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I. 06ntrui xapa.KTepHCTl'!Xa ,nnccepTa,umi: 

AKTYam,aocT1, µpo6JieMH 

Ha npoTmr.:emm Tpex llOCJie.rtHHX .rtecsrrRJieTIDi Birm,cJIKT8Jil,HruI T8XHRRa 
Bee cTpef.MTeJII,Hee H lillIJle ox:aaTmiaeT.pa3Jlli'I!llie ccpep1,1 ~eJioBe~ecRoll 
.rteSITeJII,HOC',l'H. !3Ta T8H,It8HIUISI aa6JI!maeTCSI ~ !3 HaCTOJJ!llee BpeMH. O;a;Holl 
H8 cqiep, B ROTOpoll npnMeHeHRe B~CJIKT8JII,HOii T8XHRRR .rtOCTHrJio BHCO
KOro ypoBHSI, SIBJIH8TCSI @!:8l!Ra BUCORHX aaepm. IIepe,ItOB!,18 8KcnepIDv!eHTH 
B BToll.o6Jiacra ~H8RKH IDvl8lOT B CBOeM pacnopHJitemm 60JII,111Re l'I CJIO~HHe 
;a;eTeKTop1,1, pa6oTa KOTOPWC H8MllCJIHMa 6e8 ynpaBJieHJIJSI 60JII,llll'lM ~CJIOM' 
SBM. HanpIIMep, 8KCnepRMeHT UA 1 . (UEPH) no-rpe6oBaJI onpe;a;eJieHl'ISI OKOJIO 
50 000 KaJIK6panl'l:OHHWC KOHCTaHT, H .rtJIH @!:JII,TpanHR H C'I,eMa ;a;aHHWC ,. 

• . . • t I 

BO BpeWI 8KCll8pIDv!8HTa 6WIO•HCllOJil,80BaHO 450 nporpa.MMHpyeMWC nponecco-
poB, B TOM ~CJie Cll8WlaJIK8HpoBBHHHe nponeccop1,1, MHRponponeccop1,1, 
f.MKJ)0-1'1, fffllm"'.'SBM. 

Ha apXHTyKTYPH CHCTeM peaJII,HOro BP~MeHH ~H c6opa ;a;aHHHX B qil'l:81'1Ke 
BUCORRX eaeprnit Ha.KJI8.It!lll8DTCSI Cil8Ul!aJII>HHe Tpe6o,BaHHSI, onpe;a;eMeMHe 
Ko~eCTBOM KaHaJioB HH~pMainm H noTOKaf.m HH~pMainm B HHX. Brumy10 . 
poJII, B Cl'ICTeMax c6opa ;a;aHHWC B ~HSl'IKe BHCORRX aHeprHit lfI'P8J:lT cnewi:aJIK-
3lipoBaHHUe. nponeccopu, paspa6oTKa KOTOPIIX o6yCJIOBJieHa' He<;),~O.rtIDv!OCTI,10 
npm.ieaeaHSI MOJllllliX Bl:I'IHCJIHT8JII,HWC cpe;a;CTB . .rtJIH Cll8Ul!MI,HliX 88Jl8J· , 
HcllOJII,30BaHHe B 8THX sa.rta~ax MOJllID,lX CTaH,ItapTHWC SBM, Bl,lrryCKaeMWC 
npoMllllUieHHOCTI,10, JIBJIJ:r8TCSI H88KOHO~llliM. , 

n~CTHJleHHSI B o6JiaCTH TeXHOJIOrHH HHT8rpaJII>HWC cxeM, apXHT8KTYP 
BH<mCJil'IT8JII,HWC Mallll'IH R .TexaoJiorHH cos;a;ama:si: nporpaM?,moro. 06ecne_~e11:ru1 
.rteJiaJOT BCe 60Jiee aKTYBJII,HUMH paspa60TKB BHC9KOaqqieKTHBHWC.Cll8Ul!aJIK-
8HpoBaHHWC cpeJ:(CTB B~CJIRTe.in.aott TexHHKH:· . 

~a60TH 

UeJII,JO pa6oTH JIBJIJ:r8TCSI cos;a;aime 6HCTpo;a;eitCTBYI1!18it Bl:I'IHCJIHT8JII,HOit 
Cl'ICTeMll·.rtJIH CBCTe~ ~6opa l'I: npe,ItBapl!TeJil>l!Oii o6pa6oTRR ;a;aHHWC, 110.JIY
qaeMHX B a1tcnepIIMeHTax qm8l'Jlra BHCOKHX aHeprntt. 

HayqHrur HOBl'l:8Ha pa6oTH 

I. B pesyJII>TaTe aHaJI1'188 nporpaMM o6pa6oTRR ;a;ammx, no;ry~raeMHX 
B 8KC!lepDeHTa.JII,HWC ycTaHOBRax qJR8HKK Bl,ICORRX aaeprnit, BllepBHe 
KOJI1'1~8CTB8HHO Il0Ka38HO, ~TO npl'l:MeHeHRe np~mmrro,B RISC BM8CT8 
C B08MOZHOC~I,D orrepaTl'IBHOro l'l:8M8H8HHH OCHOBHWC MatllHHHWC KOMBH,It 

Obatiiiiimuil.ifi GHCTI.'Tj't I 
Wl~ax ucc1eaonat!QQ 
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nponeccopa nosBoJIR:eT .t.mam.mSl!J)OBaTb ceMaHTHqecxoe paccTomme 
/SEMANTIC GAP/ M8.l!,ltY !l:31:lKOM nporpaMMllJ)OBaHBR 81'RX 
~q H annaparypoit nponeccopa. 

