2015888288 14:30-15:50 (s5¢) 3 SO%Mee
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Python(C &k & &1i75%5
2L—ALD—2PyCoRAMT
FPGAY AT L7ZxFHAFE U THEKD

SRIE B8

RETIRBIFRMAZFRRE BRI FHAE

E-mail: shinya_at is naist_jp




SHBOT—V

B "FEQEE, T 'FERHD) =F5ER
® EREBDIHE
- WERBE: iFEREE (Python) - EFIL - EEA
c FEIRHD: FPGAZFE TN RY LAV E 21 —H
B (CARRICERETTEIEoWVWWE) ZEIRUEKD
® BNOFICIRULBEZERICESS. TUTRRLELD

® EREDZE
- PyCoRAM: PythonlC &K BIPI P BRI 7L —LD—0
- Pyverilog: Verilog HDLE##T - Y —ILF v k
- Veriloggen: Python CVerilog HDLZ#MHIZI TDIEES 1T SV

SWEST2015 Shinya T-Y, NAIST




All software are available!

GitHUb CAE P

PyCoRAM: https://github.com/PyHDI/PyCoRAM
Pyverilog: https://github.com/PyHDI/Pyverilog

Veriloggen: https://github.com/PyHDI/veriloggen

$ git clone https://github.com/PyHDI/Pyverilog.qgit

$ qgit clone https://github.com/PyHDI/PyCoRAM.git
$ git clone https://github.com/PyHDI/veriloggen.git

PIP (Python/\w T —3IEBE
7272 UGitHUb D' &R#THR T

) THAVRA K=Y

$ pip install pyverilog

$ pip install pycoram

$ pip install veriloggen

SWEST2015 Shinya T-Y, NAIST
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/

® FPGA&(E?
® FPGADETRE
® TFDFPGAZERD ELIRIE
B SUSKRY—ILEF?
® SNEMDER
o BRAY—-ILEA—T VY —-RIEZY—)L
B PythonlC X% &1s%5T 7 L — AT — 2O PyCoRAM
® Python& Verilog HDLZ A A EHEZIPIPE%ETY —IU
o &Y —)LDIBA: Pyverilog, Veriloggen
B SEROSMUEHY—IIFEDHDINEHN?
® XUBHRFTETITSVDIIEE
mERED
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FPGA (Field Programmable Gate Array)

B PHZEREO]HE

JRLSI

(PLD: Programmable Logic Device)

o RETEMNMRBOTIVILCIRZFKT D ENTED
® Xt U CCPUYGPUIZFLD (Fixed Logic Device) ?

B CPURE EDKEZEWTE?

® CPUDIRBEWIV IO D7 (FOUVSL) THRESND
- A—HFECPUZFDHDDEIEELZET I EIFTERL)

® FPGADIRDE

Digital circuits

SWEST2015

EWEN—FDIPZDEDDEETEALND

Shinya T-Y, NAIST



FPGAh— K DERE
Digilent NetFPGA SUME

Price $24,500

SATA-3 x2 DDR3 SODIMM FPGA
(4GB x2) (Xilinx Virtex-7 XC7V690T)

i <

IR .
T REEi I [y

e o o 0 o o 0}4

|

s IR LI N e
|

TR

= !: AL BT
oo il _——
= Asvh ¢
S A 102

= L3 B

el | M) T -ret

 ——
Pz B P\ O llIN ot FPGA-S UM E R
P )i m’ s
'@ eNerPeA §P CAMBRIDGE & N“FPGA'SU s -

(e o)

\
it (TR

L ¢ o _"‘
r}'» ° '; ° P
! e e o o oEE

°

ER

J 10Gbps Ethernet x4 PCl-express
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Digilent Nexys3

FPGA: Xilinx Spartan-6 LX16
Size: Pipelined CPU x2
Price: 15,000yen (Academic)

PERFORM ~ =

DIGILENT’

BEYOND THEORY

Digilent ZedBoard

FPGA: Xilinx Zynq 7020

Size: Pipelined CPU x8 (+ ARM DualCore)
Price: 60,000yen (Academic)

GILENT G

__/

MO

T s 2 COUOOOOG0
10031-TT-A014

T

el o L L I |

L7 ey Los

e el a2 w¥ 2 } 4 4

SW2_CMIS) SWS (HIZ) SUS (HIB) SU (HIS) S (F21) SW2 H2D) SMI CG22) SO (F2)
P P T T T T [ o



D Intel®SSD 520 Series 240GB [Rer
| 000 O ;
ISN: CVCV24260280240CGN FW: 400)

IR
SA: 630600300
PBA: 625238-300
LBA 468,862,128
Pb-free 2L1
Mado in China WWN: 50015178B2AC267D
Model:  SSDSC2CW240A3

25" 6Gb/s SATA SSD 240G 6V 1A
Disclaimer: WARRANTY VOID IF ANY LABEL

SCREW IS REMOVED OR BROKEN

e 0
950/25 [E " "_. @';
tm;s c E [ VIZER

FPGA (Xilinx Zyng 7020, ARM
+DDR3 DRAM 512MB

A321BOTA
€1300012

g

52

ARKUS
A321P0LA

£ 8 R
#4 ome
-

|

§ SSD Interface
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Xilinx ZC706 F e Yt 3|
A £
FPGA: Xilinx Zynq 7045 | u = COILNEED /_}

galdia
| A

® Size: Pipelined CPU x16 k& N 3
Price: 300,000yen i 2 |

e ;
[3402] s

1) A ? ¢
% g ) CI
[ON9] [BYLAGAT
e s 0oy (0N

i
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Tokyo Electron Deice TB-6V-LX760-LSI §
FPGA: Xilinx Virtex-6 LX760 ‘
Size: Pipelined CPU x1007?

Price: 4,000,000yen?

i | —
M

)
.....



o

s oy

d CPU x2007?

line

Xilinx Spartan-6 x100

ScalableCore System
Price: 1005 R12E ?

FPGA:
Size: Pipe




A I\Z’P'I’)I/FPGAONI‘%EJZ

* An LB has logical
circuit components for
both combinational
circuits and sequential

SB —|8— sB /35— sB —|5=— sB

circuits | (1] (1] 1] 1]

« They are connected via IOB = CB = LB =~ CB = LB = CB = LB = CB ~ IOB
interconnection (1] (1] (111 (1]
components (SB, CB B —3— s8 —3— sB —3— s
and wire) L L L

|
I

I

I

I

I

I

I

I

I

I

I

I

I

| L L L] 11l
I | 10B CB LB CB LB CB LB CB |IOB
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

g | Logic Block

L]
L
L
CB
1

SB —8— sB — 55— sB SB

[0]=] CB LB CB LB CB LB CB 10B

SB —|8— sB /35— sB —/5=— sB

sg | Switch Block

@ Connection Block

iog | 1/0 Block

—_— \Nire
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A I\Z’P'I’)I/FPGAONI‘%EJZ

* An LB has logical
circuit components for
both combinational
circuits and sequential
circuits

« They are connected via
interconnection
components (SB, CB
and wire)

IOB 10B

s} —|8=— sB

1 I 11 111

()]
o
11
111]
(0))
o
1
Ch
I

g | Logic Block

SB —8— sB /35— s —/5=— sB

L] L1 1N i

|OB CB LB CB LB Cb Co
L] L] 1] 1]

SB —|8— sB /35— sB —/5=— sB

sg | Switch Block

10B

@ Connection Block

iog | 1/0 Block

I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| | IOB~-'CB M LB M CcBH LB - ci= LB = CB [ 0B
|
|
|
|
|
|
|
|
|
|
|
|
|
. |
- Wire I

11T 1] 11 1]
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Logic Block

¥ Two basic elements in a logic block

® LUT (Look Up Table): for combinational circuits

® Flip-flop: for memory (sequential circuits)

0B

I0B

SB

SB

==

LB

10B

SB

I0B

|
I
|
I
|
|
|
|
|
|
I
|
I
|
I
I | 10B
I
|
I
|
I
|
I
|
I
|
I
|
|
|
|

SWEST2015

SB

10B

I0B
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LUT: Look Up Table

B [ UTs realize combinational logics

® An LUT returns a 1-bit value corresponding to the input
bit-vector (=Boolean function)

