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CHAPTER I
INTRODUCTION

There are very few manufacturing concerns which enjoy the position
of having customers come to their factories to purchase products. Some
type of distribution system must exist in order to get the products into
the hands of the customers, through final sales outlets. In highly
competitive product areas these distribution systems are of greater
importance, as the customer looks not only for a quality product, but
also for service and convenience in purchasing. Even a company enjoying
a monopolistic position would require some means of distributing its
products if its marketing area was of any considerable size. Distri-
bution systems exist in varying degrees of complication and sophisti-
cation, depending on the industry, the company, and the particular
product. The numerous storage, handling, and transportation operations
taking place between factories and final sales outlets may contribute
greatly to the cost of a product. Planning and coordination of these
activities for efficient operation requires the solution of production
scheduling and inventory control problems, choices of alternative
equipment, selection of plant and warehouse locations, and numerocus
other applications of the methods of management science.

Problems encountered in petroleum operations are somewhat unique
due to the fluid property of the raw materials and most finished pro-
ducts. Crude oil stocks and finished products are often easier to
transport, and can be handled by relatively continuous processes which

introduce certain economies in transportation yet create special



problems in production scheduling and inventory control. Greater inter-
relationships exist between the various functions of exploration and
production, refining, and marketing than are found in most other manu-
facturing operations, as will be seen in the following brief discussion
of petroleum operations. Because of these interrelationships, the ef-
fects of changes in any company function are more evident throughout

the rest of the operations than with industries whose various activities
are more discretely separated.

Most crude o0il stocks are produced in areas remote from the major
demand. The production of crude can be scheduled by linear programming
techniques so as to minimize the cost of meeting the requirements of the
refineries for quantities of specific types of crude within restrictions
imposed by equipment capacities and the production rates allowable by
government regulation and physical pumping phenomena. The crude oil
removed from the earth is collected in gathering systems from the in-
dividual wells and transported to the refineries through extensive,
specialized facilities: pipelines, tank trucks, railcars, tankers, and
barges. For a required slate of finished products, some crude types
are more desirable or profitable to refine than others. It is common
for an oil company to exchange crude oil at a given location for the
crude of another company, either because of economics of transportation
or more desirable properties of the other crude. The evaluation of
the profitability of the exchange of a proprietary crude for another
company's crude, given the configuration of refineries and associated
economics of transporting and processing one crude rather than another

can be carried out through the use of linear programming (Wagner 11, 59).



Some refineries run the same feed stock blends continucusly, cre-
ating the same products all the time. Others vary the feeds to get dif-
ferent product mixes, as changes in demand require adjustments in oper-
ations. TFor example, a greater demand exists for fuel oils in winter,
while gasoline demand peaks in summer. As flows of crude oil and re-
fined products cannot be exactly syncronized with market demands,
problems of inventory control of feed stocks and finished products
arise as well as production scheduling problems. These problems are
further complicated by limitations on the maximum and minimum amounts
of each product obtainable from the available crude, i.e., there is a
maximum amount of gasoline which may be refined from a barrel of crude
0il, and in refining this gasoline there is a minimum amount of fuel
0il which will result due to the composition of the crude and the limita-
tions of refining process technology.

These problems have yielded to various techniques of mathematical
programming. Linear programming formulations are widely utilized in
the selection and blending of crude stocks to be refined to meet pro-
duct demands within crude availability and equipment throughput re-
strictions. This planning of weekly or monthly minimum cost production
schedules for refinery unit operations must also consider the range of
performance characteristics of the resulting products. Many refined
products may be blended from basic stocks to obtain required quality
characteristics such as vapor pressures and octane ratings. In the
case of octane ratings, the quality varies nonlinearly with the amount

of tetraethyl lead added to the mix, a smaller octane rating increase



resulting from additional increments of "lead'" added. Blending the
basic stocks to cobtain a desired slate of final products is thus a
nonlinear programming application, which has been solved using linear
approximations and an iterative linear programming technique known in
the industry as ''recosting.'" Not only have some companies combined
the two previous mathematical programming problems into one model,
there have been attempts to "optimize" the scheduling of all of a
company's refineries simultaneously, given certain marketing goals.

A more generally used analysis alsc involving mathematical programming
is the evaluation of exchange agreements with other companies for final
products, analyzed in similar manner to the exchange of crude stocks
previously discussed.

While products such as greases, lubricating oils, and special
chemicals are packaged in discrete quantities for storage and shipment,
the motor fuels, distillates, and petroleum gases may be held in large
tanks for future demand and eventual shipment, or transferred directly
to the final sales outlet. There are several alternative modes of
transportation for refined products which presents another problem.
Products must be routed from various refineries to a number of marketing
areas using the least cost mode of transportation recognizing factors
of differentials in costs of manufacturing products at these various
refineries, shipping costs, and the seasonal variations in consumer
demand for the refined products.

Pipelines are generally the cheapest transportation method for
high volume shipment of products. The pipelines also require a higher

initial cost to build, thus a number of companies often share a pipeline,



each having refineries on the line., Several products may be shipped
through a given pipeline thus creating problems in pipeline scheduling.
Various considerations of pipeline scheduling include determination of
optimal storage tank sizes and optimal shipment quantities, as well as
the timing of the shipments. Usually there are several bulk stations
along a given pipeline where the products are removed and stored in
anticipation of future demand. At these points, products may be trans-
ported to final sales outlets or shipped to other intermediate storage
facilities.

The use of barges and tankers to ship refined products is common
to refineries located on waterways. Many oil companies own fleets of
tankers and barges rather than hire common carriers. Tanker and barge
scheduling problems are as difficult as pipeline scheduling. Given
a fleet of vessels, a company has to set a timetable for each vessel
in order to meet all the demands for products. Considerations must
be given to storage facilities at the source and destination as well
as to. the maximum utilization of the vessels.

A fully integrated oil company produces a wide range of products:
natural gas, gasolines, kerosene, fuel oils, chemicals, lubricating
oils, greases, waxes, asphalt, fertilizer, synthetic rubber, plastic
resins, and even synthetic fibers. The most familiar products include
the distillates and motor fuels, however. It is the specific area of
motor fuel distribution that will be researched herein, and the dis-
cussion will continue in this context, although most comments may be

extended to other products. Highly competitive conditions usually



exist in gasoline marketing; there are a lot of promotional efforts,
advertising, and price wars. Further, the industry is faced with
rising labor costs, higher crude prices, and more recently, increased
manufacturing costs for low lead and lead free motor fuels. All of
these factors call for improved operational efficiency.

Distribution systems for motor fuels exist in varying degrees of
complexity from one company to another, complicated by the fact that
most oil company final sales are handled through jobbers as well as
company owned stations. At a given terminal, a company usually has its
own fleet of vehicles, which delivers the motor fuels to the service
stations of jobbers and company owned stations. In many instances,
however, jobbers own trucks and receive their stocks of motor fuels
at the bulk terminals. The company may also serve independent dis-
tributors from a terminal, as well as other major oil companies by
exchange agreement.

The operational policies of most companies have developed over
the years largely from the experiences of the people most directly in-
volved in the day to day operations. Thus a wide range of variation
is found in the operating procedures of different bulk terminals. A
given set of procedures may vary within the industry, within a company,
and even within a sales district.

The method of payment for a shipment of products may be on con-
signment, cash on delivery, 90-day credit, or a number of other
policies. For a company selling to dealers on a consignment basis,

a typical situation involves the periodic reading of pump meters by a

company representative who reports his readings to a sales office. The



required amount of product to be delivered is then calculated and the
billing and ordering processes are carried out, the station being billed
for the previous volume sold. The terminal dispatcher is given a man-
ifest each day of the required deliveries, and he assigns vehicles to
make the drops. This scheduling and routing of deliveries is normally
based on the experience of the dispatcher.

0f course there is a lead time involved in the ordering process
between the reading of the pumps and the actual delivery. During this
time stockouts may occur, as most often there is little considerationm
given to setting safety stock levels. The company representatives
merely make their visits at specified intervals, taking orders for the
various products, and in some cases auditing the station. The resulting
order sizes may vary greatly, no optimal order size having been set.

Another widely used procedure is that in which each station
manager orders a new supply directly from the terminal. He may or
may not have been told when to reorder, in terms of a reorder point.
This policy often is associated with cash on delivery sales. Of course,
the station managers will then order only when they feel they can pay,
or may tend to order smaller quantities so they do not have to release
large amounts of their cash. This policy creates an excess of emer-
gency situations, when station managers wait until the latest possible
minute to order, and then need to be supplied right away to avoid run-
out. Generally the deliveries for a particular day are not known well
enough in advance to efficiently plan the routes of the delivery ve-

hicles.



With the availability of various analytical techniques, it is now
possible for an oil company to examine the procedures for operating a
distribution system and improve the operations. Within the distribution
system composed of a bulk terminal and all service stations served by
company owned vehicles from that bulk terminal, there are several areas
in which research may yield improvement in operations. The stimulus
that sets this distribution system into action is consumer demand, a
variable beyond control to a large degree except through promotional ef-
forts. Thus, it is highly desirable to develop information about demand
patterns, with regard to average demand rate, growth trends, seasonal
effects, and random day to day fluctuations, as these factors directly
affect the safety stock levels and economic order quantities, thus af-
fecting order frequencies. The logical starting point for any system
improvement would then be to examine and analyze past data to determine
the factors affecting the pattern of demand. If the components of the
demand patterns can be identified and quantified, the proper forecasting
model can be developed. This leads the way to inventory control studies,
a logical objective of which is to set safety stock levels and reorder
points at each station. An inventory control study would also result
in determination of economic order quantities and order frequencies.

In consideration of the pertinent costs in the inventory study, stock out
costs (opportunity costs), ordering costs, and inventory carrying costs
would be straight forward. Transportation costs, however, would be dif-
ficult to consider as the efficiency of dispatching vehicles depends

not only on the routing schemes but on the size of orders (full loads or

fractions). Although much research has been done on developing vehicle



routing algorithms, most of them are difficult to apply to dynamic and/or
probabilistic situations. The more practical routing algorithms developed
to date are based on heuristic methods, and do not guarantee an optimal
solution to a given problem (Cochran 3; Tillman 10). In determining

a routing scheme with these proposed techniques, the description of the
fleet of vehicles available at the terminal is required as a restriction
in the development of routes. Information on the number of vehicles,
size of each, and size of compartments is required. These programs

could easily be run with varying fleet descriptions to simulate alter-
native equipment specifications in an effort to find the best combin-
ation and number of vehicles.

Evaluation of bulk terminal loading equipment and procedures is
another area for improvement. With the demands on a terminal given,
design of loading facilities to serve this demand can be analyzed through
gsimulation (Collins 4). This type of study generally includes the
examination of alternative arrangements of assigning products to loading
racks, number of racks required, as well as the number of spouts on each
rack. The normal considerations of equipment specifications, pump sizes
and storage tank sizes are evaluated concurrently. These alternatives
are aimed at changing the service time distribution. A less obvious,
nonetheless important consideration is the possibility of altering the
customer interarrival time distribution. This would be more feasible
and more effective in situations where a larger per cent of a terminal's
volume is delivered by company owned vehicles. The servicing of demands
with these vehicles could very well be shifted to night or periods when

the terminal is not overloaded.



1.1 Problem Definition

Within the time restriction, the scope of this thesis cannot em-
brace all of the above enumerated problems. Therefore attention is
focused on the smaller segment of the distribution system consisting
of a bulk terminal and all of its facilities, including the fleet of
vehicles at that terminal, and the company owned service stations
served from the bulk terminal. Each service station is assumed to sell
only two products, regular and premium gasolines. Although other pro-
ducts such as diesel fuels and non-leaded gasolines may be sold at a
station, these products are not considered directly. The proposed
analysis for the two motor fuels can be extended to include other pro-
ducts, however.

The data provided for this thesis includes actual daily gasoline
sales volumes for regular and premium sales from a major petroleum
company, for two consecutive years, beginning on December 26, 1966 and
extending to December 29, 1968. All of the stations operate seven days
a week. The figures are taken from detailed audit computer listings as
provided by the company's controllers department. A sample of twenty-
five company owned stations located in the same marketing area, all
served by the same bulk terminal is used. The sample excludes the job-
ber owned stations. An area where good district sales management had
been practiced was selected by a company sales department technical
analyst. Areas where abnormal competitive conditions had existed were
avoided. 1In addition the area was selected because it gave a good cross
scection of the various site types: residential, shopping center, inter-

state, and business district. The area itself was not revealed, as this

10



11

information would expose the company's competitive position in that area.
The Tulsa area has been assumed by the author, and station locations are
placed on the Tulsa map in accordance to actual station locations where
possible. The bulk terminal is assumed to be located at an actual re-
finery location in Tulsa (not belonging to the company supplying the
data). From this hypothetical station distribution, the interstation
distances and travel rates are estimated using the most reasonable routes
between the points. The travel times are then calculated from this in-
formation. The rates, thus the times, are assumed to be constant with re-
gard to time of day. Table 1.1 displays the rates, distances and times.
Each station is identified by site type, and the storage tank capacities
for each product are given. This data is presented in Table 1.2.

Uniform operating hours for all stations are assumed, with no pre-
ferential delivery times. A consignment sales policy is assumed, as
this is the only policy which allows the company to deliver at its own
convenience. Under this policy the company bears the costs of carrying
inventory, including leakage, evaporation, and theft from the tanks.
The costs of the products at the terminal are given, and are assumed to
be constant with respect to time and order quantity. Estimated inven-
tory carrying cost is also given. Stock out costs are not available.

The bulk terminal is assumed to have a sufficient supply of pro-
duct to meet all demand. The cost of operating 8000 gallen tank trucks
is given in terms of drivers' hourly wages, yearly costs of taxes and
licensing, and the operational and maintainance costs per mile driven.

The total daily availability of the vehicles, shift lengths, number of



shifts per day, and total allowable overtime are investigated. The ve-
hicles are assumed to have two compartments for one case, the industry
range being from 2 to 6 compartments per vehicle. The sizes of the

two compartments are variables to be investigated in the study. As an-
other alternative in the simulation, separate delivery of each product
is also to be investigated {non-compartmentalized vehicles). The ter-
minal is assumed to operate 6 days a week. In actual practice periods
of terminal congestion may occur due to queueing at the loading facility.
This would add an additional time variable, vehicle waiting time, which
would be from some distribution dependent upon time of day. Since this
information is not available, instant service is assumed, with a con-
stant time assumed for each truck loading of 15 minutes, during which
time the vehicle is positioned at the loading facility, set up for load-
ing, and the delivery manifest prepared. A loading rate of 400 gallons
per minute is given and used to determine a variable loading time de-
pendent on the volume of product being loaded. Likewise for each de-
livery a constant time of 15 minutes is assumed, with a given unloading
rate of 450 gallons per minute used to determine the variable unloading
time.

In the case of the emergency order situation, the orders are as-
sumed to be expedited. In the real situation, there is a chance of a
stockout at a station placing an emergency order if a vehicle were not
immediately available. As the demand distributions on smaller time
scales are not known, it is not possible to express the probability of

this stockout, nor the expected number of gallons of lost sales. The

L2



normal waiting time, however, is known to include waiting time for the
availability of a vehicle plus loading time plus travel time. The
company supplying the data reported a normal order lead time of 1 day
for gasoline orders, with about 25% of the orders being placed on the
day delivery was required.

All information assumed by the author had been discussed with a
member of the operations research staff of the company to verify the
reasonableness of the assumptions. The cost information and other given
information is summarized in Table 1.3. The time series themselves are

too lengthy to be presented.

1.2 Proposed Research

Within the distribution subsystem defined in the previous section,
there are several possible areas for operations improvement. Decisions
in this area are confined to shorter range problems for the most part,
generally those dealing with delivery scheduling and inventory control.
Some type of inventory control policy always exists for any system where
stocks of products are needed to meet demands, by default if not es-
tablished. 1In this case these policies are rough rules of thumb, a
popular rule being to keep stock levels above 25% of tank capacity.
This level is not arrived at strictly from inventory considerations,
but because of water and dirt accumulation in the storage tamks. Mathe-
matical derivation of an inventory model is not an objective of this re-
search, as there is known to exist a complicated relationship between
the delivery scheduling and inventory policy. 1In a mathematical inven-

tory model, there should be a term reflecting the cost of delivery of

13
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various size orders, considering the probabilistic nature of the demand
during delivery lead time, as well as the costs of transportation when
deliveries to more than one location are made on a single route. This
indicates the interaction among the station locations considered in
overall distribution planning. In determining order sizes independently
for each station, the optimal order size for a given location may be
less than a full truck load, however there may not be enough remaining
vehicle capacity to deliver the specified order quantity to another
station. An optimal reorder policy would consider the overall effect
of reducing one or both of the quantities to allow for better vehicle
utilization, and then give an order size minimizing the total system
operating cost. The effect of reducing the order size below that de-
rived considering each station independently would be an increase in
order frequency. Again, the model would be further complicated if the
probabilistic nature of a station's actual requirement were considered.
Thus it is evident that some coordinated ordering procedure among the
stations is needed, which balances the costs of carrying inventory and
order placement against the conflicting costs of vehicle utilization.
In addition, the problem of demand variability with a growth term
and seasonal effects would prevent any simplifying assumption of con-
stant demand, without badly distorting the results. Thus some other
approach is desired. Simulation is felt to be the most practical ap-
proach. Reorder levels are to be assumed and, attention focused on the
scheduling considerations, with effects on the inventory system examined.
Factors for reduction of order sizes are to be examined, as well as ve-

hicle compartment sizes simply by case study. The actual arrangement



of stations on routes has already been researched, and several algorithms
are available to facilitate the routing. A modified Clarke and Wright
procedure (Cochran 3) is chosen to model the routing or dispatching
process, extended to accept compartmentalized vehicles and consider
order size reduction. This algorithm has proven to be reasonably fast
computationally and gives good results.

In order to examine any of the alternatives to delivery planning
and order actuation, it is first necessary to develop a demand modeling

procedure to provide a simulated demand process to the inventory-

15

delivery simulation. This comprises a significant portion of the research.
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STATION STORAGE TANK CAPACITIES

NUMBER TYPE REGULAR PREMIUM
1 Residential 8000 4000
2 Residential 6000 4000
3 Interstate 12000 6000
4 Shopping Center 8000 4000
5 Interstate 8000 6000
) Interstate 8000 6000
7 Interstate 12000 6000
8 Business 6000 6000
9 Shopping Center 8000 6000

10 Business 8000 6000
11 Residential 8000 6000
12 Residential 8000 6000
13 Business 8000 6000
14 Residential 8000 4000
15 Shopping Center 8000 4000
16 Residential 6000 4000
17 Shopping Center 8000 4000
18 Shopping Center 6000 4000
19 Residential 6000 4000
20 Residential 6000 6000
21 Interstate 12000 6000
22 Business 6000 6000
23 Business 8000 6000
24 Business 6000 4000
25 Shopping Center 8000 4000

TABLE 1.2
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COST INFORMATION GIVEN

Drivers' wages $3.50/hour
Cost of regular gasoline at the terminal $ .11/gallon
Cost of premium gasoline at the terminal $ .12/gallon

Costs associated with 8000 gallon vehicles:

Purchase price $36,000.00
Taxes, licenses, and insurance $ 1,200.00/year
Maintenance costs $.135/mile
Operating costs $.16/mile
FLOW RATES
Loading rate 400 gallons per minute
Unloading rate 450 gallons per minute

TABLE 1.3
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CHAPTER 11

DEMAND ANALYSIS AND MODELING

2.1. Objectives

The first phase of research deals with the application of methods
of time series analysis to the historical sales data in an effort to
develop demand models. These models are needed to provide daily de-
mands for each of the two products at the twenty-five station locations
as inputs to the delivery scheduling and routing routines of the simu-
lation. A thorough analysis of the past data is required to establish
these models with the degree of accuracy necessary to obtain valid results
from the simulation. Demand modeling is a preliminary step in fore-
casting future gasoline sales, however forecasting is not an objective
of the study. In producing forecasts, adaptive fitting would be re-
quired to allow the model coefficients to be modified in response to
changes in the underlying demand generation process. Testing any adaptive
fitting schemes would require longer series of data than are available,
as the smoothing coefficients should be selected and tested over a separ-
ate segment of the time series from that used in establishing the basic
models.

The objective is to arrive at some compact form of expressing the
demand patterns present in the raw data, preferably through models which
may be used iteratively in obtaining daily sales. This is necessary to
avoid storing the actual sales histories in the computer. Such a large
amount of data would require the use of external storage, and accessing

the data would greatly slow the simulation. Further, it is hoped that
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a few model types will be sufficient to describe the processes; that
enough similarity exists among some of the stations' demand patterns
that they may be classed into groups. The immediate questions arising
are the existance of similarities in demand patterns among the stations
within each of the four site type classifications, and the presence of

correlation between regular and premium sales.

2.2 Model Types Considered

The models considered are limited to time series models rather
than correlational models. This is due primarily to the availability
of data, with only historical sales data obtainable. There is no
guarantee that correlational models would be more accurate; further,
there are many possible independent variables to be considered. Some
of the possible factors include weather information, traffic counts,
competitive price differentials, station area demographics, and other
econometric considerations. If the data were available for establishing
these types of models, there would remain a problem of predicting the
independent variables if they were not related to sales as leading in-
dicators. Promotional effects of competitors and weather are ob-
viously difficult, if not impossible to predict, and their effects would
likely be immediate, Further, Brown (1, 77) warns that two time series,
each having a significant autocorrelation function, are very likely to
show a strong cross correlation. It should be justified from an economic
point of view that one independent variable could effect the dependent

variable before it is used.



Within time series analysis, the objective is to determine the
presence of trend, cyclic, and seasonal components of demand fluctu-

ation, all being expressable as functions of time only. The signifi-

cant components should adequately account for the variations of the time

series; the unexplained variation should be random, with a mean of zero.
More specifically, the terms considered for use in the models herein
include polynomials, exponentials, and trigonometric terms (sines and

cosines).

2.3 Analytical Techniques of Time Series Analysis

The determination of the various components of a time series can
be difficult, particularly with regard to cyclic variations, where one
or more may be superimposed upon another. There are diagnostic tools
available which are aids in determining not only the presence of cyclic
variations, but the relative importance of each cyeclic element's con-

tribution to the total variation of a given time series.

2.3.1 Fourier Analysis

The theory of Fourier analysis forms the basis for time series an-
alysis by sine and cosine terms. Fourier developed the principle that
a reasonable periodic function of time could be represented on a closed

interval with a sufficient number of terms from the series:

_ , 27t . 4Tt . 2kwt
E=C+ Al sin =5 + A2 sin 3 + ... + Ak sin = + e
2nt 4Tt 2kne
+ B1 cos P + B2 cos P + ... + Bk cos P e

(Brown 1,70)
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The inclusion of both a sine and cosine term for each periodic term
allows a shift in the origin of the sinusoidal effect. This shift is
represented by the phase angle o, where, for a given pair of periodic

terms, o = arctan Bi/Ai, and the amplitude of the effect is expressed

2
as a = Ai + Bi (Brown 1,68). 1If the sine term were in the model alomne,

it would have zero effect at the actual origin of the time series. If
the cosine term were in the model alone, it would have its maximum ef-
fect at the origin of the time series.

The terms in the Fourier Series are harmonics of the basic period
P. This period is of the maximum length which may be observed in the
given time series, that is, at least one full cycle occuring. Harmonic
analysis, then, is the procedure of determining the principle harmonic
elements of a given time series, where any harmonic element is of a
period length which is an integral divisor of the basic period. The
goal of harmonic analysis is not to fit a Fourier series to the data,
but to determine which periods are present in the data and the relative
contribution of each periodic variation to the overall variation of the
time series.

Spectral analysis is similar in concept, however has greater
flexibility than harmonic analysis in that the importance of all cyclic
variations over a given range of periods may be determined. Spectral
analysis can produce indications of significant contributions from
cyclic variations with periods having no economic meaning. There is no
guarantee that these fluctuations would continue into the future, thus

care should be exercised in including them in a proposed model.
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2.3.2 Use of a Diagnostic Computer Program
The analysis of the cyclic components of the data is performed

using a set of subroutines originally designed for spectral analysis

in conjunction with linear regression. The difference between spectral

analysis and harmonic analysis throughout the remaining discussion is
with regard to the type terms considered for inclusion in the models,
strict harmonics with harmonic analysis, and any justifiable terms
with spectral analysis.

The general procedure for either analysis is merely that of
building a model by regression analysis in steps, using information
provided by autocorrelation and spectral density plots in determining
if the model is sufficient, and if not, what additional terms should
be included. At each step, the usual criteria are applied to the re-
sults of the regression analysis to judge the quality of the fitted
model. The value of R2 is an indication of the portion of the vari-
ation of the time series about its mean which is explained by the pro-
posed model. The F ratio indicates the ratio of explained to unex-
plained variation, and must exceed a predetermined critical level for
a specified significance, with appropriate degrees of freedom. The
standard error of estimate, the square root of the variance about re-
gression, is required to be less than a specified percentage of the
mean of the time series. Draper and Smith (5) is recommended for
further detail on regression analysis.

In using the spectral analysis routines, the data must first be

detrended. Any significant trend would distort the results of the
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spectral density plot, as it would be confused with some long term

cyclic variation exceeding the length of the observed time series. The
trend should then be the first term submitted to the regression analysis.
From the regression analysis, the residuals (Xcalculated - Xobserved)
are analyzed through an autocorrelation plot. This plot is helpful in
determining if there is any cyclic variation remaining in the residuals,
that is, any cyclic variation unexplained by the regression model. The
autocorrelation function is defined as

vy, (t, t+k)

o. (k) = ==
XX ox(t) cx(t+k)

where k is the number of lags, or time periods separation between the

two observations and Yxx(t,t+k) is the autocovariance function,

Yxx(t,t+k) = E[X(t) - E{X()}) (X(t+k) - E{X(t+k)]})]

This autocovariance has the same properties as the covariance between

two random variables Xl and X2. If there is no dependence between

values of a series at times t and.t+k, then Ykk(t’ t+k) = 0. If values

of X at t and t+k tend to have opposite signs, then yxx(t, t+k) will be
negative. If wvalues of X at t and t+k tend to have like signs, then
yxx(t, t+k) will be positive. Yxx(t, t+k) depends on the scale of
measurement of X. In order to compare time series of different scales

of measurement, it is mnecessary to define the normalized function of
autocorrelation as above. As with a correlation coefficient,-1 jpxx(k)f}.

In the subroutines used in this thesis, an autocorrelation plot is pre-

pared. A specified number of lags is used as the upper limit for k,
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the distance between t and t+k. In this plot, the resolution, or inter-
val between which changes in autocorrelation may be detected is defined
as 7/m where m = the maximum number of lags. Increasing m yields better
resolution, however m should be between .2 and .4 times the total number
of observations. In examining the autocorrelation plot, the period of

any remaining cyclic variation is determined by calculating the distance

between peaks on the plot:

N A~

—r—

where P is the period. Note that 27/P =w, the frequency, and w can also
be determined from the abcissa of the spectral density plot to be de-
scribed. If all cyclic variation has been removed from the residuals,
the autocorrelation plot will be reduced to a random grouping of points
about the abcissa.

The spectral density plot is generally more valuable than the auto-
correlation plot because it is easier to interpret. This plot clearly
reveals the relative contribution of each frequency of cyclic variation
to the variation of the time series about its mean. This measure of
relative contribution is used as a basis for determining the frequencies
of the periodic terms to be included in the time series model. The
power spectrum of a time series is the Fourier transformation of the

autocovariance function:



[ec]

1
P(w) k- Im yxx(t) cos wt dt

(Brown 1,397)

With the program used herein, an estimate of the spectral density
function is calculated. A "window" is used to calculate a weighted
average of the true power spectrum density over the frequencies near
the frequency of interest, rather than calculate a single point value.
This procedure does introduce some smudging of the powers of close fre-
quencies, that is, makes them difficult to distinguish.

Confidence intervals are necessary in determing from the spectral
plot which frequencies make significant contributions to the variations
in the time series. The confidence intervals for the programs used here

are calculated as follows (Jenkins and Watts 9,255):

v

X2 (L= a/2)

+ 1n ( )

[
wl

upper control limit

+ 1n C———jL—bO

]
0]

lower control limit

2
X, (0/2)
where v = degrees of freedom

2Mb'
v:

m
m = number of lags considered
M = number of observations
b' = constant for Tukey Hanning window
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= 1.33
o = significance level
s = estimated mean of spectral density plot
xi(u/Z) = Table value of Chi square distribution for the

proper degrees of freedom and significance level.

Any frequency with power exceeding the limits should be examined for

inclusion in the model. The final model which explains all cyclic vari-

ation should have no frequency remaining in the spectral density plot
with power exceeding these limits. Another important limit is the
bandwidth, or the horizontal limit on the spectral demsity plot. This
limit defines the resolution of frequencies and is defined as

b = b'/m

L]

where m = number of lags

b' constant for the window used

Il

(Jenkins and Watts 9,257)
This value should be greater than the plotting resclution, as within
the bandwidth one cannot distinguish between frequencies. Spectral an-

alysis is further explained in Granger (6).

2.3.3 Example

As an example of the interpretation of the spectral density plot,
the regular sales for station 23, a business district site, is analyzed
using harmonic analysis. The plots in Figures 2.1 through 2.4 show the
successive reduction in the power of the residual spectral density
function. Using the formulae the bandwidth and control limits are cal-
culated:

number of lags = 200

=
]

number of observations = 735

=
0
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b' = window constant = 1,33
bandwidth
i o a8
b =b'/m = 200 . 00665

degrees of freedom

_2Mb' _ 2(735)(1.33) _ ) )
V=™ T 7 200.100 = 7.35(1.33) = 9.76 ~ 10

control limits

Xio (.05/2) = 20.483
From Chi-square table (7,22)
2

X[p (-975) =  3.247

van = B o dn e = B IntaBP) =T » LTI
20.483 . g

UCL = 5 + 1n (—=2) = 5 + 1n (3.08) = 5 + 1.1249
3.247 - "

The mean will vary through the successive plots as the model is
expanded. Figure 2.1 illustrates the plot after the removal of a linear
trend. The high peak at the beginning of the plot indicates the presence
of a long term cyclic variation, or possibly a quadratic trend. The
inclusion of a quadratic trend in the model yields the spectral density
function in Figure 2.2. In discussing the data with a company sales
analyst, the existance of summer seasonal effects had been suggested,
as well as increased weekend sales. There is a broad, flat peak in the
raw data which supports the existance of this peak. Such broad, flat

peaks are represented by harmonic terms. The spectral plot in Figure 2.2
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gives further evidence of the harmonics' importance. The frequencies
corresponding to periods of 365 days, 365/2, 365/4, 365/6, 365/8, and
365/12 days are .0172, .0344, .0688, .1032, .1376, and .2064, respectively.
Looking at the plot, these first four frequencies all have powers above
the control limits. The latter two frequencies have powers which are
definite peaks, however they are not in excess of the control limits.
Inclusion of these terms yields the spectral plot in Figure 2.3. A
significant peak now remains at a frequency of .9050, corresponding to

a period of 6.335 days. This is not easily justified by any underlying
economic effect. Rather than include such a term which is not a harmonic
of the basic period, factors for each day of the week are included in the
model, in accordance with the suspected weekend peaks. The resulting
plot, Figure 2.4, shows the spectrum reduced in power, with the peaks
below the control limits, with the exception of the lower frequency

peak, (w = .0650). Other harmonics may be included to remove this

peak, but one should bear in mind that these lower frequency power estimates
are based on smaller sample sizes than higher frequency estimates, and
therefore cannot be given the same relative importance. Thus the example
discussed has been modeled by what will later be described as a day

factor - harmonic model with a quadratic trend.