2. Paspa6oraH HOBliA cnoco6 llOBHlll8HWI 6HCTpo,neitCTBHR MHKJ>O-
nporpaMMRpyeMHX nponeccopoB ap:xnexrypu RISC ~ ocHoBaHHHI ea 
HOllOJII,80BaHlIR CB06o,neoil: qacrH Ml11KJ)Onp0rpaMMHOI IIaM/ITH B xaqecTBe 
llaMSl'l'H onepa~OB c 6HOTPHM ,nocrynoM. 

3. BnepBue paspa6oraea 6HcTPQ.neiicTBYDllaH cneQHa.m51!poBaHHrur 
KAMAI{ - opHeHTRJ)OBaHHaR BWll!CJilIT8JII,HaH OHOTeMa C RISC apXlIT8K
rypol npoueccopa, npe,noCTaBJIJmll8JI axonepm&eHTaTopy BOSMOlEHOCTb 
K3M8H8HlIR COCTaBa ROMa~ nponeccopa. 

4. Paspa6oTaHo nporpaMJmoe o6ecneqeBRe .lPlJI cos~HHOI BnepBHe 
BWDICJll!TeJIT,HOI CHCTeMH, BKJIDliamtee B ce6RROMlll1JIJrl'OP RSlllta MHKJ)O.,;. 

nporpaMMHpOBaBRH, :icpoco-acc8M6JJ:ep, ROMIIOHOBl!tHR H sarpyS'llIK, a 
raue na1ter nporpaMM .lt1IJI pa6oTH c 3BM CM-4, HBJDm11eloa host --Ma-

lIIHHol • 

5. Co3~Ha Me'rO,ItJIKa HaCTJ)Oihm J[ OTJUWt)I MHK_POllJ)Orpa.MMHWC ycr-
. po:lcir:e/ Bnepi3ue paspa6oTaH H co 3.ItaH KOMIIJI8KO a1IIIapaTYJ>ll Ir nporpa.MM 

.lPlJI pe8JI!lssno arol M8T0,'11;1,lla[ Ha 3BM CM-4 H KAMAK amzaparype. 
Co3,1taHHlil aBTOJ)OM ROMIIJI8KC annaparypH J[ nporpalrlM .lPlJ{ OTJia.I(Kll, 

a raue caMS. BHlDICJI:B:Tem.eaa CHCTeMa H ee nporpaMMao_e o6ecne-qeHJle 
npe,noraBmmT co6ol 6asy .lt1IJI paspa6orn Hor~ lllliqlOROI'O Macca 
cnennponeccopoB RISC -apXHT8KTYPW, C03,ltaB8.8MliX Ha ce~OHHllX 
MHRJ;X>nponecoopax. 

Ilpa1trzqec1taa yeHHOCTb AA60TH 

Pe8Jlll30BaHa 6ucrpo,nelcTByJI!l8JI KAMAK -opHeHTllJ)OBaHBWI BHllHCJIH
T8JII,Baa CHCTeMa, npe,nOCTaBJIJDll!WI llOJib30BaT8JID BOSMOlEHOCT!, HSM8H8lmR 
cocTaBa KOMa~ Kalt B HallaJie pa6oru, rax H .ItHHru.mqecKH BO BpeMJI 
BWIOJIH8BHH nporpaMMH. 

UeHTpaJII,HHI nponeooop CRCT8Mll o~aer npoH3BO,ItllT8JII,HOCTbD 
3 • 106 IG-paspmi;ma HHcTpyiannt :a cexy~, moom,D 128 K6alr, 
JIM88T conpsmeBHe' B CTaH,ItapTe RAMAl{ ·c host - MalllHHOI THna CM, 
a raae co6cTBeeHHI KAMAK-xoeTpoJIJiep, peaJIH~ npe,n8JII,ffYD 6 . 
CROJlOCTb o6ueea no MaI'HCTpaJIH KAMAK: IO 16-paspJm;HHX CJIOB B .. 
ceRy~ npz 06Meee no· nporpBMMHOMY RaBaJIY. ,lt7IJI 8TOI BH'D11CJlllTeioHOI 
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cncTeMH paspa6oTaHo nporpru.iMeoe o6ecneqeene, BKJI1Dqaxmee KOMIIILJIJlTop 
R3HKa nporpaMMHpoBaena, Rpocc-acceM6Jrep, cpeJtCTBa OTJIB.nRll, sarpys
qnK H KOMllOHOBIIUJK. 

Paspa6oTaeerur BH~CJIHTeJibHaR cncTeMa./BC/ npHMeeeea,,rtJIJI pemeena 
381{aq pacnoseaBaHHJI TpeKOB Ha C!mMKax C BOJtOJ)OJtHHX RaMep B C03JtaBa
eMol B JIBTA OIDIB coBMecrHo c H~ ·CAH nSMepnTeJibHoil:-cxaenpymeil: 
cncTeMe ea 6as.e; MaTpnn nsc, B xaqecTBe crreunponeccopa npeJtBapnreJib
Hoil: 06pa6oTKH H ~Tpaltlffl .,na~, ITOCTJ'liaDIIHX C MaTPHUH USC. PesyJII,
TaTH noKa3aJIH, qTo .lPlJ{ 8TOro KJiacca ~aq llJ)OH3BO.ItHTe7Ib.HOCTb C03JtaH
eoil: BC Ha nop,moK (~ 50 pas) Bfllll8, qe~ 3BM THIIa CM-4. HccJie,noBaHa 
B03MOlKHOCTb npHMeHeHHa paapa6oTaHHOI BC ,nJm c6opa H _npeJtBapHTeJibHOff 
o6pa6oTKH ,naHHHX SJieKTJ)OHHOro axcnep1™eHTa, llJlOBOll;ltMqro BM® B 
II pare, Co a.naH H OTJiallC8H HHTepq>effc · JtJIR ITO.ztKJIJ)'!eHHR C031{8HHOI BC B 
CHCT8MY c6opa ~HHHX ycTaHOBRH nmepoH (Mapc) JIHII orurn, KaK nponec-

