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Outline

• the purchase behavior - issues in data 
analysis

• new measures to represent the personal 
utility function

• introducing the range effect

• conclusions
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What drives customer behavior?
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What drives customer behavior?

generic utility 
function

(rationality)
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What drives customer behavior?

generic utility 
function

(rationality)

personal utility 
function

(diversity)
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What about personal utility 
function?
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What about personal utility 
function?

• how often and in which quantity do I need 
that good?
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• how much do I desire that good?

• how useful is that good for me?

• how “unique” is that good? (can I replace it 
with other goods satisfying the same need?)

What about personal utility 
function?

• how often and in which quantity do I need 
that good?
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What about personal utility 
function?

QUANTITY 
PURCHASED

SOPHISTICATION 
DEGREE
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What is sophistication?
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What is sophistication?

• neither the price
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• nor the functional feature of the product

What is sophistication?

• neither the price
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What is sophistication?
• the sophistication of a good is strongly related to 

the need that the good satisfies
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What is sophistication?
• the sophistication of a good is strongly related to 

the need that the good satisfies
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What is sophistication?
• the sophistication of a good is strongly related to 

the need that the good satisfies

• to be considered “sophisticated” a 
product needs to satisfy two 
constraints:

• it has to be sold to few customers

• the customers buying it have to buy 
all products that are less 
sophisticated than it
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Data
• largest italian retail distribution Company

• time window: 2007-01-01 / 2012-12-31

• 1,066,020 active and recognizable customers

• 138 stores over the whole Italy’s west coast

• 345,208 different items

• 2 Billions purchases
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Data
• largest italian retail distribution Company

• time window: 2007-01-01 / 2012-12-31

• 1,066,020 active and recognizable customers

• 138 stores over the whole Italy’s west coast

• 345,208 different items

• 2 Billions purchases
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• FILTER:

• one city (Leghorn)

• customers within 5km from a store

• segment, not item

• removed products too frequent and meaningless

•
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• FILTER:

• one city (Leghorn)

• customers within 5km from a store

• segment, not item

• removed products too frequent and meaningless

•

After the filter:
•60,366 customers
•4,567 segments
•107,371,973 total purchases
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• Bipartite Network (customer-segment)

• not all purchases, just the ones “meaningful” (lift)

• sort products and customers by quantities

The data model
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• Bipartite Network (customer-segment)

• not all purchases, just the ones “meaningful” (lift)

• sort products and customers by quantities

The data model

bought a lot of things bought few things
bought by many

bought by few
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• we calculate the sums of the purchase matrix for each 
product and customer

• we need to correct these sums recursively: we need 
to calculate the avg level of sophistication of the customers’ 
needs by looking at the avg sophistication of the products 
that they buy, and then use it to update the avg 
sophistication of these products

• so, we take the eigenvector associated with the second largest 
eigenvalue (that is associated with the variance in the system) 
[HITS variation]

The product sophistication
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The product sophistication
less sophisticated

more sophisticated
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...and what about 
distance to travel?

• Intuitively...

• higher prices mean longer distances to 
travel

• higher quantities mean shorter distances 
to travel

• higher sophistication means longer 
distances to travel

Santa Clara, October 7th 2013 - Diego Pennacchioli, National Research Council of Italy (Pisa) - diego.pennacchioli@isti.cnr.it
lunedì 7 ottobre 13

mailto:diego.pennacchioli@isti.cnr.it
mailto:diego.pennacchioli@isti.cnr.it


distance VS prices
• each dot is a purchase 

representative

• if a customer bought 
products of the same price 
in different shops, than the 
distance is weighted with 
the price
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log-normal regression f(x) = a log x + b     R2 = 17.25%
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distance VS “popularity”
• each dot is a purchase 

representative

• if a customer bought 
products of the same 
frequency in different 
shops, than the distance is 
weighted with the 
frequency

log-normal regression f(x) = a log x + b     R2 = 32.38%
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distance VS sophistication
• each dot is a purchase 

representative

• if a customer bought 
products of the same 
sophistication in different 
shops, than the distance is 
weighted with the 
sophistication

log-normal regression f(x) = a log x + b     R2 = 85.72%
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the power of shops

Iper
Super
Gestin

Pasta
Breaded 
Frozen Fish

Health 
Testers
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Conclusions and Future 
Work

• introduced the concept of “range effect”

• shown the interplay with prices (low), popularity 
(medium) and sophistication (high)

• ...and if we use the distance as proxy for desire

• distance “as the crow flies” vs viability

• what about classification?

• ...and more complex measures?
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Thank you for your 
attention!

Questions?

Santa Clara, October 7th 2013 - Diego Pennacchioli, National Research Council of Italy (Pisa) - diego.pennacchioli@isti.cnr.it
lunedì 7 ottobre 13

mailto:diego.pennacchioli@isti.cnr.it
mailto:diego.pennacchioli@isti.cnr.it


• this formulation is very sensitive to noise (products bought by 
a very narrow set of customers)

• Three-step strategy:

• calculate eigenvectos of a restricted number of popular 
products

• we use the estimate of the sophistication of these 
products to estimate the sophistication of all customers

• we use the estimated sophistication of customers to 
have the final sophistication of the entire set of products

• at the end, we normalize

The product sophistication

Santa Clara, October 7th 2013 - Diego Pennacchioli, National Research Council of Italy (Pisa) - diego.pennacchioli@isti.cnr.it
lunedì 7 ottobre 13

mailto:diego.pennacchioli@isti.cnr.it
mailto:diego.pennacchioli@isti.cnr.it

