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1. MpoeKkTMpoBaHUe NPOO6eMHO-OPUEHTUPOBAHHbIX
BbIYUCNIUTENbHbLIX CPeacTB

1.1. ConpoueccopHbie KOHu2ypayuu

[Ipy mocTpoeHHH BBICOKONPOU3BOAUTENBHBIX BBIUMCIUTEIBHBIX CUCTEM Ya-
CTO UCHOJIb3yeTCs MpUHIMN crenuranu3anui. CyTb €ro 3akiirodaercs B pa3paboTke
BCIIOMOTATENIbHBIX CHEIHAITM3UPOBAHHBIX MPOIIECCOPOB, OPUEHTUPOBAHHBIX HA KOH-
KpETHbIC TMpUKIaIHbIe oOsacTu. Takue mporeccopbl padoTaloT MOJA yIpaBlICHUEM
LEHTPAJIBHOIO MPOLIECCOPa U Pa3JIEIA0T ¢ HUM OCHOBHYIO MaMsTh. Crienuaan3anus
MO3BOJISIET JIOCTUYb BBICOKOTO OBICTPOACHCTBHSI BCIIOMOTaTEIbHBIX MPOIECCOPOB U
MOBBICUTH 3()DPEKTUBHYIO MTPOU3BOAUTEIBHOCTh CUCTEMBI OJIaroaaps mapajieTbHON
paboTe HECKOJIBKUX MPOLIECCOPOB.

B compouieccopHoii KOHQUTypaly BCIOMOTATEIbHBINA Mpoiieccop (Compo-
1[eCCOp) MOAKITIOYAETCS K CUCTEMHOM IIMHE MapajuieNIbHO C IIEHTPAIbHBIM MPOIECCO-
pom (LIIT). Comporieccop HE UMEET CBOEH OTAEIBbHON MPOrpaMMbl U HE MOXKET CUH-
THIBaTh KOMaHJIbl U3 MaMsTH, HO MOXKET 00paIatbcs K HeM NI 3amuch U CUYUTHIBA-
HUS JaHHBIX, 3anpamuBas s storo muHy y LI, Comporieccop HE MOXKET BBINOJ-
HATb KoMmaH bl L1, HO cBOM KOMaHJIbI BBIMOJIHSET OUYE€Hb OBICTPO (IO CPaBHEHUIO C
UX MPOTpaMMHON peann3anuei). Takoe «pazaeneHue Tpyaa» MExXIy COMpPOLECCOPOM
u L1 mo3BonsieT 10CTHYbh OYEHb BBICOKOW MPOU3BOUTEIHLHOCTH.

OcTtaHoBUMCSI Ha JOCTOMHCTBAX M HEIOCTAaTKaxX COIMPOIECCOPHOU KOHGUTY-
pauuu. E€ anprepHatuBoil siBisierca paspadotka LI co Bcemu (yHKIMOHATBHBIMU
BO3MOKHOCTSIMU COIpoLieccopa — Takas 3ajada OKa3bIBAE€TCS JOBOJIBHO CIOXHOW U
BEIECT K YBEIMYCHUIO UIMTEIHHOCTH MPOEKTHUPOBAHUS, YCIOKHEHUIO CHUCTEMBI U
yMeHblIeHuI0 €€ HagexHocth. [loatomy LI u comporieccop B oTAEIBLHOCTH pa3pa-
0oTaTh mpoIie, a NPy yMEIOM IPOrpaMMHUpPOBaHUH 00a TpoIieccopa MOTyT paboTaTh
napauienbHo. Hannuue aByx u Goliee mpolrieccopoB obecrneunBaeT pa3padoTyuKam
JIOTIOJTHUTENbHYI0 THOKOCTh — COIMPOLIECCOPHI MPUMEHSIOTCS TOJBKO TaM, TJ€ OHH
HEOOXOINMBI.

1.2. BbiqyucnumensbHasi cucmemMa Ha ocHoee RISC-npouyeccopa

Ha puc. 1.1 npuBenena cucrema ¢ HECKOJIBKMMH colpolieccopamu. B kaue-
CTBE ILIEHTPAIBHOTO Mporeccopa ucnonb3yercss RISC-nponeccop Plasma ¢ apxutek-
typoir MIPS. Plasma mpencrasiser coboit 32-paspsimubiii mpoueccop, VHDL-
ONMKMCAaHUE KOTOPOro CBOOOJHO pAacHpOCTpaHsieTCs 4Yepe3 CeTh HUHTEPHET
(http://opencores.org). biok-cxema mpolieccopa nmokasana Ha puc. 1.2. B cocras mpo-
1[eccopa BXOJST alllapaTHbI yMHOKUTENb/IEIUTENb, OJNOK 32-pa3psSaHbIX peru-
CTPOB, YCTPOMCTBO (hOPMHUPOBAHUS aJpeca CleaAyIoleld KOMaHIbl, YCTPOMCTBO IINH-
HOTO uHTepdeiica, MynbTUIiekcop muHbl, AJIY, caBurarens u 010K ynpaBieHUs
(Jioruka yrnpaBiieHUs).

Ha 6a3e mukpomnporieccopa Plasma MoxHO MOCTPOUTH CIIOKHYHO BBIYHCIIH-
TEJIBHYI0 CUCTEMY C MOAKIIOYAEMBIMU COIPOLIECCOPAMH.
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Puc. 1.1. ConpoueccopHasi KoHGUTypalus
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Puc. 1.2. Brok-cxema mporeccopa Plasma

B crnenyromux pasnenax OyayT pacCMOTPEHBI BOIPOCHI MPOSKTUPOBAHUS CO-
IPOIIECCOPOB, MOJKIIOYAEMbIX K IIMHHOMY HHTpedericy mporeccopa Plasma. Huxe
NpUBE/ICHA JCKJIapallvs BXOAHBIX U BBIXOJHBIX CUTHAJIOB siipa mporeccopa Plasma.

entity plasma cpu is
port (clk : in std logic;



reset _in : in std logic;

intr in : in std logic;
address next : out std logic vector (31 downto 2);
byte we next : out std logic vector (03 downto 0);
address : out std logic vector (31 downto 2);
byte we : out std logic vector (03 downto 0);
data w : out std logic vector (31 downto 0);
data r : in  std logic vector (31 downto 0);
mem pause : in  std logic);
end;
B Tabnuiie maHo omMcaHKe BXOAHBIX M BBIXTHBIX IMOPTOB IIpoHIcccopa Plasma.
Hassanue Onucanue
clk Bxon g curnana TakTupoBaHUs
reset_in Bxon c6poca B HA4YaJIbHOC COCTOSAHHC
intr in Bxon npepsiBanus
address_next AJipec ISl CIEAYIOIIEro TaKTa
byte_we_next CurHaJisl pa3spCiiCHus 3allMCu 0alToOB JIA CJICAYIOOICTO TAKTa
address [Ilnna anpeca
byte_we CurnHasl PpaspCICHUA 3allCH 0alToB
data_w [MInHa na"nHBIX IO 3aIIUCH
data_r [IInHa na"nHBIX IO YTEHUIO
mem_pause Curnai 3anpenieHus: 00paiieHus K namsitu

1.3. Cocmae peaucmpoe npoyeccopa Plasma

Tak xak mporeccop Plasma umeer apxurektypy MIPS B ero cocra Bxoasr
32 peructpa obiero HazHaueHus. [lepsoiii peructp ($0) comepsxut 3Hauenue 0 U He
MoeT ObITh u3MeHeH. ITocnenuuii peructp ($31/$ra) comepkut aapec Bo3Bpara us3
noanporpammbl. [lomHas wHbOpMaIMs O perucTpax Mpoieccopa ¢ apXUTEKTYpOil
MIPS nmauna B TaOnure.

HazBanue Homep perucrpa Haznauenue
1 2 3

$zero 0 3HauyeHHe KOHCTaHTHI 0

Sat 1 BpemMenHbIll peructp accembiuiepa
Peructpsl, ucnonb3dyemble A nepena-

$v0-$vl 2-3 Yy 3HAYEHWI, BO3BpAILlA€MbIX MOANIPO-
rpaMMOU

§20-823 4-7 Peructpel a5 nepenauu nmapaMeTpoB B
HOJIITPOrPaMMy
Peructpsl oOmero Haznauenus. Mx co-

$t0-5t9 8-15 JEPKUMOE MOKET U3MEHATHCSA NPH BbI-
30B€ MOANPOrPaAMM




OxoHuaHre TaOIULBI

1 2 3
Peructpel, ucnonb3yembie sl COXpa-
$s0-$s7 16-23 HEHUsI KOHTEKCTa, IPU BBI30BE MOAIPO-
rpaMMm
Peructper o0miero HazHadeHHsI, COIEP-
$t8-5$t9 24-25 KUMOE KOTOPBIX HE TePSIETCS MPU BBI30-

BE MOANPOrPaMMBbI
3ape3epBUPOBAHBI Il ONHCAHMS IIpe-

$k0-$k1 26-27
pBIBaHUS
Sgp 28 ['moOanpHBIN yKa3aTeNb
Ssp 29 VYka3zarenb cTeka
Sfp 30 VYkazarenb Gpeitma
Sra 31 Anpec Bo3BpaTa M3 NOJIPOrPaMMBI

Apxutexktypa MIPS mpenycmaTpuBaeT TOIBKO ABYXOMNEpaHIHbIE KOMaHJbI,
IIPU 3TOM OJIMH OIlepaH] 00s3aTeIbHO HAXOJIUTCS B PETUCTPE, a JJIsl BTOPOTO aJpec
yKa3bIBaeTCsl B KOMaH/IE.

Bce komanaet MIPS nenstcs na tpu tuna. K R-Tumy oTHOCST KOMaHIbI, IpH
BBIMIOJTHEHUH KOTOPBIX HCHOJB3YIOTCS TOJBKO PErucTphl Ipoueccopa. Komanael, B
KOTOPBIX UMEETCS HEMOCPEACTBEHHBIN onepaHs, oTHocsATes K |-tumy. Bee komaH bl
nepexoaoB oTHOCAT K J-tumy. @opmatsl koman MIPS npusenenst na puc. 1.3.

R mun | Opcode rs rt rd shamt funct

31 26 25 2120 1615 1110 6 5 0
Imun | Opcode rs rt immediate

31 26 25 2120 1615 0
Jmun | Opcode 26-bit address

31 26 0

Puc. 1.3. ®opmatst komang MIPS

B Hauane kakaoi KOMaHIbI MMEETCs MoJjie, 3ajaroiee koj oneparuu (Op-
code), namee B 3aBUCMMOCTH OT THIIAa KOMaHbI CICIYIOT IOJIS, 3aJal0lie HOMepa
peructpos (rs/rt/rd), HenocpencrBenHslii onepan (immediate) wnm aapec nepexosa.



2. Peanunsauyusa CORDIC-anroputma

[Tpr MOCTPOCHWH BBIYMCIUTEILEHON CHCTEMBI pa3pabOTUMKy BCET/Ia MPHXO-
IUTCS peliaTh, KAKUM OyleT B HEH COOTHOIIEHWE MPOTPaMMHBIX M alllapaTHBIX
cpencTB. B mocienHne HECKOIBKO NECATHIICTHH 3a CUET CTPEMHUTEIHHOTO Pa3BUTHUS
AJIEMEHTHOW 0a3bl HAaOIOIAeTCs TIEPEX0/ OT MPOTPaMMHON K amnmapaTypHOU peasu-
3alUd MHOTUX (YHKITHH. DTO MPEXK/Ie BCErO0 OTHOCUTCS K BBIUMCICHUIO MaTeMaTHye-
CKUX (YHKIMI U mpeoOpazoBanuii. YacTo B BUJE OTAEIBHBIX anmapaTypHBIX MOJY-
Jeil peanu3yloT TeHepaTopbl TPUTOHOMETPUUYECKUX (DYHKIMH, TeHepaTophl cilydai-
HBIX YHCEJ, MOJYJIH, BHIMOJHSIIONINE MOBOPOT BEKTOpA HAa 33aJaHHBIA yroJ, yCTPOM-
CTBa, peau3ylole JUCKpEeTHOE Mpeobpa3oBanue Dyphe. AnmapaTypHas peanusa-
WS TaHHBIX (DYHKIMI 10 CPAaBHEHHIO C MPOTPAMMHONU MMEET Psij MPEUMYIIECTB B
qacTu OBICTPOACHCTBHSI, MPOIYCKHOM CIIOCOOHOCTH U MPOCTOTHI MTPOTPAMMHUPOBAHHS.