' . 
copa ,nJm Tpnrrepa BToporo YJ>OBHR. B 8KClI8pHMeHTaJibHOM llJlOH3BO,nCTBe 
H~ CAH. r.Komnne, 1:lCCP aanyiqeHa:B llpOH3BOJtCTBO OllHTHM napTHR TaKRX 

BC. KpoMe Toro, paapa6oTaHH8R aBTOPOM B npouecce C03JtaIDIR .BC MeTo
.ItHKa HaCTpoil:KH H OTJiaJtKH MHKponporpaMMHHX ycrpoil:CTB npe~CTaBJUieT 
T8:XHOJIOrnqecxyn 6asy MJI paspa60TKH, HaCTJ)OHKll n OTJiaJtKH MHKpOllpor
Pa.MMHl:lX ycTpoil:CTB npn cos~aHHH:BH'!HCJilITeJII,HHX CHCTeM Ha C8KUHOHHHX 
MHKponpoueccopHHX cxeMax. 3,:a 'l,'8XHOJIOrHR 6wm BH8JtP8Ha B H~ CAH. 
0T1{8JII,HH8 qacrn CHCTeMU, B tJaCTHOCTH KOMlil!JIR:TOp R3HKa AMDASM - 29 C, 

ocHOBHoe nporpaMMHoe o6ecrreqeene cncTeMU KAMAK JtJIR 3BM CM-4 ycrremHo 
HCllOJib3YDTCR TaK~e B p.lI,ll;e opraHH38Ul!H 1:lCCP, eanpl!Mep, B,~ccJie~oBa
T8JibCKOM l!HCTllTYTe RJt8PilllX aJieKTpocraHUHtt r.flCJioBcKe EoryHHue, B 
HHCTl!TyTe BlltJHCJIHTeJThHott T8XHHKH YiillllI r.Konmne. 

Anpo6agua 

PesyJibTaTH .ItlICCepTanmi: ~OKJiaJtHBaJIHCb ea KOH~epemnm no ynpaBJI8-
mm npoueccru.m: H :rncnepHMeHTaMH (Ilpara,!985 r.), ROHg/epeKUW'[ MOJIO
.nux ytJeHH:x (Konnme, !986 r.), o6cYlUtaJJ:Hcb Ha ce1vnrnapax H:ni CAH, 
ce.t.mHape_HHCTHTyTa TeXHH'IeOKO~ RH6epHeTHKH CAH,r.EpaTHCJiaBa, ceMHHa
pax JIHII :a JIBTA OIDIB. Ilo T_eMe .ItHCceprannz ony6JIHKoBaHo 8 pa6oT. 

_CTpyKTYAA H o6~eM wcceprruµm: 

JinccepTanna COCTORT H3. BB8Jt8HHR, ,Ille.CTR r,'IaB H 3a.IqmtJ8HHR. 0Ha 
COJt8pD!T 98 CTpa~ ManmHHOI'O.T8KCTa,? Ta6Jmu, !5 'p:acyHKOB 
H CIIHCOK JIHTeparypu H3 ?O HanMe~BaHHff. 
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II. Co.n;eplKaime ,gnccepTruµm .. 

IIepBaJI rmma co,ItepimT odaop ocHOBHHX npo6neM, CBJ13aHHHX c 
Tpe6oBaimm.m K ap:mTeKType Bll'D!CmtTeJII,HHX CRCTeM peam,Horo BpeMeim 
~ c6opa ,ItaHHHX B aKcnepm.ieHTax cpl!l3RKII BllCOK:IIX SHeprmt. 

06cYJK,naDTca TPa.D;IIU!fOHHllii no~O.It, npo6neM!l, CBJIBaHH!le c TPa.ztH
UlfOHHUM no~o,ItoM, paBBRTHe Tpe6oBaHHtt coBpeMeHHHX aKcnepm.ieHTOB, 
paBBHTRe B o6JiacT:a TexHcmorim~ B Koime nepBott rJiaBH npHBe.iielia 
MO,It8JII, COBpeMeHHOii_CHCTeM!l c6opa ~HHHX C xapaKTepRCTllltaMll: sa,n;aq 
li oco6eHHOCTJIMI{ pa60TU pa8HHX nporpaMMHpyeM!lX npoueccopoB,B TOM 
l!Rcn_e OITHCaHH' ponb H Ba,Itaira Cil8Ulfamt8:IIpOBaH~X ITp0[(8CCOpC>B. 

