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Abstract— Generally, analytical tasks target some specific
problem that requires engineering expertise to be solved
efficiently. However, it is wasteful to use an engineer’s expertise to
address repetitive tasks that are performed iteratively. Therefore,
in this paper, we propose a method to automate analytical tasks
using the footprint of an approach previously followed by an
engineer. Using this method, we can discover and create
executable workflow models and use it to automate analytical
tasks in manufacturing data analysis.
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I. INTRODUCTION

Workflow modeling methods have been studied extensively
[1,2,3,4,5,6,7,8]. These methods typically model workflows
using modelers or designers, but there are also methods based
on workflow/process mining [8, 9, 10, 11, 12, 13] that do not
require human intervention.

Analytical tasks usually consist of the following steps—
visualization, articulation, conceptualization, and decision
making for simple/complex problem solving using available
information. They are used in a variety of fields, such as
manufacturing, finance, and chemistry. Anyway, it depends on
the skill of the analyst engineer of specific area.

In this study, we focus on analytical tasks associated with
manufacturing. We propose a novel workflow modeling
method for automating such tasks.

II. WORKFLOWS

The workflow concept is a well-known technique used to
automate a variety of tasks. Workflows are typically divided
into two phases: modeling during the build time, and execution
at run time. A workflow management system defines, creates,
and manages the execution of workflows using software that
uses one or more workflow engines to interpret the process
definition, interact with workflow participants, and invoke the
use of IT tools and applications, if required.

These workflows and workflow management systems can be
used for manufacturing analysis. In particular, we are interested
in the automation of analytical tasks that can be executed
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without human involvement. Once the workflow model is
created, the engine in the workflow management system will
automate it.
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Figure 1. A Workflow Management System

Analysts carry out analytical tasks that are associated with a
specific application and set of parameter data. We collect their
footprint for analytical tasks and use it to create a workflow
model. There are other workflow discovery methods such as the
log-driven [11, 12] and model-driven methods [9, 10]. However,
in contrast to the proposed method, these techniques mine the
workflow process to generate the model from the scratch, and
understand its meaning. In our method, we automate the
repetitive analysis using footprint information associated with
the specific task.

II1. FOOTPRINT BASED WORKFLOW MODELING METHOD
FOR ANALYTICAL TASK AUTOMATION

We use analytical data to create the workflow model. Three
important aspects are considered—the task type, user action,
and task history. The task type describes a work step of an
analysis task. The user action describes a set of tasks related to
each other. The task history refers to the records associated with
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the user action. Depending on the task history, executable
workflows are created. In this case, we use the BPMN 2.0
standard [14, 15], a well-known workflow model standard that
can be executed on compatible workflow management systems.
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Figure 2. Workflow model creation using user actions

IV.AN EXAMPLE OF FOOTPRINT BASED WORKFLOW
MODEL (DISCOVERED WORKFLOW MODEL)

We used the Activiti [16] workflow management system to
create and run the BPMN model. The BPMN model and
workflow related information is managed using a database
system.

98" NAME_ | DEPLOYMENT_ID_|BYTES_
1609_2756_2016061615031016. bpmn20. xm1 267 (BLOB)
1609_2756_2016061615033654. bpmn20. xm1 268 (BLOB)
1609_2756_2016061617163555. bpmn20. xm1 272
1609_2756_2016062018061119. bpmn20. xm1 298
1609_2756_2016062018065727.. bpmn20. xm1 299
1609_2756_2016062115591094. bpmn20. xml 306 (BLOB)
1609_2756_2016062115592213. bpmn20. xml 307 (BLOB)
1609_2756_20160621171844107. bpmn20. xmL 315 (BLOB)
1609_2756_2016062117235617. bpmn20. xml 317 (BLOB)
1609_2756_2016062117244726. bpmn20. xml 318 (BLOB)

