| mplementation of sensitivity analysis solver for hybrid systemsin
DIANA simulation environment

Leonid lakushyk
Max-Planck-Institut flir Dynamik komplexer technisctsysteme
Sandtorstral3e 1, 39106 Magdeburg, Germany

28.04.2010

1. Introduction

When studying physical or chemical processes, itnigortant to estimate the influence of
parameters on solution. The studying of the saubiehavior when model parameters are changing
is a subject of so-called sensitivity analysisntkes it possible to build sensitivity functiond)igh
give important information about features of thedelounder the study, and can be used for
optimization of models.

The possibility of sensitivity analysis has beemplemented in DIANA’s daspk-solver for the
models with fixed structure. But many systems,ipaldrly in chemical engineering, are hybrid and
thus they contain discontinuities.

In this work the implementation of sensitivity aygé for hybrid systems in DIANA is
considered. The possibility to make such analgsedded to DIANA's PetriMeta-Solver.

2. Mathematical background
The models for DIANA are generated by the processleting tool ProMoT[1,2] and
presented as linear implicit differential-algebraystem:
B(x,p,t) (k= f(x,p,f) 1)

where Xis state variable vector, B is square ma pis parameter vector, h, g are intermediates.
This work is restricted to the case, when equasigstem (2) can be rewritten in tlsemi

explicit form:
Bp TXDJ: fo(xpb)), X=1{Xp |, (2
" o)lo) [rieon) N

where X% is dynamical variables vector anglis algebraical variables vector.

In DIANA-simulation environment Petri nets are ugeddescribe hybrid models. Each place
corresponds to particular state of hybrid automatehich is described by its equations and
characteristic values of the structure parameferansition between two places occurs, when so
called switching functiong-function) comes from positive to negative value.

The sensitivity s (t) is defined as the derivative afby parameter ps:

s ()= o | 3)

At the time when switching occurs, derivatives ofnamic state variables can have
discontinuities. This leads to discontinuities (j-éunctions.
The values of sensitivities after the switching denrecalculated using the sfollowing two

formulas:
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—_— — —_— — —| - —_— + —_—
ap |E‘!‘" ( df g— lﬂ'f fE"'j ap ﬁp tg— (4)
dp 0x de
at. dx dpl.__ op
dp  dp 0X )
5£ ﬂt - ﬂt: (5)




Algebraic state variables and their sensitivititésrahe switching also must be recalculated for
consistency. x can be calculated from equation system (2).

9 0%, 00X,
$, = —(—=) ands, = —4are computed from:
ot dp op
2 exy= L+ XX ©)
op op 0x adp
3. Example

Let's discuss the following test model for the Régta-solver (see. Fig. 1), which describes a
reactor whose content may reach boiling temperature
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Figure 1. Equations and Petri net of two-phasetoeacodel

The model is described by:

X1, X2, Q — state variables

ay, &, b, by, %o noil — real parameters
E

(1+%) help variable

rreac = (1_ Xl )e

The system can be in one of two stategphase or boiling. Petri net contains two transitions,
toboiling andtoonephase, between this states (Petri net's places). Eadsitian is described by an
appropriatep-function.

Template of the DIANA-script for computing the siivgties with PetriMeta-Solver is shown
below.

# create base nodel
bmodel = mmanager . CreateModel(diana . CAPE_CONTINUOUS, modelname)
bmodel . Initialize();

beso = bmodel . GetActiveESO();
besopar = beso . GetParameters();
besovar = beso . GetStateVariables();

# set variables and paraneters val ues
besovar[ "x2" ] . SetValue( 0.02 );
besopar[ 'x2boil’ ]. SetValue(  0.06 );

# create sensitivity nodel based on base nodel

model = bmodel . GetSensitivityModel([ "x2boil"  T,ID
model . Initialize();

# create the sol ver



solver = sfactory . CreateSolver(diana . CAPE_DAE,model, "petri_meta" );
solver . Initialize();

#set solver paraneters
solpar = solver . GetParameters();
solpar[ "Tend" ]. SetValue( 100.0 );

#run sol ver
solver . Solve();

On fig. 2 some results obtained by the simulatibtwm-phase reactor model are presented.
There are two values of state variable computed with two near values gf)parameter on the
fig. 2a. On fig. 2b the sensitivity$t) computed with MetaSolver (which uses daspk-aghand
sensitivity computed by approximation with finitéferences are shown. The curves are close to one
other that confirms correctness of results obtairgdg MetaSolver.

Plot <2 Sensitivities dx2ddp ) - (black - finite differences, blue - daspk)
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Figure 2. Simulation results for two-boiling reacta) »(t) when % ,,i=0.06 (red) and when
X2,00i=0.061 (blue); b),shoil(t)
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