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CHAPTER I

THE PROBLEM

Introduction

The movement of freight in trailers or containers is a con-
venient and economical method of shipping non-bulk commoditiesuand_
merchandise for both the shipper and the mover. Thebshipper accrues
the benefits of containerization by taking advantage of the trans-
ferability of a shipment between modes of transportation. The mover
benefits through the use of‘standafdized equipment that is designed
specifically to reduce handling. A manufacturer can transship a
product from a plant on the West Coast of the United Stgtes to a
distribution warehouse on the East Coast utilizing both over-the-road
and rail transportation. This enables the shippe; to take advantage
of the less expensive rail transportation over the long haul.  How-
ever, the benefit could be offset by increased handling éost and
freight charges if the shipment were non cbntainerized. Containeriza-
tion enables a more efficient transition from the road to the rail and
back to the road again. Additionally, units within a container re-
quire handling only at the origin and final destinatién. The antic-
ipated cost reductions and ‘improved efficiency prdvide the basic

motivation for freight containerization.



Containerized freight movement is achieving an increasing role
in all common modes of transportation. These include tractor-trailer/
container (truck) combinations that move over-the-road, flatcar
trailer/container combinations that\move over—the—rail, sea-borne move-
ments where trailers/containers are carried by ships, air-borne ship-
ments in highly specialized containers, and tug-barge combinations on
rivers and inland waterways. The latter two modes are at opposite
ends of the spectrum. Air freight movement usually involves high-
value, high-priority items while river freight is most often low-
priority non-containerized bulk material. Consequently, container-
ized interfaces between these two modes are extremely rare. Container-
ization interfaces between trucks, rail, and ships are quite common,
however, and they occur in any combination. Trucks deliver and pick up
containers at both rail and sea port terminals. Sea-borne containers
originating at foreign ports are transferred to the rails at ports in
the United States, transported to a distant rail terminal, then coupled
to trucks for movement to a final destination. The capability to trans-
fer containerized freight from one mode of movement to another has led
to the development and expansion of this method of transporting freight.
It has assumed an important role within the industry and is referred to
as Intermodal Operations.

In the Railroad Industry, intermodal transportation is variously

called piggyback, flatback, trailers-on-flatcars (TOFC), or containers-

on~flatcars (COFC). Intermodal trailers are specially constructed to

be more rugged than the familiar truck trailer and are equipped with



a permanent undercarriage. They are usually associated with the inter-
face between over-the-road and rail transportation. There is increa;-
ing interest in truck/rail/ship combinations with trailers, however.
Containers are of two types; those that can be fitted with wheels for
over-the-road transport, and those that cannot. Containers are most
commbn in rail/ship combinations. Railroad flatcars are specially
‘designed for intermodal use. In general, there are three types:
thoserthat can carry only trailers, those that can carry only contain-
ers, and those that can haul both trailers or containers. These terms,
trailers and containers, are often used interchangeably. Container
sizes are being standardized at eight feet high, eight feet wide, and
in lengths of ten, twenty, thirty and forty feet.

~Intermodal rail transportétion originated in the late 1800's
when some farmers moved their produce wagons to city markets, énd cir-
cuses shipped circus wagons between cities on railroad flatca#s. Howb
ever, it was not until the mid 1950's, when the Interstate Commerce
Commission declared piggyback service legél for railroads, that this
‘mode of transportation began to expand to its current magnitude [74].
‘For example,'dufing the first nineteen weeks of 1950, there were
approximately 623,000 piggyback flatcaf loadings reported in the
United States transporting about 1,150,000 trailers and containers.
This volume is second only to the 2,204,000 coal cars for the railroad
industry. ‘In third place are the estimated 512,000 chemical car
loadings during this same period l6s].

The literature indicates that utilization of TOFC/COFC will

continue to expand and that traffic increases will be stimulated by



new technology in terminal and train operations. It has also been
predicted that future growth for this mode of transportationvwill be
at twice the rate in the next’tenvyears as it has been over the past
ten years [64]. Some justification for this optimism is founded in
the advances that individual railroads, and the industry in general,
have made in intermodal service [52, 55, 57, 63, 64, 70, 72, 87, and
88]. Morash, Hille, and Bruning [68] suggest that the railroads can
inéreaée intermodal traffic by concentrating on the shipment of high
valued manufactured items and regaining shipments lost to the trucking
industry. The only voice of pessimism encountered is by Beier and
Frick [51]. They conclude that significant inéreases in traffic can
konly be attained if the cost of TOFC is reduced and services are im-
proved. It is apparent that the development of innoﬁative management
analysis techniques will be an aid to the industry in seeking to
attain the anticipated potential for growth in intermodal rail service.
Intermodal terminal operations provide an areé‘where new analysis tech-
niques could prdve to be very benéficial in planning for future growth

and improving existing services.

Intermodal Terminal Operations

fntermodal railway operations are second only to coal in terms
of the number of cars loaded by the nation's railroads [65]. Thése
opérations consist of receiving containerized freight at one terminal,
loading the containers on flatcars, then delivering 'them by rail to
another terminal where they are unloaded and transshipped to a final

destination. The containers arrive and depart the rail terminals via



~fail, motor freight, or.Ship, and they mﬁst be compatible with the
railroad equipment and the equipment of the interfacing mode of
transshipment. ‘The railway intermodal terminal aiea is a critical
ﬁbint‘forbthese operations.

Some 1nsxght into the cémplex1ty of intermodal operations in a
rall terminal area is provided by Flgure 1. Thls\érawingblllustrates :
the interf;ce between motor freight and rail transportation. éontain4
ers arrive at~the ;erminal from two sources; (1) the inbound yard by
raii, and (2) the parking facility by‘truck. Coﬁtaiﬁers arrive at the
inbound yard on flatcars and fall into two classificatioms. They‘ére |

‘at their flnal rail destlnatlon and are to be off—loaded from their

flatcars, or they are to be transshipped ‘by rail to another terminal’

I1f they are to be transshlpped the flatcars must be recla551f1ed 9)

- accordlng to thelr destlnatlon and coupled to a correspondlng outbound

train. If the conta;ners,are at their rail destination, the flatcars -
are "switched"ifrom the inbound yard to the containervsiding (3) where
they are ﬁff—loaded onto a ramp and transferred to a parking lot on
the ground (4). These containers remain‘at the parking‘facility until
they are bicked upiby a tracﬁor (ﬁotqr freight truck) for over—-the-
road transportation to their final destination 3). Containérs arrivf
ing by truck (2) are de;oupled from their tractor and are also placed
into the parking facility. These remain in the lot until they can be
scheduled for rail shipment to their destination; When these outbound
containers are sche@uled for departure, they are moved to the siding

‘ ), loaded onto flatears, and switched to an outbound yard (8). There,
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the flatcars are classified by container destination and coupled to
outbound trains made available through other rail operations (9).

Figure 1 also illustrates the container siding ana switching
operations that must be coordinated with all other rail operations
scheduled, or in progress, in the yard (10). These operations are
conducted around the clock, every day of the year. Events, like the
arrival and departure of trains at the yard, are scheduled (ll}. Cur~
rent decisions (12) involving yard operations, such as classification
and switching activities, must insgre compatibility with the schedule
of all yard related events. This includes-the loading and off-loading.
of containers on flatcars.

Classification is ome of the primary purposes of a typical rail
yvard. VTrains arriving at. the yard are broken down into individual
cars. and the vard supervisor decides Whére; among the‘severa1~tracks
available in the inbound yard (receiving area), each car is to be
placed. A car that is at its destination is scheduled to be switched
to a siding. If a car is to be forwarded to anothef destination, it |
is reclaésified, consolidaféd with other cars for the same.destination,
and transferred to the dutbound yard. Additionally, individual ¢ars
originating at the yard are classified in accordance with their des-
tination before they are moved to the outbound yard. In the outbound
yard, also consisting of several tracks, the train of cars is coupled
to locomotives for scheduled departures.

The classification process is very complex. Information must

be available on each car of a train prior to its scheduled arrival in
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the yard. Computers are employed by many railroads in order to provide
this information. For example, approximately two hours before a train
arrives at a yard, data is passed to a computer at the yard by a master
computer which provides the make-up of the t:ain. This information
includes the.weight, destination, and precise location of each car of
the train. Current decisions can then be formulated, based on this
information, to position the‘cars in the inbound yard and update the
yard inventory (6). Switching to sidings and the yard classification
activity can then be scheduled.

The Norfolk and Western yard, located in Roanoke; Virginia, is
an example of how classification is accomplished through the use of a
"hump". The hump is a small hill located at the end of the inbound
yard. Cars are mOyed to the hump by a switching engine. There,‘they
are sent over the hump individually, gravity providing the momentum,
into the classification area. An operator in a control tower directs
the cars onto one of the trgcks of the classification area. Instru-
mentation, including wheel sensors, photo-electric sensors, weight-in-
motion scales, wind gauges, and speed-reading-radar provide data on
each car to a computer as it moves down the hill. Calculations are
made to determine changes in rate of speed, weight, length, and the
number of axles on the car. The speed of the car is then adjusted, by
an elaborate breaking system built into the tracks, to provide just
sufficient speed for the car to couple with the previously spotted
car at its designated position on a classification track. The tower

operator, in addition to selecting the receiving track, enters the



number of cars to go on a track, and the first and last car numbers for
the track. The operator aiso maintains the capability to override the
automatic system. Once all of the cars for a designated train have
been classified, they are moved to the outbound yard by a switching
engiﬁe.

The intermodal terminal manager must function within the yard
environment. Additionally, he must deal with the special circumstances
that are peculiar to intermodal operations. For example, because there
are three basic types of flatcars, some cars that are off-loaded at the
terminal siding may have to be switched from the siding empty if match-
ing containers are not available in the parking lot. Likewise, empty
cars may Be required at the siding to provide for specific containers
that are to.be shipped.

‘The flatcar capacity of the siding, in conjunction with physical
characteristics of the loéding/off—loading ramp and associated equip-
ment, are physical constraints in the operation of the intermodal ter-
minal. For each terminal, there is a finite number of cars that can
be at the siding at any point in time. The time required to off-load
and on-load these cars is dependent on the type of equipment employed,
the layout of the ramp, and the proximity of the parking lot. The
equipment varies from terminal to terminal; it ranges from the very
expensive, highly specialized and fully automatic side-loaders, to a
relatively inexpensive "circus" type of operation employing tractors.
Containers are handléd with side-loaders at terminals where the volume

of traffic justifies their application. Circus handling, where the
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containers are driven on and off the flatcars, is employed at low traf—
fic’volume terﬁinals. | | | |

, Thévcapacity»qf‘the parking lot and its:location relative to
- the sidingvand adjacent ramp are'also.finité‘limiﬁing factors in the
~terminal operation. Trailefs areiarriving and départing thellét'daily.
‘The maximum numbe; pefmitted in the»lot at any point in time is a
function of the physiéal-size of ‘the containefs; the space réﬁuired
for maneuveriﬁg them, and the total area availlable for t}hew lot. A
conflict in scheduling, or an iﬁcrease in traffic, could concéivably
’iivé the lot beyond saturation, interrupt operations, and create po¥

tentially costly delays.

Statement ofrthe Problem

The complexity of terminél operations confronts the intermédal
-manager Wifh some difficult‘problems, inclﬁding,the folléﬁiﬁg. Given:
an increase‘in intermodal traffic, at what’poinﬁvcould thé manéger
expect the parking lot to exceed capacity? “What changes wOuid be
desifaBle in the’yard‘switching schedule to‘promote overall efficiency
and parking 1o£ utilization? When should the ramp be expanded, or
new equipment, or personnel added? What are the éxpected costs’of
these actions?

The problem is thatrto experiment with the real system in érder
to assess the effects of the above described changes would be time
consuming and qostly, iftnot impossible. A computer simulation model
vadequately repreéenting these facilities could provide a valuable

menagement analysis tool to seek acceptable solutions to ‘these problems
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at a reduced cost, in a shorter period of time, and without disrupting

current operations.

Purpose -

The purpose of this reseérch is to develop a QueueingQGraphiCal
Evaluation and Reviéw Technique (Q-GERT) computer simulatidﬁ model of
a railway intermbdal terminal system,vincofporating the daily arrival/
depérture frain SChedule,ithé yard switching‘schedﬁle for the terminal,
and over-the-road traffic patterns to analyze the senéitivity of the
éystem to changes in intermodal operations. For example, giVen a
fixed parking iot capacity, a decision to unload c¢ontainers at the
siding at one point in time, becausé it would be compatible with the
yard swi;éhing SChedule; may'result-ip an over-capacity situation in
the parkiﬁg lot. Yet, the same decision at a different'point in time
would be feasible. A computer simulation model of the terminél’facil—
ity that would enable the infermodal’manager té anticipate andbevaluate
schedules and contingencies prior té implementation would be very
desirable.

Figure 2 illustrates the general operation of a typical railway/
over—the-road intermodal terminal. )Externally scheduled events are
‘the arrival and departure of trains couplédiwith flatcars loaded with
trailers. Each flatcar in the system (terminal) represents a trans—
action thaﬁ must be processed in a specified manner. If it‘is arfiv—
ing, the typé of car, number and type of containers, and the cars'
direction are recorded as attributes of the transactioni If it is to

depart the system, the direction of departure (destination) and number
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of~trailers_aSsociatedjwithveach car are attfibutes.
Internally scheduled events are: '(l) the departure of'a flat- ‘s
car(s) from the 1nbound yard to the 51d1ng, (2) the arrival of a flat-

car. at the siding from the 1nbound yard (3) the off loading of the ,

. containers from the car, (4) reloading the‘flatcar with trailers, (5)

the departure of a flatcar from the siding, and (6) therarriﬁal ofithe/
car in thevoutbound‘Yafd. Other events that’are dependent‘on these :

. .scheduled eventsvare the arrival and depaftnre'of trailers in the oark-‘
~ing 1otfvia the siding. Each flatcar arr1v1ng at the 51d1ng generates
transactions in the parking lot in accordance w1th the number of
trailers that were assoc1ated with it when it arrived in the system.
Likew13e,-each flatcar that is 1oaded at the siding reduces the number
of transactions in the parking lot by the number of trailers that are
;loaded onto 1t.» Each transaction in the parking lot has assoc1ated
attributes deoignating type mode of arrival (rail or over-the-road),
~and destination.

| Stochastic activities and events are alsoian integral part of
the systemt However, they are dependent on the scheduled trains enter-
hing and leaving the:Yard. For example;-over—the—road afrival and: de-
’parture events at the parking lot occur randomly during the day. Yet,
kthey are often generated by the arrival of a train in the yard, or the
scheduled.departure of a train from the yard. A trailer over-the-road
departure from the parking lot is "activated" when the>intermodal'tet-'
minal superv1sor is 1nformed of the impending arrival of a train in

the inbound yard. He is notified of the number of flatcars on the
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train that ha&e trailers on them, the‘conSignee of each trailer, and
the car on ﬁhich‘éach trailer is located. vGiven’this inforﬁation, the
supérvisor then plans the future activity of. the terminal, which may
span several dayé. He will notify each.trailef consignee when their
trailer has arrived in the inbound yard, and the date and time he esti-
‘mates the trailer to be on the ground in the parking lot ready for
pick-up. The consignee will then make arrangements to pick up the
trailer, and often, but not ‘always, will deliver another trailer to be
shibped in the procéss. This pick-up and delivery process for the |
parking lot, though related to the train schedule, follows a probabil-
istic distribution that is the result of independent decisions made by

individual consignees.

Objective
The purpose of this reéearch is to produde é model of intérmodal
railway terminal operétioﬁs to obtain the following statistics:
1. The maximum number of containers in the parking lot.
2. Server utilization for the on/off loading activity
at the éiding.
3. Yard switching time.
4. ‘Waiting time of containers at the parking lot to be
shipped by rail;
5. Waiting time of containers at the parking lot to be
picked up by conéignees.

6. Wéiting_time of flatcars at the inbound yard.
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7. Waiting time of flatcars at the outbound yard.

8. Siding/ramp utilization.

‘The primary objective of this research is to provide a manage-
ment tool ﬁhaﬁ ﬁill enable decision makers to view tﬁeir intermodal
terminal System:as a whole, over time, to estimate their‘resource re-
 quiremehts and operatioﬁal capabilities‘for given levels of activity.
One shoﬁld be able to vary’the system parameters, eithervindividﬁally
or simuiténeously, and pbserve»tﬁe expected chaﬁges in the system.
 Foq example, given én increaée in traffié arrivéls, wﬁat éhangeé would

{ ‘ - o . .
be désirable in the‘yardvswitching operations, and whét effects could
be eXpecﬁed in the parking lot area? Should tﬁis situati?n be antic-
ipated, managefs cquld idéntify poteﬁtial problem aréas throﬁgh the |
use,bf the éimulationvmodel and project planniné and bﬁdgét fequésts
gcﬁérdiﬁgly. |

After the model has been de&élope&, verification and validation‘
described, thenvaﬁie%ampie.of model implementation is presented. This
presentation includes the simulation ofvthé currént‘system's oéeratibn
.and indicates expected changes in’the system when existing para@eters
are varied. This information is then used to‘illustrate'how‘the simu-

lation results could aid in future facility planning.

Significance

This research has been undertaken as a result of an expressed
need for additional planning and evaluation techniques in the area of

intermodal services by intermodal managers in the railway industry
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[lOOiana 101]. Tﬁe primﬁry conéérﬁs of theéevexpefts are thréeﬁold;
(1) - Increased intermodal'traffié is'anticipatéd; at Qhat point would
éxisting terminal facilities réachfsaturation? (2)‘Wha£ scheduling
' ahd/br procedural changes in existing terminal or switching operations
Would"fesult in greater éffiéiency?rand (3) Can efficiency be improved
and cost effectivenesé maintained’by relocating, modifying existing
facilities; or by acquiring.additionai équipment? |

Given the currént magnitude and forecasted growth.ofyinterﬁddal
containerized fréight tfansportatioh by réil, and the coﬁplex1£§*§f
the pfohlem, séme managers expect that a simﬁlation model of’existiﬁg
systéms:could provide an excellent planning and énalysis tool for interf
‘modal managers throughout the industry. ‘Furthérmore, one}expert,[78;
4 79, and 80] héé“indicated that‘sound maﬁaggmeht te§hniques, economic
;costing,iand‘manégéménﬁ>ihfbrmatiqn‘system§ must‘be’developedEaﬁd main-
tained if intérmﬁdal carriégé is to_belviable on the railrdédSsvand iff
intermodal traffic is fo feaéh its antici@éted’pOtential; The mbdél‘
developed through this research could assist in meeting theéé objec-

’

tives. |
| fhe model described in this paper is édaptable‘enough, with-
éome modifications, to be utilized by many railroads having intermodal
facilities. vThe Federal—Railroad Administration (FRA) has demonstrated
more than a passing interest in intermodal services by awarding con-
tracts totaling $500,000 in 1977 to two comsulting firms for the
development of long-term technological improvements and intermodal

innovations [39 and 89]. Welty states that one of the consultants
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concludes:

....the most significant benefits to intermodal systems

- could result from improvements in terminal operationms,

with additional improvements to’ come via betterment in

llne—haul operations....
~'This comnsultant wasvlooking at‘terminal‘design, among other alternatives,
to identify potential improvements.in layout; terminal access, and gen-
~eral increases in eff1c1ency.

The avallablllty of a general s1mulat10n model for 1ntermodal
termi1als would provide a means of system analysis that has not been
previously possible. This model satlsfles a known demand for'manage—

ment information and could lead to the advancement of 1ntermodal'sys—

tem technology.

Scope snd Limitatib:n's
Scope |
’The_research cdneists df‘thewdeVeloﬁment of a.ceméuﬁer simuia—
tion model that approximates the operatidn‘df an intermodal railfoed'
terminal. ‘The,model'is‘designed_such that specific eQentsean&»ectiv—
ities are provided for. :These:include:' '
1. Arrival and departure schedules of trains with -
containers/trailers.
2, Quahtity’and type of erriving containers/
trailers.
3. Yard switching rules.
4. Flatcar onload/offload ramp procedure,

5, Outbound car handling proeedure.
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6. Parking lot arrival/departure distributions.
7. Siding/ramp capacities.

8. Parking lot capacities.

Having provided for these events and activities, containers and
flatcars moving through the terminal facility can be simulated. The
objective is to first simulate an existing fécility by inpﬁttingzhis—
torical train arrival/departure schedules, yard switching rules, siding/
ramp capacities and parking lot capacities with all associated histori-
cal service times. Maximum queue lengths are recorded, average waiting
times and server utiliéation are estimated for the simulation. Subse-
quent simulations are then conducted and the results compiied. An
average maximum number in the queues, and an overall (grand) average
for waiting times and server utilization could then be computed for the
combined simulation. These overall averages provide the basis for the
comparison of the results of subsequent experiments. Subsequent exper-r
iments are performed after changing one, or more of the parameters
associated with schedules, capacitiés, or service time distributions.

An analysis can then be undertaken on the desirability of implementing
changes in the system. Specifically, the model would aid in the
analysis of:

1. Parking lot requifements.

2. Alternate ramp/deramp procedures.

3. Siding/ramp capacities.
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4., Hostler requirements.*
5. Proposed new facility evaluation.
6. The desirability and implications of seeking

increases in traffic.

For example, assume a terminal facility is currently operating
within its ;apacity, at the present level of intermodal activity arriv-
ing and defarting in the yard. The Marketing Department estimates that
traffic will increase twenty percent over the next two years. What
changes could be expected to occur in terminal operaticms, and what
alternatives exist to assist the manager in dealing with these changes?
The current system is simulated, using the past year's arrival and de-
parture train schedule, current service times and yard, parking lot
and siding capacities. Maximum average queﬁe lengths, server utiliza-
tion and siding utilization are obtained. The arrival and departure
schedule is then increased by twenty percent, the simulation repeated,
and the results recorded. ‘Analysis of thé results of the two simula-
tions may indicate that the inbound yard queue is steadily increasing,
and would eventuélly become infinitely large. The corrective action
indicated might be to increase the scheduled switchings from thé in-
bound yard to the siding from once to twice a day. This change would

be incorporated in the model, the modified system simulated and the

*The hostler activity includes removing containers from the ramp and
placing them in the parking lot, or taking them from the parking lot
to the ramp. .
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results analyzed. The‘pr0ceaure would be repeéted,‘changing parameters

individually ofvsimultaneously, until an acceptablé,solutipn is obtained.
The analysis should, of course, include the estimated cost of

the various alternatives as compared to the expected increase in rev-

éhues. bThe decision may be thaf an’increase in traffic for a given

facility is not desirable. - This type of information éhould, if it

exists;vﬁe passed to the appropriate levels Qf'maﬁagément fof further

consideration and overall planning.

Limitations

The focus of this research is on’the develﬁpment of a‘computer
simulation model for a railway iﬁtermodal terminal system and to demonf
strate how the model could be used as an aid to the management decision
process. Time cbﬁstraintsvdo ﬁot permiﬁ the investigation‘of all»possi-
 ble applicatidns of the model>to this pfoéeés, however, experience with
the model shbuld.suggest additional areas fbr'explérationvandiresearch.

The model is intended to duplicate, as nearly as possible,bﬁhe
flow of flatcars and containers/trailers through an existing intermcdal
~terminal. It is not,designed to'represent a new, or innovative systém '
that can be compared to the current system. The purpose is to gain
information about the capabilities and characteristics df what is inr
being to promote efficiency and plan fér future activity. This is not
to say that the modei could not be modified to compare one system to
another, but first a working model of the original system must be

developed, which is the primary thrust of this research.
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No attempt is made during theAcourse of this reseérch.to de-
velop an algorithm that seeks optimization of the system. A érimary
limiting faéfor‘in an intermodél‘terminal‘operation is the makimum‘

. capacity-of the parking 1o£. ‘Therefore, an important qﬁestion to be
addressed through-thé simulation is at what‘level.of actiVity Will‘the
parkiﬁg lot reéch saturation; not ﬁhe optimum leﬁelvof activity that

can be supported by the parking lot. - This is not to imply that‘aﬁ,

: optimﬁm'Seeking_algorithm, or search technique, could not béydeveloped,
to optimize éelected parameters.v This could Be-véry beneficial in
evéluating proposéd new facilitieé. However, optimizati§ﬁ should be
the fopic.df:future research efforts once an operational model ofiiﬁter—
modal operatioﬁ has been develbped, | |

Further limitations of this«researcﬁvare the same as thoée,
gssociated with all simulation‘models;w S&nce tﬁe daté'used‘to develbp
the model is supplied by a single railicad, this may not be typical of
railroads ih general. Thus, the validity bf the model is dependent on
these data and the design of this railroad's terminals, which also
provideé the logic used to‘design the componentévof the model. The
railroad does‘opérate several iﬁterﬁodal termiﬁals, hoWever, and‘the
numberrof flatcars and containers processedvby the rallroad are a
matter of record.v Théréfore, the construction of the model is such
thatvwith,slight modification and the appropriate changes in'the in=
put data, more than one facility can Be simulated. The validation of
a simulation for a facility can then be chééked, and confidence in

the simulation established, by comparing the output measures to
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historical output measures for the terminal. Methods used to test the

output of the model are specified in the validation description.

