                                               The TUFF Train Scheduler

   T
wo duration trip scheduling on multi
directional track networks
by Per Kreuger et al.

piak@sics.se, http://www.sics.se/~piak

                                                                                                                  Swedish Institute of Computer Science (SICS)

Box 1263, S-164 29 Kista, Sweden

September 1997

ILPS WS 97

                                                                           Introduction & Background

This talk describes a scheduling application

implemented in the Oz programming language

using DFKI Oz as a development environment.

                                        ¯ A first version of the application was implemented in

                                                                               aboutthreemonthsusingtheOzprogrammingsystem

                                                                               as a prototyping environment.

                                        ¯ The system uses the finite domain libraries in Oz and

                                                                               the modelling of the domain was implemented using

                                                                               the object layer of Oz.

ILPS WS 97

¯ W

                                     e extract a constraint model from the object repre-

                                       sentation, solve it and feed the result to the GUI sub-

                                       system which was implemented with Ozś embedded

                                       Tk package.

¯ Oz rich higher order functional syntax provides con-

                                       venient tools for manipulating the data structures of

                                       the constraint model.

¯ The tread package and its CCP style implicit synchro-

                                       nization mechanisms can be used to implement con-

                                       straint propagators (solvers) and search behaviours

ILPS WS 97

The Problem

Schedule a set train trips over a fixed network of

predetermined paths where:

                                        ¯ Trips may traverse tracks in both directions

                                        ¯ Pathsconsistsoftracksconnectingnodeswheretrains

                                                                               can meet and overtake.

                                        ¯ Schedules should respect reasonable bounds on time

                                                                               required to execute plan and on waiting times

ILPS WS 97

                                        T

                                   wo Duration T

                                           rip Scheduling

Traditionally train scheduling problems have

been modelled using a job shop scheduling (JSS)

approach i.e:

                                        ¯ Tracks are regarded as resources used by individual

                                                                               train trips. C.f. ^jobs~.

                                        ¯ Each traversal of a track by some train (a slot) is

                                                                               regarded as a task to be scheduled on that track.

ILPS WS 97

¯ In this model each trip requires exclusive use

                                        of the track resource for the duration of the

                                        track traversal.

¯ If we use a coarse network representation (to

                                        reducethenumberofresources)traversaltimes

                                        tend to be long.

¯ Inthiscaseexclusiveuseofindividualtracksis

                                        wasteful of network bandwidth when trips run

                                        in the same direction

ILPS WS 97

6

   An alternative model

   W
e propose a model where in addition to the

   traversal time we consider also a second duration

   associated with each task: the

headway

¯ Thetraversaltimedeterminestheminimaltime

                                       distance between two trips running in opposite

                                       direction on a track

ILPS WS 97

   ¯ The headway determines the minimal (time)

                                          distancebetweentwotripstraversingatrackin

                                          the same direction

   T
o see why this makes a significant difference

   consider the following two graphs:

ILPS WS 97

(Fig. 1)

(Fig. 2)

¯ Timeis onthe xaxis andspatialdistanceontheyaxis.

1:3

T 2

JSS formulation

T 4

T 1

T 3

                                                                                1:1

1:4

1:2

2: 3

2:2

2:4

3:1

3:2

3:4

3:3

4:1

4:3

4:2

4:4

                                                                               2: 1

2:2

T 2

                                                                                             Distinct headway and traversal time

T 4

T 1

T 3

3:1 4:4

6:1

2:4 5:1

2:3 1: 2

3:2 4:3

5:2 6:2

                                                                                1:1

                                                                                      2:1

3:3 4:2 5:3 1:3 6:3

4:1 3:4 5:4 6:4 1:4

ILPS WS 97

Constraint model

There are two distinct sets of constraints used in

the model.

¯ The first set is for maintaining the precedence

                                        of the track traversals for each single trip, i.e:

                                        ¯ For each trip all track traversals must follow in the

                                                                               sequence defined by its path and not overlap

                                        ¯ The waiting times at each location is constrained indi-

                                                                               vidually, for each train and for the whole schedule

ILPS WS 97

¯ Thesecondsetisusedtoenforceaserialization

                                        of all the slots associated with each track so

                                        that for each track:

                                        ¯ Any two trains travelling in the same direction must

                                                                               respect headway (even if speeds are diferent)

                                        ¯ Any two trains in opposite direction must not simulta-

                                                                               neously use the same track

The first set is straight forward to formulate. The

second is somewhat more involved.

ILPS WS 97

11

Define

and assume that we have for each track  a

set of slots  representing trips traversing the track.

Then for each pair  of slots in

the set:

Disjoint T

1

D

1

T

2

D

2

, , ,

( )

                    T

                                                  1

                                                                                                                    D

1

                                                                           + T

2

£

( )

T

2

D

2

+ T

1

£

( )

Ú

Û

T r a c k
i

T r a c k
ik

T r a c k
i l

( , )

ILPS WS 97

¯ If the two trips traverse the track in the same

                                        direction the following relation must hold

                                        where

                                           Disjoint Track
ik

. depTime Distance
ik l

Track
il

. depTime Distance
il k

, , ,

( )

                                          Distance
ik l

                                          m a x H e a d w a y
ik

H e a d w a y
ik

Track
ik

. t r a v T i m e Track
il

. t r a v T i m e

˘

+
,

                                                                                                      ( )

=

ILPS WS 97

¯ If the two trips traverse the track in opposite

                                        directions the following relation must hold

D i s j o i n t ( Track
ik

. depTime Track
ik

. travTime ,
,

                Track
il

. depTime Track
il

. travTime )
,

ILPS WS 97

Notes 1

¯ ^ If the two trips traverse the track in the same direction the following relation must hold ~ on

                                        page 12

                                        Note that this formalization (first bullet) in itself does not guarantee that two trains running in

                                        the same direction will not run into each other. This is the case only when the headways (for

                                        each slot) exceeds the maximum traversal time variance.

¯ ^ If the two trips traverse the track in opposite directions the following relation must hold ~ on

                                        page 13

                                        Note the similarity with the standard job-shop scheduling formulation in the simple case of

                                        avoiding collisions (2). The choice between the two cases is completely determined by the rel-

                                        ative direction of the traversals and does not in itself introduce indeterminacy into the model.

ILPS WS 97

Implementation

   W
e implemented a scheduler in Oz using the

   techniques described above.

   ¯ W

                                        e did not use the state-of-the-art scheduling

                                           primitives (edge finding etc.) included in Oz

                                           sinceourmodelusesthetwodurationapproach

   ¯ It may be possible to generalize the edge find-

                                           ingtechniquestothetwodurationcasebutitis

                                           not clear that it will benefit the application

ILPS WS 97

Search

   W
e use a very simple enumeration mechanism

   where the most constrained departure time is

   chosen and tentatively constrained to be smaller

   than the mid value of its domain

   ¯ Using such a simple search mechanism we

                                           were able to solve quite large problems

   ¯ As a comparison our industrial partner claims

                                           that the run about 1500-2000 trips/day

ILPS WS 97

Performance

I.e. 1000 trains in about 25 minutes.

                                        ¯ Memory is more limiting than time

248 M Hz Ultra sparc using 512 M b of memory

No. of  trips 200 400 600 800 1000

No. of  track s used 45 45 45 45 45

No. of  slots 1 245 2 490 3 735 4 980 6 225

Av. no. of  trips/track 27,67 55,33 83,00 110,67 138,33

Av. no. track s/trip 6,23 6,23 6,23 6,23 6,23

No. of  Vars