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New Approaches to Yard Planning
Using Computer Simulation

by George P. Engelberg*®

WHY TRIM WAS DEVELOPED

OVER THE NEXT TEN YEARS, Ca-
. nadian National will face the re-
qul{‘ement to expand or redesign many
O its yards in Western Canada in re-
Sponse to major growth and changes in
®mand for service. Because of the mag-
Mtude of the investment anticipated, it
S Necessary for CN to rigorously eval-
ate its approach to improving and ex-
fandmg yards. The objective is not only
t° expand yards to cope with projected
Taffic volumes, but to optimize terminal
Clency in the process.
Istorically, CN has analyzed operat-
s‘g and design changes using manual
mulation, This approach was costly
ans time-consuming, permitting the ex-
ti‘mnatlon of only one or two alterna-
aVeS. Recognizing the need for a better
Pbroach to analyzing yard changes,
Mif, " working with Peat, Marwick,
o ltchell & Co., embarked on the devel-
Irll’ment _of a computerized Terminal
tnteractive Model (TRIM) to replace the
dious and costly manual simulation
Pbroach,
thThe objective of TRIM is to retain
laf' benefits provided by a manual simu-
an lon (applicability to both hump yards
lnd' flat yards of any configuration,
Aintenance of a high degree of accu-
ei"Y and level of detail, use of skills of
irlDerlenced yardmasters) while employ-
(fg the benefits of computer simulation
aster execution, lower labor intensity,
ate_ater detail, rapid analysis of simu-
ti01°n results, flexibility of specifica-
th ). The result is a tool that combines
0 e _best‘ of both approaches through an
,‘Pme interactive computer model.
iny RIM enables CN to evaluate capital
th estment alternatives in greater detail
ua?n was previously possible using man-
i techniques. Because the time re-
,no‘é'?d to evaluate a proposed design
iy dification is drastically reduced, CN
alta le to look at a broader range of
1 frnatives than was possible before
Wil development of TRIM. That ability
to 1 translate into designs more tailored
he demands expected to be placed on

*
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ys Com-
pafg» Montreal, Quebec.
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ashmgton, D.C.
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the yards. In turn, CN will achieve more
effective application of its capital invest-
ments, since the minimum investment
necessary to meet demand can be more
easily identified through extensive anal-
sis of alternatives.

However, the benefits of TRIM go be-
yond testing alternative designs. CN has
always attempted to improve operations
in a yard before committing capital to
plant modifications. With TRIM, CN is
able to simulate more alternative strat-
egies, and expects to be able to postpone
major capital investment by judiciously
improving yard operations.

Finally, CN anticipates using TRIM
to train yardmasters in the best oper-
ation of a redesigned or new yard and
to help new yardmasters gain experi-
ence in the operation of a yard before
going out into the field. By directing the
simulation of a yard, the yardmaster
can gain valuable insights into how the
yard functions under varying conditions.

DEVELOPMENT OF THE MODEL

Starting in the Fall of 1979, CN and
Peat Marwick began designing the struc-
ture of TRIM. Because of the geo-
graphic dispersion of the development
team, it was necessary to follow a care-
fully planned sequence of phases to en-
sure that each member of the team al-
ready understood the results of the prior
phase and the objective of the subse-
quent phase. The phases which were fol-
lowed in the development process in-
cluded:

©® Concept Development;

® Computer Evaluation;

® General Design Specification (in-
cluding a manual test of the de-
sign);

Detailed Design Specification;
Program Development;

Testing and Refinement of Pro-
grams.

At each phase, extensive documentation
was prepared for review and future ref-
erence. This ensured a fully documented
model when the development was com-
pleted.

This approach also ensured that the
rail operations experts were fully in-
volved in the design of the model and
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kept informed during the programming
phase. These people were a critical re-
source during the testing of the model.
Since the model was designed to be used
by rail analysts, rather than computer
specialists, many suggestions made by
the rail operations experts were incor-
porated into the model. The successful
implementation of TRIM is largely at-
tributed to the team spirit generated
between the computer scientists charged
with the creation of the model and the
o};:erations experts who worked with
them.

