Time Series
A time series is a set of data which represents the change in a variable over time, e.g. sales, unemployment figures, etc.

Time series analysis seeks to find patterns in the data, by breaking down (decomposing) the time series.  The typical components are:

(i) Trend: upward, downward, or stationary.

(ii) Seasonal Variations: cycles repeated at yearly intervals, or more frequently. 

(iii) Cyclical Variation: cycles which are longer than one year.

(iv) Random Variation.
 Example:  The sales of gift-wrap from a stationery store are shown below, for each quarter of the years 1994, 1995, and 1996.




The first step in the analysis of such data is a time series plot.

[image: image1.wmf]Time Series Plot of Gift Wrap Sales

400

450

500

550

600

650

700

1994.1

1994.3

1995.1

1995.3

1996.1

1996.3

Quarter

Sales

Sales


Calculating the Trend




[image: image2.wmf]Time Series Plot of Trend Values
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The adjustment is the sum of the average seasonal variations (-5.3125) divided by (- 4).

Seasonally Adjusted Data
The deseasonalised series (or seasonally adjusted data) consists of the original data minus their respective adjusted average seasonal variations.

For example, the seasonally adjusted figure for quarter 4 of 1996 is:  512 - 23.08  = 488.92.

Forecasting
To predict the sales in quarter 1 of 1997, project the trend graph forward.

Result:  466.52.

Then, add the appropriate adjusted average seasonal variation.



466.52  +  ( -7.23)   =   459.29

Prediction:
459.29

Index Numbers
An index number is simply any number, expressed as a percentage of some other number.  The “other” number is called the base.

Example:  The cost of a local telephone call in 1996 was 11 p, in 1997 it was 13 p and in 1998 it was 14 p.  Represent this information as an index number series, with 1996 as the base year.

Solution:



1996





100




1997

13/11 ( 100
=
118




1998

14/11 ( 100
=
127




Where “Yn” represents the current value, and “Y0 ” represents the value in the base period.

Aggregate indices
An aggregate index represents the change in the value of a collection of variables, rather than just a single variable.

Example:  The prices, and quantities, of ingredients used to manufacture potato crisps, are shown below:




The following “Price Index” represents the increase in prices:




=
109

Result: 
1996 , 100



1997 , 109

The Laspeyres Price Index :

  

    

 uses base year quantities as weights.

Changing Quantities:



Using current year quantities as weights, we get:




= 
106

Result: 
1996 , 100



1997 , 106

The Paasche Price Index :  


     uses current year quantities as weights.




Laspeyres

Paasche


1996

100


100


1997

109


106

Laspeyres:

Advantage: 

Uses base year quantities.

Disadvantages:
May become out-of-date.




      Tends to overstate price increases.

Paasche:

Advantage:

Weights are up-to-date.

Disadvantages:


Tends to understate price increases.


Information on current quantities may 


not be available until the end of current year.

Fisher Ideal Price Index   =   ( (Laspeyres Price Index ( Paasche Price Index)

Quantity Indices:



The Laspeyres Quantity Index :  

     uses base year prices as weights.

Laspeyres Quantity Index 


= 






=
65.72

The Paasche Quantity Index :  

     uses current year prices as weights.

Paasche Quantity Index


=






=
64.29

Fisher Quantity Index = ((Laspeyres Quantity Index ( Paasche Quantity Index)

Fisher Quantity Index

=



( (65.72 ( 64.29)

=
65.00

Conclusion:  The total amount of contact has decreased substantially.

Value Indices:
Value Index:



compares current year expenditure with base year expenditure.

The value index for the telephone and flights data is:

 


=
77.21

Change of Base



Which stock exchange experienced the greater rise in share prices over this period?

If we make 21/7/1993 the base for both series, the comparison becomes easy. 




It can easily be seen that the FT-SE 100 index rose by 1.07% , compared with a 0.35% increase in the Dow Jones index.

Deflation of Data
An executive earned: 


£ 24 000

in  1989,


£ 24 500

in  1990,


£ 26 000

in  1991, and


£26 500

in  1992.

Although earnings rose each year, prices also rose during the same period.

The question arises: Did the buying power of the executive rise each year?

The earnings can be “deflated” by dividing each year’s salary by the value of the consumer price index in that year, and multiplying by 100.




Modelling
Purpose:
To simulate some real-life process.

Why use modelling?
· cheaper

· ethical reasons

· “what-if” investigations

Structure of a model

input data
…………model
…..
output data
(real or random)
(statistical)

(decision)

Some questions which modelling can help to answer:
1.(i) How frequently should ferry-boats run?

