PeueH3us

oT pgou. a-p Pagocnae CtedaHoB MaBpeBcku, kategpa ,MHdopmaTtuka“, KOrosanageH
yHuBepcuteT ,Heodut Puncku®, rp. bnaroesrpag,

Ha OMcepTauMOHEH TpyA 3a NpuchXxaaHe Ha obpasoBaTernHa u Hay4yHa cTeneH “gokTop”,

B obnact Ha Bucwe obpasoBaHue: 4. [NMpMpoaHM Haykn, Matematvka U UHopmaTuka,
npodecnoHanHo HanpasneHue: 4.6. NHdopmaTuka M KOMMIOTbPHU Hayku, OOKTOpCKa
nporpama: ,ViHopmaTuka”.

ABTOp: Koctac 3oToc, JOKTOpaHT B caMocTosTenHa opMa Ha obyveHne KbM KaTeapa
LWMHpopmaTmka“ npu Mpmupogo-matemaTudeckusn gakynteT Ha KOrosanagHus yHMBepcuTeT
~,Heopnt Punckun®, otumcneH ¢ npaBo Ha 3awuTa.

Tema: ,Cucmemu 3a komnrombpHa anzebpa (CKA) — Hoeu cmpameauu u mexHuku*

Hay4eH pbkoBoguTten: gou. a-p UpeHa AtaHacoBa

PeueH3us: gou. o-p PagocnaB MaBpeBcku, cbrnacHo 3anosen Ne 2944/17.12.2024 r. Ha
PekTopa Ha KO3Y ,HeoduT Punckn® — bnaroesrpag, Kakto 1 Ha peLleHne Ha Hay4YHOTO XXypu
no npoueaypara.

Kpatku 6uorpacdnyiHm gaHHm

Koctac 3otoc nputexaBa OakanaBbpcka cteneH no ,lMpunoxHa uHcgpopmaTuka“ ot
YHusepcuteta Ha MakegoHus B Mbpums, nonydyeHa npes 2002 roguHa. MNMpes3 2015 roguHa
3aBbplLUBa MarncTbpcka cteneH no ,YnpaBrneHne M MH(POPMaALMOHHM TEXHOMormu®, a
npe3 2016 roguHa npugodbuea negarorndyecko obpasosaHue. Koctac 3otoc uma Hag 15
roguHn onuT B MpenogaBaHeTo Ha MHdoOpMaTUKa M MHPOPMALMOHHU TEXHONOrMu B
pasnuyHn obpasoBaTenHn UHCTUTYLMK B bpumMs, BKIOYMTENHO B yYmnuila 3a geua CbC
cneumanHu Hyxxam n B 6exaHckn yymnuuia. OcBeH npenogasaTtesfickata cu AeNHOCT, TOW e
aBTOp Ha peguua Hay4yHu nyonukaumm B MeXayHapoAHW KOHEPEHLMM U CUCaHMUS, KaTo
OCHOBHUTE MYy Hay4YHW MHTEpPEeCKH BKNoYBaT eHepruiiHa epekTMBHOCT Ha codpTyep, cucteMm
3a koMmnoTbpHa anrebpa (CKA) n matemaTnyecko MogenupaHe.

AKTyanHOCT Ha TeMaTukKaTa

Temata 3a CKA, kakTo 1 nscnegBaHusta BbpPXY HOBU CTpaTermm N TeEXHUKM 3a no,u,o6p9|BaHe
Ha TAXHaTa ereKTI/IBHOCT, Ca aKTyasqiHn u 3Ha4nMMum KakTto B akKagemumyHaTta, Taka U B
npakTnyeckaTta obnacr. [Hec CKA ce n3nonseaTt MHTEH3UBHO OT y4yeHn n n3cnenoBartesin B
MHOXeCTBO AUCUUMNIIMHN — MaTeMaTuKa, (*)VI3VIKa, MHXEeHEePCTBO, MKOHOMUWKa W Opyrun
NPUNOXXHUN HaYyKW. Te ocurypasaTt MoWEH UHCTPYMEHTapuymMm 3a CUMMBOJIHU U3YUCIIEHUA,



Bu3dyannsauuna U pellaBaHe Ha KOMMJIIEKCHU MaTeMaTundeckn 3agadvun, KoeTo 3Ha4YnTesiHO
ynecHdBa KaKkTo rnpernogaBaHeTO, Taka U Hay4YHUTe paspa60TK|/|.