OPTIONAL LEVELS OF DETAIL

Because the objective was to design a
model which could be used to study a
yard in great detail, TRIM has the abil-
ity to handle all major operations that
occur in a yard. The study team is free
to choose the amount of detail that is
appropriate to the objectives of the yard
under study. For example, in evaluating
a particular yard design, it may be sus-
pected that not enough departure tracks
result in frequent congestion in the clas-
sification yard as trains are made up. In
this case, the very specific track geom-
etry of these areas of the yard would be
represented in the model. In other cases,
the track geometry could simply be ap-
proximated, combining or ignoring cer-
tain tracks which were not expected to
have any significant impact on yard per-
formance. A second example of optional
detail would be crew management and
utilization. TRIM can specifically model
the detailed work carried out by inspec-
tion crews. Too few crews could result
in trains waiting for inspection; too
many would later show up as low crew
utilization. Should these human re-
sources not be a constraint (or of inter-
est) in a particular evaluation, they can
be ignored completely. TRIM also allows
the time window for yard activities to be
adjusted. For many types of simulation,
specifying the duration of time of any
activity to be a minimum of one min-
ute (or more), results in no significant
loss of accuracy.

DETAILS OF
TRIM’S OPERATION

TRIM 1is applied in three distinct
phases:

—preprocessing — preparing and val-
idating the input data

—simulation — performing the simu-
lation
—postprocessing — producing and

analyzing the results .

Figure 1 shows the interrelationships
among the phases.

Preprocessing

Input data for the model are collected
in the first phase and subsequently vali-
dated by TRIM for correctness and con-
sistency. A great deal of effort must g°
into creating the input files if realistl
yard activities are to be produced by the
analysts. Up to five input files may be
prepared: d

TRACKS: This file is mandatory an
would likely take an analyst from one
to four weeks to prepare depending
upon yard size. A large yard may havé
in the neighborhood of 1,000 track se¢
tions. All tracks are assigned a uniqu®
name and the legal movements between
tracks must be specified. TRIM validates
this file when constructing the network
informing the user of errors and incon”
sistencies.

SWITCHES: Although the user c¢a?
specifically name the switches that con-
nect tracks, this file would usually be
omitted. During a simulation, the an2-
lyst would likely never have to concer?
himself with switch names.

INITIAL POPULATION: This file if
optional. If omitted, however, an extr
day or two of simulation may have to b®
performed to reach a stable'car pqpu&
lation in the yard. The data contain€
in the file are the yard’s locomotive®
cars, and crews, including their specifi®
track locations.

CREW SCHEDULE: This file if Opli
tional. If included, the model will c2
crews automatically at the specifie
times.

INBOUND TRAINS: Although O0F°
tional, this will usually be a most lm:
portant file, along with the track co™
figuration. For each train, the file coP
tains the time of arrival, the arriv®’
track, the number and type of locom?
tives, and the sequence and detailed m
formation for each car. Each elemerli"]1
important. For example, incorrect¥
specifying the number or type of loco g
motives would make it difficult to 1at¢
depart trains due to a lack of power ?
the yard. Not realistically marshalllnff
cars on inbound trains would significal
ly change the work required to be dof
in the yard. Canadian National uses lk
CANAT (Computer Assisted Netwo:
Analysis Tool) forecasting system ‘0
generate inbound trains. A realist!
workload for up to 10 years in adva“cn
can be obtained. This ofrecast is thef)
scrutinized and, if necessary, edltee
manually to make any changes befo”
being used for TRIM. The value of

A b o N L by PR
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INTERRELATIONSHIP AMONG PHASES

l PREPROCESSING l
¢ INPUT FILES
>
TRIM SIMULATION INTERACTION
WITH ANALYSTS
—
Loa
FILE
OFF LINE
PROCESSING
GRAPHS AND REPORTS II
AN
FIGURE 1

\

;°Tputerized forecasting system is ap-
15 <0t when it is considered that up to
°V,er cars can enter a large hump yard
tion e course of a three day simula-

* Numerous shortcuts are possible,
r, if the study does not require
e detail to be included.

hile not strictly part of the input
of or breprocessing, the determination
2 realistic train service design for

Ow
all te}:; N

outbound trains is an important activity
prior to simulation. This sets the goal
for the work to be carried out.

