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Buoerne n3 1994 ropga yuto 6yaget B 2000 roay
MRL COMPUTERS TURN ALGORITHMS INTO HARDWARE

PekoHgurypupyembin
cyrnepkomnboTep 13
FPGA

Ha apceHnge rannus
YacTtoTta 500 MHz

10'° onepauun B
CekyHay

C onTtnyeckumu
coegnHeHUamMm

Ayenkn ¢ pedpekTamu
obxoaaTcs

Hepgoporon, Bcero 3a
NoNMUNINoHa Aonnapos

Ta A hen adding processors to
3 massively parallel pro-

cessing (MPP) systems,
there is never a time when, by
doubling the number of proces-
sors, you more than double the
throughput of the system. That is
loosely known as Amdahl’s law or
(if there is a 1:1 speedup) the law
of perfect speedup.

A computer architecture that
could violate that law would be
more than *‘perfect’’—the comput-
er-science equivalent of breaking
the speed-of-light barrier in physics.
Yet there is an architecture that does
precisely that: massively reconfigur-
able logic (MRL).

An MRL computer can
reconfigure its internal logic com-
pletely, in real-time, to implement
an algorithm in hardware. It does
so via field-programmable gate ar-
rays. Downloading a file to the
FPGAs rearranges the logic and
routing resources inside to imple-
ment a hardware design.

The Supercomputing Research
Center (SRC, Bowie, Md.) has
already used the technique to build
a machine that outperforms the
Cray 2 by 330 times, operating on
DNA-sequence comparisons.

Our version of an MRL comput-
er, the Virtual Computer, is a sin-
gle-board desktop machine with
more than 500,000 gates of recon-
figurable logic.

Since MRL systems use com-

Wafer-based giga-gate compufing

GoAs waler
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‘" Reconfigurable
logic with defect
™ Optoelectric
; “1/O
%" 7 Purge map
S " E2PROM

Fiber-ontics inferconnect

mercial, off-the-shelf parts, they
are cheap, at $125,000. And with
no moving parts, they can be of-
fered with multiyear guarantees
and reasonable repair cost esti-
mates after that.

If a single transistor goes bad in
a microprocessor, the whole chip
is bad. In an MRL system, by
contrast, a bad spot can be marked
as not usable, much as in a hard
disk’s purge map. That will lead to
the first efficient use of wafer-
scale integration in which every
wafer can be used.

Supercomputers in the year
2000 will be more open, more ver-
satile and more reconfigurable
than anyone can imagine at this
time. Our vision for the future of
computing is MRL-based Virtual
Computers capable of 10* opera-
tions/second at a cost of under
$500,000. ||

—By Steven Casselman, presi-
dent, Virtual Computer Corp. (Re-
seda, Calif.).

M3 npeseHTaumm Ctnea KaccenmaHa , cosgatenss FPGA nnaTbl 4ns BOEHHO-MOPCKOro

dnota CLWLA B 1991 roagy


https://docs.google.com/presentation/d/1azrWvRj-xehnWt2vkA_6rA4Jo-a3wE0uGgbE5liU_dI/edit?usp=sharing

Kak FPGA npegcrtasnanu wupokon nybnuke B 1997 roay

“Mukpoumn, KOTopbI NepenanBaeT (rewires) cebs”
Mpeanaraemble NPUNOXEHUS:

e PacnosHaBaHue nuu, PYKOMMCHOIo TeEKCTa N BOEHHbLIX

ueneun
e YckopeHue 6a3 gaHHbIX
e llndgpposaHue

e Muwukponpoueccop ¢ nsmeHsaembiM1 kKOMaHgamu, dynamic
instruction set computer (DISC)
e FPGA conpoueccop

O6cyxaganacb ngest YaCTMYHOM KOHpUrypaumm Ha neTy, BoO
BPEMS BbINOSTHEHMS anropuTMma

e MapkeTnpoBanock kak goctonHcTBo Xilinx XC6200 B 1O
BpeM4.

