NEAATOTMYECKOE OBPA3OBAHUE B POCCUU. 2016. Ne 7 131

YK 378.147:004

BBK 3973p ICHTN 14.85.35 Kon BAK 13.00.02

AnexceeBckuii Ilerp IBaHOBUY,
accucreHT Kadeapsl HHGOPMATHKH, WH(MOPMAIMOHHBIX TEXHOJOTMH M METOAUKH OOyueHHMs HH(pOpMAaTHKe, YpaabCKUii
rOCy/ITapCTBEHHBIN MEearOTHYECKIH YHUBEPCUTET; 620075, T. Ekarepunbypr, yi1. K. JIubkuexTa, 9; e-mail: u@nyuu.ru.
OBYYEHUE CTYOEHTOB
APXUTEKTYPE BbIYUCITIUTENIbHBIX CUCTEM
C UCNOIb30BAHMEM A3bIKA VERILOG
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AHHOTAIIVA. B 1aHHOH cTaThe OMUCHIBAETCS HEOOXOAUMOCTh PACCMOTPEHUSA BHYTPEHHETO YCTPOMCT-
Ba U NMPUHITUIOB PabOThl GYHKIIMOHAJIBHBIX 6JIOKOB IPOLIECCOPHOTO fA/IpA U OCHOBHBIX NepUdepHiHbIX
YCTPOMCTB B IIpoliecce 0OyUeHUsA apXUTEKTYPe BBIUMCIUTEIbHBIX CUCTEM C yU4eTOM TpeboBaHUN 0bpaso-
BaTEJIbHBIX CTAHZIAPTOB M HCIIOJIB3YEMBIX B IIPOMBIILIEHHOCTH TEXHOJIOTHH. PaccMOTpeHBl BO3MOIK-
HOCTh U NEePCHEKTHUBBI UCIIOJIH30BAHUSA S3BIKA ONMMCAHUA 0O0opynoBaHusa Verilog B mporecce o6yueHU s
CTYZIEHTOB apXUTEKType BBIUMCIUTENBbHBIX cucTeM. IlepeuniciieHBl OCHOBHBIE OCOOEHHOCTH s3BIKA
Verilog, nmeromue 3HaveHue /714 Iiesiel 06ydeHusa. PaccMOTpeHbI OCHOBHBIE 0COOEHHOCTH M BO3MOXKH O-
CTU CPE/CTB UMUTAIMOHHOTO MOJIeIMpOBaHus IUPPOBLIX cucTeM Ha ocHoBe HDL-sa3bp1k0B. PaccmoTpen
IIpUMep 33/1a4¥, pelaeMoi CTyZIeHTaMH B IIPOIeCCe U3YyUeHHUs apXUTEKTYPhI BBIYUCIUTEIHHBIX CUCTEM
C UCIIOJIb30BAaHUEM CPEJICTB sA3bIKa Verilog 1 OCHOBaHHBIX Ha HEM TEXHOJIOTHU. B KauecTBe mpumepa uc-
II0JIb30BaHA MOJIE/Ib UHTEP(DENCHOTo 3IeMeHTa /I llepeiavyl JAaHHBIX 110 [I0CJIeA0BATEIbBHOMY KaHALY
cBa3u. [IpuBe/leH BapUAHT pelIeHus 33/1a49¥, BKIIOYAIIINN ONUCAaHNE U3YyIaeMOro KOMIIOHEHTa, TeX-
HOJIOTUU TECTHPOBAHMUS €r0 JIOTHUECKOH MOZeU ¢ HCIob30BanueM naketa Icarus Verilog, a Takke Ba-
PHUAHTHl HATJIAZHOTO IIPEJICTABJIEHUS PE3YyJbTAaTOB TECTUPOBAHUSA JIOTHYECKOU Mojienn HHTepdeiica
cpeacrBamu nporpammbl GTKWave. IIpuBeseH npuMepHBIN CIUCOK BOIIPOCOB U 33/IaHUHU JIJIS1 KOHTPOJIA
YDPOBHS YCBOEHUS yueOHOro MaTepuara.
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TRAINING OF STUDENTS IN THE ARCHITECTURE
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ABSTRACT. In this article the need for the study of the processor core and basic peripheral devices in the
process of training students in the architecture of computer systems is defined, considering requirements
of the education standards and technologies used in production. The possibilities and prospects for the use
of the Verilog HDL in the process of students training in the architecture of computer are analyzed. Main
features of the Verilog language, which are important for educational purposes, are listed. The main fea-
tures and opportunities of HDL-based imitational modeling of digital systems are explored. An example a
task for the students to solve during the study of computer systems architecture based on the Verilog HDL
and related technologies is also described. As an example, a model of the serial line interface unit is used. A
solution is provided, which include a description of the component, a testbench for its logic model testing
using Icarus Verilog, as well as the test results presentation cases using GTKWave. A list of test questions
and tasks to measure the mastery level of education materials is provided.

OBPEMEHHbBIE TEMIIbI U 0cOOEHHOCTH niu MK 06111ero Ha3Ha4YeHud, JI00 BKJIIOYAIOT

Pa3BUTHUSA BBIUUCIIUTENBHON TEXHUKHU
MO3BOJIAIOT MOBBICUTH 3G GEKTUBHOCTH IIPO-
rPaMMHO-aNapaTHBIX PEIIeHU B Pa3IMYHbBIX
00J1acTsIX HAyKW M TEXHUKU. B TO ke BpeMms
pa3paboTka pelleHHuil Ha OCHOBE OOBIYHBIX
MUKDPOIIPOIIECCOPHBIX CHCTEM OOIIEro HasHa-
YeHUs] OTPAHUYUBAETCA BO3MOXKHOCTSAMH HC-
MIOJIb3YEMBIX MHKPOIIPOIIECCOPOB U IOJXO0MA-
MM K HUX HCIOJIb30BaHUW. J[JIs pelleHus 3a-
Jlady, I7le BO3MOXKHOCTEH MHKPOIIPOIECCOPOB
(MIT) u muxpoxoHTposiepoB (MK) Hemocra-
TOYHO, OOBIYHO TPUMEHSAIOTCA MPEAMETHO-
cuenuduunble yerpoiicra (ASIC, Application-
Specific Integrated Circuit). Takue ycTpoticTBa
00OBIYHO JTO0 PaboTaIOT B COBOKyIHOCTU ¢ MIT

© Anexceesckuii I1. U., 2016

COOCTBEHHOE IIPOIIECCOPHOE sIPO, IOBBIIIAS
TeM CaMbIM THOKOCTb M MacIITabupyeMOCThb
MPOTPaMMHO-AIIaPATHOTO PELIEHNUS B IIEJIOM.

