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llpH npaeKTHpasaHHH TaKara cna~Hora ycTpa~CTBa, KaK 

ueHTpanhHhlfi npoueccop MKE-8601 /1/ (nopHuKa 100 MHKpocxeM Ha 

Kax,uo:H. H3 4-X llJiaT), eCT8CTB8HHHM 6bWO :liC8JiaHH8 Ha Ha1.£aJibHa:H. 

CTa.UHH pa3pa60TKH npaBeCTH era JIOrH1.£8CK08 MO.U8JIHpaBaHH8. 3TO 

na3BaJIH8T 1 Ba-nepBbiX 1 a6HapyJKHTb JIOrHl.{8CKH8 aUIH6KH 8 CX8MaX 

no HX peaJibHaro BannameHHH 11 8 X8JI838 11 
1 1..£TO CaKpamaeT BP8MH 

T8XHH'4.8CKOI1 peaJIH3aUHH npoeKTa H era CTaHMaCTb. Ba-BTO~blX 1 

Ma.uenHpasaHHe noMoraeT nyl.{we naHHTh CTPYKTYPY npaeKTHpyeMora 

ycTpOHCTBa H B3aHMa,ue:H.CTBH8 OT1l8JlbHhlX era l.{acTeH. B-Tp8TbHX, 

OllHCaHH8 Ha ¢JapMaJibHOM 5I3biK8 norHl.{8CKoro MO.U8JIHpOBaHHH 

npe,UCTaBJIH8T H3 ce6H HennoxyD .UOKYM8HTaUHD, TIOHHTHY~ illHpaKOMY 

Kpyry Cll8UHaJIHCTOB. 

8 OTJIH4H8 OT BC8X OCTaJibHhiX 3TaTIOB pa60Tbl Han npaeKTOM 

MKE, r.ue Mhl o6xo.UHJIHCh ".UOMarnHHMH" HHCTpyMeHTaJibHhiMH 

CP81lCTBaMH, 3,U8Cb, BBH.UY CJIOXHOCTH Tpe6yeMoro HHCTPYMEHTa, 

6blJia HCTIOJlb30BaHa pa3pa6oTaHHaH B HTM H BT CHCT8Ma 11 ITYJibC 11 
-

JIYl.{UiaH H3 H8MHOrHX CHCTEM 

uocTyllHhlK Ha 63CM-6. /2/ 

norHl.{ECKoro MO,Uem-tpOBaHHH 1 

CHCT8Ma "rlYJibC 11 OPH8HTHPOBaHa Ha llP08KTHPOBaHH8 3aKa3HhiX 

6HC H ll0CTP08HHbiX Ha HHX ycTpOHCTB. 0Ha ocymecTBJIH8T 

C06biTHHH08 MO.U8J1HpoBaHH8 B TP8X3HaliHOH norHKe (0,1 H 

H80Tip8,U8JI8HHOe COCTOHHHe), C Yli8TOM HOMHHaJibHbiX 3all8P)[{8K 

6a30BblX '3JI8M8HTOB. CTpyKTypHaH opraHH3aUHH CHCT8Mbi 11 ITyJihC 11 

H306pa:liC8Ha Ha PHC.l. 

ITp08KTHPY8MH8 CX8Mbl npencTaBJIH~TCH B CHCT8M8 B BH1l8 

06b8KTOB. 0TIHCaHHH 06b8KTOB BbillOJIHHDTCH Ha BXO.UHOM H3HK8 

ljJOpMyllhHOrO THna, OCHOBHhl.MH KOTOporo HBJIHDTCH 

KOMllaKTHOCTb (3a Cti8T illHpOKOrO HCTIOJlb30BaHHH HH,U8KCRUHH) H 

yHHBepcaJibHOCTb (8.UHHOa6pa3H08 OllHCaHH8 06b8KTOB pa3JIH4HbiX 

ypoBHefi HepapKHH). 

06beKThl HHXHero ypoBHH HepapxHH KOHCTPYHPY~TCH H3 T.H. 

