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I. INTRODUCTION

A, PURPOSE
In response to the interest expressed by EAL, their increased
operational activities, and their renewed customer service efforts,
we have undertaken a rigorous analysis of the Mobile Lounge System
at Atlanta Hartsfield International Airport. This increasingly more
complex interactive system has rendered the present scheduling
methods less effective and the need for a better management tool has
arisen. Therefore, we have designed and developed a computer simu-~
lation model that will aid in achieving better feasible solutions.
Our primary objective in simulating Eastern Airline's Mobile
Lounge System is two-fold:
1. Create a flexible and well documented model
that will determine the immediate scheduling
requirements of the system.
2. Utilize this model to determine the equipment
required to maintain an adequate and desirable

service level in the system.

B. BACKGROUND
1. History
Before May 1, 1976, Eastern Airline's Mobile Lounge

System at Atlanta Hartsfield International Airport (Figures la, 1lb) con-
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sisted of two active mobile lounges and one reserve mobile lounge,
ferrying passengers to and from a remote terminal (Figure 2) into
which aircraft implaned and deplaned. This remote terminal consists
of ten aircraft pads, three of which handle daily scheduled flights, while
the rest were utilized as the need arose,

On May 1, 1976, thirty-two flights were added, bringing
Eastern Airline's daily scheduled flights to a total of two hundred and
forty (240 arrivals and 240 departures). A permanent addition of ten
scheduled flights occurred on December 8, 1976, continuing their pro-
gressive domination and expansion in the Atlanta market before they
relocate to the new midfield terminal (presently under construction) in
1981.

2, Problem Areas
On site investigation has turned up the following list of
major problem areas that affect the outcome of any decision regarding
the Mobhile Lounge System.

a. Presently, there are no guidelines other than

experience for augmenting the Mobile Lounge System, which has not had

any physical improvement since its inception in 1971,

b. The increase in passengers and flights affecting the

Mobile Lounge System are difficult, if not impossible, to reliably predict.
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determined by the variable equipment and schedule requirements which
are outlined below:
a. Extra mobile lounge only
b. Extra mobile lounge requiring partial or complete
removal of the International Arrivals Building
c. Fixed mobile lounges vs. variable aircraft schedule
d. Variable mobile lounges vs. fixed aircraft schedule
e, Fixed aircraft types vs, variable aircraft types
f. Fixed load factors vs. variable load factors
g. Alternate mobile lounge routes
h. Combination of the above
i. What point in time for any alternative?

j. Do nothing

3. Benefits

Primary benefits in the application of our model will be:

a. Improved scheduling ... from being able to better
predict the impact on the operation of the system due to changing non-
deterministic conditions inputed by the user, as opposed to subjective
estimates based on past experience utilizing less effective methods.

b. Improved customer satisfaction ... due to less passenger
delays as a direct result of improved scheduling.

C. Improve'd decision making involving capital improvements ...

as a direct result of an objective analysis of the elements of the system,
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TABLE 1.

DESCRIPTION OF MOBILE LLOUNGE JOB STATES

Job State
Number Description
1 Load Mobile Lounge at Gate 1.
2 Mobile Lounge travels to plane,
3 Lioad Plane.
4 Mobile Lounge returns empty to
Gate 1.
5 Mobile Lounge travels between
planes.
6 Mobile Loungel travels empty to
Remote area to pick up passengers.
7 Unload plane.
; 8 Mobile Lounge returns with
passengers to Gate 1
9 Unload Mobile Lounge at Gate 1.
10 Mobile Lounge returns from an
international flight,
11 Unload Mobile Lounge at IAB,
12 Mobile Lounge returns to Gate 1
from IAB.
13 Mobile Lounge idle at Gate L
14 : | Mobile Lounge breakdown occurs.

15 Unload passengers from breakdown



TABLE 1 (Cont'd) ~21-

s 16 Mobile Lounge waits for departure
{passengers £ 70)
17 Mobile Lounge wailts for arrival at
Remote

19 Travel to breakdown Mobile Lounge




18.

20,

21.

22’.

AIRCRAFT JOB STATES

Aircraft ground time.
Aircraft ready for unloading.
Taxi time (in transit between ON and IN time).

/
Late aircraft departure, // Plane lands

/
/

Taxi time

Parks at Remote

Ground time

~
~
~
~
~
~ .
~ Aircraft Leaves System
~
Late Departure \\
~
~
~
~
~
~
~
~
~
AN

Aircraft Leaves System

Figure 8.
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arises.

~ 4. The simulation model is primarily based on the normal
day-to-day activities of the Mobile Lounge System. Exceptions and
anomalies are not included, and are left to the user to provide, i.e.,
charter flights, aircraft breakdowns (flight returns), etc.

5. Owur model reflects the operation of the Mobile Lounge
System as it exists today.

6. Other complex decisions made by the dispatcher, ramp
service manager, and the operations manager are not reflected in our
model due to the difficulty in modeling rational human behaviour.,

7. Time study data will incorporate the effects of any possible
delays into our model, whether dependent or independent from other

activities in the system, such as interference.

8. The simulation must be allowed to achieve steady state, that
is, enough data must be generated to reduce "sample error'’ and provide
adequate and confident results. In ocur model, a simulation run of one
week is sufficient.

In essence, our simulation model uses only the critical elements
necessary to perform in a relatively objective manner and at the same
time provide results that upon analysis will enable the user to make
appropriate and effective decisions and recommendations.

E. PERFORMANCE MEASURES

In the analysis of each alternative and the use of the stochastic

G
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elements in our simulation model of Eastern Airline's Mobile Lounge

System, one can assign a fixed or variable penalty cost to our criteria

for evaluating performance measures: passenger delay minutes. For

our purposes, we have divided the major causes of delay into two

categories, mobile lounge delays and flight delays, the duration of which

can be incorporated into the time elements of cur model,

1, Mobile Liounge delays

a. Travel time

i-

iil

iii,

iv.

