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PyCoRAM and Pyverilog are released for public! %% %%

EPyCoRAM
®http://shtaxxx.github.io/PyCoRAM/

EPyverilog
®http://shtaxxx.github.io/Pyverilog/

XU&IC
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. o0 .
Heterogeneous Computing 05 FPGAs in Anywhere
Multicore (Intel Corei7) GPU (NVIDIA GeForce) B As an LSl verification platform
000 | [ 000 | [ 000 | [ 000 5555 5555 5555 E}E}Eﬁ © Testing the LSl functions,
Cors | ((Com | ((Com | (S|  SE20 SO0 OO0 CoCC before the actual fabrication
Ce)(e)(e)(w) BEEEEEEEE ET e mutations
( L3 Cache ] | L2 Cache )
[Coomaomar ]
P e ® As a final product
=\

@ Vision processing
©® Network router

Manycore (Intel Xeon Phi)

©® Broadcasting

® Stock Trading
(High Frequency Trading (HFT)) Object

@ Oil mining Detection

DDR3 DRAM
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Stock Trading

CLOCCLL
CLOLCLL
000
{00000

. ([l Digilent ZedBoard
FPGA Board Overview 0OE Digilent Atlys FPGA: Xilinx Zyng-7020
FPGA: Xilinx Spartan-6 LX45 Size: Pipelined CPU x8 (+ ARM DualCore)
- . Size: Pipelined CPU x4 Price: 50,000yen (Academic]
Xilinx VC707 Evaluation Board P 2|8,0|00yen (Academic) ven ¢ )
(400,000yen) i

I
ELLY BLLLE bbb

FPGA (Xilinx Virtex-7) ~ SD Card

DDR3 SODIMM DRAM

(Memory) Power In

Ethernet PCl-express

(Connected to PC)
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ScalableCore System

FPGA: Xilinx Spartan-6 x100 SR B2 B SZawi —33vDiRk—49EYF gl
Size: Pipelined CPU x200? 5 [ B “ 7IVT—=Y M—5EUT1 00
Price: 1,000,000yen? p- . o =3 vor 3

B ESPOTRRBTSY T A—LEYR—bT 5H7?
® IS5y hIA—LBICHMIESE

s OYYIOYAR - XEUYAX -
XEVA Y —=TT—R -0+

Digilent Atlys
(Xilinx Spartan-6 LX45)

ScalableCore System (our FPGA system)
(Xilinx Spartan-6 LX16 x 128-node) Xilinx ML605
(Xilinx Virtex-6 LX240T)
2014-10-22 Shinya T-Y, NAIST 10
IPOPR—RDY 2T LARIF e ESPoTPOELSL—SIIPERETEIN? ||
B IPI7 %A% - BINULTEFEYRTLATERO B EBCHDLTP O35 L—9ZEEKT 2DE=HEL
o IBENRA VY —DIRD N TIPIT7EZER o EVWSHNSNSEEITHRE !
® EDAY—ILABEINIICA VY —DIRI & (W<DHD) CBEEXEUPORRORTYa2-UvoOYv Y
FINA KEDA VYD T —REEBRLTININSEKEA ~ FTWIRYT 7 UV T ENEE
© XEUYRTLOHIEC
[ IP-core List | o} ~ HDLTRF— oy v EE< OBEER LRRIPTL
- K FPGA © FIy TG
o TH/ TS VDRBENGT AL LALTESLEL
Aee J\LAe - FPGATHALE T (C FBIRBED) (1 751 UNEE
Interconnect EASEHEOYY O FHDLTEE
| ener boLE - BBRILEF 1 —VHA 21 FHLL
B BRIESNIEXEBY I RTLADMER D EEZEZS
DRAM
- | ( CORAMX EU P—*FHF ¥ )
Xilinx Platform Studio (XPS)
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CoRAM [chung+FPGA11] %%
B FPGA7 O35 L—9D7HDXEVUihRIL
o SUETIICEZAEVERBTIIELSL—9%ER—9TILIC
< HEA—RILEXEUPILRONE
VIR IPOEFILICEBXEY PH LRI —V DR