6a30BHX 9JI8M8HTOB. Ba30BH:H. 3JI8M8HT xapaKTEPH3yeTCH CBOHM 

3arOJIOBKOM BXO.UOB ll BhlXOUOB) H il>YHKUHBH 

cpa6aTHBaHHH, OTipenenHnme~ anropHTM ¢YHKUHOHHPOBaHH5:1 '3J18M8HTa 

llPH era MO,UEJIHpoBaHHH (B qacTHOCTH, BP8M8HHbl8 3a.UepJKKH). K 

6a30BHM '3JI8M8HTaM OTHOCHTCH, HanpHMep, cepHAHO BHTIYCKa~mHeCH 

M>IKPOCX8Mhl. 
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$yHKUHH cpa6aTHBaHH~ OTIHCHBa~TCH Ha CTI8UHanbHO 

pa3pa6oTaHHOM ¢opTpaHono~o6HoM HHCTPYMeHTanbHOM H3MKe. no 

cymecTBy, BO BP8MH MO~enHpOBaHHH'Ka~~UA THTI 6a30BOro 3fl8M8HTa 

TIP8~CTaBJHI8TCSI B 3BM OT~8JlbHOfl ITO~TiporpaMMOfl, COCTOHIU8fl H3 

MHO~eCTBa o6~aiU8HHA K npoue~ypaM ~TeHHH, 3aiTHCH 3Ha~8HHH 

CHrHaJIDB, 3aTIHCH C06~THfl H T.IT. CHCT8Ma OCYIU8CTBRH8T KaK 

~HHaMH~8CKHfl, TaK H CTaTH~eCKHfl pe~HMM MO~eJIHPOBaHHH. OpH 

CTaTH~8CKOM M0~8JIHPOBaHHH ol..J.epe,uHble BXO~Hbl8 B03.Uefi:CTBHH 

no.ua~TCH JIHllib nocne Taro, KaK 3aKOH~HTCH pacnpocTpaHeHHe 

ITP8.UN.UYIUHX. TaKHM o6pa30M, BXO.UHMe BD3.Uefi:CTBHH B 3TOM cny~ae 

MO~HO 3a,naBaTb 683 y~eTa BPBM8HH pacrrpOCTpaH8HHH CHrHaflDB B 

CX8M8. 

513b1K OTIHCaHHH 

6a30BhlX 

513MK 

KOHCTPYHPOBaHHH 

o6oeKTOB 

H3b!K 

OITHCaHHH 

T8CTOB 3JI8M8HTOB 

1 

PHC .1. 

1 
A P X 11 B 

TI P __ o __ E_K __ T __ A----~~~ 
_1_1_ 

KOMTIDHOBIUHK 

ycTpoAcTBa 

l 
Mo.uenHpy~maH 

nporpaMMa 

II 
.•... v ..... 

0. 0 

0 Bp8M8HHb18 0 

0 .UHarpaMMU 0 

0 0 

........... 

CTpyKTypHaH opraHH3aUHH CHCT8M~ 11 nynbC 11
• 
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HenocpencTB8HH~M 
MO.U8JH1POBaHHH HBJIH8TCH 

TIOTaKTOBaH Bp8M8HHaH RHarpaMMa, Ha KOTopy~ aBTOMaTH~8CKH 

BblBO.UHTCH BXO.UHhl8 II BblXO.UHbl8 cHrHaJibi ·Mo.nenHpyeMoro 

ycTpOHCTBa. nepeqeHb CHrHaJIOB MOXHO H3M8HHTb H .UOTIOJIHHTh 

BHYTPeHHHMH cr~rHaJiaMH ycTpoAcTsa H cocTasns:r~mHx era o6beKTOB. 

nepen MO,U8JIHpOBaHH8M 3a,na~TCH BXO,UHble 803,U8HCTBHH B BH.ll8 

T8CTa HJIH yKa3biBa8TCH 3apaHee COCTaBJI8HHbiH T8CT. 

