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a b s t r a c t

When integrating independently built models, we may encounter components that describe the same
processes or groups of processes using different assumptions and formalizations. The time stepping in
component models can also be very different depending upon the temporal resolution chosen. Even if
this time stepping is handled outside of the components (as assumed by good practice of component
building) the use of inappropriate temporal synchronization can produce either major run-time re-
dundancy or loss of model accuracy. While components may need to be run asynchronously, finding the
right times for them to communicate and exchange information becomes a challenge. We are illustrating
this by experimenting with a couple of simple component models connected by means of Web services
to explore how the timing of their input–output data exchange affects the performance of the overall
integrated model. We have also considered how to best communicate information between components
that use a different formalism for the same processes. Currently there are no generic recommendations
for component synchronization but including sensitivity analysis for temporal and functional synchro-
nization should be recommended as an essential part of integrated modeling.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In integrated modeling we may need to link component mod-
els, which are built under different disciplinary paradigms and
assumptions, use different temporal and spatial scales, as well as
different numeric schemes and methods (Laniak et al., 2013;
Peckham et al., 2013). The fact that we are linking and synchro-
nizing potentially very different components, designed to be
treated under different spatio-temporal settings, may only add to
the uncertainty and variability that can emerge from the integra-
tion process itself. The way space and time are treated can be
further complicated by the different numeric methods used in
components. Using higher order numeric approximations may
compensate for some coarser time and space stepping, but may
make it more difficult to define appropriate synchronization times
and boundaries. Furthermore, components may assume different
functional responses when modeling the same processes. Within
certain domains these functions may be producing quite similar
output, however eventually they can diverge quite significantly
only adding to the overall uncertainty of the integration effort.

The investigation of this uncertainty and its impacts on model

results can be handled using a kind of sensitivity analysis (Wain-
wright et al., 2014). In most of the traditional sensitivity studies
the focus is on model parameters, including initial conditions
(Hamby, 1995). In this research we are specifically looking at
sensitivity to model characteristics that are related to integration,
to module coupling procedures. As such we will be analyzing the
sensitivity of the integrated model to:

1. Variations in time stepping in components and the timing of
their synchronization;

2. Changes in numerical methods used in components;
3. Changes in functional responses assumed in components to

describe the same processes.

The experiments are conducted by varying only one char-
acteristic at a time and keeping all other controls the same. The
observations reported and conclusions drawn from this research
can serve as a starting point to perform further sensitivity analysis
in integrating models. Our analysis is largely for demonstration
purposes to show what we should expect from model coupling
and what are the possible problems that we may run into. We
have used a very simple, classical model, which we split into
components to see how the output will change depending on how
the components are run. While there are some good methods for
parametric sensitivity analysis, including global sensitivity treat-
ment (Saltelli et al., 2008), these methods hardly apply in our case
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when testing sensitivity to how components are organized and
coupled. Therefore we had to resort to the trial-and-error type of
analysis, simply running the model under different arrangements
and reporting the differences observed.

The other reason for doing this analysis is because when
modules are linked using data or message exchange approaches,
there is always overhead involved. Results from one module have
to be collected, packed, sent to another module, unpacked and
included in further calculations. This takes time. For example, in
the analyses that we present below, the split version of the model
runs 13 times slower than when the model is treated as a whole.
Clearly we want, when possible, to minimize the interaction be-
tween components. When doing that, we want to know what can
be gained and what can be lost in terms of accuracy vs.
performance.

The paper is organized as follows. Section 2 provides descrip-
tion of the models and integration framework used to perform the
sensitivity analysis experiments. In Section 3 three categories of
sensitivity analysis experiments with the corresponding observa-
tions are presented. Section 4 presents discussion followed by
conclusions based on the experiments and observations.