Simulation

TRIM is an “event-based” simulation
in that it moves forward through time
from one activity to the next. The model
examines the work it has to do (based
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on the commands that have been en-
tered), selects the one that will be com-
pleted the soonest, and moves the simu-
lation clock ahead by that amount of
time. It then adjusts all yard resources
to their new position. As a result, cer-
tain resources will have reached their
destination, others will have advanced

only partially, and still others will re- -

main where they were initially because
no specific command was given to move
them. Figure 2 illustrates the patterns
when only one yardmaster (analyst) is
working. More than one yard analyst at
a time can participate in the simulation.
(TRIM is currently designed to handle
up to 10 analysts at a time.) The active
resources—Ilocomotives and crews—are
assigned to specific yard analysts; yard
analysts issue commands to accomplish
specific functions. An analyst can issue
commands controlling only his own as-
signed resources. Those resources can

be reassigned, if desired. A typical
scheme would parallel the sphere of con~
trol by a yardmaster in a tower. For eX;
ample, one analyst may be in control ©
the receiving yard, another the depar”
ture yard, and a third the hump oper-
ation. It is by proceeding in this deter-
ministic manner that the plant and 0P~
erating rationale are evaluated.

The TRIM commands that control the
yard operations fall into four malll
categories:

1) Movement Commands: These com~
mands move locomotives (with OF
without coupled cars) along
route specified by the analyst. AS
part of the command, the analyst
specifies the destination of the
move. TRIM automatically can cal-
culate the time required, or the
analyst can override this functio®
and specify the time himself. 0P~

SIMULATION SEQUENCE

[

HOME SCREEN
S
MANY OTHER ENTER ONE OR MORE MORE COMMANOS:
COMMANDS PARTIALLY COMMANDS OR INQUIRIES OR INQUIRIES
COMPLETED

- NEXT

CONTINUE

SIMULATION CLOCK ADVANCES
ACCORDING TO DURATION OF
COMMAND DUE TO COMPLETE

FIGURE 2
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tionally, the analyst can kick or
Set off cars. On a more macro-
Scopic basis, are commands to
switch cars or hump a train. To
Support these latter activities,
TR_IM maintains switching tables,
which are automatically referenced
when an analyst prepares a switch
list. Of major interest, conflicts in
yard are detected and handled.
Should a track already be occupied
along a route, for example, the
system warns the analyst. If so in-
structed, it will advance the loco-
motive to the blockage, wait until
it clears up, and then resume the
balance of the move.

2) Crew Movement: These commands
affect control of the crew re-
Sources. Included is the ability to
call or relieve crews, assign them
about the yard to tracks or to lo-
comotives, and issue commands for
them to inspect trains, The analyst
specifies the duration of the above
activities.

3) Coordination Commands: These

commands allow the analyst to

control yard environment not spe-
cifically associated with movement.

Included would be requesting noti-

fication when specified yard condi-

tions arise, waiting for specified
periods of time, performing switch-

Ing table maintenance and prepar-

Ing switch lists, and setting and re-

moving blue flags on tracks.

Inquiries: Since it is not possible

to control yard resources without a

detailed knowledge of where they

are, a comprehensive inquiry sys-
tem has been incorporated into

TRIM. It is based on CN’s com-

puter-based Yard Inventory Sys-

tem (YIS), now in use at many

CN hump and flat yards. Car lists

for specified tracks can be ob-

tained, for example, which show
not only the detailed car data, but
also the specific car locations on
the track. Other inquiries allow in-
formation to be summarized by

System destination, advanced con-

sists of trains due in the yard, etc.

4

~

quAS an example of a simulation se-

ene}?ce, suppose two commands are giv-

lat; efore the analyst instructs the simu-
on to continue:

) assign a crew to a track—travel-
Ing time is 5 minutes

2) move a locomotive along a specified
three-track route—travelling time
1s 7 minutes

Whe

copth the analyst gives the command to
Ntinue simulation, the simulation time

189

would move forward 5 minutes. The
crew would be located at the new track,
and the locomotive would be on an inter-
mediate track between its origin and
destination.

