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A. C. bviuxos

IIporpaMmMupoBaHue CUCTEM PeaIbHOI0 BPEMEHH : aHIJIO-
PYCCKHI, PpYyCCKO-aHTJIMMCKHI  CJIOBapbh-CIIPaBOYHUK /  COCT.
B. H. Kuszes = Programming of real-time systems : English-Russian,
Russian-English reference dictionary / compiler V. N. Knyazev. —
[lensa : U3n-so III'Y, 2024. — 28 c.

Copep:xarcs cioBa, TEPMHUHBI, TOHATHUSA, OMpeieNieHuss U abOpeBHATyphl IO
nucturuHe «[IporpaMMupoBaHrde CUCTEM PEATIbHOTO BPEMEHH» C MX TOJIKOBAaHHUEM
U [IEPEBOJIOM Ha aHTJIMMCKHI S3bIK, a TaKXKe 0OpaTHBIM MEPEBOJOM HA PYCCKUMN SI3BIK.
TepMuHBI IPUBEJICHBI B OPSAJIKE UX M3YUYEHUS B TAHHOW AUCIUIUIMHE.

W3nanue moarorosiieHo Ha kKadeape «MaTemaTudeckoe o0ecrieueHrne U mpumMe-
nenne OBM»y I1I'Y u npennasHavueHo a1 00ydaromuXcs M0 HAMPaBJICHUIO TTOITOTOB-
ki 09.03.04 «IIporpammHuas uHxeHepus». Kpome Toro, npeacraBieHHbIE MaTepUAIIbI
MOTYT MPUMEHSTHCS U TIPU OCBOCHUU JIPYTHX JUCIMIUIMH OOyYaIOIIMMHUCS 0 HAIpaB-
nerusiM noarotoBku 09.03.02 «MudopmanmonHsie cucteMbl U TexHoiorun», 09.04.04
«IIporpammuas urxenepus», 09.04.02 «MadopmanmoHHbIe CUCTEMBI U TEXHOJIOTHI.

The dictionary contains words, terms, concepts, definitions and abbreviations in
the discipline «Programming real-time systems» with their interpretation and
translation into English, as well as a reverse translation of the above from English into
Russian.

The main purpose of this dictionary is to provide the opportunity to work with
English-language literature and technical documentation for undergraduate students in
the direction of 09.03.04 «Software Engineering» while studying the discipline
«Programming of real-time systems». The terms are given in the order of their study in
this discipline. In addition, the dictionary can be used in the study of other disciplines
by students of the bachelor's degree 09.03.04 «Software Engineering», 09.03.02
«Information systems and Technologies», master's degree courses 09.04.04 «Software
Engineering», 09.04.02 «Information systems and Technologies».

The dictionary can also be used in the implementation of teaching foreign
undergraduate students 09.03.04 «Software Engineering» and 09.03.02 «Information
Systems and Technologies» using an intermediary language.
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BBEJIEHUE

B pamkax HaOmogaeMoro WHTEHCHUBHOTO PAa3BUTHUS  HAy4YHO-
TEXHUYECKOTO IMporpecca HYKHO 3aMETUTh HEOOXOAMMOCTh 3HAHUS aH-
TTIMACKUX TEXHUYECKUX TEPMHHOB B 00JIACTH MPOTPAMMHON HHXKEHEPUU
U MHQOPMAIIMOHHBIX CHCTEM M TEXHOJOTHH, B YACTHOCTH B 0O0JacTH IIpo-
I'paMMHPOBAHUS CHUCTEM PEaIbHOTO BPEMEHH, JUJIS CTYJCHTOB, aCIHPAHTOB,
IperoiaBaTeNie U HayYHBIX paOOTHUKOB IPH MOATOTOBKE HAYYHBIX CTaTel
U fokianoB. [loMHUMO 3TOro, CyIeCTBEHHOE 3HAUCHHE HMMEEeT TOT (axTop,
YTO JUIsi WHOCTPAHHBIX CTYACHTOB TMPU TPETNOJaBaHUM TEXHUYECKHUX
JTUCIUTIIINH JIOJDKHA TIPUMEHSATHCS] TEPMUHOJIOTHS M Ha aHTIMHACKOM, W Ha
PYCCKOM SI3BIKE.

OTOT cnoBaph OblI pa3paboTtaH Ha Kadeape «Maremarnueckoe obdecrie-
yeHue U nnpuMeHenne 9BM» [IeH3eHCKOro rocyJapCTBEHHOTO YHUBEPCUTETA.

INTRODUCTION

Within the framework of the observed intensive development of
scientific and technological progress, it is necessary to note the need for
knowledge of English technical terms in the field of software engineering and
information systems and technologies, in particular in the field of
programming real-time systems, for students, graduate students, teachers and
researchers in the preparation of scientific articles and reports. In addition, the
fact that terminology in both English and Russian should be used for foreign
students when teaching technical disciplines is of significant importance.

This educational dictionary was developed at the Department
of «Mathematical Support and Computer Application» of Penza State
University.



1. PYCCKO-AHTJIMHUCKUM CJIOBAPH

1.1. [TlousaTHe 0 cucTeMax peaJIbHOTO0 BpeMeHHU

Cucrema P€aJdbHOI0 BPpEMECHHU

Cucrema peaibHOTO BpeMEHHU (BBIYMCIUTENbHAS CUCTEMa, padoTaroas
B pEXHME peaJbHOTO MaciiTada BpEMEHH) — 3TO cHcTema (ammapaTHo-
IPOrpaMMHBII KOMILUIEKC), B KOTOPOM Ha BpeMsl peakliMK Ha 3alpoc HaJIO0XKe-
Hbl OTPAHMYCHHUS U3BHE W KOTOpas (QYHKIMOHHUPYET B TEMIIC, COU3MEPHUMOM
CO CKOPOCTBIO IIPOTCKAHKA BHCIMHUX ITPOLCCCOB.

A real-time system

A real-time system (a computing system operating in real-time mode) is
a system (hardware and software complex) in which restrictions are imposed
on the response time to a request from the outside and which operates at a
pace commensurate with the speed of external processes.

CucTeMbl MSIITKOT0 PeaibHOT0 BpeMeHH

HuanoroBeie W WHPOPMAIIMOHHBIE CHUCTEMBI PEATbHOTO BPEMEHH
(cucTeMBbl MSTKOTO PeajibHOI0 BPEMEHH) padOTaloT Ha JOCTATOYHO OOJIbIIOE
KOJIMYECTBO aOOHEHTOB (MOJIb30BATEIICH), 3alPOCHl OT KOTOPBIX IMOCTYHAIOT
B Cﬂy‘{aﬁHBIe MOMCHTEI BpECMCHHU H O6CHY)KI/IBaIOTC$I, KakK IIpaBHJIO, OJHUM
U TEM K€ HabOpOM MPOTrpaMm.

Soft real -time systems

Real-time dialog and information systems (soft real -time systems)
work for a fairly large number of subscribers (users), whose requests are
received at random times and are served, as a rule, by the same set of
programs.

