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Uncertainty and sensitivity analyses

The uncertainty and sensitivity of the model was studied through the response surface
calculated, using a Box-Bhenken design, using as factors: Percentage of infected sows
(M), the probability of transmission during the lactation phase (PT), the basic
reproduction rate (R,) during the nursery and fattening period (it is used to measure the
transmission potential of a disease) and lethality of the disease (L). For each factor, it is
needed a range of values from low to high (Table 2). The response variables were the
percentage of sick animals at the end of the lactation (L), transition (T) and fattening
phase (F).

The Box-Bhenken design of 4 factors with two levels was carried out by 28
experiences that have been simulated using the PDP model. The three response surfaces
are:

Percentage of sick animals at the end of the lactation phase:

P, = 0.0492 — 0.0116 - R, — 0.0092 - MI - Ry + 0.0036 - PT - L + 0.0492 - L2

Percentage of sick animals at the end of the transition phase:
Py = 0.2421 + 0.1669 - MI + 0.0993 - Ry — 0.0322 - L + 0.0645 MI - Ry —

0.0227 MI - L — 0.0269 - MI?

Percentage of sick animals at the end of the fattening phase:



Pr =0.2177 + 0.1408 - MI + 0.1106 - Ry — 0.0229 - L + 0.0677 - MI - R, — 0.0323 -

MI?

The results using this Box-Bhenken design previously described are detailed in the

following table:

End lactation

End transition

End fattening

phase phase phase
Value |P-value |Value |P-value |Value |P-value
< 2.204e- 5.454¢-
Intercept | 0.0492 | 2.2e-16 | 0.2421 | <507 | 0.2177|02707
<28 15 13
M1 0.0003| 0.767| 0.1669| e | 0.1408| 2L
PT 0.0012| 0.216] -0.0030| 0.456|-0.0039| 0.404
Ro 0,016 | 1.026e- | 0.0093| /21> | 0.1106| 3007
08 **k*
L 0.0019| 0.243| -0.0322| 2227 |.0.0229| 100
MIXPT | 0.0018| 0.287| 0.0078| 0.269| 0.0070| 0.386
MIXRO |-0.0092| oo vew | 0.0645| 57505 | 0.0677| )05l
MIXL |-0.0034| 0.051 | -0.0227|0.0052**|-0.0134| 0.109
PTXRo |-0.0016| 0.321| -0.0115| 0.112]-0.0202| 0.214
PTXL | 0.0036|0.041* | -0.0029| 0.679]-0.0013| 0.868
RoxL |-0.0012| 0.384] -0.0070| 0.319]-0.0120| 0.149
MI? 0.0001| 0.967| -0.0269| 29003 | g g3p3|0-0002
PT? 0.0001| 0.944| 00025| 0653| 00033 0.618
R0’ 0.0008| 0.568| 0.0058| 0.309| 0.0070| 0.291
<
L2 0.0492|2.2e-16 | 0.0025| 0.661| 0.0013| 0.839

The percentage of infected sows, R, and lethality are the parameters that have a

significant effect on the percentage of sick animals at the end of the nursery and




fattening period. However, the probability of transmission of the disease during the

lactation phase slightly affects during this phase.

Using the response surfaces, sensitivity has been studied in the three phases (L:

lactation, T: transition and F: fattening of the pig) (Figures 1-3).

Figure S1. Variation in the percentage of sick animals depending on the percentage of
infected mothers in the lactation (L), nursery (T) and fattening period (F). Green, blue
and red colour represents high, intermediate and low level, respectively for the other

parameters included in these analysis.




The increase of infected piglets is very small during the lactation phase in the range of
values used for infected sows. However, in the transition and fattening phase, this
increase is bigger using low versus high level of infected sows. During the rearing
period (transition and fattening), an increase of one point (1%) in the percentage of

infected sows implied an increase between 3 and 6 % of infected pigs.

Figure S2. Variation in the percentage of sick animals, as a function of the R, value in
the lactation (L), nursery (T) and fattening (F) period. Green, blue and red colour
represents high, intermediate and low level, respectively for the other parameters

included in these analysis.




In the case of the R, parameter, an increase of one unit implies similar variations
(between 2 to 5%) in the percentage of sick animals during the nursery and fattening
phase in the range of studied values. However, in the lactation phase, this increase is

practically nil.

Figure S3. Variation in the percentage of sick animals as a function of the lethality in
the lactation (L), nursery (T) and fattening (F) period. Green, blue and red colour
represents high, intermediate and low level, respectively for the other parameters

included in these analysis.




In the case of variations in the lethality value, the increase in sick animals does not
practically vary during the transition and fattening period in the range of studied values.
In the lactation phase, it increases as the lethality increases, but the variations are very

small.

Pig PDP model
A PDP model is formed by:

1. Number of environment
2. Membrane structure

3. Initial configuration
4

Evolution rules

Number of environment

There is an environment for the delivery phase (environment 0 is labelled by 100) and

20 environments for the rest of the phases, one per batch (labelled by 100 + batch).

Membrane structure

=10 Juhll l22l20l Jsslsl Talo

In all environments there is a cell with the same structure.

Initial configuration

The processes performed in environment 0 are different from other environments, so the

initial configuration will be also different.

Environment 0

Lo = {Xln,i"FF, 1 <i < bloc,0 < k < partos,0 < F < maxfrac; D;;RMy; M}, 1 <

J<qBc,1<i< bloc}

p = {cycle}



NikF

ik theindexes i,k and F indicate

Each mother is associated with an object X

respectively the batch to which the mother belongs, the number of births she has
performed and the number of births failed, either by having aborted or by having few

live pigs.

D, allows selecting the mothers that belong to batch 1, this object evolves and at the end
of the process for the mothers of the first batch has been transformed to D, that will
allow to select the mothers of the next batch and so on until arriving at batch number

20. The object D,, will evolve to object D;, starting the process again.
RM, Itis a counter that facilitates the synchronization of the model.

M ] objects associated with the mothers that are going to give birth, this object allows

to simulate if the mother has successfully raised or not and the number of live piglets

she has.

Bc; object that is used to ensure that the start warning of the phase 2 processes of the
model reaches all the environments associated with each batch.
cycle; allows to control the cycle that is being carried out and the number of times that

the mothers of each batch are covered in the year.

Environment k (1 < k < bloc)

: . Tpen ,
Uo = {MTi,l <i<q PN,1<i< floor( >; PNE;,1<i < E’pen}

In the transition phase the males will be separated from the females, half of the pens
will be for each sex. Half of the pens of the transition phase are associated with an
object PN; and all the pens of the phase of fatering an object PNE;. The object MT;, is

associated with the mother, this object will be used in the transition phase.

The parameters used in the model are shown on Table S1.



Table S1 Parameters of the model.