Review of the Literature

A search of transportation research, including highway, mari-
time ‘and rail transportation was conducted. The search ﬁas made through
the services provided by the National Aeronautics and Space Adminis-
tration/University of Kéntucky Technology Applications Program (NASA/
UK TAP) which provides computer access to over ome hundred ninety (190)
databases. The Transportation Research Information System was the data
base accessed for this search, using various combinations of the fol=
lowing key words:

1. " Railway, Railroads, or Rail

2.  Intermodal, or Piggyback

3. . Rail Intermodal Términal, or Rail Terminal

4. Rail and Tractor-Trailer

5. "Rail and Truck, or Motor Freight

6. Rail and Ship

7. Rail and Truck and Ship

8. Container on Flatcars, or Trailer on Flatcars

9. TOFC, or COFC, gnd-TOFC/COFC

10. Simulation, or Computer Simulation, or Models,
or Computers
11. Domestic or Foreign, or International, or

Europe, or Asia
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Three hﬁndred'forty>(340) referenées’relatiﬁg to intermodal
transportation were identified. Thirty-eight of these addressed areas
of intermodal operations aSsociated With maritime,rréil, and over-the- -
4road'terminals, both.foreign and domestic. The searcﬁ_produged no
evidénce‘of a coméuter simulation ﬁodel of an'intermodai termiﬁal. A
search‘éf the periodical literature also discloses no prévious publica-
tion in this subject area.r |

| Related research~iﬁ the iptermodal’terminal area is quite lim—
- ited, but does provide technical support for this study. ' For example,
the Federal RailroadvAdministration'sIOffice'of Research and DeVelop—
ment (ORD) initiated a'plan’for a two phasé study to investigate fhe‘
viability‘and improvement of in;ermodal rail freight sérvice in 1977
[40].‘ Phaée I, cbmpleted invAugust,v1978, entaiIS‘écomprehehsive
étudy:of current intermodal equipment; 6perétioﬁs, and‘technologj [16,
25, 26, 34, and 39]. Alterﬁative’systems and equipment proposalé’were
incorporated into - the stﬁdy and the most promising alternatives iden-
tified. Phase II of the project; scheduled for impiementation in
October, 1979, and currently pending, is to provide a more detailed
eﬁamination of the most acéeptable’alternativés identified in Phase I.
Two independent consulting firms were involved in the first phase of
this study, each preparing their own reports; using different ap-.
proaches [40]. |

vOne'report oﬁ Phase Ibto the FRA, by the A, T.‘Kearney Company
’f34], contains a computer'simulaﬁioﬁ bf alternatives to the,ﬁresent

intermodal system. The simulation is an approximate model of terminal
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to terminal iﬁterﬁddal raii capabilifies with existing equipment and
cépacities. Proposed eqﬁipment design changes are incorporated into
the model and the reéults'cdmpared with'préyious runs. The objective
of the simulation is:to identify which.pr0posedvneh équipmentvdesigns
wQuld be mostvpromising‘to_puréue‘for fﬁtufe development. For example,
» flatcars with the gapability of>étaqking containérs such that four
could be carried per car might be desifable. ‘However, this new capa-
bility wogld require redesign and construction of'mény of the railfoad
tunnels‘onbexisting rail lines. The simulation, written in SIMSCRIPT,
addressed over—the—réil terminal to‘terminal activity. A recommenda-
tidn of tﬁe study is that a model be developed for intermodal-terﬁinals
in prderbtobstudy these 0perations [16 énd-39].‘

Qﬁe Japaﬁese study [59] reported the'use:of a simulation-quel
t§ e#alﬁate aﬁ éutométic:container transfer devicef ’The model'ﬁas to
aid in thg désign of the:terminal facility and its layout in order to
obtain practical utilization of the transferbequipment. The siﬁula-
tiﬁn estimates expected traﬁsfer times for the movement of containers
to and frbm shipboard and storage areas for a maritime terminal. No
rail transportation interface was provided, nor were individual con-
tainers accounted for.

The Euroéean‘literéture primarily addresses difficulties assoc-
“iated with the different rail systéms from‘COUntry to country. as it
relatésrto intermddalvtransportation:[20, 23,‘37, 50, 61; 62, 81, and
83]. The primary intermodal emphasis in'Eur0pevis on sea-borne. con-

tainers that are moved by rail, or containers that are moved by rail or
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truck to maritime terminals for shipment. The containers used for this
traffic are more compact and durable than over-the-road trailers. One
paper [56] describes thg terminal at Hamburg, West Germany, where it

is possible to stack as many as 4,000 of these containers five deep.
Large, fully automated cranes ﬁrovide‘the equipment handling for this
system, and the operation is reported to be‘the most modern omn the
Continent.

Over-the-road/rail interfaces, in Europe, however, are more
dependent on the physical construction of the trailers for road trans-—
port and the restrictions imposed by the existing rail systems. For
example, width is limited by the clearances required for passing trains.
Height is restricted by tunnel and bridge construction. Trailer length
has similar constraints. ansequently, the standard flatcar, as‘used
domestiéally, does not work well in Europe. Specially designed rail- .
cars, with sunken beds, or entirely enclesed, are often used [62 and
81]. These require special handling equipment and techniques, iﬁ addi~-
tion to special cars, which increase cost. These higher costs and
physical restrictions, coupled with different laws from country to
country (trucks cannot use the highways on weekends in many areas of
West Germany [23]) tend to retard the development of over-the-road/
rail transport in Western Europe [20 and 61]. Therefore, this inter-
modal method of freight movement is not as highly utilized there as it
is in the United States.

The literature addressing intermodal terminal operatioms in this

country clearly indicates that new analysis techniques are required in
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order to seek improved efficiency [15, 17, 19, 31, 54, 82, and 90].
One of the major concerns is the location of over-the-road/rail inter-
face terminals in metropolitan areas and the corresponding contribu-
tion to congestion and traffic delayé. Mayer [32] recommends that more
emphasis be placed on the development of models of freight movement,
corresponding the same considerations given people movement, for urban
and metropolitan planning. 1In 1976, Kuhns and Mulinazzi [60] developed
a methodology that considers rail, highway, market, and land character-
istics in the selection of terminal locations in metropolitan areas.
However, their analysis does not include any considerations of the
intermodal terminal operation, which may be significant in terminal
location decisionms.

The PRC Systems Séiences Company was contracted by the FRA to
develop an Intermodal Management Information System (IMIS) in 1977
[35, 36, and 37]. The IMIS, completed in September, 1979, was devel-
oped through the cooperation of the Norfolk and Western Railway Com-
pany. This system provides for repetitive waybilling, profit amalysis,
and intermodal equipment control. The equipment control feature pri-
marily provides information on the movement and location of flatcars
and containers, in approximately a real-time sense; for the entire
railroad. Intermodal experts [100 and 101] indicate that the develop-
ment of a computer simulation model of the intermodal terminal facility
operation would provide a véluable management analysis technique that

could supplement the IMIS in the decision process.
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Computer simulationrstu&ies of railroad operations are ex-
tremely rare, and such studies:related to intermodal railroad opera-
tiéns are practically npn—exiétent. The»bnly‘simulation of an inter-
 modal systém that has been identified is the one feported by the A. T.
Kearney and Company, Inc., thét‘was discusSed earlier in this section
[34]. A simulation model &as‘déveioped by’Triép [41] in 1972, to aid
in‘the analysis of the economic iﬁpactvof developing multi-modal trané-
portationfcompanies. Recently,FWhitehurst [91] concluded that the
time has comgvto give multi-modal coﬁbanies an opportunity to organize,
A coﬁputér model wasbused'by Bushness, Low, and-Pearséil [18] to ana- :
lyze shifts in modes of freight transport due to changing cost factors.

Wong [94, 95, 96, and 97] is the most active in the railroad
'simuiation field having_develoPed railroa& yvard related models to
study yard design, cér ufilization,'traék assignment, and scheduling
procedurés. ~The scheduling model is é study utilizing a simulation
model which he calls a Dynamic Movement Predictor. A railroad network
- model has been developed by Mingef and Cetinich [47] for the Assécia—
tion of American Railréads whiéh utilizes SIMSCRIPT. However, it was
‘ first'reportéd in 1969 as a "pilot moﬁel" and oﬁly one reference to
the model has been identified since thaﬁ time. In 1975, Shen, Kang,
and Kang [49] developed a SIMSCRIPT based model of a small passenger
service railroad iﬁ.Taiwan. This paper made reference to. the above
mentioned model, but also acknowledged that their model was not fully
developed. Assafabowske and Sﬁssman [42] reported a simulation study

of railcar utilization under assigned "fleet' operations in 1976. No
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.mention of the language the model incorporated is included, however,
and it is assumed to be written in FORTRAN.

Two studies were identified where simulation was applied to
intermodal terminal operations. The first, by Holland and Clayton
[46], developed a GERT simulation model to study the effect of chang-
ing locations of intermodal terminals and the expected change in equip-
vment costs. It was observed that by\relocating facilities in the
Chicago area a thirty-nine percent reduction in costs could be realized.
The second paﬁer, by Rakes and Clayton (48] used the GASP 1V Simulation
Language to study the cost effectiveness of constructing a new inter-
modal ramp at an'existing,facility. The study addressed the probleﬁs
and cost associated with flatcars waiting in the yard to be offloaded,
waiting time at the ramp, and‘switching. No . attempt wés‘made to in-
clude parking faciiities at the ramp, éréw size, equipmeni chaﬁges, or
daily scheduling. These factors, in addition to others, are provided

for in. the simulation model developed through this research project.



CHAPTER II
DESIGN CONSIDERATIONS OF THE SIMULATION MODEL

The prototype simulation model developed in this research was
patterned from the Norfolk and Western Railway Intermodal Terminal located
at Roanoke, Virginia. Experience gained by on-site observations of the
operation of this facility and interviews with the intermodal managefs
of the railroad provided the technical Béckground related to thesé‘opera—
tions that:was required for the construction of thevmodel./ The nature
and magnitude of the pertinent variables and parameters that affect the
operatioﬁ.of the terminal were‘identified and are incorporated into the
model. Scheduliﬁg inpﬁt and opefational data used to verify and validate
the model are based on actual events that have 6ccurred and operational
criteria in effect at this railway yard. The Roanoke facility has’'also
been used as the testing ground for the implementation phése of this

- research, which is presented in detail in Chapter IV.

Intermodal Terminal System Characteristics and

‘Simulation Model Programming Consideratioms

Preliminary investigation and the related review of the lit-
erature indicate that the intermodal terminal operation essentially

consists of the following primary elements:

29
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1. Trains enter the yard area with flatcars that are
designéd to cafry containers. .These flatcars are
loaded to capacity, partially loéded, of they are
empty.

2. The flatcars wait in the yard until they can be
transferred (switchéd) to a siding that is equipped
to unload the coﬁtainers.

3. Flatgars arrive at the Sidiﬁg, which has a limited
capacify, and:‘

a. Wait until the containers are offloaded

b. Wait until containers afe onloaded

c. Wait until they can be tranéferred to the
outbound‘yard

4. Containers arriveband depart the ﬁerminal parking
lot, which has a limited capacity, via: |
a.  The siding
b. The front gate (over-the-road)

5. 'Trains depart the yard area‘with container type
flatcars for vafious destinations on the rail
line.

The flatcars wait in the outbound yard area until

they are coupled to a train for departure.

A flowchart of this operation is‘presented in Figure 3.
Railroads operate twenty-four hours a day, 365 days a year.

Trains generally arrive and depart the terminal areas at published
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scheduled times. Each terminal has a finite capacity, and at any point
in timé there are a given number of cars, trains and containers in the
terminal area with associated activities in progress. A simulation of
‘the terminal's operationé should make provisidn for these conditioms.
As Figure 3 illustrates, the terminal's iniﬁial conditions are provided
for, and the daily arrival/departure schedules for the period of the
éimulation are filed to be called at the specified times in the simu-
lation.

A basic feature of the terminal operation is associated with
time. Not only do trainé arrive and depart at specified times, but
every activity within the terminal is related to the time of day. There-
fore, the simulation should account for time in a manner that enabies
j each event and associated activity to be accomplished and accounted for
in a realistic sense. The twenty-four hour clock can be feasonably
duplicated by establisﬁing a basic time period for the simulation as
one hour. Minutes and seconds are then provided for by dividing the
one hour time period iﬁto decimal tenths and one-hundredths. For
example, an e&ent scheduled at time 10.12 would indicate that the event
is schédﬁled to occur at seven minutes and twelve seconds after the
tenth ﬁour. Days can be recorded by increménting a day counter by one
at the end of each twenty-four hour period, and resetting an hour
counter to zero.

Once the methodology for the clock is established, all activities
-and events can be modeled such that they can be scheduled, initiated, or
concluded at specified times during the day. Events can also be gener-

ated to occur during some future time period. The model can then be
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designed in a manher that allows fof each possible event that is sched-
uled to occur during a given hour to be checked for at the beginning of
each clock hour of a specific day. -The simulation is ;hen‘terminated
after a pre-determined number of days, or hours, of operation.

| Figure 3 provides the basic logic for a model of the intermodal
terminal operation and inéorporates the timé methodology reqﬁifed for
the simulation. It should be noted that several of the branches that
eminate from’decision blocks in the flowchart initiéte sub-programs
_with related, but independént, actions. For example, should a train be
scheduled to arrive with flatcars loaded with containers during the cur-
rent hour on a given day, they must be placed in the inbound yard. .This
bprocess is not as straight forward és it might éppear. There are, ‘in
general; ﬁhree types of flatcafs; thoselthat can carry only over-the-
o road:type trailers, those that can carry.only containers withouf under-
carriage, and tﬁose that can carry both types of containers. Further-
mofe, the cars can be fully loaded, partially loaded, or empty.
Finally, the cars méy'be connected in the train such that they are
facing the ﬁrong‘direction (reversed) to be moved without special
bsWitching onto certain intermodal sidings. ‘Another featu;e-df tﬁe
arrival is that trains seldom arrive at the exact scheduied time. There-
fore, the model should provide for this time deviation. Figure 4 illus-
trates one method of incqrporating the arrival 9vent'logi¢ into the
model. | | |

Subroutines for switching, Siding loading and unloading, parking

lot activity, and‘depértureé can be developed in a similar ﬁanner.' How-

ever, the logic employed is ultimately dependent upon the simulation
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language used to model terminal operations. A detailed description of
the model, including all subroutines, is presented in Chapter III. 'The

selection of the language for this research prbject is discussed below.

- Selection of the Simulation Language

A major objective of this research is to develop a simulation -
model tﬁat can be used by intermodal managers to évaluate their termiﬁal
b'operations. With this goal being a primary consideration, the model is
constructed and documented in a fashion that will enable managers to
employ the model with minimum knowledge in computer programming and
-simulation.  To assume no simulation‘experience on thevpart of 'users is,
of course, naive. Nevertheless, the model is presented as simply as
possible. The complexity of the intermodal terminai system woﬁld seemv
to'inhiﬁiﬁ the attainment of this goal. If, for example, the simulation
were written entirely in FORTRAN, a knowledgeable individual in both thek
language and simulation would find the model difficult to apply without
- a great deal of preparation. Fortunately, several simulation languages
exist that reduce programming requirements.

Four simulation languages that could be used to model this sys-
tem are SIMSCRIPT, GASP IV, GPSS, and Q~GERT. The first two are general
purpose simulation languages. GPSS is a "block" orientated special pur-
pose language, while Q-GERT is '"network" orientated. Each language
provides special routines that promote simulation programming efficiency.
Of these, Q-GERT appears to possess more featﬁres that can be incorpor-

ated to accomplish the objective discussed above.
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Any simulation language used for the intermodal:terminal model
will require extensive suppleﬁental FORTRAN programming. Q-GERT, as
develobed by Pritsker [lO and 12] is a FORTRAN based network orientated
languagé that possesses many routines that automatically handle queues
and schedule events that ﬁust be written by the user in the other lan-
guages, including GASP IV. Q-GERT also pfovides a great'deal of user
flexibility by allowing usef written input, output, and FORTRAN sub-
routines. These features, overall, tend to reduce programming require-
ments.

With the exception of the fandom number generator, Q-GERT is
virtually machine independent, permitting implementation on a wide
range of computers. The language's graphical network model documenta-
tion procedures enable models to be presented in é way that should be
comprehensible to managers with limited simulation experience. Addi-
tionally, experience gained by thé author with certain characteristics
of Q-GERT in othér applications indicate that some features lend them-
selves to the type of model that is desired to be developed [44 énd 45].
These features could prove important to this simulation model. . For
example, it is possible in Q-GERT to set server utilization times for
waiting lines such that service in progress will not be completed until
the_occurrénce of some other event in.the program. This feature is
exactly what is needed in an intermodal terminal model in order to auto-
matically direct events to occur, and activities to be initiated, at
specific (scheduled) times. Therefore, the Q-GERT Simulation Language

has been selected as the language for the model.
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APPENDIX A,.describing the special features of Q-GERT that are
incorporated into the model, is provided for prospective uéers of the |
model. This appendix contains all of the languége's symbols and nota-
tion that are required to follow the development of the model as pre-

sented ‘in the next chapter.

Summary

‘A description of the essential elements ofkintermodal terminal
operations was presented. A flowchart of the logic required to model
the system was also included. Particular interest was focused on the
establishment of the.methodology used to account for time in the model.
An example of the logic developed for associated subroutines was also
illustrated.

The selection criteria used to choose the simulation language
for the intermodal terminal system was also discussed. The network
orientation feature of the Q-GERT language provides the communication
considered essential for an adequate understanding of the model by
intermodal managers with some simulation background. The Q—GERT sym- -
bols ‘and notation required to follow the development of ﬁhe model are

described in APPENDIX A.



-CHAPTER III
CONSTRUCTION OF THE SYSTEM MODEL

The discussion that follows first defines the system in
terms of its important comﬁoﬁents and tﬁeir interrélationships. The
forﬁal model iogis is then presented. Several of tﬁe terms that
were‘introduced in the‘previous chapters form the basis for this

presentation.

rMbdél Specifications

The model specifications for the system to be‘modeled
include definitions in térms of entities (systeﬁ components), events,
attributes, variables, relationships andvformal logic., ‘Specificslly,
the operations of the intermodal terminal operations of a railroad
are limited to the interface for containerized freight between rail
aﬁd'over?thé-road transport. - Therefore, the>systém under study is

defined as the over-the-road/rail operations of a railroad terminal.

System Components

The entities and their attributes associated with' the system

are described in Table 1.
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TABLE 1
Entities and Their Attributes
of an

Intermodal Terminal System

Entities Attributes

Terminal - In-bound Yard
Out-bound Yard
Siding
Ramp
Parking Lot

Distances between in/out-bound yards
and siding

Distance between ramp and parking lot

Switching schedule

In-bound Yard Number of flatcars
Type of flatcars
Direction of flatcars
Number of containers/trailers per
flatcar
Out-bound Yard Number of flatcars

Destination of flatcars
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TABLE 1 (continued)

Entities ' - Attributes

Siding Capacity
Number of flatcars
Type of flatcars

Number of containers/trailers on
flatcars

On/offload status
Ramp Type of contéiner handling équipment

Flatcars Type
Number of containers/trailers
Facing direction in yard

Destination

Container/Trailer Type
Parking lot status
1. Outbound rail
a. Destination
b. Numbef allowed per flatcar

2. Over-the~road pick-up
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TABLE 1 (continue d‘)

Entities ~ Attributes

Parking Lot " Capacity
Type of containers
Number of containers
Containers that arrived by rail
Containers that arrived‘over—the-road
Confainer destination

Rail shipping restrictions
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The essential components of the Intermodal Terminal Mpdel are
the flatcars and containef/trailers that are to be processed through the
system. The processing is a function of the physical characteristics of
the terminal facility, coupled with the type of equipment employed for
the process.

Flatcars form queues at the inbound yard, waiting to have con-
tainers removed. They are then moved to the siding where they again
form queues to be offloaded, onloaded, and switched to the outbound
yard. Queues are also formed by flatcars at the outbound yard until
they are removed from the system by a scheduled train departure.

Two. types of qﬁeues are formed by containers at the parking
lot. One queue represents containers that have arrived in the terminal
by rail that must wait for an over-the-road tractor pick up. The sec-
ond queue consists of containers that are waiting for rail transship-

ment.

System Activities

The activities of the-éystem that are répresented in the model
are‘describediin Table 2. It should be noted that the train arrival
and departure activities associated with the system are omitted. The
arrival and departure of trains are treated as scheduled events that
add flatcars to, or deiete flatcars from, the system. As such, sched-
uled train‘arrivals and departures perform functions similar to source

~and sink nodes normally used in more conventional simulation models to

generate or remove transactions.
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TABLE 2
Activities Associated with an

Intermodal Terminal Simulation

Flatcars are switched to the siding

Reverséd flatcars in the  inbound yard are
turned before being switched to the siding

Containers are removed from flatcars and
placed in the parking lot

Containers are removed from parking lot
and placed on flatcars

Flatcars are switched to the outbound yard

Containers are picked up by tractor at the
parking lot

Containers are delivered by tractors to
the parking 1lot A :
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Systém,E&entS'and Associated Activities

Events associated with the éystems activities are presented in
Table 3. As noted above, two exception§>to listiﬁg in Table 3 are the
arrival and'deﬁarture events for the yard. These events add or delete
flatcar transactions during the simulation and occur at spécified times
during a rum. Consequently; their associated activity times are not
accéunted for in the model.

‘The scheduled arrivél of flatcars at the inbound yard (évent)»
setskthe conditions necessary for the processing of flatcar transactions
vthrough the system. The arriving flatcars enter queues according to
type of car and 1oading’configuration; If the siding is'empty, flatcars
:waiting in the inbound yard queues will be switched to the siding
(activity) during specifiéd‘time periods. A uéer input defined set of
priorities determines which cars, if aVailable; will be switéhed from
the inbound qﬁeues first and which cars will bé switched‘second. The
number of cars switched to the siding is limited to the méximum car
capacity of the siding. It is possible to switch empty cars from the
inbound yard queues, given that there are no loaded cars avéilable, and
there are containers waiting for shipment in the parking lot. Reversed
vcars that are selected for switching are turned (activity) before being
placed on the siding.

loncelall the flatcars that are to be switched arrive at the
queﬁe representing the siding (event) and the timé éf day is within
spécified hours, their associated containers can be offloaded (activity).
The cbntainers are moved from the car via the ramp and placed in the

parking lot queue. When all of the containers have been removed from
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TABLE 3
Events Associated with Activities
for an

Intermodal Terminal Simulation

Flatcars arrive at the inbound yard

Flatcars begin switching movement to
siding to be offloaded

Reversed flatcars in the inbound yard
are turned before switching to
siding ' '

Flatcars arrive at siding

Containers start offloading at siding

- Containers arrive at parking lot from
ramp

All flatcars,atrsiding are offloaded
Containers. arrive parking lot over-the-road
Containers depart parking lot over—the-road
Containers depart parking lot for ramp
Containers begin loadiﬁg on flatcars

All flatcars to be loaded at siding are
loaded

Flatcars are switched from siding
Flatcars arrive at outbound yard

Flatcars depart outbound vard
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the cars (event), then outbound containers can be onloaded (activity).
The outbound containers complete loading (event) and the cars are then
ready to be sWitched‘tb the outbound yard (activity), again during
specified hours. The cars érriVe at the outbound yard queues according
to the destination assigned to their loaded containers (event) and de-
part the system at the scheduled departufé time (event) of trains out-
bound in predetermined directions. Special handling rules are provided
for empty flatcars arriving at the outbound yard queues.