HenpekbcHaToOTO pas3BuTNE Ha KOMMIOTbPHUTE TEXHOMOMMU U U3UCKBaHUATA 3a No-6bp3n u
NMPEeLM3HN W3YUCNEHUS B pPasnuYHM MNPUNOXEHUs noBuwaBaT HeobxoaumocTTa oOT
ontummnsmpaHe Ha CKA u oT paspaboTka Ha HOBW MOAXOAM, KOMTO Aa nogobpssat
Npou3BoANTENHOCTTa U YAOOGCTBOTO MM 3a KpalHuUs noTpebuTen. BucokaTta nonynspHocT
Ha CKA B Hay4yHWTe cpeau 1 paswwmpsiBallaTa ce UM ynotpeba B obpasoBaHMeTo NpaBsT
BCsIka HOBa CTbMNKa B Nocoka edeKTUBHOCT M NoaobpeHne Ha Te3an CUCTEMW aKTyamnHa u
nonesHa.

Mmankn npeaBua ropeykasaHOTO, AOKTOPAHTBLT CU MOCTaBA 3a uen Ja uscnensa Kak
onpeaeneHn TEeXHWKNU U cTpaTermm, Kakto M HOBW TexHomorumu, moraT ga nogobpat
edekTuBHOCTTa M ypobctBoto Ha CKA. TakmBa wuscnegBaHus, KOUTO aHanuaupar
NpPoOM3BOAMTENHOCTTA U NpeanaraT HOBM NOAX0oAu, ca OT ronsiMo 3HavyeHue 3a 6baeLoTo
pas3BUTUE Ha Te3M CUCTEMU U 3a TAXHOTO aganTupaHe KbM HOBUTE U3UCKBAHUA B Hay4YHaTa
n obpasoBarenHarta npakTuka.

CTpyKTypa Ha aucepTaumaTta

[MpencrtaBeHVAT 3a peueH3npaHe ancepTaumoHeH Tpya e B 00wy, o6em o1 81 ctpaHuum. Ton
CbAbpXa: KpaTKo pestoMe, CNUCHK Ha TabnuuuTe, CNUCHK Ha UrypuTe, OCHOBEH TEKCT B 6
rnaBun 1 CNNCHK C U3MOMN3BaHUTE NUTepaTypHU U3TOYHULUM. BrnoveHn ca 18 dourypu n 18
Tabnuuwn.

Pe3omeTo HaKpaTKoO obocHoBaBa aKTyallHOCTTa Ha TemMaTta W" HeobxoaumocTTa OT
n3crieaBaHeTo, KaTo npeacrasd oOCHOBHaTa Ues n obwunte napamMeTpun Ha n3cnegBaHeTo.

B NnmaBa 1 ce npeacraes uctopusita U pasBuUTMETO Ha MaTeEMaTUYECKUTE U3YUCIUTENHU
TexHonormm, cbC crneumaneH akueHT Bbpxy CKA. dopmynupaHa e uenta Ha
aucepraumaTa, a MMEHHO Aa NpoyyYn M MNpeasiokyM TEXHUKM 3a ONTUMU3MpaHE Ha
edekTuBHOCTTA Ha CKA, KakTo 1 fa aHanuanpa Bb3MOXHOCTUTE, KOUTO npeanaraTt HoBUTe
TexHonormm kato uskycteeH umHtenekt (M) v napanenHa obpaboTtka. [MaBaTa CbLUO
pasrnexna NCTOpUYEeCKOTO pa3BuTne Ha anrebpara, YMCneHns aHanns n n3dncnuTenHara
Hayka, NpeaocTaBanku HeoBXo4MMUSA KOHTEKCT 3a U3CeaBaHEeTO.

