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1 YPEDBAJU

1.1 ADDINC

Ha ciumu 1.1.8je mpukaszaHa CTpyKTypHa IieMa Jiejia orepalmoHe jeAMHMIE mporecopa. Y
peructpuma R1, R2u R3 nyxune n paspena Hamaze ce OMHapHE BpeJHOCTH Koje Tpeda
WHTEPIPETHPATH Kao 11eJ00pojHE BpeaHOCTH 0e3 3Haka. MuKpooriepalije Koje ce peannsyjy
y jemuaunm ALU cy nare y tabenu 1.1.

a) Haupraru aujarpame Toka MUKpOOIIepalyja U yIpaBJbaukMX CHTHaa ¢a3e W3BpIIaBamba
Hapenoe ADDINC koja u3padyHnasa

R1+R2+R3+1
cymy canpxaja perucrapa R1, R2u R3 ysehany 3a 1, a pesynrar cmemra y perucrap R4.
®daza m3BpmaBama Hapende 3amounme ykoauko je curHan ADDINC aktuBan. Canpxaju
peructapa R1, R2u R3Mopajy na octany HeusMmemeHH. [IpeTniocTaButu Aa ce y perucrpuma
R1, R2u R3 Hanmaze BpemHoCTH Koje oMoryhaBajy n1a ce W3BpIIaBame Hapende peannsyje
KOPEKTHO U Jia ce 100uje BpeAHOCT KOja MOXe Jla ce CMeCTH y perucrap R4.

0) Haupratu CTpyKTypHY IIeMy yIpaBjbadKe jEAMHHUIC pealn3oBaHe Kao 'mierajyha
jenununa" ca D ¢pnun-dronosuma.

B) Harprarti cTpyKTypHY IlieMy yIpaB/badke jEAMHUIIC PEaTn30BaHE Kao CTaHaapHa
CEeKBeHIIMjasiHa npekuaadka mpexa ca JK ¢aumn-gpronosuma.
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LD | IdR1 LD | IdR2 Lo | 1dR3 LD | IdR4
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Cnuka 1.1.aCtpykTypHa memMa jiejia OneparioHe jeIMHAIIC

S| S Fo
0 0 A-C,
0 1 A+B+G
1 0 B+G
1 1 A-B

Tabena 1.1 Mukpoonepanyje y jeaquaunu ALU
Pememe:

a) JIujarpamu Toka MUKpOOTIEpaIija ¥ yIpaBJbauKuX CUTHAJIA ati ¢y Ha cimiu 1.16.

N3pauyHnaBame u3pasza ce peanusyje Ha cienaehu HaunH. Kpo3 mynarumnekcepe MP ce Ha
ynaze A u B jemunuune ALU npomycte cagpxkaju perucrapa R1 u R3, y jenununu ALU
W3BpIIM HUXOBO cabupame ca WHKpeMeHTHpameM. Ornepanyja HHKpPEMEHTHpama Ce



W3BpIIaBa Tako MTO ce yna3Hu curHan Cp jemunuiie ALU moctaBu Ha aKTHBHY BpPEIHOCT.
Jlobujena BpenHoct Ha m3nazy ALU jenunuie ce Hajupe ymuiie y perucrap A U 3aTUM
npebanu y peructap R4.3arum ce kpo3 mynruruiekcepe MP Ha ynaze A u B jenuanne ALU
nponycre caapxaju perucrapa R2 m R4, y jenununu ALU wu3Bpmm BUXOBO cabupame,
no0ujeHa BPeTHOCT HajIpe ynuiie y peructap A u 3atum npebanu y peructap R4.

Kq v Ky v

| | | |

K, < ADDINC = «, < ADDINC =

| A<=R1+R3+1 | | IdA, S, G, |

K, ¢ K,

| R4<=A | | IdR4, rdA |

KS KS ¢

| A<=R2+R4 | l IdA, S, S, S ‘

Ks lf K,y i'

| R4<=A | | IdR4, rdA |
7 I ——

Cnuka 1.16 JlujarpamMu Toka MUKPOOTIEpaIlHja ¥ YIIPaB/bayKUX CUTHAJIA

VY kopaky Ko ce nposepasa Bpeanoct curHaiia ADDINC u y 3aBucHOCTH 0f1 TOTa J1a Jid je
curHan ADDINC HeakTuBaH WM aKTHMBaH WIM OCTaje y KOpaky Ko WM Ha CHUTHal TakTa
npesnasu Ha Kopak Kj.

VY xopaky K; curHanmu S; m S3 ¢y HeakTUBHHM Ta ce Ha ynazuma A u B jemunune ALU
nojasibyjy cagpxaju perucrapa R1 m R3. AktuBHuM BpenHoctuma curHana S u Co ce
00e30ehyje ma ce Ha m3nazy jemmamMile ALU mojaBu cyma campxkaja peructapa R1 m R3
yBehana 3a 1, koja ce 300r akTHBHE BpeAHOCTH curHaia |JA Ha cMrHANm TakTa ymmcyje y
peructap A. Ha uicTu curnan takra ce npesnasu Ha kopak Ko.

VY kopaky Kz ce aktuBHOM BpeaHomihy curHana rdA Ha nmuHuje maructpaie M mpomymra
canpkaj permcrtpa A, Koju ce 300r akTuBHE BpeaHocTH curHana |dR4 Ha curHam TakTa
ynucyje y perucrap R4.Ha nctu curnan takra ce rnpenasu Ha kopak Kas.

VYV xopaky K3 curHamu S m S cy akTtuBHHM ma ce Ha ynasuma A u B jemmamne ALU
1ojaBJbyjy canpkaju perucrapa R2 u R4. AktuBHoM BpenHouthy curnana S, ce o6ez0ehyje
na ce Ha m3nasy jenuHune ALU mojaBu cyma caapxkaja perucrapa R2 u R4, koja ce 360r
aKkTHUBHE BpenHocTH curHana IdA Ha curHan takra ynucyje y perucrap A. Ha uctu curnan
TaKTa ce mpesazu Ha Kopak Kj.

VY kopaky K4 ce aktuBHOM BpeaHouihy curHana rdA Ha nmuHuje maructpaie M mpomymra
caapkaj permcrpa A, Koju ce 300r akTuBHE BpeaHocTH curHana |dR4 Ha curHam TakTa
ynucyje y peructap R4.Ha uctu curnan takra ce npesnasu Ha kopak Ko.

0) CTpyKTypHa IIeMa yrpaBibauke jeIMHHIIE peain3oBane Kao "merajyha jenuaunna” ca D
bnumn-dronoBuMa npukaszana je Ha cnunu 1.1B.

oK K K K K
D SiQf+ D Q— D Q2 D of> D of—=2
CLK 4 CLK CLK qCLK CLK qCLK CLK qCLK CLK qCLK
Q R, Q R, Q R, Q R, Q
9 ? ? ?
ADDINC

Cnuxka 1.18 CTpykTypHa 11emMa yrpaBibaiyke jeMHULE

Vhpasipauka jeqununa ce cactoju on dumn-duonoa Ko, Ki, Ky, Ks, u Ks gonesmennx
omepanmonuM OnmokoBuMma y kopammma Ko, Ki, Ky, Ks, mw Ks w3 nujarpama Toka
MUKPOOTIEpaIlija U YIIPaBJbaYKUX CHTHAIA U jeHOT Tapa U ejgemMeHara qo1e/beHOT YCIOBHOM



omoky ca curHaiiom Jsorudkor yciaoBa ADDINC y kopaky Ko w3 amjarpama TOKa
MHUKpPOOTIEpalirja 1 yIpaB/badyKUX CUTHAIA.

Ha mouerky m3BpmaBama Hapende ADDINC jenunnma ce namazu y dumun-duony Ko u
Hyne y ocraauMm (aun-¢guonoBuma, IITO onrorapa Kopaky Ko U3 aujarpama Toka
MHUKpOOIIepalrja 1 yIpaB/hayKUX CHTHAJIA, [1a HEMa aKTHMBHHUX BPEIHOCTH HH jEJIHOT Of
ynpaBsbaukux curHaia. Ce Bpeme 1ok je curHain ADDINC neakTuBaH jenuHHIIa OCTaje y
bmun-grony Ko u Hyne y ocranmm dumn-daonosuma. Kaga curman ADDINC mnocrane
aKTHBaH, HAa CUTHAJ TakTa ce ymnucyje jeaununa y ¢nun-daon Ki u vyna y dmun-gmon Ko,
JIOK HYJIE OCTajy Y ocTanuM (ium-¢GIonoBuMa.

Jemuuuna y ¢aun-¢nony Ki u Hyne y ocranum (aumn-¢ronoBuma, MTo 0roBapa KopaKy
K1 u3 mujarpama Toka MHUKpOONEpanyja U ynpaB/bayKWX CHUTHaNA, /1a]y aKTUBHE BPEIHOCTH
curHana IdA, S u Co. Ha curnan takra ce ynucyje jemuauna y ¢mun-¢uon Ky u Hyna y
bmun-duon Ki, 1ok Hyse ocTajy y octanuM Giaumn-¢GIonoBuMa.

Jemuuuna y ¢aun-¢nony Kz u Hyne y ocranum ¢mumn-¢ronoBuma, MTo 0roBapa KopaKy
K> u3 mujarpama Toka MHUKpoOONEpanyja U yInpaBJbayKuX CHUTHaNA, /1a]y aKTUBHE BPEIHOCTH
curHana [dR4u rdA. Ha curnan takra ce ynucyje jequauna y duun-daon Kz u vHyna y duun-
dnon Ky, 1ok Hyne ocTajy y octanuM (hiaum-¢GiornoBuMa.

Jemuuuna y ¢aun-¢nony Ks u Hyrne y ocranum (rumn-¢ronoBuma, MTO 0roBapa KopaKy
K3 u3 mujarpama Toka MHUKpOOIEpalyja U yInpaBJbayKUX CHUTHaA, /1a]y aKTUBHE BPEIHOCTH
curHana ldA, S, SSu S. Ha curnan rakra ce ynucyje jeaununa y ¢aun-uaon Ky u Hyna y
bmun-duon Ks, 1ok Hyse ocTajy y octanuM Giaumn-GIonoBuMa.

Jemuuauna y ¢aun-gnony K u Hyne y ocranum Qrumn-¢ronoBuma, MTo 0roBapa KopaKy
K4 u3 mujarpama Toka MHUKpOONEpalnyja U yInpaB/bayKuX CHUTHaA, /1a]y aKTUBHE BPEIHOCTH
curHana [dR4u rdA. Ha curnan takra ce ynucyje jequauna y duun-daon Ko u Hyna y duun-
dnon K4, 10K Hyse ocTajy y octasiumM aun-guionosumMa. Ha oBaj HaunH ce Bpaha y moyeTHO
CTame.

