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Abstract

FPGA-Specific Circuit Implementation of

Data-Driven Processor

OGURA, Michihiro

By evolution of senmiconductor integration technology, the processors that carry hundreds
of millions of transistors had been developed. Almost of those current processors implement the
von Neumann principle and those are realized by synchronous circuits. However, it becomes
difficult to attain the further improvement in the speed, integration, and power-saving. These
problems arise from the nature of the sequential processing. The self-timed pipeline was intro-
duced to settle these problems. The self-timed pipeline has a strong affinity to the data-driven
principle. Transmission of the data is asynchronously conducted by local transfer control units
in the self-timed data-driven architecture (DDP). Therefore, flexible data transmission can be
realized and wiring can be localized by these control units. Since the data-driven processor
becomes free from the problems mentioned above, it has more high capability than the von

Neumann type processor.

This paper aims at building the developping environment of the application-specific data-
driven processors made of the self-timed pipeline. To implement a data-driven processor on
an FPGA chip, the self-timed pipeline, the packet copy control circuit, and packet elimination
control circuit were proposed. The data-driven processor which implemented the proposed
circuit was compared with the existing software simulator. Consequently, they have high
precision and high speed for functional verification. Furthermore, the amount of resource
consumption of FPGA was investigated and functional verification of a multiprocessor was

considered and showed a good result for large scale DDP system.

key words self-timed pipelene, data-driven processor, FPGA
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O0O0DDPO 500000000000 (O 4.1)0
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«— D le CPS | ——
output
M : Merge

MM : Matching Memory

FP : Functional Processing Unit
CPS : Cache Program Storage
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O4.1: 000000000 0ODO0O0
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28 EXNOR ENOROODOODOODODOODOOOOO

29 EQ 0o0o0=0000000
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O4.1: 000000000 0ODO0O0

2A SWEQ gooboooooo
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4.3 UO0O0OOODOOUOOOOO
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O00000D00000O0Send 000000000 PathOOOOODOOODODOOOODOO
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goboobuooobobboooobboo

DLOOOO Send Ack

Out A
MR

Out B

DLODOODO Send Ack
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Oo0o0ob0ooboobboobob20b0b0b0ob0bO0o0obooobOo0obbOoboboboDbo

- 29 _



43 00O0O0ODOOODOOODO
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[] 50 39
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71 Flag 72 72 Mode 62 [ ]
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12 | 0O O
O O
Node Read 0 0 1
Number Data 0 0
6 113
O O
CST 12 | 0O 0 Clear
Memor O O
y E B Control
Circuit
[
Send_in Send_out
C C
Ack_out Ack_in
04.7 MMOOO
0 4.3 Mode Selector 0O OO QOQOOQOQ
0 1
Write Enable | OO OO0OO ogooooo
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goboboboooobbooobobooaon
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— Destination Code 00000000 CST Memory OO00O0D000O0O0DOO0O
O0000ooooo20b000000000000000000O0000O00O0O00
googgo
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- 00dbo0ooooboobobooboboobooobDoboOoOooooobooobooon
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- 000o0b00ob00o0obOobo sgbobDo0obbOoboUoobobooobOoo

oooMMOOOOODOODODOOODODOODOOOOODODOOOOOOD

L/R
goboooOoooooooooooo

OCR Dest. Genaration ID LD
6bhit| 6bit 24bit 12bit
HC

gooooooooo

0 4.8 Hash Address Generator, CST input Packet Format

cstoog L/R

PDDDDDDDDDDDDDDDDDD
OCR Dest. Genaration ID LD RD
6hit| 6bit 24bit 12bit 12bit
HC

goboooooog

0 4.9 CST output Packet Format

cstoog L/R

PDDDDDDDDDDDDDDDDDD
OCP Dest. Genaration ID LD RD
6bit| 6hit 24hit 12bit 12bit
HC

goboooooog

0 4.10 Flag Generator input Packet Format
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Mode flag

2bit L/R
J/ ﬁumumumumummumum
Aggf“& OCP D Genaration ID LD RD
8bit 6hit 6b|t 24hit 12bit 12bit

HC
goooooooo

0 4.11 Flag Generator output Packet Format

L/R
0O0000000000O0000oOn

OCR Dest. Genaration |ID LD RD

6hit| 6bit 24bit 12bit 12bit

HC
goooooogo

0 4.12 Mode Selector output Packet Format

AMD
I/Memory datal) 0 O LR
; 000000000000000000
OCR Dest. Genaration ID LD
6bit| 6bit 24bit 12bit
HC

goboooooog

O 4.13 Hash Memory input output Data Packet Format

O 4.4 Mode flag0 OO

00 goo
01 o
10 goo

111000000

- 33—



43 00O0O0ODOOODOOODO

045 000000000000000O000000

0 1
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AMD gooon goood

4.3.3 0UO0OOOO
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0
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0414 FPODOOO

4.3.4 0O0O0O0O0O0OOOOO
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- True_Node e False_Node -P