V3yueHve apXuUTEKTYypbl BBIUHUCIIUTEIIb-
HbIX cucteM (BC) B By3ax, Kak IpaBuJIO, Orpa-
HUYHUBAETCS JIUIIb ONMHCAHWEM PabOThl KOH-
KPETHBIX IIPOIIECCOPHBIX APXUTEKTYyp (Takux
kak [A-32, AMD64, ARM u 1p.), a TaK:Ke 0co-
OeHHOCTEll  HU3KOYDOBHEBOH  peasu3anuu
MIPOCTBIX AJITOPUTMOB HA 3THUX apPXUTEKTypaXx.
Perenvie Kakux-au00 CJIOKHBIX 3a/ad obpa-
OOTKM JTAaHHBIX MPU 5TOM IPEAINOJIATaeTCs KC-
KJIIOUUTEJIBHO IPOrPAMMHBIM CHOCOOOM, YTO
3aYacTyio He SBJISETCsS ONTUMAaJIbHbIM. M3yue-
HUIO Bo3MOkHOcTel mpuMeHeHusA ASIC o06b1u-



132 METOAMKA NOATOTOBKU YYUTENEA MATEMATUKNU U UHOOPMATUKU

HO He yzeJiseTcs BHUMaHUS B paMKaxX Kypca
apxurtekTypsl BC; kpome Toro, n3ydueHue pabo-
Tel MII niin MK He nogpasymeBaeT u3y4eHus
YCTPOMCTBA UX OT/IEJIbHBIX 3JIEMEHTOB (HMCIIOJI-
HUTEJIBHBIX OJIOKOB, J€KOJlepa WHCTPYKIIUH,
IIWHBI YIIPaBJIEHU U T. II.).

HeobxomumocTh W3ydeHUs] IPUHITUIIOB
noctpoenus ASIC, MII u MK o6ycioBiaeHa
takke TpeboBaHuamMu ®I'OC BO mo pazianu-
HBIM HampabieHusM (02.03.02 — OIIK-2,
OIIK-3 [3]; 09.03.02 — OIIK-6, IIK-5, ITK-12
[4]; 44.03.01 — IIpK-8, IIpK-9 [5] 1 p.).

N3yuenue ycrpoiictBa MII, MK u apyrux
BBIYUC/IUTETBHBIX Y3JI0B B paMKax Kypca ap-
xuTeKTypsl BC B By3ax Mo»KeT OBITh OpraHU30-
BaHO IIyTeM MOJIEJINPOBAHUS KOMIIOHEHTOB
MPOIIECCOPHOTO  A/ipa IPOTPAMMHBIMHU  [4]
Y/WId annapaTHBIMHU cpeZicTBamMu. B kadecTBe
MIPOTPAaMMHOTO CPEJICTBA UMUTAIIMOHHOTO MO-
JIEJIUPOBAHUS IPU CO3JAHUU CJIOJKHBIX BBI-
YUCIUTEIBHBIX YCTPOMCTB OOBIYHO HCIIOJIB3Y-
IOTCSl JIOTHYECKUE CHUMYJISATOPHI, BXOJAIINE B
cocraB pasziauyHbIXx nakeToB EDA (Takux kak
Altera Quartus, Xilinx ISE u zp.) 1160 mocTas-
asiembix HezaBucuMo (Icarus Verilog, Active-
HDL wu gap.); miAd TecTUpOBAaHUS ammapaTHOU
peanu3anuu MPUMEHSIOTCA OTJIaZ0YHblE Ha-
6oper Ha 6aze CPLD (Complex Programmable
Logic Device, cji03kHOe TPOrpaMMHUPyEMOE JIO-
rudyeckoe ycrpoiictBo) wiu FPGA (Field-
Programmable Gate Array, mporpammupye-
MBII IIOJIEM MACCHUB JIOTMYECKUX BEHTHJIEH).
Jlnst Toro 4yToOBl cPOPMHUPOBATH Y YUAITUXCSA
mpeZicTaBieHre O paboTe TaKUX YCTPOMCTB,

TpebyeTcss MO KpaWHeld Mepe TeCTHPOBaHHUE
MOJIeIM COOTBETCTBYIOLETO KOMIIOHEHTA C
IIOMOIIBIO IIPOIPAMMHOTIO CHUMYJISTOPA.

PazpaboTka BBIUKCIUTENIBHBIX YCTPOMCTB
JUIA TocTefyomell ux peanusanuu B Qopme
ASIC ocy1iecTBiisieTcs Cpe/icTBaMU CHEIUAIH-
3UPOBAHHBIX S3BIKOB OIHCAHUSA 000PY/IOBAHUS
(HDL, Hardware Description Language), BKJIo-
gatormux VHDL, Verilog, G, AHDL, CUPL,
ABEL u np. Haubosblllee pacmpocTpaHeHUe
cpeay HUX UMeIoT s13biku Verilog u VHDL.

Hecmotpsa Ha cxozxerBo HDL ¢ A3pikamu
MIPOrPaMMUPOBAHUs OOIIEro Ha3HAUEHUs, Cy-
IECTBYET PsAJT OCOOEHHOCTEH, O0OYCIOBJIEHHBIX
crieruukoii npenmera. Harmpumep, nocienosa-
TEJIBHOCTH OIIEPATOPOB TaKUX fA3BIKOB He rapaH-
TUpPYeT IO0CJIeI0BATeIbHOE UX HCIIOJHEHNE — B
OOJIBIITMHCTBE CJIyYaeB 3TU OIEPATOPBI BBIIOJ-
HAIOTCA HapajUleIbHO. XOTs MOCjIef0BaTeIbHOe
HCIIOJTHEHUE OIIEPAaTOPOB BO3MOIKHO, TAaKO€ II0-
BeZIeHHE MO/IeJN He SIBJISIETCS OCHOBHBIM.

Bri6op mporpaMMHOM TIaTQOPMBI, TPHU-
MeHsIeMOU isi oOyueHus ycrpouctBy MII m
MK, B ciydae HCHOJIB30BAHUA OTJIAJOUYHBIX
KOMILIEKTOB OOYCJIOBJIEH MMEIOIIUMCS B Ha-
Jimau 000PYyAOBAaHHEM U COCTaBOM TECTOBOTO
creHzia. B obmiem ke ciydae, ectu Tpebyercs
TOJIPKO HMHUTAIIOHHOE MOJIeJINpPOBaHUeE, OC-
HOBOIIOJIATaloMmuM (aKTOPOM SBJISIOTCA Xa-
PaKTEepUCTUKU UCTIOJIb3yeMbIX ITK.

B Tabmumne 1 npuBeneHbl OCOOEHHOCTH
Pa3IUYHBIX IUIATGOPM, IO3BOJIAIOIINX H3Y-
yaTh ycTpoiicTBo KomnoneHToB MIT/MK mytem
MMUTAIIIOHHOTO MO/IEJITNPOBAHUA.