VYnpaBibauky CUTHAIM OTIEPAIMOHE jeIMHUIIC CE TEHEPHIIy ITpeMa clieichuM n3pauma:

S =Kz

S =Ks

=0

S =K+ Ks

Co=Ks

[dA = K; + K3

rdA = Ko + K4

[dR4 = Ky + K4

y kojuma Ko, Ki, Ky, ..., Ky pencraBspajy curnane ca usnasza ¢uum-(aomnoBa NpuapyKeHUX
OllepalliOHMM OJIOKOBMMA y JWjarpaMy TOKa yrpaBibaukux curHana (ciamka 1.16). Cu
OCTaNy ynpaBJbadky curHamy cy O.

Juckycnja 1

VY TekcTy 3a7aTka je Ha3HaueHo Ja Tpeba MmpeTnocTaBuTH ja ce y peructpuma R1, R2u R3
HaJlaze BpeJHOCTHU Koje omoryhaBajy /a ce u3BplIaBame Hapealde peannsyje KOPpeKTHO U Ja ce
no0uje BpeaHOCT KOoja MOXKe J1a ce cmecTu y perucrap R4. HamomeHna je HaBeneHa, jep cy
BPEIHOCTH Y PErHCTpUMa 11eI00pojHE BeluurHe 0e3 3HaKa U Ay)KMHa perucrapa je N oura, na
Ce y HEeKHM cllydajeBUMa MOXKe JTOOMTH 30Mp KOju ce MpHKa3yje ca Buile o N Outa U Ha Taj
Ha4YMH ce He Jo0Hja KOopekTaH pe3ydarar. Ha mpumep MakcumanHa BEIMYMHA KOja ce MOXeE
Hanasuty y perucrpuma je 2'™-1. 3a 36up 2"-1+2"-1 norpedHo je N+16wuT, ako 61 ce AaTu 361p
jomr jemHoM nosehao 3a 2™-1 Gmwi10 6u morpeGHO N+2 Gura. Y 3amarky 30Mp ce NMaMTH Y
perucTpy ayxxuHe N Oura, rna ce 7o01ja HEKOPEKTaH pe3yTar.

Muckycuja 2:



DOyHKIIMOHUCAkE W OlEpallMoHe W yINpaBJbadyke jeAWHHUIE je Aaro y3 cienehe nBe
npernocTaBke. [IpBo, KOPUCTE ce CEKBEHIMjaTHE MPEXE pPean30BaHE Ca WBUYHUM (DIIHII-
(I0TI0BUMa KOJU MEHajy CTamke CarjacHO BPEIHOCTUMA YIIa3HUX CHUTHAJIA CaMO Y TPEHYTKY
IPOMEHE BPEAHOCTH CUTHAja TaKTa ca HEAKTUBHE Ha aKTUBHY BpeaHocT. [lpyro, ¢mun-
dnonoBu yHOce onpeheHo Kammbeme, Ta ce BPEAHOCT Ha u3ia3y (Guumn-¢uiona ImojaBibyje
HEIITO KaCHHj€ y OIHOCY Ha TPEHYTaK MPOMEHE BPEIHOCTH CUTHAJIa TAKTa ca HEaKTHBHE Ha

aKkTUBHY BpenHocT. Kao mocnenuiia oBora curHaiu UMajy BpeMEHCKE OOJMKE Kao Ha CIUIU

1.1r.
K, K

cu L]

ADDINC

S,

K, . Ky | K

I

Ke

1 4
T 4

Il Il

rdA

IdR4

clADDINC

Cnuxka 1.1r BpemeHck# 00IUIM CUTHATA

360r Kamimbema Koje yHoce ¢uun-diaomnosu, dmun-diaon Ky u curnamm S5, Co u IdA ce
IIOCTaBJbajy HA jeJlaH Ca KallllbeHheM Y OJHOCY Ha TpeHyTak NpomeHe curHana takra CLK,
Tpeha meprosa cCUrHaa TakTa, ca HEaKTHBHE Ha aKTUBHY BpeIHOCT. M3 neTux pasiora ¢uum-
¢non Ky u curnamu S;, Co u IdA ce mocraBipajy Ha HyNdy ca KallllbeHeM Y OIHOCY Ha
TpeHyTak npomeHe curHana takta CLK, gerBpra mepmona curHama TakTa, ca akKTHBHE Ha
HEaKTHBHY BPEIHOCT. AKTUBHE BpeHOCTH curHaia S u Co M HeaKTHBHE BPEITHOCTH CUTHAja
S, S u & y Bpemenckom nepuony u3mely Tpehe W 4eTBpTE NMEpUOAE CHTHAla TaKTa,
oMoryhaBajy a Kpo3 KOMOHMHAaIMOHE Mpexe, Koje ynHe myaTtumiekcepu MP u jenununa
ALU, mpobhy canpxaju perucrapa R1 u R3 u ma ce Ha ynasy peructpa A ¢opmupa cyma
canpxaja perucrapa R1u R3 ysehana 3a 1. AktuBHa BpeqHocT curHana |[dA y BpeMeHCKOM
nepuony m3mehy msmely Tpehe m deTBpTe mepuone curHaia TakTa, oMoryhaBajy Ja ce Ha
yerBpTH curHan takta CLK canpixkaj hopmupan Ha ynasy peructpa A ymumie y peructap A.
Tpeba younTH ma 300T Kallmema ca kojuMm curHan IdA mocraje aktuBaH Ha Tpehu cHTrHau
takta CLK 1 HeakTHBaH Ha YeTBPTH CHTHaJl TakTa, HeMa ymnuca y peructap A Ha Tpehu
curHai, Beh Ha 4eTBPTH CHTHaN TakTa. Takohe 300r Kammmbema ca KojuM curHamm S u Co
nocrajy akTuBHM Ha Tpehu curnan takra CLK 1 HeakTUBHM Ha YETBPTH CHTHAN TaKTa, Kao U
300r mponaramuje Kpo3 KOMOWHAIIMOHE Mpexke Koje ynHe mynturuiekcepu MP u jenununa
ALU, cyma canpxkaja perucrapa R1u R3ysehana 3a 1 je npucytHa Ha yna3uma perucrtpa Ay
TPEHYTKY KaJa ce IpHU IIPOMEHH CHTHajla TaKTa y YeTBPTOM TaKTy ca HEAKTUBHE Ha aKTHBHY
BPEIHOCT BPIIH YIHC y peructap A.

Cnnuna je cutyanuja u ca curnanuMa IdR4 u rdA Koju cy akTHBHH Y BPEMEHCKOM MTEPHOTY
u3Mmel)y 4eTBpTe M meTe Mepuojie CUTHaNA TakTa. AKTUBHA BpenHocT curHana rdA omoryhyje



na caapikaj peructpa A mpohe Kpo3 koMOMHAIMOHE MpeXe Koje dnHe Oadepu ca Tpu cTama
Ha JauHMje MarucTtpasie M u ynasze peructapa R1, R2, R3u R4. AkTuBHa BpeAHOCT CUTHaja
|IdR4 y BpemeHcKoM nieproay u3Meljy curHana Takta o3HadeHuXx ca 4 u 5, omoryhyje aa ce Ha
curnan takta CLK o3Haden ca 5 canpikaj ¢popmupan Ha nuHHjama mMaructpaie M ynuie y
peructap R4. Tpeba yountn na 300r Kalmberma ca KojuMm curHan |[dR4 mocraje akTuBaH Ha
curnana takta CLK o3HaueH ca 4 1 HeaKTHBaH Ha CUT'HAJl TaKTa O3HAYEH ca S, HeMa ymuca y
peructap R4 Ha curnan takra o3HaueH ca 4, Beh Ha curHan Takra o3HaueH ca 5. Takohe 360r
Kallllbeha ca kKojuM curHan rdA mocraje aktuBaH Ha curHan Takra CLK o3nadeH ca 4 u
HEaKTHBAaH Ha CHUTHAJ TaKTa O3HAYeH ca 5, Kao W 300r mpomaramnuje Kpo3 KOMOMHAIIMOHY
Mpexy Kojy uuHH Oadep ca Tpu crama, caapikaj peructpa A je MpuUCyTaH Ha JIMHUjama
Maructpasie M u ymasuma peructpa R4 y TpeHyTKy Kaja ce Mpu IPOMEHM CHUTHaja TakTa
03HAUEHOT ca S ca HEAKTUBHE HAa aKTUBHY BPEJHOCT BpIIM ynuc y perucrap R4.

[Tepuona curnana takta CLK je ompehena BpeMeHOM mpomnaramuje Kpo3 KOMOMHAIIMOHE
Mpexe U Mopa na Oyne Hemro Beha on HajBehe mpomaramuje. Y HOCMaTpaHOM CIlyd4ajy
MOCTOjH Tponararuja caapxkaja perucrapa R1, R2, R3u R4 kpo3 komOWHAIIMOHE KOje YMHE
myntutuiekcepu MP u jemuanna ALU u npomaranmja cagpxaja peructpa A kpo3 Oadep ca
Tpu crama. [Ipomaranmja Kpo3 KoMOWHAIMOHE Koje uMHEe MynTuriuiekcepu MP u jenununa
ALU je myxa on mpomaranuje Kpo3 6adep ca Tpu crama, IIa ce Ha OCHOBY e ozapelhyje
nepuoja curaana takta CLK.

B) Tabmuua crama, mpenasza/usiaza u nodOyaa (uumn-guonoBa 3a yrnpaBibauKy jeIUHHILY
peanu30oBaHy Kao CTaHAapJHa CEKBEHIMjallHA MpeKuaadka Mpexa ca JK dmaumn-dronoBuma
(dopMupaHa je Ha OCHOBY JMjarpama TOKa ynpaBjbadykux curHana (cimka 1.10) m nara Ha
cimmu 1.1 1.

Q Z Q(t+1) X d Ki| 2Kz kK3
K6 (000) / Ko (000) ADDINC | 0 | b | 0| b| 0D
K1 (001) ADDINC |0 | b | 0| b| 1| D

K. (001) IdA, S, G Ko (011) 1 O/b|/1/ b/ blo
K, (011) IdR4, rdA | Ks(010) 1 O/b b O|bl1
K3 (010) IdA, Ss, S, Si | Ka (110) 1 1 b/ b0/ 0 b
Ks(110) IdR4, rdA | K, (000) 1 b/1|b/ 1/ 0|b

Cnuka 1.11.Tabnuna crama, npenasa/usnasa u nodyaa gpuun-diaonosa

Crama ceKkBeHIMjalTHe PEKUIaYKe MpEKe KoIMpaHa cy Ha cienehu Haumn

Ko=000, K=001, Kx=011, Ks=010, K,=110,
a 3a peajM3alnjy CTamka CEKBEHIIMjaJIHA MPEKHuIaYKa Mpexka kopucte ce (uum-gdiaomosu Q1,
Q2u Q3Tumna JK

VYpaBspauky CUTHAIM OTIEpallMOHe jJeIMHULIE CE TeHepULTy ITpeMa cieaehum uspasuma:

S =Kz

S =Ks
S=0

S =K+ Ks
Co=Ks
[dA = K; + K3
rdA = Ko + K4
[dR4 = Ky + K4



y kojuma Ko, Ki, Ky, K3 u K4 mipeacraBspajy curnasie IeKOJOBAaHUX CTamba CEKBEHIIHjaJTHE
npekuaauke Mpexke. CBU ocTanu ynpasibadku curHanu cy 0.

