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{Abstract),

This paper studics the operating policies of a two-station shuttle systemn consisting of a fleet
of finite size and vehicles of finite capacity which transport passengers between two terminals
(each terminal having dispatching control). Passengers arrives at cither station according to
independent negative exponential processes, and dispatching decisions are madec on the basis of
fixed-time intervals or queuc lengths (greater than zero). The objective is minimization of a
total opportunity cost function defined by passenger waiting time, nonutilization of vehicles,
and unused passenger seats. The travel time is probabilistic with known distribution and mean.
This paper shows by SLAM II discrete event simulation techniques that optimal values for any
or all of the threc parameters (flect size, vchicle capacty, dispatching interval) can be empiri-
cally determined by scnsitivity analysis. This simulation model can be adapted to a wide variety

of other problems of the shuttle-system.

FRTEAA S A QAL 91d SLAM T Aarme] AF

vk *e! il
A9 F ¥ 3
(1982, 10. 30 %
2 e
B bAoAzl -y gbet g abAA e $9AdEAE ek %14%41%—54]7%]% 5+
2l O o

)
7 ¢] terminal 3 ¥4 5l
oA Az FElA o,

)

2} terminal of Z 33

form distribution -2 <
& aefste] A,
o] A H A w4 SLAM [ meldgdel & o Sshglich

il

route.
The studies about the dispatching policy
were made analytically with various assump-

1. Introduction

A dispatching policy consists of detemining tions, deterministic passengers arrival rates,
the number of, capacity of, and instants in infinite vehicle capacity, or single station dis-

time at which vehicles are dispatched along a patching. But realistic applications of these
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analytical solutions to actual transportation
system are difficult.

For more realistic solution of dispatching
problems, a simulation model will be establi-
shed which can be used in the determination
of optimal shuttle system operating policies
for a multiple-vehicle fleet with vehicle of
limited capacity and a two-station system.
Fach station will have the capability of dis-
patching a vehicle on a one-way trip once the
assigned dispatching
fulfilled.

Busses, trains,

conditions have been
subway, and ferries may
all be used as cases of shuttle service. Here

we shall use an airline shuttle service as an
illustration.

1. The Model

The model consists of two simulated stations
(airports) from which shuttle vehicles (airpla-
nes) will be independently dispatched at fixed
time intervals.

Initially we assigned five shuttle vehicles
to one station and four to the other (These
numbers were later varied during the many
simulation runs that were made). An increase
in the number of shuttle vehicles at each sta-
tion could be the result of their remaining
day’s shuttle service.

During the shuttle service day, vechicles are
dispatched from each station independently on
a predetermined schedule of fixed time inter-
vals (assuming, of course, that vehicles are
available at cach station).

Having accounted for the shuttle vchicles in
the model, we must now decal with the arrival
of passengers to be served. In this model it
has been assumed that passengers will arrive
for servicing probabilistically according to the
negative exponential function. This function
seems to typically describe most random queu-

eing cases of this type. The distribution is
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represented in the follow ingmanner.
F(@)=2e7

where f(#) represents the actual interarrival
time and 4 (=8 time units in our modcl) repre-
sents the mean time between arrivals.

The next task is to specify the dispatching
rules used to send shuttle vehicles to the other
station.

Most airlines which operate shuttle service
between two terminals do so on a regular time
schedule. This schedule is maintained for the
convenience of both the passengers, who then
know exactly when to expect a shuttle to de-
part, and the airlines, which are convenient
in operating equipment and crews. Regular
scheduling is also neccssary from a grobal po-
int of view to prevent chaotic traffic-control
conditions.

In our model, the shuttle service will be
scheduled to depart continuously from cither
station at five different intervals (300, 450,
600, 750, and 900 time units)

As is true of most shuttle services, this
system will also provide backup shuttle vehi-
cles (within constraints of the total supply of
vehicles available at each station) at scheduled
departurc times to handle any overflows of
passengers. This prodedure is followed by
most airline shuttle services. It specifies that
if passengers arrive at the boarding gates by
specified departure time, they are guarantced
transportation to the other station immediately
if vehicles are available, or if not, as soon as
a vehicle becomes available.

