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Abstract: With the rapid development of design for specific fields’ accelerator, heterogeneous system based on
accelerator is a new trend of computing architecture design. However, the complex heterogeneous system challenges
the programming mode and the efficient interaction between processor and accelerator. How to describe the
computing tasks between the main processor and the accelerator, and how to reduce the cost of data transmission
between them, and how to make the processor efficiently complete the task management and scheduling of the
accelerator are the key technology to ensure the performance of heterogeneous systems. Based on a reconfigurable
array driven by data flow, this paper proposes a task management mechanism and interconnection mode with the
master controller by abstracting its driving mode, data flow direction, input and output, including the host interface
of hardware, task management system of software, etc. , which is implemented and verified on Rocket Core based
on risc-v instruction,

Key words: heterogeneous system; task management mechanism; host interface

1 g= FYZRGEr AR B A AT BE 1 25 A AHTRL K AR 2
AR 55 73 PO 20 Ak B MG R R ) A PR AT LR

BEH THAALEOR B REREE D I X RALYE PrA LS5 0 B R AL AR BRAS b PR AT R . E
REZORAWHE F T RPLRS H s am At 5= TRMRGEZ MR AR G55 541922 57 U

Wi BEEE. 2019—11—19; €EHH. 2019—12—14



59 T ML AT RISC-V BS540 RGAT 5 48 BEHLHRI BT S F5T 7

FAFAE AR 125 5 G0 SR AR R R 4 2 TR A X X
] EA TR, DU JC Ik CRAIE 54 22 G0 1) v vk

A 1) A A R g8 R ER s i ok CPU 2 7
BHPERC T AE S A 2R AT 48 2 R 8 2 Lk B
SERGZEAE E AT, — B AR JE (R 7 n e 4 A8 i K
484 N CPU & % 2| A 280 1 3K T RS0
FEE. T BRI RO TR P S R4 LT IR
AL IR | BEORAIE B 7E 25 A% 0 Z ) A% 3 B 1) —
M R TR A S Rl — A A SR R
R R — R A T BT — B R T AT AR IR
ZAEX P BRR T HE A7 IR AT I B, 3 TC vk AR e S A
BARIERYE. LLA AE G B SS T EHERR L
AP, IR CPU 5 [ 51 [a] A 38 3 A% 40 1 i e i A T
LI A A IR OV B R S SR AN L T A

FF LREOL A SR T —Fh 554 REEAT 55
FILHLH AR BT — PP 5 4 Z ) R %
77 3 ALY EALEE 11 LD KR B AR 55
P, IETE LT RISC-V #5449 Rocket Corel”®! |
SEIIH- BRI

2 HEFRHERZHESEEENRT

S A8 I 2] S AR U R D R Bl R I A R
AR S A i) LA BEAT 5 R 75 2RO R 4
Lz i CPU 4K 5l S5 A4 4 51 U2 5 i 45 4 58
SR s — W FRAT — A5 45 4 58 X 53 K B B ) — Ik
Al g 7E CPU 9K 3l 14 51 147 730 7 2808
T RE ) R EICH IE B B A 05 S A 1K B S A
5 bk RES A 47 352 BUR AT bk S CPU 75 2045 1R 4T
55 AT S5 B R AR A 4 4 - PR X 2 48 4 A ik
FIRES) b AT AT 2 T i R] Y IR B AR T
KRB TIFE.

Be— KB F 58 I — IR AT e e ad
PR —MESS . CPU W] IR 5 R L HE 2 A )
LS5 (2 A5 Liafy, — AL 55 1 S R EA
PATHE S IS 9 5 A 55 S AR SIS OB S
SVH Mk BB S A AT RN SRR B
Ik SHE B AR NSNS CPU i 8
HEES N — R AE N — ML N R R IE S
WS B35 G X [ 50 A S Ho b BN A s
SHHEF X A BC AR B RIS B o AT
S50 I HIBC B A SR UL I IRIT . R
SEHE IR K A SRR AT B L S AT TR Rk R A
CPU, IR [HT 55 4 5 CPU s 2 U 31 o K7 15 5 4

FEEHGR B AT 55 4515 B 52 a2 CPU iy
¥

H T CPU [a] 344 [ 51 4% 36 AT 55 rh i — 26 2
Bl BEE A HIY , BUR th HABAT 553 AR B0 7E &
TEAT55 () B T 12 K 3 A 1 2 805 1 S
e CPU Mg X AR (1) 2 805 0 S A B 31 1R Ik
CPU 26X M i S5 p s k(5 Bk 6 B EHLEE 1
ISz vh X b 78 A B2 14T B 25 R
RSO I 1 ik e 6 187 FR R S A BB TR DL AR
UESEL ) IE .

