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nPB OEN/PART 1:

AncTpakTt (Makcumym 250 36o0poBHM)

MonekynapHata Ouonormja M uHoOpMaTMKaTa Ce KOMMIEKCHUM obnactn uuja
TepMUHONoruja n HOMeHkrnaTypa 3By4YaT cocemMa Herno3HaTo 3a fyreTo KOou He ce
3aHMMaBaart co Toa. buomHgopmaTukaTa rm crnojyea ABeTe nonuwba 1u gogasa gosa
Ha cTaTucTMKa, KOMOMHaATOpPMKa U OPYrv rpaHkKU o4 MaTemaTukaTa.

Ha nouyeTokoT, Ke pageme nperneg v cnopegbeHa aHanu3a Ha MNOCTOEYKUTE
anroputTMun 1 anaTtku 3a napoo un nosekekpatHo OHK nopamHyBawe, 03HadyBare
Ha reHW, ekcnpecuja Ha reHu W MpOTEeMHW, Mpenopaka Ha anroputMyM 3a
konabopaTuBHa 3gpaBCTBeHa 3alwTuTa...uTH. Llenta Ha NpoekToT € pa3Boj Ha HOBM
anroputmn 3a HK nopamHyBawe, npebapyBare 1 rpynupare, HOB anroputam 3a
npenopaka BO korabopaTvBHa 34paBCTBEHa 3awTuTa U ynotpeba Ha pasnuyHm
MeTa-XeBPUCTUYKN anroputMu 3a 6buomeauumnHckn annukauuun. [naHupame pa
cosgageme coprBepcka 6mMbnmnoTteka, Koja ke ce COCToM 0f MOCTOEYKUTE U HOBO-
AN3ajHUpaHnTe anropuTmu.




Abstract (max 250 words)

Molecular biology and computer science are complex fields whose terminology and
nomenclature can be formidable to the outsider. Bioinformatics merges the two
fields, and adds a healthy dose of statistics, combinatorics, and other branches of
mathematics.

At the beginning, we will give a survey and comparative analysis of existing
algorithms and tools for sequence alignment, multiple sequence alignment, marking
of the genes, expression of the genes and proteins, recommendation algorithms for
collaborative health care, etc. The aim of this project is to develop a new algorithms
for DNA alignment, search and clustering, new recommendation algorithm for
collaborative health care and use of different meta-heuristic algorithms for
biomedical engineering applications. We plan to create a software library that will
consists of existing and new designed algorithms.




[eTaneH onuc Ha NPOEKTOT:

Bosep

Pa3BojoT Ha reHeTukaTa pesynTvpa CO OFPOMHA KOMMYMHa Ha OWMOMOLIKM nogatouun, npegmeTt Ha

HanpeaHa npecMeTKoBHa aHanm3a. buonHdgopmaTtukaTa ce 3aocHoBa Ha ynotpeba Ha nHgopmaumckn

TEXHVKM 3a aHanuM3a W uHTeprnpeTauuja Ha OGuonowku nogatoum. locTtojaHa e notpebaTta of

anroputmn 3a [OHK nopamHyBawe, npebapyBarwe U rpynvpame, Kako M onTuMmsauvja Ha Beke

nocrtoeykuTe npuctann. MIMeHo, BpemeHckaTa HeedMKacHOCT Ha noctoedvkuTe TexHukn 3a OHK
nopamHyBam€e € rmaBHMOT HegocTaTtok. AnroputMoT Ha Smith n Waterman (T. SMITH & al. [1]), nma

O(nm) BpeMeHcka KOMMNEKCHOCT U U3Haora eAHO ONTUMarHO pelleHne CO BMETHYBaHe Ha NpasHMHU.

Hamecto ga ce 6apa egHo ontumanHo pewenue, M. WATERMAN n M. EGGERT [2] npeTcTaBuja

naea 3a U3Horakwe Ha k nogonTMMarHu nokanHu nopamMHyBana. [NaBHNMOT HeJOCTATOK Ha anropuTMOT

Ha Waterman n Eggert e NOBTOpHO HenuHeapHaTa BpeMeHCKa KOMMIEKCHOCT. 3a aa ce onTummnsmpa

MemopuckaTta komnnekcHocT Ha Waterman-Eggert anroputmot, X. HUANG n W. MILLER [3] Bo 1990

npenioxvja NMMHepaHoO MEMOPUCKO pelleHne Ha npobnemot Ha Waterman n Eggert. HoBute 6p3u

umnnemeHTtaumm, kako: FASTA (D. LIPMAN & al. [4]) n BLAST (S. ALTSCHUL & al. [5]), Bpwart
npebapyBare Ha OrPOMHW FEeHeTCKM nogaToyHn 6a3un, u3Haorajkm XOMONMOrHN CEeKBEHUM BO OAHOC Ha
pedepeHTHa - Heno3HaTa CeKkBeHLa, Npu LTO pPeLLEHNETO CeKorall He ONTUMAanHOTO.

MHory wnctpaxyBaum paboTtat Ha anropuTMu 3a nogobpa 3gpaBcTBEHa rpwxka Ha nauveHTuTe u

CMCTEMW KOW OBO3MOXYyBaaT MOCTOjaH Hag30p Ha 34paBsjeTo Ha nauueHtute. U nokpaj Toa wWTO

TEKOBHUTE anroputMuM umaaT CNMYHOCTW, Tue MefycebHo ce pasnukyBaat. Lee et al. [7] npegnara

MobuneH 3apaBCcTBEH MHAOPMALIMCKN CUCTEM U anropuTam koj o6e3benysa curHanusaumja. Cucrtemor

Ha Jog Falls [8] e KoHeueH cucTem 3a KOHTpona Ha aujabeTec u Hag30p Ha eHepreTcka ekcrnaHsuja,

HajaBa 3a AMeTa W aHanu3a Ha 34paBCTBEHWUTE NodaToum, Kako 3a nauuMeHTUTe, Taka 1 3a nekapuTe.

MediNet [9] ro nepcoHanusmpa 34paBCTBEHMOT MPOLEC, CO TFEHepupake Ha NUYHM MopakuM 3a

nauneHTuTe, BP3 OCHOBA Ha TEKOBHUTE N NPETXOOHUTE OTYUTYBawa Of HaArneaHuTe ypeaun nosp3aHu

3a MauMeHToT, NpoMnoT Ha NauMEeHTOT WM LeraTa Ha MeAUMUMHCKMOT TpeTMaH. [naHvpame aa
npeanoXxvme anroputam Koj ke reHepvpa npenopaka 3a KOHKpeTHa akTMBHOCT, KOja KOPUCHUKOT Tpeba

Aa ja u3Bpwun 3a ga ro nogobpu ceBoeTo 3apasje. [Npenopakata ke ce reHepvpa Bp3 OCHOBa Ha

3apaBcTBeHaTa cocTojba Ha KOPUCHWUKOT M MeAMLMHCKaTa UCTopuja Ha NauneHToT.

3eMajkn v BO npenBua NMPECMETKOBHUTE HeOOCTaToUM Ha OEeTEPMUHUCTUYKMTE anropuTMKU Kako

rpaguveHT Ha nHdopMaumja, nspaseHa 3aBUCHOCT Of MoveTHaTa BpegHOCT M orpomMHaTta Memopucka

anokauuja, MeTa-XeBpUCTUYKUTE anropuTMm ce 3emaT Kako u3Boanuea antepHaTmeBa. Merta-

XEBPUCTUYKUTE anropuTMU Cce pasrnedyBaaT Kako UTepaTMBEH MPOLIEC, 3a0CHOBAH Ha Cry4ajHOCT U

npaBuna 3a n3Haorawe Ha NoBOMHM KaHAMAAT peLleHnja, co uen eurkacHo aa ce NpoHajae peLueHue,

Onvcky 0o onTMManHoTo. Hekou o MeTa-xeBpUCTMUKMTE anropuTMU 3a pellaBake Ha WUHXEHEPCKU

6uomeamumHckn npobnemu ce: BewTtadkute HespoHckn Mpexun (ANN) [10], FeHeTckmuTe anroputmu

(GA) [11], OnTmm3aumja Ha poj YecTtuum (Particle Swarm Optimization) [12], Ant Colony onTumnsauwja

(ACO) [13] u Simulated Annealing (SA) [14]. HeopamHa, Geem et al. [15] npegnoxu HoB meTa-

XEBPUCTUYKM anroputam 3a XapMOHUCKO npebapyBahe 3a peluaBawe Ha OnTUMM3aumcky npobnemu.

CnopelyBajkn ro xapMoHUCKOTO npebapyBake CO MeTa-XxeBPUCTUYKUTE anroputMu, ce nokaxa geka

XapMOHUCKOTO npebapyBawe r0 HarnacyBa [OUBEP3UTETOT M UHTEH3UTETOT. Toa 3HauM [deka

XapMOHUCKOTO npebapyBare BKNy4vyBa [03a Ha Cry4ajHOCT, ehrKacHO MCTpaxyBajKu ro NPOoCTOpoT 3a

npebapyBame, He oadanedvyBajkm ce o4 MOXHMTE MOBOSHW peLLeHuja, UCTOBPEMEHO u3berHyBajku

KOHBepreHuuja KoH ONTUMarHu fokanHu peluexuja. Nnanmpame ga pabotume Ha HOBa 1 NoonTUMarnHa

anTepHaTuBa Ha OBOj anropvTaMm, 3a pellaBake Ha GroMmeanUmMHCKM Npobnemu.
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MpeanoxeHu ncTpaxyBaka
I'InaHMpame 0a rm n3spwimme cnegHmee akTMBHOCTU BO Aal€HUTE BPEMEHCKU paMKN.

1.

Passoj Ha Hosu aneopummu 3a [JHK nopamHysawe, npebapysare U
Knacmepuparse.

MocnegHuTe roanHW, NPeanoXeHW Ce HEKOSKy NofgaTo4YHO-npebapyBayvkm TEXHUKM
3a pewaBake Ha Ouonowku npobnemu. TuNUYHM NpUMEpU Ha aHanusa Ha
OvonowkM nogaToun ce: npeaBuayBawe Ha CTPYKTypa Ha NpoTeuvH, knacudukauuja
Ha reHu, rpynupake Ha reH-uspasHuTe nogatouu, CTaTUCTUYKO MoAenvpare Ha
NPOTEVMH-NPOTEMH  B3aeMHOAECTBMETO, WUTH.  TunuyHu  GuomHdopMaTUyKm
aKTMBHOCTM KOW 1 nonayBaaTt npuaobuekute of ynotpebaTta Ha uUHgopmaunckute
TexXHomnorm ce: aHanusa u npecnukysawe Ha [OHK u npotemHCku CTpyKTypw,
nopamHyBsare Ha [JHK n npoteuHun n kpemparwe Ha 3D Mogenu Ha NpOTENHU.
MoctojaHa e notpebarta opg anroputmmn 3a OHK nopamHyBawe, npebapyBare U
KnacTepupare, Kako M ONTUMM3Mpar-e Ha Beke moctoeukute npuctann. Ke ce
obugeme pfa pasBvMeMe HOBM anroputMm 3a nokanHo wu rnobanHo [OHK
nopamHyBame. Kako WTO e no3HaTo, BpeMeHcKata HeedWKacHOCT € FMaBHUOT
HEeJOCTaTOK Ha MOCTOEYKUTE TEXHWKU 3a JOoKanHO mnopamHyBawe. [lokpaj
BpeMeHcKaTa KOMMIIEKCHOCT, NPOCTOpHaTa KOMMIIEKCHOCT NCTO Taka Moxe Aa buge
orpaHuyyBadkm (pakTop BO Cryyaj Ha MOpaMHyBake Ha [OMrM HYKNeOoTUAHM
cekBeHUn. 3a ga ce Hamanu memopuckaTa komnrekcHocT (D. STOJANOV et al. [6])
ro npeTcTaByBa CEKOj CoBNaraykvm perMoH co NogaToyHa Tpojka, MAEHTUMUKYBAjKN T
noyeTHUTE MNOMNoXbm n [OomKMHATaA Ha Cekoj coBnaradkm pernoH. MseplieHuTe
Mepera BO [6] jacHO ykaxyBaaT Aeka memopuckaTa KOMMIEKCHOCT € fuHeapHa,
Aopeka BpeMeHckaTa komnnekcHocT e O(nm?). Hajromem gen op BpeMeTo Ha
n3BpLLYBakE BO [6] Ce TPOLLM Ha NPOBEPKa Ha CUTE MOXHWU KOMOUHALMKN Ha FTOKanHu
nopamMHyBawa BO PaMKM Ha MNPEMOKPMBAYKM CErMEHTU CO e[HaKBa AOIDKMHA U
OpojoT Ha obpaboTeHn KaHAMAaT-peweHunja. Bo cnyyaj Ha nopamHyBake Ha O0OMNrM
IOHK cekBeHun, noronem Opoj Ha coBnaravyku PervMoHn ce Aen oA ONTUMAIIHOTO
rniokanHo nopamHyBawe. VICTO Taka, BepojaTHOCTa 3a M3Haorakwe Ha ONnTUMAaIHO
NOKarnHo nopamMHyBaHe BO PaMKU Ha M-HYKNEOTUAEH PEruoH, Kage m e JOIpKMHaTa
Ha nomanata [HK cekBeHua, € noronema oz BepojaTHOCTa ONTUMANHOTO peLleHne
Aa Ce MpoHajde BO paMKM Ha MpPEernoKpMBadku CErmMeHTM CO Mnomanky o4 m
HyKneoTuau.