Most airlines can promise such a scrvice be-
cause they maintain standby capacity in their
shuttle fleet. This additional capacity handles
abnormal deviation from the mean passenger
arrival rate, within certain levels of confi-
dence. Additional backup aircrafts are made
available at each station as shuttle flights
continue to arrive from the other station.

Thus the fleet of vehicles is being constantly
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rotated.

In the model, all members of the queue(peo-
ple waiting for service at the scheduled depar-
ture time), will enter the airplanc. If there
are any members of the queue remaining who
cannot fit into the reqularly scheduled plane,
they are immediately transfered to the next
waiting plane (if there is one available). If a
backup plane is not available, the member of
the queue wait until one does become available
and then lecave immediately. In the mean
time, the queue is continuously incremented
by passengers arriving for the next flight.
When the backup plane(or the regularly sche-
duled one if it has tecn delayed) finally be-
comes available, we shall assume that anyone
waiting in line will want to take that plane
at that time rather than wait for the next
regularly scheduled flight. Passcngers arriving
later, then queue up for the next regularly
scheduled departure. A schematic diagram of
the logic describing these dispatching rules is
shown in Figure 1.

It tecomes obvious from the akove discission
that quecue lengths and passenger waiting times
are a fuction of three factors; the capacity of
shuttle vehicles, the total number of shuttle
vehicles available for use at the terminal, and
the dispatching schedule itself. These three
factors are all variables in the model we have
formulated. By simply changing a few state-
ment in the programs, we can vary all these
parameters in a coarse sensitivity analysis to
determine optimal values for cach of the three
parameters in this particular model.

Once the airplane is dispatched to the other
terminal, the travel time is represented by
random deviate generator. We set travel time
to be a following distribution.

F(@®)=1/200 500<¢<700

Once the shuttlevchicle arrives at the other

terminal, the passengers disembark immedia-

tely and the airplane becomes available for

the return trip. In our model, the entire pro-
cess is carried on continuously and simultan-
cously at both station as vehicles continually
shuttle back and forth between terminals un-
til 3,000 passengers transactions have been
handled by the shuttle system.

Having explained the basic structure of the
model, we must now establish a criterion
which will measure the efficiency of each con-
figuration of system parameters. This crite-
rion is necessary in order to employ sensitivity
to determine the optimal set of parameters for
implementing the model.

As stated above, the controllable input vari-
ables are (1) capacity of the vehicles, (2) nu-
mkber of vehicles in the fleet, and (3) vehicle
dispatching intervals. The uncontrollable sys-
tem variables in this casc are passenger arri-
val rates and vehicle travel times.

From thcse variables, the optimal system
parameters will be determined on the basis of
total opportunity cost to the transit company
(airline). This hypothetical cost will be calcu-
lated from the system output gencrated in the
simulation model. These arc (1) opportunity
cost incurred in passenger waiting time, (2)
opportunity cost incurred in nonutilization of
shuttle vehicles, and (3) opportunity cost in-
curred in dispatching vechicles with empty
scats.

The cffect on efficicncy of cach variation of
the parameters of the system will be measured
in a total opportunily cost figurc for the air-
plane company. The cost are calculated as
follows;

(1) The opportunity cost of passenger wai-
ting time is a hypothetical figure representing
cost to the transit company in passenger com-
plaints about long waiting lines, loss of future
sales, loss of good will due to dissatisfaction
caused by excessive time spent waiting for
shuttle service. Long waiting times may arise

from infrequent dispatching or from the una-



Park Sung Hun

generate

passengers arrivals

{

passengers

join queues

—

time to dispaich

plane

Is plane

available

1

Remove one plane

from available pool

T

Remove up to capacity

{from the queue

l

dispatch plane ]

Are any passengers.

