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Abstract

Association rule mining is a technique for discovering relationships in large data sets and thus can
obtain insights into process-related phenomena described by the data. In pig farming, necrosis (dead
tissue) in the rearing period is an important phenomenon because it negatively affects animal welfare
and reduces the share of usable young pigs. Pig rearing is a long-lasting process involving multiple
stakeholders and management activities. Causes of necrosis are often unknown and their identification
requires considerable time and effort. Pig rearing is a long-lasting process involving multiple stakeholders
and management activities. Causes of necrosis are often unknown and their identification requires
considerable time and effort. The objectives of this research are to (1) develop an association rule mining
approach for generating plausible suggestions for cause-effect relationships of necrosis in pig rearing
and (2) empirically evaluate the predictive power of the discovered rule set. We propose a procedure
for generating and comparing association rules for different aggregation intervals. We used data from
672 pigs, collected over a ten-month period (Oct. 2018 - Apr. 2019 & Oct. 2019 - Dec. 2019). Association
rules were created on the training set and tested on the test set. Association rules were evaluated
using the metrics support, confidence, and lift, and expert knowledge. The association rules focused
on temperature-related attributes and achieved confidence values between 0.65 and 0.99. Association
rules suggest temperature and underlying processes as (contributing) causes of necrosis. Process experts
provided knowledge that supports these suggestions and indicates their plausibility.
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1. Introduction

Association rule mining is a popular technique for creating relationships between attributes in
data sets. Therefore, association rule analysis can analyze process-related from different sources
to obtain insights into relevant process phenomena [1, 2]. In pig farming, tail necrosis (dead
tissue) is such an phenomena in the rearing period [3].

Pig rearing is often a seven-week process for increasing pigs’ weight (e.g., from 5 to 25 kg),
that involves multiple sub-processes, such as providing food or controlling the ventilation
and heating system in a pen (pigs’ environment). These sub-processes affect pigs and their
environment (e.g., air temperature) and can trigger conditions for necrosis development (e.g.,
tail biting due to stress) [4, 5, 6]. While sensors and corresponding data processing are present
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(e.g., to detect pigs [7] or predict losses [8]), the development of necrosis and its causes are
usually unobserved or unknown (e.g., due to fewer specific sensors concerning the process
output or the presence of non-speaking stakeholders). We assume that the causes of necrosis lie
in the process. Therefore, association rule mining may suggest cause-effect relationships.

Previous work propose suggestions for causes should be based on association rules for a train-
ing set and a test set (as commonly used for supervised machine learning tasks), differentially
preprocessed process data, and the incorporation of process-related knowledge [2, 9, 10, 11, 12].
However, association rules describe a correlation and not a causality between attributes. Thus,
we refer to the concept of interestingness to assess possible suggestions. Interestingness depends
on the application and is objective or subjective [13, 14]. Objective interestingness is calculated
based on the underlying data (e.g., confidence), while subjective interestingness is given when
the association rule is unexpected or actionable for the user [15, 14]. However, metrics and the
properties unexpected and actionable do not include process knowledge.

We propose the plausibility property to assess suggestions. We call a suggestion plausible if
it is justified by process knowledge and based on underlying objective interesting association
rules. Justification by process knowledge can be integrated into the analysis of the created
association rules [16]. Objective interestingness is measured in this work using the metrics
of support, confidence and lift. While lift is calculated on support, support and confidence
are already necessary metrics for algorithm configuration with respect to minimum support
and minimum confidence [17, 18]. Minimum support and minimum confidence influence the
creation of association rules in terms of inclusion or exclusion of attributes and rules, while
the algorithm decides how association rules are created [17, 18]. Consequently, association
rules and their analysis depend mainly on the data preprocessing, e.g., the discretization of the
continuous values. Against this backdrop, we address the following research question: How fo
design a procedure to create plausible association rules for suggestions of cause-effect-relationships
in pig rearing? The main contributions of this paper are as follows:

« We investigate association rule mining in terms plausible suggestions of cause-effect
relationships using the example of pig farming.