CnepcTtBeHo, Lenata Ha oBaa aKTMBHOCT € pa3Boj Ha ©Op3a mertogonoruja 3a
fnokanHo nopamMHyBahe, CO fMHeapHa BPEeMEHCKa WM MPOCTOPHA KOMMEKCHOCT —
O(m), BO cny4yaj Ha nopamHyBawe Ha xomornorHu [OHK cekBeHuu co npmbnvxHO
WOEHTMYHA JOJPKUHA.

WcTo Taka ke paboTnme Ha nogaTtovHo—MNpebapyBaykm anropuTMmn, KoM MoXaT Aa ce
npMMeHaTa 3a Haofawe Ha reHu, getekumja Ha yHKUMjaTa Ha HenosHaT MPOTENH,
onTMMM3aumja 3a neKkyBawe Ha Oonect, PEeKOHCTPyKUMja Ha MpOTEeMH WU TeH-
WHTEpaKumMcka Mmpexa.

Pa3seoj Ha Ho8 anzopumam 3a KonabopamusHa 30pagcmeeHa 3awmuma

Pa3BojoT Ha NnauneHT-nepcoHanu3npaHn NPEeBEHTUBHN CUCTEMU € TEKOBEH TPEHA BO
3gpaBcTBeHaTa 3awTtuTa. [peBeHTMBHATa 3gpaBCcTBeHa 3awwTuTa ondpaka mepuku
Ha: An3ajH, pa3Boj 1 OLleHKa Ha KOMMjyTepCckuTe TeXHOMOrM, Kou of egHa cTpaHa
npaBaT NauMeHTUTe akTUBHM Y4eCHWUM BO NpoLecoT Ha nogobpyBarwe Ha HUBHOTO
3gpaBje, 06e3beayBajkn  NEKCMOUNHOCT Ha CEKOjOHEBUTE aKTMBHOCTM Ha
nauueHToT. MaTtemaTuykn Moden Ha HOB anroputam, KOj reHepupa npenopaku 3a
NPeBEeHTMBHO AernyBake, HacnpoTu BONMHMYKM TPETMaH e BO NiaH 3a pa3soj. [naBHa
uen Ha OBOj amroputam e YyTBpAyBawe Ha penauuja nomery 3apaBCcTBeHaTa
coctojba Ha KOPUCHMKOT W WM3BpleHUTe uanykm axktmBHocTu. CreacTBeHO,
NpeanoXeHnoT anroputam Tpeba ga reHepvpa nNpenopaky Kou ke My MOMOrHaT Ha
KOPUCHUKOT Aa v Nnpucnocobu pmanyknte akTuBOCTK, CO Len Aa ro nogobpu cBoeTo
3gpasje. OBue npenopaku, Tpeda ga rn oxpabpyea KOpUCHULUTE Oa BOAAT akTUBEH
W 30paB XUBOT, UCMOSHET CO PM3UYKN aKTUBHOCTU M Ha TOj HAYMH UCTUTE Oa cTaHaT
YMHUTENW Ha OAPXKYBaHETO Ha COMCTBEHOTO 3ApaBje.

Llenta Ha oBOj anroputMoT Koj ke Guae npeanoxeH e yTBpAyBake Ha 3aBMCHOCTA
nomMery 3gpaBCcTBeHaTa COCTOj0a Ha KOPWCHUKOT U (DU3UYKUTE aKTUBHOCTU KOM
WCTMOT M n3BpLIyBa. ANrOPMTMOT BKIyYyBa konabopauuckn U rpynnpaydkm TEXHUKK
CO Uen ga ce reHepupaT Mpenopaky 3a MNpeBeHTMBHA [AenyBawe. 3a da ce
OBO3MOXMW TOa, Ce 3eMaaT BO npeaBuj 34paBCcTBeHaTa UcTopuja Ha NauneHToT 1 ce




ynoTpebyBaaTt rpynupayki anropMtMu 3a KrnacTepupare Ha CIUYHWUTE nogaTtouu.
Camarta knacudmkaumnja obes3denyBa peneBaHTHW npenopaku, buaejkm uctute ce
n3BedeHn BpP3 OCHOBA Ha WCKYCTBO 3@ KOPWUCHMLM CO CIIUYHU 30PaBCTBEHU
napameTpw.

OrpomeH 6poj Ha napameTpwu ja onpegenysaaT nuyHocTta. Bo rmaBHo ce paboTtu 3a
KOHTUHyanHW MpPOMEHNMBKU, npeaMeT Ha Mepewe. Opf pgpyra crpaHa, 6wuo-
MeaWLMHCKMTE napameTpu N (PeHOMEHM Haj4ecTo ce KOMMIIEKCHN 3a MaTemaTudka
aHanu3a. lNopaam HMBHaTa KOHTUHyanHa npupoaa, ¢asn cMcTeMnTe ce 3eMaart Kako
penpeseHT Ha MeauuuHckaTa peanHocT. da3nm MoxecTBata OBO3MOXYyBaat
npUpoAeH onuc Ha BUO-MeULUHCKUTE NPOMEHNNBU, CO ynoTpeba Ha cumbBonNu4ku
Mogenu n gopmanuamu, 6e3 notpeba oa aHanNUTUYKO Moaenupame.

3atoa BO HawwmoT anroputam, dasm MHOXecTBaTa W asn guckpetusauuvjata ce
pasrnegyBaaT Kako COOABETEH MpucTan, WTO M HagMUHYBa pasfnukuTe nomery
OVCKPETHOTO  pe3oHupawe Bo WT cuctemute UM HempekuHaTocTa  Ha
OvomeguumMHCKUTE  NapameTpu. lMpeonoxeHwoT  anropvtam ke  Ouge
UMMNNEeMEeHTUpaH BO paMKM Ha Oubnuortekata v BanvaupaH co ynotpeba Ha
reHepuukn nogartoumn. Pesyntatute of Banupaumjata ke bugaT npeTcTaBeHu 1 Bp3
OCHOBa Ha HUB Ke BuaaTt n3BegeHn cooaBEeTHU 3aKnydoLun.

UmnnemeHmayuja Ha Mema-xeepucmudku anz2opummu  3a 6buomMeduyuHCcKuU
annukauyuu

Hekonky meTa-xeBpUCTUYKM anroputMu ke bugaT MMnnemeHTMpaHu 3a peluaBane
Ha onTuMwmsaumnckn GruomeamumnHCcKn npobnemu, Bp3 OCHOBA Ha CnegHvBe npucTanu:
reHeTckn anroputmu, ant-colony, particle swarm optimization 1 xapMoOHCUKO
npebapyBame.

[eHeTCKMOT anroputam e XeBpuUCTUYKO npebapysBare, cMMynaumja Ha NpoLecoT Ha
npupoaHa esonyuuja. TakBaTa XeBpWUCTMKa ce ynoTpebyBa 3a reHepupame Ha
ynotpebnueu pelleHuja 3a onTuMmnsaunckn n npedapysaykm npobnemu. 'eHeTckute
anroputMnM ce Aden OA Knacata Ha €eBOSMYTUBHW anropuTMu, KOW reHepvpaar
pelleHvja Ha onTMMu3aumnckm npobnemu, ynotpebyBajkn TEXHUKN MHCAMPUPaHN of
npvpogHaTta eBonyLuja, Kako LITO Ce: HacrneayBaweTo, MyTauumjaTta, cenekuujata um
BKPCTYBaH-€TO.

Ant colony onTMMM3aunCKMOT anroputamM € TEXHMKA 3a pellaBake Ha MPEeCMETKOBHU
npobnemu, 3aoCHOBaH Ha TeopujaTa Ha BEpOjaTHOCT, KOM Ce cBedyBaaT Ha
n3Haorame Ha NoBOJSHW NaTekn Aok rpad.

AnropuTMOT e gen oA npetxogHaTa hamunuvja, u ce CocTon of MeTaxeBpUCTUYKa
ontummsaumja. NouyeTHata naea e npebapyBarwe Ha onTMManHa nateka BO rpad,
CMMYHO Ha OfHecyBaEeTO Ha MpaBkuTe kou GapaaT naTteka nomery KofioHujata u
M3BOPOT Ha XxpaHa. OpuruHanHaTta mgea ce MpoOLWMPKU M UCTaTa ce NMpuMeHyBa 3a
pelwaBake Ha noroneMm 6poj Ha HymepuukM npobrnemm u Kako pesynTaT of Toa
npousneroa HeKkonky npobnemw.

Poj yectuum (Particle swarm) onTumu3aumjata € npecMeTkoBEH MeTon KOj BpLuu
onTMMu3aumja Ha npobnem, obuayBajkM ce nocTeneHo da NpoHajae MomnoBOSHO
kaHgmpat peweHune. PSO Bpwwu ontmmsauuja Ha npobnem Hag nonynaumja Ha
KaHgmaaTt pelleHunja, MHOXECTBO Ha YeCcTUUM, KOU ce NoMecTyBaaT BO NMPOCTOPOT Ha
npebapyBatbe BO COrMacHOCT CO MaTemaTuyka onpegenba, co npegeduHupaHu
3abp3yBatba ¥ nonoxobw. [BMKEeHEeTO Ha cekoja uYecTMua € 3aBWCHO Of
HajnoBonHaTa nonoxo6a 1 UCTOTO BO MAHWHA € BOAEHO KOH HajroBOMHUTE MOMOX6M
BO MPOCTOPOT Ha npebapyBawe, OAHOCHO POJOT 4YecTWUM Ce MOMeCcTyBa KOH
ONTUMAarnHoOTO peLUeHue.

XapmoHuckoTo npebapyBake € (DeHOMEH-MVMUKPUPaYKu anroputam, Koj Haora
npumeHa BO MHoOry annukaumu. EgeH oa knyyHute chaktopu 3a ycnex Ha OBOj
anropytam e CTOXaCTUYKMOT M3BOf, KOj MOXe Aa ce ynoTpebu n 3a ANCKpPeTHM
BpegHocTW. Hacnpotu TpaguuuoHanmHUOT  MPEeCMETKOBHO-6asvpaH rpaguveHT,
anropMTMOT € 3a0CHOBaH Ha UCKYCTBO Kako M3BOoJ BO NpoLecoT Ha npebapyBare Ha
ONTMMarnHoTo peweHne. Toa moxe ga 6uge HoBa napagurma u rmaBHa NpuyvHa 3a
pa3BOj Ha NoOBEKEe annkKauum.

JAusajH u umnnemeHmauyuja Ha cogpmeepcka 6ubnuomeka 3a 6UOMEOUUUHCKU
annukayuu

Bo nocnegHata hasa o npoekToT ke OmaaT MMNNemMeHTMpaHu MpeTxodHuTe
anropuTMKM BO €AMHCTBEHA codpTBepcka Oubnuoteka. [NpBuH ke ce p[u3ajHupa
apxutekTypata Ha codTBepckata 6ubnuoTeka. [IBa Mogenun Ha apxuTekTypa ke
oupaTt oueHeTu: TpocnojHa u MVC kako MOXHW pelueHuja. Llenta Ha akTMBHOCTa €




Kpeupawe Ha apXUTEKTypeH MoAen Koj ond)aka HEeKONKy He3aBUCHW MOoZySnM Co
3aegHMyka MaTematMdka U nporpamcka nnatcdopma. KopucHuuute Ha
OvbnnoTtekata ke MMaaT MOXHOCT 3a u3bop Ha MnoBeKke of eneH KOPUCHUYKM
UHTepgejC.

