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1. Introduction

Several stochastic simulation models of animal production herds have been formulated (e.g.
(Singh, 1986; Roo, 1987; Sørensen et al. 1992)). A characteristic of these models is that the
emphasis has been put on the biological elements of the model, as well as the capacity of the
housing system. The decisions and actions of the management, such as mating, movement and
culling of animals, have been modelled, using a comparatively simple approach based on
decision rules.

One possible use of such stochastic models is as a tool in decision support, e.g. to study the
outcome of different management strategies formulated as decision rules in the models.
Simultaneously, other approaches have been used towards decision support systems. Most
notably the use of Markov chain methodology, either as a probabilistic model to study tactical
decisions (e.g. (Jalvingh et al. 1993)), or extended to Markov decision programming to study
replacement of cows or sows, or delivery of slaughter pigs (see (Kristensen, 1994) for review).
Recently the concepts used in the more general approach of Bayesian Networks has been adapted
to decision problems in animal husbandry (Kristensen, 1993). Another line of research has been
concerned with the use of Kalman filtering techniques for decision support (e.g. (Thysen, 1993;
Oltjen, 1992)) to reduce the large amount of data. Finally deterministic models of e.g. pig
growth based on detailed understanding of growth physiology (e.g. (Whittemore and Fawcett,
1976; Black et al. 1986)) has been moved from the research laboratories and presented as
decision support tools. Due to the complexity of the real system these models are all based, to
some degree, on an approximation to the real system. To what extent these approximations
influence the value of the resulting decision is not known.

These developments raise three problems:

• How do different decision support methods influence the outcome from the herd, e.g.are
simple methods worse than advanced?

• How does the amount and precision of the registrations influence the outcome of the herd,
i.e. cost benefit evaluation of registrations.

• How do we simulate an animal production herd, where the farmer uses a decision support
system, or, in general, a Management Information System.

The approach we have used to solve these problems is to develop a stochastic simulation model
with emphasis on management and information aspects and with a direct incorporation of the
advanced Decision Support Systems as elements in the model. Using object oriented
programming these elements can be readily incorporated.

The purpose of this paper is to present the elements of the simulation model and to discuss some
possible uses of such a model.
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2 Simulation Model

As in other simulation models the herd is described consisting of the animal, and its biological
states, as well as the housing system, the confinement. The rest of the production system plays
a major role, i.e. the observation, the updating and filtering of information, decision support
systems, the decisions and the corresponding actions that are carried out. An outline of the
production system is shown in figure 1.

The system, a pig herd, is not stable, and rely on the manager’s continuous correction of the
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Figur 1. The elements in a pig production herd

production flow. The manager uses his knowledge or belief in the state of the herd. This belief
is based on observations with varying precision of the herd, e.g. observations of weight of the
individual animal. The state is measured using a measuring device with given precision. The
resulting observation is sent to a Belief Management System (BMS) that handles updating and
filtering of the observation. The result is a belief in the state. This belief can be used in a
decision support system (DSS). The output from the DSS is a suggested decision. The Manager
then makes the final decision based on the information from the DSS. Finally the decision is
turned into an action by the staff in the herd. Actions comprise e.g. matings, weanings,
movements, and observations. The objects in the model communicate by a message-passing
scheme that also handles the dynamic updating of the model.

-3-



2.1 General Layout - The Object Oriented Approach

The simulation model is programmed in Borland Pascal 7.0 as a program to be run under
Windows 3.1. The program has two basic classes: DinaPigObjects and Messages sent between
two DinaPigObjects. A message consists mainly of a message time, a Receiver and Sender ID,
a command and the strength of the command. Similarly the main features of a DinaPigObject
are an ID and a method for handling Messages. The main structure in the program is a sorted
list or queue of Messages, sorted according to message time. The simulation is carried out by
retrieving the first Message in the queue. The system time is updated to the message time. The
receiver of the message (a DinaPigObject) is asked to handle the message. The message is then
deleted and the next message in the queue is processed. The handling of the message will
typically produce additional messages to other objects, as well as to the receiver itself. The
scheduling of the simulation model is handled by the message processing. The posting of a
message from the receiver to itself with a time lag allows for adjustment of the updating
frequency of the model. The first step in the handling of messages by a DinaPigObject is an
updating from the previous to the current system time. The scheduling method is thus a
modification of the event-driven method, where additional events are generated with fixed time
intervals, but the updating may occur with varying time steps.

This comparatively simple structure can handle the full complexity of the simulation model.