® N-input LUT has 2N combinations of results: 4-input LUT has 16

al0] > N-input
o LUT
a2. 000...0 .
000...1 1
a[N-1] s 111...1 0

SWEST2015 Shinya T-Y, NAIST



FPGA in Anywhere

B LSIERE - B TSV R TDA—ALELT
o LSIDHREZ= 2SR ICHREE

® HWD TR ZFEZ<TH
SWORRIRIEN TE D

o VIORDIPYVZIalL—HICLD
ORII2L—YavEhH
SR (CIREFTED
B FRERICHMADLSIE LT
o BHIRUIE
® RvY KND—KESS
mrPOLSL—45EULT

e W . . . .
[ ) 7 — 9 /\ —_ 2 Convolution Pooling Max Out Convolution Full Connection

o DITJRR
® gIE%HR%' - " . - ™

e -
® %*&%g Input Layer

SWEST2015 Shinya T-Y, NAIST 18
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ASIC vs. FPGA

m ASIC (Application Specific Integrated Circuit)
® FNZENDFPTVT—2 3V (CHFE UIcERLDIIEZRE
- BRICMTS0Y - GULEIEETHLVERE
® FPGA (Field Programmable Gate Array)
® EDOFTUT—Y3aVHEIERDFPGATEIRR | PEXEDHOK
o &RV —REZDOOIFEEEADNEH T EE

FPGA is cheaper ASIC is cheaper
FPGA

Cost

The number of units =2

SWEST2015 Shinya T-Y, NAIST
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18 Z %5 [T BFPGAD L&

Logic Cells

2,000K

mERSVUIRYD
27— TIcLkD e
FPGORIBIRIEHIBK

o 5ETERELLE (T |

S HBRZIBNHFA
° 7”/9:9,]/“3 1,000 K
3RITIEE 800K | 2X Capacy

B ZONERETHKREIC o0k
o BRI DRMMBA w0
® MMRPBHAEATNDBE 200k

* RTLOHDFFEDERS?E | |
. BAISHAEROTA oo | [aom 2o |

Figure 1-1: FPGA capacity has increased over 6x in less than 5 years

SWEST2015 Shinya T-Y, NAIST From Xilinx UG872 20




How to Develop a Software?

Writing a software int main(){
in programming languages inta=1+2;
printf(“Hello %d\n”, a);
return O;
Preprocess
_ v
u—? Compile
_ add $t0, $t1, $t2
5 l, i $vO, 1
Q.
c syscall
o Assemble
) J
Link

l, Executable Binary

Execution on a CPU

SWEST2015 Shinya T-Y, NAIST
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How to Develop a (FPGA) Hardware?

”» o module top
Writing a hardware design in HDL (input CLK, RST
(Hardware Description Language) "\\ output reg, [7:0’] LED):
R always @(posedge CLK) begin
LED <= LED + 1;
Synthesis end

‘l' endmodule

Technology Mapping

|

Place and Route

v

Bitstream Generation

v

Configuration of the bitstream
to an FPGA

EDA Flow

TAOCOZ21E...

Bitstream
SWEST2015 Shinya T-Y, NAIST 22
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ARMIBEFPGADES (1)

B ARMZ’'Ot v HY+FPGA (Xilinx Zyng, Altera SoC)
o ERAVHY—-IRVNTEEES, ¥vvPa - -DRAMER
o LFEDLinuxH'EIMET B2-KBRY 7 b0 T PERNFIRTAE

|

Processing System
Single- or Dual-Core Processor

Flash Controller Multiport DRAM Controlier HPS 1/0
NOR, NAND, SRAM, Quad SPI DDR3, DDR3L, DDR2 Hard Processor System (HPS)
t 1 ARM® Cortex™-A9 ARM Cortex-A9
USB OTG Ethernet
2 : FPGA NEON™/FPU NEON/FPU
. SPI . AMBA” lnsrconnoct l B L1 Cache L1 Cache (2) (x2)
2x 2
1-C
12¢ L2 Cache GPIO
5 2 o - e e
; . CAN . NEON™DSPFPU Engine || NEONDSPFPU Engine JTAG 64 KB Timers SPI CAN
s 2% Cortex™ A9 MPCore || Cortex- A3 MPCore Debug/Trace RAM (x11) (x2) (x2)
§ UART 32/32 KB 1/D Caches 32732 KB 1/D Caches
<3
8 . . ' ' NANDFash ~ QSPIFlash — SD/SDIO/ DMA UART
= ' GPIO . (= . 2B Kt ‘ Hard Memory 0@ Controller MMC (x2)
2xSDI0 i

Controller*

with DMA Memory Shared Multiport DDR HPSto FPGAto FPGA
75 USE | Transceivers* SDRAM Controller @ FPGA HPS Configuration

- o trt ! t !
2x GigE ar e
wi:h I;%M BA Interconnect m . *Optional Configuration ) Integrated DMA ~ @ Integrated ECC
AES, SHA, RSA i
General Purpose ACP  High Performance Altera® ARMN—_XSoC
obias AXI Ports https://www.altera.com/ja_JP/pdfs/literature/br/br-soc-fpga_j.pdf
XADC

Programmable Logic PCle Gen2
(System Gates, DSP, RAM) 1-8 Lanes

2x ADC, Mux,
Thermal Sensor

Zynq-7000 All Programmable SoC
Multi-Gigabit Transceivers http://japan.xilinx.com/products/silicon-devices/soc/zynqg-7000.html

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

SWEST2015 Shinya T-Y, NAIST 24



ARMIBEFPGADE S (2)

B LBODFPGAL (FAIHHES ?
® ZHZHLBMBEDFPGALHCPUEHETRE (VT Ko 0O)
o J7HRELEUE~10EE S
* MicroBlaze: 100MHz~200MHz, In-order, Single issue
* ARM: 600MHz~1GHz, 000, Super scalar

B JREDOHW/SWiisHSoCOEIRNBHICIE D

o EBAIRANIB(ZINIBIICPULDY T D 1T P THIB
s RYKD—=D - D74V RTLIRE

o MHALIBERIFFPGA L DER/\— kD T 7 TXEIR
- WHEE XEVFIRICE U TERESSZ BN USRI
- MBI U TERRBEZHIDEICERL

® CPU-FPGAOY v VEDT—9HHFIL?
- ¥vwy 1 DRAMZCPUEOY YO THELTWADTHE
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%) Zynq 7000

P—FTOF v

® ARM Cortex-A9 (Dual-core, O00, 8-stage)

m 3

GP
(K2R
il il
70

HP

- @/

LIRS
TAH

AN

« DRAMA®D
(— 2 RERsEl

BFDCPU-PLEIER: (TXTAXIAM VY —D 1 —R)

. EL
. X

AT
WS/

Je—

LYk

- CPU

)

_\\

— S HEREIT

http://www.loe.nchu.edu.tw/Plc/CourseItem/4468_20_Zynq_Architecture.pdf

Zyng-7000 All Programmable SoC

1) Arrow direction shows control (master to slave)
2) Data flows in both directions: AX| 32-Bit/64-Bit, AX| 64-Bit, AX| 32-Bit, AHB 32-Bit, APB 32-Bit, Custom

) Processing System
Peripherals Application Processor Unit
p | . Clocl; | | Reset | SWDT pp
/ usB eneration FPU and NEON Engine FPU and NEON Engine
usB | | 2xUSB MMmu | ARM Cortex-A9 MMU | ARM Cortex-A9
GigE 2X GigE System- CPU CPU
GigE 2x SD Level 32 KB 32KB 32KB 32 KB i
sD Control | | I-Cache |_D:Cache :Cache | DCacne | |G
SDIO | | |ng Regs
SD > | GIC I Snoop Controller, AWDT, Timer J]-—-I
SDIO Yvy ' Ty |
GPIO | |« | <}{ DMASB ‘512 KB L2 Cache & Con| oller U
(_) - UART M Channel \ -4
= UART | || A y I
can ocM | 256K !
(|:2C __ | Interconnect | SRAM
12C \ ' Memory |
SPI Central R A 4 Interfaces
SPI Interconnect e DDR2/3 !
o CoreSight DDR3L:
Intorfaons [+ Components LPDDR2 |
\ SRAM/ - Controller
NOR < DAP I '
ONFI 1.0 '
NAND < DevC Programmagple Logic to |
Q-spI L . [ Memory Ierconnect
CTRL
' * [ & 1§
EMIO General-Purpose DMA IRQ | Config High-Performance Ports ACP
XADC
12-Bit ADC Ports Sync AES/ .
SHA L Programmable Logic )
: AXIGPPort ——
AXI HP|Port  [pesaures

http://japan.xilinx.com/support/documentation/data_sheets/j_ds190-Zyng-7000-Overview.pdf

SWEST2015

Shinya T-Y, NAIST
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ZE N R v MNEFEIFPGA
L]

EKFPGADDSP (FFE) 1= w B AT

o EE M SERE ITIHOY Y U EHEAESHETEIR
(Vo ke20) >KEROE - BHA—/I\—A\VY K

- ZDOFEINEEE TIGPUNBRIE o 12
B AlteraREBET LAY\ — K2 O F &/ N DSPAEEE,
@ AVE21—FT 14 VIFI\AREUTDOFPGADF A END ?