BpemeHcka pamka:

Meceuu 1-6: [lpaBene nperneg un cnopegdeHa aHanMsa Ha anropuTMUTE N anaTkute Kou
ce kopuctat Bo obrnactute Ha: a) napoBo u noeekekpaTHo [OHK nopamHyBawe ©)
O3HadyBak-e Ha reHu B) eKcnpecuja Ha reHu U NpPoTeWHW r) anropuTMu 3a npernopaka 3a
konabopaTuBHa 34paBCTBEHa 3allTuTa.

Bo oBaa ¢hasa ke npodormkM WM HaWeTo WCTpaxyBawe Ha anroputMM 3a MNapoBO W
noBekekpatHo [HK nopamHyBare, a ke ce HanpaBu M obuag ga ce TpaHcdopmupaaT
HawwuTe anroputmu 3a naposo [OHK nopamHyBawe BO anroputmu 3a nosekekpatHo [OHK
nopamMHyBaHe€.

Mcto Taka Bo oBaa hasa Ke ce 3anovyHe co codpTBepkcaTa Gubnmoteka, MOTOYHO CO
nMnnemMeHTnpake Ha Beke MOCTOEYKM anroputMuy, a oBaa nocTarnka ke npoaoJsikKn n BO
HapeaHuTe 3 chasn.

Meceun 7-12: lMpogorkyBake Ha UCTpaxkyBawaTa NOBP3aHM CO MpBaTa aKTUBHOCT U CO
AV3ajH Ha HOBW anropuTMy U HUBHO MMMIIEMEHTUPAHSE.

Bo oBaa ¢hasa ce nnaHupa ga ce 3ano4YHe M co BTopaTa akTUBHOCT, @ Ce NPOAOIKyBa M CO
paboTaTta Ha cogpTBepckaTa bubnmoTeka.

Meceun 13-18: Bo oBaa (pasa ke ce 3anoyHe CO TpeTaTa akTMBHOCT, a ke NpoAosnKyBaT
NcTpaxyBarsaTa MoBp3aHu CO NpBaTa M BTopaTa akTueHocT. Ke ce mpogonu co auaajH u
UMMMeMeEHTPake Ha HOBWUTE anropuTtMu, U CO Toa ke ce Komnnetupa codTBepckarta
bubnuoreka.

Meceuu 19-24: Hay4Ho—uCTpaxyBaykute pes3yntatm ke Ougatr npeseHTUpaHW Ha
noLuMpoKaTa jaBHOCT Ha HEKONKY HayMHU W Toa MpeKky npe3eHTauum Ha MeryHapoaHu U
AOMallHW KOHbepeHLMK, a ronem Aen oA pesynratute ke ouagaT nybrvKyBaHW Kako Hay4yHU
TPYLOBW BO HAy4YHW CrincaHuja.

Ha kpajoT Ha Hay4YHO—MCTpaXyBa4KknOT NepuoA ke criegm uspaboTtka Ha MN3BeluTaj BO Koj Ke
OmpaTt npukaxkaHn cuTe OOCTUrHyBaka 3a BPEME Ha UCTPaXKyBaykMOT nepuos.




Details of the proposal:

Introduction
Recent developments in genetics and protein structures produced a large amount of biological data
that require advanced computational analysis. Computational biology or bioinformatics uses
information techniques to analyze and interpret biological data. Currently in the field of bioinformatics
there is an urgent need of algorithms for DNA alignment, search and clustering, as well as optimization
of the existing ones. Namely, the time inefficiency has been the major disadvantage of current known
local pairwise alignment techniques. Smith—-Waterman’s algorithm (T. SMITH & al. [1]) requires fixed
O(nm) time, identifying one optimal (score maximized alignment), allowing gaps insertion. Instead of
finding one optimal alignment, M. WATERMAN and M. EGGERT [2] came up with an idea of identifying
k suboptimal local alignments. The main disadvantage of Waterman—Eggert's algorithm is again the
nonlinear time complexity. In order to reduce the space complexity of Waterman—Eggert’s algorithm, X.
HUANG and W. MILLER [3] in 1991 presented a linear space solution of Waterman—Eggert's
algorithm, being until then the space cheapest local alignment technique. Newly heuristic ultrafast
solutions, such as: FASTA (D. LIPMAN & al. [4]) and BLAST (S. ALTSCHUL & al. [5]), are applicable
for fast search of large genetic database, identifying similar sequences regarding referent sequence,
not always finding the optimal solution.
There are many researches working on algorithms for better health care of patients and systems that
will help to have continuous monitor of the health of the patients. Although all proposed algorithms
have similarities, they are all different and have own unique features. Lee et al. [7] propose an
intelligent mobile healthcare information system and algorithm with alerting. Jog Falls system [8] is an
end to end system to manage diabetes that blends activity and energy expenditure monitoring, diet-
logging, and analysis of health data for patients and physicians. MediNet [9] personalizes the process
of healthcare by generating personalized messages to the patients based on current and previous
readings from monitoring devices connected to the patient, patient's profile, location, and the content
and purpose of medical treatment. Despite this, we will propose an algorithm that will generate
recommendation for a specific activity that user should perform in order to improve his health. The
recommendation will be based on users’ given health condition and set of knowledge derived from the
history of the user and users like him.

Due to the computational drawbacks of the deterministic algorithms like gradient information, strong

initial value dependency and huge enumeration memory requirements, meta-heuristic algorithms have

been considered as a feasible alternative. Meta-heuristic algorithms can be observed as an iterative
process which is using rules and randomness to enhance the candidate solution in order to find
efficiently near-optimal solution. Some of the meta-heuristic algorithms employed to solve biomedical
engineering problems are: Artificial Neural Network (ANN) [10], Genetic Algorithm (GA) [11], Particle

Swarm Optimization (PSO) [12], Ant Colony Optimization (ACO) [13] and Simulated Annealing (SA)

[14]. Recently, Geem et al. [15] has proposed a new harmony search (HS) meta-heuristic algorithm for

solving optimization problems. Comparing HS to other meta-heuristic algorithms, it has been proven

that the HS algorithm performs better considering the concepts of diversification and intensification.

This means that HS has a randomization phase that is more efficient in exploring the search space,

whilst not going to far from the possible good solutions and avoids converging to local optimal

solutions. We will work on definition of a novel and more optimal alternative of this algorithm for solving
biomedical problems.
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Research Project

In this project we plan to complete the following research activities within the indicated time

frame.

1.

Development of a novel algorithm for DNA alignment, search and clustering.

In recent years, several successful applications of data mining techniques for solving
biological problems have been reported. Some examples of analyzing large data
sets and inferring structure are: prediction of protein structure, gene classification,
clustering of gene expression data, statistical modeling of protein-protein interaction,
etc. Some common activities in bioinformatics that benefit from using information
techniques are mapping and analyzing DNA and protein sequences, aligning DNA
and protein sequences and creating 3-D models of protein structures.

Currently in the field of bioinformatics there is an urgent need of algorithms for DNA
alignment, search and clustering, as well as optimization of the existing ones. In this
activity, firstly we will try to develop and implement novel algorithms for DNA local
pairwise alignment. Namely, the time inefficiency has been the major disadvantage
of current known local pairwise alignment techniques. Despite the time complexity,
space complexity is often found as a limiting factor when aligning large nucleotide
sequences. In order to reduce space complexity of an alignment, methodology
presented in (D. STOJANOV et al. [6]) represents each region of consecutive
matching nucleotides with a triple, identifying region’s length and starting positions at
the sequences. Based on this representation, measurements performed in [6] clearly
show that linear space is required, while the time complexity is O(nm?). Most of the
time in [6] is wasted on examining all combinations of un-gapped local alignments
within overlapping sections and the number of alignments being examined. When
aligning similar nucleotide sequences, large regions of consecutive matching
nucleotides are part of the optimal un-gapped local alignment. Also, the probability of
finding an optimal un-gapped local alignment within m—nucleotides long overlapping
sections is higher than the probability of finding it in overlapping sections with less
than m nucleotides, where m is the length of the smaller nucleotide sequence,
subject of an alignment.

Thus, the aim of this activity is development of fast local alignment generating
methodology, requiring linear time and space — O(m), when aligning approximately
same size, similar nucleotide sequences.

We are going to work with data mining algorithms, that can be applied to gene
finding, protein function domain detection, function motif detection, protein function
inference, disease diagnosis, disease prognosis, disease treatment optimization,
protein and gene interaction network reconstruction, etc.

Development of a novel recommendation algorithm for collaborative health care

The recent trend in healthcare support systems is the development of patient-centric
pervasive environments in addition to the hospital-centric one. Pervasive health care
takes steps to design, develop, and evaluate computer technologies that help
citizens participate more closely in their own healthcare, on one hand, and on the
other to provide flexibility in patients’ active everyday life with work, family and
friends. In the framework of this working package mathematical model of a novel
algorithm that generates recommendations and suggestions for preventive
intervention instead of emergency care and hospital admissions is planned to be
developed. The main purpose of this algorithm is to find the dependence between
users’ health condition and performed physical activities. In this way, the proposed
algorithm should generate recommendations that will help the user to adapt his
physical activities in order to improve his own health. These recommendations
should also encourage users to lead an active life filled with physical activities and
thus become direct participants in maintaining their own health care.

The main purpose of this algorithm is to find the dependency of the users’ health
condition and physical activities they perform. The algorithm will incorporate
collaboration and classification techniques in order to generate recommendations
and suggestions for preventive intervention. To achieve this, we will consider
datasets from the health history of users and use classification algorithms on these
datasets for grouping the users based on their similarity. Use of classified data when
generating the recommendation provides more relevant recommendations, because
they are enacted on knowledge for users with similar medical conditions and




reference parameters.

There are a number of parameters that might be used to characterize a person.
They are all mainly continuous variables and they are measured with (near)
continuous resolution. On the other hand, the bio-medical parameters and
phenomena are often too complex and too little understood to be modelled
analytically. Because of its continuous nature, the fuzzy systems are very close to
the medical reality and at the same time, fuzzy sets allow natural description of bio-
medical variables using symbolic models and their formalisms, avoiding the
analytical modelling.

Therefore, in our algorithm, fuzzy sets and fuzzy discretization will be considered as
a suitable approach that can bridge the gap between the discrete way reasoning in
the IT systems and the continuity of biomedical parameters. The proposed algorithm
will be implemented within the library and validated using generic data. The results
of this validation will be presented and conclusions will be derived.

Implementation of meta-heuristic algorithms for biomedical engineering applications

In this action several meta-heuristic algorithms will be implemented with emphasis
on their application in solving optimization biomedical engineering problems. The
following algorithms will be developed: genetic algorithms, ant-colony, particle
swarm optimization and harmony search.

Genetic algorithm (GA) is a search heuristic that mimics the process of natural
evolution. This heuristic is routinely used to generate useful solutions to optimization
and search problems. Genetic algorithms belong to the larger class of evolutionary
algorithms (EA), which generate solutions to optimization problems using techniques
inspired by natural evolution, such as inheritance, mutation, selection, and
crossover.

Ant colony optimization algorithm (ACO) is a probabilistic technique for solving
computational problems which can be reduced to finding good paths through graphs.
This algorithm is a member of the ant colony algorithms family, in swarm intelligence
methods, and it constitutes some metaheuristic optimizations. The initial idea was
aiming to search for an optimal path in a graph, based on the behavior of ants
seeking a path between their colony and a source of food. The original idea has
since diversified to solve a wider class of numerical problems, and as a result,
several problems have emerged, drawing on various aspects of the behavior of ants.
Particle swarm optimization (PSO) is a computational method that optimizes a
problem by iteratively trying to improve a candidate solution with regard to a given
measure of quality. PSO optimizes a problem by having a population of candidate
solutions, here dubbed particles, and moving these particles around in the search-
space according to simple mathematical formulae over the particle's position and
velocity. Each particle's movement is influenced by its local best known position and
is also guided toward the best known positions in the search-space, which are
updated as better positions are found by other particles. This is expected to move
the swarm toward the best solutions.

Harmony search (HS) is a phenomenon-mimicking algorithm inspired by the
improvisation process of musicians. Nowadays, music-inspired phenomenon-
mimicking harmony search algorithm is fast growing with many applications. One of
key success factors of the algorithm is the employment of a novel stochastic
derivative which can be used even for discrete variables. Instead of traditional
calculus-based gradient, the algorithm utilizes musician’s experience as a derivative
in searching for an optimal solution. This can be a new paradigm and main reason in
the successes of various applications.