YnomuHanack nogaepxka paspabotok FPGA ot DARPA

TINT SPECIAL REPORT
] GENE THERAPY:

— HOW IT WILL WORK
AMERICAN s
ALZHEIMER'S AND MORE
JUNE 1997 S48

The microchip that rewires itself
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[1naH “6yaet cnnowHoe FPGA” He cbbirics, HO

e FPGA coxpaHunucb B HMLLAX, B KOTOPbIX NPOLLECCOP HE THHET,
HO AenaTtb cneunanm3anpoBaHHbin ASIC HenpakTU4YHO, HaNpUMep:

O

O

O

O

[laHHbIE HYXXHO NPUHUMATL KaXabl TAKT (MUKPOKOHTPOMSIEP HE MOXET)
TpebyeTtcs rapaHTusa BpemeHun peakumm (a nateHTHoct CPU He rapaHTUpoBaHhl)
[ln3anH HY>KHO MeHsATb YacTo (nepeBbinycTnTb ASIC HepanbHO)

Mapannenuam B FPGA koMmneHcupyeT nx 6onee HU3Kyt0 TakTOBYHO 4YacToTy

e FPGA npumeHsoTcda B npoTtoTunuposaHum n otnagke ASIC

e |1 B obpasoBaHun Oyayumx paspabotumnkos ASIC

O

TpeHupoBaTb TONbKO Ha RTL cnmynaTope He4oCTaTOYHO, Y CTYAEHTOB HY>XHO
BblpaboTaTb MHTYNLMIO NPO CUHTE3UPYEMOCTbL U 3a4EPXKKM BHYTPU TakTa



EcTecTBeHHbIe HULLN

® [ e HyxHo “cknents” WuHbl, glue logic, 1/0 expander

o [Mpumep: KOCMUYECKUIA KOpabnb,
KOTOPbIN UCNOSMb3yeT CETb U3 MUKPOKOHTPOSNEPOB,
CEHCOpOB, akTyaToOpOB U ckremnBarLwmnx sce smecte FPGA

e [ e OaHHble HY>XHO NPUHUMATb KaXXObIW TaKT,
HO TUpaXka n3genusa HegoctTaTouHo, YTodbl ASIC nmen cmbicn

O  Cs4asb, Hanpumep SDR - Software Defined Radio

O  BbICOKOCKOPOCTHbIE MHTEP(ENCHI,
Hanpumep LVDS n MIPI gna kamep n gucnnees

O  3ByK, BUAeO, WndpoBaHMe B pearibHOM BpEMEHU
e [ e TpebyeTcs rapaHTMsa BPEMEHU peakuum

o YnpasrneHue gsuratensmu
e [ e On3anH HYXXHO MEHATb 4YacTo

O  BblCcOKkOYaCTOTHLIN TPENOUHT




[MpoToTunupoBanne ASIC-oB Ha FPGA nnatax

Pa3pabartbiBaem CPU

[TpoCTble TeCTbl B ThiCAYY
NHCTPYKLUMN MOXHO 3arnyckaTb Ha
RTL cumynsartope

Ho cumynsaunsa ctapta JIMHykca Ha
HEeM 3aMMeT OHU (He nyTaTtb C
QEMU ypoBHE MHCTPYKLNI)

Bbixop - cuHTesnpyem ansa FPGA

He rurarepubl, a merarepubl, HO
TpebyeT Yachl, a He OHU

Q%p FPGA BOARDS

BIG - FAST - RELIABLE - STACKABLE
ASIC Prototyping
TCP-IP Acceleration

HiOh Performance Cg/




rlpOTOTI/II'II/IpOBaHI/Ie Ha cTeponaax - SMyJdATOpPbI

e YTOYHEHMEe TEPMUHA: IMYNATOP - HE CUMYIIATOP

e TaXe Uenb, YTO 1 NnaTbl NPOTOTUMMPOBAHUSA, HO
OonbLie cpeacTB OTNaaku

e EcTtb Kak Ha ocHoBe FPGA, Tak 1 Ha ocHoBe ASIC
cneunanbHON apxXUTeKTypbl, noxoxen Ha VLIW

e YNop Ha CKOPOCTb KOMMUASAUNK, @ HE TAUMUHT, KaK
B FPGA cuHTese

e MHoro TexHonorum gns pasduneHns gusanHa Ha
Kycku (partitioning) n ontummsaumm nHtepdgencons
mexay FPGA, B wactHoctn LVDS




