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1. AKTYAAHOCT N3 paipadoTsaming B AHCEp TALMORIIE TPY KPODICM B HayHHO | iy YHO-
paoARno oTiomene, CTEncH i misa RO AKTYAAHOCTTA WA npodaema u KOHKPETHITE
3149, pazpadoTeny B ANCEPTAIETR

TemaTa Ha Tpyaa € § obnactra Hi KOMYHHKAUHOHHI MPEARH < HICKR HIMMCHTEITHY
sLAMOYKHOCTI, Damnpany ha IPvE, KongpeTHnTe nacacapauin ca coBpIann ¢ no1oGpssane H
paGoTaTa Ha MApIIpY THIHPAULH APOTOKOIH, HINOIBBANN B 6LOWPAN. TTpenmer Ha n3cacasane ca
MapLpY THINPAIL TPOTOROAN, KOHTO OTUHTAT FEOrpAKOTO MECTONVIOKENNE 1l BEUIHTE.
AKUEHTHPANO € BBPXY YChRLPIICHCTRANC H MAPUIPYTHHPRLUGE  TIPOTOROAN | FAXHOTO
AnANTHPEHE KBM GERMHIN MPEXH © BLIIM € OTPAHMYEHH WIUHCIHHTRAHN ghamomnocTd, B
paGorara ca NPEAIOASHH HOBN (IOANO/TA 42 HMINASMEHTILD HA MAPIIPY FHSHPALLH TPOTORO/IH B
6LOWPAN, uype3 xonto c@ nocTHid nonobpera exeprufina CERTHRHOCT 1 MOOWIHOCT Ha
CEHIOPHINTE BL3TH .

HirrerpupaneTo na DE3RuUINTE cenaopin mpess (WSN) b cseTa Hit WHTEpHET € OCHORHOTD
NPSAM3RHKATEACTRO TIPEA puenpapaneto Ha HETCpHET N gemara (loT). 1Pv6 mevoanTe 34
QIPCCHPAHE M KOMYHHKALIOHINTE APOTOKOAN, KOWTO ¢4 aaarrmupanss » 10T, Tpadaa. ja Gunat
MOZIH(DULUIPALIN, 33 1 OTFOBAPAT HI WAHCKBAMWATY HA GEDKHUANTE CEHIOPHI E13AN, KATO HANP.
OFpaniueHa NAMeT, MATHE paimep ha NAKET4, OrpaHiHcHn KOHCyMamt Ha eHeprt, HUCKH
OnCPATHENM paixomt W Ap. Toss ROMN A0 WHTEHIMBHA WicagjosaTeacka U (YDANKAUMOHHE
aeiinoct B Tas obsact, Bruipexs paspaloTeHHTE AITORHTMH, KOMTO Ca AZAMTHPAHH KM MPEKM €
orpasuueHi pecypeu, #ee ole HMA HEpeIeHH 33784, KOeTD ofycanss aKkTyaHOCTTa Ha
auceprauncrHns Tpya. Hanpanenwre oF aBTopd OGOCHOBKS HE AKTYAMHOCTTA W WAAGIKEHN TS
IPEANOCTABKH C4 KOPEKTHH 1 OCHOBATENHH.

2. Crenen na NO3HABANE CLETONINETO B npodaemd it TBOPUECKA WITCPHPETRNIS B
AWTEPATY PRI MATEPHAA

JoKTOpaHTLT AeMONSTPHPR MALIOOUSHO NOTHABAHE. Hi CLCTOAHHMETO HAa Npodiema. B
JMCEPTALMATA €O WINOAIBAHN 85 JmrepatypHit HITOUHHKS. Hanpasen € KPHTHUCH AHLINS na
METOIN, WITOPHTMH W NPOTOKOAH 33 KOMYHMKAUA B MPEKH © OrPaHHHCIH  H3HHCAHTERHN
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pecypei. Bewuke ToBa MoKassa, He JOKTOPEHTLT € 3aM03NaT ChT CHCTORHHETO Ha npolnema. Ha
GazaTd HA NPCACTABSHIA AHTEPATYPeH GGI0P KOPEKTHO €a AChNHUPEHN 3ATAYHTE 12 NOCTHTAHE Ha
NOCTABEHATR 11en.

