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Yuebuama npoepama 3amens oOoceca axmyannama yuebna npocpama 3a CHeYUAIUIUPaH

00Km0paHm0Ku Kypc ,,HHmyuuMOHuchu pasmum no0X00 KbM KAYeCmEomo 8 meopuama Ha

macoeomo obcayxcsane , npuema ¢ pewtenue va HC na UMH-FAH na 20.10.2023 2. (Ilpomoxon

Ne 10).

1. AHoTanus

Kpr’bT € HACOUCH KbM PA3BUTUCTO HA TCOPCTUYHU MU IMPAKTUYCCKU YMCHHA 3a aHAJIU3 Ha

KauyecTBOTO B CHCTEMH 3a MacoBO OOCIyXBaHE, 4Ype3 H3IMOJI3BaHE Ha WHTYULHOHUCTKU Pa3MHUTU
MHOKecTBa M Joruka. CrenmaneH akIeHT ce IOCTaBid BbPXY Kay3ajlHaTa HOpMalld3alus Ha
MOTOKOBU MOJIENH, popMaliu3upaHe Ha CTPYKTypaTa Ha BUPTYaJTHHUTE OOCTYXKBalll YCTPOHCTBA U
MOJIeJIIpaHe Ha KOMIIO3ULIMHU OT yciayrd. B pamkure Ha Kypca ce u3ydaBaT pa3IM4HH METOIM 3a
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MNpEACTaBAHEC W OLCHABAHC HA KAa4YCCTBOTO Ha 06CJ'Iy>KBaHe, BKJIIOUUTCIIHO YPE3 H3TPpaAXKIAHC Ha

MOZCIIM 3a MMOCJICAOBATCIIHNA U TapaJICJIHA KOMITIO3UIIUK Ha YCIYTH. Pazraexpaar ce u ChIIOCTaBIHUSI

MEX1y MapaMeTpUTe Ha Kay3aJlHO HOPMaJU3MpaHU YCTPONCTBA M HMHTYMLIMOHUCTKU Pa3MHUTH

OLIEHKU Ha KayecTBOTO. [loguepraBa ce ManabupyeMocTTa Ha MoAX0/a U MPUIOKUMOCTTa My TPH

IMPOCKTUPAHE, OIITUMU3AIUA U YITPABJIICHHUC HA CIIOKHU HH(l)OpMaI_[I/IOHHI/I u chnychamH CUCTCMHU.

2. HeoOxoaumMu npeaBapuTeTHU 3HAHUS

3aBbplIeH YHUBEPCUTETCKU Kypc MO KOMITIOTHPHO Iporpamupane. BuBexaaln Kypc Mo TeopHus Ha

MaCOBOTO 06CJ'Iy>KBaHe U KOMIIIOTBPHO MOACIIMPAHE.

3. KomnereHTHOCTH, NPUAOOUTH B Pe3yJITAT HA 00YUEHHETO

3aB’BpHII/IJ'II/IT€ KypcCa € Morar aa OoucHABAT U IIPCABHMXIAT, ITO-IIPCHU3HO, KAYCCTBOTO HAa KOMIIO3UIIHA

OT YCIYTH, BKJIOYHUTEIHO MU Ha ISAJOCTHU CHUCTEMM, KaTo (YHKIMS Ha KaueCTBOTO Ha TEXHHTE
KOMIIOHEHTU. ToBa MOX€ Ja IOMOIHE IpU IPOEKTHpPAaHE U OINEPATHUBHO YIPABICHUE HA CJIOXKHU
CUTEMH.
4. TeMaTH4YHO CHAbPKAHUE