Va

Passenger inplane/deplane at Remote.
Passenger inplane/deplane at Gate 1.
Interference.

Aircraft position at Rermnote,

Breakdown time (recoverability).

b. Schedule changes

i

ii,

Early arrival

Late arrival

2, Flight delays

a. Arrival deviations

i.

ii.

iii.

Stacking (ATC delays).
Arrival time,

Unscheduled aircraft arrivals.

b. Departure deviations

i.

ii.

iii,

Service time.
Late arrival.

Departure time
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III, USE OF MODEL

A, USER'S MANUAL

Our simulation program is characterized by special procedures
or techniques which enable the user to monitor the process (Figure 9)
and to incorporate changing conditions in the Mobile Lounge System for
management problem solving. In order to facilitate the understanding
of the simulation procedure shown in Figure 6, and for purposes of
training and instruction, we have developed a User's Manual which is
attached directly to the simulation program for easy reference (see
attached printout), In conjunction with the User's Manual, our program
package and documentation is frought with explicit comment cards
depicting the "English Version" of the FORTRAN used.

B. INFORMATION REQUIRED

Our simulation model requires the use of several important time
distributions necessary to maintain the validity of its results. These
distributions and some others outlined below greatly enhance the realism
of our simulation model. Refer to Appendices A and B for further information,

1. Aircraft Data

a. Scheduled arrival distribution

b. Scheduled departure distribution

¢, Unscheduled arrive;l distribution

d. Unscheduled departure distribution
2. Passenger data

a. Quantity of arrivals distribution

b. Quantity of departures distribution






3., Maintenance data
a. Mobile lounge
i. Breakdown frequency
iil. Maintenance duration distribution
b. Aircraft
i. Breakdown frequency
i, Maintenance duration distribution
4, Delay data
a. Pushout delay
i. Frequency
ii, Duration
b, Other (i. e., customs agent and mobile lounge driver
inavailability)
i. Frequency
il. Duration
c. Taxi time distribution
The user is reminded here of the need to determine when another
distribution is required to improve the simulation results, and of the cost
incurred in developing the new distribution.
C., OUTPUT POSSIBLE
All output will include titles and descriptions in a format for
all input/output data. Refer to Figure 10 (Example output - 3 mobile
lounges) and to Figure 11 (Example output - 4 mobile louages), and

also to the attached computer printouts for more detail.
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1, Input Data
a. Predetermined aircraft schedules
b. All initial matrices
c. Other input variables and parameters:
i, Load factors
ii. Types of aircraft
iii. Number of mobile lounges
iv. Stochastic distribution parameters
v. Other
2. Basic Values and Parameters Calculated by Program Before
Processing Begins.
a. Random number generator and expected values

N b. Stochastic distributions' expected values

c. DBasic parameter values
d. Other
3. Printout to Verify Processing of Data
a. Next Event Matrix and Unit Matrix (periodically)
b, Other
4, Output Statistics
a. Summary of job duration in each job state for different jobs.,
b. Percent of total job time speat in each job state
i. Average figures for all jobs
ii. Specific figures for the maximum job
iii. Delay figures for each job

c¢. Frequency distributions on delay minutes per time of day
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5.

d. Frequency distributions on time required to complete jobs
e. Detailed output for each mobile lounge
i. Number of jobs completed
ii. Mean job time
iii., Mean delay minutes
ive Mean job time per time period
v. Mean delay minutes per time period
vi, Maximum job time per time period
vii. Maximum delay minutes per time period
viii, Total delay minutes per day
f. Display of percent utilizations for each mobile lounge in
the system
g. Histogram showing demand on system vs. time
h. Table or listing showing maximum values per time
period achieved for ...
i, Aircraft type(s) and load factor{)being processed at
one time
ii, Number of jobs being processed at one time
iii., Number of flights being delayed at one time
iv. Number of passengers being delayed at one time
v. Number of mobile lounges in use at one time
Feasibility Output

a. Fixed costs of passenger delay minutes



b. Variable costs of passenger delay minutes
c. Total system delay costs, projected annually
d. Utilization figures
e. Average job cycle times per time period
f. Maximum service level
i. Limits on flights in
ii. Limits on passengers
jiii. Limits on schedule changes effects
iv. Service graphs vs. delay costs per day
v. Service graphs vs. passengers per day
vi. Service graphs vs. aircraft per day

6. Other
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IV, RECOMMENDATIONS

In order to maintain our simulation model relevant with the
current operation of the Mobile Lounge System, certain areas need
to be systematically upgraded. These refinements are necessary to
enhance the confidence in, and the validity of, the results for use in
the management decision making process, Further discussion on this
subject can be found in Appendix A, Section IV,

In order to justify schedule changes or capital improvements
in the Mobile Lounge System, the following should be developed before
a decision is made:

1. Establish different cost structures under which passenger
delay minute costs may be determined.

2. Establish a standard of service level in order to quantify
the true cost of passenger delay minutes.

3., Comparison of actual performance and costs with simulated
performance and costs.

a. Comparison of service levels measured in passenger
delay minutes.

b. The costs of delay minutes should be weighted differently
for arrivals and departures.

c. Comparison of costs of proposed improvement and hew
service level with the present costs, incurred over time,

4, Accurate assessment of the costs of operating the Mobile
Lounge System (including maintenance) and the cost and policy implications

of any proposed alternative.