3. CoorBercrnme mi mGpani i MeToInKa 1 WICHCABANE ¢ NOCTABCHATI LEI 1 3a4a41 Ha
ANCEP TAUTOHIN TPYI

JIuceprauMonnusT TPYA HMA 33 Ue) Z1a C8 BHAIN3HPAT AATOPHUTMH 33 MApPLIPYTHIHPAKE I 14
C¢ ANANTHPET KbM KOMYRHKGUMOHHH BBUIM © OFPaHHYCHE DAMET, MOIHOCT i WIYHCIWTENSH
KanaunTeT, © 1eA 18 T8 NOSTHIHE CHILATA TOMHOCT, SKOPOCT, eheKTHRHOCT 1 rapanTupane na QoS,
KaKTD B TPAAMLMOHHNTE KOMYHHKAUMOHHN Mpesn. 38 Hefinoto nocturase ¢a aediHnpaan 4
sazaun, [TOCTABEHUTE 304841 €A SACKBATHN HE USATA M €A PeleHn B HeoOXOAMMUN 00y, B 1pyaa
Cll MPEVIOAENH M WICACABAHN PEANIA MCTOAM W CPEACIEA 34 EHATMS M MOZCAHPRHE Ha
MAPIIPYTHIHPALLH NPOTOKOAK, ¢ TipHaoweHie 8 6LOWPAN. MicaeasanuiTa ca (oauMHeHy
OTHOBHO HA NOAXOA 10 CHMYAUNONHO MOASIMPAlIC.

4. Kparss anaanrnuna XapaK repueTiRl i CeTCCTROTO I OUCHKS 1 10CTOREPIOCTIN 1A
MATEPHALR, BLPXY KOHTO €¢ 1 PRANT TPHHOCHTE HA AHCCPTALUNOMIN TPy

Jlscepraumonuuat Tpya e a06pe cTpykTypupan i paspaboren s obem o1 133 crpaduum.
OONBALG YHOL, HETHPY a8k # 3aKkmouere. [TposeacHnTe excnepiMeHTITHI H3CACIBaHny ca
niyepnaresHn. SIcHo ca AchHHNPIHN MPEANMCTBATA i HCAOCTATLUNTE, KAKTO Hit CHINSCTBY BALN 1€
NPOTORCAM, Taka # Ha paspaSotenirte HoBW. Hanpasenn ca AOCTUTHYHO CPABHEHWH, KOWTO
AOKAIBAT ACCTOBCPHOCTTH HA NOCTUI HATHTE PEIYATATH W NPHHOCH.

B nepea raasa Stare of the Arf” €3 NOKE3aHN OCHOBHHTT XAPakTepUCTHKH, W
NPEAHIBHKATEACTEA NPEA Oe3mMUUHITE COHIOPHN MpekH. TTpeacTasen ¢ CpaRHITENSH aHAINS Ha
TEXNONOTHY 33 HITPAXAAHE HA TOZN THH MPCKR. WIBLPINEH € KPHTHHCH BHILTHY Ht NOAXOTH W
AACOPHTMI 30 MAPIIPY THIUNA B GEORMEHN CeH20pHn Mpery. OOLPHATO € BHHMAHHE Hil ACHERTH
ua enryproetTa 8 10T Texsosornd. Hanpaseny ¢a 5 138048, KOMTO (IOKA3RAT ARTYANHOCTTA HA
AUCCPTAMOHHNE TPYA, # ca gedmnupanin 4 OTHOBIN 3348YH 33 H3IINCHHE HA NOCTABSHATA Led,

Bra sropa rnasa .4 Comparative Study of Routing Protocols for 6LoWPAN" ¢a anammanpann
PRATHIHI HIHCKBIHNA 38 MAPLIPYTHINpPake B MperxiTe 6LOWPAN, Hasnpuiena ¢ kiacumraing
12 NPETOKOMITE 38 MupuipyThaHpane o 6LeWPAN, na Gasara na koeto ca POPMYAHPEHN NETHPH
OCHOBHI TPYIH NPoToRoAn. OTueTeHa € HEOBXOAMMOCTTN 0T NOACGPEHHA, YPE3 THPCEHE HEL
PCLICHNS 33 ONTTHMHIMPAHE HA AITOPHTLME 38 MAPLIPY THIHPAHE.

