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e The Standard Single Period Length Timetabling Model
e The Two Models Incorporating Different Frequencies

e Properties of the Two Models
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The (Omni-) Presence of Periodic Timetables
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The Standard

Single Period Length
Timetabling Model
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The Core of the Model
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From a Lineplan to its Graph Model
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From a Lineplan to its Graph Model
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The Periodic Event Scheduling Problem (PESP)

'/I;/L.]: ez’j + (7-(-] — 7T’L — Eij) mod T

min cx

St. Tx =9I
¢ < x<u
p Integer

(Serafini & Ukovich 1989)

[T network matrix, I.e. cycle-arc incidence matrix
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Visualizing Known Valid Inequalities

Valid Inequalities in the Unit Tact Case
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Visualizing Known Valid Inequalities

Nachtigall’'s Inequalities ('96):
(=7 @) +yta > b

withd := (—~v-4) mod T
and yr = Y xq— > xa
acCt acC—

and C'/~ arbitrary cycle

Valid Inequalities in the Unit Tact Case
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Visualizing Known Valid Inequalities

Nachtigall’'s Inequalities ('96):
(=7 @) +yta > b

withd := (—~v-4) mod T

and yr = Y xq— > xa
acCt acC—

and C'/~ arbitrary cycle

Odijk’s Inequalities ('94):

_|_ _
YTuty ¢
e [itp

Valid Inequalities in the Unit Tact Case
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The Two Models
Incorporating
Different Frequencies
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Presence of Periodic Timetables —
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Presence of Periodic Timetables —

ram

Zingster Str.
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Arnimstr.
Gehrenseestr.

= 13

Zingster Str.
Prerower Platz
Arnimstr.

Gehrenseestr.

Montag - Donnerstag

4.41
4.45
4.47
4.49

5.01
5.05
5.07
5.09

5.21
5.25
5.27
5.29

Montag - Freitag

5.34
5.38
5.40
5.43

10

Without Single Period

8.04
8.08
8.10
8.13

5.18
5.22
5.24

506 5.26

5.32
5.36
5.38
541

15

17.32
17.36
17.38
17.41

™



Timetabling with different frequencies October 4th, 2002

Presence of Periodic Timetables — Without Single Period

e D Montag - Donnerstag
Zingster Str. . 441 5.01 5.21 5.34 10 8.04
Prerower Platz . 445 5.05 525 5.38 8.08
Arnimstr. . 447 5.07 5.27 5.40 8.10
Gehrenseestr. . 449 5.09 5.29 543 8.13
e 13 Montag - Freitag
. 15
Zingster Str. : . . . 5.18 5.32 17.32
Prerower Platz : . . . 5.22 5.36 17.36
Arnimstr. . . . . 5.24 5.38 17.38
Gehrenseestr. . ) } 506 526 541 17.41
i 26 Montag - Freitag
. 20 20
Zingster Str. : . 4.28 5.28 5.46 19.26
Prerower Platz . . 4.32 5.32 5.50 19.30
Arnimstr. : . 4.34 5.34 5.52 19.32
Gehrenseestr. ) 416 4.36 5.36 5.55 19.35
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Duplicate Lines Within Single Period Model (Intuition)
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Duplicate Lines Within Single Period Model (Intuition)
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all events have period 30
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Duplicate Lines Within Single Period Model (Intuition)

Q all events have period 30

w
[1,30-u; "1,
w
[ [+5, 35—u ;Z]30

w
[[+25,55—u ; €]3o
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Duplicate Lines Within Single Period Model (Formalism)

T «— lem{T;|i € V } {artificial single period length}
for every arc a = (4, 7) do
g < gcd{ T}, T; } {arc’s periods’ gcd}
n «— % {number of new arcs}
w’ « 2 {weight of new arcs}
for k=0ton—1do
by, — Lq + k - g {lower bound of current new arc}
up — ug + (n — 1)g + k - g {upper bound of current new arc}
INSERT_ARC(4, j, £, up, w')
end for
DELETE ARC(a)
end for

< unavoidable base weight g - w' - ”('”’T_l)

™ :
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Duplicate Lines Within Single Period Model (Formalism)

T «— lem{T;|i € V } {artificial single period length}
for every arc a = (4, 7) do
g — gcd{ T;, T; } {arc’s periods’ gecd}
n «— = {number of new arcs}
w’ « 2 {weight of new arcs}
fork_OtOn—ldo 0T
by, — Lq + k - g {lower bound of current ney

up «— ug + (n — 1)g + k - g {upper bound / \

INSERT_ARC(4, 5, £y, ug, w')
end for
DELETE ARC(a)
end for \

; n(n— 1)
2

™ :

— unavoidable base weight g - w
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Generalization of the Single Period Model (Nachtigall 1996)

e Maintain period time T; for every periodic event <.
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Generalization of the Single Period Model (Nachtigall 1996)
e Maintain period time T; for every periodic event <.

e Periodic constraints become
Elzi,zj el l; < (71'(7 + ZJTJ) — (m; + 2,T;) < ug.
(Extended Periodic Event Scheduling Problem)
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Generalization of the Single Period Model (Nachtigall 1996)
e Maintain period time T; for every periodic event <.

e Periodic constraints become
Elzi,zj el l; < (71'] + ZJTJ) — (m; + 2,T;) < ug.
(Extended Periodic Event Scheduling Problem)

o Since ToZ = T;Z + T;Z for T, .= gcd(T5, T;), these simplify to
ElZa,E Z ECLSW‘]_W’L_I_ZCLTCLSUCL
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Generalization of the Single Period Model (Nachtigall 1996)
e Maintain period time T; for every periodic event <.

