Pareto diagram

What is a Pareto diagram?  A Pareto diagram is a kind of bar chart used to compile e.g. a number of fault reports showing what fault has the largest number or the highest costs. NB that it is not necessary that the most common fault also causes the highest costs. It is possible that a not so common fault is causing most of the costs. Run also the macro %Voca in Minitab for more information.
Some simple exercises in using a Pareto diagram

The exercises below are performed using the computer software MINITAB which is started in the ordinary way. In the 'Data'-window of the program there is an arrow in the upper left hand corner. By clicking the arrow the entering direction is changed. Make sure that the arrow is pointing downwards. Input to the software is written using the following font (sometimes called Courier New): 

A A B R   etc. 

NB that sometimes even semi colon (;) and dot (.) is a part of the input. In general there is a short comment to the right of the input.

Exercise 1 – non-compiled data
Suppose that we have the fault types 'A', 'B', 'C' and 'D' after looking through a number of fault reports. The data is not compiled or counted in anyway.

	C1
A
A
C
.
A
D
	Enter a number of 'A', 'B' etc in column c1 in the 'Data'-window. Data do not need to come in any special order. Enter approximately 20 rows.

	MTB > Pareto c1
	Draws a Pareto diagram of the fault types in column c1. It is also possible to use the menus

[Stat]>[Quality Tools]>[Pareto Chart…] and enter 'C1' in the field 'Chart defects data in:'.


· By right-clicking the graph some options are available. Study some of them.
· Double click the title of the diagram and change the text in the input field that opens.
· There is toolbar with 'Graph Annotation Tools' available ([Tools]>[Toolbars]>…). Click the text tool 'T' which turns the cursor into a cross. Click the diagram somewhere else and type a comment of your own. Finish off by clicking 'OK'. 

· Click the arrow and move the comment text to some other place on the diagram.

· Study the meaning of "Count", "Percent" and "Cum %" that appear on the Pareto diagram.
· Study also what the bars and the accumulating line mean.

Exercise 2 – compiled data

Sometimes the data already is compiled by e.g. another computer program. It means that we have the number of faults for each one of the different fault types. Column c2 will contain fault types and column c3 number of each fault type. We handle this in the following way:

	C2 C3
A   4
B   6
C   2
D   1
	Enter the fault types 'A' – 'D' in column c2 and number of faults in column c3 in the 'Data'-window.

"4 faults of type 'A', 6 faults of type 'B', etc."

	MTB > Pareto c2;
SUBC> counts c3.
	Draws a Pareto diagram of the fault types in column c2 and the number of faults in column c3.


Exercise 3a – a larger dataset

All commands in the box are for creating a larger set of data for this and following exercises. Instead of manually entering the commands the following alternative can be used:


MTB > %CrePareto
(the file is stored on the harddisk)
CrePareto.mac is a macrofile that creates all the results in the box. The macro simulates the result from a large number of reports. (The text in the box is therefore just information.)

	Open cond
Short
H miss
Laquer
Dim
Rev
Cu-thick
F1
F2
F3
F4
F5
	Some different fault types in column c11 in the 'Data'-window.

	set c12
1:12
end
	Stores the figures 1, 2, 3, ... 12 in column c12.

	set c13
0.10 0.20 0.03 0.05 0.11 0.25
0.08 0.04 0.03 0.03 0.04 0.04
end
	The values are different probabilities to be stored in c13.

	random 200 c14;
discrete c12 c13.
	Creates 200 random values in column c14.

	convert c12 c11 c14 c15
	Column c15 now contains 200 faults according to the list in column c11 (i.e. 'Open cond', 'Short', etc).

	random 200 c16;
integer 1 4.
	Creates the figures 1, 2, 3, 4 in random order in column c16. Total 200 values. These corresponds to 4 different departments.

	name c11 'Fault type' c13 'Prop' c15 'all faults' c16 'Dep nr'
	Names the columns c11, c15 and c16.


	MTB > Pareto c15
	Draws a Pareto diagram from the data in column c15. It is also possible to use the menus

[Stat]>[Quality Tools]>[Pareto Chart…]

and enter 'C15' in the field 'Chart defects data in:'.


· NB that to the far right the diagram contains a column marked "Others". This contains those fault types not listed in the diagram. "Others" consists of, if nothing else is stated, 5 percent (or less) of all faults. (In the next exercise we will change this.)

Exercise 3b – a larger dataset with approximately 30 percent in ”Others”

Here the bar ”Others” will contain approximately 30 percents.

	MTB > Pareto c15;
SUBC> others 70.
	Draws a Pareto diagram of the fault types in column c15 where 70 percent is divided up over the largest fault types and 30 percent in the bar "Others".