Design and implementation of software library for biomedical applications

The last activity of this project foresees implementation of all the previously
developed algorithms and their integration into a single software library. In this
activity the architecture of the library will be designed first. Two architecture models
will be evaluated: three-tier and MVC as possible solutions. The main aim of this
activity will be to produce an architecture model that will enable plug-and-play
possibilities for various independent modules implementing various algorithms and
providing the same mathematical foundation for all of them. Moreover, the library will
be designed so, that it will enable various interfaces towards the end-users
applications.




Timeframe for conducting the specified research activities:

Months 1-6: Making a survey and comparative analysis of existing algorithms and tools for:
a) pair and multiple DNA alignment b) marking of the genes c¢) expression of the genes and
proteins d) recommendation algorithms for collaborative health care.

In this phase, our research on algorithms for pair and multiple DNA alignment will continue,
and we will try to transform our algorithms for DNA alignment in algorithms for multiple DNA
alignment.

Also in this phase, we will begin with creation of the software library, or more precisely with
implementing of existing algorithms, and this process will continue in following 3 phases.

Months 7-12: We will continue with the research in the first activity and the design and
implementation of new developed algorithms. In this phase we will begin with the second
activity, and we will continue our work on software library.

Months 13-18: In this phase, the third activity will begin, and the research for the first and
second activity will continue. We will design and implement new algorithms, so the
implementation of the software library will be completed.

Months 19-24: Scientific results will be presented to the public in several ways, through
presentations on the international and home conferences, and papers in journals. At the end,
we will produse a Report for all our achivments in the research period.
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Y4yecTBO BO HayYHOUCTPaXKyBaUYKN NPOEKTH:

HacnoB Ha Mepuop PuHaHCcHpaH Ynora Bo
NpPoOeKToT oa: NPOEKTOT
(rmaBeH
ucTpaxyBayd

nnn y4eCHuK

MATHH/] — bankancka u
HcTouHo-eBporicka Mpexa
3a OIMpERE Ha eKCIIep-TH3a
0]l MaTeMAaTHKa 3a
HHIYCTpHja

2001 - 2003

EBponcka komucuja
IST mpoext

YuecHuk

3agonmkeHuja BO Npeanor-npoeKkToT Co BpeMeHCcKa paMKa:

Meceun 1-6: Ke yyecTByBa BO MpaBeH-eTO Ha Npernes u cnopeabeHa aHanmaa Ha
anroputMuTe M anaTtkiTe KoM ce KopucTaT a) napoBo M nosekekpaTHo [OHK
nopamHyBawe 6) anropuTmMu 3a npenopaka Ha konabopaTvBHa 34paBCTBEHA

3auTuTa.

Meceun 7-18:

e Kpeupahe Ha anroputam 3a naposo AHK nopamHyBare
e Kpeupahe Ha anropuTtam 3a nosekekpatHo [JHK nopamHyBawe

e Kpeupawe Ha anroputam 3a npenopaka Ha konabopaTvBHa 34paBCTBEHA

3aTnTa

e Kpeunpake Ha HOBM MeTa-XeBPUCTUYHM anroputMun 3a OromegMuUMHCKM

annukaumm

e eBanyauuja, knacudukaumja n cnopenba Ha HOBOJOOMEHMTE anropuTMu

° annemeHTau,Mja Ha HOBUTE alnropnuTtMm

Meceuu 19-24: luwyBawe Ha HayyHW TPYAOBM BO KO Ke OuaaT W3NoXeHu
AobveHnTe HayyYHW pesynTtaTh, HUBHO JOCTaByBahe 3a NevyaTterwe BO MelfyHapooHU
Hay4HU CrMcaHuja 1 HUBHO Npe3eHTUpake Ha Hay4yHu KoHepeHuun. M3paboTka Ha

KpajHuoT M3BeLTa;.



http://csrc.nist.gov/groups/ST/hash/sha-3/Round1/Feb2009/documents/NaSHAforweb.pdf

UctpaxyBau: (npunoxete nocebeH hopmynap 3a CeKoj UCTpaxKyBau
BKITy4YeH BO MPOEKTOT)

MUme u npesnme Cawo Kouecku

Tutyna [OKTOp Ha TEXHUYKM HaYKK

Mo3unumja [loueHT

Appeca Kpcte Mucupkos 66, LUtun, P. MakegoHuja
Ten / dakc: 00 389 32 550 124

e-mail saso.koceski@ugd.edu.mk

Kpatka 6uorpadmja:

O6pasoBaHue:

[OoKTOp Ha TeXHUYKM Hayku, YHuBepautet L’Aquila, NTanwuja, 2008.
Maructep Ha komnjyTepcku Hayku, PEUT, YKNM, 2001.
Ounnomupan enektpo uuxeHep, PEUT, YKMM, 2000.

PaboTHO uckycTBoO:

HoueHT Ha PakynTeT 3a nHdopmatuka npu Y, Wrun, 2009 -

Momnaga nctpaxysad, PakynTeT 3a MHXEHePCTBO, YHuBepauTeT L’Aquila,
Wtanuja, 2005-2009
Uctpaxysau, MAHY, 2001/02

YneHcTBO BO npochecruoHanHu acouujauumm:

EUropean RObotics research Network (EURON)
European Robotics Technology Platform (EUROP)

NMone Ha Hay4YeH UHTepec:

Po6oTrka n MHTENUreHTHU CUCTEMM
BuonHpopmaTmka

Mogenupare n cumynaumja
KomnjyTepcka rpadgpuka v Busyenusauuja

TpyAaoBu o6jaBeHn BO nocneaHuTe 5 roagMHMU BO CTPYYHU CNMCaHMja Kom
ce HaoraaT Ha mefyHapogHo npu3HaTtaTta nucta CLUU (SCI - Science
citation index), co Ha3Ha4yeH UMNakT pakTop 3a CeKoj TPYA;:

(1]

(2]

(3]

(4]

(5]
(6]

(7]

(8]

[9]

Koceski, Saso and Koceska, Natasa and Kocev, Ivica (2012) Design and Evaluation of Cell
Phone Pointing Interface for Robot Control. Int J Adv Robotic Sy, 9 (135). ISSN 1729-8806 (IF
(2011) = 0.375)

Natasa Koceska, Saso Koceski, Francesco Durante, Pierluigi Beomonte Zobel and
Terenziano Raparelli (2013). Control Architecture of a 10 DOF Lower Limbs Exoskeleton for
Gait Rehabilitation. Int J Adv Robotic Sy, 10, (68). ISSN 1729-8806 DOI: 10.5772/55032 (IF
(2011) = 0.375)

Stojanov, Done, Koceski, Saso, and Mileva, Aleksandra (2013). DNA FLAG: Fast Local
Alignment Generating Methodology. Romanian Biotechnological Letters 18 (1), (in print). ISSN
1224-5984 (IF (2011) = 0.349)

J. Pop-Jordanov, N. Pop-Jordanova, S. Koceski, "EEG spectrum gravity as a preliminary
arousal indicator and neurofeedback parameter”, Neuroscience Letters, Volume 500,
Supplement, July 2011, P. €33 doi:10.1016/j.neulet.2011.05.162 (Impact factor: 2.055)

D. Stojanov, A. Mileva, S. Koceski, A new, space-efficient local pairwise alignment
methodology, Advanced Studies in Biology, Vol. 4, 2012, no. 2, 85 — 93, ISSN 1313-9495
Trajkovik, V., E. Vlahu-Gjorgievska, |. Kulev and S. Koceski, 2012. Providing collaborative
algorithms support for personal health care. Am. J. Bioinform., 1: 41-49. DOI:
10.3844/ajbsp.2012.41.49

Shteriev F., Koceska N., Koceski S., Software platform for visualization and evaluation of
carpal tunnel syndrome, Contributions, Sec. Biol. Med. Sci., MASA, XXXIII, 1 (2012), ISSN
0351-3254

Natasa Koceska, Saso Koceski, Pierluigi Beomonte Zobel, Francesco Durante, Terenziano
Raparelli, "Un prototipo di Gait Trainer", Oleodinamica pneumatica lubrificazione, ISSN 1122-
5017, no. 5 (Maggio), 2011 , p. 64-69

Natasa Koceska, Saso Koceski, Pierluigi Beomonte Zobel and Francesco Durante (2011).




Gait Training using Pneumatically Actuated Robot System, Advances in Robot Navigation,
Alejandra Barrera (Ed.), ISBN: 978-953-307-346-0, InTech

[10] S.Koceski, N.Koceska "Interaction between players of mobile phone game with augmented
reality (AR) interface", 2nd International Conference in User Science and Engineering, 29
November - 2 December 2011, Selangor, Malaysia

[11] O. Kotevska, E. Vlahu-Gjorgievska, V. Trajkovik, S. Koceski, "Towards a Patient-Centered
Collaborative Health Care System Model", In the Proc. of the 4th IEEE International
Conference on Computer Science and Information Technology, June 10-12 2011, Chengdu,
China

[12] S. Koceski, N. Koceska, “Vision-based Gesture Recognition for Human-Computer Interaction
and Mobile Robot's Freight Ramp Control”, Proc. Of 32nd IEEE International Conference on
Information Technology Interfaces, June 21-24, Dubrovnik, Croatia 2010

[13] S. Koceski, N. Koceska, P. B. Zobel, F. Durante “Real-Time Spline Trajectory Creation and
Optimization for Mobile Robots“, International Conference on Automation, Robotics and
Control Systems, Orlando, USA, 2009, pages: 75-80, ISBN: 978-1-60651-008-7, Publisher:
ISRST

Y4yecTBO BO HayYHOUCTPaXKyBaUYKyU NPOEKTH:

HacnoB Ha Mepuop PuHaHcHpaH Ynora Bo
MPOEeKTOoT oa. NMPOEKTOT
(rmaBeH
ncTpaxysad
nnn y4eCHuK
1. Video 2009-12 EU TEMPUS Koopaunatop
Conferencing Project Agreement
Services for Number: 144650-
Education TEMPUS-2008-IT-
JPGR
2. Applied research 2004-07 POI-Region YyecHuk
and Education in Abruzzo, Italy
Bioengineering
3. Collaborative 2011-12 VuecHuK
model for mobile
system for
prevention of
increased blood
sugar level

3agonmxkeHuja BO Npeanor-npoeKkToT CO BpeMeHCKa paMKa:
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Meceun 1-6: Ke yyectByBa BO npaBer-e Nperneq W aHanuWaa Ha annvkaumu 3a
napoBO W noBekekpaTHO mopamHyBawe Ha [HK cekseHun. Ke 6uae BknyyeHa BO
nspabotka Ha CTyauja 3a MpMMeHa Ha TeXHWKUTE 3a MNOAATOYHO pyAapere 3a
pellaBawe Ha npobnemn Bo GuomHdopmMaTuka, koM ondakaaTt npeaBuayBawe Ha
CTPYKTypa Ha NpoTeuHu, Knacudurkaumja Ha reHun, Knactepupakwe Ha MHdopMauum
Of, TreHcKa eKkcnpecwja W CTaTUCTUYKO MoJenupawe Ha MpPOTEUH-NPOTENH
NMHTepakumja.

Meceuu 7-18:
e Kpeupahe Ha anroputam 3a naposo AHK nopamHysare
e Kpeupawe Ha anroputam 3a nosekekpatHo [JHK nopamHyBar-e
e Kpeupare Ha anroputam 3a Kracudukaumja n knactepupare Ha npounm
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N3paboTka Ha KpajHWoT M3BeLwTa.
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3awTuTa

e eBanyauuja, knacudukauuja n cnopenba Ha HoBogobueHuTe anropuTMm
e UMMMEMeHTauuja Ha HOBUTE anropuTMu

Meceum 19-24: NnwyBare HaA Hay4YHU TPYAOBMK BO KOU ke BuaaT nanoxeHu
AobneHnTe Hay4yHu pesynTaTi, HUBHO AOCTaByBakE 3a NevaTewe BO MeryHapoaHu
Hay4HW cnucaHmja u HUBHO NPEe3eHTMPaHe Ha Hay4YH KoHdepeHumn. M3paboTka Ha
KpajHmnot U3BeLwTa;.