CTpyKTypHa IIeMa yrnpaBJbauke jeIUHHIIC peajr30BaHE Kao CTaHAAap/JHA CCKBEHIIMjaHA
npeKkugadka Mpexa ce cacroju on ¢uum-¢pnonose Qi, Q u Qs tuna JK u xomOuHanMOHE
MpPEKUJIauKe MpeXe Koja reHepwine curHaie moOyma JK ¢uum-draomnosa mpema cienehum
u3pasuma:

J1=Ks

Ki=Kq

J2=Ky

K2 = K4

J3z = Ko -ADDINC

K 3= Kz
C o03upoma Ha YCBOjEeHHM HA4YMH KOJMpama CTamka CEKBEHIMjaTHE MPEKUIAuKe MpEeKe,
CHUTHAJIM JIEKOJOBAaHUX CTamha CEKBEHILIMjaTHE IPEKUIauKe Mpexe J001]jajy mpemMa nu3pazuma:

Ko=Q, Q, Q;
K=Q, Q, Qs
K=Q, Qr Qs
KeQ, Q@ Q,
K= QrQz Q,



1.2 MULINT

Ha ciumu 1.2.8je mpukaszaHa CTpyKTypHa IieMa Jiejia orepauoHe jeAMHMIE mporecopa. Y
peructpuma M u X nyxuHe N paspena Hamase ce OMHApHE BpEIHOCTH Koje Tpeda
WHTEPIPETHPATH Kao 11eJ00pojHE BpeaHOCTH 0e3 3Haka. MuKpooriepalije Koje ce peanusyjy
y jemuaunm ALU cy nare y tabenu 1.2.

a) Haupraru aujarpame Toka MUKpOOIIEpalifja U yIpaBJbaukKKX CHTHaa ¢a3e W3BpIIaBamba
Hapenoe MULINT koja uzpadyHaBa

XM
MpoM3BOJ cajaprkaja peructapa X u M, a pesynrar cmemra y perucrap X. [IpernocraButu na
ce y peructpuMa X u M Hanasze BpenHocTH Koje omoryhaBajy Ja ce M3BpIIaBame Hapeaoe
peanu3yje KOpeKTHO U Jia ce TI00Hje BPEIHOCT KOja MOXKE Jla C€ CMECTH y peructap X.

0) Hanpraru cTpykTypHy LieMy yrpaBibauke jEAMHUIIE pealM30oBaHe Kao 'mierajyha
jemununa” ca D ¢uumn-daonouma.

B) Hampratu CcTpykTypHY IIeMy YIpaBJbauKe jEAMHHUIIC pEaln30BaHE Kao CTaHIapiHA
CEKBEHIIM]jalTHa TTpekuadka Mpexa ca JK duurm-draomoBuma.

nf n/
LD | l[dM LD - ldX
CLK4CcLk M CLK H4cLk X
CL|cIlM CLF cIX
n)( n n n/}/ n
| ) D X0
0 1
MP S S,
I"IJ( n
B A SIS
c,—C ALU S-S,
F Col- Co
n n
n
Clkdox A OlA
CL| clA
n \

Cnuxka 1.2.aCtpykTypHa 11eMa OnepaluoHe jeInHUIe

S| S Fo
0 0 A+B
0 1 A+G
1 0 A-Cy
1 1 A-B

Tabena 1.2Mukpoonepanuje y jequauiu ALU
Pememe:
a) Jlujarpamu Toka MUKPOOIIEpalija U ypaB/badKuX CUTHAJA JaTh Cy Ha ciui 1.20.

W3pauynaBame npousBojaa 1eI00pojHUX BpenHocTH Oe3 3Haka y peructpuma M u X ce
peanusyje Ha cienehu HaunH. Y perucrap A ce Hajmpe ymuIle BPEIHOCT HYJA, Ma Ce MOoCIe
Tora cabupajy canpxkaju perucrapa A u M u pesynrar ymnucyje y perucrap A. OBo ce
MOHABJbA OHOJIUKO MyTa KOJIMKO j€ caapikaj peructpa X. 300r Tora ce mocje CBakor cabupama
peructapa A u M BpIIM IeKpEMEHTUPAbE caapikaja peructpa X. YKOJIUKO cajpiKaj perucrpa
X HHje TocTao Hyma, cabWpame ce MOHaBJba, JIOK CE y CYMPOTHOM Ciy4yajy 3aBpilaBa ca
cabupameM U Mmociema J00HjeHa cyMa, Koja MpecTaBba IPOU3BO]] caapkaja peructapa M
u X, npebaiyje y peructap X.



lKo v ‘ lKo ¥ |

(< MULNT (S MULINT

| A<=0 | | clA |
< x> <X >

|K2 X<=X-1 | |K2 S, § Gy ldX |

K3 l/ K3

| A<=A+M ‘ | IdA ‘

X0 > < >

|4 X<‘=A | |4 S, ‘Idx |

Cnuka 1.26 JlujarpamMu Toka MUKPOOTIEpAIlHja ¥ YIIPaB/bayKUX CUTHAJIA

V kopaky Ko ce npoBepaBa Bpeanoct curHaia MULINT u y 3aBucHoctu ox Tora na ju
curHan MULINT wuma Bpeanoct O mnm 1 mnum octaje y kopaky Ko WM Ha CHUTHAQJI TakTa
npesnasy Ha Kopak Kj.

VY xopaky Kj ce Bpennomihy 1 curnana ClA Ha curHan takta ymucyje Hyia y peructap A. Y
kopaky Kj ce u mpoBepaBa BpenHoct curaana X0 u y 3aBucHoctu off Tora na i curaan X0
nMa BpeaHocT O w1 Ha curHan TakTa Impeia3u Wik Ha kopak Ko i Ha kopak Kg.

VY xopaky K; ce Bpegnonthy 1 curnana S, xpo3 myntumiekcep Ha yna3 A jenunune ALU
npormymTa caapxaj peructpa X, BpenHoctuma 1 curnana S u Co ce 06e30ehyje ma ce Ha
u3nazy jenununie ALU mojaBu canpxaj peructpa X ymameH 3a 1, koju ce BpenHouthy 1
curnana IdX Ha curnan takra ymucyje y perucrap X. Ha uctu curnan Takra ce mpeniasud Ha
xopak Ks.

VY kopaky Ks ce Bpennomthy O curnana S, kpo3 myaturuiekcep Ha ynasz A jenuauie ALU
npomymra caapxaj peructpa M nok je Ha ynasy B jemunune ALU cBe Bpeme mpucyTaH
cazpikaj peructpa A, BpeIHOCTHMA Hyna curHana S, S u Co ce 06e30ehyje na ce Ha usnasy
jemmanne ALU mojaBu cyma caapikaja perucrapa M u A, xoja ce Bpeanomthy 1 curnana IdA
Ha CUTHAaJ TakTa ynucyje y peructap A. Y xopaky K3 ce u mpoBepaBa BpegHocT curaana X0 u
y 3aBHUCHOCTH of1 Tora j1a i curtain X0 uma Bpennoct O min 1 Ha cUrHaN TakTa mpesas Hin
Ha Kopak Ky nnum Ha kopak K.

VY xopaky Ky ce Bpegnouthy 1 curnana S, xpo3 myntumiekcep Ha yna3 A jenunune ALU
MojaBJbyje cazipkaj peructpa X, Koju je JeKpEeMEHTHpamkEeM J011ao0 10 BpeaHocTH 0, 1ok je Ha
ynazy B jemunune ALU cBe Bpeme mpucyTan caapxkaj peructpa A, BpeaqHoctuma O curnana
So, S u Gy ce 06e30ehyje na ce Ha uznasy jenuauie ALU mojaBu cyma caapikaja perucrapa X
u A, koja 300r Tora mITO je cajipkaj perucrpa X Hyna MpejacTaBiba calpikaj perucrpa A, koja
ce Bpeanoirhy 1 currana IdX ma curaan takra ynucyje y perucrap X. Ha uctu curaan takra
ce npenas3u Ha kKopak Ko.

0) CtpykTypHa I11eMa yrpaBsbadke jeIUHHUIC peaan3oBaHe Kao "mrerajyha jeaunuma” ca D
¢un-daonoBumMa npukazana je Ha caunu 1.28

4
K K K K K
D SiQf+ D QI+ D Q2 D QI+t D o=
CLK { cLk CLK { cLk CLK {cLk {cLk 1Lk
Q R, Q R, Q R, Q R, Q
? ? ? ?
MULINT X0 X0

Cnuxka 1.28 CTpykTypHa 11eMa yrpaBibaiyke jeAMHULE
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Vhpasipauka jeqununa ce cacroju on dumn-duonoa Ko, Ki, Ky, Ks, u Ks gonemmennx
omeparmonuM OnokoBuMa y koparmmMma Ko, Kj, Ky, K3 mw Ky w3 gmjarpama  Toka
MUKpOOIepalyja U yrnpaB/badykux CUTHaja U TpH napa M enemeHara 10[e/b€HUX YCIOBHOM
6moky ca cur"anom soruukor ycimoa MULINT y xopaky Ko u ycnoBHuM OnokoBuma ca
curHaioM jorudkor ycimoBa X0 y kopanuma Ki u K3 u3 mujarpama Toka MUKpooriepaiija u
yIPaBJbAaYKUX CUTHAIIA.

Ha mouerky m3BpmaBama Hapende MULINT jenmnauma ce nanasu y dumun-duiony Ko u
Hyne y ocranuMm (aun-¢guonoBuma, IITO onrorapa kKopaky Ko U3 aujarpama Toka
MUKpOOIEpalja U yInpaB/bauykUX CHUTHaja, Ma HeMa aKTUBHUX BPEIHOCTH HHU jJEJAHOT Of
ynpaBsbaukux curHaia. Cee Bpeme a0k je curHan MULINT neakTuBan jenuHuia ocraje y
bmun-grony Ko u Hyne y ocranmum ¢uumn-piaomnoBuma. Kaga curman MULINT mnocrane
aKTHBaH, HAa CUTHAJ TaKkTa ce ymnucyje jeaununa y ¢nun-daon Ki u vyna y dmun-gmon Ko,
JIOK HYJIE OCTajy Y ocTainuM (ium-(IonoBuMa.

Jemuuuna y ¢aun-¢nony Ki u Hyne y ocranum Qiumn-¢ronoBuma, MTO 0roBapa KopaKy
K1 W3 nmujarpama Toka MHUKpOOIEparfja ¥ yInpaBJbadyKUX CUTHANIA, Jajy aKTUBHY BPEIHOCT
curHana ClA. Ha curnan Takra ce y 3aBUCHOCTH oJf Tora ja Jim je curHan X0 HeakTHUBaH Win
akThBaH ymucyje jenununa y dmmn-guon K, wmm Ks4 u Hyna y dmaun-dnon Ki, mox Hyse
ocTajy y octainuM Gpraumn-GronoBuMa.