Tabauna 1
[IporpamMmMHbIe IIATHOPMBI, PEATHU3YIOIE UMUTAIITIOHHOE MOJIEJTUPOBAHUE
IMopaep:xxuBaembie OC
Ilnardopma PaspabdoTuuk JInnensus OcoGeHHOCTH
Windows | GNU/Linux [Ipyrue
CuHTe3s 111
CPLD u FPGA
Altera Quartus  Altera/Intel IIponpuerapHast + + - ot Altera —
MAX, Cyclone,
Arria u zip. [14]
CuHTe3s 111
CPLD u FPGA
Xilinx ISE Xilinx ITponpuerapHas + + - or Xilinx —
Spartan, Virtex,
Zynq u zip. [11]
. OG61ero Ha3Ha-
LabVIEW National In- IIponnpuerapHas + + + 4YeHHU, TOIbKO
struments
s3Ik G. [12]
Active-HDL Aldec IIponpuerapHas + - - OGmero
HasHaueHus: [7]
O61ero Ha3HA-
Icarus Verilog Ste phen GPL-2 + + + YeHUs, TOIbKO
Williams
cumyssnus [15]
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ITo COBOKYITHOCTH PacCMOTPEHHBIX Iapa-
METPOB (YHUBEPCATIBHOCTD, JOCTYITHOCTH, BO3-
MO3KHOCTH paboThI 0] YIIPABJIEHHEM DPA3JIHY-
Hbix OC) 11 pacCMOTPEHUSA B MIPOIECCE PeaTh-
3aIlUM JUCIUIUINH «ADPXHUTEKTypa BBIUKCIIH-
TEJIBHBIX CUCTEM» U «APXUTEKTYpa KOMITbIOTE-
pa» B UHcTHTyTE MaTeMaTHKH, WHPOPMATHKU
1 "HQOPMAIMOHHBIX TexHooruk YpI'ITY 6buta
BbIOpaHa mwiatgopma Icarus Verilog.

[Tnatdopma Icarus Verilog Bxrouaer nBa
OCHOBHBIX KOMIIOHEHTA — TPAHCJIATOP C A3BIKA
Verilog (iverilog) u cumyssTop (vvp). Oba 3THX
KOMIIOHEHTa SIBJISIIOTCSI  KOHCOJIBHBIMH  ITPO-
rpaMMaMH, YIIpaBJIeHe KOTOPbIMU OCYIIECTBIISA-
€TCs1 IPEUMYIIIECTBEHHO CPEZICTBAMH apTryMEHTOB
KOMAaH/IHOHM CTPOKH, UTO ITO3BOJIIET BCTPAUBATh
MX B aBTOMATU3UPOBAHHBIH IIPOIECC TIOCTPOEHUS
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U TECTUPOBAHHA CJIOXKHOTO  IIPOTPAMMHO-
aIIapaTHOro MPOEKTA.

Azbik Verilog nMeer mpoOCTON CHHTAKCHC,
YTO HO3BOJIAET U3YYUTh OCOOEHHOCTH €T0 CHUH-
TAKCHCA W MPUCTYIUTh K IMPAKTUYECKOH pea-
JI3anuy yueOHbBIX MO/IeIeN BHIYUCIUTETHHBIX
YCTPOUCTB B CxkaTble Cpoku. CpencTBa s3bIKA
MOJ/IEPKUBAIOT KAaK OIIMCAHKE HEMOCPE/ICT-
BEHHO JIOTUYECKOH MOJIEJIM, TaK U CPENCTBA
TECTUPOBAHUA I HCIOJIB30BAHUS B COBO-
KYITHOCTH C CUMYJIITOpPOM [6; 7].

VizyueHre IPUHIUIOB pPabOThl BBIYMCIIHU-
TEJIbHBIX YCTPOMCTB CJIEAyeT HAYMHATH C IIPO-
CTEHUIIIHX 3JIEMEHTOB, TAKHUX KAaK IIPOCThIE KOMOH-
HAIIFOHHBIE CXEMbI, TPUITEPHI, 3aIIIe/IKH U T.11. Ha
PUCYHKe 1 IPUBEJIEH TIPHMEP CXEMBI TIOJTyCyMMa-
TOpA U COOTBETCTBYIOMIasi eMy Verilog-Moziesp.
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module half_adder(A, B, H, C);
input A, B;

output H, C;

assign H
assign C
endmodule
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Puc. 1

Cxema u Verilog-mo/iesp mosrycymmaTopa

ITockoIbKy TIpPOCTEHIIIE 3JIEMEHTHI B paM-
KaX HEKOTOPOrO CJIOXKHOTO BBIYHCJIUTETHLHOTO
YCTPOKHCTBA MHOTOKPATHO TIOBTOPSIIOTCS, CJIETyET
aKIeHTHPOBaTh BHUMAHUE CTY/IEHTOB Ha BO3-
MO>KHOCTH TIOBTOPHOTO HCITOJIb30BAHIS PEATH30-
BaHHBIX MOJyJied. [IpakTUYecKu BCe COBPEMEH-
HbIe TPAHIATOPHI sI3bIKa Verilog mo3BoIsIOT 00b-
€ITMHUTH MHOKECTBO MOJTYJIEH B €FTHYIO MOJIETb.

Cunrakcuc s3bika Verilog BKIIIOUaeT qupek-
TUBBI, TIPEAHA3HAYEHHBIE /IS YIIPABJIEHUS TIPO-
meccoM 00pabOTKU MOJIEIM B CUMYJIATOpe [10].
OHU MO3BOJIAIOT HAOJIO/IaTh 33 W3MEHEHUEM

CUTHAJIOB C TPUBS3KOH KO BPEMEHU, BBHIBOIUTH
OTJIQJIOYHbIE COOOIIEHUs] TpHU paboTe Y3JI0B,
[IPHOCTAHABJINBATh BBIIIOJIHEHUE, KICIIOJIb30BATh
JIAaHHbIE U3 BHEMTHUX (DAKJIOB IS TECTUPOBAHUSI,
a TaKKe OCYIIECTBJIATh WHTEPAKTHBHOE VIIPAB-
JIEHHE MOJEJIbI0. DTH BO3MOKHOCTH IIO3BOJIAIOT
CTyZIeHTaM U3Y4YUTh MpEACTaBJICHHbIE B HATJIS/I-
HOU (OpMe pPEe3yJIbTaThl BHIIIOJIHEHUS] MOJIEJIBIO
3a/IaHHBIX OIEpaIii, OTCJIEKUBATh OIITUOKU
u T.1. Takum 06pa3om, IIpUBEAeHHAsT MOZEITb T10-
JIyCyMMAaTOpPa MOJKET OBITh HCITOJIb30BAHA B TEC-
TOBOM MOIyJI€, IPUBEJEHHOM Ha PUCYHKE 2.

module ha_test;
initial begin
#10 {A, B} <= 2'bo0;
#10 {A, B} <= 2'bo1;
#20 {A, B} <= 2'bie;
#20 {A, B} <= 2'b11;
#50 $stop;
end
reg A, B;
wire H, C;
half_adder hal(A, B, H, C);
initial
Smonitor("T=%t A=%b B=%b H=%b C=%b",
$time, A, B, H, C);
endmodule
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VVP Stop(B8) **
Flushing output streams.

