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Abstract: The wide application of multi-threading technology in power terminal multi-core chips has significantly in-
creased the system communication time of the power terminal system. The number of threads in power applications
has also increased, and the communication between threads has become more frequent. Aiming at the problem of sys-
tem communication time overhead and inter-thread overhead, this article first introduces communication pipeline tech-
nology. The communication pipeline technology allows communication and calculations in the same thread to work at
the same time, while also reducing communication transmission time; In addition, this article also introduces message
aggregation technology, the communication channels are gathered to increase the amount of data transmission per unit
time and reduce the number of communications. In order to reduce the number of thread switching and reduce system
synchronization time, the communication queue technology is also introduced; however, the dependency between
threads will affect the use of communication queue technology. Finally, an optimization method is proposed for the

dependency loop, which can effective solve the limitations caused by the dependency ring, and improve the utilization
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of communication queues and the efficiency of communication between threads.
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Figure 1 Type of communication queue
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Figure 4 FPGA-based inter-core communication

queue allocation
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Figure 5 The effect of ring-dependent topology on

communication queue
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Figure 6 The impact of thread division algorithm

on the system

1.3 BERKZER

1) 38 15 BA B HE A 45 G 4O 35 09 L A6 07 ¥ RE 8
A U PR R A >k 1) BRI O 4 T i ny\ﬂ?ﬁ])ﬂ
R L T[] 3 A5 8808 B R X 2 42 {5 TF B
k.

2) B A7 4% 4% V7 1) (direct memory access,
DMA) J& —F PN A7 U7 [l B2 AR, AT DL Sy i B 42 052



5536 &5 5 W

BRGENMFMATE CPU A AL BT L 2%
M3 RGN RE AR T R G . A% ) A 1L i
A 2R T % R 4 i BT DMA (143
A7 IAF AR AR LA R3S . 78 DMA Ji sh % i
B, 4b 3 2% % DMA #E 47 Bc & 5 78 DMA % i £ 8
W, O AL RS T . B0 &k s SRR AR AT
DA T] B PAAT Ak 288 7T L2 22 33 350 438 1 1% il TR 4
B2 4 K 2808 FHBRAEAT U8 T 4 Wi B, b
B 28 500 5 Tk S A3 1) A A% T

R T B AT E 5 A S st 1|) 2 530 B ACT AR K
RHEAR . HAZ D AR 1 b RO $ A A7 AR B AT
S8 SRR T LA IR T R A v 9 A Ak R L X
BEE BT 32 BR0E 15 A IR T AT
13,1 JEA5 T K ER B AR B F 5 s

BRI T FAAE— A DI B, i A P Lk
FRIZR T W RER R, 2 B b #7435 50
CA&RETH R U IFF T A1, X HEAE B b3
MFTEE o JEECHE B9 TR AL R T AR RIS n 41
A 10 5 Ak R A /b 3R 4 3 A 1D

WE 7 Jros, I AEAS 8] 4 #1418 % 43 B 2
ANZERR LA WL E AL PR EE 1 AL IES 2 b

AR 2 APTE 3 DB, Al T3 AF K A
ABF AR R, (B, A1 S, 80 PRAT L 7E A — G ER
2R R A R R AL B[R] — 4 A A0 B L i — A
BB b B3 A 56 B TE VR BRAT R — 5 e 1 B A
247 FH 38 15 90 7K 26 AR B 2 ACAE e B i 4 i R Ak
BIUBCHE , T 55 1 B 7] 20, 3R 25 B g mT L[] A Ak
FAS TR) JE) 0 1) B A o LA (i e R AT T B B 8 T
N WA 8 () Tz AAH A5 K e R, B, B
AAE Ry AT 58 B 5 A AT LU 8h A% s L 8 (b) ir
NS E R KL HE ARG R B, AS, A7 LAIFAT
AT L DT AT LA R AU 15 12 4 11

AbFRER /2R 1

v
\ DMA \

b 57 2127 2 ,
: ks o b B
&)@ R,

B 7 AT DMA®ZAEAER
Figure 7 DMA-based system model

T O AR T £ S R 1 .
pMA| | R{il ] [Ryi+1]]
| sdil | sfi+1] |
SR B B .