CucreMbl KeCTKOIo P€aJbHOI0 BPpEMECHHU

K YIpaBAOIWUM BbIYUCIIUTCIIBHBIM CHUCTCMAM (CI/ICTeMaM KECTKOT'O
peaIbHOTO BPEMEHM) OTHOCSITCS CHCTEMbl YIpaBleHUsS (PU3MUYECKUMHU (TeX-
HI/I‘IGCKI/IMI/I) O6’b€KTaMI/I, B TOM YHCJIC TCXHOJOIMYCCKUMHU IIpOoHCCCaMu H
HAaY4YHBIM OKCIICPUMCHTOM. B »tux cucremax IPCBBINICHUC KPHUTHUYCCKOTO
BPpECMCHHU pPCAKIHMHU HC AOIIYCKACTCA, IIOCKOJBKY MOXKCT IIPUBCCTHU K aBapHﬁ-
HBIM CUTYalHsIM.

Hard real-time systems

Control computing systems (hard real-time systems) include control
systems for physical (technical) objects, including technological processes
and scientific experiments. In these systems, exceeding the critical reaction
time is not allowed, as it can lead to emergency situations.
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1.2. leTepMUHUPOBAHHbIE MYJIbTHUIIPOLLECCOPHBIE
BBIYHC/INTE/IbHbIE CUCTEMBI }KeCTKOIro peaJibHOro BpeMeHHU

J:[eTepMI/IHI/IPOBaHHbIe MYJbTHIIPOUHECCOPHBIC BbIYUC/IUTEC/IbHLIC
CHUCTEMBI KECTKOI'0 P€AJIBHOI0 BPpEMECHHA

praBHeHI/Ie ACTCPMUHHUPOBAHHBIMHU MMPOLCCCAMU HWJIIM UX ACTCPMHHU-
POBAHHBIMH Y4YaCTKaMKU MOJKCT IIPOBOJAHUTLCA C ITIOMOIIBIO OCO6OFO BUaa Cu-
CTEM PCAIbHOTO BPEMCHH — ACTCPMUHHUPOBAHHLIX MYJIBTUIIPOLECCCOPHBIX BbI-
UYHUCIUTCIbHBIX CUCTCM KCCTKOI'O PCaJIbHOI'O BPpCMCHHU. OcHoBHOM OCJIbIO IIpHU
INPUMCHCHHUHU TAKOIro poga CHCTCM PCAJIbHOI'O BPCMCHHU ABJISICTCA COCTABJIC-
HHUC paClIMCaHMs, YKa3bIBAIOIICI'O, KOr'lda U KaKOMY KOMIIOHCHTY IIpOrpamMm-
HOTO oOecredYeHUs JOJDKHBI BBIACIATHCS PECYPChl CUCTEMBI PEalbHOTO Bpe-
MCHH IIpH BBIIIOJIHCHUH KOHerTHOfI IIporpaMmabl Pp€aJIbHOT'O BpEMCHU.

Deterministic multiprocessor hard real-time computing systems

The control of deterministic processes or their deterministic sections
can be carried out using a special type of real-time systems — deterministic
multiprocessor computing systems of hard real time. The main purpose of
using this kind of real-time systems is to create a schedule indicating when
and to which software component real-time system resources should be
allocated when executing a specific real-time program.

TouHbIE METOAbI NIJIAHUPOBAHUSA

B ocHOBe TOYHBIX MCTOAOB INIAHUPOBAHUA JICKUT IIPHUHIMUII ITOJIHOI'O
nepebopa. CokpalieHue BapuaHTOB TMepedopa JOCTUTACTCS pa3eieHUEM
CJIO)KHOM KOMOWMHATOPHOM 3amauud Ha psAj 00Jiee MPOCTHIX, PEATH3yEeMBbIX
HE3aBUCUMO, HO oe3 MOTCPN OINTUMAJIBHOTO PCIHICHUA. HpI/I IMOCTPOCHUN
ONITUMAJBbHBIX pacnncaHHﬁ MOI'yT HCIIOJB30BATLCA, HAIIPpUMCEP, MCTOAbI
AUHAMHUYCCKOI'O IIpOorpaMmMHupOBaHu:A, MCTOAbI LCIOYHUCIICHHOI'O JIMHEWHOTO
nporpaMMHpOBaHusd, B 4aCTHOCTHU METOA BETBEU U I'paHul 1 HCKOTOPLIC PY-
I'nme ME€TOABbI.

Precise planning methods

Accurate planning methods are based on the principle of a complete
search. The reduction of iteration options is achieved by dividing a complex
combinatorial problem into a number of simpler ones that can be solved
independently, but without losing the optimal solution. When building
optimal schedules, for example, dynamic programming methods, integer
linear programming methods, in particular the branch and boundary method,
and some other methods can be used.



3Bpncn1qec1me METOAbI IIJIAHHPOBAHUA

B ocHoBe O9BPUCTUYCCKUX MCTOAOB INNIAHHPOBAHMA JICKAT PA3JIMYHBIC
HHTYUTUBHO-PAIUOHAJIBHBLIC IIpAaBUJId U JUCHUIIIMHBI IINIAHUPOBAHUA, KOTO-
pble B CpEIHEM [al0T PELICHHUs, JOCTATOYHO OJIM3KHE K ONTHUMAJbHBIM.
B »Tnx MCTOJAaX MCIIOJNB3YIOTCA PpPas3JIM4YHBIC IIpaBUIa HA3HAYCHHUA IIPHUO-
PHUTCTOB, HpI/I6J'II/I}K6HHBIC OLCHKH XApPAaKTCPUCTUK INIAHHUPYCEMbBIX pa60T,
BBCACHHC IIOIIAI'OBOI'0 IIPUMHIOMUIIA IUIAHUPOBAHHA, OI'PAHHUYCHUC 4YHCJIIa
aHaJIM3UPYEMBIX pabOT Ha Kaxjaom mare u T.4. K saBpuctudyeckum Metoam
INIaHUPOBAHUA OTHOCATCA, HAIIPUMCEP, 3BPUCTUUCCKHUEC MCTO/Abl COCTABJICHUS
CIIMCOYHBIX PACIIMCAHUU, IBPUCTUUECKUN airopuTM [1IBapia u 1p.

Heuristic planning methods

Heuristic planning methods are based on various intuitively rational
rules and disciplines of planning, which on average give solutions that are
quite close to optimal. These methods use various rules for assigning
priorities, approximate estimates of the characteristics of planned works, the
introduction of a step-by-step planning principle, limiting the number of
analyzed works at each step, etc.

Heuristic planning methods include, for example, heuristic methods for
drawing up scheduled schedules, the Schwartz heuristic algorithm, and others.

1.3. OCHOBHbI€e TPEe6GOBAHUA K A3bIKY IPOrpaMMHUPOBAHUA
peasibHOTO BpeMeHH

HapexHnoctn

Haﬂe)KHOCTB sA3blKa — ME€pPa CTCIICHU AaBTOMATHUYCCKOI'O O6Hap}/)KeHI/I$I
OIMMOOK, KOTOPO€ MOXKET OCYIIECTBISITECA JUOO0 KOMIUISATOPOM, JIHOO
CUCTEMOM, MOAAEPKUBAIOLIEH BBIIOJHEHUE OTKOMIIWJIMPOBAHHOW IIPO-
I'paMMBI.

Reliability

The reliability of a language is a measure of the degree of automatic
error detection that can be performed either by a compiler or by a system that
supports the execution of a compiled program.