Opoii
TeMa 4acoBe

JEKIUU
Teopema Ha broMm u J[xxaxkonunu (Bohm-Jacopini). CTpykTypHO nporpaMupase. 2
Knacudukanus Ha tpaduka Crnopen MexayHapoHus cbto3 no tesnekomyHukauu (ITU- 1
T
ExBUBaJICHTHM HauyMHM 3a NpPEJICTaBAIHE HA BBTPELIHATa CTPYKTypa Ha BHUPTYaIHO
YCTPOICTBO C MOBeYe OT €1H u3xoja. [I[peMrHaBaHe OT HOpMaIM3UPaHO KbM HapLHUaHO | 2
IpeJcTaBsHe U 00paTHO.
Kaysanna Hopmanu3alys Ha IOTOKOBU MOJIeNu Ha obciyxBaHe. leraitnuzupane Ha [TU- 9
T nepununusaTa Ha NpeATIOKEH TpaduUK.
Hopmanu3zanus Ha HaMMEHOBaHUATA HA BUPTYaIHUTE YyCTPOMCTBA. 2
Mamabupyema cTpyKTypHa HOpMaIu3alys Ha IpeACTaBIHETO Ha ISUIOCTHU OOCITY>KBaIlX
CHCTEMH, TIOCPEJICTBOM KOHIIETIIUUTE 3a (a3a, YyCTPOUCTBO, eTarl, o0CcIyXBama cucrema, | 2
oTpeduTeNnu, OOKpPbKEHUE.
BunoBe pazMuTH MHOKECTBA U OIIEpPALMH B TAX. 2
Nutynnmonuctku pasmutu (MP) MHOXecTBa 1 1oTHKa. 3
Bunose onepanun B UP MHOXeCTBa U JIOTHKA. 3




Yetupu BHJA CBIOCTAaBSIHE Ha BHJIOBETE MNapaMeTpU Ha Kay3aJHO HOPMAIU3HPAHO
BUPTYaJIHO YCTPOHCTBO ¢ MHTYUIIMOHHUCTKH pazMuTH oneHku (MPO) na kauectBoTO Ha
3aBBPIICHOTO OOCIy)XBaHe, B YycTpoiicTBoTo. OrmpenensHe Ha HE3aBUCUMHTE
CBIIOCTABSIHUS.

NPO na xauecTBOTO Ha 00CITyKBaHE Ha KOMIIO3UIIKA, OT JIB€ MOCIEA0BATEIHO CBbP3aHU
oOciyxBanusi, karo ¢ynkinus Ha MPO Ha kayectBoTo Ha oOcCiyXKBaHE B JBara
KOMITOHEHTa Ha KOMITO3UIIHTA.

HUPO kauecTtBOTO Ha 06CJ'Iy>KBaHe Ha KOMIIO3uIMA, OT [ABE IIapajl€JIHO CBBbpP3aHU
O6CJ'Iy>KBaHI/I${, KaTO BCiAKa 3asBKa CC 06CJ'IY)KBa AITECPHATUBHO B €JHO OT TAX, KaTo
(bYHKI_[I/IH Ha PO Ha xadecTBOTO Ha o6cny>1<BaHe B IBAaTa KOMIIOHCHTA Ha KOMIIO3HUIIUATA.

HNPO Ha kadecTBOTO Ha OOCITY)XBaHE Ha KOMIIO3HIHSA, OT JIBE MApaleIHO CBBpP3aHU
oOciTykBaHUS, KaTO BCSKa 3asBKa ce 00CIIy)XBa €IHOBPEMEHHO BHB BCSKO €IHO OT TsIX,
karo ¢ynkuus Ha MPO Ha kadecTBOTO Ha OOCIy)XBaHE€ B JBaTa KOMIIOHEHTa Ha

KOMIIO3UIIUSATA.
5. Koncnekr
1. Teopema Ha brom u JIxxakonuuu (Bohm-Jacopini). CTpyKTypHO mporpamupase.

2. KauecTBeHM U KOJNMUYECTBEHHU pPA3IUKU MEXKAY ,,IIPEATIOKEH Tpapuk™ U ,,eKBUBAICHTEH
MIPEUIOKEH TpapuK*.

3. IlpemMuHaBaHe OT HOPMAaJHM3UPAaHO KBbM MApPIUAIHO TPEACTaBsSIHE W OOpaTHO HAa BHTPEUIHATA
CTPYKTypa Ha BUPTYaJIHO YCTPOMCTBO C MIOBEYE OT €AMH U3X0/a.