nnH OTIHCaHHH $YHKUHOHaJibHblX T8CTOB B CHCT8M8 HM88TCH 

TipOCTOH H3biK, TI03BOJIH~U1HH OTIHCblBaTb BXO.UHbl8 B03.U8HCTBHH B 

npOH3BOJibHbl8 MOM8HTbl MO)l8JlbHOrO speMeHH. B H3biK8 

Tipe,nyCMOTpeHbl CTI8UHaJibHbl8 cpe,UCTBa ,UJIH 3a.UaHHH nepHO)lH~8CKHX 

B03.U8ACTBH~, qTQ 3Ha~HT8JlbHO 06JierqaeT OTIHCaHH8 CHHXpOHH3aU~ 

ycTpOHCTB. 0TIHCaHHH T8CTOB xpaHHTCH B apXHB8 Tip08KTa, TaK X8, 

KaK H OTIHCaHHH TipOeKTHpyeMblX YCTpO~CTB. 

Pa6oTa no Mo.nenHposaHHIO npoueccopa MKE-8601 ocno:>KHHJiacb 

.UBYMH 06CTOHT8JlbCTBaMH: 

OTCYTCTEIH8M y aBTOpOB TipOeKTa OflblTa pa60Tbl B CTOJlb 

CJIO:JKHoA npe.nMeTHoA o6nacTH. Heo6xo.nHMO 6biJio s cxaTble cpoKH 

OBJia.U8Tb HaBblKaMH o6paU18HHH C 60JihWOH nporpaMMOH 1 He HM8H 

T8CH0f0 KOHTaKTa C 88 aBTOpaMH. K TOMY JKe 6DJibWHHCT80 

HCTIOJlb30BaHHblX HaMH 6a30BblX 

6H6JIHOT8K8 CHCT8Mbl 11 0YJibC 11
1 

CaMOCTOHT8JlbHD. 

3JI8M8HTOB OTCYTCTBOBaJIH B 

HX npHWflOCb nporpaMMHPOBaTb 

CHCT8Ma 11 nyJibC 11 C03JlaBaJiaCb 8 KOHU8 70-X fO.UOB ,UJIH 

pa60TH TID~ ynpaBneHHeM OC nHcnaK. 60flblliaH ~aCTb ee HaTIHCaHa 

Ha asToKo.ne, TI09TOMy Cl1CT8Ma 6yKBaJibHO 

HailliTHfOBaHHO~ MaKpOKOMaH.naMH (3KCTpaKO.UaMH) QC flHCTiaK./3/ 

3Tan a.naTITaUHH CHCT8MW ''nyJibC 11 K OC .lly6Ha 3aHHn He M8H8e 4 

M8CHU8B. npo6neMa COBM8CTHMOCTH ITO 3KCTpaKO.UaM pewanaCb 

M8TO,UOM . 11 BCTpe~HOfO .UBHJK8HHf\ 11
• '4aCTb 3KCTpaKO.UOB OC .fiHCITaK 

(HanpHMep, 3KCTpaKORbl o6MeHa c TepMHHaJIOM) 

HHTepnpeTHposanach .n»crreTqepoM oc .ny6Ha, .nns:r qero s HeM 6HnH 

c,nenaHH TIOfl83HH8 H3M8H8HHR. npyraH qacTb 3KCTpaKO.UOB, 

Hao6opoT, 6blna 3aM8H8Ha Ha o6pameHHH K 3aMeHH~WHM HX 

no.nnporpaMMaM C BD3BpaTOM ITO perHCTpy 14. 

CHCT8Ma 11 nynbC 11 pacnpocTpaHH8TCH ee aBTOpaMH B BH.Ue 
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DHDnHoTeKH MD~yneH 3arpy3KH, no3TOMY caMOCTOHTenbHOe BHeceHHe B H88 H3M8H8HHH noTpe6osano npen8apHT8flbHOH neTpaHCRHUHH MonyneJ;t B aBTOKOnHhUi T8KCT. 3TO 6biJIO TIP01I8JiaHO C TIOMO!.UhJO nporpaMMhl-.ll8TpaHCJIHTOpa /4/. Bcero H3 He.Jlp CHCT8Mbl "ITYJibC 11 
6biJIO H3hHTO H8 M8H88 300 3KCTpaKO,ll08 20 pa3JIHY:HbiX THTI08. 3aMeHHIO~He HX ITO.IlTipOrpaMMbi (KCTaTH, COBC8M H860flbillH8 ITO pa3MepaM) ~o6aBJIHJIHCb K CTIHCKY 3arpy3KH CHCT8Mhl ''DYflhC 11