B maHHOM pasnene paccMaTpuBacTacs WTEPAlMOHHBIA METOJ BBIYHCICHHS
AJIEMEHTApHBIX (PYHKINHA, KOTOPBHIA B OTEUCCTBCHHOMW JINTEPAType HOCHT HA3BaHHE
«yughpa 3a yughpoii», a B 3apyoexnoi n3pecreH kak CORDIC (COordinate Rotation
Digital Computer). Yame Bcero CORDIC-ajiroput™ UCHONB3YIOT IS BRIYUCICHUS
MOBOPOTa BEKTOpa Ha IUIOCKOCTH, OJIHAKO, M3BECHO TaKXE€ MHOXKECTBO ammapaTyp-
HBIX peaju3aluil 0osee CIOXKHBIX MpeoOpa3oBaHUl, TAKUX, KaK JIUCKPETHOE Mpeoo-
pazoBanue Dypobe, XapTiau, B ocHoBe KOTOpbIX JiexkuT CORDIC-anroputm.

2.1. OnucaHue CORDIC-aneopumma

Haunem m3yuenne CORDIC anroputma ¢ 3amaum moBopoTta BekTopa (i1mbo
TOYKH) Ha 3aJaHHBIA yroya o. Kak n3BecTHO, BEKTOP B IBYMEPHOM IPOCTPAHCTBE 3a-
naetcst mapoit koopauHat (xq,y;). [IoBOpoT BekTOpa Ha yroa o MOXHO 3aIucath B
MaTPUYHOM BHJIE CIICIYIOIIUM 00pa3oM:

X2\ _ X1
(32) =R@x (), (2.1)
rae R(a) maTtpuiia moBopoTa, KOTopast 3a1aeTcs Kak
__(cosa —sina
R(e) = (sina cos o ) (22)

[Mpsimast peanm3anms BbipaxkeHus (2.1) moTpeOyeT BBINOJHEHUS YEThIpEX
oTieparfii yMHOKECHHSI ¥ JIBYX OIEpaIlfii CII0)KEHUS, B TO BPEMS KaK HCIIOJIb30BAHNE
CORDIC-anroputma Mmo3BOJISIET BBIIIOJHUTH OMEPAIMI0 MOBOPOTa BEKTOpa 0e3 Hc-
M0JIb30BaHUs ornepaluii yMHokeHus. [Ipeobpazyem MaTpuily moBoOpoTa CilIeIyrOIIUM
obpazom:

_ 1 —tga
R(a) = cosa X (tga 1 ), (2.3)
nasnee, UCToJb3ys cooTHomeHne cosa = 1/4/1 + (tg a)?, momyduum

R(a) =

1 —tg a>. 2.4)

1
=
1+ (tga)?2 \8« 1



COS O
X1 )® = >X2
—sin o
sin o
yl )@ > >y2
COS O
a O

Puc. 2.1. TloBopoT BekTOpa Ha yroi A
@ — TIOBOPOT BEKTOpa Ha TUIOCKOCTH; 6 — TIpsiMasi pean3aliysi IoBOpoTa

OTMETHM OJHO CBOWMCTBO MAaTpHI[ TIOBOPOTA, KOTOPOE TOHAAOOUTCS IS
JATBHEUTITNX BBIKJIAIOK:
R(a + B) = R(a) X R(B). (2.5)
Ocnosnas uness CORDIC-anroputma 3aKkifo4aeTcst B TOM, 9YTOOBI UCXOTHBIN
yroJl IOBOPOTa O MPEJICTABUTh B BHUJIC JTUHCHHONH KOMOWHAIIMHU 3apaHee 3aJaHHBIX

(6a30BbIX) yIIIOB 0!
Np—1

ax ) uo, (2.6)
i=0
riae Ny — KOJMUYECTBO UCIOJIb3yeMbIX 0a30BbIX yIiIoB noBopoTa; u(i) € {1, —1} — mo-
CJICA0OBATCIIbHOCTD, onpez[eml}omaﬂ HOBOpOT.

BbazoBbie yriibl 0; 3a1at0TCs CAEAYIOIUM 00pa3oM:

0; £ arctg(27"). (2.7)
Hanee, ucnonn3ys (2.5) u (2.6), nonygaem
Ng—1
R(@ ~R| > (e, | =
i=0
= R(1(0)8p) X R(1(1)8y) .. R(W(Ny = 1)By, 1) = (2.8)
Ng-1

= | [ rawen.
i=0

Hcnons3ys (2.8), BeipakeHue (2.4) mepenuchiBacTCs B BUEC

Ny-1 Na—1
. 1 1 —u(i)Z“)

R(a) = | | R 0, = | |— . . 2.9

() | | (n(@9;) | | 722 X(u(i)Z“ 1 (2.9)

[Tpu BBIBOJE MOCIEAHETO BBHIPAKCHHS YUHUTHIBAIOCH, YTO (u(i))z =1 u 70,
uto tg(u(i)6;) = n(i)27%. Mepenmmenm (2.9) B cremyromeM BHJE:



_ 1 —u(i)27¢
R(a) ~ Ky, X U (u ot i ) (2.10)

(2.11)

rae

TakuMm 00pa3oM, 3a7aua MOBOPOTA BEKTOPA CBOAMUTCS K BBHITIOJIHCHHIO MOCIIC-
JOBaTEIBHBIX OTEpAIii CIABUra U CIOXKEHHUS C MOCIEIYIOIMNUM MacITabupoBaHHEM
BBIXOJIHBIX JIAHHBIX Ha KOd(uument Ky, . BakHO OTMETHTH, YTO KaK TOJIBKO BbI-
OpaHo MHOXECTBO 0A30BBIX YIJIOB, KOO(QUIMEHT MaciTabupoBanus Ky, OKasbiBa-

eTcsi GUKCUPOBAHHBIM U MTOCTOSIHHBIM JIJIsl BceX BpalieHuid. Huke mpuBeneH nmpumep
ucnonbs3oBanuss CORDIC-anropurma.

T
Ipumep. Heobxo0umo blnoanums nogopom 6eKmopa Ha Y201 o = =

= 0,523598 paouan, ucnonvzys CORDIC-arcopumm (N4 = 8). Brauane cocmasum
maobauyy 6a308bix Y208

HNuaekc ba3oBblil yroJ 3HayeHMe B paJiiaHax
=0 0, = arctg(279) 0,785398
i=1 0, = arctg(2™1) 0,463647
[ =2 0, = arctg(272) 0,244978
[ =3 0, = arctg(273) 0,124354
i=4 0, = arctg(2™) 0,062419
i=5 0 = arctg(27°) 0.031240
i =6 0, = arctg(27°) 0,015623
i=7 0, = arctg(277) 0,007812

Taxowce onsn Ny = 8 no ¢gpopmyne (2.11) paccuumaem macumadbupyrowguii. MHONCU-
meib.

7

Ky, = ﬂ; = 0,607259.

Hanee onpedenum nocredosamenvruocms (L), onpeoensowyio nosopom.
a~0,—06,+6,—065;+6,+6;—06,+ 6, =0,528221.

Takum obpasom, p(i) =1 -1 1 -1 1 1 -1 1], npu smom owmubra an-

RPOKCUMAYUU Y2la O PABHA

7
E=0a— Z u(i)e; =~ —0,004623 pag.
i=0

Huowce noxazana nocredosamenvhocmo MUKpOnoeopomaoes, Komopa:a umeem mecmo

10



npu ucnoavzoearnuu CORDIC-anecopumma. Ilycme ucxoouwlii 6ekmop umeem Koop-
ounamst (x,y) = (1;0).

Homep urepanun MHKpOHOBOpOT
| = — 1
- ()= (% 21 ) (o)
i=1 3/2 - 1
(1?2) =( 21 1 ) (1)
i=2 (11/23> _ ( 1 _2—2) (3/2)
7/23 272 1 1/2
i=3 (95/26) _ ( 1 2—3) y (11/23>
45/2° 273 1 7/23
i=4 1475/21° 1 —24 95/2°¢
( 815,210 ) (¢ 77 )X (45/26)
i=5 (46385/215> ( 1 _2—5) y (1475/21°>
27555/215 275 1 815/210
i=6 (2971395/221> _ ( 1 2—6) y (46385/215>
1717135/2%1 27 1 27555/215
i=7 (378621425/228> ( 1 _2—7) y (2971395/221)
222764675 /2%8 277 1 1717135/22%!
0,856524 1,410475
Macumabuponaitne (0'503942) = 0607259 X ('eogec2)

Peanusayuro ymnoorcenus na koncmanwmy (macumabdbuposanue) MOICHO Bbl-
NOJIHUMb C UCNOJILb30BAHUEM YemblpeX CLONCEHUL, eCiu npeocmasums Ko @uyuenm
MACUmMadUpoB8arust Kax

0,607259 =~ 271 + 273 — 276 — 279 — 2713,

Taxum o6pazom, (0,856524;0,503942) — smo koopounamel 6exmopa
(1;0), nosepnymoeco wna m/6 paouan, Hatioennvie nocpedocmeom CORDIC-
aneopumma.

2.2. Conpouyeccop ons peanusayuu CORDIC-anzopumma

2.2.1. O6wme cBeaeHUA O NPOEKTUPOBAHUUN NPOLLECCOPOB

B coctase mo0oro mporieccopa MOKHO BBIJICIUTh KAK MUHUMYM JIBE COCTaB-
HbIC YacTH — apudmeTndecko-moruaeckoe ycrpoictro (AJIY) u ycTpolicTBo yrpas-
nenuns (YVY).

AJIY sgBnseTCs 4acThiO MPOLECCOpPA, HA3HAYCHUEM KOTOPOU SIBISETCS BbI-
MoJIHEHUE apu(METHUECKUX M JIOTMYECKUX OIepalvii HajJ JBOWYHBIMU YHUCJIaMH, a
TaKKe Ormeparuii CIBUTOB JIBOMUYHBIX uKcesln. B Haubosee mpocThIX Mpoleccopax
AJIY BBITIOJHSET JIUIb OTIEPAIIUU CJIOKEHUSI U BRIYMTAHUS YKUCEN ¢ (PUKCUPOBAHHOM
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3aMSTON, a TAKXKE JOTMYECKUE ONEpallMi U ONEPALMH CIBUTA. Y MHOXKEHUE U JIeJe-
HUE YUCEJl B TAKUX IMPOLECCOpPax peain3yeTcsl MPOrpaMMHO B BUJIE MOCIEA0BATENb-
HOCTH MOBTOPSAIONIMXCA KOMaHJ| CJIOKEHHsS U cABUra. B GoJjiee mpou3BOIUTEIBHBIX
nporeccopax NpuMeHstoT AJIY, KOTopele anmapaTHO pean3ylT ONEpaluyud YMHO-
KEHUSI U JIeJIeHUs 4Yucesl ¢ (GUKCHUpOBaHHOM 3amsiToil. Takas peanuzanus onepanuii
IPUBOIUT K YMEHBIIECHUIO BPEMEHU UX BBIMIOJHEHUS 110 CPABHEHHIO C MTPOTPAMMHOM
peanu3anren TaHHbIX OIepaInii.

Paznmuuaror mapamiensHele u nocienosarensHbie AJIY. B napannenvuvix
AJIY Bce paspsanbl uncen o0padaThIBAIOTCA OJHOBPEMEHHO (B OJHOM MAaIllMHHOM
TakTte). s crnoxxenus yucen napauienbHoe AJIY conep UT MHOTOpa3psIHbI CyM-
Matop. B nociedosamenvnvix AJIY pa3psiapl uncen oOpabaThIBAIOTCS IOCIIEIOBA-
TEJIbHO BO BPEMEHU; CI0KEHUE 4ucell B rnociaenoBareabHoM AJIY BbeIMONHSETCA C
ITOMOILBIO BXOJSIIET0 B €ro COCTaB OJHOPA3psSAHOrO CymmaTopa paspsi 3a pasps-
JIOM, HAUMHAas ¢ MJIAIINX.

Beinonnenne onepannii B AJIY CBOINUTCA K BBINOJHEHUIO MTOCIIEI0BATEIBHO-
CTH MHUKPOOINEPALNN MO IEHCTBUEM YIIPABISIOIINX CUTHAIOB Yy, V>, ... Yy, KOTOPBIE
BBIpa0AaThIBACT YCTPOICTBO yrpaBneHus YV (puc. 2.2).

X1| X o0 X

)
(peaucmpel,
Yy . cymmamop,
Y ®* | cdsuezamens)
KOMGHGGT OnepaHOobI Pe3ynbmaml

Puc. 2.2. Opranu3anus nporeccopa

AJTY BmecTte ¢ YV cocTaBisitoT nporieccop (Jmbo comporieccop). Beimosnnsie-
Mas onepanus 3aJaeTcsl KOAOM OIepalui KOMaHbl, nocrynaromeit B YY. Ilocneno-
BATEJIbHOCTh BBINOJHEHUS MHUKpooriepaunii B AJIY mid peanu3anuym KOHKPETHOM
MarmuHHOM onepanuu (ymHokenwus, aenenus, CORDIC-anropurma u ap.) onpenens-
€TCsl aJITOPUTMOM BBITIOJIHEHHS 3TON OINepaivu. AJTOPUTMbI BBITIOJIHEHUS OTEepalinii
B AJIY uamie Bcero 3amatorcst B popMe muxkponpocpamm, Ha3bIBa€MbIX TaKXKe 2pagh-
cxemamu aneopummos (I'CA).

