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LiteratureLiterature
Static Integer Programming

Many papers on deterministic problem

Stochastic problem studied in Richetta
and Odoni (1993); Hoffman (1997); Ball et 
al.(2003)

Equity issues addressed by Vossen et al. 
(2002)
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LiteratureLiterature
Dynamic Models: Richetta and Odoni
(1994)

Inability to revise previously assigned ground 
delays

Objective function is to minimize expected delay 
cost

No longer Linear Programming Problem if non-
linear measure of delay introduced

Can handle specific type of scenario tree
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Dynamic Stochastic Model for SAGHP
Ability to revise ground delays of some flights 
(non-departed) 
Can handle any generalized scenario tree

Alternative Objective Functions
Expected Squared Deviation from RBS Allocation

Multi-Criteria Optimization

Research ContributionsResearch Contributions
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Capacity Scenario TreeCapacity Scenario Tree
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Scenario 2 (p=0.2)
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Scenario 4 (p=0.1)
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P(Scenario 2)=1
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Decision VariablesDecision Variables
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Model FormulationModel Formulation
Objective Function

Min. Expected Total Cost of Delay (sum of 
ground and airborne delays)

Major Constraints
Number of arrivals during any time interval 
(period) less than airport capacity

Coupling Constraints: decisions cannot be based 
on a particular scenario until it is completely 
realized
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Model Parameters and Input DataModel Parameters and Input Data

horizon planning  thebeing                
  duration, uniform of periods  timeofset  :}1..1{ TT +

Flights ofSet  :}..1{ F=Φ

fTfDep flight  of period  timedeparture scheduled:}..1{∈

fTfArr flight  of period  timearrival scheduled:}..1{∈

delay ground and airbornebetween  ratioCost  :λ
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Decision Variables
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Objective Function

( )
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

×+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−×−× ∑∑ ∑∑

=∈

+

=
−

∈

T

t

q

t
Ff

T

Arrt

q

tf

q

tff
Qq

q W
f

XXArrtPMin
1}..1{

1

1,,
}..1{

)( λ

Constraints

}1..{,,    ; 01,, +∈Θ∈Φ∈∀≥−− TfArrtqf
q

tfX
q

tfX

Decision Variables Non Decreasing

⎪
⎩

⎪
⎨

⎧
≤−+−+=

otherwise

TfDepfArrtif
q

fDepfArrtfXq
tfY

1

;,,

Planned Departure Time of Flights



15

Θ∈+∈≤∑
Φ∈

⎟
⎠
⎞⎜

⎝
⎛

−−+−− qTtM q
t

f
X q

tfX q
tfW q

tW q
t },1..1{;1,,1

Arrival Capacity

01 0 =+=W q
TW q

Θ∈Φ∈∀=+ qfX q
Tf ,          11,

Feasibility Conditions

itiandiiS i
kTtf

S i
N i
tf

S i
k
tf

S i

tf YYY µο ≤≤≥ΝΩ∈∈Φ∈==== 2:};..1{,;,........,....
1
,

Coupling Constraints for Ground Holding Decision Variables



16

Static Static vsvs Dynamic FormulationDynamic Formulation
Static Stochastic Model (Ball et al 2003, Richetta-
Odoni 1993) is a special case of dynamic model. 

The decisions are taken once at the beginning of 
day and not revised later.
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ExampleExample

5=λ

4 Scenarios, 4 
Decision Stages
13 Time Periods
13 Flights
Cost Ratio
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Scenario TreeScenario Tree
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Mukherjee-
Hansen Model 

(Optimal 
Solution 2)

Mukherjee-
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Expected Cost of DelayExpected Cost of Delay
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Cumulative Arrivals at DFWCumulative Arrivals at DFW
July14_2003
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Case 1: BaselineCase 1: Baseline
35

15
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Probability Mass Function

3 RatioCost =λ
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Scenario Tree for Baseline CaseScenario Tree for Baseline Case
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Case 2: Change in Cost Ratio. 25=λ

Case 3: Change in PMF 

4.0}{;2.0}{;1.0}{;1.0}{;1.0}{;1.0}{ 654321 ====== ξξξξξξ PPPPPP

Case 4: Early Branching. Scenarios are realized 30 
minutes earlier 

Other CasesOther Cases
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Results: Baseline CaseResults: Baseline Case
Baseline Case
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Cases 2 and 3Cases 2 and 3
No airborne delays

Static model plans for 
worst scenario

Dynamic models 
adaptive to changing 
conditions

Delays are higher in 
case 3 due to high 
probability of worse 
conditions
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Case 4: 30 Minutes Early InformationCase 4: 30 Minutes Early Information
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Perfect Information CasePerfect Information Case
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Alternative Objective FunctionsAlternative Objective Functions
Minimizing Expected Squared Deviation from RBS 
Allocation
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Multi-Criteria Optimization
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Work in ProgressWork in Progress

Reformulating the model as a minimum 
cost network flow problem.

Ability to handle time varying 
unconditional probabilities of the 
capacity scenarios
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