Jennuuna y ¢guun-daony K, u Hyne y octanmum ¢ummn-(aonoBuma, mMTo OAroBapa KOpaxky
K2 u3 nujarpama Toka MUKpOOIIepanrja U yrnpaBbadkKUX CUTHAjA, J1ajy aKTUBHE BPEAHOCTH
curnana S, S, Co u IdX. Ha curnan takra ce ynucyje jeaununna y ¢uaumn-guion Kz u Hyma y
¢mun-daon Ky, 1ok Hysne ocTajy y octanum (iumn-¢onoBuma.

Jennuuna y ¢guun-draony K3 u Hyne y octanmum ¢uumn-(aonoBuma, mMTo OAroBapa KOpaxKy
K3 U3 aujarpama Toka MUKpOOIIepanuja M yINpaB/badKUX CHTHANA, Jajy aKTHBHY BPEIHOCT
curnana IdA. Ha curnan takra ce y 3aBUCHOCTH OJ1 Tora Ja Jin je curran X0 HeaKTHBaH WiIH
aKkTHBaH ymucyje jenununa y ¢uun-dion K wim Ka n Hyna y ¢mun-guon Ks, 1ok Hyne
0CTajy y octanuM (hiaumn-¢GonoBuMa.

Jemuuauna y ¢aun-gnony Ka u Hyne y ocranum Qmumn-¢ronoBuma, MTo 0roBapa KopaKy
K4 u3 mujarpama Toka MHUKpOONEpanyja U ynpaBJbayKUX CHUTHaA, /1a]y aKTUBHE BPEIHOCTH
curHana S u |dX. Ha curnan takra ce ynucyje jeaununa y ¢aumn-guon Ko u Hyna y ¢un-
dnon K4, 10K Hyse ocTajy y octasium daun-guionosuMa. Ha oBaj HaunH ce Bpaha y moyeTHO
CTame.

VYrpaBibauky CUTHAJIM OMEPAIlMOHE jeIUHUIIE CE TCHEPHIITY ITpeMa clieiehnM n3pasuma:
clA = K1

S =K+ Ky
S =Ko
Co=Ks
[dX = Ky + K4
[dA = K3
y kojuma Ko, Ki, Ky, ..., K4y ipencraBipajy curnane ca usnasza Quun-¢uionoBa mpuapyKeHUX

OllepallMOHMM OJIOKOBMMa y JAMjarpaMmy TOKa yrpaBibadkux curHaia (cmuka 1.26). Ceu
OCTaJIM yIpaBJbadyky curHamu cy O.

B) Tabmuua crama, mpenasza/usiaza u noOyga (uumn-guionosa 3a ynpaBibauKy jeIUHHILY
peanu30oBaHy Kao CTaHAapJHa CEKBEHIMjallHA MpeKuaadka Mpexa ca JK dmumn-dnonoBuma
dopMupaHa je Ha OCHOBY JMjarpama TOKa ympaBjbadykux curHana (cimka 1.20) m nara Ha
cimmu 1.2r.
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Q Z Q(t+1) X d K1l % Kz B Kz
Ko (000) MULINT |0 b0 b0 b
Ko (000) / K1 (001) MULINT |0/ b 0 b1 b
K»(011) X0 |0/ b 1 b b0

Ki(001)  clA 2(011) X0
Ks(110) X0 |1/ b 1 b b1
K (011)/1dX, S0, &, Co/K3(010) 1 |0 b b 0 b1
K»(011) X0 |0/ b b 0/1b

Ks(010)  IdA 2(011) X0
Ks(110) X0 |1/b/b 0/0]|b
Ks(110) 1dX,S, |Ko(000) 1 | b/ 1. b 1/0b

Cnuka 1.2r.Tabnuna crama, npenasa/usiaza u hyHkmnuja moodymae ¢ium-¢aonosa

Crama ceKkBeHIMjallHe PEKUAaYKe MpEKe KoIupaHa cy Ha cienehu HaunH

Ko=000, K=001, K=011, Ks=010, K,=110,
a 3a pealu3alyjy CTama CEKBEHIIMjallHa MPEeKHIauka Mpexa Kopucre ce ¢uun-duomnosu Q1,
Q2u Q3Tuma JK

VYnpaBibauky CUTHAIN OTIEPALMOHE jeIMHUIIE C€ TeHEPUIy ITpeMa ciieiehuM n3pasuma:
clA = K1

S =Ky + Ky
S =K
Co = K2
[dX = Ky + K4
[dA = K3
y kojuma Ko, Ki, Ky, ..., Kis mpencrassbajy curHange JeKOJOBAaHUX CTamka CEKBEHIIM]aJTHE

NPEeKUJAauYKe MpeKe MNPUAPYKEHUX OINEpaloHUM OJIOKOBUMAa Yy Jdjarpamy TOKa
yhpaBsbaukux curaaia (cnuka 1.206). CBu octanu ymnpaBibauku curHanu cy 0.

CTpyKkTypHa IIeMa yHpaBjbauke jeJUHHIIE Peajr30BaHE Kao CTaHAap/AHA CEKBEHIIMjajHa
npekugadka Mpeka ce cacroju on ¢uun-donose Qi, Q i Q3 tuma JK u komMOMHAIIHOHE
npeKkugadke Mpexke Koja reHepuiie curHaie nodyna JK ¢mum-¢nonosa mpema crnenehum
u3paszuma:

J1 = K- X0 + K3 X0

K]_ = K4

J> =K,

Kz = K4

J3 = KeMULINT+ K 3- X0

Kz =Ky X0 + Ky
C o03upoma Ha YCBOjEHHM HA4YMH KOJMpama CTamka CEKBEHIMjaTHE MPEKUIAuKe MpEeKe,
CHUTHAJIM JICKOJOBAHUX CTama CEKBEHLHUjalHE NpPEeKHJIauke Mpexke ao0ujajy Se mpema
u3pasuMa:

Ko=Q; Q- Q;
K=Q, Q, Qs
K2=Q,-Qz Qs
K=Q, Q2 Q,

12



Ki= QrQr Q,

Juckycnja 1

VY TekcTy 3amarka je Ha3HAYeHO Ja Tpeda MPEeTIOCTaBUTH aa ce y peructpuma M m X
HaJlaze BpeJHOCTHU Koje omoryhasajy a ce u3BplIaBame Hapealde peannsyje KOPeKTHO U Ja ce
nobuje BPeIHOCT KOja MOKe Ja ce cMecTtu y perucrap X. Hamomena je HaBeneHa, jep cy
BPEIHOCTH Y PErHCTpHMa 11eI00pojHE BeluurHe 0e3 3HaKa U Ay)KMHa perucrapa je N oura, mna
Ce Y HEKUM CITydajeBUMa MOXe JOOUTH MPOU3BOJ] KOjU C€ TPHKa3yje ca BuIle o1 N OuTa u Ha
Taj HAYMH ce He 100uja KopeKTaH pe3ynrar. Ha npumep MakcuMaiaHa BeTUYKMHA KOja C& MOXKe
HanmasuTH y peructpuma je 2-1. 3a npounssox (2™-1)*(2"-1) norpe6Ho je 2n 6uTa. Y 3a1aTKy
IIPOM3BOJ] CE€ TAMTHU y PETUCTPY AYKHUHE N OuTa, rna ce Jo01ja HEKOPEKTaH Pe3yTar.

Juckycuja 2:

VY xopaky K2 wu3BpmiaBa ce JIeKpeMeHTHpame peructpa X, a 3aruM ce y kopaky K3
cabupajy caapxaju perucrapa A u M u ucnutyje ce aa Jid je BpeIHOCT y peructpy X jeaHaka
0. Onepanuje nexkpeMeHTHpama peructpa X u cabupame perucrapa A u M je moryhe
U3BPIIUTH y JE€AHOM KOpaKy, ajiM ACKPEMEHTHpame PErucTpa M HCHUTHBAKE Ja JHU je
BpeaHocT y ToM peructpy O HHuje Moryhe M3BpIIMTH y UCTOM KOpaky. 3aTo ce orepaiuja
JIEKpEeMEHTHpama U3BpIIaBa y kopaky K2, a ucnutuBame caapikaja peructpa X y HapeaHOM
Kopaky K3.

Juckycuja 3:

Axo ce W3BpIIM aHaIW3a JOOHMjeHHX AWjarpamMa TOKa MHUKpoOOIepalyja U yIpaB/badyKuX
cUrHaja Moxke ce youutH cieaehe: mctu ycnoB (Bpemnoct currana X0) ce mpoBepaBa u y
xopaky K1 u y xopaky K3. Takohe y o0a kopaka, y ciy4ajy akTuBHE BpenHocTu currana X0
W3BpIlIaBame ce HacTaBba KopakoM K4, a y cimydajy HeaktmBHE BpemHoctd curHama XO
U3BpIlABake Ce HacTaBba KopakoM K2. Moxke ce HM3BECTH 3akjby4yak Ja Cy IpoBepe Y
kopanmma K1 w K3 wucre W u3BpmmMTH ONTUMHU3AIMja JOOHJEHHUX AHjarpaMa TOKOBA.
Ontumuzanyja ce 106Hja Tako mTo ce y Kopaky K3 HakoH M3BpIIaBama ONEPAIMOHOT OJIoKa
JlaJbU TOK HACTaBJha HCIIUTUBAKEM YCIOBHOT OJ10Ka y Kopaky K1.

JlvjarpamMu TOKa MHUKpOONEpanuja M yIpaB/badyKUX CHTHajda Jath cy Ha cimuiu 1.2.d.
CtpykTypHa memMa yrpaBibadke jeIMHUIIEe peann3oBade nmomohy D dmumn-donosa npruka3ana
je Ha crutu 1.2.e.

IKO I | lKo ¥ |
(< MULINT >
| clA ‘

S, S, Gy ldX
Ks v
IdA |
Ky ——
| S, 1A |
\

Cnuka 1.2.d/Iujarpamu Toka MEKpOOIIEpalija U yrpaBJbaukUX CUTHAIIA
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&K K K ﬂ K
DS Q[ D Q— D QF>—b Q> D o
CLK {cix CLK {cik ClK ek | clk {ewk cLK ik
Q R, Q R, Q R, Q R, Q
9 9 9 ?
MULINT X0

Cnuka 1.2.eCTtpyKTypHa 11eMa yrpaBibadke jeTHHUIIC

VYrpaBspauyku CUTHAIIM OTIEPAIIMOHE JeMHUIIC C€ TCHEPUIlY Ha HCTU HAUYWH Kao U y CIIy4ajy
peliema yrnpaBjbadke jeIuHuUIe ca ciauke 1.2.C.

