
Pll - 12005 

6 - ·f!'.. r- I , x.) 

H .M .,llaMaToB . T .<I> .Cano)I(Hl-1 Kosa . P .WJOcc.11ep 

TECTHPOBAHHE 4-PA3PH,llHOrO 

MHKPODPOUECCOPHOrO 3J1EMEHTA 

1978 



Pll - 12005 

H .M .,llaMaTOB . T .<I> .Cano)I(Hl1KOBa. P .W10ccJJep 

TECTHPOBAHHE 4-PA3PH,liHOrO 

MHKPOnPOUECCOPHOrO 3nEMEHTA 

HanpaeAeHo e JKypHaA "AemoMamuKa u Bbl'lUCAumeAbHa.ll 
mexHuKa" 



LlaMa Toe R.M., Cano>KHHKoaa T .¢., W10ccnep P. Pll - 121105 

TecTapoeauae 4-paapsu!uoro MHKponpoueccopuoro 3neMeuTa 

.QaeTCll onacaeae KaK annapaTHhiX, TaK If nporpaMMHhiX cpeacTa, npea
H83R&'leHHhiX Jlnll TeCTI!pOBBHHll OllHOKpHCTanbHOro 4-pa3pSIJlHOrO MlfKpOnpouec 
COpHOrO 3neMeHTa. npeJlCTaeneHbl CTpyKTypa If OCHOBHhie epeMCHHbie Jlaurpa!l< 
Mhi pa60Tbi 4-pa3pl!lleoro 3neMenTa. KpoMe Tore, KpaTKo onucaua MeTOLllfKa 
TeCTIIpOBSHHll ero C fiOMOWbiO 38M. 

Pa6oTa Bbmoneeea e 11a6opaTOpHH BbiCOKHX 3Heprall H fla6opaTopuu 
Bhl'liiCnHTenbHO!I TeXHHKH H 8BTOM8TH38UHH 0!-lfHl. 

npenpRHT 06ballHReHROrO HRCTHTyTa llllapHbiX HCCnenOB8RHll, Lly6Ha 1978 

Damatov Ya.M., Sapozhnikova T.F., Schu~ler R. 

Pll - 12005 
Testing of 4-Bit Microprocessor Element 

Hardware and software for testing a four-bit micro
processor element are described. The structure and main 
timing diagrams of the 4-bit microprocessor element are 
shown. Method of testing by a computer is described. 

The investigation has been perofrmed at the 
Laboratory of High Energies and Laboratory of computing 
Techniques and Automation, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

B pa6oTe onHCbiBaiOTCJI KaK annapa THble, TaK H nporpaM
MHble cpencTBa, npenaaJaaqeHHble nnJI TeCTHpoBaHHJI on
HoKpHcTanLHoro 4-paJpJIAHoro MHKponpoueccopaoro Jne
MeHTJ11. 3Ta MHKpOCXeMa DO CllO)KHOCTH 3KBHBaneHTHa 
ycTpoicTBy, conep)KameMy 6onee 1450 BeHTHnei, a o6ec
neqaBaeT BCe BHyTpeHHHe tilYHKUHH, He06XOLlHMble LlllJI 
napannenbHOH o6pa60TKH 4-pa3pJI!lHbiX !lBOHqHbiX naHHbiX 
B COOTBeTCTBHH C HHCTPYKUHeH. 

Ha puc. 1 npaBeneaa tilYHKUHOHanLHaJI cxeMa 4-paJpJin
aoro MHKponpoueccopaoro JneMeHTa. 

MHKpocxeMa conep)KHT: 
- CHMMeTpHqaoe apHtilMeTHKO- noraqeCKOe ycTpOHCTBO 
/ AJIY /* c 16 onepaUHJIMH H c nonaoi cxeMoi CKBOJHoro 

nepeaoca, 
- o6myro peracTpoByJO naMJITb aa 8 cnoB, conep)Kamyro 
nporpaMMHbiH cqeTqHK H cxeMy npapameHHJI, 
- nBa 4-pa3pJIL1HbiX pa6oqax peracTpa, KOTOpble MoryT 
HCll0llb30BaTbCJI !lllJI BblllOllHeHHJI onepaUHH KaK C OLlHHap
HOH, TaK H c !lBOHHOH nnHHOH cnoBa, 
- MynLTHnneKcopbl C!lBHra, 
- cxeMy npeo6pa3oBaHHJI ynpaBnJIIOil\HX caraanoB Ha Kpac-
Tanne /noraqecKaJI MaTpaua IIJIM, nporpaMMHpyeMaJI B 
JaBO!lCKHX ycnOBHJIX/. C llOMOil\biO 3TOH MaTpHUbl o6ecne
qaBaeTCJI Ha6op HHCTPYKUHH, conep)Kall\HH He MeHee 512 
O!lHOTaKTHbiX onepaUHH. 

