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KonoHka Ha rnasHUA pepaKkTop

Yeaxcaemu yumamenu,

C 2020 r. 3amo4yHa BTOpaTa rogMHa OT MNoABaTa Ha
cnucaHue ,MHpopmaTMKa M MHOBATUBHWU TEXHOOTUN®.
[oguHa, KoATO ce cbnNPoBOXKAA OT NaHaemuaTa COVID-
19 1 o4yepTaBaLLOTO Ce HACTbMNBaHE Ha MKOHOMMUYECKa
peuecus. 3HauMTeNHA YacT OT CBeTa e B Mpouec Ha
rofama TpaHchopmauuma. TeXHONOrMYHUAT HanpeabK
BCE MOBeYe Ce WHTerpupa c uUMdpoBM3aALUATA,
W3KYCTBEHUA WHTeNeKkT (MU) u nHbopMaLMOHHUTE
TexHonormu. [loctaTbyHo € Ja ce oTbenexar camo
HAKOM OT Hal-ycnewHuTe npuaoxeHua Ha WU —
aBTOMaTU4YeH MpeBod OT eAuWH e3UK Ha  Apyr,
pa3no3HaBaHe Ha 06pasu U U306pakeHns, MaMHHO
obyuyeHue 1 camoobyyeHune u ap.

EnHa OT MepKuUTe 38 NKOHOMMWYECKO Bb3CTAaHOBABAHE €
BbBEX/AAHETO Ha MHOBATUBHWU TEXHONOTMW, KOUTO ce
noAxpaHBaT  OT  HeNpeKkbCHaTMA  mporpec B
VHTENIUTEHTHUTE CUCTEMU U TEXHUTE NPUNoKeHuA. bes
CcbMHeHue MU moxke fa aBTOMaTM3MPa MHOTO NpoLecH,
HO TOM MMa paney Mo-roleMyM Bb3MOMKHOCTU Aa
Cb3/aBa M3LAN0 HOBU KAaTeropum NPOAYKTU U yCayru u
CbOTBETHO HOBWM MNasapHM Huwwu. C nomouita Ha
TexHonormun, 6asuvpaHn Ha WU u HacouBaHe Ha
KOMMaHuMMTe fJa ro  W3nosi3BaT Te MoraT pga
TpaHchopmmpaT BM3HEC MoZenuTe CU Kbm LUppoB
NpPexos, C eNeKTPOHHO yrpas/ieHne U no-edeKTUBHO
NpoOV3BOACTBO U M3MON3BaHE HA EHEPrUUHUTE Pecypcu.
Kato pepkonerna cme LWAcTAvBM OT HamnpaBeHUTe
MbPBU CTHMNKMU Ha CMIMCAHUETO U MMame ambuumaTa aa
NPOABL/MKMM Aa NpeAsarame Ha CBOUTE YuTaTeNu
nosiesHa MHGOPMaLMA U Bb3MOXKHOCTU 32 NOpaXKAaHe
Ha HOBM BPbB3KM M acoumauum B Ayxa Ha HOBUTe
TeHAeHUMn B codepata Ha uHbopmaTtukata, WU,
COPTKOMMNIOTUHIA U UHOBATUBHUTE TEXHOOTUW.

CnucaHUeTo e HeKOMepPCUanHoO U MMa 3a eAMHCTBEeHa
uen Aa nNpeactaBM  Ha  uyuTaTeNMtTe  CM OT
npodecroHanHaTa rMAANA HAYYHUTE MOCTUKEHUA W
pesynTaTM Ha HalwuTe Konern, ga obobuwm n obcbam
CBETOBHUTE TEHAEHUMWU W aKTyaJlHU [AWUCKYCUOHHM
npobnaemu.

CnucaHWeTo LWe npoab/ixaBa ga 6bae dopym 3a
pa3npocTpaHeHMe Ha HOBU Hay4YHU pe3yaTaTi U obmeH
Ha UAen, TEXHUKM U NPUIOXKEHNA Ha U3CnedoBaTeMTe
B 06/1acTTa Ha MHTENUTEHTHUTEe cuctemu. Cnassaiku
MWUCUATA CU, LW NPeaoCTaBUM LWMPOKU Bb3MOMKHOCTM
3a AncKycum, aebatm n obmeH Ha nHbopMaLma Mexay
noTpebutenun, 4OCTaBYMLM U U3CAeL0BaATENN.

Mpu cb3panuTe ce y Hac, a U B CBETa OrpaHUYeHuA
Bcnepctene  Ha COVID-19, W3paTenckuaTr  CcbBeT
CBOEBPEMAHHO pearnpa C U3LAA0 NPeMUHABaHE KbM
cBoboaeH AOCTbN A0 CNUCAHUETO (httrs://journal.iiit.bg).
CnucaHneto e peructpupaHo noa Ne 3786 B
HauuoHanHua pedepeHTeH CNUCHK, KOETO NO3BO/ABA
Ha BCMYKM aBTOpPM Ha nybaMKauuum pa oTpassasat/
LMTMpaT cBOMTEe PaboTu M Te Aa MM HOCAT TOYKMU B
Perncrbpa Ha akagemunyHua cbctas npu HAUMA,.

UHdopmaTHKa
"
WHOBATUBHU TEXHOZIOTUN
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MHOI'OKPUTEPUAJIHA OIITUMU3ALIUA HA IMTPOU3BOACTBOTO
HA AHACOHOBHU AJIKOXOJIHU HAIIMTKHU

C. CrosinoB, C. CrosiHoBa

MULTICRITERIA OPTIMIZATION OF ANISE-FLAVOURED
ALCOHOLIC BEVERAGE PRODUCTION

S. Stoyanov, S. Stoyanova

XUMUKOTEXHOJOTHYEH U METATypruieH
yauBepcuteT (XTMY) — Codust
Byn. Knument Oxpuacku, 8, Copus 1756
e-mail: shtain@uctm.edu

Abstract: Aniseed cordial drinks are produced by
mixing several ingredients. To find the optimal
composition of the mixture of aniseed drinks is
necessary to investigate the preferences and satisfaction
of the customers, because the best mixture is extremely
subjective. The main problems are how to create a
mixture with the best taste of the drink, the best
limpidity, the best degree of alcohol and the best price
of the drink. In this study for finding the best mixture is
used experimental design of McLean and Anderson. For
transformation of the several objective parameters to
one generalized objective function based on the
customer satisfaction is used a function of desirability
in two variants — additive and multiplicative type of
transformation.

Key Words: aniseed drink, mixture, McLean -
Anderson  experimental  design,  multicriteria
optimization, desirability function, decision making.

BbBEAEHUE

AnKoxonHuWTe HAMWTKW, KOWUTO CbabpKat
aHacoH, YC/J0BHO e M Hapeyem «aHaCoHOBU
aJIKOXO/IHM  HaMUTKM», Cce MPOoM3BeXAaT U Cce

ynoTtpebasat B MHOro cTpaHu. OcobeHo ca nonynspHM
Ha bBankauute n CpeamsemHomopueTo (Bwbarapus,
Mbpuma, Typuma, PpaHuma, Utanmna, Mcnauuma, JineaH u
[p.), C Pa3NIMYHM HaMMEHOBAHMA: MACTVKa, Y30, PaKy,
nacTuc, pukap, cambyka, aHucago, apak v ap. Mpu
NPOU3BOACTBOTO MM, OCBEH AecTunaumaTta, ocobeHo

University of Chemical Technology and
Metallurgy - Sofia
8, Kliment Ohridski Blvd.
Sofia — 1756, Bulgaria

Ba)KEH e MNPOLLeChT Ha CMeCBaHe Ha CNeIHUTE OCHOBHM
KOMMOHEHTU: a/IkoXON, BOAA, 3axapeH pasTeop,
Jectunat, aHacoH. OKpynHeHaTa cXxemMa Ha
NPOW3BOACTBOTO € NoKasaHa Ha dur. 1.

B HacToAWwOTO M3CcnedBaHe e  HanpaBeH
€KCNepMMEHT 3a onpeaensHe Ha Hall - fobpaTa cmec 1
rpynu oT ONTUMAZIHU CMECcH, KOMTO MaKCMMajaHO A3
Y[0BNIETBOPAT KOHCYMAaTOpPUTE Ha aHacoHOBaTa
a/IKOXOJIHA HanuTKa.

OT npeaBapuTeIHU U3CeABaHNA U MO MHEHMETO
Ha ekKcnepTM ca u3bpaHM cnegHWTe AOMYCTUMM
rPaHMUM Ha BapupaHe Ha BXOAHWTE MapameTpu Ha
eTana ,cmecsaHe”:

0.12 < x, <0.18 - ankoxon;

0.20< x, <0.30 - Bogga;

0.25 < x; <0.35 - 3axapeH pa3TBOp; (1)

0.10< x, <0.20 - pectunar;

0.10 < x, <0.20 - aHacoH.

Tbii KaTo BXOAHWTE (ynpaBsBaLiMTe) NapameTpu
Ca CbAbPKAHMETO Ha MeTTe OCHOBHW CbCTaBKM Ha
aHaCOHOBATa a/IKOX0/IHA HAMUTKA, Pa3r/iexaaHa Kato

CMeC, YCNOBMETO, KoeTo TpAbBa Aa ce U3nb/HABa Npu
LAN0TO U3CNeBaHe e:

5
in:I.O_ (2)

i=1
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Ankoxon
— Tisperuen [Hectunat |
Bona JACCTUJIaT
s BTOPA ANKOXO0I
Cemena 3 "Il CMEC - AHacoHOBA
axapen
Cemena — P BAHE AJIKOX0JIHA
- a3TBOP
B Bona p HAIMTKA
OJHa Mmapa | BO;[a
B ” Ankoxon _—
Oxmaxnama AHACOH
—_—
—BOJg| I
®ur.1. Mpon3BOACTBO HA aHACOHOBA a/IKOXO/IHA HAMMWTKA C ABYCTENeHHa AecTuaaLma
EKCIIEPTHA *Bkyc
AHaCOHOBA *TIpo3pauHoct
AJIKOX0JIHA INOTPEBUTEJICKA || sy
*
HAIIMTKA AJIKOXO0/IHO ChIBbPKAHUE
OIIEHKA *Ilena
®ur. 2. OueHKa Ha KaYecTBOTO Ha aHAaCOHOBA a/IKOX0/IHA HaNUTKa
M3xogHWUTe napameTpu (Lenesute napameTpu) CboTHoweHuaTa (1) wn (2) onpegenart
npyv MpPOM3BOACTBOTO Ha aHACOHOBATa HaMUTKa ca  MHOFOCTEH B  CMMMJIEKCHOTO MPOCTPAHCTBO HA
CBbP3aHM C KayecTBaTa Ha CMecTa. Hali-Ba)KHUTE OT  KOMMOHEHTUTE, KOWTO He e MCeBAOCMMMNEKC W

TAX, NPUETU B TOBA M3CAeABaHe, ca cnegHuTe (dur. 2):

Y1 - OLUEeHKa Ha BKyCa Ha HanuTKaTa, oueHaBaHa no 10
6anHa cKana;

y2 - MPO3payHOCT Ha HanuTKaTa, oleHsaBaHa no 10
6anHa cKkana;

Y3 - AJIKOXO/IHO CbAbPXKAHWE B ANIKOXOJHU Tpagycu
(ank. °), npenopbyaHaTa cTOMHOCT € 42 ank. °;

Y4 — LEHa B HeyTpa/sHU eAMHULM 33 euH ToH (HE/T);

EKCNEPUMEHTA/THN PE3Y/ITATU

3a onpegensiHe Ha ONTUMa/NHUA CbCTaB Ha
CMecTa, KOWTO [Ja YyAoBAeTBopsABa onpeaeneHute
M3UCKBAHWA 3@ MHOMECTBOTO KpUTEPUW, € NpoBeaeH
NAaHUPAH €eKCnepMMeHT no naaH Ha Mcleen -
Andersen [3,4] 3a u3cnegBaHe B oOrpaHuMyeHaTa
ponyctuma obnact (1) Ha cbetasuTe xi(i=1, 2, ..., 5).

dopmaTa My 3aBUCK OT KOHKPETHWUTE CTOMHOCTU Ha ;

" bi (i = 1,2,..,5), (dur.3), Kouto npeacrtasnssaT

MUHUMAZHUTE W MaKCUManHUTE CTOMHOCTU Ha
KOMMOHEHTUTE Ha CMecTa, cbrnacHo (1).

MnaHbT Ha Mak-J/IMiMH 1 AHAEpPCHH ce CbCTasA
Taka, Ye MHOXEeCTBOTO OT €eKCNepuMeHTU ce
pasnonarat B rPaHWYHUTE TOYKM Ha [OMNYCTUMOTO
NPOCTPAHCTBO, LEHTPOUAHN TOUKM MO NOBBPXHOCTTA U
B LleHTbpa Ha TO3M MHOTOCTEH.

Ha ®ur. 3 3a wuaoctpauma, e nokasaHa
fonycTtumaTa o6nacT Ha u3cnesBaHe, HO NpeacTaBeHa
33 4-KOMMOHEHTHa cmec.

[MNaHBT Ha eKcnepumMeHTUTe e W3MbJIHEH B
efiHa OT eBponenckutTe Abpasu. [lonyyeHute
pe3ynTaTu 3a LenesuTe NokasaTenum ca gageHu B Tabn.
1[1].

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT) il
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®wur. 3. NpymepHa gonyctuma obaacT 3a u3cnesBaHe
npv 4 KOMNOHEHTHa cmec

MHOTOKPUTEPUAJZTHA ONTUMU3ALIUA HA
ANKOXOJIHATA CMEC
Tbil KaTo B KpUTepUWUTE 33 OLEHKa Ha
aHacoHOBaTa a/lkOXO/IHA CMeC MMa CybeKTUBHMU
MoKasaTtenu, 3a MHOroKpuTepuanHaTta onTMMmn3auma e
n3nonssaHa obobueHa OGyHKUMA Ha XKenatenHocT,
npeanoxeHa oT EaynH XapuHrToH [2].

d
1.0
4L Jonyctumo u
NIPERB3X0HO
0.8 1
|V Homyctumo n
100po @OyHKIHUSA HA
0.6 7 1 JKeJIATEJTHOCT
i OITyCTHMO U S
JIOCTATHYHO
04
0'37_. ........... _Homo ............... :
0.2 - |
MHoro |
7] JI0 E
OO N ! A 4 ! ! ! ! —

T T -

321012 34 5 yE&

®ur. 4. DyHKUMA Ha KenaTeNHOCT

Tasn PyHKUMA e OT eKCrNoHeHUManeH Bug u
0beaMHABa BCUYKM LieN1eBM NapaMeTpu (nokasaTtenuTe

Ha KayecTBOTO), KaTo ce M3MeHS B AuanasoHa [0 =+ +1].
Ta ce xapaKTepu3upa C TaKa HapeyeHaTa TOYKa Ha
NPMEM/IMBOCT Ha pelleHMeTo. Tasn Touyka pasgens
BCUYKM pe3yaTaTu 3a LenesuTe napameTpu Ha Age
061acTM - NPUEMIIMBA U HENPUEMIMBM, Kaacubu-
UMpaHM B nofobnactm  Ha  HEMpPUEMAWMBOCT U
NPUMEeMIMBOCT. Pasfie/iHaTa TOUKa MEXKAY «4a» U KHe»
e 0.37 (mHoro nsnegosatenu A uanonsear 1 Kato 0.40).
KpuBaTta Ha enatenHoCT Ha XapuHITOH e fafeHa Ha
®ur. 4.

KoraTo e  3agjajeHa  npenopbyaHata
(«npeBb3XoAHa») Hail -40b6pa CTOMHOCT Ha HAKOM OT

LueneBnTe napameTpu yj(X) N BCAKO OTK/IOHEHUE OT

HeA (I'IO-I'OI'IFIMO Unn I'IO-MaJ'IKO) € no MaJiko
npuemnmeo, ce W3NoNa3Ba [ABYCTPAaHHa CKaJsla Ha
dDYHKLI,VIFITa Ha XKeNnaTenHocCT, KOATO nma
KaM6aHOBM,CI,Ha d)opma, 3a KOATO NnABaTa NOJIOBUHaA €
nokasaHaTta Ha dur. 4, a gacHaTa e CMMETPUYHa Ha HeA.

B HacToAwWMA cayyall TakbB MOKasaTen e y3(x) -

a/NIKOXO/THOTO CbAbPIKaHWNE, 33 KOWTO NpenopbyaHaTa
CTOMHOCT e 42 ank.’.
Mpv 3agaaeHy m Ha 6poli LeneBm NapameTpu,

Y, (x) (j=1,2,.., m), KaTo eIHOBPEMEHHO Ha BCUYKU

OT TAX Ce TbPCM MAKCUMYM WU MUHUMYM MO
ynpasnssawmTte napametpu x; (i = 1,2,...n). Lenesute

napameTpu yj(X) , (/ =1,2,..., m) ce npeobpasysar B
KoepULMEHTN Ha KenaTesHocT dj (x),j=1,2,.,mno

cnegHnAa anropuTbM:

1. 3apasar ce gse 6a30BM CTOMHOCTM 3a yj(X) "

CbOTBETHUTE UM KOGd)VILI,VIEHTVI Ha eJslaTe/NIHOCT

d;(x)e [0,1], Vv i=1,2,...,m.
Vi) > di(x) ny; (0)>di(x). 3

2. 3uncnaeart ce
yy=—In[-In(@d))] w y,=-In[-In@"].
(4)

3. CbcTaBsa ce cuctemarta oT YpaBHEHUA:
! 1
yjl(x) :boj +b1jyj(x) ,
! Ve
Vi (x)= boj + bljyj (x). (5)

4. Pewasa ce cuctemara (5) 1 ce Hamupat boj " bl/"

5. LleneBnte napameTpu ce TpaHchopmupaT BbLB
YHKLMM Ha XenaTenHocT.
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d (x) = exp [_ exp(~b, —b, y (x))J ’ MpeAMMCTBOTO Ha TO3M METOZ, e He/IMHeHaTa
/ / I eKcnoHeHuManHa TpaHchopmauma (7) Ha uenesute
vj=12-,m (6) NoKasaTesin B KOeDULIMEHTU HaA XKeNaTenHoCT dj(x).

Tabauua 1. EkcnepumeHTaneH nnaH Ha Mcleen - Andersen 1 onuTHK pesynTaTa

No X1 X2 X3 X4 X5 Y1 y2 y3, ank. ° ya, NE*IT
1. 0,18 0,30 0,25 0,10 | 0,17 7 9 44 850
2. 0,18 0,20 0,35 0,10 | 0,17 7 8 39 900
3. 0,12 0,30 0,35 0,10 | 0,13 6 7 40 540
4. 0,18 0,20 0,25 0,20 | 0,17 7 9 41 800
5. 0,12 0,30 0,25 0,20 | 0,13 5 8 40 600
6. 0,12 0,20 0,35 0,20 | 0,13 5 7 39 920
7. 0,18 0,30 0,25 0,17 | 0,10 10 8 44 940
8. 0,18 0,20 0,35 0,17 | 0,10 10 9 40 750
9. 0,12 0,30 0,35 0,13 | 0,10 8 7 41 770
10. 0,18 0,20 0,25 0,17 | 0,20 9 5 42 700
11. 0,12 0,30 0,25 0,13 | 0,20 7 4 41 730
12. 0,12 0,20 0,35 0,13 | 0,20 4 5 40 760
13. 0,18 0,30 0,32 0,10 | 0,10 5 7 43 840
14. 0,18 0,20 0,32 0,20 | 0,10 5 8 41 590
15. 0,12 0,30 0,28 0,20 | 0,10 4 9 42 670
16. 0,18 0,20 0,32 0,10 | 0,20 4 6 42 700
17. 0,12 0,30 0,28 0,10 | 0,20 3 5 41 550
18. 0,12 0,20 0,28 0,20 | 0,20 4 4 41 710
19. 0,18 0,30 0,32 0,20 | 0,20 7 4 45 780
20. 0,18 0,27 0,35 0,10 | 0,10 7 6 38 800
21. 0,18 0,27 0,25 0,20 | 0,10 6 7 41 820
22. 0,12 0,23 0,35 0,20 | 0,10 5 8 39 840
23. 0,18 0,27 0,25 0,10 | 0,20 6 4 42 800
24, 0,12 0,23 0,35 0,10 | 0,20 4 5 40 770
25. 0,12 0,23 0,25 0,20 | 0,20 3 5 42 660
26. 0,18 0,27 0,35 0,20 | 0,20 6 4 43 790
27. 0,15 0,30 0,35 0,10 | 0,10 6 7 40 710
28. 0,15 0,30 0,25 0,20 | 0,10 5 8 41 700
29. 0,15 0,20 0,35 0,20 | 0,10 5 9 39 690
30. 0,15 0,30 0,25 0,10 | 0,20 7 4 42 630
31. 0,15 0,20 0,35 0,10 | 0,20 5 6 38 590
32. 0,15 0,20 0,25 0,20 | 0,20 4 5 41 680
33. 0,15 0,25 0,30 0,15 | 0,15 8 7 42 700
NE* - HeyTpanHu eauHMLM ToBa no3B0/ABa ,NNaBHO NpuUbaMKaBaHe” KbM Hal-

*KenaHaTa UAKM Hal-HeXKenaHaTa CTOMHOCT.
HepocTaTbk Ha MeToAa e CybeKTUBHUAT U3bop

Ha [Be XefaHu (MM HeenaHW) CTOMHOCTM 3a

oTAeNHUTe Uuenesu ¢yHKUMKM, Heobxoaumu 3a

6. 3a HamupaHe Ha KOMMPOMWCHO OMNTUMAJHO
pelweHne ce Makcumusupa oboblieHaTa ¢yHKUMA
Fgd(x) oT MynTUNANKATUBEH TUM, KOATO NPeACTaBABa
CpegHO - reomeTpuvHaTa CTOMHOCT Ha enaTenaHocT onpegenaHe Ha Koed)VILI,VIEHTVITe boj 7]
Ha BCEKM OT LeNeBnTe NapameTpu:

1; B

cucTemaTa ypaBHeHus B (5).

m OcBeEH  MyATUNAMKaTMBHaTa  ¢dopma  Ha
me Fgd(x) = m’:lx A gd,- (x) (7) 0006L1eHO NpeacTaBsAHe Ha Pe3yNTaTUTe 3a LenesuTe

napameTpu ce M3non3ea Cbllo U aauTUBHaTa Gopma,
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T.€. U3UMCNABAHE Ha CpedHO-apUTMETMYHATA CTOMHOCT
Ha obobuieHaTa KenatenHoct Fad(x), Ha KoaTo ce
TbpCK MaKkcumym [5]:

max Fad(x) = max[i d,(x)/m] (8)

LlenesnTte napameTpu ca TpaHCHOPMUpPAHM BbB
dyHKUMM Ha kenaTtenHocT dy;, (j = 1, 2, 3, 4) no

dopmyna (6) 1 ca gageHn B Tabn. 2.