e Periodic constraints become
Elzi,zj el l; < (71'] + ZJTJ) — (m; + 2,T;) < ug.
(Extended Periodic Event Scheduling Problem)

o Since ToZ = T;Z + T;Z for T, .= gcd(T5, T;), these simplify to
ElZa,E Z ECLSW‘]_W’L_I_ZCLTCLSUCL

e The Feasibility Problem may be stated as:

Zai11aq
[ =T :
Zam L am
(< x<u
z integer.
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Generalization of the Single Period Model (Nachtigall 1996)
e Maintain period time T; for every periodic event <.

e Periodic constraints become
Elzi,zj el l; < (71"7 + ZJTJ) — (m; + 2,T;) < ug.
(Extended Periodic Event Scheduling Problem)

o Since ToZ = T;Z + T;Z for T, .= gcd(T5, T;), these simplify to
ElZa,G Z ECLSW‘]_W’L_I_ZCLTCLSUCL

e The Feasibility Problem may be stated as:

Zai11aq
[ =T :
Zam L am
(< x<u
z integer.

[ given in HNF again permits reduction to m — n 4 1 integer variables.
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Objective Function for the EPESP

The waiting times that occur are exactly

{zo+i-Tali=0,...,74 — 1}, with zg := (mj — m; — £a) mod Ty

(Nachtigall 1996)

™ 10
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Objective Function for the EPESP

The waiting times that occur are exactly
{zo+i-Tali=0,...,74 — 1}, with zg := (mj — m; — £a) mod Ty
(Nachtigall 1996)

— We may restict ourselves on penalizing only xz

Y Y

3 8 3
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Properties of the Two Models
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Benefit of Cutting Planes in the Single Period Length Case

Lower Bounds by Cutting Planes (Deutsche Bahn: 120°)
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Benefit of Cutting Planes in the Single Period Length Case

Lower Bounds by Cutting Planes (Deutsche Bahn: 120°)
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No Profit in Duplicated Lines Model by Standard Cuts
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Generalize Valid Inequalities to EPESP

e For every feasible solution, we know
\V/CLGA, HZCLE Z Eagxa_l_ZaTaS'U,a.

™ s
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Generalize Valid Inequalities to EPESP

e For every feasible solution, we know
\V/CLGA, HZCLE Z EaSQZa,‘I’ZaTaSUa.

e Along any cycle C with incidence vector ~, we have

Yo ba— > uqg < ) (xa‘I'ZaTa) - > (CUCL+ZCLTCL) < > ug— . a.
acCt+ acC— acCTt acC— acCt acC—
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Generalize Valid Inequalities to EPESP

e For every feasible solution, we know
\V/CLGA, HZCLE Z Eagxa_l_ZaTaSUa.

e Along any cycle C with incidence vector ~, we have

Yo ba— > uqg < ) (xa‘l'ZaTa) - > ($a+zaTa) < > ug— . a.
acCt+ acC— acCTt acC— acCt acC—

e Normalizing the tensions’ sum > x4, — > z, t0o zero, we obtain
acCt acC—

+y — + —¢
= 71;7 = < > Za%_g, - > Za%g, Sly %‘ZV ’
acCT acC—

To :=gcd{T,|a € C}.
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Generalize Valid Inequalities to EPESP

e For every feasible solution, we know
\V/CLGA, HZCLE Z Eagxa_l_ZaTaSUa.

e Along any cycle C with incidence vector ~, we have

Yo ba— > uqg < ) (xa‘l'ZaTa) - > ($a+zaTa) < > ug— . a.
acCt+ acC— acCTt acC— acCt acC—

e Normalizing the tensions’ sum > x4, — > z, t0o zero, we obtain
acCt acC—

+y — + —¢
= 71;7 = < > Za%_g, - > Za%g, Sly %‘ZV ’
acCT acC—

To :=gcd{T,|a € C}.

e Since z, € Z and for all a € C' we have %—g € N, rounding yields the cuts

+ — + —
{’y 51-1-7 u—‘ < X Za% — 2 Za% SP/ ’L?‘W EJ .
¢ acCt ¢ acC— ¢ ¢

™ s
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Generalize Valid Inequalities to EPESP

e For every feasible solution, we know
\V/CLGA, HZCLE Z Eagxa_l_ZaTaSUa.

e Along any cycle C with incidence vector ~, we have

Yo ba— > uqg < ) (xa‘l'ZaTa) - > ($a+zaTa) < > ug— . a.
acCt+ acC— acCTt acC— acCt acC—

e Normalizing the tensions’ sum > x4, — > z, t0o zero, we obtain
acCt acC—

+y — + —¢
= 71;7 = < > Za%_g, - > Za%g, Sly %‘ZV ’
acCT acC—

To :=gcd{T,|a € C}.

e Since z, € Z and for all a € C' we have %—g € N, rounding yields the cuts

Ty T, Tuty 4
a

acCT
e Hope: These inequalities provide intrinsic lower bounds !
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Summary

Line Duplication Within Single Period Model | EPESP

Provides ability to model easily
different arc frequencies

Really takes advantage of
different event frequencies
Cutting planes commonly used
are defined exclusively in the
single period length model
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Summary

Line Duplication Within Single Period Model | EPESP

Provides ability to model easily
different arc frequencies

Really takes advantage of
different event frequencies
Cutting planes commonly used
are defined exclusively in the
single period length model
Standard cutting planes do not
necessarily enrich the
arc-expanded model

Improve EPESP by
generalized inequalities!
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