Axo ce ymopene cTpyKTypHe meme ca ciuka 1.2.cu 1.2.emoxe ce mpuMEeTUTu 1a je y
npBOM ciy4dajy ynorpedsseno 6 MJIN enemenara u 3 U enemenTa, 0K je y IPyroM ciaydajy
yrnotpebsbeno 4 NI enemenrta u 2 U enemenra.
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1.3 MIN4

Ha coumu 1.3.8je mpukazada CTpyKTypHa IieMa Jiejia orepalmoHe jeAMHMIE mporecopa. Y
peructpuma RO, R1, RZu R3 nyxune N paszpena ce Haiaze OMHapHE BPEJHOCTH Koje Tpeba
WHTEPIPETHPATH Kao 11e00pojHe BeaudrHe 0e3 3Haka. Mukpoornepaiuje Koje ce peannsyjy y
jenunuim ALU cy nare y tabenu 1.3.

a) Haupraru aujarpame Toka MUKpOOIIEpalifja U yIpaBJbauKKX CHTHaa ¢a3e H3BpIIaBamba
Hapenoe MIN4 koja u3pauyHasa

MIN(RO, R1, R2, R3)

MuHUMYM caapkaja perucrapa RO, R1, R2u R3 u y perucrap A cmemra pesynrar. ®aza
W3BpIlIaBama Hapeaoe 3anounmbe yKoiauko je curaain MIN4 aktuBan. Canpxaju perucrapa RO,
R1, R2u R3Mopajy 1a ocTaHy HEU3MEHCHHU.

0) Haupratu CTpyKTypHY IIeMy yIpaBjbadKe jEAMHHUIC pealn3oBaHe Kao 'mierajyha
jenununa" ca D ¢pnun-dronosuma.

B) Harprarti cTpyKTypHY IlieMy yIpaB/bauke jEAMHUIIC PEaTn30BaHE Kao CTaHaapIHa
CEeKBeHIIMjasiHa npekuaadka mpexa ca JK ¢aumn-gpronosuma.

n/ nf nf n/

CLK-{CLK R[0] LDFIdRO CLK-CLK R[1] LD[IdR1 CLKCK R[2] LDFIdR2 CLK-CLK R[3] LD[ IdR3

n n n
rdRO rdR1 rdR2 rdR3
n n M n n n n
n} n/ n
LD  IdL1
CLK -CLK
L1 CLtclL1
n
2) n/
CLK 1CLK sr ‘Pl !dBR c, A B S-S,
clBR-CL INC |- incBR C, ALU S S
2/ 2 F Cc,—C
] )o— BRO 0
2 nf’
LD - IdA
DC El RD CLK-{CLK C LbfldC CLK-ck A
3 2 1 0 CLFCA 1ga

T T 1 c nf n[ n
rdR3rdR2rdR1rdRO

Cnuxka 1.3.aCtpykTypHa 11eMa onepanuoHe jeInHuIe

S| S Fo
0 0 A+B
0 1 A-C,
1 0 A+G
1 1 A-B

Tabena 1.3Mukpoonepanuje y jequauiu ALU
Pememe:
a) Jlujarpam ToKa MUKpOOIIEpaIlfja U yIpaBJbauKKX CHTHAA J1aTh Cy Ha ciaunu 1.30.

W3pauynaBame n3pasza ce peanusyje Tako ITo ce canpkaj perucrpa RO ynume y perucrap
L1. Cagpxkaj peructpa L1 ce mopeau Tpu myTa ca cBakuM of1 canpxkaja perucrapa R1, R2, R3
U MamU CaJpKaj ce yBeK uyBa y peructpy L1.

[TocTaBmame BpemHOCTH ojapeheHOr perucTpa Ha MarucTpald c€ peanusyje moMohy
Opojauxor peructpa BR u nexonepa DC. VY perucrap BR ce Hajnpe ynuiie BpeaHOCT HyJa.
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Toxom pana campxkaj peructpa BR ce mHKpemeHTHpa M mpoBepaBa ce Ja JIM je Ccalpixaj
peructpa BR nmoHoBo Hyna. 3aTuM ce MOHOBO MHKpEeMEeHTHpa caapxaj peructpa BR u ucto
noHaBJba ¥ 3a peructpe R2u R3. Caapixkaj peructpa BR yBek oarosapa 6pojy perucrpa 4uju
ce cazpikaj omy3uMa of canapikaja peructpa L1.

[Topehemwe ce Bpmm Ha crnenehn HaumH. Y peructap L1 ce ynume caapxkaj peructpa RO.
On cangpxkaja peructpa L1 onysme ce caapxaj peructpa R1. Pesynrar ony3sumama ce ynuiie
y perucrap A, a mpeHoc C, uz ALU jemunune ce ymume y perucrap C. VY cnydajy kana
curnan C uma Bpeanoct 1, canpikaj perucrpa R1je mamu on caapxkaja peructpa L1, ma ce y
peructap L1 ynume cagpikaj peructpa R1. Axo curnan C uma Bpeanoct O, caapikaj peructpa
L1 mamu je ox campxkaja peructpa R1 u cagpxaj peructpa L1 octaje Hempomemen. Kana
canpikaj peructpa BR moHOBO mocTaHe Hyna 3Ha4YM Aa Cy yrnopeheHH caapikaju cBa YETHPH
peructpa u na ce y peructpy L1 Hanasm MuHMMaiIHa BpeOHOCT caapkaja perucrapa RO, R1,
R2 u R3. Canpxaj peructpa L1 ce ynumie y perucrap A Kao pe3yiaTar U3BpIICHa TPaKeHE
Hapenoe.

1 1 1 1

| BR<=0 | | cIBR |
K, v K, v
| L1<=R[BR] | | ldL1, RD |
K v K v
| BR<=BR+1 | | incBR |

K 4 \L K4 i’
< BR0 < BRo
K K

5 1 5 1

| A<=L1 | | A, S, |

| |
Ks A Ke Y
| C<=C,, A<=L1-R[BR] | | ldC, IdA, S, S, RD |
K7 K7
| | | |

< > < >

Kg 5 Kg 5

| L1<=R[BR] | | ldL1, RD |
| |

Cnuxka 1.36 Jlujarpam Toka MUKpOOIIepanuja U yIpaBbaykux CUTHAJIa

VY kopaky Ko ce mposepaa Bpennoct curHana MIN4 u y 3aBucHOCTH 01 TOTa Ja JIM CUTHAJ
MIN4 uma Bpennoct O mm 1 unm octaje y kopaky Ko Wiim Ha CUTHAJ TakTa mpesasd Ha Kopak
Ki.

VY kopaky K ce Bpennomhy 1 curnana CIBR Ha curaan takra ymucyje Hyda y perucrap
BR. Ha uctu curnan takra ce npenasu Ha kopak Ko.

VY kopaky K; ce Bpennomhy 1 curnama RD ¢opmupa Bpennoct 1 curnan rd[BR] u Ha
nuHKje Maructpane M mpomyinra caapikaj peructpa R[BR], koju ce Bpeanomhy 1 curnasia
|dL1 nHa curnan Takra ynucyje y perucrap L1. Ha uctu curnan takra ce mpenasu Ha KOpak
Ks.

VY kopaky Ks ce Bpennomhy 1 curnana inCBR Ha curnan takra caapixkaj perucrap BR
uHKpeMeHTHpa. Ha uctu curnan takra ce npenasu Ha kopak K.
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VY kopaky K4 ce mpoBepaBa BpenHoct curaana BROu y 3aBucHOCTH 0of1 TOTa J1a JIM CUTHAJ
BROuma Bpennoct O mnm 1 Ha curHain TakTa npesnasu uik Ha Kopak Ke i Ha kopak Ks.

VYV xopaky Ks ce Bpegnomhy 1 § o06e3behyje na ce Ha msmazy jemunmne ALU mojaBu
canpxaj peructpa L1, xoju ce BpemHomhy Ilcurnama |dA Ha curHan takra ymucyje y
peructap A. Ha uicTu curnan takra ce npesnasu Ha kopak Ko.

VY kopaky Kg ce Bpennomthy 1 curnana RD ¢opmupa Bpennoct 1 curnana rdR[BR], unme
ce canpikaj peructpa R[BR] npeko 6adepa ca Tpu cTama u JuHHja MarucTpajie M mpomyiira
Ha yna3 B jenunune ALU, noxk je Ha ynasy A jenuaune ALU cBe Bpeme MpHCyTaH Caipikaj
peructpa L1, Bpennonthy 1 curnana Su S ce 06e36ehyje na ce Ha uznasy jenuauie ALU
nojaBu pasznuka caapkaja perucrapa L1 u R[BR], koja ce Bpennomhy 1 curnana IdA na
curHan takra ymnucyje y perucrap A. Bpemnomihy 1 curnama |dC Ha curnan Ttakra ce u
npenoc Cyjequnune ALU ynucyje y peructap C. Ha uctu curaan Takra npenasu ce Ha Kopak
K.

VY kopaky K7 ce npoBepasa BpeaHocT curnana C u y 3aBUCHOCTH off Tora fa jin curaan C
nMa BpeaHocT 1 wim O Ha cCUTHAN TakTa ce mpesia3y WK Ha Kopak Kg nin Ha kopak Kas.

VY xopaky Kg ce Bpennomhy 1 curnana RD dopmupa Bpennoct 1 curnana rdR[BR], unme
ce caapxaj peructpa R[BR] mpeko 6adepa ca Tpu cTama MpomyIiTa Ha JHHHja Marucrpaie
M, kxoju ce akTuBHOM BpeaHoihy curnana |[dL1 na curnan Takra ynucyje y perucrap L1. Ha
UCTH CUTHAJ TaKTa ce mpesa3u Ha Kopak Ko.

0) CTpyKTypHa IIeMa yrpaBibauke jeIMHHIIE peain3oBane Kao "merajyha jenuaunna” ca D
bnumn-dronoBuMa npukaszana je Ha cnunu 1.3B.

oK K K K K ﬂ
4{:%D%Q 2 D L D Q—%{:}ﬁ—o 8 D ¢ D o>

] Q Q Q
CLK q{ CLK CLK 1 CLK CLK q CLK CLK q CLK CLK 1 CLK CLK 4 CLK
Q R, Q R, Q R, Q R, Q R, Q
? ? 7 9 ?
MIN4 BRO

CLK { CLK CLK 1 CLK

O
Py

=1
o

e )
g

Cnuxka 1.3B CTpykTypHa 11emMa yrpaBibaiyke jeAMHULES

VYnpaBibauky CUTHAIH OTIEPAIMOHE jeIMHUIIC C€ TEHEPHIIy ITpeMa clieichuM n3pasuma:

clBR =K;

S =Ks

S1=Ks+ Ks

l[dL1 =K, + Kg

ldC = Ke

[dA = K5 + Kg

RD =K, + Kg + Kg

iNcBR = K3
y kojuma Ko, K1, Ko, ..., Kg IpeacraBsbajy curnaie ca usnasza ¢Guui-¢ionosa NpuapyKeHux
olepanuoHUM OJIOKOBMMa y Jdjarpamy TOKa yrpaBjbaukux curHana (cauka 1.30). CBu
OCTaJIM yIpaBJbayku curHanu cy 0.
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B) Tabnwma crama, mpenaza/msnaza U modyna Guun-¢aomnoBa 3a yrnpaBbadky jeIHHUILY
pearm3oBaHy Kao CTaHAap/HA CEKBEHILMjalHa Ipekuaadka mpexa ca JK ¢mun-pronosuma
dbopMupaHa je Ha OCHOBY JaWjarpaMa TOKa yrpaB/baukux curHajia (ciumka 1.30) m gara Ha
cunu 1.3