Tpeta ruasa Adoption and investigation of MM-SPEED: Multipath Multi-SPEED Routing
Protocal in 6LoWPAN Networks™ npeactagt gaanTHpaseTo Hit (POTOKOAD 33 MapLIpyTHidpane
MMSPEED 8 wmpexun 6LoOWPAN, Upes pazpaboren chmyasisoncy Moaea € nposeacH
CPABHMTENEH aHanN3 kit TTponssoanteanocTa va MMSPEED npotokoaa, CHPAMO ApOTOKOIN 30
sapipyruanpare SPEED s HiLoW. Tlpeanosenn ca Mexanusmi it NOINTHRH 33 Kancyanpate Ha
aoikn MMSPEED  cnoBuesns o unakeren  gopwar wa [EEE802.154 u 6LOWPAN.
lMpouzgonutentoctra ¢ cpasiens owe SPEED w HiLOW npotokond, 4pes peanniauus 4
6LOWPAN mpexa, Micneasainn ca ewimomsocture ha MMSPEED npotoxona. & nocoka
rapauTipane Ha QoS. OGLpHATO ¢ BHMMAHUE HA NoKasaTenn My Hazesmocrra na MMSPEED
npoTtokosa, copamo SPEED u HiLoW. s konrexcra na 6LoWPAN cpeaa. Auamtinpann ¢
IPOHIBOANTCAHOCTT HA NPOTOKONA Ta Maplpy isipane MMSPEED u cpeaa 6LoOWPAN,



B uersupra raasa . Encrgy Efficient Routing Protocols in Resource Constrained loT
Networks™ e NPeAAGAKEs MapUPYTHINPALL NPOTORD, MPHACKINM 33 Ad-hoc 6LoWPAN, Kojtro ¢
eTHOBPEMEHHO HAZSHKACH W CHEPINIHO crexrupen. [ipotokoast e Gaanpan Ha AATOPHTHAMR
MMSPEED. lNpeanoxenarta CTPUTETiA BOAN A0 NONOGPABGHC HA HBAEALHOCTTA 1 BPOMETO 14
arToHOMHA PABOT HA MPCHOBNTE BLINN.

PeayaTaTiTe OT HICIEIBIHETO C1 APEACTABEHN | rpadmuen Bt [MCCPTALHORHUAT TPYA €
aoGpe crpyktypipan, OnMCaHETO & KOPEKTHO, KbM BCRKA TAARE €3 1IOCOMCHH RpHHOCH W &3
fipeacTasent MySANKIUHHTE HA AOKTOPEHTA [0 HEt.

S, Hayt=uin n/ian nayao-npuaoaii npiHoc i AMCCPTAUMOHITSR TPYL
OT NPOBCACHITS HICASABRHNA, MOTUT Aa Ce OBOOIAT CACARHTE NPHHOCH:

Hayuno-mpuaoschu npuanoci:

o PaipadoTen ¢ eHepriiine cherTHii i HaaeueH MApILPY THIHPALL NPOTORO. 1ia dasata
na MMSPEED 3a 6LoOWPAN mpesii. B npe/aoaenns noaxoi MapiIpy THINPAHCTO ce.
WIRHPUIBG BH3 OCHOBA WA OCTAMINATA CHEPIUA I BL3ENA,  KOETO TOBHILABA
HAZSIK/THOCTTA it MPeAaTIL

e [lpeasomen € nojcOpen moaxon 34 paGota Ha 6LOWPAN EMMSPEED
MAPIIPYTHIHPALL (POTOKOA, € LE HOATEPHKANE 113 MOGHAHOCT Ha BLUINTE — HOCTHTA CC
edieK THRHO PANPEACAHHE HR HATOBAPBAHETO Ha TpadiKa MEKAY BEAHTC HA MPERSTA W
nonoﬁpsmmc HA CPERHOTO BPEME B4 ABTOHOMIIA paboTa;

e TlIpeasowket € MOANOA 30 AFATHPANS KA paboTara Ha MMSPEED smapiupy ru3npain
nporokon 3a 6LOWPAN Mpenit. Ypes eKcTipUMEHTaNHI HICACABAHWA €C AoRaiBa
ehektunHa paGoTa 1A NPOTOKOAL, B0 OTHOWEHHE HA NpolyCRaTenHa CrocolHOCT

HAZEKAIOCT, B CPRBHECHUE ¢ AHWICTHYIK MEPUIPY THIHPAILH NPOTOKOAH, KATO SPEED #
HiLoW.

