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Local Synchronous FMI Co-simulation Method Based on Thread Pool Task Scheduling

XUE Zhaoyang' , QIAN Xiaochao® and LIU Fei'
1 School of Software Engineering,South China University of Technology,Guangzhou 515000, China

2 Shanghai Institute of Mechanical and Electrical Engineering, Shanghai 201109, China

Abstract Parallel simulation is a key means to improve simulation performance. However, parallel co-simulation based on FMI
faces many challenges,such as coupling between FMU and threads, input/output synchronization,and mutual exclusion of FMI
API In response to these problems, this paper proposes a local synchronous FMI co-simulation method based on thread pool task
scheduling. Firstly,the framework of the method is presented, consisting of a simulation scheme,master algorithm,scheduler,and
buffer to provide a modular representation of parallel simulation. Then,the master algorithm of FMI parallel co-simulation is de-
scribed s which divides a simulation task of a FMU into two stages:simulation execution and task scheduling. The scheduler sche-
dules the task to execute. And customizes read-write lock is designed to solve the synchronization problem during the simulation.
The output is temporarily stored in a buffer to solve the problem of FMI API contention for access. The accuracy of the proposed
method is verified through a room temperature difference model and a ship positioning model. Compared with the non-iterative Ja-
cobi method parallel to FMU, significant performance improvement is achieved.
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B3 DTS PML H A ARE S 2 R 3
i iy BUE R FMU ZE 54 Y
1. if TryReadLock(LOCK(j)) =false then // ¥l FMU i 5 %, 3k

R

2. return

o

. end

4. if TryReadLock(LOCK(i))={alse then
ReadUnlock(LOCK(j))

6 return

7. end

8. if fmiGetTime(i) #miGetTime(j) then

9. ReadUnlock(LOCK(j))

10.  ReadUnlock(LOCK(1))

11.  return

12. end

13. for P€ PM(i,j) do

14.  fmiRea dj(Pou» VG Py)) // SEBUEI 22 wh

15.  Te(D:=min {T.(})),miGetTime(D)} // K AHR

16, CNTpou(D? CN Tpou (D +1

17.  ReadUnlock(LOCK(i))

18. end

19. if CNTpre (j) = size(Pre(j)) and

20. CNT pos (j) = size(Post(j)) and

21. fmiGetTime(j) < Tep then

22, r:=Upgrade(LOCK()) // $WAT I . 4K U5 4
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23. if r=true then

24, DoSimulate(j, T.(j)-fmiGetTime(j))
25. end
26. end

5 ZEBIESR

A #ff ] Open Simulation Platform™ J1 5 #Y 5 8] Ji 2%
R (House) F1 A AR 21 25 52 A2 4 8 (Gunnerus-DP) % iF 2
BT A I LIk R HE R e A MR, KBRS B
16 GB RAM LA K 16 4~ “12th Gen Intel® Core™ i5-12500”

PR T RAL A FCSTRY 14T,
5.1 ZXWEE

J (] i 22 M T RS 4L T E PR A B ) 28 1 Y B - 0% IR BE IR
Z . RRFERERRZ R N, ZENNGTREFEEUT
FMU 43 W54~ Fs (5] 1k B A8 Ab A T80 | Py S 8 e P A% 9 70 |
A G S5k BE AR AL SR VR B AR R 2SR, DL e i B R S S
RO, A R L o RO R R 3 s, K B A
FMU # 2 2 &, W %8 W5 A~ B 1] i R B2 72 4k, Bl Room1 il
Room2 A T_room % F1 i % i .

[[_rooml h_wall
» OuterWalll —‘ h_powerllealel”i\‘
J h OuterWall o Room] ~L-room
h_InnerWall ‘
T_rooml [ o
h wal
T room2 | InnerWall
" h_InnerWall T rooml [ | h_room!
h_OuterWall T room _ T room2_
D) h_powerHeateg Room?2 T clock — TempController h_room2
T 2 ¢ \ o
OO Outerwallz Hwall .
p N
Cloek Clock |
3 prla) i 28 MEALT FLOT 5
Fig.3 Simulation scheme for House

BEAN BN 288 LB B B T — 4 3 25 %€ {7 (Dynamic Posi-
tioning , DP) #% il A9 5 il ( Gunnerus) 7 42 3| 4b J1 0 B9 76 16
. EITRE LT FMU @ 56 R € i S 2 B 7=k 3%

Current_Velocity

] 7 2R 0 T AR A L = O DP 4Rl 28  h DP 4R 4 5E 3 A
B2 BB R ALl 1 N B i AR . BER ) B i A
AR S TG AR AP 4 TR

CurrentModel J

J

Commanded_Thrust, : Thrust
\——————=—— ThrusterDynamics ’7

J

Thrust _ [ )

VesselModel

) Vessel_Position

>
Vessel_Position

Vessel Velocity >
Vessel Velocity

>
Current_Velocity

Position_Setpoint
Velocity_Setpoint
ReferenceModel | Desired Velocit
Position_Setpoint