Valu
MOTHERS | Definition e
q Blocks 20
bloc Number sows to give birth at a time 50
f’ Fertility to delivery 0.85
f Fertility at 21 days 0.9
abt Probability abortion 0.02
Avl Average number of live offspring 12.55
Avd Average number of stillborn pigs 1.5
mm Natural mortality adults 0.06
partos | Maximum number of births by mother 8
maxfrac |Maximum number of failures by mother 3
minfrac | Minimum number of failures by mother to remove 2
minpig | Minimum number of offspring not to be eliminated 5
% Percentage mothers who are renewed by cycle 0.49
Random values Poisson distribution parameter Avl{1}.
lvp{i} 1<i<100
{i} Min{lvp{i},20},1 <i < 100
random values of a Poisson distribution of parameter Avd.
ld{i] 1<i<100
lpigs{i} |minpig — 1d{i}— lw{i},1<i <100
Faultp{i} |returns1if Ipigs{i} > 0;0 otherwise,1 <i <100
Fault{i} |Return floor Faultp{i}, 1 <i <100
mi Percentage of infected mothers. 0.1*
li Probability to transmit to pigs the disease 0.728
PIGLETS
ml{1} Mortality week 1. 0.06
ml{2} Mortality week 2. 0.04
ml{3} Mortality week 3. 0.02
Avl{i + 1} |Avl{i}- A1 —ml{i}),1<i<?2
AVLweight | Average weight at the end of the period (gr) 6480
SDLweight | Deviation weight at the end of the period (gr) 1000
loss Weight loss for cross fostering (gr) 100
gm Equal 1 random management, otherwise equal 0
WeekCross{| Equal to 1 if crosfostering is done, 0 otherwise
RL Rate of reproduction of infected animals 5
DL Reproductive rate days that take to become infected 42
IncL Incubation period (days) 7
InfL Infective period (days) 42
LL Lethality (probability) 0.1
VL Percentage of vaccinated animals 0
EVL Vaccine effectiveness 0.7
ctg Contagious disease equal 1, otherwise 0. 1
lossdiseadel Reduction of weight at 21 days (gr) 100




INT (% + 0.5)

KL
pL 1-VL-EVL
InfL MIN (21, InfL)
NURSERY
Tpen Number of pen 22
mt Natural mortality 0.03
2000
AVTweight | Average weight at the end of the period (gr) 0
SDTweight | Desviation weight at the end of the period (Kgr) 2000
N 5:Tpen+1
Random values Normal distribution of parameter AVLweight,
Lweight{i} |SDLweight,1 <i< N
Random values Normal distribution of parameter AVTweight,
Tweight{i} |SDTweight,1 <i < N
gt{1} = 1 distribution by mothers; gt{2} = 1 random
gt{i} distribution
RT Rate of reproduction of infected animals 5
DT Reproductive rate days that take to become infected 42
IncT Incubation period (days) 7
InfT Infective period (days) 42
LT Lethality (probability) 0.1
VT Percentage of vaccinated animals 0
EVT Vaccine effectiveness 0.7
ctg Contagious disease 1
lossdiseade] Weight loss (gr) 500
avincfinft INT (M)
avinc INT (Inzc T)
KT INT (RT (1 DVTT EVT))
RT-(1-VT-EVT)
pT _ DTKT
FATTENIN
G
Epen Number of pen 44
me Natural mortality 0.04
AVEweight | Average weight at the end of the period (kg) 10
SDEweight | Deviation weight at the end of the period (kg) 1
N1 5-Epen+1
Random values Normal distribution of parameter AVEweight,
Eweight{i} |SDEweight,1 <i < N1
ge{1} = 1 distribution by mothers; ge{2} = 1 random
ge{i} distribution
RE Rate of reproduction of infected animals 5
DE Reproductive rate days that take to become infected 42
IncE Incubation period (days) 7
InfE Infective period (days) 42
LE Lethality (probability) 0.1
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VE Percentage of vaccinated animals 0

EVE Vaccine effectiveness 0.7

ceg Contagious disease 1
lossdiseadel Weight loss (gr) 1000

KE INT (RE-(l—DVEE-EVE))

RE-(1-VE-EVE)
pE DE-KE

Phase 1: Birth

Step 1

Object D; will generate as many objects a; as mothers have each batch (g). An
object XN’ is generated for each mother that must be renewed. A copy of object D’ is

saved, and objects d that store batch information are generated.

n=D[ 18— al,dd; [XN""9, D", d?*""*]",1 < i < bloc.

r, = RMo[ 19— RM; [ 7.

Step 2

The mothers who are going to start the reproduction process will enter the membrane
1ry =Xiema[ 17— [Yk,p]i, 1 <i<bloc,0 <k <partos,0 < F < maxfrac.

Mothers who are covered and who also do not abort, generate objects S;, that indicates

that they have given birth successfully, CH; ;. that keeps information about the number

of piglets and copies of the object that has evolved, M;, M’;.

f-(1—abt)

n= MGl 1 —— [Sy, CHyo M;, M), 1< j < ,1 < k < 100.

Mothers who have not given birth successfully generate objects S’ and a copy of the
object M';. The M; object will only exist for mothers who have given birth successfully.

1-f-(1-abt)
rs =M;[ 11

0 .
[s'.m)],1<j<q.
Evolution of the objects associated with the mothers that must be renewed.

76 = [XN']f — [XN]S.
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Evolution of the object D’; i that will be used to start the birth of the mothers of the next
batch. It is necessary to have the object D’;, because at the end of this phase the object

evolves in the same membrane with positive charge.
r, = [D";]]f — [D;]9,1 < i < bloc.

rg = RMy[ ]f — RM,] ](1)-

Step 3 Fertility and misbirth

Evolution of mothers who have given birth successfully. In the case that the number of

piglets is small, a failure is added.

1o = [Yir, S; —>Zk+1’F+Faulti]s ,1 <i<100,0 <k < partos,0 < F < maxfrac.
Mothers who have not given birth are added a fault.

Ty = [Yk,F,S'—>Z’k,F+1]S ,0 <k <partos,0 < F < maxfrac.

They will generate as many LV objects as live piglets each mother has had.

iy = [CHj,k —>LI/1'.ZU"]: 1<j<q,1<k < 100.

Counter evolution

T2 = [RM, — RM;]Q.

Step 4 Natural mortality

It differentiates mothers who have given birth to those who have not done so
successfully. When they die, the fre object is generated indicating that a free position

remains and that it must be replaced by a new mother.

- 1-mm 0
T4 = |Zpp——— Vklp] , 1<k <partos +1,0 < F <maxfrac.
i 1
- mm 0
Tys = |Zp —>fre] , 1<k <partos+1,0 < F <maxfrac.
] 1
., 1-mm ,1°
Ne=|Zyrp—V k,F] ,0 < k <partos,1 < F <maxfrac.
] 1
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mm 0
Ty = [Z’k,F —>fre]1 ,0 <k <partos,1 < F <maxfrac.

Counter evolution

r1g = [RM5 — RM,]3.

Step 5 Manager: eliminate + new mothers step 1

Mothers who have reached the maximum number of births and have also had some

failure during their productive life will be replaced, so they will evolve to fre. objects.
T1i9 = [Vk,F —>fre]$,partos < k <partos+ 1,1 < F <maxfrac.

Mothers who reach the maximum number of births have never had a failure evolve
generating two objects, Uy o, free, the first keeps the information of the mother and the
second opens the possibility that the mother is replaced. In the event that there are not
enough new mothers to be replaced, this mother will be kept in the batch one more
birth.

0
720 = [Vio — Uk, fre] , partos < k < partos + 1.
Mothers who have reached the maximum number of failures are eliminated.
0
Ty = [Vk,maxfmc —>fre]1, 1 < k < partos.

Mothers who have not reached the maximum number of deliveries have had a number
of important failures (but have not reached the maximum to be eliminated) evolve
generating the object Uy r, in the case of missing young mothers to replace the that must

be removed there is a possibility that one more delivery will remain in the system.
Tyy = [Vk,p — Uk,F]ﬁ, 1 < k < partos, minfrac < F < maxfrac.

