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THIS MAKES ME THINK ...
(UNDER THE PRETEXT OF A WELCOMING ADDRESS)

F, VAJDA

Central Research Institute for Physics 6f the Hungarian

Academy of Sciences, Budapest, Hunaarv

Having the unusual oOpportunity of opening this winter school,
please allow me to introduce a few thoughts of mine regarding
its topics.

The main purpose of our winter school is to facilitate the
international flow of information among the participating

socialist countries in the field of

- microprogramming and
- microprocessing (in other words: microprocessor
applications. )

Our scope of interest includes in particular

theory

research

design

development
- application
relating to

- microprogramming
- microprocessor systems
- distributed computing and multimicroprocessor system

- integrated hardware-firmware-software design.
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The main components of up-to-date system design are:

- hardware
- software
- formware

- brainware (We are particularly strong in this field!)

We are to have a separate section of the school devoted to
application aids (developing tools and methods); because there
is no system development without a development system. We have
to change today’s situation when microprocessor programming

is like printing before Gutenberg.

First of all a few definitions are shown to have a "common

vocabulary".

A microprocessor is the central processing unit of a small

computer implemented on one or a few LSI chips.

The computer based on a microprocessor is a microcomputer.

Microprogramming is the design of the control function of a
processing system as a sequence of control signals which are
organized into words (called microinstructions) and stored in

a control memory.

A system is microprogrammed if this control function is implemented
in this way and mzZeroprogrammable if the control function can be
changed by the user.

An emulator is a microprogrammed system which copies another

system.

Considering components® development, Texas Instruments VLSI

(Very Large Scale Integration) schedule is given in Fig.l.
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Regarding VLSI "mathematiecs'", the general rules are as follows

(see Fig.2.)

- Number of elements doubles every year (The so called
"Moore-Nayce rule")
- Chip size increases slowly with time; therefore, element

sZze must decrease.

- Chip power dissipation must remain constant; therefore,

dissipation per element must be halved every year.

DEVICES gll'izlg
PERCHIP [mils]

A

107 -

i e

T 500

1400

+ 300

T 200

T 100

Figs 2.

VLSI "mathematics".
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Considering now the two main topics i.e. microprocessors and
microprogramming and the interaction between them we find that
the greatest impact of microprocessors on microprogramming so
far is in the implementation if microprogrammed systems with

bit-sliced microprocessors.

In the field of bit-sliced processor applications the most

important areas of interest are:

- Emulation of existing minicomputers (e.g. NOVA, PDP-11,
Intel 8080, Interdata 7/16 etc.)
Difficulties in implementation:
- Complex bus Structure
- I/O0 systems

- High speed controllers for
- process control systems

video displays

communication etc.

A microprogrammed system without arithmetic capability
oriented toward control applications is called a micro-
controller. An LSI sequencer together with a micropro-
gram memory and some other elements may do the job alone.

- Special-purpose computing elements. The current and
potential applications are as follows.
- Signal processing, e.g. filtering, transformation,
statistical analysis etc.
- Simulation, e.g. direct execution of simulation languages.

- Video processing.

There is a new tendency in microprogrammable universal computers-
the so-called flexible architecture (e.g. Nanodata Q-1 with many
independent buses which can be configurated in order to meet
particular needs). This tendencv leads to a new category and
brought to life the wuniversal host as a research and development

tool. We shall refer to its application as emulative support.
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The applications of a universal host computer by the manufacturer

can be

- in the development of new microprocessors.

The manufacturer could easily experiment with different archi-
tectures, design instruction sets, and emulate existing machines.

It is a flexible hardware and software tool.

- Developing new I/0 chips to be used with microprocessors.

In many cases the latest chips are even more complex than the
processors with which they work. These chips themselves may be

microprogrammed. Therefore the universal host could be a tool

in the design of such chips - as programmable interfaces, single-
-chip peripheral controllers - and could support their micropro-
gramming.

- Developing System Software for microprocessors.

In this case the system software could be written using the
universal host and would not depend on the availability or

performance of the processor itself.
Application of the universal host computer by the user:

Advantages are the same as for the manufactures, among other
things these are experimentation with different architectures
and instruction sets, rapid development of software and emula-
tion of existing machines. The user of microprogrammable pro-
cessors can develop microprograms and essential system software
on the universal host. It can be used as a single development
tool for many different processors and can benchmark different
devices., It is very useful for the development and design of
custom LSI.

There is also a new offspring of merging hardware and software,
the S5S (Solid State Software). This is a new methodology for
developing reliable and efficient application programs for

microprocessors. It means low cost, off-the-shelf operational

4=



-l JE AL
and support software in ROMS. Operational subroutines are
eqvivalent to LS1 building blocks. They reduce the programmers
burden, requiring only linking modules. Today'’s microprocessor
architectures contain an important feature that has a strong
impact on this design strategy. This feature is an external
address stack which is managed in hardware, via a stack pointer
register and the CALL and RETURN instructions within the proc-
essor’s instruction set. Use of the stack for program results

in a lot of work being performed at a reasonably low price.

Finally, dealing only very shortly with the many possible conse-
quences of using microprocessors, we refer to Fig.3 which covers

a wide range of overlapping areas affecting individuals and

socitety.

I am very pleased to velcome you here in Szentendre and wish
you a succesful and pleasant time both on my behalf and on the

behalf of the organizing committee.
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BIIMAHUE BBICOKOPA3BUTOWM MHKPOSJIEKTPOHHOW CXEMHOH
TEXHOJIOTMA HA CO3IAHME MHOI'OITPOLUECCOFPHLIX CHUCTEM

I'. CanplLMaHH

HIl Po60TPOH, HAYUYHO-HUCCIEIOBATENBECKUH LEeHTD

[I[porpecCuBHOE DA3BHUTHE MHUKDOBJIEKTDOHHOM CXEMHOH TeXHOJIO-
'MKH B CBA3HU C HOBBIMH NOTPEOHOCTAMM M INDUBHUKAMM I[OJB30BATEJIA
CymEeCcTBEHHO MOXeT BJMATH Ha Oynymue nokoyneHus OBM. HUcnonpszoBa-
HAe CoNbuMX MHTErpaJyibHbex cxem /BUC/ TpebyeT MOOYNbBHOH OpraHu-
3auuyd QYHKUUM CUCTEMBl W MNDPUBOIOMT K HOBBIM ITPHUHIIMIAM TNPOEKTHPO-
BaHUA. [Ipy 3TOM MHOTONPOLECCOPHHE W MHOTOMaAUMHHBIE CHCTEMBI Ha
faze MUKDOIDPOLECCOPOB MOIYT UrpaTes COnbLyw poJsb. HacToamui
YPOBEHb XaPaKTEDUIYETCA KOHUEeNUMWEeH U onpofoBaHHEM DAla HOBBIX
DEemeHut, B pe3ynbTaTe KOTOPHX CTaHIapTHOE peumeHWe OO0 CUX Iop
He Moryio OHTBE MNOJyuYeHo. Ha OCHOBe eume pemaeMblX BOIPOCOB,
BKJIOYasa BONpoc ofecneuyeHud COBMECTHUMOCTH C CymecCTBYKUEH
BHUHCJIMTEJIbHOW TEXHMKOM B 3KCIUIyaTaluH, KPaTKOCDPOYHEIX MNPUHLH-
NMUaJBHEIX HM3MEeHeHHWH B OfJIaCcTH YHHUBEDPCaJbHO HCNONb3yemsx OBM
CPeOHEeN 1 BLICOKOH MNPOU3BOINHTENBEHOCTEY HE OXUIOaeTCHA.

1. BBeneHue

C BO3MOXHOCTEBK HMCHNONB3OBAHUA MUKDOIJEKTPOHHON CXEeMOMH
TEXHOJIOIHH, MNO3BONAKNHEN OUYEHb BHICOKYH CTEeNeHb MHTEerpalud M
HU3KHE 3&TpaTh Ha D3JIEMEeHT, 3a MWHYBIIME IOIbl HaYasd npolecc,
KOTODHY B £ynymeMm, FHTE MOXET, PACCMATDHBAETCH KAaK KauyeCTBEeH-
HO HOBHIH 3Tall B OS71aCTH DEaNU38LMWU U WUCIOJIE30BAHUA TEXHUYEC—
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KUX cpencTB OBM. Kak moka3bBaeTCA, MUKDOJJIEKTPOHHKaA HE TOJIBKO
OKa3hBAeT BO3NEHCTBUE Ha MOaJIbHEHNWH HAaYYHO-TEXHHUUYECKHH [por-
peCC B HApOOHOM XO3AWCTBE, HO OHa Takxe OyIeT BIMATE Ha 00—
mMeC TBEHHOE Da3BUTHE.

OnHO HampaBJIEHHE 3TOI'O IIPOlLIECCa YX€ ACHO BEIDUCOBHIBAETCH.
Bce B 6onbmeM o6BEME HAXOINAT IpUMEHeHHMEe MHUHU OBM U TexHuuec-
Kue cpenctBa OBM B COBEpHEHHO HOBHX cdepax, KaKk HampHMeED,
B YCTDOHCTBAX IOELIEHTPAJIM30BAHHOI'O YIpaBJIEHUA U 0OpabOTKU OJid
MHOXECTBa YCTDOMCTB M OOODYHOBaHHH, BKJIOUasa NOTPEOUTEJIbCKHE
TOBapHI.

MeHee OUYEBHUIOHEIMH, OOHAKO, ABJAKNTCA BO3MOXHEE BO3NEHCTBUA
Ha TDAIHWLUOHHEIE KJIACCH YHUBEDPCAJBHHIX MaJiblX ¥ 6onpmmx 9BM. Cuu-
TaeTCA, YTO HCIOJIb30BaHMe O6O0JIbuMX HHTEI'DAJIbHBIX CXEM B 3TOH
chepe Takxe MoxeT npuobpecTu 6onpmoe 3Ha4YeHUe. A paccMOoTpe-
HUA BO3MOXHBIX HallPaBJIEHWH DA3BHUTHUA BBIUUCJIMTEJIBHON TEXHUKU MEI
CUMTaEM TaKylw HCXOIOHYI TOUYKY OCOOEHHO MNDPHUI'OIHOW, NpHUYEeM IOpy-
rue KoadduIMeHTE BIUAHHUA HEe ocTawTcA 0e3 BHHUMAaHUA.

2. O pPa3BUTHH CXEMHOH TEXHOJIOT'HHU

Hacroamee coctosHue paszButuda BHUCoB mno n-MOII-TeXHOJIOTHHA
XapakTepusyeTcsa cTenedbw HHTerpanud 10.000 + 20.000 TpaH3uC-
TOPOB/YUI. OTO TMO3BOJAET, YTO B OJHY CXEMY MOrYT OBTH BKIIOYE-
Hhl 8-Dpa3pAIHBI MHUKDOIPOLIECCOD C BEICOKOM ITPOU3BOIHUTEJIBHOCTHBI0
M TaKTOBOH 4aCTOTOH 6Gojee 2 Mru., namMATb 8 K6uT ummu 16 K6ur
UM Jaxe MUKpOo-9BM C LeHTPpaJibHbEM [IPOLIECCOPOM, BXOIHBIE W BHXOI—
Hble KaHajbl U HEeKOTopasg MaMATh WA 8-pa3pAnHo# 06paboTKH.
MexOyHapoIHO IpennojiaraeTcda, UTO TEelepemHee Dpa3BUTHEe ITOCTOAH-
HOI'O IOBHMIEHWA CTENEHW HUHTErpaldd 3a CUYeT COBEepueHCTBOBAaHHUA
TEXHOJIOTHH M IIOBBIIEHUA CKOPOCTHU IEPEKJIOYEHUA, YMEHBHEHUA 10—
TpeOJIeHUA MOMHOCTH U CTOHMMOCTHU OyOyT NPOIOJIKAThCA. [IpH 3TOM
fonpuyid poJjib 6yHOeT UrpaTh I[Eepexoll K HOBBIM MEeTOoIaM CTDYKTYDU-
poBaHuA. Hcrnonp3yeMmeld B HacToAmee BpeMa MeTon doTomuTorpaduu
[I03BOJIAET H3TOTOBJIEHHE CTDYKTYDHHIX 3JIEMEHTOB MMDHUHOHM IPUGIH-
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3UuTEJIbHO 1 MKM. OTO ABJAETCA TI'PaHHULEH, YyCTaHOBJIEHHON IJIMHOH
CBETOBEIX BOJIH. C NPUMEHEHHEM BJIEKTDOHHOIYyYEeBOH JHTOrpaduu
PACUYHTHBAKT IIOJIYUYUTH HE MeHee NeCATHKPATHOI'O MEHBHEro 3HayeHud.
Ha ocHoBe Gojiee HOBBIX MPOTHO30B /2/ IJA pPa3BUTHA CTENEHH HHTEer-
palU{ BBHOEJNANTCA cJenywomde 3Tallb:

CTeneHp UHTEerpaluu

Cpoku TPaH3UCTODbl/ YUl

[TapamMeTps CXEMEI

1976/77 1l <+ 2 % 104

8-pa3pAOHEI LEHTPAaJIbHEH
npoueccop Miau 8-pas3pdal-
Hag MUKpPO-9BM Ha OIOHOM

quIne

1979 lO5 16-pa3pAnHLY LIEeHTPAaJIbHbIH
IPOLIECCOP C MaMATBD U
BXOIHBIMH M BHIXOIHBIMM Ka-
HaJIaMH

1984 10 32-pa3pPANHBIM 1EeHTPaJibHbH
[IpolleCCOop C NaMATBI0

64 Kbéur.

Ha ocHoBe mnpouecca OBIBLIETO DPA3BUTUA MHKDO3JIEKTPOHUKH

HET MOoBOOAa IJId WICHOPHUDOBAHUA TaAKHX M[POrHO3OB . YXe Telnepbk HMe-
OTCA B paCHOpPAXeHUM 16-pas3pAllHble MHKDPOINPOLIECCODPH MK 16-pas-—
pAanHele OBM Ha OOHOM YHNE; MNOJYYEHO CcOoOobmeHUuEe O IOABJIEHUU Ha
DHHKE HaJsibHeMmmMx npoueccopos /4/, /5/. llenbw ABIAETCA IOCTHXE-
HHE IPOM3BOIUTENIBHOCTH NPOLECcCcOopa, OTBeYawmeld MNpPOU3BOOUTETIb—
HocTH Tura PDP 11 cepur 40. 3mech NOOHUMAETCA IPUHLUMIHAJE HEIHA
BOIIPOC O TOM, KaK HCIIOJb30BATh 3TH TEXHOJOIHMYECKHEe BO3MOXHOC-—
TH IJIA CPeOHEeW U BHICOKOM TeXHUKH U IJIA YHUBEPCAJIbHBX MallWH .

3. HexkoToprie BONpock npoekTupoBaHua OBM Ha 6a3e EBHCoB

Crneuuduxka BUCOB TpebyeT HEKOTODPHX HOBBIX IIDENNOCHUIOK IJIA



[IPOEKTUPOBAHHUA IIPOLECCOPOB, TECHO CBA3AHHBIX C TpeCOBaHUAMU
[IOJIL30BaTeJd K HOBHM cucTeMaM. CymecTBEHHEIM BJIMAHUEM Ha CTpa-
Tervw INpOoeKTHUPOBAHHA MU CO3IOaHHE HOBHX CTDYKTYD H aPXHUTEKTYD
ABJIANTCA cilenyrmHre acClleKTH:

1. C omHOM CTOPOHBI, COBDPEMEHHAaA IMOJYNPOBOIOHUKOBAA TEXHUKa I[103-
BOJIAET BBICOKYI M BCe HOJIbme MNOBHMAKIYICA CTENeHb HHTErDAallUU.
C IOpyrom CTODOHBI, YMCJIO BHEUWHUWX NPUCOEIOWHEHHWH, T.e., YUCJIO
BBOIOB CHI'HAJIOB B MHTErDAJIBHYKW CHUCTEMY HU3-3a TEXHOJIOTHYEec-—
KHUX NPUYMH OUYEHBb O'PaHUUMBAETCA, B HaACTOAuLEe BpeMAd - Ha
4O + 70. B CBA3H C 3THUM, TOJIBKO Te OYHKLUMOHANBHBIE €IWHHIIH
/BJ0OKH/ UHTETrDPUDYEMB, KOTODHE NOCTYIHBE B KOIUDOBAHHOM BHIE
10 MaJOMy YMCJIY CUTHAJIbHEIX I[IPOBOIOB.

OTHW YCJIOBHUA TpeOyoT MOOYJIBHON OPraHH3aluH OBM, pazneneH-
HOM, [0 BO3BMOXHOCTH, Ha 3aKOHUEHHbHE CYOKOMIJIEKCH. TaKuMU
Y HKLUMOHAJIBHEIMM KOMIIJIEKCAaMH, HAaIDUMED, ABJIANTCA NPOLIECCOPH /C
CHUCTEMHOH MpOrpaMMoii/, MONYJIM IaMATH HUJIM JIOTHYECKHEe OJIOKH
uHTepdelnica, KOMMYHHKALHWA KOTODHX HOJIXHA [IPOBOOUTBCA C ITOMOIBI
coOenuHUTENbHOM cucTeMbl. TakuMm obpas3oMm, crneuudrka TexXxHUKU BUC
NMPUBOIUT K CO3INAaHUK MHOI'ONPOLIECCODPHEIX CUCTEM C BO3MOXHOCTE
Jiydymen IeKOHUEeHTpauud OYHKUMM cucTeMbl. C TOUKM 3DEHHUA JBKCHOIya-
TallM¥, 3TUM IOaHBl IPENNOCHUJIKHW YJYUYMEeHWA MNPO3PayHOCTH CHCTEMH H
IOCTHUXEHUA 6oJiee BHICOKOM TMOKOCTH MNPHU MPUCIOCOGNeHHH /amanTa-
UMK/ K 3amayaM, a TaKXe DaCHMPAEMOCTH 3a8 CUEeT IepeOCHAaueHUdA.

2. C yBenmuuuBamuleldcsa CTENEHBI HHTErpaluy IIOBBUBETCA KOMIIJIEKT-
HOCTb /CJIOXHOCTB/ CXEMB C TEHIEHUWEH CcHeuuann3anuuv. [10Bb-
mAalTCA OCHOBHBIE 3a4TpPaThH Ha MDOEKTUPOBaHUE U pa3paboTKy cXe-
Mbl ¥ YMEHBHIAETCHA KOJUYECTBO HU3OEJHM Ha EeIWHHUIlY YCTDOHCTB.
B 3KCcTpEMAJNIBHOM Cliyyae BCE OCHOBHHE GYHKUHWU OBM MOryT OHTH
pas3MeneHsl Ha OIIHOM uume. [IOCKONBKY Deuyb He uieT OO0 HMCIOJNB30-
BaHWH CXEM KDPYIIHBX CEpHH, BHBOIOM U3 3TOI'O ABJAETCA 3anayda
ONTUMHBALMU C LIEJPK OOCTHUXEHUA COOTBETCTBYKUEN CTENEHH YHU-
BEpcalbHOCTH Habopa cxeMm. Ha ocHoBe Majsioro, no BO3MOXHOCTH,
yHcja THIIOB CXeM clenyeT oOOecneuyuThb 3KOHOMHYHOE IIPOMW3BOL-
CTBO CXeM B OOJIBIIMX KOJIHWYEeCTBaX.
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9TO NpOTUBOpPEUYHE Mexly TeHIeHLUeH crneuuasiuzauuud U Tpebo-
BAHHUAMHU YHUBEDPCAJIBHOCTHU TakKXe INPUBOOHUT K MOIAYJIBHOM OpraHU3allud
OYHKUUA CHUCTEeMbl C Ha3BaHHEIMK B m. 1 nocJaenoCTBUAMH, INIpUYEM Da3-—
JruuHble QYHKUWHW MOr'yT OBTH DEeaJIi30BaHb COOTBETCTBYKOMMM Nporpam-
MHpDOBaHHEM allapaTHBEX MOIyJieM, T.€. INpPOoLeCCOpPOB.

3. DKOHOMHUYHOE npousBoncTeo BUCoB /MmaccoBoe IMTPOHU3BOACTBO
DYHKLHMOHAJIBHEIX DJIEMEHTOB B OIOHOM HDOHBCCE/ yXe ceromHsAa
obecrieynBaeT MaJble 3aTPATH Ha. OOHY JIOTHYECKYK (QYyHKIH.

[lyTeM nyuymero OCBOEHUA TEXHOJIOTMM ¥ MOBBIIEHUA IJIOTHOCTH
dyHKUUE 3TH 3aTpaTh Bce 6oJsibie yMeHbmawTcA. W3 3TOro BHTEKaerT
9KOHOMHYECKaA HeoOXOIMMOCTE HCIOJIE30BaHMA BHUCH, U3IOTOBJISEMBIE
C TNOMOWBI TaKUX TEXHOJIOU'MUECKHUX IMPOLECCOB MJIM TEXHOJIOTHH, KO-
TOphle TPEOYKWT MaJioro KOJIMYEeCTBa MMPOHW3BOACTBEHHBIX maros /ornepa-
UYMH W [O3BOJIAKMHUX BHICOKYKH IUJIOTHOCTE YyNakKOBKH. OIOHOBDEMEHHO H3-
MEHATCA MPONOPLUHWMU 3aTpaT MEexIOy KOMIIOHEHTaMH BBIYHCIIUTEJIbHOM
CUCTEMBl U BTHUM - HOEHUCTBUTEJIbBHEHE OO CHX IOP INPUHIMIE POEKTUDPO-—
BaHUA. B cBA3U C TeM, 4YTO HMEeTCA HOOCTaToOuYHad IemeBasd MOMHOCTH
OBM, ee MakcuUMaJIbHOE IIOJIb30BAHUE BCE XE€ HEe CTOMUT Ha NepelnHeM
miaHe. OOHAKO HeoOXOOWMeIM fABIAETCA OOECNeuyuBaTh Haulyumee HC-—
NOJIb30BaHUE OCTAaJIbHEIX DECYPCOB CHMCTEMHl /HakomuTesnei, nepude-
puii/ ¥ YMEHBHHTH 3aTpaTH Ha pa3paboTKy CHCTEMHEX NpOrpaMM.
OTH acCHeKTH TaKXe CIOCOOCTBYT CO3IaHHWK MHOI'OITDOLIECCOPHBIX
CTPDYKTYD 3a& CUYeT HCIIOJIb30BaHUA OTHOCHUTENBHO IOOPOTHX DPECYDPCOB
CUCTEMB HEKOTOPHIMH ITPOLIECCODPAMH .

CxemHasa 0Oa3za, Tpebywomad MEHbUIMX 3aTpaT, ABJIAETCA NPENNo-
CHUIKOM Bce 6oJspmer pabOTH C PE3EPBOM, a TaKXE YMEHBHHTH O6BEM
M CTEeleHb CJIOXHOCTH MamHHHO-ODHEHTKDOBAHHOI'O MaToOEecClneueHUdA.
BO3MOXHOCTH HJIA 3TOI'O BHITEKAKWT M3 YMEHBHEHUA OPraHU3alMOHHBIX
3aTpaT BHYTDU CHUCTEMBl, U3 HELUEHTpaJIM3allMd U U3 nepeBoga yHK-
LIMA CUCTEMBI, HUCIIOJIHEHUE KOTODPHIX OO CHX IIOD NPEHUMYMECTBEHHO
670k1 /Momysu/ C NPOrDaAMMUDYEMOH MMaMATBO. JTO, OIHAaKO, Tpebyer
opraHM3alyy MHOT'OIPOLECCOPHOI'O DEeXHMa Ha OCHOBE HOBHIX Nporpam-
MHEIX CDEOCTB.
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C TOYKM 3DPEHMHA JKCIJIyaTallu¥, SKOHOMHA CXEMOTEeXHHKH Ha ba-
3e BUCOB NDUBOOUT K YJAYyUMEHWK COOTHOMEHHA ITPOM3BOAUTENBHOCTH/
IIeHa 4 OTKPHBAET BO3MOXHEE NYTH K CUCTEeMaM, IOONyCKalmuM OTKa-— .
3B, a Takke K JiyumeMmy of6CiyxuBaHui 9BM, Hanmpumep, 3a CUeT M-
POKOI'O HCIIOJIE30OBAHUA CPEICTB KOMMYHHUKAILIMW MW HCIOJIB30BAaHWUA A3BI—
KOB IIPOrpPaMMHPOBaHHA 60jiee BHICOKOI'O YDPOBHA.

OTHM MBI KOHCTATHDPYEM Pa3BUTHE YCJIOBUM, B3aWMOILEHCTBYOMUX
Ha H3MEHEHUE apPXUTEKTYDH U CTDPYKTYDPH OBM. HapAny ¢ skKcliyaTa-
LIMOHHEIMH /nQJIBBOBaTeJIBCKHMH/ TpebOBaAHUAMU 3HAUUTEJIBHOE BJIHUA-
HUEe, MpPEeUMylmleC TBEHHO, MMENT TEeXHOJOTHYEeCKHEe BOBMOXHOCTH B
CBA3M C 3KOHOMHMUYECKUMH GOaKTopaMmu.

4, HexoTopple BO3MOXHOCTH HCIIOJIb30BAHUA MHOT OIPOLECCOPHHIX M

MHOTOMAWMHHBIX CTPYKTYD Ha 683 MHKDOIIDPOLECCOPOB

4.1. TossmeHue ITPOU3BOIUTEJIEHOCTH U €€ MpHCIIocObsieHue B opra-
HHU3alMH NapaJuienbHOM paboTh

OpraHu3alyAa MNapauieJIbHOH paboThl HEKOTOPHX IIPOLECCOPOB
[IO3BOJIAET, NMPHU HAaJMUWK COOTBETCTBYKmEH CXEMHOH 6a3bl U IaHHOH
IPaHUlb 3aTPAT, IIOBHCUTH IIPOU3BOOUTENIBHOCTH CUCTEMBl IIO CpaBHE-
HHMI0O C OJHOIPOLIECCOPHON CHCTEMOM, WU 34 CUET COOTBETCTBYKHmEH
KOHOUTypaluy NPUCIOCOOUTE €e K TpeOOBaHUAM I[I0JIB30BATEJIA.

[lenecoobpa3HON ABIAETCA KJjaccudbukauuAa o OYyHKLIUAM U 3a-
mayam /cM. puc. 1/, XOoTd 3OEChk He BO BCAKOM cCiydyae IOOCTHraeT-
CA SACHOE Or'pPaHHUYEHHEe.

B cnyuae ®YyHKUUOHATBHO—PA3IEJIEHHEX CHUCTEM IIPOBOOUTCHA Cle-
uhausanus GyHKIHUE CUCTEMBl Ha HEKOTOPHX IIpoleccopax, COXpaHAd
PEeXHM INocjiefoBaTeJIbHOH 06paboTKU KOMaHn. B CBA3M C TeM, 4YTO B
HacToAmee BpeMsa IporpaMMel pas3pabaTHBAOTCA, MPEUMyHECTBEHHO,
OJIA TOoCiIenoBaTeJIbHON 06pabOTKU, TakKue CHCTEeMbl MOI'YT HCIOJB30-
BaThCA yHHUBepcaJibHO. HanmpumMep, MoxeT OHTB IIPOBENEeHO pa3nele-
HHe DaboT MEeXIy IDOLECCOpaMy IJIA yIIpaBJIeHUA, 006pabOTKHU, BBO-
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H&/BHBOH&, TEeXHUUYECKOr'o OOCIIyXHBAHUA H AHarHOCTHKH .

B cnyuyae pa3gesieHHBX Ha 3alayd CHCTEM OpraHU3yeTCHa napaJi-
JieJIbHaA /OﬂHOBpeMeHHaH/ obpaboTKa MOCJenoBaTeJNIbHOI'O NapaJuiesiy-
30BaHHOI'O aJI'OpUTMa WJIM MpOor'paMMbl Ha HEKOTODPBIX Mponeccopax cC
LIeJIBI0 [MOBBIIEHUA IIPOINYCKHOW CIIOCOOHOCTH CUCTEMbl. YHHUBEpcaJibHOe
HCIIOJNIb30OBAHUE TaKUX CTDPYKTYD CBA3aHO C aBTOMATHYECKUM pasznele-
HHEeM IIporpamMel Ha IapaJulesibHO obpabaThBaeMble CEKLWM Ha 3Tane
KOMINUIALUK . 1A cneuuaJibHeIX CcilydyaeB I[IPUMEeHEeHUA /Hanpmmep, B
obJslaCcTU yIpPaBJIEHUA TEXHOJIOTHMYECKHMH HpOHGCC&MH/ rnapaJiynejyib Hada
paboTa OpPraHU3yeTCA NPOIDAMMUCTOM UJIM CTDPYKTYpPa& CHUHCTEMHI IIPAMO
BHIBOOUTCA M3 aJIFOPUTMa DPEMWEHUA OOHOI'O KJjlacca Npobiem /HaHDH—
Mep, IJiA 3aIa4 BHEUYHUCIHMTEIBHOH MaTeMaTHKH/.

Ha npakTHke no QyHKUHUAM H IO 3allayaM He pPeIKO IIPOBOIUTCH
B CMEmAaHHOM BHUIE.

4.2, Cucremsl momnyckamomye OTKa3H

MHOIOMHKPOIIPOLIECCODPHEIE CTDPYKTYDH TaKXEe MOI'YT ABJIATHCA OC-—
HOBOH peaJiM3allud CHCTEM, IOONYCKaKmMX OTKa3h, HeobXoOouMee B
ciydyae BBICOKHUX TpeOOBaHUM K HAIEXHOCTU. OTH CTDPYKTYPH C "MAr-
KUM IOBeneHueM oTKasza'" npelncTaBiAlnT cobol BKOHOMHYECKYH ajib-
TEpHATHBY K IOBOMHEIM U TPOWHEIM cucTeMmMaM. COOTBETCTBYWmAA MO-—
OyJIbHAA OpraHU3aluA CUCTEeMHbX QyHKLUH, annapaTHHE U Nporpam-—
MHBIE CDPELCTBa U YNOpPANOUYMBAHUE MNPHOPUTETA B CBA3U ¢ 3ddeKTHB-
HEIMH MepaMH OUArHOCTUKH IO3BOJIANT B CJIyyae HEHCIIPABHOCTH CO-
XpaHeHHe paboTOCIOCOOHOCTU CHUCTEMBI, B HEOOXOOMMOM cllyyae Tak-
Xe C IOHWXEHHOH INPOU3BOIUTEJIEHOCTBI.

4.3, JleueHTpanuzoBaHHaa ob6paboTka

I pas3JIMuHBIX CJIy4YaeB [ITPUMEHEHHWA, HallpuMep, OJA TepMHHa-
JIOB HJIM KOMIUIEKCOB HUOPOBOI'O yINpaBJIEHUA, THUIIMYHBIMM ABJIANTCA
OTHOCHUTEJIPHO aBTOHOMHBIE TOINCHUCTEMBI, CBA3a&HHBEIE C Benymeﬁ SBM.
C uesnpio yIpoOMEeHUA OpraHUu3aluH CUCTEMBl, OI'PaHHM4YeHHAa 3aTpaT Ha



annapartypy /nuHUM/ nepenaud HHOODPMALMM W TIOBBMEHHA HAIEXHOCTH
CUCTEMb BO3MOXHBIM SABJISETCA IEPEBOAUTH HEKOTODHE MNpoLeccs obpa-
OOTKH Ha NOACHUCTEMBI. JKOHOMHUECKOM OCHOBOHM IJiIA 3TOI'O TakKxe
ABJIATCA IemeBble MHKDPOIMPOLECCOPH. B CBA3UW C TeM, 4YTO yNpaBJA-
eMble Benymed 9BM HHTEJUIEKTyaJibHble MOACHUCTEMHE TOJIBKO "ciyato"
COEIMHEHH IOpYyI C IOPYI'OM, TaKOM KOMIIJIEKC MOXET CUYUTATBCA MHOI'O-
MaubIHHOM CHUCTEMOMH .

4.4, CocTosHHE B HAaCTOAMEM

Hcnonp30BaHUE MHOI'OIDPOLIECCOPHEIX CHUCTEM U COEIUHEHHEe Ma-
JBIX U Oospmux OBM 1A co3maHUA MHOI'OMAmMHHBEIX KOMIIJIEKCOB B 06—
JJACTU DJIEKTPOHHOHW 0O6paboTKH IOaHHBX HEe ABJIAKNTCA HOBOCTBHH.

B MexnyHapOOHBEIX MacuTabax, OOHAKO, 3a MHUHYBHME TOOb B
BO3pacTanmei CTEIleHH ObJIM CIIPOEKTUDPOBaHE U ONPOGOBAHE CHCTEMHI
Ha 6a3e MHKDPOIIPOLIECCOPOB BO MHOI'MX BapuaHTax. OHH, NIPEUMymecT-
BEHHO, CJIYXaT IOJIA MCCJIENOBAHUA MPUHIMUIIOB DPEMEeHUA U YaCTHUHBIX
npo6ieM; KOMMEPUYECKOI'0 3HAUEHHA, OOHAKO, 3TH CHUCTEMH IO CHUX
[IOp HEe MOIJIM NPHOOGDPEecCTH.

HecMoTpa Ha TO, UTO ONPEIEJIEHHHE 3JIEMEHTH YXE€ HCIIOJB3YKRT-
CA, KaK HalpHUMeD,

- mMHa, paboTawmasd C pa3lesjiIeHHeM BDEeMEeHU KaK COeOUHUTEJb—
Had cucTeMma;

- KOMMYHHKAaLMA 4Yepe3 o0myw NaMATh OJA ObBCTPOIEHCTBYKHIEIO
obMeHa IOaHHBIMH;

- OTHOCAmMHECA K IpoleccopaM HaKOMNUTEJIH IOJA DPa3rDY3KH UKHH
U COKpameHUA BPEMEeHU OxuIaHua BM;

- npuHUMn "MacTep-cieiB" /Master-Slave/ IJd NPOBEIEHUA
ofbMeHa OaHHBIMH,

CTaHOapTHbEE pemeHHA A MHOT'OIIPOIECCOPHBIX CHCTEM IO CHX IIOD

He ObLIM MOJIYYEHHl.

B cayuae cucTeMs "cnaboro UM HEXecTKOoro" coemuHeHus
CUTyallui HEeMHOr'o npyrad. Ha DpeIHKE NOABUJIMCE IIEDPBHE H3IEJNHA,
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npenHasHauyeHHsle A pexuma "macrep-caeins" /5/.

[Iph oLEeHKe IOaHHOW CHUTyaluHuHu CcJenyer yyecTb, 4YTO HWHDPOKOE
BBEIEeHHEe HOBBIX apXUTeKTyp OBM 1A yHUBEpPCaAJIbHOT'O HCIONb30Ba-
HUA TakKxe npennosaraetr obtecrneyeHue COBMECTUMOCTH C CymecCTBYIO-
IOHM TIOKOJIEHHUEM /FeHepauneﬁ/, [10 KpaVHeW Mepe Ha YPOBHE I[DPUK-
JaOHBIX MporpaMM. B CBA3M C 2TUM cCllemyeT OTMETHTBb, YTO TEOpPEeTH-—
UYeCKHUX OCHOB, BCIIOMOr'aTe€JIbHBIX CpPEeICTB H SMIIMPDHUYECKHUX IOaHHBIX
I NPOEKTHPOBAHUA MHOI'OIPOLIECCOPHEIX CUCTEM, B OCOOEHHOCTH MOJA
ONpelleJIEeHHEIX LIeJIEW HUCIIOJIb30BaHUA, eme Mallo. IOTO KacaeTcA IOYTH
BCeX YaCTHUUHBIX NIpobiieM, Kak

— MPOEKTHPOBAHUA U ONTHUMUIALMHM apXUTEKTYDPH U CTDYKTYDH;

- MOIEJIMPOBAaHUA, OIMCAHUA CUCTEMBI U UMUTALIHH ;

- MOOYJIBHOM OpraHu3aluMu, crneuguaauszauud OyHKUHUP Ha QYyHKIHO-
HaJIEPHO pa3leJieHHble CHUCTeMbl U KoHdurypauumu uHTepdelica;

- CeTH CBA3H;

- ONEepalyOHHEIX CHCTEM;

- pas3lesieHuda NporpaMMbl Ha NapaJulienbHO obpabaThHBaeMble CEeK-—
LIIUH; ABLBIKOB NPOI'PaMMHUDPOBAHUA, IMOLIEPKUBAKMUX NapaJIesib—
HYy® 06paboTKy;

- OUHaAMHUUYECKOI'0 CTPYKTYPUDPOBAHUA, CaMOIUATHOCTUKHM U DPEKOH-
durypauuu;

- MCIIOJIb30B&HUA alnapaTHEX CPEeNCTB IJAd yMEeHbleHUA obmreMma
U CJIOXHOCTH MaumKMHHO-ODPUEHTUDPOBAHHOI'O MaTOOEeCNeuYeHHd ;

- NpAMOM HHTEepnpeTauuu A3HKOB 00Jiee BHCOKOI'O YDPOBHA;

- ofecrneyeHua COBMECTHMOCTH;

- OLEHKHU NPOM3BOOUTEJIEHOCTHU U 2DDEKTUBHOCTH ;

- cos3paHua HabopoB BUC mna MHOIONPOLECCOPHOI'O M MHOTI'OManMHH-
HOI'O DEexXuMa.

9Ta cuTyauusa TpebyeT UHTYUTHBHOI'O U WUMPOKOI'O OPHEHTHUPO-
BaHHOI'O Ha mnpobnemy nomnxoza. Iyiga TOro, YTOOHB IOJIHOCTBK HMCHOJB-
30BaTh BCE BO3MOXHOCTH BHICOKOPaA3BUTOH MHKDOJJIEKTPOHHOH CXEeMOH
TEXHOJIOTHWH 1JIA NEePCHEeKTHBHOW BLIUUCJIUTEJNIBHOM TEXHHKH, HaOo eue
pemaTb pAIL HaY4YHO-HCCJIeIOBATEJIbCKHUX 3alayd.



napaJjuienbHo-obpabaTeBawmue MIIC

e

OYHKILHOHAIBHO pa3eJIeHHEe II0
pas3neneHsne MIIC 3agadyam MIIC

/o6pa6o'rxp\

rapajiIeIM3uPOBAHHBIX apajlyiesIi3UupOBaHHbBIX
/TIoCJIe00BaTENbHbEIX / /nocienoBaTenabHeX/
Iporpamm aJITOPUTMOB

Puc. l.: Knaccudukalua MHOI'OIIPOLECCOPHBIX cucTteMm /MIIC/
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MULTILEVEL MEMORY STRUCTURE FOR THE CONTROL OF MICROPROGRAMMED
MACHINES \

J.C. REMESAR

Cuba

ABSTRACT

This paper proposes a multilevel the organization of the control
memory in microprogrammed computers. The fundamental achievement
is the flexibility obtained in programming a system with such
architecture. User’s language development is done via micro-
programming. Only a simple assembler could allow the programmer
to employ high ang low-level instructions in his work. This
architecture presents good characteristics for special-purpose

microprocessor-based system design.

INTRODUCTION

Microprocessor revolution has played a decisive role in the
crowth of software/hardware costs ratio. Because of this people
are paying more attention to those problems traditionally solved

by software, which could be simplified by hardware.

Microprocessor-based systems are very often used for special-
-purpose equipment design, but when programs to be developed

for them present some complexity, the low price comnonents
achievement could be lost because of software development costs.
There are two alternatives:
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- to code large programs in machine language
- to develop basic software means as assemblers, macro-assemblers,

compilers, stc.

The architecture presented allows the solving of user-oriented

language creation via firmware.

SOME FUNDAMENTAL TOPICS IM MICROPROGRAMMING

The general principles upos which Wilkes based his work (1),
and the development of them until today (2, 3, 4) might be
summarised as - follows, using fig |:

- it is a processor whose control is governed by a set of lines
called the "Control bus"

- it is a control memory (CM), loaded with a binary number at
each of its words in such a way that every one corresponds
to a certain microinstruction (MI) code of the processor

- the microinstruction set of any processor is determined during
its design, and the instruction set of the computer is devel-
oped by programming the CM.On this rests the flexibility of

microprogrammed machines.

To recognize the end of each microprogram (MP), and consequently
the end of each machine instruction, a determined code (a MI
which represents the end of MP) can be used, or a bit might be
taken along the CM. The CM area designated for this organ-
ization purpose is shown in fig.2. Depending on certain parameters
such as the mean number of MI per MP, word length, etc, one of
these two extreme methods could present more befinits in CM word,
with the exception of a bit in the second one, are to be sent

throught the control bus to produce an MI at the processor.

An important feature of some microprogrammed machines’ organi-
zation is to provide a way to use certain common MP sections
as subroutines. This implies the existence of a "jump" MI code.
The domain of these jumps is generally restricted to a sub-set
of the addressable field of the CM, for instance marking them
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out within CM page limits, limiting the magnitude of the jump

to a fixed maximum value, etc.

Using a unique field of the CM word for the MI executable by

the processor and for the jumps (also for the end of MP when

it is necessary) implies hardware complexity and speed loss
which could be saved by assigning separated fields for the codes
to be sent to the processor and the codes for CM address selec-

tion, as is show in fig 3.

This approach is used in the INTEL 3001/2 microprogrammable
microprocessor family (5). In this series, the following must
be specified in the CM word:

- in the first field: the code to be processed by the Control-
Memory Unit to generate the address of the
CM word which would be read at the next
cycle

- in the second field:the code of the MI tobe executed by the -
central processor.

MULTILEVEL CONTROL MEMORY ORGANIZATION

The main idea expressed in this paper consists of the creation

of - two or more levels of "addressing fields" at the CM.

This would allow the elaboration of powerful instructions (as
macroinstructions) on the basis of the ones from the preceeding -

level without basic software development.

More detailed comprehension of the preceeding could be reached-
assuming the following:

- let us "cut" the CM into two independent blocks at the
field boundarv.
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At the Oth level are the processor’s MI codes.
At the 15% 1level are the memory Control Unit codes, which
represent addresses of the Oth level MI, or some information

to elaborate it, taking into account certain signals.

nd rd
14 14

3
and so on, levels may be created. Always, the contents of
the Nth

location.

- by adding new memory blocks as new levels the 2
level-represent the address of a (N-l)th level

- a program at the Nth level is started by addressing its

th

beginning location from the (N+1) level, and finishes

when the "end of program" code is reached.

A three-level CM architecture is shown in fig 5. On the instruc-
tion bus the user’s instructions, which might be from any level
are present. When it is recognized (for instance) by the MCU2,

the initial address of the 2nd level program which performs
this instruction is generated on this unit, and the process is
started. Each content of the CM2
of an initial program address at CM.,. Then, a program at the
ISt level is started and, consequent%y, the corresponding one
t

at the O level. The process is finished when "end of program"

locations provokes the generation

code is detected at the highest level.

ADVANTAGES OF THE MULTILEVEL CM ORGANIZATION

The benefits of such an architecture can be summarised as fol-

lows:

- the user’s instruction set could be composed of higher
and lower level ones, and they may ne sequenced without

any rules.

- at the lowest levels high speed memory chips must be placed
keeping cheaper slower memories for the highest ones.
At this level the memorv speed has less influence on the
overall system speed. Also, this speed could be practically

h

égpend&nt only on the lowest level (Ot and lSt) memory
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chips by employing pipe-line methods -- with only a few
additional components.

- after designing a system, only a simple assembler is needed
- currently available components permit compact system imple-

mentation - using multilevel control memory.

REFERENCES

1/ Wilkes, M.V.: "The best way to design an automatic calculating

machine"

Report of Manchester University Computer Inaugural

Conference July 1951

2/ Sell, J.V.: "Microprogramming in an integrated hardware/
software system" Computer Design Jan 1975

3/ @sadlia, G.: "Nanoprogramming vs microprogramming"
COMPUTER Jan 1976

4/ Baigley J.D.: "Microprogrammable virtual machines
COMPUTER Feb 1976

5/ Intel Corporation: Intel Data Catalog 1975




CONTROL
MEMORY
(C.M.)

CONTROL MEMORY
UNIT
(C.M.U.)

Ly

CENTRAL
PROCESSOR

C__J

ADDRESS
BUS

Fig.l. MICROPROGRAMMED CONTROL ORGANIZATION.

:fAH\BUS

_VE_



- cwn
v

MICROPROGRAM A" 1 %

N
£

., MICROPROGRAM ,B" { K4
.

*  MICROPROGRAM ,C* 'lf//':
|

Pig.2.
The CMU area occupied bv the "end of nrogram" code is shown,
for the two extreme methods: designing a code along a CM

word (left) and assigning a bit along the CHM (right).
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The next address field (H.A.' ) and the Microinstruc-
tion field could be written at the same CM word

forming a microinstruction

18t LEVEL M.1C.

: " st
The fields had been senarated and the 1 level
; .th ; .
is formed. At the O level are the microinstruc-

tion codes.
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CHHTE3 CTPYKTYP MHUKPOIPOLECCOPOB W MUKPCITPOLIECCOPHBEIX
CUCTEM

Bamnaxkos E.Il., Kparko M.H.