HJ- Ja cno)KHOH onaoponaoi CTPYKTyphl, BKnroqaromei 
KaK annapaTHyJO, TaK H nporpaMMHYIO qaCTH, H3BeCTHble 

* CnHCOK COKpameHHH, npHHJITbiX B TeKCTe, CM. B 
npHllO)KeHHH. 
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Puc. I. <PyHKliUOHU/IbHUJI cxeMa 4- pa3p.ROHozo MUKponpo
t~eccopHozo :J/IeMeHIIIa. 

CTaTH'IeCKHe TeCThl THna npoBepKH no BhlCOKHM H HH3· 
KHM curuanaM ue MoryT BhiJICHHTh Bonpoca o pa6oTocno
co6uocTH MHKponpoueccopa. Cne,n;oBa TeJihHO, ,n;JIJI uu.x uy)f(
HO pa3pa6aThiBaTh HOBhle npHHI.{Hnhi HCnhiTaHHH. Cpe,n;H 
Cyll.{eCTBYIOII.{HX B HaCTOJIII.{ee BpeMJI nyTeH npoBe,IJ;eHHJI 
TeCTOBhiX HCnhiTaHHH MO)f(HO Bhi,IJ;eJIHTh ,IJ;Ba rnaBHhlX uan
paBJieHHJI. 

IlepBoe - 3TO co3,n;auue cneuuanu3upoBaHHhiX KOM
DJieKCOB KOHTpOJihHO- H3MepHTeJihHhiX npu6opoB, npH'IeM 
HX 'IHCJIO paCTeT CTOJih )f(e 6hiCTpO, KaK H 'IHCJIO caMHX 
MHKponpoueccopoB. K HHM MO)f(HO OTHeCTH MHKponpouec
COpHhle auaJIH3aTOphl /2/. 

BTopoe - TecTupoBauue npu noMOII.{H cneuuanhHO uanu-. 
cauu~x nporpaMM. ~TOT nyTh npe,n;nonaraeT uaJIH'IHe 
3BM13- 5/. 

B ,n;auuoH: pa6oTe onuchiBaeTcJI TecTupoBauue 4-pa3pJI,n;
uoro MHKponpoueccopuoro 3JieMeHTa npu noMOII.{H cne
I.{HaJihHO uanucaHHOH TeCTOBOH nporpaMMhl. C 3TOH l.{eJihiO 
6hiJI pa3 pa6oTaH nporpaMMHO- ynpaBJIJieMhiH 6noK I puc. 2/. 
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Puc.2. CIIIPYKIIIypHa.R cxeMa 6AoKa llleclllupoeaHUJI. PAl -
pezuc111p exoOHbiX oaHHbiX, PA2 - pezuc111p 6biXOOHbiX oaH
HbiX, PH - pezuclllp UHCIIIPYKf#UU, PA - pezuclllp aopeca, 
PCJ - pezuc111p exoOHbiX ClllalllycHbiX 6u111oe, PC2- pezuc111p 
6biXOOHbiX CIIIUIIIYCHbiX 6UIII06, CC - CX€MQ CUHXpOHU3Uf#UU, 
AKK - oeJUu(Jpalllop KoMaHO KAMAK. 

CurHaJibl cl, c3, Cs,llllC' flo 'n I JIBJIJIIOTCJI CTaTyCHbiMH 6u
TaMH Bxo,n;uoro ynpaBJIJIJOII.{ero cnoBa. Curuanbl C 2 , C 4 , C5 
j,IJ;JIJI CTapweii D03HUHH/, C6 , CJI 1, CJI 2 , Cill, Cll2 , X, Y- CTa
TYCHble 6HTbl Bblxo,n;uoro cnoBa. PerHCTpbl P )1.1, PH, PCI 
cny)f(aT ,n;JIJI xpaueHHJI 3a,n;auuoro c BHewuero ycTpoiicTBa 
/BY I axo,n;uoro ynpaBJIJIIOII.{ero cnoaa B au,n;e 4-pa3pJI,n;uo
ro ,IJ;BOH'IHOrO KO,IJ;a BXO,IJ;HbiX ,IJ;aHHbiX, 9- pa3pJI,li;HOrO -
HHCTPYKI.{HH H 6-pa3pJI,li;HOrO - BXO,IJ;HOrO CTaTyca. 