In a large simulation, numerous com-
mands could be only partially complete
after the clock had advanced and the
control has returned to the analyst.
When control has returned, the ana-
lyst would be presented with a “home
screen” (Figure 8). The home screen
would inform him what the new simu-
lation time was, describe what activity
had just been completed, and provide a
list of all other pending activities and
their expected completion times. It
would also indicate the current location
and status of his crews and locomotives,
and the resources which were capable of
performing further work. Based on the
home screen, the analyst could: )

® instruct the simulation to continue,
choosing not to enter more com-
mands;

® request a formatted screen so a
new command can be entered;
and/or

® perform inquiries into more de-
tailed yard status so as to assist
him in determining what com-
mands to enter. :

Figure 4 illustrates a screen an ana-
lyst has filled out to specify a sample
“move” command. Since most commands
follow a fill-in-the-blank approach, they
relieve the analyst from memorizing
complex computer commands. The move
command also offers the analyst a
choice of how to specify the move. For
example, he can specify the locomotive
consist or the track the cars are on.
In this case, the consist was specified.
Fields directly underneath each other
represent a choice. Furthermore, certain
fields are optional, and these are indi-
cated by parentheses. If time were not
specified, the simulation would calculate
it based upon total distance to travel
plus certain default track speeds. Spot-
ting cars can also be explicitly specified,
or else the system chooses the default,
spotting them clear of the switch foul
point. In the “next command” field, the
analyst can name another command
screen he wants next, continue the simu-
lation, or a number of other actions.
TRIM performs numerous validation
checks before a command is actually ac-
cepted into the queue for processing. Re-
source names must be correct and ac-
tually be free; routes must not be
blocked and so on. Appropriate errors
and warnings are issued.

An important feature built into TRIM
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HOME SCREEN
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YOUK CONSISY STATUS:

SCROLL NEXT/PREV

b o e - - -4

HONE

YOUR FOLLOWING ALTIVITIES MAVE COMPLETEDS
"MOVE CARS 16 W1TH YARD1 ROUTE WL.C WL.A

YOUR NEXY SCHEDULED ACTIVITIES & COMPLETION TIMES ARE:
02/04315333 VEPT TRAIN 788 ROUTE El EDEP

CONE1SY YRACK. STATUS CAKS CONS1ST TRACK  STATUS CARS
798 Al A 98 EEH ENG4 y 0
alla ENGY ] [{} $61 ENGY [} (]
567 ENGS [’} 0 YARD1 uL.A ] 14

YOUR CREW 57avLs:
L NEN CONS1STY TRACK TYPE  STATUS  WARN
4 734 LIRS ‘ROAD A
3 EC11 SU1Y ']
3 varot WL.A SuIT [}
4 888 ENG4 ROAD '} .
: *BOTTON®

SINULATION TINE 02/04:08:00 }
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OR NEXT CORMAND conmnano NOVE

FIGURE 3

COMMAND TO MOVE CARS

vescscee ’ ssccscce .

¢ RESERVE ®OUTE . )

——
HOVE SIMULATION TINE 0B2/04:02:00 :
MOVE 1S ‘Ckﬂﬁ ' WITH CONSIST YAROD1
TRACK . ON TRACK  seeecess
TO VYRACK WL.A
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.
~

e e et o e e e e =

4 o= e e e = -

(SETOFF ... CARS ( RETURN . ) ) (SPOT .... FEET FROM ZAST )
( KICK ... CARS ( RETURN . ) ) [4 eess FEET FROM WEST )
(AT TRACK ceeveees ) § COUPLE . )

( CLEAR EAST . )

