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OTHOCHO JAHCEpPTAIHOHEH TPY/1 3a npuoOuBaie Ha 0OpasoBaTeata n HAayyHa
cTenen LJ0KTop”
ABTOp HA JMCEPTALHOHHIA TPYL: Pasunasp bennyoa
Tema Ha JAHCEPTALMOHHMA TPYA: "W3CJIEJABAHE HA AJIOPUTMH H
NMPOTOKOJIM 3A KOMYHMKAIIMOHHN MPEKH C OIrPAHUYEHH
PECYPCH"

Usten Ha HAYSHOTO Kypu: npod. A-p Teopru i Himes

1. AKTYaJIHOCT HA pazpaborBanus B JAMCePTANHOIHNS TPYA npodJiem.

MpesHTe C OTpaHHHeH#H pecypeH 1 MaT peia OrpanrHyeHIA 10 OTHOILEHHE
Ha MOMIHOCT, Kanamurer 3a 06paboTKa Ha JaHHH, [aMeT W 9ecToTHA jenTta. Tean
MpekH OOHKHOBEHO H3HMCKBAT cnemHpHIEN NPOTOKOIH M ANCOPHTMH 33
ocurypsBaHe Ha edeKTHBHO peaBaHe Ha JAHHUTE. Tyk ca HeoOXomIuMH
pelnesus, KOMTO MaKCHMUZHpal noTpedIeHNeT0 Ha PEeCYPCHTE, rapasTHpar
HAeRIHA KOMYHUKAIMS i B3EMAT Npe1siil VHAKATHHTE TPYIHOCTH, CBBP3AHH c
natokennTe orpanutenns. [Tpumep 3a Takued MpeKH ca DEPKHIHHUTE CeH30pHH
mpexn - WSN. WSN gmar roasmo pasnoodbpasue o1 MPHACIKEHHA B pasidini
obnacTH ¥ ca B ChCTOAHHME Ja jacHpHIApaT, wneHTHdMIEpaT, 00padoTBaT A
npenasat JaHH#, ChOpaHy OT CeH30pHATE B MpeKaTa. [Mpuemaiiky HASATA, H¢ BCCKH
gb3el, JIOPH M C OrpaHHtcH pecype, TpsGBa A2 MOKe /1@ H3IBIHABA UHTEPHET
[IPOTOKONA (IP) u a1a KOMYHHKHpA C ocraHaTHs CBAT, C¢ BbBEKIA [Pv6 mpe3
GekHUHA TEPCOHATHH MpPEXKH C HHCKA voummoeT (6LoWPAN). HnTerpapaseTo
Ha OePKHUHMTE CEH3OPHH MPEXH (WSN) 8 raobanHata Mpexa € OCHORHOTO
TMPEeAM3BUKATEICTEO Mpesl gHeapsABaHeTo Ha MHTEpHET Ha nentara (IoT).

Temarta Ha ITHCEPTAIMOHHHMA TPyA € B obnacrTa Ba paspadoTBaHETO U
amanTHPaHeTo0 Ha ANTOPHTMH 33 MapmpyTH3UpaHe, KOHTO Ja ¢€ npunoxar B
MpeKH C OTpaHMHeHn pecypeH (IpH rapaHTHpaHe Ha KayecTBOTO Ha oDcayKBaHe
QoS. AHanu3MpaHy ¢a pasIAtHI [IPOTOKOIH 33 MaplupyTH3HpaHe B ThpCeHE HA

Hati-N0/IXOIAIIAS TPOTOKO!! 33 TO3H THIT MPEKH.
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2. Crermen it N03HABANE HA CHCTOSIHIETO HA MPod/ieMa W TBOpHecKa

WHTEPHPCTANNS HA JHTEepaTyPHHS MaTepHat.

TlIpeACTaBeHUAT MarTepHail MOKa3Ba, 4€ AOKTOPAHTRT AMa 3aTbN00YCHH
[O3HAHKS B ODNACTTa Ha OEHKAHMHHTE KOMYHHKAIHOHHH MPEXKH. ABTOPBT C€ ©
4amo3Han W © LMTHpan JOCTaThyHO Ha Opol MHTEpaTypHH H3TOHUHHII. Odmuar
Opoil Ha UATHPAHWTE JHTECPATYPHH HITOHHULM € 85. Bp3 ocHoBa Ha TOBA
npaswiHo ca QOpMyIHpaHH uedra Ha JAHCEPTAUHOHHHA TPYA H 3ajadure 3a
HEHHOTO NOCTHIAHE.

