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Scenario

In a cutting machine suddenly you observe that friction sound has increased

Most likely vibration will also become higher soon 

You may also expect to see defects in the cut pieces 



Association

Association is a group where elements of that group are related to each other in some sense. 

During running of some mixing machine or cutting machine, several patterns are related. For 
example, vibration and sound are almost directly proportional. 

In some sense members of an association co-occur. 

We want to find associations given the problem. 



Observation Related to a Machine

Time High Temp High Vibration High Pressure
Low 

Lubricatio
n

High 
Speed

Bearing 
Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓

Do you observe any association ?



Observation Related to a Machine

Time High Temp High Vibration High Pressure
Low 

Lubricatio
n

High 
Speed

Bearing 
Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓

High Temp, High Vibration, Low Lubrication with Bearing Alarm



Goal

To find out associations 

High Temp, Bearing Alarm

High Vibration, Bearing Alarm

Then in turn, obtain rules such as

High Temp causes Bearing Alarm 

High Vibration causes Bearing Alarm



Association in Super Markets



Example of Baskets



Basket in Manufacturing

A Basket need not be always a be Cart

A basket can be 

a work order – a list of items serviced together 

a log record – a list of defects found together 

a composition – materials used in some product variety

A basket is a group of things that are related by some event



Dilemma of Supermarket Owner

● What to put on Sale
● How to give coupons
● How to arrange items in shelves

Again there is intuition vs data driven decision making

Can we use past transactions to analyse and prescribe ?



Case I

Suppose “diet coke” is in consequence

Can we find the rules ?

Can we find the items that boost the sale of diet coke ?

What can we do in the store to boost the sale of diet coke ?



Case II

Lets put bagels in antecedent 

Can we find the impact If we stop selling bagels ?



Case III

Lets put sausage in antecedent 

Mustard in consequence

Can we find out relevant rules ?

What items should be sold with sausages to increase sale of mustard ? 



Rule

90% people who buy bread and butter also buy milk.

Bread and butter are antecedent 

Milk is consequence

90% is confidence of the rule



Example of Association Rule

Association Rule X to Y implies that when X happens Y also happens
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Brute-force is Expensive
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Observation Related to a Machine

Time High Temp High Vibration High Pressure
Low 

Lubricatio
n

High 
Speed

Bearing 
Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓



Computing Support

Time High Temp
High 

Vibration

High 

Pressure

Low 

Lubri

cation

High 

Speed

Beari

ng 

Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓



Computing Confidence

Time High Temp
High 

Vibration

High 

Pressure

Low 

Lubri

cation

High 

Speed

Beari

ng 

Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓



Use Case

Why is this important in manufacturing ?

Suppose a new machine is installed and nobody has much experience with it. 

Using data analytics one can discover this rule

That helps to analyse the machine 

More importantly, can signal early warning.



Apriori Algorithm - step 1 

List items
Time High Temp

High 

Vibration

High 

Pressure

Low 

Lubri

cation

High 

Speed

Beari

ng 

Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓



Apriori Algorithm - step 2 

Short-list frequent items Time High Temp
High 

Vibration

High 

Pressure

Low 

Lubri

cation

High 

Speed

Beari

ng 

Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓



Apriori Algorithm - step 3 

Find frequent pairs Time High Temp
High 

Vibration

High 

Pressure

Low 

Lubri

cation

High 

Speed

Beari

ng 

Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓



Apriori Algorithm - step 4 

Create larger combination Time High Temp
High 

Vibration

High 

Pressure

Low 

Lubri

cation

High 

Speed

Beari

ng 

Alarm

T1 ✓ ✓ ✓ ✓ ✓

T2 ✓ ✓ ✓ ✓

T3 ✓ ✓ ✓

T4 ✓ ✓ ✓

T5 ✓ ✓ ✓ ✓ ✓

T6 ✓

T7 ✓ ✓ ✓ ✓

T8 ✓ ✓

T9 ✓ ✓ ✓

T10 ✓ ✓ ✓ ✓



Continuous Values 

Association Rule Mining works for discrete data

However continuous data are common in manufacturing 

Time Temperature Vibration Pressure

10:00 72.3 4.1 101

10:10 75.8 4.8 103

10:20 81.2 6.4 105

Discretize the data (a type of preprocessing)



Diagnostic Analytics

Association does not imply causation

Design of Experiments can be  used to refine association rules further. 



Quiz 11

1. Write 2 things that you liked/understood today.
2. Write 2 things that you did not like/understand today.

3. Give one example or use case where association rule mining can be used. 
This need not be fully derived. Give basic idea and one example rule. 
Example from your direct experience will be preferred. 