A 2T S R SR T S
IR I THE ] B AR F5 B AR P 4 1 DL ST
JrikSE CPU it 1y 77 28 el AR al 38647 i 8
SYITETH AL RS AT A RS B CPU &R JT
AT HRAE RGN A AR AT

% BT 55 Z A AE A B A DM DL S5 1
G RN Y B R LA R — s 8] P 4 SR T AN [ Y
5%, —AuHE T N — 5 R air— 1 5%is
17, Il CPU 7 BT 55 BA G A7 — & B Z4E 4, 1l
B S R GAA ) Z2 R ST 55 T L. AT 55 2R R
F R IR 6 CPU &, 75 28 = R L 4
PRS- BT, 43 91~ task_config() . task_exec ) Lk
Je task_waitO AFSEH ARG S H R 55 1817
A 0 T B A A A HOIRAS S AT 55 19 AR S 20 )
1 pRE.

x1 EERE

RE Eiipus

0 W AR ﬁiggig@?&%zﬁ%,WWJ%%,ER%I
LAIERIRES  CPU BIEAE S5 . A 55 BAS

2: 8RR AESE BTN BIBES 1 v X SRR T

3 BATRE MBS

4: SEBUIRAS

RS PATE R

ML AT — AT 55 i), B P DL B
55 $0UAT B 75 19 BC SO 45 CPUL, I H e 4
TTZAESS IBES) 7 LA AT 55 i 5 AT S5 S R 5
2R A BT 55 BA B, task_config O ¥4AT: 55 1Y
FRHIT PR A P E B RXR EN N
o YR PR SIDRATE 5515 B N2k 1S, task_exec ()
K% begin {55 3K sl R 5 IF iR 115 AT 55 P47 58 52
23 B R 18 AE: 55 G 5 s CPU 3 A Hh 832 B
AT 55 G5 TEAT: 55 DA B rhotg R st 1T >4 A []
(1 B 51 7 1] B4 55 A7 78 B0 AH DG I 75 28 task
waitO X AR 55 HATEE I B 1L AF 55 AT I S 5OR 4
FEPATHIR.



8 T T AL

2020 4F

155 B8RS RO R A 1 BT,

Input:
TaskLE 5 B

stream_id. task_id

PR
Status=0
KoM

BIRATS
A Task Queue

task_config () :
BAEER, RER
Host Interface

BIERES
Status=1

Status=2

BAlE, KRR S, ARHIT

FERRES
Status=4
AT B

task _exec() :
Kikbeginfs 5

bufferi , task wait () :
Fov'5 Atask B A5 ST B ARSI WRATS
Status !=4 Status Status=4
1 ESRE®ERE

3 EF RISCV BB LWAEDRIT

WA Dz B d o, al AL TP A9 s HE 4k
FEZE Lt Mk s CPU 78 B (Hl T B4
A AE R DL R R B A IR 51 CPUL 2 &
HOHAE A IR A A i g - 17 B A B 2 U R — R
CPU PR TAE Al Bl 78 U 58 AT 55 9 54T 31
A BIZER R L CPU Al i H b PR 45 E A SK 5h
FETAR bt 1 om i SR S L A T B 52 L 3

Host Interface

155 AT A9 B AR I 2% IR B 51 4 O CPU
R P Ak B4 . CPU AT L 42 18 o 45 4 % L E A7 45
il B AR K 2k B TR AT B Bt mT L 4 A 3 B [
B L AR SER AN 22 AR 2.

73— 77 W0 i T BB E 9 AL LR LS
B R CPU i & 5% 14T 5515 B e A ol [ 971
AU A IE B AR R SE SR RGN
R Sh B R ALK B e

N R BAREE R AN 2 R,

PEA Controller

i ] i

CMD Interface

I TJ

Config_mgr
] Task_buffer

I
Core data,
interrupt

argur

process

arg_buffer
| execute monitor <—l

DMA

2 ENMEAREE

CPU 5 CGRA Z [z H 2L RISC-V H &
AR HATRERI)  BAERCH 32 L8 A — 4484
HALS —ME BN 2% 7 K 188 67 %8 . A AT
PRBHE S 015 B T B & G R MEEE S
=A 32 R B F e R A = AR S E B A
Pk %EF CGRA FHLIED b Hh B &40 32
PEBAE A B B A 8 sk . 2805 B ik &k
F| CGRASE =482 WIS TR 5 B A 5 Kk