Q Z Qt+l) | X | 3|Ki k|Kal Jk|Ksl Js|Ka
Ko(0000) MIN4 O b0 b|0|b O|b
Ko (0000 / K1(0001) MIN4 | O|b|0|b |0/ b1 b
K1 (0001 cIBR K,(0011) 1 (0/b/O|b/1 b/b O
K, (0011 IdL1, RD Ks(0010) 1 0/ b O/b b/0 b1
K3(0010 incBR Ks(0110) 1 |O/b|1 b|b 0|0 b
Ke(0101) BRO (O b b/ O|b|1/1|b

K, (0110 /
Ks(0111) BRO (O ' b|/b O|b|0O 1|b
Ks(0111 IdA, S, Ko(0000) 1 (O b b1 b1l b1
Ke(0101) IdC, IdA, §, S, RD K7(0100) 1 0 b/ b0/ 0/b b1
K3(0010) ¢ 'O/ b/b/1|1/b 0|b

K7 (0100 /
Kg(1100) C 1 b ' b/0/0 b 0 b
Kg (1100 ldL1, RD Ks(0010) 1 |b|/1|b/1|1 b|0 b

Cnuka 1.31.Tabauia crama, npenasa/usiaza u nooyaa daumn-diomnosa

Crama CeKBeHIIMjaTHe MPEKUIauKe Mpexe KoJIMpaHa cy Ha cienehr HauuH
Ko=0000, K=0001, K=0011, K=0010, K=0110, k=0111, k=0101, Kk=0100,
Kg=1100,
a 3a peanu3aljy CTamba CEKBEHIIMjalIHE MPEKHUIaYKe Mpeke Kopucte ce daumn-guionosu Qy,
Q2, Qs 1 Q4 THma JK.

VYrpaBibauku CUTHAJIU ONEPAIIMOHE JeAMHUIIE CE TEHEPHIYy ITpemMa ciieiehium u3pazuma:

cIBR = K;

S =Ks

S1=Ks+ Kg

[dL1 =K, + Kg

ldC = K6

[dA = K5 + Kg

RD =K, + Kg + Kg

incBR = K3
y kojuma Ko, Ki, Ky, ..., Kg mpencraBibajy curHalie JEKOJOBAHHMX CTamka CEKBEHIU]ATHE
npekuadke Mpexe. CBU OCTanM yrpaBibadyku curaainu cy 0.

CrpykTypHa IIeMa yrpaBJbadyKe jEIUHUIC peaTn30BaHE Kao CTaHIAp/HA CEKBEHIIMjalHa
npeKuiadka Mpexa ce cactoju on dumr-daonosa Q, Q, Qs u Q4 Tvma JK n koMOMHaIIMOHE
npeKkugadke Mpexke koja reHepuiie curHaie nodyrna JK ¢mum-¢pnonosa mpema cinenehum
u3pazuma:

Jl = K7'C

K]_ = Kg

J>=K3
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Ko = K5+K7'E+ Ks
J3=K;+K+C+ Kg

K3 = K4 BRO + Ksg
Js = KgMIN4 + Ky4
Ks=Kz+ Ks + Kg

C 003upoM Ha YCBOJEHM HAUMH KOJAMpama CTamba CEKBEHIMjaJIHE NPEKUAAYKe Mpexe,
CUTHAJIM JCKOJOBAaHMX CTama CEKBEHIMjaJIHE MPEKUAaduke Mpexe mao0ujajy Se mpema
u3pa3uma:

Ko=Q,-Q, Q3 Q,
Klzﬁl.Q_2 .@.Q4
K=Q, Q, Qe Qs
K3:61.Q_2 'Q3'Q_4
Ks Q-Q2QsQ,
Ks= Q"QzQs Qs
Ke= Q Q2 Q, Qs
K= 61 ‘Q2'63 'Q_4
Ke= Q2 Q;'Q,
Jduckycnja 1:

Moryhe je u3BpIIUTH ONTUMHU3AIM]Y JOOU]ECHUX JHjarpaMa TOKOBa ako ce y kopaky K7 3a

BpenHoct C = lnpenasu Ha kopak K2, a He Ha kopak K8.
JlujarpaM ToKa MEKpOOIIEpaIlija U yIpaBJbauKKX CHTHaa aatu ¢y Ha ciaunn 1.3.d.
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Ko v Ko v
| | | |
0 0
< MINd_ > < MINd_ >
K, : K, :
| BR<=0 | | cIBR |
K, ¥ K, v
| L1<=R[BR] | | ldL1, RD |
K v K v
| BR<=BR+1 | | incBR |
Ky v Ky v
| | | |
< R0 < R0
K : K :
| A<=L1 | | ldA, S, |
| |
Ks A Ks A\
| C<=C,, A<=L1-R[BR] | | ldC, IdA, S, S, RD |
K7 K7
| | | |
<o <o
0 0

Cnuka 1.3.d/Iujarpam Toka MUKpOOTI€palnja U yIpaBbadKux CUTHAIA

CrpykTypHa IIema yIpaBjbauKe jeIuHHIEe peanu3oBaHe nomohy D  ¢nun-dromnosa
npukasaHa je Ha ciumum 1.3.e.

: .
K K K K K K
D Si Q| D Q) D Q2 D QD Qf+t D Q>
CLK 1 cLK CLK - cLk CLK {cLk CLK {clk | CLK {cLk CLK 1 cLK
Q R, Q R, Q R, Q R, Q R, Q
? g g ? ?
MIN4 BRO
K K
D o D Q¢
CLK {clk | CLK {cik
R, Q R, Q
9 g

Cnuka 1.3.eCTtpyKkTypHa 11eMa yrpaBibadke jeTHHUIIC

VYipaBspauyky CUTHAIIM OTIEPAIMOHE jeIUMHUIIE CE TEHEPUIITy TIpeMa cieaehum u3pasuma:
clBR =K;

So=Ke

S =Ks+ Kg
[dL1 =K,
|dC:K6
[dA = K5 + Kg
RD =K, + Ksg
incBR = K3
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CBu ocrtanu ynpassbauku curaainu cy 0.
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1.4 MAXA4

Ha caumu 1.4.aje mpukaszaHa CTpyKTypHa IieMa Jiejia orepalmoHe jeAMHMIe mporecopa. Y
peructpuma RO, R1, RZu R3 nyxune N paszpena ce Haiaze OMHapHE BPEJHOCTH Koje Tpeba
WHTEPIPETHPATH Kao 11e00pojHe BeaudrHe 0e3 3Haka. Mukpoornepaiuje Koje ce peannsyjy y
jenunuim ALU cy nare y tabenu 1.4.

a) Haupraru aujarpame Toka MUKpOOIIEpalifja U yIpaBJbauKKX CHTHaa ¢a3e H3BpIIaBamba
Hapenoe MAX4 koja u3zpauyHasa

MAX(RO, R1, R2, R3)

MakcuMyM cazpxaja y peructpuma RO, R1, RZ1 R3,a pesynrar cmemra y perucrap A. ®aza
W3BpIlIaBama Hapende 3amounme yKoIuko je curHan MAX4 axtuBan. Caapikaju perucrapa
RO, R1, R21 R3mopajy na ocTaHe HeM3MEHEHHU.

0) Haupratu CTpyKTypHY IIeMy yIpaBjbadKe jEAMHHUIC pealn3oBaHe Kao 'mierajyha
jenununa" ca D ¢pnun-dronosuma.

B) Harprarti cTpyKTypHY IlieMy yIpaB/bauke jEAMHUIIC PEaTn30BaHE Kao CTaHaapIHa
CEeKBeHIIMjasiHa npekuaadka mpexa ca JK ¢aumn-gpronosuma.

nf nf nf n/

CLK {ck R[0] LDFIdRO CLK-cik R[1] wIldR1 CLK-CLk R[2] LD[IdR2 CLK-ck R[3] LD [ IdR3

rdRO rdR3

rdR1 rdR2§
n M n n

n n
LD | IdL1
CLK -CLK
L1 CLclL1
n
2t n
CLK 4CLK BR LD - I[dBR c A B SES,
clBR HcL INC | incBR e, ALU S S
F c,-C
i# BRO ol o
LD | I[dA
DC El RD CLKHCLK C LDFIdC CLK-CLK A
3 2 1 0 CL | clA rdA
T T 1 ‘ C n n n

rdR3 rdR1
r {

dR2 dRO

Cnuxka 1.4.aCtpykTypHa 1IeMa ONepalioHe jeInHUIe

S| S Fo
0 0 A-B
0 1 A-Cy
1 0 A+G
1 1 A+B

Tab6ena 1.4 Mukpoonepanuje y jequauiu ALU
Pememe:
a) Jlujarpam ToKka MUKpOOIIepallija U yIpaB/baukUX CHTHAJA IaTh Cy Ha ciaunu 1.40.

WzppmaBame omepanuje MAX4 ce peanusyje Ha ciauyaH Ha4MH Kao M W3BPILABALC
onepanuje MIN4. Pasnuka je y xopaky Ko y kome ce mpoBepaBa BpeaHocT curHaia MAX4
ymecto curHaga MIN4. Pasnuka je m y xopaky K7 y kome ce 3a omepauujy MAX4 y
3aBUCHOCTH oJ1 Tora na au curHan C uma Bpennoct O unu 1 mpenasu wim Ha kopak Kg nnm Ha
kopak Ko, 10k je y cimyuajy onepanuje MIN4 6uno o6pHyTO, IITO je mocieania Tora aa ce y
onepanuju MAX4 tpaxxu makcumyMm a y oneparuju MIN4 muauMYyM.
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Ko v Ko v

| | | |
0 0
< MAX4 > < MAX4 >

K, : K, :

| BR<=0 | | cIBR |

K, v K, v

| L1<=R[BR] | | ldL1, RD |

K v K v

| BR<=BR+1 | | incBR |

Ky v Ky v

| | | |
< R0 < R0

K : Ky :

| A<=L1 | | ldA, S, |

| |

Ks A Ke Y

| C<=C,, A<=L1-R[BR] | | ldC, IdA, RD |

Ky v Ky v

| | | |
< > < >

Kg : Kg :

| L1<=R[BR] | | ldL1, RD |

| |

Cnuxka 1.46 Jlujarpam Toka MUKpOOIIepannja U yIpaBbaykux CUTHAJIA

0) CtpykTypHa I11eMa yrpaBJbadke jeIUHHUIC peaan3oBaHe Kao "mrerajyha jeaunuma” ca D
¢un-draonoBuma npukazana je Ha caunu 1.4B

: I
K K K K K K
:[} DSiQ 0 D 0 1 D Q %ﬁ D Q 3 D Q 4 D Q 5
CLK 4 CLK CLK 4 CLK CLK - CLK CLK - CLK CLK 4 CLK CLK 1 CLK
Q R, Q R, Q R, Q R, Q R, Q
? ? i 9 ?
MAX4 BRO
K
D Q¢ D
CLK { cLK CLK - CLK
R, Q R,
9 ?

