Pe3iomera Ha HaydHHTEe MyOJMKaAIUU 34
ydacTne B KOHKYypca 3a Irpodecop 1o
npocecnona o Hamnpasaenne 4.5. MaremaTnka,
crenuasnocT Vsuneanrenna MaTeMaTHKa,
(BUCOKOITPOM3BOUTETHNI METO/II 1 AJITOPUTMH)

na ji-p Usan Iumos JIMpkoB, j101eHT 110 HaydIHA
crierinasiHocT 01.01.09 — M3uyncimnresna maremMaTnka,
B UMKT-BAH, ceknus ,Hayann npecmsitanms
¢ Jlaboparopus no 3D jgurnranusanus 1 MUKPOCTPYKTYpPeH aHans"

Oo6mia xapakTepucTKa Ha MPeACTABEHUTE TPYI0Be

CrucbKbT Ha MyOJUKAIMATE BKJIOUBA OO0 7H 3arjaBus, OT KOUTO D3 CTATUU B MEXKIy-
HapOJHU CITMCAHUS U MOPeuI u 22 ctatur B pedpepupaHu cOOPHUIIM Ha MEK/IyHAPOIHU
KoH(pepeHuu.

3a perensupane B TO31 KOHKYPC ca IpejcTaBenn 44 or mybmKamuuTe, OT KOUTo 37 ca B
MeZKJIyHAPOJIHU Ccliicanust u nopeauiu (mybsmkaru [2-10, 12, 13, 15-19, 21, 22, 24-26, 28—
38, 40-44|) u 7 B pedpepupanu cOOPHUIU HA MeXKyHAPOJAHU KOHMbepeHnuu (IyOuKaumn
[1, 11, 14, 20, 23, 27, 39]). Te3u nmybaukaum He MOBTAPST IPEICTABEHUTE 3a IIPHI0ONBAHE
Ha oOpazoBaTe/jHaTa W HaydHa CTEIeH , JJOKTOP U 3a aKaJeMUIHaTa JJIbXKHOCT ,, JOTIeHT.
[Ty6mukanuu (6, 30, 34, 36, 44| ca B cincanus ¢ HMIAKT-HAKTOD.

[IpencraBenuTe 3a pereH3upane pabOTH ce IPYIUpPaAT TEMATUIHO:

1. Meroau 3a npub/imzKeHo pelaBaHe Ha JIByMEPHU U TPUMEPHU IPDAHUTHU 3a/Ia9H

e ypasuenune Ha CTOKC;

® CUCTEMU YacTHU Ju(hEpEeHINAHA YPaBHEHUsT TUII KOHBEKIUsI- (Y 3UsT;
® 33JIa4M OT TEOpPHUsl Ha €JTaCTUIHOCTTA;

e ypasuenus na Makcyerr;

e ypaBHEHUe 3a IIPEHOC Ha TOILINHA.
2. Metomu, ocHOBaBalH ce Ha JIUCKPETU3AIUS C:

® KpallHu pas3/IuKy;



e JInHEelHN, ONJIMHEWHN ¥ TPUINHEHHN KOH(MOPMHHU KPaHHU eJIEeMEHTH;

® HeKOHMOPMHU KpailH! eJIEMEHTH.
3. MeTou u aqropuT™Mu 3a pelraBaHe Ha ONTUMU3AIMOHHN 33,1841
4. Tlapasennu aJropuT™MH U MPUJIOKEHUS BbPXY Pas3ipee/IeHl U3YUCTUTE/THI CUCTEMU

e 110/1 yIIpaBJIeHe Ha Cpejia 3a napaJsenno mporpamupane MPI;

® peaJIM3UPaHy BbPXY MHOTOIIPOIECOPHHU PAOOTHHU CTAHIINE, KJIbCTEPU OT PAOOTHI
cranmuu, Grid u Cloud.

Metoau 3a mpubJAN»KeHO peniaBaHe Ha JBYMEPHH W TPU-
MepHHU TPAaHUYIHU 33291

Craruu [1-7] ca nmybauKyBaHN B ClienuaJIn3upaHn HaydHI U3/IaHWs U ca Ha TeMa ,Ilapase-
JIEH aJITOPUTDHM 3a YUCIeHO pellaBaHe Ha JBYMEPHO W TPUMEPHO ypapHeHme Ha CTOKC 3a
necBuBaeM durynt’. Te3u myOukaum ca paBHOCTOWNHN Ha MOHOTpadIeH XaOU/JIMTaIlMOHEH
TPYI.

B [1-5] e paspaboren mapajiesieH aJropuThbM 3a YUCJIEHO pPelllaBaHe Ha ypaBHEHHE Ha
Crokc 3a HecBuBaeM (Jiyuj, IpuU KOMTO Ce M3IMOJI3BA METOJ 3a Pa3Jie/isiHe [0 HAIlpaB-
sernsi. MeTobT ce OCHOBaBa Ha MPOEKIIMOHHHU CXEMH, KOUTO Ca IMUPOKO U3IOJ3BaHU B
n3vYnCcaIUTeHaTa JuHamMuka Ha (uynanre. OCHOBHATA Wjlesi B HOBHS METOJ C€ CbCTOU OT
CUHTYJIIpHA TepTypOalug Ha ypaBHennero Ha Hasue-Crokce, KaTo onepaTopbT Ha Jlarrac
€ 3aMeHeH ¢ oIlepaTop 3a pas/ie/idHe 110 HalpapiaeHus. Ha 6a3ara Ha Ta3u ujes perraBaHneTo
Ha ypaBuenue Ha [loacoH B MPOEKIIMOHHUTE CXEMU € 3aMEHEHO C pelllaBaHe Ha MOPEe NI
OT eJJHOMEDHU TPAHUYHU 3aJa9u OT BTOpHu pej. JlokazaHo e, e Ta3m TEXHUKA € yCTOi-
qnBa. l3noa3BamMe NnpaBObIbJIHA paBHOMEpPHa MpexKa, KOMOMHHMpPaHa ¢ AllPOKCUMAIUs C
HEHTPAJHU PA3/IMKK Ha BTOPUTE TTPOU3BO/IHMU.

AJIropuTbMBT M3M0/I3Ba M3YUCIATEIHA cxeMa oT Tull Kpank-HuKbcbH, KOATO ce ¢bhe-
TOU OT CJIEJIHUTE eTanu: 1) MpeJuKTOp Ha HAJIAraHeTo, 2) OOHOBSBaHE Ha MOJIETO Ha CKO-
pocrTa, 3) KOPeKIus Ha HajsiraHeTo 1 4) OOHOBsIBaHE Ha HAJISITAHETO. 3a JIa e TOCTUIHAT
JI00OpU pe3y/ITaT BbPXY Pa3/INdHU IMapaJie/THi KOMITIOThPHU apXUTEKTYPH U JIa Ce JIOCTUT-
He BHCOKA TapaJesina e(peKTUBHOCT pelaBaHeTo Ha 3ajadaTta Ha [loacon mpu uzduncisiBane
Ha KOPEKTOpa Ha HAJIATAHETO Cce 3aMeHsI C PeIleHus] Ha PeJINIa eTHOMEPHU 3a/1adu.

PazpaborenusT napaJsiesieH aJropuTbM U3M0/I3Ba pas3/ie/isHe Ha 00/1acTTa Ha 10100/1ac-
. Pasriextame perapanero Ha ypaBaenne Ha CTOKC B IPaBObI'bJIHA 00JIACT, JIUCKPETH-
3WpaHa ¢ paBHOMEPHA MpPerKa, KOATO B CIydad Ha JByMepHA OOJIaCT UMa 7, X 1, B3I, a
IPU TPUMEPHH 3391 — Ny X Ny X N, Bb3aH. Ilapasenuar aaropuTbM U3I0I3Ba pas/ie-
JIfgHe Ha 00J1acTTa Ha P, X P, IOJ00JIACTH IIPH JBYMEpHa 3aJ1a4a U Py X Py X P, T0100JIaCTH
[P TPUMEPHU 3a/Ia4N.

[TapasieTHuAT AJITOPUTHM € TECTBAH 3a UUCICHO perraBaHe Ha ypaBHeHue Ha CTOKC.
Nznonszsanu ca crapgaptan MPI KoMyHUKAIMOHHN TOIIPOrPaMy 3a OCHIIECTBIABAHE Ha



KOMYHUKAIIMATE MEXK/Iy MPOIECOPHUTE, & 3a W3II'bJIHEHUETO Ha MHOTOSIIPEHH IIPOIECOPU €
nznosizBan OpenMP. 3a perraBane Ha TpuMaroHaAJIHUTE CUCTEMU JTUHEHHN YPaBHEHUS BbB
BCsIKa OT 110100/1aCTUTe TIPU OOHOBsSIBAHE HA IT0JIETO HA CKOPOCTTA U KOPEKITHs Ha HaJIsAra-
Hero ca usnoasBanu noanporpamure DPTTRE u DPTTS2 or 6ubanorekara LAPACK.

AusrropurbMbT € TectBaH BbpXy cynepkommorbp IBM Blue Gene/P B Harmonasen
HEeHTBP 3a cylepkoMioTbpun npuioxenus’, HP kiberep (HPCG) 8 UMKT-BAH u Intel
Xeon kiberep (Galera) B Centrum Informatyczne TASK. Bceekn sb3esn na IBM Blue
Gene/P uma egun PowerPC 450 uerupusiapen nporecop, paboren; va 850 MHz, u uma
2 GB mamer. Equna BB3en or Kabcrepure nMa aBa Intel Xeon deTupusiapeHu mporecopa.
HPCG e ¢ nporecopu, paborertu va 2.8 GHz un enun Bb3en nma 24 GB namer. Galera e ¢
nportecopu, padoreriu Ha 2.33 GHz, u e Bb3en uma 8, 16, mim 32 GB namer. [Iposeenn
ca ekcriepuMenTr Bbpxy 70 1024 Bb3esa or IBM Blue Gene/P u 256 Bb3esa or Kiberep.
B [5] Bpemenara 3a nsnbianenne Ha paspaborenus aaropurbM Bbpxy IBM Blue Gene/P
ca CpaBHEHU C BPEMETO 3a pelllaBaHe Ha CbhIaTa 3ajada ¢ momoinra Ha codryep Elmer.

B [6] cb3naBame Bepcust, HacoUueHa KbM U3IIbJIHEHNE BbPXY MACHBHO MapaJieHi KOM-
[IOTPH, KAKTO U BHPXY KJI'bCTEPHU OT MHOrOsipeHu Bb3ju. JoHskb/e no-6aBHara (ekcie-
PUMEHTAJIHO yCTAHOBEHA) eheKTHBHOCT HA IMPEJJIOKEHUsT TIOJX0 ce HabJII0/IaBa IIpu U3-
[I0JI3BaHE HA BCUYKHU siJIPA B €JINH Bb3€JI HA ChOTBETHUS KJIHCTEP. 3a Ja OTCTPAHUM TO3U
upobiiem, B [1-5| msnomssame mogmporpamu ot (multi-threaded layer libraries) 6u6iio-
teknte MKL na Intel w ESSL na IBM, #HO mapasienata eeKTUBHOCT Ha KOMITIOTbPHUS
KOJI[ 3a eJIuHIYeH (MHOTOSIPEH) Bh3eJl (BbIPEKH HAPABEHUTE TI000peHHust) Bee olie Oerre
Jlajed OT OYaKBaHATA.

B [6] e paspaborena xubpuna napaseansanus, 6asupana Ha crangaprure MPI (3a ma-
paJieJTHu KOMITIOTpH ¢ pasnpesenena mamer) n OpenMP (3a napasesnn kommoTpu ¢ ob1ia
namer). MoTuBarusita 3a TOBa MpOU3THIa OT HEOOXOAUMOCTTA JIa Ce TOCTUIHE MAKCHMAJTHA,
napaJiesina e(eKTUBHOCT P peasin3anugTa Ha aaropurbma. CbinecTBeHUuTE M0M00peH s
Ha MapaJje/iHdsi aJIFOPUTHM Ce TIOCTUTAT Ipe3 BbBEKaHe Ha JIBe HUBa HA MapaJIeTU3bM:
(i) mapajenusbM Mexk Ty Bb3iu Ha 6azara Ha MPI u (ii) mapanesnsbm BbTpe BbB Bb3e-
sa, basupan Ha OpenMP. Peamuzamusara oTHOBO e TecTBaHa Ha Linux kirbcrepu ¢ Intel
nporecopu u Ha IBM cynepkoMmiorsbp.

B [7]| ca mpoBeienn drceHr eKCIIepUMEHTH BbpXY cymepkomMmioTbp Asuroxon B UNKT.
Bceeku Bb3esr uma jBa Intel Xeon mporecopa ¢ ocem snpa, paboremu Ha 2.6 GHz, u 1Ba
Intel Xeon Phi 7120P yckoputrens ¢ 61 sapa, padoremu na 1.24 GHz. /IBara mporecopa
cuogenaT 64 GB mamer, a Bceku yckopuresn nma 16 GB nmamer. AnropurbMmbT € TecTBaH
BBPXY JI0 8 Bb3esga 0T ABUTOXOJ.

[IpoBeseno e ekcriepuMeHTATHO POy IBaHe Ha e(EKTUBHOCTTA Ha TAPAJIETHIA aarOPH-
TbM. [IpoBejienn ca ekcriepuMeHTH 3a 3a/a9u, MOJIyUeHH IpU OPOil Ha BB3JIUTE 110 BCAKO
narpasienue Mexxay 176 u 704. 3a perraBaneTo Ha TpUMepHATA 3aJa49a C N = Ng = N3z =
704 e meobxomuma 60 GB mamer, 3aToBa TOBa € Haii-rojigMara 3ajada, KOITO MOXKE J1a
ce pemnu Mpu U3I0JI3BaHe Ha MOC/IeI0BATEICH aJllOPUTHhM U ChOTBETHO 338 TAKUBA 3a/a41
MOXKEM J[a U3YUC/IMM YCKOPeHue U e(DeKTUBHOCT Ha MapaJseTHus aJrOPUThM.

[IbpBara cepusi eKCIEPUMEHTH € TPOBEJICHA, KATO A M3MOJI3BAHU CAMO IIPOIECOPUTE
Ha CylepKoMITioTbpa. [Ipu BropaTa cepusi eKCIEPUMEHTH Ca M3IOJI3BAHE CAMO YCKOPUTE-



sure. Ul ipu JiBeTe cepun eKCIIEpUMEHTH Cca U3CJIeBAHN YCKOPEHUETO U apaJeaHara edek-
TUBHOCT Ha ajiropuTbma. [Ipu Tperara cepusi eKCIIEpUMEHTH aJrOPUTHBMbBT € PeaTu3upan
apaJsiejTHO BbPXY IPOIECOPUTE U YCKOPUTEJUTEe Ha ABUTOXOJI.

ExcniepumenTtasinuTe pe3ysitaTi MOKa3BaT ChIECTBEHO MMOJ00pEHNEe HA BPEMETO 3a W3-
I'bJIHEHIE TIPU ITPOBEK/IaHe Ha eKCIIEPUMEHTH 3a Pa3IuIHU ITapaMeTpPu Ha JIUCKPETU3AIN-
siTa U OPOil BB3JIM HA CYNEPKOMITIOTbPA.

Meto1 3a 4nc/ieHO pelliaBaHe Ha CUCTEMU YacTHU JU(EPEHITNAHA YPABHEHUS OT BTOPH
peJ1 Tin KoHBeKnus-iudysus e nsciaeasad B |9]. [Ipu auckpernsanusra na 3amadara ca n3-
nosr3BaHn KoH(MopMHEN Kpaitau ejgementn Ha Courant. [lapasenen aaropursbMm 3a pernaBane
Ha CHUCTEMU YaCTHU JU(EPEHINATHE yPaBHEHU OT BTOPH PeJl TUI KOHBEKIUSI-IUY3Ust
e paspaborer B |9]. 3a peraBane Ha TOJIydeHATa CJIeJ[ JUCKPETU3AIM CUCTEMA JINHEHHN
aJIreOpUYHN YpaBHEHUs € MPUJIOZKEH 00O0DINEeH MeTOJ[ HA CIIPErHATUs I'PAJIUEHT. 3a IOJIy-
JaBaHe HA CylepJnHeiiHA CXOIUMOCT Ha UTEPAIMOHHUS METOJ Ca W3MOJI3BAHU JUCKPETHU
npeobycioBuresin Ha Helmholtz. [Tapanemnuar anropursbMm e peanusupan B MPI nporpa-
Mma. [IpoBesern ca YuciaeHn eKCIepuMEHTH BbpXY KbcTep ¢ aBymuporecopan PowerPC.
[IpencraBenn ca pe3yaTaTd OT YUC/TEHW €KCIIEPUMEHTH 3a cucteMu oT 2 10 10 gacTtHUM
JnudepeHInaIH ypaBHeHus .

