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For the ICPM Process Mining contest an
anonymized dataset is available. This dataset
has the structure of a cases and events table
and is from a large multinational company
operating from the Netherlands. The field of
expertise of this company is coatings and
paints and their data contain information of 4 of
their 60 subsidiaries. Related companies are
AkzoNobel and PPG paints.

With the Agilos Analytics 4 Improvement (A4l)
Process Mining application (powered by
ProcessGold) we conducted an analysis on this
data about their procure to pay process (P2P).

The goal of this report is to help this company
understand their processes and potentially
help them prevent faults or inefficiencies that
would otherwise have gone unnoticed. Special
care is given to compliancy, as it is given that
the process owner has compliance questions.

To effectuate beforementioned goal, three main
topics of interest are reviewed.

The process models that can be
distinguished from the data.

The throughput of the invoicing
process.

Deviations from the standard process.

1. The process models that can

be distinguished from the data

We performed both process intelligence and
business intelligence on the data set. This
allowed us to identify the discriminating
properties that together result in a set of
process models, which together assist in
understanding and improving the overall
process.

I 3 6 [N 4
“vi R on Jses B v Rear
“vi Jses R on Ly

Process Intelligence

Throughout this analysis we have worked with
three different case ID's (as shown above) to
analyze the process from different angles,
namely:

® Purchase order, which holds all the
purchasing line items.

0 Purchase order line item, which for this
contest is defined as Case ID.

Invoicing process iteration, which is
() created by us to determine the
throughput of the invoicing process.
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As indicated before, we decided upon
incorporating Business Intelligence (Bl) and
Process Intelligence (PI) to construct different
process models. We used the beforementioned
invoicing process iteration, to identify the
process models that comprise of more than
one iteration. The Agilos Analytics 4
Improvement app “A4l App” powered by
ProcessGold enables us to easily switch from
Case ID and to combine the Pl-view with the BI-
view.

Not only have we identified the models with
multiple iterations. We also divided the
process into only ‘primary’ activities and with
‘other’ activities, which we also used for the
business intelligence view. The following
primary activities are identified.

1. Create Purchase Requisition Item
Create Purchase Order ltem

Vendor Creates Invoice

& wo

Record Invoice Receipt

5. Record Goods Receipt
6. Record Service Entry Sheet

7. Clear Invoice

We have divided our process models by
iterations and by exclusively following the
primary activities, but what we also did is
determine whether the process started with a
purchase requisition (PR) and combine all this
with the item type field. The result is the
process models as shown below.

A Process model Total
Consignment 978
Limit

Other orders, 1 iterations with other activities 414591
Other orders, 1 iterations without other activities 406.824
Other orders, =1 iterations with other activities 77.897
Other orders, =1 iterations without other activities 17.701
Other PR orders, 1 iterations with other activities 69.309
Other PR orders, 1 iterations without other activities 70.014
Other PR orders, >1 iterations with other activities 12.479
Other PR orders, =1 iterations without other activities 3.816
Service 81.011

Total 1.154.715

Figure 1: Activities per process model (filtered by closed
cases)

2. The throughput of the

invoicing process

To analyze the invoicing process, we only
focused on the relevant activities. As
mentioned before we created an invoicing
process iteration that we can use as Case ID.

[> Record Service Entry Sheet  []
13d

19d

Sh [> Vendor creates invoice [ ]

( [ Record Goods Receipt [ ] 13d

[> Record Invoice Receipt [ ]
-

‘:1:
Average throughputtir 230.838cases
10h 48d

Figure 2: Invoicing process throughput times

With this we created the following graph,
which shows the average throughput times of
the largest process model.
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We filtered out the cases with a wrong starting
activity and the incomplete cases, this is
explained in chapter 3.

To gain insight in the process models defined
as before, we use Bl to see the average
throughput times of each of the models. As
shown on the right, the orders with PR
(depicted as ‘Other PR orders...") are on average
considerably faster than their non-PR
counterpart!

An important conclusion is that where the
process flow only contains the seven primary
activities (depicted by "...without other
activities'), the throughput time is lower. This
means the Lean mantra First Time Right proves
to pay off from this perspective!

Consignment

Limit

Other orders, 1 iterations with other activities

Other orders, 1 iterations without other activities
Other orders, >1 iterations with other activities

Other orders, >1 iterations without other activities
Other PR orders, 1 iterations with other activities
Other PR orders, 1 iterations without other activities
Other PR orders, >1 iterations with other activities
Other PR orders, >1 iterations without other activities

Service

Figure 3: Average throughput time per process model

Average
throughput

Sum iteration
Iteration Vendor Invoice
Count amount

11.669 €26.864.529

The following conclusions can be drawn from the table above

Processes that start with a PR have a
much lower throughput time than
processes without a PR. We note that
the deployment of PR way of working
(which started in September 2018 within
this company) paid off from this
perspective

Submission for the Ninth International Business Process Intelligence Contest of the ICPM, by J. Bekker and AW. Kisjes

The throughout time is significantly
lower when no additional activities
have to be carried out (like price
changes, payment blocks, etc.)
Service orders have a significant
lower throughput time than non-
service orders
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3. Deviations from the standard

process

We have successfully identified various
process models and invented a technique to
analyze the invoicing process. Now, deviations
can be easily identified and considered for
further analysis and improvement. Our
philosophy is nonetheless, analytics for
improvement.