« We propose a procedure for creating association rules based on data from three aggregation
intervals (hourly, daily, weekly) to serve as the basis for proposing causes.

+ We evaluate generated association rules by using an independent test set and justifications
based on the process knowledge.

Our paper is structured as follows: In section 2, we provide background literature. In section 3,
we describe the data set and procedure. In section 4, we analyze generated association rules by
integrating process-knowledge, and in section 5, we provide a brief conclusion.

2. Background

2.1. Association rule mining

Association rule mining describes an approach to describing relationships in data by processing
binary coded data to create association rules [19]. Given is a set S = {s¢,...,$,} withn € N
elements s (e.g., s is a pig). Each element s, in turn, is a set with up to m € N attributes of the



set A. A contains all possible attributes of s. Thereby, s has an attribute a € A, if a is true for s
(e.g., {necrosis} € s if a pig has necrosis). Givenisaset X C A,asetY C A,and X NY = ()
we define an association rule as a relationship between the two sets as follows [19]:

X=Y (1)

Relationship means, Y is probably true if X is given [20]. To assess this relationship, we use
the metrics of support (supp), confidence (conf), and lift. Supp describes how frequent a subset of
attributes is in S. Conf describes, how often an association rule is true. Lift describes if X UY
occur less or more often than expected. These metrics are calculated as follows [19, 21]:

supp (X) = {Seﬁ’;‘(gs}' (2)
_supp(X)
COT’lf(X = Y) = W (3)
supp (X UY)

lift(X =Y) = (4)

supp (X) - supp (V')
Lift (X = Y) = 1 means X and Y are independent, while lift (X = Y') > 1 indicates a positive
correlation and lift (X = Y) < 1 indicates a negative correlation. The process of association
rule generation consists of two steps. First: generation of a candidate set C'S consisting of
several sets X and or Y with minimal support (supp,,,,,,). Second, deriving association rules
based on C'S with minimal confidence (conf,;, ). Supp,),,, affects |C'S| and thus the theoretically
number of association rules as well. The selection of supp, ;. can be set manually for all
attributes or for each individual attribute [22, 23]. In practice, however, there may be difficulties
in determining supp,, ;.. because of the tradeoff between the number of association rules that
can be processed by humans and the loss of rules (and thus of suggestions for causes) [2].

2.2. Association rule mining for process-related cause-effect relationships

[2] propose association rule mining for analyzing problems in a drill manufacturing process.
The report on the need to include process experts for the subsequent analysis of the association
rules in order to improve manufacturing processes. [9] analyzed construction project accidents
by comparing association rules for two types of projects. The association rules created were
applicable to only one of the two project types with one exception (with varying confidence),
indicating the specificity of the association rules with respect to the training data. [11] also
analyzed accidents on construction sites. They report different confidence values for the same
rules on different training sets, suggesting that training sets with different focus support the
analysis of association rules. They also show that process-related knowledge can support
the analysis by containing information that is not in the data set. [12] investigated faults of
distribution terminals in power supply networks. They report on a reduced downtime by
performing maintenance based on association rules. While this suggests that association rule
mining could find suggestions for causes, it is unclear whether the association rules describe
actual causes or whether the reduced downtime is a result of more intensive (e.g., earlier)



maintenance. [10] studied diseases in two broiler farms. They report on specific association
rules each applicable to only one of two farms. For more general association rules, discretizing
the attributes differently (so that an association rule for one farm applies to another farm) and
evaluating on independent data for each farm can increase the explanatory power. In summary,
a method for plausible association rules consists of multiple preprocessing approaches (in terms
of generalization), training and testing, and the inclusion of processd knowledge.