2.4 Procedure

As a preliminary step to the time series analysis, each data set
was plotted and the daily sales stratified by four different classifi-
cations for the calculation of means and standard deviations. The clas-

sifications are by individual day of the week, weekends versus weekdays,
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summer months versus other months, and 1967 versus 1968. This stratifi-
cation greatly reduces the data, and together with the graphic presen-
tation of the process in the plots gives some clues as to the demand
pattern. With the stations being on several different basic levels

of volume, it is difficult to make a comparative analysis with respect
to the importance of the variations or the similarities among site
type groupings. Although no specific conclusions can be drawn, sup-
porting evidence is given to the expected presence of trend, seasonal,
and weekly cycle effect. There appears to be a generally increasing
trend, an increase in sales during the summer months, and a sales in-
crease over weekends. Indication is given that interstate sites gen-
erally are higher than other locations in overall average sales and
shopping center sites generally lower. Due to the bulk of the output,
only a sample of the results of this program is given in Figure 2.5,
for station number 23, regular sales. Table 2.1 presents a summary of
the results, with the average sales per day in gallons for both pro-
ducts, at all stations for 1967 and 1968. A wide variation in average
sales is evident, as well as the fact that interstate locations are
generally stronger.

The calculation of correlation between regular and premium sales
gives a rather disappointing lack of correlation (Table 2.2). This
indicates the probable requirement of separate models for regular and
premium sales. It is worthy of note that the interstate sites generally
have higher correlations between regular and premium sales. The overall
lack of correlation can be attributed to the possible independence and

dissimilarity of the two customer populations for regular and premium
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sales, or could indicate that the dominant characteristics of the sales
patterns are random fluctuations. Lack of data prevents any investi-

gation of the first hypothesis.

2.3.1 Investigation of Linear-Cyclic Models

The first model types to be explored are the linear-cyclic type
models. This involves pure spectral analysis, in which any economically
justifiable cyclic term which appears significant is included in the
model. For this investigation, station 3, an interstate site with good
daily volumes is used. A linear trend is assumed and the detrended
residuals yield a spectral density plot with a pronounced peak at ap-
proximately 7 days. A lower frequency peak of 326 days is also apparent.
The inclusion of the 7 day sine and cosine terms im the model causes
a shift in the lower frequency peak to 251 days, and the appearance of
a peak at 3.5 days. The 3.5 day peak can be justified on the basis of
a harmonic effect, as weekend sales increases would cover both Saturday
and Sunday, as evidenced in the statification. The longer period peak
cannot be given any economic interpretation, however, Inclusion of the
3.5 day peak shifts the longer period to 202 days, and it becomes the
most significant cyclic component. Further, peaks of significant power
appear at 7.3 and 6.79 days. None of these periodic fluctuations can be
explained from any known economic basis. Considering the necessity for
justification of any non-harmonic terms, sine-cosine pairs for 365 and
182.5 day periodics are included, with the only apparent results being
a shift of the period of the long term variation te 73 days. This cor-

responds to 365/5, a harmonic term. Proceding in this manner, several
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more periods become significant, all of which are relatively near harmonic
periods. It is felt that the smudging effect of using windows to obtain
spectral density averages gives these results, and the harmonic terms

are included. The addition of the harmonic 365/3 yields a spectral

plot with a peak at 6.78 days, in addition to peaks near harmonics.

This is not an expected periodic variation, however it may be explained
on the basis of the average length of time between purchases by the cus-
tomer population. The length of time between gasoline purchases may

not be tied to phenomena such as pay periods, with the availability of
credit cards, but rather to the gasoline consumption, the mileage driven
on the average by the customers. Inclusion of the pair of terms for this
period does not significantly improve the results of the model, however,
and peaks are now present on either side of the frequency representing
this period, the frequencies corresponding to 7.38 and 6.826 days. Peaks
are also significant at 96.61 and 50.24 days, these peaks being close

to the harmonics 365/4 or 91.25 days, and 365/8, or 45.625 days. The
investigation of linear—cyclic models appears fruitless at this point.
The presence of periods of non-integral numbers of days is puzzling when
they are not harmonics, particularly the periods of roughly one week in
length. A new approach is desired which will offer a better explaina-

tion of this phenomena.

2.4.2 Harmonic - Day Factor Models
In addition to changing the direction of the investigation of model
types, it is evident at this point that the procedure is not adequate.

The regression program used in the analysis has been a simple multiple
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linear regression program. Simply adding new terms to the model nearly
always increases the R2 value and lowers the standard error of estimate,
although some of the terms may make minor contributions to the predictive
ability of the model. Further, interactions between the terms added to
the model and those already in the model cannot be examined. The
solution to these problems is the adaptation of a stepwise regression
procedure for use with the spectral analysis routines. The stepwise
regression routine written by IBM and modified by the KSU computing
center staff is further modified and used with the same spectral anal-
ysis routines as used with simple linear regression. The resulting
program appears in Appendix A. Many advantages are realized with this
modified procedure. The program provides printouts at each step of the
procedure, with statistics pertaining to the regression at each step.
The significance of each variable in the regression is guaranteed to
meet or exceed preselected levels. These levels are specified for
entry and deletion of variables, and at each step in the regression,
partial F tests are performed to determine if any variable should be
deleted and which, if any, new variable should be added to the model.

A new approach is desired which will remedy the shortcomings of
the models previously fitted to the data. While it is evident from
the stratification analysis that there are differences in average daily
sales for all days, the weekend-weekday differences being generally
greater, little can be concluded about the significance of these
differences. If there are differences among all the days' average

sales, this cannot be expressed in a linear-cyclic model. The sine



and cosine terms for the 7 day period can be used to express only one
7 day periodic fluctuation. Harmonics serve only to flatten the peak
over two or more days, to include, for example Saturday and Sunday in
a weekend peak in sales. If, however, there are significantly lower
sales on Wednesdays, this effect cannot be modeled with any other
cyclic term. Thus a model is proposed which includes a dummy variable
for 6 of the days of the week. The addition of 7 variables would in-
troduce a redundancy, as the base level of the model represents one
day. A matrix of dummy variables is generated in the transformation

subroutine of the stepwise program:

m t w th f [

~N o
oocoocooMH
CcCooooOoO+=Oo

735 0 0 0 0 0 0

This model is termed a day factor model. The linear trend term is in-
cluded along with the annual seasonal terms for the sine and cosine of
365 and 182.5 day periods.

Another possibility is that station number 3 is not truly repre-
sentative of all stations, or even of its site type. Further, there
are three other site types to be investigated. A random sample of

each site type is established in an attempt to examine the differences,



if any, between the demand patterns of the various site types, and the
similarities among stations within a given site type classificatiom.
The resulting sample includes stations 1 and 11 from the residential
sites, stations 4 and 15 from the shopping center sites, stations 3,
6, and 21 from the interstate sites, and stations 10 and 23 from the
business sites. Each of the sets of data for each site type are for
regular gasoline sales. There are varied results in the stepwise re-
gressions, as exhibited in Tables 2.3 through 2.6.

Looking first at Table 2.3, the results for the interstate sites,
the stepwise regression has accepted all of the available terms for all
of the models. These stations are operating on different base levels,
however they have linear trend terms indicating comparable rates of
growth. The sine and cosine pairs for both harmonic terms are of
comparable magnitudes, as are the day factor terms. The R values are also
comparable, as are the standard errors of estimate. These stations all
appear to have similar demand patterns. The business sites, in Table
2.4, do not yield as good results, their R values being significantly
below those of the interstate sites. The two results are also dis-
similar with respect to the significant day factor terms. With Sunday
as a base level, station 10 appears to have significant differences
between all of the days of the week, where station 23 has lower sales
on Tuesday, Wednesday, and to a lesser degree, on Friday. The same
harmonics are significant in both stations, with the sine of 2nt/182.5
being excluded from both models. This would indicate a different
seasonal effect in these two sites from the seasonal effect in the inter-

state sites. The linear trend terms for both sites are comparable in
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effect, although station 23 experiences a larger growth rate. Pro-
ceeding to the residential sites, Table 2.5, a similarity is seen
between these sites and the business sites in the important seasonal
harmonics. The sine 27t/182.5 is not a significant term in either of
these models. The day factors of the two models for residential stations
are comparable. It is interesting that the significant day factors in
these two station models are the same as those in station 23, a business
site. The exact classification of stations according to site types
could allow for a station to have characteristics of several groups, or
to be designated improperly if it is difficult to assess the nature of
the site. The resulting R for both of these statiomns is quite low, how-
ever, lower than any model examined so far. Finally, turning to Table
2.6, the shopping center sites, more difference is found between the
models for these two stations than any others within the same site type
classification. Station 4 has a high R of .87, which exceeds any R pre-
viously attained. The terms are all accepted as significant, just as
with the interstate site models. In contrast, station 15 has a model
in which only one day factor term has been included. This station has
no differences in daily sales, except for a decrease on Mondays. The
station has a very poor overall sales volume, and a weak growth. The
results for this station should not be weighed heavily, as it appears
to be operating under abnormal conditions. It could be a new location.
Although the overall explanative power of these models is not im-
pressive, there is an encouraging similarity among the models within
the same site type classification. It may be possible to represent

the stations within a given site type by one general model. There does
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not appear to be strong evidence supporting the use of less than four
models for the representation of regular gasoline sales, and the models
should all be improved.

For each of the site types except the interstate sites, there is
evidence of a very long periodic fluctuation, or possibly a quadratic
growth term in the spectral density functions. This is indicated by
the first points of the spectra being at the maximum values. Caution
is required in the interpretation of these results, as there are several
dangers in inserting a quadratic term in the model. Foremost is the
possibility that the actual processes do not possess quadratic terms
at all, but some long term cyclic variations. There is not enough
data to investigate this possibility, however.

Secondly, the use of a higher degree growth term in the model
greatly limits its period of usefulness as a forecasting model without
the use of adaptive fitting to moderate the coefficient of the quad-
ratic term as its effect diminishes. This term is included, realizing
these pitfalls, as the simulation is limited to two years or less. The
purpose of the models is, after all, to model the existing data, not
produce forecasts, and if this term improves the quality of the models,
it will improve the accuracy of the simulation over this time span.

A physical interpretation of this term would be subject to error without
a longer time series to justify the interpretation. It is apparent,
however, that the actual existence of a quadratic term is doubtful, as
this rate of growth could not extend indefinitely in time. More likely

would be that this data is from an increasing section of a logistic
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curve, or again, some segment of a longer term cyclic variatiom.

In inserting this term into the model, it is necessary to use a
scaling factor. The actual term used is t2/10000. This prevents any
danger of loss of numerical accuracy in the regression. The t2 term
would become quite large toward the latter range of the time series,
and in comparison with the magnitudes of the other terms. More har-
monics of the annual seascnal term are included; from indications of
the spectral density plots, this is known to be a very broad, flat
peak, extending over several months. In an attempt to express this
seasonal variation more accurately, the sine and cosine terms for
91.25, 60.83, 45.625, and 30.416 day periods, all harmonics of 365
days are included in the proposed model. Another sample is selected

for these experiments including the stations listed below:

Regular Premium
Interstate Sites 345;7 3,6
Business district sites 8,13,22,24 10,8,23
Residential District Sites 12,14,16,20 1,2,19
Shopping Center Sites 9,17,18 9,17,25

Within the sample sets, the results are fairly consistent. There
are some variations in the day factors which are selected, but the
seasonals and their levels are fairly consistent. A thorough examin-
ation of the results leads to the conclusion that a good representation
of the demand patterns can be obtained with the use of 8 models, one
for regular and one for premium sales under each of the four site types.

The results for interstate sites, regular sales are given in Table 2.7.



40

These models have the highest R values of all models developed. Note
that the same terms appear significant in both station models. In
Table 2.8, the business sites, the results of the models are seen to

be similar within the classification. The linear and quadratic com-
ponents are both positive in the interstate models, however the linear
terms in these models are all negative, with positive quadratic com-
ponents in the models of statioms 8, 13, 22, and 24. This would dampen
out the effect of the quadratic growth component. The same harmonics,
for the most part, are important in all of the models for business sites.
There is included a cosine term for a period of 60.83 days and sine for
a period of 91.25 days in the models for statioms 13, 22, 24, which are
not present in the model for station 8. The day factor terms included
in the models are noted to be generally the same, the only exception
being the inclusion of a Saturday term for station 22. The results of
the residential site models are given in Table 2.9. These results are
not as good as either the business or interstate sites, and there ap-
pears to be less similarity among these stations than those with the
other two groups. The linear growth components in these models are
again negative in sign, dampening the effect of the quadratic growth
terms. The higher frequency harmonics chosen for inclusion in these
models vary widely from station to station, with little comsistency
among the day factors, except for Tuesday and Wednesday sales being
lower days than the others in all cases. Shopping centers, Table 2.10,
again are among the most poorly fitted models, with their R values being

as low as the residential sites. In their case, however, the linear



trends have positive coefficients while the quadratic trend terms are
negative. These stations thus exhibit very poor growth rates, in ad-
dition to being among the lowest volume sites. The harmonic terms in-
cluded in the models are generally consistent, however only the longer
period terms are included. Station 9 includes all of the day factor
terms, while stations 17 and 18 only include two. Indications at this
point are that the shopping center and residential demand patterns are
not easily modeled by time series techniques. There may be other under-
lying factors in determining these demand patterns than those affecting
the interstate and business district sales. Activity at a shopping
center site may be based more on the activity in the center itself, and
residential patterns may be determined by similar considerations, such
as housewives' shopping habits. Further, these two site types seem Co
be less affected by weekend and summer seasonal activities.

In examining the premium sales results, Table 2.11 shows for inter-
state sites less impressive results than the regular models. This in-
dicates that premium sales are affected with regard to seasonal vari-
ation differently than regular, as fewer harmonic terms are included.
The growth is predominantly reflected in the quadratic growth term.
Daily differences in sales levels are seen to still be significant.
Table 2.12 shows the results for the premium sales at the business sites.

The results are not as dissimilar to the interstate results as they

are with regular sales. The trend appears to be predominately quadratic,

and the seasonal harmonics selected are comparable to the ones present
in the interstate model. Residential premium sales, in Table 2.13, are

dissimilar in demand pattern compared with the other two site types.
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Again, as with regular, there appears to be more unaccounted variation in
these demand patterns. Stations 1 and 2 have more common terms than
station 19 although their models' R values indicate that the models are
not sufficient. Shopping center sites, in Table 2.14, show no simi-
larities to the other groups. The lack of a quadratic growth term and
a weak linear growth term are the primary differences between these
models and those under other classifications. Stations 9 and 25 show
similarities in their model terms, however station 27 appears to have
a different demand process with regard to daily patterns.

Within the sample sets, the results are fairly consistent, although
not adequate in their explanation of the demand fluctuation to enable
use of the models in forecasting. A large amount of variation remains
which appears random, but is more likely tied to processes not related
to time series. It is felt that the models, if they were generalized,
could be used in the simulation however, as actual forecasting is not to
be done., The problem, then, is to obtain general ccefficients for use
in modeling each station under a given classification. There is dif-
ficulty in obtaining these general coefficients, even though the standard
deviation of each coefficient is given for each sample model. There is
no statistically valid way to get an overall average and standard de-

viation from this information.

2.4.3 Combined Models
Rather than use some judgement criteria, all of the data under each
site type classification and each gasoline grade is run through the

stepwise regression routine with the critical values for entering and
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deleting variables set at zero. This allows the acceptance of every

term into the model, in the order of their significance to the model.

A second set of dummy variables is generated, one for each of the sta-
tions in a given site type classification, less one, as one station is
represented by the base level of the model. The final results are
presented in Tables 2.15 through 2.18. There are graphs of the changes

in R values and standard errors of estimates presented in Figures 2.6-2.13.
These graphs are used in determining the final models.

In determining the cut off points for the models, a "backward
elimination'" procedure is followed, with all variables eliminated be-
yond the point of a .005 increase in the standard error of estimate.

The final models appear in Tables 2.19 through 2.26. The R values are
deceivingly high for these runs, the reason being that the differences
in the base levels of the different stations within a group account for
the larger part of the total deviation of the values of the time series
about their means. Thus the seasonal, day, and remaining unexplained
effects are overshadowed. On an individual station basis, the pre-
dictive power of the models is low. For the purposes of demand modeling,
however, it was felt that these models would be adequate. The problems
would enter only if an attempt were made to extend the use of these

models to forecasts.

2.5 Concluding Comments on Demand Modeling
The above analysis of the demand patterns is costly and time con-
suming, without producing spectacular results. The external factors

such as would have been included in correlational models may produce



more accurate results, but they too would have to be expressed as a
time series, or some recursive formulae developed to produce their
values for determination of the corresponding sales volumes. The final
spectral plots exhibit no remaining strong periodic fluctuations which
can be reasonably explained on an economic basis, thus the unexplained
deviations of the time series appear 'random" from a time series point
of view. The models do meet the primary goal of simplicity and are

felt as being accurate enough to use in the simulation.

2.6 Use of the Models

Within the simulation, a "forecast" and "actual" process are to
be used. It is not practical to use the derived models with adaptive
fitting, as they would be if used for forecasting. If any form of
adaptive fitting is used it would be necessary to store the actual
series during the simulation in order to get an actual demand for the
forecast to track. Again this is a large amount of data to be stored
and referenced which would greatly slow the simulation. Further, there
would be a time lag in the response of an adaptive fitting techmique to
changes in the demand pattern. With time series of two years in length,

all of the data would be required to get the initial estimates for the

parameters, with an annual cycle, leaving no new data to use in applying

the adaptive process.

With the previously mentioned difficulties in mind, the simplest

approach is to use the standard errors of estimate from the eight models

as a random error term which, when added to the value obtained from a
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model at agiven time, would represent the "actual" process. These errors



are to be generated from a normal distribution with mean zero and a
standard deviation equal to standard error of estimate for the model.

Thus an idealized "forecast" is used, with errors having mean zero.
’ a8
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CORRELATION BETWEEN REGULAR AND PREMIUM GASOLINE SALES

STATION
NUMBER

]
SO O~ AW LN

vl oo TR S I G SR B i el el o ool ol o
MW OWOo~ W b

SITE
TYPE

Residential
Residential
Interstate
Shopping Center
Interstate
Interstate
Interstate
Business
Shopping Center
Business
Residential
Residential
Business
Residential
Shopping Center
Residential
Shopping Center
Shopping Center
Residential
Residential
Interstate
Business
Business
Business
Shopping Center

TABLE 2.2

CORRELATION

COEFFICIENT

<493
- 395
674
. 830
. 704
. 707
. 656
.453
e s
. 669
.377
. 343
. 685
.410
. 350
369
. 357
. 384
.585
. 402
.653
.591
.569
.633
. 500
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FINAL MODEL INTERSTATE SITES

REGULAR GASOLINE SALES

R = 0.9435
S.E.E. = 84.8889

CONSTANT = 1039.0321

VARIABLE

LINEAR TREND
QUADRATIC TERM (t/10000)
SINE 2nt/365
COSINE 27wt /365
SINE 2nt/182.5
COSINE 2wt /182.5
SINE 2mnt/91.25
SINE 2t /45.625
COSINE 2r/30.416
MONDAY

TUESDAY
WEDNESDAY
THURSDAY

FRIDAY

SATURDAY

STATION 5
STATION 6
STATION 7
STATION 21

STATION 3 BASE LEVEL

TABLE 2.19

0.

2
-36.
-28.

9.

25.
-11.
. 7491
.9320
.0402
L4126
.5715
.3702
.2300
L7914
-129,
-431.

91.

-8

169

COEFFICIERT

2543
6709
3728
4145
7200
3959
8001

1673
9388
9279

.0746
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FINAL MODEL INTERSTATE SITES
PREMIUM GASOLINE SALES

R = 0.9064

S.E.E. = 69.5207

CONSTANT = 700.3403

VARIABLE

QUADRATIC TERM (t2/10000)
SINE 2nt/365
COSINE 2nt/365
SINE 27/182.5
COSINE 2nt/182.5
COSINE 2mt/60.83
COSINE 2mt/45.625
SINE 2mt/30.416
COSINE 27t/30.416
MONDAY

TUESDAY

WEDNESDAY
THURSDAY

FRIDAY

SATURDAY

STATION 5

STATION 6

STATION 7

STATION 21

STATION 3 BASE LEVEL

TABLE 2.20

66

COEFFICIENT

3.4174
-15.0133
- 7.1024

12.2106
30.7986
10.9012

6.3302

11.3062

6.8380
-76.5594
-61.0477
-53. 2159
-43. 8597
-64.7196
-31.9346
-63.7415

-270.7796
59.2830.
106.5306



FINAL MODEL BUSINESS SITES

REGULAR GASOLINE SALES

R = 0.9444
S.E.E. = 66.4963

CONSTANT = £38.3573

VARTABLE

LINEAR TREND
QUADRATIC TERM (t2/10000)
SINE 2nt/365
COSINE 2wt /365
COSINE 2mt/182.5
SINE 2wt/91.25
COSINE Zwt/91.25
SINE 27t/45.625
SINE 2wt/30.416
COSINE 2mt/30.416
MONDAY

TUESDAY
WEDNESDAY
THURSDAY

FRIDAY

STATION 10
STATION 13
STATION 22
STATION 23
STATION 24

STATION 8 BASE LEVEL

TABLE 2.21

-0.
5.
-19.
-14.
14.
.2859
. 1459
.9362
. 8879
. 8597
.7322
4310
L4041
. 2484
. b465
-176.
-170.
23.
348.
94.

COEFFICIENT

1193
0494
6778
6007
5107

2463
1578
8748
3660
7116
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FINAL MODEL BUSINESS SITES

PREMIUM GASOLINE SALES

R = 0.9355
S.E.E. = 55.2687

CONSTANT = 404.9542

VARIABLE COEFFICIENT
QUADRATIC TERM (t2/10000) 1.9708
SINE 2mt/365 -11.0927
COSINE 2mt/365 7.1907
SINE 2wt/182.5 9.0687
COSINE 2mt/182.5 21.7148
COSINE 2mt/60.83 10.0956
SINE 27t/30.416 8.5432
COSINE 2nt/30.416 6.3386
MONDAY -39.7810
TUESDAY -34.8004
WEDNESDAY -30. 7454
THURSDAY -19.3237
FRIDAY -38.3967
SATURDAY -15.5502
STATION 10 -96.6585
STATION 13 -93.1850
STATION 22 67.5401
STATION 23 317.5714
STATION 24 69.5279

STATION 8 BASE LEVEL

TABLE 2.22



FINAL MODEL RESIDENTIAL SITES

REGULAR GASOLINE SALES

R = 0.9593
S.E.E. = 65.0018

CONSTANT = 820.2547

VARIABLE

LINEAR TREND
QUADRATIC TERM (tzllODOO)
SINE 2mt/365
COSINE 2wt /365
COSINE 2mt/182.5
SINE 2mt/91.25
COSINE 2wt/60.83
SINE 2nt/45.625
COSINE 2wt/30.416
TUESDAY

WEDNESDAY

FRIDAY

STATION 2
STATION 11
STATION 12
STATION 14
STATION 16
STATION 19
STATION 20

STATION 1 BASE LEVEL

TABLE 2.23

-0.
4.
-16.
-11.
11

- 7.
5.

- 7.
7.
-27.
=24,
-18.
-316.
-515.
-632.
-118.
~422.
-129.
-80.

COEFFICIENT

1196
0138
3765
2872
7024
0411
4748
1069
3079
4447
2403
8636
8735
6327
6857
6830
9116
9878
2680
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FINAL MODEL RESIDENTIAL SITES

PREMIUM GASOLINE SALES

R = 0.9469
S.E.E. = 48.3272

CONSTANT = 525.0679

VARIABLE

LINEAR TREND
QUADRATIC TERM (t2f10000)
SINE 2mt/365
COSINE 2mt/365
SINE 27wt/182.5
COSINE 27t/182.5
COSINE 2nt/60.83
SINE 2nt/30.416
COSINE 2mt/30.416
MONDAY

THURSDAY

FRIDAY

STATION 2
STATION 11
STATION 12
STATION 14
STATION 16
STATION 19
STATION 20

STATION 1 BASE LEVEL

TABLE 2.24

COEFFICIENT

-0.0861
2.1075
-7.9508
4,.8872
7.4710
17.6112
7.3238
5.9047
4.8754
-7.2528
7.6211
-8.1436
-210. 2544
-327.2490
-403. 3347
~-41.4327
-268. 2694
-63.0939
-75.0231
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FINAL MODEL SHOPPING CENTER SITES

REGULAR GASOLINE

R = .8918
S.E.E. = 44.4480

CONSTANT = 280.3977

VARIABLE

LINEAR TREND

QUADRATIC TERM (tzllOOOO)

SINE 2mt/365
COSINE 2mt/365
SINE 2nt/182.5
COSINE 2nt/182.5
COSINE 2wt/91.25
MONDAY

TUESDAY
WEDNESDAY
THURSDAY

FRIDAY

STATION 9
STATION 15
STATION 17
STATION 18
STATION 25

SALES

COEFFICIENT

0.3259
-2.4364
-15.3731
-9.3452
8.1361
10. 3640
5.6580
-44.5386
-24.7832
-33.0112
-33.5353
-29.9428
-66.,6571
-213.2340
-137.4245
-15.8844
-17.3497

STATION 4 BASE LEVEL

TABLE 2.25
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FINAL MODEL SHOPPING CENTER SITES

PREMIUM GASOLINE SALES

R = 0.8749
S.E.E. = 34.1023

CONSTANT = 239.7498

VARTABLE

LINEAR TREND
SINE 2mt/365
COSINE 27t/365
SINE 2nt/182.5
COSINE 2mt/182.5
COSINE 27wt/30.416
MONDAY

TUESDAY
WEDNESDAY
THURSDAY

FRIDAY

SATURDAY

STATION 9
STATION 15
STATION 17
STATION 18
STATION 25

COEFFICIENT

0.0857
-4,0688
-8.6276

3.8573

6.7138

2.7554

-33.9975
-24.4720
-26,2250
-23.7392
-25.8383
-15.2670
-79.2027
-174.4585
-133.9265
-65. 4000
-47.0980

STATION 4 BASE LEVEL

TABLE 2,26
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CHAPTER TIT
SYSTEM SIMULATION

It is necessary to make certain assumptions pertaining to operating
policies for the distribution system where information is lacking, as
well as for purposes of simplification. Although some of the assumptions
place limitations on the accuracy and applicability of the simulation,
special emphasis is placed on keeping the hypothetical system as real-
istic as possible. In this chapter, the distribution system as hypo-
thesized is discussed, with assumptions justified and the resulting

limitations of the assumptions pointed out.

3.1 Simplified Inventory Considerations

There are factors contributing to the complexity of the inventory
control problem in this case which cannot be ignored, but prevent an-
alytical solution of the problem. Rather than oversimplify the problem,
a simulation approach is taken in which critical indicators of the in-
ventory system are monitored and their comparative values used as a

basis for evaluating alternative operating procedures.

3.1.1 Operating Assumptions

The simulated system operates under the assumption that the sales
to the individual stations are.on a consignment basis. The advantage
of consignment sales is that this policy allows the company to control
deliveries. In gaining this control, the company assumes all costs as-

sociated with carrying inventory. The proposed system of order
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dispatching operates from a set of daily demand forecasts. The ad-
vantage of using forecasts is primarily in more efficient transpor-
tation planning being possible with advanced clues to a given day's
slate of orders. As no forecasting system is perfect, there is a prob-
abalistic nature to the anticipated demand. There is a possibility
that the actual station inventory will reach the reorder level before
an order is delivered based on the forecast level. In the simulated
system, this actuates an expedited order, which is a priority order
requiring delivery on a single station route. As there may in actu-
ality be extra costs for expediting orders, and these costs are un-
known, the number of expedited orders to each station is tabulated. In
making the restriction that these orders must be served on single
station routes, it is recognized that these orders would probably be
placed after any delivery planning were done and the vehicles dispatched.

In dispatching a forecast based order, there is danger that the
actual station requirement may differ from the order quantity. The
forecasts are updated to the actual status only upon delivery of an
order. The costs of sending an order quantity in excess or less than
actual requirements are unknown. Therefore, in the case of an order
quantity in excess of actual requirements, the amount of excess is tabu-
lated and reported in the simulation. An order size less than the re-
quirements results in a quicker reorder situation.

The demand information given is on the basis of daily demands.
The distribution of these demands over the day is unknown, presenting
difficulties in the consideration of stockouts. If the predicted daily

demand at a given station is such that the station's inventory will be
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depleted to zero at some time during the day, it is unknown exactly when
during the day this will happen. If an order is delivered that day, a
stockout may be prevented if it is delivered quickly enough. With in-
sufficient information to accurately model this occurrence, the assumption
is made that the order will arrive at the end of the day; all of the sales
beyond those covered by inventory are lost. These lost sales are tabu-
lated, by regular and by premium, for the entire system. Although total
gallons lost sales is assumed as the worst possible in terms of gallomns,
it is still not a true picture of what happens in the real situation.

The reorder point of 25% of tank capacity is set to avoid pumping the
sludge and water from the tanks. There is more likely an absolute min-
imum level beyond which a dealer will not pump to avoid pumping these
impurities into his customers' automobiles. The assumed point of zero
inventory is thus a simplification, and the total lost sales may be

higher in actual conditions.

There is an element of interdependence among the stations, with
relation to transportation costs. These costs are part of the cost of
order placement, depending on the delivery scheme. In cases where a
station receives an order directly from the terminal, where the vehicle
has only one stop on its route, the transportation cost can be calculated
for the individual station. In the case of multistop routes, it is dif-
ficult to assign the costs of delivery to each individual station. The
overall cost or overall average cost per gallon delivered is more
readily calculated for the entire system. These are the costs considered

in the simulation.
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Looking more closely at the transportation cost, it is apparent
that the cost of transit is only part of this cost. Constant times
involved in vehicle loading and unloading plus the variable times as-
sociated with pumping rates, which vary with order size, induce costs,
as personnel and equipment are tied up. These times and rates are
used in the simulation, however there are also systemic costs incurred
in the placement of an order and subsequent delivery. These costs re-
sult from billing, vehicle dispatching, and monitoring and updating any
existing inventory/forecasting system. These costs are difficult to
assess, and as an alternative, the number of trips made by the fleet
and the number of deliveries to each station are monitored in the simu-
lation.

The average level of inventory at each location is reported and
carrying costs calculated on the basis of the given percentage of
product cost, 13%. Volume loss due to theft, leakage, and evaporation

from storage tanks is considered as negligible.

3.1.2 Summary of Indicators

The following indicators of system performance are reported on
a specified regular basis during the simulation, compiled over the
report period:

1. Average number of orders.

2. Number of trips with excess loads.

3. Total gallons of excess load.

4. Average transportation cost per gallon delivered.

5. Total number of deliveries to each statiom.



6. Average daily demand for both products at each station.
7. Average order size for both products at each station.
8. Average inventory level for both products at each statiom.
9. Station inventory carrying cost.
10. Gallons of lost sales, for each product, accumulated for all
stations.

11. Average total system cost per gallon sold.

3.1.3 Station Data Management

The stations compose one of the major entity groups of this sim-
ulation, and information regarding these entities is referenced and
manipulated throughout the simulation. In keeping track of this infor-
mation, a matrix arrangement is used to store all collected statistics
and input parameters. The simulation program appears in Appendix A,
with a brief description. Throughout the discussion, reference will
be made to various statistics and parameters. To facilitate this dis-
cussion, they are defined:

SMRM - Station master reference matrix.

SMRM(J,1) — Station identification number.

SMRM(J,2) - Station regular gasoline storage tank capacity.

SMRM(J,3) - Station premium gascline storage tank capacity.

SMRM(J,4) - Station regular gasoline reorder level.

SMRM(J,5) - Station premium gasoline reorder level.

SMRM(J,6) — Forecast current inventory status for regular
gasoline.

SMRM(J,7) - Forecast current inventory status for premium

gasoline.

90



SMRM(J,8)

SMRM(J,9)

SMRM(J,10)

SMRM(J,11)

SMRM(J,12)

SMRM(J,13)

SMRM(J,14)

SMRM(J,15)
SMRM(J,16)
SMRM(J,17)
SMRM(J,18)

SMRM (J,19)

91

Actual current inventory status for regular
gasoline.

Actual current inventory status for premium
gasoline.

Cumulative daily inventory levels for regular
gasoline.

Cumulative daily inventory levels for premium
gasoline.

In the program for compartmentalized vehicles,
total number of expedited orders to station J.