3. CpoTBercrBMe HA H30pamaTa MeTOAMKA Ha H3CIeABaHE

[OCTABEHATA 1e]1 H 33/1a4H Ha JHCePTAUHOHHAR TPYA.

llenTa Ha AMCEPTANMOHHMA TPYL € CBBp3aHa C PEIIABAHCTO HA HAKOJIKO
OCHOBHH 3aJauy: 1a ce MPOYYAT PasIiHHHTEe TPOTOKONH 33 MAPIIPYTHIHPAHE B
MpEKM M3TPAJCHH OT BHIIH C OrpaHHieHH pecypeH, 3a Aa ce OUEHH TAXHaTa
NPOM3BOAMTENHOCT; 7a C€ alanTHpaT ANTOPHTHMHTE 3a MaplipyTH3HpaHe 3a
MpeRH C OTPAHMUYCHH peCypeH, Karto ce choGpasaT ChC CrElH(pHIHHTE
WIHCKBAaHMA, A Ccc aHaimsppa eQekTHBHOCTTAa  HA MPOTOKONHTE 32
MapHIpYTH3HPAHE N0 OTHOLICHAE HA MOIMHOCTTA; Aa €€ Hanpasy CcpasHeHHEe C
pesyiATaTHTe OT pPadiH4HUTE MPOTOKOIH 33 MapiupyTH3upaHe B MpeXH C
orpannuean pecypcu. Merononoruira Ha |3C/eNBAHMATA B JHCCPTALMATa
BKTIOUBA M3MON3BAHETO HA YHUCACHH H CHMYJALHOHHH HOIXOIH. [lomy4eHHTE
pe3yJITaTH ONPEAENNT HayqHO-MIPHIOKHEA XapakTep Ha nMcepTanusIa.

4. Tipunocu B AMCEPTALHOHHNUS TPYIL.

OcHOBHHUTE IPHHOCH Ca:

1. CpaBuMTeIHO NpOydBaHe H aHAIN3 HA PAsIHHHH [IPOTOKOIH 32
MapuipyTH3HPaHe, TPe/iHa3sHaueHn 33 6LoWPAN mpexu. Bb3 0CHOBa Ha TOBa €
onpe/ieeno, e MapIIpyTH3HPAATE HPOTORQIATE, npemasaauenn 3a 6LOWPAN
MPEKH, MOraT Ja 6b/1aT BHEJIPSHH B MPEXKH € OrpaHHYeHH PeCypCH.

3 Meroanka 3a anantupane A2 MMSPEED mapiipyTr3npatll TpoToKo:A 3a
6LoWPAN mpesxn. M3pbplies € CpaBHUTEICH aHaIH3 Ha pesysrarate or SPEED,



MMSPEED # HiLoW, ummnnementupan# B 6LoOWPAN mpeka mo OTHOMISHHE HA
HAZEAKIHOCT, 3aKbCHEHHE, MPOMYyCKATeNHa CIOCOOHOCT M CKOPOCT Ha NMPENIaBaHC.

3. Hanpasen e CpPaBHHTC/ICH aAHANW3 Ha PE3yATaTHTE OT MMSPEED,
EMMSPEED u EMMSPEED (¢ nojgbpikase Ha MOOHIHOCT) M0 OTHOIICHHE Ha
jaKpCHeHWe,  Hpomyckareana  crniocodHoet M OTnANHATH BE3IH.
ExcrniepuMeHTAIHHTE PE3yITaTH I0Ka3sat, te EMMSPEED e no-edextasest no
OTHOLICHHE Ha 3aKbCHCHHWE M 1pPOMyCKaTelHa CnOCcOOHOCT B CPaBHEHHE C
MMSPEED u EMMSPEED.

CumtaM, Ye Te3H NPHHOCH IPaBHIHO OTPa3sBaT MOCTHIHATOTO OT aBToOpa B
Mpomeca Ha MNpOBeIeHHTS H3CHEIBAHHA W HECHMHCHO e HAMEpAT coATa
(PaKTHYECK HPHIOKHMOCT.

5. Tpenenka na MyOAMKAUMATE 110 JHCEPTAUHOHHNS TPY.

[To Temara Ha AMCePTALHONHUA TPy Ca HarpaBeHH MecT nyOIHKalHY, OT
KOHTO HETHPH €4 B H3/IaHWA, WHICKCHPAHH B prdopmaiontara basa Scopus. Tpu
oT nyGUIMKAlMATE 33 LATHPaHHK, KaTO HMa o061 10 sabens3adn LHTHPAHHA.

6. TMpenopbrn ¥ KPHTHYHH DETCHKKH.

Bux npenopsyan Ha AMcepTanTad A2 MpOAbIAH paGorata ci B W30paHara
Hay4HA O0/ACT, KATO MOJMOKH YCHTHA 33 OUIC NO-UIHPOKOTO pasnpocTpaHeHne H
NPUICIKEHHE HA PE3yITATHTE OT AUCEPTAHOHHAA TPy B NpaKTHKaTa.

7. 3akawuenue.