CxeMa cuuxpoHH3al.lHH no KOMau,n;e NF (16) A(3)Sl cllop
MHpyeT TaKTOBbiH curuan ,n;JIJI MHKponpoueccopuoro 3ne
:MeHTa, a TaK)f(e cTpo6-u:MnyJihCbl ,IJ;JIJI perHcTpoa P)J.2, 
PA, PC2, B KOTOpblx xpaHJITCJI BbiXO,IJ;Hble ,n;aHHble B au,n;e 
4-pa3pJI,n;uoro ,n;aou'luofo xo,n;a c IIIBA, 10-pa3pJI,n;Horo -
BbiXO,IJ;HOrO CTaTyca, DOCJie HCDOJIHeHHJI HHCTpyKI.{HH. 

Ha puc. 3 noKa3aua Bpe:MeuuaJI ,n;uarpa:M:Ma pa6oTbl 
:MHKponpoueccopuoro 3Jie:MeHTa. OcuoBHbi:M npuuuuno:M pa-
6oTbl :MHKponpoueccopa JIBJIJieTCJI O,IJ;HOBpe:MeHHOe BblllOJIHe
uue npe,n;bl,n;yll.{eii HHCTPYKI.lHH H 3arpy3Ka uoaoii no nono-
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Puc.3. BpeMeHHQJI ouazpaMMa pa60111bJ MUKponpo~.~eccopHo-
20 3/leMeHma. L 3a;1. - epeMJJ 3aoepJICKU noJJe/leHUJI um/JOp
MU!.~UU Ha lliBA. 

~TenbHOMY $poHTY TaKTOBoro cHrnana /T/. B KaqecTBe 
npHMepa paCCMaTpHBaeTCX BbiiTOnHeHHe HHCTpyKU,HH C KO-
)J.OM onepau,HH /KOTI/ Ill B B)J, --> PP, PP __. Ill B)J, H 
IIIBB)J, -· POH. MoMeHTY t 2 cooTBeTCTByeT BhmonueuHe 
KOMaH,IJ.hi IIIBB)J, ... PP, a TaK)Ke 3arpy3Ka cne,IJ.yroll.l,ero KOTI 
/PP __, IIIB)J,/. 

MAT EMA THl.JECKOE OEECIIE l.JEHHE 

llporpaMMa TeCTHpoBaHHX HanHcaua ua X3b1Ke acceM6-
nep ,IJ.nx 3BM EC-1010. linoK-cxeMa noKa3aua Ha puc. 4. 
llporpaMMa HaqHHaeT pafioTy C qTeHHJI COCTOJIHHX Kmoqeu 
nynLTa onepaTopa I puc. 5/, B 3aBHCHMOCTH oT Ko,IJ.a KOTo
phlx onpe,IJ.eneHHhiM o6pa30M 3a,IJ.aeTcJI 3HaqeuHe BXO,IJ.Horo 
ynpaBnJiroll.l,ero cnoBa /eM. ma611./. 
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Uo4ciY &tocJMOaol 
tJnpofJIHIIOU.Ceeo 
enola: PZ 

lloi c BIJ IMoiHDZD 
ynpolniiiOUleZo 
t!IIO&a: KOni, 

cmomyc, , daHHIIW;,_, 

H~m 

llod c BY AltoiHoao 
ynpo~"'uou.ceao 

c11o6a: ()oHH~;, 

da 

Hem 

da 

eweod 
UNf#OPIIfGLC uu 

Puc.4. EAoK- cxeMa npozpaMMbl •ec11upoeaHUJ1. i =0 + k -
nepeMeHHOJI ijUKIIQ, k- KOIIU'"I€C11180 ijUK/108. 
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<l>opMaT 3a~aHH.H axo~Horo ynpaan.HJOmero cnoaa HMeeT 
cne~yromuii au~: 

PZ = ... X 

OP = ... X 

D = ... X 

U = ... X 

ST = ... X 

DT = ... X, 

r~e PZ - no3H:UH.H MHKponpo:ueccopHoro 3neMeHTa, OP, 
D, U - non.H Ko~a HHCTPYK:UHH, ST - curHanhl C1 , C 3, C 5, 
nne /eM. npHno:>KeHHe/, DT - ~aHHhle Ha lllBB,D;. 