Pesome

B nokname npemyiaraeTcA OOWH M3 BO3MOXHBIX [MOOXOOOB K MNO-
CTpoOeHun GopMaM30BAHHON TEOPHUHM CHHTE3a CTPYKTYDP MHKpoONponec-
COPOB M MHUKDOINPOLIECCODPHEIX CUCTEM. [IpUBOOATCA OLEHKH CJiO)KHOCTI/l
KOMMYyTaTOpa CBA3HM M YHCJIA MUKDPOINPOLIECCOPOB OJIA NPOO6JIEMHO-OPHEeH-
TUPOBAGHHBIX MHKDPOIIPOILIECCOPHEIX CHCTEM.



CHHTE3 CTPYKTYP MHKPOIIPOLIECCOPOB M MHKPOIIPOLIECCOPHBIX
CUCTEM

bamnakos E.IlI., Kpatko M.HU.

B noknane npeznsnaraetcAa Teopud GopMasIM30BaAHHOI'O CHHTE3A
CTPYKTYD MHKPOIIDOLIECCOPOB M MHKPOIIPOLIECCODPHBIX CHCTEM IOJIA pal3-—
JIMUYHBIX OOJIaCTEN IIPUMEHEHHA.

Inag npo6JIeMHO-OPHUEHTUPOBAHHEIX MHUKDPOIIPOLIECCOPHBIX CHCTEM
/MHKDOHDOHGCCODOB/ yCcTaHaBIIMBaeTCA BEDXHAA OlLEeHKa CJIOXHOCTH
KOMMyTaToOpa CBA3EH MexOy MHKDOIIDOLIECCOpaMH /DPEerucTpaMu/ U HUX-
HAA OLEHKa 4YHuCJia MHKDOIPOLECCOPOB /pePHCTpOB/.

Hcnone3ya annapatr OyJeBeIX MaATPHUL WU Teopuu rpadoB, npemia-
raemMasa TEeOpPHA NO3BOJIAET MNOJYUYHUTE A NPOOJIEMHO-OPUEHTHPOBAH-
HBEIX MHKDOIIPOIIECCOPHEIX CHCTEM /MHKDOHpOH@CCOpOB/ yaoo6Hele oA

-'HpaKTquCKOFO UCIIOJIB30BAaHUA METONb ONTHMU3ALMHH CBA3EHW B MHUHKDO-

IIPOLECCOPHEIX CHCTeMax /MHKDOHDOHGCCOan/ H MHHHMH3ALHWHU YHCIa
MHKDPOIIPOLIECCOPOB /peFHCTpOB/.

BBengeHue

OnemeHTHaA 0a3a BHYUCJIUMTENBHEX MamMH OBCTPO NPUOIHXaAETCH
K eCTEeCTBEHHOMYy Ipenesny GU3UUYEeCKHX BO3MOXHOCTEeH. [loaToMy Inanb-
HeWmee MOBHUWEHHE NPOW3BOIUTEJIEHOCTH BBEYHMCIIMTEJIBHEIX MallUH U
CuCTeM BO3MOXHO 3a CuUeT COBEDpUHEeHCTBOBaHUA HX CTDYKTYDEI U apXu-
TEKTYPhl. COBDEMEHHBIE BBYMCJIMTEJIBHBIE MaUMHB — CJIOXHBIE MHUKPOIIDO-
HECCOPHBIE CHCTEMBI C YHHUBEDCAJIBHBIMH CBA3AMH MeXIOy MHKDPOIIpOoLEecC-
copaMu.



Bonbmasa BHYUCIHUTENIBHAA MOWHOCTBH, YHHBEDCAJIBHOCTH, rub-
KOCTh, BHICOKasd XUBYUYECTB, HU3Kasag CTOMMOCTH BHIYHCJIEHWH, DaCllhi-
PEHHE KOHTHHI'€HTa IOJIb30BaTeJIed TaKUX BHYUCIUTEJIBbHEIX MallWH
onpaBbpBalT YyCJIOBUA, HaIIPpaBJIEHHBIE Ha pPa3BHTHE MHKDPOIIpOLEeCCOD-
HBIX CHCTEM.

OnHo¥ M3 npobJjieM, KOTOpPHE 3IeCh BO3HUKAWT, ABIAeTCcCA Hop-
MaJiM3alls BelOOpa CpelnCTB U METOIOUWKH MPOEKTHPOBAHUA CJIOXHBIX
MHKDOIIPOLIECCODPHEIX CHCTEM.

MUKDOIIPOLECCOPHYI CUCTEMY MOXHO NPEICTaBUThb KaK COBOKYII—
HOCTh MUKPOIIPOLIECCOPOB U CPEICTB CBA3H, MNO3BOJAKMIUX OOBEIUHUTH
3TOT HaBOp MHKDPOIPOLECCOPOB B €IOWHYK BHUYHUCIIUTEJIBHYK CUCTEMY .

CoBpEMEHHBIN MHKPOIIPOLIECCOP-TIPOLIECCOD, BHIIIOJIHEHHEIX Ha
OIOHOM KpHCTaJlJe.

C TOYKH 3PEHHUA HAIEXHOCTH KaXIbll KPUCTAaJIJI OOJIXKEH HUMETH
HeOOoJIbOE KOJIMYECTBO BHIBOINOB. [IOSTOMYy OCHOBHBIE TDYIOHOCTH B
CO3JAaHUU CJIOXHBIX MHUKDPOIIPOLIECCOPHBEIX CHUCTEM CMemarmuxcsa B 06—
jJacTe obecneueHua >PPEeKTHUBHOM CBA3U MEXIYy MHKPOIDPOLECCOPaMH.

[Ipouiecc nepepaboTky HHOOPMaALIMKM B MHKDPOIIPOLIECCOPHOH CHCTE-
Me /MHKpompoleccope/ MOXHO NMPEINCTaBUTh Kak KOMIIO3HWIUHK IBYX
aBTOMaTOB YNPAaBJAKMLEIrO U ONEPAlMOHHOI'O, B KOTOPOM BHIXOIHHIE
CUI'HAJIBl yNIPaBJIAEMOI'O aBTOMaTa COBIanailT C BXOIHBIMH CUI'HaJIaMH
OIlepallMOHHOI'O aBToOMaTa, a ero BXOIHBMMH CHIHaJlaMH ABJAKWTCA BbI—
XOOHBIE CHUIHAaJIBl ONEpalMOHHOro aBTomaTa /puc. 1/.



YnpaBJiA©wmU N Onepall¥OHHBIN
aBTOMAT aBToOMaT

KoHKpeTHBle O6JIaCTU INIPDUMEHEHHA MNPEeNBABJIANT DPa3JIMUHbEE Tpebo-
BaHUA K OBRICTPOLOEHWCTBUI, I'MOKOCTH, HAIEXHOCTH, XUBYYECTH, U ODPY-
MM XapaKTEPUCTHUKaAM CUCTEMBI. [lo3TOMy akTyaJieH BOIPOC O MaKCHU-
MaJIbHOH 30PEKTHBHOCTH HUCIIOJIB30OBAHUA B CHCTEME.

Ilna maTeMaTUuecKord QOPMYJIMPOBKU 3alad KOMMYTALIUU MEXIY
MHKDOIIPOLIECCOPaAMHU H MaKCHUMaJIbHOH 3bOeKTHUBHOCTBI HCIIOJIB30BAHUA

MHUKDOIIPOLIECCOPOB B CHUCTEME BBEIEM DAL IMOHATUM U OIDPEIEJIEHUH.

§ 1. OcHOBHEIE MOHATHA U ONpEeIeJeHUd

Onpenenedue 1.1.

KoMMy TaTop O M, TOYHEE n -—-KOMMYyTATOPOM, Ha3hBa-
eTcA yCTporcTBO K , uMewmee BXOIHBIX H n BBRXOIHBIX KaHAaJOB,
3aHYMEDOBAHHBIX YHCJIAMH OT 1 IO n , TakKoe, 4YTO IJA Ka¥XIoro
\MHO)KSCTB&

RPN o

B3aMMHO OJHO3HAYHOI'O OTOOpaxXeHua ¢ = (;’?i oo o
{4,2,6¢x31) Ha ceba CymeCTByeT COCTOH%HG 5 U Nnpe6bBa -

HUA B KOTOPOM KOMMyTaTop K HUMeeT COeOUHEHHBIMU [EepPBOM BXOIHOH

KaHaJ C i1 - M BBRIXOIHEIM Ka&HaJIOM, BTOPOH BXOIOHOM KaHaJl C

i, - N BHIXOIHBEIM KAHAJIOM U T.O. /TOBOPAT, YTO B COCTOAHUH

qu KOMMYyTaTOpP peaji3yeT oTobpaxeHue ¢ ) 5
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Onpenesnenue 1.2.

KoMMyTaTOpHadA ceThb OINpelesdeTcA CJelyludM o0pas3oM.

1. Kaxopli OTHEJIbHO B3ATHH KOMMYyTATOD €CTh KOMMYTATODHas CEeThb.

Bce BXOnOHBHE KaHaJbl 3TOI'O KOMMyTAaTOpa ABJAKNTCH BXOIHBIMU Ka-—
HajlaMy IOaHHOW CeTHU, BCe BHIXOIHBIE KaHaJlbl KOMMyTaTopa - ee
BBRIXOOHBIMH KaHaJlaMH .

[lycter N - KOMMYyTATOpPHAA CETh, € - HEKOTODHH €€ BXOIHOMH
KaHaJl MU Z - HEeKOTODPHH ee BBXOOHOM KaHaJjs. PesynepraT lIpUucoe-
DWHEHUA KaHajla X K KaHajJy 2 TakKxe SABJIAETCA KOMMYyTaTOoD-
HOH ceThi. Ee BXOIHBIMH KaHajlaMH ABJIANTCA BCE BXOIHBE KaHa-
Jel ceTh N, 3a UCKJHOYEHHEM KaHaJjla X , BHXOIHHMH - BCE
BHIXOIHbIE KaHaJbl ceTH W , 3a HUCKJIOUYEeHHWEeM KaHajla 2 .

Ilycte N wu ¥ - KOMMYTATOPHBHE CETH, X - HEKOTODHIHA
BXOOHOW KaHaJl CeTH A U Z - HEeKOTODHM BBIXOIOHOW KaHaJl
ceTy 2z . PesynbTaT NpUCOENMHEHUA KaHala x K KaHauny Z
TakXe ABJAETCA KOMMYTATODPHON CeTbk. Ee BXOIHBIMM KaHaJlaMH
ABJIANTCA BCE BXOIOHHIE KAHAJE CEeTH W , 38 HMCKJINYEHHEM
KaHajla X , U BCe BXOIHBE KaHajbl CeTu ¥ , BHIXOIHBIMM - BCe
BBEIXOOHBIE KaHaJbl CeTH % U BCe BBIXOIHBIE KaHaJkl ceTH ¢
3a MCKJIOUEeHUWeM KaHaja 2

He cymecTByeT HUKaKHUX IPYTUX KOMMYTA&TOPHEIX CETEei,KpoMe Tex,
KOTOpbIE MOTI'YT OBITH [OJIyYEHbl KOHEUHBIM YHCJIOM I[IPUMEHEeHWM npa-
BWJ1, UBJIOKEHHBIX B M. 1-3.



OnpeneneHue 1.3.

COCTOAHHUEM KOMMYHAJIBHOM CETHU Ha30BEM COBOKYIIHOCTE COCTOA-
HUP BCEX COCTaBJAKMHUX €8 KOMMYyTaTOpOB.

[lycTh B KOMMYTaTODHOH CETHU A BLXOmHOH KaHAal Z, KOMMy-
Tatopa K; npHcoenMHeH KO BXOIHOMY KaHally 23 KOMMYyTaTopa
Ko . [lycTe KOMMyTaTOp K; B COCTOSHHH 4, MeeT COEeIWHEHHEIM
BXOIHOH KaHay oy C BBHXOOHBIM KaHaJOM Z, . IlycTe KOMMYyTaTOD
Ky B COCTOAHHM q, HMEET COEIHMHEeHHHM BXOIOHOW KaHaJl Xy C
BBIXOHEIM KaHaJIOM Zy- Torma, ecsau B CeTH ¢y KOMMYyTaTOD It

1

HaXoOMTCA B COCTOAHMM q,, & K, - b q, , Ka#aw X, cuuThHBaET-

2
CA COeIWHeHHbBIM C KaHaJIOM 2Z . Jlajlee OTHOmWEHUE COEIWHEHHOCTH

DacCIpOCTPaHAETCA IIO TpaHBHTiBHOCTH: Ecniu o COemuHEeH ¢ B U
B coemMHeH ¢ Yy, TO o COeOuHEeH ¢ vy . TakuMm o6pas3oM, I
KaXIOr0 COCTOAHHUA CETH MOXHO YCTAHOBHUTH, KaKHWE BXOIHHIE KaHAJIH
CeTH COeINMHEeHH C KaKMMHM BHIXOIHHIMM KaHajlaMu, KOrIa CeThb Npebbl-

BaeT B IOAHHOM COCTOAHHUH.
Onpenenedve 1.4.

CeThld CBA3U § MHKDOIIDOLIECCOPHOM CHCTEMH HA3BIBAETCA KOM-
MyTaTODHad CEeTb C 3aHyYMEPOBAHHHIMM KOMMYTATODPAMH /YHCJIaMd OT
1 mo N/ TakaA, 4TO:

1. B TOYHOCTH OIMH BXOIOHOM KaHaJl KaxIOI'O KOMMyTaTopa ABJAETCH
BXOIOHEIM KaHaJIOM CeTH. ByIeM HYMepoBaThb 3THU BXOIHBIE KaHAJIH
TeMH Xe 4YHucJjiaMH, 4YTO H COOTBEeTCTYyKuHE HUM KOMMYTQTODEH.

2. B TOYHOCTH OIMH BBIXOOHOM KaHaJl KaxIO'O KOMMyTaTopa ABJAET-
CcA BHIXOIOHBIM KaHaJIoM ceTH. bynem Takxe HyMepoBaThb 3TH BHXOI-
HbI€ KaHaJlbl TEeMH Xe 4YHUCJIaMH, 4YTO W COOTBETCTBYKHIHE HM KOMMY-
TaTODHI .

[ |
3, A KaxOooro B3aiMHO OIHO3HAUYHOI'O OTOoOpaXeHHA ¢ = ( ’

MHOXECTBA {1,2,:s¢; K} HE cebsa cymecTBYyEeT COCTOAHUE CETH

Lisdg, e,y

)



o [

% . , NpebblBagd B KOTOPOM CE€Th S HMEET COEeIHWHEHHEIM CBOH
NepBhl BXONHON KaHall C il-M BEIXOIHBIM KaHaJiIoOM, BTOpPOH
BXOIHOM KaHayg - C iZ-M BEIXOOHEIM KaHajioM, U T.O. ['OBODAT,

UYTO B COCTOAHHH qw ceTe S peasM3dyeT oTobpaxeHue Y .

[IlycTsb Pi - MHKDOIIpoueccop ¢ OIHHM BXOIOM WU OIHHM BBbI-
XOIOOM.

OnpeneneHue 1.5.

MUKPONPOLIECCOPHOX CHCTEMOH B , NOCTPOEHHOM Ha OCHOBE*
MUKpomponeccopa P, H KOMMYTaTOPHON CETU MHUKDOIIPOLIECCOPHOM
CUCTEMH S , ABJAETCA DPE3yJIbTAT NPUCOEOWHEHHA K KaXIOMy KOM-
MyTaToOpy CeTH S OOHOI'O MHKDPOIpoleccopa, NPpHUYEM 3TO NpUcoemu-
HEeHHWE BBIIOJIHEHO TakK, YTO BHIXOIHOM KaHaJl KOMMyTaTOpa, KOTODHH
ABJIAETCA BHIXOIOHBM KaHAaJIOM CEeTH S , NPUCOEOUHAETCA K BXOOY
MHKDOIIPOLIECCOPA, & BXOIHOMW KaHall, ABJNANWUACA BXOIHBIM KaHaJIOM
CeTd S , — K BHXOIY MHKpOIIpoLeccopa Pi(i=TTﬁ).

[lpencTaBuM npolecc nepepaboTKu HHOOpPMaALUWKM B MHUKDPONDPOLEC-—
COPHOM CHUCTEME B BHIE KOMIIO3WLUUK M3 IOBYX aBTOMATOB - YNpPaBJIAR-
mero A U onepauuoHHOI'O BL1=31 s

PYyHKLIMOHUPOBAHUE CXEMbl U3 OBYX aBTOMATOB ONpenesaeTcH
dYyHKLUMAMHA MEPEexXonOoB W BHEIXOINOB yNpaBJiAKMEro aBToMaTa A .

OnpeneneHue 1.6.

YnpaBJgomUM aBTOMAaTOM A HazoBeM KOHEeUHHH abCTpaKTHBIHA
aBromar Mypa A = <X, 4,,Q, a ,a*,8,,1,> X - BXOIHOH,

a Y, - BbHXOZHOH andaBHTH, QA - MHOXECTBO COCTOAHHWH,

*

o n a — HadYaJbHOE W 3aKJIN4YUTeJibHble COCTOAHHA, 6A /®yHK-

UMA nepexomnoB/ - oroGpaxenue & x XL B Q| M, /OYHKIMA BBIXO-
nos/ - orobpaxenue O B - S



Onpenenenue 1.7.

*
llocnenoBaTensHoCTe P =(a =a; ,a; ,..3;=a JHa30BEM NyTeM

B aBTOMaTE A . 1 2 B

Ta WM HHaA I[I0CJeIOBAaTEeJBHOCTH BBIXOINHBIX CHUI'HAJIOB, BhIaBa-
eMafd YIpaBJIAKIKUM aBTOMATOM, BEISEHIBAET II0OCJIEOOBATEJIBHOE H3MEeHEe-
HHUE COCTOAHHMH MHKDPOIIPOLIECCOPHOHW CHCTEMEI.

OnpeneneHue '1.8.

CocToOAHUEM MHUKDOIIPOLIECCOPHOHM CUCTEMBI Ha30BEM Da3JIUYHLIE
Ha00pE COCTOAHUM COCTABJIAKMIUX €€ 3JIEMEHTOB.

YnpaBasaomU¥ aBTOMAT A TOJy4YaeT OT MUKDPOIIPOLECCOPHOM
cUucTeMrl B BBIXOIHEIE CHUT'HAJHI X (x € X ) , KOTODpHE MNpelcTaBifa-
0T COO0K KOPTEXU <C],C?...,Cn>3HaquHﬁ JIOTUYECKHUX YCJIOBHUH,
ONnpenesieHHbIX COOTBETCTBYWMHUM 00pa3oM Ha MHKDPONPOLIECCODHOH CHC-—
TeMe, XapaKTEeDpHU3YyKuHX DPe3yJIbTATH NPOBOINHWMBIX BHUHMCJIEHHWH B IIDO-—
1iecce nepepaboTku HHOOPMalLIMM. BXOIHBIE CHUI'HAJIEI MUKDPOIIPOLECCOD-—
HOM CHCTEMBl OTOXIECTBJIAITCH C HEKOTODPEIMH OTOOpaxeHusaMH /mpeob-
pas30BaHUAMH/ MHOXECTBa COCTOAHHWH 3TOM cuUcTeMsl B cebe. [IpoBe-
pAA Ha KaxIoM TakTe paboThl TpebyeMele JIOMUECKHUE YCJIOBUA, MHUKDPO-
IpolecCcopHad CHUCTEMa BHIAET COOTBETCTBYWMKWM BHXOIOHOW CHUIHAJ,
3aBUCAMWN JIMIIB OT COCTOAHUA MHUKDOIPOLIECCOPHOH CHCTEMBI, HO HE
OT CUI'HaJla Ha BXOIE.

TakuM 0o6pas3oM, MHUKPOIIPOIECCOPHaA CUCTEeMa SABJIAETCA aBToMa-—
ToM Mypa ¢ 6ECKOHEUHHM UYHCJIOM COCTOAHWW, B KOTOPOH MOXET OHITH
obecneuyeH OIHOBDPEMEHHENH OOMeH uHOOpMalMer MexIy BCEeMH MHKDOIIPO-—
lIeCCOpaMM, BEeOYHUHCA KaXIbl IO OTOEJIBHOMY TPAKTy CBA3H C LEJBH
U3bexaTh KOHOIMKTHBIX CHUTYAallU¥, CBA38HHBEX CO CMemuWBaHUeM UHOOD-
Mallyu .



BozHUKanT 3amady:

1./ Kakoe MHHHMAJIbHOE KOJIMYECTBO BXOJIIOB M BBIXOHOB IOJIXHH HUMETH
KOMMYTATOPbl, YTOOB M3 HUX MOXHO OBUIO NOCTPOUTH CETh MHKPO-
[IPOLIECCOPHON CHUCTEMBI, COCTOAMYI U3 N MHUKPOIIPOLECCOPOB
U KaKk 3Ty CeThb CTDOHUThH;

2./ Kakoe MHHUMAJIbHOE KOJIMUECTBO MHKDPOIPOLECCOPOB MOJIXKHA HMETh
MHUKDOIIPOLIECCOPHAaA CHCTEMa OJIA DPeumeHUa 3alad B KOHKDETHBIX
obacTAX NPUMEHEHHWUA.

§ 2. [locTaHOBKa 3alaudu

[lpuBeneM maTeMaTHyecKyln QOpMyJIMDOBKY 3ala4dyd KOMMyTal WU
CBA3EH B MHUKPOIIPOLIECCOPHOW CUCTEMEe Ha A3bKE TeOpuu rpados.

Onpenenenue 2.1.

I'pad G , umewmuu N BepumMH /3aHYMEpPOBAHHEIX YHCJIaMH
or 1 no N /, HazoBeM WHOODMALIMOHHBIM, E€CIH IJIA KaxIoh N =
NepecTaHOBKHU ?=(i],iz,",, iN) B HEM MOXHO BBHIIEJIUTH N nyTeu
TaKUuX, 4YTO MNEPBHH NYyTh HAUWHAETCA B BEpuUKWHE HOMED 1 U OKaHYHU-
BaeTCA B BEpPUHUHE HOMEpa i1 , BTOpPOH - HauuWHaeTCA B BEpPUMHE
HOMEepa 2 M OKaHUYMBaAEeTCA B BEpHHHE HOMEDpa i, » B T.4., NpHYEM
HUKaKUe IBa pPa3JIMUHBEIX IIYTH HEe UMEKT HU oOHOoro obmero pebpa.

Onpenenexnne 2.2.

CreneHeb rpaba ©C Ha30BeM MakCHUMalbHYH CTENeHb €ro Bep-
WHHB /4Yucao pebep, CXONAMUXCA B 3TOH BepuHuHe/.

3anaya 1. TpebyeTcsa NMOCTPOUTHE N - BEepHMUHHBIA MHOODMALIMOH-
HbI rpad® MUHUMAJIBHOW CTEIIeHH.

Ina dopMasIbHOM MOCTAHOBKM 3amauyd 11 3amanuM npolece nepe-
paboTku MHDOpPMAlLIUUM B MHKDOIDOLECCODPE P, B BHIE CXEMb M3



ABYX aBTOMATOB & . H B. (i=T,N) A
1
Kaxnaa Takasa "cxema" omnpenenseT HEKOTOpoe, Boobme IroBopA,
yacTUYHOEe npeobpa3oBaHue i A Ha OnepallMOHHOM aBTOMaTe B. .
1 1
/OTnepaluyvoHHbIA aBTOMAT B, - MHOTOPEruCTPOBHH aBTOMAT C MNEPHO-

X
OUYECKU-ONpEenEeJIEHHMU Tpeobpa30BaHUuaAMA £l.,27 / .

[lycTh B={ O T ,pN} - MHOXECTBO MHKDOIDOLECCODPOB
B MHMKDONDOLIECCODHOH CUCTEME B ,a

Fp=ligrriggr s Tagd ~
B

MHOXECTBO Npeobpas30BaHHH, OCYHmECTBJIAEMBIX Ha MHOXECTBE Bbl—

XOIOHBMH CHUT'HaJiaMH YIpaBJaAKmMEIro aBToMaTa A

CJIOXHOCTE MHKDOIIPOLIECCODA  p(P.) ONDPEIesHM dopmynoi:

P(B) = p(f,) +p(By) + p(%) [2.1f, The

p( Ai)_ CJIOXHOCTE CXEMbl, PpeaJM3ylnmruXx Nnpeobpa3oBaHUE fag a
- CJIOXHOCTB OIle HOHHOI'O aBToMaT . . )
,p(Bi) (@) palj aBToMarTa B1 , a P(?1)

CJIOXHOCTD KOMMYTaTOpa CBA3HU ‘Pi MHUKDOIIpOoLieccopa Pi

U3 onpenesieHusa /1.5/ crnenyeT, UYTO KOHCTPYKTHUBHBIMH BJIEMEH-
TaM{d MHUKDONPOLIECCODHOW CHCTEMbl B  ABJIANTCA MHKPOITPOLLECCODE
MU KOMMyTATOpHada ceTb § , CBA3HBAKmAS MHKDPONPOLECCOPH B eIu-—
HYI0 CHCTEMY .

Orcoma HMCKOMad oueHOuYHada QyHKIHA /DYHKIIMOHAT/ CJIOXHOCTH
aBToOMaTta B MOXEeT OHTh NPEnCTaBjIieH B BUIE:
N
F(B) = I g(B;) 122/

i=1

Hecnonp3yA B KayeCTBE KPHUTEPUA ONTUMAJIBHOCTU MHHUMAJIBHOE
3HauyeHne aToro dyHKUHOHANA, [OJydYaeMm, 4YTO 3anadya CHHTe3a HU
MHHUMH3aUWU YMCJIA MHKDOIIPOLIECCOPOB MHKPOIIPOLECCOPHOH CHCTEMEH
CBOIMUTCA K OTBICKMBAHUK TAKOW TEXHUUECKOMW peayu3aldyd aBToMarTa
B npy 3amaHHOM QOYHKIMOHHUDOBAHWM CXEMBl U3 IOBYX aBTOMAaTOB,
UYTOOH:



i & 4
min F(B) sy P (?iK) / 3/
(P, JEF(B) k=1

2
m
min F¥(B) = I P, /2.4/

k=1
i’iKeF* (B)

YuuTeBag TO OBCTOATENBCTBO, UTO KOHCTPYKTHBHEIMU J3J1EMEHTa-
MU ONEPaLHWOHHOTO aBTOMaTa B; ABJIANTCA PErHMCTDH M KOMOMHAIHMOH-
HbHle CXEeMbl, peaJii3ypmyhe 3alaHHbe Ha 3TUX Derucrpax npeobpasoBa-
Hua, dopmyns /2.1 - 2.4/ mnAa cuHTE3a MHOI'ONPOLIECCODHBIX aBTOMa-
TOB OYyOYT UMETH AHAJIOTMUHBIA BUI NPU COOTBETCTBYIOMEN HHTEpPNDPEe-
TalUU CcJlaraeMblX.

§ 3. [locTpoeHHE CETH CBA3KM MHUKDOIPOLIECCOPHOHW CHCTEMEH

C uespl peuleHus 3anaud 1, onpenenuMm GyHKUWK  ®N) craenywo-
UM obpazom: &(N) pPaBHO MUHUMYMY cTerneHerd HHOODMalMOHHBEIX I'pa-
doB, UMEKHUX POBHO N BEpPHHH.

Teopema 3.1. CnpaBennuBa clienymoumasd HUXHASA OLEeHKa:

log N

2L Cl log log N

IlokaszaTenbcTBO. [lycTh rpad G UuMeeT N BEDPHIMH U MaKCHU-

MaJlbHasd CTeNeHb ero paBHa ala > 1) . OueBHIOHO, UYTO B OKpPECT-
HOCTH pamuyca 1°gaN mo6oH ero BepmuHb HAXOOUTCA He 6oJee,
yeM § BepmnH? CnemoBaTesbHO, MOXHO 3aIaTh I10 KpaWHed Mepe
g‘ rnap HOMEDPOEB BEDUMH <xi,3i> (1<i< %) TaKUX, 4YTO
BCe X b pa3JIMuyHBIe 4YWclla, U BCe Hi - pa3JIMyHBle, U OJIA Kax-
nooro :r,i BepuKrHa Homepa"’:i b B rrade G HaxoOUTCHA Ha pac-
CTOAHMM He MeHbme, ueM 198 OT BepuwuHb HOMepa Y. . UTOGH

B rpade G MOXHO OBlJIO NPOBECTH BCE IyTH, COOTBETCTBYKHNUE
3THUM NapaM, T.€. TakKue, 4YTO i -pi NyTh HAUMHaAETCA B BEPHWMHE



HOMEeDa 7 H OKaH4YHuBaeTCA B BeDIHHE HOMEDa Hi , WU HHKakue

AdBa DPa3JIMUHEIE TIYTH HEe HMEKT HH OIIHOT'O oémego pera, YHUCJIO pe-

log
6ep B rpagde G HOOJKHO OBITE HE MEHbLIE __77____ . ®aKkTU-
uecku rpad G wumeeT uucio pebep Ny . CnepoBaTeslbHO, 4YTOOH

rpad G 6mn_ua®opmauu0HHMM, IOOJIXHO BBIIIOJIHATHECA HEpaBEeHCTBO.

Nlog N

N S o

o — 4
WUIIr o> 1/4 loga N .. PemeHue ypaBHEHUA % =1log n .
KaK HM3BECTHO, ACHMITOTHUYECKHU DPaBHO lﬂ&%}__ 3HAUUT OJa TOro,

og logn
yTOOK BHIIOJNIHAJIOCH IIDUBENEHHOE BHIE HEPABEHCTBO, CTENEHB I'pa-
da G HOMKH& GHITH O MNODPAIKY >.TJE%E__ . Teopema IOKa3a-
— log 1lo

Ha. Tenepb nlyaxem, YTO CymecTBYWT HWHOODPMalLUOHHbE I'padsl cTe-

log

MIEHU < 4 2
— 'log,log,N

Phde]d) ynp08 f% ero OIIMCaHUEe IIOJIOKHUM, UTO UYHUCIIO N ABJIAETCA

. Bocnonp3yeMmca caenymomuMm KJjaccoMm rpados.
CTEeNeHb OBOMKU M DACIIOJIOXHUM BCE BEpHMHB Ha IIJIOCKOCTH B TOY-
Kax C LEeJOYHCJIEHHBIMH KOODIOWHATAMH B BHIE NPAMOYI'OJIBHHKA MHUDU-
HEE N M BHCOTH  log,N . Kaxnoei psan comepxuT N BEpHmWH M
TAKHX DANOB HUMEETCA log,N , Tak 4YTO Bcero rpad® CoOmepXuT

N log, N BepuwH. Pefpa NpOBOIATCA TOJBKO MEXIY BepmMHaMU OBYX
COCEeIOHWX DpANOB, NPUHYEM B 3aBHCHUMOCTH OT TOI'O, Kakasa Napa DPAIOB
coenuHAeTcA, pebpa NPOBONATCA MO pa3HoMy. [lepBuH /cBepxy/ paALn
COEIUHAETCA CO BTODHIM TaK, YTO pebpa NPOBOINATCA MEXIy BEepmMUHAa-

MH NIEPBOI'O U BTOPOTO pAla, HMeEnmnHMH OIOHWHAKOBBIE HOMEDpa II0 MOIOY-

JI0 % . UTOOB COEOWHUTH BTODPOM DAL C fpeTbMM Hamo pas3dbuTh
N
nx oba Ha vacTH - {I,2,...,5} U L_+ 1, %'*2,-~,N} , H

B KaxIOM YacTH OTOEJIbHO COEIUHHUTH BGDMHHH, UMENIHE OOWHAKOBEHE

HOMEepa M0 MOIYJIO % . UToOH COEOUHUTH DAINB k MU (k+1) Halo

KaxIylo 4acThb, Ha KOTOpPY® OvUT pPa3buT pAN k I[PH COEIOWHEHHH €ro
¢ pagom  (k=1) , Pa3buTh momoyaM, TakK Xe Pa3buTh DAL (c+])

U COEIWHUTH OTHEJIBHO B KaXIOH M3 4YacCTEeX BEepmMHB, HMEKHUE OIU-

HaKOBbE HOMEpa II0 MOLYJI0 UYMCJa B IBa pas3a MEeHBmero, 4em I

DANOB (k-1) H ¢ -

ToT %e kJjacc rpadoB MoxeT OHTH 3alaH HHOYKTUBHO CJIEIYILKUM
obpazoM. I'pad paHra 1 ato rpad, uszobpaxaemeii Ha DHC. 3.



4 "y

Puc. 3

Y Hero ueThpe BEpmWHb, OBE U3 HUX, HAa3BIBAEMBIE BEPXHUMHU, BTO
BEepmMHE 1 W 2, HUXHUEe - BepuuHb 1’ u 2'. I'pad paHra 2 CTPOUT-
cA U3 nByx rpadoB paHra 1 ciaenymoumuMm oOpas3oM.

IIea rpada paHra 1 DPHUCYOTCA DAIOM, U HENOCPEICTBEHHO Hal
KaXIol BepxHel BepmMHoH oboux rpadoB pucyeTcA enme o OIHOH
BEepuMrHe.

Kaxnmas BepxHAA BepumHa rpada paHra coenuHseTcsa pebpaMyu C
BEPHIMHON, HaXonAumencsd HENOCPelNCTBEHHO Hal HeW U C BEepuUHOH,
HaxopnAmencsa HEeNOCPEeICTBEHHO Hal BEPUHUHOM TOrO XEe HOoMepa BO
BTOpOM I'pade paHra 1.

MMonyueHnHsit rpad U305paxeH Ha puc. 4.
7 2

Puc. 4.

BepxHue BepumMHE B HEM HyMepyeM uuciyamu 1, 2, 3 u 4.



YroSel noJsiyyuTh r'pad® paHra n [NOCTYyIaKwT aHaJIOTU4YHO. be-
pyT nBa rpada paHra (n-1) . Han xaxnol BepXHEeW BEDUMWHON KaX-—
OOro M3 3THX rpadoB pUCYIOT eme OonHYy BepuuHy. COEOWHAKNT KaXIyo
BEDXHWKW BepuHy rpada paHra (n-1) , C HemnocpeICTBEHHO HaxonA-
mencAa Hal Hel BEepmWHOH U C BEPUMHOM, HENOCPEICTBEHHO HaXxonAuen-—
CA Hal BEepXHEeH BEepHmUHOM TOI'O Xe HoMepa B IOpyroMm rpade paHra
(n-1) , Kak IOKas3aHO Ha puc. 5.

P s £ YD A PR

‘ 1 * @ 2""
I'pad paHra n-1

» i i z‘l-l

I'va® paHra n-1

n
HymMepyeM BEepXHHUE BepmHHB HOBOI'O paHra n uucnamd oT 1 no 2.

n
[lycTse N=2 . Il;1a Hac 6yoyT BaxXHBIMH CJEeOyomue CBOHMCTBAa

BBEeIeHHeXx rpadoB.

1. CreneHbp KaxIOH BEepHWHB, KDPOME BEDPLKWH, DACIOJIOXEHHBIX B BEDX-—
HEM MU B HUXHEM paAly, paBHa uYeTepeM. CTeneHp BepuurH, Dpacro-
JIOXEHHEIX B BEDXHEM W HHUXHEM DALY, pPaBHa IOBYM.

2. Jobas noJsioca BHCOTH T B I'pade paHra n , [OpPU YCJOBHH,
YTO 1 HaAMHOTI'O MeHbUE n /r.e. noarpad® Ha BepmMHaAX, KOTO-
Dhle HAXOOATCA B pamax ¢ HoMepamu {i,i+l,...,i+1} (1<i<n-T) 3
pacrnajgainTcsa Ha ﬁrT HEeCBA3HBX YacTel, ABNANMUXCA rpadamu
paira T /.

Eciu Kk HUXHEeMy pAlly BepumuH rpada paHra n "IPUKIIEUTH"
3epKaJibHoe OTOOpaXeHHe ero, TO XOpoumo M3BECTHO, UYTO B IOJYYEH-



HOoM Tr'pade Gl ona Jqo0od N -IepecTaHOBKH ¢-{ipi2,.”,iN}

MOXHO BHIENIHUTE N TyTeH, COEeNUHAKHHUX BEDPHHHE BEDPXHEro pana

C BEepumMHaMM HUXHEro paAla Tak, YTO NEepBHHW NYyTh COEIWHAET Nep-
BYI0 BEDPHHHY C il—oﬂ, BTODPOM — BTODYK BEDIHHY C iz—oﬁ U
T.O0., U HUKakKue OBa pa3Hbe IYyTH He HMET HU OoOHOoro obmero peb-
pa. [loeToOMy, €cCJH NONAapPHO CKJIEUTH COOTBETCTBYKHMHE BEpuHWHb BEDX-

HEero W HUXHEero pAnoB rpada G TO IOJiIA 3TOI'O MHOXEeCTBa BEDP-

1 2
MHH /HA30BEM MX OCHOBHEIMH/ MOJYYEHHHH rpad G, ABJAETCA HH-
dopMallMOHHEIM. OTO 3HAUMT, YTO IOJA JOOOHW N -IIepecTaHOBKH

¢ =(ipizﬂ..JN)B rpade G, MOXHO BHIOEJNUTHE N T1yTen Tak,

UTO IMEPBHY YTh HAUYUHAETCA B I[EPBOM OCHOBHOM BEDHMHE U OKAH-
YUBaeTCcA B i]—oﬁ OCHOBHOMW BepuMHE, BTOPOM HaUYWHaeTCA BO BTO-
POHM OCHOBHOW U OKaHUYWBAETCA B iz—oﬁ OCHOBHOH BEpuUHWHE U T.nI.,
U HUKaKWe IBa pal3JIMUHBE TIYTH HE HMMENT HU OJHOI'o obmero pebpa.
PazymeeTca 3TH NyTH NPOXOIOAT HE TOJIBKO Yepe3 OCHOBHHBE, HO H

4yepe3 BCIIOMOTaTeJIbHbIE BEPUIHWHH .

Yrobrl npeBpaTUTh rpad Gy npocTo B WHOODMALUMOHHBEM TI'pad
C BepuMHaMd, Halo pa30UTE BCe ero BepurHel Ha N rpynn Tak,
yTOBE B KaXIOW rpynne ObJla- O0HA OCHOBHafA, HEKOTOpOe UYUCJIIO
BCIIOMOTI'aTEeJIbHEIX BepmuH, H "CTAHYTH" Takyw IpYynny B OOHY BepmH-
HY .

Ham rpad G2 HMEeEeT muogZN BepurH, CJeldOBaTEeJIbEHO,
Kaxgasa TpyIrna COLNEDXUT 2]082N BEDPIHWH, W €CJHU NpU pa3bueHuH
BEPUKWH Ha rpynne He 3ab0TUTHBCA, KaKWe BCIIOMOI'aTEeJIbHEE BEepuKHEI
rnonanamnT B OINHY IDPYNNy, TO NOJYYEeHHBH UHOOpMauUOHHEM rpad 6y-

IeT HUMEeTh CTEeleHb 8log2N . Ecnu xe crapaThCA BHIOEJIUTE T'DYIIB
Tak, JYTOOH KaxIasa rpynna BepuuH Obsia rpadoM paHra log,dn , TO
CTeneHb "CTAHYTOH" BepmHHbH MOXET OhITH YMEHbllEHa IO loggN .
IleficTBuTensHO, pasmesuMm rpad G, Ha NOJIOCH BHICOTOH
(log,n-log,log,n) . Kaxnas moznoca, COrJIaCHO OTMEYEHHOMY Bhbl-
me CBOHCTBY 2/, pacnaiaeTcsA Ha ﬂﬁﬂﬁgéﬁﬁfi_. JacTel WHUDPH-
HBI lizlggbl . Kaxnmas yacTh CoeﬂHHHéTCﬂ C OCTaJbHOH

yacThW rpada TONBKO pefpaMu, UCXONAMMMH W3 BEDXHErO W HUXHE-
ro pAnoB. [lo3ToMy, €CNIM CTAHYTH Takod noarpad® B OOHY BEPUHHY,



= RRle

log N
TO ee cTeneHbp 6ymeT paBHa /cM. CBOMCTBO 1/ 4 2

log,log,N
Bcex uacTed, Ha KOTOpee pacnamaetrca rpad ¢, , HMEeETC

5 Nlog2 logZN logzN

<
logzN 1og210g2N = 1og210g210g2N ) 4 3

T.€., €CJIM CTAHYTH BCE Takue 4YacTu K N OCHOBHHM BEDPUMHAM,

TO mnonyuyuMm /npu 6oapmux N / undopMmalnMoHHBEHM rpad, HUMEOHHUA CTe-
MeHb Mo TMODAAKY DaBHyL ¢, —°8 N g
2 log logN
BepurMH. TakuM o6pa3oM, ONUCaHHAA HAaMH KOHCTDPYKUUA HHOODPMALIMOH-

roge N - YHCJIO ero

HBIX rpad®oB TNO3BOJIAET COOPMYJIMDOBATH CJIEOYIOMYI TEODPEMY .

Teopema 3.2. C TOYHOCTBI HO TNOPALKA /MYJbTHIIJIMKATUBHOM

KOHCTaAHTH ¢ /

logN

ANy = log logN

§ 4. Cunres CTPYKTYP MHKDOIIDOLIECCODHEIX CHCTEM

C uespl pemleHUA 3agayv 11, pacCMOTDHUM CXEeMy H3 aBTOMATOB
U B . OyHKUMOHUPOBAHUE "cxeMsl" - IIPOLIECC BHIIOJIHEHUA HEKO-
TOPOI'O ajJroOpUTMa, a npeobpas3oBaHuUe iA - byHKUUA, BBUHCIIAE-

Maa 3THM aJIFOPHUTMOM Ha MHOXeCTBE B

Yepes li uA(a) 0603HauUUM Nnpeobpas30BaHUe, BHI3LIBAEMOE B
aBTOMaTe., B BEIXOOHEIM CUI'HAJIOM uA(a) aBToMaTa A B COCTOA-
HUK a . [lycTe npeobpas3oBaHUE f‘%(a) OCYHECTBJIAETCA B a&BTO-
MarTe B B MOMEHT Iepexoma aBToMaTa A U3 OIOHOI'O COCTOAHHA
B Opyroe.

Yepes T(J)%fa) 0603HauUuM OYHKLHIO, BHUYMUCIAEMYH Ha MHO-
XecTBe MUKDOIIPOLIECCOPOM Pj, U NpelCcTaBUM €e B BUIE KOD-
TeXa:

<P, N l'(j)uA(a), P> /4.1/



¢ £3)
[lonaraem, 4TO IJIA BHIIOJIHEHHA Npeobpa3oBaHUA - | uA(a) HH-
dopmaunsa ¢ Mukpornpoueccopos  (PysPys..«sPy)  nocsenosaTensHo
MepechIaeTCcA Ha MMKpomponeccop Py, a mamATk MHKpONpOLECCO-
DPOB HEOTpaHHYeHa.

’ i)
3HauyeHue QYHKUUH ! UA(a) Ha MHOXECTe B CYyumecTBEHHO

3aBHCMT(_$e OT BCEX apryMEHTOB (P1sPys---sPy) | TlosTomy dyHK-
J
LIMI0 i u, (@) npelcTaBUM B BHUIE:
p > /4.2/, rme
<P] ) UA(a), Pj )
) P., ecnu sHaueHune GYHKUUH \'(J)uA(a)
P, = CYMeCTBEHHO 3aBHCHT OT P,
0 - B INpPOTHUBHOM cCJiyuyae.
KaxnoMy mnpeo6pa3nBaHHo fup(a) @BTOMATA B Gymer

COOTBETCTBOBATh KODTex BuOa /4.2/. 9To npeobpa3oBaHUE BH3BIBA-

eTCcA B aBTOMare B BHIXOLHLIM CHI'HAJIOM  u,(a) aBTOMaTa A .
llocTaBUM B COOTBETCTBME KaxIOMy BHXOOHOMY cHTHanmy H,(a)  kop-
TEeX BHIA:

< uil),uﬁz),...,uﬁn), iuA(a), j> , rme
0 1, ecnu P; $#0 B BhIpaxenuu /4.3/,
u =
A

0 - B NPOTHUBOIOJOXHOM CJyyae,

j — HOMEp MMKpoOmpoueccopa p, , Ha KOTOPOM OCYmMECTBJAETCA
npeo6pa3oBaHue fu, -

0603HAYUM MHOXECTBO KoOpTexey Bula /4.3/ aBTOMaTa A uYepes



Onpenenexnue 4.1.

Apromar ¥ 5 =T .8 ,Q,a;,a*s,,uap"> Ha30BEM B -
aBTOMATOM.

