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Background - Food supply chain networks

inputs Output 
s

Complexity, variability, uncertainty…
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First I will introduce the characteristics of food supply chain networks and our process perspective on it.

1st, Complexity in structure. food supply networks are composed of multiple processes which interconnected with each other. There are input and output for the network, and also monitoring system and control systems.

2nd, Variability exist in primary inputs, processes, and products.

3rd, There are also uncertainty associated with the influential factors, e.g. weather, pest,…

Predictability of final output depends on controllability, whether we are able to control those processes or not. So we are looking for a new monitor and control system, which we call early warning and proactive control system.�



Background - Performance Indicators (PI)

Quantification and Qualification of Performance: 
Identify PI’s.
Different aspects:

quality
speed
dependability
flexibility
cost

Aim at PI’s within control limits. Outside that: 
deviation.
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Read this slide…



To illustrate these concepts, we will look at a real case which comes from a Dutch food company.�



Case study

Stages of the chicken supply chain:

One of the Performance Indicators: chicken’s 
death rate upon arrival
Deviation: chicken’s Death-On-Arrival (DOA)

Hatchery Broiler 
Farm

Transport Slaughter 
house

Presenter�
Presentation Notes�
This supply chain consists of 4 stages, as covered in our analysis. Hatchery,…..

One of the Performance Indicators is chicken’s death rate upon arrival at slaughter house.

Chicken’ s death rate should be kept less than 0.5%, otherwise, we call it Death-On-Arrival (DOA).

So the deviation here is DOA.�



Early warning & Proactive control

In DOA case,
predict DOA based on status of determinant factors
Determinant factors: transportation time, catch method, etc.
prevent DOA with appropriate decision varieties
Decision varieties: shorten transportation time, change catch 
method at farm

Monitor 
System

Control 
System Action

Time

Production Line

data

Product
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To control deviation, we intend to realize Early warning and proactive control in FSN.

This is a conceptual model for early warning and proactive control. 

Monitor system, as shown in earlier slides, collect information associated with product and processes and feed to control systems.

Control systems analyze these information to predict potential problems and apply appropriate actions to prevent the problem.



In DOA case,

Early warning means predict DOA based on the status of determinant factors. Determinant factors: transportation time, catch method, etc

Proactive control means prevent DOA with appropriate decision varieties. Decision varieties: shorten transportation time, change catch method at farm

Models are needed to describe the relations:

between determinant factors and chicken’s death rate.

how decision varieties and chicken’s death rate.



To arrive at those models, we will inevitably depend on the knowledge of domain expert, however, we intend to apply Data mining methods to facilitate this task.



�



Objective & questions:

Research Objective
Design prototype for Early Warning & Proactive Control 
System in Food Supply Chain Networks

Research questions
What types of deviations and causal relations exist in 
food supply networks?
What are requirements for building early warning and 
proactive control systems?
Which Data Mining techniques have potential to
contribute to early warning and proactive control?
How can we support and guide users of such systems?
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Now I will explain the research framework. First is the research questions.

Read slide….�



Research design

Apply design process

Operational 
database

Expert input

Additional 
literature

Case analysis 
using DM 
methods

Case issues

Knowledge base

categories of 
determinant factors

categories of 
relations

categories of 
deviations

Instantiation
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This research will base on multiple case studies. By applying Data mining methods to those cases, and with the expert input and additional literatures, we could generalize the types of determinant factors, relations, and deviations exist in food supply networks.

We will put these knowledge into a knowledge base. 

Take the DOA case for example, we will organize the obtained knowledge (such as longer transportation time for Cobb will incur more DOA) into knowledge base. 

This knowledge base will be helpful not only for managers in chicken supply networks, but also for researcher in similar areas.�



Research approach

Concept of early 
warning and 

proactive control 
system

Literature review

Case studies Requirements on 
this system 

Generic steps to 
predict and 

prevent problems 
in FSN with DM

Framework design 
for fulfilling 

requirements

Processes of 
using this 
framework
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From now on I will introduce you the framework we designed for EW&PC systems in FSCN.

First is the procedures for arriving at the framework. At the beginning, we setup the concepts of EW&PC in FSCN. Then we did literature review in DSS, DM, Knowledge management, ontology engineering, etc. At the same time, we did several case studies. After that, we get the generic steps to predict and prevent problems in FSCN with DM methods. In parallel, we find various requirements on the system. After examining various kinds of requirements on this system, we design a framework and processes to fulfill them. This framework shows the constituents of the system and their mutual relations. The processes show how managers use the framework.�



Research result - I

Generic steps for EW&PC with DM methods: 

Presenter�
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This picture shows the generic steps for using DM methods for EW&PC in FSCN.

First, a manager identifies a problem in FSCN and formulates it in a quantitative way. In the DOA case, the death percentage of a flock of chicken is used to determine whether that flock has a DOA problem. Then the manager finds relevant data sets for the problem among available data sets from the supply chain. Through analyzing collected data sets, the manager arrives at potential causes. For example, transport time was identified as a suspected cause in the DOA case. Next the manager verifies the cause by modifying the corresponding real process in some instances and observing the result. If the problem is solved in those instances, the manager can predict future problems of this type through monitoring the causal factor, and prevent problem instances through choosing appropriate decisions (such as choosing optimal routes for transportation). The manager should stop if he can not find relevant data for his problem or no suspected cause can be found through data analysis.�



Data mining

Various data mining 
methods (e.g. decision 
trees, neural networks)

Different functions
• Classification
• Clustering
• …

Different representation 
power

• Trees
• Networks 
• …
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I will use the result obtained in DOA case to illustrate some of these methods, functions, and representation power.



This is part of the result we obtained with one of data mining methods - decision tree.