3a~aHHe Ko~a axo~Horo ynpaan.HJOmero cnoaa npoH3Bo
~TC.H B ~ec.HTHqHoii ~opMe. ,D;anee Ha TeneTaiin aBTOMa
THqecKH BhiBO~.HTC.H pe3yllhTaThl /BhiXO~Hhle ~aHHhle/ Bhl
nonHeHHOH HHCTPYK:UHH. 

<l>opMaT Bhi~aqu: 

DOE = OOOX 

AOE ooox 

ST = OXXX, 

r~e DOE - ~aHHhle, CHHMaeMhle c lllB,D;, AOB - ~aHHhie, 

CHHMaeMLie c lllBA, ST - BhiXO~Hhie cTaTycHLie 6HThi. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

OUT ~ DT : ST : PZ KOP 
11111111111111111 

Puc.S. ct>opMam 3aOaHUJI exoOHbiX napaMempo6 Ha KIIK>'"IQX 
nyAbllla onepamopa 3BM EC -1010. OU'I- 8bi600 UHfpop
Maijuu, D'I - 6X00Hble OaHHble, S'I - 6X00Hble cmamycHble 
6umbl, PZ - no3UI4UJI MUKponpoijeccopHozo 3/leMeHma, KOP
KOO onepaijuu. 
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MET0,4HKA TECTHPOBAHH.H 

KaK npauuno, TeeT HaquHaeTes e npouepKH nporpaM
MHoro eqeTqHKa,3aTeM H,neT npouepKa perHeTpOBOH naMBTH, 
AJIY H T .,n. ,noKa He 6y,nyT nonHoeTLIO oxuaqeHbl npouepKoii 
KaK annapaTypa, TaK H nporpaMMHble HHeTpyKUHH. e 3TOH 
u;enbiO nepe,n HaqanOM TeeTHpOBaHHB HH~eHepoM·HellbiTa· 
TeneM eoeTaBnBeTeB Ta6nuua HellbiTaTenbHbiX KO,nOB, Ka~
,nbiH H3 KOTOpbiX eo,nep~HT KO,n BXO,nHoro ynpaBnBIOI.l\ero 
enoua H o~u,naeMbiH pe3ynLTaT noene uenonHeHHB onepa
UHH. eornaeHo 3TOH Ta6nuue, HH)I(eHep-uenbiTaTenL e 
BHewHero yeTpoiieTBa 3a,naeT noene,nouaTenLHOeTL uxo.n
HbiX ynpaBnBIOI.l\HX enOB ,nng Ka~OH OT,nenbHOH HHeTpyK
UHH. lloene HenonHeHHB HHeTpyKUHH HnH noene,noBa TenLHOe
TH HHeTpYKUHH pe3ynLTaTbl aBTOMaTHqeeKH BbiBo,nsTes 
Ha TeneTaiin, noene qero epaBHHBaroTes HH)I(eHepoM- uenLI
TaTeneM e Ta6nHqHbiMH, qT06bl y,noeTOBepHTbeB B npa
BHnbHOeTH «lJyHKUHOHHpOBaHHB BHyTpeHHHX y3nOB H npaBHnb· 
HoeTH uenonHeHHB HHeTpyKUHH MHKponpoueeeopHbiM 3ne-

MeHTOM. 
,D.aHHblii TeeT enoeo6eH nonHoeTLIO y,nouneTBOPHTb 3an-

poebl HH~eHepa-uenbiTaTens, oeo6eHHO B enyqae npouepKH 
He6onLwoii napTHH MHKponpoueeeopHbiX 3neMeHTOB. HH~e
Hep-uenbiTaTenL HMeeT B03MO~HOeTb 3aUHKnHTb nporpaM
MY Ha n106oii HY~HOH eMy HHeTpyKUHH, qTO Heo6xo,nHMO 
_nng 6onee rny6oKoro oeMbleneHHB «lJyHKUHOHHpOBaHHB MH· 
KponpoueeeopHoro 3neMeHTa, a TaK)I(e noKanH3aUHH Heue
npauHoro y3na /nporpaMMHoro eqeTquKa, AJIY H T .,n./ 
Ha KpHeTanne. 

