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.CHAPTER I 

THE PROBLEM·. 

Introdu.ction 

The movement of freight in trailers or containers is a con-

venient and economical method of shipping non-bulk commodities and. 

merchandise for.both the shipper and the mover. The·sh.ipper accrues' 

the benefits of containerization by taking· advantage of the t:rans-
. . ' 

ferab.li.lity of a shipment between modes of transportation. The mover 

benefits through the use of standardized equipment that is designed 

specifically to reduce h,fi:ncl.ling. · A manufacturer can transsh:i,,p a 

pro<;luct from a plant on the West Coast of the United States to a 

distribution warehouse on the East Coast utilizing both over-the-rt1ad 

and rail transportation •. · This enables the shipper to take advantage 

of the.less expensive rail transportation over the long haul.· How-

ever, the benefit could be offset:' by increased handling cost and 

freight charges if the shipment were non containerized. Containeriza-

tion enables a more effieient transit:i_on from the road to t:he .·rail and 

back to the road agai~. Additionally, units within a corttai,ner re'-

quire·handli.ng only at the origin and final destination. The antic-

ipated cost reductions and improved ef f ::i.ciency provide the basic 

motivation for freight containerization. 

l 
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Containerized freight movement is achieving an increasing role 

in all connnon 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/ccntainers 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 

e.nds 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, contairter .... 

ized interfaces bettveen these two modes are extremely rare. Container-

ization interfaces between trucks, tail, 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 Railr.oad Industry, intermodal transportation is variously 

calle<l piggyback, flatback, traile+s-on-flatcars (TOFC), cir conta;i.ners-

on-flatca.rs (COFC). Intermodal trailers .are specially constructed to 

be more rugged than the familiar truck trailer and are equipped with 
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a pe:nnanent Undercarriage. 'I'hey are usually associated With the in.ter-

face between over-the-road and rail transportation. There is increas-

ing interest in truck/rail/ship combinations with trailers, however. 

Containers are of two types; those that can befitted with wheels for 

over-the-road transport, and those that cannot. Containers are most 

common in rail/ship combinations. Railroad flatcars a.re specially 

.. ·designed for intermodal use. In general, thete are three types: 

those that can carry only trailers, those that.can carry only contain-

ers, and th6se that can haul both trailers or containers. These te!'Ills, 

trailers and containers' are often used int.etchangeably. Container 

sizes are being standardized at eight feet high, eight feet wide, ap:d 

in lengths of ten, twenty, thirty and forty feet. 
.. . 

!nt.ermodal rail transportation originated in the late 1800 's 

:when some farme·rs moved their produce wagons .. to. city markets~ and cir-

cuses shipped circ1,1S wagons between cities on railroad flatcars. F..ow-

ever, it was not m'ltil the mid 19SO's, when the Interstate Commerce 

Co:mI!iission declared piggyback servi.ce legal for railroads, that this 

1tt0de of transportation began to expand to its current magnitude [74]. 

For e.Jtample, during the first nineteen weeks of 1980, there .were 

appro.ximat.ely 623,000 piggyback flatcar -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 railro.ad 

industry. In third place are the estimated Sl.2,000 chemical car 

loadings during this same. period (55 J. 
The literature indicates that utilization of TOFC/COFC will 

cont:i.nue to expand and that traffic increases will be stimulated by 
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new technology in tenninal and train operations. It has also been 

predicted that future growth for this mode of transportation will be 

at twice the rate in the next ten years as it has been over the past 

ten years [64]. Some justification for this optinti.sm 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 railro.ads can 

increase 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 increases in traffic can 

only be attained if the cost of 'l'OFC is reduced and ser"v-ices are im-

proved. It is apparent that the development of innovative 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 area where new analysis tech-

niques could prove to be very beneficial in planning for future growth 

and improving existing services. 

Intermod.a.°I Termin?l Operations 

Intermodal railway operations are second only to .coal in terms 

of the number of cars loaded by the nation's railroads [65]. These 

operations 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 
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rail, motor freight, or ship, and they must be compatible with the 

railroad equipment and the equipment of the interfacing mode of 

transshipment. The railway intermodal tenninal area is a critical 

point for these operations. 

Some insight into the complexity of intermodal operations in a 

rail terminal area is provided by Figure 1. This~drawing illustrates 

the interface between motor freight and rail transportation. Contain-

ers arrive at the terminal from two sources; (1) the inbound yard by 

rail, and (2) the parking facility by truck. Containers arrive at the 

inbound yard on flatcars and fall into two classifications. They are 

at their final rail destination and are tb be off-loaded from their 

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

If they are to be transshipped, the flatcars must be reclassified (9) 

according to their destination and coupled to a corresponding outbound 

train. If the containers are at their rail destination, the flatcars 

are "switched" from the inbound yard to the container siding (3) where 

they are off-loaded onto a ramp and transferred to a parking lot on 

the ground (4). These contain.ers remain at the parking facility until 

they are picked up by a tractor (motor freight truck) for over-the-

road transportation to their final destination (5). Containers arriv-

ing by truck (2) are decoupled 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 scheduled for departure, they are moved to the siding 
c 

(7), loaded onto flatcars, and switched to an outbound yard (8). There~ 
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the flatcars are classified by container destinati6ri and coupled to 

outbound trai.ns made available through other rail operations (9) • 
. · ·. , . 

Figure 1 also illUstrates the container siding and switching· 

operations that must be coordinated with all other rail operations 

scheduled, or in progress~ in the yard (lQ). 'l'hese operations are 

conducted around the clock, every day of.the year •. Events, like the 
. . 

arrival and departure of train.s at the yard, are scheduled (11). Cur-

rent decisions (12) involving yard operations, such as classification 
. . 

an<i switching activities, must insure cotnpatibility with the sqhedule 

of all yard related events~ Th:is inclgdes the loading and off-loading 

·· of containers on flatcars. 

Classification is one of the primary purposes.of a typical rail 

yard .. 'l'.rains arriving at. the ya.rd are broken down into individual. 

cars and the ,yard supeI'\Tisor decides where; am<;mg the several· tracks 

available in the inbound yard (receiving area), e1:1ch car is.to be 

placed. A car that is at its destination is scheduled to be 9Witched · 

to a siding. If a car is to be forW:arded to another destination, it 

is reclassified, consolidated with other. cars for the same dest:i.,nat:Lon, 

and transferred to the outbound yard. ·Additionally, individual cars 

. 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 con,sis.ting of several tracks, the ttain of cars is coupled · 

to locomotives for scheduleddepartures. 

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 train. 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 

activi.ty 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 moved 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 tracks 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 det;ermine changes in rate of speed, weight, length, and the 

ntunber 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 i.ts designated position on a classification track. The tower 

operator, in addition to selecting the receiving track, enters the 
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nUlnber of cars to go on a track, and the first artd last car numbers for 

the track. l'he operator also 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 outbowd yard by.a switching 

engine. 

The intermodal tenilinal manager must function within the yard 

environment. Additionally, he must deal with the special circumstances 
. I 

that are peculiar to .intermodal operations. For example,. because there 

a:re thtee basic types of flatcars, sonie cars that are off-loaded at the 

terminal siding may have to be switched from the siding empty if match..:. 

irig containers a.re not available in the parking lot. Likewise, empty 

cars may be requ;i.red 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 loadirtg/off ... loading ramp and associated eqt;tip-

ment, are physical constraints in the operatio.n of the .intermodal ter• 

minaL For each terminal, there is a finite number of cars that can 

be at the s:j.ding at any point in time. The time required to off...;load 

and on•load these cars is depertdent on the type of equipment employed, 

the layout of the ramp, and the proximity of the parking lot. The 

equip:inent varies from t$rminal to terminal; it ranges from the very · 

expens·ive, highly specialized and fully automatic side-10aders, to a 

relatively inexpensive "circus" type of operation employing tractors. 

Containers are handled with side-loaders at terminals where the vol~ 

of traffi_c justifies their application. Cir.cus handling, where the 
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containers are driven on and off the flatcars, is employed at low traf-

fic volume terminals. 

The capacity of.the parking lot and its location rialative to 

the siding and adjacent ramp are also finite limiting factors in the 

terminal operation. Trailers are arriving and departing the lot daily. 

The maximum number permitted in the lot at any point in time is a 

function of the physical size of the containers, the space required 

for maneuvering them, and the total area available for the lot. A 

conflict in scheduling, or an increase in traffic, could conceivably 

drive the lot beyond saturation, interrupt operations, and create po-

tentially costly delays. 

Statement of the Problem 

The complexity of terminal operations confronts the intermodal 

manager with some difficult problems, including the following. Given 

an increase in intermodal traffic, at what point could the manager 

expect the parking lot to exceed capacity? What changes would be 

desirable in the yard switching schedule to promote overall effi.ciency 

and parking lot utilization? When should the ramp be expanded, or 

new equipment, or personnel added? What are the expected costs of 

these actions? 

The problem is that to experiment with the real system in order 

to assess the effects of the above described changes would he time 

consuming and costly, if not impossi:ble. A computer simulation model 

adequately representing these facilities could provide a valuable 

management analysis tool to seek acceptable solutions to these proble:ms 
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at a reduced cost, in a shorter period of time, and without disrupting 

current.operations. 

Purpose 

The purpose of this research is to develop a Queueing-Graphical 

Evaluation and Review Techn_ique (Q-GERT) computer simulation model of 

a railway intermodal terminal system, incorporating the daily arrival/ 

departure t.rain .schedule, the yard switching schedule for the terminal, 

and over-the-road traffic.patterns to analyze the sensitivity of the 

system.to changes-in intermodal operations. For example, given a 

fixed parking lot capacity, a decision to unload containers at·· the 

siding at one point in time, because it would be compatible with the 

yard switching schedule, may result in an over .... capad.ty situation in 

.·the parking lot. Yet, the same decision at a different point in time 

would be feasible. A computer simulation model of the terminal facil-

i.ty that would enable the intermodal 'manager to anticipate and evaluate 

schedules and contingencies prior to imple~ntation would be very 

desirable. 

Figure 2 illustrates .the general operation qf a typical railway/ . . 

over-the-road intermodal terminal. 1 Externally scheduled events are 

the arrival and departure of trains coupled with flatcars loaded Wi.th 

trailers. Each flatcar in the systelll (terminal) represents a trans-. 

acti.on that m1lst be processed in a specified manner. If it is arriv .... 

i!lg, the type of car, number and type of containers, and the cars' 

direction ate recorded as attributes of the tram;action. If it is to 

depart the system, the direction of departure (destination) and number 
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. . 
,of trailers associated. with each car are attributes. 

Internally scheduled events are; ·. (1) the departure of a flat-
. ·. . :· . . 

car(s) frc>m the inbound ya.id to the siding; ...• (2) the arrival of a flat~ 

car.at the Siding fro~ the.inbound yard,(3) the off""'.lbading of the ·. ,'" . . . .··. . . . . 

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

the departure of a flatcarfrbm the siding, and (6) the arrival of the 

car in t}ieoutboundyard. Other events .that are dependent on these 

scheduled events are the arrival, and _departure of. trailers in the pat'k.-
. .. 

in~ lot via the siding. Each flatcar arriving at the siding generates 
. . ' . ·. . ·. 

transactions in_ the parking lot in accordance wi.ththenum:ber of 

trailers that were associated With it wheri it arrived in the system. 

Likewise, each flatcar that is loaded at the siding reduces the number 

of transactions in the parking lot by the number of traiiers that are 

loaded onto it. Ea.ch transaction in the pa:rking lot has associated · 

attribu.tes designating type', tn0de of arrival (rail or over.,,.th~-rl'.)ad), 

and destination~ 

Stochastic activities and events are also a:n integral part of 

the sys.tern. However, they are depertdent on the schedtiled trains enter.,,. 

ingand leaving the yard. For example,-over•the-road a'.:rrival arid de-

. parture events at the parking lqt occt.Jr randomly d'UI'ing the day. Yet, 

they are often generated by the arrival .of a train in the yard, or the 

scheduled departur~ of a train from the yard., A trailer over-the-road 

departure from the pa-rking lot is 0 activated" when the intennodalter-

minal supervisor is informed of the impending arrival of a train in 

the inhound yard. He i$ notified of the number of flatcars on the 

• I 

I 

.· i . I 
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train that have trailers on them, the consignee of each trailer, and 

the car on which each trailer is located. Given this. information, the 

supervisor then plans the future activity of the terminal, which may 

span several days. He will notify e?ch trailer 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 

shipped in the process. 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 research is to produce a model of intermodal 

railway terminal operations 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 siding. 

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 consignees. 

6. Waiting 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 that will enable decision makers to view their intermodal 

terminal system as a whole, over time, to estimate their resource re-

.quirements and operational capabilities for given levels of activity. 

One should be able to vary the system parameters, either individually 
. . 

or simultaneously, and observe the expected changes in the system. 

For, example, given an increase in traffic arrivals, what changes would 
\ 

be desirable in the yard switching operations, and what effects could 

be expected in the parking lot area? Should this situation be antic..;. 

ipated, managers could identify potential problem areas through the 

use of the simulation model and project planning and budget requests 

accordingly. 

After the model has been developed, verification a11d validation 

described, then an example of model implementation is presented. This 

presentation includes the simulation of the current system's operation 

and indicates expected changes in the system when existing parameters 

are varied. This information is then use<;l 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 

intennodal servi.ces by intermodal managers in the railway industry 
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(100 and 101 ]. The primary concerns of these experts are threefold: 

(1) Inc-reased intennodal traffic is anticipated; at what point would 

existing terminal facilities reach saturation? (2) What scheduling 

and/or procedural changes in existing terminal or switching operations 

would result in greater efficiency? and (3) Can efficiency be improved 

and cost effectiveness maintained by relocating, modifying existing 

facilities, or by acquiring additional equipment? 

Given the current magnitude and forecasted growth of intermodal 

containerized freight transportation by rail, and the complexity of 

the problem, some managers expect that a simulation model of existing 

systems could provide an excellent planning and analysis tool for inter-

modal managers throughout the industry. Furthermore, one expert [78, 

79, and 80] has indicated that sound management: techniques, economic 

costing, andmanagement information systems must be developed and main-

tained if intermodal carriage is to be viable on the railroads, and if 

intermodal traffic is to reach its anticipated potential. The model 

developed through this research could assist in meeting these objec-

tives. 

The model described in this paper is adaptable enough, with 

some modifications, to be utilized by many railroads having intermodal 

facilities. The 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 consultil1g firms for the 

development of long-term technological improvements and in.ter:modal 

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

•••• the most sigr+ificant benefits to interrnodal systems 
could result from improvements in terminal operations, 
with additional improvements to come via betterment in 
line-haul operations •••• 

This consultant was looking at terminal design, among other alternatives, 

to identify potential improvements in layout, terminal access, and gen-

eral increases in efficiency. 

The availability of a general simulation model for intermodal 

terminals would provide a means o.f system analysis that has not been 

previously possible. This model satisfies a known demand for 1UB.nage-

ment information and could lead to the advancement of interrnodal sys-

tem technology. 

Scope and.Limitations 

Scope 

The research consists of thedevelopmentof a computer simula-

tion lI!Odel that approximates the operation of an intermodal railroad 

terminal. The model is designed such that specific events and activ~ 

ities are provided for. These include: 

1. Arrival and departure schedules of trains with 

containers/trailers~ 

2. Quantity and type of arriving containers/ 

trailers. 

3. Yard switching rules. 

4. Flatcar onload/offload ramp procedure, 

5. Outbound car handling procedure. 
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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 facility by inputting his-

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 utilization are estimated for the simulation. Subse-

quent simulations are then conducted and the results compiled. 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-

iments are performed after changing one, or more of the parameters 

associated with schedules, capacities, 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 requirements. 

2. Alternate ramp/ de ramp 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 capacity, at the present level of intermodal activity arriv-

ing and departing 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 operations, 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 queue 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 the results of the two simula-

tions may indicate that the inbound yard queue is steadily increasing, 

and would eventually become infinitely large. The corrective action 

indicated might be to increase the scheduled switchings from the 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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res tilts amalyzed. The procedure would be repeated, changing parameters 

individually or simulta:Q.eously, until an acceptable solution is obtained. 

The analysis should,.of course, include the estimated' cost of 

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

ertues. The decision may be that an increase in traffic for a given 

fad,lity is not desirable. This type of information should, if it 

exists, be passed to the appropriate levels. of management for further 

consideration and overall planning~ 

. Limi ta t.iorts 

The. focus of thi.s research is on the development of a computer 

simulation model for a· railway intermoda.l terminal system and to demon-

st rate how the model .could be used as an .aid to the management ae·cision 

process•. Time constraints do not permit the investigation of all possi ... 

hle app:l.ications of. the model to this process, however, experience tori.th 

the model should suggest additionala:teas foiexploration and research. 

The'modei is intended to duplicate, as nearly as possible, the 

flow of flatcars and containers/trailers through an existing intermodal 

terminal. It is not designed to rep·resent a new, or innovative system 

that can be compared to the current system. The purpose.is to gain 

information about the capabilities and char-acteristics of what is in 

being to promote ef:ficien<:y and plan for future activity. This is not 

to sa:y that the model 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 pt'ima:ry thrust of.this research. 
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No attempt is made during the course of this research to de-

velop an algorithm that seeks optimization of the system. A primary 

limiting factor in an intermodal terminal operation is the maximum 

capacity of the parking lot. Therefore, an important question to be 

addressed through the simulation is at what level of activity will the 

parking lot reach saturation; not the optimum level of activity that 

can be supported by the parking lot. This is not to imply that an 

optimum seek.ingalgorithm, or search technique, could not be developed, 

to optimize selected parameters. This could be very beneficial in 

evaluating proposed new facilities. However, optimizationshould be 

the topic of future research .efforts once an operational model of inter-

modal operation has been developed. 

Further limitations of this research are the same as those 

associated with all simulation models. Since the data used to develop 

the model is supplied by a single railroad, this may not be typical of 

railroads in general. Thus, the validi.ty of the model is dependent on 

these data and the design of this railroad's terminals, which also 

provides the logic used to design the components of the model. The 

railroad does operate several interinodal terminals, however, and the 

number of flatcars and containers processed by the railroad are a 

matter of record. Therefore, the construction of the model is such 

that with 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 checked, 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 was made through_ 

the services provided by the National Aeronautics and Space Adminis-

tration/University of Kentucky Technology Applications Program (NASA/ 

UK TAP) which provides computer access to over one 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 Terminal, 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, and 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 hundred forty (340) references relating to intermodal 

transportation were identified. Thirty-eight of these addressed areas 

of intermodal operations associated with maritime, rail, and over-the-

road terminals, both foreign and domestic. The search produced no 

evidence of a computer simulation model of an intermodal terminal. A 

search of the periodical literature also discloses. no previous publi.ca-

tion in this subject area. 

Related research in the intermodal terminal area is quite li.m-

ited, but does provide technical support for this study. For example, 

the Federal Railroad Administration's Office of Research and Develop-

ment (ORD) initiated a plan for a two phase study to investigate the 

viability and improvement of intermodal rail freight service in 19n 

[40]. Phase I, completed in August, 1978, entails a comprehensive 

study of current intermodal equipment, operations, and technology [16, 

25, 26, 34, and 39]. Alternative systems and equipment proposals were 

incorporated into the study and the most promising alternatives iden-

tified. Phase II of the project, scheduled for implementation in 

October, 1979, and currently pending, is to provide a more detailed 

examination of the most acceptable alternatives identified in Phase I. 

Two independent consulting firms were involved in the first phase of 

this study, each preparing their own reports, using different ap7 

preaches [40]. 

One report on Phase I to the FRA, by the A. T. Kzarney Company 

[34], contains a computer simulation of alternatives to the present 

intermodal system. The si.mulation i.s. an approxi.mate model of terminal 
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to terminal intermodal rail capabilities with existing equipment and 

capacities. Proposed equipment design changes are incorporated into 

the model and the results compared with previous runs. The objective 

of the simulation is to identify whicn proposed new equipment designs 

would be most promising to pursue for future development. For example, 

flatcars with the capability of stacking containers such that four 

could be carried per car might be desirable. However, this new capa-

bility would require redesign and 'construction of many of the railroad 

tunnels on existing rail lines. The simulation, written in SIMSCRIPT, 

addressed over-the-rail terminal to terminal activity. A reconunenda-

tion of the study is that a model be developed for intermodal terminals 
~ 

in order to study these operations [16 and 39]. 

Orie Japanese study [59] reported the use of a simulation model 

to evaluate an automatic container transfer device. The model was to 

aid in the design of the terminal facility and its layout in order to 

obtain practical utilization of the transfer equipment. The simula-

tion estimates expected transfer times for the movement of containers 

to and from shipboard and storage areas for a maritime terminal. No 

rail transportation interface was provided, nor were individual con-

tainers accounted for. 

The European literature primarily addresses difficulties assoc-

iated with the different rail systems from country to country as it 

relates to intermodal transportation [20, 23, 37, 50, 61, 62, 81, and 

83]. The primary iIJ.termodal empha~is in Europe. is 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 t:he 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 provide the equipment handling for this 

system, and the operation is reported to be the mo.st ni.Odern on the 

Continent. 

OVer-the-road/rail interfaces, in Europe, however, areniore 

dependent on. the physical.construction of the trailers for road trans-

port and the restrictions imposed by the, existing rail systetnS. FoJ; 

example, width is limited by the clearances required for passing tr.ains. 

Height is restricted by tunnel and bridge construction. Trailer length 

has similal'.' constraints. ·consequently, the standard flatcar, as used 

domestically, does not w()rk well in Europe. Speciallydesign:ed rail-

cars, with sunken beds, or entirely enclosed, are often used [62 and 

81]. These require special handling equipment and techniques, inaddi:-

tion to special cars; which ·increase cpst. These higher costs and 

physical restrictions, coupled with different law's .from country to 

country (trucks cannot use the highways on week.ends :ln many areas of 

West Germany [23]) tend to retard the development of over-the-road/ 

rai.l transport in Western Europe [20 and 61]. Therefore,· this inter-

modal JD.ethod 0£ freight movement is not as highly utilized there as it 

is in the United States. 

the literature addressing inte:rinodal terminal operations 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 delays. 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. In 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 

int:ermodal terminal operation, which may be significant in terminal 

location decisions. 

The PRC Systems Sciences Company was contracted by the FRA to 

develop an lntermodal 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 way billing, prof it analysis, 

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. lntennodal experts [100 and 101] indicate that the develop .... 

ment of a c.omputer simulation model of the intermodal terminal facility 

operation would provide a valuable management analysis technique that 

could supplement the IMIS in the decision process. 



27 

Computer simulation studies of railroad operations are ex-

tremely rare, and such studies related to intermodal railroad opera-

tions are practically non-existent. The only simulation of an inter-

modal system that has been identified is the one reported by the A. T. 

Kearney and Company, Irtc., that was discussed earlier in this section 

[34]. A sim.ulatiort model was developed by Tripp [41] in 1972, to aid 

in the analysis of the economic impact of developing nmlti--modal trans-

portation companies. Recently, Whitehurst [91] concluded that the 

time has come to give multi-modal companies an opportunity to organize. 
' 

A computer model was used ,by Bushness, Low, and Pearsall [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 

simulation f:Leld having developed railroad yard related models to 

study yard design, car utilization, track assignment, and scheduling 

procedures. The scheduling model is a studyutilizing a simulation 

model which he calls a Dynamic Movement Predictor. A railroad net'iN'ork 

model has been developed by Minger artd Cetinich [47] for the Associa-

tionof American Railroads which utilizes SIMSCRIPT. However, it was 

first reported in 1969 as a "pilot model" and only one reference to 

the model has been identified since that time. In 1975, Shen, Kang, 

and Kang [ 49 J developed a SIMSCRIPT based model of a small passenger 

service railroad in Taiwan. This paper made reference to the above 

mentioned model, but also acknowledged that their model was not fully 

developed. Assarabowske and Sussman [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-

ment co.sts. It was observed that by relocating facilities in the 

Chicago area a thirty-nine percent reduction in costs could be realized. 

The second paper, by Rakes and Clayton [43] used the GASP IV Simulation 

Language to study the cost effectiveness of constructing a new inter-

modal ramp at an existing facility. The study addressed the problems 

and cost associated with flatcars waiting in the yard to be offloaded, 

waiting time at the ramp, and switching. No attempt was made to in-

clude parking facilities at the ramp, crew size, equipment changes, 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 researchwas 

. patterned from the Norfolk and Western Railw-ay Intermodal Terminal located 

at Roanoke, Virginia. Experience gained by on-site observations o.f the 

' operation of this facility and interviews with the intermodal managers 

of the railroad provided the tecbtiical background related to thes~ opera...,. 

tions that was required for the c<;>nstruction of the model. The nature 

and magnitude of the pertinent variables and parameters that affect the 

operation of the terminal tqere identified and are incorporated into. the 

model. Scheduling input and operational data ui:;ed to.verify and validate 

the model are based on actual events that have occurred and operati~:mal 

criteri.a in .effect at this railway yard. The Roanoke facility has' also 

been used as the testing ground for the implementation phase of this 

. research, which is presented in detail in Chapter rv. 

·tn.tet'lllodal Te;rmirtal Ststem·Cb.aract::etistics_ aL"Pd 

·Simulation Mo:del Ptogtmraning · C9nsiderations 

Preli:illinary investigation and the related review of the lit-

erature irtdi:cate that the intermodal terminal operation es.sentially 

consists of the following prilnary elements: 

29 
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1. Trains enter the yard area with flatcars that are 

designed to carry containers. These flatcars are 

loaded to capacity, partially loaded, or they are 

empty. 

2. The flatcars wait in the yard until they can be 

transferred (switched) to a siding that is equipped 

to unload the containers. 