Related activities and events are associated with the parking
lot. When a container arrives at the inbound yard (event), a tractor
is scheduled to pick up the container after it arrives in the parking
lot (activity). The tractor is placed in a queue upon arrival at the
parking lot (event), is coupled to a matching container (activity) and
the tractor/trailer combination departs the system (activity). Often,
arriving tractors also deliver other céntainers for shipment (event).
These containers are also decoupled from tHe-tractors and placed in the
parking lot queue (activity) for future rail transportation. Random
over—the—road‘container arrivals (event) can also occur. ‘However, the
tractors associated with these arrivals are not entered into the system.
Only scheduled tractor arrivals can pick up containers.

A special event and activity that provide the basis for real
time scheduling of all the terminal‘events‘and activities discussed
above is the realizatioh of each clock hour‘(event) during the simula-
tion and the scheduling of the next clock hour to occur in exactly one
simulation time unit (activity). For example, the simulation begins

with simulation time set at zero (event), which represents the beginning
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of the first»hqur of the first day of‘the simulétion; the beginning of
the ﬁext hour is scheduled (activity), and simulation time is stopped
(event). The daily train arrival‘and departure schedules are checked

and these events are scheduled into the simulation at appropriate timesf
The status of theienﬁire sysfem is then checked to determine what
activities coﬁld be scheduled tovbegin during the hour. These activities
~if any, are scheduled and simulation time restarted. Simulation time is
advanced to‘the néxt scheduled event occurrence time and then it is stop-
ped oﬁcermore, Should the event realized bekone that changes tﬁe state
~of the system,,the associated activities are scheduled before simulation‘
time is allowed to advance. If,,however,‘ﬁhe event realized was the
occqrrencé of the:next unit of simulation time, the status of the entire
system is checked befo:e simulation>timeuis permitted to continue.
»Arrival,éﬁd departure train schedules are read into the systemAat the
‘beginning of each new simulation day. This process continues unﬁilva
predetefmined simulation time is reached. At that point, the simulation
is terminated. | -

A more‘detailed discﬁssion of events and their associated activ-

ities, illustratingkthe'way they mesh into the system, is given in the

model logic section.

System Parameters

The system .parameters are dependent on the physical character-
istics of the terminal in addition to the train arrival and departure
-schedules. A switch from the inbound yard to the siding, for example,

cannot  be scheduled unless there are cars in the yard. This condition
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may be dependent on the scheduléd arrival of a train. Furthermorg, a
switch cannot be made to the siding if therévare.cars on the»éiding.
- Therefore, the scheduled time to swiﬁch to the siding is depéndént on
prior events. However, time to switch, a paramétér, is dependent on
the distance the éiding is located‘from ﬁhe yard. The parameters of
the model aré‘listed in Table 4. B

The probability distfibutions and their associated parameters
listed in Table 4 will not remain the same within the model for simula-
tions of different terminals. This sithation is apparent since no two
terminals possess exaétly the same phyéical characteristics. 'Thisvwill
also be true for different simulations of the same terminal. Inrthis
instance, the parameters.of the model are consistent from run to fun
Withinba simulation, but se&eral of them can be_va:ied'from«simulation
to simulation. Fdr:example;'the scheduled arrival time of trains will
remain the same thréﬁgh several runs of a simuiation; but ﬁay be
changed for a different'simulatioﬁ of the same terminal.

The manner in which the model's time distributions and param~-
eters are provideﬁ for in the Q-GERT language is discussed in the model
logic section of this chapter. The derivation of the distributidns for
a simulation of a specific terminal operation is presented in the chap-

ter on implementation.

. System Variables

The variables of the system fall into two general classifications;

those that are provided by the programmer, and those that are a part of

\

the Q-GERT language. Additionally, there are Q-GERT provided subprograms
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TABLE 4

System Parameters for an

Intermodal Terminal Simulation

Parameter Name

Train arrival time

Switching time from inbound
yard to siding

Container unloading time from

a flatcar ;
(Removing container from flatcar
and spotting it in the parking
lot)

Container spotting time in
parking lot

(Placing an over-the-road

container arrival in the parking

lot) ‘

Container pick-up time for
over-the-road departure

Time to reverse flatcars

Container loading time on
flatcars

(Removing container from parking

lot and placing it on flatcar)

Switching time to outbound yard

Train departure time

Parameter Measure

Schedule

Probability

Probability

Probability

Probability

Probability

Probability

Probability

Schedule

Distribution

Distribution

Distribution

Distribution

Distribution

Distribution

Distribution
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that are used extensively in the éupplemental FORTRAN programmed por-
fion of the model. The wvariables and subprograms required for the
model are defined below.

‘There are approﬁimatély.one hundred fifteen (115) programmer
defined FORTRAN variables incorporated into the user function subroutine
' ,Of thevmodel; Additionally, some of these'variables may‘be treated as
parameters. An illustrative example of these variables is listed in
Table 5. |

A list>of selected Q-GERT variabiés with their defiﬁitions is
provided in Table 6. These are variables that can be used directly in
the programmer written 'subroutine‘s of | the model.

In Q-GERT, FORTRAN subroutines written for a modei are defined
as User Functions (UF). Table 7 presents a list aﬁd~description of the
Q-GERT subprograms that are utilized in ;he FCRTRAN subroutines for the
‘intermodal terminal model. |

Two»additionél FORTRAN subprograms are also included in the
model. Subroutine UInis employed to initialiZe the programmer defined
variables and/or parameters and'to create the initial conditions re-
quired for the model. Subroutine UO is used ﬁo perform the endfof—fun
compufatioﬁs and to output the'reéults of thé simulation;v These sub-

routines are described in detail in the next chapter.

Model Logic

One desirable feature of the Q-GERT simulation language used to
model the intermodal terminal system is that the model's graphical repre-

sentation is in the format of a network. Thus, one can visualize the
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TABLE 5
~ An Example of Programmer Provided Variables
for the Intermodal Terminal Simulation Model

in the Q-GERT Simulation Language

Variable Definition

ACTUAL . Records the value of a random variable generated from
a Q-GERT provided distribution. Type of distribution
with associated parameter must be specified as program
input. '

arrive in the inbound yard.

 ARR ARR = TRANA + ACTUAL. Records the time a flatcar is tov

“ATIME(I,J) I=1, 365, J=1,20. Records a scheduled train arrival
"~ time for up to twenty trains per day for 365 days.
Enables train flatcar and container composition to be
automatically read at specified times during simulation.
Initialized at 25.0 unless otherwise specified as train
schedule input.

k DTIME(I,J), Essentially the same as ATIME(I,J) except that variable
v : provides simulation with scheduled train departures.
Initialized at 25.0 unless otherwise specified.

IDAY Records current day of the simulation. Initialized at 1.

IDEPT(I,J) I=1, 365, J=1,20. Records a code that contains the direc-
tion of a departing train and the maximum number of
‘flatcars that can be coupled to the train scheduled to
depart at time DTIME(I,J). Initialized at O unless other-
wise specified as train schedule input.

THOUR Records current hour of day during the simulation.
Initialize at O.

ISER Used to identify a specific server, by number, in the
model.
ISs An indicator wvariable for server status. 1 indicates

server is busy, 0 otherwise.

INQ v ~ The current number in a specific queue node.
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TABLE 5 (continued)

Variable

Definition

1Q
ISWIN
ISWITC

ISWOUT

Used to identify a specific queue node, by number, in
the model.

An indicator variable. 1 indicates a switch from the
yard to the siding is in progress. O otherwise.

An indicator variable. O indicates that switching is
permissible. 1 indicates switching in progress.

An indicator variable. - 1 indicates a switch from the

" siding to the yard is in progress. O otherwise.

ITP1(T,J) -

ITP2(I,J)

ITP3(1,J)

<

ITP1E, ITP1W
ITP1S, ITPIN

ITP2E, ITP2W
ITP2S, ITP2N

ITP3E, ITP3W
ITP3S, ITP3N

IWEST, IEAST
ISOUTH, INORTH

LOADOF

vI=l; 365, J=1,20. Records number of "Trailer only" type

flatcars on train scheduled to arrive at time ATIME(I,J).
Initialized at O unless otherwise specified as train
schedule input. A value other than 0 is a code that
indicates the number of flatcars with two trailers, one
trailer, or no trailers (empty). A provision is also
made to identify the number of reversed cars. '

The same as ITP1(I,J) except that "container only" type
cars are provided for.

The same as ITP1(I,J) except that "container/trailer"
type cars are provided for.

Initialized number of containers in parking lot that
require type 1 flatcars and East, West, South or North
train departures. . :

Initializes number of containers in parking lot that
require type 2 flatcars and East, West, South, or North
train departures.

- Initializes number of containers must use type 3 flat-

cars and East, West, South, or North train departures.

Initialize number of flatcars in outbound yard waiting
for train departure in a specific direction.

An indicator variable. 1 indicates inbound are being
offloaded, or available for offloading at the siding.
0 indicates no activity. ’
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TABLE 5 (continued)

Variable

Definition.

LOADON

LOADOU

MXPARK

MXRAMP

. PICUP

TIMESW

TRANA

An indicator variable. 1 indicates that all cars at the
siding are empty. O otherwise.

An indicator variable. 1 indicates outbound cars are
loaded, or being loaded at siding. All other siding
activity blocked. 0 indicates no activity. :

A decision variable. Initialized at the maximum number
of containers allowed in parking lot.

A decision variable. Initialized at the maximum number
of flatcars permitted at the siding.

Records the wvalue of a random variable genefated from a
Q-GERT provided distribution. Type of distribution with

. associated parameters must be specified as program

input.  This wvalue is used: to schedule a container

‘pick—-up at the parking lot that is associated with a

container arrival in the inbound yard.

A random variable generated from a Q-GERT provided
distribution. Type of distribution with associated
parameter must be specified as program input. This
value ‘is used to schedule the switching activities
duration.

Reads ATIME(IDAY,M), IDAY=IDAY; M=1,20, into simulation
if train scheduled to arrive during current hour.
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TABLE 6
Selected List
Q-GERT Defined Variables used for the

Intermodal Terminal Simulation

Variable Definition

ATT The values of the entire array of all defined attributes
of the current transaction.

ATT(I) The value of attribute I of the current transaction.

NDE The number of attributes associated with a transaction.

NREL (NODE) The current number of transactions in a Q-node.

NRUN The current run number for a simulation. |

NRUNS Total number of runs for a simulation.

PARAM(I,J) The Jth value of parameter set I.

TBEG Time at which data collection is to begin during a
simulation.

TNOW Thé current time of the simulationm.
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TABLE 7

Q-GERT Subprograms Used in UF

. Subprogram Definition
-Subroutine
GETAT (ATT) ‘The statement CALL GETAT(ATT) returns the attribute
vector of the current transaction.
/
Function . -
ISTUS(IQ,ISER) The statement ISS=ISTUS(IQ, ISER) returns the status
of server ISER associated with queue node IQ.
Subroutine v
PTIN(IQ,TIME, The statement CALL PTIN (IQ,TIME,TNOW,ATT) places a
- TNOW, ATT) transaction in an events file at time TNOW, with
attributes ATT, to be placed in queue node IQ:at the
TIME specified.
Function
REMST(ISER) The statement RTIME=REMST(ISER) returns the service time
remaining on server ISER. ‘
Subroutine
STAGO(ISER, The statement CALL STAGO(ISER,NODE,TIME,O,ATT) stops
NODE,TIME,O, service on ISER and places transaction with attributes
ATT) ATT in NODE at TIME.
Function v
XNINQ(IQ) The statement INQ=XNINQ(IQ) returns the current number

in queue node IQ at time TNOW.
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flow of transactions through the system. Supplemental FORTRAN program?
ming is not'eliﬁinated; however,bthe Q—GERTkprocedures‘are such that a
user of the model need not be concerned with the detailed FORTRAN program-
ming in order to understand the model's logic and the manner in which it
functions. All FORTRAN programming associatedeith the model is accom-
plished through the use of User Functions that‘can be called when
specified events occur during the simulation. These user functions are,
in reality, programmer written sﬁbroutines that enable the modification
of conditions in the system atbany selected point, or time, during a
simulation run. Extensive use is made of this Q-GERT option for the
intermodal terminal‘model.

The model logic and associéted supplemental programming are coﬁ—
plex. Theréfore, in the discussion thét follows, the model is divided
into subsections to facilitate un&erstanding. The Q-GERT symbols and
notation required for the model are defined in APPENDIX A. A complete

graphical representation of the network is presented in APPENDIX B.

Q-GERT Network Model (Simplified)

The Q-GERT network model for the intermodal railway terminal re-
quires three supplemental FORTRAN progréms in order to operate. Ihese
- are:
1. User Function (UF)
2. Subroutine UT
3. Subroutiﬁe uo .
The user functions required for the model contain the logic

needed to process transactions through the system. They are called when
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specific events occur duting the simulation. The'user functions will be
described in sufficient depth in this section to clearly identify the
purpose they serve in the model. HoWever, a comprehensive discussion of
their programming logic is &eferred until after’the Q-GERT logic has
been developed.

Subroutine UI provides the means to initialize the system at
the beginning of a simulation run. This subroutine is also used to read
in the train arrival and departure schedules, including the flatcar and
container composition of each train, for an entire simulation.

Subroutine UO is used to compute and output the results of a
‘éimulation. Q—ﬁodes and their servers are incorporated into the model
in a manner that:does not permit transactions to flow in the system until
they are‘directed to move when specific events occur. Therefore, the
statistics generated for server utilization byrthe standard Q-GERT out-
put ptogram are not representative of service times in thevsystemt Addi-
tionally, parking lot, inbound/outbound container, and inbound yard
statistics are not automatically generated by the standard output program.
Consequently, pertinent observations>are taken during the simulation as
changes in the system occur. - These observations are then used to compute
several of the output statistics for the simulation and to calculate the
values of the output variables.

Subroutines UI and UO are discussed in the simulation computer
program séctions. The Q-GERT network logic for the model is detailed below.

A simplified Q-GERT network of the intermodal terminal model is

- illustrated in Figure 5. This example identifies the major components
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of’tﬁe.system.* They are:

1.  The Day Clock

2. A Control Node

3.Y'The Terminal Opégation
All of theycomponents are‘interrelated'and‘dependent on simulétion time,
yét they must function in a "real time" sense. This is necessary inv
order to approximate the flow éf flatcars and éoﬁfainers'through‘the
actual syétem as élosely as possible with the simulated system. Each
of these components possess at least one special feature that controls
simulation time. For exampie; the realization of any event that iﬁiti—
‘ates a user functioﬁ aﬁtomatically halts simulation time at the point
the user funétién is called. Q-GERT is a discrete‘next‘event simulation
language; therefore, control of the simulation will not réturn to the
kmain QfGERT program, and simuiation time advanced, until all of’fhe
logic:incorporated in the user function has been accomplished.

The day clock is represented by nodes 1 and 2 in Figure 5.
- Node 1 is a source node. ‘That is, this néde does not require an ini-
tial incoming transaction to be realized. Current simulation ;ime (TNOW)
is set ét zero at the start of a simulation. Node 1 is automatically
realized at this time, and two transactions emanate from the node. One
transactipn is scheduled to again realize the node in a constant one
unit of simulation time. The second tranmsaction is sent with a zero time
:»delay to node 2. Node 2 is a sink node. A sink node can end a simula-
tion afterva‘predetermined number of realizations. Node 2 requires

twenty*fiVe transactions before it is first realized and twenty-four
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"transactions for each realization thereafter. The model's hour clock
is ﬁhen represented by node 1, and one unit of simulation time repre-
sents one unit of clock time. The accumulated days of a simulation are
fecorded‘at node 2 (the first transaction reaching node 2 at simulation
time zero is, in effect, not counted).

User- function 1 is also called each time node 1 is realized, and
TNOW is stopped until control of the simulation is returned to the méiﬁ
Q-GERT program. = This includes time TNOW=0 when node 1 is first realized.
Whgn control of the simulation is in user function 1 at the start of
each newkhour during the simulation, the status of the entire system is
checked. Events that can be scheduled to take place during the current
‘hour are identified and related activities scheduled. Activities for
future events are also scheduled should the status of the system dictate.
For example, train arrival and departure schedules are checked at the
beginning of the first hour of each day. If a train is to arrive during
the day, transactions with associated attributes are generated for each
flatcar in the train and they are.entered into the simulation in the
inbound yard at the program generated arrival time during the day.
Simultaneously, a tractor pick-up is scheduled for the parking lot for
each éontainer on each flatcar. fhese future pick-up events will not
occur until at least twenty-four hours have elapsed, and could, in
‘extreme circumstances, take as long as thirty days.

Control node 80 performs a special function within the model.
This node is realized at the direction of the logic contained in several
of the user functions. The realization of node 80 will pass control of

- the program to user function 9. The logic in user functiom 9 then
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directs the program to specified statement numbers in other user func-
tions. This is accomplished by a call to subroutine PTIN(80,0.0,TNOW,
ATT) under specified conditions in e user function. Immediately after
the call ‘to subroutine PTIN control is returned to the main Q-GERT pro-
gram. - Any future events scheduled by previous user function logic are
placed in the main program files, actions dictated to take place at
TNOW accomplished, and a traﬁsaction with currentfattriﬁutes scheduled
to afrive at node 80 in TNOW + 0.0 time units. In other words, the
main Q-GERT program files can be updated based on the current status of
the system as recorded in a user function, the current transaction
aftributes transferred to another point in the user function programs,

v /
and simulation time, TNOW, held constant. Therefore, simulation time
does not advance in the model until it is directed to advance.

The terminal operation section in Figure 5 illustrates the gen-
eral flow of flatcar and container transactions throegh the system.“An—
other example of a special feature of the model logic is also introduced.
Niﬁeteen of the Ewentf—six Q-nodes defined for the system have single
servers with service times longer than the duration of any simulation
run. In this‘example, the servers following Q—nodee 13 and 25 have
service times of a constant 10,000 time units. This procedure insures
that transactions are held in specific Q-nodes until they are directed
to move by the occurrence of a deeignated event during a simulation.

The seven nodes of the tefminal operation in Figure 5 fepresent
the major events that occur at an intermodal terminal. The modeling of

these events i3, of course, more complicated than shown here, but they

demonstrate the overall logic of the model.  The primary condition that
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must be met in the system requires that flatcars are waiting at the
inbound yard. Containers can be in the parking lot, but this is not
necessary. ' If there are no flatcars, then theré is noﬁhing to proceés-
Any of the Q-nodes can be initialized to meet this, or other, conditions
at the beginning of a simulation. However, for the purposes of this
discussion; it is assumed that all Q-nodes are empty, except the parking
lot. It is assumed that there are sufficient outbound containers in the
parking lot to load the flatcars at the siding.

The major events of the model are:

1. Flatcars arrive at the inbound yard. Tractor pick-ups
are scheduled for their containers, and they wait to
be switched to the siding.

2. Flatcars arrive at the siding where they wait to be
offloaded.

3. Inbound containers arrive in the parking lot from the
siding where they wait for a tractor pick-up.

4. All flatcars are offloaded at the siding and they wait
to be onloaded witﬁ outbound containers.

5. Tractors arrive at parking lot and pickup preselected
containers. They often deliver other containers fér
outbound shipment.

6. Flatcars are loaded with outbound containers at the
siding and wait to be switched to the outbound yard.

7. Flatcars arrive at the outbound yvard and wait for

scheduled train departures.
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The basic model logic required to simulate these events is what is shown
in Figure 5.

User function 1 at node 1 is initiated at time TNOW = 0 and all
incoming train arrivals are scheduled for the day. As the trains arrive,
their flatcars are placed in the inbound yard represented here by Q-node
13. User function 1 is also used to schedule a tractor pick-up for
each container on an arriving train at the scheduled arrival time ﬁlus
container processing time.

Flaﬁcars, now waiting in Q-node 13, are moved fo Q-node 25, the
siding, when the conditions for switching are met. If there are more
cars in the yard than there are positions at the siding, the excess re-
main in the yard and wait for a future switching activity. Offloading
the cars at the siding can commence when the time of day is within the
range of normal working hours for the siding crew. Each container Bn
every flatcar is removed and placed into the parking lot, represented
in Figure 5 as Q-node 43, as separate transactions. The transactions
representing flatcars remain at the siding, but are now empty.

Empty flatcars at the siding set one of the necessary conditions
for removing outbound containers from the parking lot and placing them
on the cars. Normal crew working hours is the second condition.. The
onloading of containefs begins when both of these conditions are met.
The procedure is to first check the outbound containers in the parking
lot to see if ‘any match the type of cars that are on the siding. This

identifies containers that are eligible for loading. The next step

identifies those eligible containers that require special handling.



For example, most over-the-road trailers are loaded in pairs on the
flatcars. Occagionally, a trailer has a unique destination that dictates
it must be shipped individually on a flatcar. The final steﬁ before
loading requires that containers being shipped in pairs be matched by
destination. - The containers ére then removed from the parking lot one
at a time and placed on matching empty flatcars after the matching pro=
cess is completed. The onloading continues until all flatcars that can
be loaded with containers are loaded. The transactions representing
loaded flatcars at the siding are identified by container destination,
and they are then ready to be switched to the outbound yard.

The loaded outbound flatcars are switched from the siding to the
outbound yard at Q—nodev29 when the conditions of the system indicate
that a switching can take place. When the siding has been cleared of
all flatcars, the next switching from the inbound yard to the siding
can be scheduled. The cars wait at Q-node 29 until a scheduled train
departure event with a matching destination occurs. The matching trans-
actions are then removed from the outbound yard and depart the system.

Containers that were removed from flatcars at the siding were
placed in the parking lot. They wait the:e'until a matching tractor
that was scheduled to pick-up the container when it entered the inbound
yard arrives at the parking lot via Q-node 60. Matching node 52 joins
these transactions together, accounts for pick-up time on the activity
following node 52, and the tractor-trailer combinat%on departs the
‘system over-the~-road through node 61.

The entire process continues, driven by the daily train arrival



and departure schedule, for the number of days terminal operations

specified for the simulation. The complete Q-GERT logic for the ter-

minal operation portion of the model is presented below. The logic for

the day clock and control node remains unchanged from the previous des-

cription.

Assumptions of the Model

The logic for the model is based on the following assumptions

about the system:

1.

Three types of flatcars are provided for in the model.

a.

Type 1 flatcars. Flatcars that can carry over-the-road
type trailers only.

Type 2 flatcars. Flatcars that can carry over-the-road
type trailers, or containers without an under carriage.
Type 3 flatcars. Flatcars that can carry containers

without under carriage only.

Three types of containers are provided for in the model.

a.

“b.

Type 1 containers. Over-the-road type of trailers.
Type 2 containers. Containers that can be equipped
with an under carriage for over-the-road transport.
Type 3 containers. Containers that can not be

equipped with an under carriage.

All containers are assumed to be forty feet long.

Each flatcar can be empty, or loaded with one or two

containers.
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5. Each switching of flatcars from the inbound yard t§ the
siding will consist of the maximum number of flatcars per-
mitted at the siding, given that loaded flatcars are avail-
able in the yard; Empty flatcars will be switched if there
are containers in the parking lot and suitable cars are

available in the yard.

6.,>All arriving loaded flatcars at the siding will be off-

. loaded.

7. All empty flatcars at the siding will be loaded, given .

there are suitable containers in the parking lot.

8. All flatcars at the siding will be switched to the out-
bound yard at the scheduled switching time. Empties will
either be shipped out of the terminal, or returned‘to the

inbound yard.

9. Each container arriving at thg inbound yérd'will generate
a scheduled pick-up at the parking lot. These séheduled
pick-ups can also generate coﬁtaiﬁers for rail shipment.
However, random container arrivals for rail shipment can

not have a container pick-up associated with them.

Mpdel Transactions and Attributes

There are four types of transactions incorporated within the
model. Three of these are tracked through the system. They are:

1.. Flatcars
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2. Containers

3. Tractors
The fourth transaction type is uséd to- operate the day clock as pre-
‘viously described. The attributes associated with the flatcar, con-
tainer and tractor transactions are as follo&s:

1. Attribute 1 is used to designate the type of flatcar,
container, or tractor a tramnsaction represents. The
possible wvalues of this attribute are:

Al=1 Type 1 container, flatcar, or tractor
Al=2 Type 2 container, flatcar, or tractor

Al=3 Type 3 container, flatcar, or tractor

2. Attribute 2 indicates the loading of an arriving flatcar,
A2=0 The flatcar is empty
A2=1 There is one container on the flatcar

A2=2 There are two containers on the flatcar

3. Attribute 3 indicates the direction of an arriving flatcar
on the train,
A3=1 The car is facing in the proper direction for the
siding

A3=0 The car is reversed

4. Attribute 4 indicates the outbound direction (destination)
of a container in the parking lot. This value is assigned
to the associated flatcar when container is loaded for

shipment,
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A4=1 East Bound
A4=2 West Bound
A4=3 North Bound
A4=4  South Bound

A4=5 Flatcar is empty

Attribute 5 designates the number of containers to place
on a flatcar. Some containers have a unique destination
and must be shipped individﬁally. Most containers, how-
ever, are shipped in pairs.