During our analysis we consistently use the PO
amount as a reality check for our conclusion.
We found out that for the other amounts (for
instance clear invoice) the total amounts were
much higher, as a result of the many iterations.
This influenced our decision on how to
approach this challenge. Normally we align the
amounts and check for variances, this was not
as effective with the dataset used for this
challenge.

Normally in a Process Mining project, intensive
communication with the client is required to be
successful. However, during this contest no
communication with the client was possible or
allowed. During the analysis of the dataset a lot
of questions and potential issues surfaced, and
this list is too long to include in this report. We
therefore decided to mainly focus on the issues
where we think it potentially has the most
impact for the company.

The main areas covered in chapter 5 of this
report are:

e (Potential) circumvention of segregation of
duties

e Anomalies in the process flows

e Anomalies in the event amounts

e Data Quality

Dataset used: van Dongen, B.F, Dataset BPI
Challenge 2019. 4TU.Centre for Research Data.

https://doi.org/10.4121/uuid:d06aff4b-79f0-

45e6-8ec8-e19730c248fl
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2. Methodology

For this assignment we deployed the Agilos
Analytics 4 Improvement methodology which is
powered by the Agilos A4l Application. This
application is customized on the ProcessGold
Data Visualization & Process Mining platform.

On the right the DMAIC approach is displayed
where the different steps are brought into the
perspective of the Analytics for Improvement
approach.

This allows for a combined business insight
(pivoting on the output e.g. on PO Values, or on
other value dependent on the quality of the
data preparation) and process performance
insight through a combination of the extensive
process mining capabilities.

The A4l App also includes a dashboard which
both shows the actual values of the filtered
data as well as a footer with the total values of
the unfiltered dataset. This footer also shows
the percentage, see below.

PO's PO lines

53.846 186.277 230.838

276.349|71% 2 251.734| 74% 3 422.605 | 55%

Process iterations

Figure 4: Adl footer. Closed purchase order line items filter applied

3 1.595.923 | 72%

Measure & Control &
Collect Improve
\ J
Y

Business insight \ Y }

Process discovery Improved analytics and dashboarding

Process improvement

\ J
!

Business control
Process control

Act on Facts - Continuous Improvement - Change Management

Figure 5: DMAIC applied in the Analytics for Improvement approach

PO amount Activities Variants Vendors Items Users
1.154.715 €670.231.046 40 6.833 1.489 322 587
3 €996.818.747 | 67% 3 42]95% 311.973|57% 31.975|75% 3 490 | 75% 3 628]93%
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3. Process models

PO's PO lines Process iterations Events PO amount Activities Variants Vendors ltems Users
76349 25].753}\4 422.606 1.595.923 €996.818.747 42  11.973 1975 490 628

Figure 6: A4l footer. All purchase order line items

1. Getting to know the data We now have a general idea about the data, When we are talking about an invoicing
let's look at how the purchase order is built up. process, we should consider scoping our
See the illustration below. The purchase order activities to only the relevant ones for this

of the dataset an overview is needed. An _ o S . o
overview is generated by the A4l application isa d.ocum'ent'whlch is I|n.ked' to a vendor and process. We identified the following activities:
consist of line items. The line items hold

and shown above, which allows us to get a » tion about individual doad , e Vendor creates invoice (V1)
eneral idea about the dataset. It tells us that Information about individual goods or Services '

g looking at 42 different i that are up for order. Each line calculates the *  Record G°°‘?'S Receipt (GR)

we are looking a ITrerent process steps e Record Service Entry Sheet (SES)

: o total amount by multiplying the number of
performed with almost 1.6 million events that o ) . o L ;
were performed by 628 unique users. This units with the price per unit, specially in the ’ Recorq invoice receipt (INY)
concerns more than 76 thousand purchase case of services, a purchase order line item o Clearinvoice (PAY)

orders that were placed at almost 2 thousand follows the s§me Process f)r'almost the same
vendors for 490 unique items, totaling an process multiple times. This is what we call a

amount of almost 1 billion euros. This process process iteration.

was performed in almost 12 thousand different — &3 B8

ways, as calculated from more than 250

thousand purchase order line items. |__ EE.I @
7 £ 3

To understand the volume and the complexity

Figure 7: Structure of a purchase order
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Below the five biggest variants are shown. A
variant is a sequence of process steps as
performed for each purchase order line item
that belong to that variant. The five below are
all different sequences. Together, they cover
45% of all the cases. Note that a small portion
of sequences explain how the majority of the
purchase order line items are handled.