3. Flatcars arrive at the siding, which has a limited 

capacity, and: 

a. Wait until the containers are offloaded 

b. Wait until containers are onloaded 

c. Wait until they can be transferred to the 

outbound yard 

4. Containers arrive and depart the terminal 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 various 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 time 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 operations should make provision for these conditions. 

As Figure 3 illustrates, the terminal's initial conditions are provided 

for, and the daily arrival/departure schedules for the period of the 

simulation 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 trains 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 enables 

each event and associated activity to be accomplished and accounted for 

in a realistic sense. The twenty-four hour clock can be reasonably 

duplicated by establishing a basic time period for the simulation as 

one hour. Minutes and seconds are then provided for by dividing the 

one hour time period into decimal tenths and one-hundredths. For 

example, an event scheduled at time 10.12 would indicate that the event 

is scheduled to occur at seven minutes and twelve seconds after the 

tenth hour. Days can be recorded by incrementing 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 manner that allows for 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 then 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 incorporates the time methodology required for 

the simulation. It should be noted that several of the branches that 

eminate from decision blocks in the flowchart initiate sub-programs 

with related, but independent, 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 

process is not as straight forward as it might appear. There are, in 

general, three types of flatcars; thosetha.t can carry only over-the-

road type trailers, those that can carry only containers without under~ 

carriage, and those that can carry both types of containers. Further-

more, the cars can be fully loaded, partially loaded, or empty. 

Finally, the cars may be connected in the train such that they are 

facing the wrong direction (reversed) to be moved without special 

switching onto certain intermodal sidings. Another feature of the 

arrival is that trains seldom arrive at the exact scheduled time. There--

fore, the model should provide for this time deviation. Figure 4 illus-

trates one method of incorporating the arrival event logic into the 

model. 

Subroutines for switching, siding loading and unloading, parking 

lot activity, and departures can be developed in a similar manner. 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 project is discussed below. 

Selection of the Simulation Language 

A major objective of this research is to develop a simulation 

model that can be used by intermodal managers to evaluate their terminal 

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 the part of users is, 

of course, naive. Nevertheless, the model is presented as simply as 

possible. The complexity of the intermodal terminal system would seem 

to inhibit the attainment of this goal. If, for example, the simulation 

were written entirely in FORTRAN, a knowledgeable individual in both the 

language and simulation would find the model difficult to apply without 

a great deal of preparation. Forttmately, several simulation languages 

exist that reduce programming requirements. 

Four si-rnulation 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 :features that can be incorpor-

ated to accomplish the objective discussed above. 



37 

Any simulation language used fcii" t.he intermodal .· terminal model 

will require e:x:tensi ve. supplemental -FORTRAi.~ progrannning. Q-GERT, as 

developed by Pritsker [10 and 12] is a FORTRA,N based network orientated 

language that possesses many routines that automatically handle queues 

and schedule events that must be written by the user in the other lan-

guages, ·including.GASP IV. Q-GERT also provides a great deal of user 

flexibility by allowing user written input, oµtput, and FORTRAN sub-

routines. These features, overall, tend to reduce programming require-

ments. 

With· the exception of the random number generator'· Q-GERT is·. 

virtually machine independent, permitting implementation on a wide 

range of computers. The langua,ge 1 s graphical network model documenta-

tion procedures enable models to be presented in a way that should be 

comprehensible to managers with limited simulation experience. Addi-

tionally, experience gained by the author with certain characteristics 

of Q-GERT in other applications indicate that some.· features lend them-

selves to the type of model that is desired to be developed [44 and 45]. 

These features co.uld 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 occurrence 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 event.s 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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APJ?ENDIX A, describing the special features of Q-GERT that are 

incorporated into the model, is provided for prospective users of the 

model. This appendix contains all of the language's symbols and nota-

tion that ate required to follow the development of the model as pre-

sented in the next chapter. 

Surmnary 

A description of the essential elements of intermodal 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 log,ic 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 sinmlation background. The Q-GERT sym-

bols and notation required to follow the development of the model are 

described in APPENDIX A. 



CHAPTER III 

CONSTRUCTION OF THE SYSTEM MODEL 

The discussion that follows first defines the system in 

te.rms of its important components and their interrelationships. The 

formal model logic is then presented. Several of the terms that 

were introduced in the previous chapters form the basis for this 

presentation. 

Model Specifications 

The model specifications for the system to be modeled 

include definitions in terms of entities (system components), events, 

attributes, variables, relationships and formal logic. Specifically, 

the operations of the intermodal terminal operations of a railroad 

are limited to the interface for containerized freight between rail 

and over-the-road transport. Therefore, the system 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 

~re described in Table 1. 
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Entities 

Terminal 

In-bound Yard 

Out-bound Yard 
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TABLE 1 

Entities and Their Attributes 

of an 

Intermodal Terminal System 

Attributes 

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 

Number of flatcars 

Type of flatcars 

Direction of flatcars 

Number of containers/trailers per 
flatcar 

Number of flatcars 

Destination of flatcars 



Entities 

Siding 

Ramp 

Flatcars 

Container/Trailer 
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TABLE 1 (continued) 

Attributes 

Capacity 

Number of flatcars 

Type of flatcars 

Number of containers/trailers on 
flatcars 

On/offload status 

Type of container handling equipment 

Type 

Number of containers/trailers 

Facing direction in yard 

Destination 

Type 

Parking lot status 

1. Outbound rail 

a. Destination 

b. Number allowed pet flatcar 

2. Over-the-road pick-up 



Entities 

Parking Lot 
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TABLE 1 (continued) 

Attributes 

Capacity 

Type of containers 

Number of containers 

Containers that arrived by rail 

Containers that arrived over-the-road 

Container destination 

Rail shipping restrictions 
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The essential components of the Intermodal Terminal Model are 

the flatcars and container/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 queues 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 system that are represented in the model 

are described in 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 delete 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 

Intennodal Terminal Simulation 

Flatcars are switched to the siding 

Reversed 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 lot 
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System Events and Associated Activities 

Events associated with the systems activities are presented in 

Table 3. As noted above, two exceptions to listing in Table 3 are the 

arrival and departure events for the yard. These events add or delete 

flatcar transactions during the simulation and occur at specified times 

during a run. Consequently, their associated activity times are not 

accounted for in the model. 

The scheduled arrival of flatcars at the inbound yard (event) 

sets the conditions necessary for the processing of flatcar transactions 

through the system. The arriving flatcars enter queues according to 

type of car and loading configuration. If the siding is empty, flatcars 

waiting in the inbound yard queues will be switched to the siding 

(activity) during specified time periods. A user input defined set of 

priorities determines which cars, if available, will be switched from 

the inbound queues first and which cars will be switched second. The 

number of cars switched to the siding is limited to the maximum car 

capacity of the siding. It is possible to switch empty cars from the 

inbound yard queues, given that there are no loaded cars available, and 

there are containers waiting for shipment in the parking lot. Reversed 

cars that are selected for switching are turned (activity) before .being 

placed on the siding. 

Once all the flatcars that are to be switched arrive at the 

queue representing the siding (event) and the time of day is within 

specified hours, their associated containers can be offloaded (activity). 

The containers 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 at siding are offloaded 

Containers arrive parking lot over-""-the;..road 

Containers depart parking lot over-the-road 

Containers depart parking lot for ramp 

Containers begin loading on flatcars 

All flatcars to be loaded at siding are 
loaded 

Flatcars are switched from siding 

Flatcars arrive at outbound yard 

Flatcars depart outbound yard 
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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 to the outbound yard (activity), again during 

specified hours. The cars arrive at the outbound yard queues according 

to the destination assigned to their loaded containers (event) and de-

part the system at the scheduled departure time (event) of trains out-

bound in predetermined directions. Special h;;tndling rules are provided 

for emptyflatcars arriving at the outbound yard queues. 

Related activities and events are associated with the parking 

· lot. When a c-0ntainer arrives at the inbound yard (event), a tractor 

is scheduled to pick up the container afte.r 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 (activ.ity) and 

·the tractor/trailer·combinatiOn departs the! system (activity). Often, 

arriving tractors also deliver other _containers for shipmt:!nt (event). 

These containers are also decoupled from the tractors and placed in the 

parking lot queue (activit;y) for future rail transportation. Random 

over-the-r.oad container arrivals (event) can als.o occur. However, the 

tractors aSsociatedwith these arrivals are not entered into the system. 

Only scheduled tractor arrivals can pick up containers. 

A spei:dc:il event· ana activity that provide the basis for real 

time scheduling of all the terminal events and activit:ie.s. discussed 

above is the realization 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 hotir of the first day of. the simulation; the beginning of 

the next hour is schedu1ed (activity), and simulation time is stopped 

(event). The daily train arrival and departure schedules are checked 

and these events ar.e scheduled into the simulation at appropriate times. 

The status O'f the entire system is then checked to determine what 

activities could be scheduled to begin during the hour. These activities 

· if any, are scheduled and simulation time restarted. Sim,ulation time is 

advanced to the next scheduled event occurrence time and then it isstoi:i-

ped once more. Should the event realized be on,e that changes the state 

of the system, .the associated activities are scheduled before simulation 

time is allowed to advance. If, however,. the event realized was the 

occurrence of the next unit bf simulation time, the·. status of the entire 

system is checked hefore· simulation time is permitted to Continue. 

Ar.rival and departure train schedules are read into the system at the 

beginning of each.new simulation day. This process continues until a 

predetermined simulation tirne is reached. At that point, the simulation 

is terminated. 

A more detailed. discussion of events and their associated activ-

ities, illustrating the way they mesh into the system, is giveri. ·in the 

model logic section. 

System Parameters 

The system parameters are dependent on the physical character-

istics of the terminal in addition to the tTain arrival and departure 

schedules. A switch from the inbound yard to the s:iding, for example, 

cannot be scheduled unless there are cars in the yard. This condition 
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may be dependent on the scheduled arrival of a train. Furthermore, a 

switch c;mnot be made to the siding if there a.re cars on the siding. 

Therefore, the scheduled time to switch to the siding is dependent on 

prior events. However, time to switch, a. parameter, is dependent on 

the_ distance th~ siding is located from the yard.· The parameters of 

the model a.re listed in Table 4. 

The pt"obabi1ity distt"ibutions and their associated parametet"s 

listed in Table 4 will not remain the same within the model for simula-

tions of different terminals. This situation is apparent .since no two 

tenn:i.nals possess exactly the same physical characteristics. This will 

also be true for different simulations of the same terminal. In this 

instance, the parameters of the model are consistent from run to run 

within a simulation, but several of them can be varied from simulation 

to simulatfon. For example, the scheduled arrival time of trains wHl 

remain the same through severi:tl runs of a. simulation, but may be 

changed for a different simulation of the· same terIIl.inal. 

The manner in which the model's time distributions and param-

eters are provided for in the Q-GERT language is discussed in the .model 

logic section of this chapter. The derivation of the distributions for 

a. ~imulation of a. specific terminal operation is presented in the chap-

ter on implementation. 

Sv-stem Variables 

The variables of the system fall into two general class.ifications; 

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

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

System Parameters for an 

Intennodal 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 Distribution 

Probability Distribution 

Probability Distribution 

Probability Distribution 

Probability Distribution 

Probability Distribution 

Probability Distribution 

Schedule 
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that are used extensively in the supplemental FORTRAN progrannned por-'-

tion of the mbdel. The variables and subprograms required for the 

model are defined below. 

There areapproXi.mately onehundrecl fifteen (115) prbgrannner 

defined FORTRANvadables ;Lncorpora'ted into the user function subroutine 

of the mod.el. Additionally, sollle of these variables may be treated as 

parameters. An illustrative,example ·Of these variables is listed in . . 

Tab.le 5. 

A list of selected Q-GERT variables with their definitions is 

provided in Table 6. These are variables that can be used directly in 

the programmer writ.ten subroutines of the model. 

In Q~GERT, FORTRAN subroutines written for a model are defined 

as User Functions (UF). Table 7 presents a list and description of the 

Q:_GER'l' subprograms that are utilized in the FORTRAN subroutines for the 

intermodal t~nninal model. 

Two additional FORTRAN subprogratl).S are als.o included in the 

model. Subroutine UI is employed to ini.tialize the programmer defined 

variables and/or parameters and to create the initial cond;i.tions re-

quired. for the model. Subroutine UO is used to perform the end-:of-run 

computations and to output the results of the simulation. These sub ... 

routines are described in detail in the next chapter. 

}fodel 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 fonnat of a network. Thus, one can visualize the 
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TABLE 5 

An Example of Programmer Provided Variables 

for the Irttermodal Terminal Simulation Model 

Variable 

ACTUAL 

ARR 

·. ATIME(I,J) 

DTIME{I,J) 

IDAY 

IDEPT(I·,J) 

!HOUR 

ISER 

ISS 

INQ 

in the Q-GERT Simulation Language 

Def initien 

Records th.e value of a random variable generated from 
aQ-GERT provided distribution. Type of distribution 
with associated parameter must be specified as pi:ogram 
input. 

ARR= TRANA+ ACTUAL. Records the timea flatcar is to 
arrive i:h the inbound yard. 

I~l, 365, J=l,20. Records a scheduled train arrival 
time for up to twenty trains per day for 365 days •. 
Enables train fl.a.tear and container composition.to be 
automatically re.;i.d at ·specified times during simulation. 
Initialized at. 25.0 unless otherwise specified as train 

·schedule input. 

Essentially the same as ATIME(I,J) except that .variable 
provides simul.ation with scheduled train departures. 
Initialized at 25.0 unless otherwise specified. 

Records current day of the simulation. Initialized at 1. 

I=l, 365, J=l,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 0 unless other-
wise specified as train schedule input. 

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

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

An indicator variable for server status. 1 indicates 
server is busy, 0 otherwise. 

The current number in a specific queue node. 



Variable 

IQ 

ISWIN 

ISWITC 

ISWOUT 

ITPl (I, J) 

ITP2(I,J) 

ITP3(I,J) 

ITPlE, ITPlW 
ITPlS, ITPlN 

ITP2E, ITP2W 
ITP2S, ITP2N 

ITP3E, ITP3W 
ITP3S, ITP3N 
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TABLE 5 (continued) 

Definition 

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. 0 otherwise. 

An indicator variable. 0 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. 0 otherwise. 

I=l, 365, J=l,20. Records number of "Trailer only" type 
flatcars on train scheduled to arrive at time ATIME(I,J). 
Initialized at 0 unless otherwise specified as tr.ain 
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 ITPl(I,J) except that "container only" type 
cars are provided for. 

The same as ITPl(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. 

IWEST, IEAST Initialize number of flatcars in outbound yard waiting 
ISOUTH, INORTH for train departure in a specific direction. 

LOADOF An indicator variable. 1 indicates inbound are being 
offloaded, or available for offloading at the siding. 
0 indicates no activity. 



Variable 

LO ADON 

LOADOU 

MXPARK 

MXRAMP 

PI CUP 

TIME SW 

TRANA 
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TABLE 5 (continued) 

Definition 

An indicator variable. 1 indicates that all cars at the 
siding are empty. 0 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 value of a random variable generated from a 
Q-GERT provided distribution. Type of distribution with 
associated parameters must be specified as program 
input. This value 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=l,20, into simulation 
if train scheduled to arrive during current hour. 



Variable 

ATT 

ATT(I) 

NDE 

. NREL(NODE) 

NRUN 

NRUNS 

PARAM(I,J) 

TBEG 

TNOW 
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TABLE 6 

Selected List 

Q-GERT Defined. Variables used for the 

Intennodal Terminal Simulation 

De£inition 

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

The value of attribl.lte I of the current transaction. 

The number of attributes associated with a transaction. 

The current number· of transactions il,1 a Q-node. 

The current run number for a simulation. 

Total number of runs for a simulation~ 

The Jth value of parameter set L 

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

The current time of the siml.llation• 
'· 



Subprogram 

Subroutine 
GETAT(ATT) 

Function 
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TABLE 7 

Q-GERT Subprograms Used in UF 

Definition 

The statement CALL GETAT(ATT) returns the attribute 
vector of the current transaction. 

ISTUS(IQ,ISER) The statement ISS=ISTUS(IQ, ISER) returns the status 
of server ISER associated with queue node IQ. 

Subroutine 
PTIN(IQ,TIME, 
TNOW, ATT) 

Function 
REMS'l'(ISER) 

Subroutine 
STAGO(ISER, 
NODE,TIME,O, 
ATT) 

Function 
XNINQ(IQ) 

The statement CALL PTIN (IQ,TIME,TNOW,ATT) places a 
transaction in an events file at time TNOW, with 
attributes ATT, to b.e placed in queue node IQ;at the 
TIME specified. 

The statement RTIME=REMST(ISER) returns the service time 
remaining on server ISER. 

The statement CALL STAGO(ISER,NODE,TIME,O,ATT) stops 
service on ISER and places transaction with attributes 
ATT in NODE at TIME. 

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 eliminated; however, the Q-GERT procedures are such that a 

user of the model need not be concerned with the detailed FORTRAN program-: 

ming in order to under.stand the model's logic and the manner in which it 

ftmctions. All FORTRAN programming associated with the model is accom-

plished through the use of User Functions that can be called when 

specified ev:ents oc¢ur during the simulation. These user functions are, 

in reality, programmer written subroutines that enable the modification 

of conditions in the system at any 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 associated supplemental programming are com-

plex. Therefore, in the discussion that follows, the model is divided 

into subsections to facilitate understanding. The Q-GERT ·.symbols and 

notation required for the model are defined in AP~ENDIX A. A complete 

graphical representation of the network is presented in APPENDIX B· 

Q-GERT Network Model · (Si!J?lif ied) . 

The Q-GERT network model for the intermodal railway tennirial re-

quires three supplemental FORTRAN programs in order to operate. These 

are: 

1. User Function (UF) 

2. Subroutin~ UI 

3. Subroutine 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 during 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 deferred 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 

simulation. Q-nodes 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 by the standard Q-GERT out-

put program are not representative of service times in the system. 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 sections. 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 the system. They are: 

1. The Day Clock 

2. A Control Node 

3. The Terminal Operation 

All of the components are interrelated and dependent on simulation time, 

yet they must function in a "real time" sense. This is necessary in 

order to approximate the flow of flatcars and containers through the 

actual system as closely a:s possible with the simulated system. Each 

of these components possess at least one special feature that controls 

simulation time. For example, the realization of any event that initi-

a t.es a user function automatically halts simulation time at the point 

the user function is called. Q-GERT is a discrete next event simulation 

language; therefore, control of the simulation will not return to the 

main Q-GERT program, and simulation time advanced, until all of the 

logic incorporated in the user function has been accomplished. 

The day clock is represented by nodes l and 2 in Figure 5. 

Node l is a source node. That is, this node does not require an ini-

tial incoming transaction to be realized. Current simulation time (TNOW) 

is set at zero at the start of a simulation. Node 1 is automatically 

realized at this time, and two transactions emanate from the node. One 

transaction is scheduled to again realize the node in a constant one 

unit of simulation time. The second transaction is sent with a zero time 

delay to node 2. Node 2 is a sink node. A sink node can end a simula-

tion after a 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 then represented by node 1, and one unit of simulation time repre-

sents one unit of clock time. The accumulated days of a simulation are 

recorded 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 main 

Q-GERT program. This includes time TNOW=Owhen node 1 is first realized. 

When c.ontrol of the simulation is in user function 1 at the start of 

each new hour 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 container on each flatcar. These 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 function 9 then 
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directs the program to specified statement numbers in other user func-

tiOns. Thi.s is accomplished by a call. to subroutine PTIN(80,0.0,TNOW, 

ATT) under specified conditions in a user function. Innnediately af.ter 

the call to subroutine PTINcontrol is returned to the main Q-GERT·p:ro-
. . 

gram. Any future events scheduled by previous us.er function: logic are 
. . 

placed in the mai.n program files, actions dictated to take place at 

TNOWaccomplished, and a transaction· with current· attributes scheduled 

to arrive 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 

th.e system as recorde.d in a user function, the current transaction 

attributes transferred to another point in the user function programs, 

and simulation titne, TNOW, held constant. Therefore, simulation time 

.does not advance in the i:nodel until it is directed to advance . 

. The terminal operation section in Figure 5 illustrates the gen-

eral flow of flatcar and container transactions through the system. An-

other example of a special feature of the model logic is also introduced. 

Nineteen of the twenty-six Q-nodes defined for the system have single 

servers with service times longer than the duration of any simulation 

ruri. In this example~ the servers following Q-nodes 13 and 25 have 

service ttmes of a constant 10,000 time units. This procedure insures 

.that transactions are held in specific Q-no<;les until they are directed 

to move by the occurrence of a.designated event durin& a simulation. 

The seven nodes of the terminal operati'on in FigurE;: 5 represent 

the major events that occur at an intermoda+ terminal. The modeling of 

these events i$, of course, mote 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 there is nothing to process. 

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 with outbound containers. 

5. Tractors arrive at parking lot and pickup preselected 

containers. They often deliver other containers for 

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 yard and wait for 

scheduled train departures. 
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The basic model logic required to simulate these events is what· is show 

in Figure 5. 

User function 1 at node. 1 is initiated at time TNOW = 0 and all 

incoming train arrivals are $chedu1ed fo:r the day. As the trains arrive, 

their flatcars are placed in the inbdt,md 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 a,t the scheduled arrival time plus 

container processing.time. 

Flatcars, now waiting in Q'-node 13, are moved to Q-node 25, the 

siding, when the conditions for switching .:ire 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 tommenc.e when the time of day is within the 

range of normal working hours for the siding crew. Each container on 

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 conditiop.s 

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 containers 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 th9-t are eligible for loading. The next step 

identifies those eligible containers that require special handling. 
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For example, most over-the-road trailers are loaded in pairs on the 

flatcars. Occasionally, a trailer has a unique destination that dictates 

it must be shipped individually on a flatcar. The final step before 

loading requires that containers being shipped in pairs be matched by 

destination. The containers are 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-node 29 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 there 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 combination departs the 

system over-the-road through node 61. 

The entire ,process continues, driven by the daily train arrival 
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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: 

L Three typ.es of flatcars are provided for in the model. 

a. Type 1 flatcars. Flatcars that can carry over-the,-road 

type trailers only. 

b. Type 2 flatcars. Flatcars that can carry over-the--road 

type trailers, or containers without an under carriage. 

c. Type 3 flatcars. Flatcars that can carry containers 

without under carriage orily. 

2. Three types of containers are provided for in the model. 

a. Type 1. containers. Over-the-road type of trailers. 

b. Type 2 containers. Contain~rs that can be equippeQ. 

with an under carriage for over.,.the-roacl. transport. 

c. Type 3 containers. Containers that can not be 

equipped with an under carriage. 

3. All containers are assumed to be forty feet long. 

4. 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 to 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 the inbound yard will generate 

a scheduled pick-up at the parking lot. These scheduled 

pick-ups can also generate containers for rail shipment. 

However, random container arrivals for rail shipment can 

not have a. container pick-up associated with them. 

Model 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 



68 

2. Containers 

3. Tractors 

The fourth transaction type is used to operate the day clock as pre-

viously described. The attributes associated with the flatcar, con-

tainer and tractor transactions are as follows: 

1. Attribute 1 is used to d.esignate the type of flatcar, 

container, or tractor a transaction represents. The 

possible values of this attribute are: 

Al=l Type 1 container~ flatcar, or tractor 

A1=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 

5. Attribute 5 designates the number of containers to place 

on a flatcar. Some containers have a unique destination 

and must be shipped individually. 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. Howeve.r, their purpose 

is to pass infonnation 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. Time duration to be simulated in days or hours. 

2. Train arrival schedule and compositionfor period to be 

simulated. 

3. Train departure schedule and capacity for period to be 

simulated. 

4. Initial yard and parking lot conditions at beginning of 

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

to yard for terminal operation to be simulated. 

6. Service time distributions for container offl,oading and 

container onloading at the siding and parking lot for 

tet'lllinal operation to be simulated. 

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

arriving containers. 

8. Terminal ramp activity working time. of day rules. 

9. Tet'lllinal 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. Priorities one and 

two must be designated. The options are as follows: 

a. Type 1 container. 

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 container waiting the longest in the 

yard. Any type 1 containers in the yard would take switching pre.cedence. 

I.f there were no type 1 containers, then priority would shift to the long-

est waiting. The method employed for reading in the required input for 

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

The Q-GERT logic for 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 

de.fined 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 process details 

.the number and type of flatcars in the train, the number of containers 

per flatcar, and t:he direction the flatcars are facing in the train 

relative to the terminal's siding. These data are then used to generate 

a single transaction for each flatcar with attributes describing the 

car's characteristics. Each transaction 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 carries one or more 

containers it is sent to node 11. It is sent to node 12 if it isempty. 

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~rtode 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 corr.esponding service 



"~
 

<(,
.v-

: 
~
·
-

\.
.~

 

TY
PE

 l
 

LO
AD

ED
 

TY
P

E
 2

 
LO

AD
ED

 

TY
PE

 3
 

.L
OA

DE
D 

TY
P

E
 I

 
EM

PT
Y 

I(
 

,~
 ...

...
...

...
 , 

a
i-

1
 

. r
 

TY
PE

 2
 

EM
PT

Y 

T
Y
P
E
~
 

EM
PT

Y 

IN
;B

O
UN

D 
l'.A

RO
 

FI
G

UR
E 

6 

..... I\
) 



73 

activity. Activity time for each of these is set at a cbnstant 10,000 

time units. This period of tinie is beyond that of total simulation 

time. Consequently, node 19 will never pe realized by any transaction 

on the preceding_ service activities unless soID.e actibn external to the 

network is prbvided. In addition, since the first transaction in a 

Q-node is placed illDllediately in' service on the activity following the', 

node, all other like transactions that ent¢rbehind the initial trans-

action are held in the Q--node. 