APPENDIX A

STATISTICAL ANALYSIS

I. INFORMA TION REQUIRED

Certain events in our model which in nature have varying time
and frequency conditions, will be processed through a stochastic sub-
routine simulating reality. These time and frequency distributions can
be developed from time studies and other recorded data, because (a) the
use of raw empirical data implies that all one is doing is simulating the
past, (b) it is generally more efficient of computer time and storage
requirements to use a calculated probability distribution, and (c} it is
much easier to change the parameters of the probability distribution to
perform sensitivity analysis. Refer to Figure A-1 for an outline of the
mechanism involved in the stochastic subroutine.

As indicated previously, certain time study data and other
recorded information will be required to process events throughout our
stochastic simulation model. These are;

A. Gate 1 - Formulation of a time function and
distribution incorporating passenger loading/
unloading times and dispatching delays at Gate
1 in this general format:

G1(i) = £{(P); +Ai .-

Where: - {(P); is a time function of the passen-
ger loading/unloading times at Gate 1

s6-
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- Ai. is a time distribution incorporating
dispatching delays at Gate 1

- GIl(i) is the total gate time function for
departures (i = 1) beginning from T-20
or T-5 when the dispatcher announces
the departure of a flight (mobile lounge)
or for arrivals (i = 2) which involve only
the unloading of passengers from a mobile
lounge (job states 1 and 9 respectively).

B. Travel Time - All our travel times can be gen-
erated through cumulative or other approximating
travel time distributions and the random number
generator, for job states 2, 4, 5, 6, 8, 10 and 12,

C. Remote Pad - Formulation of a time function and

distribution incorporating passenger loading/un-

loading times and service delays at Remote in this

general format;:
RIG) = £(P); + A, -

Where: - f(P), is a time function of the passenger
loading and unloading times at Remote.

- A, is a time distribution incorporating
dispatching delays due to activities in
Remote.

- RI(j) is the total Remote Pad time function
for the duration of loading passengers into
aircraft {(j = 1) or unloading passengers
into mobile lounge (j = 2), for job states 3
and 7, respectively.

D. IAB - Formulation of a time function and distribution

e’ incorporating passenger unloading at the IAB and other



delays due to customs inspection of mobile lounge,
etc. in this general format, for job state 11:

IAB = {(P) + A

Breakdown - Formulation of a time function and
distribution incorporating the duration of mobile
lounge breakdown and the transfer time of passengers
between mobile lounges, for job states 14 and 15, re-
spectively, in this general format:

BR(k) = £(P)y + L\ --

Where: - £(P); is a function of the passenger
transfer times between mobile lounges.

- [\, is a time distribution of the duration
of mobile lounge breakdown time for mo-
bile lounge K

- BK(k) is the total duration of breakdown
(k =1, £(P) = 0, for job state 14) or the
total duration of passenger transfer times
(K = 2, Ak = 0, for job state 15)

Arrival/Departure Deviations - Formulation of a time
function and distribution incorporating time deviations
from the scheduled arrival or departure times in this
general format:

DEV(l) = A1

Where: - /. is the deviate generation function that
wil} adjust the scheduled arrival (1 = 0) or

departure (1 = 1} times

«39-
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II. TIME STUDIES

Through observation and analysis of the Mobile Lounge System,
we were able to identify the primary events that were to be incorporated
into our model. Therefore, in transforming these primary events into
distinguishable elements to facilitate time study data collection and
analysis, we tested and developed various forms, resulting in a '""Mobile
Lounge Time Study Sheet'" (Figure A-2),

The ease in recording the various possible outcomes that may occur,
demonstx_‘ates the flexibility of the '""Mobile L.ounge Time Study Sheet'.
For example, a departure and an international arrival can be recorded
in sequence in one column, with adequate slots for flight data information
such as flight numbers and number of passengers per flight.

Note also that the numerical index in the margin facilitates analy-
sis when used in conjunction with the '""Time Study Values'' sheet (Figure
A-3), which shows how to calculate the various job state time elements
{(Table A-1). Itis from these time elements that the stochastic distribu-
tions will be developed and synthesized. The '"Passenger Time Study
Values' sheet (Figure A-4) simply isolates any passenger related data

into a separate form.
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TABLE A-1

Job State Description

Load M/L for departure at Gate 1

Travel to departing flight

Unload M/L for departure at Remote

Travel empty to Gate 1

Travel between aircraft at Remote

Travel to arriving flight

Unload arrival at Remote

Travel loaded to Gate 1

Unload M/ L for arrival at Gate 1

Travel from Remote to IAB

Unload M/L at IAB

Travel to Gate 1 from IAB

Idle at Gate 1

M/ L breakdown

Unload disabled M/L

M/ L waits for departure (passengersz 70)

M/ L waits for arrival at Remote

Alrcraft ground time

Other M/ L travels to disabled M/L if
loaded

Aircraft ready for unloading

Aircraft taxi time

Late aircraft departure
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We would like to point out here that a representative sample
of data must be collected from both shifts, under various conditions,
as well as different days of the week., The wide variation in operating
policies, and the complexity of events that will affect the system must

be realistically captured in the data collection process.



i

III. ANALYSIS OF TIME STUDIES
In order to make a reasonable estimate of the distribution of
the time element that we have collected, we summarized our data in a
frequency histogram (Figure A-5), Our approach was to compare
visually the observed frequency histogram with those of several theo-
retical distributions, as it served to suggest what distributions we wanted
to try. Having identified one or more theoretical distributions - such as
normal, poisson, gamma, efc. - that may fit our data, we then deter-
mined the distribution parameters so as to proceed with statistical test-
ing and development of our model, The following two examples highlight
the procedures used in duplicating the job state distribution characteristics.
A. Job State #2
This time element in our simulation model consists
of the mobile lounge travel time from Gate I to a
departing flight in Remote., The frequency histogram
in Figure A-5 depicts the nature of the time distribu-
tion of this job state according to our time study data,
The first approach we took consisted of creating a
cumulative probability distribution {(Figure A-6).
Nevertheless, we discarded this approach for the
following reasons: (1) the use of this raw data implies

that all one is doing is simulating the past, that is, the
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{

only events possible are those that actually occurred;
(2) it is generally more efficient of computer time and
storage requirements to use a theoretical probability
distribution; (3) it is much easier to change the para-
meters of a theoretical distribution generator to per-

form sensitivity tests or to ask "what if" questions.

