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Project Background


• The Federal Reserve mails out 11 million checks each 
month 
– For Social Security and other government payments
– Cost: $1 per check, or over $130M annually


• Cost Reduction Program: Persuade recipients to switch 
to direct deposit
– Cheaper, Environmentally Friendly, Safer
– With each monthly check, an insert encourages receiver to 


switch
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Project Background


Switchovers made via
• Phoning the Call 


Center
• The FRB website


70%


30%


Phone call Web site


3







Problem Context


• Depending on the day, Call Center receives between 
1,000 and 9,000 calls
– Require from 15 to 125 agents, depending on call volume


• How many temporary employees should be hired each 
day?


• << add bar chart of example calls per half hour over a 
day>>
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Project Objective


• Develop algorithms to determine how many employees 
are needed each day, based on forecast demand


• Optimize cost functions
– Minimize cost by not over-hiring temporary workers


• Maximize customer service
– Minimizing number of dropped calls
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Solution Approach


1. Waiting-Line Systems Analysis
– Determine the minimum number of agents needed for each 15-


minute time interval each day
– Based on 


• Historical call arrival and service-time rates
• Desired response time or service level


2. Integer Programming Model
– Optimize scheduling of agents
– Using


• Queuing theory results
• Shift arrival, departure, and break times
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1. Waiting Line System
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M/M/s Waiting Line System


• Input values:
– λ = average arrival rate
– μ = average service rate
– s = number of agents


• From queuing model equations we can calculate
– Average time between arrivals
– Average service time
– Average server utilization
– Average length of waiting line
– Average number in system
– Average time waiting
– Average time in system
– Probability of empty system
– Probability of n units in system
– Probability of ≤ n units in system
– Probability of having to wait
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2. Integer Programming Model


• Variables
– Variable for each possible schedule for agents, including arrival 


time, breaks, lunch, and leaving time


• Equations
– Equation for each 15 minutes of work day
– Equation represents 


• Agents already working
• Agents arriving
• Agents leaving


– Must equal or exceed the number of agents needed for the next 
15 minute time interval
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Integer Programming Model


7am 8:00 4:307:30 8:30 5:004:00


# agents ≥ 
# needed for 


response time 
this half hour


1st shift: 
on at 7, off at 4


2nd shift: on at 
7:30, off at 4:30


3rd shift: 
on at 8, off at 5


Queueing theory
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Introduction


• Model describes evacuation of the Gulf 
Freeway area
– Chain of cities from Galveston to Houston
– Prospective clients: FEMA, TXDoT


• Account for situational requirements
• Network Flow Model used for solution
• Model will be expanded to reflect real 


world complexities







• Create a scalable model to minimize the evacuation 
time of the I-45 Corridor 


• Test the impact of decisions involving on-ramp 
availability, lane reversals, population distribution, 
and related assumptions 


Problem Statement







Solution


Multiperiod Network Flow Model
• Implemented in an optimization 


modeling language
• Creates links between cities 


– Subdivided into time periods
– Subject to on-ramp & highway capacity


• Based on flow conservation
– Cars coming in = Cars going out 


Solution
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• Apply real-world traffic data from 
TXDoT


• Expand current design to include lane 
reversals


• We expect to demonstrate the value of 
mathematical modeling in planning city 
evacuations


Conclusion