3. Materials and methods

We used process data from pig rearing provided by the Boxberg Teaching and Research Centre in
Germany. The Boxberg Teaching and Research Centre is the central educational, experimental,
and testing facility of the state of Baden-Wurttemberg in the field of pig farming. This data
set describes the rearing process in the winter season between 10/18/2018 and 4/10/2019 and
10/10/2019 and 12/01/2019. A total of 672 pigs were reared in seven groups of 96 pigs each. Our
data set consists of eleven pig-related and eleven environmental factors (figure 1). From our
point of view, these factors represent events or results of the underlying processes.

Pig-related factors were weights, sex, daily gain between birth and start of rearing, mother,
father, age at the start of rearing, and the presence of necrosis and bloody tails. Weights, sex, daily
gain, age at start of rearing, and identification of mother and father were recorded manually. The
presence of pig necrosis and bloody tails was recorded during a weekly assessment according
to a uniform grading scale (see [24]). Environmental factors were temperatures, humidity,
brightness, and water consumption, recorded at five-second intervals, and daily dispensed food
and manipulable material. One part of the pen was covered by a false ceiling about 0.75 cm high,
while the larger part had a ceiling height of 2.9 meters. Thus, air and ground temperatures are
divided into temperatures under and outside the false ceiling. Our approach consists of analyzing
association rules created for three aggregation intervals of environmental factors: hourly, daily,
and weekly (figure 1) [25]. Aggregation intervals means that attributes are calculated on the
basis of hourly, daily or weekly periods (e.g., mean humidity in an hour). The implementation
uses python 3.8, pandas 1.1.5, scikit-learn 0.24.2, and mlextend 0.19.

3.1. Data preprocessing

During the preprocessing, we performed the steps: (1) unification of labels and data formats, (2)
refilling environmental data, (3) removal of outliers, (4) creation of samples, (5) one hot encoding
of categorical features, and (6) creation of training and test sets. The source data of temperatures,
water, humidity, and brightness consisted of entries when a change was measured. Missing
values were filled in a five-second interval by forward fill. We detected outliers using lower
and upper limits set by experts. Outliers (e.g., temperature = 3,000°C)) are errors and have
been removed [26]. In step (4) we combined pig with environmental data for each aggregation
interval, resulting in the same environmental attributes for each pig in a pen (figure 2).

For the aggregation interval hourly, we calculated average values for temperatures, humidity,
brightness and water for each hour in a week. We also calculated the difference between the flow
and return flow temperatures, and the designated amount for food and manipulable materials
on a daily basis. For the daily aggregation interval, we used the hourly data to calculate the
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Figure 1: Procedure for studying cause-effect relationship
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Figure 2: Aggregation of environmental data

minimum, maximum, and maximum difference (between two hours) for temperatures, brightness
(without minimum), humidity, and the difference between flow and return flow temperatures
for each day in a week. We also added the sum of water, food and manipulable material for each
day. For the weekly aggregation interval, we calculated the minimum, maximum, and maximum
difference between two hours for temperatures, brightness (without minimum), humidity, and
the difference between flow and return flow temperatures in a week. We also added the weekly
sum and maximum daily difference of water, food, and manipulable material.

Then we assigned continuous values to the corresponding classes with the value 1 (true) if
the continuous value is in the corresponding range, and 0 (false) otherwise (discretization into
binary values, table A) [27]. Classes were determined in discussion with domain experts.

In step (5), one-hot coding was performed for sex and mother and father identifiers. In step
(6), we created our training and independent testing set based on the chronological start of
rearing of the groups used (see figure 3). Due to discretization, our training set consists of more
attributes than samples, which can lead to overfitting and potentially exponential growth of
possible association rules [17, 28]. Therefore, we used standard recursive feature elimination
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Figure 3: Splitting the data into a training set and a test set

Table 1
Overview of the training set and the test set

Sample size  Quota necrosis  Quota no necrosis

Training set 380 0.50 0.50
Test set 116 0.65 0.35

with random forest as estimator to select 150 features, reducing 50 per round. We also performed
random undersampling to balance necrosis in the training set to specify a higher supp, ;... A
brief description of the training and test set is provided in table 1.

