’/‘ff—-/f(’/ \Jﬁ/”'
10_p (ﬂﬂ/’é/ | CTAHOBWIE

BBbPXY nmcep’raunoueu m 3a npnaobusane Ha obpasosatenHa U HayuHa cTeneH J4oKkTop”
ABTOp Ha Amcquaquowmmjg mar. uHx. Paeungsp Benuyon

Tema Ha nuoepraumouuwn Teya: U3CINEOBAHE HA AITTOPUTMU U NMPOTOKOJA 3A
KOMYHUKALIMOHHU MPEXW C OrPAHUYEHU PECYPCHU

Ynex Ha HAy4yHOTO Xypw: npod. A-p UHX. CTanumup i CaguHos

1. AxrtyanHocT Ha pa3paboTBaHusi B AUCEPTAUUOHHMUS TPyA npobnem B HayyHo
¥ HaYYHONPMUNOXHO OTHOLWEHMKE.

Temata 3a wacnenBsaHe Ha anropuTMK U NPOTOKOMW 338 KOMYHUKALMOHHU MPEXW C
OTpaHuyeHn pecypcn e aKtyanda W wuHTepecHa. B guceprauvoHHus Tpya ca
ASHTUMDULMPAHN OCHOBHWUTE NPeau3BMKaTencTBa B anfopuTMUTE 3a MapLupyTu3upaHe B
BeaxuyHuTe ceHsopHn mpexu (WSN) 1 e HanpasBeHo CPaBHUTENHO NPOYYBAHE W aHanua Ha
pasnu4yHUTE NPOTOKONW 33 MaplupyTu3upaHe, npepHasHadeHdn 3a 6LoWPAN mpexu. Bba
OCHOBa Ha TOBa € ONpeAeneHo, Y& MapLUPYTU3NPaLUUTE NMPOTOKONUTE, NPeaHasHavYeHn 3a
6LoWPAN mpexu, morat aa 6baaT BHEAPEHW B MPEXWUTE C OrpaHu4eHI pecypcu.

B Hay4yHO-NPUNOXHO OTHOLWIEHWE B AUCEPTAUMOHHUS TPYA Ca pEelUeHW MHOXEeCTBO
3agauyuv, cBbpaaHu ¢ agantupadeto Ha MMSPEED mapwipytuanpawy npotokon 3a 6LoWPAN
Mpexu. MsebplueH € cpasHuTeneH aHanu3 Ha pesynratute or SPEED, MMSPEED u
HiLoW, umnnemexTtupann 8 BLOWPAN Mpexa no OTHOLEHUE Ha HAOEeXAHOCT, 3aKbCHEHKe,
nponyckaTenHa CMOCODHOCT ¥ CKOPOCT Ha MpegasaHe, KakTo U BNUSHWETO Ha HAKONKO
napameTbpa BbpXY PesyntaTuTe, CBbpP3aHu C MPOU3BOAUTENHOCTTA.

HanpaseHa € eKCnepuMeHTanHa oueHKa Ha NpPOM3BOAUTENHOCTTa Ha NpeanoXeHwuTe
anropuTMu 3a eHEpPruiHo eeKTUBEH N HadeKAEH NPOTOKON 33 MapLupyTuanpane Ha 6asarta
Ha MMSPEED 3a 6LoWPAN mpexu. HanpaseH e cpaBHUTENSH aHanu3 Ha pesynraTtuTte oT
MMSPEED, EMMSPEED v EMMSPEED (¢ nogabpxaHe Ha MoBUNHOCT) NO OTHOLUEHWE Ha
3akbCHEHME, nponyckarenHa cnocoOHOCT W OTNaaHanW Bbanu, KakTo W BNUARHWETO Ha
HAKONKO NapameTbpa BbpXy pesynratute, CBbP3aHu C NPOU3BOaANTENHOCTTA.

B 3aknioyeHMeTo Ha AUCEPTaUMOHHUS TPy €2 MOCOYEeHW 3HaYMMUTE crnopes asTopa
pesayntatv v obwwv u3BoaM, NPeACTaBMABALUN HAYYHO W HAy4YyHO — MPUNOXHU NPUHOCK.
MpeacraseHu ca HaKPaTKO U Hacoky 3a Dbaewa paboTa Ha AOKTOPaHTLT.