Tunuzanus 1aHHBIX

S3BIK IPOrPAMMHUPOBAHUS PEATIBHOTO BPEMEHHU JOJKEH UMETh YETKYIO,
CTPOTYIO CUCTEMY THIIOB JIaHHBIX, YTOOBI MOXKHO ObLIO A(DPEKTUBHO OOHA-
PYXUTh OIIMOKU, TMPOSIBIAIONIMECS BO BpEeMsI MaHHUMYJSIIUNA C JTaHHBIMH,
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da TAaKKE€ OJHO3HAYHO CHCL[I/I(I)I/ILII/IpOBaTB HpGI[l'IOJ'IaFaCMHﬁ BUO HUCIIOJIbB30BaA-
HUS JAaHHBIX.

Data typing

A real-time programming language should have a clear, strict data type
system, so that errors that occur during data manipulation can be effectively
detected, and also so that the intended use of data can be unambiguously
specified.

I'nbkocTh

S3bIK AOJLKCH IIPCAOCTABIIATE ITPOTPAMMUCTY JOCTATOYHOC KOJIUYCCTBO
Pa3IMYHBIX BO3MOXKHOCTEH JJISI BBIpAXKEHUsI OTepaliuii, KOTOpble TpeOyrTCs
B IIpOrpammMme, He 3acTaBJisis €ro npuoderaTtb K BCTaBKaM acceMOJIEpHOro Koja
HJIKX PA3JIMYHBIM HCKYCCTBCHHBIM IIPHUCMaAM, 0COOEHHO B TEX ClIy4aiax, Korga
Tpedyercs paboTa ¢ HIMPOKUM CIEKTPOM HECTAHIAPTHOTO MNepudepuirtHoro
000pyI0BaHUS B PEKUME PEaTbHOTO BPEMEHH.

Flexibility

The language should provide the programmer with a sufficient number
of different possibilities to express the operations that are required in the
program, without forcing him to resort to inserts of assembly code or various
artificial techniques, especially in cases where it is necessary to work with a
wide range of non-standard peripheral equipment in real time.

IIpocrora

[IpoctoTa si3pika yMEHbBIIAET 3aTpaThl Ha OOy4Y€HHE MPOTrPaMMHUCTOB
N BCPOATHOCTb COBCPHICHUA IIPOTrpaMMHUCTCKHUX OIJ_II/I60K, BO3HHUKAKOIINX
B pe3ysbTaTe HEMPABUILHON MHTEPIPETALNN CTICIIUPUKAIIUHN S3bIKA.

Simplicity

The simplicity of the language reduces the cost of training programmers
and the likelihood of making programming mistakes resulting from
misinterpretation of language specifications.

P PeKTUBHOCTH

CucreMsbl PC€aJIbHOI0 BPCMCHH JOJI?KHBI o0ecrieuynBaTh BBICOKYIO BBI-
YUCIHUTCIIbHYIO IMPOIMYCKHYIO CHOCO6HOCTB, YyTOOBI HE HapymiuThb OrpaHHUYcC-
HI/Iﬁ, HaJlIaraCMbIX YIIPABJISICMbBIM HJIM BHCIIHHUM O60pyI[OBaHI/IeM.

Effectiveness

Real-time systems must provide high computational throughput in order
not to violate the limitations imposed by managed or external equipment.



MoOHIBHOCTH

SI3bIK, HE 3aBHCHUMBIM OT ammapaTHOW MIaT(GOPMBI, 1aeT BO3MOKHOCTh
OTHOCUTENIBHO JIETKO MEPEHOCUTh MPOrpaMMHOE oOOecIieueHrne ¢ OJHOW cH-
CTEMBI Ha IPYTYIO.

Mobility

The language, independent of the hardware platform, makes it relatively
easy to transfer software from one system to another.

Oo0pabdoTka omIndoK

N3 TpeboBaHUil BBICOKON HAJIC)KHOCTH M HEMPEPBHIBHOTO (PYHKIIMOHH-
poBaHusA CUCTEM PCAJIBLHOTO BPEMCHHU CICAYCT, YTO A3BIK ITPOIpaMMHUPOBAHUA
pe€ajlbHOro BpEMCHH AOJIZKCH oOecrieuynBaTh MEXAHU3MBI p€aKiunu Ha yCIIOBUSA
BO3HHUKHOBEHUS OIINOOK U ImporpaMMHpOBaHUC I[GﬁCTBI/IfI 10 BOCCTAHOBIJIC-
HHIO TIOCJIC OIMMOOK.

Error handling

From the requirements of high reliability and continuous operation of
real-time systems, it follows that the real-time programming language should
provide mechanisms for responding to error conditions and programming
actions to recover from errors.

MyabTHIIpOrpaMMHpOBaHue (MHOT03a1a4YHOCTD)

ITockonbKy CHUCTEMBI pEAIBHOIO BPEMEHH, 110 CYILIECTBY, MMapAJUIECIIbHbI
10 CBOEH NpUpoaC U OIIMCBIBAIOTCA KAK MHOKCCTBO OAHOBPCMCHHO BBIIIOJI-
HACMBIX 3aJad, A3bIK IIPOrpaMMHUpPOBAHHA PCAJIbHOI'O BPCMCHH OdOJIKCH
IpcaoCTaBJIATb BO3MOKHOCTH AJISA MYJIbTHIIPOIPaAMMHPOBAHMA.

Multi-programming (multitasking)

Since real-time systems are essentially parallel in nature and are
described as a multitude of simultaneous tasks, a real-time programming
language should provide opportunities for multi-programming.

1.4. MeToAbI NPOrpaMMHUPOBAHMS pea/IbHOTO BpEMEeHH

Cpena nporpaMmmMupoBaHus

Cpena pa3paOOTKu MPUKIAJTHOTO MPOTPAMMHOTO 00ECIIEUYCHUSI CUCTEM
pEaTbHOTO BPEMEHU MOXKET BapbUPOBATHCS OT KPOCC-CUCTEM pa3padOTKH JIs
OJTHOKPUCTAIbHBIX MUKpOKOHTposuiepoB 10 CASE-cuctem u cuctem paspa-
OOTKHM OTIEPallMOHHBIX CUCTEM PEATTBHOT'O BPEMEHHU.



Programming environment

The real-time application software development environment can range
from cross-development systems for single-chip microcontrollers to CASE
systems and real-time operating system development systems.

CTpykTypa nporpaMmsl peajibHOr0 BpeMeHHU

[IpyHUKMNIHATIBHONW OCOOEHHOCTBIO MPOTPaMM PEATILHOIO BPEMEHU SIB-
JEICTCA ITOCTOSAHHAA I'OTOBHOCTb MU OTCYTCTBHUC YCJIOBI/Iﬁ HOpMAJILHOI'O, a4 HC
aBapuHOTO 3aBepileHus. Eciiu nporpamma He UCIIOJHSETCS U HEe 00padaThl-
BacT JAaHHBIC, OHA OCTACTCA B PCIKUMC OXUIAHUS IIPCPbIBAHUA, COOBITUS WIN
HCTCUCHHA HCKOTOPOI'O MHTCPBAJlda BpDCMCHHU.

The structure of the real-time program

A fundamental feature of real-time programs is their constant readiness
and the absence of conditions for normal, rather than emergency termination.
If the program is not executed and does not process data, it remains in the
interrupt, event, or expiration mode for a certain time interval.