The c.ombination ·Of decoding the composition of an arriving train 

to generate a transaction with the proper attributes for each flatcar 

in .user function 1, and the branching logic employed at nodes 10, 11, 

and 12 effectively models the inbound yardclassificatibn function, 

associated with rail terminals •. The extended .service times associated 

with the activities following each Q-node of the yard insures that all 

flatcars will.rettiain in the yard until they are specifically called fot 

at the siding. Therefore, the (~-GERT logic l.\Sed to model the inbound 

yard adequately rep·resents the functions of the yard in an actual sys-
··-

tem. 

The Siding/Ramp 

TheQ-GERT logic for the siding/ramp operation is illustrated 

in Figure 7. Four user functions are required in ·this sectio.n of the 

model to facilitate the unloadin.g 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 conditional 

branching node, and four Q-node.s required to model the siding/ramp. 
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The. function of Jtode 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 nqde for the outbound 

yard and its us·e is diS1ucssed under that section. 

It was stated in the previous section that node 19 could not be 
realized.unless.there was an action taken that was not a part of the 

Q-GERT network. This external action is dependent· on two conditions. 

The first is the status of the siding~ The siding has a finite cap.acity 

for the number of cars that can be on the. siding. If it is occupied, 

then rio 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 some tertninals, there are no time lim;i. tations; for others, switch-. 

ings can only occur during certain hours~ these conditions can be 

specified for each simulation. Each tinle t,tser function 1 is called 

during a simulation the statu8 of the siding is checked. If it ::f,.s 

unoccupied, theq the time of day is checked to see if a switching can 

be scheduled. The discussion that: follows assttmes that these conditions 
1 · 

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

The first step in the sw.Ltching process is to check the inbot.md 

yard for container loaded flatcars. If there are none, the yard is 

checked for empty cars. !f there are no cars :i.n the yard, no switching 

.can occur. ~suming 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·l.ongas 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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Given that there are loaded flatcars at the inbound yard, the 

next step is to check the priorities for selecting cars, by container 

type, in the inbound yard that are to be switched. These priorities 

are read into the simulation as part of the input data. Two priorities 

must be designated. If no cars are in the yard that match these prior-

ities, then a third priority is established by default. For example, 

assume that priority one is set for Type 1 containers and that priority 

two is set for Type 2 containers and that the siding capacity is ten 

cars. Assume further that there are two Type 1, seven Type 2, and five 

Type 3 loaded cars in the yard. The priority rules would insure that 

the two Type 1 cars would be switched first) then the seven Type 2 cars 

would follow. This movement would leave a vacancy at the siding. There-

fore, one of the Type 3 cars would be switched to the siding. The in-

bound yard would contain only four loaded Type 3 cars after the switch-

ing, but this status would. change should a train arrive before the next 

switching could occur. 

The actual switching process is accompl.ished automatically once 

the first car to be switched is identified. For the purpose of this 

illustration assume that switching priority one is for Type 1 flatcars, 

the siding capacity is ten cars, and that there are twenty loaded Type 

1 cars in the inbound yard. All of the cars are facing in the proper 

direction for the siding. Referring back to Figure 6, the status of 

the server on activity l would be busy and there would be nineteen trans-

actions in Q-node 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 currently on activity 1 would 

be removed through a call to subroutine STAGO(l,19,TIMESW,0,ATT). Since 

the server at activity 1 is now idle and. there are transactions in 

Q-node 13, the server is immediately made busy by the next transaction 

in the queue. The call to subroutine STAGO, with related arguments, 

causes an event to be scheduled to occur. Simply stated, the trans-

action, complete with assigned attributes, that was on activity 1 is 

scheduled to realize node 19 at time TNOW + TIMESW. The events that 

follow are illustrated in Figure 7. 

The major concentration of activity for an intermodal terminal 

is centered around the siding/ramp area. In the model, this activity 

begins when node 19 is realized. Attribute 3, the facing direction of 

the flatcar, for the arriving transaction is first tested. If the car 

is reversed, the transaction is routed through node 36, where user func-

tion 2 is called, and placed in Q-node 37. Q-node 37 is, in effect, an 

extension of the inbound yard and any car in this queue will be the 

first moved to the siding if a switching is in progress. In this ex-

ample, 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 the server on activity 8 to be made busy. 

Control of inbound switching is now in user function 3. TNOW 

was halted when this function was called and the capacity of the siding 

was decreased by one for the transaction that is now on the siding. The 
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status of activity 7behind 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 serviee ·on activity 7 is stop-

ped, a corresponding.transaction inserted at node 20, keeping control 

in user function 3, and the .transaction is routed into Q-node 21. .If. 

there a,re 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 l 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 act;i.v-:-

ity is complete. 

Prog·ram contrc:>l is passed to user function 1 at the completion 

of switching and the status of the system is checked to dete:rmi'he if an 

offloading activity can begin before control is returned to the main 

Q-GERT program. This activity can start if the stvitching is completed 

during notmal working hours. A. provision is provided for overtime work, 

but this must be stipulated prior to the start of the simulation. 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 nopnal 

working hours are indicated, the container offloading activity is initi-, 

ated. 

The container offloading process is started in user function 1 

.by removing the transaction on activity 8 and placing it in node 22. 
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This. is accompJ-ished 'by generating a time to begin the offload (TIMEOF) 

and calling subroutine·STAG:0(8,22,TIMEOF,O,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 transaction 
. , 

are first accessed in U$er 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 deterniined by the value of attribute 2. the· cuq·ent sta-

tus of the parking lot is then checked. If it is full, the container 

to he 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 su}?ro.utine PTIN(INQ,UNTIME, TNOW~ATT). 

The call to subroutine PTIN generates a new transaction to be 

placed into Q-node 1NQ in TNOW+ UNTIME ti'llle units each tinie 1.it is made. 

The transaction's simulation mark time will be mow, and its attributes 

will be the s.ame as those associate4 with the transaetioti that initiated 

the call to user function 4. There will be as niany calls to subroutine 

l?TIN as the value of attribute 2 indicates. It follows that if an empt.y 

car is indicated and attribute 2 equals zero, this call will not be .ma.de. 

When all containers on a particular flatcar have be~n offloaded; the 

status. of the server on activity 8 is checked. If the server is busy, 

a call to STAG0(8,22,0.0,0,ATT) is scheduled and control J..s returned to 

thelllain program •. This call reinitiates user function 4 at simulation 
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tinie TNOW·and the unloading process continues •. When the server status 

check for activity 8 indicates that the server is idle, all flatcars 

have been offloaded and currently reside in q.;.node 23. The loading: of 

containers on flatcars can now begin wl).en the enabling conditions of the 

sys·tem are pToperly set. 

The initial system condition requirements for the start of a 

container onloading process is silJli;l.ar.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 the transaction· 

in service on activity 9 behind Q-node 23 is removed and placed into 

node 24 through a call to subroutine STAGE(9,24,TIMEON,O,ATT). A call 

is made to us:er function 5 at node • 24, but a tra11saction ..!!, not auto--
. . . 

. . . 

'. mat::foally ·routed to q:..node 25 • At this point the m0del'slo~ic becomes 

more complex. The logic required must insure that specific type contain-

ers be loaded on specific type flatcars. Additionally, when two contairi-

ers ·are loaded .on one flatca.r, which is usually the case, the containers 

mU$t also be matched by a common destination. If there are no ·suitable . 

containers in the parking lot for tQ.e flatcar currently being processed, 

then the car must be switched to the outbound yat>d empty. The rail 

departure section of the parking lot is intricately involved in .this 

process;. Reference should be made to Figure 9, Q-nodes 43J 44, and 45, 

wtth the corresponding activities 11, 12, art4 13 for the following 

discussion. 

Us:er function 5 i.s called when node 24 is realized at the start 

of the ortloading activity. mow 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(S0,0.0,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 system 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 retained. 

3. Control is retained in user function 5. 

The value.of attribute 1, the type of car, is then compared with the 

server status of a corresponding type of container in the parking lot. 

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(25,0.0,TNOW,ATT) iscalled to place an empty car, which 

is now-.a new transaction, in the outbound Q-node 25. The _status of the 

server on activity 9 is checked. If the server :ts 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 advance. 

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 characteristics of the container be checked. This 

information is recorded as the value of attribute 5 for the container. 

The server number of a selected container is recorded as ITYPE. A call 

is then made to subroutine STAGO(ITYPE,80,0.0,0,AT'l'). This removes the 

transaction from activity ITYPE and places it in control riode 80 as the 

current simulation transaction with zero units time delay. A call is 

then made to subroutineGETAT(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(25,0LT!ME,TNOW,ATT). 

This genel;'ates 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 tqat 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 loaded. 

These attribute values are then compared to the corresponding attribute 

values of each of the other preselected containers in the parking lot. 

If no match occurs, the original 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 is one conditional branching node, five network nodes, four 

Q-nodes and five statistics nodes. The outbound switching conditions 

of the system are checked in user function 1. The time to switch to 

the outbound yard (TIMEOU) is generated and a call is made to subroutine 

STAGO(l0,26,TIMEOU,0,ATT). The transaction on activity 10 is placed 

into node 26 at time TNOW + TIMEOU. This transaction is routed accord-

ing to the value of attribute 4, the destination attribute. If the 

routing is to any node, but node 35, the car is loaded and user function 

6 is called. The transaction proceeds to the appropriate outbound 

queue while the next transaction is removed from activity 10 and placed 

in node 26 through user function 6. This process continues until all 

cars have been switched from the siding. 

An empty 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 in the inbound yard of this type is below those specified, 

the car is routed to the proper Q-node at the inbound yard. Should 

there be more 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. 



EA
ST

 
(C

0,
10

00
0)

 
Uf

il 

UF
 

<c
o,

10
00

0>
 

lrnJ
 

W
ES

T 

(C
0,

10
00

0)
 

[IT
] 

NO
RT

H 

UF
 

(C
0,

10
00

0)
 

IIID
 

SO
UT

H 

-
~
 

~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
"
"
\
I
T
/
 

OU
TB

OU
ND

 
YA

RD
 

FI
G

U
R

E 
8 

00
 

~
 



85 

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 the system through 

statistics nodes 28, 30, 32, and 34. Any cars in the outbound yard at 

the beginning of a day will be automatically classified for a scheduled 

departure. All matching cars arriving in the yard before departure time 

are eligible for the train, given that space exists. This feature, 

coupled with the branching activities at node 26, provides the outbound 

rail classification feature of the model. 

The above discussion of the inbound yard, 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 

generate the transactions that represent the flatcars in the outbound 

section of the siding. The discussion that follows will describe the 

way container 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 and are ref erred 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 system via the road. 
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The. Cont,airier Parking Lot, Rail Departures 

Figure 9 illustrates the rail departure sectionof the contain-

er parking lot consisting of nine nodes, plus Q-n.ode 70 which is shared 

with the. road departure section for overflow 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 parkingQ-riodes 

43, 44, and 45 balk. to Q~node 70, yet they all have infinit.e capacities 

defi..ned. The satne situation is true 'fot 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, conceiv-. . ' 

ably, contain the µia.ximum nutnbet of containers permitted in the lot and 

if the Q-nodes were defined in this way, the mbdel's parking lot could 

easily operate over ca:pa¢ity. To divide the parking capacity among the 

Q-nodes'wo1.,1ld also be.unrealistic. The method 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 time a cont,ainer is placed in the lot and 

incremented by one for each container that leaves the lot. This includes 

thos.e containers that are placed in the 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 z.ero, 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 simula-

tion. Q-node 70 is checked at the end of each day. If there are no 

transactions in the queue, the observation and the value of MXPARK are 

recorded. The total number in the parking lot is computed. If there 

are transactions 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 that can be moved are placed in the lot and the residual, 

if any, remain in overflow parking for the following day's operations. 

These daily observations are used to compute some of the output statis-

tics. These are discussed in detail in the chapter on implemen~ation. 

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 

entered the inbound yard. The random container arrivals are generated 

at node 40 where user function 8 is used to determine their type, des-

tination, and any special handling requirements. They are then entered 

at node 42 by a call to subroutine PTIN. At node 42 the containers 

branch according to type and enter their particular queues. They are 

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 of 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 the siding/ramp operation. Matching tractor trans-

actio.n.s were generated for the containers transaction as the flatcars, 

loaded"W"ith containers, were first placed in the inbound yard. The 

tractor transactions are scheduled to arrive at node 60 with a sufficient 

time delay to permit the p1rocessing. of the container transactions through 

the system. That is, to move from the inbound yard to the parking lot. 

The value of attribute 1, for all types of transaction in the model, 

designates the type of containers that are perni.itted to be associated. 

with the transaction. This discussion will illustrate how the tractors 

are mated to the containers, and are then removed from the system. The 

operation of balking feature from the container parking queues to.· the 

overflow Q..,..node 70 was discussed in the previo,us section. 

Inbound container. transactions a:re placed :into Q-nodes 49, . SQ, 

and 51 based on the value of attribute 1 for the flatcar transaction 

from which they were generated. For example, assundng a transaction 

representil'lg a type 1 flatcar at the inbound siding·with the value of 

attribute 2 equal to two.. Two transactions would then have been placed 

in Q-node 49 when the car was offloaded. The value of attribute l for 

each of these transactions would be set equal to one. Two t-ractor 

arrivals, also with attribute 1 values of one were scheduleq to arrive, 

and will everttually pick up the tWo 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 p+ocessing 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, and 56 provide the required match ... 

ing function. The Q-GERT logic of matching nodes is such that trans-

actions in queues on their input side can be combined, based on attribute 

value, and routed as a single transaction to a node on their output side. 

A tractor arrives at Q-node 58, and the value of attribute 1 is one. A 

container residing in Q-node 49 will also have an attribute 1 value of 

one. Match node 52 will recognize this condition, remove each trans-

action from its respective Q-node, and place a. single corresponding 

transaction in Q-node 53. If the server on activity 20, following Q-node 

53, is idle, then the departing tractor-trailer combination will be 

processed out of the system through node 61. The purpose of user func-

tion 10 at node 61 is to increment the current capacity of the parking 

lot, MXPARK, by one. The processing of type 2 and type 3 containers is 

performed in the same manner, with the value of attribute 1 set at two 

and three respectively. 

Data Input.for the Intermodal Terlninal Q-GERT Model 

The Q-GERT defined data input required to program the model is 

listed in Figure 11. There a.re 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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CAR IS REVERSED 

FIGURE 11 

Data Input for the Intermodal 

Terminal Q-GERT Model 



93 

FIGURE 11 (continued) 
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ten user functions. These FORTRAN written subroutines range from a 

simple, one statement procedure used in user function 2, to the very 

complex logic of user function 1. The description of the logic 

employed for the model that follows is limited to a general discussion 

which explains the function of each subrbutine, 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 de$ignci.ted 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 

beginnirtg of the subroutine. For example, if IFN=l, 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 zero. The model's 

clock time, IHOUR, is set at 00:00 hours of day one, when TNOW equals 

zero, representing the beginnirtg 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 !HOUR 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 and "daily" events to be scheduled at the 

start of each hour, or day, if required by the system. l'NO:W 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 provi.des the logic required to schedule trans-

actions tl;lrough the system. This logic includes the input of train 

arrivals and departures, enforcement of car switching prio,rities, inter-

pretation of working rules, the timing of all transaction movement 

through the terminal, parking lot monitoring, and the colle,ction of 

observations used for the output statistics fot' a simulation. The 

logic in this function als,o provides the means to initialize the status 

of the system at the start of a simulation run (TNOW=O.O). This is 

accomplished by assigning attriI:rntes to transactions representing 

appropriate numbers and types of flatcars, containers, and tractors in 

the system. 

User function l is specified at source node l in the Q-GERT 

network model. As previ.ously no:tied, 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 ti:tning J;equired for the system. 
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The simulation c::lock, IHOUR (initialized at zero), is incre-

mented by one each time the FORTRAN program for the network is entered 

at user function 1. The value of !HOUR is then tested.· 1f IHOUR is 

less 24,· the simµlation is in a current day, and the status of the sys-

tem at time IHOUR is checked. If !HOUR is equa.1 to 24, a current day 

has just ended, the status of the system is updated, .the results of the 

day's operations are compiled and re.corded, and the collector and indi-

ca.tor variables·· re..;.initiated for the coming day's operations. In the 

discussion that follows, the end of a day's logic is first presented, 

then the logic for daily operations follows .• 

When the status of the system indicates that a day has just 

ended, the current status of the overflow parking lot (Q-node 70) is 

checked. Trans;actions ·representing containers were placed in the oV'e~ 

flow parking lot during the' current day,·if at any time during the day 
·. : .· 

the regular parking lot is full. Should there· be any transactions in 

the overflow lot, the server for activity 14 behind q ... node'70 will be 

busy. If the server is busy, overpa.rking occurred during the day, and 

the status of the parking lot is updated before collecting overparking 

observations. :If' the server is idle, no overparking occurred 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 !OVP (IDAY) 

equal to the number 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 detepnine how many 

spaces are available in the regular parking lot. If MXPARl< is equal to 
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zero, the regular lot is full, and the day's overparking, IOVP(IDAY), 

remains unchanged. If MXPARK is greater than zero, there is space avail-

able in the lot and overparked containers are moved from the overflow lot 

to the regular lot until the regular lot is full, or all overparked con-

tainers have been moved. This is accomplished through a call to subrou-

tine STAGO(l4,80,0.0,0,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 parking lot via user function 

9. The current capacity of the parking lot, MXPARK, is then decreased 

by one, and the va~ue of 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,O.O,TNOW,ATT). 

Once the parking lot section of the model has been updated to 

reflect the current status of the system at the end of a day, IHOUR is 

re-initialized to zero for the coming day. The day's total parking, 

IPARKT(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 program 

logic. Railroads, generally, operate their trains seven days a week 

during the entire year. The loading and unloading terminal operations 

do not, as a rule, follow this pattern. These activities, including 

container pick-up and delivery, are usually on a five-day-a-week 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 particular 

terminal facility. The indicator variables !SAT and ISUN are used for 

this purpose. They are initialized 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 !SUN equal one, work is per-

mitted. If either 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 nth ten 

train arrivals and departures per day. Individual train arrival times,. 

ATIME(IDAY,M), and departure times, DTIME(IDAY,M) are originally ini-

tialized in subroutine UJ: at 25.0 hours. Scheduled train arrival and 
. .. 

departure times can then be re-initialized in subroutine UI to specific 

times for individual train arrivals or departures on a given day. These 

input 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 AT!ME(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 th:e 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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a train's simulated arrival time is set equal to the scheduled time, 

plus or minus, a random deviation. The procedure provides for a more 

realistic train arrival pattern during a simulation. 

An arriving train's loading configuration is read into the simu-

lation at the train's arrival time during a run. The type, number, and 

container loading of the cars on a specific train was stored through 

subroutine UI, when the 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 type 1 cars such that there are five cars loaded with two 

containers, two cars with one container each, and no empty cars on the 

train, the train's configuration storage variable, ITPl(IDAY,H), indi-

cating the day of arrival, and the train's container loading would be 

coded as follows: 

ITPl(S,2)=12050200 

Reading from left to right, the variable ITPl(S,2) first two digits (12) 

indicate that there are twelve cars on the train. The third and fourth 

digits (05) indicate that five of the cars are loaded with two containers 

each. Digits five and six (02) specify that there are two cars with one 

container each, and digits seven and eight (OD) 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 the 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 transactions representing a flatcar are as follows: 

Possible 
Attribute Values 

1 1, 2, or 

2 O, 1, or 

3 

3 

2 

Definition 

Car type 

NUmber of containers 
per car 

Facing direction 
of car 

The cars (transactions) can then be individually placed into branching 

noc;le 10, representing the entry point of the .inbound yarc;l of the Q-GERT 

model~ through a call to subroutine. PTIN (10 ,ARR, 'l'NOW,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 e:xpected offload 

time for planning purposes. Others wait until the contairter is on the . 

grouiid before notifying the consignee. An indicator variable, NGND, is 

incorporated into the II10del to specify which notif i·cation rule is in 

effect for a simulation. If NGND is initialized at one, notification 

will. take place after a container has been offloaded. tf NGND is equal 

to zero, notiUcation will be accomplished when a container enters the 

·.yard on a flatcar. In either case, pick-up times must be scheduled and 

matching tractor transactions for the containers entered into the simu-" 

lation at the scheduled times. H 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 times, 

DTIME(IDAY,I), are first initialized at 25.0. Specific departure times 

are then entered. The coding required for the configuration of a depart-

ing train consist 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, the 

coding would be as follows: 

IDEPT(IDAY ,1)=4025 

Reading from left to right, the first digit of the code (4) indicates 

the direction of the train, and the last three digits (025) indicate the 

maximum intermodal flatcar capacity permitted 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 

departure during the day. Cars waiting at the outbound yard for a 

train departure at the beginning of the day are given priority on the 

day's scheduled outbound trains. After all possible waiting cars have 

been scheduled to depart during the day, cars arriving at the outbound 

yard 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 opel;"ations. 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 durin.g the simulation. 

The indicator variable, !NIT, is set equal to zero in subroutine 

UL This permits the system'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, 

!WORK, is tested., If IWORK is equal to one, a normal work day is indi"'.' 

cated, and the status of the siding is checked. If !WORK equals zero, 

no work is permitted and control is returned to the main Q-GERT program. 

Each simulation run begins with the first day (!DAY=l) assumed to be 

Monday, a working day, and the time of day set at 00:00 hours (IHOUR"'.10). 

Therefore, IWORK=l, and the first action, after system initializat:ion, ' 

is to test the siding operation. 

Whenever the siding is empty, the indicator variables ISWTN 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. Assum!ng that both variables are eq'Ual 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 he ,modified for more compleJr 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 

current day and 8:00 AM of the following day. Since any car ~tching 
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onto the siding must be accomplished prior to 8:00 AM for any day, any 
\ 

cars on the siding at 8 :00 A...~ will remain there until 6 :00 PM the same 

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 one 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 cart 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 IPRil and 

IPRI2, which are initialized in subroutine UI, and establish the follow-

ing priorities: 

Priority 

0 

1 

2 

3 

4 

IPRil, IPR12== (O, 1, 2, 3, 4) 

Definition 

The type of car with the longest 
number in the yard 

Type one cars 

Type two cars 

Type three cars 

The type of car waiting the longest 
in the yard 
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IPRil will take precedence over IPRI2. If neither IPRil, 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 nutnber behind 

the q..,.node -containing the cars to. be switched. The time reqt,tired to 

switch (TIMESW) the first car is randomly sampled from a switching time 

probab:Uity distr1bution. The indicator variable NSW!N (set at zero at 

the start of each day) is incremented by one to record the 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 irt the inbound yard .is calculated .and the value recorded •. A. 

call to subroudne STAGO(IQ,19,TilfESW,O,ATT) then removes the trans-

action currently in service ori activity IQ~ and places it in branching 

node 19 at time TNOW+ T!MESW 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. called. If the car is not 

reversed, the transaction is sent to regular node 20 where user function 

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 inoving these additional cars Will be discussed in the sec-

ti.ons for these user functions. 

At any titil.e the irtdicator variables ISWIN, or ISWOUT, , are equal ' 

to one, th:e siding Will be occupied. In this event, the. program logic 

detenni.nes if the cars at the siding can be offloaded, onloa,ded, or 
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switched to the outbound yard. The first step in this part of the pro-

gratn is to test the time of day. The daily working rules for loading 

.and offloading containers stipulate that normal warking hours are 

between a:oo AM and 6:00 PM. If IHOtJR is outside this range, the 

stat.us of the siding is tested to determine if cars can be switched 

from the siding to the outbo~und yard. Should !HOUR 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 

of £loaded, onloaded, the.rt sWi. tched to the outbound yard. Consequently, 

· if the siding is occupied, the first check is for an offloading activity. 

The indicator variable LOADOF is set equal to one when o.ffloading begins. 

LOADOF is set to zcero at the completiort of the activity. Therefore, if 

LOADOF equals one, an offload is in progress and control is returned to 

thetnain 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. th,e first containe:r to be offloaded is scheduled to be removed 

from a car by a call to subroutine STAG0(8,22,TIMEOF,O,ATT). This 

action removes the transact;t:on in service on activity 8 and places it 

in regular node 22 at time TNOW+ TIMEOF. User function 4 is specified 

as the tt"ansaction passes through node 22. All other cars to be off-

loaded are processed by the logic programmed irt user function 4. 
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An idle server on activity 8 indicates that the cars at the 

siding have been previously offloaded. 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 

activity is initiated by a call to subroutine STAG0(9,24,Til1EON,O,ATT). 
I 

The transaction in service on activity 9 is removed and placed into node 

24 at TNOW + TIMEON. User function 5 is specified at node 24 and the 

container onloading process 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 

server 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; 

ti.me required to switch, TIMEOU, is determined and a call to subroutine 

STAGO(l0,26,TIMEOU,O,ATT) is accomplished. When node 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 

the siding through node 20. Should the value of the attribute be zero, 

a reversed car is indicated, and a delay time is encountered to turn the 

car prior to 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 additional routing. However, model 

logic also requires that the next car in the yard be moved from the yard 

to the siding as long as there is space available on the siding. User 

function 2, therefore, simply transfers prograni 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 described below. 

User Function 3 

User function 3 is specified at node 20 each time a transaction 

is routed from the inbound yard of the model to the siding. The purpose 

of this user function is to initiate the switching of the next car in 

the yard to the siding. A variable, ISWITC, is used to indicate the 

current number of cars switched to the siding during an in-switching 

operation. When the value of ISWITC is equal to the maximum number of 

cars permitted on the siding, the switching operation is stopped. 