['CA — 3TO OpUEHTUPOBAHHBIN CBSI3HBIN Tpad), CoAep KAl BEPIUTUHBI YEThI-
pexX TUTIOB: HAYAIbHYI0, KOHEUHYIO, ONIEPATOPHYIO U YCIOBHYIO (puc. 2.3).
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y
( Hauvano ) ( Konrey, )

a d/ O

y :

Mukpoonepayuu Ycnosue

6 \1/ 5 0

Puc. 2.3. Tunst Bepinn 'CA:

a — HavaJlbHasi; 6 — KOHEeYHasl; 6 — olepaTopHas; 2 — yCcJIOBHas

ITpu cocraBiaenun 'CA HeoOX0aMMO PYKOBOACTBOBATHCS CIICAYIOIIUMHU ITIpa-
BUJIAMHU:

1) I'CA momxkHa comep:kaTh OIHY
HayaJIbHYI0, OJHY KOHEUYHYI0 M KOHEU-
HO€ MHOYKECTBO OIEPATOPHBIX U YCIIOB-

0 HBIX BEPIINH;
2) BXOJIbI M BBIXOJbI Pa3IMUHBIX
1 BEPIIMH COCAUHSIOTCS JAyraMu, HarpaB-
JIEHHBIMU OT BBIX0JIa KO BXOJ1Y;
3) Kaxaplii BBIXOA C OJHHM BXO-

Puc. 2.4. Knymas ycioBHas BepiivHa
oM;

4) nyis mro6o# Bepumabl ['CA cy-

LIECTBYET IO KpalHEW Mepe OJMH MYTh U3 3TOW BEPUIMHBI, IPOXOISIIEH Yepe3 Olle-
paTOpHBIE U YCIOBHBIC BEPIITUHBI B HAMPABICHUN COSAUHSIONUX UX YT,

5) B KaXJ0i OINEpaTOPHOW BEPIIMHE 3alUCHIBACTCS MHOXKECTBO MHKPOOIIEpa-
IIUH, COCTABJISIIONIUX MHUKPOKOMAHAY Y, SBJISIFONIYIOCS TTOJAMHOXKECTBOM MHKPOOIIE-
pammii Y = {y;, y,, ..., Yy }; ycTass MUKpOKOMaH1a 0003HAYAETCSI CUMBOJIOM Yjy;

6) B KaXI10l YCIOBHOW BEPIIWHE 3aIHMCHIBACTCS OJHMH U3 3JICMEHTOB MHOME-
CTBa JIOTHYECKUX yCiIoBud X = {X1, Xy, ..., X1 };

7) pa3peniaercsi COSMHATh OJWH U3 BBIXOJOB YCJIOBHOW BEPIIMHBI C €€ BXO-
JIOM, YTO HEIOIYCTHUMO JJIsl ONEpaTOPHOW BEPIIMHBI; Takas BEPIIMHA Ha3bIBACTCS
arcoyugent yenosnou sepuiunoli (puc. 2.4); ¢ €€ moMOIIbI0 MOXHO ONMUCHIBATh 0XKH/Ia-
HUE B paboTe AUCKPETHBIX YCTPOUCTB.

2.2.2. OCHOBHbIE MOHATUSA O CUHTE3e YCTPOUCTB ynpaBneHus (YY)

YcTpolicTBa ynpaBlICHUST XapaKTEPU3YIOCSI HEKOTOPBIM YMCIOM BHYTPEHHUX
COCTOSIHUM. B KaXXJblii MOMEHT BPEMEHHU OHO MOKET HAXOJUTHCS B OJTHOM M3 3THUX
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coctosiHuu. [lox mercTBMEM BXOIHBIX CHUTHAJIOB Y'Y NEPEXOAUT U3 OJAHOTO COCTOS-
Hus B apyroe. HoBoe coctosiHHMe, B KOTOPOE yCTaHaBIMBAETCS aBTOMAT, 3aBUCUT OT
KOMOMHALIMU JEUCTBYIOIIMX Ha €ro BXOJaX CUTHAJIOB U MPEIIIECTBYIOLIETO COCTOS-
HUS, B KOTOPOM HaxOJWJICS aTBOMAT. BBIXOAHBIE CHTHAJIBI aBTOMAaTa ONPEIEISIOTCS
I100 TOJBKO €ro BHYTPEHHUM COCTOSTHHUEM, JIMOO BHYTPEHHUM COCTOSIHUEM U KOM-
OMHaLKel BXOJHBIX CUTHAJIOB.
DYHKIIMOHUPOBAHUE aBTOMATa MOKHO OIMCATh, UCIIOJIb3Ysl TPU MHOKECTBA:
® BXOJHBIX CUTHAJIIOB X1, X3, ..., XL ;
® BHYTPECHHUX COCTOSIHUM a1, Ay, ..., Ag;
® BBIXOJHBIX CUTHAJIOB V1, Vo, ... Y-
OnHO U3 cocTosIHU (@) ABISIETCS HAYAIBHBIM. B Hero ycraHaBimBaeTcs aB-
TOMAT IEpPeJl HaYaJIoM €ro paboThl.

l'/f 'Z)(

©

X1, Y1

as

X2, Y3

Puc. 2.5. I'pa¢ aBTOomMara

PaboTa aBTOMaTa onucheIBaeTCs:

1) ¢dyskimeid nepexoaoB f, KOTopas ONpeaeisieT COCTOSHHE aBTOMara
a(t + 1) B MoMeHT BpeMeHH t + 1 B 3aBUCHMOCTH OT €ro COocTosiHUs a(t) v 3Have-
HUS BXOJHOTO curHama x(t), B MomeHT Bpemenu t: a(t + 1) = fla(t), x(t)];

2) (yHKIHEH BBIXOO0B (P, ONPEACIISIONICH 3aBUCHMOCTh BBIXOAHOI'O CHTHAJIA
aBToMaTa y(t) OT COCTOSIHHSI aBTO-

BxodHol CocmosAHue hxa?:)a a(t) W BXOIHOIO CHTHaja

T J a0 | o | @ | a y(©) = ¢la(®), ()]
e e e oy | e ot
S 72 72 72 7 [ e

Puc. 2.6. Tabnuiia nepexog0B aBTOMaTa Mypa.  OcobeHHOCTH — aBTOMAara

Mypa cOCTOUT B TOM, YTO B HEM

14



BBIXOJTHOM CHTHAJ 3aBUCHUT OT BHYTPEHHEro COCTOSIHHS a(t) W HE 3aBHCHUT OT BXOJI-
HOTO curHana. yHKIMU EPEX0/I0B U BHIXOJIOB aBTOMaTa Mypa UMEIoT BU:
a(t+1) = fla(®),x@®)],  y@©) = ela@®)].
@DYHKIIMN TEPEXO0JI0B M BHIXOJIOB aBTOMAaTa MOTYT OBITh 3aJaHbl B (popme
TaOJIHI] IEPEX0I0B M BHIXOAOB MO0 ¢ moMoIbio rpadoB. B mpaktuukux pa3pabort-
Kax rpad aBTomara crpoutcs Ha ocHoBe ['CA.

2.2.3. CtpykTtypa AJTY conpoueccopa CORDIC-anroputma

AJIY, paccMaTpuBaeMO€ B JTaHHOM pa3jeiie, BBIIOJHAET apu(pMETUUYECKHUE
oTiepaly 1 orepalyy CBUra HaJl YuciIaMu ¢ PUKCUPOBAHHON 3amAToil, popmaTt Ko-
TOPBIX MPEJCTABJICH Ha puc. 2.7.

3Hakoswlli pa3pad

s|1 3uayawue 6umer N

3anamas e 3anamas 8
npocmelix yesbix
O0pobsx yucnax

Puc. 2.7. ®opmar urcna ¢ GUKCUPOBAHHOM 3aISITON

CrpykrypHas cxema AJIY comnporieccopa CORDIC-anroputma mokaszaHa Ha
puc. 2.8.

B cocraB AJIY Bxomdar niAts peructpoB: P1 u P2 — XpaHaT npomexyTouHbIE
3HA4YEHUsI KOOPANHAT BEKTOPa, B peructpol P3 u P4 3anuckiBatoTcst pe3ynbTaThl Bbl-
yuciennst CORDIC-anropurma nocie mMacitabupoBanus, P5 xpanut 3akonupoBaH-
HYIO TOCJIEIOBAaTEIbHOCTD, 3aJa0Nyl0 yroa noBopora. Kpome peructpor B AJIY
HaxoasaTcsl nBa cymmaropa (SM), aBa cnapurarens (CJ]), a Takke 4eTblpe MyJbTH-
wiekcopa (MUX) u cxema MacIiTaOMpOBaHusI.

[Tockonpky comporeccop CORDIC-anroputma npeaHa3HaueH IJisi COBMECT-
Hoii paboTel ¢ RISC-niporieccopom Plasma, ero uaTepdeiic 10mKkeH ObITh COBMECTHM
C YKa3aHHBIM IIPOIIECCOPOM:

entity CORDIC coprocessor is
Port ( address: in STD LOGIC VECTOR (31 downto 0);
we : in STD LOGIC;
clk : in STD LOGIC;
data w : in STD LOGIC VECTOR (31 downto 0);
data r : out STD LOGIC VECTOR (31 downto 0));
end CORDIC coprocessor;

Co croponsl RISC-niponieccopa comnporieccop CORDIC-anroputma siBiisieTcst
IOPTOM BBOJIa/BBIBO/IA, OTOOPaKECHHBIM Ha aJpPECHOE IMPOCTPAHCTBO IMaMATH. B
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Havaye padotsl RISC-mporeccop momkeH o0paTuThCS K PETUCTPY COCTOSIHUS COTIPO-
neccopa CORDIC no aapecy 80000810h, ecau B MiaaiieM TPOUYUTAHHOM pas3psije

HaXOAHUTCA «1», TO COMpoIIeccop 3aHsT, HHaYe MOKHO HadaTh paboTy C COMPOIIECCo-
poMm.

data_w(31 fownto 20) data_w(lj downto 8)

\o mux 1 Lo, -\ L mMux 0/
cnt
2  p1 P2 =2
IHhAT
N 7, \ N
+/- “\+
Cié\ sM / \ sM /454

—1
—\

Y £

o EN| CT 1 data_w(7 downto 0)
C1 MacwmabuposaHue
—Dyrst 1 P c_gp Iy
C \L Cy \L \L cnt
‘> P3 > P4 MUXx

| J Ca

data_r(31 downto 16) data_r(15 downto 0)

Puc. 2.8. AJIY conponeccopa CORDIC

Jlns 3amycka corpolieccopa He0OXOAMMO 3amucaTh B PETUCTP JAHHBIX CO-
nporeccopa mno aapecy 80000800~ BxoaHyr0 HHGOPMAITHIO B CISAYIOMIEM BHUJIC:

Yeon

KoopduHama X KoopduHama Y
nosopoma

31 ... 20 19 ... 8§ 7 ... 0

Puc. 2.9. ®opmar naHHBIX, IEpeIaBaCMbIX B
conporueccop CORDIC-anropurma

[Ipennonaraercs, 4To0 KOOpAUHATHI TepeaaroTcss B dhopmare ¢ (HUKCUPOBAH-

HOM 3ansaTol (B AOMOJHUTEIBHOM KOJI€) B BHJIE APOOH, IPH ITOM IO 3HAK OTBOIUT-
csi oauH OWT, a mox JApoOHyr vacTh 11 O6uT. Kak m3BecHO, mocienoBaTeIbHOCTD,
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OTIpEIEIISIONIAsl YTroJI TOBOPOTA, COACPKUT 00 «1», mubo «—1». B mannom ciydae
«1» KomupyeTcst eMUHUIIEH, a «—1» KOIUpyeTcs HyJIeM.

Tax xak 7151 KOIUPOBAHUS yTIa OTBOAUTCS TOJIBKO 8 OUT, TO, CIIEIOBATEIHLHO,
ucrnoibszyercs 8 6a3oBeix yrioB B anroputMe CORDIC. U3 atoro ciaeayer, 4to mac-
MITa0UPOBaHNE BBIXOTHOTO PE3YJIbTaTa MOYKHO BBHITIOJHHUTH TaK, Kak 3TO MOKAa3aHO B
npuMepe B paz. 2.1.

Ha ocHoBaHuM CTpyKTypHO# cxeMbl Ha puc. 2.8 MoxHO coctaBuTh VHDL-
ommcanue AJIY compomneccopa CORDIC.

