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Traditional steps in airline scheduling

timetable 1s determined
fleet assignment

Crew pairing

nall o e

crew rostering

Usually done by different departments.



Traditional steps in airline scheduling

1. timetable is determined
2. fleet assignment

3. crew pairing
4

. crew rostering

Usually done by different departments.
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Crew pairing example

Leg number From To Deparfure Arrival
6.30 13.30
14.30 21.30
10.15 11.45
12.15 13.45
14.15 15.45
16.15 17.45

A O WN =
Q W Q ®W W >
o Q ® Q = w

Rules:.
e A pairing must start .and end in A or B
¢ Max 2 day pairings
e Max duration 12 hours/day

e Layover min 1.5 x dvration of first day '
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The two main steps of optimization

1) Model the problem, i.e. define it and formulate it so that a
suitable algorithm can accept it.

2) Solve the resulting problem.

Both steps can be very challenging for large and complex real
world problems. The steps must be carefully interfaced.

What 1s an optimization problem?

Example: shortest path problem
Minimize Minimize

the length the objective function
over over

all paths from a to b in a graph the set of feasible solutions



Mathematical optimization

Minimize
Xt 3 X, X4

subject to
X;+x,=1
X T2 Xx;<=2
X; binary

Good standard software available

Standard optimization models in
transportation

Polynomial:
* Assignment, transportation, transshipment.
» Single depot vehicle scheduling (SDVSP, scheduling= tasks fixed in time).

(can all be translated into network flow)

More difficult (polynomial or exponential depending on details):
» Multiple depot vehicle scheduling (translates into multicommodity flow).

* Shortest path with time windows and/or resource constraints (use dynamic
programming),

* Vehicle routing (VRP), Vehicle routing with time windows (VRPTW),
pickup/delivery, ... (try greedy+local search or two step approach),



Optimization - Carmen Rave

Very difficult to model the rules

mathematically.

Rules are defined in an RULE max_du ty =

application specific rule language sdutvs <= 9:00:

(RAVE). ° Yo ST

Comnil fnetions in € REMARK “Maximal
ompiles to test functions in 7N

code. du ty ’

Rules can be changed and tried END

out by users anytime!

rule max_duty_a =

%fdp_length¥ <= %max_duty_acclimatized};

remark "Maximum scheduled FDP acclimatized";

end

%fdp_lengthy = las. leg, arrival) - first(leg, departure) + 2:00;
%max_duty_acclimatized! = matrix m_max_duty_acclimatized;

matrix m_max_duty_acclimatized =

%lendings¥, %local_checkiny, -> %max_duty_acclimatized};
0,1), 2, 3, 4, 5, - ;

(06:00,07:59); 12:00, 11:45, 11:00, 10:15, 9:00, 0:00;
(08:00,12:59); 12:0¢, 12:00, 12:00, 11:45, 10:15, 0:00;
(13:00,°7:59); 12:00, 12:00, 11:30, 10:45, .9:15, 0:00;
(18:07,21:59); 12:00, 11:15, 10:30, 9:45, 9:00, 0:00;
(22:00,05:59); 11:00, 10:15, 9:30, 9:00, 9:00, 0:00;

end

In this code, the rule %max_duty_a% specifies that the expression %fdp_length) must be
less than the expression %max_duty acclimatized). "“hese expressions are then defined,
Jfdp lengthy by accessing rome data in the line of work, and %max_duty_acclimatized/,
by the use of a "matrix”, whose (scalar) value is determined by table lookup based on the
v_lues of 4landings¥, and ¥ _ccal.checkin¥.



System Components

Data entry from ‘and to SSIM files, crew data,
crew members (internet, external events, etc
cell phones, etc).

Graphical User Interface
(Manual Scenario Editor)

Crew
Communicator

Report
Generator

External systems
(e.g hotel
booking, etc)

Rave
(legality)

Standard methods for solving transport
optimization problems

1. Time-space networks and network flow, or special cases
thereof (assignment, transportation, transshipment)

2. Construction heuristics with greedy and local search

3. Two-step approach for general task scheduling: generate
separate paths first, then optimize how to combine them.
Column generation

Attention to small details and special properties of the problem at
hand is cruical for best performance.