MmaBa 2 ce doKycupa BbpXy nNpenocTaBsAHETO Ha 3agbnbodeH nperneg  Ha
CblUecTByBallaTa nutepartypa, cebp3aHa ¢ CKA. B Ta3n rmaBa ce pasrnexagat OCHOBHUTE
npeaMMmcTBa U HegocTaTbUM Ha pas3nuyHn CKA, KakTo 1 TAXHOTO pa3BUTUE Npe3 roanHNTE.
ABTOPBT NpaBu BaxkHM HabNO4eHMA BbPXY pasnuuuaTa mexay geckron n oHnavH CKA u
npeactaBa nNpuMMepu 3a MNPUIIOXEHMATa UM B pPasnUYHM HayydyHM un obpasoBaTeniHu
KOHTEeKCTU. Tasu rnaeBa npegnara obwupeH n gobpe ctpyktypupaH o63op Ha CKA,
BKIMIOYNTENTHO TEXHUTE MPUNOXEHUS, NPEeANMCTBA U OrpaHnYeHns. Ta nokassa Kak Tesu
CUCTEMU eBONOUPAT M Kak HOBUTE TexHonorun kato M n napanenHa obpaboTka morat ga
AonpuHecar 3a TSXHOTO ObaeLo pa3BuTue.



MmaBa 3 pasrmexga HoBuTe TexHonormm B CKA, kato ce d@okycupa Bbpxy WU un
napanenHute wusuucneHums. [bpBaTta 4YacTt aHanuaupa Bb3MOXHOCTMTE Ha W 3a
aBToMaTU3auMsa U ONTUMM3aLMa Ha MaTemMaTUYeCcKM 3aJayv, a BToparta 4yacT pasrnexaa
napanenHuTe n34mcneHns 3a yckopsisaHe Ha npouecute B CKA. maeaTa npeanara nobpe
CTPYKTYpUpaH npernen Ha HOBUTE TEXHOMOMMN, C ACEH akueHT BbpXxy W n napanenHute
n3umcnenns. BkrnoyeHn ca npumepun 3a ycnewHu npunoxexHmss Ha MW B matemaTukara,
KOUTO LEMOHCTpPUpAT HEroBoTO 3HAYeHME 3a HayyHMs Hanpeabk, Kakto u nogpobeH
nperneg Ha nMpUHUMNUTE Ha nNapanenHuTe W34YUCIEHUS WU TAXHOTO 3HaveHue 3a
ONTUMMU3aUMATA Ha CIIOXHN U3YNCTIEHUS.

FnaBa 4 pasrnexga n aHanuavMpa TEXHUKU 3a nogobpsiBaHe Ha NPOM3BOAMTENHOCTTA Ha
CKA, kaTo ontumusauusi 4Ypes3 npegBapuTenHo pasnpegenisiHe Ha MnamMeT, BEKTOPHMU
onepauun n napanesiHi N34NCNeHns, KakTo 1 NOAX0AMN 3a OLEHKa Ha e(PEKTUBHOCTTA, KaTo
OeHumapknHr. O6cbxaaT ce npegmmcTeaTa Ha pasnudHu CKA kato Mathematica, MATLAB
n Maple, kakTO U MeTOoOu 3a NOCTUraHe Ha No-Aobpa edeKTUBHOCT U yCKOpsiBaHE Ha
nauucneHnata. PasrnegaHnTte TeXHUKU 3a nogodbpsaBaHe Ha npoussoamntTenHoctTa Ha CKA
W npegMMmcTBata Ha pasnuyHuTe cuctemm kato Mathematica, MATLAB u Maple
NpefoCTaBAT LIEHHWN CTpaTermm 3a yCKopsiBaHe Ha U34MCrieHusiTa U NocTuraHe Ha no-gobpa
e(EeKTUBHOCT B 3aBUCUMOCT OT KOHKpPeTHUTEe Hyxau. [ageHuTe npumepu unoctpupart
NPaKTUYECKUTE MNPUMIOKEHNA Ha TE3N TEXHUKM B pasfUYHU CUeHapuuM u nogyeprtasaT
pornsiTa Ha BCAKa cucTemMa B KOHKPETHU Cryyau.