# 2 - GBTOMAT CONEPXUT MHPODMALMIO O TEX H TONBKO TeX
MUKDONpPOLECCOPaX aBTOMaTa B , KOTODHE HEOGXOmMME TOJBKO U
TOJIBKO IJIA BHIIOJIHEHMA Npeo6pazosanua 'ua(@) B cocrosnum a
B 3TOM X& COCTOSHHH HEKOTODHE MHKDOIDOLECCODEH MOTYT XDAaHUTD
uHOODMALMI IJIA BHINOJHEHUA NPEeo6DPa30BaHUM B CHELYOMHX 34 COC—
TOAHMEM a COCTOAHMAX. C 1EJIbI BHABJIEHHA TaKHX MUKDOIDOLEC-
CODOB BBEZEM OIDEIEEHHE .

Onpemenedue 4.2.

Myrem Pj 3aHATOCTH MHKpOIIpoLEecCcopa PJ- B “p -aBTO-
MaTe Ha30BEeM TaKOH MaKCUMAJIbHBIH NYTh Pj=(a,<],a,<2s---aa,<t
KOTOPHI ABJAETCA OTPE3KOM HEKOoToporo nytud P* | u Takoit, uro:

n+i " j
ug_B )(am) = s a uf\;)(aK ) =1,
t
" (n+%) .
U Ui Kaxdoro &, (IFist) UAB aK_)"J-COCTOﬁHHe aKl Ha30BEM
1 1
HayaJlbHEM COCTOSHHEM NIyTH p. » & COCTOAHHE a¢ — KOHEUHHM.
] t

ViHRIMU cnoBaMH, IOYThH pj 3aHATOCTH MHKDOIIpOLeCcCcopa Pj =

MaKCHUMaJIbHEIA MIYTh, Ha KOTOPOM COCTOAHUAMH MHKDONDPOLECCOpa fAB-

JIAKNTCA TOJBKO B3HAUEHWS DPEe3yJbTaTa Npeobpa30BaHUA ! MAB(aKl) :

OCYWECTBAAEMOTO B HAUaJBHOM COCTOAHMH 3 , & KoTopoe 06a-
3aTEJIPHO HOJKHO OBITH apryMEHTaMd Npeobpas3OBaHUA B KOHEUYHOM
COCTOSAHHUH ayp nyTd pj -

t

Henone3ysa aBToOMaT -%’B U onpeneseHue /4.2/ ¢ nomompn Me-

TOOOB TeopuM I'padoOB MOXHO IOCTPOUTHE HOBBIA v’t’c - aBToOMarT:

=< * B KOTODOM 4e -
o <X, P, ,a,a »Epally > , D pes g, oBosHaue
HO MHOXECTBO KODPTEXeH, ONPEeNeJAeMbX CJIeHYIMHM 06pa3oM:

(1) . €2) (n) :
<UAC ’UAC "--:UA ,i uA(a)’ J> /}4.14/

C



roe
r\
1, ecyu mukponpoueccop P; comepxur uHdopma-
u(i) o ¢ LM NJ1A BHIIOQJIHEHUA NpPeo6pas3oBaHusA 'uA(a)
A Wi npeobpal3oOBaHWM, BHIIOJIHEHHEIX B CJlEenyio-—
s MUX 38 COCTOAHUEM & COCTOAHHUAX a2
0O - B IIPOTHUBHOM CJyuae.
[lycTe 3amaH ‘dc - aBTOMaT MHUKDOIIPOLECCOPHOM CHUCTEMEI B .
Yepes T, - 00603HaUUM [IOIMHOXECTBO COCTOAHHUM aBTOMaTa A
Ha KOTODPOM HCIIOJIb3YEeTCsA MUKpONpoueccop P, = B MHKDPONDPOLECCOD-
= 1
HOM cucrteme B
Onpenenenue 4.3.
I'padom  Q=(B,T) MHUKDOIIPOLIECCOPHOM CHCTEMBI B Ha30BEM

KOHEYHBIA HEODPHEHTUDPOBAaHHHN rpad C MHOXECTBOM BEDHHH
B ={P1,P2,”.,PN} , B KOTODOM BEDIHHH gj M P, CMEXHH
TOTH8 W TOJIBKO TOT'Ha, KOI'Ia BHIIOJHAETCA YCJIOBHE Tjr'Ti# &

OnpeneseHue 4.4.

OTMedyeHHHM rpadom QB=(B,fy,F) MUKDOIIPOLIECCOPHON CHCTE-—
Mbl B Has3oBeM Takou rpad Q = (B, , B KOTODPOM KaxIoH
BepurHHe P; [IPUIIHCAHO MHOXEeCTBO OQYHKLUH, BBEYHUCIAEMBIX MHUKDO—

nponeccopoMm Pi

OnpeneneHue 4.5.

OToxmecTBNEHHE OBYX HECJOXHbX BepudH rpada qQ /rpada QB/
Ha30BEM JJIEMEHTApHEM roMOMOpdH3MOM € .

OnpeneneHue 4.6.
[locnenoBaTENbHOCTE DJIEMEHTAaPHBIX ﬁomomop@nsmos

9=(€; €5e0. €) rpada Q /rpada Q / Ha3o0BeM IoMoMODpdHU3IMOM
¢ rpada Q /rpada Qg /.



OnpeneneHue 4.7.

lomomopdram ¢ rpapa Q /rpada Q / Ha30BEM TOJIHBIM [O-
pPALKa n , ecaM ero obpas ¢ (Q) ( (Qp)) ABJAETCA IOJHEIM I'padom
Ha n BepuMHax.

HauMeHbmHH TIOPANOK BCEX II0JIHEIX roMoMOop®du3MOB r'pada
Q/rpada Q / ob6o3Hauum A@ (A (Qg)) - B Teopun rpada uU3BecTHa

cilenymuaa TeopemMma.

Teopema 4.8. Ina moboro rpada Q U ero 3JEMEHTapHOr'o

romomMmopduamMa €

A(Q < A(eQ) < 1+ A(Q).

CnenctBue. Ina mo6oro romomopduama ¢ rpada Q
A@Q) < A( Q).

[Ilycte 3amaH rpa® Q . PaccMOTpUM MNOJIHBEIHA I'OMOMOPGH3M
rpaba Q Ha rpad Q' c mopamkom A(Q) . Orobpaxenue
onpenenAeTca pa3bUEeHMEeM MHOXEeCTBa BEPHMHH B rpaba Q@ Ha A(Q)
HernepecekanmuXca ITOIMHOXECTBAaX BK«iTﬁﬂEY) MONapHO HEeCMexX-
HEIX BEpUMH, T.€.

A(Q)
8= U B ;B,nB, = 6 4.5/
K 1 h
k=1
Yenosue /4.5/ B cuny onpenenesvsa /4.3/ paBHOCHUIJIBHO BHIIOJ—
HEHUI YCJIOBUA:
A(Q)
Tg= U T ;5 T, TJ.=¢(1#J).
K=1
[losToMy Kaxmo¥ BepmuHe TI'pada Q MOXET O6HTH COIIOCTABJIEH
MHUHKDPOIpoOllecCOr B HOBOM aBTomaTe B | 0603HauuM uyepes -4yuc-

JIO MHUKpPOIPOLECCOPOB B aBToMarte B’

TakuM o6pas3OM, ONUCAHHAA HAMU KOHCTDYKLHA IMO3BOJIAET
chopMyIMpoBaTh CAESIYKIYyld TEeOoDpEMY



Teopema. 4.9. IlIA MUKDPONDOLECCOPHOH CHCTEMB B , peayu-

aywomern QyHKIIH0 iA , CHOpaBelJIuBa clenywoumad HHXHAA OLEeHKa .
1 > A(Q)
I'paHuLa 1=4(Q) JOoCTUraeTcda IIpyd MHUHHHMU3AIIHUH rpa@a Q -

Kak nmpaBusO, MUKDONDOLECCOPHaA CHcTema 3amaercA rpadom Qp .
TakvM o6pa3oM, TeopeMa 4.9. CBOOUT NpobieMy CHHTE3a

MHKDOIIDOLIECCODPHOH CHUCTEMBl B K ONTUMHM3alUWM rpada QB , &

npobseMy MHHHMH3AallMM YUCJIa MUKDPOIIPOLECCODPOB B MHUKPONDOLECCOD-

HOM CHUCTEeMe K MUHMMHU3aAlIUM 4YUcJia BepmudH rpada Q

MeTonsl ONTUMH3ALHWH TakuX I'pad®oB HU3BECTHH.

3aKkJmo4YeHue

OnMCAaHHBIM BBIIE IMOAXOI K INOCTPOEHHKH QOpMaJIbHOH TEeOpUH
CJIOXHBIX MUKDOIIPOLIECCOPHBIX CHUCTEM IO CYTH CBEJl 3Ty BaxHeHmym
U CHOXHeHmyw npobJieMy COBDEMEHHOW BHUYUCIHUTEIIBHOM TEeXHHUKH K
PEmEeHH ClleoyK muX 3alay.

1. BribOpy MHHHUMAJIBHOI'O YHCJIa MUKDPOIPOLECCOPOB MHKDPOIPOLECCOP-
HOM CHUCTEMEI.

2. [IocTpOEHHI CETH CBA3U MHUKDPONPOLECCOPHOH CHUCTEMEl C BHIOpaH—
HBIM YMCJIOM MHKDOIIDOLIECCODPOB.

3. CMHTE3y W MMHMMH3ALMWH YNPaBJAKMErO aBTOMaTa H3BECTHEMHU
mMetomamu L4 I,

Hcrioneaya annapaT 6yJeBHIX MaTpPHL U TEOPUH I'pa®oB, ONUCaH-
HBIH TMOINXOJI MO3BOJIAET CO3IaTh CHCTEMH C [EepecTpauBaeMON CTDPYK-—
TYPOH CBA3E€H, UTO ynpomaeT [Nepexol OT OIHOI'O BapuaHTa CHCTEME
K IPYroH NyTeM HUX MNepenporpaMMUPOBAHHUA C MOMOWBI COBPEMEHHBIX
9BM s npo6JeMHO-OPUEHTUDPOBAHHBIX MHKDOIIPOLECCOPHBEIX CHUCTEM.



B zakmuyeHHWe aBTODPH OTMEUYawnT, YTO HacToAmasa paboTa BHIION-
HEeHa Kak pa3BUTUe urmed akaznemuka B.M. [UVIYIKOBa O CO3IaHUU Bbl—

YUCJIMTEJIBHEIX CHUCTEM Oyaymero.
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CTHIKOBKA 35BM B MHOI'OMAMMHHBIX CUCTEMAX HA
EA3SE MUKPO-3BM

B. XeHusep

HII Po6Gorpon HULl, r. Opesnen, I'P

[loaByeHHe O6OJBLIMX HHTErDAJIBHBIX CXEM CEeroOHA CO3IaeT BO3-—
MOXHOCTBH pPa3pabOTKH MHOI'OMaNKMHHEIX CHCTEM C 3KOHOMHYECKH IOIycC-
KaeMblMH 3aTpaTaMd U IIPUMEHEHUMA HMX B MWMPOKUX MacumTabax B Hapol-
HOM XO03AHcTBe. [Ipy 3TOM 3aTpaThl Ha CTHKOBKY H €€ HDOHBBOHHTGHB-
HOCTBh CHMJIBHO 3aBHUCAT OT BHOUPAEMOW CTpaTErvd COBMECTHOI'O BKJIO-
yeHUuAa. OOHOBPEMEHHO BHI CTHKOBKH DemanmyM o06pa3oM BJIMAET Ha
[IOBENEHWE U HAILEeXHOCTh BCEH MHOI'OMaumWMHHOW CHUCTEMH.

OcHoOBHble QYyHKIIMQHAJIBHEIE €OUHUILL MHKPO-OBM, CcMOTpA CO CTO-
DPOHBl CTBIKOBKHM, H300paxeHe Ha puc. 1. fAopo MUKDPO-3BM COCTOHUT U3
[IEHTPAJIBHOTO MpoleccopHoro ycrpo#cTa /UINY/ U U3 CO6GCTBEHHOH
namMaTyd /TI3Y u 03Y/. KOMMyHHKAIMA C BHEMHEH CPEeOod MPOUCXOIUT
C TOMOMBK NPHBEIEHHEIX YETHDPEeX THIOB ycTpoicTB /BUC-o0B/ mnsa
BBOJa/BrBOHa. KomMmyHukauusa LIIY ¢ ycTpoicTBaMH BBOIa/BHBOOA U
naMATbh, T.€. BHYTPU MHKpO-3BM, NPOU3BOIOUTCA 4YEpe3 CUCTEMHYI
MarucTpaJjlb, KOTOpPaA COCTOUT H3 aIPECHOM HKHbI, MHUHB JaHHBIX U
WHHB YIIPaBJIEHUA .

[IlpuBegeHHEE Ha DPUC. 1 YCTPOMCTBA BBOE&/BHBOE& JaJipne
paccMaTpUBawnTCA NOOpOoO6HEee OTHOCHUTEJIBHO UX MNPUMEHAEMOCTH IJiA
CTEIKOBOK B MHOI'OMamMHHBEIX CHCTEMaX.
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1. YCTpPOHCTBO CUETUYHKE/UaCOB

< B

HHTEepR.

BHOOD

Puc. 1. Binok-cxema MHKpPO-OBM

CaMoe MpPOCTOE YCTPOHCTBO — 3TO YCTPOHCTBO cyeTuMhKa/4acoB,

KOTOpOE MOXET BbLOABAaTH K Y MMMIyJbCH /HpeprBaHI/IH/ B omnpele-

JIEHHBIX UHTEepBaJiaX BPEMEeHH M CUHTHBATH OonpeneJyieHHHEe BHENHUE

COORITUA /PIMI'IYJIBCBI/. ImuTENIBbHOCTE BPEMEHHOI'O HHTEpBaJia MexXny

UMIIyJIbCAMH U HadYaJibHOE COCTOAHHE CUYEeTUYHKa MOXHO NPOTI'PaMMHO 3a-

IaBaTh U TakKXe MOXHO onpamrMBaTh TEeKyuee COCTOAHHE CUETUYHKa.

YCTPOACTBO cyeTuuhKa/4acoOB HEINOoCpelCTBEHHO He ITPUMEHHMO

IJ1i CTHKOBKH C MHKDO-SBM, TakK Kak uepe3 Hero He NpOXOIWUT HHKa-

KOI'O npaAMOro o6MeHa JaHHBIMH.

HecMmoTpsa Ha 3TO, €ro MNPHUMEHSAT

B MHOI'OMaulMHHBIX CHCTEMax IJiA ofecrieyeHusas BPEMEH DpeaKIHud U

O06CIIYXUBaAHUA .



2. [locnenoBaTesbHLH HHTepdenc

9toT uUHTepderc ABIAETCA TPAOULMUOHHEIM UHTEDPDEeHCOM IJIA CThI-
KOBKH OBM mexny cobo#t, Tak, HalpHUMED, B BHUYHUCJIMTEJIBHEIX CETAX
IU1A Tenenepenaqu IaHHBIX. B o6nacTu MUKDO-9BM IocCJenoBaTeskbHbH
HHTGD@GHC oJyiyyaeT OocCOOEHHOEe 3HAadYeHHEe A TMOINKJIOYEHUA MeJIeHHBIX
BHEMHHUX YCTPOWCTB.

IIJI7i CTHIKOBKM HE3HAUYUTEJIbHOE KOJIMYECTBO COEIWHUTEJIBHBEIX IIPO-
BOIIOB IIOCJIENOBATENILHOI'O HHTepderca OCOOEHHO BHII'OOHO, €CJIM MEeX-—
oy OBM HMEWnTCA OTHOCHTEJIBHO OOJIBIME pPacCTOAHHWA. JTO, HAIpUMED,
HMEET MECTO B [OELEeHTDPaJIM3UDOBAHHEIX MHOI'OMauUMHHBIX CHUCTEMax Ha
6a3ze MHKPO-OBM I KOHTPOJIA U YIIPABJIEHUA NPOW3BOJICTBEHHBIMH IIDO-
neccaMi. M3-3a MaJmIX 3aTpaT Ha coenuHeHusa /kabess/ 37ecbk UMeeT-
CcA BO3MOXHOCTH, CYmMECTBEHHO IOBHICUTH HaIEXHOCTEH JIMHHUM Nepena-
Y4 IMOCPEACTBOM MHOI'OKPATHOI'O DPEe3EepPBUPOBaHUA, IIPpUUEM BCA BHUHC-—
JUTEJIbHAA CUCTEMa OCTaeTCA eme 3KOHOMHUYECKH BBII'OIHOM.

3a cuyeT mepelayd HE3HAUYUTEJIBHOT'O KOJMYecTBa MHDOpMALMM BO
BPEMEHH IIEDPBHE OBa BUIa CTHKOBKM I'OLOATCA TOJIBKO YCJIOBHO IJA
conpAxeHusa O9BM B MHOIOMamMHHEIX CHUCTEeMax C OOJIBIIMM [TOTOKOM
uHdopmanui. Oromy TpebOBaHWI B OOJBUIEN CTENEeHH YIOBJIETBODPAIT
crenywmue IOBa BHUIlA CTHIKOBKH.

3. lapannenbHeli HHTepdenc

Ina napaynenbHOro uHTepdeica XapakTepHO, UYTO HHHA aHHBIX
NONKJINUYaETCA IOJHOCTBHIO MNapasyiesibHO K O6meil muHe CTHKOBKM /ONC/,
a He Inopa3pAlHO, KaK NpH MNOCJIenoBaTesbHEX HHTepdeicax. 9To Be-
IOEeT K 3HAUYHWTEJIBHOMY YBEJIMYEHHI0 CKODPOCTH ObMeHa HOaHHbHMU, HO H
CONMPOBOXIAETCA NOBBMEHHEIMU 3aTpaTaMd Ha annapaTHBE CpelcTBa.
TakaA CTHIKOBKa HA3HBaAETCA U Nepud@epUrHON CTHIKOBKOH, 4TO oByc-
JIOBJIMBAETCA TEM, UYTO YyCTPOMCTBA BBOIA/BHBOLA IapPaJIEIbHOTO
uHtepdeiica /IIM/ co CTOPOHE MHUKPO-OBM 06CIyXHMBATCA KakK BHEmMHHE
ycTporcTtBa, T.e. LY nosmxkHo obpamaThCA K HHM C OIllepaluedl BBO-
Ila/BHIBOOA IO ONpPENEJIEHHBM alpecaM. YCTPOHCTBO MNapaJulesIbHOTO -
HHTeerﬁca, IPA 3TOM, HAXOOUTCHA B ONDENEJIEHHOM COCTOSHUH /I'O-
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TOB WJM 3aHAT/; €CJH OHO I'OTOBO, - OHO HOOJIXHO OBHTBH B COCTOAHUU
BPEMEHHO 3allOMMHAaTh nonydeHHele OT [IIY maHHbE U NOTOM CaMOCTOA-
TeJIbHO Oo6MEHUBAThCA ¢ ycTpo#rcTBoM [IM npuHuMawmed OBM cUTHAaJB
COTOBHOCTH Mepemayu/npueMa U, HaKOHEell, IepelaTrh IaHHee. Moum-
HOCTB TakoH nepudepurHON IapaJiieIbHOW CTBIKOBKM B 3HAUWUTEJIBHOU
MEpe 3aBUCUT OT ciueayomux haxkTopoB:

1. C Kakoi# CKODOCTBK MHUKDPO-OBM MOXET BBIABATH INaHHHE YCTDPOU-
ctBy [l /T.e. Kakue BDEMEHHHE 3aTPATH IOTPebynTCcH, YTO6H
[IepecuuTaTh CUETUYHKH alpeca W IJIMHEl MaCCHBa OaHHBIX U UYTOOBH
OpPraHM30BaTh HEKOTOPOEe YCJIOBUE OKOHUaHWA obMeHa/.

2. Comepxatca ;M B ycTpoMcTBe [IM cneuuaJsibHele annapaTHHE Cpel-
CTBa OJIA YNpaBJIEHHWA CaMOCTOATEJbHbIM OOMEHOM IaHHEBEIMH .

3. Coobmaetr nu yctpoucTBo I LIIY 06 OKOHYAHHUU Nepenadyu WIH
LY npuxXoOUTCHA aHAJIM3WPOBATH NPU3HAK OKOHUYAHUA Iepenayu
NIPOrPaMMHBIM NyTeM. TO Xe KacaeTCA M CHIHaJla OKOHUYaHUA IpUe-
Ma OaHHBIX .

OcHoBHOMW 3JyemeHT [IM nmpencraBiadeT COOOM PErucTp, BBIXOMIB
KOTODPOr0 MNOJKJIIOUAKTCA Yepe3d YCUJIUTEJIb C TPETHbHUM BEICOKOOMHBIM
COCTOAHMEM K HMHHE CTHKOBKH. B 3aBUCHUMOCTH OT BUIa YIIpPaBJIEHUA
Oo6MEHOM JaHHBIMM K 3TOH cCXeMe Halno eme nobaBUTH JIOTHUKY LA
yIIpaBieHua OOMEHOM OaHHBIMH U JIOTHUKY NpepbBaHuAa. COBpeMeHHad
CXEeMOTEeXHUKa BBIIOBHUraja IOJIA 3TOro yxe ymo6Hele BUC-b mna BBOIA/
BBIBOJla C BHEHMHHMH YCTPOMCTBaMHU, HO OHM IO CHX NOpP eme He
IIPDUTONHE IOJIA HYXI CTHKOBKH MUKpPO-OBM Mmexny cobon.

OcHoBHOEe 3BeHO [l mpencTaBJEeHO Ha pHC. 2. BJIOK-cxema
MHOTI'OMamMHHOM CHCTEMb CO CTHKOBKOM uepe3d BUC-mb yctporcTBa [IU
u3o6paxeHa Ha pHC. 3. 3Iechk ycTpodcTBa BBoIa/BrBoma /IIU/ Bcex
OBM coemyMHAKWTCA 4Yepe3 IOBYXHalpaBieHHY O60myl MUHY CTHIKOBKH
/OIIC/ ¥ muHy yTIpaBJEeHUA CTHIKOBKOH. [Ipy 3ToMm OUIC, KpoMe HHHH
IOaHHBX, COOEDPXWUT M JIMHMHK yIpaBleHua OOMEHOM NaHHEIMH. YIpaBle-
HUe U pacnpeneseHue OIC npuHannexuT omHoM OBM, kKoTopas CTaHerT,
TakuM 00pa30oM, yIpaBidnmer. B 3aBUCHUMOCTH OT MecTa 3TOW OBM
B MHOIOMamMHHOM CUCTEME, T.€. OT MecTa B HWHOODPMALlUOHHOM I[IOTO-
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%. Biok-cxeMa CTHKOBKH MUKDO-3BM uepe3 yCTpPOHCTBa 4.
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K€, OHa Ha3WBAEeTCH HWIM MACTEDOM, WM apObuTpoMm. Puc. 4 mokasmBa-
€T IPHMEepHOEe BHYTDPEeHHOe mnocTpoeHue BUC-a napajinenbHOr'o HHTEDp-
derica /MM u3 puc. 3/. YerporcTBo [IU comepxuT 4 perucrpa, BKIIO-
yasg YCHJMTENM C TPETBHM BEHICOKOOMHEM COCTOAHHMEM COOTBETCTBEHHO
pUC. 2, ylOpaBJIAEMEle JIOIMKOH yrpasyieHuda [IU. JIBa U3 3THX DPErucT-
poB /Bl’ Bz/ NpenHa3HayeHs MOJIA [BYXHANDABJIEHHOTO O6MEHa NaHHb-
‘MM MEeXIy WMHOM IOaHHBIX MHUKPO-OBM M muHON naHHeX ONC. OcTaJjibHbe
IBa DErHcTpa CIYXaT WA NpueMa '/BM/ ¥ BHEIAYH /83/ CUT'HAJIOB
3anpoca W orBeTa IyA skcrmayaTauuu OUC. Jloruka ynpasiyeHua [IM co-
OEDXHUT, KDOME YCTDONCTBa YINPAaBJIEHHA, DErHMCTDE COCTOAHUA H DPEXH-

) Qomas
<':% muHa
HKOBKH

Al ynpasienue

I1pe pHB&HI/IHMM
By =
g:LgnHﬁ
yIpaB-
JEHUA
By
M _ =

BHGOD ycTpoiictea [I/

Puc. U4. Bnok-cxema ycrpoiicTBa /BUC-a/ mapajuiensHOro uHtepdenca
4.
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MOB paboT. Brmaua ¥ BBOI IaHHHX OCYMECTBJIAETCHA C IIOMOMBI CHI'HA-
JoB "rorosB" u "crpo6" snuHHUM ynpaByeHusa OlC nocpelnCTBOM JIOHKH
yIpaBJieHusaA OOMEHOM HaHHBIMH. JIOTMKa NpepsBaHusa OOEeCHEeYUT I'eHepH-
poBaHue TpebyeMmsix coobmeHUH 06 OKOHYAHHMH BHAOIA  HJIM 3alpoCOB
BBOma mia LY uepe3 mMHYy YNpaBJIEeHUA CHCTEMOHW MarMCTpalld MUKDO-—
OBM.

B 6oJsiee mpoCcTOM BapHaHTe NapasulesibHoro uHTepdeiica /TONbKO
[IDUMEHAA allllapaTHHE CDEeNCTBa M3 pHUC. 2 6€3 JIOTHMKH yNpaBlieHHA/
BhIIE IIPDUBEIEHHBIE CUIHAJIBI YIIPABJIEHUA IOJIXHEL OBTE aHAaJIM3UPOBAHEL
U EeHEepUDOBaHH NpPOrDAMMHBIM IIYTEM, B PE3yJIbTaTe 4YEero 3HAuWTenbHo & il
YMEHBHAETCA CKOPOCTH OOMEHa IaHHBIMH .

4. MpaModl HOCTYI K IaMATH

Bce moka omnMcaHHBHE BapHaAHTH CTHIKOBKM HE HOOCTUlrald TEODETH-
YECKH BO3MOXHYK CKOPOCTH OOMEeHa IOaHHBIMH, MaKCHUMaJIbHAd BEJIMYHHA
KOTODO# ONpEenesifeTCa BDEMEHEM BHPaABOTKH NaHHBIX M3 YCTDOHCTB
naMATH. HO BHIMI'DHII B CKOPOCTH Iiepenadud IpU [PAMOM LOCTyIEe K
namMATu /III1/ cBA3aH C NOBHMEHHHIMM 3aTpaTaMM Ha alapaTHhHEe Ccpel-
cTBa. OOBYHO MPHHLUHUII NMPAMOI'O LNOCTYIla K INaMATH PeaJIM3yeTCH
MOINKJIOUEHHEM BCEM CHCTEMOM MarucTpaad MUKpo-OBM /ampecHOW MWHHEL,
IMHB OAaHHBIX, MMHH ynpaBieHua/ k ONC /cmoTrpu puc. 5/. Kpome
cxeM KaHana [, Heo6XonouMEl eme PEerucTpe IJIA BhAYM 3amnpoca U
IJIA TIOJIy4eHHUsA curHajsia npenocraBiyeHusa OIIC kak ¥ IIPH CTHKOBKE
yepes3 MapaJuienbHt uHTepdeic [IM. B 3aBUCUMOCTH OT BHIOMPAEMOTI'O
pexuMa paboThl PErMCTphH OOMeHa IaHHBIMH /Bl’ B2/ U JIOI'HMKa yIpaB-
JIeHUA OOMEHOM IaHHEIMM CXMel [IA /puc. 4/ MOryT NDUMEHATHECA WIH
HEe NpUMEHATHBCA. Bilok-cxema kaHaJsa [IIII u3 puc. 5 uzobpaxeHa Ha
puc. 7 ¥ 8 M Imyg OBYX BapHaHTOB NPAMOI'O NOCTYIa K IMaMATH.

Puc. 6 mokas3bnBaeT OCHOBHOHM 3JyieMeHT KaHaua [, npecTaBisomui
cob0oH HNBYyXHAaNPaBJIEHHHN YIIPaBIAEMbIA BEHTUIIb.
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Puc. 5. CTBKOBKa MUKDPO-OBM uepe3 MNpAMOM OOCTYN K IaMATH.
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Puc. 6. OCHOBHOHN 3JeMeHT KaHazna [10I1.

Ha puc. 7 ykasaHo Gosee npocToe, HO U OoJjiee MenJyieHHoe,
HcrnosiHeHue Kaxana [IIII, nNpHd KOTOPOM CHCTEMHasa MarucTpallb OIOHOH
OBM MNOJIHOCTBK MNOIKJINYAETCA K CHCTEMHOH MarucTpasii Ipyrom OBM.
A sToro HeobxomuMo O6ECNEeYUTh, YTOOH IO nonxnmqennﬁ Oy
OLHON MHKPO-3BM OHO OTKJNYANOCh OB OT CBOEH CHCTEMHOMH MarvcTpa-
JU U nepeusio O B [aCCHUBHOE cocTosaHue. [llpyroe UIIY nojyydT TOIr-
oa ynpaBJieHue OO0UX CUCTEeMHBIX MarucTpaJjied U NporpaMMHO yIpaBJiA-
eT obMeH IOaHHEMHM Mexny oOeMUMH cUcTeMaMH. Tak Kak B JaHHOM
cydyae CTHIKOBKH TpebyeTCH eme OonbwHUPA O6BEM OPraHHU3alUOHHEBIX
3aTpaT MakCHMalbHAA CKODOCTH O6MEH& IaHHHMM HE INOCTHIAeTCHA.
CkopocThs Gomnee 6aM3Kad K MaKCHUMalbHOM OOCTHIaeTCA C NpPUMEHe-—
HUEM IOMNOJHUTENBHOW CXEMH - T.E€. CHelualJlbHOe YCTPOWCTBO yIpaB-
nenua /YY/ wkauana IOl /cMm. puc. 8/.
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Puc. 7. Kanan I, ynpaBiagemsnt Puc. 8. Kanan I, ynpaBiseMbli
nporpaMMHo oT ILIIY. ot YY kanaxna IIIII.

9to YY kaHasa IIIIl COOEPXHUT OIOWH HIIM HECKOJIBKO CUETUMKOB IJIHHBI
MaCCHBa, OOWH MJIM HECKOJIbKO CUYETUMKOB alpecOB, JIOIHKY A
yIIpaBJIEHU CHUIHAJIaMM LMHB YIIPDABJIEHUA W JIOI'HMKY YIpPaBJIEHUA, CO-—
Jepxamyl TakKke DErHCTDH DEeXHMMOB pafoT U COCTOAHHA /CM. DHC. 9/.
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YY xanaxna IIIli

Puc. 9. YcrpoucTBO ylhpaBiieHUsa KaHana I[11I1
CuA - cuUeTuyUuK aIpecoB
CuM - CcuUeTuYHK IJHUHBI MaCCHUBa IaHHBIX.

OLEeHKa NPOHU3BOOMTEJIEHOCTH

[lpuBeleHHe B NYyHKTax 2+4 BapuaHTH CTHKOBKH OTJIMYAKTCHA
OCHOBHEIM 06pa3oM TeM, B KaKOW LWMPUHE OHHU MOIAKJIUYAKT CUCTEMHYIO
Marucrpajb MUKpo-9BM kK O6meHd mMHEe CTHIKOBKH, OTH BapUaHTH CThI-
KOBKH, KakK BHUIOHO M3 TabJyikupl 1, OXBaATHBAWT OUYEHB MHUPOKHU CIIEKTD
IIPOU3BOOUTEJIBHOCTH OOMEHa IaHHBIMMU.



Tabnuua 1.

BUO CTHIKOBKHU

Pexum obmMmeHa
I aHHBIMU

CKOpOCTh OOMEeHa
B KGauT/cek

[locyienoBaTEJIb HBIHU
HHTepdenc

[lapasnnensHeIHA
HUHTEDPHEenc

Kanamn npamoro
OOCTyIla K NaMATH

aCHUHXDPOHHBINA
CHUHXDPOHHBIN

IPOrpPaMMHO
yIIpaBJIAEMbBIN

anrnapaTHoO
yIpaBJiaeMbld

[IPOI'PaMMHO
YVIIPaBJIAEMBIN

YIIPAaBJIAEMBIM OT

YY kanausa [11I1

10

40

120

625
/1250/

[lpuBeneHHEIe B Tabil.

1 3HAUEeHUsA IJIE CKOPOCTH OOMEeHa IOaHHBI-'

MU ABJAKNTCA MaKCUMAJIbHO OOCTHUTAEMBIMH C MUKDPO-3BM mUDHHON 8 GUT

B H-MOII-TEXHOJIOTHM C YaCTOTON TaKTa NpuMepHo B 2,5 MI'u. [locnen-

Hee 3HauyeHue B Tabi.
TU OOMEeHa IOaHHBIMM 34 CUEeT yCTpOoHCTBa IaMATH.

1 B ckofOKax yKal3bBaeT Ha IIpelejibl CKOpOoC-—
3TO 3HAUEHUE

1,25 M6aiT/ceK OOCTHUXUMO TOJBKO C NPUMEHEHHEM OBICTPONEHCTBY-

mux cxeMm 03Y, UMeoumux BpeMsa ofpameHus npumepHo B 60+100 Hcek.
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LOGIC-BASED DESCRIPTION OF MICROCOMPUTERS

G. DAVID, S. KERESZTELY, I. LOSONCZI, A. SARKUZY

Comnuter and Automation Research Institute of HAS

Budanest

1, INTRODUCTION

In this conference we want to describe in detail our project

on the automazitaion of micronrogramming and nrogramming of micro-
computers. Our approach to the automatization is based on mathe-
matical logic, using a set of symbolic statements and logical

deductions associated with them, see [11].

The classical first-order predicate logic is cumbersome for formal-
izing the description, hence we developed a new mathematical
logic, the Structure Logie SL [2], in which one can describe
structures and instructions as mappings of structures onto
structures. A mathematical logic-based automatization consists

of the description of the hardware (architecture) and a mechanical
theorem proving technique by which the system will generate pro-
grams. Accordingly we have devided this introduction to our project
into two parts: the description of microcomputers will be given
in this paper and the microprogram-synthesis will be presented

in the session on programming aspects [31],

Our goal is the description of microcomputers. For this purpose
we have constructed a language. What is required of such a lan-

guage?
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- It is to have correct semantics, which in our case is ensured,

as ‘our language is based on Vienna Definition Language and

Mathematical Logic.

- It should be suitable for the description of microcomnuters, SO
that it should ease structured 'Micro’ Programming. It is to
be simple, based on a few basic notions and symbols, such as

kg ff an)ia

- The language is to be near to the user’s way of thinking, SO
that he can . define his problem without giving an algorithm

for it.
To reach our general we shall speak of the following:

— Structures

- Contents of structures

- Operations on structures
- Types

- Instructions

2. STRUCTURES

First we give a strict description of the Structure Logie SL

Language SLL in the Bachus-Naur Form.

Concetenation is denoted by ".", sets are bracketed by {1},
and "selector" represents a svmbol standing on a place of the

selector, hence it is implicity declared as selector.
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letters::=A|...|2; digits::=0|...]|9;
externals: constant|reference|formulae|instruction|

selector|structure |
‘ bit(n)|<[>|C[3]([)]=],

logical connectives::=unuary-logical-connectives |

; |logical connectives;
binary-logical-connectives;
unuary-logical-connectives::="71 ;
hnary-logical-connectives::=+,V,A;
alphanumeric::=digit|letter[letter.alphanumeric!
digit. alphanumeric .
list::=letter|letter.alphanumeric;
set { };
concatenation . ;
selector::=sel|"selector",
selector-domain: :=[ lower-bound:upper-bound] ;
lower-bound: :="selector" ;
upper—bound::="selector“}
constant-declaration: :=constant list-of-symbols;
selector-expression::=["selector"J|["selector"].
selector-expression ,
basic-type::={bit(n),n>1}|instruction|selector ;
type-declarator: :=structure ;
type-name: :=symbol ;
type-declaration: :=type-declarator.
.type-name<{ "selector":struc-type-ref}>;
struc-type-ref::=type-ref|struc-ref ;
type-ref::=basic type|type-name|type-name.
.selector-expressionltype—expression;
type-expression: :=type-name<{ "selector":type-reference}>;
structure-reference: :=structure-name |
struc-name.selector expression|
struc-expression;

structure-declarator::=type-reference|reference (type-name)

-
’
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struc-declaration: :=struc-declarator.list-of-structure-names;
structure-name: :=symbol
structure-expression::=structure-name.
.<{ "selector":structure-reference}>;
function-declaration::=type-reference. function.function symbol.
.specification;identities-declaration,body;
function—symbol::=function—name.(1ist-of-formal-parameters)
function-name: :=symbol:
formal-narameters: :=symbol;

specification: := declaration

identities-declaration::=7dentities list-of-identities;
identity::=term.=.term;

term: :=symbol | function name(list -of-terms);

body: :=begin.local declaration;list-of-structure assignments.end;
local-declaration: :={ declarationl;
structure-assignment::=left-part.:=right-part;
left-part::=structure-reference|function-name;
right—part::=structure—referenceIterm;
predicate-declaration::=predicate.structure-expression;

statement: :=structure expression.binary-logical-connective.

.structure-expression|unary-logical-connective.
.struc—-expression;
declaration-part::={ declarations};
declaration::=type-declaration|structure-declaration|
constant-declaration;
description: :=formulae{ stataments};
problem-specification::=statement;

Abbreviations:sel, inst,struc,ref;
What does this description cover?
By structures we mean objects and hierarchical interconnections

between them. Instructions are mappings of structures:

l:Sl > Sz.
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To describe the hierarchy of structures we use selectors.

The selectors of one structure must be different.

Instead of declarations the selectors are allocated by < >

signs in the following form:
structure-name <{selectori:substructurei}>
For instance:

REGISTERS <1:ACCUMULATOR,2:REG,3:INST>
ACCUMULATOR <1:CARRY, 2:VALUE>

The meaning of this can be illustrated as follows:

ACCUMULATOR REG INST

/ X.
CARRY VALUE

We can refer to the substructures as well:

e+qs REGISTERS[C1] =ACCUMULATOR
REGISTERSC11 [C2]1 = VALUE

A structure is called homogeneous if it has substructures of the

same type. In this case we can condense our notion:
structure-name<(l:nl:substructures>

where [(1l:nl] stands for a set of selectors.
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Following the VDL notation we shall now present the operations

*
on structures. If we write S<sel:S > then the structure S

*
has a substructure S , that is if S has had a substructure
connected to S by the selector sel before, then it is changed
* *
by. & , if not, a new selector sel is made and S is put on
5 o

Referring to the above-mentioned example REGISTERS<11:NULL>
results in the following:

REGISTERS
- 3
NULL REG INST
Again REGISTERS <3:MOVE> results in:
REGISTERS
1 2
3
ACC REG MOVE

As can be seen only those-selectors which are changed need

to be written. So REGISTERS < > would mean no change at all.
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Speaking of homogeneous structures it was mentioned earlier
that each structure has a type. The folloiwng rule applies:
only structures of the same type can be substituted for each
other. In this way instructions with no meaning are eliminated;
for instance to move data from MEMORY to the CARRY bit, when
one would not know which part of the data is to be stored and

which part is to be dropped.
We have three basic types, such as:
- hit(n)
- selector
- instruction
Every structure has to have declared what type it belongs to.
Examples: b7it(1)CARRY;
bit{4)REG,VALUE;
selector j;
instruction MOVE,EXCH;

New, structured tvpes can be defined from these basic types:

type-name<{ selectors:sub-types}>;

Example:

REGIST-TYPE<1:6.{t(5),2:REG-TYPE,3:Znstruction>;
REG-TYPE<[1:81:b7t(L)>;

In this way "new standard types" which also can be used for

declaration are obtained.
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As has been shown, homogeneous types are treated in a similar
way to homogeneous structures. In a declaration we allow the use
of structures, the type of which has already been defined. This
can be important if we want to emphasize that two different

structures have the same substructure.

For instance:

If we have a machine structure with a 4-bit accumulator and
eight 4-bit index register’s

structure MACH <1:ACC,2:REG-TYPE,3:s;:> >

bit(4) ACC;

REG-TYPE<[1:81 bzt (L)>

reference(MACH) MACH 1, MACH 2; or

"MACH' MACH 1, MACH 2;

reference(instruction)s;

respectively means that MACH 1 and MACH 2 will always execute

the same instructions.

Thus we have shown how to declare compound structures using the
compound types already defined.

To summarize the last paragraph there is no restriction as to
the sequence of declarations, but it is important that by the

end there should be no structure left without a declaration of

type.



4, CONSTANTS, FUNCTIONS

Any identifier having been already declared can be included
in the constant list. Constants are not evaluated, so if we use
the symbol 7 for a constant it does not mean that the value of

it is seven. On the contrary, we can give values to the ,op-

stants and in this way the value of 7 can be, form example,

three. The list of constants is as follows:

constant VALUE,5,REG,
ACCl<1s12s); Tl3];

This means that the substructure connected to the structure ACC
by the selector 1 has the value 12 and the symbol 7 has the

value 3.

Similarly, functions are not evaluated either, unless all of
their parameters are constants with defined values. To declare
a function, its type, name and parameter list must be given.
A function transforms structures of its parameter list into a
structure having the function’s type. The list of identities
and the body of the function belong also to the declaration of

functions (see the syntax).

It should be noted that in a logic-based description language

the various symbols used are not evaluated - they do not repre-
sent values unless it is explicitly stated. The description of a
machine will be handled symbolically and the list-of-identities
should be treated as symbolic equations. This means that (in the

following example) if somewhere

P<is x>

stands, it will be equivalent to

P<i:RAL(RAL(RAL(RAL(RAL(x)))))>
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or P<j:RAL(1)> is equivalent to P=3i2z,

Let us look at an example of function declaration. This function

defines the instruction Rotate Left by One.

bit(5) funetion RAL(X); bit(5) X;
identities RAL(O) = O,
RAL(1l) = 2,
RAL(RAL(RAL(RAL(RAL(X))))) =X;
begin
structure o <l:bit(1l),2:b72t(5)>,8<1l:bzt(5),2:b2t(1)>;
ref(a) SA;ref(8)SD;equivalence (SA,SD);
SDC11:=X; SDC21:=SAC1];
RAL:=SAC2];
end;

The"bit(5) funcection RAL(X); bZit(5)X;" declares RAL as a five-bit
operation in both input X and output RAL(X). The "identities”
part states that five successive "RAL"-s are equivalent with a
no-operation NOP and also gives facts about the operation on

the objects O and 1.

The body part starts with declaration of local structures:

SA, SD. They are equivalenced, so they refer to the

SA[jj SA[Z] same object but with
[] L] ] [ | |sAa:145 bits different internal struc-

tures depending on the

point of view.

HEERE []sD:54 bits
sp (1] sp|2]

SDC1J:= X states that the higher 5 bits contain the variable to
be rotated. SDL2J:=SA[1] means that the lowest bit will be filled
with the highest one. RAL:=SA(2] gives us the required result.

There is a possibility of declaring references to different
elements as equivalent ones. This equivalence may be considered

as a function, where the bodv and the list-of-identities are
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empty. We declare equivalent structures by

equivalence (list-of-structures);

5. DESCRIPTION OF INSTRUCITONS

Having structures, types and functions we can describe instruc-

tions by giving the state of structures before and after them.

E.g. REGISTERS<1:X>+REGISTERS<1l:+(X,REG[j]),3:add(j,inst)>

or the equivalent form: REGISTERS-
+REGISTERS<1:+(REGISTERSC1],REGCj]),3:add(j, inst)>

This statement can be interpreted as follows: the instruction
add(j) can be executed in an arbitrary state of the machine
described by REGISTERS <1:X> and after the execution of add
j the state will be changed to REGISTERS<1l:+(X,REGCj]),
3:add(j,inst)>

REGISTER<1:X> REGISTER 1l:+(X,REGLj1),3:add(j,inst)>
X REG  INST +(X,REGC j1) REG add(j,inst)

Syntactically the set of statements describing all the instruc-

tions should be declared by

formulae { statements}.

To make it clear we have to stress the difference between the

instruction declaratim and instruction descrintion.

In the instruction declaration we declare some of the function
symbols as instructions and in the parameter-list we write the

appropriate types of parameters:
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instruction move (selector, instruction)

For technical reasons we include one parameter of instruction

type.

move(j,s)

where s has been declared elsewhere as an instruction-symbol.

This parameter will be used in automatic program generation.

The description of the instructions is nothing else but the
description of the changes in the relevant structure, effected

by the execution of the instrucitons in question.

For the sake of simplicity we introduce a declaration
predicate structure-expression;

e.g. predicate MC <l:A,2:R,3:M,4:SRC,5:P,6:8> ;

for those structure-names which will be used in the instruction-
-description part. Here we can associate substructures having
alreadv defined types with a structure-name in order to ease

the notation used in the description-part.

Let us examine out requirements to see whether they are satis-

fied or not.

- The semantics of this language are correct, as Structure Logic
is based upon many-sorted logic which is a mathematical
apparatus and completed with selectors.

- By means of structures it ensures the possibility of struc-

tured programming.