Crew pairing example

Leg number

A A bW N -

Rules:‘

From To Deparf ure

A

Q © Q W W

6.30
~14.30
10.15
12.15
14.15

T Q W Q > w

16.15

e A pairing must start and end in A or B

¢ Max 2 day pairings

e Max duration 12 hours/ day

e Layover min 1.5 x dvration of first day

Arrival
13.30
21.30

11.45
13.45
15.45
17.45

PARODS

Chalmers E.P. 20.115 4 (27)
Enumeration of all legal pairings
P1 1-1lo0-2 (2) P7 5-6 (1) P13 3-1lo0-4-5-6 (2)
P2 1-10-3-4-2 (2) | P8 3-4-5-6 (1) P14 3-4-5-1o0-4 (2)
P3 1-5-10-4-2 (2) | P9 2-1lo-1 (2) P15 3-4-5-10-4-5-6
P4 1-5-6-10-2 (2) | P10 2-1lo-1-5-6 (2) | P16 5-1lo-4 (2)
P5 3-4 (1) P11 3-1lo-4 (2) P17 5-1lo-4-5-6 (2)
P6 3-6 (1) "P12 3-1lo0-6 (2)
lo: layover
PAROS
7 .lmers E.P. 20.115 5 (27)



The resulting >ptiiaization problem

minimize 2x1 + 2xy 4 Zx3 + 2c4s + x5 —l— Te + 7 + 28 + 2009 + 2210
+2x11 + 2x12 + 2713 + 2214 + 2715 + 2716 + 2717

subject to
1+ T2+ 23+ T4+ To + T10 . =

1+ T2+ T3+ Ta+ x9 + T10

T2 + 23+ x5 + 8 + T11 + Z13 + 2214 + 2215 + 16 + T17 =

1
1
T2+ x5 +T6 + 28 + T11 + T12 + T13 + T1a + Z15 =1
1
3 + x4 + 7 + 3 + T10 + T13 + T14 + 2T15 + T16 + 2217 =1

1

T4 + x5 + 7 + T8 + T10 + T12 + T13 + T15 + X17 =

T1, T2, T3, T4, T5, Te, T7, T8, T9, £10, T11, £12, T13, T14, T15, L16, Z17 € {0, 1}

PAROS

Chalmers - ‘ E.P. 20.115 ‘ 6 (27)

Crew scheduling
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rule modelling versus |
optimization paiciy
gertrab
(wi#l« ru(u)
Try to separate them! l loks of legal pairings |
o,;h'm‘ur\
[ no rales here !

—

!

Combiml'oda,l explosion In both sleps \
4 r



froL(.u«

|

N

o e f“‘“>\_\ (tale inthal welaledk
Pairing oo U
] . . <
optimization \J
overvicw
Iu‘ﬁal
selbim 7 reles
gesera le
ek?r\\m\s
SL(LO"' 1oks 0‘ |
sub Proi(l. A pecrin:
solve
set covena 3
soluhon
ProL(:,u-\
SNy Caale inihal uu‘.,Hn-lA
Solwhon w:.l»du‘nl
3(—Mﬂ < s fondepA .,‘;L [w)(.a.“-\
IM‘L‘al
sobhim 5 reles
. geens le
Algorithm pin,e
. omSahnol searc
design selack sof |
. 5u(° [)rol(( - FA:r-'/llf.
techniques werl scaroh
r‘ Q‘Clt/n“‘L*—\

soluhon

X:Mh?(
An manca\ g
5&" Coven"\3



How solve the large problems?

 Selection of daily subproblems.

* Generator search heuristics. E.g. generate pairings
that follow the aircraft.

« Special purpose algorithm for the large optimization
problems (1076 variables, 10”4 constraints).

» Heuristic solution to deadheading

More recent developments

Send feedback from optimizer to generator.

The 1dea 1s to get new pairings that may improve
current solution (solve constrained shortest path
problem in generator).

Nice mathematical theory but tricky in practice.

A challenge to integrate with the separate rule system.
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The heuristic
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Sweep mechanism
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size after preprocessing

4-\'—\{

rows | columns | nonzero
29 157 372
118 1165 4155
199 6931 31801
235 18753 82229
742 10370 42695
1366 25032 [ 110881
1585 [ 105804 | 566905

sire

Same general picture
supported by regular
benchmarking (2004)
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Client Statement

“Carmen is one of the best investments we
have ever made”

British Airways

© 2003 Dag Wedelin

Optimization trends

10 years ago - an overnight run,
today - within seconds.

Combined effect of faster algorithms and faster computers.
This makes it possible to:
improve modelling detail (gives larger problems)
integrate planning steps (gives larger problems)

approach day-of-operation planning (requires faster
optimizers)



Carmen day of operation tools
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