2. CreneH Ha noO3HaBaHe CBLCTORHMETO Ha npobnema W TBOpYecka
MHTEepnpeTauus Ha NUTepaTypHUA marepuan.

OucepTtaumornusaT Tpya € B obem ot 135 c1p. v Brnoysa BGnarogapHOCTU Ha asTopa,
CbAbPXaHWe, BbLBEAEHME, YeTUPK rMasy 3a pellasaHe Ha hopMynupaHWTe OCHOBHW 3ana4uu
W 3aKnioYeHue, asTopcku nybnukauvu no AUCEPTaUWOHHWUTE W3CNEeABaHuA, CNUCbuM Ha
abpesuaTtypu, puUrypun, Tabnuuun, CMCLK Ha UMTUPAHUATA W U3NON3BaHAa NUTEpaTypa, KoATo
CbAabpKa 85 HayyHW M3TOMHUKA. B AucepTauMoHHus Tpya ca uuTupasv v 6 nybnukayuv Ha
[OKTOPaHKTBT, 4Ype3 KOUTO NONyYeHUTe pesynTaTtv ca CTaHany AOCTORHWE Ha HayyHaTta
obwHocT. Beouukn nuTepatypHyM M3TOYHMUM ca noabpaHu Taka, Y€ Aga oTpasasar
CbBPEMEHHUTE HayYHW AOCTWXEHUR B obnactta Ha Tematvkara Ha AvcepTauuoHHUWsa Tpya.
Uutupanu ca cratuv OT asTOPUTETHW HAYYHU CRUCaHUs, KOHGEpeHUMM W KHUMM,
N3BLPLUSHUAT aHanuTU4eH 0D30p NO3BONSBA Ha AOKTOPaHTLT A3 AedWHMpa KOPEeKTHO
UenTa ¥ OCHOBHWTE 33a4ayu 33 W3CcnegBaHe, KOUTO TOW pellaBa YCnewHo B OTAenHuTe
rnasu.
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3. CunorsercTeMe Ha u3BpaHaTa METOAUKA Ha u3crnefgBaHe U NOCTaBeHaTa uen u
3afayu Ha AUCepPTaUMOHHUS TPYA C MOCTUrHATUTE NPUHOCH.

Metoaute 3a uacnegsaHe ca 000CODEHWM OCHOBHO B OTAENHWTE rnasu, KaTo
SHANUTUYHKU, CUMYNALIMOHHU W EKCNIEPUMEHTANHM.

MHOro anropuTMu ca aganTupanu 3a MpEXy ¢ orpaHnyeHn pecypcu, obade cuctemute
338 WHTEpHET MaplipyTUsupaHe BCe OlUe Ce HyKaasT oT nogobpexve u npoyysaxe. OT
PELUABaLI0 3HayeHwe e aa ce paspalboTAT anropuTMU 33 MHTEPHET MapLIpyTU3UpaHe B
WSN, Tbit kato KOMyHUKaUWATA Ha gaHHW ce yBenuW4yaea B yCTPOWCTBA C OrpaHU4eHN
pecypcu. B aucepTauvonHus TpyA ce NPEACTaBR afanTUpaHeTo Ha npoTokona 3a
MapLpytusupase MMSPEED s mpexu 6LOWPAN. MMpoussoaurenHoctta Ha npoTokona
MMSPEED ce cpasHaBa ¢ gea apyrv npoTokona 3a MaplupyTuanpare kato SPEED u HiLoW
B NS3. MNpeanoxexn ca MexaHusMuTe U NONUTUKaTa 33 kancynupaxe 3a scuuk MULSPEED
cwobuieHnss U nakeTeH copmar Ha |IEEE802.15.4 u BLoWPAN. MpoussogutenHocTTa e
cpasxera cuc SPEED w HiLoW, peanuaupanu ¢ 6LoWPAN mpexa.

B rmasa 4 e npegnoxeH npotokon 3a MapLpyTusmpaHe 3a mpexara 6LoWPAN, koito
€ SQHOBPEMEHHO HafeXaeH W eeKTUBEH MO OTHOLIEHUE HA U3NON3BAHETO Ha EHeprus.
MpoTokonsT e Gasupax Ha anropuTsma MMSPEED., MeToasT, KOWTO € NpeanoxeH, npasu
M2pLUPYTU3NPaHETO B 3aBUCHMOCT OT KOMWYECTBOTO EHEPTUs, KOETO BCE OLWE € HaNUYHO
Bb8 BCekM Bb3en. Pesyntatute 0T cumynaumsTa nokassar, Ye HATOBAPBAHETO Ha Tpaduka e
eheKTUBHO, KOTaTo € pa3nNpbCHATO BbB BLANUTE Ha MpexaTa, a pesyntaTtuTe noKassaT
CbLUO, Ye MpEeanoXeHWAT MpPOTOKON YyBENnW4aBa CpefHMA XUBOT Ha BLINUTE, KaTto
ChlUeBpemMeHHO NoJ00psBa MpexaTa u HageKaHOCTTa Ha NPOToKoNa,