[Mpobnema peanncTUYHOM NaTEHTHOCTU B aMynsATOpax

What about FPGA prototyping?
Taped-out SoC FPGA Prototype of SoC
SoC RTL
— on FPGA

@100 MHz

Rocket
Core

Rocket
DRAM EolE DRAM

Rocket
100ns Core 100ns
latency latency
A SoC RTL
@
taped-out

@1 GHz

r r
- -

Z
o

SoC sees 100 cycle DRAM latency SoC sees 10 cycle DRAM latency
Incorrect by a factor of 10!

@ Berkeley Architecture Research

hitps:/fires im/asplos23-slides-pdf/06 firesim intro pdf



https://fires.im/asplos23-slides-pdf/06_firesim_intro.pdf

PeweHne 3agepxkamm TpaH3akumm B FireSim

Host Decoupling in FireSim: Mapping to the FPGA

FASED

DRAM Phvsical
Timing DIZ:IE/?
osgresources Model Mem

RTL De5|gn Od 3 Channel

pemm—  100ns
latency

<- Resp Queue

100
cycle

Req Queue -> latency

L FPGA Fabric y

SoC sees realistic DRAM latency
@ Berkeley Architecture Research

hitps:/fires im/asplos23-slides-pdf/06 firesim intro pdf



https://fires.im/asplos23-slides-pdf/06_firesim_intro.pdf

AHanor FireSim Ha brogkeTHbIX nnatax?

MHorve nnathbl pa60Ta+ou_w|e ¢ FireSim MoxHO nn ucnonb3oBaTh bloaKeTHble nnathl 3a $40-$1507?

ctoat $7000-$9000: [a, ecnv ucnonb3oBaTh HEGOMbLUNE NPOLIECCOPHbIE SiApa
MVKPOKOHTPOIMNEPHOTO Kracca.

OTO XOPOLINIM CTYAEHYECKNIN MPOEKT



FPGA - ato He Tonbko Xilinx n Altera

Ha pbiHKe Bcerga obinn HebonbLune
npoun3BoanTenu

e Hepoporon Lattice
e PagnaunoHHo-yCcTONYMBLIN
Actel/Microsemi

Ho cenyac naet HoBas BomnHa:

e Gowin
o  OuyeHb BbICTPbI CUHTE3
o CoBmecTUM C OTKpbITbIM EDA
o KomnakTHbI ANCTpndyTmB
o Hepoporne nnatbl

e Efinix




[TnaTa Ha Lattice
n3 TromeHu

e PycnaH 3anara,
Fabmicro LLC

e [lnata nHTterpmpoBaHa
C npumMmepamu basics-
graphics-music

e Ho obBsa3ka ucnonbayer
TONBbKO OTKPbITLIE TYrbl
Ha OCHoBe YOsYysS

e Bbl MOXeTe NoAKMIUYNTL
00BA3KY C KOMMEPYECKNMU
Tynamu ot Lattice camu



https://github.com/yuri-panchul/basics-graphics-music/tree/main
https://github.com/yuri-panchul/basics-graphics-music/tree/main

C oTkpbITbiX TynoB ana FPGA - k oTkpbITbIM Tyrniam ans ASIC

e Yosys
e ABC
e OpenROAD

3a nocneaHune

S net

OHW cTanu
paboTocnocobHbIMU

() OpenROAD
File View Tools Windows Options Help
Fit Find Inspect Timing
Display Control a®
v Layers
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via
met2
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Blockages
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Rows
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OpenROAD 9a713f0e8a51769207918da28adfd3c02b854375

This program is licensed under the BSD-3 license. See the LICENSE file for details.

Components of this program may be licensed under more restrictive licenses which must be honored.