Mothers who do not reach the maximum number of births and the number of failures

have not exceeded the limit value will remain in the batch.
Ty3 = [Vk'p — Wk'p](l), 1 <k <partos,0 < F <minfrac.

The evolution of the objects associated with mothers who have not given birth

successfully is similar to those who have given birth successfully.
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Toq = [V’k‘F —>fre](1),partos < k <partos +1,1 < F <maxfrac.
Tys = [V’k‘F —>fre](1),0 < k < partos,minfrac < F < maxfrac.
Mothers who are not eliminated are passed to the next batch.
726 = [V'ir) di];) — Xiyixrl 19,1 <i<bloc,0 <k <partos,1 <F < minfrac.
27 = [V'ir dbloc](l) — Xy, rl 13,0 < k <partos,1 < F < minfrac.
Young mothers are incorporated into the batch.

_ 0
128 = [XN, fre — Wo,o]l-
Evolution of the counter.

129 = [RM, — RM;]G.

Step 6 Manager: new mothers step 2

In this step, there are still objects fre generated in the previous step and that have

preference in the renovation that the objects Uy, r the latter evolve to objects U’y .

0
730 = [Upo — U'klo]l,partos <k < partos + 1.

0
T3 = [Uk'F — U’klp]l, 1 < k < partos,minfrac < F < maxfrac.
Evolution of the counter.

132 = [RMs — RM¢]3.

Step 7 Manager: new mothers

In the case that in this step there are objects fre means that there are not enough young
mothers to renew all those that should be eliminated from the batch, so that they will

keep the best ones that had reached the conditions to be replaced.

T33 = [U’k,o,fre](l) — [Wk,o]z,partos < k < partos + 1.

0 + .
T34 = [U’k,p,fre]1 — [Wk,F]l, 1 < k < partos,minfrac < F < maxfrac.
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Evolution of the counter.
r35 = RM[ ](1) — RM, [ ]I

Step 8 Preparation of mothers for a new birth

The objects associated with the mothers that are going to remain in the batch, go out to
the skin membrane (labeled with the value 0) prepared to start a new reproductive cycle.
T3¢ = [Wk'F, di]ir — Xikrl 11,1 <i<bloc,0 <k <partos+1,0<F

< maxfrac.
Objects associated with potentially renewable mothers that have not evolved, U’y i, are
eliminated (mothers who have been renewed)

T3; = [U’,(,F]Ir — [#]1,1 < k < partos + 1,0 < F < maxfrac.

In this step, if there are fre objects, or XN objects (young mothers that have not been

used to replace batch mothers). These objects are eliminated.
r3g = [frel] — [#]7.
39 = [XN]T — [#]7.

The M; object was only generated for mothers who had given birth successfully. The

object d; stores information of the batch, both evolve together to a new object that in
subsequent steps will pass to the environment i together with the piglets, LV, where the

rules of the piglet rearing process, transition phase and fattening will be carried out.
ro = [Mj,d;)] —MM;[ 15,1<i<bloc,1<j<q.

= [ij,di]: — LLV;;[ 17,1<i<bloc,1<j<q.

To finish a cycle, the reproduction process of all the mothers belonging to all the
batches must be executed. When the reproduction process for the batch i ends, the
batch i + 1 must be started, until the last batch is reached, at that moment there is a

cycle change and the process for the batch 1 starts again.
142 = Dy cyclej]Ir — D1, cyci,j[cyclej];, 1<i<bloc,1<j < ciclo.

+ I} - . .
Ty3 = [Dblow cyclej]1 — D'4, CYChioc,j [cyclej+1]1,1 < j < ciclo.
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When the last block of the last cycle to simulate is finished, as many Ed objects as
batch are generated, these objects will indicate that the processes of the lactation phase

can be started.

— + bloc
Ths = [Dblocr CyCleciclo]l > CYChioc,ciclor Ed [ ]1 .

The objects that have been generated in the different steps and that have not evolved are

eliminated so that they do not interfere in the subsequent operation.
ns = [Si]T — [#]1,1 < i < 100.

16 = [S'Tf — [#]7.

Counter evolution

137 = RMy[ J§ —RMg [ 7.

Step 9 (Step 1) Sending objects to the environment associated with the batch.

Objects associated with the mothers and piglets leave the environment e, they will
move to the environment e;,; which is where the rules associated with the rest of the

phases of the breeding and fattening process will be executed.

Tag = [MMi,j]g — MM;;[ 13,1<i<bloc,1<j<q
mo = [LLV;;]) — LLV,;[ 18,1<i<bloc1<j<q.

Tso = [Cyci,j]g — cye;i[ 19,1 <i < bloc,1 < j < ciclo.

Elimination of leftover objects.

151 = [di]7 — [#]1%,1 < i < bloc.

2 =[M)], — M 1)1<j<q

The Ed objects that indicate the end of the birth phase must send the information to the
different environments where the piglets and mothers are located so that in parallel they

initiate the following phases. To ensure that the information will reach all environments,

the objects evolve together Bc;, Ed.
rs3 = [Bc;, EA]) — End; [Bc;]3,1 < i < bloc.

Counter evolution
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rsa = RMg[ 1T —RMo[ 13

Step 10 (Step 2) Sending objects to the environment associated with the batc.

The index i of the objects is associated to the batch to which it belongs, at this moment
all the objects associated with mothers and piglets are going to move from the

environment 0 to the environment associated with batch i..

Te1 = (MML,])

( Jirr00 — C D100(ML)) 1S i<bloc,1<j<q

100

(LLViJ)mo( Jit100 — ( )100(LVj)

i+1

i+100,1 <i<bloc,1<j<qg.

Tes = (€¥¢ij),5o( irr00 = ( roo(cycout;), 1 <i<bloc,1<j < ciclo.
Tea = (End;)100( it100 = ( )100(Ed)i+100,1 < i < bloc.

The object dd; that keeps information the batch will go to the environment moving to
the environment , like the rest of objects, the purpose of this object will be to change the
polarity of the membrane 1 of the new environment, to be able to delete the objects
whose mission has already ended.

The counter allows the object dd; to be moved from membrane 1 to the skin membrane.

Tss = [RMo, dd; 13— dd; [RM,]9,1 < i < bloc.

Step 11 (Step 3) Sending objects to the environment associated with the batch.

Mothers and piglets enter the skin membrane of the new environment.
0 .
rse = LV;[15— [LVj] 1<) <q.

Mothers generate 20 objects of type IL; , or IL; ,, subscript 1 indicates that the mother
is infected, while 0 is healthy.

mi ; 10 ,
157 = ML[1§— [IL}, MI'j4] , 1<) <q.

1-mi

rsg = ML;[ ] —— [ILJZ',%;MI'j,o]Z,l <j=q.
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In the new environment you will find the objects belonging to mothers and piglets of the
different simulated cycles, so you have to keep in the objects the cycle they belonged to,

this can be done using the object cycout;.

q-Avl?

0
Ts9 = cycout;[ ] — [cycoutj ] ,1 < j < ciclo.
0

The Ed object is used to indicate the end of the process and as a counter to synchronize
the model.

160 = Ed[]g — [ Ed,]o.

Tes = (ddi)100( Jir100 — ( )100(dd)it100, 1 < i < bloc.

Counter evolution

761 = [RM;, _’RM11]8-

Step 12 (Step 4) Start of the simulation of the delivery phase for a new batch

162 = dd'[ 1§ — [dd']5.
The counter along with the object D’; evolve to start a new batch.
Te3 = [RMy1,D'; — RM,, D;]3,1 < i < bloc.