4. TpuHOCK Ha AUCEPTALUMOHHUS TPYA.

Mpuemam npuHOCMTE B KPasl Ha AQUCEPTALUMOHHUA TPYA, KaTo noagveprasam no
CblUECTBEHaTa YacT OT THX;

- Excnepumentanuute pesyntatv pgokassaT, 4e apanTupadeto Ha MMSPEED
npotoxona 8 6LOWPAN mpexata e egekTMeHO No OTHOLWEeHWe Ha NponyckaTenHa
CNOCODHOCT U HafeKAHOCT B cpasHeHne cxe SPEED u HiLoW. MMSPEED Aasa no-
RODpa TOYHOCT U € eeKTUBEH NC OTHOWEHUE Ha HAAEKAHOCTTA B CPaBHEHUE Cbe
SPEED u HiLoW;

- ExCnepumeHTanHuTe peaynTaTtu 4oKa3saT TEOpPeTUHHUTE TBbpASHMS, Ye EMMSPEED
(c nogabpkaHe Ha MOGWMNHOCT) € edeKTUBEH MO OTHOWEHWE Ha 3aKbCHEeHWe W
nponyckarensa cnocobHocT B cpasHexnne ¢ MMSPEED u EMMSPEED.

B oGobuweHnue, aucepTaumaTa cabps3sa TEOpUsTa M MpakTUKaTa, Karto [onpuHaca 3a
BesnpobnemHoTO NpepocTassHe Ha BUCOKOSEKTUBHW Be3NUYHM KOMyHMKaLUK, KaTo
oTOenA3ea BakHWTE CTLbNKW B 0ONacTTa Ha MPUNaraHeTo Ha Pasnu4HI NPOTOKONM 33
MaplupyTusupaxe, npegrHasHaqeHu 3a cneyudnyHute 6LoOWPAN mpexu.

5. MNpeuenka Ha nySnukauuuTe NO AUCEPTaUNOHHUS TPYA.

Mo Temata Ha auceprauvsTa ca nNpescTaseHn 6 HayyHW NyBNUKaLMM, KaTo 1 OT TsX e
nybnukysaHo B MEXOyHApOAHO ChMCAHWE, 5 Ca B MEXAYNAPOAHW KOH(bepeHUMH W
cumnosuymu. Egsa oT nybnukaumute e caMoCcTOSTENHa, @ OCTAHANUTE Ca B CbaBTOPCTEO C
Hay4HUTE DBLKOBOAWUTENU W KonekTus. B TAX ca nyOnuKyBaHu WM ca cTaHanw AOCTOSHWEe Ha
Hay4Hata OODWHOCT ronsAMa 4acT OT PpesynTatuTe Ha nNPOBEACHWUTE AHANUTUYHM,
CMMyNauuoHHM W NPaKTU4ECKW EeKCNepuMEeHTW, npeacraseHu B Auceprauvsta. OT
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HanpaBseHa Cnpaska KeM MOMEHTa 33 AOKTOPaHTLT B NONYNsApHUTE CBETOBHW 6a3n oaHHW
yCTaHoBUX, Y& NydnukauuuTe CBbP3aHn C QUCEPTALMOHHUA TPYA Ca OTPa3eHW B Ha3u AaHHM
Ha Scopus, KaTo e KOHCTaTUPaHO KbM MOMEHTa 16 TexHu uuTupaHua, kato Xupw"“ dakropa
3a uuTupaHe e h=3.

Bcuuko TOBa MM gaBa OCHOBaHME [a 3aRBA, Y€ HAYYHUTE MOCTVKEHUS Ha asTopa ca
OrnaceHy 4OCTaTb4YHO LUMPOKO W Ca U3BECTHM Y HAC U B YyXXOuHa.

