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HACTABHo-rrAytIHoM BEhy EnEKTporE)GrIrqKor oAKyJTTETA
yHI{BEP3TITETA y BEOTPAAy

Ha729. ceAHI'IuI4 Hac'ranuo-uayqHor seha Elercrpo'rexnuuror Qaryn:re'ra y EeorpaAy, o4pxauoj g.3.2011. r.,
LMeHoBaHII cMo 3a qraHoBe Kour'rcnje 3a oIIeHy ycnoBa a npprxBararre reMe AoKTopcr<e gucepraqraje up Mulaua E.
Pagylonraha, AI'Inn. I'IHX. eJleKrporexHl4Ke, floA HacJroBoM ,,flporoxoru 3a cneKyJrarlujy na HuBoy Hrrrrr y CMp
flpouecoplrMa". Haxos yB:!,Aa y AocraBJBeHLI uarepnja;r rroAHocrrMo Hacraeno-uayvuou eehy Ererrporexuu.rror
$arcylreT a c.negehr.r

oAHocHo CORE clrcrenr
oApxaBarta u pasroja

I43BEIIITAJ

1. IIoIaqu o KauAr.rAary

Munas Epaxxoa Pa4ynoruh je poleu 24.02.196g. r. y Hururzhy rAe je 3aBprugo ocHoBHy, Hr4xy My3uqKy LrcpeAlby IxKoJIy. ,{lrnnouapao je 1992. r. Ha E,rexrporexHlrrrKoM t[axyn:rery yuuaepsnre.ra I-{pue fope ylloAropuqu Ha cMepy Elerrpouura, ca npocequoM orIeHoM rorona cryAuj a g,io u orIeHoM l0 ua 4unronacro1a
ParY. Ha ElexrpoTexultuxona tfaryn'rery Yur.meprraTera Ilpue fope y [Io4ropraqr.r je 1996. r. 3aBprx]ro
fiocrrl'InJloMcxe c:ry4r'rje Ha cMepyPo6o'rura a njerutaura unTenureuqraja ca lpocer{HoM orIeHoM l0 r,r oa6iauzo
Marr,rcrapcry re3y rloA Ha3r.rBoM ,,pC ronopulz ayrouar...

oa 1993' ro 1996. r. 6uo je eanocaeu Kao crpyqHr, capaAHriK na Ene*rpo'rexHurr*oM QarynteryYuurepsurera I-lpue I-ope y flo4ropuqa u aclrcrr4pao Ha paqyHcKraM r.r na6oparopzjcrlrrra eex6aNaa. Toxorra 1996.rogzneje 6no u crzneu4ucra MunltcrapcrBa npocnjere , ,uy*e Peny6,rurce t1pr.iop", Ceprop 3a Hayr(y.

- Y nepr'rogy oA jaHyapa Ao jyna 1997 r. no ocHoBy cranenguje rDouaauaje British Foundation for the Citizens offormer Yugoslavia je 6opaeno y 3Ban y visiting Research Fellow-a y Microcontroller expert group Ha Engineering
Department, Yuunep:z.rer:a y Warwick-y, UK, r4e je nog ,.r.op"rro, Dr Sherzad at_firatia paAuo Haupojexroearry AHrI4raJIHI4x crrcreMa ynpaBJBai6a y peanHoM BpeMeHy ca PLD ys ropuuhen e vHDL-a.

Y neprzogy oa 1998. go 2005 r. 6uo je 3anocrleH y l{eHrpy r.ru([opuaquoHor orcreMa yuunepsr.rrera l_{pse
fope y flogropuqra y 3BalLy fraaHor cl4creM llHxelsepa 3a KoMygr,rraqr,rje, yvecmonao je y r.r:pa4r.r reanxor 6poja
AoMahI4x 14 I'IHocrpaHI'Ix npojexa'ra us o6racu paqyHapcKrx Mpexa 3a no.rpe6e vrrzuepsrrer"'U;;" I-ope r.r pa4uo
ua teryhuna nocJloBilMa cotprnepcror u xapABepc(or oApxaBar+,a r,r paanojaAxa4eMcKe Mpexe l_{ine fope.

Toxou axaaeucxe 1998/99, 199912000, 2oo0/o1,2oo1lo2 r. je pa4no y 3Barby xoHopapHor aclrcreHra HaBuuoj pavynapcroj urrolu E,rerrpotexuuvror Qarylrera Ynr.rnep:zrera Llpne fope y noa.fprur.
Y nepno,{y og cenrenr6pa 4o 4eqeira6pa 2O0l r.., no ocHoBy crr.rnengrlje Qonaauuje uajcmpujux ynurep:rre.ra

Eapone coimbra Group je 6opanzo y 3BaILy visiting Reslarch Fellow-a ua signal rneory, Telematics andCommunications Department, Faculty of Science, Ynurepsutera y fpauagu, Illnanuja, r4e je paA,o HanpojerToaarry c[creMa I'I aniluKalllrouor coQrnepu- ru o6pu4y, ,panorruuurse 14 Brl3yenHo npeAcraBJ'arf,e
lapaMerapa roBopHor cr4rHaJra, rroA MeHropcrsov prof. Antonio Rubio.

Y nepno4y o4 cenr:err'l6pa Ao aerlena6pa 2002 r., no ocHoBy cruneuguje Bna4e penyon ureLlra,iluje, je 6opanaoy 3BaBy Visiting Research Fellow-a ua The Information Engineering bepartment-y, yunrepsurera y Czjeuu,vruuja, rge je nog MeHropcrBoM Dr Roberto Giorgi, asst. prol. a ap il4u,ra Torr.ra111esuha, nanp. npor[., paAr{o HaMoAuOuKaIIuju u upojexroaag y cr'IMyraropa sa CMP cxcreMe na 6atu RSIM clrrrayaaropa.

Y nepzoAy oA ol(Ioopa 2003 r. ao uaja 2004 r., no ocHoBy c'runeugrzje IMG, TEMpuS $ou4aqr.rje rasEpr'rcena, je oopanuo y 3BaBy visiting Research Fellow-a ,u rn. Infoimation'Engineeiing Department,Yuurepsurera y cujeHu, lhattuja, r4e je no4 MeHropcrBoM Dr Roberto Giorgi, asst. prof. a 4p Mrz:ra Touaureeaha,eaup' npo$', paAI'Io Ha npojexroeamy CMP cucreiraa rojrz uuajy xapanepcKy x coQreepcr<y rroAprxr(y 3ac[eKynarr4BHo r,r3BprxaBa]f, e cercaeuqlrjanuux nporpaMa.