4 CLEAR WEST . )

HR NN SEC
SO TINET .. .. 3 el )
) HR AN SEC
(DELAY 2Y . % 4o % oo (REASON .eecccecccccnses ))
NEXT COMMAND HOME .
FIGURE 4

is the ability to take “checkpoints” of
yard status at a particular point in time.
If done on a regular basis, work already
accomplished will not be lost in the event
of computer malfunction, power failures,
ete. Checkpoints also allow different
yard operating strategies to be evaluat-
ed from a common base condition. For
example, if the yard status at 1400 hours

is deemed unsatisfactory, it is possﬂ}le
to continue simulation from an earlie?
checkpoint and operate the yard under 4
different strategy. £

One of the outstanding features Od
TRIM is that it is designed to be usef
by railroad personnel. A knowledge ©
computers and scientific modelling is noe
required. The system converses with th
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analyst entirely in railroad terms. A fa-
Miliarization period of a few weeks is
Tequired for the analyst to become com-
ortable in use of the model and aware
of its numerous features. In performing
fie simulation, the analyst or analysts
SImultaneously play.more than one role.
art of their function is to be a yard-
Master, determining the overall strategy
of operating their portion of the yard.
In addition, they are also switching fore-
Men and inspection crew foremen as
they direct the more detailed functions
the yard.

Postprocessor

As the simulation proceeds, TRIM
Performs extensive data logging. The
Purpose js to reconstruct what tran-
Sbired during the simulation. Therefore,
:ach car movement onto and off each
fack is logged, along with the corre-
Sbonding detailed ‘locomotive and crew
Movement, The log tapes are then pro-
fessed through a comprehensive report-
ing: System, separate from TRIM itself.
lt IS not necessary to wait until a simu-
ation hag concluded—analysis reports
€an be produced at any time. If different
Strategies have been followed from a
d°mm0n base checkpoint condition, the
t}?ta from either path can be selected for
v.e DPostprocessing. The log file captures
sllthally all the yard activity that tran-
rDlred and is independent of any specific
ieDOrt. By further splitting the log file
1o subfiles, however, almost any report
fylpe can be developed. At this time, the
Ollowing reports are available:

Report 1—Track population—graphi-
cal
Report 2—R&D Occupancy—graphical
eport 3—ILead Occupancy—graphical
Report 4—System Destination Popu-
lation—graphical
Report 5—Track Put Thru

eport 6—Put Thru by Car Type

eport 7—Crew Utilization (Switch-

ing or Inspection)
Report 8—Locomotive Utilization

(Switching or Inspection)
Report 9—Conflict and Delay
lys}i&ch individual report allows the ana-
ana] 2 large degree of flexibility. The
Solj dyst can choose to extract and con-
he .2te only those operations in which
letls Interested. For example, the ana-
for may specify a time window to use
tias TePOTting results so that the activi-
o 1peljformed in generating an initial
tisp'u ation do not distort the overall sta-
1¢s. Track population can be exam-

ined on an individual track basis, or spe-
cified tracks may be grouped together to
form an aggregate population. Individ-
ual reports are tailored to an analyst’s
requirements by preparation of a “con-
trol” table which governs the selection
and consolidation of the associated re-
porting program.

Two report types are illustrated. Fig-
ure 5 shows a graphical report of Track
Population. It may be noted that the
population is further broken down into
its constituent system destination
groups. A control table is used to pro-
duce the graph, permitting a wide vari-
ety of selection and grouping ecriteria.
Figure 6 shows a report on locomotive
utilization, indicating how much time
was spent in various working and idle
categories, plus total miles travelled in
the yard.- o

COMPUTER CONSIDERATIONS

After extensive evaluation of the al:
ternatives available, CN determined
that a PRIME 550 system was the most
effective computer for its purposes.
TRIM 1is currently running on the fol-
lowing computer configuration: :

—PRIME 550 CPU

—1% megabytes of main memory
"—1 300 megabyte disk drive

—1 tape drive

—1 300 line per minute printer
—4 terminals

—communication capability to CN’s
mainframe computers

A graphies terminal will be acquired
in the near future to provide a ‘bird’s-
eye view’ of yard status.

In designing the TRIM applications
software, certain important features
were considered:

1) All comménds aré entered via CRT
terminals in a fill-in-the-blanks
mode. :

2) The model handles a variable num-
ber of analysts, who can attach to
and leave the simulation as de-
sired.

