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BACKGROUND 
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PART I: 



Growth Engine: E-Commerce 
• Global ecommerce sales passed $1 trillion in 

2012. 
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Industries 
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Service Evolution I  



Service Revolution II 



Big Players’ Strategy 
• Closely guarded: ahead of the curve vs. 

wait & see 
• UPS and FedEx outsource part of their last 

mile delivery to USPS, allowing them to 
maximize the efficiency of their operations. 
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Amazon Locker 



Innovative Delivery Services 
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Challenges  

• Urban Congestion 
• Disruptive Events on Road Network 
• Vehicle size and Delivery Time 

Regulations 
• Limited Physical Parking  
• Loading and Vehicle Utilization 

Efficiency  
• Customer Satisfaction 

 
 



REAL TIME URBAN FREIGHT DISTRIBUTION 
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PART II: 



Research Problem  



Research Problem II 



Research Problem III 



Real-Time Urban Freight Distribution 

• Customer Requests 
– All commodities are heterogeneous (impossible 

to rearrange delivery requests once vehicles are 
out of depot)  

– A Priori requests (known before operation): a 
mixture of pickup and delivery requests  

– Intermediate Requests (revealed during 
operation): pickup only 

– All pickup loads are brought back to depot 
 

• Prevailing and anticipated traffic information 
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Key Features of the Problem  
• Multiple sources of uncertainty: 

– Customer request arrival time; 
– Customer request location; 
– Customer request load (size and type). 

• Information 
– Detailed urban road networks (signals, 

one-way streets, etc.); 
– Prevailing traffic information; 
– Predicted traffic information. 
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Modeling Framework 



DTA Model & Simulator  
• Emulates the actual traffic flow 

propagation and provides predicted 
traffic conditions. 

• Models various traffic events, e.g. 
accidents, lane closures, etc. 

• Loads, simulates and tracks individual 
vehicle tour on a realistic 
representation of road network to 
assist evaluating the routing designs. 
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Online Re-Routing:  
arrival of new loads 
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Online Re-Routing:  
arrival of new information 
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Online Re-Routing:  
combination of the two 
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Chicago Network and Settings 
Network Size: 
 Nodes: 1,578 
 Links:    4,805 
 TAZs:    218 
 OD:    1.16 million vehicles (6am-8pm) 

25 

General Settings: 
 Operational Hour: 8am – 6pm 
 Customer Base: 500 
 Time Window: 3hrs 
 TD Travel Time Info. : 10min resolution 

Instances # of A Priori Requests # of Intermediate Requests 
100aPriori 500 0 
75aPriori 375 125 
50aPriori 250 250 
25aPriori 125 375 



Results: Normal Day Operations 
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totDuration 1 

(hr) 
totTravelTime 

(hr) 
totDistance 

(mile) 
#. Of Veh 

100aPriori 174.91 38.13 1468.30 22 

75aPriori 171.44 54.08 2188.81 24 

50aPriori 174.63 54.83 2167.85 25 

25aPriori 173.70 56.87 2150.21 26 

1: totDuration includes travel time, service time and waiting time for all 
routes. 



Vehicle Utilization: Normal Day 

• Work Hour per Vehicle = totDuration/no. 
of Vehicle 

• Number of Customer per Vehicle = 
totCustomer/no. of Vehicle 
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Evaluation under Snowy Day 
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• Weather Data: Chicago, Feb. 26th, 2013 
• Performance Measures from the Simulator: 

– Simulated total travel time; 
– Planned travel time (normal day); 
– Planned number of customers (normal day); 
– Number of unserved customers under snow ; 
– Number of violations of time window; 
– Total late penalty due to time-window violations. 



75aPriori: Heavy Snow 
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Planned # of Customers: 309 

Unserved Customers: 95 

# of Time Window 
Violations : 79 

Late Penalties (min): 9430 
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50aPriori: Heavy Snow 
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Planned # of Customers: 388 

Unserved Customers: 60 

# of Time Window 
Violations : 162 

Late Penalties (min): 13968.7 

# of Veh. 
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Depot: 6 

# of Veh. 
Still On-
Route: 19 

Planned # of Customers: 112 
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Late Penalties (min): 1906.36 
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25aPriori: Heavy Snow 
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Planned # of Customers: 330 

Unserved Customers: 98 

# of Time Window 
Violations : 98 

Late Penalties (min): 8396.80 

# of Veh. 
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Depot: 9 # of Veh. 
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# of Time Window 
Violations : 88 

Late Penalties (min): 7815.45 

0
1000
2000
3000
4000
5000
6000
7000
8000

simulated Travel Time Planned Travel Time

Tr
av

el
 T

im
e 

(m
in

) 

Returned Vehicles On-Route Vehilces



Solutions with Perfect Predicted 
Information I 
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Solutions with Perfect Predicted 
Information I 
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Potential Benefits 

• Improve information utilization. 
• Reduce operation cost. 
• Increase customer satisfaction. 
• Evaluate the efficiency and 

effectiveness of city logistics services. 
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CLOSING REMARKS 
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PART III: 



Closing Remarks 
• Showcases value of predictive analytics in 

urban routing for time-sensitive pick-up 
and delivery 
– Traffic prediction unique feature 
– New effective real-time routing procedures 

with new demands and information 
• Efficiency tool as competitive pressures 

increase in fight for last mile 
• Next:  

– Focus on acceptance/rejection decision; 
revenue management and pricing 

– Field test with actual data 
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