Toron araAeucxe2006/07,2007108,2008/09 r.je paAuo y 3BarLy xoHopapHor acr{creHra Ha @axynrety sar'rulbopuaquoue rexuoloruje u @arcy,rrery 3a nocJroBHe crygaje Yuua"p.rr"ru Me4ur:epan y llo4ropuqu.
v nepuo4y oA Mapra 2006. r. Ao AaHac paru y :eany RAN cr4creM r.rHxer'epa

lrHxe*epa y I-{pnoropcron, Terexovy A.A., y ilo4ropuqr.r, na reryhun nocJroB,rMa
KoMyrarlrioHrrx cucreMa (uo6ranua, (purcna z Ip releQourzja).



. 
Mzaan E' Pa4yaoeuh je vlaH HiPEAC rpyne (European Network of Excellence on High performance and

Embedded Architecture and Compilation) u 6no je norasuur< rpr.r rrerrbe rrrrorre y opranusaquju HipEAC rpyne,
r<oje cy oApxaHe 2007 u 2008 r. y L'Aquil4 Llrmuja, xao u 2009 r. y Terrassa, t a uota, Barcel-ona, Illnanuja, rAeje reslarao pe3yJlrare I'tcrpaxl4Bau,a y oOlacru npojerroeama CMP czcrerraa roju rauajy xapABepcKy u corfrnepcry
[oAprrrKy 3a c[eKyJrar]rBHo r,t3BprrraBar+,e cerreuquj alH ]rx nporpaMa.

,{o6r'rtlllrx je narpa4e sa uaj6oru HayqHo-ucrpaxuBaqKrr paA Mna,qor Hcrpaxr4Baqa y o6:rac.ru pauyuapcxa
rexHHKa u ran4opuaT urca na XLIX ETRAN roH$epeuqraju o4pNaHoj y Eyanu jyua 2005 r.

Toxou cnor .qocaramlber HayqHo-ucrpaxllBar.rrcor pa4a Mr.rnan 5. Pa4ynoeuh je nojegaHe pgyarare
ny6alrxoaao y Bnlxe paAoBa ua gomahuu x crpaH]rM ronsepeHrlrzjaMa, Kao u y Aonahuu , 

"rpurrr 
qaconucr,rMa.

Cnucax ny6luroeauax HayqHr,rx u crpyr{Hux palona je c,re4ehu:

[1] Mralau E. Pa4ynoauh, "UUCP: Unix to Unix rouyHuraquja", ,{uuroucxn pa4, EnerrporexHr,rqKr.r rpaxynrer
Yuuaeptu:rera I_(pne fope, llo4roprua, jy n 1992.r., CrDp Jyroclanaja.

[2] MrEaan E. Pa4ynoauh, "PC rooopnu ay'rouar", Marucrapcxa resa, ErerrporexHr.rr{Kn t[axyn.rer ynunepsu,re.ra
I-{pue fope, flogropuqa, aeuenr6ap 1998.r., Cp Jyrocnanr.rja.

[3] 3opan Mujauouuh, MnageH Pagoruh, .{parau paAyaoerh, Mulau paAynonrah, ,,flpe4lor peaarzsaqlrje
IIIupl'IHcKo ilMIyJICHOT MOAyJIarOpa y cucreMy 3a fro3HrlxoHr,rpalbe ocoBnHe MOrOpa sa je4nocujepuy c.rpyjy,,
Texunra, cBecKa I u 2, E,remporexHrrrca 45, crpane 12-16, jauyap l996.r.,Eeorpai, ce ryromaania.

[4] Mlrnau Pa.{ylonuh, 3opan Mrejauonuh, ,'pC roBopHr.r ayroMar", Texuura, cBecra 2, Enempo.rextura 47,
crpaHe l-5, rraap.r 1998,r., Eeorpa,q, Cp Jyroc.raer.rja.

[5] Munau Pa4yaoauh, 3opan Mujanonuh, ',I4urepaKrilBHr4
cr.rcreM na 6asu PC pavyHapa,, XLII Kou+epeuquja
Jyroc:ranr.rja.

[6] Maageu Pa4onreh, ,Ilparan Pagynonrah, Muras Pa4yronrzh, "Burueuavjencru Br,rAeo
ypelaja :a usgnajame crr.rKe", XLII Kon<[epenquja ea ETpAH, Bpn aura Easa,
Jyrocnanuja.

[7] Milan Radulovi6, Zoran Mijanovii, Mladen Radovi6, "Co$reepcra noAprxra pC roropuor ayroua:ra,,,
36opnr'rrc paAoBa XIII uayuuo-crpyr{Hor cr<yua Info-Teh '98, Bpnauxa Eana, l5-19. jyua 199g, crpaue 214-
2I8, CP Jyrocnanrlja.

[8] Hur<rua Taguh, leca fo6orr'rh, Mu,raH Paaynosuh, "Ayrouarcrco ypaBHorexaBa]6e rrr4HeapHrax DC MocroBa
ropuurhen'eu ornopHHx orreAara", XLIV Kour[epeuqaja ga ETFAH, Coxo Earra, 26-29. jyru 2000, Cp
Jyroc,ranraja.

[9] Hzrrua Taguh, {eca lo6oer'rh, Mulau PaAy,rosuh, "Erexrpoucxu rroAerrrJbt4Br.r cKJro[ ca Herarr.rBHoM
ornopuoruhy", XLIV ronQepeHrluja sa ETPAH, Eyr<onuura Barra, 4-7. jyua 2001.r., Cp Jyrocnaauja.

[I0]MunaH B. Pa4ynonuh, Mluo B. Torraarresu'h, "flpe4lor perncrapcKe rouyHr.rr<aquje y crre*yrraruBHoM
Myrrrr.trpoqecopy Ha uuny", 36opnrrK paAoBa 49. Kour[epeuqrle :a ETPAH, Bylsa,5_10:jy;a 2005.r., rov III,
Cp6uja u I-{pna fopa, uarpaga sa Haj6o,,rr paA y cerrlxju pT.