3.2. Training

We used the FP-growth algorithm to create association rules because FP-growth does not re-
quire candidate generation [29]. The FP-growth algorithm was configured with supp,,,., = 0.3
and conf, ;. = 0.4. The original intention was to allow rare attributes in association rules
(supp,,in, = 0.1) since rare traits can also be attributes. However, supp, ;. = 0.1 was not com-
putable in the main memory, so we increased supp,, ., by supp, ;.. = 0.1 until it was computable,
resulting in supp, ;, = 0.4. We chose conf, ;. = 0.4 because we expected a lower value than
0.5 due to unclear multifactorial causes and still wanted to maintain sufficient confidence for
practice. We removed all associations rules with Y # {necrosis}. We also removed association
rules with food-related attributes in X after discussions suggesting that altered eating behavior

may be a consequence of necrosis and thus not a cause.

3.3. Testing

For testing, the created association rules were re-identified on the test set using the FP-Growth
algorithm and supp,,;, = 0.1 and conf, ;. = 0.0000001. We re-identified these associations
rules to discard rare associations rules in terms of support so that an association rule that only
applies to one or two pigs is ignored. Association rules with the highest confidence on the
training set tested on the test set are shown in tables 2 (aggregation level hourly), 3 (level daily),
and 4 (level weekly). t — @ corresponds to the number of days before an assessment.
Association rules in the hourly aggregation interval on the training set (table 2) focused on
the flow temperature and air temperature based on the confidence level and frequency when
the time period is not considered. Each association rule consisted of only one combination of
the attributes air temperature 18°C' < x < 21°C, flow temperature 20°C' < x < 25°C, or diff.
between flow and return flow temperature 0°C’' < x < 3°C. The highest confidence and lift on
the test set is achieved by rule no. 1, while rule no. 3., which consists of one more temperature
attribute in X, achieves the highest confidence on the training set. According to rule no. 3,



Table 2
Association rules (aggregation interval hourly, Y = {necrosis}) on the test set and (training set).

‘ X ‘ X=Y
#  Attribute Period Function Range (in °C) supp conf lift

1 Airtemperature  t-4[9h,10h[  Mean 8<z<21

. 0.34 0.98 1.51
Diff. flow and ¢-3[9h,10h[  Mean 0<z<3 0.38) (0.79) (157)
return flow tem-
perature
2 Airtemperature ¢-4[9h,10h[  Mean 1I8<zx<21 0.34 0.65 1.00
(0.39) (0.70) (1.40)
3 Ditff. flcf)lw artld _ t-3[9h,10R]  Mean 0<z<3 0.65 0.98 151
return flowtem (0.48) (0.68) (1.36)

perature

the temperature between flow and return flow temperature was < 3°C), indicating the heating
system emitted no or less heat. As a first conclusion, temperature (especially air temperature
and flow temperature) and the corresponding heating system are candidates for suggestions
on the causes of necrosis. These association rules are assigned to a specific hourly period. To
support the first conclusion, we compare this preliminary conclusion with association rules of
the daily and weekly aggregation interval.

Association rules at the aggregation interval daily on the training set focused on tempera-
ture attributes (see table 3). In particular, maximum air temperature 18°C < z < 21°C, and
maximum air temperature under the false ceiling 24°C < x < 27°C, and return flow tem-
perature 25°C < x < 30°C were frequent attributes. Rules no. 4 to no. 6 with the highest
confidence level in the training set were not applicable to the test set. The attributes maximum
air temperature 18°C' < z < 21°C, minimum and maximum air temperature under the false
ceiling 24°C < x < 27°C were also included in other rules during training in other periods, but
reached a lower conf. No other process environment attributes such as brightness were present
in the association rules of the training set. Although the rules in table 3 were not applicable
to the test set and the confidence of the association rules in the test set was lower than in the
training set, we conclude that the association rules on the aggregation interval daily support
the preliminary conclusion that temperature is a possible cause.