Mnag uctpaxyBau: (npunoxeTte noceb6eH hopmMynap 3a cekoj mnag
UCTpaxyBay BKIly4YeH BO MPOEKTOT)

MUme u npesnme HoHe CtojaHOB

Tutyna MarncTtep Ha enekTpoTexHuKka u
NHOPMATUYKN TEXHOSOTUN

Mo3uumja AcCUCTEHT

Appeca Kpcte Mucupkos, 66, LUtnn, P. MakegoHwuja

Ten /| Pakc: 00 38932550134

e-mail done.stojanov@ugd.edu.mk

KpaTtka 6uorpadmja:

PooeH e Ha 15.01.1985 Bo Ctpymuua. Bo 2008 gunnomupan Ha PakynrteT 3a
enekTpoTexHnka N uHdopmaumckn TexHonorum, Ckonje. Bo 2010 roguHa ce
3gobuBa co TuTyna Maructep Ha copTBEPCKO MHXEHEPCTBO, BpaHejkn ja TemaTa,
"BuonHdopMaTUyKa aHanmsa Ha NOCTOEYKM U HOBU MOAENMU Ha NMPOTEUHU”.
On centemBpn 2011 paboTm kKako nomnag acucteHT Ha PakynTeToT 3a
nHgopmaTmka npu YI4 - Wrun.

TpynoBu o6jaBeHn BO nocnegHuTe 5 roaMHn BO CTPYYHU CrMCaHUja Koun
ce HaoraaT Ha mefyHapoaHo npu3sHaTtata nucta CLU (SCI - Science
citation index), co Ha3Ha4eH uMnNakT pakTop 3a CeKoj TPYA;:

[1] Stojanov, Done, Koceski, Saso, and Mileva, Aleksandra (2013). DNA FLAG: Fast Local
Alignment Generating Methodology. Romanian Biotechnological Letters 18 (1), (in print). ISSN
1224-5984 (IF (2011) = 0.349)

[2] D. Stojanov, A. Mileva, S. Koceski, A new, space-efficient local pairwise alignment
methodology, Advanced Studies in Biology, Vol. 4, 2012, no. 2, 85 — 93, ISSN 1313-9495

[3] Stojanov, Done (2012). IC: Intelligent Clustering, a new time efficient data partitioning
methodology. International Journal of Computer Science and Information Technologies, 3 (5).
pp. 5065-5067. ISSN 0975-9646

[4] Stojanov, Done and Cekerovski, Todor and Suteva, Gabriela (2012). Technically Supported
Bioinformatical Education. In Proceedings of TIO 2012 2 (pp. 595-598), Cad&ak.

[5] Stojanov, Done (2012). TUNING PID CONTROLLING PARAMETERS FOR DC MOTOR
SPEED REGULATION. Yearbook of the Faculty of Computer Science.

[6] Stojanov, Done and Cveta Martinovska (2012). TIME COMPLEXITY IMPROVEMENT OF
THE FIRST PROCESSING STAGE OF THE INTELLIGENT CLUSTERING. Yearbook of the
Faculty of Computer Science.

[7] Stojanov, Done (2011). AcnekTy Ha NPUMEHMAMBOCT Ha AaneynHcko yyewe. In: MeryHapoaeH
Hay4YHO-CTpy4eH cobwup, ,,06pasoBaHneTo Bo 21-0T Bek", 09.12.2011, Butona.

Y4yecTBO BO Hay4YHOUCTpPaXyBa4ykKu NPOeKTU:

HacnoB Ha Mepuop PuHaHCcUupaH Ynora Bo
NPOEeKTOT oa: NPOEKTOT
(rmaBeH
ucTpaxyBau
UNn y4eCHUK

M3paboTka Ha 4OKTOPCKU TPyA — HACnNoB:
Anzopummu 3a nopamMHyeaH-e Ha [JHK cekeeHyu

3agomkeHuja BO Npeanior-npoekToT CO BpeMeHCcKa pamka:



http://eprints.ugd.edu.mk/189/
http://eprints.ugd.edu.mk/189/
http://eprints.ugd.edu.mk/190/
http://eprints.ugd.edu.mk/190/
http://eprints.ugd.edu.mk/1080/

Meceuu 1-6: Ke yuecTByBa BO NpaBer-€TO Ha npernea u cnopeabeHa aHanmsa Ha
anroputMuMTe M anatkMTe KoM Cce KopucTaT 3a napoBo W nosekekpaTHo [OHK
nopamHyBaH-€e.

Ke npogomku co [OCEralHoOTO WUCTPaxyBarwe Ha anroputMuTe 3a NapoBo U
nosekekpaTHo [HK nopamHyBame.

Meceun 7-18:
e Kpeupawe Ha anroputam 3a naposo OHK nopamHyBame
e Kpeupahe Ha anropuTtam 3a nosekekpatHo [HK nopamHyBamne
e MMMNIIEMEHTUPAKE, eBanyauunja n cnopegba Ha HoBogOOMEHMTE anropuTMu
e Kpeupahe Ha Beb annukauuja 3a HoBuTe anroputMun 3a [JHK nopamHyBane

Meceumn 19-24: lMuwyBawe Ha Hay4yHM TPydOBM BO KOM Ke OuaaT U3NOXKEHU
AobveHnTe HayyYyHun pesynTtaTn, HUBHO JOCTaByBake 3a NevyaTterwe BO MelyHapoaHU
Hay4yHM CnMcaHuja U HUBHO Mpe3eHTUpake Ha HayyHu KoHdepeHumn. Ce odvekyBa
AEeKa BO paMKUTE Ha OBOj NpOeKT ke buaat gobveHn noronem gen og pesynrature
3a HEroBUOT AOKTOPCKN TPYA.
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Ten /| dakc: 00 38978493234

e-mail marija.kalejska@ugd.edu.mk

Kpatka 6uorpadmja:

PogeHa e Ha 16.02.1990 Bo Wtun. unnommnpana Ha PakynTeToT 3a MHdopMaTmka
npn YI'O Bo 2012 rognHa. Bo oktomBpn 2012 ce 3anuwyBa Ha NOCTAUMIIOMCKAM
ctyaun, moayn VIHTenureHTHn BeG TeXHONOrMn, 1 Nokaxysa nocebeH MHTepec KOH
BGuonHdopmaTmkara.

TpynoBu o6jaBeHn BO nocnegHuTe 5 roaMHn BO CTPYYHU CrMCaHUja Koun
ce HaoraaT Ha MefyHapoaHo npu3sHaTtata nucta CLU (SCI - Science
citation index), co Ha3Ha4eH uMnNakT pakTop 3a CeKoj TPYA;:

Y4yecTBO BO HayYHOUCTPaXKyBaUYKN NPOEKTH:

HacnoB Ha Mepuop PuHaHCcHpaH Ynora Bo
NpPoeKToT oa: NPOEKTOT
(rmaBeH
ucTpaxyBad
WUNn y4eCHUK

U3paboTka Ha MarucTtepcku Tpya — Hacros:
lNMpumeHa Ha mexHUKU Ha N00amoOYHO pydaper-e 80
6uouHgpopmamukama

3apgomkeHuja BO Npeasnor-npoeKkToT Co BpeMeHCcKa paMkKa:

Meceun 1-6: Ke yyecTByBa BO MpaBer-e Npernes U aHanusa Ha annvkauum 3a
napoBO U MoBekeKpaTHO rmopamHyBare Ha [HK cekseHun. Ke 6upe BknyyeHa BoO
n3paboTka Ha CTyauja 3a nNpuUMeHa Ha TeXHUMKUTe 3a NOAAaTOYHO pygapewe 3a
pewaBake Ha npobrnemn Bo GBUonHopmMaTrka, kom ondakaaT npeasuayBame Ha
CTPYKTypa Ha NpoTeuHu, Knacudurkaumja Ha reHun, knactepmparwe Ha MHdopmMmauum
OO TeHcKa eKcrnpecuja M CTaTUCTMYKO Mogenuvpawe Ha NpOTEeUH-NPOTEUH
NMHTepakumja.

Meceun 7-18:
e eBanyauuja, knacudumkaumja n cnopeaba Ha pasnMyHuTe BMOMHGOPMATUYKN
anropuTMmn Kou KopuUcTaT TEXHUKM Ha NogaTOYHO pyaapere
e UMMSIEMEHTaUMja Ha MOCTOEYKUTE M HOBUTE anroputMy Bo codpTBepckaTta
GubnmoTeka

Meceuu 19-24: luwyBake Ha HayyHU TPYAOBM BO KOW Ke OBuaaT W3NoXeHu
AobveHnTe HayyYHun pesynTaTn, HUBHO JOCTaByBake 3a NevyaTtere BO MeryHapogHU
Hay4HM cnMcaHuja U HUBHO Mpe3eHTUpake Ha HayyYHW KoHdepeHuun. Ce ovekyBa
AeKa BO paMKuTe Ha OBOj NPOEKT ke buaat gobueHn noronem gen og pesynratute
3a HEj3NHNOT MarmcTepckun Tpya.




Researchers:

Principal researcher

Name Surname Aleksandra Mileva
Title PhD of computer science
Position Assistant professor
Address Krste Misirkov b.b., 2000 Stip, R. Macedonia
Tel./Fax. 00 389 32 550 106
e-mail aleksandra.mileva@ugd.edu.mk
Short CV:
Education:

PhD of computer science, Univ. “Ss. Cyril and Methodius”, Faculty of Natural
Sciences, 2010.

Master of computer science, Univ. “Ss. Cyril and Methodius”, Faculty of
Natural Sciences, 2004.

Graduated engineer of computer science, Univ. “Ss. Cyril and Methodius”,
Faculty of Natural Sciences, 1998.

Working positions:

Assistant Professor at Faculty of computer science at Univ. “Goce Delcev”,
Stip, 2010 -

Teaching and research assistant at Faculty of computer science at Univ.
“Goce Delcev*, Stip, 2007-2010

Teaching and research assistant at Faculty of mining and geology at Univ.
“Ss. Cyril and Methodius*, Stip, 2005-2007

Younger assistant at Faculty of mining and geology at Univ. “Ss. Cyril and
Methodius*, Stip, 2001-2005

Demonstrator at Faculty of Natural Sciences at Univ. “Ss. Cyril and
Methodius®, Skopje, 1999-2001

Membership in professional associations:

IEEE
ICT-ACT, Macedonia

Scientifically-research fields of interest:

Cryptography

Computer and network security
Theory of quasigroups
Bioinformatics

Digital Image Processing

Scientific papers published in the last 5 years in SCI - Science citation
index, indicating the impact factor

(1]
(2]

(3]

(4]
(5]

Stojanov, Done, Koceski, Saso, and Mileva, Aleksandra (2013). DNA FLAG: Fast Local
Alignment Generating Methodology. Romanian Biotechnological Letters 18 (1), (in print). ISSN
1224-5984 (IF (2011) = 0.349)

Mileva, Aleksandra, and Markovski, Smile (2012) Shapeless quasigroup derived by Feistel
orthomorphisms. Glasnik Matematicki, 47 (2), 333-349. ISSN 0017-095X (IF (2011) = 0.302)
Stojanovic, Igor, Markovski, Smile, Martinovska, Cveta, and Mileva, Aleksandra (2012).
Application of the progressive wavelet correlation for image recognition and retrieval from the
collection of images. TTEM — Technics Technologies Education Management 7(4), 1550-
1560. ISSN 1840-1503 (IF (2011) = 0.351)

Mileva, Aleksandra, and Markovski, Smile (2012) Quasigroup representation of some Feistel
and Generalized Feistel ciphers. ICT Innovations 2012, Springer (in print)

Stojanov, Done, Mileva, Aleksandra, and Koceski, Saso, (2012) A new, space-efficient local
pairwise alignment methodology. Advanced Studies in Biology, 4 (2), 85 — 93, ISSN 1313-
9495




[6] Stojanovic, Igor, Mileva, Aleksandra, Stojanovic, Dragana, and Kraljevski, lvan (2012). Image
recognition by using the Progressive Wavelet Correlation. International Journal of Image,
Graphics and Signal Processing 4 (9), 1-7, ISSN 2074-9082.

[7] Zlatkovski, Dragi, Suteva, Natasa, and Mileva, Aleksandra (2012). SQL Injection test system
for students. Proceedings of the 9th International Conference for Informatics and Information
Technology (pp. 234-236), Bitola.

[8] Bikov, Dusan, Stojanova, Aleksandra, and Mileva, Aleksandra (2012). Software tools for
learning "Computer Security" course. In Proceedings of TIO 2012 1 (pp. 178-184), Cadak.

[9] Mileva, Aleksandra, and Markovski, Smile (2010). On the Prop Ratio Tables of Extended
Feistel Networks and Their Quasigroups. Math. Maced. 8, pp. 53-59, ISSN 1409-9721.

[10] Mileva, Aleksandra (2010). Cryptographic Primitives with Quasigroup Transformations. “SEE
Young Researchers Workshop” from TEMPUS Project SEE Doctoral Studies in Mathematical
Sciences (144703-TEMPUS-2008-BA-TEMPUS-JPCR). Mathematica Balcanica 24, Fasc.3-4,
pp. 207-216.