0606ueHNTE  OYHKUMM  Ha  KenaTeNHocT,
mumcneHn no dopmyna (7) 3a  Fgd(x) ot
MYATUNANKATMBEH TUN U No dopmyna (8) 3a Fad(x) oT
agUTUBEH TWUM, U PaHroBeTe Ha MpeanoYyuTaHue ca
fageHu B Tabn. 3, KaTo Hall BUCOKMAT paHr e 1, a Hal-
HUCKMAT e 33.

Ta6nuu,a 2. EKcnepuMmeHTanHun pesyntaTv 3a NOKasaTenumTe Ha KayecTBoTO M LEeHaTa,

npeobpasyBaHu B KOEDULMEHTU HA XKeNaTeNHOCT

No | y«(x) | ya(x) | ys(x),ank.° | ya«(x), HE/T dy1 dy> dys dys
1. 7 9 44 850 0.95 0.98 0.82 0.05
2. 7 8 39 900 0.95 0.97 0.37 0.02
3. 6 7 40 540 0.87 0.95 0.82 0.068
4. 7 9 41 800 0.95 0.98 0.96 0.06
5. 5 8 40 600 0.79 0.97 0.82 0.37
6. 5 7 39 920 0.79 0.95 0.37 0.008
7. 10 8 44 940 1.0 0.97 0.82 0.01
8. 10 9 40 750 1.0 0.98 0.82 0.12
9. 8 7 41 770 0.97 0.95 0.96 0.10
10. 9 5 42 700 0.98 0.79 1.0 0.146
11. 7 4 41 730 0.95 0.65 0.96 0.131
12. 4 5 40 760 0.65 0.79 0.82 0.11
13. 5 7 43 840 0.79 0.95 0.96 0.04
14. 5 8 41 590 0.79 0.97 0.96 0.40
15. 4 9 42 670 0.65 0.98 1.0 0.019
16. 4 6 42 700 0.65 0.87 1.0 0.15
17. 3 5 41 550 0.37 0.79 0.96 0.64
18. 4 4 41 710 0.65 0.65 0.96 0.014
19. 7 4 45 780 0.95 0.65 0.37 0.08

20. 7 6 38 800 0.95 0.87 0.051 0.06

21. 6 7 41 820 0.87 0.95 0.96 0.05

22. 5 8 39 840 0.79 0.97 0.37 0.055

23. 6 4 42 800 0.87 0.65 1.0 0.06

24, 4 5 40 770 0.65 0.79 0.82 0.10

25. 3 5 42 660 0.37 0.79 1.0 0.28

26. 6 4 43 790 0.87 0.65 0.96 0.055

27. 6 7 40 710 0.87 0.95 0.82 0.14

28. 5 8 41 700 0.79 0.97 0.96 0.146

29. 5 9 39 690 0.79 0.98 0.37 0.150

30. 7 4 42 630 0.95 0.65 1.0 0.03

31. 5 6 38 590 0.79 0.87 0.051 0.62

32. 4 5 41 680 0.65 0.79 0.96 0.15

33. 8 7 42 700 0.97 0.95 1.0 0.146
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Tabnuua 3. KoednUMEHTH Ha KeNaTeHOCT, GYHKLMM Ha KeNaTeIHOCT M PaHroBe Ha CMecUTe

No ds(x) d2(x) ads(x) dy(x) Fad(x) — Fgd(x) —
no Fad no Fgd
1.] 095 | 098 | 08 | 005 | 0700 | 9 | 0442 19
2. ] 095 [ 097 | 037 | 002 | 0578 24 | 0287 | 29
3./ 087 [ 095 | 082 | 0068 | 0678 | 12 | 0463 15
4.] 095 | 098 | 09 | 006 | 0738 | 4 | 0481 13
5. 079 | 097 | 082 | 037 | 0738 | 4 o694 I 2 |
6.| 079 | 095 | 037 | 0008 | 0530 | 28 | 0217 | 33
7] 10 | 097 | 082 | 001 [ o700| 9 | 0209 | 28
8. | 10 | 098 | 08 | 012 [ o730 | 5 | 0557 7
9. | 097 | 095 | 09 | o10 | o745 [T B | 0545 9
10.] 098 [ 079 [ 10 | o146 [ 0729 | 6 [ 0580 5
11.] 095 | 065 | 096 [ 0131 | 0673 | 14 | 0528 12
12.] 065 | 079 | 082 | 011 [ 0593 | 21 [ o464 14
13.] 079 | 095 | 096 | 004 | 0600 | 11 | 0412 | 22
14.] 079 | 097 | 09 | o040 | o7eo W H | o737 W |
15.] 065 | 098 | 10 | 0019 | 0663 | 16 | 0332 | 27
16.] 065 | 087 | 10 | 015 [ 0668 | 15 | 0540 10
17.] 037 | 079 | 09 | o064 | 0690 | 13 | o651 || B |
18.] 065 | 065 | 096 | 0014 | 0568 | 26 | 0275 | 30
19.] 095 | 065 | 037 | 008 | 0513 | 29 | 0368 | 25
20.] 095 | 087 | 0051 | 006 | 0483 | 30 | 0224 | 32
21.] 087 | 095 | 09 | 005 | 0708 | 8 | 0446 18
22.] 079 | 097 | 037 | 0055 | 0548 | 27 | 0353 | 26
23.] 087 | 065 | 10 | 006 | 0645 | 18 | 0420 | 20
24.] 065 | 079 | 08 | 010 | 059 | 22 | 0453 17
25.] 037 | 079 | 10 [ 028 | 0610 | 19 | 0535 11
26.| 087 | 065 | 096 | 0055 | 0635 | 20 | 0416 | 21
27.] 087 | 095 | 082 | 014 [ 0695 | 10 | 0555 8
28.] 079 [ 097 | 09 [ 0146 | 0718 [ 7 | 0573 6
29.] 079 [ 098 | 037 [ 0150 | 0573 [ 25 | 0455 16
30.] 095 | 065 | 10 | 003 | 0658 | 17 | 0369 | 24
31.[ o079 | 087 | 0051 | 062 | 0583 | 23 | 0384 | 23
32.| 065 | 079 | 09 | 015 [ 0638 | 19 | 0522 13
33.] 097 | 095 | 10 [o146 | 0775 [ 2 | 0610 4
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CTeneH Ha xenaTtenHocT Ha cMecTa
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®ur. 5. CTeneH Ha KenaTesIHOCT Ha a/IkoXo/1HaTa CMeC Mo CpeaHO-apUTMETMYHO 0606LLEH NOKa3aTen
PaHr Ha cmecTa
29 30

®ur. 6. PaHrose Ha npeanovYnTaHnATa 3a aJIKOX0/1IHAaTa CMeC No CpeaHO-apPUTMETUYEH 0606LLI,EH NOKa3saTten
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®ur. 7. CTeneH Ha *eNaTeHOCT Ha a/IKOX0HATa CMecC No cpeaHo-reomeTpuyeH O606LLI,€H NoKasaTten
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®ur. 8. PaHrose Ha NpeAnoYnTaHMATA 3a a/IKOXOIHATa CMEC Mo CPeAHO-reomMeTpuyeH 0600LLEH NoKasaTen
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PAHHXMNPAHE HA CMECUTE

OueHkaTa Ha »XenaTernHOCT Ha amnkoxonHara
HanuTka, B 3aBMCMMOCT OT KOMMOHEHTUTE Ha CMecTa Mo
CpedHo-apUTMETMYHATA CTOMHOCT Ha 06o6uweHaTa
xenatenHocT Fad(x) e nageHa Ha dur. 5, a paHroeeTe
Ha ankoxonHute cmecu ca pgageHn Ha dur. 6. 3a
cpegHo - reomeTpuyeH o00606LieH nokasaTen Ha
)KenaTenHocT, U CbOTBETHWUTE paHroBe ca AafeHu Ha
®dur. 7 n dur. 8.

3AK/TIOMEHUE

HanpaBeHo e eKcnepumeHTaHO U3ciedBaHe 3a
onpegensHe Ha Ha - pobpute cmecu  npw
MPON3BOACTBOTO Ha aHACOHOBM a/IKOXOJIHU HAMWUTKK,
KOWMTO MaKCMMANHO [ YAOBAETBOPAT KOHCyMAToOpUTe
Ha HanuTKaTa. Mo CbCTaBEH MNMaH Ha eKCNepUMEHTUTE
Ha MaK - JIniiH n AHaepceH, B A4onycTMmaTta 061acT ca
n3cneaBaHn TPUOECET U TPU CMECUM OT 5 CbCTaBKM
(ankoxon, BoAa, 3axapeH pa3TBOP, BUHEH AECTMAAT U
aHacoH). M3bpaHuTe NoKasaTenn Ha KayecTBOTO Ha
HanmMTKaTa ca: BKYC Ha HanWTKaTta, MpPO3payHoCT,
ANKOXO/HO CagbpyKaHWe 1 UKOHOMMUYECKM NOKasaTen -
LleHa Ha HanuTKaTa. YucneHaTa OUEeHKa Ha KauecTBOTO
CWHO 3aBUCM OT CYBEKTUBHWUTE MHEHMS Ha
KOHCYMaTOpWTE U MO Ta3u NMPUYMHA, 33 HAMMPAHE Ha
Ha - pobpata cmec e MNpUETO da Cce M3Mo/s3Bea
0606WeHa GYHKLUMA HA }KeNaTeNHOCT, C OTYNTAHE U Ha
LieHara.

MHorokpuTepuanHaTa ONTUMM3aLMOHHA
3aga4a e TpaHchoOpPMUPaAHA B e4HOKPUTEPUAIHA Ypes

“Maxarma FraHam”

CbCTaBAHE Ha [Ba BMAa 0000WEHM  QYHKUUNU:
aAMTMBHA (CpesHO-apUTMETUYHA) U MyTUMIMKAaTUBHA
(cpeaHo-reomeTpuyHa).
Hai-pobpaTta cmec, oueHeHa ¢ paHr 1 u no aserte
oboleHun uenesun dyHkuUmmM e cmec No 14.
MpenopbyaHM ca CbLLO TaKa owe 5 cmecn ¢
BMCOK paHr (cmecn No 5,33, 17,9 n 4).

PesynTtatuTe OT M3CAeABaHETO Ca Peasm3npaHu
B peasHO MPOM3BOACTBO Ha aHaCOHOBA a/IkOXONHA
HanuTKa.
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EBPUCTHUYEH AJI'OPUTHBM C YCKOPEHA CXOAUMOCT 3A
EJHOMEPHA OIITUMU3AIIUA B HEOTPAHUYEHO ITPOCTPAHCTBO

. bopucos

A NEW HEURISTIC ONE DIMENSIONAL OPTIMIZATION ALGORITHM
WITH ACCELERATED CONVERGENCE IN BOUNDLESS SPACE
D. Borisov

XUMHUKOTEXHOJIOTUYEH U METAIypPTUUCH
yuuBepcuteT (XTMY) — Codus
byn. Knmument Oxpuncku, 8, Codus 1756
e-mail: shtain@uctm.edu

Abstract — A new heuristic algorithm with accelerated
convergence is proposed and investigated. The
algorithm includes first four Fibonacci numbers and
third order series of numbers for one dimensional
optimization without limits of the uncertainty interval
of the control parameter. A comparative study with
other 3 efficient algorithms: golden search, Kiefer —
Johnson — Fibonacci method and combined method
with dichotomy and Kiefer — Johnson — Fibonacci
method is given. The results show that the new
proposed method has a better speed of convergence.

Key Words: one dimensional optimization, heuristic
algorithm, golden search method, Fibonacci Kiefer —
Johnson method, combined series, interval of
uncertainty, comparative analysis.

I. BbBEAEHUE

B nuTepatypata ca onNMcaHM MHOTO METOAU U
aNropuTMM 3a egHoMepHa onTummusauma [1,2]. Bcekn
€/[1MH OT TAX MMa NONOXKUTENHN U OTPULLATENHM CTPAHK
MPW NPaKTUYECKOTO UM M3nonssaHe. M3cneapaHuATa
MoKasBaT, Ye Cb3haBaHETO HAa KOMOWMHMpPaHU
anropuTMK, KouTo 06eAMHABAT  MNONOMKUTENHUTE
XapaKTePUCTUKM Ha ABa UM NOBeYe MeToa, AaBaT Mo
6bp3a cxoamumocT [3,4]. B HacToALOTO n3cneaBaHe e
npeAcTaBeH eAnH HOB €BPUCTUYEH aNTOPUTBM, KOWTO
M3Mnoa3Ba KOMOMHUPAH pes oT Yymcia Ha PuboHaun u
bYHKLUMOHANEH pea, OT TPeTa CTeneH Npu He 3ajajeHa
o6nacT Ha TbpCeHETO.

AHaNM3bT Ha CXOAMMOCTTA Ha KOMBUHMpPAHUA
pes nokassa no-6bp3a CXOAMMOCT OT MeToZa Ha

University of Chemical Technology and
Metallurgy - Sofia
8, Kliment Ohridski Blvd.
Sofia — 1756, Bulgaria

3/1aTHOTO ceveHue, metoda Ha Kudep — [KOHCHH C
ymcna Ha ®mboHaum [5,6] 1 KomBUHUpaHKTe pesoBe
oT pes Ha ®nboHaumn 1 cTeneHHM pesoBe OT BTOpa U
yetBbpTa cTeneH [4,7]. To3n meTod MOXe Aa ce
M3N0A3Ba M 33 MHOTOMEPHa ONTUMM3aLMA, KaATo
aNropUTbMBT Cce NpepaboTy 3a TbPCEHE Ha ONTUMYMA
B [3ZLEHO MHOTOMEPHO HamnpaB/ieHWe — C/y4YaliHo,
rPafiMeHTHO UK APYro HanpasieHUeE.

3a onpeaensaHe Ha obnactTa Ha
HeonpeaeneHocT, T. e. A0AHA A 1 ropHa B rpaHuum Ha
ynpaenasawma napametbp X, B KOATO ce Hamupa
TbPCEHMAT eKCTPEeMyM Ha LenesaTa ¢yHKuma Q(X), ce
npeanara CegHUAT aNropUTbM:

1. N36mpa ce HayanHa TouKa Xo M NapameTbp
Ha cTbnKkata ho. Onpegens ce ycnewHaTa NOCOKa, B
KoATO uenesata ¢yHKumMa Q(X) ce nogobpsasa ot Xo Cbe
CTbnKaTa ho.

2. Mpu BCAKA ycnewHa CTbMKa € No-#obpa
CTOMHOCT Ha ueneBata o¢yHKuMa Q(X) ce npaswu
[BYKPATHO YBE/IMYEHMNE Ha CTbMKaTa (HOBOTO ho= 2ho)
B YCMewHaTa MOCOKa A0 MoJy4aBaHe Ha MO-nowW
pesynTaT 3a uenesaTa yHKLMS.

3. KoopavHaTMTe Ha TO4YKaTa nNpeau Haw-
fobpata crorHocT Ha Q(X), (Touka A) U cnepn Hau-
fobparta croviHocT Ha Q(X), (Touka B) onpepgenst
obnactTa (A + B) 3a noKanuaMpaHe Ha MaKCMMyMa Ha
Q(X).

MpesnoKeHMaT HOB aNropuMTbM C YCKOPEHa
CXOAMMOCT € CNeAHUAT:

1. 3apmapeHa e uenesa o¢yHKuma Q(X)
aeduHupana B rpaHuumute A < X < B, Ha KkoaTo ce
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TbPCM  MaAKCMMyM. 3agaBa ce TOYHOCTTa HA

NOKanu3npaHe Ha Makcumyma A . .

2. N3uncnasa ce noMoLLHOTO Yncno M
m=B=4
Amin

3. dopmmpa ce KOMOUHMPAHMA CTEMEHEH pej,
no anropuTbma, npeactaseH Ha dur. 1. MocnegHoTo
Yyucno OT KOMOMHMpaHMA peg ce npuvema C
O3HayeHuneTo Rn.

4. W3uncnasa ce AeWCTBUTENIHATA TOYHOCT, C
KOATO LLLe Ce NOKAM3MPA MAaKCUMYMBT

A = B-A

m Rn

5. Wsuucnasatr ce

LeHTpanHaTa Touka, X(;

B-A

KoopAnHaTuTe Ha

X(C)
M3uncnasa ce uenesata ¢yHkuma Q' =Q(X),

— X(C) ,

6. 3a HavanHa TOYKa ce npuema

KOATO ce npuema 3a Hain-gobpa: X

—_ 0
Qextr - Q .
7. U3uncnasa ce Hosa Touka XY B nocoka Ha

HapacTBaHe Ha X C M3non3BaHe Ha n-1 uyucno ot
reHepupaHusa KombuHupaH pea. Mpuema ce (k= 1)

XW=X__+A R _,

extr

8. M3uncnsea ce uenesata QyHKUMA B Ta3n

extr

TOYKa
Q(l) — Q(X(l))

9. MNpu ycnewHa cTbnKa | Q(1)>Qextr )

TEKylLaTa CTOMHOCT Ha KOOPAMHATUTE Ha MaKCMMyMma
X ce 3an0MHA KaTo Xexr, @ CTOMHOCTTA Ha GyHKUMATA
B Ta3M TOYKA, KaTO Qextr. BCAKA cnepBalla cTbnKa ce
M3BbPLWBA B CbLOTO HANpaB/JeHWe C YUCNO OT
KOMBMHMpaHWA pes Ri, HOMepbT Ha KOETO € C eANHMLA
Mo-mMa/TbK OT TO3M Ha M3M0A3BaHOTO B NpeauiluHaTa (k
=k + 1). AIropuTbmMbT Ce Npoab/aKkasa no popmynata
oTT.7.

10. AKo ctbnKata B T. 7 € HeycnewHa,
C/lefBalLaTa ce CThIKa Ce M3BbPLLBA CbC CbLLOTO YMC/IO
oT peauuaTta, R, B 06paTHOTO HanpasieHue

X=X _-A_R_,

extr
11. W3umcnasa ce uenesata QyHKUMA B Tasu
TOYKa

12. Mpu ycnewwa cronka ( Q" >Q.. ),

CTOMHOCTTA 3a NapameTbpa X ce 3anoMHA KaTo Xextr, a
CTOMHOCTTa Ha OYHKUMATA B TasW TOYKA, KaTO Qextr,
BCAKA C/lefBallad CTbMKa Ce M3BbPLIBA B CbLOTO
HanpaBNeHMe C YMCIo OT pepmuata Ri, HOmepbT Ha
KOETO e C eANHML,A NO-Ma/TbK OT TO3M Ha M3M0N3BAHOTO
B npeauwHaTta (k = k+1). ANTOpMTbMBT Ce NPOAbLANKABA
no ¢opmynata ot 1. 10.