The cycle to which they belong is stored in the objects associated with the piglets and

mothers.

Tes = [LV]-, IL; o, cycouty, —>LCk_j_0]g, 1<j<4q,1<k<ciclo.

li 0
Tes = [L‘G,IL]',LCJ’COWR —l)LCk,j,l]O:l <j<q1<k < ciclo.

1-1i 0
Teg = [LV]';ILj,l; cycouty —)LCk,j,O]O; 1<j<q1<k<ciclo.

Te7 = [Ml’j‘d,cycoutk —>MIC"k,j,d]2, 1<j<q0<d<11<k<ciclo.

Step 13 (Step 5) Removing objects

Changing the polarity of the membrane 1.

reg = dd'[ 19 — [ #]7.



Step 14 (Step 6) Elimination of leftover objects.

Teo = cycout,[ 17 — [#]19,1 < k < ciclo.

Ed object evolution in order to synchronize the model.

71 = [ Edy — Ed,]3.
172 = [ Edy — Eds]3.

1553 = [ Ed3 — cycleLR,]9.

18
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Phase 2: Lactation

There are two types of management:

Cross fostering that allows to balance the litters weekly once.

Randomization, the pigs are randomly divided between the mothers that have given
birth the first week and the two remaining ones can be balanced the litters (cross
fostering)

Step 1

When the object cycleLR; simultaneously enters the skin membrane of the
environments e+, 1 < i < 20, it indicates that it will start in parallel (in all batchs)
the simulation of the lactation process corresponding to cycle j. Objects bbx; are
generated that will allow selecting the objects associated with the mothers and piglets to
start the process. RC, is a counter that will allow synchronizing the model. The objects

cycleLR; save the cycle that is simulating the lactation phase.

1 = cycleLR; [ 19 — bbx“"* [ RC,, cycleLR; |F,1 < i < ciclo.

Step 2

In the case of randomized, gm = 1, the objects associated with the piglets, LC, enter
the membrane 1, otherwise cross fostering evolve to objects of type L in the skin

membrane itself.

0
ry = LCy ;0 bbx; [1F —— [LCy;q |, 1<j<q0<d<11<i<ciclo.

_ 4 _1mgm 0 : ; ;
r3 = LCiJ-,d,bbxi []1 _— Li,j,d []1,1 <j< q,O <d<1,1<i<ciclo.

Objects associated with mothers generate new objects in the case of random

management.

gm Avl, -2
— " + " viq
T = MIC i,j‘d,bbxi []1 — MI ij,d [amj,a.

0
] 1j<q0<d< 1,10

ciclo.

1-gm

rs = MIC"; j 4,bbx; [ 1T MI";;al 191<j<q,0<d<11<i<ciclo.
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Evolution counter

16 = [RCy |17 — [RC1](1)-

Setp3to 7

Piglets are assigned randomly to mothers who have given birth.

r = [LCi,jj,d' g ](1) gm Lijal 191<j<q1<jj<q0<d<1,1<i<ciclo.

_ 0o gm 0 . .. .
g = [LCl,]],d,am]]l —>Li’j’d[amj,aj]1,1 S] Sq,l S]] Sq,OSdS1,1Sl
< ciclo.

79 = [RC; — RCi411%,1<i < 4.

110 = [RCs ]? — [RC¢]7.

Step 8

In the case of choosing randomization in this step it has already finished, so the surplus
objects that have been created for this purpose must be eliminated and the cross
fostering started.
111 = [RCq, cycleLR; 17 — cycleLCF;[ 19,1 < i < ciclo.

— gm

T, = [amj]1 —[#]%,1<j<q.

- agm .
ns = [a;] —#1<j<q.

bbx ;[ 11 —[#]9,1 <i < ciclo.

Step 9

The necessary objects are generated to start the cross fostering

. +
ris = cycleLCF ;[ 19— RFy, bx"""*?9[av, CF,, cycleLL;] ,1 < i < ciclo.

Step de 10 to 15
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Enter the objects associated with the piglets in the membrane 1, the first index that kept
the information of the cycle now goes to save the number of times that has changed
mother, generates an object of type B that will allow to count the number of piglets

what each mother has.
ri6 = Ligabx; [1f = [LojasBia |11 <q,0<d <1,1<] < ciclo.

The objects associated with the mothers evolve losing the index associated with the

cycle.

riy = MI" 0 b (1 — [M4]),1<j<q,0<d <1,1<i < ciclo.

If the mother is sick, MD objects are generated that will allow the infection of new
individuals.

rg= M d[]11—>[M M Dd7KL 1V1D’7(1 d)] ,1<j<q0<d<1.

Evolution of the counter.
s = [RF;, > RF;41]5,0<i<5.

The number of piglets per mother is counted.

20 = [Bij, Bix —>Bl]+k] ,0<i<ql1<j<81<k<16.

Step 16

The counter used for the specific part of RF fostering, evolves to the R counter that will

be used in the common part to the two types of management.

11 = RFg[ ]?—’[Rﬂf-

Step 17
If the number of piglets that a mother has is higher than the average value, she releases

the rest, BL; , which can be adopted by other mothers.

Ty = [Blk,AV —>BLk floor(Ale)] ,floor(Avl,) <k <20,1<i<q1<w<3.
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On the opposite, if a mother does not reach the minimum value, she generates as many

objects of the type BN, as piglets she lacks to reach the value.

+
To3 = [Bl-‘k,AVW —>BNik_ﬂoormm"”_k)]1 , 1<k < floor(Avl,),1<i<q,1<w
<3.
Evolution of the counter.

14 = [Ry = R,]T.

Step 18

Obijects belonging to the surplus piglets, F , are randomly selected and the information
is stored in the give object, in case it is the case that the piglet is not adopted, it is

returned to the mother from whom it has emerged.
725 = [BLy Ly ik —>givei_k,Fr_k]I,1 <i<q0<=r<20<k=<1l

6 = [R; — Rsli.

Step 19

Free piglets are assigned to mothers who did not reach the average value.
Ty7 = [BNy Fral, — [Lrsial, 1Si<q0<7<20<d<1.

Weekly die a number of piglets, this process is carried out using the object O that is

generated in this step.

o = [Ry, CF I} — [Ry, 047+, CFi]; 1<i<3.

Step 20

Elimination of objects left over if there were not enough piglets to be adopted.
9 = [BN;]T — [#]1,1 < i <q.

Simulation of the process of mortality and return of piglets to mothers of origin, in case

they have not been adopted.
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mlg+d-LL-(1-mldy)

T30 = Lija Ok [ 1 [#]9,0<i<k1<j<q1<k<30<d
<1l
1-mlg+d-LL-(1-mldy) T, ,7-(1-ad)1° .

<k1<j<ql1<k<30<d<1.

0 mlp+d-LL-(1-mldy)

732 = Frq, giveiq, Okl 111 [#](1)1'0 Srskls=si<qlsk=30
<d<1l
. 1—-miy+d-LL-(1-mldy) 17-(1-d
133 = Fr g, giveyq, Okl 191 Bi'l[LT+1'i'd’MD7KL ‘ MD; ( )]11'0

<r<kl1<i<ql1<k<30<d<l.
Elimination of objects that are left over and evolution of the counter.
134 = [AV, ] = [#12,1 < w < 3.
s = bx;[ 17— [#]%,1<i<3.
736 = [R4]T = [Rs]S.
Step 21
Elimination of leftover objects.
T37 = [givej,kﬂ#]i,l <j<q0<k<1.
T35 = [0, > #]%,1 < k < 3.
Infection of piglets infected by sick mothers.