32

iyl

Development Time (Time to Market) = IEEE 754 Single
Implement
Create z
. : in FPGA g ) = Lower development costs
Arr!a 10 (Elizlt?:g (Hard 6 - 1 2 = Faster design iterations o
Stratix 10 o) FI:;tri\rt\)g- Months = Add more functionality ;:ei:;:
) ; A :
Impl e S
CycloneV = Creae  'MFEReM i
. Design Soft Close IEEE 754 Single
ArriaV (Floating (So Timing Precision FP
Stratix V | ponty | Floatne-
PO} A I §\ — - - e —mm e ———
g Create Implement 32_ .
Previous = Dpesign Convert in FPGA Verify Altera Expands Floating-Point Hardware Support Across
Families = (featno (Eled ke s Aoclieey Ilts Product Lines
http://www.bdti.com/InsideDSP/2014/07/22/Altera

SWEST2015 Shinya T-Y, NAIST 27



P’

N—2ADI AT AFEF

mIPIPZHFAE -

o {EENKRA VY —IROIKTIPOT

SIEDE &

BH0 U TEIF (FHWSER©

e R

® EDAY—)LABENICA VY-V KE (WSDHD)
FINA ZIKEDA VY —TD I —R=2E LT NDI=0HE

o WHNCUTIPOD 7 ZEEICHEIT BIHDER
- SNEY—ILD;ER

- - ( \
o Deignard Sus uections S FPGA
5 ' D§D A v HW HW
B - JI|Il= m&Em e | — CPU
= 1ZYNQ™ f[i5 Xa || i — L Acc || Acc
= =1 P - {oo
{3 — Jn Interconnect
®x, _3 C ‘}
i - i g, e DRAM
9 » Ether \/E PCI-E
&5 \_ y,

Xilinx Vivado(CH (7 Z1PO 77 & ARMD £ DRAM

SWEST2015
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POV T—3VDZE
B DEIEEBNIBPRY KD —F VIR EINER
m TEvI7—%, AN g/ A VE?
® 1/ —H=Rwvw kNICTMemcached [Fukuda+, FPL'14]

® Microsoft Bing search engine (Catapult) [Putnam+, ISCA"14]
. FPGAFa‘i”é%J%ﬁb?‘C“%fﬁ%@'%9529‘JZ?A

Memcached server

'SET
'‘GET DRAM
{DELETE: IRTTNTNTIITT
rercace (1 CPU _{[[IIIIII]]]I[IIII
ADD f
Cache Cache part
part of the of the data
functionalities
Network FPGA p— Figure 1: (a) A block diagram of the FPGA board. (b) A picture
DRAM of the manufactured board. (c) A diagram of the 1 U, half-width
NIC server that hosts the FPGA board. The air flows from the left
to the right, leaving the FPGA in the exhaust of both CPUs.

swesT2015 Fig2 from [Fukuda+, FPL'"14]shinya T-v, NAIST Fig1 from [Putman+, ISCA'14] og
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|—.11_L E‘Zc‘:(5t7

mFHETETILOSRTLET IILZ
kI BDY—)L s IVIN1S

o AN VIrDITF7Z7DOY—RI—Fk
» C, C++, OpenCL, Java, Python, ...
e £A7:RTL (HDLY—R3—K)
* Verilog HDL, VHDL
BB SWIVIAM S EBED
J0VRIVRESHERK
RS TIEDIN\v O IV~

o JOYVEIYR: HRENXAKRAST)ER

Y ~O—I)L5—% 20—(CDFG)&&Hf

o \WwHOIVR: T\WwD, FEDEE, %=
6_575\5;&@7—(: D \ /:%%/E%%E((—\
B LI RY(CEIDZHTO
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FPGAY RT LADEXETD

T—5270—-
XEUYRT A

20v 2o LANIL
DIRDEL -
HDLIC kB33

FEERY—IU
([CEX 2 BEEUIE

SWEST2015

— (SEHEL)

T - A PLEFE THW/SWZ ) E|

PERAE—BSWEELTHS
HW/SWH&EtI 22 &H

> 2T LE&ET (HW/ISWHE)

HW? —F 79 F v 545 VIO IPEE

RTLE&ET - 323

VOO T PEE

IS AK - BoEHECHR

HW

HW/SWHEEIC KD
Y RAT MTERK

JYVI)NA )L
VZIalL—9%
SW AW/ AREEZ 1T

22&B

VAT A
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FPGAY X7 LD
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ZFDE—EZ=HWIL

J005zv0

EEICKDENE
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SMERY —IU
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BY —ILICK
S BENE

SWEST2015
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DXD-l-/ (IEJ{MDBZ@D)
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VR T INEGE
VD kD PERET (HW/ISWEEERET)
VIO DI 7ERE (BFER)
R (g —ZRHWAL D
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HW SW AWAREZTT
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RTLERET & SALEKETDIEL)
B RTL (Register Transfer Level) 5%3

® JOVIOUADILLNRILTLIRYBDT —F BN VEED
DAIVIZERT D

® Timeds&st: ™RIC, & WDy TEDKSIC) T5HEERE
O BEBDYVIRDIPTWVDS TPEYTU) OREHD
B S(I5&5t (@1EE&ET - High Level Synthesis)
o (—M&IC) RBRZOUSZVISBZEAVTURDEVETER
® Untimed3%st : TRy Z1TOH\ZEERE
WD, TEDKSIC) MIERUVELSTHRL)

- 8 F(Directive)T TWD, TEDKSIC) DIFR=ENMNT B &
C&D. EOBW\—RD T 7HERESND

o BEDOYVIRDIPTLWSERITOVSIVIEEE(CEES

SWEST2015 Shinya T-Y, NAIST

34



B

2By DI IER

(c+=a™*Db)
1

RTLE&5t (Verilog HDL): 1051T, 2098X =,
BREESE (hyTFLAIL)

module madd #

C
parameter DATA_WIDTH = 32,
parameter DEPTH = 6

input CLK,
input RST,

input start,
input in_valid,
output reg out_valid,

input [DATA_WIDTH-1:Q] a,
input [DATA_WIDTH-1:0Q] b,
input [31:0] length,

output reg [DATA_WIDTH-1:Q] sum

Js

wire [DATA_WIDTH*2-1:0] mult_rslt;

pipelined_multiplier #

\.DATA_WIDTH(DATA_WIDTH),
.DEPTH(DEPTH)

ins%_mult

.CLK(CLK),
ACa),

.B(b),
.RSLT(mult_rslt)

);

reg in_valid_reg;

reg [DEPTH-1:0] pipe_regs;
reg mult_rslt_valid;
integer i;