Variant 1 Variant 2

»> Create Purchase Order ftem

<|I

Vendor creates invoice 00% Vendor creates invoice

L

Record Goods Receipt Record Goods Receipt

Record Invoice Receipt Record Invoice Receipt
Clear Invoice W Clear Invoice W

50.286cases
Both 1 Both
Process A B Process B
0% 100% 0%

Figure 8: Graphs of the 5 most frequent process variants
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> Create Purchase Order tem

For this analysis, a purchase order line item is
followed through the procure to pay process.
For each of the five variants you can see how a
purchase order line item is being processed.
Variant 1is the biggest sequence the dataset
that covers around 1/5™ of all the purchase
order line items. It accounts for almost €120
million in orders.

Variant 3 (only open) Variant 4

»> Create Purchase Order ltem P> Creats Purchase Order
! Vendor creates invoice
Record Goods Receipt

Record Goods Receipt W

30.798cases 12.214cases
I e .
Process B ] Both
- Process B
100% 0% 100% 0%

‘I

Receive Order Confirmation

Record Invoice Receipt

Remove Payment Block

IJH‘

Clear Invoice W d

Variant 5

P Create Purchase Order tem

Vendor creates invoice

Record Goods Receipt

Record Invoice Receipt

Clear Invoice W

9.694cases

Both |
Process B | ]
0% 100%
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2. Finding the closed cases

Processes should have a clear beginning and
ending, because to assess which different
process models there are, we should only look
at the processes which have both a beginning
and ending. This means we want to filter the
data to only see the processes that are
executed from cradle to grave, so we can
effectively use them to model the different
processes. Other processes are either
incomplete or have started incorrectly.

To realize this filtering a technique is used to
categorize processes in either open cases,
closed cases and incorrect start cases. This is
done by identifying firstly the possible activities
from which the process could logically start,
and secondly by identifying at which activities
the process comes to a natural ending.

*

1.376  3.981 11.093

Figure 10: A4l footer. Purchase order line item with incorrect start activity

First event ¥ Cases
Create Purchase Order Item
Create Purchase Requisition item [N
Vendor creates invoice § 3457

SAM: Created | 1360

Change Approval for Purchase Order | 378

Vendor creates debit memo 122

Release Purchase Order

Change Currency

Tota 251 4

Figure 9: First activity of all purchase order line items

By analyzing the complete dataset, we are able
to see which activities started the process. This
start is based on the timestamp, logically.
Above an overview is shown of the starting
activities. It says that 79% of the purchase
orders start with the activity “Create Purchase
Order Item”. In 18% of the cases this is “Create
Purchase Requisition Item”. Although this
covers almost the entire dataset, we found out

41.150 €52.591.393 34

b
i

that for a small portion of the purchase orders a
SRM-process is in place which precedes the
creation of a purchase order. The rest (2% of
the cases) is regarded as an incorrect start
case.

We therefore defined the starting activities as
such, which can be seen on the image above
by the green color and the bold font that has

been used.

649 597 99 262
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When we look at our last activity within a
purchase order line item the data shows us the
picture at the right. This picture only shows the
top 10 end activities, in reality the list is longer.
We see that 72% of the purchase order line
items end with “Clear Invoice”, which is a
reasonable end definition for this process.
When a purchase order line item is made, but
|later deleted because of some reason a “Delete
Purchase Order ltem” also is an
understandable last step in the process. Even
though this step covers just 3% of the cases.
The rest (24% of the cases) is regarded as open
case, these processes are simply not done yet.

The abovementioned activities are defined as
end activities, can be seen on the image on the
right above by the red color and the bold font
that has been used.

Clear Invoice

Record Invoice Receipt [

Record Goods Receipt |

Delete Purchase Order Item | [ERPE
Remove Payment Block I

Create Purchase Order item B 2447
Cancel Invoice Receipt | 1348
Change Approval for Purchase Order | 1346
Record Service Entry Sheet | 921

Change Delivery Indicator [ 7

Figure 11: Top 10 last activity of all purchase order line items

We have now identified the purchase order line
items with incorrect start activity and the open
purchase order line items, what remains are
the line items with the abovementioned start
activity and end activity. We call these closed
purchase order line items and, on the right we
can see how many of those are found in each
subsidiary.

24.091 61.476 180.676 400.058 €273.996.308 39

Figure 12:A4l footer. Open purchase order line items

B

A Compar Close ncorrect start
companylD_0000

companylD_0001

companylD_0002

companylD_0003 1

Figure 13: Closed purchase order line items per subsidiary

4491 1.309 438
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53846 186277 230839

Figure 14: A4l footer. Closed purchase order line items

3. Confronted with a difficult

choice

When only looking at the closed line items, we
are left with almost 7 thousand different
sequences in which the activities were
performed. Because of our filtering we have
43% less variants to look at. These 6.8
thousand variants should be divided in
different process models.

Of the 6.8 thousand variants, the top 4 (based
on purchase order line item amount) are
summarized in the below table on the right. It
also shows multiple item types (as shown in
the columns) follow the same process. As we
can see, the item category “ 3-way match,
invoice before GR" and “ 3-way match, invoice
after GR" are both in variant 1and 2. In our
understanding this attribute should show
whether the activity “Record Invoice Receipt” is
either before or after “Record Goods Receipt’".
This would mean that both variants should
have the attribute “3-way match, invoice after
GR".

