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HHPEJITI'OBOP

30mMpKa peleHnx 3aJaTaka IMOKpHBA [0 IpalayBa KOje ce M3ydaBa y OKBHpPY IpeaMera
OcnoBu pauyHapcke TexHuke I u II Ha EnexrporexHuukom daxynrery, YHUBep3uUTeTa y
Beorpany, a oqHOCH ce Ha pojekToBame ypehaja. [IpunnkoM peraBama 3a1aTaka KOPUCTH Ce
METOJI0JIOTHja TpOjeKToBama ypehaja mo kojoj cBaku ypehaj caapku oOmnepanuoHy |
ynpapibauky jenuHuiy. OOe jeMHHUIC ce cacToje O MPEKHIAYKMX Mpeka Koje y ciiydajy
OTepalMoHe jeIMHMIIE CIyke 3a namheme OMHApHUX pedd, peanu3anujy oxpeheHor ckyma
MUKpOOIIepanyija U TeHepUCAmhe CUTHaJIa JIOTHUKHX YCIOBa JIOK y CIIy4ajy YIpaBbadyke
JEAMHHUIIC CITyXe 3a TeHEepUCame YNPaBJbauyKHX CHIHAJIA CAIIACHO YCBOJEHHM AlTOPHTMUMA
orneparyja U BPeAHOCTHMA CHTHAJA JIOTHYKHUX YCIOBa. 3aJalll Ce OIHOCE Ha IPOjEeKTOBAE
ypehaja unja cTpyKkTypa HHUje CIOXKEHA, MMa Ce 3a pealu3allijy ONEpalloHEe W YIPaBJbauKe
JjeIMHHUIIEe KOpHCTe TEXHHUKE IPUMepeHe clioxkeHocTH ypehaja. Ctora cy oneparnone jeAnHAIe
peann3oBaHe y TEXHHUKaMa MMOBE3WBamba MPEKUAAUKIX MpEeKa TUPEKTHHM Be3aMa U jeTHOM
MarucTpaioM, IOK Cy YIpaB/badke jCAMHHIEC peanu30BaHe y TexXHHMKama “merajyha
jeauHUIa®, cTaHJap/iHa CEKBEHIIMjaIHa IPEKUJauKa Mpeka 1 Opojad Kopaka ca JIeKOJIepOM.

3agaum w3 miaBe | TOKpuBajy neo rpamuBa w3 OCHOBHM pauyHapcke TexHuke I Y
MmocTaBKama 3ajaraka ce jaje oapeljeHa CTPYKTypHa IeMa OIEepalMoOHE jEANHHIIC
peann3oBaHe Yy TEXHHIM IIOBE3HMBamba MPEKUIAYKHX MpEeKa jeJHOM MAarucTpaioM H
TEKCTyaJlHA ONMUC (YHKIHOHUCAama ypehaja, a y peliemuMa aujarpaMd TOKa YIPaBJbadKHX
CHTHAJa M CTPYKTYPHE IIEME YIPaB/badKHUX jEeMHHHUIIA pealn30BaHe y TeXHHKaMa “mierajyha
jeAMHUIIA™ M CTaHAAp/HA CEKBEHLIMjaJIHA TPEKUAauKa MpexKa.

3ajanm M3 TaBe 2 TMOKpWBajy Aeo rpamuBa u3 OcHOBU pauyHapcke TexHuke 1. YV
MocTaBKama 3ajiaTaka ce Jaje TeKCTyallHH OmuC (YHKIMOHHCama ypehaja, a y peliemhuMa
onpeheHa CTpyKTypHa IIeMa OIepalMOHe jeJHHUIE PEaM30BaHE y TEXHUIU MOBE3HMBamba
NPEKUIAYKUX MpeXa [IUPEKTHUM Be3ama, JHjarpaMH TOKa VYIPaB/bauKUX CHTHAIA W
CTPYKTYpHE IlIeMe YIpaBJbauKHX jeJMHHIIA PEaTn30BaHUX y TEXHHIM Opojad Kopaka ca
JIEKOZIEPOM.

Haxo cy 3amany BuIle myTa MpOBEpaBaHH, ayTOpH Cy CBECHH 1a je Moryhe na cy ce Heke
rpelike MOTKpalie i CBUMa OHMMa KOjH Ha hUX Oy YKa3uBalld ayTOpH OYTY]jy 3aXBAITHOCT.

Aytopu
Beorpan
(hedpyapa 2017.
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1. MPOJEKTOBAILE YPEBAJA |

1.1. CYMA CA UHKPEMEHTHUPABEM - ADDINC

Ha ciunu 1.a. je mpuka3zaHa CTPYKTypHa IIeMa Jielia OnepalroHe jeIMHUIe mmpolecopa. Y
peructpuma R1, R2 u R3 ayxuHe n paspena Hamaze ce OWHapHE BPETHOCTH Koje Tpeda
HMHTEPIPETUPATH Kao LeIo0pojHe BpeJHOCTH Oe3 3HaKa. MuKpoomnepaluje Koje ce peausyjy
y jenunnuu ALU cy nare y tabenu 1.

a) Hanpraru nujarpaMe Toka MUKPOOIIEpalnja U ypaBhbauKuX CUTHANA (ha3e U3BpIIABAHA
Hapenoe ADDINC koja uzpadyHaBa

R4 = R1+R2+R3+1
cymy caapxkaja perucrapa R1, R2 u R3 ysehany 3a 1, a pesynrar cMmemra y perucrap R4.
da3a n3BpuaBama Hapenoe 3anounme ykonuko curHan ADDINC uma Bpensoct 1. Caapxaju
peructapa R1, R2 u R3 tpeba na octany HensMemeHuU. IIpeTnocTaBUTH a ce Y perucrpuma
R1, R2 u R3 Hanasze BpemHocTH Koje omoryhaBajy Aa ce W3BpIIaBambe Hapende peanusyje
KOPEKTHO U J1a ce 100Mje BPEAHOCT KOja MOXeE Jia Ce CMECTH y perucrap R4.