FnaBa 5 0606uLaBa nocTurHaTUTe pesyntaTn, KOMTO Nokasear, Ye ontummnaaumsata Ha CKA
ypes TEXHWUKN KaTo npodunmpaHe Ha Kond, NnpeaBapuTenHo pasnpegensiHe Ha nameTTa u
napanenHn Mn34ncrneHnst 3HaunTenHo nogobpsiea npomssoautTenHoctta. OcBeH ToBa, B
rmaeaTa ce pasrnexga npuroXeHMeTO Ha Te3n CUCTEMU B pPasnnyHM NpodeCcroHarnHm m
obpa3oBaTenHN KOHTEKCTU, aKLEHTUPaNKMN BbPXy CNOCOBHOCTTa UM [a YNECHABAT CIOXHU
n3duncrneHna n pga npegnarat UHTYUTUBHM Bu3yanusauun. CneumanHo BHUMaHWE e
OTAENEHO Ha PasfiMKMTE B U3MON3BAEMOCTTA U e(PEKTUBHOCTTA HA HACTONHUTE N OHNaMNH
Bepcunte Ha CKA. M3cnegBaHeTo ycTaHOBsiIBa, Y€ OHMaWH nnatdopmuite npeanaraT
yooOCTBO M AOCTBLIMHOCT, HO YECTO cpeLlaT OrpaHNYeHns, CBbP3aHN CbC 3aBMCUMOCTTa OT
WHTEPHET BPb3Ka N NO-HUCKA U3YNCINTENTHA MOLLHOCT B CPaBHEHNE C TEXHUTE HACTOSHU
Bepcuun. OT gpyra cTpaHa, HaCTONMHUTE BEPCUKN NPeaoCcTaBAT no-ronsima OyHKLUNOHANHOCT
U onTUManHa MpOM3BOAUTENHOCT, KOETO M MnpaBu npeanoyuTaH m3bop 3a 3agayun,
N3NCKBALLM 3HAYUTENHN N3YNCTIUTENHN PECYPCU.

B MnaBa 6 aBTOpbT nNpeacTaBA CBOMTE HAyYHW M HAyYHO-MPUIIOXHU MPUHOCK, KaTo
nogyepTaBa 3Ha4YeHMETO Ha napanenHarta obpaboTtka n uHterpaumsata Ha A B CKA. Ton
npengnara noseve oT YeTUpmaeceT KOHKPeTHU cbBeTa 3a onNnTuMM3aunsa Ha paboTtaTta Ha
CKA, konTo 6uxa mornu ga 6baaTt UHTerpupaHm B 6baeLmTe Bepcum Ha Te3N CUCTEMMU, KaTO
noackasku 3a notpebutennte. HanpaBeHOTO cpaBHeHUE Mmexay pasnuyHmn CKA pasrnexaa
TEXHUTE TEXHUYECKN XapaKkTEPUCTUKN, Bb3MOXXHOCTU, LIEHA N OPYI BaXXHN (haKTOpU, KOUTO
Ouxa nomorHanu Ha noTpebutennte aa n3bepaT Han-nogxogsLaTa cMcTeMa 3a KOHKPETHU
3agaun. OcBeH TOBa, B Ta3u [NnaBa, aBTOPbT MNpeacTtaBs KpaTkM pes3ioMeTa Ha
nyGrnvKkyBaHuUTe OT HEro ctaTum, CBbp3aHM C TeMaTa Ha gucepTaumsta, KaTto akueHTupa
BbPXYy OCHOBHUTE pe3yntaTt N TEXHUSA MPMHOC KbM Pa3BUTMETO HA CbOTBETHAaTa obnacT.



O6o6LeHue:

,D,VICepTaLI,VIFITa € HanncaHa Ha ACeH U CTerHaTt Hay4eH e3UuK. OpFaHVISGLl,I/IFITa Ha TeKCTa €
JIOrM4eCcKn un3gbpxXaHa W oOHarrneadaBaHeTo € OTJIMYHO. M3nonssaHaTta metogonorus e
agekBaTHO nop,6paHa 1N JaBa Bb3MOXHOCT 3a NblJiIHa peann3auund Ha uemnta 1 3aayvynTe Ha
n3crieaBaHeTO.