B [13] ca n3cseBanu napaJseHuTE CBOMCTBA HA aJTOPUTME OT THII IIUPKYIaHTHA 0104~
Ha daxropusarus (CBF) 3a permaBane Ha cucteMu ¢ JIOIMoO 06yCJIOBEHN pa3peICHU Mat-
pur, a B [18] e HampaBeH cpaBHUTeEH aHAJN3 Ha MAPAJETHH AJTOPUTMU, U3MOJI3BAIIN
npeobyciosurenu, ocioBaru Ha MIC(0) u CBF dakropusanus.

B [13, 18] e pasriegana TpuMepHa JIMHEHA 33/[a9a OT TEOPHsl HA eJIACTUIHOCTTA. 38,18~
JaTa Cce OIHUCBA C'bC CHUCTEMa YaCTHU Ju(EpPeHInaJHI ypaBHeHus oT BTopu pel. Koncrpy-
UpaHu ca JBa epeKTUBHU HapaJje/Hu ajaropuTbma. U aBarta ajropuTbMa MMpeICTaB/IsiBaT
peayim3arys Ha METOJ Ha CIIPErHATHS TPAIUEHT ¢ IpeodyCclIaBsHe, KATO TPeodyCIOBUTE ST
e OCHOBaH Ha TeXHUKa 3a pasjesisiae 1o npemectsanus (Displacement Decomposition), pu
KOETO ce IoJIydaBa OJI0YHO JuaroHajHa MaTpuia. [IbpBUAT aaropuTbM M3M0I3Ba BepCUs
na MIC(0) 3a pemasane na cucremure ¢ 6s0koBere Ha DD 1mpeobyciioBuresis, a Bropusrt
anropurbM usnoa3sa CBF 3a tasu nest. Taka ca mosydenn anropurvu DD MIC(0) u DD
CBF. B [13] DD CBF anropuTbMbT € IPHIOKEH BbpPXY MapasielHd U3IUCIUTESHE CHC-
Temu, BKo4YBaIu ot 16 1o 712 nporecopa. Ilomydenn ca pesynraru BbPXy HapaJie/iHa
n3uancanTesnta cucrema ¢ obma mamer NEC server Azusa Expressh800/1160Xa u cemem
kabcrepa: Pentium 4 Xeon, [tanium2, AMD Opteron, Cray Strider Opteron, Dell Pentium
4 Xeon64, IBM SP Cluster 1600 u IBM Linux Cluster 1350. B [18] e nanpasen cpaBuTeI€H
anasn3 Ha usirbiarernero Ha DD MIC(0) u DD CBF asropurmure 3a periaBase Ha Tpu-
MEpHHU JIMHEHHN 3a/[a9i OT TeOpUsl Ha eJacTUIHOCTTa. J[BaTa mapaJieslHn ajaropurbMa ca
MIPUJIOZKEHN BbPXY MapaJseHl U3UUCTUTETHN CUCTEMH, BKIouBamm oT 712 1o 9 660 mpo-
necopa. CpaBHEHU ca BpeMeHaTa 3a M3II'bJIHEHUE Ha aJTOPUTMHUTE BHPXY TPHU KJIbCTEPA:
IBM p575 Power 5, Cray XT4 u AMD Opteron.

B [22] e u3crenBana mapasiesiHa peasnsaliis Ha MeTOJ[a HA CIPETHATHS TPAUEHT C
npeobyciosuten (Moaudunupana wemrbiana dakropusanus MIC(0)) 3a pemasane Ha cuc-
TeMHUTE JaCTHU JuepeHInaaIi ypaBHeHNsI, Bb3HUKBAIIU TP YUCIeHATa XOMOTE€HU3AIINs
Ha MUKPOCTPYKTYPH Ha YOBEIIKHM KOCTH. [IpoBeeHM ca YHCIeHH eKCIIEPUMEHTH BbpXY
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Dell Pentium4 Xeon E5405 xkirberep u IBM Blue Gene/P cynepkommiorsp 3a 3aj1a4u, npu
kouTo Koedunmenta Ha IloacoH e egHakbB 3a TedHaTa W TBbpAara dasa. Pasriemanure
3aJ1a91 TIPEJICTABAT CUJIHO XeTepOreHHATa CTPYKTYpPa HA UCTUHCKU KOCTHU 11pobu. Jlannm-
Te ca TMOJyUIeHN 9pe3 KOMIIOThpPHA TOMOTpadus ¢ BHCOKA P300S, 3a JTUCKPETU3AIINS
Ha pasrjie/laHaTa eJTUINTHIHA 3a/lad9a ca W3IM0JI3BaHd HEKOH(MOPMHHU KPalHU €JIEMEeHTHU Ha
Rannacher-Turek. Pesysnrarure or 4nciieHnTe €KCIIEPUMEHTH IIOKa3BaT, de INapaJiesHara
eEeKTUBHOCT BbPXY M3IOI3BaHUs KIbCTEp ObP30 HaMaJIsiBa IIpK yBeIndaBaHe Ha Opost Ha
[IPOTIECOPUTE, HO BBIIPEKU TOBA BPEMEHATA 338 U3II'bJIHEHUE BbPXY KJ/IHCTEPA Ca IMO-MAJIKU
OT Te3W BbPXY CylnepKOoMIIoTbpa Tbit KaTro Dell mporecopure ca MHOTO 110-Obp31 OT IPOIIE-
copuTe B cyriepkoMInioTbpa Ha IBM. Pesynrarure or ducienata XxoMoreHu3aus Ha KOCTHA,
MUKPOCTPYKTYpa IMOKa3BaT, Ye KOCTHATA ThKaH € aHU30TPOITHA MaTepus.

B [31] e paspaboren 6a30B MaTEMATUIECKU ¥ KOMIOTHLPEH MOJE Ha IIPOIECUTE TIPH
paboTa Ha BUCOKOYECTOTEH MHTEP(EPEHTEH MOPTATUBEH anapar 3a O€3KOHTAKTHO OTCTPa-
HsiBaHEe Ha KPbBOCMYUEIHN eKTormapa3utu. MareMarudaecKusiT MOJIeT BK/IIOUBA HECTAINO-
HapHa CUCTEeMa OT HEJIMHEHH! JacTHU Ju(EpPEeHIINATHI YPaBHEHNUsI, OMMCBAIIN OCHOBHUTE
nporiecu. B pesyirar Ha BECOKOYECTOTHOTO Bb3JICHCTBHE Cce Chb3/1aBa eJIeKTPUIECKO 1oJie. B
pe3yJsITaT Ha pellaBaHe ChOTBETHUTE JudepeHInaail ypaBHeHns ce HaMUpa OTeHITHAJIA.
['pajimenTsbT HA TOTEHITHAJIA OIPEIeiss KOJUIEeCTBOTO Ha OTje/sdmara ce TominHa. [Ipe-
HOCHT HA TOILIMHA CE OIHMCBA C MOMOINTA Ha MapabOJMIHO Ju(EpPEHINATHO yPaBHEHUE.
M B mBaTa OCHOBHE ITpOIeca MOTAT Jia Ce MPOSBSIT ChINECTBeHN HejwHeiHOCTH. U 1BaTa
IpoIeca ca TPUMEPHHU 10 OTHOIIEHNE Ha ITPOCTPAHCTBEHUTE ITPOMEHIUBH.

MareMaTHIecKuIT MOJIE, KOWTO OIMCBa €JIEKTPOMATHUTHUATE TIPOIIECH, CE OIIPEJIEId OT
ypaBHenusTa Ha Makcye:

oD
H = J+—
V x +8t
0B
E = ——
V X 5
V-D = p
V-B =0

kbjero H e enekrpudecko nosie, J e mrbrHOCT Ha ToKa, D e enekrpuuna wHaykKimsd, E e
eJIEKTpUYecKo 1ojie, B e MarauTHo 1oJie, a p € IWILTHOCT Ha 3apdia. [IbpBoTo ypaBHenus
oTpassiBa 3akoHa Ha Makcyen-Amiep, Broporo — 3akoHa Ha Dapajieii, a mocieHuTe J1Be
— 3akKoHa Ha Amrrep.

3a KOMIIOThpHATA CHMYJ/IAISA Ha €JIEKTPOMATHUTHUTE MPOIECH € M3IOJI3BaH copTyep
Comsol Multyphysics, B koiito e Britioden mozysia “AC/DC module - Electric and induction
currents”.

Hanpasenu ca ekcriepumentu B obstact ¢ pasmepu 0.05 m x 0.05 m x 0.05 M, KogTO
e pazjiesieHa Ha JiBe mojobJiactu. B jronmHara vacT Ha 00/acTTa € U3I0JI3BaHa CTOMHOCT
Ha creruduIHa eJIeKTPOIPOBOAUMOCT ¢ = 3 S/m, jokato B ropHara dact o = 0. [sara
eJIeKTpoJia ca che crenududna egekTponpoojumoct o = 107 S/m. 3a maruurHOTO MOJIE
rPpaHUYHATE YCI0BUA ca N X A = (), KbJIETO N € BLHIIIEH HOPMAJIEH BEKTOp, a A e MarHuTeH



[MOTEHIHAJI. 3a eJIEKTPUIECKOTO I10JIe TPAHUIHUTE YCJIOBHUS Ca: HA €JIUH OT €JIeKTPOJNTEe —
V =V, na ngpyrusa enekrpoys — V' = 0, a Ha ocTaHajaTa JacT oT rpanunara — n X J = 0.
Saagara e pelleHa IpH IoJaBaHe Ha IIOCTOsIHEH TOK M TOK ¢ dectora or 1 kHz mo 900
kHz.

B [41] e paspaboren KOMITIOTbPEH MOJIE HA PaJMo-4ecTOTHA abalus Ha YePHOIPOOHN
TYMOPH, KOWTO BKJ/IIOYBA TOIIMHHUTE U €JIEKTPUUIECKU IPOIECH B YE€PHOAPOOHATA THKAH.
AbtanusTa e ajgTepHATHBEH METOJ, 3a JIeYeHHe Ha, 3JI0Ka4eCTBEHU 3ab0/IsIBaHMs Ha dep-
Hus Apob. Ta ce u3BbBpIIBaA ¢ MOMOIITA HA MUKPOCKOIIMYHA COHJIA, UHXKEKTUPaHa B/J0
TyMOpHaTa ThKaH, II0 KOATO ce IIycKa TOK C OIpejie/ieHa decToTa M Hampexkenue. [lemara
e TyMOpHaTa TbhKaH Jia ObJie YHUIOKEHA Tocpe/icTBOM HarpsasaHe. [Ipu Temueparypu ot
45 —50° C, BbTpeNtHo-KJIeTbIHUTE IIPOTENHN Ce JIEHATYPUPAT U ¢e pas3pyliaBaT KJIeTbIHU-
Te MmemOpanu. [1o Bpeme Ha mporieca Temuepatypata He 6usa fa Hajsuiiasa 90° C, 3a j1a ce
n30ertHe nperpsiBane Ha XUpyprudeckns nHcrpyMmedT. CrenpuaieH HHTepec 0T MeIUIITHCKA,
IJIeJIHa TOYKa IIPEJICTaB/IsiBa OIIACHOCTTA OT IIperpsBaHe Ha Pa3loJI0KEeHH B HEeIOoCPeICT-
BeHa OJIM30CT ToJieMi KPbBOHOCHU ChJIOBe. ['0JisiMaTa IUCKpeTHa pa3sMepHOCT Ha 3a/1adaTa
e B pesy/ITar OT OTHOCHUTETHO MaJIKuTe pasmepu (jebeirHa) Ha HakpaiiHUKa HA COHJA-
Ta. VI311013BaH0 € BOKCEIHO IIPEICTaBsIHe Ha TpUMepHaTa 00JIacT ¢ ToJIsIMa pa3/ieuTe/Ha,
CIIOCOOHOCT.

MeTtoau u aJITOpuTMH 3a peliaBaHe HA ONTUMHN3AINOHHNI
3a/1a491

B [11, 16] e pasrienana 3amadaTa 3a IPOCTPAHCTBEHOTO PA3IIOJIOKEHHE HA aMUHOKUCEIH-
HUTe B OeJTHIHUTE MOJIEKyIu. 1ToBa e dpyHIaMeHTaqHa 3a/ada B M3YUCIUTETHATA MOJe-
KyJIgpHa OuoJsiorus u bunoxumudna ¢pusnka. TpumepHaTa cTpyKTypa Ha NPOTEUHA € KJII0Y
KbM pa3dbMpaHeTo W MAHUIIYJUPAHETO Ha HETOBUTE OMOXUMHUIHU U KJIETHIHU (DYHKIUU.
Hsrara wradopmarius, HeoOXoUMa 38 HAMUPAHE Ha TPUMEPHATa CTPYKTYypa Ha IPOTErHa,
ce Ch/IbpKa B MOC/IE0BATETHOCTTA HA AMUHOKUCEMHUTE B Hero. V3mon3Baiiku onpocTe-
HI Mojiesn, mak crurame 10 NP-trbiaa 3agada. CtangapTHUTE U3IHCIUTETHI TOIXOIN HE
ca JIOCTATHIHO MOIIHU 3a HaMUpaHe Ha IpaBUJIHATA CTPYKTYpa B OIPOMHOTO NPOCTpPaH-
CTBO OT BB3MOXKHHU CTPyKTypu. [lopajgn cioxkHOCTTA Ha 3ajadaTa, OMPOCTEHUTE MOJIEIN
kato xuapodoben-mossiper (HP) ca ocHOBHO cpescTBO 3a m3ydyaBaHe Ha CTPYKTypara Ha
nporenHa. Pa3jnyHu ONTMMU3AIMOHHN METOJU ce IpujaraT 3a pellaBaHe Ha 3a/ladara,
BrounTesiHo Monte Kapiio, eBoJTIONnoHHN aJlropuT™Mu 1 MeTo/T Ha MpaBkuTe (ant colony
optimization — ACO). B [11] e korctpyuparn ACO ajropuTbM 3a HaMUpaHe Ha TPUMEpHATA,
CTPYKTypa Ha IPOTENH, OCHOBAH HAa MHOI'O IPOCT U300P 10 OTHOIIEHWE Ha KOMIIOHEHTHU-
Te Ha periennero. [loyrydennTe pesyararu ca cpaBHEHU C JPYTU CHENUAIU3UPAHUT METOIN
3a pellaBate Ha Ta3W 3ajada. EMIUpUYHUTE PEe3y/ATAaTH MOKA3BAT, Y€ MPEJIOKEHUIT aJl-
FOPUTHM € IMO-J00bP IPU HaMUpaHe CTPYKTypaTa Ha CTAHJIAPTHU TECTOBU IPUMEPU Ha
oenTbanu MosieKyu. [lojiydenn w anaau3upaHu ca pe3yaTaTd 3a MPOTEUHU C M3BECTHA
TPUMEpPHA CTPYKTYPA.



