBapW B Cirydas). AHAJIOTUYHO CHUCHKBT C mO(QbOpH
ChIIbPIKa caMo TE3U, KOUTO ca CBOOOHU 3a Olpe/iesieHara JaTa i KOUTO UMAT MPaBo Jia yrpaBisaBaT
TO3H BHJI Ha TPEBO3HOTO CPEJICTBO.

MPEBO3 HATONEMA TOBAPM ~ ~ HAJIMYHM NMPEBO3HW CPEACTBA
W3B0P HALLIO®HOP &« q

Volvo - Per.Homep P 1234 AX : 12000

6yn. ,c8 Knument Oxpuacku  Unnamed F 5
Volvo - Per.Homep P 4456CB : 13000 NeHa MbpKoBa - KaTeropua : C

Kamaz - Per.Homep CB 1001 BX : 18000 E
L depHaHao AnoHco - KaTeropua : C
BOJIBO - Per.Homep CB 2375 AA - 18000
Muxaen LLlymaxep - Kateropua : C
'SCANIA R 420 - Per Homep CA 7518 CX - 18000 bt
Mesuxsp Merumxop Vaw Barkos LTI = LS

CARRUSRBGAT

Que. U360p Ha npeso3Ho cpedcmao u uogdobop

2018-01-3116:53:59

MeHMDKBPBT MOXKE U J1a 100aBsS HOBA MOPbBUKA, KAaTO MOMBJIBA ChIllaTa HHPOPMAIIHS KATO
knueHTa u 3a1aBa MIIC u modwop.

Ot ommudra ,,ABTOnapk* MEHHDKBPBHT YIIPaBJIsiBa HATMYHUS aBTONAPK, OTCTPaHsBA U T00aBs
HOBU TIpeBO3HHU cpeficTBa. 3a Besiko MIIC ce chxpansBa uHbopMaIus 3a — MapKa, perUCTPalliOHEH
Homep, Tun asuraten, Bug MIIC, cratyc kbM MOMEHTa, U3MUHATH KUJIOMETPH, MaKCUMaJICH TOBap
Y JTHEBHHK C JJAHHU 32 TEXHUYECKaTa My MOABbPKKa * (pur.6).

E BeWHKi NPeBOSHN CpeacTsa
10
Mapka ~ Homep [Oewraten Tvn Cratyc Kunometpn Toeap [HercTtaus
Fiat 78780 dizel Byc Caobopen [ECEEY 2850 Q pox
ord 1 dizel Syc 20 Q pox
ord 1 dizel Byc CaoBogen 0 Q Fox
£ 1 benz <o 127 A, ox
Kam! CB 10 dizel Kammox 18996 18000 LV
ad 12348 ben, <o CaoBogeH 0 1 LV
SCANIAR 420 CA7518 CX dizel Kamyon 68294 18000 A /ox

Que. 6. Cvcmosinue Ha a8MONApPKa KoM 0A0eH MOMEHM

4. Mooyn ., IlTogpvop“
To3u moTpeduten ChIo ce Ch3AaBa OT aAMUHUCTpaTopa. OCHOBHATA (PYHKIIHSI HA TO3H MOJTYJ
e nma mHopMmHpa 3a HOBa MOpPHYKA, a MO(GHOPHT Ja S M3MBIHH. Korato MeHWIKBPBHT H30epe
KOHKpeTeH mo(brop 3a U3MBIHCHUE HAa YCIyra, TO TOM aBTOMaTHYHO Moiy4aBa u3Bectue. Llemust
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nporec o 00pabOTBaHETO Ha €IHA 3asBKa 3a TPAHCIOPTHA yCIIyra € MPEICTaBeH B CICIBAIIUTE
eKpaHu:

D - PaactosHme CraTtycHa _
Yenyra MMC = HawaneH agpec Kpaen agpec JercTena
- nope4KaTa
MpeBo3 Ha roneMu ul."T=anke Tserkovski® 2, 1164 g k CnaeAKcka 34, 4101 »
iy 5@
TOBapH Lozenets, Sofia, Bulgaria Kuklen, Bulgaria
C
ID Ycnyra Mnc HayaneHn agpec KpaeH agpec PaacToauue Tarye Ha DeAcTena
nopkykaTa
Ot 1 80101 0Bwo 1 2anuca MbPBA NPELUWLLHA o CNEABALLIA MOCNEQHA

Que. 7. llloghvopvm 3anousa c usnviHEHUEMO HA Bb3NOAHCEHAMA MY NOPBLUKA

ul. "Tsanko Tserk

ID  Yenyra HavaneH agpec KpaeH agpec PascTosHue LUeHa  CTaTyc Ha nopbykata

6  [IPEBO2 Ha rofEMM ToBapH o
Read More

Que. 8. Ilpomana na cmamyca Ha nopvukama

Mpesos Ha ronemu ul. "Tsanko Tserkovski” 2, 1164 gk. Cnaesncka 34,4101 o
LMKTL 158 Wanpatena NPUKNIOYBAM
ToBapW Lozenets, Sofia, Bulgaria Kuklen, Bulgaria

CTaTyc Ha

Que. 9. Ilpuxnousane na nopvukama

ul. "Tzanke Teerk CnaeaHcka 34, 410
6  pesozHaronemuToRaDd oo e 138 24612
Read More Rea ore
ID  Yecnyra HauaneH agpec KpaeH aapec PazcTosAHue LleHa CTaTyc Ha nopbyKaTa
Q011 oo 2 ot 06Wwo 2 3anuca MbLPBA NPEAWLLIHA o CNENBALLIA MOCNEAHA

Que. 10. Cmamyc Ha nopvuxkama ,, I lpuxnrouena “

Besiko ot pelictBusTa Ha modnopa (¢ur. 7 u ¢pur. 9) chOTBETCTBA HA €TaIl OT U3ITBLITHCHUETO
Ha MOpbhYKaTa. ABTOMaTHYHO CE€ MPOMEHS M CTATYChT Ha 3asBKaTa, KOUTO BIKIa KineHTa (¢dur. 8 u
¢ur. 10).

HN3BOAN

Pa3paborenata ye® cucTema NIpeACTaBisSBa HAM'BIHO 3aBBPIICH MPOAYKT 33 KOHTPOJI U
yIpaBlieHUEe JACHHOCTTa Ha aBTomapk. CuUcTemaTa TOKpHWBAa H3UCKBAHHMATA 3a KAueCTBO Ha
ChbBpeMEHHa U (PYHKIMOHATHA CHCTeMa OT TO3u Tull. B Obaeme moxe ga Obae pa3zpaboTeH U
BitroueH GPS monyn n mo6uinHa Bepeus. Te3u nomodpenus e ObAaT U3KITIOYUTETHO TOJIE3HH 3a
ylpaBJeHHe Ha TIOBeUe MapaMeTpH OT aBTOIApKa U Moao0psBaHe Ha (yHKIIMOHATHOCTTA HA MO
»LIodbop*.
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Abstract: This paper describes & reviews the development stages of a graphics library, called by its developer
GFX, and also summarizes its main characteristics. This paper also describes the core techniques used in the development
stages of such library and all additional libraries required for the completion of the target functionality. It covers all
aspects and requirements of a traditional graphics library as well existing solutions and their applications in the industry.
The Paper’s main target is to explain and lay down the basics of a traditional computer graphics system as well as
specifics regarding the actual library implementation. The author of this project was motivated by the potential
acquisition of knowledge and experience in this field and also the chance of developing a library which addresses some
of the most common shortcomings in present day state of the art graphics libraries.

Keywords: OpenGL, Computer Graphics, Linear Algebra, Rendering & Optimisation techniques.

BBBEJIEHUE

CrartusiTa nMa 3a 11eJ Jja ONHIe eTaluTe Ha U3TpakJaHe Ha TUMHWYHA TpaduyHa OMOIMOTEKa
nogoOHa Ha oOpe mo3Harute 6ubmuoreku kato Ogre3D, Irrlicht, Horde3D, Unity, Unreal u np.,
KaKTO U J1a 0000IIH 10 BaKHUTE ¥ XapakTepucTHku. MesTa 3a ch3/1aBaHe Ha TakaBa OMOIMOTEKa ce
KOpeHI/I B HAKOJIKO HpI/I‘-II/IHI/I, qacT OT KOUTO Ca IMOTCHUOHUAJIHOTO HpI/I)IO6I/IBaH€ Ha HO-HeTaﬁHHH
nmo3HaHus B chepara Ha KOMIIOThpHATa TpaduKka U Ch3JaBaHe HA HETUITUYHA, I'bBKaBa OMOIHOTEKA,
KOATO pemaBa HSKOU OT OCHOBHHUTC HpO6JI€MI/I CT)HIGCTBYB&HH/I B FOpC CIIOMCHATHUTC CT)HIGCTBYB&HII/I
KbM JHEIIIEeH JCH PEIICHUSI.

IIpousxon u mnpenHasHayeHue Ha rpadpuyHuTe OMOJIMOTEKM — TEPMHHBT TrpaduyHa
OubnMoTeKa (Ha aHTJIMICKH — graphics engine) € 4ecTo CpelllaHa 4yacT OT €Ha MOo-ToJisiMa eIMHUIA
Mo3HaTa B CBeTa Ha TpUMepHarta rpaduka Karo ,,game engine” ce 3apax/a ouie B cpeaara Ha 90-te
TOJIMHY Ha MUHAJIMS BEK BBB BpBh3Ka C €JHAa OT Hali-W3BECTHHUTE UT'PH OT T.Hap. ,,first person shooter*
*aHp, HapedeHa ,,Doom*. ToBa e eaHa OT MBPBUTE MO-TOMYISIPHU UTPH, TIO3HATH HA Ma3apa, Mpu
KOSITO SICHO C€ M3TPpaKa BUAMMA I'PaHHIIA WITH Pa3IeIeHue MEKIY OCHOBHOTO SIIPO M KOMITOHEHTHTE
Ha rpaduyHaTa OnbimoTeka. 3HaAYEHUETO Ha TOBA pa3/ielieHne Obp30 CTaHAIO OYEBUIHO, KOTaToO
pa3paboTunii 3alMovYHAIM Jia H3IO0JI3BaT OTHOBO ChINECTBYBAamM Tpaduunu Oubmmorexun 0e3
HUKAKBU WIM C MUHUMAJHU TIPOMEHH 3a€HO C JIPYTH KOMIIOHEHTH 3a Ch3/laBaHE Ha HAI'BIIHO HOBU
U pa3IMuHU BUPTYAJIHU UrpU U rpaduunu npuioxeHus. Tosa gano ¥ HayanoTo Ha T.Hap. “mod”
CTYIUs, KOUTO Ch3JaBaId HOBU UTPH, M3MOI3BAUKH U MPEMPABSIMKU CHIIECTBYBAIM BEYEe TAKHBA.

12 TToknambT € MpencTaBeH Ha CTyAeHTCKara HayuHa cecus Ha 03. 05. 2018 r. B cexums ,udopmaruka® ¢
opuruHanHo 3arnasue Ha Obirapcku e3uk: [IOAXO/] ITPU PASPABOTBAHE HA TPA®MYHA BUBJIMOTEKA C
N3ITOJI3BAHE HA OPENGL
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Urpu kato Quake III Arena & Unreal ca TunuyeH npumep 3a BUPTYyaJIHH UTPU CH3AAJCHU C UAEATa
na ObIaT JIeCHO NMPOMEHSHU U T'bBKAaBU, M3IMOJ3BAHKU CKPUIITOBH €3UIM, KOUTO Ja YIPaBIsSBaT
BBTpEIIHATA JIOTHKA Ha Urpara, 6e3 Ja uMa HyX/Ja Ja c€ MPOMEHAT KOMIIOHEHTHUTE, KOUTO CTOST B
OCHOBaTa (4acT OT KOUTO € M rpaduyHaTa OMOJIMOTEKA) 32 Ch3/1aBAaHETO UM.

CtpykTypa Ha rpaduuHuTe OMOJIMOTEKH — B OCHOBATa CH e/Ha rpadguuna Oubiamoreka ce
CHCTOU OT HSKOJIKO OCHOBHU KOMITOHEHTA HJIU CJIO€BE Ha a0CTPaKIHsl, KOUTO pabOTAT 3a€IHO, 3a J1a
MOCTUTHAT €(EKTUBHO, PEATMCTUYHO U ONTUMAIHO KpaliHaTa 11e]l — n300pa3siBaHe Ha KOMITIOTHPHO
TeHEepHUPaHHU N300PaKEHHUS.

- Ilvpeu cnou — Hali-HUCKOTO HUBO Ha aOCTpakuus B eAHA rpaduyHa OMOIMOTEKa, TOBa €
HUBOTO, KOETO KOMYHUKHpAa M pabOTH IUPEKTHO C Xapjayepa WIH ChC ChIIECTBYBAIIU
Graphics API xato OpenGL, DirectX, Vulkan, xouto ce rpmxar 3a KOMyHHKaIHiTa C
rpaduaHus IpaiBep.

- Bmopu cnoii — MeXIUHHO HUBO, KOETO OOBMBA IIBPBUS CJIOW Ha aOCTpakivs M CIYXH 3a
nmpeMaxBaHe WJIM CKpPUBaHE Ha CHEeNU(PUYHM OrpaHUYCHHS U  XapaKTEPHUCTHKH,
ChIllECTBYBAIllM B nM3noi3BaHust API, npailBbp unu cinoi oT npeaxoaHOTO HUBO. ToBa HUBO
JaBa BB3MOXKHOCT OMOIMOTEKaTa J1a CTaHE HE3aBHCHMMa OT BHIQ, XapaKTCPUCTUKUTE,
OTpaHUYEHUSITA UM OCOOCHOCTUTE Ha U3MOI3BaHUs rpaduueH KoHBelep u xapayep. B Toa
HUBO CE€ W3TPaKJaT OCHOBHUTE (DYHKIIMOHATHOCTH, CTOSIIM B OCHOBara Ha rpaduuHara
O0ubIMoTEeKa KaTo Ch3AaBaHe, U3TPUBAHE, KOMMpaHe Ha B0 OydepH, TeKCTypH, MeHabpu
(uma anrmuiicku — shaders), rpaduynn kKoHTeKcTH, uHTEpdeiic Oydepu, rpadudnu crioese,
XapAyepHH 3asBKHU U Jp.

- Tpemu cnoii — TOBa HUBO C€ XapaKTEepHU3Hpa C BUCOKa aOCTpakIysi, B HEro OOMKHOBEHO ca
BKJIFOYEHH (DYHKIIMOHAIIHOCTH, C KOUTO pabOTH KpalHUAT MOTPEOUTEN UIIN KIMEHT Ha eHa
rpaduuna 6ubnuoreka. Haif-uecto To3u cioii ce xapakrepusupa ¢ ToBa, Y€ ChAbp)ka MHOT'O
no-royisiM Opoit (hyHKIIMOHATHOCTH CHPSIMO CJIOEBETE OT MO-HMCKO HUBO. B To3M croii ce
ChIBpKAT €JIEMEHTU 3a BH3yalM3alllsd ¥ HMIOPTHpaHe Ha OOEKTH, OCBETSBAHE, CEHKH,
TEKCTYpHUpaHE, TPUMEPHO CEJIEKTUPAaHE, CEpUaIN3alis, CUMYJalysl Ha YaCTUILIH, CUMYJIalus
Ha TEYHOCTH, NpEMaxBaHE Ha HEBUIUMU OOCKTH, MPO3PAYHOCT, CMsSIHA Ha MPOCKIUH,
npujaraie Ha QUITPH, YIpaBieHHe Ha BXOJa U U3X0Aa U JIp.

CBIIECTBYBAIIIN PEIIEHUA

KbM nHemeH AeH chlecTBYBAT ToJIsiIM Habop oT rpadpuunu oubnuoreku. [Ipaktudecku te ce
pas3fensaT Ha JiB€ OCHOBHM Kateropuu. OT eaHa CTpaHa ChIIECTBYBAT OMOIMOTEKH, KOUTO ca J10cTa
I'bBKAaBU U TSAXHOTO IMPEIMMCTBO €, Y€ T€ IMPEeAOCTaBAT CaMO OCHOBHUTE 0a30BH TIpapuyuHU
(YHKIIMOHATHOCTH, KOUTO MOTaT J1a ObJaT JIECHO pa3LIMPsABAHU U IEPCOHATM3UPAHU BbB BCAKA €/THA
nocoka. ['oysiM HeoCTaThK MPU TO3U BUJ OMOIMOTEKH €, 4e U3UCKBAT rojIsiM Ha0Op OT O3HAHMS, 32
na ObAaT W3MOJI3BAHU WIIM U3MEHSHU. J[pyr HeOCTaThK € KOJIMYECTBOTO BpeMe, KOETO Ce U3UCKBA,
3a J1a c€ M3Tpajgul MUHUMAaJICH, (YHKIIMOHUpAI] MPOEeKT. TakuBa OMOIMOTEKH YECTO M3UCKBAT OT
noTpeOuTeNuTe J]a UMaT JBbJIOOKU MPOTrpaMHU MTO3HAHMS, T€ HE MpeiaraT JeceH 1 y100eH HauuH 3a
B3alMOJICIICTBHE, KaTO Hamp. rpaduueH uHTepdeiic, 4ecTo He BKIIOYBAT AOMBIHUTEIHH CUCTEMU
KaTo ay/Ino cUCTeMa MU cucTeMa 3a pusnyHa cumynanus. Hakonko npuMepa 3a TakuBa OnOInoTeKkn
ca:

- Ogre3D — e 6azoBa rpadpuyHa 6ubIMOTEKA, KOATO OCUTYPSIBA OCHOBHUTE €JIEMEHTH HYKHU
3a paboTara Ha rpaguuHus koHBeitep. Ogre3D npeanara pa3aMyHA METOAM 33 BU3yalU3alus
U yIpaBlieHHE Ha CLEHH BKJIIOYBAIIN ITPOCTPAHCTBEHO pa3felisiHe, CTPAHULIUPAHE, TOPTAIH.
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Jlpyra xapakTepHa 0COOCHOCT € U Bb3MOYKHOCTTa 3a paboTa ¢ AWHAMHUYHO HHBO Ha JETalI,
aHMMaIuu, padora c meiappu Ha paznuunu e3unu (GLSL, HLSL, Assembly, Cg)

- Cocos2d — e OubmMoTEeKa C OTBOPEH JAOCTBI, KOATO Mpemiara ()yHKIMOHATHOCTH 3a
MOJIeJIMpaHe, BU3yAIM3UpaHe U CUMYJUpaHe Ha JBYMEepHU rpadudnu cpeau. V3BecTHa e ¢
TOBa, Y€ € eIHa OT OMOJIMOTEKH ¢ MUHUMAaJICH Ha0op QYHKIIMU, HO U €IHAa OT Hal-Obp3uTe
KbM JIHENIHA Jata. J[aBa BB3MOXKHOCT 3a Ch3/IaBaHE Ha MPOCKTH 3a BCSKAKBU yCTPOMCTBA,
KakTO MOOWJIHM Taka W JCCKTON. bbp3nHaTa ¥ laBa BB3MOXKHOCT Ja ce pa3paboTBar
MIPUIIOKEHHUS 33 YCTPOMCTBA C MO-C1al XapIyep CpsiMO CbBPEMEHHUTE CTaHIapTH.

- lrrlicht - e OuOnmoTeka ¢ OTBOpEH [JOCTBHI Mpejjaraiia Hai-rojasM Habop OT
¢ynkunonannoctu cupsimo Ogre3D wmmm Cocos2d. Xapakrepusupa ce € TOBa, 4e €
CPaBHHUTEITHO MaJIKa, KOETO JIaBa Bb3MOXKHOCT 3a JIECHO U ObP30 OBIAsIBaHE, MOAIbPKAHA €
OT roJisiMa OOIIHOCT U € CBOOO/IHA 32 T'OJIsIM Habop OT mporpaMuu e3uiu karo C++, Java, Lua,
Pascal, Basic, Python u mgp. Irrlicht momaspska OpenGL, DirectX 8, 9, and 11, kakTo u
meiaspu 3a pasaununu e3unm (GLSL, HLSL). B cpaBHeHHe cbc cBOUTE CHIEPHHULIM TS
npenjara He camo Ha0op OT rpaduyHu (YHKIMOHAIHOCTH, HO M BB3MOXKHOCT 33 YETEHE,
3amMc ¥ BB3MPOU3BEXKIAHE HA TolisiM Habop OT ayauo, Buaeo ¢gopmatu. Irrlicht mpenmara
BKJIIOUEHa B ceOe cu OnbnnoTeka 3a pu3nyHa CUMYJIalus.