,D,OKTOpaHT'bT € npoyydun ronamo Konmn4ectBO InuTepatypa no tTeMata u e ycndn Aa
npeancraBun /:l,o6pe CbBPEMEHHOTO CbLCTOAHME Ha U3ciiedBaHUA np06neM. CnucbKbT Ha
nanon3saHUTe JIunTepaTtypHn WU3TOYHULUWM BKIHO4YBa 67 3arnaBma Ha aHrNUNCKU €e3WK,
BKIto4BaLly rofqam 6p0|7| MHTepHeT agpecu. BHumaTtenHoTto npernexagaHe Ha Crncbka
NnoKas3Ba, 4Ye Ca BKITIOYEeHU N aKTyaliH1h N3TOYHULUK OT nocnegHuTe 10 roguHu.

[OKTOpaHTLT AeMOHCTpupa 3aabnboyeHo pas3bupaHe Ha TeKywoTO CbCTOsiHME Ha
npobnema, obxBawamkym KakTO MO-LUMPOKUS TEXHOMOormdYeH KOHTeKCT Ha CKA, Taka wu
cneumunyHN cTpaTermm n TEXHUKK 3a nogobpsiBaHe Ha TsaxXHaTa e(PEeKTUBHOCT.

OCHOBHUTE NPUHOCK B ANCEPTALMOHHOTO M3CNefBaHe ca HayYHU U Hay4YHO-NPUINOXKHU U
mMoraT aa ce ob606WwAT Taka:

e WpeHtTndumumnpanm ca Hag 40 cneundmnyHmn npenopbkn 3a nsnonasaHe Ha CKA, konto
nogobpsieaT NPOM3BOAMUTENHOCTTA U anropuTMMYHaTa CNOXHOCT. ToBa OTKpUTUE €
3HauuMo 3a 6baewmTe notpedbuTtenn Ha CKA, kakTo 1 3a paspaboTununTe Ha Takuea
cUCTEMU, TbI KaTo Npeanara LeHHN HAaCoKM 3a ONTUMKU3aLMs Ha Koga n eeKTUBHOCT
Ha paboTara.

e Ha 6asa Ha aHanu3a Ha CbluecTByBalWuTe CUCTEMM, AOKTOPaHTBLT npegnara
pa3suTme Ha CKA c no-uHTenureHTHW, necHu 3a ynotpeba yHKuMM 1 agantaums
KbM NOTPEOUTENCKUTE U3UCKBAHUSA, KATO NOCTaBA akLEHT BbpXy NPUNOXKEHNETO Ha
NN v napanenHa obpaboTka 3a pellaBaHETO Ha KOMMIIEKCHWU MaTeMaTU4ecKu
3agaun.

e U3BbplIEH € UAnoCTeH cpaBHUTENeH aHanu3 Ha pasnuyHn CKA, obxsawauy
TEXHUYECKM XapaKTEPUCTUKKN, (PYHKLUMOHANHOCTU M MNoTpebutencka Haco4eHoCT.
AHanu3bT nNpenocTaBs MPaKTUYECKUM HAcokM 3a u3bop Ha nogxopsila cuctema
CrnpsAMO  crneumuyHNTE W3UCKBAHWS Ha MaTemMaTU4eckuTe 3ajadn M nocoudsa
orpaHu4eHusiTa Ha cbluecTByBawmTe CKA.

° I'Ipep,nox(eHa € KoHuenuua 3a eHeprMﬁHa CINOXHOCT Kato MeToad 3a OuUeHKa Ha
e(*)eKTI/IBHOCTTa Ha anroputMmmnTe, npuioXumm 3a onTtuMmm3auuma Ha eHeprMﬁHaTa
e(*)eKTI/IBHOCT B MOBUMHN NpuUnoXXeHma n BrpageHn CUCTemMn.

Mo TemaTa Ha u3cnenBaHeTo ca NpPeAcTaBeHV eAUHaAeceT CTaTuM Ha aHITIMNCKM e3VK, TPU
OT KOMTO Ca MHOEKCUpaHu B Scopus.



ABTOpedepaTsbT € B CbOTBETCTBUE C TEKCTA Ha AncepTaumaTta. Tor e B 06em ot 44 cTp. n
OTroBaps Mo CTPYKTypa U CbAbpXXaHWe Ha U3NCKBaHUSATa 3a NpeacTaBUTENHO oTpassiBaHe
Ha gucepTaumdara.