• 
3Ta aecbMa Tpy~oeMKaH pa6oTa no ananTaUHH K ~pyroH oc eme pa3 TIPOHJIJIJOCTpHpOBana H806XO.IlHMOCTh HM8Th Bbi~8JI8HHbiH CJIDH HHTepQJeH:CHhlX nporpaMM, ocymecTBJI.RJOlU.HX 11 MHrKoe" conpsJKeHHe 

M8X~Y 60JibillHMH npHKJia.llHbiMH CHCT8MaMH H KOHKp8THOH OC. 
B XO.Il8 a)lanTaUHH BbiHCHHJIOCh, Y:TO 11 DyJihC 11 , HCTIDJih308aBWHii 8 OpHf'HHaJie 4HCTO .llHHaMHY:eCKYJO 3arpy3Ky, MDJK8T 6b1Th nepese~eH Ha CM8WaHHYJO CTaTHKO-~HHaMHqecKyJO. HCITOJib30BaJICH CTaTHY:8CKHH 3arpy3qHK IO • .llaHHJI08a l, 8XO~HlllHii 8 COCTa8 MOHHTOpHOH CHCT8Mbl 11.liY6Ha''. DpOB8.ll8HHaH MO.ll8PHH3aUHH, .JlOCTOHHaH BKJIJOqeHHH 8 aBTOPCKYlO BepCHIO CHCT8Mbl 11 DyJihC 11

, IT03BOJJHJia Y88JIHqHTb peaKTHBHOCTb CHCT8Mbl 6oJiee Y:eM 8 2 pa3a. 
ITpH MO.Il8JIHPOBaHHH npoueccopa MKE-8601 MOJKHO BbiE8JIHTb H8CKOJibKO KpyiTHbiX 3TaTIOB pa60Tbl: 

ITporpaMMHPOBaHHe nose.n:eHHR 6a30BbiX 3JI8M8HTOB, 
OTCYTCTBOBaBWHX 8 apxHB8 CHCT8Mbl 1'ITynhC 11

; 

- OITHCaHHe CTPYKTYPbi· OT~eJihHbiX cxeM npoueccopa Ha BXO.llHDM H3hiK8 CHCT8Mhl, TpaHCJIHUHH 80 BHYTP8HH88 ITp8JlCTaBJI8HH8. 

1 
llpo6JieMa .LlHHaMHqecxo.H: 

C~OPMHPOBaHHOMY CTaTHqecKOMY 

.Ll03arpy3KH nporpaMM 
pa3.lleJiy BllePBhle 6blJia 

K yl!Ce 

peweHa a MOHHTOPHOit CHCT8M8 "Jiy6Ha 11 HM8HHO I0 • .llaHHJIOBhlM. C03)laHHblli HM 3arpy3qHx MIXLOAD no3aonReT 3KcnnyaTHposaTh 6onhWHe nporpaMMHHe CHCT8Mhl 8 CM8lliaHHOM, CTaTHKO-.llHHaMHq8CKOM pe~HMe, 
~TO cymeCTB8HHO 3KQHOMHT BP8MR nepe3arpy3KH nporpaMMHHX pa3~enoB. K CO~aJieHHID, OTCYTCTBH8 ny6nHKaUHH o6 3TOA pa6oTe orpaHHqHBaeT H3B8CTHOCTb ee asTopa Y3KHM KpyroM cneuHanHcToB. 
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no~roTOBKa 

cHrHanos; 