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-

versed car has been turned and is ready to be placed on the siding. In 

this event, a call is made to subroutine STAG0(7,20,0.0,0,ATT) and 

simulation control is returned to the main program. This action causes 

the transaction currently in service on activity 7 to be placed directly 

on the siding via node 20 with a zero time delay through the main Q-GERT 

program. The realization of node 20 using this method allows user 

function 3 to be inrrnediately 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 are moved from the inbound yard 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 of the siding. If the server, IQ, should become idle, 

indicating no remaining transactions in the preceding Q-node, and there 

is still room on the siding for additional cars, program control is 

returned to user function 1 to determine if there are lower priority cars 

available that can be switched. The process continues until the switch-

ing activity is complete. 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 the main program. 

User Function 4 

User function 4 is called when containers are offloaded from 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 STAGO(S,22,0.0,0,A!T) in user function 1. A call to sub• 

routine GETAT(ATT) in user function 4 returns the values of 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 on the car. This information is used to generate separate 

transactions representing containers to be placed in the over-the-road 

departure section of the parking lot. Additionally, a container pick-

;up (tractor) transaction is also generated for each container placed in 

this section of the parking lot if the indicator variable NGND is equal 

to one for the simulation. Should the regular lot become full at any 

time during the process, containers that are removed from the cars are 

placed in the overflow parking lot. 

The cars at the siding are offloaded individually, removing one 

container at a time. An offload tillle 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 8 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 STAG0(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 STAG0(9,24,TIMEON,O,.ATT) in user function 1. The attributes 

of the transaction are accessed by a call to subroutine GETAT(.ATT). The 

value of attribute one identifies the type of container that must be 

accessed in 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 loaded on the car. Otherwise, the cars remain 

empty. 

The logic contained in user function 5 tests the values 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 characteristics. 

Ordinarily, two containers are loaded on flatcars 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 cat'. The test for the con-

tainer loading conditions is such that transactions cannot· be. moved 

directly from node 24 in the model to Q-node 25. Therefore, 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 that are 

required to be loaded on the car type being processed. The correspond-

ing transactions in the parking lot are then retaoved individually. The 

value of attribute 5 is tested for the first transaction re10.0ved~ 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 value of attribute 5 for the initial trans-

action that was removed be eqUal to two, the parking queue mu~t be 

sear.ched for another transaction nth a matching destinat.ion. If no 

.match exists, the container is. loaded individually and the parking 

capacity is increased by one. !f 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 available by the loading 

of two containers. 

After each flatcar has been processed for loading by this user 

function, the status of the siding is again tested to determine if other 

cars are available for loading. If the server on activity 9 is busy 

there is at least one additional car to be processed. Subroutine STAGO 

(9,24,0.0,0.ATT) is recalled, and the onloading continued until there 

are no cars remaining to be loaded. When all cars have been processed, 

indicator variables are set to indicate there are cars at the siding 

waiting for outbound switching. Program control is returned to the main 

Q-GERT program, and simulation time is allowed to advance. 

User Function 6 

When the status of the system indicates that a switching 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 subroutine STAGO(l0,26,TIMEOU, 

0,ATT) in user function 1, which removes the transaction in service on 

activity 10 and inserts it into conditional branching node 26. 

Transactions realizing node 26 are routed to following nodes 

based on the value of attribute 4. This attribute records the outbound 

direction of a flatcar, or indicates that the car is empty. The possible 

values of attribute 4 are as follows: 

Value 

1 

2 

Definition 

East bound 

West bound 

Outbound Q-node 

27 

29 
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Value Definition Outbound Q-node 

3 North 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. If the value of the attribute is five, user function 

I 7 is specified for the special handling of .empty flatcars. When either 

of these user functions is specified, however, cars are sequentially 

removed from activity 10 as long as there ar.e 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. Empty cars can be retained in 

the system instead of being shipped to another destination. The modeler 

selects th.e maximum desirable number of empties that are to be permi.tted 

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 number is below that specified, the car is re-

turned to the proper 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 function 8 is provided to assign values to attributes 4 

and 5 f.or random over-,the-road container arrivals of the.system:.: Once 

these values have been determined, they are associated with the arriving 

transaction for the r.ail. departure section of the parking lot. The 

transaction is then placed into conditional branching node 42 where it 

is routed to the proper parking Q-node to await a flatcar for lea.ding 

outbound. 

User Functi.on 9 · 

This user function perforiil.s two extremely important activities 

for the :inodel. First, when. user function 9 is specified, control of 

the program is in the main Q-GERT program. This is accomplished by 

.cal1ip.g subroutine PTIN(SO~tIME:,MARKTIME,ATT).at various locatibrts with--" 

in Function UF(EFN), followed by a ~TURN 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 

s.imulation time. The only purpose of node 80 in the network is to 

specify U$er function 9. the logic in this user function is such that 

every· time. the function is enteted at user function 9 the attributes of 

the current transaction are retrieved, and program control is then 

immediately passed to the point within Function t:JF(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 ANS! FORTRAN specificatibns 

that forbid recursive calling within functions. 
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The second activity provided by user function 9 is to place 

arriving over,-the-road containers in the parking lot that enter the 

system with scheduled tractor container pick-ups~ This method of 
. . 

piacirtg outbound (rail departure) containers in the system is employed 

when the system specifies that container consignees are notified to pick 

up a: container arriving by rail when the flatcar enters the inbound yard. 

'.[he main purpose of this logic is to. decrement the current capacity of 

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

User Function 10 

The purpose of user function 10 is to increment the current 
. . . 

status of the parking 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 c.ontainer that departs the system over-

the-road that is to be .returned after it has beeri. offloaded.by the · 

consignee •. This is accomplished by a call to subroutine. PT!N (80 ,DELAY, 

TIME,TNOW,ATT) as the container departs the system via statistics nodes 

61, 62, or 63. 

' Supplemental Comp1,lter ?rograms 

There are three computer subro1,ltine FORTRAN programs required 

for the intennodal terminal simulation, in addition to the Q-GERT data 

needed to <:lescribe the model. These are S1.lbt"outine UI (user input), 

Function UF(IFN) (user function), and Subroutine UO (user output). 

Together, the entire mo<iel requires appron:inately 16 seconds on art lBM 

360/165, Model 2 computer to compile and link the model's subroutines 

with the Q-GERT Analysis Program. The· execution step uses apl'ronmately 
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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 UI and UO are described below. 

Requirement. for Subroutine UI 

The primary purpose of subroutine UI is to read into the simu-

lation the values of the variables needed to define the system to be 

studied, to establish switching priorities and weekend working rules, 

and to provide the vehicle to read in and store train arrival and de-

parture schedules until called for during the simulation. Although 

this subroutine is used to establish the initial values for variables 

to describe the beginning status of the system, it is not used, in the 

conventional manner, to initialize the status of the system. This 

feature in the system initialization is accomplished through a special 

routine incorporated into function UF(IFN). An example of the FORTRAN 

program listing for subroutine UI is included in APPENDIX C. 

The indicator variables INIT, and INPRO, are set at zero in 

subroutine UI to enable the programming logic in function UF(IFN) to 

place the desired number of transactions, t-7i th 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 associated with the parking lot, and the inbound and outbound 

yards. Additionally, the variable IDAY is· set equal to one, and IHOUR 

is initialized at zero. These four variables, INIT, INPRO, IDAY, and 
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!HOUR. set·the conditii:>ns necessary .for the simulation to operate. The 

remaining varial:>les initialized in this subroutine establish the condi-. 

tions of the system that are sufficient for the model to represent the 

spe.cific terminal under study. 

The values of the variables MX:RAMP and MCAP essentially define 

the size of the systell1~ The 100del assumes that there will.always be 

adequate .room. for flatcars in the inbound and outbound yards. There~ 

fore, the initial val~ of MXRAMP sets the maximum number of flatcars 

that are perinitted at the siding at any point in time; a physical lim-

itation at any terminal. . Likewise; the initialized value of MCAP 

establishes the maxinn.nn number of containers that can be spotted in 

the regular. parking lot. A system variable; MXPARK, is set. eq'Uc9.1 to 

MCAP on iriitializatidn, and records the current capacity of the park.~ 

ing lot at any point iri time during a simulation run. 

Inbound flatcar switching priorit.ies and.weekend work rules for 

a simulat:ion are also established on system initialization. The va.ri-· 

ables IPRil and 1P1U2, as previously discussed, designate . Which cars · 

will be moved first from the inbound yard. The working rule indicator· 

variables ISATand !SUN, provide the option to shut down the siding 

and parking lot operation cm weekends. If either of these variables 

are initialized at zero, there will be no work on the days indicated 

during the si:l!lulation. This i.s. accomplished by setting the work day 

indicator Vari.able, IWORK, equal to zero at appropriate times during 

a run. IWO;RK 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-

ficat.ion Will take place after a container is offloaded fro.in 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 duj:'ing a run •. Tb.e !llOre important ones are NSWIN; NOFF, 

NON, and NOUT. These variables, used in conjunction with the current 

value of IDAY, establish the nutnbe:r of switches to the inbound yard, 

container offlqad activities, container onload activities, and out-
. . . 

bound switches for each day during a simulation. Other.variablesare 

used to.accumulate the numbers of flatcar transactions, by type, for. 

a given run. 

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 L 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 com.position is also 

provide.d for by coding the variables ITPl(I,J), ITP2(I,J), and ITP3 

(I,J), as descriped in the 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 



120 

coded such that the departing direction and maximum capacity of each 

train can be read into the simulation at the proper time. This pro-

cedure was also discussed in the previous section. 

The FORTRAN coding required to initialize a simulation requires 

that input values be determined for forty-eight variables .to define the 

system. In addition, the arrival and departure schedule ll1ust be pro-

vided for. The number of variables requiring user supplied values 

will vary depending upon the number of days to be simulated, and the 

number of train arrivals and departures per day. For example, the 

simulation of one system for a period of sixty-three days required one 

hundred fifty FORTRAN statements to define the arrival schedule, and 

thirty-two additional statements to provide for train departures,. 

Reg uirements for Function.· UF (IFN) 

There are approximately seven hundred eighty (780) FORTRAN pro-

gramming statements required for function UF (IFN). This. part of the 

model, as described in the section on user function logic, provides 

the timing required for the system and enables the collection of obser-

vations about the system each_ time the status of the system changes. 

The observations gathered during a run of a simulation in this sub-

routine are then accumulated in subroutine UO. APPENDtXD contains 

the complete FORTRAN program listing for function UF (IFN). A discus-

sion of the collector variables used in this subroutine is given 

below. 

The container parking facility is of prime interest when eval-

uating 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 IP AR.KT 

(IDAY). IOUP{IDAY) is used to record any container overparking that 

occurs on any day during a run. MOVE(IDAY) records the number of con..,. 

tainers moved from the overflow lot to the regular lot. The total 

number of containers in the regular parking lot each day is recorded 

as IPARKT (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 

during the day. The total number of cars switched to the siding is 

accumulated by ISWINT(IDAY,NSWIN). Outbound switching times from the 

siding to the outbound yard are gathered by the variable TSOUT(IDAY, 

NOUT) and NSWOUT(IDAY,NOUT) is used to record the number of cars 

switched to the outbound yard. Container 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 nU1Ilber of containers loaded, or unloaded, are recorded 

by LCON(IDAY,NdN) 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 sµbroutine 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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Stibroutine 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 

easi.ly interpreted b'y ati individual not completely familiar with the 

model and the programtner written FORTRAN logic. Furthennore, because 

of the unique way seI'Vers associated with.activities following Q.:..nodes 

are employed in the model, the standard output statistics concernirtg 

server utilization can be misleading. This is also true of the out-

put statistics compiled for the sink anci statistics nodes at the end 

of a simulation. l'his 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 

a.ttempting to interpret the results of a silnulation based on the stand-

ard output statistics generated by the analysis package. Fortunately, 
.· .. 

. ' . . . . 

this problem can be minimized through the use.of the prograttnner writ~ 

.ten 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 be accessed in subroutine UO. 

This.subroutine is automatically called·by the main Q-GERT program 

just prior to the compilation of the standard output statj..stics at the 

end of each run. Thetefi:>re, all data collected by the Q-CERT program 

during a run is available for calculations in subroutine UO at the 

end of a run. For eJCample, the average waiting time of all trans.,-

actions passing through a Q-node during a rurt canba accessed through-

the Q-GERT ftmction AVEWT (NODE), and the average number of trans-

actions in a q .... node for the run can be accessed through function 
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TINIZ(NODE)/TNOW, This Q-GERT feature, coupled with the programmer 

collected data in function UF(IFN), enables the compilation and format-

ting of the simulation output in a more readable form. For the Inter-

modal Terminal Model, the output subroutine requires three hundred 

forty-eight (348) progrannner written FORTRAN statements. A listing 

of subroutine UO is included as APPENDIX E. An example of the program-

mer fonnatted 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 ear'-

lier phases of this process, the results of a simulation run were 

compared to precomputed results that were based on hypothetical input 

data. When the model was more fully developed, comparisons were 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 which 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- c 

cedures suggested by Law [29 and 30]. Then, confidence in the validity 

of the model is established by inference. 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. 

Th.e original construction of the model was based on interviews 

with experts who provided information on intennodal operations, and 

experience gained through the observation of an actual terminal system. 

The components of the system were then incorporated into the model 

such that the system developed represented the primary elements of an 

intermodal terminal. The model was then tested using constant trans-

action inputs for the system, coupled with constant activity servi.ce 

times, to confirm that transactions flowed through each component of 

system as intended. After each section had been individually tested, 

verification of the overall performance of the model was accomplished 

by comparing 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 model did adequately 

represent intermodal railway terminal operations. Therefore, a meet-

ing was held with several' individuals that are expert in intermodal 

operations. The model was presented to them and each component dis-

cussed in detail. At the conclusion of the presentation, it was unan-

imously ag:reed 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 terminal system, and that 

the essential functions and events of the terminal had been 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 validity. 

The final phase in the validation of the model 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 previously 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 depar):ure schedules 

for the fifty-nine day period, beginning on January 26, 1981, and 

ending on March 25, 1931, were then entered into the model as input 

data. The system was simulated for one hundred replications of the 
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network to obtain the variability of the estimated mean values of the 

system's variables. 

The output results of the simulation were compared to the actual 

operating results of the system during the same time period. For ex-

ample, the number of flatcars and containers in the system were accu-

rately accounted for by the simulation model. Likewise, the number of 

container offloads, and onloads, accomplished during the simulation 

were representative of the actual operation. Switching tiines and asso-

ciated cost were also reasonably predicted by the simulation. Each of 

these tests·, presented in detail in the example given under implementa-

tion in the next chapter, indicate that the oodel has a hi.gh degree of 

validity for the Roanoke terminal facility. It should be noted, how-

ever, that the model should be validated for each facility that it is 

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

· Su.mmary 

The entities, events, activities, attributes, variables and 

interrelationships of an intermodal tenninal facility were defined. 

The Q-GERT model logic was then presented, with detailed descriptions 

of the system's 1llajor components. These include the inbound yard, 

siding, outbound yard and the inbound and outbound sections of the 

parking lot. Illustrations were presented to demonstrate the manner 

in which transactions flow through the simulation network that repre-

sent flatcars, containers and trailers in an actual 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}, consis.tirtg of ten sect.ions that provide the timing for a simul;a-

tion, initiate activities, and enable the m0vement of the three sep-

arate types of transactions through the system~ Subroutine UI is used 

f:o initialize the system's variables and establish the simulation's 

initial conditions. A mo.st iin:portant function 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 .uo is incorporated in.to the .model to collect 

the results of each simulation run in· order to calculate.and print 

the estima.ted :inean values of the system's variables and their assoc-

iated variances· as output for the simulation. This subroutine also 

enables the.user to .format output reports such .that·emphasis can.be 
. . , 

" ' . .· . 

placed qrt :pa:rt:icular variables of interest. 

Model .validation ·and testing was: discussed. · Howe"V'er, .· preseuta..-

tiori of the comparison of a simulation's output results wi:th a systetri' s 
. ' 

historical record of operations is presented in the. following chapter. 

It was emphasized that validation sho.uld be accompli:shed for each 

tenninal .to· be si1I1.µlate.d. 



CHAPTER IV 

IMPLEMENTATION 

A four phase process is reconnnended for the implementation of 

the intermodal railway terminal simulationmodel. This process includes: 

(1) obtaining the characteristics of the terminal to be modeled and the 

collection of pertinent data to define the facility, (2) modification of 

the simulation model to conform to the tenninal under study, (3) compar-

ing the simulation model output with known operational results of the 

system to establish the adequacy of the model and, (4) variation of 

selected system parameters in the model to estimate .the expected change 

in the system under similar conditions. Phases three and four are 

illustrated through the use_ of an example of model implementation. 

Phase I - System Characteristics 

No two intermodal terminals are exactly alike. In general, how-

ever, they all possess certain connnon characteristics. These similar 

characteristics, discussed in Chapter II in terms of entities, attributes, 

events, and ac.tivities enable the modeler to define a particular tenninal 

system by setting the model's input variables equal to the values inher-

ent within the system without modification to the Q-GERT program. On 

the other hand, some of a system's characteristics are so unique that 

they will almost always require some modification in the Q-GERT input 

data statements, and an occasional change in the model logic. These 

128 
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. ·:. .. . ., . 
characteristics are associated with the system's para.meters that repre-: 

sent activity service times. The parameters are estimated by applyitlg 

random sampling techniq'\les,wherever possible, and are provided for dur-

inga simulation r'\ltlby generating random variables from representative 

proba.bili>ty distributions. 

The purpose of the first phase of model illlPlemeritation is .to 

identify a tenni.nal's characteristics in order to spec:i,fy the required 

va'.lues. for the model'$ input variables and to. define the appropriate 

probability di~tributions associated with. the model •. This section dis-
.' ·. ' ·. . ' 

cusses model. specification and the requirements for the :input variables. 
. . 

Input.Variables 

Primary s.ources of data for an intermodal terminal include the 

·physical obset""ltations. qf the terminal, a. renew of the facilities' his,;.. 

torical re.cords, and ~nt:etvieJs with indiv~4ual$ kno~ledgeable in the .. · 

terminal's operation. The requ;Lred informatiOn for the model that is 
. . . 

gained through data collection includes switching rUles, cat selection,. 
' . . . . 

.. priorities, working rules, facility capacities, train a_rrival and depar;,., 

ture _schedules, in additioI). to activity se;r:vice times. Table 8 lists 
. . . -

. the ittp1:1t variables that tn~S't be specified by the model user in su,brou-

tine UL 

There are several indicator and collector variabl~s that are 

also initialized :i.n subroutine UI. These variables are mqdel dependent 

and remain constant for each te:rminal simulated. They are defined _in 

Table 9. 
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MXRAMP 

MXPARK 

IPRil 

IPRI2 

NGND 

ISAT 

ISUN 

IPARKl 

IPARK2 
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TABLE 8 

User Specified Input Variables 

Definition 

The maximum number of flatcars permitted at the siding. 

The maximum number of containers permitted in the regular 
parking lot. 

IPRil=0,1,2,3, or 4. IPRil sets the first priority for 
selecting cars to be switched from the inbound yard to 
the siding. 

0 = Type 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=0,l,2,3, or 4 as defined in IPRIL IPRI2 sets the 
second priority for selecting cars. to be switched from 
the inbound yard to the siding if the.re are no IPRil cars 
available. If there are no IPRil or IPRI2 cars available, 
priority is automatically given to the type of car wait-
ing the longest in the yard. 

NGND=O or 1. NGND sets the container consignee notification 
rule in effect at a terminal. 

0 = Notification when container enters the yard. 
1 = Notification after the container is of £loaded. 

ISAT=O or 1. ISAT establishes the Saturday work rule in 
effect at a terminal. 

0 = no work. 
1 = normal work day. 

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

IPARKl=0,1,2, ... ,M. IPARKl initializes the number of type 
one inbound containers in the parking lot. 

IPARK2=0,l,2, .•. ,M. IPARK2 initializes the number of type 
two inbound containers in the parking lot. 



Variable 

IPARK3 

I START 

ITYPlE 

ITYPlW 

ITYPlN 

ITYPlS 

ITYP2E 

ITYP2W 

ITYP2N 

ITYP2S 

ITYP3E 

ITYP3W 

ITYP3N 

ITYP3S 
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TABLE 8 (continued) 

Definition 

IPARK3=0,1,2, ••. ,M. IPARI<3 initializes the number of type 
three inbound containers in the parking lot. 

ISTART=0,1,2, .•• ,M, ISTART sets the total number of 
outbound containers to be placed into the outbound parking 
lot on initialization. 

ITYPlE=0,1,2, •.• ,M. ITYPlE initializes the number of 
East outbound type one containers in the parking lot. 

ITYPlW=0,1,2, ••• ,M. ITYPlW initializes· the number of 
West outbound type one containers in the parking lot. 

ITYPlN=0,1,2, .•• ,M. ITYPlN initializes the number of 
North outbound type one containers in the parking lot. 

ITYPlS=0,1,2, ..• ,M. ITYPlS initializes the number of 
South outbound type one containers in theparking lot. 

I'l'YP2E=O,l,2, ..• ,M. ITYP2E initializes the nu.111ber of 
East outbound type two containers in the parking lot. 

I1'YP2W=O,l,2, ... ,M. ITYP2W initializes the number of 
West outbound type two containers in the parking lot. 

ITYP2N=O,l,2, ... ,M. 1TYP2N initializes the number of 
North outbound type two co11tainers in the parking lot. 

ITYP2S=O,l,2, ••• ,M. ITYP2S initializes the number of 
South outbound type two containers in the parking lot. 

ITYP3E=O,l,2, ••. ,M. ITYP3E in~tializes the number of 
East outbound type three containers in the parking lot. 

ITYP3W=O,l,2, ••. ,M. ITYP3W initializes the number of 
West outbound type three containers in the parking lot. 

ITYP 3N=O , 1, 2 , .•• ,M. ITYP3N initializes the number of 
North outbound type three containers in the parking lot. 

ITYP3S=O,l,2, ••• ,M. ITYJ?3S initializes the number of 
South outbound type three containers in the parking lot. 



Variable 

I EAST 

IWEST 

IN ORTH 

I SOUTH 

ATIME(l,l) 

ITPl (1,1) 
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TABLE 8 (continued) 

Definition 

IEAST=0,1,2, ... ,M. IEAST initializes the number of East 
botmd flatcars in the outbound yard. 

IWEST=0,1,2, •.• ,M. IWEST initializes the number of West 
bound flatcars in the outbound yard. 

INORTH=0,1,2, ... ,M. INORTH initializes the number of 
North bound flatcars in the outbound yard. 

ISOUTH=0,1,2, ..• ,M. ISOUTH initializes the number of 
South bound flatcars in the outbound yard. 

ATIME(l,l)=O.O. ATIME(l,l) is set equal to zero to enable 
the initialization of the inbound yard at simulation time 
TNOW==O.O. 

ITPl(l,l)=O or KLMN, where KLMN is a coded eight digit 
integer that specifies the configuration of type one cars 
on a train. ITPl(l,l) initializes the inbound yard for 
type one flatcars. ITPl(l,l) is automatically set to 0 
unless KLMN is specified. 

K=00,01,02, ..• ,99. K is the total number of the specified 
type flatcars on a train. 

L=00,01,02, ..• ,99. Lis the number of flatcars on a train 
that are loaded with two containers of the specified type. 

M=00,01,02, ... ,99. Mis 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. 

1 Example: 
K=lO, L=05, M= 03, N=02 
KLMN=l0050302 

Total Cars on Train 10 
Cars with Two Containers 5 
Cars with One Container 3 
Empty Cars 2 
Total Containers 13 



Variable 

ITP2(1,l) 

ITPJ(l,l) 

ATIME(I,J) 

ITP1(I,J) 

ITP2(I,J) 

ITP3(I,J) 

DTIME (I,J) 

IDEPT(I,J) 
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TABLE 8 (continued) 

Definition 

ITP2(1,l)=O or KLMN. ITP2(1,l) initializes the number and 
configuration of type two flatcars in the inbound yard. 
KLMN is coded as described abo've. KLMN is automatically 
set to 0 unless KLMN is specified. 

ITP3(1,1)=0 or KLMN. ITP3(1,l) initializes the number and 
configuration of type three flatcars in the inbound yard. 
KLMN is coded as.described above. KLMN is automatically 
set to 0 unless KL~ is specified. 

ATIME(I,J)=O.O,LO, .•. 25.0, I=l,2, ... ,M, J=l,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 time is specified. 

ITPl(I,J)=O or KLMN, I=l,2, ... ,M, J=l,2, ••. ,10. KLMN is 
defined above. ITPl(I,J) is the type one flatcar 
configuration of the train arriVing at ATIME(I,J). 
ITPl(I,J) is automatically set to zero un.less otherwise 
specified. 

ITP2(!,J)=O or KLMN, I=l,2, ... ,M, J=l,2, ..• ,10. KLMN is 
defined above. ITP2(I,J) is the type two flatcar 
configuration of the train arriving at ATIME(:J:,J). 
ITP2(I,J) is automatically set to zero unless otherwise 
specified. 

ITP3(I,J)=O or KLMN, I=l,2, ••. ,M. J=l,2, •.• ,10. KLMN is 
defined above. ITP3(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(!,J)=O.O,l.0, •.. 25.0, I=l,2, .•. ,M, J=l,2, ... ,10. 
DTIME(I,J) specifies a scheduled train departure time on-=_ 
day I 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). IDEPT(I,J) is 
automatically set to zero unless KL is specified. 



Variable 

IDEPT(I,J) 
(continued) 
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TABLE 8 (continued) 

Definition 

K codes the direction and L codes the flatcar capacity of 
a departing train. 