6) Hampraru cTpyKTypHY IIeMy YIpaBJbauke jEAWHHIIEC pealnu3oBaHe Kao '"merajyha
jenununa" ca D puun-guionoBuma.

B) Hampraru CTpyKTypHY LieMy YIpaBjbauke jeAWHHIE PEaTU30BaHE Kao CTaHIapaHa
CEKBEHIIMjaIHa IIpekuaauka Mpexa ca JK ¢nun-daonosuma.

n M n
ny nf ny nf
LD - IdR1 LD - IdR2 LD |- IdR3 LD - IdR4
—CLK —CLK —CLK —CLK
Rl CL[-cIR1 R2 CL |- cIR2 R3 CL[-cIR3 R4 CL[-clR4
| nooon | | noon |
1 [ 1 [
0 1 0 1
MP1 0FS; MP2 O Ss
ﬁ n,{’—l
c A B So = So
n
—Ca ALU S-S
Co-Co
nf
LD - IdA
rdA T A Laa
" ! " T
<

Crmuka 1.a. CTpyKTypHa IIeMa Jieia orneparfoHe jeTuHIIe

So | S1 F
00| AG
0 | 1 | A+B+G,
10 B+G
11 AB

Tabena 1. Mukpoonepanuje y jeauaunu ALU

Pememe:
a) Jlujarpamu ToOKa MUKpOOIIEpalyja U yIpaB/bauKUX CHIHAJIA JaTh Cy Ha ciunu 1.6.
W3pauyHaBame u3pasa ce peanusyje Ha cinenehu naunn. Kpos mynruruiexcepe MP1 u MP2
ce Ha ynase A u B jemunune ALU npomycte canpskaju perucrapa R1 u R3, y jeqununu ALU
M3BPILIU BHXOBO cabHpame ca MHKPEMEHTHPAmhEeM U OoOHjeHa BPEAHOCT ca M3Ja3a jeAMHUIIC
ALU ynuie y perucrap A. 3aTiM ce 1o0HjeHa BPEIHOCT U3 peructpa A mpedaiy y perucrap



R4. TTotom ce kpo3 mynrumiekcepe MP1 u MP2 Ha ynaze A u B jemununie ALU nporycre
canpxkaju perucrapa R2 u R4, y jenuunun ALU u3BpiuuM m»HXOBO cabupame W A00ujeHa
BpenHOCT ca u3inasza jequnune ALU ynume y perucrap A. Ha kpajy ce nobujeHa BpeHOCT U3
peructpa A mpedanu y peructap R4.

Ko : , Ko : ,
| | | |
<__ADDINC__>> <__ADDINC__>>

K1 T K1 T

| A<=R1+R3+1 | | IdA, Sy, Co |

Kz J Kz J

| RA<=A | [ IdR4, rdA |

Ks J Ks J

| A<=R2+R4 | | IdA, Sz, S5, S: |

Ks J Kq v

[ RA<=A | [ IdR4, rdA |
— —

Cnuka 1.6. JlujarpaMu Toka MUKpOOTIepallja U yIpaBbauyKuX CUTHajIa

V¥ xopaky Kg ce nposepasa BpenHoct curtana ADDINC u y 3aBuCHOCTH Off Tora ja i
curnast ADDINC uma BpenHoct 0 uiu 1 ocraje y kopaky Ko wiin Ha cMrHai TakTa mpenasu Ha
Kopak Kj.

V xopaky K; curnanu S; u Sz umajy Bpeanoct 0 ma cagpxaju perucrapa R1 u R3 mponase
kpo3 mynrumiekcepe MP1 u MP2 u nojasibyjy Ha ynasuma A u B jenunune ALU, curnamu Sy
u Co uMajy BpenHocT 1 na ce Ha uznasy jenunune ALU jaBiba cyma canprkaja perucrapa R1 u
R3 yBehana 3a 1, koja ce Bpennonthy 1 curnana IdA Ha curHan takta ynucyje y perucrap A.
Ha uctu curnan takra ce npenasu Ha kopak Ko.

V xopaky K, ce Bpennomty 1 curnana rdA cazxpikaj perucrpa A npomymira npeko 6adepa
ca TpU CTama Ha JMHUje Maructpaie M ¥ TIpeko mUX Bomu, m3Mely ocranor, Ha yna3s
peructpa R4 u Bpennomhy 1 curnana 1dR4 na curnan takra ynucyje y perucrap R4. Ha uctu
CHTHAJ TaKTa ce Impelasu Ha Kopak Ka.

V xopaky K3 curnanu S; u S3 uMajy Bpennoct 1 ma caapikaju perucrapa R2 u R4 mpomnaze
kpo3 mynruruiekcepe MP1 u MP2 u nojaBibyjy Ha ynasuma A u B jeaunune ALU, curnan S
nMa BpeaHoct | ma ce Ha m3nasy jenunune ALU jaBiba cyma caapikaja perucrapa R2 u R4,
koja ce BpenHomihy 1 curnana ldA Ha curnan takra ynucyje y perucrap A. Ha ucrtu curnan
TaKTa ce npenasu Ha kopak K.