4. KayszanHa HopMaiu3alusi Ha MOTOKOBM Mojenu Ha oOciyxBane. Jleraiinusupane Ha ITU-T
ne(pUHUIUATA Ha TIPeI0KEH TpapuK.

5. Hopmanuzanusi Ha HAMMEHOBAaHUATA HA BUPTYaJIHUTE YCTPOHCTBA

6. Mamabupyema CTpYKTypHa HOpMalM3alus Ha MPEJICTaBIHETO Ha ISTIOCTHH OOCTYKBaIIH
CHUCTEMHM, IOCPEACTBOM KOHLENIMUTE 3a (a3a, YCTpPOHCTBO, e€Tam, OOCIy)KBallla CHUCTEMA,
noTpeduTeNu, OOKpPbKEHUE.

7. BupoBe pa3sMUTH MHOXECTBA U ONEpPAlUH B TSIX.

8. Wuryunmonuctku pazmutu (MP) MHOXKecTBa U JIOTHKA.

9. Bwupose oneparuu B IP MHOXecTBa U JOTHKA.

10. Yetnpu BuAa CHIIOCTaBSHE HAa BHUIOBETE MapaMeTpH Ha Kay3alHO HOPMAJIH3UPAHO BHPTYATHO
YCTPOMCTBO € MHTYMIMOHUCTKH pa3Mutu oneHku (MPO) Ha kauecTBOTO Ha 3aBbPUIEHOTO
o0city’kBaHe, B ycTpoicTBOTO. OnpesiesnisiHe Ha HE3aBUCUMUTE ChIIOCTABSIHUA.

11. PO na ka4ecTBOTO Ha OOCITy)XBaHE Ha KOMIIO3WIIMS, OT JBE TOCIEIOBATEIIHO CBBpP3aHU
oOciykBanus, kato ¢pyHkuus Ha PO Ha kauecTBOTO Ha O0OCIy>KBaHE B JIBaTa KOMIOHEHTa Ha
KOMITO3ULUATA.

12. PO kauecTBOTO Ha 00CITy)KBaHE Ha KOMIIO3UIIHUS, OT JABE MapajeIHO CBbP3aHU OOCITYyKBaHUS,

KaTo BCsKa 3asBKa ce OOCIIy)KBa aJITEPHATUBHO B €IHO OT TAX, KaTo (yHkuus Ha PO Ha
Ka4yecTBOTO Ha 00CIIy>KBaHE B JIBaTa KOMIIOHEHTAa Ha KOMITO3UIHATA.
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13.

10.

11.

12.

NPO na kauecTBOTO Ha OOCITy)XBaHE Ha KOMIIO3HUIMA, OT JBE TMapaJieTHO CBBP3aHU
oOCTyKBaHUSI, KaTO BCAKA 3asBKa c€ OOCIY)KBa €IHOBPEMEHHO BBHB BCSAKO €IHO OT TSX, KaTo
¢ynkuus Ha MPO Ha kauecTBOTO Ha 00CTy)KBaHE B IBaTa KOMIIOHEHTA Ha KOMITO3UIUATA.

IIpenopbuyana jgureparypa:

C. Bohm and G. Jacopini. Flow diagrams, Turing machines and languages with only two
formation rules. Communications of the ACM, pages 366-371, May 1966.

ITU-T Recommendation E.501. Estimation of traffic offered in the network.
ITU-T Recommendation E.600. Terms and definitions of traffic engineering.

Poryazov, S., Saranova, E., Andonov, V.. Overall Model Normalization towards Adequate
Prediction and Presentation of QoE in Overall Telecommunication Systems. Proc. of the 14th
IEEE International Conference on Advanced Technologies, Systems and Services in
Telecommunications — TELSIKS 2019, Oktober 23-25 2019, Nis, Serbia, 2019,
ISBN:ISBN:978-1-7281-0879-7, DOI:10.1109/TELSIKS46999.2019.9002295, 360-363.