(-pLy"
oo = [Lijo MDJ, MDT ) =5 [L; ;] ,0<i<3,1</<q0<n<7.

1-(1-pL
o Uy il 0<i<31<j<q0<n<7.

70 = [Lyjo MDJ, MD'T"]
=L . n yp'7n - 1<3,1<j<q0<n<7
741 = [Lij1, MD], MD'] ]11—>[LU,1]11,0§1_ ,1<j<q0<n<7.

742 = Rs| ](1)1_’R6[ 111

Step 22 to 26
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In order to synchronize, having the same number of steps, the two types of

management, only the meter evolves.
— 0 .
T43 = [Rl _>Ri+1]1’6 S l S 9.

Elimination of leftover infectious objects.

rs = [MD—#] 1<) <q.

ns = [MD; - #]),1<j<q

Step 27

Up to this step all the processes belonging to the first week have been executed, now the
ones of the following week must be started, if another cros fostering is carried out the

object CF; is generated, otherwise the object CF,.

T4_6 =

R10: CFi[ ]L 5 R11, CFi, FCf-WeekCrossiH,FCg-(l—WeekCrossHl) [Cleanq'(AVI1+4)]+ 1<

11’
i< 2.

When the end of the lactation period is reached, FC objects are not generated. The one

generated is the object FCC.

747 = Ryo, CF5] ]IL1 - Ry, CF;, FCCg [Cleanq.(AvhH)]L )

Step 28

They leave the objects associated with piglets and mothers of the deepest membrane.
Tig = [Lija clean] >LWjal 13,0<i<3,1</<q0<d<1.

Tag = [Mlj'd, clean]ir1 Mzl ]73,1<j<q0=<d<1.

Evolution in the case of not having reached the end of the lactation phase.

rso = [FCo Byp), ~[Bf) 1</ <q0<k<1,1<b<20.

Evolution in the case of having reached the end of the lactation phase.
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rs1 = [FCCo, By, — [#17,1<j<q1<b <20,

Ts2 = [R1]1 = [Ri2]7 -

Step 29
153 = [clean]; — [#]1; .

In the case of not having cross fostering the following week the counter C’is generated

temporarily, otherwise it is followed by the counter R that is reinitialized.

- WeekCross; 1-WeekCross; 0 .
Ty = [Rlz:CFi]l N [CFi+1'R,o ee rosSL+1,C10 ee rosSl+1’AV.q ]1’ 1<i<?2.

i+1

Evolution in the case of end of a cycle and start of the next.
— - / q-(Avl{+2) + , ,
Tgg = [Rlz,CF3,cycleLLj]1 —cycleL'j,q [cycj ] ,1<j<ciclo—-1.
1
Evolution in the case of the end of the last cycle.

+
Tsg = [R12, CF5, cycleLL ;. ,]7 = PAS; [cycq'(A"llJ’Z) .

ciclo 1
Removal of objects
rs; = [FCColy » [#]7,0<k < 1.

Teg = [FCilT > [#19,0 <k < 1.

Step 30

Evolution of objects to start the cross-fostering process again.

Tso = [cycleLl'; — cycleL”;15,2 <i < 3.
Teo = [LWja > Lijal,,0S1<3,1</<q0<d<1.

re1 = Mg > Ml4], 1<j<q0<d<1.
Te2 = [R'g _>R0](1) .
re3 = [C'o = ColY -

Step 31



26

Tea = [cycleL'; - cycleLR;]},2 < i < 3.
Tes = [Rol? = [R1]7.
166 = [Ci—> Ci41],0 < i <2,

Moment in which the processes are synchronized in the case of having or not done cross

fostering a week.
Te7 = [C3,CF])~ [Ry,0f,CF] ,1<i<3.

Rules that are carried out at the end of the cycle, when the piglets reach 21 days of life
and must start the transition phase. Each piglet is associated with an object of type XT
that will be the one that evolved, LL objects are also generated that keep information
respectively of the cycle, movements, disease and mother to which the pig belonged at
the end of the piglet cycle. The W objects that store the information of the weight of

each animal.

_ + Lweightj.c; +q)—(loss'i+d-lossdiseadel)
Tos = [LWija,cycc], = XTeja Lleija W,y g [
<i<31<j<q0<d<1,1<c<ciclo.

Evolution of the objects associated with the mothers, this information will be
transmitted to the transition phase to know the mothers who have completed the
lactaction phase.

Teo = [MI1; 4, cycc]lr Mt ;[ 191<j<q0<d<11<c<ciclo.
Elimination of objects.
750 = [cyc. = #]9,1 < ¢ < ciclo.

Generation of the object cycleT indicating that the transition phase can already be

started.

1,1 = [PAS; - cycleT,]S .
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Phase 3: Transition phase

As happened in the lactation phase, all the environments receive simultaneously the
object cycleT, that indicates that the pigs that belong to cycle ¢ of the 20 batches will

initiate the transition phase.

Step 1

Two object objects are generated RI, (counter) and bt_, the second will allow selecting

the pigs and knowing the mothers who had raised them.

. = cycleT.[ 19 —>bt§Avll+10)'20'q,Rlo [cycleT,.]9,1 < ¢ < ciclo.

Step 2

It is recorded in the object MTT; the mothers who had carried out the breastfeeding

process.
ry = MT;, MT'.;,bt.[ 13— MTT; [MT}]}, 1< < q,1 < c < ciclo.

3= Rlp[ 19— RL[ 15

Step 3

The objects LL.; j 4 and W, ;4 that had been generated to save the corresponding

information at the end of the lactation phase are eliminated.
Ty =LLejal 17 — [#]2,1<c<ciclo,0<i<3,1<j<q,0<d<1
rs=Weijal 12— [#]2,1<c<ciclo,0<i<3,1<j<q,0<d<1

The objects MT;, associated with mothers who had not performed the breastfeeding

process, enter membrane 4, where a copy is kept for all mothers.
+ .
=ML 1f— [MTj],,1<j<q

Management in the transition phase can be done in two ways: grouping the piglets by

mothers or randomly, in both cases they will be separated by sex.

Case 1 Distribution of pens by mothers
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Step4to 1l

A pen is associated to a mother, objects PenM; ; are generated that will be used later so

that the pigs of the mother j go to pen i.

ty
r; = MTT;, PN;[ ] 2, PN, ([PenMZ}] ,1<j<q,1<i< floor (szen)_

Counter evolution

0
ro = |RI, —>R11+1] 1<i<8.

Step 12

Evolution of the counter to indicate that each pig can now be assigned its pen, each

mother has been assigned a pen number that is where her piglets will go.

_ gt
T9 = RI[ 13 —1’R110[ 15

Step 13

Enter the objects assigned to the pigs of the cycle that is simulating in the membrane 1
to assign it in the next step the pen.

To = bte, XTgjal 13— 9 [XT’]d] 1<c<ciclo,1<j<q0<d<1.
gty 0

T'll = [Rllo —)R111:|

Step 14

A pen is assigned to each pig separating the males from the females.

0.5:gt4
riz = [PenM, ;, XT'; 4 O YTy IT'E, ST ‘”] 1<j<ql<i<

floor(Tp n) 0<d<1.

