Enexmpomexnuuxu gpaxynrmem Yuueepsumem y beoepady 5.2.2023.
Kameopa 3a pauynapcky mexnuxy u ungopmamuxy

ApXuUTeKTypa u opranu3anmja pauynapa 1 — K3

1. (15) Mocmarpa ce mpouecop pipeline opranuzanuje nat Ha cauny 1. CBaka ¢asa u3BplIaBamba HHCTPYKIH)E
Tpaje jeaHy Mepuo/ly CUrHaia Takta ykibyuyjyhu u a3y 2 y k0joj ce unrta u3 perucrapckor dajia (Registers)
1 pasy 5y xojoj ce ynucyje y perucrapcku ¢ajn (Registers).
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Cnuxka 1. Pipeline ca peanu3aiijoM cCKOKa y YeTBPTOM CTETICHY

Ha nporuiecopy ce u3BpiaBa ciezeha ceKBeHIa HHCTPYKIIHja:

ADD RI,R2,R3 ‘R1=R2+R3
LW RI,(R2)16 ‘R1=MEM[R2+16]
ADD RI,RI,R3 R1=R1+R3
ADD R2,RI,RI ‘R2=R1+R1

VY 0BOj CeKBeHIM MHCTPYKIHMja MOCTOje Xa3apau IojaTaka. Y HEKHMM CHTyalMjama je Moryhe peann3oBaTH
JOJIATHU XapJBep 3a MpocliehuBame KOjUM ce eNMMHUHHINY Xa3apau Tojaraka ¥ o0e30elyje u3BpiuaBame
MHCTpYKLHja 0e3 3aycTaBibama MPOTOYHE oOpane. Mel)yTuM y HeKMM cuTyaldjaMa xas3apj rojartaka je mMoryhe
PELINTH jeINHO 3ayCTaBJbambeM IPOTOYHE 00pae.

a) (5) Y nmatoj cekBeHIIM HHCTPYKIIMja HABECTH CBE CUTYallMje Y KOjuMa MOCTOje Xa3ap Iy MojaTaka. 3a CBaKy ojl
CHUTyalHja y K0joj ce akTMBHMpa HEKH Je0 XapJBepa 3a npociehuBame, HABECTH U3Mel)y Koje ABe HHCTPYKLHje ce
jaBiba, 00jaCHHUTH 3aIITO TOCTOJM Xa3ap] MOJaTaka W HABECTH KOja OJ HUX CE MOXKE PEIIUTH 3ayCTaBJbambeM
nporodHe oOpaje, a koja npociehuamem (Moryhe u 06a). Tamo Tae ce 3aycTraBjba HaBECTH KOJIMKO TEPHOJA
CUT'Hajla TaKTa Ce 3aycTaBjba, a Tamo rue ce npociehyje (Moryhe mocie 3aycTaBibamba) HaBeCTH ITa (KOjU je
M3BOPHIIIHHU perucrap) ce kyaa npociehyje (ira je ogpeauinre). OnroBop gatu tadeaapHo.

[IpocnehuBame

PB.| Uacrpykumja 1| Wuctpykumja2 | O6Gjammeme| 3/I1| 3aycraBmame | H3Bopumte | Oppeammire

0) (5) Haupraru moaudukoBaHy CIHMKy Ipoliecopa ca ciimke 1 koja Tpeba aa caapiKu caMoO OHE JCIIOBE KOjH Ce
aKTHUBUpPAjy MPWIUKOM mpocichuBama Koja ce jaBibajy Yy OBOM 3aJlaTKy. 3a CBAaKU JIeO XapiBepa HA3HAYUTHU
cutyanyjy (peaHu Opoj U3 npeTxoaHe Tadesie) 3a Kojy ce peanu3syje npociehupame.

B) (5) Ykomuko 01 Kox JaTor nporecopa 0mino Moryhe YIMCHBAaTH U YMTATH YITHCAHY BPEIHOCT U3 PETHCTAPCKOT
(ajna y uCcTOM TaKTy HalpTaTh MOAM(UKOBAHY CIHKY Ipolecopa ca ciuke 1 koja Tpeba Ja caap:Ku caMo OHE
JIeJIOBE KOjU CE€ aKTHBUPAjy MPHIMKOM IpociiehuBama Koja ce jaBibajy Yy OBOM 3aJaTKy. YIIOPEIUTH LIeMe U3
CTaBKH 0) U B).