Current simulation time is 110 ticks.

a)

Puc. 2

6)

TectoBas Mozenb (a) 1 pe3ysIbTat ee 00paboTku cumysisTopoMm (6).
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ITocne wm3ydyeHUsA CHUHTAKCHCA A3BIKA
Verilog 1 OCHOBHBIX IIPHEMOB PabOTHI C CHUMY-
JIITOPOM CTYZE€HTHI MOTYT IPHUCTYNIHUTHh K U3Y-
YyeHUI0 60JIee CJI0KHBIX KOMIIOHEHTOB:

— MYJIbTUILIEKCOPHI U IeMYJIbTUILTIEKCODBI;

— UCIOJIHUTENbHBIE OJIOKM IIpolieccopa
(MHOTOpA3psANHBIE CYMMATOPBI, OJIOKH BBI-
TIOJTHEHU S JIOTHYECKHX OIIEPAIUi);

— OJIOKM yIpaBjeHUS IIHMHOU azipeca H
IINHOH JaHHBIX;

— JIeKo/iep MHCTPYKITUH ITPOIieccopa;

— PErucTp COCTOSHUS IIPOIIECCOPA;

— KOHBeliepbl HHCTPYKIIUH.

BBuzy 60JIBIIOTO KOJIMYECTBA PA3IMIHBIX
CJIOKHBIX OJIOKOB, Ilepe] CTy/leHTaMH He CTa-
BUTCA 3ajlaya peau3aliil MOZETH KaKOTO-
ambo cioxkHoro MIT miu MK. Hecmorps Ha
Pa3BUTHE 3JIEMEHTHOU 0a3bl, aJITOPUTMOB 00-
paboTKH aHHBIX, U KaK CJIEJICTBUE — CYIIECT-
BEHHBIH POCT IPOU3BOJUTEIBHOCTH IIPOIIEC-
copoB, B ocHOBe coBpeMeHHbIX MII u MK mo
MIpEKHEMY JIEXKAT MOAXObI, chOopMyIUpPOBaAH-
HbIE B 1930—1950 rT. Takum ob6pas3om, B Kade-
CTBe Yy4eOHOTO TPAKTUYECKOTO MaTepHasa
MOKeT OBITh HCIIOJIb30BAHO YCTPOHCTBO IIPO-
CTeHIIero IpoIeccopa, IOANEPKUBAIOIIETO
MUHUMAJIBHBIN HabOp omepanui.

[Tocne u3yyeHns BHYTPEHHETO YCTPOUCTBA
IIPOLIECCOPHOTO S/Ipa MMEET CMBICII [IEPEUTH K
u3y4yeHuIo nepudepuitHbIX yerpoiicts. Ha aTom
JTarie MOXKHO B3ATh 3a OCHOBY MOJENb Gosiee
CJIOXKHOTO TIPOIIECCOPA, B TOM UHCJIE OCHOBAH-
HOTO HA KaKOH-IMO0 W3 HCIOJb3yeMBIX Ha
MpaKTHUKe apxXuTeKTyp (Takux kak x86, ARM
win MIPS). T'oroBbIe K UCHOJIB30BAaHUIO (HYHK-
[MOHAJbHBIE MOJIENIA TAaKHUX IPOIECCOPOB Ha-
xozsTes B cBOOOIHOM Aoctytie B VIHTEpHeTe.

Ucnonp30BaHme MOZEIN COBPEMEHHOTO
mpolieccopa MO3BOJISIET CTYAEHTaM OCYIIECTB-
JISITh OTJIAJIKY COOCTBEHHBIX MOiesiel mepude-
PUIHBIX YCTPOUCTB, UCIIOJIb3Ys JIJIsl pa3paboT-
KU TPOTPAMMHOHN YacTH MPOEKTa COOTBETCT-
ByIOIllee WHCTPYMEHTAJIbHOE U cucteMHoe 110
(accemOiiepbl, KOMIUJISATOPHI SA3BIKOB IIPO-
rPaMMUPOBAHUS BBICOKOTO YPOBHS U B HEKO-
TOPBIX CJIydassX — OIepAlFIOHHBIE CHCTEMBI).

OcHoBHBIE TnepudepUilHbIE YCTPOMICTBA,
MO/IeJIb KOTOPBIX UMEET CMBIC/I CTPOUTh B PaM-
Kax Kypca apxuTeKTypsl BC, BKIIOUaIoT B cebs:

1) IPOrPaMMUPYEMBIH WHTEPBAJIBHBIN
taiimep (Intel i8253, 18254 wn aHATIOTUYHBIH);

2) IPOrpaMMUPYEMBIH KOHTPOJUIEP IIpe-
peiBanuii (Intel i8259, AMD Am9519 u T. 11.);

3) KOHTPOJLIEP HPSIMOTO JIOCTYIIA K IaMs-
TH (Intel 18257).

O61pe preMbl PaboOThI ¢ GOIBITHHCTBOM
13 TMPUBENEHHBIX NepudepUUHBIX YCTPOUCTB
paccMaTpuBaeTcs BO BCEX peayin3yeMbIX B Ha-
CTOsAIllee BpeMs Kypcax apxuTektypsl BC, mo-
CKOJIbKY JaHHBbIE YCTPOHCTBA B YIIPOIIEHHOM
WIA PACHIMPEHHOM BHJIe IIPHUCYTCTBYIOT BO
Bcex coBpeMeHHBbIX IBM PC-coBMecTHMBIX Ma-

tepuHckux Iatax IIK B cocraBe ASIC cuc-
TEMHOI JIOTHKH C IeJbl0 obecredeHus Cco-
BMecTuMocTH. OIHAKO U3ydeHNe IPUHIUIIOB,
JIEXKAIUX B OCHOBE 9TUX YCTPOHCTB, TO3BOJISET
He TOJIBKO HauboJiee IOJIHO PACCMOTPETh HX
BO3MOJKHOCTH, HO U /IaTh BO3MOKHOCTH CTY-
JIEHTaM ONTHUMHU3UPOBAThH UX pabOTy M pacIIu-
puUTh QYHKIIMOHAJIBHOCTb. I 5TOTO MOXKHO
chOpMyIUPOBATh CJIEAYIOIINE JIOIOJHUTEh-
HbIE 3a/IaHUA 1715 1ab0paTOPHBIX paboT:

1. Paciinpenne ¢yHKIMOHANIA IIpOrpam-
MHPYEMOTO HHTEPBAJIBHOTO TaniMepa 18253
myTeM 700aBJIEHUSI HOBBIX BHJIOB BBIXO/JTHOTO
CUTHaJIa (JIOIIOJIHUTEJIBHO K MEeaH[py ¥ KOPOT-
KUM HUMILyJIbCaM) — yIIPaBJeHNe CKBAXKHOCTBIO
BBIXO/IHOTO CUTHAJIA JJIs1 UCIIOJIb30BAHUS TaH-
Mepa B kauectse [IIMIM-koHTpOJLIIEpA.