KpuUTuyHm 6enexkun u npenopbku

e [luceptaumsta npenctaBs  peguua  NpeanoxeHms 3a  nogobpsisaHe  Ha
nponssoauTenHoctTa Ha CKA, HO HAKOWM OT TAX He ca pasrnefaHn B JocTaTbyHa
cTeneH. Hanpumep, npenopbkaTa 3a M3non3BaHe Ha AMHAMUYHO NporpamMmpaHe n
anyHW anropuTMM He € NOoAKpeneHa C KOHKPEeTHN NPUMepn Unu TeCTOBE, KOUTO Aa
AEMOHCTpUpaT TaxHaTa epekTMBHOCT. B 6baeLum nacnensaHms 6u 6uno nonesHo aa
ce BKMHOYAT KOHKPETHU MpUMEpU UM TeCcTOBU OEeMOHCTpauuMu, KOUTO Aa
UNIOCTPUPAT Kak Te3n TeXHMKN MoraT aa 6baaT NPUNOXKeHN B pearnHn CUTyauuu.

e TeKkcTbT, NpeAcTaBsll, NPUHOCUTE Ha AMcepTauusiTa, € CPaBHUTENHO ABbABLI U
onucareneH. [lo-aCHOTO MM pa3rpaHuMyYaBaHe OW MnogyepTaeno OopurMHanHus
NPUHOC Ha aBTOpa.

3aknyeHue:

AucepTaunoHHMAT TpyAa Nokasea, 4Ye [JokTopaHTbT Koctac 3o0Toc npuTexasa
HeobXxoaMMUTe TEOPETUYHU 3HAHUS U NPOeCcnoHanHN yMeHUs No Hay4yHaTa cneynanHocT
LJMMHDOopMaTMka”, kato OeMOHCTpMpa CrNOCOOHOCT 3a CaMOCTOATENHO MfaHupaHe W
npoBeXaaHe Ha Hay4YyHo uacnenBaHe B obnactrta Ha MHGopMaTukara.

Bb3 OocHOBa Ha ropeunsnoXeHoOTo JaBaM CBOSITA MOJIOKUMesIHa oyeHKa 3a nNpoBeeHoTo
Hay4yHO wu3cnegBaHe, NpeacTaBeHO B AUCEPTAUMOHHUSA  Tpyad, asTopedepaTta WU
nyénukauyuuTe, U npegnaram Ha YreHoBeTe Ha YBaXaeMOTO HAay4YHOTO Xypu Aa Aagat CBOs
NoSIOXUTENEH BOT 3a NpuUcbhbXdaHe Ha obpasoBaTenHata n HaydYHaTa cteneH “[okTop” Ha
KocTtac 3oTtoc B obnacTt Ha Bucwe obpasoBaHue: 4. NNpupoaHn Hayku, matemaTuka m
nHdopmaTuKa, npodecuoHanHo HanpaBneHue: 4.6. UHpopmaTMKka U KOMNIOTBHLPHU
HayKu, AOKTOpCKa nporpama ,MHdopmaTuka”.

11.02.2025 lMpencenaTen Ha Hay4YHOTO XypW:

bnaroesrpag /Oou. a-p PapocnaB MaBpeBcku/



Review

by: Assoc. Prof. Radoslav Stefanov Mavrevski, PhD, Department of Informatics, South-West
University "Neofit Rilski",

on a PhD thesis for acquiring an educational and scientific degree, "Doctor",

in the field of higher education: 4. Natural sciences, mathematics, and informatics,
professional field: 4.6. Informatics and computer sciences, doctoral program ,Informatics”.

Author: Kostas Zotos, PhD student on self-directed study at the Department of Informatics
of the Faculty of Mathematics and Natural Sciences of South-West University "Neofit Rilski",
dismissed with the right to defense.

Topic: ,CAS - New Strategies and Techniques*®

Scientific Supervisor: Assoc. Prof. Irena Atanasova, PhD

Review: Assoc. Prof. Radoslav Stefanov Mavrevski, PhD, according to Order No.
2944/17.12.2024 of the Rector of the SWU "Neofit Rilski" — Blagoevgrad, as well as the
decision of the scientific jury on the procedure.