A5=1 One container per flatcar

A5=2 Two containers per flatcar

Attributes 6 and 7 are also used in the model. However, their purpose

is to pass information within the user functions. Their use will be

illustrated in the user function section.

User Input Requirements

\ User provided input that is required for the operation of the

model is:
1.

2.

Time duration to be simulated in days or hours.

Train arrival schedule and composition for period to be
simulated.

Train departure schedule and capacity for period to be

simulated.

Initial yard and parking lot conditioms at beginning of

simulation.
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5. Transient time distribﬁtions from yard to siding and siding

to yérd for terminal operatién to be simulated.

6. Serviée time‘disfributions for container offloéding and

) container onloading‘at‘the siding'and parking'lot for
terminal operation to be simuléted.

7. Container pick—up time distribution at parking lot for

arriving containers.

8. Terminal ramp #ctivity working time of déy rules.

9. Terminal switching activity time of day rules.

10.  Weekend work rules. |

11. Selection priority by type of container at the inbound
yard for switching to‘the siding. ,Prioritieé one and
two must-bevdesignated. The optiéns are as follows:
a. Type lrcontainef.
b. Type 2 container,
¢c. Type 3 containers.
d. The containers waiting longest in the yard.
e. The type of containers with the largest number in

the yard.

For example, priority one could be for type 1 containers and
priority 2 could be for the type of containér waiting the longest in the
yard. Any type 1 containers in the yard would take switching precedence.
If thefe were no type 1 containers, then priority would shift to the long-
est waiting. The method employed for reading in ﬁhe required imput for

a simulation is outlined in the implementation chapter.
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'The Inbound Yard

The Q-GERT logicvfor the inbound yard is given in Figure 6.

This section of the model consists of three conditional branching nodes
and six Q-nodes. Node 19 is the input node for the siding. Its use is
defined in the next section.

Nodes 10, 11, and 12 provide the logic for classifying incoming
flatcars in the yard. A scheduled train arrival is read into the simu-
lation in user function 1. This user function decodes the train's
flatcar composition. - The information generated by -this pfocess details
_..the ﬁumber and type of flatcars in the train, the number of containers
per flatcar, andvthe direction the flatcars are facing in the train
relative to the terminal's siding. These data are then used to generate
a éingle transaction for each flatcar with attributes describing the
car's characteristics. Each transactibn is’then scheduled to realize
‘node 10 at the train's scheduled arrival time.

Attribute 2 is used to indicate the loading of an arriving flat-
car. Transactions arriving at node 10 are routed to node 11 or 12
based on the value of this attribute. If the car éarries one or more
coﬁtainers it is sent to mode 11. It ié sent to node 12 if it is empty.
Nodes 11 and 12 perform identical functions. They are used to branch
the cars according to type. Transactions arriving at node 11 are placed
in Q-node 13, 14, or 15 based on the value of attribute 1. Node 12
provides the same logic for Q-nodes 16, 17, and 18.

The first transaction arriving at any of the Q-nodes passes

directly through the node and initiates the node's corresponding service
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activity. Activity tiﬁe for each of these is set at a constant 10,000
time units. This period of time is beyond that of total simulation
time. Consequently, node 19 will never be realized by any transaction
on the precediﬁg_ service activities unless some action external to the
' nétwofk is provided. 1In additioﬁ, since the first transaction in a
Q-node is pléCEd immediately .in service on the activity following the
node, all other like transactions that enter behind the initial trans-
action are held in the Q-node.

The combination of decoding the composition of an arriving train
to genefate a transaction with the proper attributes for each flatcar |
in wuser fuﬁction 1, and the branching logic employed at nodes 10, 11,
and 12 effectively models the inbound yard classification function
associated with rail terminals. The extended service times associated
with the activities.following each Q-node éf the yard insures that all
flatcars will remain in the yard until they are specifically called for
at the siding. Theréfore, the Q-GERT logic used.to model the inbound
vard adequately represents the functioq? of the yard in an actual sys-=

tem.

The Siding/Ramp

The Q-GERT logic for the siding/ramp operation is illustrated
in Figure 7. Four user functions are réequired in this section of fhe
model to facilitate the unloading and loading of flatcars and to switch
the cars from the inbound yard to the siding. There are four network
nodes that call the user functions, one regular‘node, a conditibnal

branching node, and four Q-nodes required to model the siding/ramp.
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The function of node 38 is to fulfill the Q-GERT requirement that every
activity must have a starting and an ending node. This node is the
ending node for activity 7. Node 26 is the input node for the outbound
yard apd its use is disucssed under that section.

It was stated in the brevious section that node 19 could not be
realized unless there was an action taken that was not a part of the
Q-GERT network; Thisvexternal action is dependent on two conditions.
The first is the status of the siding. The siding has a finite capacity
for the number of cafs that canFBe on the siding. If it is occupied,
then no other cars can be switched to the siding. The second condition
is the time of day that switchings are allowed to occur at a terminal.
For séme terminals, there are no time limitations; for othefs, switch-
ings can only occur during certain hours. These conditions cén be
specifiedvfor'eaéh simulation. Each timé user function 1 is called
during a simulation the status of the siding is checked. If it is
unoécupied, then the time of day is'checked to see if a switching can
be scheduléd. The discussion that follows assumes that these conditions

|
have been met and that a switch to the siding is to be scheduled.

The first step'in the switching process is to check the inbound
vard for container loaded flatcars. If there are none, the yard is
checked for empty cars. If there are no cars in the yard, no switching
can occur. Assuming that there are empty flatcars only in the yard,
the parking lot is checked for matching outbound containers. Empty cars
are then switched to the siding as long as there are matching containers
and there is room at the siding. Empty cars can not be switched to the

siding if these conditions are not met.
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GiQen'that thére are loaded'flatcars at the inbound yard, the
next step is to check the priorities for selécting caré, by container
rtype, in the’inboﬁnd yvard that afevto be switched. These priorities
are read iﬁt; the éimulation as part of tﬁe input data. de»priorities
vmust‘be designated; If né cars are in the yard that match these prior-
ities, then a third priority is established by default. For example,
éssume that priority one is set for Type.l containers and that priority
two is sét for Type 2 containers and‘that fhe siding capacity is ten
cars. _Aésume further that there are two Type'i,_seven Typeiz, and five
Type 3 loaded]cars in the yard. The priority rules would insure that
the two Type 1 cars would be swifched first, then»thevseven Type 2 cars
would follow. This movement would leave a vacancy at the siding. There-
fore, one of thé Type 3 cars would be switched to the siding. The in-
i’bound yard would cbntain\only four loaded Type 3 cars after the switch-
ing, but this sﬁatus would change should a train ariive before the next
switching Could:OCCur. |

Tﬁe actual switching process is aécompiiéhed‘gutomatically,once
the first car to be switched is identified. Fér the pﬁrpose of this
illustration assumé that switching priorityvone is for Type 1 flatcars,
the siding capacity'is ten cars, and that there are twenty loaded Type V
1 cars in tﬁe inbound yard. All of the cars are facing in the proper
direction for the siding. Réferring back to Figure 6, the status of
the server on activity 1 would be busy aﬁd there Qbuld be nineteen trans- -
actioné in Q—nodé 13. The status of the server associated with activity

1 would be checked in user function 1, indicating that there is at least
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one Type 1 loaded flatcar at the inbound yard. A time to switch (TIMESW)
would be calculated, and the transaction,Currenfly on activity 1 would
be removed throuéh aACall to subroutine STAGO(1,19,TIMESW,0,ATT). Since
the server at activity 1 is now idle and there are transactions in
Q-node 13, tﬁe server ‘is immediately ﬁade busy by the next transaction
in the queue. The call to subfoutine STAGO, with related aréuments,
éauses an event to be scheduled to occur. Simplyvstated, the trans-
action, complete with assigned attributes, that was on activity 1 is
scheduled to realize»ﬁode 19 at time TNOW +‘TIMESW.. The events that
follow are illustrated in Figure 7.

The major éoncentration of activity for an intermodal terminal
is centered around the siding/ramp area. In the model,‘this activity
begins when node 19 ié realized. Attribute 3, -the facing diréctipn'of
the flatcar, for the arriving transaction is first tested. If the car
is reversed, the transaction is foutéd through node 36, where user func-
tion 2 is called, and piaced in'Q—node 37. Q-node 37 is,‘in effect, an
extension of{fhe inbound yard and any ecar in»this queue will be the
first.movéd to the siding if a switching is iﬁ progress. In this ex-
aﬁple, the transaction representing the first car arriving at node 19
is facing in the proper direction for the siding. It is routed through
node 20, where user function'3 is called, passes through Q-node 21 and
causes thé server on activity 8 to be made busy.

Contrél of inbound switching is now in user function 3. TNOW
lwas halted when this function was called and the cgpacity of the siding

was decreased by one for the transaction that is now on the siding. The
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status of activity 7 behind Q-node 37 is first checked in user function
3. If the server is busy, a previously reversed car has been turned

and can now be placed on the siding. The service on activity 7 is stop-
ped, a corfesponding transaction inserted at node 20, keeping contrql

in user function 3, and the transaction is routed into Q-node 21. If
there are no turned cars waiting at Q-node 37, then the status of the
server on activity 1 is checked. An idle server indicates there are no
flatcars in the yard and the switching activity is stopped. In this
example, the next transaction on activity 1 behind Q-node 13 is placed
in node 19 with zero time delay. This process continues, reducing the
siding capacity by one for each transaction passing through node 20, .
~until the siding is fully occupied, indicating that the switching activ-
ity is completé.

Program control is passed to user funétion 1 at the completion
of switching and the status of the system is checked to determine if an
offloading activity can begin before control is returned to the main
Q-GERT program. This activity can start if the switching is completed
during normal working hours. A provision is provided for overtime work,
but this must be stipulated prior to the start of the simulation.l TNOW
is allowed to increment when control is returned to the main program.
User function 1 is called at the beginning of each hour. When normal
working hours are indicated, the container offloading activity is initi-
ated.

The container offloading process is started in user function.l

by removing the transaction on activity 8 and placing it in node 22.
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This is accomplished by geﬁerating a time to begin the offload (TIMEOF)
and calling subroutine STAGO(8,22,TIMEOF,0,ATT). This routes the trans-
action through node 22, calling user function 4, and through Q-node 23
to activity 9 at time TNOW + TIMEOF. The attributes of the tramsaction
are first accessed in user function 4 by a call to subroutine GETAT(ATT).
The parking lot queue a container is to be placed in, labeled INQ, is
‘identified by the value of attribute 1, and the‘number of containers on
the flatcar is determined by the value of attribute 2. The‘current sta-
tus of the parking lot is then checked. If it is full, the container

to be offloaded is placed in the overflow parking queue. If not, the
capacity of the parking lot is reduced by one, unloading time (UNTIME)
is generated, and each container is placed in the parking area by a call
to subroutine PTIN(INQ,UNTIME,TNOW,ATT).

The call to subroutine PTIN generates ‘a new transaction to. be
ﬁlaced into Q-node INQ in TNOW + UNTIME time units each time it is made.
The transaction's simulation mark time will be TNOW, and its attributes
will be the same as those associated with the transaction that initiated
the call to user function Z, There will be as many calls to subroutine
PTIN as the value of-attribute 2 indicates. It follows that if an empty
car is indicated and attribute 2 equals zero, this cali will not be made.
When all containers on a particular flatcar have been offloaded, the
status of the server on activity 8 is checked. If the server is busy,

a call to STAGO(8,22,0.0,0,ATT) is scheduled and control is returned to

the main program. This call reinitiates user function 4 at simulation
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time TNOW and the unloading process continues. When the server status
check for activity 8 indicates fhat the server is idle, all flatcars
have been offloaded and curréntly'reside in Q-node 23. The loading of
containers on flatcars can now begin whenkthe enabling conditidﬁs of the

system are properly set.
{
\

The initial system condition requirements fdr the start of a
container onloading process is similar to those described for the off-
load. .The time‘must be during normal working hours and the offload must
be‘complete. An onload time (TIMEON) is generated and thé‘transaction
in service on activity 9 behind Q-node 23 is removed and placed into
node 24 through a call tb subroutine STAGE(9,24,TIMEON,0,ATT). A call
is made tovuser function 5 at node 24, but a transactidn'ig_ggg_auto—
3matically,routed ﬁo Q-node 25. At this point_ﬁhe model's logic becomes
more complex. Theblogic required must insure that specific type contain-
ers be loaded on specific type flatcars. Additionally, when'twd contain-
ers are loaded on one flatcar, which is usually the case, the containers
must also be matched by a common destination. If there are mno suitable
containers in the parking lot for the flatcar currenﬁly being processed,
then‘the'car must be switched to the outbound yard empty. The rail
departure section of the parking lot is intricately involved in this
process. Reference should be made to Figure 9, Q-nodes 43, 44, and 45,
with the COrresponding activities 11, 12, and 13 for the folléwing
discussion.

User function 5 is called when node 24 is fealized at the start

of the onloading activity. TNOW is halted and the attributes of the
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current transaction are obtained through a call to subroutine GETAT(ATT).
A call to subroutine PTIN(80,0.0,TNOW,ATT) is then made and control is
returned to the main program. This procedure accomplishes the follow-
ing desired actions: |
1. Control node 80, as previously described, is realized
after the systeﬁ is updated, but TNOW does not advance.
This insures that the next transaction residing in Q-node
23 moves on to activity 9 and that the model's file is
updated;
2. The transaction that initiated the loading activity is
destroyed, but the transaction attributes are retéined.
3. Control is retained in user function 5.
The value of attribute 1, the type of car, is then compared with the
sefver status of a corresponding tYpé of container in the parking lotf
If the server is idle, then there are no containers of the type re-
quired for the flatcar in the lot. Attribute 4, the destination of the
car, is then set equal‘to 5. This indicates that the flatcar is empty.
Subroutine PTIN(ZS,0.0,TNOW,ATT) is ‘called to place an empty car, thch
is now-a new transaction, in the outbound Q-node 25. The status of the
éervér on activity 9 is checked. If the server is busy, the transaction
is removed, placed in node 24 and the process continues. If the server
on activity 9 is idle, then there are no more cars to onload. Control
returns  to the main Q-GERT program and TNOW is allowed to ad§ance.
Should the status of a server in the parking lot for a matching contain-

er and flatcar be busy, then it is possible to load the car.
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Loading a container on a matching flatcar requires that the
special handling characﬁeristics of the coﬁtainer be checked. This
information is recorded as the value of attribute 5 for the container.
The servef number of a selected container is recorded as ITYPE. A call
is then made to subroutine STAGO(ITYPE,80,0.0,0,ATT). This’removes the
transaction from activity ITYPE and places it in control node 80 as the
current simulation transaction with zero units time delay. A call is
then made to subroutine GETAT(ATT) and the attributes of the transaction
recorded. If attribute 5 has a value of 1, then the container must be
loaded by itself on the flatcar. The current capacity of the parking
lot is increased by one, the time to onload the container (OLTIME) is
generated, and a call is made to subroutine PTIN(ZS,QLTIME,TNOW,ATT).
This generates a new transaction at Q-node 25, with the value of attri-
bute 4, the containers destination, the same as it was for the container.
The status of the server on activity 9 is then checked and the onloading
continues if the server is busy.

Two container‘matches must occur for units to be shipped togeth-
er on the same flatcar. First, they must have the same destination.

The second condition is that there can be no special handling character-
istics for either container. This is accomplished by recording the
values of attributes 4 and 5 of the current container to be loadéd.
These attribute values are then compared to the correéponding attribute
values of each of the other preselected containers in the parking lot.
If no match occurs, the driginal container is loaded individually as
previously described. When a match does occur, the current parking lot

capacity is increased by two and a transaction placed in Q—node 25.
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The siding is checked for additional cars to be loaded and returns con-
trol to the main program when the loading activity has been completed.
The flatcars can now be switched to the siding at any time the switching

rules of the system will allow.

/

The Outbound Yard

The Q-GERT logic for the outbound yard'is illustrated in Figure
8.‘ There ié one conditional branching ﬁode, five network ﬁodes, fﬁur
Q-nodes and five statistics nodes. Tﬁe Qutbound switching conditions
of the systen ére checked in user fpnction 1. The time to switch to
thé outbound yard (TIMEOU) is generated and a call is made to spbroutine.
STAGO(10,26,TIMEOU,0,ATT). The tramsaction on activity 10 1s placed
into node 26 at time TNOW + TIMEOU. This transaction is routed accord-
,ing'to‘the value of atﬁribute 4; the destination attribute. ‘If’fhé
“routing is to an? node,buf nbde 35, the car is loaded and user funcfiqn
6 is called. The transaction-pfoceeds to the appropriate‘outbound
queue while the next traﬁsaction is removed from activity 10 and placed
in node 26 through user function 6. This process continues until all
cars havé been switched from thé siding.

An empt? car is routed from node 26 to node 35 where user func-
tion 7 is called. The’maximum desirable\number of empty cars in the
inbound yard is checked by type in this function. If the number of ‘
_empty cars iﬁ the inbound yard of this type is‘bélow those specified,
the car is routed to the propér Q-node at the inbound yard} Should
there be mofe empty cars in the system than desired, the car is shipped

out of the system via statistics node 39 and program control is shifted

to user function 6.
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The occurrence of a scheduled train departure event will remove
up to the maximum number of_flatcars allowed on a train from the system
for a given destination. The transactions depart tﬁe systéﬁ through
statistics nodes 28, 30,>32, and 34. Any cars in the outbound yard at
the beginniﬁg'of a day will be automatically classified for a scheduied
departure. All matching éars arriving in the yard before departure timé
are eligible for the train, given that space exists. This'feature,
coupled with the branching aétivities at node 26, provides the outbound
rail classification feature of the model.

The aboﬁe discussion of the inbound yvard, the siding/ramp, and
the outbound yard completes the Q-GERT logic for the way flatcar trans-
actions flow through the system in simulated time. Rail container de-
partures were a necessary part of the logic in that they are used to
geﬁerate thé transactions,that represent the flatcars in the outboﬁnd
sectiéh of the siding. The discussion that follows will describe the
way‘cbntainer transactions are accounted for in the system. These
transactions are confined to the parking lot section of the model. It
should be noted that the parking lot is one continuous area contiguous
to the ramp where containers are mingled, without regard to method of
arrival or departure. In this model, however, the parking lot is
divided into two sections. One section is for containers that will
depart the parking lot by rail énd are referred to as outbound contain-
ers. The other section is for inbound containers that have arrived at

the parking lot by rail and will depart the syétem via the road.
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The Container Parking Lot, Rail Departures

Figure 9 illustrates the rail departure section of the contain-
ef parking lot consisting of nine nodes, plus Q-node 7Q which is shared
with the road departure section for o%erflow container parking. Nodes
46, 47, 48, and 71 are incorporated to meet the Q-GERT requirement for
nodes' following activities. It should be noted that the parking Q-nodes
43, 44, and 45 balk to Q-node 70, yet they all have infinite capacities
defined. Thé same. situation is true for the road departure section of
the lot. A total of six Q-nodes, not including the overflow Q-node, are
required to model the parking lot. Each of these nodes could, conceiy—
ably, contain the maximum number of containers permitted in the lot and
-if the Q-nodes were defined in this way, the model's parking lot could
easily operate over capacity. To divide the parking capacity among the
Q-nodes would also be unrealistic. The mefhod used to resolve this
dilemma uses a variable labeled MXPARK. MXPARK is set equal to the maxi-
mum capacity of the parking lot on.initialization. During the simulation,
it is decremented by one each tiﬁe a container is placed in the lot and
incremented by one for each container that leaves the lot. This includes
those containers that are placed in thé lot on initialization. There-
fore, MXPARK records the current remaining capacity of the parking lot.
MXPARK is tested before each container is placed in the parking lot.

If the value is positive, the container is allowed to enter its proper
Q-node. If the value is zero, there are no parking spaces and the
container is placed in the overflow lot.

The overflow lot performs a special function. It is used to
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collect statistics on the adequacy of the parking lot for eaCh_simulé—
tion. Q-node 70 is checked at ﬁhe end of eéch.day. If there are no
transactidns in the queue, the observation and the value of.MXPARK are
recorded. = The total number iﬁ the parking lot is computed. . If there
are transéctions in the queue, the number is recorded, then MXPARK is
tested to see if any can be moved to the-regular parking lot. .Those
transactions thatkcah Be moved are placed in the lot and the residual,
if any;‘remain in overflqw parking for the following day'sboperations.
.These\aaily observations are used to compute some éf the output statis-
tics. These are discussed in detail in the chapter on implementation.
The remaining operation of this section of.the‘parking lot is
rather straight forward. Containers arrive from two sources. Those
>entering at node 41 were identified and scheduled when the containers
eﬁtered’the inbbundvyard.v The fandom container érrivals;are generated
at nodé 40 where user function 8 is used to determine‘their'type,vdes—
tination, and any special‘handling requirements. They are then entered
at node 42 by a éall to subroutine PTIN. At node 42 the coﬁtainérs
branch according to type and enter their particulér queues. They afe
removed from Q—nodes'43, 44, and 45 in accordance with the procedures

~described for loading containers on flatcars in the siding/ramp section.

Container Parking’Lot, Road Departures

The road departure section of the parking lot is presented in
Figure 10. There are two types of transaction associated with this sec-
tion -6f the model. The container transactions are placed into Q-nodes

49, 50, and 51 during the flatcar offloading cycle. The way these
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transactions are generated was described in the offloading portion of
the discussion of thg siding/ramp operation.‘ Matching tractor tréns—
actions were generated for the containers transaction as the flatcars,
loaded with‘containers, werelfirstvplaced in the inbound yard.  The
tractor transactions are scheduledkto arrive aﬁ node 60 with a sufficient
time delay to permit the processing of the confainer transactions through
the system. That is, to move from the inbound yard to the‘parking lot.
The value of attribute 1, for all typesiof transaction in the model,
designateé the type of containerS'that’are permitted to be ;séociated,
with the traﬁsaction. This discussion will illustrate how the tractors
are mated to the.containers, and are then removed from the system. The
operatioﬁ of balking feature from the container parking queues to the -
overflow Q—node 70 was discussed in the previous sectiqh,
Inbouﬁdrcon;ainer transactions arerplaced into’Q-nodes 49, 50,
and 51 based on the valuevof attribute 1 forvthe flatcar transaction
from which they were generatéd. For example, assuming a transaction
representing a type 1 flatcar at the inbound siding with the value of
attribute 2 equal to two.w Two transactions would then have been placed
in Q-node 49 When the car was offloaded. The value of attribute 1 for
.each,of these transactions would be set equal to one. Two tractor
arrivals,‘also with attribute l'values of one were scheduled to arrive,
and will eventually pick up the'ﬁwd containers. Ordinarily, but not
necessarily, the containers arrive at the parking lot first. The
‘tractors then begin to arrive independently at node 60. The tractors

are then routed to Q-node 58, with a time delay to allow processing by
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the terminal personnel, where they wait to be matched with a correspond-
ing container.

The use of match nodes 52, 54, andb56 provide the required match-
ing function.. The Q-GERT logic of matcﬁing nodes is such that trans-
vactions in queues on their input side can be combined, based on attribute:
value, and routed as a single transaétion to a node on iheir output side.
A tractor arrives at Q-node 58, and the value of attribute 1 is oﬁe. A
container residing in Q-node 49 will also have an attribute 1 value of
one.. Match node 52 Will recognize this condition, femove each trans-
acﬁioﬁ from its respective Q-node, and place a single corresﬁonding
transaction in Q-node 53. 1If the ser&er on activity 20, following Q—nbde
53, is idle, fhen fhe departing tractor-trailer combination will be
proqessed out of the system through node 61. The purpose of user;func-
tion iO»at nodé 61 is to increment the current capacity of the pafking
lot, MXPARK, by one. The processing of type 2 and type 3 containers is
performed in the same manner, with the wvzlue of attribute 1 set at two

and three respectively.