2. Pacimpenue ¢QyHKIMOHAMIA Iporpam-
MHUPYEMOTO KOHTpOJLIEpa MpepHIBAaHUN
18259 — ympolineHne HaCTPOUKU IPUOPUTETOB
MpepBIBaHUN; T00aBIeHNE PEKUMOB PabOTHI,
coBMecTUMBIX ¢ MII, OTJIWYHBIMU OT
i8080/8085/8086 (mampumep, Zilog Z80 u
€r0 pacIIupeHHbIE BEPCUM).

3. Paciiupenue ¢GyHKIMOHaIA KOHTPOJI-
Jiepa IpsAMOTo JOCTyIa K ImaMAaTH i8257 — yu-
poiieHre paboOThl KOHTpOJUIEpA C IIUHOH;
paciIupeHue MIUHBL a/ipeca I BO3MOXKHOCTH
HCIIOJIP30BAHUS PETHOHOB IAMATH Pa3MepoM
6oJtbiire 64KB.

B kauectBe mpuMepa HCHOJIb30BAHUSI
sa3bika Verilog paccmoTpuM 3aiady peasusa-
UM MOJeNu UHTepdeiica mepeaaun JaHHBIX
IO TIOCJIEZIOBATEIPHOMY KaHAJy CBSI3H, aHAJIO-
rugyHoMy RS-232 [8]. IIpu BBIIOJTHEHUU 3a7a-
HUSI CTYAEHTHI IOJIKHBI:

1) MPOAHAIM3UPOBATh MEXaHU3M Iepefayuun
JIAHHBIX I10 TIOCJIEZIOBATEIFHOMY KaHAJTY CBSA3H;

2) ONIPEZIETUTh COCTaB IEPEIAIONIEr0 YCT-
poricTBa M CIOCOOBI YIIPaBJIEHUS IPOIECCOM
mepeiavy;

3) noctpourts Verilog-mozesns unTepdetica;

4) cO37aTh CPEACTBO TECTUPOBAHUSA IIO-
CTPOEHHOU MO/IEJH;

5) OCYIIIECTBUTh MMUTAIMOHHOE MOJIEJIU-
poBaHUe PabOTHI MEPEJAIOIIETO YCTPOUCTBA C
ITOMOIIBIO CUMYJIATOPA;

6) IpeACTaBUTh Pe3y/IbTAaThl TECTUPOBAHMUS
B HaIVIAZHOU opMe U OTBETUTH Ha BOIIPOCHI.

JanHas 3ajava mpejIosaraer, 4Tro HH-
dopManus TO MOC/ENOBATEIHBHOMY KaHAJY
CBSI3U IepeJlaeTcs KaJpaMu JIMHOH 110 10 buT
(1 craproBBIi OUT + IEpenaBaeMbIN OallT +
1 cromoBbIi 6uT). Ilepemaua GUTOB JTAHHBIX
OCYIIECTBJISIETCS, HAUWHASA CO CTAPIIEro pas-
psana. IToCKOJIbBKY 3arpyaThb B IMepelaTuuK
HOBOE 3HaUYEHHE BO BpeMs Iepeflaun TaHHBIX
HeJb3s, TpebyeTrcsa obecneuuTh GoOpMUpPOBa-
HHUE CUTHaJIa 3aHATOCTU JUHHUU. Takum 006-
pa3oM, TMepefaTYUK [OJKEH HMeTh, IO
KpaiiHell Mepe, Tpu BXoza (BoChbMUpAa3psif-
HasA [IWHA JaHHBIX, BX0OJ KOMAaH/bI 3aTPy3KHU
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3HAQUEHUs W BXOJ, TAKTOBBIX HMITYJIbCOB) H
JBa BbIXojAa (MUHUA TMepeayd MaHHBIX U
MIPU3HAK aKTUBHOCTH).

J1a XxpaHeHud mepeiaBaeMoro Kajpa Iie-
JiecooOpa3HO HCIOJIB30BAaTh JECATHPA3PA/I-
HBIA CABUTOBBIN perucTp (110 pazMepy Kaapa).
ITo nepesHeMy (POHTY TAKTOBOTO CUTHAJIA CO-
JIEPKUMOE PETHCTPA JOJIKHO CABUTATHCS BJle-
BO, BBITECHSA y’Ke MEePEJJaHHbINA CTapIINi pas-
psa. OcBoboauBIINICA MJIAIIIAE pas3psy 3a-
MOJIHAETCA 3HadyeHHeM JIOTHMYecKol 1 (cooT-
BETCTBYIOIIIUH YPOBEHb IMPUCYTCTBYyeT Ha JIH-
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HUM [IPU OTCYTCTBUU aKTUBHOCTH). 1 mon-
cyeTa KOJIMYeCTBA CABUTOB U (GOPMUPOBAHUA
CUTH&JIa 3aHATOCTH HMeeT CMBICJI HCIIOJIb30-
BaTh JBOUYHBINA CUYETUYMK — B TAKOM CJIydae
IIpU3HAK 3aHATOCTH JIMHUM BBIUUCJIAETCA KaK
pesyiprar Jiormdeckoro MJIM Bcex GUTOB Te-
KyIIero 3HaueHUs CUeTUNKaA.

Ilocne anmanu3a MexaHu3Ma IiepeJladyud
JIAHHBIX CTYZEHTbl MOIYT peaJu30BaTh COOT-
BeTcTBYyIOIIYI0 Verilog-monernb. IIpumep pea-
JIM3allUM MOJIeI IIOCJIeloBaTeJIbHOIO Ilepe-
JlaT4yyKa NIpUBeJleH Ha PUCYHKe 3.

module sif(input [FT:8]data,
output line,

reg [9:8]buffer;

reg [Z:8]counter ;

assign hold | counter;
assign line buffer[9]:
initial buffer
initial counter 4" de;
always @(posedge clock) begin

if (load) begin

end
end
end
endmodule

input clock,
output hold):;

1e"b1_ 313133 1333 13;

buffer == {1'bB, data, 1'bl7};
counter == 4"'dlo;
end else begin
if (counter > B8) begin
counter == counter - 1;

buffer[9:8] = {buffer[8:

input load,

©], 1'bl};

Puc. 3

Verilog-monesp nunrepdeiica mocieZoBaTeIbHON IIEPEAAYH JAHHBIX

[Mocste peayuzanuy MOZEIH ee HEOOXOTUMO
MPOTECTUPOBaTh. [IJI1 TECTUpOBAaHUA MOAETU
CTyZeHTaM TOTpebyeTcsl CO37aTh €llle OfUH MO-
IlyJib, B KOTOPOM Oy/ZIET CO3/IaBaThCs HK3EMILISAD
JIAaHHOTO TIEpeaTYNKa U COOTBETCTBYIOITUH Ha-
00p TepeMeHHBIX /I YIPaBJIeHUs IIPOIIECCOM
niepesiaun. [10CKOJIBKY Iepeiaya JAaHHBIX OITHpa-
€Tcs1 Ha TAKTOBBIA CUTHAJI, HEOOXOIMMO CO3/IaTh
HICTOYHHK TAKOTO CUTHAJIA — JIJISL 3TOTO JIOCTATOY-
HO 4epe3 paBHbIE MHTEPBAJIBI BPEMEHH WHBEP-
THPOBATh 3HAUEHUE OHOOUTHON ITepEMEHHOM.