Brief biographical data

Kostas Zotos holds a bachelor’s degree in ,Applied Informatics® from the University of
Macedonia in Greece, obtained in 2002. In 2015, he completed a master's degree in
.,Management and Information Technology®, and in 2016, he obtained a pedagogical
education. Kostas Zotos has over 15 years of experience in teaching informatics and
information technology in various educational institutions in Greece, including schools for
children with special needs and refugee schools. In addition to his teaching activities, he is
the author of a number of scientific publications in international conferences and journals,
and his main scientific interests include software energy efficiency, computer algebra
systems (CAS), and mathematical modeling.

Relevance of the topic

The topic of CAS, as well as research on new strategies and techniques to improve their
efficiency, is relevant and significant in both academic and practical fields. Today, CAS are
extensively used by scientists and researchers in a variety of disciplines - mathematics,
physics, engineering, economics, and other applied sciences. They provide powerful tools
for symbolic computations, visualization, and solving complex mathematical problems,
which significantly facilitates both teaching and scientific developments.



The continuous development of computer technologies and the increasing demand for faster
and more accurate calculations in various applications raise the need for optimizing CAS
and developing new approaches to improve their performance and usability for the end user.
The high popularity of CAS in scientific communities and their expanding use in education
make any new step toward improving the efficiency of these systems both relevant and
valuable.

Given the above, the PhD student aims to explore how certain techniques and strategies,
as well as new technologies, can improve the efficiency and convenience of CAS. Such
research, which analyzes performance and proposes new approaches, is of great
importance for the future development of these systems and their adaptation to the new
demands in scientific and educational practice.

Structure of the PhD thesis

The PhD thesis submitted for review has a total volume of 81 pages. It contains: abstract,
list of tables, list of figures, the main text in 6 chapters, and a list of references. Also included
are 18 figures and 18 tables.

The abstract briefly substantiates the relevance of the topic and the need for the research,
presenting the main aim and general parameters of the study.

Chapter 1 presents the history and development of mathematical computing technologies,
focusing on CAS. The purpose of the PhD thesis is formulated, namely, to explore and
propose techniques for optimizing CAS performance and to analyze the potential of new
technologies like artificial intelligence (Al) and parallel processing. The chapter also
examines the historical development of algebra, numerical analysis, and computational
science, providing the necessary context for the study.

Chapter 2 focuses on providing an in-depth review of the existing literature related to CAS.
This chapter discusses the main advantages and disadvantages of different CAS, as well
as their development over the years. The author makes important observations on the
differences between desktop and online CAS, and presents examples of their applications
in various scientific and educational contexts. This chapter provides a comprehensive and
well-structured overview of CAS, including their applications, advantages, and limitations. It
shows how these systems are evolving and how new technologies such as Al and parallel
processing can contribute to their future development.

Chapter 3 explores new technologies in CAS, focusing on Al and parallel computing. The
first part analyzes the potential of Al for automating and optimizing mathematical tasks, while
the second part examines parallel computing for accelerating processes in CAS. The
chapter provides a well-structured overview of emerging technologies, with a clear focus on
Al and parallel computing. It includes examples of successful Al applications in
mathematics, demonstrating their significance for scientific progress, as well as a detailed
examination of the principles of parallel computing and their role in optimizing complex
calculations.



Chapter 4 discusses and analyzes techniques to improve the performance of CAS, such as
optimization through memory pre-allocation, vector operations, and parallel computing, as
well as methods for evaluating efficiency, such as benchmarking. It highlights the
advantages of different CAS, such as Mathematica, MATLAB, and Maple, and presents
methods to achieve better efficiency and accelerate computations. The reviewed techniques
for improving CAS performance and the advantages of different systems such as
Mathematica, MATLAB, and Maple provide valuable strategies for accelerating calculations
and achieving better efficiency depending on specific needs. The provided examples
illustrate the practical applications of these techniques in various scenarios and highlight the
role of each system in specific cases.