Cnuka 1.48 CTpyKTypHa 1IeMa yIpaBJbadyKe jeTUHHUIIE

VYipaBspauky CUTHAIIM OTIEPAIMOHE jeIUHUIIE CE TEHEPUIITy TIpeMa cienehum u3pasmma:
clBR =K;

S =Ks

l[dL1 =K, + Kg
|dC:K6

[dA = K5 + Kg

RD =K, + Kg + Kg
iINcBR = K3
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y kojuma Ko, Ki, Ky, ..., Kg mpencraBipajy curnane ca usnasza Quun-¢ionoBa mpuapyKeHUX
OllepalliOHMM OJIOKOBMMA y AMjarpaMmy TOKa yrpaBibaykux curHaia (cmuka 1.40). Ceu
OCTaJIM yIpaBJbauyku curHaiu cy O.

B) Tabmuua crama, mpenasza/usiaza u noOyaa uumn-guonoa 3a ynpaBibauKy jeIUHHILY
peanu30oBaHy Kao CTaHAapJHa CEKBEHIMjallHA MpeKuaadka Mpexa ca JK dmumn-dnonoBuma
dopMupaHa je Ha OCHOBY JMjarpama TOKa ympaBjbadykux curHana (cimka 1.40) m nara Ha
cimmu 1.4r.

Q Z Q(t+1) X | 3 K1 %Ky Kzl Js Ky
Ko(0000) MAX4 O b/ 0 b 0/ b|0 b
Ko (0000 / K1(0001) MAX4 0 | b0 b| 0 b 1|b
K4 (0001 CIBR K»(0011) 1 | 0 b0 b 1 b|b 0
K2(0011)  |gL1.RD  Ks(0010) 1 |0 b O b b 0 b 1
K (0010 incBR Ke0110) 1 | 0 b1 b b 0|0 b
Ke(0101) BRO | O b|/b 0 b 1|1 b

K, (0110 /
Ks(0111) BRO | 0 b/ b 0 b 0|1 b
Ks (0111 IdA, S, Ko(0000) 1 | 0|b/b 1 b 1 b 1
Ke(0101) 1dC,IdA,RD |K;(0100) 1 | 0| b/ b 0,0 b b 1
Ks(1100) ¢ 1 |b b 0|0 b 0|b

K- (0100 /
K5(0010) C O |b|/b 1|1 b 0|b
Ks(1100)  IdL1,RD  |Ks(0010) 1 | b |1 b|1 1|/b 0 b

Cnuka 1.4r.Tabnuna crama, npenasa/usiasa u nooyaa Gpuurn-¢omnosa

Crama CeKBEeHIMjaTHE PEKNIauKe MpEeKe KOAUpaHa cy Ha cienehu HaunH
Ko=0000, K=0001, K=0011, K=0010, K=0110, Kk=0111, Kk=0101, K=0100,
Kg=1100,
a 3a peajM3alujy CTamba CEeKBEHIIMjallHEe MPEKUJauke Mpexe kopucre ce ¢nun-diaonosu Qy,
Q2, Qs u Q Tuma JK.

VYnpaBibauky CUTHAIN OTIEPALMOHE jeIMHUIIE C€ TeHEPUIy ITpeMa ciieiehuM n3pasuma:
clBR = K;

S1=Ks

[dL1 =K, + Kg
|dC:K6

[dA = K5 + Kg

RD =K, + Kg + Kg
iINcBR = K3

y kojuma Ko, Ki, Ky, ..., Kg mpencraBibajy curHalie JEKOJOBAHHMX CTaka CEKBEHIU]ATHE
npekuaauke Mpeke. CBU ocTany ynpasibadku curHam cy 0.

CTpyKkTypHa IIeMa yHpaBjbauke jeJUHHIIE Peajr30BaHE Kao CTaHAap/JHA CEKBEHIIMjajHa
nmpeKuiadka Mpexa ce cactoju on dumr-daonosa Q, Q, Qs u Q4 Tvma JK n KoMOMHaITMOHE
npeKkugadke Mpexke koja reHepuiie curHaie nodyrna JK ¢mum-¢pnonosa mpema crnenehum
u3pazuma:
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J]_: K7C

K1=Ks

J2=Ks

Ky = Ks+K#+C+ Kg
J3 =K1 +K7 C + Kg
K3z = K4 BRO + Ksg

Ja=KoMAX4 + K4
Ks=Ks+ Ks + Kg

C 003upoM Ha YCBOJeHM HAUMH KOJAMpama CTamba CEKBEHIUjaJIHE NPEKUAAYKe Mpexe,
CUTHAJIM JCKOJOBAaHMX CTama CEKBEHIMjaJIHE MPEKUAaduke Mpexe mao0ujajy Se mpema
u3pa3uma:

K=QQ; Qs Q,
Kl:al.Q_2 'ag'Q4
K=Q, Q, Qe Qs
Ke=Q-Q, Qs Q,
Ke= QQxQsQ,
Ks= Q,"Q2QsQu
Ke= Q Q2 Q, Qs
K= Q Q2 Q;-Q,
Ke= QrQzQ; Q,
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1.5 CSR

Ha caumu 1.5.8je mpukaszada CTpyKTypHa IieMa Jiejia orepauoHe jeAMHMIIE mporecopa. Y
peructpuma RO, R1, RZ1 R3 nyxune N pa3zpena Hanasu ce 1neao0pojHe BPpeIHOCTH 0e3 3HaKa.
Mukpoomnepamnuje koje ce peanu3syjy y jenuaui ALU cy nare y tabenu 1.5.

a) Hanpraru nujarpame Toka MEKpoOIepaluja v ynpaBbaykiX CUTHaNA (a3e U3BpIIaBama
Hapenoe CSRkoja nzpadayHasa

R[0]IV(0) + R[1]¥(1) + R[2]¥V(2) + R[3]¥(3)

U pe3ynTar cMmemra y perucrap A. @asza u3BpiuaBamba Hapeade 3alouMibe YKOJIUKO CHTHAl
CSRuma Bpegnoct 1. Canpxaju perucrapa RO, R1, RZ&1 R3mMopajy na octany HEM3MEHCHH.
[IpernocraButu na ce y peructpuma RO, R1, R2, R3um V Hamaze BpemnHOCTH Koje
omoryhaBajy 1a ce u3BpIiaBame Hapenode peannsyje KOPEKTHO U Jla ce 1o0uje BpeIHOCT Koja
MOJKE J1a C€ CMECTH y perucrap A.

0) Haupraru CTpyKTypHY IIeMy yIpaBjbadKe jEAMHHUIC pealn3oBaHe Kao 'mierajyha
jenununa" ca D ¢pnun-draonosuma.

B) Harprarti cTpyKTypHY IlleMy yIpaB/badke jEAMHUIIC PEaTn30BaHE Kao CTaHaapaHa
CEeKBeHIIMjasiHa npekuaadka mpexa ca JK ¢aumn-gpronosuma.

nf nf ny nf

CLK 4cLK R[0] LDFIdRO CLK-CLK R[1] LD}IdR1 CLK-CLK R[2] LD|-ldR2 CLK-CcLK R[3] LD [ IdR3

n n
rdRO rdR1 rdR2 rdR3
n n M n n
nf
o | ldL1
CLK 4CcLk L1 oLl el
1 1 n
\ | 4y nf
CLKqCLK oo LD IdBR CLKqcLk \,  ILp0 c, A B S-S,
clBR 4CL DEC|- decBR ldV +LD SHL |- shlvV —C, ALU S S
2/ 2 F C,—C
] BRO v 0
2] 3 nf
DC  ELRD ClK fok A Pl9A :
3 2 1 o0 CL [ clA
T 1 | nf n
rdRSrdRzrderdRO
Cnuka 1.5.aCTpykTypHa 1meMa orneparoHe jeTHHULIC
S| S Fo
0 0 A-B
0 1 A-Cy
1 0 A+G
1 1 A+B
Tabena 1.5Mukpoonepanuje y jequauiu ALU
Pememe:

a) Jlujarpam ToKa MHKpOOIIEpaIlija U yIpaBJbauKUX CHTHAJIA IaTh Cy Ha ciunu 1.50.

H3BpiiaBame onepaiuje ce peainsyje Tako MITo ce mpoBepasa oapeleru out peructpa V u
ako out V(N = 0..3)uma Bpennoct 1 caapikaj peructpa R[N] ce momaje caapkajy peructpa A
y KOjH je y TMOUYETKY yrnHcaHa BpegHocT Hyna. Y perucrap BR ce y mouerky ymuiie BpenHocT
TpH.
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VY jenHoj urepanuju neTibe mpoBepasa ce Out Hajeehe Texkune (V3) peructpa V U YKOIHMKO
je oH jenHak jeamuui y perucrap L1 ce ymucyje caapxkaj perucrpa R[BR]. 3atum ce
u3padyHa cyma canapkaja peructpa A m L1 u pesynrar ynume y perucrap A. YKOJIHKO je
BpeaHoCT V3 jefHaka HyJH, cajapikaj peructpa A octaje HempoMmemeH. Jlokie roa je caapixaj
peructpa BR pasznuuut on Hyne caaprxkaj peructpa V ce momepa 3a jeJHO MECTO y JIEBO, a
caapxaj peructpa BR ce mekpeMmeHTHMpa M TIOHaBJba 11€0 MOCTYIMak mpoBepe Outa V3 u
n3pauyHaBama cyme. Kaga caapikaj peructpa BR mocrane Hyna 3Ha4m ga ce y peructpy A
HaJIa3u pe3yaTar U3BpIICHa TPAKECHE HHCTPYKIIH]E.

A<=0, BR<=3 clA, IdBR

| | | |

K, v K, v

| | | |
< v, < v

K, : Ky :

| L1<=R[BR] | | ldL1, RD |

Ky v Ky v

| A<=A+L1 | | IdA, S, S |

|K5 v | |K5 ¥ |

< BRO > < R0 >

6 0 6 0

|  BR<=BR-l, ‘\/3”.0<=v2m00 | decB‘R, shlv |

Cnuka 1.56 JlujarpaM Toka MUKpOOTIEpallija | YIIPaB/bauKuX CUTHAJIA

VY kopaky Ko ce npoBepaBa BpeanocT curHasia CSRu y 3aBUCHOCTH Off TOTa J1a JIU CUTHAI
CSRuma Bpeanoct O wmm 1 wnm octaje y kopaky Ko Wiy Ha CHTHAJ TakTa Mpeia3yd Ha KOpak
Kj.

VY xopaky K; ce Bpennomrhy 1 curnana ClA Ha curnan Takra ynucyje Hyja y perucrap A u
Bpennomhy 1 curnana IdBR Ha curnan takra ynucyje 6unapna Bpeanoct 11y perucrap BR.
Ha uctu curnain takra ce npenasu Ha kopak Ko.

VY kopaky Ky ce 1 mpoBepaBa BpeJHOCT cUTHaia V3 U y 3aBUCHOCTH O TOTa Ja JIW CUTHAI
V3 uma Bpearoct O mnm 1 Ha curHanm TakTa ce mpesia3y Wik Ha Kopak Ks min Ha kopak Ks.