B npyrus xpaii Ha crieKThpa ChIIECTBYBAT OMOIMOTEKH, KOMTO BKIIOYBAT O'POMEH HAabop OT
(YHKIIMOHATHOCTH, J1aBalll Bb3MOXKHOCT 32 Obp3a pa3paboTKa Ha MPOEKTH BBHB BCAKAKHB Mamial.
[IpenuMcTBOTO MpU TAX €, Y€ Ce M3MCKBAT 3HAUYMUTEIHO IO-MaJKO IO3HaHUS B cdepara Ha
KOMIIIOTBbpPHATA rpaduka, ¢ TAX OOMKHOBEHO MOTPEOUTENSAT B3aMMOJEHCTBA Ype3 MOTPEOUTEIICKU
rpaduueH nuHTepgeiic, 4ecTo He M3UCKBAT MPSIKO MO3HaHUE B cepara Ha mporpamupanero. pyro
XapaKTEepPHO MPEIUMCTBO €, Y€ Te YEeCTO BKIIOYBAT HE caMo HAbOp OT MeToau 3a rpaduyHa
BU3YyaJlM3alusl, HO U JPYTd €JIEeMEHTH KaTo ayJuo CHCTeMa WM CUCTeMa 3a (M3MYHA CUMYJalusl.
Henocrarsbk e, ue He Morat Jja ObJaT JIECHO IEPCOHAIU3UPAHU WM U3MEHSHU 3a paboTa U3UCKBAILA
cneun(UYHN HYXKU I TEXHUKH.

- Unreal Engine — efiHa OT Hali-yCIEIIHUTE U HA-U3BECTHUTE OMOIIMOTEKH HA Pa3pabOTUHIIUTE
ot Epic Games, Brisi3na B kHuUraTa Ha pexopaute Ha ['unec. [Ipeqnaznauena e 3a pa3padoTka
Ha ronemu mnpoekTu. XapaktepHo 3a Unreal Engine e, ue ce moambpka OT MHOMXECTBO
mwiargopmu karo Windows, Mac, Linux, 10S, Android, Playstation, Xbox u np. Illupoko
M3M0JI3BaHa OT U3BECTHH (hUpMU 3a pa3paboTKa Ha UTPHU U IpadUyUHU NPHIIOKEHUS, HIKOH OT
kouto Capcom, Activision, Ubisoft, Microsoft Studios, Nintendo u mp.

- Unity — npyra mmmpoko u3noii3BaHa OMOJIMOTEKa, KOSITO € OCHOBHO M3II0JI3BaHA U MOIMYJIspHA
B KPBIrOBETE 3a Ch3J]aBaHEe Ha MOOWJIHM TpaguuHM NPUIOKEHUs Wi urph. [IpuroneHa e 3a
JeCHO W OBp30 pa3paboTBaHE W H3IMOJ3BAHE, KAKTO OT MPOMECHOHAIUCTH Taka U OT
HaunHaemy pa3padoruniy. [logaepika pa3paboTBaHe Ha IBYMEPHH U TPUMEPHHU rpaduaHA
MPUJIOKEHUs, TPHUTEXaBa T'bBKaBa CHCTEMa 3a MOJAETHpaHe W aHuUManus. Kakto cBos
ceniepauk Unreal Engine, Unity e mynTtu-minatdopmena Oubnuoreka pazpaboTBaHa 3a
Windows, Mac, i0OS, Android, Playstation, Xbox, Windows Phone, Tizen u np. Hsakou ot
Haii-uzBectHute it morpedutenu ca Electronic Arts, LEGO, Ubisoft, Square Enix u nap.

- CryEngine — moo0HO Ha Beue ClioMeHaTuTe TUranTh B MHAycTpusta CryEngine He oTcThIBa
10 HAJIMYHUSA HA0Op OT QYHKIIMOHATHOCTH, KOUTO Ipeiara. EnHo oT rojgemMure npeauMcTBa
Ha Ta3u OMOIMOTEKA MpeJl CBOUTE KOHKYPEHTH C€ IbJKH Ha TOBA, Y€ HEHHHUTE pa3paboTyuiu
npeJularat mbJIHUA i U3XO0JeH KOJ HaIbJIHO Oe3I1aTHO. XapaKTepu3upa ce ChII0 C CBOSTA
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myartumiargopmenoct 3a 10S, Android, Windows, Linux, Playstation, Xbox, and Wii.
N3Bectu kommnanuu karo Poppermost Productions, CI Games, Obsidian Entertainment ca
HEIHU OTPEOUTEIH.

IMPOEKTUPAHE HA T PA®HNYHA BUB/IMOTEKA

Iles 1 3a1a4u — 11€71TA HA HAacTOsAIIATa paboTa e 1a ce pa3padboTu rpadhuyHa OMOIMOTEKA C 1IeTT
oOydeHHe Ha CTYJIEHTH, KOSTO MOXE Ja TOCTY)KH M 3a OCHOBa Ha pa3paboTBaHe Ha ISUIOCTHA
OuOIMOTEKAa 33 CUMYJIAIKS B peasiHo Bpeme. J[pyra oCHOBHA I1eJT Ha pa3padoTKaTa ¢ 3aI03HaBaHe ChC
ChBPEMEHHHU TEXHHKH 32 Ch3JaBaHE HA KOMITFOTHPHO I'€HEpHUpPAHU M300paKECHUS B PEATHO BpEME,
onTUMH3aKK U Ap. Ta3u OubmoTeka TpsAOBa J1a MPUTEKABA CIICTHUTE OCHOBHH Bb3MOKHOCTH:

- Yerene Ha BbHIIHM (haiJIOBE CHABPIKAIIM TPaQUUHI MOJIEIH WIIN EIIEMEHTH;

- YereHe Ha BbHUIHM (DailyIOBE ChABPKAIIU TpapuuHN U300pakeHUs], TEKCTYPH, aTJIaCcH U Jp.;

- YereHe M KOMIHMIUpPAHE U W3MBJIHABAHE HA IICHABD MPOTrpaMu, ChIbPKAHU BHB BBHHIIHU
¢aiinose. 3apexaaHe Ha JaHHW B IPOMEHJIMBH U IIEHIBP MIPOTpamMH;

- Habop oT pa3nmu4yHM BB3MOXKHOCTH 3a BU3yaJIH3UpaHE Ha M300paXKCHHS U T€OMETPUYHU
€JIEMEHTHU B PEATHO BPEME;

- Owirpanus 1 00paboTka Ha M300paKeHHsT — W3TIAXIaHe, OCBETIISIBaHE, Opa3MepsiBaHe,
MOJICHJIBaHE HAa BUCOKH U HUCKH YE€CTOTH, pETYJAIlHsl Ha KOHTpAcTa H Jp.;

- Pabora ¢ AMHaMUYHO TEOMETPUYHO HUBO Ha JETAI 3a rpaduuHu MoIenn

- Tlognpwkka Ha OCHOBHHM TEXHUKH 33 M300pa3siBAHE — OCBETICHHE, TEKCTypHpaHE, CEHKH,
pEeHIMpaHe, N3KII0YBAaHE HAa HEBUIUMH OOCKTH;

- Tlognpwkka Ha HalpeJHAIN TEXHUKH 32 M300pa3siBaHe M CUMYJIalus Ha oKeaH, aTMocdepa,
o0Jary, OKOJIHA Cpesia u p.;

- JluHAMUYHO B3aMMOJICHCTBUE B pEalHO BpEME ChC BUpTyallHaTa CIEHAa — CEJIEeKTUpPaHe,
Tpanchopmupane u 00paboTka Ha 0OCKTH;

- Pa3snmo3naBaHe Ha CUTHaIM M KOMaHAW OT Habop mnepudepHH YCTPOWCTBA — MHILKA,
KJIaBHATypa, JUKONCTUK, TpeKOOo U 1p.;

- Cepunanuzanyst U Jecepualn3alusi Ha BHUPTyalHa CIIEHAa BbPXY BBHIIEH HOCHTEN WIH
MOCTOSIHHA TTaMeT.

IIpoexTHpane - pazpaboTBaHeTo Ha rpadguuHaTa OMOIUMOTEKA IMPEJCTaBIsABa HaOOp OT TPH
CaMOCTOATENIHU OMOJMOTEKH, KOUTO ca pa3pabOTeHM M TMpeaHa3HauyeHW Ja paldoTAT 3aeqHO 3a
peanu3aiys Ha OCHOBHHUTE LM U 3aJaud Ha mpoekra. IlpeasuneHo e 6ubnmnoTekara na pa3BHUBa
cooctBenu wuHtepdeiicu (APl) u cobctBen nu3aiiH Ha Monynute, 0e3 na ce 0Oa3upa BbBpPXY
ChIIECTBYBAILlM OMOINOTEKH, JOKOJIKOTO TOBA € Bb3MOKHO. Purypa 1 cucremarusupa cTpykrypaTa
Ha OmONMOTEeKaTa M MOIYJIHUTE pabOTeIIM 3aeHO 3a pealM3upaHe Ha mocraBeHara 1en. Crensa
JIeTallJIHO ONMCAaHuE U 3all03HaBaHe C TPUTE OCHOBHU MOJyJa Ha rpaduyHara 6uOianoTeKa.
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GFX
ML ‘ Sraphics API ‘ ECS
Crirectx COpenGlL Wulkan

| [ [

Graphics Driver

Sraphics Hardware

@ur. 1. CtpykrypHa cxema Ha rpaduyna oudnuorexa GFX

MGL (Math for Graphics) — e 6ubnuoreka, cb31aeHa 3a paboTa ¢ MaTeMaTHYHH JICHCTBHSL.
Tst e enmHa OoT TpUTE OCHOBOIIONIATANTN OUOINOTEKH, KOSTO UMa 32 LIeJ J1a J]a/ie Bb3MOKHOCT
JecHa 3a paboTa ¢ OCHOBHM MaTeMaTH4YeCKH KOHCTpyKuuu. Core € OCHOBHHSAT MOIYJ,
ChIbpKaI] 0a30BUTE KOHCTPYKIIMH KaTO: BEKTOPH, MATPULIU, KyaTbpHHUAHH, JOKATO MOJYJIa
Struct chabpxKa TONAM HAOOP OT TPUMEPHH NPUMHUTHBH M TEXHUTE IBYMEPHH €KBUBAJICHTH
(cdepa, koHYC, TApalieNenuIe, Kyo, 1b4, paBHUHU, IPECEUCH Mapajeeuea U JIp.), KaKTo
U CTPYKTYpH 3a pasieiisHe Ha NPOCTPaHCTBOTO (Ha aHrIMicku — Spacial partitioning).
bubnuorekara moaabpka BCUUKHM YECTO M3MOJI3BAHM METOAM 3a pealn3alus Ha OCHOBHU
MaTeMaTHYeCKH OIepaluu (BEKTOPHO M CKajJapHO MpOU3BEJeHME, TpaHcopmaius Ha
MaTpULIM, POTAlMsl W HHTEPHONAIMS MEXAY BEKTOpPU M KyaThbpHUAHU, HOpMaIH3aIus,
TpaHCIIOHUpPaHe, JeTePMUHAHTa U HaMHpaHe Ha oOpaTHa MaTpuia U Jp.), pa3NoI0KEHH B
monyn Functions, kakTo u roisiMm HaOOp OT METOIM 3a MPOBEpKAa Ha IMpPEeCHYaHe MEXIy
OCHOBHUTE TEOMETPUYHH TPUMUTHBH, KaTo cdepa, Mapaieienunesl, paBHUHA, JbY,
npecedeHa nmupaMmuaa u ap., pa3nonoxeHu B Mmoayn Geometric Test. BaskeH KOMIOHEHT OT
Ta3u OMONIMOTEKa ca CTPYKTYpHUTE 3a ,,yCKOPEHHME™ Ha YNpaBJICHHETO M 00paboTkaTa Ha
TeOMETPUYHU TPUMHUTHBH. bubrmuorekara mojabpka OBE TaKUBa CTPYKTYpH HapeyeHH:
OcMu4HO TbPBO (Ha aHIIIMKCKK — octree) U ToukoBO AbPBO (Ha aHTIMiicku — point cloud
tree), pa3nosioxkeHu B MoAya Space Partition. OCMUYHOTO IBPBO € CIIEMAJIEH BHI IHPBO,
MIPH KOMTO BCEKH POAMTEIICKH BB3€JI IMa OCEM HaClleIHUKA. BCeKu Bb3el mpeicTaBisiBa Kyo
¢ pasmepu creniean Ha 2 (4, 8, 16, 32 u T.H) 1 ce Aenu Ha § UACHTUYHHN KyOa, KOUTO CTaBatT
HETOBH HACJICHUIIA. Bceku BB3eN ChXpaHsSBa CBOMTE HACIEIHUIM W HAOOp OT BIMCAHH B
HETO MPUMHUTHBH, TO3U BUJI CTPYKTYPH Ca YECTO U3IOJI3BaHU 32 OTCTPAHIBAHE HA HEBUIMMH
00eKTH OT AUHAMH4YHU cueHu. pyr BaxkeH moayin koito mpempiara MGL e API monyna,
MIPeIOCTaBsIIl HabOp OT MporpaMHU UHTEpGECcH.
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ECS (Entity Component System) — e BropaTta OCHOBHa OHOJHOTEKA, MPEIOCTABSIIA
UMIUIEMEHTAIlMsl Ha apXUTEKTYpeH INabJOH YecTO M3MOJI3BaH IpH pa3pabdoTkaTa Ha
BUPTYaJIHU UT'PH U IpadUvHU TpUIokKeHus. To3u malioH e XxapakTepeH ¢ TOBa, 4e Habisra
Ha U3M0JI3BAHETO HAa KOMITO3UIIMS MPE]l HAaceAsiBaHe, KOETO MPEA0CTaBs rojisiMa 'bBKABOCT.
Toit ce cberon oT Tpu enementa HapedeHu OOekt, Kommnonent u Cucrema. KoMoHeHT B
TO3W MIA0JIOH MPEICTaBIsABa MPOCTa MUHUMAIHA CTPYKTYpPA, B KOSITO C€ ChXPaHSBAT CaMO
JTaHHU (TpUMeEp: KOMIIOHEHT ONKCBAll MO3WIMATa Ha €JUMH 00eKT OM mpeicTaBisBall
CTPYKTypa ChIbpIKaIa caMo eI1H YICH - TPUMEPEH BEKTOP OMKCBAIIl MTO3UIUATA HA O0EKTa
B MPOCTPAHCTBOTO) BCEKH KOMITOHEHT UMa YHHUKAJICH UJICHTHU(PUKATOP UM HOMEP U OIHICBA
ompejeNieHa XapaKTepucThka wim jaelictBue. Bceekn OOEKT TmpencTaBisiBa YHHUKAICH
UICHTH(PHUKATOP WM MacKa, KOSTO Ce IMOJIydaBa Ha 0a3a Ha TOBa KaKBH KOMIIOHCHTH ca
00BBp3aHU ¢ HEro. B 3aBUCUMOCT OT TOBa ¢ KaKBM KOMIIOHEHTH € 00BBP3aH Ja/ieH 00EKT, TOM
MIPUTEKaBa Pa3JIMYHU CBOWCTBA, BB3MOXKHOCTHU M XapaKTePUCTUKH. ToBa, KOETO KOHTPOJIHPA,
ynpasisia U u3noizpa Komnonenture Ha eaun O6ext ca Cucremute, Te ca QyHKIIUU WU
KJIaCOBE OMUCBAIIM HaboOp OT AecTBUS KOUTO 00paboTBar ompeaeneHn KommoHeHTH
MIpUHA/IJICKAITN Ha BCeKH equH 0T OOeKTHTe.

GFX (Graphics Effects) — e tperus mocieneH ¥ OCHOBEH €JIEMEHT, KOHTO KOMOWHHpa
npeaxoanuTe nBa. Toil nmpencTapiisiBa AAPOTO HA rpaduyHaTa ONOIMOTEKA 3a€THO C IIBITHHSI
Ha0Op OT (PYHKIIMOHAITHOCTH HY)KHU 32 U3IIBJIHABAHE HA 3aJlauyara U Iie]Ta Ha npoekra. Tyk
ca 000cO0EHH HSAKOJIKO KPUTUYHU MOJyJa, HY>KHHU 3a paboTara Ha Oubnuotekara. [IbpBusr
OT TSIX € MOJAYJIBT, ChIIbpKal] BCHUKH KOMIIOHEHTH onucBaiy U AeGUHUPANIH JbPKAHUETO
u xapakrepa Ha OOexture. [pyr xapakTepeH MOAYJ € MOAYJIbT, ONUCBAIl CTPYKTypaTa U
HaYMHA Ha IPEJICTaBsHE HAa rpa)MIHUTE MOCITH, HY>KEH 3a 3apek/1aHe U MHTepIIPeTUpPaHe Ha
BBHIIHH PECYPCH, ChIABPIKAIIN T€OMETPUIHN (POPMH, SIEMEHTH WU MOJIENH (HA aHTIIHIHCKU
— mesh). B OcHoBHESI MOIYJI ce chABpKAT Habopa oT CHCTeMHU M3ITBJIHSBAIIN ICHCTBUATA
HY)XKHM 3a ITBJTHOTO M3ITBJIHSBaHE Ha Bede AedUHUpaHaATa 1€l Ha mpoekrta. ['pymara ot
CHCTEMH TYK C€ €U B HIKOJIKO OCHOBHM Kareropuu. OcHoBHHM (Ha aHrimiicku — Core) -
HabOp OT OCHOBHM CHCTEMH, KOUTO CE 3aeMarT J1a peniat 0a30BHU 3a/1a4y KaTo TpaHc(hopMalnu,
KOMITO3UPAHE, CeJICKTUPAHE, YIIPABJICHUE HA HUBO HA IETAMTHOCT, TIpeMaxBaHe HAa HEBUIUMHU
obexTH u 1p. [pyra rpyma ca cuCTeMHTe OTTOBOPHH 32 OCBETSBAHE U OCBETIICHHE, KAKTO U
rpymnara OoT CHCTEMH, OTTOBOPHH 3a TCHEpUpPAHE HA JWHAMHYHU CCHKH B PEaTHO BpeMe.
CrnenBaiia e rpynaTta CHCTEMH 32 KOHTPOJ U CUMYJAIUs Ha YaCTHIIM, BOJA, OKeaH, 00IaIy u
KJIMMaT — OKOJTHA Cpea.

U3BOIU
CT>3,I[aBaHCTO Ha l"pa(l)I/I‘IHa 6I/I6J'II/IOT6K3. C 06p330BaTCJ'IHa el € peaim3npyema 3aziavua, 10pu B

PAaMKHUTE Ha HAKOJIKO MCCCIia OT CaM YOBCK HJIM I'pyIlla Xopa. HanbaHo BB3MOXHO € U Pa3BHUBAHETO
Ha OmOnIMoTeKara A0 CbCTOSIHUEC, KOCTO € ITOTOBA 34 U3IIOJI3BAHC 34 MPAKTUYUCCKU UJIX PCAJITHU 3a/1a1H.

3a Aa UMa CMHUCHI PA3BUBAHCTO Ha MOAaIACH IIPOAYKT, OTBBA H3CICAOBATCIICKA MCJ, €

HeoOXO0IMMO OTKpUBaHE Ha MOJXOIIA HHUIIA, KbM KOSITO MPOAYKTHT Aa Obae HacoueH. Ha To3m
eTam MOXe Jia ce TBBbPIHU, Y€ HUIIATa 3a rpaduuHu CUCTEMH M OMOIMOTEKH € YCHEIIHO 3aeTa OT
HAJIOXWINTE Ce MPOAYKTH. ['onsiM HaOOp OT Te3u OMOIMOTEKH pasmoyiarar ¢ OrpoMeH Opoil xopa,
paboTremy Hajg TAX, MOCTOSHHO J00aBAWKM HOBU (YHKIMOHAJIHOCTH, pAa3MIMUPSBaKU TU B
Pa3HOOOpa3HU TTOCOKH, BKITIOUBAIIM HE caMO rpaduyHaTa BU3yaau3alus.

Karo 6’[))161113 IMOCOKa 3a pa3BUTHUEC MOXKE 11a C€ MPOABJIKU C U3CIICABAHEC U CKCIICPUMCHTUPAHE

C pa3IMYHU KOHLEMUUHU U TEXHUKHU 3a rpaduyuHo Buzyanusupane. Pabora ¢ aHuManum, TeEXHUKH 3a
PEATMCTUYHO TEKCTYypUpaHe, IMHAMUYHO TecellipaHe Ha 00EKTH B peajiHO BpeMe U JIp.
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Abstract: Many popular Antivirus (AV) solutions claim to be effective against unknown malware which is wrong.
This paper presents various techniques used by malware developers to evade detections as like as a protection from it. It
comes that some AV solutions have better methods to detect x86 malware than others but when it comes to x64 malware,
they are all way behind the truth.
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INTRODUCTION

The AV solutions can hardly compare each other. Generally, there are 3 stages in the detection
process: Scantime detection (Static detection), Code Emulation (before execution) and Runtime
detection (during execution). The first stage is used by all popular AV vendors for a long time. It’s
based on signatures from known malware files. The AVs are analyzing every file’s icon, assembly
information, Portable Executable [1] (PE) headers, sections, etc. If there is anything wrong with any
of these, the file entropy coefficient increases and when it reaches a certain value, the file is being
detected. Any executable can be inspected by using a PE Viewer, for example — CFF Explorer. It is
an open source which is completely free. In fig. 1 and fig. 2, a part of the analyzed structures is
presented for each scanned file on http://virustotal.com.