13. AKo cTbnKaTa e HeycnewHa, cieggalaTa
CTbMKa Ce M3BbpLIBa B 06PAaTHO HanpaBAEHWE C YUCNO
OT pegmuata Ri, HOMepbT Ha KOETO e C eAnHMLa Mo-
ManbK OT TO3M Ha M3N0/3BaHOTO B NpeauwHaTta (k = k
+1). AIropuTbMbT Ce Npoab/KaBa popmynata oTT. 7.

14. 3a umcnata ot pega Ri (i =1, 2, 3 n 4)
TbPCEHETO Ce M3BBbPLUBA NO anropuTbma Ha Kuodep -
JKOHCBH;

15. TobpceHeTo ce npeKkpaTaBa c/es
M34yepnBaHe Ha yYMcC/iaTa OT peauuaTta OT YWC/Ia Ha
KOMOWMHMPaHWUA pea U ce M3BeaaT CTOMHOCTUTE 3a
Qextr U Xextr-

CXoAMMOCTTa  Ha  MpPEeaNoXKeHuA  HOoB
aNropuTHM € U3cNesBaHa Ypes CPaBHUTENIEH aHANU3 C
HAKOJIKO OT Hal-40bpuTe anroputmMmn 3a eaHOMepHa
YHUMOZANHA onTumu3auma. [lpyu BCUYKKM  MeTOAM
NOKaNIM3NPAHETO HA ONTUMYMA CE U3BBbPLLBA NPY efHM
1 cby uenesn opyHKummn Q(X), ycnosus 3a obnact, ako
€ 33JafleHa, HayalHM W KpalHW napameTpu Ha
CTbMKaTa 33 TbPCEHe Ha ONTUMYyMa U KpUTEpPUUTE 33
CNMpaHe Ha TbpceHeTo. KaTo KpuTepuit  3a
npeKpaTaBaHe Ha TbPCEHETO ce M3M0/3Ba 3a4adeHaTa
TOYHOCT Ha JIOKaM3auma Ha onTUMyMa hmin.

Mpuetn ca cnegHWTe  O3HAYeHMA  Ha
n3cneaBaHUTE aropUTMu:

GS - meTo/, Ha ,,3naTHOTO cevyeHune”;

KIF - metoa Ha ,Kudep - [KOHCBH”,
n3nonssaLy, yncna Ha PmboHauu (F);

2—F - KoMbUHMpPaH meToA Ha “AuxoTommuaTa” u
“KJF” ¢ npeBkatoyBaHe Ha uncao 8 ot “Auxotomusta”
Ha “KJF” cbec cnegHata cepua umcna: 1,1, 2, 3,5, 8, 16,
32, 64,128, 256,512, 1024, ...;

3—F - HOB KOMBUHUPAH METOA, C pesa oT TpeTa
cTeneH v peg Ha PuboHaum “KIF”, c npeBKItoYBaHE Ha
ymncno 3 cuvc cnegHata cepuavmcna: 1, 1,2,3,9, 27, 81,
243,729, 2187, .... [TbpBUTE YETUPU YMCNA Ca OT pesa
Ha ®uboHaum, a cnepBalmTe ca OT TPETU CTEMNEHEH

pea.
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R[I-2]+R[I- 1]

napameTbp X U 3aaAeHa CTOMHOCT 3a NapameTbpa Ha
CTbMKaTa 33 oOnpeaensHe Ha rpaHUMUMTE Ha
HeonpeAeneHoCT Ha ynpasaasawma napameTsp [A, BJ.

CpaBHUTENHMAT aHa/NM3 € peanusupaH 3a
pa3fiMyHa TOYHOCT Ha JIOKANIM3aLMA HA eKCTpeMyma
npu pasanyHM cToHocTM Ha Amin (0,1; 0,01; 0,001;
0,0001 n 0,00001).

EdeKkTMBHOCTTA Ha MeToAMUTE € U3cneaBaHa ¢ 2
TECTOBM YHUMOZA/IHU Lenesn GyHKUMK, NPeaCTaBeEHN
no-g4ony v e natoctpupaHa Ha Tabn. 1. go Tabn. 20. u
rpadpuyHo npeactaBeHn Ha dur. 2. oo dur. 5.

EKCTpemymuTe Ha U3cneaBaHNTE YHUMOLANHN
uenesn GyHKUMM Ce NI0KaU3MPaAT N0 HOBMA METOL C
TOYHOCT Am, KOATO € NO-roNAMa OT 3a4a4eHaTa Amin.

(a) UscnepsaHe ¢ uenesa pyHKUUA
F(x)==3,177x"+21,62x+1,35 .

MaKCMMyMbT Ha Tasn OYHKUMA € U3BECTEH:

Fmax(x*) = 38.839 npu x* =3.468.

(1) U3bpaHaTa HayanHa ToyKa e 6,130
[0 Makcumyma Xa =-9,00. M3non3saHaTa CTbMKa
3a onpegensHe Ha 0b61acTTa Ha ynpasiaBawma
napametvp e Ao = 1,00. [lo cTbnKoBMA
anroputbm,  obnactta,  KOATO  BKJ/OYBA
MaKCMMyMa e onpegeneHa cneg, 7 n34yncaeHus
3a uenesata QyHKUMA n e [A=-2
B=14].

(2) U3bpaHaTa HayanHa TOYKa e Janede
OT MaKcumyma: Xa = -14000. WM3nonssaHaTa
CTbMKa 3a onpegensHe Ha o06sacTTa  Ha
ynpasaasawma napametsp € Ay = 1,00. [o
CTbMKOBMA  anropuTbMm, 061actTa,  KOATO
BKNOYBA MaKCMMyMa e onpegeneHa cneg 17
M34YMCNEHMA 3a LeneBaTa GYHKUMA 1 e

[A =-58092; B =10575].

(6) UscnepBaHe c uenesa pyHKLMUA

®ur. 1. bnoK-cxema Ha aNropMTbM 3a reHepupaHe Ha
YMCNOB pes, BKIKOYBALL MbPBUTE YETUPM YMCAa OT
peaa Ha ®nboHaum (1, 1, 2, 3) n TpeTu cTeneHeH
bYyHKUMOHaNeH pen

CpPaBHUTE/IHMAT aHaW3 Ha MeToauTe e
HanpaBeH CbC 33fafeHa abconoTHa TOYHOCT 33
NIOKanuM3npaHe Ha ekcTpemyma Amin N0 yNpaBAsBaLma

P (x): : 15,115 |

x —10,112x+30,015
MaKcMmymbT Ha Ta3n OYHKUMA € U3BECTeH:
Frmax(x*) = 3.39521 npu x* = 5.056.

(1) U3bpaHaTa HayanHa To4yka e 6am30 Ao
Makcumyma Xa = -9,00. M3nonssaHata CTbMKa 3a
onpegenaHe Ha obnactta  Ha  ynpaBAABalmA
napametbp e Ao = 1,00. o CTLNKOBMA anropuUTbMm,
obnacTTa, KOATO BK/IOYBA MaKCMMyMa e onpeaeneHa
cnepn 7 uuncnenns 3a uenesata GyHkuma n e [A=-1
B =15].
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Tabauuya 1. MeTtop, Ha 31aTHOTO ceyeHue

14

dur. 2. bpoi n3uncneHna npu 3agadeHaTa TOYHOCT 3a metogu: GS, KJF, 2-F, 3-F

70 A
60
50
e K JF
30 —)-F
e 3-F
20
10
0 >
1 2 3 4 5 TOYHOCT
1Q! 102 103 104 105 A -

®wur. 3. bpoit u3umcneHma npu 3agafeHarta ToYHOCT 3a metoau: GS, KJF, 2-F, 3-F

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT) Jiil

Am A 5
Awin Am o lg ——2 L | Tou- | o Qnm X
B-A (B—4) HOCT
0.1 0.00362483 | 0.000226551926892 -3.64483224 1 19 | 39.87976219 | 3.59109658
0.01 0.00032685 | 0.000020428174504 -4.68977044 2 25| 39.87999179 | 3.59834624
0.001 0.00002947 | 0.000001842007346 -5.73470864 3 29 | 39.87999999 | 3.60005765
0.0001 | 0.00000430 | 0.000000268745250 -6.57065920 4 33 1 39.87999999 | 3.59999871
0.00001 | 0.00000039 | 0.000000024232744 -7.61559741 5 38 | 39.87999999 | 3.59999871
40AS
35
30
25
=S
20 e K JF
—) _F
15 —_—iF
10
5
0 >
1 2 3 4 5 TOYHOCT
1071 102 103 104 105 A -
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Tabauua 2. Metog Ha Knudep — JKOHCHH

Am Am .
Amin Am lg i S Qm Xm
B-A (B—A) HOCT
0.1 0.06866953 | 0.004291845493562 -2.36735592 1 18 | 39.87713533 | 3.63090129
0.01 0.00619195 | 0.000386996904025 -3.41229251 2 23 |1 39.87998160 | 3.59752322
0.001 0.00090339 | 0.000056462085709 -4.24824308 3 271 39.87999994 | 3.60013551
0.0001 | 0.00008146 | 0.000005091183089 -5.29318128 4 32| 39.87999999 | 3.59997556
0.00001 | 0.00000735 | 0.000000459071693 -6.33811949 5 37 |1 39.87999999 | 3.59999890
Tabnuua 3. KombuHupaH meTtoa Ha AuxotomuaTta u KIF: 2-F
Am Am -
Amin Am - lg 7 N Ui S Qm Xm
B-A (B_A) HOCT
0.1 0.06250000 | 0.003906250000000 -2.40823997 1 18 | 39.8781250 | 3.62500000
0.01 0.00781250 | 0.000488281250000 -3.31132995 2 21 | 39.8799928 | 3.60156250
0.001 0.00097656 | 0.000061035156250 -4.21441994 3 24 |1 39.8799927 | 3.60156250
0.0001 | 0.00006104 | 0.000003814697266 -5.41853992 4 28 | 39.8799999 | 3.59997559
0.00001 | 0.00000763 | 0.000000476837158 -6.32162991 5 31| 39.8799999 | 3.59999847
Tabnuua 4. KombuHMpaH meTog, Ha pes oT TpeTa cteneH u KIF 3-F
Am Am Tou-
. il lod ——"
Amin Am oA g { (B - A)} Hoer S Qm Xm
0.1 0.06584362 | 0.004115226337449 -2.38560627 1 15| 39.87736625 | 3.62962963
0.01 0.00731595 | 0.000457247370828 -3.33984878 2 19 | 39.87999960 | 3.60036580
0.001 0.00081290 | 0.000050805263425 -4.29409129 3 21| 39.87999960 | 3.60036580
0.0001 | 0.00009032 | 0.000005645029269 -5.24833380 4 251 39.87999999 | 3.60000452
0.00001 | 0.00000335 | 0.000000209075158 -6.67969757 5 29 |1 39.87999999 | 3.60000117

Tabauua 5. bpoii 3uncneHms Ha LeneBata GyHKLMA 3a YETUPUTE U3CNELBAHN METOAM

Tabnuya 6.

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT) Jiil

S
Amin TouHOCT GS KIF | 2F | 3-F
0.1 1 19 18 18 15
0.01 2 25 23 21 19
0.001 3 29 27 24 21
0.0001 4 33 32 28 25
0.00001 5 38 37 31 29
Bpoit M3uncneHna Ha Lenesata GyHKLMA 3a YeTMPUTE U3CAeABaHN METOAM
S
Amin TouHOCT GS KIF | 2-F i
0.1 1 43 42 38 35
0.01 2 48 47 41 39
0.001 3 53 52 44 41
0.0001 4 58 56 48 44
0.00001 5 63 61 51 47

15



16

' y J
INSTITUTE OF / W W &
ll INFORMATICS P
AND INNOVATIVE /// i 2’(
Ne 1 (2), 2020 ISSN: 2682 — 9517 (print) ISSN: 2683 — 0930 (online) TECHNOLOGIES ANEES,
o SRS e
Tabauuya 7. MeTtop, Ha 31aTHOTO ceyeHue
Am Am .
Amin Am — lgi—— Tou S Qm Xm
B-A (B_A) HOCT
0.1 0.00362483 1 0.000226551926892 -3.64483224 1 19 | 3.39519921 | 5.05279554
0.01 0.00032685 | 0.000020428174504 -4.68977044 2 24 | 3.39520580 | 5.05727608
0.001 0.00002947 |1 0.000001842007346 -5.73470864 3 29 | 3.39520704 | 5.05596867
0.0001 | 0.00000430 | 0.000000268745250 -6.57065920 4 33 | 3.39520704 | 5.05600510
0.00001 | 0.00000039 | 0.000000024232744 -7.61559741 5 38 | 3.39520704 | 5.05599980
Tabauua 8. Metoa Ha Kndep — [IKOHCHH
Am Am .
Anmin Am - lg N Tou S Qm Xm
B-A (B_A) HOCT
0.1 0.06866953 | 0.004291845493562 -2.36735592 1 18 | 3.39498765 | 5.07296137
0.01 0.00619195 | 0.000386996904025 -3.41229251 2 23 | 3.39520096 | 5.05882353
0.001 0.00090339 | 0.000056462085709 -4.24824308 3 27 | 3.39520692 | 5.05640562
0.0001 | 0.00008146 | 0.000005091183089 -5.29318128 4 32| 3.39520704 | 5.05597247
0.00001 | 0.00000734 | 0.000000459071693 -6.33811949 5 37| 3.39520704 | 5.05599802
Tabauuya 9. KombuHupaH metoa Ha AuxotomusTa u KJF: 2-F
Am Am u
Amin Am - lg VN L S Qm Xm
B-A (B—A) HOCT
0.1 0.06250000 | 0.003906250000000 -2.40823997 1120 3.39517482 | 5.06250000
0.01 0.00781250 ] 0.000488281250000 -3.31132995 2121 ] 3.39520573 | 5.05468750
0.001 0.00097656 | 0.000061035156250 -4.21441994 3124 | 3.39520696 | 5.05566406
0.0001 | 0.00006104 | 0.000003814697266 -5.41853992 4128 | 3.39520704 | 5.05603027
0.00001 | 0.00000763 | 0.000000476837158 -6.32162991 5131 3.39520704 | 5.05599976
Tabnuua 10. KombuHMpaH meToa Ha peg oT TpeTa cteneH n KIF 3-F
Am Am =
Anin Am — lg{———} [Tot| g Qu X
B-A (B—A) HOCT
0.1 0.06584362 | 0.004115226337449 -2.38560627 116 | 3.39445963 | 5.02469136
0.01 0.00731596 | 0.000457247370828 -3.33984878 2120 | 3.39520385 | .053955190
0.001 0.00081288 | 0.000050805263425 -4.29409129 3122 3.39520692 | 5.05639384
0.0001 | 0.00009032 | 0.000005645029269 -5.24833380 41251 3.39520704 | 5.05603256
0.00001 | 0.00000334 | 0.000000209075158 -6.67969757 5128 | 3.39520704 | 5.05599910

Tabauua 11. Bpoit u3uncneHna Ha uenesata QyHKLUMA 32 YETUPUTE U3CaedBaHN MeToan

Amin TouHoCT S
GS KJF | 2-F | 3-F
0.1 1 19 18 20 16
0.01 2 24 23 21 20
0.001 3 29 27 24 22
0.0001 4 33 32 28 25
0.00001 5 38 37 31 28
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A

dur. 4. bpoli usuncneHna npu 3agageHaTa TouHocT 3a metoam: GS, KJF, 2-F, 3-F

Tabnuua 12. bpoit n3uncneHus Ha Lenesata GyHKLMA 338 YETUPUTE U3CAeABaHU METOAM

70

60

50

40

30

20

10

S
Amin TouHOCT GS KIE | oF IF
0.1 1 43 42 38 36
0.01 2 48 47 41 41
0.001 3 53 52 44 44
0.0001 4 58 56 48 47
0.00001 5 63 61 51 49
As
— S
e K JF
—) -F
e—13_F
— >
1 2 3 4 5 TOYHOCT
101 102 103 104 105 A

dur. 5. bpoli usuncneHna npu 3agaseHaTa TouHocT 3a metoam: GS, KJF, 2-F, 3-F
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M3bpaHata HayasnHa Toyka Xa = -15000 e
fJaneye OT MaKcumyma. M3nonssaHata CTbMKa 3a
onpeaensHe Ha obnactTa Ha  ynpaBAsBalLMA
napameTtbp e Ap = 1,00. Tlo CTbNKOBMA anropuUTbm,
06/1aCTTa, KOATO BK/IOYBA MaKCMMyMa e onpejeneHa
cnep, 17 nsuncnenus 3a uenesata pyHKuMA nTa e [A =

-68092; B = 9575.0].

3AK/TIOMEHUE

MpeonoKeHmaT M u3cnesBaH HOB MeTo, 3a
eHOMEepHa ONTUMM3ALMA Ha YHUMOLANHWU Lenesu
GYHKUMM C M3M0/13BaHE HAa KOMBMHMPaAH pes oT Yncia
Ha PMboHauM 1 PyHKUMOHANEH pea OT TpPeTa CTeneH
nokasBa Mo-6bp3a CXOAMMOCT KbM ONTMMAIHOTO
peleHne, B CPaBHEHWe C WM3BECTHUTE METOAM Ha
3N1aTHOTO ceyeHue, meTofa Ha Kudep m [KOHCBH C
M3Nnon3BaHe CamMo Ha umcnata Ha PuboHaum u ot
KOMOMHMpPaHUA MeTod OT yucnata Ha PuboHaum u
MeTo/a Ha ,AuxoTommaTa”.
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U3YUCJIUTEJIHO E®EKTUBHM HEBPOHHO-PAZMUTH
MPECKA3BAIIIA MOJEJIHU

Maprapura Tep3uiicka

Kensizko Tep3niicku

COMPUTATIONALLY EFFICIENT NEURO-FUZZY PREDICTIVE MODELS

Margarita Terziyska

Informatics and Statistics Department
University of Food Technologies
Plovdiv, Bulgaria
m.terziyska@uft-plovdiv.bg

Abstract—Hybrid neuro-fuzzy structures are well known
and widely used artificial intelligence techniques. Their
computational efficiency is not discussed in any of the existing
review articles. In this paper different approaches to reduce the
computational burden in these structures will be discussed, it
will be presented some ideas of the authors to reduce the number
of fuzzy rules and a comparison between them and the classic
ANFIS will be made.

Keywords—neuro-fuzzy systems, ANFIS, DANFA, SFNN,
Neo-fuzzy neuron, fuzzy rules reduction

I. INTRODUCTION

Hybrid neuro-fuzzy intelligent architectures is
appeared a natural continuation in the development of
neural networks and systems with fuzzy logic. They
combine the clarity and transparency of fuzzy systems
with the learning ability on neural networks. Their
fusion has been compared in [1] with the human brain
- the neural network is the structure of the brain, i.e.
"hardware", while fuzzy logic takes care of "software".
Some of the well-known hybrid neuro-fuzzy
architectures are ANFIS [2], GARIC [3], NEFCON [4],
FALCON [5], FUN [6], SONFIN [7], EFUNN [8], dmEFuUNN
[9].

A number of overview articles dedicated to the
neuro-fuzzy structures, are presented in the scientific
literature. All they show the evolution on these
intelligent systems. A comparative study of the ANFIS,
FALCON, GARIC, SONFIN and EFuNN structures was
performed in [10]. Relatively newer in historical terms
are the review articles [11-14]. An extremely in-depth
analysis of the neuro-fuzzy structures developed in the
period 2010-2017 is presented in [15]. The authors
made classification the neuron-fuzzy models according
to their learning algorithm, according to their structure
(static or dynamic), according to the used type of fuzzy
logic (Type 1, Type 2, Intuitionistic fuzzy logic), etc. A
review of the central theories involved in hybrid models

Zhelyazko Terziyski

Faculty of Mathematics and Informatics
University of Plovdiv Paisii Hilendarski,
Plovdiv, Bulgaria
terziyski@engineer.com

based on fuzzy systems and artificial neural networks,
mainly focused on supervised methods for training
hybrid models is given in [16].