NB that the bar "Others" will not contain exactly 30 percent of all values as the pro​gram accumu​lates the most common fault types until the limit '30 percent' is passed. 


Exercise 4a – a larger dataset shown per department (BY)

	MTB > Pareto c15;
SUBC> others 70;
SUBC> by c16;
SUBC> title 'One diagr per dept'.
	Draws a Pareto diagram of the fault types in column c15 where 70 percent is divided upp over the largest fault types and 30 percent in the bar "Others".

In addition, one diagram per department (C16) is created. The diagram is labelled 'One diagram per dept'.

It is also possible to use the menus

[Stat]>[Quality Tools]>[Pareto Chart…] and enter 

· 'C15' in the field 'Chart defects data in:'

· 'C16' in the field 'BY variable in:'

· '70' in the field 'Combine defects after the first'

· 'One diagram per department' in the field 'Title:'


Exercise 4b – a larger dataset shown per department (SEPARATE)

	MTB > Pareto c15;
SUBC> others 70;
SUBC> by c16;
SUBC> separate.
	Draws a Pareto diagram of the fault types in column c15 where 70 percent is divided up over the largest fault types and 30 percent in the bar "Others".

In addition, one diagram per department is created. The different diagrams are now created on different pages with the same scale on the Y-axis and same order on the X-axis. This makes it easier when comparing the different departments.

It is also possible to use the menus

[Stat]>[Quality Tools]>[Pareto Chart…] and enter 

· 'C15' in the field 'Chart defects data in:'

· 'C16' in the field 'BY variable in:'

· '70' in the field 'Combine defects after the first'

· Click 'One chart per page, same ordering of bars'.




Exercise 4c – a larger dataset shown per department (INDEPEND)

	MTB > Pareto c15;
SUBC> others 70;
SUBC> by c16;
SUBC> independ.
	Draws a Pareto diagram of the fault types in column c15 where 70 percent is divided up over the largest fault types and 30 percent in the bar "Others".

In addition, one diagram per department is created. The different diagrams are now created on different pages with the same scale on the Y-axis and different order on the X-axis. 

It is also possible to use the menus

[Stat]>[Quality Tools]>[Pareto Chart…] and enter 

· 'C15' in the field 'Chart defects data in:'

· 'C16' in the field 'BY variable in:'

· '70' in the field 'Combine defects after the first'

· Click 'One chart per page, independent ordering of bars'.


Number of faults or costs?

It is not obvious that number of faults is the best to show in the Pareto diagram. If the cost is shown in the diagram, perhaps the diagram will look different. 

Exercise 5 – compiled data (the diagram shows the costs)
	MTB > restart
	Restarts Minitab. Do not save anything from previous session.



	C1    C2   C3
A    114   25
B     96   12
C    122    7
D     70   16
E    102   12
F     18   92
G     36   16
H    109   21
I     52  113
	Enter the result to the left into the three columns c1-c3. The first column contains fault type, the second column number of faults and the third column contains the cost per fault. 

Enter FAULT, NUMBER and COST in the column heads.

Enter TOT COST in column head of column c4.

	MTB > let c4 = c2 * c3
	Calculates the total cost for all fault types and stores the result in c4.



	MTB > Pareto c1;
SUBC> counts c2.
	Draws a Pareto diagram for the fault types in column c1 and number of faults in column c2. It is also possible to use the menus

[Stat]>[Quality Tools]>[Pareto Chart…] and enter 

· Click 'Chart defects table'

· 'C1' in the field 'Labels in:'

· 'C2' in the field 'Frequencies in:'



	MTB > Pareto c1;
SUBC> counts c4.
	Draws a Pareto diagram for the fault types in column c1. 'Counts' is here costs and not ‘number of faults'. It is also possible to use the menus

[Stat]>[Quality Tools]>[Pareto Chart…] and enter 

· Click 'Chart defects table'

· 'C1' in the field 'Labels in:'

· 'C4' in the field 'Frequencies in:'


· The bars in the two diagrams have changed places. In the first dia​gram 'C' was the highest bar (122 faults i.e. 17 %) when ’number of faults’ was used. 
In the second dia​gram 'C' becomes the lowest bar (854 i.e. 4.9 %) when the cost was shown.

· It is not easy to get hold on the cost for each fault. Therefore the first diagram is more common.

· The improvement work should not be based on the diagram only. There is a need to consider the probability of success and maybe not trying to improve the largest problems if they also are the most difficult ones. Also, other ongoing activities need to be considered.

· If, instead of concentrating on a specific fault, a certain process or area is considered for improvement there might be a larger improvement as several other, perhaps minor, problems are fixed or removed as well.  ■
© 
Ing-Stat – statistics for the industry   www.ing-stat.nu 
Rev C • 2009-12-03 • 1(4)


