NMMUTauMoHHOE MoaenimpoBaHue B uUccneaoBaHum
M pa3paboTrke MHPOPMALMOHHbIX CUCTEM

Jlekuusa 8

MMmuntayumoHHoe moaennpoBaHue
annapaTHbIX CPeacCTB BblYUCITUTENBHbIX
CUCTEM



OcHoBHble Buabl bIAC

e [Ina 3apaaHHon obnactu npumMmeHeHus (ASIC)

— LLInpokoro npmnmeHeHnuns (Application specific
standard products, ASSP) (M1kponpoLeccopbl,
MOAY/IM MAaMSATU, KOHTPONEPbl MHTEPDENCOB,
BuaeoaeKkoaepsl ...) — KpyrnHble Npou3BOAUTENMN,
6onbline TUpaXkn, CTOPOHHUE noTpebutenu;

— 3aKa3Hble (PUNbTPbl, KOMMYTATOPHI ...) —
MEHbLLNEe TUPaXxun, BO3MOXXHOCTb U3rOTOBUTb
«ansa cebsa»



[logroToBKa npoun3soacTBa bUAC

TexHonorus.
MKM

CTOMMOCTD
sanycka
TECTOBbIX
KpUCTanmoB
(LUaTTrIOB), ThIC.

—

CTOMMOCTD
MOArOTOBKM
MPOU3BOACTEA
KoMnnexT
(hOTOLIABMOHOB), ThIC.

CtonmocTb 1-1
NNacTiHL! Py
CEpUNHOM
MPOU3BOACTBE O3 yuera

OpUEHTUPOBOYHOE KOM-BO
KpUCTArMOB ¢ OJHON MNACTUHI
NPy TUNOBOM pasvepe
KpucTanna 3x4 mM no
TexHonorvin 0,18 mkw, .

fomn. fomn. OpRyCHiposariA, Aonn. (BbIx0od rogHbIX Beile 93%)
0,25 40 100 1200 1100
018 60 180 1200 1900
013 90 350 1300 3300—5000
0,09 1200 600 1400 6300—9000

(ctarbs ot ssHBaps 2014 1., mannsbie 110 hadbpukam FOxHOM A3un)
http://www.russianelectronics.ru/developer-r/review/2189/doc/40279
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{} OcHoBHble Buabl BAC (2)

e BeHTUNbHbIE MaTpULbl (MOSy3aKa3Hble)

— Y4acCTb CJ/I0EB MEeTa/M3aumm aenaeTcd no
3aKasy

e [IporpamMmmMumpyemMblie norndyeckue
MaTpuubl (FPGA)
— Habop 6a30BbIX ss4eek
— MepeknioyaTenm cBa3en Mexay S4enkamm

— 3arpy3ka KoHdurypauum no cneunanbHOMy
MHTEpdency
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[1lpon3BoanTENN N KPYMHbIE
nonsb3oatenu MNJINC

http://parallel.ru/fpga/vendors.html

Xilinx, Altera, Lattice Semiconductor, Actel,
Atmel, Nallatech, Mitrionics, Alpha Data,
QuickLogic, Achronix Semiconductor,
MathStar, Rapid Prototypes, National
Instruments, Sun Microsystems, SGI, Cray,
MNB Technologies, CPU Tech, Exegy,
Celoxica, XtremeData, Plurality.

HUN MBC, ®ryr "HUMN KBAHT", NnunawvH pyn,
2do, UTMuBT, BbICOKOTEXHOMOrMYHbIE

cucteMmbl, HIM "UndpoBblie pelueHus”,
DeverSYS




MSINC dupmbl XILINX

http://www.xilinx.com/products/silicon-devices/fpga.html

Spartan-6 . Virtex

Texnpouecc 45 HM 28 HM 28 HM 28 HM 16 HM
Logic cells 147,443 215,360 477,760 1,954,560 4,432,680
RAM 4.8Mb 13Mb 34Mb 68Mb 132.9Mb
DSP Slices 180 740 1,920 3,600 2,880
Transceivers 8 16 32 96 120

I/O Pins 576 500 500 1,200 1,456
CToMMoCTb

(B coctaBe  $349-$1995 $1295 $4995

nnaTobl)

SAqeiika (logic cell) — oxomno 15 BenTnieii ASIC
DSP slice — 18-6uT yMHOXKHTEIb+CyMMAaTOP €
HAKOILIEHHEM |



XILINX Virtex Connectivity Kit

FMC HPC DDR3 SODIMM

USB-to-UART Connector (10x GTH) 2x 64-bit each User LEDs
Bridge Connector

XADC BPI Parallel User
Header NOR Flash Dip Switch

:,w.,‘ VIRTEX"‘" ~. e b ﬁPower Switch

USB JTAG |
Interface ,!!ft‘i &
Hi B~
.!ii-, >'< 12V Power
w ;
§E 2 rild‘!ﬁ
—_ — _. . > LN : - 'm W3
SFP/SFP+ i: || SN gl 1 & ! '
Cages (4x GTH) e | X ; 1 — —— | 8 . ;W! »- User Pushbuttons

