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Table 1: DMN representation of the ship clearance decision of Figure 1b

Enter Length
(m)

Cargo
(mg/cm2)

y,n � 0 � 0

Refuel Area

none, indoor, outdoor
U

Refuel area determination

n � �
y  350 �
y > 350  0.3

y > 350 > 0.3

none

indoor

indoor

outdoor

1

2

3

4

Table 2: DMN representation of the refuel area determination decision of Figure 1b

over their corresponding datatypes. In Table 1, the input attributes are: (i) the certificate expira-
tion date, (ii) the length, (iii) the size, (iv) the capacity, and (v) the amount of cargo residuals of
a ship. Such attributes are nonnegative real numbers; this is captured by typing them as reals,
adding restriction “� 0” as facet. The rightmost, red cell represents the output attribute. In both
cases, there is only one output attribute, of type string. The cell below enumerates the possible
output values produced by the decision table, in descending priority order. If a default output is
defined, it is underlined. This is the case for the none string in Table 2.

Every other row models a rule. The intuitive interpretation of such rules relies on the usual
“if . . . then . . . ” pattern. For example, the first rule of Table 1 states that, if the certificate of the
ship is expired, then the ship cannot enter the port, that is, the enter output attribute is set to n

(regardless of the other input attributes). The second rule, instead, states that, if the ship has a
valid certificate, a length shorter than 260 m, a draft smaller than 10 m, and a capacity smaller
than 1000 TEU, then the ship is allowed to enter the port (regardless of the cargo residuals it
carries). Other rules are interpreted similarly.

Ship
id-code 
name

Certificate
exp-date

Harbor
location

Attempt
when 
outcome

tried entering into

owns
1
0..1

* *

receive  
entrance request

record 
ship info

inspect ship
ship id

acquire
certificate

record
cargo 

residuals

record 
exp. date

cargo residuals 

certificate exp. date

decice 
clearance

enter

refuel area

enter?

send 
refusal

send 
fuel area info

open 
dock

N

Y

ship type (short name)



Understand, share, explain

receive  
entrance request

record 
ship info

inspect ship
ship id

acquire
certificate

record
cargo 

residuals

record 
exp. date

cargo residuals 

certificate exp. date

decice 
clearance

enter

refuel area

enter?

send 
refusal

send 
fuel area info

open 
dock

N

Y

ship type (short name)

Semantic DMN 17

Cer. Exp.
(date)

Length
(m)

Draft
(m)

Capacity
(TEU)

Cargo
(mg/cm2)

� 0 � 0 � 0 � 0 � 0

Enter

y, n
U

Ship Clearance

 today � � � �
> today < 260 < 10 < 1000 �
> today < 260 < 10 � 1000 �
> today < 260 [10,12] < 4000  0.75

> today < 260 [10,12] < 4000 > 0.75

> today [260,320) (10,13] < 6000  0.5

> today [260,320) (10,13] < 6000 > 0.5

> today [320,400) � 13 > 4000  0.25

> today [320,400) � 13 > 4000 > 0.25

n

y

n

y

n

y

n

y

n

1

2

3

4

5

6

7

8

9

Table 1: DMN representation of the ship clearance decision of Figure 1b

Enter Length
(m)

Cargo
(mg/cm2)

y,n � 0 � 0

Refuel Area

none, indoor, outdoor
U

Refuel area determination

n � �
y  350 �
y > 350  0.3

y > 350 > 0.3

none

indoor

indoor

outdoor

1

2

3

4

Table 2: DMN representation of the refuel area determination decision of Figure 1b

over their corresponding datatypes. In Table 1, the input attributes are: (i) the certificate expira-
tion date, (ii) the length, (iii) the size, (iv) the capacity, and (v) the amount of cargo residuals of
a ship. Such attributes are nonnegative real numbers; this is captured by typing them as reals,
adding restriction “� 0” as facet. The rightmost, red cell represents the output attribute. In both
cases, there is only one output attribute, of type string. The cell below enumerates the possible
output values produced by the decision table, in descending priority order. If a default output is
defined, it is underlined. This is the case for the none string in Table 2.

Every other row models a rule. The intuitive interpretation of such rules relies on the usual
“if . . . then . . . ” pattern. For example, the first rule of Table 1 states that, if the certificate of the
ship is expired, then the ship cannot enter the port, that is, the enter output attribute is set to n

(regardless of the other input attributes). The second rule, instead, states that, if the ship has a
valid certificate, a length shorter than 260 m, a draft smaller than 10 m, and a capacity smaller
than 1000 TEU, then the ship is allowed to enter the port (regardless of the cargo residuals it
carries). Other rules are interpreted similarly.

Ship
id-code 
name

Certificate
exp-date

Harbor
location

Attempt
when 
outcome

tried entering into

owns
1
0..1

* *

internal members 
(management, IT, domain experts)

external stakeholders 
(customers, citizens, auditors)

digital agents 
(applications, robots, …)



Machines can use models…
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Do models reflect reality? 
(Does management understand what is going on?)
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Going digital in reality

event log

completeness 

quality 

integration



A sea of event data tracing the  
evolution of process instances…



… to compute indicators
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Process MiningReplay: Connecting events to model 
elements is essential for process mining
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Play in: process discovery

Executed process



Dutch Municipalities28 Ube van der Ham 

 
Fig. 10. “When we understand that slide, we’ll have won the war.”2  

Process compared for 5 municipalities (building permits only). Contextual information is 
essential to select the right details. 

Process mining (cl)aims to show what is really going on in an organization. In a 
process that is complex by design and nature, that results in a dilemma of either losing 
detail and not see what is really going on or getting a very complex process map as in 
Fig. 10.  

