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The Numerics/Model Interface

The interface dependencies between the Numerics module and the Model module exists in
three classes: the ODENumerics class, the Function class, and the SystemState class. The
SystemState is used to report the results of a simulation to the model, and the Function class
defines and interface that the model uses to define the derivative functions.  Finally, the
ODENumerics class is a Fagade that separates the model from the implementation details of the
integration method implementation (as a result, the integration method interface shown, while
a suggestion, could be changed if the implementer so desires).

Implementers of the Numerics module must take care to respect the order in which derivative
functions and initial conditions are passed to it, and to construct the SystemState with the state
variables in the same order as the initial conditions.

TheODHMBumericsClass

This class is actually a combination Factory/Caller class. Because of this class it is not necessary
for the model to have any knowledge of the integration objects.

There are only two methods within the numerics module that the model will need to know
about:

ODENumerics.ODENumerics(ArrayList theFunctions) // Constructor

ODENumerics.integrate(String type, SystemState initConditions, double timeStep, double
totalTime)

The constructor method takes a list of the functions that make up the model that will be
simulated using this instance of the numerics class; this removes the burden of passing these
functions, which are unlikely to change, every time a call to integrateis made.

The integrate Method of the Numerics class will take in a string specifying the type of integrator
to be created:
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-All lower-case, no underscores.

Additionally, the integrate method will take in the initial conditions as a SystemState object.
This object must contain the same number of dependant variables as there are functions given
to the system; the behavior if more or less dependent variables are given is currently undefined.

Finally, the integrate method will take in the doubles timeStep and totalTime (the initial time is
taken from the initial system state). totalTime is the amount of time that the integration should
run for (so that it will stop at initialTime + totalTime). If an adaptive method is used, the
GAYS{GSL) A& &Ah Mige fme dtep o Sttaviih; ofhelzkisd, 3t £s the time step
that should be used by each iteration of the integration method such that there are
totalTime/timeStep iterations.

This method will then return an Arraylist of SystemState objects containing each state
computed by the integrator in chronological order. Both the time variable and the dependant
variables must be filled in correctly. If a non-adaptive method is used and totalTime/timeStep is
an integer value, the time value of the final state returned must occur at initialTime + totalTime.
If either of these conditions is not true, the time value of the final state must occur on or after
intialTime + totalTime.

The SystemState class

This class will contain the computations that are passed back from the Integrate method of
ODENumerics. The class tracks both the independent variable (time) as well as the dependent
variables (stored in an Arraylist). The SystemState will provide several constructors (default
constructor, constructor from time and array list, and copy constructor from another system
state); all of these should be trivial to implement. It will also provide accessor and mutator
methods for the time variable and for the dependant variables. Dependant variables are stored
internally in an array, and can be accessed and mutated given a position in that array.
Dependant variables can also be added to the end of the array.

The Function class

This class defines an interface that the model will use to define derivative functions. It must
include an abstract method conforming to the interface:

double evaluate(SystemState states)



This method takes a SystemState object (which includes both the dependant and independent
variables). It returns a double containing the result of the function evaluation (remember that
the double returned is a derivative).

An alternate useful form of this method could be evaluate(double time, ArrayList
dependentVars). Numerics implementers may add this method if they desire, provided it
constructs a SystemState and calls the abstract version of the method.

In addition, each Function object stores the error tolerance of the dependant variable that it
computes the derivative of. The base class provides a simple accessor/mutator interface for this
error tolerance. The error tolerance must be respected by adaptive methods.

The Model/View Interface

The interface between the model and the view depends on two classes: ChemostatModel and
ChemostatState. The ChemostatModel is the interface that the view uses to set model
parameters and request that the simulation be run. In addition, the model is responsible for
implementing the two derivative functions by subclassing the model.Function class.

The ChemostatModel class

This class defines the interface that the view uses to control the model parameters and request
simulation. The view must instantiate this class and set all parameters before beginning the
simulation; parameter defaults are undefined but should be set such that division by zero does
not occur if they are used. In addition to the self-explanatory accessor and mutator methods
shown on the UML diagram, the ChemostatModel must implement an update method and a
setintegrationMethodnethod.

The setintegrationMethodmethod accepts a string specifying the integration method (see the
options listed under ODENumerics.integrate), a double specifying the time step to use for each
iteration of the integration method (or the initial time step if an adaptive method is used), and a
double specifying the total amount of time that each call to update should run the simulation
for. The ChemostatModel must implement sensible defaults such that update can be called
without first calling setintegrationMethogl this method is provided separately so that the
scheme can be changed if desired but so that it does not need to be specified by the view.