SWEST2015

always @(posedge CLK) begin
if(RST) begin
in_valid_reg <= 0;
pipe_regs <= 0;
mult_rslt_valid
end else begin
in_valid_reg <= in_valid;
pipe_regs[DEPTH-1] <= in_valid_reg;
for(i=0; i<DEPTH-1; i=i+l) pipe_regs[i] <= pipe_regs[i+1]
mult_rslt_valid <= pipe_regs[0];
end
end

reg [31:0] length_reg;
reg [31:0] count;

always @(posedge CLK) begin
if(RST) begin
sum <= 0;
count <= 0;
out_valid <= 0;
length_reg <= 0;
end else begin
if(start) begin
sum <= 0;
count <= 0;
out_valid <= 0;
length_reg <= length;
end else if(lout_valid && mult_rslt_valid) begin
sum <= sum + mult_rs1t[DATA_WIDTH-1:0];
count <= count + 1;
if(count = length_reg - 1) begin
out_valid <= 1;
end
end
end
end

endmodule

Shinya T-Y, NAIST

module pipelined_multiplier #

‘parameter DATA_WIDTH = 32,
parameter DEPTH = 6

J

input CLK,

input [DATA_WIDTH-1:0] A,

input [DATA_WIDTH-1:0] B,

output reg [DATA_WIDTH*2-1:0] RSLT

Js
reg [DATA_WIDTH-1:0] a_in;
reg [DATA_WIDTH-1:Q0] b_in;
wire [DATA_WIDTH*2-1:Q] mult_res;
reg [DATA_WIDTH*2-1:Q] pipe_regs [@:DEPTH-1];
integer 1i;
assign mult_res = a_in * b_in;
always @(posedge CLK) begin

a_in <= A;

b_in <= B;

pipe_regs[DEPTH-1] <= mult_res;

for(i=0; i<DEPTH-1; i=i+1) pipe_regs[i] <= pipe_regs[i+1];

RSLT <= pipe_regs[@];
end
endmodule

FLND|

MixC, %=
r'EDELSIC) 9DHh 7=

_.,1J__

SRETBHIRDD
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Bl : 2BcSIDISFESR (c +=a* b)

=%t (CS58): 1117, 163XF, 147

—1/10DECINE & 1/15D FFOFR] Ry ZIdBdNET%E
(Fe/eUT o Lo 70 TFHIFRL) RETEHRD D

typedef unsigned int u32;

u32 madd(u32 a[], u32 b[], u32 length

us2 ‘i;

u32 sum = 0;

for(i=0; i<length; i++){
sum += a[i1] * b[1i];

}

return sum;

(EREHDENE) SNEETRS !
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FPGAR FEASHMERY —)LHZHES

® Xilinx Vivado HLS (+ SDSoC)

® C/C++TIRBEWEER

TALOTATTHEF2I—ZVD

® SDSoC7x 5SWI— D\ SERDBIICHWAL - I/IFH BENERK
® ZDMCEEBEN—RImpulse C - CWB * eXCitelh &

B OpenCL%: Altera OpenCL*>Xilinx SDAccel
® IRAKPCHDE - IRRAMPCLESWDBIEEDHER

C-to-RTL

foo_top
RTL

= Design Example r

SWEST2015 i S~ — -Bhinya T-Ys NAIST - - - - - -

void foo_top (char *a, char *b, char *c) {

*c = *a + *b;

}

lone .
Il ‘ ’ Control ports grouped
H into common interface.

IP https://www.youtube.com/
watch?v=URUVkq6zQhQ

h - “ —-I Streaming Input data I
Q ﬁ — ,—I Streaming Output data |
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H—T VY —RBEMERY —IL DB
B LegUp: FOY FXTHESNTLSDCR—RNER
o CiCihZMIPS CPURASWERE HWERIC BEN D E - 5%
B Synthesijer: JavalC K 2SN EALIER
® JavaSEBMHRICHZER L, YTty b EZFDEEXERMOIBE

Synthesijer (& DAwIRXSI—kK 5/8

v JavaZO5S LEFPGA LD/ \— ™ T 7Bk 5) AREH UV TEHledE true/falsed 3OS LEEL
v BT LT ZLON— R T PEREE I Open-source

23 s 10- % G SR e
v ATHT 15 MERREIC & 3EREEOR L WHE AU LA AR AR K MRS

_ [7] BlinkLED.java 8
v ﬁﬁ%ﬁgaif, EDD*%K(JH(I\ . 1 package blink_led;
¢ VIROTTELTRIUE BEORE. RENER O ;e closs Bnko ¢
— - public booleon led; LFAICHET B2

v %(jéngTA(L%UBﬁ(;BDZ5 JOYhIVE bl un(3{

A7 = el A HWRIRDO— -~/ ; G Wh l Et i )iue.
(EJE’] Fnew, ﬁ)ﬁ?(&*?ﬁl Cj:t) [?[ngj ] [j 53;5:7] g %Z, : : } dC : é = 9; i < 5000000; i++) ; 7 EE%H"DI*]’ ~
B 2 }edc Ealse;a; i < 5000000; i+4) ;

1

O 1

UTkELTEG s ¥
16 }
i

}

while(){
if(.. )

Yelse{

}

' . & (WDED)SWEHTIO— E@J:I )/‘i’()bb‘%?“if]( 0)(“, Java:l—l*‘t L/t(DEL/_Cr(g:
ACJavadOI5LEY IR ITELTE ENEECFTvDEIND
BERTREBBE, JavaDREEX EE > THRICHRETES FPGALED/N\—RD T 7E L TERTARE

2
http://lwww.sigemb.jp/ESS/2014/files/IPSJ-ESS2014003-1.pdf
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SMNEHRDXA)w k- FXJw

B XDy kO
e LWDBEDTOISZIVISEBET/I\—ROIPHHAKTED
o DIRVEIRE | RTLEZETD1/10LLTF
o F)I\woDLPIE:
BBEDY IO I PEUTEITUTHEELNILDIE U S ZHR5TE
BT XJY kO
® ERNORETRMERE - BAMEK - BIERIEHRFIRTLEEZESTD ADE LY
- RTLERSH AR BOHNE (FPTVIT—y 3 vVOEHE) HEEKRIR
o BEDHBDY—RI—REZELDLEND D
- BROBROE A KEESIFR
- MEEEBRT BICET A LIT 4 TELHIEATINEND S
- EEESBEIASRILTEZELTHRLDTE? E VWS ABHEL
o HAOVIHAIILINILDIRDEVNEEL DHBF
- /ODFHZEMBRE(CITSLEEFEER@E (R EHZW)
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PyCoRAM
PythonlCKB/\—kD 17
IP:' 0201_7 l./ A'j 9
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=1 ==]
B R

B CPU with IP-cores
® /\—K¥20CPU (ARM) BEHFPGAD ERIC: Xilinx Zynq, etc
o ERHWIPOZELTEEL
A4 VH—FI K~ (AXI4¥Avalon) ZH U TCPU & &kt
BEDEKSICLTPZOESL—YIPO7PZKETIT DD ?
® HDLTINTHKETT DDEKRE
- ) BEEXEUPOECRODRT Y 2 -5
—- TNy TP TEHEE
~ HDLTRT— kY VZEKDRERELZ UEHREZ P T L
o MEEZE T (CESHEER/INATS4 Y ET—YHIGEBEINNE
« AR—=JLDIBRWEEBIRINA TS4 VZER UL HDLAEE
(0SSK) BERMRIEEF 21—V IDEH L

B ST —YEmEREMRIEITNEEEZS ?
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CoRAM [chung+ FPGA11]

B FPGA7Z O3S L—5DI=HDXEUHRIL
o BMETIICKBXEUBEBTFIESL—9ER—9TILIC
c SHAEHN—RILEXEBU TP OCRONE
s VIRDITTDETIVICKBXEUPOEBRINY—VDEH

Communication
FIFOs (Registers)

Read/Write Read/Write

Abstracted
On-chip Memories

—

— Manage

HW Kernels Control Threads
(Computing Logics) (Memory Access
Pattern)

Off-chip

Memory
SWEST2015 Shinya T-Y, NAIST

CoRAM
Memory
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PyCORAM [Takamaeda+,CARL'13]

B RESNIEAVY—IRITEXEIUIRTLADLET
IPOPZ=RAAEIBDIL—LAD—D

o BENLRA VY —IXRD MIEI(TS : AMBAAXI4, Altera Avalon
o R—ATI : MRILNATSv LT+ —LDELZIRIR
o CPUDHIDIPO P EHENES  EILT 4070y VRE

Portable application _ _
B _with PyCoRAM Cooperation with standard IP-cores

\

e

( : I’r “ e Y
I I
: Accelerator logic : : I
: | || Standard IP-core CPU :
: PyCoRAM . !
I\ - _APitr_a(_itl_Olj —_— /' l\f_ - _T__)_ - _f_ - _T__)/I

On-chip Interconnect (AXI4, Avalon)

[ Device-dependent Interfaces ]

gDRAM, etc;
SWEST2015 hinya T-Y, NAIS




PyCoRAM : 7L —AD—D&RK

B AN 2BEBOY—RI—kK
o F—4570— (BE/INAMTS41Y) : Verilog HDL
o F—YERXFIME : Python

I oA = 1=V AN Gl a1

ExFDOIPO7

o DMAZERE LT —YEmEERB/I\— RO T 7HhEREND

AN SHRE

4> ] PYCoRAMI /i h 78— .
000 HW
} — BE —> Ej{gﬁli a > -
(Verilog HDL) é
= P37
=11 AR
T 12 \9/“4@
—> TR — LER —>
mgon— | BT Eed
(Python) | i - — ) )
SWEST2015

HAEENA T IA+T—IMIET VIV %
FO77€5L—YIPO7 - YATh

____________________________________________________________________________

Channel/
Register
IO Channel/
IO Register

Memory/Stream ) DMAZDY ~O—7

Shlnya T-Y, NAIST 44




P—FFOF ¥

PyCoRAM

18)s169y O i
/Ivuueyy Ol _

}

—7

i il

Jo1s169y
/lIBUUeYy)

!