O0padoTKa npepbIBAHUN U UCKJIIOYCHUN

[TosmyuynB curHan npepsIBaHUS, MPOLIECCOP MPUOCTAHABIMBAECT HCIIOJ-
HCHHUC TCKYHICTO ITPOHCCCa, COXPAHACT B CTCKC €TI0 KOHTCKCT, CUUTBIBACT U3
TaONHIIBI aipec MPOrpaMMbl OOPabOTKHU TIPEPHIBAHMS U TEpeaeT el ynpas-
sgeHue. MckaroueHnusiMHu SIBIISIFOTCS HEIITaTHBIC CUTyalnuu, Korjaa mpounecccop
HC MOJKCT IMPABUJIbHO BBIIIOJJHHUTH KOMAHIY, HAIIPUMCDP ACJICHUC HAa HOJb WU
oOpallleHHe TI0 HECYIIECTBYIOIIEMY aJIpecy.

Handling interrupts and exceptions

Upon receiving an interrupt signal, the processor suspends the execution
of the current process, stores its context on the stack, reads the address of the
interrupt processing program from the table and transfers control to it.
Exceptions are called abnormal situations when the processor cannot execute
a command correctly. An example of an exception is division by zero or
addressing a non-existent address.

IIporpamMupoBaHue onepanuu 0KUIAAHUSA

[Iponecc peanbHOro BPEMEHH MOXET SIBHBIM O0pa3oM >KJlaTh HCTEYe-
HUS HEKOTOPOTO MHTEpBajia (OTHOCUTEJIBHOE BpEMsl) WM HACTYIUICHHS 3a-
JTAHHOT'O MOMEHTa (a0COIIOTHOE BpeMsi).

Programming of waiting operations

A real-time process can explicitly wait for the expiration of a certain
interval (relative time) or the onset of a given moment (absolute time).
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BHyTpeHHMe NOANPOrpaMMBbl ONIEPALMOHHON CUCTEMbI

TUNUYHOM CHUTyalMenl MpU NOPOTrPaAMMHUPOBAHUU CHUCTEM PEATBHOIO
BpEMCHHU ABJIICTCA HCIIOCPCACTBCHHOC O6paHI€HI/I€ K IoarporpamMmmam
OﬂepaHI/IOHHOﬁ CUCTCMBI H3-3@a TOIro, 4YTO B HCIIOJIB3YCMOM A3BIKC
IIpOrpaMMHUPOBAHUS OTCYTCTBYET DKBHUBAJIEHTHOE CPEICTBO.

Internal operating system routines

A typical situation in real-time programming is to directly access the
operating system routines due to the fact that there is no equivalent tool in the
programming language used.

IIpuopuTeTsI NPOLECCOB U MPOU3BOAUTEIbHOCTH CUCTEMbI

OHepaI_II/IOHHaSI CUCTEMa PpCAJIbHOI0O BpPEMCHH OOJDKHA OOIIYCKATb
HAa3HAYCHUC IIPHUOPHUTCTOB HCIHOJHACMBIM IIPOLCCCAM. OObBIYHO IMPHUOPUTETHI
SABJIAIOTCI TUHAMMHWYCCKUMMU. OTO O3HAYACT, YTO BO BpEMsA HCIIOJIHCHHA OHHU
MOTYT U3MCHATBLCS KaK CaMHMMHU IIPOLECCaMU, TaK U OHepaHHOHHOﬁ CHUCTEMOM.

Process priorities and system performance

A real-time operating system should allow prioritization of executable
processes. Priorities are usually dynamic, which means that they can be
changed by both the processes themselves and the operating system during
execution.

TecTupoBaHue U OTJIAJAKA

IIpu TectupoBaHUM INPOrpaMM pPEaNbHOTO BPEMEHU CYIIECTBYET I0-
[NOJIHUTEIIbHAA CJIOXHOCTH HN3-34 6OJ'IBHIOFO KOJIMYECTBA BO3MOJKHBIX CBSI3EH
MCIXKIY 3aJadaMHu. ToapKkO moOCJIE TOrO KakK Bce MOAYJIHW IIPOBCPCHEI II0
OTJIENTbHOCTU U BCE OOHApY’>KEHHbIE OIMIMOKH HCIPABIEHBI, MOKHO MPUCTY-
IIaTh K IIapaJUICJIbHOMY HCIIOJIHCHHUIO JJIA OTJIaKU BSaHMOHeﬁCTBHH.

Testing and debugging

When testing real-time programs, there is additional complexity due to
the large number of possible relationships between tasks. Only after all
modules are checked individually and all detected errors are fixed, you can
start parallel execution to debug the interaction.

1.5. OnepayOHHbIE CUCTEMBI pea/IbHOI0 BpeMeHH

OnepanuoHHbIEe CHCTEMBI PeajIbHOT0 BpEMEHHU

OrnepallnOHHON CUCTEMOW pealbHOTO BPEMEHM HA3bIBAETCA TaKas OIlle-
palMoHHasl CUCTEeMa, KOTOpasi MOXKET ObITh WCIOIb30BaHA JIJISi MTOCTPOCHUS
CUCTEM KECTKOT0 PeaIbHOTO BPEMEHHU.
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Real-time operating systems
A real-time operating system is an operating system that can be used to
build hard real-time systems.

1.6. CucTteMbl peajibHOI'O BpeMeHH Ha 6a3e
OJHOKPHMCTaJIbHbIX MUKPOKOHTPOJLJIEPOB

OaHOKpUCTAIBbHbIE MUKPOKOHTPOJLJIEPbI

OnHokpUCTAIbHBIE (OJHOKOPIYCHBIE) MUKPOKOHTPOJUIEPHI TPECTaB-
JSI0T cOOO0M YCTpPOMCTBA, KOHCTPYKTHBHO BBIIIOJIHEHHBIE B BUJE OOIBIION
I/IHTerpaJIBHOfI CXEMbI U BKIIFOUAKOIIIHUEC B ce0s BCe COCTaBHBIE YaCTHU MHUKPO-
OBM: Mukponpoueccop, naMaTh MPOrpamMM U NMaMATh JAHHBIX, a TAKXKE MPO-
rpaMMUpyeMble HHTEpEHCHBIE CXEMBI VISl CBSI3M C BHEITHEHN cpenoit. OaHo-
KPUCTaJIbHbIE MHUKPOKOHTPOJUIEPBI SIBJISIIOTCA  YCTPOMCTBAMHU  PEAIBHOTO
BpEMEHHU.

Single-chip microcontrollers

Single-chip (single-body) microcontrollers are devices structurally
made in the form of an large integrated circuit and include all the components
of a microcomputer: a microprocessor, program memory and data memory, as
well as programmable interface circuits for communication with the external
environment. Single-chip microcontrollers are real-time devices.

IIporpamMmupoBaHue cHCTEM PpeajJbHOI0 BpeMeHM Ha 0a3se
OHOKPHCTAJIBHBIX MUKPOKOHTPOJLJIEPOB

ApXI/ITeKTypa OJHOKPUCTAJIbHBIX MHKPOKOHTPOJUICPOB HE ITO3BOJIACT
o0ecreunTh pa3paboTKy COOCTBEHHBIX MPHUKIIAIHBIX MPOrpaMM, MOCKOIbKY
MUKPOKOHTPOJUIEPHI MPEICTABISIOT COOOM HE CUCTEMBbI OOIIEro Ha3HAYEHUSI,
a CICHHUAIM3HUPOBAHHBIC CHCTCMbBI JIA pa6OTI>I B pPCaJIbHOM BPCMCHH.
HOBTOMy s HUX  HUCIOJB3YHOTCA COOTBCTCTBYIOHIHMC KPOCC-CHUCTCMbI
pa3pabOTKX MPUKIAAHBIX MPOrPaMM C IPUMEHEHHEM B OCHOBHOM si3bika Cu,
s3pika OOepoH W sA3bIKa acceMmOiepa BCIEACTBHE OTPAHMYEHHOrO0 o0beMa
aMsITH MUKPOKOHTpOJLIEpa.

