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Abstract

A simulation model developed for designing and sizing swine facilities with
EXTEND is presented. Swine production is becoming more and more
specialised, hence the sizing of a sow farm producing piglets is the main
strategic decision concerning farmers who invest in sow production, since a
farm comprises different facilities with different sizes each.

Classical method is simple and resulting design assumes some security
margins without considering variations in sow performance, neither in the
management policy. Other approaches based on semi-markov decision models
have been presented this last decade. Although these models are more refined
than classical method, the model presented has revealed differences respect to
all of them. Overall, the simulation model is more flexible than other
approaches. On the other hand EXTEND provides facilities to perform
analysis of sensibility for individual parameters and to optimise model
outputs. As result, the simulation model approach is useful to fit better room
needs in swine farms, improve the design and reduce housing cost.

1 Introduction
The development of models for on-farm decision support is not very successful from the
practical point of view (Kamp, 1999). Although there are farm management areas where
decision models are less developed, others, involving strategic decisions are not so.
Such a case is farm designing and sizing, that is, determining the capacity of different
swine production facilities. Among different facts to be taken into account when
planning facilities for sows, the design and size of them are the most important.
Classical methods for designing and sizing sow farms are based on the time
interval representing an average reproductive cycle, which is compounded by different
time intervals for each reproductive stage (Wittemore, 1998). The final design assumes
some security margins, more or less empirical, in order to avoid size problems by
default or by excess; but this method incurs in great deviations as Pla et al. (2004)

demonstrated.



On the other hand, published models dealing with the same problem are build in
procedural languages, that are difficult to learn and handle (Singh, 1986, Lippus et al.
1996). Today there are friendly environments where it is possible to develop simulation
models more intuitive and easier to learn. Thus, in this work we present a simulation
model to evaluate the design and the size of a sow farm based on customised
management strategy modelled as a semi-Markov chain model. The model provides the
occupancy of the facilities and allows the user to get insight on suitable security
margins according to random variations of the system. The model has been

implemented using EXTEND as interactive simulation tool (Imagine That Inc., 2003).

2. Facilities for housing sows

Normally, confinement facilities consist of a service facility, a gestation facility and a
farrowing facility with multiple farrowing rooms. The farrowing facility is divided in
multiple rooms for better disease and parasite control. All facilities may be housed in
one or in several buildings. The service facility houses breeding sows, gilts (young
sows) and boars. At weaning time, sows are generally moved to group pens in the
service facility. Here they usually come into heat around five days after weaning.
Grouping sows in batches is practised to synchronise breeding and farrowing. During
the reproductive cycle sows are culled for different reasons, these reasons include
failure to conceive, abortions, physical problems (bad feet and legs, prolapses, etc.). The
size of batches are completed after weaning in the service facility with replacement
gilts. Culled sows can remain on the farm until they are sent to the slaughterhouse.
Culled or dead sows can be replaced immediately, but usually after some farm specific
delay. Replacement gilts and sows are generally kept in the service facility to be
inseminated. After mating sows are moved to gestation facility, within single stalls to
prevent fights and competition for feed. A common practise is to delay this move to
four weeks after mating when the ultrasonic pregnancy check is done positively or a
new heat is not observed. If sows do not conceive, they have to be reinseminated. Gilts
and sows in the gestation facility belonging the same batch are moved into the
farrowing room one at a time approximately one week before parturition. To
synchronise the breeding and farrowing of a group of sows, all litters from a farrowing
room are weaned simultaneously and are sent to the nursery or sold. After weaning the
sows are sent back to the service facility. The farrowing room is cleaned, sterilised and



closed for a drying period. After the drying period, the room is ready to receive the next
batch of sows.