Each node of the tree has two bars, red and blue. Red bar represent the amount of flocks with DOA problem, while the blue bar represent the amount of flocks without DOA problem. Take the node in circle for example, it means that when PRCAFK (which means the rejection rate due to illness of chicken) is less than 0.01, most of flocks do not have DOA problem. This is an superficial result of course. But if we follow the red arrows, we could see that if flocks with breed ‘Cobb’ are transported longer than 1.84 hours (TITRN means transport time), then most of them have DOA problems. This indicates that, managers should shorten the transportation time of breed ‘Cobb’. 

�



Research result - II

Functional requirements
Support problem recognition and expression
Support data disclosure
Provide modeling facilities for analysis and reasoning
Support prediction of problems
Support evaluation of solutions

Other performance requirements
User Friendly (Process Guidance)
Reduce Time and Knowledge needed to use this 
system (use case, process and domain knowledge)

Requirements on EW&PC systems:



Research result - III

Know ledge Base

Ontology / Terminology

Database & Model 
container

DM methods library

Task classifier & 
Template approaches

User Interface

Explorer&
Predictor

ES for method selection

Framework for EW&PC system 
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This is a framework for early warning system.

User with new problems will be guided by the template approach to find causal relations. The template approach will help the use to map his problem into the knowledge base. If there is applicable relation in the knowledge base, then user can use it directly. Otherwise users can use suggested Data mining methods to find out causal relation by themselves.  

After obtaining the causal relation, user can predict potential problems based on these relations.�



Research result - IV

Presenter�
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Refinement of earlier picture:

This figure shows the processes for using the framework. We derived them from the generic steps for EW&PC and the structure of the framework. The sequence of processes is a refinement of the steps shown in previous slide. To take into account the components of the framework, we added new processes between “identify problem” and “find data sets”, and refined “explore cause” and “verify cause” into more detailed processes. If the cause is verified, manager can extend the knowledge base with such knowledge.

�



Where are we now?

Framework for EW&PC systems
Case studies
Expert System for method selection
Part of Knowledge base
Part of Template approaches



Further steps

C om ponents D esign F ram ew ork
D esign

Know ledge Base 
D esign 

ES  for m ethod 
se lection D esign

Tem plate  
Approach D esign

U ser In terface Eva luation
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The framework gives general directions for building the components of the actual system. From framework design onwards, we envisage the following steps for EW&PC system…

The components Knowledge Base and ES for method selection can be built in parallel since they do not depend on each other. Since the Template approaches component depends on the Knowledge Base as well as ES for method selection, it will be designed next. Finally, User interface design depends on all other components. After the major constituents are complete, we can build the User Interface and evaluate the system with users from food industry.  If evaluation results point out possible improvements, we will return to corresponding previous steps. So the whole design process is iterative.�



Thanks for your attention!

Questions?



Data mining - I

Huge amounts of data being recorded

I need Data mining!

Presenter�
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The idea of data mining is to get value from larger amount of data. When you sit on a mountain of data, you intend to get some knowledge out of it.�



Data mining - II

Data mining: Extract valid, previously unknown, comprehensible 
and actionable information from databases and use it to make 
crucial business decisions (Simoudis, 1996).

Discovery driven
observation -> hypothesis

Verification driven 
hypothesis -> experiment

Presenter�
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By data mining, we intend to extract information from databases and use it to make crucial business decisions. 

There are two types of application, discovery driven and verification driven. 

Discovery driven means exploring interesting knowledge,

Verification driven means verifying hypothesis. 

These two applications are in accordance with the scientific research  cycle, which is ‘observation -> hypothesis -> experiment ’. Because Discovery driven has same purpose with observation -> hypothesis,

And Verification driven has same purpose with hypothesis -> experiment.�



Case study – result with Decision Trees
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I will use the result obtained in DOA case to illustrate some of these methods, functions, and representation power.



This is part of the result we obtained with one of data mining methods - decision tree.

Each node of the tree has two bars, red and blue. Red bar represent the amount of flocks with DOA problem, while the blue bar represent the amount of flocks without DOA problem. Take the node in circle for example, it means that when PRCAFK (which means the rejection rate due to illness of chicken) is less than 0.01, most of flocks do not have DOA problem. This is an superficial result of course. But if we follow the red arrows, we could see that if flocks with breed ‘Cobb’ are transported longer than 1.84 hours (TITRN means transport time), then most of them have DOA problems. This indicates that, managers should shorten the transportation time of breed ‘Cobb’. 

�



Case study – Result with Neural networks

Sensitivity analysis on Neural networks, for Cobb

Presenter�
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This graph shows the result of sensitivity analysis on neural networks, for Cobb. By the weights allocated for each factor, we can do factor selection. This figure shows that potential influential factors could be transport time, average live weight, growth rate, transport density.  So we will use causal modeling to further analyze their relations with DOA.�



Case study – result with Causal modeling

Causal modeling with TETRAD IV, for Cobb

Presenter�
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By casual modeling in selected factors, we can find out the two determinant factors for Cobb’s DOA are transport time, growth rate. Average live weight influences growth rate and transport density. Slaughter yield is not an influential factor of DOA.�



DEW&PC and research areas.

Data 

Warehousing

Data Mining

Knowledge 
Management 

OLAP Early Warning & 
Proactive Control 
Systems in FSCN

Business intelligence

Ontology 
Engineering



Components of the framework and relation to generic 
processes and requirements for EW&PC systems. The 
discussion is organized around:
Knowledge Base, 
Task classifier and Template approaches, 
DM methods library with Expert System (ES) for method 
selection, 
Explorer and Predictor, and 
User Interface. 
These components interact with each other and with users 
(i.e. managers) to solve various problems in FSCN.

Components of framework:



Thanks for your attention!

Questions?
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