[11] Markovski, Smile, and Mileva, Aleksandra (2009). Generating huge quasigroups from small
non-linear bijections via extended Feistel network. Quasigroups and related systems 17(1),
pp. 91-106, ISSN 1561-2848.

[12] Dimitrova Vesna, Markovski, Smile, and Mileva, Aleksandra (2009). Periodic quasigroup string
transformations. Quasigroups and related systems 17(2), pp. 191-204, ISSN 1561-2848.

[13] Mileva, Aleksandra, and Markovski, Smile (2009). Quasigroup string transformations and hash
function design. A case study: the NaSHA hash function. In D. Davcev & J. M. Gomez (Eds.)
ICT Innovations 2009 (pp. 367-376), Springer Berlin Heidelberg.

[14] Mileva, Aleksandra, and Dimitrova, Vesna (2009). Quasigroups constructed from complete
mappings of a group (£F,®). Contributions, Sec. Math. Tech. Sci. MANU, XXX, 1-2, pp. 75-
93, ISSN 0351-3246.

[15] Markovski Smile, and Mileva Aleksandra (2009). NaSHA - cryptographic hash functions. NIST
First SHA-3 Candidate Conference, Leuven, Belgium. Retrieved January 30, 2013 from
http://csrc.nist.gov/groups/ST/hash/sha-3/Round1/documents/NaSHAUpdate.zip.

[16] Markovski, Smile, Mileva, Aleksandra, Dimitrova, Vesna, and Gligoroski, Danilo (2009). On a
Conditional Collision Attack on NaSHA-512. IACR Cryptology ePrint Archive, Report 2009:
034.

Participation in research projects

Project title Period Financed by Role in the
project (Pl or
participant)

MATHIND- Balkan and
East European network
for diffusion of 2001 - 2003
mathematics for industry
expertise

European commission,

IST project Participant

Tasks to be conducted in the frame of the project proposal (timetable)

Months 1-6: She will participate in making a survey and comparative analysis of
the algorithms and tools for a) pair and multiple DNA alignment b) recommendation
algorithms for collaborative health care.

Months 7-18:
e design of algorithm for DNK sequence alignment
¢ design of algorithm for multiple DNK sequence alignment
e design of algorithm for recommendation algorithms for collaborative health
care

e design of novel meta-heuristic algorithms for biomedical applications
e evaluatuion, classification and comparision of new algorithms
e implementation of new algorithms

Months 19-24: Writing of scientific papers with obtained scientific results, and their
submission to journals or presentation to conferences. Writing of the final Report.



http://csrc.nist.gov/groups/ST/hash/sha-3/Round1/Feb2009/documents/NaSHAforweb.pdf

Senior Scientist/ Researcher

Name Surname Saso Koceski
Title PhD of technical science
Position Assistant professor
Address Krste Misirkov b.b., 2000 Stip, R. Macedonia
Tel./Fax. 00 389 32 550 124
e-mail saso.koceski@ugd.edu.mk
Short CV:
Education:

* PhD of technical science, Univ. of L’Aquila, Italy, 2008.

» Master of computer science, Univ. “Ss. Cyril and Methodius”, Faculty of
electrical engineering and informatics technologies, 2001.

* Graduated electrical engineer, Univ. “Ss. Cyril and Methodius”, Faculty of
electrical engineering and informatics technologies, 2000.

Working positions:
» Assistant Professor at Faculty of computer science at Univ. “Goce Delcev®,
Stip, 2009 -,
» Junior researcher, Faculty of Engineering at University of L’Aquila (Italy),
2005-2009
* Researcher, Macedonian academy of sciences and arts (MANU), 2001/02.

Membership in professional associations:
* EUropean RODbotics research Network (EURON)
» European Robotics Technology Platform (EUROP)

Scientifically-research fields of interest:
* Robotics and intelligent systems
* Bioinformatics
* Modelling and simulations
» Computer graphics and visualization

Scientific papers published in the last 5 years in SCI - Science citation
index, indicating the impact factor

[1] Koceski, Saso and Koceska, Natasa and Kocev, lvica (2012) Design and Evaluation of Cell
Phone Pointing Interface for Robot Control. Int J Adv Robotic Sy, 9 (135). ISSN 1729-8806 (IF
(2011) = 0.375)

[2] Natasa Koceska, Saso Koceski, Francesco Durante, Pierluigi Beomonte Zobel and
Terenziano Raparelli (2013). Control Architecture of a 10 DOF Lower Limbs Exoskeleton for
Gait Rehabilitation. Int J Adv Robotic Sy, 10, (68). ISSN 1729-8806 DOI: 10.5772/55032 (IF
(2011) = 0.375)

[3] Stojanov, Done, Koceski, Saso, and Mileva, Aleksandra (2013). DNA FLAG: Fast Local
Alignment Generating Methodology. Romanian Biotechnological Letters 18 (1), (in print). ISSN
1224-5984 (IF (2011) = 0.349)

[4] J. Pop-Jordanov, N. Pop-Jordanova, S. Koceski, "EEG spectrum gravity as a preliminary
arousal indicator and neurofeedback parameter”, Neuroscience Letters, Volume 500,
Supplement, July 2011, P. €33 doi:10.1016/j.neulet.2011.05.162 (Impact factor: 2.055)

[5] D. Stojanov, A. Mileva, S. Koceski, A new, space-efficient local pairwise alignment
methodology, Advanced Studies in Biology, Vol. 4, 2012, no. 2, 85 — 93, ISSN 1313-9495

[6] Trajkovik, V., E. Vlahu-Gjorgievska, |. Kulev and S. Koceski, 2012. Providing collaborative
algorithms support for personal health care. Am. J. Bioinform., 1: 41-49. DOI:
10.3844/ajbsp.2012.41.49

[7] Shteriev F., Koceska N., Koceski S., Software platform for visualization and evaluation of
carpal tunnel syndrome, Contributions, Sec. Biol. Med. Sci., MASA, XXXIIl, 1 (2012), ISSN
0351-3254

[8] Natasa Koceska, Saso Koceski, Pierluigi Beomonte Zobel, Francesco Durante, Terenziano
Raparelli, "Un prototipo di Gait Trainer", Oleodinamica pneumatica lubrificazione, ISSN 1122-
5017, no. 5 (Maggio), 2011 , p. 64-69




[9] Natasa Koceska, Saso Koceski, Pierluigi Beomonte Zobel and Francesco Durante (2011).
Gait Training using Pneumatically Actuated Robot System, Advances in Robot Navigation,
Alejandra Barrera (Ed.), ISBN: 978-953-307-346-0, InTech

[10] S.Koceski, N.Koceska "Interaction between players of mobile phone game with augmented
reality (AR) interface", 2nd International Conference in User Science and Engineering, 29
November - 2 December 2011, Selangor, Malaysia

[11] O. Kotevska, E. Vlahu-Gjorgievska, V. Trajkovik, S. Koceski, "Towards a Patient-Centered
Collaborative Health Care System Model", In the Proc. of the 4th IEEE International
Conference on Computer Science and Information Technology, June 10-12 2011, Chengdu,
China

[12] S. Koceski, N. Koceska, “Vision-based Gesture Recognition for Human-Computer Interaction
and Mobile Robot's Freight Ramp Control”, Proc. Of 32nd IEEE International Conference on
Information Technology Interfaces, June 21-24, Dubrovnik, Croatia 2010

[13] S. Koceski, N. Koceska, P. B. Zobel, F. Durante “Real-Time Spline Trajectory Creation and
Optimization for Mobile Robots®, International Conference on Automation, Robotics and
Control Systems, Orlando, USA, 2009, pages: 75-80, ISBN: 978-1-60651-008-7, Publisher:
ISRST

Participation in research projects

Project title Period Financed by Role in the
project (Pl or
participant)
1. Video 2009-12 EU TEMPUS Coordinator
Conferencing Project Agreement
Services for Number: 144650-
Education TEMPUS-2008-IT-
JPGR
2. Applied research 2004-07 POI-Region Participant
and Education in Abruzzo, Italy
Bioengineering
3. Collaborative 2011-12 Participant
model for mobile
system for
prevention of
increased blood
sugar level

Tasks to be conducted in the frame of the project proposal (timetable)

Months 1-6: He will participate in making a survey and comparative analysis of the
algorithms and tools for a) pair and multiple DNA alignment b) recommendation
algorithms for collaborative health care.

Months 7-18:
e design of algorithm for DNK sequence alignment
¢ design of algorithm for multiple DNK sequence alignment
e design of algorithm for recommendation algorithms for collaborative health
care
e design of novel meta-heuristic algorithms for biomedical applications
e evaluatuion, classification and comparision of new algorithms
e implementation of new algorithms

Months 19-24: Writing of scientific papers with obtained scientific results, and their
submission to journals or presentation to conferences. Writing of the final Report.




Senior Scientist/ Researcher

Name Surname Cveta Martinovska Bande
Title PhD in Computer Engineering
Position Associate professor
Address Krste Misirkov b.b., 2000 Stip, R. Macedonia
Tel./Fax. 00 389 32 500 103
e-mail cveta.martinovska@ugd.edu.mk
Short CV:
Education:

* PhD in Computer Engineering, Univ. “Ss Cyril and Methodius”, Electric
Engineering Faculty, Skopje, 1999-2004.

» Courses in Cognitive Science and Intelligent Systems, New Bulgarian
University, Sofia, Bulgaria, 1996-1997.

* MSc in Computer Engineering, Univ. “Ss. Cyril and Methodius”, Electric
Engineering Faculty, Skopje, 1990-1993.

+ BSc in Computer Engineering, Univ. “Ss. Cyril and Methodius”, Electric
Engineering Faculty, Skopje, 1984-1989.

Working positions:

» Associate Professor at Computer Science Faculty, Univ. “Goce Delcev”,
Stip, 2009-present.

» Assistant Professor at Computer Science Faculty, Univ. “Goce Delcev*,
Stip, 2007 — 2009.

» Assistant Professor at Computer Science Faculty, European University,
Skopje, 2005 — 2007.

+ Senior Engineer in Information Technology Department, Intelligence
Agency, Skopje, 1999-2005.

* Programmer, JSP — Skopje, 1994-1996.

* Research Assistant, "Institute of Earthquake Engineering and Engineering
Seismology, Univ. “Ss Cyril and Methodius”, 1990-1993.

Membership in professional associations:
* |EEE
* ICT-ACT, Macedonia

Scientifically-research fields of interest:
* Artificial intelligence
* Bioinformatics
* Data Structures and Algorithms
* Distributed Computer Systems

Scientific papers published in the last 5 years in SCI - Science citation
index, indicating the impact factor

[1] Stojanovic, Igor, Markovski, Smile, Martinovska, Cveta, and Mileva, Aleksandra (2012).
Application of the progressive wavelet correlation for image recognition and retrieval from the
collection of images. TTEM — Technics Technologies Education Management 7(4), 1550-
1560. ISSN 1840-1503 (IF (2011) = 0.351)

[2] Tosheva, Sofija and Martinovska Cveta, (2012) Adaptive E-learning System in Secondary
Education. International Journal of Emerging Technologies in Learning, 7 (1). pp. 36-41. ISSN
1863-0383

[3] Teohareva Filipova, Biljana and Martinovska, Cveta (2012)Analysing Customer Profiles using
Data Mining Techniques. Proceedings of the ITI 2012, 34th International Conference on
Information Technology Interfaces. pp. 73-78. ISSN 1330-1012

[4] Martinovska, Cveta and Nedelkovski, Igor and Klekovska, Mimoza and Kaevski, Dragan
(2012) Recognition of Old Cyrillic Slavic Letters: Decision Tree Versus Fuzzy Classifier
Experiments. In: Proceedings of 2012 IEEE 6™ Int. Conf. on Intelligent Systems. Catalog




(5]

(6]

(7]

Number CFP12802-PRT, 1 . IEEE Conference Publishing, pp. 48-53. ISBN 978-1-4673-2277-
5

Martinovska, Cveta and Igor, Nedelkovski and Mimoza, Klekovska and Dragan, Kaevski
(2012)Fuzzy Classifier for Church Cyrillic Handwritten Characters. In: Proc. of 14th Int. Conf.
on Enterprise Information Systems. SciTePress — Science and Technology Publications,
Portugal, pp. 310-313. ISBN 978-989-8565-10-5

Martinovska, Cveta (2010)Conceptual Clustering and Analysis of Data from Gynecological
Database. In: ICT Innovations 2009. Springer-Verlag, Berlin Heidelberg, pp. 45-54. ISBN 978-
3-642-10780-1

Martinovska C, Maksimova N, Gacovski Z, (2010) A Fuzzy-Based Approach to Selecting
Successful Contractor for Public Procurement, Proc. of the 2 Int. Conf. Science and

Technology in the Context of Sustainable Development, Ploesti, pp. 33-40

Participation in research projects

Project title Period Financed by Role in the
project (Pl or
participant)
1. Video 2009-12 EU TEMPUS Participant
Conferencing Project Agreement
Services for Number: 144650-
Education TEMPUS-2008-IT-
JPGR
2. Designing and 2008-2009 EU TEMPUS Participant
Implementing of Project Agreement
the National Number 145165-
Qualifications TEMPUS-2008-
framework SE-SMHES
3. XPERO - Robaotic 2006-2009 EU FP6 project Participant
learning by
experimentation

Tasks to be conducted in the frame of the project proposal (timetable)

Months 1-6: She will participate in making a survey and analysis of the algorithms
for pair and multiple DNA alignment. She will be involved in preparing a study for
application of data mining technigues for solving biological problems, such as
prediction of protein structure, gene classification, clustering of gene expression
data and statistical modeling of protein-protein interaction.