In the program for non-compartmentalized vehicles,
number of expedited orders for regular gasoline.
In the compartmentalized vehicles program, date
of the last delivery to statiomn J.

In the non-compartmentalized vehicles program,
number of expedited orders for premium gasoline.
Total number of deliveries in the compartmentalized
vehicles program.

Number of regular deliveries in the non-compart-
mentalized vehicles program.

Cumulative order sizes for regular orders.
Cumulative order sizes for premium orders.
Cumulative daily demand for regular gasoline.
Cumulative daily demand for premium gasoline.
Unused in the compartmentalized vehicles program.
Total number of premium orders in the non-compart-

mentalized vehicles program.



There are two files associated with the stations which are used in
determining the daily delivery schedule. OFILE is a file of the order
quantities for stations requiring delivery. It is a 2 x 25 array, the
columns denoting individual stations, and the two rows denoting the
regular and premium order quantities. NPR is a file of station pri-
ority codes. In the compartmentalized vehicles program, it is a vector,
consisting of 25 cells, one for each station. In each station's cell
is a code number; 0 for no order in the current day, 1 for a normal
order, and 2 for a priority order. Further, if an order is deferred
in a current day, the priority code 4 indicates this occurrence in the
next day. This priority file is a 2 x 25 array in the non-compart-
mentalized vehicles program. Again there are columns for each station,
and a row for each product type. The information is coded in like

manner to the compartmentalized vehicles case.

3.2 Demand Generation

Within the simulation, two processes describing demand for both
products at each service station are in effect at all times, a fore-
cast and an actual process. Both of these processes are generated
from the set of demand models established in Chapter 2. Each day, the
forecast demand for each of the eight model types is calculated:

Fm(t) = Trend + Seasonal + Day Factor

Where the above three components of the models are functions of the
current simulated time. For a given station I, the proper model types
for regular and premium grade gasoline sales are known. The model

base forecasts are modified for a given station by the addition of the
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station level

DRF
DPF

Where DRF
F (6

SIr

DPF

SIp

Note that for

of the models,

factor:

Fm(t) + SIr

Fm(t) + st

= the regular forecast for station I.

= the base forecast for the appropriate model.

= station level adjustment for station I, regular
gasoline.

= premium forecast for station T.

= station level adjustment for station I, premium
gasoline.

the stations which were represented by the base level

that is, not represented by dummy variables, the ad-

justment factors will be zero. The actual demand at a station I is

then determined by the addition of a normally distributed random vari-

ation to the forecast.

DRA

DPA

Where € ~

DRA

DPA

DRF + €

DPF + ¢

NID(0,02)

the standard error of estimate of the appropriate
model.

actual station demand for regular gasoline.

1l

I

actual station demand for premium gasoline.

The random normal variation is generated by use of a modified

random number

generator from the IBM Scientific Subroutine Package (8).

This generator yields uniformly distributed random numbers from the
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interval (0,1). In conversion to a normally distributed random number,

the formula from Burr (2) is used:
+16239 .20517 _ (N-.16239 _ . 20517

1,) 1.)
.3240

, - LA.-N)-

Where N = a uniformly distributed random number in the interval
(0,1), and z is a random number from the standard

normal distribution.

This method of generating a normal deviate has been tested by use of
a Chi-square test before use and proved to adequately produce the de-
sired results.

Each model has a standard error of estimate which is used as the
standard deviation of the forecast error. The standard normal deviate

is thus converted to the proper normal distribution by the formula:

z = Z0

]

Where z the standard normal deviate.

Q
]

the standard error of estimate for the appropriate
model.

The implication of obtaining an actual and forecast demand by this
method is that the forecast is idealized, i.e., has a mean error value
of zero, the mean error being normally distributed.

With this method of generation of forecasts and actual demands,
there is no guarantee that negative forecast and actual demands will
not be generated, particularly at low sales stations. This occurrence
in the simulation will result in the substitution of a zero value for

the generated demand.
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3.3 Order Actuation
The actual and forecast demands at the individual stations are
generated on a daily basis and the current actual and forecast station

inventory levels updated:

SMRM(J,6) = SMRM(J,6) - DRF
SMRM(J,7) = SMRM(J,7) - DPF
SMRM(J,8) = SMRM(J,8) - DRA
SMRM(J,9) = SMRM(J,9) - DPA

The simulated order scheduling and dispatching systems operate on the
basis of the forecasts, except in the case of expedited orders. Only
upon order delivery is the forecast inventory status corrected to the
actual status.

The criteria of 25% of storage tank capacity is used as the re-
order level in this simulation. An order is actuated when the fore-
cast or actual inventory status reaches this level. If the forecast
status reaches this level first, a normal order procedure is followed;
order actuation by the actual level creates a priority order. 1In
scheduling normal orders, the lack of the demand distribution over a
day presents the need for simplification. With a simulated time in-
crement of one day, it is unknown when a delivery will be made during
the day. Likewise, it is unknown what the exact inventory level will
be. All that is known is that total daily demand will deplete the in-
ventory level to the reorder point. Thus in determining the order
quantity based on forecast status, the amount shipped is based on the
difference between the previous day's inventory level and the tank

capacity. This restricts the order quantity to a smaller amount,



although not necessarily less than the actual requirement, as the fore-

cast levels contain accumulated errors.

In the case of expedited orders, these are considered as being

actuated by the station manager calling in to the terminal. The dif-

ference between the actual level and tank capacity is shipped, the

exact requirement.

3.3.1 Summary of Order Actuation

1,

Actuation by forecast inventory levels.

If the forecast demand for the current day will deplete

a station's inventory level below the reorder point for

either product, an order is actuated:

SMRM(J,6) < SMRM(J,4)

Where SMRM(J,6) =

SMRM(J,4) =

The order quantity is

OFILE(1,J)

Where OFILE(1,J)

SMRM(J,2)

DRF

]

]

forecast inventory level at the
end of the day, for station J.
reorder point, regular gasoline, for
station J.
determined:
SMRM(J,2) - (SMRM(J,6) - DRF)
order quantity, regular gasoline,
station J.
regular storage tank capacity,
station J.
forecast demand for the current day,

station J.

The proper cell in NPR is set to 1.
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Likewise for premium gasoline an order is actuated if:

SMRM(J,7) <

Where SMRM(J,7) =

SMRM(J,5) =

SMRM(J,5)

forecast inventory level for premium
gasoline at station J.

reorder point for premium gasoline,

station J.

The order quantity being:

OFILE(2,J)

Where OFILE(2,J)

SMRM(J, 3)

DPF =

SMRM(J,3) - (SMRM(J,7) - DPF)

= order quantity, premium gascline,

station J.

premium storage tank capacity,
station J.

forecast demand for premium gasoline,

at station J, for the current day.

The proper cell in NPR is set to 1.

Actuation by actual inventory levels.

An order is actuated when the actual level of inventory in

the current day becomes less than the reorder point, and an

order has not been actuated by the forecast level:

SMRM(J, 8)

Where SMRM(J,8)

The order quantity is

OFILE(1,J)=

| A

SMBM(J ,4)

actual inventory level of regular gas-
oline at station J.

determined:

SMRM(J,2) - SMRM(J,8),

and the proper cell in NPR, the priority indicator, is set to
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Likewise, for premium gasoline and order is actuated if:
SMRM(J,9) < SMRM(J,5)

Where SMRM(J,9)

actual premium inventory level at
station J.
The reorder quantity is determined:

OFILE(2,J) = SMRM(J,3) - SMRM(J,9),

and the proper priority indicator in NPR is set to 2.

In the case of compartmentalized vehicles, if either grade of
gasoline actuates an order, both will be delivered, in amounts corres-
ponding to the above formulae. In the case of the non-compartmentalized

vehicles, the orders are scheduled independently.

3.4 Weekend Planning Horizon

The terminal is assumed to operate only six days a week in this
simulated system. For this reason, in scheduling Saturday shipments,
Sunday demands must be considered. On Saturdays, demands for both days
are generated. If no order is scheduled from Saturday's updated status
for a given station, the projected Sunday status is examined. If the
forecast of the Sunday inventory level actuates an order, the order
quantity is the difference between Saturday's inventory level and the
tank capacity. Priority orders are also possible, their quantity being

the actual requirement.

3.5 Order Delivery
The parameters of the simulation to be investigated are those de-

scribing fleet operation, thus most directly affecting order delivery.



The close interaction of the inventory system with the order delivery
system will be evident as these parameters are varied. There are two
major modes of operation considered, the compartmentalized vehicles

and the non-compartmentalized vehicles. Within these two modes of oper-
ation all vehicles are assumed identical. It is assumed that vehicle
operating costs are independent of the mode of operation, as well as

the load on the vehicle.

3.5.1 Compartmentalized Vehicles

The alternative of compartmentalized vehicles is the policy gen-
erally in effect in the petroleum industry today. Vehicles tend to be
divided into 2 to 6 compartments. In the simulation, only two com-
partments are considered, one for regular and one for premium gasoline.
Further, the assignment of a given compartment to a product type is
fixed throughout the simulation. These simplifications are needed to
avoid difficulties in compartment allocation which may arise if multi-
station routes are developed. An objective of the simulation is to de-
termine the best size ratios for these compartments for a fixed total
vehicle capacity of 8000 gallons.

Within the case of compartmentalized vehicles, the assumed oper-
ating procedure is that delivery of one product to a given station re-
quires delivery of the second product. This simplification is made to
facilitate the development of multi-station routes also. A parameter
to be investigated in the simulation is termed the delivery factor.
This factor determines the minimum percentage of a station's order

quantity for a given product which can be delivered, rather than the
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full order. With a reorder level of 25% of station storage tank cap-
acity, order sizes can be large in comparison to compartment sizes.
Thus a single delivery may not meet all of a station's requirements.
If, however, this single delivery comprises a fraction of the full
order size equal to or in excess of the delivery factor, a second de-
livery will not be made. The effect of shorting the original order is
that of increasing order frequency. It may not increase the frequency
of trips to the location, as only one, rather than two trips will be
made to the station in the current day. Second deliveries are not made
for priority orders.

If an order completely fills its assigned compartment, the order
will be delivered on a single station route. With the addition of a
second station to the route, both products could not be delivered to the
second station. Any order must be of size sufficient to fill the ass-
igned compartment to a specified fraction of its total capacity. This
fraction is called the utilization factor. With the large order sizes
resulting from a 25% reorder level, this factor does not come into effect
except on second deliveries to a station in a current day. It is not
varied in the simulation case studies investigated, being set at 107 of

truck capacity.

3.5.2 Non-compartmentalized Vehicles
In this alternative, separate compartments are not used for each
product. A vehicle on a specific trip will deliver only regular or

premium gasoline. In this case, single order sizes are not as likely
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to fill the entire vehicle, therefore more multi-station routes should
be formed. There are considerations which are expected to make this
alternative inferior. The constant times for loading and unlcading
will be encountered more often, as the number of loadings and unloadings
will increase with separate routes for regular and premium gasoline.

The possible improvement over compartmentalized vehicles may stem from
the capacity to deliver increased order sizes, thereby decreasing the

number of deliveries to a station.

3.5.3 Summary of Alternatives and Parameters Investigated.
1. Compartmentalized Vehicles
A. Compartment sizes
B. Delivery factor
2. Non-compartmentalized vehicles

A. Utilization factor

3.5.4. Data Management for Vehicles

The vehicles comprise a second major entity group in the simu-
lation, with statistics gathered pertinent to these entities, and
parameters associated with them governing various aspects of simulated
system operation. A reference matrix is established in the simulation
program similar to that set up for the stations. This matrix, VMRM,
is the vehicle master reference matrix. The index J refers to the
storage position in the matrix and not necessarily the vehicle identili-

cation number.



VMRM(J,1)

VMRM(J,2)

VMRM(J,3)
VMRM(J,4)

VMRM(J,5)

VMRM(J,6)

VMRM(J,7)
VMRM(J, 8)
VMRM(J,9)
VMRM(J,10)
VMBM(J,11)
VMRM(J,12)

VMRM(J,13)

VMRM(J,14)

VMRM(J,15)
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Vehicle indentification number.

Maximum number of hours per day for which the
vehicle is available.

Maximum allowable trip time for a single trip.
Number of compartments on the vehicle.

In the program for compartmentalized vehicles,
capacity in gallons of the regular gasoline
compartment.

In the program for non-compartmentalized ve-
hicles, vehicle capacity in gallons.

In the program for compartmentalized vehicles,
the capacity in gallons of the premium compartment.
Unused in the program for non-compartmentalized
vehicles.

Normal shift length in hours.

Cumulative total hours of overtime.

Cumulative total number of trips.

Cumulative total vehicle mileage.

Cumulative total gallons delivered.

Cunmulative total number of hours in service.
Cumulative total number of trips with excess
load.

Total hours in service in a current day.

Cumulative total gallons of excess load.
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3.6 Dispatching

The length of the normal shift and allowable overtime are possible
parameters for investigation. 1Imn this study, however, adequate values
are to be determined to allow delivery of product with an acceptable
number of lost sales. Other factors will receive more thorough inves-
tigation. The number of vehicles is also to be determined in this manner.

The dispatching of orders is carried out utilizing information in
the order file and priority list. Initially, all orders are allocated
to single station routes. Those stations which have priority orders
will be served by single station routes as well as those having orders
completely filling one or both compartments, or in the case of non-
compartmentalized vehicles, the entire vehicle. 1In dispatching with a
given number of vehicles, there is a daily availability of vehicles, in
hours, which cannot be exceeded. This availability is the sum of the
shift length plus the allowable overtime multiplied by the number of
shifts. Any single route cannot exceed the length of one shift plus
the allowable overtime, nor may the total time of all routes assigned
to a single vehicle exceed that vehicle's availability. In the initial
allocation, route times are tabulated, and the total route time for
each vehicle is monitored. 1If the total availability of all vehicles
is exceeded, the allocation halts, and all remainingorderswill be de-
ferred until the next day. They are rescheduled as priority orders,
and their quantities increased according to updated inventory status.

The restrictions summarized are:
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1. Individual route cime restriction.
RTTIM < VMRM(J,3)
RTTIM = Total route time.
VMRM(J,3) = Length of single shift + maximum allowable
overtime for one shift.
2. Restriction on vehicle daily usage.
VMRM(J,14) + RITIM < VMRM(J,2)
VMRM(J,14) = The total time of all routes permanently assign-
ed to vehicle J in the current day.
VMRM(J,2) = The maximum daily availability of vehicle J.
3, Restriction on vehicle load.
TLOAD(1,J) < VMRM(J,5)
TLOAD(2,J) < VMRM(J,6)
TLOAD(1,J) = Regular load quantity.
TLOAD(2,J) = Premium load quantity.
VMRM(J,5) = Regular compartment capacity.
VMRM(J,6) = Premium compartment capacity.
In the case of the non-compartmentalized vehicles, the first
equation only is needed.

TLOAD(J) < VMRM(J,5)

[l

TLOAD(J) = Load quantity.

VYMRM(J,5) = Vehicle capacity.

In this initial allocation, load size for a given product, I, may

be less than the order size. In that case, a full compartment or vehicle
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load will be shipped. If the shipment does not comprise the fraction
of the full order specified by the utilization factor, a second de-

livery will be made, i.e.,

if OFILE(I,J) - DF > TLOAD(I,J).

One delivery in the quantity corresponding to the compartment size
(vehicle size in non-compartmentalized case) is shipped, and a second
delivery of the remaining order is placed in the order file. Priority
orders are not considered for second deliveries in a current day. As
each single trip allocation is made, the vehicle daily time in ser-
vice, VMRM(J,14), is updated by the addition of the time of the new

route:

VMRM(J,14) = VMRM(J,14) + RTTIM

3.6.1 Multi-station Routes

Although there should not be a large number of multi-station routes
formed with the order sizes involved here, when the possibility arises,
the routing should be carried out in a reasonable manner. Rather than
establish some arbitrary rules, the algorithm of Clarke and Wright is
modified and incorporated in the simulation (Cochran 3). This is a
simple but effective algorithm which produces routes comparable to
those produced by human dispatchers, but with sufficient speed to be
used in the simulation. Modifications are made to further increase its
speed and to allow it to accept compartmentalized vehicles. The al-
gorithm utilizes a "savings" concept in developing routes to serve a

given set of stations. The maximum mileage a vehicle would have to



travel in serving two stations occurs in the case where the stations

are served individually. The total mileage in this case is

M= 2d + 2d

T,1 T,2
where M = total mileage
dT 1 = distance from the terminal to station 1.
3

n

distance from the terminal to station 2.

91,2

If it is possible to serve these stations together on a route, the

distance becomes

M = dT,l + dT,Z + dl,Z
where dl 5 = distance from station 1 to station 2.
Provided that dl,Z < dT,l + dT,Z’ a savings in the distance results

from joining these two points together, that savings being expressable

as

Note that these savings may be expressed in terms of time or costs as
well as distances. The costs are assumed constant for a link between
two stations, regardless of the direction of travel, thus only a lower
triangular savings matrix is all that is needed to express all possible
savings. The savings are calculated for the combinations of stations
in the delivery network, and the Clarke and Wright procedure proceeds
in creating a solution by sequentially examining the maximum savings
among the combinations. At each stage of the algorithm, the pair of

points yielding maximum savings is checked for feasibility. If the
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pair may be feasibly linked, an expanded route is formed. Note that
the pair of stations considered may be the endpoints of two multi-
station routes. In any case, the combined loads of the two routes are
examined to see if they exceed vehicle capacity. If so, the link is
not formed. Other restrictions checked include the requirements that
both of the stations have at least one link to the terminal, and that
they not be on the same route. This prevents looping, the formation
of a closed route with no link to the terminal.

Within the simulation, savings are calculated on the basis of
total link tramsit cost. For a given link, the total transit cost is

calculated by

CM(T,J) CD-TIM(I,J) + (CMT + COP).DIS(I,J)

il

where M(1,J) total link transit cost.

CD = driver's hourly wages.
TIM(I,J) = link transit time in hours.
CMT = yehicle maintainence cost per mile.
cop = yehicle operating cost per mile.
DIS(I,J) = length of link in miles.

Again, transit costs are assumed independent of load. The algorithm
removes a savings from consideration once it is selected or found non-
feasible. The remaining savings are examined iteratively, until no

savings remain greater than zero which represent feasible links.

3.6.2 Extension to Compartmentalized Vehicles

Within the simulation case involving compartmentalized vehicles,
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this algorithm has been modified to accept the compartmentalization.

An additional feasibility check is imposed in that the combined loads

of both routes, for both products are checked against their assigned
compartments. If the combined load for either product exceeds the avail-
able compartment capacity, it may be reduced. The same delivery factor
applied to single station routes again dictates the maximum allowable
reduction. If the combination of two routes yields a load quantity for
one of the two products which cannot meet the delivery factor criteria,
the routes are not combined. Note that the delivery of both products

to a specific station is bound to one vehicle in the multi-station

routing, as it was in the single station routes.

3.6.3 Computational Modifications

In the simulated system, there are twenty-five stations. All of
these stations will not be scheduled for delivery in any given day.
To avoid searching the large savings matrix which is generated with
twenty-five stations, indirect indexing is used. A dummy vector 1s set
up in the program to store the savings matrix index numbers for each
station in the delivery file on a given day. Rather than search the
savings matrix in a loop in the program which varies its indices di-
rectly, a loop is established which varies the reference number of the
dummy vector. The contents of the dummy vector cell then contains the
proper savings matrix index. By example, if stations 2,7,8,10, and 13
are to receive orders in a given day, the dummy vector will contain these
entries:

1 2 3 4 5 6. . .24 25

INIDXK 2 7 8 10130...0 O
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The number of entries in this vector is stored as JDX. This vector
is established prior to the single station route formation, thus the
order of assignment to single station routes is the order of the en-
tries in this vector. The latter stations in the assignment are more
likely to have their orders deferred if equipment availability is less
than requirements. The savings matrix is represented as a lower tri-
angular matrix. In searching for the maximum savings among a number of
possible combinations of five points the original algorithm would vary
the direct indices of SAV(I,J), 1 <J <4, (J+1) <1 <5, TIvaried
most rapidly. With the indirect index, SAV((INIDX(I), INIDX(J)) would
be indexed, with 1 < J < (JDX-1), (J + 1) < I < JDX, I varied most
rapidly. Thus the columns and rows corresponding to entries in the in-
direct index vector are the only ones searched. This saves a lot of
computation, particularly if only a few of the total number of stations
are in a given day's order file.

A second modification is made in the method of keeping track of
routes. A directional chain matrix is used rather than the method
used by Cochran (3,19). This method allows quicker tabulation of final

route statistics. The chain matrix is initialized as:

Station From To
1 T T
2 T T
3 T T
4 T T



where T indicates a link to the terminal (-9 is used in the program to

indicate a terminal link).
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As a route is formed, by example, 3 and 5 are

linked, the updated matrix becomes:

Station

1

2

3

4

5

From

T

T

T

T

3

To

T

T

The actual direction of the routes is of no concern here, however two

points may be linked which have terminal links under the same column.

In this case one of the routes must be reversed.

Example:

If the two routes exist, (T-4-5-7-3-T) and (T-6-9-10-8-T):

Station From
1 T
2 T
3 7
4 T
5 4
6 T
7 5
8 10
9 6

10 9

To

(T-4-5-7-3-T)

Routes
(T-6-9-10-8-T)
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and the maximum savings results from linking stations 4 and 6, it must
be determined that the flow will be from 4 to 6, or from 6 to 4. The

direction does not really matter, however in this case both points are
indicated as being the starting points of their routes. To create the
new route, either route may be reversed. Reversing the route of

station 6 yields:

routes
Station From To (T-4-5-7-3-T) (T-8-10-9-6-T)
1 T T
2 T T
3 7 T
4 T 5
5 4 7
6 9 T
7 5 3
8 T 10
9 10 6
10 8 9

The entries in each column for the points on this route are merely

exchanged. Thus in linking 6 and 4, the matrix becomes:
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route
Station From To (T-8-10-9-6-4-5~-7-3-T)
1 T T
2 T T
3 7 T
4 6 5
5 4 7
6 9 4
7 5 3
8 T 10
9 10 6
10 8 9

The new route being (T-8-10-9-6-4-5-7-3-T).

In compiling statistics, all that need be done is begin with any
point in the "from" column with a terminal link and proceed to the next
point as indicated in the "to" column, until a terminal link is encoun-
tered in that column. In the program, a matrix IROUT contains the
directional chains, as well as route number designations and counters

for the number of terminal links associated with each point.

3.6.4 Limitations
Within the routing algorithm, all orders are initially assigned
to the vehicles as single station routes. This requires more time than
is required if some of the stations may later be placed on multi-station
routes. If sufficient vehicle time is not available to serve all stations

individually, the later stations assigned in the initial allocation may be
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dropped from the daily order file, becoming priority orders the next
day. Subsequent reduction in the total required time may allow these
stations to be served in the current day, however they will not be
reconsidered. This is a required logic simplification, decreasing the
routing efficiency. It is necessary because in the simulation, there
must be no chance of exceeding actual vehicle availability. Within the
Clarke and Wright algorithm as modified by Cochran (3,33), dummy ve-
hicles were created in the initial allocation to provide for this.
There is a possibility with this technique that the dummy vehicle may
be left in the final solution. This cannot be permitted in the simu-

lation.

3.6.5 Summary of Modified Algorithm

1. Savings in terms of costs are calculated.

SAV(I,J) = CM(T,I) + CM(T,J) - CM(I,J)

SAV(I,J) = Savings obtained by linking points I and J.
CM(I,J) = Cost of transit on link I-J.

CM(T,I) = Cost of transit on link T-J.

CM(T,J) = Cost of tramsit on link T-J.

2. These savings are searched for the maximum savings. The
combination yielding the maximum is then checked for feasi-
bility:

A. They must each have at least one link to the terminal.

IROUT(I,1)

| v

1

IROUT(J,1) > 1

| v

where IROUT(I,l1) = pumber of links between station I and

the terminal.



IROUT(J,1) = number of links between station J and

the terminal.
B. The two stations must not be on
IROUT(I,4) # IROUT(J,4)

where IROUT(I,4) route number

IROUT(J,4) route number
C. The total loads must not exceed

TLOAD(1,I) + TLOAD(1,J) <

I

where TLOAD(1,I) regular load

the same route.

of station I before linking.
of station J before linking.
the compartment capacity.
VMBRM(K, 5)

for the route of station

I before linking.

I

TLOAD(1,J) regular load

of the route of station

J before linking.

VMRM(K,5)
Likewise for premium,

TLOAD(2,I) + TLOAD(2,J) <

where TLOAD(2,I) = premium load

regular compartment size, vehicle K.

VMRM(K, 6)

for the route of station

I before linking.

TLOAD(2,J) premium load

of the route of station J

before linking.

VMRM(K,6) = premium compartment size, vehicle K.

In the case of non-compartmentalized vehicles, the load

size is compared to the total vehicle capacity.

Note that the original order quantities may be reduced

in order to combine two routes,
of original order size at least

delivery factor.

but must remain a fraction

as great as the specified
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D. The total route time must not exceed the length of a

shift plus the maximum overtime.
TRTIM < VMRM(K,3)

where TRTIM = the total route time of the proposed new

route.
VMBM(K,3) = maximum allowable route length for ve-
hicle K.
3. At each linking, the route times, lengths, and loads are up-

dated, as are the vehicle statistics.

3.7 Delivery of Product

As deliveries are made, the actual inventory status after delivery

becomes known to the dispatcher. The predicted status is corrected,
however no corrective modification is made to the forecast mechanism.
There is the possibility that a station may actually require more pro-
duct than is scheduled for delivery. On single station routes, this
extra demand cannot be satisfied. It will force a new order to be
scheduled more quickly, however, as the updated predicted status will
reflect this occurrence. If the station cannot accept the scheduled
load, however, the total gallons of excess load on the vehicle are re-
corded as a system total.

With multi-station routes, stations with actual demands above the
scheduled load will receive only the amount scheduled unless a prior

station could not accept its scheduled load. Any excess load is dis-

tributed among subsequent stations on the route to avoid the excess load

condition. If, at the end of a route, there is still excess load on the

vehicle, it is recorded.
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3.8 Statistics Gathered in Routing and Delivery
Certain statistics pertaining to the vehicles operations are tab-
ulated and reported in routing, as well as the pertinent inventory re-
lated statistics, for use as indicators of operational efficiency. These
include:
l. Total number of trips.
2. Average number of trips per day.
3. Average trip length, in miles.
4, Average trip time.
5. Average gallons delivered per trip.
6. Vehicle operating cost.
7. Vehicle driver costs.
8. Vehicle maintainence cost.
9. Total vehicle related costs.
10. Total idle time.
11, Total overtime.

12. Average transportation cost per gallon delivered.

A sample printout in Table 3.1 illustrates these statistics.
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COCANSTANT LDADING TIME

LCALT AL BATE 40ULLO GHM
CONSTANT UNLNARL NG TIMC
LALCAL [4G RATE 450aU0 uPh
roLldiiy FACTCHR CeTu0
Mln[Mm LOADING FACTOR

U«Z5 FLURS

0s25% HLURS

C.1CC

9

0.110 PER GALLON
0.120 PER GALLON
0s130 PER YEAR

12CC.CU PZR YcHICLE PER YEAR

MCDEL COEFFICIENTS

oF { 2 3 4
LC11.0320 A38.337T0 HiCe2546 280.3975
Ne2541 ~Ua1193 -f«11948 0.32%9
T.n 199 Salie06 €.0138 PRI
e t) TLDAE] C.0 LaC
1n.932¢ Had27 Te3UTH (Y
-R, 7491 ~T.9362 =7.10¢3 L.0
0.0 0.0 C.C L. 0
n.o 0aG C.C L+C
n.n 0.0 E.4T6R .0
-11.5001 -B42859 ~740411 C.0
Nali —bela59 C.0 546580
17,7200 0.0 C.C Hel3bl
2543559 1445107 11.7024 10. 3640
~3A,3728 -19.6778 ~-1l€.37C5 =-15.3731
~27.61645 ~14.6C07 -11.2872 -49,3452
~J5.6402 -21.T7322 C.0 -44,5386
S103,4126  =55.4310 -2T.4447 =24.7832
1095715 -5la404l =-24.24C3 =-33,0112
~77.3702 -21.2484 €0 ~34,5353
-99,2300 -44.,64h5 -1F.B636 =-2Y.7428
-55,7914 0.0 C.0 -19.5035
B4, RERD bbahGh3 LE.C0Ll8 44,4481

5 6
700.3398 404%.9539
0.0 0.0

3.41T4 1.3704
11,3062 Be 5432
G.8340 6,3386
C.D 0.0
623302 c.0
C.0 0.0
1g.9012 10.0956
C.0 0.0
0.0 0.0
12.2106 9.06R7
30.7984 2147148
-15.0133 =-1l.0927
-T.1024 T.1907
=T6.5594 -39.7810
~61.0477 =34.8004
-$3.2159 =30.7454
=43.8597 -19.323%7
-bheT196 -34.3967
~31.9346 =-15.55%02
69.5207 552687

FIGURE 3.1

7
525.0679
-0.0861
2.1075%
5.9047
4.8754
0.0
0.0
0.0
T+3238
Q.0
0.0
Te4T10
17.4112
-1.3508
4.8812
-7.2528
0.0
c.0
Tab211
—-B. 1438
0.0
4843272

8
239, 7498
Da 05T
0.0
Q.0
247554
0.0
0.0
0.0
0.0
0.0
0.0
3.8573
6.T138
—-4.0648
-A.627h
=33.9975
-24.4720
-26.2250
23,1392
-25. 8343
=15.2610
34.1023
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INITIAL VALUES FOR TRIGCNOMETRIC FUNCTIONS

FERICC SINE INITIAL COSINE INITIAL
[INCREMENT SINE VALUE INCREMENT COSINE VALUE
20,4160 0.2051 0.0 0.9787 l.0000
45,6250 0.1373 040 0.9905 1.0000
#0.B3CN c.lC31 0.0 0.9947 ) 1.0C00
5142570 C.0688 0.0 0.9976 1.6000
1£2.5CCL Ul G244 0.0 0.9994 l1.ccco
1650000 C.0172 040 0.9999 l1.C000
STATION REGULAR CONSTANT PREMIUM CUNSTANT
NLFEER  TYPE
1 3 0.0 0.0
2 3 -316.8733 =210.254%%
g 1 0.0 0.0
4 4 0.0 0.0
s 1 -129,1673 -63.7415
£ 1 =431.9387 -270.7795
7 1 91.9279 59,2830
3 2 Cel 0.0
5 4 4646570 =-T9.2C27
1C 2 =176.2463 =96.64985
11 3 -515.6326 -327.2488
17 3 ~632,6855 -403,3145
1? 2 -17C.1578 -93,1850
L& 3 =118.6830 ~4ll.4327
15 4 =213.2340 =1T4s 44985
1% b ~422.9114% -268,26913
17 4 =137.4245 -133.9265
1¢ 4 ~15.8844 -85.4C00
i 3 -129.9878 -63.093%
F19 3 -20,26B0 -75.0231
il 1 1£9.0745 ' 10445308
iz 2 2348748 67.5401
22 ? 34,3660 IL7.5713
24 ? 94,7116 69,5219
& 4 ~17.3497 -47,04980



MNLMOER

2.