- It is simple: there are only 3 basic types and the signs
[<:>] [;, used.
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- The language makes automatic microprograﬁﬁing possible
without the need for giving an algorithm, but this question

is outside the scope of this paper.

6. AN EXAMPLE

Having discussed the Structure Logic Language, let us look at
the description Ofthe'microprocomputer MCS-4 as a paradigm.
Naturally we have to keep in sight only those parts of the
machine which are modified or referred to by instructions.

The MCS-4 has a 4-bit accumulator and a carry flag. An SRC
register of one byte (8 bits) belongs to it.

O [(T1T] LTI TTT

85’4 ACC ’ SRC

Carry Accumulator SRC

0 0 1 The sixteen 4-bit long index

il 2 3 registers belongs to the Central

2 4 5 Processor Unit as well. These can

3 6 7 be used in the form of eight 1l-byte
4 8 9 long words too.

5 10 11

6 12 153

7 14 15

Regarding the memory, at the moment we are interested only in
RAMs and not ROMs. The RAM consists of 256 4-bit long words
from among which we can choose by means of the contents of the

SRC register.

There are 16 input-ouput ports with 4-bit long words.
These can be addressed by the four lower bits of the SRC register.
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The description begins with the declarative part, where we
describe the structure of the machine, that is the structure

of the hardware.

structure o<C0:151:b7t(4)>,B<C0:71bzt(8)>,

Y4 [0:2553:bet(4)>,8¢1 bt (1) ,2:b08(4)>

e< [0+ 21538 U) >,
<l:ref(a),2:ref(a),3:ref(y),4:b2t(8),5:ref(a),6:instruction>
bze(1) C¥ [0/ .Cll]; bit(5)AC;

bit(4) K,ACO/0O/,K0/7/,9/9/;

bit(8) SRC,const;

ref(a)R,P;ref(B)RR; ref(y)M; ref(8)A;
)

ref(91)MC;ref(e)SR;
equivalence (R,RR),(SRC,SR);(A,AC);
predicate MC<l:sA,2:R,3:M,4:SRC,5:P,6:8>;
tnstruction S,NOP(Zinst),FIM(sel,bit(8),inst),
SRC(sel,inst),LDM(bit(L4),inst),
LDR(sel,inst),XCH(sel,inst),
INC(sel,Znst),ADD(sel,inst),
SUB(sel,inst) ,WRM(Znst),
RDM(Znst),SBM(inst),ADM(Znst),
WRR(Znst),RDR(Znst),CLB(Znst),
( C({Znat) ,
MA (
(
(1

)i
CLC 7nst),IAC(1nst 4

MA(Znst),

Vs

Yo
) , CM
RAL(Znst),RAR(Znst),
PCC DAC(Znst)
PCS(Lnst) ,STC(inst).,
bit(5) funetion ral(X);bit(5)X:
identities ral(0)=0, ral(l)= 2,
ral(ral(ral(ral(ral(X))))) = X;

inst »

begin

gtrueturea<l bzt (1) 2:bit(5)>,0clebit(5),2ebE (1 )>;

ref(a)SA,ref(8)SD; equivalence(SA,SD);
SDC11:=X; SDC21:=SAl11,
ral:=SAC27;

end;
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bit(5) function rar(X); bit(5)X;
identities rar(0)=0, rar(2)=1,
rar(rar(rar(rar(rar(X))))) =X;
begin
structurea<l:bzt(1),2:b2t(5)>,8<1l:bit(5),2:b2t(1)>
ref(a)SA,ref(8)SD; equivalence(SA,SD);
SAC2]1:=X; SAC1l]1:=SAC2];
rar:=SDC11];
end;
bit(L4) function inc(X);bit(L)X;
begin
structure o<l:bZt(1),2:b72t(kL)>
bit(5)S,ref(a)SA; equivalence(S,SA);
S:=X+1;
inc:=SALC2];

end;

Having defined the hardware we can now turn to the instructions.
The trick of the description is that the formulae include the
instructions, although in the machine the instructions do not

exist. This makes program generation possible for us.

formulae MC-+MC<6:NOP(s)>
MC+MC< 2:RR<i:const>,6:FIM(i,const,s)>
MC-+MC<4:RR[iJ],6:SRC(i,s)>
MC-+MC<1:<2:K>,6:LDM(K,s)>
MC-+MC<1:<2:R[il1>,6:LDR(i,s)>
MC-+MC<1:<2:R[il>,2:<i:AC2]>,6:XCH(i,s)>
MC+MC<2:R<i:inc(RCiJ) ,6:INC(i,s)>
MC+MC<1:R[iJ+AC2]+AC1],6:ADD(i,s)>
MC+MC< 1:AC21-R[iJ=-A[1],6:SUB(i,s)>
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MC->MC< 3:<SRC:A[21>,6:WRM(s)>
MC+MC< 1:<2:MCSRC1>,6:RDM(s)>
MC-+MC< 1:A[2]1+MCSRCI+A[1],6:ADM(s)>
MC-+MC<1:AC2]1-MLSRC1-AC13],6:SBM(s)>
MC-MC< 5:<SRC2]1:AC2] ,6:WRR(s)>
MC-+MC<1:<2:PLSRC211>,6:RDR¥¢s)>
MC-+MC<1:<1:CY,2:ACO>,6:CLB(s)>
MC+>MC<1:<1:CY>,6:CLC(s)>
MC-MC<1:ArC2]+1,5:IAC(s)>

MC~MC< 1:< 1:AC11+1>,6:CMC(s)>
MC+MC<1:<1:C>,6:STC(s)>

MC>MC< 1:<2:K0-AC2],6:CMA(s)>
MC»MC< l:rar(AC),6:RAR(s)>
MC»MC<1:ral(AC),6:RAL(s)>

MC-+MC< 1:AC21-1,6:DAC(s)>

MC-+MC< 1:9+AC11,6:TCS(s)>

MC-+MC< 1:ACO+A[11,6:TCC(s)>.

Now, what sort of instructions do we have?

NOP
FIM i,const

SCR i

LDM K

ILDR i

XCH i

INC i

ADD i

SUB i

does not effect anything

loads the constant "const" (8-bit long)

into the i-th register pair

loads the contents of the i-th register pair
into the SRC register

loads the constant "K" (4-bit long) into

the accumulator

loads the contents of the i-th register

into the accumulator

exchanges the contents of the i-th register
and the accumulator

increments the contents of the i-th register
by one. In case of overflow the i-th register
is set to zero

adds the contents of the i-th register to the
contents of the accumulator

subtracts the contents of the i-th register

from the contents of the accumulator
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SBM

ADM

CLB

CLC

IAC

CMC

CMA

TCC

DAC
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writes the contents of the accumulator into
the memory register previously selected by
by the SRC

writes the contents of the memory register
previously selected by the SRC into the

accumulator

subtracts the contents of the memory register
previously selected by the SRC from the

contents of the accumulator

adds the contents of the memory register
previously selected by the SRC to the contents
of the accumulator onto the output part -
previously selected by the four lower bits

of the SRC register

reads from the input part previously selected
by the four lower bits of the SRC register

into the accumulator
clears the carry bit and the accumulator
clears the carry bit

increments the contents of the accumulator

by 1, an overflow sets the carry bit
complements the contents of the carry bit
complements the contents of the accumulator

rotates the contents of the accumulator and

the carry bit left by one

rotates the contents of the accumulator and

the carry bit right by one

the accumulator is cleared. The least sig-
nificant position of the accumulator is set
to the value of the carry bit. The carry bit
is set to O.

the contents of the accumulator is decremented

by one. A borrow sets the carry bit to one.
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TCS - the accumulator is set to 9 if the carry
is 'O and to 10 i1f the carry bit is l. The
carry bit is set to O.
STC - the carry bit is set to one.
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CONSIDERATIONS FOR IMPLEMENTING A MICRO-BASED MINICOMPUTER

S. EBERGENYI, L. LEVELKI, G. MESSING, M. SZALAY

Central Research Institute for Physics

Budapest

INTRODUCTION

Advanced LSI technologies seem to have revolutionized computer

science and the associated technology. The rapid development in
the field of microprocessors, processor slices and highly inte-
grated accessories provided a great variety of different micro-

-circuits.

In connection with two concrete implementations of micro-based
minicomputers we intend to describe some criteria for selecting
the processor and defining the structure and architecture of the

computer.

BASIC CONSIDERATIONS

There exists extensive literature dealing with microprocessors;
they are handled from different aspects such as semiconductor
technologv, circuit density, speed, architecture, electrical
features and organization. All these technical parameters are
very important in starting a new development, but first of all
one has to consider less technical aspects like the purpose of
the computer, the time available for the development and whether

large or small production series are intended, to list but a few.
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Our Institute has been producing for some yéars the now the mini-
computer TPA-i, which is a twelve bit single address machine com-
on a software level with the PDP 8. Numerous small, as well as
comparatively large, systems have been built based on the TPA-i
for industrial as well as for laboratory purposes. A quite large
set of peripheral controllers is available for conventional
peripherals such as disks, lineprinter, tape, etc. as well as

for CAMAC r2]. Software such as 0S-i, RTS, etc. is utilized.

Our aim has been to modernize this SSI-MSI system considerably

by maintaining complete software compatibility.

In our case, probably the most important factor has been the
safeguarding of existing measuring technique and computer in-
vestments. The importance lies not only in the reduction of
system development time (as some of the necessary devices al-
ready exist) but in saving old equipment by using it in new,
higher quality systems. At least a part of the existing devices
can be used even by systems with higher specification demands.
The word devices as used here applies not only to hardware
devices since the appropriate software represents the major part

of the investment.

Our intention was to build a new microprocessor based minicom-
puter with an improved price/performance factor which would be
compatible - at least on software level - with the TPA-i. For
the CPU a twelve bit monolithic CMOS microprocessor chip was
chosen. Although the microprocessor does perform the basic in-
struction set of the PDP-8 for a 4K memory, its timing and
control signals differ from those used by the TPA-i.

There were two different conceptions for the implementation.
The first (the TPA-L) involved a general purpose computer which
would be especially suitable for business applications; the
second solution (ﬁhe TPA-LC) was principally concerned with

real-time applications. In the following we will briefly describe
both of these.
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THE TPA-L - A UNIVERSAL MICRO-BASED MINICOMPUTER

The principal concerns were software compatibility with the
TPA-i; availability of existing TPA-i peripheral interfaces
and, as far possible, of TPA-i mechanics.

The block-diagram of the TPA-L is shown in Fig. |.
The bus system of the TPA-L is divided into two parts, viz. the
pBUS and the so-called ADT and PDT bus. The latter has its
origin in the TPA-i. (PDT is the acronym for Programmed Data
Transfer bus, ADT is Autonomous Data Transfer bus.) The two
buses are connected by the Bus Converter Unit (BCU), which
enables data transfer and control from the CPU to the units
placed along the ADT and PDT bus.

The pBUS, which consists of data and control signals of the
CPU, is terminated by the Bus Terminator Card (BTC) containing
a uBUS display for maintenance purposes and connectors for a
possible uBUS extension. The slots between CPU and BTC cards
are used for connecting memory and new type interface cards.
The Control Panel Interface (CPI) takes care of the implement-
ation of the keyboard functions. The Control Panel (CP) is
connected directly to the CPI card and contains the switches

and display necessary for the manual control of the computer.

The two CPU cards contain, besides the CPU, the memory extension
and time-share control electronics and the power-up restart fa-

cility. One of the CPU cards contains a real-time clock as well.

The whole computer is mounted in the original 19" rack of the
TPA-i, where only the front-panel has to be changed.

The advantages of this structure can be recognized immediately.
The development time was very short (less then one year). A cost
factor of 0.4 to 0.25, depending on the system size, could be
reached. The whole software package and all interface cards of
the TPA-i are immediately available. In this regared no new

development is necessary.
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THE TPA-LC-A MICROCOMPUTER FOR REAL-TIME APPLICATIONS

Real time computer systems established by our Institute are
interfaced by CAMAC to industrial or laboratory equipment. The
CAMAC system has proved to be extremely powerful and admirably
suited to this purpose. One of the main ideas of the TPA-LC was
to benefit from the high density of modern LSI circuits, i.e.

to build a microcomputer in CAMAC mechanics and eliminate there-
with expensive TPA-i mechanics, cables, connectors and driver

- receiver circuitry. A second consideration was to create a
modular system and to allow more processors along the same bus,
and a parallel processing capacibility. None of this, of course,
should affect the software compatibility with the TPA-i.

The block-diagram of the TPA-LC is shown in Fig.2. The TPA-LC
is a three module wide CAMAC unit (the area enclosed by the
dashed line). The card in the middle is the CPU with the memory,
extension controller. The CPU controls an internal bus which
carries the same signals as the uBUS mentioned earlier. To
this internal pBUS is connected the Keyboard Controller (KBC),
a TTY interface and the CAMAC interface card. There are there
connectors on the front panel of the unit: one for the TTY, one
for the uBUS extension, one for a small touch board (RECORD)

with the necessary switches and display.

CAMAC untis, TPA-LC interface cards and, if required, other
processors can be connected to any of the slots along the
Dataway.

The physical lines of the Dataway carry two sets of signals,
either the CAMAC Dataway signals according to the CAMAC stand-
ard EUR 4100 or the signal set of the TPA-LC external bus, the
IMBUS. The Dataway signal B informs the units connected to the
Dataway whether the signals are to be taken as CAMAC signals
(B=1) or 1IMBUS signals (B=0). CPU activity takes place on
the internal bus. If the TPA-LC wants toreach any of the units
connected to the Dataway it asks for the Dataway and waits until
signals (Bus Busy, Bus Bargain In and BusBargain Out) do not

allow Dataway access.
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If the Dataway access becomes free the TPA-LC starts its IMBUS

or CAMAC cycle - whichever is intended.

The number of interruptable processors (TPA-LC-s) on the Dataway
can be up to three. Interprocessor communication may take place
via common scratchpad memory, and/or via the vectored interrupt
facility in the MPO (Multiprocessor Option) unit of the TPA-LC,
by which processors may interrupt each other by a vector stored

in the vector register of the MPO.

Versatility and the modular concept of the TPA-LC show special

advantages in real-time applications.

CONCLUSIONS

Two practical approaches for micro-based minicomputer implement-
ation have been demonstrated. Both solutions enable the safe-
guarding of existing investments. The use of the TPA-L development
concept shortened the development time considerably. The multi-
processor capability of the TPA-LC is very advantages for real-
-time applications; however, the development of new-type IMBUS

compatible peripheral controllers must be taken into account.
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A SURVEY OF TEHCNIQUES FOR TESTING MICROPROCESSORS

P. KERNTOPF

Institute of Computer Science,
warsaw

INTRODUCTION

Testing microprocessors is a relatively new and challenging
problem. The high complexitv of microprocessors and nonacces-
sibility of internal paths of signals make the conventional
methods of testing LSI circuits as well as methods developed
for testing large digital computers inadequate for solving this

problemn.

Techniques for testina microproprocessors are needed by both
microprocessor manufacturers and users but the needs of these
two groups differ areatlv. Testina microprocessors bv manufac-
turers requires exhaustive checkina of every product for all
possible tvpes of failure. The users developing a microproces-
sor svstem are interested in checking performed during the nor-
mal work. Moreover, onlv those operations that are really used
should be checked (e.g. some of the instructions mav not be used

in an application proaram).

In this paper a brief review of methods for detecting micro-

processor malfunctions is presented from the user’s point of view.

The obvious technicue for detecting micronrocessor malfunction-
ing is to introduce multiple-voting redundancy. However, this
well-known approach is quite costly as it requires the repli-

cation of microprocessors, memories and voters. In addition,
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to use this approach effectivelv one must first solve some new

problems which arise [11].

In the paper we discuss some recently considered approaches
different from the multiple-voting one. Firstly, a natural
approach using a set of diagnostic proagrams that checks the
units of the microprocessor svstem is described and performance
parameters for a commercially available microprocessor are given.
Then, three recentlv proposed concepts for testing microproces-
sor systems through observina some selected parameters charac-
terizing the application proaram behaviour and detecting unex-
pected or invalid events are presented. An example of the simple
possibility of detecting the cumulative effect of a failure on
the program behaviour is the detecting of unused operation codes
and forbidded memory access requests [2]. However, such testing
is not very sensitive. We shall describe methods based on choosings
state, sequencing and execution time as the parameters to be

observed.

TEST PROGRAMS

A natural idea for testing a microprocessor in the system is
executing a set of special test programs on the microprocessor
itself. These programs are run during periods when no application
programs are executed. We shall consider a tvpical diagnostic
svstem described in [3]. The svstem consists of resident diag-
nostic programs (permanently in the microprocessor svstem),
non-resident diagnostic programs (loaded into the memory) and

the diagnostic supervisor (the collection of programs controlling
the execution of the diagnostic programs).

The diagnostic supervisor initiates the execution of resident
and non-resident programs. It has three states: program state,
idle state and machine check state. The application programs of
the microprocessor svstem are executed in the program state. The
diagnostic supervisor has no control over the execution of the

programs in this state. If there are no application programs
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waiting to be executed, then the supervisor changes to the idle
state. The detection of a fault in the idle state results in a
transition to machine check state. The faulty units are located
by the diagnostic proarams executed under the control of the

supervisor in the machine check state.

The approach presented has one essential disadvantage: it reqdires
that a substantial part of the tested microprocessor operates
correctly. Moreover, some faults occuring during execution of
application programs might remain undetected while the others

are detected after a delay which sometimes may be too long in
terms of safetv of the svstem. The testing using test programs

is also costly if we take into account the additional eguipment

and memory space.

Let us examine the performance figures of the diagnostic system
described above [31. Resident diagnostic programs for a commer-
cially available 8-bit microprocessor with a basic instruction

time of 2usec and 8K bytes of RAM memory use 1K bytes of storage
and their execution time is about 1 minute. Nonresident programs
for the above two units use about 4K bvtes of storage and their

execution time is about 5 minutes.

STATE VERIFICATION

Now the method originallv developed for testing control units
with no direct and exhaustive observation points [L,5] will be
presented. In this method a svstem is divided into two parts:

the control part and the operative part.

The control pnart is viewed as a Moore automaton. Let 0 denote
the set of control states and let a set of commands Ci be

associated with every state )i € 0, where Ci is the set of
commands generated by Qi which activate some operations in the

operative mart.
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The operative part is considered as a set of independent func-
tional units Uk' The subset of commands which is sent to Uk
k k

from the control part is denoted bv C° . Let Ci be an opera-

tion activated by the state %_ and performed bv the unit Uk'
Observing a state of the control part can only be performed
through the operative part. Two states Qi and Qj are distin-
guishable through a funcitonal unit U, if C? # C?.

Testing of the svstem consists in developing tests by choosing
appropriate paths in application programs and appropriate data
allowing the checking of the operation of the control part. This
is done by exhaustive analysis of application programs to be
performed bv the tested svstem. When constructing tests we look
for the distinguishabilitv of everv state from all the other
states, the abilitv to check all commands which are generated

by everv state through each of the functional units and which
pass through every transition for all possible input value al-

lowing this transition.

In the microprocessor-based svstem the control part is assumed

to be in the form of the flowchart of the application program;

a control state corresponds to an instruction of an application
program, and the operative part is made up of the microprocessor,
the memories, the peripheral devices, etc. An observability

means of a unit is an instruction of an application program which
is observable during a transfer between the unit and another

unit.

To perform the tests a working memory space is needed for storing
information about the test progress. The disadvantage of the

method is that this space may be very large for complex systems.
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SENUENCING VERIFICATION

A method for developing reliable software has been presented

in [6]. The method is based on a graph-theoretic model of soft-
ware systems which characterizes the system by its set of al-
lowable execution sequences. The method was applied in [T71 to

testing microprocessor svstems during their normal functioning.

In this method an application program is divided into modules.
At the entry to each module the seduence of the fixed number of
previouslyv executed modules is checked. Faults can be detected
by comparing the actual sequence with known allowable sedquences.
To use this method it is necessary to develon an algorithm for
structuring application programs so that every execution se-
quence generated under the presence of a fault is not among al-

lowable execution secquences of the system.

Known allowable sequences can be stored as relations between
modules (for example, execution of module A can follow execution
of B or C,A can be interrupted for B but not for C, etc).
In addition to extra memorv space some hardware is needed for

performing the checking operation.

EXECUTION TIME VERIFICATION

The time-based method [(8,9,10] 1is based on
(1) using time as the unique integration parameter

for detecting malfunctions, and

—
n
~

the observation that in existing microprocessors
it is possible to insert some instructions into a
program in such a way that they will not inter-

fere with the execution of the program.

The method compares the previously known execution time of a

program with the actual time.

It is possible to insert into a program generators sending sig-

nals every time the processor passes through these generators
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during execution of the program. The generators can be used

to denote the start and the end of measuring time. Let us con-
sider a sequence of instructions in a program and let A repre-
sent the beginning and B represent the end of executing the
sequence. Let us assume that a timer in a testing unit is ini-
tialized at the point A and that the testing unit "knows"
what is the correct time interval for executing the seruence.
Let us also assume that at the point B the signal for the end

of executing the se~uence is sent to the testing unit. If

(1) The testing unit receives the signal for the end of
executing the sequence before the beginning of

the time interval,

no
~—

or ( the expected time (i.e. the end of the time inter-
val) has passed, but the testing unit has not

vet received the signal for the end of executing
the sequence,

it will indicate that something has gone wrong.

CONCLUSIONS

The recently proposed methods of testing microprocessors during
their normal functioning consists of detecting deviations from
the a priori known behaviour of application programs. They
differ substantiallv in the parameters which are observed for
detecting malfunctions. In all these methods preliminary analy-
sis of application programs is necessary to prepare information
about allowable program behaviour and all require extra equip-
ment. It is difficult to compare the methods without sufficient
experience in applving them. Nevertheless the time-based method
seems to provide a reduction in the amount of information that
must be observed to detect malfunctions and to organize the
observations. This method is also very sensitive because it deals
with integer numbers (i.e. execution times expressed in clock
cycles). The major advantage of these methods is that they are
capable of detecting not onlv the effects of hardware failures
but also the effects of incorrect svnchronizing of processes

within the svstem as well as error made bv the system designer
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(i.e. mistakes in design or implementation).
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METOIB W CPENCTBA INPOEKTHPOBAHWA LHW®POBHX YCTPOHCTB,
BHINOJIHEHHBIX HA BA3E MHKPOIIPOLIECCOPOEBE

OpeHu U.

BeHrepckaa Axkanemua Hayk
lleHTpanbHuil MHCTUTYT dusuueckux HccrnemoBaHuy, BynanemT

BBeneHue

[loaBneHue MUKponpoueccopHeix BUC coz3nanlo BO3MOXHOCTE IJIA
NMOCTPOEHUA TaKUX CHCTEM M DEmEeHUA TaKUX 3anayd, KOTOphHE paHble
MOI'JIH OHITE OCYmECTBJIEHB T'DOMO3IOKUMU JIOTHUECKHUMH CXeMaMH HJIH
MUHH OBM. Ho ¢ npyMMeHeHHEeM MUKPOIIPOLIECCOPOB KOMIIAKTHOCTH CHC-—
TEM M YCTPOWCTB 3HAQUUTEJILHO BO3pOCJIa I[PU CYHECTBEHHOM CHHUXe-
HUW 3aTpaT Ha MPOU3IBOICTBO. JTO B CBOK OYepelb CnocobCTBOBAJIO
¥ BBEIEHUI pAlda HOBHEIX CBOHMCTB M IOKa3aTesylel B HOBHE CUCTEMDI.
CHUXEHHE 3aTpaT Ha IPOU3BONCTBO UUDPOBHX yCTPOHCTB Ha 6aze
MHUKDOIpPOLEeCCOPOB, nemeBu3Ha BUC ¥ BO3MOXHOCTE MNpPUOEpPETEHUA
MHUKDPOMNPOLIECCOPOB B CONBHIOM KOJIMYECTBE - BCE ITO TOJKAET K HX
LHMPOKOMY IPHMEHEHUEK B HOBBIX pa3paboTkax. Ho OHM TpebywT oOCO-
foro nomxolna K peuwmeHuw 3alady oT pa3paboTydKka. B nepsoe Bpema -
BO BpPEMA NEpBON I'eHepalMWu MUKDPONPOLECCOPOB — YCIIEXH HOBHIX pas3-
pabOTOK 4YacTO HbUIM CJIOMaHB £OJIBLIUM BDEMEHEM, HEOO6XOOWMBIM MOJIA
co3naHuWAa cucTeM, W, KOHEeYHO, OOPOIOBHU3HOM pa3paboTok. EcrecT-
BEHHO, YTO MHUKPOIPOUECCOPH - 3TO HOBOE CEMEHCTBO "JIOPMYECKUX
3J71eMeHTOR" HecpaBHEHHO €oJiee caoxHoe, yYeMm Jiwboe W3 NPelbayuuX,
M KOoTopoe TpebfyeT HOBHE CpencTBa, a Takxe MeTons pa3paloTok,
W HaJlaIO4YHEX paboT.

Bo BCAKOM criyyae K WHXeHepy-paspaSoTUWKy MNpelbABIANTCH
cnenyouye TpeCoBaHHA: 3HAKOMCTBO C TPOEKTUPOBAHHEM annaparyp-
HOM YacTu, JiorMueckasa cxema,; MNpakTUKa B COCTaBJIEHUM NpoI'pPaMm
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g /Mukpo/ 3BM; U CHCTEMHBIE NOIX0In K pafoTe Mo co3naHun o60-
DYIOOBAaHUA.

B GynymeMm pa3paboTKM annapaTHOM 4YacTu Bce €CoJibpuiee CBOOAT-—
cA K dopMHUDPOBAHUAM pPa3JIMUHEIX KOHburypauu ua BUC Takux, Kak
LLEeHTpAaJIbHEIE B3JIEMEHTH, JJIEMEHTHI NMaMATU U NepUPepUrHbIE 3JIEMEHTH.
Ho ocHoOBHOM npo6JsieMo¥ OCTaeTCA U Jajblle cOo3IaHWue Npor'paMMHOI'O
obecneyeHua U COBMecTHad pas3paloTKa KOMIJIEKCa annapaTHOH Yac-—
THU W YINPaBJAOULEN NPOrDAMMEI.

B npomsnioMm pafoTh NO CO3IOAHUK CUCTEM C MUKDPONPOLIECCOPaMu
ObIIM pa3meJieHBl Ha OBa OCHOBHBIX HaNpaBJIeHHUA: paspabOoTKy OCHOB-
HBIX XAPAaKTEDHCTHUK KM CXEMHHIX 4YaCTeW annapaTypbl, & TaKXe Ha pas3-—
pafoTKy M HanamkKy nporpamm. Takoe pa3nesjieHUWe NPUBEeJIO K 3Hauu-
TEJILHEM TPYIOHOCTSAM B COrJIaCOBaHWM paboT U K OOJIBIMMM 3amno3na-
HUAM B BHIYCKE IMIPOTOTHMNHOI'O ofpa3la. BaxHeWuuM wmarom, objser-
YammdM NPUMEHEHHE MUKPONPOLEeCCOpPOB, OBJIO CO3OaHWe CPpEenCTB,
napmyuX BO3MOXHOCTE OOBEIWHUTB, a TaKxe 3alapajuleJIMTh [POEKTH-
POBaHHE annapaTypkl U COCTaBJIEHUME MNpOorpaMMm BO Bcex daszax paspa-
60TOYHOI'O LHUKJIA.

[lonxon K INPUMEHEHUI MUKDPOIIPOLIECCOPOB

[lo BONIPOCY O MNOIXOIE K MNPUMEHEHWI MHKDPONPOILECCODPOB MOXHO
Da3JIMUUTE OBa KpamnHe OTJWUYHBIX IAPYyr OT Opyra B3rnsana. [lo mepBO-
MY MMKDOINDOLIECCOD MNPUMEHAETCA B KOMIJIEKCE CXEMHEIX 3JIEMEHTOB B
BUIOe MUKpo OBM. Ilom mMukpo OBM 31echk NOHHUMaETCA cucTema, Ccob-
paHHad Ha OOHOM WJIM HECKOJIBKMX NEeYaTHBIX MJaTax W coaepxailad
KpoMe MHKpomnpolleccopa /MII/ ¥ 3anoMyHawmee ycTpoicTBo /3Y/, |
6JIOKM BBOJa/BHIBOIA. Takyio MHKPO OBM MOXHO 3aKa3aTh W BCTDOWUTH
B pas3palOTaHHYK CHCTEMY, W MOXHO COCTABMTBH NpPOrDAMMYy IJiA
O6CNIyKUBAHUA CHUCTEMH.

[lo BTOPpOMY I[OOXOLY MHKDOIPOLECCOP INPUMEHAETCA B BUIE Ce-
MericTtBa BUC 3JIeMEeHTOB, BCTpauBaeMbX B pas3pabaTHBAEMYK CHCTEMY
110 YCMOTDEHHI HHXEeHepa-IPOEKTHUDPOBHHKA. UCTOPUUECKH 3TOT BTO-
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por noaxon 6GoJsiee cxomeH c pa3paCOTKOM annapaTypHOW YacTH, a
I[IEPBBIM C TIPUMEHEHUEM MUHU SBM.

B uemM Xe MNOABJAKNTCA OTJIMYUTEJIBHBEIE YEpTh 3THX IOBYX MNOAXO-
IOOB, W Kormza ueynecoofpa3HO CJeOOBaTh I10 ONHOMY U TDPHU KaKHUX
yeaoBuax no aopyromy? llonpo6yeM OTBETHUTE Ha 3TH BOINPOCH.

Myukpo OBM uMMEenT cJlenyiomyue OCHOBHBIE CBOWCTBA:

- UHXeHep-pas3paboTUUK [oJyyaeT uX B I'OTOBOM, pafoTocrnocobHOM
BHUIIE;

- 3Y, Kak IIpaBuJio, COCTaBJIEHO M3 3JIEMEHTOB 3Y NPOUI3BOJILHOH BEI=
60pPKM, W OJA BBOJa INPOTrpaMMbl HEOBXOIMMBl BBOIHbIE Iepudepri-
HEIEe YCTPOHCTRBA;

- YCTPOHCTBO pa3paboTKH /MUKpo 3BM/ BXOOUT B MNPOAYKLHIO;

- NpoBEpKa paboToCnoCcoOHOCTH MUKPO OBM HEe 3aBHCHUT OT NpPUMEHEe-—
HUA; ocymecTBaAeTcA nomobHo TecTaM-InporpammaMm OBM;

- KX NpUMeHeHUe 6oJiee uesnecoofpa3HO B MPOAYKLMWU C MalbM KOJIK-
YEeCTBEHHBIM BBIIYCKOM.

CemericTBo BUC 271EMEHTOB HUMEET CJEOYIMHE OCOBEHHOCTH:

- HWHXEHEep-TIPOEeKTUPOBUWHUK Mnojsydyaetr BUC B BUIE 3J1EMEHTOB;
pa3paboTKa CXeMwl ABJAAETCA €ro 3alayded; .

- paspabaTeiBaeMasa cxema OO6bYHO paboraeT Ha 0a3e NpPOorpaMMbl,
BHECEHHOH B MOCTOAHHOE 3Y¥; O6GHYHO HEeT NepHdepHiHBIX YCTPOMCTB
IONA BBOIA MPOIDaMMI;

- CPeNCTBO pa3paboTKKM M HaJladKKW abCOJIIOTHO OTIEJNIEHO OT MNPOOYK-—
LUHMA, NOCKOJBKY I'OTOBbHIH MNPOAYKT HE INOJIXeH UMeTh GyHKLUH,
HeobxonuMele B pa3pabOTOYHOH CTaluH;

- B KauecTBe NEpHPEpUMHbIX YCTPOHUCTB OOGBIYHO MPUMEHANTCA HHTED-
devicel BUC-uysieHH ceMelcTBa MHKPONDPOLIECCOpA;

- NpOBepKa paboTocrnocobHOCTH CBOONUTCHA K IPOBEDKE NPaBHJIBHOCTH
BceX GYHKUHWH TOTOBOI'O NPOIOVKTA;

- MHUKPOIPOLIECCOPHEIE CEMENCTB&a, KakK MNpaBuUJI0O, NMDUMEHAKNTCH B
6onbUIOM KOJIHYECTBE;
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- U3 NPUMEHEHHA NOCTOAHHBIX 3Y BHTEKaeT TpeboBaHHEe K MHUHUMAaJIb-
HOMy 06BEMYy MaMATH, HEeO6XOOUMMOMY IJIA XPaHEeHWA [POrDaMMel, -
TO €CTh NpOr'PaMMa IOJDKHA OBTE COCTAaBJIEHA NO BO3MOXHOCTHU
6onee KOMIIAKTHO.

CHOeKTp CpelCTB pa3pabOTKU W HaJalIKW LHMODPOBLX YCTPOHCTB, BHEI-
MIOJIHEHHBIX Ha 6a3€ MUKDPONPOLECCODPOB

EcTecTBEHHO, UYTO MOOOOHO TOMYy, KaK MUKDOIDPOLIECCOPH NOABHU-
JIUCEH 6aronapsa DPa3BUTHIO BHUHCIUTEJIBHOH TEXHUKH /B TOM YHCJIE
MUHM OBM/, a Takxe 6yjarolnapA DPa3BHUTHIO JIOI'MYECKHX CXEM M TEeXHO-
JIOTMM NPOM3BOIACTBA HHTErDaJIbHEIX CXEeM, TakK U CpelcTBa pa3pa-
6OTKH U HaJIaOKHW MUKDONPOLIECCODHEX YCTPOMCTB DOXIEHE U3 oblac-
TU METOOMKW CO3NaHWA U HaJIQIKU alnapaTypbl IUCKDETHOI'O OEeHCT-
BHUA, a Takxe M3 00ylaCcTH BBIUHUCIHUTENIBHOW TexHHWKu. Ha puc. 1.
TTOKa3aH NMPHMEPHHH CIEKTP CYMWECTBYWMUX BCIOMOIaTEeJIbHBIX annapar-—
HBIX ¥ NPOI'PaMMHBIX CPENCTB pPas3pabOoTKH.

CneBa CIEKTD OTKPHIT ocuuuorpadamu u CUeTUMKaMH HMIYJIBCOB,
KOTODHE CJYXaT HCKIMOUYUTEJIBHO IJA I[IOMOWK HCCcJeloBaHUA paboTh
annapaTypHom dyacTu. CnpaBa HaUYUdHaAaeTCA CUCTEMaMu Ha 0a3e ceTeu
9BM ¥ ¥UX NIpOTrpaMMHOro ofecleyeHHA, HUCNOJIb3YEMBIX TOJIBKO IJIA
pa3paboTKM U COCTaBJIEHWA NPOrPaMMHOM 4YacCTH.

YCcTpoOHCTBa JEBOM 4YaCTHU ChnekTpa [OOHB TOJIBKO IJid INPOBEPKU
annapaTypHOH 4YacTH 0e3 OKOHUATEJIBHOW IIPOTI'PaMMEI, B KOTODOH Dpell-—
KO MOXHO BBIIEJIMTh XOPOWIO 3aMeTHhHEe Ha ocuuanorpade LUKJE, 4Yac-—
TO TOABIAKIIMECA W ONHO3HAUHBIE HUMIIYJIBCHl, OCOBEHHO, eciu npober
nporpaMMmel He 6e3ommboueH. CpencTBa B IIpaBOM YaCTHU CIEKTpa He
Cnocob6CTBYIOT OOHApPYXEHHI0 HEMCIPaABHOCTEW KW OuMOOK B anrnapar-
HOM YacTH, HEe HOalT BO3MOXHOCTH IJIA NPOBEPKU paboTel paspabo-
TAHHOW CHUCTEMBl B peaJIbHOM MacuTrabe BpeMeHM. K TOMy Xe CTOu-
MOCTH pa3paboTok Ha ceTAX OBM oueHb BeJIMKAa.

Hccnenysa DaHHBIM CIIEKTP MOXHO 3aKJIOUMTh, UYTO B CepeluHe
ero MMewnTcdAa Te CcpelCTBa, KOTOpee M IO CTOMMOCTH, H IIO CO3IaH—
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HbIM MMM BO3MOXHOCTAM OOJBhlIE BCErO YIOBJIETBOPAKNT TpebOBaHUAM
pa3paboTuuKOB. C MX IOMOUBI XOpPOWO OCYHWEeCTBJIAETCHA MNpOBEpKa H
HaJlanka pas3pabaTeHBaeMoro yCTpoOWCTBa, paboTOCHOCOOHOCTH anmnapa-
TYPHOH 4YacTH, a Takxe yIOoOHO cOocTaBJIAETCA MporpamMma paboThl.
Oco6eHHO BHI'OIHO MNPHUMEHAKNTCA CUCTEMb pPa3zpabOTKW U HalladKku C
MOIEJIUDYILUM MUKDPOIIPOLECCOP MOOYJIEM B ciydyae, Korza IIpUMeHA-
eTcA CEeMeHCTBO MHKDPOIDPOLIECCOPHBIX 3JIEMEHTOB, He MUKpo 3BM. Bo
MHOTHX CJIy4dadX XOpOoumo HCIOJIB3YyeTcA U cucTema Ha 6aze MuHu OBM.

B manpHenmeM paccMOTpPUM TpebOOoBaHHA, MOCTAaBJIEHHBHE K CHUCTE-
Me pa3paboTKu M NPOEKTHPOBaHUA Ha 6a3e MUHM OBM ¢ Ucnosb3oBa-
HUEM MOIENUPOBAHUA YyNpaBJAKmEed MaMATH U CUCTEMHOH uHb. Pazbe-
PEM MPUMEDPHYIH QYHKIMOHAJIBHYKH CXeMy W XOoO pa3paboTK{W ¢ [IOMOUEBK
3TON CUCTEMBl, a TakXe NPUMED YHUBEDCAJIBHOM CHUCTEMBl NNPOEKTHPO-
BaHUA U HaJalKU LUPPOBBIX YCTPOHUCTB Ha $a3e MHKPOIPOLECCOPOB.

CucTeMa INPOEKTUDPOBAHHA M HalalnKu Ha 6aze muHu OBM

B ToMm cnyuyae, ecnd nocTynHa MHHH OBM oA pa3pabOoTUHKOB
obopynoBaHUM Ha 6a3e MUKDOIPOUEeCCODPOB, JIEI'KO MOXHO INOCTPOHTH
rU6PUIHYI0 CHUCTEMY HEKOTOPOr'o pola MonesiMpoBaHUA paboTsl obopy-
noBaHua Ha 6az3e 3tod 9BM. B paAane caydyaeB WUCHOJIB30OBaHUHE onepa-
TuBHOro 3Y OBM nJiA nmporpamMmel MUKDOINpOLEccopa HaeT yXe 3Hauu-
TEJIBHYI0 BHI'OLY IJIA NPOBEpPOYHHX pabor. llobaBiaa HeboJbuoON OJIOK
CTHIKOBKH MHUKPOMNpOLECCOPHOro obopynoBaHua K OBM, ycCHnemHO MOXHO
pemaTk 3Ty 3aladyy Tak, UYTO MYTEM HCIOJIb30BaHUA BCEX YyCAyI MU-
HU OBM u ee nepudepurHBIX YCTPOHUCTB HHXEHED-TNIPOEKTUPOBULUK U
NPOI'PAMMHUCT [OJIYyYawT OTJHYHVID BO3MOXHOCTE MCCJIENOBAHUA U BMe-
maTenbCcTBa B paboTy MHUKDPOMNPOLECCOPHOW cucTeMmsl. [Ipy 3TOM coXxpa-
HAETCA U BO3MOXHOCTB IMpOCJIEXeHUA 3a paboTOM MHUKPOINpPOLECCOpa
M ero mporpaMmel B peallbHOM Macumrabe BpeMeHu /ecnu 3Y MuHM OBM
IOOCTATOYHO OHCTpoOOEeHCTBYylmasa/ WM B OJIM3KOM K DPEXHMY DeaJjlbHO-
ro mMacumrata BDPEMEHH.

B daze cocTaBJeHMA NporpaMM MUKDPOIIPOLIECCOPOB MOXHO HC-
MOJIE30BAaTh OCHOBHOE MNporpaMMHoe obecneueHue MUHU OBM. Tak pe-
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JaKTOpHaaA nporpamMMa MUHKM OBM MOMOTraeT COCTaBJIEHWK HCXOINHOH!
nporpamMmel. AcceMmbiiepsl /TpaHcyATOps,/ OBM B pAme ciydyaeB JIETKO
nognamnTca amanTallMd K KOMaHIHOMY Habopy MHUKDOIIPOLEeccopa, 4YTO
JaeT BO3MOXHOCTE CO3IaHWA Kpocc-acceMmbisepa Oja BHIOPAHHOT'O THIIA
MHUKDOIIpOLeccopa. YacTo cocTaBlEHHWE TaKOr'o Kpocc-acceMbiepa
noTpedbyeT TOJIBKO 3aMeHbl Tabmuubl KoMaHn OBM Ha Tabnully KOMaHI
MUKDOIIPOLIECCODPA..

BaxHenuumMy QYyHKUUAMHM CHUCTEMB MPOEKTUPOBAHUA M HaJlAKU B
das3e HaJianouyHblX DPaboT ABJAKNTCA CJEIyouue :

- BO3MOXHOCTBH CUMTHIBAHUA KU 3alMCHU B NaMATh MHKDPOIDPOLECCOpAa
/B aHHOM cJlyyae OHa coBnazaeT c 3Y 3BM/;

— BO3MOXHOCTBH MUCIIOJIHEHUA MNPOrpPaMMbl IO KOMaHIaM;

- HOCTYIl KO BHYTDEHHUM DErHMCTPaAM MHKDPONPOLEeccopa /CUYUTHBAHHE
W 3allUCh COIEDPXaHUA B HUX/;

- BO3MOXHOCTBH OCTAQHOBKHM IpPOI'DaAMMbl B JIOOOW 3apaHee onpeneyeH-—
HOH TOUKE IPOr'DaMMEHI.

Tak, pabora ¢ nonobHOM cUCTEMOHM Ha MHHH OBM MNpPOEKTUDYET
ciaenywomuM obpaszoM. [locse TpaHCJALMU NPOI'DaMMbl HEOOXOIUMO CoOe-
IOUHUTE MUHKM OBM M cucTeMy MUKpoIrpoueccopa 6e3 namaTu. Ilog yn-
PaBJIEHHEM NporpaMMel "MomenupoBaHUA" B naMATh MHHM OBM BBOIOUTCHA
nporpamMMma MUKpONpoLeccopa M, NDPU XEeJIaHUM OllepaTopa, 3allanTcs
MCXOIHBIE HaHHbe /T'PaHUuUHBEE YCJIOBHA/ B HEOBXOOUMOM sUelKe na-
MATH, a TaKXe pel'ucTpax MHUKpoIpolueccopa. [IoToM onepaTop 3alla-
€T YyCJIOBMA OCTAHOBKH MpOrpaMMel M TaKXe alpec 3alycka. [lepen
OTIpaBJIEHHEM IDPOIPaMMbl MHUKPOIIpolleccopa MMHM OBM 3acTaBJIAET
BEINOJIHEHUE "BCIIOMOTATEJBHOW MpPOIr'paMMbl" 3aMOJIHEHHA BHYTDPEHHUX
PErWCTPOB MUKpOIpOLEeccopa. 3aTeMm nporpamma U3 3Y OBM cuHTHBA-
€T IO KOMaHIaM U HCIIOJIHAETCA MHKDOMNPOIIECCOPOM IO IOABJIEHUA
OCTAHOBKM. B MOMEHT ocTaHOBKH 3BM Takxe 3acTaBJAET BHIIOJHEHHE
"BCIIOMOTraTENbHOU NpPOr'paMMel', KOTODP&A CUUTHIBAET U 3allMCHIBAET B
3Y OBM conepxaHHe BHYTDEHHUX DErUMCTPOB. HHTepecywmue onepaTo-
pa IOaHHBEE NIPU 2TOM OTOOpaxalTCA Ha NepUPEPUMHBIX YyCTDOHCTBAaX
MHHU OBM.
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AnnapaTypHad 4acTh MOXeT ObTh NPOBEpeHa U HaJjlaxeHa Nnporo-
HOM CIIEeLlHaJIbHEIX TEeCTOBBIX NPOrpaMM Ha MHUKPOIPOLlecCoOpe W HCIOJIb-—
30BaHUEM IpU I3TOM ocuuianorpada,a Takxe BCIOMOIaTEJIbHBEIX NMYJIbTOB
OTO6DPaXeHHUsaA JIOI'MUECKOI'0 COCTOAHUA BaXHEeHMmHUX WWH paspabaThiBaeMo-
ro obopynoBaHud.