K=l,2,3, or 4 

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

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

Example: 
K=2, 1=025 
KL=2025 

Direction of Departure West 
Maximum Number of Cars 25 



Variable 

IDAY 

IHOUR 

NS WIN 

NOFF 

NON 

NOUT 

ITCARS 

I TONE 

ITTWO 

ITfil1T 
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TABLE 9 

Constant Input Variables 

Initialized 
Value 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Definition 

IDAY=l, 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=O,l, •.. ,M. An indicator variable 
recording the current flatcar inbound 
switching activity during IDAY. 

NOFF=O,l, ••. ,M. An indicator variable 
recording t:he current container offload 
activity during IDAY. 

NON=O,l, ..• ,M. An indicator variable 
recording the current container onload 
activity during !DAY. 

NOUT=O , 1, ••. , M. An ·indicator va riab1e 
recording the current flatcar outbound 
switching activity. 

ITCARS=O, 1, •.. ,M. A collector variable 
recording the total number of flatcars 
entering system. 

!TONE=O, 1, •.• ,M. A collector variable 
recording the total number of flatcars 
entering the system with only one 
container. 

ITTOW=O,l, .•. ,M. A collector variable 
recording the total number of flatcars 
entering the system with two containers. 

ITEi'1T=O,l, ... ,M. A collector variable 
recording the total number of empty 
flatcars entering the system. 



Variable 

I.TONER 

ITTWOR 

ITEMTR 

Initialized 
Value 

0 

0 

0 
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TABLE 9 (continued) 

Definition 

ITONER=O, 1, •• • ,M. A. collector variable 
recording the total nuniber of reversed 
flatcars with one container entering the 
system. 

ITTWOR=O;l, •.• ,M. A collector variable 
recording the total number of reversed ·· ·· 
flatcars with two containers entering 
the system, 

ITEMTR=O,l, ••• ,M. A collector variable 
recording tile total number of reyersed 
·empty flatcars entering the system. 
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The assignment of specific values to the variables listed in 

Table 8 is ratherstraight forward and develops naturally as information 

is gained about the system. The train arrival and departure parameters 

can, of course, 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 schedules, 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 tertninal are provided 

for in three different ways in the model. First, the time of day rules 

to enable switching and siding activities are incorporated into the user 

function logic. Secondly, activities that represent the movement of 

tractor/trailer combinations within the terminal's parking area are 

specified by Q-GERT input data statements for activities connecting one 

node to another. These statements usually require corresponding param-

eter specification statements. Finally, 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 restrictions. 

These user function specifications also require 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 function logic. Table 10 illustrates the time dependent 

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 that has been described 

in previous chapters. 

It should be noted that the eA"Pected probability distributions, 

and their corresponding parameter specifications, associated with the 

FORTRAN variables 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 assuredly, 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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available, and tittle peimits, appropriate goodness-of-fit test be 

applied to fit a distribution to. its respective set of data. Reliat}~e 

upon the professional judgement of experts knowledgeable of a terminal's 

operations should provide cm acceptable substitute for those distribu-
. . . 

tions where the data is not available, its collection is impractical, or 

the cost of obtaining the data is prohibitive .• 

Phase !!.,..Model Modification 

The1110dification of the model to simulate the operations of a 

particular intermodal terminal :f o:t arty period of time ca;n be accomplished 

by.following a four step procedure. The first step is required only if 

the number of days to be simulated exceeds riinety, and there .. are more 

than ten train arrivals and departures per day. Steps two, three, and 
. . . . -. 

four insure that the variaol.es, probability distributions, activities, ·.· 

arid parameter specifications identified in Phase I are properly imple- ·. 

mented. 

Step One 

The FORTRAN subroutines Ul, UO, artd user funct.ion UF (!FN) have 

several arrays in connnon. These arrays in the model de~loped for this 

research are·. dim.ensioned such that a total of ninety days of terminal 

operations can be simulated with. a provision for ten train arrivals and 

ten train depart;ures per day. If a simulation is to be run which 

exceeds these limitations, then the arrays must he redimensioned. 

Table 11 is included to ih~icate .the affected arrays. It should be 

noted that all of the connnon blocks are included in each of the 

subroutines. 



Labeled Common 

UCOMl 

UCOM2 
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TABLE 11 

Arrays in Cominon 

Affected Array 

ATIME(I,J) 
ITPl (I,J) 
ITP2(I,J) 
ITP3(1,J) 
DTIME(I,K) 
IDEPT (I ,I<) 
IPARKT(I) 
.IOVP(I) 
MOVE(!) 

TSWIN(I,M) 
ISWINT(I,M) 
TOFF(I,M) 
TON(I,M) 
LCON(I,M) 
NSWOUT (I ,M) .· 
TSOUT (I,M) 
LCOFF(I,M) 
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Step Two .. 

The values for the input variabl.es listed in Table 8 above 

should be entered.into subroutine UI once it has been determined that 

the arrays are properly dimensioned for the simulation. It should be· 
" ' 

noted.that particular care is required when. entering the trai!l arrival 

anddeparture schedule. Each scheduled arrival time, Al'IME(I,J), must 

have at least one corresponding ITPl(I,J), .ITP2(I,J); or ITP3(I,J) 

defined and properly coded. Likewise, each scheduled train departu:i:-e 

time, DTIME(I,K) must .have an accompanying lDEPT(I,K) variable ··defined 

and coded. 

Step Three 

Step three is probably' the most difficult to imPlement in the 

model modification process. Each FORTRAN variable that can assume a 

value. randomly drawn from a Q~GERT provided probability distribution 

must be located in user function UF(IFN) and the sampling distribution 

changed where required. Additionally,· t:h.e model's FORTRAN logic could. 

require some modification if the time of day.switching and.the siding 

work rules are changed. Therefore, table 10 should be referred to in 

order to identify the approximate FORTRAN statement· numbers where 

specific variables and logic statements can be J,.ocated in the user 

function .• 

It should be noted that Table 10 does not contain an inclusive 

list of all the probability distributions that are included in the 

q ... GERT simulati-On. For a formal discussion of the options available in 

the language, the book "Modeling an,d Analysis Using Q'-GERT Networks" by 

Pritsker [lOJ is recommended. 
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Step Four 

The final step in the model modification process involves chang-

ing the Q-GERT data input statements where required. The first input 

statement to change defines the simulation time per run, and the num-

ber of runs of the network for a complete 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 

remembered that one unit of simulation time represents one hour, of one 

day, in the model. Therefore, if it is desired to simulate thirty days 

of terminal operations, field t~n 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 calculated for each of the output variables. These averages are 

estimates of the mean values for the variables. By calculating the 

standard deviation of these averages over multiple 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-

sary. The activities for these data statements are identified in 

Table 10, and they are located in the Q-GERT data input section of the 

program following the GEN statement. 

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

require modification once each of the probability distribution types 
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have been identified or estimated. There is a PAR statement for each 

distribution employed in the user function, or in the network model. 

Generally, the requirement is that the user must specify the expected 

mean value for each distribution, including the estimated range and 

standard deviation of the distribution. The PAR statements are located 

near the end of the input data statements which describe the network, 

following the GEN statement. An example of the manner .in which these 

statements are employed in the model is included in the illustration 

below. 

Phase III - An Example of Implementation 

The Q-GERT intennodal railway terminal model is designed such 

that transactions do not proceed through the network unless they are 

s.pecifically enabled to do so. It is the status of the system, at any 

point in time that establishes the enabling conditions for transaction 

flow, and determines the number of transactions that can move from one · 

node to another. Consequently, the usual concept of transactions flow 

in Q-GERT modeling is not applicable in this model. Normally, trans-

actions enter the system at a node, wait for processing on activities, 

proceed through following nodes and eventually pass through the system 

in a continuous movement. In this model, transactions enter the sys~ 

tern andwait until they are allowed to be processed. The movement is 

not continuous. Therefore, in the description of activities for the 

system discussed 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 

The example of implementation of the model is based on the oper-

. ating e~erience of the Roanoke, Virginia, intermodal terminal of the 

Norfolk and Western Railway from January 26, 1981, through March 25, 

1981. During this period, five hundred nine (509) flatcars of various 

container loading configurations entered the terminal for processing. 

Seven hundred ninety-three (793) containers were offloaded and eight 

hundred seven (80 7) containers were onloaded at the facility. The on-

loaded containers were shipped by flatcars from the terminal to various 

locations within the Norfolk and Western System. 

The inbound and outbound yards for the terminal, though of a 

finite capacity, are not considered to be limiting factors for the 

simulation. However, the siding has a maximum capacity of eleven (11) 

cars. Likewise, the container parking lot's maximum capacity is 

seventy-five (75) standard over-the-road type containers. The facility, 

on occasion, processes Type 2 and Type 3 containers, but these are 

exceptions that require special handling. For the purposes of this 

illustration, it is assumed that all of the cars and containers in the 

system are Type 1, which is, in fact, the type of cars and containers 

in the system for the period to be simulated. 

The switching rules in effect at the terminal for the level of 

activity during the fifty-nine day period essentially provides for two 

in-switches and two out-switches for the siding per day. Flatcars are 

switched onto the siding such that they are available for offloading 

at eight AM each working day. When the offloading is complete, 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 offloading and onloading service times permit a 

sWitch fromthe siding at approximately noon each day, with additional 

loaded cars being available for offloading at the siding in the early 

afte.rnoon. When these cars have been offloaded arid onloaqed, they are 

available to be sntched to· the outbound yard during the evening, and 

loaded cars moved to the siding prior to eight AM the following day. 

Priority fo.r selecting cars at the inbol.Uld ya.rd for switching is given 

to the.type of cars filth largest number in the yard. 

Working rules for the siding and parking lot operation allow for 

containers· to be offl:oaded and onloaded between the . hotirs of eight AM 

and six PM daily. Hov.tever, this operation is only permi.tted Monday 

through Friday of each week. Container pick ql. artd 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 inhoU:tld, 

.and twentY""'"two outbo1.ltld containers in the parkinglot .. Additionally, 

th.ere were eighteen flatcars with a total of eighteen containers in the 

inbound yard. Eight of the cars in the yard were e111Pty. There were 

also ten cars in the outbound yard waiting for departure. 

A final obse:i:Vation about the operations at the Roanoke facility 

is that random over-the .... road container arrivals are rare. Thi:s is not 

uncqmmon in areas that are primarily serviced by a single, or a pre'"' 

dominate, railroad. The situation is such that once a customer begins 

to utilize the railroad's intermodal ser-Vices 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 containers can be loaded or empty when they arrive at the ter-

minal from either source. Assume that an empty container is at the 

terminal waiting for customer pickup. After it is picked up by the 

cus.tomer, it is loaded, then returned to the terminal for rail shipment .• 

The container is shipped out of the terminal; and will eventually re-

turn to the terminal by rail empty, and the c;ycle 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"."'ro~d. There were seventy-nine (79) containers on 

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

simulation .. 

The Initial Values· for·. the t.n~µt; ·variables. 

Subroutines UI, uo, and user functionUF(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-

ally, ten switching and siding operations have been provided .for. 

Historical records indicate that tb.einaximum 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 co.mputer CPU region is available to simu..-

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

variables are listed in Table 12. 
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TABLE 12 

Roanoke Terminal Input Variables 

Variable 

MXRAMP 
MXPARK 
IPRil 
IPRI2 
NGND 
ISAT 
ISUN 
IPRKl 
I START 
ITYPlE 
ITYPlW 
,ITYPlN 
IWEST 
IN ORTH 
ATIME(l,l) 
ITPl(l,l) 
ATIME(l,2) 

through 
ATIME(59,10) 
ITPl(l,2) 

through 
ITP1(59,10) 
DTIME(l,l) 

through 
DTIME(59,10) 
IDEPT (1,1) 

through 
IDEPT (59 ,10) 

Initial Value* 

11 
75 
1 
a 
1 
0 
0 

18 
22 
1 

19 
2 
8 
2 
a.a 

1808a208 
** 

** 

*** 

*** 

*All variables in Table 8 not listed in Table 12 are initialized at 
zero. 

**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 ITPl(I,J) variable is listed under Subroutine UI 
in APPENDIX C. AT!ME(l,1) and ITPl(l,l) are reversed to initialize 
the inbound yard. 

***There are six departing trains that operate on a six day schedule and 
an additional three trains that operate seven days a week. The coding 
for each departure is listed in Subroutine UI in APPENDIX C. IWEST 
and IEAST are used to initialize the outbound yard. 
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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 

occutrence time, but is included as an activity because it represents 

the activity ending time that woo.ld be ordinarily associated with ar-

rival rates and activities in a simulation model. Wherever possible, 

the distributions associated with each activity have been fitted to 

data available from the historical records, or obtained through ob--

servation, of the·Roanoke facility µsing Chi-square goodness-of...,.f:i.t 

test procedures. In the instances where data was not available, and 

physical observation impracticable, reliance has been placed in the 

professional judgement of managers who are familiar with the tenninal. 

The activity descriptions are presented in Table 13. The activities 

that have been tested for appropriateness of their assigned distribu-

tions are identified ny an asterisk (*) following the dis.tribution 

type. 

Referring to Table 13, historical records indicate that train 

arrivals are recorded at the nearest hour of arrival, while experience 

ind:ltates th.at arrivals do vary around this time. Hence, it is 

assumed that all trains arrive on the hour reported, plus, or minus, 

a one-halt' hour deviation which i.s approximated by a nonnal distri-

bution. The exponential distribution associated with container street 

time is mare difficult to defend, however, since no records exist to 
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support the assumptic>n. The intermodal managers estimate that, on the 

average, containers are on the street from between two and four days 

before they are returned. On occasion the containers are delayed as 

much as ten days before they are returned. Therefore, the distribution 

selected seems reasonable under the circumstances and experience indi-

cates that the model is not overly sensitive to this assumption. Like-

wise, no records exist for tractor wait, disconnect/park, and hookup 

times. The reversed car provision is not used in this simulation be-

cause the physical layout of the siding at the Roanoke tenninal 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 that can be incorporated into 

their decision process. In order for the model to provide a meaningful 

contribution to this process, the manager should be able to evaluate 

the degree. of confidence that can be placed in the model. One way to 

establish a level of confidence is to use the model to simulate recent 

operations and then compare the simulated results with the actual re-

sults experienced by the terminal under study. T'ne discussion that 

follows illustrates one way the comparison can be made, and the valid-

ity of the model estimated for the system variables. 

Generally, intermodal managers are interested in operating 

costs. These 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, and terminates when the 

car departs th.e outbound yard. Similar charges are 11lade for containers. 

There are two costs associated with the flatcars in the system. The 

first is related 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 containers; inbound and outbound. Each category of 

containers follows its own path through the system. ·Therefore, the 

model is designed to first estimate the average values for the systemts 

variabl.es, then the cost estimations are. COI!lPutedbased on these values. 

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 vatiables and pa:ram-

. eter specifications were as previously described in this section. · The 

average value for.each variable is collected at the end of·ea<::h. run, 

then averaged over all runs. Their variance is then estimated and the 

standard deviation obtairted. The standard deviation of the averages 

is then estimated. For e2Cample, after one hundred simulation runs 

the estiltlated average number of flatcars in the system per day is 

38.94. The standard devtation of the averages used to obtain this 

value is 0.04 flatcars. Therefore, one cotild 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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SYSTEM V:hdABLES 

UNITS IN THE SYSTEM 
<PER DAY) 

FLATCAPS 
INBOUND CONTAINERS 
OUTBOUND CONTAINERS 

TIME IN THE SYSTEM 
<PEP UNIT> 

FLATCARS 
INBOUND CONTAINERS 
OUTBOUND CONTAINERS 

TOTAL UNITS IN SYSTEM 
(PER RlJN> 

FLATCARS 
INBOUND CONTAINERS 
OUTBOUND CONTAINERS 

SIDING OPEPATIONS 
<CONTAINERS) 

OFFLOADS PER WORK DAY 
ONLOADS PER WORK DAY 
OFFLOAD TI ME/UN IT ( H0110S l 
ONLOAD TIME/UNIT <Houqs) 
TOT AL OFFLOADS PEP RU"-J 
TOTAL ONLOAOS PER RUN 

SWITCHING TIMES 
CHOURSl 

INBOUND TIME PER CAR 
OUTBOUND TIME PER CAR 
TOT Al T !ME PER \1JORK DAY 
TOTAL TI~E PER RUN 

CONTAINER PARKING 
<PER DAY) 

REGULAR LOT 
OVERFLOW LOT (WHEN USED> 
TOT.Al DARKH,JG 
DAYS OVERPARK I !\JG OCCI JqpEO 

INBOUND YARD 
CARS l"J YARD 
MAXIMUM IN YARD 

FIGURE 12 

AVE. 

38.94 
71.21 
52.41 

d2.33 
133.79 
42.57 

509.00 
890.09 
848.57 

18.44 
18.77 

0 • 1 1 
0 • 1 1 

793.00 
807.49 

0. 15 o.1s 
3.28 

141.23 

49.11 
5.29 

49.37 
3.14 

42.37 
57.88 

<:,O 

o.36 
o.35 
2.12 

0.43 
0.49 
2 .12 

1.80 
3.60 
3.19 

0.08 o.os 
o.oo o.oo 
0.10 
5.05 

o.oo o.oo 
0.01 
(). 69 

2.28 
2.26 
2.42 
1.85 

1.12 
0.4b 

THE RESULTS OF 59 DAYS Sii1ULATION AFTER 100 RUNS 

SD 
OF AVE 

0.04 
0.03 
0.21 

0.04 o.os 
0.21 

0. 18 
o.36 
o.J2 

0. 0 l o.oo 
o.oo o.oo 
0.01 o.s1 

o.oo o.oo 
o.oo 
0.01 

0.23 o.24 
0.24 
o.19 

0. 11 o.os 
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The validity of the model can be established by comparing the 

output results of the simulation to historical results based on actual 

operations for the ternrl.nal. This process is accomplished by estimat-

ing the validity of individual comp~nents of the system. It is assumed 

that i:f each component or the model is valid, then by implication, the 

model as a who,J.e is also valid. In order to make some of the contpar-

isons, however, it is necessary to rely on the Q-GERT generated output 

of a single simulation run, in addition to the user written model out-
. . . 

put for one hundred runs. Figure 13 illustrates the Q-GERT output for 

a single rlll'l du~ing the simulation. 

The validation of train arrival section of the 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 flatcars in the sy·stem during the s:imula-

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 departure section of the~odel repre-

sents the system is somewhat more difficult to demo1'.lstrate~ However, 

if it is recognized that every car that enters.the system must even-" 

tually leave the system, then intuitively, the n$ber of car departures 

from the system added to the num:ber of cars remaining in the system at 

·the e.nd of a simulation run should equal the number of cars that enter-

ed the system. Analysis of the q;.,GER! 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 simulation run. These are represented by the current numb.er of 

transactions in Q-nodes 13, 16, 21, 29, and 31, in addition to one trans-

action in service on each of the following activities. There is also 

one c~r inservice on activity 15 behind Q~node 27. Therefore, 509 cars 

are accounted for during the simulation. By implication, it can be 

assumed that the train departure section of the model is representative 

of the system. 

To validate the model for the number of inbound containers in 

the system, it is first demonstrated that the number of containers off-

loaded at the siding during a simulation are representative of the num-

ber reported in the system's historical records. The records indicate 

that 793 containers were offloaded from January 26 through March 25. 

The estimated average number of container offloads per run reported in 

Figure 12 after one hundred simulations is 793.0, with a standard error 

of the mean of 0.07 containers. A 95% confidence interval for the num.-

her of container offloads per run is 793.0 ± 0.1372. Since this inter-

val contains the value 793, the model is producing valid estimates of 

the number of containers that are offloaded per 
,-

run. 

There were 890 inbound containers in the system during the fifty-

nine day period according to the terminal's historical records. These 

include 854 containers that arrived on inbound trains during the per-

iod, 18 on cars in the inbound yard, and 18 in the inbound parking lot 

just prior to January 26. The simulation's output estimates the aver-

age total number of containers in the system during the period to be 

890.09. The standard error of this estimate is 0.36. A 95% confidence 
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:interval for the estimate is 890.09 ± 0.7056. The interval contains 

the value of 890. ·Therefore, valid esti!Dates of the total number of 

containers iri the system are being provided by the simulation. 

A total of 807 containers were loaded onto flatcars at the ter-

minal during the period.under study~ The simulation esti111.ates that an 

average of 807.49 containers were onloadedwith the standard error of 

0.51. A 95% confidence intervaJ. for the estimate :i,s 807.49 :!: 0.9996. 

The 807 cars actually loaded during the period is within the interial. 

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 we.re onloade.d, there were 22 containers in the. outbound parking 

lot, and 20 containers. loaded on 10 cars in the outpound yard just 

prior to .January 26. Therefore,· the actual number of outbound contain-

ers in the system during the period was 849. A 95% confidence interval 

for the estimatednutnber of containers in the system is 848.57 ± 0.6272. 

The 849 outbound containers actually in the system is within this in-

terval~ Therefore, the simulation is proViding .valid estimates; for 

both the number of outbound containers loaded onto flatcars and the 

total number of outbound containers in the system for the fifty-nine 

day period. 

The estimated average number of container onloadsand offloads 

per work day is readily confirmed through the information provided 

above. The Onload and offload times per container represent their 

specified mean values as provided for in their respective .parameter 
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Q-GER.T input· data statements for the model. This is also true . of the 

· reported estimated average switching times for the flatcars. 

There are no records available to validate the. estimated values.for the 

remaining system variables listed in Figure 12. These include the 

estimated average number of flatcars and containers in the system per 

day, the average time units are inthe systeni, total switching times, 

the average nutnberof·containers in·the parking lot, and.the number of 

flatcars in' the inbound lot. Validation of these vatit:1.bles depends 

upon the experience and professional judgement of intermodal managers 

.familiar with the system;; Map.agers were asked to; compare the simula-

tion output values for these variables with their knowledge about these 

variables· based on the level of daily termi,naLactivity during the per~ 

iod at the Roanoke .facility.. In each instance, it was confirmed that 

the siJ:nulatic:m i,s output: was. representative of the actual system. 

The managers expressed a hi.gh degree of confidence in the l!lodel 's · 

ability to appro:ximate the Roanoke terminal for the fifty-nine day per-' 

iod and expressed equal confidence in utilizing the model as an analyt-

ica1 tool. This appraisal, coupled with the validation of the model's 

performance where recorded information is available for the system's 

variables, indiGates that the model is valid for the Roanoke Intermodal 

Terminal. 

Phase IV.- Model AEpli<:ation 

The variable c.osts 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 associated with the loading and unloading of con-

tainers, but at the Roanoke terminal these operations. are handled on a 

contract basis and are considered fixed cost for the term of the con-

tract. In this section, some o.f these costs are analyzed. This. is 

followed by some sµggeste4 uses of the model; to predict the changes .to 

anticipate in the system should certain actions betaken to reduce cost. 

Current Operations 

Figure 14 illustrates some of the typical cost incurred by the 

Roanoke terminal during the fifty-nine day operating period. These are 

estimated costs based on the estimated values of the cort'.espondi.ng sys;.,. 

te.m' s variables reported as simulation Oi,ltput in Figure 12. ·Analysis 

of these costs indicates that the switchirtg cost incurred during the 
. ' 

·period is significant. The .estimated daily cost of :switching is more 

then t~ice the estimated cost of the inbound, or. outbound,. containers 

in the system per day, and nearly double the estimated cost of· the av-er.;. ·. 

age number of flatcars in. the. system •. · A second observation is .that the 

individual cost for a flatcar, or inbound container, in the system is 

over three:times the cost of an outbound container. The cost per flat ... 

car, however, represents thecost of loaded flatcars in the system 

only. :Further analysis· of the system is pos$ible by referring to the 

standardQ,.-GERT output for one 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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THE RESULTS OF j'j DAYS SI ~-1UL AT I 01\J 
AFTER 100 RUNS 

ESTIMATt::.J COST 

AVE 
FLATCARS 
COST PER CAR ~ 34.58 COST PER DAY <+:, 392.48 

INBOUND CONTAINERS 
COST PER CONT.~INER '5 29.03 
COST PER DAY 'h 370.27 

OUTBOUND CONTAINERS 
COST PER CONTAINER ti 9.24 COST PER DAY ''h 272.54 

SWITCHING AND CLASSIFICATION 
I ~,!BOUND PER CAR 
OUTBOUND PER CAR 'j) 33.6fl 
COST PER WORK DAY 
COST PER RUN 

,<;., 33.59 
Ji 742.94 
':b 31946.SO 

FIGURE 14 

c; D 
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0.46 
1 l • 0 1 

o. n 
0.01 
2.56 

155.86 
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working day, where an estimated 18.44 containers are offloaded and 18.77 

containers are onloaded. Analysis of the Q-GERT output in Figure 15 

indicates that flatcars spend an average of 51.18 hours in the inbound 

yard (Q-node 13) and an additional 19.55 hours at the siding waiting to 

be offloaded (Q-node 21). This represents a total of 70.73 hours, of 

the estimated total 82.33 hours in the system, that the cars are wait-

ing in the system just to be offloaded so that they may be reloaded and 

shipped out of the system. This delay also directly contributes to the 

comparatively long time inbound containers spend in the system in re-

lation to the outbound container. Inbound containers are in the park-

ing lot an average of 19.75 hours (Q-node 49). Outbound containers are 

in the lot an estimated 25.99 hours (Q-node 43). Yet, the total esti:-

:mated time an inbound contain.er is in the system is 82.33 hours compared 

to the 42.57 hours for an outbound container. 

It would s.eem apparent that if flatcar inbound processing time 

could be reduced, then the associated operating cost for flatcars and 

inbound containers would also be reduced. However, the inbound pro-

cessing time for flatcars in the system is dependent both on the 

physical limitations of the terminal and the working rules in effect 

at the siding. A change in the physical layout of the facility to 

acconnnodate additional flatcars at the siding would require capital 

expenditures. Additionally, any savings in operating cost realized by 

the reduction in time the cars are in the system could easily be of£-

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 

seven day work week would also reduce the time flatcars are in the sys-

tem, but again additional switching cost would be incurred, and an 

additional burden would be placed on the container parking lot. 