- OnmMcaHmue CHUI'HAJIOB

—— BEIXOOHEIE CHI'HAJIBEl MYJIbTHUIIIIEKCOPOB (MUX)

signal mux X, mux Y : std logic vector (15 downto 0);

—— BEIXOIHBIE CHI'HAJIEI CyMMaTopoB (SM)

signal add X, add Y : std logic vector (15 downto 0);

—— BEIXOIHBEIE perucTporB Pl m P2

signal reg X, reg Y : std logic vector (15 downto 0);

—— BRIXOIHEIE CHI'HAJIEI craBuraresey (CI)

signal shf X, shf Y : std logic vector (15 downto 0);

—— BEIXOOHOM CHI'HAJI MYJIETHIIJIEKCOpAa nJjis O6JIOKa MacCmTabupoBaHMUS

signal mux_ sc : std logic vector (15 downto 0);
—-— IlpoMeXxyTOYHEIE CHIT'HAJIBl Oja OJIOKa MacuTabupOBaHMUS
signal sc_tmp 1 : std logic vector (15 downto 0);
signal sc_tmp 3 : std logic vector (15 downto 0);
signal sc_tmp 6 : std logic vector (15 downto 0);
signal sc_tmp 9 : std logic vector (15 downto 0);
signal sc_tmp 13 : std logic vector (15 downto 0);
—— BeIxon OJioka MacwmTabupoBaHMUS

signal sc_output : std logic vector (15 downto 0);
—— BrIXOIHBIE PETMCTPH KoOpIMHAT X M Y

signal reg out X : std logic vector (15 downto 0);
signal reg out Y : std logic vector (15 downto 0);
signal reg angle : std logic vector (7 downto 0);

———————————————— AJlY conporeccopa CORDIC ———————————————-=

T e e e MyJIb TUIIJIEKCOP IOJIA KOOPIMHAaTHEL X

mux X <= data w(31l)&data w(31l)&data w(31)&data w(31l) &data w(31 downto 20)
when cl='1"' else add X;

i MyJIE TUTIIEKCOP OJIS KOOPOMHATE Y
mux Y <= data w(1l9)&data w(19) &data w(1l9) &data w(19)&data w(1l9 downto 8)
when cl='1"' else add Y;

T e e e e e e e Permcrprl X u Y (Ha cxeme Pl u P2)
process (clk)
begin
if rising edge(clk) then
if (c2='1") then
reg_X <= mux_X;
reg_Y <= muX_Y;
end 1if;
end if;
end process;

T e e e e e e e e Perycrp yruyia noBoporTa (Ha cxeme P5)

17



process (clk)
begin
if rising edge(clk) then
if (c8='1l") then
reg angle<= data w(7 downto 0);
end if;
end if;
end process;

S CoBuraresyib Ojsa permucrpa X
shf X <=reg X when cnt="000" else

reg X (15) &reg X (15 downto 1) when cnt="001" else
reg X (15)&reg X(15) &reg X (15 downto 2) when cnt="010" else
reg X(15) &reg X (15) &reg X (15) &reg X (15 downto 3) when cnt ="011"
else

reg X(15) &reg X (15) &reg X (15) &reg X(15) &reg X (15 downto 4) when
cnt="100" else

reg X(15) &reg X (15) &reg X (15) &reg X (15) &reg X (15) &reg X (15 downto
5) when cnt="101" else

reg X(15) &reg X (15) &reg X (15) &reg X(15) &reg X (15) &reg X (15) &reg X(
15 downto 6) when cnt="110" else

reg X(15) &reg X (15) &reg X (15) &reg X(15) &reg X (15) &reg X (15) &reg X(
15) &reg X (15 downto 7);

S CoBuraress Ojada perucrpa Y
shf Y <=reg Y when cnt="000" else

reg Y (15) &reg Y (15 downto 1) when cnt="001" else

reg Y (15) &reg Y (15) &reg Y (15 downto 2) when cnt="010" else

reg Y (15) &reg Y (15) &reg Y (15) &reg Y (15 downto 3) when cnt="011" else
reg Y (15)&reg Y (15)&reg Y (15)&reg Y (15) &reg Y (15 downto 4) when

cnt="100" else

reg Y (15)&reg Y (15) &reg Y (15)&reg Y (15)é&reg Y (15) &reg Y (15 downto
5) when cnt="101" else

reg Y (15) &reg Y (15) &reg Y (15) &reg Y (15) &reg Y (15) &reg Y (15)&reg Y (1
5 downto 6) when cnt="110" else

reg Y (15) &reg Y (15) &reg Y (15) &reg Y (15) &reg Y (15) &reg Y (15)&reg Y (1
5) &reg Y (15 downto 7);

e e e e e e e e CyMmmaTopEl (Ha cxeme SM)
process (shf X, shf Y, reg X, reg Y, c4)
begin
if ¢4 = '1' then - 1 coded as 1; -1 coded as 0
add X <= reg X shf Y;
add Y <= reg Y + shf X;
else
add X <= reg X + shf Y;
add Y <= reg Y shf X;
end if;
end process;

T e e My b THIIIIeKCop BEIOOPA HANOpPAaBJIEHMS IIOBOPOTA
y4 <= reg angle(7) when cnt="000" else

reg angle (6) when cnt="001" else

reg angle(5) when cnt="010" else

reg angle (4) when cnt="011" else

reg angle(3) when cnt="100" else

P
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reg _angle(2) when cnt="101" else
reg _angle(l) when cnt="110" else
reg_angle(0);

mux sc <= reg X when c5='0"' else
reg Y;

- MyﬂbTMHﬂeKCOp IJIA BBEIIIOJIHEHMA MaCIHTa@MpOBaHMH

T e e e e Biiox MacmrabupoBaHMUS

-- sc =2"-1 + 2"-3 - 2"=6 - 27"-9 - 27-13

sc_tmp 1 <= mux sc(1l5)&mux sc(l5 downto 1);

sc_tmp 3 <= mux sc(15) &mux sc(1l5) &mux sc(1l5) &mux sc(l5 downto 3);
sc_tmp 6 <= mux sc(1l5)&mux sc(1l5)&mux sc(1l5) &mux sc(1l5)&mux sc(1l5) &
mux sc(1l5)&mux sc (15 downto 6);

sc_tmp 9 <= mux_ sc(1l5)&mux sc(15)&mux sc(15) &mux sc(15) &mux sc(15) &
mux sc(15)&mux sc(15) &mux sc(1l5) &mux sc(15) &mux sc (15 downto 9);
sc_tmp 13 <= mux sc(1l5)é&mux sc(15) &mux sc(1l5) &mux sc(15) &mux sc(15) &
mux sc(15) &mux_sc(1l5) &mux sc(1l5) &mux sc(1l5) &mux sc(1l5) &mux sc(l5) &
mux sc(15)&mux sc(15) &mux sc(l5 downto 13);

sc_output <= sc tmp 1 + sc tmp 3 - sc _tmp 6 - sc tmp 9 - sc tmp 13;

process (clk)
begin
if rising edge(clk) then
if (c6='1'") then
reg out X <= sc output;
end if;
if (c¢c7="'1") then
reg out Y <= sc output;
end if;
end 1if;
end process;

-- BEIXOIHEIE PEI'MCTPE nJjig koopAmHAT X M Y (Ha cxeme P3 u P4)

T e e e e e e e CyueTunK I[IMKJIOB
process (clk)

begin
if rising edge(clk) then
if (cl='1"'") then —-— cOpocC cueTuMKa
cnt<=(others=>'0") ;
elsif c¢3='1"'" then -— YBeJMUEeHMrEe CcUueTuMka Ha eIUNHUILY
cnt<=cnt+1;
end if;
end if;

end process;

2.2.4. YnpaBsnsouee ycTpouctso conpoueccopa CORDIC-anroputma
Hcxongnoit mudopmaimeit st MOCTPOCHUS YIIPABIISIONIEIO YCTPONCTBA CO-

npolieccopa ciaykut mMukponporpamma BoinoiHeHus: CORDIC-anropurma B paszpa-

OateiBaeMoM cormporieccope (puc. 2.10).
Mukpoornepaiuy 1 JOrHYeCKUe YCIOBUS B MUKPOIPOrpaMMe O3HAYAIOT Clie-

Jyrolee:
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Mukpoonepayuu

1) P1 =data_w(31...20) — 3az2py3ka koopouHamsi X 8 peaucmp P1;

2) P2 =data_w(19...8) — 3aepy3ka KoopouHamesl Y 8 peaucmp P2;

3) P3 = data_w(7...0) — 3aepy3Kka nocnedosamesnbHocmu, onpeodenaroujeli
nosopom 8 peaucmp P3;

4) cnt = 0 — cbpoc cyemuyuka;

5) P1 = P1 + (P2>>cnt) — cnoxceHue/sbivumaHue peaucmpa P1 co cOsuHy-
mobIM Ha cnt pa3pao0os 8npaso cooepHumsiM peaucmpa P2, 3anuce pesyabmama 8
peaucmop P1;

6) P2 = P2 + (P1>>cnt) — cnoxceHue/sbidumaHue peaucmpa P2 co cO8uUHY-
mobIM Ha cnt pa3pac0os 8npaso cooeprumsim peaucmpa P1, 3anuce pesyabmama 8
peaucmop P2;

7) cnt = cnt +1 — ysesnuveHUe CO0epPHUMO20 CYeMYUKA HA eOUHUYY;

8) P3 = scale (P1) — sbinonHeHue onepayuu macwmabuposaHusa 0718 KOop-
ouHameol X;

9) P4 = scale (P2) — sbinonHeHue onepayuu macwmabuposaHusa 0715 KOop-
ouHameol Y.

JlozuyecKue ycnoeus

1) nonyyeHue 3anpoca Ha obpabomky;

2) cnt==7 — codeprumoe cyem4uKa pasHo 7;

3) P5[cnt]==0 — 3Ha4eHuUe buma c Homepom cnt 8 peaucmpe P5.

( Hayano )
0
P5[cnt] L
V v

fpuwen sanpoc Ha P1=P1+ (P2>>cnt)| (P1=P1—(P25>cnt)
0bpabomky?
P2 = P2 — (P1>>cnt) P2 = P2 + (P1>>cnt)

| ~ |

P1 =data_w(31...20)
P5 = data_w(7...0)
cnt=0

( P3 =scale(P1) )

( P4 =scale(P2) J

Puc. 2.10. Mukpornporpamma padotsl conpoueccopa CORDIC-anropurma
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Jlanee 3ameHNM B MUKponporpamme Ha puc. 2.10 noruueckue yciaoBusi cum-

BOJIAMU X1, ...

, X[, @ MUKPOOIIEpAllMU CUMBOJIAMH Yy, ..., V-

Jlo2zu4yecKue ycnoeus

x,: Mony4yeHue 3anpoca Ha obpabomeky.

X,: P5[cnt]
X3: cnt==7.
Mukpoonepayuu

v;: P1 =data_w(31...20) y7: P2 = P2 + (P1>>cnt)
y,: P2 = data_w(19...8) yg: P2 = P2 — (P1>>cnt)
y3: P5 =data_w(7...0) Yo: cnt = cnt +1
Vi cnt=0 Y10: P3 =scale (P1)
ys: P1 =P1 + (P2>>cnt) Y11: P4 = scale (P2)

Ve-

P1=P1 - (P2>>cnt)

( Hauano )

@

Vi yu ¥ Vs Ve

Puc. 2.11. I'pad-cxema anroputma

21



[locne 3aMeHBl B MUKPOIIPOTPAMME JIOTUYECKUX YCIOBUHA U MUKPOOIIEPALMI
noyuuM rpad-cxemy anroputma (I'CA), nzobpaxxennyro Ha puc. 2.11.

B xaxnon ycnoBHo# BepuinHe ['CA 3anucbiBaeTCs OJIMH U3 3JIEMEHTOB JIOTH-
geckux ycaouit X = {Xq, ..., X;}, a B KaX/JI0i ONepaTopHOI BEPIIMHE 3aMUCHIBACTCS
onepamop (MHUKPOKOMaHAa) Y; — MOAMHOKECTBO MHOXKECTBA MHUKpooIepanui Y =
O ynd

PaccmoTpum cuHTe3 MuKpornporpaMMHoro apromara (MITA) Munu. Ha nep-
BoM mare B I'CA Beigensitorcest cocrossaust MITA no crenyromum npaBuiam:

1) BXOI BEpIIMHBI, CICIYIOIIEH 32 HaYallbHOW, a TaKXKe BXOJ KOHEYHOH Bep-
IIMHBI OTMEYAIOTCSI CAMBOJIOM 1

2) BXOJbl BEPIIHH, CICAYIONIMX 3a ONEPATOPHBIMHU, OTMEUYAIOTCS CUMBOJIAMHU
a,,as, ..., ay.