3. Model formulation

The simulation model presented in this work has been adapted from the Markov model
presented by Pla et al. (2004). In this model, life span of sows is simulated individually
and independently one sow from another. They move from one state to another through
transitions assuming a management policy fixed by the farmer and stable for a long
period of time in accordance with the stationarity assumption of transitions. Hence, the
process is represented an irreducible and aperiodic Markov chain defined by a set of
states, S, in which sows can be (usually, these states are related to reproduction states)
and transition probabilities, {pjj, 1,j€ S}, for sows evolving from one state to another.
For our purpose, transitions represent the movement of sows between facilities or sows
changing reproductive state. Moreover, stages are of different time intervals depending
on the current state of the sow and therefore a new group of parameters have to be

added; the distribution of time between transitions 7, that is, the random time in days

that sows spend in state i, i S.

3.1 Verification of the model

When states, transitions and sojourn times in each state are fixed, the resulting model is
a semi-Markov chain. Steady-state distribution can be calculated analytically. Final
distribution over states, {n,-*, J €S}, is used to compare simulation with analytical results
from simple examples (Kleijnen, 1995). This comparison is used to verify the correct
implementation of the model.

Total occupancy is calculated from simulation results. Moreover, variation in room
needs for each facility is also calculated. To do so, the state set has to be partitioned into
three, related to service, gestation and farrowing facilities (i.e. S=1UGUL). Assigning
each original state to its facility gives

TO, = = il )
F stﬂj
where TOk is the distribution of occupation over facility F, and {n,-*, j €S } is steady-

state distribution of the semi-Markov chain.



3.2 Overview of the model implementation

The Extend simulation environment provides the tools to efficiently create accurate,
credible and usable models (Krahl, 2003). Extend models are constructed with library
based iconic blocks. Each block describes a calculation or step in the model and are
connected by lines to specify the logical flow from one block to another.
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Figure 1. External appearance of the model

The simulation model developed has been structured in three main blocks (Fig. 1),
one representing parameters of the farm, the second representing the farm operation and
the third, a display of results respect to facilities needs. Extra blocks can be added from
standard libraries, for example to get detailed statistics from single or multiple runs or to
show results graphically.

The block representing the system parameters and the system itself were

implemented ad-hoc. The block representing the farm is a hierarchical block, that is, a



block of blocks. It groups three simple blocks representing the three basic facilities
considered: service, gestation and lactation.

4. Case Study

In order to assess the suitability and to measure possible advantages of the simulation
model proposed in farm designing and sizing, a case study was established considering
essentially the same parameters as Pla et al. (2004). These parameters represent the
management policy related to facilities and production level that the farmer wants to

implement or achieve.

4.1 Parameters

For the example, the number of sows was fixed at 660. Facilities involved were
service, gestation and lactation. All gilts were purchased from outside and moved into
the service facility waiting the first insemination two weeks after; home-grown sows are
not represented in the model. The sojourn time in service facility was fixed at a
minimum of 21 days post-fertile insemination. Overall occupancy would range from 35
to 39 days, after which sows were moved to gestation dependencies. One week before
farrowing, sows were moved to farrowing dependencies; as a result they had been in the
gestation facility for 86 days (assuming gestations of 114 days). Lactation was fixed at
21 days, so that the total time interval in this facility was 35 days, including a drying
period of one week. Finally, after weaning, sows re-entered service dependencies and
batches were completed when needed. Culled sows were not immediately sent to the
slaughterhouse, a time period depending on the last state visited before culling was
considered.

The values of the biological parameters are presented in tables 1 and 2. Table 1
gives the average of time intervals for each reproductive state; these parameters are
assumed to be independent of the reproduction cycle.

Marginal probabilities are shown in Table 2. Marginal probabilities for conception
rates can be affected by the number of unsuccessful inseminations and by the
reproduction cycle. Conception rates are generated according to a normal with a
deviation of 2%. Only mean values for conception rates in first and second
inseminations are given in Table 2 because it was very unusual to find farms with more
than two inseminations per cycle. Abortion marginal probabilities are applied for each

reproduction cycle, whereas culling marginal probabilities are considered for each



reproduction state. A culling rate of 100% in the last cycle and state has been
established in order to show the end of the sow lifespan. Only 12 cycles were allowed as

maximum.
Table 1. Average of time intervals
Average (days)
Gestation length 115.0
Lactation length 21.0
Gestation with abortion length 90.0
Interval from last mating to market 21.0
Interval from last farrowing or weaning to market 7.0
Interval between matings 21.0
Interval from weaning to first mating ® 7.0
Age of purchased gilts 240.0

% Value for cycle two and up. Value of 14.0 for the first cycle.