Portable Executable Info ©

Header

Target Machine Intel 386 or later processors and compatible processors
Compilation Timestamp 2013-07-29 13:53:11

Entry Point 63550

Caontained Sections 4

Sections
Name Virtual Address Virtual Size Raw Size Entropy MD5
text 8192 55364 55808 5.7 al1fads1ebecab3a2fd166a34cecddes
sdata 65536 189 512 263 e198293a0459348fc65191000ed%ea7?
rsrc 73728 69248 69632 348 f14f084a81dabad777d6d936dc0c5034
reloc 147456 12 512 0.08 391becfb5cb3c92ca849dcae02d025¢

Imports

mscoree.dll

Fig. 1 http://virustotal.com

13 TToknambT € mpencTaBeH Ha cTyneHTCKara HayuHa cecus Ha 03. 05. 2018 r. B cexius ,,Aupopmartuka® c
OpHUrHHAIHO 3ariaBue Ha Obarapeku e3uk: BAUTTACBAHE HA AHTUBUPYCHUTE ITPE3 2018 TO/.
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Contained Resources By Type

RT VERSION 1

RT MANIFEST 1

RT ICON 1

RT GROUP ICON 1

Contained Resources By Language

NEUTRAL 4

Contained Resources

SHA-256 File Type Type Language
55e86¢2fd9084587181adf9ead5270a4242ee82042ca4509fc590c5dad2de382 data RT_ICON NEUTRAL
12598188b44d76a8828aa7a8211c4c1bfa80931617928f5c83dagcdB1a42d64 ASCII text RT_GROUP_ICON NEUTRAL
031626eh3ccec9981626b96f41h74d21aad652f46af021aae86fde0a79ba1d02 data RT_VERSION NEUTRAL
c0085eb467d2c9c9f3950472057183b3cd 1503a34087d0db565161€13527a76f data RT_MANIFEST NEUTRAL

Fig. 2 http://virustotal.com

The first phase is easily passed by obfuscating/packing the file (making the file less readable).
Although, there are non-malicious files that often get detected by a mistake. Through the second
phase, the AV is running executables in an emulated environment which is monitoring for suspicious
behavior. At the last phase, some AVs were found to implement dynamic techniques to identify
suspicious behavior while the malware is executing on the system.

PORTABLE EXECUTABLE OVERVIEW

Windows PE Loader requires a specific format so the executables can run. Since the AVs also
know that obfuscators/packers are often used to evade static detections, they also attempt to detect
anomalies in PE’s file format. The executables contain two high-level parts: header and sections. The
header contains metadata about the executable and it describes the sections. The sections are
collections of bytes put in a certain order by the compiler.

Executable Header
The executable header consists of the following structures as shown below (fig. 3):

= E Rle: putty exe

— (=] Dos Header

[=] Mt Headers

[=] File Header

(2] Optional Header

[Z] Data Directories [x]
—— (=] Section Headers [x]

Fig. 3 Executable Header's structure

DOS Header

The DOS header is remaining from the old DOS MZ executable format. The first two bytes of
the DOS header correspond to e_magic field that must be equal to 0x54AD — ,,MZ”. The default PE
DOS stub should contain ,, This program cannot be run in DOS mode” text which is ignored by the
modern Windows Operating Systems (OS) and they only verify the ,,MZ” and the offset to the PE
header. If the file doesn’t contain that, the file will be flagged as suspicious. This is shown in fig. 4.
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Fig. 4 PE in memory

NT Header (often referred as PE header)

It starts with a static signature value equal to 0x4550 — ,,PE”. It is also verified by Windows PE
Loader before loading the executable in memory. It consists of two subsections: File Header and

Optional Header.
- File Header
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The only fields of that structure that were found to be checked by the AV vendors are:
TimeDateStamp, PointerToSymbolTable and NumberOfSymbols. If the TimeDateStamp has
unrealistic value or the rest two fields aren’t zeros, the file entropy value increases. It is shown in fig.

Ry

5:
H

-

= ﬁ Rle: putty exe

— (£ Dos Header

[E] Mt Headers

|Z File Header

[Z] Optional Header

— [=] Section Headers [x]
— hﬁlmport Directory

— lilResource Directory
— hﬁException Directony
— (£ Relocation Directory

[Z] Data Directories [«]

Member Offset Size Value ‘Meaning
Machine 00DODDDEC Word 8664 AMDE4 (K8)
NumberOfSections | 000D00EE Word 0006

TimeDateStamp 000000FD Dword 52044350
PointerToSymbelTa... | 000000F4 Dword 00000000
MumberOfSymbols | DD000D0FE Dword 00000000

SizeOf OptionalHea... | D00000FC Word O0FO

Characteristics 000D0OFE Word 0022 Click here

Fig. 5 File Header fields
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Member Offset Size Value ‘ Meaning ‘
Magic 00000100 Word 0208 PEG4
MajorLinkerVersion 00000102 Byte 0A

MinerLinkerVersion 00000103 Byte 0o

SizeOfCode 00000104 Dword 00076400

SizeOflnitializedData 00000102 Dword 0002FE00
SizeOfUninitializedData 0000010C Dword 00000000

AddressOfEntryPoint 00000110 Dword 00069188 Jtext
BaseOfCode 00000114 Dword 000071000

ImageBase 00000118 Cweord 0000000140000000
SectionAlignment 00000120 Dword 00001000

FileAlignment 00000124 Dword 00000200
MajorOperatingSystemVers... | 00000128 Word 0005
MinorOperatingSysternVers...| 00000124 Word 0002

MajorlmageVersion 0000012C Word 0000

MinerlmageVersion 0000012E Word 0000

MajorSubsystemVersion 00000130 Word 0005

MinersubsysternVersion 00000132 Word 0002

Win32VersionValue 00000134 Dword 00000000

SizeOflmage 00000138 Dword DODAEDDD

SizeOfHeaders 0000013C Dword 00000400

CheckSum 00000140 Dword 0DOBOSFS

Subsystem 00000144 Word 0002 Windows GUI
DICharacteristics 00000146 Word 8140 Click here
SizeOf5tackReserve 00000148 Cword 00000000001 00000
SizeOfStackCommit 00000150 Cword 000000000000 1000

Fig. 6 Optional Header fields

- Optional Header

The Optional Header contains a lot of information from the Section Headers (fig. 6).

The SizeOfCode, SizeOflnitializedDate, SizeOfUnitiliaizedData, BaseOfCode and
BaseOfData fields are directly related to information found in the Section Headers at the very end of
the executable’s header. If there is any inconsistency between them, several AV solutions raise
detections. The most important fields in this section are: SizeOfHeaders, SizeOflmage and
AddressOfEntryPoint. They are used when we want to inject an executable in memory. The
AddressOfEntryPoint contains the offset to the entry point where the PE loader will start executing
from. It is often modified in order to hijack execution which also flags a detection.
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ti' @ putty exe |

Member Offset Size Value | Section
= IﬁFile: putty exe R
=
|~ @ Dos Header Export Directory RVA 00000170 Dword 00000000
E] Nt Headers Export Directory Size 00000174 Dword 00000000
=] File Header i
| rt Directory RVA 00000178 Dword 00098E9C .rdat
& Optional Header e wer reata
[Z Data Directories [x] Import Directory Size 0D00D17C Dword 00DD0DOFD
— 5 Section Headers [ Resource Directory RVA 00000180 Dword 00DAS000 src
— ) Import Directory
— ) Resource Directory Resource Directory Size 00000134 Dword 00003904
(D Exception Directory Exception Directory RVA 00000133 Dword DDDA3000 pdata
— D Relocation Directory
— '-‘j_-,Mdm Converter Exception Directory Size 0000018C Dword 00005850
— %) Dependency Walker Security Directory RVA 0000190 Dword 00000000
— i, Hex Editor
— -.‘j_., Identifier Security Directory Size 00000194 Dword 00000000
- ""j.': Import Adder Relocation Directory RVA 00000198 Dword 0ODADODD relec
— -‘j_,Quck Disassembler
I & Rebuilder Relocation Directory Size 0000019C Dword 00000890
o
‘— %), Resource Editor Debug Directory RVA 00DDD1AD Dword 00000000
Debug Directory Size 00000144 Dword 00000000
Architecture Directory RVA 00000148 Dwaord 00000000
Architecture Directory Size 000001AC Dword 00000000
Reserved 0D0OOD1ED Dword 00000000
Reserved 00000184 Dword 00000000
TLS Directory RVA 00000188 Dword 00000000
TLS Directory Size 000001BC Dword 00000000
Configuration Directory RVA 000001C0 Dword 00000000
Configuration Directory Size 000001C4 Dword 00000000
Bound Import Directory RVA 000001C3 Dward 00000000
Bound Import Directory Size 000001CC Dword 00000000
Import Address Table Directory ... | 00000100 Dword 00073000 rdata

Fig. 7 Data Directories fields

- Data Directories

The data directories are a subsection of Optional Header. This is a table of offsets to the specific
directories in an executable. Import directory and relocations directory must be resolved in order to
run specific executable in memory. The IAT (Import Address Table) references a structure that lists
the functions of external DLLs on which the executable relies (for example: Kernel32.dll,
NTDLL.DLL, etc.). The executable will have relocations directory only if ASLR (Address space
layout randomization) is enabled while compiling the file. It contains all global variable addresses
and whenever the executable is re-opened, it puts those variables on random places (offsets) in
memory. The most Delphi applications require a TLS (Thread-Local Storage [2]) directory which
should be resolved as well. The TLS callbacks are executed before the entry point (Main function).
There are static TLS slots that should be resolved for each new thread. Data Directories fields are
shown in fig. 7.

Section Headers

In fig. 8, the section headers is shown for ,,putty”. It has 6 sections: ,,.text” section contains
the program’s code; ,,.rdata” contains specific metadata (in our case: Import Directory, Import
Address Table Directory); ,,.data” — static data from the code (e.g. hard-coded static strings);
,»-pdata” — Exception Directory; ,,.rsrc” contains additional resources like version information and
bitmap icons; ,,.reloc” has the Relocation Directory which means that ASLR for the executable is
enabled. Characteristics field is also important because it contains the protection flags of each
sections (read, write and execute), as well as information about the content of the section which
is a duplicate from Optional Header. If all sections are RWX (read, write and execute), the AVs
are raising suspicion.
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Fig. 8 Section Headers Overview

pe and Interf

[1

i3

Program

e and Interf

ETYPE]")}

Fig. 10 Loader content (unobfuscated)
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Mame Virtual Size Virtual Address | Raw Size Raw Address Reloc Address | Linenumbers | Relocations M. | Linenumbers ... | Characteristics
Byte[8] Dword Dword Dword Dword Dword Dword Word Word Dword

text 00076281 00001000 00076400 00000400 00000000 000D0D0D 0000 0000 60000020
.rdata 00022F22 00078000 00023000 00076800 00000000 00000000 0000 0000 40000040

.data 000077C4 0009B000 00002200 00059800 00000000 000D0D0D 0000 0000 CO0D0040
.pdata 00005850 000A3000 00003400 0009BAOD 00000000 00000000 0000 0000 40000040

JIsrC 00003904 000AS000 00003400 000AT400 00000000 00000000 0000 0000 40000040
reloc 0DODOFTO 000ADD0D 00001000 000A4EDD 00000000 00000000 0000 0000 42000040
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Fig. 11 Loader content (obfuscated)

STUB DESIGN

The most malicious files are composed of a loader and a stub. The loader has the stub bytes
encrypted and saved in Resources (or for example in: section headers, byte array, string variable,
etc.), it decrypts those bytes at runtime (during execution) and it loads them in memory. The stub’s
construction is exactly like loader’s but instead of the stub bytes it has payload’s bytes (the real
malware) stored in the Resources and the method of executing those bytes in memory is different

than loader’s because it would get killed at runtime by some AVs.

@ 0«

© e

Cao@®@a¢ e

¥ NoDistribute

Host.exe

d1b661dfeB478a780052fc1 6d5447afD

Malware detected
Trojan.Fynloski (A)
Trojan.Inject AUZ
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MSIL

Malware detected
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Win32/Fynloski.AA trojan
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Malware detected
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Fig. 12 Non-obfuscated/packed malware
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& Nobistribute

r  Output_obfuscated.exe 379 KB
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Fig. 13 Obfuscated malware

For the research, a privately made example crypter by the author. The most of the malware files
are coded in C/ASM so they won’t have a dependency and they can run on a fresh installed Windows
OS from XP to 10. These examples were made in C# which requires .NET Framework to be installed
on targetting system. By default, Windows 8, 8.1 and 10 has .NET Framework 4.0, but Windows XP,
Vista and 7 have only .NET Framework 2.0. The examples are using dnSpy for source code view. In
fig. 9, 10 and 11, an example stub and loader are presented.

To test whether the obfuscated file passes phase 1 (scantime) or not, the file can be scanned on
http://nodistribute.com, http://viruscheckmate.com or by using installed on PC AVs. Note that
http://nodistribute.com, http://virustotal.com, https://www.hybrid-analysis.com and a few others are
distributing files to the AV labs for detailed analysis. So, it’s not the best idea to scan there while
doing a research like this.

Fig. 12 and 13 are showing the differences before obfuscating and after obfuscasting a
malicious file. Fig. 13 shows that there are 0/37 detections which means that the file is completely
FUD (Full Undetectable) at scantime. The analyzed file is 32-bit architecture which matters. The
most AVs doesn’t have implemented same engines for 64-bit files as like as they do have for 32-bit
files. The reason is because the most of the malicious files are made to target 32-bit systems. Anyway,
scantime is the beginning of bypassing. For phase 2 (Code Emulation) and phase 3 (Dynamic
techniques to detect malware at runtime), there should be some code to prevent each AV strong
feature so we will be able to bypass them.

The following AVs were object to the research for phase 2 and phase 3:
- Windows Defender (on Windows 10 which is not trash as like as Windows 7’s is)
- AVAST/AVG (Same engine)
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- Avira

- ESET NOD32 Antivirus

- BitDefender Antivirus

- Kaspersky Antivirus

- Norton Security

- Malwarebytes Anti-Malware
- 360 Total Security

Not going to discuss AVs like McAfee because they are years behind the above mentioned.

Bypassing Emulation (phase 2)

A few AVs were found to implement emulation technique. A code from the most used anti-
emulation technique by malware developers is presented below. The following check uses two
timers to detect any sleep emulation. This is not the best way to do this but it is the most used.

private static void AntiEmulation()

{

DateTime then = DateTime.Now;

int timeout = new Random(Guid.NewGuid().GetHashCode()).Next(800, 1200);

typeof(Thread).GetMethod("Sleep", BindingFlags.Public | BindingFlags.Static,
null, new Type[] { typeof(int) }, null).Invoke(null, new object[] { timeout });

DateTime now = DateTime.Now;

if (((now - then).TotalMilliseconds) < timeout)
{
GC.Collect(@, GCCollectionMode.Forced);
GC.WaitForFullGCComplete();
GC.WaitForPendingFinalizers();
throw new BadImageFormatException(null, default(Exception));

£ Memory Viewer — [m| X
File Search View Debug Tools Kerneltools
ntdll.ZwFsControlFile

Address Bytes Opcode Comment ()
ntdll.ZwFsControlFile

ntdll. ZwFsConBS 39001800 mov eax, 00180039 1769529

ntdll. ZwFsConBA FOSC3477 mov edx, ntdll.RtlinterlockedCec[921825FF]

ntdll.ZwFsConFF D2 call edx

ntdll. ZwFsConC2 2800 ret 0028 40

ntdll.ZwFsCong0 nop

ntdll.NtWriteVirtualMemory

ntdll.NtWrite\ES 7TE3D4TFS ji as5) 0
ntdll NtWriteVBA FOSC3477 mov edx,ntdll.RtlinterlockedCc[921825FF]

ntdll.NtWrite\VFF D2 call edx

ntdll.NtWritevC2 1400 ret 0014 20
ntdll.NEWritev 30 nop

ntdll.NtCloseObjectAuditAlarm

ntdll.MtClose(BS 3B000000 mov eax, 00000036 59
ntdll.NtClosecBA FOICI4T7 mov edx,ntdll.RtlinterlockedCc[921825FF]
ntdll.MtClose(FF D2 call edx

ntdll.NtClose(C2 0C00 ret 00oC 12
ntdll.NtClose(30 nop

ntdll.NtDuplicateObject

ntdll.NtDuplicBS 3C000000 mov eax,0000003C 60
ntdll.NtDuplicBA FOSC3477 mov edx,ntdll.RtlinterlockedCc[921825FF]
ntdll.NtDuplicFF D2 call edx

ntdll. NtDuplicC2 1C00 ret 001C 28
ntdll.NtDuplic90 nop

jump near

Protect:No Access Base=00A96000 S5ize=51A000

address 00 01 02 03 04 05 06 O7 S OA OB OC OD QOE OF 10 11 12 13 14 15 16 17
Q0AS6000
00AS6018

Fig. 14 AVAST/AVG NtWriteVirtualMemory Inline Hook

Bypassing AVs at runtime (phase 3)
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- Hooks

AVAST/AVG has implemented Ring3 (userland) inline hooks. They are hooking a few
WinAPIs from ntdll.dIl which means that kernel32.dll APIs are also affected by it because they
refer to ntdll ones at some point. The inline hooks are replacing the very first 5 bytes with a jmp
instruction which jumps to a trampoline function used to find suspicious activity. In fig. 14, a hook
on NtWriteVirtualMemory is installed. There is also shown that there are a few more API’s whose
first 5 bytes are normal (not hooked). This can be easily bypassed by using syscalls (C/C++) or
manually mapping our own copy of ntdll in the remote process and using the WinAPIs from it (the
same way game hacks are bypassing anti cheats).

On the following code, all hooked WinAPIs by AVAST/AVG are presented:

[4392] output.exe!ntdll.dll->RtlQueryEnvironmentVariable || [@0x7790B6B@] => aswhookx.
[0x6FDA35DB] || Inline - Detour [5 Bytes] || push 26h | | jmp 6FDA35E@h
[4392] output.exe!ntdll.dl1->NtQueryInformationProcess || [@x7792E8DO] => aswhookx.
[0x6FDA366B] || Inline - Detour [5 Bytes] || mov eax , ©0000019h || jmp 6FDA3670h
[4392] output.exe!ntdll.d1ll->NtMapViewOfSection || [6x7792E9E@] => aswhookx.
[0x6FDA29EB] || Inline - Detour [5 Bytes] || mov eax , ©00000028h || jmp 6FDA29F@h
[4392] output.exe!ntdll.dll->NtWriteVirtualMemory | | [0x7792EB@G@] => aswhookx.
[6x6FDA287B] || Inline - Detour [5 Bytes] || mov eax , ©000003Ah || jmp 6FDA288@h
[4392] output.exe!ntdll.dll->NtOpenEvent || [@x7792EB60] => aswhookx.
[6x6FDA2DEB] || Inline - Detour [5 Bytes] || mov eax , 00000040h || jmp 6FDA2DF®@h
[4392] output.exe!ntdll.dll->NtCreateEvent || [0x7792EBE@] => aswhookx.
[0x6FDA2C9B] || Inline - Detour [5 Bytes] || mov eax , ©00000048h || jmp 6FDA2CAGh
[4392] output.exe!ntdll.d1ll->NtResumeThread | | [0x7792EC80] => aswhookx.
[6x6FDA2B8B] || Inline - Detour [5 Bytes] || mov eax , ©0070052h || jmp 6FDA2B9@h
[4392] output.exe!ntdll.dll->NtCreateMutant | | [0x7792F230] => aswhookx.
[0x6FDA2F2B] || Inline - Detour [5 Bytes] || mov eax , ©@0@0@ADh || jmp 6FDA2F30h
[4392] output.exelntdll.dll->NtCreateSemaphore || [0x7792F2E@] => aswhookx.
[6x6FDA31BB] || Inline - Detour [5 Bytes] || mov eax , ©00000B8h || jmp 6FDA31C®@h
[4392] output.exe!lntdll.dll->NtCreateUserProcess || [0x7792F370] => aswhookx.
[0x6FDA344B] || Inline - Detour [5 Bytes] || mov eax , ©000000Clh || jmp 6FDA3450h
[4392] output.exe!ntdll.dll->NtOpenMutant || [0x7792F910] => aswhookx.
[6x6FDA307B] || Inline - Detour [5 Bytes] || mov eax , ©000011Bh || jmp 6FDA3@80h
[4392] output.exe!ntdll.d1l1->NtOpenSemaphore || [0x7792F980] => aswhookx.
[6x6FDA330B] || Inline - Detour [5 Bytes] || mov eax , 00000122h || jmp 6FDA331@h
[4392] output.exe!ntdll.dll->RtlDecompressBuffer || [@x77990EB@] => aswhookx.
[0x6FDA34FB] || Inline - Detour [5 Bytes] || mov edi , edi || jmp 6FDA3500h

Kaspersky and Norton have implemented SSDT hooks (this time — kernel mode). This means
that the bypass methods from AVAST/AVG will not work here because our file has only user
permissions. Anyway, It doesn’t mean that it cannot be bypassed. It can be done by preventing
kernel drivers (for the SSDT hooks) from being loaded.

Cloud Protection

Avira and Norton have implement a Cloud Protection which sends the file to their labs for
a review. It only happens if the injection method is detected like non-modified Process
Hollowing/Dynamic Forking. It can also be bypassed by pumping the file with 3 MBs. This means
that if our file is 358 KB, it should be pumped with junk bytes up to at least 3 MBs.