However, none of these review papers discusses the
problem of the computational efficiency of neuron-
fuzzy models. It is well known that all these structures
are composed of a set of if-then rules. In principle, the
number of fuzzy rules depends exponentially on the
number of inputs and membership functions. If p is the
number of inputs in a fuzzy-neural system and m is the
number of the membership functions, then the number
of the generated fuzzy rules is mP. Thus, the huge
number of generated rules requires determination of a
large number of parameters during the learning
procedure. For instance, for a fuzzy inference system
with 8 inputs, each one with three membership
functions, the grid partitioning leads to 6561(=38) rules,
which is an extremely large number of rules for any
practical applications. In this paper different
approaches to reduce the computational burden in
these structures will be discussed, it will be presented
some ideas of the authors to reduce the number of
fuzzy rules and a comparison between them and the
classic ANFIS will be made.

II. METHODS FOR FUZZY RULES REDUCTION

One significant drawback of the fuzzy models that
they carry into the neuro-fuzzy structures is the large
number of fuzzy rules they work with. In order to
reduce the number of generated rules without loss the
accuracy of modeling, different methods have been
proposed in the scientific literature. One of them is the
use of hierarchical neuro-fuzzy structures [17].
Hierarchical fuzzy/neuro-fuzzy systems have also been
shown to be universal approximators [18-19]. However,
in [17] was proven that the learning algorithm is too
complicated.
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In [20] the use of the so-called sensory fusion was
proposed. In this method, one of several input signals is
obtained. The new signal represents a linear function of
its components. In this way, the size of the base rule
decreases as the number of inputs decreases. The
author also proposes the combination of hierarchical
structures with sensory fusion. The disadvantage of this
idea is that its implementation depends mainly on the
experience of the human operator. He is the one who
has to determine what the structure of the hierarchical
system should be, as well as the respective parameters.
In an attempt to overcome this disadvantage, in [her
dissertation [21] she] it was proposed an automatic
determination of these parameters by using genetic
algorithm.

Another possibility to simplify the fuzzy/neuro-fuzzy
models is the use of orthogonal transformations. In
fact, they are a way to determine the most significant
rules. In [22] several different methods of orthogonal
transformations were compared, namely: Orthogonal
Least  Squares  (OLS) method; Eigenvalue
Decomposition (ED); Total Least Squares (TLS) and
Direct Singular Value Decomposition (D-SVD). In [23] a
modified version of the Gram-Schmidt transformation
is presented. In [24] some comments are given
concerning the use of orthogonal transformations.

Various ways to reduce the fuzzy rules by removing
the redundant ones have been proposed in [25-26]. The
conditions for reducing the rule from the point of view
of linear matrix inequalities (LMIs) are presented in
[27]. A method based on the concept of similarity and
vague interpolation is described in [28]. In it, the
similarity between the rules is first measured in order
to determine the "best", and then interpolation is
performed in order to increase the accuracy after the
first. An overview of the methods for reducing the fuzzy
rules is given in [29].

Another group of algorithms that have become
popularin recent years is the so-called self-constructing
and self-organizing neuro-fuzzy structures [30-31].
During the learning process, the inactive rules are
removed, which in turn leads to a reduction in the
number of learning parameters. A method that
compresses a system with an arbitrarily large number
of rules to one with a small number of rules is presented
in [32]. As a result of this compression, the number of
on-line operations during the fuzzy inference process is
significantly reduced without compromising the
solution.

In order to reduce the number of fuzzy rules without
loss of accuracy, different fuzzy clustering approaches,
such as fuzzy C-means [33, 34] and K-means [35] can be
used. Besides, subtractive clustering and hyperplane
clustering are proposed in [36, 37]. Evolving fuzzy
systems [38, 39], such as DENFIS, includes evolving
clustering and dynamically forms bases of fuzzy rules
generated during the past instance of the learning
process. The new AnYa neuro-fuzzy structure also
belongs to the evolving fuzzy systems. This architecture
works with the so-called cloud instead of fuzzy sets. This
removes the need for training of the membership
functions parameters. However, apriori data is needed
to form the clouds [40].

III. COMPUTATIONALLY EFFICIENT NEURO-FUZZY MODELS

A. Distributed Adaptive Neuro-Fuzzy Architecture

The structure of the Distributed Adaptive Neuro-Fuzzy
Architecture (DANFA) model is shown on Fig. 1.

oM, \g
X, q_,‘u—ﬁgg\ B, Q,
g ”pm

Fig. 1. Structure of the proposed DANFA model

DANFA model is a modification of the well-known
Adaptive Neuro-Fuzzy Inference System (ANFIS). The
main idea behind it is to "distribute" the input signals to
separate ANFIS-type structures. In this way a network
of neural fuzzy structures is obtained. Each of these
neural-fuzzy structures act as a separate sub-model and
global DANFA model is a set of p on the number of sub-
model. The output signal of a global DANFA model is
computed as a sum of the output signals of the p ANFIS-
type models and is calculated by the following
expression:
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where i for r=1:p is obtained as follow:

q . .
O+ k+ )
J;Mr(k-l_j): =L 7 . ()
> u(k+ )
i=1

The number of fuzzy rules of the DANFA model is
calculated by the following formula:

N=m{"+m*+...+m 3)

More details about the DANFA model can be found in
[41].

B. Semi Fuzzy Neural Network

The structure of the proposed SFNN model is shown on
Fig. 2. It represents five-layered architecture with
Takagi-Sugeno inference mechanism. However, in
SFNN model a part of input signals are not fuzzyfied,
but they come with their real values, weighted by the
appropriate coefficient, into the third layer (fuzzy rules
layer), i.e. directly into the THEN part of the functions
of Sugeno.

LG8

Fig. 2. Structure of the proposed SFNN model

Thus, on the one hand it is reduced the number of fuzzy
rules with which the model is working and on the other
hand —it is reduced the number of the parameters that
must be determined during learning procedure. For
example, for implementation of NARX model with 4

inputs, each of which is fuzzyfied with 3 fuzzy sets, then
for ANFIS model is needed 81 fuzzy rules while SFNN
works with only 9 fuzzy rules. Furthermore, in ANFIS
model during the learning procedure it is needed to
obtain 405 linear and 648 nonlinear parameters or
total 1053 parameters! The number of parameters that
must be determined during the training procedure is
only 81 (45 linear and 36 nonlinear parameters). More
details about the SFNN model can be found in [42, 43].

C. Modified Neo-Fuzzy Network

Modified Neo-Fuzzy Network (MNFN) is based on
the concept of Neo-fuzzy neuron (NFN), which was
initially introduced by T. Yamakawa and E. Uchino [44].
The architecture of the neo-fuzzy neuron is shown in
Fig.3. The Neo-Fuzzy neuron is similar to a zero order
Sugeno fuzzy system where only one input is included
in each fuzzy rule, and to a radial basis function network
(RBFN) with scalar arguments of basis functions. The
neo-fuzzy neuron implements nonlinear mapping using
the following equation:

@)=Y, (w, @

where x(k) is the input, w; is the weight coefficient and
W for j=1:m is a defined set of Gaussian membership
functions:

2
(n) _ _(xp _cXp,m)
luXp,m =exXp 20_2

Xp,m

Q)

where ¢ and o represent its center (mean) and width
(standard deviation).

Fig. 3. Single Neo-Fuzzy neuron

Using the basic concept of the neo-fuzzy neuron, it
is easy to obtain a network containing a larger number
of such neurons. Such a structure is shown in Fig. 4.
More details about the MNFN model can be found in
[45, 46).
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The MNFN model represents a six-layered
architecture as each layer perform following:

Layer 1: The neurons in this layer receive the input
signals and transmit them to the next layer.

Layer 2: Each node in this layer does fuzzification via
a Gaussian membership function (5).

Layer 3: This layer is a kind of a fuzzy rules generator.
All rules have the following form:

(k) = (k) * w; () (6)

Layer 4: Summation of the values calculated in layer
3 using the expression (4) is realized.

Layer 5: Multiplication on the output of each neo-
fuzzy neuron by he input signal for it is performed.

Layer 6: The output of the MNFN model is obtained
as follows:

VoK)= in (k) £ (xi (k) =
™

-3, (k)Z 4, (5 (), ()

i=1

Xy

uu
i’»},—-ﬂu _’O
H

Im

9
- ~:7- .
\,U_,,,,—* "
-9
\

u, @

Fig. 4. Structure of the proposed MNFN model

IV.  COMPARATIVE STUDY OF THE PRESENTED
COMPUTATIONALLY EFFICIENT NEURO-FUZZY MODELS

In this section, a comparison between the models
presented above and ANFIS have been made. To test
the prediction ability of all these models, Mackey-Glass
chaotic systems have been chosen. The used time

series will not converge or diverge, and the trajectory is
highly sensitive to initial conditions. The MG time series
is described by time-delay differential equation:

TABLE I. COMPARATIVE STUDY OF THE STUDIED NEURO-
FUZZY MODELS
Model Steps MSE
50 9,2¢?
100 7,7 €2
150 7,9 ¢
ANFIS 200 7,8 ¢
Rules=81 250 7,6 ¢?
Parameteres=1053 300 7,65 &2
{ms]=2.82 350 | 7.62¢
400 0,96 ¢
450 0,85 ¢?
500 0,76 ¢
50 5,3 ¢?
100 2,7¢?
150 1,9 ¢?
DANFA 200 1,4¢?
Rules=18 250 1,2 ¢?
Parameteres=126 300 1,03 e2
tms]=1,83 350 | 0912
400 0,82 ¢
450 0,74 ¢
500 0,69 ¢
50 16 ¢
100 8,7 ¢
150 6,04 ¢
SFNN 200 4.8¢?
Rules=9 250 3,97 ¢
Parameteres=63 300 35¢8
tfms]=1,58 350 36
400 2,8¢?
450 2,6 ¢
500 23 ¢’
50 9,35¢3
100 7,06 7
150 5,6 €3
MNFN 200 45¢3
Rules=12 250 3,9¢?
Parameteres=36 300 34¢8
tfms]=1,67 350 31268
400 2,92 ¢
450 2,33 ¢”
500 2,17 7
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x(Q)+ax(i-s)
1+ x°(i-s))-bx(i)

x(i+1) = (®)
where a=0.2; b=0.1; C=10; initial conditions x(0)=0.1
and s=17s.

It have also been chosen that all these models to
have four inputs, each of which is fuzzyfied by three
Gaussian membership functions.

To determine which is the best model, several
criteria are defined:
e number of fuzzy rules;
e number of parameters, updated of each
iteration of the learning procedure;
e accuracy;
o time for one iteration of the learning process.

The results are shown in Table I. In accordance to
the defined criteria, MNFN has been chosen as the best
model. It has been realized in a variant with Type 2 and
with Intuitionist fuzzy logic. The obtained results are
presented in Table 2.

TABLE Il.  COMPARATIVE STUDY OF TYPE 2 NEO-FUZzY
NETWORK AND INTUITIONISTIC NEO-FUZZY NETWORK

Type 2 Neo-Fuzzy Intuitionistic Neo-
Network Fuzzy Network
Steps Without With Without With
disturbance | disturbance | disturbance | disturbance

MSE MSE MSE MSE
50 2.38e* 2.98¢* 1.26¢* 3.42¢
100 1.26e* 1.69¢* 7.05¢7 2.25¢%
150 8.85¢7 1.31¢* 5.19¢7 1.87¢®
200 7.01¢e? 1.07¢* 4.32¢7 1.61¢*®
250 5.89¢3 8.4¢3 3.75¢7 1.48¢®
300 5.19¢7 7.22¢3 3.41¢7 1.37¢*®
350 4.63¢7 6.72¢3 3.13¢7 1.26¢®
400 4.26¢7 5.91e? 2.96¢”7 1.19¢¢
450 3.92¢7 5.33¢7 2.78¢7 1.13¢*®
500 3.69¢? 4.76¢3 2.67¢7 1.09¢

Time to perform the necessary calculations for one
iteration of the learning procedure is as follows:

e Intuitionistic Neo-fuzzy network: 1.48 ms for
the case without disturbance and 1.50 ms for
the case with disturbance and.

e Type 2 Neo-fuzzy network: 1.93 ms for the
case without disturbance and 1.96 ms for the
case with disturbance and.

V. CONCLUSIONS

In this paper different approaches to reduce the
computational burden in intelligent hybrid neuro-fuzzy
structures was summarized, some ideas of the authors
to reduce the number of fuzzy rules was presented and
comparison between them and the classic ANFIS was
made. The Mackey-Glass chaotic systems was chosen
to test prediction ability of these models. The proposed
DANFA, SFNN and MNFN models predict accurately the
generated chaotic time series, with minimum
prediction error and fast transient response of the
MSE, reaching values closer to zero. Their main
advantage is that operates by a small number of rules
and respectively has a smaller number of parameters
for learning. This makes the models suitable for real-
time applications. The MNFM has been chosen as the
best in terms of the set criteria (number of rules,
number of parameters, speed and accuracy). After
that, MNFN has been realized in a variant with Type 2
and with Intuitionist fuzzy logic. The results show that
the Intuitionistic Neo-fuzzy network is more accurate
and faster than Type 2 Neo-fuzzy network in the
studied two cases —in the presence of disturbance and
without disturbance.
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Abstract— The current paper presents a sensor
using artificial intelligence for fire detection. The
sensor uses a new platform for artificial intelligence
— Al HAT based on Kendryte K210 processor. The
low cost of the platform makes it suitable for
implementation in various sensors. One application
of the fire detection sensors with Al is for detection
of flames in places where other types of fire detection
sensors have drawbacks. Such places can be rooms
or production facilities where the environment
temperature is high, where is a presence of smoke
and also presence of hot objects.

Keywords— Deep Neural Networks, CNN, object
detection, fire detection, sensor

I. INTRODUCTION

The fire detection systems with high accuracy and
reliability are essential for the safety conditions of life in
smart cities. Since the traditional fire detection systems
can make false alarms, they occasionally push the
system operators to take risky actions such as turning
off these low-precision fire detection systems [1].
Improving fire detection systems could prevent many
accidents due to fires. During 2009-2012, excluding
malicious calls 48% of all fire alarms were false alarms
[2]. Of all 6,684,500 fire accidents in United States,
4,879,685 cases occurred where fire detection systems
were installed [3]. Unfortunately, 20% of the fire
detection systems do not correctly work [1].
Commercial fire detection systems generally have a
simple sensor with low accuracy and are sensitive to
sensor failure and malfunction which makes it hard to
detect fires [4]. In addition, even if the sensor is

Stefan Ivanov

Technical University of Gabrovo
Gabrovo, Bulgaria
st_ivanov(@abv.bg

operating normally, faults may occur in the system
because of the limitations of the detection capability of
the sensor. A smoke sensor may send false alarms
because of the incorrect recognition of present dust as
smoke [5]. To overwhelm these disadvantages of fire
detection systems it can be used the modern
technologies for artificial intelligence (Al) and image
recognition [6].

II. OVERVIEW

The systems for fire detection with high accuracy are
very important for facilities where fire can occur. Since
the traditional approaches for fire detection — using
smoke detectors, heat detectors and ionization smoke
detectors have some drawbacks based on their
principle of operation in the current paper is presented
a fire detection system using camera and implementing
artificial intelligence (Al). The proposed system is based
on a specialized chip for accelerating the DNN
processing. It makes possible the improvement of
accuracy when machine vision fire detection system is
built

III. HARDWARE OF THE SYSTEM

The system hardware based on Al HAT edge
computing kit which is built with the processor
Kendryte K210 [6]. This is a powerful low-cost board for
artificial intelligence that can work as a standalone
board or to be connected to other boards such as
Arduino for developing various applications. The board
has a 16-bit neural network processor and dual core 64-
bit CPU. In addition to that the board has multiple
peripherals such as PWM / SP1 /12C GPIO and interfaces
for LCD display and camera. Fig. 1 presents the
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development board based on mentioned processor,
which is used for designing of fire detection system.

Fig. 1. Al HAT for edge computing

For detection of fire is used camera, which is
connected to the board by the DVP interface. The
images acquired by the camera are recognized by DNN
implemented in the processor module.

IV. ALGORITHM OF OPERATION

The algorithm of system operation includes the
following steps:

1. Initialization of system — after power-on, the
system is initialized and the periphery of Al HAT module
is prepared for data exchange.

2. Reading image from camera — the camera is
used for continuous acquiring of images which are
resized and feed to the DNN inputs.

3. Applying Deep Neural Network for detection of
fire. The resized image from the camera is classified by
the DNN.

4. Ifthe neural network locates a fire in the image,
an alarm is issued. The sensor module activates one of
its outputs in response of this alarm.

V.YoLO DNN ARCHITECTURE

YOLO stands for (“you look only once”) and it is used
for detection and classification. It brings a trained
neural network which predicts bounding boxes and
class probabilities. It finds the location of the image

where specific object is present. Other neural networks
such as R-CNN use a pipeline for performing tasks in

multiple steps which is very hard to optimize. An image

from the camera or some other external source is being

passed to the neural network and a vector of bounding
boxes and a classifier is being returned.

Figure 2 represents the structure of YOLO and the
layers in it.

| Name | Filters | Output Dimension |
| | | |
I T I 1
| conv 1 | 7 x 7 x 64, stride=2 | 224 x 224 x 64 |
| Max Pool 1 | 2 x 2, stride=2 | 112 x 112 x 68 |
| conv 2 | 3%x3x192 | 112 x 112 x 192 |
| Max Pool 2 | 2 x 2, stride=2 | 56 x 56 x 192 |
| conv 3 | 1x1x128 | 56 x 56 x 128 |
| conv 2 | 3x3x 256 | 56 x 56 x 256 |
| conv 5 | 1x1x 2% | 56 % 56 x 256 |
| conv & | 1x1x512 | 56 x 56 x 512 |
| Max Pool 3 | 2 x 2, stride=2 | 28 x 28 x 512 |
| conv 7 | 1x1x 256 | 28 x 28 x 256 |
| conv 8 | 3x3xs512 | 28 x 28 x 512 |
| conv 9 | 1x1x 2% | 28 x 28 x 256 |
| coovie | 3x3x512 | 28 x 28 x 512 |
| comv11 | 1x1x25 | 28 x 28 x 256 |
| conviz | 3x3x512 | 28 x 28 x 512 |
| convizs | 1x1x256 | 28 x 28 x 256 |
| convia | 3x3xs512 | 28 x 28 x 512 |
| comv1s | 1x1x512 | 28 x 28 x 512 |
| conv16 | 3 x 3 x 10824 | 28 x 28 x 1824 |
| Max Pool 4 | 2 x 2, stride=2 | 14 x 14 x 1824 |
| coov17 | 1x1x512 | 14 x 14 x 512 |
| convis | 3 x3x 1022 | 14 x 14 x 1824 |
| coovi1s | 1x1x512 | 14 x 14 x 512 |
| conv2e | 3x3x 10824 | 14 x 14 x 1824 |
| conv2r | 3 x3x 1824 | 14 x 14 x 1824 |
| conv 22 | 3 x 3 x 1824, stride=2 | 7 x 7 x 1824 |
| conv23 | 3x3x1022 | 7 x 7 x 1824 |
| conv2a | 3x3x 10824 | 7 x 7 x 1824 |
| Fc1 | - | 4096 |

| |

1 |

| FC 2 - | 7 x 7 x 30 (1470}
L |

Fig. 2. Structure of YOLO

Yolo’s last layer is using a linear activation and all
other layers use a leaky RELU transfer function.

VI. TRAINING THE NEURAL NETWORK

A neural network has been trained with YOLO
architecture which has high speed and accuracy for
detecting various objects [7]. The training requires a
preliminary database of photos (some of them shown
on Fig. 3) from which it is necessary to extract the
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characteristics of the objects which have to be found
after that. The neural network is trained using the
library for machine learning TensorFlow-GPU. The
neural network is able to recognize multiple objects and
by doing software filtering it determines which object is
fire and which is not in the image.

Fig. 3. Some of the photos for training the neural
network

For training of the neural network for finding fire
more than 500 images were used. The images are
additionally processed with Python script and new
batch of 2000 images with shifted positions of fires are
generated. Extracting their characteristics and pixel
annotations, the training process of the neural network
with YOLO architecture was done for 150 000 cycles
until reaching the desired accuracy.

The trained neural network can be implemented in
various processing devices such as CPU, GPU and VPU.

In this case the neural network is implemented in
the flash memory of GROVE Al HAT. It classifies the
objects that are in the image data.

VII. SOFTWARE USED FOR IMPLEMENTATION OF
ALGORITHM

The main software tool wused for current
implementation is Tensor Flow Lite. TensorFlow Lite is
a set of tools to help developers run TensorFlow models
on mobile, embedded, and loT devices. The TensorFlow
Lite converter, which converts TensorFlow models into
an efficient form for use by the interpreter, and can

introduce optimizations to improve binary size and
performance.

All scripts for training and scripts for image
processing are written in Python language.