Communication
FIFOs (Registers)

Read/Write Read/Write

Abstracted
On-chip Memories

Manage

HW Kemnels Control Threads
(Computing Logics) (Memory Access
A Pattern
Off-chip )
Memory
2014-10-22 Shinya T-Y, NAIST 13

From
What “Runs” CORAM? ararm

RTL conversion -~~~ -~~~

thread
programs |
1

1
Architecture 1
Microarchitecture H

T T T
T ~o-——== | High-level synthesis
H from C to RTL

= = = ~Memory Transfatforr (TLBs)~ — — —
Memory Interfaces and Caches
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PyCoRAM
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Motivation: CORAM for Modern EDKs OF

B CoRAM®D X E U Rt ZSEFDEDK TELZ LY
o ZHENRAVH—IRD ~ (SAMBAAXI4) [CEET/L)
o ZSTNEMMOEBOIPI7 EEBEICHETEZS

Portable application

desgnwith CoRAN | Coopraion withstandard Poores
() S i
1 1
1| Accelerator logic o !
' | 1| Standard IP-core CPU core i
| i !
1 U !

CoRAM
Abstraction

Standard On-chip Interconnect

[ Device-dependent Interfaces ]
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CoRAM [Takamaeda+,CARL'13]

m R4 —EDKME)(F DPython’K— DCoRAM=EE

o SHENH—RILDORTLEERE XEVU PO LRI —VD
PythonsBiih SAXI4 IPD 7% BEEE

o WK EANSIPOAPZEDKTRFIRF DRIFEY RFTATER !
ST

® PythonTOIY ~O—JLRAL Y

© Python CRIBICXEV PO RIS -V ZRBRTED

— MBOBMEM IV S TPythonsgilih\ 5 Verilog HDLORTLZ &AL

® AMBAAXI4A V& —DRD ~OYR—

+ Xilinx Platform Studio (XPS)/& & ZBWIPIPR—R DR EXE
o SHEOYY Y DEMRT I VI

© N=RO I PTHA VI - ERDIZHD
AT VY=Y —=)LF v kPyverilogZ;EMA

ik

<y - @]
ZUIF)LDCoRAME D LEER 08
(o PyCoRAM
Language
for Control-Thread © ey
Supported (Blocking/Non-Blocking) | (Blocking/Non-Blocking)
Memory Operations Read/Write Read/Write
On-chip Interconnect CONNECT NoC [FPGA12] AMBA AXI4
FSM Granularity
in Control Thread LLVM-IR Python AST Node
Generate Statement No Yes
Support for User logics
Xilinx ML605 Any FPGAs
Supported FEGAS Altera Terasic DE-4 supporting AXI Bus
. 11,682 lines 4,947 lines
#Lines of Cods (wlo CONNECT) (w/o Pyverilog)

FSM: Finite State Machine

LLVM-IR: Low Level Virtual Machine Intermediate Representation

AST: Abstract Syntax Tree
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PyCORAMY A2 OP—%F U F o PyCORAMY A2 OP—%F U F o5
yCo ~ J T v 0@ yCo ~ J T v 0B
GPIO GPIO
- 1 1 PyCoRAM IP R I PCORAME. Mermory Access
| User Logic Control (Verilog HDL) User Logic | 1| Control in Python
[ e [ =
Register @ Register [i ! @/.
}(_) FSM Vil Fsm i
CoRAM CoRAM CoRAM 5| [ coram i
Memory | | Stream | loChannel Memory | | Stream | loChannel ;
v
Master Master Master Master
DMAC DMAC DMAC DMAC DMAC DMAC
J
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PyCORAMY A2 O7P—FFIF v DE%E

O
O

T T epio

PyCoRAM.IP.

2

User Logic

Control
Thread

©

FSM

Interconnect (AX14/Avalon)

FPGA

DRAM Controller |

PyCoRAMNY /O 0O7—F 70 F v DERE

T 1 epo

PyCoRAM.IP.