CGRA I 415 B W BE 807 B 5 F B9 bit K
JNUNRL 3 R,

31 30 29 28 25 24 22 21 1 10 0
[ 1 | [ [ [ ]
v pea_id task_id state ctx size para size
B3 EBEHEEESAMER

CPU X R I Fe BEAT AT 55 % 70 B 25 7 A —
B i 280 AN 55 AT 7 2R SR R A L X



e

%9 By

MG, 45 - BT RISC-V B 344 R GUE 554 BRAL I BT S F5E

i b 2 B G 05 1 G AT 55 e B A A8 A CGRA,
5% CPU il i FHL4% M0 H 3 A B CGRAL 5
FRAT S5 Bl A5 B AL B A e i 28U B 2
PSS A e &% 5 CGRA I, — & Ml it 28
IR AE B Mk arg_addr. 55 — 4540 35 1A i i 2 K0
task_id. 7 ZX > i i 240 PE B9 4 5 PE-id 4%
FE RS S RO B AL 5 bit /NN A 4

JIi 7.

13 12

11 10 0

[ ]

flag

pea_id task id pe id

B4 mRSHERSBAER
544 0 NHRTE B AL O o6 CPU i ik
R AR A7 A N AN ) B8 e P & A7 4 o e o
W CGRA I 0] 9 AF: 55 15 B 0T 8 e S 151 45
CPU., BARSE/anl&l 5 .

inst[31:25]
instruction[31:0] inst[24:20] Decoder
e TMR Cmd_task_out[95:0]
CMR
reg data[31:0] rd_reg VR
—_—
AMR [ ] Cmd_argu_out[63:0]
AAR [EN2
Execute Monitor TIDR
task return[31:0]
L{wr_data | rd data
— == = Cmd_resp[31:0]
Task&state FIFO ENF |——>

BE5 HSEEREN

WA B2 TURAT 55 26 % I 1 M8 AT 55 2%
h X B (T A B A AT I ) T
btk DL K6 R (8 /N s I ZE A T B 4752 U
5 BRS8N LI, TR RN 2k 28005 B, 5 G
JE TR SE B . AT Fge s CPU %
AWS G B A E A BRI v, 76 548 FE 51 44
FTotEea P TAS B AR R R TP W 5 5 AT 55 1
155 S B A 2545 A4 10, CPU it DU W] AR 472 v 1T o
YT 55 BA G (A HE

R i B BE RS B2 1 5 CPU &4, (A1 CPU
RIS AR BA Y AL DRI 55 B
JEAT R M T A B R A M B ISR T RE 2L
AR » 12 B 2T LA SO e s A A e,

PSR SEA - B A NSl de sy kAR
WE—EL KA RIS HE CPU &k AT 55
Sy B R BIRES A A TR BRSNS A
CAUES Zh X FISEER b X S 2% vh X 5 R, $54
P2 JC 5 ) BB B EE, 2238 3 busy 15 55 38 A1
CPU, fi# CPU JGik ] EALHE O A5 A5 B
FIRATHIT 55 52 8 AT 45 G i X B H 25 ).

4 fFEKSIE

i X RISC-V 2244 () Rocket Core #1715 H..
Rocket (PP BR g4 115 AL HAHIE WA R 50

LERHEA T SR A B 25 B AR U
WAESE R CPU B SRS E R K5 B X4
RIS RE BRSBTS S CPU Z {5 B8 %
B PR R RARIZ T TRCR.

ARSCRE T LR EIE 2EAT WU 36 0E . -7 FP-
GA 55 B 5 CPU X &ML R R G it e, 15 21
RN 2.

®2 AEESEEREXTLL

A SHAEC HRAE BAAM RREN
GaussFilter 2 7 38 7
BFS 7 17 58 17
KNN 8 19 62 19
SPMV 10 23 70 23

W Vivado ¥ % RTL #4725 &, I 78
Zyng-7000 24 ) FPGA F#H74F 4% EE S A
DR, A SO AL AT 55 Z2 b X K/ NS A 1
S XK NBEE N 2, AE AR B, S A
JERAIT i CPU X R 4LEE D P IR 55 5 A 24k
testbench H—AL 55 A IR S HE A, KA
FEN A REERNE 6 PR,

Hr 38— AR5 5 A 3 4 ceycle, WK £
TG RIA 2 A4 cycle, R EI 24 BR8] ) 28 X A 4%
B TR — E A B A — B S AR . Y
FHLEE O JCTE M RS E AL &, CPU (5 A2
FE, I CPU WK &R, TIRH SRS