Data Input for the Intermodal Terminal Q-GERT Model

The Q-GERT defined data input required to program the model is
listed in Figure 11. There are a total of one hundred forty-six (146)
data statements used to represent the logic as described in the previous

section.

User Function Logic

The logic employed to schedule and coordinate the flow of trans-

actions through the intermodal terminal Q-GERT network model requires
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ten user functions. These FORTRAN written subroutines range from a
simple, one stétement procedure used in user function 2, to the very
complex logic of user fﬁnction i. The description of the logic
employed for the model that follows is limited to a general discussion
which explains the function of each subroutine, and their inter-
relationships. The detailed logic for each subroutine is presented

in the appendices. The FORTRAN program listing for Function UF(IFN)

is in APPENDIX D.

Function UF (IFN)

A user function is specified each time a transaction realizes
-source nodes 1 and 40; regular nodes 2, 3, 4, 5, 6, 20, 22, 24, 35, and
80; and statistics nodes 61, 62, and 63 in the Q—GERT model, Every node
thus realized sets IFN equal to the user function number designated at
‘the node. Simulation time, TNOW, is stopped each time Function UF (IFN)
is entered.

Branching to specific statements within Function UF(IFN) is
determined by the value of IFN at a computed go to statement in the
beginning of the subroutine. For example, if IFN=1, the subroutine is
entered at a point that contains the logic for user function 1 of the
FORTRAN programming., The system is initialized when TNOW, the current
simulation time for a simulation run, is equal to zeré. The model's
clock time, IHOUR, is set at 00:00 hours of day one, when TNOW equals
zero, representing the beginning of the simulation at midnight of the
first day. Clock time, IHOUR, is then incremented by one each time

simulation time, TNOW, advances to the next unit of time. IHOUR is
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reset to zero at the end of each twenty-four simulation time units. The
current calendar day, IDAY, is incremented by one each time IHOUR equals
twenty-four.

The time sequencing for the model is accomplished whenever user
function 1 is specified during the simulation. This enables the status
of the system to be checked ané "daily" events to be scheduled at the
start of each hour, or day, if required by the system. TNOW is suspended
~until all required tasks are accomplished. The manner in which the daily

events are scheduled is discussed below.

User Function 1

User function 1 provides the logic required to schedule trans-
actions through the system. This logic includes the input of train
arrivals and depaftures, enforcement of car switching priorities, inter-
.pretation of working rules, the timing of all transaction movement
through the terminal, parking lot monitoring, and the collection of
observations used for the output statistics for a simulation. The
logic in this function also provides the means to initialize the status
of the system at the start of a simulation run (TNOW=0.0). This is
accomplished by assigning attributes to transactions representing
appropriate numbers and types. of flatcars, containers, and tractors im
the system.

User function 1 is specified at source node 1 in the Q-GERT
network model. As previously noted, this node is realized at the start
of a simulation run, and at the end of each constant one time unit for

the duration of a run, providing the timing required for the system.



97

k The simulation clock, IHOUR (initialized at zero), is incre-
mented by one each time the FORTRAN program for the network is entered
at uservfunction 1. The value of IHOUR is then tested.v If TIHOUR is
less 24, the simulatioﬁ is in a current day; and the status of the sys-
tem at time IHOﬁ£ is checked. If IHOUR is equal to 24, a current day
has juSt'ended,~the status of the sysﬁem is updated, fhe résults of the
day's operations are compiled and recorded, and the‘éollector'and indi-
cator variables‘re—initiated for the coming day's operations. In the
discussion that follows, the end of a day's loéic is‘first preéented;
then the logic for daily éperations follows.

| When the status of the system indicates that a day has just
ended, the current status of the overflow parking lot (Q—nodé 70) is
checked. Transactions'reﬁresenting-containers were placed in ﬁhé over—
flow parking lot duriﬁg the-current'day,'if at any-time during thé déy ‘
the regular parking lot is-full; Should there be any ttansactioné in.
the overflow lof, thé server for activity 14 behind Q-node 70 will be
busy. If the server is busy, overparking occurred during the day, and
the status of the parking lot is updated béfére collecting overparking
observations. If the server is idle, no overparking occu:red during
the day and this observation is recorded.

Given that overparking did occur during the day, the number of
containers overparked is recorded by setting the variable IOVP (IDAY)
equal to'thebnumber of transactions residing in Q<node 70, plus the’
transactions in service on activity 14. The remaining capacity of the
regular parking lot (MXPARK) is then checked to determine how many

spaces are available in the regular parking lot. If MXPARK is equal to
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~ zero, fhe regular lot is full, énd the day's overparking, IOVP (IDAY),
vremains unghanged. If MXPARK is greater than zefo, there‘is space aﬁail—»
~able in the lot and overpéfked containers are moved from the overflow lot
to the regular lotvuntii the regulér lot is'full; or all 0verpérked-con-
',téiners have beenbmoved.‘ This is accomplished through a.call to subrou-
~ tine STAGO(14,80,0.0,0,ATT) for each container that is to be moved.
Subroutine STAGO removes the current transaction that is in service on
activity 14 and places it into the regular parkiﬁg lot via user function
9. The Eurrent capacity of the parking lot, MﬁPARK,'is then decreased
by one, and the vaLue»Qf the transaction's attribute 2 tested to deter-
mine the type of departure. The transaction is then placed into the
proper section of the regular parking lot through a call to suBroutine
' PTIN(NODE,d.O,TNOW,ATT);

Once'thé parking lot section of the model has been updated to
.refléct'the cﬁrrent status of the systeﬁ at the end of a day, IHOUR is
‘v‘re—initialized to zero for the coming day. The day's ﬁotalvﬁarkiné,
ifARKT(IDAY), is\recorded and IDAY is then incremented by one. The
daily working rules can then be tested to determine if the coming day >‘
is a non-working day or a normal working day.

The daily working rules are an important feature of the brogram
logic. Railroads, generally, operate their trains seven days a week
during the’entire year, The loading and unloading terminal operations
do noﬁ,»as a rule, follow this pattern. These activities, including
container pick-up and delivery, are usually on a five—day-a—weék work

schedule. This section of the program allows a user to specify the
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weekend work rules for a simulation that are in force at a particuléf
terminal facility. The indicator variables ISAT and ISUN are used for
this purpose. They are initialiéed at the start of a simulation in sub-
routine UI. The indicator variable IWORK is set to one, or zero, for
each day of the simulation in accordance with the day of the‘week and
the values of ISAT and ISUN. If ISAT or ISUN equal one, work is per-
mitted. If eithér of them equal zero, no work is permitted. Once the
work rule has been established for the coming day, the day's train
arrival and departure schedules are read into the simulation.

Provision has been made for ninety days of operations with ten
t:ain arrivals and departufes per‘day. Individual train arrival times,
ATIME (IDAY,M), and departure times, DTIME(IDAY,M) are originally ini-
tiaiized in subroutine UI at 25.0 hours. Scheduled train arrival and
'departure times can then be re-initialized in subroutine'UI to épecific
times fof individual train arrivals or departures on a given‘day. These
inpuﬁ-data are then stored until called for by the simulation on an
appropriate IDAY.

‘The arrival schedule is accessed by setting the variable TRANA.
equal to ATIME(IDAY,M) for each possible arrival during the current IDAY.
'If TRANA is less than 25.0, a train is scheduled to arrive during the
day at the time indicated by the value of TRANA. When TRANA is equal
to 25.0, no additional trains are scheduled to arrive during the day.
For each scheduled train arrival, an actual train arrival time is gener-
ated (ARR). This time is randomly sampled from a probability distribu-

tion relating to the experience of a terminal under study. Therefore,
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é train's simulatedrarrival time is set equal to the scheduled time,
plus or minus, a random deviation. Thé procedure provides for a more
realistic train arrival pattern during a simulation.

An arriving traiﬁ's loading configuration is read into the simu-
lation at the train's arrival‘timé during a run. The type, number, and
container loaﬂing of the cars on a specific train was stored through
subroutine UI, when thé system was initialized, to be read into the
simulation at the train's arrival time. For example, assume that a
train is scheduled to arrive on the fifth day of a simulation, and that
it is the second train to arrive for the day. If the train is made up
of twelve typé 1 cars such that there are five cars loaded with‘tWO
containers; two cars with one container each, and no émpty cars on the
train, the train's configuration storage variable, ITPl(IDAY,M),findi-b
cating the day of arrival, and ﬁhe train's container loading would be
coded as follows:v

ITP1(5,2)=12050200
Reading from left to right, the variablé ITP1(5,2) first two digits (12)
indicéte thét there are twelve cars on the train. The‘tﬁird and fourth -
digits (05) indicate that five of the cars are loaded with tﬁo containers
each. Digits five and six (02) specify that there are two cars with one
container each, and digits seven and eight (00) specify that there are
no empty cars on the train. The variables ITP2(5,2) and ITP3(5,2)
would be set equal to zero, indicating that there are no type 2 or type
3 cars on tﬁe arriving train. Each variable is then decoded at the
train's arrival time on day five during the simulation, such that each

car, of each type, can be scheduled to enter the inbound yard at the
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proper arrival time as a separate transaction. The attributes assigned

to each of the tramsactions representing a flatcar are as follows:

Possible
Attribute Values : Definition
1 1, 2, or 3 Car type
2 ‘0, 1, or 2 Number of containers
‘ per car
3 O or 1l : Facing direction
of car

Tﬁe cars (transactions) can then be individually placed into branching
node 10, representing the entry point of the inbound yard of the Q-GERT
mo&el, through a call to subroutine PTIN(lO,ARR,TNOW,ATT) at simulation
time TNOW + ARR. |

Some railroads notify a container's consignee when their con-
tainer has arrived in the yard to provide them with an exﬁected offload
time for planning purposes. Others wait until the container is on the
grouﬁd before notifying the consignee. An indicator variable, NGND, is
incorporated into the model to specify which notification‘rule is in
effect for a simulation. 1If NGND is initialized at one, notification
will take place after a container has been offloaded. If NGND is equal
“to zero, notification will be accomplished when a container enters the
yard on a flatcar. In either case, pick-~up times must be scheduled aﬁd
matching tractor transactions for the containers entered into the simu-
lation at the scheduled times. If NGND is equal to zero for a simulation,
this scheduling is accomplished through a routine at train arrival time

in user function 1. Should NGND be equal to one, the process is delayed
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until containers are offloaded from their flatcars and placed in the
parking lot. The notification process is described in user function 4.

Scheduled train 'departures are read into the simulation in a
manner similar to the arrival schedule. All possible departure timés,
DTIME(IDAY,I), are first initialized at 25.0. Specific departure times
are then entered. The coding required fbr the configuration of a depart-
ing train comsist of the outbound direction of the train, and the maxi-
mum number of flatcars permitted on the train. For example, given that
a train is departing West-bound with a capacity of twenty-five cars, tﬁé
coding woﬁld be as follows:

| IDEPT (IDAY,I)=4025
Reading from left to right, the first digit of the code (&) indicates
the direction of the train, and the last three digits (025) indicate the
maximum intermodal flatcar capacity §ermitted on the train.

The train departure schedule process is accomplished at the
start of each new day, and is again checked just prior to each train
depérture during the day. Cars waiting at the outbound yard for a
_train departure at the beginning of the day are given priofity on the
day's scheduled outbound trains. After all possible waiting cars have
been scheduled to depart during the day, cars arriving at the outhound
vard during the day, but prior to departure time, will also be placed
on a departing train, given that there is room remaining on the train
at departure time.

The procedures described above are'accomplished at the end of

each day during a simulation run. They provide for the sequencing of
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events for the coming day's operations. That is, the status of the
parking lot is updated, working rules for the new day are established,
and train arrival and departure schedules are entered into the simulation.
The discussion that follows describes the actions that are taken at the
beginning of each hour during the simulation.

The indicator variable, INIT, is set equal to zero in subroutine
UIL. This permits the systém's starting conditions to be entered into
the system before the current status of the system is first checked.
Once the system has been initialized, the work day indicator variable,
IWORK, is tested. If IWORK is equal to one, a normal work day is indi~
cated, and the status of the siding is checked. If IWORK equals zero,
novwork is permitted and control is returned to the main Q-GERT program.
Each simulation run begins with the first day (IDAY=1) assumed.to be
Monday, a working day, and the time of day set at 00:00 hours (IHOUR=0).
Therefore, IWORK=1l, and the first action, after system initialization, '
is to test the siding operation.

Whenever.the siding is empty, the indicator variables ISWIN and
ISWOUT will both be equal to zero. If either is equal one, there are
cars on the siding and inbound switching to the siding from the yard is
not permitted. Assuming that both variables are equal to zero, a switch
to the ramp can be scheduled, given the proper switching rules. The
switching rules for this model are straight forward, but appropriate for
many intermodal terminals (they can be modified for more coﬁplex systems) .
Only one inbound-outbound switching is allowed per day for the siding.
Further, any switching must occur between the hours of 6:00 PM of the

P

current day and 8:00 AM of the following day. Since any car switching
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onto the siding must be accomplished prior to 8:00 AM for any day, ény
cars on the siding at 8:00 AM will remain there until 6:00 PM the ééme
day. Therefore, a test of IHOUR in user function 1 before scheduling a
switch, coupled with the status of the indicator variables ISWIN and
ISWOUT, is sufficient to insure that switching be limited to one inbound
and omne outbound switching per day.

The scheduling of a switch to the siding is accomplished by
first checking the status of the inbound yard to see if loaded cars are
available. If there are loaded cars, they are selected for switching
in accordance with the priority switching rules for the simulation.

If there are no loaded cars in the yard, empty cars are located if they
exist. The outbound (rail departure) parking lot is also checked for
matching containers if empty cars are to be switched. If there are none,
no switching can be scheduled, and control is returned to the main pro-
gram. Assuming there are loaded cars in the inbound yard, they are
selected for switching based on the values of the variables IPRI1 and
IPRI2, which are initialized in subroutine UI, and establish the follow=
ing priorities:

IPRI1,IPRI2=(0,1,2,3,4)

Priority Definition
0 The type of car with the longest

number in the yard

1 Type one cars

2 Type two cars

3 Type three cars

4 The type of car waiting the longest

in the yard



105

IPRI1 will take precedence over IPRI2. If neither IPRI1, nor IPRI2 can
be satisfied, then priority is given to the type of car waiting the long-
est in the yard.

The first car selected to be switched from the inbound yard
initiates the procedure to move all other cars that can be switched to
the siding. A variable, IQ, is set equal to the activity number behind
the Q-node containing the cars to be switched. The time reQuired to
switch (TIMESW) the first car is randomly sampled from a switching time
probability distribution. The indicator variable NSWIN (set at zero at
the start of each day) is incremented by ome to record fhe number of the
switch, a collector variable, TSWIN(IDAY,NSWIN), is set equal to TIMESW,
and the indicator variable ISWIN is set to one. The total number of cars
currently in the inbound yard is calculated and the value recérded. A
call to subroutine STAGO(IQ,19,TIMESW,0,ATT) then removes the trans-
action currently in service on activity IQ, and places it in branching
node 19 at time TNOW + TIMESW with its associated attributes. Branching
node 19 routes the transaction to regular node 36 if the car is reversed.
This‘will specify user function 2 to be calied. If the car is not
reversed, thé transaction is sent to regular node 20 where user funmction
3 is specified. Specifying either user function 2, or user function 3,
results‘in moving the next car to be switched from the yard to the siding.
The logic for moving these additional cars will be discussed in the sec-
tions for these user functions.

At any time the indicator variables ISWIN, or ISWOUT, are equal |
to one, the siding will be occupied. In this event, the program logic

determines if the cars at the siding can be offloaded, onlcaded, or
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switched to the outbound yard. The first step in this part of the pro-
gram is to test the time of day. The daily working rules for loading

and offloading conﬁainers stipulate that normal working hours are
between 8:00 AM and 6:00 PM. 1If IHOUR is outside this range, the

status of the siding is tested to determine if cars can be switched

from the siding to the outbound yard.  Should IHOUR be within the range
of normal working hours, the check is to determine the container activity
to schedule at the siding.

Siding activities are sequential. Cars enter the siding, are
offloaded, onloaded, then switched to the outbound yard. Consequently,
if the siding is occupied, the first qheck is for an offloading activity.
The indicator variable LOADOF is set equal to one when offloading begins.
LOADOF is set to zero at the completion of the activity. Therefore, if
LOADOF equals one, an offload is in progress and control is returned to
the main program. If LOADOF is equal to zero, it is possible to sched-
ule an offload activity. The current status of the siding is checked
to determine if there are cars waiting to be offloaded. The nature of
the server on activity 8 behind Q-node 21 indicates this status. A
busy server on this activity indicates there are cars waiting to be off-
loaded. The first container to be offloaded is scheduled to be removed
from a car by a call to subroutine STAGO(8,22,TIMEOF,0,ATT). This
action removes the transactionAin service on activity 8 and places it
in regular node 22 at time TNOW + TIMEOF. User function 4 is specified
as the transaction passes through node 22. All other cars to be off-

loaded are processed by the logic programmed in user function 4.
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An idle server on activity 8 indicates that the cars at the
siding have been previously offioaded. In this event, the status of
the siding is checked to determine if there are empty cars that can be
onloaded. The indicator variable LOADON is then tested. If LOADON is
equal to one, an onload is in progress and control is returned to the
main program. Given that there is no offload in progress, the status
of the server on activity 9 is checked. Should the server be idle, the
cars on the siding have been previously loaded and they are waiting for
the proper time of day to be switched to the outbound yard. - Therefore,
control is returned to the main program. When the server on activity
9 is busy, an onloading process can begin. LOADON is set equal to one,
and the minimum time remaining to begin an onload operation before the
end of normal working hours, TIMEON, is determined. ' The onloading
activityvis initiated by a call to subrouting STAGO (9,24 ,TIMEON,Q0,ATT).
The transaction in service on activity 9 is removéd and placed into node
24 at TNOW + TIMEON. User function 5 is specified at’node 24 and the
container onloading procesé is completed through the logic programmed
in’this user function.

Once all the flatcars on the siding have been offloaded and
reloaded, a switch to the outbound yard is possible. The status of the
gerver on activity 10, behind Q-node 25, indicates this condition. A
switch to the outbound yard can be scheduled if the server is busy. To
initiate a switch, the indicator variable LOADOU is set equal to one;
time required to switch, TIMEOU, is determined and a call to subroutine

’STAGO(lO,26,TIMEOU;O,ATT) is accomplished., When nbde 26 is realized at
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time TNOW + TIMEOU, the transaction branches in accordance with the value
of attribute 4. Attribute 4 designates the outbound direction of the

car being switched. After branching occurs, user function 6 is specified
as the transaction is routed to its proper outbound Q-node. User function
6 is then employed to transfer the remaining cars on the siding to the
outbound yard. The logic for this user function is detailed in the user
function 6 section of this chapter.

User Function 2

Transactions representing flatcars that are switched from the
inbound yard to the siding are tested at conditional branching node 19
to determine if a car is facing in the proper direction to be moved to
the siding. The branching is based on the value of attribute 3 of the
transaction. If the value of the attribute is one, the car is placed on
thevsiding through node 20.  Should the value of the attribute be zero,
a reversed car is indiqated, and a delay time is encountered to turn the
car prior~t§ placing it on the siding.

- Flatcars that are routed to be turned in the manner described
above pass through node 36 where user function 2 is specified. The pur-
pose of this user function is to indicate that the transaction was not
placed on the siding, but requires ad&itional routing. However,/model
logic also requires that the next car in theryard be moved from the yard
to the siding as long as there is space available on the siding. User
function 2, therefore, simply transfers program control to a section in
user function 3 beyond the point where the number of cars switched to

the siding ISWITC, is not incremented. The next car to be switched from
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the yard is then identified and processed through the logic provided in
user function 3. This user function is déscribed below.

User Eunction 3

User function‘B'is séecified at ﬁode 20 each time a tramsaction
is routed from the inbound yard of the model to the siding. The purpose
of this user funéﬁion is to initiate the switching of the‘next car in
the yard to the siding. A variable, ISWITC, is used to indicate the
v cﬁrrent number of cars switched to the siding during an in—switching
operation. When the value of ISWITC is equal to the'maximﬁm number of
éars‘permitted on the siding, the switching operation is stbpped.

Cars can be moved onto the siding from two sources. The first
-source that is checked is the server following Q-node 37, on activity 7,
in the system network. If this server is busy, then a previously re-
verséa car has been turned and is ready to be pléced on the siding. In
this event, a call is made to subroutine STAé0(7,zo,0.o,o,AIT) and
simulation control is returned to the main program. This action causes
the transaction'currently in service on activity 7 to bé piaced directly
on the siding via node 20 with a zero time delay through the.maian-GERI‘
program. The realization ofrnode 20 using this method aliows user
function 3 to be immediately respecified. ISWITC is incremented by
one, and a test is again made for reversed cars. When there are none,
the regular inbound yard is checked for cars of the proper priority that
were first identified as available for switching in user function 1.

Cars;ére moved from the inbound yvard via user function 3
through a call to subroutine STAGO(IQ,19,0.0,0,ATT) as long as the ser-

ver on activity IQ is busy and the variable ISWITC is less than the
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maximum capacity éf the siding. If the server, IQ,vshould become idlé,
iﬁdicating no remaining transactions in the preceding Q—néde,vand there
is still room on the sidiﬁg for additional cars{ program control is
returnedito user fﬁnction 1 to deteimine if there are lower priority cars
available that gan‘be switched.' The‘process continues until the switch=
~ing activity is cbmplete; The indicator variables are then set to
indicate that cars are on the siding and that they are ready to be off-
loaded. Program control is then returned to thermain program.

User Function 4

User function 4 is called when c0htainers are offloaded frbm a
flatcar. -This is accomplished by removing a transaction in service on
activity 8, behind Q-node 21, and routing it through node 22 by ‘a call
to subroutine STAG0(8,22,0.0,0,ATT) in user function 1. A céll to sub-
rouﬁiﬁé GETAT (ATT) in user function 4 returns the values éf,the attri-
butes associated with the transaction. Attribute 1 identifies‘the type
of containers. The value of attribute 2 represents the number of con-
tainers othhe car. This information is used td generate separate
transactions»represénting containers to be placed in the'over-the—foad
departure section of the parking lot. Additionally, a container pick-
up (tractor) transaction is alsq generated for each container placed in
‘this section of the parking lot if the indicator variable NGND is equal
to one for the simulation. Shoﬁld the regular lot become full at any
time during the process, containers that are removed fromithevcars are
placed in the overflow parking lot.

| The cérsfat the 'siding are offloaded individually, femoving one

container at a time. An offload time is generated for each container,
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and the total offload time is accumulated by a collector variable for
each simulation run. As a car is offloaded, it is moved into Q-node 23,
and the status of the server on activity S_is determined. If the Server
is busy, there is at least one other car to be offloaded. The process
is reinitiated by a call to subroutine STAGO(8,22,0.0,0,ATT) and con-
tinues until all cars have been offloaded.  When offloading is completed,
indicator variables are set to indicate that there are cars available to
{

onload and control is returned to the main program.

User Function 5

User function 5 is initiated each time containers are processed
for loading. The sequence is begun when a transaction in service on
activity 9 is removed from service and placed into node 24 by a call to
subroutine STAGO(9,24,TIMEON,O0,ATT) in user function lf The attributes
of the transaction are accessed by a call to subroutine GETAT (ATT). Thé
value of attriBute one identifies the type of container that must be
accessed iﬁ the rail departure section of the parking lot to load onto
a particular type of flatcar. If containers of that type are available
in the lot, they are loéded on the car. Otherwise, the cars remain
empty.

The logic contained in user function 5 tests the vélues of
attributes 4 and 5 associated with the transactions representing con-
tainers in the parking lot. The value of attribute 4 represents the
outbound direction of a container from the yard. The value of attri-
bute 5 stipulates a container's special handling charactéristics.
Ordinarily, two containefs are loaded on flétcars for outbound shipment,

and these must be matched by direction of departure. Occasionally,
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however, only one container is loaded‘on a car. The test for the con-
tainer loading conditions is such that transacﬁions cannot be moved
directly from node 24 in the model tb Q-node 25. Therefofe, special
transaction handling procedures have been developed for user function 5.
These procedures, in essence, destroy each transaction entering node 24
after the transaction's attributes have been retrieved. Then, a new
transaction, with the mark time of the original transaction, is created
and inserted into Q-node 25 after the proper matching has occurred. The
value of attribute 4 for this new transaction: is set to the value repre-
senting the destination of the loaded containers.