VY kopaky K4 ce Bpennomhy 1 curnana rdA canpxaj perucrpa A npomymiTa npeko 6agepa
ca TpH CTamka Ha JHUHUje MarucTpaie M u mIpeko mUX Bomu, u3Mely ocranor, Ha yna3
peructpa R4 u Bpennomhy 1 curnana IdR4 Ha curnan takra ymucyje y perucrap R4. Ha uctn
CHTHAJ TaKTa ce mpelnasu Ha kopak Ko.

6) CTpykTypHa 1IemMa yrnpaBibadyke jeAMHUIIC pean3oBaHe kao "merajyha jeaununa” ca D
(um-¢rromoBuMa npuka3aHa je Ha ciauim 1.B.

K, Kq K, Ks K,
bSio b 0 b 0 D Q D Q
4 CLK 4 CLK 4 CLK 4 CLK 4 CLK
Q Rs Q Rs Q R, Q Rs Q
7 7 7
ADDINC

Cruka 1.8. CTpyKTypHa IIeMa yIpaBJbadke jeIUHHLE



VYrpassbauka jequHuia ce cactoju on ¢uun-guonosa Ko, Ki, Ky, Kz u K4 nomesmsennx
onepanuoHuM OnokoBuMa y kopamuma Ko, Ki, Ki, Kiz m K4 y mmjarpamuma  toka
MHKpoOoIepaltja 1 yrpaBjbaykux curnaia (ciauka 1.6) u jennor napa I enemenara nonesseHor
yclnoBHOM Onoky ca curHagoMm Jjoruukor yciaosa ADDINC y gujarpamuMa  ToKa
MHKpOOIIepanyja 1 ynpaBbadyKiX CUTHANA.

Ha mouerky usBpuiaBama Hapenoe ADDINC jenununa ce Hanasu y ¢uun-daony Ko u
Hyne y ocramuM ¢uun-QiomoBuMa, IMTO onroeapa kopaky Ko H3 jgujarpamMa Toka
MUKpOOIIepanyja U yrnpaBjbaukux curHana. CTora HH jeoaH Of yINpaBJbauyKHX CUTHajIa HeMa
BpeaHoct 1. Cee Bpeme pok curdan ADDINC uma Bpennoct 0 jeqununa ocraje y uum-
¢uronty Ko u Hyne y ocranum ¢uun-¢uionosuma. Kana curaan ADDINC nocrane 1, Ha curHan
TakTa ce ynucyje jenununa y ¢ommn-guon K; u nyna y ¢mun-¢uon Ko, 1ok Hynae ocrajy y
octajguM GIUM-(IONOBHMA.

Jennunna y gummn-dnony K u Hyne y ocranum ¢uumn-¢piaonoBuMa, mMTo Oxroapa Kopaky
K1 U3 qujarpama Toka MHUKpooIepanyja U ynpaB/bayKHX CUTHAJA, ajy BpeqHOCT 1 curhana
IdA, S1 u Co. Ha curnan rakra ce ynucyje jenuuuna y duun-giuon K, u Hyna y ¢paun-¢ion
K1, 1ok Hy1e ocTajy y octanuM ¢Guun-¢ionoBuma.

Jenuuuna y ¢mun-guony K, u Hynne y octanum ¢Guun-(IonoBumMa, MITO OAroBapa Kopaky
K2 3 mujarpama Toka MHKpOOIEepalyja W YIpaBJbayKuX CHTHAIA, ajy BPEOHOCT | cHrHaia
1dR4 u rdA. Ha curnan Takra ce ynucyje jeaununa y ¢uun-¢uion K u vyna y ¢nun-duon Ky,
JIOK HyJIE 0CTajy Y ocTanuM (uiun-¢aonoBuMa.

Jennnuna y gmun-¢uony Kz u nyne y ocranum ¢uun-¢aonoBuma, mTo oAroBapa Kopaky
K3 U3 qujarpama Toka MHUKpoOOIepaldja U ynpaB/bayKuX CUTHANA, ajy BpeIHOCT | curHama
IdA, S;, Ss u S;. Ha curnan takra ce ymnucyje jemununna y ¢umurn-¢aon K4 v Hyna y ¢uum-
¢ton K3, mox Hyne ocTajy y ocTanuM Girumn-¢pronoBuma.

Jenuuuua y ¢nun-dmony Ka u Hyne y ocranum ¢Guun-¢paonoBuma, mTo OaroBapa Kopaxky
K4 u3 nujarpama Toka MUKpOOIepalyja U yIpaB/badkUX CUIHANIA, Aajy BPEQHOCT 1 cUrHaia
1dR4 u rdA. Ha curnan Takra ce ynucyje jeaununa y ¢mun-dnon Ko u Hyna y ¢pmnmn-duon Ka,
JOK Hyle ocTajy y octanuMm ¢umun-¢uonoBuMa. OBUM ce peanusyje Bpahame y MOYETHO
CTame.