VIII. EXPERIMENTAL RESULTS

After training, the YOLO network is downloaded in
Al HAT kit. The trained network can detect fire under
different conditions of the background. The neural
network was tested with the test images which were
not included in training process. Fig. 4 presents some of
the test images in the way as the Al HAT kit detects the
fire and shows its position on the accompanying LCD
screen.

Fig. 4. Detecting fire in test images

The network processes the raw signal, coming from
the camera. The acquired video frame is being resized
with resolution 224x224 and scanned by the trained
YOLO neural network. When a flame is detected with
high percentage of truth in the video frame, its pixels
coordinates are returned by the neural network. The
application program draws a rectangular frame around
the detected fire mapping all fiery pixels inside it and
activate an alarm which can control external fire
extinguisher. The system has a high processing speed of
the neural network, which is measured to be about 15
ms.

IX. FUTURE WORK

The neural network of the Al sensor can be further
improved to detect more than just fire, for example it
can be trained in the future to detects smoke or electric
sparks caused by short circuits.

X. CONCLUSIONS

The proposed Al sensor can replace multiple sensors
at once, it has high accuracy and relatively low cost. The
artificial intelligence brings a great improvement in data
interpretation from low-cost cameras and can be
implemented in new products which complement the
already well-known solutions.
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IMPUJIOKHO PEHIEHUE 3A PA3SIIPEJAEJIEHO YIIPABJIEHUE HA
MMPOU3BOACTBEH ITPOLHEC C U3IIOJI3BAHE HA ETEPHET MPEXA

JIvuezap Kuskos, Bacua [lonos, PagociaB Xpucues, Huxona lllakes

APPLIED SOLUTION FOR DISTRIBUTED PRODUCTION PROCESS
CONTROL SYSTEM USING AN ETHERNET COMMUNICATION NETWORK

Lachezar Zhivkov, Vasil Popov, Radoslav Hrischev, Nikola Shakev

Control Systems Department, Faculty of Electronics and Automation
Technical University of Sofia, Plovdiv Branch
Plovdiv, Bulgaria
lachezar.jivkov@abv.bg, vasil_popov@tu-plovdiv.bg, hrischev@tu-plovdiv.bg, shakev@tu-plovdiv.bg

Abstract—This article discusses an applied solution for
distributed control of a mechatronic system consisting of an
industrial robot, an operator terminal, a PLC, electric drive
control with an induction motor and sensors. The
implementation is based on technical and system solutions for
production automation, developed by Mitsubishi Electric and
presented as an "e-Factory" concept.

Keywords — distributed control, ethernet
communication, industrial robot

e-Factory,

I. BbBEAEHME

Hali-pa3npocTpaHeHaTa TexHonorMs 3a obmeH Ha
nHdopmaLmsa B cBeTOBEH MaLlab B nocneaHUTe roanHu
e Ethernet TexHonorvMaTa 3a KOMyHWKaUMA B pPeanHo
Bpeme. Ethernet B KOMMIOTbPHUTE MPEXKN Bb3HUKBA
KaTO TEXHO/IOTUA 33 CBBP3BAHE M MPEXKOB NPOTOKO 33
LAN 1 MAN npe3 1980 r. 1 ce yTBbp}K4aBa B CTaHZapTa
IEEE 802.3 npe3 1983 r. OtroraBa Hacam ce
YCbBBPLUEHCTBA NOCTOAHHO M MOCTENEHHO M3MecCTBa
KOHKYPEHTHUTE KOMYHMKaLUMOHHM TEXHO/0rnMK,
BKNHOUMTENHO B MHAYCTpUATA. BasupaH e Ha OSI /Open
Systems Interconnect/ mopgena, KOWTO BKAOYBa
KOMMOHEHTUTE HA CTaHZApTHAaTa OTBOPEHA MpPEeXKoBa
apXUTEKTYpa, CbCTaBeHa OT CeAeM HMBa - GpU3NYECKO
HMBO, KaHAa/lHO HWBO, TPETO - MPEXKOBO HMUBO,
Hanpumep IP, 4eTBBPTO - TPAHCNOPTHO HMBO - TCP nau
UDP, neto - cecniiHO HMBO, LUECTO - NPEeACTABUTENHO
HMBO, WU MNOCNEQHOTO CeAMO HMBO € MPWUIOXKHO. B
ocHoBara e 3anoskeH TCP/IP uau Transmission Control
Protocol/Internet  Protocol - MPENKOBUAT U
TpaHCNOPTEH NPOTOKOA Ha Internet.

Ethernet/IP e uWHAyCTPMANHO pasWIMpeHne Ha
Ethernet TCP/IP. Pa3BuWT e M nNoAKpensH OT Tpu
Mpexosu opraHusauum - ControlNet International (Cl),

Open DeviceNet Vendors Association (ODVA) w
Industrial Ethernet Association (IEA), KoeTo Boau A0
WMPOKOTO My PasnpoCTpaHeHWe B MWHAYCTpUATA.
BCMYKM CbBPEMEHHM E€NeMEHTM Ha CcUcTemuTe 3a
ynpaBieHMe  CbAbpXaT Mmoayau 3a  Ethernet
KOMYHMKaumMa MAM moraT Aa 6bAaT pasiimpeHu Cbe
CTaHAaPTHM TaKMBa.

ToBa e NpuynHaTa ycuanaATa Ha paspabotunumTe Ha
cucTemy 3a ynpasfeHue ga 6baaT Bce MO-4ecTo
HacoyeHu KbM paspaboTka Ha cucTemu,
oCblecTBABaLUM KOMYyHMKaums no Ethernet.

II. KOHUENUMSA: E-F@CTORY U UHTErPUPAHA MIATOOPMA 3A
YMPABNEHUE

HacTosuwaTta pa3paboTka cTbnBa Ha TEXHUYECKUTE U
CUCTEMHMU peLleHms 3a NPOn3BO/CTBEHA
aBToMaTu3auma, pa3paboTeHM OT  KOMMaHWATa
Mitsubishi Electric u 06eanHeHn nog HaMMeHOBaHUETO
,e-F@ctory“. 3a peannsaumaTa Ha Tasu KoHLUenumsa oT
KOMNaHUATa e pa3paboTeHa LMHTEerpupaHa
nnatpopma“, KoATO TMO3BOAABA Cb3faBaHe Ha
CUCTEMHA WHOPACTPYKTYpa M CBbP3aHOCT Mexay
YyNpaBJAeHMETO Ha MPOU3BOACTBEHUTE MpoLLEeCU W
MHpopMaumoHHuTe notouu [1],[2]. WHTerpupaHaTta
nnatdopma e cbCTaBeHa oT:

i) 0BLLM TEXHONIOTMYHM PELLEHMA 33 YPaBAABALLMUTE
YCTPOMCTBA, KOMTO NO3BO/IABAT BWMCOKA CTEMeH Ha
CBBP3aHOCT;

ii) cbBMecTMMOCT Ha codTyepHUTe cpean W
WHTErpupaHe Ha CoPTyepHUTE MHCTPYMEHTM

iii) mpexkoBK pelleHus.
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Up to 4 CPUs can be installed.

GOT

Control functions are
added with slot-in system.

New | (2) High-speed
programmable

(hutpecry (O

high-speed base unit ==

-_ """"" New

IRIIT

Various units
(MELSEC-Q unit)

(6) Controller network

I i
confroller QnU series e o

programmable controller
CPUs are required.

bwr. 1.

OCHOBHA  XapaKTepUCTMKA Ha  KOHTPOJEpUTE,
NPOEKTUPAHM 33 WHTerpupaHata naatpopma e
npeanaraHata nogobpeHa MPOM3BOAMTENHOCT Ha

KOMYHMKaLMOHHATa LWMHA MeXay npoLecopute Ha
OTAENHUTE YCTPOMCTBA, CaMUTE MPOLLECOPU, KAKTO K
“3MNON3BAHUTE MPENKOBM PELLEHMS.

Ha ¢wur. 1 ca nokasaHu BuposeTe OYHKLUMOHANHM
KOHTpoNepw, cneuuanHo paspaboTeHm 3a
WHTErpupaHaTa naatpopma.

(1) BUcoKoCKOPOCTEH OCHOBEH 610K C Bb3MOMKHOCT
3a nogabp:KaHe Ha mHoxectBo CPU (Multiple CPU
high-speed base unit)

(2) Mporpamnpyem KOHTPO/SEp C BMCOKa CKOPOCT
(High-speed programmable controller)

(3) KoHTponep Ha ABMKeHME C BMCOKA CKOPOCT
(High-speed motion controller)

(4) KoHTponep c umopposo ynpasneHune (CNC) 3a
npowussoacTseHa AnHus (Numerical controller (CNC) for
the production line)

(5) YnpaBneHwue Ha po6ot (Robot controller)

(6) MpexoBO YCTPOWCTBO Ha  KOHTposepa
(Controller network unit)

PeweHnaTa, KOWTO nNpegsiara MHTerpupaHata
nnatbopma nNo OTHOWEHME Ha YynpaBasBaluTe

ycTpoiictBa  (KOHTponepu) ce
“3MNON3BaAHETO Ha

OCHOBaBaT Ha

1) BMCOKOCKOPOCTHO MpeAaBaHe Ha AaHHU MeXay
MHOECTBO MPOLLECOPM, OCHOBAHO Ha W3MO/N3BAHETO
Ha crnoaeneHa namer.

2) MNpepaBaHe Ha [AaHHM, CUHXPOHWU3MPAHO C

unit New
(MELSECNET/G)
' (3) High-speedji(4) CNC (5) Robot
motion C70 for ¢! controller
controller the |
Up to 3 CPUs can be Q17nD produc-
installed. series tion line

YcTpoicTBa, nogabpKaHu OT MHTerpupaHaTa nnatdopma e-F@ctory Ha Mitsubishi Electric [1]

onepauynuoHHMA UMKDBA Ha ydacTBalwKUTe B CMCTEMATA
KOHTPOAEpU 3a ynpasaeHne Ha ABUKEHUATA.

Ypes  MHOronpouecopHUAT  BUCOKOCKOPOCTEH
0O6MeH Ha [aHHM, CUMHXPOHM3MPaH C PaboTHUA UMKBA
Ha KOHTpONepa 3a ABWXKEeHMe ce NOoCTUra onTUMaaHO
npegaBaHe Ha aHHM MeXay NPOoLecopUTe M LANOCTHO
nogobpsaBaHe Ha NMPOM3BOAMUTENIHOCTTA Ha CUCTemarta
3a ynpas/ieHne (Hanpumep cUCTeMa, CbCTOAWA Ce OT
NpPOrpamMmpyem  KOHTpOAep M  KOHTpOnep 3a
ABVXKeHKe). ToBa Ce OTHacs M 3a MeXaynpoLLecopHMS
obmeH Ha JaHHM npu MawuHu ¢ LMY, Kakto w
KOHTpPONEPKU HA poboTH.

OT npeactaBeHuTe Ha o¢wur. 1 yctpoictBa B
NPOeKTMpaHaTa W  MNpeAcCTaBeHa  pasnpefeneHa
cMCTeMa 3a yrpaBAeHne ca BKAKOYEHU CNeaHUAT Habop
OT enemeHTU: BMCOKOCKOpOCTEH OCHOBEH 6/10K ¢
BbB3MOXHOCT 3a MNoAAbprKaHe Ha MHoxectso CPU
(Multiple CPU high-speed base unit); Mporpamupyem
KoHTponep (CPU); MpaduyeH onepaTopckn TEpMUHAN
(GOT); KoHTponep Ha asukenHue (Motion controller),
KoHTponep Ha nHayctpuaneH pobot (Robot controller).

III. ENEMEHTM U CTPYKTYPA HA PA3MNPEAE/IEHATA CUCTEMA

A. EnemeHmu u modynu Ha pasnpedeneHama
cucmema

e [lporpamuvpyem KOHTpOJAep OT cepuATa
MELSEC iQ-F, ¢ nogobpeHa BMCOKOCKOPOCTHA LUMHA.
MHOKecTBOTO BrpafeHn moaynn u GyHKUMM npasaT
KOHTPONEpUTE OT Tasn CEPUA C OTIMYHO OTHOLUEHUE
GYHKLUMOHaNHOCT/ueHa. Mo3sonAsat KaKTO
CamMoCToATENHA ynoTpeba, Taka M M3MNON3BAHETO Mpw
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MPEXKOBM CUCTEMHM npunoxeHua. Codtyep 3a
nporpamupane — GX Works;
e [3non3saHuAT  rpadpuyeH 0nepaTopcKku

TepmuHan (GOT) e ot cepuata GOT 2000 — GT2107-
WTSD (®wur. 2). PesontoumaTa Ha eKkpaHa e 800x480, a
usetoBeTe ca 65 536. MporpamupaHeTo Ha rpaduyHUA
TePMMHan ce OCbLLECTBABA C MOMOLLTA Ha codpTyep —GT
Designer3

bwr. 2.
GT2107-WTSD

FpaduyeH onepaTopckM TEPMUHAN —

KOMyHMKaLI,MOHHVITe Bb3MOXHOCTU Ha TEPMUHaNA
Ca:

- KOMyHUMKauua no RS-232 n RS-422/485;
- KomyHuMKauma no Industrial Ethernet;
- KOMYHMKauma no USB-A n USB Mini-B;

lpadnyHMAT OMNepaTopcKM TEPMMHAN MOXKe Aa
KOMYHMKMPA  C  KOHTPOJIEPM  HA  Pa3/IUYHM
npousBoauTenu, Korato obadye GOT b6bae cBbp3aH B
KOMYHMKAUMOHHA MpeXa C ApyrM YCTPOMCTBA Ha
Muuybuwmn — TMJIK, KoHTponepu Ha WHAYCTPUANHM
POBOTM M T.H. UMa Bb3MOMKHOCT fla ce paboTy ¢ T.Hap.
cnogeneHa namet [4]. BbamoxkHo e GOT pa 6bae
CBbP3aH B MpeXKa 1 Aa KOMYHUKMPA e AHOBPEMEHHO MO
4 KaHana — MHOTrOKaHa/Ha KOMYHMKaLMA.

e WHAaycTpuaneH maHunynatop Ha Mwuuybuium
RH-6CH7020-D ¢ «KoHTponep - CR751D [3].
MaHUNyNaTopbT € OT XOPU3OHTaNeH TWM, NO3HaT no-
wupoko Kato ,SCARA“ (Selective Compliance
Articulated Robot Arm) manunynatop — ur. 3.
Codtyep 3a nporpamupane RT ToolBox3.

OCHOBHO NPEAMMCTBO 3a TO3M TUN MaHUMYNaTOPK e
Bb3MOHOCTTA 33 6bP30 M3MbAHEHME HA ABUXKEHMA C
BMCOKA TOYHOCT. TOBa Ce MOCTUra Ype3 XxapaKTepHata
KMHEMAaTUYHa CTPYKTYPa C YETUPU CTeNEeHM Ha cBoboa.

®ur. 3. Manunynatop RH-6CH7020-D

labaputnTe M paboTHaTa 30Ha Ha MaHMNy1aTopa ca
NnoKasaHu Ha dwr. 4,

130
i c;l

dwr. 4.
6CH7020-D

e  YecroTeH nHseptop FREQROL - CS80

PaboTHa 30Ha Ha maHunynatop RH-

YeCcTOTHMAT MHBEPTOP NO3BO/IABA PEryavpaHe Ha
CKOPOCTTa Ha BbPTEHE Ha acMHXpPOHeH asuraten (AL).
MHBepTOp®bT [aBa Bb3MOMKHOCT 33 KOMYHMKaUMA Mo
RS-485 ¢ gpyru ycTpoicTBa, a UMa U AOMbAHUTENHU
dU3nYecKkn BXoJoBe U U3X0AM, KOMTO MoraT Aa 6baaT
nporpaMmMpaHn ¢ NpPeaBapUTENHO  3343LEHO
npefHasHayeHue.
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Bb3MorKHO e aa ce BKAtouM TpudaszeH ALl ¢ MOLLHOCT
[o 750W. 3aKoHbT 3a ynpaB/ieHWe, KOWTO ce
peanusupa oOT wuHBeptopa e U/f = const
(HanpeskeHune/nuHeliHa yectoTa = const) — dur. 5.

Ao

dur. 5. ENneKkTpomMexaHMUYHN  XapaKTepPUCTUKM
Npw 3aKoH 3a ynpasaexune U/f = const

B. Cmpykmypa Ha pasnpedeseHama cucmema

ETepHeT KOMyHMKaumuaTa € peanusupaHa C
MPEXKOBa TOMOMOMMA Ha CBbP3BaHe TUM pasliMpeHa
3Be3ga (our. 6).

PyTep
(KoHueHTpaTop)

oooOoooon
Xbb

YecToTeH
UHBepTOp

CeHsop

UsnbvaHuTENHO
yctpoiictso (Afl)
®ur. 6. MpexoBa TONONOIMA Ha CMCTEMATA.

Mpn ocbliecTBABaHE HAa KOMYHUKaAUMOHHa ETepHeT
Bpb3Ka MeXAy WHAYCTPUANHWUA MaHUNynatop W
rpapuuHMA ONepaTopcKM TepMMHaAN e M3NOoA3BaHa
Bb3MOXHOCTTA Aa ce paboTu CbC cnofeneHo aapecHo
NPOCTPAHCTBO, KOETO NO3BOAABA Aa Ce 0OMeHAT ronam
Habop OT AaHHM 4Ypes3 3anucBaHeTO MM B agpecu oT
cnogeneHata nameTTa Ha poborta.

M36paHu ca Tpu rpyny napameTpu 3a 0OMeH mexay
rpaduyHUA ONepaTopckM TEPMUHAN U KOHTPONEPA Ha
pobora:

- MapameTpy 3a NONOXKEHMETO U ABUNKEHUETO Ha
poboTta (TekywoTo MECTONONOXKEHNE Ha
MaHWNyNaTopa B NPOCTPAHCTBOTO, 3apefeHaTta CKOpoCT
Ha ABUKeHue Ha poboTa)

- [lapameTpu, CBbp3aHM C nepuoanyHaTa
nogapbXKa Ha poboTa (OCTaTbyYHMAT 3apsas B
baTepuaTa Ha KOHTPO/JEepa, OCTaBallo Bpeme [0
cneABallo CMa3BaHE UM CMAHA Ha PEMbK Ha JajeHa
cTaBa)

- CMrHanusaumm 3a anapmu U npeaynpexaeHus
(ume Ha 3apepeHaTa nporpama 3a M3MbAHEHWE OT
MaHUNynaTopa, HOMEP M BUZ Ha rpellkaTa/anapmara B
pobota u ap.).

IV. 3AKNHOYEHUE

MpeanoxeHoTo pelleHMe 33 M3rpaxgaHe Ha
pasnpefeneHa  CMCTEMa 3@  YyNpaBiAeHWe e
peanusnpaHo Kato fabopaTopHa ycTaHoBKa B TY-
Codusa, dunman MNnosame. CTpyKTypaTa Ha cuctemaTa
Nno3BO/ABa BMCOKA IbBKABOCT, M3pa3fABalla Ce BbLbB
Bb3MOXHOCTM 33  HEWHOTO  pasliMpABaHe U
HaarpaxaaHe. M3non3BaHeTO Ha MHCTPYMEHTUTE Ha
WHTerpupaHata nnatoopma ,e-F@ctory” ocurypssa
CbBMECTUMOCT Ha  COPTyepHUTE U  XapAyepHwu
peleHnsa, CbyYeTaHn C yaobHM 3a cneuuanncTute no
NPOEKTUPaAHe M  NOAAPDBNKKA  Ha  cuCTEMaTA
nHTepdercn.
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NHuuuaTuBy 32 pa3BuTue Ha bjoKYelH u Apyru
MHOBATUBHU TeXHOJIOruu B EBpona u buarapus

ITerxo PyckoB

Hesm CrosinoBa

Blockchain development initiatives and other innovative
technologies in Europe and Bulgaria

Petko Ruskov
petko.ruskov@theedge.solutions

Abstract: The article examines the existing initiatives and
projects for the development of blockchains (broxueiin),
distributed ledger technologies (DLT) and other innovative
technologies in Europe and Bulgaria. The European
Blockchain Infrastructure for Services (EBSI) is presented in
more detail, as well as the activities of the Working Group for
Development of Blockchain and Other Innovative
Technologies in Bulgaria.

Keywords: European Blockchain Infrastructure for
Services (EBSI), Distributed ledger technologies (DLT),
blockchain.