Seven main descendants of the DinaPigObject have been defined, i.e. the animals, the
physiological states of the animals, the confinement, the manager and the staff, the measuring
device, the belief management system and the decision support system. These will be described
in the following. Different descendants of the Message class are used to handle the observations,
the beliefs, the suggested decision, decisions and actions.

2.2 Modelling the Confinement

Objects with relation to the confinement are based on a class that inherits the features of
DinaPigObject but in addition has three lists assigned. A list of points defining the outline of
the confinement, a list of resources, e.g. drinking nipples, feeders, and an item list of other items.
The main descendants of this class are Departments, Sections and Pens. The item list of a
department consists of Sections. The item list of a section consists of pens and the item list of
a pen consists of animals.

2.3 Modelling the Animal and its Physiological States

The model of the animal itself is very simple, as the detailed model is handled in the description
of the different physiological states of the animal. An animal simply has a list of states assigned
and a list of internal messages between the states of the animal. The message handling starts
with an updating of each state in the state list to the current simulation time.
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2.3.1 State description

Each animal has a list of state’s assigned. Each state models a physiological process. As
mentioned the states are assigned an animal. Each state has a transition function that updates the
previous physiological state to the state at the current time. In addition some states are
observable and some states can be influenced by outside events. Two examples will illustrate
the general principle:

A Gompertz growth process.

The transition function from the previous time to the current time is

where ∆t is the time since last updating, Wp is the previous weight, Wt is the current (updated)
weight, k1 and k2 are growth curve parameters (growth rate and logarithm of full grown weight)
and p is a (pseudo) random variate distributed as N(0,σ²)

The state can be observed, i.e. the state can react to a message with the command show_weight.
The state will return a message with Wt as the strength, optionally with a random term added
to take the difference between live weight and body weight into account.

A disease/death process

It is often necessary to model the death of the animals. A realistic model would be that the
animals have a risk of being infected that varies around some mean level. If the animal is
infected, it can either return to the healthy state or die. In both cases the marginal probability
of change of status would be increasing with increasing infection length. This can be modelled
in the following manner. The state of the animal is either healthy (H), infected (I) or dead (D).

The logarithm of the intensity of transition from healthy to infected ( l(H,I) ),.

The logarithm of the intensity of transition from infected to death

The logarithm of the intensity of transition from infected to healthy

∆t is time increment as defined above, α is an autoregressive parameter and ..t is a (pseudo)
random normal distributed variable with zero mean and specified variance. k1 and k2 are
parameters describing the increase in transition intensity. For each function the initial value of
l(.,.)0 is specified.
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From these transition intensity functions the probability of transition within the interval ∆t can
be calculated, and the simulated outcome can be found using a uniformly distributed random
variable.

The intensity of transition from healthy to infected can be influenced from outside. If the animal
receives a message from an infectious agent, the intensity of transition will be affected by the
strength of the message, i.e.

where St is the strength of the message.

Similarly, the animal can be observed. If the state receives a message requesting observation,
it will return a message with the strength 0 if the state is healthy, 1 if the state is infected and
1000 if the animal is death. These values are transformed in the measuring device as described
below.

These submodels can of course be enhanced in order to describe a more thorough model.
Changes in these details do not affect the other parts of the simulation model. It would be
natural to use some of the research carried out concerning deterministic, dynamic, physiological
models, e.g. (Whittemore and Fawcett, 1976; Black et al. 1986; Pettigrew et al. 1986). However,
it would be necessary to enhance these models such that they could represent the stochastic
nature of the biological system. This includes the day to day variation within animal as well as
the variance between animals, and the fluctuations in the herd production level. If this stochastic
nature is not represented, the increased detail in the model will not result in more valid results.

2.4 Modelling the Measuring Device

The modelling of the physiological state of the animal relies, as shown above, on detailed
models and a number of parameters. This is in order to get as close as possible an approximation
to the real, biological system.

This detailed knowledge of the biological systems is in general not available at the herd level.
Instead, the pig producers have to rely on observations in the herd. It is important to make this
distinction in the model. Therefore, all information to the pig producer has to be based on
observations. To represent this in the model the concept of a measuring device is used. The
concept covers both actual devices, e.g. weights, pregnancy testers, as well as virtual devices,
e.g assessment of the health state or weight of an animal by eye.

In the model the manager sends a message to the measuring device in order to obtain an
observation on an animal. The measuring device in turn sends a message to the animal and the
animal returns a message with the requested value in the strength parameter of the message. The
measuring device transforms the strength and returns the value to the manager.