Bo BTOpOM mpaBHWiIe HE OrOBapHBAETCs, BXOJ KAKOM BEPUIMHBI OTMEYACTCS
CHMBOJIOM @,,. DTO MOTYT OBITh KaK yCIOBHBIC BEpIIHMHHI (a4, A3, s Ha puc. 2.11),
TaK W ONEPAaTOPHbIC BEPIUIMHBI (A3, A4, Ag). BaXXHO TOJIBKO, YTOOBI OTMEUaeMasi Bep-
IIMHA CJIEA0Baja 3a ONEPAaTOPHOU BEPIIMHOM.

Ha BTOpoM miare cuHTe3a cTpouTcs Tabiuia mepexonoB MITA (tabm. 2.1).
Tabnuua BKIIIOYAET MATh CTOJOLOB: Ay, U g — UCXOJIHOE COCTOSIHUE U COCTOSHUE
nepexona; X U Y; — BXOAHOW M BBIXOJHOM CUTHAJIBI HA IEPEXOJE aBTOMATA U3 CO-
CTOSIHUA (A, B COCTOSIHUE Qg COOTBETCBEHHO.

Ha TpeThem miare cuHTe3a A5 K10l MUKpPOOIIepalluy OnpeesseTcs Habop
VIOPABJISIIOUIMX CUTHAJIOB, KOTOPBIA oOecrieunBaeT ee BbinojdHeHue. Hanpumep, s
BBITTOJIHEHUSI MHUKpOOTepanu y; (3arpy3ka maHHbIX B peructp P1) HeoOxommmo
YCTaHOBUTDH C; B €AMHUILY (YIPaBICHHE MYJIBTUILUICKCOPOM) U C, TAKXKE B CIAUHUILY
(paspermienue 3anucu B peructp P1). B ta6m. 2.2 npuBeaeHbl HAOOPHI YIIPABIISIONIIX
CUTHAJIOB JJISl BCEX MUKPOOIIEPALIUN.

Tabauma 2.1
ITepexonst MITA
Ay as Xh Yt
a, a, X1 -
as X1 V1, Y2,Y3, Y4 Y
a as X2 Vs, Vs Y3
X2 Y6, Y7 Y,
as Ay 1 Yo Ya
Ay az X3 -
as X3 Y10 Yg
as aq 1 Vi1 Yo
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Tabmuma 2.2

<YHpaBHﬂHHHHCCHFHaHH

Muxkpoonepanus 3Havenne Yupasisomue CUrHAJIbI
i € €3 C3 Cg Cy; Cg
V1 P1 =data_w(31...20) 1 1 0 O 0 0 O
Vo P2 = data_w(19...8) 1 1 0 O 0 O O
V3 P5 = data_w(7...0) o o o0 o o0 o0 1
Va cnt=0 1 0 o0 o0 O o0 O
Ve, Ve P1 =P1 + (P2>>cnt) o 1 0 0 0 o0 o
V7, Vs P1 = P1 + (P2>>cnt) o 1 0 0 0 0 0
Vg cnt=cnt +1 o o0 1 0 O o0 O
V1o P3 =scale (P1) o o0 o o 1 o0 0
Vi1 P4 =scale (P2) o o o 1 o0 1 0

Nmes B pacniopspkeHnu Tadmuiry nepexooB MITA u taGiuiry ynpapistommx
CUTHAJIOB, MOKHO cocTaBuTh VHDL-onucanue ycTpoicTBa ynpaBieHUsI COIMPOIIEeC-

copom CORDIC-anroputma.

it JEKJIAPALIMA CHUI'HAJIOB
—-— CocTodAHMA aBToOMaTa yHNPAaBJIEHMSA

constant al : STD LOGIC VECTOR (2 downto 0):= "000";
constant a2 : STD LOGIC VECTOR (2 downto 0):= "001";
constant a3 : STD LOGIC VECTOR (2 downto 0):= "010";
constant a4 : STD LOGIC VECTOR (2 downto 0):= "011";
constant ab : STD LOGIC VECTOR (2 downto 0):= "111";
—— YOpaBiigoupe CHUI'HAJIE
signal cl : std logic:='0"; —-— yhnpaBJIeHMEe MYJIbTUIIJIEKCOPAaMU
signal c2 : std logic:='0"; -— YHOpaBJIEHUE PEIMUCTPAMU
signal ¢3 : std logic:='0"; -— CuI'HaJ yHpaBJIeHMs cYeTuymukoM (cnt++)
signal c4 : std logic:='0"; -— YIHOpaBJIEHME CYMMAaTOPAaMM,/BEYMTATEIISIMA
signal c5 : std logic:='0"; —-— ynpaBJIeHME MYyJIbTUILIIEKCOPOM
signal c8 : std logic:='0"; —-- ynpaBJIeHME PETUCTPOM, XPaHAIMM yTOJI.
signal c6 : std logic:='0'"; -— yhopaBJIeHMe 3aluchbio B perucTtp P3
signal c¢7 : std logic:='0"; -— yhopaBJIeHMe 3aluchbio B perucTtp P4
signal ff busy : std logic:='0"'; -— ¢yar 3aHATOCTU
signal ff busy rst : std logic:='0'; —-- cOpoc ¢yara 3aHATOCTU
signal cnt : std logic vector (2 downto 0):="000";
signal state, next state : std logic vector (2 downto 0):="000";
T e e e e e e e OIIMCAHUE APXUTEKTYPE]
Rt djiar BaHATOCTH
busy: process(clk)
begin
if rising edge(clk) then
if (¢l = '1') then
ff busy <= '1"'; —-— yCTaHOBKa @Jjlara BaHATOCTU

elsif (ff busy rst='l") then
ff busy <= '0';
end if;
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end if;
end process;
e e e e e e Yopapisonpt asToMaT (Muin)
-— IlamMaTe aBToOMaTa
SYNC PROC: process (clk)

begin
if rising edge(clk) then
if (reset = '1l') then
state <= al;
else
state <= next state;
end 1if;
end if;

end process;

—-—JlekogupoBaHMe BBEIXONOHEIX CUI'HAJIOB
OUTPUT DECODE: process (state,we,address)
begin
case (state) 1is
when al=>
-— IlpoBepka ycJjoBus x1

if address = x"80000800" and we = 'l' and ff busy = '0O' then
—-— yHOpaBJIeHUEe BXOIOHEIMM MYyJIbTHUIIEKCOpaMy M COpocC cueTumka cnt
cl <= "'1";
c2 <= "'1"; -- BanmMck IJAHHEIX B permcTps P1/P2
c8 <= "'1"; -— BanmMce HJaHHEIX B perucTp yIvia noBopora (P5)
else
cl <= '0"; c2 <= '0";
c8 <= "'0";
end if;
c3 <= "'0";
-— IlogkygwyaeM K OJIOKY MacHmrabupOBaHMS perucrtp Pl
ch <= "'0"'; coe <= '0"';
c7 <= "'0"; ff busy rst<='0";

when a2=>

-— yHOpaBJIeHME BXOIHEIMM MYJIETHUIIJIEKCOPaMM

cl <= '0"';

-— BaANMCE PEe3YyJIETATa CJIOXEHMS/BEIUMTAHMSI B PEerucTpel P1/P2
c2 <= '1"';

c3 <= '0'; c5 <= "'0";

c6 <= '0'; c7 <= "'0";

c8 <= '0'; ff busy rst<='0"';

when a3=>

cl <= '0'; c2 <= "'0";

c3 <= "'1"; -— yYyBeJIMUMBAEM CcuUyeTumk (cnt) Ha enmuHuILy
ch <= '0'; c6 <= '0";

c7 <= '0'; c8 <= '0";

ff busy rst<='0"';

when a4=>
if (cnt="111") then

ce <= "'1"; —-— Banmck pesyjabTara B peructp P3
else

c6 <= '0";
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end if;

cl <= '0'"; c2 <= "'0";
c3 <= '0"; c5 <= "'0";
c7 <= "'0'; c8 <= "'0";
ff busy rst<='0"';

when ab5=>
cl <= '0"'"; c2 <= "'0";

c3 <= "'0";

ch <= "1"; -— HojgkJioyaeM peructp P2 k 6JIOKYy MacmTabupoBaHMUSI
c6 <= '0"; c8 <= '0";

c7 <= "'1"; -— BamnmMce pesyJbTaTra B peructp P4

ff busy rst<='1l"';

when others=>

cl <= '0'; c2 <= "'0";

c3 <= "'0'; c5 <= "'0";

c6 <= '0'; c7 <= "'0";

c8 <= '0'; ff busy rst<='0"';
end case;
end process;

NEXT STATE DECODE: process (state,we,address,cnt)
begin
next state <= state; -- mo-ymMosYaHMIO OCTaeMcs B TOM X€& COCTOSHUM
case (state) 1is
when al =>

if address = x"80000800" and we = 'l' and ff busy = '0' then
next state <= a2;

end if;

when a2 => next state <= a3;

when a3 => next state <= a4;

when a4 =>
-— EcJjiM He BBIIOJIHMIIM BCE MUKPOIOBOPOTE — HIPOIOJIKAEM.
if (cnt="111") then

next state <= a5;

else
next state <= a2;
end if;
when a5 => next state <= al;

when others =>
next state <= al;
end case;
end process;
-— BEZavya Ha MmMHY JmMbo CHIT'HaJIa 3aHATOCTM, JIMOO BEIXOIHBIX JaHHEIX

data r<= reg out Xé&reg out Y when ((address = x"80000800"™ ) and (we='0"))
else

(x"0000000"&"000"&ff busy) when ((address = x"80000810" ) and
(we='0"))

else "ZZZZZ72227222222222222222222222222" ;
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3. Peanusauua anroputmoB LIOC
Ha ocHoBe apucdpmMeTUKu ¢ HPUKCUPOBaAHHOM 3aNATOM
nepemMmeHHoro opmarta

[Tpu npoeKkTHpOBaHUM MOPTATUBHBIX HU(POBBIX CUCTEM, pabOTAIOLIUX B pe-
aJIbHOM MaciTabe BpeMeHH, 0c000€ BHUMAaHHUE YJENIeTCS TaKUM MOKa3aTessiM, Kak
CKOPOCTb BBIYMCIIEHHI, allllapaTHbIE 3aTPAThl, CI0KHOCTh AJITOPUTMOB BBIIIOJIHEHHUS
apudmernueckux omnepauuid. [lo 3ToN mpuyMHE OOJNBUIMHCTBO YCTPOMCTB TaKOTO
KJIacca BBIMOJHAIOTCS Ha OCHOBE apu(METHKU ¢ (UKCUPOBAHHOM 3aIlATOM, KOTOpas
MTO3BOJISIET OJYYUTh XOPOIIUE PE3YJIbTaThI 10 NEPEUNUCIECHHBIM OKA3aTEISAM.

[Tporecc peanuzaiyu anropuT™Ma Ha OCHOBE apu(METUKU C (PUKCHPOBAHHOM
3anAToil B OOIIEM Cilydae MOKET ObITh MPEACTABIECH B BHUIE rpad-cxeMbl, n300pa-
»KeHHOM Ha puc. 3.1.

L

N3

Peanu3zanus anropurma Ha OCHOBE
apu()METHKH C TUIaBAOLICH 3arsaTon

/\

<Monem> oteeuaeT Tpebosannam- _HET
[OCTaBJICHHOM 3a1a4H ? -

Z[A\D

Peanusanus mony4eHHON MOJEIH Ha
OCHOBE apH()METHKH C
(hUKCHPOBAHHOM 3aIISITOM

/\

<MOHGHL OTBEYaeT TpeGOBaHI/IﬂM: HET
MOCTABJICHHOM 3a/1auu ?

Tw

Pa3paboTka nporpaMMHOTO u/uiu
annapaTHoro obdecredeHus

J

Puc. 3.1. Dramnbl npoekTupoBaHus MU(YPOBBIX YCTPOUCTB HA OCHOBE apuPMETHKU
¢ (UKCUPOBAHHOM 3aMATON

Kak BUAHO M3 pHCYyHKa, NEPBBIM ATal MPOEKTUPOBAHUS 3aKJIIOYAETCA B IIO-
CTPOCHUHU MOJIENIM, MCIOJIb3YyIoled apudMETUKy ¢ TiaBarouiei 3amsitoil. JlaHHBIN
3Tal MO3BOJSET Pa3pabOTUUKY UCCIAEAOBATh CTPYKTYPY M OCOOEHHOCTH CaMOro al-
roput™Ma 6e3 yuyera 3p(eKTOB KBaHTOBaHUSA KOA(DPUIIMEHTOB U JAHHBIX, U €CIIU MO-
JIeNb yIOBIETBOPSIET TpeOoBaHUsIM T3, MOKHO CMEJIO MEPEXOJIUTh Ha CIEAYIOIIYIO
CTYIEHb — pean3alrio aIrOpUTMa Ha OCHOBE apU(PMETUKH ¢ PUKCUPOBAHHON 3ars-
TOH. 31ech mepen pa3pabOTUYMKOM BO3HHMKAET Psii BOIPOCOB KacaTelbHO BbIOOpa
dbopMaTta JaHHBIX, Pa3psAHOCTH BBIYUCICHUN, CXEMbI OKpyTJeHUs pesyibTrara. Ot
YCHEIMIHOTO HAaXO0XJAEHUSI OTBETOB HA JTAHHBIE BOIIPOCHI BO MHOI'OM 3aBHCHUT IOJIOXKH-
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TEJNbHBIN PE3yNbTaT MPOSKTUPOBAHUS MPOTPAMMHOTO W/WIIM anmapaTHOTo obecreye-
HUS 1U(POBOTO YCTPOMCTBA.