Ha puc. 2. npuBemeHa 6yi04Hasd cXemMa TaKOW CHUCTEME - CHUCTEe-
Mbl "accemynAartopa" -, cozmaHHoro B LUO®HU Ha 6aze mMuHA 3BM THna
TPA-1 nya HaJIaOO4YHBIX paboT 06OpyOOBaHWHM, BHIIOJIHEHHBIX Ha OCHOBE
pANa Pa3JIMYHBIX THUIIOB MHKDOINPOLECCOPOB. B CHCTEMYy BXOIAT 6JIOKH
IJIA TPOrPAaMMUPOBAHHA DPA3JIMYHBIX THUIIOB NPOTPAMMHUDYEMBIX U Nepe-
PO PAMMUDYEMBIX TOCTOAHHEIX 3Y.

YHUBEepCcaJibHbe CUCTEMbl NPOEKTUDPOBAHUA M HaJalKU LUUPPOBLIX aBTO-—

MaTOB, BHIOJIHEHHEIX Ha 6a3€ MHUKDPONPOLECCODPOB

EcTecTBEHHO BO3HUKAET MUIEA: NDPUMEHUTH MUKDPOIDPOLIECCODH JJIA
TTIOCTPOEHUA CUCTEM MPOEKTHUPOBAHHA M HaJIaOKU. MUKpONpPOLEeCccop
TOXE ABJIAETCA LIEHTPAaJIbHBEIM OJIOKOM BHRUYHUCJIMTEJIBHOW anmnapaTyphl,
MoxeT 6parTh Ha cebAa QyHKUMM, KOTOpbEe ObIIM [EepPEeYUCIeHBl B CBA3U
c npuMmMeHeHueM MUHUM OBM mnnAa Takux 3anady. bosee Toro, uenecoob-
Pa3HO CO3JaTh CHEelUWaJIbHhHA MOIYJIE BHYTDHU CUCTEMBl IIDOEKTHUDPOBAHUA
W HajlaOKu IOJA MOIEJMPOBAHUA MHKDOIDPOLECCOpa, HaXONAmWErocsa B
paszpabaTHBAEMOM YCTpPOMCTBE. OTOT MOOYJb, 3aMeHdsa Bce QYyHKUHH
MUKDOIIPOLIECCOPA B NPOBEDPAEMOM YCTPOHMCTBE, HAaE€T €mEe BO3MOXHOCTH
IJ1A BMEmWaTEeJIbCTBa ONnepaTopa B XOI NPOEKTUPOBaHUA [POIDaMML.

Ho ecnu mMomenupoBaTh MUKDOIIDOLECCOD, TO IOYEeMy HEe MOIEeJIMpoBaThb
aHaJIOI'MYHEIM THUIIOM MHKPOIIPOLIECCOpa B MOLYJIE MOIEJIMDOBAaHUA, KO-
HeYyHo, nobaBiAd eumwe W CXeMy IJlAd CO34aHWA BO3MOXHOCTH BMeWaTeslb-—
crBa. Taxko¥ mnpuHUUN "MOOeslupoBaHUA B cxeme", mo cyTH mena,
ABJAETCA MOIEJNMPOBAHUEM BCEX OlNepalud MHUKDOIpoLeccopa B ero
dusuueckorn nos3uuuu. LA OOCTHUXKEHUA 3TOI'O MHUKPOIPOLECCOD YIaJA-
€TCA M3 LIOKOJA B pas3pabaTiiBaeMOM O060OpPYLOBaHWM Ha BDPEMA MpOBe-
POUHEIX pPabOT U 3aMEHAETCA MONYJIEM MOINEJIUDOBaHUA.
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K cucTemMe NpoeKTUPOBAHUA W HaJIaOKW ONA DeaJIi3allud BMeua-
TEeJbCTBA OllepaTopa MNPeOBABJIANTCA clenywomue TpeCoBaHUA:

- OfOHapyXeHHe HauaJjla HCIIOJIHEHWA HOBOM KOMAaHIE;

— BO3MOXHOCTB OCTAQHOBKH IIDOTDGMMBl B OIIPENEJIEHHOW TOUKE;

- OCYWEeCTBEJIHUE CUMTHIBAHMA U 3aIllUCH B 3Y;

— HOOCTyIlI K COIEDPXaHHWI BHYTPEHHHUX DPeruCTpOB MHKDOIIpOLEeccopa,

— XeJlaTeJIbHa enle BO3MOXHOCTH 3aHEeCEHMA DPa3JIMYHBIX COCTOAHUH
NPOBEPAEMOM CHCTEMB B HAKOMNUTENb COOBITHH, OTKya MOCJEe OCTa-
HOBKH MOXHO AaHalJlM3upoBaTh IpelIuecTBylmUe COOBITHUA.

B daze pas3paboTKyU NPOI'pPAMME CHCTEMA IIPDOEKTHDPOBAHUA W Ha-
Jlaiky paboTaeT Kak MMKpO OBM, UMMEeT CHUCTEMYy MaTEMATHUYECKOI'O
ofecneyeHusa : DPEeNakTOPHYK IPOrpaMMy, TDAHCJIATODHE, Da3JIMYHBE
nporpamMmel OJia paBoTel ¢ 6Ji0KaMd IOaHHeIX /dadmnamu/ WU T.I.

B daze pas3paboTKH, MNPOBEDKH W HaJIAIKH alnapaTypHOH U IIpor-
DaMMHEIX YacTel, a TakxXe IPU UX COBMECTHOM MNPOBEPKE K Hajlalke
OPUMEHANTCA MONYJIM: MOINEJIMPOBAHUA, OCTAHOBKH, HAKOMUTENA COOBI-
TUH U NporpaMmel, obecrneuyuBamuerd HODMAJIbHEIM X0 TNPOBEPOUYHBX U
HaJlanoyHeEIX pabor.

B kauecTBe npuMepa paboTH C TakKOHM CHCTEMOH TIPUBOIOUTCA CHUC—
TeMa UMDS-KFKI, pa3patoTaHHasa B [HU®U. [Ilpu ee colzmaHuu OBIIH
YUTEHb cllenymuue BaxHenmHue TpebOoBaHHA:

— BO3MOXHOCTB MNapaJsuleJIbHONM pas3pabOTKH allapaTYpPHOM U Nporpam-
MHOHA 4UacCTeH;

— BO3MOXHOCTE KaK UCIBHTaHUA pas3pabaThHBaeMor'o yCTpOWCTBa B Le-
JIOM, TaK M TIOCTENEHHOE IMOCTPOEHUE CHUCTEMB U3 YXE IIPOBEDEHHBIX
OJIOKOB ;

— YHHUBEDPCAJIBHOCTBH C TOYKHU 3DPEHUA UCIIOJIHEHUA CHUCTEMB pPa3paboTKH
¥ HalaOKWA OJA MHOTHX THIIOB MHUKDPOIIPOILLECCOPOB, OTOODAHHHX IJA
paspabaTeIBAEMOI'0 YyCTPOMCTBA;

- yno6ctBo paboOTH C CUCTEMOH.
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ByiouHaAa cxeMa CHUCTEMB NMPOEKTHUDPOBAHHWA M HaJlaKW [okKaszaHa
Ha puc. 5. CucTemMa NOCTPOEHA BOKPYI' €IOWHOM CUCTEMHOH wWHHE. K
3TOM mMHE MNONCOENWHAETCS LEHTPaNbHHEHP MOOYJbh ynpaByenus /LUMY/
C MHKDPOIIPOLIECCOPOM Tula Zilog Z-80 OCOJNBHWON BHIYHCJIIUTEJbHOHN
MOMHOCTH. B cXeMy 3TOro Monyssa BXOOUT Takxe GJIOK nepenayd/npue-
Ma HWHQOPMallUM MOCJIENOBATEJNIBHOIO KOola, KOTOPHM ABJAETCA UHTED-—
dericom nna andaBuTHO-UMDPOBOrO aucriyied. OnepalUMOHHas CUCTeMa
U HaJlagIO4YHBIE MpPOr'PaMMel 3aHECEeHBE B IIOCTOAHHoe 3¥Y. Hapaly c
NMOCTOAHHEIM 3Y cUCTeMa UMeeT U 3Y MNPOUIBOJNBHOH BHIGODKU, MaKCH-—
MaJbHasg €MKOCTb KOoToporo 64 KbalTa. Bce cHCTEMHBIE NDPOrDAMMEL,
kpome OC ¥ HanaIOoOuYHBIX NPOrpaMMm, HCIONB3YyWTCA U3 3Ttoro 3¥. Ina
XPaHEeHUA MNPOrpaMM W HOaHHBIX CJIIYXUT HAKOMUTENb Ha TIUOKHX MarHUT-
HBIX IOUCKax. [IOCKOJBKY E€MKOCTHh IOUCKOBOI'O HAKOIUTEJIA MNPaKTUYEeCKHU
Heor'paHH4YEeHa, TO U CJIOXHEIE CHCTEMHBIE NPOrPaMMbl MOXHO HCIOJIB30-
BaTk. HO KpoMe CHUCTEMHBIX MpOorpaMMm, Ha OWCKaX MOXHO XDPaHUTh H
darfsel DaHHBIX W NPOrpaMMbl TOJIB30BATENA.

[lo XeJaHUI K CUCTEME MOXHO TOIKJIUYHUTE U DPAa3JIMuHbe nepude-—
PUiIHEIE yCTpOHMCTBa: nepdosIeHTOUYHEE YCTPOWCTBA BBOIA/BHBOIA,
CTpOKoONneuarawpmee yCTPOUTCBO U T.II.

Bce 3TH 3meck ynoMAHyTHe OJOKM CO30alnT MUHM 3OBM, ¢ no-
MOWBID KOTOPOM MOXHO OUEeHb YIOOOHO palpafaThBaTh IPOIPaMMbl.

Ina HanaOky annapaTypPHBX W/WJIM NPOrPaAMMHBIX YaCTeH CIYyXaT
cirnengvmoumye MOIOV.JIH :

a/ Monyns MOIVIHPOBaHWA MUKpOnpoueccopa pa3pabaThHBaeMoro ycT-
POMCTB&. 3TOT MOOYJbL MNOIKJIWYaeTCA Kabenem K YyCTPOHUCTBY H
3aMeHAeT B HeM MUKponpoueccop. [Ipy Takom 3amMeHe Monyap 6e-
peT Ha cefa Bce QYHKLHU 3aMEeHAEeMOreo MHKpompoleccopa. Cxema
MOLYJIA IaeT BO3MOXHOCTE HUCHNOJHEeHHWA QYHKUMHM YyCTpPOWCTBA B
peaJlbHOM MacuTabe BpeMeHM Tak, 4YTofH B JIOOM TOuYKe npobera
NporpaMmsl MOXHO CHJIO OCTaHOBHTH pafoTy MHUKpPOIpolLeccopa,
aHaJIU3WpOBAaTE U, NPHU XEJNaHWU, UBMEHUTH €ro BHYTDEHHEEe coc-
TosAHWe. CXema MoOoyJ/asd TaKXe CONEePXHUT MYyJbTUIIJIEKCODPH, C IO-
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MOmBI0 KOTODBIX B LIENAX XPaHEHUWA BO BpEMA MCIOJHEHUA paspaba-
THIBAEMOH IIPOI'PaMMbl MOXHO BeIOpPaThk JIMOO NaMATh pas3pabaThiBae-
MOro ycTpoHcTBa, JUOO /eciu ee eme HeT/ NaMATh CUCTEMH
[IDOEKTHDPOBAHUA ¥ HaJIaIKH.

6/ Monynb O6HaADPYXEHUA YCJIOBUH OCTAHOBKW, 3alUMCH B HAKOIUTEJD
COOHTUH W BBIIAYM CHUHXDPOHHOI'O HUMIIyJIbCa IJa ocuuyorpada Bepa-
6aTHBaeT CBOW CHUIHAJIBl 1O 3apaHee 3alpOol'PaMMUDYEMBIM YCJIOBHAM.
YcnoBusa 3amalTcsa ONEPATODPOM B BHIE JIOPMUYECKOM KOMOWHaALMWU
KOHTPOJIBHBIX CHI'HAQJIOB MHKDPOIIpOLleccopa C COOEepPXaHUEM aIpPeCHOr'O
CJIOBa U C COIEDXaHUEM CJIOBaA HOaHHBIX, & TaKXe HEeKOTODLIX anna-
PaTHBIX CUTI'HaJIoB. CHI'HAJI OCTAHOBKM IIepenaeTcA MOLYJIo
MOIEJIMPDOBaHUA, KOTOPHIA IPU 3TOM OCTaHaBJMUBAeT CBOKW paboTy,
OXuIada CJAenoyruyl KOMaHIy OT olnepaTtopa. CHUrHasa 3aluCH B HaKo-
MUTEND COBBITUH BOCHDPUHHUMAETCA MOLYJIEM HAKONUTEJNA COOBITHH.

B/ Momesb HAKOIHUTEJA COOBITHH CHYKUT Ond cbopa nHOODMALMH O
COCTOAHUMU HIMH M KOHTPOJIBHBIX CHUI'HAJIOB MHKpONpoLeccopa B pa3-
pabaThHBaeMOM YCTDPOWMCTBE BO BpPEMA IIPOEKTUPOBAHUA [IPOI'DAMMEI
B pEeXUMe peaJIbHOTO BpeMeHW. OTa UHboOpMauud CIHAYXUT IOJId aHa-
JIU3a NPOLECCOPOB B YCTPOWUCTBE 03 OCTAHOBKM W HAPYMEHUA XO-—
na ero gpevicTBUA. [locie OCTAHOBKHU IO CUMTAHHEIM M3 3TOI'O HAKO-
MUTENA IOAaHHBIM MOXHO Y3HATBH O NPaBUJIBHOCTH pPaboOThH WKW O MOAB-
JIEHWH HapyHmEeHWA HODMaJbHOI'O Xona paboTh yCTPOHCTBA. MUKDO-
IpolieccopHOe cobHTHe XapakTepudyeTcsa 40 IOBOWYHBIMM Da3DAINAMU
/BaXHedmUe KOHTDPOJIBHBIE CHUIHAJB, COIEDPXaHHE aIpPECHOM WWHB MU
WKHE OAaHHBIX/. B HAKOMUTEJIb BMemaeTcsa OO 256 CJIOB COOHITHH.

[0 XeNaHWIo, MOXHO MNOIKJINUYUTE K MOOYJIO MOIEJUDOBaHUA OJIOK
rapaJjiyiesbHeIX / TTOCJIEIOBATEIbHEIX HHTEepderCcOB U CO3OaTh BO3MOX—
HOCTB MUCIBTAHHUA NepudEepUHHBIX YyCTPOWCTB C MNporpaMMaMu B pa3pa-
6aThHBaEMON CHUCTEME 0 UX OKOHUATEJIbBHOI'O IIOCTPOEHHUA.

B cucTeMy BXOIAT U MOIOYJM IOJA 3alHCH IaHHBRIX B CaMble pas3-
JIMYHEIE TUMBE NPOT'PaAMMUDOBAHHBEIX IOJYIPOBOIHUKOBEIX 3Y, a Takxe
IONA OporpaMMHUpoBaHua BUC-MaTpull JIOI'MUECKHX 3JIEMEHTOB.



! 2 5 S

OcHOBHOE MaTeMmaTuueckoe obecriedyeHHe CUCTEMBl COCTOHUT H3:

- QNEepaluOHHOW CHCTEMH;

- DPEIaKTOPHOM MNPOI'PaMMEH ;

- TPAHCJNATOPOB: MaKpo-acceMmOaeps ¥ Kpocc-acceMOJiepel IJiA pas-—
JIMUHBIX TUIIOB MHKDOIPOLIECCOPOB;

- Habop nporpaMMm A OOCHYyXWBaHUA Pa3JIMUHBIX OEeWCTBUK C dania-
MM OaHHBIX Ha OUCKax;

- Habopa mnporpaMm nJja OOCHYXWBAHUA MOLYJIEH MNPOTIDPaAMMHUDOBaHHA
[IMI3Y ¥ MaTpUll JJOTHYECKUX DJIEMEHTOB;

- Habopa HaJlagO4YHBX MpPOrpPaMM.

O9TH mnocienHue HUMelnT QYHKLMWH, BHI3BIBAEMBIE OIEpaTOPOM C IIOMOUBK
[IeYaTHON MAalMHKH :

- BBOJI NpPOI'DAMM M H&HHHIX C IMCKOBOI'O HakKomuTesia B 3Y CHUCTEeMH;

- CUMTBHIBAHHME M 3alMCh COIOEPXaHUA DPErucTpOB MUKPOIpolieccopa B
MOLyJie MOIEJIMDOBAHHUA ;

- 3anporpaMMHpoOBaHyie MOLYJiA OOHApyXeHWUA YCJIOBUH,;

- CUMUTHIBAHUE HU3 HAKONUTEJNA COOBITHUH;

- CUHTHBAHHUE MW HU3MEHEeHHe coIepxaHua Jmobon AYerKkHu 3Y;

- OTIIpaBJIEeHHWEe MporpaMmmel B pas3pabaTeBaeMoOM O060pPYINOBaHUHU.

Ha puc. 4. noxkazaH xon pa3pabOTOUYHEIX U HaJIAIOYHHX paboT
B CJIydyae ITpUMEeHeHuA UMDS-KFKI. BUIOHO, UYTO MNOCJIE ONpenesieHUus
CTPYKTYDPE OOODPYIOBAHUA MapaJljieJIbHO MOXHO BECTH pa33paboTKy H
NPOBEPKY NpOTrpaMMbl M annapaTypHeIX udacTten. [loToM HacTynaeTt da-
3a COBMECTHBIX HCIBITAHHUHA W HaJIaOKH.

CoznaHue BO3MOXHOCTH IapasjiesIbHEIX pa3pabOTOK M YCKODEHHEM,
obneryeHueM HaJalKy¥ U HUCHBITaHUW UMDS-KFKI COKpamaeT U IeHexX—
Hhle, W BPEMEeHHbe 3aTpaTh Ha pa3paboTKu LUUPPOBBIX YCTPOHCTB, BbI—
TTOJIHEHHEIX Ha 0a3e MUKPONPOLEeCCOPOB U OOJBMHUX HHTEIr paJibHbIX
CXeM.
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MICROPROGRAM DEVELOPING SYSTEM FOR
EMULATION PURPOSES BASED ON A PDP-8F

G. AMBROZY J. MISKOLCZI

Central Research Institute for Physics

Budapest, Hungary

This paper describes a realized solution for some practical
problems of microprogrammable microprocessor system applica-
tions, i.e. generation and verification of microprograms. The
solution is especially suitable for emulation applications,

e.g. simulation of the central processing unit of computers.

Automatic microprogram generating, optimizing and verifying
high level program were not used for microprogram writing. As
a matter of fact the procedure itself and the hardware struc-
ture form a round whole, therefore neither the known micro-
assemblers /CROMIS (87, , Signetics Micro Assembler (9] / nor
in-circuit emulators /as Intel MDS ICE-30 or the one described

in 101 / were applicable.

The program package described syntactically checks the symbol-
ic source microprograms, makes it possible to edit the source
programs, assembles them, and produces binary object programs.
The hardware-software system presented here is oriented towards
the Intel 3000 microprocessor family but is applicable to any
other type of microprogrammable microprocessor.

The method for the symbolic writing of microprograms is presen-
ted; the assembler and auxiliary programs for generating and
correcting microprograms are then described; and finally, de-
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scriptions of the development system and the program verifi-

cation are given.

1. SYMBOLIC WRITING OF MICROPROGRAMS

l.1. Structure of a microinstruction

The program package presented is suitable for processing
microprograms with horizontal-vertical type instructions with
a maximum length of 72 bits. As an example, a possible micro-
instruction is shown in Fig. 1l; it is -an instruction for the
Intel Series 3000.

CPE field | K MASK field | FLAG field | MCU field | CONTROL field

7 bits max.24 bits 4 bits T bits N bits

; : . Addressing unit Miscellaneous
Arithmetic unit control sentral continel
s a—  ane .

Figure 1: Structure of a microinstruction

The role of the microinstruction is as follows:

- Control of the arithmetic unit

Two fields serve this purpose: the first field controls
the actions of the central processing elements /CPE/ and the
K field contains a constant. The CPE field is a microfunc-
tion bus determinig the operation to be performed and the
operands. The K constant may be an input or the maskof an

input. The first field is vertical, the second is horizontal.

- Control of the microprogram sequencing unit

The next microinstruction address is determined by the MCU
/Microprogram Control Unit/ controlled by the MCU field.
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This field contains a variable length operating code and

an address part. The MCU makes it possible to fetch the
next microinstruction from the special environment of the
currently executed instruction /except in one case/. The
MCU handles the current values of the carry output and in-
put of the CPE array; it can store the values in two flag
flip-flops. This function is controlled by the Flag Control
field. Both fields of the MCU control may be considered as

vertical instruction field.

- Miscellaneous control

This field controls the auxiliary circuits of the system,
e.g. input/output interface, scratch-pad register block, etc.

It may consist of horizontal and vertical parts.

1.2. Philosophy of symbolic writing of microprograms

There are different points of view concerning the method used

for microprogram writing.

- Microprograms should be written in an easily understandable
and well structured manner.

- The computer used for the generation of microprograms and
the one used for microprogram verification should be the
same.

- The hardware and software support should be based on known

means.

2. ASSEMBLER

With the above philosophy in mind, the minicomputer was chosen;
the definition of the microinstructions is made so that the
assembler of the minicomputer is able to assemble microprograms

- the only modification was to change its symbol table.
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Naturally the other programs of the minicomputer /e.g.EDIT,

PIP, etc./ are available as well.

Since the assembler interprets the microinstruction fields
one by one, a memory place of 12 bits is assigned to each
field of the microinstruction. As the lengths of the fields
differ and are often shorter than 12 bits with the result
that the fields do not completely fill their memory places,
assembling must be followed by an arrangement of binary
information; by so doing useful information is able to find

its way to the place of non-valuable bits.

Specification of microinstructions is made by symbolic names
field by field.

Arithmetic unit fields: 2 or 3 memory places are assigned
to these fields.

- Specification of CPE field is performed by one or two
symbolic names. One symbolic name is used in the case
of the instructions concerning the two special registers
only /AC and T/; e.g. CIAA means making AC complement. If
two symbolic names are used the first one is the operator

code, the second is the operand /e.g. ILR R5/.

- Specification of K mask field may be made by symbols or

octal numbers. The maximum length of the field is 24 bits;
if the length exceeds 12, two memory places are assigned
to this field.

Microprogram Control Unit fields: two memory places are

assigned to these fields. The first field has a length of

7 bits and may be specified by a mnemonic /which defines

the jump-instruction type/ and by a label /which points to
the address or address environment of the next microinstruc-
tion/. The other field /the Flag Control field/ may be speci-
fied by two mnemonics:

- the first determines the flag bit input

- the second controls the carry readout and flag bit gene-

ration.
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Miscellaneous control field: every bit of the -field performs

a control function. The field value can be specified in octal
form or by mnemonics. In the case of mnemonics all the used
bits of the field should be specified by symbolic names. The
names may have plus or minus signs depending on whether the
hardware operation needs a logical "@" or "1". The bits not
specified will be assembled to values which are indifferent
from the viewpoint of hardware control. The mnemonic specifi-
cation has the advantage over the octal one /though it may
result in the definition of a max. of 12 symbolic names/
because the ingenious choice of the names gives a precise

and understandable description of the action performed by the

instruction.

The advantageous features of the assembler created in this

way are:

- The assembler itself may be easily and quickly obtained
from the minicomputer assembler. Thus an assembler specially

adapted to the given microprogramming task can be produced.

- System programs of the minicomputer help the process of
microprogram generation. For example, the editing and
correcting of source programs can be done in the usual way

by the EDIT program of the minicomputer.

- Storing the source program files and the assembled binary
files on disc, and updating and loading the programs are both

simple and fast.

3. AUXILIARY PROGRAMS

Here we present the programs which are partly of help in
writing and editing source microprograms and are partly needed
to transform the source programs for the minicomputer
assembler. The linkage of the programs, and the procedure for

producing binary microprograms are shown in Fig. 2.
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3.1. Memory Map program

When writing microprograms the programmer should always
bear in mind the empty and the already used addresses of
the microprogram memory because /as mentioned above/

the Intel 3001 MCU circuit is not able to address any

specific place in the memory.

The Memory Map program helps the programmer with infor-
mation about the used places by making a map of the micro-
program memory. The map of two lineprinter pages is
printed in an arrangement of 32x16 cells of the 512 memory
places addressable by the MCU. A cell contains the name

of the microinstruction and under the name the next micro-
instruction address environment /i.e. the row or column
number/. The microinstruction name may consist of a maxi-
mum of 4 characters, the next address of 3 characters.

On the map the unused cells are empty.

Arrangement and information of the map correspond to the
MCU features /necessitating row or column specification
for the next address calculation/. The Memory Map pro-
gram can produce the map on the basis of two sources,

ViZis

- source microprograms,

- binary information.

The program parts of the microprogram written in sub-
modules can be processed by the Memory Map program; at

the end of processing the binary form of the map canke
output 1if desired. Having written a new microprogram
module the MM program prints the new, updated map from

the new source microprogram module and from the previously
punched binary information. In this way the map can al-
ways be enlarged and it follows the growth of the micro-
program. Thus the MM program gives great support for

writing further microprogram modules.
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On the one hand, during program writing the unused memory
spaces for new microprograms are in front of the programmer

in clear format and on the other hand the MM program processing
the new source program prints those memory addresses /by

their row and column number/ which were incorrectly used,

i.e. by more than one microinstruction.

3.2. Microprogram Address Editor /MADE/

During microprogram writing the requirement for the transfer of
microprogram parts or the entire program in the micropro-

gram memory occurs frequently. This task is facilitated by the
MADE program, which processes the labels /i.e. the address

of the microinstruction, and the statements specifying

the next microprogram address; and helps their modification;

the other parts of the microprograms remain unchanged.

The MADE program searches for those parts of the microprogram
which are related to the addresses; these statements are
typed and the program waits for the operator’s command which

may be:

- to leave the address unchanged
- to change the statement to another one

- to alter the address by a given value /displacement/.

The last comman can be a single one for the entire micro-
program. In this case the MADE program checks whether the
converted addresses overflow the memory address range; if so
an error message is sent. Overflow may result from incor-

rectly specifying the displacement.

3.3. Microprogram Address Converter /MAC/

The MAC program has to convert the absolute addresses of the
MCU instructions into relative ones. This conversion is neces-
sary for the Assembler. The conversion means relative adaress
calculation with a modulus depending on the jump instruction

type.
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The MAC program tests the microinstructions syntactically;
it checks whether all for the microinstruction fields are spe-

cified, and if not: an error message.

In addition to these tasks the MAC makes a page editing on the
source microprogram. It aims at avoiding the case when a form
feed cuts a microinstruction in two when printing after assembly.

Thus a listing is produced which is easy to manage.

3.4. Microprogram Compressor /MICO/

As has already been mentioned a memory place of 12 bits is
assigned to each microinstruction field, thus after having
been assembled there are fields which do not entirely fill
their memory places. The necessary compression is made by
the MICO program, which discards worthless information. The
constants determining the length of the microinstruction
fields can be found in the MICO program and can be modified

if the structure of the fields is changed.

4. THE DEVELOPMENT SYSTEM

The Development System presented here was in fact used for the
verification of the microprograms for an emulated small com-
puter built from the Intel Series 3000. This microprogram
developing and verifying system contains the emulated small
computer -~ "microcomputer" - and a controlling minicomputer.
The tasks of this latter were as follows:
- to store the macro- and microprograms of the emulated small
computer,
- to preset the ‘inner registers of the microprocessor to
the initial wvalues and then to reaout these
registers after the running of the microprogram,

- to carry out other control and checking tasks.

The motives for such an arrangement of the system were:
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- A minicomputer with relatively many utility programs was
available.
- The utility programs are necessary for elaborating micro-

programs which need a great deal of mork.

- Editing, assembling and verification of microprograms and
simultaneously checking the emulated computer hardware

can be done on the same computer /minicomputer/.

The Development System hardware is essentially an "intelligent"

microprogram memory consisting of

- The controlling minicomputer with its peripherals and disc.

- The direct memory access interface allowing the emulated
computer to read macroprogram instructions and operands as
well as microinstructions executing the macroprogram from
the memory of the controlling minicomputer. The macroprogram
memory is used by the microcomputer as if it were its own
memory /the direct memory access channel of the Development

System is connected to the microcomputer input-outputhus/.

- The monitor program controlling the whole system. This

program runs simultaneously with the macro- and microprograms.

4.1. Hardware structure of the system

The block diagramof the hardware components of the Development
System is shown in Fig. 3. The part enclosed within the dotted
line is the microcomputer. When this works independently it
contains the PROM microprogram memory shown by the broken line.
During development and verification the microcomputer gets the
microprogram instructions ejither from the minicomputer memory
or from the EPROM memory. In this latter case there is no
essential difference in the timing relations of the independent

or verified running of the microprograms.
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Input-output of the macroinstructions and operands and the
input of the microinstructions are carried out by direct
memory access. During controlled program running the system

is commanded through the programmed channel interface.

4.2. Monitor program

Functions of the Monitor program are as follows:

- Macroprogram listing within the given address range and its
checking and changing at desired addresses. When listing,
the program types the contents of memory places between
given beginning and final addresses; when checking, the
contents are typed address by address. If changing is
necessary the new content can be entered after the old
one in the same line. The program then rewrites the corrected

content of the current address.

- Loading macroprograms from paper tape and outputting macro-
programs onto paper tape. For punching, both the start and
the final address should be specified. The Information format
of the emulated small computer /the absolute loading format/
is used.

- Microprogram listing, checking and changing. In listing mode
the program writes a heading according to the microinstruc-
tion fields and the contents of microprogram words in octal
form are typed between the specified beginning and final
addresses. For checking single addresses the program types
the actual values of the microinstruction fields of a
specified address. During changing, an entire microinstruc-
tion or parts of it can be rewritten. The program then
types the corrected microinstruction again. This possibility
is useful when microprograms are being verified and some
little correction needs to be made quickly since this avoids
the need to correct and assemble the source program, which

is a relatively long procedure.
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- Filling up the inner registers of the emulated small computer
/i.e. the registers of the microcomputer/. The inner regis-
ters of the microprocessor are part of the inner registers
of the microcomputer because the latter has a scratchpad
register block as well . The filling up is carried out in two
steps. First the operator specifies the register names and
their contents by means of the console peripheral /contents
of the unnamed registers remain unchanged/; the contents are
stored in a table and do not change during microprogram run-
ning. This allows the restarting of the microprogram many times
with the same initial conditions /register contents/. In the
second step /which is started by the monitor program/ the
microprogram built into the monitor program fills up the inner

registers before the start of the microprogram to be run.

- Starting of the microprogram to he verified. After the opera-
tors command the monitor program waits for the last executed
microinstruction address. At this address a microinstruction
bit will be changed which makes the microprogram stop. The
control then goes back to the monitor program which begins to

read out chn contents of the microcomputer registers.

- Readout of the inner registers of the microcomputer. This
action - similar to the filling up the registers - is
performed by a microprogram built into the monitor program.
The contents are read into the memory of the minicomputer.
Thus the operator is able to display and verify the contents

of the inner registers of the emulated small computer.

5. VERIFICATION OF THE MICROCOMPUTER

Essentially verification is carried out by execution of single
macroinstructions and complete macroprograms. The verification
procedure is shown on the flowchart in Fig. 4. The system

executes the macroprogram either by steps or continuously.
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During verification - when the system stops, the data fields of
macroprogram and the inner registers of the microcomputer

may always be checked. Should there be any errors, micro-
program correction can be made by the monitor program on the
level of the object program. For a comparatively large amount
of correction it is advisable to carry over the modifications
into the source program and to generate a new object program

by means of the program package described above.
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PROBLEMS IN MICROPROGRAMMING

G. DAVID

Computer and Automation Inst.
of the Hungarian Academy of

Sciences, Budapest, Hungary

We want to give in this introductory paper a short overview of
the history and the perspectives of microprogramming. The word
"microprogramming" is meant here in both the sense of "programmed
logic" and of "microcomputer programming". At the end of this
paper we shall see the validity of this interpretation. The first
chapter is concerned with microprogramming as "programmed logic",
the second with "microcomputer-programming", while in the third

chapter both will be discussed.

1. MICROPROGRAMMING

The concept of microprogamming was introduced as early as 1951
by Wilkes (9). Wilkes defined an intermediate level between the
machine code and the hardwired components, recognizing the fact
that a "few" basic logical operations in appropriate sequences
can interpret the machine codes. This part was called by a
"control section" and the sequences of operations by "micropro-
grams". As it was originally nublished this supplied a computer-
-design method and this revolutionary concept was applied in
research and development since the fifties and in practice since
the sixties by the widely used, microprogrammed thirdgeneration

computers.

The advantages in computer design can be summarized as follows:

- it is a tool with which to adapt hardware to software and

application requirements
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- it provides variable instruction-sets

- microprogramming is a systematical approach to designing

the control section of a machine

- it provides a tool for emulation in applications as well

as during the system development

- it eases maintenance

The disadvantages are also listed in the literature:

- unified notions were not used in microprogramming: a wide

range of microprogrammable (even user-microprogrammable ' com-

puters were applied without basic common notions

- the architecture-description languages generally re flect

special architectural philosophyv

- the parallelism - and, consequently the synchronization -

led to very complex control structures

- no hardware tools were provided to check the correctness of

microprograms.

We want to refer
which are listed
giving practical

cussing the pros

Microprogramming

here to most of the paper (especially those
in the references at the end of this paper),
solutions for some of these problems and dis-

and cons.

languages were developed to assist microprogram-

-design, and hardware-description languages and to give the

semantics of these microprogramming languages. The users found

themselves in the same situation as application programmers with

the same problems but at a deeper and sharper level. Differences

and identities between the styles of the work of a micropro-

grammer and of a

- there were two

programmer {(in general) can be illustrated as

sets of algoritgmic languages (one set for each)

but these had no language in common,

- when realized,

by incorrect,

a microprogram must be correct - a program may

- due to the fact that microprogramming is an adaptable system-

—architecture component, microprograms reflected both the
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system-architecture and the application dield, but a wide variety

of these fields existed.

These problems were internal (laboratory-level) ones in the
industry but with the advent of user-microprogrammable machines
(HP 2100 MX) these problems entered the application-field.

2. PROGRAMMING MICROMACHINES

In this decade microprocessors, and the components around them
with which are built either a microcomputer or a microprocessor-
-system have led us to flourishing area in the application
field. We do not want to summarize either the new applications
or the new products, but to discuss them from a programming

standpoint.

Microprogramming and micromachine programming have one feature
in common and this is ROM or PROM-brogramming: the program pro-
duced is placed (burned) into a ROM or PROM and no further
change is available in the case of a ROM, while a limited number
of rewriting possibilities exist in the case of PROM-programs.
Due to this fact the classical model of the programs and data

in the same memory cannot be applied further, because these
should be divided into two parts: control-section for programs

and mostly registers, RAM’s to store data.

New and important problems arose from the rapidly growing appli-
cation fields and the variety of components in the micromachines.

Some of these problems are

- during micromachine desian the formerly applied design-technol-
ogies cannot be used, because the hardware and software and
the "supervisors" should be designed together - hence a

unified technology would be needed: the systemdesing technol-

ogy.
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- during micromachine development two kinds of developing tools
are necessary: one for the hardware and one for the software.
Generally these are based on different tools; hardware-devel-
opment tools are based on compatible components, software-
-developing tools are based on incompatible computers. Conse-
quently the programs produced by crossassemblers or cross-
-compilers (even if they were carefully tested) are not di-
rectly those which were required, because the requirements
and the programs are expressed on another computer by a (pos-
sibly high-level) programming language. Hence it follows that
system-developing fools are needed to develop both programs
and microcomputers. The industry recognized this problem at

an early stage.

- It would be another variation of the same theme to discuss
the question of whether we really need isolated system-design
and system—-developing tools or not: it is possible either to

integrate or torealize them in the same way.

- in micromachine applications the application-field requires
a special architecture to be tailored. Here by the word
"architecture" we mean both hardware and software. A small
change in these requirements would disturb the special archi-
tecture and a tremendous amount of man-power would be wasted.
To avoid this role of modular and structured programming prin-

ciples is more important here.

In order to solve these problem, the tools now available are
- higher-level languages (both macro- and algorithmic languages)
- verification-oriented languages

- program-developing kits

- modular design and developing tools

- structured (micro) programming technology
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3. MICROPROCESSOR-BASED MICROPROGRAMMING

In recent years the applications of microprocessofs as compo-
nents of larger computer systems have been of growing importance.
The main problems in this issue are merged from the problems of
both microprogramming and microprocessor-programming, and on the
other side the advantages of these two lines are summed up. Most
of the open problems can be derived from this application-area,
hence it - as a paradigm - reflects the nature of questions to

be solved.

To illustrate this let us assume that a microprogram-memory

word is given divided into different fields: Fl' F2,...,Fn

nrocessing level

A ¥ F3 .. | Fn
[ 1
WP WP MP —— HP
M M M M
field-interpreter micronrocessors

which are interpreted by an appropriate set of (possibly dif-
ferent) microprocessors with their own memores M. Bit-sliced
microprocessors are designed to realize these sorts of central
processings units or processing elements. From a programming
point of view we can see that the programming of the field-
-interpreter microprocessor leads us to those problems which
are listed in Section 2 and programming this processing unit or

element leads us to the problems in Section 1.
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Some of these are reduced to simpler ones or resolved such as
the problems of parallelism and synchronization on the level of

microprocessors but not on the processing-level.

A new problem is that the architecture of microprocessors more

or less determines the programming-level architecture. The number
of bits in a register, the number of shared synchronization com-
ponents etc. are such features of microprocessors, so that
sometimes in order to build up a processing unit there is only
one possible solution, and to design a significantly different
architecture for other purposes is almost impossible. These
statements are not valid at the processing level because the
"micro-orders" (i.e. the contents of the fields) can be differ-

ent in order to reflect the problems in applications.

Due to this fact the reconfiguration principle (i.e. the dynamic
changes in the interrelation between the microprocessors in
question) can be realized. Consequently the microprograms on

the processing level should be written in such a way that either
they are (more or less) invariant against these reconfigurations,
or they have the available control structure as a "parameter".
The higher-level microprogramming language approach supports

the methods for the first case, but for the second today’s pro-

gramming principles are not enough.

In this conference we shall see some results in this direction.
What we really need are microprogram and miCcroprocessor-pro-
gramming design and development tools integrated with the other

components as a system design and development tool.
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MICROPROGRAM STRUCTURES OF MICROPROCESSORS

’
F. . MARCZYNSKI
Institute of Computer Science of PAS
Poland

INTRODUCTION

The progress in the development of digital devices is character-
ized by a permanent increase in the complexity of elements and
at the same time a decrease in the variety of raw materials

used to build computers. fFigure | shows this phenomenon in time.

P s il S s S —
Time E L u S
T T —— M - Materia
€ u & E - Element
L - Logic
e T (] gt U - Unit
E S S - System
e e, _
S
/’——'\

Today, computers are built up from small SSI and MSI elements,
as for example the CRAY 1, computer to one-chin VLSI microcom-
puters as the INTEL 8748.
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EUS EU ES S
Big Computer Bit-Slice Micropr. Microprocessors One Chip Micropr.
CRAY~-1 Fairchild 9405, 9408 Z-8000 Mostek 3870
Vector Processor Texas Inst. SPBO400 Intel 8086 Intel 8748
Four Elements Intel 3002, 3001 Motorola MACS Z-8
/Fairchild Motorola/| Monolithic Memories /[Advanced Computer
138 * 10° /sec 6701,6710 System/
Signetics 8X300,8X02 PDP 11/45
ADM 2901,2909
Motorola 10800,10801

Table |

In Table | the actual trends in these developments are pre-
sented. In the two right-hand columns devices with fixed in-
struction sets and fixed structures are shown. These devices
are built using unipolar technology. The two left-hand columns
contain devices whose structures can be defined by constructors.

They are built using bipolar technology.

The only approach which gives full freedom to a constructor

uses gates and flip-flops as building elements. The bit-slice
architecture gives a constructor a limited possibility of choos-
ing the length of word, the type and length of instructions,
an instruction set and some possibility of choosing the computer

structure.

The history of computer evolution allows the formulation of the
following conclusion:
We look for modular solutions from hardware through firmware

to software.

During the sixties there were two trends in this approach.

One of them has its origin in the theoretical works which were
oriented on universal logic modules. It means that such a module
can realize all logical functions for a fixed number of variables.

The second trend has its origin in homogeneous cellular elements.
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Unfortunately, these two trends have not found any renercussion

in the production of IC elements. The analysis of & production
trend of integrated digital elements shows that the production
types have their origin in the structural divisions of computer
structures. A classification of IC products would be very useful.
The classification should be carried out using the implementation
mechanisms in computers. Bit-slice microprocessors are elements
of this kind. These modules provide an opportunity for the real-

ization of computers by assembling bit-slice elements.

The basic assumptions for developing bit-slice elements were:

1) Vertical partitioning of computer structures

2) Using microprogrammed structures

The first assumption is obvious in parallel computers where
vertical partitioning was used to implement boards in the old
technology. It provides an opportunity to chose the required
length of words in the designed machine and is also more suitable
for IC technology. It leads to elements with a small number of

pins and moderate power dissipation.

The second assumption, however, introduces some standard struc-—
tures which help manufacturers to define modules as well as
providing an opportunity for defining the designer'’s own
instruction set. It also gives the designer a very handy meth-
odology for designing the control unit in a processor, and due
to this standard structure helps the integrated circuit designer

in the implementation of the more powerful elements.

Advantages of microprogrammed structures are:

- flexibility

- intrinsic design methodology.

A disadvantage is lower resulting speed.
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The microprogrammed implementation requires a very fast micro-
program contrad memory to obtain the necessary speed, especially
if we use horizontal microprogramming. The microprogram control
memory should be several times faster than the main memory.

If this condition is not satisfied many advantages disappear.
The speed factor of the control memory is not so critical in

solutions with wvertical microprogramming.

MICROPROGRAMMED PROCESSOR STRUCTURE

The principal microprogrammed processor structure is shown in

Figure 2.

The processor consists of an arithmetic logical unit - ALU, a
microprogrammed control unit - MCU, a main memory - M, an in-
struction register - an IR, an instruction counter - IC, an

I/0 Interface, a Clock and a Bus.

The processor activity is bounded by data and instrudions coming
through the BUS and switches which are controlled by a control
signal generated by the emitter of the MCU and a series of clock

pulses (not shown in the figure).
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There are two levels of microprogrammed processor activity-
-instruction or macro-level and microinstruction or micro-level.
The macro-level has two phases:

- phase 1 - fetch of instruction from memory

- phase 2 - execution of instruction

Activities on the macro-level are controlled by microprograms.
Phase 2 of macro-level realization on the micro-level starts

by decoding the operation part of the instruction contained in
the IR. The decoded operation part serves as the first address
of the microprogram stored in the control store. Next, the first
microinstruction is transferred to the microinstruction register.
The control part of the microinstrucion is used to generate the
control signals which control execution of the prescribed micro-
operations. Then the address of the next microinstruction is
generated and the next microinstruction is executed. This pro-
cedure is repeated. The last microinstruction of the microprogram
causes the fetching of the next instruction of the program at

the macro-level. A new instruction is executed in the same manner

on the micro-level.

The method of generating the next address of the microinstruction
is a necessary factor in the description of an MCU element. The
ALU can be consideres as a set of storage elements (registers),

a set of function elements and naths between them. The ALU ac-
tivity consists of a series of elementary register transfers.

The function elements can be independent of storage elements,
i.e. they are special elements for processing only, or dependent,
i.e. they are linked with definite storage elements.

The *ALU realizes a register transfer as an elementary micro-
operation. The number of possible simultaneous transfers depends
on the ALU construdion.

Every transfer and its function is controlled by control signals
from the MCU and the clock. Operation on one storage element can
be considered as a transfer operation on itself. To characterize
the ALU structure it is enough to give a set of all admissible

register transfer and their functions. A simple ALU structure
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is presented in Figure 2,

The other parts of the microprogrammed processor operate like

typical units in a conventional processor.

CLASSIFICATION OF BIT-SLICE MICROPROCESSORS

Bit-slice microprocessors are produced by many manufactures but
at present generally accepted standards do not exist. The prod-

uced elements have many differences.

Processing el ements

The Classification concept for ALU-s is based on the fact that
in microprogrammed machines the processing operations are sets
of microoperations. A Microoperation is a simple register trans-
fer operation during which some functions are performed. The

activity of microprogrammed ALU-s can be described as:

where D 1is a place of destination, SI, SII are sources and

Py is a function which is executed during the transfer.

Each transfer implements a part of a microinstrucion. The des-
cription of all possible combinations of these transfers gives
us the operational and structural possibilities of a bit-slice

arithmetical unit.

The structure of an ALU is characterized by a set of destinations
and sources and their properties. The various structures of an
ALU contained in bit-slice microprocessors have been identified
by Aspinall (2], A destination place can be a register inside

an ALU or output pins. Sources can be registers inside an ALU

and/or input pins.
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An ALU structure is defined bv a set of sources and destinations.
In additional tables possible transfers between sources, the

set of destinations and the set of possible operations are de-

scribed.