Currently, the container parking lot is overloaded an estimated 

five percent of the time for the reported level of activity in the sys-

tem. An increase in container offloads would require additional space, 

and for the Roanoke facility, automatically create further requirements 

for space for returning outbound containers. Therefore, for any in-

crease in siding activity, it could be anticipated that the parking lot 

overloading condition would deteriorate. This would result in increased 

cost that would further reduce the benefits accrued by reducing the time 

flatcars and inbound containers are in the system. 

One further observation about the current intermodal operations 

at the Roanoke facility is that given the system's current siding and 

parking lot capacities, and the working rules that are in effect for 

the system, managers can anticipate that the facilities' operating cost 

will increase at rates beyond those currently being incurred with only 

moderate increases in traffic activity. This forecast is predicated 

on the current flatcar service rate at the 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 
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provided by the additional traffic is not sufficient to offset the 

additional cost. 

A Suggested System Evaluation 

Validation of the intennodal terminal simulation model indicates 

that it does reasonably represent the current operations of the Norfolk 

and Western facility at Roanoke, Virginia. An analysis of the simula-

tion output for.the current operations of the tenninal suggest that 

certain cost reductions might be realized by modifying the working and 

switching rules at the facility, but that other cost would be expected 

to increase. These increased costs could well offset arty cost reduc-

tion at disproportionate rates. Further, the rules will require modi.,.. 

fication for even moderate increases in traffic beyond the levels 

currently e:xp.erienced at the facility. This action will almost certain-

ly increase operating cost. The effect of changes in the working and 

switching rules can be estimated by incorporating 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 changes could also 

be indicated for subsequent simulations. Opera.ting strategies could 

also be developed 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 realize St.lbstantial savings in operating cost if switch-

ing times could be redt.lced. The opportunity for additional savings 
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might also be available if the capacities of the siding and parking lot 

were increased. One practical way to reduce switching cost is to reduce 

the titne required to switch a car to and from the siding. Unfortunately, 

this usually requires moving the siding nearer to the yards. However, 

if a new facility layout is being considered, then it would be appro-

priate to estimate the expected switching times per car and incorpor-

ate them into a simulation for the proposed facility. Switching cost 

estimates could then be obtained, and trade-off analysis initiated. 

Changes in parking lot and siding locations, in addition to variations 

in their capacities' could also be incorporated in the model. The 

resulting cost estimates could then be incorporated into the analysis. 

The suggested changes in the system that would result in phys-

ical modification of the facility would require capital expenditures, 

however. The estimated savings expected from such investments should 

be offset against the internal rate of return for the cost of these 

investments over the expected useful life of the assets generating the 

savings. The capital investment decision would require a greater in-

depth analysis of the overall operation of the entire yard facility 

than can be provided for in the intermodal terminal roodel. However, 

the expected values of the cost estimates generated by a simulation 

of the incorporation of. a prop.osed physical change in the intennodal 

operations of the facility could provide the basis for comparison of 

the relative merits of all alternatives under consideration. l"nere-

fore, the model could provide intermodal managers with an analysis 
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tool that might be valuable in presenting their proposals to those 

in upper management levels responsible for capital investment decisions. 

Sunnnary 

This chapter details a four phase process suggested for the im-

plementation of the intermodal railway terminal model. In the first 

phase, emphasis is placed on the observation of the system to be mod,.. 

eled, and the gathering of the data. necessary for model implementation. 

The second phase outlines the procedures required to modify the model 

presented in this paper to conform to the terminal to be simulated. 

Reconnnended procedures for the validation of the l!lOdel for a 

particular terminal are illustrated in the third phase of model imple-

mentation. This is accomplished through the use of an example of model 

validation for an existing terminal. The terminal's operations were 

simulated for a fifty-nine day period, and the simulation 1 s results 

reported for the facility for the same operating period. 

Phase four includes model applications and some s.uggested ways 

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

ferent levels of traffic flotv within the system. Opera.ting cost esti-

mates are also presented in this section and methods for incorporating 

the model 1 s output into the capital investment decision process are 

discussed. 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this research is to provide intermodal managers 

in the rail industry with a computer simulation model for a railway 

intermodal terminal system to analyze the sensitivity of a terminal to 

changes in intermodal operations. The Q-GERT simulation model that has 

been developed iticorporates the daily arrival/departure train schedule, 

yard switching rules for the terminal, siding operations and working 

rules, container parking lot activities, and over-the-road traffic pat-

terns. Multiple types of flatcars and containers have also been pro-

vided for in the model~ including car switching priority selection 

rules that provide a realistic representation of complex terminal sys-

tems. The physical layout of an individual terminal including the type 

of equipment employed, is provided for through model input specifica-

tions. These are represented by switching time, container onloading 

and offloading times, parking lot processing times, and the maximum 

capacities of the siding and the parking lot. The capability of the 

model to provide information about an intermodal terminal is discussed 

below. 

Conclusions 

The intermodal terminal simulation model developed,through this 

research has been d~signed 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 process 

a flatcar or container through the system, the averagenumber of units 

in the system, operating efficiency, and the expected cost of operations. 

This information should assist managers in the evaluation of the per-

formance of a terminal. In addition, by modifying the input data for 

the model, a manager can estimate the effects of changes in the system 

on the performance 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 permitted 

per day, weekend working rules, parking lot and siding working hours, 

or container consignee notification rules. ·Or, experiments can be 

accomplished to estimate the impact of physical changes in the system. 

A supplemental application of the model could result from the 

network orientation of the Q-GERT simulation language in which it is 

written. The flow of flatcars and containers is readily identifiable 

in the model through the graphical representation of the network by 

individuals with no simulation experience. Therefore, the model pro-

vides a visual. reference of a terminal that connnunicates the technical 

aspects of operations 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 demonstrate 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 can provide managers with 

an accurate replication of a terminal's operations given that proper 

attention is given to the specification of the input data and parameter 

values required for the model. The model also provides a great deal of 

flexibility. The design of the model is such that many changes can be 

incorporated for a given terminal. In addition, with minimum model 

modification, several different terminals can be simulated. Conven-

ience is another feature of the model once the Q-GERT Analysis Program 

is available on the user's computer. The simulation program represent-

ing a terminal can be run as often as required, and the results of each 

simulation readily compared. 

Recommendations 

The primary applications of the intermodal terminal simulation 

model developed during this research are viewed to be in the areas of 

planning and analysis. A secondary application could be in communi-

cations. 

As a planning tool, the model is capable of providing the test-

ing vehicle for experiments involving new concepts of facility ,design 

or operational criteria. These could include the physical layout of 

a terminal, the type of equipment employed, the allocation of equip-

ment, switching schedules, container loading and unloading procedures, 

or parking lot utilization. 

The model has the ability to provide information for the anal-

ysis of the limitations of an existing terminal. This analysis could 

provide information on the operating capacity of the system, in terms 
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of both flatcars and containers, over time, and under varying circum-

stances. Estimates can be obtained for the time units are in the sys-

tem, operating costs, and equipment utilization. 

The graphical rn7twork orientation of the model could be used as 

a connnunications tool to apprise decision makers of new concepts, or 

current problems. Recommended solutions could also be illustrated. 

Future applications in connnunications could include incorporating se-

lected output of a simulation into 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 include the specific location of 

individual cars, or containers, within the system. 
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SUBROUTINE UJ 
COMMON/QVAR/NOE tNFTBU < l 00 hNREL ( l 00 l ,~Jl~ELP q 00 l ,NREL2.( l 00 l • 

lNRUN,NRUNStNTC(lOOJ,PARAMll00,4) ,yBEG,TNOW 
COMMON/UCOMl/lHOUR110AY,ATIME(90,lOl•lTPl190,l0l tITP2f90tlO.lt 

l lTP3 ( 90. l 0) • DTI ME ( ':10. l 0) • I DEPT ( 90. l 0 l '!TCAR5' IT ONE' nn10. 
2ITEMT •I TONER, tTEMTR ,MXRAMPtMXPARK; I STAPT, ITyp lE, I TYP 1 w, I TYP l"l, 
3lTTWORtITYPl~,ITYP2E,[TYP2W,ITYP2N,ITYP2S•lTYP3E,1TYP3W4lTYP3N, 
41 TYP3S, IE.AST t 1'.ilEST •I NORTH, I 50UTH, IPR! l, IPR.12, IN IT. !PARK l, !PARK. 2, 
5IPARK3•IPARKT190J~IOVP(901,MOVEC90l 

COMMON/UCOM2/TSWIN<96·10J .rswINT<90.10) .TOFF(9Q.lOltT0N(9Q,lOl 
l, LCON ( 9Q • 10 I •NSiliOUT I 9. Q' l 0 l , T50UT ( 90, l 0 l •LCOff < 90, l (\) • MCAP, 
2NSW!N4NQFF~NQ~,NOUT•ISAT,ISUN•IWORK4NGND4lNPRO 

COMMON/USTAT/U08V<25•=>•XYZZZ1906l 

8 READ IN PRIORITIES AND INITIALIZE SYSTEM. c 

c c c c 
§ 
c c 

c c c c c 

40 !PR!l=l 
!PR!2=0 
INIT=O 
INPRO=O 
NGND=l 
IDAY=l IHOUR=O 
MXRAMP=l l 
MXPARK=7S 
MCAP=MXl)ARK 
NSlll!N.=0 
NOFF=O 
NON=O NOUT=O 
ITCARS=O 
ITONE=O 
I TT'~O=O 
ITEMT=O 
ITONER=o 
rrn10R=o 
ITEMTR=o 
SET WORKING RULES FOR WEEKENDS. 
ISAT"'l• WORK ON SATURDAYS. 
ISAT=O, NO WORK ON SATU. ROAYS. 
lSUN=l, WORK ON SUNDAY 
lSUN•O, NO WORK ON SUNDAY, 
ISAT=O ISUN=O 
I\llORK=l 
INITIALIZE PAP.KING LOT 
INBOUND LOT 



c c c 

c c c 

c c c c c c 

ITYP1W=l9 
ITYP1N=2 
ITYPlS=O 
ITYP2W=O 
ITYP2E=O 
ITYP2N=O 
ITYP2S=0 
lTYP3W=O 
ITYP3E=O 
ITYP3N=O 
ITYP3S=0 
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INITIALIZE OUTBOUND YARD 
IEAST=O 
I'wEST=8 
lNORTH=2 
ISO\JTH=O 

lNITtALIZE INBOUND YARD 
DO 50 t=l ,90 
DO 45 J=l,10 
ATIME(J,J)=25.0 
ITPl<I,J>=O 
ITP2(!,J)=0 
ITPJU,J>=O 
0TIME<I•J>=25.0 
IDEPT<I•J>=O 

45 CONTINUE 
SO COt-..ITINUE 

ATIME<ltl>=O.O 
ITPl(l,1>=18080208 
READ IN SCHEDULE. 

TRAIN ARRIVALS 
ATIME<l•2>=10.0 
ITPl(l,2>=03010100 
ATIME<l•3>=17.0 
ITPl<l,3>=01010000 
ATJME<2•1)=8.0 
ITP1(2,1J=05030200 
ATJME<J•l>=O.O 
lTOl(J,1>=04030100 
ATIME<3•2>=13.0 
!TP1(3,2>=01010000 
AT!ME<3•3>=20.0 
ITP1<3•3>=03020000 
ATJMEC4•ll=3.0 
ITPl (4., l} =05050000 
ATIMEC4•2)=6.0 
ITP1(4.,2)=03030000 
ATIME<4•3)=23.0 
ITD1(4,3)=01000100 
AT!ME<S•l>=3.0 
ITPl<S,lJ=Ol-000100 
ATIME<S•2>=5.0 
ITPl<S,2>=03000300 



ATIME(5•3>=8.0 
ITPl(S-3):07070000 
AT!ME(S,4>=15.0 
ITPl(S,4J=Ol010000 
ATIME<5•5>=22.0 
ITP1C5,SJ=07070000 
ATlMEC6•l>=l.O 
!TP1(6tl)=01010000 
ATIMEC6t2)=6.0 
ITP1(6,2J=-01010000 
ATIME<6t3)=19.0 
!TP1(6,3J=03030000 
AT IM E ( 7 ' 1 > = 9 • 0 
ITP1<7,1J=Ol010000 
AT I ME < 7, 2 J = 14 • 0 
ITP1(7,2J=07070000 
AT I ME <7 • 3 J = 21 • 0 
ITP1(7.3)=02020000 
ATIME<8d>=7.0 
ITP1(8,1>=02020000 
ATIME(8,2J=l8.0 
ITP1(8,2J=06-060000 
ATIMEC9tlJ=O.O 
ITP1(9, l) =03010200 
AT Pi!E ( 9 • 2 > = 15. O 
ITP1(9,2J=02020000 
ATTMECl0.1>=8.0 
ITP1ClOtlJ=04000l03 
ATtMECl0,2)=15.0 
ITPlll0•2>=04040000 
AT I ME C l 0 , 3 > = 17. 0 
ITP1(10•3):04040000 
A TIME <l l , 1 ) =4. 0 
ITPl ( Ll 'l·l :03010200 
ATIME<ll,2J=6.0 
ITPl<ll•2)=02020000 
AT!MEC11•3>=18.0 
ITPl<ll•3>=02020000 
AT T ME < 12, l ) = 0 • 0 
ITP1<12•1)=01010000 
AT!MEC12,2J=8.0 
ITP1Cl2•2J=02020000 
ATIMEC12,JJ=l4.0 
ITP1(12•3)=03030000 
ATJME<l2t4J=l6.0 
ITP1Cl2•4)=09080100 
ATI~E(l2,S>=23.0 
ITP1Cl2•5l=Ol010000 
A TI ME < 13, 1 l =4. 0 
ITP1Cl3tl)=01010000 
ATIMEC13,2)=9.0 
ITP1(13t2)=02-010100 
ATJME<l3•3J=ll.O 
ITP1Cl3•3l=Ol010000 
ATIMEC13,4>=19.0 
ITP1(13•4)=03030000 
ATIMEC14•1>=4.0 
ITP1Cl4•lJ=03030000 
Alt ME ( 14•2> =7 .Q 
ITP1Cl4•2>=02010100 
ATTMEC14,3J=l8.0 
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!TP1Cl4•3J=08080000 
Al'IMEC14,4)=23.0 
ITPl<l4t4J=02010lOO 
ATIME<l5,})=6.0 
!TP1(15tl)=03030l00 
ATIMEC15•2)=7.0 
!TP1(15t2J=01000100 
ATIMEC16,1J=7.0 
ITP1Cl6•1>=05030101 
ATIMEC16,2J=l5.0 
ITP1Cl6•2>=01010000 
ATIME<l7,ll=3.0 
ITP1Cl7•1>=01010000 
AT I ME< 17,2 > =4. 0 
ITP1<17•2J=Ol010000 
ATIME<l7,3>=6.0 
ITP1Cl7•3)=02000200 
ATIMEC17,4>=15.0 
ITP1Cl7t4J=Ol010000 
ATIME<l8•1>=4.0 
ITP1<18,lJ=OlOOOlOO 
ATIMEC18,2J=S.O 
ITP1Cl8•2l=Ol-000001 
ATIME<l8,3)=6.0 
ITP1Cl8•3l=-01000100 
ATIME<19,1>=3.0 
ITP1<19t1)=04040000 
ATIME<19,2J=8.Q 
ITP1Cl9•2>=07050200 
AT !ME ( l 9, 31=11. 0 
lTPlfl9t3)=02-010100 
ATJMEC20•l>=O.O 
I TP 1 C 2 0 , 1 > = 0 1 0 0 0 1 0 O 
ATIMEC20,2J=3.0 
ITP1C20•2>=03030000 
ATIMEC20.,Jr=6.Q 
ITP1(20•1J=06040200 
ATIMEC20t4)=1o.o 
ITP1C20,4>=03030000 
ATIMEC20,S)=19.0 
ITP1(20•5)=07000601 
ATIME<21,1>=5.0 
ITD1<21•1>=04040000 
ATIMEC2lt2)=17.0 
ITP1(21~2J=05010004 
ATIMEC21•3>=22.0 
ITP1<21•3>=03020100 
ATIMEC22•1>=7.0 
ITP1C22tl)=02020000 
ATIME<23,1>=10.0 
ITP1(23tl)=06050100 
ATIME<23•2l=l6.0 
ITP1C23•2J=03000003 
ATIMEC24•1>=4.0 
!TP1(24•1 l =10100000 
ATIME<24,2)=5.0 
ITP1C24•2>=01000100 
ATIME(24,J)=7.0 
ITPlC24,3)=0l010000 
ATIMEt24,4>=18.0 
ITP1C24•4)=01010000 
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ATIMEC24,S>=l9.0 
lTPlC24•5>=0l000100 
ATIME<25•1>=4.0 
ITPl <25• l> =02020000 
ATIME<25•2>=7.0 
ITPl C25•2l =04010300 
AT I ME ( 26, ll =6. 0 
!TP1C26•1>=01010000 
ATIME<26,2>=18.0 
ITDlC26•2>=09090000 
ATIME<27•1>=6.0 
ITP1(27•1>=03020100 
ATIMEC27t2)=18.0 
!TP1C27•2>=01000100 
ATIMEC27•3>=21.0 
ITPlC27•3)=0l000lOO 
ATIMEC28,1)=7 .o 
ITPlf28•1>~02020000 
ATIME(28•2>=11 .. 0 
!TP1C28•2)=01000001 
ATIMEC28,JJ=l9.0 
ITP1C28,3)~08070100 
ATIMEC29•1)=8.0 
ITPl C29tl > =01000100 
ATIMEC29,2)=9.0 
!TP1{29•2>=01-010000 
AT!MEC29,JJ=l9.0 
ITP1C29•3)=010l0000 
ATIMEC29t4)=22.0 
ITP1C29t4)=01000100 
AT I ME< 30, 1> =2. 0 
ITPl(J0,1>=01010000 
ATJ~E!30,2>=7.0 
ITP1C30t2>=02010100 
AT I ME< 31.I > =S. 0 
ITPlt3ltll=Ol000100 
AT H~E <J l., 2) = 1O.0 
ITP1(31,2J=Ol010000 
ATIME<31t3}=18.0 
ITP1C31•3>=06060000 
ATIME<32•1>=6.0 
ITP1C32•1>=01000100 
AT I ME <32, 2>=19. 0 
lTPlC32•2>=ll000407 
ATJMEC32•3>=22.0 
ITP1C32t3J=06060000 
ATIMEC33,1>=3.0 
ITP1C33,1>=02020000 
ATIMEC33t2J=7.0 
ITP1(33t2)=02020000 
ATIME<33,J>=18.0 
ITP1(33•3>=-01000100 
ATIMEC33,4)=19.0 
ITPl<JJ,4>=03030000 
AJIME<33t5)=22.0 
ITP1<33t5J=02010100 
A TI ME ( 34, 1 ) =6 • O 
ITP1(34•1>=02010100 
AT I ME (34, 2) = 11 • 0 
ITP1C34•2J=01010000 
ATJME<34,J>=l2.0 
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!TP1~34•3>=02010100 
AT I ME ( 3 5 , 1 ) =1 8 .• 0 
1TP1C35•1>=01010000 
AT I ME (35,2> =21.0 
1TP1C35•2>=01010000 
ATIME(36,l>=ll.O 
ITP1C36•1>=02010100 
ATIME(J6,2>=16.0 
ITP1<36•2l=Ol010000 
AT I ME (36, 3) = 19. 0 
ITPl(J6,J)=05030200 
AT I ME <37, l) =2.0 
ITP1C37tl>=03030000 
ATIME(J7,2>=4.0 
ITPlf37•2>=01000001 
AT I ME (3 7, 3) =7. 0 
IT~lC37•3>=01000100 
AT!ME (38, l) =2. 0 
ITP1C38•1>=04040000 
ATIME(J8,2l=l6.0 
I~Pl(38,2>=02020000 
ATIMEC39tl)=2.0 
ITP1(39•1>=02000002 
ATIME(J9,2>=3.0 
ITP1(39t2J=01000100 
ATIME<39,J>=4.0 
ITPl(J9•3>=06060000 
AT I ME (39,4) =8. 0 
ITP1<39•4>=01000001 
A TIME (39,SJ =18. 0 
ITP1C39,5)=03000003 
ATIMEC40,1>=6.0 
ITP1!40tl)=02020000 
ATIME(40,2)=8.0 
ITPlC40•2>=01000001 
ATIME(40t3)=16.0 
!TP1(40t3J=03030000 
ATIMEC40t4)=23.0 
ITPl C40t4)=01010000 
AT I ME ( 42, 1 > = l a 0 ' 
ITPlC42tlJ=Ol010000 
AT!Mf (42,2>=16.0 
ITPl (42,2>=11110000 
ATIME(4J,I>=6.0 
ITPl<43tlJ=Ol000100 
ATIME(43,2)=8.0 
ITPlC43•2l=Ol000lOO ATIME(43,3l=l2.0 
ITP1<4J,3>=0l000100 
ATIME(43,4l=l4.0 
ITP1i43,4)~0101~000 
ATIMEC44,})=3.0 
!TPll44,l>=05050000 
ATIMEC44,2J=6.0 
!TP1(44•2>=05040100 
ATIME'.(44,3>=7.0 
!TP1(44•3)=02020000 
ATIME(44,4>=14.0 
ITP1(44,4)=01000100 
ATIME<45,1}=2.0 
ITP1145•1J=03030000 
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AT!MEC45,2)=8.0 
ITP1(45•2>=08080000 
ATIMEC45,3>=17.0 
lTPlC45,J>=01010000 
ATJME<46,1)=5.0 
ITP1C46tl)=05050QOO 
ATIMEC46,2>=6.0 
ITP1(46•2>=03030000 
ATIMEC46,J>=l5.0 
ITP1C46•3J=Ol010000 
ATIMEC46,4>=17.0 
ITP1C46,4)~04040000 
ATIMEC47,1)=0.0 
lTPlC47,1>=01010000 
ATIMEC47,2>=7.0 
ITP1C47t2J=Ol0100-00 
ATIMEC47,3>=15.0 
!TP1(47t3)~03030000 
ATIMEC48,l>=l.O 
1TP1C48tl)=02020000 
ATIMEC48,2)=2.0 
ITP1C48t2J=02020000 
ATIME(48,3J=4.0 
ITP1(48t3J=02020000 
ATIME(48t4)=6.0 
ITP1(48t4)=05050000 
ATIME(48,5)=2o.o 
ITP1(48•5J=Ol010000 
AT l ME ( 4 9 , U = l 5 • 0 
ITP1<49tlJ=06060000 
ATIME(50,1>=8.0 
ITPlCSOtlJ=OlOlOOOO 
AT H4E ( 50, 2J =12. 0 
lTP1CSOt2J=03030000 
ATtMECSltl)=6.0 
ITPlCSltl)=03030000 
ATIMECSl,2>=7.0 
!TP1C5lt2l=Ol010000 
AT I MECS 1 , 3) = 11•0 
ITP1<51•3J=Ol010000 
ATJME.<53, l r=2.0 
ITPl (53tlJ=Ol010000 
ATIME(53,2)=4.0 
1TP1<53•2>=01010000 
Al I ME (53,3) =11.0 
ITP1C53t3)=02020000 
ATIME<53,4>=13.0 
ITP1C53•4>=-01010000 
ATlMECS3.S>=21.0 
ITPl (53t5) =01010000 
ATIMECS4,1)=8.0 
!TP1(54tlJ=05050000 
ATIMECS4,2)=17.0 
I~Pl. CS.4•2)=04040-0-00 ATIMECSS,1>=3.0 
ITP1(55•1J=Ol010000 
ATIME(SS,2>=8.0 
ITP1<55•2>=06060000 
ATIME<SS,3)=16.0 
!TP1155•31=0202000-0 
A T I ME ( 56, lJ =7. 0 

198 



c c c 

ITP1(56•1>=01010000 
ATIME(56,2J=lO.O 
!TP1(56,2>=04040000 
ATIME<S6,J>=13.0 
!TP1C56,3}=04040000 
ATTME<S6,4)=15.0 
ITP1t56t4)=05050000 
ATIMECS7,1)=9.0 
ITP1<57•1>=03030000 
ATIME<S7,2>=13.0 
!TP1(57t2)=01010000 
ATIME(57t3)=ls.o 
ITP1<57,J>=02020000 
ATIME<S8,1)=5.0 
lTPl<S8tl>=01010000 
AT!ME(58,2>=7.0 
ITP1<58t2J=05050000 
ATJME<SB,3>=14.0 
ITP1<58t3)=03030000 
ATIME<S8,4)=2o.o 
ITP1<58,4)=03030000 
ATIMEC58,5>=23.0 
ITP1<58•5)=01000100 
ATIME<59•1J=4.0 
!TP1(59•1>=02020000 
ATIME<S9,2)=7.0 
IlPlCS9t2}=0605-0100 
ATIME(S9,J>=l6.0 
ITP1<59t3)=01010000 
ATIME<S9t4)=19.0 
lTP1(59•4J=Ol000001 
TRAIN DEPARTURES 
DT!ME<ltl)=9.0 
IOEPT<l•lJ=2025 
0 TIME < h 2 > = 1 0 • O 
IDEPTClt2)=3025 
DTIME<l•3>=10.0 
IDEPT<l•3)=2025 
DTIME(lt4J=15.0 
IDEPT(l,4>=3025 
DTIMEClt5)=16.0 
IDEPT<l•5>=3025 
DTIME<l•6)=22.0 
IDE?T(lt6)=2025 
0TIME<l•7>=19.0 
IDEPT<l•7>=2025 
DTIME<l•8)=20.0 
I DEPT C1•8 > =2025 
DTIME<l,9>=5.0 
IDEPT<l•9>=1025 
0() 52 !=2.63 