YnpaBspauky CUTHAIM ONEpallioOHe jeINHUIIE Ce TEHEPHIY IpeMa U3pa3uma

S, =Ks

S3=K3

S =K1+ Kj

Co=K;

IdA =K + K3

rdA=K; + Ky

IdR4 = K, + K4
y xojuma Ko, Ki, ..., K4 npencraBmpajy curnane ca uznaza (uun-¢aonoBa HpUAPYKEHUX
ornepauuoHuM OJIOKOBMMA Y JiMjarpaMmy TOKa yIpaBibaykux curHaia (ciuka 1.6). CBu ocranu
yIIpaBJbauKu CUTHAIH UMajy BpeaHocT 0.

Hduckycuja 1:

VY TekcTy 3amarka je Ha3Ha4YeHO Aa Tpeba NpeTnocTaBuTH 1a ce y peructpuma R1, R2 u R3
HaJla3e BPEAHOCTH Koje oMoryhaBajy aa ce M3BplllaBame Hapeade peainsyje KOPeKTHO U J1a ce
no0uje BpemHOCT Koja MOXKe Ja ce cMecTH y perucrap R4. Hamomena je HaBeneHa, jep cy
BPEIHOCTH y PErHCTPHMA IeI00pOjHE BeIMUHHe Oe3 3HaKa U Iy:KHHA perucrapa je n OuTosa,
IIa ce y HEKUM CllydajeBHUMa MOoxe JOOUTH 30Mp KOjU ce IpHKa3yje ca BUIIE OA n OMTOBAa U Ha
Taj HAYMH ce He o0Mja KopeKTaH pe3ynrar. Ha npuMep MakcMMaiHa BETMYMHA KOja Ce MOXKeE
HanasuTy y peructpuma je 2"-1. 3a 36mp 2"-1+2"-1 motpe6HO je n+1 6ut, ako 61 ce KaTH 361p
jomr jemrom mosehao 3a 2"-1 6uno 6 moTpe6HO n+2 GuToBa. V 3amaTKy 36HMp ce MAMTH Y
perucTpy Iy)kuHe n OUTOBA, Ia ce J00Hja HEKOPEKTaH pPe3ynTar.



Jduckycuja 2:

@OyHKINOHNCAkEe W OIEpalioHe M YIpaBJbadke jeAMHUIE je JaTo y3 cuenehe nse
nperocraske. IIpBo, KOpHCTE Ce CEKBEHIMjAIHE MpPEXKE pealnn30BaHEe ca MBHYHUM (ium-
(onoBMMa KOjU MeHajy CTame CaIaCHO BPEAHOCTHMA YNIa3HUX CHIHANA caMO Y TPEHYTKY
IIPOMEHE BPEAHOCTH CHTHANA TakTa ca BpenHoctu 0 Ha BpemHocT 1. Jlpyro, ¢uumn-¢huonosu
yHOce ozpeheHO Kamimbeme, mMa ce BPEAHOCT Ha W3nazy Quum-¢uiona mojaBibyje HELITO
KacHHje y ONHOCY Ha TPEeHyTaK IPOMEHE BPEOHOCTH CHTHAlla TakTa ca BpegHoctH 0 Ha
BpexHocT 1. Kao mocneauiia oBora CHTHAIN HMajy BpeMEHCKe OOJIMKe Kao Ha ciaui 1.r.

Ko Ky Ka Ks Ky Ko

1 2 3 4 5 6 7

S [

ADDINC

S,

S

So

S

Co

IdA

rdA

IdR4

Ko

Ky

Kz

K

K4

Cruka 1.r. BpeMeHcku 00au1M curHana

300r Kammema Koje yHoce ¢uumn-¢uionosu, ¢uun-daon K u curnamu S;, Co u 1dA ce
[I0CTaBJbajy Ha BPEMHOCT | ca KalllbEemheM y OJHOCY Ha TPEHYTaK NPOMEHE CHTHaja TakTa
CLK o3znageHor ca 3 ca Bpennoctu 0 Ha BpegHoct 1. 13 mctux pasnora ¢mun-daon Kj u
curnanu Si, Cp u 1dA ce mocraBibajy Ha BpeqHocT O ca KalllbemheM y OMHOCY Ha TPEHYTaK
npomene curHana takta CLK o3nadenor ca 4 ca Bpegnoctu 0 Ha BpeguocT 1. Bpennoctn 1
curnana S; u Co u Bpeanoctu 0 curHana Sy, Sz ¥ Sg y BpeMEHCKOM MEpHoy u3Mel)y CHrHajIa
takta CLK o3HayeHux ca 3 u 4, omoryhaBajy na Kpo3 KOMOHMHAIIMOHE MpEXe, Koje YhHe
myatumiekcepa MP1 u MP2 u jenununa ALU, npoby caapxkaju perucrapa R1 n R3 u na ce
Ha yna3y peructpa A gopmupa cyma cagpxaja perucrapa R1 u R3 ysehana 3a 1. Bpeanoct 1
curHana 1dA y BpemenckoMm mnepuoay usmely curnama takra CLK o3HaveHux ca 3 u 4
omoryhaBa na ce mpu npomenu curHana takra CLK osnauenor ca 4 ca Bpennoctd 0 Ha
BpenHocT 1 canpxaj Gpopmupan Ha yna3y perucrpa A ynuuie y perucrap A. Tpeba younrtu na
300r Kallmema ca KojuM curnai ldA nocraje Hajupe 1 Ha curnan takra CLK o3HaueH ca 3 u
3atuM 0 Ha CUTHAJI TaKTa O3HA4YeH ca 4, HeMa ynuca y perucrap A Ha IPOMEHY CUTHaJ TakTa
CLK o3nauenor ca 3 ca BpemHoctd (0 Ha BpemHocT 1, Beh Ha MpPOMEHY CHUTHalla TakKTa