TIpuaoacnu npunocu.

e Ha Oaza ua CcpagHMTICICH QMAANT HA MaptpyTH3Ipati  pOTOKDIN Geamntn
CEHAOPHN MPOXKH, € sepu(HUNPaia BE3MOKHOCTTR 31 TAXHOTO BHCAPABANC B MPEKR €
OIPAHHUEHH PECYPCH,

e [Ipeasoweny ¢ KACH$PHKAER HA CHUIECTRY BALUNTE MAPILPYTHIMPAILY MPOTOROAN 32
6LoWPAN!

o Macaeasani & BHIMORHOCTTA 11 BANRHNC BHPXY CHETEMII TEAPAMETPH, KATO MOBHIHOCT,
eHepI MItHY KOHCYMAllHs, 4pe3 stogndiumpane Ha GopMaTa Ha NPOTOKOTHATA CTPYKTYPa
i CEHIOPHIA k3,

HaySHO-IpUAGKHNTE (IPHEOCH €& CBEIAT 10 NPETOARCHIR, HICACABAHMA 1 AN HPE
HOBM H MOANQUUIPAHY METORN. MOREAN H AATOPHTMH.

l1pnm0umsrre fIPUHOCH C2 CECHAT 10 KOHKEPCTHH HICHCABAHMN C HPCMO)KEH}IIC QAATOPHTMM,
MOZCAH M FIOAX0AN.

TIPHHOCHTE B MCEPTAUMOHING TPYI HMAT HAYTHO-ITPHIAOACH | (IPHIOIKEH XapaKTep, Cke
SHIMIMOCT Ha HOBOCT B ODASCTTA Hi 6LoWPAN. [Ipencras:iisat noACOPABANE HA WIBCCTHH
HOANGAN, MOACTH i METOIN 3a PEIMABAHE N ROHKPETHH HEY IUO-IPHAOKKHN W TPHACKIN SU1A4R,
cenpaany ¢ paborama Ha MUPIIPY THIHPALIM IIPOTOKOZH, C ponyueHitTe sHanus ce odoraTssa
(COPHATA I NPEKTHKATA B ORAGCTTA Hat PECYPCHO OrpauHUeHiTe KOMYHHKQUHOHHI MPEHRH,
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6. Otemcn 33 CTENCHTA HA AHTHOTO YHACTHE Hi ANCEPTITL B NPUIOCHTE

Bphakata MERAY OTACHHINIC FIaBn Ha TpyAa, KAKTO ¥ cheimduuums CTHA W HESHH 11
W3AOIKEHWE NOTELPAAABAT SBTOPCTEOTO HAt KAHHAATE H AHYHOTO MY YHSCTTHE B NPHHOCHTE,

KhM ANCEPTIIMOHHIA TPY €3 TIPEICTABSHH 6 IMTEPATY PHA HITOUHYEKA, KOUTO ca UM THPAH I
Kba oTacaHiTe raask. Eana ot padoTata e CAMOCTORTEIIHA 1 5 €4 ¢ ABAMA CHAKTOPH, BuB BCHYKM
NYGAMKALIN ZOKTOPAHTET ¢ HA NLPEO wscro, He ca npeictaBeli paiaeauTe i TPOTOKOAN, KOETO
aBycaan NOPABHO YHACTHE HAl CLABTOPHTE.

7, Tipeuensa na myGaInRARNTE 1O ANCEPTAUNONNNS TPV

BpoaT Ha ABTOPCKHTE MyGAHKaUAN, OTPAIMBAIIN NOCTHKSHUATA 8 AMCEPTALMOHHNS TPy S8
G. B eann oF X Mar. wHK. Pasriasp BeHnyoi € CAMOCIOATC/eH aRTop, @ B octananyte S € B
CHABTOPCTEO € HIAY HHITE CH PHKOBOLMTERN.

XapaKTepHO 33 BTHYUKH IPEACTARCHH nyGANKALHK HE BHETHACKH CINK & H9¢ ¢a B AKTYaTHA H
PRIBUBALLEA €C OBAACT HA TEIEKOMYHHKGHIMTE — PECYPCHO OTPaHNtcH spesit. TlyGankysanh ¢
1 MERTYNAPOAHN KON(pEPEHIN il ¥ HALGHANHY KOHPEPEHRLINE ¢ MERIYHAPOANO yuacrne. Eana
OT HaVYHUTE PaIpaboTKK € nyGANKYBRAHA B MERAYHIPORHO crineanne, JONARKTEICH QTeCTaT 34
KanecTROTO Ha myGrmKauuonyara achnoct HHACKSHPAHETO 1t 4 NyDANKALHHE B Gazava aaniu
Seopus. 3abennisat ce i UHTHPAHIR 1 ABTOPEKHTE NyBAMKILIN — 34 uHAcKeupanmTe B OusaT
nanmy Scopus cd ranmsin 10 Lmispanms.