[1I]Milo V. Toma5evi6, Milan B. Radulovi6, "speculative Chip Multiprocessors", proceedings of the Workshop
Contemporary Mathematics, Physics and Biology, 8-9 September zbos, University of Mon"tenegro, podgorica,
pp. 168-186, Serbia and Montenegro.

[12]Milan B. Radulovii, Milo V. Toma5evi6, "An Aggressive Register-level Communication in a Speculative Chip
Multiprocessor", IEEE EUROCON2005 Conference, November 2l-24, Belgrade, Serbia and Montenegro,
2005.

[13]Milan B. Radulovi6, Milo v: Tomasevi6, 'A Proposal for Register-level Communication in a Speculative ChipMultiprocessor", ETF Joumal of Electrical Engineering, vot.f s, No.l, pp. 91-9g, podgorica, Serbia and
Montenegro, May 2006.

[I4]Mu"ran E. Palynoanh, Mulo B. Tol,laruesuh, "AHanusa nporororra sa cnexyraqujy a (oxepeHq ujy y uun
Myrlrl4npoqecopuMa", 36opHIzr PaAoea 50. Kou0epeuuuje 3a ETPAH, Beorpag, o-t. jyru zboo..., ,onr nt,
Cp6u1a.

Brr[IeKaHa[Hr,r Arlrr,ITaJrH r4 roBopuo uuQopuaquour.l
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2-5. jyua 1998.r., CP
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l, January 2007,pp. ll-17.
Speculation in Chip Multiprocessors,,,

[l5]Milan B. Radulovi6, Milo V. Toma5evi6, ,,On Improving of CMp
Protocols", IPSI Transactions On Internet Research, Volume J, Number

[6]Milan B. Radulovi6, Milo V. Toma5evi6, ,,Supporl for Thread-level
ACACES 2007, July 2007, L, Aquila, Iraly, pp. 1 03- 1 06.

[I7]Milan B' Radulovii, Milo v. Toma5evi6, "Towards an Improved Integrated Coherence and Speculation
Protocol", IEEE EURocoN 2007 conference, September 2007, warsaw, poland.



[18]Milan B. Radulovi6, Sylvain Girbal, Milo v. Toma5evi6, "simulation Support for Speculative Multithreading
Protocols", ACACES 2008, July 200g, Italy, pp.2g3_2g6.

[19]Milan B. Radulovi6, Sylvain Girbal, Milo V. Toma5evi6, "Evaluating the SISC TLS protocol through Structural
Simulation", ACACES 2009, July 2009, Spain, pp.319-322.

Ha ocnony Aocarallllber crpytlHor p?{,a v ny6nurconauzx HayqHHx pe3yJrrara Moxe ce rar<;syvutlr ga je
KaHAI4Aar up MuaaH B. Panynosuh, AI'IIrJI. eJI. I,tHx., rcna,rn0nroeaH 3a pa.q ua npojer:ronarry CMp clrcreMa ca TLS
noApurroM t4 H3pa4u AorflopcKe 4ncepraqrje Ha rrpenJroxeHy reMy.

2. Ilpeguer rl ur{Jb rrcrpaxrrBarba

Cee 4o nocJIeAH,e rel(aAe apxl'ITerTypa ca jeAHlru cy[epcKarrapHlrru jesrpou je 4orr.rrznrapaaa y .rexuonorujrE
I'I3paAe flpouecopa' Mefytr'ru, orpaHl'Iqerla y ucropuu-rherry napaJreJrr.r3Ma Ha HuBoy r4Hcrpyrqrzje, o"porru
KoMnJIeKcHocr luzaiua xoja npoqece npojerrorau,a il Tecruparba qr.rHu BpJrro 3axreBHEM, rao u npo6aer.ru ca
4ucranaqnjou eueprr'rje, ycJIoBIrJII4 cy y nocrleAmoj gena4u rornyHy npoMeHy pasnojue r[unosoQuje y
npojerroramy npouecopa. Hora uapagumaa y npojexroBalby npoq""opu 3acH,rBa ce Ha rrpoqecopr4Ma ca Br.ruejesrapa Ha quny (CMP - Chip Multiprocessors). CMP npoqecop np"u*rr*, oe e npo6aeue rra Moxe 4a eipuxaqro
I'IcKopI'IcrI4 n AaJbe paoryhrz 6poj tpausucropa Ha je4novr r{Hny raro rrrro Ha rrlrn cMeurra Br.r[e peJ,rarr.rBuoje4uocraouux upoqecopcKl'Ix jerapa yMecro iernor crroxeHor lar.pu , raKo nocruxe eehy npoqecHy cHary.flopeA'rora, cMP ce Moxe KopIlcrI'ITt4 14 Kao r-paAr4BHH 6,ron eehux crala6urslrx MyJrrr.rilpoqecopcgr.rx ctcreMa.