T8CT0BblX rrocne~osaTenbHOCTeH sxonHbiK 

- KOMTIOHOBKa enHHOH M0~8flH TIPOU8CCOpa 1 ynpaBJIH~Ill,H8 CHfHanhl 

~flH KOTOPOH TIOCTyTia~T 113 ll3Y-06beKTa 1 MO,ll;8RHpyiOII.I,8fO TiaMHTb 

MHKponporpaMMo 

AHanH3 TIOfly~eHHblX Bp8M8HHblK ,D;HarpaMM 1 TIOHCK H 

HCTipaBneHH8 OWH60K B CXeMaK, penaKTHPOBaHH8 OTIHCaHHHo 

nepsbie 3 3Tana, npencTaBnH~Ill,He H3 ce6H HaKonneHHe 6a3bl 

~aHHbiK npoeKTa MKE, BHITOJIH8Hhi napannenbHO o 3necb npoHBHnocb 

OCHOBH08 ~OCTOHHCTBO H3biKa OTIHCaHHH CX8M OH OKa3aflC51 

npRro.ueH .unH 

BOCTIPHHHMaeMOfi 

C03~aHH51 ,ll;OKyMeHTaUHH, O,D;HHaKOBO YCTI8illHO 

He TOJlbKO MO~enHpy~meH nporpaMMOH, HO H 

pa3pa60TGHKaMH Tip08KTa, KaK CI18UHaJIHCTaMH TIO 3JI8KTPOHHK8, TaK 

H TiporpaMMHCTaMHo 

B npouecce pa6oTbi c Mo,nenb~ npoHcxonHno csoero pona 

11 o6:>KHBaHH8 11 npoueccopa, npr~o6peTeHHe HaBbiKOB 

MHKponporpaMMHpOBaHHHo Kor,na. MO,ll;8Rb 6blJia nocTpOeHa no YPOBHH 

.. , 
npoueccopa B uenoM, scTaJI sonpoc o6 aBTOMaTH3aUHH sHeceHHH B 

H88 MHKponporpaMM o Mbi 80CTIOJib30BanHCb HM8~Ill,HMHCH B CHCT8M8 

11 TIYflbC 11 B03MOJKHOCTHMH ¢opMHpOBaHH51 o6b8KTOB B naKeTHOM 

pe~HMe. K B~XO.UY KpOCC-CHCT8M~ MHKponporpaMMHpoaaHHH /5/ 6~n 

npHcTpoeH 6noK 1 ocymecTBJIHBWHH nepeao,il roTOBOH nporpaMMH B 

OTIHCaHHe 06beKTa THTia TI3Y, 

peJKHMe npHeMa ,naHHI:ilXo 

H Bbi30B CHCT8Mbi 11 TIYJibC 11 B TiaK8THOM 

3aKOHGH8 ~OPMHpOBaHH8 06b8KTa, 

MO,D;8JIHPY~IU8f0 MHKponporpaMMy 1 "TiyJibC 11 nepeXO,lJ.HJI B ,lU1aJIOfOBbiH 

pe:>KHMo TaKHM o6pa30M 1 3a O,UHH T8pMHHaJibHhlH C8aHC 

MO:>KHO 6biJIO C03~aTb MHKponporpaMMY 1 HCTIOJib3YH BC8 

c E3CM-6 

y .uo6cTBa 

KpOCC-CHCT8Mbi 1 BKJI~GHTb ee B MoneJib Tipoueccopa MKE H ITOJIYGHTb 

nHarpaMMY ee pa60THo $aKTH~8CKH, ITPOH30illnO CMbiKaHH8 

H8CKOnbKHX He3aBHCHMO pa3pa6oTaHHblX HHCTPYM8HTanbHhlX CHCT8Mo · 

B IJ;8JIOM, KOMTIR8KC HHCTPYM8HTaRbHhiX nporpaMMHO-annapaTHblX 

cpe.ucTB npoeKTa MKE B@rnH.UHT cne.uyiDmHM o6pa3oM (eM. pHc.2) 
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"llYJihC" "MHKp06 11 
Kpocc-cHcTeMa noraqecKoe r--- Kpocc-cHcTeMa IlOJlrOTOBKH 