At the aggregation interval weekly, the association rules (table 4) on the training set focused
on the air temperature under the false ceiling, expressed by two association rules describing
the minimum 21°C < x < 24°C) and maximum 24°C' < z < 27°C air temperature under the
false ceiling. However, the rule no was not applicable on the test set. The air temperature
itself occurs only in one association rule, which refers to the maximum difference between two
consecutive hours (1°C' < z < 2°C), indicating that the air temperature was almost constant
during one week. While another association rule consisted of the maximum difference in
manipulable material output between two days, there are no other association rules that do not
consist of temperatures. Also based on the association rules for this aggregation interval, we
find that temperature is a possible suggestion for the cause for necrosis.



Table 3
Association rules (aggregation interval daily, Y = {necrosis}) on the test set and (training set).

‘ X ‘ X=Y
# Attribute Period Function Range (in °C) supp  conf lift
4 Return flow t-3 Max(Mean) 25 <z < 30
temperature <0.1 n.a. n.a.

Air temperature t-6 Max(Mean) 24 <z <27 (032) (0.79) (1.59)
(false ceiling)

5  Air temperature t-3 Max(Mean) 24 <z <27
(false ceiling) <0.1 n.a. n.a.
Air temperature t-6 Max(Mean) 24 <z <27 (0.32) (0.79) (1.59)
(false ceiling)
Air temperature t-7 Max(Mean) 18 <z <21

6  Air temperature t-0 Min(Mean) 24 <z <27
(false ceiling) <0.1 n.a. n.a.
Air temperature t-6 Max(Mean) 24 <z <27 (0.30) (0.78) (1.55)
(false ceiling)
Air temperature t-7 Max(Mean) 18 <z <21

Table 4
Association rules (aggregation interval weekly, Y = {necrosis}) on the test set and (training set).
‘ X ‘ X=Y
# Attribute Function Range (in °C) supp  conf  lift
7 Air temperature Min(Mean) 21 < <24 0.59 0.99 1.52
(false ceiling) (0.32) (0.67) (1.33)
8 Air temperature Max(Mean) 24 < x < 27 <0.1 n.a. n.a.
(false ceiling) (0.32) (0.64) (1.27)
9  Air temperature Max(Diff. bet- 1<xz<?2 0.34 0.98 1.52
ween two hours) (0.36) (0.61) (1.23)

4. Results and discussion

Analysis of association rules per aggregation interval in both the training and test propose
temperatures as a cause of necrosis in the pig’s environment. According to process experts,
an air temperature of 18°C' < 21°C indicates a low air temperature. During the study period,
tests were conducted in the pens with different heating zones. Air temperatures in the areas
under the false ceiling were warmer than in the areas without the false ceiling. Therefore,
process-related information is available to support temperatures as a suggestion for the causes
of necrosis. Process experts said in discussions that the temperatures in the association rules
are quite plausible. Plausibility refers to subjective interestingness by including of process-
related knowledge [16, 14]. Thus, we conclude that association rule mining is able to create
plausible association rules for use cases where there are few or no possibilities to identify



causes of undesirable process outputs. Lack of specific sensors (e.g., necrosis-specific sensors),
non-speaking process stakeholders (e.g., pigs), or an environment that limits reproducibility
(e.g., different numbers of pigs affected by necrosis living in a similar environment) are examples
of such reasons that make the root cause analysis difficult. Other possible applications include
diseases, quality variations and yield fluctuations in agriculture or animal husbandry. To use our
procedure in these use cases, the application-specific class adaptation in table A is necessary.

