
Comparison of Parallel Simulation Techniques 

Heterogeneous MP-system I FSIMUL-P 

The simulation package FSIMUL-P is a supplement 
of the well known block oriented simulation language 
FSIMUL and permits parallel simulation of very com
plex industrial processes by means of distributed com
puter environments . The goal of developing the 
package was to increase computer power for simulati
on . Therefore, all blocks of FSIMUL-P are distributed 
within a multiple processor environment, so that each 
processor simulates only one subsystem of the model. 
The communication between the processors is based on 
virtual interprocessor-communication-channels . 

The computer environment at the Institute of Auto
matic Control at the Ruhr-University of Bochum con
sists of UNIX-based workstations and PC-based 
workplaces, all connected by means of a TCP/IP net
work. In addition, a digital signal processor (DSP) card 
TMS320C40 and three transputer boards T800 as plug
in-cards (AT-bus) are available for the PCs. The master 
program FSIMUL-P was developed on a 386/486-ba
sed PC-system as a protected mode application in 32-bit 
technology . The worker process was written in C and 
compiled for all existing computer systems. The user 
has not to care for the management of the heterogeneous 
components of the simulation hardware. 

A comfortable window oriented user interface en
ables an efficient work with the package. An integrated 
structure editor enables a very attractive model buil
ding. The firmware ofFSIMUL-P consists of about 150 
different block operations. The number of blocks used 
for a simulation model depends on the available system 
memory only . The user can program his complex simu
lation model in 16 implemented simulation levels. For 
every level, the user can decide for one of the processors 
available as part of the computing network. It is also 
possible to select between different numerical integra
tion algorithms in each simulation level. For special 
simulation problems an extensive macro archive 
(macro library) is available. 

The Monte-Carlo study of a damped second order 
mass-spring system achieved a very good speed perfor
mance by FSIMUL-P parallel simulation, because the 
communication overhead is very small. In FSIMUL-P 
only a static load balancing is implemented. A perfor
mance-monitor gives the user a good overview of the 
load balancing in the parallel system (CPU-times, com
munication, etc.). Table 1 provides an overview of the 
CPU-times for 100 sequential simulation runs in the 
time interval t = [0;2]; integration step size h = 0.001 
sec; RK4-algorithm in each processor system. 

orocessor svstem simulation time 
Master-PC (486 DX 50) 216.36 sec 
Worker-PC (486 DX 50) 188.72 sec 
Worker-PC (486 DX 66/2) 183.73 sec 
HP840-Workstation (too slow) 256.51 sec 
HP705-Workstation 163.09 sec 
DSP TMS320C40 172.51 sec 
T800 Transputer (too slow) 357.26 sec 

Table 1 

The CPU-speeds of all processors in the heteroge
neous MP-system are very different, so that only the 
fastest processor systems are used for parallel simula
tion. The 100 simulation runs are equally distributed 
(25 each) on the DSP, HP705 and the two Worker-PCs. 
The Master-PC is only used for communication mana
gement, visualization of the average responses and 
performance-monitoring. In this configuration, 100 si
mulation runs are executed in 49.97 sec. Using 216.36 
sec (see Table I) as reference-value to calculate a 
speed-up factor, the resulting factor is f = 4.32. With 
respect to the necessary synchronisation of all 
processes, in FSIMUL-P, the T800-transputers would 
slow down the speed in parallel simulation. 

For the coupled predator-prey population model 
the five populations are distributed on 3 or 5 processor
systems, so that every processor calculates only one or 
two populations. The Master-PC calculates the popula
tion v besides the simulation management and visua
lization of all population results because the population 
v has connection to all other populations. In the first 
configuration, the two Worker PCs, the DSP and the 
Workstation simulate particularly one of the other po
pulations w, x and y, z. In the second case, one Worker
PC simulates the populations wand x, while the second 
Worker-PC simulates the populations y and z. 

In addition we will examine the influence of the 
communication overhead through the parallelization. 
Table 2 shows the speed-up factors depending on com
munication intervals and configuration models . 