Memory/Stream  G—————) DMAZ> KO

45
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PyCoRAM : 7—*%F D F ¥

Computing Logic Control Thread
Modeled in Verilog HDL Modeled in Python

i il

IO Channel/
IO Register

1 ./

Memory/Stream

DMAO> hO—7
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PyCoRAM : 7—*%F D F ¥

Channel: OY v 2-XL v <BIFIFO
Register: OYw2-AL v REHBLI RS

i thl 1] i
i = % 5!
1 (b} (D) - "(7) 1
: 2 S o
[ 4"% 6)# #_‘CU D1
i c O o)
: o OO0
i Memory/Stream <=—— DMAI>Y ~O—7 i
Memory: O v OHO—AILXEYD IO Channel: A-8R#&lEIAFIFO
Stream: O v 2 AFIFO |0 Register: ASEHIEHAHBL I RS

SWEST2015 Shinya T-Y, NAIST
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*FOF v

7_

PyCoRAM

1818168y O]
/1IBuueyy Ol

}

—7

i il

Jo1s169y
/lIBUUeYy)

!

Memory/Stream  G—————) DMAZ> KO

|||||||||||||||||||||||||||||
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PyCoRAM : 7—*%F D F ¥

gl
35 98
E D g%
g "’5 e
O o0
) ./ ) )
Memory/Stream - G DMAJY ~O—73
"""""" Master Interface s
XEUNBEEIIC T OER

Slave Interface
CPUNNS PO LEREND

SWEST2015

Shinya T-Y, NAIST
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PyCoRAMICHIFBIPIFPDEDA - TEA

m2IERED D71 )L

295

® Verilog HDL: 5t 8&0OY v (7—%J/(R)
® Python: DY RO—JLRL W K (FIE)

fCoramMemory1 P

#(
.CORAM_THREAD_NAME("thread_name"),
.CORAM_ID(0),
.CORAM_ADDR_LEN(ADDR_LEN),
.CORAM_DATA_WIDTH(DATA_WIDTH)
)

inst_memory

(.CLK(CLK),

.ADDR(mem_addr),

.D(mem_d),

WE(mem_we),

-)Q(mem_q)

.

\

J

def calc_sum(times):
ram = CoramMemory(idx=0, datawidth=32, size=1024)
channel = CoramChannel(idx=0, datawidth=32)
addr=0
sum=0
for i in range(times):
ram.write(O, addr, 128)
channel.write(addr)
sum += channel.read()
addr += 128 * (32/8)
print(‘sum=", sum)
calc_sum(8)

B PyCoRAMABEINICIPO 7 DIy T —I Z1ERK

® Python-Verilog&{i

SWEST2015

B ERTLERZBEITITD
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HEOY v OICHIFTBPYCORAMAT I T ~

®E JOvYvYORAMMNFIFOERFRDA VY —T TR
o OVvYOEHLSEBZUAIDAIN—TIT—ATPIOPLRBARATES

o LW<DHhDINS
- ALY KR%, ID, 7918, PRLRE, RF¥vryvdy—Fvri—
o NElzEHER I D1 VY —D T —XR(IBEWICEN=ND

fCoramChanneI )
#(
.CORAM_THREAD_NAME("thread_name"),
( CoramMemory1P ) | .CORAM_ID(0),

#( .CORAM_ADDR_LEN(CHANNEL_ADDR_LEN),
.CORAM_THREAD_NAME("thread_name"), .CORAM_DATA_WIDTH(CHANNEL_DATA_WIDTH)
.CORAM_ID(0), )

.CORAM_ADDR_LEN(ADDR_LEN), inst_channel
.CORAM_DATA_WIDTH(DATA_WIDTH) (.CLK(CLK),
) .RST(RST),

inst_memory .D(comm_d),

(.CLK(CLK), .ENQ(comm_enq),
.ADDR(mem_addr), .FULL(comm_full),

.D(mem_d), .Q(comm_q),
WE(mem_we), .DEQ(comm_deq),
.Q(mem_q) .EMPTY(comm_empty)
\)1 ) k)’ )
(a) Memory (b) Channel

SWEST2015 Shinya T-Y, NAIST



Pythonlc &3 1Y RO—JLZ L w K
B PyCORAMA T Y T ~IXT DUIBZEERT D

® CoramMemory: read(), write()
- Memory& DRAME DREIDDMAERIE (C K DT — #58h
® CoramChannel: read(), write()
- SIEO0Y v oIV RO—ILALY ROBIODT—=5DPDOED

0 def calc_sum(times):

ram = CoramMemory(idx=0, datawidth=32, size=1024)

channel = CoramChannel(idx=0, datawidth=32)

addr=0

sum =0

foriin range(times):
ram.write(0O, addr, 128) # Transfer (off-chip DRAM to BRAM)
channel.write(addr) # Notification to User-logic
sum += channel.read() # Wait for Notification from User-logic
addr += 128 * (32/8)

10 print(‘sum=", sum) # $display Verilog system task

] 7 calc_sum(8)

OO NDYULANWN =

SWEST2015 Shinya T-Y, NAIST
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Bl: B DF&ERKOHBD 7 oS L —5

BAXEUHRALY ROBEBRZ/N—-KRDTF
® CoramMemory[CDRAMMDS T —43 Z 5 HMAD
e 2L v KRITCoramMemory-DRAMBI DT — Y ik R = RIB

Computing Logic (Verilog HDL)

AT TTTTTTTTTTTTTI TS 7 S )

. Coram :

' Memory 0 :

i A E Control
R S— -+ sum : Thread
[ S— | (Python)
i - T T T T T 0= \ E

. I Coram .

| | Control Logic H Channel 0 1

_____________________________________
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SHEOI YO (1): 1/I0OR— ~

“include "pycoram.v"

“define THREAD_NAME "ctrl_thread"

module userlogic #
¢
parameter W_A = 10,
parameter W_COMM_A = 4,
parameter W_D = 32,
parameter SIZE = 128

)

C
input CLK, 20wV Q(CLK)C\: v |\(RST)

input RST,

output reg [31:0] sum J;(%(:%FHGDI/O(JZQE

s

reg [W_A-1:Q] mem_addr; =
reg [N.D-1:0] mew_d: CoramMemoryD7cHDES

reg mem_we, (BRAMC\:_EL/’]/ \/9_71_2)

wire [W_D-1:0] mem_qg;

reg [W_D-1:0] comm_d;

reg comm_eng; CoramChannelD7=& DES
wire comm_full;

wire [W_D-1:0] comm_q; (F”:Otlg_'b’r 39—71—7\)

reg comm_deq;

wire comm_empty;

ATF— KV VAT

reg [3:0] state;

SWEST2015 Shinya T-Y, NAIST



518

always @(posedge CLK) begin

if(RST) begin
state <= 0;
mem_we <= 0;
comm_deq <= 0;
comm_enqg <= 0;

end else begin
// default value
comm_enq <= 0;
comm_deq <= 0;

if(state == @) begin

sum <= 0;
mem_d <= 0;
mem_we <= 0;
mem_addr <= 0;
if(!comm_empty) begin
comm_deq <= 1;
state <= 1;
end
end else if(state 1) begin
state <= 2;
mem_addr <= 0;
end else if(state 2) begin
state <= 3;
mem_addr <= mem_addr + 1;

w2 (2): )1 TSA VIFSM

end else if(state == 3) begin
mem_addr <= mem_addr + 1;
sum <= sum + mem_g;
if(mem_addr == SIZE-2) begin
state <= 4;
end
end else if(state == 4) begin
state <= 5;
sum <= sum + mem_g;
end else if(state == 5) begin
state <= 6;
sum <= sum + mem_g;
end else if(state == 6) begin
1f(!comm_full) begin
comm_d <= sum;
comm_enq <= 1;
state <= 7;
end
end else if(state == 7) begin
comm_enq <= 0;
if(!comm_empty) begin
comm_deq <= 1;
state <= 1;
end
end
end