Process iterations

Events PO amount

1154715 €670.231.046

2 1.595.923 | 72% 2 €996.818.747 | 67%

Variant 1and variant 2 together are
responsible for 26% of the closed
purchase order line item amount, the
graphs are shown on the right.

We had to make a difficult choice
between:

e Process models based on available
attributes (e.g. item type), to later
see which variants (based on the
available process steps) do not
comply; or

e Process models based on available
process steps (e.g. create purchase
requisition item), to later see which
attributes do not fit in this model.

We did both.

Activities Variants Vendors
40 6.833 1.489
$42]95 £11.973|57% 1.975| 75%
B o
Compare:  Variant A Variant1 B:

- »  Create Purchase Order Item -
W h

Record Invoice Receipt

1

tems Users

¥ 490 75% 3 628|93%
ess B

Vanant 2

Vendor creates invoice

Record Invoice Receipt J
Clear Invoice W

Total Amount 50.286 cases Total Amount 30.798 cases
oth T ot .
Process A Process B

€119.757.951 | € 119,757.951'* €57.807.260 | £57.807.260 |

Figure 15: Two biggest variants compared (based on PO amount)

Variant 2-way match 3-way match, invoice after GR 3-way match, invoice before GR
Variant 1 €0 €7.926.881 €111.831.070
Variant 2 €0 €1.606.868 €56.200.392 7.8
Variant 4 €0 €3.833.462 €28.036.916 .87
Variant 10 €0 €321.463 €29.241.367 0 9.562.830
Figure 16: Top 4 (closed) variants in terms of PO amount
12 0f 25
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4, Combine process
intelligence with business

intelligence

Based on the insight of both business
intelligence as well as process intelligence we
decided to define a collection of process
models based on both attributes as well as the
frequency and existence of certain activities.
And we realized this split could not be used for
variant clustering as some variants within one
or more process models as defined by us. The
table on the right summarizes the process
models identified and is based on the views
provided by the A4l app.

The summary of this table on the right provides
some interesting insights: 69.7 % of the Non-PR
cases with 1iteration is responsible for 54,7 %
of PO value but is processed with only 7% of
the cases. On the other hand, 57,2 % of the Non-
PR cases with more iterations only accounts for
4,4 % of the PO amount value. Consignment
Po's have no PO value.

# of events

Sum of 1.
Create Sumof2. Sumof3. Sumofd4.
Purchase Create Vendor Record
Sum of # Requisition  Purchase creates Invoice
Sort - Process model ~ cases Sum of PO Amount Item Order Item invoice Receipt
=11.1 Non PR Other orders, 1 iterations without other activities 96.717 €211.202.388 0 2.355 3.188 3.410
=11.2 Non PR Other orders, 1 iterations with other activities 78.703 €333.931.314 0 8.787 12.131 16.424
=2.1Non PR Other orders, >1 iterations without other activities 2.355 €19.216.837 0 96.717 89.680 90.785
=12.2 Non PR Other orders, >1 iterations with other activities 8.787 €66.963.911 0 78.703 68.586 68.847
-13.1PR Other PR orders, 1 iterations without other activities 21.303 €70.368.403 627 627 845 791
=13.2PR Other PR orders, 1 iterations with other activities 20.259 €103.438.892 1.603 1.603 2.199 2.816
=4.1PR Other PR orders, >1 iterations without other activities 627 €5.219.961 21.303 21.303 18.050 18.055
-14.2 PR Other PR orders, >1 iterations with other activities 1.603 €9.523.692 20.259 20.259 16.971 16.970
=I5. Service 5.838 €163.740.191 0 5.838 7.580 9.967
=8. Limit 1.044 €13.213.158 0 1.044 689 695
9. Consignment 14.498 €0 2.800 14.498 0 0
Grand Total 251.734 €996.818.747 46.592 251.734 219.919 228.760
Figure 17: The process models in relation with the primary activities
Sum of #
Relation between # cases. PO amounts and # events cases Sum of PO Amount # events
l.1and 1.2 Non PR: 1 iteration 175.420 €545.133.702 112.033
2.1and 2.2 Non PR more interations: 11.142 €86.180.748 913.308
4 v 4
3and3 PR 43.792 €188.550.948 260.999
5. Service 5.838 €163.740.191 267.601
8. Limit 1.044 €13.213.158 5.898
9. Consignment 14.498 €0 36.084
251.734 €996.818.747  1.595.923

Figure 18: Condensed overview of the process models
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Sum of 5.
Record
Goods
Receipt
8.727
16.398
94.169
69.683
2.545
3.249
20.048
18.188
65.631
0
15.459
314.097