SRV programming based on single-chip microcontrollers

The architecture of single-chip microcontrollers does not allow for the
development of proprietary application programs, since microcontrollers are
not general-purpose systems, but specialized systems designed to work in real
time. Therefore, they use appropriate cross-systems for developing
application programs using, mainly, the C language, the Oberon language and
the assembly language, due to the limited memory capacity of the
microcontroller.
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1.7. CucTeMbl pea/ibHOTO BpeMeHHU Ha 6a3e
NporpaMMHUpyeMbIX JIOTHYECKUX KOHTPOJL/IEPOB

IIporpaMmMmupyemblii JIOTHYECKUI KOHTPOJLIIEP

[IporpaMmmupyeMslii  JTOTUYECKUHA KOHTPOJUIEp — OTO CHEHHaIu-
3UPOBAHHBIA HH(PPOBONH KOMIBIOTEP, HCIOIB3YEMBIM JJISI aBTOMATH3AINMU
yHpaBJIICHUA TCXHOJIOTHYCCKHUMHU IIpoOcCCaMu W PA3JIMYHBIMHU 06L€KTaMI/I
B PEXKUME KECTKOI'O peajJIbHOI'0 BPEMEHHU.

Programmable logic controller

A programmable logic controller (PLC) is a specialized digital
computer used to automate the control of technological processes and various
objects in hard real time.

CranjapTHasi TEXHOJIOTHS POrPAMMHUPOBAHNS MPOTrPaAMMHUPYEMO-
I0 JIOTHYECKOr0 KOHTpoJIepa

B npowmbiieHHOM aBTOMATH3alMy CTaHIAPTHI, 0COOEHHO MEXIyHa-
POIIHBIE, SABIISIOTCA TJIABHBIMM MPaBWIaMH MOCTpoeHus cuctem. [Ipumep Tta-
KOI'0 CTaHAapTa — MEXAYHAPOIAHBIA CTaHAApT MEXIyHapOIHOM AJIEKTPOTEX-
Huyeckoi komuccuu 61131 «IIporpammupyemsbie KOHTpOJLIEPE». OH MIKUPO-
KO HCITIOJIBb3YCTCA p33pa60T‘-II/IKaMI/I, IMPOU3BOJUTCIIAMHA U I10JIB30BATCIISIMH BO
BCEM MUpE.

Standard PLC programming technology

In industrial automation, standards, especially international ones, are the
main rules for building systems. An example of this standard is the
international standard of the International Electrotechnical Commission
61131 «Programmable controllers». It is widely used by developers,
manufacturers and users all over the world.



2. ENGLISH-RUSSIAN DICTIONARY

2.1. The concept of real-time systems

A real-time system

A real-time system (a computing system operating in real-time mode) is
a system (hardware and software complex) in which restrictions are imposed
on the response time to a request from the outside and which operates at a
pace commensurate with the speed of external processes.

Cucrema peajbHOr0 BpeMeHHU

Cucrema peasibHOro BpeMeHHU (BBIYUCIUTENbHAS CUCTEMA, padoTaromas
B pEXHME pealbHOro Maciiraba BpeMEHH) — ITO cHcTema (ammapaTHo-
IPOrpaMMHBIN KOMIUIEKC), B KOTOPOW Ha BpeMsl PEaklMK Ha 3alpoc HajloXe-
Hbl OTPaHUYCHUS W3BHE U KOTOpas (PYHKIIMOHUPYET B TEMIIE, CON3MEPUMOM
CO CKOpPOCTBIO IIPOTCKAHUS BHCIIHUX ITPOHCCCOB.

Soft real -time systems

Real-time dialog and information systems (soft real -time systems)
work for a fairly large number of subscribers (users), whose requests are
received at random times and are served, as a rule, by the same set of
programs.

CucremMbl MATKOT0 peajibHOT0 BPpeMEHH!

JHuanoroseie 1 WHGOOPMAIMOHHBIE CUCTEMBI PEAIbHOTO BpeMEHHU (Cu-
CTEMBI MATKOT'O PEAIbHOTO BPEMEHU) padOTalOT Ha JOCTATOYHO OOJBIIOE KO-
JMYEeCTBO aOOHEHTOB (IMOJIb30BATENEH), 3aMPOChl OT KOTOPBIX IMOCTYHAOT
B cnyqaﬁHLIe MOMCHTBI BPCMCHH U 06CJ’IY)KI/IBaIOTC$I, KaK IIpaBHuJIO, OAHUM
U TE€M K€ HabOpOM IIPOTrpaMm.

Hard real-time systems

Control computing systems (hard real-time systems) include control
systems for physical (technical) objects, including technological processes
and scientific experiments. In these systems, exceeding the critical reaction
time is not allowed, as it can lead to emergency situations.

CucrTemMbl )KeCTKOr0 peaibHOIr0 BpeMeHH

K YHPABIAIOIMKUM BbIYUCIUTCIBHBIM CUCTCMAM (CI/ICTeMaM KECTKOTI'O
peanbHOrO BPEMEHU) OTHOCSITCS CUCTEMbl yIpaBieHUs (PU3nyeckumu (Tex-
HI/I‘IGCKI/IMI/I) O6’B€KT&MI/I, B TOM YHCJIC TCXHOJOIHYCCKUMHU IIpoHeCCaMn M
Hay4YHbIM JSKCIICPUMCHTOM. B »tux cucremax INPCBLINICHUC KPHUTHUYCCKOI'O
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BPEMEHU PEAKIUH HE JOMYCKAETCs, MOCKOJIbKY MOXET MPUBECTH K aBapHil-
HBIM CUTYaIIHSIM.

2.2. Deterministic multiprocessor computing systems
of hard real time

Deterministic multiprocessor hard real-time computing systems

The control of deterministic processes or their deterministic sections
can be carried out using a special type of real-time systems - deterministic
multiprocessor computing systems of hard real time. The main purpose of
using this kind of real-time systems is to create a schedule indicating when
and to which software component real-time system resources should be
allocated when executing a specific real-time program.

I[eTepMI/IHI/II)OBaHHLIe MYJbTHIIPOHECCOPHBIC BbIYUC/IHTCIbHBIC
CHUCTEMBbI )KECTKOI'0 P€AJILHOIO BpEMEHHU

praBHGHI/Ie ACTCPMHUHHUPOBAHHBIMHA IIpOHCCCAMM WM HUX ACTCPMHUHU-
POBAHHBIMH Y4YaCTKaMKU MOIKCT IIPOBOAHUTHCA C ITIOMOIIBLIO OCO6OFO BHUJaa CU-
CTEM pC€aJIbHOT'O BPEMEHHU — ACTCPMUHUPOBAHHBIX MYJIbTUIIPOILICCCOPHBIX BBI-
YUCIUTCIIBHBIX CUCTCM KCCTKOI'O pCaJIbHOT'O BPEMCHU. OcHOBHOM OCJIbIO IIpHU
IIPUMCHCHHUHU TAKOI'0 poda CHUCTCM PCAJIbHOI'O BPEMCHHU ABJISICTCA COCTABJIC-
HHUE pacluCaHus, YKa3bIBAIOIIETO, KOrjJa U KaKOMY KOMIIOHEHTY IIpOrpaMM-
HOTIO 06GCH€‘{€HI/I${ HOJIKHBI BBIACIIATHCA PCCYPChlI CUCTEMBI PCAJIBHOT'O BPC-
MEHHU ITPY BBINIOJTHEHUU KOHKPETHOM ITPOTPAMMBI PEAIBHOTO BPEMEHMU.