6. MueHun, Npenopbky U Genexxu.

Cuntam, Ye ANCEPTaUNOHHUAT TPYA NOCTUIA 3asiBeHaTa Len, a AeUHUpaHuTe 3aaaum
Ca U3NbMHEHW HAa BUCOKO HAy4YHO HMBO W AWUCEpTauvATa UMa 3aebplueH xapakrep. Jleka
KPMTUKa M3passBaM OTHOCHO JIOWOTO Ka4yeCTBO Ha HAKOW NpUNOXeHW hurypu v B Mankus
Opoit OTpaseHn WM3NON3BaHW NUTEPATYPHW M3TOYHWUM NO Ta3u WHTEpecHa W axkTyansa
TemaTtuka. Bu Buno Aobpe npuHocuTe Ha AUCEPTAUMOHHUS TPYA A3 Ce ODOPMAT U pasaenaT
KaTo Hay4HW, HAYYHO-NPUNOXHU W NPWAOXKHM npuHocK. [lpenopwyBam B Obaeule
AOKTOPaHTHLT Aa NPOABLMKM HAayYHOM3cnegoBarenckara cu pabota CLBMECTHO C KOneruTte or
TY Codmsa, kato nonyuenute pesyntat fa OGbaar NPeAcTaBeHU M nybnukyeasu B

MEXAYHapOAHN KOH(MEPEHUMN U B pedhepupann cnucaHus ¢ MMmnakT” cgaktop (WoS) unm
Scopus paHr,

7. 3aknoyeHnMe C siCHA TNONOKUTENHA WNW OTPULATENHA OUEHKa Ha
AVUCEePTaUUOHHMA TPyA.
Cuutam, Ye NpeacTaBeHUAT AUCEPTALMOHEH TPYS OTrOBapA Ha U3UCKBAHWNATA Ha 3akoHa 33
passuTe Ha axagemuusns cbeTtas B Penybnuka Bunrapus v oueHkata My 33 Hero e
HanbNHO NONOXWUTenNHa. MNocTurHaTuTe PesynTaTM My JaBaT OCHOBaHUE ga npeanoxa aa
Bvae npugobuta obpasosatenHarta U HayyHa cTeneH ,4OKTOp" OT Mar. WHX. PaBuugnp
Benuyon

B 0bnacT Ha Buciue obpasoBanue - 5. TexHuueckn Hayku,
npodhecnoHanHo HanpasneHue - 5.3  KOMyHUKaUUOHHa U KOMMIOTBPHA TEXHUKA",
ACKTOpCKa nporpama - ., KoMyHUKaLUMOHHU MPEXU U cucTemu”.

Oara: 10.07.2024 r. UNEH HAXYPUTO: - «
(npodh. a-p wHx. Ctanumup CaauHos)
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on a dissertation waﬂ?forthe‘ acquisition of an educational and scientific degree "doctor"
Author of the dissertation: eng. Ravinder Beniwal, M.Sc.

Dissertation topic: INVESTIGATION OF ALGORITHMS AND PROTOCOLS IN RESOURCE
CONSTRAINED NETWORKS

Member of the scientific jury: Prof. eng. Stanimir Sadinov, PhD

1. Relevance of the problem developed in the dissertation work in scientific and

scientific applied terms.

The research topic of algorithms and protocols for communication networks with limited
resources is current and interesting. The thesis identifies the main challenges in routing
algorithms in wireless sensor networks (WSNs) and makes a comparative study and analysis
of the different routing protocols designed for 6LoOWPAN networks. Based on this. it has been
determined that the routing protocols designed for 6LoOWPAN networks can be implemented in
resource-constrained networks.

In a scientific-applied sense, numerous tasks related to the adaptation of the MMSPEED
routing protocol for 6LOWPAN networks have been solved in the dissertation work., A
comparative analysis of the results of SPEED, MMSPEED and HiLoW implemented in a
BLoWPAN network was performed in terms of reliability, delay, throughput and transmission
rate, and the impact of several parameters on the performance-related results.

An experimental evaluation of the performance of the proposed algorithms for an energy-
efficient and reliable routing protocol based on MMSPEED for 6LOWPAN netwarks is done, A
comparative analysis of the results of MMSPEED, EMMSPEED, and EMMSPEED (with
mobility support) in terms of delay, throughput, and dropped nodes, as well as the impact of
several parameters on performance-related results, is performed.

In the conclusion of the dissertation, the significant results and general conclusions,
representing scientific and scientific - applied contributions, are indicated according to the
author. Guidelines for the future work of the doctoral student are also briefly presented.