Therefore, we decided to capture the characteristics
of this distribution via a gamma random deviate gener-

ator of the form

fixy: X e

B (2=

Where o{:#2 y /3,_ __cg:f'
o* yn

. 2
Note that the mean/u and the variance ¢ can be calcu-~

lated from raw data by using:

n
i 7%
- izt

n

/A

2 ib‘i“}*)a

- [

n -1

48



For this particular job state the following values

were obtained
/.L * 250.29 ol \0.36645

g = 17.734 B = 24.14327

And a frequency histogram may be seen in Figure
A-7, which was truncated at our smallest observed

value (TRUNCI = 185.0).

49
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Job State #3

This time element in our simulation model consists
of the duration of loading time of departing passen-
gers at Remote., Due to the interaction of the number
of passengers, delay incurred that is not due to pass-~
engers, and the variable time elements of each, we
chose regresssion analysis in order to estimate this

job state time element.

Figure A-8 shows a plot of the total load duration
(passenger load time plus delay time) of job state #3.
The least squares linear regression technique on this

data resulted in the equation

y = My & b = 5.88X + 86.62
with a correlation coefficient of
P = 0.683
and a standard deviation

G; B 180-63 3

which indicated some degree of relationship between
the number of passengers and the total time, though

not precisely linear.
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To better deteérmine the amount and source of
variability, a separate plot of passenger loading
time alone, without delays, is found in Figure A-9.
The least squares linear regression technique on
this element alone gave excellent results, as in the

equation

y = mYX + b s 535X -~ 35.36

with a correlation coefficient of

p - O- 905
and a standard deviation

o, = 12407

which indicates a very high linear relationship
between the number of passengers and their loading

time. Both equations are plotted on Figure A-10,

Therefore, it only remained to compare how a compo-
site function compared with a linear regression on the

total time.

In Figure A-11, a plot of the delay not due to passen-

gers shows the random nature of its occurence, s0 a

-53-
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smallest observed value (TRUNC3 = 130, 0).

See Figures A-13 and A-14 for thefrequency histogram of the
computer results of the delay distribution, and the end result

of the total job state random time generator.

Software Used

By this time, it has become apparent that we used several proven
computer routines that were available to us at the Office of

Computing Services on Georgia Tech Campus.

Some documentation of these library (IMSLIFP, MSFLIB)
subroutines (GGTMAJ, GGNOF, NRML) are provided for the
reader's convenience, by courtesy of Control Data Corporation,
as we used their Cyber 70 Model 74-28/CDC 6400, (See
Appendix B). Other questions in this area can be directed to:

Dwighd D, Delgado or Eddie L. Holcomb or Jerry W. Segers

16000 Terrace Road 131 Hillandale Department Manager
Apt. 1906 Toccoa, Georgia Office of Computing
Cleveland, Chio 30577 Services

44112 Georgia Tech

Atlanta, Georgia
30332









Iv. REFINEMENTS

In order to upgrade the performance of our simulation model

and to maintain and/or improve its relevance with the current oper-

ation of the Mobile Lounge System, three main areas come to mind:

Al

Data Collection

More and constant data gathering, not only to
improve the statistical fit of the theoretical dis-
tributions with actual data, but also to capture the
seasonal characteristics (1.e., Christmas) of the
system, would greatly improve the accuracy of our
simulation model,

Computations

As more data is collected, the need may arise to
compare various theoretical distributions and their
performance with actual distribution data for each
individual time element. For example, comparison
between the gamma and the normal generator and
their frequency histogram results may render one
distribution function more desirable than another
under various conditions.

Qther

There are several improvement opportwmities avail-

able in ocur simulation model that would also enhance
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APPENDIX B

This appendix contains some documentation of the computer
library routines used in our simulation program. They are:

I, IMSLIB

a, GGEXP - generates exponential deviates

b, GGNOF - generates normal {0, 1) deviates

c. GGPOSR - generates poisson deviates

d. GGTMAJ -~ generates gamma deviates

e. GGUB - basic uniform random number generator
II. MSFLIB

2
a. NRML - generates normal (/u,a‘) deviates

Similar computer library routines are available in the General

Electric Computer Software.
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INTRODUCTION

IMSL Library 3 is a set of computational subroutines writtaen in FORTRAN and tested on
the CDC 6600. All subroutines in the library adhere to a common set ot conventions,
daveloped by IMSL. This implies consilstency across the set.

Abilities residing in Library 3 have the followlng attributes:

1.
2.

10.
11.
12.

13.

Testing was performed in the KRONOS environment.

For each routine which has error detecting capability, the user is protected by
default. That is, 1f a user chooses to ignorve error possibilities, he is warned.
To prevent the appearance of this warning, he must revise the routine by omitting
all FORTRAN statements between statement numier 9000 and the RETURN statement.
Each ability conforms to established conventions, in coeding and documentation.
Each ability was designed by individuals at the doctoral level, and documented to
be used by technical personnel in fields of engineering, medicine, agriculture,...,
and in research activities,

dccuracy of results, clarity of documentarion, and efficiency of coding were given
flrst priority in development.