OocCP ND ocpP ND
6bit 6bit 6bit 6bit

1y

L/R
goooooooooooooonooo

0 4.15 Cache Program Memory Format

0000000000000 0000000DO0D0D0OD0DODO0O0OoOoOoooOCPSOOO
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000000000 TGFGOOODODOODODODODDO0ODODO0O0O0oooooooooooo
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— Cache — — — N
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Memory

O YRE O
0 O
D |so| Load | 67 73 73| Clear | 73 73 50| p
— | | Cache = [ == VCG == | =~ control [ | [ Selector —~ =~ ———
Program

— O
— O

— O

—

Clear Signal

Copy Flag

Copy

Clear — Control

—— Control

I Circuit
) Circuit
Send_in Fﬁ—* \_D;Send_out
C| C| C| C| C|

I

L= .
Ack_out E Ack_in
Clock

0416 CPSOOOO

000000000000 Cache Program Memory O O Destination Code 000000
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goooobobbboooobobooooobbboooobobooooooboboo

gobbobooobobboooobobbooob bbb bbb bbboooo

gogooooooobbobbbbon

Cache Program Memory
—ooobboooobboooon
o Load Cache Program
- 0000000000000 0D000000DO0OD00000 Cache Program
Memory OOOODOOODOODOODOODOOODOODOODOO

Verdict Code Generator

—gooobbboooobbbboooobbuoooobboooobbbboooo
goboooobbboooonboo

Clear Control

- VCGOOoOoooooooooooooooooodClear Circuit 000000
gooogod
o Clear Control Circuit
- 00000oooooooo sgoobooooooooooooooooon

Selector

— ClearControl 0000000000000 0ODODO0OOOOOODOOOOO

Copy Control Circuit

- 000o0b00ob00o0obOobo sgbobDo0obbOoboUoobobooobOoo

DO00OoCPSOUOD0OO0DOODOODOODUOOOODUODOODDDUOOODODOOOODOO
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l_ oooooooo
OCR Dest. Genaration ID LD
6bhit| 6bit 24bit 12bit
*—\

HC
gooooooooo

0 4.17 CPS input Packet

goodoogo
OCPR Dest. Genaration ID LD
| ebitebit 2abit 16t | OMPY
— 1

ooooodnd oOoooOoO0O0O00 poooooooo

| goboooooo

v

OCH | Dest.|OCP| | [Dest. Genaration ID LD
6hit| | | 6bit | 6bit | | | Bbit 24hit 12hit
H FG—1
TG
L/IR

0 4.18 Load Cache Program output Packet Format

O0000000DO00O00DO000O0DbO00O0O00O00DO0ODO0 4600 470000

O00OVCG Code D0 0DO0ODDOO0ODOODOODOOODOOODOODDOOO

046 00000000000 OO00O0O0OO
0 1

goooogn gobog |goboo

0goooooooo false ture
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VCG_Code

l goooogo
OCP Dest. Genaration ID LD
ebit|| || evit| it 2abit 16t | OMPY
— ]

0000000 0Oo00ooddoddd ooooooooo
| gogoooood

v

OCH | [Dest.lOCP| | Dest. Genaration ID LD
6hit 6bit| | | 6bit | 6bit | | | 6bit 24bit 12bit
t “ FG— 1

VCG_Code
TG
L/R

0 4.19 VCG output Packet Format

L/R
goboooOoooooooooooo

OCR Dest. Genaration ID LD
6bit| 6bit 24bit 12bit

HC
gooooooooo

0 4.20 Selector output Packt Format

4.3.5 0U0OOOO

00O D(Flow Diverting Module) 00 000000000000 DOO0OOODOOOO
OD000 MO MergeODODDOOODOODDPOOOODODODODOOODODOOOOODODOOO
00000000000 MergeJODODOO OutputPathXOODODODOOOODOOOO
OutputPathYO O OO OO OOO InputPutPathADODOOOOOOOOODOO 42100
O0000OInputPathAD COODOO DLOODOOOOODOOODOO D-FFOO Control
FLG O OutputPathX,QutputPathY 0 send 0000000000 NANDOODODO
OONAND O “O0700000000“ 000000000004 Control FLGO “0O07 O
OO0000000000O000DbOO00bOO0o0DOOo0ooobOOoooOooooooobLOooOoa
O0D000000D0o000Control FLGX,YOOOODOOODODOODOODODOOODOODO

0000 Control FLGOOOD COODOODDOODOD SendD0O0ODO0OOOODOODOO
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0 4.7 VCG Code OO

100000 DoOoOooooOo
010000 ODoOoOo
000100 ODoOoOo

000010 | true OO (Cache Program Memory 000000000000 true0 00000

000001 | false O O O Cache Program Memory 0000000000000 false0000DO)

)

—L Cx [

Output Path X

Input Path A Output Path Y
e rDO,—,_I o

T

X [=> D
Control FLG CK To Data Latch
Y [> D Q
CK

U To Data Latch

0 4.21 BranchOOOO

gooood

4.4 DDPOOOO

DhPODOODOOODOODOODODOOODOODOODOODODOOODOODO

o 1[I
o 1[I

e JODOOOOODODO
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