Ecu mepefaTuvk peasiM30BaH B COOTBET-
CTBUHU C PHUCYHKOM 3, TO 3arpy3Ka OYepeJIHOTO
0aiiTa B CABUTOBBIM PETHUCTP OCYLIECTBIISETCS
mo nepenHeMy ¢GpoHTy curHana load. Takum
obpazom, Jy1s 3arpy3ku OaiiTa HeoOXOAUMO yC-
TAHOBUTH €r0 Ha IMWHE JAHHBIX U KPaTKOBpe-
MeHHO (II0 KpaiiHel Mepe, Ha IIOJIOBHUHY IIe-
pHoia OCHOBHOTO TAKTOBOTO CUTHAJIA) TEPEBEC-
i JinHUI load B cocrosiHue joruyeckoi 1. Ile-
penauva 3HauYeHUsA B 3TOM CJIydae HAUHMHAETCSA
aBTOMATUYECKH, W TIepeJ] OTIIPABKOU CJIEAYIO-
mero 6ariTa HEOOXOAMMO JOXKIATHCA 0CBOOOMK-
JleHus auHun (3aaHuii GpouT curdaia hold).

Jl1s1 mosyvueHuss HHQPOPMAIIUH O POoIecce
TECTUPOBAHUA MOJEJIN CTYAEHTaM CJIEAyeT
MpeBapUTEIHHO BBIOPATh GOpPMAT, B KOTOPOM
ata uHpopmanus Oyzmer coxpaHAThcs. Ecium
TpebyeTcs MoJIydaTh MpeaBapuTeEIbHO 00pabo-
TaHHbIE TAaHHbIE — B PeaJIU3aIUU MOZETH JIJIs
BBIBO/IA JIAHHBIX MOTYT OBITH HCIIOJIB30BAHBI
KOHCTpyKIMu s3bika Verilog, Takme Kak
$monitor, $display u T. . [13]. D10 mMO3BOIAET
noyTyuuTh nHGopManuio B dpopmare CSV, 160
IIPOTOKOJI paboTHl IIPOW3BOJIBHOTO (opMara.
Eciu sxe TpebyeTcs moayIuTh nHGOPMAIUIO O
COCTOSTHUU BCEX JIMHUUA B KaXKABIA MOMEHT
BpEMEHH, TO IeJIecOOOpa3HO WCII0JIH30BATh
aBTOMATHUYECKUH CcOOpP  COOTBETCTBYIOIIUX
Ja"HBIX B dalin crnernuanpHOro dopmara, Ko-
TOPBIA MOKeT OBITh IIPOCMOTPEH U 06paboTaH
COOTBETCTBYIOIIMUMH IIporpaMMaMu (Hampu-
Mep, GTKWave [9]).

[Ipumep peanms3anuul TECTOBOTO MOZIYJIS
MPUBEJIEH HA PUCYHKE 4. JlaHHasA peayn3anus
OCYIIECTBJISIET BBIBOJ HH(OpMAINU KaK B
¢opmate CSV, Tak u B crienuajibHOM (popMmare,
noazep:kuBaeMoM nporpammoit GTKWave.
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module sif _test;
reg [7:0]txdata;
reg clock, load;
wire line, hold;

initial begin
$dumpfile("test.vcd");
$dumpvars(8, sif_test);

load = 6;
clock = @;

initial forever #5 clock = ~clock;

$display("Time, Line, Hold");
$monitor("%0t,%b,%b", $time, line, hold);

#1008 txdata = "T"; load = 1; #6 load = 0;

@(negedge hold) #1080 txdata = "e"; load = 1; #6 load = 0;
@(negedge hold) #1080 txdata = "s"; load = 1; #6 load = 0;
@(negedge hold) #1080 txdata = "t"; load = 1; #6 load = 0;
#1000 $finish;

end

sif sifl(txdata, clock, load, line, hold);

endmodule

Puc. 4
TecToBBIF MOJTYJTb
IToce 00pabOTKM MJAHHBIX MOYJIEH TpoHHOI Tabuibl. COCTOSHIE BCEX CUTHAJIOB

TPaHCJIATOPOM, IIOJIyYeHHBIA aiy MOKeT
ObITh 00paboTaH CUMYJIATOPOM (IIPH HCIIOJIb-
3oBanuu Icarus Verilog /i1 5TOTO UCIOJB3YET-
¢ mporpamMMa vvp). KOHCOJIBHBIN BBIBO| CH-
MyJIAITOpa MOKeT ObITh 3axBaueH B CSV-daiin
JUIS JajbHe#Ielr oO6paboOTKU B BHUJE DJIEK-

B IIPUBEZIEHHOM IIpuMepe Oy/leT COXpaHEHO B
daiin test.ved. Jlyis mpezcTaBieHHs 3TOTO CO-
CTOSIHUA B HAIVIAZIHOU hopMe yJaluecss MOTyT
3arpy3uTh IOJyYeHHBIH (aiiyi B MpOrpaMmy
GTKWave. PesysnpTaT A1 TIPUBEJEHHOTO
IpuMepa U300pakeH Ha PUCYHKE 5.

Signals Waves
. 100 |sec 200 | sec 300 |sec 400 | sec 500 |sec 600 | sec 700 | sec 800 |sec
Time TTTTTTTTTTTTTITT T T TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTTTTTT T TTTTTITTT T TT
clock =0 ﬂ_ﬂ_[
hold=0 Il | ] 1
line=1 [
load=0 Il Il 1 1
Puc. 5

PesyspraThl 06paboTku Mojienu B mporpamme GTKWave

Ha pucynke BuAHO, UTO Iepesaya JAaHHBIX
Mo JIMHuHU cBsizu (cTpoka line) ocyiecTsiisiercs
yeThIpbMs Kasipamu. [lepenaBaemas o JIUHUU
nndopmanus (crpoka «Test», cM. PHCYHOK 4)
3arpy’KaeTcsi B CABUTOBBIM PETHUCTD IO Iepef-
HeMy ¢poHTy curHana load, mpu 3TOM Hemo-
CPEICTBEHHO Ilepefilaya HaYpWHAeTCs IO CJie-
IyIoIleMy IiepenHeMy (GPOHTY TaKTOBOTO CHI-
Hasa (ctpoka clock). Bo Bpems mepezauu gaH-
HbIX curHai hold yznepkuBaercs Ha ypoBHe Jio-
TrUYeCcKOH 1, YTO MO3BOJIAET OLIEHUTD Ha rpadu-
Ke TPaHUIIbI U IJIMHY TIepeZaBaeMoro Kaapa.