; [ 2K 2
| User Logic

Control
Thread

Interconnect (AX14/Avalon)

CoRAM . CoRAl CoRAM .
loChannel Master: Memo loChanne Slave:
XEUSNED  — JOtyYENS
Master Slave WCFPoER FHEEIND
DMAC DMAC
Master I/F Master I/F Slave I/F Master I/F Master I/F
A A 4 4 J 03 3
v k2 v k2 k2

FPGA DRAM Controller
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— N a0 ad
B S8 H—RILDRTLEPYythonTO IV RO—JLRL Y R
RS IPIFPINY T —IEER
o AR SNIPO7 (HBEEDEDAT O—CHIMTIEE
W IP-core Top design
,,,,,,,,,,,,,,,,,,, - — generation ~ _ synthesis with ..
{withAXi4 11 AXi4 ! P C RAM 0)1%\’ 7':,—
Logic Control :: Interface : IP-core ! \ y O \
~> Hierarchy —>  Signal —# —++> Integraton ! H
Analysis Insertion i IP-core ! on EDK : :
User-logic I Packing ] '
(Verilog HDL i ] ! ;
::::::::::::::::::: (RTL, \”’i”” 1
u .mpd, :
[} and '
Python-to- Control n .pao) FPGA | i
Cott > Verlog —> Signal Port — Synthesis —>  Bit | !
Threads Compilation Addition " File |}
(Python) :: :
Portable Python-to-VeriIog HLS hain Vendor EDA Flow
Application
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PyCORAMICHFBIPIPDIED S - TEA -
n2EBEOIPMIVERET D
® Verilog HDL: 580V v &
® Python: AV RO—JLRLY KR (XEUPHIERIY—V)

goramMemorﬂ P def calc_sum(times):

= M = idth=32 =1024
CORAM_THREAD_NAME("thread_name"), ram = CoramMemory(idx=0, datawidth=32, size=1024)

‘CORAM_ID(0) channel = CoramChannel(idx=0, datawidth=32)
.CORAM_ADDR_LEN(ADDR_LEN), addr=0
.CORAM_DATA_WIDTH(DATA_WIDTH) sum =0
) for i in range(times):
‘("‘é‘f’z‘;mzw ram.write(0, addr, 128)
LCLK(CLK), -
“ADDR(men-adar), S chamairoad()
‘WE(mem_we), addr += 128 * (32/8)
.Q(mem_q) print(‘sum=", sum)
) calc_sum(8)

B PyCoRAMN'BEIHICIPI 7 D/ r—I &R
® Python-Verilog &I &k & RTLE B Z BE TITS
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HEOVYYCHIFBZCORAMATITO - -
B CoORAMA T Y ¥ ~ME7 0w IRAMPFIFOE LTIRS
o —BHBAEY ELLPEAVI—TT—R
« CORAMEANER =TT 21 V5 —7 T—R(ZBEBNICBINSND
o LWKDOHD/IKSX—5 Tt EIEE
- ALY R, ID, T—%18, PRLRG, RF¥rvdh—Frf—%

CoramChannel
#(

.CORAM_THREAD_NAME("thread_name"),
.CORAM_ID(0),
.CORAM_ADDR_LEN(CHANNEL_ADDR_LEN),
.CORAM_DATA_WIDTH(CHANNEL _DATA_WIDTH)

CoramMemory 1P
#
.CORAM_THREAD_NAME("thread_name"),

.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_aq),
WE(mem_we), .DEQ(comm_deq),
-Q(mem_q) _EMPTY(comm_empty)
)i )

2014-10-22 (a) CORAM Memory Shinya v, AT (b) CORAM Channel 26

PythonlC&k2 IV kO—JLRAL Y R ED

B CoORAMATY T hcKT 24B%E LIRS B
® CoRAMXE!) (read/write)

© AYVFYTCoRAMXE U &4 7F v FDRAM
EDRIDDMAEGE(IC &2 T — 988

® CoRAMF v )L (read/write)

- A-¥0YvHoEIVRO—ILRALY R
EDFD =D VDPOED
0 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(0, 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)
70 print(‘sum=", sum)
71 calc_sum(8)