Bo BTdpott rnaBe npoaHami:aHpoBaHH Tpe6oBaimJ1, HaKn~aeMHe aa· 
BwmcmtTemayn CHCTSMY (BC), KOTOPM MozeT.6uTL RcnonbBoBaHa B 
c:acTeMax c6opa :a npe~pHTem,'aott o6pa6oTK:II ,ItaHHHX~ nonyqaeMllX B 
SKcnepm.ieliTax qJRSmtH BHCOKRX aaepr:att. Mccne,ItoBaHa apx:aTeK'!'ypa Bll
lJHCJlltT8Jll,HOii c:acTeM!l B nenoM, npoBe,IteH cTaTRCTHliecK:att aaamta T:anoB 
BHnoJiHHem MallllIHHHX RHCTpyxn;mt :a aaamts TPe6oBaimtt, HaKn~aeM!lX 
Ha ap:mTeKTYPY neHTpMLHoro npoueccopa TaKott BC.· 

B rJiaBe npRBe,IteHH pesynLTaTil R3Mepeli1dt, KaCaJOO!B8CJI B8J)OJITHOCTHHX 
xapaxirepRCT:mt RCITOnbSOBaHHHXRHC'l'pyKU!ftt R ll onepa~OB, B sa,n;aqax 
C'I,8Ma ':a o6pa6oTKII ,ItaH!IllX ~ MalllHH pa3HHX THITOB ( DEC-1O, IBM-36O, 
PDP..:11, NOVA a2O, VAX )· :a paaHHX ii:sUKoB· ( PASCAL, c, FORTRA~ ASSEMB
LER, BASIC, XPL . ) , a Ta.Kate pesym,TaTU :HSMepeHRf!: ~ nporpaMM 
c~eMa R npe:ztBapRT8JThHOtt o6pa6oTKR ,ItaH!IllX B cpl!l3RK8 BllCOKRX SHepr:att 
Ha MalllHHax NOVA82O, CM~, VAX :a· Jl31lKWC ASSEMBLER :a FORTRAN 

Pesym,TaTU aHamtBa TRITOB KOMa~ R cnoco6oB amiecarnr:a B sa,n;ai:i:ax 
c6opa H npe~ap:aTenLHott o6pa6oTKR Me.eyon:ae: 

- pacnpe,IteneHRe i:i:acTOTll :acnonbSOBa!mJI OT,It8Jll,HllX TRITOB MallllIHHHX 
KOMaH,It IlOK831lBa8T, 'ITO np:a BllnontteHRR nporpaMM ynoMHeyTUX sa,n;aq 
6onee i:i:eM 90% :aa Bcex BunonHeHHHX npotieccopoM KOMa~·JIBJJJmTCJI 
KoMaH~ orpa.imqeHttoro tmcna TRnoB; 

- pacnpe,ItMeHRe :acnom,soBaHRH pa8mtl!HUX cnoco6oB a,n;pecarnr:a 
CMLHO aaBRcRT OT ap:mTeK'!'ypu ·ttpo[(eccopa, Ho z B cnyi:i:ae Hamtl!RSI 
y nponeccopa 6om,moro xomii:i:ecTBa cnoco6oB ~eca[(HR i:i:aI11e Bcero . 
:acnonLayeTCJI He6om,moe i:i::aMo (o6uq:Ho 4) npHMUX cnoco6oB ~ecrui;Rl!I; 

- HeO6XO.ztHM()e BpeWI c~eMa RHqJOpMa[(lm onpe,Itenfi8TCJI, B OCHOBHOM, 
RCTOlJHRROM ,ItaHHHX (,IteTeKTOPOM) R M'.)%8T 61l'l'b pem0.D1t1™ qlaKTOPOM B 
onpe,Itenemm ffMepTBOro BpeMeimff .aRcnepm.ieHTanbHOff·yc~aHOBKII. 

Ms coBpeMeHHHX apiRTeKTYP ueHTPMbHHX npo[(eccopoB STRM rpe6ooo-
HRHM nyi:i:me Bcero Y.ItOBJI8TBOPJl8T 8PXRT8KTYPa' RISC . 

., 
4 

r 

REDUCED INSTRUCTION SET COMPUTER ), IlO3BOJIRDl18-JI 
BllilOJIWl'l'b O,ItHy ROMaH.ey ITpaKTlflreCKK sa O.ItRH UlfKn IIpO[(eccopa. 

IlOSTOMY 6wro pemeHO COS,ItaTb [(8HTpMbH!lit npo[(eccop B STOit apx:a-. 
T8K'!'ype, · npH1:{8M, ~ ROHRp8THOro npm.ieHeHIDI B STY ap:mTeRTYPY 
BBe,IteHa BO 8MOlKHOC1'b oneparHIIHOro HSMeHe!mJI. MHRponporpaMMHott reHe
parnr:a MallnllUiliX ROMa~ llOJII,SOBaTe~eM. 

B .ltRCCePTarnrR npeMOXeHa CRCTeMa, COBMe~~M apx:aTeRTYPY RISC 
C BOBMOlKHOCTbll onepaTE:BHOro HSMeHe!mJI MHRponporpamraott reHeparnrH 
Mamnurnx ROMa~ ,Ito ypoBHH reaeparnr:a CRrHMOB npoTOKOn8 BBO,Ita/BUBO,Ita, 
1:{TO IlOSBOMer CHRl3RTb .ItO MHHRMYMa ceMaHTR'ieCROe paccTOHime·MeJIOtY 
apxxreRTypof!: [(eHTP8nbHOro npoueccopa R MaIIIRHHUM Jl3UROM nporpru,n,mpo
Ba!mJI. nenoro RJiacca sa,n;aq, CBJISaHHUX co c6opoM :a npe~ap:nrem,Hott 
o6pa6oTKOf!: ,ItaHHUX B (pR;3HRe BllCOKHX SHeprllii. 