TySauKauuonuara ACHROCT Ha KAHDUIATE TOKAIHA, ¢ THCEPTRIMOHHHA TPYiL € HOAYHHI
nyBAMMHOCT TIped creumsaniueTHTe £ OGANCTTA, 0 CLUO MC NOKTOPAHTLT HMA aapaboeHn
NO3HAHHA N0 HAYMHATE CASLMIANOCT HA KORKYpCd § MoK A0 MAEHPE nedopMAatHA i
PELLIABN AKTYATHI HAYSIG-TPRHACKHIE I FIPMCHIM T,

TIyGANKAUMNTE A0 AHCEPTALHOMHIA TPy @ KOIWYECTBEHO W KAHECTBEHO OTHOWICHHE
HAMLAKO YACEICTBOPHRAT W AOPH NAIXBLPANT WHIMAUTHITE HUHOHIHN HIHSKBUHINA, KIRTO |
MUHHMUINNTE  W3HCKBAHHA  Hi TCXHIUCCKER yHUBCPCUTET — Codms 33 npriobusare Ba
OOPUIOBATE/INA W MHaY'HIa CTenet LAOKTOP™.

§. Manoassaue Ba pesyarariie o1 AMCEPTAUROMINS TPYA B WAYHHATA # CONMAINATH
ppaxtTika. Hasne #a nocrurHay NPHK NKOHOMITHECKN ediert n np, Jlorymenti, na
KONTO C¢ OCHOBABA THLPACHRETO

He ca npeactaBeii AOKYMEHTH 33 KOHKPETHO NPHAQIKEHIE HO PESYTTATNTE B TIPAKTHKATA,
KAKTO W 38 NOCTHTHAT HKOHOMHUECKH eert,

B ancepraunOHHIA TpyA L (PEACTABEHN PeIVATATH, KOWTO CA AOCTBITHYM 33 0DC LIRS CPelt
MEKAYHAPOTHATR uayqno—mwnunarmcxa'ra OGUHOCT, @ MacT OT TAN ¢ pUlNpOCTPRHCHH 8
CRETOBHO HIBECTHUTE HAYUHM Gaan naHHn Scopus n Weh of Science (WoS).

Cunvas, 4€ NONYMCHITE PEsy/iTaTh ¢a moaesit M e Ce WAMOMIAT OT CHeIAINCTH,
aHraknpann ¢ paapaloreane Ka CTAHAAPTH H TEXHIYECKH PELUcHi 3a KOMYHMKAUHOHRN MPERi ¢
OTPAIIHCHH PECYPCit.
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9, Ouenka Ha CLOTBETCTRHCTO Ha aBTopeepati ¢ MIHCKBANNTTA 34 WITOTERNCTO MY,
KAKTO W HA AIeKBATHOCTTA HA OTPASSIBANE Wil OCHOBHITE MOAOKENNS H IPHUOCHTE Ha
ANCEPTAUHOHINR TPYA

ArTopediepaTsT NPeACTABS LASKBATIO W B TEAH O5EM CHRPAITCIHATA HACT i MONYHCHHTE
PCAYITATI B ANCEPTAUHOHHNWA TPYA.

10, Muenun, npenophien i GeacKry

JIOKTOPaHTET B roassa crelien ¢ OTHEN HanpapeHHTe NPENOPLKH i 3aDeACHKH, CIACTEHE
O NPOLCAYPATA 18 ApenRapHTenHo obcwkaane, Buapekn TOBa, WMaM CACAHHTE NPENOPERY W
sabenenKn, KONTO ¢a Bakun 3a ObaculaTta pabora:

1. JIoGpe G G0 KEM CHMYSAUHOHHOTO MOASTHPIHE A8 CC ONMUAT H3NOA3BIHHTE MCTON
30 CTATHETHHECKS ODPAGOTR: Hit aHHHTE,

2. JIOKTOpauTLT #CHO OnHeea w3bpanmTe, MOAN(UUUPAHK W IPCAAOKSHH MOICTH W
HOPMYIH, HO NOUAKOIA HE OTISAN HEOOXOAIUMOTD BIHMANHE HA H1BOPA 1A CToRHOCTHTE
Ha IPOMCHAMBINTE, HA AHAAN3A I HE NPHACKEHNUESTO HI NONYUSHITE PEty A TarniL.