2. (15) IMocmarpa ce moaudukoBan mpouecop pipeline opranu3zanuje Koa Kora NOCTOjH XapaBep 3a
npociehusame (forwarding), a yrBphuBame 1a Jiu ce paau 0 HHCTPYKIHjH CKOKa U yTBphHBame aapeca
ckoka o6aBspa y ¢aszu 1 (IF). Ycmos ckoka ce yTBplyje Ha HCTH HaYMH Kao KOJ Mporecopa ca ciuke 1.
H3Bpruasa ce cieaehu nporpaMcKu CerMeHT:

loop: LW R1, (R2)100 ;R1=MEM[R2+100]
SuUBI R1, R1, #1 ;R1=R1-1
SW R1, (R2)105 :MEM[R2+105]=R1
BEQZ R1, loop ;if(R1==0) goto loop
LW R3, (R2)101 ;R3=MEM[R2+101]
ADD R3, R1, R3 ;R3=R1+R3
SUBI R3, R3, #1 ;R3=R3-1
BNEZ R3, next ;if(R3 1= 0) goto next
XOR R3, R3, R2 ;R3 = R3 xor R2
SW R3, (R2)106 :MEM[R2+106]=R3
LW R1, (R2)106 ‘R1=MEM[R2+106]
next: BNEZ RS3, loop ;if(R3 1= 0) goto loop
ADD R3,R1,R1 ;R3=R1+R1
OR R1, R3, R1 ;R1=R3 orR1
SUBI R3, R3, #1 'R3=R3+1

IMouetna Bpeanoct peructpa R2 je Oh a m3rien mena memopuje modes o aapece 100h je mpukasad Ha
cimny 2. I3 meMopuje ce unta u y iy yrmcyje 32-0utHe ped mmo ped. [logetHa agpecan porpama je 1000h,
a CBaka MHCTPYKIIMja 3ay3uMa TavyHO jeHY aJIpecy, aJpecupame je Ha HUBOy 32-OUTHE peyH.

Axpeca 100|101 |102|103|104 | 105 | 106|107 | 108 | 109|10A|10B
Campkaj | |2 |13 |3 |2|5|6|2|1]|3]|3]2

Crnuxka 2. Usrnen gena memopuje

a) [Ipukasatu TabenapHo 1Ta ce JieliaBa y kojoj (a3u 3a npBux 14 MHCTPYKIIMja IaTOT MPorpaMa Koje
ce m3Bpuie y ciydajy aa y ¢asu 1 (IF) mocroju kopenucana mema 3a npeasuhame (2,1). Kopucre ce
Oadepu npeapubhama ca 4 ynasza. CBU J€JI0BH KOPEIIMCAHE IIIEME J03B0JbABA]y M YMTAE U YIIUC Y HCTOM
takty. CBHu ynas3u y 6adepuma 3a npeapuhame 0 1 1 cy Ha moueTky noctaBibeHu Ha 0, a y badepuma 3a
npenBuhame 2 u 3 cy nocraBibenu Ha 1. [Ipenukimja 0 o3HagaBa j1a 10 CKOKa HE JI0JIa3H, JIOK MPEIUKIINja
1 o3HauaBa j1a 710 cKoka j1oiasu. [loyeTHu cap/pkaj raodanHor MUQT perucTpa KopesrucaHe memMe H3HOCH
11.

0) [atm tabemapHo mpuka3 jeguHmie ca Oadepom mpensuhama u riodamHOr MWHE(T perucTpa
KOpeIicaHe IIeMe HaKOH 3aBpIieTka 14 HHCTPYKIMja AaTor Mporpama 3ajelHo ca CBHM M3MeHaMa (HOBE
BPETHOCTH MTUCATH OJIBOjEHO 3alleTOM, YaK M aKO Cy UCTE Kao MPETXO/IHE BPEIHOCTH, Jia OU ce PUKa3aio
MpHUCTyame oarosapajyhieMm ymasy). Takolje NpuIOKHTH caapikaj Jena MEMOpHje Ha MEMOPHjCKHAM
nokanujama o 100h 1o 10Bh HakoH u3BpIIaBama THX HHCTPYKIH]a.

Hanomene: Ha ucnuty HuCY 103BOJbeHA HUKAKBa TOMONHA CPEJICTBA, HU KAJIKYJIATOPU HU JIUTEPATypa.
Ucnur tpaje 2 cara.