WONOHUAWN

# $display Verilog system task
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HR— R ENTVBPYCORAMA TV T O ~

B F—9BEE (XEY - RANU—L)
® CoramMemory
+ Block RAM that the data is replaced by the control thread
® CoramInStream
+ Input FIFO from off-chip DRAM
® CoramOutStream
« Output FIFO to off-chip DRAM
B I1-H%0YvoETVO-ILRLY REOFvRIL
® CoramChannel
« FIFO between user-logic and control-thread
® CoramRegister
« Latch between user-logic and control-thread
= BOIPI7 - JOEYUHSTIERTEDRL—TF PRI
® CoramloChannel
+ (AXI4/Avalon) Slave interface

2014-10-22 Shinya T-Y, NAIST 28
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Bl B DR ERDBIF IS L—%F

B 1-CoRAM+1-Thread DfFER/\— KD T 7
® CoORAMXEVU(CDRAM (72&) MET—9ZEZHAAD

o OV RO—-)IARLY RTAVFYT-ATFvITREOT — X
IR —VERR

Computing Logic (Verilog HDL)

Control
Thread
(Python)

\\

;

;

;

i

i

i

i

i

i

;

i

i

;

N ;

o CoRAM ;
Control Logic | Channelo [T
i
i

e oy .
StEOY YD (1): I/OR— b
“include "pycoram.v"
“define THREAD_NAME "ctrl_thread"

module userlogic #

paraneter W_A = 10
parameter OMM_A
paraneter WD = 32,
parameter SIZE

)

s [ »0vH(CLK)E Uy K(RST)
t;lftput reg [31:0] sum LANCERDIORFFRE )
@] mem_addr; ( =0
0] mem_d; | CoRAMXEL Dz DIES

(BRAMERUA Y5 —D 1—2R)

:0] comm_d; ;
comn_eng; ‘
comn_full;

wire [W_D-1:0] comm_q
reg comm_d
wire comm_empty;

CoRAMF + R LDz DIES ‘
(FIFOERUA V5 —2 T —2R)

RF— kY VAR

reg [3:0] state;
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~ o 0 — N > S N N
= \ . = \ .
stEOY YD (2): 1TS54 VIFSM STREOIYYYD Q) FAVRIVR
CoranMenory1P
d else if(state — 3) begi # \
alw%s @gvg:edge CLK) begin CHOESE ae;mr)* i?m . CORAM_THREAD_NAME(" THREAD_NAME) , CoRAMXEYD
ifCRST) begin i -CORAM_ID(O), =i
3 e'21;5-2) begin _CORAM_SUB_TD(0), - (BRAMERUA YH—D1—R)
- CORAM_ADDR_LENCH_A),
end - CORAM_DATA_WIDTH(W_D)
= 0; end else if(state = 4) begin
d else begin St o 5 inst_data_nemory
// default value Sum <= sum + mem_q; C.CLKCCLKD,
comm_enq H end else if(state = 5) begin +ADDR(mem_addr),
state <= 6; -D(mem_d),
) ) Sum <= sum + mem_q; WECmem_we),
if(state = ) begin end else if(state = 6) Q(mem_q)
1fClcom_full) begin ;
comn_d <= sum;
e <o i CoranChannel
state <= # p
an - CORAM_THREAD_NAME(" THREAD_NAME), J CoRAMF + %)L
d else 1F(stat begi -CORAM_ID(D), LS el
S Ei 0 Rk - CORAM_ADDR_LENCW_COMM_A) (FIFOLRUA V5 —DT1—R)
end i 1F(1 comn_empty) begin CORAM_DATA_WIDTHCW_D)
end else if(state — 1) begin o b)
state <= 2; inst_comm_channel
mem_addr C.CLKCCLK),
end else if(state — 2) begin
state < 3;
mem_oddr <= mem_addr + 1; -ENQCcomm_eng)
-FULLCcom_ful1),
s — \ ( — “aCcom_q),
COoRAMF + R JLH\ S5t L ‘ CoRAMF + R JLICEEAH iEgccom. e,
o e N d mm_eny
(IVRO—LRL Y RHBEE) (IYRO—JLRL v RICE4D) oS
endnodule
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Y ~O—-JLRAL Y K (Python)