lor je pauuje [peoBnaAaBao napar'Ierll43aM Ha HrrBoy rancrpyr<qraje, CMP npoqecopz e6ur<acno nogpNanajy
napEIJIeJIx3aM Ha HI'IBoy ts.urr y oKBI'rpy an,runaquje, Kao I{ IrcroBpeMeHo rr3BprllaBa}le Br,rue annunaulrja. Clrriilpoqecopa ce AaHac rlrl4poKo Koplrcre rao nlar$oprraa 3a ]t3BplxaBame anruraqnja Kao rrrro cy 6ase no4a.rarca, webcepBepu, rraynruueguja,rHll KopHcHl4qr<a uurept[ejcu, 3axreBHe HayqHe r4 r.ruxer*epcre an,raraquje ca AocraI'IHxepeHrHor napaJlerllr3Ma rpynurzje rpaHynapHocru. Mefyruu, pecypce CMP npoqicopa rpe6a ucKoprrcrr4rr,r u
lplrJlaKoM I43BplxaBalsa AaHac' I4naK, npeoanalyjyhux cereeuquja.nnux an,urxaquju. C o6rrpo, .qa cy flpeBo.q1aorlr4
3a llapaJrenra3aqujy ycueururr caMo 3a orpaHr,rqeHy Krracy annuraqrzja, janr.rna ce-raaeja Aa ce y qzry y6psaeama
ceraeuqujaluux [porpaMa CMP npoqecopxMa Aora rroAprlKa 3a cfleryJrarr.rBHo r43BpuaBa6e Ha HHBoy Hr4rs -
TLS (Thread-Level Speculation). TLS rexHI'IKa ortloryhari Aa ce y npenre npenoleBa rrrru H3BprrraBar+,a xpeupajy
HHTI'I [I3 cexeeuqujaluor KoAa r<oje rvory Aa ce clel(yJrarr,rBHo r.rsepruanajy napaJreJrHo, ,un , uno ,rraiy *rr,noc,oje uo'reuqr'tjanue 3aBIzcHocrI'I tlo florauuMa. .{o.4arua *up4u"p"nu riunrl co4reepcKa [oAprrrKa Ha"qryreAa
ucflpaBHocr cneKyJIarI'IBHor I43BpIxaBarLa ra y c,ryvajy HapylxaBa]la 3aB[rcHocru rrorr*ri*u eQer<ie cnerynaqr.rje.Y cnerynaTusHl'lNa cMP apxl4TeKTypnMa l(operrHo ynpaBJLarLe cneKynarr4BHr.rM r.r3BpuaBa6eM ce o6n.ruoI'IHTerp[ue ca nporol(oauMa 3a Koxepeuqujy. CrzHxpourasaquja H KoMyH]rr(aquja ueuely cneKynarr.rBHr4x Hlrrr.ruoxe 6uru ocrBapeHa Ha perncrapcKo*r utn/u na rr,rel,roprzjcxoN,rHrzBoy. 

-

.-^,^9Yl:rylt1rn" canoApIxKoM sa TLS Mory ce roAerllzr, y rp, rpyre. flpny rpyny qr.rue cMp apxr4reKrype
I(oJe cy y nornyHocrl'I opujeuT ucaHe ua acropuruheH,e c[eKyJrarr.rBHor [apa;reJrr,r3Ma, rAe cne6yJrarr,rBHe Hr,rrr,r Mory
I(oMyHHIIuparH I'I Ha pelHc-rapcKoM a ua rr,reuopujcKoM HI,IBoy. Here o4 oBr,rx apxr,rrexTypa, Kao rrrro cy Multiscalai,Multiplex, Trace, MIT MAP u SM npoqecop, uvajy xapABepcKy noAplxKy roja nnr onoryhara 4a octeapyjy
BI'Ico(e nept[opuance raKo urro laory o6pafraealz cereeurlujaJrHe-r,r3BprrrHe nporpaMe 6es uorpe6e 3a rroHoBHr.rM
npenolemeu li3BopHor fiporpaMcl(or rco4a. MefyrlrM, KaAa lur. iMP apxr,rreKrype usapruaaajy napanerrHe
annuxaqnje IaJII'I BHIIe annaraquja lrcroBpeMeHo BerruKa Ano xapABepcre a io{rneptn" noap-n" sa TLS ocraje
ueucxopuurheH' Apyry rpyry npeAcrawajy FeHeplzqre CMP apirarerrype, Kao rrrro cy Hydra, STAMpede n Sp,xoje nrraajy MHHI'IMaJIHy [oApII]Ky 3a cneKyJrarnBHo H3BpuaBar6e, a r(oMyHrrraquja usue"fy 

"n"*irurrrrrx Hr.rrr{ ceoAnuja r'rcruryql4Bo Ha rr'revopr'rjcr<orr.r HI.IBoy ruro ynpouhana Br,rxoBo npo;enroeama, #, norp"ou 3a noHoBHrrM
npeeolemen't I'I3BOpHOr nporpaMcKof I(OAa rrpeAcraBJr,a l6r.rxoB rJraBHrl HeAOCrAraK. IACOMA, Atlas ra SpecCMpfipoqecopr cy [peAcraBHuqu rpehe rpyne. Onra rorra6anyjy uaj6ore (apaKreprrcrar(e nperxoAHe ABe rpyne KaoIlrro cy: noAplxKa 3a KoMyHl4(aqujy usuely cneKynaruBHxxJrl4rlr, *ra pe.rrcrapcKoM r.r ua lrerraoprajcxo*rrroy,
Pa'A ua cexeeuqnjaaul'IM l'I3Bp[rHHM [porpaM]IMa 6es lorpe6e au nororrru npeeolemevr ,auopnoa [porpaMcKorI(ora Kao Kor [pBe rpyne CMP apxl'rreKrypa, a npuroM cy reHep]rqKe CMP apxurerrype r4 ,rajv jearo., aeuujyxapABepcKy [oAprrrKy 3a cneKyJrarr,rBHo x3BprxaBarLe Kao noA Apyre rpyfle.

- 
Mefyruu' lI oBa peuelLa saxrenajy rcopuurherue 3HarH[rx AoAarH]rx xap.qBepcKr.rx u co6r:eepcxrzx pecypca 3ao6asJBaH'e cnequ$lruuux ouepaquja, na 6u oA HHTepeca 6u,ro ga ce oHu cMarLe, llopeg rora, Mory ce yoqr.rru uHexe uee$uxacHocrl'I IpI'IJII'IKoM saopuanama H:a"tu KaAa ce reHeprzrxe BeJr]rKrr cao6pahaj npra noreplunamye$erara cnerylaquje. Ha xpajy, I'IMa Mecra pa3M,nrJbaru u o no6oruura*y aJrropr.rraMa 3aMeHe y reur ueuopujaua

oBaKBltx npouecopa.