Nﬁ
(a) Al 138 15 i K Ze H AR 19 0017 17 1)

DMA| | Rl | (R i+1]]
Bt sgi+1] ]
Ab3EEE 2 BAi] S\ﬁ Bi+1]

]
(b)) f FH 0 13 7K 46 AR 1 AT 551

B 8 AR KE LR

Figure 8 Advantages of communication pipeline technology
1.3.2  JWfF KL AL AR M R B

Hi 1.3, 1 1 AT Gl {5 O 7K e B R T L4 R G
S s A 1 3 AT B TRD AT A AEK 3R 96 1 3 £ B[] (HORS
JE PR 315 0] BEAR IS A OR B KRR . 8
T U 7K R AR e S A B I 4R JR HOHE  ORN i B H
VERESE IATPAT , BRI I3 15 3 7K 4 4 R 1 18 i 4
JE LR R ) AN A7 A PR RO B A2 . T I 3 A U K 2R
HARTEZ DMA {E o [8] 4 J5i ok 08 17 4008 19 1% %
PRI AN 336 T A% PN LA ] 5
1.4 HEEBRHEA

A5 /K 2T DA A 58 15 A% B it 1] H o % 3
15 )5 S i AT P4k . 3815 S 20 B ] 2 4 Ak 3 4% e
B DMA Fr &g (ki) 4K 5 50 38 15 Rk 8k
Z A5 A S RO, T AR R AR K B A )
TP M % 15 0 T R L PR AT R 4 5 1 IR B T 4
Fe 1L AR ] A B A% B T LA SO R AR R 5
WA i gl
INEURENRTEPSE < 5% NSRS

T LA R AR K B A AR W) R R (9 (9 30 £ 3 3
A DT A 3 ek /D R e E A B Y. an &
9 TR R GEAE I I B AR BB ARG K AH ) 2 A 1y
RIEAEYE S, F S, G I — DB BB R S, [F] I XF
PSR e A5 R RE B AL BEL BT R, AR, B 9F N R,
3 3o 3R A B R T L) AR R Gl A Bk, (i
Al AL A7 AE W4 4R RS R G TR A A SRR
WAL AR . BRI WL 10, J5 R G 28 R 17 78 36
PR AR — D AEFE R G, YN T B R



16 il il Bt % 5 # KN 2 i 2021 4E 9 A

® &1 ® ® &1 ® SCR T S OCEEBE L A A ) SR B R
? FOR SRR IAT O BB e, WA 3 B R E R 7T

& G @j LRI R G AL I
=> P 11 R SRR 1 RIZERR 2 W ) — b 3
o [ BB e FR 1 RN AR 2 A il e AT T &
é) wr, | ® L ® Al ey UCHREE B B, 9 SRS, BEHE B G =1,
2939495) E"Ji@ﬁi‘ﬁ:j‘l‘mﬁﬂ t“: %%’ﬁ%*ﬁﬁ% Si (Z -
9 HEERHAN LA L2, 1) s v it o5, s IR R, (i =1,
Figure 9 Use of message aggregation technology 2.,12) 13z 47 i) a) FH n %g/j—( s gjz T2 ) $0 T 5 2L 1) B

P S | I ¢
(B () KRB S, RIS, BN S, BNTEI R,
(&) () AR, BEHES N R, , WL 2 7745 3 R[] B2 b i
GERECER0 e,
FE 2 & 1
SIS §
B 10 HEERBRIIARMNZ LKL
Figure 10 System deadlock caused by message
aggregation technology B11 BABEERSH
HARE, /—’.«?T B/ R,— >B,— >S, — >R, — > Figure 11 Intracore message aggregation instance

B, — =B, — =S, — >R, MK, TS DB; £ Ry Al R, ZAG#E A, W B4R

GIFGESS A I

I A o AR R R R T AR A% i I 06 25 4 R T
A WA IR RO o o S e L X LRSI T 8O Rk
JESR R [R] , f AT B SO B & 2L BHLZE L B R SR
PERE

AL B 25 Ak R EE 1 T R TH B R R R )
% B A R R (R A R I SO AR B L |
P 5 TET 43 A7 11 JE B SR AR X 3R G 1k BB A S I
1.4.2 BENHBER

% P T 8 R 3R 5 A I S B ] 2 — 2 R B 1Y
TRARGE AT k1 76 R G843 A 4 I I () %o % 48 7 ki
MYSZ R AT S AR 8

ORHERST I . A5 HEAS BH P S B AT AT R B R
GeAF A AR U PR IZ R O S SRR e

KRB PRAT B — A REXS R G A ki 7 AR5
M 438 A B . R AR SRR AR T £ K Y Ak

O T HETEIE B R EOR X R AT it AR %

FARJE B TEEREM Ry, Z AT RA .