B rpeTbett rnaBe OIIHCaHU TeXHKll:eCK:He cpe,ItCTBa COS,ItaHHOtt BC. B 
pesym,rare aHamtaa Tpe6ooom R BC :a BOSMoXHocTef!: :e::x peamtaa[(Jl:R 
(raBa 2) 6wro pemeHo cos,ItaTI, MHKponporpaMM:ll:pyeMYD nonbSOBaTeneM 
KAMAK-op:aeH7~BaHHyD BC C RISC apXRT8KTypo~ [(8HTpam,Horo 
npoueccopa t B COCTaB ROTOpof!: BXO,ItJIT: 

- JIHTepqief!:c host -ROMIIbDTepa, BllllOntteHHUtt B CTa~apTe KAMAK; 
- onepaTlmHM IIaMIITL; 
- neHTPMLHllf!: npo~eccop; 
- KaHM BBO,Ita/BUBO,zta; 
- KOHTpoJIJiep xpettTa RAMAK; 
- ap6np WRHU. 

BC 1™8~'1' CKCTeMHyD WRHy C 1l:Mn8,ItaliCOM I20 OM. Bul!RCJmTeJil,HM 
CHC1'eMa cnpoeRnpoBaHa ~ pa6oTH Ha n1l:HHH C host - ItOMllbDr8IJOM. 

E.nott-cxeMa BC ITplme,tteHa Ha p:acyHKe I. Coe.ItRHeHRe c host -Rown,
mepoM peamtsoBaHo qepea RHTepqieffc B cTa~apTe KAMAK. UeHTpam,m.dt 
nponeccop, MIIRponporp&!MJ!pyeMWt nom,soBaTeneM, m.ieeT apXJIT8K'l'YPY 
RISC H BllllOJIHJ18T HHcTpyK[(mt B peJDIMe ff THREE STAGE 
PIPELINING ff npH ltCilOJII,SOBamm peJIG!Ma ffnepe,tta'lll ynpaBJieHIDI 
c sa,n;epnolff. E.nox-cxem rieHrpam,Horo npoueccopa np:HBe,IteHa Ha 
pxcyime 2. B Ralll',l(OM UlfKne npoueccop O~Hy HHCTPYKU!fll BllilOnHJ18T 
(ALU - aJ)KqN8TJrlieCRO-~omecRoe ycTpoffcno), O,ItHOBP8M8HHO 
ClDITilBaeT IS onepallBHOI ll8WlTll CJie.JtYD!zyll.R ,IteRO.ztRPYer ee ( CCU 
- yIIJ)8BJ1JD]llee YCTPOICTBO nponeccopa} R BWD:CJIJl8T a,Itpec paSMe~eHRn 
rpenel llHCTJ)YR~ ,B onepaTl!BHof!: IIaMJl'l'll. UeHTpMbmrll: npoueccop 
cnoco6eH BllllOJilmTD.OKOJIO ,3-x MJIJ!DOHOB MalllJrHHHX JIHCTpylt[(l!ft B ceKyH
pY (UHM 300 - 350 IIC . B 3aBJ!CltMOCTJI OT ltHCTpylt[(D) · JUDI 5 ID!JIJlltO

HOB llHCTPY!t[(RI B C8RY~ B CJJylUle BllITOnli8HRJI nporpSMMH OrpaHneHHof!: 
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?ii!CyHOK I ~-. 

,IVIHHli (MaKC. 4K CJIOB) •· IlOJIHOCTLJJ noMellleHHOtt B MKKponporp81,!MHOtt . 

naMRTH npon;eccopa. 
KaHaJI BBO,na/B1m6,na .. no3BoJIReT nom,ooBaTeJID MHKpqnporpa.MMHo 

ynpaBru!TL CTaH,ItapTHHM KOH~pc;JIJiepoM KPeffTa KAMAK. <c:C2023) :· reHepH
poBaTL Clil'HaJill npoTOKOJia BBO,na/mmo,na. MJi IlO,ItKJIJJ'IeHHR' 'K npon;eccopy.' 
BC HeCTaH,ItapTHHX ycTpott'cTB. Hanp~ep . MaTpHn;H IIBC. 
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,Am 2909, 
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Am 2905 
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74S182 
Am 2920 
74SHi9 

ALU 
Am 2901 
Am. 2902 
Am 2904 

:p:rnn a;.\~eca 

UJ111l8 ynpaBJleHIIH 

?;!CJHOK. 2 

16 
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H,nen npm10 ro MRKpOnporpaMMHOI'O.:. y i:ipaBJiemm cTaimapTHHM KOHTJ)OJIJie
poM OCHOBaHa Ha qiaRTe. qTo MHKponporp8.MMlllrlt UHKJI npon;eccopa B 
5 pa3 KOpo'Ie (200 HC ) nporpaMMHOI'O wm.rra KAMAK,-CHCTeMH. Ilpon;eccop 
BO BpeMR T8KYJ!lero UHKJia KAMAK-cHCTeMH ycneBaeT IlO,ltI'OTpBHTL H Ha'IaTL' 
CJie.IQ'DJll'Itt UHKJI. 3ToT. nomco.n no3BoJIReT peaJIHsoBaTL Henpepmmoe 'ITeHRe 
,naH!lllX H3 KAMAK CHCT8Mll B nporpaMMHOM peimMe CO CKOpoCTLJJ I06 . ' 

I6-pa3pJI.ItHl,IX CJIOB. B C8KYH.IQ'• 

~eTBepTaR rJiaBa co,nepimT onHcaHHe nporpaMMHoro.o6ecne'IeHHn, 
pa3Pa6OTaHHoro aBTOpoM. IlporpaMMHo 6wm o6ecne'IeHU: ·· . 