B muO>)KecTBO 001acTH Ha 00paboTKa Ha N300parKeHusl, KaTO KOMITIOTbPHA ToMOorpadus,
B KOATO CHLOMpPAHETO HA JIAHHU Ce OCHOBaBa Ha OpOEHE Ha YaCTUIU, KOUTO YAPAT MOBBP-
XHOCTTa Ha JIeTeKTopa, ce rnogsasa [loacornos mrym. M3nossBaiiku crabummsupaniu TpaH-
cpopmaruu, IToaconoBudar mrym Moxke j1a Objae Tpancdopmupan B [aycos. ToraBa morat
Jla ce M3M0JI3BaT Kiaacuiecku Gbuirpu 3a obesmymssane. B [36] ca npejcrasenn pesyiararn
OT EeKCHEPUMEHTAJIHO MPOYYBaHe HA MPOM3BOIUTETHOCTTA Ha MApPAJIeTHO U3IIbJIHEHnEe Ha
eJIMH aJrOpUTHhM 3a Bb3CTaHOBsBaHe Ha m3o0pazkenue. V3ciieiBana e xubpuHa napaJie-
smzanus, ocHoBana Ha craugaprure MPI u OpenMP. CxoaumocTTa Ha ajaropurbMa CHITHO
3aBUCU KAKTO OT pa3Mepa Ha M300paKeHueTo, Taka W OoT m300pa Ha BXOJIHU HapaMeTpu
(p,0), KaTO MO TO3W HAYMH MaKCHMaJHATA My TapasenHa eeKTUBHOCT € KU3HEHOBAKHA
3a MPUJIOYKEHUATa B peasiHus KUBOT. Peasmszanusara e TecTBaHa 3a pajuorpadcKku n300-
paXKeHusi ¢ BUCOKa pa3je/nTesHa crocodnoct, na Linux kiberepu ¢ nporecopu Ha Intel
Ha cynepkoMmirroTbp IBM.

B [40] e ananmmsupana napaJiesiHa peagusaliysi Ha ChIIUs aJlOPUTHM 38 Bb3CTAHOBSIBAHE
Ha m300parkKeHusl, N3Moa3Bal Tpancdopmalysa Ha AHCKOMO 3a pelaBaHeTo Ha M3IbKHA-
JIa ONITUMU3AIINOHHA 3a/[a4a C OrPAHIMYeHns. TUCIeHOTO pellaBane Ha ONTUMUA3AIMOHHATA
3aJlava € Bb3MOXKHO OJlarojiapeHue Ha MOKOOPAUHATHU enurpadckn rnpoekiun. Enurpad-
CKHUTE MPOEKIINU Morar Jjia Obiaar eheKTUBHO IIPECMEeTHATH Upe3 MeTojia Ha HioroH, npu-
JIO2KEH K'bM TTOJIXOJIAIN HAYAHU JIAHHU, B YACTHOCT K'bM ChOTBETHUTE HIOAHCH HA CUBOTO,
[OJTyYEHU TIPU IIPEJIUITHATA UTEPAIls Ha aJropuTbMa. Pealum3upaHudT ajJropuTbM € OT
rpynarta Ha Primal-Dual xubpujino rpajueHTHUTE aJrOPUTMU C JIONBIHATETHO MOIUMpU-
mupanu jyaaau npomensimsu (primal-dual hybrid gradient algorithms with modified dual
variable) PDHGMp. Peanusupano e XuOpuHO mMapasiesiHO TPUIOKEHNE Ha aJIlOPUTbMAa,
6azupano va MPI u OpenMP crangaptu. AIropuTbMbT € TeCTBAH BbPXY PEAJHH TOMOT-
padcKn n300parXKeHus ¢ BUCOKA PE30JIIOIHs, MeHePpUPAHNA OT UHJIYCTPHAJIEH KOMITIOTbHPEH
tomorpad Nikon XTH 225.

[IpoBesieHn ca YuCIEHN €KCIIEPUMEHTH BbPXY cyrnepKoMmioTbp ABuroxon B MNKT-—
BAH. Beekn Bb3en uma jgsa Intel Xeon mporiecopa ¢ ocem sipa, padoreru Ha 2.6 GHz, n
nBa Intel Xeon Phi 7120P yckopuresns ¢ 61 sapa, paboremu Ha 1.24 GHz. /IBara mporecopa
cuogenar 64 GB mamer, a Bceku yckopuresn nma 16 GB mamer. AnropurbMmbT e TecTBaH
BbPXY /10 8 Bb3esia 0T ABUTOXOJLI.

[IpoBejieHo € eKcrepuMEHTAIHO POy UBaHe HA e(DEKTUBHOCTTA HA TaPAJIETHAS aJrOpU-
TbM. [IpoBesienn ca ekcrepumenTn ¢ mzodbpazkenus ¢ pazmepu 723 x 920 u 1446 x 1840
[IKCe/Ia BbpXy pasaunde O6poit Bb3au Ha AButoxos. [IbpBaTta cepusi eKCliepuMeHTH € po-
BeJleHa, KaTo ca M3IOJI3BAHU CaMO IIpoIriecopuTe Ha cynepkommiorbpa. [Ipu BTopara ce-
pUsl eKCIIePIMEHTH ca U3MOJI3BaH! caMo ycKopuTenuTe. U nmpu aBeTe cepnn eKcnepuMeHTH
ca M3CJeJIBAaHN YCKOPEHWeTO U TapaJiesiHata eeKTUBHOCT Ha ajropuTbMma. [Ipu Tperara
cepusl €KCIIEPUMEHTHU aJTOPUTHMBT € Peaju3upaH MapajeHO BbPXY IPOIECOPUTE U yC-
KopuTenTe Ha ABHUTOX0J, Kato € m3no/san eaud MPI mporec Bbpxy BceKn yCKOPUTE,
a 3a IPOIeCOpUTE ca M3MOJI3BaHM BapuaHTu ¢ eawH miau jaBa MPI mporeca Ha Bcekn jBa
IIPOIECOPA.

KakTo ce ouakBallie, Tpn M3MOJI3BaHE CAMO HAa IMPOIECOPUTE, Hall-7oOpHUTe pe3ysaTa-
TH Ce IOJIydaBaT 3a rojieMu n300pazKeHus, KaTo Ce U3I0JI3BA MAKCUMAJTHUAT Bb3MOXKEH
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opoit numku. CbIIo Taka BbPXY KOIPOIECOPUTE U 3a JIBaTa pa3Mepa Ha N300parKeHuATa
Hai-100puTe pe3y/aITaTu Cce MOJIydaBaT, KATO Ce M3I0/I3BAa MAaKCUMAJIHUAT HAJUICH OPOit
numkn. V Hakpas, eKClepUuMEeHTAJIHITE PEe3YJITATU ITOKA3BaT ChINECTBEHO 0JI00pEeHue Ipu
MIPOBEXKIAHETO Ha, €KCIIEPUMEHTH, U3IOI3BAIIM ITPOIIECOPU, KAKTO M KOIPOIIECOPH 3a Pas3-
JINYHYU pa3MepH Ha U300pazKenus u 6poit Huniku. ExcriepumenTaanuTe pe3yaTaTi IoKa3BaT
CBINECTBEHO ITOJ00PEHNEe Ha BPEMETO 3a U3IIbJHEHHUE IIPU IPOBEXKIAHE HA EKCIIEPUMEHTH
3a PA3/IMYHU Pa3Mepu Ha N300paKeHUATa U OPOil BH3JIH.

B macrosmara Bepcus Ha napaJiesiHaTa peasin3alus U300paKeHneTo € Pas3jie/ieHo Ha
uBuiy. Pazmepnre Ha BCUYIKN UBUIM Ca TOYTH €JIHAKBUA. B pe3yarar Ha eKCIepuMeHTUTe
ce BUXKJIA, Y€ 3a MaJIKu n300parkeHus Ha Opoil BB3JIHU, MO-TOJIEMHU OT TPH, HapaseTHUAT
AJITOPUTHM PabOTH 110-0bP30, U3IMOJ3BARKNA CAMO MIPOIECOPH, B CpaBHEHHE C PE3Y/ITaTHUTE,
M3I0JI3BAIIYI CAMO KOIIPOIIECOPH. 3a Jla HACTPOs KOHKPETHATA Peam3alius Ha aJrOpUTbMa
U 3a M0-/100pa MPOU3BOIUTETHOCT, TECTBAX aaropuTbma ¢ pasymden opoit MPI nmporecn na
mpoiecopuTe, Kato usrosspam egud MPI npornec #Ha korporecop. Karo ciregparia crbiika,
3a Jla TIOCTUTHEM IT0-J100pe HajlaHCHPaHO HaTOBapBaHe Ha XUOPHUIHATA apXUTEKTyPa, TPsao-
Ba Jia HarpasuM Jiomrbanutessau npomenu B MPI kosa. [lo To3u naqun Moxkem j1a n3beraem
WM TIOHE JIa HAMAaJIUM 3a0aBAHeTO, TPUINHEHO OT Pa3/IMYHO HATOBapBaHE B IIPOIECOPUTE
Intel Xeon u komporecopute Intel Xeon Phi.

B [44] e mampaBeH cpaBHUTeJEH aHAJU3 Ha [TPOU3BOIUTETHOCTTA HA JBA AJTOPUTb-
Ma 3a Bb3CTAHOBABAaHE HA TOMOI'pPadCKU M300parkKeHusi, U3I0/I3BaIN TpaHcdopMalus Ha
AmckoM0 3a pelaBaHeTo Ha M3IIbKHAJA ONTHMHU3AIMOHHA 3a/a4da ¢ orpanndenns. Peasn-
supanu ca ajaroputmu PDHGMp or tun Primal-Dual xubpuano rpajuesTHn ajJropuTMu.
[Tapanennara peajgusalus Ha aJropurmure oTHOBO e basupana Ha MPI u OpenMP cran-
JIapTH.

YucreHnTe eKCIIEPUMEHTH OTHOBO Ca MPOBEJICHU BbPXY CYHEPKOMITIOTbpa ABUTOXOJ B
NNKT-BAH. Peasmmsupanu ca ekcriepuMenTH ¢ m300parkeHnsi ¢ pasmepn 723 x 920 u 1446 x
1840 mmkcesa, reHepupaHu OT UHIAyCTpHajeH KoMmimoTbhbpen Tomorpad Nikon XTH 225.
EkcriepumenTuTe ca mpoBeileHU BbPXY pasjndeH Opoil Bb3au Ha ABHUTOXOJI, KATO OTHOBO
ca IPOBEJIEHN TPU CEPUM €KCIIEPUMEHTHU: CAMO BbPXY IPOIECOPUTE Ha CYIEPKOMITIOTbHPA,
CaMo BbPXY YCKOPUTEJIUTE U MAPAJIEIHO BbPXY MPOIECOPUTE U YCKOPUTEIUTE.

Harmocieabk nma HapacTBallla TEHJIECHIIUA 3a 10/I00psiBaHe Ha KAadeCTBOTO Ha YKHBOT,
KaTO CbHINEBPEMEHHO ce HaMmaJssgBaT rnorpebdsennero Ha eneprus u emucunte Ha COq. U3-
[I0JI3BAHETO Ha CEH30pPH, KOHTPOJIEPU U IMMO3UIIMOHUPAHE HA 3aKPUTO HU IPHUOJIMKABA IO
nocturaHeTo Ha tasu nei. Lerra Ha [43] e qa HaIpaBu OonuT 3a U3MOI3BaHE HA ChbBPEMEHHA
MHMPACTPYKTYPa 3a ONTUMU3UPAHE Ha €eHEPIUHOTO yIIpaBjeHue B crpajia. [Ipegcrasena e
apXUTEKTypa Ha pelleHne, KOeTO U3I0/I3Ba JJAHHA OT CEH30PHU 33 KOHTPOJI Ha ChCTOSHUETO
Ha obekTa. [IpoBesiennTe ekcriepuMeHTH ce (POKYCUPAT BbPXY OINTUMAJHOTO PA3IIOJI0KEHNE
Ha MpekoBaTa HHPPACTPYKTypa B CrpajaTa.



ITapaJjiensau ajaropuTmMu U NPUJOXKeHNs BbPXY pas3npe/ie-
JIEHU U3YUCJIATEJTHU CUCTEMU

B [8| mpe/nosiarame, e u3nor3BaHeTo Ha ABTOHOMHU COMDTYEPHU AreHTH B M3UUCTUTETHUTE
MpPEXKH MOKe Ja MpeIocTaBl HeobxoauMaTa (DyHKIIMOHATHOCT 3a YCKOPsABaHe Ha IpueMa-
mero Ha Grid. UzcienaBame moaxosr, Ipu KORTO €KUIIUTE OT areHTHU YJIECHSBAT ITOCPEIHM-
gecTBOTO U ynpasienuero Ha Grid pecypcu. Ejpun or mHTEpecHUTE BBIPOCH € KaK Ja ce
yIpaBJ/sBa JOBEPUETO B TaKaBa cucTeMa. B Ta3u cratus Hue mnpejiarame perrenne. [lerra
Ha Ta3W CTATHUs € Jia KOHIENTYaJn3upa MPOIECUTE, CBbP3aHU C JIOBEPUETO IPU IMPOEKTUPa-
He Ha YIpaBJeHUE B CHUCTeMaTa 3a IOCPEJIHINYeCTBO Ha areHTH. [IbpBo, mienTudunmupame
JIBa CIIeHAPHs, IIPU KOUTO Ce CJIYyIBAT YETUPH Caydast Ha B3aWUMOJEHCTBUs, OCHOBaHU HA
noBepue. BTopo, onmcBame Kak JOBEPHETO Ce MaTepuaIn3upa U MOKe Ja Objie n3MepeHo
KOJIMYECTBEHO BbB BCEKM OT TAX B PAMKHUTE Ha JIBA MKOHOMHWYECKH Mojesa: (a) HaeM Ha
pecypcu u (2) zamamane 3a ynorpeba.

Pasmpenenennre npuioxenus B Java (ADAJ) e miardopma, paspaborena 3a u3rbjiHe-
HUe Ha paslpejeenn npuaoxkennd B Java. lleara Ha Tasu miardopMma e j1a yIecHn Ju3aii-
Ha Ha [PUIOXKEHUSITA U Ja U3M0/13Ba e(DeKTUBHO CUJIaTa HA PA3IPE/ICTCHUTE U3TUCICHUS.
ADAJ mpeaara KakTo cpejia 3a mporpaMupaHe, Taka W 3a u3lbjHeHue. Toil peau3upa
MexXaHN3MHU 3a HabJIIojeHrne Ha O0eKTH M OajaHcUpaHe Ha HaToBapBaHeTo. MexaHU3MbT
3a HabJIIOJIeHUe TI03BOJIABA Jla Ce M3YHC/IM HaToBapBaHeTo Ha JVM 3a Bcekn Bb3esr, n3-
mbaasgBam ADAJ. MexanusmbT 3a Oatancupane Ha HATOBApBaHETO JUHAMIIHO aJallTHpPa
HATOBapBaHETO B cucTeMaTa crope Ta3u nHhopmarms. B [10] obcbxmame Kak opurnHaii-
HUAT Ju3aiiH, 6a3upan Ha JavaParty, na Objie 3aMeHeH OT H3II0JI3BAaHETO Ha COPTyepHU
areHTH.

B [10] pasriexpame kak morat jia Objaar npuiozkenu codpryepau arentun 8 ADAJ. Ha-
1uTe HaOJIIOAEHUsT ¥ OIUT HU ITO3BOJISIBAT Jla ONPEIE/IMM JIBe HUBA HA WHTEIPAITUsS areHT-
ADAJ. Bucoko HMBO, KOETO MOXKe Ja ce M3I0/3Ba 6e3 HuKakBa Ipsika Hameca B ADAJ
U HUCKO HUBO, KOeTo BK/IIOUYBA codryepun arentn B ADAJ. Cbmo Taka mpearame Kak
TOBa MOXKe Jia O'bJie peau3upaHo B JAefCTBUTEIHOCT. B cratusTa nmpoydBame Kost mHppac-
TPYKTypa MOKe Ja ce U3IO0JI3Ba 38 OCUTypsBaHe Ha I'bBKaBa W e(pEeKTUBHA MUTDAIUs Ha
00€KTH, KOATO ChIIO e ObJIe JIECHO UHTErpUpyeMa C IMOAXOAIN IacTH Ha areHTHUTe.

[Ipegnarame 1momxo/ 3a M3IOJ3BaHE HAa €KUM OT areHTH KaTo OPOKepH Ha PecypcH
U MeHUKbpU B Mpexkara. ObchbjieH e obIus mperyie]] Ha MpeJyIoyKeHaTa CUCTeMa, Kak
edeKTUBHO Jla TPIJIOKUM YCIYTH 3a HaraxKJaHe/CbBIaJeHIe, KAKTO U HAYIWH, 10 KOHTO
areHTuTe Ja m3bepar eKull, KONTO Iie m3lbjiHsBa paborara cu. B [12] Hue dokycupame
BHUMAHUETO CU BBPXY IPOIECH, IIPU NMPUCHEANHABAHE Ha areHTH KbM ekull. ObchiK1aMe
IIPOIECUTE, CBbP3aHN C areHT, IPUCHEINHABAIIL Ce K'bM €KHIl, KOHIENTYAJIM3UPaH B PAMKH-
Te Ha IMPEeJJIOZKEHATa To-PaHo Oa3upaHa Ha areHTH CUCTEeMa 3a OPOKEPCTBO U yIIPaBJICHUE
Ha pecypcn. [lporecure, onrcanu B Ta3m CcTaTs, MaKap U OTHOCHTETHO OIPOCTEHHU, MOTaT
JIECHO J1a ObjiaT pa3spaboTeHn /10 MO-CTaOUIHA BEPCUL.