I. BbBEAEHUE

HosuTte undpoBn  TEXHONOTUM nocTasaT
HeNpPeKbCHATO NpeAM3BMKATENCTBA Npes 0bLwecTBaTa,
AbprKaBuTe 1 BM3Heca 3a NOCTUraHe Ha CbBMECTUMOCT
W B3aumogencteue. EBponenumute Bce olle ca
M3NpaBeHn npeg peauua bapuepu npu AocTbna A0
HaLMOHANHM W TPAHCTPAHNYHW OHNANH TEXHONOMUM U
ycnyrn. ToBa O3Ha4yaBa, Ye rpaxAaHuTe npomnyckaTt
Bb3MOKHOCT Aa NO/y4aBaT CTOKM M yCAYrK, @ BU3HECHT
nponycka nasapeH noTeHuman, [LOKaTo
npaBuUTeNCTBATA HE MOTaT Aa Ce Bb3MN0A3BaT U3LANMO OT
umoposute TexHonornuu. LndposuaT eanHeH nasap Ha
EBponeiickua cbto3 (EC) uma 3a uen Aga npeogonee
Tesn npeau3BMKATeNICTBA Ype3 Cb3JaBaHe Ha
noaxoaALla cpesa 3a Pa3BUTUE HA LMPPOBUTE MPEXKHM
n ycnyru. ToBa MoXKe Aa Ce MOCTUrHe He Camo 4pes
onpeaenaHe Ha NPaBUAHUTE PErynaToOPHMU YCNOBUSA, HO
M 4ypes MpefocTaBsHE Ha TPAHCTPaHWMYHKU LMbPOBU
UHOPACTPYKTYPU u ycayru [8].

CbuiecTByBaT peauua MPOyYyBaHMA W aHaIu3y,
KOMTO nogyeptaBaT npuopuTeTa Ha  ONOKYelH
TexHonoruata. B npoyusaHe Ha EPRS (European
Parliamentary Research Service) ce npegocrassa aHanus
Ha O/NIOKYEMH TEXHONOTMATa B  KOHTEKCT Ha

Nelly Stoyanova
nstoyanova@mtitc.government.bg

MeXayHapogHata Tbprosua [3]. AHanu3mpat ce
NOTEHUMANHUTE Bb3AENCTBUA MPU pa3paboTBaHe Ha
6/10KYENH 1 NPUIOKEHMS B OCEM C/ly4as Ha ynoTpeba
32 BEpWUrM 3a JOCTABKM M MeXAYyHapoAHa Tbprosus.
MpegoctaBa ce WM aHaAM3  HA  HacToAwaTa
3aKoHoAaTeHa pamka Z CblLLeCTBYBaLLUTE
MHULMATMBM M Ha TasnM OCHOBA Ce MAeHTUOUUMpAT
npeav3BMKaTeNICTBA MPe3 MeXAyHapoAHa TbProBcKa
[OKYMEHTaLMA 1 NpoLecu 1 ce npeactaBa Habop oT
NONIMTUYECKM  BB3MOXHOCTM  3a  EBponeickua
napnameHT [3]. B cBoe 06CTOWMHO Wu3cneaBaHe 3a
6n0K4eltH cTpatermute B EBpona IDC's European
Blockchain Strategies onpegens 6/10K4eiMH KaTo HOBa
TEXHO/MIOTUNA, KOATO HOCU fJOBeEpuMe W MO3BO/ABA
pasnpenaeneHa 06paboTka B GU3HEC MPEKUTE, AOKATO
Te ce pas3BMBaT B MO-LIMPOKKM, KOABOPATUBHM U
CbBMECTHM ekocucTtemMu. OnmMcaHW ca npoBefeHuTe
u3cnenBaHMA N0 KOHKPETHU TEMU MAU CETMEHTU Ha
HOBOBb3HMKBALLMTE MNA3apu 4Ype3 W3CNeL0BaTE/NCKM
npesnoxeHna. AHanusuMpaHn ca obnactute Ha
perynvpaHe Ha O610KYeliH Ha KAO4YOBM €BPOMEncKu
nasapu, EBponelicka Bepura 3a 4OCTaBKM Ha B/I0KYEH,
nasapHaTa NepcrnekTnBa, KoonepupaHeTo ¢ MHTepHeT
Ha HelaTa M e HanpaBeHa Na3apHa MNpoOrHosa 3a
pasxoABaHe Ha eBpOMenckM O/0KYelH B nepuoaa
2019-2023 [6]. AHanunsuTopute oT dGen cbbupaT b6asa
JaHHM 33 ONOKYeliH TEeXHONOrMATa, KOATO BK/IHOYBA
KomnaHuu, ¢oHAoBe, CbOUTMA, MPOCTPAHCTBA, C
HeCTOMaHCKa Len U Apyrn opraHu3aLmmn, onepypaiLy B
eBponeiickaTa b10KYeiHa ekocucTema. Te aHanusnpar
pernameHTMTe B peauua  €BPONENCKM  CTpaHy,
6/10KYEMH MHOBALMM M KOJTKO aKTMBHA € eKoCUcTemara.
3aK/0YEHMETO €, Ye BIOKYEH TEXHOOTUATA MOKe [1a
MOMOTHe Ha eBPONencKaTa EKOCUCTEMA Aa OCHLLECTBM
HaMmb/IHO CBOS NOTEHUMaN, U Ta Aa NpepacHe B CU/Ha,
npoubdTaABaLLa busHec mperKa [1].
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EBponeicknTe MHCTYTyUMM Npeanarat pas/vyHu
MEXaHM3MM Ha [ObPXKABUTE U/NEHKM 33 CBbP3BAHE U
AocTbn A0 6e3nNaTHU MHCTPYMEHTU, MOAAPBIKKA M
¢bUHaHCMpaHe, KOMTO Aa NOMOrHaT 3a M3rpaxaaHe Ha
JOCTbMHM  UMPPOBM  yCAYIM M NOCTUraHE Ha
KOHKYPEHTHOCNOCOBOHOCT, NoKa3aHu Ha ¢urypa 1. [9].

II. UIHULMATMBU U DUHAHCOBM MHCTPYMEHTM HA EC

BNOKYeMH e WHOBaTMBHA W  PEBOJIOLIMOHHA
TEXHO/IOTMA, KOATO HaBAM3a 6bP30 M MPOMEHs
TeXHO/OorMYHaTa, busHec u npaBHa cpeaa. EBpona ce
BAbXHOBABA OT NOTEHLMaNa Ha 610KYeH 33 MHOBALMK
M nonara ycuaua [nOa CTaHe CBETOBEH /Auiep B
M3rPasKJaHETO W M3M0/3BaHETO Ha  6/I0K4YelH
MHOPACTPYKTYpa M NPUNONKEHMS. TexHonornaTa
6/10KYeMH MMa OorpomeH noTeHUMan fga noaobpu
B3aMMO/ENCTBMETO Ha 3aMHTepecoBaHUTE Tpynu -

rpagaHute, npasuTencTsata M busHeca upes
3aCMnBaHe Ha [0BEpMETO Mexay CybeKkTute,
HaManABaHe Ha LUeHaTa Ha TpaH3aKkuuute U

nopobpsasaHe Ha edeKkTMBHOCTTa Ha npouecute U
onepauuuTe.

Mpe3 dpespyapu 2018 r. e cb3gageHa EBponeiicka
BrokuyeitH ObcepBaTopma u Dopym, KaTo KOHCEHCYCHA
MHMLMATMBA Ha aKagemuyHuTe cpeaum u busHeca.
Llenta e [a MapKuMpaT BCUMYKM CbLUECTBYBALLM
MHULMATMBM W @ Pa3npocTpaHaBa MHdopmauua u
3HaHuWe 3a 6710KYeliH TEXHONOMMATA, @ MUCUATA € fa ce
HabnogaBaT 6/10KYeMH MHUUMaTUBMTE B EBpona u
Cb3gafe u3dyepnaTesieH M3TOYHMK Ha 3HaHMA 33
6/10K4YElH, KaKTO M aTPaKTUBEH M Npo3payeH Gopym 3a
obmeH Ha MHGopmauua n MHeHus [7].

Mpe3s anpun 2018 r. crapTMpa noAMTUYECKaTa
MHUUMATMBA EBpONeicko NapTHLOPCTBO 3a 610KYENH
(EBP), Kbm KOETO Ce NpUCheAMHABAT MbPBOHAYaHO 22
LbPKABU YNEHKK, Cpes, KouTo 1 bbarapua. Te noemat
aHTaXXMMeHT Aa paboTAT 3aefHO 3a M3rpargaHe Ha
eBponeicka nybanyHa 610KyeiiH MHOpPACTPYKTYpa U
peanusMpaHe Ha noTeHUMana Ha  BaoK4yelH
TEXHO/IOTMMTE 33 Pa3BMTUE HA UMPOBM yCayrn 3a
rpaspaHute, 0OLLeCTBOTO M MKOHOMMKaTa, no-
CMeuyanHo 3a yCTaHOBABAHE Ha NbpPBOHAYaneH Habop
OT MOTEHUMANHN TPAHCTPAHUYHU UMPOBK yCayrU B
ny6/MYHMA CEKTOP B pamMKuTe Ha Linpposus eamHeH
nasap.

Ha 3 anpun 2019 r. e nognucaHo oduumanHo
CNopa3yMeHne 3a Cb3gaBaHeTo Ha MexayHapoaHa
acoumaums Ha HageXaHW OA0KYelH NPUIOKEHUA

(INATBA), KoaTO MMa 3a Len Aa obeguHu cTapTbnu oT
WUHAYCTPUATA, MaNKM W CPeaHu NpeanpuaTus,
perynatopu u cTaH4apTU3MpalLyM opraHusaumm, 3a ga
BHeApAT 6a0oKkyelH TexHonornata u DLT (Distributed
Ledger Technology) B exxeaHeBueTo.

®duHaHcosu uHcmpymeHmu Ha EC

EBponenckuaT
pa3BuTMETO U
TEXHO/I0rMATa Ypes:

CblO3 noAgnomara
BHEQPABAHETO Ha

¢nHaHCcoBO
6n0KYelrH

e PamKoBa nporpama 3a Hay4Hu U3cneaBaHua u
nHoBaumm ,Xopun3oHT 2020“, nporpama MKT;

e MexaHn3bm 3a cBbp3BaHe Ha EBpona;

e Undposa EBpona“ (2021-2027), umaTo uen e
[a noAKpenu umdposaTta TpaHcHopMaLma Ha
eBponeiicKkata UIKOHOMMKa 1 06LL,EeCTBO, KaTo B
CbLLOTO BPEME Ce rapaHTUpa BUCOKO HMBO Ha
3alWMTa Ha AaHHUTe, uMdpoBMUTE npaBa U
€TUYHUTE CTaHAAPTH.

3a Aa noanomorHe pa3BuUTMETO Ha EBponeiickaTta
610K4YeH MHOPACTPYKTYpa 3a ycayrn e nybanKyBaHa
MokaHa 3a npoekTn 2020 CEF Telecom Call - Blockchain
(CEF-TC-2020-1) [10]. Ta npepgocTtaBa okono 3
MWINOHA €BPO 3a MNPeasioKeHWs OT AbprKaBuTe
yneHKkn B obnacTTa Ha 610KYeliH. KaanaaTcTBaHeTo ce
M3BbPLWBA OHMAMH, KaTo ce wu3nonsea TENtec
eSubmission. MHpopmauua moxe ga ce Hamepwn Ha
CTPaHMLATa 3a YecTo 3afaBaHu Bbnpocu [11] wam B
npe3eHTaLMmTE OT BUPTYaNHUA MHPOPMALLMOHEH AeH
3a KOHKypca [12], KakTo 1 B JTuHKeaMH rpynaTa, KOATO
MMma 3a uen ga obegeHn HedpopmasHO xopaTa, KOUTO
ce uHTepecysaT U cnepaT EBSI n kbm KoATO ca ce
BKAtouMAn 1500+ npodecnoHanmctu [13].

MonesHa nHbopmauma n AedUHULMM MOraT Aa ce
HamMepAT U Ha CTpaHULMTE:

e Glossary [14];

e Definitions [15].

B pe3ynTaT Ha 0beAMHEHUTE YCUAMUA Ha HAKOJIKO
O6bNTapCKM KOMMaHWUKM, Ypes3 y4yacTMe B KOHKypca Mo
MexaHM3ma 3a cBbp3BaHe Ha EBpoma 3a TpaHC-
eBponenckuTe MpeXu B obnactra Ha
Te/eKOMYHUKaLMOHHaTa WHdpacTpykTypa (CEF-TC-
2020-1: bnok4eliH), ce HagABame Aa Ce U3rpaam Bb3esn
Ha EBponeickata 610KyeiH WHOPACTPYKTypa 3a

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIT) Jil"

35



36

S
Ne 1(2), 2020 ISSN: 2682 — 9517 (print)

ISSN: 2683 — 0930 (online)

'

INSTITUTE OF
INFORMATICS
AND INNOVATIVE /I / i
TECHNOLOGIES

ycayrm mn B Ebnrapwﬂ, Aa Ce TecCctBaT TroToBU
NPUAOXKEeHNA W Oa Ce OopraHun3npat W nposeaat
O6y‘-IeHMFI Ha Xopa OT aAMUHUCTPaAUNATA U busHeca.

III.  EBPOMEMCKATA B/IOKYEMH UHOPACTPYKTYPA
3AYCNYIn

EBponelickata 610K4elH MHPPACTPYKTypa 3a
ycnyrn (European Blockchain Services Infrastructure
(EBSI) e cbBMecTHa uHMUMaTMBA Ha EBponelickaTa
Komucua n EBponeinckoTo 610K4YeiMH NapTHLOPCTBO 3a
npeLocTaBAHe Ha TPAHCTPAHUYHU OOLLECTBEHM YCAYTU
B pamkute Ha EC, KaTo ce wu3non3sa 6710K4eiH
TexHonoruaTa [2, 4]. EBSI we 6bae v3rpageHa KaTto
MpeKa OT pasnpefeneHn Bb3au (6710K4eiH) B usna
Espona. MNnaHupa ce npe3 2020 r. EBSI ga ce npeBbpHE
B ocHoBeH 6710k Ha CEF (Connecting Europe Facility),
KOWTO [Ja npenoctaBa copTyep 3a MHOTOKpaTHa
ynotpeba, cneumomKaumm u ycayrm 3a nogkpena Ha
NMPUEMaHETo OT UHCTUTYUMKUTE Ha EC 1 eBponelickute
ny6anYHM agMuHUCTpaumm [16].

Cneunduraumata Ha MHPpacTpyKTypaTa EBSI v1.0
npesfocTass Ha ObprKaBuTe YNEHKM
NHOPACTPYKTYPHUTE N3UCKBaHWA, KouTo  ca
HeobxoaMmKn 3a cb3gaBaHe Ha Bb3en EBSI v1.0 —
¢urypa 2 [17]. EBSI v1.0 e npeaHa3HayeH ga 6bae
CamocCToATeNIHAa  MHOPACTPYKTYpa, KOATO AO0CTaBA
BCMYKM KOMMOHEHTU B PAMKUTE Ha TPU KOMMIOTbPHM
XOCTa: rnaBeH XocT M ABa xocTa 3a blockchain
MPOTOKOAW W pPa3npeneseHo  CbXpaHeHue. Tasu
MHPPACTPYKTYPa MMa 33 LeN A3 AeMCTBa KaTo MbpBa
utepauma Ha 6asaTa Ha WHOPACTPYKTYPEH Kog,
HacoyeHa KbM OLUEHKa Ha 3aTBOpPeHa rpyna
notpebutenn u Kato 6asa 3a MPOU3BOACTBEHOTO
pelleHue, KoeTo le bbae u3uano BHeapeHo B EBSI
v2.0. Cpepmata # cneunduKaummte ca A0CTaTbYHO
NpocTy, 3a 4a 6bAAT CTapTUPAHM OT Pa3yMeH JIOKaneH
CbpBBbP WAM BMPTyaseH YacTeH CbpBbP, KOETo
03HayaBa, Ye BCAKA AbPMKaBa YNEHKa, KOATO Bu UCKana
[la BNe3e B TeCTa, MOXeE [1a Ce NPUCbeanHU KbM Hes.
OnucanmaT B Tasu cneumdukauma eBbzen EBSI v1.0
MOXe ga ce cBbpKe ¢ gpyrm Bb3am EBSI v1.0 npes
NHTepHeT.

Bceku EBSI Bb3en numa cnegHute 3 xocra:

e Master XocT/[pON0MKEHUA, KOUTO CbAbPKAT
BCUYKM KOHTEMHEPWM Ha OCHOBHUTE YCAYIW,
API-TaTa, noptdeinna, 0¢-BEPUNKHOTO

CbXpaHEHWE, AEMOHCTPALMOHHMA yeb CbpBbP
1 MPOKCM CbPBBLPA;

e bnokuyeitH Ethereum BESU - cbabprKa BCUYKM
KOHTelHepn Ha BESU npoTokon u nokanHo
CbXpaHeHMe U3BbH 6OsoKyeltHa (He ce
nsnonsea B V1.0);

e Blockchain Hyperlegedger Fabric - cbabpika
BCMYKM KOHTelHepu Ha npoTokon Fabric u
JIOKAZIHO  CbXpaHeHue
Bepurata (He ce usnonssa B V1.0).

M3BbH O/I0KYElH-

AnapamHo obopydsaHe (Hardware). Bcekn Bb3en
(dbu3nyeckn nnm BupTyaneH) Tpabea ga MMa cnegHuTe
MUHUMaNHK cneupduKaumm:

e 4 Core CPU, 4 vCPU or ekBMBaNEHTEH;

e 16 GB of RAM for the BESU and Fabric hosts;
32 GB of RAM for Master/Applications host;

e 80GBSSD;
e 256 GBSSD.

Mpexa (Network). Bcvuky Bb3iv TpsibBa fa ca B eHa
M Cblia NOAMPENKA, BCEKN C PUKcMpaH nybanyeH IP
ajpec v TpsbBa Aa 6baaT CBbP3aHU C MHTEPHET, 3a Aa
Ce aKTyanmsmpaT U Aa KOMYHWMKMpaT ¢ gpyrm EBSI
Bb3/M. MUHMMANHW M3UCKBaHUA Npu cneumduKaumm
ca:

1 GB Ethernet (nokanHa mpexa),
* 3aKkbcHeHue 50ms (UHTepHeT),

e 100 Mbits/second
cnocobHocT (MHTepHeT)

nponyckeaTtenHa

o 3 fixed public IPs (3a Bceku Bb3en).

BHedpaeaHe. To L€ Ce U3Mb/IHABA B CIEAHUTE CTbIKMU,
He3aBMCKMMO OT LieneBaTa naatpopma:

e [lpouecbT onpegens  Aann  Lienesarta
nnatdopma e NoAxoAsALLa 3a XOCT Ha Bb3es Ha
EBSI v1.0;

* YBepsBa Ce, Ye MMETO Ha XOCTa € 3a4aA€eH0 Mo
NOAXOAALL HAUMH M Ye Napo/iaTa Ha akayHTa Ha
onepaTopa e NPOMeHeHa;
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e (Cnep ToBa npoBepsABa Aasn WHCTaAUPaAHUTE
MPUIOXKEHUA CTAPTMPaAT CbOTBETHO BbB BCEKU
XOCT;

e C mpoBepKaTa Ce MOTBbPX/AaBa, Ye BCUYKM
KOMMOHEHTM Ca roToBM M paboTAT.

B xocTa ce npaBu BaAMAMpaHe Ha CamMonpoBepPKa,
KOeTo npoBepsBa ganu paboTewwmte NPUIOKEHNUA Ca
MPaBUAHKW, HAJIMYHW X Ca NOPTOBE M Bb3MOXKHA N €
Bpb3Ka C Apyrn Bb3an. OTtgaenHo we 6bvae
npeaocTaBeH BbHLEH MeToZ, 3a BaamaupaHe Ha APl 1
BriokueiH mpeskarta.

EBSI, kosaTo e nnatdopmaTta 3a MApPTHbOPCKA
MpeXKa OT B3aMMOCBbBP3aHM Bb3AM M paboTn no

cnegHus  HauuH: EBponeiickata  Komucua e
ynpasnsBa MWHMManeH 6poit Bb3AM EBSI Ha
€BPOMNEeNCKo HWBO, a [ObPXKABUTE YJEHKM Lie

ynpasnasat EBSI Bb3niMTe Ha HAUMOHANHO HMKBO.
BCMYKM BB3M e moraTt Aa Cb3AasaT M CTapTupar
TPaH3aKLUMK, KOUTO LLLe aKTYyaNM3npaT raBHATa KHUTa.
ApxuTeKTypaTa Ha BCEKM Bb3eN e Ce CbCTOM OT
cnegHuTe OCHOBHU QYHKLUMOHANHM obnacti — dpurypa
3. [18]:
* yeTupm (HuBa),
KOMMOHEHTM, KOWUTO 3aefHO MPeaoCTaBAT Ha
EBSI MHQpacTpyKTypa M KOUTO CbabpKaTt
Bb3MOXHOCTU, OOLM 33 BCMYKM C/ly4yau Ha

cnoAa KOUTO  BKIKOYBaAT

“3nonssaHe. Te3n CNOEBE LE BKNHOYBAT 06LLM
Bb3MOMHOCTU U CBBP3AHOCT KbM BOKYeiiH
MPEKMU.