3) TRIM was designed so that it is
not permanently tied to one com-
puter system. For example, TRIM
could in a relatively -straight-
forward manner, be changed to run
‘on an IBM mainframe computer.

EXPERIENCES WITH THE MODEL

The first yard to undergo simulation
with TRIM was Kamloops Yard, a me-
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LOCOMOTIVE UTILIZATION REPORT
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fum Size flat yard in British Columbia.
Wep One particular alternative, there
14 te SIX receiving and departure tracks,
a g Tacks in the classification yard, and
nyorge yard with 6 tracks. The total
0;“ er of track segments, including
weﬁ‘echng tracks and crossovers, was
Wae 2Ver 200. The goal of the simulation
o8 0 evaluate several yard expansion
Volugns to handle projected 1990 traffic
Cap }']“esfrequiring approximately 4500
bloy andlings daily. The strategy em-
Dersi’e Wwas to use one yardmaster ex-
twoenCed in Kamloops operations, plus

¥ard analysts, who actually used the

CRT screens to translate the yard-
master’s general directives into more
specific yard commands. One analyst
tended to handle most of the locomotive
and car movement commands while the
other handled crew assignments and in-
spections.

Several key lessons were learned from
this simulation:

® Each analyst should have about
two or three weeks of training
with TRIM before participating in
a full scale simulation. Although
each individual TRIM command is
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straightforward, the training pe-
riod is necessary because of the
number of commands available and
their options, and the requirement
to be able to develop a good overall
.. feel for the current yard status. .
® The simulation team will require
about a week of working together
before the teamwork relationship
fully evolves. The team members
will- develop their own sharing of
responsibilities, methods, and short-
cuts to perform an efficient and
well-coordinated simulation.
® The amount of detail included in
the simulation must be traded-off
with the time available to complete
the study. In the case of Kamloops,
certain track sections were consoli-
dated (tracks going up a switching
ladder, for example) to simplify
route specification. Certain crew-
related activities were simplified as
well, since yard design, not yard
operation, was the main goal of the
analysis.
® The time window for activities
should be specified to be at least
two or three minutes. Setting the
" value too small can frequently
cause the simulation time jumps to
be only several seconds. It is more
efficient to force the simulation to
handle all activities up to the
longer time-window mark. In this
case, some resources would remain
unnecessarily idle until the end of
the window, when new commands
could be entered. Little accuracy is
lost with this scheme, however, and
the increased opportunity for ana-
lyst coordination is a major bene-
fit. This would be especially im-
portant in the simulation of larger
yards with more than two analysts
at terminals.
® The simulation rate achieved for
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Kamloops was approximately five
hours of yard simulation during
each working day of the simula-
tion team, or about one full yar
day each week of simulating. The
various graphical and tabular re-
ports were available on an over-
night basis. It is expected that this
rate can be increased as the ana-
lysts gain more experience wit
TRIM. A larger flat yard would
likely take somewhat longer t0
simulate because of the requiré-
ment for additional yard analysts-
It is difficult to estimate the simu-
lation rate for a hump yard, sinc®
its size and complexity are mitl”
gated by the requirement for muc
less switching.

FUTURE ENHANCEMENTS

It is anticipated that numerous add‘i
tional capabilities will be added to TRIM
over the years. The most important one®
will be those which automatically han
certain basic decisions, removing thes®
burdens from the analyst. One exampl®
is the inclusion of standards into
model. Based on locomotive dynam 4
number of cars, and total length, ﬂll
time for a move could be a.utomatlcfily

determined. Similarly, the time to swit¢

a set of cars could be determined fro™
the sequence of system destinations 12
switch list. Eventually, certain 5 ]
quences of commands could be genel‘ate. n
automatically. For example, a tra’
could be automatically made up, fl(l)y
departure, or trains automatic?
switched in sequence. . d
Based on the experiences CN has hah
to date, plus the enhancements Whlci
are planned, CN anticipates that R
will be a major tool for its own
anzlyses for many years to come.
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