o3HaueHor ca 4 ca BpeaHoctu 0 Ha BpenHocT 1. Takohe 300r Kallmbema ca KOjJUM CHTHAIH Si
u Cp nocrajy Hajupe 1 Ha curnan takra CLK o3nHaueH ca 3 u 3arum 0 Ha CHUTHanm TakTa
o3HaveH ca 4, kao u 300r Iponaraiyje Kpo3 KOMOMHALIMOHE MPEXe KOje UNHE MYJITHILIEKCEpU
MP1 u MP2 u jenununa ALU, cyma cagpskaja perucrapa R1 u R3 ysehana 3a 1 je mpucyrtna
Ha yla3uMa perucrpa A y TpeHyTKy Kaja ce Ipu npomenu curtaia takra CLK o3nauenor ca
4 ca Bpennoctu 0 Ha BpegHOCT 1 BpIIN ymuc y perucrap A.

Cnuuna je cutyanuja u ca curnanuma 1dR4 u rdA koju uMmajy BpemHOCT 1 y BpeMEHCKOM
nepuony u3mely curnana takta CLK o3Hauenux ca 4 u 5. Bpemnocr 1 curnama rdA
omoryhyje na caapikaj peructpa A mpohe kpo3 KoMOMHALIMOHE Mpexe Koje ynHe Oadepu ca
TpPU CTama U II0jaBU ce Ha JIMHUjaMa Maructpane M u ynasuma peructapa R1, R2, R3 u R4.
Bpennoct 1 curnana 1dR4 y Bpemenckom nepuony usmelhy curnana takra CLK o3HaueHnx ca
4 u 5, omoryhyje na ce npu npomenu curnana takta CLK o3HaueHog ca 5 ca Bpeanoctu 0 Ha
BpemHOCT | canpikaj mpHCyTaH Ha JMHWjaMa Marucrpaie M ymume y perucrap R4. Tpeba
YOUMTH Ja 300T Kallkema ca kojuM curHail 1dR4 mocraje Hajupe 1 Ha curnana takra CLK
o3HauyeH ca 4 u 3aruMm (0 Ha cUrHal TakTa O3Ha4deH ca 5, Hema ymuca y perucrap R4 Ha
MPOMEHY CHTHajla TakTa O3HaueH ca 4 ca BpemHoctd 0 Ha BpemHocT 1, Beh Ha HpoMeHY
CUTHAJIa TaKTa O3Ha4YeHor ca 5 ca BpenHoctH 0 Ha BpenHocT 1. Takohe 300r Kalmema ca
kojuM curnai rdA mocraje Hajupe 1 Ha curHan Takra CLK o3Hauen ca 4 u 3arum 0 Ha CHrHan
TaKTa 03HAYCH ca 5, Kao 1 300T mporaranuje Kpo3 KOMOMHAIIMOHY MPEXY KOjy YrHH Oadep ca
TpU CTama, CaApikaj perucTpa A je IpHUCYTaH Ha JMHMjaMa Marucrtpare M U yrga3uma
peructpa R4 y TpeHyTKy kaga ce mpu npomeHu curHana takta CLK o3nauenor ca 5 ca
Bpennoctu 0 Ha BpegHocT 1 Bpmu ynuc y perucrap R4.

Ieprona curnana takra CLK je onmpehena BpemeHOM mpomaranyje Kpo3 KOMOMHAIIMOHE
Mpexxe U Mopa na Oyme Hemro Beha on Hajpehe mpomaramuje. Y mocMaTpaHOM CITydajy
rocroju mponaranuja caapxaja perucrapa R1, R2, R3 u R4 kpo3 xomOnHaiuone koje ynHe
mynrumiekcepy MP1 u MP2 u jenunnua ALU u npomaranuja cagpxaja peructpa A Kpo3
6adep ca Tpu crama. [Iponaranuja Kpo3 KOMOMHAIIMOHE KOje YMHE MynTHILIEKcepu MP1 u
MP2 u jemununa ALU je ayxka o nmpomaraije Kpo3 6adep ca Tpu crama, 1a ce Ha OCHOBY
we oapelyje mepuona curnana rakra CLK.

B) Tabmuia crama, mpernaza/msiaza u nodyaa Guun-¢ionosa 3a ynpaBibauKy jeTHHUILY
peann3oBaHy Kao CTaHAapAHA CEKBEHIHMjallHa mpekunadka mpexa ca JK dumm-pnonosruma
(dopMupaHa je Ha OCHOBY JiMjarpaMa TOKa yIpaBJbadyKuX curaaia (ciauka 1.0) u nara Ha ciaunu
1n.

Q z Q(t+1) X Ji Ky J2 Ky J3 | Ks
Ko (000) / Ko (000) ADDINC (O | b O b|0O|b

K1 (001)| ADDINC [0 ' b |0 b 1 b
Ky (001)| IdA, S3, Co K, (011) 1 0/b/1 b blo
Kz (011)| 1dR4, rdA | K;(010) 1 0/b' b0 bl1
Ks (010) |1dA, S, S3, S1 | K4 (110) 1 1 b/b 00 b
K4 (110)| 1dR4, rdA | Ko (000) 1 b/1|/b/1 0 b

Cnuka 1.n. Tabnuna crama, npenasa/usnasa u nodyaa guun-giaonosa

Cramba CeKBEHIHjaTHEe MPEKUIauKe MPEKe KOAUpaHa ¢y Ha cieehu HauuH

Ky=000, K;=001, K,=011, K3=010, K,;=110,
a 3a peanmM3alfjy CTama CEeKBEHIIMjalHe MPEeKuIauke Mpexe Kopucte ce (uum-donosu Qy,
Q2 1 Q3 Tumna JK.