[INFOJ: Reading ODB at ‘/openlane/designs/01_and_or_not_xor_de_morgan/runs/RUN_2023.07.31_14.57.34/results/routing/top.odb"...
define_corners Typical

read_liberty -corner Typical /home/verilog/.volare/sky130A/libs.ref/sky130_fd_sc_hd/lib/sky130_fd_sc_hd__tt 025C_1v80.lib

Reading spefs ...

TCL commands

_00_

“ Inspector @®
Name Value =
Type Inst
Name _00_
Module <top>
Master sky130_fd_sc_hd_ xor2_2
Description Combinational
Placement status PLACED
Source type NONE
Dont Touch False
Orientation RO
57.5 um
¥ 81.6 um
v ITerms 7 items
A net2
B netl
VGND VGND
VNB VGND
VPB VPWR
VPWR VPWR -
< >
i Q T
Inspector | Hierarchy Browser = Timing Report
@®

58.934, 81.127




design/ SW PDK
src/*.v

The OpenLane Flow <
' \ I
Y 7 - ——
] Floorplanning LEC RC Extraction
RTL Synthesis } (yosys) (DEF2SPEF)
Synth <&
Exploration \ 4 ‘a CTS Detailed Routing STA

< ritonRoute, OpenSTA]
A STA o —— i ) ((OpenSTh
O . L

: Ant. Diodes Ant. Diodes Physical

2 Insertion Script Removal Verification
N { (Custom Scripts) )
: - (magic & netgen)
DFT : Global Routing — 1
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l ) gds2 Streaming
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[Mnatdopma Caravel = RISC-V + Open Lane

.,_v. =~

YOUR DESIGN CARAVEL INTEGRATED CHIP



Co3pgaHbl ¢ nomolbio Caravel + OpenlLane + eFabless

€ c 0

efabless:

& platform.efabless.com/projects/public

Projects v Tools v Marketplace v

Projects Filter:

All Public Projects v Tags:

| ooy 162

Community v

Ibtida SoC  pusic
Muhammad Hadir Khan |
https://merledupk.org

System on a Chip built around a RISC-V
based 5 stage pipelined core Buraqg-
Mini.
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Caravel_Astria_Testchip

public
Astria Nur Irfansyah |
http:/ [www.its.ac.id

Test circuits consisting of synthesizable
comparators for a stochastic ADC, to be
submitted for...

MorphleLogic  pusic

oo @
-9 ?
I—_'i:t-% it

Caravel puic

Sylvain Munaut |
https://github.com/PyFive-RISC-V

Peripherals tests for future SoC
targeting Micro/Circuit Python

o @ oo @ ] e w

Uppeia

RT-PseudoRNG pubic

ww
27 2 47 4w
Rico [~ Rlles

Qa < & QH

multi project harness  pusic

Matt Venn

multi project harness

= - -

caravel _amsat_txrx_ic puwsic




B Poccun Toxe nosisuncsa MPW cepsuc

rueckui cepeic MPW

25 miet.ru/news/160185
TexHonornyeckumn MPW-2023

HAUVOHANbHbIA
WNCCNEAOBATENbCKNIA YuueepcuteT Vv O6pasosaHue \/  Haykau WHHOBaUMM
YHUBEPCUTET
PE3Y/ILTATHI NIEPBOTO 3AMIYCKA NIPOM3BO/ACTBA

He MUKPOCXEM M0 CHCTEME MPW OXMBAIOTCH
cepeuc MPW
(Multi-Project Wafer)

MpopomkaeTrcs C60p NMPOEeKTOoB Ansa : : 3 MPW-2024
nponsBoacTBa UHTErpasnbHbIX CxeM no : pAKaX A7 00 o : POEKTOB MKPOCKEM ATIASATYCKA
cucteme MPW B 2024 rogy : 7 RO sEspAmAZ0za oA

13 pexabps 2023 #uayka  #Mpuoputet 2030  #uHHOBaUUM 225 npocmoTpos

[ocTynHbie p TP p AcTea
: . —
mikron © nnnTu wommreer () B
10 g e x roamp
16w IpoEsE o TemaaTNGECKOMy  OcuGBe Teonor Cascet reresecrayeryn B —
,. s | 2