2)Bs 78 Ry MR, Z e w0E T o6 1 9 J8 4 2R
ARG .B; TEEREM R ZJaHMH.

3)B; 7E Ry IR, Z [E g8 . B AS [ 4
AL 25 M TR ASE e [ 1 550 40 K 8 G 2= L 78 1 FH T B
BRI ARG JFATE R, MR, 22 [] B 8 F i 6 B 24
LRy ZRE#BTEM, Fi.B, H#EREN R, 25
R

R — 25 A3 AT O B B X R G0 o i e Y R
SIAGT JLASBF A E X, AR AT E B R R HORE,
B $UATEE 5 AR st e e [ ] s T A
ERBOREE, B, PATH jJE A9 3 3 e e

t [ EIARERARR 1. LR 2 B2 %}ii‘ﬂﬁ?
Ry DAER P € [Tk, ] o 15001 3 3 15E
#h
tjl=T, ek, +to+T,+(G—1) (2
tljl=T, ek +to+titrnt+itre+T:+ (G—1)
(3



536 %5 5 W) T A DR AR T ) 23 2 2 R B 1 17
t[J1=T ki +to+ta+Toe (G—1) 4
1 2 e 2 SIS Rk
tjl=Ts ek, +to+T,+ (G —1) (5)
TEBL 2 F 3 Y S5 AR e Ry 2.1 EHEFEEN
t.[j1=Ts e ks +to+ix, +Tie (G —1) (6) KRR AT A ERE 2 L RGE
H, PRS- JHC3E 5 199 2% 1T AR G396 2 S 980 75 2R, TR e ]
T, =ty +tu +ts +ts DIRTER Y ARG . M EZB A ERGEW T 16 1

Ty =ty, ttu, +tu +1x +tg,
Ty =ty +ts +ts,
T, =ty, +ty, +ts +1ix,
L R B e L] R e [ ) AT DA R B R
RN ALY HI 0 (] A2, R GEIAE A 3h
WFEIE N 00 R, BB G AEH I EIC o0 X T
M1E3fA
tljl—tjl=tos (kr+j—1) (7
tljl—tljl=te (k1 +]) (8)
tljil—tljl=ts s (ki+j—1)—t, (D
A2 N 38 {5 ] 2 114 308 15 A% I T — A [T B
i, BAR T AR S sheh i ¢, 2 (7)) ~ ) wf A,
o SR R R (AT B B0 Y S A e gl i
HE S BT B R BOR T IR T R G At &
1.4.3 HEEEER
% )3 7 ] & 5 T DMA #E47 ﬁ%ﬁf?iﬁu,ﬂa?
IR ARAE AR A BE W) I AT, PR 3
TG B e B A R EOR X R G Ak i 5
AT T K L FE AR W I T R R, B
ZIE I R TH B R EOR TR ZE m, H 2 R 58
(7] e 733 3 b 2 A I 5 £ 3 7K 2 B R 7T RLAIR T
BB H B R EOR X R G A ik & By AR, A
W 32 SC HUAE RN T T 38 4 U K 2 BR Y A ) A A
Hopi A B R AR,

CPU #%, H:## {4 22 #9 7£ Xilinx V6VLX760 FPGA
RS,
2.2 EHHZE

L KT LESCEAN I SE & 5z 9 ] T i
J14% 4538 {5 1PSec VPN R, [l 0] )i FH 38 15 BA 51 43
IREA IR RT3 4T TCP/IP IN#5E 1 .
2.3 EHWERRNW

S A 3 I AE N TR A% B A 1 S5, JF DL LES-
CEAF G MR, Wk 1 PR B& 9 ALK
(LESCEA .G .G, .Gy G5 .Gy G5 .G .G o

i3 2 Bl T, SCEG 4l LESCEA B %5 %4
PR 1T o FF i 23, o 22 18 0 L A R N i
HEMIE A LA G, R 51 A T A K 4
HAR M B AR AR, HA# 1% 056 41 LESCEA
YA AN [ R 2 1 £ T L 78 A RO 2 B 3 ORI
A 4k o 33 TR Sy 3£ O 7K 4 B AR ) feE PR AIR 1 R
G338 A7 A% i B 8] 5 28 0380 15 B 8] LU 491 e Lo s vl e
[Fi) B 38 175 T K LR AR T R G () 20 B [ 5 S 3 4 G
SR Gy X el A, HAf BT DTC 4 2/
R AR X R G REHETH IR B L8 4 Gs .
Ge M G BOXFEE AT, #5285 40 B R sh 5 0 AR ZE &
{14 38 15 B3 43 DR 7 16 %o 7 Gt 1 e 1 £ T R AR 1 8
MR ER A AT O . B DL A W RT3 1 K
2k AR T AR R AR RN A BA S B R B 4 A