Memory scan

ESET’s Memory Scanner (HIPS) is scanning all memory regions in each executable for
anomalies/execution patterns of known malware. It can be bypassed by two ways. The first one
is to set proper section protections by getting the values from Characteristics field and not only
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RWX (read, write and execute) permissions everywhere and making our newly allocated memory
for the injected image (payload) either Image or Mapped (fig. 15). The second one is to spam
PAGE_GUARD (protects memory region) on the headers which doesn’t break the performance
in any way.

0x3d0000 Mapped 8kB R
0xa8f0000 Private B4kE RW Heap 32-bit (ID 3)
0x300000 Mapped 3k8 R
0x350000 Private 1,024kB RW Heap 32-bit (ID 1)
¥ 0xa70000 Image 780 kB WCX
0xa70000 Image: Commit 156kE R
0xa97000 Image: Commit 20kE RW
0xa5c000 Image: Commit 4kB R
0xa9d000 Image: Commit 12kB  WC
0xaa0000 Image: Commit 544kB RX
0xb23000 Image: Commit 44kB R
0xb40000 Private 1,024k8 RW Stack 32-bit (thread 5044)
0xc40000 Privatz 1,024k8 RW Stack 32-bit (thread £420)

Fig. 15 Proper memory protections

INJECTION TECHNIQUES

Process Hollowing/Dynamic Forking (RunPE)

Process Hollowing/Dynamic Forking is the most used technique by malware developers. It
spawns a suspended legit child process (like svchost.exe), allocates space inside it for the malware,
copies PE headers and sections to that space, sets proper protection flags to the sections, patches
Process Environment Block (PEB) [3] (modifying the base address to the new one) and then
releases the thread. The AV solutions could have easily implemented a method which scans for
mismatching fields from the PE on disk and PE in memory. Therefore, they would have killed this
method long time ago but it looks like they don’t care or they have no idea of what they are facing.

Process Doppelginging

Process Doppelgidnging is a new technique which uses NTFS cache system. It creates a
transaction and then a transacted file on the disk which is not visible though because of the
NTFS’s cache. It then writes payload bytes into it and it creates a new section which we later map
into the chosen process.

PE Loader (LoadPE)

PE Loader is also often used technique but it’s more complicated to code because instead
of injecting into a child process, we are injecting in the parent process’ memory space. It means
that we have resolve IAT, Relocations, TLS Directory, Static TLS (eventually if we aren’t calling
the entry point by CreateThread WinAPl).

PROTECTION

After this research, the author of the paper finds these AVs for the most capable to use:
- Windows Defender (Windows 10)
- Kaspersky
- Norton Security
- ESET Antivirus
Better than nothing:
- Avira
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Having an Antivirus is not enough but it helps. Human’s brain is the strongest protection
against malware. Don’t open suspicious files unless they are from a trusted source. Scan each
downloaded file on http://virustotal.com before executing it because they distribute files to AV
labs for further analysis and the results appear quickly. Don’t look on the detection ratio from
infamous AVs because they often mislead to false positive detections. Note that the executables
are not the only dangerous files. There are exploits for putting an executable inside a “.doc(x)”,
“mp3”, “.mp4”, “.pdf”, etc.

CONCLUSION

This paper presents how easy the AVs can be bypassed. Every injection method could be
prevented as like as it was described for Process Hollowing. The author of this paper is thinking
of starting an Antivirus Software project that would implement better methods than the existing
ones against malware.
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Abstract: Treasureland is a single player 2D platform game. It is based on Unity Engine using C#. Everyone likes
playing games in the free time. The games are a good way to relieve stress or just to play them for fun. Treasureland is
generally made for children but adults can also play it as well.
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BBBEJIEHME

CrhlecTByBaT MHOTO TIOJI3M OT KOMIIOTHPHUTE UTPpHU. Te pa3BUBAT yMEHUS HA UTPACIIHUS KATO:
KOHIIEHTpaIus, peICKCH, TJOrHIeCKO MUCIICHE, aallTHBHU yMeHus 1 ap. Treasureland e manka urpa
Y HE U3UCKBA MHOT'O IMPOU3BOAUTEIHOCT Ha KOMITIOTHPA. Ts1 € CPaBHUTEIHO MPOCTA UT'Pa U CE Urpae
necHo. Ha ¢ur. 1 e npeacraBeno MeHroTo Ha urpata. OCHOBHATA 1€l Ha Ch3aaTesst Ha Treasureland
e ch3aaBane Ha 2D matdopmena urpa Ha Unity, KosiTo BKJIFOUBa KOHTPOJIMPAHE Ha JIBUXKCHUSATA HA
TJIaBHUS TEPOI B UTpaTa U B3aUMOJICHCTBHE ¢ pa3nuyHu 00eKTH. To3u BUI UTPH € TI0OMM Ha MHOTO
xopa. FMima MHOro TakrBa UTPHU U BBIIPEKU TOBA XOpaTa MPOIbIAKABAT 1a UCKAT oule. To3u THI Urpu
€ €IMH OT Hal-CTapUTe, HO MPOIbJKaBa Ja MPEICTaBsiBa UHTEPEC 3a Urpaunte. Hakou ru urpasr
OT HOCTAJITHs, IPYTH CIIEST 32 HOBU MOA00pEHMs M HOBH HjeH. 1reasureland e cb3manena ¢ yueOHu
LEeTIH.

N30 KEHHUE
Kak padoru urpara?

Treasureland e makcumanHo ompocteHa. B urpara uMa enuH riiaBeH repoid, KOWTO UTPaybT
KoHTponpa. OCHOBHMTE IIelM B UIpara ca: CbOMpaHe Ha CBKPOBHILA, NPEOJOJsIBaHE Ha
NPEISIICTBHS M IOCTUTaHe Ha (prHAA Ha BCIKO HUBO. MiMa camo 3 HuBa, HOo UNity 1aBa Bb3MOXKHOCT
M3KIIFOYUTETHO JIECHO JIa ce J00aBsT Ollle, €AMHCTBEHO Ype3 NMPHUIbPIIBaHE HA 0OEKTH BB CIIEHATA.
I'maBHMAT repoil ce ABMXKH, cKada M u3cTpenBa oOekTtu. Mrpara moxe na ce urpae KakTo ¢
KJIaBHATypa, Taka U ¢ JPKOMCTHUK.

14 JloknamwsT e mpeicTaBeH Ha CTyjeHTcKaTa HayuHa cecusi Ha 03.05.2018 B cexnms ,MHdopmaruka® c
opuruHaiHO 3ariasue Ha Obarapeku e3uk: TREASURELAND — 2D ITIJIAT®OPMEHA UT'PA.
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®ur. 16. 'naBHO MEHIO

Coins: 0
Health: 3/3
Shots: 5/5

_AMAAA

®ur. 17. Huso 1

CrapTupaHe Ha UrpaTa

Crnen karo urpara e crapTupaHa, B TOPHHUSI JISIB bI'bJI IMa TPH CHOOIICHHS, TOKa3Bally Opos Ha
chOpaHHUTe CHKPOBUIIA (3amoyBall OT Hyja), TOYKUTE 3/IpaBe U Oposi Ha OCTaBaIlIUTe U3CTpeau. B
HAYaJI0TO reposiT UMa 3 TOYKH 3/jpaBe U pas3noiara ¢ 5 uzcrpena. Toil Moxe J1a yHUII0kKaBa HAKOU
MIPENSACTBUS (HApUMeEp CTeHH), CTpelsiku 1o Tsax. KoraTo 6posT Ha uzctpenute crane 0, repost
HE € Croco0eH J1a CTpeis, JOKAaTO HE CE 3apejiu C OIlle U3CTPEeNH, KOUTO MOTraT J1a ObJaT OTKPUTH Ha
3emsiTa. ['eposT He MOXe J1a IMa MoBeUe OT 3 TOUYKH 37paBe M 5 U3CTpea, HO ChIECTBYBAT OOCKTH,
KOUTO MOTAT Jia yBeIUYaT MaKCUMAIIHUs OpOil.
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®ur. 3. Huso 2

®ur. 4. Huso 3

Huga

Wwma tpu u300paxenus ot urpata Ha ¢ur. 2, ¢ur. 3 u ¢ur. 4. Huso 1 e BpBexnamo HuBo. Ha
HUBO 2 00CTaHOBKAaTa € MaJIKO MO-paszinudHa. Homr e ¥ € mo-TpyaHo /a ce BHIAT CHKPOBHINATA U
IpersiAcTBUATa. ToBa MpaBU Urpara Mo-Ipeau3BUKaTeNHa U o-uHTepecHa. Ha HuBo 3, reposT ce
HaM#pa Ha HOBO MSICTO U TOH TPsIOBA J]a CH TPOTIPABH IIBT MPE3 MHOKECTBO CTCHH.
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@ur. 5. Game Over

Kpaii Ha urpara

Koraro repost ce 70KOCHE 10 onmacHOCT (mpemnsacTBue), Toi ryou 1 Ttouka 3apase. Korato
TOYKHTE 3jpaBe CTAaHAT HyJa, FeposiT yMHUpa U CE MOSIBSIBA ChOOIIEHNE 3a pecTapTUPaHE Ha HUBOTO.

HponanaHeTo B IpOoIacCT ChbIIO BOAH OO0 PECTAPTHPAHC HA HUBOTO.

Graphics | Input
Sereen resolution | 1366 x 768 b [ windowed
Graphics quality Fantastic i
Select monitor Display 1 ~

Flay!

®ur. 6. [Ipo3operr ¢ KOHPUTYpaAILTUU

I'naBHO MEHIO U MEHIO ,,1ay3a*

Quit

B HauanoTto Ha wrpara ce oTBaps rJIaBHOTO MEHIO, KbJETO ce M30upa naiu Ja ce crapTupa
HSKO€ OT HUBATa WK Jia ce u3ne3e ot urpara. C uzbupane Ha HUBO — Urpara 3amnousa. C HaTHCKaHE
Ha OyToHa ,,ESC* ce oTBaps MeHIo ,,may3a“ (¢ur. 7). B To3u MOMEHT Urpara € BpeMeHHO CTOIHUpaHa.
ToBa MeHIO Tpeiara Bb3MOKHOCT 32 BH3CTaHOBSIBAHE HA UTpaTa, OTHBAHE B INIABHOTO MEHIO HITH

H3JIM3aHC OT Urpara.
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Kon¢urypauuu npeau ctapTupaHe Ha Urpara

Unity npeanara npo3opel;, KOWTO ce 0TBaps Mpeau CTapTupaHe Ha urpata. B To3u mpo3opei
Morar Jia ce KOH(pUrypupar: KaueCTBOTO Ha rpaukara, pe3orousITa, KOHTPOIUTE H Jp.

@ur. 7. Menro ,,Ilay3a“

o
|

n
bz =t Center | © Global © Collab -
EAEIEIPA = [ & Glabal

uuuuuu

anvas B SR D TS

Bullet-PickUps
Fires

Hearts
EventSystem
rrrrr

Valume

Pitch

Coins text

Health Text
Shots Text Spatial Blend
Reverb Zone Mix

Stereo Pan

¥ 3D Sound Settings
G Scripts
&5 sprites

@wr. 8. Unity maarpopma

Unity u C#

ITpaBenero Ha mpocta urpa Ha Unity [1] e cpaBHUTENHO J€CHO, HO HAEUTE OTHEMAT J0CTa
BpeMe. PazpaboTkaTa W3MCKBa pUCyBaHe Ha M300paXeHUs, U3IOI3BANKU rpaduyeH peaakTop KaTo
Paint.NET, Photoshop u T.H., npuabpiiBaHe Ha Te3u W300pakeHHs B ClieHaTa, KOHGUTYpUpaHe Ha
TEXHHUTE XapaKTEPUCTUKH M MHCAHETO HA CKPHUITOBE 3a Te3u obexkTn Ha C# mm Javascript. Koraro
ce 1o0aBu N300pakeHHe KbM CIIEHATa, B HAYaJIOTO TO HAIMa HUKAaKBU QYHKIMH. To € MpocTo 4acT OT
CIICHaTa, He MY JIeHiCTBa I'paBUTAIIMS U 110 HUKAKbB HAYWH HE MOJKE JIa Ce B3aUMO/ICHCTBA C HETO. 3a
TOBa € HEOOXOAUMO Jia ce 100aBAT KoMrmoHeHTH KbM n3obpaxenuero (Collider, Rigidbody u ap.).
Crnen ToBa € BB3MOXKHO J1a C€ 3ama3u KOHPUTYpUpaHOTO n300pakeHne (00EKT), Taka 4e J1a MOXKe J1a
Ce M3MO0JI3Ba MHOXKECTBO MMbTU. TOBa MpaBu J00aBIHETO HA HOBU HUBA MHOTO JIECHO. 3a J1a ce J00aBu
(GYHKIIMOHATHOCT, KOATO HE € mpepoctaBeHa ot Unity, e Heooxoaumo aa ce Hanwumie ckpunt. Cren
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TOBA TO3M CKPUIT C€ MpHUKaya KbM 00EKTa 3a KOUTO 11e AeiicTBa. EnuH 00eKT MOXke J1a UMa MoBeye
oT enuH ckpunT. M3o00pakerust oT enKkuHBT Ha UNity ca npeacraBenu Ha ¢ur. 8 u ¢wur. 9. Ha ¢wur.
8 e m3oOpasen enmxuHbT Unity. Tyk ce ch3maBa urpara. OTIISIBO ca BCUYKUA OOCKTH, KOMTO ca
nobasenu B ciieHata. OTISCHO ca BCHYKH KOH(MUTYpaIliy 3a u30paHust 00eKT (B TO3H cirydait — Main
Camera). LlenTpanHo cTou camaTta crieHa. Haif-oTmony ce Brk/a Kak u3riexaa camara urpa. Ha ¢wur.
9 e n300pa3eH peXXMMBT Ha MIpa Ha IsUT ekpaH. byTonst ,,Play” ¢ HatucHar u urpara e mycuara. C
HaTHCKaHE Ha Te3u OyTOHM UrpaTa MoXe Aa Ob/ie cTapTUpaHa, CIHpaHe WM IPOCTO May3upaHa C el
Ja ce KoH(pUTrypHupa Hello.

€0 Unity 55.111 Personal (64bit) - Level 2.unity - TreasureLand - PC, Mac & Linux Standalone <DX11> = o X

@wr. 9 Pexxum ,,Urpa“ B Unity

U3BOIMN

KowMmmtoTepHuTe Mrpu BUHAru Iie NpejacTaBsBaT MHTEpEC 3a xopaTa. Te HempeKkbCHATO ce
IIPOMEHST M yChbBBbpLIEHCTBAT. [I[paBeHeTo Ha KOMIIOTHPHU UIPU € J0OBP HAUMH 3a YCBOSIBAaHE Ha
TEXHHUKHU OT NMPOTrpaMHpPaHETO U KOMIIOThpHATa rpaduka. OCBEH IMOJIE3HO, IPABEHETO HA UTPH € U
3ab6aBHO. ToBa MOTHBHpa pa3paboTurKa Ja paboTH PEJOBHO U Ja U3MPOOBA HOBU TEXHUKHU.
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Abstract: The paper reviews current trends in research on ensuring the reliability of software systems. The
tegniques for ensuring the reliability of software systems are analyzed and the problems to use them. Particular attention
is paid to measuring the reliability of the software. The objective is to develop an assessment of the reliability of the
software in the process of developing requirements or at the design stage of the system. At a later stage, it often leads to
abreach of its safety. The main trends in software quality assurance are related to the study of effective software reliability
techniques.

Keywords: Software systems, Software quality, Sofware reliability, Tehniques, Problems, Design, Testing,
Assessment, Measurement.

BBBEJIEHUE
CodTyepbT € HaBCAKDB/IE B HAIIETO €XeqHeBUE. Tol ce e MpeBbpHAN B HEpa3/JeliHa 4acT OT
CHBPEMEHHOTO MOJIEPHO OOIIECTBO — JOMAaKWHCKH Yypeau, TEJICKOMYHHUKAIlMA, aBTOMOOWIIH,

camoJseTH, oOyueHue, pa3BledeHus U Jip. B crieicTBie Ha TOBa HayKaTa M TEXHOJIOTHHUTE CE HY>KIasT
OT BHCOKOKadecTBeH codryep. Pa3MepbT U CIIO)KHOCTTa Ha CO(TYepHUTE CHCTEMHM HapacTBa
JPACTHUYHO Mpe3 MOCIEAHUTE IECETUIIETUS U TOBA € yCTONYMBa TeHAeHIMs. [[porpaMHnTe rpeiiku u
HEHaJie’KHaTa paboTa Ha CUCTEMUTE MOTaT J1a A0BEAAT 10 CEPUO3HU, JOpH (aTalHU OCIEACTBUS U
3aryou Ha OusHeca. ToBa xapakTepusupa HaJIeXKIHOCTTa KAaTO Hai-BaKHUSA WU3MEpPUM (PakTop 3a
MOBUIIIABAHE HA KAUYECTBOTO U CUTYpPHOCTTA Ha codTyepHure cucremMu. CodryepHa KpH3a ch3aaBa
OTPOMHHU BB3MOXKHOCTH 3a HW3CIEAOBaTeNUTe Ha COPTYyepHU TEXHOJIOTHH, KAaKTO U 3a
MPAKTUKYBAIIUTE CHEIUATUCTH. BB3MOXKHOCTTA 3a TPOU3BOACTBO HA KAaue€CTBEHO COQPTYyEepHO
pelIeHre € He caMO HeOOXOAUMOCT, HO U KITFOUOB OTJIMUUTENEH (haKTop 3a MOAEpHUS OHU3HEC.

[Tonsituero ,,copTyepHa HaASKIHOCT “‘ce meduHUpA KaToO ,,BEPOSTHOCTTA Ha IpaBUIIHATA
pabota Ha coTyepHaTa cUcTeMa 3a omnpezesieHo Bpeme B onpenaeicHa cpena “[ANSI/IEEE, 1991].
Cpen npyrure atpuOyTH 3a KauyecTBOTO Ha codTyepa KaTo (PYHKIIMOHAIHOCT, W3IMOJI3BAEMOCT,
00XBaTHOCT, MOJAPHKKA U T.H., HAASKIHOCTTA € OCHOBHMAT (DAaKTOp 32 KaueCTBOTO Ha codTyepa,
TBH KaTo OTroBapsi 3a cIocoOHOCTTa Ha coTyepa Ja ce CIpaBsi C TpelIKUTE M0 BpeMe Ha
W3MBIHEHUE, W/WIH CIMOCOOHOCTTa Ha alropuThma Ja MPOABIDKH Ja ONepupa, HE3aBHUCHMO OT
HACTBITUIN aHOMAJIUH BB BXOJIHUTE JaHHU, N3YUCIICHHUATA U T.H.

CrplecTByBalMTE TEXHUKH 32 AaHAJIW3 HA HA/ISKTHOCTTA UMAT CBOMTE HenocTaThiu. Ha mbpBo
MSICTO, TEKYIIUTE TEXHUKHA CHOMpPAT JaHHUTE 3a OTKAa3 MO BpEME Ha TECTOBETE 3a MHTETpAIUs WIH

15 ToknambT € mpencTaBeH Ha CTyAeHTCKara HayuHa cecus Ha 03. 05. 2018 r. B cexuus ,,Aupopmatnka c
opuruHaiiHO 3arjaBue Ha Obiarapcku e3uk: TEXHUKU 3A AHAJIM3 HA HAJEXJIHOCTTA HA CO®TYEPHU
1% p
CUCTEMMU U MTPOBJIEMH ITP1 OCUT'YPABAHETO HA HAEXIHOCT.
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(da3uTe Ha TecTBaHE HA cucTemara. JlaHHUTE 3a TPEIKU, ChOpaHu Mo BpeMe Ha (azaTa Ha KbCHOTO
U3MUTBAaHE, MOXE Jla ca OKaXe TBBbPJE KbCHO 3a OCHOBHM MPOMEHH B mpoekTa. Ha BTOpo msicTo,
JaHHWUTE 32 HEyclieX, ChOMpaHu 10 BpeMe Ha pa3padOTBaHE Ha CHCTEMara MOrar jia ObaaTr B3eTH
OpeABU] OT Pa3pabOTYUIIMTE M 1O TO3W HAYMH Ja ce M30erHaT CPUBOBE B peayiHa paboTHA cpeja.
ToBa e 0cOOCHO BAPHO 32 BUCOKOKAYECTBEHU COPTYCPHH CHCTEMH, KOUTO M3HCKBAT 3a]IbJIO0YCHO
TecTBaHe. TpeTo, HACTOSIIMTE TEXHUKUA WM METOIMTE 3a MOJCIMpPaHE Ce€ OCHOBABAT HA HAKOM
HEPCATUCTUYHU ITPCATIOJIOKCHNU A, KOUTO PABAT OUCHKATA Ha HAACKIAHOCTTA TBHPAC OIITUMUCTUYIHA
CIIPSIMO peaTHUTE CUTYyaIuK. M3cieiBaHeTo Ha TEXHUKH 3a HAJICKTHOCT Ha copTyepa e HeoOX0auMo,
0co0eHo 3a chBpeMeHHuTe coryepuu cucremu [B. Littlewood and L. Strigini, 2000].