CoramChannelh'55H L L

(DY rO—-JILRLY RO ER(E)

CoramChanneI(C%%i_
(DY kO—-J)LRL v RICEED)

SWEST2015
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FAVRYY

#(
. CORAM_THREAD_NAME (" THREAD_NAME) , /( CoramMemo ry }

CoramMemory1P

.CORAM_ID(0Q), o
.CORAM_SUB_ID(@), — (BRAMERIUA VY —T1—XR)
.CORAM_ADDR_LEN(W_A),
.CORAM_DATA_WIDTH(W_D)
))
inst_data_memory
(.CLK(CLK),
.ADDR(mem_addr),
.D(mem_d),
WE(mem_we),
-Q(mem_q)

CoramChannel

#(
. CORAM_THREAD_NAME (" THREAD_NAME) /( CoramChannel }

.CORAM_ID(@), o
. CORAM_ADDR_LENCH_COMM_A) — (FIFOERUA VY —D 1 —XR)
. CORAM_DATA_WIDTH(W_D)
)
inst_comm_channel
(. CLKCCLK),
.RST(RST),
.D(comm_d),
.ENQ(comm_enq),
.FULLCcomm_full),
.Q(comm_q),
.DEQ(comm_deq),
.EMPTY(comm_empty)

OF
endmodule
SWEST2015 Shinya T-Y, NAIST




|
\l
T

—JLAL v I (Python)

{ ram (CoramMemory)¢& channel (CoramChannel) D& S }

def ctrl_thread():
ram = CoramMemory(idx=0, datawidth=32, size=1024, length=1, scattergather=False)
channel = CoramChannel(idx=0, datawidth=32, size=16)
addr = 0
sum = @
for 1 in range(8):
ram.write(@, addr, 128) # from DRAM to BlockRAM

channel .write(addr)

sum = channel.read()

addr += 512
print('sum="', sum)

ctrl_thread()

CoramMemorylCDMAERX L7z D
CoramChannelD55tATEDE WD
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__ single_memory — bash

shta@LORRAINE : single_memory$ make build
python3.3 ../../..//pycoram.py -1 ../../..//include/ -t userlogic --ipver=vl_00_a --extaddrwidth=32 --extdatawidth=
512 --signalwidth=64 --memimg=../mem-incr.hex --simaddrwidth=24 --hperiod_ulogic=5 --hperiod_cthread=5 --hperiod_ax
i=5 --singleclock userlogic.v ctrl_thread.py
Generating LALR tables
WARNING: 146 shift/reduce conflicts
Generating LALR tables
WARNING: 146 shift/reduce conflicts
CoRAM Objects in User-defined RTL
CoRAM CoramMemory
CoramMemory(ID:Q[@] Thread:ctrl_thread AddrWidth:(9, @) DataWidth:(31, @))
CoRAM CoramChannel
CoramChannel(ID:@ Thread:ctrl_thread AddrWidth:(3, @) DataWidth:(31, 0))
CoRAM Objects in Control-Thread 'ctrl_thread', # FSM = 15
CoRAM CoramMemory:
CoramMemory(ID:@ Length:1 AddrWidth:10 DataWidth:32) alias: __s@_ram
CoRAM CoramChannel:
CoramChannel (ID:@ AddrWidth:4 DataWidth:32) aligs: __s@ channel
shta@LORRAINE : single_memory$ 1s pycoram_userlogic_v1_00_a/
data doc hdl test
STEO@LORRAINE TStgTe_memorys i

SWEST2015 Shinya T-Y, NAIST



shta@LORRAINE:single_memory$ make sim
make compile -C pycoram_userlogic_vl_00_a/test

iverilog -I ../hdl/verilog/ -o a.out test_pycoram_userlogic.v
make run -C pycoram_userlogic_vl_00_a/test

./a.out

WARNING: test_pycoram_userlogic.v:499: $readmemh(mem.img): Not enough words in the file for the requested

read memory image file mem.img
VCD info: dumpfile uut.vcd opened for output.

[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]
[CoRAM]

time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:
time:

285
1735
1745
3105
3155
4605
4615
5975
6025
7475
7485
8845
8895

10345
10355
11715
11765
13215
13225
14585
14635
16085
16095
17455
17505
18955
18965
20325
20375
21825

thread:
thread:
thread:
thread:
thread:
thread:
thread:
thread:
thread:
thread:

thread

thread

thread

[CoRAM] time:
time:

523776

Time:

time:
shta@LORRAINE: single_memory$ [
@ bash 1 bash 2 bash 3 bash

SWEST2015

237205 thread:
23265 all threads finished

ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread

:ctrl_thread
thread:
thread:
thread:
thread:
:ctrl_thread
thread:
thread:
thread:
thread:
thread:
thread:
thread:

ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread

ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread

:ctrl_thread
thread:
thread:
thread:
thread:
thread:
thread:
21835 thread:
23195 thread:

ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread
ctrl_thread

ctri_thread

VSR

A shta — screen

memory: corammemory_0@ write issue size: 128 B[@]<-D[
memory : corammemory_0@ write done size: 128 B[@]<-D[
channel : coramchannel_0@ write data:
channel : coramchannel_0@ read data: 8128
memory : corammemory_@ write issue size: 128 B[@]<-D[
memory : corammemory_@ write done size: 128 B[@]<-D[
channel :coramchannel_0 write data: 512
channel : coramchannel_0@ read data: 32640
memory : corammemory_0@ write issue size: 128 B[@]<-D[
memory : corammemory_0@ write done size: 128 B[@]<-D[
channel : coramchannel_0 write data:
channel : coramchannel_0 read data: 73536
memory: corammemory_@ write issue size: 128 B[@]<-D[
memory : corammemory_@ write done size: 128 B[@]<-D[
channel : coramchannel_@ write data:
channel : coramchannel_0@ read data: 130816
memory : corammemory_0 write issue size: 128 B[@]<-D[
memory : corammemory_@ write done size: 128 B[@]<-D[
channel : coramchannel_0@ write data:
channel : coramchannel_0@ read data: 204480
memory : corammemory_0@ write issue size: 128 B[@]<-D[
memory : corammemory_@ write done size: 128 B[@]<-D[
channel : coramchannel_0@ write data:
channel : coramchannel_0@ read data: 294528
memory : corammemory_@ write issue size: 128 B[Q]<-D[
memory : corammemory_@ write done size: 128 B[@]<-D[
channel : coramchannel_@ write data:
channel : coramchannel_0@ read data: 400960
memory: corammemory_0@ write issue size: 128 B[@]<-D[
memory : corammemory_@ write done size: 128 B[@]<-D[
channel : coramchannel_0@ write data:
channel : coramchannel 0@ read data:

1024

1536

2048

2560

3072

3584
523776

Tinished

Shinya T-Y, NAIST

range [0:16777215].

a]
a]

512]
512]

1024]
1024]

1536]
1536]

2048]
2048]

2560]
2560]

3072]
3072]

3584]
3584]
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VER CKEE)

®O0® N\ GTKWave - uut.ved
File Edit Search Time Markers View Help
da \Ij C)\ GD\ G)\ D\? Lfbu Jj g: From:|0 sec To123265 ns @ Marker: 23230 ns | Cursor: 2870 ns
- SST Signals
B, .. test Time
inst_axi_dram_stub CLK =0
& ., inst_uut RST =0
. inst_axi_master_fifo_ctrl_ comm_d[31:0] =0007FE00