R OEBMEMERGTARA

Table 1 Experimental group number and technique

5
S A A

LESCEA Cro G] Gg G;; (31 G5 G6 (17
AF K — v - Y = Y = VY
R N N N N
BEXE DTC 22 #-X1 73 v N, N, N,
T #2523 B 3815 BA S 23 IR V N N
T 3l 25 015 FC AW AF BA S 23 IR V V




18 W B %

5

i VN 2 Eite 2021 4 9 A

AL G AR TR R gt B LB T AR T A B
O,

W= 3~5 FiR, LK 4 LESCEA i) & 4 %14t
TR A B2 5B G 3 2R 4, Rk LES-
CEAVPHEREEHTERZAB RS LR G,
i FH T A K 2 B AR I A 3 2 A% o bR S L 49 A
Xf TS g gl LESCEA R T B 3 2 PR Ayl A i 7K
AR BRI T KB 43 7 G030 15 A% iy TF 4, [ i Ak 2
i 2 PR P A T R B a3 TRy 3 1 I 7K 2k
HARWATRGEF LI LRA G HHTHE
B AR H AL P 4% 3015 5 2 T B o 49 R R R LB
Ab B 25 2 PR LA/ R b T SO PR O U R R R
SEBIRAL W AR S A G, i T R R
AR, H R G AN T8 T R 2 R R PR
I3 B S AR T RMRE 15 D 2 X 3 A T K 4R
AR BB R WD T 5 G {5 AL i

xR2

Table 2 System throughput for different architectures

FRRM R GR

TR A B A B 5 A 1
1 6 8 10 12 14 16

LESCEA 3.9 5.1 5.8 6.0 6.1 6.2 6.4

Go 4.0 5.7 6.2 7.0 7.8 8.6 10.1
Gy 3.9 5.1 5.8 6.1 6.3 6.5 7.1
G 4.0 6.0 6.4 7.8 8.7 9.4 11.0
Gy 3.8 5.2 5.9 6.1 6.3 6.5 6.9
Gy 4.1 6.1 7.0 8.4 9.8 11.7 12.6
G 3.9 5.1 6.2 6.4 7.2 7.8 8.1
G 4.1 6.0 8.0 9.8 11.8 13.2 14.1
G 4.1 6.0 8.0 10.0 12.0 14.0 16.0
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Table 3 The proportion of system idle states of
different architectures %
a AN TR A O 325 25 TR AR S L 461
4 6 8 10 12 14 16
LESCEA 20 22 31 35 41 43 44
Go 14 18 25 24 33 32 31
Gy 21 24 35 40 44 47 48
G 15 19 27 28 35 33 32
Gy 20 23 28 31 36 38 39
Gy 15 16 21 21 24 24 23
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Table 4 The proportion of system transmission status of
different architectures %
i A [7) % b B 8 A i DR 2 L 141
4 6 8 10 12 14 16
LESCEA 10.0 11.0 12.0 13.0 15.0 17.0 18.0
Go 3.1 3.8 3.9 4.0 5.9 6.6 6.2
Gy 7.2 8.8 8.6 10. 2 10. 4 12.6 12.1
Gy 2.8 3.3 2.6 3.4 5.3 6.2 5.2
Gy 1.0 1.2 1.0 1.1 0.9 0.8 0.7
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Table 5 Proportion of system startup status of
different architectures %
- AN [r) A% B b 3 4% 0 SR A L £
4 6 8 10 12 14 16
LESCEA 8.0 7.0 5.0 6.0 6.0 4.0 4.0
Go 2.1 1.9 2.0 2.1 2.1 2.1 2.2
Gy 1.8 1.6 1.7 1.8 1.3 1.7 1.8
Gy 8.1 7.1 5.8 6.6 6.9 6.2 6.7
Gy 2.7 2.7 2.9 3.2 3.1 3.2 3.4
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