The logic in user function 5 is first used to match a section
of the parking lot that represents the type of containers tﬁat are
required to be loaded on the car type being processed. The correspond-
ihg transactions in the parking lot are then removed individually. The
value of attribute 5 is tested for the first transaction removed. If
the value of the attribute is one, a single transaction with the con-
tainer's attributes is placed into Q-node 25 after an onloading time
delay, and the current capacity of the parking lot is increased by one.
On the other hand, should the wvalue éf attribute 5 for the initial trans-
action that was removed be equal to two, the parking queue must be
searched for another transaction with a matching destination. If no
match exists, the container is loaded individually and the parking
capacity is increased by one. If a match does occur, the time to load
two containers is generated, one container transaction is destroyed,
and the other inserted into Q-node 25, now representing a flatcar, with

the proper attributes and mark time. The parking capacity is increased
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by two, reflecting the additional parking made aVailabie by the loading
of two containers.

After each flatcar has @een processed for loading by this user
fuhction,'the status Of the siding is again tested to determine if other
cars are available for 1oéding. If the server on activity 9 is busy
there is at least omne additionai éar to be processed. Subroutine STAGO
(9,24,0.0,0.ATT) is recalled, and the onloading continued until there
arevno cars remaining to be loaded. When all cars ﬁave been processed,
indicator variables are set to indicate there are cars at the siding‘
waiting for outbound switchiﬁg. Program control ié returned to the main
Q-GﬁRT pfogram, and simuiation time: is allowed to advance.

User Function 6

. Whenvthe1status of the system indicatesvthatjavswitchiﬁg to the
outbound yard can be initiated, user function 6 is employed. This user
function is specified whenever a transaction realized node 3, 4, 5; or
6. The operation is started by a call to subroutiné STAGO (10,26, TIMEQU,
0,ATT) in user functibn 1, which removes the transaction in service on
activity 10 and inserts it into éonditidnalvbranching node 26,

Tranééctions realiziﬁg node 26 are routed to following. nodes
based on the value of attribute 4. This attribute records the outbound
direction of a flatéar, or indicates that the car is emptf. The possible

values of attribute 4 are as follows:

Value Definition , OQutbound Q-node
1 East bound 27

2 West bound ' 29
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Value - | Definition " Outbound Q-node
3 | | Nortﬁ bound 31
4 South Bound 33
5 An empty car Regular node 35

User function 6 is specified for all attribute values except
the value of five. 1If the wvalue of the attribute is five, user function
7 is specified for the special handling of empty flatcars. Wheﬁ either
of these ‘user funétions is specified, however, cars afe sequentially
removed from activity 10 as long as there are cars on the siding, and
routed to their respective outbound Q-nodes to wait for a train departure

from the system.

User Function 7

| User function 7 performs a unique service for empty flatcars
that are switched to the outbound yard, in addition to switching a
following car on the siding to the yard.v Emﬁty cars can be retained in
the system instead of being shipped to another destination. The modeler
selects the maximum desirable number of empties that are to be permitted
in. the system. User function 7 is then used to determine the number of
empty cars that are located in the inbound yard each time the function
is specified. If the nﬁmber is below that specified, the car is re-
turned to the pfoper Q-node in the inbound yard for future use in the
system. If the number of empty cars in the system is above that speci-

fied, the car is shipped out of the system.
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User Function 8

User functiqﬁ 8 is provided to assign values to attributes 4
and 5 for random over-the-road container arrivals of the system. Oﬁce
these values have been determined, they are associated with the arriving
transaction for the rail departure section of the parking lot. The
transaction is then placed into conditiomal branching node 42 where it
is routed to the proper parking Q-node to await a flatcar for loading
outbound.

User Function 9

This user function performs two extremely important activities
for the model. First, when user function 9 is specified, control of
the program is in the main Q-GERT program. This is accomplished by
calling subroutine PTIN(SO,TIME,MARKTIME;ATT)vat varioﬁs locations with-
in Function UF(IFN), followed by a RETURN.statement. The call places the
current simulation transaction into regular node 80 and the return state-
ment enables the main Q-GERT program to update all files to the current
simulation time. The only purpose of node 80 in the network is to
specify user functiom 9. The logic in this user function is such that
every time the function is entered at user function 9 the -attributes of
thé current transaction are retfieved, and program control is then
immediately passed to the point within Function UF(IFN) immediately
following the point where the PTIN call was originated. Therefore,
current transaction attributes can be retrieved when required, or a
zero time delay initiated, without violating ANSI FORTRAN specifications

that forbid recursive calling within functioms.
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The second activity érdvided'bj user function 9 is to place
arriving over-the-road eentainers in the parking lot that epter the
 system with scheduled tractor container pick-ups. This method of
placing outbeﬁnd (rail depafture) cbntainersvin the eystem is employed
when ﬁhe sYstem specifies that container consignees are notified to pick
up a container arriving by rail when the flatcar enters the inbound yard.
The main burpose of this legic is to decrement the currentbcapacity of

the parking lot by one for each container arriving over-the-road.

User Function 10

The purpoée of user function 10 is to increment the eurrent
status:of the pafking lot by one‘for each container departing the park¥
ing lot over-the-road. This user function is also used to schedule the
- return to the parking lot any centainer_that departs the.syetem over-
‘the—road that is fo be returned after if’has Eeen‘offloaded By the
consignee. This is accomplished by a call to subroutine BTIN(SO,DELAY,
TIME, TNOW,ATT) as the container departs the system via statistics nodee

61, 62, or 63.

Supplemental Computer Programs

There are three computer subroutine‘FORTRAN programs required
for the iﬁtermodal terminal simulation, in addition to the Q-GERT data
>needed to describe the model. These are Subroutine UI (user input),
Function UF(IFN) (user function), and Subroutine UO (user output).
Together, the entire model requires epproximately 16 seconds on‘an IBM
360/165, Model 2 campeter to compile and link ﬁhe model's suBroetines

with the Q-GERT Analysis Progtam.- The execution step uses approximately
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13.2 seconds of central processing unit (CPU) execution time for each
simulation run of the intermodal terminal system. The user function
subroutine was described in the previous section. The requirements

for subroutines UL and UO are described below.

Requirement for Subroutine UI

The primary purpose of subroutine UI is to read into the simu—
latién the values of the variabies neededrto défine the systém to be
studied, to establish switching priorities and weekend ﬁorking rules,
and to provide the vehicle to read in and store train arriVal aﬁd de-
pafture schedules until called for during the simulation. Although
this subroutine is used to establish the initial values for variébles
t§ describe the beginning status of the system, it is not uséd, in the
convéntional manﬁef, to iﬁitialize the status of the system. fhis;‘
feature in thé system initialization is accomplished thréugh a speciai o
routine incorporated into function UF(IFN). An examplé of tﬁé FORTRAN
program listing for subroutine UI is included in APPENDIX C.

The indicator variébleé INIT, and INPRO, are set.at zero in
Subréutiné UI to enable the progrémming logic.in function UF(IFN) to
plaCé the desired number of transactions, with the proper attributes,
in selected Q-nodes at the beginning of each simulation run.  The
quantities and types of transactions to be generated for the initial
terminal status are determined by the values set for the input vari-
ables assoéiated with the parking lot, and the inbound and outbound
- yards. Additionally, the variable IDAY‘iS\éet'equal to one, and IHOUR

is initialized at zero. These four variables, INIT, INPRO, IDAY, and
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IHOUR set the conditions necessary for the simulation to operate. The
remaining variables initialized in this subroutine establish the condi-
tions of the system that are sufficienﬁ for the model to represent thé
specific terminal undef study. »

The values of the variables MXRAMP and MCAP essentially define
the size of the system. The mbdel assumes that there will always be
adequate room for flatcars in the inbound and outbound yards. There-
fore, the initial value of MXRAMP sets the maximum number of flatcars
that’are éermitted at the siding at any point in time; a physical 1lim-
itation at any terminal. Likewise, the initialized value of MCAP
establishes the maximum number of containers that can be spotfed in
the regular,parking lot. A system variable, MXPARK, is set equal to
MCAP on initialization, and records the current capacity of the park-
ing lot at any point in time during a simulation run.

Inbound flatcar switching prioritiesvand weekend work rules for
a simulation are also established on system initialization.: The vari-
ables TPRI1 and TPRI2, as previously discussed, designatée which cars
will be moved first from the inbound yard. The working rule indicator
variables ISAT and ISUN, provide the option to shut down the siding
b‘and parking 1§t operation on weekends. If either of these wvariables
are initialized at zero, there will be no work on the days indicated
during the simulation. This is éccomplished by setting the work day
indicator variable, IWORK, equal to zero at appropriate times during

a run. IWORK is always initialized at one.
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A container consignee notification indicator variable, NGND, is
also provided for in the model. If NGND is initialized at one, noti-
fication wili take placé after a container is offloaded from a car in
the parking lot. If the variable is set at zero, notification will
take place when the flatcar loaded with the container enters the in-
bound yard.

There are several indicator variables that are always initial-.
ized at zero for a simulation. They are used to aid in the collection
of statistics during a run. The more important ones are NSWIN, NOFF,
NON, and NOUT.  These variables, used in conjunction with the current
value of IDAY, establish the number of switches to the imbound yard,
container offload activities, container onload activities, and out-
bound switches for each day during a simulation. Other variables are
used to accumulate the numbers of flatcar transactions, by type,; for
a given rumn.

The variables ATIME(I,J) and DTIME(I,J) are used to initialize
the scheduled arrival and departure times of individual trains for an
entire simulation run for train J, on day I. Therefore, each train
scheduled to arrive into, or depart from, the system is read into the
simulation upon initialization and stored until called for by the pro-
gram. Further, for an arriving train, the train's composition is also
provided for by coding the variables ITP1(I,J), ITP2(I,J), and ITP3
(1,J), as described in thé preceding section. The code records the
number and container loading of type one, two, or three flatcars. For

each departing train, the variable IDEPT(I,J) must be provided and
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coded suéh_that ;he departing direction and maximum capacity of each
train can be read into the simulation at the proper time. This pro-
cedure was also diséﬁséed in the previous section.

The FORTRAN coding’requi;ed to initialize a siﬁulatibn réquires
that input values be determined for fofty«eight variables to define the
system. In addition, the arrivélyand departure schedule;must be pro-
vided for; .Thé,number.of variables fequiring user supplied values
wili vary dependingvﬁpongthe nuﬁber of da&s to be simulated, and the
v number of train arrivalé aﬁd departurés per day. For éxample;‘the
simulation of one system for a period of sixty-three days required one
hundred fifty FORTRAN statements to define the arrivél schedule, and'k

thirty-two additional statements to provide for train departures.

Requirements for Function UF(IFN)

There are approximately seven hundred eighty (780) FORTRAN pré-
gramming statements required for function UF(IFN). This part of the
mOdel,-as;describeé in the secfion'on user function logic, pfovides’
the timing required for the sYstem and enables the collection of obser-
‘vations about the system eaéh;time'the status of the system changes.
The<observations gathered during a run of a siﬁulation in this sub-
routine are then acgumulated in subroutine UO. APPENDIX D contains
the complete FORTRAN program listing for function UF(IFN). A discus-
sion of the collectér‘variables used in this subroutine is given
below.

The container parking facility is of prime intereét when eval-

uvating an intermodal terminal system. There are three programmer
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defined collector variables provided to accumulate daily observations
about the parking lot. These are IOUP(IDAY), MOVE (IDAY), and IPARKT
(IDAY) . IOUP (IDAY) is used to record aﬁy container overparking that’
occurs on any daj during a run. MOVE(IDAY) records the number of con-
- tainers moved from the overflow lot to thé regularrlot. The total
‘number of containers in the regular parking lot each day is recorded
as TPARKT (IDAY).

The variables TSWIN(IDAY,NSWIN) and ISWINT (IDAY,NSWIN) are used
.to collect data on the inbound switching operation of the terminal fa-
cility. TSWIN(IDAY,NSWIN) accumulates the total switching time from
the inbound yard to the siding for each switch that has taken place
d;ring the day. The total nﬁmber of cars switched to the siding is
‘accumulatéd by ISWINT (IDAY,NSWIN). Outbound switching times from the
siding to‘the outbound yard are gathere& by the variable TSOUT (IDAY,
NOUT) and NSWOUT(IDAY,NOUT) is used to record the number of cars
switched to the outbound yard. Containeér onloading and offloading
service times at the siding are accumulated for each operation during
the day by the variables TON(IDAY,NON) and TOFF(IDAY,NOFF) respec-
tively. The number of containers loaded, or unloaded, are recorded
by LCON(IDAY,NON) and LCOFF (IDAY,NOFF).

The observations gathered through the use of each of the vari-
ables described in this section represent the daily operations within
the system. The information is compiled in subroutine UO at the end
of each run to be used to calculate the output statistics for the

simulation. Subroutine UO is presented in the next section.
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Subroutine UO

The standard -Q-GERT output statistics provided at the end of a
simulation by the Q-GERT Analysis Program‘for this model cannot be
easily interpreted by an individual not comﬁletely familiar with the
model and the programmer written FORTRAN logic. Furthermore, because
of the unique way servers associated with activities following Q-nodes
are employed in the model, the standar& output statistics concerning
server utilization can be misleading. This is also true of the out-
put statistics compiled for the sink and statistics nodes at the end
of a simulation. This is not to imply that the statistics generated
by -the program are useless. Quite the opposite is true. The intent
is to warn potential users of the model to be extremely cautious when
attempting to interpret the resuits of a simulation based on the stand-
ard output statistics generated by the analysis package. Fortuﬁately,
this problem can be minimized through the use of the programmer writ-
teﬁ output subroutine option provided with the Q-GERT Analysis Program.

All Q-GERT variables, subroutines and functions, in addition to
those provided by the programmer, can beraccessed in subroutine UO.

. This subroutine is automatically called by the main Q-GERT program
just prior to the compilation of the standard output statistics at the
end of each run. Therefore, all data collected by the Q-GERT program
during a run is available for calculations in subroutine UO at the
end of a run. For example, the average waiting time of all trans-
actions passing through a Q-node during a run can be accessed through
the Q-GERT function AVEWT(NODE), and the average number of trans-

actions in a Q-node for the run can be accessed through functiocn
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TINIZ (NODE) /TNOW. . This Q-GERT featﬁre, coupled with the programmer
collected data in function UF(IFN), enables the compilation and format-
ting of the simulation output in a more readable fqrm. For the Inter-
modal Terminal Model, the output subroutine requires three hundred
forty-eight (348) programmer written FORTRAN statementg. A listing

of subroutine UO is’included as APPENDIX E. . An example of the program-
mer formatted output for a simulation is discussed in the chapter on

implementation.

Validation and Testing

The validation and testing of the intermodal terminal simula-
‘tion model has evolved through several successive steps. In the eaf-
lier phases of this process, the results of a simulation run.were
comparéd to precomputed results that were based on hypothetical input
data. When the model was more fully developed, compariéohs ﬁere made‘
between simulation results and the historical records:of an existing
intermodal terminal facility. These procedures do not, of course,
insure model validity, but they do provide a reference from whiéh to
establish confidence in the model. It would be more desirable to
compare the results of an intermodal terminal simulation to analytical
results from the same system. However, Van Horn has observed that
such statistical validation is not always possible [86]. This sit-
uation is applicable to the validation of this model where analyti-

cal techniques for the intermodal terminal system have not been

developed. Therefore, the validation of the model relies first on the
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approach suggested by Naylor and Finger [69], using the working pro- ¢
cedures suggested by Law [29 and 30]. Then; confidence in the validity
of the model is established by infereﬁce. That is, if all the critical
parts of the model are ‘assumed to be valid, then by inference, the
entire model should be valid. The critical components of the model

are the arrival’and departure section, the siding operation, and the
switching function. This last phase of validation is accomplished by
comparing simulation results with historical observations for an inter-
modal system.

The driginal construction of the model was based on interviews
with experts who provided information on intermodal operations, and
experience gained through the observation of an aétuai terminalvsjstem.
The components of the sysﬁem were then incorporated'intq the model
such that the system developed representea the‘primary elements of an
intermodal terminal. The model was then tested using constant trans-
action inputs for the system, coupled with constant activity service
times, to confirﬁ that transactions flowed through each component of
system as intended. After each section had beeniindividually tested,
verification of the overall performgnce of the model was accomplished
by coméaring the results of a simulation run with precalculated out-
puts for the simulation, given the constant input data and service
times. The results of this-test of the model indicated that the model
did function as expected.

Having established that the model would perform as expected,

procedures were implemented to establish its validity. The first
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phase of this process was to determine if the mbdel did adequately
represent intermodal railway terminal operatiomns. Therefore, a meet-
ing was held with several individuals that are expert in intermodal
operations. The model was presénted to them and each component dis-
cussed in detail. At the conclusion of the presentation, it was unan-
imously agreed that the model was representative of the intermodal ter-
minal operations of their railroad. That is, the flow of transactions
through the simulation model were representative of the movement of
‘flatcars, containers, and tractors within a terminalksyétem, and that
the essential functions and events of the terminal hadbbeen provided
for in the model. Consequently, there is reasonable evidence to sug-
gest that the model developed during this research has a high degree
of face wvalidity.

The final phase in the validation of the modei involves the
comparison of the results of historical operations for an actual sys-
tem with the results of a simulation of the same facility during the
same period. To make this comparison, the operating records of the
Norfolk and Western Railway facility at Roanoke, Virginia, were ob-
tained. The-system’s parameters, as preﬁiously defined in Table 4,
and their associated probability distributions were estimated from
data extracted from these records and incorporated into the simu~
lation model. The facility's train arrival and departure schedules
for the fifty-nine day period, beginning on January 26, 1981, and
ending on March 25, 1981, were then entered into the model as input

data. The system was simulated for one hundred replications of the
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ﬁetwork to obtaiﬁ the.variability of.the,estimated mean values of the
system's variables.

Theroutput results éf'the simulation wefe compéred to the actual
operatihg résuits of the'sysfeﬁ during the séme time period.4 For\exE_
vamﬁle, the number of flatcars and containers in the system were accu-
rately accounted for by thevéimulaﬁion model. Likewise, the number éf
gontainer offloads, and onloads, accoﬁplished during the simulation
- were representative of the actual operation. Switching times and asso-
ciated cost were also reasonably predicted by the simulation. Each of
these tests, presented in detail in the-éxamplé given under implementa-
tion in‘the next chapter, indicate that the modél has a high degree of
yalidity fbr the Roanoke terminal facility. It should be nofed,,th-
evér; that}ﬁhe model shouid‘be vélidated for each facility that it is

intended to represent prior to its use in a decision analysis process.

‘Summary

The entities, events, activities, attributes, variabies and
interrelationships,of an intermodal tefminal facility were defined.
The Q—GERT model logic was then preseﬁted, with detailed ﬁeécriptiohs
of the system's major cdmpoﬁénts.> These ihcludé the inbound yvard,
siding, oﬁtbound yaid and the inbound and outbound sections of the
parking lot. I1lustrations were presented to demonstrate the manner
in which transactions flow through.thé simulation network that repre-
sent flatcars, containers and frailérs in an actﬁal system.

The three FORTRAN written subroutines that are an integral

part of the model were also discussed. The first is User Function
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(UF), consisting of ten sectiomns thaf prévide the timing for a simula-
tion, initiate activities, and enable the movement of the three sep-
arate types of transactions throggh the system. ‘Subroutine UI is used
to initialize the system's variables and establish the simulation's
initial conditions. A most important functi@n provided by this sub-
routine, however, allows the .user to read into the program the train
arrival and departure schedules., These schedules are required to drive
the system. Subroutine U0 is incorporated into the model to collect
thé results of eéch simulation run in order to calculate and print
the estimated mean values of the system's_variables and their éssoc—v
iated variénces as outpﬁt for ﬁhe simulatioﬁ; This subroutine also
enables the user tovformat output reports such that emphasis can be
plaqed on particﬁlar variables of interest.

Model validation and testing was discussed. ' However, presenta—
tién of the comparison of a simulation's output results with a system's
historical record of operations is presented in the following chapter.

It was emphasized that validation should be accomplished for each

terminal to be simulated.



CHAPTER IV -
IMPLEMENTAiION
A four phase process is recommended for the implementation of
the intermodal railway terminal simulation—mbdel. This process'includes:
(1) obtaining the characteristiCs:of fhé terminal to be'modelea and the -
cblléctibn of’pertineﬁt data to'definertﬁe:faCiiity, (2) modification of
the simulation model to conform to the terminal under study, (3) compar-
ing the simglétion model oﬁtput @ith known operétional results of the
‘system to esfabliéh the aaequacy~of the mo&el and, (4) variafion of
_éelected system parameters{in'thé model to estimate the expected changé.
 in ihe syStem under‘siﬁi1ar conditions.; Phasésfthrée and four are

illustrated»thrdugh,the'use.of an example of model implementation.

Phase I - System Characteristics

. No two intermodal terminals are exactly alike. In general, how-
»ever,ithéy a1l possess certainrcoﬁmon éharacteristics. These similar
ghafacteristics, discussed in ChapterVII in terms of entities, attributes,
events, and activities enable the modeler to definé‘a particular terminal
system by setting the model's input variables equal to the values inher-
“ent within the system,withbut modification to the Q-GERT program. On
the dther haﬁd, some of a system's charactéristics are so unique thét
they will almost always require some modification in‘the Q-GERT input

data statements, and an occasional change in the model logic. These
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characteriéﬁicskare associated with the systém;s parameters that répref
Sent-activity sérvice,times. The parameters are estimated by applying
fandom sampling technlques, wherever possible, and are prov1ded for dur-
,1ng-a 31mu1atlonbrun by generatlng random varlables,from,representatlve/
probability,distfibutions. |

‘The purpose of the first phase of model implemeﬁtation:is to
ldentlfy a terminal's characterlstlcs in order to specify the requlred
values for the model's input variables and to deflne the approprlate
probab1lity.dlstrlbutlons»assoc1ated wi;h,the model. This secplon.dls-
cusses model specification and‘the’requifements for the inpuﬁ variables.

Igput Variables

Pfimary sources of'déta.for an intermodal terminal include the
rphysigal Qbservations of the.tefminal, é re&iewvof the facilities':his—
‘ toricai.records, and interviews‘with‘iﬁdividuals knoﬁledgeéblé in~the
terminal's operation. The required information'for the model that is
gained‘through data‘céllection'includes switching rules, car seleCtion,
prlorltles,‘worklng rules, fac111ty capac1t1es, traln arrlval and depar-
- ture schedules, in addition to act1v1ty service times. Table 8 lists

"the 1np§t.var;ables that must be specxfled by the model user in'subrou-
tine UI. | |
'There are several indicator and collector variablgs‘that-are
also initialized in»subroutine UI. Thesé variables are model dépendent |
-'and remain éonstant for each terminal simulated. ‘They are defined‘in‘

Table*9{
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TABLE 8

User Specified Input Variables

Variable -

Definition
MXRAMP The‘maximum number of flatcars pérmitted at the siding.
MXPARK The maximum number of containefs.permitted in the regular
‘ parking lot.
IPRI1 IPRI1= =0, 1'2 3, or Z IPRI1 sets the first priority for
' selectlng cars to be switched from the 1nbound yard to-

the siding. - : :

0 =vape»car-with'largest number in yard.

1 = Type one cars.

2 = Type two cars.

3 = Type three cars.

4 = Type car waiting the longest in yard.

IPRI2 IPRI2=0,1,2,3, or & as defined in IPRI1. IPRI2 sets the
second priority for selecting cars to be switched from
the inbound yard to the siding if there are no IPRI1l cars
available. If there are no IPRI1 or IPRI2 cars available,
priority is automatically given to the type of car wait-
ing the longest in ‘the yard.

- NGND - NGND=0 or 1. NGND sets the container comsignee notification
rule in effect at a terminal.
0 = Notification when container enters the yard.
1 = Notification after the container is offloaded.

ISAT ,ISAT=0 or 1. ISAT establishes the'Saturday,work.rule in
effect at a terminal.
0 = no work.

1 = normal work day.

ISUN ISUN=0 or 1 as defined for ISAT above. ISUN establishes
the Sunday work rule in effect at a terminal.

IPARK1 IPARK1=O;1;2,...,M. "IPARK]1 initializes the number of type>
one inbound containers in the parking lot.