No

Teft in queue

‘Wait until next arrivals

from other station

!

Reémove up tp capacity

from queue

=

dispatch. plane

YES

Are any passengers
Ieft in queues
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vailability of shuttle vehicles at the scheduled
departure times. The total cost of passenger
waiting time is computed by multiplying the
avcragé waiting time per passengers in the
shuttle queue by the total number of passeng-
crs sorved. This figurc is then multilied by
an arbitrary cost factor of 0.0l per unit of
passcnger waiting time to give an opportunity
cost.

(2) The opportunity cost incurred from
nonutilioation of shuttle vehicles is mcant to
represent the potential sales lost on other
flights by tying up airplancs in the shuttle
fleet which are not actually in use. An airplane
can only makc a profit for the airline company
if it is carrying passengers on a flight; if it
sits idly on the ground, it is incurring an
opportunity cost. This hypothetical cost will
be computed first by multiplying the average
overall percentage of idle time per vehicles by
the number of vehicles in the fleet. This figure
is then multiplied by an appropriate opport-
unity cost factor to the passenger carrying
capacity of the vchicles in the flect.

The opportunity cost in idle time for tying
up a fleet of 200-passenger vehicle must
obviously be grcater than the cost for a flect
of 50-passcnger vehicles. In the simulation,
the cost coefficient is arbitrarily determined
by multiplying the vehicle capacity by 10.
Thus, the 200-passcnger vehicles would have
a cost cocfficient of 2000 per vchicle and the
50-passenger vehicle would have a cost coeffi-
cient of 500 per vehicle. The nonutilization
percentage is computed by summing the
average vechicle-utilination values, U;, for cach
of the N vchicles in the fleet (/=1, 2,.--, N)
and substracting the sum from the total
number of vchicles in the fleet, N.

Analytically, this is rcpresented as

N
Nonutilization=N - 37 U; where 0<U,-1.

=1

(3) The opportunity cost incurred in dispat-

ching vehicles with cmpty seats represent the

unrealized profit that would have been made
had all the scats been sold. In this case, an
arbitrary cost coefficient of 10 was used as
profit contribution of each passengers.

The opportunity cost for empty scats is
computed by first calculating the total number
of shuttle runs made for each set parameters.
When it is
capacity, the product is the total number of

multiplicd by the passcnger
scats available., The simulation was designed
to run for 3,000 paying passengers. " The total
of 3,000 is subtracted from the number of
seats available, leaving the total number of
unoccupied seats. When this is multiplied by
the opportunity cost factor of 10 per empty
seat, the product is the opportunity cost
incurred in dispatching vehicles with less than
full loads.

The sum of these threc opportunity cost
becomes the total opportunity cost to cach

combination of system parameters.

. Simulation Model

SLAMI is an advanced FORTRAN bascd
simulation languages that allows simulation
models to be built on three different ways,
networks, discrete cvent, and continuous
model. Combining capabilitics arc also available.

To simulate a discrete cvent model like our
model, SLAM provides a sct of FORTRAN
subprograms {for performing all commonly
cncountered fuctions such as event scheduling,
statistics collections, and random sample
gencration. The advancing of simulated time
and the order in which the event routines are
processed are controlled by the cxccutive
program. Thus, SLAM rclicves the simulation
programmer of the task of sequencing cvents
in their proper chronological order.

The wide varicty and capabilities in SLAM
allows several different approaches to the
simulation of our systems. Our approach is

described in Figure 2.
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Fig.2-a. Event Control logic for a station (—Continued—)

V. Results and Discussion

Having simulated thc model in SLAM ||
Ianguage, runs were madec varying (1) the
dispatching interval from 300 to 900 time units
in increment of 150, (2) the capacity(of the
shuttle vehicles from 50 to 200 passengers in
increment of 25, and (3) the size of the shuttle
flect from 5 to 9 vcehicles.