No attempt has been made to teach mathematlcs or statistics in this manual. Users
are gulded to correct abilities for specific problems. Periodicals and books are
referenced for detalls of algorithmic development,

Often, tests for applicability of the algorithm are applied; the user is warned

if the algorithm fails. Pitfalls to. be avolded in usage are noted.

All information pertalning to library usage is available in this manual. All in-
formation pertaining to the usage of ome ability is in one place. Documentation
i3 a combination of printed matter and machine listings,

Machine readable documencation permits browsing and debugging. It is pictured

in the manual- and distributed with the source programs. For more difficult usage
problems, users may refer to printed information in the manual.

Designers and implementers (or IMSL personnel responsible for the code) are noted
in the documentation, for user reference.

Symmetric, band, band symmetrile, and Hermitlan matrix abilicies ucilize memory
saving storage techniques.

With the exception of the Utility Functions Chapter abilities, all IMSL 1library
abilities are input—-output free.

Most routines. have documented examples of iInput and results,

IMSL makes no warrants pertinent to its programs other than those stated above. IMSL is the
sole owner of the programs in the IMSL Library and is solely responsible for their operatice
IMSL is the sole source of technical information regarding these programs, and a mechanism
for contacting IMSL for such information is given under the title "USER~-IMSL INTERACTION"
later in this introduction.

November, 1975 : INTRO~1



2 , SUBROQUTINE GGEXP {ISEEDsXxMyNs+R) GGEXQ010

GGEX0020
“GGEXPemmm————— Summmmm— { IBRARY 3ememm-mcenme- m s e mmn e e em— == GGEX 0030

_ GBEX0040

£ FUNCTION ~ GENERATES EXPONENTIAL DEVIATES WITH MEAN XM GGEX0050
: AND STAMDAKD OEVIATION XM, GBEXD0AD

THE DISTHIBUTIUN FUNCTION IS P=1=FXP{=X/XM) GGREXQ0T70
WHEHE X IS5 GREATER THAN OR EQUAL YO 7ERO. GGEXQ0HD

c

C

¢

c

C

c

c

C THIS ROUTINE USES UNIFORM (04,1) DEVIATES GGEX0NYN
C IN VECTOR Ry GENERATED 8Y GGUHs AND GGEX0100
C TRANSFORMS USING GGEXD]10
c -1 ) GGEX0120
C X = P (Y), GGEX0130
C USAGE - CALL GGEXPUISEEDsXMsNyR) GGEXUL&N
c PAHAMETERS ISEED = INPUT. AN INTEGER VALUE IN THE EXCLUSIVE GGREXAOL50
C RANGE (l1s2147483647), ISEED IS5 USED TO GGEXO01Am0
o . INITIATE THE GENEWATIONs AND ON EXITs HAS GGEXQL170
C ~ BEENM REPLACED BY A NEw [SEED FOR SURSEQUENT GGEX0140
C USE. GGEX0190
c XM - INPUT MEAN VALUE, GGEX0200
C N = [NPUT NUMBER OF UEVIATES TO BE GEMERATED. GGEX0210
¢ R - UUTPUT VECTOR CONTAINING THE EXPOHEMNTIAL GGEXN220
C DEVIATES. R MUST 8E AT L:EAST N IN LENGTH. GREX0Z40
c PRECISION © = SINGLE GGEADP40
C REWD. IMSL ROUTINES -« GGUG ) GGEX0250
¢ LANGUAGE - FORTRAN GGEXUZAN
Comn tr o on m or vt o o v e e e e e o e GGEAQZTD

November, 1975 : GGEXP-1
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FUNCTION GGNOF  (ISEED) GGMNNOOLO

r GASNNDO20
o~ C=GONOF === G LIRRARY 3-mmmc e e v e e = GGNNBO30
s i GGNNDO&O
¢ C FUNCTION ~ GENERATE ONF NORMAL {0+1) PSEUDO RANDOM GGNNOOSO
b c NUMBER BY INVERTING THE NORMAL PROBARILITY GGNNODGO
C CISTRIRUTTON., GGUB (CODED INTERNALLY) GGNNODTO
¢ PROVINDES THE UNIFQRM PSEUDO RANDOM DEVIATE., GGNNOOBOD
C USAGE ~ FUNCTION GGNOF (ISEED) GGNNOO09 (O
c PARAMFTERS GGNOF - RESULTANT NNRMAL (0e1) DEVIATE. GGNNO1 00
C ISEED = INPUT, AN TNTEGER VALUF IN THE EXCLUSIVFE GGNNOLLD
¢ RANGE (1+2)147483647T), ISEED 1S REPLACED BY GGNNGL20
C A NEW ISFFD TO BE USED IN SUBSEQUENT CALLS. GGNNOL130
C PRECISTON - SINGLE GGNND1 &Y
o REOD. IMSL ROUTINES =~ MERFI+UERTST GGNNO150
c LANGUAGE - FORTRAN GGNNO160
o e e e e e e e ———— - GGNNOL1TO

FUNCTION GGNOF (ISEED)

Purpose

Generate one pseudo random normal (0,1) deviate.

Algorithm

Given ISEED, IMSL routine GGUBF is used (coded internally) to generate a uniform (0,1) pseudo

random deviate. Then the inverse normal routine MDNRIS is called to transform this deviate
to a normal deviate with mean zere and unit variance.