PaspaborBame Oasmpana Ha areHTH MHMPACTPYKTYpa 3a YIIpaBjeHHE HA PECypCH B
Grid. B npemunran cratum HAIIeTO BHUMaHHE Oe€Ile ChCPEIOTOYEHO BBHPXY IPOIECH Ha



BHCOKO HUBO, IIPU areHTu, U30Upaliy eKwuI, KbM KOWTO Jia Ce NMPUCHLEIUHST, WU €KUIl,
KOITO Jla M3IbIHN 3aa4da. B [14] anamusupame Kak npejjiaraHara OasupaHa Ha areHTH
cucreMa MoxKe Jia B3ammojeiictsa ¢ jeiicrBuresien Grid muabiayep. Karo mbpBoHavana
nest cme m3dbpanun mexauaHus codryep Ha Globus. IlpencraBsamve egwmH mMpocT HAYUH 34
U3I'bJIHEHNE Ha 33/la9a W TOoJydaBaHe Ha Pe3YyITaTH U OOChXKIaHe Ha TOJIPOOHOCTH 3a
peayin3ausTa.

B [14] pasriexgame Kak nHMpPaCTPpYKTypaTa OT areHTH, [peIHa3HAYEeHA /4 OCUTYDPH
,MO3bKa", MOYXKE Jia Ce CBbPXKE C ,MYCKYJHUTE", 3a JIa U3I'LJIHA MOTPEOUTEICKU 3asBKU B
Hesl. 3a Ka3yca nsbupame mexauaHusT codryep Globus Grid (GT4). Crarusra cbrbpxa
IIOJPOOHO oNHMcaHne Kak e m30paHo pelieHneTo n Kak Jia paborn. BHeapeHna e MUHIMAJIIC-
TUYHATA BEPCHsl Ha MOJX0/la (3aHMMaBalla ce caMo ¢ U3IIbJIHEHNe Ha JIBONYHH daiiiose).

Enno or BaxkauTe TBBPJEHUS IPU yIPABJICHUETO HA WHMOpMAIUATA, €, Y€ OHTOJIO-
TUYHOTO pa3rpaHUYaBaHe Ha JAHHUTE W CEeMaHTHIHATAa 0OpaboTKa Ha uMHMOpPMAIHUS IIIe
[TO3BOJISIT J1a Ce BJIee ,MHTEJUTeHTHOCT B mH(popMarmonaute cucremu. OTIETHO ce TBbP-
Jii, e copTyepHUuTe areHTu, KOMOMHUPAHU ¢ OHTOJIOrUH, 1ie Objaar ocHoBaTa Ha Web 4.0.
B nmammure nzcneasanns pa3zpadoTBaMe yrpaBeHne Ha pecypcuTe 6a3upaHo Ha areHT-eKuIl
u O6pokepcka MHMPACTPYKTYypa 3a U3UUCIUTe/HU Mpexku. [IpeioxkeHudaT Ha Mera HUBO
MUJTbJIyep U3I0/I3Ba KAKTO cOTYyePHU areHTH, Taka U OHTOJIOUU. B TO3U KOHTEKCT Ie/ITa
Ha [15] e aBoiina. [IbpBo, mpejcTaBsiMe Tperiest Ha yCuausiTa 3a paspaboTBaHe Ha OHTOJIO-
ruu, KouTo jJa ce n3nossar B Grid nzuncienus. Bropo, anajmsnpame KOst OT TSX, aKO UMa
TakaBa, TpsAOBa J1a Ob/le OCHOBHATA OHTOJIOIUsI Ha CHCTEMaTa B IPOIEC Ha paspabOTKA.

[leara na [15] e ja 0606IIM ChIECTBYBAIIUTE YCUIHsI 38 Cb3/[aBaHe HA OHTOJIOIHs Ha
Grid u ocnoBuara unrerpanus arenT-Grid. OCHOBHUST HU BBIIPOC Oelle: uMa JIn OHTOJIO-
rus Ha Grid, KogTo Ouxme Morn Jga Bb3npueMeM. Pasriex taiiku npeicTaBeHns CIIIUCHK C
YCUJIHAS JTUPEKTHO Je(UHUPANKNA OHTOJIOTHST Ha MPeXKaTa MM KOATO MOXKe 1a Oblie PeKOH-
CTpyHUpaHa, 3a Jla ce M3BJede TaKaBa, HUe BAPBaMe, de TPSOBa Ja M3MOJI3BaMe TTOBTOPHO
u ja pasmupum onTosorudTa Ha Core Grid, KodTo ce oKa3Ba Hal-0JIM30 /10 HAIIUTE HY K-
qau. Pasmmpenusita 1me ce OCHOBABAT I'bPBO HA JIPYTU YCUIHs (MJIM OIKT, U3BJIEYEH OT
11x ); no-crenmasto npoekta GLUE u UniGrid. Bropo, me Tpsibsa na BbBeieM HOHATHS,
KOUTO ca CrenuUIHN 3a HAIIUTEe YCUJINs, HAIP. NKOHOMUYIECKH KOHIIEIINN, CBbP3aHU C
JIOTOBapsiHe, U KOHIIENIINH, CBbP3aHU C JIOBEPHE.

B [17] e uscienBan momesn 3a usnbiHsgBaHe Ha paziumdan Grid npusiokeHusr BbPXY
pasIipe/ie/ieHU U3YUCIUTETHI CUCTEME, KATO C€ M3II0JI3Ba CUCTEMa OT areHTH 3a IIpolieca Ha
JIOTOBapsiHE MEXKJIy MOoTpeduTeis u cOOCTBEHMKA Ha m3vuucauTe/nute pecypcu. O6chbieHa
e nHpOpMaIUATA, KOATO TPAOBA Ja ce ChXpaHsiBa OT areHTUTe B CHCTEMaTa, Taka {e Jia
ce HaMaJIl BEPOATHOCTTA 3a HEN3II'bJIHEHNE Ha MPUJIOKEHUATa IPU TPOOIEeMHI B HIKON OT
KOMITIOTPUTE.

VIpaB/ieHueTO HA PECypPCUTE U IJIAHUPAHETO Ha pabOTHU MeCTa ca BayKeH HAy'IeH BbII-
poc B mzuucuresHuTe Mpexu. Koraro codrTyepHuTe areHTH ce M3I0J3BaT KATO MEHM-
JK'bPU Ha Pecypcu u OpOKepU B Mperkara, Ce MOABIBAT PEJINTA JOIbJIHUTETHI TPO0IeMu
u Bb3MoxkHE mojxoau. esra Ha [19] e: mbpBo, Ja mpegcTaBuM KpaThK MpPerye/] Ha TeXHI-
KHUTE 3a YIIPaBJICHUE HA PECYPCUTE Ha Mpexkara, Hamepenu B ctaggapraus Grid Murbiiyep.
Ha Bropo mscro, pasriexkjaMe onuTuTe 3a U3lojI3Bane Ha codryepuu arentu karo Grid
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MUJTBJIYEP U 110 TO3M HAYUH KaTO pecypcHu OpoKepu W 3a IJIaHupaHe Ha 3ajaqn. U Hak-
pas, 0bCbKIaMe KaK 3HAaHUATa, ChOPAHU B I'bPBUTE J[BE YACTU HA TA3U CTATUS, BJIUAIT HA
HAIIeTO MUC/EHE 3a IJIAHUpaHe Ha paboTara B Hammata cucrema. VI3BOIbLT e, Ue e JOILIo
BpeMe Jia BKJIIOYNM HarmaTta cucrteMa B crabmiraa Grid orrosiorust. Tazu oHTOIOT TS HE caMO
Ie HU [TO3BOJIN JIa U3I0JI3BaMe IIMPOK CIEKTHP OT Bb3MOXKHU MEXaHU3MH 3a JIOIOBapsiHe.
Toit cbimo Taka ImMe IpeIOoCTaBU Ha ILJIAaHUpAIaTa IporpamMa HeoOXoauMmaTa WHMOPMAIUT
3a pecypcute, paborara m OorpaHUUEHUATa 3a HEHfHOTO u3nbjaHenue. V Hakpas, aHajm-
3bT HA HAJUIHUTE TEXHUKU 3a IJIAHUPAaHE, U3BbPIINCHN B KOHTEKCTA HA HaIllaTa CUCTEMa
(6asmpanm 70 ToasMa crereH Ha BusngaTa Ha Grid nkoHoMuKaTa 3a chiaocTTa Ha Grid ns-
YHUCJIEHUSITA), TIOCOYH, Ye Ha TO3M eTall TPAOBa Jia PO IbIZKUM C IPEBPBITAHETO HA €JIIH OT
areHTUTe B MEHU/K'bP U MeTa-IJIAaHUPOBYUK, KONTO UMa II'bJIEH KOHTPOJI HaJ| paboTenuTe
areHTU B CBOS €KUII.

[TpoekTbT Agents in Grid e ocBeTeH Ha pa3paboTBaHeTO Ha H6A3MpAH HA areHTH WHTE-
suredaren Grid Mubiyep Ha BHCOKO HHBO. B mpejokenara cucrema Iisijiata oOpaboTKa
Ha JIAHHU Ce YIPaBJIsiBa OT OHTOJIOTHS W I'bPBOHAYAJHO ce Oas3mpa Ha pa3padoTeHa cobC-
TBeHa MuHHU-onTosiorus Ha Grid. Hamwuar anaau3 mnokassa, de TpgOBa ja ajanTupame u
nznosizBame Grid ontosiorusita, paspaborena B pamkute Ha rmpoekta CoreGRID. Crarus
[20] ouepraBa Kak cme mopmdunupasu u pasmmpuin ontosorugaTa or CoreGRID, 3a na
OTTOBOPUM Ha HYKJUTE Ha HAIIUS ITOJIXO].

Ienra Ha [20] e gpoitra. [IbpBo, 06CHKIaME MPUUIUHUTE, TTOPAIA KOUTO OHTOJOIHSITA
CoreGRID TpsibBa ja Obj1e Moaudunnpana n pa3inpena, 3a Ja ce IpeBbpHe B IeHTPaJIHa
JacT Ha HAIIKA ITPOEKT, MeJIAI pa3paboTBaneTo Ha Oa3upaH Ha areHTu nateaurenter Grid
MUJIbJIyep Ha BUCOKO HUBO. BTopo, Hue onucsame HavMHa, 110 KOHTO Ta3W HEJ € TIOCTUTHA-
ta. [lo-KOHKpeTHO, IpejicTaBsIMe O IPOOHO KaK Ca C'b3/1aJeHN TPUTE MOy IeHN OHTOJIOTUN.
[IwpBara, AiG Grid Ontology, e nupektHa Moandukarusa n pasmuperune Ha CoreGrid on-
ToJjorusTa, Jokaro ocranaaute ase (AiG Conditions Ontology n AiG Messages Ontology)
ca pe3yJiTarT OT HeOOXOIMMOCTTa OT yJIECHABAHE Ha IIPErOBOPUTE 3a JOTOBOPH.

PazpaborBame cucrema, 6a3upaHa Ha TOCPEIHUYECTBO MEXKJY areHT W €KHUIl 3a VII-
pasiieare Ha Grid pecypcu. Eaun or BbIpocuTe, KOUTO TpAOBa la ObIaT pasriielaHH,
e 3alla3BaHeTO Ha eKWIla 4upe3 jybsmpane Ha KirodoBa nadopmanus. B [21] obebikmame
U3TOYHHIM Ha UHQOpMAaIlUd, TeHepupaHa B CUCTeMaTa, U OOMUC/sSIMe KOd WHQOpMaIus
TpAOBa Ja ObJie Jyb/Impana, 3a Ja ce HoJ00ph IbJATOCPOYHOTO Olle/IIBaHe Ha eKHIIA.

[leara Ha [21] e ga ce 06CHAAT BbIPOCH, CBbp3aHu ¢ jybsiupane Ha uHGOpPMANUA B
cucreMa 3a yupapienne Ha pecypcure Ha Grid. @okycupame BHUMaHHETO CH BbPXY HH-
dbopmarmsiTa, reHepupaHa B €KHIa, U pasryieskjaMe YeTUpU BaxkHu ciaydas: (1)  gaHHE
Ha ekuIa, (2) paboOTHU JOTOBOPH ¥ TAXHOTO U3I'bjHEeHHe, (3) wuHbOpMAaIWs, CBbp3aHa
¢ noBepueto, u (4) JAPYyru U3TOUHUIM Ha TOJisiM 0beM uHbOpMAaIysi. YCTaHOBUXME, e Ce
cripaBsiMe C JIBe OCHOBHH cUTyarwu: (a) JAHHH ¢ MaJbK 0beM, KOMTO TpsibBa Jia Objaar
3amaseHu He3abaBHO, U (6) JaHHU C roJgM OOeM, KOUTO MOXKe Jia Ce 3alla3BaT PsJIKO.
[To-HaTaTbUIHUAT aHAJIA3 [TOKA3a, Y€ CbOMPAHETO Ha JAHHU C FOJIIM 00eM MOXKe Ja Ce TOC-
THUTHE Haii-100pe Ipes3 M3MoI3Bane Ha YCTPOMCTBO 3a ChXpaHeHne Ha jjaHHu. ToBa perrenne
e n3bpaHo U HUE IJIAHUpaMe Jia T'o U3IM0JI3BaMe B HaIllaTa CUCTEMA.

PaspaborBame 6azupan Ha areHTH HHTEIUTreHTeH MuIbiayep 3a Grid. Ts ce ocnoBaBa Ha
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eKHUIIN OT areHTH KaTo Opokepu Ha pecypcu u MeHuKbpu. [lo-pannara Hu pabora j10Beje
JIO peasm3alids Ha MpoToTuil. VI3BOabT OT M3c/e/BaHUATA €, Y€ € HEeOOXOIUMO IIPErpo-
eKTHpaHe Ha cucTeMara. B [25] obcbikgaMe HOBUTE M OCHOBHUTE TEXHHYECKH MPOOJIEMH,
OTKPUTH II0 BPEMe Ha HETOBOTO WU3II'bJIHEHHE.

[lenra Ha [25] e 1a ce 06CHAN KOHTYP HA peajn3alsiTa U PElIeHusTa, TPUIOKEHH KbM
n3bpaHu TEXHUIECKU IpobsieMu B pamkuTe Ha npoekTa AiG. [IpucrbiBaMe KbM TecTBaHe
HA TOPEOIMCAHUTE KOMIIOHEHTH Ha CHCTeMara, T.e. yed IPUJIOKEHHETO, IPUI0KEHUEeTO,
Oa3upaHo Ha AreHTH, U KOMYHUKAITMOHHUSIT MOCT MEK/Iy T€3U KOMIIOHEHTH — IIPUCTaBKATA
3a B3aMMOJIeiCcTBUA, Oa3upaH HA OHTOJIOTHS.