_inst_ctrl_thread
.inst_dmac_ctrl_thread_o

comm_deq =0

comm_empty =1

- inst_comm_channel comm_eng =0
E . . inst_data_memory comm_full =0
L - ram

comm_g[31:0] =XXXXXXXX
mem_addr[9:0] =07F

4 ﬂ mem_d(31:0] =00000000
....... mem_qg[31:0)] =000003FF
Type |Signa|5 mem_we =0
wire CLK state[3:0] =7 (I < R (A 3 7 : ~
sum[31:0] =0007FE00 i glrcd 0 0 0 0001FFO0
wire RST
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m 175IA - B - CDE{TZCoRAMX TV (CH&HA
® DRAME DREIDT—FErxZ IV cO—JLRL W kHEY
o BUAVIEENATSA VT Z&KA
® {THIBDEMXEBRZY TILIN\w I 72U VT
o SIMDIgZ X EV/IN\Y RIBZEFEWIZ LS CEHLED

Computing Logic (Verilog HDL)
o \
: I
: I
I check
| CoRAM. 8-stage + sum |
+ vemory Multiply !
C A Pipeline CoRAM
: __________ P Memory 2 |

————————— I
: A C I
I + sum I—— :
| B [
| I S—— I
N s |
i s / ‘5 s/ CoRAM |1
I CoRAM l Control Logic y Channel 0 :
' Memory1 T T T T =TT I

Control
Thread

(Python)
)

I/O
Channel

__________________________________
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B PyCoRAMZfE > THEEY 1 —JL(3Verilog HDL T3
XE PO RHEHEPython TEE

<

Q Mark Visited Mark Visited . Read Node Read Edge Main

<

5 Cthread Cthread Priority Queue Cthread Cthread Cthread CThread

ko)

8 . 1 ili 1 1t 11 11 1t

Q

: l Next Node Addr l J e W ¢, Next Node Addr

s}

1 e i de (o cunas Y {"rosain |y esitin]

< |! pdate I Mark Visite riority Queue [ ead Node I ea g

s |} Node il I ' : : I i :

L 1 11 ; Node : 1 i Edge I

§ 1 | OutStream : I | OutStream : Addr i OutStream InStream : 1 InStream : Page | InStream :

g |i i I : I | Addr | I

gl I I : I I I I

S | 1] I : I I I I

s | 11 I i L I I I

IS A " . S——— J Y N U V. R N =/ [ —— ! T

[y [|KSTra

g Ol

3 Next Node Cost Next Node Cost (Modeled in Verilog

= ‘ HDL)

-

iz U----1 -1 [ 1 1

8 E:: DMAC DMAC DMAC DMAC DMAC DMAC Slave I/F

- O

®©

5 &

3 <

O ~ AXI4-lite
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® IPO7PDI\RAVHF—T TR :AXl4, Avalon
© PyCORAMZE 54 VA —DJ 1 —RBIPIFPHRET 71 ILEHBEHER
BT —YDEEY - e AE
o AVFyvIXEDY (JOvYIRAM) - DRAM

- PyCoRAMZ&Z5DRAM-F VF v 7 XEVUBD T —5 B ahHlE (&
PythonTZ(FI TESBA

B CPUEDT—YHEHBAE
® OSIAUL : FRIBX TV ZEE-YIEX T ZEHRDTEHE
- volatile’Td B # 7z £ Z (FOK
® OSHD  REXEUINFET D/cHBEE
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Zynq + PyCoRAM (+Debian) AFP9
® SlideShare TF 21—t UPILRS A FARP

® http://www.slideshare.net/shtaxxx/zyngpycoram

B SROFPGAT OS5 L —%% EE
EDRED—NEXEHX U

® PyCoRAM IPO 7DD 75 oy
® Zyng (ARMIEEHFPGA)D LT
Debian LinuxzZ&fE= 3 (C (3 Zynq + PyCoRAM (+Debian) AF3

® ZM_TPyCoRAM IPO7 %
S (CIEFE ATRSWHIRED

SE[=RE= )

X - REREIRBIPRMKFERAT BRI 2R

. 201 5$3ﬁ H%Iﬁ\m'l%%&fg O) t: o Té—le: shii/a_;t_isiai;Jp
hv —

TAHDZIDIBHTE pwT— e -

: — 47 4=
® Debian 707’3\1380/\*571_.[ Zynqg+PyCoRAM(+Debian) A F3 e

views
Shinya Takamaeda-Yamazaki, B3 at SRR EIRBIFRIMTALREAE RREHRA)

o HWAXEUSEERROAEER -
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Pyverilog & Veriloggen
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Pyverilog: Verilog HDLERAF - £

7

(

module TOP !
(input CLK, |
input RST, !
output rslt, ...

Verilog HDL

Lexical
Analyzer

1
Code i
\

Parser

Syntax
Analyzer

AST

_______________________________________________

Module Signal
Analyzer Analyzer

J

i OE%Q —>
- — Visualizer —>

Bind
Analyzer

J

Optimizer

Dataflow

———————————————————————————————

—_——————

State Active
Machine g Condition
: Pattern Analvzer
. Matcher ’
SWEST2015

Control-flow

=AY —ILF Y

AST
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module TOP
(input CLK,
Code input RST,
—> tput rslt, ...
Generator oupHLEE
Verilog HDL
Code
Graphical
Output
Input
Output
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YESERNT - ISRIEXR(AST)A

© 00 N O OB~ W N =

43

module stopwatch
(
input CLK,
input RST,
input start,
input stop,
input init,
output reg busy,
output reg [31:0] timecount
)i
localparam IDLE = 0;
localparam COUNTING
localparam WAITINIT
reg [3:0] state;
always @ (posedge CLK) begin
if (RST) begin
state <= 0;
timecount <= 0;
end else begin
if(state == IDLE) begin
if(start) begin
state <= COUNTING;
timecount <= 0;

Verilog HDL
Y—23—RK

busy <= 1;
end
end else if(state == COUNTING) begin

timecount <= timecount + 1;
if(stop) begin
state <= WAITINIT;

busy <= 0;
end
end else if(state == WAITINIT) begin

if(init) begin
timecount <= 0;
state <= IDLE;
end else if(start) begin
timecount <= 0;
state <= COUNTING;
end
end
end
end
endmodule

SWEST2015

Shinya T-Y, NAIST

5%

Source:

Description:
ModuleDef: stopwatch
Paramlist:
Portlist:
Toport:
Input: CLK, False
Width:
IntConst: @
IntConst: @
Toport:
Input: RST, False
Width:
IntConst: @
IntConst: @
Toport:
Input: start, False
Width:
IntConst: @
IntConst: @
Toport:
Input: stop, False
Width:
IntConst: @
IntConst: @
Toport:
Input: init, False
Width:
IntConst: @
IntConst: @
Toport:
Output: busy, False
Width:
IntConst: @
IntConst: @
Reg: busy, False
Width:
IntConst: @
IntConst: @
Toport:
Output: timecount, False
Width:
IntConst: 31
IntConst: @
Reg: timecount, False
Width:
IntConst: 31
IntConst: @

AST
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— 9 / 7D 4()_’|_
|

COND [TRUE \FALSE

stopwatch_RST @ @

-+

FALSE

\N
@ stopwatch_state @ stopwatch_init @
RUE

\3% COND

\
[ i h 0

SWEST2015 @ Shinya @.