Precise planning methods

Accurate planning methods are based on the principle of a complete
search. The reduction of iteration options is achieved by dividing a complex
combinatorial problem into a number of simpler ones that can be solved
independently, but without losing the optimal solution. When building
optimal schedules, for example, dynamic programming methods, integer
linear programming methods, in particular the branch and boundary method,
and some other methods can be used.

TouHbIE METOAbI INIAHUPOBAHUA

B ocHoBe TOYHBIX MCTOHAOB INUIAHUPOBAHUA JICKUT IIPHUHIMITI ITOJHO-
ro nepedopa. CokpallleHHe BapUaHTOB Mepedopa JOCTUraeTCs pas3icieHHU-
€M CJIO)KHOW KOMOWHATOPHOW 3ajauu Ha psj 0OoJiee TMPOCThIX, pean3ye-
MBIX HE3aBHUCHUMO, HO 0€3 OTEPHU ONTUMAIBHOTO penieHus. [Ipu nocrpoenun
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ONTHUMAJIbHBIX PACIHUCAHUM MOTYT MCIIOJIb30BAThCS, HAMPUMEP, METOJbI
JTWHAMHAYECKOTO MPOTPAMMHUPOBAHHUS, METOJbI IEIOYUCICHHOTO JUHEMHOTO
MIPOrPaMMHUPOBAaHUS, B YACTHOCTH METOJ BETBEM WU TPAHULl U HEKOTOPHIC
IPYyTUE METOIBL.

Heuristic planning methods

Heuristic planning methods are based on various intuitively rational
rules and disciplines of planning, which on average give solutions that are
quite close to optimal. These methods use various rules for assigning
priorities, approximate estimates of the characteristics of planned works, the
introduction of a step-by-step planning principle, limiting the number of
analyzed works at each step, etc.

Heuristic planning methods include, for example, heuristic methods for
drawing up scheduled schedules, the Schwartz heuristic algorithm, and others.

3BpI/ICTI/I‘IeCKI/Ie METO/JAbI IINITAHUPOBAHUSA

B ocnoBe OBPHUCTHUYCCKUX MCTOAOB INIAHHPOBAHMA JIC)KAT PA3JIMYHBIC
HHTYUTUBHO-PAIUOHAJIBHLIC IIpaBUJIda U JUCHUILIMHBI INIAHUPOBAHUA, KOTO-
pBIC B CPCAHCM JOalOT PCIICHUA, AOCTATOYHO OJU3KHAE K OITUMAJIbHBIM.
B 3THX MeT0o1axX UCIOJBb3YIOTCS Pa3jInYHbIE ITPABAJIA HA3HAYECHUS ITPUOPUTE-
TOB, MPUOJIMKEHHBIC OLICHKN XapaKTEPUCTUK MJIAHUPYEMBIX padoT, BBEIICHUE
[MomaroBOro InpuHOouIla IJIAHUPOBAHWA, OI'PAHNYCHHUC YN CJId AHAJIU3HUPYCMbIX
pa60T Ha Ka>XA0M mare v T.4. K 9BPUCTHUYCCKUM MCTOJaM ILUIAHUPOBAHHA OT-
HOCATCs, HAIIPUMCEP, 3BPUCTHYICCKUC MCETOAbI COCTABJICHUA CIIMCOYHBLIX pPaC-
MMCaHUK, IBpUCTHUECKUM anroputM [lIBapua u mp.

2.3. Basic requirements for a real-time
programming language

Reliability

The reliability of a language is a measure of the degree of automatic
error detection that can be performed either by a compiler or by a system that
supports the execution of a compiled program.

Hanpexnoctn

Halle}KHOCTB A3bIKA — MCpa CTCIICHU aBTOMATHUYCCKOI'O O6Hapy>KeHI/I$I
OI_I_II/I6OK, KOTOPOC MOKCT OCYIICCTBIIATHCA 100 KOMITUJIATOPOM, 100
CI/ICT@MOfI, HO,Z[ILep)KI/IBaIOIJ_[eﬁ BBIIIOJTHCHUC OTKOMI‘II/IJ‘II/IpOBaHHOI\/JI IIpo-
I'paMMBI.
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Data typing

A real-time programming language should have a clear, strict data type
system, so that errors that occur during data manipulation can be effectively
detected, and also so that the intended use of data can be unambiguously
specified.

Tunuzanus 1aHHBIX

S3BIK TPOrpaMMHUPOBAHKS PEATBHOIO BPEMEHH JIOJKEH UMETh YETKYIO,
CTPOTYIO CUCTEMY THUIIOB JIaHHBIX, YTOOBI MOXKHO ObLIO A(DPEKTUBHO OOHA-
PYXKHUTh OIIMOKH, MPOSBIAIONIMECS BO BpEMs MaHUNYJALMN C JaHHBIMH,
d TaKK€ OJHO3HAYHO CHeHI/Iq)I/II_II/IpOBaTB HpeI[HOJIaFaeMBIfI BUJ HUCITIOJIb30Ba-
HUA JaHHBIX.

Flexibility

The language should provide the programmer with a sufficient number
of different possibilities to express the operations that are required in the
program, without forcing him to resort to inserts of assembly code or various
artificial techniques, especially in cases where it is necessary to work with a
wide range of non-standard peripheral equipment in real time.

I'nokocTh

SI3BIK JOJDKCH IIPCAOCTABJLATE IIPOIrpaMMHUCTY A0CTATOYHOC KOJIHMYCCTBO
Pa3INYHBIX BO3MOKHOCTEH IJIA BBIPAXKCHUA onepauuﬁ, KOTOPbIC Tpe6y10TC${
B TIpOrpamMMe, HE 3aCTaBJIsisl €ro mpuberaTh K BCTaBKaM acceMOJIEPHOTO KoJa
WJIN pa3/]IMYHbIM UCKYCCTBCHHBLIM IIpUCMaM, 0COOEHHO B TEX ClIy4dasx, Koria
Tpebyercs paboTa C HIMPOKUM CIEKTPOM HECTAHIAPTHOTO MepudepuitHOro
000py0BaHUSI B PEKUME PEaTbHOTO BPEMEHH.

Simplicity

The simplicity of the language reduces the cost of training programmers
and the likelihood of making programming mistakes resulting from
misinterpretation of language specifications.

IIpocrora

[IpocTtoTa s3bIKa yMEHBIAET 3aTpaThl Ha OOy4YEHHE MPOTPAMMHUCTOB
U BCPOATHOCTH COBCPHICHUA MMPOIrpaMMHUCTCKUX OIHI/I6OK, BO3HHUKAOIINUX
B pe3ysbTaTe HEMPABUILHON HHTEPIPETANH CTICTIU(UKAITUHN S3bIKA.