2. Degree of knowledge of the state of the problem and creative interpretation of

the literary material,

The dissertation is in a volume of 135 pages and includes thanks to the author, table of
contents, introduction, four chapters for solving the formulated main tasks and conclusion,
author’s publications on the dissertation research, lists of abbreviations, figures, tables, list of
citations and used literature, which contains 85 scientific sources. In the dissertation, 6
publications of the doctoral student are cited, through which the obtained results became
known to the scientific community. Al literary sources have been selected in such a way as to
reflect modern scientific achievements in the field of the subject of the dissertation work.
Articles from authoritative scientific journals, conferences and books are cited. The performed
analytical overview allows the doctoral student to correctly define the goal and the main
research tasks, which he solves successfully in the individual chapters.



3. Correspondence of the chosen research methodology and the set goal and

tasks of the dissertation with the contributions achieved.

Research methods are mainly identified in individual chapters, such as analytical,
simulation and experimental.

Many algorithms have been adapted for resource-constrained networks, however,
Internet routing systems still need improvement and research. It is critical to develop Internet
routing algorithms in WSNs as data communication increases in resource-constrained devices.
The thesis presents the adaptation of MMSPEED routing protocol in SLoWPAN networks. The
performance of the MMSPEED protocol is compared with two other routing protocols such as
SPEED and HiLoW in NS3. The encapsulation mechanisms and policy for all MULSPEED
messages and packet format of IEEE802.15.4 and 6LoWPAN are proposed. Performance is
compared with SPEED and HiLoW implemented with a 6LoWPAN network.

In Chapter 4, a routing protocol for the 6LoWPAN network that is both reliable and energy
efficient is proposed. The protocol is based on the MMSPEED algorithm. The method that is
proposed makes the routing dependent on the amount of energy still available at each node.
The simulation results show that the traffic load is efficient when spread across the network
nodes, and the results also show that the proposed protocol increases the average lifetime of
the nodes while improving the network and protocol reliability.

4. Dissertation Contributions.
| accept the contributions at the end of the dissertation work, emphasizing the essential
part of them:

- The experimental results prove that the adaptation of the MMSPEED protocol in the
BLOWPAN network is effective in terms of throughput and reliability compared to
SPEED and HiLoW. MMSPEED gives better accuracy and is efficient in terms of
reliability compared to SPEED and HiLoW;

- The experimental results prove the theoretical claims that EMMSPEED (with mobility
maintenance) is efficient in terms of delay and throughput compared to MMSPEED
and EMMSPEED.

In summary, the thesis bridges theory and practice, contributing to the seamless delivery

of high-performance wireless communications by marking the important steps in the field of
implementing different routing protocols designed for the specific BLoOWPAN networks.

5. Assessment of dissertation publications.

6 scientific publications are presented on the subject of the dissertation, 1 of them was
published in an international journal, 5 were in international conferences and symposia. One
of the publications is independent, and the others are co-authored with the scientific
supervisors and team. In them, a large part of the results of the analytical, simulation and
practical experiments presented in the dissertation were published and became available to
the scientific community.

From a search made at the moment for the doctoral student in the popular world
databases, | found that the publications related to the disseriation work are reflected in Scopus
databases, and 16 of their citations have been found at the moment, with the "Hirsch" factor
for citations being h=3.

All this gives me reason to state that the scientific achievements of the author have been
announced widely enough and are known at home and abroad.



6. Opinions, recommendations and notes.

| believe that the dissertation work achieves the stated goal, the defined tasks are fulfilled
at a high scientific level and the dissertation has a completed character. | express a slight
criticism regarding the poor quality of some attached figures and the small number of used
literary sources on this interesting and current topic. It would be good if the contributions of the
dissertation work were shaped and divided into scientific, scientific-applied and applied
contributions. In the future, | recommend that the doctoral student continue his research work
together with his colleagues from TU Sofia, and that the obtained results be presented and

published in international conferences and in refereed journals with an "impact” factor (WoS)
or Scopus rank.

7. Conclusion with a clear positive or negative evaluation of the dissertation work.
| believe that the submitted dissertation meets the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria and my assessment of it is
completely positive. The achieved results give me the reason to propose that the educational
and scientific degree "Doctor” be acquired from the M.Sc. Eng Ravinder Beniwal

in the field of higher education - 5. Technical sciences,
professional field - 5.3 "Communication and computer technology”,
doctoral program - "Communication networks and systems®.

Date: 10.07.2024 MEMBER OF THE JURY:
(Prof. eng. Stanimir Sadinov, PhD)