- aBTOMaTH3SUHR npon;ecca CO3,ItaHHR H OTJia.rtKH MHKponpo~7 •2/; 
-:; ,npon;ecc. CO3,Ita!DIR nporpaMM Ha R3HKe. ASSEMBLER .: . · . i 
..: nporpaMMEJ)OBaHHe KAMAK. CHCTeM!il Ha ho st ·. -KOMilI,~Tepe/I/; 

- ynpaBJieHHe Bli'IBCJmT8JILHOtt CHCTeMOtt H3 host -KOMilLIJTepa. 
B COCTaB pa3pa6oTaHHOI'O nporpaMMHOI'O o6ecne'IeHHR BKJIJO'I8HH: 
- KOMIIHJIBTOP R3HKa MHKponporpaMMHpoBaHHR · AI.IDASM-299" ; 

- nporpaMMHoe ·o6ecne'IeHHe JtJIJI pa6oTH.c MJIBpoKo,noM;-
:.. Kpocc-acceM6Jiep; 

- KOMilOHOBIIIHKi ,~'f 

- 3arpy:mrn; 
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- OCHOBHOe nporpaMMHoe o6ecrrel!etme CllCTeMH KAMAK Ha host -ROMIII,IO-
Tepe (nporpaMMHWi .I(pafiBep RpeilT-ROHTpo.7I.7Iep DC -I06 lI,J1JI QC 

RSX -Inf); 
- nporpB.MMHoe o6ecnel!eHHe ynpaBJiemm BWll!CJill!TeJII,Hofi cncTeMOil 

H3 host - ROMllLDTepa. 
IlporpaMMHOe o6ecnel!eime CO 3,I{aHO Ha M8lllRHe CM-4, KOTOpru! llCllOJIL

syeTCR B Kal!eCTBe .. host -KOMllLDTepa .JiJIH paspa6oTaHHOil aBTOpoM BC. 
Co3.I{attttoe nporpa.MMHoe o6ecnelleime cyllleCTBeHHO noBllll!aeT aqqieR

TJIBHOCTL pa60TH llOJII,30BaTeJIR llpll nporpaMMHpoBalllIH npoQeCCOpa • 
lJoJII,30BaTeJIL IIOJIYl!aeT aqxpeRTllBHHe cpe,n;CTBa lI,J1JI cos.n:aima H OTJia,n;Rll 
MJUq>Onporpa.MM .D:JIR nporpB.MMIIpoBaHHa nponeccopa Ha asHRe acceM6Jiep n 
.D:JIR o6MeHa ,n;aHlll:lMH MeJIUtY nponeccopoM :e: host -KoMm,DTepoM. 

IlliTM rJiaBa co,n;epimT ormcaime c:e:cTeMH lI,J1JI paspa6oTKH ll OTJia.n;RH 
MllRpollpOI'pa.MMIWX nponeccopoB • .lilIJI llOBHl!IeHIDI a@leRTJIBHOCTH O'l'Jia,n;Rll 
MllRpo~I'paMM IteHTpa.7II,HOI'O nponeccopa mrn!CJilll'l'eJI!>HOff CHCTeMH 
(ormcaH B rJiaBe 2 pa6oTH) aBTOpoM 6wra paspa6oTaHa c:e:cTeMa lI,J1JI 

C03,I{alUUI II OTJia.n;RH MlIKponporpaMM, npe,n;Ha3Hal!eH!WX lI,J1JI SBM CM-4 H 
BJieRTPOHlOOI KAMAK/2/ • . . 

B nporpaMMHoe 06ecneqe1U1e c:e:creMH BOlllJio· nporpaMMHoe 06ecneqe1me 
RpeffTa KAMAK, ROMIDIJIHTOP R8HKa AMDASM-29c , nporpaMMH sarpysror 
BJ.fYJU!Topa MIIKponporpaMMHott nawrr:u, nporpaMMHoe o6ecnel!emre .D:JIR 
llpOrpa.MMBpoBaHlUIIIOCTORHHlil 3allOMllH8Dltl!X ycTpoffCTB, nporpaMMRJ>yeMWC 
llOJILSOBaTeJieM (113YJlII). 

IlporpaMMHoe o6ecneqeime,pa6oTaeT no.n: ynpa:BJiemreM onepaD;HoHHO! 
CHCTeMH RSX - IIM - V4~0 Ha SBM CM-4. 

AnnapaTypa CRCTeMLI·peaJIR30BaHa B OTaH,n;apTe KAMAK H BKJD'.J'JSeT 
B ce6a MO,n;yJII[ MJmponporpaw.raoro sanoMJtHaDitero ycTpo!oTBa o npo113BOJII,
Hott Bl:l6opxo! (SJ.fYJIS{'l'Op MIUq)OnporpaMMHofl nawrrn), MO.D:YJIL 11HTeppe!ca, 
MO,ItyJDI nporpaMMKpcmamm Il3YIIII, II03BOJIRDll}Ie nporpa.MMHpoBS'l'I, lla.MJl'l'JI 
HIIaSN 74I88, SN 745287, SN 74S57I,I3604, I 360!. 