VIIpaBspadyky CHUTHAIN ONEpalMoOHe jeIUHHIE Ce TeHEPHIY IpeMa HCTUM M3pa3uMa Kao H
y CiIy4ajy ymOpaBjbauke jeqUHHIIE peann3oBaHe kao 'merajyha jemuHumna", mpu demy y
Clly4yajy ynpaBJbadyKe jeAIMHHIIEC peajiM30BaHE Kao CTaHAapJHAa CEKBEHIMjallHa IPEeKUIadKa
mpexa Ko, Ky, ..., K4 mpencraBibajy curnaie JeKofI0BaHUX CTamba CEKBEHIIUjalIHe IPEKUIaUKe
Mpexe MPUAPYNKEHUX ONepallioOHUM OJIOKOBHMA Y OHjarpaMy TOKa YIPaBJbadKHX CHUTHAJa
(cnuka 1.0).

CTpykTypHa IeMa ynpaBjbauke jeJHHUILE PEealn30BaHe Kao CTAaHIapIHa CEKBEHIIMjaHa
npekuaauka Mpexka ce cacroju ox ¢uun-guonose Q1, Q; u Q3 tuna JK u KoMOHHAI[HOHE
IIpeKuayKke Mpeke Koja reHepuule curxaie nodyna JK cduun-dnonosa mpema cienehum
n3pazumMa:

J1=K3

Ki=Kq

Jz = Kl

K2=Ky

Jz = Ko"ADDINC

K3 = K2

C 003MpoM Ha YCBOjeHH Ha4MH KOJAWpPAama CTamba CCKBEHIUjalIHE MPEKHIAuKe MpPExKe,
CHTHAIM JeKOJOBaHHMX CTama CEKBEHIMjalHe NpEeKHIayke Mpexe Io0Hjajy ce mpema
u3pasuma:

KO:Q1'Q2 'Qs ’ Kl:Ql'Qz ‘Q3v K2:Q1'QZ'Q31 K3=Q1'Q2'Q3 ) K4:Q1'Q2'Q3 :
Juckycuja 3:

CTpyKTypHa IlleMa yIpaBJbadyke jeJMHHIC pealn30BaHEe KAo CTAaHIapIHa CEKBCHIIMjaTHA
MpeKuIauKa Mpeka MoXe a ce cacToju u oa dummn-guonose Q1, Q2 1 Q3 Tvna D, T unu SR.
be3 003upa Ha TO KOju ce Tum (iaum-(iona KOPUCTH, CTalka CEKBEHIMjaJHE MPEKUIAuKe
Mpexe KOAUpaHa Cy Ha UCTH HAuMH Kao U y ciiy4ajy peanusanuje ca JK ¢umm-dronosnma, a
CHTHAJM JIEKOJI0OBaHHX CTambha CEKBEHIIMjaJIHE NMPEKUJAuYKe MPEXKe M YIPaBbayKH CHIHAIU
OIepalroHe jeIMHUIE Ce TeHePHIITY MpeMa UCTUM M3pa3nuMa Kao U y Ciydajy peaiu3aluje ca
JK ¢nun-dnonosuma. Paznuka je camo y uszpasuma 3a curHajie nodoyzaa ¢uun-¢iormnosa.

Tabnuua crama, npenaza/msia3a ¥ nodyna ¢uun-gaonosa 3a yNpaBibauKy jeIUHHILY
pean30BaHy Kao CTaHJIap/HA CEKBEHIMjallHa IMpeKuaadka Mpexka ca D ¢uumn-gdonosuMa
(dopmupaHa je Ha OCHOBY JiMjarpaMa TOKa yrpaBJbauKux curaaia (ciauka 1.0) u qara Ha CIunu
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Q z Q(t+1) X Dy D, Ds
Ko (000) | ADDINC
K1 (001)| ADDINC
Ky (001)| IdA,S;, Co Ko (011) 1
K, (011) IdR4,rdA |K;(010) 1
Ks (010) IdA, Sy, Ss, S1 Ka (110) 1
K, (110) 1dR4,rdA Ko (000) 1 00

Cnuka 1.1). Tabnuna crawa, npenasza/msnasza u nodyaa ¢iaumn-gomnosa

Ko(000)

==
oo |k, O

oO|lRr| O O|lO|O

CTpyKTypHa IIeMa ynpapjbadke jeAMHUIIC PealM30BaHC Kao CTaHAAP[IHA CEKBEHIMjaJIHA
IIpeKuIadka Mpexa ce cactoju on ¢uun-diaonose Qi, Q2 u Q3 tnma D u komOuHanmoHe
MpeKuIauke MpEeKe Koja reHepuine curaaie modyaa D ¢mun-duonoBa mpema cieachum
n3pazuma:

D1 = K3

D, =K; +K; + K3



D; = KorADDINC + K;

Tabmua crama, mpenasa/msnasa U moOyna uum-QuionoBa 3a YIPaBibadKy jeAUHHUILY
peann3oBaHy Kao CTaHIapJHa CEKBEHIMjalHa mpekumadka mpexka ca T duun-¢paonosruma
(dopmupaHa je Ha OCHOBY JiMjarpama TOKa yIpaBJbauyKux curuaia (ciauka 1.0) u nara Ha ciaunu

l.e.

