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[11aH cemmnHapa

[porpammmpyemble MHTErpaabHble CXEMbI
(MNC).

O6bnactn npumeHenus MNJANC.

Yctpounctaso coBpemeHHbIX MNJTUC Ha npumepe
Altera DEO-Nano.

MapuwpyT npoeKkTnuposaHua MNJINC.

[Mpmep NPoOeKTMPOBaAHMUA NPOCTOro
ycTpounctaa Ha ocHoBe MJTNC Altera.



[Mporpammmpyemas MHTerpaabHasn
CXEMaA

e [lporpammmpyemas nHterpaabHasa cxema (MANC, aHrn.
Programmable logic device, PLD) — 3n1eKTPOHHbIH
KOMMOHEHT, UCNOIb3YEMbIN AN1A
CO34aHMA UMPPOBBLIX MHTErPAJIbHbIX CXEM, NOTMKa PaboTbI
KOTOPOro He onpeaenaeTca nNpu U3rotoBaeHUK, a 3a4aETcs
nocpeacTBOM NPOrpaMmmpoBaHusa (MPoeKkTMpoBaHUA).

* [1na nporpammmnpPoOBaHMNA MCMNO/Ib3YIOTCA NPOrpammaTop
n IDE (cpena pa3paboTKku), no3soaAoWmMe 3a4aTb Kenaemyto
CTPYKTYPY UMdpPOBOro yCTPOMUCTBA B BUAE
NPUHLUMMNUANBbHOW 3NEKTPUYECKOMN CXeMbl MK Habopa
MOAY/N1EN Ha CreunanbHbIX A3blKax ONUCaAHUA
annapatypsbl: Verilog, VHDL, v ap.



Knaccnpumrkauma NANC

* OcHoBHble T1nbl MNJINC:
— Programmable array logic (PAL)
— Gate array logic (GAL)
— Complex programmable logic device (CPLD)
— Field-programmable gate array (FPGA)

* [1J/TINC pasnnyatoT No TeEXHONOrnmn
NPOU3BOACTBA U BO3MOXKHOCTU
nepenporpammmnpoBaHmnA



MaTtpudHblie MJINC (FPGA)

e [lporpammupyemasi Nnosb30BaTENEM
BeHTUNbHAA maTpuua (FPGA) — cneumanbHbIN
Bua NNC, KoTopbin moxKeT bbITb
nepenporpaMmmmpoBaH NOb30BaTENEM.

* OCHOBHbIE nporpamMmmumpyembie KOMIMOHEHTDI.
— Nporpammupyemble norundyeckmne 61oKu;

— 6210KM BBOAA U BbIBOAA;
— KommyTtauua mexay anemeHTamu.



[Mporpammupyemblie normyeckme 61oKu

F

:::

LUT-Mask

Ppﬁtﬁ




Tononormna matpuyHbix MNJIAC
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O6nactu npumeHeHua MJINC

* OCHOBHbIe HanpaBaeHUA NCNO1Ib30BAHUA
NJNC:

— BcTpanBaemble cuctembl
— AnnapaTHble yCKoputenm
— [1poTOTUNNPOBAHNE UHTErPaAIbHbIX CXEM

* OcHoBHble obnactu, npumensatowme MNJANC:
— ABMaKocmmyeckas, astomobmnbHaa mn BIK

— TEI'IeKON\N\yHVIKaLI,MM, ceTeBble TEXHONNOTMnN U
XpaHeHUne AaHHbIX

— MWKpPO3NEKTPOHMUKA, MeAULMHCKOE U HayYyHOoe
obopyngoBaHue



O6nactn npumeHeHua MJINC

* BcTpanBaemble cUCTEMbI




O6nactn npumeHeHua MJINC

BcTpanBaemble CUCTEMDI

Cockpit Evolution

6

Automotive Mega Trends & Key Requirements

EV / Powertrain
Motor Control, BMS, ECU

Self-Driving Car

Camera, Radar, Laser

Cluster, HUD, HMI

. Why FPGA: «  Why FPGA: . Why FPGA:
Special feature / function »  Evolving algorithms Real-time parallel processing
Fast boct (ON) time » Performance / Watt *  Faster control loops
Video connectivity *  Differentiation vs. ASSP. * Enables better motors
IO expansion »  Scalability ISO 26262 N
‘/'. R M AT AR o= 7 ol 1 chendhsies ,:\\
< ISO 26262 - Functional Safety HPS & Processes /5
’\ Video & Vision Processing \/
\ SW Acceleration Flow (HLS, OpenCL. libraries) >
N e I
. Infotainment & Driver Information . ADAS ;“(/l‘ . EV & Powertrain
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< Needs > -
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O6nactn npumeHeHua MJINC

* AnnapaTHble yCKopUtenu

Introducing the Intel® Atom™ Processor E600C Series
A Configurable Intel Processor

IVB+FPGA Software Development Platform

Flexibility Simplicity

+ Configurable with application-spedfic o
proprietary 10 and algorithms

» Single Design supports multipte product

Software Development for Accelerating Workloads using Xeon and coherently attached FPGA in-socket
* Single Package reduces footprint and helps
lower costs

» Ease of Design with few chips and simplified
inventory

derivatives

Intel® Xeon® E5-26xx v2

Processor
7 . i i i X i P
ru@!ellfw;mx‘slrr:mm;‘}'nw asingle package « Power of One with one supplier, cne package, e naind
or smaller form factor needs and one support call FPGA Module Altera Stratix V
6.4 GT/s full width
Intel’ Xeon' Rt S (target 80 GT/s at full width)
E5-2600 v2 Memory to FPGA | 2 channels of DDR3
Product Family Module (up to 64 GB)
Expansion