IPARK2 IPARK2=0,1,2,...,M. IPARK2 initializes the number of type

two inbound containers in the parking lot.
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TABLE .8 (continued)

Variable - Definition
IPARK3 IPARK3=0,1,2,...,M. IPARK3 initializes the number of type
three inbound containers in the parking lot. ‘
ISTART ISTART=0,1,2,...,M. ISTART sets the total number of
outbound containers to be placed into the outbound parking
lot on initialization.
*ITYPLE ITYP1E=0,1,2,...,M. ITYPLE initializes the number of
East . outbound type one containers in the parking lot.
ITYPIW ITYP1W=0,1,2,...,M.  ITYP1W initializes the number of
West outbound type one containers in the parking lot.
ITYPIN ITYPIN=0,1,2,...,M. ITYPIN initializes the number of
North outbound type one containers in: the parking lot.
ITYP1S ITYP1S=0,1,2,...,M, ITYP1S initializes the number of
: South outbound type one containers in the parking lot.
ITYP2E ITYP2E=O;1,2,..},M. ITYP2E initializes the number of
East outbound type two containers in the parking lot.
ITYP2W ITYP2W=0,1,2,...,M. ITYP2W initializes the number of
West outbound type two containers in the parking lot.
ITYP2N ITYP2N=0,1,2,...,M. ITYP2N initializes the number of
North outbound type two containers in the parking lot.
ITYP2S ITYP28=0,1,2,...,M. ITYP2S initializes the number of
South outbound type two containers in the parking lot.
ITYP3E ITYP3E=0,1,2,...,M.  ITYP3E initializes the number of
East outbound type three containers in the parking lot.
ITYP3W ITYP3W=0,1,2,...,M. ITYP3W initializes the number of
West outbound type three containers in the parking lot.
ITYP3N ITYP3N=0,1,2,...,M. ITYP3N initializes the number of
North outbound type three containers in the parking lot.
ITYP3S ITYP35=0,1,2,...,M. ITYP3S initializes the number of

South outbound type three containers in the parking lot.
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'~ TABLE 8 (continued)

Variable Definition
~ IEAST iEAST=0,1;2,..;,M. IEAST initializes the number of East
’ bound flatcars in the outbound yard.
IWEST IWEST=O,1;2,,,.,M, IWEST initializes the number of West
: ‘bound flatcars in the outbound yard. :
INORTH - INORTH=0,1,2,...,M. INORTH initializes the number of
‘ North bound flatcars in the outbound yard.
ISOUTH  ISOUTH=0,1,2,...,M. ISOUTH initializes the number of
' South bound flatcars in the outbound yard
CATIME(1,1) ATIME(1,1)=0.0, ATIME(1,1) is set equal to zero to enable
‘ the initialization of the inbound yard at simulation time
TNOW=0.0.
ITPL(1,1) ITP1(1,1)=0 or KLMN,-where‘KLMN is a coded eight digit

integer that specifies the configuration of type one cars
“on a train. ITP1(1,l) initializes the inbound yard for

type one flatcars. ITP1(1,1) is automatlcally set to 0

:/unless KLMN 1s specified.

K—OO 01 02, ...,99. K is the total number of the spec1f1ed‘ 

type flatcars on a train.

L=00501,02,...,99. L is the number of flatcars on a train
that are loaded with two containers of the specified type.

M?OO;Ol,OZ,;..,QQ. M is the number of flatcars on a train

that are loaded with one container of the specified type.

N=00,01,02,...,99. N is the number of empty flatcars on

a train of the specified type.

Example:

K=10, 1=05, M= 03, N=02
KLMN=10050302

Total Cars on Train 10
Cars with Two Containers 5
Cars with One Container -3
Empty Cars . ' 2

Total Containers , 13
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TABLE 8 (continued)

Variabie

Definition

ITP2(1,1)

ITP3(1,1)

ATIME(I,J)

ITP1(I,J)

ITP2(I,J)
CITP3(I,J)
DTIME(I,J)

IDEPT (I,J)

ITP2(1,1)=0 or KIMN. ITP2(l,1) initializes the number and

configuration of type twe flatcars in the inbound yard.
KLMN is coded as described above. KIMN is automatically
set to O unless KLMN is specified. :

ITP3(1,1)=0 or KLMN. ITP3(1,1) initializes the number and

~configuration of type three flatcars in the inbound yard.
.. -KLMN is coded as described above. KIMN is automatically
- set to 0 unless KLMN is specified. :

ATIME(I,3)=0.0,1.0,...25.0, 1I=1,2,...,M, J=1,2,...,10.
ATIME(I,J) specifies a scheduled train arrival time on

‘day I and train J using the twenty-four hour clock.

ATIME (I,J) is automatically set at 25.0 if no train
arrival tlme is specified.. »

CITP1(I,J)=0 or»KLMN,AI=l,2,.;.,M, J=1,2,...,10.. KIMN is
defined above. ITP1(I,J) is the type one flatcar
configuration of the train arriving at ATIME(T,J).

ITP1(I,J) is automatically set to zero unless otherw1se

~ specified.

ITP2(I,J)=0 or KLMN, I=1,2,...,M, J=1,2,...,10. KIMN is -
defined above. ITP2(I,J) is the type two flatcar
configuration of the train arriving at ATIME(I,J).
ITP2(1,J) is automatically set to zero unless otherwise
spec1f1ed.

/

ITP3(I,J)=0 or KILMN, I=1,2, oM. J=1,2,...,10. KIMN lS

- defined above. ITPS(I J) is the type three flatcar

configuration of the train arriving at ATIME(I,J).
ITP3(I,J) is automatically set to zero unless otherwise

~specified.

DTIME(I,J)=0.0,1.0,...25,0, I=1,2,...,M, J=1,2,...,10.
DTIME(I,J) specifies a scheduled train departure time on-=
day T and train J using the twenty-four hour clock.
DTIME(I,J) is automatically set to 25.0 unless otherwise
specified.

IDEPT(I,J)=O or KL, where KL is a four digit integer
code that specifies the direction and maximum loading of
the train departing at time DTIME(I,J). 1IDEPT(I,J) is
automatically set to zero unless KL is specified.



134

TABLE 8 (continued)

Variable o Definition
IDEPT(I,J) K codes the direction and L codes the flatcar capacity of
(continued) ~ a departing trainm.

K=1,2,3, or &4

1=East
2=West
3=North
4=South

1=000,001,...,999, the number of flatcars permitted on
train

Example:
K=2, L=025
K1=2025

Direction of Departure West
Maximum Number of Cars 25
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TABLE 9

Coﬁstant Input Variables

lVa:iable

Initialized
-~ Value

Definition

IDAY

THOUR

NSWIN
- NOFF

NON

ITCARS
ITONE
ITTWO

ITEMT

IDAY=1,2,...,M. An indicator variable
representing the current day during a
simulation.

; IHOUR:O,l,...,24; An indicator variable

representing the current hour of IDAY.

NSWIN=0,1,...,M. An indicator variable
recording the current flatcar inbound
switching activity during IDAY.

NOFF=0,1, M. An indicator variable
recordlng the current container offload

act1v1ty during IDAY.

NON?O 1, ,M.  An 1nd1cat6r Variabie

recordlng the current container onload

activity during IDAY.

NOUT=0,1,...,M. An indicator variable
recording the current flatcar outbound
switching activity.

v ITCARS=0,1,...,M. A collector variable
- recording the total number of flatcars
-entering system.

ITONE—O l,..., - A collector variable

- recording the total number .of flatcars

entering the system with only one.

.container.

ITTOW=0,1,...,M. A collector variable
recording the total number of flatcars
entering the system with two containers.

ITEMT=0,1,...,M. A collector variable
recording the total number of empty
flatcars entering the system.
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TABLE 9 (continued)

Variable Initialized Definition
: Value
ITONER 0 ITONER=0,1,...,M. A collector variable

recording the total number of reversed
flatcars with one container entering the
system. '

ITTWOR 0 ITTWOR=0,1,...,M. A collector variable
’ recording the total number of reversed
flatcars with two containers entering
the system.

ITEMTR 0 ITEMIR=0,1,...,M. A collector variable
recording the total number of reversed
empty flatcars entering the system.
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The assignment of specific valués to the variables listed in
Table 8 is rather straight forward and develops naturally as information
is gained about the system. The train arrival and departure parameters
can, of coursé, represent historical experience, or a hypothetical future
projection. Likewise, siding and parking lot capacities, switching
priorities, weekend work rules, and container consignee notification
rules can be varied to reflect actual, or anticipated, changes without
modification to the Q-GERT program. However, any system characteristic
that is time persistent, with the exception of the train arrival and
departure schedﬁles, requires specification through Q-GERT parameter set
data statements and possible modification to the model's logic. These
time persistent characteristics and related variables are discussed

below.

Time Persistent Characteristic

Input Requirements

The time persistent characteristics of a terminal are provided
for in three different ways in the model. First, the time of day rulés
to enable switching and siding activities are incorporated into the user
function logic. Secondly, activities that represent the movément of
tractor/trailer combinations within the terminal's parking area are
specified by Q-GERT input daté statements for activities connecting one .
node to another. These statements usually require corresponding param—
eter specification statements. TFinally, activities that require the
movement of flatcars, or the offloading and onloading of containers, are

specified in the user function logic. The activities also include any
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time delays that must be invoked because of time of day work restrictiéns.
These user function‘specifications al;o requiré corresponding Q-GERT pa-
rameter specification data input statements.,

Each of the time dependent characteristics of a terminal must
be identified during data collection and -appropriately provided for in.
the model. With the exception of the time of day working rules, the
parameters of the activity service times, arrival rates, or time delays
should be estimated and their inherent probability distributions iden-
tified.‘ The probability distributions are then stipulated for each
type: of activity in the user function, or on the activity input data
statements, and the parameters of the distributions are provided for in
the parameter set statements. Time of day working rules are provided
for in the user functiom logic, Table 10 illustrates the time depegdent
characteristics that are provided for in the model. The table also
indicates where the corresponding variables, statements, and parameter
specifications are located in the computer program thaf has been described
in previous chapters.

It should be noted that the expected probability distributions,
and thei;'corresponding parameter specifications, associéted with the
FORTRAN variébles and Q—GERT activities listed in Table 10 are related to
the terminal that serves . as the example for this research only. One
would expect that any, or all, of the distributions could change from
terminal to terminal. Most assurédly, the parameter specifications
will change due to the different physical characteristics of each ter-

~minal. Therefore, it is highly recommended that whenever the data is
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'évailable, and‘time'permits, appropriate goodness-of?fit test be

applied to,fiﬁ a distribution to its—rgspective set of data. Reliance
upon- the professiqnal judgement of experts knowledgeable of a terminal's
operations should provide an acceptable éubstitute for those'distribué
tions where the data is nét évailable, its'cbllection‘isvimpractical,’or

the cost of obtaining the data is prohibitive.

Phase II - Model Modification

The modification of the model to simulate the operations of a
particular intermodal terminal for any period of ﬁime can be accomplished
by followiﬁg'a four step procedure. The first step is required oniy if
_the number of dayé to be simulated e#ceeds ninety, and there are more
than ten train arrivals and departures per day. Steps two, three, and
four insure thaf the Variables;rprobability'distributions, activities,
and parameter specifications idenﬁified in Phase I are properly impie—
mented;

Step One

' The FORTRAN subroutines UI, UO, and user function UF(IFN) have
several arrays in common. These arrays.in the model developed fbr this
reséafch are‘dimensioned such that a total of ninety days of terminal
operations can be simulated with a provision for ten train arrivalé and
ten train depértures per’déy. If a simulation is to Ee run which
exceeds these limitations, then the arrays must be redimensioned.
Table 11 is inclgded to indicate the affected arrays. It should be
noted that all of the common blocks are included in each of the

subroutines.



145

TABLE 11

Arrays in Common

Labeled Common Affected Array

UcoM1 ATIME(I,J)
ITP1(I,J)
ITP2(1,J)
ITP3(I,J)
DTIME(I,K)
IDEPT(I,K)
IPARKT (I)
IOVP (1)
MOVE (I)

UcoM2 . TSWIN(I,M)

' ISWINT (I,M)
TOFF (I,M)
TON(I,M)
LCON(I,M)
NSWOUT (I ;M)
TSOUT (I ,M)
LCOFF (I,M)

I=Maximum days that can be simulated

J=Maximum train arrivals per day

K=Maximum train departures per day

M=Maximum in-switch, out-switch, offload, or onload operations per day.
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Step Two

" The values for the input variablés listed iﬁ Table 8 above
should be entered intévéubroﬁtine UT once it has beén determined that
the arrays are properly d;mensioned for the simulation. It should be

:noted‘that pérticular care is required when‘éntering‘the train arrival
and . departure schedule. Each scheduled arrival time, ATIME(I,J), must
have at ieast one corfesponding ITP1(I,J), ITP2(I,J), or ITP3(1,J)
defined andvpfoéerly coded. Likewise, each scheduléd train departure
time,iDTIME(i;K) mﬁst have éﬁ accompanying'IBEPT(I,K) variable defined
~and coded. | | |
StéE Three

| | Step three is pfobably;the most difficult to implement invfhe
': model modification'pchess; Each FORTRAN-variable thatvcén assume a :
“wvalue randomly,dréwn from a Q4GERi'pro§ided frobaﬁilityidistributi§n
mﬁst be located in user function UF(IFN) énd the.sampiing>distributioﬁ
changed‘where required. Additionélly, the model's FORTRAN logic could
require some modification if the timevof day s&itching and the siding
work rules are changed. 'Thefefore, Table 10 should be referred toﬂin»
‘ofder to identify‘the'approximate FORTRAN statement‘numbers where
‘specific variables and logic statements can be located in the user
function.

It should be noted fhat Table 10 does not contain an inclﬁsive
list of allithe probability distributioms that are included in the
Q-GERT siﬁulation. For a formal discussion of the options available in
the language, the book "Modeling and Analysis Using Q-GERT Networks" by

Pritsker [10] is recommended.
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Stég Four

The final step in the model modification process involves chang-
ing the Q#GERT data input .statements wﬁere required.‘ The first input
statement to change defines the simulation time per runm, and the num~
ber of rums of the network for a éémplete‘simulation. These .changes
are accomplished by specifying the time to end one run‘of the network
in field ten, and the number of network runs in field eleven in the
GEN (General) data input statements of the Q-GERT model. It should be
remembéred that one unit of simulation time represents one hour, of one
day, in thelmodelf Therefore, if it is‘desifed to simulate ‘thirty days .
of terminal operations, field ten of the GEN statement should contain
the value of 720.0 (30 days times 24 hours per day). Multiple runs of
the network are also recommended. At,the end‘of each run, averages |
are célcﬁlated for each of the outpuf ﬁariébles. These averéges;afe
estimates of the mean values for the variablés. By calculating the
standard deviation of these aferages over multiﬁle runs, estimates of
the variance for these averages are obtained.

The seven Q-GERT data input statements that specify probability
distributions for the time to turn a reversed car, the time between
random over-the~road container arrivals, and the time required to move
containers within the parking lot should also be modified where neces-
sarj. The activities for these déta statements are identified in
Table 10, and they-are located in the Q-GERT data input section Qf-the
program following‘the GEN statement.

The PAR (parameter specifipations) Q-GERT input data statements

require modification once each of the probability distribution types
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have‘beén identifiéd or estimated. There is a PAR statement for'eaéh
distribution employed in the user function; or ‘in the network model.
Generally, thé requirement is’fhat the user must specify thelexpectéd
mean value for each distributiqn,‘inéluding the estimated range and
'sﬁandard de&iation of the distribution. The PAR statements are 1bcated
near the end ofvthe input datavstatements ;hich describe the network,
following the GEN statement. An example of the manner in thchAthese

~ statements are employed in the model is included in the illustration

below.

Phase III = An Example of Implementation

The Q-GERT intermodal railway terminal model is designed such
~that transactions do not proceed thrqughithe network unless they are
specificallj enabled to do so. It is the Statﬁs of the systeﬁ,‘atkany :
“point in timeithat establishes the enabling conditions for tfaﬁsaction
flow, and deﬁerﬁines the number of transactions that caﬁ move from one -
node to énother. Consequently, the usual concépt of fransactions flow
in Q-GERT modeling is not applicable in ﬁhis ﬁodel.‘ Normally; traﬁs»
actions enter the system at a node, wait for‘proéessing on activities,
.proceed thrOugh‘following nodes and eventually pass through the system
in a continuous movement. Invthis,model, transactions enter the sys-
tem and‘wait uﬁtil,they are allowed to be processed. The movement is
not continuous. Therefore, in the description of activities for the
sYstemvdiscussed below, it should be understood that transaction move-
ment is directed by the conditions present in the network and not on-

the status of servers following Q-nodes.
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- Scenario

Thé example of impleﬁeﬁtation of the model is based oﬁ the oper-
.ating experience éf the ﬁoanoke, Virginia, intermodal terminai éf the
bNorfolkiand.Western Railway frdm’January 26, 1981,‘thrOUgh March 25,
1981. During this period, five hundred nine (509). flatcars of various
conﬁainer loading,cohfigurations entered the terminal foriprocessing.
Seven hundred ninety-three (793) containers were offloaded and eight
hundred seven’(807) containers were onloaded at the facility. The on~-
loaded contéiﬁefs were shipped by flatcars from the tefminal to varigﬁs
locations within the Norfolk and Western S&stem.

The inboﬁnd and outbound yards for' the terminal, though of a
finite capécity, are not considered‘to be limiting factors for the v
siﬁulation. However; the siding has a maximum capécitj of’eléveq (11)  l.
‘cafs}i Likewise, tﬁe'contaihér barking,lot's makimﬁm capaéity is R
seventy—five (75) standafd over-the-road type containers. The facility,
on occasioﬁ,‘processes Type 2 and Type 3 containers, but these are
exceptions that requiré special handling. For the purﬁoses of this
illustration, it is assumed ﬁhat all of the cars and contaiﬁers in the
- system are Type 1, ﬁhich ié, in fact, the type of cars and containers
’iﬁ the system for the period to be simulated.

The switéhing rules in effegt at the terminal for the level of
activity during the fifty-nine day period essentially provides for two
in-switches and two outfswitches for the siding per day. Flatcars are
switched onto the siding such that they are available for offloéding
at eight‘AM each working day. When the offloading is comﬁlete, on-

loading commences. Upon completion of the activity, the cars are
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moved to the outbound yard and additional cars are switched to the
siding. Usually, the offloa&ing and onloading service times permit a
switch from the siding at approximately noon each day, with additional
loaded cars being available for offloading at the siding in the early
afternoon. When these cars have been offloaded and onloaded, they are
available to be switched to the outbound yard during the evening, and
loaded cars moved to the siding prior to eight AM the following day.
Priority for selecting cars at the inbound yard for switching is given
to the type of cars with largest number in the yard.

Working rules for the siding and parking lot operation allow for
containers to be offloaded and onloaded between the hours of eight AM
and six PM daily. However, this operation is only permitted Monday
through Friday of each week. Container pick p and delivery can be
accomplished during these hours, and consignee notification of a con-
tainer's arrival is not made until a container is on the ground. Imme-
diately prior to eight AM on January 26, there were eighteen inbound,
and twenty-two outbound containers in the parking lot. ,Additionally,
there were eighteen flatcars with a total of eighteen containers in the
inbound yard. Eight of the cars in the yard were empty. There were
also ten cérs in the outbound yard waiting for departure.

A final observation about the operations at the Roancke facility
is that random over-the-road container arrivals are rare. This is not
uncommon in areés thaﬁ are primarily serviced by a éingle, or a pre-
dominate, railroad. The situation is such that once a customer begins
to utilize the railroad's intermodal services in these areas, a cycle

develops. For example, containers are delivered to the railroad for
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shipment and eventually return to the terminal for the customer to pick
up. The contaiﬁers can be loaded or empty when they arrive at the ter-
minal from either source. Assume th;t an empty container is at the
terminal waiting for customer pickup. After it is picked up by the
customer, it is loaded, then returned to the terminal for rail shipment.
The container is shippe& out of the terminal, and will eventually re-
turn to the terminal by rail empty, and the cycle continues. Therefore,
there are always containers "on the street'" which will return to the
terminal system in due course. This cycle is provided for during a
simulation by scheduling a container's return to the terminal as it
departs over-the-road. There were seventy-nine (79) containers on

the street just prior to January 26. They are provided for in:the

simulation.

The Initial Values' for the Input Variables

Subroutines UL, UO, and user function UF(IFN) are dimensioned
through their common statements to accommodate ninety days of opera-
tions with up to ten train arrivals and departures per day. Addition-
aliy, ten switching and siding operations have been provided for.
Historical records indicate that the maximum number of train arrivals
with intermodal traffic for the fifty-nine day period to be simulated
was five per day} The maximum number of train departures per day was
nine. There were no more than two switching and siding operations per
day. Therefore, sufficient computer CPU region is available to simu-

late the terminal for this period. The initial values for the input

variables are listed in Table 12.
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TABLE 12

Roanoke Terminal Input Variables

Variable Initial Value#®
- MXRAMP 11
MXPARK 75
IPRI1 1
IPRI2 0
NGND 1
ISAT 0
ISUN 0
IPRKL 18
ISTART 22
ITYPLE 1
ITYP1W 19
ITYPIN 2
IWEST 8
INORTH 2
ATIME(1,1) 0.0
ITP1(1,1) 18080208
ATIME (1,2) ‘ *%
through
ATIME (59,10)
ITP1(1,2) *%
through
ITP1(59,10)
DTIME(1,1) FEE
through
DTIME(59,10)
IDEPT(1,1) *kk
through
IDEPT (59,10)

*A11 variables in Table 8 not listed in Table 12 are initialized at

zZero.

**There are a total of one hundred seventy-nine (179) individual train

arrivals during the fifty-nine day simulation period.

The coding for

each ATIME(I,J) and ITP1(I,J) variable is listed under Subroutine UI

in APPENDIX C.
the inbound yard.

ATIME(1,1) and ITP1(1,1) are reversed to initialize

#**There are six departing trains that operate on a six day schedule and

an additional three trains that operate seven days a week.
for each departure is listed in Subroutine UI in APPENDIX C.
and IEAST are used to initialize the outbound yard.

The coding
IWEST
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Activity Descriptions

There are fourteen activities that are accounted for during a
simulation of the Roanoke terminal facility operation. In addition,
the scheduled train arrival times are adjusted to allow for deviations
in the arrival time of individual trains. This is actually an event
occurrence time, but is included as an activity because it represents
the activity ending time that would be ordinarily associated with ar-
rival rates and activities in a simulation model. Wherever possible,
the distributions associated with each activity have bheen fitted to
data available from the historical records, or obtained through ob-
servation, of the Roanoke facility using Chi-square goodness-of-fit
test procedures. In the instances where data was not available, and
physicél observation impracticable, reliance has been placed in the
professional judgement of managers who are familiar with the terminal.
The activity descriptions are presented in Table 13. The activities
that have been tested for appropriateness of their assigned distribu-~
tions are identified by an asterisk (*) following the distribution
type.

Referring to Table 13, historical records indicate that train
arrivals are recorded at the nearest hour of arrival, while experience
indicates that arrivals do vary around this time. Hence, it is
assumed that all trains arrive on the hour reported, plus, 6r.minus,

a one-half hour deviation which is approximated by a normal distri-
bution. The exponential distribution associated with container street

time is more difficult to defend, however, since no records exist to
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support the assumption. The intermodai managers estimate that, on tﬁe
‘average, c@ntainers are oﬁ the street from between two and four days
before theyvare‘returned. On occasion‘the‘coﬁtainers‘are delayed as
vmuch.as ten days‘beforé they.are returned. Therefore, the distribution
selettéd seems reasonable under theicircumstances'and experience indi-
cates that the mbdel is not overly sensitive to this assumption. Like-
wisé,-no records exist for tractor wait, disconnect/park, and hookuﬁ
times. The reversed car provision is not used in this simulation>be-
causé the physical layout of the siding at the Roanoke ferminal does

not require cars to be turned.

Simulation Output and Model Validation

- The Q-GERT Intermodal Terminal Model is intended to provide man-
agers'with information about their system ﬁhat can be iﬁcorporatéd'into‘
their .decision process. In order for the model to provide a meaningful
contribﬁtion to this brocess, tﬁe manager should Be able to evaluate
the degree of confidence that can be'placéd in the modél. One way to
establish a level of confidence is to use the model to simulate reéent
operations and then compare the simulated resuiﬁs with the actual re-
sults exﬁerienced by the terminal under study. The discussion that
follows illustrates one way the comparison can be made, and the valid-
ity of the model estimated for the system variables.