‘ ram (CoRAMX E Y )& channel (CORAMF + R )

def ctrl_thread():

ram = CoranMemory(idx=0, datawidth-32, size-1024, length-1, scattergather—

channel = CoramChannel(idx=0, datawidth=32, size-16)
addr = @

sum = @
for i in range(8):
ram.write(@, addr, 128) # from DRAM to BLockRAM

channel .write(addr)
sum = channel.read()

/

CoRAMX E U (CDMAERE L7z D
CoRAMF ¥ RILH\SFTATEDEWED

L)D

2014-10-22 Shinya T-Y, NAIST

False) I
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2014-10-2;

oranMenory
>ry(ID:0

RRATNETSTTTE

2

ermimg=
erlogic.v ctrl_thread.py

Length:1 Addrifidth:10 DataWidth:32) alia s0_ram

4 DataWidth:32) gligs 0 channel
»ycoran_userlogic_v1_00_a

Shinya T-Y, NAIST
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NETe—
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| [we =
u SHHES: XEY/IY BRI A%
o XEUHMRILOT TERBLXEYHAEZER TEDZ EERT
By hPyS
® FPGAIR— 218
E\ 7 - Digilent Atlys
a¥1ﬁ Spartan-6 LX45
— DDR2-800 DRAM 128M20(0L.i32{ns;)w
— AXl4 128-bit, 100MHz (1.6GB/s) Digilent Atlys
* Xilinx ML605 (Xilinx Spartan-6 LX45)
~ Virtex-6 LX240T o2 e
DDR3-800 DRAM 512MB (6.4GB/s) £2an
— AXIl4 256-bit, 200MHz (6.4GB/s)
® EDK
« Xilinx Platform Studio (14.6) Xilinx ML605
(Xilinx Virtex-6 LX240T)
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SHER 7T UT—Y 3y o R XEUNY RIBFIBE o

m B ofERD D
® 2DMCORAMXEUZESTILINw T 7 THIA
® SIMDIE (=R (CStHE Y 2BHRY) 2R ETZOXEZERR
- 4,8,16, 32, 64 (bytes)

utput

MUX
D3] D[2] D[] D[0]
7
MUX

Coram | D131 | Di2] | D] [ Do} CoRAM
Memory | | | Memory
0 1

DI3] § Df2] | D[] ; Do)

from DMA Controller 0 from DMA Controller 1
2014-10-22 Shinya T-Y, NAIST
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B REBREVWEUTXEUNY RIBEEZTND
® Atlys: 85-5% (@ 16-byte) _
KiBlCHE |

® ML605: 84-9% (@ 64-byte) -
=\
B 100%EWLEINTULERWES GREEFHIP)
® BDMACD hSYHHY 3 VMY —F U3 =
IR A LY N o

Atlys (Spartan-6) MLB05 (Virtex-6)

Bandwidth Utilization

Bandwidth Utilization
o o o o

SIMD size [byte] SIMD size [byte]
2014-10-22 foyte] Shinya T-Y, NAIST toyte]

8 16 32 4 8 16 32 64
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a0
UE
INGERION
TAE - ATV VI
rotescSL—%

SHREIYE1—Y Y RTARKRE DY

n BRAS
® IBEDFPGAR— K (T
BEOTP VT — 3 Y& NIRo]Aerx
SHEHY T LAERE LB ZR S
® {EEFPGAR— K
« Digilent Atlys (Xilinx Spartan6 LX45)
« Terasic DE2-115 (Altera Cyclone 4) 72 &

u fER
e E10:
- BEMIPSO7+7 05 L—% 28
~ SAIE (W) fdth, T8 #_: XEUBRILD L—LD—2IPyCoRAM%ZE
AWEY 2 N0ty HREFPGAT V£S5 L—45 DR
e £20@:
« Microblaze+ 7035 L —%21&