3Ha'raj onor ucrpaxl{Ba}ba ce oDleAa y roMe ra ce Ha ocHoBy yoqeH[x HeAocraraKa r(oA rrperxoAHo
HaBeAeHux rpyna CMP apxlrreKrypa rpeAnoxa peuelle xoje he no .ro;oj apxr4reKryprr 6u.ru c:rn.{Ho pe1l,e}LxMaus rpehe rpyne 3aro rxro oHa uuajy jeguocr:aeuujy *up4u"p.ny , 

"o6ru.p"ny 
noapruny au 

-".,"nyru.r"ro



lI3BpIIJaBarbe, a KoMyHI'IKaIIuja ra:rraely c[eKyJ'IarIzBH]Ix Httrrz ce o6asJ6a [r Ha perucrapcr(oM r{ na neuopujcr<o1a
uuao;r. Taraa cneKyJIarI,IBHLI CMP npoqecop, Kao jeAuocraaHuje u er[uracHraje peueme ca craHoBr.rrrrra oApoca
qeua/nep<foprr.rauce, T pe6a aa y6r.axu rperxoAHo yoqeHe npo6lenre xoa CMP cnexynarlrBHnx apxrlreKrypa 1r Ha
:raj uauuH rrocrr4rHe no6orsruarre y oAHocy aa noc'rojeha peuella.

OcHosHl'I {I'IJB oBor xcrpaxllBama je 4et[auucarre [peAnora uoeor, je4noc.ranulrjer ra er[r.rracurajer pemema
TLS uo4purroe y CMP npoqecopy ca KoMyHr,rraqnjorra rsuely crrexyJrarr,rBHux Hlrrrl rcoja ce o6asJ6a ra Ha
pelHcrapcKoM rn ua uenaopujcKoM HI,IBoy, urraajyhu y Bkl/y nperxoAHo yoqeHe npo6neue KoA cneKyJrarr,rsHux CMp
apxrlTeKTypa ca qI,IJbeM Aa ce ocrBapu no6omuame y oAHocy na nocrojeha perrlena. Y paly he 6Nra Aar Aer€rJbaH
npeilIeA Aoca,qaurLl4x npeAJIoxeHHx araAeMcKtrx n r<orvrepuujarHux peureua CMP npoqecopa ca rroAprrrKoM 3a
TLS roja cy AocrynHa y o'rnopeuoj Jll,rreparyplr, c o6:r.rpon.qa ce roroM Hcrpaxr,rBarca uuje uarEr.uno Ha crr.rrrHy
ctygrajy xoja pasrr.raTpa LI KBtuII.IrarI,IBHo nopeAH cIIeKyJIarEBHe CMP npoqecope. C ooslrpoM Aa cy cr,rMyJraquoHe
nnart[opnae 3a oBaKBe cncreMe HeAocryfiHe, HeaAeKBarHo rroApxaHe r.rJru HeoAroBapajyhe, jegan o4 BaxHr.rx
quEeea je Ir reHepHcaBe HoBe cl,IMyJrarluoue nna, SopMe 3a cneKynarzsHe CMP npoqecope gacn-ouara sa UNISIM
cl4MyJlaropy roja r,rnaa 3a III4JL ga onaoryhn enaayaqujy urper oflcera CMP apxz:rerrypa, ca rnz 6es TLS noApur<e.
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3. Ilolarue xl,rrrore3e

Y osoNa paAy ce nor'ra3r.r oA npernocraBKe Aa ce pecypca CMp npoqecopa, y3 AoAarHy xap4nepcr<y u/r.rarzcosruepcry roApIIIKy Sa TLS, Mofy l4cl(opr4 c'fLlru v sa H3BpuaBaI6e AaHac npeon,ralyjyhux cereeuquja.nnux
aulltraquja. Mefyrrzrvr, nojelrana nocrojeha peuema CMP upoqecopa ca TLS noop.no"'iu*r"*;y nopr111n.*.
3HarHIlx AoAarHI4x xapABepcKI'IX r'r coQteepcrflx pecypca :la o6agJEal6e cnequ{rzvnr.rx onapurlrju ,ono,



cflel(yJlarllBHor Ir3BpIIJaBa[La ceKBeHIIujanHI4x an,lllKar(uja. C o6sr.rporr.r Aa BeJruKr4 .qrzo xapABepcre ulunu
co0rnepcre roApIIrKe sa TLS y cMP rpoqecopy ocraje ueucxopuuhen rplrrrxroM a3BprrraBalsa naparreJrHr4x
au,rar<aqlrja I4JII'LIcroBpeMeHor I,I3BpIxaBarLa Bnrue arlurcaquja norpe6Ho je 4i4r*rr"ur, ,rrr**ny [oAprrr6y 3a
TLS raro 6N ce oguoc qeua,hept[oprraaHce 3aApxao Ha orrrrzMarHo]lr HnBoy.

OcuNa 'rora, ro4 noje4aunx petuelba cy yoqeHll npo6lerr.rrl rororr.r nornplnna*a e$erara cnexyaauuje uro 3a
nocJreAr4rly uMa noeehaH cao6pahaj Ha r{HrepKoHerqr.rouoj Mpexfi CMp npoqecopa ca TLS uo4prurou. Tar<o!e,
aHaJIu3a anropl'IraMa 3aMeHe y KeIrI MeMoplrjaua xojz ce Kopl,Icre y nocrojehr.rv peuerLrrMa CMp upoqecopa ca
TLS no4pruxon'r je noxa:ala Aa ce Iacrn Mory yHanperu ra yeof e*eu o4peleuux r<purepzjyrraa. ilpe.rnocraara je 4ahe npe4nor CMP npoqecopa ca TLS noApIUr(oM noceAoBaru perxelra no;u n" suavajuo ,rrrrr.ouuru nperxoAHo
yoqeHe npo6lelre KoA Aarrrx npoqecopa u uaraj ua.{r4H uocrr4hz no6onruars" y o4rt"y Ha nocrojeha pe[e]+,a.