B uznoxenuero ime ObaaT pasriieaHd OCHOBHHTE TEXHHKH, OCHUTYPSBAIIU HAISKIHOCT Ha
copTyepHHTEe CHUCTEMH U 1€ OBJAT OMUCAHM HAW-YECTO TMOSBSBAIIUTE C€ MPOOJIeMH TIpU
U3M0J13BaHeTO UM. HUBOTO Ha OTTOBOPHOCT M OTPOMHATA CJIOKHOCT Ha COPTYEPHUTE KOMITOHEHTH,
B PAMKHUTC Ha PAa3JIM4HU CUCTCMHU, BJIUAAT B IrOJidAMa CTCIICH HA TAXHATA 6630HaCHOCT 1 HAJCKIHO
GbyHKIIMOHMpaHE, KOETO O3HAYaBa, Y€ € M3KJIIOYMTEIHO BAXKHO Jla Ce M3CJeBa Bh3JCHCTBHETO HA
codTyepa 1o OTHOLICHUE HA HA/ICKTHOCTTA Ha CUCTEMUTE.

TEXHUKU 3A AHAJIN3 HA HAJEKTHOCTTA

[Ipoy4yBaHeTo Ha TEXHUKHTE 32 aHAIHU3 HAa HAJESKIHOCTTa Ha COPTYEPHUTE CUCTEMHU, BOIU JI0
UACHTUDUKAIMS ¥ TPEJIOKEHHE 3a PEIICHHE Ha TEKYIIUTE NpOOJeMH INpHU OICHSBAHETO Ha
Ha/JeXKIHOCTTA. B OBjeme ce oyakBa Ja ce NPEJIOKH METOJ 3a OICHSBAHE Ha HAJC)KIHOCTTA.
Ch31aBaHeTO HA MPUMEPEH MOJEI 33 OICHSIBAHE HA HAJCKIHOCTTa Ha COPTYCPHUTE CHCTEMH €
CIIEZICTBME Ha pa3pabOTBAaHETO Ha TaKbB METOJ 3a H3UYMCISIBaHE, OCHTypsBall cOo(TyepHOTO
Ka4eCcTBOTO.

TexHUKHUTE 32 aHAIN3 HA HA/ICKTHOCTTA HA COPTYEpPHUTE CUCTEMHU MoraT OBbaT TpyNUpaHu B
3 OCHOBHHM KaTErOpHuu:

»  Ouzaiin 3a HAOeNCOHOCM HA coghmyepa — B TbpPBATA KATETOPHS HAACKIHOCTTA HA
coTyepHara CUCTEMa ce IOCTHUTra 4pe3 pa3padOTBaHE HA HAJCKIIHU KOMIIOHEHTH Ha CHCTEMara.
OCHOBEH MOMEHT B Ta3W KaTETOpHs € Ja C€ OCUTYpH M30srBaHe HA TPEIIKA U TOJIEPAHTHOCT KbM
rpemiky. HaauuHUTEe TEXHUKH BKIIOYBAT OTKPUBAHETO, NMPENOTBPATSIBAHETO HA TPELIKH, TAXHOTO
OTCTpaHsBaHE U JOMYCTUMOCT OT MOSIBIBAHETO HM.

»  mecmeaHe 3a HAOENCOHOCH HA cogmyepa — B Ta3W KaTETOPHATA HAAEKIHOCTTA HA
coTyepHaTa cCUCTeMa ce BJIHsIC OT TEXHHUKUTE 32 TECTBaHE, HAIIPUMEpP TeCTBAaHE Ha HATOBAPBAHETO
WIM pPerpecuoHHO TecTBaHe. OCHOBHATa €)1 HA TEXHUKUTE € Ja C€ OCUTYpU MpPEeMaxBaHETO Ha
HEM3NpaBHOCTH. TEeXHUKHUTE BKIIOYBAT TECTBAHE HA MIOTOKA OT IAHHU, TECTBAaHE HA HEBAJUIHU WIIN
HEOYaKBaHHW BXOJHH JaHHU U CBbP3aHUTE C TAX UHCTPYMEHTH.

»  oyenKka 3a HadedcOHocm Ha cogpmyepa — B Ta3W KaTETOpPHUs HAIEXKTHOCTTa Ha
coTyepa ce IEeMOHCTpUpa Hail-uecTo MOCPEJACTBOM H3IOJ3BaHE HAa TEXHUKHU 33 MOJEIHMpaHe.
OcHoOBHaTa 1IeN € J]a Ce MpelcKa)xke MPOTHO3UPAHETO Ha Tpemkd. HalndHuTe TEXHUKH BKIFOYBAT
3aJ]auy 3a U3MEpBaHe Ha HAJISKTHOCTTA HAa cCOPTyep U MHCTPYMEHTH 32 HaJISKIHOCT Ha copTyepa.

JAu3aiiH Ha HagEeKIHOCTTA Ha codTyepa

PazpaboTBaHeTo Ha BUCOKO Ha/IeXk/IeH copTyep OT IJie[Ha TOUYKa Ha KIIMEHTa € TpyaHa paboTa
3a Bcuuku copryepHu mmxeHepu. Michael R. Lyu B cBostra kHHTa 0000111aBa CICTHUTE YETHPU
TEXHUYECKU 00JIACTH, KOUTO Ca MPUIIOKUMH 32 TOCTUTAHETO HAa HAJICKIHU COPTYEPHHU CHCTEMH U T
MOTarT Jia ce pasriekaaT u kato yetupu TexHuku [M.R. Lyu (ed.), 1996]:

»  Ilpeoomepamseane Ha epewku: 1a ce M30erHaT TPELIKH M0 BpeMe Ha Ch3/IaBaHETO Ha
codryepa;

»  Omcmpanssane Ha cpewku: Aa C€ YCTaHOBU 4Ype3 IPOBEpKAa M BaTUAUpPaHE,
HaJIMYMETO Ha TPElIKU U Te J1a ce IpeMaxHar;

»  OmxnoHeHue npu epewka: na ce OCUTYpH yCIIyra, OTroBapsiia Ha crenuuKammsiTa,
HE3aBHCHMO OT HAJIMYUETO WM Bb3HUKBAHETO Ha IPEIKH;
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»  Ilpoenosupane na epewku: 1a ce OLCHU HAIMYMETO HA TPEIIKU KAKTO M ChOUTHUSATA U
MOCNIEACTBUATA, CBbP3aHU C TAX. ToBa € OCHOBHHAT (OKyC Ha MOJEIMpPAHETO Ha codryepHara
HAJEKTHOCT.

[IpenoTBparsBaHeT0 Ha TpPEIKM € [HbPBOHAYAIHUAT 3aIlIUTEH MEXaHU3bM  Cpelly
HEHaJIeKTHOCT Ha JjajieHa cucteMa. To e 11el1 Ha BCsiKa MEeTOI0JI0THsI Ha CO(PTYepHOTO MHKEHEPCTBO.
OO01uTe MOAXO0AM BKJIIOYBAT (POPMATHU METOAM B crielu(PUKAIIMUTE HA U3UCKBAHUSITA U TIPOBEPKU
Ha MPOrpaMUTE; PAHHO B3aMMOJACUCTBHE C MOTPEOMTENSI M yCHBBPIICHCTBAHE HA M3UCKBAHHATA;
WHCTPYMEHTH 32 IPOEKTUPAHE Ha COPTYEp; MPUHIIUITH, CPEAN U CHCTEMHHU TEXHUKHU 32 MHOTOKPaTHO
M3IIOJI3BaHE HAa KOMIOHEHTHTE Ha codryepa. Ilpu ycmemHOTO MM HpuiIaraHe MEXaHU3MBT MOXKE
HaI'BJIHO J]a MPEIOTBPATU TPEIIKUTE. 3a ChKaJlleHHe 00XBATHT Ha MPUIOKEHUETO MY € OIpaHUYCH.
MexaHU3MHUTE 3a MPEAOTBPATSIBAHE HA IPEHIKM HE MOTAT Ja rapaHTHpaT M30SrBaHETO Ha BCHYKU
copryepuu nedexrtu. [lpu oTkpuBaHeTO Ha rpelIKU B coOPTyepa MPeMaxBaHETO UM € CJIE/IBALOTO
CpeACTBO 3a 3amuTa. /[Ba MpakTHUECKH MOAXO0J]A 3a OTCTPAHSIBAaHE HA TPELIKU ca COPTYEpHOTO
TecTBaHE U co(TyepHaTa MHCHEKLHUS, KOUTO ca CTaHAIU CTaHAAPTHU MPAKTHUKU B o0jacTra Ha
OCUTYpsIBaHE Ha KaueCTBOTO. BBIpeKku ToBa, MOHAKOTa OCTaBaT He3a0eA3aHU TPEIIKU B TIPOLIECUTE
Ha TecTBaHe M MpoBepka. Te ocraBaT BBB codTyepHaTa cHUCTEMa, JOKATO OBJAT OTKPUTU OT
KJIMEeHTUTE. J[OmyCTUMOCTTa KbM TPELIKH € MOC/eIHaTa 3alluTHA JUHUS [IPU NIPEAOTBpaTsIBaHe Ha
nosiBute uM. T e aTpuOyThT 3a ouLensBaHE Ha COPTYEpPHHUTE CHUCTEMH IO OTHOIIEHHE Ha
CMOCOOHOCTTa MM Ja TPEAOCTAaBIT HEMPEKBbCHATO OOCIY)KBaHE HAa KIMEHTHUTE. TEeXHHKHUTE 3a
JOMYCTUMOCT Ha MPOTPAMHUTE TPEIIKH MO3BOJISBAT HA COPTYEPHUTE CUCTEMHU:

(1) ma mpemoTBpaTAT NMOABATA HA MACUBHU CO(YTyepHU OBroBe, KaTO 3alIMTHO IMPOTPaMUpaHE
3a MMPOBEpKa Ha YCJIOBUSTA 32 BbBEXKIaHEe, U3BEK1aHEe U 3a0paHa Ha HETIPaBUIJIHU OIEepaIuy;

(2) ma creasT MOSBUIIUTE C€ TPEIIKH B cOPTyepa ¢ el Ja He Ce pa3lpoCTPaHsIBaT IM0-HATATHK,
KaTo pYTHMHHHU MPOLIEYPH 32 MPOBEPKa HA HEYCIICITHU OIepalllH;

(3) nma BB3cTaHOBSBAT COMTYECpHU OIEpAIMH IMPH MOTPEIIHA YCIOBHS, KAaTO MEXaHHW3MU 3a
MIPOBEpKa U 0OOPATHO BPBIIAHE;

(4) na moHacAT IpellkKd Ha HUBO CHCTEMa IUIAHOMEPHO, KaTO HaIpHUMEp H3I0JI3BAHETO Ha
pa3IMYHU HAYMHU Ha MPOEKTUpPaHe B pa3paboTkara Ha codryep.

W nakpast, ako ce o4akBa J1a Bb3HUKHAT I'PEUIKU B cO(Tyepa, OT ChLUIECTBEHO 3HAYEHHE € TE J1a
ObJaT OLICHEHN U Mpeickazanu. [IporHo3upaHeTo Ha rpelliky BKII0YBa GOPMYJIMPAHETO Ha Bpbh3KaTa
BUHOBEH-HEM3IPABHOCT, pa3OMpaHETO Ha OlepalMoOHHAaTa cpeia, Ch3JaBaHETO Ha MOJEIU 3a
HaJIeXKIHOCT Ha codrTyepa, pa3pabOTBaHETO Ha NPOLEAYPH M MEXaHHW3MH 3a H3MEpBaHe Ha
HaJEeKJHOCTTa Ha coTyepa, KaKTO M AaHaJU3 M OLIEHKa Ha pe3yiaTaTHTEe OT HU3MEpPBAHUSTA.
BB3MokHOCTTA J1a ce ompeient Ha/le)K THOCTTa Ha copTyepa He caMo HU JJaBa HACOKH 3@ KaYeCTBOTO
Ha codTyepa W Kora Ja CIpEM TECTBAaHETO, HO M IpenocTaBsi WHGOpMalus 3a HYXKIUTE Ha
coryepHarta MoAIpbxKKa. T MOXe Aa yIeCHM BaIMIHOCTTAa Ha rapaHiusTa Ha codryepa, KOrato
HaJIekKTHOCTTa Ha copTyepa e Ouia MpaBUITHO cepTUPUITUpaHa.

TecTBaHe Ha HAIEXKTHOCTTA Ha copTyepa

TectBanero Ha codTyep e m3cienBaHe, KOETO CE MPaBU C IeEN Ja ce Aaae WHbopMamus Ha
BCUYKM 3aWHTEPECOBaHM CTPAHM 3a Ka4yecTBOTO Ha cucTeMara. To TpsOBa na naae oOeKTHBHA U
Oe3npucTpacTHa OlleHKa Ha codTyepa, KOSTO Ja TMO3BOJIM Ha OW3HEca N1a TpereHu U pazdepe
pucKoBeTe OT ymoTpedara my. Llenta 3a TecTBaneTo Ha coTyep € Ja MoaoOpu HAASKIHOCTTA HA
codTyepa 4pe3 mpeMaxBaHE Ha TPEIIKH Mpeau peajHara padoTa chC cucTemara. Karo TummuaeH
MEXaHH3bM 32 OTCTPaHsSBAaHE Ha TPEIIKH, TECTBAHETO Ha cOTyep € HIMPOKO pa3MpOCTPaHEHO B
MHYCTPUSITA 32 OCUTYpsiIBaHE Ha KaueCTBOTO M MOA00psABaHE Ha HaJeXAHOCTTAa My. EdekTuBHOTO
TeCTBaHe ce JedUHUpPA KAaTO pa3KpUBaHE Ha TOBEUYETO, aKO HE BCHYKH, OTKPUBAEMH TPEIIKU.
TexHUKHTE 3a TECTBAHE MOTAT Jla BKJIFOYBAT M3IBIIHCHHWE HA Mporpamara C IeJ OTKPUBAHETO Ha
rpemky B Hed. TecTBaHETO MOXKe Ja CIYXKH U KaTo METOJ 3a CTaTUCTHYecKa M3BaJKa, 3a Jla ce
cbOepaT TaHHM 3a TPEIIKUTE ¥ J]a Ce HAlpaBH OIICHKA Ha HAJEKIHOCTTA Ha cOPTyepHaTa CUCTEMa.
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OneHka Ha HAIEXKTHOCTTA HAa codTyepa

MogenupaneTo Ha HaAEXIHOCTTa Ha codTyepa NpHUBIMYA BCE IOBEYE BHMMAHUETO Ha
U3CIIeIOBAaTeINTEe KAKTO 3a OIEHKaTa - M3MEpBaHE Ha TEKYIIOTO MYy CBhCTOSHHME, Taka U 3a
MIPOTHO3UpPAHE - OLEHKAa Ha OBAEHIOTO CHCTOSHUE HAa HAJESKIHOCTTa Ha copTyepHaTra cucTema.
MopnenbT 3a HaaeXIHOCT Ha codTyepa nedunHupa GopmaTa Ha ciaydyaeH MpOIEC, KOWTO OIMUCBA
IIOBE/ICHUETO Ha IIPOIPaMHUTE MOBPEIM 110 OTHOLIEHHE Ha BpeMeTo. VcTopudecku mperien, KakTo
U TEepCHeKTHBa Ha MPWJIOKEHUETO Ha MOJEIHUTE 3a HAACKIHOCT Ha codTyepa Morar ga OblaT
namepenu B [J. Cheng, D.A. Bell, and W. Liu, 1997] u [M.R. Lyu (ed.), 1996]. CrmiectByBat Tpu
OCHOBHH I10/IX0/1a 32 MOJIEJIUpaHe Ha HAICKIHOCTTA: MTOAXO/1 32 3aperKJaHe U MapKUpaHe Ha IPEIKH,
IIOAXOJ Ha JOMEMHA Ha JaHHWUTE M IOJAXOJ HA JIOMEHHA Ha BPEMETO, KOMTO CE€ CYUTa 3a Hau-
nonyisipHuAT. OCHOBHUSAT MPUHIUI Ha MOJICIMPAHETO Ha HAJEKIHOCTTA Ha copTyepa B AOMEHHA
Ha BpPEMETO € Jla ce Ch3Aaje AuarpamMa Ha HaONIOJaBaHUTE JaHHM BBHB BpeME Ha OTKa3 IO
MIpe/IBApUTENIHO ompezeneHa (GopMmyna, Taka 4e MOJCNBT Jla MOXKe Ja ObjJe mapaMeTpU3upaH ChC
CTaTUCTHYECKH TEXHHKH. TakuBa TeXHUKM mnpeanarat meroaure Least Square mnmm Maximum
Probability. Cien ToBa MOZEIBT MOJKE J1a MPEAOCTAaBU OLIEHKA Ha ChILECTBYBAIATa HAJICKIHOCT UIH
IIpOrHO3MpaHe Ha ObjaeniaTa HAAECKAHOCT 4Ype3 MOo-TNpelu3upaHd TEeXHUKU. Mogenute 3a
HAJEKTHOCT Ha copTyepa OOMKHOBEHO MPAaBAT peArIia OOIIU MpeaAnonoxenus. TakuBa, Hanpumep,
ca:

(1) ExcruoaTtanionHaTa cpefia, B KOSITO TpsiOBa Jla ce u3MepBa HaJIeKAHOCTTA, € ChIllaTa KaTo
cpelaTa 3a U3IUTBAHE, B KOATO € apaMeTpU3UpaH MOAEIBT 3a HAJIEKIHOCT;

(2) Cnen xaTto Bb3HUKHE CPUB C€ YTOUHSABAT MPUUMHUTE U TOM BelHAra ce OTCTPaHsIBa;

(3) IIpouiechT Ha OTCTpaHsIBaHE HA TPEUIKUTE HIMA J1a JOBEJIE 10 HOBU CPUBOBE;

(4) BposT Ha rpenkuTe, MPUCHIIU Ha cOPTyepa, U HAUMHA, 10 KOMTO Te ce MPOsIBSABAT, TaKa ye
NPUYMHSBAT CPUBOBE, Ca MPEICTaBEHU MOCPEIACTBOM OIpeseseHn Maremarndecku Gopmynu. Toit
KaTo OpOosAT Ha TPEelIKUTe (KaKTO U CTEMEHTa Ha HeycleX) Ha copTyepHaTa cucTeMa HaMamsiBaT MpH
TECTBaHe, KOETO BOJIM JI0 NIOBHUIIIABAHE HA HAJIEXKAHOCTTA, TE3U MOJEIHU YECTO ce HapudaT Mojenu
3a MOBUIIIABaHE Ha HaJeXAHOCTTAa Ha codryepa (Software Reliability Growth Model, SRGM) [M.
Jain, T. Manjula, T. R. Gulati, 2011].

H3mepBaHe Ha HA/IEXKTHOCTTA Ha codTyepa

N3mepBaneTo Ha HAJIGKTHOCTTA Ha coPpTyepa e mporiec, BKIIIOUBAII aHATTN3 Ha H3CIICIBAHUATA
OCUTYpSIBAlll HAACKTHOCT HAa CHCTEMHUTE U OLEHSBAHETO Ha TPEIIKUTE, B3€TH OT TECTBaHE Ha
codtyep. Ha durypa 1 ca mokazaHu ChIeCTBEHUTE KOMIIOHEHTH Ha HAJIEXKIHOCTTA Ha codTyepa C
11eJ1 HeWHOTO U3MEepBaHe.

»  JlepuHupaHe Ha IENUTE HA HAJICKIHOCTTA HA MIPOTOTHITA HA COPTyepHAT cHCcTEMa -
KauecTBOTO ce AeuHUPA KOIMYECTBEHO OT TIeIHA TOYKa Ha KIIMEHTA Ype3 ONpeAeisiHe Ha TPEIIKUTe
Y TeXKECTTA MM, Ype3 ONMpEeIeIsTHE Ha IeNITa 3a HAJCKIHOCT M Ype3 YTOUYHSIBAHE Ha OallaHCca MEXTy
KIJIFOUOBHTE 1IE€JM 32 Ka4eCTBO (HaIpuMep HaJeKIHOCT, 1aTa Ha IOCTaBKa, 1IeHa).

»  3amaBaHe Ha poJIsATa Ha KIMCHT B MPOIleca HAa M3CIIeBAaHE Ha HAICKIHOCT — Ch37aBa
ce Taka HapeueHusAT OnepaTuBeH NPoQul, Ype3 KOUTO Ce OMPEAeIAT Pa3IndHUTE PO U (PYHKIUN
B pa3paboTkara Ha coTyepHaTa cucteMa. OniepaTuBHUSAT MPodui € HabOp OT OTACIIHU AITEPHATUBH
Ha pa0boTara Ha cucTeMaTa U CBhP3aHUTe ¢ Hesl BepOsATHOCTHU 3a Bh3HHMKkBaHe [M.R. Lyu (ed.), 1996].
N3rpaxxaaHeTo Ha omepaTUBEH MPOQWI HAaChpUaBa TECTEPH Jia M30UpAT TECTOBU CIIyYad CIIOPE]
noTpeduTenckara ynorpeda Ha cucTeMara, KOeTo JOTPUHACS 3a MO-TOYHA OI[EHKA Ha HaJIeKTHOCTTA
Ha coryepa B Ta3zu obnacT.