199 

DO 51 K=l,9 
DTIME(I•K)=OTIMECl,K) 
I DEPT (I •K> =!DEPT (} ,1-0 

Sl CONTINUE 
5? CONTINUE 

Do 54 !=7,63 .. 7 
DO 53 K=l,6 
DTIME<I•K>=25.0 
IDEPT<I•t<l=O 

53 CONTINUE 
54 CONTINUE 

RETURN 
END 
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FUNCTION IJf(IfNI 
COMMON/QVAR/NDE,NFT8U<l00) •NREL<!OOI .NRELP(lOO> ,NREL2<100), 

lNRUN.NRUNS.NTC(lOOI ,PARAM(lOQ,4J,TBEG.TNOW 
COMMON/UCOM1/IHOUR.IDAY,AT!ME<90.!0l .ITPl (9Q.!Ol dTP2!90dO>, 

1 ITP3(90'10) .DTIME (90 .10) 'I DEPT (90 • lOl 'ITCAR<;. !TONE. nn10. 
2ITEMT•ITONER•ITEMTR·MXRAMP•MXPARK•lSJART,ITyPlE•ITYPlW,ITYPlN, 
JITTWOR,[TYPlS,ITYP2E,ITYP2~,ITYP2N,ITYP2S•lTYP3E1!TYP3W,!TYP3N, 
4lTYPJS,IEAST•IWE5T·INORTH,ISOUTH.IPR!l.IPRI2,INIT,!PARKl•IPARK2• 
5 IPARK3 dPARKT ( 90 l .I OVFI( 90 l •MOVE ( 90 > 

CQMMON/UCOM2/TSWIN(90.10) .rswINT!90,10) ,TOFF'(90.10) ,TQN(9Q,l0) 
l •LCON (90, 1 O> oNSWOUT (90 • l01•TSOUn90,10 l •LCOFF' (90, l n l ,MCAf:l, 
2NSWIN,NQFF.NON,NOUTtISAT,ISUN,IWORK,NGNO,INoRQ 

COMMON/USTAT/U08V(25•5l tXYZZZ1906J 
DIMENSION TYPE(3J .ICAR5(3) .ICAR!3l .ITW0<3J dONEIJJ .IEMT(J), 

1ITWOR!3) o!ONER!3) .IEMTR(J) -!5(50) .IP(5Q) .rsusoi •TISO) .NUM(SOJ 
REAL EX 
REAL SE 
REAL A TT I 7 I 
REAL UN 
REAL NO 
UF=o.o 
IF<!NPRO.EQ.Ol GO TO 102 
GO T0<6Q,290{3Q0,4QO,SOQ,600,70Q,800,900t~SOJ ,IFN 

60 !HOUR=!r-OUR• 
IF<IHOUR.LT.24J GO TO 140 
rss=ISTUS(7Q.14) 
IF<!SS.EQ.OJ GO TO 71 
IOVPIIDAYJ=XN!NQl70l 
IOVP<!DAYl=IOVPl!DAYl+l 
IF(MXPARK.LE.Ql GO TO 72 
IF'IIOVP<IDAYl-MXPARKJ 61,62,62 

61 MOVE<IOAYJ=IOVP<IDAYl 
Go TO 63 

62 MOVE<IDAYJ=MXPARK 
63 IOVPllDAYl=IOVP!IDAYl-MOVEIIOAYJ 

JMOVEV=MOVE(!DAYl 
DO 70 !=l·JMOVEV 
ICF=63 
CALL STAGO(l4,80,o.o.o.ATTI 
RET1lRN 

64 MXPARK=MXPARK-1 
If1ATTC2l.EQ.200.0J GO TO 65 
AJT(2l"'300.0 c LL PTIN(42.o.O.TNOW.ATTl 
GO TO 66 

65 JTYPE=ATTlll•48.0 
CALL PTIN<JTYPE.o.o.TNOW.ATTJ 

66 rss=ISTUSl70.14l 
IF(!SS.EQ.Ol GO TO 95 

70 CONTINUE 
GO TO 95 

71 IOVP<!OAYl=O 
72 MOVE(!DAYJ=O 
9S IHOUR=O 

!PAPKTIIDAYJ=MCAP-MXPARK 
NS'llIN=NSWIN+l 
NOFF="lOfF+l 
NON=NON•l 



c c c 

c c c 

96 

97 
98 
99 

100 
101 

102 

104 

105 

202 

NOFF=NOFF+l 
NON=NON+l 
NOUT=NOUT+l 
TSW!NCIDAY,NSWIN>=O.O 
lSWINT(lOAY,NSWlN>=O 
TOFFCIDAY,NOFF)=O.O 
LCOFFCIDAY.NOFFJ=Q 
TONCIOAY,NON>=O.O 
LCON!IDAY,NON>=O 
TSOUT<IDAY.NOUT>=O.O 
NSWOUT<IDAY•NOUTJ=O 
!DAY=IDAY+l 
NON=O 
NOUT=O 
NOFF=O 
NSWIN=O 
!WOAY=IDAY+S 
DO 96 I=6.!WDAY•7 
IF<I.EQ.IOAY> GO TO 98 
CONTINUE 
DO 97 I=7.IWDAY•7 
IF (I .EQ. IDAY> GO TO 99 
CONTINUE 
GO TO 101 
IF<ISAT•EQ.l> GO TO 101 
GO TO 100 
IF<Isu~.EQ.1> GO TO 101 
IWORK=O 
GOTO 102 
I WORK= I 
ARE THERE ANY TRAINS SCHEDULED TO ARRIVE THIS HOUR? 
N=lO 
INPRO=l DO 117 M=l,N 
TRANA=ATIMECIDAY,M) 
IFCTRANA.LT.25.0) GO TO 104 
GO TO 117 
ACTUAL =NO ( 1 > 
ARR=TRANA+ACTUAL 
IFCARR.LT.O.Ol ARR=O.O 
ICARCl>=ITPlCIDAY.~l 
ICAR<2>=ITP2<IDAY,M) 
ICAR(3>=ITP3<IDAY,M) 
K=3 
DO 116 I=l•K 
IFCICA~CIJ.EQ.OJ GO TO 116 
TYPE(!)=! 
!CARSCil=ICAR<I>/1000000 
IMULT=ICARSCIJ•lOOOOOO 
IPASS=ICARCI>•IMULT 
ITWO<I>=IPASS/10000 
IMULT=ITWOCI>•lOOOO 
IPAST=IPASS-IMULT 
ION~(!J=IPAST/100 
IMULT=IONE<I>*lOO 
IE~TCI>=IPAST-IMULT 

DETERMINE TYPE, NUMBER, LOAD, AND DIRECTION Of CARS 



203 

c 
C CALCULATE REVERSED CARS. c 

c 

ITWORCI>=O 
lONERCI>=O 
IEMTR<I>=O 
ITWOCIJ=ITWGCIJ-ITWORC!) 
IONECIJ=IoNE<I>-IONERCI> 
IE~T<I>=IEMT<I>-IEMTRCI> 

C RECORD TOTAL NUMBER AND DIRECTION OF CARS. c 

c 

ITCARS=ITCARS•ICARS<Il 
ITONE=ITONE+IONE{J) 
ITTWO=ITTWO+lTWO<I> 
ITEMT=ITEMT+IEM7<I> 
lTONER=lTONER•IONERCIJ 
ITTWOR=ITTWOR+ITWORCIJ 
ITEMTR=1TEMTR+1EMTR<I> 

C PLACE CARS INTO INBOUND YARD. c 
106 

107 

108 

109 

110 

1 l 1 

112 c 

NUMCAP=ICARSCIJ 
DO 115 J=l~NUMCAR 
ATT<l>=TYPE(l) 
ATT!4)=0.0 
ATTCSJ=O.O 
ATT(6)=0.0 
ATTl7>=0.0 
IFCIONE<IJ.EQ.OJ GO TO 107 
ATTC2>=1. 
ATTC3>=1. 
IONECI>=IoNE<I>-1 
GO TO 112 
IFCITWOCI1.EQ.OJ GO TO 108 
ATT<2J=2. 
ATT(3J=l. 
ITWO<I>=ITWOCI)-1 
GO TO 112 
IFCJEµT(JJ.EQ.Ol GO TO 109 
ATTC2J=O. 
ATT(3J=1. 
IEMTCI>=IEMT<I>•l 
GO TO 112 
IFCIONER<I>.EO.OJ GO TO 110 
ATT(2J=l. 
A TT C 3 > =O. 
IONERCI>=IONERCl>-1 
GO TO 112 
IFCITWORCIJ.EQ.OJ GO TO 111 
ATTC2J=2. 
ATT(3J=O. 
ITWORCI>=ITWORCIJ-1 
GO TO 112 
IFCIEMTR(!J.EQ.OJ GO TO 115 
ATT(2J=O. 
ATTC3>=0. 
IEMTR<I>=IEMTR(l>-1 
CALL PTIN(lOtARR•TNO~•ATT> 



204 

C SCHEDULE CONTAINER PICK-UP c 

c c c 

c c c 

113 
114 
115 
116 
117 

120 

125 c c c 
§ 
c 

c 

IF(NGNO.EQ.ll GO TO 115 
IPICUP=2 
DO 114 L=l.1PICUP 
If!ATT(2l .EQ.O.Ol GO TO 115 
P!CUP=UN(6) 
CALL PTIN(60.PICuP.TNOw.ATTI 
WILL THERE BE A CONTAINER DELIVERY WHEN PICK-UP IS MADE? 
PN=ORAND (LJ 
If<PN.GT.O.SJ GO TO 113 
DN=Oc:/ANO (LJ 
ATT!4l=4. 
IF" <ON.GT. 0. 25 J A TT < 4 l = 3. 
If<ON.GT.O.SOJ ATT14l=2· 
lf<ON.GT.0.75) ATT(4l=t. 
ATT(5J=2. 
1F<DN.LT.0.10J ATT<5l=l. 
A TT ( 6 l =112. 0 
CALL PTIN<80tP!CUP,TNOWtATTl 
IF'<ATTl2l.EQ.l.OJ GO TO 115 
CONTINUE 
CONTINUE 
CONTINUE 
CONTINUE 
ARE THERE TRAINS SCHEDULED TO DEPART THIS HOUR? 
IF<INIT.EQ.Ol GO TO 160 
J=lO 
IMT=O 
DO 135 I=l •.J 
DEPART=OT!~E<IDAY,ll 
IFCDEPART.LT.25o0) GO TO 125 
GO TO 135 
IOEPAR=IDEPTl!DAY,11 
A DEPARTURE• DETERMINE DIRECTION. 
IFCIDEPAR.LT.4000) GO TO 126 
A SOUTH BOUND DEPARTURE 
IDEPAR=IDEPAR-4000 
I0=33 
ISEP=l8 
IOUT=34 
GO TO 129 

§ 
c 

126 IFCIOEPAR.LT.30001 GO TO 127 
A NORTH 8QUND DEPARTURE. 

c 

IDEPAR=IDEPAR-3000 
IQ=31 
ISEO=l7 
IOUT=32 
Go TO 129 



c c c 

c 

205 

127 IF<IDEPAR.LT.2000> GO TO 128 
A WEST BOUND DEPARTURE 
IDEPAR=IDEPAR~2000 
10=29 
1SER=16 
IOUT=30 . 
GO TO 129 

c· AN EAST BOUND DEPARTURE. 

c c c 

c c c 

c c c 

128 

129 

IDEPAR=IDEPAR~lOO~ . 
10~21 . 
ISER=lS 
IOUT=28 
DETERMINE MAXIMUM NUMBER OF CARS AVAILABLE FOR TRAIN. 
Iss=ISTUSCIQ•ISER> 
IF<Iss.EQ.01 GO TO 134 . INQ=XNINQ(!Ql . 

. INa=INO• 1 
IGO=IDEPAR-INQ 
IF<IG8.GE~01 GO TO 130 
IGo=r EPAR 
GO TO 131 

130. IGO=INO 

131 
. 132 
134 

5HIP.CARS OUT-BOUND. 
DO 1321<=1,JGO . . .. •· 
CALL STAGO<ISER,JOUT•DEPART•O•ATT> CONTINUE . . . . · 
IFC1MT.EQ.136) GO TO 137 
IF(Iss.EQ.0) GO TO 135 ATT < 1 >=IGO. . . 
ATTf2l=ISER 
AT.T < 3> =I our ATT<4>=IDEPAR 
ATT CS> =IQ . .· 
ATT<6>=132.0 
ATTt7r=DEP~RT .. . . . 
CALL PTIN(80•0EPART•TNOW•ATT> 
ATT<6>=0•0 
ATT<7>=0.0 

13$ CONTINUE 
GO TO 140 

136 IQ=ATT<S> 

137 

I~ER=ATT <2> 
IDEPAR=ATT<4J-ATT<ll 
t ouT=ATT ( 3.) 
DEPART=O•·O 
Hn=l36 
GO TO 129 lMT=O .. ·· 
ATTC6>=0.0 
ATTf7>=0.0 
RETURN 
IS THERE A SWITICHING SCHEDULED THIS ~OUR? 



c c c 
c c .· c c 

c c c c 

c c c 

c c c 

140 

145 

206 

lf<IWORK.EQ.0) RETURN 
lf(!NIT.EQ.ll GO TO 185 
GO TO 160 .· RN=DRANDCl> · . 
If CRN.GT.0.2> RETURN 
GO TO 186 . 

149 
THE RAMP· IS OCCUPIED 
If<CIHOUR.GT.8.).ANO.CIHOUR.LT•l8)) GO TO 151 

lSO 

151 

GO TO 156 . · . 
THE TIME IS BETWEEN 6PM AND BAM", 
OVERTIME/SECOND SHIFT? 
ON=DRANDCl> 
IF<ON.GT.0.0) RETURN 
OTIME=OTIME+4. 0 
THE TIME IS BETWEEN 8AM 
ARE THERE CONTAINERS TO 
If (LOAOOF.EQ.l> RETURN 
Iss=ISTUSC21·8> 
Ifctss.EQ.0) GO TO 153 
LOADOF=l \ 

AND 6PM• 
BE Off LOADED? 

TIMEgr=UNC5> POI=·RANO<l> 
IFC?Ol.Gr.o.75) GO TO 152. 
EP01=0RANOC2) 
IPOV=PQ.(4) 
TIMEOf=IPOI+EPOl 

152 NOF'F=NOff +l 
. TOF'F C I DAY, NOFF > =o. 0 
. LCoFF<tDAv.NOFF>=O ·. 

CALL SJAGOC8t22~TIMEOf,O,ATT> 
RETURN -•. .· 
NO CONTAINERS TO OFF LOAD. CAN CONTAINERS 

153 IF <LOADON.EQ. U RETURN 
IFtLOADOf.,EQ.1> RETURN 
THERE IS AN ON-LOAD INPROGRESS• 
I SS =l STU S C 2 3 , 9 > 
IfCISS.EQ.0) RETURN LOADON=l 
STONLD=l5-IHOUR 
TL DM=DRANO (. 1 ) 
TLO=DRAND· C 2 > T!MEON='O.o· 

. IF<STONLD>. 155,154, 154 
154 TIMEON=STONLD+TLDM 

IF<TLD.LE.0~9~) GO TO 155 
TI~EON=TI~EON+l.O 

155 
If <TLD.LE.0.97> GO TO 155 
TIMEON=TIMEON+l.O NONi:NON + 1 . . . 
TON<IOAY,NONl~O.O 
L CON < IDA Y, NON> = 0 

BE LOADED? 



c c c 

c c 

c c c 

156 

160 

161 

162 

163 

164 

165 

166 

167 

207 

CALL STAGQ<9•24•T!MEON,O,ATTJ 
RETURN · 
NO CONTAINERS TO ON-LOAD. CAN CARS BE SWITCHED FROM RAMP? 
Ir<LOADOU.EQ.lJ RETURN 
Ir<LOAOON.EQ.lJ RETURN ff< (!HOUR.GT.SJ oANO. (IHOUR.LT.18J l RETURN 
A SWITCH TO OUTBOUND YARD IS IN PROGRESS. 
rss=ISTUS<25.10l 
Ir<ISS.EQ.Ol GO TO 150 
LOADOU=l 
TIMEOU=N0<3J 
NOUT=NOUT+l 
TSOUT<IDAY,NOUT>=TIMEOU 
NSWOUT(IOAY•NOUTl=l 
CALL STAGo<l0.26.TIMEOu.o.ATTJ 
RETURN 
SET PARKING LOT AT START T!~E. 

O~ 175 1=1.ISTART I <ITYP E,EQ.Ol GO 
ATT<ll=l. 

TO 161 
ATT (4t=l. 
ITYC>l =ITYPlE-1 
GO TO 172 
ff(!TYPlW.EQ.0) GO TO 162 
ATT ( l l: l, 
ATT<4J=2. 
ITYP t\11= ITYP l W-1 
GO TO 172 
IF'< ITYPlN.EQ,OJ 
ATT<ll=l. 
ATTC4>=3. 

GO TO 163 

ITYPlN=ITYPlN-1 
GO TO 172 
ff ( ITYPlS.EQ,OJ GO TO 164 
ATT<ll=l, 
ATT<4J=4, 
ITYPlS=ITYPlS-1 
GO TO 172 
tr< ITYP2E.EQ.OJ GO TO 165 
ATT<ll=2. ATT(4J=l. 
ITYP2E= ITYP2E-l 
GO TO 172 
If<ITYP2W,EQ,OJ GO TO 166 
ATT<ll=2. 
ATT<4l=2. 
I TYP2\11= I TYP2W- l 
GO TO 172 
ff(!TYP2N.EQ,Ol GO TO 167 ATT(ll=2, 
ATT(4J=3, 
ITYP2N=tTYP2N-l GO TO l 2 
ff< ITYP2S.EQ.Ol GO TO 168 
ATT(lJ=2. 



c c c 

168 

169 

170 

171 

173 
174 
175 

176 

177 

178 

179 

180 

!TYP2S=ITYP2S-l 
GO TO 172 

208 

IF<lTYP3E.EQ.0) GO TO 169 
ATT<l>=3. 
ATT(4)=1. 
lTYP3E=lTYP3E-1 
GO TO 172 
IF<ITYP3W.EQ.0) GO TO 170 
ATT < 1 l =3. 
ATT<4>=2. 
1TYP3W=ITYP3W-1 
GO TO 172 
IFCITYP3N.EQ.0) GO TO 171 
ATTC1)=3. 
ATTC4)=3. 
ITYP3N=ITYP3N-1 
GO TO 172 
IF<lTYP3S.EQ.0) GO TO 172 
ATTC1>=3. ATT(4)=4. 
ITYP3S=lTYP3S-l 
OC=DRAND<l> 
lf COC.GT.0.05> GO TO 173 
ATTCS>=l. 
GO TO 174 
ATTC5>=2. 
CALL PTINC42,o.o.rNOW•ATT> 
MXPARK=MXPAP.K-1 
CONTINUE 
IPARK5=IPARKl+IPARK2•1PARK3 
DO 179 l=l•IPARKS 
IF<IPARKl.EQ.0) GO TO 176 
ATTCl)=l.O 
ATT<2>=176.0 
CALL PTlN(49.o.o.TNOWtATT) 
IPARKl=IPARKl-1 
GO TO 178 
!F<IPARK2.EQ.0) GO TO 177 
ATTC1)=2.0 
ATT<2>=176.0 
CALL PTIN<SO,o.o,rNOWtATT> 
1PARK2=IPARK2-l 
GO TO 178 
!F<IPAPK3.EQ.0) GO TO 179 
ATTC1>=3.0 
ATTC2>=176.0 
CALL PTINcso.o.O.TNOW•ATT> 
IPARK3=IPARK3-l 
SPICUP=UN(8) 
CALL PT!Nl60tSP!CUPtTNQW,ATTl 
MXPARK=MXPARK-1 
CONTINUE 
5ET OUT-BOUND YARD AT START TIME. 
IF<!SOUTH.EQ.0) GO TO 184 
DO 180 M=l,IEAST -
CALL PTINC27,o.o,rNOWtATT) 
CONTINUE 
DO 181 M=l.IWEST 
CALL PTIN<29,o.O,TNOW•ATT) 



c c c c 

c c c c 

c c c 

c c c c 

c 

181 

182 

183 
184 

185 

186 

209 

CONTINUE 
00 182 M=l,INORTH 
CALL PTIN<Jl,o.O,TNQW,ATTl 
CONTINUE 
DO 183 M=l•ISOUTH 
CALL PTIN<3J.o.o.rNOW•ATTl 
CONTINUE 
LOADOU=O 
LOADOF=O 
LOADQN=O 
IswITC=O 
!S'.IIN=O 
ISWOUT=O 
A TT ll l = 160 • 0 !NIT=l 

CF=l60 
ALL PTIN(SO.o.o.rNOWtATTJ 

RETURN 
ff ( IS WIN. EQ. 1 l GO TO l 4 9 
IF ( ISwOUT .EQ. ll GO TO 149 
!F(l!HOUR,GT.8.l.AND.{IHQUReLT•l8)) GO TO 145 
THE RAMP IS EMPTY AND THE TIME IS BETwEEN 6PM AND SAM. 
SCHEOULE A SWITCH TO THE RAMP. 
DO 209 I=l,3 
NOLOAD;:O 
K=12•I IS ( l J =!STUS (K .I l 
IF ( IS ( I l • E Q. 0 l GO T 0 2 O 9 

THERE ARE LOADED CARS IN THE YARD. 
SCHEDULE A SWITCH TO THE RAMP. 
IF<!P'l!l.EQ.Ol Go TO 188 
lf<IP'lil.EQ.4) GO TO 194 
!O=IPR Il 
KQ= 12•10 
IST=ISTUS<KQ,IQJ 
If(!ST.EQ.Ol GO TO 187 
GO TO 204 
THERE ARE NO PRIORITY 1 CONTAINERS. CHECK PRIOTITY 2. 