VY kopaky Kz ce Bpennomhy 1 curnana rdR[BR] Ha nunmje maructpane M mpomymTa
canpkaj peructpa R[BR], koju ce Bpennomihy 1 curnana IdL1 va curnan Takra ymucyje y
perucrap L1. Ha uctu curnan takra ce npenasu Ha Kopak Ka.

VY xopaky K4 Ha ynazy A jenununie ALU je npucyran canpkaj peructpa L1, a va ynaszy B
jenunune ALU mpucyran je canpxkaj peructpa A. Bpennoctuma 1 curnana S u S ce
00e30ehyje na ce Ha n3nazy jenunauie ALU mojaBu cyma canpikaja perucrapa L1 u A, xoja ce
Bpennomhy 1 curnana |dA Ha curnan takra ynucyje y perucrap A. Ha uctu curnan takra ce
npenasu Ha Kopak Ks.

V¥ kopaky Ks ce nmpoBepaBa Bpeanoct curHana BROu y 3aBucHOCTH of1 Tora 1a U CUTHAI
BROwuma Bpennoct O wm 1 Ha curHanm TakTa mpesia3u Win Ha Kopak Keg nim Ha kopak Ko.

VY kopaky Kg ce Bpennomhy 1 curnana decBRcanpixkaj peructpa BR nexkpementupa u
spennomthy 1 curnama shlV cagpikaj perucrpa V momepa 3a jemHo mecto y jeBo. Ha uctu
CHTHAJI TaKTa ce Ipena3u Ha Kopak Ko.
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0) CtpykTypHa I11eMa yrpaBJbadke jeIUHHUIC peaan3oBaHe Kao "mrerajyha jeaunuma” ca D
¢un-daonoBuma npukazana je Ha ciaunu 1.58.

ok K
j}DSdQ 2 D Q :

CLK 4 CLK CLK qCLK
Q R, Q
?
CSR
K K K K d
LI>7 D o 2 D 0 3 b 0o 4 D 0 5 b 0o 6
CLK 4 CLK CLK 4 CLK CLK 4 CLK CLK 4 CLK CLK - CLK
R, Q R, Q R, Q R, Q R, Q
? ? ? ? ?
V, BRO

Cnuxka 1.58 CTpykTypHa 11emMa yrpaBibaiyke jeAMHULE

VYrpaBibauky CUTHAJIU ONEPAIIMOHE JeAMHUIIE CE TEHEPHIITYy ITpema ciieiehiuM u3pazuma:

clA = Ky

[dA = K4

ldL1=Kj3

l[dBR = K;

So=Ky

S1=Ky

decBR = Kg

shlV = KG

RD = K3
y kojuma Ko, Ki, Ky, ..., Ks mpencraBipajy curnane ca usnasza Quun-¢ionoBa mpuapyKeHUX
OllepallMOHMM OJIOKOBMMA y JAMjarpaMmy TOKa yrpaBibaykux curHaia (cmuka 1.56). Cu
OCTaJId yrIpaBJbauyku curHaiu cy 0.

B) Tabmuua crama, mpenasza/usiaza u nodOyaa (uumn-guonosa 3a ynpaBibauKy jeIUHHILY
peanu3oBaHy Kao CTaHAapJHa CEKBEHIMjallHA MpeKuaadka Mpexa ca JK dmaumn-dronoBuma
(dopMupaHa je Ha OCHOBY JMjarpama TOKa ympaBjbadykux curHana (cimmka 1.50) m nara Ha
cimmu 1.5t

Q Z Q(t+1) | CSR| JKi| Xk |Kz| B|K3
Ko (000 O/b|O|b|O|Db

Ko (000 / 0 (000) CSR
K1 (001} CSR|0|b|O|b|1]|b
Ki(001) clA IdBR [K,(011) 1 |O|lb|1|b|b|oO
K3 (010) Vs |O|b|b|0O|b|1

K, (011 / —
Ks(111) V, |1|b|b|O|b|O
Ks(010) IdL1,RD |K,(110) 1 |1|b|b|o|0]|b
Ka (110§ IdA, So, S |Ks(111) 1 |b|O|b|oO|1|b
Ko(000) BRO |b|1|b|1|b|1

Ks (111 / -
Ke (101) BRO [b|O|b|1|b|0
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Ke (101) decBR,shlV| K(011) 1 |b|1|1|b|b|O

Cnuka 1.5r.Tabnuna crama, nmpenasa/usiasza u modymae ¢ium-¢iaonosa

Crama ceKkBeHIMjallHe IPEKUAAYKe MpEKe KoIMpaHa cy Ha ciefehu HaunH

Ko=000, K=001, K=011, Ks=010, K;=110, Ks=111, K=101,
a 3a pealM3alljy cTamka CEKBEHIIMjalHa MpeKuaadyka Mpexa kopucre ce ¢nun-diaonosu Qi,
Q2 i Q3 Tvma JK

VYipaBspauky CUTHAIIM OTIEPAIMOHE jeIUMHUIIE CE TEHEPHUIITy TIpeMa cieaehum u3pasuma:

clA = K4

[dA = K4

[dL1=Kj3

[dBR = K;

So= Ky

S1=Ky

decBR = Kg

shlV = Ke

RD = K3
y kojuma Ko, Kj,..., K, TmpencraBibajy curHaie IeKOJOBAaHHMX CTama CEKBEHIIMjaJIHE
npekunadke Mpexe. CBU OCTanM yrpaBibadyku curaainu cy 0.

CTpyKTypHa IeMa ynpaBjbauke jeJUHHIIE Peajr30BaHE Kao CTaHAap/JHA CEKBEHIIMjajHA
npekugadka Mpeka ce cacroju on ¢uumn-donose Qp, Q i Q3 twma JK u komMOMHAIIHOHE
npeKkugadke Mpexke Koja reHepuiie curHaie nodyrna JK ¢mum-¢pnonosa mpema crnenehum
u3pasuma:

Ji1 = Ky V3 + Kj

K1 =KsBRO + Kg

J2 =Ky + Ks

K2=Ks

J3=KyCSR + Ky

K3 =K>V3+ KsBRO
C o03upoma Ha yCBOjeHM HauWMH KOJMpama CTamka CEKBEHIHUjaJIHE IMPEKHIAuKe Mpexe,
CUTHAJIM JCKOJOBAaHMX CTama CEKBEHIMjaJIHE MPEKUAaduke Mpexe mao0ujajy Se mpema
u3pazuma:

Ke=Q'Q, Qs
Ki=Q, Q, Qs
K=Q, Q2 Qs
Ke=Q, Q@ Q,
Ks= QrQrQ,
Ks= Q1Q2Qs
Ke= Q' Q, Qs
Juckycuja 1:
Jlijarpam Toka MUKpooImepalyja 1 yIpaBJbaukUX CHUTHaNa OM MOIVIH J1a C€ peau3yjy U Ha
HauMHAa TpuKazaH Ha ciauiu 1.5 V kopaky K5 ce Ha WMcTM cUTHaNI TakTa Ha OCHOBY

BpenHoctu curHasnia BRO npenasu y xopak K2 wnu KO u Bpimm gekpeMeHTHpame caapxkaja
peructpa BR. IIpena3ak ce Bpiiy Ha OCHOBY CTape, a He HOBE BpeHOCTH Opojada BR.
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K ¥ K ¥
| | | |
0 0
<__CSR___> <__CSR__>
K, ) K, )
| A<=0, BR<=3 | | clA, IdBR |
|K2 Y | |K2 ¥ |
0 0
| L1<=R[BR] | | ldL1, RD |
Ky v Ky ¥
| A<=A+L1 | | IdA, S, S, |
Ky v Ky ¥
|  BR<=BR-L,V, <=V, ,0 | | decBR, shlV |
S
0 0

Cnuka 1.5r Jlujarpam Toka MUKpOOIIepannja 1 yIpaBbayKux CUTHAJIA

CrtpykTypa ynpaBjbauke jeIUHHUIIC j€ naTa Ha caunu 1.57.

&K K
j}DSdQO D ot

CLK {ctk CLK {cLk
Q R, Q
7
CSR
K K K K
LI} D QI D Q0 Q" D QT
CLK { cLK CLK {clk | CLK {cLk CLK { cLK
R, Q R, Q R, Q R, Q
P ? P ?
v, BRO

Cnuka 1.51 CTpykTypHa 1emMa ynpaBjbauke JeTUHULIC

VYnpaBibauky CUTHAIN OTIEPALMOHE jeIMHUIIE C€ TeHEPUIy ITpeMa ciieiehuM n3pasuma:
clA = K1

IdA = K4

ldL1=Kj

IdBR = Kj

So= Ky

S1=Ky

decBR = K5

shlV = K5

RD = K3

CBu octanu ynpasibauku cursanu cy 0.

Muckycuja 2:

Jlijarpam Toka MUKpoonepalyja 1 yIpaBJbaukUX CHUTHaNa OM MOIVIH J1a C€ pealu3yjy U Ha

HaunHAa TpukazaH Ha ciuim 1.5h). V xopaky K2 ce mpoBepaBa BpemHocT curHama V3.
VYxonuko je V3 Hyna mpenasu ce Ha kopak K3. Ykomuko je V3 jemuHuia mpoBepaBa ce H
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BpenHoct curHaia BRO u mpenasu Ha kopak KO mnu K6 y 3aBucHOCTH o Tora jaa Jiu je
curian BRO jenununa wnu wvyna.Bpennocr curnana BRO ce mpoBepaBa u u3 kopaka K4 u
npena3u Ha kopak KO mim K6 y 3aBucHocTH ox Tora na yim je curHan BRO jenuaumna wmm
HYJA.

K v K v
| | | |
0 0
< CSR__> < CSR__>
K, - K, .
| A<=0, BR<=3 | | clA, [dBR |
|K2 v | |K2 v |
< v < v
K, : Ky :
| L1<=R[BR] | | ldL1, RD |
Ky v Ky v
| A<=A+L1 | | IdA, S, S |
’ ¥
R0 > T BR0 >
K : Ks :
|  BR<=BR-l, ‘\/3 <=V, 0| | decB‘R, shiv |

Cnuka 1.5h JIujarpam Toka MUKpoOOITIepalidja U yIpaBbauKuX CUTHAJIA

CrpykTypa yrpaBjbauke jeJUHUIIE je qara Ha ciuiu 1.5¢e.
S

K
") >{osiel b QFh
CLK 1 cLK CLK { CLK
Q R, Q
?
CSR
K K K d
LI} D Q[ D Qb Q" ‘ D QI
CLK { cLK CLK{cik | CLk {cik CLK { cik
R, Q R, Q R, Q R, Q
P ? ? ?
v, BRO

Cnuka 1.5e CtpyKkTypHa 111€eMa yInpaBJbadke jeInHULIe

VYnpaBibauky CUTHAIH OTIEPAIMOHE jEMHUIIE CE TCHEPHIY Ha HCTH HAYHMH Ka0 U y CIIy4ajy
peliema yrpapibadke jequHulle ca ciuke 1.13.e.
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