[lenra Ha [26] e na npeyIozKK METOJ 38 IPUIATAHe HA OHTOJIOTUYHO [IPEJICTABEHN 3Ha~
HUA B MojKpena Ha norpedburesmre Ha Grid. Paborara e mnpejcraBeHa B KOHTEKCTa, IIpe-
joctaBer or cucremara “Agents in Grid”, kogTo nMa 3a 1es1 j1a pa3paboTu ceMaHTUIHA WH-
dpacrpykTypa 3a edekTuBHO yupasienne Ha pecypcure B Grid. [Togkpemnara 3a B3emane
Ha PeIeHns B CUCTeMaTa TpsOBa Jia Mpe1ocTaBs (DYHKITHOHATHOCT OTBb/L ChIIECTBY BAIIUS
Grid MuabIyep, mo-CHernuaaTHo ga MMOMOTHE Ha TMOoTpeduTe st j1a n3bepe ONTUMAJIEH ajro-
PUTHM ¥ / WM pecypc 3a pelasane Ha npobseM or najiena obsact. Cucremara mojgmoMara
norpeburesis B 1moHe jgBe curyaruu. [InpBo, 3a morpedurTenn 6e3 3a/1bA00UEHN TO3HAHUSI,
ToBa 6U TpAOBAJIO Jla UM IIOMOTHE Jjia m30epaT MeToja U pecypca, KOUTO (3aejHo) Omxa
nacHaJIM Haii-1o0pe Ha mpobsiema, KoiiTo TpsibBa na O6bie pereH (M 1a ChOTBETCTBAT Ha
HaJIMIHUTE pecypcn). BTopo, ako moTpebuTe T N3pUIHO TOCOTH METO/Ia 1 KOH(MUTYPAITH-
sTa Ha pecypca, Toil TpsOBa Jia ,ipoBepu’ jaju u300PbT € B ChbOTBETCTBUE C IPEIOPHKUTE
na excreprure. OCBeH TOBa, €/iHa OT IEJIUTE € Jia Ce OIPOCTU U3IOJI3BAHETO Ha M30paHus
pecypc 3a u3I'bJIHEHUE Ha 3ajadaTa; T.e. JeCeH 3a W3I0JI3BaHe MEeTOJ 3a U3I0JI3BaHe Ha
Grid, 6e3 HEOOXOIMMUTE TEXHUIECKHU [TO3HAHUS. 3a MOCTUTaHe Ha CIIOMEHATUTE TeJTH TPsIO-
Ba Ja ce MPUJIOXKU JIAITUBEH METOJ] 3a IIPeJICTaBsIiHe Ha eKCIIEPTHN 3HAHWUS 3a CUCTEMATa
3a ToJIIoMarane Ha B3eMaHeTO Ha perienus. M30paHusaT 1mojixoj1 e Jia ce M3M0JI3BaT OHTO-
JIOTUU U CeMaHTHYIHA 00paboTKa Ha JAHHU, MOJIKPEIeHN OT MHOTOKPUTEPHUAJIHO B3eMaHe Ha
pemenns. Karo ormnpasna Touka Oerie m3dpana 00J1acT Ha U3YUCIUTETHA JTUHEHHA aIred-
pa, KosTo Ja O'b/ie MOJIe/IMpaHa, HO CTATUSTA MIPEJCTaBs ODII MOIX0/, KONTO JIECHO MOXKe
J1a ce PaslIupu JI0 Apyru 00JIacTH.

B [27] e anasm3upan aaropuTbM 3a HapaliejHa peajn3allisd Ha TPUMEPHA JUCKPETHA
TpancopMaIisd BbpPXY KOMIOTbPHA CHCTEMa HPHU KOATO KOMYHUKAIUATE MEXK]LY M3UHC-
JINTEJIHUTE BH3JIM Ce U3BDBPINBAT B TPUMEPHA TOPOWIAJHA MpeXKa. 3a JIAHHU, KOUTO Ca C
pasmeprocT N3 aaropuTbMbT 1103B0JIABA eDEKTUBHO U3IIbAHEHHE BbLPXY p° HPOIECOPH,
KbJeTo p e jgenutesn Ha N. Pasrexpanus ajaropurbM e MOIXOJAI 38 PeaTn3alins Bbp-
xy Blue Gene cymnepkommorsp. Peanmusupan e BapuanT Ha aJrOpuTbMa, KONTO ITO3BOJISIBA
e(EeKTUBHO U3II'bJIHEHUE BbPXY Py X Py X P, HPOIECOPU 38 IPOU3BOJIHU Dy, Py U D,. V3101
sBana e nojnporpama GEMM or 6ubsmorekara BLAS, npu kosTo ce mocrura Haif-roJisima
IpOM3BOIUTE/THOCT. V31013Bann ca He OJIOKUPAIN KOMYHUKAINHA, KOETO TTO3BOJIABA IIPU-
MOKPWBAHE HA U3YUC/ICHUS U KOMYHUKAIUN.

[Tposeiern ca duc/ieHn eKCliepuMeHTH Bbpxy cyrepkoMiiiorsp IBM Blue Gene /P &, Ha-
[MOHAJIEH NEHTHD 3a cynepkoMmoTbpau npusioxkenus', HP xkibecrep (HPCG) B UNMKT-
BAH u Intel Xeon kabcrep (Galera) B Centrum Informatyczne TASK. Bceekn Bb3en na
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IBM Blue Gene/P nma equn PowerPC 450 werupusizpen nporecop, padorer va 850 MHz,
u uma 2 GB mamer. Equn Bb3esn or Kirbecrepure nma JBa Intel Xeon yerupusigpenn mpo-
necopa. HPCG e ¢ nporecopu, paborenu Ha 2.8 GHz u equn Bb3en nma 24 GB mamer.
Galera e ¢ npomecopu, paboremnu Ha 2.33 GHz, n equn pb3en uma 8, 16, mm 32 GB mamer.
AsropurbMbT € TecTBaH BbPXy 10 1024 Bb3enaa or IBM Blue Gene/P u 256 Bb3esna or
KJI'bCTEP.

IIpes 2020 r. ca MpoBeIeHN YMCIEHN €KCIIEPUMEHTH BbPXY CYIEPKOMITIOTHP ABUTOXOJI B
NUNKT-BAH. Beekn Bb3en nma aBa Intel Xeon mporecopa ¢ ocem sijapa, paboreru Ha 2.6
GHz, u aBa Intel Xeon Phi 7120P yckopurens ¢ 61 siapa, paboreru wa 1.24 GHz. /IBara
mporiecopa crozensaT 64 GB mamer, a Bcekn yckopuresn nma 16 GB mamer. Anropurbmbr e
TeCTBaH BbPXY 110 32 Bb3ena or ABuroxos. [IpoBenenn ca Tpu cepuu eKCIepUMEHTH: CaMO
BbPXY IPOILECOPUTE Ha CYNEPKOMIIIOTbPA, CAMO BbpPXY YCKOPUTEJHUTE U IapaseHO BbpPXY
nporiecopure u yckopuresnute. [losyaenure pesyiararu ca mybankyBanu B [42].

B 28] e uscsenBano usnonsBaneTo Ha OasupaHa Ha areHTH WHMPACTPYKTypa 3a pas-
npejiesierne u yrpasienne Ha maketu B Grid cpema. V3monssar ce codpTyepHn areHTH 3a
ommcanune Ha pecypcure n Grid cTpyKTyparta, pa3/JMdHATEe U3UCKBAHUS U CIeNUUKAIIH,
ChIIbpKaHue Ha ChOOIIEHUSITa, OOMEHSHI B CHCTEMATA.

Hamrara pabora ce orHacs 70 pa3pabOTBAHETO Ha CHUCTEMa 3a MOJKpEla Ha PeIeHUs
pu 1pobjieM ¢ u3bopa Ha codryep. OcHOBHATA Ues € jIa e U3MOJ3BAT €KCIePTHU 3Ha-
HUsI, 32 Jla ce MOMOTHe Ha norpeburess mpu n3bopa Ha Haii-mobpusi codbryep / meros /
M3YUCUTEIEH PECype 3a pelraBaHe Ha W3UHCJIATeTeH 1mpobieM. OUeBUIHO TOBa BKJIIOYBA
MHOTOKPUTEPUAIHO B3eMaHe Ha PelleHus 1 KJIIOYOBUAT OTBOPEH BBLIIPOC €: KO MeTOJ, J1a
usbepere. Konrekerst Ha [29] € B3eT oT npoekra Agents in Grid (AiG), kbaero TpsbBa ja
ce peanm3npa n360pbT Ha codryep (U MO TO3M HAYHH MHOTOKPUTEPUAJIEH aHAJN3), KOTaTo
ngaTa wHopMalus, cBbp3ana ¢ mpobJieMa, xapjyepa u copryepa € OHTOJOTUIHO TPE/I-
craBeHa. [I'bpBOHAYAHO pa3riiejlaxMe Mpoleca Ha aHAJIUTUIHA Hepapxus, KOHTO e MHOTO
HOJIXOJISAI 38 flepapXUdHUTe CTPYKTYPU OT JIAaHHU (HAIIPUMED TaKuBa, KOUTO ca (GhopMmy-
JIIPAHU OT TJIeJIHA TOYKA HA OHTOJIOTHH). BbIpekn ToBa, mOpaju J100pe U3BECTHUTE MYy
HEJIOCTATBIM, PEITUXME J[a PA3IIMPUM ThPCEHETO HA METO/Ia HA MHOTOKPUTEPUAHUS aHA-
JIN3, HAM-TIO/IXOJISII 38 BBIIPOCHUS TpodeM. B Ta3u cratus Hue mpejcraBsiMe pe3yaTaTuTe
OT HAIETO ThpceHe, Koero BKIouBa: (i) TOPSIS (Texnuka 3a npeanountanue Ha HOPBUKI-
Te 1o cxo7CcTBO ¢ nueasnnoro pemenne), (i) PROMETHEE u (iii) GRIP (Ienepanusupana
perpecusi ¢ MHTEH3UTET Ha npeanodnranuara). CbIo Taka HAKPATKO 0OCHIKaMe 3allo
JIDYTU METO/I He ca OW/IN pasryieaHu.

B [30] obmucsisive KOMOUHIPAHETO HA OHTOJIOTHIHO TIpeicTaBeHa NHGOPMAIIUS C TIPOIie-
ca Ha aHAJIMTUYIHA epapxus Ha Saaty, 3a 7ga y/IeCHUM ITOJIKpeIaTa 3a B3eMaHe Ha PerTeHust
3a norpebuteure Ha Grid. KoHTeKcTbT Ha INpEJIOKEHUETO € IPEeJOCTaBeH OT IIPOEKTa
Agents in Grid (AiG), koiiTo mMa 3a 1est 1a pazpaborn 6asupana Ha areHTH HHOPACTPYK-
Typa 3a edbeKTUBHO yrpasjienne Ha pecypcure B Grid. B npoekra AiG areature hopmupar
eKUIN, MEHU/KbPUTE Ha KOUTO JIOTOBAPAT C KJIUEHTU U PAOOTHUIMA yCJIOBUS 38 TMOTEHIN-
aJTHO CbTPyaHIYecTBO. TyK ce oKycupamMe BbpPXY CIeHApUA, IIPU KONUTO MOTPEOUTE/IAT
THPCH PECYPCH 3a M3IIbJIHEHNE Ha 3aJada, JT0KaTO PeCypCUTe M eKCIePTHOTO 3HaHWe 3a
obj1acTTa ca opraHu3upanu B oHTO0rdsd. OTYNTAfKU CIOXKHUS XapaKTep Ha OINMCAHUETO
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Ha pecypcuTe U 3HAHUTA 38 00J1acTTa, MHOIOKPUTEPUAJIHATA OIleHKa Ha TOBa KOJIKO TOYHO
e OIMCAHMEeTO Ha MOTpeOuTe s 33 HEHHUTe HYKJIM U KaK TO MOXKe Ja ObJie pasiupeHo /
YCBhBBPIIEHCTBAHO, UT'Pae pelnasaiia poss. Hampumep, ToBa TpsOBa Ja MOMOTHE Ha TOT-
peburesist 1a n3depe ONTHMAJEH aJrOPUTbM U / WM Pecypc 3a pelllaBaHe Ha HpobJeMa.
OcBeH TOBa ONMUCAHUTE B OHTOJIOTHUS TIPEJJIOXKEHUsT 38 JOTOBOPH, KOWTO Ca PE3YITAT OT
ABTOHOMHHU ITPErOBOPHU, M3UCKBAT MHOTIOKpUTEpHajHa OleHKa. MeToabT ce OCHOBaBa Ha
JIBOWHM CpaBHEHUsI HA KPUTEPUU U pa3dyuTa Ha IpeleHKaTa Ha eKCIepTHa rpyna. B KoH-
TekcTa Ha mpoekTa AiG mokazBame IpuMep Kak MHOTOKPUTEPUAHOTO IPYIIOBO B3eMaHe Ha
peIieHnsT MOXKe Jla Ce M3IMOJI3Ba 3a TMoJIoMarane Ha moTpeduTe st Ipu n3dopa Ha pecypcn
1 OIleHKaTa Ha MPE/JIOKEHUSITa 38 JOTOBOPH.

[lenra Ha [32] e mpoekTHUpaHe Ha cucTeMa 3a MOJKPeNa Ha pelleHs, ba3upaHa Ha OHTO-
JIOTUYHO IIPEJICTaBsiHe M CEMaHTUYHU TeXHOJIOIHH. [[0-KOHKpeTHO, Hie pasriexKiaMe CJIy-
vas, korato norpeburenst Ha Grid / Cloud ommcBa cBonTe M3MCKBaHUS [0 OTHOIIEHUE
Ha ,pecypc’ KaTo m3pa3 Ha KJIaC OT OHTOJIOTUs, JIOKATO €K3eMILISPUTe Ha ChINaTa OH-
TOJIOTHsT TIPEJICTABIABAT HaJIUIHU pecypcu. llenara e jma ce momorue Ha moOTpedOHUTENS 1A
HaMepu Hail-100pHsi BapHAHT 10 OTHOINEHHE Ha HeroBuTe | HeHHUTE U3UCKBAHUSI, KATO
CBIIEBPEMEHHO Ce IIOMHH, Ye 3HAHUATA Ha IoTpeduTesIs Morar jJa Obaar orpanndenu’. B
TO3U KOHTEKCT HUe 00ChiKIaMe MHOXKECTBO IIOJX0/I1, Oa3upaHn Ha CeMaHTUIHA 00paboTKa
Ha JJAHHU, KOUTO BKJIIOYBAT Pa3/UIHU ,DOpMU" HA B3AMMOJIEHCTBHAE HA ITOTPEOUTENT ChC
cucremata. [lo-KOHKpeTHO, HIe pa3riiexkiamMe: (a) OHTOJOIMIHO ChBIAJEHIEe, OCHOBAHO HA
SPARQL 3asiBku u MexaHu3Mu 3a u300p Ha ChOTBETEH Kjac, (6) cemaHTHIHA OJIM30CT HA
eK3eMILISIPH, IIPeICTaBIABAI TOTPEONTE/ICKI N3NCKBAHNA 1 HAJTUIHI PECypCH, basupaHnn
Ha rpaduku u (B) MHOrOKpHUTepHajeH anaans, basupan Ha meroga AHP, koiito usmosssa
3HAHUs OT €KCIEePTHU 00JIaCTH (CbIO IIPEICTABEHN OHTOJOTUIHO).

Pesyarature B [33] ca omut 3a pasmupsiBane Ha pa3cbiKIeHHUsITa OT IpoeKTa Agents
in Grid (AiG) 3a Clouds. AiG mpoekTHT e HacOYeH K'bM PAa3BUTUETO Ha CeMaHTHYHA WH -
pacTpykTypa 3a edekTuBHO yupasjienne Ha pecypcure B Grid. Cucremara 3a B3emaHe Ha
pemtenns B AIG nomara Ha orpeburesis 63 3a1bI009eHN TO3HAHUS Ja n306epe ONTHMAJIeH
AJITOPUTHM U / UJIM PECypC 3a pelllaBaHe Ha MPobJIeM OT JiaJjieHa 00J1acT U MO-K'bCHO Jia 13-
Oepe Hali-T00POTO pelenne, IPU YCAOBUATA 38 ChTPYIHUIECTBO € JOCTABINKA HA PECcypc,
M3II0JI3BAH 3a perraBane Ha 3aadata. OOJadHNTe N3UNUCTIEHNS Ce OTHACIT JI0 apXUTEKTYpa,
[IPU KOATO TPYIN OT OTIAAJE€IeHN ChPBbPHU Ca CBbP3aHU B MperKa, 3a Jia MO3BOJIAT OHJIANH
JIOCT'BII JI0 KOMIIIOTHPHHU yCayru min pecypeu. Obmara BU3Us € CbIIaTa KaTo B CIydas
HA U3YUCIUTE/IHUTE MPEXKHU, T.e. Jia Ce HAMAaJST PA3XOJUTe 38 U3UYUC/ICHUs, KAKTO U Jia
ce yBeJIMYM I'bBKABOCTTA M HAJEXKTHOCTTa Ha mHppacTpykTypata. ChiectByBar obade u
BaskHU pa3iauKu. OTHOCHTEIHO JIECHO € Ja ce 3abejieXKu, ue pelleHusaTa, pas3rIekIaHn B
KOHTeKcTa Ha cucremara AiG, mMorar jilecHO Jia ObJaT pas3lIdpeHr 10 W3YNCIeHUs B 00-
JIaK, KOUTO Ca Ce Pa3BUJIA OT M3YMCIUTETHH Mpexkn. Kakro Oemre mokasaHo B ciydas Ha
Grid, uaTerpupanero Ha copTyepHU areHTH, CEMAHTUKA U U3YUCTCHUS B 00JIAK MOXKE Jia
Jlajie Bb3MOXKHOCT 38 BUCOKOE(DEKTUBHM, NHTEJIMTEHTHN CUCTEMHU, ITPABEHiKu 00/IaKbT OIIle
[MO-I'bBKAB, AaBTOHOMEH U M3IOJI3BAEM.