Poryazov S. A.. What is Offered Traffic in a Real Telecommunication Network?. 19th
International Teletraffic Congress, Beijing, China, Liang X.J., XIN Z.H., V.B. lversen and Kuo
G.S.(Editors), 6a, Beijing University of Posts and Telecommunications Press, 2005, 707-718.

Poryazov S., Saranova E., Ganchev I. (2018) Scalable Traffic Quality and System Efficiency
Indicators Towards Overall Telecommunication System’s QoE Management. In: Ganchev I,
van der Mei R., van den Berg H. (eds) Autonomous Control for a Reliable Internet of Services.
State-of-the-Art Survey, Lecture Notes in Computer Science, vol 10768. Springer, Cham, DOI:
https://doi.org/10.1007/978-3-319-90415-3_4, Print ISBN: 978-3-319-90414-6, Online ISBN:
978-3-319-90415-3. pp 81-103.

Zadeh, L. Computing with Words. Springer, Berlin, 2012.
Atanassov, K. On Intuitionistic Fuzzy Sets Theory, Springer, Berlin, 2012.
Atanassov, K. Intuitionistic Fuzzy Logics, Springer, Cham, 2017.

Poryazov, S., Andonov, V., Saranova, E., Atanassov, K. Two Approaches to the Traffic Quality
Intuitionistic Fuzzy Estimation of Service Compositions. Mathematics, 10, MDPI, 2022,
ISSN:22277390, DOI:https://doi.org/10.3390/math10234439.

Poryazov, S., Andonov, V., Saranova, E. Intuitionistic Fuzzy Estimations of Uncertainty of a
Parallel Composition of Services. In: Kahraman, C., Tolga, A.C., Cevik Onar, S., Cebi, S,
Oztaysi, B., Sari, I.U. (eds) Intelligent and Fuzzy Systems. INFUS 2022. Lecture Notes in
Networks and Systems, 504, Springer, Cham, 2022, ISSN:23673370, DOI:10.1007/978-3-031-
09173-5_72, 624-631.

Poryazov, S., Andonov, V., Saranova, E. Three intuitionistic fuzzy estimations of uncertainty in
service compositions. Uncertainty and Imprecision in Decision Making and Decision Support:
New Advances, Challenges, and Perspectives. IWIFSGN BOS/SOR 2020 2020. Lecture Notes
in Networks and Systems, 338, Springer, Cham, 2022, ISSN:23673370, DOI:10.1007/978-3-
030-95929-6_6, 72-84.



/. PecypcHo ocurypsiBaHe Ha 00y4eHHETO:

OOyvaemuTe 1€ UMAT BH3MOXKHOCT JIa KOHTAKTYBaT C aBTOPUTE Ha MPEMOJAABAHUTE CHBPEMEHHU
HAy4YHU MOCTKECHUS M METOJU, KOUTO ca Ha pabota B BAH. Cnenmanusupan xapayep, copryep u
JTAaHHY HE Ca HEOOXOMMH.

8. KpuTepuu 3a oneHKa

HN3mutreT € ¢ MMPOABIIKUTCIHOCT 4 yaca U ce CbCTOH OT JABC 4aCTU — ITUCMEH U YCTCH. Ha nucmenus
H3IIUT JOKTOPAHTHT pa3sBMBa CBOUTEC MJACH MU KOHICIIIHWHU 110 JIBA BBIIPOCA OT KOHCIICKTA.

Ha ycTHHMS W3OUT AOKTOPaHTHT OTTOBAps Ha 33aJaJ€HU OT KYPUTO BBIPOCH, CBHP3aHU C TeMara Ha
Kypca.

Kpaitnara orerka e ot 2 70 6 (¢ Tounoct 10 0.5).

Tst ce popmupa Ha 6azara Ha CIETHOTO CHOTBETCTBUE!

OTimaeH OTtnuaHO Biamee MaTeprana. M3I10xeHHeTo € H34epIaTeNHO, OCIeJOBATEIIHO, KOMIIETCHTHO,

(6 wmm 5.50) | mormuHO U XapMoHHUYHO. [IpaBrIHO 060CHOBaBA MpE/IaraHUTe PEIICHHS, 3HAe Kak qa 00001asa u
n3ara Marepuana 6e3 Ja mpasu rpemki. [Ipurexasa He0OOXOAUMUTE YMEHUS 3a U3ITBJIHEHHUE Ha
MIPAKTUYIECKH 3a7jauul.