'I;V‘H""W”' '(”H:!”m;n ‘H

PCle x8 Gen 3 SMA GTH PMBus
(8x GTH) Reference Clock Input Connector

Virtex-7 XC7VX690T- SMA
9FFG1761C FPGA User Clock 9



CucreMma-Ha-kpucrtanne (SoC)

e MaT nnata = CbUC UIT + Yuncer

e MukpokoHTponnep = UlMN+4ymncet Ha
OIHOM KpuCTanne

e CHK =
LIM+4mncet+nepuepuna+cnenmanbHbl
e YCTPOUCTBA Ha OJHOM KpuUCTane

e CeTb-Ha-Kpucranne
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CHK XILINX Zync 7000

Processing System

Flash Controller Muitiport DRAM Controlier
NOR, NAND, SRAM, Oasad SP1 DDR3, DDR3L. DDR2

525’;! AMBA® Interconnect AMEBA Interconnect
- 2x -

12C

2x

. CAN . NEON"DSP#PU Engine NEONDSP#FPU Engine
Zx Cortex - AS MPCore Cortex- AS MPCore
- UART . 32/32 KB I/D Caches 32/32 KB I/D Caches
GPIO i 512 Kbyte =
- 2xSDID -
- with DMA - > '
2x USB
. with DMA -
2x Gig

=
=
_=
—
-
el
3
as
[=3
=3
—
=

with DNEA AMBA Interconnect Security
AES, SHA, RSA
EMIO
General Purpose ACP High Performance
AXl Ports AXI Ports

XADC .
2x ADC. Mux, Programmable Logic PCle Gen2

Thermal Sansor (System Gates, DSP, RAM) E=8 Laves

Multi-Standard 1/0s (3.3V & High-Speed 1.8V) Multi-Gigahit Transceivers




CHK npoussoactea HTL
Moayinb)

e CBNC K1879Xb14 pna pekoampoBaHUS
TeNeBU3NOHHbIX CUIHAsIOB
CMYTHMKOBOIr0, HA3eMHOIro u
KabenbHOro BeLwaHus, a Takxe IP-
TeneBnaeHns N oaHOMIaTHbIU
koMmnbtoTep MB 77.07 Ha eé ocHoBe

e CBIC 1879BA14 ana co3naHus
YHUDULIMPOBAHHOW annapaTHO-
NporpaMMHON NNaTgopmbl LIMMPOBbIX
MPOrpaMMHbIX MPUEMHUKOB
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K1879Xb14

npoueccop ARM11761ZF-S, vactoTta - 324 Ml'y
LIINMC NeuroMatrix® NMC3, 4yacTtoTa - 324 Ml'u

MynbTUCTaHAAPTHLIN aekoaep SD/HD Buaeo
MPEG2-/H.264/VC-1

neckpembnupoBaHue no ctraHgapty DVB-CSA
2D rpadunyeckmn yCKoOpuUTESb

BUAEOKOHTpOsIEP C MYHKUMEN HANOXKEHUS
NosyNpo3paYyHbIX C/I0EB U MacLLUTabUpoBaHNEM
BUAEO
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CpeacTB

42]- YpoBHU MOAENMPOBaHMS annapaTHbIX

e YPOBEHb 3/1EKTPUYECKUX LIENEN

(transistors level)
e YpoBeHb BeHTUNEN (gate
e YpPOBEHb PErncTpoBbIX Ne

evel)

pDENAY

(register transfer level, RTL)
e CncrteMHbIn ypoBeHb (system level,

processor level)

IS



YpOBHU NpOeKTUpoBaHUS (1

MOZEeNMPOBaHNS) annapaTHbIX
CpencTs

typical signal time behavioral physical
£lucks representation representation description description
transistor transistor, voltage continuous differential  transistor
resistor function equation layout
gate and, or, xor, logic 0 or ] propagation Boolean cell
flip-flop delay equation layout
RT adder, mux, integer, clock tick extended RT level
register system state FSM floor plan
processor processor,  abstract event algorithm  IP level
memory data type sequence mC floor plan

© P. Chu, RTL Hardware design

16



YpOBEHb 311. Lenen

e Cneunanm3npoBaHHbIie CpeacTBa
MOAeNNpoOBaHUA:

PSPICE (Personal Simulation Program
with Integrated Circuits Emphasis) ot
Cadence Design Systems

YHUMBepcasbHble CUCTEMbI HENPEPLIBHOIMO
MoaenupoBaHus: Matlab Simulink
(Mathworks Corp.)
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PSPICE

e 3aaHME CXeMbI (TEKCTOBbLIN A3bIK UK
rpadpnyeckmun peaakTop)

e JJ/IeMeHTbl CXeMbl BbIOMpPAOTCA U3
6ubnmnotekun

e 331a€TCA pexxmM MoaenmpoBaHUA:
aHaNn3 nepexoaHbIX NMpoLecchl, pacyeT
YCTAHOBUBLLErOCA pPeXuMa, ...