3a norpe6e cr,rrray,raunje r.r eaanyaquje nperrrora peuerta CMp npoqecopa ca TLS nonpur(oM y oBoM pa,qy he
6uru pasnzjeHo cHMyJIaIIlroHo oKpyxelbe, roje he ce uohn nopr"ir., He caMo sa enaayaqujy rpeAJroxeHor
pelueBa seh u ga enanyaqujy ApyrI,Ix flpe.qrlora peue]La CMP apxrareKrypa, ca r.rrr 6es TLS nogpuxe.
flpernocTan6a ce Aa 6u ce sa 'raj uavuu pa3rwtllrrt4 [peAJro3x peueH,a CMp apxurerrypa Mourr,r eBaJryrzparr,r Ha
ucroi curt'ry,raquoHoj nlart[opvu utro 6u olroryha,ro eQrzxacuo nopeler+,e pe:y,rrara cuuylaquj a sa AarapeueEaI'I yHanpeAlrrlo HcTpaxlrBatba y onoj oltacru y llarry 4esuuucarra uajnoro4nuje CMp apxr,geKrype ca
craHoBrrrrrra oAHoca qeua,/nepr[opnrauce.

florpe6uo je omoryhNru u ropuruher+,e ogrosapajyher npeBoAr{orla sa 4o6ujame cneKynarr,rBHr.tx 6uuapnux
I'I3BpIIIeHnx AaroreKa Haulre, POSH npenoaurau 3a cnexyJrarr.rBHo r.r3BprrraBalr,e Haje jaeuo AocrynaH, ruu y
capaAlLu ca KoJIeraMa ua Yuunep:uTery Illinois at Urbana-Champaign, CA[, xoja .y 

"ruarrq, ayropcKxx rpaBa,je uoryhe ypalr4tu I'I3MeHe Ha flpeBoAxolly y cKJ'raAy ca Har]rHM npeAJro3xMa xarco 6ra ce ]rcrr4 
"o;uo 

;;;r.;;;;
3a Aaro I'IcrpaxxBalse CMP npoqecopa ca TLS nogpruxorra. Al'repua:raBHo perrrelLe je r<opzruh"*. luuroAocryrHol- compilation toolchain-a roju je reHepucaH nouohy crosstool-ng toolcirain ."n.puropu. florraohy ooorjaono AocrynHor toolchain-a je rraoryhe a3Bprxurlr caMo noJryayroMarcKo cflegyJrarr,rBHo nperof e6e
cexuenrlltlaauux recrHl4x an,rrzxaqnja AoK KopI4cHxK pyqHo yHocn rfyuxqujcrce no3r4Be y 4"rourru ilponpaMcKor
KoAa rAe he ce nplrueHu.ru cnerylaquja.

4. Hay.lue MeroAe llcrpartl,rBarra

MeroAorornja HcrpaxuBa*a y oKBl.rpy npelnoxeHe noKropcKe aracepraqr.tje he o6yxaarurn:

' npl{KynJbame u cpeflreaH,e lloAarara o nocrojehrznr peuerukMa CMP npoqecopa ca noAprx1otn sa TLS Ha
ocHoBy AocrynHe Jrr,rreparype,

t rlacu$ura\ujy u KoMnaparI4BHy aHa.flH3y petpepenruax peuerba CMP npoqecopa ca roAprrrKorra sa TLS,
Kao I'I aHaJII'I3y iLuxoBux yoqeHux HeAocraraKa y ulrJby 4e$raurzcar+,a npo6neua ,apaxrriwa,o 1e$auucaH,e npeaJrora corlcrBeHor peuerra CMP npoqecopa ca [oAprxKoM sa TLS, ea craHoBr.rrrrra
apxl'ITeKType, cneKyJlarlrBHllx nporoKo!'Ia Ha perllcrapcKoM rI MeMopajcronr Hr,rBoy, Kao ll noAprlKe 3a
cneKyJraTr4BH O r.r3BprxaBaBe,

o paseoj cI'IMyrIalIrIoHor oKpyxerLa Oasupauor na UNISIM cr,rMynaropy sa aepr,rsaraqujy n eaa,,ya*,,jy
npeAJroxeHor perxelLa CMp uporlecopa ca floAptxKorra sa TLS,

o 4eSuuucalbe rpeArrora y Be3H ca ur6oporra o4rosapajyher rpeBolxoua sa:]a MIpS apxureKrypy xoju he
ce KopHcrHrI4 3a napaJlenl'I3aqrzjy cernenquianuux anluraquja u golujarca cneKyJraruBHt{i 6nruprr*
r,r3BpueHLtX AaTOTeKa,

' eBaJIyaI{I4ja npeAJloxeHor pemella CMP npoqecopa ca TLS [oAprxKoM nyreM crrMyJrar-Ir4oge aHaJrr43e Ha
npegnoNenoj cuuynaquouoj ularsopuu.

5. OqexueaHtl HayqHrr Aorrpr.rHoc

Oeo rcrpaNIzBaBe uMa 3a uHJb AeSuuzcarue.npe^qJrora Hosor. jeluocraaHujer u e$uracuujen peuema TLSnoApurre y CMP npollecopy ca KoMyHl'IKaqrajou uarraefy 
"nanyrurrBHr,rx 

Hlrru Ha perr4crapcKoM r.r Haueuoprajcrolt nunoy, ysnuajyhu y o6sup cBe nperxoAuo yoqeHe npo6r.*. xo4 nocrojehr* 
"n"nyrurrsHrax 

cMpapxilTeKTypa' a y \ttlby ocrBapilBal6a 6orsux KapaKrepllcrlaKa y oAHocy Ha aKTyejrHa perxerLa. OqrosHr.r
Aonpr.rHocr.r xojn ce ovexyjy roKoM r.rcrpaxr4Barra cy c,,re.qehu:

' AeraJbHa aHan,]a3a-v nopeferre nocr:ojehrax aKaAeMcKlIx u r<orr.repqzja.nHrix peruert,a CMp upoqecopa ca
ToApIIIKoM ga TLS roja cy AocrynHa y oruopeuoj rrr4reparypr{ raro 6u 6uriu wgenru$uroeaue
uoryhHocru LbHxoBor no6oruruarsa.

' flpeAnor peltreH'a TLS noAprure y CMP npoqecopy ca I(oMyHur(auujorra u:lrely crreKyJ]arr4BHr.rx uuru roja
ce o6asJ6a I'I Ha perxcrapcKoM H ua ueuopujcroM HHBoy, xoje unaa MexaHlr3Me nouohy xojr.rx he ce
MI4HI'IMI43oBarx nperxoAHo yor{eHl4 npo6neuu KoA cnel(yJlarueHr,rx CMP apxr4Tercypa. Tarobe, [peAnor
rpe6a 4a o6yxna:rrz BHrue rporoKora 3a perHcrapcrry H verraopzjcry roMynurarlajy y aatou peruemy CMp
npoqecopa ca TLS noAprxKoM.