[pleialom



SUBKUUI INE GGPOSH (RLAMYISEEDsNsKy JER) GGPHOOLD

o GGPHO020
C~BBPUSH=mmm=w== Smcmmmnn LIBRARY Jmomwmwmwn= e e et GGPHOO3N

: g GGPHO04O

C  FUNCTION - GENERATE POISSON RANDOM DEVIATES GGPHO050

C  USAGE ~ CALL GGPOSHI(KLAMIISEED+NeKyIER) GGPHOOAD

N\ C PARAMETERS  RLAM = INPUT POISSON PARAMETER. RLAM MUST RE GGPHOO0TO
£on c GREATER THAN U. GGPHO0DBO
‘ c ISEED =~ AN INTEGER VALUE IN THE EXCLUSIVE RANGF GGPHOOS0
c {1,2167483647)s ISEED IS USED TH INITIATE  GGPHOL0D

c THE GENEKATIONs AND ON EXITs HAS REFM GGPHO110

c REPLACED BY A NEW I[SEED FOR SUHBSERURNT USE. GGPH0120

c (INPUT) GGPHO130

c N « THE NUMSER OF RANDOM NUMBERS TU BE GEMFRATED. GGPHO140

C {INPUT) GGAPHU1S0

c K ~ RESULTANT VECTOR OF LENGTH N. GGPHO160

c IER - ERROR PaRAMETER., GGPHO170

c TERMINAL ERKOR =128+N, GGPHO1BN

c N = 1 INDICATES THAT RLAM WAS SPECIFTED GGPHOD190

C LESS THAN OR EQUAL Tu ZERO, GGPHO200

C  PRECISION - SINGLE . GGPHO210

C  KEGD. IMSL ROUTINES - GGURWUERTST GGPHU220

C  LANGUAGE ~ FORTRAN 6GPHYZ30

Cimerm e e e i BG6PHOR40

'

CALL GGPOSH(RLAM,ISEED,N,K,IER)
Purpose

GGPOSH generates N Poisson random deviates.

Algarithm

The resultant Ki, where 1=1,2,...,N, 1s a number j such that rlrz...rj 1s greater than eﬂk.

rl,rz,...,rj are uniform random numbers generated by GGUB; A ls stored in RLAM.

See reference: Schaffer, Henry E., “"Algorithm 369, generator of random numbers satisfying the
Poisson distribution', Comm. ACM, 13(1) 1970, 49.

Programming Notes

Subroutine GGPOSH should be used to generate Polsson deviates when RLAM 1s changed frequently
and when N, the number of deviates requested, 1s small. In other cases, subroutine GGPQSR
should be used.

Example

Using a starting ISEED=123457, and generating 1000 Poissou (A) deviates, Ri’ the mean (u) and
variance (6°) were computed. The expected values for the estimators corresponding to p and a?
are both A.

uRERi/lOOD
i

o®=L(R -1)?/999.
i
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GGPOSH-2

A u o? G

u

0.5 + 556 .529 0.02
462 459
+ 506 .520

3.5 3.571 3.378 0.06
3.488 3.225
3.430 3.599

6.5 6,508 6.201 0.08
6.460 6.600
6.547 6.704

9.5 9,485 9.336 0.10
9.526 9.642
9.600 9.722
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SUBROUTINE GGPOSR {(RLAMsISEEDINeKyJER) GGPROOD10

C GGPKOO020
C=GOPOSHe—mmm = Smmm—— ==LIBRARY dec-mwmmcw== - e et === GGPROO3N
¢ GGPROOGD
c FUNCTION ~ GENERATE POISSON RANDOM DEVIATES GGPROOSO
C USAGE « CALL GGPOSRI(K{AMyISEEDsN'K+IER) GGRRO0GO
C PAHAMETERS RLAM - INPUT POISSON PARAMETER. KLAM MUST RE GGPROOT70
C IN THE RANGE (0.3670.) INCLUSIVE. GGPROOKO
c ISEED <~ INPUT. AN INTEGER VALUE IN THE EXCLUSIVE GGPKOQYD
c RANGE (192147443647 ). ISEED IS5 USED TO GRPROL00
C INITIATE THE GENERATIONs AND ON EXITe HAS GGPROL10
C BEEN REPLACED HY A NEw ISEED FOW SURSEQUENT GGRH(O1Z20
C USE , GGPKOL 30
C ) - INPUT, THE NUMBER OF RANDOM NUMHBERS 7O BE GGPROL140
C GENERATED. GGPROL1S0
c K - HESOLTANT VECTOR OF LENGTH N. GGPROL1AG
C IER - ERRUO® PARAMETER. GGRPROL1TU
C TERMINAL ERRUR = 128+N, GGPROIEN
C N = 1 INDICATES THAT HLAM wWAS SPECIFIED GGPHO190
C LESS THAN ZEHD OR GREATER THAN A70. GGPROZN0
C PRECISION ~ SINGLE GGPROZIN
c REWD. [MSL ROUTINES =~ ©GUHLUERTST GGPROZZEN
C LANGUAGE - FORTRAN GGPRU230
C

e T o A S e S P 9 e P R o B e GGOPROZ240

CALL GGPOSR(RLAM,ISEED,N,K,IER)

Purpose

GGPOSR generates N Poisson random deviates,

Algorithm

The resultant Ki where 1=1,2,...,N, is the smallest number, m, such that r is less than or
equal to EE eukli/gl where r is a uniform random number generated by GGUB; A 1s stored in

3=0
RLAM,

See reference: Snow, Richard H., "Algerithm 342, generator of random numbers satisfying the
Poisson distributiom”, Comm. ACM, 11(12) 1968, 819,

Programming Notes

Subroutine GGPOSR should be used to generate Polsson deviates when RLAM 1s not changed frequently
or when N, the number of deviates requested is large. In other cases GGPOSH should be used.

For large generated uniform numbers and large A, it is possible that a calculated term of the
Poisson sum will not add, given a particular machine precision, to the curcent sum. In this

case, which occurs with very small probability, the Peisson deviate is set to the sum of its
count prior to the occurrence and a uniform deviate in the range [0.5, 1.5]A.