KPATKHE XAPAKTEPHCTHKH EJIOKA 

KoMaH,nbl KAMAK: 
F (16) A(O)Sl - 3anueL Ko,na HHeTpyKUHH B perHeTp 

PH. 
F (16) A(l) Sl - 3anHeL ,naHHLIX H uxo,nHLIX eTa Tye-

HbiX 6HTOB u perueTpbl P ,D.l H PCl. 
F <16) A(2)Sl - 3anueb 6uTou n 0 u n 1 . 
F (16) A(3)Sl - «lJopMHpouaHHe TaKTouoro eHrHana 

,nns MHKponpoueeeopHoro 3neMeHTa. 
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F (0) A(O) - qTeHHe HH«lJopMau;uu e III B.D. H IIIBA. 
F (0) A<l) - qTeHHe Bblxo,nHLIX eTaTyeHbiX 6HTOB. 

lloTpe6nseMas MOI.l\HOeTL: 5 B, 0,2 A. 
ra6apHTbl - KapKae KAMAK WHPHHOH 1 M. 

B 3aKnJOqeHHe auTopbl equTaiOT eBOHM ,nonroM no6na
ro.napHTb H.M.HHKHTIOKa, B.ll.IIIHpHKOBa, A.A.XoweHKO, 
H.A.Bo.nonLBHOBY 3a noMOI.l\b H BHHMaHHe K pa6oTe. 

IIPHJIO)J(EHHE 

PP 
PPP 
el 
c2 
C3 
C4 

Cs 

e6 

CJil 
CJI2 
cn 1 en 
X 2 nne 
llollt 
T 
IIIB B.D. 
III B.D. 
IIIBA 
KOll 
POH 
eK 
MllKe 

- pa6oquii perueTp 
- pa6oquii perueTp paewupeHHB 
- nepeHoe B AJIY 
- nepeHoe H3 AJIY 
- nepeHOe B nporpaMMHbiH eqeTqHK 
- nepeHOe H3 nporpaMMHOrO eqeTqHKa; BbiXO,n 

eTapwero 6HTa B -wHHbl /.nns eTapweii no3H
UHH/. 

- eHrHan ynpauneHHB HHKpeMeHTOpOM; BbiXO,n 
eTapwero 6HTa ~A -wHHbl /.nns eTapweii no3H
UHH/. 

- eTapWHH 6HT ppp ,nng eTapweii ll03HUHH H 
Mna.nwuii 6HT PPP .nns Mna.nweii no3HUHH. 

- eurHan neuoro e.nuura eo,nep)I(HMoro PP 
- eurHan neuoro e.nuura eo,nep)I(HMoro P P P 
- eurHan npauoro e.nuura eo,nep)I(HMoro P P 
- eurHan npauoro e.nuura eo.nep)I(HMoro P P P 
- BbiXO,nbl yeKopeHHoro nepeHoea 

- npuopuTeT nporpaMMHoro eqeTqHKa 
- eHrHanbl, 3aBHeBI.l\He OT ll03HUHH 

- TaKTOBbiH eHrHan 
- WHHa BBO,na ,naHHbiX 
- WHHa BbiBO,na ,naHHbiX 
- WHHa BbiBo.na a,npeea 
- KO,n onepaUHH 
- perueTp o611\ero Ha3HaqeHHB 
- eqeTqHK KOMaH,n 
- MynLTHnneKeop 
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HKM - HHKpeMeHTop 
MIIKC .D: - MYJILTHITJieKcop BLI,na'IH ,naHHLIX 
MIIKC A - MYJILTHnJieKcop a.npeca 
IIY - cxeMa no3HUHOHHoro ynpaaJieHHJI 
P P P 3 - MJia,zumrii 6HT pa6oqero perHcTpa pacwHpeHHJI 
PPPO - cTapwH:ii 6HT pa6oqero perHcTpa pacwHpeHHJI 
IIJIM - nporpaMMHpyeMa.ll norH'IecKa.ll MaTpHua 
POII - perHcTp onepaUHH 
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