Sum of 6.
Record Sumof7. Sum of
Service Clear Other
Entry Sheet Invoice activities
0 2.604 0
0 14.467 23.542
0 83.239 0
0 64.732 108.167
0 512 0
0 1.974 3.661
0 11.694 0
0 8.851 25.996
164.975 6.013 7.597
0 307 3.163
0 0 3.327
164.975 194.393 175.453
% of total % of total
cases amount
69,7% 54,7%
4,4% 8,6%
17,4% 18,9%
2,3% 16,4%
0,4% 1,3%
5,8% 0,0%
100,0% 100,0%
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Sum of
Total
20.284
91.749
454.590
458.718
5.947
17.105
110.453
127.494
267.601
5.898
36.084
1.595.923

% of #
events
7,0%
57,2%
16,4%
16,8%
0,4%
2,3%
100,0%



4. Throughput

PQO's

53.054

276.349 | 69%

PO lines

183.293 247.173

2 251.734|73% 2 422,606 | 58%

Figure 19: A4l footer. Purchase order line items with invoice receipt and payment

1. Double invoice and payment?

For each purchase order line item where an
invoice and payment has been registered, the
throughput can be analyzed. So, to only look at
the purchase order line items where the
activity “Record Invoice Receipt” and “Clear
Invoice” are present we applied a filter in our
A4l application. In above overview it is shown
that for 73% of the purchase order line items
we can analyze the invoicing process.

Before we dive into the throughput analysis, a
check is done to see if certain process steps
are repeated within a specific purchase order
line item. If we expand above filter by adding
the prerequisite that either an invoice receipt
or a payment activity has been performed more

Process iterations Events

PO amount Activities

1.199.622 €736.467.307 41

21.595.923 | 75%

2 €996.818.747 | 74% Z42]98%

than once within a specific purchase order line
item, 2% of the purchase order line items
remain as shown in below overview.

The easiest thing to do is to exclude these
cases from the throughput analysis. Even
though these purchase order line items are just
a fraction of the total, the total net value of the
orders are quite sizable with 15% of the total.

Because of the sizable net amount, it is not
feasible to exclude the abovementioned
process variants from our throughput analysis.
So as stated in the challenge a technique is
sought to match the events within a line item.
To understand what is happening a short recap
is in place. We have almost 6 thousand
purchase order line items, divided over almost

Variants Vendors ltems Users
8.286 1.653 320 589
$11.973|69% ¥ 1.975|84% % 490 | 84% 3 628 | 94%

3 thousand purchase orders. Within these
purchase order line items multiple process
iterations occur, in total more than 23
thousand. Visually this looks like the illustration
on page 8.

We have looked for a way to identify the
different process iteration, and here we are
only interested in the invoicing process. To
reduce the complexity, we only
looked at the following activities:

e \Vendor creates invoice;

e Record Goods Receipt;

e Record Invoice Receipt;

e Record Service Entry Sheet; and
e (learInvoice.

PO's PO lines Process iterations Events PO amount Activities Variants Vendors ltems Users
2941 5946 23.117 99.516 €144.746.267 37 2874 639 93 367
3 76.349 | 4% ¥ 251.734| 2% ¥ 422.606 | 5% ¥ 1.595.923 | 6% ¥ €996.818.747 | 15% 3 42]88% 311.973|24% 3 1.975]32% ¥ 490 | 32% ¥ 628 | 58%
Figure 20: A4l footer. Purchase order line items that have multiple invoices and payments
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The next step in identifying the different
process iterations is numbering each first
occurrence of the beforementioned activities

individually as 001, the second as 002, the third

as 003, etc. Together with the purchase order

line item we now created a process iteration ID.

2. First time right

After applying the identifyer for each iteration it

is possible to analyze the throughput of each
process model. See below. Important
conclusion is that where the processflow only
contains the seven primary activities, the
throughput time is lower.

Average Iteration
throughput Count

A Proces e
Consignment
Limit 4d

Other orders, 1 iterations with other activities 6d 63.388
Other orders, 1 iterations without other activities

Other orders, >1 iterations with other activities

Other orders, >1 iterations without other activities

Other PR orders, 1 iterations with other activities

Other PR orders, 1 iterations without other activities

Other PR orders, >1 iterations with other activities 42d

Other PR orders, >1 iterations without other activities

Service 18d 4,817

Figure 21: Activities per process model (filtered by closed cases)
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Sum iteration

Vendor Invoice

amount

This means that the Lean mantra First Time
Right proves to pay off from this perspective!

Below the average throughput time is shown
together with the number of cases for the
different process models. As an example, we
also included a graph of the throughput time
analysis of the largest process model (meaning
that it contains the most purchase order line
items).

Case status Closed

/—P—‘ [> Record Service Entry Sheet []
13d

18d

Sh [> Vendor creates invoice [ ]
> Record Goods Receipt [ ] 13d

> Record Invoice Receipt [}
-

'H d
Average throughput tir 230.838cases
10h 48d

Figure 22: Invoicing process throughput times

The following conclusions can be drawn from
the table below on the left:

e Processes that start with a PR have a much
lower throughput time than processes
without a PR. We note that the deployment
of PR way of working (which started in
September 2018 within this company) paid
off from this perspective

e The throughout time is significantly lower
when no additional activities have to be
carried out (like price changes, payment
blocks, etc.)

e Service orders have a significant lower
throughput time than non-service orders
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5. Deviations

In this chapter various deviations are laid out.