Chapter 5 summarizes the results, demonstrating that optimizing CAS through techniques
like code profiling, memory pre-allocation, and parallel computing significantly improves
performance. Furthermore, the chapter examines the application of these systems in various
professional and educational contexts, emphasizing their ability to facilitate complex
calculations and provide intuitive visualizations. Special attention is given to the differences
in usability and efficiency of desktop and online versions of CAS. The study finds that while
online platforms offer convenience and accessibility, but often face limitations related to
dependence on an Internet connection and lower computing power compared to their
desktop versions. On the other hand, desktop versions provide greater functionality and
optimal performance, making them the preferred choice for tasks requiring significant
computing resources.

In Chapter 6, the author presents his scientific and scientific-applied contributions,
emphasizing the importance of parallel processing and the integration of Al in CAS. He
offers more than forty specific tips for optimizing CAS work, which could be integrated into
future versions of these systems as user tips. The comparison between different CAS
considers their technical characteristics, capabilities, price, and other important factors that
would help users choose the most suitable system for specific tasks. In addition, in this
chapter, the author presents short summaries of his published papers related to the topic of
the dissertation, emphasizing the main results and their contribution to the development of
the relevant field.

Summary:

The PhD thesis is written in clear and concise scientific language. The organization of the
text is logical, and the illustrations are excellent. The methodology used is adequately
selected and allows the full realization of the aim and objectives of the research.

The PhD student has studied a large amount of literature on the research topic and has
been able to well present the current state of the research problem. The list of used
references includes 67 titles in English, including a large number of Internet addresses. A
careful review of the list shows that it includes relevant sources from the past 10 years.

The PhD student demonstrates a deep understanding of the current state of the problem,
encompassing both the broader technological context of CAS and specific strategies and
techniques for improving their efficiency.



The main contributions in this PhD thesis research are scientific and scientific-applied and
can be summarized as follows:

Over 40 specific recommendations for using CAS have been identified, which
improve performance and algorithmic complexity. This finding is valuable for future
CAS users as well as developers, as it provides essential guidelines for code
optimization and operational efficiency.

Based on an analysis of existing systems, the PhD student proposes advancements
in CAS with more intelligent, user-friendly functions that adapt to user requirements,
emphasizing the application of Al and parallel processing for solving complex
mathematical problems.

A comprehensive comparative analysis of various CAS systems has been conducted,
covering technical characteristics, functionalities, and user orientation. The analysis
provides practical guidance for selecting the appropriate system based on the specific
requirements of mathematical tasks and highlights the limitations of existing CAS.

A concept of energy complexity is proposed as a method for evaluating the
effectiveness of algorithms, applicable to energy efficiency optimization in mobile
applications and embedded systems.

On the topic of the study, eleven published papers in English are presented, three of which
are indexed in Scopus.

The auto-abstract (PhD Abstract) is consistent with the text of the PhD thesis. It is in a
volume of 44 pages and corresponds in structure and content to the requirements for a
representative reflection of the PhD thesis.

Critical remarks and recommendations

The dissertation presents a number of proposals to improve CAS performance, but
some of them have not been sufficiently addressed. For example, the
recommendation to use dynamic programming and greedy algorithms is not
supported by specific examples or tests to demonstrate their effectiveness. In
future research, it would be useful to include specific examples or test demonstrations
to illustrate how these techniques can be applied in real-world situations.

The text presenting the contributions of the dissertation is relatively long and
descriptive. A clearer distinction would highlight the author's original contribution.



Conclusion:

The PhD thesis shows that the PhD student Kostas Zotos has the necessary theoretical
knowledge and professional skills in the scientific specialty "Informatics”, demonstrating the
ability to independently plan and conduct scientific research in the field of informatics.

Based on the above, | give my positive assessment of the scientific research presented in
the PhD thesis, the auto-abstract, and the publications, and | propose that the respected
scientific jury give their positive vote for awarding the educational and scientific degree
"Doctor" to Kostas Zotos in the field of higher education: 4. Natural sciences,
mathematics, and informatics, professional field: 4.6. Informatics and computer
sciences, doctoral program: ,Informatics”.

11.02.2025 Chair of the scientific jury:

Blagoevgrad Assoc. Prof. Radoslav Mavrevski, PhD
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