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Abstract. A resource typically executes a particular activity on a series of cas-
es. When a resource performs an activity on several cases simultaneously, (qua-
si-) sequentially or concurrently, this is referred to as batch processing. Given
its influence on process performance, batch processing needs to be taken into
account when modeling business processes for performance evaluation purpos-
es. This paper suggests event logs as an information source to gain insight in
batching behavior. It marks a first step towards a more thorough support for the
retrieval of batch processing knowledge from an event log by (i) identifying dif-
ferent types of batch processing and (ii) briefly outlining a method to generate
event log insights.
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1 Introduction

A business process is typically described as a series of interconnected activities exe-
cuted by resources. Resources, e.g. machines or staff members, are assigned to activi-
ties and typically carry them out on a series of cases such as products or files. Stating
that arriving cases will be handled immediately presents a simplified view on resource
behavior. Machines can deal with multiple products together or an employee might
deem it more efficient to accumulate invoices and treat the entire stack later. This is
referred to as batch processing [7].

Batch processing influences process performance as it can e.g. result in longer
waiting times for particular cases [8]. Consequently, it should be considered when
modeling a business process for performance evaluation purposes. This is also shown
by van der Aalst et al. [7] by illustrating the effect of batch processing on flow times.

While the presence of batch processing might be observable for machines, it is less
straightforward to observe the organization of work by humans. Moreover, given the
mere fact of being observed, the Hawthorne effect can cause a discrepancy between
observed and actual behavior [4]. In this respect, the increasing presence of process-
aware information systems, such as ERP systems, can be useful. Such systems record
process execution information in event logs. Retrieving insights on batch processing
from an event log is indicated as a research challenge in Martin et al. [3].
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In process mining research, only Nakatumba [5] proposes a method to identify
batch processing. In this method, all resource actions, i.e. executions of activities, are
placed on a timeline and grouped in so called chunks. A new chunk is started when
the elapsed time between the end of an action and the start of the following action
exceeds one hour. When a period such as a working day is composed of multiple
chunks, Nakatumba [5] states that batch processing occurs. This work can be lever-
aged in several ways. Firstly, the one-hour delay required to start a new chunk implies
that no actions can be recorded for that resource during this arbitrary timespan. Sec-
ondly, the proposed method abstracts from the specific activities performed by a re-
source, assuming that a resource can batch all activities. Consequently, batch pro-
cessing is equated to the alternation of periods of activity and periods of total inactivi-
ty. Moreover, some activities might be more eligible for batch processing than others.
Thirdly, no verification is included to check if the period of inactivity is caused by
batch formation or by the absence of cases to process.

This paper marks a first step towards a more thorough support for the retrieval of
batch processing knowledge from an event log. Next to the identification and defini-
tion of several batch processing types in process mining terminology, a preliminary
method to extract insights on this matter from an event log is presented.

2 Batch Processing: Definition and Types

In a production setting, often studied in operations management and operations re-
search literature, batch processing is defined as processing a number of cases simulta-
neously [6]. The same can hold for service processes, e.g. an information session that
is organized for a group of customers instead of individually [2]. However, Baptiste
[1] states that the duration of processing a batch can also be determined by the sum of
the processing times of all separate cases. This hints at a form of batch processing in
which cases are processed sequentially.

From the previous, it follows that different types of batch processing can be distin-
guished. In general, this paper defines batch processing as the simultaneous, (quasi-)
sequential or concurrent execution of an activity on distinct cases by the same re-
source. Consequently, three types of batch processing are considered, which are illus-
trated using the example in Figure 1 where an activity is always executed by the same
resource for both cases:

e Simultaneous batch processing. Instances of an activity are in a simultaneous
batch when they are executed by the same resource for distinct cases at the exact
same time. For instance: several car parts that need to be painted in the same color
can be put together in a spray booth. In Figure 1, the two instances of B are a sim-
ultaneous batch as both start and completion times correspond across instances.

e Sequential batch processing. Instances of an activity are in a sequential batch
when they are executed by the same resource for distinct cases immediately or al-
most immediately after each other. For example: employees only handle their e-
mails twice a day when they are treated sequentially, where a delay of a few sec-
onds might be present between processing two different e-mails. The two instances
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of A in Figure 1 form a sequential batch as the start timestamp for the second case
corresponds to the complete timestamp of the first case.

e Concurrent batch processing. Instances of an activity are in a concurrent batch
when they are executed by the same resource for distinct cases partially overlap-
ping in time. For example: a clerk can already start booking a second invoice when
additional information is required to finalize the first one. In Figure 1, the instances
of activities C, D, E, F and G present types of concurrent batches.

The above batch processing types are largely supported by Wu [8], where simultane-
ous and sequential batch processing are consistent with the concepts of parallel and
serial process batches, respectively.

case 1 A B & D E F G
case 2 A B C D E F G
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Fig. 1. Schematic representation of two cases, in which an activity is always executed by the
same resource for both cases.

3 Batch Processing Identification in Event Logs

To identify batch processing in an event log, the approach visualized in Figure 2 is
suggested. This method takes an event log, containing both start and complete events
on the one hand and resource information on the other hand, as a starting point. This
event log is restructured in a resource-activity matrix (RAM) in which each cell con-
tains a list of events associated to a particular resource-activity combination. The
event log is reorganized in a RAM because batch processing stems from the way in
which a resource organizes activity execution across cases.

From the RAM, a batching matrix is retrieved for each of the batch processing
types defined in Section 2. Each of these matrices has a similar structure as it repre-
sents the batching behavior for the batch processing type under consideration. A cell
in a batching matrix contains a list of case sets, where each case set is composed of
cases handled in batch. To determine whether cases are batched, the definitions out-
lined in Section 2 are used. Note that case sets containing a single case are also rec-
orded, indicating that this particular case is not part of a batch. Including the latter can
be helpful to place case sets containing multiple cases into perspective.

Using the information in the batching matrix as a starting point, future work will
define and extract useful batch processing metrics such as the occurrence frequency
of batch formation and the average batch size on different levels of analysis.

The retrieval of batching matrices has been implemented and applied to an artifi-
cial event log in which batch processing is explicitly included. Solely using this event
log, preliminary experimentation shows that the suggested approach is able to discov-
er batch processing.
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Fig. 2. Overview of batch processing identification method.

4 Conclusion and Future Work

Given its implications on process performance, batch processing needs to be consid-
ered when modeling business processes for performance evaluation purposes. To gain
insight in batching behavior, this work is a first step towards a more thorough support
for the retrieval of batch processing knowledge from an event log by (i) identifying
and defining several types of batch processing and (ii) briefly outlining a method to
generate insights from event logs.

As indicated in Section 3, future work will leverage these efforts by defining and
calculating valuable batch processing metrics. Moreover, a distinction between se-
quential batch processing and regular queue handling will be introduced as both leave
the same trail in an event log. Other possible extensions include discovering batches
of activity sequences instead of single activities and distinguishing batching behavior
using case attributes as particular cases might be batched while others are not.
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