Generally, intermodalrmanagers are interested in operating
costs. Tﬁese costs, however, are dependent upon other variables asso-
ciated with the system. For example, an intermodal terminal is charged

a per diem fee for the time a flatcar is in the system. This charge
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begins when the car enters the inbound yard, aﬁd terminates when the
carvdepafts the outbound yérd. Similar charges are made for containers.
There are two costs associated with the flatcars in the system. The
first is relaﬁed to the average time a car spends in the system. The
second is related to the average number of cars in the system per day.
Again, like costs are associated with containers. However, there are
two categories of cbntainers; inbound and outbound. Each category of
containers follows its own path through the system. Therefore, the
model is designéd to first eétimate the average values for the system's
variables, then the cost estimations are computed based on these wvalues.
Comparisons can then be made based on actual operating experience and
cost incurred.

The system variables provided for in the model are listed in
Figure 12. Figure 12 is the actual user written output for the model
after fifty-nine days of simulation time consisting of one hundred
independent simulation runs. The system's input variables énd param-
eter specifications were as previously described in this section. The
average value for each variable is collected at the end of eéch.run,
then averaged over all runs. Their variance is then estimated and the
standard deviation obtained. The standard deviation of the averages
is then estimated. TFor example, after one hundred simulétion runs
the estimated average number of flatcars in the system pef day is
38.94. The standard deviation of the‘averages used to obtain thisv
value is 0.04 flatcars. Therefore, one could expect the average num-
ber of flatcars in the system to be very close to the estimated aver-

age, given that there is a high degree of confidence in the model.
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The wvalidity of the model can bevestablished by-comparing the
‘output results of the simulation to historical results based on actual
voperations for the terminal. This process is accomplished by estimat-
ing the validity of individual components of the system. It.is assumed
that if each compohent of the model is wvalid, then by implication, the
model as a whole is also valid. In order to make some of the compar-
isons, howevér, it is necessary to rely on the Q-GERT generated output
of a single simulation run, in addition to the user writﬁen model out-
put fof‘one hundred runs. Figure 13 illustrates the Q-GERT output for
a single run dufing the simulationm.

~The validation of train arrival section of tﬁe model is a
straight forward process. Historical records show that 509 cars en-
tered the system during the fifty-nine days-simulated by the model.
The total average number of flatéars in the system during the simula-
tion, as reported in Figure 12, is 509, with a standard error of 0.18.
Consequently, it can be assumed that the train arrival section of the
model adequately represents the system.

Concluding that the train departufe section of the model repre-
sents ﬁhe system is somewhat more difficult to demonétrate. However,
if it is recognized that every car that enters the system must even-
tually leave the system, then intuitively, the number of car departures
from the.sYstem added to the number of cars remaining in the syétem at
‘the ‘end of a simulation run should equal the number of cars that enter-
ed the system. Analysis of the Q-GERT output for a single run in Fig-
ure 13 indicates that 447 cars departed the system through,nodes 28,

30, 32, and 39. There are 62 cars remaining in the system at the end
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of this simulationkrun. These‘are represented by the current numhér of
transactions iﬁ Q—nodes‘iB; 16, 21, 29; and‘31, in additibn to 6ne trans- .
» éction in service on each of the following activities. There is also

roné car inservice on aétivity»lSHbehind Q%nodé 27; ,The:efore, 509 céré
:are accounted for du:ing the siﬁulation: By iﬁplication, it can be
assumed.that‘thé traih departureASectibn of the model»is representative
of the system. | |

To validate the modél fér the number of-inbound'conﬁainefs in
the S&Stem,\it iS-first demonétrated that the numbef of containers off-
loaded at the siding during a simulation are représentatiye of the num-
ber reported in the system's‘historical,records. The rec¢rds indicate
that1793:containers'were offloadéd from January 26 through March 25.:;
The EStimated évérage number of'coﬁtaiﬁer offloads per run reported’in
‘Figpre 12 after one.hundfed‘éimulations is 793.0,vwith a‘staﬁdard'error
of the mean éf 0.07 céntainers; 1A 95% confidence interval fof thevnum—
ber.of container offioads per run is 793.0 + 0;1372. Since this inter-
val contains the value 793; the model is producing valid éstimates oﬁ
the number Qf containers that are offloaded per fﬁn.

Thére‘ﬁere 890 inbound containers in the system duriﬁg the fifty-
pine day period according to the ﬁerminal‘s historical recofds; These
include 854vcontainers that arrived on inbound trains during the per-
ibd, 18 ph cars in the inbound yard, and 18 in the inbound‘parking'lot
just prior to Jgnuary 26. The simglation'é output estimates the aver-
age total nﬁmber of containers in the system during theiperiod to be

890.09. The sﬁandard error of this estimate is 0.36. A 957 confidence
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interval for the estimate is 890.09 + 0.7056. The interval contains
the value of 890. Therefore, valid estimates of the total number of
containers in the system are beiné provided by the simulation.

A total of 807 containers were loaded onto flatcars at the ter-
minal during the period under study. The simulation eétimates that an
average of 807.49 containers were onloaded with the standard error of
0.51. A 95% confidence interval for the estimate is 807.49 + 0.9996.
The 807 cars actually loaded during the period is within the interval.
The simulation also estimates that there were an average of 848.57
total outbound containers in the system with a standard error of 0.32,
Historical records indicate that in addition to the 807 containers
that were onloaded, there were 22 containérs in the éutbound parking
lot, and 20 containers. loaded on 10 cars in the outbound yardvjust
prior to January 26. Thefefore,‘the actual number of outbound contain-
ers in the system during the period was 849. A 957 confidence interval
for the estiméted number of containers in the system is 848.57 + 0.6272.
The 849 outbound containers actually in ﬁhe system is within this in-
terval. Therefore, the simulation is providing valid estimates for
both the number of outbound containers loaded onto flatcafs and the
total number of outbound containers in the system for the fifty-nine
day period.’

The estimated average number of container onloads and offloads
per work day is readily confirmed through the information provided
above. The onloéd and offload times per container represent their

specified mean values as provided for in their respective parameter
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Q-GERT inpuf data statements for the model. This is also true of the
reported estimated averagé switching times for the flatcars.

There are no- records availablé»to‘validate the estimated values for the
remaining system vériables listed in Figure 12. These include the
estimated average number of flatcars_and containers in the system per
day, the average timé units ére in the system, total switching times,
the avéragé number of containers in the parking lot, and the number of
flatcars in the inbound lot. Validation of these variables depends
‘upon the experience’and professional judgement of intermodal managers
familiar with the systém; Managers were asked to compare the simula-
tion output values for these variaﬁles with their knowledge about these
variables based on the 1evel Of daily terminal activity auring the per-
iod at tﬁevRoanoke.facility. In each instance, it was confirmed that
the simulation's’output was representative of the actual system.

The managers expréssed a high degree of confidence in thevmodel's
ability to approximate thé,Roanoke terminal for the fifty-nine day per-
iod and expressed equal confidence in utiliiing the model as an analyt-
ical tool. This appraisal, coupled with the validation of the model's
performance where recorded information is available for the system's
variables, indicates that the model is valid for the Roanoke Intermodal

Terminal.

Phase IV - Model Application
The variable costs incurred by an intermodal terminal are pri-
marily dependent on the time units are in the system, and the switch

ing time required to move flatcars to and from the siding. There are
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“also variable costs associa;ed with the loading}and unloading of con—
tainefs, but at fhe Roanoke terminal thése operations are handied on a
contract basis and are considered fixed cost for the term of the con-
tract.  In this éecﬁion, some of these costs_are»anélyzed. This is
followed by soﬁé'suggésted uses of_the mbdelito predict the changes_to

anticipate in the system'should certain actions be taken to reduce cost.

Current»Operations

Figure 14 illustrates some of the tYpicél cost incﬁrred by the
Roanbke terminal‘during the fifty—ﬁine day 6pefating ﬁeriod. Thésevaré
estimated costs based on the estimated &alﬁes of the cofreséonding s?sf
tem's variables‘reported aS'simulation output in Figure 12. ‘Anélyéis‘
of thése costs indicatés that thé switching‘cost incurfedvduring the'
period is significant. The1e8timated daily cost OfESWitching‘is mofe
thén twice thé eétiﬁétedbcost of thevinbOuﬁd,'or outbound,'COntainers
in the'éystem per day, énd nearly &oublé‘the estimated éoét‘of:the aver—-
age number;of flatcars inithe éystém. A seéoﬁd observation is that the
individual gost’for a flaﬁcar, or inbound container, in'the system is
over‘three times the cost of’an outbouﬁd container. The‘cosﬁ pér fiat—
~car, howevér, representé the cqét‘of loaded flatcars in the system -
only. Fufther analysis: of the system is possible by referfing to the
standard Q-GERT output for ome hundred simulations reported in Figure
15. -

The arrival rate of flatcars in the system is approximately 8.62
cars per day and there are an estimated 1.75 containers per flatcar.

Additionally, there are about 10.5 flatcars processed at the siding per
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wbrking~day, where’anges#imated‘18.44 containers are offloaded and 18,77
containers are onloaded. Analysis pf the Q—GERT oﬁtput in Figure 15 |
indicates that flatcars spend an:aVefage 0f:51.18 hours in the'inboﬁnd
‘yard (Q;ﬁode‘l3) and an additionél»l9.55 hours at the siding waiting to
Ee offloaded (Q—node‘21). 'Thié represents a‘totai of 70;73_ﬁouré, of
the estimated total~82.33 hours in the éystem,}that the cars are Wait~‘
ing in thé éystem~just to be offlbaded-so tﬁat they.may be reloaded and
shippéd out of the system; ’fhis delay also’directlf gontributés to‘the
compaféti?eiy'long time inbound cdntainers:spend,in the sy$tem in. re-
1ation‘td the outbound container. Inbound containers are in tﬁe,parké v
ling lét an aﬁeragevof 19.75 hours (Q-node 49). Oﬁtbound céntainers are
bih the>lot an éstimated 25.99 hours (Q-node 43). ‘Yet, the tqtai esti-
~‘méted time ah’inbound container is iﬁ,the systemtis 8&.33 hours comparedA
to:the 42l57 houfé for aﬁ;outbouﬁd conﬁainer.- |

| It‘ﬂOuldAseeﬁ'appareﬁt‘thétbif flatcar inboundvpfoeeséing tiﬁe '
- could bé'reduced, then~the associated oﬁefating cost for flétcars»and |
inbéund confainers would élso be reducéd‘ However, the iﬁbouﬁd éro—
cessing fime for flatcars in the s&stem is1dependent'both on the"
pﬁysiéél limitations of the terminal andbthe ﬁorkingvruléé'in efféct»b
baﬁ the siding. A éhange in the physical layout 6f-the facility ﬁo
accommodaté additional flatcars at the siding would réquire capital
expenditures. Additionally; any savings in operating cost realized by
the.reduétion-in iime the cars are in the system could easily be off-
set by the expected increase in the significant switching cost. The

container parking lot would also be affected. A change in siding
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. working rules to allow a two, or.three, shift working day, or a six or
seveﬁ day work week would also reduce the time flatcars afe.in the sys-
tem, but again additidnal‘switching cost would bé incurréd, and an
additional'bﬁrden,woﬁld be placed: on the”éonfainer parking lot.

Curfently, the container parkiﬁg lot is overloaded an estimated
five percent of fhe time for the reported level of activity:in tﬁe sys—
tem. An increase in container offloads would reduire additional space,
and for the Roanoke facility, aufdmatically create fﬁrther requirements
for sﬁacé for returning butbOUnd containers. Therefore, for any in-
crease in»siding activity; it could be anticipated that the parking lot
errloading chdition would deterigrate. This would result in incfeased
cost that would further reduce the benefits accrued by:reducing the time
flat;ars and iﬁbbuﬁd'contaiﬁers are‘in the systems.

' One‘fﬁfthérrobéervation abouﬁ thé curreﬁt‘interﬁodal operations
af the Roanoke fécility~is that given the syétem’s current siding and
parking lot capaéities; and the working,fules that are in effect for
 the‘syst¢m,»managers can anticipate that the facilities' operating cost
will increase at rates beyond those curreﬁtly being inéurfed ﬁitﬁ only
moderate intreaseé in traffic actiﬁity. This forecast is predicated’
on the currentfflafcarvsérvice rate atvthe siding per work day (10.5),
and the arrival rate of inbound cars in the system per day (8.6).
Should‘traffic increase to a rate of 10.5 car‘arrivals per day, or’
beyond;‘changes in current switching and working rules will be re-
quired‘to increase the service rate at the siding. This will increase

operating cost and could reduce profits if the increase in revenue



170

provided by the additional tfaffic is not sufficient to offset the

additional cost.

A Suggeste& System Evaluation

| Validation of the intermodal'terminalvsimuiation model indicatés'.
tﬁat it does reasonably,represenf the current operations of the Norfolk
~and Western facility at Roanoke, Virginia.' An analysis ofqthe’éimula-
tion output fdr ﬁhe current operations-of the terminal suggest that
cértain'cost reduétions might be realized by modifying the working and
switching rules at the faciliiy, but that other cost would bé'expectéd
to incfease, These inéreased costs é0u1d'weilvoffset any cost reduc;
tion at disproportionéte ratgs. Furthér, ﬁhe rules will'requirebmodi-
fication for eveﬁ modefate'increases in traffic beyond the levels
currenﬁlyrexperienqedaat the facility. This action will almost certain-
ly incréase‘operating cost.  The effect 6f chénges in the working aﬁd
éwitching rules can be estimated by incofporating the changes into the
model, simulating the system under the proposed conditions, then compar;
ing the output results to those that have been reported above. A
comparative analysis of the output should reveal where improvements
could, or could not, be achieved. Additional model changés‘coﬁld also
be indicated for subsequent simulations. Operating étrategies could
also be developea for given levels of traffic activity at the facility.

The analysis of the simulation results for the current opera-

‘tions of the‘Roanoke terminal also reveal that there could be an
opportunity to realiée substantial savings in operating cost if switch~-

ing times could be reduced. The opportunity for additional savings
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a‘might alsb be‘available‘if‘thé capécities,of thevsiding‘and parking lot
wéré increésed. One practical way to reduce switching cost is to réduce
vthe time required to switch a car tovand_from‘the éiding.j Unfortunately,
‘this usually requirés moving'thé éidingiﬁearer to.thevyafds; HoWever,v
if'a«new fécility‘layoﬁt_ié'being conside:ed, then it would be appro-
» priatevto estimate the expected switching times per cér and incorpor—x
ate them into a simulatibn for the proposed facility. Switching cost
estimafes could then be obtained, and trade-off analysis initiated.
Chénges in parking lot and siding locatioms, in addition to variaﬁions ‘
in their éapacities' could aléo be incorporated in the model.‘ The
'rgéulting cost estimatesvcoﬁld then be iﬁcorporatéd into the analysis.
The suggestéd‘changes'in the system that would result in phys-
~ical mbdificaﬁion of the‘facility wouidrrequire capital expenditﬁres,
‘hoﬁeﬁer.- Ihe’estimated‘saviﬁgs‘expectéd ftom such'inﬁestmeﬁts"should
be offset égainst the internal'fate of return for the cost of theéel
in#estments over the expected useful life of the aééets generating the
savings. The capital investment decision Qéuld require a greater in-
dépth analysis of‘the 6verall operation of the eﬁtire yard facility
than can be,providea for in‘the intermodal termiﬁal model. ~ However,
the expectea‘values of the cost estimates generated by a simulation
of thé.incorpofation of a proposed physical change in the intermodal
operations of the faciliﬁy could provide the bgsis for‘compariéon,of
the relative merits of all élternatiﬁes under consideration. »Thére—

fore, the model could provide intermodal managers with an analysis’



tool that might be valuable in presenting their proposals to those

in upper management levels responsible for capital investment decisions.

Summary

,‘This chapter details a four phase process suggested for the im-
piementa;ion of the intermodal railway terminal model. In the first
éhase, emphasis is placed on the observation of the system to be mod-
eled, and the gathering of the data necessary for model implementation.
Tﬁe second phase outlines the procedures required to modify the model
presented in this paper to conform to the terminal to be simulated.

Recommended procedures for the validation of the model for a
pérticular terminal are illustrated in the third phase of modei imple;
mentatiqn. This israccpmplished through the use of an example of model
vvalidatidﬁ for an existing terminal. The terminal's Qperations were
simulated for évfifty—nine day period, and the simulation's resuits
reported fo; the facility for the same operating period.

Phase four includes model applications and some suggested ways

* in which the model could aid intermodal managers in planning for dif-

ferent levels of traffic flow within the system. Operating cost esti-
- mates are also presented in this section and methods for incorporating
the model's output into the capital investment decision process are

discussed.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

The purpose of this’resééfch is tovprovide‘intermodélimanageré
in the rail industry with a computer simulation model for a railway
intermodal terminal system‘to analyze the senéitivity of a terminal to
changes in infermodal operations. The Q-GERT simulation model that has
beenvdévelopéd incorporates the daily arrival/deﬁarture train schedule,
yard switching rules for the temiﬁal, siding operat'ion‘s and working
rules,.container parking lot éctivities, and over-ﬁhe—roéd traffic pat-
terns; Muitiple.types df flatcars and containers havgialso been pro-
‘vided for in'the'model, iﬁﬁluding ear switchiﬁg priority sélection
rules,that provide a realistic representation-of complek termiﬁél sSys—
tems.  The éhysical layout of an individual terminal inclﬁding the type
of equipmeﬁt employed,.is provided for through modei input specifica-
tions. These are-represented byrswitching time, céntainér onloading
and offloading times, parking iofyprocessing times, and the maximum
capacities of the siding and the §arking lot. The'éapability of the
model to proﬁide information about an intermodal terminal is di5cussed

below.

Conclusions
The intermodal terminal simulation model developed.through this

regsearch has been designed to provide managers with information about
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their system. This information includes the estimation of the system's
flatcar and container over-all capacities, the time required to prodesé
a flatcar orvcontainer through the system, the average number of units
in the system, operating efficiency, and the expected cost of operations.
‘This information should assist ﬁanagers in the evaluatibn of the per-
formance of a terminal. In additiom, by modifying the input data for
the model; a manager can estimate the effects of changes in the system
on the performange of the terminal. Therefore, simulation experiments
can be conducted to test the effectiveness of modifications to the
existing working environment, such as the number of switches pe:mitted
per day, weekend working rules, parking lot and siding working hours,
or container consignee notification rules. Or, experiments can be
~accomplished to éstimate the impaét of physical changes in the system.
A supplemental‘application of the model codld~re5u1t‘ffom’the
network orientation of théfQ-GERT simulation language in‘which it is
written. The flow of flatcars and containefs is . readily identifiable
in the model through the graphical representétion of the network by
individuals with no simulation experience. Therefore, the model pro-
vides a visﬁal refefence,of a terminal that communicates the technical
aspects of opérations in a manner that is straight forward. This fea-
ture could prove valuable to intermodal managers when communicating
with higher levels of management. For example, a graphical illustra-
tion of the model could be used to demomstrate to upper management a
- congestion problem that is encountered at a facility. Alternatives for
a solution‘of the problem, with cost estimates based on simulation re-

sults, could then be presented.
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The Q-GERT.Intermodal Terminal Model cén provide managers with
an accurate replication of a terminal's operations given that proper
attention is given to the specificatibn_ofvthé‘input data and pérameter
values required'for the model. The model alsé provides a great deai of -
flexibility; ‘Thé deéign ofithe‘model is sﬁch ﬁhat many changesvcan:be
incorporated for a’giveﬂ terminal. In addition, with minimum model
modification, sevefal,different terminals cén be simulated. Conven-
iencé‘is another feature of the model once the Q-GERT Anglysis Program
is available on the use:‘s:computer. The simulation‘progrém represent-
ing a terminal can be run as often‘as required, and the results of each

simulation readily compared.

Recommendations

The primafy applications pf.the intermodal terminalvsimulaéion
model developed'du;ing this‘research are vieﬁéd to be in the areas of
planniﬁg‘aﬁd analysis. A 'secondary épélication could be iﬁ_cémmuni—
cations.

As a planning tool, the model is éapable of providing the tesﬁ—
ing vehicle for experiments involving new concepts‘of facilityrdesign
-or operational cfiteria.‘ These couldiinclude the phyéical layout of
a terminal, the type of equipment employed, the allocation of equip-
mént,'switcﬁing schedules, contaiﬁer léading,aﬁd unlbading prbcedures,

~or parking lot utilizatioﬁ.

The model has ﬁhe ability to provide information for the anal-
ysis of the_limitations of an existing terminal. vThis analysis could

provide information on the operating capacity of the system, in terms
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of both flatcars and containers, over ﬁime, aﬁd under varying circum—
stances. Estimates can be obtained for tﬁe time units are in the éys—
tem, Qﬁerating-costs,‘and équipﬁent utilization.

The»graphicalkngtwork orientation of the model could be used-as
a communications tool to apprise decision makers of new concepts, orv‘
current problems. Recommended solutions could also be iiluétrated.
Future’appliéations in communications could include incorporating:se?
lected»oﬂtpﬁt.ofka simula;idnbinto existing management information sys-.
tems. This information might include the expected impact on the system
of an impending train arrival, provide more efficient container con-
’signee notification procedures,_or includé the specific location‘of

individual cars, or containers, within the system.
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CALCULATE REVERSED CARS.
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SCHEDULE CONTAINER PICk-UP

ARE THERE TRAINS SCHEDULED To DEPART THIS HQUR?
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NO o EQ 1) GO .To 115

sIPICUP
%Q «040) GO To 115

1
é
(60 sPICUP s TNOWSATT)
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IF(INIT EQ.0) GO TO 160
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© A DEPARTURE,s DETERMINE OIRECTION.

IF(IDEPAR,.LT4000) GO TO 126
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IDEPAR=IDEPAR=-4000
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ISER=18
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Go T0 1
IF (IDEPAR,.LT.3000). GO 710 127
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GO 10 128

A WEST BOUND DEPARTURE

127 IF (IDEPAR.LT.2000)
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S BETWEEN 6PM AND B8AM,

Q ?) RETURN
T IME 1
OVERTIME/SECOND SHIFT?

EqQ.
Qe.1) GO TO 185

E
)
+0+2) RETURN
6
QUR.GT+8.) +AND. (IHOUR.LT+18)) 60 TO 151
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CAN CARS BE SWITCHED FROM RAMP?
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NO CONTAINERS TO ON=-LOAD.
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A SIMULATION MODEL FOR THE ANALYSIS OF RAILWAY
INTERMODAL TERMINAL OPERATIONS
by
Roy D. Hammesfahr

(ABSTRACT)

Intermodal traffic has been steadily increasing on the nation's
railrbads since the mid 1950's. Intermodal flatcar activity is now
second only to coal in terms of total car loadings throughout the in-
dustry. The intermodal segment of the nation's transportation systeﬁ
is expected to play an ever increasing role in the future. Inter-
modal managers facéd with increasing demands on their systems, have
expressed a need‘for methods to aid in the development of new manage-
ment techniques, economic costing models; and management information
éystems. The computer simﬁlation intermoaal model that is presented in
this paper is designéd to aid managers with the analysis of their cur-
rent terminal systems and to plan for future growth in intermodal
activity. |

The intermodal terminal model employs discrete, next event,
simulation techniques. The Q-GERT simulation language, developed by
A. Allen B. Pritsker, provides the vehicle necessary to approximate the
required activitieé and associated flow of transactions thfough the
terminal system. Three specific types of containers and flatcars are

provided for, in addition to provisions for over-the-road container



pick up and delivery. Thus, the model ié adaptable t§ complex terminal
‘systems, including sea ports where highly specialized containers are
commonly encountered with rail, truck and ship interfaces. It is pos-
sible to simulate terminal activities for any period of time required
for a specific analysis. The model's simulation output can also be
modified, with little difficulty, to provide estimates of specific war-
iables of interest for a particular terminal. Provisions for the oper-
ating environmént of a terminal are also included in the model. These
include week-end Qork rules, switching rules, container consignee noti-
fication rules, types of handling equipment employed and the standard
working hours for a terminal.

The primary applications of the model are viewed to be in the
areas of planning and analysis for intermodal terminal current o@erations
and future design concepts.: The graphical ﬁetwo;k orientation of the
model, however, could provide managers-with a communications tool to
apprisé upper level decision makers of new concepts. Current probiemé,

with recommended solutions, could also be visually illustrated.
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