The simplest measuring device is a device for making quantitative measurements. It simply adds
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a random noise to the value received from the animal. The measurement device is thus defined
with a measurement precision (i.e. the reciprocal of the variance of the random noise). Another
class of measuring devices is used for categorical measurements, e.g. pregnancy testing, heat
detection, disease diagnose. These devices return a measurement such as pregnant/not pregnant,
diseased/healthy. These measurements are prone to mistakes, just as the quantitative
measurements. The definition of these devices relies on the concept of an underlying continuous
distribution with threshold values to define the intervals for the different categories. The strength
returned from the animal is added a random noise (with a given precision) and subsequently
categorized according to the threshold values. In this manner different precision and sensitivity
can be modelled. E.g. the disease state of the animal described above will return a 0 if the
animal is healthy and 1 if the animal is infected. This value is added a random value and the
animal is classified as diseased if the resulting value is above e.g. 0.75.

2.5 Modelling the Belief Management System

The observations made should be used for adjusting the pig producers belief in the state of his
herd. In order to represent this in the model the concept of a Belief Management System is
introduced. This is a general framework that should cover simple systems that e.g. calculate
monthly averages of the production trait as well as complicated Bayesian Networks that uses
Bayesian methods for a correct handling of the observation. (The term BMS is inspired by the
terminology used in relation to causal or Bayesian Networks, e.g. (Jensen et al. 1990)). Ideally,
even the subjective processing of information in the mind of the pig producer should be covered
by this concept. However, our work has not yet carried us that far. We are currently working
on this part of the model and the method we use is to pick out examples of actual data
processing systems used by pig producers and trying to categorize them under the framework
of a BMS, and to define characteristic features.

The ’ideal’ Belief Management System should simply use every measurement in the herd in
order to estimate the parameters of the detailed biological models using advanced statistical
methods. The contrast between this ideal and the method used in the real world, by pig
producers as well as researchers, is striking. Most management information systems rely on
rather simple techniques, such as quarterly or monthly averages of key production traits. A few
incorporate methods from production control such as CUSUM -charts. Recently, more advanced
techniques have been applied, such as Kalman filtering techniques. These techniques combined
with the techniques of Bayesian nets are promising candidates for the future BMS. Even though
these techniques can solve very complex problems, the size of the problems will still set an
upper limit to what can be solved. So, a BMS will have to rely on an approximation. It is
important to realize that more complex system is not necessarily better from an economic point
of view, if the cost of obtaining the information is included.

It is not the intention to program the BMS directly in the simulation model. Instead, the
simulation model communicates through a standard interface with the BMS. The observations
from the model are transformed into beliefs. When the manager or DSS needs information
concerning beliefs, they will send a message with a request. The BMS returns the belief.

The belief itself can be represented with varying simplicity. If the BMS only calculates monthly
averages, it would be natural to let the belief in the production of an animal be the monthly
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average. More advanced BMS would use the prediction of the future monthly average based in
the historical data. The belief may even be based on the individual animals own performance,
and may include the variance as well as the expectation.

Clearly, some representation of beliefs would be better than others, but this would be seen as
a result (i.e. poorer production due to worse decisions), rather than as a defined standard for the
BMS. This ensures that every method of data processing can be described as a BMS.

Some of the aspects of a BMS are currently handled in the DSS, especially in those based on
Markov Chain methodology. From a conceptual point of view, the distinction between BMS and
DSS has proved to be valuable. In any case many information systems exist that would be
categorized as BMS without any DSS element in it. Similarly many DSS exist with no
calibration to the actual registrations in the herd.

2.6 Modelling the Decision Support System

The DSS in the simulation model is not intended to be programmed directly into the model, at
least not for the more complicated models. Instead interface between DSS and the simulation
model is established. The DSS can be of varying complexity including simple ’rules of thumb’
as well as complicated systems, such as those based on Markov decision programming. Some
of these DSS have included elements that in our terminology would be called BMS. This is,
however, only a problem from a more formalistic point of view.

The DSS responds to messages from the Manager requesting suggested choice of actions. A
well-established problem solved by the DSS is the selection between the actions cull the animal
or keep the animal. Other important operational actions are buying and selling of animals,
movement of animals (weaning - regrouping etc), mating (actual decision ’refrain’ from mating
sows in heat), induction of events, influence nutritional status/growth/meat quality through
feeding, observe, timing of actions. Many of these actions are not currently covered by DSS but
are handled by heuristics. The heuristic rules will often differ between herds and the economic
basis of the rules is not always adequate.