HlE 70— (IRREBFZ) BRI
mUREEERE (WD - ECHBSEIAN) ZEH

# SIGNAL NAME: stopwatch.state

# DELAY CNT: 0@

0 ——(stopwatch_start>'d@)——> 1 oo
1 --(stopwatch_stop>'d@)--> 2 - ~,

2 --(stopwatch_init>'d®)--> 0 \_“

2 --((!'(stopwatch_init>"'d0))&&(stopwatch_start>"'d0))--> 1 -3 -
Loop

@, 1, 2)

1, 2)

(a) Command Line Output (b) Graphical Output
B HDESHVELILT DREGZ/EMN

[((stopwatch start 1: None) “&
Changed Conditions

[((stopwatch_start 1:None) && (s atch_state 0:0)), ((stopwatch_state 1:1) && (stopwatch_stop 1:None))]
Changed Condition Dict

Condition  Condition’s  AND Target Target’s
Signal Min/Max Condition  Signal Assigned
Values Value
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Python CVerilog HDL®

Python

clk
rst
widt
led
port

© 00 N o o b~ WON =

—_
o

ast

—_
N =

code
rslt

O O
o~ W

SWEST2015

params = vast.Paramlist(())

import pyverilog.vparser.ast as vast
from pyverilog.ast code generator.codegen import ASTCodeGenerator

= vast.Ioport( vast.Input(’'CLK’") )
= vast.Ioport( vast.Input(’'RST’") )
h = vast.Width( vast.IntConst(’7’), vast.IntConst('0’) )
= vast.Ioport( vast.Output(’led’, width=width) )

s = vast.Portlist( (clk,

rst, led)

— K

)

/_

=254

items = ( vast.Assign( vast.Identifier(’led’), vast.IntConst(’8’")

= vast.ModuleDef ("top", params, ports, items)

gen = ASTCodeGenerator()
= codegen.visit(ast)

Verilog HDL

print(rslt)

Execute

1
2
3
4
5
6
7
8

NaEN—2R|C
MREDSLVHDLEZ/ED 721N

module top

(

input [0:0] CLK,
input [0:0] RST,
output [7:0] led

)i

assign led = 8;

endmodule

Shinya T-Y, NAIST
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Pmport sys module blinkled #

. import 0s ' ~Pvinon  Verilog HDL |
Ve rl Ioggen from veriloggen import * parameter WIDTH = 8
def mkLed(): ,
m = Module('blinkled' . :
width = m.Parameter( 'WIDTH', 8 t:ﬁﬁ: Egjg% %#’
\/ari 1k = m. Input('CLK' : :
P th(_)DTVeﬂlo H[_)L% T e output reg [(WIDTH - 1):@] LED
HANITDOA I led = m.OutputReg('LED', width) ; -~
- count = m.Reg('count’, 32 reg = 2 count;
] Python?%b\t@ﬁ"ﬁ? always @(posedge CLK
- R m.Always(Posedge(clk))( begin
I_-.l_D-Il:(c_ng@—‘j_é TF(rst)( if(RST) begin
l%'flL/El\ T(;@L\ count(@) count <= 0;
).Else( end
If(sz:;tE—a)wzﬂ( else begin
Python@jj \‘/ T 7 I\ y.ELse( 1fcc(>l<jz:nt =0 1023)) begin
. — <= 0;
& LT VerilogD{ESH , e end
RAZHHA L IFTULL ) e

count <= (count + 1);

m.Always(Posedge(clk))( end

\|/s7= A IC NI If(r‘st)( end
BZATITIORD led(@) end
: 7 T ).Else( always @(posedge CLK
to_verilog() ZIE3 & \ onR i —
VerilogDV — X J— |~ , if(RST) begin
— - LED <= 0;
DF 3 2+ [CZ5H > M
eturmin e1§e begin 7
if((count == 1023)) begin
if _name__ = "__main__": LED <= (LED + 1);
led = mkLed end
# led.to_verilog(filename="tmp.v') end
verilog = led.to_verilog( end
SWEST2015 print(verilog endmodule




) =< EALEDEZENUL THD

module blinkled #

import sys
import os
from veriloggen import *

def mkLed
m = Module('blinkled'
width = m.Parameter('WIDTH', 8
clk = m.Input('CLK"
rst = m.Input('RST'

# function

def add_led(m, postfix, limit=1024):
led = m.OutputReg('LED'+postfix, width
count = m.Reg('count'+postfix, 32

m.Always(Posedge(clk)
If(rst)(
count(@)
).Else(
IfCcount = limit - 1)(
count(@)
).Else(
count(count + 1)
)
D))

m.Always(Posedge(clk))(
If(rst)(
led(@)
).Else(
IfCcount == limit - 1)(C
led(led + 1)
)
D)

for i in range(10):
add_led(m, '_' + str(i), limit=1i*10

return m

if _name__ = '__main__":
led = mkLed(O)
# led.to_verilog(filename="tmp.v"')
verilog = led.to_verilog()
print(verilog)

parameter WIDTH = 8

input [0:0] CLK,
input [@:0] RST,

output
output
output
output
output
output
output
output
output
output

reg
reg
reg
reg
reg
reg
reg
reg
reg
reg

[(WIDTH
[(WIDTH
[(WIDTH
[(WIDTH
[(WIDTH
[(WIDTH
[(WIDTH
[(WIDTH
[(WIDTH
[(WIDTH

1):0]
1):0]
1):0]
1):0]
1):0]
1):0]
1):0]
1):0]
1):0]
1):0]

1):0] count_0;
1):0] count_1;
1):0] count_2;
1):0] count_3;
1):0] count_4;
1):0] count_5;
1):0] count_6;
1):0] count_7;
1):0] count_8;
1):0] count_9;

Shinya T-Y, NAIST

always @(posedge CLK
begin
if(RST) begin
count_9 <= 0;
end
else begin
if((count_9 == 89)) begin
count_9 <= 0;
end
else begin
count_9 <= (count_9 + 1);
end
end
end
always @(posedge CLK
begin
if(RST) begin
LED_9 <= 0;
end
else begin
if(Ccount_9 == 89)) begin
LED_9 <= (LED_9 + 1);
end

end
end

endmodule




Veriloggen ClA] AN TE S H 7

B Verilog HDLO XA OS5IV INTED

o f5l) LBERT DL ¥ EZ%ZPython+Veriloggen TEZH UL T
PV — 3 URIRICIH U T ZE B 4K

- Verilog HDL(Z (Fgeneratet& X hH'd 2 HEEE (SR EDY

B IRBOSUSKIVINISDNYIIVREUVUTERD
® (PyCoRAMTIIAW) PythonX—RADBIERY—ILED?
® Post PyCoORAMZIRTERIFEP-- - Z 5 CHAFF

- HEIEINA TS A VZEFRRICKEES T DILHEM
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SWEST2015 Shinya T-Y, NAIST

73



SROSMEY —IUIE
EDHBINEMN?

74



DB SSROSMUEMDEYS (X UHREE)

B A—TYVY—-RTHB
o EERKL K ESIVIMMISDEL [FA-T VY-
© GCCHWLLVM, B NETFSA-—TVY—R(C
® HETHISCEATEDDRIER
- SIFPGADFHIN— RHZMTH D : 2A5FHTZyboh'EZ D
BYDORDIT7HABEINBAICEATED
o SBRETIL  #5F3. FHREB+ATI U MME@H KL ?
- KDZLDADMEZRD
- BNEUARETOTSIVIETIL=FICKRUATWDS
o VDT 4 LOT1TEEHFETND
- GPUTI(XCUDAN Y= D &I
- FPGATH0penACC, OpenMPPMPIRERSHFINDIH?
— Xilinx SDSoC(&xL\hvH ?

SWEST2015 Shinya T-Y, NAIST

75



DB SSROSMUEMDEYS (X UHREE)

B SUEKRRICEIFTBLLYMBIRIE
e T—H0—%ZAAQUESRTYa21—-VUVo - 70OT—Y3Y
LT<Nnd272L—AD—2 - REID
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B "FEQEE, T 'FERHD) =F5ER
® EREBDIHE
- WERBE: iFEREE (Python) - EFIL - EEA
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B (CARRICERETTEIEoWVWWE) ZEIRUEKD
® BNOFICIRULBEZERICESS. TUTRRLELD

® EREDZE
- PyCoRAM: PythonlC &K BIPI P BRI 7L —LD—0
- Pyverilog: Verilog HDLE##T - Y —ILF v k
- Veriloggen: Python CVerilog HDLZ#MHIZI TDIEES 1T SV
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« C, C++, C#, Java, Python, Ruby, Perl, JavaScrit, Scala, Go, Haskell
o J\— kD PR ? ZRERHDERL
« RTL: Verilog HDL, VHDL
- =#RHDL: Chisel (Scala DSL), PyMTL (Python DSL), Veriloggen
- BIEHK: C, C++, OpenCL, Java (Synthesijer), Python (PyCoRAM)
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- SfUERET # C&Et (CR—ADRIR—FRLVD(IERDHB)
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RED

B FPGA - SUSKOERE
PythonlC KBSt 7 L—LAD—2(CDWVWT

B SEOSMNERY—ILITESHBINEN?
o ZARRAICEKETTEEVWWE ZFEBULELS

m BiEY —)LIEGitHUb TARY
® PyCoRAM: https://github.com/PyHDI/PyCoRAM
® Pyverilog: https://github.com/PyHDI/Pyverilog

® Veriloggen: https://github.com/PyHDI/veriloggen
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