NLFMUBER
la

1
#CCC.00
&CC0.0N

12€CG,00
B8L(0.00
BCCN.00
8C(C.CO
12CCC.00
6CC0.00
BLCOL.00
gCCh.o0
ACCO.GO
RLCL.00
R(CC.00
RCCN.O0
2 G.00
ACCCeDN
BCC4.00
ALLLLLOQ
ALCL. 00
£CCNL.NO
12000.00
ECCL.UC
HCLLLON
ECCULNO
RCC(C.GD

12.00

2
4CC0.CO
40C0.0U0Q
4CCC.CC
4CCO.CO
6CC0.GO
6CCC.CO
6CCC.LC
6CCO.CO
6CN0,uN
5C00LCO
ACCULC0
6000 C0
6CC0.C
4 CU.C0
4CCO.Lu
4CCG.CQ
4CCC.CC
4CCU.LL
4CCC.CC
L4CCU.C0
£N0G, G
ACOGL LG
ACRGLEN
“CCu.Lb
4CCC. L0

t2.cn

STATION MASTER REFERENCE MATRIX
5

3 4 &
2¢0G.0C 1C00.00 1000.C0 3820.00
1500.0C LCuc.00 5630.C0 1895.00
3000400 1500,00 7600.C0 4130.00
2000.0C 1€c0.0C 5780.C0 3816,0¢
200u.0C 1500.00 2926.C0 1896.00
2L0L.0C 1aC0.0C 63C0.C0 2R30.00
ICUG.OC 1300400 332%.C0 3540.00
1900.0C 15N0.00 2850.C0 24617,00
20006.00 1500.00 &390,C0 3360.00
2C06.0C L500.GF 4630,C0 2420.,00
2000400 15C0.0C 55C0.CO 5760.00
2000.0C 15300.00 T790.C0 31960.00
2000400 1500.0C 3700.C0 30L1n.0nN
200c.GC LCCo.00 2B55.C0 LR30.,00
2000.00 LCCO.LC 4930.C0 2060.GL
1900406 1CGOL0O 5970.00 1758.07
2C0C.0C LCO0.0C 5540.C0 1269.00
L500.0U 1C00.00 4320406 3730.00
L50uaCC 1CL0.0C «4lGa00 2620.0C
[ RTINS 1500.00 3670.00 39%0.400
SLbell 15C0.0C 5720.C0 “3C5.00
LoULl 00 15U0.06 2216400 30C0.0C0
260U.CC 1560400 5890.C0 5560400
1500400 LCan,oc 5320.C0 las6. L0
200¢C.0C LC00LUC 46C0,CO 1420.0C
VEFICLE MASTER REFERZINCE MATRI[A

3 4 5 6

2.0C 5CC0.00 3000,00 H4.07

7
TNCN.00
5630.GGC
T6C0.00
5780.00
2926,CU
6100.CC
33125.00
72B50.CU
6390.C0N
4630.,00
559C0.00
T790.C0
3ITub.00
26855.00
4930.CC
59T0.00
$540,00
4320.LU
4410.C0
IHT0.00
572u.C0C
2216400
5B90400
5320.L0
465C0.00

2]
3A20.00
L895.00
413C.00
3AL46.00
1896.00
£B3C.00
31540.00
246T.00
336G.00

5420.00.

5T40.0U
3960. U0
3INLULGU
LR 30.0U
2C6C.0U0
175n.C0
12 19.00
$73CaLU
2he0600
3990,
43u%5 .40
SLLGL .00
5G40 .0G0
lashaGU
38.0.G0
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CHAPTER IV

EXPERIMENTATION, RESULTS, AND EXTENSIONS

4,1 Stability Checks
4,1.1 Seed Values

The error component of the forecast is generated randomly, requiring
a seed number to initialize the random number generator. It is known
that each seed number generates a different set of random numbers, and
each series of random numbers will vary from the others in qualities
such as autocorrelation and the degree of fit to the desired distri-
bution. The effect of the differences in series of random numbers upon
the generated demands is of interest, as these demands dictate the re-
sponse of the system. Before any experimentation can be carried out,
the stability of the generated demands with respect to changes in seed
values must be examined. Figures 4.1 and 4.2 are plots of average daily
demands for regular gasoline generated by two different seed values.
Figures 4.3 and 4.4 are plots of average premium demands from the same
set of seed values. The demand patterns show the expected seasonal ef-
fects and the effects of the quadratic trend component which are present
in most of the models. The patterns for both of the seed values are
similar, relative differences between the average demands being small.
This implies that the statistics for a given case study should have a
small standard error with respect to the random variability of the de-
mand. The seed values are varied between case studies in the experi-

mentation. The tables of the results, Tables 4.4 - 4.7, report the
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average daily demands for both products over the 12 months. Between
all of the runs, there is very little difference in the generated aver-
age demands, giving further evidence that the simulation is stable with

respect to the seed values.

4.1.2 Starting Conditions

It would be unrealistic to start the simulation with all of the
station inventory levels at zero. The delivery system would be over-
loaded, and likely require a long time to reach a point where the oper-
ations would be "normal". It is more desirable to start the stations
in various stages of inventory depletion, to avoid large numbers of orders
in the early time periods of the simulation. The reorder point and the
operational efficiency of the delivery system should determine a level
of average inventory toward which the system will tend. The length of
time required for this level to be reached must be known, as statistics
from beyond this point are valid indicators of normal system operation,
while those prior to this point reflect system operation under abnormal
conditions. In initializing the inventory levels, a random number from
the interval (0,1) is multiplied by the difference between reorder level
and tank capacity, for each product at each station. This value, added

to the reorder level, yields the starting conditiom:

SMRM(J,8) = SMRM(J,4) + N - (SMRM(J,2) - SMRM(J,4))
SMRM(J,9)= SMRM(J,5) + N - (SMRM(J,3) - SMRM(J,5))
where SMRM(J,8)= starting actual inventory level, regular gasoline,

at station J.
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]

SMRM(J,4) reorder level, regular gascline, station J.

SMRM(J,2)

storage tank capacity, regular gasoline,
station J.

N = a random number from the range (0,1).

SMRM(J,9) = starting actual inventory level, premium
gasoline, station J.

SMRM(J,5) = reorder level, premium gasoline, station J.

SMRM(J,3) = storage tank capacity, premium gasoline,

station J.

The forecast inventory status is initialized at this same value. A
second stability test must be made to determine if different initial
levels of inventory have a noticable effect upon the period of time re-
quired for the system to reach normal operating conditions. Two sets
of starting conditions, presented in Tables 4.1 and 4.2, are tested.
The plots in Figures 4.5 and 4.6 represent the resulting average in-
ventory levels for regular gasoline, and the plots in Figures 4.7 and
4.8 represent the average inventory levels for premium gasoline. The
initial levels for regular gasoline appear to be higher than the normal
level, under both sets of initial conditionms. The initial levels for
premium appear lower than normal levels under both sets of starting
conditions. After six months of simulated time, the inventory levels
are tending to become stable. This indicates a "warm up" period of

six months is needed to allow the system to overcome the effects of
initial starting conditions. Statistics should not be considered from

»

this period of time, as they reflect abnormal operating conditions.
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4.1.3 Run Length

With the first six months of simulated time required for the
system to overcome the starting conditions, the total length of the
runs must be determined. With strong quadratic components in the
models, it was noted in Chapter 2 that the simulation should not extend
beyond the period of time represented by the data used in developing
the models. Further, looking back to Figures 4.1 - 4.4, the graphs
of average daily demands, the quadratic effect becomes dominant after
the eighteenth report period. The demands do not return to a lower
base level after July as they do in the first simulated year. Further,
the total cost begins to increase rapidly after the eighteenth month,
Figures 4.9 - 4.10, indicating more strain being put on the system fleet
capacity due to the "runaway" demand. This last six month period, from
month 18 to month 24, yields results which reflect the need for a change
in fleet characteristics. Future investment alternatives are not an
objective of the investigation, a fixed fleet description being assumed.
The simulation should not be run beyond 18 months, leaving a full 12
months of simulated time for investigation. This should be adequate for
studying alternatives, as all seasonal effects will be present in this

length of time.

4.2 Parameters Investigated
4.,2.1 Reporting Period
The program has a flexible report interval. This allows the system

to be debugged on a daily basis with a relatively small computer cost,
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and studied over longer time basis to reduce the variations of the
statigstics. A proper report interval must be chosen to determine

how often statistics will be printed out during the simulation. Daily
printouts would generate statistics with large day to day variations

for individual stations, as no stations receive a delivery every day.
Weekly statistics would alleviate this problem, however a 28 day re-
porting would provide enough detail with regard to the seasonal vari-
ation in system demands. During this period of time, every station
should receive a delivery. Further, 28 days is an integral number of
weeks, providing a balanced effect of the day factors in all report
periods. This report period does not correspond to the normal months

of a year, with 13 of the 28 day periods in a year rather than 12 months.
There is no abvious advantage to having report periods in exact corres-
pondence with the months of the year, as the objective is not to repro-
duce accounting data based on monthly report intervals. The objective
is to gain an understanding of the fundamental process. The correspon-
dence of the simulation report dated to dates of the simulated years are

presented in Table 4.3.

4.2.2 Parameters
As the simulation is presently written, there are several possible
parameters which may be investigated. They include:
1. Vehicle availability.
{(a) Number of vehicles,

(b) Shift length.
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(c) Number of shifts.

(d) Allowable daily overtime.
2. Reorder levels.
3. Utilization factor.
4. Delivery factor.

5. Compartment size ratios.

In addition, there are the two major modes of operation, compartmen—
talized vehicles and non-compartmentalized vehicles. Within the avail-
able time, it is not possible to investigate all of these parameters
in detail. As a result, some of them are to be fixed throughout all of
the simulation rums.

From preliminary runs, the number of vehicles does not appear to
be worthwhile as an investigated parameter. No more than two vehicles
are ever required to deliver the product., In using two vehicles, there
is still a lot of idletime. Reducing the vehicles to one then requires
determination of the proper shift length and allowable overtime. The
normal shift length used throughout the simulation is eight hours with
two hours overtime. The tables of the results of the runs, Tables 4.4 -
4.7, indicate that there is considerable overtime used, with idle time
during the normal shift.

In explaining this effect, the day factors' contribution to the
demand pattern should be examined. This effect is calculated for a given
day by taking the sum of the day factors for each model type multipled

by the number of stations having that model type.
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EFFECTS OF DAY FACTORS

(In Gallons)

Regular Premium

Monday Factor - 892 - 618
Tuesday Factor -1209 - 661
Wednesday Factor -1240 - 720
Thursday Factor - 727 - 526
Friday Factor -1093 - 832
Saturday Factor - 399 - 380
Sunday Factor 0 0

Thus the high volume days, Saturday and Sunday, occur at the time
when the advanced planning horizon is used. This generates a large
number of orders to be delivered on Saturdays. In delivering these
orders, overtime is needed. Some of the orders may be deferred until
Monday, at which time they become priority orders. With Monday's de-
mand level appearing to be lower, there is a chance to catch up on de-
liveries. By Tuesdays and Wednesdays, which are lower in saleé, there
can be idle time occuring from fewer orders being placed. Corrective
action could include the consideration of Sunday delivery operations,
or the use of an extended planning horizon, discussed in the section
on recommendations.

The number of vehicles required to serve a given volume of demand
will be affected by the distances between the terminal and the stations,
increased distances requiring longer travel times, thus more vehicle

availability. The hypothesized system is idealized; such concentration
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of demand in an area the size of Tulsa, among only twenty-five statioms,
would be rare. A larger area such as Los Angeles may be more realistic,
and the distances involved would be greater.

Within the simulation program as it exists, an eight hour shift
with two hours overtime yields acceptable results. Other parameters such
as the delivery factor and compartment size will affect the number of
orders placed, deliveries made, and the resulting time requirements
placed on the vehicles. After these other parameters have been reduced to
a2 limited range of values, experimentation will be dome with shift
lengths and overtime to find the cost of handling the overloads on
Saturday.

The reorder level is to be set at 25% of storage tank capacity at
each site throughout this simulation for the practical operating con-
siderations of avoiding the sludge and water accumulations in the tanks.
This reorder level will generate large order sizes. Thus the utilization
factor will be fixed at 10% during all of the experimentation, as it
should rarely become a restrictive factor in dispatching.

The two primary parameters to be investigated are the compartment
size ratios in the compartmentalized vehicle mode of operation, and the
delivery factor in both modes. These factors are felt to have the most
direct effect on the efficiency of the delivery system. The delivery
factor provides a means of adjusting the order size below that determined
by the reorder level, if this would provide for better vehicle utilization.
It will prevent second deliveries from being sent to a station in a cur-

rent day, when the first delivery is at least a specified fraction of
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the whole order. Compartment sizes determine the upper limit on an in-
dividual delivery. The ratio of the deliveries of two products should
be nearly the same as the ratio of demand for the two products to enable

syncronization of orders for the products.

4.,2.3 Parameter Ranges

The compartment sizes to be investigated are all within close range
of the ratio of average premium sales to average regular sales over the
two years of historical data. The ratio is approximately 3 to 5. The
compartment sizes, premium/regular, are thus 2500/5500, 3000/5000, and
3500/4500. Preliminary values of the delivery factor are .9, .8, and
.7. Subsequent experimentation and results show that the 2500/5500 com-
partment ratio is consistently inferior to the other two, thus ex-
tended experimentation with this case is dropped and the delivery factors
for the other two cases are extended to .6 and .5. Likewise, prelimin-
ary investigation of the non-compartmentalized vehicles indicate that
this mode of operation is inferior. The effect of the delivery factor

for the non-compartmentalized vehicles is investigated at .8 and .9.

4.3 Results
4,3.1 Compartmentalized vehicles

All of the results for the three compartment size ratios are pre-
sented in Tables 4.4, 4.5, and 4.6, TFor the more important indicators,
graphs facilitate the discussion of the results. Average load per trip
gives an indication of the utilization of vehicle capacity. It is

plotted in Figure 4.11 against the delivery factor. The maximum average
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load per trip is attained with the compartment ratio 3000/5000. This
ratio is closest to the average sales ratio over the two years history.
The peak value is 7325 gallons per trip, with a delivery factor of .6.
The 3500/4500 compartment split yields comparable results, however is
slightly less in average load size, with 7210 gallons per trip. Both
of the curves for these two cases have a similar shape. The average
load sizes increase rapidly as the delivery factor is reduced from .9
to .6, where the peak in average load size is attained. The largest
average load size for the 3500/4500 ratio is 90% of the vehicle load
capacity. The largest average load size for the 3000/5000 ratio is 91%
of the vehicle capacity, not a significant difference. The 2500/5500
compartment ratio is inferior to the other two in all cases run, its
highest average load size being only 6003 gallons, 75% of the vehicle
capacity.

In examining the average number of trips made in each case, Figure
4.12, the 3500/4500 and 3000/5000 cases yield nearly the same values,
with the 2500/5500 case requiring 20% more trips. Comparing this with
the number of deliveries, also in Figure 4.12, the order sizes are
limiting the possibility for multi-station routing. The difference
between the number of trips and the number of deliveries gives an in-

dication of how many deliveries are made on multi-station routes:
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Difference Between Number of Trips

and Number of Deliveries

Compartment Ratio Premium/Regular

Delivery Factor 3500/4500 3000/5000 2500/5500
.5 8 10 =
.0 2 1 -
o7 2 4 5
3 5 8 4
.. 7 7 7

Note that both the 3000/5000 and 3500/4500 compartment size ratios
experience the minimum number of deliveries at a delivery factor of .6,
and the number of deliveries increases at a delivery factor of .5, while
the number of trips for both compartment ratios levels out between .5
and .6. This is an indication that more vehicle capacity is freed from
the initial allocation of single trips to allow the scheduling of multi-
station routes.

The 2500/5500 compartment ratio makes more trips and deliveries.
The number of multi-station routes is comparable to the other cases,
however. The bound on the premium compartment size is forcing more
frequent delivery and more second deliveries in a current day. This
is further supported by the plot of average delivery sizes versus the
delivery factors, Figures 4.13 and 4.14.

In the Figure 4.13, the compartment ratio 2500/5500 has a smaller

average delivery size for regular gasoline than the other two ratios,
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which actually have smaller compartments for regular. Thus the ve-
hicle is being forced to make second deliveries to fill the premium
orders, at all of the delivery factors investigated. These second
trips are made with empty or partially filled regular compartments.
(Recall that the number of trips for this case is 20Z higher than the
other two alternatives, for all delivery factors.) The 3000/5000 case
reaches the highest average delivery size at a delivery factor of .6,
however the 3500/4500 ratioc does not yield significantly different re-
sults.

The average premium delivery size, in Figure 4.14, shows similar
results. Here the restraint upon the premium delivery size is the
compartment size itself for the 2500/5500 ratio. The highest average
delivery size is obtained with the 3500/4500 ratio, at a delivery factor
of .6.

Turning now to the plots of the number of expedited orders versus
the delivery factor and the number of deferred orders versus the de-
livery factor, Figure 4.15, the trend in these plots is generally the
same as that in the others. One obvious difference in operational ef-
ficiency is that the 3500/4500 ratio has fewer expedited orders and
fewer deferred orders for the delivery factors .7 and .8, where the
3000/5000 ratio has been consistently the better case in terms of the
previously discussed indicators. The minimum occurs at a delivery
factor of .7 for the 3500/4500 ratio, where previously best values had
been found at .6. With the 3000/5000 ratio, the minimum number of de-

ferred and expedited orders occurs at a delivery factor of .6.



The two plots of lost sales versus delivery factor, Figure 4.16,
shows an effect of changing compartment ratios; the system will "favor"
the delivery of one product over the other. With the 2500/5500 ratio,
there are more premium sales lost then regular., The 3500/4500 ratio
results in consistently fewer lost sales for premium, and the 3000/5000
ratio has results between these two extremes.

By contrast, more regular lost sales result with the 3500/4500
ratio, fewer with the 2500/5500, however, at delivery factors of W7
and .9, the 3000/5000 ratio is superior to the 2500/5500. The total

lost sales are:

Total Lost Sales

Compartment Ratio Premium/Regular

Delivery Factor 3500/4500 3000/5000 2500/ 5500
5 12934 13084 &
.6 7469 5830 -
.7 4817 5856 9326
.8 7442 9537 7603
.9 12772 8410 18702

Note that the average daily demands (Tables 4.4 - 4.6) are stable in

the range of 25,300 gallons per day. Over the 28 day reporting period,
this is a total demand of 710,000 gallons. The maximum lost sales is
18,700 gallons, about 2.6% of total demand. On the other hand, the best
policy with respect to lost sales results in 4817 galloms lost, or .68%.

Again, the majority of lost sales shifts to regular or premium, depending

136



137

on compartment size ratios.

In all of the cases with an eight hour normal shift and two hours
overtime, monthly availability of the vehicles, in hours, is 240 hours.
The idle time is counted only during the normal shift, thus is the
number of idle hours out of 192 normal shift hours. The idle time is
plotted in Figure 4.17. These plots demonstrate poor vehicle utiliz-
ation with respect to time, for every policy examined. Overtime is
required in every case, while there are idle hours during the normal
shift. Thus the greater number of orders occuring on Saturday due to
the extended planning horizons requires overtime for delivery.

The total costs are plotted in Figure 4.18. These costs repre-
sent the total available vehicle costs, operating costs, maintainence
costs, drivers' wages, the costs of taxes, insurance, and licemnsing,
and the costs of carrying inventory. The 3000/5000 ratio yields the
lowest average monthly cost, at a delivery factor of .6, $1193.10.

There are several alternatives which are in the range of this figure:

Total Cost

Compartment Ratio

Delivery Factor 3500/4500 3000/5000
.5 $1209.31 51202.54
.6 $1202.23 $1193.10
.7 $1215.94 $1207.93

The 3000/5000 ratio is noted to be consistently lower than the 3500/4500

ratio for corresponding delivery factors. The 2500/5500 ratio results



are significantly worse than the other two.

4.3.2 Alleviation of Lost Sales

The 3000/5000 compartment ratio and the 3500/4500 ratio are very
close in most of the results discussed. The proper delivery factor
varies from .6 to .7, depending on the particular indicator examined.
The 3000/5000 ratio may prove more acceptable because of a more favor-
able balance between lost sales of the two products. This ratio is
chosen for further experimentation with shift lengths to determine if
increasing vehicle availability is a reasonable way to reduce lost
sales. Table 4.5 shows the results of the two final runs. A normal
shift length of ten hours with two hours overtime reduces lost sales to
1567 gallons, compared to the best run with an eight hour shift, two
hours overtime, of 5830 gallons. This is a reduction of 37Z. The cost
is increased from $1423.29 average monthly, to a monthly average cost
of $1580.87, an increase of $157.58 or 11%.

Decreasing the normal shift to eight hours and allowing a maximum
of four hours overtime results in lost sales of the same proportion,
1464 gallons per month, at a total cost of $1509.91 average monthly.
This increase is only $86.62. Overtime in the eight hour shift case is
24.7 hours compared to 5.7 hours for the ten hour shift.

An alternative method of reducing lost sales is to increase the
reorder level. The carrying costs for the system are small, and this

increase would not likely be as costly as increasing the vehicle avail-

138

ability. If the reorder point is set high enough, it may generate small

order sizes, and increase the delivery cost by increasing order frequency.
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4,3.3 Non-Compartmentalized Vehicles

The results of this mode of operation, Table 4.7, are evidently
inferior to the compartmentalized vehicles. Restricted to only one
vehicle, as the other cases are, the number of lost sales is signifi-
cantly greater than any of the compartmentalized vehicle cases. The
number of trips is greater, and the number of deferred orders at an
unacceptable level. Increased time required to service the stations,
due to the increased number of separate loadings and unloadings far
outweighs any advantage resulting from possible increased delivery
sizes at individual stations. Although the increased delivery sizes
exist, the average gallons per trip is lower. A given trip must rely
strictly on regular or premium orders to fill the vehicle. This can
result in trips with partially loaded vehicles, reducing the average
load size. All indicators considered, this mode of operation is re-

jected.

4.4 Recommendations

The alternative operating procedures examined herein do not exhaust
all possibilities. Several of the parameters which could have been
varied were not. Those that were examined were limited in the ranges
of their values by time and allocated computer resources. Several
shortcomings of the existing simulation have been demonstrated, and these
areas should be improved. As a guide to the possible direction of future

research, several recommendations are made.



4.4,1 TImproved Demand Models

Looking at the results of Chapter 2, the demand models used in
this simulation leave quite a bit of room for improvement. The primary
question is the degree of improvement attainable with the data. Only
historical sales data has been provided.

Analysis of the data by techniques used in Chapter 2 is costly
in terms of computer time, and one should bear in mind how much return
is associated with improving these models. More accurate models would
reduce the standard errors of estimate, allowing a decrease in the ex-
pected error between the actual and forcast processes. This should al-
leviate some of the priority orders and allow for more accurate deter-
mination of order sizes in the normal order procedure. The maximum
improvement can be estimated by merely setting the standard errors of
estimate to zero for the present models and observing the improvements
in system operation. From this information, one could judge the bene-

fit in improving the models.

4.4,2 Extended Planning Horizon

The utilization of the available vehicle fleet could be improved
by expanding the planning horizon to several days or a week. The ex-
istance of idle time and overtime in all of the rums indicates that
some days have more orders than others. These days present demands on
the vehicles which cannot be met, while other days find the wvehicles
with few or no deliveries to be made. If these peaks in orders could
be anticipated several days in advanced, planning over an extended

period of time could smooth the work load over the extended periods.
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This would involve extended lead time forecasts, and thus extensive
program changes. The demands, actual and forecast, for several days,
would have to be stored in the program, as the exact day of delivery

to a given location would be variable within the planning period, thus
the order quantity would be variable. A more intricate priority system
would then be required, as stations lower in volume should be con-

sidered for delivery earlier.

4.4.3 Improved Operating Policy.

Sunday operation of the terminal should be considered, however
all of the ramifications of the addition of an extra work day are not
known at this time. The present simulated policy is the policy used
by the petroleum company supplying the sales data for the simulation
at one of their terminals.

In addition to the parameters which can now be varied, station
tank sizes should be examined, not only with regard to demand for each
product, but with regard to the ratio of demand at a given location.
Further, this ratio may change due to different growth rates for dif-
ferent products. This would allow closer syncronization of the regu-
lar and premium orders. The lack of costs of altering the tank sizes
may hinder a study of this type.

With varying ratios of regular to premium sales at the different
stations, the fixed ratios of compartments is not an efficient policy,
nor really an accurate simulation of realistic operating procedure.
Three to four compartments are more common, allowing the ratio of

regular to premium gasoline shipped on a given route to be varied.



The anticipated problems in multi-station routing would have to be
solved, those involved in the allocation of compartments to products.

The routing algorithm could be improved or replaced in the simu-
lation, although the best policy appears to be that of avoiding any
multi-station routing if possible, Rather than consider multi-station
routes, the reorder points could be set to permit full compartment
sizes of both products to be delivered, with consideration given to the
variable demand rates of the two products. Alternate drop points could
be established to absorb excess loads, based on the order frequency of
the alternative drop site as well as its proximity to the primary

station.

4.4.4 Programming Improvements.

It is not recommended that the time increments of the simulation
be decreased. This may permit more accurate modeling of stockouts and
the timing of expedited orders, however the run time would be greatly
increased. At present, 18 months can be simulated in four minutes;
simulation on an hourly basis rather than a daily basis would not in-
crease time linearly as there would be more detailed events and more
intricate gathering of statistics. In decreasing run time, it may be
possible to improve part of the coding. H level Fortran is not recom-
mended as a means of increasing the execution speed of the simulation.
Difficulties experienced in attempting to run this program in H level
indicate that the compiled code does not give consistent results while

the G level compiler presents no difficulties.
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4.5 Conclusions

The general indications of these simulation experiments are that
vehicle operating costs far outweigh the inventory carrying costs. With-
out sufficient costs to attach to lost sales and expedited orders, it
is difficult to consider these indicators in relation to the given costs.
Any alternative which yields better vehicle utilization is more ac-
ceptable than an alternative with poorer utilization. Single station
routes yield better vehicle utilization over time, if the vehicle de-
livers a capacity load, as the frequency of delivery is decreased. The
subsequent increase in inventories introduces neglible increases in
carrying costs. The main problems preventing full capacity vehicle
loads in the cases run are lack of variable compartment sizes and failure
to examine variable reorder levels which would more nearly syncronize

the ordering of both products at a given location.



INITIAL CONDITIONS

STARTING INVENTORY

STATION REGULAR PREMIUM
1 5400 2230
2 5080 2180
3 7970 5890
4 3770 2290
5 7600 2720
6 2564 1838
7 8400 4680
8 3210 4480
9 7140 5350

10 5840 1671
11 6070 4810
12 4360 2072
13 3380 2005
14 7720 1774
15 5130 1417
16 2441 2750
17 6940 2930
18 4330 1081
19 1842 2140
20 4350 2965
21 3672 3235
22 4530 2785
23 2036 4600
24 5380 2560
25 3535 2275

TABLE 4.1
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INITIAL CONDITIONS

STARTING INVENTORY

STATION REGULAR PREMIUM
1 7000 3820
2 5630 1895
3 7600 4130
4 5780 3816
5 2926 1896
6 6300 2830
7 3325 3540
8 2850 2467
9 6390 3860

10 4630 5420
11 5500 5760
12 7790 3960
13 3760 3010
14 2855 1830
15 4930 2060
16 5970 1758
17 5540 1299
18 4320 3730
19 4410 2620
20 3670 3990
21 5720 4305
22 2216 3000
23 5890 5560
24 5320 1666
25 4600 3820

TABLE 4.2
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CORRESPONDENCE OF REPORT PERIOCD TO DATE

REPORT PERIOD

W O o BN

[FCT T I I R R R e e e o e e e o O
Fe XS s T S ST R = <o T ¥ e B e SO U T L R S R e =

TABLE 4.3

DATE AT END OF PERIOD

JAN, 22, 1967
FEB. 19
MAR. 19
APRIL 16
MAY 14
JUNE 11
JULY 9
AUG. 6
SEPT. 3
OCT. 1
OCT. 29
NOV. 26
DEC. 24
JAN. 21, 1968
FEB. 18
MAR. 17
APRIL 14
MAY 12
JUNE 9
JULY 7
AUG. 4
SEPT. 1
SEPT. 29
OCT. 27
NOV. 24
DEC. 22
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TWELVE MONTH AVERAGES OF STATISTICS NON-COMPARTMENTALIZED VEHICLES

TOTAL NUMBER OF TRIPS
AVERAGE VEHICLE LOAD (GALLONS)
NUMBER OF TRIPS WITH EXCESS LOAD
TOTAL GALLONS EXCESS LOAD
TOTAL HOURS OVERTIME
TOTAL HOURS IDLE TIME
TOTAL VEHICLE RELATED COST
AVERAGE DAILY DEMAND (GALLONS)
REGULAR
PREMIUM
AVERAGE INVENTORY (GALLONS)
REGULAR
PREMI UM
TOTAL NUMBER OF DELIVERIES
REGULAR
PREMIUM
AVERAGE DELIVERY SIZE (GALLONS)
REGULAR
PREMIUM
NUMBER OF EXPEDITED ORDERS
REGULAR
PREMIUM
NUMBER OF DEFERRED ORDERS
GALLONS LOST SALES
REGULAR
PREMIUM
SYSTEM INVENTORY CARRYING COST
TOTAL COST
AVERAGE COST PER GALLON SOLD

TABLE 4.7

DELIVERY FACTOR

.8 .9
127 130
5444 5343
13 12
12502 11817
24,9 25.7
0 0
1392.47 1399.14
15264 15255
10084 10076
117402 118630
67951 68625
79 78
62 62
5344 5501
4083 4146
206 26
119 116
124 121
2272 1433
28506 24608
213.83 216.02
1606.30 l6l5.16
.00265 .00228
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GALLONS
PER
TRIP
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DELIVERY FACTOR
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DELIVERY FACTOR
FIGURE 4.11
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GALLONS
PER
DELIVERY
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FIGURE 4.13
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FIGURE 4.14
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FCRTRAN IV G LEVEL 18 MATH CATE = T712¢8 1l1/29/73¢ |
(ool COGBLE PRECISICN S5(2+2)s AM(Z2), «[730,2)
€002 NREAD=S
cco? MhHIT=6 ¥
(004 READ(NREAD,9CC) KNPRCB KF L
C00s 9CC FOAMATI(IN) KFLDLOL0
(006 WRITE(NWRIT,930) KFSLLLSy
ao7 93¢ FCARMATL 'LCLRRILATIGN EETwEEA 3IECULAR AND PRENJUM CASDL INF SALFES "KrLCoCLh
1) KFLauU It
(008 CL 100 I=1sNPRCB KFHUCL 4L
(CO0S READINTEAU+9UC) NLKS KF W Cu bl
colc NG 11C J=1,2 KFSLCOILG
coll 11C AEAD(MIREAN ySLCHE X JXyd) s JA=14N08S) KFHCules
LoL2 91C FCPMATIL5FS.0,5%) KFHECLlen
col? LU 200 J=1.AL8S KFSLLY 20
C0l4 Fl=J KF.0ULl40
€015 FRC=(FI=-1.01}/F! KF e lab
(0le IF [J .EN. 1)} GC TO tacC KF ,LiLlaC
col7? cu TD 139 KF.CHLTG
COlB 12C CU 125 JJ=1,2 KF LUl U
col9 EMEJI) =X Jeddl KF Ll
to20 [0 123 KK=1,2 KF L0250
€021 122 S1JI,KK1=0.0 Kb aSudtu
cg22 125 CUHTINLE ' KI LCloh
€021 CC TD 200 Kr . 0us su
co24 12C €C 140 Jx=1,2 KFSLulay
(o2s LG 140 K=14+2 K L LonL
(026 14C SlJ!,Kl=5lJK.KI+FKC*{!fJ.Jfl-nPlJ(ll*!IlJ-K)—AMIKl) Kb LU
027 CO 150 JX=1,¢ Ki U026
C028 15C AN (JIX)=FRCFAMAIXDI+RA I SXM/F] KF o004y
(025 2CC CUMTIMLE KE SO0
(030 B=S(12)/0050L,11#45(2,2)1#20,5) KFLED 0
031 NI[=1+15 KFSLLdlL
(032 WHITEU(NRWRIT 42001 NI4R 5 KFCCdel
(o272 920 FOIMATI//+% STATIUN ',1243%,* R = VaFTen) KEL Y430
(134 1C0 CUNTINUE - KF LU aal
(D3E STCP [ S AR

[C3E EtN KESE ey
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Stratification Program



FCRTRAN IV G LEVEL

cool
coo2
(coz
(004
€005
C00E
Qo7
coos
€009
co1c
col1l
n12
co13
col4
€015

9ccc

301C

1C

18 MAIN

COMMON PLT(15CC)

NREAL=1

AwRIT=3 .