Pa6ora CllCTeMH cxeMaTmecR:11 npne.n:etta Ha pRoyHRe 3. Cirorem 
.ItJIJi paspa6oTRJt 11 O'l'Jia.ItRJI MRRponporpaMM peaJIRSOBaHa Ta.KJ!M o6pasoM, 
'IITO oHa H>lEeT pa6o'l'S'l'L CaMOCTORTeJI!>HO ,ItJIS{ OTJia.n;RH MHRponporpa.MMmOC 
npR60poB H RaR OOCTaBHaJI 11acTL Bl,l<nIOJil(!t'eJILHOii o:e:cTeMli, OllRCSHHO! B 
rJiaBe 3 pa6oTH • . 

meoTaa rJiaBa nocBm!leHa np11MeHemm pesyJII,TaTOB ltl[coepra.ItlD[. 
Co 3.I{aHliSJl BC 6wm. np11MeHeHa .ItJIJI paonosHaBaima CJie,n;oB sapn'.emmx 
11809n Ha OHD!ltaX O rpeROBHX RaMep 1 0lUmiX C IIOMOlllLD Ma'l'pHit Il3C /G,S/ 

B 008,Ital!aeMO! B JIBTA OIDIH OOBMeOTHO OH~ CAH ZSMepJ1TeJII,HO
OKamq>YIJlle! OHCTewe. 
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BXO,!i,HI>le 
iaMJll,I 

FILE.D.E.F 

FILE.TBL, 
FILE.SRC 

FILE.OBJ 

FILE.ROM 

FILE.DUivi 

FILE.DU1'1 
FILE.MAP 

l{OMill!JllITOP 
AM,i.lACM-2:.l 

~888 onpeAeJieHlllI 

cpaaa 
ac c eM6J111poaamrn 

CNV 

DUilll 
TEKO 

wµsLOAl.J /CLI ,c1,DR' 

npol.\eCc 
OTJl8AKII Mi!Kponpor 
paMM CLI 

OUTPHOM 
MANP.tOJI! 

A8 

P11cyttoK 3 
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Bb!XO,D,H!Je -~UY.Jib! 

FlL~;PlL, FILE.TBL 

FILL P2L, FIL£. O13.J , 
F'IL.E..J.liAP 

Fl LE. HOi✓• ' 

.FILE.DU.Ii /ASCII co,4eplil:11-
MOPO naMSITII 
Ml!KponporpaMM/ 

sarpyaKa naMHTII 
Ml!KponporpaMM 

npOJl[HP8Hlle 113Yilll 



.AJrrop:im.m pacnosmmaHJIJI 6wm pea.imoo:saHU MJI MaTIJRU!l pasMepoM 
256 x 256 roqex. BBe.zteHKe cneUHaJm3HpoBaHHWC MaillllHHWC HHCTPYKUmi 
MS1 pemeimH 3TOtt s~aim (BC 3TO Il08BOJIJieT - OHa MHKponporpa.MMl'IpyeMaJI 
IlOJII,80:Ba'l'eJieM) .Il08BOJIHeT pacnoSHaBa'i'I, TpeKR B pea.m,HOM BpeMeim, T.e. 
sa O,I? - 0,2 ceeyH,ItH B 3a.BHCRMOCTH OT myMa (0-20%). 

CneUHaJm3HpoBaHHaJI BC MJI 3Tott ~a<m Ha nop.imoK . 6HCTpee 
(50 pas), tieM 3BM CM-4. 

Co~aHHaH aBTOpoM CHCTeMa MJI OTJI8,ltlm MHKpoilpo!'paMMHilX ycTpottcTB 
6UJia BHe~eHa B H~ CAH r.Ko~e. IlOSBOJIHeT COKpaTH'i'I> B_pewr OTJia,ItIUI 
MHKpOilpo!'paMMHWC YCTpottcTB B 2-3 pasa. 

Ill. ()_QHQBHlle ~m,TaT_ll 

I. IlpoBe.zteH aHaJm8 aJII'OPHTMOB H nporpaMM o6pa6oTKR .ztaHHllX, 
no.nytiaeMmC Ha axcnepHMeHTam,HUX ycTaHOBKB.X MJI xc~Jie.ztoBaimtt B @13l!!Ke 
BHCOKHX 3Hepratt C TOtmH speHHH OITTHMaJil,HOI'O xcnom,soBaHl!H KOMaH.It, 
cnoco6oB 8.,lij)ec&IRH H opraim~ HX BHnoJIHeimH npoueccopaMH ynpaB
JIJIXml!X aw. 

2. B pesym,TaTe aHaJIH3a IlOKa3aHO, 'l!TO npHMeHeHKe npmm;1moB RISC -

apXllTeKTYPH npH C03.ztaHKH cneUHaJlll8HpoBaHHllX npoueccopoB, ,C BBe.zteHHeM, 
BOSMOXHOCTH onepaTHBHOI'O H3MeHe!mH MHKponporpaMMHott reHepaUHH 
MamHHHHX JIHCTpyKUHtt, Il03BOJIHe~ MJIHHMJl3HpoBaTI, CeMaHT~ecxoe paCCTO
HHHe Mellt,lzy MammIHID/1 HSHKOM nporpaMMHpOBaHJ!H 3TRX ~atI H annapaTy
pott npoueccopa. 

3. Paspa6oTaHa 6HCTpo.ztettcTBYllltaH cneU)laJIHSHpoBaHHWI, KAMAK -
op:iteHTHpoBaHHaJI ~CJIRTeJII,HaJI CJICTeMa C RISC -ap~TeKrypott 
npoueccopa, npe.n;ocTa~ axcnepRMeHTaropy BO SMoEHocTI> onepaTHBHoro 
JISMeHeHHH MHKponporpaMMHoft reHepattJI]I MaDIJIHHHX HHC'l'PYKindt. 