Months 7-18:
¢ design of algorithm for DNK sequence alignment
¢ design of algorithm for multiple DNK sequence alignment
e design of algorithm for classification and clustering of gene expression
profiles
¢ evaluatuion, classification and comparision of new algorithms
¢ implementation of new algorithms

Months 19-24: Publishing of the results achieved through the research process in
international journals and giving presenting at conventions and conferences.
Preparing of the final report.




Senior Scientist/ Researcher

Name Surname Vladimir Trajkovik
Title PhD in technical sciences
Position Associate professor
Address st. ,Ruger Boskovik® 16, fax 393, 1000 Skopje
Macedonia
Tel./Fall. +38970333101
e-mail trvlado@gmail.com
Short CV:
Education:

o Ph.D. degree in Technical Sciences, Univ. “Ss. Cyril and Methodius”, Faculty
of electrical engineering and informatics technologies, 2003

e MsC degree in Engineering Sciences, Univ. “Ss. Cyril and Methodius”,
Faculty of electrical engineering and informatics technologies, 1997.

o BsC degree in Electrical Engineering, Univ. “Ss. Cyril and Methodius”,
Faculty of electrical engineering and informatics technologies, 1994.

Working positions:

¢ Vice Dean for Science and Cooperation, Associate professor in Computer
Science and IT, University "Ss Cyril and Methodius", Faculty of Computer
Science and Engineering in Skopje, R.Macedonia , 2011 -,

e Associate professor in Computer Science and IT, University "Ss Cyril and
Methodius", Faculty of Computer Science and Engineering in Skopje,
R.Macedonia , 2008-

e Assistant professor in Computer Science and IT, University "Ss Cyril and
Methodius", Faculty of Computer Science and Engineering in Skopje,
R.Macedonia , 2004-2008

e Research and teaching assistant in Computer Science and IT department,
University "Ss Cyril and Methodius", Faculty of Computer Science and
Engineering in Skopje, R.Macedonia , 1997-2004

Scientific papers published in the last 5 years, indicating the impact factor according to JSR
database of Thomson Routers (if any) of the journals in which each paper was published

[1] Vladimir Trajkovik, Elena Vlahu-Gjorgievska, Igor Kulev, “Use of collaboration techniques and
classification algorithms in personal healthcare”, Health and Technology International Journal,
IUPESM and Springer Verlag, Vol2, No 1, ISSN: 2190-7188, e-ISSN: 2190-7196, pp.43-55,
April 2012, (DOI) 10.1007/s12553-012-0015-6,

[2] Vladimir Trajkovik, Elena Vlahu-Gjorgievska, Igor Kulev, Saso Koceski, “Providing
Collaborative Algorithms Support for Personal Health Care”, American Journal of
Bioinformatics, Science Publications, Vol.1, Issue 2, ISSN:1948-9862, e-ISSN: 1948-9870, pp.
41-49, March 2012, (DOI) 10.3844/ajbsp.2012.41.49

[3] Toni Malinovski, Tatjana Vasileva Stojanovska, Vladimir Trajkovik, "QOE measurement in E-
learning systems based on a videoconferencing platform”, International Journal of Research
and Reviews in Next Generation Networks (IJRRNGN),Vol. 1, No. 2, ISSN: 2046-6897,
pp.59-66, December 2011

[4] Jugoslav Achkoski, Vladimir Trajkovik, Metodija Dojchinovski, "An Intelligence Information
System based on Service-Oriented Architecture: A Survey of Security Issues”, Information &
Security: An International Journal, vol. 27 ISSN: 0861-5160, pp. 91-111, 2011

[5] Elena Vlahu-Gjorgievska, Vladimir Trajkovik, “Personal Healthcare System Model using
Collaborative filtering techniques”, International Journal of Research and Innovation -
Advances in Information Sciences and Service Sciences, Vol. 3, No 3, ISSN: 1976-3700,
pp.64-74, April 2011

[6] Biljana Stojkoska, Danco Davcev, Trajkovik Viadimir, “N-Queens based Algorithm for Moving
Object Detection in Distributed Wireless Sensor Networks”, in Journal of Computing and
Information Technology (CIT), Vol. 16, no 4, ISSN: 1330-1136, pp.325-332, December 2008

[7]1 Vladimir Trajkovik, Slagana Gligorovska, Danco Davcev , “Mobile Virtual Blackboard”, IADIS
International Journal on Computer Science and Information System, Volume II, Number 2,
ISSN: 1646-3692 , pp.83-98, October 2007

[8] Blerim Mustafa, Vladimir Trajkovik, Danco Davcev, “Missing Data Correction In Still Images




Using Multi-Resolution Analysis” In Journal of Computing and Information Technology (CIT),
Vol. 15, No 1, ISSN: 1330-1136, pp. 1-5, March 2007

[9] Georgi Kosev, Sonja Gievska, Vladimir Trajkovik, “Motivational and Interruption tradeoffs in a
Mobile Wellness-promoting Application”, ACM conference Mobile HCI 2011, Stocholm,
Sweden, August 30-September 2, 2011,

[10] Sonja Gievska, Vladimir Trajkovik, “Evaluation of Context-aware Coordination of Interruptions
in Mobile Applications”, 7th International Conference on Intelligent Environments 2011
(WISHWell 2011 Workshop), Nottingham, UK, July 25-26, 2011,

[11] Jugoslav Ackoski, Vladimir Trajkovik, “Intelligence Information System (IIS) with SOA-based
Information Systems”, 33rd International Conference on Information Technology Interfaces
(IT1), Cavtat / Dubrovnik, Croatia, June 27-30, 2011,

[12] Jadranka Nikolovska, Vladimir Trajkovik, “Communication Enabled Business Processes: Case
study on ATM Credit Card Limit Request Services”, 33rd International Conference on
Information Technology Interfaces (ITl), Cavtat / Dubrovnik, Croatia, June 27-30, 2011,

[13] Nevenka Kiteva-Rogleva, Vangel Fustic, Vladimir Trajkovik, “Risk Management Methods for
Service Oriented Architecture Implementation in Electric Power System”, |ASTED
International Conference Power and Energy System (EuroPES 2011), Crete, Greece, pages
40-45, June 22-24, 2011,

[14] Elena Vlahu-Gjorgievska, Vladimir Trajkovik,”"Towards Collaborative Health Care System
Model — COHESY”, 3th IEEE Workshop on Interdisciplinary Research on E-health Services
and Systems (IEEE IREHSS 2011), Lucca, Italy, June 20-24, 2011,

[15] Olivera Kotevska, Elena Vlahu-Gjorgievska, Vladimir Trajkovik, Saso Koceski, “Towards a
Patient-Centered Collaborative Health Care System Model’, 4th IEEE International
Conference on Computer Science and Information Technology (IEEE ICCSIT 2011),
Chengdu, China, June 10-12, 2011,

[16] Vlahu-Gjorgievska, E., Kotevska O., and Trajkovik, V., 2011, “Collaboration Model within
Personal Healthcare System”, In Proceedings of 5th International Conference of Information
systems and Grid technologies, Sofia, Bulgaria, May 2011,

Participation in research projects

Project title Period Financed by Role in the project (PI or
participant)
Collaborative model for 2012 Faculty of Computer PI
mobile system for Science and
prevention of increased Engineering
blood sugar level
Location Based Mobile 2011 Faculty of Engineering Pl
Collaboration Services technologies and
Information Systems
Interoperability 2011 Ministry of Education Pl
Application in of R. Macedonia and
Collaborative Information NEOKOM - Skopje
Systems
Video Conferencing 15.01.2009 - EU TEMPUS, Pl
Services for Education 14.01.2012 Agreement Number:
144650-TEMPUS-
2008-1T-JPGR
Study - ICT standards and 2009 NALAS (network of Pl
best practices for Local e- associations of local
Government for South authorities in South
Eastern Europe Eastern Europe)
Realization of Portal based 2009 Ministry of Education Pl
Project Management of R. Macedonia and
Systems Aspekt - Skopje
Integration of Mobile 2008 Ministry of Education Pl
Services in Information of R.Macedonia and
Portals in R.Macedonia EuroNetCom - Skopje
Indexing and Retrieval of 2006/2007 IntegraFM French- Participant
3D objects in MPEG-7 Macedonian program
SCORE - Strengthening 2007/2009 FP6 Specific Support Participant
the Strategic Co-Operation Action project
between the EU and
Western Balkan Region in
the field of ICT Research
Virtual Digital Library 2003/2004 TEMPUS UM JEP Participant
16155-2001
Wireless Services for 2004/2005 TEMPUS UM JEP Participant
strengthening of student 17045-2003
services




Tasks to be conducted in the frame of the project proposal (timetable)

Months 7-18:
e design of algorithm for recommendation algorithms for collaborative health
care

e evaluatuion, classification and comparision of new algorithms
e implementation of new algorithms

Months 19-24: Writing of scientific papers with obtained scientific results, and their
submission to journals or presentation to conferences. Writing of the final Report.




Junior researcher (use separate sheets for each participant)

Name Surname Done Stojanov
Title Master of electrical engineering and
information technologies
Position Research and teaching assistant
Address Ul. Krste Misirkov bb. 2000 Stip, Macedonia
Tel./Fax. 00 38932550134
e-mail done.stojanov@ugd.edu.mk
Short CV:

Born on 15.01.1985 in Strumica. In 2008 has received bachelor degree from the
Faculty of electrical engineering and information technologies in Skopje. In 2010
became master on Software engineering, defending master thesis:
,Bioinformatical analysis of existing and new models of proteins”. Starting
from September 2011, he works as a teaching assistant at the Faculty of computer
science, part of the University ,,Goce Delcev” — Stip.

Scientific papers published in the last 5 years, indicating the impact
factor according to JSR database of Thomson Routers (if any) of the
journals in which each paper was published

[1] Stojanov, Done, Koceski, Saso, and Mileva, Aleksandra (2013). DNA FLAG: Fast Local
Alignment Generating Methodology. Romanian Biotechnological Letters 18 (1), (in print). ISSN
1224-5984 (IF (2011) = 0.349)

[2] D. Stojanov, A. Mileva, S. Koceski, A new, space-efficient local pairwise alignment
methodology, Advanced Studies in Biology, Vol. 4, 2012, no. 2, 85 — 93, ISSN 1313-9495

[3] Stojanov, Done (2012). IC: Intelligent Clustering, a new time efficient data partitioning
methodology. International Journal of Computer Science and Information Technologies, 3 (5).
pp. 5065-5067. ISSN 0975-9646

[4] Stojanov, Done and Cekerovski, Todor and Suteva, Gabriela (2012). Technically Supported
Bioinformatical Education. In Proceedings of TIO 2012 2 (pp. 595-598), Cad&ak.

[5] Stojanov, Done (2012). TUNING PID CONTROLLING PARAMETERS FOR DC MOTOR
SPEED REGULATION. Yearbook of the Faculty of Computer Science.

[6] Stojanov, Done and Cveta Martinovska (2012). TIME COMPLEXITY IMPROVEMENT OF
THE FIRST PROCESSING STAGE OF THE INTELLIGENT CLUSTERING. Yearbook of the
Faculty of Computer Science.

[7] Stojanov, Done (2011). AcnekTn Ha MPUMEHNNBOCT Ha AaneynHcKo yyene. In: MefyHapogeH
Hay4YHO-CTpy4eH cobwup, ,,06pasoBaHneTo Bo 21-0T Bek", 09.12.2011, Butona.