The update method uses the Numerics module to compute system states for the desired time
parameters, and returns an Arraylist containing a ChemostatState for each SystemState
computed by the numerics module in chronological order. Note that if the model is using an
adaptive integration scheme, or if timePerUpdate/timeStep is not an integer value, the final
value may occur after initialTime + timePerUpdate. The view may accept this as a consequence
or perform simple linear interpolation between the values:

a = (tg G th1)/(th Q tha)
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getPopulation() return the latest computed values.

The ChemostatState class

The ChemostatState is the data type returned by the ChemostatModel in order to report the
states of the chemostat. The rationale behind using ChemostatStates rather than SystemStates
is that it removes the dependency of the view on the internal representation details of the
model (such as what order the dependent variables are presented in) and allows for more
intuitive access to the states.

The only defined interface for this class consists of the three accessor methods shown on the
UML diagram for this module. The internal storage method of the ChemostatState class and the
details of the constructor are undefined implementation details (the view should never have to
construct a new ChemostatState).

Function subclasses

The model is responsible for subclassing the numerics.Function class in order to implement the
two derivative functions for the system. The internal details regarding the order that these
functions are presented in and the order that they expect the state variables to be in are
undefined implementation details, as is the way the system constants such as volume and
reservoir concentration are stored and passed to the functions. The model is also responsible
for setting sensible error tolerance values for these functions.

Two ideas for how to pass the system constants to these functions are to make them stored
internally in the functions (in which case the function objects will need to be stored in the
ChemostatModel and mutated when necessary), or to store a reference to the ChemostatModel
in each function. The latter is shown on the class diagram.

Implementers of the model must take care that they are consistent between the following
orders:

I The order in which the derivative functions are constructed in the ODENumerics class
9 The order in which the initial conditions are passed to the Integrate method

9 The order in which the derivative functions expect the system state parameters.



Appendix: UML Class Diagrams

Bolded entities in these UML diagrams define the interfaces and must be implemented as
shown. Non-bolded entities may be modified as the implementer sees fit.
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ODEIntegrationMethod

+integrate(in initialConditions : SystemState, in timeStep : double, in totalTime : double, in stateDervFncs : ArrayList) : ArrayList
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ODENumerics

Leuler : Euler

leulerRichardson : EulerRichardson

rk2 : RungeKutte2

krk4 : RungeKutte4

Frkf45 : RungeKutteFehlberg45

Hunctions : ArrayList

HNumerics(inout theFunctions : ArrayList) : ODENumerics

Hintegrate(in integratorType : string, in initialConditions : SystemState, in timeStep : double, in totalTime : double) : ArrayList

SystemState Function
-time : double -errorTolerance : double
fvariables : ArrayList +getTolerance() : double
+SystemState() +setTolerance(in tolerance : double) *
+SystemState(in time : double, in dependentVars : ArrayList) +evaluate(in state : SystemState) : double

+SystemState(in original : SystemState)
+addVariable(in value : double, in Parameter1)
+getVariable(in index : int) : double
+changeVariable(in index : int, in newValue : double)
+getTime() : double

+setTime(in time : double)
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numerics.Function

-errorTolerance : double

+getTolerance() : double
+setTolerance(in tolerance : double)
+evaluate(in state : SystemState) : double

T

FunctionNutrientConcentrationInChamber FunctionPopulationDensity
_model : ChemostatModel -model : ChemostatModel
+FunctionNutrientConcentrationinChamber (in model : chemostatModel) +FunctionPopulationDensity (in model : chemostatModel)
+evaluate(in state : SystemState) : double +evaluate(in state : SystemsState) : double
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1 ;q/ 1
ChemostatState ChemostatModel

-_systemState : SystemState

+getTime() : double H+getConcentration() : double

+getConcentration() : double HsetConcentration(in ¢ : double)

+getPopulation() : double HgetPopulation() : double

+ChemostatState(in state : SystemState) HsetPopulation(in p : double)

HgetReservoirConcentration() : double
H-setReservoirConcentration(in cO : double)
HgetVolume() : double

H+setVolume(in v : double)

H+getFlowRate() : double

HsetFlowRate(in flowRate : double)
Hgetkn() : double

H+setKn(in kn : double)

HgetKmax() : double

H-setKmax(in kmax : double)
HsetintegrationMethod(in method : string, in timeStep : double, in timePerUpdate : double)
Hupdate() : ArrayList




Revision History

1.0 9 Initial Revision
1.1  Changed ODENumerics.integrate to accept a SystemState and return an
ArraylList
 Changed Function.evaluate to accept a SystemState instead of a double and an
ArraylList
9 Specified one method of updating the model@ Function subclasses with
changes in system parameters in the model@ UML diagram. Other methods
are possible.
1 Specified additional constructors in SystemState to give flexibility in how the
class is used.
Removed ODEIntegrationMethod constructor
 Added getFlowRate, setFlowRate to ChemostatModel.