2. The models and the integration framework

Two individual component models and a model integration
framework are used to perform this research. The two components
are developed based on the classic Lotka–Volterra predator-prey
model (Volterra, 1926; Lotka, 1956; Voinov, 2008). The original
model mathematically is expressed as:

dX dt aX V X Y/ 1= − ( ) ( )

dY dt cV X Y dY/ 2= ( ) – ( )

where X¼size (or total biomass) of the prey population; Y¼size
(or total biomass) of the predator population; a¼birth rate or
number of offspring per individual per year; V(X)¼so called
trophic function that describes the hunting strategy of the prey;
c¼economic coefficient or efficiency of conversion of prey con-
sumed into new predators; d¼mortality rate or proportion of
predator population dying per year. In the simplest case V(X)¼bx,
where b¼proportion of the prey population consumed by one
predator per year.

To convert this model into an integrated, coupled one, we im-
plemented Eq. (1) as an independent rabbit model and Eq. (2) as
the fox model. In the first model Y is assumed constant and enters
as a parameter, in the second model, similarly, X is constant and is
a parameter. When the two models are run in concert they peri-
odically exchange information about X and Y using the most recent
value of the variable that is calculated in one model and sub-
stituting it for the parameter in the other model. For example, as
shown in Fig. 1, if the rabbit model runs with time step 0.4 and fox
model runs with time step 0.5, then whenever the time is a
multiple of 0.4 the rabbit model will receive the last calculated

value of Y from the fox model, and, similarly whenever the step is
a multiple of 0.5 the fox model will get the latest reported values
of X. Recent values of X and Y are maintained by the model in-
tegration framework. When these two components are run with
the same time steps, and variables are updated on every time step
of the model run, the results are the same as in the original two-
variable Lotka–Volterra model solved simultaneously as a system
of ordinary differential equations.

The rabbit population dynamics model was built using Cþþ
and the fox model was programmed using Java. Both models are
wrapped using Web services so as to enable message-based
communication between them (Fig. 2). The web-based model in-
tegration framework is built to capture model inputs, to facilitate
the communication between them, to manage time steps used, to
manage integration types used, and to display the results.
Whenever computation by the two models is needed, the input
data has to traverse from the integration framework to the Web
service wrappers, then to the Cþþ and Java based implementa-
tion of the models, then finally back to the integration framework.
The integration framework described above is available at https://
github.com/getachewf/mdmif.

As mentioned above, our goal is to study the possible effects of
asynchronous and mismatched coupling in a qualitative way, to
see what can be potentially expected. In real-life models, which
will be certainly of much higher levels of complexity than our
simple model, we may be observing other types of behavior.
However, even with this simple analysis we can observe some
features that are worth mentioning and worth being aware of
when coupling model components.

3. Temporal and functional sensitivity analysis in integrating
models

To conduct a simulation we have to set parameter values for the
model Eqs. (1) and (2) described in the previous section. in setting
the parameters we have adopted the parameter values used in the
Similes documentation,1 and have chosen:

– birth rate for prey, a¼0.5,
– proportion of the prey population consumed by one predator

per year, b¼0.01,
– conversion coefficient of one prey consumed into new predators,

c¼0.01, i.e. 100 units of rabbit biomass consumed produces one
unit of fox biomass,

– mortality rate for predator, d¼0.02.

Additionally, for most of simulation runs, we have chosen the
following initial values: X0¼5,000 and Y0¼45.

In performing the sensitivity analysis we followed the simple
trial-and-error approach. Our sensitivity experiments were mainly
grouped into three sets: (1) classic model, same integration and
functional schemes in both components, (2) classic model, but

Fig. 1. Data exchange pattern between component models. Rabbit model runs with time step 0.4 and fox model runs with time step 0.5.

1 http://www.simulistics.com/.

G.F. Belete, A. Voinov / Computers & Geosciences 90 (2016) 162–171 163

https://github.com/getachewf/mdmif
https://github.com/getachewf/mdmif
http://www.simulistics.com/


Download English Version:

https://daneshyari.com/en/article/6922365

Download Persian Version:

https://daneshyari.com/article/6922365

Daneshyari.com

https://daneshyari.com/en/article/6922365
https://daneshyari.com/article/6922365
https://daneshyari.com