B3 OCHOBA Ha M3J0KEHOTO CUMTaM, Y€ IHCEPTAIHOHHHAT TPY/ OTroBaps
HA M3MCKBAHMATA HA 3AKOHA 33 PAsBHTHE HA aKAAEMHYHMA CBCTAB B Penybnuka
Buarapus # TIpaBwiHWKa 3a HEFOBOTO NPHIOKEHHE ¥ HMA HEOOXOANMHATE
KavecTsa, 3a J1a ce NMPUCHIH HA HEroBHA astop, PasHiubp bennyoi, Hayvmﬁ H
oGpa3oBaTelIHa CTeleH , IOKTOp .

11.07.2024 1. YieH Ha HAYHHOTO KYpPH!
Codusn (mpod. a-p Wimes)
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on dissertation work for obtaining the educational and scientific
degree "Doctor”
Author of the dissertation: Ravinder Beniwal
Topic of the dissertation: "INVESTIGATION OF ALGORITHMS AND
PROTOCOLS IN RESOURCE CONSTRAINED NETWORKS"
Member of the scientific jury: Prof. Dr. Georgi ' liev

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

Resource-constrained networks have a number of limitations in terms of
power, data processing capacity, memory and bandwidth. These networks usually
require specific protocols and algorithms to ensure efficient data transmission.
Here, solutions are needed that maximize resource consumption, ensure reliable
communication, and take into account the unique difficulties associated with the
constraints imposed. An example of such networks are wireless sensor networks -
WSN. WSNs have a wide variety of applications in different fields and are able to
classify, identify, process and transmit data collected by sensors in the network.
Accepting the idea that every node, even with limited resources, should be able to
run the Internet Protocol (IP) and communicate with the rest of the world, TPv6
over Low Power Wireless Personal Area Networks (6LoWPAN) is introduced. The
integration of wireless sensor networks (WSNs) into the global network is the main

challenge facing the implementation of the Internet of Things (IoT).

The topic of the dissertation work is in the field of development and
adaptation of routing algorithms to be applied in networks with limited resources
while guaranteeing the quality of service QoS. Different routing protocols have
been analyzed in search of the most suitable protocol for this type of networks.



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

interpretation of reference material.

The presented material shows that the doctoral student has in-depth
knowledge in the field of wireless communication networks., The author has
familiarized himself with and cited a sufficient number of reference sources. The
total number of cited reference sources is 85. Based on this, the goal of the
dissertation work and the tasks for its achievement are correctly formulated.

3. Correspondence of the chosen research methodology with the set

goal and tasks of the dissertation.

The aim of the dissertation work is related to the solution of several main
tasks: to study the different routing protocols in networks built by nodes with
limited resources, in order to evaluate their performance; to adapt routing
algorithms for resource-constrained networks to meet specific requirements; to
analyze the performance of routing protocols in terms of power; to compare the
results of different routing protocols In resource-constrained networks. The
rescarch methodology in the dissertation includes the use of numerical and
simulation approaches. The obtained results determine the scientific and applied
nature of the dissertation.

4. Contributions of the dissertation work.

The main contributions are:

1. A comparative study and analysis of different routing protocols designed
for 6LoWPAN networks. Based on this, it has been determined that the routing
protocols designed for 6LoWPAN networks can be implemented in resource-
constrained networks.

2. A methodology for adapting the MMSPEED Routing Protocol for
6LoWPAN Networks. A comparative analysis of the results of SPEED,
MMSPEED and HilLoW implemented in a 6LoWPAN network in terms of
reliability, delay, throughput and transmission rate has been performed.



3. A comparative analysis of the results of MMSPEED, EMMSPEED and
EMMSPEED (with mobility support) has been performed in terms of delay,
throughput and dropped nodes. Experimental results prove that EMMSPEED is
more efficient in terms of delay and throughput compared to MMSPEED and
EMMSPEED.

| believe that these contributions correctly reflect the author's achievements
in the process of the conducted research and will undoubtedly find their practical
realization.

5. Evaluation of publications on the dissertation work.

Six publications have been made on the subject of the dissertation work, of
which four are in editions indexed in the Scopus database. Three of the
publications are cited, with a total of 10 observed citations.

6. Recommendations and critical remarks.

I would recommend the candidate to continue his work in the chosen
scientific field, making efforts for even wider dissemination and application of the
results of the dissertation in practice.

7. Conclusion.

Based on the above, 1 believe that the dissertation meets the requirements of
the Law on the Development of Academic Staff in the Republic of Bulgaria and
the Regulations for its application and it has the necessary qualities to be awarded
to its author, Ravinder Beniwal, scientific and educational degree "Doctor",/

11.07.2024 Member of the scientific jury:
Sofia (Prof. Dr.})éorgi Aliev)