Crarusita 34| e yBogna B creruaiaus 6poii ,FidbexkTuBHE Yncienn MeToau 3a HayIHH
U3YUCIEHNS ¢ roJigMa pa3zmepHocT. ToBa e mirocTpalins Ha M3NCKBaHUITA 3a pa3paboTBaHe
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HA MOJIeJIU C JI0Opa TOYHOCT. ucseHuTe pe3yJsiTaTu, MOJyUYeHU [PU U3UYUCJIEHUs, U3BbP-
mrern ¢ nomorrra #Ha UNI-DEM (YVaudunupan larcku OitiepoB Mojien), ca M3MOI3BAHNI
KaTO IIPUMEP 3a TaKnBa e(peKTUBHU YUC/IEHN MeTo/iu. Bb3/eficTBusiTa OT M3MEHEHUETO Ha
KJIMMaTa BbpPXY HAKOJIKO KPUTUYHN HUBA HA 3aMbpPCsIBaHe B Pa3/JMIHNA dacTu Ha KBporma
ca CUCTEMATUIHO U3CJIEBAHN C IOMOIITA Ha BUCOKOITPON3BOUTETHI KOMITIOTPH ¥ CHMYJIa-
[IUNTE Ca U3BBLPIIEHN B IIEPUOJI OT MIECTHAJIECET [TOCJIEIOBATETHU TOJINHU C YeTUPUHAJIECET
pasymanu crieHapus. [lo Bpeme Ha TOBa MHOIOOOXBATHO IMPOYUBAHE Ca Pa3pelieHud MHO-
ro pazjudau npodsemu. EauH oT Te3u mpob/ieMu € CBbP3aH C MPaBUIHOTO HM3II0JI3BaHE
Ha OTPOMHHTE M3XO0JHU (hailjioBe ¢ JIaHHU, 3a Jla e WIIOCTPUPAT PA3JIMIHU TEHICHITUN
n B3anmMmooTHomeHus. ObmusaT pasmep Ha Te3u daitinose e mo-roam ot 200 merabaiira.
TpyaHocTuTe PN U3YUCTEHUATA IO BpeMe Ha U3II'bJIHEHUETO Ha MOJIeJIa M IMOJAIOTOBKATA
Ha usxojHuTe daitose ca orpomuu. V3xonnre JaHuu ce U3M0JI3BAT 38 MHOTO 1esu. V36m-
paiiku caMo ChbOTBETHHUTE JIAHHU, YOBEK MOXKE Jia WIIOCTPUPA U HAIIPABH JIECHO pa3dupaemMu
PA3JINYHN BayKHU CUTYaIUu.

HoBu nndopmManmmoHHN T€XHOJJIOTUNI

B [23] pasruexiame jBa HeJMHEHHN MeTO/@ 338 MeHepHpaHe Ha MCEBJOCTYyUaiiHi ducia B
uaTepBaa [0, 1), a IMEHHO KBaJIpaTHIeH KOHI'DYEHTEeH TeHepaTop U 00paTeH KOHI'PYeHTeH
reHeparop. AHajm3upaHu ca KoMOWHaImuTe oT peuiia Ha Van der Corput ¢ pasriexjia-
HUTe HeJIMHeHHN reHeparopu. Hue ompocrsiBaMe MOJIyYeHNTe PeJUI Ipe3 OrpaHnvdaBaHe
Ha b-aIMIHOTO IpPEJICTaBIHEe HA TOYKUTE.

Pasrirexxmame amciieno b-agmdecka auadoHUsT HA MpEKNATE, MOJYIeHH Ype3 KBaJpa-
TUYEH KOHIPYEHTEH T'eHepaTop, 0OpaTeH KOHI'PYeHTEH NeHepaTop, TeXHUTe KOMOUHAIUU C
peaunia Ha Van der Corput m ompocTdBaHETO Ha CMECEHUTE PeJHIH OT IICEBIOCTyIaiiHn
qncia. CroitHoCcTTa Ha b-ajmdeckaTa JuadoHUs HaMa/siBa C yBeJIndaBaHeTO Ha Oposd Ha
TOYKUTE Ha OIPOCTEHUTE PEIUIN, KOETO JI0Ka3Ba, Y€ TOYKUTE Ha OIPOCTEHUTE PEIUIN Ca
[ICEBIOC/IY YaiiHu dncya. AHAJIU3 BT HA Pe3yJITaTuTe [0Ka3Ba, 9e KOMOMHAIMUTE OT PeIuia
Ha Van der Corput ¢ Te3u HeJIMHEHHN MeHepaTOPH UMAT JT0OPH IICEBIOCTyYaiiHu CBOICTBA,
KAKTO W NeHEPATOPUTE.

B [24] pasriexname b-agnanara guadgoHusT KATO HHCTPYMEHT 3a U3MepBaHe Ha PABHO-
MEPHOTO paslpeje/ieHne Ha PeIUId, KAKTO U 3a U3CJIeBaHe Ha IICEeBIOCTyIaiiHu CBONCTBA
Ha penuruTe. V3cienBaneTo Ha MCeBIOCTyIaiiHUTE CBOMCTBA Ha paAaBHOMEPHO pasIipejierie-
HHUTE MPEXKHU € U3KJIIOUUTEIHO BaykKHO 3a MerojauTe KBasu-Monte Kapisio. zBecTHo e, 1e
[IpY 9UCJIEHO MHTerpupane 1mo Mmeroante kasu-Monrte Kapio rpemkara 3aBucn oT pasii-
peJiesieHrneTo Ha TOYKHTe OT Mperkara. OT apyra crpana, b-aanmdeckara JuadOHUs TaBa
nHOpPMAIHS 3a PA3NpeIeIeHHeTO Ha TOYKUTE B MperKaTa.

Pasryiexxiame HIKOJIKO KOHKPETHH KOHCTPYKIUHU Ha peauiy (x;). b-ajgmdaeckara Jua-
dbonns Ha nBymepuure mpexu {y; = (x;,2;41)} e npecmernara. HucieHnte pesynraT
MOKa3BaT, e aKo JByMepHaTa Mpexka {y;} e paBHOMepHO pasmpejeseHa u peaurara (x;)
UMa JIOOPH TICEeBIOC/IyYaiiHu CBOMCTBaA, TOraBa CTOHOCTTA Ha b-ajmyeckaTa JquadOHUA Ha-
MaJIgBa C yBeJNIaBaHeTO Ha Opos Ha TOYKUTE. AHAJIM3BT Ha Pe3yJITATHTE IMOKa3Ba IpsKa
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BPb3Ka MEXK/Iy TCEBJIOCTYyYallHOCTTa Ha TOUYKHUTE Ha KOHCTPYUPAHUTE PEJUIM U MPEXKU U
b-ajimaeckara auadOoHUs, KAKTO U C JUCKPEIAHCA.

[Ipe3 nocyienuTe TojMHN ce HaOJII0/IaBa HapacTBalll MHTEPEC K'bM ChbOMpPaHETO U obpa-
OoTKaTa Ha CEH30PHU JIAHHW B pa3lpejie/ieHn MOOWIHN cpein. B To31 KOHTEKCT ce ouepra-
BAT JIBe, JIOHAK e TIPOTUBOPEUNBH TeH IeHImn: (1) HapacTBalla MoIyIsiPHOCT Ha MeXaHU3-
muTe or tun crowdsourcing, 3a chbupane Ha jaHHu U (2) chOUpaHe HA JAHHU OT CEH30DH,
KOUTO HE CaMO Ca HEJOCTBIHU 3a ,BbHINHA JUNA', HO HA-UeCTO ca HECHBMECTUMU, Ka-
TO [0 TO3W HAYWH HAMAJISIBAT M3IO/I3BAEMOCTTa MM 3a WU3BJIMYaHe Ha JaHHU. [IpemaBu
TE€3U OI'PAHUYEHUs] B JOCT'BITHOCTTA W CbBMECTUMOCTTA Ha JAHHUTE Ce TYOW OTPOMEH I0-
TeHIMAaJl 32 OTKPHBaHEe Ha 3HAHWs. 3a Jia ceé MPOTHBOIOCTABUM Ha Ta3W TeHJeHIusd, B [35]
npejiaraMe ooIa, aJalTuBHA CUCTEMa, KOSITO IIe MO3BOJIU JOOPOBOHO yYaCTUE B ITPOU3-
BOJIHU MHUIMATUBH 3a crowdsensing, KaTo M3XObT Ce ChbXpaHsdaBa B cTaHgapTeH dhopmar
3a jganan. CucreMara M3MOJI3Ba MHOIOATEHTEH I0JIX0J], OCHOBAH Ha IIPAaBUJIA, 38 WHCTPYK-
TUpaHe Ha CEH30pHUTE Kora Jia chbOupaT JaHHU U KaK, aKO € HeoOXOIUMO, jia I'n 00padoTsT
[IpeIBAPUTETHO, TP Ja CIOAEIIT JAHHUTEe ¢ M30paHW OT MOTPEOWTE ST WHUIHATHBI.
[IbpBoHava/iHaTa BEpCUs HA CUCTEMAaTa € BHEJpeHa W TeCTBaHa.

CwmaprdonnTte cranaxa ezKeJHEeBHU ,CI'bTHUIN Ha Xopara. [lourn Bcekn nma cmaprdon
B /IzKODA MJTH YaHTaTa CU U 'O U3I0JI3Ba exke/iHeBHO. CbBpeMeHHuTe cMapT(OHU ca ,3apeie-
HU CbC CEH30PH, OCUTYPABAIIN TTOTOIM OT IMOTEHINAJIHO MOJIE3HU JTaHHu. B ¢bIoTo BpeMe
IO/ ThpPKaHeTo Ha (hopMa, yIPasKHEHUsITa, OraHeTo, JIyBAaHETO U T.H. CTAHAXa MOJIEPHU.
B To3u kmmmat paboToiaTesimTe MOraT Ja ce OMUTAT Jia CTUMYJINPAT CBOUTE PAOOTHUIIN J1a
M3I0JI3BAT BEJIOCHIIE/IN, 3 Jla ujBar Ha padora. Eun or uHTEpecHuTe BBHIIPOCH €: PaboT-
HUIATE BCHITHOCT U3IOJI3BAT JIM BEJIOCUIIE/IA, KAKTO € JCK/JIapUpPAaHO, WU ce OIMUTBAT Ja
U3JTbXKAT CUCTEMATA U Ja CIeYe/ AT HArPAJIUTE, JJOKATO HAIIPUMED U3II0/I3BAT OOIECTBEHUS
TpaHcnopT. EnuH o1 HaYMHUTE /1a ce TPOBEpH TOBa MOXKe j1a O'b/1e N3II0/I3BAHETO HA JAHHU
OT CeH30pH Ha cMapTQOHU 3a Olpee/isiHe Ha M3I0/I3BaHNs HAUnH Ha TpaHcrnopT. CraTtusta
[37] npescraBs npeaBapuTeTHU PE3YJATATH OT ONUT 3a U3MOJI3BAaHE HA JAHHU OT CEH30PU
U TEXHUKU 32 3a](bJIOOYEHO OOyUueHne 3a OTKPUBAaHE Ha PEKMMa Ha TPAHCIOPT, B PeasHo
BpeMe, JIMPeKTHO Ha Tesedona. Paborara ce onursa j1a ba/iancupa KOHCyMalusTa Ha eHep-
I'Usl HA CEH30Pa U M3YUC/IUTETHUTE N3UCKBAHMS C KOPEKTHOCT U BpeMe 3a peakiusd. B to3n
KOHTEKCT Ca IPEJICTABEHU PEe3Y/ITaTH OT IPUIAraHeTO Ha PEKYPEHTHH HEBPOHHH MPEXKH,
KaKTO ¥ MO-TPAJUIIMOHHN TOJIXOIM K'bM JielicTBuTeHN JanHu. OCBeH TOBa ce Pas3IJiexkiaT
[IOJIXO/IU, KOUTO M3IIOJI3BAT IIO3HAHUATA B 00JIACTTA, 3a Jia HAIPABAT KJIACH(MUKATOPUTE
HO-HAJIEXKTHA U U3UCKBAIIN [I0-MAJIKO [IPOIECOPHA MO (U MO-MaJIKO €HEPIHsi).

JlHenmHuAT IUHAMWYEH PACTEX Ha Oposi Ha PelIeHuATa, Oa3upaHyd Ha KOHIEHIUATA 3a
Unreprer Ha wemata (I0T), BbpBu pbKa 3a pbKa ¢ HEOGXOAUMOCTTA OT HOBH MEXaHU3MU
3a KOHTPOJI Ha jocTbiia. M3riexkia, de napajurmMara 3a KOHTPOJ Ha JOCTbIIa, Oa3upaHa
Ha aTpudyTH, e J00pa aJTepHATHBA Ha YECTO M3IMOJI3BAHUA MOJEN 38 KOHTPOJ Ha JIOCTb-
1a, KOWTO He € 33 Ib/IKUTENTHO Jia paboTu j100pe B rojiemu pastpejesenn cucremu. 1lo-
KOHKDPETHO, OCHOBHUSIT HEJIOCTATHK Ha PENIeHUSTa 3a OTOPU3AIMSA € MPOU3THIAIATa OT
TOBa BHCOKa CJIOYKHOCT Ha HEOOXOMMUTE MTOJTUTUKU, OCOOEHO B CiIydas Ha (DUH KOHTPOJI
Ha JIOCTbIA (BeH cilydail Ha Jiunca Ha cKaaupyemoct). Hue BsipBame, We pelieHHeTo Ha
TO3U POOJIEM MOXKe Jia Obje Upe3 BKJIIOUBAHE HA CEMaHTUYHU TEXHOJIOIMU B IIpOIeca Ha
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B3eMaHe Ha perienusi. B [38| Hue obcbikaMe cucreMa 3a yupas/ienne Ha KOHTPOJIA Ha JI0C-
TbIIa B IPUCTAHUIIEH TepMUHAJ, Oa3upaHa Ha MPUIaraHeTo Ha CEMAHTUIHU TEXHOJIOTUU.
[Ipemno:keHaTa cucrema ce OCHOBaBa Ha BbBEJIEHA M M3II0JI3Ba MOJAUMUIIMPAHA BEPCHS Ha,
cemanTuaHOTO npuaoxkerne OntoPlay. [TociemroTo 03BOISIBA HA HECHIEITUATUCTATE JIECHO
Jla, U3BBPIIBAT HEOOXOAUMHUTE MOANMUKAIINE Ha OHTOJOruATa. [Ipeamoxkenara cucrema e
TeCTBaHa B MOJIYPEAJUCTUIHA CPEJla U B €MYJIATOP.

[lenra va [39] e ma ce eKCliepUMEHTHPAT U CPABHAT PA3JIUIHU MOJXOJN 32 YIIECHSIBAHE
Ha CbBMECTHAa HpeHOp’b‘{HTeﬂHa CHUCTEMa 3a II'bTHUIIN, KOHUTO 6I/IXa HCKaJI Ja ITOCETAT 0%
puctrdeckn Mecta’. 3a Tasw 1T PA3/IMIHA aJTOPUTMU, BKJIIOUNTETHO HEBPOHHU MPEXKN
or tuna Koxonen (OGMKHOBEHV U €JTACTUYHH ), KAKTO M CEMAHTUIHU TEXHOJIOTUH, Ca IPUJIO-
JKEeHU K'bM HabOp OT JIaHHU, chOpaHu OT MpexkaTa. [IpoBeern ca eKCliepuMeHTH 3a TPYIN
norpeburen (M3MepBaHe Ha KAa4eCTBOTO Ha MPENOPBKUTE), KAKTO M 3a W30paHu JIUIA.
3aBbPIIEHOTO CpaBHEHUE IOCOYBA OCHOBHUTE CHJIHU U CJIA0W CTPAHU HA BCEKU ITOJIXO/I.
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General characteristics of the presented works

The list of publications includes a total of 75 titles, of which 53 articles in international
journals and series and 22 papers in peer-reviewed proceedings of international conferences.