ST Use Jser activities per case - ¥ Total
Please note that not every deviation is reported, _dwscviepe
jUSt some points of focus which are in our user_013  Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €1.534.265 €1534.265
opinion worth investigating. user 004  Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €1.204.825 €1.204.825
. . . user.015 Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €1.161,943 €1.161,043
1. (Potential) circumvention of
. . user 012  Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €918.687 €918.687
segregation of duties | | | L L
. . . o user 019  Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €745.482 €745.482
Certain users perform certain activities within a . _ _
e user_020 Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €545946 €545.946
case. Some activities should not be done by the
same user. The table on the right contains an user 007  Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt € 529,589 €529.589
examp|e of users that executed both the user 001  Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €372.741 €372.741
invoice receipt and the payment within the user 006 Cancel Invoice Receipt, Clear Invoice, Record Invoice Receipt €72947 €72947
same case ID flow. Total €7.086.425 €7.086.425

Figure 23: Users who perform multiple activities for the same case
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2. Anomalies in the process

flows
In this section deviations from the standard
process are laid out.

Activities logged under wrong purchase order
line item

For 4 purchase orders, activities are logged
under one line item while these should
probably have been logged under the other. In
the dashboard below is seen that the purchase
order has the same sum of purchase order as
clear invoice, but on line item level this is not

the case.

PO's PO lines Process iterations Events PO amount Activities Variants
276.349 | 0% % 251.734 | 0% 2 422.606 | 0% % 1.595.923 | 0% 2 €996.818.747 | 0% T 42]29% 211.973|0%
A Purchasing Document Case D 1. Create Purchase Requisition 2. Create Purchase Order ltem 3. Vendor creates invoice Record Invoice Receipt Recor is Receip
4507029880 4507029880_00010 €0 €11.278 €22556 €22556 €11.278

4507029880_00020 ) €11278 € 11.27¢
4507034588 4507034588_00010 €0 €3.469 €6.938 €6 €346

4507034588_00030 €0 ¢ €0 €0 €3.469
4508055222 4508055222_00070 €62 €6 124 €124 €62

4508055222_00080 €62 ¢ 0 €0 6
4508059067 4508059067_00010 1.260 €1.260 €0 €0 €1260

€0 € € 0 €2520 €1

Figure 24: A4l dashboard. Activities that might be registered under the wrong purchase order line item

4508059067_00040

Total
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Vendors

4

21.975| 0%

ltems Users
¥ 490|0% ¥ 628]3%
Other activit |
1 €101.5(
€10.407 9
69 040
124 €68
€0 6
6.300 €10.080
196
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No changes after debit memo

When a debit memo is created, we expect
either "Change Price" or "Change Quantity".
There are almost 6 thousand purchase order
line items where the activity "Vendor creates
debit memo" occurs, as shown below on the
first footer.

Below is seen that in almost 5 thousand
purchase order line items, the abovementioned
changes were not recorded. This means that,
according to the dataset, a debit memo did not
lead to a change in price or quantity.

PQ's PO lines PO amount Events Activities Variants Vendors ltems Users
2.569 5988 €103.228.342 79.782 35 2.379 655 179 373
¥ 76.349 | 3% ¥ 251.734| 2% ¥ € 996.818.747 | 10% ¥ 1.595.923 | 5% 3 4283% $11.973|20% ¥ 1.975]33% ¥ 490 | 33% % 628 | 59%

Figure 25: A4l footer. Purchase order line items which contain the event "Vendor creates debit memo"

PO's PO lines PO amount Events Activities Variants Vendors ltems Users
2.032 4831 €45.984.057 55.322 34 1.769 517 90 333
% 76.349 | 3% ¥ 251.734 | 2% ¥ €996.818.747 | 5% ¥ 1.595.923 | 3% $42]81% ¥ 11.973|15% 3 1.975]26% 3 490 | 26% ¥ 628 | 53%

Figure 26: A4l footer. Purchase order line items which contain the event "Vendor creates debit memo", as well as "Change Price" or "Change Quantity"
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3. Anomalies in the event

amounts

PO with 0 value

Within the data we also found that certain
purchase orders have a PO-value of €0,-. Below
table shows that for every item type there are
purchase order line items valued at zero. See
the first two columns.

16.385 PO line items have a 0-value, including
14.498 consignment orders. Other than the
consignment orders, this is probably waste.
Further investigation is required.