The Advanced Micro Devices 2901 shown in Fig.3. 1is an example

of a bit-slice ALU [3].

Source |
—_——
: R w Q@ ,0"
Dla —__MUX (; P11 F1
e 1|
iy . = | g *f‘ FTal
Rg T Sourcell 4"~ | 117
R f2|f2
¥ Dig| f2 P21 P2
MUX ] [MUX ] L1 [2 (w2 |7,
Ees ]
#1= [+.-.or,and, xor, xnor]
¢,= [and]
[ MUX | Destination W, Q,DO
DO

The data structure of the AMD 2901 bit-slice device (see fFigure 3)
has seven extra registers in the FU feedback path. The register
Q has a shift facility and two multiplexed inputs. The register

array has the interesting feature of being a double read register,

The device allows two registers in the array to be read at the
same time (R and W) by means of two separate register addresses
(RA and RB). Data may only be written into the W-register. |
The data may also be shifted, left or right, before being loaded

into the register.
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In Table 2 the classificaiton of current bit-slice ALU devices

is shown.

Bit-slice processor S:ructure Slice
elements width /bits/ where
Fairchild 9405 DI; FU.R; DO 4 FU - Function unit
R,P - Register sets
Intel 3002 DI; FU,R,Q; DO 2 0 - Register
DI - Data input
Texas SBP0400 PI:; FU,R,.P: DO 4
DO - Data output
A R/R - Double acces register set
Monolitic  gqq4 uI; FU,R/R,Q; DO 4 4
Memories I/0 - Switched Input/Output
AMD 2901 pI; FU,R/R,Q; DO 4
Motorola 10800 DaI; R/R,Q; DbI/O
fable 2.
Microprgranmmed control umn g t

Microprogrammed control unit structures can be classified with
respect to the mechanism of the selection of words in the control
store. This is the next address generation. The chosen solution
to this problem is reflected in the hardware structure of the
control store address generator. The structure of the generator

determines the general characteristics of the control unit.

Being more precise, this classification will be made with regard

to the sources of the next microinstruction address.

The primary or basic address sources are a microinstruction
counter and an address in -the current microinstruction. The
secondary or auxiliary address sources are a stock and an

auxiliary random access memory. These four elements define sixten
possible solutions.
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Primary source Secondary source Name
Counter | Address Stack Aux . Memory
X C

X A
X X CA
X X X CAS
X X X CAM
X X X X CASM

Table 3

Table 3 contains the most representative solutions. The two

first rejected cases are the "stack" and the "auxiliary memory"
alone cases, which do not fulfil the condition that a basic
source must be present in a solution. As far as the other cases
absent in the table are concerned their structures and properties

are restricted versions of the cases presented in the table.

The function for generating the address of the next microinstruc-

tion can be written as follows:

A = F(C,AS,M,t,c)

where F is a function of the MCU, C,A are primary generators,
S,M are secondary generators, t is the type or operation mode

of microinstruction and ¢ means conditions.

The type of microinstruction control unit structure is cha-
racterized by primary and secondary generators. The t and c
are usually are given in the form of a table in which all control
details are presented.
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This classification of MCU structures with the use of a table
is sufficient for the description of a microprogrammed control

unit.

A more detailed description of MCU features is given in (4,57,
In table 4 the most important features of the MCU are given

in a condensed form.

STRUCTURE next address others features
Type linear random branch loop multi modular dynamic
branch
C + - possible | difficult - - =
A + + possible possible - - -
CA + + + + - - -
CAS + * ¥ + + + -
CA M + + + + + possible +
CASM + + + - + + +
Table 4

We assume that all MCU-s have some condition possibility depen-

dent on a result of the executed microinstruciton.

In the Table 5 a classification of current bit-slice MCU’s

is presented.

Type of Stack
bit-slice MCU Structure depth
Intel 3001 A =
Texas 74161 C -
Texas 745482 CAS 1
Monolithie: ggy0 cas 4
Mémories
Signetices 8X02 CAS 4
AMD 2902 CAS 4
Fairchild 9408 CAS 4

Table 5
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Most of the produced bit-slice MCU’s have a CAS structure which

provides an opportunity for modular microprogramming, but small
stack depth limits this feature. The Intel 3001 has an A

structure only with some limitation of word length. This struc-

ture is very fast, but it is difficult to write microprograms

for it.

CONCLUSION

The Classification of bit-slice microprocessors presented in

this paper had two approaches. One is based on the identification

of already produced structures and their classification [51].

The second approach is based on an anticipation of future struc-

tures.

Both approaches are very useful and shown how to define and

classify LSI modules and blocks in order to stimulate manufac-

turers.
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MODULAR MICROPROGRAMMING APPROACH IN MICROPROCESSORS

M. TUDRUJ
Institute of Computer Science
of the Polish Academy of Science

Warsaw, Poland

INTRODUCTION

One of the most important elements of a microprogrammed control
unit is the control store address generator, which prepares
address for consecutive microinstructions to be read from the
control store. The features of this generator are crucial if
complicated control schemes have to be embodied in micropro-
gramms. The growth of complication at the software level and

the need for more and more sophisticated computer instruction
sets put strong demands on the microinstruction sequencing
aspect of microprogramming, which became the commonly used means

for solving software/hardware articulation problems.

The achievements of LSI technology gave important support

for the development of microprogrammed control unit structu-
res. The advent of microprocessors showed at first rather little
interest in applying microprogramming, which was the consequence
of the simplicityv of the earlv microprocessor designs. Micro-
programming was then used only in two microprocessors of the
bit-slice tvpe, namely Intel 3000 and MMI 6700 series. The
growth of interest came after 1975, when technology permitted
the manufacture of more developed designs. Since then micro-
programming became a commonlv used techniGue in bit-slice micro-
processors, and even recentlyv, it has proved to be useful in

16-bit monolithic designs such as CP 1600 or PAGE microprocessors.
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The bit-slice microprocessor designers could use all the micro-
programming experience which has been accumulated since the
early years of microprogramming. So now most bit-slice micro-
programmed control units have facilities which permit quite
complex control structure in microprograms, including the struc-

tures which lead to modularity in microprogramming.

Microprogram modulardty concept

The idea of modularity in microprogramming was implied bv three
trends which appeared in the development of microprogrammed

control units:

- the minimization of control store volume by applying the

subroutine technigue to microprograms,

- the need for standard control constructs provided in the con-
trol units, enabling simple implementation of flowchartable

microprogram logic,

- the attepmts to implement complex control structures in micro-
programs through the application of structured programming

techniques.

When the modular approach is applied, a microprogram is in fact
a sequence of conditional or unconditional references to the

set of standard microcode modules. It does not exclude, how-
ever, some straight line microinstruction sequences in micro-
programms. The exemplarv modular microprogram structure is shown

in figure 1|.



A microcode module is a sequence of microconstructions which

has the following features:

a/ it has distinguished entryv and exit points,

b/ it can be entered an executed independently of the
context by which it has been referenced,

c/ the return to the calling context is executed automatic-
ally,

d/ it can contain conditional or unconditional references

to other microcode modules.

The basic primitives for modularity are call and return opera-
tions added to the control store addressing functions. These
operations should be combined with branch operations upon the

result of computer status testing.

The following control constructs are essential for the modular
structure of microprograms, figure 2. The microprogrammed
control unit oriented on modularitv should enable their straight-

forward implementation.
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1/ A then B 2/ it W then A else B 3/ while W do A

!
A !

A B
B L_T_l
}

Fiids

A

In these constructs A and B mean microcode modules, which
can be straight line seQuences of microinstructions or can be
microcode structures defined recursively from the three con-

structs shown above.

To make the modularity more efficient, the "case" construct

can be added to the constructs depicted above.

The modularity in microprograms should be differentiated from
the commonly used subroutine technique in microprograms. A
microcode subroutine has almost all microcode module features
except, that a subroutine does not have to be common for many
microprogram sections and be independent of the calling context.
Hence it is allowable for a microcode subroutine to have a
particular address embedded in its return microinstruction.

For example, it can be necessary to enable an implementation

of one of the basic control constructs stated above. This is

not allowed for microcode module return microinstructions, which

cannot be a priori particularized to any address.

A further requirement that could be imposed on microcode modu-
les is that thev have no explicit addresses in their bodies at
all. This requirement seems to be too excessive for the current
state of microprogramming engineering development, so it will

not be enforced in this parmer. However the control store address

generator described in the final part of this paper has some
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facilities for an implementation of this feature.

Hardware gt racut ar e.8;%

The classification of the control store generator structures
given in [ 6] shows that onlv those structures which contain
the address stack or the address memorv can implement modularity

in microprograms. These structures are:

1/ "follow counter / address + stack" - CAS type,
2/ "follow counter | address + memory" - CAM type,
3/ "follow counter |/ address + stack + memory" - CASM type.

The third of the structures which is the most evolved one is

shown in fiqure 3.
T N I I aoomess  MF cenerator
|
S S
¥ W |
L] NTER] I — 1 ADDRESS] EEM ':oog »+—|N
) H ADDRESS| |H MEMORY { F
o ! STACK | | ,
i b |
H |
L |

From the |

Control store I SYNCH,

There are 3 elements in this structure which store the control

store addresses:

- the counter, which is used for accessing the consecutive
locations in the control store; it is used mainly for address-

ing microinstructions inside the microcode modules,
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- the stack, which is used for storing return addresses from
microcode modules; it can be also used for branch addresses,

- the auxiliary address memorv, which is the additional source
of addresses; in modular environment the memory can store se-

aquences of references to the modules held in the control store.

The review of bit-slice microprogram control unit structures
contained in [8] shows that most of these structures are of
CAS type or CASM, if some additional registers used for inter-
mediate storage of addresses can be treated as a substitute

for a memory.

The table given below shows bit-slice microprocessor control
units which have stacks for microprogram addresses and gives

their stack depths and numbers of control store addressing

functions.
Table |
Number of cs addressing
Microprocessor type Stack depth |functions
MM 6710 1 8
AM 2909 4 12
SIGNETICS 8 x 02 4 8
TEXAS 74S 482 4 64
FAIRCHILD 9408 4 13
MOTOROLA 10801 4 16
(expandable)

The depth of stacks contained in these control units is limited
to 4 and only in the M 10801 unit is a control provided to

enable the expansion of the stack. Numbers of addressing func-
tions varv from 8 to 64 in the Texas 74S482 unit, which has the
full adder inside, especially for control store addressing pur-

poses.
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The control store addressing functions of the above units can

be classified in one of the following categories:

a/ basic functions, which are unconditional and are sets of
such primitives as microprogram counter incrementation, push
or pop of a stack, register contents transfer or the like.

b/ higher level functions, which are conditional and are composed
of basic functions; thev are wired inside the control unit

chip and hence are ready for a microprogrammer.

The AM 2909, SN 74 S 482 bit-slice control units have only
basic addressing functions which have to be combined in more
complicated conditional ones using additional circuitry outside
these units. The remaining control units of Table | have ad-
dressing functions of both tvpes, which are up and need not be
combined by anv outside unit circuitry.

The analvsis of the addressing functions of the control units
mentioned above showed that all these units can implement an
evolved microcode subroutine technique rather than a modular

technicue in the sense assumed in this paper.

Let us now discuss these problems in more detail, taking as
an example the AM 2909 microprogram control unit [(9]1. The

global scheme of the unit is shown in figure 4.

Cn Cn.[.
J l 3 el
MOD W ||| uPrCounter STACK AR
Address |
1% BLOCK ¥
to control — | |c
store ‘ H
ZERO oF STACK
50 g\ CONTR.
BRANCH u INSTR. FE PUP OP CODE
INF ADDRESS INSTR

(D)
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There are different control signals applied in the scheme:

SO,S1 select the address source for the modification block
FE activates and de-activates the stack

PUP controls POP or PUSH operation on the stack

ZERO forces the address to the zero state or enables OR -

modification with BRANCH INFORMATION
OE opens the address output from the modification block

to the control store

The values for the control signals must be prepared outside

the AM 2909 unit in the additional logic. The signals are in
general a combination of addressing control bits of the current
microinstruction and the AM 2901 CPU state test result:

There are 12 addressina functions in AM 2909, which are control-

led by S So’ FE, PUP signals. They are shown below:

ll

S1 SO FE PUP SYMB FUNCTION

O 0O0O00O0 POP Pop,; V*IPE, UPC+UPE + 1

O O G 1 PUSH Push,y+«uPC, uPC+uPC + 1

O 0 1 X STEP yeURPE, uPCEUPC + 1
O100 POP AR Pop, v<AR, uPC+«AR + 1

O 101 CALL AR Push, y<«AR, uPC+AR + 1
@1l 1 X JMP AR y<AR, uPC«AR + 1

1 Q00 RTS yv«STKO, pPC«STKO + 1, Pop
1 00 1 RTS1 y<STKO, Push , uPC+STK1l +
1 01X LOOP v«<STKO, uPC+«STKO + 1

1 100 RTSD v«<D, Pop, uPC<«D + 1

1 1021 CALL D v«D, Push, uPC<«D + 1
111X JMP D v«D, uPC«D + 1

where pPC is the microprogram counter; STKO, STK1 are the
top and next to top locations of the stack; Push enters the
uPC contents to the top of the stack; for Y, AR, D see fig.4.



A then B

1. CALL D (D=Al)
2. CALL D (D=B,)
3

where A = Al X XK. X

An RTS

while W do C
I. 1. JMP D (D=C1)
2.

where C: Cl PUSH

Cr if W then LOOP
else RTS D (D=2)

if W then A else B

1. AR=D (D=A;), STEP

2. if W then CALL AR (AR=A,)
else CALL D (D=Bl)

II. 1. CALL D (D=c1) III. 1. AR+D, CALL D (o=c1)

2. 2.

where C: C1 X’ X 3¢

where C: Cl X X X

C, if W then JMP D (D=Cl) C, if W then JHP MR
else RTS else RTS

€LT
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It can be seen that there is no problem with implementing

"then" and "if-then-else" structures in this unit with standard
microcode modules A, B.

However it is not so in the case of the "while-do" structure.
Three possible solutions of this structure are shown above.

Some of them are veryv close to the modularitv concept, but they
do not fulfil all the modularitv requirements. In the first solu-
tion C 1is a microcode subroutine, which ends with a condition-
al loop/return microinstruction. The return address is embedded
in this microinstruction; hence the solution cannot be used in
the modular environment. In the second solution C can be treat-
ed only as a special kind of microcode module, which ends with
jump to Cl/return microinstruction. The C1 address is con-
tained in jumn to Cl/return microinstruction. C can be used
only in looping control structures and so it is not a standard
module common for anv microprogram. The third solution is like
the second one, but the explicit address has been eliminated
from the jump/return microinstruction, thanks to the use of the
AR register as the source of the jump address. However in this
solution also C cannot be a standard module, because it does

not have a standard return microinstruction at the end.

A modulazrity o r i en £t ed gon t r o k

s tore address generator.

In this part of the paper an outline of a control store address
generator unit will be presented which enables straightforward
and efficient implementation of the moduarity in microprograms.

The structure for this unit has been proposed in [6].

In this unit it is assumed that each microcode module has a
standard structure and therefore is a sejuence of microinstruct-
ions ended by a microinstruction with the unifue return code

for all modules. Microprograms in this unit make sequences of
references to the set of standard modules stored in the control

store.
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There are 8 control store sequencing function codes utilized
bv a microproarammer which can be interpreted differently in
the unit to provide 11 effective sequencing primitives. This
is a practical minimum set of functions which should be treated

as a frame for a real control unit.

These 8 sequencing functions can be subdivided into four main
categories:
1. Ordinarv seauensing functions - STEP, JUMP
2. Parameter function - STORE,
3. Module calling functions - CALL CS, CALL AUX, BRANCH,
LOOP-BRANCH,

4. Module returning function - RETURN.

Ordinary sequencing functions ensure primarily all the addressing
inside microcode modules. The remaining 3 types of functions

nrovide seocuencing at the microcode modules level.

This control store address generator is of the "follow counter/
address + stack + memorv" tvpe. The scheme of this generator is

shown in the figure 5.
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There are four devices in this structure used to store address-
ing information: the control store, the address counter, the
address stack and the auxiliarv address memory. The microinstruct-
ion word contains the control field and the addressing field.

The addressing field contains a code of the secduencing operation
to be performed by the address generator and, depending on this

code, the next microinstruction address.

The stack is used to store return addresses and some parame-
ters of module references. The stack word has the TRACE field
containing the address and the CONTROL field, defined for every

address introduced to the stack.

When a module is called, the return address for the TRACE field
and the appropriate code for the CONTROL field are prepared and
stored at the top of the stack.

This CONTROL code depends mainly on the control constructs in
which the module will be used. It is a function of the operation
code in the microinstruction addressing field, the test result
and the current contents of the CONTROL field at the top of the
stack.

The CONTROL field at the top of the stack is always examined
before the RETURN, BRANCH and LOOP-BRANCH operations and para-

meterizes their execution.

The auxiliary address memory is used to store additional modules
built of references to the microcode modules stored in the con-

trol store. This memory word format is the same as the format

of the addressing field of microinstructions stered in the con-

trol store. The same addressing function codes are used in both

control and auxiliary address stores.

Let us now briefly discuss the 8 addressing functions of this
control store address generator. The detailed implementation of

these functions is explained in Tables 2 and 3.
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STEP and JUMP are commonlv used functions of the microprogram
counter incrementation, and the unconditional jump.to an address

contained in the current microinstruction.

STORE is a function which performs a push on the address stack
and enters the address of the current microinstruction to the
top of this stack. With this address special control information
is stored in the stack which indicates that it is branch opera-
tion. When STORE is performed in incrementation of the micro-
proaram counter is also performed.

The flow - diagrams of module calling functions are shown in

tfigure 5.
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CALL CS and CALL AUX are unconditional calls of modules stored
in the control store or in the auxiliarv address ‘store respec-
tivelv. Both operations can be is from the control store and
from the auxiliary store. The return from a module is to the
store from which the call was fetched. The return address is

stored in the stack, with corresponding control information.

The BRANCH function code can be interpreted in two ways: as the
sinagle module branch and the double module branch. The single
module branch is in fact the conditional call of a module stored
in the control store at an address placed in the current micro-

instruction.

The double module branch is the branch between two modules, sto-
red at the arbitrary addresses in the control store. One of
these addresses is placed in the current microinstruction, the

other is taken from the stack.

The double module branch is performed onlv if this alternative
address has been prepared previouslv by the STORE operation and
is now at the top of the stack. This is detected through a test
of the CONTROL field of the top of the stack. When the BRANCH
operation is executed, the return address from the module anda
the CONTROL code are stored in the stack, which will make the
RETURN operation unconditional. If the BRANCH code was fetched
from the auxiliarv address memory the return is made to this

memorv.

The LOOP-BRANCH function code is used when modules are to be

executed in loops upon a condition.

This code can be interpreted as the single module loop-branch

or the double module loon-branch. The first one is the condi-
tional execution of a single loop containing a module stored in
the control store. The beginning address of the module is given
in the current microinstruction. The double module loop-branch
is the branch between two loops, each with a module inside. The
double module loopb-branch is performed only if the address of

the alternative module has been prepared before in the stack by
the STORE operation. When the LOOP-BRANCH operation is performed.
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two addresses are stored in the stack together with corresponding
codes for the CONTROL field. One of them is the return address
from the module, the other is the address of the beginning of

the module effectively executed. The codes in the CONTROL field
will cause the return from the module to be executed as a branch
between these two addresses. If the LOOP-BRANCH code has been
obtained from the auxiliarv address memory the return is made

to this memory.

There is only one RETURN function code used in microcode mo-
dules. This RETURN code can be the unconditional return to the
address, which is the TRACE field content at the top of the
stack increased bv 1, or the conditional return, which is in
fact the branch between two returns to addressed stored in the
two uppermost locations in the stack. The condition for this
branch is the test result. When the RETURN code is encountered
in the module, the CONTROL field at the top of the stack, and
depending on it also the test result, determines the way in

which the return is performed.

This parameterization of the RETURN operation permits three
effective return functions using onlv one code in the micro-
instruction. The same RETURN code is used for modules stored

in the control and auxiliarv address stores. The store to which
the effective return will be performed is indicated by the CONT-
ROL code stored in the stack together with the return address.

Using the sequencing functions of this unit the basic control

constructs can be implemented as shown below.
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A than B rf W thaw A elae B
1. CALL Al 1. STORE Bl
2. CALL Bl 2. BRANCH Al
Jo = o e m
where A: 51 X X X and where B: ?1 X %X X

An RETURN Bm RETURN
while W do A Ff W, than (wh'ie W, do A)
1. LOOP-BRANCH Al else (while W3 do B)
e s 1. STORE Bl

2. LOOP-BRANCH Al

It can be checked that these basic structures can be embedded

in each another using a set of reallyv standard microcode modules.

Conclus ion:s.

An approach to modularitv in microprogramming has been presented
in this paper. The basic microprogram modularity features have
been discussed. Then the implementation of these features in
microprogram control units of bit-slice microprocessors are

analvsed, takinog as an example the AM 2909 control unit.

Nexta solution of a control store address generator has been
presented, which enables efficient modularity in microprograms.
There are two features of this generator which should be empha-
sized: the extensive use of the address stack and the use of the
auxiliary address memorv. In this solution control store addres-

ses are stored in the stack, associated with control information.
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pinsts. Addressing | Address Top of the Stack Test Next Address Stack Top of the Stack
Address Operation in uins.| before Operation Generated Oper. after Operation Remarks
Code CONTROL TRACE xl) CONTROL TRACE
a STEP - v2) » * ¥ at+l -3 b wnit) Lt STEP is used only
in the contr.store
a JUMP A * * * * A - * % *n
a CALL CS A » » » » A PUSH 2°'| uneo | a
a STORE A * ol » * a+l PUSH A STR A
G i = L1 ¥ % X
% §—§’) , 9 bl single module
1 A PUSH o | uNeD | @ pranch
51 BRANCIH A
(o] B CLEAR A UNCD [+
% STR B i) double module
CLEAR
1 A Top A UNCD a branch
0 a+l - * % * % *%
* *
RIR o PUSH A |uned | o single module
1 loop-branch
A PUSH A CD A
LOOP— f 7)
& % CLEAR A UNCD o
BRANCH TOP
0 double module
B PUSH A CD B
loop-branch
% STR B
e CLEAR A UNCD a
TOP
i A PUSH A CcD A
b CALL AUX A . hd bl » A PUSH A UNCD a
o RETURN For RETURN see Table II.

1)for CALL CS, BRANCH, LOOP-BRANCH: X {s for the
coutrol store;for CALL AUX: X is for the auxiliary
address store; for STEP, STORE, JUMP: X is for this
store from which the operation code has been fetched.
D)= mvanS‘"does not affect the decoding of the operation
code .

3)- means "does not appear",

L)** means "no change".

5) A denotes 0 id the operation code has been fetched
from control store; A denotes 1 if the operation
code has been fetched from the auxiliary address
store.

6) STR means all codes cxcept STR.

7) Before the CLEAR TOP operation the TRACE field from
the top of the stack is saved in the SR register.
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pwinstr, Addressing Address Top of the Stack Stack Next Address Stack
address Operatiun in pins. before Operation Test Oper. Generated Oper.ll. RaS i
Code CONTROL TRACE b X
Al) UNCD B »2) - B+1 POP unconditional
A CD 8 0 POP B+l POP
3) L)
a RETURN = * CD 8 1 - B - conditional
1) A means 0 or 1; if = 0 then X is prepared for the control store,
if =1 then X is prepared for the auxiliary address store.

2) *means "does not affect

3) - means "does not appear".
k) the address is for the control store

the operation code decoding".
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This information parameterizes the next sequencing operations
performed on these addresses, and so the number of the addressing
operation codes can be diminished. These codes, however enable
truly modular structures in microprograms to be implemented.

The use of the auxiliary address memoryv permits dynamic restru-
cturing of microprograms built of modules stored in the control
store by changing the contents of this auxiliary memory. Also,
the hierarchy feature in modularity is possible with the use of
this memory. The control store address generator described above,
enriched with some additional functions such as microinstruction
address modifications, can be used as a modular microprogramming

sequencing unit for bit-slice microprocessor architecture.
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MICROPROGRAM SYNTHESIS

G. DAVID, S. KERESZTELY, I. LOSONCZI, A. SARKUZY

MTA SZTAKI

1. INTRODUCTION

In this paper the logical base for program synthesis is discussed.
In our previous papers [2]1, [3] a detailed definition of Struc-
ture Logic SL was given by which microcomputers and the user’s
problems can be described. Here we want to explain microprogram
synthesis, which is a mechanized theorem proving technique,
where the user’s problem is to be proved on the base of the
computer’s description. The notations introduced in [3] will be
used, not only in the case of SL but in the examples concerning
to first-order logic as well, because SL contains first-order
logic. To make our approach better understandable we start from
program verification and the resolution principle in lower-order
logics: O-order (propositional) and first-order (predicate) log-
ic, giving examples to illustrate mechanical theorem proving.

In section 6 will be described how the system generatec micro-
programs in SL.

2. PROGRAM ANALYSIS: VERIFICATION

An instruction is considered as a mapping of structures

i:sl+sz. If there are two instructions executed in sequence this
can be interpreted as the execution of one single instruction.

If instl:sl->s2 and inst2:52—>s3 are two instructions, then

inst = inst2 o instl:sl->s3 will be the instruction, which results
the same as the sequence of the former ones. It is to be noted

that inst2 o instl means instl will be executed first.
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For isntance if we take the instructions XCHi and LDRi of the

microcomputer MCS-4:

MC<1l:<2:R{i1>,2:<i:A[2]>,6:XCH(i,s)>
MC<1:<2:R{il>,6:LDR(i,s)>

then

MC<1z<2#RC11>,6:XCH(i,LDR(i ;s) )= shows the effect of the
execution of LDRi and XCHi in this order which coincides with
the effect of one single instruction LDRi, of course. In opposite

order the effect can be described as follows:

MC<2:<i:A[21>,6:LDR(i,XCH(i,s))>.

In a similar way a program may be understood as one instruction
mapping the input data onto the output data. In fact a program
is a sequence of transformations of the structure representing
the machine. If we describe the structure of the machine at
each step of a program from the beginning until the very end

of it this will show us in which state the machine is after the

instruction HALT. This way a program can be verified.

Let us take again the microcomputer MCS-4. We want to verify

that the program

LDR1
CLC

ADDZ
XCH3

will add the contents of the first and second registers and
store it in the third one.

The input data puts the machine into the following state:

ME¥ 255 L 5X,:2 £ X~ 6Es
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First we executed the instruction [pRr7, which results the next

state of the machine:

MC<1:<2:X>,2:<1:X,2:Y>,6:LDR(1,s)>

We have to call attention upon the fact that on the Gth selector

of the structure representing the machine appeared the instruc-
tion having been executed.

After the instruction CLC:

MC<1l:<1:CY,2:X>,2:<1:X,2:Y¥>,6:CLC(LDR(1,s))>

On the 6th selector we can read from the right to the left the
part of the program already executed.

The program follows with ADD2:
MC< 1:X+Y,2:<1:X,2:Y>,6:ADD(2,CLC(LDR(1,s)))>
The last instruction is XCH3:

MC<1:<2:R[31>,2:<1:X,2:Y,3:X+Y>,6:XCH(3,ADD(2,CLC(LDR(1,s)))»

And now our program can be found on the Gth selector.

It is to be read from the right to the left and it has been
proved that in the output data the content of the third register
is the sum of the first and second one.
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3. RESOLUTION PRINCIPLE

What does the task of program generation mean? The input and the
output data are known. The instruction is a variable, that is
what we look for. So in order to generate a program all the
possible ways of mapping the input data onto the output data
must be found. From another point of view program synthesis is
the proof of the final statement the output data.

This can be mechanized by means of the resolution principle.

In propositional logiec the rule "modus ponens" is known, which
is the pattern of logical reasoning. That is the following:
There are permisses and a conclusion. The conclusion always must
be true under the condition that the premisses are true. In the
case of "modus ponens" the premisses have the form P,P-+Q and
the conclusion is Q. This is usually written as:

o i

Clearly P-»Q 1is equivalent with +~P v Q. Extending the above
rule we gain the resolution principle of the propositional logiec,

which falls within logical reasoning too:

¥ cl that is if these permisses
~L v C are true
2
¢, v_C, then this conclusion is also
true.

From now on it is supposed that our premisses are so called
eclauses, that is disjunctions of literals. So the set of permisses
can be interpreted as an expression in conjunctive normal form:

conjunction of expressions, which are disjunction of literals.
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In this case Cl v C2 is called the resolvent of the clauses
C1 v L and C2

Theorem: Given two caluses Cl and C2, a resolvent of Cl and

v L and the following theorem holds.
C2 is a logical consequence of them.

Therefore a proof of S, and expression in conjunctive normal

form is a deduction of the clause [:lwhich is always true.

Definition:If C 1is a clause, then the deduction of C from S

is a finite sequence Cl' C2,...,Ck of clauses, such that Ci
is a resolvent of clauses preceding Ci and Ck = C.
This way theorem proving can be mechanized. So in propositional

logic a program will be such:

input data -»...»> output data, where every state is the logical
consequence of the one preceding it, i.e. the sequence of
clauses describing the states of the microcomputer during the
execution of a sequental program is a deduction of the output
state, by a set of instruction-description clauses and by an

input state used as the given set S of clauses.

In first order logic(predicate logic)there are variables, so
we cannot always decide whether one expression is the negation
of another or not.

For example P(x) and ~P(y).

Therefore we introduce the notion of substitution.

Definition: A substitution 0 is a finite set of the form

{tl/vl,...,tn/vn} where every v, is a variable, every ty

is a term different from vy and there are different variables
after the stroke symbol. If E is an expression, then E 0o is
another expression obtained from E by replacing simultaneously
each occurence of the variable Vi 1< d<n in E by the
term ti' Composition of substitutions is defined as © = oe«)\
for substitutions o,0,A, if Eo = (Eo))\.
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Clearly E-+E © , that is every time when E is true E ¢ is
true, too. (Each model of E is also a model of E@C .)

Definition: A substitution o is called a unifier for a set

{El,...,Ek} if and only if E;o = ... =E A unifier o

0 .
k
for a set {El, ...,Ek} of expressions is a most general unifier
if and only if for each inifier o for the set there is a sub-

stitution A such that O = 0.

Definition: If two or more literals of a clause C have a

most general unifier 6, then Co 1is called a factor of C.

Definition: (CIO—LlG) v (C,0-L,0) 1is a binary resolvent

of C and C

1 > if Llo=~Lo.

2

A resolvent of Cl and C2 is a binary resolvent of C, or a

1
factor of it and (C or a factor of it.

2
So the form of logical consequence in first order logic will
be the following:
ClVLl—>C ovL.o

A 4 C,ovC,.0

szL2—>C20vL20

where L.0 = ~ L

1 il

So the program in first order logic will have a similar form,
as in the proportional one:

input data. reoaw e + output data
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4. PROGRAM SYNTHESIS

The method of program synthesis 1is the following:'Given a set
of instructions of a certain machine written in the form of sen-
tences PO and the input and output data. Starting from the
input data we make every possible resolution. After each reso-
lution it is to be checked, whether we have got the requested
result or not.But this way every resolution can be executed.
That means, by the time the good program is ready, we have

resolved loads of times redundantly. This can be shown on a tree.

Input data

n: the number of
instuctions

b

®n3

Generating a program consisting of k instructions,

resolutions must be executed.

If we start from theoutput conditions, then those resolutions
corresponding to instructions which are impossible cannot be
carried out. The senseless instructions which does not change
the state of the machine will not be carried out either. In

this case our tree will look like this:
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input data input data

output data

Each route will come to an end sooner or later, it is to be
checked only whether some of these end points agree with the
input data or put it properly the sentence at this poirt can be
substituted with the input data. Even now in the case of long
programs there will be plenty of different routes. How to decide
which way to go to reach the input data as soon as possible this
is the question of strategy. The problem of finding the best
strategy or at least a suitable one is still open.

To make a resolution two expressions of the form ~PvQ(P->Q)

and ~Q are needed. One of them is the expression representing
the instruction. The other - if going backwards - consists
of the output data and a new predicate ANSWER having only one
selector with a substructure of the type instruction, which is
a variable at the beginning. After each substitution in the
predicate ANSWER the part of the program already generated can
be read from right to left.

Let us see an example:
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Given a machine with a four-bit accumulator, 3 four-bit index
registers and the instructions

LOAD1, ADD2, STORE3. M<O:A,1:R1;2:R2;3:R3,4:s>

The input data is:
M<O:ACC,1:X,2:Y,3:2,4:d4>
The output condition is:

~“M< 3:X+Y>VANSWER<1:s>

We want to generate a program similar to the one verified in
section 2.

First we generated the program fowards and there had to be
made 27 resolutions, while the right program was found:

output

(2:LOAD1,a:ADD2,s:STORES )
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Working backwards there is no reason to resolve with the in-

structions not changing the substructure on the third selector.

~M< 3:X+Y> v ANSWER<l:s>
~MvM<3:A,4:STORE3(s) >

I.M<O:X+Y>VANSWER<1:STORE3(s)>

At the second step execution of the instruction STORE3 will
make no change.

Choosing LOADI1.

I. ~M<O:X+Y>VANSWER 1:STORE3(s)>
-MvM<O:R1,4:LOADL s>

II. “M<1l:X+Y>VANSWT® S ORE3(LOADl's))>
To execute aga: ..aADl will make no change.
So either

~MvM<3:A,4:STORE3 s>

ITI. -M<O:X+Y,1:X+Y>VANSWER<1:STORE3(LOAD1(STORE3 s
or

~MvM<O:A+R2,4:ADDZ s
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III. ~M<O:X,1:X+Y,2:Y>VANSWER<1:STORE3(LOAD1(ADD2(s)))>
is possible.
choosing ADD2 as a second step.
~MvM<O:A+R2,4:ADD2(s)>

IT. *M<0:X,2:Y>VANSWER< 1:STORE3(ADD2(s))>

Now the possibilities are:
a./ ~MvM<O:R1l,4:LOAD1(s)>

~M<1:X,2:Y>VANSWER<1:STORE3(ADD2(LOAD1(s))}>
b./ ~MvM<O:A+R2,4:ADD2(s)>

~M<Q:X-Y,2:Y>VANSWER<1:STORE3(ADD2(LOAD1 (s I >
c./ ~MvM<3:A,4:STORE(s)-

“M<0:X,2:Y,3:X>VANSWER< 1:STORE3 (ADD2(STORE3(s)))>

Observing the results of these resolutions there is only one

sentence among them, which can be resolved with the input data:

~M<1:X,2:Y>VANSWER< 1 :STORE3(ADD2(LOAD1(s)))>
MEO:ACC , 1eX, 2,32 ,4:d>
ANSWER<1:STORE3(ADD2(LOAD1(d)))>

As it

is seen only 8 resolutions were made to generate the

program LOADI1

ADD2
STORE3.
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6. MICROPROGRAM SYNTHESIS IN SL

The above description of the machine is good for our purpose,
but there is a problem: Fancy a machine with (for instance)

16 working registers and with a memory consisting of only 256
registers, then certain instructions will be represented 16 and
256 times respectively. Indeed these instructions have the same
form, so a common notation could emphasize their common charac-
teristics. That is why Structure Logic SL was entered instead
of first order logic. Structure Logic boils down not only nota-
tion, but meaning as well; by means of selector structures of

the same type can beunified. See syntax of SL in [33].

Now it is to be discussed how to use resolution principle in
Structure Logic. As there are variables in SL the same problem
arises as in predicate logic how to decide whether an expression

is the negation of another or not, so we need substitution again.

Definition: A substition § is a finite set of the form

{tl/vl,...,tn/vn; inst/s; zl/sl,...,zk/sk} where every v, is
a variable, s an instruction variable, sj a selector variable
and every ti is aterm of the same type as Vi inst is an
instruction term, zj is a selector term and there are differ-
ent variables after the stroke symbol. If P is a formula Po
is another formula obtained form P by replacing simultaneously
each occurence of the variable v,, 1< i< n in P by the
term ti' s by inst and sj by Zj' Each model of P will be a
model of Po too, that is Mod(P) € Mod(Po), so P -+ Po, for
it is easy to prove that for formulae Fy and F2 F, »F, if
l) = MOD(FZ). The essence

of substitution is that variables can be replaced by variables

and only if for their models Mod(F

or terms. Clearly this allows identification of variables as
well. '

Having substitution the resolvent can be defined similarly as
in first order logic:
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P is a resolvent of clauses P!, Pé 1 Pi = PlvB1

! =
P2 P.VB
and there are substitutions 01,02 for which fBlol = B202

P = PlOIVPZOZ'

Here again the logical consequence holds.

P 0. VB. O

VBy ¥ By0,vB,04

1L
Plolvao2

szB2 -+ P202v52 2

Hence our program gained by resolution will have again the form:

input data #*.eeceas + output data.

That means in Structure Logic too a program can be generated
by proving the output data from the input data and certain
instructions using the same mechanized theorem proving system
as before.

6. PROGRAM WITH BRANCHES

This way long linear programs can be generated. But what if

there are branches, that is conditional jumps in the program?

In this case we have more than one sets of output data. To des-
cribe an instruction jump it is to be known where the certain
instructions are in the program and what the condition of the
jump is. For this purpose new substructures are entered into

the description of the machine, which make at the same time

using the predicate ANSWER unneccesary. These are the flags (F),
a structure calles conditions (COND), where the conditions of the

branches are registered, a program counter PC and a program
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memory PM containing the instructions already generated. So
before the beginning of program generation the program memory
is empty. Naturally relative addresses are used for the isns-
tructions, as program generation starts from the end of the
program and at that point it is not known how many instructions

will the program consist of.

What now happens is: from the negation of the output data the
negation of the input data is proved, which is equivalent with
the proof of the output form the input data by certain instruc-
tions. The proof is constructive again, so at the end the
program can be read in the program memory together with the

relative addresses.

Let us see now what an instruction jump look like:

~P<PC:PC-C-1,M<PC-C:JCN(i,T(X),PC+1)>VvP<F<i:T(X)>
COND< j:T(X)>>vP<F<i:C(X)>,COND< j:C(X)>,PC:PC-C>,

where T(xi) shows that the i-th flag is equal to 1 and C(Xi)
shows that the i-th flag is equal to O.

How can two branches be put together by means of an instruction

jump?

Let us suppese there are two branches represented by the

following two clauses:

CL1l:~P<COND~ K:T(sgn f)>,PC:PC—A,M'PC—A+1:T],
CR2:~P<COND<K:C(3gn f)>,PCiPC~B;M<PC=B+1iv.,;u0,;PCLV

= PGl

£

B

First CL1l 1is resolved with the instruction jump. The following

substitution is to be executed:
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={1/j,sgn £/X,PC-A/PC,M<PC-A+1:U PC:UA>/M}

O'l l'oo-'
~P<F<i:sgn f>,PC:PC-A-C-1,M<PC-A-C:JCNi,T(sgnf),PC-A+l),

sPC=A+]1:U PC:UA>>V

1,-.-’
vP<F<i:C(sgn f)>,COND<K:C(sgn f)>,PC:PC-A-C,M<PC—A+1:U1"..,PC:UA>
Now C22 can be resolved by the result of the previous resolution

with the instruciton jump.

B

o, = { PC-A }

2 /PC’ M<PC-A—B+1:-00'PC:.-Q

’ >
/c '

The result of this will give us the point of the program before
the branch.

~P<F<i: sgn f>,PC:PC-A-B-1,M<PC-A-B:JCN(i,T(san f),PC-A+l),

PC—A—B+1:V1,...,PC-A:VB,PC-A+1:U1,...,PC:UA>>

It can be proved, that resolving in the opposite order -
namely first C22 with the instruction jump and then with

C21 would produce the same result.

In C3] the hardware of the machine MCS-4 is described, but is
is tc be completed with the new elements, which is the result

of the new viewpoint. The new description is

predicate MC<l:A,2:R;3:M,4:5CR,5:P,6:F,7:C,8:PC,9:PM>
equivalance (AC11,F[11)
bit (8) PC
structure n <[0:2551:b7t(8)>, ¢<[0e2]sbft(Ll)>
ue £04633 2b2E(1)>
ref(n) PM; ref (E)F; ref (u) C

And now some subtructions which could not have been described

before.
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MC<8:PC-1,9:<PC:JIN(i)>>>MC<8:RR[il>

. MC<8:PC-1,9:<PC:FIN(i)>>>MC<2:RR<i:PNCRRCOJII>>
MC<8:PC-1,9:<PC:JUN(K)>>>MC<8:K >

~MC <8:PC-C-1,9:<PC:JNC(i,T(X),C)>>v
vMC<6:<1:T(X)>,7:<j:T(X)>>VvMC<6:<i:C(X)>,7:<j:C(X),8:PC=C>
~MC< 8:PC-C-1,9:<PC-C:JNC(i,C(X),C >>v

VMC<6:<i:C(X)>,7: j:C(X)>>VMC<6:<i:T(X)>,7:j:T(X)>8:PC-C>

Here is an example what for instance the instruction exchange
looks like in the new description.

~MC<8:PC-1,9:<PC:XCH(i)>>VMC<1l:R[i],2:<i:A>>

Let us see an example for program generation with this new
method. When generating a program automatically every possible
resolution wil]l be executed, but by means of strategy most of
tehse cases can be eliminated. The reasoning given in the
following example shows, how a strategy would work. For the
sake of simplicity let us take a program similar to the one
generated before. Given a machine with a four bit accumulator,
2 four bit index registers, a flag which is true if the content
of the accumulator is zero and the instructions LOADi, ADDi,
STOREi, JCN(1,C).

This is the machine:

M<l:R,2:R,;3:F;4:€,5:PC,6 : PM>

bit(4)A, bZt(1)F, Bit(8)PC,
a<Cl:21:b7t(4)>,B<[0:631:b2t(8)>,y<C1:321:b2t(1)>
ref(a)R, ref(B)PM, ref(y)C,

We want to write a program which puts the sum of the two
registers into the first one if this sum is zero and into the

second one if the sum is not zero.
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So the input data is:

M<2:<1:X,2:¥>>

The output data is:

M<2:<1:X+4Y>,4:T(Z2(X+Y))>v
UM< 2:<2:X+Y>,4:C(Z(X+Y))>

As it was told above: from the negation of theoutput the
negation of the input will be proved.

The end of one branch is

“M<2:<1:X+4Y>,4:T(Z(X+Y))>

As the result depends upon the state of the flag, a "jump"
must be in the program before the flag changes. Nevertheless
there is no use of a "jump" at the very end of a program.

There is only one instruction satisfying these requirements.

“M<5:PC-1,6:<PC:STORE(1)>> vM<2:<1:A>>

CR1sTM<1sX+Y,4:T(Z(X+Y) ) ;5:PC=1,6:<PC:STORE(1)>>
The end of the other branch is:

~“M<2:<2:X+Y>,4:C(2(X+Y))>

The above reasoning can be repeated:

“M<5:PC-1,6:<PC:STORE(2)>>yM<2:<2:A>>

Cl2: M<1:X+Y,4:C(2(X+Y)),5:PC~-1,6:<PC:STORE(2)>>
According to our train of ideas now the instruction "jump"
is needed:

“M<5:PC-C-1,6:<PC-C:JCN(T(a;),C)>>vM<3:T(a,),4:T(a;)>v
vM<3:C(ai),4:C(ai),5:PC—C>
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Resolving with C21l:

~M<1:X+Y,3:2(X+Y),5:PC-C-2,6:<PC-C-1:JCN(T(Z(X+Y)),C),
PC:STORE(1l)>>v
vM<1:X+Y,3:C(2(X+Y)),4:C(2(X+Y)),5:PC-C-1,6:<PC-1:STORE(1)>>

and the resolvent with C¢2.

~M<1:X+Y,3:Z2(X+Y),5:PC-3,6:<PC-2:JCN(T(2(X+Y)),C),
,PC-1:STORE(2) ,PC:STORE(1)>>

An instruction STORE would not do any good at this moment as
we do not know the contents of the registers. An instruction
LOAD would just annihilate what was done before. There is only

one branch, that shows there is no need of jump.

So the next instruction is:

~“M<5:PC-1,6:<PC:ADD(i)>>vM<1:A+RCi],3:Z(A+RCi])>

~M<1:X,2:<i:Y¥>,5:PC-4,6:<PC-3:ADD(i),PC-2:JCN(1,C),
PC-1:STORE(2),PC:STORE(1)>>.

Different resolutions could be made now, but looking at the
input data we choose the following:

~M<5:PC-1,6:<PC:STORE(j)>VM<2:<j:A>>

where j 1is not equal with the 1 used above.

~M<1:X,2:<i:Y,j:X>,5:PC-5,6:<PC-4: LOAD(3j),PC-3:ADD(1i),
PC-2:JCN(1,C),PC-1:STORE(2),PC:STORE(1)>>.