Here, 44 papers are used in this competition, of which 37 are in international journals
and series ([2-10, 12, 13, 15-19, 21, 22, 24-26, 28-38, 40-44]) and 7 in refereed proceedings
of international conferences ([1, 11, 14, 20, 23, 27, 39]). The presented papers do not repeat
those presented for the acquisition of the educational and scientific degree “Doctor” and for
the academic position “Associate Professor”. Five papers [6, 30, 34, 36, 44] are published
in journals with impact factor.

The presented works are grouped thematically:

1. Methods for approximate solution of two-dimensional and three-dimensional bound-
ary value problems

Stokes equation

systems of partial differential equations of convection-diffusion type

elasticity equations

Maxwell’s equations

e heat transfer equation
2. Methods based on discretization with:

e finite differences;
e linear, bilinear, and trilinear conforming finite elements;

e nonconforming finite elements.
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3. Methods and algorithms for solving optimization problems
4. Parallel algorithms and applications on distributed computing systems

e using a parallel programming environment MPI;

e implemented on multiprocessor workstations, clusters, Grid and Cloud.

Methods for approximate solution of 2D and 3D
boundary value problems

The papers [1-7] are published in specialized scientific publications and are on the topic
“Parallel algorithm for numerical solution of two-dimensional and three-dimensional Stokes
equation for incompressible fluid”. These publications are equivalent to a habilitation
monography.

In [1-5] we consider the 3D time dependent Stokes equation on a finite time interval
and on a uniform rectangular mesh, written in terms of velocity and pressure.

For this problem, a parallel algorithm, based on a recently proposed direction splitting
approach, is applied. Here, the pressure equation is derived from a perturbed form of the
continuity equation, where the incompressibility constraint is penalized in a negative norm
induced by the direction splitting. The scheme used in the algorithm is composed of: (a)
pressure prediction, (b) velocity update, (c¢) penalty step, and (d) pressure correction. In
order to achieve good parallel performance, the solution of the Poison problem for the
pressure correction is replaced by a solution to a sequence of one-dimensional second order
elliptic boundary value problems (in each spatial direction). The parallel code is developed
using the standard MPI functions and tested on modern parallel computer systems. The
performed numerical tests illustrate the parallel efficiency, and scalability, of the direction-
splitting based algorithm. In [5] we compared the results from the direction splitting
algorithm with the results from Finite Element software package for solving of Stokes
equation.

In our work, we are targeting massively parallel computers, as well as clusters of multi-
core nodes. The somehow slower (experimentally-established) performance of the proposed
approach was observed when using all cores on a single node of a cluster. To remedy this
problem, we tried to use LAPACK subroutines from the multi-threaded layer library, but
the parallel performance of the code (while improved) was still not satisfactory on a single
(multi-core) node.

Our work in [6] considers hybrid parallelization based on the MPI and OpenMP stan-
dards. It is motivated by the need to maximize the parallel efficiency of our implementation
of the proposed algorithm. Essential improvements of the parallel algorithm are achieved
by introducing two levels of parallelism: (i) between-node parallelism based on the MPI
and (ii) inside-node parallelism based on the OpenMP. The implementation was tested on
Linux clusters with Intel processors and on the IBM supercomputer.
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The paper [7] presents an experimental performance study of the developed parallel
implementation on a supercomputer using Intel Xeon processors, as well as Intel Xeon
Phi co-processors. The experimental results show an essential improvement when running
experiments for a variety of problem sizes and number of cores / threads.

The numerical solution of systems of convection-diffusion equations is considered in [9].
The problem is described by a system of second order partial differential equations (PDEs).
This system is discretized by Courant-elements. The preconditioned conjugate gradient
method is used for the iterative solution of the large-scale linear algebraic systems arising
after the finite element discretization of the problem. Discrete Helmholtz preconditioners
are applied to obtain a mesh independent super-linear convergence of the iterative method.
A parallel algorithm is derived for the proposed preconditioner. A portable parallel code
using Message Passing Interface (MPI) is developed. Numerical tests well illustrate the
performance of the proposed method on a parallel computer architecture.

In [13] we consider numerical solution of 3D linear elasticity equations described by
a coupled system of second order elliptic partial differential equations. This system is
discretized by trilinear parallelepipedal finite elements. Preconditioned Conjugate Gradi-
ent iterative method is used for solving large-scale linear algebraic systems arising after
the Finite Element Method (FEM) discretization of the problem. The displacement de-
composition technique is applied at the first step to construct a preconditioner using the
decoupled block diagonal part of the original matrix. Then circulant block factorization
is used to precondition thus obtained block diagonal matrix. Since both preconditioning
techniques, displacement decomposition and circulant block factorization, are highly par-
allelizable, a portable parallel FEM code utilizing MPI for communication is implemented.
Results of numerical tests performed on a number of modern parallel computers using real
life engineering problems from the geosciences (geomechanics in particular) are reported
and discussed.

In [18] we consider the numerical solution of 3D linear elasticity equations. The investi-
gated problem is described by a coupled system of second order elliptic partial differential
equations. This system is then discretized by conforming or nonconforming finite ele-
ments. After applying the Finite Element Method (FEM) based discretization, a system
of linear algebraic equations has to be solved. In this system the stiffness matrix is large,
sparse and symmetric positive definite. In the solution process we utilize a well-known fact
that the preconditioned conjugate gradient method is the best tool for efficient solution
of large-scale symmetric systems with sparse positive definite matrices. In this context,
the displacement decomposition (DD) technique is applied at the first step to construct
a preconditioner that is based on a decoupled block diagonal part of the original matrix.
Then two preconditioners, namely the Modified Incomplete Cholesky factorization MIC(0)
and the Circulant Block-Factorization (CBF) preconditioning, are used to precondition
thus obtained block diagonal matrix.

As far as the parallel implementation of the proposed solution methods is concerned,
we utilize the Message Passing Interface (MPI) communication libraries. The aim of our
work is to compare the performance of the two proposed preconditioners: the DD MIC(0)
and the DD CBF. The presented comparative analysis is based on the execution times of
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actual codes run on modern parallel computers. Performed numerical tests demonstrate
the level of parallel efficiency and robustness of the proposed algorithms. Furthermore, we
discuss the number of iterations resulting from utilization of both preconditioners.

Numerical homogenization is used for up-scaling of a linear elasticity tensor of strongly
heterogeneous micro-structures. In [22] utilized approach assumes presence of a periodic
micro-structure and thus periodic boundary conditions. Rotated trilinear Rannacher-Turek
finite elements are used for the discretization, while a parallel PCG method is used to solve
arising large-scale systems with sparse, symmetric, positive semidefinite matrices. Applied
preconditioner is based on modified incomplete Cholesky factorization MIC(0).

The test problem represents a trabecular bone tissue, and takes into account only the
elastic response of the solid phase. The voxel micro-structure of the bone is extracted from
a high resolution computer tomography image. Numerical tests performed on parallel
computers demonstrate the efficiency of the developed algorithm.

Ticks are widespread ectoparasites. They feed on blood of animals like birds and
mammals, including humans. They are carriers and transmitters of pathogens, which
cause many diseases, including tick-borne meningoencephalitis, lyme borreliosis, typhus to
name few. The best way to prevent infection is to remove the ticks from the host as soon as
possible. The removal usually is performed mechanically by pulling the tick. This however
is a risky process. Tick irritation or injury may result it vomiting infective fluids.

On a quest of creating of a portable device, which utilizes radio-frequency alternating
current for contactless tick removal, in [31] we simulate the thermo-electrical processes
of the device application. We use the finite element method, to obtain both the current
density inside the host and the tick, and the created temperature field. The computational
domain consist of host’s skin, the tick, the electrodes and air.

Experiments on nested grids are performed to ensure numerical correctness of the ob-
tained solutions. Various electrode configurations are investigated. The goal is to find
suitable working parameters — applied power, duration, position for the procedure.

In [41] we consider the simulation of thermal and electrical processes, involved in a radio-
frequency ablation procedure. Radio-frequency ablation is a low invasive technique for
treatment of hepatic tumors, utilizing AC current to destroy unwanted tissues by heating.
We simulate an ablation procedure where the needle is bipolar, i.e. no ground pad is
attached. Saline solution is injected through the needle during the procedure, creating a
cloud around the tip with higher electrical conductivity. This approach is safer for some
patients.

The mathematical model consists of three parts — dynamical, electrical, and thermal.
The energy from the applied AC voltage is determined by solving the Laplace equation
to find the potential distribution. After that, the electric field intensity and the current
density are directly calculated. Finally, the heat transfer equation is solved to determine
the temperature distribution.

A 3D image of the patient’s liver is obtained from a magnetic resonance imaging scan.
Then, the geometry for the needle is added. The CGAL library is used to obtain an
unstructured mesh in the computational domain. We use the finite element method in
space, to obtain both the current density and the created temperature field. An unstruc-
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tured mesh parallel solver is developed for the considered problem. The parallelization
approach is based on partitioning the meshes using ParMETIS. Numerical tests show good
performance of the developed parallel solver.

Methods and algorithms for solving optimization prob-
lems

The protein folding problem is a fundamental problem in computational molecular biology
and biochemical physics. The high resolution 3D structure of a protein is the key to the
understanding and manipulating of its biochemical and cellular functions. All information
necessary to fold a protein to its native structure is contained in its amino-acid sequence.
Even under simplified models, the problem is NP-hard and the standard computational
approach are not powerful enough to search for the correct structure in the huge confor-
mation space. Due to the complexity of the protein folding problem simplified models
such as hydrophobic-polar (HP) model have become one of the major tools for studying
protein structure. Various optimization methods have been applied on folding problem in-
cluding Monte Carlo methods, evolutionary algorithm, ant colony optimization algorithm.
In [11, 16] we develop an ant algorithm for 3D HP protein folding problem. It is based on
very simple design choices in particular with respect to the solution components reinforced
in the pheromone matrix. The achieved results are compared favorably with specialized
state-of-the-art methods for this problem. Our empirical results indicate that our rather
simple ant algorithm outperforms the existing results for standard benchmark instances
from the literature. Furthermore, we compare our folding results with proteins with known
folding.

In multiple areas of image processing, such as Computed Tomography, in which data
acquisition is based on counting particles that hit a detector surface, Poisson noise occurs.
Using variance-stabilizing transformations, the Poisson noise can be approximated by a
Gaussian one, for which classical denoising filters can be used. The paper [36] presents
an experimental performance study of a parallel implementation of the Poissonian image
restoration algorithm. Hybrid parallelization based on MPI and OpenMP standards is
investigated. The convergence rate of the algorithm heavily depends on both the image
size and the choice of input parameters (p, o), thus maximizing its parallel efficiency is vital
for real-life applications. The implementation is tested for high-resolution radiographic
images, on Linux clusters with Intel processors and on an IBM supercomputer.

The paper [40] presents an experimental performance study of a parallel implementa-
tion of the Poissonian image restoration algorithm. Hybrid parallelization based on MPI
and OpenMP standards is investigated. The implementation is tested for high-resolution
radiographic images on a supercomputer using Intel Xeon processors as well as Intel Xeon
Phi coprocessors. The experimental results show an essential improvement when running
experiments for a variety of problem sizes and number of threads.

In [44] we present an experimental performance study of a parallel implementation
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of two Poissonian image restoration algorithms. Hybrid parallelization, based on MPI
and OpenMP standards, is investigated. The implementation is tested for high-resolution
radiographic images, on a supercomputer based on Intel Xeon processors, combined with
Intel Xeon Phi coprocessors. The experimental results show an essential improvement in
the execution times, when running experiments for a variety of problem sizes, and number
of threads.

Recently, there is a growing trend to improve the quality of life, while reducing energy
consumption and emissions of CO,. The use of sensors, controllers, and indoor positioning
brings us closer to achieving this goal. The aim of [43] is outline an attempt at use of modern
infrastructure for optimization of energy management in a building. An architecture of
a solution that uses data from sensors to control the state of the object is presented.
Performed experiments focus on optimal placement of networking infrastructure inside the
building.

Parallel algorithms and applications on distributed
computing systems

In [8] it has been suggested that utilization of autonomous software agents in computational
Grids may deliver the needed functionality to speed-up Grid adoption. We have outlined an
approach in which agent teams facilitate Grid resource brokering and management. One of
the interesting questions is how to manage trust in such a system. In the paper we outline
our proposed solution. The aim of the paper was to conceptualize processes involved in
trust management in the agent based resource brokering system that we are designing.
First, we have identified two scenarios in which four cases of trust-based interactions take
place. Second, we have described how trust materializes and can be quantified in each of
them within two economic models: (a) resource rental, and (2) pay per use.

ADAJ (Distributed Applications in Java) is a platform developed for execution of dis-
tributed applications in Java. The objectives of this platform is to facilitate application
design and to efficiently use the power of distributed computing. The ADAJ offers both
a programming and an execution environment. In the latter it implements object obser-
vation and load balancing mechanisms. The observation mechanism allows estimating of
the JVM load for each node running the ADAJ client. The load balancing mechanism dy-
namically adapts the workload across the system according to this information. In [10] we
discuss how the original design based on JavaParty is going to be superseded by utilization
of software agents.

In [10] we have considered how software agents can be introduced into the ADAJ
middleware. Our observations and experiences allowed us to specify two levels of agent-
ADAJ integration. The high level that can be used without any direct interference within
the ADAJ and a low level that infuses software agents into ADAJ. We have also outlined
how the latter proposal can be actually realized. We are currently investigating which
infrastructure can be used to provide flexible and efficient object migration that will also
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be easily integrable with appropriate parts of the ADAJ and JADE agents.

We have proposed an approach to utilizing agent teams as resource brokers and man-
agers in the Grid. We have discussed the general overview of the proposed system, how to
efficiently implement matchmaking services, as well as proposed a way by which agents se-
lect a team that will execute their job. In [12] we focus our attention on processes involved
in agents joining a team. We discuss processes involved in an agent joining a team, con-
ceptualized within the framework of the proposed earlier agent-team-based Grid resource
brokering and management system. Processes described in the paper, while relatively
simplistic, can be easily augmented to a more robust version.

We are developing an agent based infrastructure for resource management in Grids. In
the past our attention was focused on high-level processes involved in agents selecting a
team to join or a team to execute a job. In [14] we consider how the proposed agent-based
system can interact with an actual Grid middleware. As our initial target we have selected
the Globus middleware. Here, we present a simple way of submitting a job and receiving
results and discuss implementation details.

In [14] we have considered how an agent infrastructure designed to provide “the brain”
for the Grid, can connect with “the brawn” to execute user requests within it. For the case
study we have selected the Globus Grid middleware (GT4). We have described in some
detail how we have selected the solution and how it is to work. The minimalistic version of
the approach (dealing only with execution of binary files) has been implemented and the
code can be found within the Sourceforge repository.

One of the important claims that permeate current view of information management
is that ontological demarcation of data and semantic information processing are going to
allow to infuse “intelligence” into information systems. Separately, it is claimed that soft-
ware agents, combined with ontologies will be the foundation of Web 4.0. In our work
we are developing an agent-team-based resource management and brokering infrastructure
for computational Grids. The proposed meta-level middleware is to utilize both software
agents and ontologies. In this context, the aim of [15] is twofold. First, we present an
overview of found efforts to develop ontologies to be used in Grid and agent-Grid comput-
ing. Second, we analyze which one of them, if any, should be the base ontology for the
system under development.

The aim of [15] was to summarize existing efforts at creating an ontology of the Grid,
and underlying agent-Grid integration. At the same time, the presented material was
viewed from the perspective of the Agents in Grid project, which we are working on. Our
main question was: is there an ontology of the Grid that we could adopt in our project.
Looking at the presented above list of efforts at directly defining Grid ontology or that
could be reverse engineered to extract one, we believe we should reuse and extend the Core
Grid Ontology, which turns out to be the closest to our needs. Extensions will be based
first, on other efforts (or experiences drawn from them); the GLUE project in particular,
and the UniGrid. Second, we will have to introduce concepts that are specific to our effort,
e.g. economic concepts related to contract negotiations and trust related concepts.