3. Heofxoaumo e no-206po (hopMyAupane Ha pUIOCHTE Ha ARTOPA KLM OTASAHWTE FANBH
Hi ANCEPTALHOHHMN TPYA.

11, Jakmovenne ¢ Hema HOJOANTECIHA IIN OTPHIATEIHN 0NN Hit ANCEPTAUHOHHHS TPY/

Temara 1A AMCEPTALMOHHIA TPYA € aKTywma W ¢ nommuena tpyanoct. Tlonyvesnwute
PEIYAITATH ¢ CACACTIHE OT NPOREACHH 3aALATOYCHN HICACABAHNS H CA CTAHADY AOCTOSHHE HiY
nayauara oSuHoct. [oaxoaure it MCTOAHTE. HIIONIRAHM 33 PRUIABAHE HA NOCTIBSHITE JaaHH, ce
OLANYABAT ¢ AACKBATHOCT W HAYYHOCT,

MocoyeriTe NO-rope NPSHOPLKN It SAGEICHERN e OKAIBAT BAHHNC KRPXY MHOTO aubpuTe
presaTaeHna o1 paboTuTa Ha A0KTOpanTa.

BicMmailkl moa BUMMIMIAE FOPSHINOKCHUTO, CYNTAM, Y€ HUTLANO €A YAOBICTBOPOHM
wacksanuaTa wa 3PACPH w na [lpasnanuka 12 npuaaraseto My, 3a paspaboTease Ha
ancepTaunonreH Tpya. Npenopranam 1a ybaxaemoto Haywmo Kypn 1a npichan oGpasosatensara
H HaysHa CTened Joktop™ na smar, suk. Pasunanp Beuuyos, N0 HAYSHE CREUMATHOCT
LKOMYHIKALMOHHH MPEIKH 1 CHCTEMK™.

12.07.2024 r. Peuenzent:

rp. Codma (o, A-p Kupun\ls’ueﬁy

5(5)



REVIEW REPORT

on 4 PhiD thesis to obtain
the Educational and seientific degree "Doctor of Philosophy (Ph.D.)"
in Scientific specialty "Communication networks and systems”
within $.3 Communication and computer technology field

Author: Ravinder Beniwal, MSe,
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1. The relevance of the problem developed in the dissertation in both scienfific and
scientific-applied terms. Degree and levels of relevance of the problem and specific tasks
developed in the dissertation

The thesis topic falls in the field of resource-constrained communication networks based on
IPv6. The research is related to improving Lhe performance of routing protocols used in 6LoWPAN,
The research subject comprises routing protocals considering the geographic location of the
network nodes. It is focused on the improvement of routing protocols and their adaptation 0
wircless nietworks containing nodes with limited computing capabilities. The work proposes new
approaches for the implementation of routing protocols in 6LOWPAN, through which improved
encrgy efficiency and mobility of sensor nodes are achieved,

The integration of wireless sensor networks (WSN) into the Internet world is the main
challenge facing the implementation of the Intemnet of Things (1oT), IPv6 addressing methods and
communication protocols, adapted in 10T, need to be modified to meet the requirements of wireless
sensor nodes. such as limited memory, small packet size, limited power consumption. low operating
costs, ete, This leads to intensive rescarch and publication activity in this arca. Despite the
developed algorithms that are adapted fo networks with limited resources, there-are still unsolved
tasks, which govern the relevance of the dissertation work. The author's justilication about the opic
state of the art and defined ¢laims are correct and reasonable.

2. State-of-the-art degree of knowledge and the references creative interpretation

The PhD student demonstrates in-depth knowledge of the topic state of the art, The reference
number within the PhD work is 83, A critical analysis of methods. algorithms and protocols for
communication in metworks with limited computing resources has been carried out. All this shows
that the PhD student is familiar with the problem state of the art. Based on the presented literature
review, the tasks to achieve the PhD thesis goal are correctly defined.