Choosing j =1 and i = 2 we got the negation of the input
data, while in the program memory the generated program can be

read with relative addresses.
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CHMYJIALIMA [MTPUBOPO-TEXHUYECKUX ®YHKLUWK BBHYUCIUTEIL-
HOW CHUCTEMEl HA BABE MHUKPOITPOLIECCOPA B PEAJILHOM MAC-
[ITABE BPEMEHH

B. Hackler
Technische Universitdt Dresden

Sektion Informationsverarbeitung

1. BBeznenue

IJig TOATOTOBKU BBENEHMA MUKPO-OBM Ha 6aze MHKPOIPOIECCO-
pa UMHTEJ 8080 B TexHuueckoM YHHBepcuTeTe Jlpe3neHa paspabaThHBa-—
Jlachk CHCTeMma NporpaMMUPOBaHMA, KOTopad IpelHas3HauyeHa A
BHIUMCJIMTEJIBHEIX MamMH THUNa paAal. OHa COCTOHUT U3 Makpoaccembie-
pa U cuMmyinAaTopa. Tak KakK nporpammel MUKpPO-9BM OOBYHO 3alHCHBA-—
OTCA B IOCTOAHHOW NaMATHU, MpPEXIe BCEro Halo HX THWATEJBbHO NpOo-
BepUThb. [loaToMy 6bula paspaboTaHa CHCTEeMa CHUMYJIALIMM IOJA OTJal-
KK nporpamMm MHUKpo-0BM, kKoTopaa mMoxeT paboTaTh BMECTE C acCeM-—
6JepoM, a TaKXe OTHENBHO.

2. OCHOBaHHUA IJA CUMYJIALMMU BBYHCJIHTEJIbHLX MamHuH

YTOOB HMCIIOJIHUTH CUMYJIALHI0, HaOo MOINEJIMPOBATE DeaJibHbIH
06BeKT. CUMyJALMEN Ha3hHBAalTCA 3KCIIEPUMEHTH C MONEJBK IOJIA HC—
CJIeIOBaHWA CBOHCTBA U NOBEIeHWA peaJibHOr'o obwsekTa. CumMynauud
- B3TO HU306paxeHUue OlepelesIEHHBX HHTEepeCyKmuX KadJecTB, IIpU3Ha-
KM U TNOBEONEeHWA OOHOHM CHUCTEMHl C IOMOWBK IOPYTroH CHUCTEMel. Eciu
UIET peyb O IOUCKPEeTHOW CHUMYJIALUWM, Torma Momenb TpaHchopmupyeT-—
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CA B CHCTeMy IporpaMM, KoTopada ofpabaTeBaeTcA Ha LUGpOBOH
BBEIUMCJIMTEIBHONW MauMHe. [Ipyu OUCKPDETHOM CHMYJALMM MOIEJIb Dac-
CMaTpUBAETCA B IHOUCKPETHBIX TOYKaX BDPEMEHHU TH(H=O,..., M),

THE ETO, Tos J. PasHuua a = T~ Ty Ha3bBaETCA BEJIMUYUHOHU
mara. JUCKpeTHaa CUMYJIALUA — 3TO WAlOBHM aJIFOPUTMHUUECKHH NpPO-
necc. OH HaYHHaEeTCA NPOLIECCOM HHHUIHAJIM3aLUH,IPH KOTODOM BXOI-—
HOH IIEPEMEHHOM M KaXIOMy I[lapaMeTpy COCTOAHHA NPUCBAaUBAaETCHA
HavaJpHOe 3HaueHWe. LHUKIHUUYEeCKUEe mward CHUMYJALHUM COCTOAT U3
OTOODPaXeHUA BXOIHLHX [NEPEMEHHEIX B BHIXOIHBIE MEPEMEHHHIE CIIENyi-
mMEero COCTOAHHUA, IPHUYEM MeXIy OBYMA COCTOAHUAMH MOXET HaCTYIHUTH
B3aHMOIEHCTBHUE MexIy CHUCTEMOM U OKpyxawmeW cpenor. lenu cumy-
JIALMU BHUMCJIMTEJIBHBIX MAIMH U TNPOTEKAaKHmMWX B HUX ITPOLIECCOB
COCTOAT B UCCJIENOBaHMM C IIOMOUWBX TEODHH MaCCOBOI'O OOCHyXHBa-
HHUA ¥ B MOIEJIMPOBAHUM anapaTHeX OYyHKLUWM BBYUCIIMTEJIBHBX CHC-—
TeM IUIA OTJaOKH NPOI'DaMM.

C pa3zBUTHEM MUKDO-OBM 3HaueHHEe MOIEJIMPOBAHUA allapaTHBIX
dynxkuun OBM yBesMuMBaeTCA. B LeNAX ynpaBJIEHUA MUKDPO-3BM oOBuU-
HO BCTaBJAKNTCA B NPUOOPEl UJIM YyCTAHOBKU. [lO3TOMYy y HHX Boobme
HET BHEWHUX NepHUPEepUMHbIX YCTPOWCTB, HEOOXOOWMBIX IJIA COCTaBJIe-—
'HUA nporpamMm. Kpome Toro, nporpammel XpaHATCA B MOCTOAHHOMH
namMaTi. TWaTEesIbHBM TECT JIOCHYECKOW INPaBHJIBHOCTH TaKOM IIporpaM-—
MBI OYEHb BaAXHBIH, [OTOMYy UYTO I[OCJHEOyKmHe HW3MEHEHUA B NpOrpam-—
Me SABJANTCA BcCerza OOpOoruMH. [nd pa3pafioTKH NporpaMM MHKDO-
OBM ucnone3dyeTrca ONaronpUMATHO, TaKk Ha3hBaeMmad, CHUCTeMa OTJaan-
KH. OTO - BBIYMCJIUTENBbHaAdA CHCTeMa C HeOoOXOOUMBIMH IepUPepHHHBIMU
YCTDOHCTBAMH, ¥V KOTOpPOH OYHKUHMA LEHTDPAJIBHOI'O yCTDOWCTB& BHNOOJ—
HAETCA MUKDPOIPOLIECCOPOM TOI'O Xe CaMOr'oO THMa.

Ecnu Takasa cUcTeMa HE HMeeeTCA B DAaCIIOPAXEHHWH, Torna MNpU-
XonmuTcAa pa3pabaThHBaTh NporpamMmel Ha OBM Opyroro tuna. B sTom
cllyuae HalO MCIIOJNBb30BATH IJIA Dpa3pabOTKHM MOPOrpaMMbl Cross-Soft-
ware, KOTODHE O6pASaTHBAKWTCA HA BHYUCIHUTENBHOH ManMHE ODPYyTroro
Tuna. CucremMa CHUMYJALWM OCHOBaHA Ha MOIENH DEeaJIbHOM BBIUMCINH-
TEJIbHOM CHCTEMBl, B KOTODPOHW MOIEJHUDYWTCHA BaXHHE alnapaTHHe
byHKIMKA 0719 BEINIOJIHEHWUA ITPOI'DaMMEI.
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3. MopmenupoBaHUE amnnapaTHBX QYHKUHUHA BHYUCIUTEJIBHOW CHCTEMEI

K kondurypaluuyd BBYHCJIHTENBHON CHUCTEMH NPUHaOIexaT LEeHT-
paJlbHOE YCTPOWCTBO, €IWHHLE OCHOBHOM naMmaATH, nepudepuiHbe
YCTPONCTBa, YCTPOWCTBO IE€pEephHBa MW mHHAa, KOTOpasa COIOEDPXUT Ka-
HaJl ynpaBJeHUA, KaHaJ nepenayu OaHHBIX U aIpecHy®o muHy. THnud-
HOM IONA MMKpPO-9BM ABJIAETCA cuUCTeEMa CTaHmapTHeX GJIokoB. TakadA
KOHOUTypalUad BBEYUCIUTENIBHOW CHUCTEMBl CTDPYKTYPUDOBAHAa HarjalHO.
Ina MomenvpoBaHUA annapaTHEX OYHKUWH BBEYUCIHTEJBHOW CHCTEMEI
OJIarONPUATHO HCIOJIB30BATh KaK UCXOOHYW TOYKY IOJiIA CTDPYKTYDH
MOOENIM CTPYKTYDY PeasibHOr'o ofrekTa. Takue KauyecTBa CHCTEMSH,
KOTOPHE B MOIEJIM HOJDKHB COIEepXaTbCA, HAIO paclpenesyidTh Ha JJie-
MEHTH MOLEJIH .

CucreMy yCTpPOHCTBA PEAJIbHOW BBIYMCIIMTENbBHOW MalMUHE MOXHO
NMOHUMATh KaK MHOXECTBO omnepaTopoB. OnepaTop LHEHCTBYET Ha ole-
paHmax. Bce omepaHnObl, KOTOpPHE MNOCTYNAKT B BHYUCIIMTEJIBHYI CUC-
TeMy, ABJAKNTCA COCTOAHUAMHU. JlaHHBHIE COOTBETCTBYKT COCTOAHUD
PErMCTPOB, CYETUYMKOB MJIM AYeeK naMATH. COCTOAHUA ABJIANTCA,
HallpUMEP, TOXE B I[IOJIOXEHUHU TPUITEepOoB. KaxIpi 3JIeMeHT MOLEeJH
COOTBETCTBYET OINEepaTopy HJH IDyNNe ONepaTopOoB C Majilo HBMEeHEeH-
HEIM WJIM TIOCTOMHHBIM ONEPallMOHHBIM NOJIOXEeHUMeM. Heobxomumoe s
MOIEJIM MOIMHOXECTBO ONEPaHIOB PeaJIbHOM CUCTEMH H306paxaeTcH
KaK MHOXECTBO BXOIHBIX M BBIXOIHBIX HAHHBIX U Yy OSJIEMEHTOB CHUCTEMLI
Mozmenu. ®yHkuUuA noBeneHus £ /u, y/ SIEeMEeHTOB MOIEJIM DPeau3yeT
MOIIEJIMPYEMOE OIllepalMOHHOE TIOJIOXEHUE DPEeaJIbHOM CUCTEMb YCTDOH-
cTBAa.

Toxe 6JarONPUATHO ONPENEJIATE CTPYKTYDY C TOYKH 3DEHUA
No3JHeuero NnpeBpameHus MOIENH B INPOrPaMMHy cHUcTeMmy. JoJxHa
OBTE OfecrneueHa BO3MOXHOCTB, UYTOOH KaxXIbH 3JIEMEHT MOIENH IpeB-
pamaTh B NDPOCDaMMHHEM MOIYJib, B MNOLNPOI'DPaMMy MJIM B NPOrDaAMMHYIO
CEeKUHO OUCKPETHOM CHCTEMBl CHMYJIALHU .

[loaToMy yXe NpH BHOOPE CTDYKTYDH MOIENU HANO NPUHUMATH
BO BHHMMaHue: KakKHe BO3MOXHOCTH gaeT Bubop OBM, Ha KOTOpOMH
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CHUMyJIATOp O6pabaThBaeTCA, BEOOD A3bBKa IIPOPAMMHDPOBAHHUA U Ka-
KWe OrpaHMYeHHUA HeoOXOOUMMO HaKJaIeBaTh. [Ipexie BCero, HalIo
IIDUHUMaGThk BO BHMMAHHE EMKOCTBH OCHOBHOM NaMATH, CKOPOCTB BHITOJ-
HeHUa onepaudy 3BM U noMomb BHODPAHHOI'O A3BIKA NMPOIDAMMHDOBAHHUA .
C 3TOH TOYKH 3PEHUA NPOUCXOIMUJIO COENUHEHHE EINUHHII OCHOBHOH
NaMATH U NeEpUOEDPHHHEX YCTPOUCTB IJIA KaXIOr'o. OOHOI'O 3JAEMEeHTa
Momenu. [MHa MHKpPO-9BM pasnesifeTcA Ha KaHaJl ynpaBJIEHWsA, KaHal
rnepenayd HOaHHBIX M aIPECHYK MHHY. OTH OPYTHe KaHaJlbl MOIEJIUDYIT-—
cA pa3nuuyHo. PyHKUUA KaHaJia YIPaBJIEHHUA DeajlIu3yeTCA C ITOMOMBI
OTHEJIBHOI'O 3JIEMEHTa MoIesiM. Ero riaBHas 3allaya COCTOMT B HC—
NOJIB30BAHUH YNPaBIAOMHMX CHUIHAJIOB, KOTODHE IOCHJIADTCA OT ODY-
'AX 3JIEMEHTOB MOIENH, W B Iepelauve YNpaBJIEHUA CJIeNYImeMy 3Je-—
MEHTY .

Tak kak MOIesb HaIo [epeBEeCTH B NPOUDaAaMMHYK CHCTEMY, IIDH
MNONEJIMPOBAHUM OTKa3aJUCh OT (QYHKIHM KaHajla Nepeladvyd OaHHBX.
JlaHHbIE XPaHATCA B O0OmMUX HOOCTYIHBIX obnacTAX. PYHKIHUM INOBEIEHUA
BJIEMEHTOB rapaHTUDYWT, YTO TOJIBKO 3TH HaHHHE OynyT BocTpefoBa-
HBl, KOTOpHIE M OIIEPATOD B pPeaJIbHOM OO6BEKTE BOCTpetoBaJj OHl.
[Togo6HO pemamnTCA ¥ 3a0ayd aIpPeCcHOM umHMHb. JlaHHEle W alpeca ABJA-
IOTCA BXOIOHHIMH M BHEIXOIOHBIMM BEJIMUMHAMU TIOUYTH BCEX 3JIEMEHTOB CHC—
TeMbl Momesii. COOTHOWEHUA MEeXIy 3JIEMEHTaMM MOIEJIM OIpelesdeTCcd
c nomompio OYHKIIMH moBemeHua y /#u, ¥y, X, e, &/ momenu c

H IPOCTPAHCTBO BXOIHOI'O COCTOSHHA,
Y  IPOCTPAHCTBO BHXOOHOI'O COCTOAHHA,
X  IPOCTPAHCTBO COCTOAHUA CHCTEMHI,
/e, &/ onncaHue MNOBENEHUS CHCTEMH,
€ MHOXECTBO IOCJEeNOBaTENBbHEX COOTHOMEHHH,
® MHOXECTBO COOTHOmMEHHH DPEe3yJIbTATOB.

CymecTBEHHEIM IOJIA BHUIA COOTHONEHUNW MEeXIy D3JIEMEHTAMU ABJIAETCH
DacIIOJIOXEHUE JJIEMEHTOB B HEepapXUWUYEeCKUX YDPOBHAX. CymecTBYIOT
CBA3H TOJBKO MeXny O3SJIEMEHTaMH OTJIéJIbHI:IX YDOBHEHN.
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4. MomenupoBaHHEe CpEIbl BHUYHUCIAUTEIIEHOW CHCTEMH

C moMompi0 yX€ OINHCAaHHOI'O CHUMYJIATOpPa MOXHO o6pabaThHBATH
IporpaMMel, KOTODBEIE COCTAaBJIAKNT BMECTE C alllapaTHOHW CHCTEMOH
9BM OTHOCHUTEJIPHO B3aMKHYTYH CHCTEMY .

BiuaHua npouecca B OBM Ha cpeny HWJM BJIMAHMA IIpolecca B
cpele Ha mnpouecc B 3BM He MOI'yT CHUMYJIMPOBATBHCA TAKHM CHMYJIATO-
poM. Ha OCHOBE CBOHCTB MHKDPOIIPOLIECCOPOB OIPENEJIANTCA I'JIaBHBE
Clyyad NpPUMEHEHUA MHUKDPO-59BM B 061aCTH YNDABIEHUA MDPOLECCOB.

Ha Mukpo-3BM, KOTOpas HUCIHOJIB3YETCHA BHYUCIHUTENIBHOHW MaMMWHOH
yIOpaBJIEHUA, CYmECTBYET IPOLecC, KOTODPHH obmaeTcA C yhnpaBifge-
MbIM OCHOBHBIM IIPOLIECCOM C IIOMOWBI BXOIHBIX M BBIXOIHBIX HHPOpMa-
LIMH .

[loaToMy cymecTByYeT MOIEJNb CHMYJIATOPa, KOTODHIM CHMYJIHDYET-—
CA B3aUMOIEHCTBHE MexIy YIpPaBJIAKIHM IIPOLECCOM U OCHOBHBM IIPO-
ueccoM. Iyia 3TOro HeobXOOUMO MOIOEJIMPOBATE YaCTH CpPelbl U coob-—
mamomye MnpoueccH cpensl. MonesMpoBaHHUE OBYX MM MHOT'HX NapaJi—
JIeJIbHEIX NPOLIECCOB B ONHOW INPOTI'PaMMHOM CHCTeMe, KooTopaA obpaba-
THIBAETCA Ha LUHUOPOBOM BHUYUCIUTEJBHOM MauMHe ynoOHOe IoclieoBa-
TenbHOe ulodpaxeHue. Kak obmun s3ddekT momxkHa ORITE obecrnedyeHa
BUIUMOCTE IlapaJuieJIbHOW paboTh IpolueccoB. HenpeprlBHOE TeueHue
BPEMEHU HEeOOXOOUMO 3aMEHUTH KOHEUHOH IOCJIeloBATEJIBHOCTEI
OUCKPETHEIX TOYEK BPEMEHHU T e H=1, 2,..., K. B uirepsa-

H
TH) nponeccesl ABJIANTCA HEHW3MEHHBIMH H He3aBHCHMBIMH

JI 1 -
2 (TH+1
Ipyr o1 mpyra. CoCTOAHHUA IPOLIECCOB aKTYaJH3UDPYHTCH 10 HUCcTeue-—
HUI0 KaXIOr'0 HWHTepBajla BDPEMEeHH.

Tak Kak 3TH MOLEJIUpYEMBle NPOLIECCH INPOW3BOOAT H3MEHEHHA
COCTOAHHA COOOmamnmyUx NPOLECCOB TOJIBKO B IUCKDPETHHIE TOYKUM Bpe-—
MEHH, NPUMEHAEeTCHA MEeTOI TOYKH BpeMeHu cobuitua. To €CcTh, 4YTO
TOYKKW BDPEMEHH, I'I€ INIPOHM3BOIOATCA HM3MEHEeHHA COCTOAHHA, ABJIAKNTCHA
ocyenoBaleJIbHOCTEY IOUCKPETHBIX TOYEK, B KOTODPBIX MOXHO aKTyaJlu—
3HMpPOBATh COCTOAHHA MNpolecca. .
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4.1 MonmesMpOBaHHUE CHCTEMBI

[lepeceuyeHuamMu Mexny 3BM U cpenod yCTaHOBUIHWCH nepudepuii—
HBIE DErdCTphl WM BXOL B MOLYJb NEpPephBa. [IepUdepUiHbIE DPETrMCTDh
— OTO Takue DPEerucCTph, KOTODPHE CYWECTBYIT B NepHdepHHHBEIX yCT-
POMCTBaXx U XPaHAT BXOIHBIE HWHPOpMaluu B Oydepax.

K 6musko# cpene 9BM npuHannexaT nepudepuiHsle yCTPOWCTBA,
KOTOpEHE CBA3BIBAIT OBM C OCHOBHOM cHcTeMoOM. 3amaua nepudepui-
HBIX YCTPOHCTB COCTOMT B Ipeobpa3oBaHUM IpencTaBleHus uHbopma-
LIUH WM CBA3M MHOI'MX HHOOpDMaLMM ¢ OOHOW HJIW MHOTMMH HOBBIMH
vuHbopMauuamu . MomenupoBaHUe 6JM3KOH cpensl 9BM COCTOUT NO3TOMY
B MOIEJNUPOBaHHUHU MNEPUPEDUHUHBIX YCTPOHMCTB, KOTOPHE ABJIANTCA
OIHOBPEMEHHO O3JIEMEHTAMU CHCTEMBI. JJIEMEHTH IIOCTPOEHH B CHMYJA-
TOpEe B OLMHAKOBOW QopMe U NOJy4YawT HNoTpebuTesieM CBOM crneuudu-
YeCKHe KauecTBa C [OMOWBK BBOIa NapaMeTpoB. TakHe CBOHCTBA:

— aznpeca OSJIOXKEHHBIX NepUPEPUNHEIX PET'MCTDPOB M KaHAJIOB IIEDPEDHIBA;

— MOBEIEHHEe BEIUHCIIMTEJIBHOI'O YCTDOHCTBA BO BpPeMA Npeobfpas3oBa-
HUA uHPOpMaALIUH NepUudepHHHEIM yCTDOHMCTBOM;

— IIOBelleHUEe TMepHUOEepUHHOI'O YCTDOHCTBA BO BPEMA U I[IOCJIE OKOHYa-
HUA paboThl.

CneuuvansHoe nepUdepuiHoe YCTPOWCTBO ABJAETCA B 3TOM CMBICJE
TOXE OTHEJIBHBIM KaHaJioM IepepsBa. Ero mercTBHE COCTOUMT B H3BE-
meHue o rnepepeiBe. Hauyaso M KOHEel NeNCTBWA COBNANAnT.

4.2 MogerupoBaHWe OCHOBHEIX NPOLECCOB

[Ipoueccrr, KOTOPpHE NPOTeKarT B cpede <=M 1 yOopaBJsgnTcs
BBIUMCJIUTENIBHOHM MauMHOM, Ha3BBawTCs OCHOBHBIMH npoueccavmu. [lpo-
LIECCH,KOTOPEIE TIPOTEKawT B CJAU3KOW K OBM cpele,Ha3bBawTCA NepU-
depuiiueMu npouieccaMu. MomenuWpyemeli neprdepriHed Ipolecc npoTe-
KaeT Ha 3JIEeMEeHTEe MOIeJNIMDPYEeMOH CUCTEMsl Cpellbl, Ha MOIeJIUpyeMOM
nepudepuiHOM ycCTpoHcTBe. BAHAHHA CBA3AHHBIX C HHUM OCHOBHBIX IIDPO-—
1IECCOB MOI'YT COCTOATH B NOATIOTOBKe HMHMODMAalUWi K BBOLY W B BHUIE

3anasnpiBaHMA BO BpeMeHM. B o€uwew mnpolecchk B cpene 20M Haxo-
OATCA TOHN BJIMAHUWEM ClayuyarHbeIX QyHKUMI. B pane cayuyaes, OOHAKO,
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JOCTATOYHO MOIEJIMDOBATH TaKHe I[IPOLIeCCH IeTEPMHUHUPOBAHHBIMH NPO-
ueccamMd. B nomoCHOM ciiyyae MHTEepBaJ BpeMeHU paboTh nepudepui-
HBIX YCTPOHCTB, KOTOphE paforanT B OONBHMMHCTBE CJAy4YaeB LUKJIH-
UYEeCKH, OCTaeTCda MMOCTOAHHEIM IOJIA BCeX NpeoHpal3oBaHUU HHOOPMALIMH .

Ecau [ia SKCIEepUMEHTa CUMYJIALHH CymeCTBEHHO, 4YTO HHTEep-
BaJl BpeMeHU paboTh NpEphHBaHUN B ONpPEIEeIeHHBIX 'pbaHdlax, Tornma
MOXHO MNpoLecc MOIEeJHpPOBaTh KakK CTalUOHAPHO CTOXaCTHUUYECKUH
npouecc. [Ilpy noMomy reHepaTopa CJAYYaWHBIX 4YHCEeJl BpeMs NOOrOTOB-
KU uMHOOpPMaLWU¥ CTAHOBUTCA MNEDEMEHHBIM.

Ilna MomesMpoBaHUA MNPOLECCOB B cpene 3BM HYXHO BHECTHU
B CHUCTeMy NOTpPebUTEeJIEM CHMYyJIATOpa Clenywomue napaMeTpH:

- INOAT'OTOBKa IaHHEIX BBOIA,

- NDONOJIXUTEJNIBHOCTHE BPEMEHH Npeobpa3oBaHUA HHOODPMALINH ;

— HHTEDPBaJI BPEMeHH, Ha MNPOTAXEHHH KOTODPOI'O MNPOOOJIXHUTEJIBHOCTBH
BPEMEeHH Ipeobpas3oBaHui uMHOODMALIMM HOJIKHA OHTE H3MEHeHa.

4.3 MomenupoBaHHE B3aMMOIEHCTBHUI MEXIY OCHOBHLIM ITPOLIECCOM M

YIPaBJIAKIHUM YCTDPONCTBOM

BzaumonmencTBUA MexIOy IOBYMA mnpoueccamd Pl u P2 cymecTBy®WT,
Korma COCTOSHHA mpouecca PZ 3aBUCHMBI OT OCOOBIX MNDPEXHHUX COCTOA-
HUA npouecca Pl ¥ nmoToM ocofbe COCTOAHUA mNpouecca P2 npuuMHA-
0T ONATHE M3MEHEeHUA COCTOAHUH npouecca Pl. Mexnoy ynpaBJAONHM U
OCHOBHBIM NIPOLIECCOM BBIUUCJIUTEJBHOM CHUCTEMB CYHECTBYIT B3aHMO-
OEeHUCTBHUA, KOrHa TOYKa BPEMEHM NOANTIOTOBKM IAHHBIX B Nepudepui—
HEIX DEervcTpax WM TOouykKaX BDEMEeHU TpebGoBaHWP NepepriBa 3aBHCHUMA
OT COCTOAHUA IOPYTUX NEPUPEPUNHEIX DETHCTPOB B IPEXHIK TOYKY
BPEMEeHH MJIH OT MPEeXHUX TpeOOBaHUHU IepephBa.

MomenmupyeMsli OCHOBHOM NPOLIECC COCTOMT M3 DANA 4YacTeHd IIpo-
lHecca, KOTOpHE MpUHaIIexaT MOIeNUpyeMbM nepudepuiiHEIM yCTPOH-
cTBOM.OHH ABJAKTCA B OfmEeM aCHHXPOHHBIMM IOpPyr K IOpPpyry. B Mome-
Jle n3obpaxanTcAa aCHUHXDOHHBIE HU3MEHEHHUA COCTOAHMA B3THUX Napas-
JIEJIBHEIX NPOLIECCOB HA OOHY EIWHCTBEEHYK BDEMEHHYW I[OCJeIoBa-
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TEJBHOCTE. [IPDH BBIABJIEHUM OIPEINEJIEHHBIX W3MEHEHUU COCTOAHUA
npolecca ONnpenesieHHHe O5paTHHE CBA3M HAYMHAT NEefCTBOBATH HA
ynpapidomWuy npouecc. BiMAHHE COCTOAHMH yNpaBJAnmWEero mnpolecca
Ha nepudepuHEIE MPOLECCH HEJIB3A peajIi30BaTh C IOMOmMbBI Tabiu-
bl BPEMEHH TMOTOMY, UTO MOIEJIMDYEMBIH ynpasnﬂmmuﬁ'npouecc oJy -
YyaeT yIpaBJIEHHE MOIEJIbI0 B KaXIOM HHTEDpBaJle BPEMEHHU OIHWH pas

¥ IPOBOOHWT WBMEHEHHWE COCTOSHWA YNPaBJIAEMOr'o npoluecca.

OnucaHue CHUMYJIMDYEMBIX B3aMMOOEHCTBUM MexXly YIDPaBILAKOLNUM.
U OCHOBHHIM IPOLIECCOM HaZO MepelaTh CHUMYJATODY OT IQJIb30BaTelA.
YeTKOe ONHCAHHUE NaeTcsa C IOMOMBK COOOHMEHHA MHOXECTBa Npeobpa-
30BaHuit MHOOPMALIM, KOTOPHE HaIOo NPOBOIUTE IO TOr'O, Kak MHO-
XeCTBO NepudepHHHbIX PErMCTPOB H KAHAaJIOB NEepephBa TOOHB K’ yIOT-
pebneHun.

5. BO3MOXHOCTH NDPHUMEHEHUA CUCTEMbl CHUMYJIALIMU

[Ipy NMOCTPOEHHUH CUMYJIATOPa NPHUIOABaJIOCH OOJibmOe 3HauveHHe
BO3MOXHOCTH COIIDAXEHUA CUCTEMbl ¢ NpobjieMaMd NOJIB30BaTeld.
Kpome momomu B OTJIalKe, HaAIPUMED, npofoxonmpoaaane MAaly HHBIX
onepanuy WM TPYIN MamMHHBIX ONEepaluid M BeBOIa JINOBX objacTewn
MamMATH, MOXHO ONDPENEJIMTh TOYKHU OCTAHOBKH B NDOI'DAMME H BECTH
IIPOTOKOJI O CUETUYMKE BpPeMeHH. MOxHO maBaTh aodoe pas3nesieHue Ha
[amMATh C IPAMBIM OOCTYIIOM M Ha MNOCTOAHHYW0 NaMATh, KOTOPOE IpH-
HUMaeTcA BO BHHUMaHHE IDH BHIIOJIHEHUMAX NOpPOr'paMMbl. [lepudepHiHEIMU
YCTPOMCTBAMU MHKDPO-9BM MOryT ABJIATHCA JH0OHE NepudepUrHbe
ycTpoicTBa SBM, Ha KOTOpoH cHMynAaToOp obpabaTeiBaercd. [locpen-
CTBOM BO3MOXHOCTH MOIEJHMPOBAHHA NOJB30OBaTesieM cpensl 9BM U mpo-
IIECCOB B HEeH B DpeaJibHOM MacuTaCe BDEMEHHW IaHb HaJjlbHeHmue BO3-
MOXHOCTH NDPHMEHEHHUA CHUMYJIATODA.
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K BOITPOCY OITUMHUSALMM PASIEJEHHBX IO 3AIIAYAM
MHOT'OITPOIECCOPHBIX CHUCTEM

P. llynsue

HI1 Po6oTrpon, HUI r. IIpe3neH

Pa3zBUTHUE COBPEMEHHOM BEUHCJIUTEJIBHOM TEXHUKM B BO3pacTawn-
mer Mepe XapaKTepu3yeTCA NPelOoCTaBJIEHHUEM HHTEIDAJIbHBIX CXEM BBI-
COKOH CTENeHM HHTerpauud. B 3TOM CMBICJIE MPOHUCXOMOUT MNpucrnocobie-
HUE CTaHIaPTHBIX CPEINCTB BBUUCJIUTEJIBHBIX CHUCTEM K TpPebOBaHUAM
[oJIb30BaTeJIEN, HalnpuMep, OBM TeXHUKH CBA3U, HAYUYHO-TEXHHUECKUEe
crnenualsipHele O9BM u T.n. WMeAa BBUIOY, YTO IOJB30BaTEsIb 3a IIOCJEel-
HHME TroObl H& OCHOBaHHWMU KOMIIAKTHOCTH npeﬂnaraéme 9BM 6ru1 npu-
HYXIOEeH IONMTH Ha YCTYIKH OTHOCHUTEJNIBHO KOHOUIypallMU,OH TElNepb
HUMEET CYMEeCTBEHHYIH BO3MOXHOCTE LEJIEYCTPEMJIEHHO BJIUATE Ha
CTDYKTYDY CHCTEMB W BHUIOH3MEHUTHL €€ B COOTBETCTBHH CO CBOHMH
crneuMPUuYeCKUMH XeJIaHUAMU. IOTO Takxe KacaeTca KoHOUurypauuu nama-
TH, KaHaJIOB BBOJA/BHBOIA, CIIELMHAaJIBHEIX IPOLIECCOB M YCTPOHCTB
CBA3H.

Ho aTa TeHmeHuua TpebyeT BHICOKOW T'H6KOCTU NpH pas3palboTke
OBM. 9TuUM HeusbexHO HaIOo IMPUMEHATH HOBBIE CIOCOOH DPa3pabOTKH H
HCIIOJIb3OBATE METOIbl MJIM PEe3YJIbTATH CMEeXHBIX CIlelHaJIbHOCTEeH.
Coma OTHOCATCH, HalpHUMep, MaTeMaThka /O0COGEeHHO IUCKpPEeTHaA MaTe-
MaTuka/,anrefpa, a Takxe dusuka.

2. Knaccudukaluua CTDPYKTYDP BHUMUCJHUTENBbHBIX MalirH

I'pybasa knaccuduKalua BEYUCIHUTEJBHBEIX CTPYKTYP OTJHYaEeT
[ocJieIoBaTEeJIbHEE OT NapalUleJIbHEX CTPYKTYP MHOI'OIIPOLIECCODPHBIX
cucrteM. [lonpasnenieHUue MNapaJuleNIbHEIX CTPYKTYD B pa3IelieHhe 10 3a-
nadyaM ¥ QYHKLUMOH&EJBHO pa3leIeHHHEe CTPYKTYPH BHIPAXanT, 4YTO
rnapajyienin3aluua OTHOCHUTCHA HJM K NOTOKY YIIDaBJIE€HUA, WM K TMOTOKY
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IaHHBIX. V1A [OJIHOTH HENO €me MNPHUBECTH NONOOHHE CTDPYKTYDH aHa-

JIOroBeIX 9BM, Kak THUNHYHEE IIPHUMEPH TPAaOULMOHHBIX [aDaJlIesibHBIX
9BM.

BHEmHUM MPH3HAKOM IapaJiiesibHO paboTanmux OBM ABIAETCA HX
OELEeHTPaJIM30BaAHHEIM HHTEJUIEeKT. PYHKLIHUOHUpPOBaHUEe Takux OBM mocra-
TOYHO TOYHO ONHCHIBAETCA OJIA CIEeLMHaJIbHEX I[IPOLECCOB peajii3yeMbIM
aJITOPUTMOM HJIM DeaJiM3yeMOH IIPOI'PaMMOH .

MHoroo6pa3ne MHOI'ONPOLECCOPHOH CHCTEMs O6YCJIOBJIEHO
odopMIIEeHHEM CHCTEM WHMH, OpraHu3auueidt o6MeHa INaHHBIMH, HW3MeHYu-
BOCTBK IJIMHH CJIOB&A C NOMOMBI slice - NDPOIECCOPOB M T.H. B mure-
paType MOXHO HabJionaTb KpanHUe TEeHIEHLWH, HaAIpUMEep, B CHCTe-
Max Hypercube IT u III, KOTOpeE NpelncTaBagoT 3ddekTHBHOCTH
MHOT'OIIPOLIECCOPHEIX CUCTEM B JIMHEWHOM 3aBHCHUMOCTH OT CTENEeHU
OEeUeHTpalu3aluy HJIM, HHaue I'OBOPA, OT KOJIMUECTBA YCTAaHOBJIEHHHIX
B CHCTEeMe MpoleccopoB. HecMOTpsa Ha TO, YTO MHUKDPOIIPOILECCODH
CeronHd yxe HauUld IPUMEHEHHE BO MHOTHX OOJIaCTAX HAYKH, TEXHHUKHU
M cOhTa, KaxeTcda, 4YTO 06 WX B3aWMOIEHCTBUM B MHOT'OIDOILIECCODHBIX
CHCTEeMax eme HEeT 3aKOHUEeHHOHW Teophu. Ha OCHOBaHHMHM yXe Ha3BaH-
HOrO MHOro6pasusa KOHEYHO BO3HHKAET BONPOC, MOXET JIM Boobme
CymeCcTBOBaTE TaKaA Teopua?

B HacToAmee BpeMmMa NpeBaJIMDYET MHEeHHe, 4YTO C pacCcTymHuM KOJIH-
YEeCTBOM COBMECTHO BKJIOUYEHHBEIX MHKDPOIIDOLIECCOPOB BDEMSA BHIIOJIHEHUA
nporpaMMm NPHHLMUIIMAJBHO cOKpamaeTca. OCHOBRIBAACH Ha MNOIOOHBIX
npoﬁneMax, JaHHEIM IOKJIaJOM XO4YeTCA IOOKa33aThb, 4YTO B MHOI'OIIPOIEC-
COPHBIX CHCTEMaX IJId BHIIOJIHAEMOH NIPOI'pPaMMbl WJIM ajilOpPHUTMa CyuecT-
ByeT ONTHMaJIbHOE€ KOJIMYeCTBO YCTaHOBJIEHHBIX MYJIbTHIIDOLIECCODPOB.
OTKJIOHEHHA OT 3TOI'0 ONTUMAJIBHOT'O KOJIMYECTB&E CBA3AHH C YBeJIUYe-
HHUEeM BDEMEHU BBIIIOJIHEHUA. [JIA napaiyesiM3UpPOBaHHEX I[IOCJIENOBATEJb—
HBIX &aJI'OPHUTMOB OIITHMAJIBHOE KOJIMYECTBO OIIPEemnesyiIseTCA XapaKTepuc-—
TUKOH aJI'OpUTMa, a IJdA [NapajlyIeJIM3UPOBaHHBIX [OCJIEOOBATEJIEHBIX
nporpaMM - CTEIEHBK NapajlyIeJIM3allMd W KOHEUYHOCTBIO OIpeleJIeHHBIX
CUCTEMHHX [apaMeTpOB, KakK I[NOACHAETCA naJiee. JlaHHBIM IOIOXOJI IIbl-
TaeTCA LOOKAa3aTh Ha NpuUMepax, YTO IOJA OIpelesIHHOW BEHIINOJIHAEMOHR
nporpaMmel WJIH aJITOPHUTMa CYHEeCTBYET HEKOTOpOE€ OlpeleJIEHHOE KOJIH-
4YeCTBO IpoLecCOpOB, KOTOpPOE HABJIAETCA OINTHMaJIbHBEIM.



- 219 -

1. - HabmopaeTca, 4YTO MEeXIy KOJHYECTBOM MHUKDPOIIPOLECCOPOB B

MHOTI'ONIPOLIECCOPHOH CHCTEMEe W BHIIOJIHAEMbIM MMM I[rapajuiesii3upo-
BaHHBIM aJI'OPUTMOM CTOHT OITHMaJIbHasA B3aHMOCBAS3E.

HmewTca dopManbHble BhHICKA3HIBAHUA O TOM, YTO NapalieIu3upo-
BaHUEM IIOCJIENOBATEJIBHEIX aJI'OPUTMOB MOXHO YBEJIMUHMBATH KOJIH-
YeCTBO BHUMCIIMTEJIBHEIX OllepallMii, B CBA3U C YEeM BO3HUKaAET
BO3MOXHOCTB OIHOBDPEMEHHO BHIIOJNHATE OOJiBIEE KOJMYECTBO
onepauuWy¥ U, TEM CcaMblM, LOOCTHUraeTCHA COKpameHHe obmero Bpe-
MeHU 06paboTKH.

B HacToAmee BpeMA €me HEeBO3MOXHO HOOKa3aThb 3TH IIOJIOXEHUA
obmene¥CTBUTEJIBHEIMM U IO3TOMY OHH HOEMOHCTPUDPYKTCA Ha IIDU—

Mepe 6rCTporo npeotpasoBaHuda ®ypwe /BI®/ /1, 3/.

Ina 6eicTporo npeobpaszoBaHua dypbe INEeHCTBUTEJIBHO Clenyi-—

mee uszobpaxeHue.

N-1 211 :
X(j) = & A(k)exp (—— jk) , ; Vs
k=0 N

i=')—l 7 j =O'l'¢o.' N_l

B HeM X(j) o3HauvaeT opuruvHan ¥ A(k) oO3HayaeT uU306paxeHue.

[lycte N ABJIAETCHA

r,=r Nr, =¥ /2/

KOJIMYECTBOM OIIOD, IIOJYYEeHHHX IIPOU3BEIeHHWEeM H3 m , B IOaHHOM

caydyae HIOEHTHUYHBIX MHOXUTEeNe# r, = r . ApPrymMesHtTsl j U k

i

VIOBJIETBOPAKT OINUCHBAKMUM ypaBHeHuaAM 2.1 U 2.2 .

rme

j
u

m(r)-1 m(r)-1
j = I 40 (), k= E kvpv(r) f2.1/2/
u=0 V=0

p HYyJieBO€ IIDH r DpaBHO 1 WM HYJb, MEHbIIE MJIM DaBHO
MaKCHMYyM DPaBHOE r = =1 COOTBETCTBEHHO 3TO U IUVIA k .
Y
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IInd MHXEHEDHBX [NPUMEHEHUH ouv(r) rnojydaeTrca B ofmeM Kak

SKCINOHEeHIHaJsibHaa QyHKLIHUA.

2 /2.3/
Oz(r) =21 o g = HaV

[lon 3THMH yCJIOBUAMH OBICTpPOE MNpeobpa3oBaHue Pypbe MOXHO H306pa-—
XaTh KakK MHOTI'OMepHoe QyHKIHUOHaJbHOE Ipeofpa3oBaHUEe.

L 21i v
KGgsenwsdp ) =2 0o T Alkg,en ke T expSE ki)
m 0 m-1 N %
(k) (km_]) V=0

/3]

KomuuecTBOo T BHINOJHAEMBEIX OINEPALMWH OJIA pacueTa OpHUruHajja X IpU-
BEIEH B YDPABHEHUH H.1.

= - = 13,1f
T Amr A 2nN Ve

KonmyvuyecTBO olepauud ABJAETCA UHTEPECHBIM IJIA MOCJIEIOBATEbHBX
PEXUMOB OOPABbOTKH NOTOMY, YTO OHO IOJIXHO OHTH MHHHUMAJIEHBEIM.
OuyeBumHO N U r onpenenAawT 3HaueHue T. Tak kKak N onpenesed
BHEMHUMH YCJIOBUAMH, MHUHUMHIAUW T MOXHO OCYymWECTBHTB TOJBKO C
nomome 6as3uca r.

nr - 1

—%ET(N,r) =) AN ——— =0 /3.2/
(¢nr)?

H
Il
o)

Tak Kak r MOXET GHTE TOJIBKO LIEJIOE MOJIOXUTENBHOE UMCIIO, TMYyCTh
TPUHUMAETIS r = 2. ZTO ABJAETCHA K OCHOBON MOCJEIOOBAaTENbHHX
UMOPOBEIX BHIUUCJMTENBHEIX cHcTeM. M Tak okas3hnBaeTcsa, YTO GuCTpoe
npeobpazoBaHue dyphe NpenHa3HaueHO OJ1A DEmeHuA Ha LUbpOBHIX
9BM.
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Teneps PacCMOTDHM BO3MOXHOCTH NapauleU3aluHu’ GHCTPOro
npeobpa3oBaHus ®ypbe. CHauana NPOU3BOOUTCA MNpEeBpaumeHue BhICTPO-
ro npeo6paszoBaHus ®ypbe, M306DPAKEHHOI'O Kak MHOTOMEpHOe (YHKIMO-

HaJipbHOe TnpeobpazoBaHue. [IpeBpameHHe 3IecCh KacaeTcA NpousBerne-—
HUA DKCIIOHEHUUAJIBHBIX DYHKLHUH.

. . =-V=-1
271 . Y 2mi B ; u+v)
expiy 1 k, r) exP(T ky, uio IVE /3.3/
2mi w-l . U4V . e #*
exp( kT ir )=1VJ, ") e r
Vv L=m-v U H

C noMompK 3TOIO NpEeBpaneHua U30bpaxeHue NepeBOIUTCA IOoCJIenoBa-
TEeJIbHOXM 3aMeHOM Ha m YPOBHAX B OPUI'HHAJ.

2+1, .. .
A(Jo"”’JQ,’km—Q,-Z’°”’k0) = /4/
g 2 i n=g=i b
_ kZ ) A(Jo"’"J,Q-]’km—ﬂ,-—l’""ko)exP(T km—Q,-lr E Jur )
=1 u=o

OTOT NepeBOl MOXHO HarJAagHO O6BACHHUTH C MOMOIIBK DPHCYHKa 1.

JO’..-’JQ—I
2 —
7
/‘-r_(v/
S OCTaTOK IJIA DpeuneHuda p ( N)
= r
k ' ~ / 2 >
m-2-1 g - ;
] R(r,N) = I p,(r,N) = (N-1) —
ST =1
¥ e

Puc. 1l.: HzobOpaxeHHEe ocTaTKa IOJIA pPEumeHuA NpU MNOCJISINOBATEJIBHOM
rnepeBole.
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[locie nepeBona M300DaXEHUWA C YPOBHA & Ha YPOBEHBb 2+1 ,
OCTAaEeTCA HEeKOTODHH OCTATOK IJIA pemeHUus o(r,N). s

[lapannenuzainua OHCTPOrO npeobpaszoBaHua dypbe COCTOUT B
MpPEeNOoCTaBJIEHUHU cJlaraeMelXx U3 ypaBHeHua /4/. C napannenuzauuent
CBfA3aHH OBa TpeboBaHUA.

1. KomnuectBo T /N, r/ BHIIOJNHAEMHX OIEDPALMUA HOOJIKHO OHITH
MaJIbIM .

2. llepeBon u306paXeHUsA B ODPUTHHAJ IOJIXEH OCymEeCTBIJIATECA,
10 BOBMOXHOCTH, TOJIBKO Ha HEMHOI'MX YPOBHEHHAX.