The paper [17] concerns a fragment of our project, devoted to the development of
an agent-team-based Grid resource brokering and management system. Here, interesting
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open issues that have to be addressed in the process concern agent team preservation.
In our earlier work it was suggested that this can be achieved through mirroring of key
information. Here, we discuss in detail sources of useful information generated in the
system (an agent team in particular) and consider which information should be mirrored,
when and where, to increase long-term sustainability of an agent team.

Resource management and job scheduling are important research issue in computa-
tional Grids. When software agents are used as resource managers and brokers in the Grid
a number of additional issues and possible approaches materialize. The aim of [19] was
three-fold. First, to present a brief overview of Grid resource management techniques found
in standard Grid middlewares. Second, we have considered attempts at utilizing software
agents as a Grid middleware, and thus as resource brokers and job (meta-)schedulers. Fi-
nally, we have discussed how the knowledge gathered in the first two parts influences our
thinking about job scheduling within our system. We have realized, again, that time has
come to infuse our system with a robust Grid ontology. This ontology will not only allow
us to utilize a broad range of possible negotiation mechanisms. It will also provide the
scheduler with the necessary information about the resources, the job and its execution
constraints. Finally, analysis of available scheduling techniques performed within the con-
text of our system (based heavily on the Grid economy based vision of the nature of Grid
computing) pointed out that at this stage we should proceed with making the LMaster an
omnipotent manager and meta-scheduler, which has total command over Workers in its
team.

The Agents in Grid project is devoted to the development of an agent-based intelligent
high-level Grid middleware. In the proposed system, all data processing is ontology-driven,
and initially was based on an in-house developed mini-ontology of the Grid. Our recent
analysis has indicated that we should adapt and utilize the Grid ontology developed within
the framework of the CoreGRID project. The paper [20] outlines how we have modified
and extended the CoreGRID ontology to fulfill needs of our approach.

The aim of [20] was two-fold. First, we have discussed the reasons why the CoreGRID
ontology has to be modified and extended to become the centerpiece of our project aiming
at developing an agent-based intelligent high-level Grid middleware. Second, we have
outlined the way that this goal has been achieved. We have presented in some detail how
the three resulting (sub)ontologies have been created. The first of them, the AiG Grid
Ontology, is a direct modification and extension of the CGO, while the remaining two
(the AiG Conditions Ontology and the AiG Messages Ontology) result from the need to
facilitate autonomous agent-based contract negotiations. The paper describes the final
stages of ontology design; considering technical details of dealing with constraints.

We are developing an agent-team-based Grid resource brokering and management sys-
tem. One of issues that has to be addressed is team preservation through mirroring of key
information. In [21] we discuss sources of information generated in the system and consider
which information should be mirrored to increase long-term survival of the team.

The aim of [21] was to discuss issues involved in information mirroring in an agent-
based Grid resource management system. We have focused our attention on information
generated within the agent team and considered four important cases: (1) team data,
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(2) job contracts and their execution, (3) trust-related information, and (4) other sources
of large volume information. We have established that we deal with two main situations:
(a) small-volume data that has to be mirrored immediately, and (b) large volume data that
may be mirrored infrequently. Further analysis indicated that collection of large volume
data may be best achieved through utilization of a contracted data storage facility. This
latter solution is our solution of choice and we plan to utilize it in our system.

We are developing an agent-based intelligent middleware for the Grid. It is based on
agent teams as resource brokers and managers. Our earlier work resulted in a prototype
implementation. However, our research led to a complete redesign of the system. In [25]
we discuss the new and main technical issues found during its implementation.

The aim of [25] was to discuss an outline of the implementations and solutions applied
to selected technical problems within the scope of the AiG project. We are proceeding
with testing of the above described components of the system, i.e. the front-end web
application, the back-end agent-based application, and a communication bridge between
these components—the plug-in for ontology-based interactions.

The aim of [26] is to propose a method for application of ontologically represented do-
main knowledge to support Grid users. The work is presented in the context provided by
the Agents in Grid system, which aims at development of an agent-semantic infrastruc-
ture for efficient resource management in the Grid. Decision support within the system
should provide functionality beyond the existing Grid middleware, specifically, help the
user to choose optimal algorithm and/or resource to solve a problem from a given domain.
The system assists the user in at least two situations. First, for users without in-depth
knowledge about the domain, it should help them to select the method and the resource
that (together) would best fit the problem to be solved (and match the available resources).
Second, if the user explicitly indicates the method and the resource configuration, it should
“verify” if her choice is consistent with the expert recommendations (encapsulated in the
knowledge base). Furthermore, one of the goals is to simplify the use of the selected re-
source to execute the job; i.e., provide a user-friendly method of submitting jobs, without
required technical knowledge about the Grid middleware. To achieve the mentioned goals,
an adaptable method of expert knowledge representation for the decision support system
has to be implemented. The selected approach is to utilize ontologies and semantic data
processing, supported by multicriterial decision making. As a starting point, an area of
computational linear algebra was selected to be modeled, however, the paper presents a
general approach that shall be easily extendable to other domains.

Practical realization of 3D forward/inverse separable discrete transforms, such as
Fourier transform, cosine/sine transform, etc. are frequently the principal limiters that
prevent many practical applications from scaling to a large number of processors. Specif-
ically, existing approaches, which are based primarily on 1D or 2D data decompositions,
prevent the 3D transforms from effectively scaling to the maximum (possible / available)
number of computer nodes. A novel, highly scalable, approach to realize forward/inverse
3D transforms has been proposed. It is based on a 3D decomposition of data and geared
towards a torus network of computer nodes. The proposed algorithms requires compute-
and-roll time-steps, where each step consists of an execution of multiple GEMM operations
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and concurrent movement of cubical data blocks between nearest-neighbor nodes (directly
using the logical arrangements of the nodes within the torus). The proposed 3D orbital
algorithms gracefully avoids the, required, 3D data transposition. The aim of [27] is to
present a preliminary experimental performance study of the proposed implementation on
two different high-performance computer architectures.

The aim of [42] is to present an experimental performance study of an implementation
on high performance computer architecture Avitohol at IICT-BAS.

Ontology engineering, despite considerable progress, is still relatively new and dynami-
cally evolving discipline. As a result, the universal standards for creating and/or editing an
ontology, have not been established. Furthermore, they are changing with the increasing
knowledge. This leads to problems with reusing and updating existing ontologies. It also
makes writing an ontology from scratch seem like a good idea. The aim of [28] is two-fold.
First, to outline (i) the reasons behind reengineering of the ontology used in the Agents in
Grid project, (ii) the process and its results, and (iii) the main lessons learned. Second,
to show how the good practices of ontology development were applied to model the area
of computational linear algebra. Here, special attention is paid to the application of this
ontology in the user support system, based on the Saaty’s AHP method.

Our work concerns the development of a decision support system for the software se-
lection problem. The main idea is to utilize expert knowledge to help the user in selecting
the best software / method / computational resource to solve a computational problem.
Obviously, this involves multicriterial decision making and the key open question is: which
method to choose. The context of [29] is provided by the Agents in Grid (AiG) project,
where the software selection (and thus multicriterial analysis) is to be realized when all
information concerning the problem, the hardware and the software is ontologically repre-
sented. Initially, we have considered the Analytical Hierarchy Process (AHP), which is well
suited for the hierarchical data structures (e.g., such that have been formulated in terms of
ontologies). However, due to its well-known shortcomings, we have decided to extend our
search for the multicriterial analysis method best suited for the problem in question. In the
paper we report results of our search, which involved: (i) TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution), (ii) PROMETHEE, and (iii) GRIP (General-
ized Regression with Intensities of Preference). We also briefly argue why other methods
have not been considered as valuable candidates.

In [30] we consider combining ontologically represented information with Saaty’s AHP
to facilitate decision support for Grid users. The context for the proposal is provided by the
Agents in Grid project (AiG), which aims at development of an agent-based infrastructure
for efficient resource management in the Grid. In the AiG project, agents form teams,
managers of which negotiate with clients and workers terms of potential collaboration.
Here, we focus on the scenario, in which the user is searching for resources to execute a
task, while the resources and the expert domain knowledge are organized in an ontology.
Taking into account the complex nature of resource description and domain knowledge,
multicriterial assessment of how accurate is the user description of her needs, and how
it can be extended/refined, plays a crucial role. For instance, it should help the user to
choose optimal algorithm and/or resource to solve her problem. Furthermore, ontologically
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described contract proposals, that are the results of autonomous negotiations, require
multicriterial assessment. The AHP method is based on pairwise comparisons of criteria,
and relies on the judgment of a panel of experts. In the context of the AiG project, we
show on the example of the AHP method, how multi-criteria group decision making can
be used to support user in resource selection and assessment of contract proposals.

The aim of [32] is to design a decision support system based on ontological repre-
sentation of domain(s) and semantic technologies. Specifically, we consider the case when
Grid/Cloud user describes his/her requirements regarding a “resource” as a class expression
from an ontology, while the instances of (the same) ontology represent available resources.
The goal is to help the user to find the best option with respect to his/her requirements,
while remembering that user’s knowledge may be “limited.” In this context, we discuss
multiple approaches based on semantic data processing, which involve different “forms”
of user interaction with the system. Specifically, we consider: (a) ontological matchmak-
ing based on SPARQL queries and class expression, (b) graph-based semantic closeness of
instances representing user requirements (constructed from the class expression) and avail-
able resources, and (c¢) multicriterial analysis based on the AHP method, which utilizes
expert domain knowledge (also ontologically represented).

The work in [33] is an attempt to extend considerations from the Agents in Grid (AiG)
project to the Clouds. The AiG project is aimed at the development of an agent-semantic
infrastructure for efficient resource management in the grid. Decision support within the
AiG system helps the user, without in-depth knowledge, to choose optimal algorithm
and/or resource to solve a problem from a given domain, and later to choose the best
contract defining terms of collaboration with the provider of a resource used to solve the
problem. Cloud computing refers to an architecture, in which groups of remote servers are
networked, to allow online access to computer services or resources. The general vision
is the same as in the case of computational grids, i.e., to reduce cost of computing, as
well as to increase flexibility and reliability of the infrastructure. However, there are also
important differences. It is relatively easy to notice that solutions considered in the con-
text of the AiG system can be easily extended to computational clouds that evolved from
computational grids. As it was shown in the case of grids, integrating software agents,
semantics and cloud computing could enable highly efficient, intelligent systems, making
clouds even more flexible, autonomic and usable.

The paper [34] is an introductory paper in the special issue “Efficient numerical meth-
ods for large-scale scientific computations”. It is an illustration of the requirements for
achieving sufficiently accurate model. The numerical results obtained in computations
carried out by using the Unified Danish Eulerian Model (UNI-DEM) are used as an ex-
ample for such efficient numerical methods. Actually, impacts of the climatic change on
several critical pollution levels in different parts of Europe were systematically studied by
using high-speed computers and the runs were carried out on a time-period of sixteen con-
secutive years with fourteen different scenarios. Many different problems had to be resolved
during this very comprehensive study. One of these problems was related to the correct use
of the huge output data files in order to illustrate different trends and relationships. The
total size of these files was greater than 200 Mega-Bytes. The computational difficulties
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during the runs of the model and the preparation of the output files were enormous. The
output data had to be used for many purposes. By selecting only the relevant data, one
can illustrate and make easily understandable different important situations.

New information technologies

In [23] we consider two nonlinear methods for generating uniform pseudo-random numbers
in [0, 1), namely quadratic congruential generator and inversive congruential generator.
The combinations of the Van der Corput sequence with the considered nonlinear generators
are proposed. We simplify the mixed sequences by a restriction of the b-adic representation
of the points.

We study numerically the b-adic diaphony of the nets obtained through quadratic con-
gruential generator, inversive congruential generator, their combinations with the Van der
Corput sequence, and the simplification of the mixed sequences. The value of the b-adic
diaphony decreases with the increase of the number of the points of the simplified sequences
which proves that the points of the simplified sequences are pseudo-random numbers. The
analysis of the results shows that the combinations of the Van der Corput sequence with
these nonlinear generators have good pseudo-random properties as well as the generators.

In [24] we consider the b-adic diaphony as a tool to measure the uniform distribution of
sequences, as well as to investigate pseudo-random properties of sequences. The study of
pseudo-random properties of uniformly distributed nets is extremely important for quasi-
Monte Carlo integration. It is known that the error of the quasi-Monte Carlo integration
depends on the distribution of the points of the net. On the other hand, the b-adic diaphony
gives information about the points distribution of the net.

Several particular constructions of sequences (x;) are considered. The b-adic diaphony
of the two dimensional nets {y; = (x;,x;41)} is calculated numerically. The numerical
results show that if the two dimensional net {y;} is uniformly distributed and the sequence
(x;) has good pseudo-random properties, then the value of the b-adic diaphony decreases
with the increase of the number of the points. The analysis of the results shows a direct
relation between pseudo-randomness of the points of the constructed sequences and nets
and the b-adic diaphony as well as the discrepancy.

Recent years have seen growing interest in collecting and processing sensor data, in
distributed mobile environments. In this context, two, somewhat contradictory, trends
have emerged: (1) growing popularity of crowdsourcing-type mechanisms, for (sensor) data
collection, and (2) collecting sensed data in data “silos”, which are not only unavailable
to “outsiders”, but most often incompatible, thus reducing their usability for data mining.
Given these limitations in data accessibility, and compatibility, enormous potential for
knowledge discovery is lost. To counter this trend, in [35] we propose a generic, adaptive,
system that will allow voluntary participation in arbitrary crowdsensing initiatives, with
the output stored in a standard data format. The system utilizes a rule-based multi-
agent approach to instructing sensors when to make readings and how to, if necessary,
preprocess them, before sharing the data with user-selected initiatives. The initial version
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of the system has been implemented, and tested in artificial use case scenario.

Smartphones became everyday “companions” of humans. Almost everyone has a smart-
phone in their pocket, or bag, and use it on daily basis. Modern smartphones are “loaded”
with sensors, providing streams of, potentially useful, data. Simultaneously, staying fit,
exercising, running, swimming, etc. became fashionable. In this climate, employers can
try to stimulate their workers to use bicycles to come to work. Here, one of interesting
questions becomes: are workers actually using bicycles, as declared, or do they try to
subvert the system and win the prizes, while, for instance, using public transport. One
of the ways to check this could be to use data from smartphone sensors to determine the
mode of transportation that has been used. The paper [37] presents preliminary results
of an attempt at using raw sensor data and deep learning techniques for a transportation
mode detection, in real-time, directly on a phone. The work tries to balance sensor power
consumption and computational requirements with correctness and response time. In this
context, results of application of recurrent neural networks, as well as more traditional ap-
proaches, to an actual data, are presented. Furthermore, approaches that leverage domain
knowledge in order to make classifiers more reliable and requiring less processing power
(and less energy) are considered.

Today’s dynamic growth of the number of deployed solutions, based on the Internet of
Things (IoT) concept, goes hand-in-hand with the need for new access control mechanisms.
The Attribute Based Access Control (ABAC) paradigm seems to be a good alternative to
the, commonly used, Role Based Access Control (RBAC) model, which does not necessarily
work well in large-scale distributed systems. Specifically, the main drawback of the policy-
based authorization solutions is the resulting high complexity of required policies, especially
in the case of fine-grained access control (a clear case of lack of scalability). We believe
that this problem can be appeased by incorporating semantic technologies into the decision-
making process. In [38] we discuss a system for managing access control in a port terminal,
based on application of semantic technologies. The proposed system is based on introduced
and uses a modified version of the OntoPlay semantic application. The latter allows non-
specialists to easily perform needed modifications of the ontology. The proposed system
has been tested in a semi-realistic environment and in an emulator.

The aim of [39] was to experiment with, and compare, various approaches to facilitate
a collaborative recommender system, for travelers who would like to visit “tourist places”.
For this purpose, different algorithms, including Kohonen-type neural networks (plain and
elastic), as well as semantic technologies, have been applied to a dataset collected form
the Web. Experiments have been performed for groups of users (measuring quality of
recommendations), as well as for selected individuals. Completed comparison points out
to main strength and weakness of each approach.
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