3. Relevance of the chosen rescarch methodology with the goal and tasks defined of the
PhD thesis

The thesis aims to analyze routing algorithms and adapt them to communication nodes with
limited memory., power and computing capacity. to achieve the same accuracy, speed, efficiency
and QoS guarantee as in traditional communication networks, In order to achieve this goal, four
tasks have been defined, The tasks defined are adequate to the goal and-are solved in the necessary
volume. Within the thesis, several methods and tools for analysis and modeling of routing protocols,

with application in 6L.oWPAN, are proposed and investigated. The research is mainly based an the
simulation modeting approach.

4. Brief analytical deseription and PhD thesis originality assessment on which the
contributions have been made

The PhD thesis is well structured and developed in a volume of 135 pages. It includes an
introduction, four chapters and a conclusion. The experimental studies conducted are
comprehensive. The advantages and disadvantages of both existing protocols and newly developed
anes are clearly defined, Sufficient comparisons have been made that prove the achieved results
and contributions originality.

In the first chapter "State of the Art", the main characteristics and challenges of wireless sensor
networks are shown, A comparative analysis of technologies for building this type of network is
presented. A critical nnalysis of routing upproaches and algorithms in wireless sensor networks is
performed. Attention is paid to security aspects in 10T technologies, Five conclusions have been

made. which show the thesis tapic state of the art, and four mam tasks have been defined to fulfiil
the thesis goal.

The second chapter, “A Comparative Study of Routing Pratacols for GLOWPAN analyzes
various routing requirements in 6LOWPAN networks, A classification of routing protocols in
SLOWPAN was performed, based on which tour main groups of protocols were formulated. Itis
concluded the need for present rouling protocols improvements. by locking for solutions for routing
algorithms optimization.

Third chapter "Adaption and investigation of MM-SPEED. Multipath Multi -SPEED Routing
Protocol in 6LoWPAN Networks™ presents the adaptation of the MMSPEED routing protocol in
6LoWPAN networks. By means of a developed simulation model, 4 comparative amalysis of the
performance of the MMSPEED protocol was carried out. compared to the SPEED and HiLoW
routing protocols. Meehanisms and policies are proposed to encapsulate all MMSPEED messages
and packet format of IEEE802.15.4 and 6LoWPAN. Performance is compared with SPEED and
HilL.oW protocols, through implementation in a 6LoWPAN network. The possibifities of the
MMSPEED protocol, towards QoS guarantee, have been studied. Attention has been paid to the
reliability indicators of the MMSPEED protocol, retative to SPEED wnd HiLoW, in the context of
a 6LoWPAN environment. The performance of the MMSPEED routing protocol ina 6LoWPAN
environment has been analyzed.

Fourth chapter "Energy Efficient Routing I swotocols in Resource Constrained loT Networks™
proposes @ routing protocol applicable to Ad-hoc 6LoWPAN that is both reliable and energy
efficient. The protocal is based on the MMSPEED algorithm. The proposed strategy improves the
reliability and the awtonomous operation time of the network nodes.



The results of the study are presented in graphic form. The overall thesis is well structured.
The thesis description is correct. Each chapter concludes with defined contributions as well as a list
of published rescarch papers, covering the chapter conient.

5. Scientific and/or scientific-applied contributions of the PhD thesis

Based on the overnll research activities carried out within the thesis scope, the following
contributions can be summarized:

Scientific and applied contributions:

e Anmenergy efficient and reliable routing protocol based on MMSPEED for 6LoWPAN
network is developed. In the proposed approach, routing is based on the remaining encrgy
of a netwark node, which increases the reliability of the network,

o Animproved approach to the operation of the 6LoWPAN EMMSPEED routing protacol
hes been proposed, in order 10 maintain the mobility of the nodes — an effective
distribution of the traflic load is achieved between the network nodes and the average
time for autonomous operation is improved.

o An approach to adapt the operalion of the MMSPEED routing protocol for 6LOWPAN
networks has been propesed. Through experimental studies. the efficient operation of the

protocol is proven, in terms-of throughput and reliability, compared to similar routing
protocols. such as SPEED and HilLoW. ‘

Applied Contributions:

« Based on a comparative analysis of routing protocols in wireless sensor networks, the
possibility of their implementation in networks w ith limited resources has been verified.

o A classification of existing routing protocols for 6LoWPAN has been proposed,

o The possibility of influencing system parameiers. stich as mobility, energy consumption,
by modifying the protocol structure of the sensor node has been investigated.

