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DATA INPUT



Data Source



Data Frame



Equity 2010 Zones

Demographic data reliability significantly 
improved for minority groups by creating 
homogeneity in zones 

• The average % MoE was at least halved for each dimension

Combined 2,165 census tracts into 574 zones

Data source: ACS (3 dimensions: population 
above 67, population below poverty and 
population with a commute time above 1 
hour)Method of Generation: Tabu 
Search based on pre-generated 
solutions 
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Industry and Zonal Relationships

Tract: 
36061005400

Freight 
Production
FTA: 538 
FTP: 610
FTA_p: 12
FTP_p: 1
 
Employees per 
industries
42_e = 4.35 %
44_e = 8.75 %
...
72_e = 4.61 %
81_e = 1.96 %
 
Relation with 
other industries
In_42 = 2.56 %
Out_42 = 1.59 %
...
In_81 = 5.68 %
Out_81 = 0.56 %
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Relation with 
other industries
In_42 = 2.56 %
Out_42 = 1.59 %
...
In_81 = 5.68 %
Out_81 = 0.56 %

FTA_42: 56
…
FTA_81: 6
FTA_42: 52
…
FTA_81: 38



Industry and Zonal Relationships

Industry: 48

In: 3.78 %
FTA_in: 3
Out: 2.76 %
FTP_Out: 5
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GENERATION



For Each 
Commodity

For 10,000 
tours 

Generate a tour length (in number of stops) 

based on distribution calibrated to the 

average number of stops for that commodity 

Tour Length Generation



For Each 
Commodity

For the 10,000 
tours 

Weighted Randomly sample a 

location based upon the 

amount of Freight Produced or 

Attracted there

Origin Destination Set Generation

For the length of 
each tour 

(generated 
previously) 



For Each OD Set (generated 

previously)
Scan through all the ways to connect 

the locations to find the shortest  path 

required generating a distance matrix

Tour Set Generation



ENTROPY 

MAXIMIZATION



Model Foundation

Freight Demand 
Synthesis 

models

Freight 
origin-destinatio

n synthesis 
(FODS)

Freight tour 
synthesis (FTS)

Structured

Unstructured

Simulation

Analytical
Disaggregate

Spatial price 
equilibrium

Entropy 
maximization

Partial share

Aggregate



Mathematical 
Transformation

Concepts of Entropy Maximization

Generic Base 

ConstraintsThe Sum over all the trips departing 
from nodes should be equal to the total 
number of trips originating there (and 
vice versa) 

Ensuring that the solution is sensible

The cost for each trip multiplied by the number 
of trips equals a generalized cost (which can 
be determined from other sources) 



Model Formulation



Using the minimize 
function of the SciPy 
library

• ‘trust-constr’ method

⚬ Calculate the 1st 
and 2nd 
Derivatives 



ANALYSIS



Results

Specific Tours
that are heavily 

loaded per 
commodity

Where we can grow and how we can help the field:

Validations
to external data

Uniqueness
of contribution 

to the field

Applicability
Ways that this 
work can be 
used to help 
practitioners
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