* [Ba CNOf, BK/KOYBALY
KOHKPETHMA  CNyvaid
Mo3BO/IABAT NOAAPBIKKA 33 XOCTUHT Ha BM3Hec
NPUNOXKEHWS.

cneundunyHMn  3a

KOMMOHEHTU, KOUTO

Beue nma u3rpageHa n apxuTekTypaTa ¢ 6 Bb3ena
M MOXKe fa ce TecTBa Ha nnatdopmute Ethereum wu
Hyperledger Fabric — ¢urypa 3.

EBSI Bb3enbT Lie NpeaocTaBa caegHuTe rpynu yenyru,
M3BECTHM KaTO ,,0CHOBHa naTdopma 3a ycayrn“ Ha
EBSI

basoBsu ycnyru. Te BKAKOYBAT YCAYIM 3a Cb3gaBaHe U
noa4pbKKa Ha OTBOpEHUTE TEXHUYECKMU
cneundunKaumm Ha EBSI.

Ycnyru 3a nognomaraHe. pefoctaBaHe Ha ycayriu,
KOMTO yNecHABaT BHeApPABaHETO M TecTBaHeTo Ha EBSI,
KaTo Hanpumep:

e [lakeTu 3a BHegpABaHe

e Tecrtosu ycnyru

e YyebHu ycnyru
Paswupenn ycayru. Ycayrm, KOWUTO AOMbAHUTENHO
yCKOpABaT NpuaoxKeHueto Ha EBSI upes nogobpasaHe
Ha onuta Ha Ny6AMYHMTE aAMMHUCTPALUK, KOUTO FO
M3Mn0/13BaT. Te ce OTHACAT FNAaBHO A0:

e [laKeTu 3a BHeppABaHe

e Tecrtosu ycnyru

*  YuyebHu ycnyru

Ha ¢urypa 4. e nokasaHa BpemeBa Auarpama 3a
pa3suTHe Ha EBSI.

MpumepHu u3non3zsaHus (use cases) Ha EBSI
302019 2.

3a 2019 r. ca u3bpaHM YeTMpU C/yYad Ha
n3nonssaHe — gpurypa 5. 3a Bceku cayyait Ha ynotpeba
€ Cb3JafeHa rpyna, pPbKOBOAEHa OT AbprKaBuTe
UNeHKM M CbCTaBeHa OT noTpebutenn. Tesu
noTpebutenckn rpynn umaT 3a uUen Aa [AOCTaBAT
NPOTOTUMHO NpuNoXKeHne Ha 6nokueliH EBSI po
Havyanoto Ha 2020 r. lpynata 3a NnoAnTMKM Ha EBP
npogb/xkaBa fAa paboTM aKTMBHO M C 6bArapcko
yyacTue v e KoopAMHMPa U U3bepe oLLe HOBM CNyYaun
Ha n3nonssaHe 1 3a 2020 .

IV. PABOTHATA IPYNA 3A PA3BUTUE HA BOKYEH 1 APYTH
WHOBATUBHU TEXHOI0TMU B BB/ITAPUA

3a npasuTencTBoTo Ha Penybauka Bbarapua u 3a
[Abp)KaBHaTa aAMMHUCTPaLMA y4yacTmeTo B
EBponeickoto  nNapTHbOPCTBO 33 OSIOKYENH e
Bb3MOXHOCT Aa 6be HanpaBeH CKOK B €/1eKTPOHHOTO
ynpas/ieHune 1 Aa ce MUrpMpa NOCTeNeHHO KbM HOBa
cUCTeEMa 33 AOKYMEHTOOOOPOT, yAOCTOBEPABAHE Ha
baKTM, nNpefocTaBAHE HA ENEKTPOHHW YCAyrm w
uUMbPOBM3aLMA HA XapTUEHM AOKYMEHTU. TOBa € LaHC
Bbarapus aa nocturHe orpomeH nporpec B UMdpoBoTo
ynpaeneHWe Ha MNPOLECM M [AaHHM u4Ype3 HoBa
TEXHONOMMYHa 0be3neyeHoCT.

Ovpekupa ,MHPOPMaALMOHHM  TexHosMorMKn” B
MWHMCTEPCTBOTO Ha TPAHCNOPTa, MHPOPMALMOHHUTE
TEXHOI0TUM U CbobLLLEHMATA NpeacTaBnABa bbarapus B
Monutnyeckata rpyna KbM EsponelickoTo
NapTHbOPCTBO 3a O/0K4YelH. Mpynata naeHtTnduumpa
CLEeHapuUM 3a M3NoA3BaHe MNpU NPesoCTaBAHE Ha
nyoAnYHN  UMPPOBM  YCAYIKU,  TPAHCTPAHUYHOTO
usmepeHve u pobaBeHaTa CTOMHOCT OT 610KYenH
TexHosI0ruATa.
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These are specific applications for use cases and can be in EU [ Regional |

LSELASE Member State scope

EBSI APPLICATIONS LAYER

These are specific applications for use cases and can be in EU [ Regional |
Member State scope

COMMON APPLICATIONS

These are enablers for all applications and provide services for both on-chain

EBSI CORE SERVICE LAYER EBSI CORE SERVICE LAYER | and off-chain

EBSI EXTERNAL
INTERFACES LAYER
EBSI CHAIN LAYER -

EBSI NETWORK LAYER

Here EBSI platform components communicate with third party systems
and protocols.

GOVERNANCE

EBSI EXTERNAL
INTERFACES LAYER

This layer encompasses the blodkchain protocols, and adds data storage

capabhilities.

EBSI| CHAIN LAYER
& DATA STORES

All network interfaces are captured in this layer, be they private, public,
regional.

EBS| NETWORK LAYER

durypa 3. ApxuTeKTypa 3a TectBaHe Ha naatdopmute Ethereum u Hyperledger Fabric [2]

What milestones
are paving the way towards EBSI?

2020

Q1 Q2 Q3 Q4 Q1 Qz Q3 Q4 1 Qz Q3 Q4

Selection of Start
first use selection
cases for  process for .
EBSI V1.0 new use
cases Selection of naw
use cases for EBSI
V2

Deployment of Deployment of EBSI
EBSI V1.0 with first V2.0 with new
use cases uUSe Cases

durypa 4. Bpemesa gnarpama 3a pa3suTue Ha EBSI [2]

Notarisation Diplomas

Leveraging the power of blockchain
to create trusted digital audit trails,
automate compliance checks in
time-sensitive processes and prove
data integrity.

Giving control back to citizens when
managing their education
credentials; significantly reducing
werification costs and improving
authenticity trust.

European Self-Sovereign
Identity

Trusted Data Sharing

Leveraging blockchain technology

38

Implementing a generic Self-
Sovereign ldentity capability,
allowing users to create and control
their own identity across borders
without relying on centralised
authorities.

to securely share data (e.g. 1055 VAT
identification numbers and import
one-stop-shop) amongst customs
and tax authorities in the EU.

durypa 5. YetnpuTe cnydas (use cases) Ha n3nonssaHe2019 r. [2]
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Tabnuua 1. LUenn Ha pabotHata rpyna

NMonnTukata e ¢ GOKyC BbpXy HamanssaHe Ha

Wsrpaxnane Paspabor-  ChOTBETCTBHE Ha Co3naBane Ha  Jlementpammsu- Ch3aBaHe Ha
Ha KalamuTeT  BaHe Ha OJIOKYEH ChC CNIeIMATM3UPAaHd  PaHO TPAHC- OCHOBHH
[IeIeHaco-  CTBHAAPTHTE 32 OnoKYeHH TPaHUYHO KOMIIOHEHTH 3a
YEeHU CHTYpHOCT, TPHIIOKEHH TI0JI3BaHE eBPOIEHCKI
NWIOTHH  HENPUKOCHOBEHOCT OnokueiH
MPOEKTH  Ha JIMYHHUS KUBOT H
yIIpaBJIeHHEe
Oomern Ha  Usecasesc Ceprudumupanec  Ompenensae Ha  TakcoHommsi, XapMOHH3Hpa-
3HAHWE M HAIHOHAJ- oryen TIOIXOISIIH perynais HH MOJIEJU Ha
noopn HO M €BPO-  CHBMECTHMOCT ChC m1aThopMu 3a TaHHH, YCITyTH
NPAKTUKH, neicKo CTaHIapTH 32 UICHTHQUIUPAHUT H yIpaBJieHHe
o0yueHHe  3HAYEHHUE CUTYPHOCT 1 e use cases
HENPUKOCHOBEHOCT
Otnony- Otnony- Ortrope-Hagomy Ortrope-Hagony  Otrope-Hamony Otnomy-Harope
Harope Harope
JIOKaJTHO/ JIOKaTHO/ EBPOIICHCKO JIOKAJTHO/ JIOKATHO/
HAIIMOHAIIHO/ HAIMOHAI- HAIHOHAIIHO/ HALOHAITHO/
eBPONEHCKO  HO/eBpO- €BPOIIEHCKO €BPOIIEHCKO
HencKo
EdextuBHon  bup3o OneparuBHa @okyc Bepxy  Tpancrpanmunu EdextuBHOCT 1
JIECHO HpUJIaraHe CHBMECTUMOCT YCIyTU 1 OoKYeiH I'bBKABOCT, C
TpHIIaraHe MPHIIOKEHHS YCIYTH MOTEHIIHAI 32
MHTETpUpaHe

Kato nmapTHbOp B Tasu WHUUMaTMBaA bBbarapus

HeTeXHONorM4yHUTe 6apunepun, KaTo HECbBMECTUMOCT
MeXay peweHuata, 6asvpaHn Ha ONOKYENH, U
CbLUECTBYBALLMTE NPABHU U OPraHM3aLMOHHN PaMKMK.
ToBa He MOXe [Ja CTaHe upe3 ajanTMpaHe Ha
TEXHO/IOTMATA KbM HACNeAeHUTE CUCTEMU, @ U3UCKBA
Cb3ZlaBaHe Ha HOBM NPOLLECU, OPTraHM3aLMK, CTPYKTYPU
M cTaHgapt™. B TexHuyeckata rpyna  Kbm
EBponeiickoTo  mapTHbOPCTBO 3a 6/10KYeiH ca
HOMWHMpPaHW 6bArapCcKM NpeacTaBUTeNN OT BK3HEC], a
B [MoTpebutenckute rpynu yvacTsaT eKCneptTv v oT
[ObPKABHU  MHCTUTYLMM, KOUTO Ca NOTEHUMAIHU
noTpebutenn  Ha  TPAHCrPaHUYHW  BJOKYEWH
NPUONKEHNA.

NoCcTaBM OCHOBMTE Ha 3aCUNEHO CbTPYAHNYECTBO U Ha
HALMOHANHO HMBO, KAaTO Cb3gage npe3 mapt 2019 r.
eKcnepTHa PaboTHaTa rpyna 3a pa3sutue Ha baokyeiH
n apyru WMHOBATUBHU TEXHO/I0TUN Kbm
MWHWUCTEPCTBOTO Ha TpaHcnopTa, MHOOPMALMOHHUTE
TEXHONOMMM U CbOBLLEHMATA C y4acTMe Ha BCUYKM
3aMHTepecoBaHu cTpaHu. MpeacTasuten 3a bbarapusa s

EBP e Henn CroAHoBa, MMWHUCTEPCTBOTO Ha
TpaHcnopTa, WHOOPMALMOHHUTE  TEXHONOTUU WU
cbobuieHunaTa [19].

lpynata opraHusmMpa cBoATa paboTa BbHB

CbOTBETCTBME CbC CTPYKTYpaTa, MOKasaHa Ha Tabauua
1.
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V. 3AKNIOYEHMUE

3a Ja ce OUeHAT M TecTBaT Bb3MOXHOCTUTE W
npeav3BUKaTENCTBATA HA O/I0KYElH TexHo/oruATa B
Bbarapua e BaKHO ObArapcKUTE  UHCTUTYLUW,
M3cneaoBaTeNn M CTapT-bNu Aa Ce BKAKYAT U y4acTeaT
aKTUBHO B eBpOMeNcKUTe O/I0KYENH MHULMATUBK WU
npoekTu. MpuaobreaHeTo Ha 3HaHWUA M NPAKTUYECKH
onuT B obnactta wWe HM Mno3BOMAT Ja MMame
TEOPETUYHN W MNPAKTUYECKM OTFOBOPM Ha BbMNPOCK
KaTo:
e Kowu ca Kntouosute bM3Hec Mogenu, Kakeu aa
Ca B3aMMOOTHOLUEHMATA C MNapPTHbOPUTE B
MpexaTa M BbhpocuTe  Ha
yrpaB/ieHNETO 1, KOUTO TPAOBa Aa ce B3emaT
npeasua B 610KYeH MHULMATMBATA?

6u3Hec

e KoM Ca OCHOBHMTE yCneLHu cayyan (use cases)
Ha W3non3BaHe Ha OOKYENH pelleHua B
EBpona M KakeM ca npeau3BMKaTeCTBATa 3a
BHEApABaHe, BKA. B bbarapusa?

e KakBM ca npeamn3BMKaTENCTBATA U KaKBU LUE ca
perynaTtopHuTe n aMNUHUCTPATUBHM
nocaegumuM OT npuaaraHeTo Ha 610KYelH
pelweHus B EBpona?

e Kak 6710KYelH Lie NPOMEeHM CbLLeCTBYBALLUTE
noaxooM W pelweHWAs Ha eBponemnckute
nasapu?

e Kowu ca MHOBATUBHUTE M HOBM AOCTaBYMLM CbC
ceganuviie B EBpona N KOJIKO aKTUBHM Ca Teé Ha
CBETOBHUTE naaapw?
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Abstract — this paper describes Cardano Blockchain
according to the best knowledge of Vasil St. Dabov as of
20.07.2020.
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I. INTRODUCTION

Bitcoin set the beginning of “the first generation
blockchains” in 2009.

Ethereum set the start of “the second generation
blockchains” in 2015.

Cardano has been the leader of the “third

generation blockchains” since 2017.
Cardano Main Net went public on 29.09.2017.

Some author’s remarks about the term “Blockchain”
will follow.

Many authors describe blockchain as “distributed
database” and/or “distributed ledger”. Such
descriptions capture only certain dimensions of
“blockchain” phenomenon.

According to the author “Blockchain is complex,
evolving, human-machine system that includes
decentralized immutable ledger which is supported by
cryptographic technologies”. This description presumes
“public, permission-less blockchain”. Blockchains
belong to a class of systems that could be researched
adequately only by using inter-disciplinary approaches.
The author has developed an inter-disciplinary
approach called “holonistics” which description is out
of the scope of this paper.

As a result of applying this innovative approach the
author came to certain conclusions part of which will
follow.

Innovative technologies including Third Generation
Blockchain Tech, Artificial Intelligence, Internet of
Things, and Quantum Computing would give the

possibility to build an infrastructure that could
eventually be the base for implementing functions and
services that will support harmonious development of
every human and humanity as whole.

II. 3 CHALLENGES TO BE MET BY CARDANO

A. Scalability

Cardano should be able to run adequately having
billions of users.

B. Interoperability

Cardano should be able to interact easily with: the
other blockchains, the legacy IT systems, the outside
world.

C. Sustainability

Cardano should be able to develop sustainably
preserving its viability in a longest possible lifespan.

I11. 3 FORCES DRIVING INITIAL DEVELOPMENT OF CARDANO

Cardano has been driven since it had went public at
the end of September 2017 by 3 organizations: Cardano
Foundation, Input Output Hong Kong and Emurgo.

A. Cardano Foundation

Cardano Foundation is a non-profit organization
registered in Zug, Switzerland in 2016. The
Foundation’s core mission is “to standardize, protect
and promote” Cardano Protocol technology. 23 people
were listed working in Cardano Foundation as of
20.07.2020.

B. Input Output Hong Kong - IOHK

IOHK is a company founded by two US citizens:
Charles Hoskinson and Jeremy Wood, registered in
2015 in Hong Kong. IOHK was contracted to design,
develop, test, implement, and support Cardano
Blockchain in its First “Life Cycle”: 2015 - 2020. CEO of
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IOHK is Charles Hoskinson. 231 members were listed in
“Team” section of IOHK website as of 20.07.2020.

C. Emurgo

Emurgo is a company founded by Ken Kodama,
registered in Japan in 2017. Emurgo is a founding
member of Cardano Protocol. According to LinkedIn on
20.07.2020 EMURGO is a global blockchain technology
company /more precisely — group of companies,
registered in: Japan, Singapore, Indonesia and India/
providing solutions for developers, startups,
enterprises & government, with headquarters in
Singapore. CEO of Emurgo is Ken Kodama. 43
employees were listed in the web site of Emurgo as of
20.07.2020.

D. The Fourth Force — Cardano Community

Following the natural evolution of Cardano a third
force emerged — Cardano Community. Cardano
Ambassadors are notable members of Cardano
Community that contribute for the development of
Cardano. They are nominated by the Community and
approved and supported by Cardano Foundation.

The author who had joined Cardano Community in
October, 2017, has been Cardano Ambassador since he
was approved by Cardano Foundation in the beginning
of May, 2019.

IV. UsING CARDANO

Cardano users could be included in 3 main groups:
End-users, Organizations, and Developers.
A. Endusers

The vast majority of Cardano /eventual/ users could
be expected to be persons living all over the world.
B. Organisations

Organizations of different type could be expected to
start using Cardano at certain stage of its development.

C. Developpers

Developers are crucial for the evolution of Cardano.

V. CARDANO CURRENT STATE OF DEVELOPMENT

As of 20.07.2020 Cardano Main Net is federated. All
the blocks are validated by “core nodes” controlled by
IOHK, Emurgo and Cardano Foundation.

The native token of Cardano is ADA. Current price of
ADA according to CoinMarketCap is close to $ 0.12.

Cardano consensus protocol used at the moment is
Ouroboros BFT. It is Proof of Stake /PoS/ protocol that
belongs to Ouroboros family of PoS protocols. This
family of PoS protocolsis a result of research and design
made by IOHK. The first paper titled “Ouroboros: a
provably secure Proof-of-stake blockchain protocol”
was presented by IOHK at CRYPTO2017 conference in
August 2017. The Ouroboros family includes: Classic,
BFT, Praos, Hidra. Two protocols of Ouroboros family
were implemented until now: Ouroboros Classic and
Ouroboros BFT.

VI. CARDANO 2020 ROADMAP

Cardano Decentralization via “hard fork” is planned
to start on 29.07.2020. It will result by
August/September 2020 in a system that will cover all
the functionalities of “the First Generation
Blockchains”, including Bitcoin. Using a fraction of the
energy consumed by Bitcoin.

After the start of a hard fork Cardano will enter a
hybrid phase in which new member of the family -
Ouroboros Praos will be implemented via “hard fork
combinator” which will work initially along with
Ouroboros BFT for some weeks. Gradually the use of
Ouroboros BFT will go down and at the end of the
hybrid phase /expected in September 2020/ Ouroboros
will become the one and only protocol used in Cardano.
All the blocks will be validated by stake pools. The
number of the active pools is expected to be at least
250 initially. Cardano, in this way, will be more
decentralized than Bitcoin sometime in September
2020.

Bringing “on chain native assets” is planned to
happen by October 2020.

The “Smart contracts” “Era” codenamed “Goguen”
should be entered by November 2020 via rollout of its
first phase - “Plutus Foundations”. The second phase,
codenamed “Plutus Platform” may be rollout in Q1 of
2021. Since than Cardano is expected to cover all the
functionalities of  “the  Second  Generation
Blockchains”, including Ethereum.

“On chain and off chain governing functions” that
address  “sustainability” /challenge/ should be
implemented by December 2020 by which Cardano is
expected to enter the “Era” codenamed “Voltaire”.
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VIII.CARDANO SECOND BIRTHDAY CELEBRATION IN PLOVDIV

Domino Burki — council members of Cardano
Foundation and Hinrich Pfeifer — General Secretary of
the Foundation.

The Cardano blockchain development program was
presented by Charles Hoskinson (Fig. 3).

Unusual and unique part of the Event was the
creation of permanent land art installation “9 trees of
Cardano” in the Campus of the University by planting 9
trees from 3 endangered species: Ginkgo biloba,
Metasequoia glyptostroboides and Sequoia
sempervirens. Every tree was positioned in a vertex of
an enneagram that defines the shape of the installation

(Fig. 4).