II configuration model h 2h 5h !Oh 20h 

II 5 processor svstem 0.19 0.38 0.83 1.32 1.86 
!! 3 processor svstem 0.14 0.27 0.62 1.06 1.65 

Table 2 

The second order partial differential equation of a 
swinging rope is solved by discretization in 800 finite 
element modules. In FSIMUL-P, it would be possible 
to create a macro of one discretized section of rope. 
However, in this case, one would receive a system of 
order 1600 and a very big simulation structure of about 
2400 blocks. Therefore, to solve this problem of the 
swinging rope by ordinary differential equation (ODE), 
a special block operation is implemented in FSIMUL-P. 
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Thus, one defines only the length 'L' of the rope-secti
on, the number 'N' of discretization steps and the 
wave-propagation-speed factor ' a' of the rope. The 
ODE block solves the calculation of the swinging rope. 
The.inputs of these blocks are the amplitudes u(O) and 
u(N) on both sides of the discretized sections; the 
multiplexed outputs are u(l), u(N/2), u(N/4), u(3N/4) 
and u(N-1). 
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Figure 1: Parallel simulation of the swinging rope 

Figure 1 shows the correct parallel simulation of the 
swinging rope problem (f = 3.85 with 4 Worker-PCs). 

INGENIEURBURO FUR TECHNISCHE KYBERNETIK 

• Systemdynamik 
• Messtechnik 
• Regelungstechnik 
* Energietechnik 

Systemanalyse 
ProzeBidentifikation 

Simulation I Echtzeit 
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Figure 2 shows the effect that, by the parallelization of 
simulation models at the interconnection points, a loss 
of system dynamic is possible. This may happen if the 
communication interval is much bigger than the inte
gration interval. The same probem occurs if an integra
tion algorithm is used that needs to calculate 
intermediate values within the integration interval. 
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Figure 2: Parallel simulation with two processors, loss of system 
dynamic at interconnection point. 
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Modellvereinfachung 
Reglersynthese 
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MeBdatenerfassung ldentifikation 
Erfassung und Aufzeichnung von Mef1da
ten im Standard-PSIMOS-ASCll-Format; 8 
Kanale / 16 Bit und RS232; Nullpunkt- u. 
Verstarkungskorrektur; Rauschfilterung 
(auch tor unsymmetrische Storung(~n) . 

PSI MOS 
Mit Messungen oder simulierten Oaten 
automatische Gewinnung derModellOber
tragungsfunklion ; auch bei beliebigem 
Elngangssignal; Mef1daten z.B. aus dem 
laufenden Prozef1 entnommen. Modellver
einfachung, Ordnungsreduklion. 

Mehrfaktoranalyse 
Ermittlung von Abhangigkeiten in komple
xen Zusammenhangen. nur auf der Basis 
von MeBrelhen. Ziel: rein mef1technisch 
erfaf1ten Vorgang aufbereiten I? daraus 
unmittelbar Vert>esserungen oder erfor
der11che veranderungen ableiten. 

Simulation I Echtzeit 
Baustein-orientierte Simulation nichtlinea
rer Modelle; einfache, direkte Ankopplung 
an realen Prozef1 zum Bebieb in Echtzelt 
IQ' geeignet tor Hardware-in-the-Loop. 

Analyse 
Grafik: Phasendiagramme ... , Frequenz
gang, WOK, Transformation. Totzeit, uvm 

Reglerauslegung 
Vollautomatische Bestimmung der ge
suchten Reglerparameter; Anwender gibt 
lediglich gewOnschte Obergangsdynamik 
(Storung/FOhrung) vor; einsetzbar fOr 
adaptive Regelung. 

Zurn Betrieb des MSR-Programmpakets PSIMOS sind kelne zusatzlichen (Graflk-) Softwarepakete erforderlich. 
PSIMOS ist auf PCs auch innemalb der Microsoft-Windows Grafikoberflache lauffahig. 

Preis der PSIMOS - Komponenten: OM 1.250,00 
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