PCle 3.0 x8 lanes - maybe used

Lodndctor for direct 1/O e.g. Ethernet

to FPGA Module

Configuration Agent, Caching
Features Agent,, (optional) Memory
Controller

Accelerator Abstraction Layer
(AAL) runtime, drivers, sample

So re: applications

PCle*3.0x8

Heterogeneous architecture with homogenous platform support




O6nactn npumeHeHua MJINC

* AnnapaTHble yCKopUtenu

Cloud Example: Data Center FPGA Acceleration

Up to 1/3 of Cloud Service Provider Nodes to Use FPGAs by 2020

Image Identification Security Big Data

€

Algorithms: Convolutional Neural Encryption Compression

Applications:

Network

CPU FPGA CPU FPGA CPU + FPGA

Discrete FPGA Co-Packaged CPU + FPGA Integrated CPU + FPGA
Today

>2X performance increase through integration
Reduces total cost of ownership (TCO) by using standard server infrastructure
Increases flexibility by allowing for rapid implementation of customer IP and algorithms




O6nactn npumeHeHua MJINC

e [TpOTOTUNMPOBAHMNE NHTETPA/IbHbBIX CXEM

Live Windows 7 USB Host | Hybrid Prototype
I

Windows 7 Laptop

adfjoj0.d |enuiIp

TLM-2.0 transactor
UMRBus
Transaction
Interface

AXI
Transactor

DesignWare USB 3.0
Device Core

adAjojoid paseg-yod4

USB cable




Yctpounctso MNJ/INC DEO-Nano




YCTPOUCTBO /IOrMYECcKMX B10KOB

Row, Column,
And Direct Link
Routing

Row, Column,
And Direct Link
Routing

Local
Routing

Register Chain
Output

Register Chain . Register Bypass
Routing from LAB-Wide .
previous LE Synchronous LAB-Wide Programmable
Load Synchronous Register
LE Carry-In Clear
Y Y v
data 1 = -
data 2 > Synchronous
data 3 Look-LlIIJp Table g:".y _D— Load and »D Q >
(LUm) ain Clear Logic >
data 4 » —*™ ENA
CLRN o
—»
labclr1 —
labelr2
Chip-Wide Asynchronous i
Reset Clear Logic -
Register Feedback (DEV_CLRn) —
Clock &
Clock Enable
v Select
-l T—
LE Carry-Out labelk1 g
labclk2 o
labclkenat »
labelkena2 g




Maccusbl 10rmM4yecknx 610KoB U
TpaccupoBoUHble pecypcbl MJTINC
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< . — > Interconnect
- Direct link
Direct link > |[[[{{{|-> <> interconnact
interconnect - from adjacent
from adjacent [ |||/ block
block
-
Direct link & P Direct link
interconnect interconnect
to adjacent to adjacent
block block
LAB Local Interconnect
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Mepudepua DEO-Nano

12C

EEPROM Dip

Switch

(2Kbit)

X2
X2 X2 X
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[Nepndpepmna DEO-Nano

FPGA Serial
Configuration Device (EPCS)
32 MB
8 Green LEDs SDRAM 40-pin GPIO Header
‘»- L 2 Push-buttons
usB 'Ila'ype e
mini-AB Port | 2.4
e F Altera Cyclone IV
- EP4CE22F17C6N
og s, FPGA
ol 1
4 REGL: <
2Kb 12C H 5 it 320" 3 26-pin Header
EEPROM lu 2 U gszccas‘ﬁ‘a 31--- - —
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‘ ‘ ‘ o oo ool T lo (THTTTTHO
S— ) — oo 1t 1 11 5 NCPLD oo ' s CRe ' e
& 3 % 40-pin GPIO
Header

2-pin External Digital 50MHz Clock
Power Header Accelerometer Oscillator



[Nepndpepmna DEO-Nano
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MapuwpyT npoektuposaHua MNJINC

—>

—> —p
—>

ENTITY test is
port a: in bit;

end ENTITY test;

Cneumndukauma cucrembl

MpoeKTUpoBaHUE apXUTEKTYpbI

Jlornyeckoe npoeKkTupoBaHue

dunsnyeckoe NpoeKTUpoBaHue

BpemeHHO aHanu3 U aHanu3 sHepronoTpebneHus

KoHdurypauua (nporpammuposanue) NJAUC




Cneundukauma cuctembl

o ooooooooooipanity_check

... SW0.3 | LPWT — in[3..0] out |————@UIBLT " IED[0] R

CLOCK_50 | ILTIIE%T % Clock L PIN_A15

module parity check(in, out, clock, reset):

input wire [32:0] in;
input wire clock, reset;

output reg out:

always B (posedge clock or negedge reset)
if ([~reset)
out <= 1'b0;
el=se
out <=
endmodule
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CLOCK_50 [ >—
SW[0..31[

KEY[O0..0]|

Jlormyeckmm cUHTes

parity_check:inst

in[BHQl__

>—

clock

W [N = O

WideXor0

)

out~reg0

out

—{> LED[0..0]

reset




CLOCK_50 D—E

KEY[0]

SWI0..3]

KEY[0]~input

[MpmnBa3Ka K bubamnoteke

CLOCK_50-~input

10_IBUF

I 0]

CLOCK_50~input

parity_check:inst

10_IBUF
SW[0]~input
I 0

SWI[0..3]~input

A

10_IBUF
SW[1]~input

KEY[0]~input

W Ik = TS

WideXor0~0
DATAA
DATAB COMBOUT
DATAC
DATAD

LOGIC _CELL_COMB

I 0
10_IBUF
SW[2]~input
I 0
10_IBUF
SW[3]~input
I 0

10_IBUF

L

|

out

out

LED[0]~output
I 0

I0_OBUF

LED[0]
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