0 <>0 Total Count c 0 <>0 Total Sum of Total
Row Labels Count of Case Il Count of Case ID Sum of Total Sum of Total
Consignment 14498 14498 €0,00 €0
Limit 1 1043 1044 €0,00 €13.213.158 €13.213.158
Service 29 5809 5838 €0,00 € 163.740.191 € 163.740.191
Standard 1435 218751 220186 € 0,00 €792.621.567 €792.621.567
Subcontracting 411 4267 4678 €0,00 € 12.500.465 € 12.500.465
Third-party 11 5479 5490 € 0,00 € 14.743.366 € 14.743.366
Grand Total 16385 235349 251734 €0,00 €996.818.747 €996.818.747

Figure 27: 0-valued purchase order line items per item type
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Sum of 2. Payment to vendor in relation with purchase

Create
Purchase Sum of 7. Clear Orders

Vendor PO top 20 invoice top 20 Order Item Invoice
vendorlD_0396 PO top 20 invoice top 20 €9.007.795 €142.879.524 Row Labels - |Sum of 2. Create Purchase Order Item
vendor|D_0234 PO top 20 invoice top 20 € 16.305.609 €115.441.179 PO tOp 20 €338.710.199
vendor|D_0151 PO top 20 (blank) €8.960.426
vendorlD_0176 PO top 20 (blank) €9.450.894 (blank) €658.108.548
vendor|D_0197 PO top 20 (blank) €9.884.171 Grand Total €996.818.747
vendor|D_1023 PO top 20 (blank) €9.908.207
vendor|D_0259 PO top 20 (blank) €10.069.100 . ,
vendor|D_0193 PO top 20 (blank) €10.378.017 Flgure 28; TOp 20 PO value
vendor|D_1085 PO top 20 (blank) €11.549.505
vendorlD_0939 PO top 20 (blank) €13.696.972 Row Labels = | Sum of 7. Clear Invoice
vendor|D_0277 PO top 20 (blank) €15.331.375 N N
vendorlD_0963  POtop20 (blank) €19.319.387 invoice top 20 €1.445.753.104
vendor|D_0147 PO top 20 (blank) €20.054.044
vendoriD_0183 PO top 20 (blank) €20.411.055 (blank) € 1045273332
vendor|D_0479 PO top 20 (blank) €21.939.532 Grand Total € 2.491.026.436
vendor|D_0166 PO top 20 (blank) €22.243.010
vendoriD_0184 PO top 20 (blank) €23.153.203 X .,
vendoriD_0106 PO top 20 (blank) €24.691.895 Figure 29: Top 20 Clear Invoice (payment ) value
vendor|D_0159 PO top 20 (blank) €30.251.481
vendoriD_0104 PO top 20 (blank) €32.104.521 In the Vendor top 20 from a PO Value
vendor|D_0207 (blank) invoice top 20 €49.251.777
vendorlD_0204 (blank) invoice top 20 €38.549.237 perspective and from a C|ear invoice
vendor|D_0034 (blank) invoice top 20 €25.980.760 .
vendorlD_1442  (blank) invoice top 20 essries0 - perspective, only 2 out of 20 belong to both
vendoriD_0213 (blank) invoice top 20 €37.083.404 . ..
vendorlD_0395  (blank) invoice top 20 essass3c0  categories. This is very strange and probably
vendor|D_0854 (blank) invoice top 20 €35.932.388 .
vendorlD_0885  (blank) invoice top 20 eas104022  NOt caused by reallty but due to the way the
vendor|D_0397 (blank) invoice top 20 €28.578.836
vendorlD_0509 (blank)  invoice top 20 eszs3160  Process log was created.
vendor|D_0877 (blank) invoice top 20 €45.467.452
vendor|D_0201 (blank) invoice top 20 €57.776.474
vendor|D_0020 (blank) invoice top 20 €56.170.401
vendor|D_0472 (blank) invoice top 20 €46.089.856
vendor|D_0040 (blank) invoice top 20 €53.838.985
vendor|D_0330 (blank) invoice top 20 € 95.869.008
vendor|D_0388 (blank) invoice top 20 €223.304.784
vendor|D_0053 (blank) invoice top 20 €228.473.945
Grand Total €338.710.199 € 1.445.753.104

Figure 30: Top 20 purchase order line items and top 20 vendor invoices
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Service orders
After taking a closer look at the service order
some observations can be made:

e The amounts processed in the events look
unrealistic and could be due to the way the
event log is preprocessed by the
organizers of the challenge. Normally we
would expect the values of service entry
sheets, invoices and payment to be much
more in the range of the original PO. If the
values are realistic, this organization
should clearly have a closed look at the
way the order values for PO values are
estimated and agreed with vendors.

A Variant clusters
noPR-GR-SE-INV-noVI-noPayment

noPR-GR-SE-INV-VInoPayment 2
noPR-GR-SE-INV-VI-Payment 2.596
noPR-GR-SE-noINV-noVI-noPayment 2.707
noPR-noGR-noSE-noINV-noVI-noPayment 234
noPR-noGR-SE-noINV-noVI-noPayment 1

Tota

Figure 31: Total amounts processed within various variant clusters
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For > 50% of the service order with one or
more service entry sheets the invoice has
not yet been cleared.

1063 events belong to a variant where
there is a service entry sheet but no good
receipt event.
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4. Data quality

Item anonymization

After analyzing the data further we found that,
through the anonymization performed, the
same items numbers exist in the data for the
various item types. The only way to make them
unique is by joining the item type and item
Year |~ | #events number, but this would be an assumption that
we have not performed for our analysis.
Recommendation is to create a unique item
number when anonymization in the future.

