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Motivation
Problem statement from a practical viewpoint

Domain: Freight Transport and Logistics

ÅImaginea transferhub,
e.g., an airport

3ICSOC 2017, Málaga

Point of
Prediction

RCS: Freightreceivedfrom the shipper
DEP: Freightdepartedfrom airport
RCF: Freightreceivedat arrivalairport
DLV: Deliverfreight from arrivalairport

Make a decision to 
mitigate 

Challenge:
Deliver in time &
within reasonable 
amount of costs

Problems occur:
e.g, delay in a previous 

process instance



Motivation
Predictive Process Monitoring & Proactive Adaptation
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ÅError of the individual prediction
ÅPredictionmaybe wrong

Ą Predictionreliability to supportdecision[Metzger andFöcker 2017]

ÅCost savings throughadaptation
ÅE.g., costsimposedby contractualpenalties

such asstipulatedin SLAs

Ą Factoring in costmodelasadditional decisionsupport

ICSOC 2017, Málaga 5

Motivation
Factors impacting the success of the adaptation decision

Contribution



Motivation
Risk-based Proactive Process Adaptation Decision

6ICSOC 2017, Málaga

monitor

predict

time
t t + D

planned /
acceptable situations

= Violation

= Non-
Violation

V

R ≤ threshold Ą no adaptation
R > threshold Ą adaptation

+ Risk R

real-time
decision

proactive 
adaptation

Contribution



ICSOC 2017, Málaga 7

Motivation
Solution Idea

ÅRisk = probability of occurrence × severity
as in ISO 31000:2009 [Purdy 2010]

ÅRisk = Reliability estimate × Penalty
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Risk-based Prediction Technique
Risk-basedApproach: Consideringavoidedcosts

9ICSOC 2017, Málaga

Reliability estimate

Penalty

Process
Monitoring

Data

Prediction Model 1

Prediction Model n

Numeric Ensemble
Prediction

Prediction Model 2{

{
{

άὥὼȟȣȟ
ὭȡὥṺὃ

ὲ
ȟ
Ὥȡὥṿὃ

ὲ

ρ

ὲ
ȟȣȟ

ὥ ὃBasedon the
magnitudeof
the problem



Agenda

1. Motivation

2. Risk-based Prediction Technique

3. Evaluation

4. Conclusions

ICSOC 2017, Málaga 10



11ICSOC 2017, Málaga

ȃ

Constant

Step-wise (s steps)

ȃ

Linear with cap

clin

c

0

cconst

c

ȃ
1/s 2/s

cstep

1

c

2/s·cstep

1/s·cstep

(s-1)/s

é

1 0 1

0

Evaluation
Shapes for costmodel

Contribution



Evaluation
Independent Variables

ÅPenalty cost functions serving two purposes:
1. Compute predicted penaltyĄ Severity of the risk

2. Compute actual penaltyaccording to cost model

ÅAdaptation effectiveness
ÅIf adaptation helps to achieve objective, it is considered as effective

ÅAdded as probability indicating the effectiveness of adaptation

ÅRisk threshold
ÅDecides if an adaptation is triggered

ÅUsed to reflect different attitudes towards process risks

Except of risk threshold all variable are given in a concrete 
problem situation.
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Evaluation
Process Model and Data Set

Domain: Freight Transport and Logistics

ÅAirfreight process
Å5 months of operational data

Å3 942 process instances 

Å56 082 service invocations 
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Point of
Prediction



Evaluation
Effect on Costs (compared with reliability-based)

Penalty R = 0.1 R = 0.3 R = 0.5 R = 0.7 R = 0.9

constant -19.0 -20.0 -17.0 -3.0 3.1

step-wise -14.0 12.0 20.0 20.0 8.6

linear 0.6 21.0 27.0 26.0 11.0
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Conclusions

Observation

ÅCost savings for risk-based approach on SLA cost model
ÅBut also on adaptation cost model. See our paper

ÅSavings as high as31.0%

ÅAverage savings of14.8%

ÅAverage savings of23.4% for non-constant cost models

Future work

ÅConsideringaggregateSLAs

ÅReplication with datafrom
port terminal operations
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program NRW.Ziel2 
http://www.lofip.de

…theEU’sHorizon 2020 research and 
innovation programmeunder Objective
ICT-15 ‘Big Data PPP: Large Scale Pilot 
Actions ‘
http://www.transformingtransport.eu

Research leading to these results has received 
funding from…
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