- B/7T Ef0, &R ER, 11 SF, BEiE (W) {bih: IPITREFEIL—
LD —2PyCoRAMZ RN ZHWISWIRTFPGAT U £ 5 L —% DRF
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VFR—OTFTUT—YavalE S
PIUT—y3y S8 XEUYRFLANDER
310_sort BHY—k~ BLAFTYY
320_mm T8 (B¥) AN
330_stencil RTFVYIEE 9% - BH) ESYAWAN ]
340_spath AR IERIRE BLAFYY
75018 - RFVVILEE ERA7IESL—Y@EE
V—hk - RIEREEE BERA7OELSL—%EEAE

| CPUITP+BRTIESL—IBREZS |

EEIVFRBPOESL—9BR
B PyCoRAMTIPI 72i@% =%
® MicroblazeH 5 [FAXI4R L—TBEBTXE U Y v T RIOTHIE

exStick

FPGA (Spartan-6 LX45)

UART '; ( Matrix-Mult 7 ( Stencil
: Loader Accelerator P Accelerator
M'%TS;’;SZE i OART || contral : 1 C(hread Stencil Cthread | |
32KB Local memory | 1 Logic Thread |! | Loglc Logic Stencil | |
8KB D-Cache ; 9! . :

[ CoRAM Abstraction

CoRAM Abstraction CCoRAM Abstraction } :

AXIl4-lite Interconnect (32-bit, Shared bus)

AXI4 Interconnect (128-bit, Crossbar)

[ DRAM Controller (DDR2-800 16-bit (1.6GB/s)) ]
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TIEF IS L—2 o RFVYINEHETOESL—F i
® {T5IA - B - CDBITZCoRAMX E U (TI&HA m JTECS D317 & AERECTID 1172 CoRAMX E Y (THEHA
® DRAME DRIDT—FEREZEIY FO—JLRL v RHY4EY ® DRAME DREDT—FEREZEIY FO—JLRL v RAMEY
o BHAVIIEREINATSAVET—9ERA o BYAUILNE - RE/\MTSAVIC3RNDT—HEERA
° THBOEREEREY TILINY T 7 UV © BESFAVIDANEDEHEITED (3Rx3Y12IL=9%)
® SIMDIgZE X EY /Y RIBEEWIB LS ICFa1—=vT o SHB1THBICRREEZR L TRBiIIDRDI1TERHFAD
Computing Logic (Verilog HDL) -?—ﬁ::g Computing Logic (Verilog HDL) Control
[ e IR ' (Python) [ e I v Thread
; CoRAM oo 3 3 CoraM 1 (Python)
e AN vl
' Pipeline Memory 2 . : :
! 1 CoRAM '
i @ | Memory 1 '
| , o e, |
: CoRAM ! o 1 Memory 2 . Pipeline !
| Co H anne e T — | |
e i ! ControlLogic ; cramme
2014-10-22 Shinya T-Y, NAIST 45 2014-10-22 Shinya T-Y, NAIST 46

M (B2@IVFAN) o B

B T SRR A S DR

B UD 7 LYRTYA U E W LTRSS -
o G50 - 27V - BIEEE (VT RER) Tl

F—SEECET BRMHTE I }Eﬁ =D
\
- ER o 20 lb\\ i . 1
€000  Allys Ref ¥ DE2 Ref EyGoMA 100.00 W Allys Ref ___WDE2 Ref PyCoMA 9 7 7 Lig
38.85 L opre__ 653 X

90.00 B8.00

. 50.00 —
7 7 8000 )
g 40.00 % 70.00 —
E £ 60.00
£ E
5 3000 £ 5000
$ £ 4000
8 20.00 § 30.00 -
& & |

10.00 - 20.00

10.00 —

0.00
sort mm stencil spath sort mm stencil spath

U277 LYRT—% F1QIVTRNREET—%
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FADRARNSET DS L —5 maimcrsy20t4-07] %%

B NREARBXED)PORCRINY—VEZFE DT TVICETD
PyCoRAMERTIBEMZBAS N T B
o BAIMBAEY PHELRII—VEZDFTUS—vay
(T3 - RFVVIL) (30 RigRE
O XEUTPUERLATYIDEENAEVNT TYTEZDZD?
s FPFREBELTCHFELLS
n SOOBEM : 5708
o RIERBER (F1UZRSE)
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