0Old events

When looking at the table below, the amount of
events are shown from before 2018. These were
found in the dataset and seem to be mostly
related to data quality issues.

Figure 33, Amount of events from before 2018

PO's PO lines PO amount Events Activities Variants Vendors Items
97 264 €0 318 3 85 81 76
3 76.349 | 0% 3 251.734]| 0% 3 €996.818.747 | 0% ¥ 1.595.923 | 0% 342|7% $11.973|1% 31.975|4% ¥ 490 | 4%

Figure 32: A4l footer. Purchase order line items with events from before 2018
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4

2628|1%
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Vendor Name Vendor Closed ncorrect start Open

Vendor ID's and names not consistent intelligence and to reduce the errors vendor 0104 vendorD. 0104 8074 0 1743
126 vendor ID's have the same vendor name. of selecting the wrong vendor. vendoriD_0803 4 0 1
. vendor_0164 vendoriD_0166 868 2 235

The top three vendor names (in terms of cases) _ B
. . We recommend using a standard vencorlD.0184 4
are illustrated on the right. It shows that they vendoriD.0615 , ; .

have multiple vendor ID's. This could indicate

naming convention for every vendor,

for example: [COUNTRY] |

vendoriD_1078

that a new vendor is created for the same vendoriD-1559 ! ’ ’
. . . . [ENT'TY_NAM E] ([TRADE_NAME]), vendor_0143 vendoriD_0144 266 0 36
organization, but for another entity (with the o ot o 1 .
same trade name). It could also mean that due vendorlD_0357 38 0 194
to reluctancy or human error the vendor is vendorlD_0146 16 0 150
Created aS a dOUb|e. vendoriD_0458 5! 0 108
vendoriD_0892 a0 3 18

Another option is that other subsidiaries or vendorp-0223 “ ’ .
. . . . vendorlD_0286 51 0 9
delivery addressed are applied, but still this o016 . 1 .
should also be documented and labelled in vendoriD_0926 21 : 8

order to prevent the wrong comparisons and
conclusions.

Although the ID is the differentiator, unique
naming for vendors is recommended. This is
mainly to improve the vendor-based business

line

unt

vendoriD_0359 10

Figure 35: Top 3 vendor names with the various vendor ID's

10695 22002 22043 126490 €192501.504 31 1553 126 124 318

Figure 34: All cases which have vendor ID's with the same vendor name
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6. Improvement

1. Original Data Set

The data made available for this challenge
shows some very strange patterns, for
instance: log records without user ID's, mostly
identical amounts within case ID's, 50% of
iteration-ID's with a throughput time of zero
(with no specific vendor, users, period/time),
anonymization of item ID is such a way that the
same item number is in use for different item
types, etc.

For future challenges we would appreciate to
receive the raw data as we believe data
preparation for process mining determines
50% of the final value for the customer. Now we
continually have to ask ourselves whether our
observations are due to the way the data
preparation took place or that this company
has a real root cause in the processes that
resulted in this data.

2. Next Level Process mining

We believe the next level of process mining will
be enabling Business Process Improvement
through a combination of (integrated) business
intelligence and process intelligence and the
flexibility to work within the same dataset with
more than one case ID.

3. Process Model improvement:
First Time Right and Elimination
of Waste

We believe the company can significantly
reduce process costs by deep diving into the
process models identified & further scrutinizing
the root cause of both additional activities
without iterations and the reason for the many
iterations. First Time Right should be the goal!

For consignment orders we advise the
company to consider changing the process in
such a way, that for this order type also values
are recorded (as the stock is within the
premises of the company) and -where
possible- establish a connection between

consignment orders and the corresponding
real orders for those items.

We also see a lot of case iteration ID's where
the throughput time is zero (50% of iterations)
and would not be surprised if these could be
eliminated as they do not provide value.
However, when this is due to the data
preparation, this obviously should be fixed.

We believe approval activities should never be
performed by a batch user. In case a vendor
creates the invoice in a cloud application, we
believe the application should log the user ID of
a natural person at that company.

To perform even better checks on the
authorization, we suggest adding the
department code as an attribute for each user
and to define a rule set with conflicting
activities.

By making our app available to the users in the
departments of the company and periodically
adding data they can monitor and improve the
processes themselves to both get clean and
stay in control.
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VA
4. Throughput improvement -YAV.

Further analysis should provide insight if the

root cause for the high average throughput . I
time is only due to the payment terms or that Th a n ks fo r rea d I n g -
there are other reasons for the high throughput

times.

5. Data Quality

Application default settings and continuous
data quality monitoring are the ways to bring
the quality of the data within the process on a
much higher level. In any case, the consistency
of vendor ID's and names should be assured,
the strange amounts in the events should be
fixed (e.g. if they are due to copying it from the
wrong (currency) field or related to another Jordy Bekker Albert W. Kisjes
unit of measurement?) and the user names
should be logged by default.

%

IT Auditor at Mazars Partner at Agilos

+31611 920 648 +31665 853729
Jordy.bekker@gmail.com ELISENGERI
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