Effectiveness
Real-time systems must provide high computational throughput in order
not to violate the limitations imposed by managed or external equipment.
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P PeKTUBHOCTH

CucteMbl pealbHOTO BPEMEHH JOJDKHBI 00CCIIEYMBATh BBICOKYIO BBI-
YUCTUTEIBHYIO MPOITYCKHYIO CIIOCOOHOCTBH, YTOOBI HE HAPYIIUTh OrpaHUYe-
HUM, HAJaraeMbIX YIPABIISIEMbIM WJIA BHEIITHAM 000PYI0BAHUEM.

Mobility

The language, independent of the hardware platform, makes it relatively
easy to transfer software from one system to another.

MoOHJIBHOCTH

SI3bIK, HE 3aBHCUMBIN OT ammapaTHOW MIaT(GOPMBI, Ta€T BO3MOKHOCTH
OTHOCHUTCIIBHO JICTKO IICPCHOCUTL ITPOrpaMMHOC oOecrieueHue ¢ OHHOﬁ cHu-
CTEMBI Ha JPYTYIO.

Error handling

From the requirements of high reliability and continuous operation of
real-time systems, it follows that the real-time programming language should
provide mechanisms for responding to error conditions and programming
actions to recover from errors.

O0paboTka oIUOOK

W3 tpeboBaHu BBHICOKOM HAJEKHOCTH M HEMPEPHIBHOTO (DYHKIIMOHH-
poBaHuA CUCTEM PCAJIbLHOI'O BPEMCHU CIICAYCT, YTO A3BIK IIPOTPaAMMUPOBAHUA
PCAIIBHOIO BpEMCHHU JOJIZKCH oOecrieynBaTh MEXAHU3MBI PCaKk Ha yCJIIOBUA
BO3HHKHOBEHHsI OITMOOK M TMPOTrPAMMHUPOBAHUE JCHCTBUN MO BOCCTaHOBJIE-
HHIO TIOCJIE OIIMOOK.

Multi-programming (multitasking)

Since real-time systems are essentially parallel in nature and are
described as a multitude of simultaneous tasks, a real-time programming
language should provide opportunities for multi-programming.

MyabTHIIpOrpaAMMHUpPOBaHUE (MHOT032/1a4YHOCTD)

[ToCKOIBKY CUCTEMBI PEAIBHOIO BPEMEHH, MO CYIIECTBY, MAPAILICIIbHBI
M0 CBOEH npupoAcC U OIMHUCBIBAKOTCA KaK MHOXCCTBO OJHOBPEMCHHO BBIIIOJI-
HACMBIX 3aJa4, A3bIK M[IPOrpaMMHUPOBAHUA PCAJIBHOI'O BPCMCHHU OOJDKCH
MpeaOCTaBJISAAThE BO3MOKHOCTH JIsI MYJIBTHIIPOTPAMMHPOBAHUA.
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2.4. Real-time programming methods

Programming environment

The real-time application software development environment can range
from cross-development systems for single-chip microcontrollers to CASE
systems and real-time operating system development systems.

Cpena nporpaMmmMupoBaHus

Cpena pa3paboTKu NPUKIAIHOTO MPOrPAMMHOTO OOECTICUEHUSI CUCTEM
peaTbHOr0 BPEMEHU MOXKET BaphbUPOBATHCS OT KPOCC-CUCTEM pa3pabOTKH st
OJTHOKPUCTAIIbHBIX MUKpOKOHTpoJuiepoB 10 CASE-cuctem u cucreM paspa-
OOTKH OIEpallMOHHBIX CUCTEM PEATbHOTO BPEMEHHU.

The structure of the real-time program

A fundamental feature of real-time programs is their constant readiness
and the absence of conditions for normal, rather than emergency termination.
If the program is not executed and does not process data, it remains in the
interrupt, event, or expiration mode for a certain time interval.

CTpykTypa nporpaMMsbl peajibHOr0 BpeMeHH

[IpuHIMTIUATEHONW OCOOCHHOCTBIO MPOTpaMM PEabHOTO BPEMEHH SIB-
JEICTCA ITOCTOAHHAS T'OTOBHOCTb M OTCYTCTBHC YCJIOBI/Iﬁ HOPMAJIBHOI'O, 4 HC
aBapuiHOTO 3aBepiieHus. Eciu mporpamma He UCMONMHSETCS U He 00padaThi-
BAaCT JAaHHBIC, OHA OCTACTCA B PCIKHUMC OKUIAHUA IIPCPBIBAHUA, COOBITHS WIH
HCTCUYCHHA HCKOTOPOI'O HHTCPBAJIda BPCMCHU.

Handling interrupts and exceptions

Upon receiving an interrupt signal, the processor suspends the execution
of the current process, stores its context on the stack, reads the address of the
interrupt processing program from the table and transfers control to it.
Exceptions are called abnormal situations when the processor cannot execute
a command correctly. An example of an exception is division by zero or
addressing a non-existent address.

O0padoTKa NpepbIBAHUN U UCKJIIOYCHUN

ITomyyuB curHan npepsiBaHus, MPOLECCOP NPUOCTAHABIUBAET HCIION-
HCHHC TCKYIICT'O IIPOoLECCa, COXPAaHACT B CTCKC €0 KOHTCKCT, CUUTHLIBACT U3
Ta0IUIBI aJipec mporpaMMbl OOPa0OTKU MPEPHIBAHUS U MEPEAacT el ymnpas-
jeHue. VckiaroueHusIMHU SIBISAIOTCS HEITaTHBIE CUuTyalun, Korjia mnmponoeccop
HC MOKCT IIPABUJIBHO BBINIOJIHUTH KOMAHYy, HAIIPUMCP JICJICHNC Ha HOJIb WJIH
oOpallleHle TI0 HECYIIECTBYIOIIEMY aJIpecy.
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Programming of waiting operations

A real-time process can explicitly wait for the expiration of a certain
interval (relative time) or the onset of a given moment (absolute time).

IIporpamMupoBaHue onepauuu 0OKUIAAHUSA

[Ipormecc peanbHOr0 BPEMEHHM MOJKET SBHBIM 00pa3oM KJaTh HCTEUe-
HUS HEKOTOPOTO MHTEpBajia (OTHOCUTEIBHOE BpEMsl) WM HACTYIUICHUS 3a-
JTAHHOTO MOMEHTa (a0COTIOTHOE BpeMsI).

Internal operating system routines

A typical situation in real-time programming is to directly access the
operating system routines due to the fact that there is no equivalent tool in the
programming language used.

BHyTpeHHHMe NOANPOrpaMMbl ONIEPALMOHHON CHCTEMBbI

TUNUYHOM CHUTyalMel NpU NOPOTrPaMMHUPOBAHUH CHUCTEM PEATbHOIO
BPEMEHHU SIBJISICTCSI HEMTOCPEICTBEHHOE O0palleHre K MoAnporpaMmmMamM onepa-
HHOHHOF’I CUCTCMBI HU3-3a TOI'O, YTO B HCIIOJIBb3YCMOM A3BLIKC IIPOI'PaMMHUPOBaA-
HHA OTCYTCTBYCT 3KBHUBAJICHTHOC CPCACTBO.

Process priorities and system performance

A real-time operating system should allow prioritization of executable
processes. Priorities are usually dynamic, which means that they can be
changed by both the processes themselves and the operating system during
execution.