REFERENCES
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Fig. 1. Charles Hoskinson and Ken Kodama

VII. CARDANO: THE SECOND “LIFE CYCLE”: 2021+

Cardano development could be described in the
terms of Lifespan Cycles.

2020 will conclude the First “Life Cycle” of Cardano.

Cardano Second “Life Cycle” is expected to start on
01.01.2021. It has to be approved by Cardano
Community using “Voltaire” Governing functions.
Author’s expectations are that Input Output Global
Inc., registered in Wyoming, USA /which had become ;
the parent company of IOHK/, will receive the mandate . M’ ‘
to design, develop, test, implement and support the e, ' , \"""’ (
Second “Life Cycle” of Cardano Blockchain.

Cardano Second Birthday celebration took place in
Plovdiv on 28.09.2019. The Event included a
conference in the Aula of Agricultural University
Plovdiv.

Honorable guests included Charles Hoskinson and
Jeremy Wood - the cofounders of IOHK, Ken Kodama —
the founder of Emurgo (Fig. 1), Manmeet Singh, Fig. 2. Charles Hoskinson and Vasil Dabov
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SECOND ANNIVERSARY.

Fig. 3. The Cardano blockchain development program was presented by Charles Hoskinson

Fig. 4. The event ended with the planting of "9 Cardano trees" on the university campus
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B KOHIEIIIUATA HA “I'A30B Xbb bAJIKAH” Bb3MOKHOCT
N NINEPCIIEKTUBA 3A BHEJAPABAHE HA IT - INTAT®OPMA 3A
MN3ITbJHEHUE HA UBUCKBAHUATA HA TPETH EHEPTUEH ITAKET

AHaTtom AH/peeB

IN THE CONCEPT OF “GAS HUB BALKANS” OPPORTUNITY AND
PROSPECTS FOR IMPLEMENTATION OF IT PLATFORM FOR MEETING

THE REQUIREMENTS OF THE THIRD ENERGY PACKAGE
Anatoly Andreev

University of Library Science and Information
1784 Sofia, 119, Tsarigradsko Shosse Blvd.
E-mail: andreevanatoly(@gmail.com

Abstract: The idea of digitalization in the gasification sector

is already feasible. The essence of this idea to become a fact is to
give priority to the technology for implementation of "IT
platform" of the centralized state trading operator -
"Bulgartransgaz" EAD of the Republic of Bulgaria for financial
payment management from natural gas consumptiont during
the realizatio of '"Gas Hub Balkan". The meaning of the
technology with its specifics and applications may lead to a
technological revolution in the gasification sector of the energy
sector, facilitating and accelerating trade in natural gas. To lead
to the elimination of intermediaries in the trade in natural gas
and thus reduce the cost of the product. Also, the management
of the control of payment transactions will increase the security
of energy gas supplies.
Examples of implemented digitalization technology in the
gasification sector are shown. Perspectives of technology. Both
the positive and the negative impact of the implementation of
digitalization technology in the gasification sector are
considered.

Keywords: digitalization, IT platform, technology efficiency,
prospects for the gas sector;

DIGITALIZATION - THE NEW REALITY

Digitalization is essentially a process of radical
change due to the rapid development of technology. In
the last few decades, we have witnessed the rapid
penetration of digital technologies in every part of our
daily lives and in every sector, branch of business and
statehood. They have reached a stage where they
create new business and institutional models, allow
the entry of new players (users) in any field, industry
and completely change the views, behavior and
preferences of consumers. If a definition of
digitalization were to be given in one sentence, it
would be: Digitalization is to do everything that is
already known to humanity, but virtually, unlimited
and everywhere [1]. It is the cause of large-scale and
rapid transformations in many activities in human life,
providing incomparable opportunities to create added

value. Digitalization provides efficiency and speed
through automated processes, real-time information,
web and mobile applications, and digital collaboration
between a business and its customers. Digitalization
today is not a choice, but a necessity for every sector,
branch of business and statehood.

Digital transformation is a continuous process
through which businesses and government institutions
are integrated into the digital environment and as a
result of which completely change the model of their
relationships with customers (consumers) and the
external environment by implementing new
technologies that create new business and institutional
models, products and services [2].

In the digitalization of the energy sector

We are seeing convergence between digital and
energy technologies. Tomorrow, everyone will be able
to control their own consumption thanks to
interceptors and microprocessors. Welcome to the
world of smart home [3]. Imagine what this could give
to a building or factory. According to experts in the
field: "Energy management is a real revolution at the
technological level. We are at the very beginning of this
revolution, but the potential is significant. We had an
industry that has been growing steadily for 60 years -
with indicators of a steady increase in gas and
electricity consumption. But since 2008, the opposite
has been true. The global energy sector is shrinking due
to the global economic crisis, of course, but also due to
advances in energy efficiency and digitalisation of
technological processes. So in the European Union,
unlike the United States, we have moved from an old
world to a new one. Isn't this a structural
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transformation of the energy sector? The dynamics in
the development of digital technologies s
incomparable. In recent years, the energy sector at the
global level has undergone the most serious change
since electricity was mastered "[4].

An idea of the changes in the structure of electricity
production in 1973 and 2011 is given in Fig.1 and Fig.
2.

Others; 1%

NPP; 3%

Petroleum
(fuel oil);
25%

Fig. 1. Electricity production in 1973.

Others -
4%

Petroleum
(fuel oil) -
5%

Fig. 2. Electricity production in 2011.

Digitalization is gaining ground as an indisputable
trend in the energy gas sector as well.

However, the transition is in the hands of the state -
the Republic of Bulgaria and if it and the regulator - the
State Commission for Energy and Water Regulation
(DECEME)[5] do not decide to have a vision for
transition, then the change will not happen because
the companies do not have enough funds and
mechanism to implement. There are no strict paths
and directives, and every country must find the way to
the technological revolution called digitalisation.

The policy of the Republic of Bulgaria as a member of
the EU in the energy sector for digitalization of the
sector is aimed at the development of blockchain

technology[6] in case of liberalization of the natural gas
and electricity market [7].

It is part of the EU policy in the energy sector for the
development of the Regional Infrastructure, ie the
Trans-European Energy Infrastructure under the
project Connected Europe [8] and is part of the
concept for promoting business innovation and
digitalization of the Integrated Plan in the field of
Energy and Climate of the Republic of Bulgaria 2021 -
2030 [9].

The Republic of Bulgaria must work actively and
contribute to ensuring the EU's energy security and the
development of the Energy Policy for Europe as a single
policy, bearing in mind its most important factor: its
geographical location.

Our country has clearly stated its intention to
establish itself as an energy center in the gasification of
Southeast Europe (Figure 3). The goal is to become the
Gas Distribution Center of the European Union. This
intention, the Republic of Bulgaria intends to realize
through implementation of the project "Balkan Gas
Hub" at the initiative of the government of Boyko
Borisov (Figure 4). "The Cabinet has decided today to
declare nine of the projects of Bulgartransgaz EAD as
sites of national importance." The Council of Ministers
announced the projects for sites of national
importance under the Spatial Planning Act and for
national sites under the State Property Act.

FEASIBILITY STUDY FOR THE BALKAN GAS HUB, PART OF THE PROJECT OF “COMMON INTEREST” 6.25.4
Balkan Gas Hub - Stage 1 of Route Balkan 1
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Fig. 3. Republic of Bulgaria - Gas Distribution Center of
the European Union

This status was given to the sites for expansion,
modernization and rehabilitation of the gas
transmission network. They are: Balkan gas hub,
expansion of the gas transmission network in the
section from the Bulgarian-Turkish border to the
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Strandzha compressor station, expansion of the gas
transmission infrastructure parallel to the northern
main gas pipeline to the Bulgarian-Serbian border,
transmission pipeline to Panagyurishte and Pirdop,
transmission pipeline to Svishtov, transmission
pipeline to Razlog and Bansko, modernization of the
compressor stations Lozenets,

N Kame
NJ 2 Ussrpanwa
' Espona

42,6 bemfy

npexucazem

Romania .

Black Sea

3,3 bem/y
(Bunrapus)

Source:https://bulgariaanalytica.org/en/2017/08/24/t
he-balkan-gas-hub-the-russian-paradigm-part-one/

Fig. 4. BALKAN GAS HUB

Petrich and Ichtiman through integration of four gas
turbochargers, replacement of the northern (main) gas
pipeline in the section Beglezh - Dermantsi - Batultsi -
Kalugerovo and replacement of the northern (main)
gas pipeline in the section from Valchi Dol to Preselka.

The press center of the Council of Ministers informs
that with the implementation of the project for the
Balkan gas hub, the necessary gas transmission
infrastructure will be built to connect the natural gas
markets in the region with those in Central and
Western Europe.

The realization and implementations of these sites,
declared of national importance, are part of a ten-year
plan for the development of the company's network
until 2026. The plan was approved by the Energy and
Water Regulatory Commission on August 1, 2017 "[10].

This intention is with the prior support of the
European Commission, which agrees to supply natural
gas from Russia to the "Gas Hub Balkan" on the new
routes planned by Moscow in the region. This
confirmation was sent in a letter by EC President Jean-
Claude Juncker to the Prime Minister Boyko Borisov. In
this regard, the press center of the Council of Ministers
distributed Juncker's letter to the Prime Minister [11].

The next action of the Government of the Republic
of Bulgaria is the following:

Bulgartransgaz Ltd. registered a subsidiary Gas Hub
Balkan Ltd. This is in implementation of the decision
adopted by the Council of Ministers and the National
Assembly to amend the Energy Strategy of the Republic
of Bulgaria until 2020 and in connection with the
implementation of the concept for construction of a
gas distribution center on the territory of Bulgaria.

At present, 100% of the shares belong to
Bulgartransgaz Ltd. and at a later stage no more than
49% of the shares could be provided to other
individuals and legal entities. This would contribute to
the realization of the concept of a gas distribution
center "Balkan" and to increase the liquidity of the
natural gas market in Bulgaria and the region of
Southeast Europe, Bulgartransgaz EAD announced.

The company will operate digital trading platforms
for the needs of the natural gas markets within the
Balkan gas hub. In synergy with the physical
infrastructure of the gas distribution center, the
necessary prerequisites for the construction of the first
liquid physical and commercial gas hub in the region of
Southeast Europe, based in Bulgaria, will be provided.

In fulfillment of its goals, Gas Hub Balkan EAD will
build a liquid gas exchange on the territory of Bulgaria
with a segment for bilateral trade, offering modern
products and financial services.

The company has clearly stated this intention in its
Ten-year plan for development of the networks of
BULGARTRANSGAZ Ltd. for the period 2020-2029. It
aims at: "Construction of new sites to existing
infrastructure needed to increase operational
efficiency.

Implementation of an IT platform to meet the
requirements of the Third Energy Package [12].

Within the scope of the project “Implementation of
an IT platform for fulfillment of the requirements of the
Third Energy Package” an order is envisaged for
execution: “Delivery and implementation of an
information system“ Trade Dispatching Platform ”.

With the implementation of this order, a platform
established on the European gas market will be
introduced and used to ensure the commercial
dispatching activities related to user registration and
conclusion of a contract, capacity management, order
administration, comparison procedures, quantity
allocation, balancing, settlement and invoicing, etc.,
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related to the main activity of Bulgartransgaz Ltd. -
natural gas transmission and the relations “gas
transmission system operator - network user "”[13].

Bulgartransgaz Ltd. implements the concept of Gas
Hub Balkan in full compliance with the plans for
development of the gas infrastructure in Europe. The
construction of a gas distribution center on the
territory of the Republic of Bulgaria will improve
energy security, ensure diversification of sources and
routes for natural gas supply and will guarantee
competitive prices for consumers. The project is in line
with the needs identified by the High Level Group on
Gas Connectivity of Central and South-Eastern Europe
(CESEC), with the development of the European Energy
Union and is actively supported by the Council of
Ministers of the Republic of Bulgaria and the European
Commission [14].

With all these facts, we need appropriate modern
and efficient management of the "portfolio" (finance)
in the sector, then we are talking about a blockchain in
the gasification sector.

What innovative systems and technologies find a
place in modern solutions for the energy gas sector?

After considering the idea of digitalization in the
energy gas sector, ie. for innovative systems and
technologies in the transmission of natural gas, we
must not overlook those in gas - distribution and -
supply. They are related to the introduction of remote
monitoring and metering of commercial metering
devices, with the transition from volumetric metering
of natural gas to metering in energy units supplied
through natural gas. These are global and European
trends, and now directives [15].

Future developments for the energy gas sector?

The inclusion of our country in the pan-European
gas network, the construction of interconnector gas
connections and alternative gas pipelines for direct
deliveries by producers are the conditions for the
development of the gas sector and clean energy. But
without the development of gas infrastructure in the
settlements, the efforts are in vain.

An example of digitalization in the infrastructure
development sector is the implementation of a pilot
project of the "Virtual Gas Pipeline" in the South
Central Region of the Republic of Bulgaria with the
working name "Bulgarian Gas Network"[16].

Even if liberalization lowers natural gas prices,
someone has to supply cheap energy, and this is done

through the development of networks and
infrastructure. The process is accompanied by many
obstacles and regulatory constraints.

Problems that are likely to arise in the
digitalization of the gas sector and will hinder the
normal functioning of the gas exchange.

| consider that it is important to quote the
expressed expert opinion of the Bulgarian Chamber of
Commerce and Industry (BCCl) summarizing in the
following three directions [17] :

1. The lack of information on the prices of natural
gas sold to large industrial consumers
connected directly to Bulgargaz EAD, as a result
of the amendments to Ordinance Ne 2 (EWRC is
no longer legally obliged to regulate the price for
public supply, except for gas supply and district
heating undertakings);

2. The provision of art. 176, para. 3 of the Energy
Act obliges traders and end customers to
conclude transactions on an organized natural
gas exchange market under contracts with
short-term standardized products and with
products with a delivery period of less than or
equal to one year;

3. A clearing system to guarantee to the
participants in the trading that they will fulfill
their commitments on the stock exchange, in
accordance with the provisions of the
Commodity Exchanges and Markets Act and
under regulation of the State Commission for
Commodity Exchanges and Markets;

There is no technological progress without problems.
They will only help us to make the right choice of
methodology and instrumentalism. Utilizing the power
of digital tools to integrate and control gas
transmission and distribution of natural gas use will be
vital as the energy transition continues and
digitalisation has the potential to transform the energy
gas sector.

With the idea of digitalization, one thing is certain: it
will continue to develop and implement technological
and digital solutions to accelerate the future of energy.

Conclusion

The change of technologies in energy, which is going
on worldwide, cannot pass our country. Faced with
new dynamic institutional and business models with
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increasing competition in their markets, many public
institutions and private companies in the energy gas
sector are currently facing the need for a complete
overhaul of their current strategies. Digitization plays a
key role in this scenario. Digital technologies and the
opportunities they create will be the driving force for
success in an increasingly digital future. This applies
both to the companies in the gas supply sector, energy
sector, and to the national economy of the Republic of
Bulgaria.

To answer the question: How state institutions and
Bulgarian business deal with the challenges of the
digital idea, the following question arises: Will it
happen in the easy or difficult way after drawing up a
national strategy, backed by political will or after a
wave of bankruptcies of the old generation of energy
companies and protests against the rising price of
electricity?

One of the most positive consequences for the
domestic economy and our national economy from the
technological energy revolution is the change of
specialists working in the sector.

New green, digital technologies suggest other
know-how, ie. other specialists with new thinking.
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Axkagemuxk BJIAI'OBECT CEHJ/IOB
(1932 - 2020)

Ha 19 anyapu 2020 roguHa ce npocTuxme C akagemMuk bnarosect CeHAOB —
CBETOBHOM3BECTEH MATEMATUK, U3TbKHAT AbPKABHUK N OOLLECTBEHMK - PEKTOP
Ha Codpuinckmna yHusepcuteT, npeaceaaten Ha bAH, npeacepaten Ha HapoaHoTo
cbbpaHue Ha P bbarapua n nocnaHuk Ha bbarapus B AnoHna n dunmnuuuTe.

,BCUUKO MOXe, HO He BCEKU ro MoxKe" e efiHa OT NtobMmUTe CEHTEHUMM Ha
akag,. Cenpos. Tolt belue OT Te3U, KOMTO MOXKEXA, C KAKBOTO U /i@ Ce 3axXBaHar.

Akagemuk CeHpgos e lNoveTeH npeacenaten Ha CbBeTa Ha HacToATENUTE Ha
MeayHapoAHOTO BUCLLE YYUAULLE NO MHGOPMATHKA U €1IEKTPOHHO IMAEPCTBO
,Maxatma lNaHgun“ (B npouec Ha akpeanTauma).

[MOKNOH NpeA *KMBOTA M MaMeTTa Ha akaaemuk bnarosect CeHaoB!
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~A3KYCTBEH UHTEJIEKT U E-JINAEPCTBO”
UEn

Bce noBeue V3KycTBEHMAT UHTENEKT 1 E-nnaepcTBOTO Ce NpeBpbLYaT B €31Ka Ha MHOBaLMUTE U NHTENN-
TEHTHUTE TEXHONIOTM B CbBPEMEHHOTO UHAYCTPMANHO 06LEeCTBO.

OpraHuszatopsr, ,Tex napk OnTena” nma 3a uen ype3 KoHpepeHumaTa aa cbbepe 3aeaHO CneumanunucTu,
yuyeHu, NpenogaBaTteniv 1 AOKTOPAHTU 3a yyacTue C AOKNaAM, 38 KOHTaKTW U AUCKYCUM, KaKTO 1 BCUYKM,
KOWTO »XenanT fja HayyaT NoBeYe 3a Pa3BUTMNETO HAa U3KYCTBEHUA UHTENEKT U MPUHLUNWTE Ha e-NMAepPCTBO-
T0. KaHUM y4eHwnTe 1 n3cnepoBaTeninTe OT PasfIMyHNTe HayYHM 06nacTu fa NPeACcTaBAT M 06CbAAT cBOUTE
HOBW naen, pe3yntatn OT HayYHU N3CNIefBaHNA, MPUIOXKEHNA U ONUT BbB BCUYKM acMEKTU HA CbBPEMEH-
HWTE METOAONOTNUN U UHTENNFEHTEH MHCTPYMEHTaPUYM.

Hagasame ce, ye MexpgyHapopHaTa HayyHa KoHdepeHuus Artificial Intelligence and E-Leadership
~AIEL 2020” wie fage Bb3MOXKHOCT 33 OTKPMBAHE Ha HOBU NPUATENN U aen U Wwe 6bae MACTO 3a cpelya
N ANCKYCM Ha YYEHW OT Pas3fIMYHM HayYHW HanpaBneHus, 3aBnagaHn oT obLuTe naen Ha NO3HaHUETO U
TBOPYECTBOTO.

TEMATUYHUW HATIPABJIEHUA BAXHU JATU
1. UBKYCTBEH UHTEJIEKT (Artificial Intelligence) 1. 3aAeka 3a yuacmue c Hay4yHuU 25.09.2020 2.
2. E-JINJEPCTBO (E-Leadership) 00K1adu u co06WjeHus.
OPIAHU3ATOP 2. 3as8Ku 3a yyacmue ¢ pupmeHoO 25.09.2020 a.
npedocmassHe, usnoxoa, peknam- :
L1ex napk Ontena” Al cbc cbaencTBmneTo Ha: HU Mamepuanu, 6usHec ceobuje-
NT Xb6 ,Maxatma laHgn” - www.it-hub.tech Hus u op.
1 IHCTUTYT No nHpopMaTUKa 1 MHOBATVBHU :
TexHonorum (MAUT) - www.iiit.bg 3. Usnpawjare Ha doknadume. :05.10.2020 .
4. 3aseKu 3a Kokmeiina. : 05.10.2020 2.

MacTo: ,Tex napk Ontena” A[l; Nnosgne-4023,
yn.,Bvnko LWonos” N2 14, p-H Tpakua

Bx00 u napkuHe - 6eannamex PABOTHU E3ULIN: 6n2apcku u aHeaulcku e3uK

Tpydoseme Ha KoHghbepeHyuama we ca c Hay4yHo peyeH3upaHe. Bcuuku o0o6peHu om [lpoepamHusa komu-
mem u npedcmaseHu Ha KOHhepeHYuAmMa 00K/1aou, He3asucumMo om e3uKd, Ha Kolimo ca HanucaHu we
6v0am omneyamanu e Journal of Informatics and Innovative Technologies - ISSN 2682-9517 (print).

3a donwsnHumenHa uHgpopmayus Ha men.: 0882 933 463 - Yaedap JamaHos (chavdam.optela@gmail.com)
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