Temperature is associated with underlying processes, like heating or ventilation control.
Thus, process-related causes could lie in the underlying processes. Although association rules
establish a relationship between temperatures (or underlying processes) and necrosis, they
describe no causality. The suggestion that temperature is a cause needs to be investigated in
further experiments, e.g., similar to [12].

Asin [9, 10, 11], created association rules are partially specific to the training set, resulting in
inapplicable association rules on the test set. This can be a result of our discretization scheme
and different properties of the test set. Future work relate to the creation of discretization
schemes and the transfer of generalization concepts from attributes in hierarchical structures to
non-hierarchical structures, as is the case with the environmental attributes [25]. Generalization
improves transferability to other use cases. Similar to [9, 11], we report that process-related
knowledge improves the downstream analysis of association rules with respect to justification.

This work is subject to the following limitations. First, pig farming consists of sub-processes
that are carried out in an orderly structure. Association rules use sets of attributes and therefore
do not consider the order of characteristics of the underlying processes. To maintain the ordered
structure, sequential rule discovery is one approach [30]. Comparing results using association
rule mining or sequential rule mining to study cause-effect relationships is future work. Second,
class lower and upper bounds affect the support of concerning attributes, may exclude attributes
due to low support. In addition, recursive feature elimination excludes attributes once again.
Feature elimination was necessary to ensure computability due to available main memory. Third,
we did not remove redundant association rules in the downstream analysis. However, this would
not change the association rules presented or the suggestions, but would reduce the number of
rules. Fourth, we randomly balanced the samples with and without necrosis in the training set
to increase supp,,,.,. This directly affects our metrics in the training set. Fifth, we re-identified
the association rules in the test set to treat rare association rules as inapplicable association
rules because these rules would affect too few pigs to represent a cause-effect relationship. Thus,
it is not possible to distinguish between association rules with supp = 0 or 0 < supp < 0.1.

5. Conclusion

This research explored association rule mining for plausible suggestions of process-related
cause-effect relationships in pig farming. We used real data over a ten-month period and created
association rules based on different intervals of data aggregation. Association rules pointing to
temperatures and thus the underlying process regarding heat or air control as a suggestion for
causes of necrosis. Moreover, there is process-related knowledge (e.g., different heating zones)
that supports this suggestion, so we assume that association rule mining is able to provide
plausible (justified by process knowledge) suggestions.
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A. Discretization of continuous values

Data Function Unit Ranges for a value x
Age (start of rearing) - kg r=23r=24;..;32< x
Birth weight - kg <0505<2<1.0;..;4<x
Brightness Min., Max., Mean, Diff. Ix xr <40;40 < x < 80;..;520 < x
Control weight - kg r<4;4<2<6;...;10< 2
Daily increase - g r < 100;100 <z < 125;..5275 < x
Food Sum (daily) kg < 30;30 <z <40;..;60 <z
Sum (weekly) kg r < 180;180 < x < 210;...;360 < x
Diff. (weekly) kg r < 30;30 <z <40;...;60 <z
Humidity Min., Max., Mean, Diff. % r<30;30 <x<35;..590 < x
Manipulable material Sum (daily) kg <0750 <zr<15..;6<x
Sum (weekly) kg r<6;6<zr<7;.:;30<x
Diff. (weekly) kg <0750 <z <15 ..;6<z
Temperatures Min., Max., Mean °C r<15;156<xr<18;..;39< x
(air, ground) Diff. °C r<;1<x<2;.;5<x
Temperatures Min., Max., Mean °C r<10;10 <z < 15;...;100 < x
(flow, return flow) Diff. °C r<21;-21<r<—18;..;21 <z
Water Sum (hourly) L r<55<xr<10;..525<x
Sum (daily) L x<10;10 < x < 20;..;250 < x
Sum (weekly) L x < 50;50 < x < 100;...;500 < z
Diff. (weekly) L r <10;10 <2 < 20;..;100 < x

r<4;4<2x<6;..;10< 2
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