Do 1 deBpansa 2024 rona HAY MUST cobupaeT npoekTbl Ans N3roToBeHNs NPOTOTUMNOB

: " Monbsosatenn
uHTErpanbHbix cxem B 2024 rogy no cucteme MPW (Multi-Project Wafer) —
MyNLTUNPOEKTHOTO Pa3MELLIEHNS MHTErpanbHbIX CxeM B eanHom kaape. Cepeuc MPW
o e— |
[IOCTYMEH NS HayYHbIX 1 06pa3oBaTesbHbIX OPraH13aLuii, NoABeAOMCTBEHHbIX MUHOGpHayKu TYCVYP - — @ HUaY e MBI smetirom
TUSUR UNIVERSITY e MUCoU N
Poccuu, 1 no3sonseT cosfasaTh NPOTOTHMbI MHTErPasbHBIX CXeM Ha 6a3e OTeUeCTBEHHbIX >
Towoo Hacian e
MUKPO3NEKTPOHHBIX habpuk 3a cueT cpencTs denepanbHoro Glomxera. P —— yussescmer sy A A a—— pi———,

B ———

https://www.miet.ru/news/160185



https://www.miet.ru/news/160185

Tiny Tapeout kak BapunaHT ans npon3BoacTea

j 5 B B 5 A R
Ewe bonee ] D U 6
OromKeTHas onuus — :
- 5 5% 8 5 5 5

anda coBCeM S = 3 0 5 O O B
KpOLwleYyHbIX =
MPOEKTOB, YeM
EFabIesst!/l BtZitgccoglr;(er ?_‘?SEE‘EEEE‘ !'.

uropractice =

p Tiny Tapeout 33y

From.idea.to-chip,design Ueadel, -
IN Minutes! . l '.\‘\‘\‘\‘\‘\;'

ani\\

https://hackaday.com/2023/03/05/tiny-tapeout-3-get-your-own-chip-deign-to-a-fab/



https://hackaday.com/2023/03/05/tiny-tapeout-3-get-your-own-chip-deign-to-a-fab/

BHyTpu ASIC Toxe moxeT 6biTb FPGA

KomnaHna Menta
npoaaeT SA4YenKku
FPGA B Bnae |
Y ;‘ High density eFPGA IP
-r“/”—l.eH3MpyeMorO \ N | L 100% standard cells | Scan chain DfT
S 3 \ §L ¢/ 1g Flexible SoCs Fully customizable | 100% test coverage
IP BmecTe ¢
Habopom EDA
TYnoB

[TogymaunTe, Kakue
MOryT ObITb
npunoXxeHus!




[Tpoueccop n FPGA - kakue BapuaHTbl B3aUMOAEeNCTBUA?

e OMmynsauus npoueccopa, cnpoektuposaHHoro ans ASIC

o Ha FPGA y Hero 6ygeT HM3kaa TaktoBas 4YactoTta - 20 MHz Bmecto 2 GHz

| I-Cache
e [lpoueccopHoe AApo CNpPOeKTMpPOBaHHOE crneLmanbHO AN Sl
? Y

FPGA |

Y
o Wcnonb3ayeT onTumMusnpoBaHHble 6rnokvu FPGA, Hanpumep DSP48 Dispatch <1 pecod

Decode

1

}

)

)

)
-

o  MicroBlaze Ha Xilinx UltraScale moxeT paboTath ¢ yactoton 700 MHz

Instruction
Block

CorExtend”

e ASIC, Ha KOTOpOM ecTb npoueccopHoe sapo u FPGA

L |
o [Mpumep: Zynq r _‘“‘ '
! Y User
o i SR O‘ ......... o=
e Conpoueccop Ans AoOMONHUTESbHbLIX MHCTPYKLMIA | A =
e Ho npoueccopamu n FPGA apxutekTypHble BapyaHTbl HE -—(v)
'