   (ii) How many tellers are needed in a bank?

   (iii) How many items should be held in stock?

2.  Should a proposed incinerator be licensed?

Input data required:
(1.) The inter-arrival times of (i) cars (ii) customers (iii) orders, and (2.) emission data and  meteorological data (wind speed etc.).

Random numbers are uniformly distributed in the range [0,1).  These must be converted to ....

Random Deviates from an appropriate statistical distribution.  e.g. random waiting times follow an exponential distribution.

If X is uniform [0,1) then

Y  =  -( . ln(X)

is exponentially distributed with mean (.

Example:  An automated car-wash takes exactly 3 minutes to wash a car.  Arrivals are random, with an average inter-arrival time of 10 minutes.  Simulate the arrival times of the first three cars.  Will any of these have to wait for the facility to be free?

Solution: 

	Car#
	Ran#
	IAT


	Arrive
	Wait
	Depart

	1
	0.323
	11.30
	11.30
	0
	14.30

	2
	0.313
	11.62
	22.92
	0
	25.92

	3
	0.980
	0.20
	23.12
	2.80
	28.92


Exercise: Simulate the arrival times of the next three cars.  Will any of these have to wait?

Example:  If inter-arrival times are exp(10), and service times are exp(6), simulate 5 customers.

Solution: 

(Single Server)
	Cus#
	Ran#
	IAT
	ARR
	Wait
	Ran#
	Proc
	DEP

	1
	.558
	5.83
	5.83
	0
	.042
	19.02
	24.85

	2
	.654
	4.25
	10.08
	14.77
	.454
	4.74
	29.59

	3
	.699
	3.58
	13.66
	15.93
	.015
	25.20
	54.79

	4
	.302
	11.97
	25.63
	29.16
	.876
	0.79
	55.58

	5
	.628
	4.65
	30.28
	25.30
	.979
	0.13
	55.71


Total waiting time
=
85.16 minutes

Average waiting time
=
17.03 minutes

Max waiting time

=
29.16 minutes

Note different random numbers in the two RAN# columns.


(Two Servers)
	Cus#
	Ran#
	IAT
	ARR
	Serv
	Wait
	Ran#
	Proc
	DEP

	1
	.558
	5.83
	5.83
	1
	0
	.042
	19.02
	24.85

	2
	.654
	4.25
	10.08
	2
	0
	.454
	4.74
	14.82

	3
	.699
	3.58
	13.66
	2
	1.16
	.015
	25.20
	40.02

	4
	.302
	11.97
	25.63
	1
	0
	.876
	0.79
	26.42

	5
	.628
	4.65
	30.28
	1
	0
	.979
	0.13
	30.41


Max waiting time

=
1.16 minutes

Note the same random numbers used as last time.
Multivariate Analysis
One multivariate technique, discriminant analysis, attempts to classify observations into two or more groups, based on the values of predictor variables. 

For example, we may wish to classify target customers into different product groups, based on information about their age, sex, earnings, education, etc.  

The example below attempts to classify cars, available on the US market, into three “airbag” categories (0 = none, 1 = driver only, 2 = driver & passenger) based on information about the car’s

(i) minimum market price ($’000’s),

(ii) fuel consumption (city mpg),

(iii) number of cylinders, and

(iv) Engine size (litres).

The full data set used contains 92 cases: an extract is shown below:

Make
Model
 (i)
(ii)
(iii)
(iv)

Airbags

Audi
100
     30.8
 19
 6
 2.8


2

The best classification rule which the software could produce gave the following results:

Put into     
....True Group....

Group            
0        
1        
2

0               

27     
14       
2

1                

6       
18       
6

2                

1       
10       
8

Total N         

34     
42     
16

N Correct        
27     
18       
8

Proportion.     
0.794    0.429
0.500

N =   92     N Correct =   53     Prop. Correct = .576

Now, if we wish to sell a car on the US market with

MinPrice = 15,

CityMPG = 40,

Cylinder = 4  and

EngSize = 1.2

we can use the classification rule to suggest which category it “belongs” in.  The software indicates that it is closest to the zero airbags category, hence the suggested decision is not to provide airbags as standard equipment, because a car “like that” would be “expected” to have no airbags.

Cluster Analysis:

In cluster analysis, we cannot identify the different groups in advance.  We set out to investigate if the objects can be separated into groups.

 The “objects” could be sales regions, or retail outlets, or consumers, or products. 

A cluster is a set of points which are close to each other, but which are distant from other clusters.




Usually, two measurements are insufficient to identify clusters, and so the distances between points is measured in n-dimensional space, using computer software.  The user can specify how many clusters are required.
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