187 IF<IPRI2.EQ.Ol GO TO 188 
If(IPRI2.EQ.4) GO TO 194 
IO=!PRI2 
KO=l2•IQ 
IST=ISTUS(KQ•IQJ 
If(IST.EO.ll GO TO 204 
THERE ARE NO PRIORITY 2 CONTAINERS. 
SWITCH CONTAINERS THAT ARE IN YARD. 
Ia= I KQ=K 
GO TO 204 

C GIVE PRIORITY TO TYPE Of CAR WITH THE LARGEST NUMBER IN YARD. c 
188 MAX13=XN!NQ<l3J 



189 
190 

191 
192 

193 

c 
~ c 

194 

195 
196 

197 

198 

199 

200 
201 

202 

203 

c c c 
204 

MAX14=XN!NO ( 14) 
MAXl S;:XN !NQ ( l S l 
IF CMAJ03 ... "!AX14! 
IF'(MAX14-MAX15l 
10=2 
1<0=14 GO 'TO 204 . 
I.F (MAXl3-MAXl5! 
I0=3 KQ=lS 
GO TO 204 
IQ=l 
K0=13 
G:o TO 204 

210 

189.19ltl9l 
192tl90.190 

GIVE PRIOt=!!TY TO THE CAR WAITING THE l.ONGE:ST IN THE YARD· 
IF' T!ME Is EQUAL• SET l?RIORITY F'OR THE:, l,,.AP.GEST NUMBER IN OuEUE· 
Ti'Csl=PEHST <l l 
TTCS2=REMST(2l 
TTCS3=REMSt<3l 
IF<~TCSl~Ea.o.oi GO TO 197 
IF'<TTCS2.EQ.O.Ol GO TO 195 
IF"tTTCSl-TTCS2l 195t200t 197 
IF'<TTcsJ.Ea.0.01 GO TO 196 
IF'!TTCSl-TTCS3l 196.203'199. 
IO=l 
KO=ll 
GO· TO 204 
IF'<TTC52.Ea.o.oi GO TO 199 
IF'CTTCSl.Eo~o.oi GO TO 198 
IF'< TTCS2 ... TTCS3l 198 t20 l • 199 
Ia=2 . 
KO=l4 
GO TO 204 
10=3 
KO=lS 
GO TO 204 . . . 
IF'<TTCsJ.Eo.o.oi GO TO 188 
IF'<TTCS3-TTCS2> l99,l88t202 
MAXlJ::;Q .. · 
MAX l4:XN INQ ( 14) 
'IAXlSi::XNINO<lSl 
GO TO 189 
MAX ll=XN!NQ ( lll 
MAXl4=XNlNO ( 14) 
IF'(MAXll-MAXl4) 190,193,193 
MAX l.J=XNINQ ( 13! 
MAX 14=0 
MAX is:::xNINQ ( 15) 
GO TO 191 
MOVE CARS F-"ROM YARD TO RAMP. 
TIMESW=N0!3! 
NSW IN=NSW t N• l 
~SWINCIOAYtNSWlNl=TIMEsw 
ISWIN=l 
ISWOUT=l . . . 
YAR0!N=XNINQ<l3l •XNINQ ( l4l •XNINQ ( lSl •XNINO ( 16) •XNINQ Cl 7) •XNINO< 1) 
lI=l2 



c c c 
c c c 

c c c 

208 

209 

210 

211 

DO 208 IA=l,6 
II=II+l 
ISY=ISTUS<II,JA) 
IF<!SY.EQ.0) GO TO 208 
YARDIN=YARDIN+l 
CONTINUE 
CALL COLCYARD!Nt3) 
CALL STAGO<IQ,19tTIMEsw,o.ATT) 
RETURN 
CONTINUE 
J=6 
DO 210 I=4,J 
K=l2+I 
IS<I>=ISTUSCK,I> 
IF<!S<I>.EQ.0) GO TO 210 
L=K+27 
MI=7+I 
IP<I>=ISTUS<L,MI> 
IF<IP<I>.EQ.0) GO TO 210 
NOLOAO=l 
KQ=K 
IQ=I 
GO TO 204 
CONTINUE 
IF<ISWIN.EQ.0) RETURN 
GO TO 340 

CAR IS REVERSED. TURN CAR AND GET ~EXT CAR FROM YARD. 
290 GO TO 301 

300 
301 

310 

340 

350 

PLACE CAR ON RAMP SIDING AND GET NEXT CAR. 
!SWITC=ISWITC+l 
IF<ISWITC.EQ.MXRAMP> Go TO 340 
ISR=ISTUS<37t7) 
IFCISR .. EQ.O> GO TO 310 
CALL STAGQ(7.20.o.o,o.ATT> 
RETURN 
IF<NOLOAD.EQ.l) GO TO 186 
ISSER=ISTUSCKQ,!Q) 
IF<ISSER.EQ.0) GO TO 186 
TIMESW=NOC3) 
TSWIN<IDAYtNSWIN>=TSWINC!OAY.NSWINJ+TlMESW 
CALL STAGO<Ia.19,o.o.o,ATT> 
RETURN 
NO ADDITIONAL CARS CAN BE SWITCHED. 
ATT(6l=340.0 
ISWINT<IDAYtNSWlN>=ISWITC 
CALL PTIN{80tTSWINCIDAy,NswIN>•TNOWtATT) 
RETURN 
ISWIN=O 
IS~OUT=l 
NOLOAD=O 
ISWITC=O 
LOADOF=O 
LOADOU=O 
LOADON=O 
GO TO 185 



c c c 

c c c 

400 

405 
410 

411 

412 
413 
414 
415 

416 

420 

430 

500 

501 

212 

Off LOAD CARS. 
CALL GE TAT< ATTJ 
INO=ATT<l>+48. 
!F<ATTC2).EQ~0.0) GO TO 416 
J=ATT<2> 
DO 405 I=l•J .. 
A~~~~k~~~P~2i<~l GO TO 410 
UNTIME=EX(7) 
TOFf<IDAY,NOff>=TOFF<IOAY,NOFFl+UNTIME 
L. COff C !DAY •NOf. f > =LCQFf ( IDAY • NOff) + 1 
CALL PTlNCINQ,UNTIME•TNOW,ATT> 
lF<NGNO.EQ.l) GO TO 411 
CONTINUE 
GO TO 416 
UNTIME=EXC7) 
TOFFtIDAY,NOff)=TOFFCIDAY,NOFf)+UNTIME 
LCOf'f C IDAY ,NOFF) =LC OFF CI DAY• NO ff> +l . 
ATTC2>=20Q.O . . ' 
CALL PTINC70,UNTIME~TNQW,ATT) 
XNOTfl=UNC14l · 
PICKUP=UN(6) 
PHOUR=IHOUR 
UPICUP=PHOUR+XNOTFI+PICKUP 
IF<UPICUP,GT.17.0> GO TO 412 
CALL PTlNC60;UPICUP,TNOW•ATT> 
GO TO 405 
QHOUR=PHOUR-8.0 IFCQHOUR> 413,413,414 
HOUR8=-QHOUR GO TO 415 . . . 
HOUR8=24.0-QHOUR . 
PICKUP=PICKUP+HOUR8 . 
CALL PTINC6Q,PICKUPtTNOWtATT> 
Go TO 405 · 
Iss=ISTUS<21·8> 
'lf <Iss.Eo.01 GO TO 420 
CALL STAGoce.22.-0.0.0.ATT> 
RETURN 
ATTC6>=420.0 . . · 
CALL PT1N<80tTOfFCIDAY,NOFF>,TNOW,ATTl RETURN . 
LOADOF=O GO TO 185 . 
ON LOAD CARS 
ICF=SOO 
CALL GETAT<ATT) . 
CALL PTIN(80,-0.0,TNOW•ATTJ 
RETURN 
ITYPE=ATT<l>•lO. 
IOP=ITYPE•32 Iss=Is. TUS<IOP.ITYPE> 
IF<Iss.EQ.l) GO TO 505 
ATT<4>=5.0 .· . 
CALL PTINc2s.o.o.rNOW•ATT) 
1S5=ISTUSC23t9) . 
If CIS~.E0.0) GO TO 520 



c 

505 

506 

507 

508 
509 

510 

511 

515 

516 

517 

520 
521 
522 

523 

213 

CALL STAGQ(9t24tO.o,o,ATT) 
RETURN 
ICF=SOS 
CALL STAGOCITYPE,80,0.0,0,ATT) 
RETURN 
IF<ATTCS>.EQ.1.0) GO TO 515 
Iss=ISTUS(IQP.ITYPE> 
IF<Iss.EQ.0) GO TO 515 
A=ATTC4) 
8=ATTC5l 
ICF=506 
CALL STAGo<ITYPE.ao,o.o.o,ATT> 
RETURN 
MAX=XNINQCIQP> 
IF<MAX.EQ.0) GO TO 521 
DO 510 I=J,MAX 
IF<A~EQ.ATTC4JJ GO TO 508 
GO TO 509 
IF (8.EQ.ATT (5) l GO TO 511 
ICF=509 
CALL PTlN(IQP,o.o,TIMEM,ATTl 
CALL STAGO<ITYPE.ao.o.o.o.ATT> 
RETURN 
CONTINUE 
ATTC4)=A 
ATTCSJ=l. 
GO TO 515 
MXPARK=MXPARK+2 
ICF=Sll 
OLTIME=EX(9) 
OLTIME=OLTIME•EXC9J 
LCONCIDAY,NON>=LCON<IDAY,NON)+2 
TONCIOAYtNON>=TON<IDAY,NONl+OLTIME 
CALL PT!N(25•0LTIMEtTNow,ATT) 
CALL PTIN<80t0.0,TNOW,ATTJ 
RETURN 
MXPARK=MXPARK+l 
ICF=515 
OL T IME=EX < 9 J 
LCON<IDAY.NONJ=LCONCIDAYtNON)+l 
TONCIDAY,NONJ=TONCIDAY,NON>•OLTIME 
CALL PTINC25tOLTIME•TNOWtATT> 
CALL PTIN<80tO.O.TNOW•ATTJ 
RETURN 
Iss=ISTUS<23•9) 
IF<ISS.EO.O> GO TO 517 
CALL STAG0(9,24.o.o,O.ATT> 
RETURN 
ATT<6>=517.0 
CALL PTIN(80•TON<IDAY,NON),TNOW,ATT> 
RETURN 
LOADON=O 
GO TO 185 
IFCA.EQ.ATT(4JJ GO TO 523 
CALL PTIN<IQP,o.o,rIMEM,ATT> 
ATT(4J=A 
ATT(5)=1.0 
GO TO 515 
Ifc8.EQ.ATT(5)) GO TO 511 
GO TO 522 
SWITCH CARS TO OUT-BOUND YARD. 



c 

c c c 

c c c c c 

c c 

c c c 

600 

604 

605 

700 

701 

800 

805 

810 

214 

Iss=ISTUS(25,lO> 
IF<ISS.EQ.O> GO TO 604 
NSWOUT<IOAYtNOUT>=NSWOUTCIDAY,NOUT>•l TIMEOU=N0(3) . _ 
TSOUTCIDAY,NOUT>=TSOUT(IDAY.NOUTJ+TIMEOU 
CALL STAGo<I0.26,0.0,0,ArT> 
RETURN 
ATT(6)=604.0 
CALL PTINt80tTSOUT(IDAy,NOUT> .,TNOW,ATT> 
RETURN 
LO.ADOU=O 
ISWOUT=O 
GO TO 185 
EMPTY FROM RAMP. 
CALL GETAT(ATT> 
ATT(2)=0.0 
ATT<3)=1.0 
ICF=700 
E=ATT<l> 
IE=E•lS 
NUM(!f)=XNINQ(JE> 
lf (NUMClE).GT.5) GO TO 701 
CALL PTIN(!E•O.OtTNOWtATT> 
CALL PTlN(80t0.0,TNOWtATT> 
RETURN 
ICF=70 l 
CALL PTlN(J9,o.o.rNOWtATTJ 
CALL PT!N(80,o.o,n.1ow,ATT) 
RETURN 
RANDOM OVER-THE-ROAD CONTAINER ARRIVALS 
DETERMINE TYPE Of CONTAINER 
TCON=l.O 
TC=DRAND(l) 
If (TC.LT.0.8> GO TO 805 
TCON=2.0 
IF<TC.LT.o.95) Go TO sos 
TCON=3.0 
ATT<l>=TCON 
OETER~INE DESTINATION OF CONTAINEP 
DCON=l.O DC=DR.AN0(2) 
If CDC.GT.0.75) GO TO 810 
OCnN=2.0 
IF(OC.GT.0.50> GO TO 810 
0CON=3.0 
IF<DC.GT.0.25> GO TO 810 
DCON=4.0 
ATT(4>=DCON 
DETER~INE IF CONTAINER REQUIRES SINGLE CAR. 
PERCAR=2.0 
PC=DRAND<3> 
IF<PC.LT.0.90) GO TO 815 



c c c 

c c c 
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PERCAR=l.O 
81~ ATT<Sl=PERCAR 

ATT ( 2 > =O. 0 . 
AT T < 3 ) = 0 • O. 

820 

DETERMINE IF P.A.RKING LOT IS AT CAPACITY. 
IF(MXPARK.EQ~OJ GO TO 820 
MXPARK:i:MXPARK-1 .· . . 
CALL PT1N<42,o.~,TNOW•ATT) 
RETURN . · 
CALL PTlN<70tO.O,TNOW•ATT> RETURN . 
CURRENT ATTRIBUTE FUNCTION 

900 TIMEM=TMARK(10UM> 
CALL GETAT <ATT> 
IF<ATT(6>.EQ~ll2.0J GO TO 925 
IFtATT(6).EQ.1Ja.o, GO TO 136 
IF<ATT(6).EQ.340.0) GO TO 350 
IF<ATTC6J.EQ.420.0J GO TO 430 
IF<ATT<6>.EQ.517.01 GO TO 520 
IF<ATTC6).EQ.604.0y GO TO 605 
IF<ATT<6>~EQ.965.0i GO TO 920 
IF<ICF.EQ.63> GO TO 64 
IFCICF.EQ.1601 GO TO 120 
IF<ICF'.EQ.500) Go ro Sol 
IFrICF.EQ.505) Go TO 506 
IF<IC·F· •. EQ.506) Go TO So7 
IF<ICF~EQ~509) Go TO s10 
IF<ICF.EQ.511> GO TO 516 
IF<ICF~EQ.515) GO TO 516 
IF<ICF.EQ.700> GO TO 6-00 
IF<ICF.EQ.701> GO TO 600 

920. DN=DRAND<·l). 
RN=DRAND<2> 
ATTC2J=920~0 
ATT<4>=2.0 . 
lF<DN.GT.0.79> 
IF<DN.GT.0.93) 
ATT<5>=2.o· • 
IF <RN.LT. 0. 1 Ol 

ATT(4)=3.0 
ATTC4>=1.0 
ATTCS>=l.O 

925 ATT<6>=0.0 
IF<MXPARK~EQ.OJ GO TO ~30 
MXPARK=MXPAHK-1 
CALL PTINE41,Q.O,TIMEM,ATT> 
RETURN 

930 CALL PTIN<7~.o~o,r1MEM,ATTJ 
RETURN 

9-50 MXPARK=MXPARK+ l 
IFCNGND.Ea.n> RETURN 
CALL GE. TAT <ATT> 
1RTCON=EX<2> 
RTCON=IRTCON*24 
NHOIJR=IHOUR-8 IFCNHOURJ 955,955,960 

955 HOURO=-NHOUR 
GOTO 965 

960 HOURD=24-NHOUR 
965 DELV=UNC6) . . . . · 

DELVT~DELV+RTCON+HOURD 
ATT(6l=965.0 CALL PT1N<80,DELVT,TNOW•ATT> 
RETURN 

_END. 
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·suSROUTINE uo 
COMMON/QVAR/NDE tNfT8U <100) INREL ( l 00) ·NRELP ( 100 ).,NREL2 ( 100 )., 

lNRUN.NRUNS.NTC(lOO! .PARAMC 00,4) .rSEG.rNOw. .· 
COMMON/UCOM l I I HOUR, I DAY• A TIME C 90, l 0 l • IrP l C 9.Q • l 0 l t I TP2 C 90 • l 0 l • 
lITP~C90,10ltDTIMEC90tl0>,IDEPT(90,lOltITCAR~.ITONE,ITTWO• 
2JTEMT•ITONER•ITEMTR•MXRAMP,MXPARK.I~TART~ITYPlE•ITYPlW•ITYPlN, 

~tH~g~:U!~t~i~U~;7N~M~;t5Mf~;~.;~H~1~RU~~~1t!H:~~i!I~:~~2. 
5IPARK3;IPARKT(90) .rovP!90) tMOVE(90) 

COMMON/UCOM2/TSWIN190,lOl,ISW!NT(90,lOJ,TOF,<90•lO> ,TQN(909lOJ 
l•LCON!90,l0l•NSWOUT!90•l0l•TS0UT!90,l0J1LCOFF(90tl0l tMCAP, 2NSW{N,NOFF,NON,NOUT•ISAT,1SUN,!WORK,NGNu,INPRO, 

CQMM0N/USTAT/U09V c2s.~1 tXYZZZ (906) . 
DIMENSION QAVG(251.oso12s1.osUA!2Sl . 
DATA CPF~·CPFO~CPCH,CPCQ3CPSH/.42 .• 10.oa •• 2i1.s.2~22602/ 
IF (NRUN.GT. l l GO TO l 005 ' . 
YOMAX=o.o 
SY01.1Ax=o.o 

l 005 ORUN"NRiJN 
OOAY=IOAY 
XOP=O.O 

·. O()p:Q. 0 
00 1010 I=l•IDAY 
IF<!OVP(IJ.LE.Ol GO TO 1010 
YZ:;IOVP (I l 
X·OP=XOfol •YZ 
OOP=DOP•l•O 

Hi 10 CONT !NUE 
lF<DoP.Ea .. 0.01 GO TO 1015 
AXOP=XOP/OOP 
CALL COL! AXOP .1 l 
CALL COL COOP• 2 l 

io1s XMv=o.o 
XMO=o.o 
Do 1020 I:l,IDAY 
IF!MOVE<IJ.LE.O> GO TO .1020 
ZY=M'OVE < I l 
XMV=XMl/•ZV 
XMD= XMD • l • 0. 

1020 CONTINUE . 
IFtXMD.EQ•O.Ol GO TO 1025 
AXMV=XMV/XMD 

1025 PKT=O.O 
DO 1030 I::l,IDAY 
ZZ~IOARKT (I) . 
PKT=PKT~zz 

1030 CONTINUE 
ZDAY=IDAY . 
APKT:PKT/ZOAY 
TPK=PKT•XOP· 
ATPKT:TPK/ZQAv 
CALL COL(APt<T,71 
C AL.L COL <ATPK T, 8 l 
AVl:tAVEWT<l3l 
AV2=AVEWT < 14;J 
AvJ;:AVEWT<lSl 
DAv='3.0 
!F(AVleEQ.o.oJ DAv=OAv-1.0 



1031 
1032 

1033 
1034 

1035 
1036 

1040 

IFCAV2.EQ.0.0) DAv=DAv~1.o 
IF<AV3.E0.0.0) DAV=OAV-1.0 
IF(OAV.EQ.0.0) GO TO 1031 
WTINB=AVl•AV2+AV3 
AVGWT=WTINB/DAV 
GO TO 1032 
AVGWT=O.O 
AV4=AVEWT ( 16) 
AVS=AVEWT(l7) 
AV6=AVEWT ( 18) 
RAV=J.O 
IF<AV4.EQ.O.-O> RAV=RAV-1.0 
IF(AVS.EQ.0.01 RAV=RAV-1.0 
IF<AV6.Ea.o~oJ RAV=RAV-1.0 
IF1RAV.EQ.0.0) GO TO 1033 
REVT=AV4•AV5•AV6 
AVGRT=REVT/RAV 
AVGP.T=O.O 
GO TO 1034 
AVGRT=O.O 
AV7=AVEWTC21> 
AV8=AVEWT<23l 
AV9=AVEWT<25> 
AVGRMP=AV7•AV8+AV9 
TAVGWT=AVGWT+AVGRM~•AVGRT 
AV10=AVEWT<27} 
AVll=AVEWT<29) 
AV12=AVEWT<31) 
AV13=AVEWT<33) 
OAV=4.0 
IF<AVlO.EQ.O.Ol OAV=OAV-1.0 
IF<AVll.EQ.O.OJOAV=OAV-1.0 
lf CAV12.EQ.0.0J OAV=OAV-1.0 
IF<AV13.EQ.O.O> OAV=OAV-1.0 
~~~~ft~1~~521Sl1~ivI~.l8?~ 
AVGOT=WTOTB/OAV 
GO TO 1036 
AVGOT=O.O 
TAVGWT=TAVGWT+AVGOT 
XSWIN=O.O 
xrsw=o.o 
.~TOFF=O • 0 
XCOFF=O.O 
XTON=O.O 
XCON=O.O 
xsour=o.o 
XNSOUT=o.o 
DO 1050 I=l•IDAY 

218 ' 

DO 1045 K=l•lO 
IF<TSWIN<I.K>.LE.o.o> GO TO 1040 
XSW!N=xsWIN•TswIN<I.K> 
XYl=lSWINT (I ,K) 
XISW=XISW•XYl 
IFCTOff<I•K>.LEo0.01 GO TO 1041 
XTOFF=XTOFF+TOff (I,K> 
XY2=LCOFFCI,K> 
XCOFF=XCOFF+XY2 



1041 

1042 

1045 
1050 

219 

IF<TON<I•K>.LE.O.O> GO TO 1042 XTON=XTON+TON<l•K) 
XY3=LCON <I ,1(1 
XCON=XCON+XY3 
IF<TSOUT<I.K>.LE.o.o> GO TO 1045 
xsour=xsour•tsourc1.K1 
XY4=NSWOUT<I,Kl 
XNSOUT=XNSOUT•XY4 
CONTINUE 
CONTINUE 
ASWIN=XSWIN/NTCF<20> AOFF'=XTOff /XCOF 
ATON=.l(TQN/XCON 
Asour=xsOUT/X~SOUT 
TAVGWT=tAVGWT+ASWIN+ASOUT 
TOTsw=xswIN+XSOUT . 
CALL ,COL<TOTsw,11> 
CALL COL<ASWIN,12> 
CALL COLCASOIJT,13) 
CALL COLCTAVGWT~l4> 
CALL COLCAOFF,15> 
CALL COL<ATON.I6J 
CALL COL<XCOFf,17> 
CALL COL (.XCON, 18 > 
CONIN:XCOFF/NTCC20> 
CWTIN=CONIN~AVGWT 
CSWIN=CoNIN~AswIN 
CRMPIN=CON1N~AVEWTC21> 
AV14i::AVEWTC49) 
AV1S=AVEWTC50) 
AV16=AVEWT(51> 
CIN=3.0 
IF<AV14.EQ.0.0) CIN=CIN~l.O 
IF<AV15.EQ.O.&> CIN=CIN-1.0 
IFCAV16.Ea.O.O> ClC=CIN-1.0 
IF<CIN.EO.O.O> GO TO 1054 ' 
CINWT=AV14•AV15•AV16 
CINAV=CINWT/CIN . 
CINAWT=CWTIN+CSWIN+AOff +ClNAV+CRMPIN GO TO 1055 

1054 ClNM•IT=o. 0 ·. .· 
1055 CALL COL<CINAWTt2l> 

CONOUT=xCON/X~SOUT cwrour=CONOUT*AVGOT 
CswouT=CONOUT~ASOUT 
CWRMP=CONOUT*AVEWTC25> 
AV17=AVEWTC43) 
AV 18=AVEWT ( 44 > 
AV19=AVEWTC45) cout=J.o . . 
IFcAvl7.EQ.o.o> cour=cour-1.0 
IF<Av1a.Ea.o.o> cour=cour-1.0 
IF<AV19.Ea.o.o> cour=cour-1.0 
IFiCOUT.EQ.O.OJ GO TO 1056 
CQUTWT=<AV17+AV18+AV19l/COUT cour.Av=courwr +ATON+CSWOUT +CWTOUT. CWRMP GO TO 1057 

1056 CQUTAV=o • 0 



1057 

1058 
1059 

220 

CALL COLfCOUTAVt22> . · . . 
CKIN=<XNIN0113>•XNINQ{l4t+XNINQ<l5))*CONIN CKARS=NTC < l 0) . .. .· 
CKOUT=NTCC42l . · . 
CKINl=XNINQ<49)+XNINQ(50)~XNINQC51> 
CKIN2=NTC<49)+NTC<SO>•NTC<51) 
CKIN3=CKIN+CKINl•CKLN2 
CALL COLCCKARS,23> · 
CALL COL<CKOUT,24) 
CALL COL<CKINJ,25> 
YDMAX=YOMAX+UOBV<3,5> 
SYDMAX=SYDMAX+ <UOBV (3,5) **2> 
OAFt=<TIN!O~l3l•TINlQ(14>•T!NIQ<lS>>ITNOW 
OAF1l=<TISS<l3.l>•TISS·<.14,2)+TISSC15•3>>1TNOW · 
0Af2=<TINIQ<l6)+T!NIQC17l+TINIG<l8>>1TNOW .. 
0AF22=<TISS<16,4l +TISSC17,5)+Tissn8,6) )/TNOW . 
OAF3=<TINIQ<2l>•TINIQC23l•TINIQ<25>•TINIQ137>>1TNOW 
OAF33=<TISS~21~8)+T1SSC23~9)+T.Issc2s,1.0)+TJ55(J7,7Jl/TNOW 
OAF4~(TINIQt27>•IINIQ(29)+TINIQ<3l>•TINIQ(33>>/TNOW 
OAF44=<TISS<27,151+TISS<29tl6>+TISS<31,17>•TISS(33,18>>1TNOW 
OAFS=UOAV ( 2.3 tl l /ORUN ·. . ·· · . 
OAFSS=OAf 5/0DAY · . . . 
O.AF6=0AFl+OAFJl+OAF3+.QAF33+0Af4+0Af44+QAF55 
CALL COL<OAF6,4) .· . · 
OAC11~coAFl+OAFll+C(TINIQ(21>~TISSC21.8))/TNOW>l*CONIN 
OACI2=CTINIQ(49>~TINIQC50)+TINIOC51>>1TN0~ . 
OACt3=< <TINIQ<70l+TlSS <70,14» /TNOW> *O.S 
OACI4=U0Bvc2s.1>10RUN . 
OACI44=0ACI4/0DAY . 
OACIS= oACil+OACI2+0ACIJ+OACI44 .. 
CALL COL<OACISw9) . . . · 
OACOl=<oAF4+0AF44+((TlNIQC25>+TISS<25•10ll/TN0W))*CONOUT 
OAC02=<TINIQC43)+TlNIQ<44)+TINIQ(45))/TNOW 
OAC022=<TISS143tllJ+TISSC44,12>+TISSC45el3J)/TNOW 
OAC03=U08Vf24,l)/QRUN . . 
OAC033=oAC03/0DAY . · 
OAC04=0AC01+0AC.02+0AC022•0AC033 
CALL COL<OAC04,10> . 
OINYD=OAFl+OAFll+OAF2~0AF22+0AFSS 
CALL COL<OINY0,6> WDAY=2.0 . . 
IF<ISAT.EQ.l) WDAY=WDAY-1.0 
IF<ISUN.EQ.l> WDAY=WOAY-1.0 lf(WDAY.EQ.O.O> GO TO 1058 
OWORK=OOAY/7.0 
LDAY=OWORK*WDAY 
PDAY=LDAY 
WKDAY=ODAY-PDAY 
GO TO 1059 . 
WKOAY~ODAY ·· 
OCOFPD=cuoBV<l7tl)/0RUN.)/WKDAY 
CALL COL10COFP0t5) 
OCONPD=cUOBVf18•l>IORUN)/WKOAY 
CALL COL ( oco~~PO' 19) 
OASWPD=cuosvc11,1>10RUN)/WKDAY 
CALL COL<OASWP0t20l 
IFCNRUN.EQ.NP.UNS) GO TO 1060 
IF(NRUN.GT.1) GO TO 1160 
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A SIMULATION MODEL FOR THE ANALYS!S OF RA!LWAY 

INTERMODAL TERMINAL OPERATIONS 

by 

Roy D. Hattnnesfahr 

(ABSTRACT) 

Intermodal traffic has been steadily increasing on the nation's 

railroads 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 s.egment of the nation's transportation system 

is expected to play an ever increasing role in the future. Inter-

modal managers faced with increasing demands on the·ir systems., have 

expressed a need for methods to aid in the development of new n1anage-

ment techniques, economj.c costing models, and management information 

systems. The computer simulation intermodal model that is presented in 

this paper is designed to aid managers with the analysis of their cur-

rent terminal systems and to plan for future growthin 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 activities and associated flow of transactions through the 

terminal syst.em. 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 is adaptable to 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, W"ith little difficulty, to provide estimates of specific :var-

iables of interest for a particular terminal. Provisions for the oper-

ating environmE;!nt of a terminal are also included in the model. These 

include week-end work rules, switching rules;· container consignee noti-

fication rules, types of handling equipment employed and the standard 

W'orking hours for a terminal. 

.The primary applications of the model are viewed to be in the 

areas of planning and analysis for intermodal tern:iinal current operations 

and future design concepts. The graphical network orientation of the 

model, however, could provide managers with a communications tool to 

apprise upper level decision makers of new concepts. Current problems, 

with recommended solutions, could also be visually illustrated. 
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