Example

Using a starting ISEED=123457, and generating 1000 Poisson (A} deviates, Ry the mean £u) and

variance (0?) were computed. The expected values for the estimators corresponding to u and o?
are both A,

uHERi/lOOO
i

czvﬂ(Ri~u)2/999.
{
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GGFOSR~2

A i g? O
u
.5 .534 511 0.02
521 .534
473 492
3.5 3.548 3.651 0106
3.506 3.631
3.458 3.344
6.5 6. 560 6.887 0.08
6.515 6.812
6.450 6.233
9.5 9,587 9,799 0,10
9.529 9.932
9,445 9.025
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TEST OF GGTMAJ GAMMA GENERATOR
R=2.0
PR R R R R A L A L TR T L R R R R R e . L L R s R eSS

¥ MEANS RFUECTION AT THE 5 PERCENT LEVEL IS IN ORDER

. #®  MEANS REJECTION AT THE 1 PERCENT LEVEL IS IN ORDER
: (2) IMPLIES THAT THE MEAN IS NOT WITHIN THE TWO STANDARD DEVIATION CONFIDENCE
BOUND
BHSUBGINGBUHE D LRI LU G IR R ORI GO AOR IR LSO TTORRUGNIRDLIOL OISO REBORBIOOE OGO
A M=10 N=%0 N=1¢0
E-X- - R - R RE R R R R R L R R R R R R R R R R R R RN R L R R . AR R A L R R R U S
o2 % S | 85 /.29 W45 /.29
- T 1.29 7 .40 1,20 7/ 47
34/ .33 .89 /.88 .93 /s .22
.35 3T/ .26 .58 /.79 53/ .8l
27 /.29 42 7 2.80 76/ 2445
61 /.96 .38 /.85 .52/ .37
.5 L83/ W91 .99 /7 1.07 87/ 1.01
W54/ 1.66 147 /7 1.42 1.70 7/ 1.19
T6 /7 1,00 W38 /.20 42 /0 .12
.7 1.18  / 1.51 1.54 / 1.52 1,27 7/ 1.56
A3/ 2.46 . 2.53 / 3.04 2.63 7/ 2.76
Al /92 S5/ .66 25 s =
.85 1,16 7 1.80 1.82 7/ 1.73 1.79 7/ 1.68
1.08 7/ .90 2.71 /7 2.93 2,87 7 2,63
1,00 7/ .15 .39 /.97 & /.6l
1.0 1.78 7/ 2.30 2.52 /7 2.14 2,28 /7 1.90
5.53 7/ 9,50 7.44 / 3.88 6.50 / 4.59
ORB / .97 106 / ISE '51 / .37
1.2 1.82 7/ 2.41 2.13 7 2.23 2.43 /7 2.62
3.66 7 3,77 3.64 7 4,21 4,76/ 5,24
.95 /7 .88 BT 7/ .B6 .96 /.52
1.7 3,47  / 4,53 3.61 7 3.14 3,35 7 3.67
£.56 /7 6.52 4487 7 6.29 7.00 7/ 9.68
91/ Llo W37 /.50 W88 /.45
2.3 4,R1  / 3.38 5,28/ 5,05 4,65 / 5.,24(2)
4,42 7/ 5.49 10.30 7 8.61 8,87 /13.60
26/ .10 .08 /7 .10 97 s =
2.7 5.48 / 6.90 ' 5.63 /7 6.67(2) 5,60 7 5.30
5.86 /25,61 11.75  /14.63 12.09  /11.96
.95 /.64 Y A 90 /.29
3.6 T.61 7/ 7.82 6.66 7/ T.27 7.52 7/ 8.26(2)
4,38 /10,40 13.46  /13.88 15,06  /22.80
Y & W43/ .95 26 /0 .16
440 8,35 / B.16 7.92 / 6.96(2) 7.30 / 8.09
15.16 / B.69 13.96 /12.35 15.76  /14.56
.98 7/ .82 W66 /.55 » /.63
RS 10,25 /10.04 9,92 7/ 9.48 9,11 7/ 9,61
31,18  /21.57 18.19  /20.12 20.92  /15.91
A0/ .96 W40/ .73 Y Y
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Se4 9.87 710,79 11.88 F12.T0(2} 10.91 /710.R7

{‘”(‘m 11046 /20-66 22-33 /31-73 26081 /19-05
I 1.00 /7 +43 + 26 /.06 «33 /.90
fel 12.06 /12.09 1244 /12443 12.39 /11,41
404,05 44,13 28.81 f22.93 2b.69 /19,10

+ 83 / 81 95 / -1} 4l /W JR

648 15.82 /14.96 13.37 /12.88 13.91 /13.17
24,90 /23.85 25.21 /25.93 40,75 /25,09

b 5 .60 97 /W23 o 71 / L83

7.0 11,82 /13.84 14440 F14 449 13.73 /13.51
22.86 /30.82 . 32.31 /38.45 21 .36 /36,61

.82 / 1400 «98 /96 » 99 /.30

10.0 19.19 /17,75 21.9012)1/19499 20.85 /F20.03
19,45 /19,78 52,02 /36.5b6 37.73 /3%.21

1.00 /7B & /s .60 v+ 38 / « G5

15.0 30.12 /34,32 29,49 /28.81 29,35 /31,24
B6.33 /B3.14 59.33 /5h454 60,27 /80,69

