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1. AkTyanHocT Ha pPaspaboreanus B AuCepTaunoHHus Tpya npobnem B Hay4yHo
¥ HayYHONPUNOXHO OTHOWeEHMe.
Heobxogumoctra ot U3NON3BaHETO Ha UHOBATUBHY CRELMBUHHA KOMYHUKALMOHHY
CTakaapTi npu Mpexosu WHdPpacTpykTYpU ¢ OrpaHu4eHn pecypcu kaTo:
* NoAdbpxaHata MOLWHOCT:
* obxsarta Ha yectoTHaTa newTa;
* Kanauuteta Ha obpaboTsaHuTe 3asnBKuy;
* MawabupyetmocTTa Ha Mpexara;
* arperauvaTta Ha naHHu:
* HanexaHocTTa u curypHocTTa npu npegasaxe,
3a noaoGpsisae Ha edekTUsHOCTTa NPV NpenasaHe Ha gavHu HapacTea ece noseye
fPe3 nocneaxunTe roguum B napanesn c TEXHONOTM4HOTO pa3suTVe U NossaTa Ha HOBM
nokonexHws WSN u loT - Baavpanu mpexu.
B avcepraumara ce nocrasst BaXHW aKLeHTH BBPXY aHanua, noabop, agantupane,

nposefeHuTe AenHocTY: CUHTE3MpaHW NpuHocK no AVUCEePTaLMOHHUS TPYA, Crnuchum C
nybnukauumre, svBegeHuTe CbKpallexus, urypu, Tabnuum: Bubnuorpadcus,

npodnema B AucepTaumnoHHus TPYA Ca pasrnesanu 85 HayuHu U3cneasaHus u UrTepHer
USTOYHWKA Ha cneumanuaupana uHopmauun, Mpeobnagasaworo konuuyecteo or



aHanuanpaHoTo TeMatu4y+Ho CeaAbpKaHue u MapkMpaHeTo Ha OCHOBHUTE 3ajaum un
Hacoku Ha u3cnensaxero.

SeaknyHn TEXHOMOMMN, KOMYHUKaLMOHHU CTparerin u npoTokony aa MapLipyTusupane:
* 6LoWPAN u Zigbee Mpexu;
* MANET u ROLL noaxoaw 3a MaplupyTuaaums npu 6LoWPAN:
* MMSPEED cnpsmo SPEED u HilLow CTaHaapT npu wuHTerpauus B
6LOWPAN:
e MMSPEED, EMMSPEED u EMMSPEED (mobility) npwu TEXHU4ECKO
wMnneHTupare 8 6LOWPAN CneunduyHn Mpexmu.

» [llpeanoxesa e Hosa Knacuukaums 6LoWPAN MapwpuTuanpawm
CTaHAapTv 3a eHegpssaHe B MPEXW C orpaHuueHy Pecypcu, pasnpegenexy e
Kareropuure “On demand”, “Hierarchical”, “Geographic location” u "Hop
count”;

* [lotBbpaena e no-gobpata edrekTusHoCT Ha MMSPEED & CpasHeHue ¢
SPEED u HiLow CTaHaapTv B KoHTekcTa Ha BLOWPAN MPEXU NPpU pasnuyHu
BEPOATHOCTHM CTpaTeruu npu aaMUHKCTPUpaHe Ha QoS:

e [lpoBegeHa e BHEADUTENCKa [penHocT Ha MMSPEED u EMMSPEED

W NpoussoauTenHocTTa Ha NpeHocHata cpena sua Bpb3Ka ¢
napameTpusauus, obxeaiauwa «[lP€aasatenya mowHocT”, «CKOPOCT Ha
NpegasaHe W 3akbCHeHwe Ha nakeTv",  HagexaHocT wu UHTerpuTeT Ha
AaHHUTE", NponyckaTenka CNOCOBHOCT", KoHCYMUpaHa EHepTus U Bapuauus
Ha eHepruinuTe pecypcu”;



MpEXosute 3sena”, ~PUNaraiuTe pabortuu MEeXaHuamMu“;  usbopa wua
ycronduen ¢ AeTeKTupase Ha HeU3NpasHu  Mpexoau BBb3NM",
«fponyckaTentata crnoco6HocT”, ~38KbCHEHMETO NMPU nakeTHo npenasaxe”,
~EHepruHara KOHCymauus™:

* Hoxasava e no-sucokara TeopetuuHa edbexTuBHOCT Ha CTaHpapr
EMMSPEED (mability) cnpamo MMSPEED ¥ EMMSPEED KOMYHUKaLMOHHM
MPOTOKONM NO OTHOLWEHUE Ha .3abassHeTo ® MPEXBLPNSAHE Ha Makcumano
KONWYECTBO nakeTHn eguHmMum mexay pecypcHute NpuemMHo-npegasartenyu
MpexoBsu mogynu”.

WHAekcaums 8 Scopus, cboTBETHO Mo 3 Ha HayyHu Tpygose [A3] u [Ad4], 4 UMTUPaHua Ha
ny6nukauus [A5].