Q z Q(t+1) X T T2 T3
Ko (000) / Ko (000)| ADDINC | 0|0 | O
K1 (001)| ADDINC | 0 | 0 | 1

K1 (001)| IdA, S;, Co K, (011) 1 0|10
K, (011) 1dR4, rdA |Kj; (010) 1 001
Ks (010) |1dA, S, Ss, S1 | Ky (110) 1 1100
K, (110)| 1dR4, rdA | Ko (000) 1 1110

Cnuka 1.e. Tabnuiia crama, mpeiasza/usiasza u nobdymna ¢uumn-¢aomnosa

CTpyKkTypHa IIeMa ynpaBjbauke jeJHHUILE PEATH30BaHE KAa0 CTaHIAp[HA CEKBEHIIMjATHA
IpeKuIadka Mpexa ce cactoju on ¢uun-¢uronose Qi, Q2 m Q3 Tuma T u KoMOMHAIMOHE
IIpeKuIayke Mpexke Koja reHepuile curHaie nodyma T d¢uaumn-duonosa npema cienehum
u3pazuma:

T1=Ks+ K4

T =K1+ Ky

T3 = KoADDINC + K;

Tabmuma crama, mpenasa/msnaza u moOymna ¢uumn-(iuonoBa 3a YHpaBJbauyKy jEAHHHILY
peanu3oBaHy Kao CTaHAapJHa CEKBEHIMjajHa Npekugadka mpexa ca SR ¢uumn-¢uonosuma
(dopmupaHa je Ha OCHOBY JiMjarpama TOKa yIpaBJbauyKux curuaia (ciauka 1.0) u nara Ha ciaunu
1.

Q z Q(t+1) X S1|R1|S2|R2 S Rs
Ko (000) / Ko (000)| ADDINC | O (b /O |b|O|Db

K1 (001)| ADDINC [0 ' b |0 b 1 0
Ky (001)| IdA, S3, Co K, (011) 1 0/b/1 0 bloO
K, (011)| 1dR4, rdA | Kj;(010) 1 0/b' b0 01
Ks (010) |IdA, S, Ss, S1 Ky (110) 1 1. 0/b 00 b
K4 (110)| 1dR4, rdA | Ko (000) 1 0/1/010/b

Cnuka 1.x. Tabmuna crama, npenasa/usiasa u nooyaa Gpuumn-dionosa

CTpyKkTypHa IIeMa ynpaBjbauke jeIUHULE PETH30BaHE KA0 CTaHIApIHA CEKBEHIIMjaTHA
IpeKuIadka Mpexa ce cactoju on ¢uun-daomnose Qi, Qz; m Q3 Tuma SR W koMOMHANMOHE
IIpeKuIayke Mpexe Koja resepuuie curHaie nodyna SR ¢umn-dronosa npema cienehum
n3pazuma:

S1=Kz
Rl = K4
Sz = Kl
R2=K4
S; = KgrADDINC
R3=K;



1.2. HETAIIMJA - NEG

Ha ciumu 2.a. je mprkasaHa CTpyKTypHA IlieMa Jiela ollepanioHe jeUHHUIE Ipouecopa. Y
peructpy R1 nyxxune 16 paspena Hanas3u ce 11en00pojHa BPeIHOCTH ca 3HAKOM IIpeJicTaB/beHa
y ApPYroM KoMIUIeMeHTy. Mukpoomnepaiuje koje ce peanusyjy y jenunumm ALU cy nare y
Tabemu 2.

a) Hanprarn nujarpame Toka MHKpoOTepanija u yIpaBbadkuX CUTHaNA (ase M3BpIIaBama
Hapen6e NEG koja nzpauyHasa

R2 = (-R1)

HeTalujy neao0pojHe BPEAHOCTH ca 3HAKOM y peructpy R1 u pesynrar cMemTa y perucrap
R2. ®a3a u3BpmaBama Hapende 3amounme ykonuko curaan NEG uma Bpennoct 1. Canpxaj
peructpa R1 Tpeba 1a ocTane HEU3MECH.

0) Hampraru cTpyKTypHY IIeMy yIpaBJbauke jEAMHHIIC pealn3oBaHe Kao '"mierajyha
jenununa" ca D ¢mun-guionoBuMa.

B) Hampraru cTpykTypHy IIeMy yIpaBjbadyke jeJWHHIIC pealn30BaHEe Kao CTaHAApIHA
CEeKBEHIMjaJIHA pekuaadka mpexa ca JK durimn-duionosuma.

