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Characterization of Capacity and Demand (1)

e (Capacity:

— layout of the runway system,

— operation and aircraft mix (separation requirement),
— weather conditions,

— stochastic variation in processing times

e Demand:

— stochastic (delayed arriving aircraft, delayed passengers at

the gate)
— highly dynamic
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Characterization of Capacity and Demand (2)

Airport queues are

e strongly non-stationary,
e can be modelled as stochastic processes, and

e the demand rate may exceed the capacity for an extended
period of time (temporal overloading).

Performance analysis and optimization needs stochastic and
non-stationary queueing systems with the possibility of over-
loading.
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A simple Runway Model

Landings and takeoffs share a common runway:

M/H5/1 queueing model

AN R processing rate
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Overview of Performance Models (1)

Cumulative Diagrams' non-stationary QM

non-stationary

Capacity Curves stationary QM
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Overview of Performance Models (2)

Approximation of Non-stationary Queueing Models

e Cumulative Diagrams/Fluid Approximation (Mandelbaum and
Massey (1995), Hansen (2002))

e approximation with stationary queueing models ( SSA (Green
et al. (1991)), PSA (Green and Kolesar (1991)), SIPP (Green

et al. (2001)))

e others (Ingolfsson et al. (2003), randomization (Grassmann
(1977))), infinite server (Jennings et al. (1996), Massey and
Whitt (1997)))

Dr. Raik Stolletz 7



SBC-Approach: Main Idea (1)

1. Division of the time interval into small periods (constant rates)

2. Approximation of the utilization:

(a) stationary loss model
(b) backlog generation from artificial blocking
(c) carryover as additional arrivals in future periods

3. Approximation of waiting-based performance measures with a

stationary waiting model
(Modlified Arrival Rate (MAR)-approximation)
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SBC-Approach: Main Idea (2)
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SBC-Approach: Main Idea (2)
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SBC-Approach: Main Idea (2)
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SBC-Approach: Main ldea (3)

SBC-Approximation of expected utilization: Define backlog rate
b; and artificial arrival rates \;

1. Initialization: Xl = A and bg =0

2. Fori=1toT:

(a) Solve appropriate loss system with \; and (b
(b) Backlog generation: b; = A; - P;(B)
(c) Backlog carryover: \j11 = A\ji1 + b;

3. Results: E[UZ], PAB), b;
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SBC-Approach: Approximation of the Utilization

SBC-approximation of the expected utilization:

e artificial arrival rates:

A=A+ b2, and
Xi = A2+ ¢
® average processing rate
(i M
Hi = \= ~
it i
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e common probability of blocking (Erlang loss system)

p(B) = K
L+ i/
e backlog rates
e i/ i Y i/ i
po = xo. DilHi g g R Al

e expected utilization

E[UZ] _ E[Uia] 4+ E[Uzd] _ Xg(l T Pz(B)) X?(l _ Pz(B))

s " s
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SBC-Approach: Approximation of the Queue
Length (1)

1. Approximation of the utilization: stationary loss model

2. Approximation of waiting-based performance measures: sta-
tionary waiting model

Modified Arrival Rate (MAR)-approximation:

(a) Chose modified arrival rate AM4% sych that the SBC-
utilization E|U;] is reached.

(b) Compute E[L;], E[N;], and E|W;] for the waiting system
with this modified arrival rate A\MAZE,
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SBC-Approach: Approximation of the Queue
Length (2)

Stationary waiting system: M /H5/1/00
1. Determination of modified arrival rates:

)\C.L’MAR = E[Uz-a] ,LL? and )\d,MAR — E[Uzd] :uzda

2 1

2. Determination of performance measures:
Pollaczek-Khintchine formula for the M /G /1 model:

\&MAR  \d,MAR

()\q,MAR+)\gZ,MAR)( i - + i = )

t Y
E[L] — \&MAR — yd,MAR .
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Numerical Results: Assumptions

e exponentially distributed processing times

e ;=80 and u; "' = 64 seconds

e piecewise linear arrival rate functions A\%(¢) and A\%(¢) (in
arrivals per hour)
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Numerical Results: Instantaneous Traffic

Intensity p(t) = %
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Numerical Results: Utilization
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Numerical Results: WIP for Arrivals
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Numerical Results: WIP for Departures

Simulation-DI —_—
SBC-D72 —
SBC-D 80 ——
SIPP 1200 ——
6 F
5 F
4 F
o
=
3 F
2 -
1
0 1 1 1 1 1
0 10000 20000 30000 40000 50000 60000
time [sec.]

Dr. Raik Stolletz



1400

Numerical Results: Waiting Time
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Conclusion (1)

Possible extensions:

e multiple runways
e different service time distribution
e sequence-dependent separation

e priority service rules
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Conclusion (2)

The Stationary Backlog-Carryover (SBC) approach

e is a computationally fast method,

e gives reasonable results for underloaded and partially overloa-
ded systems, and

e is applicable to complex systems.
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Thank you for your attention!

raik.stolletz@prod.uni-hannover.de
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