»  Pa3zpaboTBaHe Ha IUIaH Ha MpoIleca Ha U3CIICBAHE HAa HAJEKTHOCT Ype3 TECTOBE - B
Ta3W TMpOoIeAypa MEIUTe 32 Ka4eCTBO W ONEPATHBHHUAT MPO(GHI ce M3MON3BAT 3a YIpaBJICHUE HA
pecypcuTe U HaCOYBaHE Ha MPOCKTHPAHETO, BHEAPSBAHETO U TECTBAHETO Ha codTyep.

»  M3meiaHeHHWe Ha TECTOBETE - HAJSKIHOCTTA 0 BPEeMe Ha TECTOBETE Ce MPOCIe/IsBa,
3a J1a ce aHaIM3a C [1eJ] BHeApsBaHe U MOJIPHKKA Ha CUCTEMATA.

»  AHaju3 Ha pe3yJITaTUTE OT TECTOBETE - HAJCKTHOCTTA MOXKeE J1a ObJIc aHATU3UpaHa B
Ta3u 00JIaCT, 3a Jla Ce BaTUAMpaAT yCUIIHATA 32 MHXKEHEPUHT HAa HAJCKIHOCTTA U JIa CE OCHUTYPST
oOpaTHa Bpb3Ka 3a moo0psiBaHe Ha eTanuTe Ha pa3paboka Ha copTyepHaTa cuctema. B 3aBucumoct
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OT PE3YATAaTUTE CE€ OTBAPAT IBE BB3MOXXHOCTH, IIBPBUAT BAPUAHT € C IMPUEMIIUBU PE3YNITATH, IIPU
KOWTO CHCTEMaTa MOXE Ja C€ BHEAPH, IPH BTOPHS - PE3YITATHTE OT TECTOBETE, CIICTOBATEIIHO
aHaJM3a Ha HaJIeKTHOCTTA ca HeMpUeMJIMBUA. BBB BTOpUs Ciiydail cieBa n3MepBaHe Ha HUBOTO Ha
HaJISKIHOCT.

> I/I3MepBaHe Ha HHBOTO Ha HAaACKIAHOCT — MHI3IIOJA3BAT CC€ IIOAXOAAINIM MOJICIHN H
MHCTPYMEHTH 3a M3MEpBaHE Ha HAJEKIHOCTTA Ha copTyepa. Ta3m AEHHOCT MOXe Ja ce MOBTOPH,
JOKaTo He OBJIe MOCTUTHATO ONPENECICHO HUBO HA HAJSKAHOCT, KOETO € MPUEMIIUBO U IO3BOJISIBA
ycIenHara pa3padoTka Ha IPOTOTHIT

» HHrerpupane Ha cucTeMa Ha NOTpPEeOMTENs - MO3BOJsBa ChOMpaHE Ha paHHA
UHpOpMAIHA 32 eKCIUIOATAIUATA, IOI3BAEMOCTTA M HA/IeK/JHOCTTA HAa HOBATa CUCTEMA.

» ITlomoOpsiBaHe Ha MPOTOTUIIA — Ta3W JEHHOCT MMa 3a IUT Jla TIOBHIIM HUBOTO Ha
HaJISKIHOCT.

»  BaenpsiBaHe U MOAJPBKKA — C€ CIPABAT C HOBOOTKPUTH T'PEUIKH WM OBroBe ciel
MHCTaJIAMATa Ha codryepa.

[ [JedrHUpaHe Ha LeauTe Ha HaAEKAHOCT Ha NPOTOTMNa Ha copTyepHa cucTema ]

!

[ 3apaBaHe Ha PoNATa Ha KAMEHTA B NpoLLeca Ha U3cneABaHe Ha HadeXaHoCTTa ]

|

[ PaspaboTBaHe Ha N/1aH Ha NPoLeca Ha U3cnefBaHe Ha HALEXAHOCTTa Ypes TecTose ]4_

|

[ M3nbnHeHne Ha TecToBeTe HETPUEMIHBO

AHanus Ha pe3ynTaTuTe oT TecToBe
TIPUEMITUBO HENPHEMJIUBO

NPUEMITUBO M3mepBaHe Ha HMBOTO Ha HAZEXAHOCT ]»

[ MHTerpupaHe Ha cuctemara Ha notpebutens ]

v
[ Mopo6pasaHe Ha npoToTMna ]

—P[ BHegpaBaHe 1 NoaapbKKA Ha cuctemara ]

CDI/Irypa 1. HpOI_IeC’bT Ha U3CJICIBAaHC Ha HAACKIHOCT

IMPOBJIEMH

[Ipenu3BuKkarencTBata B HaACKIHOCTTA Ha codTyepa HE caMO MPOU3THYAT OT TOJIEMUHATA,
CIIOKHOCTTA, TPYTHOCTTA U HOBOCTTA HA COPTYEpHHUTE MPHIIOKECHUS B PA3TUIHHA 00JIACTH, HO CHIIO
TakKa ce OTHACAT JI0 3HAHUATA, 00YUSHHETO U OMUTA Ha ydacTBauuTe pazpadoruuiu. [Ipobiemure Ha
HAJeKTHOCTTA HA cOPTyepa, pasriie/JaHu Ha HUBO CHCTEMHA Pealli3allysl ¥ IIPOSKTUPAHE, Ca ONTUCAHH
B Tabauma 1.

3a 1a ce U3MEpH HAACKIHOCTTA Ha codpTyepa, TS TPsAOBa Jla ce MPOTHO3HMpPa OIIe Ha €TaIrnuTe
MpPOEKTHpaHE W TporpaMupaHe Ha pa3paboTBaHara codTyepHa cuctema. [logoOpsiBaHeTO Ha
HAJCKTHOCTTA Ha codTyepa e TpyaHa 3ajada. TpymaHOCTTa Ha MpoOiieMa MPOU3THYA OT TOBA, Y€
OILICHKAaTa 3a HAJACKIHOCT M OE30MacHOCT ce M3rOTBS CIENl pealu3alusaTa Ha JajeHa CHUCTeMa.
KoHcTaTrpaHeTo Ha TPENIKU B AW3aifHa MU M3ITBIHEHUETO BOAT IO HapylIaBaHe Ha 0e30macocTra
Y HaJIeKITHOCTTA, KAaKTO U JI0 CKBIIM M pecypcoeMku mporecu. [IpeogonsBaHeTo Ha TO3W €Tall €
CBBpP3aHO C H3CIICJBaHE BB3JCHCTBHETO Ha codTyepa MO OTHONICHHE Ha Oe30macHOCTTa Ha
CHCTEMHTE.
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Tabnuma 1. [Ipobnemu, cBbp3aHu ¢ HAJIGKITHOCTTA HA coTyepa

IIpodJaem

Penrenne

YecTo mo100HU CHCTEMH U IOPH PA3IMYHU BEPCHH
Ha e[Ha ¥ ChIIla MOXKeE J1a ca 0a3upaHyu Ha pa3IMIHU
cnenuduKanyy, 3aToBa pazIMYHUTE COPTyepHU
CHCTEMH C¢ SBSBAT ,,cAHA OT BUJ .

Jla ce HampaBM OLIEHKAa Ha TEXECTTa Ha
BB3MOXKHUTE TmpoOiieMd u u300op Ha
HOAXOJISI CTATUCTUYECKH METOJ/ BBB BCSKA
cnienn(UKaIus J1a ce B3eMe pelieHue.

3aBUCUMOCT OT XapJlyepHUTE KOMIIOHEHTH, KOUTO
BIIUSIAT HA COQTYyEpHUTE TaKHBA.

[Ipyn wm3rpaxgaHeTo Ha CHCTEMa C BHCOKa
HaJeKIAHOCT Ja CE€ MPEIBUIAT pPEIICHMUS,
KOUTO Ja AeUHUPAT MOAXOIAIIN MTOJAMEHHI

Ha OTKA3UTC Ha XapAYCPHUTC KOMIIOHCHTHU.
BLBC)K,Z[&HC Ha 3aBbJDKHUTCIIHOTO IIOJI3BAHE
Ha mOoAXOodaIu MCTPUKKU 3a IIOKPHUTHC Ha
KOJla U IPYT' 4aCTHU HaA IMIPOCKaA.

Tectepure cieaBaT HWHTYWTHBEH IOAXOA IPH
MpoBepKa Ha paboTocTocoOHOCTTA Ha codryepa.

Henocrapuno  wm3uepnarenHo  Gopmynmpanu
(UHKIMOHAIHU ¥ HE(DYHKIIMOHAIHU M3UCKBAHUS
KbM CHUCTEMATa

N3uckpane 3a 6e30TKa3Ha paboTa 6e3 ToJepaHc Ha
TpelIKH,  OrpaHWYaBa  BB3MOXXHOCTHTE 32
CTAaTUCTHYECKHU aHAJIN3 HA HAJICKTHOCTTA
[IpoTnBOpEeYNBY M3UCKBAHUS KBM MOJYIIH, KOUTO
ca B3aMMOCBBP3aHH

B"I)BC)KI[aHC Ha MMoAXO0 41l KPUTCPUH, KOUTO
B IIpoIIcCa Ha pa3pa60TKa Ha N3UCKBAHUATA,
rapaHTupaTt BUCOKO HUBO HA HAACKAHOCT

3AK/IIOYEHUE

HagexxnHocTtra € enaHa OT Hal-BaKHUTE XapaKTEPUCTUKH, NPUCHUIM Ha KOHLENLHUATA
“kadecTBO Ha coryepa”. Thil KaTo pa3xoaAuTe 3a CPUBOBE HAa COYTYEPHU MIPUIIOKEHUS HAPACTBAT U
ThH KaTO TPELIKUTE BCE IIOBEUE OKa3BaT BIMSHUE BBPXY IPOU3BOJIUTEIHOCTTa Ha OHU3Heca,
Ha/IeXKIHOCTTa Ha copTyepa pu1001MBa 0cOOEHO BayKHO MACTO B Ipolieca Ha pa3paboTBaHe U OLEHKa
Ha KaueCTBOTO Ha COPTyEepHUTE cUCTEMH. ['pemikuTe B copryepa ce IbJIKAT Ha IPOITYCKH B IIpolieca
Ha MPOEKTUPAHETO U Pa3paboTBaHETO My, 3aTOBAa OCHOBHATA 33Jaya € YChBBPIIEHCTBAHE Ha Te3U
npouecu. Pemennero Ha ToBa copTyepHUTe cucTeMH Aa GYHKIIMOHUPAT IPABUIIHO U Ja OTTOBAPST
Ha W3UCKBAHMATA HA KIMEHTHUTE € Jla CE U3BBPIIM M3MEPBAHETO HAa HAJEKIHOCTTA 10 BPEME Ha
paHHUTE eTanu Ha pa3paboTkara uM. M3non3BaHeTo Ha €ePEKTUBHU TEXHUKH 32 aHAJIU3 U OLICHKa Ha
HA/IeXKIHOCTTAa Ha CO(TyepHUTE CUCTEMH, KOMTO JIONPHHACAT 3a MOJOOpsBaHE Ha IPOLECHTE,
OCUTYpSIBalll KaYECTBOTO Ha COPTYEpHUTE CUCTEMH, € 1Ie]1 Ha cOPTyepHaTa UHIyCTPUATA, KAKTO U
TOJISIMO MPEIN3BUKATEICTBO Ha COPTyEepHUTE pa3pabOTUHIIH.

REFERENCES

ANSI/IEEE, Standard Glossary of Software Engineering Terminology, STD-729-1991,
ANSI/IEEE, 1991.

J. Cheng, D.A. Bell, and W. Liu, “Learning Belief Networks from Data: An Information Theory
Based Approach”, Proceedings of the Sixth International Conference on Information and Knowledge
Management, Las Vegas, 1997, pp. 325-331.

B. Littlewood and L. Strigini, “Software Reliability and Dependability: A Roadmap”, in
Proceedings of the 22nd International Conference on Software Engineering (ICSE’2000), Limerick,
June 2000, pp. 177-188.

M.R. Lyu (ed.), Handbook of Software Reliability Engineering, IEEE Computer Society Press
and McGraw-Hill, 1996.

M. Jain, T. Manjula, T. R. Gulati, “Software Reliability Growth Model (SRGM) with Imperfect
Debugging, Fault Reduction Factor and Multiple Change-Point” in Proceedings of the International
Conference on Soft Computing for Problem Solving (SocProS 2011), Roorkee, India, December 20-
22,2011, pp 1027-1037

- 108 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2018, volume 57, book 6.5.
THU-1.416-SSS-1-07

USING THE METHODS OF CLUSTERING AND CLASSIFICATION FOR
PROJECT TASK EXECUTION TIME PREDICTION !¢

Natalia Bobrovskaya — Student

Department of Innovation and High Technology,
Moscow Institute of Physics and Technology, Russia
E-mail: nataliya.bobrovskaya@phystech.edu

Pavel Akhmetchanov

Chief Programmer of the Web Interface Department,
Tinkoff Bank, Russia

E-mail: pavel.power@gmail.com

Abstract: In the article questions of performance time prediction and story points estimation on the basis of
numerical and text attributes are considered. To evaluate the significance of words in a set of documents Tf-idf metric is
used. Clusters of tasks in terms of time and story points are defined using the T-SNE algorithm. The logistic regression
algorithm for story points classification is used.

Keywords: clustering, classification, estimation, metrics, data set, text attributes, story points

BBEJIEHUE

[Ipu co3zmaHuM TPOTPaMMHOTO OOECIIEYEHHS C HWCIOJIb30BAHWEM THOKHX METOJOJIOTHIA
pa3pabOTYMKK MOCTOSHHO CTAJKHUBAIOTCS C HEMOJHOM M M3MEHSIOLIeHcS CUTyalueil: MEeHSoTCs
HaOOpBI 3a/1a4, 3a/1a4d MOTYT MOSIBIIATHCS HIJIM MCYE3aTh MO XOIY BBIMOJHEHUS MPOEKTa, 4acTh
[apaMeTpoB YTOYHSETCS IO Mepe BBINOJIHEHUS 3aJaud, MOIYT OTCYTCTBOBAaTh JaHHbIE 00
WCTIOJHUTEINAX 3a/la4d, O €€ CB3AX C JPYIMMHU 33Ja4aMH, 4acThb WH(POPMAIUU SIBISAETCS CTPOTO
KOH(HIEHIIMATBHON U JOCTYI K HEH CTPOro OrpaHuYeH.

OnHUM W3 OCHOBHBIX TIApaMETPOB SBIISIETCSI BPEMsi BBHIMONHEHUS 3amadu. Kak mpaBwuiio,
IpearnogaraeMoe BpeMs BBIINOJHEHUs 3a/laud Ompezessercs UcXols u3 oObema 3amaun. O0beM
3aJauu OTNpENeNsieTCsl Ha JTale OLEHKH, KOTOopas MPOU3BOAWTCS JIMOO BCeH KOMAaHIOH, JHMOO
OIBITHBIMU Pa3paboTUNKaAMHU.

Lenbr0 TaHHOTO UCCIIETOBAHMS SIBJISIETCS OLIEHKA BPEMEHH BBIITOJIHEHHS 33124 HOBOTO TIPOSKTA
Ha OCHOBE JaHHBIX MPEIBbIIYLIINX MPOEKTOB. JIaHHbIE O 3a/1a4ax B3sIThI U3 CUCTEMBI OTCIEKUBAHUS
3anady jira [T-nogpazaenenust ogHONM M3 PUHAHCOBBIX KOMTaHUNA. OOBEM BBHIOOPKH COCTABUII OKOJIO
2000 3amau. Jlns pemieHust 3ajadud ObUIO pa3pabOTaHO NMpPOrpaMMHOE OOecliedeHHe Ha s3bIKax
JavaScript (B Tom uncie npm Onbnuotexu jira-client, moment, Az) u Python (6ubnuoreku numpy,
pandas, matplotlib, sklearn, scipy). st 06pabOTKH TaHHBIX MCIIOIB30BAINCH KiacTepu3anuus, Tf-
idf - MeTprka, anropuT™ MamuHHOTO 00yueHus t-SNE, anroputm J0rucTHYECKOi perpeccuu.

IMPOI'HO3UPOBAHUE BPEMEHMU BBITIOJIHEHUSA 3AJJAYU ITPOEKTA
7Ku3HEeHHBIH HUKJI POEKTA
[Tox mpoexkToM B JanpHelIIeM OyneM MOHUMAaTh COBOKYITHOCTh 3a7a4, KOTOPhIE HEOOXOAUMO

BBITIOJTHUTH JJISl peajau3aluuu Hekoil ¢yHkuuoHanbHOcTH. Ha Puc.l u3oOpakeHna TumoBas cxema
JKU3HEHHOI'O LIUKJIA IIPOEKTA.

16 ToknambT € MpencTaBeH Ha CTyJeHTCKara HayuHa cecus Ha 03. 05. 2018 r. B cexuus ,,Anpopmatnra“ c
opuruHanHo 3arnasue Ha pycku e3ux: [[IPOCHO3WMPOBAHUWE BPEMEHU BBITIOJIHEHUA 3ATAUM TTPOEKTA
METOJAMMU KITACTEPU3ALINN N KITACCUDUKAIINN.
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Puc.1 )KuzHeHHbIN UK MPOEKTa

B nauane paspabotku ¢opmMupyroTcs TexHuueckue TpeboBanus TT, ocCHOBaHHBIE Ha HiEe
peamuzanuu QyHkuoHana. [locie 3Toro nmpousBOIUTCA JEKOMITO3UIMS TpeOOBaHUM Ha 3a/ayd.
Bpemenem paOoTbl HaJ NMPOEKTOM CUUTAETCS BPEMs, HAuMHas C MOMEHTa Hayajla BBIIOJIHEHUS
NepBOi 3a7au MPOEKTA U 3aKaHUYMBAsi MOMEHTOM 3aBEpIlEeHUs NOocIe Hel 3a1aun (B TOM duciie eé
TecTupoBaHusi). ['OTOBBI MPOIYKT mepemaercs Uis WCHOJb30BaHUs 3aka3uuky/llonp3oBarento.
Ecnu npoekty Hy*Ha 10paboTka (HOBast (PyHKIIMOHAJIBHOCTh) — CO3/1a€TCsI HOBBIHM IPOEKT ¢ HOBBIMU
TEXHUYECKUMHU TPeOOBAaHUSIMU.

Cocras AAHHBIX U MOAT0TOBKA JJaTaceTa

JlanHble O 3a7ave BKJIIOUYAIOT: HA3BaHUE, ONMMCAHUE, BPEMSI Hauyaia, BpeMsl KOHIlA, HA3BaHHE
CIIpUHTA, Ha3BaHWE DJMHKa, WHGOPMAIMIO O CBA3AaHHBIX 3aJa4ax, UHPOPMAIUIO O H3MEHEHUU
COCTOSIHUI 3a/1a4uu, TUII 33]]a4d, Ha3BaHHWE KOMaH/Ibl pa3paOOTYHKOB.

ChopuHT - 3TO OrpaHMYEHHAs MO BPEMEHH HTEpalusl MPOEKTa, BKJIOYAIomas B ceOs
COBOKYITHOCTb 33/1a4, KOTOPBIE JOJKHBI OBITH BBITIOJHEHBI 32 (PMKCUPOBAHHOE BPEMsl, DIUK - ITO
ousHec-moctaHoBka 3amaun (User Story), TpeOyromias JHEKOMMO3UIIMKA HAa TEXHUYECKHE 3a7ayH.
Nudopmanus o cBsi3aHHBIX 33Jla4ax BKJIIOYAET B ce0s MMEHa 3a/1a4, C KOTOPBIMH CBSI3aHA TEKYIas
3a7a4a v TUII CBSI3U. BpeMst BBINIOJIHEHNYS 3a/1a4M HAYMHAETCS ¢ MOMEHTA Tepexoaa B cocTosiHue “In
progress” u 3akaHYMBaeTCs BPEMEHEM IepexoAa B cocTosHue “Done” 6e3 ydyera mpa3gHUKOB U
BBIXOJIHBIX JHEH. OO0beM 3amaun MokeT ObITh oreHeH B Story Point. Story point (SP) [2,3] - aT0
MOCNE0BATENbHOCTh 4HCeN, dYamle Bcero uucen PuOoHayuu, KOTOpas MO3BOJISIET MPOBECTU
CPaBHUTEIBHYIO OIICGHKY. Y KOMaHJ C HUCTOpUEH pa3pabOTKH €CTh JOKYMEHTAIus, KOTopas
MO3BOJISIET OLIGHUTH 3a7ady B SP mo kpuTepusM CyTH 3aJayd, TEKYIIMM HapaOOTKaM IO HEW,
CJIO)KHOCTH MHTETPAIIUU U JPYTHM.