Only by adding meaning from contextual information, it is possible to zoom in on 
the right part of the process and keep the desired level of detail.  
  

                                                           
2 Quote from General Stanley McChrystal, NATO Commander in Afghanistan, after he got 

presented a slide of even lower complexity analyzing the situation in Afghanistan [17]. 

[van der Ham, BPI Challenge 2015]
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Benchmarking of five Dutch municipalities with process mining techniques 15 

7 Control Flow Changes over Time and Differs across 
Municipalities Despite Uniform Legislation. 

7.1 Many Variants in the Process Flow 

From the analysis of the logs, it appears that there is in every municipality a huge 
variety in the route permit applications follow through the process. As we saw in the 
contextual information, this was to be expected. However it is hard to imagine that 
there are hardly any cases that could follow the same flow through the process. The 
log of MuniE has 1156 cases in 1003 variants. Maximum 14 cases follow the same 
variant! It would be worthwhile to investigate if the number of variants in the process 
flow can be reduced. 

7.2 Differences in Performance Show in Control Flow Municipalities  

Although the processes are centrally designed, several differences are visible that 
make the difference in speed and objections very clear. We will focus on MuniC 
versus MuniB and MuniD, because the difference in performance is most obvious. 
Fig. 5 shows the control flow for the three municipalities in Disco.  

 
Fig. 5. Control flow for MuniD, MuniB and MuniC, shows the extra steps for objections and 

appeals (BB5/BB7). 

 

[van der Ham, BPI Challenge 2015]



Play in: not just control-flow…

Decision mining: how do people route process instances?



Play in: not just control-flow…

Social network mining: “real” organizational structure (handover of work)
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Replay: enhancement

Benchmarking of five Dutch municipalities with process mining techniques 15 

7 Control Flow Changes over Time and Differs across 
Municipalities Despite Uniform Legislation. 

7.1 Many Variants in the Process Flow 

From the analysis of the logs, it appears that there is in every municipality a huge 
variety in the route permit applications follow through the process. As we saw in the 
contextual information, this was to be expected. However it is hard to imagine that 
there are hardly any cases that could follow the same flow through the process. The 
log of MuniE has 1156 cases in 1003 variants. Maximum 14 cases follow the same 
variant! It would be worthwhile to investigate if the number of variants in the process 
flow can be reduced. 

7.2 Differences in Performance Show in Control Flow Municipalities  

Although the processes are centrally designed, several differences are visible that 
make the difference in speed and objections very clear. We will focus on MuniC 
versus MuniB and MuniD, because the difference in performance is most obvious. 
Fig. 5 shows the control flow for the three municipalities in Disco.  

 
Fig. 5. Control flow for MuniD, MuniB and MuniC, shows the extra steps for objections and 

appeals (BB5/BB7). 

 



Replay: enhancement

Benchmarking of five Dutch municipalities with process mining techniques 15 

7 Control Flow Changes over Time and Differs across 
Municipalities Despite Uniform Legislation. 

7.1 Many Variants in the Process Flow 

From the analysis of the logs, it appears that there is in every municipality a huge 
variety in the route permit applications follow through the process. As we saw in the 
contextual information, this was to be expected. However it is hard to imagine that 
there are hardly any cases that could follow the same flow through the process. The 
log of MuniE has 1156 cases in 1003 variants. Maximum 14 cases follow the same 
variant! It would be worthwhile to investigate if the number of variants in the process 
flow can be reduced. 

7.2 Differences in Performance Show in Control Flow Municipalities  

Although the processes are centrally designed, several differences are visible that 
make the difference in speed and objections very clear. We will focus on MuniC 
versus MuniB and MuniD, because the difference in performance is most obvious. 
Fig. 5 shows the control flow for the three municipalities in Disco.  

 
Fig. 5. Control flow for MuniD, MuniB and MuniC, shows the extra steps for objections and 

appeals (BB5/BB7). 

 

16 Ube van der Ham 

Only building permits have been selected, as to avoid differences in flow and 
performance caused by a different mix/complexity of permits. All activities have been 
combined in phases according to their activity code. Markers were added to the 
activities to distinguish the municipalities. 

The main phases 01_HOOFD_0 to 01_HOOFD_8 are indicated with the figures 0 
to 8. The right flow from MuniC, shows a direct flow of cases from 5 to End. The 
middle flow from MuniB, adds the activity phases BB_5, BB_7 (objections and 
appeals) and HOOFD_8. These activities take extra time. MuniD on the left has a 
similar problem. MuniC has a loop in HOOFD_0 but is faster in most steps 0-5 than 
MuniB, well compensating the lost time in the loop. There are some slight differences 
in the loop from HOOFD_0 via 02_DRZ_0, 03_GBH_0 and 04_BPT_0, where 
MuniC is somewhat slower.  

The still from the animation (Fig. 6) shows not only the bottleneck before BB_5 in 
MuniB and MuniD, but also the more regular distributed cases over the rest of the 
steps in MuniC. 

 
Fig. 6. Still from the animation of the flow of cases through the process, shows that cases in 

MuniC are more evenly distributed. 

MuniA and MuniE are not included in the picture because of the limitations of 
detail in print. On the computer screen it can be seen that MuniA has a frequent 
backloops from HOOFD_5 to HOOFD_1 via 05_EIND and 06_VD. MuniE has a 
problem with the BB phases similar to MuniB.  



Replay: conformance checking

Detect deviations and align the actual with the expected behaviors
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Runtime operational support

Predictive monitoring: what will likely happen to my process instance?



This is for us to take, and 
manage wisely

Not to control… …but to continuously improve!



!Thanks!