6. MHeHus, NpenopsLku u Genexky.
W3roteenust AVCEpTaLUOHeH TPya M3NbNHABEa AeDUHUPaHUTE OCHOBHYM 3anaun,

W NpUHoCK ¢
Y3URNo npunoxex Xapaktep®. TMonsoteopHo 6 Buno ga ce nosuwm obema Ha
aHanu3upaHuTe HayyHu U3CNensaHus No OTHOWweHue Ha CbCTOAHMETO Ha npobnema.
Mpenopbysam  Ha AOKTOpaHTa na  pazsusa Hagrpaxaa  ceosta



Hay4Ha cTenex .80kTop” oT Mar. MHX. PaBungwp Benuyon:
= Bobnacr Ha Bucwe oBpasosanue - 5, TexHuyecku Hayxu;

- npodecuonanio Hanpasnewue - 53 JKoMyHukaumonua u KOMNIOTbpHa
TeXHUKa"™

~ AoKTOpCKa nporpama - ,KoMyHUKaLomHu MPeXu 1 cuctemn”,

Aara: 12.07.2024 HNIEH HA XYPUTO:

/B0ou. a-p nHK. Usenuna Banabanosa/
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N LN e dissertation for the awarding
~ of the educational and scientific degree "doctor”

Dissertation Author: M. Eng. Revinder Beniwal

Dissertation Subject: wInvestigation of Algorithms and Protocols in Resource
Constrained Networks*

Member of Scientific Jury: Assoc, Prof. Ivelina Balabanova, PhD

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

* the supported power;

¢ the bandwidth range;

* network scalability;

* the capacity of processed requests:
* the aggregation of data;

* transmission reliability and security,

requirements for improving the quality of the regulated guidelines of the transmission
environment,

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

introduced abbreviations, figures, tables; bibliography,
With regard to the general characterization of the state of the problem, 85 scientific
studies and Internet sources of specialized information were considered in the



* BLoWPAN and Zigbee networks:

* MMSPEED versus SPEED and HiLOW standards when integrating into
6LoWPAN:

* MMSPEED, EMMSPEED and EMMSPEED (mobility) during technical
implementation in GLoWPAN specific networks.

4. Contributions of the dissertation work.

The performed activities give me the reason to summarize the contributions achieved
in the dissertation work with a high assessment of their significance in a scientific and
technical aspect. In my opinion, they can be set out in the following order-

* The better performance of MMSPEED compared to SPEED and HilLow
standards in the context of BLOWPAN networks under different probabilistic
QoS administration strategies has been confirmed;

* A new classification 6LoWPAN routing standards for implementation in
resource constrained networks is proposed, the categories "On demand"”,
"Hierarchical", “Geographic location” and “Hop count” are distributed;

* An implementation activity of MMSPEED and EMMSPEED communication
standards in 6LoWPAN specific networks was carried out, and a comparative
analysis was prepared regarding the energy efficiency and performance of the
transmission medium in connection with transmission parameterization
covering “"transmission power", "packet delay speed", " data reliability and
integrity”, “network throughput”, "consumed energy and variation of energy
resources”;



* MOBILE AWARE EMMSPEED's functionality has been evaluated in relation
to "quality of technical connectivity between network units”, "applied working
mechanisms"; "selection of resilient and detection of faulty network nodes”,
"network throughput", "packet transmission delay" ", "energy consumption™;

* The higher theoretical efficiency of EMMSPEED (mobility) compared to
MMSPEED and EMMSPEED communication protocols in terms of “the delay
and transfer of the maximum amount of packet units between resource
transceiver network modules” has been proven.

Four of the mentioned editions are reflected in Scopus indexed world databases,
Information is presented on 10 known citations of high scientific value in Scopus-indexed
publications, respectively 3 per scientific works [A3] and [A4], 4 citations per publication

In view of the above, | believe that the scientific achievements of the doctoral student
are accessible and known to a wide range of researchers in the field in the country and
abroad,

6. Opinions, recommendations and notes.
The prepared dissertation fulfills the defined main tasks, reflecting the activities
carried out on the analysis of the state of the issues under consideration in the relevant

his research activity in the specific technological direction to improve the capabilities of
the resource constrained networks, as well as to continue its publication activity in profiled
editions with an Impact factor and participate in national and international projects.



7. Conclusion.

In conclusion, | can be said that the presented dissertation meets the requirements
of the Law on the Development of the Academic Staff in the Republic of Bulgaria and the
assessment | summarize for it is completely positive. The achieved results give me

reason to propose to be awarded the educational and scientific degree "doctor” from M.
Eng. Revinder Beniwal:

field of higher education - 5, Technical Sciences:

- In scientific specialty 5.3. "Communication and Computer Technology™;
- Dactoral program "Communication Networks and Systems”,

Date: 12.07.2024 MEMBER OF SCIENTIFIC JURY:

/Assac. Prof. lvelina Balabanova/