B nanHOM paszzpene paccMoTpeH noaxon K peanuszauuu anroputmon LOC Ha
OCHOBe apu(pMeTHKH ¢ (UKCUPOBAHHOM 3amsTol nepemMeHHoro gopmara. B coorser-
CTBHH C 3THM TOAXO0JIOM HPOU3BOIUTCS aHAIU3 aJrOpUTMa B KaXKIOM y3J€ U mocJe-
Ayroliee MaclITabupoBaHKUE NaHHBIX C IENBI0 COXPAHEHUSI MaKCUMAaJIbHOTO JTUHAMU-
4eCcKoro JuarnaszoHa. Mcronb3oBaHue mMacTaOupoBaHMs MPUBOIUT K TOMY, YTO Ha
pa3IMUYHBIX y4YacTKax ajJropuTMa JaHHbIE UMEIOT HEOAMHAKOBBIA (opMmat. JlanHoe
0OCTOSTENICTBO OIPEENsieT HEKOTOPble OCOOCHHOCTH OpPTaHU3alli BBIUMCIIEHUH, O
4YeM M3JI0’)KEHO HIbke. B 3aximoueHuu paszgena OyneT pacCMOTPEH IpUMEp peanu3a-
IIUU COMpOILIeccopa Al OPraHU3alMK BHIYMCICHUIN B alTOPUTMaxX Ha apu(pMETUKE C
NEPEMEHHBIM (POPMATOM.

3.1. NMpedcmaeneHue Yyucen e apughmemuke ¢ hukcuposaHHOU
3ansamou nepeMeHHo20 chopmama
JIto6oe uucio, mpeAcTaBieHHOE B apudmeTnke ¢ (HUKCUPOBAHHOW 3arsITON
(®3) nepemennHoro gopmara, 3aJ1a€TCs B BUJI€ BHIPAKCHUS:
wi-2
a=ma-2%Ps, tonema=(-1)°+ z ;- 207w (3.1)
i=0
3necr ma — caMo 3Ha4€HUE 4Kciia, MPEeJCTaBICHHOE B JIOMOJIHUTEIHLHOM KO-
e, MHTEPIPETHPYEMOe Kak JApoOHoe B auanaszone [—1,1); a; — 3T0 3HAYEHHUS COOT-
BETCTBYIOIIUX OUTOB umcia, paBHble 0 0o 1; s — 3HAKOBBINM OUT; Wl — pa3psaaHOCTD

cioBa (puc. 3.2); exp, — 3TO MOPSIOK MACIITAOUPYIOIIEro MHOXKUTEIN 2°*Pa, koTto-
pBIii B 001IIEM clTydae it IEPEMEHHON A € [ApinAmax | MOKHO OMPEACIUTE KaK

€XPq = “082 max(laminL |amax|)]- (32)

eXpPa wl-expa-1

S law2lawmal e L d | A1 | Ag

wi

Puc. 3.2. IlpencraBnenue uncna B apudmeTrke ¢ GUKCUPOBAHHOMN 3aIISITON
Takum 06pazom, B K&KIOM y3Jie alTOPUTMA MOKHO OMPENEITUTh KOHKPETHBIN

dbopmar 3HaYEHHI MMEPEMEHHBIX U KOHCTAHT, IOCJIE YEro MOXKHO MEPEXOIUTh K pea-
JIV3alUU 3a1aHHBIX BBIYUCIICHUN.

27



3.2. BbinonHeHUe MameMamu4ecKux ornepauyut e apugpmemuke
nepemMeHHoO20 ¢hopmama

ITycTh Ha OMpeIeIEHHOM yYacTKe aJrfOpUTMa HEOOXOIMMO MPOU3BECTH CJIO-
’KEHHE JIBYX BXOJIHBIX IIEPEMEHHBIX, 3aJaHHBIX B CICAYIONMX (opMaTax:
a (wl,exp,), b (Wl,exp,), rne wl — njvHa ClI0Ba, a exXp,, exXp;, — YUCI0 OUTOB, OT-
BEJICHHBIX TOJI LEJIYIO YacTh, IPH 3TOM MYCTh €XP), = €XD,, TOrNa Pe3yIbTaT CyMMBI
¢ yuetoM (3.1) MOKHO 3amucaTh Kak

c=a+b=mc-2%Pc = (ma-2*Pa=*Pb + mp) - 2¢¥Pb, (3.3)

B nmanHo¥ 3ammcu ymHOXeHHe Ha 2°*Pa~®*Pb  cooTBeTCTBYeT apudpmeTnde-
CKOMY CIIBUTY BIIPaBO JIJIsl «BBIPABHUBAHU» OUTOB C OJAMHAKOBBIMU BECaMHU B OTIE-
pangax ma u mb (puc. 3.3). [lyis 00JbIIMHCTBA MU(PPOBBIX CHCTEM JJIMHA C10Ba Wl
ABIIsIETCS (PUKCUPOBAHHOM, MTOATOMY MIIQJIIINE eXP;, — exp, OUT 4uciia a B pe3ylib-
TaTe apu(PMETUIECKOTO CABUra OTOPACHIBAIOTCA U HE YYaCTBYIOT B ONEPAIIUU CIOXKE-
HUSL.

2expa-epr
W expa
a=ma-2"" sisisisis|s ,
+ expb-expa +’ \
b=mb-2°" s 1 «OTOpackIBAIOTCS
[ expb T ‘
c=mc-2%%° s 1
expc=expb B

Puc. 3.3. Cnoxxenue uncern, 3aaHHBIX B pa3HbIX (popmaTax

expa

a:ma.zexpa S

X expb X
b=mb-2€pr:> >

[ [

~ «OTOpackIBAIOTCS
c=mc-28¢ 2wl-1 expe=expa+exph wl-1 Vo
SIS |ew2 Co / '
w
2-wl

Puc. 3.4. YMHOXeHHE ynce, 3aJaHHBIX B pa3HbIX (hopmaTax
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Teneps paccMOTpUM OCOOEHHOCTH YMHOXKECHHS UYWCEN, MPEACTABICHHBIX B
pasnmuuHbiX (popmaTax. B coorBercTBHHM ¢ (3.1) pe3ysbTaT mpou3BeACHUS IBYX OIIe-
PaHIOB 33JJaHHBIX B Pa3IUYHBIX (hopMaTax onpeaesieTcs: Kak

c = mc - 2°%Pc = ma - mb - 26¥PateXPp, (3.4)

Tak xak 3Hauenuss ma, mb € [—1,1), To onepaiio ma * mb MOXHO BBITIOJI-
HATH 10 MPaBHJIaM YMHOKCHHUS JPOOHBIX YHCEN, IPEICTABICHHBIX B JOMOJHUTEIb-
HOM Kojie. Toraa pe3yiabTaT YMHOXKCEHUS OyACT UMETh JITMHY CJIOBa, paBHYIO 2 * Wi,
IIPY 3TOM TIEPBBIA 3HAYAIMA OUT CMECTUTCS Ha OJIHY TO3HUIMIO BIpaBo. Takum 00-
pa3oM, KOpPEKTHOE 3HAYECHUE MC JJIsl BRIOPAHHOM JUIMHEI cjioBa Wl Oyjaer pacrosio-
KEHO B paspsinax, HaunHas ¢ wl — 1 u o 2wl — 2 (puc. 3.4).

JIJIst TydIero yCBOCHUSI MaTepraia pacCMOTPHUM IPOCTOU TIPUMED.

Hpumep 1. Jan credyrowuii yuacmok aieopumma:

c=a+b,

e=c-d,
eoe a € [—0,250,75], b € [—1,25 0,5]— nepemennvie, d = 1,5 — xoncmanma, pas-
PAOHOCHb €108 4 buma, 8bluUCIeHUsL BINONHAIOMCS 8 OONOJIHUMENbHOM KoOde. Heob-
XOOUMO peanuz08amv OAHHGII Al2OPUMM HA OCHO8e apumemuxu nepemenHo2o
¢dopmama.

Pewenue. Paccuumaem 3nauenusi cmenenei Macumadupyrouux MHoONCUme-
Jietl 013 nepemenuvix a, b, c, e:

exp, = [log,(max(jal))] = [log,(0.75) 1 = 0,
expp = [log,(max(|b|))] = [log,(1.25) | =1,
exp, = max(exp,, expy) = 1,
exp, = exp. +exp; = 1+ [log,(1.5)] = 2.

U3 paccuumannvix 3HaweHutl 8UOUM, 4MO O KOPPEKMHO20 BbINOJIHEeHUs.
onepayuu Crodcenuss HeobXxoo0uMo OCyuecmsums apu@dMemuyeckull cosue enpaso
NnepemMeHHol A, maK KaxK ee 3HA4YeHue CmeneHu Macuimadupyouezo MHONCUMes
MeHblle, uem y nepemennol b . B umoee ¢ yuemom mpebosanutl k popmamy npeo-
CMaeseHUusi OAHHLIX NOJIYYAeM cXeMmy O/ 8bIYUCICHUS ANOPUMMA, U300PAINCEHHYTO
Ha puc. 3.5.

ceepecpen,
[ [ ]
[ [ ]
. . J

cccbhocbaa’

Puc. 3.5. Cxema peanuzaruu anropurma Ha apudpMeTuke ¢ PUKCUPOBAHHOM
3aIsITON MepeMeHHoro hopmara
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Kax euono uz pucymxa, npu ucnonv3osanuu @UKCUpoOSAHHOU pa3psaOHOCU
yucen 8O3HUKAIOM OWUOKU BbIYUCTIEHUN NPU apUuhMemuieckom cosuce u ycedeHuu
(1ubo oKpyenenuu) nocie onepayuu YMHONCeHUs (NyHKmupHas aunusi Ha puc. 3.5),
HOSMOMY NpU Pearu3ayuu aieopummos, KaK npasuio, 8600UMCs OONOJHUMENbHbLU
AHAU3 MOYHOCMU GbLIYUCIEHUL U, eClU HeoOX00UMO, Y8eIUudUsaemcs paspsoHoCmy
NPOMENCYMOYHBIX U BIXOOHBIX ONEPAHO0S.

Bropoii npumep, NpUBEIEHHBIN HIXKE, YK€ OyJAET OTHOCUTHCS K KOHKPETHOM
3a/1aue Mo peanm3anuy Ha ocHOBe apudMeTuku ¢ O3 nByXKaHAIBLHOTO OaHKa (UIIh-
TPOB.

Ipumep 2. Ilycmov neobxooumo peanruzoéams Ha ocHoge apupmemuke ¢ D3
08YXKAHAIbHBIU OAHK (hunempos, cenapupyrowuil 6xooHou cuenan Ha H4- u BY- co-
cmasnsiowue ¢ nocredylowell 0eyumayuell N0 OCHOBAHUI0 084 6 KAJCOOM KaHaxe™ .
Hcxoonvie Oannvie: 6 kauecmee OA3UCHBIX UCHOAb3VIOMCS Gelslen-Quibmpol ce-
meticmea Jobewu Db2 (4 kosgppuyuenma); 3navenus 6xoono2o cueHaia npeocmas-
JIAIOMcsl Kak OpobHbie uucia 6 ghopmame ¢ GUKCUPOBAHHOU 3aNAMOl 8 OONOJHU-
menbHoM KoOe, paspsonocmo 16 oumoes (QL15); peanuzayus 6anka oonsicna 6Gvimo
BbINOJIHEHA C UCNONb30BAHUEM CXEMbl HA NeCMHUYHBIX CIMPYKMYpax (8 3apyoexcHotl

aumepamype lifting scheme).

Pewenue. B pamxax oannoeo nocobus ne 6y0ym paccmampueamvcs meope-
muyecKue 8bIKIA0KU, Kacarowuecs cxemovl OAHKA UILIMPOE HA NTeCMHUYHBIX CIPYK-
mypax. [loomomy nepetioem nenocpedcmeeHHo K paccmompenuto anreopumma. Ha
puc. 3.6 npusedena O10K-cxema NPOeKmMupyemo2o 08YXKaHaibH020 OAHKA ¢ UCHOJb-
308aHUeM MEPMUHOB Z-NPeobPaA308aHUsL.