>

>

Desired Acceleration

Acceleration_Setpoint

Position_Setpoint
BoxReference P

J

P4 AR SE L HOT R

DPController

Fig. 4 Simulation scheme for Gunnerus-DP

Commanded_Thrust

B A SCHE R 1) 7 YL B R Pool-Cosim (3% F 26 B b 4 B2 11
SRR D B ), 5 RAUF O i i 4 BLVE RE R AT H AR
WLERATT B B AT B

1) T B 2 B A R 26 AR HE 7T L 5 25 B0 (NI acobi) .
BT 2 FMI A 05 B R 500k R ) 2 IS
P H ¥ . O B BB 3 0, AT T W8 Pool-Cosim Y 1
Wbk,

A FMU FE474657 4 Al 8 ARk AT L 2 45 9% (P-NT-

Jacob) , % T AR JpHHE X L Pool-Cosim MY PERE
5.2 RN

MR 30 v R B SRR R R ARG B O I AT ek,
W7 B A5 RN 5 A o O R AR W B AH T . % House 5 14 5%
GELER TR P R ST X P Ol AN AT RN
B MEES R, b T FMU B354, B0 @57 FMU
BT R 2 % i 45 B i NT-Jacobi 2K 458, SCik[25 1T 44
t NI-Jacobi AR 4f (9 BEDRG B . 1% B 5 KRS ] 2 100 s, B4



PR T P, 45 < 3 T 2R A b A 55 98 2 B0 R B ) 2 FMIT B 5 5 B vk

WAL B AP K 0. 01 s, & 5 Won 1 b5 18] IR & 04 07 .25
R EER S NEJacobi MIAF . X T 166 & 0 20 A9 A A i iy
WAT ] T S RL IR BE 2

N

2| \ | \ \
= | 0\ I\ I\
g \ | I\ I\ \
w20 I S Ty Ty
= X o ‘\ \\ ‘\ \ ‘\ \\

AV SR AN SRV AN SVAN

16

0 20 0 60 80 100
B [E /s
€l 5 Pool-Cosim P4 il 2t

Fig. 5

Accuracy test for Pool-Cosim

113
= NJ-Jacobi = P-NJ-Jacobi
® Pool-Cosim(¥£4)  ® Pool-Cosim( #f. &%)
40
® =
30 + =
]
& =
¥ 2
% -
10 ﬁﬁﬁ
5
0
House77 % Gunnerus-DP% %
F6  f FABM St %t
Fig. 6 Comparison of simulation time cost statistics

3 7 BB AR E 22 A 95 90 B AF X ) (o 434 ) 1% 22 ¥

5.3 AR

S il Boost 1. 86 B4 boost: : asio:: thread pool fE N
Pool-Cosim A9 4 £ &% BT {# FH 1) £& F2 3t 378 47 3 , Boost Asio
Bz B T e e RIS IR B R 4 AR A A R G, K
Fa g PEFN Y BE © Bl S BRI FHE T, S 43 Pool-Cosim Jr
HRYIFATMERE T 1 — 8 L AR DU B vk 1 i ELAE A L fin
F A1 CPU ff 5 . 9 5 NI-Jacobi Fl P-NI-Jacobi % H. 1 1
i B House J7 & W05 B8] 24 2000 s, BRI 25K S 0. 01 s3
Gunnerus-DP J7 £ 45 B i E] Ky 2000 s, BB A KK 0. 1s,
BAGEMBELASHEL 50 WA E, DITEAMN R %M RE
M. (AR IEREXT L nge 1 AR 2 Fr %), S A R I &
TR AN G g Xt b &l 6 MK 3 Fron. b T HEE
B R BT, B 7 RN 8 HE— 245 T EAE R Bl £k
AL B R L o

Table 3 Simulation time SD and 95% CI(t-distribution) MoE
Y fx £ SD MoE
House NI-Jacobi 1 1.25 0. 89
House P-NI-Jacobi 8 1.52 1.09
House Pool-Cosim 8 1.51 1.08
House Pool-Cosim 3 1.28 0.91
Gunnerus NI-Jacobi 1 0.62 0. 44
Gunnerus P-NI-Jacobi 7 1.23 0.88
Gunnerus Pool-Cosim 7 1.06 0.76
Gunnerus Pool-Cosim 4 1.08 0.77
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Table 1 Performance comparison test for House
5t T Y R T 1
NI-Jacobi 1 31.076 6.12 1.00
P-NI-Jacobi 8 34.228 26.75 0.91
Pool-Cosim 1 52.857 6.31 0.59
Pool-Cosim 2 29.523 12.05 1.05
Pool-Cosim 3 22.785 17.18 1.36
Pool-Cosim 4 23.402 17.82 1.33
Pool-Cosim 5 25. 865 15.67 1.20
Pool-Cosim 6 26.912 15. 89 1.15
Pool-Cosim 7 28.114 15.88 1.11
Pool-Cosim 8 28.938 15.95 1.07
% 2 Gunnerus-DP PEREXT L
Table 2 Performance comparison test for Gunnerus-DP
4 ‘P

5% T Y L R 1
NI-Jacobi 1 14. 204 5.86 1.00
P-NI-Jacobi 7 10. 495 19. 50 1. 35
Pool-Cosim 1 17.062 5.93 0.83
Pool-Cosim 2 10. 422 11.01 1.36
Pool-Cosim 3 9.511 12.23 1.49
Pool-Cosim 4 9.468 12.74 1.50
Pool-Cosim 5 9.616 12.43 1.48
Pool-Cosim 6 9.641 12.86 1.47
Pool-Cosim 7 9. 844 12.90 1. 44
Pool-Cosim 8 9.763 12. 87 1.45
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