ncuyepnbIBaloTCA |
o Ects GPGPU, TPU, CGRA



He
TOJIbKO
FPGA,
HO U

CGRA

Coarse
Grained
Reconfigurable
Arrays

A Generic CGRA design

Incoming data-paths
Outgoing data-paths

(a) Mesh of RCs
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[ [ [ [

e N7 H 7 H 7 H
[ [ [ I

s 7 H o |7 H T

(c) Configuration

1 14-bit Configuration Register
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(b) Reconfigurable Cellrj; »
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[pyras Tema ansa cTyaeHYeCcKnX KypCOBbIX MPOEKTOB - “KPYNHO3EPHUCTbIE” pEKOHUTYpUpyeMble
MaccuBbl. [ecAaTku MUPOBbLIX YHUBEPCUTETOB UCCEaYOT, Kak NX NpMcnocobuTs.
https://arxiv.org/pdf/2004.04509



https://arxiv.org/pdf/2004.04509

CoBpemeHHble FPGA asontounoHmnpytot kK CGRA?

ECT 1 | :
MHEeHWne, 410 > “DSP blocks” to implement wide add/mul efficiently . >
COBPEMEHHbIE > Dense memories distributed throughout fabric 2 i 1 :
FPGA S 3 -
y>Xe Ha 2 "] -
NONMnyTU K E —— L],
Hosa e
N3-3a
Hannuus :
DSP 65n0KoB. :

Logic Block  Memory Block  DSP Block

https://www.cs.cmu.edu/afs/cs/academic/class/15740-f19/www/lectures/18-reconfigurable.pdf



https://www.cs.cmu.edu/afs/cs/academic/class/15740-f19/www/lectures/18-reconfigurable.pdf

ObcyxaeHuns o6pasoBaTeanblx I'IpOeKTOB no BOCerceHbFIM
- -ﬂ

Hacker Dojo, ,,
Mountain View, California ”

10 yTpa no KanndopHum
(neTHee Bpems)

Zoom
bit.ly/yuri-panchul-zoom

20.00 no MockBe

BonbLie nigopmaumm: https://habr.com/en/articles/790570/



https://habr.com/en/articles/790570/
http://bit.ly/yuri-panchul-zoom

Cnacubo!

yuri@panchul.com
yuri.panchul@gmail.com



mailto:yuri@panchul.com
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FeHepanbHbIM NAapTHEP KoHdepeHumn FPGA-Systems
2024.1

>

DeltaDesign

MepBas coBpemeHHan oTeyectseHHana CAlP,
peanunsytoLLan CKBO3HOM LMK MPOEKTUPOBAHMA NeYaTHbIX NAaT

BbiMyCK KOHCTPYKTOPCKO AOKYMEHTaLmMm

o t

BeneHve 6ubnvnotekn Pa3paboTka cxeMbl MpoekTpoBaHMe NevaTHoOW NaaTbl
3NEKTPOHHbBIX KOMMOHEHTOB NEKTPUHECKON

| Knaccn4eckan Tpacc WpOBKa Tononoruyeckas TpacCupoBKa

) LiBerty B)rFlexys | ED RightPCB ) TopoR
7. N

MogenmposaHue PepakTupoBaHve 1 Bepugmkaums
AHaNOroBLIX Cxem Lndhposbix cxem NPOV3BOACTBEHHBIX (haitnos
lzv') SimGCne E:' Simtera \ :) DeltaCAM
) / \

Pacumperue dyHKUMOHANBHOCTI M aBTOMaTU3aLmMA (yHKUMIA

@ KomrinekT nporpammucTta (SDK)

Www.eremex.ru




lne Haiitu FPGA / RTL / Verification KombloHUTH?

FPGA-Systems.ru

CalAT KOMbIOHUTU

FPGA-Systems Magazine (FSM)

MepBbIit XKypHan 0 NPOrpammMmnpyeMomn 0rnKe

@fpgasystems

Tenerpam yat

admin@fpga-systems.ru

DNIeKTPOHHAA NoYTa

Youtube.com/c/fpgasystems

Youtube KaHan



https://t.me/fpgasystems
mailto:admin@fpga-systems.ru
https://www.youtube.com/c/fpgasystems
https://fpga-systems.ru/fsm
https://fpga-systems.ru/