FEADINREAD,GCCC) NDS

f0 10 J=T,NDS

LU 10 [=1,2

READ [MRSAN,9LCCY MD, NTYP, NSTAT
FORMAT{315)

READ{NREAG,9010) (PLT(MD+K},K=14AD}
FCRMAT(15F540,5X)

CALL STRATENDNREAD NWFIT,NTYPNSTAT)
CALL PLCTIPLTNC,2sND.0)

COUNTINUE

(3 o1

END

CATE = 71228

15744750

KFS0aacao
KFSLGUL'
KFSCUCet
KFSLUD L
KFSGUdan
KF5CCO%%
KFEL50000
KELOLGUTG
KFuLULHL
KESCOLH0
KFLubiLL
KESLLLLY
KFSOGLLEn
KESLCL130
KFS00Llau
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FCRTRAN

coo1
002
coo02?
coo4
coos
(coe¢
ccor
coos
(cos
colc
coll
o1z
co12
CQl4
€ol1s
co1¢
col17v
cole
(o019
(gzc
cozl
Q22
co213
€024
€025
(026
coz27
(oze
(029
ca3a
€031l
€032
€032
C034
co03s
(03¢
€03
co3e
€01s
CQa%0
(041
ca42
€042
C044
(045
(04s
o047
(048
€049
coso
cos51
052
053
054
€ass
C05¢
(057
(05¢

[v G

LEVEL

10

15

2C

3c

4C
50

EC

19 STRAT CATE = 71224 157447450

SUPROUTINE STRAT(ND,NREAT,Nuwik [T, NTYP,NSTAT)

COMMON PLTU15C0]

CIMENSICN AM{15), SSILE), FI{15), SCE15)

NGE=NO=T

[C 10 J=1.7

AMUIF=PLT (ND+J}

$S1J1=0.0

CONT INUE

AM(BI=AMIA)

AM{9)=AM(1)

£548)1=0.0

£5191=0.0

FI{l)=2.

Fl(2)=2.

FIt3)=2.

Flla)=2.

CO 15 4N=2,5

FRC2=(FL(2}=1.)/F1(2)

$S(9)=55(91 +FRC2¥A{PLTINC+ICI-AM(9) )« (PLT(NC+IDI-AMI9) )
AMIQ)=ANM[9)#FRC2+PLTINC+JB) /FI(2)

FIT2)=F1(2)+L,

FRC3I=(FIt3)-1.0/FI(3)
SS{8)=SSIAI+FRCIB(PLTIND+7I-AMIE) I« [PLTIND+7)=AF(E )]
AMIB)=AMIBI#FRC3I+PLTINC+TI/FI(3)

FIE3)=FI{3)+l.

LO 50 J=7,.KDX,7

ERCL=(FILLI=1a1/F1LL)

LC 20 JT=147
CS{UDI=SS[JD)4+FRCL#IPLTIAC+Je ) =AM [JD))#LPLTINC#J+JCI-AMLIC])
AMEIO=FREL®AM{ DI ¢PLTIND+J+IC)/FLLL)

£C 30 JD=1,5

FPC2=(FIL2)=1.1/F1(2)

SSU9)=SSII+FRE2* (PLTIND+I2JL)-ANIG) ) (PLT (ND+I+IDI=AMI9]])
AMIDV=ANI ) SFRCZ+PLTLAC «J+JL) ZFL(2)

FIt2)=F1{2)+1.

LN 40 JN=6,17

FRE3=(FIL3)-1.}/FLL3)
S5(81=55(B)+FRE33{PLT(AD+J4JC)-ANIBII#(PLT (ND+J4IDI-AMIE))
AMUB) =AML B)#FRCI+PLTAND+J+JCI/FLI3]

FIL31=FIL30e 4,

FILL)=FIlL)+l.

AM{LC)=PLTINC+L)

SS(101=0.0

Flta)=2

AMUL111=PLT(NU+159)

£5(111=0.0

FLI5)=2

CO 100 JIN=1,2

IND=365%( JIN-1)

[1=2+IND

12=158+14C

to 60 J=11,12

FRC&4=(FT(4)=1s ) /F114]}

CSI1N1=5S(10)4+FRC44 (ELT(ND+JI-AM{1C) )8 (PLT(ND+JI-AML10))
AM{10)=AM{10) 4FRC&+PLT(NC+J)/FIL4)

Flla)=Fl14)+1.

13=159+ 146

14=249+ [ND

KF 500150
KFS5CCLL0
KFSCLLTC
KFSULLRO
KFLCCl%0
KF5CCZLG
KFS00210
KFS00220
KFS5LL230
KFSGUcsD
KFES002%0
KFSCUZ6EL
KESQU270
KFSUQzBD
KFS5CLZ 40
KFSCGICU
KFSOUL 310
KF5GG32u
KFSCG330
KFSCCTaU
KFS00350
KFSCLIBTE
KF500131/7u
KFS0UirQ
KFSCU 3 Ju
KFSCL4Ca
KFSOU&10
KESLC&2U
KFSCLe L
KF500440
KESLLG5D
KFSCCabO
KESCUG U
KFESCUAEU
KFSCCas0
KFSCONCO0
KFSCUus1Q
KFSCLY el
KFSCOH3C
KFSOGuaN
Ki"SCUuSH0
KFSCLabD
KFSNOST0
KFSLCHCU
KESCUR U
KFSCUnlD
KFSCGALD
KF5CU6O
KFSOUE 30
KFSOUkGI
KFSCGsh0
KFS500660
KFSOO0&TU
KFSCUBRU
KFESCCu9G
KFSQQTLO
KFSCOT1lu
KFSCClecls
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FCRTRAN

€059
CCcacC
co61
Coh2
Cop3
(064
€065
COo6E
(oe7
COh8
(e
co7cC
€071

co72
co72
COT4
€075

cove

Ty
co7s
079
COBC
conl
cag2

coR3
con4
coBsS
(0B¢
coev
cnas
coBs
ccac
co9l
cc92
€093
C094
(035
(C9¢
cant
C09A
€099
c1oc
€10l
ci1o2
clo?
CL04
c10s
Cloé
clovr
Cl108
€109
0110
Cil1l
€112
cL?

Cll4
oLLs

Iv G LEVEL

7C

ec
1CcC

3cc

32%

15C

5CC

55¢C
sCC
625
64C
627

678

725

18 STRAT DATE = Tl228

COL TU J=13,14

FRCS={FI(5)-1e)/FILS}
€SIL11=SSIILI+FRCS#(PLTIAC+J)I-AM(LL) )=(PLTIND+JI-AF(11)])
AM{111=AM{ 1)) *FRLCS+PLTINC+J)/FIL5}

FILS)=FI(S)+1l.

15=25C+1IK0D

16=3T0+IND

LO 80 J=I5.16

FRC4=(FItal-1a.)/FL(4)
SSILOF=SST1C)+FRCA®{PLIIND+I)-AMILCH)*=(PLTIND+J])-AN[10)}
AML10)=AMTLI0)SFRCA+PLT (NLHYI)/FILA)

Flla)=FIl4)+1l.

CUNTINUE

FItLL)=FL(5)

FI{10Q}=FI{4&)

FIt9)=FIi2)

FLUB)=FI(3)

FI(T7)=FLI1}

FIt&}=sFIL1)

FIt9)=FIC(1)

Flta)=FIt(1l)

FL{3)=FIL 1)

FIl2)=FIt1}

AMIL123=PLTINL#T]

FIL12)=2.

£5(12)=0.0

CU 300 J=8,371

FRCIZ=(FI(12)=1.)/F1{1Z)
€5(121=SS(12)+FRCIZE(PLT(NC+II~AMIL12) 1% (PLTINC+JII-AMI12])
AM(12)=AM(12)3FRCL2+PLTINL+JI/F1IL12)

FI(L2)=FI(12]1+1.

AM{13)=PLTIAD+372)

FI(13)=2,.

£50131=0.0

ED 32% J=373.,1735

FRCLI=(FILL131-1.0/F L1302}
SS(L3N=SSI13)+FRCI3*IPLTINC+JI-AMILI) I#{PLTIND+J)-AM(L3) )
AM(13)=AMUL13)&FRCII«PLYINC#II/FT (3]

FI(L3)=FI(131+1.

L0 150 J=1.113

NI =(SSUJI/IFI(IN=-1.))9%,5

CONT INUF

WRITE(NWRIT,5C0)

FURMATILHY +47X," ANALYS1S CF CATA BY STRATIFICATION *y//)
IF INTYP LEC. 2) GU TL &CO

RRITEINWRIT, 5501 MSTAT

FCRMAT(47X,' RECULAR GFALE GASCLINE - STATION *»13,/7//)
co T 650

WRITEINWR[T,625) NSTAT

FCRMATIGTX,* PREMIUM GRALE GASOLINE = STATION *4[3+///)
CONTINUE

RRITEINWRIT627)

FUIMATISGX, " CAY TQ Gay *»//)

WRITE(NWRIT,675]

15/44/50

KF500730
KFSCO74C
KFSCO735G
KFSUa7au
KFSCLTTC
KFSCOZe™
KFSQ0790
KFSCL5CO
KFSCOa10
KFS003:2C
KF5C0830
KFSCOc4l
KFSD0950
KFS5CCanu
KFSCGETU
KFSCO0onel
KF500a490
KFSCLHLG
KFSCC9lUL
KFSOGI:0
KESCL sy
KESCG iar,
KFS009%0
KFSCGeD
KFSCU N
KFSO0Q &0
KFSCCH90
KFSO0LlicCC
KF501C10
KF501uel
KFSCLC3G
KFSO16Gah
KFS01050
KFSCLCLEL
KFSO1U v
KFSOL1U&0
KFSCLC+0
KFESCLLCO
KF$01110
KFS01120
KFS501130
KFS50L 140G
KF5CGLLla0
RFSCLILU
KFSO0117C
KFS5011%0
KFSG. ol
KF>012CC
KFSOlelo
KFS5C1ed0
KEsNi2io
KESOLlZ4D
KFS01Z50
KFSC126G

FORMATI23X, "' FUN'-IIX;‘TUE'.!IK.'hEn'.llx.'?HU"lll|’FR|'pllK.'SATKFSﬂLH?U

1011X,"SUNT /)

RRITEANWRIT 725 HUANIJY,d=1,7)

KFSCL2ED
KFsCiiwl

FORMAT{® M AN Vo lCX e FGal S FTa2y5%XsFT,215XsFFe2,5%,FFa2,5KFRFS0L LD
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FCRTRAN [V G LEVEL 1f STRAT CATE = 7128 15/44/50 P, 003
1942+ 5%4F%a2) KF3013iG
Clle Wk ITE(NWRIT,7001{5D(J1ed=1,T7] KF53Gl3lu
C117? TCC FCPMAT{' STG. CEV. '.ICX.FQ.Z.EK.FQ.Z.5!.F9.2.SK.FQ.Z‘BK.FQ.Z,SK'FKFGCLi!U
1Ge2¢9XyF9.2) KFSG1340
cils RRITEINWRIT,750) KFS501330
c119 75C FCHMAT(/Z 56Xy WEEKENLS = WEEKDAYS'.//) KFSOL3k0
cr2c WRITEINWRIT,775) KF5C1370
0121 77% FUPMATIS1Xs' WEEKENDS',12X, *WEEKNAYS',/) KF5013ct
c122 WRITEANKRIT,B829){AM{J)0=08,9) KFSC1340
claz 825 FCRMAT(® "MEAN V35X, FI.24110%X,F9.2) KFSJlaih
0l24 WRITE(NWR [T bCCIISDII}d=8+5) : KF50ialn
cL2s BCO FCRMATI(Y STC. LEVe "33SX,FI.2,11%,F3.2) KF5C142%
clzs WP ITEINWRIT,850) KFESCla3a
c127 8EC FURMAT(//,5CXe" WIMTERs FALL, SPRING - SUMMER',//) KF30 1440
ci2s WRITEINWRIT, 8751 KF 301450
c12s B75 FCRMATI(S4X,"CTHLR® ;11X "SUMMER") 3 KFHSClany
c13ac WRITE INWRIT 3250 (AMT D, J=1C,10) KF5C L4 10
Cl31 925 FORMATI[® FEAN YL a1X, FS.2 TXaFBL2) KFSGlaz
C132 WRITEINWRIT,9CUIIS01J)ed=10y1L1} KFS0Ll4afu
cl3z 9CC FOPMATI® STCe LEVe "341X4F942,1X,F9.2) KF5015C0
Cl34 WHITE(NW [T,950) KF301519
Ccl3¢ G5C FCRMAT(// 459X 1967 - 19268 './77) KFSC1i9:U
clis WRITEINWRIT,975) KF501520
cl137 97% FOHMAT(S3X,* 14647 1968 *4/) KF301540
c138 WRITE IKWRIT, 1029 [AM(JY,J=12,11) KFSG19%9
clis 1025 FLRMATI(® MEAN *LISX FYudallXgF92) KF 301240
Gl4cC WRITEINWRIT,1CCGCIISDI(3)J=12413) KFanis iy
Cl&l 10CC FCHMAT(' STCa CEVe "335X.F9.2,11X,F3.2] KF>01%La
Cla2 WRITEANWA [T, 1L05C) KF 5G1lh'0
Cl42 105C FUPHMATLIHL,5EX," PLCT CF CATA *5///} KF5016C0
Claa RETURN KFS0LlALa

Cl4cs END KF50lbeC



FCRTRAN IV G LEVEL

co0l
con2

cco?
€004
ccos
(goQe

coo?

coos

€009

colo
gl
co12
coln
col4
€ols
cols
o117
cole
cols
coz2c
coz21
coz22

coz23
cozZ4
ozs

coz2é
cazv
coze
coz9
co3g

co31l

€032
€032
€034
€035
€038

() aoo

o0n

om0

[aNzNal

[gNalal IR Nl

=~ N Bk

1
L}

10

11

12
14

15

1€
e
2C

18 PLCT CATE = 11228 15744750
SUBRDUTTINE PLGT[A4NyM,MLyinS) KF501F 3¢
KF501¢€aL
CIMENSION OUTCLLICL),¥YPRELLIANG(D),ALL] KF501¢5U
. KF53C0luh0
FURMATILIH sFileb,S5Ht «10141) KFSOLsTL
FORMAT(10H #+C156189) KF530ifD
FCapATl 1041} KFES5GLA U
FCRMATILIH +16X410iHa . . . . KFESGLTLL
. . . . . o) KFSCLTLC
FORMATI1HO 9%, 11FiCa4/ /) KF50Q17z0
: KRFSCLT3C
-.coo----.n--o-o-----.tcc-----o--i--o.-o-n-o-----...--c------‘s---ﬁF"iOlf‘vL}
KF45CL Ty
NLL=AL KFSLLTLL
KFLCL D
IFINS)1Es 16,410 KFSOL17T:U
. KFS017 sL
SORT BASE VARIABLE IN ASCEANCING CRCER KF5C1lsL0
KF50Ll2.0
CO 15 I=1,.Kk KF5301lc:u
CO 14 J=1.MN KFLOL® N
IF(ALL)=A(J)) 14,024,111 KFL0Lle4l
L=I=N KF50L1950
LL=J-N KF 5C3tinh
0 12 K=1,V KF530L1:4 1700
L=L+N KFS0LHsw
LL=LL+N XKFSCLE ru
F=A{L) KF501%080
AlLYI=ALLL)} AFS0L4L0
BiLL)=F KRF301%°0
CCNTINUE KF50Ll910
CONTINLE KFSC Lm0
KFS0Llvun
TEST HLL KF5CLYeu
KFELCL s iC
IF(NLL)20,18,20 ®FLO] 14
ALL=50 KFSG.L4 )
COMTINUE wES020LN
KFSQ20G 10
GEVELOP BLANKS AND CIGITS FOUR PRINTING KF 30z ul0
KFLOZC AN
REWIND 10 KFGNeO6l
WRITE(LO.4) KFS021% 2
REWINC 10 KF202¢ett:
REAR{10+5)BLANK(ANG (1) 1=1,+9) KFL020n /0
REWINL 10 KF 502040
KFSQZ0 34
FIND SCALE FCR BASE VARIAGLE KF40Z210h
KFs02iln
XSCAL=[A(N)=ALL))/(FLORT(NLL-1}] EFSu2lou
= Kk S0z 230
FIND SCALE FCR CRCSS VARIAELES KESD21i46
KFS02 .00
Fl=N4+1 KFS0z160
YMIN=A(ML) KF%021/0
YMAX=YMIM KFS021.0
K2=MaN KFSCL 1 s
CO &4C J=M1,MZ KFH02 200
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FCRTRAN Iv G LEVEL

(037
fo3e
€039
coac
(o4l
co42
co63

€044
€045
Co4t
Co4?
o4
€049

cosa
cesli
(os52
cos52
€054
cass
(05¢

€057
CoS€E
cess
060
£061
(062

(Ch12
(0h4
(ChE
C0béE
067
coee
(o065
co7c

[alalgl

oo

(s N aXgl

[zNaEnl

26
28

45

51
55

57

&C

ac

B4

8¢

SC

18 T PLLT

IFIALII-YMTIN)28,28,26
TR(ALJ)I=YMAX)4C 44030
YMIN=ALD)

€O TL 40

YMAX=RA[J)

CUNTINLE
YSCAL=(YMAX=YFINI/1COL

FIND BASE VARIABLE PRINT POSITICA

ra=ALl)

L=1

FY=M-1

=1

F=1-1
XPR=XU+F®XSCAL

FINC CRCSS VARIABLES

{0 55 1%X=1,101
(UTHLIX)=HLAKK

LU &0 J=1,MY

LL=L+J*N
JP=[LAILL}=YNMINI/YSCAL)+1.C
CUTI4P)=ANG(J)

CONT [NUE

PRINT LINE AND CLEAF, CR 5KIP

WRPITE(2421XPR,(OUT(EZ)412=141CL)
L=L+1

[=1+1

IFII-NLL) 45, 84,86

XPP=AIN)

cc TC 51

PRINT GRCSS VARIABLES WLMBERS

WRITELA,T7)

YPR[LI=Y4IN

L0 30 KN=1.9
YP2IKN+1)=YPRIKK) #YSCAL®1CLC
YPRILLI=YMAX
WRITELILBILYPRITR) 4 IR=1.11)
RE TURN

END

CATE

Tl2e8

15764750

KF3C2Z.10
KFS022:20
KF502230
KFGO2e040
KFSQzewl
KFS0220
KFL0247.
KF sCZents
KFLO2e¢90
KF3CZ3L.
KF3Geas.t,
KFSUz22u
KF 02340
KF50e 34,
KE L3590
KF50c 387
KFSLe37L
KFsCe?2d
KF5023 30
KFS0c¢alD
L P
KF53026arn
KF 3024630
KF Sl2&sy
KF aC2430
KFS0z4anl
KFLCeuln
KF 53Ccé 1)
KFHCgad)
KF 0259460
KF .N2300
KF LG8 20
KF 02w A
KF Gl2h4au
K¥F 2Gr o0

KF 505 L8
KF S 0 i
KE 5l anld
KESTa 1
L8 B P S
KELEIA 10
RFLCcr sty
KEFSznoat
KE SUL g
KF5C2nit

KFS0i60
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The following

author and used in

The required input

NM

NPLT

NLAG

IW

NSTAT

NTYP

I

is a multiple regression routine written by the

conjunction with the spectral analysis routines.

variables are:

Number of variables

Number of data points.

Number of plot points.

Number of lags.

Indicator of which spectral window is used.
1 for Parzen.

0 for Tukey-Hanning.

Station number.

1 if data is from regular gasoline.
2 if data is from premium gasoline.
Plotting resolution.

Vector of data points.

182



[a ¥ al

(] [aNaNaRaNaRalal

200

1010
1000
1020
1634

210

152
230

240

153

149
154

155

151

156

190

250

260
270

280

158

1

1

DIMENSIUN S(12,121, AM(12), SS5(12412),

Yy RI12)
CCrMAON XL

S5T{12+12)s RESID{TS0!

750,121}

PI=3,1415927
REAN(E,200) NMyN,MPLT ,NLAG, IWsNSTAT JHTYP,DW

FCRMATI(TI
IF [(NTYP

WRITE (3,
FCRMAT (47
GO 7O 103
WRITE{3,1
FORMAT (47
CONT INUE

WRITE(3,2
FORMAT(

LI

READ(1.,15
FORMAT (15
WRITE(3,2
FORMAT(//
WRITE(3,2
FORMAT (1H

TRANSFURMATIONS CN INOEPENDENT VARIABLES

CALL DATX

00 190 1=
Fl=l
FRC=(FI=-1
IF (I <EC
GO TO 155
00 154 JJ
LLEBNEES 8
DO 149 KK
SUJJ KK}=
CONT [NUE
GO TD 190
DO 151 J=
DO 151 K=

54F5.3)
+EC. 2} CO TG 1CGO
10100 NSTAT

X¢' HEGULAR GARALE GASOLINE -
4}

020) NSTAT

Xy' PREMIUM GRACE GASOLINE -
10) NMeN

NUMBER CF VARIABLES = *,12,"
ZVIRLL,NM)I=1,4N)

F5.0¢5%}

301

o' ECHO CHECK OF [NPUT CATA

GOMIXIT MMy I=14ii)
vl2FB.2)

(N}
llN

w0V/FI
« L} GO T0 153

=] g NH
1eda)
=1y NM
Ga0

1 ¢NM
lir“lH

Y1)

STATION *4l13,/77)

STATION ',13,//1)

NUMBER UF DATA PDINTS

SUJeKI=SIIKI4FROCYIXIT, J)-AMCIPI#IXTT K)-AMIK))

CONT [NUE
DO 156 J=
AMLJ ) =FRC
CONT INUE
CONT INUE
WRITE(3.2
FORMAT(//
CQ 260 I=
WRITE[3,2
FQRMAT(*
¥=NM-1
X*X MATR
WRITEL3,2
FORMAT(//
no 1571 J=
WRITE(3,1
FORMAT{LR

LoNM
FAMI )+ XUL JB/FT

50)

' MEANS CF [NPUT VAHIABLES

1.NM

W/

70) I.AMLD)

MEAN OF X{',12,%1=*,Fl1.6)
Ix

80)

f+' X PRIME X MATRIX

1+M

581 (SUJ,K)K=L,M)
18F15.6)

v/7)

A{750), MM(12), LLL2), B(L2KFS00000

KF500010
KFS00020
KFSO0D030
KF 500040
KFS00Q50
KF500060
KF300070
KFsSu0080
KF5000490
KFS00100
KFS00110
KFS00120
KF500130
=KF500140
KFSQOL50
KF500160
KF500170
KFS500180
KF500190
KF500200
KF500210
KF 500220
KF 500230
KF 500240
KF$0025%0
KFS002&0
KF500270
KFS500280
KFS00290
KF500300
KFS00310
KF500320
KFS500330
KF500340D
KF50013150
KFS00360
KFSO0370
KF S003HUL
KF500390
KF S00400
KF500410
KFS500420
KF50u4 30
KF 500440
KFSQ0450
KFS00460
KFS500470
KFSU0480
KFS500490
KFS00500
KFS00510
KFS500520
KFS00530
KF500540
KF500550
KF500%60
KFS00970
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157 CUNTINUE KFS005B0
NORMALIZATION KFSO0990
WRITE(3,2901 ; KFSU0600

290 FORMAT(///+* CCRRELATIGN MATRIX ',//1 KFSC0610
DO lel J=1.M KFSOu&Z0
DO 160 K=L,M KFS00L 30

160 GSUI, KI=STJeKIZEIS(I, JIHSIK,K)I*%045) KFSGUHLO

161 WRITE(3,158) (SSUJaK)K=14M) KF50064%0
DO 163 J=1,M KFS006L0
CO 163 KK=L4M KFS00&TO
I={J-1)%¥M+KK KFS006HD0

163 A(I)=SS{JsKK) KFSQOA90
CALL MINVIA MsDyLsMM] KFSOC700
FPHEM=MEM KfS00T1Lu
DO 600 1=1,MMH KESUDT20

- Jd={1+M=11/M KF5G0 T30
Il=1-(JJ-1)eM KFSUCTau

400 SSTUIL,Ja)=A{1) KFSOLTHO
WRITE(3,5610) KFSOOBT00

610 FORMATI(//.* CORRELATICN MATRIX INVERSE "»//) KfFSu0770
00 620 I=L4M KFSOO0T4d0

620 WRITE(3,6300(S5T(1,J),J=1,M]) KFSO07490

630 FORMATI(B8FLlS.6) KFS00RQ0
WRITE(3,310) O KFSGOB1Q

310 FORMATI( /" DETERMINAMT = ',ELl%.6) KFESLLLZ0
WRITE(3,300) K SGOR 30

300 FORMAY(//7/+" X PRIME Y MATRIX "2 //) FFSUOB4D
DO 144 J=1,M KFSLGRSU
B(JI=SIJ,NHII(S(J.Jl*S(NH.NMlI‘*C.ﬁ KFSOGa&END

164 WRITE(3,158) BUlJ} KFSGGR IO
LL=1 KF SQURHBO
MSA=0 KF SO0
MSB=0 Kb SUDU0
CALL MPRO[A.B,R,MyMsM54,¥58,LL) KESU010

KFSuwiet)
CALCULATE SUM OF SGQUARES FRGM REGRESSION Kt G009 40
KI SOG40
CALL MPRGIR4B,55Qf,1,+M,0,0,41) KISuoiuy
WRITEL3,305) KFSun 20

05 FORMAT(/,* UcTAS FRUM CENTLRED DATA ',/) K 530049 4d
DO 170 J = 1,.,M KT Sut

170 WRITE(3,159) Jy RIJI KT SO0 G

159 FURMAT(Y B('412:") = ",H15.8) [ S IR BRI
ALN=0.0 KESulolo
L0 L75 ICX=14+M KESulo )

E75 XLN=(R{ICK)*#2}+XLN [ARAUTETH
XLN=XLN#%0U.5 KESulinhg
WHIFE{3,33u) XLN KFSul sy

330 FORMAT(/,* LENGTH OF BelA VECTOR = *,El4.6] KFSel el
CONVERT BETA VECTCR KFESOi01Y
DO 180 TEXK=14M KFSblufnug

180 RUINKI=RULOXIE(SINM,NM)ZSTTOX,10K] ) €05 Kk 5014099
RZID=AM(NM) KFSUl1140
GO 197 ILX=1+M KFSGIL10

197 RZD=RI0O-REINKI*AMITON) KF501120
WRITE(3,340) KFs50LL 30

340 FORMAT(/,' ESTIMATES OF BeVAS INCLUOING INTERCEPT TERH ', /) KFSull4au
WRITE(2,350) RID KF3011%0

350 FORMAT( ' ot 0) = *,F15.¢) KFSUlLGO

Da 195 ICX=1.M KESGILTO
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195 WRITE(3,3601 IDX,R{IOX}
360 FORMAT(* Bi*y[2,') = ".F15.6}

ANALYSIS OF VARIAMNCE

WRITE{3,700)

TOO FORMAT(///y40%," ANALYSIS OF VARIANCE TABLE ')
WRITE(3,7G3)

705 FORMAT (39X,* ( IN TEHMS OF CORRELATIUNS ) *)
HAITE (3,710)

KFSOL14d0
KFSULl90
KF501200
KFs0l2i0
KFL01220
KFS501230
KFS01260Q
KFS01250
KF5012460
KF 501270

710 FORMAT(//,7X.' SOLRCE ',15X,* SUM OF SQUARES *,15X."' DEGREES LXf FHRKF5ul280

lEEDOM *,15%X,"' MEAM SQUARE ')
NDF3=NM-1
ANDF 3 =NM-1
S1=5SCR/ ANDF3
WRITE(3,720) SS5QR,NCF3,51
720 FURMAT(/45X," REGRESSIGN "y LloX,F15.6,23K,12,23X4F15.6)
55AR=1,00~=55UR
TOTAL=1.00
NOFL=H-1
NDF2=N-1M
XNCF2=N0F2 |
$2=55AR/ANDF2
FAAT=51/52
R2=55CR
WRIT:=(3,730) SSARGNCF2,52
T30 FOAMAT(SX,* RESIULAL ",16K,F1%.6,22X,13,23%X,F15.61
WRITE(3,740) TUTAL ¢NDF1
T40 FURMATESK, " TOTAL "4 19K 1 L15464224,11)
WHITET 3, 750) FRAT
TS0 FURMATI//459%,* CALTULATED F RATIL = ",F15.€)
WRITE(3, 7601 R2
760 FORMAT(//,5%," RSC = ",Fli.nl

BACK CALCULATION
W2 [TEL3,BLO)

10 FORMATIZ//435XK: " PACK CALCULATINNS ', /2/)
WRITE LA, B2

KESa12490
KFsul 30U
KESGL3L0
KF501320
KF 50131310
KFSUl 34U
KFES0L3n0
KFul 3n0
KFul370
KEL,ul3nl
KF 5013790
KESTL4un
KFELOLGL0
KFLdlal0
KFSulaln
KFS5tlas0
KES al4nu
Kb S alan0
EbSuiall
KESul4adn
KE SULAD
KESula0o
KFSL910
kP LilaZ20
Kt S0l530
EFS50ULS%0U
KESulabha
EESulabu

E20 FURMAT[/,54" UBSESVATIGST oBE,Y Y LWSERVED 'y lx, " ¥ LALLULAT: U PR I V)

1R, " 2ESTLLAL "o/}
RESSC=N.0
HGME =Cal
L) BCC E=i.n
YOALNSRIGC
DL RS Jd=1,M
805 YCALC=YCALC+X(T,J1#R{J)
RESIDI1)=YCALC-XUTyriM}
RESSQ=RESSLYHESILUS)#RESTIULLY
RSME=RSME+RESTULI(I)
800 CONTY INUE
BOO WRIT=(3,830) [+X(I,%4Y,YCALC.RESID(ITI
830 FORMATILIX 039X eF1l5,642KsF1l5.5:%%3F1%.0])
WRITE(3,840) RESSC
B40 FORMAT(//,5X," SUF UF SQUARES OF ERRORS = ',F15.6)
REALN=N
RSMEAN=KSME/HEALN
RSSTD=(L/REALN) ®*[REALNYHESSU-RSMESH SME) #% .5
WRITE(3,900) RSMEAN,RSLHTLE
YOO FORMATL//¢5Ke® MEAN UF ERRUHS = "3Fl546,5%,*STANDARL GEVIATIAUN OoF

AloLJfanl
Eula il
el LUldub
FELHOLGLO
FESuleZo
» Sulssu
KESULB4G
KES5014650
KFSulénu
K SULl6T0
KF SULbhy
KFSOLl69D
kFSuliuu
KFSOE/ALO
FFL01T20
P SOLETH0
KESTULT40
EFSOllIbu
rt S0LT6G
i SaLlru
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LERRORS = '",F15.6) KFS01780
165 CONTINUE KFS0L 790
CALL SPLOTU(NJRESITs1,0W) KFS018060
CALL PARINL(RESIDyHsNPLT ¢NLAG+IW,DW) KFSOUlB10
STOP KFS01R20

END KFS501830
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10

SUBROUTINE DATX(N)

COMMDN X (750412
Pl1=3.1415927

CO 10 I=1.N

Fl=1

X{f,1)=FI

X(1,2) = COS(2.%P1%FI/1.)
X{Ls3) = SIN(2.*¥PI*FL/7.)
A{1,4)=CUSL2.#PI¥F1/3.5)
X{1s451=SIN(2.¥PI*F[/3.2)
X{1,6)1=COSL2.4PI*F1/1B2.5)
X{I,71=5IN(2.%P[*#F[/182,5)
X(T1,8)=CUSI2.%PL*F[/365.)
X(1¢91=SINL2.%PE#FL/345.)
X{1,L0)=COSI2.*PI4F[/T3.)
ULy LE)=SINLZ.*PI*FL1/ 734
CONT INUE

RETURN

END

KFS01l840

KF501850
KF501860
KFS0LBTO
KFS501880
KFS01890
KFS01900
KF501910
KF501920
KF501930
KF501940
KFS0Ll950
KF501960
KFS501970
KF501980
KFS501990
KFS02000
KFS02010
KF502020
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The following routine is the stepwise regression routine written

by IBM and modified by the KSU Computing Center. It is further modified

for use with the spectral analysis routines.