4. Paspa6oTaH HOBllft cnoco6 noBUmeHJIH 6HCTpo.zteffCTBHH MJIKpo
nporpa.MMllpyeMWC npoueccopoB apXJlTeKTYPH RISC t OCHOBaHHWl Ha 
HCITOJIL30B8.Hlm CB060.ztHOft tiaC'l'R MJIKpOilporpaMMHOft Il8MJITJI B xatieCTBe 
naMHTR onepaH,ItoB c 6HC'l'pllM .ztOCTyITOM. 

5. Paspa6oraHo nporpaMMHoe 06ecnetieH11e MJI cneU)laJIJISHpoBaHHoff 
Bli'D:CJm'i'eJII,Hott CHC'i'eMH, BKJIBJ1Iallltee B ce6H: KOMllJIJUi'l'Op H3HKa 
MIKponporpru.v.mpoB8.HHH, KpOCC-acceM6Jrep, KOMllOHOBl!tllI(, sarpyS"'DIK, 
OC!{OBHOe nporpaMMHoe o6ecnetie!Dle CHCTeMH KAMAK MJI SBM CM-4, a 
Taiate nalteT nporpaMM MJI pa60TH c -3BM CM-4, .RBJIJm11effcH host 
-:-MaDIJIHott. 

IO 

6. PeaJIRSOBaH MeTO.zt CpaBHeHWr 6HCTpo.n;ettCTBHH npoueccopoB 
H npne.zteHO cpaBHeHHe CO~aHHO:r.t BH'DJCJIHTem,Ho:r.t CHCTeMH C SBM CM-4. 

?. Cos.n;aim MeTO.ztmta HaCTpottKR HOT~ MHKponporpaMMHHX 
ycrpo:r.tCTB. Paspa6oTaH H peaJIH30BaH KOMIIJieKC annaparypH H nporpaMM 
MJI pea;m3a.UJIH arott MeTO.ztHKH Ha 3BM Tlma CM H KAMAK-annapaType. 

8. Cos.n;aHHaJI BH'DtC.mi:TeJII>HaH c11cTeMa 6wm npHMeHeHa .ztJIII pacnos
HaBaHHH CJie.ztOB sap.RJtemnu: '18.CTHU Ha ClmMKa.X C TpeKOBHX KaMep; 
cwrrux C IlOMO~cD MaTIJRUll nsc. Cos.ztaHHaH BC Il08BOJIJieT pacnoSHaBaTL 
CJie.ztH Ha· xapn:mte paSMepoM 256 x 256 TotieK B peam,HoM BpeMeHH 

(O,I? -0,20 ~eeyH.ztH Ha KapTHHKy) 

Pa6oTH, ony6JIHKo:aaHHHe no TeMe ,IJ;Hcceprau:im: 

I. J. Balun, J. Ban. 
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CAMA.C CONTROLLER DC-1O6 UNDER RSX-11M. 
PREPRINT UEF-04-85, KOSICE, CSSR,1985. 

,, ,. , 2., H.BaH., 11.EaJJyH, H.KoJTJiap,M. ,.liynTaK, A.A. Ce11eHoB. . .. · • • · '·· · -·· ·, 
C1:c'1'·ewi" ,i,m · paspa6o'l'IO! MmtpOnporpru.D( iia Sad CM 4-20 B craH,Itapre 
KAMAK. IlpenpuT Ha~ C.AH UEF - 05 - 85, Kourrme, 1985. 

3. J. Balun, J. Kapisovsky, J. Ban, M. Karchnakova, 
Zakladne programove vybavenie pre CAMA.C pod operacnym systemom 
DOS RV2. 
C6opHEt KOHipepeHUJl]I[ "YnpaBJie!Dle npoueccaMR H axcnepHMeHTm.m", 
Ilpara,I985,crp.IOI-I06. 

4. H. EaH, tJ.CeMaH CneUHaJlll8HpoBaHM npoQeccop THITa RISC. 
IlpenpHHT OHRH, PII-86-483, .Ity6Ha,!986. 

5. H.BaH, H.KoJIJiap,K.Xap-qapy(pKOBa.Ilporp8MMHoe o6ecnetieHRe cneWta.mi:
SllpOBaHHoro npoueccopa una RISC. IlpenpHHT OHRH, PII-86-484, 
.Ity6im,I986. 

6. H.EaH,B.M.KoToB.0co6eHHOC'i'H npRM8He!DIH cneunpoueccopoB apXHTeKTY
PH RISC MJ1 o6pa6oTKII .ztaHHUX C Ma'i'IJRU Il3C. OH.HH,PI0-86-759, 
.Ity6im,I986. 
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7. J. KOLLAR, J. BAN. 

AMDASM-29c microprogramming language , 

PREPRINT UEF SAV, UEF -01-87, KOSICE, CSSR, 1987. 

8. fl.EaH,B,M,KoToB.IlpnieHeHJie cne!lnpou;eccopa RISC ~JIJI pea.mrnamm 
8.III'OPRTMOB Bime~eHIIR_TpeKOBoro CRrHa.n:a no ~aHiruM,no.7.1Y1JeHHHM 
c MaTpHI:(!l rrsc. OIDlli, PI0-87-339, .Ity 6Ha, I987. 

Py}toIIHCh IlOCTYilMa B R3'AaT8Jll,Crudt OT'A8Jl 
14 MM 1987 ro,zui. 
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