164 16}
—<CLK R1 LD[IdR1 H4CLK R2 LD} IdR2
16 16
rdR1 rdR2
16 16 16 M 16, 16
16} 16} 16416} 16
LD - ldL1 1dSC 4 LD ILFO0
- CLK
ck L1 CL|-clL1 - CLK s¢ SL |-sISC
16 16 16} 16
SCO0 _°G 16)16)
1 0
S0 MP
16
16} 16
Cis A B S=S
—Cus ALU S-S
— F Co[~ Co rdALU
Ao Ao 16 16 1~ 16
0 1 16 L
S0 MP sadsr cLK |
A LD|IdA
R CLI-clA A
6} Ao 16 M 16
I/

Cnuka 2.a. CTpyKTypHa IIeMa OIepaloHe jeINHALE

So | S1 F
0 0 A+B
0 1] AcG
1 0 A+Cy
1 1 B+Cy

Tabena 2. Mukpoonepauuje y jeanaunu ALU

Pememe 1:
a) [lujarpamu TOKa MHKpOOIIepalyja U yupaBbadKiX CHIHAIIA IaTH Cy Ha CITUIH 2.0.
W3pauynaBame Herauuje —R1 npyror xomrsieMeHTa 11e100pojHe BPEJHOCTH Ca 3HAKOM Ce
peanm3yje Tako WTO ce Hajupe GOopMIpa HBEH MPBH KOMIUIEMEHT | 3aTUM JoAa 1. Y ToM muby
ce Hajupe caapkaj perucrtpa R1 mpebamyje y perucrap A. 3atum ce cazpxaj perucrpa A
rmoMepa ynecHo W mpu Tome mo jguHUju IR y Hajcrapuju paspen peructpa A yOaiyje



WHBEPTOBaHA BPEAHOCT padpena Ag. Ilocnme 16 momepama ymecHO y perucTpy A ce Haiaszu
KOMITJIEMEHTAapHH caJpikaj OpPUTHHAIHOT canpikaja peructpa A. Ha kpajy ce caapxkaj
peructpa A npomnymra kpo3 ALU y3 nonaBame 1 M 100MjeHa BpeAHOCT HajIpe yIucyje y
perucrap A a 3arum u3 peructpa A npebdanyje y perucrap R2. I[Tomepame canpikaja perucrpa
A ynmecHo ce peanusyje cBe Bpeme ok curHan SCO uma Bpemnoct 0. Curnan SCO mma
BpenHocT 0 ykomuko ce 6apeM y jenHom ox 16 paspena peructpa SC Hanasu jemuHua. Y ToM
Wby Ha TIOYETKY Ce€ jelMHHIa yrucyje y HajMmiahu paspen perucrpa SC m momepa yieBo
CBaKH IIyT KajJa ce canpxaj peructpa A nmomepa ynecHo. [locie 16 nomeparma yaeBo jenuHUIIA
n3nasy u3 perucrpa SC u y peructpy SC ce nojasibyjy cse Hyne. Taga curnan SCO nocraje
1. Jenununa ce ynucyje y perucrap SC Tako IITO ce Hajupe Hyaa ynucyje y perucrap L1, na
ce canapkaj peructpa L1 nponymra kpo3 ALU y3 nonaBame 1 1 1o0ujeHa BpeAHOCT yNuCyje
y perucrap SC.

C | C |

K1 T K1 T
| L1<=0 | | clL1 |
K, ] K, J
| SC<=1 | | 1dSC, rdALU, Sy, Co |
Ks J Ks J
| A<=R1 | | IdA, rdR1, Sy, Sy |
Ky — Ky —
5C15___o<=§C14___o-0, sISC,
Ais. 0<=A0Ass.1 STA

Ks J Ks J
< s > < s >
Ke KG

1 1

| A<=A+1 | | IdA, rdA, So, Co |

Ky ] Ki J

| R2<=A | | 1dR2, rdA |
| 7 I —

Cnuxka 2.6. JlujarpaMu Toka MUKpOOIIEpalija 1 yIpaBJbaukuX CUTHAIA

V xopaky Ko ce npoBepasa Bpennoct curiana NEG u y 3aBUCHOCTH OfI TOTa J1a JI CUTHAJ
NEG uma Bpegnoct 0 wu 1 unu ocraje y kopaky Ko nin Ha cCUrHaII TakTa IIpena3y Ha Kopak
Ki.

VY xopaky K;j ce Bpennomhy 1 curnana clL1 Ha curnan Takra y perucrap L1 ymucyje
BpexHoct 0. Ha nctu curnan takra ce mpenasu Ha kopak K.

V xopaky K; ce Bpegnoctuma 1 curnama So u Cp Ha uznazy jequnnne ALU mojaBipyje
canpxaj peructpa L1 ysehan 3a jenan, na he ce, mowmrTo je y IpEeTXOAHOM KOPaKy y perucrap
L1 ynucana spemHoct 0, Ha wm3naszy jemunuue ALU dopmuparun Bpemnoct 1, koja ce,
Bpenuouhy 1 curnana rd ALU nponymira npeko 6adepa ca Tpu CTama Ha JHHHUje MarucTpale
M wu Bpennouthy 1 curnama 1dSC nHa curHan Takra ca JUHHMja Mmaructpaie M ymucyje y
peructap SC. Ha uctu curaan Takra ce npenasu Ha kopak Ks.

V¥ xopaky K3 ce Bpemnomthy 1 curnana rdR1 cangpxaj perucrpa R1 mpomymra npexo
Oadepa ca Tpu crawka Ha JMHHMje Maructpade M u ca wmux BpeaHomhy 0 curHama S,
npomymTa Kpo3 Mmyarumiekcep MP Ha yna3 B jexunune ALU, BpeanoctuMa 1 curnana Sp u
S1 ce nasbe mponyiura Ha u3nas jenunuie ALU u Bpennomhy 1 curnana 1dA Ha curHan takta
ymucyje y perucrap A. Ha nctu curnan takra ce npenas Ha kopak K.