The input variables are

explained:

NPROBS - Number of problems.

NQ - Number of Plot points.

MNQ ~ Number of lags.

Iw — Indicator of which spectral window is used.
1 for Parzen.

0 for Tukey-Hanning.

DW - Plotting resclution.

AID - Vector for alphanumeric identification.

NVIN — Number of variables to be read in.

NVAR - Total number of variables.

NOBS — Number of observations.

NSEL - Number of selection cards.

FIN — Limiting F value, with proper significance
level and degrees of freedom, for entering
variables.

FOUT - Limiting F value, with proper significance
level and degrees of freedom, fer deleting
variables.

IRES - Set to 1 if spectral analysis is to be performed,

0 otherwise.

NFC - Number of format cards.
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NAME - Variable names vector.

FMT - Vector of formats.

DATA - Data vector.

NDEP - Subscript number of dependent variable.
NIIN - Number of variables to be considered for

entry into the model.

ISAVE

Vector of the subscripts of the variables to

be considered for entry into the model.
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62
63
64
65

KF 500000
OIMENSIONEQ FOR 30. 30 VARIABLES INCLUDE 29 EXPLANATORY AND KFSO0O01lu
ONE DEPENDENT. KFS0D020
THE NUMBER OF OBSERVATIANS IS LIMITED TO 9%9%, AND MUST EXCEED KFSODU 30
THE NMUMBER (OF VARTABLES BY AT LEAST 2. KFS00040
THE SPECIFIED INCCMING F LEVEL MUST NCT BE LESS THAN THE SPECIFIEDKFSOLOSQ
QUTGOING F LEVEL. KFSO0D06Q

THE VARIAGLE FCRMET FOR THE NATA IS READ IN WITH THE CONTROL CARDSKFS0007U
TRANSFURMATIUNS ARE PERCCAMED IN THE SUBROUTINE TRANS, AND MUST BEKESO00ULH
ADCED B8Y THE USER« SUHROUTIME TRANS MUST BE PRESENT, EVEN IF NO KF500090

TRANSFORPMAT [UNS APE PERFCRMED. KFS5CUl Lo
CARDS PRECEDRING DATA MUST BE THESE, ANG MUST OCCUR IN THIS ORDER: KF500110
NUMBER OF PROBLEMS KFS00L2Z20
HEADING KFSUOL 30
PROBLEM PARAMETERS KF500140
VARIABLE NAME TECK KF5001%50
DATA FORMAT KFES500160
DESCRIPTICN OF THE FORMATS FOR THESE CARDS IS FOUND IN THE KFSull70
PROGRAM wWRITELP. KF50UL60

THES PROCRAM ASSULMES THAT VARIABLE NAMES WILL BE USED wWiTH THE DAKFSCOLYD
[F VARIABLE NAMES ARE NCT DESIREL, STATEMENT NOU. 91 MUST Bt CHANGEKFSOUZGJ
READ NNA=0Q, AND THE VARIABLE NAMES SHCUULD BE EXCLUDED FROM THe DATRESO0210
CARDS SPECIFYING THE DEPENDENT VARIABLE FOR EACH REGHESSICN MUST  KES500220

FOLLOW THE DATA. KF SU02 39

KFS00240

KFS00290
PHASE 1. TRANSFORM ORIGINAL NATA, CUMPUTE AND PRINT MEANS, KFSDO240
STANQARD DEVIATIOMNS, ANL SIMPLE CORRELATION COEFFICIENTS, KESulLa {0
IMPLICIT REAL#BUA-H,0-Y} KESUOZ2eU
DIMENS IONS ) KFSON2%50
DIMENSTICN XXBA#13C), SSIGHA(30) KFSOLILO
DIMENSION NAMEL3Q04+2)415AVE(30) KFSOU310
DIMENS ION DATA(30)4RRIJ(30,30)FMT{1001,0ATX{5900) KFSOU 420
DIMENSION RIJI30,70),XBARI30I,SIGMA(30IAFG(LE) KF Su033u
NIMENSIUN SIGBU3G),B1306),I1D(60) KFS00 340
DIMENSION ZIRESOI 2! KFE SO0 3490
EQUIVALENCES KFSOU &0
FEQUIVALENCE (SIGMA(L),DATA{L)) KFSUD3fG
FORMAT{2£044) KF LU0 540
FORMATI{213,14,13,2F6.3,1L141021 KFSO0 390
FORMAT (FLO.4,Fl0.243FL0.4%1 KF 500400
FORMATI(ZA4) KE5UUs 10U
FOURMAT {"OVARJABLE NUMBERS AND NAMES') K 500420
FORMATIO(Y *,[3,3X,2A4,5411) KF 5004 0
FCRMAT [*OSTEP MUMBER ",13,10X*ENTER VARTABLE *,13,3X.244]) KF30044u
FORMAT [ "OAVERAGES ') KFS0U4ASU0
FORMAT (4" VARI' 134" ="M llahcAl)) KF 500440
FUORMAT{'OSTANDARD DEVIATICNS') KT 5004 2
FORMAT{ *OSIMPLE CCRRELATICN CCEFFICIENTS?) KF500480
FORMAT (4 (" VARSI 134 ' [3,")1=":F8.5,A1)) KFS00440U
FORMAT{'GSTEP NUMBER *,[3,1UX."ENTER VARIABLE *.13) KF5004%00
FDYMATI" STANDARD ERROR CUF tLSTIMATE=",FL2.5) KF500%10
FORMAT (' MULTIPLE CURHELATIUM COEFFICIENT =',FHBJ.b) KFSO0%20
FORMAT (Y CONSTANT TcRM=",Fl2.4) KF SUUS 30
FORMAT(*OVAR CCEFF STy Ny T JALUE BETA COLFF" ) KESUOL A0
FORMAT(* COEFE") KF SUGTS 50
FURMAT(? * o [3,FlUetyFl2abyFlO4Fl2.%1t KFSLULAD
FURMAT({*OSTE# NUMPER ' ,13,10X,"COLETE wARIANLE *,13) KESOULTO

FORMAT('L1*,1844]) KESOOSEO
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66
67
68
69

191

FORMAT (' GCOONESS OF FITaF(* 14y y14y"1="4F10.4) KFS00590
FORMATL('O OBS ATTUAL ESTIMATE RESIDUALY) KF5L06CQ0
FORMAT(® *,[4,4F1l2a4] KF500610
FORMATI'-SELECTION ", [4,10K%y *DEPENUENT VARIABLE *,14,10X,14," IHKFS00620
LOEPENDENT VARIABLES®) KFS500630

80 FORMAT(1X,'NUMBER OF SELECTIONS NOT SPECIFIED. JOB TERMINATED.') KF3N0640
82 FCRMAT{lX,'DEGREES GF FREEDGM =0. EITHER ADD MORE DATA O8SERVATINNKESEOL50
1S OR DELETE UNE COR MURE INOEPENCENT VARIABLES.'/'SAMPLE SIZE MUST KF500640
2EXCEE0 NUMBER UF INDEPENDENT VARIABLES BY AT LEAST TwO.*) KFS006 10

B3
a4

BS
a6

91
101

730

740

90

750
B&O

BTO
BEO

100
110

120

FORMAT(1X+"F LEVEL FDR INCUMING VARIABLE IS LESS THAN F LEVEL FOUR KF5006kU
10UTGNIMG VARTIABLES") KF 500690
FORMAT(401Z}) KFSU0T00
FORMAT { 1H=~, *NORMAL END OF PRUGRAM') KFS00T710
FORMAY{Fb. 4l KFESU0TZU
STATEMENT LABEL IC1 IS NCT REFERENCED. 1T MARKS THE FIRST KFSO0T 30
EXECUTABLE STATEMENY DF T+& SOURCE PROGRAM. KFS00140
ICOM IS FIXED CECTMAL REPRESENTATION OF ALPHABETIC COMMA, KFSGOTSQ
NNA=O KFS00Tu0
ICOM=174993728b64 KFS00770
READ 1{1,2) NPROBS KFS0O0THO
0D 1033 KNT=L,NPRCHS KF 500790
REWIND 10 KFS00antu
READ I.D. KFSNOBL G
READIL+2) NCyMNQyIH Kt 500870
READI{1,86) Um KF 500810
READIL, LI{AIDIT ] 0=1418] KES(0a4U
READ CONTRUL CARD KF »00850
READ (1421 NVINGNVAR,NCHS ¢NSELyFINFOUT+ [RESeNFC KFSUUsey
If [FIN-FUUT) 101C, 730,730 KFLO08 10
IF(NNALNELL} GO TC 740 KFS0UuAaHO
READ (1e&) ([NAME(l¢J) d=1,2),1=1,NVAR] Kf SO0R +U

IF{NFC.EU.LINFC=L
NFC=NFC#20

READ (1410 (FMTLL),I=1,NFC)
INITIALIZE.
UBS=NOBS
NINDV=NVAR-1

DD 90 I=1.NVAR
XBAR{1)=0.0
SIGMAL1)1=0.0

DO 90 J=l.NVAR
Rt [ d}=0.0

EF SUM900
KF 500910
Kt Su0YsD
KESQOY 41}
KFSU0740
KF S009%u
KFSOUYLD
KE SUBY 70
KF 5009584
KESOUI90
KESUL00OU

READ CATA, FURM SLMS VECTUR, SUMS OF SQUARES MAFRIX KFESGL010

READIL,,FMTI(DATX{J)Jd=1,NUBS}

DO 110 §=1,MUBS

DATALL)}=DATXII}

TRANSFOUORMATIUN CF RAW LATA

CALL TRANSTUATALLD

IFIIRESIBTC, 180,870

WRITE NDATA FILE

WRITEVLOYLUATALD) =1y NVAR)

DO 100 J=1,HVAR

XBAR(J)=XBAR(J)+D2TALJ)

DO 100 K=l 4NVAR
RIJIJ4KI=REJL Iy K)I4DATALI)*0ATA(K)

CONT INUE

COMPUTE STANDARD CEVIATICNS*SCR ROUTE [UBS-1)
0O 120 T=1.,NVAR
SIGMAII)=(RIJUI,11-XBARL[)I*XBAR(TI}/0BSI**,5
COMPUTE CORRELATICN MATRIEX

KFS0u10D40
Kt Suloso
Kt SOL1G40
KF SOL0%0
Ki Suloso
Kt SO10 70
Kf SOLU:HO
KESOLOYO
KFS50L100
KFS0LL10
KFS0Ll2u
KESO11 44
KF 501140
Kf SUll50
KF5C1L6U
KFSOL170
KFS011K0
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130

140

T4l

150

103l

151

190

310

200

205

DA 130 I=1,NVAR

CO 130 J=1.NVAR

RIJIT ¢ JY={RIJIL ) -XBAR(TI*XBAR{JI/OBS I/ {SIGHALTI#5IGMALY) )
RRIJEIJ)=RIJLL4J)

COMPUTE MEANS ANO STANDARD CEVIATIONS

DO 140 I=1,NVAR

XBAR{I)=XBAH{[)/UES

SIGMA{1)=SIGMALT)/{D85-1.01%%.5

SSIGMALL}I=SIGMALIY

XXAAR{ L1 =XBARCI)

SKIP TO NEwW PAGE, WRITE [.Des AVERAGES, STANDARD DEVIATIONS.
AND SIMPLE CURRELATIUN MATRIX.
WRITE(3,65)(AT0([},1=1,18)

TF(NNAJNELL) GO TC 741

WRITE(3,5]

WRITE(3,6) LI (NAME(T+d)yJ=1,2),1=1,NVAR])

WRITE(3,51)

WRITE(3,521(1,XBARET), [COMeI=1+NINDV} NVAR,XBARINVAR)
WRITE(3,53)

WRITE (345201 1+SIGMA(T )4 ICUMyI=1,NINDV) NVAR,SIGMAINVAR)
WRITEL3,55)

CO L50 [=1,NINDV

RRITE(3,56) (14 HIJIL ) ICOMJ=T4NINDV ), ToNVAR,RIJIT4NVAR)
PHASE 2. PERFORM STEPWISE CALCULATIONS AND PRINT RESULTS.
IFINSEL)1030,103U,1031

00 1032 NI=14NSEL

READ[1,84) NUEP, NTIN, {ISAVECI),I=14NIIN]

WRITE (3,69) NI,NLEPWNIIN

00 151 D=L,KVAR

SIGMA(T)=S5IGMALL]

XBAR (T)=XXBAR(I[)

D0 151 J=L.NVAR

RIJII ) =RRIJUT+J}

INITTALTZE

CO 190 I=1,NVAR

SIGBUI)=0.0

Bil)=C.0

NENT =0

CF=0BS5-1.0

NSTFEP=-1

TRANSFORM SIGMA VECTOR FROM STANCARD DEVIATIONS TO SQUARE
ROOTS OF SUMS OF SQUARES.

CO 310 L=1,NVAR

SIGMA{ ) =SIGMA{I)#{0uS-1.0)%%.5

BEGIN STEP NUMBER NSTEP.

NSTEP=NSTEP+1

STDEE={ (RIJINDEPNDEP) /OF | #%,5)*S1GMA (NDEP)

DF=0DF-1.0

IFf (OF) 1000,1000,205

VMIN=0.0

VMAX=0.0

NIN=0

NIINL=NTIN®¢]l

ISAVEINIINL)=NDEP

FIND MINIMUM VARIZNCE CONTRIBUTIGN OF VARIABLES [N REGRESSION

EQUATICON. FIMU MAYINUM VARIANCE CONTRIBUTION OF VARTAHLES
NOT IN REGRESSIOM ECUATION,

NO 300 [2=1yNIINL

I=1SAVE(L2)

IFLE.EQ.NDEP) GO TOD 300

KFS01190
KFSaOlz00
KFSOl21L0
KFS0O1220
KFS01230
KFS01240
KFS50125U
KFSDL260
KFS01270
KFS01280
KF50129%0
KFS501300
KF501310
KFSOL3z20
KF501330
KF 501340
KFS01350
KFS01l36U
KFSQ1370
KFS01380
KFS01390
KF501400
KF501410
KFS0Ll420
KFSO01430
KFSOL440
KFSOL&50
KFSOl460
KFSOL&70
KF501480
KF501490
KF501500
KFS501510
KFS0L520
KFS01530
KFSUl540
KFS01550
KFS0L19%460
KF 501570
KFS0l5H0
KFS0L5490
KFS01600
KFSOlel0
KF5016£0
KFS01630
KFS0l&640
KFS0L1650
KF501660
KFSUL&T0
KFSOL680
KF5016490
KFSOl1TUo
KFSO01710
KF$01720
K+S0L T30
KFS501740
KESULTS0
KFSULT60
KFsul1T10
KFS0Ll780
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210
220
230

240

250

260

300

400

410

421

420
425

430

450

460

470

IFIRTJ(1,11-.0011200,300,210
VE=ATJIINOEPIFRIJINCEP LIFRTITL, T}
[F(VIY240,300,220
IFIVI=-VMAX)300,3CC,230

VMAX =V ]

NMAXK=1

GQ TO 300

NIN=NIN+1

IDININDI =1

COFPUTE REGRESSIOMN COEFFICIENT AND TS STANDARD DEVTATION.
BININI=RIJ(I+NDEP)*SIGMAINDEP 1 /SIGMALL)
SIGB(NIN)=(STDEE*RIJt R, 1 }3*.5)/5IGMATT)
IF{VMIN)2504260,1C00
[F{VYI-VMIN]30Q,3CC,260

WEIN=VI

NMIN=1

CONT INUE

[FININI1000,460,4C0

COMPUTE CONSTANT TERM,

RSUBD=XBAR (NDEP)

DO 410 1=1,MIN

J=1DU1)

BSUBO=RSUHU=s1]) & XBARL)
FFINENT) L0000 y4 B0, 821

CUTPUT FOR VARLABLE ALDEC
[FINNALEL L) GO TC 440

WRITE (4o 71 NSTEP K, (NAMEIK 1) sl=1s2)
GC TO 425

HRITE(T 9T INSTEP 4K

WRITEL3,5815TUEE
R=(1a=HIJINDCP,NLEP) 92,5

WRITE (3,548

INFN=085-DF=2.0

IDFO=CF+1.0

F=iSIUFh{NDEP)**2-lSTDEt**Z)'(DF*!-O!lfl(GBS-DF—Z.UI*STDEE"EI

WRITE13, 66V IUFN, [CFOWF

WRITE(3,60)85UB0

WRITE(3 61

WRITEL3,62)

DU 430 [=L1,NIN

J=IntT

T=pL1)/5IGELL]
HR!¥E|3.63PID!I).B|ll.SlGBlII.T.RIJIJ'NUEP)

COMPUTE + LEVEL FCR MINIMUM VARIANCE CONTRIBUTION VARIABLE
IN REGRESSION ECUATION.
ELEVL=VMIN*UF /R [JINDEP HLEP)

IF(FOUT+FLEVL) 460,460,450

INITIALIZE FUR REFOVAL UF VARIABLE K FROM EQUATION.
K=NMIN

NENT =0

DF=0F+2.0

GO TO 5C0

COMPUTE F LEVEL FCR MAXIMUM VARIANCE CONTRIBUTION VARIABLE
NOT IN EQUATIONG
FLEVL=VMAXSUF/IRIJINCEPLADEP)I-VHAX]
IFCFLEVL-FINI&GCO,£0044T0

INITIALIZE FGR ENTRY Ur VARIABLE K INTOD EQUATION.
K=HMMAX

NENT =K

GD 10 500

KFSO1790
KFS0l18U0
KF501810
KFr501820
KF501830
KFS0lBaU
KF501850
KFSULBAO
KF501870
KFS0l880
KF501890
KF501900
KFSUL1910
KFS501920
KFS01930
KFS0L1940
KFS01950
KFSUl960
KF501970
KFSOL19B0
KFS01990
KFS02000
KFSDZ2010
KE502020
KFS02040
KES502040
KESU20%0
KF S02060
KFSU20T0
KFS02040
KF502090
Krsu2lod
KF502110
KF502120
KFS02130
KESO2140
KFS502150
KFSUZ2L6U
KFSo2LTOo
KFS502180
KF502 1490
KFS02200
KFS0Z2210
KFS02220
KFSU2230
KF502240
KFS5022%0
KFsu2260
KES02270
KFSu2280
KF502290
KF502300
ki 50231y
KES02320
KFS02 330
KFS502 340
KFS02350
KF 402360
KFs02370
KFS02380
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480

500

510

520
530
540

550
560

570
580
600

610

620

630

1032
1033
1000
1030

1010
1020

GUTPUT FOR VARIABLE DELETED
WRITEL 3,64 )NSTEP K

GO TO 425

UPLATE MATRIX

LD 54C 12=1,NIIN1
[=15avECl2)
IFII-K)510,%540,91C

00 530 J2=1.NIIN]
J=IS5AVE(J2]
IF(J-K1520,530,52(
RIMMIyJI=RIJ(T¢JI=REJUIKIRRIJIKJI/RTJIK,K]
CUNT INUE

CONT INUE

DO 560 J2=14NIINL
J=1SAVE(J2Z)
IF{J-K1550,4560+55C

RIJIK J)=RIJIK JI/RIJIK,K}
CONTINUE

CO 580 12=1,NIINL
I=[SAVE(]12]
[FII-KI5704560,57C

RIJUT oK b ==RIJUL oK) FRIJIK KD
CUNT INUE

RIJIK K] =Lal0/R1IILK KD

G0 TO 200

IFLIRES)®10,1022,£10

PRINT RESIDUALS

REWIND 10

N0 630 KO=1,NOHS

READ(10) (DATA(L)I=1,NVAR)
EST=R5UB0

DQ 620 L=1,NIN

J=I1DLI)
EST=EST+uB{T)*0ATALJ]
ZRESDIKD}=DATAINDEP)-EST
CONT INUE

REWIND 10

NO=1

CALL SPLOT(NUBS,ZRESD«NQO,DW}
CALL PARZN] (ZRESLNCBS ¢NG,MNQy IW+CW)
CONTINUE

CONT INUE

WRITE(3,85)

GO 7O 1020

WRITE(3,82)

GO TOD 1020

WRITEL3,.,80)

GO T4 lu20

WRITE (3,83)

sTop

END

KFS02390
KFS02400
KF502410
KF502420
KFS02430
KF502440
KF502450
KF 502460
KFS02470
KFS0248B0
KFS02490
KF502500
KFS$02510
KF502520
KES02530
KF502540
KF$02550
KFS02960
KFSU2570
KFS$02580
KFS$02590
KF502600
KFS502610
KFS02620
KF502630
KF502640
KFS02650U
KFS02660
KFS5026170
KFSU26B0
KFSU2640
KF502TUO
KFS02710
KFS02720
KFSOZ2T 30
KFS02740
KFSsuz2isu
KFS02760
KESO2TTO
KF 502180
KFESU2190
KFS02800
KFSu28l0
KF502820
K+5028 30
KF502840
KF 502850
KFS502840
KFSO2d 70
KFSU28RN
KF 5u2890Q
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c
c
[4
C

5

10
C

C DAY
C

20

30

40

50

&0

70

80

SUBRAUTINE TRANSICATA,I)

DIMENSION CATAL30]

DOUBLE PRECISION CATALOSIN,CCCS,PIH

Pl=3.1415927

Jox=[I1-L})/735

FI=1-735%JCX

pno 5 J=:z2.28

DATA{I1=0.0

pa 10 J=7,12

DATAL{J)=0.

DATAL2)=F1
DATA(3)=0CAS{2.*P1%FI/142,5)
DATA{4)=DSIN{2,%P1¢F1/182.5)
DATA(5)=DCODS(2. *PI*F1/3065,)
DATA(G)=CSIN(2.%P1*F1/365.)
10X=177

INX=1-10X*T

1 IS MONDAY

IFLIDX «EG. 1) GU TO 20
IFLIDX +ECs. 2} GO TC 30
IFLI0OX +EQ. 3) GO TC 40
[FLINX LEC. 4} GG TA 5C
IFLIDX .EQ. 5) GU TO &0
[FIIDX .EGe &) GO VO 70
c0O TU BO

CaTA(T)=1.

GO 7D 80O

CATA(R)=1.

Go TO 8O

DATA{S)=l.

ca 1a 80

DATA(10)=1a

GO TO 80

DATALL1)=1.

GO TO 80

naTAa(l2i=l.

CONT INUE
DATA{13)=FI%F[/1CCO0,
DATA[14)=DCDS(2.¥FI*F1/91.25)
DATALLS)I=DSIN(2.%F[3¥F1/91.25)

DATACL L6 =UCDSI2.FI$F1/45,625)
DATA{LT)=DSIN(2.%PI¥F1/45,625)
CATA(181=0CUS{2.4F[*F1/10,416)
DATATL19)=DSINI2.#F1#F[/3C.416)

DATAL{201=0CNS{2.%F]1*+1/60.83)
DATAL21)1=DSTN(2.¢FL*F1/60.83)
If (JDX .EC, 11 6L TO 490

IF (40X .EQ. 2) GC TO lGQ

IF (40X -EQ. 3) GC FO L1C

IF {JOX +EG, &) GC TO 120

IF {JDX +EQ. 5) GC TU 125

IF {J0X .EQ. 6) GO TO 126

IF (JOX .EG. T3 oC TO 127

Ga TO 130

KF502900

KF5029149
KFSU02924
KFS029 450
KES02940
KFS029%0
KF5029L0
KFS0297TU0
KF 502984
KFS0299u
KFS03000
KFS03010
KFS03G02u
KF5030 30
KFS03040
KFS503050L
Kt+503060
KFS03070
KFS03080
KFS030490
KF50310U
KFS03110
KFs03l2u
KFSO3133
KFS031490
KFS03150
KFESO3160D
KFS03170
KFS503180Q
KFS03L9u
KFS03200
KFS03210
KF5032:0
KFSD32 10
KF5032441
KF5032450
KFS03zZnu
KESOY¥2 T
KFS0328u
KFS50312490
KF503300
KFS03319
KFS01320
KF5033 30
KFS03340
KFS033bu
KF503360
KF503370
KFSO1340
KF5U3 390
KFS03400
KFSU34l0
KF503420
KFSU314 380
KFSU3a4u
KFS503450
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90
100
110
120
125
126

127
130

DATA(22)=1.
Ga 7O 130
NDATA{23)=1.
GO TO 130
DATALZ24)=1.
GO TO L30
DATA(251=1.
GO TO 130
DATA(26)=1.0
GO TO 123G
PATAL27)1=1.0
GO TO 130
DATAL28)=1.0
CONT INUE
RETURN

END
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KFS0344L0
KF50347T0
KFS03480
KFS503440
KFSO035CU
KF503510
KFSU3520
KF$03530
KFS503%40
KFS03950
KFS03560
KFS50357U
KFS03580
KFS503590
KF 503660
KF503610
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SUBROUTINE PARZNL(X,NyNGoM¢IWsOW)

THIS PROCEDURE CONPUTES THE AUTO CORRELATION FUNCTION, Rly FOR
[=1ls2reaesM+ly THE FUNCTION AT LAG M IS STORED AT I=M+l, THE
TIME SERIES ARE 0Of LENGTH, N, AND IS STORED IN THE ARRAY Y,
BEGINNING AT Lls THE AUTO CORRELATION FUNCTION IS NODRMALIZED
TO HAVE A VALUE 1 AT THE ORIGIN. THE NORMALIZING FACTOR [5 Dl.
THE FUNCTIONS ARE ACDED INTO THE ARRAY Rle

FORMATI2I4)

FORMAT 4N, F5.044XsF5.0)
FORMATIF12.5,12%,F12.5)
DIMENSION XI[1)

REAL RL{T750)/750%C.0/
DATA D14D3/0.0.0.C/

MM=0

DO S I=1l4N

DL=DL+X(]}#%#%2

CONT INUE

FM=M+]

O 7 KK=1,MM

KK1=KK=-1

NMaN¢KK~-1

NK=N-KK+1

SUML=0.0

CO & JL=LlshK .
SUML=SUML+XIJLI®XLIL+KKL]
CONT INUE

RLIKK)Y=5UMl/D1

CONTINUE

CALL SPLOTI(M,R1,2,DMW]
CALL PARZNZIR1¢NQyMyiWeDW)
RETURN

END
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KF502030

KFS502040
KFS02050
KFS02060
KF 502070
KfFS02080
KF$02090
KFS02100
KFS02110
KF$S02120
KFS02130
KFS502140
KFS02150
KFS021460
KF502170
KFS02180
KFS502190
KF502200
KFS5022L0Q
KFS502220
XKFS02230
KFS02240
KFS02250
KF5022460
KFS02270
Ki-502280
KF502290
KFS502300
KFS502310
KF502320
KFS02330
KF502340
KFS02350
KF 502360
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1
2

32

33
34
30

3
31

SUBRQUTINE PARINZ(RL,NQsM,IW,0W)

THIS PRDCEDURE COMPUTES N+L POINTS OF THE ESTIMATED SPECTRAL

DENSITY FUNCTION FROM RUI) wHICH IS THE AUTU CORRELATION FUNCTION
THE TRUNCATIUN POINT IS N, THE WEIGHTING KERNEL USED IS UMEGA,.
THE SINES AND COSINES NEEDED ARE COMPUTED RECURSIVELY

DIMENSION RLETS501
REAL OMEGA(T50)/750%0.0/,F11750)/750%0.0/
PI=3,1415927
Plv=1/P1
FORMAT(4F10.5)
FORMATLY RESULTS OF PARZEN TRANSFORM®*//*
1 co QU*Z (F10.5,10%4F10.51)
IFIIwW) 32,30,32
PARIEN wWINDOW

Ml=M/f2
MZ2=M]1+1
00 33 I=].M]
OMEGA(L)1=140-6.0* {121 .0/M) %8246, 0% [*1.0/M)**3
00 34 I=M2,M
OMEGA([1)=2%({1-1/M)¥**3
GO 10 31

TUKEY HANNING wWINDOW
00 3 [=1,mM
OMEGA({ I b=.5%(L.0+COS{I2P[/H}]
C=NC
CLl=COSIDW}
C3=C1
Di=Cl
C2=SINIDW)
D4a=C2
D6=2,0#+C1
Pl=0.5*R1{1}
K=M¢ 1
DO & 1=Z.K
A=DMEGAL])
Pl=pl+RL{l}*A
CONT INUE
Fl{l11=PlePlYV
DO 6 1=1,NC
Ull=0.0
ul12=ull
ul3i=yll
ul4=ull
uzl=ull
uzz=ull
DO 5 J=2,K
JJ=Me3-4d
A=0MEGALJJ)
U3l =06%U21-ULL+RLIJJ)I*A
uUll=u2l
uzl=uii
Ula=y22
CONT INUE
FLIT+L)=(D1*UZ1-UIL+RLI{1}*0.51¢PIV

Fl

F2

KF502370

KF502380
KF$02390
KFS02400
KF502410
KF502420
KF502430
KFS502440
KF502450
KF502460
KF502470
KFS$02480
KF502490
KF502500
KFS02510
KF502520
KF502530
KF502540
KF502550
KFS02560
KFS02570
KF502580
KF502590
KF502600
KF502610
KF502620
KF502630
KF502640
KF502650
KF502660
KF502670
KF5026A0
KF502690
KF502700
KF502710
KF5027120
KFS502730
KFS502740
KFS02750
KFS502760
KFS502T70
KF502740
KF502790
KF502800
KF502810
KF502820
KFS02830
KF502840
KF502850
KF502860
KF502870
KF502880
KFS502890
KF5029200
KF502910
KF502920
KF502930
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D1=(CLl*C3)~(C2%04)
D&4=(D4*CLI+(C3*C2)
€3=D1

D6=2.0%01

CONT INUe

CALL SPLOT(NG,Fls2,04W}
RETURN

END
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KF 502940
KF 502950
KF S02960
KFS02970
KF502940
K+5$02990
KF$03000
KFS503010
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o0

102

99

100
106

10

11
20

SUBROUTINE SPLOT{MN;X,NOsDW) KF503020
KF503010

THIS ROUTINE [€ USED TO MODIFY THE RESULTS FROM THE PARZIEN SUBRKF503040

SO THAT THEY CAN B8E GRAPHED BY SUBROUTINE PLOT. KFS03050
KF503060

DIMENSION X(BOO),CUTILOL)»YPRUILLIANG{9),PLT(1600),.Y(800) KFS03070
FORMAT(' PLOT VALLES "o l/B8Fl4.5)) KFS03080
KF503090

INITIALLZE VALUES KFS03100
Pl=3.1415927 KF503110
K=0 KF503120
M=2 KFS03130
IFINOQ«NEL D) GC TO 140 KF503140
00 106 I=1.N KF503150
IF(Xx{1))100,100,+98 KF503160
X(It=ALOGIXtL}) KF503L70
GO TO 106 KF503180
X(I)=-10.0 KFS503190
CONT INUE KFS$03200
DO B I=14N KF503210
PLTII)=1%DwW KF503220
PLTUI+N)=X{1) KF503230
CONT INUE KFS503240
GO 14 20 KF503250
CO 11 I=1,4N KF503260
PLTLIN=1 KF503270
PLTlIeNI=XL(1} KF503/80
CONT INUE KF5032490
CALL PLOUT(NO4PLT A, M,N,0) KF503300
WRITE(3,102) (X{1),I=LeN] KF503310
RETURN KFS03320

END KF503330
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nao [aEa]

(2]

oo

[aXalnl (o]

[aRaRs]

(aFalal

[aFalal

Do PN

200
201
202

10

11

12
14
15

16
18

20
91
92

93
21

SUBROUTINE PLOT(NC,AsNyMyNL,NS)

DIMENSION OUT(1O0L1,¥YPRELL),ANG(S],ALL)

FORMAT{LHL+60Xy TH CHART 413,//7)

FORMAT{Llh sFlle4,SHe 1 101A1)

FORMAT(LIH )

FORMAT(LOH *+015678%)

FORMAT( loAal)

FORMAT(LH 216X4101H. i » . .