«93 /W21 94 /s 86 o 11 /< 3F

20.0 33.52{2)/37.98 40.02 /60,87 39.70 40,61
H4,03 /65460 107.29 /85,45 71.18 /90 4R6E

+53 /S W97 l.0 /S W37 1.0 /.59

25.0 49,564 /91.74 51.25 /51.00 50.08 /51.00
49.12 /58B.43 117.75 /108,32 141485 /115,44

« 99 VAR i § « 68 / 43 Y /o Whe

NP FPLPOBR VOO LR OO OHGRRRRLGRDITUEORDGRI RO ROOHLEHGRT R R LIRB IR ODRRER SO GOB GO

FOR EACH Ay THE THREE RESULT LINES ARE AS FOLLOWS,

LINE 1 (+43s..4}) IS THE MEAN OF THE N DEVIATES. ITS EXPECTEL VALUE 1S AB.
A PARENTHETICAL TwO (2] FOLLO®ING THE MEAN IMPLIES THAT THZ STATISTIC IS
OUTSIDE THE Tw0O STANDAKRD OCEVIATION LIMIT.

LINE 2 («250444) IS THE VARIANCE (SUM OF SOQUARES OF DEVIATIONS FROM THE MEAN
DIVIDED BY N) OF THE N DEVIATES. ITS EXPECYED VALUE IS age=2,

LINE 3 IS THE PROGAHILITY {(KOLMOGOROV SMIKNOV TEST+ ASYMPTOTIC) 0OF REJECTING
THE HYPOTHESISs THAT THE DEVIATES ARE GAMMA {(A.B). IN ERROR,

EXAMPLES: FOR A=20s N=10+ THE MEAN (THE TOTAL SEQUENCE BEGAN wITH SEED
123457) UF 33.52 IS QUTSIDE THE TwO STANDARD DEVIATION LIMIT. FOR A=2.3.
AND N=100 (SECOND SEED)s ONE wOULD REJECT THE NULL HYPOTHESIS AT THE
FIVE PERCENT LEVEL}.
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SUBROUTINE GGuB {ISEEDINWR) GGUHo0DLE

¢ GGUB0020
Lo . C=GGUR====r=mmeeSm o m— LIBRARY 3mcsmm e e e e e e e e -~GGUHNQ30
C GGUB0040
c FUNCTION = BASIC UNIFORM {(UQ+l) PSEUDO~RANDOM NUMHER GGUBONDS50
I C GENERATOR GGUYO0e0
gwm“ c USAGE = CALL GGUB{ISZEDsMNR) GGUBAOTO
- C PARAMETERS ISEED =~ INPUT. AN INTEGER VALUE IN THE EXCLUSIVF GGUBOOED
C HANGE (1+21647443647), ISEED IS REPLACEN BY GGUANOYO
c A NEW ISZED TO BE USED IN SUHSEQUENT CaLLS. GGUARNLO0O0
C N = INPUT., THE NUMBER OF DEVIATES TO BE GFNERPATEDGGUBEOL10
C ON THIS caLL. BGUBOLZ20
c RN} = QUTPUT VECTOR OF LENGYH N+ CONTAINING THF GGUBNI3O0
C FLOATING POINT (0s1) DEVIATES. GGUHNL40
c PRECISION - SINGLE GGUBOLS0
C LANGUAGE - FORTRAN GGUHN160
G o oo o i o g e, o e e —— m————— GLURDLT0
CALL GGUB (ISEED,N,R)
Purpose
GGUB generates N pseudo-random uniform floating point numbers in the interval (0,1).
Algorichm
Let S=ISEED. Then deviates Ri are generated by
SD = ISEED
5 31
Si = 7 Si—l {mod 2°7-1)
R, =273 .
i i
This generator is reported in the following references.
1. Lewls, P, A. W., Goedman, A. S., and Miller, J. M., "Psuedo-random number generator for the
System/360", IBM Systems Journal, No. 2, 1959,
2. Learmonth, G. P. and Lewis, P. A, W., Naval Postgraduate School Random Number Generator
Package LLRANDOM, NPS55LW73061A, Naval Postgraduate School, Monterey, California, June, 197,
3. Learmonth, G. P., and Lewis, P. A. W., Statistical Tests of Some Widely Used and Recently
Proposed Uniform Random Number Generators, NPS55LWV73111A, MNaval Postgraduate School, Montere
California, November, 1973.
Programming MNotes
The generator discussed in reference (2) has been reprogrammed in FORTRAN, and resides as genera-
tor GGU3 in assembiy language form in the IBM Library. Extensive rests (refevence 3) show thac
this generator is adequate for most purposes.
IMSL calls GGUB or its function counterpart GGUBF as its basic generator.
Example
Timing twenty calls to GGUB (IBM 370/155) with N=10Q0 resulted in a per deviate time of 48.5
microseconds. This can be compared with a 10.15 microsecond per deviate time when calling the
assembly language version GGU3 (in the IBM Library).
Input: Qutput:
TN ISEED = 123457 ISEED = 801129707
(o N = 100 R(1) = .96622

s R(100)= .373055
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November 4, 1981

Dear Participant:

It is less than six weeks until the Winter Simulation conference.
By now, the proceedings have been put to bed, and the program has
reached its final form. By now you should have received your com-
plete preliminary program with registration materials in the
centerfold.

The proceedings will be availablie at the conference, so your pre-

sentation may, if you wish, not exactly mirror the printed paper

word or word and picture for picture.

An important facet of the program is the participants complimentary
breakfast, scheduled at 8:00 a.m. as follows:

Grady Room
French Room
French Room

Wednesday:
Thursday:
Friday:

Please plan to attend so that you may meet with your session chairman
and any other participants in your session and to clear up any last
minute details. Please feel free to call on me either here in
Vermont or at the Conference itself if you have any questions.

I am looking foreward to seeing you in Atlanta.

Sincerely,

Charles M. Shub
Program Chairman
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