The DSS will usually base it’s suggested decision on the belief in the herd. Therefore, the BMS
and DSS will often be tightly connected

2.7 Modelling the manager and the staff

From the start of project, the role intended for the manager in the simulation model was to
transform suggested decision from the DSS into actual decisions. This transformation should be
based on e.g. different objectives, additional information not included in the DSS, constraints
unknown to the DSS, and a possible irrational component.

An example of such a transformation is that the DSS suggest that the farmer should cull sow
no. 101. The farmer decides to keep the sow. Possible reasons could be that he will wait to see,
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if there is a replacement gilt coming in heat at the right time, that the sow is easy to manage,
that one of the other sows in the group has a sore leg and he wants to have a surplus ’just in
case’, that the sow is the only one remaining from the foundation of the herd or that the piglets
have a ’cute’ colouring. From the pig producers point of view all these reasons are valid and
should be taken into account although they are not included in the DSS.

This original role has still been kept, but some of the roles originally placed in the DSS and
BMS are still modelled as part the manager. This corresponds to the role played by the manager
in previous simulation models, where the management were mainly described as a set of
heuristic rules.

The work with the model has shown it of value to define experts, management tasks and
management schedules in order to structure the program. The experts are descendants of the
manager class and handle a subset of the management function, e.g buying and selling of
animals, weighing of animals, mating of animals. Tasks are mainly lists of linked actions, i.e.
the movement of the pigs from one pen to another involves several actions, e.g. find a section
with empty pens, select the best pen, move the pigs from the old pen etc. Typically the task
sends a message to other objects and then waits for the responding messages before continuing.
A schedule is a description of tasks to be performed with regular intervals, e.g. weekly or
monthly.

This part of the model clearly needs further development, and some of our current work consists
of moving the heuristic rules and information gathering used by the operational management into
DSS and BMS. The work until now has given us some clear indications of important areas for
these systems. For example, many decisions are based on actual and expected number of pigs
in different pens. A system with fast retrieval of this information combined with the search for
a set of near optimal actions would be of value in the operational production management.

3 Use of the Model

The use of the object oriented approach in the building of simulation models has already proven
advantageous in several areas.

First of all, it establishes a common framework for our research concerning animal production
systems, and their management and control. The introduction of new concepts such as measuring
device and BMS has sharpened our focus on the distinction between the real, biological system
and our possibilities for observing it and learning from our observations. The definition of a
BMS has initiated a ’quest’ for the ’optimal’ BMS by combining ideas from Kalman filtering
techniques, Bayesian nets and Markov Chain Model (e.g. (Thysen et al. 1993; Jørgensen, 1995)).
The introduction of the manager into the model as forced us to identify the information needs
of the manager in more detail than previously. The framework has placed BMS and DSS simply
as tools of differing quality to be used by the manager, instead of comprehensive solve-it-all
solutions.
Hopefully, this will result in the development of simple, usefull systems that improves every day
decision even though the ’optimal’ solutions are not found.
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The simulation model will be used in the future for comparing the utility value of different
measurement devices, BMS and DSS. Until now this utility evaluation has been made ad hoc
in different context, e.g. [(Jørgensen, 1985; Jørgensen, 1992; Jørgensen, 1993). With this general
framework the evaluation will be made easier, and we are thus prepared for the increased
possibilities for automatic registrations etc. and can give the pig producers sound advice
concerning the use of this new equipment. The model is also expected to be used as a basis for
testing DSS in different areas of pig production.

The general description of the system and the easy enhancement has already opened two areas
for further study, namely the study of sustainable production systems and the study of disease
spreading within herds. These studies are still in their initial phase.

Finally the simulation model can be seen as a DSS. Different strategies can be compared and
the optimal strategy selected for the future production. At least conceptually, such a DSS could
be incorporated as part of the simulation model. Whether such bootstrapping is possible the
future will tell.

4 Conclusion

The object oriented approach has been of very great value in the building of the model. The
definition of the class hierarchy has pinpointed the similarities and differences between the
elements of the system. This has led to a better understanding of the elements and has resulted
in the introduction of new concepts.

The model is expected to be of great value in the development phase of new information
systems to the pig producers, and will allow an assessment of the value of the systems before
the development reaches the phase with development of user interface etc. New information
technology such as automatic registrations can be evaluated and seen in context with the current
registrations.
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