For each of the 175(6xX7x5) different possible
combinations of the system parameters, we
computed the total opportunity cost in accord-
ance with the method previously described.
All the cost figures are tabulated in Table 1.

The data can also he plotted graphically
using the cost figures as dependent variables
and cach of controllable input variables as
independent variable. For example, a plot of

total opportunity cost versus the capacity of

— 492 —
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Table 1. Total Opportunity Costs fer Various Combinations of System Parameters

Fleet Size Vcélide N | N Dispatching Intcrvals -

apacily  pTw300 . DT=450 | DT=600 DT=750 DT -900

9 ] 50 ‘ 16542 24058 17870 20900 ‘ 23284

75 : 34733 21449 31990 32309 ‘ 25915

100 f 54785 35295 22325 31324 ‘ 38434

125 ' 74825 49916 33122 20425 33907

150 94873 64541 43915 39041 32731

175 i 114919 79165 54707 48658 10022

i 200 1 134965 93789 65501 58275 19112

8 ! 50 16047 ' 11055 18941 | 19049 1’ 22783

! 75 33986 20702 30494 29388 25161

! 100 ‘ 53782 34291 21332 30324 5 37430

; 125 73577 48665 31870 28174 39657

‘ 150 03373 63039 42421 37541 | 31229

175 113169 77413 ‘ 52057 46908 ; 39170

200 132965 , 91787 63501 56285 J\ 47110

v 50 ‘ 15152 ‘ 21318 : 16782 20460 22331

75 33235, 19048 | 28481 28663 2441l

100 | 52781 1 33291 20326 29155 . 36428

125 . 72326 i 47415 30619 26924 32007

150 % 66872 E 61539 { 40916 36041 ' 20729

175 111417 ! 75663 ; 51206 45167 37420

200 | 132235 i 89787 61499 54275 45110

6 50 | 15737 | 20321 | 17503 17816 . 20630

75 ’ 32434 } 31198 30414 28673 ‘ 23661

100 3 51780 ‘} 32290 19325 28054 i 35428

125 E 71075 } 46163 29368 25673 ! 31657

150 | 90370 | 60038 39411 34541 ’ 23229

175 ; 109665 i 73912 49454 43408 j 35670

‘ 200 | 128961 \ 87785 ' 59497 ; 52275 \ 43110

5 50 14283 16612 16216 17703 18073

75 32480 17668 26614 26991 22011

100 ‘ 51768 31276 ‘ 20095 30209 ‘ 33037

125 ‘ 71056 i 44883 | 20873 23255 1 29959

| 150 | 90343 | 5B491 | 40653 31642 | 26728

175 109630 : 72098 | 50032 39031 ; 32918

, 200 | 128918 i 85706 ‘ 61211 48421 : 41108
the vehicles and the dispatching interval is quantitative methods for comparing the rclative
given in Figure 3. efficiencies of a transit system with certain

The numerical results in this particular variable parameters.

simulation are meaningful only in sofar as Because thecosts werc all arbitrary, the
they reflect the ability of simulation to employ computed values arc meaningless. However,

— 44 —
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the rclative magnitudes of the cost in the
tabulated results indicate that a sct of optimum
policies for each combination of system para-

meters can be drawn from the model.

V. Conclusion

The significance of this paper lies in the
fact that the model developed is directly
applicable to the solution of almost any kind
of the two-station, finite-capacity, finite-fleet

size, shuttle-scrvice problem which is found

today in many transportation systems. The
paper has shown that by constructing a simu-
lation model of a complex, discrete, stochastic
system with a finite time horizon, a quantit-
ative sensitivity analysis can be carried out to
determine optimal parameters in the shuttle
system.

Simulation is the only practical solution to
this kind of problem since neither analytical

nor numerical solutions can be reached.
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