Xe(2) K1

|> Y (2)

Puc. 3.6. binok-cxema JIByXKaHaJdbHOTO 0aHKa (PUIBTPOB aHAM3A HA JIECTHUYHBIX
CTPYKTypax JiIsl MaTepUHCKOM BelBieT-hyHKImu JJooemmu Db2

! IeyxkananbHpiil 6aHK QUILTPOB NPUMEHSETCS B PA3IMYHBIX TPUJIOKEHUIX MHOTOCKOPOCTHOM 06paboTKu
CUrHajoB. B uyacTHOcTM &aHHBIH OJOK sBiIseTcs 0a30BOW JEKOMIIO3MLMEH B alrOpUTMax OBICTPOro BEHBIET-
peoOpa3oBaHMs M MAKETHOTO IMCKPETHOTO BEHBIIET-ITPE0OPa30BaAHMS.
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Ha pucynke esedenvt cnedyrowue obosnauenus: X(z) — npeocmaenenue 8
z-obnacmu 6éxoonozo cuenana, X,(z), X,(z) — npeocmasnenus nociedosamenvHo-
cmetl, COCMOAWUX COOMBEMCMBEHHO U3 YemHbIX (even) u Heuemuwix (odd) omcue-
mo8 6x00HoU nociedosamenvrocmu; by, by, bs, Ki, K, — nocmosaunvie xos¢hpuyuen-
Mmbl, HA KOMOpble OCYULeCNBILeMCA YMHONCEHUE BXOOHbIX U NPOMENCYMOYHLIX 3HA-
yenuil 6 coomseemcmeuu co cxemoul aneopumma; Y;(z),Yy(2) — npeocmaesnenus evl-
xo0nvix H4- u BY-xomnonenm 6xo0Ho20 cucHaia.

3Hauenuss NOCMOAHHBLIX KOIDDuUYUEHMO8 NeCMHUYHOU CMPYKMYpbl 04
setisrem-purompos JJooewn Db2 mooxcno nonywume, ucnonvzys cpedy MATLAB, npu
ROMOWU Cedyouje20 Kood:

1sdb2 = liftwave ('db2'");

8 pe3yibmame B6bINOJIHEHUSI KOMOpPOo20 6 NnepemMeHHyl0 1sdb2 6Oydem 3aHeceHa
CMpPYKmMypa OAaHHBIX, XpaHAWAs UHopmayuio o cxeme OBYXKAHAILHO20 OAHKA
Gunbmpos Ha 1ecmuuunbIX cmpykmypax. Taxum oopazom, umeem ciedyrouue 3Haye-
HUus Koagpuyuenmos: b; = —1,7321, b, = —0,0670, b; = 0,4330, K; = 1,9319,
K, = 0,5176. Ilpu oannwvix 3nauenusx cxema umeem Ha bixooe 8 nNojoce nPonycka-

HUs K03 uyuenm ycunenus \'2.
Tenepv 0151 6bINONHEHUS. APUPMEMULECKUX BLIYUCTEHUL HEOOX00UMO ocyuje-

cmeums Keawmosauue (nepegoo uz gopmama ¢ niasaroweu 3anamou & gopmam c
Gurcuposanrol 3anamoi) Kodgduyuenmos. /s 3mozo ucnonvzyem cieoyioujee
obuyee svipasiceHue:

b = my - 2¢%Pb, Imy| € [0,5; 1], exp, € Z. (3.5)

B cywmocmu, oannoe swipasicenue noopasymesaem, umo npu nepesooe u3
Gopmama ¢ niasarowell 3anamou 8 opmam ¢ GUKCUPOBAHHOL 3aNsSmMoll 3HAYEHUIO
my, NpUCeaUBaemcs MaHmMuUcca UCXo0Ho020 Kodpouyuenma, 3a0anno2o 8 opmame c
niasaowell 3ansamotl, a napamempy exp, COnoCmasisiemcs NoOps0oK 3mMo2o 3Haye-
Husi. Jlannolii cnocob no36oJisiem COXpaHums HAubOIbULYIO MOYHOCHb NPU NEPesooe
YUCIa Npu 8blOPAHHOL ONIUHE CIOBA.

B umoce nonyuaem caeoyrowue 3navenus 0 ko3@pguyuenmos ¢ mouHoCmoio
npedcmaenenus 16 oumog: my, = 912644, my, = BB68;4, myz = 6EDA14, My =
7BA4,s, mg, =424145, u coomeemcmeeHHO  3HAYEHUs. expp: = 1,
expp, = —3, expyz = —1, expgs = 1, expg, = 0.

B zakniouenue ocmaemcs onpeoenums gpopmam npeocmasieHuss OAHHLIX 8
V3axX aneopumma no aHaiocuu ¢ npeovloyuum nPpUMepoM U 6 COOmMeemcmeul ¢ no-
JIYYEHHbIMU Pe3YIbmamamy nepecuumams 3HaveHus 01 apupmemuyeckux co8ueos
nepeo onepayusiMu CJOHCEHUsL.

Taxum 0bpazom, 015 paccmampusaemo2o aleopumma noayiaem cxemy pea-
Jqu3ayuu Ha apugpmemure ¢ OUKCUPOBAHHOU 3aNAMOU nepemMenHo2o hopmama, npeo-
cmasnenHyro Ha puc. 3.1,

Kaxk 6uono uz npusederHoti cxemul, 3Hauenus NOPsAOKO8 MACUmMaodUpyouux
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MHOdMCUmMenel 8bIX0OHbIX 3HayeHull pasuaomces 1. [lannvlu pezyniomam cesazam ¢
mem, 4mo 8bIX0OHOU KO3 puyuenm ycuieHus 8 noaoce nponycKaHus paget ojs

Kaxco020 kamana \ 2, ¥mo 8 ceor ouepedsv u nompebosano 1 oum ons 3a0anus yenou
yacmu yucia.

K

1
X(@z) [11)2° 12 [-1 1)2° - [-1 1)2° [-1 1)2'Y (2)
"2 —(+ + —»l >—>

[-1 1)22|>>2 [-1 1)-2°

b, b, bs
[1 1)-2*

[1 12" [1 12" Yy(2)

v2

Puc. 3.7. bnok-cxema peanuzanuu JByXKaHaJIbHOTO 0aHKa GUIBTPOB
Ha OCHOBE apu(METHKHU NIEpeMEHHOro hopMarta

3.3. Cmpykmypa conpouyeccopa 0ss1 8bIYUCIIeHULl
e apugmemuke nepemMeHHoO20 ¢hopmama

B kadecTBe npumMepa pacCMOTPUM peaIu3aliio CONPOLECCOPHOro O0Ka 1is
RISC-nmpornieccopa PLASMA, BrITIOHSIONETO B apu(METHKE TIEpeMEeHHOTo (popmara
3a/laHHBIA HAOOP MaTEMATUYECKUX OIEpalui.

CTpyKTypHO MaHHBIM OJOK COCTOMT W3 IIECTH PErHCTPOB JAHHBIX, OJOKa
yIpaBIEHUS, a TAK)KE IBYX YMHOKUTENEH, ABYX CyMMAaTOPOB, YETHIPEX MYJIbTUILICK-
COpPOB M YETBIPEX YCTPOUCTB apuPpMETHIECKOTO caBura Brpaso (puc. 3.8). B obmem
BU/JIE BBIPAXKCHUE, BEIYUCISIEMOE COMIPOIIECCOPOM, UMEET BUJ

Y = (01275 + 0, - 275"%) - 27513 4 0, - 27594, (3.6)

3neck shl,sh2,sh3,sh4 3Hauenus apuMETHUECKHX CIBUTOB BIIPABO OIIC-
paHa0B, npuHUMaromue 3HaueHus ot 0 go 7; 04, 0,, O3 — onepanabl, onpeaeasieMble
KOJIOM OTIepaluu.

BrITtotHeHHE 3a/TaHHBIX BBIYUCICHUN OCYIIECTBISICTCS ITyTEM 3aITUCH HCXOI-
HBIX JaHHBIX W YOPABISIIONIEH KOMaHABI B PETUCTPHI, OTOOpaKaeMble HA TMaMSTh
nporeccopa PLASMA. BrrancneHHOe 3HaU€HHE CUUTHIBACTCS U3 PETHCTpa Pe3yilb-
Tara.

C ToukM 3peHus NpOrpaMMHCTA, MPUHLMI PabOTHI COMPOIECCOpa 3aKIIoyua-
eTcs B cinenyromem. g 3aiaHus TUna BBIMOIHAEMOM onepaiuy He0OX0AUMO 3aIln-
caTb B 32-paspsanbiii peructp ympanienus no aapecy 30000000:¢ onpeneneHHbIN
nBon4HbBIN Ko DopmaT peructpa npuBeneH Ha puc. 3.9.
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< [IIMHA AJIPECA (ADDRESS) >
|

< [IIUHA JIAHHBIX DATA W
oo )P )P ea ™ "o
16 X116 4| X2
MUX1

MUX2 \ ’ MS MUX3_\ ’ MS ' BHOK
- - VIIPABJIEHU S

MUX1 «—
MUX2 «——
ADD MUX3 ¢———

MUX4 «———

ENy «——

ENg ¢&———7—

ENxg <

ENy <
ENour
SH1 ¢
SH2 ¢
SH3 ¢
SH4 ¢

N\ Jo \Joo \Jw

< [INHA JAHHBIX DATA_R >

Puc. 3.8. binok-cxema comporieccopa

[Iporpammuct 3amaer omepanasl 04,0,,0; u 3HaYeHUs apuPMETHIECKUX
CIIBUTOB BIIPABO Tepej Mojadyeil JaHHBIX Ha CyMMAaTophl. Takke Mpu 3arucH B cTap-
i 31-i OUT JOTUYECKOW €IMHUITBI OCYIIECTBIIAECTCS ornepalus coOpoca BCeX peru-
CTPOB coIpolieccopa.

33



31 30 27 26 25 24 23 15 14 12 10 8 6 4 2 0

Homepa GUTOB: 3HayeHus MOJIEN:

2-0: 3nHavenue apu(METHIECKOTO CABUTA IS onepanga O

6-4:  3mauenue apudmeTuyeckoro casura s onepanaa O,
10-8: 3navenume apuMeTHIECKOTO CABHTA IS BBIXOJA cymMMaTopa O;+0,
14-12: 3naueHue apuPMeTUIECKOTO CABHTA JUIsl oniepanaa O

24:  bur Bei0bopa onepanga O1: 0" -x; 17 - X;1-bg

26-25:  Tlone BeIGOpa onepanga Q,:’00  aubo 10 - Xp; 01 - byxd; 11" -byX,
27: bur BeiOOpa onepanna O3:’0” - Het; 17 - X,
31: bur cbpoca peructpos ganubix R: ‘1' -copoc, ‘0’ - pabouuii pescum

3,7,11,15-23,28-30: He ucnonb3yrorcst

Puc. 3.9. [lons peructpa ynpapieHus

Hampumep, eciu HeoOX0IMMO BBIMOJIHUTH BBIYUCICHHUE IO Cleayromien ¢hop-
MyJI€:

y[n] = (box1[n] + (byx1[n —1]) - 273) - 271 + x,[n],

TO B PETHCTP YIpaBJIeHUs 3aHOcUTCS cieayromee 3HaueHne: 00000130;6.

Janee HeoOX0MMO TepeaaTh corpoueccopy 16-pa3psiaHbie 3HaUeHUST KOd(]-
¢buueHToB by u b;. g 3TOro MNPOrpaMMHUCT JIOJDKEH B CTapIIyI0 4YacTh
32-pa3psTHON TIEPEeMEHHOMN ITOMECTUTh 3Ha4YCeHUE by, a B MIIAJIIIYIO YacTh — 3HAUCHHE
b,, mocne yero coxpanuth nepemeHHyo 1o aapecy 3000000816.

[Tocne KOHPUTYpUPOBAHHUS COMPOIIECCOPA BBITIOJHEHUE aITOPUTMa CBOIUTCS
K MOCJIEAOBATEIBHOCTH U3 JIBYX OIEpAIMi: 3alIUCU IEPEMEHHOM, COAEpKAIIEH mapy
16-paspsimabix 3HaYeHU# X4 [n] U x,[n] mo agpecy 3000000446, 1 uTeHUS pe3yabTaTa
BeraucieHuit mo aapecy 3000000Ci6. [Ipu aToM 3HadYeHWE Xxq[n]| 3aHOCHUTCS B cTap-
IIYIO YaCTh MIEPEMEHHOM, X, [Nn] — B MIaamyto 4acTs.