[Tocsie BBITOTHEHUS TIPUBENEHHOTO 3371a-
HUS CTyZIEHTAaM MOTYT OBITh 33a/IaHBI CJIEAYIO-
II[11€ BOTIPOCHI:

1. TpebytoTcss 1 Kakue-ibO JTOMOJIHU-
TeJIbHbIE CUTHAJIBI, YTOOBI TIepe/laBaeMble JTaH-
HbIe MOTJIU OBITh KOPPEKTHO pPAaCIO3HAHBI
IIPUHUMAIOIUM YCTPOHCTBOM?

2. Kakoe BimsHMe Ha mepesavy JaHHBIX
OKaXkeT pasiuure ¢a3 TaKTOBBIX CHUTHAJIOB
MPUHUMAIOIIETO U TI€PEIAIOIIEr0 YCTPOHCTB?

3. UTo mpOu30HET, €CIU IEPUOBI TAKTO-
BBIX CUTHAJIOB IIPUHUMAIOIIETO U IIepeIaroIe-
T'O YCTPOUCTB OYAYyT pa3IudaThCsA HA BEJIMUUHY
00JIBIIIYIO0, YeM BpEMs Iepeiadyn OgHOro 6ura?
Ha meHbIIyo BeJIMIUHY?

4. Kakoe BiusHUE Ha TpOIECC IMEpemayvn
JIAHHBIX OKQKET 3arpy3Ka B CIBUTOBBIN PETHCTP
HOBOT'O 3HaueHUsI, moka jimHus hold ynep:xusa-
€Tcs Ha YPOBHE JIOTHYeCKOoi 1?7 Bo3MOKHO Jin
BOCCTAHOBJIEHHE HOPMAJIBHOH PabOThI KaHasIa
I1ocJie BOBHUKHOBEHUA TaKOW CUTyaruy?

5.4YT0 TpOUBOHIET, €Clu YAEep:KUBATh
cursai load Ha ypoBHE JIOTHYECKOH 1 ZOJIbIIE
OJTHOTO MepUoia TAKTOBOTO CUTHAJIA?

AHaMu3UpysA TPaBUJIBHOCTH OTBETOB HAa
IIOCTaBJICHHBIE BOIIPOCHI, OIPEAENSETCS YPO-
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BEHb YCBOEHUs PACCMOTPEHHOH TeMbl. [ 3a-
KpeIUIeHUsI MaTepHayia MOTYT OBITh 3aJIaHBI
JIOTIOJTHUTEJIBHBIE 33JIaHUS:

1) pacuer u pA00aBJEHHWE KOJIa YETHO-
CTU/HEUETHOCTH B IIEpEaBaEMbIN Kap;

2) peayi3anusl IIOMEXOYCTOMYUBOTO KO-
IUPOBAHUS IePe/IaBaeMbIX JaHHBIX;

3) petm3anusa MOJEIN IPUHUMAIOIIETO
YCTPOHCTBA.

Taxkum obpasom, uzydeHue s3bikoB HDL,
peayuzanua (QYHKIIMOHAJIBHBIX MOJIEJIEH 3iie-
MEHTOB IEHTPAIHLHOTO IIPOIIECCOPA U ITPOCTHIX
nepuepUUHBIX YCTPONCTB, a TAKXKE OCYIIECTB-

NMNTEPATYPA

JIeHWe WX WMUTAIUOHHOTO MOJETUPOBAHUS
CpeicTBaMU JIOTUUECKOTO CUMYJISTOpa II03BO-
JuT GOPMUPOBATH y CTYZIEHTOB 3HAHUA U yMe-
HUS B IIOJTHOM COOTBETCTBUH C TPeOOBAaHUSAMH
®I'OC BO. MHcnosapzoBaHue A3b1k0oB HDL s
CUHTE3a IPeIMETHO-CHENU(PUUHBIX YCTPOUCTB
Ha ocHOBe CPLD mim FPGA s1aeT BO3MOXKHOCTh
pelath 3a7jauu, BHIXOJAIINE 3a MPeiesibl BO3-
moxkHocTed MII m MK obiiero HasHadeHH.
ITosyueHHblE 3HAHUS TO3BOJIAT BBIITYCKHUKAM
CO3/1aBaTh IPOrPaMMHO-aMNNapaTHbIe KOMILIEK-
CBI 711 HanboJiee ONTHUMAJIBHOTO U 3G (PEKTUB-
HOTO PpeIIeHUus] ITPOU3BOJCTBEHHBIX 3aJ1ad.

1. Aspnees B. A. KomnbiorepHOe MozenupoBanue nudpoBbix yerpoiiers. M. : JIMK Ilpecc, 2012. 366 c.

2. TonoBkoB A. A., ITuoBapos U. 10., Ky3nenos 1. P. KomnbioTepHOE MOieTHpOBaHNE U IPOEKTUPOBAHNE
Pazno3IEKTPOHHBIX CPEJCTB : yU4eOHUK /1 By30B. CTaHapT TpeThero noxosenus. CII6. : ITurep. 2015. 208 c.

3. IIpukasz MunoOpHayku Poccuu ot 04.12.2015 N 1426 «O6 yTBep:k/ieHHU QeiepayibHOTO TOCYJaPCTBEH-
HOTO 00pa30BaTeIBPHOTO CTaHZAPTA BBICIIETO 0O0pa30BaHUA 110 HAIIPABJIEHUIO IIOATOTOBKHU 44.03.01 ITesjaroruye-

ckoe obOpasoBaHme (ypoBeHb OakayjiaBpuaTa)».

LAW_ 192459/ (ara ob6parenus 18.04.2016).

URL: http://www.consultant.ru/document/cons_doc__

4. Tlpukasz MunoOpHayku Poccun oT 12 MapTa 2015 roga NO 219 «O6 yTBepkaeHuU deilepaabHOTO rocy-
JAapCTBEHHOr0 00pa30BaTEJIbHOTO CTAHJAPTa BBICIIEr0 OOpa30BaHUA [0 HAMPABIEHUIO ITOATOTOBKH 09.03.02
nHGOpPMAIMOHHbIE CHUCTEMBI W TeXHOJOTHH (ypoBeHb OakanaBpuaTta)». URL: http://Muno6pHayku.pd/

JTOKyMeHTbI/5433 (maTa obpaienus 18.04.2016).