MH. 106Bp ITo3naBa maTepuana. Vznara ro nmpaBuiHo 0e3 Aa AOIMyCKa ChIIECTBEHH HETOYHOCTH. Moxe
(5 unu 4.50) | mpaBUITHO Jia IpHUJIara TEOPETHYHU MPUHIIMITK U MPUTEKABA HEOOXOAUMHUTE YMEHUSI 32 H3ITBIIHEHUE
Ha MPaKTHYECKH 3a/1a49H.

J1o6Bp Brnanee romsiMa yact Marepuana, HO JOIMYCKa HETOYHOCTH IIPH N3JI0)KEHUETO M OTTOBOPUTE Ha
(4 mm 3.50) | BpOpocuTe. MiMa U3BECTHU HESICHOTH IIPYU ONUTHUTE 33 MPHJIaraHe Ha MaTepuaia B MIPaKTHICCKH

CUTYAIHH.
Cpenen Brnanee camo gacT oT MaTepuaia, HO ce 3aTpyAHsABa B OTAETHUTE JeTaiin. Jlomycka HETOUHOCTH BBB
(3) (GOpMyIHpPOBKHTE W HapyllaBa IIOCIEAOBATEIIHOCTTA IPH IIPEJCTAaBSIHETO Ha Martepuan. IMma
3aTpyIHEHUS TIPU U3ITBIIHEHUE HA TIPAKTUUYECKU 3aJ]auH.
Crnab He mo3naBa 3Ha4ymTEeNHA YaCT OT MaTepHala, JOMyCKa ChIICCTBEHH T'PEIIKA U C TOJEMHU TPYAHOCTH
2 U3ITBJIHABA TPAKTHYECKH 3a/1aUH.

VYyebnara mporpama € o00ChJ€Ha W OJ00peHa Ha 3acemaHue Ha cekuusa ,,MIHpopMannoHHO
monenupane” Ha 11.11.2025 r.
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Pasrnenana ot JJupexropckust ceBer Ha UMU-BAH Ha 13.11.2025 1. (mpoTtokoin Ne 47).

[Tpuera ot Hayunus coBer Ha UMU-BAH na 14.11.2025 . (mpotokosa Ne 13).
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This curriculum replaces the existing curriculum for a specialized PhD course “An intuitionistic
fuzzy approach to quality in mass service theory”, accepted by the Scientific Council of IMI-BAS on

20.10.2023 (Minutes No. 10).

1. Annotation

The course is aimed at developing both theoretical and practical skills for analyzing quality in
gueueing systems using intuitionistic fuzzy sets and logic. A particular focus is placed on the causal
normalization of flow-based service models, formalization of the structure of virtual service
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devices, and modeling of service compositions. The course explores various methods for
representing and evaluating service quality, including models for sequential and parallel service
compositions. It also examines mappings between parameters of causally normalized virtual devices
and intuitionistic fuzzy evaluations (IFE) of service quality. Emphasis is placed on the scalability of
the approach and its applicability to the design, optimization, and operational management of
complex information and service systems.

2. Prerequisites

Completed university course in computer programming. An introductory course in mass service
theory and computer modeling.

3. Expected Learning Outcomes

Course graduates will be able to evaluate and predict, more precisely, the quality of a composition
of services, including complete service systems, as a function of the quality of their components.
This can help in the design and operational management of complex systems.

4. Topical Outline of Content

Topic Hours
P Lectures

Theorem of Bohm and Jacopini (Bohm-Jacopini). Structured programming 2

Traffic Classification According to the International Telecommunication 1

Union (ITU-T)

Equivalent ways of representing the internal structure of a virtual device with
more than one outlet. Switching from normalized to partial representation and | 2

vice versa.

Causal normalization of service flow models. Detailing the ITU-T definition of 5
proposed traffic.