e BbinonHaeTca moaenupoBaHue
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Verilog

Two leading HDLs:

e Verilog;
— developed in 1984 by Gateway Design Automation
— became an IEEE standard (1364) in 1995

e VHDL

— Developed in 1981 by the Department of
Defense

— Became an IEEE standard (1076) in 1987

© [Verilog]
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YUYéT cneumdunkm npegMeTHOU
obnactu

e OnncaHne CTPYKTYPbl CUCTEMBI

— MOAYJ1N, BXOAHbIE U BbIXOAHbIE MOPThI,
coeagnHEHNA

e OnNncaHne noBeaeHus1 CUCTEMbI

— CUrHanbl; BpeMs; cobblTns; onepauum;
napannenn3m
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E): TMoBepeHuyeckoe onncaHme

module example(input a, b, ¢,

output y);

assigny = ~a& ~b&~c|a&~b&n~cC|
a&~b&c;

endmodule

// no ymon4anuto a,b,c,y — 1 éut

MNow:
0O ns 160 320 Ns 420 640 ns 200

800 ns 1 T T T T O T Ll b
=l a 0

2N b 0 | I |

A c 0 e N N e D e
) BY o | | |
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CTpyKTYpHOE onucaHue

module and3(input a, b, ¢, output y);

assigny =a &b &c;

endmodule

module inv(input a, output y);

assign y = ~a;

endmodule

module nand3(input a, b, ¢, output y);
wire nl; // internal signal

and3 andgate(a, b, ¢, n1); // instance of
and3

inv inverter(nl, y); // instance of
inverter 22
endmodule



initial 1 always

0d uIe NCO (FC, CO, C); // nmsa moayns 1 CnnMCoK NopToB
input FC, C; // Bxoabl
output CO; // Bbixoa
// onucaHme UCnosb3yeMbiX CUrHAIOB
wire [3:0] FC;
wire C;
reg [3:0] acc;
reg CO;
// onncaHue noBeaeHns CUCTEMbI
initial
begin
acc=0;
CO=0;
end
always @(posedge C) // cobbitne — poHT C
{CO,acc}={CO, acc}+FO; endmodule
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Initial n always (2)

e B ogHOM Moayne 6nokoB initial v
always MoXXeT bbITb HECKO/IbKO

e bnokwu initial ncnonHaTCS
napannienbHO U OAHOKPATHO

e bnoku always ncnonHaTcs
napannenbHO N BCE BpeMd, NoKa naetT
MoAaennpoBaHue
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3a4epXKKU

e 3Ha4yeHne OQHOro TakTa u
pa3peLlatoLiasl cnocobHOCTb:

e timescale 1 ns/100 ps

e BbinonHeHue ¢ 3aaep>xKon

initial begin #1 rst = 1; #1 rst = 0; end
always #10 clock=~clock

assign #1 {ab, bb, cb} = ~{a, b, c};
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£F Cnucok 4yBCTBUTENBHOCTY

e @(x)

e @(posedge y or negedge Xx)
* @(*)

e ECcnun He 3aaaH: ?
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- YcnosHble onepaTopbl, LMK

repeat
Forever
case
casez

=il; elsey = i2;
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Cny>xebHble dyHKUNK

e BBOA-BbIBOA
e OCTaHOBKa MOaeNnMpoBaHUS
e Cn-uHtepdenc (CLI)
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OnucaHune Ha HDL: BmnAabl
MCNO/Ib30BAHUS

[lIOKyMeHTauua Ha cxemy

IcxoaHble AaHHbIe AN CpeacTBa
TPaCCMPOBKN COEAVUHEHUN 3/TIEMEHTOB
(CTpyKTypHOE onncaHue B 3aaHHOM
3neMeHTapHoM 6a3uce);

MopaenupoBaHue paboTbl CXEMbI

CuHTE3 onucaHus Ha ypoBHe BeHTunen (Mpu
ornpeaenéHHbIX OrpaHUYEHnsX Ha
NOAMHOXECTBO $3blKa);

Jlornyeckas Bepmndukaums (AoKkasaTenbCTBO
cobntogeHns cBOUCTB) "



Cpeacrtea MoaenupoBaHus
e OT npomnzsoautenen CArP;

e CBO6OAHO pacrnpoCcTpaHsieMblE:
— http://iverilog.icarus.com/
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CCbINKN

o http://www.russianelectronics.ru/develo
per-r/review/2189/doc/40279/
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e [Verilog] David Money Harris and Sarah
L. Harris, Digital Design and Computer
Architecture.
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Cnacunbo 3a BHMMaHue!
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