Jlns  ¢dopmupoBaHus KiacTepoB ObUT cPOPMHUpPOBAH JaTaceT TMPU3HAKOB (METPUK) IO
uMmeroleiics nadopmarmu o 3anave. J[aHHbIe TOMKHBI OBITH MPEe0oOpPa30BaHbl B IaTACET YUCIOBBIX
npu3HaKoB. KOIM4ecTBO CIPUHTOB, KOJIMYECTBO AMUKOB, KOJIMYECTBO CBSI3aHHBIX 3a71a4 TI0 KaXI0u
CBSI3M SIBJISIIOTCS] YMCIIOBBIMU TPU3HAKAMH, THIT 33/1a4¥ U Ha3BaHHE KOMaHIbI 00pabaThIBaIOTCS KaK
KaTeropuaJibHbIe TTPU3HAKU co 3HaueHneM ( wim 1 B COOTBETCTBYIOIIEH KOJOHKE B jgaracere. Jljis
TEKCTOBBIX MPU3HAKOB ObLjIa MpoBeieHa 00padoTKa TeKCTa, TOCTPOEH CIIOBAph 3HAUMMBIX CJIOB [1] ¢
MTOMOIIIBIO cIToBaps ObUTH chopMUpOBaHBI AaTaceThl. B kauecTBe meTpuku ObuT BeIOpaH tfidf mpusnax

[5].
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Kanacrepuzanus

Cremyronmm 3TaroM HCCIIeIOBaHUS SBJSUIOCH BBIACIICHHE U3 CYIIECTBYIOMIETO Habopa 3a1ady
KJIACTEPOB C MIOX0KUMH XapakTepuctukamu. s knacrepusanmu ucnonbsyercs t-SNE (t-distributed
stochastic neighbor embedding) anroputm [6]. st mpoBeaeHHS SKCIIEPUMEHTOB HCIOJIb30BaJIach
o6ubnmoreka sklearn si3pika Python.

3KCHepHMeHT 1. KJIaCTepI/I3aIII/Iﬂ C YIYE€TOM KaTeropuajbHbIX IPU3HAKOB

brina mpoBeneHa KiacTepu3anus ¢ YY€TOM BCEX IMPHU3HAKOB, B TOM YHCJIE KaTETOPHAIBHBIX
MIPU3HAKOB Ha3BAHMsI KOMAH/]I M TUIA 33/1a4i. Pe3ynbTaThl 3KClIEpUMEHTA MPEICTABICHBI HA PUCYHKE
2, KaXI0U 3a/1aue COOTBETCTBYET OJHA TOYKA.

1 % £
8 2 i H X
13 .\01 114 : - il
'_‘17.' . o '. : A
S 14 5 g
.. 3 23 9 A s K ™
» ’ rab. .
10 » ’ 616 5 4 o1 :.._g"__.' F
. 127 24418 : .
¥ 4 %
oy ©
Puc.2(a) Puc.2(6)

Ha pucynke 2(a) 3amgauM pa3HbIX KOMaH]| M300pa)€Hbl pa3HbIMU IBeTaMU. BuaHo, uTO
KJIacTepu3alys MPOBOJUTCS MPEUMYIIECTBEHHO MO MPU3HAKaM Ha3BaHUS KOMaH[ U THUILy 3a/ladH.
Homepa koMaHJ NOCTaBlieHbl B IIEHTPE BBIACICHHBIX KJIACTEPOB, APOOJIEHHE BHYTPH KOMAaH]
COOTBETCTBYET pa3jIMuHbIM TUMaM 3aaa4. Ha pucynke 2(0) pa3HbIMU LIBETaMU W300paKeHBbI 3a/1a41
C pa3HbIM BPEMEHEM BBINIOJIHEHUSA. KpacHBIM IBETOM OTMEUYEHBI T€, HA KOTOPbIE IOTPAYEHO MEHBIIIE
BCEro BpeMEHM (HECKOJIbKO YacoB), Jajiee MO I[BETaM padyrd, (hHOJETOBBIM - 33Jaul, Ha KOTOpbIE
3aTpavyeHo MHOTro BpeMeHHU (0koiio Mmecsa). [Ipu cpaBHennu puc.2(a) u puc.2(6) MOXKHO 3aMETUTb,
yTO 3a7aud KomauAbl #10 3aHMMalOT MHOrO BpEMEHHM, a KOMaHIbl #22, #12, #06 umerT
MIPEUMYIIECTBEHHO MaJjlble 110 BpEMEHH JUIUTENbHOCTH 3a/1auu. CieyeT UMETh B BUY, UYTO CKOPOCTh
BBIMOJIHEHUS 3a/1a4 MOKET OBITh Pa3HOM M3-3a PA3IMYHOTO SKCIEPTHOTO OMBITA KaX /10l KOMaH/IbI.

JIkcnepumeHT 2. Kinacrepusanus 6e3 yyera KaTeropuaJbHbIX IPH3HAKOB

B nmanHoM ciydae B BBIOOpKE OBLIM OCTaBJICHBI TOJIBKO KOJIMYECTBEHHBIE MPHU3HAKH M
chopMUPOBaHHbIE U3 TEKCTA JaHHBIC. Pe3ynbTaThl SKCIIEPUMEHTA MIPEICTABICHBI HA PUCYHKE 3.

Ha pucynke 3(a) pa3HpIMU IIBETaMU OKpaIllEHbI 33/1a4u pa3HbIX KoMaH . HekoTopsie HabOpHI
3a/1a4 KOMaHJ, Hanpumep, #2, #22, #23, #16, #0, #17, #15 3aMeTHO pacnonararoTcsi B CTOpOHE OT
OCTAJIbHBIX. XOTh MPU3HAKA KOMaH]I HE ObUTA JOOABJIEHBI B BHIOOPKY - BBIOOPKA JIOKAJTU3YETCS TIO
HUM. 3HAYUT, OCTaJbHbIE MPU3HAKU HESIBHO CBS3BIBAIOT 3aJa4M BBHIMIOJHEHHBIE OAHOW KOMaHIOM.
Hamnpumep, komanaa #2 MOXKET UCIIOJIB30BATh CJIOBA B ONTMCAHUU 33]1a4, KOTOPBIE HE BCTPEYAIOTCS B
3a/1a4ax JAPYrux KOMaH/I.
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Puc.3(a) Puc.3(0)

Pucynok 3(0) aHanornyeH pucyHky 3(a) TOJIbKO BMECTO OKPACKH 10 KOMaH/1aM MCIOJIb3YeTCs
OKpacka 1o BpeMeHM BblnojHeHus. Kak u Ha pucynke 2(0), KpacHbIM LIBETOM OTMEUEHBI T€, Ha
KOTOpbIE MOTPAu€HO MEHbIIEe BCEr0 BPEMEHHU Janee Mo LBeTaM paayrd. B pamkax Bcex KOMaH[
CJIOKHO CJlieJaTh Kakue-JIn0Oo BBIBOJIBI 110 BpeMEHU. Bo3MOKHO, Ki1acTephbl Majbl U UX JIOCTATOYHO
MHOTO.

JKcnepuMeHT 3. AHAIU3 32/1a4 OAHOI KOMaH/bI ¢ yueToMm Story Point

Mertpuxka Story Point (SP) He Oblia 3aeiicTBOBaHa AJisk BRIOOPKHU IO BCEM KOMaHaM, TOTOMY
4YTO HE BCE KOMaH[bl €l Moyb3yroTcs. B komanae #2 oHa MCHONB3YeTCs, MOITOMY BBIOOpKA IO
KoMaHJie #2 Obula paccCMOTpEeHa IONMONHUTENIbHO. Pa3smep BbiOOpkm 467 crpok. Pesymprars
KJIaCTepHU3aIlNy 110 BEIOOPKE 3a7a4 KOMaH bl #2 Npe/ICTaBICHbBI Ha PHUCYHKE 4.

Puc.4(a) Puc.4(6)

Ha pucynke 4(a) uBeTOM BBIIEIEHO BpEMs BBINOJIHEHUS 3ala4d U MOJNHMCAHO KOJUYECTBO
nHel, Ha pucyHke 4(0) nBeroM BbaeneHsl Story point (SP) u moamucano xommuuectBo SP. Ilpu
CPaBHEHUH JBYX PUCYHKOB MOYHO 3aMETUTh, YTO:

- Omuskue SP pacnosnoxeHsl BOJM3H APYT Apyra, U OOJBIINE OTACICHBI OT MaJIbIX,

- BpeMs CBsA3aHO ¢ SP, HO HE JIMHENHO,

- IBHOT'O pa3ZiefieHus! Ha KJIacTephbl HeT.
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Jnst uzydeHust cBsi3M SP ¥ BpeMEHM BBITIOJIHEHUS 3aJaud ObUIM MOCTPOCHBI JICTIECTKOBBIC
TarpaMMbl (pPUCYHOK 5).

X

o =]

Puc.5 KonudectBo SP oTHOCHTENHEHO BPEMEHU BBIMIOJIHEHUS 3a/1a4

W3 nenecTkoBoil [uarpaMMel BUIHO, YTO 33/1a4M, olleHeHHbIe B | SP, MOT'yT BBINOJIHSATBCS Kak
9 nueil, Tak u 45. Takoe paznuune B oneHKe o0bema 3a1a4uu (SP) u BpeMeHU €€ BBINOIHEHNS MOYKET
OOBSICHATBCS TEM, UTO:

- BBIIIOJIHEHUE OJIHOM 3a/1a4l 3aBUCUT OT JIPYrOM, MOXKET, 1aXke HaXoAsIIeics B pa3paboTke y
ApYro KOMaHmbl,

- SP BbICTaBJIEH HEMPABUIBHO,

- U3-3a BBICOKOT0 SP ObLIM 33/1€HiCTBOBaHBI MHOTHE PECYPCHI U1l YCIIEIIHOTO PEIIeHUs 3a/1a4H,
CJIEIOBATEIBbHO OHA 3aBepIlIniIach ObICTpEi, YeM Moria,

- BBINIOJIHEHUE 3aJ]a4d MOXKET 3aBHCHUT OT Pa3HbIX PUCKOB, KOTOPBIE HE YWIHM IIPU Hayaie
paboTHI HAJ 3a7a4eid.

bbua BBIIBUHYTA THIIOTE3, YTO 00BEM BBIIIOJIHEHHUS 33/1a4 MOYKHO TpeAcKa3aTh 0 OMUCAHUIO
3aJla4uM U JPYTUM €€ METPUKAM.

Jlnist TOATBEP>KACHUS 3TOW TMIOTE3bl ObUIa MPOBeeHA KiIaccuuKaius 3a1ad no SP s tex
KOMaHJl, KOTOpbIe MCHOIb3YIOT SP U ompezeneH airopuT™M KilacCU(PHUKAUUU IJi1 OLEHKH 00BbeM
HOBBIX 3a71a4, YTO IT03BOJIUT C YYETOM PECYPCOB KOMaH/bI ONPEAEINUTH BPEMsI BHIIIOJIHEHHUS 3aJa4H.

Kaaccnduxanns

Knaccudukanuro no SP B pamkax komaH bl #2 Oblia MpOBeJeHA C UCIIOIB30BAaHUEM AITOPUTMA
JorucTudyeckoit perpeccun [7]. s mpoBeneHHs SKCHEPUMEHTOB HCIIOJIb30BaNach OMOIMOTEKa
sklearn si3pika Python (amroputm LogisticRegression u3 sklearn.linear_model).

IkcnepumeHT 4. Kinnaccudukanus ¢ Mcnob30BaHueM JIOTHCTHYECKON perpeccuu

Nmeromuiics 1ataceT HECKOJIBKO pa3 MojaeNuin Ha oOyyatomyto (90%) u TecToByI0 BHIOOPKY
(10%), 0Oyunnu MoJeNnb U ONPEAETIUIN TOYHOCTh MpeACcKa3aHui.
Pe3ynbTaThl 0HOI U3 TECTOBBIX BHIOOPOK MPEICTABICHBI HA PUCYHKE 6.
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real pred days prob:[ @ 1 2 3 = 8 13 21]

3 3 3 [B.@2, 8.82, 8.17, ©.48, 8.25, 8.84, 8.81, 8.81]
3 5 25 [8.85, @.81, @.85, @.37, B.37, B.11, B8.82, @.81]
132 5 45 [B.@1, 8.81, &8.82, ©.27, 8.46, 8.1%, B8.83, 8.82]
132 3 9 [B.@1, 8.82, 8.82, 9.44, 8.27, 8.17, 8.84, 8.82]
= 3 7 [B.@3, 8.83, 8.1, ©.34, 8.32, 8.13, 8.83, @.82]
2 3 1 [B.84, 8.83, 8.24, 8.48, 8.1, 8.858, 8.81, @.81]
3 3 a [8.@1, .88, 8.28, 9.49, 8.8%, 8.83, 8.81, 8.81]

Puc.6 Pe3ynbTathl kiaccudukanum OJHON U3 TECTOBBIX BHIOOPOK

[lepBas koJIOHKa TaOJUIIBI - peabHOE KOJIMYECTBO BBICTABJICHHBIX SP, BTOpas KOJOHKa —
KoJIM4ecTBO SP, nmpeickazaHHOe alirOPUTMOM, TPEThs KOJIOHKA - KOJIMYECTBO JHEH, 3aTPaueHHbIX Ha
BBITIOJIHCHUE 3aJla4d, M 4YeTBEpTas KOJIOHKA - TPEICKa3aHHBIE aJITOPUTMOM JIOTHCTHYECKOM
perpeccun BeposiTHocTH i Kaxkaoro SP. Bupano, uto mpu BbicTaBieHHbiXx 13 SP 3amaum
BBINOJHSIOTCS 9 U 45 aHel, a aropuT™ pa3rpaHUuMUBAET ITH JBE 3a/1a4u Ha pazHeie SP: 5 SP nys 45
nueit u 3 SP s 9 queit. Taxoke BUAHBI TPUMEPHI, KOT1a Il peanbHbIX 5 SP 3amava BeinonHseTcs 7
nueit, a niug 8 SP - 1 meHs. D10 cBsi3aHO ¢ TeM, 4TO SP He MMEOT aOCONIOTHON BEIWYHMHEI, 3TO
CpaBHHTEJIBHAS MEpa - 33JIa4H, CX0KHUE MEKIY CO00M M0 00beMy, UMEIOT orHaKoBbIe SP. TouHOCTH
MpeicKa3aHuil IyIsl pa3HbIX 00Yy4YarOIIUX U TECTOBBIX BBIOOPOK Bapbupyercs ot 30 10 60%.

Ha pucynke 7 nokazaHa 3aBUCUMOCTb M€Ky BpEMEHEM BBIIIOJIHEHUS 3a1a4u U ee SP.

. e
& predicted

Bpema

Puc.7 3aBucuMocCTh MeX 1y BpEMEHEM BBITIOJIHEHHS 3a7a4u U ee SP

[To ocu X OTIOKEHO BpeMsl BBITTOJIHEHUS 3a/1a4u, 10 OcU Y SP: 3eJeHbIMH TOUYKaMH OTMEUYEHBI
peanLHHe SP JIA 3aaa4u, KpaCHBIMI/I HpeﬂCKaBaHHBIe aJIFOPI/ITMOM. BI/IHI/IM, qTo KpaCHBIe TOYKHN
pacmooKeHbl 60s1ee JIMHEHHO TT0 BPEMEHH, a JUIS 3eTICHBIX TOUEK XapaKTepPHbI BBIOPOCHI, HAIPUMED,
3ajada orneHenHas B 13 SP Bemonusnace meree 10 meit.

HUcxonst u3 TOro, 4ro ajiroput™M mpeackaszbiBaeT SP, OCHOBBIBasiCh Ha CpPaBHEHHUHU C
CymeCTBy}OH_[I/IMI/I 3aJadyaMu, 6BIJ'I0 BI)I)IBI/IHYTO npegmononceHI/Ie, qTo aJIFOPI/ITM MOXET
Mpe/ICKa3bIBaTh Jy4Ille, €CIIM yOpaTh BEIOPOCH! U3 BEIOOPKH.
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JIkcnepumenT S. Kinaccupukanum no Beidopkam 6e3 BbIOPOCOB

[To kaxxnomy SP 6b11 mocTpoeH rpaduk pacrpenesaeHus o BpeMEHH BBIIOTHEHUS 3a1a4u (B
yacax), UCXO/JI U3 MPEIOJIOKEHUS, UYTO paclpeieieHue HopManbHoe[4].
PesynbTaT 1151 HeKoTOphIX SP npuBeeH Ha pUCYHKE 8.

SP2 MO:3311 amen:73.71 SP2 MO:33.11 auen:73.71
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Puc.8 I'padux pactipenenenus no BpeMeH! BHITIOIHEHHS 33141

Jist kaxxporo SP ObuT 3a/1aH MHTEPBAN 3TATOHHBIX 33/1a4, M TIPU KJIaCCH(DUKAINN YIUTHIBATHCH
TOJIBKO Takue 3a/1auu. ['pauk pacnpeneneHus o BpeMeH! BbIIIOIHEHUS 3a/1a41 JJIs HEKOTOpbIX SP
10 OT(GUIBTPOBAHHBIM BHIOOPKAM IPUBE/ICH HAa PHCYHKE 9.

SP2 MO:17.77 ancn:10.32 SP2 MO:17.77 gncn:10.32

5 10 15 20 s E) E3 W0 5 10 15 o s E 35 L]

SP3 MO:38.12 gwcn:17.23 SP3 MO:38.12 gncn:17.23

Puc.9 I'padux pacnpeneneHus mo BpeMeHHU BHITIOTHEHUS 3a/1a4d OTPUIHTPOBAHHBIM BEIOOPKAM

[To oTdunpTpoBaHHBIM 337a4aM ObLT TOCTPOCH ANTOPUTM KIACCU(PHUKAIIUHU C UCTIONB30BaHUEM
jJoructuyeckoit perpeccun. Ha pucynke 10 mpuBeneHbl pe3ysibTaThl MO OJHOM U3 TECTOBBIX
BEIOOpOK. B mepBoit kononke mpuBomuTcs SP, mpenckasaHHbIE aITOPUTMOM, BO BTOpPOM -
Mpe/icKa3aHHble aJTOPUTMOM JIOTHCTHUECKOIN perpeccun BeposiTHocTU s kaxkaoro SP (1SP, 2SP,
3SP, 5SP, 8SP), TpeThs KOJOHKA - peaibHOE KOJIMYECTBO BBICTABIEHHBIX SP.
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predicted prob  real

3.0 [0.1,0.33 046, 007, 0.04] 50
3.0 [0.03,0.19, 048, 019,011 2.0
3.0 [0.1,0.37 041,009, 003 3.0
3.0 [0.08, 0.38, 0.47, 0.06, 0.03] 1.0
2.0 [0.086, 0.54, 0.26,0.02,0.03] 2.0
2.0 [0.05 0583 017,06 01] 1.0
2.0 [0.11, 0.48, 0.31, 0.06, 0.03] 2.0
3.0 [0.:29 027, 0.4, 003, 002 3.0
2.0 [0.2, 0.68, 0.14, 0.03, 0.02] 2.0
2.0 [0.1,038 0.25 0.2, 006 2.0

Puc.10 Pe3ynbratel kiiaccuukayuy o U3SMEHEHHOMY aJITOPUTMY

TounocTh kiaccudukauu (accuracy) BHIYUCISIETCS KaK OTHOIIEHUE KOJIWYECTBO MPABUIBHO
KIIacCU(UIIMPOBAHHBIX OOBEKTOB K KOIMYECTBY Bcex 0O0BekToB Ilo TectoBoii BBEIOOpKE,
npejacTaBieHHOW Ha pucyHke 10, TouHOCTh Kiaccudukauuu coctaBuwia 60%, Mo ocTanbHBIM
TECTOBBIM BBIOOpKaM TOYHOCTH Kiaccudukanuu Bapbupyercs oT 40% mo 80%. 3nas o6vem SP u
UCXO0/1 U3 MPEANOJIOKEHUS] O HOPMAJIbHOM paclipeleIeHUN BPEMEHU BBINOJIHEHHSI 3a]1a4l MOXKHO
OLICHUTb BPEMsI BBIIIOJIHEHUS 33]1a4l U UHTEPBaJ, B KOTOPOM OHO MOXET HaXOUThCSI.