Normalization of virtual device names 2

Scalable structural normalization of the representation of overall service
systems, by means of the concepts of phase, device, stage, service system, | 2
users, environment.

Types of fuzzy sets and operations on them. 2
Intuitionistic fuzzy sets (IF) and logic. 3
Types of operations in IF sets and logic. 3

Mapping of the types of parameters of a causal normalized virtual device with | 2




intuitionistic fuzzy estimates (IFE) of the quality of completed service, in the
device. Determining the independent mappings.

IFE of the quality of service of a composition, of two sequentially connected
services, as a function of the IFE of the quality of service in the two | 3
components of the composition.

The IFE quality of service of a composition, from two parallel connected
services, each request being served alternatively in one of them, as a function | 3
of the IFE of the quality of service in the two components of the composition.

IFE of the quality of service of a composition, of two parallel connected
services, each request being served concomitantly in each of them, as a
function of the IFE of the quality of service in both components of the
composition.

5. Questionnaire (list of selected questions)

1. Theorem of Bohm and Jacopini (Bohm-Jacopini). Structured programming.
2. Traffic Classification According to the International Telecommunication Union (ITU-T)

3. Equivalent ways of representing the internal structure of a virtual device with more than one
outlet. Switching from normalized to partial representation and vice versa.

4. Causal normalization of service flow models. Detailing the ITU-T definition of proposed traffic.
5. Normalization of virtual device names

6. Scalable structural normalization of the representation of overall service systems, by means of the
concepts of phase, device, stage, service system, users, environment.

7. Types of fuzzy sets and operations on them.
8. Intuitionistic fuzzy sets (IF) and logic
9. Types of operations in IF sets and logic.

10. Mapping of the types of parameters of a causal normalized virtual device with intuitionistic
fuzzy estimates (IFE) of the quality of completed service, in the device. Determining the
independent mappings.

11. IFE of the quality of service of a composition, of two sequentially connected services, as a
function of the IFE of the quality of service in the two components of the composition.

12. The IFE quality of service of a composition, from two parallel connected services, each request
being served alternatively in one of them, as a function of the IFE of the quality of service in the
two components of the composition.

13. IFE of the quality of service of a composition, of two parallel connected services, each request
being served concomitantly in each of them, as a function of the IFE of the quality of service in both
components of the composition.
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7. Resource provision of training

The trainees will have the opportunity to contact the authors of the taught results and methods who
are working at the BAS. Specialized hardware, software and data are not required.
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8. Evaluation criteria

The exam shall continue 4 hours and shall consists of two parts — written and oral. At the written
exam the PhD student presents his/her ideas and concepts on two given questions from the
questionnaire. At the oral exam, the PhD student answers questions asked by the jury related to the
topic of the course.

The final grade is from 2 to 6 (to the nearest 0.5).

It is formed on the basis of the following correspondence:

Excellent Excellent command of the material. Comprehensive, consistent, competent, logical and harmonious

(6 or 5.50) presentation. Proper justification of the proposed solutions, good summary and presentation of the
material without making mistakes. Good necessary skills to perform practical tasks.

Very good Satisfactory command of the material. Correct explanation without significant inaccuracies. Proper

(5 or 4.50) application of the theoretical principles and appropriate performance of practical tasks.

Good Good command of the material, but with inaccuracies in the presentation and in the answers to

(4 or 3.50) questions. There are some ambiguities in attempts to apply the material in practical situations.

Average Limited command of the material, difficulties in the individual details. Inaccuracies in the wording

3) and inconsistency in the presentation of the material. Difficulties in the performing of practical
tasks.

Weak A significant part of the material is not known, serious mistakes are made and the practical tasks are

(Failing grade)
)

performed with great difficulty.

The curriculum was discussed and approved at a meeting of the Department “Informational
Modelling”, held on 11.11.2025

Approved by the Board of Directors of IMI-BAS on 13.11.2025 (Minutes No. 47)

Accepted by the Scientific Council of IMI-BAS on 14.11.2025 (Minutes No. 13)