HOBa cr.rMyraquoHa nnar(bopMa 3acHoBaHa Ha UNISIM cr,rMynaropy ca cBoM [orpe$HoM
ran$pacrpyrryporra roja he orvoryhr.I'rr,r He caMo enaayarllrjy npernoxeHor peuena eeh r.r 4pyrux npe4ro.u
peuema CMP apxurexrypa, cautm 6ez TLS no4prurce

' npeAnor oArorapajyher rpeBoAlloqa sa MIPS apxlrrer$ypy r<oju he ce Kopucrlrru 3a creKyrrarr4BHo
npeeo!eme cexaeuqujanuux aunxaqaja roKoM a:so!erra canay,raquja.

' eBaJlyaquja npeAnoxeHe apxl,IreKrype CMP npoqecopa ca TLS noAprxKoM rpos nopelerre flpeAJroxeHr.rx
lporoKoJla 3a perucrapcKy ll ueuopr.rjcl(y KoMyHl{Kaul.rjy nyreu cr.rMyJrarluoHe aHaJrrr3e Ha npeAJroxeHoj
cr.rMyJrau14oHoj nla'rr[opvra.

6. Il.nan rrcrpaxrrBarba r.r crpyKTypa paAa

fllau nctpaxuBalba ce cacrojr oA BHIue Sara roje ce usnpruanajy HJrrl crrMyJrraHo luu ognojeno, 3aBHcHo oA
norpe6a paAa Ha .qucepraquju re 4o6rjeuux pe3yr'rrara. V npnoj r[asr.r he 6ztn usepueH rrpeureA aKaAeMcKr,rx H
rcouepqr'rjannr'rx perrlema CMP upoqecopa ca TLS no4purxou, xoja cy AocryrHa y orropeuoj Jrr4reparypg.
Kounaparuoua arutuga he pasruorprarl,r runoBe xopuruheHux jearapa, HHrepKouerrlr.lo*re *pe^e, r"roprji*y
xujepapxlrjy, xapABepcKy r.r cotpT nepcxy noAprxKy 3a cneKyJrarr.rBHo lr3BprxaBarle, Kao r.r nporor(oJre 3a perr,rcrapcKy
ra lrelropujcrcy KoMyHIaKaIIr.rjy, xaxo 6u ce sa ocHoBy cnpoBe.qeHe AeraJbHe alrilru3e yr(a3aJro Ha HeAocrarre
nocrojehr{x peruelra Y {zrry rpeqll3Hor ge$uuncama npo6nenaa ncrpaxrrBarba y Aor<ropcr<oj .{zcepmquju. ,qpyra
$a:a he o6yxBararr4 paA Ha cr.rcreMarr43auuju gera+Hor npeArrora pe',ema cMp npoqecopu .u'iLs nogpttr*o,
roje rpe6a ga y6naNu nperxoAHo yoqene npo6reue noctojehux CMP apxarercrypa 14 ua raj uauuu nocrr.rrHe
no6ouuame y oAHocy ua uocrojeha peuerLa.

Ha ocuony ycaojeuor rpeArlora peurelra CMP npoqecopa ca TLS rroAprrrr(oM y rpehoj Saara uc.rpaxusaH,a he
ce [apaJIeJIHo panurr4 Ha ge$unracau,y cHMyJIauHoHor oKpyxersa xoje he olroryhr.ru Aa ce a3Bprx[ KBaHrr4Tarr,rBHa
aH8dtr{3a, Kao I'I Ha npuflpeMl,r recrHllx anluxaquja 3a crleKyJ]arr.rBHo r,r3BprrraBa]6e. Hauue, Aa 6u ce cereenqxjalue
anlumaquje npl,IJlaroAxre cneKyJIarI4BHoM lr3BprxaBarly no'rpe6uo je nsrpurura H,rrxoBo npeaolerae ys notroh
npeBoAr.roqa roju orr.roryhanajy napa.netutaquiy ceraenqraja"nuor r,r3BopHor xoAa. Ha ocuoBy AocryrHlrx
nocrojehrax [peBoAI,IoLIa 3a cneKyJrarr,rBHo rr3BpmaBarre (POSH) t4r7t Ha ocHoBy open source crosstool chain
generator-a noTpe6uo je 4eQr.trracarr upeBoAr,rnaq roju he ce xopllcrlrrr,r roKoM r.rcrpaxr.rBalLa sa npeeoleme
cercneuqlrjaanux aunlrraqnja. Y uereproj Sasrl ucrpaNusarla he ce panxrr,r ua eea"nyaqujrz npeAJroxeHor pe[erLa,
oAHocHo ua geQuuucarLy napaMerapa cllcreMa r4 crrMyJrarlr4onnx crlesapuja ca toce6uuM ocBproM Ha aga1rr43y
pe3yrrara cnuynauuja.

V yeo4HoNa AeJIy paAa he 6urn pa3MorpeHe rlpeAHocrrl CMP upoqecopa y oAHocy Ha cyrepcKEurapHe
npoqecope y cruIaAy ca caAaII[+,I'IM u 6y.uyhuu rpeHAoBr,rMa y paseojy xapABepa r,r co$rnepa. C o6supou ga je
eSurcacHocr CMP npoqecopa tro rII4TarLy 6pNer r,r:npuraBaH,a ceKBeHqr,rja"lruux anrruraqula 3acHoBaHa Ha
rexHlrKaMa TLS, oua he 6r,rru AertulHo ena6oprapana y ApyroM AeJry paAa Kpo3 npxr(a3 oarro"rr* n a*alu3aMap4a
tr [pI'IMeHe oBe rexHI4Ke. Y rpeheu Aelry paAa he 6uru npeAcraBJbeHa AocaAarx]ra aKaAeMcKa u rorr.repulrjinua
peuelLa CMP npoqecopa ca rIoApIxKoM 3a TLS xoja cy AocrynHa y o.reopeuoj rrreprypu.
Hajpenpeseurarusnuju npeAcraBHHull oBHx cacreMa, cBpcraHr4 tro rpynaMa y 3aBr.rcHocrr4 o4 apxu'rertype, he
6urv ananuguparu ca pa3JII4qlITHx npojexrurax craHoBr.rura x pa3MorpeHr4 yoqeHr,r HeAocrar{u. Ha rpajy o"Li a"ru
pa4a he 6u'rr'r npeqasuo Ae$uuucau npo6reu r4crpaxlrBarba y cKJ,raAy ca nperxoAHo r43BprueHoM aHaJrr.r3oM
nocrojehrzx peuema. flpe4;roNeuo peuerre CMP npoqecopa ca TLS no4prur<ou he 6r.rrlr a1gtu3upa1o ca
craHoBI'IIUTa ageje u Kopl,Icrlr roje gouocr.r raKBo peuel6e, a 3arr,rM he ce geralsuo npeAcraBr.rrlr npelroxeHa
apxHTeKTypa u EpoToKoJII.{ Ha perucrapcKoM H MeMopujcxou H}rBoy. Y oeoN.{ Aeny paAa he ce usnpuuru
KBaJII'ITarI'tBHo nopelerre npeAJloxeHlrx nporor(ona 3a perxcrapcKy u uernlopnjcry rouyHnraqujy.