IIpuopurersl NPOLECCOB U MPOU3BOAUTEIBHOCTH CUCTEMBI

OHepaHI/IOHHaH CUCTCMa PCAJIbHOI'0O BpPCMCHHM OO0JDKHA JAOIIYCKATb
HAa3HAYCHUC TIPUOPUTCTOB HCIIOJHACMBIM IIPOLICCCAM. OOBIYHO IMPUOPHUTCTHI
ABJIAOTCS AUHAMHUYCCKUMU. OTO O3HAYACT, UTO BO BpEMA HCIIOJIHCHHA OHHU
MOTI'YT U3MCHATBHLCA KaK CaMHMHU IIpoHcCCaMH, TaK H OHepaHHOHHOﬁ CUCTC-
MOMU.

Testing and debugging

When testing real-time programs, there is additional complexity due to
the large number of possible relationships between tasks. Only after all
modules are checked individually and all detected errors are fixed, you can
start parallel execution to debug the interaction.

TecTupoBaHue U 0OTJIAAKA

[Ipu TecTupoBaHMM NPOrpaMM PEAJBHOTO BPEMEHU CYLIECTBYET IO-
MMOJTHUTENBEHAS CII0KHOCTh M3-3a OOJIBIIOrO KOJMYECTBA BO3ZMOYKHBIX CBS3EU
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MEXIy 3amadamMu. TOJNBKO IIOCIE€ TOr0 KaKk BCE MOJYJIM IPOBEPEHBI IIO
OTZIEIbHOCTU U BCE OOHApY’>KEHHbIE OIMIMOKU HCIPABIEHBbI, MOKHO MPUCTY-
IIaTh K NIapajuleIbHOMY UCIIOJIHEHUIO JJISI OTJIAJAKUA B3aUMOJIECUCTBHS.

2.5. Real-time operating systems

Real-time operating systems

A real-time operating system is an operating system that can be used to
build hard real-time systems.

OnepanuoHHbIEe CHCTEMbI PEAJIbHOI0 BPEeMEHU

OrnepallnOHHON CUCTEMOW pealbHOTO BPEMEHM HA3bIBAETCA TaKas OIlle-
paoroHHad CHUCTCMaA, KOTOpasd MOKET OBITH KWCHOJIL30BaHA AJIs1 ITIOCTPOCHUS
CUCTCM KCCTKOI'O pCaJIbHOI'O BpCMCHHU.

2.6. Real-time systems based on single-chip microcontrollers

Single-chip microcontrollers

Single-chip (single-body) microcontrollers are devices structurally
made in the form of an BIS (large integrated circuit) and include all the
components of a microcomputer: a microprocessor, program memory and
data memory, as well as programmable interface circuits for communication
with the external environment. Single-chip microcontrollers are real-time
devices.

OaHOKpHCTAJbHBbIE MUKPOKOHTPOJLJIEPBI

OnHokpucTanbHble (OJHOKOPIYCHBIE) MUKPOKOHTPOJUIEPHI MpPEIACTaB-
JISIFOT CO0OM YCTpOﬁCTBa, KOHCTPYKTHUBHO BBIIIOJIHCHHBIC B BUJC OO0JIBIIION
HHTeraJIBHOﬁ CXCMbI U BKIIFOUAKOIIIHUEC B 06651 BCC COCTAaBHLIC YaCTH MHUKPO-
OBM: MUKPOIIpOLECCCOp, HaMAThb MHNpOorpaMM H IaMATb JAHHBIX, a TaAKXKC
nmporpaMmmMupyembie MHTEep(ENCHBIE CXEMbl sl CBSI3M C BHEIIHEW CpEIou.
OnHOKpHUCTANBHBIE MUKPOKOHTPOJIJIEPHI ABJISIOTCS YCTPOUCTBAMH PEAIBHOTO
BpPEMEHU.

Real-time programming based on single-chip microcontrollers

The architecture of single-chip microcontrollers does not allow for the
development of proprietary application programs, since microcontrollers are
not general-purpose systems, but specialized systems designed to work in real
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time. Therefore, they use appropriate cross-systems for developing
application programs using, mainly, the C language, the Oberon language and
the assembly language, due to the limited memory capacity of the
microcontroller.

IIporpamMupoBaHue CHCTEM peajbHOI0 BPpeMEeHH Ha 0a3e OQHO-
KPHUCTAJIBHBIX MUKPOKOHTPOJLJIEPOB

ApXUTEKTYpa OJHOKPUCTAIBHBIX MHKPOKOHTPOJUIEPOB HE IMO3BOJISIET
obecrieunTh pa3pabOTKy COOCTBEHHBIX IMPHUKIAJHBIX MPOrpaMM, MOCKOJIBKY
MUKPOKOHTPOJIIEPHI MPEACTABISAIOT COO0M HE CUCTEMBbI OOIIETO Ha3HAYEHUSI,
a CIeUUATIM3UPOBAHHBIE CUCTEMBI 11 pa0OThI B pealibHOM BpemeHu. [loaTto-
My JUI1 HUX HCIIOJNB3YIOTCS COOTBETCTBYIOIIME KPOCC-CHCTEMBI Pa3pabOTKU
MPUKIIAIHBIX TPOTPaMM C MIPUMEHEHUEM B OCHOBHOM si3bika Cu, si3bika O0e-
POH H A3bIKa acceM6nepa BCJICACTBUC OI'PAHHMYCHHOI'O 06’b€Ma namMsaTu MHK-
POKOHTpOJIIEpA.

2.7. Real-time systems based on programmable logic controllers

Programmable logic controller

A programmable logic controller (PLC) is a specialized digital
computer used to automate the control of technological processes and various
objects in hard real time.

IIporpamMMupyemblii JIOTHYECKUI KOHTPOJLJIEp

[IporpamMmmupyeMslii  JTIOTUMYECKUMKA KOHTPOJUIEp — OTO CIELUau-
BI/IpOBaHHBIﬁ I.IH(I)pOBOfI KOMIIBIOTCD, I/ICHOJIB?)yCMblﬁ AJIsI aBTOMaTHU3allnun
YIpaBJICHUA TCXHOJOIMYCCKUMHU IIpoHeCcCaMu M PA3ZJIINYHBIMU o0BbeKTaMH
B PCIKUMC KCCTKOT'O PCAJIbHOI'O BPCMCHHM.

Standard PLC programming technology

In industrial automation, standards, especially international ones, are the
main rules for building systems. An example of such a standard is the
international standard «Programmable Controllers» IEC 61131 (International
Electrotechnical Commission). This standard is widely used by developers,
manufacturers and users all over the world.

CranjgapTHasi TEXHOJIOTHA NPOrpaMMHPOBAHHWS MPOrpaMMUpYye-
MOI'0 JJOITHIE€CKOI'0 KOHTpPOJLIIEpa

B HpOMBIlHHCHHOﬁ ABTOMATU3allu CTAHOAPTHI, 0CcO0EHHO MCIKAYHA-
POAHLBIC, ABJIAIOTCA IJIaBHBIMH IIpaBHJIAMHU IIOCTPOCHHUSA CHUCTCM. HpHMep
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TaKOTr0 CTaHJapTa — MEKAYHAPOIHBIM CTaHAAPT MeEXIyHapOOHOU 3JIEKTPO-
texHuyeckol komuccun 61131 «lIporpammupyemsbie KoHTposuieps». OH
MIUPOKO MCTONB3YeTCs pa3paboTYuKaMu, MPOU3BOAUTEISIMU U TOJIh30BaTE-
JISIMU BO BCEM MUDE.
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