M0Jl8JIHPOBaHH8 IlOJlrOTOBKH BBTOKOJlHblX 
MHKponporpBMM nporpaMM 

/5/ /6,7/ 
TexHH'lfecKoe 

IIP08KTHPOBBHH8 llporpaMMHblA: 

3MYJHITOp MKE /9/ 

/8/ 

cr>aHJIOBblH cepaep 

E3CM-6 - IBM PC 

1 

,---R_Pc ~.11111111 nyJihTOaoH npoueccop 1--, 1 ----.-- • 

.l!JIR MKE-8601 MKE-8601 

PHc.2. MHCTPYM8HTBJihHoe o6ecnelieHHe npoeKTa MKE-8601. 

KpOCC-CHCT8MB /5/ 1 H~pOM KOTOpOH HBJIH8TCH MHKpoacceM6Jiep, 
peaJIH3yeT THIIOBOH Ha6op ~YHKUHH, c¢OpMyJIHpOBBHHblli eme 8 
paHHHX. pa60TBX ITO MHKponporpBMMHPOBBHH~ H BBTOMBTH3BUHH 
/10,11/• 3TO BBOJl H XPBH8HHe T8KCTOB MHKponporpBMM HB BXOJJ:HOM 
H3b1K8; TpBHCJIHUHH 3THX MHKpOrrporpaMM 8 MHKpOKO.Lti CTBTH48CKBH 
nposepKa CTpyKTYPhl MHKPOKO.n;a; C6opKa e.rtHHOH MHKporrporpaMMbl H 
nepe.n:al..fa ee B o6neKTHY~ MBWHHy. 

8 OTJIH'4H8 OT IIOJlXOJlB, OIIHCBHHOro 8 /12/, B HBWeH CHCT8M8 
OCHOBHOI:t: 3BJl8'48ti IlO.LtCHCT8MDI MO,ll8JIHPOBBHHH 6b1JIB H8 QT liBJlKB 
MHKponporpBMM, a IIOHCK OIITHMBJibHblX pemeHHfl ITPH IIp08KTHP08BHHH 
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annapB!YPhl H npose.pKa npaBHJibHOCTH pa60Thl JIOfl.P·l8CKHX CXeM. 

TaK, HBTIPHM8p 1 ¢opMaT MHKPOKOMBHAM B xone npoeKTHPOBaHHR 

H80llHOKPBTHO M8HRJICR, a PB3PHAHOCTb MHKponporpaMMHOrO CJIOBa 

BhlpOCJia OT 96 llO 112 pa3pRAOB. 

Ha MOA8JIH 6@JI BWHBJI8H PHA OWH6DK B Tip08KTHpyeMHX CX8MBX. K 

qHcny HBK60JI88 CYID8CTB8HHHX OTHOCHTCH OTCyTCTBHe TaKTHpOBaHHH 

TIPH pa6oTe C H8KOTOPWMH BH8WHHMH CHrHaJiaMH, OWH6KH TIPH 

KDAHPOBKe nporpaMMHPY8MHX JIOrHqecKHX MaTpHU H np. TaKH€ 

OWH6KH B8CbMa TPYAHO 06Hapy~HTb npH HBJIBAK8 roTOBblX nnaT, a 

HX HCTipaBJI8HH8 Tpe6yeT cepb83HMX nepeneJIOK. H3B8CTH0 1 ~TO 

p8W8HH8 MHOrHX npo6JI8M 1 803HHKBJOU1HX TIPH H3rOTOBJ18HHH TIJIBT H 

HX HBJIBAK8, He 3aBHCHT OT ycHJIHH CBMHX pa3pa6oTqHKOB. H qeM 

M8Hblli8 6yneT TaKHX npo6neM, T8M nyqrne. no3TOMY Mbl CqHTaeM, 

qTQ 3BTpaThl yMCTB8HHOrO Tpy,Ua Ha OCB08HH8 H HCTIOJib30BaHH8 

CHCT8MH JIOrHqecKoro MO,U8JIHpOBBHHH BTIOJIHe' OKYTIHJIHCb. 
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