Scientific and applied contributions refer to proposuls, rescarch and analysis through new and
modified methods, models and algorithms,

Applied contributions refer 10 carrying out specific research with proposed algorithms,
models and approaches,

The contributions in the dissertation have a scientific-applied and applied nature, with
significance of novelty in the field of 6LOWPAN. They represent the improvement of known
approaches, models and methods for solving specific scientific-applied and applied tasks related 1o
the routing protocols operation, The know ledge gained enriches the theory and practice in the field
of resaurce-constrained communication networks:

6.  Assessment of the personal involvement of the PhD student in the thesis contributions

The relationship between the individual chapters of the work, as well as the specific style and
manter of presentation. confirm the authorship of the PhD candidate and his personal involyement
in the thesis contributions,
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The PhD thesis includes 6 author research publications, cited to the corresponding thesis
chapter. One research paper s independent and the rest five are with two co-guthors. In all
publications, the PhD student cames first, No authorship distribution protocols have been presented,
which governs equally distributed participation of the co-authors in all publications.

7. PhD thesis publications assessment

There are a total of six author publications, presenting the PhD thesis achievements, Inone of
them, M.S¢. Ravinder Beniwal is an independent author, and in the other 3 he co-authored with his
scientific supervisors.

All published and presented rescarch publications fall into a developing field of
telecommunications - resource-constrained networks: They have been published in international
conferences and in national confercnces with international participation. One research has been
publishied in an international jourmal. The high quality of publication activity could be proven by
indexing 4-out-of-6 publications in the Scopus database, Citations of the author's publications have
also been noted— for Scopus-indexed publications currently & total of 10 citations are available.

The PhD student publication activity shows that the thesis has received publicity in front of
the specialists in the field. The PhD student has in-depth knowledge within the scope of the PhD
competition. and he can analyze information and solve-current scientific-applied and applied wsks.

Based on quantitative and qualitative tenms, all research publications:within the PhD thesis
satisfy and even exceed the minimum national requirements, as well as the minimum requirements
of the Technical University of Sofia for obtaining the educational and sclentific degree "Doctor of
Philosophy (Ph.D.)",

8. Using the PhD thesis results in scientific and social practice. Existence of achieved direct
cconomie effect, ete. Documents on which the statement is based

No documents have been presented for the specific application of the results in practice, as
well as for the achieved econamic effect.

The PhD thesis presents results (hat are available for discussion among the imernational
sclentific research community, and some of them are distributed in the renowned international
scientific databases, such as Scopus and Web of Science (\WoS)

| believe that the obtained results are useful and will be used by specialists engaged in the

development of standards and technical solutions for resource-constrained communication
networks,

9.  Assessment of the compliance of the PhD Thesis Summary with the PhD thesis main
points and contributions as well as fulfilling requirements for its preparation

The PhD Thesis Summary presents adequately and in full the descriptive part as well as
obtained results presented in the PhD thesis work.
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10. Opinions, recommendations and remarks

The PhiD student has largely considered the recommendations and remarks made because of
the preliminary defense procedure. However, | have the following recommendations and remarks’
that are important for future work:

{. 1t would be more beneficial, statistical data processing methods, applied 1o simulation
modeling, to be described.
2. The PhD swudent clearly deséribes the seleeted. modified and proposed models and

formulas, but sometimes he does not pay the necessary attention 1o the choice of the
variables values; to the analysis and to the application of the obtained results.

3. A beiter formutation of the author's contribitions to the individual chapters of the PhD
thesis is needed,

11.  Conclusion with a clear positive or negative evaluation of the PuD thesis

The PhD thesis topic is current and of increased difficulty, The obtained results are based on
extensive research and have become available to the scientific community. The approaches and
methods used to solve the defined tasks are distinguished by adequacy and scientific approuch.

The above-mentioned recommendations and remarks do not have an impact.on the very good
impressions of the PhD student rescarch work.

Referring to the above-mentioned facts, | consider that the normative reguirements inthe Law
on the development of the academic stafT in the Republic of Bulgaria as well as the Regulations of
its implementation, have been fully complied with. | recommend to the respected Scientific Jury to
award the educational and scientific degree “Doctor of Philosophy (Ph.D.)" to M.Sc. Ravinder
Beniwal. within Communication Networks and Systems scientific speciulty.

12.07.2024 Reviewer: 7
Sofia, Bulgaria (Dr. Kiril l\k‘i\se\‘. Assoc. Profl)
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