10 Tl 722 S RAL

2020 4F

N N A e e e a WA aWa e\

valid

busy [\,

\
/

core_cmd_inst[31:0]

[ X0x0005X 0x0016 X 0x0026 X0x0037 X 0x0047 X 0x0038 X 0x0048

rs1_data[31:0] X 0x6401 X 0x0081 X 0x0081 X0x0000 X 0x0000 X 0x0000 X 0x0038 X 0xbc01 X 0x0070 X 0x0070 X

1s2_data[31:0] | [ X 'HO
task_countl 'HO 'H1 'H2 'H3 'H1 'H2 'HO
task_count2 [ H1 H1 'HO
write_buffer_enablel /_\ /_\
write_buffer_enable2 /_\_/_\
cmd_task_out[95:0] /M\ /W\
cmd_arg_out[63:0]

6 FEHZR

BRVE, HE EHE O AT IgRSE S i HooT DLl &
FIfE 545 B N CPU 21 ML A4 HA 1
A cycle WIER , S FEFIAT 24>, Bl 2 2k 2
PLE A 5 040 1Y SE 3R [F AL 1 A4S eyele, 7E 100
MHz () 345 4 10 ns. i@t EaR 4 B 0] LA
CPU By H a2 SC Pk PR 42 11 0] LA S S AT 5515
B CPU &3R5 I
& 3 J X BN DB SR A S O -
x3 REMAER

HR A% A e/ 2%
LUT 246 203 800 0.12
LUTRAM 220 64 000 0.34
FF 25 407 600 0. 006
10 285 500 70
BUFG 1 32 3.13

A LLE %3 03T FPGA B8 AR U5 5 ]
TR K B 5y SR

5 #HRIF

ARG B — R LA AR 4 S S A Al E
FIRES, 3F B 75 RISC-V b PR 5 5% ) F AL
F1 s B o = A U s 1A 55 A8 BRAIL A 4 i i
SR ZR G A AR B 1 AR AT 7k
2% CPU BT A 75 S8 BOCA K AT 2EA T i ik o e it
SRS FEAT ARSI B CPU ZRITl i 5 R ¢
MIAFAFRIAT. H T T 286 D5 Bk, nT L
He A R REAEST LA AL I T R 5E
XA 2RI E P PE L R B e R,

S 30k

[1] LIY Y. PANG]J M, LI Y B. Multi — dimensional
Parallelism Recognition Method Of Nested Loop For
Many-core Processors [ J]. Application Research of
Computers, 2018, 35(11).:117-120.

[2] FIOLHAIS L, GONCALVES F, DUARTE R P, et
al. Low Energy Heterogeneous Computing with Mul-
tiple RISC-V and CGRA Cores[ C]// 2019 IEEE In-
ternational Symposium on Circuits and Systems
(ISCAS). Sapporo, Japan, 2019.

[3] ASANOVIC K, AVIZIENIS R, BACHRACH J, et
al. The rocket chip generator[ J]. EECS Department,
University of California. Berkeley, Tech. Rep. UCB/
EECS-2016-17, 2016.

[4] MARONGIU A, CAPOTONDI A, TAGLIAVINI G, et
al. Simplifying Many-Core-Based Heterogeneous SoC Pro-
gramming With Offload Directives[ J]. IEEE Transactions
on Industrial Informatics, 2015, 11(4):957-967.

[5] SUN Y X. Hardware Design And Realization Of Sem-
aphore Management In RTOS[ D]. Qingdao: Qingdao
University, 2015.

[6] XIONG P X. Programming Guide For RT Thread Re-
al Time Operating System[ R]. Shanghai: RT-Thread
Studio. 2010.

[7] ZHANG Y N, MA MM, LIK N. Brief History And
Prospect Of Coprocessors| ] |. China Science and Tech-
nology Information, 2008(13):115-117.

[8] NAJAFI N, CLAYTON K W, BAER W, et al. An
architecture and interface for VLSI sensors [ C]//
IEEE Solid-state Sensor & Actuator Workshop. Hil-
ton Head Island, SC, USA,IEEE, 1988.

[9] Andrew Waterman, Yunsup Lee. RISC-V Privileged
Spec[ EB/OL]. [ 2019-11-20]. https://riscv. org/spec-

ifications/privileged-isa/

EEEN:

7 W8 55,1992 AL AFSR A BRE 5 ) T EALR &
25K 5] AL E-mail: sub540377269@sjtu. edu. cn.
=% B, 1982 - BIBFSE b1 858 7 10 A iR ALK
E )