, 05gh /d a-a 1" :
T3 = [Pean]’XT j,d —)YTTpen+1 ld’IT Tpen+1-— uSTTpen+1 ‘]2 , 1<j<
q,1 Sisfloor( pen) 0<d<1.
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Counter evolution
0

ris = [Rly LRIH]O .

Case 2 Random distribution

Step 4

We will generate objects that store the information of each pen so that in a later step
these objects will be randomly assigned to the pigs that have finished the lactation
phase. Three types of objects are generated, PN’, PN'" and PN'", to get a distribution

of pigs as similar as possible for each pen.

q-Avlq

t
rs = PN;[ 15 —— |PN" TP, PN’l,PN”’Z , 1< < floor (22).
2
Enter the objects associated with the pigs in the membrane 2, which is where the
transition process takes place.

gt
T16 = bte, XT 4l 13 ——[XT"4l;, 1< c<ciclo1<=j<=q0<d<1.

Step 5to0 15

The object YT; 4stores information of the pen assigned to each pig in its first index and

in its second index if it is infected or not.

0.5-gt
riy = [PN", XT" O YT, o IT'E, ST d]z , 1< < floor (&

pen

)0<d<1

0.5- gtz
" rd 1-d .
g = [PN l'XT da ’YTTpen+1 ld:IT Tpen+1-— l'STTpen+1 l]z , 1<i<

pen

floor (&),0<d < 1.

0.5-gt -
Tio = [PN”’l-,XT”d —2>PN”’l-,YTl-,d,IT’f,STil"d]Z , 1<i< floor (T"’e”

2 )’OS

d<1.

0.5:gt, -

— " " : " 1d 1-d
720 = [PN"'4, XT" g == PN"', YTrpens1-i I T Tpens1-i: SThpésn ] » 1 <

L<floor( )0<d<1
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0.5-gt -
T = [PN', XT" g ——— PN’i,YTi,d,IT’?,STil"d]Z , 1<i< floor (&2),0 <
d<1.
— I " 0.5:gtz rd 1-d - :
P22 = [PN' XT" g === PN's, YTrpens1-ia 1T Tpens1-is SThpénsn ] 1 S i<

floor (Tpen) 0<d<1.

Evolution counter

R, me]o 1<i<10.

T23

gt
T4 =Rl []3 ;’ha[ ];

Step 16

It sells the objects that have to be used and those that are not going to be used are

eliminated.

+92

[PN';

Tys ——PN';[ 1951<i< floor( pzen).

t
N [#]9,1 <i < floor (Tp:n) :

T = [PN"; 13

1, = [PN"'; 13 gtz | [#19,1 <i < floor (szen).
g = PN';[ 12 9tz ——[PN';1%,1 < i < floor (Tpen)

Common part to the two types of management

Step 17

In a randomized way a state is assigned to the sick animal, they are infected animals in
the previous phase. The disease may be in the incubation phase, in the transmission or

recovery phase.

(21-InfT)
21

T = [IT'; 13 [RT;]9,1 < i < Tpen.

(InfT—IncT)

’ 0 .
a0 = [IT; |§ —2—— [IT; qvincsinge], +1 <0< Tpen.



IncT
21

’ 0 .
r3 = [T 13 [ITi’ava]z, 1<i<Tpen.

Counter evolution

32 = Rlj; [13 — RIy3[ ](2) .

Step 18

Elimination of unnecessary objects

rss = [PenM; | —[#]7,1<j<q1<i <22

Daily simulation of the disease. Infected animals that do not transmit.

ra = [T, ] — [ITL-,Hl];, 1<i<Tpen0<t<IncT.

Infected animals that transmit the disease.

T35 = [IT;, ]2 — [ITLHI,INFGiKT'Ctg];, 1<i < Tpen,IncT <t < IncT + InfT .

Animals that have completed the infective period can be recovered or killed.
_ 0o (1-LT) KT-ctgl .

T3¢ = [ITi,IncT+InfT ]2 - [RTi'INFGi ‘ g]z' 1=i<Tpen.
_ o LT KT-ctg - ,

737 = [ITymermsr |, — [LTi INFG, ]2,1 < i < Tpen.

Evolution of the counter.

T3g = Rly3 [](2) — RI4[ 7.

Step 19

The infected animals that are in a pen can transmit the disease to animals of the pen

31

itself or to nearby pens, the objects INF; will be used to transmit the disease to pigs that

are in the pen .

_ , _

T30 = |INFG, —7’1NFil 1<i<Tpen,i#L22 #2041,
- 2
_ A _

Tao = |INFG; 7—>INFl-_1] ,1<i<Tpeni+ Tp;”,i + 1P .
3 2
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) _
Tss = |INFGrpen, | 5—>1Nle :
2 2

2

1
Ts6 INFGT,g2ﬂ+1 5—>1NFTPZ£+21 .
2

2 —

INFGrpen —— INFTpenl .

Tg7 =
2

i . -
rsg = |INFGrpen —— INFy| .

L 12

i 1 -
759 = [INFGrpen —— INF,| .

L 12

i . -
Too = [INFGrpen —— INFrpen_

2

Counter evolution An object, day, is generated that records the days that have passed in

the transition phase

Te1 = [Rl14 —>R115,day]8.

Step 20

An infected object in contact with an already infected animal has no effect.

Tey = [Ty INF[ 19— [IT,¢]) ,1< i < Tpen,0 < t < IncT + infT.

If the infectious object is in contact with a recovered animal, it has no effect

Tes = RT;, INF;[ 19, — [RT;]9,,1 < i < Tpen.

Si el objeto infeccioso esta e contacto con un animal susceptible puede o no infectarlo.
_ o PT 0 .

Toa = ST, INF[ 19, ——[ITyo],,, 1 < i < Tpen.

_ o (-pT) 0 .
Tes = ST;, INF;[ 13, ————[ST;13,,1 < i < Tpen.

When we have 42 objects of the day type, it indicates that the phase for the simulated

cycle has ended.

Tee = [day*? — end]).



Evolution of the counter.

Te7 = [Rlss _>R116]8-

Step 21

Evolution of the objects related to the disease associated with each pig.
res = [ITye]., — ITTye[ 13,1 < i < Tpen,0 <t < IncT + InfT.
Teo = [RT;]9, — RTT;[ 19,,1 < i < Tpen.

T70 = [ST]9, — STT;[ 19,,1 <i < Tpen.

151 = Rljg,end[ 1; — RI;;[end]7.

772 = Rl day[ 13 — Rl3,day[ 3.

Step 22

Elimination of leftover objects and evolution of those who must continue with the

process.
r53 = [INF;]9— [#]5,1 < i < Tpen.

174 = [INF;]3 — [#]3,1 < i < Tpen.

[ITT;e]) — [ITysa],,1 < 0 < Tpen,0 < t < IncT.

75 =

Tre = [ITTi,t]Z — [ITilHl,INFGiKT'Ctg];, 1<i<Tpen,IncT <t < IncT + infT.
1-LT ctg-

T77 = [ITTi,IncT+InfT](2) ——— [RT,, INFG;"" Ctg]z' l1=<i=<Tpen

t8 = [ITTymersmyr], =, (LT, INFGT“*]_,1 < i < Tpen.

to = [ITy0], — [ITyesa],, 1 < i < Tpen,0 < t < IncT.

rao = [ITye], — [ITy0, INFGIT) |1 < i < Tpen, IncT < t < IncT + infT.
Tor = [ITumersimsr], ———— [RT, INFGET9] 1 < i < Tpen.