L - L]
FORMAT{LHO+9Xs L1F10.4/7)
FORMAT(L1H ,16X4101A1] -

KF503340

KFS503350
KFS503360
KF503370
KFS03380
KFS503390
KFS503400
KFS0341l0
KFS503420
KFS503430
KF503440
KFS03450
KFS03460
KF503470
KFS5034B0
KFS503490
KFS03500

KF503520

FORMAT( LOX,* PLCT OF DATA'])

FORMAT( 10%," FLCT OF AUTOD CORR. FUNCTIGN')

FORMAT( LOX.* PLOT OF SPECTRUM')
.-l-ll--cl-..lho.‘--l.ll-.-l.l--..llll...ll.!nl...l-oc-:u---lQ.-viFSU35LO
NLL=NL

[FINSILE, 16,410
SORT BASE VARIABLE IN ASCENDING ORDER

CO 15 [=1.N
00 14 J=L+N
[Ftall)-AtJ))Il4,14,11
L=1-N
LL=J~-N

DO 12 K=L,M
L=L N
LL=LL#¢N
F=A(L}
AlL)=ALLLY
AlLL)=F
CONT [NUE
CONT INUE

TEST NLL

IFINLL])20+18,20
NLL=50

PRINT TITLE

WRITE{2,1IND

GO TO (91,92,93),00
WRITE(3,200)

GO TO 21
WRITE{3,201}

Gn 70 21
WRITE(3,202)
CONT I KUE

DEVELOP BLANKS AND DIGITS FOR PRINTING

KFS5035130
KFS03540
KFS03550
KFS503540
KFS503570
KF503580
KF 503590
KF503600Q
KFS03610
KFS503620
KFS503630
KFS03640
KF503650
KF503660
KFS03670
KFS03680
KFS036%0
KFS037TU0
KF503710
KFS03T720
KFS037130
KFS03T40
KFS03T50
KF503760
KFS037Tu
KFS03780
KF503790
KF503B00
KF503810
KFS038720
KFS038B 30
KFS03840
KFS503850
KFS503860
KFSO3B 10
KFS03880
KFsS03d90
KFS03900

201



[aEalal [aNala

(=B okl

[aEslgl oa0O0O

[a¥sNal

26
28

30
40

45

51
55
5T

&0

70
80

8%

86

REWIHD &

WRITE(4,4)

REWIND &

READ(4,S5)IBLANK, [ANGII),[=1,9)
REWIND %

FIND SCALE FOR BASE VARIABLE
XSCAL={A(NI-ALLIY/{FLOATINLL=-1))
FIND SCALE FOR CROSS VARIABLES

Ml=N+1

YMIN=A{ML)

YMAX=YMIN

M2=M=xN

D0 40 J=M1.,H2
IF(ALJI-YMIN) 2Bo2E, 26
IF{ALJ)-YMAX}40,4C,30
YMIN=ALJ)

GD TO 40

YMAX=A{J)

CONT INUE .
YSCAL=([YMAX-YMINI/100.0

FIND BASE VARIABLE PRINT POSITION

xB=A{1}

L=1

PY=M-1

I1=1

F=I-1

XPR=XB+FAXSCAL

IFLA(L)I-XPRISLs51ls 70 THIS CARD HAS BEEN REMOVED

FINO CROSS VARIABLES

DO 595 IXx=1.,101

DUTOIX) =BLANK

DC 60 J=Ll.MY

LL=L*J%N

JP={ (A{LLI-YMIN)/YSCAL)I* 1.0
QUT(JP}=ANG(J])

CONT INUE

PRINT LINE AND CLEAR, UR SKIP

WRITE(3,2)XPR,{QUT{12),12=1,101)
L=L+]

GO TO 80

WRITE(3,.3)

T=1+1

IF{I-NLL)45,84,86

KPR=A{N)

GO 70 51

PRINT CROSS VARIABLES NUMBERS

HRITE{3,7)
YPRIL)=YNIN

202

KF5013910
KFS023720
KFS03930
KF503940
KES03750
KFS03960
KFS03910Q
KFS03980
KFS03990
KFS$04000
KFS04010
KFS04020
KF504030
KFS04040
KF 504050
KFS04060
KFS04070
KF 504080
KF504090
KF5U4100
KF504110
KF$04120
KFS04130
KFS04140
KF504150
KFS04160
KFS04170
KFS041B0
KFS04190
KF 504200
KFS04210
KF504220
KFS$04210
KF 504240
KF 504250
KF504260
KFS04270
KFS042B0
KFS04290
KF 504300
KF$04310
KFSU4320
KFS04330
KFS04340
KFSG4350
KES04360
KFSU%370
KFS043BO
KES04350
KFSU4400
KF504410
KF 504420
KF504410
KFS504440
KF 504450
KF5046460
KF 504470
KFS04480
KFS04490
KF 504500



0

DO 90 KN=L,9
YPRUKN+1I=YPRIKNI4YSCAL*#L0.0
YPRIL11)=YMAX

WRITE(3,8) (YPRIUIR)yIR=1,11)
RETURN

END
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KF504510
KF504520
KF 504530
KFS0a54U
KES04550
KF 504560
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Simulation Programs
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SIMULATION INPUT VARIABLES

The required input variables for both the compartmentalized and

non-compartmentalized vehicles programs are the same, except for

parameters defining the number of vehicle compartments and the size

of the compartments.

The first card is a control card containing the

following variables in the specified format:

NSTAT

NV

NC

NT

NSP

NVP

ITIM

IcH

1RPT

IX

Number of stations, format I5.

Number of vehicles, format I5.

Maximum number of coefficients in the models, including

the constant term and the standard error of estimate,

format

Number

format

Number

Number

format

Number

format

I5.

of periods represented by terms in the model,
I

of different models, format I5.

of station parameters read into the model,
I5.

of vehicle parameters read into the program,
15.

The time length of the simulation run, in days, format

15.

Switch

0 - No

for echo check, format I5.

echo check.

1 - Echo check.

Number

of days in a report period, format I5.

Seed value, format 110.
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NSFTS - Number of shifts in an operating day, format I5.

The following tow cards contain descriptive elements of the system:

CR

Cp

CcC

Ch

COP

CLT

DF

UF

CTUN

CTLD

There follws

the models.

Cost of regular gasoline at the terminal, format F10.4.
Cost of premium gasoline at the terminal, format F10.4.
Carrying cost (yearly % of product cost at the station),
F10.4.

Driver's hourly wages, format F10.4.

Vehicle maintainence cost per mile of operation, F10.4.
Vehicle operating cost per mile of operation, F10.4.
Cost of taxes, licensing, and insurance for an 8000
gallon capacity vehicle, per year, format F10.4.
Vehicle loading rate, F10.4.

Delivery factor, F10.4.

Utilization factor, F10.4.

Constant time associated with vehicle unloading, F10.4.

Constant time associated with vehicle loading, F10.4.

one card for each of the periods represented by terms in

Each card contains the number of days in one of the periods.

These cards should be in the order of the periods' appearance in the

models:

P(J)

The next set of cards contains the model coefficients.
may require several cards.

COF(L.J) - The JEP

The

next sct ol

- Number of days in the Jth periodic term, F10.4.

Any single model

Each different model must begin on a new card:
L . th

coefficient ol the 1 nodel, F10.4.

Each vard con-

cards consists of 1 card for cach station.

tiains three picces of data:
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IT1(I) - Station site type code, I2.

1

Interstate.

2 Business.

3 - Residential.

4 — Shopping center.
ST2(1,1) - Regular level adjustment, F10.4.

ST2(1,2) - Premium level adjustment, F10.4.

The next set of cards define the input parameters for the statiomns,
which are stored in the SMEBM matrix. As with the model coefficients,
any number of cards may be required to input all parameters for a given
station. Each different set of station parameters must begin on a new
card:

th th e

SMRM(I,J) - The J  parameter for the I station, F8.2.

The next set of cards define the input parameters for the vehicles, which
are stored in the VMRM matrix. More than one card may be used for each
vehicle, if required, however each new set of parameters for a different
vehicle must begin on a new card:

th th .

VMRM(L,J) - The J parameter for the I vehicle, F8.2.
The next set of cards provide for the input of the distance matrix. The
lower triangular matrix of distances is read in. Each row of the matrix
begins on a new card. Continuation cards for a given row may be used.
The first column in each row represents the distance from the terminal
th

to the I station:

; th . th .

DIS(1,J) - The distance from the J point to the I point, F&4.1.

Similarly, the final set of cards inputs the travel times for each link

in the network of the stations and the terminal:

tl
TIM(I,J) - The time required to travel from the Jth point to the I t

point, F4.1.
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c KF 500000
C THE MAIN PRUGRAM READS [N ALL INITIAL VALUES OR PRESETS THEM FOR THEKFS0001U
c BEGINNING OF THE SIFMULATIUN, AS WELL AS KEEPS TRACK OF TIME AND THE KFSU00Z0
C CURRENT EVENT, KF 500030
c KF500040
COMMON SMRM(25,18), VMRM(10,16}s X(10), XHILO), XX(10), Y[101, YH(KRF500050

1101y ¥Y(10)}, COF(10425), IT11251y ST2(2542)s NSTAT, NV, NWRIT, NREKFS00060

ZANy RLy RU, GFy UFy CTUNy CTLC, TUNT, NDEFC, NSFTS, SHTRs SHTP KFS000 70
COMMON/NTWE/TIMI25425), DIS(25+25), SSAVI2592%), CM(25,25), OFILEIKFS500040
12,251y NPRI2S) KFSUCQ4yu
DIMENSION PILZ0O) KFS001G0

C KFS00110
C INITIALIZATION . KESOOL 20
C KFS0O0130
NREAO=S KFS00140
NWRIT=6 KFS00150
PI=3.1415927 KFS00L60

00 5 I=1,25 KFS00170
NPREI)=D KF500180

DO 5 J=1,18 . KFS5001140

5 SERMIL1,J0)=0.0 KFSa0200

DO 10 [=1,25% KES500210

po 10 J4=1,25 KFSU0220
TIM([4d)=0.0 KFS002 30
DIStI+40=0.0 KF500240
5SAVIE,4)=0.0 KFSU02%0

10 CHM(1,4,J1=0.0 KFS002460

no 15 1=1,10 KFS002 70

DO 15 J=1,16 KFS00200

15 VYMRMI{I+J4)1=20.0 KFS00240
TUNT =040 } KFS00300

LRT=0 KFS003410
NOEFO=Q KFS00320
SHTR=0,0 KFS00330
SHTP=0,0 KF500340

c KFS0G350
[ READ IN DATA . KFS00360
c KFSUQ3 o
REAN{NREAD, 1000} MSYTAT, NV, NC, KT, NM, NSP, NvP, ITIM, ICH, IRPT RF500 351

11X, NSFTS KFS0Q3490

1000 FORMAT{L01S54110,1%) KFS00400
READINREAD,LUO05) CR, €P, CC, CD, CMT, COP, CLT, RL, RU, UF, UF, CIKF500410

1UN, CTLD KFSUG4 70

0G I7 Jd=LeNT KFS004 30
XH{JP=0,0 KFS0Q4 41,
YH{J)=].0 KF500450
READINREAD,100S5) FLy} KFSU04L0
X{JI=SIN(2.%P1/P(J)) KF500470

17 Y(II=COSIZ.*PL/P(J)) . KFSOG4H0

CO 18 [=1,NM KFS500490

18 READ(NREAU,I005MICOF(I,J)sd=1,N0) KFS00500
1605 FORMAT(BFL(0a%f KF5005:0
LD 19 [=LsNSTAT KFS0Qs20

19 READ(NREAD,LOO6) ITL(I), ST2{L.1), ST2(1+2} KF5005 v
1606 FORMAT(1Z,2Fi0.%) KFS00540
CO 20 [=14HSTAT KFS005490

20 READINHREAD,1020V(SMRMITI,J)1¢Jd=1,NSP) KFS00%60
1020 FORMAT{10FH8a.2} KF 500570
CO 30 [=1,NV KFSO00LB0

30 READINREADLU20) IVMRMA T ¢ JYed=LRVP] KFS0G59d



acon

C
C

[0X=1 KFS00600

00 40 I=1,NSTAT KF500610
READ{MREAD,1030)(CISII4J),J=1,1DX) KF500620
1030 FUCRMAT(20F4.11 : KFS00630
40 INDX=I0X+1 KFSUQ640
10x=1 KF500650

pQ 50 I=14NSTAT KF500660
REAQD[MNREAD,LO30Y (TIMII,J)+d=1,10K} . KF50067T0

50 IDX=I0X+1 KF500680
KFS00690

CALCULATE SAVINGS FCR CLARKE AND WRIGHT PROCEOURE IN TERMS OF THE TUKFS007Q0
TAL TRANSPURTATION COST KFSOO0T10
KFS007T20

Tux=1 ; KFSUO0T30

DO 65 T=1,N5TAT KFSO0/740

NO 60 J=1,I10X KFS500750

60 CMIT,J1=CDETIM{L,J}+{CMTCOPI*DISIL,T) KFS0075U
&5 I0X=10X+1 KFS500770
JOX=NSTAT-1 KF500780
10X=1 KFS00790

DA 75 J=1,JDX KF5008C0

po 70 I=I0X,J4DX KF500810
SSAVII, JI=CM{J 1 }4CHMIT¢L,1)-CHLI+1,d+1) KFS00820

70 CONTINUE KFS00B30
75 IDX=10X+1 KFS500840
KF500850

ECHO CHECK KF500860
KF5008170

1F {1CH .EC. 0) GC TOD 3CO KFSO0HBO
WRITEINWRIT, 10401 KF5008%0
1040 FDRMAT(LHL,5uX,* ECHO CHECK OF 1NPUT DATA ,/77) KF500900

WRITE(NWRIT,1050) [TIM, NSTAT, NV, MSFTS, NSP, NVP, NM, #C, NT, [XKFS009L0

1050 FORMATIZ,19%,' TOTAL SEMULATED TIME *,05,% (AYS®,/, 19K, " MUMBER (IFKF5009720
I STATIONS',[64,/,15X," NUMBER OF VEHICLES *313,/,09%," NUMHER UF SHRF50U9 30
2IFTS "y 1 3,/,19%," NUMsck OF STATICN CHARACTERISTICS INPUT ', 13/, IKFLUUTAD
39xX,' NUMBER UF VEFICLE CHARACTERESTICS INPUT ',13,/,19%,* NUMBER ORESNUS O

4F FOUELS *¢[3,/,16X,' NUMBER UF PMOGEL TERMS *4[3,/,19%,' NUMBER UFKF500940

5 TRIG. TERMS *,013,/,194," SEED VALUE L1100 KFS009 70
WRITE(NWRIT,1060) CR, CP, CL, CD» CMT, COP, oL KFS500980

1060 FORMAT(/,19X,' CusT OF REGULAR GASULLINE AT THE TERMINAL *,F6.3,' PRFLGUYY0
LER GALLUN',/,19X," COST LF PYEMIUM GASOLINE AT THE TERMINAL ',Fé&,3KF50u100U

24" PER GALLUN'y /418X, INVENTORY CARRYING COUST {T PRODUCT COST) "LKFS01ULD
3IF&.3,"' PER YEAR',/,19%,' UDRIVERS WAGES "sF6.3,* PER HOUR',/,19%," KFSUluZu
4VEHTCLE MAINTAINERCE COST *,F6.3,' PER MILE's/ 419X, VEHICLE OPLRAKFS5010L30
ETING CDST "sFbe3s" PER MILE® s/, 19X, TAXES AND LICENSING *yFH.2," KF501040
6PER VEHICLE PER YEAR'] KF%01050
WRITECNWRIT.1065) CTLDy RLs CTUN, RU, Df, UF KFSULlU060

1065 FORMAT(/,L9%X,' CUNSTANT LOADING TIME® yFbe2y* HOURS',/, 19X, " LUADINKFSQLlU 70
LG RATE ",F6.2," GFM',/,19%,"' CONSTANT UNLOADING TIME',F6.2,*' HOURSKFSOLO&U

2% ,7+19%," UNLOADING RATE*,FT.24" GPMY ,/,19%," DELIVERY FACTOR®,F&.KiS01U490

33,/,19%, " MINIMUM LUADING FACTTOR "yFba3) KF501 100
WRITE(NWRLIT,1070) KFS0L110

1070 FORMAT I/ /454X, MLDEL COEFFICIENTS /) KFsOll2u
WRITE(NWRIT,L079) (Jyd=1sNM) KFS01l130

1075 FORMAT (5X,* COEFFICIENT 37X, 10012+8X) /) KFSO1140
Lo 110 Jd=1eNC KFSOL15%0

110 WRITE(NWHIT,L0BO) J, (CUOFLI,J),0[=1,NM) KF501Ll6U0
1080 FTURMAT(10X,12,8X,10F10.4} KF5011 /0
WRITE(NARET 1090} KFS01180

LO90 FURMATULHL//40X," INITIAL VALUES FUR TRIGUNOMLTRIC FUNCTIUNS',/IRFSOLL90

209



210

WRITE(NWRIT,1092) KFs01200
1092 FORMAT(LLX,?' PERICD* 315X, *SINEY, 14X, " INITIAL" 414X, COSINE',14X, " [NKF501210
LITIAL® 37+30X,* INCREMENT®,10X,"SINE VALUE®,L11X,*INCREMENT", 10X, 'COKF5012:0

2SIMNE VALUE', /| KF501230

0O 120 J=1,NT KF501240

120 WRITE(NWRIT,11000 PlJY, X{J}y, XH(J)y YIJDy YHIJ) KFS0l250
1100 FORMAT(LLX FBeby 12X FBathglZXsFlatyp 12X 4FBatsl2X,F8ak) KFS01260
WRITE(NWRLIT,1110) KF501270

LL10 FORMATL//,20%,* STATION v,13%," REGULAR CONSTANT *,13X,*KF501280
1 PREMIUM CONSTANT *,/,1BXy" NUMBER',2X,'TYPE',/) KF501290

DO 130 J=1,NSTAT KFSUL300

130 WRITE(NWRIT,11200 Jy ITLIJ)y ST2HJs1)y S5T2{Js2} KFS0l3l0
1120 FORMAT(ZIX 1244Xy12426X4FFate26KF04) : KFS501320
NSP1=NSP-1 KFS0U1330
WRITE(NWRIT,1130) (Jyd=1eNSPL} KFS501340

1130 FORMAT(LHL +/7,39X,* STATION MASTER REFERENCE MATRIX *,./,10X,' NUMBKF30l350
1ER Y, 5%, 12,81aX, [2),4/) KFSOL360

CO 140 1=1,NSTAT KFSOLATO

140 WRITE(NWRIT,1140) (SMRM(I,J),J=1,9] KFSUL3BO
1140 FORMATISK,FLlQ.0y2%(BFL1042) KF501390
WRITEINWRIT,1150) (Jed=LeB) KF501400

1150 FORMATL//,39K,* VEHICLE PASTER REFERENCE MATRIX*,/,10X,* NUMHER',5KFSUlaly
16, 12.B(8X,121,/) KFSUla20

CO 150 1=14NV KFS0L1430

150 WRITEINWRIT,1140]1 (VMRM(L,J), J=1,91 KFSUL440
WRITE(NWRIT,1160) KFSOL450

1160 FORMATC(IHL.//7,57X,* DISTANCE MATRIX ') KFS0l460
10x=1 KFS01470

D0 160 I=1,NSTAT KF501480
WRITEINWRIT,L170) (DISC(L,31, J=1.10X) KF501490

1170 FCRMAT{25F5.1) KFS01500
160 IDX=10X+1 KFSO01S510
WRITEINWRIT,1180) KFS01520

L1180 FORMAT(//459%Xs' TIME MATRIX ') KF 501530
10%=1 KFSU1540

DO 170 I=L,NSTAT KF501550
WRITE(NWRIT, 1190} (TIMILsd4)y J=1,1DX} KFS0L560

1190 FCHMAT(25F5.21 KFS0L570
170 IDX=IDX+] KFSOLI5B0
WRITEINWRIT,1200) KESCLSYD

1200 FORMAT(LHL ¢//,59%,' COST MATRIX *) KF5016GU
1ux=1 KFSOLB10

00 180 I=1,NSTAT KFs01620
WRITE(NWRIT,1190) (CMILl4ddsd=1,10UX) KFSUL630

180 IDX=1NX+1 ‘ KFS01640
WRITE(HNWRIT, 12101 KF501650

1210 FORMAT(//7,57X," SAVINGS MATRIX ') KFS0166U
10x=1 KFS$0l6fu
INOX=NSTAT-1 KES5016860

D0 190 1=1,1NDX KFS01690
WRITEINWRITL1190) (SSAV(I.J), J=1.10X%) KFsUulToo

190 1DX=IDX¢1 KFSULT10
300 CONT INUE KFSOL720
RU=RU*60.0 KFSULT3U
RL=RL*60.,0 KFSULT4U
RPTP=IRPT KFSOLTS0
RPTP=RPTP/ 365, KFS0LT60
CC=CC*RPTP KFSOL770
CLT=CLT®*RPTP KFSO17HO

KF50L790



c

EVENT SCHEDULING ANLD MUNITCRING

100

210
220

200

I=1

1DX=T1/IRPT

[0X=1-TUX*[RPT

CALL STDAYULI NC,NT MM, 1X)
IF {IDX .EC. 0) GC T4 210
GO TU 220

CALL RPURTI1,CR,CF,CC+CDsCHMT,COP,CLT,LRT,IRPT}
IF (I «EG. ITIM) CO TQ 200
I=1+1

GO TO 1uo

CUNT [NUE

sTCP

END

211

KF301800
KFS01u810
KFS01d20
KFS501830
KF501840
KF50185%0
KFSO01860
KF501A470
KF5018b0
KFSD1890
KF5014900
KFSO01910
KF$01920
KFS01930
KFS5014940
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SUBRUOUTINE STOAY (I4NCoNT,NM,IX) KFSJ1950
KFS01960

THIS SUBROUTIMNe MAKES THE DAItY FORECASTS AND UPDATES THE PREDICTED KF501970
AND ACTUAL IAVENTURY STATUS FD2 EACH STATIDN. THE PREUICTED AND ALTURFS019E0
AL STATUS AKE LHECKED AGAINST SAFIEY LEVELS TD DETERMINE THE bAY'S KFS501940
DEL IVERY Fllce KFS02000
KFS02010

CCOMMON SMRM{25,1B), VMRM(10,16), X(10), KH{10)s XX(101, Yi10), YH(KF$02020
1100, YYCULO), COFU10425), [Ti(25), ST2(25,2), NSTAT, NV, NmRIT, NREKFS02030

2AD, RLy RUy CFy UFy CTUW, CTLD, TUNT, NDEFO, NSFTS, SHTR, SHTP KF502040
CCMMON/HTWK/TIMI25,25), DIS125,251, SS5AVI25,25), CML25,25), UFILE({KFSU20%0
12,25), APAIZY) KFS5020L60
DIMENSION VCM(30)s TOT{10}es RN{2)s WEDM(25,4) KFS02070
10X=10/7 KFS502080
InxX=1-10x*7 KFS02090
PI=3,1415927 KFS502100
IF {IDX .EC. 0) GC TO 8 KF502110
KFS502120

RESET VEHICLE DAILY MILEAGE TOTALS, UPDATE INVENTORY RECDRDS KFS02130
KFS02140

LO 1 J=1l,NV KFS502150

1 VMRM{J,14)=0.0 KF502160
CO 2 J=L.NSTAT KF502170
IF {NPR(J} oEQ. 4) GO TO 3 KFS5U2160
NPRL J)=0 KFS021L90

3 SMRMLJ, 10)=SMAM(J,10)+5MRMIJ,B) KFS02200
2 SMRM(J,L1)=SHRM{JsLlL)+SHRM(I,9) KFS02210
00 7 J=1,2 KF5022.0
DO 7 JX=1,NSTAT KF502230

7 OFILELSJX})=0.0 KF 502240
GO 1O Lo KF502250

8 DO 9 J=1,NSTAT KF502260
SMAM(J,10)=SMRM{J, 101 +SHRMII, E) KFS02270
SMRM[JyL1)=S5MRM{Jy L1 I+SMANIJ,49) KFS02280
SMRM(Jygb)=SMRM( J,E)=WEDMIJWE] KFS02290
SMRM [ Je # =SMRMIUJ, T)-wEDM(Js2) KFS502300
SMRM{ J,8)=SKRMUIJ,E}-nEOMLI,3) KFS02310
IF [SMRM(J4B) +GTe 0.0} GD TU 4 KF502320
SHTR=SHTR=-SHRMIJ,E]) KFS02330
SHMRMIJ,8)=0.0 KFS02340

4 SMRM{J,9)=5FRMIJ,S)I-WEDM(JI,4) KF50235%0
IF (SMRM(J,%) «GTe C.0) GO TO 9 KF50236L0
SHYP=SHTP-SMRM(J,S) KF502370
SMRM[J,9)=0.0 KF5021380

9 CUNTINUE KES021490
GO TO 120 KF502400
KFS502410

SET UP ITERATIVE SIh - COS ROUTINE KFS02420
KES02430

15 N0 10 J=1NT KF 502440
XXLJ)=XHEJ)ISY LI+ YHI I & (2) KFS50245%0
YYiJI=YHUJI*Y(JI-XH(J}*X{J) KFS502460
XH{J)=XX(J] KFS02470
10 YHIJ=¥Y(D) KFS02480
KF$024490

CREATE MULTIPLIER VECTOR KF502500
KF 502510

Do 20 J=1,30 KF5025%:0
20 VCM(J)=0.0 KF502530

Si=I*1 KFS0UZ540
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10

15

40

50

(2% alel

oo

55

(]

VCHMI1)=1.0

vCrL2)=1

VEM(3)=51/10000.

JoxX=4

£0 30 J=1,NT

VCHLIDX ) =XX T4}
VENLIGX+ L) =YY {d)

JOX=JnK+2

IF (10X .EG. 0O) GC 70 35
VCM{l6+10X1=1.0

CUNT [NUE

CO 40 J=LoNM

TAT{J11=0.0

£O 50 JX=L1,NN

00 50 J=1,22
TOT(IKI=TUT (XD EVEM{SICUFL X d)
DC 70 J=1,4STAT .
DRE=TOT(ITL(JII+STZ0I1)
CPE=TAT(ITL(JI+NM/2148T200,2)

GENERATE YRANDOM® VARIATIUN

Na 55 Jk=1.2
IY=1x#65339
IF LIY) Sebeb

[Y=1Ye21a{48364T+1

YFL=1Y

YFL=YFL#*,646%00613:-9

1X=1Y

I:tt!1.—YrLl#tt-.lbz1H1-1.!‘*.205l?—(YrL**t—.152391—1.!!*.205L?!!.
13240

RULIX)=Z#COFLJX®ITLCDL,N0)

C UPUATE STATUS, CHREATE URQOCA FILE

o

S4

a7

IF 1INX JEQe Q) 6C Td 65
LRA-DRFE+RYIL)

1LPA=UPF+RNL2)

1F [DAF LLE. 0.Q) NRF=0.C

[F (NPF +LE. 0.0) DPF=0,0

IF (DRA +LEe QaU) DRA=D.LO

[F (MPA JLYe 001 OPA=1LG

SMRM (J, & b= SHRM (D, € }-1IRF

SMIM [ Jy [) =SMAMIJ, 7V -LAF

SMRM [ J, ) =SMIMIJE)-DRA

[F (skaMld 8]l OTa 0.0) GO Td 58
SHTR=SHIH~-SMHM(J,E)

SMRM{ Jefil =Ga G

SMEMI J, U )=SMRMIJ,CI-0OFA

IF (SYRM{J,9) oGTa 0.0) €U TO 54
SHIP =SHIP=SMRM(J,%)
SMRM ([ J491=0.0
SMRM{JeLT)=SHRNM{Je 171 +URA

SMAM([ 3,181 =5MRMLJ. LEILLPA

IF (NPR(JI <NEs %) GU TU 57
SMRM{JsL2)=SMRMIJy12)2],

NPR{ JY=2

GJ T &0

IF [ISHMRMIJ.6)-SMRMIJ, 40} JLE. Ca0F NPR{JI=L
IF (ISMRMUEI, TI-SMEMID,591) JLE. UteU) NPREJI=1

KFS5025950
KF502560
KF5025T0
KFS02540
KF5025%70
KFSD26GU
KFS502610
KF%02620
KF502630
KFS02640
KF302650
KFSU2660
KF5026 10
KFSu2bs0
KFS5026490
KF$02700
KFSuzTl0
KFS02720
KES502730
KF 502740
KFSUZ150
KFS02T60
KFS027170
KFS50Q2780
KFSU2190
KFS02R00
KF502810
KF502d20
KFSOZR30
KE SUZB4U
KF502850
KF502860
KFS50287T0
KFS02B80
KES028490
KF$02900
KFS02910
KF5029:0
KF502930
K+502940
KFS502950
KFS02960
KFSR277T0
KF502980
KFS0290
K# 503000
KFSUILO
KFSDI020
KFS03030
KFS03040
KFS03050
KFSL3INLD
KFS03070
KFSU30B0
KF503090
KFS03100
KFS03110
KFS03120
KFSO3L 3D
KFS03140
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C
C
C

60

DETERMINE SUNUAY DEFMANU FOR CREATION OF SATURDAY ORDER FILE.

65

70

75

90

100
Lo
120

IF (NPR(J) 40T 0O) GO TO 60

IF [ISHRMIJs8)-5MRMIJ+4)] LLE. Du0) NPRIJI=2
IF ({SMRM{JyF)=-5MFMIJ45)) LLEe 0.0) NPALJ)=2Z
IF (NPRIJ) «EQe 0) GO TU 7O

OFILE (L JI=SHRM(J,2)-5MrM{J,81}
CRILEL2,J)1=5SKAM{J,3)-5SMrN(J,9)

SHHMI g4 L2 =5MRM(J,12)¢].

GO 110 70

OFILEN] 4 ) =SMRM[J42)=LSMRM{J,6)+TRF)
UFTLE(2,J)=SMRM{J43)—(SMRM[J,T}+CPF}

GO TGO 70

CRA=DRE+RN(L}

OPA=DPF+RNI(2)

IF (DORF .LE. 0«0} DRF=0.0

IF (DOPF .LE. 0+0) OPF=0.0

IF {DRA LLE. 0.0} DRA=G.D

IF (DPA LE. 0.0) DPA=0.0

WEDPMUJ, L )=DRF

WEDM(J,2)=0PF

WEOM{ Jd,3)=0RA

WENMLJ,4)=0DPA

SMRM(J, 1 7)=SHRM(J,17) +WEDM (U, 3)
SMRM(J,18)=SMRM(J,1B) +WcDMLdys4)

CONT INUE

IF (INDX .EU. O} GC TO 175

[F (UK .NE. 61 GC TQ 110

IDX=0

GO 10 15

DO 100 J=1,NS5TAT

IF (NPR{J) «NE. 0O) GO TO 100

IF ({SMRMIJ,6)-WETCMI{Jp LI -SMRM{J44)) oLE. 0.0}
IF ({SMRMIJy TI-WEEMI I, 2} =SMRMIJ;5)) 4LE. 0.D)
IF (NPR[J) +GTs U) GO TO 90 J

IF ((SMRM(JeBI-WECHMIJy I =SMRK(Jy4lT oLE. 0.0
IF (USMAMIJIFI-HECMIJ,4)-SHRM{J35)1 JLE. 0.0)
[F (NPRUJ) otWs O} GO TU LOU

QFILE( ] J)=SHRM{J,2}=5MRN(J,8)
OFILEC24J}=SMRM[ 2, 3)=SMRM[J,9)
SMRM[J,12)=SMRM{J,12)+L.