Cuuynaquouo oKpyxerbe 6asupauo ua UNISIM cuMyrraropy, rcoju je npouupeH ca rroAprrr(oM ea crzrraynaqujy
CMP npoqecopa ca TLS-ou, 6rahe 4era.nuo npelcraBrbeHo y rreroM Aerry paAa. llpno he 6aru onucaHa
cuMyJIaqI4oHa ua'rtpoprraa LINISIM, a 3arlrM 14 HoBoyBoAeHe r[yuxqnoualHocru roje he onaoryhuru la ce Aarrr
clrMyJlarop Moxe Kopl'Icrzt"trli 3a eBatyaqr,r.iy npeanoNeHor peuema. Y uacraexy he 6u:rlt yn*uro na rr,roryhuoc:r ga
ce,:axnanyjyhu yne4euuu uoarztbrarcaqujarraa UNISIM crzMynarop Kopr,rcrr.t Kao clrMynarluona nna.rr[opMa a 3a
apyre CMP apxl'rrelcrype, ca u\ru 6es TLS rloAprxKe. flopeA czuynaqlroHe u:ra.r([opnae he 6retn rpeAcraBJbeH r.r
navun ge$unuca}sa npe.4Jlora peuema 3a npeBoArroqa sa MIPS up*rr"*ypy- xoju he ce Kopr.rcrr4rtr 3a
cleKylrarl'IBHo npeaoleme ceraeuqnjaluux anlurcauaja roxoM u:nolen a cuuyraqrEja. pOSH npeno4r.rJrar{ ca
Ynunepsn'rera Illinois at Urbana-Champaign, CA!, r<ao npen r.r:6op rpeAnora peuel5a flpeBoAr.roqa 3a
cIIeKyJIarxBHo npenoleme cercneHqujaauux anruxaquja he 6uru rpeAcraBJbeH xao u norpe6ne rasNaerre roje je
HeonxoAHo yBecrI'I Aa 6I'I ce on nplrnaro4do npeAJIoxeHoM perxemy CMP npoqecopa ca TLS noAprrrr(oM.

HaxoH rora he reraJbHo 6u'ru npe.qcraBJr'eHo u aJrrepHarr4BHo peuerLe 3a npeBoArzoqa xopuruherrena janHo
AocrynHor compilation toolchain-a rcojra je reHepr,rcaH norr.rohy crossiool-ng toolciain ."r"puropu. Tarofe, 6r,rhe
H3BpIxeHo n nopefen'e Aara ABa flpeAaora peuerla 3a npeBorrlr'rarl, 3aro ruT o je au arrapna*BHxM perrrerLeM
4o6ajenun'r nonaohy januo 4oc,yuuor toolchain-a noryhe r.r3Bprxr.rru caMo nonyayroMarc1o oneKyJrarr.rBHo



flpeBoDelbe ceI(BsHLIljaJIHux recrurlx anJrr,rKarluja AoK ca Apyre crpaHe POSH npenoa]rJrarl Bprxu ayroMarcKo
cneKyJrarr{BHo npeeolen e cexreuquja.nuux aunuraquja.

V uresrorr'l norraBJLy 6v 6wtru 4eQuHrcaHu aHaltlt3upaHl napaMerpH, cr.rMyJrarruoHn cueHapr4jl HcupnHgx
Tecrlrpalba, a uoce6as aKIIeHar 6u ce ctaeuo Ha aHaJlr.r3y p$yJrrara cnruyaaquja 

"u 
*r*orry AeraJbHr.rM

o6jaurrrerrerr.r. Y sarury.rxy paAa he 6n:ru uare4euu Aolujelvpesyriarr, np.4ro"r, ,"rur" npeAJroxegor peueBa
y oAHocy ua nocrojeha peluetba u geQuuucanu 

'ylyhu 
flpaBrlr.r y ArrJbeM Hcrpaxr4Balby.

7. 3aK.By.raK rr rrpeAJror

Ha ocuony I'I3JIoxeHor, Korr.l,ro,rja roHcraryje Aa KaHAlr.qar HcnyrraBa cne Soprr,ranne u cylurr,rHcr(e ycJroBe 3a
rpl'Icryralse Ir3paAI'I AoKTopcKe gucepraquje, Kao x Aa je npe4noNeua reMa ,,Ilpororo.nu 3a cfleKyJraqnjy ua
HIrBoy Hrrru y CMP flpoqecopl,rMa" uaytuo 3acHoBaHa, arTyenHa u ouoryhyje rocrr3ar6e op]ril4uarHux Ha5n{H1rx
pe3yn-Tara y o6nacrr,l apxHTeloype MynrxnpoqecopcKr.rx crlcreMa. 3aro Korraucr,rja nperJraDr(e HayvHo-uacranuov
eehy Eaerrpo, exHI'ItIKor tfarcya:reta y Eeorpa4y ratal/.v1ary rr,rp Mr.raany eaayn-oauhy o4o6pa ,gpaqy AoKropcKe
a r.rcepraur,rj e noA rope H aBeAeH HM H acJroBoM.

Y Eeonpagy, 14.06.2011. roAr.rHe

,Al_
,{p Bersxo Mulyruuoauh, pe4. npod.

h, aanp. npo$.

*
Ap AyurEn Crapveeuh, pe4.
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