LT ctg1-
Tg2 = [ITi,IncT+InfT](2) —— LT, INFG™ Ctg]z' 1=i<Tpen.

= [STT;]S— [ST;]5,1 <i < Tpen.

o
w
M

34
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Tea = [RTT;]9 — [RT;];,1 < i < Tpen.

Tas = [ITTy — IT;,]),1 < i < Tpen,0 < t < IncT + infT + 1.
7g6 = [RTT;—> RT;]3,1 < i < Tpen.

Tg7 = [STT;— ST;]3,1 < i < Tpen.

Tss = Rlj;[ 13 — [RIgg]3.

Tgo = end| ](2)2_’[#];-

Step 23
It is associated with the objects associated with the animals YT; ;, the objects associated
with the health status of each one of them. First it is done for animals that are not sick.
_ L, 1-mt - .
Too = YTy 1, RTy[ 13, ———[2T;1,0],, 1 < i < Tpen.
_ . 1-mt - .
To1 = YT, STi[ 13, ———[ZTi00],, 1 <i < Tpen.

mt
Toy = YT;1, RT;[ 13, —— [#]3,,1 < i < Tpen.

t
To3 = YT, ST;[ 13, -, [#]3,,1 < i < Tpen.

Tog = YT;1, LT;[ 13, — [#]7,,1 < i < Tpen.

Tos = Rljg[ 13— Rl 12

Step 24

It is associated with the objects associated with the animals YT; 1, the objects associated

with the health status of each one of them. Now it is done for sick animals.

1-mt

ros = YTyn, Tyl l3p——— [2T;1,]) /1 < i < Tpen,0 < t < IncT + InfT.

1-mt
Toy = YTio Tiel 13 N [ZTi,l,t]ng 1<i<Tpen0<t<IncT + InfT.

_ 1-mt 0 .
Tog = YT, RT[ 13— ZT;10],, 1 < i < Tpen.

Tg9g = YTi,OfLTi[ ]52 E— [#](2)21 1<i< Tpen
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mt

Tioo = YTiq, [Ty 132 —— [#]32,1 < i < Tpen,0 < t < IncT + InfT.
t
T01 = YTio ITic[ 122 s [#19,,1 <i < Tpen,0 <t < IncT + InfT.
_omt o _
ri02 = YT;0,RT[ ]oo —— [#]32,1 < i < Tpen.

T103 = Rliol 122 — Rlyl ]82-

Step 25

The objects must leave the inner membrane, they have to reach the skin membrane that

is where they will start the final fattening process.

Tioa = [2Ty50],, — 2T, 50l 1921 <0< Tpen,0<j <10 < ¢t < IncT + InfT.

+
Ty05 = [R]ZO, cycleT, — bttgA”llﬂo)'ZO'q,NewcycleT, cycleTC]2 , 1 < c < ciclo.

Step 26
A weight is associated to each animal, at the same time that the objects XE, ; ,, 4 are
generated that keep all the necessary information to start the final phase, fattening.

Tiog = [ZTi,m,d, bttc]-zi- _)XEC,i,m,d, WTTweight1+i+j—m-lossdiseadeT

c,im,d [ ](2)' I=sis

Tpen,0 <m <1,0<d < IncT + InfT,1 < c <ciclo,1 <j <5.

T107 = [NewcycleT, cycleT,]5 — cycleT' .,NewcycleT[ 19,1 < ¢ < ciclo.

c+1’

T108 = [NewcycleT, cycleT,ic0]3 — FinT, NewcycleT[ 19.

Step 27

Preparation of the objects to start the final phase.
Ti09 = [cycleT’C —>cycleTc]2,2 < ¢ < ciclo.
Ti10 = [FinT — cycleE,]).

+

r11 = NewcycleT[ 17 —[ 7.

rip = [MT]; = MT;[ 13,1<i<q.



r1s = bti[ 17 —[#]3,1 <i < ciclo.

T114 = [btt; — #]9,1 < i < ciclo.

t
s = [PN';]% g—2>PNl-[ 191 <i < floor (szﬂ)
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Phase 4: Fattening phase

The model in this last phase is similar to that of the previous phase, transition. The
transition phase was carried out in the membrane 2, the fattening phase in the
membrane3. It starts with the object cycleE., which is generated at the end of the

previous phase.

Step 1

The first step is to generate objects that will allow the selection of the objects related to

the pigs that must evolve and a counter to synchronize the model in this stage.

r = cycleE[ 19— be"1 ™ RG,[cycleE,]3,1 < ¢ < ciclo.

Step 2

The object WT, ; ., 4 that was used to record the weight and health status of each pig in
the transition phase is eliminated.

= Wleimal 13— 15,1<c<ciclo,1<i<Tpen,0<m<20<d<
IncT + infT.

The management can be done in two ways: grouping the animals according to the pen

of origin or distribute them randomly.

Case 1: Distribution by pens

Step 2

It is accepted that the number of pens in the phase of fattening is double that in the
transition phase, so that the pigs of a pen i are divided in the phase of fattening between

the pens 2i and 2i — 1.

ge10.5 0
73 = bee, XEcj1il 15— [IEzi_1], 1 Sc <ciclo,1 <i<Tpen,1<t<

IncE + infE.

ge10.5 0 . .
7 = be,, XEgirl 15— [IEZ.i,t]s, 1<c<ciclo,]1 <i<Tpen,1<t<

IncE + infE.
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ge,10.5
s = bee, XEgi10l 13— [RE;.i-1]3,1 < ¢ < ciclo,1 < i < Tpen.

ge,10.5
16 = bec, XEgi10l 13— [RE;.3,1 < ¢ < ciclo,1 < i < Tpen.

ge,10.5
17 = beo, XEci00l 13 — 5 [SE,;_4]%,1 < ¢ < ciclo,1 < i < Tpen.

ge,10.5
13 = beo, XEcio0l 15 — 5 [SE,.;]%1 < ¢ < ciclo,1 < i < Tpen.

Case 2: Random distribution

Step 2

In this case, objects associated with the pens are generated. These objects will later be

associated with objects related to animals.

q-Avli—-41"
ry= PNE[ 15— |PNE';, PNE, ®" | ,1<i < Epen.
3

The objects associated with the animals enter the membrane 3, where they will perform

the fattening process.

ri0 = bee, XEgpel 15— [XE'y,],, 1< c < ciclo,1 <p < Epen,0 <t <
IncE + infE.

11 = be,, XEcpool 13 7=, [XE'o],,1 < ¢ < ciclo,1 < p < Epen.

Step3to9

The animals are distributed by pens.

ry = |PNE, XE', , 2= PNE,, IE;,| ,1<i<Epen,1<t < IncE + infE.
! 13

Tis = |PNE, XE'y s~ PNE, RE,| ,1<i < Epen.
! 13

ria = [PNE, XE' oo~ PNE;, SE;| ,1 <i < Epen.
i 13

Counter equal in both cases (Step 2to9)r5 =
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[RG;—RG; 413, 0<i<7.

re = RGg[ 13 > RGo[ 13.

Common part

Step 10

In the case of random distribution, objects PNE; have been generated that have already

carried out their mission, therefore we eliminate them.

_ 0 gez _ .
r; = [PNE;]3 — [#]3,1 < i < Epen.