Participation in research projects

Project title Period Financed by Role in the
project (Pl or
participant)

Title of the PhD theses
Algorithms for DNK sequence alignment



http://eprints.ugd.edu.mk/189/
http://eprints.ugd.edu.mk/189/
http://eprints.ugd.edu.mk/190/
http://eprints.ugd.edu.mk/190/
http://eprints.ugd.edu.mk/1080/

Tasks to be conducted in the frame of the project proposal (timetable)

Months 1-6: He will participate in making a survey and comparative analysis of the
algorithms and tools for sequence alignment and multiple DNK sequence alignment.

He will continue with last research of the algorithms for sequence alignment and
multiple DNK sequence alignment.

Months 7-18:
e design of algorithm for DNK sequence alignment
e design of algorithm for multiple DNK sequence alignment
¢ implementation, evaluation and compariosns of new algorithms
o design of a web application for different new algorithms for sequence
alignment and multiple DNK sequence alignment.

Months 19-24: Writing of scientific papers with obtained scientific results, and their
submission to journals or presentation to conferences. We expect in the frame of
this project to obtain most of the results needed for his PhD thesis.




Junior researcher (use separate sheets for each participant)

Name Surname Marija Kalejska

Title BSc in Computer science

Position Student on postgraduate studies

Address Ul. Krste Misirkov bb. 2000 Stip, Macedonia
Tel./Fax. 00 38978493234

e-mail marija.kalejska@ugd.edu.mk
Short CV:

Born on 16.02.1990 in Stip. In 2012 has received bachelor degree from the Faculty
of computer science in Stip, University Goce Deléev.”. Starting from October 2012,
she is on postgraduate studies on Intelligent Web Technologies, and she has a
special interest in bioinformatics.

Scientific papers published in the last 5 years, indicating the impact
factor according to JSR database of Thomson Routers (if any) of the
journals in which each paper was published

Participation in research projects

Project title Period Financed by Role in the
project (Pl or
participant)

Title of the MSci or PhD theses
Application of data mining techniques in bioinformatics

Tasks to be conducted in the frame of the project proposal (timetable)

Months 1-6: She will participate in making a survey and analysis of the algorithms
for pair and multiple DNA alignment. She will be involved in preparing a study for
application of data mining technigues for solving biological problems, such as
prediction of protein structure, gene classification, clustering of gene expression
data and statistical modeling of protein-protein interaction.

Months 7-18:
e evaluatuion, classification and comparision of different bioinformatical
algorithms that use data minig techniques
¢ implementation of existing and new algorithms for software library

Months 19-24: Writing of scientific papers with obtained scientific results, and their
submission to journals or presentation to conferences. We expect in the frame of
this project to obtain most of the results needed for her master thesis.




UcTpaxyBayka nHcpacTpyktypa

UcTpaxyBauku kanauuteTu/onpema
[anete petaneH onmMc Ha uvHpacTpykTypata M onpemaTta koja ke 6buge Ha
pacronarawe Ha UCTpaXKyBaunTe BO UHCTUTYLIMUTE KOW y4eCcTBYyBaaT BO MPOEKTOT

Ha ®dakynTteToT 3a KOMNjyTepCKM Haykm Ha YHuBepauTeToT "loue [denues" uma Lwect
LeNIOCHO OnpemMeHn KommnjyTepckn nabopaTopum KoM ce KopucTaT 3a WUCTpaxyBawe W
HacTaBa.

OBoj thakynTeT ja Mma Ha pacnonarake U criegHaBa MpexHa ofnpema Koja Moxe gda ce
KOpUCTK 3a NoTpebute Ha OBOj NPOEKT:

1-Cisco Catalyst Core Switch 4507R; 5 - Cisco L2/L3 Switch 3560G 48p PoE; 2 - Cisco L2
Switch 2960 48p PoE; 1-Cisco ASA 5505; 1-Cisco Router 2811; 1-Cisco Wireless LAN
Controller 4400;1-Cisco NAC Guest Server; 10 - Cisco WiFi Aironet 1131 Access Points; 1
- Cisco DMM server; 2-Cisco DMP 4310G;1-Extreme Networks L2/L3 x450e 48p PoE
Switch;2 -3Com L2/L3 4500G 48p PoE Switch.

Mokpaj Toa, cnegHata MHGPACTPyKTypa 3a cknagupakwe Ha nogaTtoum ke ce KopucTu 3a
yyBake Ha gobueHnte nogatoum: IBM x3550 M3; IBM x3690 X5; IBM DS4800 Storrage;
IBM TS3100 Tape Library; EMC Clarion AX-4 Storrage

Co ornep Ha reorpadhcka ogaanedeHocT Mery napTHepuTe BO MPOEKTOT; 3a Aa Ce OfecHU
KOMyHVKauujaTa, ga ce obesbegaT NocTojaHN KOHTAKTU Mery y4ecHMUMTEe BO NPOEKTOT U Aa
ce HamanaT TpowouuTe 3a naTyBaka M KOMYHWKaLMCKUTE TPOLLOLUM, cnefHaBa BUOEO-
KOHbepeHLUmMCcka onpema ke 6uae cTaBeHa Ha pacnonaramwe 3a uenute npoekToT: Polycom
VSS2000; Polycom MCU RMX2000; Polycom GK CM5000; Polycom HD 7001 endpoints.

3a notpebute Ha OBOj MPOEKT Ke MOXe Aa Ce KopuctaT U CnegHuTe pecypcu Ha
dakynTeToT 3a KOMMjyTEPCKM HaykM U UHXeHepcTBO Ha YHuepsuteTtoT CB. Kupun u
MeTtoguj, Ckonje: 20 myntumegujanHn paboTHu ctaHuum co Xeon npouecopu n NVIDIA
Quadro 4400 rpadunykm KapTu4kK, 2 BUOEO cepBepn, 5 myntumeamjanti paboTHN CTaHULW,
1 KpeH BUOEeo ypea n ABa Tenesusopu n 1 MHTepakTMBHKU Tabnara.

CnegHaBa onpemMa 1 MHMPACTPYKTypa UCTO Taka ke Omuae Ha pacnonarawe 3a LenuTe Ha
OBOj NPOEKT:

HPC knactep

- 84 blade servers

- 2x6Core Xeon

- 24G RAM

- Infiniband QDR

Pak Cepeepu

- 2x6Core Xeon X6540

- 24GB RAM

Checkpoint firewall UTM-1 138




Research infrastructure

Facilities available in the Researchers Team’s laboratory (if applicable)
Provide a detailed list of the infrastructure and equipment available and necessary
for the proposed research

The Faculty of Computer science at the University “Goce Delcev’ has six fully equipped
computer laboratories used for research and teaching.

The faculty has on its disposal the following network equipment which may be used in the
eHealth social network development, evaluation and simulations:

1-Cisco Catalyst Core Switch 4507R; 5 - Cisco L2/L3 Switch 3560G 48p PoE; 2 - Cisco L2
Switch 2960 48p PoE; 1-Cisco ASA 5505; 1-Cisco Router 2811; 1-Cisco Wireless LAN
Controller 4400;1-Cisco NAC Guest Server; 10 - Cisco WiFi Aironet 1131 Access Points; 1
- Cisco DMM server; 2-Cisco DMP 4310G;1-Extreme Networks L2/L3 x450e 48p PoE
Switch;2 -3Com L2/L3 4500G 48p PoE Switch.

Moreover, the following data storage equipment will be used in the development process
and for storage of measured sensor data: IBM x3550 M3; IBM x3690 X5; IBM DS4800
Storrage; IBM TS3100 Tape Library; EMC Clarion AX-4 Storrage

Considering the geographical distance between project partners; to facilitate permanent
contacts between the project participants and to reduce the travel and communication
costs, the following video-conferencing equipment will be at disposal for the project
purposes: Polycom VSS2000; Polycom MCU RMX2000; Polycom GK CM5000; Polycom
HD 7001 endpoints.

It has on its disposal several smart phones with developer licences, equipped with different
operating systems (Andriod, Windows Phone 7, iOS).

For the purpose of the project the following resources at the Faculty of Computer Science
and Engineering at University Ss. Cyril and Methodious, Skopje will be at researchers
disposal: 20 multimedia workstations with Xeon processors and nVidia Quadro 4400
graphic cards, 2 videoconferencing servers, 5 multimedia workstations, 1
videoconferencing endpoint and two TV sets and 1 interactive whiteboard.

Following network and storage equipment will be also at disposal for the purpose of this
project:

HPC cluster

- 84 blade servers

- 2x6Core Xeon

- 24G RAM

- Infiniband QDR

Rack Servers

- 2x6Core Xeon X6540

- 24GB RAM

Checkpoint firewall UTM-1 138




dUHaAHCUCKM NNaH:

Tpowouwu (Bo MKA)

Bp. Bua Ha TpoLuok MpBa roguHa | Btopa BkynHo
rogvHa
420 MNaTtyBawe BO 3emjaTta u 50.000 70.000 | 120.000
CTPaHCTBO
426 CeMuHapu v KoHcepeHUUH 130.000 130.000 | 260.000
485 KomnjyTtepcku cohTBEep, KHUIN 20.000 20.000
M y4eoHuLMn
BKYIMNHU TPOLLOLM 200.000 200.000 | 400.000
JNlaGopaTtopwuja
INNaGopaTtopucku maTtepujan (cuteH 100.000 100.000
nabopaTtopucKkn MHBEHTap)




Financial Plan

Expenditures (in MKD)

No. Purpose First year Second year | Overall
420 Travel at home and abroad 50.000 70.000 120.000
426 Seminars, conferences 130.000 130.000 260.000
485 Computer software, books and 20.000 20.000

textbooks
TOTAL COSTS 200.000 200.000 400.000
Laboratory

Small laboratory equipment \ 100.000 | | 100.000




AHekc 1

HacnoB Ha NpoekKToT:

Pa3Boj Ha HOBM anropuTMu U cochTBEepcka bMbnuoTeka 3a npumeHa Bo
6MoMeaNLNHCKOTO NHXEeHepCTBO

MpoekT bBp:

CornacHocCT Ha UCTpaXyBa4yuTe U MHCTUTYLUMTE BKITyYeHN BO NPOEKTOT (04
CUTE UCTPaxyBayun BKIy4YeHM BO NPOEKTOT - No noTpeba ga ce 3ronemmn 6pojoT Ha
COOABETHUTE NONMHA):

naBeH aou. A-p AnekcaHgpa MuneBa
UcTpaxyBau:
(Mme, noTnunc un
patym)

UcTpaxyBau: pou. a-p Cawo Kouecku
(Wme, noTnuc n
patym)

UctpaxyBau: BOH. npod. LiBeta MapTuHoBCKa
(Mme, noTnuc n
AaTym)

UcTpaxyBau: BOH. npod. Bnagnmup TpajkoBuk
(Mme, noTnuc n
patym)

Mnaa uctpaxyBad: | m-p [loHe CtojaHoB
(Mme, noTnuc n
AaTym)

Mnapg uctpaxyBaud: | Mapuja Kanejcka
(Wme, noTnuc n

patym)

PakoBuguTten Ha MUme n npesnme, 3Bae: Bnago Nyes, BOH. npod.
WHCTUTYLIMjaTa Ha UHcTtutyumnja: dakynteTt 3a MH(popmaTuka,
rnasHuoT YHuBep3autet “lNoue fenyeB” - LUtun

UcTpaxysat MoTnuc u nevar

PakoBuguTten Ha MUme n npesnme, 3Bawe: Bnago Nues, BOH. npod.
UHCTMTYLIjaTa Ha UHcTutyumja: dakynteT 3a uHchopmaTuka,
ocTaHaTuTe YHusepsuret “loue OenyeB” - LLUtun
UcTpaxyBatiu MoTnuc u nevar

PakoBuguTten Ha Ume n npesnme, 3Bame: Alumurtap TpajaHoB,
WHCTUTYyLM]aTa Ha UHcTuTyumja: dakynteT 3a MH(pOPMATUYKN HAYKU U
ocTaHature KOMMjyTepCcKO UHXeHepCcTBO, YHuBep3uTteT “CB.
UcTpaxyBaiu

Kupun n Metognj” - Ckonje

MoTnuc u neyar




AHekc 2

M3jaBa

Jac AnekcaHgpa MwuneBa Kako rnaBeH WCTpaxyBay, noA MopanHa u
MaTepujaniHa OAroBOPHOCT M3jaByBaM AeKa MpeanoXeHUOT HayyeH MNpoekT
He ce chbMHaHCUpa oA Apyru U3BOopU Ha hMHaHCUpaHse.

DaTtym MoTtnuc