Figure 3. Workflow list managed by Activiti DB

Figure 3 shows a list of workflows created using the task
history and the structured data tables. Figure 4 shows the
executable model information. Using this information, analysis
tasks that are performed manually and repeatedly by engineers
can be automated and implemented as workflow models. In
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addition to this model information, details about the
implemented application and related parameters are also
needed. The generated workflow model is executed on the
engine. Figure 5 shows an example of the run history generated
by the workflow engine.
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Figure 4. An Analytic workflow model (BPMN model on Activiti DB)

1D0_ |# PROC_INST_ID_|
1 290001 290001

BUSINESS_KEY_|) PROC_DEF_ID_

3699_4478_2016070116422424:1:351

START_TIME_
16/07/04

END_TIME_
439000000 16/07/04

2 320001 320001 (null) 3699_4478_2016070116422424:1:351 16/07/04 . 047000000 16/07/04

3 322501 322501 (null) 3699_4478_2016070116422424:1:351 16/07/04 122000000 16/07/04

4 327501 327501 (null) 55_73_2016060818495077:1:197 16/07/13 . 285000000 16/07/13

S 282501 282501 (null) 55_73_2016060818495077:1:197 16/06/21 542000000 16/06/21

6 107501 107501 (null) standardanalyticprocess_2016051216563092:1:24 16/05/12 271000000 16/05/12

7 110001 110001 (null) s(andaminal‘{ucpmcess 2016051314100856:1:25 16/05/13 851000000 16/05/13

8 247501 247501 (null) 16/06/15 . 097000000 16/06/15

9 252503 252503 (null) 16/06/15 . 789000000 16/06/15

10 285001 285001 (null) 55_73_2016060818495077:1:197 16/06/21 . 869000000 16/06/21

11 302501 302501 (null) 3699_4478_2016070116422424:1:351 16/07/04 . 325000000 16/07/04

12 317501 317501 (null) 3699_4478_2016070116422424:1:351 16/07/04 . 105000000 16/07/04

13 112501 112501 (null) standardanalyticprocess_2016051711050824:1:41 16/05/17 . 420000000 16/05/17

14 252501 252501 (nut) 55_73_2016060818495077:1:197 16/06/15 788000000 16/06/15

15 (e e peiscemsdiig iwowts e sammeliaimeris

16 252519 252519 (null) 55_73_2016060818503926:1:198 16/06/15 15: . 449000000 16/06/15 15:. 451000000
18 277501 277501 (null) 55_73_2016060818495077:1:197 16/06/21 16: .574000000 16/06/21 16:

19 305001 305001 (null) 3699_4478_2016070116422424:1:351 16/07/04 9.634000000 16/07/04

20 EETTIECEN Tt

8_.
3699_4478_2016070116422424:1:351

21 312501 312501 (nutt) 16/07/04 548000000 16/07/04
22 315001 315001 (nut) 3699_4478_2016070116422424:1:351 16/07/04 835000000 16/07/04
23 245010 245010 (nut) 55_73_2016061413223982:1:202 16/06/15 192000000 16/06/15
24 255001 255001 (nuty) 55_73_2016060818495077:1:197 16/06/15 622000000 16/06/15
25 115001 115001 (nut) standardanalyticprocess_2016051711140293:1:42 16/05/17 396000000 16/05/17
26 245001 245001 (nuty) 55_73_2016061413223982:1:202 16/06/15 651000000 16/06/15
27 307501 307501 (nuty) 3699_4478_2016070116422424:1:351 16/07/04 148000000 16/07/04
28 335001 335001 (nutt) 3699_4478_2016070116422424:1:351 16/07/13 17:43:37.096000000 16/07/13 17:

Figure 5. Workflow exection history using the footprint based workflow
model

V. CONCLUSIONS

In this paper, we proposed a novel automated workflow
modeling method based on the footprint of analytical task
history. In order to automate the analytical tasks performed by
an engineer, we created a workflow model. The modeled
workflows can be automated by using workflow management
systems. We expect this technique to be used for automotive
analytical tasks without having to repeat manual tasks. It can
also be applied directly to the industrial field to facilitate
efficient analysis.
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