Evolution of the objects associated with the animals that keep the sanitary state. Infected
animals can be found in the incubation phase or in the transmission phase of the disease.
The animals at the end of the disease can recover or die. The unit of time with which the

model works in this phase is 2 days.

rig = [IEi't]g — [IEL-,HZ];, 1<i<Epen0<t<IncE.

Tio = [IEl-,t]g — [1B; 42, INFGE;" 9] ,1 < i < Epen,IncE < t < IncE + infE —

(1-LE)
[IEi,t]g — [RE;]5,1 < i < Epen,IncE + infE — 2 < t < IncE + infE.

LE
ry1 = [IE;], — [LE]5,1 < i < Epen, IncE + infE — 2 < t < IncE + infE.
Evolution counter

T22 = RGo| ]g_’RGm[ I5.

Step 11

Infectious elements evolve and are distributed within the farm, the contagion risk is
greater than short distances from the contagion site.

. B}
ry3 = |INFGE;——INFE;| ,1<i< Epen,i # 2= i
2
3

Epen

+ 1.



T25

13

T8

733

I35

INFGE; —— INFEgpen_i+1

INFGE; —— INFEgpen_i+2
INFGE, —— INFE, | .

INFGE, —— INFE,| .

r 1
INFGE, — INFEEpenl .
L 3

INFGEspen — INFEzpen,
| 2 2

1 I

3

1 -

3

1

1

1 —

3

2 -

3

1 -

r 1
INFGE, — INFEEpen_ll .
L 3

r 2

INFGEgpen —— INFEEpenl .
2 2

L 3

1

INFGEgpen — INFEgpen__
| 2 2

1

1

1

INFGEgpen — INFEspen_
| 2

2

2

INFGEgpen,  — INFEzpen
| 2 2

INFGE; —— INFE,_,| ,1<i < Epen,i #

INFGE; —— INFE,,,| ,1<i < Epen,i #

3

3

INFGE; —— INFEgpen_;| ,1<i< Epen,i =2 i =

Epen . Epen
1+ ——

, + 1.
2 2

Epen . , Epen

,LF + 1.
2

Epen ., Epen
pen ;. zpen

, 1 <i<Epen,i# . 5

Epen . Epen
UL F
2 2

,1<i<Epen,i=#

Epen
2 2

+ 1.

+1

3

+ 1.

+ 1.

41



42

1 —

Tag = INFGEEﬂH—EuNFEm_ll .
2 2
- 3
i . -
T39 = INFGEm+1—5>1NFEml :
2 2
| 3
i . -
Tao = INFGEm+1—5>1NFEm+Zl :
2 2
- 3
i 2 -
Ty = INFGEEpen—SﬂNFEEpenl .
| 3
i . -
742 = |INFGEgpen — INFE,| .
L 13
- l -
743 = |INFGEgpen — INFE, | .
L 13
- l -
Taa = |INFGEgpen — INFEppen_1
B 3

Evolution of the counter that generates daye objects that records the number of days

since the beginning of the fattening phase, and therefore indirectly the age of the animal.

15 = [RGyp— RGyq, dayely.

Step 12

Phase of transmission of the disease.
Tae = IE;, INFE;[ 193 — [IEi,t];, 1<i<Epen0<t<IncE + InfE.

747 = RE; ¢, INFE[ 133 — [RE]3;,1 < i < Epen.

(pE-2—pE-pE)
i = SEyo, INFE[ 133 ————— [IEyo],, 1 < i < Epen.

(1-pE-2—pE-pE)
Tao = SE; ¢, INFE[ 135 perr [SE;135,1 < i < Epen.

When 60 objects of the daye type have accumulated, 120 days have passed and it is the

moment when the animal finishes the fattening phase.

Tso = [daye®® — ende]).
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751 = [RGy4 _>R612]8-

Step 13

The transmission of the disease has been made in the membrane labeled by 33, to

follow the process these objects must leave this membrane.

rs2 = [IEie],, —1Ei[ 13,1 <0< Epen,0<t<IncE +infE +1.
Ts3 = [RE;]3; — RE;[ 1%, 1 <i < Epen.

Tea = [SE;]3; — SE;[ 1%,1<i < Epen.

rss = [LE;]3; — LE;[ 13,1 <i < Epen.

INFE[ 13— [#]%;,1 <i < Epen.

Tse

The evolution of the counter depends on whether or not the end of the fattening phase

has been reached.

Ts; = RGyy,ende[ |3 — RGqs[ende]s.

Tsg = RGqy, daye[ 13 — RGo, daye[ 13

Step 14

In the case of reaching the end of the fattening phase for pigs of batch , the system
configuration must be restored in order to start the process for the animals of the
following batch.

1o = [PNE'J 2 PNE,[#]3,1 < i < Epen.

Teo = RGi3[ 13 — [RG14]3.

Te1 = ende[ ]33 — [#]35.

Step 15

Evolution of the objects that register the health status to objects ZE; ;, the first index

Jr

keeps the pen in which the animal is found and the second the health status.
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= SE[ 153— [ZEi,o]§3, 1<i< Epen.

o
N
M

res = 1Ey [ 15— [ZEi1],, 1 < i< Epen,0 < t < IncE.
res = 1Ey [ 15— [ZE;;].,,1 < i < Epen,IncE + 1 < t < IncE + InfE.

RE;[ 13— [ZEi,3]§3,1 < i < Epen.

Tee = LE;[ 13— [#]%;,1<i < Epen.
Evolution of the counter.

Te7 = [RG1a— RG15]§r

Step 16

Natural mortality

res = [ZEiolo, T L ZEol 1%.1<i < Epen.
reo = [ZE;a]o, T L ZE.[ 1%.1<i < Epen.
ryo = [ZE), —— ZE;,[ 13,1 < i < Epen.
T = [ZEis], —— ZEs[ 13,1 < i < Epen.
r2 = [ZE;o],, —— [#135,1 < i < Epen.

rs = [2Eia],, —— [#135,1 < i < Epen.

T4 = [ZE;],, —— [#1%,1 < i < Epen.

0 me .
T75 = [ZEi,3]33 — [#](3)3, 1 S l S Epen

Evolution of the counter, if the end of the cycle has been reached, objects will be
generated that will allow the next cycle to start.

— [ (A‘Ul1+2)‘q + < < .
776 = |RGys, cycleE. — bee, ,NewcycleE, cycleEC]3 ,1 < c <ciclo.
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Step 17

The objects that keep the information of the sanitary status of the animal and the weight
reached at the end of the fattening phase are generated.

Tyy = [ZE;q beec], > ZF, ;0 WEL1g " D[ 13,1 <i < Epen,0<d <3,d #

cid

2,#1<c<ciclo,1 <j<5.

_ + Eweight(1+i-j)—lossdiseadeE 0 ,
78 = [ZE;,, beec]3 > ZFe 0, WE_}, [ 19,1<i<Epen1<

c <ciclo,1 <£j<5.
Evolution of objects related to the simulated cycle.

159 = [NewcycleE, cycleE.]3 — cycleE’ . ,NewcycleE[ 13,1 < ¢ < ciclo.

c+1’

Tg0 = [NewcycleE, cycleE, ;.13 — NewcycleE[ 13.

Step 18

Elimination of leftover objects and preparation to start the next cycle until reaching the
end of the model.

1g1 = [cycleE' . — cycleE,]),2 < ¢ < ciclo.

152 = NewcycleE [ 19— [#];.

g3 = be; [ 17 — [#]4,1 < ¢ < ciclo.

Tg4 = [bee;— #]3,1 < ¢ < ciclo.