5. Ilpukasz MunoOGpHayku Poccuu ot 12 mapra 2015 roga N@ 224 «O6 yrBep:kaeHUn (e/ilepaibHOTO rocy-
JIapCTBEHHOr0 00pa30BaTeNILHOTO CTAHJApTa BBICIIEr0 O0Opa3oBaHUA IO HANPABJIEHUIO IIOATOTOBKHA 02.03.02
dynpamenTanbHass WHGpOpMATHKa W WHGOPMAIUOHHbIE TeXHOJOruU (ypoBeHb OakamaBpuara)». URL:
http://muHOOGpHayKU.pd/MOKYMEHTHI/ 5431 (1aTa obparieHus 18.04.2016).

6. CosnoBbeB B. B. OcHOBBI A3bIKa IPOEKTUPOBAHMS UG POBOH annapatypsl Verilog. M. : T'opsyas JTUHUSA-

Tenexom, 2016. 208 c.
7. Active-HDL — FPGA Simulation

// Aldec. URL: https://www.aldec.com/en/products/
fpga_simulation/active-hdl (maTa o6paiesus 19.04.2016).

8. EIA standard RS-232-C: Interface between Data Terminal Equipment and Data Communication Equip-
ment Employing Serial Binary Data Interchange. // Washington: Electronic Industries Association. Engineering

Dept. 1969. 29 p.

9. GTKWave 3.3 Wave Analyzer User's Guide. BSI. 2016. URL: http://gtkwave.sourceforge.net/gtkwave.pdf

(mara obpartenus 16.05.2016).

10. IEEE Std 1364-2001 / IEEE Standard Verilog Hardware Description Language. // IEEE. 2001. URL:
https://inst.eecs.berkeley.edu/~cs150/fao6/Labs/verilog-ieee.pdf (maTa obpaienus 19.04.2016).
11. ISE Design Suite. Xilinx. URL: http://www.xilinx.com/products/design-tools/ise-design-suite.html (za-

Ta obpareHus 19.04.2016).

12. LabVIEW FPGA Module // National Instruments. URL: http://www.ni.com/labview/fpga/ (mara o6pa-

LIEeHHUs 19.04.2016).

13. Palnitkar S. Verilog HDL: A Guide to Digital Design and Synthesis, Second Edition. Prentice Hall PTR.

2003. 450 p.

14. Quartus Prime — Overview // Altera. URL: https://www.altera.com/products/design-software/fpga-
design/quartus-prime/overview.html (;ata o6parenus 19.04.2016).
15. Williams S. Icarus Verilog — Simulation / Wikia. URL: http://iverilog.wikia.com/wiki/Simulation (marta

obpaleHus 19.04.2016).
LITERATURA

1. Avdeev V. A. Komp'yuternoe modelirovanie tsifrovykh ustroystv. M. : DMK Press, 2012. 366 s.
2. Golovkov A. A., Pivovarov I. Yu., Kuznetsov I. R. Komp'yuternoe modelirovanie i proektirovanie
radioelektronnykh sredstv : uchebnik dlya vuzov. Standart tret'ego pokoleniya. SPb. : Piter. 2015. 208 s.

3. Prikaz Minobrnauki Rossii ot 04.12.2015 N 1426 «Ob utverzhdenii federal'nogo gosudarstvennogo
obrazovatel'nogo standarta vysshego obrazovaniya po napravleniyu podgotovki 44.03.01 Pedagogicheskoe
obrazovanie (uroven' bakalavriata)». URL: http://www.consultant.ru/document/cons_doc_LAW_192459/ (data
obrashcheniya 18.04.2016).

4. Prikaz Minobrnauki Rossii ot 12 marta 2015 goda N2 219 «Ob utverzhdenii federal'nogo
gosudarstvennogo obrazovatel'nogo standarta vysshego obrazovaniya po napravleniyu podgotovki 09.03.02
informatsionnye sistemy i tekhnologii (uroven' bakalavriata)». URL: http://minobrnauki.rf/dokumenty/5433
(data obrashcheniya 18.04.2016).

5. Prikaz Minobrnauki Rossii ot 12 marta 2015 goda N2 224 «Ob utverzhdenii federal'nogo
gosudarstvennogo obrazovatel'nogo standarta vysshego obrazovaniya po napravleniyu podgotovki 02.03.02
Fundamental'naya  informatika i informatsionnye tekhnologii  (uroven' bakalavriata)».  URL:
http://minobrnauki.rf/dokumenty/5431 (data obrashcheniya 18.04.2016).


https://www.aldec.com/en/products/fpga_simulation/active-hdl
https://www.aldec.com/en/products/fpga_simulation/active-hdl

138 METOAMKA NOATOTOBKU YYUTENEA MATEMATUKNU U UHOOPMATUKU

6. Solov'ev V. V. Osnovy yazyka proektirovaniya tsifrovoy apparatury Verilog. M. : Goryachaya liniya-
Telekom, 2016. 208 s.

7. Active-HDL — FPGA Simulation // Aldec. URL: https://www.aldec.com/en/products/fpga_simulation/
active-hdl (data obrashcheniya 19.04.2016).

8. EIA standard RS-232-C: Interface between Data Terminal Equipment and Data Communication Equip-
ment Employing Serial Binary Data Interchange. // Washington: Electronic Industries Association. Engineering
Dept. 1969. 29 p.

9. GTKWave 3.3 Wave Analyzer User's Guide. BSI. 2016. URL: http://gtkwave.sourceforge.net/gtkwave.pdf
(data obrashcheniya 16.05.2016).

10. IEEE Std 1364-2001 / IEEE Standard Verilog Hardware Description Language. // IEEE. 2001. URL:
https://inst.eecs.berkeley.edu/~cs150/fa06/Labs/verilog-ieee.pdf (data obrashcheniya 19.04.2016).

11. ISE Design Suite. Xilinx. URL: http://www.xilinx.com/products/design-tools/ise-design-suite.html (da-
ta obrashcheniya 19.04.2016).

12. LabVIEW FPGA Module // National Instruments. URL: http://www.ni.com/labview/fpga/ (data
obrashcheniya 19.04.2016).

13. Palnitkar S. Verilog HDL: A Guide to Digital Design and Synthesis, Second Edition. Prentice Hall PTR.
2003. 450 p.

14. Quartus Prime — Overview // Altera. URL: https://www.altera.com/products/design-software/fpga-
design/quartus-prime/overview.html (data obrashcheniya 19.04.2016).

15. Williams S. Icarus Verilog — Simulation / Wikia. URL: http://iverilog.wikia.com/wiki/Simulation (data
obrashcheniya 19.04.2016).

CraTbto pekomeHayeT a-p nef. Hayk, npod. b. E. Ctapuuenko



