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Business environment in Japan

Globalization of the economy
Development of the information 
technology
Change in customer's sense of value 
Deregulation

The uncertainty is increasing !!
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Main aim

To develop the methodology for predicting 
daily and baseline sales of individual items 
by considering specific factors

The prediction is very useful for
inventory management
marketing strategy planning
manpower planning
production planning
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Data description

Daily unit sales for 10 foods
Cold beverages
Coffee
Tea beverages 
Cup noodle 
Rice balls 
Sandwiches 
Packed lunches 
Jelly
Yogurt 
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Data description

OtherAdvertisement

Display

PriceWeather

WeeklySales
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Model description

A general state space model (Kitagawa, 
1987) enables us to conduct flexible 
time series modeling. 
Observation model

System model

1~ ( | , ,..., )t t t ty f y F h h

1 1~ ( | , ,..., )t t t th f h F h h−
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Model description

Observation model

Daily unit of sales
= Baseline sales
+ Sales affected by environmental effect 
+ Sales obtained from marketing promotion
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Model description

Observation model (Poisson model)
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System model (q-th order trend model)

Example

Model description
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Model description

Each of the 10 foods follow the Poisson model.

We consider that the daily unit sales are 
mutually dependent on each other. 
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Model description

Summarizing the above specification leads 
to the following observation equation and 
the system equation:

1

~ ( | ; , )

~ ( | ,..., , ), ( )

jt jt jt jt j

t t t t q ij

y f y h

f σ− − Σ Σ =

x β

h h h h
System equation

Observation equation
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Bayesian estimation via Markov 
chain Monte Carlo (1/2)

A set of n independent observations
Likelihood function

Observation model System model

j
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Bayesian estimation via Markov 
chain Monte Carlo (2/2)

Markov chain Monte Carlo considers the 
state vector as model parameters

A posterior distribution

1 2( , ,..., )n=h h h h

jj
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Maximisation of the posterior 
mean of the expected likelihood

Ando (2006) considered the maximization of 
the posterior mean of the expected log-
likelihood (PMELL):

The best model is chosen by maximising η. 
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The asymptotic bias is

where

Ando (2006)
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Ando (2006)

The prior is dominated by the likelihood as 
the sample size becomes large. 

The specified parametric models contain the 
true model or are close to the true model

ˆ dim( )n b× = θ
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Bayesian predictive information criterion 
(BPIC Ando (2006)): 

We choose the predictive distribution that 
minimises the BPIC score. 

Bayesian predictive 
information criterion

[ ]| ,2 log ( | , )

2dim{ }
n nD X n nE L D X= −

+
θBPIC θ

θ
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Application results

The posterior mean of the log-likelihood 
and BPIC scores for each of q-th order 
trend models.

The CPU time (seconds) to generate 
100 iterations is also reported. 
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Model description

Observation model
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Application results

Observation model
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Application results

Advertisement
Display

PriceWeather

Weekly

Rice ball
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Application results

Advertisement

Display

PriceWeather

Weekly

Packed lunch
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Application results

Advertisement

Display

PriceWeather

Weekly

Sandwiches
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Model description

Each of the 10 foods follow the Poisson model.

We consider that the daily unit sales are 
mutually dependent on each other. 
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Application results

CB: cold beverages, CF: coffee, TB: tea beverages, CN: cup 
noodle, RB: rice balls, SA: sandwiches, P1: packed lunches 
(type1), P2: packed lunches (type2), JE: jelly and YO: yogurt. 

The posterior means of correlation
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Conclusion
The problem of identifying unobserved 
baseline sales, marketing promotion effects 
and other specific effects using POS data is 
considered. 
General state space model
Bayesian MCMC estimation
Bayesian predictive information criterion is 
utilized. 
The unobserved baseline sales, marketing 
promotion effects and other specific effects 
are estimated simultaneously. 
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Thank you for your attention 