Omnepariss YMHOXKEHHUSI B COMPOIIECCOPE pean30BaHa B COOTBETCTBHH CO
CJICTYIOIIMMHA 3aMCUaHUSMU: BXOJIHBIC OTICPaH bl MIPEICTABICHBI KaK JPOOHBIC 3HA-
KOBBIC YHCJIa B JIOMOJHUTEIBHOM Kojae B ¢opmate Q15, a pe3ynapTar yMHOXKEHHUS B
dopmare Q30. [l peanmszanuu 0JI0ka YMHOXKEHHsI HamucaH ciemyromuii VHDL-
KOJI:

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE. STD_LOGIC_ARITH .ALL;
use IEEE.STD LOGIC SIGNED.ALL;--0OubamorTeka paboThl CO BHAKOBEIMM UYMCIIAMU
——TIOJIHBIY 3HAKOBLIA §MHomMTenb OPOOHEIX UuMceJl (pal3psaIHOCTb BXONOHEIX IOaHHEIX N)
entity MULT FS is
Generic (N :natural:=16);
Port ( A : in STD LOGIC VECTOR (N-1 downto 0);
B : in STD LOGIC VECTOR (N-1 downto 0);
S : out STD LOGIC VECTOR (2*N-2 downto 0));
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end MULT FS;

architecture Behavioral of MULT FS is

signal result: STD LOGIC VECTOR (2*N-1 downto 0);
begin

result<=A*B;

S<=result (2*N-2 downto 0);

end Behavioral;

CyMMaTOpBbI COIPOLIECCOPa BBITOJHSAIOT ONEPALMIO CIOKEHUS YUCEIl pa3psii-
HOCTBIO 31 OWT, MpU 3TOM pe3yJbTaT UMEET Pa3psAAHOCTb 32 OWUTA, YTO MO3BOJIAET
NPEeIOTBPATUTh MepenosHeHne. B cBsi3u ¢ 3TUM HEOOXOJMMO YUUTHIBaTh, YTO BEC
CTaplIEro 3Hayvaulero OWTa pe3yibTaTa CyMMbl OyleT Ha eAMHUIy Oousblie Beca
CTaplIero 3Hayvaiero Oura BXoaHbix onepannoB. Hmwke nan VHDL-xox cymmaropa:

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD LOGIC SIGNED.ALL; --0OubinnorTeka pabOTE CO 3HAKOBHEMM UMCJIAMU

—-—IlonHe N-pas3paOHBEM CyMMaTOP B OONOJIHUMTEJIBHOM KOIE

-—-PaspanHoCcTh pesyiabTaTa N+1

entity ADD FULL 1is

Generic (N: natural :=32);
Port ( X0 : in STD LOGIC VECTOR (N-1 downto 0);

X1 : in STD LOGIC VECTOR (N-1 downto O0)
Y : out STD LOGIC VECTOR (N downto 0));

end ADD FULL;

14

architecture Behavioral of ADD FULL is
begin

Y<= (X0 (N-1) & X0) + (X1 (N-1) & X1);
end Behavioral;

JIns peanu3anny CHBUTAIOLIETO YCTPOMCTBA B CONPOLIECCOPE HCIOJB3YETCS
MYJIBTUILIEKCOP, C Ppa3psaHOCThIO NaHHBIX 31 O6uT. Ha mHdOpMannoHHBIE BXOBI
MyJIbTHUILIEKCOpA 1O afgpecaM ¢ 0 1o 7 moJarTCsa COOTBETCTBEHHO BXOJHOE 3HAUCHUE
Y 3HA4Y€HUsl, CABUHYTHIE BIIpaBo Ha 1, 2, 3,4, 5, 6 u 7 OUTOB ¢ paclIUpEHUEM 3HAKO-
Boro 6ura. Takum oOpa3oM, 3HaU€HHE, MOJABAEMOE HA AJ[PECHBIE BXOAbl MYJbTH-
IJIEKCOpa, OMpEeNeNseT BEIWYMHY apu(METHUecKOoro CIBUTa B JIaHHOM OJIOKe.

VHDL-onucanue caBuraroniero ycTpoicTBa mpuBeeHO HIKE.

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

—--BJjiok apM(l)MeTquCKOI‘O COBMI'a BIIpabBO: MaKCVIMaJIbHOE 3HAUYEHME CIOBUI'A 7
——PangﬂHOCTb BXOOHEIX M BBEIXOIOHEIX IOAaHHBIX OIpenesideTcd IIapaMeTpOoM N

entity ARITH_RIGHT_SHIFT is
Generic (N: natural:=16);
Port ( X : in STD LOGIC VECTOR (N-1 downto O0);
SH : in STD_LOGIC_VECTOR (2 downto 0);

Y : out STD LOGIC VECTOR (N-1 downto 0));
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end Z—\RITH_RIGHT_SHIFT;
architecture Behavioral of ARITH RIGHT SHIFT is

begin

sh proc: process (SH,X)

begin

case SH is

when "000" => Y<=X;
when "001" => Y<=X
when "010" => Y<=X
when "011" => Y<=X
when "100" => Y<=X
when "101" =
Y<=X (N-1) &X (N-1) &X (N-1) &X (N-1) &X(N-1) &X (N-1 downto 5);
when "110" =>
Y<=X (N-1) &X (N-1) &X (N-1) &X (N-1) &X (N-1) &X (N-1) &X (N-1 downto 6);
when "111" =>

Y<=X (N-1) &X (N-1) &X (N-1) &X (N-1) &X (N-1) &X (N-1) &X (N-1) &X (N-1 downto 7);
when others => Y<=X;

end case;

end process;

end Behavioral;

downto 1);

&X (N-1 downto 2);

) &X (N-1) &X (N-1 downto 3);

&X (N-1) &X (N-1) &X (N-1 downto 4);

\

bnok ympasienus comporeccopa (puc. 3.10) BBINOJHSIET JBE OCHOBHBIC
GbyHKINU:

1) nemudpupoBanue aapeca Ha muHe ADDRESS u dopmupoBanue curna-
7oB pazpemienust 3anucu ¢ muHbl DATA_W B peructpsl compoliieccopa, a Takxe
(GhopMHpOBaHWE CHUTHANTA Pa3pelICHUs BBITAYM pe3yjbTaTa BBIYMCICHUN Ha IIUHY
DATA_R;

2) 3amuch KOMaHIbl B PETUCTP YHPABICHHUS C MOCIECIYIOINIMM JEKOAHPOBA-
HUECM.

[lepBas ¢yHKIMSA peaan3oBaHa HA OCHOBE KOMOWHAITMOHHOW CXEMBbI, BXOAa-
MU KOTOPOM SIBJIAIOTCS OMTHI IMHBI ajpeca u curHan WE, onpeaensironuii Tun xo-
MaH[bI (3anuchk/yTeHne). Ha BbIxojgax NaHHOW cXeMbl IpU OOpallleHuu K perucrpam
X1,%X3,bg, b1,y WIH peructpy ympapieHuss (HOPMHUPYIOTCS CIEAYIOIINE CHUTHAIIBI:
EN_X — paspenienue 3anucu B perucTpsl x4, xo; EN_B — pa3pemenue 3amnucu B pe-
rucTpsl by, by; en_cntrl — pa3pemenue 3amucu B peructp ynpasienus; EN_OUT —
paspelnieHue BelIauu JaHHBIX U3 peructpa y Ha muHy DATA_R.

VYrupaBidoomuye CUTHAIBI JJIsl BHYTPEHHEH CXEMBI compolieccopa GpopmMupy-
IOTCS C BBIXOJIOB peructpa ympasieHus (puc. 3.10). Butel mosel, 3a1al0nmx THITHI
onepannoB 04, 0,, 05, (curmamer MUX1, MUX2, MUX3, MUX4 na puc. 3.10) mo-
JAI0TCS Ha aJIPECHBIC BXOJBI YETHIPEX MYJILTUILIEKCOPOB (puc. 3.8) mis peanusamnuu
HY)KHOU cXeMbl BbhruucieHuit. [lomst, ompenensromuye BEeIUYUHBI apuPMETHIECKUX
caBuroB onepannoB (curHansl SH1, SH2, SH3, SH4), moxatorcst Ha ympaBisioIiye
BXOJIbl COOTBETCTBYIOMMX 010k0B. CurHan copoca RESET_REGS ¢gopmupyercs kak
¢bynkmus noruueckoro «MJINy» 6ura 31 peructps! ynpaBieHUsI 1 CACTEMHOTO CUTHA-
na copoca RESET. [Ins ¢ukcanuu pe3ynbTaTa BRIYUCICHUN B PETUCTP Y MCIOJB3Y-
ercst curHan paspemenus EN_Y, koTopslil popMupyeTcs kak 3aiepxaHHbIM Ha OJIUH
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takT curHas EN_X mpu momomu D-tpurrepa. Takum 06pa3om, pe3ynbTar BeIUUCIIE-
HUM Bcernaa OyaeT pUKCUpOBaThCS B CIAEAYIOIIEM TaKTe MOCJe 3aliCU JaHHbIX B pe-
THCTPHI X1, Xo.

< [IMHA AJIPECA (ADDRESS) >

< ILIHA JAHHBIX DATA W >

RESET - We—
YIIPABJISIOIAN JIELLIM®PATOP
en_cntrl PETUCTP AJIPECA

. en cntrl
WQL SH1 - € D

TpHITED —>ENy
61, s |
ENx

810], sH3 L L EN
[12:35] g > ENour
[24]

—MUX2 ENyq
1 %—)

| 261 \ux3

HEL RNV
[31] RESET REGS

1 ——
RESET —|

Puc. 3.10. dynknuoHanpHas cxema 0JI0Ka yIpaBJIeHHsI COITpolieccopa

Hwxe npueneno VHDL-onucanue 6110ka yrpaBJIeHHS COIpoIieccopa.

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity CONTROL UNIT is

Port ( CLK : in STD_ LOGIC;
RESET: in STD_LOGIC;
WE: in STD LOGIC;
DATA W : in STD LOGIC _VECTOR (31 downto 0);
ADDRESS : 1in STD_LOGIC_VECTOR (31 downto 0);
MUX1 : out STD LOGIC:='0Q";
MUX2 : out STD LOGIC:='0Q';
MUX3 : out STD LOGIC:='0";
MUX4 : out STD LOGIC:='0";
EN X : out STD LOGIC:='0Q';
EN B : out STD LOGIC:='0Q';
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EN Y: out STD LOGIC:='0Q";
EN OUT: out STD LOGIC:='0';
RESET REGS:out STD LOGIC:='0Q';

SH1: out STD LOGIC VECTOR (2 downto 0):="000";
SH2: out STD LOGIC VECTOR (2 downto 0):="000";
SH3: out STD LOGIC VECTOR (2 downto 0):="000";
SH4: out STD LOGIC VECTOR (2 downto 0):="000");

end CONTROL UNIT;

architecture Behavioral of CONTROL UNIT is

—--CurHamnel meumbppaTopa azjpeca

signal ds x,ds b,ds out,ds cntrl,en cntrl: STD LOGIC:='0"';

begin

-—-HeundpaTop ampeca

inst addr ds:process (ADDRESS)

begin

case ADDRESS is

——ADpec permcTpa yIlIpaBJIeHUdA

when x"30000000" => ds x<='0"'; ds b<='0'; ds out<='0'; ds cntrl<='l";
-—-ADpec PEeIruCTPOB x1 X2

when x"30000004" => ds x<='l"'; ds b<='0"'; ds out<='0'"'; ds cntrl<='0"';
-—-Anpec perucTtpoB b0 bl

when x"30000008" => ds x<='0'; ds b<='l'; ds out<='0'"'; ds cntrl<='0";
--Ampec permucTpa pe3yJbTaTa

when x"3000000C" => ds x<='0'; ds b<='0'; ds out<='l'; ds cntrl<='0";

when others => ds x<='0"'; ds b<='0'"'; ds out<='0'; ds cntrl<='0";

end case;

end process;

-—-dopMMPOBAHME CUTHAJIOB Pal3pelleHMs 3alucy B PeTMCTPH COIpolieccopa

EN X<=ds x and (not WE); EN B<=ds b and (not WE);

EN OUT<=ds out and WE;

en _cntrl<=ds cntrl and (not WE);

——-YnpaBJjdoUu PermucTp
inst cntrl reg: process (CLK)
begin
if rising edge (CLK) then
if RESET='1l"' then
SH1<="000"; SH2<="000";
SH3<="000"; SH4<="000";

MUX1<='0"; MUX2<='0";
MUX3<="'0"; MUX4<="'0";
RESET REGS<='0'; EN Y<='0';
else
if en cntrl="'1l' then
SH1<=DATA W (2 downto 0); SH2<=DATA W(6 downto 4);
SH3<=DATA W (10 downto 8); SH4<=DATA W(1l4 downto 12);
MUX1<=DATA W(24); MUX2<=DATA W(25);
MUX3<=DATA_W(26); MUX4<=DATA_W(27);
RESET_REGS<=DATA_W(31) or RESET;
end if;
EN Y<=ds x and (not WE);
end if;
end if;

end process;
end Behavioral;
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