Table 2. Marginal probabilities

mean

CR(1) 74%
CR(2) 64%
AR 1%
CRV 3%
CRI 11%

CR: conception rates at 1% and 2" mating; AR: abortion rates; CRV: voluntary culling
rates; CRI: involuntary culling rate.

4.2 Some results

Using the parameters presented in the previous section, the model was run for ten times,
with a global duration of 600000 days and around 2500 sows generated. Two cases are
considered, one representing an immediate replacement of culled animals (100% of
occupancy) and another one assuming the possibility of management by batches
allowing gaps within them. Thus, the herd distribution over facilities was obtained in
each case just redefining conveniently 7. In Table 3, we show the results obtained for
each model.

Batch management is characterised because when a sow leaves its batch, the batch
is not filled immediately; hence, there is a gap that is present until a new reproductive
cycle restarts and concerned batch recomposed. In Table 3 we can see the effect of this
management: the size of gestation and lactation facility increases due to extra room

needs originated by culling effect and management. In absolute terms, the biggest



difference is in the lactation facility, whereas for service facilities there are no

differences because in this case room needs are not affected.

Table 3 Number of boxes in each facility. Two cases are presented: full occupancy and

batch management allowing occupancy with gaps.

Full occupancy Batch management

Service  Gestation Farrowing Service Gestation  Farrowing
Mean 167 377 119 167 423 198
Max* 169 379 120 169 427 202
Min* 165 375 118 165 418 195

*Values of the confidence interval for 95% of significance level.
Extend also provides tools to perform easily sensitivity analysis for one or more
parameters. For instance, we used this facility to investigate the effect of variations on

global fertility respect to room needs. Results are shown in Table 4.

Table 4 Sensitivity analysis for conception rate (CR(1))

Without batches With batches
CR(1) Service Gestation Farrowing Service Gestation Farrowing
76 162 380 121 162 423 195
80 161 381 121 161 426 200
84 159 382 122 159 425 198
88 158 383 122 158 428 201
92 156 385 122 156 430 202

5. Discussion

The simulation model presented here for designing and sizing sow farms has
methological advantages over other approaches. For instance a simulation model, as that
proposed by Singh (1986), would be useful to represent closely the piglet production
system, to account for any exception, but such a detail is a disadvantage for practical
purposes. On the other hand, the model presented by Lippus et al. (1996) was a proposal
rather similar to that presented here, but Lippus et al. when considering weekly
transitions introduced an artificial augmentation of the state set that made the model
complex. Such a complexity was unnecessary because they were concerned in steady-
state distribution of sows over facilities that can be calculated easier with the model

presented here. Furthermore, the transition matrix became bigger and hard to work with



it; the semi-Markov model, instead, considers transitions as they are actually observed,
and they can easily estimated through data (Pla et al., 1998).

Moreover, the simulation model give insight on variability associated to
performance indexes, and made confidence interval estimation for them, taking into
account the variability affecting different parameters. For instance, in Table 4, it can be
observed how variations in fertility affect room needs in the farm. This results can be

applied to oversize facilities in response to expected variation in future performances.

6. Conclusions

The simulation model described here represents a useful approach for evaluate the
designing and sizing of sow farms. The model is implemented as an easy-to-use tool to
gain insight into the occupancy rate of the facilities and associated variability. It is more
accurate alternative than the classical method, essentially because it captures the
dynamics and variability of the room needs of the production process. Moreover,
different advantages are drawn respect to previously published models for the same
purpose. The simulation model considers variations in sow performance, and can be
adapted to possible variations in the management policy, in order to explore alternative
designs. We have shown how the variability associated to a design varies depending on
facility (service, gestation or farrowing). Furthermore, security margins can be
investigated for each facility accounting for inherent variability of the process of

production.
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