[lockoneKy N, KakK NDPUHUMAJIOCH, ONPENEesIAeTCSA BHEMHUMHU yCJIO-
BUAMH, 6a3uc 4uces FHCTPOro mnpeobpasoBaHua dypbe HNOJIKEH BbI-
[IOJIHUTE TpeCOBaHUA BapHaluu r. 06a TpeboOBaHUSA HAXOLATCH B
NIPOTUBOPEYUH IOPYI K IOPYyr'y, KaK BHUIHO M3 DHCYHKa 2.

e e
Puc. 2.: Hz3obpaxeHue dyHKLHUH T(r,N) H  K(r,N) :

OnpeneseHyue ONTHUMaJIbLHOI'O r TIIPOM3BOIOUTCA YEpe3 MHHHUMYM
I[IDOU3BEIEHUA KOJIMUECTBA BHIIIOJIHAEMBIX OINEepalldiéi U KOJIUUECTBA
YDOBHEH DEmEeHUA OTHOCHTENBHO r.

2
— — r —
F(r,N) = T(r,N)K(r,N) = No r-I)Qnr ~ No = ANln N
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YacTHQE NPOM3BOIOHOE F(r,N) Ha r HOCTUraeT MUHHUMYM NpH
r = 4,4,

3 r((r—Z)an - (r-1))
w= F(r,N) = N_ =0
(r-1)%(2_r)?

r = 4,4
OTa KapTHHa IpelCcTaBJiIeHa Ha DHUC 3.
() FixN)
| 0
4,54
607
S.Om
= EQN)
410" IrD" F(’YIN)
AN e e —

nr
Puc. 3.: Uzobpaxenue GyHKLUHU F(rJU/No U dyHKIMM KauyecTBa n(r)

DYyHKUMA KauyecTBa YKa3hBaeT, B KaKOi Mepe C yBEJIMUYEeHHEM
ba3uca OCyumecCTBJASTCA COKpaumeHHWEe BDPEMEHU BHITOJIHEHUA.

Puc. 3 eme paz HarJaAOHO NOKAa3HBaET, YTO MapaJulesi3alusa
[IOCJIENOBATENBHOIO aJil'OpUTMa — B HOAaHHOM cJiyyae aJIropuTMa 6hicT-
poro npeob6pazoBaiua dypbe - MNOBHAET KOJIMYECTBO BBIYHCJIIHTEJDHBIX
onepalui, a Takxe OTKDPHBaeT BO3MOXHOCTE OIHOBPEMEHHO BHIIOJHATE
6oJipmoe KOJMYEeCTBO omepauui. TakuM o6pa3oM, B KOHEUYHOM UTOre
eme IroJiyyaeTcda yBeJIMYeHHEe IIPONYyCKHOH CIIOCOOHOCTH.

[lycThr OJNA peasii3alluy NapalilIeJIM3UPOBAHHOI'O OBICTPOro npeob-—
pas3oBaHua dypbe CIYXUT MyJIbTUIPOLIECCOPHAA CUCTEeMa Turna Master-—
Slave". BuifopoM r = 4 onpemenseTcsa KOJUYECTBO “Slave" - npo-

LIECCOPOB, paBHoe 4.
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BrurcieHUEe caraemblx MDPDOHCXOIOUT MNapaJiuyiellbHO aBTOHOMHBIMU
[Ipoleccopamu 1?o rno P3 . B Hauane BruMcleHUA "Master" - IIpo-
IIeccop P mnepenaeT BCEM IIpolleccopaM uepe3 ofumyw HWUHY B HU306-
paxeHue ypOBHA MPEICTaBJIAKmMEECA YaCTUYHO MOOUOMLIMPOBaAHHEIM H3006-
PaxXeHUueM, KOTOpPOE IOJIXKHO OBITh MNOCJEeNOBAaTEJIbHO MepeBeIeHO B
opuruHan X. Kaximomy "Slave" - MpOLECCOpPY CJleAyeT HUHIEKC
= 0,1,2,5. Kaxnoeii "Slave" - [IpOLECCODP IIDPOU3BOIOUT YaCTHUUYHYK
aKTyaluM3alyi [IepenaHHoro M300paxeHud.

[locsie BEIYMCIIEHUMA cJaraemelx "Slave" - OpolueccopaMH
"Master" - MNPOLIECCODP OCYHECTBJIAET UX CJIOXKEHHE M 3aMEeHAET B
CYMMe I[O3HULUHI0 Yepes j‘Q . Takum obpa3oM nojyyaeTcsa H3o0Opaxe-
HUE ypOBHA 2+1 , KOTOpO€e IO MNPUBEIEHHOMY aJICOPUTMY IIOCJe-
IOBATENbHO MEPEBOAOUTCA B OpurHMHan X. [lepeBol 3akKOHUYEH, Korna
[IOCJIEIHUH QapPI'yYMEHT akKTyaJIu3upoBaH. [locsie 3TOr'o OpUI'MHaJ 3a-
[IMCHBAETCA B [JIaBHYKW naMATb. HoBaA mapa 3HaAUYEHWH BBOIUTCA HU
B "Master" - IIDOLIECCOD.

1/0 MM

Puc. 4.: MHoromnpolueccopHas CHCTeMa IOJA BBEUHUCIEHUA MNapajiieJM3u-
poBaHHOTro BrcTporo mnpeotpazoBaHuAa dypee.

B cnenymoumem olcyxiaeTCsa BONPOC BHIOOpa ONTUMAJBHOI'O KOJIU-
YyecTBa MPOLECCOPOB B MYJIBTHIIDOLECCOPHON ciceTeMe nisa of pabioTwi
napajyieIi3uPOBAHHEIX IOoCJIeOBaTeJIbHEX TMPpOI'paMMm.
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[lycTs UMeeTcdA IocienoBaTesibHasg NporpamMma R, pasJjiaraemas
B TIDOUZBOJIBHOE MHOXECTBO IPOIDPAMMHBIX OTDE3KOB.
j P
9

R W L S 1<j<p

OTpe30oK P mporpaMmsl COCTOMT M3 MHOXECTBa OIEepaTOpOB.

BB w0 s e B e T2 RS

5 j

J

[log omepaTopoM 3IOeCch MOHHUMAETCHA COIIOCTABUTEJE B dopme apudme-
TUYECKON KOMAaHIH.

e wirdg 35 243
£ { Ay Ju+i 2}

Onepatop BEITIOJIAHETCA, INPHMEHAA MHOXEeCTBO J-f'i rnepBu4d-
HBIX BXOJIHBIX INE€PDEMEHHEIX, MHOXECTBO j9u+i NIPOMEXYTOYHEIX IIEepe-
MEHHBIX /KaK B3JIEMEeHTHE MHOXEeCTBa pe3yJIpTaTOB COCEIHHMX OonepaTo-
POB BHYTDH jP / H MHOXECTB R*J @ Pe3yJyibTaTOB COCeIOHHUuX

OTPE3KOB MNPOrDaMM.

[ToE0OUHBIMM VCJIOBUAMM SABJIANTCH:

1. Kak pasauyHple ONEepAaTOpPH BHYTPH OTpE3Ka IporpaMm JP s TaK

M cOoCellHMe OTPe3KH IIPOoI'PaMMEl 1JP BHYTDH P, UMET 06-
e EBXOIHHIE IIEDEMEHHEIE.

5 &

J 3 e J

N ,].i 0 N U ',1)+ @

1=] j=1 \i=l

2. Pe3ynbTaThl COCEIHUX OTPE3IKOB MNPOrpaMMEl JP MOTYyT OBITH
%]
BXOIOHBIMH TNEPpeMEHHBIMKM OTDe3Ka +JP nporpamMmel .
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[IpyHAB BO BHUMaHWE 3apaHee OI'OBOPEHHBIE YCJIOBUA, NDPOHW3BOJB-
HO cellapupyemada INpor'paMMa TOYHO TOr'Za NapaJiyieJIM3upyeTcda, €CJIH
BEITIOJIHAKTCA CJieOyruue YCJIIOBHUA:

1. IIpoMexyTOUYHBIE II€PEMEHHBIE IEHWCTBUTEJIbBHE TOJIBKO IJIA NPUKDPEeNn-
JIEHHOI'O K HHM OTDpe3Ka IpoI'pbaMMel, T.€. HMeeTCAd aBTOHOMHA.

K :

e J. 3 g

N : 2, i

j=1\1i=1

2. [IpOMEXYTOUHBIE IIEPEMEHHEIE OTDPE3KAa INPOrPaAMMEl J HE TOXIECT-
BEHHE C MHOXECTBOM IIE€PEMEHHEIX ITPOI'DEMMEI R |

5. PesynpTaThl OTPE3KOB HPOI'DAMM IEHCTBUTEJIBHBE IJIA CBOMX OT-—
PE3KOB NporpaMM M He ABJANTCA TOXIECTBEHHBMH. Ramamorthy

Ha 2THUX NpennocChlyikax OCHOBHIBAETCA TOXE aJI'OPHTM MapaJyesr3a-—
UK .

Ha cuMnmozuyme "Euromicro" - 1976 r. Kober /Siemens - A6/
B MHTEDPECHOM HOoKJiane /2/ MpemcTaBWJl OTHOCHTEJBHYKW OLEHKY Bpe-
MEHH MOCJIeOOBATEJIBHOM M MNapaJuyiesibHOM 06pabOoTKM nporpaMmel. Ha
OCHOBE 3TOM OLIEHKH B CleOynmeM XOUYeTCA Iokas3aTbk, uTo nua MIIC
CYymWECTBYET ONTHMAaJIbHOE, T.e. He 50DeKTHUBHO pacuupAeMoe KOJH-
YEeCTBO NPOLECCOPOB nJA 06paGOTKH NapayIeM3UPOBAHHEIX [OCIENO-
BaTEJIbHLX [IpOrDaMM.

[lycte, cnenysa Kobepy, BpeMA nocineioBaTeNIbHOH 06paboTku
PO PAMMEI Tseq 3allaeTCA KaK INPOM3BEIeHUEe KOJIMYecTBa 4Yac -
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THYHBIX NMporpaMM p Ha cpenHee BpeMma 006paGOTKH T,, WA On-
HOM YaCTHUYHOM TIPOI'DaMMsl,

U BpeMA MnapauieJIbHOH o06pabOoTKH NpOIr'pPaMMbI Tpar. B TIPUBENEHHOM
dopwme :

Tpar . " uTCM Tav

rue U = KOJHUYEeCTBO mnpoueccopoB B MIIC
a = CPeIHAA CTeNeHb 3arpy3KH OOHOI'O MpOolleccopa B
aBTOHOMHOH daze
T = IJIMTENBbHOCTE (as3bl ynpaBJIeHUs /NpencTaBlIeHue
ynpaBngomux uHbdopMauui/
T - BpemMa o6MeHa HaHHEIMH IJIA ONHOI'O IDOLECCOPA.

[IPOLIECCOPOB MNOTEHUUWAJIbHO BJIMUAET Ha YMEHbIIEHWE BpeMeHUu obpaboT-
KH nporpamMM, HO B TO X€ BpeMA U NoBbmaeTca HMHa ¢asb obmeHa

B BrlpaxeHuH A Tpar XapakTepHO, 4YTO pacTymee 4YHUCIIO

JaHHBIMH CHCTEMEI,.

A HarJagHoOr'o NOsACHEHHWA OTHOMEHUH NyCTh NpuHUMaerca MIIC,

Y KOTOpOH

U = 3 Ipolueccopa.
B aToit cucreme nomxkHa obpabaTeBaThCA IIPOrpDaAMMa cocToA-
masa U3

p = 9 OTPE30K IpOorpaMmM.

OInXMH OTPEe30K MpOorpaMMsel B CPEIHEM COCTOHT U3 355 anrebpau-
YEeCKHMX onepalui ¥ 3 cTaHmapTHeX GyHkuuit. JnuHa caoBa - 24 6u-
Ta. Onepauud OCymWEeCTBJAKNTCA B apudMeTHKe C [JjaBawmed 3andToH.
[IpononmxuTenbHOCTE $a3 ynpaBJieHHWA OOMeHa IOaHHBIMH MpejrnoJaraeT-
ca B 10 Mcek. CreneHb 3arpys3kd OIHOrO mpoueccopa - 80%,

Tav = 250 Mc.

OTHOmEHUE R Mexnay Tpar U Tseq BEIDAXAET YyMeHeblue-

HHUEe BpeMeHH o6paCoTKH IporpaMMm IpH IapajiieIM3alliy IocJenoBa-
TEJIbHOM IPOT'DaMMEH .
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T

Ha ocHoBaHuu npeobyanaHuda 3L“(L42 Han S * 4541073

T Pa 0 Tay

CM =2
151 1,4°10 k = p/yu

kT ’ <
o R OENCTBUTEJNBHO cienyoumee NDPUOIIUXEeHKE :
v ] e,
R mam » " Txc

B 3TOM NpUOIHMXEHUU OyA R Jajiee YUYUTHBAETCH MNONOJIHMTEeJIbHAd 3aBU-
CUMOCTB CTEIIEHHM 3arDPY3KU o OT KOJUYECTBa IIpOlLEeCcCOopoB. EcrecT-
BEHHO OXHUIAETCA, UYTO NPH YBEJHWUYEHUH KOJIMUECTEA IIpOLEeCcCOpOB Ha
OCHOBAHWUHU CHUTyalru KOHDIUKTOB HJIM COCTOAHHUII O¥ilZlaHUsA B CHUCTE-
Me yOhBaeT CTEeNeHb 3arpy3KM o . HO 3TO NpUBENET K yBeJIuue-
HUID OT R , UTO KaAUEeCTBEHHO MpPeICcTaBJIEHO Ha DPpHUC. 5.

HasBaHHEIE COCTOSAHUA OXHMIAHHUA MOTYT CHITh OEYCJIOBJIEHE CHUC—
TEMHBIMM WJIM NOPOTDPAMMHEIMU IIDPHUYMHAMU, BBI3BAHHEIMM, HalIpUMED, He-
NnoOXonAmed napaJjiyiend3alue nporpammel. be3 orpaHuuyeHua ofumeler-
CTBUTEJIBPHOCTH B CJIeIylmyuM OpennojaraeTca, 4YTO IporpamMma R
6blJla. ONTUMAJIBHO pa3desyieHa Ha IporpaMMHble OTPe3KH. OTKIOHEHHA
OT 3TOI'O IMNOATBEPXIANT CJIeNyWKIHE BLHCKA3LHIBAHUA.

a(u) $

Puc. 5.: 3aBHUCUMOCTB IIPOUIBOLOUTENBHOCTHU MNDCLUSCCrRON 0T 201Werc

KOJHYeCTRES: TROLESOCI2DAE B SHESTEME.
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C npennosiaraeMoii CTENeHbd 3rPY3KM a YXe Old u =2 Mo-
Jly4aeTcsa 3HAUMTEJbHOE YMEHblIeHHEe BpeMeHH o6paGoTKH MporpaMM.
O9Ta uepTa 3aTEepAETCA NpH JajlbHeHmeM yBeJuYeHuu y . Ina g
MeHBWe yu, - TOe 1 ABJIASTCA KDUTHYECKUM KOJIMYECTBOM MNPO-—
IIECCOPOB - CTENEeHb 3arpy3Kd CYMECTBYET He3aBHCHMO OT O. 3aBU-
CHMOCTBH IJiIa W OoJyibme W CTAHOBUTCA HAJUYHEIM 3a CYET o .

Obobmasa, xom a(uy) HUMEeT clenymmue NPUYUHEL:

- o6pa3oBaHUe ouyepelnd BO BpeMa OOCJIIyXHMBAHUA DPECYDPCOB;

- KOHEeuYHas NpOINyCKHaa CHNOCOOHOCTE KaHAaJIOB;

- BO3MOXHOE IOfABJIEHHE aBapuil B YIDPAaBJIEHMH, NPUBOOAMKUX K OJIOKHU-
POBKE BCEHW CHCTEMH,

- I'eTEeporeHHoe pacrnpenejieHie NPHUOPUTETOB.

3akKJoueHue

[leHsl Ha MMKPONPOIIECCODPH Ha MHDOBOM DHHKE CHHUXaoTCcA. B
JaHHOM HOOKJIaIe XOTEJIOCh INoKa3aTh, YTO HEeCMOTpA Ha 3TO HeT
CMBICJI& NPEBBHINATE KPUTHYECKOE KOJIMYEeCTBO YyCTAHOBJIEHHBIX MHKDPO-
[IDOLIECCOPOB B MYJIETUIIPDOLIECCOPHOH CHCTEME.

[IpUYUHaMU OJIA 3TOI'O ABJIAKNTCA:

— CHCTEMHBIE OI'DAHHUUEHHSHA

- T.€. CIOCOBHOCTE OpraHU3alWM ONEepPalUOHHOW CHCTEMH NPpAMO 3a-
BHUCHUT OT KOJIMUeCTBa OPI'aHU3YEeMblX DpeCypCOB, KOTODEHE Heusbex-
HO IOJDKHBEI OBITE B COCTOAHUU OXUIOAHUA, €CJIKM OHHU MNpelCTaBJANT
cob0Of CBEpPXKPUTHUECKOE KOJIMUECTBO.

- aJITOPUTMHUYECKHE HJIM INPOI'DAaMMHEIE OI'DAHHYEHHA

HUMEeTCcA BBUINY, 4YTO 30OeKTUBHOCTE 0OOpabOTKU 3aBHUCHUT OT BO3-
MOXHOCTEH CTEeIleHHU IapallyIeJIM3alluu.

Ofmana TEeOopUA Ha3BAHHLIX OUPAHUUYEHUH eme He CymecTBYeT.
[lonxomel K TaKOW TEOPHUHU BO3HHUKAKT CKODEEe BCEero U3 MNEepBOro OFpa-
HUYEHHA, 4YeM U3 BTOpPOro, KoTopoe Oosiee riobasibHoOE. Kpome aTux
NNPEOTIOJIOXEHUN TOXE Ha OCHOBAHWM HAIOEXHOCTH CyHmEeCTBYKT COMHEe-
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HUA B OOJIBIIOM KOJIMYECTBE YCTAHOBJEHHHX MPOLIECCOPOB B MYJIBTHU-
[IPOLIECCOPHOM cUCTeMe. 3OeCh HUMEeeTCs BBUIY, YTO He INPUHUMAaA
ocobhle CTPYKTYDHBIE MEDONDPUATHA, HAIEXHOCTH YMEHBHAETCH I[PH yBe-
JIMYEHUHU KoJIMuYecTBa 060pyIOBaHMA.

KOHKpEeTHEIE BEICKA3bIBAHUA O BOPOCE KOJMUYECTBEHHOM ONTHMHU3a-—
IIMH MHOTOIIPOLIECCOPHLX CHUCTEM MOTYT OBITH TOJIBKO DE3YJIBTATOM
B3aHUMOLENCTBUA TEOPETUUYECKUX U BKCIEDUMEHTAJIBbHEIX HCCJIENOBAHUM,
UYTO CYMECTBEHHO 3aBHCHT OT CTENEeHH 3DEeJIOCTH NPOMBILJIEHHOCTH
H3TOTOBJIEHUSA HMHTErDaJIbHEIX CXEeM. 3IecCh XOTEeJIOCh TOJIBKO IIOKa3aTh
H HATrJIAOHO IMOACHHTH 3TOT BOIIPOC.

[lenp HacTOAmWEr'o NOKJgOa COCTOANIA B TOM, 4TOCB YKa3aThb Ha
OaHHyYKO npobseMy M HarjaagHo oOpucoBaTh ee.
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AN0PO OIEPALIMOHHOM CHUCTEME B MYJBTHUMUKPO-
[TPOLIECCOPHOM CHCTEME

XpoTtko T'abop

BynaneuT

BeezeHue

OTIMYUTENIBHEIMY YepTaMd MyJIbTUIPOUECCOPHBIX cucTteMm /MIIC/

ABJIANTCA CJlleoyrmue :

- comepxaT IBa M 60Jyipme MNPOLECCOPOB CO CPaBHUMOM MNPOU3BO-
OUTENIBHOCTHI;

- NIPOLIECCOPH COBMECTHUMO HCIIOJNBIYIT ONEpPaTHUBHYKH MaMATh,
KaHaJlbl U BHEmHHWE YyCTPONCTBA;

- MIIC ympaBnseTcA ofuei onepalMoHHoOM cucTemon /0C/, obec-
NIeynuBad B3aMMOIEHCTBHE IIPOLIECCOPOB M HX IMpPOrpaMM Ha
YPOBHE 3aIaHuA, wWara 3alaHUA U IPOLECCODPOB.

Ina MIIC, NMOCTDOEHHBEIX Ha MHUKPOIpOlLiecCcopaX, OTHOCHUTEJIBHO BHICOKAaA
CTOUMMOCTE BHEWHUX YCTPOHCTB IO CPaABHEHUH CO CTOMMOCTEBN IIpOoLEec-
COpPOB TpebyeT

- ofecnevyeHWaA BO3MOXHOCTH NapaJjlylelbHOM paboThH OOHOBPEMEH-
HO BCEX BHENMHHMX YCTDPOWMCTB.

9to TpefoBaHUE MOXHO YIOBJIETBOPHUTB IIOCTPOEHHEM aABTOHOMHOI'O Ka-
Haja /MyJbTUINIEKCHOI'O UJIM CEeJIEKTOPHOro/ IJNA KaxIOr'o BHEMHEero
YCTPOHCTEA.

OcHOBHBIMU 3anadvamMu grapa OC B MIIC /puc. 1/ ABJIAeTCA opra-

HU3alusa B3aUMOINEHMCTBHA MPOLECCOPOB M DaclpeleliIieHue DECypCcOB
MexXIy HUMH. fOpO ABJIAETCA Y3KHM MECTOM, T.K., OyOyuyd LEeHTpaJb-
HEIM DECYypCOM CHCTEMbl, €ro ycayramMu IOJbB3YOTCA BCE OCTaJIbHEIe
PECYpPCH. 3TO MNPUBOOUT K HEeOOXOOHUMOCTHU CBECTH Hb MHHHMyMa Te€
dyHKUUKH, KOTOpPHIE COCDENOTOYEHH B sAIOpE.
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CTPpYKTYpa NpPOLECCOB

[lon mpolueccoM MNOHHMaeM I0CJeNOBaTEeJbHOCTh HNEeHCTBUH DU
BHIITOJIHEHUH KOMaHII HEKOTOPOH MporpaMMsl MM nonnporpammel /dop-
MaJIbHOE OIlpelesieHue Mnpoluecca cMoTpu B 1 /. [Ipy pemeHuMu sanma-
HUH nosb3oBaTenelr B MIIC npouecchH 06pa3ylT OPEeBOBUIOHYKW CTPYKTY-
py /puc. 2/.

i L

P2 £3 Pe P3 2

Po i &} P4 PS

a/ 6/

Puc. 2. CTpykTypa MNpPOLECCOB 3alaHHA.

B Tako@ CTDYKTYDPE BO3MOXHH IBa BHIA CBA3EHW Mexny Ipoluec-—
caMy:
a/ cTapuui - Miuammui, 6/ napasienbHbH.

Ina cBaA3W "crapuui - Miaamuui" /Hanp., P3 u P6 Ha puc. 2.a/

XapakTepHO, YTO CTapmMii Ipoluecc, CO3haB wiagumuii, 6JIOKUpYyeTCH
IO OKOHYaHMA HOeucTBUA Miuagmero. [0 3TOH NPUUYUHE TOJBKO HHUXHHE,
cBOGOIHNE BETBH /IpoLecCH/ OepeBa MOTYT GHTh aKTHUBHEMU, T.€.
BHIITOJIHATBCA Ha LIEHTPAJIBHEIX WJIM KaHaJIbHBIX Npolieccopax.
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Mnanmye npoLeccOpsl, MCXondAmue OT obuero crapuwero, Ha3bBa-
0TCA NapaJuiesibHeIMM. M3 HUX OIOHM CcO3maeTcda cTapuHM, a OCTallb-
Hble TE€HEDPUDPYKT IOpyr IOpyra. llapajiesibHele MPOLECCH IEeHCTBYWT
HEe3aBUCHUMO Opyr OT IOpyra, KpoMe ciiydad CHHXPOHHI3allhH. Hanpu-

MEp, Ha DPUC. 2.a CHHXpOHM3aluusa mexny P4 u P5 o03HauaeTr, 4TO
npouecc P4 6rnokupyeTcA mepen koMaHmo# "x" , noka npouecc P5
HE BHIOJIHUJA KoMmaHmy "y" '

[lTocTpoeHUe OepeBa IOUHAMHUECKU MEHAETCA, IMOCKOJIbKY B Xone
BHIIIOJIHEHUA HEKOTODPHE MNPOLIECCH 3aKaHYMUBaAWTCA, a Apyr'ue co3nawT-
cAd /cpaBHU pUC. 2.4 U 2.6, NOKas3wBawmue IBa [OCJEeNOBaTeJlbHEX
MOMEHTaA B XW3HMU IOAHHOrO 3amaHusa/. B MIC B KaxIOuil MOMEHT BpeMe-
HM TNDUCYTCTBYET CTOJIBKO TaKHMX IPEBOBUIHBIX CTPYKTYD, CKOJBKO
3allaHui MOJIB30BaTeyied 06pabaTeBaeTCsad B CHUCTEME.

CocTosAHUE INIPOLIECCOB

B KpyI DpecypcOB CHCTEMBl, KpoMme dusuueckux /mpoueccop,
naMfaTh, BHEMHWE YCTpOMCTBa/, BKJOYAEM M NpOTrpaMMHbIE DECYDCH,
T.e. oOmemoCTyIHLHE IOANPOr'PaMMel, HamnpuMmep, monyiad OC. [lonp3oBa-
Tenayd TOXe HMEKT NpaBO Cco3naTh obmenOoCTYIMHBE NOANPOIDPaMMEH.

Mes B BUIYy BHHEONHCAHHOE OOCTOATEJIECTBO, IOJA IIPOLECCOB
OnpenesyM TDPH B3arMMOHCKJIKNUYAKIKUX COCTOAHUA: aKTUBHOE, TOTOBOE
v 6lokupoBaHHOEe. [IpolecCc aKTUBHHIA , €CJM BHIIOJHAETCA Ha [po-
Leccope /UEeHTpaJbHOM MM KaHalpHOM/. I'OTOBHEIH IPOLECC XIET OCBO-
boxaoeHuAa HYXHOro duanuyeckKoro pecypca. [Ipouecc HaxXOoOUTCA B
6JIOKUPDOBAHHOM COCTOSIHMM B CJIENyKNHMMX CJaydYadX: a/ UMeeT OIMH
WM HECKOJIBKO MJaImMX, 6/ XOueT CO3IaTh MIAIuWi HUJIK Napasesb-
HEIM MpOLIECC, HO TOT 3aHAT, B/ XIET CHHXPOHU3ALUK OT Mapajliesb-
HOr'o mpolecca.

Moctpoenue aAnpa /puc. 1/

CBA3b MEeXIy aKTHBHBIMM IIpOLEeccaMd W AOpoM obecrneuyuBaeTcs
yepes TPaOULMOHHYK CUCTEMYy INpEepsBaHUi. YHCIO BO3IMOXHEIX MNDEDPH-
BaHWil 6oJsibmOe, HO MpolUenypo¥ "IekogupoBaHWe MNpepbiBaHui'" OHH
CBOIATCA K IMATH OCHOBHHIM 3amnpocam /A-II/, kKoTopsle ofpabaTHBanT-



gl & S

CA COOTBETCTBYHHNHMH IIpOLeldypaMH Allpa:

A - HAUYATEH [IPOLIECC - mpouecc Pl xoueT co3paThk npduecc P2, koTo-
peii 6ymeT Miammui /MI/ WM napasiyiesbHbIM
JIL/ .

B - BAKOHYUTE IMPOLECC - npouecc P2 3akaHuYuBaeTCA, HEOOXOIOUMO
VHUUTOXUTE €I'0 B3aUMOCBA3U C IODYIMMHU IIPO-—
HeccaMd ¥4 OCBOGOIOUTHE €I'0 DECYDPCH.

B - HAYATE BB - npouecc Pl xoueT HauyaTh BBOJI—BHIBOI Ha BHEUWHEM
ycTpoHcTBe Y.

I' - 3AKOHUUTEL BB - mporecc P2 xoueT 3aKOHUUTH BBOI-BHBOI Ha
BHEmHEM yCTpoHcTBe Y.

I - CUHXPOHUSUPOBATH - npouecc Pl xXoueT NpOU3BOIOWUTH OlEepalluio

"npoBepuTs cemadop" - omnepauusa [ /C/ uawm
omnepauun "yBEJMUYUTH 3HauYeHUe cemadopa' -
onepauua I /C/. 3TOT 3anpoC MOXET IOJY-—
YUTH AaMNMapaTHY DPeajii3alui U B 3TOM CJIy-
yae He BXOIMT B AOpo. B TO xe BﬁeMﬂ MOXHO
npencTaBuTh cebe 6oyiee CJOXHblE QYHKLHHU
CUHXDPOHHMBAIMH, KOTOpele TpelbywT nporpam-
MHYKO DpeaJjii3alyi B Anpe [2] .

B manpHedmeM COCpPeInOTOYMM BHHUMaHUWEe Ha npouenypax A-I'.
[lpouenyps "3amnpeT BXoma B Anpo", "s3anoMHuHaHUE COCTOAHUA MNPED-
BaHHOro mpouecca", "ImekomupoBaHHE MNpephBaHuA", "paspemeHue
Bxonma" M "mepepmaua ynpaBJieHHA" DeasIM3ynTCA B COOTBETCTBUU C
Bo3MOoxHOCTAMM HmaHHoM MIIC. Ilponenypa "pacnpenejieHHe CBOGOIHBIX
NpoLeccoB" COONEPXUT BHIOOD H3 CHOHCKAa IpPOLEeCCOB, I'OTOBHX 3aHATH
Npoueccop, M aJrOPUTMHYECKH He oTauyaeTca OT npouenyps '"SAKOH-
YUTH ITPOLIECC".

CTPYKTypa IOaHHBX Alpa

JIlaHHBIE, OMNHCHBAKMHE MPOLECCH M DPEecypch O6pa3ywT TDU CIIHUC-
Ka: CHUCOK dusnueckux pecypcoB /C®/, CIUCOK NPOTrPAMMHEIX DPeCyp-
coB /CIl/ u cnucok mnpoueccoB /CP/. C® u CIl ABIAKTCA JHHEHAHBIMU
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CIIUCKaMM, CO3JanTCA U 3IalOJIHAKWTCA IPM '€HEPUPOBaHUU Cynepsuag—
pa. Cnucok CIl ABJNAETCA LIEHHBIM CIIMCKOM M 3anojsHdgercsa OC /ampom/
B XOIe DpeumeHusa 3alaHul NoJsb30oBartened. Huxe nokazaHOo comepxaHue
OOHOI'O BJIEMEHTA M3 KaxXIOr'O CIIMCKAa.

C® - cnHcoK (QU3HYECKHUX DEeCyDCOB

1l - uMa /tun/ pecypca /<I>i/

2 - KMMA Ipolecca, 3aHUMapmero o1
pecypc /Pj/ - T ;

3 - yKasaTeJb Ha CIHCOK B I'OTO- A I
BHIX mnpoueccax /CI'/ CIDi// ;

4 - zamok pecypca /3/<I>i// o, :_1_2_ 24 5 -
5 - uucyio cBOBOOHEX DPECYDPCOB o 1o o o o |
Tuna @ . | !

CIl - CHHCOK MPOTrDaMMHEIX DECYDCOB

1 - uma mMonmynsa /I]i/ I I

2 - HMA @mpouecca, 06pa3oBaHHOTO m . _ _ !
U3 OAHHOT'O MOIYJA /Pj/ ez ! :
T T e = 1

3 - yKasaTeJIb Ha CIIMCOK O6JIOKHUDO- b

BaHHBIX IIDOLIECCOB /CB/I‘Ii// 2 B e '

L4 - wxmou mMomysnsA /K/Hi// I, 1 2 34 % i
YUCJIO MPOLIECCOB, 06pa3oBaH- .

O
I

HBIX W3 OAaHHOTI'O MOOYyJiA Hi
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CIl - cnHMCOK IpoLEecCOB

1 - uMa npouecca /Pi/ o e VR B o

I
2 - uma momyna us CII 7t NS e § WV iy
3 - UMA CTapuero /Pi/CTA’ B gl ot 5oty
n

- UMA MIaOWero /Pi/MHﬂ o I
unu umA pecypca /P, /®// .

5 - yKasaTejb Ha NapaulelibHbH .
npoLecc P. ;12345678

6 - ykasarens B cnucke CI' uiu . 1
CB /roToBHM WM GJIOKMDOBaHHEIM/ -

7 - KJoY mpouecca /K/Pi# :
8 - omnucaHWe mnpouecca: MPHODPHUTET, . i
aIlpec, WMA 3aIaHWA, IPOr'PaM- ¢ (-0 ol
MHEII CUETYHK

SAMEYAHUSA :

1/ Ecnu snemeHT crnucka C® onmuMcheHBAET HECKOJIBKO OIJWHAaKOBHEIX pe-
CYPCOB, TO AYEHKa 2 HNaHHOI'O 3JIEMEHT&a He HCIIOJIb3YyeTCHA.

2/ Ecim sneMeHT cnucka CIl CIMCHBAET MOINYJBE, W3 KOTODPOI'O MOXHO
cosnaThk He OnuH, a 6oJsbme NpPOLEeCCOB, TO AYEeHKa 2 HaHHOI'O
3JIEMEHTa HE€ HCIOJIb3YETCA.

3/ BnemeHT cnucka CIl HaspBaeTca OOKYMEHTOM mnpouecca. JOKYMEHT
3alloJIHAEeTCA TIPU CO3IaHUM INpollecca U CTUPaeTCA IIPH ero OKOH-
YaHUHU.

H3obpaxeHne B3aUMOCBA3EH B CIHCKaX

Crucok CP oTpaxaeT B3aMMOCBA3HM /CTapmui-MiIamuMi, napaj-
JIeNIBHEI/ ¥ COCTOSHME /aKTHUBHBIM, TOTOBHM, OJOKHPOB&HHHH/ MpPO-—
umeccoB cucrtemsl. Ha puc. 3 mokasadH CP U B HEM H306paxeH NpUMep
B3aMMOCBA3U NpPOLECCOB C PUCYHKa 2.a . Ha puc. 4 mokasaHn cnuc-
ki C®, CIl u CP u m3ob6paxeH:H B3aUMOCBA3HM MEXAy MDPOLEeCcCaMd H
pecypcaMy /OU3MYECKUMH U IIPOI'DAMMHBIMM/ .
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HAYATE ITPOILECC SAKOHUWITEH TTPOII.
~ [MI
PI ’ P(: ’ {ClT} “ P2
Bxon, Bxoxn
COBIATH P2 gééggﬁégﬁ
SHJWITH
P2/CT/,CL/Ip
CBA3ATH - N
3 Ha I HeT
PI , P25l oquenb
Ia

BHEPATH
PI, CB/P2/

IN t

CBA3ATDH BEJIOYUTH BEJIOUITH YIAJIVTH
Pl Pe. T P2,PI/IL/ PI,CE/P2/ Me
BuxOx 58
Pnc.5 Dok cxema asroputmoB HAYATD TPOLECC = SAROHTITD

[P 2I72CC
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.HAYATH BB | . BAKOHWTE BB

PI,0 | ®,P1

Bxom ; Bxom,

10U -
HO,HD(g,DMT
18

e OUMBKA

X
CBABATD BKJINIITE
d,PI PI,CT/3/

t

BEIBPATH

PI,CT/3/

L ¥

[IyCK @ OlIBKA

I P4 |

Buxon

Puc. 6. Diuor-cxema mpouemyp HAYATH BB n 3AKUHUITL BB
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Bilok-cxeMa HEKOTOPHIX Npouenyp Anpa

Ha puc. 5 u 6. nokasaHs YETHPE aJIrOPUTMA ANpa:
HAYATH TPOLIECC, 3AKOHUYHUTH [MPOLIECC, HAYATH BB,_BAKOHQHTB BB.
O6BACHEHUA HEKOTODHIX BHpAXeHHWH /MaKpokoMaHm/ :

CO3IATHL - cosnmaTh OOKYMEHT IJIA yKa3aHHOI'O mpolecca.

YIAJIUTE - ynmanuTh OOKYMEHT YKa3aHHOI'0O mnpoluecca.

CBA3ATH - OTMETUTH yKasaHHyo cBaA3b /MI, CT, Il uau &/ Mexny
IOBYMA IpolieccaMd /mpolLEecCOM U pecypcoMm/ B HOKYMEHTE
IepBOr'o0 IpOoOLEecca.

PA3BSSATE - B3aMMOCBA3b MEXIy IpolLeccamd /MNpoLeccoM U pecyp-

coM/ cTepeTk B JOKyMeHTe O60ouX.
BKJIOUATh - BKJIOYUMTH MpoUecC B yKasaHHH# cnucok /CI', CB uim
napaJiiesibHeH/ .

UCKIIOUUTE - HMCKJIOUYUTH IMpPOLEeCC U3 YKa3aHHOI'O CIIMCKAa.

BEIEPATH - BHIOpPaTh CJEOYIOMUA NpPOLEeCC M3 YKas3aHHOI'o CNHCKa.

OIIMBEKA - co3maThk MpOLEecC aHaliu3a OMUOKH.

BBIBO 1B

1/ OnucanHoe anpo OC peajusyeT

- CJIOXHEIE B3aHMMOCBA3UW MExXIy IIDOLIECCaMH,

- CHHXDPOHM3AIHI MEXIY MapaJiieJIbHBIMU [TPOLEeCCaMu,

- IMHaAMHYEeCcKoe pacrnpenesieHue OU3UUEeCcKHX DECYpPCOB, Ocyume-
CTBJIAA "B3aMMHOE HCKJHOUeHHe " B COCTA3aHUM IIPOLECCOB 3a
pPecypCHI.

2/ CrnucKoBag CTDYKTYDa IaHHBX fAIOpa C IIPDHMEHEHHUEM acCOIUAaTHBHO-
'O METOoIla OpraHM3aluUu [aMATH TO3BOJAET OCymecTBUTh 3ddeKTun-
HBIE TIOHWCK TpebyeMblX IOaHHBIX.

3/ Tlpouenypsl AOpa COCTOAT W3 HEOOJNBHMOIO YUCJIA IMPOCTHX MaKpOKO-
MaHI MAHUITYJIAUMH CIUCKAMHM. OTO KauyecTBO HNaeT OCHOBAHHE IJiA
MHKDOIIPOI'PAMMHOH DeaJi3alyy npouenyp.
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CASSETTE MEMEORY FOR DATA STORAGE CONTROLLED BY MICROPROCESSOR

J. MOUDRY
L. JAKUZ

Institute of Physics, Czechoslovak Academy of Sciences

Prague, Czechoslovakia

SUMMARY

The use of the microprocessor (MP) Intel 8080 as a control
element for a cassette memory (CM) unit type PK-1l, is described
in the paper. The MP controls all the mechanical functions of

the CM unit as well as the input and the output of data.

1. THE PURPOSE OF THE DEVICE

Devices using magnetic media as means of data storage have

become more and more common in recent years. They have some
better properties than paper tape (PT) devices, e.g. possibility
of repetitive storage, higher speed and capacity, more reliable
and less noisy work and they need less intervention by an opera-
tor'during their work. On the other hand, because of a constant
speed, the magnetic media need the data to be transferred syn-
chronously while the data to be stored may be generated asynchro-
nously. That is why we have decided to build up an interface
enabling the storing/reading of digital information in/form a
magnetic cassette in an asynchronous mode of work. The interface
will enable the CM to be connected directly to any device normaly
working with a PT reader type FS 1500 (ZPA, Czechoslovakia) or a
PT puncher type PE 1500 (Facit, Sweden).
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2. TECHNICAL DATA OF THE ELEMENTS

The CM unit type PK-1 (Meramat, Poland) is used as a cassette
tape drive. The electronics for motor drive control and for
writing and reading data are part of the unit. All the control
and data signals are in TTL levels. The dual gap (read-after-
-write) head enables the written data to be checked during writ-
ing.
-Control signals to the PK-1l:
SELECT (motors powered)
FORWARD
REVERSE
FAST (search tape speed)
REWIND
WRITE
READ
-Control signals from PK-1:
READY (cassette in, motors running)
EOT (end of tape)
WRITE ENABLE
SIDE A/B (not used in our case)

The recording meets the ECMA-34/1S0-3407 standards. It is phase
encoded and there are two tracks on the tape. The information
is divided into blocks, 32-2048 bits each. The nominal interblock

gap is 20 mm.

The Intel 8080 MP operates on 8 bit words with an average instruc-
tion time of 8 us approximately. 1024 words PROM and 768 words
RAM are used of possible 64000 words memory.

The program for controlling the MP is stored in PROM, while RAM

is used for variables and as a cassette buffer (2blocks).

The data is transferred from/to a cassette via an Intel 8251
Communication Interface working in synchronous mode. The external
data go through an Intel 8255 Peripheral Interface. The other
signals go via Intel 8212 I/O Ports.
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3. SPECIAL ELECTRONICS

Phase encoding is a synchronous recording method, in which
"zeros" and "ones" are defined by opposite flux transitions.
An additional flux transition must be placed between two iden-
tical bits, to establish the proper coding.

The serial data of 8251 are level coded. So, special circuits
must be built up between the 8251 and the read/write head to
convert the serial data of the 8251 to phase encoded mode or

vice versa.

The EOT signal from the CM unit is a pulse (10 ms) approximately
50 cm before the end of the tape. For the sake of simplicity of
the program, this signal is only checked for at the end of a
block, i.e. each 1 s. Instead of EOT an EOTMEM latch signal is
used by the MP. The EOTMEM is set by the trailing edge of the
EOT and is cleared on reading by the MP.

If the information read is not in order (e.g. due to impurities
on the tape), it is desirable to return the tape and to read or

- in a case of recording - to write the block once more. This

is made possible by the checking of an EOB (end of block) signal.
The EOB will be generated after not finding at least 3 bits of
serial information on some 2 mm of the tape (the tape is erased
in the interblock gaps), and it will be cleared on wmading it by
the MP,

4. DRIVE CONTROL

Almost all the functions of the CM unit (all the same CM being
on-line or off-line) are controlled by the MP. Switching on/off
and loading/unloading the cassette has to be carried out manu-
ally.

After the device has been switched on, a program waiting for

the loading of the cassette is run in the MP. Once this
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is done the MP begins to control all the activity of the device.
UnlqQading the cassette is only possible when the motors have

been switched off, which would happen if no command comes within
9 8.

The MP accepts the external commands (CM on-line) "read" (read
a word) or "write" (write a word). Other commands are generated

by an operator’s intervention. He handles the following elements:

MANUAL /EXTERNAL switch

WRITE TM push-button

FIND FILE push-button

FILE NO XX two decades selector

The role of the MANUAL/EXTERNAL switch is to control which com-
mands will be accepted by an MP. At the same time, the EXTERNAL

position blocks the unloading of the cassette.

The other control elements enable required data on the tape to
be found.

The capacity of one side of the cassette is approximately

250000 words and it will generallv be composed of more than

one file of information. The files are supposed to be numbered
from 1 to 99. They are separated one from the other by a special
block, called a tape mark (TM).

When using a CM instead of a PT device we note that the device
to which the CM is connected is not intended to have the ability
to close theinformation file by a TM; the WRITE TM push-button

allows us to do it manually.

When reading data from a PT, it is assumed that the punched

tape is so loaded that the data to be read is what is required.
The beginning of a proper file on a cassette is set up by pushing
the FIND FILE push-button after setting a proper file number by
the FILE NO XX selector. Then the MP reads the XX value and
starts moving the tape fast in the corresponding direction. The

TM-s are counted during the motion, and the motion is stopped
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at the proper information file.

Finding the file during the fast motion of a tape is not a
simple task. The speed of the tape varies in range 1 to 15 when
accelerating from normal to fast speed and the phase decoding
electronics of a CM unit will notwork well. The normal method

of data decoding would not be reliable enough and we have decided
to try another method of TM detection which seems to be more

promising.

The fact is that the number of flux transitions of phase encoded
records is smaller at a TM than at any other block. So, when
looking for a TM, only the number of flux transitions need be
counted in the interval of 1 - 4 ms. If this number is equal to
zero, the read head is just in the interblock gap; then the num-
ber of all the actual transitions previously detected corresponds
to the previously read block. If this number is equal to the
number of transitions in a TM block record, then the last block
detected had to be TI. |

We note that the TM detection time interval must be smaller than
half of the interblock time at the maximum speed of tape. Then
it would be possible to detect no flux transitions during the
interblock reading at least once. At the same time, the TM
detection time must be greater than one bit time at a normal
speed, so as to find some actual transitions during the block

reading.

During operation the MP checks for a proper timing of all the
signals and for legality of commands. This is a necessity to
some extent, but also more reliable operation of a CM device may
be ensured in this way. If an error occurs, the tape motion is
stopped and the error code is shown on a simple display. After
correcting the error or fault source, the CM device may resume
its work.
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