BbIBO/IbI

I[To pe3ysnbTaTtamM UCCIIEOBAHUSA MOXKHO CIEJIaTh CJICIYIOIINE BHIBOIBI:

- KOMAaHJbl Pa3IMyYalOTCs MEXAY COOOH OIBITOM M IIOCTAHOBKOW Ipoliecca pa3padoTKH,
HOBTOMy Bper[ BBITIOJIHEHUA 3a1a4 C OAMHAKOBbBIM O6L€MOM MOXKET pa3J'II/I'-IaTI)C$I;

- KJIaCTepU3allusl B paMKaxX BCEX KOMaHJ HE AT BO3MOXHOCTh OIEHUTh BPEMs BBITIOJTHECHUS
3a/1a4u;

-KJIACCHU(MKAIIHS C UCTIOJIH30BAHUEM JIOTUCTHUECKOM PErPECCUU TIO3BOJISIET OIICHUTh 00bEM U
BperI BBIIIOJIHCHUA 3a1a4H,

-y/laJeHne BBIOPOCOB M3 BBIOOPKM YIIydIlIaeT MPOTHO3 o0beMa 3allaud U BPEMEHHU €€
BBITIOJIHCHU .
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BBEJIEHUE

Ha ceronnsimanii neHs B chepe au3aiina Hadmogaercs AeuuuT nHPOPMAIMOHHBIX CUCTEM,
KOTOpbIE YYHUTHIBAJM Obl OCOOCHHOCTH TEXHOJOTHMYECKMX M WH()OPMALMOHHBIX IIPOIECCOB,
MIPOUCXOIAIINE HA CTaIUH IWU3aiiHa MPOIyKTa. B mu3aiiH-cTyIusX MPOLECcCh OOIMIEHUS C KITMEHTOM
U OpraHu3anus padoT HalaXXeHbl He TaK YeTKO, KaKk Ha IPOM3BOJICTBE. DTO CBS3aHO C 0COOEHHOCTHIO
CaMoTO TIOHSATHUS JH3aifHa - BO MHOTOM 3TO TBOPYECKHH MpPOIECC, KOTOPHIH JOBOJIBHO CIOXKHO
JOKYMEHTUPOBaTb W CTaHAApPTU3UPOBaTh. BaxHBIM (PaKTOpPOM, KOTOpBIM HYXKHO YYHUTHIBATH,
SBIISICTCS  yJIOBJIIETBOPCHHE KJIMEHTA TPHUBJICKATEIEHBIM JH3AHHOM B KOPOTKHH IMPOMEXKYTOK
BpeMEHHU. AKTyaJbHOH sIBIIsIeTCS pa3paboTKa MH(OPMAIIMOHHON CUCTEMBbI, KOTOpasl yUUThIBaja Obl
cienu UKy Iu3aifHa I0BEIUPHBIX U3/ENNil, TOTOMY YTO NPH COBPEMEHHOM Pa3BUTHH TEXHOJOTHIM
IIPOU3BO/ICTBA, IPOIIECC CO3AAHUs KOHUENIMU U pa3paboTKa AU3aiiHa MOJIENIH 3a4acTyl0 3aHUMAET
OoJbIIIe BpEeMEHH, YeM IPOIIECC U3TOTOBIICHHSI CAMOTO FOBETHPHOTO M3Aeiust. Crenuain3upoBaHHas
nH(pOpPMAIMOHHAs CUCTEMA JIOJDKHA UMETh 0a3y JaHHBIX, aJIeKBaTHO OTPaKalOIIyl0 OCOOEHHOCTH
MpeAMETHOM 00JIaCTH.

IMPOEKTUPOBAHUME BA3bl JAHHbIX

B cratbe paccmarpuBaeTcs NpOEKTUpPOBAaHWE Oa3bl NAaHHBIX HH(GOPMAIIMOHHOW CHUCTEMBI
CTYIUH IOBEIUPHOTO [u3aiiHa, MPUOPHUTETHHIM HAMpaBICHUEM JAEITEIbHOCTH KOTOPOM SIBISETCS
M3TOTOBJICHHE FOBEIIMPHBIX U3JICIIAN 110 HHIUBUIYATBHBIM 3aKa3aM. B CBs3H ¢ 3TUM 0CcOOYIO POJIh B
JEeSTeNbHOCTH CTYAUU UTPaeT MU3allH-O0I0pO — BaXXHOE CTPYKTYpHOE Tojpa3aeneHue GupMbl, s
KOTOPOTO W pa3pabaThIBaETCsl CHEIUATN3UpOBaHHAs WH(GOPMAIIMOHHAS cucTeMa. B au3aiiH-0r0po
paboTaroT COTPYIHUKH, 3aHUMAIOIIHIE CIEAYIONINE TOIDKHOCTU: Au3aiiHep, 3D-Mozaemnnep, omneparop
3D-mpuHTEpa, MapKETOJOT, MEHe/Kep. Takke y CTyIWH €CTh IOBEIUPHOE IPOM3BOJCTBO, Ha
KOTOpPOM paboTaroT TJIaBHBIA [OBENHp (TEXHOJOr) W MacTepa-IoBENUpPBI, a TaKXkKe OTIel
TEXHUYECKOTO KOHTPOJIS, CKiag W Oyxrantepus. OCHOBHOE YIIPaBJICHUE MPOU3BOJIUT IUPEKTOD,
KOTOPOMY TIOTYMHSIIOTCS BCE OTAEIBI.

17 JloknagsT e mpeicTaBeH Ha CTyjeHTcKaTa HayuHa cecus Ha 03.05.2018 B ceknms ,Mnpopmaruka® c
opuruHanHo 3arnaBue Ha pycku e3uk: [TPOEKTHMPOBAHUME BA3bl JAHHBIX CTYAUN IOBEJIMPHOI'O
JIN3AVIHA.
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Jiis mpoekTrpoBaHUs 0a3bl JaHHBIX HHIMBUYaTHLHOTO 3aKa3a Ha U3TOTOBIICHUE IOBETUPHOTO
n3aenvs ObUTa CO3/1aHa MOJIENTh CEMaHTHYEeCKOH cetu [2-4,7,9,10] nanHOTO TIpoliecca, OTpaXKaroIast
3HaHUS O MpoIleccax U U3JeNUU (a TakKe caMOM 3aKa3e), KOTOpPhIe B XOJ€ BBINOJIHEHUS 3aKaza
MTOCTENIEHHO HAKATLJIMBAIOTCSI M KOHKPETU3UPYIOTCSI.

CemaHTH4YeCKasi CEThb W3TOTOBJICHHUS FOBEIMPHOTO M3JEIHS [0 WHIWBHIYAIbHOMY 3aKa3y
rokasaHa Ha puc.l.

obpamaerca B
Kiment Crymua IOBE&IHPHOTO
OeIaeT 3aKas B = i3
IM3aiiHa
EBICKA3EIBaeT
OX }:lH?naﬁHe’p ABIIASTCA OTOEIIOM B
pabotaer B [
Juzaiia-6wopo pabotaer &
paspaéarhmae'r
v Jcxus
- H3memis paGoTaeT B
IOIMHACHIEAET Omneparop
ofopauizer nomyuaer | 3D-mopenep 3D-mpuntepa
BXOOHT B
Joroeop oo cTpouT T
nepenaeTca
Texzaganue Ha [
yxasana B MOAEHpOBaHHE «BoCKOBKa»
odopaitaer 3D-mopems (MozeTs
CroumocTs
VKA3aHEl B VKa3aHEl B BXOINT B s A M3Iem)
:I/ nepenaeTca B
TPOHSEOIHT C H TOTY9aeT
poxn apafl-3akas Ha ABIIACTCA OTASIOM B
Omnmara H3rOTOBJIEHHA U3rOTOBJIEHHE ———
HOeemiproe
OMHCAHO B MOOENe
T — i MPOH3BOICTEO
NOITY4aeT CO CRiIaga l paécrlae'r B OOITy4aeT
HOsemipHoe | _HSTOTABIHEZET
HSTOTOBJIEHO H3 N\ Oy
Meisi H3memie Macrep-rosemip
HMeeT o e i
HMeEeT \L
Macca [§&— S
Cnenuamict Crippe
HMeeT
. Pasmep OTK
; <
3T0 BRIOAET
XPaHUTCA Ha MOTQCT B
Bax B 3aBCKIaioM
MOXET HMETb
MeTauIa Cnocob HMeeT
33aKpETKH maeeT
HOeemipras OTK paboraer B
KPeMHTCA B H3ATHH BCTaBKa
ek Bun I ABIIASTCA OTASNIOM B
3T0
poba
Komrecreo | meeer | it Cxuiag
obpabateisasTca I'pynna MOXeT HMeThb Orpanxa P B
nBera
MOXET HMEeTh
Crnocobst MOXeET HMETb Sy
obpaborxu T'pynna ieeT Bteer
MeTavia KaueCTBA/MHCTOTEl | MOKET HMETD $opma Kaugecreo

Puc.1. Cemantrnueckas cetb mporiecca «/3roroBieHne IOBETUPHOTO U3IETHUS 110
WHJUBUIyaJIbHOMY 3aKa3y B CTYJIUU FOBEIUPHOIO U3aiiHa

[Ipouiecc BBIMOTHEHUS WHAMBUAYAJbHOTO 3aKa3a HayMHaeTcsd C oOpallleHus KIHMEHTa B
IOBEJIMPHYIO GUPMY C LENBIO 3aKa3aTh U3/IeNIMe C MHANBUAYAIbHBIM qu3aitHoM. KineHnt obmaercs ¢
I3aiiHEPOM (COTPYAHUKOM U3aiH-0I0PO0), BHICKA3bIBAET EMY CBOM MOXKEIaHMSI K U3EIUIO U Ha UX
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OCHOBE JM3aifHep pa3pabarbIBaeT AM3aH U3Jenus (PYUHOM ICKU3 M3/eNus Ha HA4aJbHOM 3Tare),
KOTOpBIM JOJDKEH YTBEPIHUTh KIWEHT. [lanmee mu3ailHep COCTaBIs€T TEXHMYECKOE 3aJaHUE Ha
MozenupoBanue, 3D-monemnep ctpout no Hemy 3D-Mozens u3enus B CieluaibHOW MPOrpaMMe U
nepenaet ¢ain ans nedatu Ha 3D-mpuHTepe, pacriedaTaHHas BOCKOBas MOJENb IEpelaeTcs Ha
MPOU3BOACTBO. /ln3ailHep COCTABIIAET JOTOBOP C KIIMEHTOM, B KOTOPOM YKa3bIBAKOTCS CTOUMOCTD U
CPOKHM H3TOTOBJICHUS W3J€NUs, KIUEHT €ro U3y4aeT M MOANMCHIBAET, Mpou3BOoAMT ormiary. llocie
9TOr0 MAaCTEp-IOBEJIMp IIOIy4YaeT OT Ju3aiiHepa HapsA-3aKka3 Ha M3TFOTOBICHUE U3JENNS
(BKIIIOYAIOIIMKA ACKU3 H3Aenus, nmpoekuud 3D-mofenu U ONHCaHWe XapaKTePUCTHK HU3JENUS —
KOJIMYECTBO MeETajllla, KaKOW MeTalila, KaKhue BCTAaBKU U CKOJIBKO, a TaKKE CPOKHU M3TOTOBJICHUS).
[Ipou3BoOCTBO MOIYyYaeT CO CKJIaja MOCTYMaeT HEOOXOAWMOE ChIPb€ U HM3TOTaBIMBACT H3JEIHE.
['oToBOE IOBENMpPHOE H3IEIHME IPOBEPSAECT HA COOTBETCTBUE CIELHAIUCT OTAENIA TEXHHYECKOIO
koHTposst (OTK) u mocne 3Toro uszzaenue nocTynaeT Ha CKIIa, OTKYy/a €ro 3a0MpaeT KIHEHT.

IlocTpoeHHass MoOzenb CEMAaHTHYECKOW CETH JOCTaTOYHO IIOJIHO OTPakaeT OCHOBHBIE
B3aMMOCBS3H U MOHATHS MPEIMETHOM 00JIacTH IOBEIIMPHOTO AMU3aiiHa, YTO MO3BOJUT UCIOIb30BATh
JAaHHYI0O MOJIEeJIh KaK OCHOBY Juis pa3paboTku 0a3bl JAaHHBIX  CHCIHATU3UPOBAHHON
nHpopManmoHHoM cuctemsl [1,5].

baza pannpix wHbOpmarmoHHoi cucremsl [6,8,11,12], crnpoexkTupoBaHHAsE ISl CTYIUU
IOBEJIMPHOTO JIM3aifHa, MMEET CBOI0 OCOOEGHHOCTh — OOJbIllasg €€ YacTh 3aHATa TaOauIamw,
OTHOCSIIIUMHUCS K OMUCAHUIO CaMOTO FOBEJMPHOro u3zaenus. OCHOBHOE BHMMAaHHME HAIpPaBJICHO Ha
oToOpaxkeHne Bcell mHbopManuu 00 u3Jenuu, Kak 00 YHUKaIbHOM MpoayKTe. OTIMYUTENBHOU
0COOEHHOCTBIO SBIISICTCI HEOOXOTUMOCTh XPAaHHUTh OOJBIIOE KOJWYECTBO (HAJIOB Pa3IUIHOTO
¢dopmara, ocobeHHO n300pakeHnd. K XpaHUMBbIM JaHHBIM MOKHO OTHECTH TaKUE KaTErOpUH Kak,
aHaJIoTH OyIyIIUX W3JEIHA, TPEABAPUTEIBHBIE JICKU3bI, YTBEPKICHHBIC JCKU3bl W3JICIHN,
3aroHeHHbIe (POPMBI TeX3aJaHUI U HapsII-3aKa30B, (haljIbl TPEXMEPHBIX MOJAEINEH U MPOESKIIUU STUX
MoJIeTieH, 1 HakoHell, (hoTorpaduu roToBIX M3enuii. Bce 310 XpaHuTces B TaOIUIE, OMUCHIBAIOIICH
BHeIHU B uzfenust. Cxema 6a3pl JaHHBIX WH(GOPMALIMOHHON CUCTEMBI MpEeJICTaBlIeHa Ha puc.2.

Jl1st cxeMbl 0a3bl JaHHBIX CTYJIUHU IOBEJIMPHOTO JAM3aiiHa XapaKTepHa JPEBOBUIHAS CTPYKTYpa:
K Tabnmuie ¢ U3AENUSIMU UAYT YTOUHSIONIME TAaOJUIBI C ONMUCaHHe MeTalljla B M3JENNHU, BCTABOK,
3acTeXeK, BHEIIHEro BUa u3ienus U T.4. B cBoto ouepeap Tabiuniia MeTaiia B U3/1€HMH UMEET CBOU
3aBUCHMBbIE TAaOJHIIbI, OMMCHIBAIOIINE BUJ METAJUIa, €ro IIBET U Mpo0y, a TaKkKe BUIbI 00paOOTKH.
Tabnuiia, onuckIBaroIas BCTABKY B U3JIETTUHU CBsI3aHA ¢ TAOJIUIIAMU — BHJI M HA3BaHHUE BCTABKH, IIBET,
KauecTBO, BUJ 3aKpENKU BCTaBKH, a CBSI3aHHAs CO BCTAaBKOW TabNMUIla OrpaHKH B CBOIO Ouepelb
cBs3aHa ¢ TabiuiamMu (HOpMBI U Ha3BaHMS OTPAHKH, KauyecTBa OrpaHkH U T.1. CIOXKHOE U3JAeNne
MOXKET MMETh OYeHb OOIIMPHOE OIMHCAaHUE, B €r0 MPOU3BOJCTBE MOXKET OBITh HCIIOJIB30BAHO
HECKOJIBKO BHJIOB METAJUIOB, MHOXECTBO pAa3JIMYHBIX BCTABOK, KaxJas CO CBOUMH
XapaKTEPUCTUKAMH.

Ornucanne yHHUKaIbHOTO U3/ — ’TO KOMOWHAIINS HE TOJIBKO MHOXECTBA MHIANBUYaTbHBIX
ACTETUYECKUX XapaKTePUCTUK, HO U TNPUMEHEHHBIX KOHCTPYKTOPCKHUX PpELIECHUW, ONHUCAHHUM
KOMITOHEHTOB, 00J1a/Iaf0IIMMH KOHKPETHBIMU (PU3UUECKUMHU CBOMCTBaMU. Bce 3T0 maet ocHoBaHUS
monaratb, 4to Ans cdepsl Ou3aiiHa CcaMbIMH BOCTPEOOBAHHBIMH MOTYT CTaThb HMMEHHO
CHeIUaIu3upOBaHHbIE  MH(OPMAIIHOHHBIC CUCTEMBl C OOMMUPHBIMH 0Oa3amMu JTaHHBIX,
CIPOCKTUPOBAHHBIMM C aKIIEHTOM Ha onucaHue wuzjaenus. I[lomumo 3HaHUMN O 3aka3ax H
M3TOTOBJICHHBIX M3IEIHAX, 0a3a JaHHBIX TaKXKe JIOJDKHA COJAEpX,aTh OOMIMPHYIO HHEGOPMAIHIO O
MPEeIMETHON 00JIaCTH — KIIaCCU(PUKALIUN PA3TMYHOTO CHIPbSI, UCIIOJIB3YIOIEroCcs IPH MPOU3BOICTBE
IOBEIIMPHBIX ~ M3JEIUN, TMpaBujia OLEHKU FOBEIUPHBIX M3JEIUA W BCTABOK, OINKMCAHUA
KOHCTPYKTOPCKHUX PELIEHUH U T.J.
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Puc. 2. Cxema 6a3bl JaHHBIX HH(POPMAITMOHHON CHCTEMBI JJIS CTYIMHU IOBEJIIMPHOTO TU3aiiHa

OdeHb BaXXKHOW YacThIO 0a3bl JAHHBIX JOJDKHA CTATh CHCTEMATH3AIUS BCEX UCIIOB3YEMBIX ITPU
MOATOTOBKE M BBIMIOJIHEHUU 3aKa3a MarepuanoB. K HUM MOXHO OTHECTH: coOMpaeMble Ha CTaJluu
nu3aifHa nu300pakeHUs-aHAIOTH (M0  KOHIICTIIIHH,

M0 BHIAM H3ICIIHIA,

MaTepuaam,

Io

KOHCTPYKTHUBHBIM 0C06€HHOCTSIM, 10 CTHJIIO, q)OpMC HJIU 1IBCTY U T.)I.), KOTOPBIC MOXHO COXPAHATH

B 0a3e B BHJI€ KOJUICKIIUH, CHCTEMAaTH3UPOBATh U OPTaHU30BBIBATh UX YIOOHBIM MOUCK. ITO UMEET

CMBICJ, TIOTOMY YTO CO3JaHHBIE KOJJIEKIIMU MOTYT ObITh MPUMEHEHBl MHOTOKPATHO MpH padoTe ¢
pa3HbIMH 3aKka3aMu. Becb 00beM IpeBapuUTENbHBIX 3CKU30B TaKyKe HEOOXOAMMO COXPaHsTh B 0ase.

OTaenbHO CTOUT CKa3aThb U O TOM, YTO UMEHHO 3CKHU3bl W3/ENIUi, BBIIOTHEHHBIE «OT PYKW», KaK
MIpaBWJIO, HE MOMNAJAI0T HU B Kakhe 0a3bl, a XpaHATCS Ha OyMakHbIX HocuTelsix. [lepeBosa pydHbIX
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ACKU30B B IIU(PpoBOI popMaT u coxpaHeHue ux B 0ase, a TakKe CUCTEMaTH3AIMsI U COXpaHEHHE BCeX
PE3yNIBTaTOB TBOPYECKOTO TOMCKA, MPOMCXOSIIMX HA CTaJWH JHU3aliHa M3AEHS, TOJDKHBI CTaTh
IIpaBHUJIOM B OpraHU3allun ACATCIbHOCTU CTYAWU. PCSYJIBTaTbI HWHTCJUICKTYAJIbHOI'O TpyJda B HAIIC
BpeMs LIECHHbI KaK HUKOT/1a ¥ OHH JOJKHBI TIONOJTHATH UMEIOLTYIOCS 0a3y JaHHBIX M U3 HHPOPMAIHH
peoOpa3oBHIBATHCA B TIOJIE3HBIC 3HAHUS.

[Ipoumecc TOCTOSIHHOTO HAKOIUICHWS, AaHAJIM3a M TIOJYYCHUS HOBBIX JIAHHBIX OyneT
CIOCOOCTBOBATh MOBBIIICHUIO KAYECTBA U CKOPOCTH BBITIOJHEHHUS 3aKa30B, a TAaKXKE BO3MOKHOCTH
NPUHUMATh TPaBUJIBHBIC PELICHUs B Ipolecce ympaBieHus 3akazamu. Co3maHue 0as3bl JaHHBIX
MOBBICHUT 3(PPEKTUBHOCTD ACATEILHOCTH TU3ANH-CTY UM U Oy/JIeT CIIOCOOCTBOBATH MOIICPKAHUIO €€
Ha KOHKYPEHTOCIIOCOOHOM YPOBHE.

BbIBO/IbI

MoskHO caenath BBIBOJ, YTO NMPUMEHEHHE CEMAaHTHYECKOIO MOAX0Ja MpHU pa3paboTke Oa3bl
JAHHBIX CTYIUHU IOBEJIHPHOTO IM3aifHA TTO3BOJISET B MOJTHON Mepe Y4eCTh OCOOCHHOCTH MPEIMETHON
obnactu W crienupuKy Au3aiiHepcKon aesreabHocTH. Co3aHne CeMaHTHYECKOM MOJIEH Ipoliecca
M3TOTOBJICHUS FOBEIMPHOTO M3CIHS 110 HHANBUIYATLHOMY 3aKa3y M, Ha €€ OCHOBE, 0a3bl JTAHHBIX,
MMO3BOJIUT Ppa3paboTaTh CHEIUATM3UPOBAHHBIE HWH(POPMAIIMOHHBIE CHCTEM JJIsi OpraHU3aIlui,
NESTEIbHOCTh KOTOPBIX CBsI3aHAa C  IOBEJIMPHBIM JIU3aHOM, CIEIACT BO3MOXHBIM HAKOTUICHHE
JaHHBIX 00 YHHMKAJIbHBIX W3JIENMSIX M paciidpeHue 0a3bl 3HAHMN O MpeIMEeTHOW 00JacTH, 4To
MTO3BOJIMT AaHATM3UPOBATH M UCIIOJIb30BATh MOJy4YEHHBIC 3HAHUS MTPH paOOTE C HOBBIMH 3aKa3aMH.
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