GO YO lo0

OFILE(]4J)=S5MRM[J,+2)-SMRM(1,6)
QFILE(2,J)=SMRM{J,3)=SMRMIJ,T)

CONTINUE

CALL ROUTUID

RETURN

END

NPRIJ)=]
NPRIJI=1

NPRIJI=2
HPRIUJ1=2

KF50131150
KFS03l160
KFSO3LT0
KFS03160
KFS03190
KFSU3200
KFS03210
KF503220
KF5032130
KFS03240
KF503250
KF503260
KFSu3270
KFS03240
KFS03290
KFS503300
KFS03310
KFS03320
KF5033130
KF5031340
KF3503350
KFS03360
KF503370
KF503340
KFS031390
KF503400
KFS03410
KF503420
KF5034130
KFS03440
KFS03450
KFS034660
KFS03470
KF5034H0
KFS013440
KF3014500
KF50 14910
KFS03520
KFS03% 30
KF5014540
KFS03%50
KF503560
KFSU3ST70

KF503600
KFSU3610
KF503620
KF503630
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SUBRQUTINE ROUTII)

COMMON SMRM(Z5,18), VYMRM{LO,161, X{101, XHt(10), XX(101, Y(10),
110}, YY(LO), COF{10,25), 1720250 S5T2(25+2)ys NSTAT, NV, NWHIT.

2AD, RL, RUy DFy UF, CTUN, CTLDs TUNT, HEFOy NSFTS, SHTHR, SHIP
COMMON/NTWK/TIMU25,25), DIS(254+25), SSAV(Z25,25), CM{25.251),

1242501y NPRI(25S)
DIMENSIUN SAV(25¢25), [NIDX{25),y [RQUTI25+%},
15), IV{25), XFILE(2,25), RTOIS(25), OVT(10)
SFTN=NSFTS
00 2 J=1,2
DO 2 K=1.NSTAT
XFILE(JyK)=0.0
2 TLDADIJ,K)=0.0
DO 3 J=1,NSTAT
3 RTUIS{II=2.%DIS[J,1)
00 4 J=1¢NV
4 OVTLJ)=0.0

INITIALIZE SAVINGS FATRIX

DO 5 J=1,NSTAT
CO 5 K=1,NSTAT
5 SAV(J.K)=5SAV(J.K)

ESTABLISH INDIRECT INDEX

JNDX=0
00 20 K=14NSTAT
IF {NPR(K) «NE« D) GO Tu 10
GO0 TO 20
10 JNX=JnX+1l
INIDX[JDX) =K
20 CONTINUE
IF (30X .EQ. O) GC TO 305
00 30 J=149STAT
DO 30 K=l.4
30 TROUT(J,k)=0

TLOAD{Z+25),

215

KFS$03660

YH(KF 503650
NREKF501660

KF503670

GFILELKFS03%EY

KF5036%90

RITIMI2KFSOTI0U

KFS03T10
KFS03TZ0
KESOIT30
KF503740
KF503750
KFS03760
KFS03170
KF503780
KF503790
KFS503800
KFSO381l0
KFS03820
KF503B3U
KF503840
KFSU3IBY0
KF 503860
KF40387T4
KFSUG3IARBO
KFS038%0
KES03300
KFSO30
KF SU3e g
Kt 503930
KFS0)3940
KFS039%0
KF$03960
KF503970
KF 503980
KF503990
KFS04000
KFS04010

THIS SECTION MAKES YHE INITIAL ALLOCATION OF VEHICLES TO SINGLE STATKFS040LZ0

ION ROUTES

K=0
50 K=K+1
CO 40 J=1,J0X
INIDX=INIDKLJ)
LOAD=0
IF {(OFILElL,JNIDX) JLE. (UF*VMRM{K,5)]1) +AND.
1. [UF*VMRMIKs+6)1)]) GU TU 40
IROUT{JNIDX,L)=2
IROUTLINIDX 21 =-9
IROUT (JNIDXy 31==Y4
TROUT (JINIDX 24 )=INTDX
S1 IF (OFILECL,JNILX) JUE. VHMRM(K,5)) GO TO 70
TLOADC L, JNINKI=UFTLE( L JNIDX]
XFILELLyJNIDXI=UFILE(L,JNTDX]
OFILE(L,JNILX1=0,C
IF (OFILEIZ2,JNIDX) JLE. VWMRMIK.6)) 4O TOD 90
TLDAD(2,JHIDX}I=0FILE(2,INIDX)
XFILE(2, JNIUX)=0FILE(2,JNIDX]
OFILEN2: JNIDX}=0aC

({UFILE(2,JN1DOX)

KFS04030
KFS04060
KFS0405
KF 504060
KF504070
KFS04080
KFS04090
«LEKFSO41U0
KFS04L1l0
KFS0&120
KFS04130
KFSU4140
KF50%1%0
KF504160
KESQ4LIO
KF 504180
KF504190
KFS04200
KFS504210
KF504220
KFS04230



55

a7

56

T0

15
17
8
90
100

80

85

110

109

115

114

116

IF (NPRUJNIOX) oECe 2) GO TO 110
TTLOD=TLOAD(L » JNICX)4TLCAG(2,JNICX])

ATTIMIJNIDX =2 %TTM{INIDX, 1+ TTLUD/RL*TTLOD/RU4CTUN4CTLO
IF ((VMRMIK, 14)+RTTIMIJNIDN)) .LE. VMRMIK,2)) GU TO 56

K=K+l

IF (K +GTe NV) GO TG 57

GO 10 55

NCEFO=NDEFQO+1

TROUT L InILX,1) =0

IROUTLJNIDX,21=0

NPR{JNIDX) =4

GO TO &40

IVIINIDX)=K

YMAM (K, 9 )=VMRMIK,S)+1.

YMRM{K,10)=¢YMRM(Ky10) +RTCIS[JINILX)

VMRM (K, 14)=VMRM{K,14)+RTTIM{JNIDX)

GO TO 40 )

TLOAD(L , JNILXI=VMFMIK,5)

IE ((OFILELL,JNIDX)%UF) .GT. VMRM(K,5)) GO TO 80
OFILE[1,JNIDX)=0F TLECL,UNIDX)=VMRM{K,5]

IF [OFILE{2,JNICK) «GT, VWMHMIK,8)) GO TO 90
TLOAN(2 4 JNIOK)=0OFTLE(2 ¢ JNTUK)
OFILE(1,JNIDK}=0.C

OFILE(2,JNIDX=0.C

GO TO 110

TLOAD( 2, JNTOX) =VMRMIK 6]

IF ((DF*GFILELZ,JNIDX)) 4GT. VMRMIK:6)) GO TO 100
GO TO 71
UFILE(z.JN[UKI=DFTLEEZ.Jh[Dxi-VHRHlK.bl

GO TO 110

UFILE(L ¢JNIDX)=OFILEC L ININX}-VMRMIK,5)

IF [AFILE(2,JNIDX) «GT. VMRMIK,6)) GO TU B85
TLOADI2, UNTIDX)=UFTLEL 2, JNIDX)

GO TG 78

TLOADI2 y JNIDXI=VHMRMIK 46)
OFILE(2,dNIDXI=0FILEC2,JRINX) -TLCAD(2 4 JNIDX)
TTLOD=TLUACI Le JNICX) #TLGADL 2, JNIDX)

TTIM=2 ¢ TIM{INILR 1) +TTLGL/RL#TTLOD/RUFCTUNSCTLL
RTTIMUINIDX)=TTIM

TE (LVMRMIK, 2)=YMRM(K,14)) .LT. TTIM) GO 7O 115
VMRMIK, 14 }=VMRMIK 1o ¢TT M

IF (TTIM oLE. VMHM{K,T}) GO TC 109

VMRM (K, B1=YMRM(K, £+ TTIM-VYMRM(K, 1]

OVT{K I =UVT (KT +TTIM=-VMRMIK, T)

VMRM (K ,91=VMAN(K S I+1a

VMRM (K , 10} =VMAMIK L) #RTDISCINTOXE

VMRMAIK, 1L)=VHHMIK, 110 +TLUADLL , IJNIDX )+ TLOADL2,4 INIDX)
CO TO L16

K=K¢1

[F (K GTe NVI GO TO 214

GO 7O L11L

NOEFU=NUEFOU+1

IROUT (JNELX, 1)=0

TROUT (JINICX,2)=0

NPREINTUX) =4

GO TO 4U

SMARMIJINIDX 4 L& 1=SMAMIJNIUDX 1 4) ¢ 1.
ACEPTR=SMRMIJINIDX 42 ) —LMRM [JNIUX,8)
ACEPTP=SMRMIJNIDKy 3)-SMRM{JNIOX,9)

IF [ACEPTR oGt« TLOADIL,JNI0DX)) G TU 117

KF504240
KF504250
KFS04260
KFS04270
KFS04280
KF504290
KF504300
KF504310
KF504320
KFS04330
KF504340
KF506350
KFS04360
KF504370
KFS5043E0
KFSU4190
KFS04400
KF504410
KF504420
KFS046430
KF504440
KF504450
KFS04460
KF504470
KF504480
KFS04490
KF504500
KF504510
KFS04520
KFSO4% 30
KF 504540
KF504550
KF504560
KFS04570
KF5045080
KF50454%0
KF504400
KF504610
KFSO4620
KFS04610
KFS04640
KFS04650
KF504660
KF5046 10
KF504680
KF5046490
KF504 700
KF504710
KFE504720
KFS064T30
KF504 740
KFS04T50
KF50¢ 760
KFSO4fr0
KFSu4 T80
KFS04 790
KF504800
KF504410
KF504420
KF S048 350

216



[aNaNal el

217

YMRM (K 15) =VMRM(K4151+TLOADIL + JNIDX)=ACEPTR KFS0U4840
TLOAD(1,JNIDX)=ACEPTR KFS04850
LOAD=1 KFS504860

117 IF LACEPTP LGLE. TLOALI2,.JNIDX)) GO TO 118 KFS50487T0
VMRM (K, 15) =VMRM[{K,15)+TLOAD(2 ¢ JNIOX)~ACEPTP KFS504380
LOAD=1 KFS04890
TLOADI2, JNILK)=ACEPTP KF504900

118 1F (LODAU .NE. 1) €O TO il2 KFS504910
VMRMIK , 13)=VMRMIK, 13} + 1. KF504920
OFILE(L,JNIDX 1=0,.C KF504930
OFILE{24UNIDX1=0,C KFS04940
112 SMRM{JINI[DKBI=SMRNM{INIOX,8}+TLOAD{)JNIDX) KF504950
SMRM{INIDXy9)=SMR¥ (JNIDX+9)+TLOAD(2,JNIDX} KFS04960
SMRMUINIDX (&) =SMRM LUNILX+8B) KFSU&4GT0
SMRMIJNIUXT)=SMRM ( UNIDX,9) KF504980
SMRM{JNIDX,13}=1 KFS04990
SMRM{JUNIDX 3151 =SMRMUINTUX,15) +TLOADUL »JNIDX) KFS05000
SMRM [ JNIDX,1&4)=SMRM{JNIUX,1o) #TLCADIZ2 y INIDX) KFS050l0

IF (NPR{JNIDX} LECs 2) GO TO 113 . KF505020

IF ((OFILE(L4JNIOXT oGTe (UF#VMRMIK,5111 +0R, (OFILEL24JINIUX) JGTKFSD5030

l. (UF*VMRMIK,6})}) GO T ol KF505040
113 XFILELL,JNIDX1=0.C KFS05050
XFILE(2,JNIDX)=0.C KFSO05060
IROUTIEINIDX+1)=0 KFS05070
IROUTHINLDX 2 =0 KF5050H0

40 CONT INUE KFS505090
KFSUS100

THIS SECTION CARRIES UUT THE CLARKE AND WRIGHT PROCEOURE FUR ROUTE KFS05110
IMPROVEMENT KFSO5%120
KFSU5]1 30

DD 45 J=1,2 KF505L40

N0 45 K=1,NSTAT KFS505150

45 UFILE(J,K)=XFILE( oK) KFS05160
If (JDX «LE. L) GC ¥O 170 KFSO5L710

119 KDX=2 KFSOS1B0
[0X=JDX~-1 KFSOS1I0
SAVMX=0,0 KF$059410
LSAV1=0 KFS05210
L5av2=3 KF 505220

L0 120 kK=1,.1UX KFS5052 30
KNIDX=INTOX(R] KFS505240

N0 121 J=KDX.JDX KFES052%0
JNIDX=INIDX(J) KFS05260
LADJ1=0 KF5059270
LADJ2=0 KFS05250

IF [SAV{(JNIDX-11.KNIDX) LT SAVMX) GO TO 121 ®F 505290

IF (CIROUTI(XKNLIDX,1) oEGe O} o+ORe (IROUT(JINIDX,1l) .EUs O)) GU TU 12KFSC5300

12 KF505%310

IF {IROUT(JINIDX,4) EQae TRDUT{KNIOX,%4)) GO TU 122 KFS05420

IF C{{TLGAD(LyJNICX]IFTLCALILKNICX))I*DF) LGT. VHRMI1,5}) GO TO L122KFS0S5330

IF (UUTLOADIZ INICX)+TLOADIZ,KNIDX) ) *DF) oGTs VMRMIi,61) GU TO 12ZKF505340
AOJR=-TIMUINIOX ¢ LI=TIMIKNINK, LI*TEMIINIDX s (KNIDX+11) KFS05%3%0

IF [(TLOADCL s JHIUX Y ¢TLOALIL KNILX)) JLE. VMRM(L,51) GO TO 12& KFS05360
ADJL=TLOAOCLy JNIUXI+TLUAGIT 4KNICKI-VMRM{1,451 KFSOY310
ANJR=ADIR-ADIL/RU-ADIL /RL KFS05180
LAUJ1=1 KFS0%370

1726 IF ({TLOAD(2 ,JHNIDX)+TLOAUI2,KNIDX)) «LE., VMRMI(1,6)) GU TO 127 KFSO%400
ADJL=TLOAN( 2, JNIDX) ¢ TLUADS 24KNICX)-VHRMI L4 6) KFSO5410
AMIR=ADIR-ANIL/RU=A0JL/RL KFS05420
LANSZ=1 KFS054 30



127

122
121
120

123

124

130

140

145

150

160
125

CONT INUE
TRTIM=RTTIM(JNIDXI+RTTIM(KNIDX )} +ANJR-CTLD

IF [TRTIM .GT. VMRMiL,3)) GU TO 122

SAVMX=SAV( (JNIDX=1)XNIDX}

JSAV=UNICX .

KSAV=KNILX

LSAV1=LADJL

LSAV2=LADJ2

TRTIMS=TRTIM

ADJR S=ADJR - ’
ADJD=-DIS[JSAV, 11-DIS(KSAV, 1)1 +DIS{ISAV,LKSAVEL)]
RTTOIS=RTUISLJSAVI+ATCISIKSAV) +tACID

cO Ta 121

SAVI(JUNIDX=1 s KNITX}=-8,

CONT INUE

KUX=KDX+1

IF (LSAYLl .EQe 0) GU TO 123
TLOAD(1 s JSAVI=a5%¥VMRM(]1,5]

TLOADE L +KSAV)=a5®VMRM{]1,5)

[F (LSAVZ .Ed. O) GO Ta 126
TLOAN(2,JSAVI= o SFVMRML,61
TLOADI[2,KS5AV)I=.5%VMRMI1,6)

IF (SAVMX LLE., 0.C) GO TO 170
SAVI(JSAV-1]1,K5AVI=—T.
RTNE=RTTIMIKSAV)#2DJRS-CTLD

[F L(VMRMIIVIJSAVY 14) #+ATNE) oGTa VMRMIIV(JSAV),2)) GO TO 130
NVH=IV(JSAV)

VHRM{ [VIKSAV | 4T I=VMRMIIVIKSA¥ )11,

VMRM L TVIKSAV) y14)=UNRM(TVIKSAVIL4)-RTTIM{KSAV}
VMRM LTV IJSAV ) 3 L4)=VNMAMITIVIISAVI L&) #RTNE

VHRM{ IVIKSAV] o 10 b=VNAM{IVIKSAV), LO)-RTDISIK5AV)
VMRM LIV IJSAY) 2100 =VFRMIIVIJSAV), 10)+RTOISIKSAVI+ADID
GO Ty 125

RTNE=RTTIMUJSAVI+#L0JRS-CTLD

IE (UVMRMUIVIKSAVE,14)#RTNE) .GT. VMRM(IVIKSAV),21}} GO TO 140
NYH=[VIK5AV)

YMRME IVIJSAY ) »9I=YMRMIVIJSAV) +9)-1.
VMRMIIVIJSAV) 14 )=VPRM{IVIJISAVE,14]-RTTIMIISAV]
VMRMIIVIKSAV) oL &) =VFR¥{IVIKSAV] 4 14) ¢RTNE

VMARM{ TVIJSAV) ,101=VFRM(IVIJISAV) 10} ~RTDIS(ISAV]
VMRM [IVIKSAV] yLOI=VFRM{IVIKSAV), 10)+RTOISUISAVI+ALID
GO TO 12%

CO 160 KX=14NY¥

1F [{YMRMIKX,14)+TRTIMS) .GT. VMRM{KX,2)] GO TO 150
NVH=K X

IF (IVIJSAV) .EQ. IVIKSAVI) GO TC 145

VHRM [TV IKSAVI+FI=VMRM{IVIKSAY F+9])- 1o

VMRM I IVIKSAV) y14)=VFRM{IVIKSAV) 4 14)~RTTIMIKSAY)
VMRM{IVIKSAV) y10)=VFRIE{IVIKSAV) , 101 ~RTDIS(KSAV)
VMRM IV (JSAV) +FI=VMRMI[VIJSAV] +9)-1.
vr'RM(x):,qja-‘.'HRHlKV'fi)«tl.

WMRM{ TV JSAV) s L&I=VMANM[IVIISAV) 14} -RTTIMIISAV)
VMRM (KX, 14)=VMRMIK Xy L4 )+ TRTIMS
VMRMUIV(JSAV) . 10)=VFAM{IVIJSAV)I,101-RTDISTJSAV)
YMRM (KX lO)=VYMRMIKX,10)+RTTLIS

GO YO 125

IF (K «NE. NV) GO TO 160

GQ T3 165

CONT INUE

IF [TROUT(KSAV.2} «NE. -2} GO TO 400

218

KF505440
KFS505450
KFS05460
KF5054 170
KF 505480
KFS054490
KF505500
KFS05510
KF505520
K+505530
KFS05540
KF505550
KF505560
KFS055170
KFS05580
KFS509590
KF505600
KFS05610
KFS05620
KFS05630
KFS05640
KF$05650
KF505660
KF505670
KFS05680
KF505640
KFS0S700
KFS50571u
KFS505720
KFSOST130
KF 505740
KF 505750
KF505760
KFS051770
KF 505740
KF505790
KFS50%800
KF 505810
KF505820
KF505830
KF 505840
KF505850
KF505860
KFS058170
KFSOS58H0
K+S505890
KFS05900
KFS5054910
KfFS05920
KF505930
KF$Q5940
KFS05950
KF505960
KF5059710
KFS05%80
KF 505990
KF S0&00N
KFS06010
KFS0&020
KFS0&U30



IF (IRCUT(JSAV,3) JNE. -9) GO TO 480 KFS06040
IROUTEKSAV 21 =Jd5AY KFS506050
TROUTLISAV 3 1=KSAY KFS506060

GO TO 500 KFS0&070

400 IF {[ROUT(JSAV,2) «NE. -9} GO TO 450 KFS06080
IROUTLISAV, 2)=KSAY KF506090
IROUT (KSAV,31=J5AY KF 506100

GO TD 500 KFS06110

450 JX=JSAY KF506120
475 INUM=TRUUT(JR,2) KFS0&1 40
IROUT(JX,2)=1ROUTLIX,3) KFS0A140
IROUT{JX, 3)=10UM KFS061%0

IF LIRDUTI(JXs3) .EQs =9) GO TO 4SC : KFS06160
JX=TRCUT{JX43) KFS0al tu

GO TO 475 KFS06180

490 IROUTUJSAV,2)1=K5AV KFS06190
IROUT (KSAV 43 )=JSAY KFS506200

GO 10 5C0 KFS062.0

480 JX=JSAV KFS06220
485 JDUM=I1RUUT{JX,3) KFS06230
[ROUTLJIX,3)=1ROUTCIA,2) . KFS06240
[ROUTLJXs2)1=[DUM KF506250

IF CIRDUT{JX,2) .EQe. -9) GO TO 510 KFS06260
JR=IRAUT(IX.2) KFS0627T0

GO TO 485 KF506250

510 IRDUTLJSAV,2I=K5AY KFS062490
IROUT IKSAV .2 1=J5AV KFS061300

500 JX=JSAV KFS506310
520 IF C[IROUT(IX,2) «EQe -9) GO TO 530 KFS5061320
JE=1ROUT LUK 2) KF 506330

GD TO 520 KFSUb 340

530 KX=KSAV KF$06390
540 IF {[ROUTIKX.3) .EQ. -9]) GD TO 550 KF506360
KX=IRCUT(KXy3) KF504370

GO TO 540 KFSOH3IBO

550 TLUAUII.inxTLDAﬂ(l.JSAVlfTLUAD(1-K5AV| KF5063190
TLOADUL KX )=TLCAC(L+JX} KFS0640G0
TLUAD[Z,JXD=TLDAUIZ-JSAVI0TL0ADl2.KSAV| KFS06410
TLOADI2,KX)=TLOADI 244X} KFS06420
xFILEiL.KIleFlLE(l.KSAVIfXFILEll,JSAVI KFS0b6430
XFILE(2,KX)=XEILE(2,KSAV)I+XFILEL2,J5AV) KFSU06440
XFILEN Ly JX)=XFILE(LsKX) KF506450
XFILE(2,JX)=XFILe{2,KX} KFSUb460
IRGUTIJSAU.I)=IKULTIJ5AV.1)-[ KFS06aTO
IRDUTlKSAU.l!=lRULT(K5A?;1!-1 KFS064HO
RITIM{JX)=TRT[MS KFS06%170
RTTIMIKX)=TRTIMS KFS06900
RTDISLJX)=RTTDIS KFS0&510
RTDISIKX)=RTTDIS KF506520
IVLJX)=iVH KFS0L%30
IVIKX)=iVH KFS06540
IROUT [KSAV 4 )=TRULTIK Xy 4) KF5069550
[ROUT (JSAV,4)=1TRULT(KX4s41) KFSOLSAU
1ADUTIJX o b =TROUTIKX 4] KF506570

165 IF (SAVMX .GTe 0aC) w0 10 119 KESU65H0
C KFS506590
C STATION STATISTICS LPDATE KF506600
C KFSOu610
170 DO 300 J=1,NSTAT KFS06620

IF ([ROUT(J,2) «NE. =-9) GO TO 300 KF506630



JNDX=J

175 IF (XFILE(Ll,J) .GT. 1.0) GO TD 176
FACTR=0.0
GO TO 177

176 FACTR=TLDAD{1,J)/OFILELLsJ)

177 IF (XFILE{2,J) .GT, 1.0} GO 7O 178
FACTP=0.0
GO T 179

178 FACTP=TLOAGU24J}/AFILE(24d)

179 CONTINUE
ACEPTR=SMRM[ JNDX 2 )=SMRMLJINDX+8)

1f (ACEPTR .GT. (FACTR#UFILE(1,JNDX}H) GO TO 180

SMAM [ JNDX ¢B)=SMRMIJNCK,8 ) +ACEPTR
SMRM{ JNUX46) =SMRMIINDX,8)
SMRM [ JNDXy 151=SMRM[JNDX,y 15) +ACEPTR
YMRM LIV (J) s LL)=VHEM{1V(J), 11} +ACEPTR
TLOAD(1,J}=TLUOADIY,J)-ACEPTR
GO o 190

1RO CEVR=FACTR*CFILE(1,JNCX}
SMRM{ JNDX,8)=SMRMIJNDX .8 ) +DEVR
SMRM { UNDX,6)=SMRMIJNDX,8)
SMRM ( JNDX ¢ L5 ) =SMRF [UNDX, 15} +DEVR
VMRM{TV(J) s L1 )=VMAM{IV(J1+11 ) +DEVR
TLOAG(L,31=TLOADI1,J)~DEVR

190 ACEPTP=SMRM(JNDX,2)-SHRMIJINDX,9)

IF (ACEPTP «GT. (FACTPSUFILE(2,JNDX)T) GO TO 205

SMRM [ ONDX, 9)=SMRM{JNDX,9) +ACEPTP
SMRM { JNDXy TI=SMRMIINDX42)
SMRM{ JNDX p 16} =SMRF(JINCX,16) +ACEPTP
VMARM{TV(J) o 11D =VMRM(IV(J),1i) +tACEPTP
TLOAD(2,J)=TLOAD(Z,J)-ACEPTP
GO0 TO 210

205 DEVP=FACTP*OFILE(2,JNDX}
SMRM [ JNDX,9)=SMRM[ INDX,9) +DEVP
SMRM (INDX o T1=SMRMLUNDX,9)
SMRM [ JNDX 161 =SMRF{ UNDX L&) +DEVP
VMRM (IV(JI, L1 I=vHAM(Iv{di,LL)+DEVP
TLDAD(2,J)=TLDAD(Z,J}=0EVP

210 SMRM[JNUX,L3)=1
SHRM{ JNOX, 14) =SMRM (UNDX,L4)+1l.
IF (IROUTEJNDX,3] .EQ. -9) GU TA 220
XFILECLyJI=XFLLEAY ¢ J)-OFILECLINCX}
XFILE(2,J}=XFILE(Z44)-CFILE(2,JREX)
JNDX=1RUUT (INDX+ 3]
GO TU 175

220 JF ((TLUADIL1,J) LT, 5.01 +AND. (TLOAD(2,J}

VMRMIIVId) gL 30=VMRMLIVIJ)s131¢l.
230 IF [RTTIMIJ) oLE. VPRMIIVIJ),T)) GD TG 300

VﬂRHlIV(J!|Bl=VHRPIIU(Jl.H]iRTTlF(JI-VHRFllVIJI.FI

OVTCIVIJII=0VTLIVId ) +RTTIMUI I-VFRMILY (D) T)
300 CONTINUE
305 DO 310 J=Ll.NV

5.00} GO TO 230
VMRM (TVIJ) (151 =VMEMIIVIJ),15)+TLCAD(L,J)+TLUADI2,J)

220

KFS0b640
KFS06650
KFS0a&6L0
KF506670
KF506600
KFS0&6640
KFS506700
KFSUs710
KFS06720
KFS06730
KFS0&aT40
KES06750
KFSUATHLO
KF506T7T0
KFS061TH0
KFS06 190
KFS0&810
KF>05810
KFSD6820
KF506830
KFS0L840
KFS06850
KFS506860
KFS0&6870
KF506880
KFS06890
KFS06900
KFS06910
KFS06920
KFSUL930
KFS06340
KFS06950
KFS06960
KFS069170
KFS069B0
KFSO0LY990
KFSOTO0Y
KFS07010
KFs0T0/0
KFS0O7030
KF50704U
KFS50TGS0
KFS50TUGL
KFSO7070
KFsotonag
KFS50Tu0
KESOTI00
KFSQ7110
KFSOTLZ20
KFSUOfL30
KFSD7140
KFS0T1%0
KFSLTLnO

IF {[VHRM[Jy 16 )=SFTN*VMRMIJ, 7)) «GTa OVTLJ}) VMRM (B =VMRNM{J,B)+VKFSOTLTU

IMRM{ Jo14)=SFTN&VMRM{J, T)-0OVT (]
VMRM{ J,12) =VMRM(J4 L2+ VHMRM{ds14]

I[F (VMRM(J 14) JGT. (VMRMUJ, /) *SFTN)) VMRM{J,14)=VYMRM{J,TI&SFTN

310 TUNT=TUNT+SFTN®VMREM(J,7)-VHRMIJI, 14}
320 RETURN
END

KFSOTLAO
KF507190
KFSOTZ2u0
KFSOT210
KFS0T220
KFS07230



ono

c
C
C

SUBRDUTINE RPORT(I,CR4CP4CCoCD,CMT,COP,CLT4LRT4IRPT) KF507240
KF507250

THIS SUBROUTINE PROVIDES A PERIODIC PRINTOUT OF STATISTICS KFS07260
KF507270

COMMON SMRM(2S5,181, VMRMELO,16), X(LO), XHI10), XX[10}, Y(lQ), YHIKFSOT280
1100, YY{10), COF110,25}, [T1i25}, ST2(25,2), NSTAT, NV, NwRIT, NREKF507290
2A0, RLy RU, DFy UFy CTUd, CTLD, TUNT, NOEFD, NSFT1S, SHTR, SHIP KF507300
COMMON/NTWK/TIMIZ2S,25), GIS(25925), SSAV(25,25), CM{25,25), OFILELKFS507310
12,25) s NPRIZ25) KFSUT7320
RPTN=1/IRPT KFSO7330
NwWKS=(I=LRT)/7 KFS07340
WK5=NWKS KFS07350
0YS=I-LRT-NWK5%7 J KFS07360
STIM=1 KFSOT370
SFTN=NSFIS - KFSUT380
WRITE(NWRIT,650) STIM KFSOT390
850 FORMAT(1H1,53X¢" SIMULATED TIME '+F5.04/) KFSOT400
WRITE(NWRIT 870) RPIN KF 507410
8T0 FORMAT{54X,' REPORT PERICLD " 4F5.0+/71 KFS507420
STIM=I1-LRT KFS0T430
LRT=[ KFS507440
KFS50T450

VEHICLE STATISTICS KFS0T460
KFSO7470

WRITE(NWRIT,1000) KFSUT480
1000 FORMATIS55%X,* VERICLE STATISTICS®',//) KFSUT490
TOC=0.0 KFSOT500
THC=0.0 KFSO0T510
T0C=0.0 KF507520
TLC=0,.0 KFSOT530
TFC=0.0 KFS07540
TNT=0.0 KF507550
TAV=0.0 KFS07560
TAL=0.0 KF 507570
TAT=0.0 KFS0T7580
TNG=0.0 KFS07590
TNEX=0,0 KFSOT600
TUND=0,0 KFSUTal0
TaVI=0.0 KFSOT620
WRAITEINARIT,940) KF5076130

940 FCRMAT(® VEHICLE® ¢3Xs*TOTAL"»5X, "AVERAGE y4X, "AVERAGE Y, 3X, *AVERAGLEKF 507640
1¢,2Xs* AVERAGE" »4Xs "NUMHER OF* 35X "VEHICLE® 46Xy "VEHICLE o 6X, *VEHICKF 507650
2LEY, 4%, "COST OF "y & X, "TUTAL" /4" NUMBER® ,4X, "NUMBER" 43X, "NUMBER UF'KF50T660
3,4X, "TRIPY Xy *TRIPI 3%, " GALLONS *¢3%,*TRIPS WITH? 4 3X 4 "OPERATIIGKRFSOTOTO
49 ,3%, "MAINTAINENCE! , 3X, "LRIVER" 44X, *TAXES ANL "5 3X, "COST*y /, L3X, "JFKFL0T6BO
515X, "TRIPS PER® 42X, "LENGTH® ;53X ' TIME" ,4X, "OELIVERED" 45X, *EXCESS* , KF507690

67X, "COST "y LOX, "CASTY , BX, *COST® 5%, *LICENSING" ) KFSOT700
WRITE(NWRIT,950) KFSOTT71U

950 FORMAT{ 11X *TRIPSY,7X,"'DAY" 425X, *PER TRIP*,7X,*LOAD") KFSOTT20
00 200 J=1sNV KFS0T730
VN=NV KFSOTT40
AVIR=VMRMIJ,9)/STIM . KF5071750

IF (VMRM(J4,9) «GT. G,0) GO TD 955 KFSOT1760
ATL=0.0 KFS0TT70
ATT=0.0 KFS0TT80
AGT=0.0 KFSOT790

GO TO 956 KFS0T7300

955 ATL=VMRF{J410)/VMRHMID,I1) KFSOTIH10
ATT=VHRM(J,12) /VMRM(I,9) KtS0T7820

AGT=VMRMIJe LL}/VMRM(D,9) KF507830

221
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956 VYLCL=VMRMIJ,10)*COF KFS07840
VDC=IHKS*SFTN'&.'VHRHIJ.?l!DVS#SFTN*VHRH(J.T]OVFRHtJ.BI*I.SI'CU KFS5078%0
VMC=VMRM(J,10) &CHT KF507360
VTC=CLT+VOC+VDC+VMC KFSO7ATO
TOVT=TOVT+VYMRML I, E) KFS507880
TOC=TOC+vOC KF507840Q
TOC=ToC+vOC KFS07900
TMC=TMC+YNML KF507910
TLC=TLC+CLT KFS507920
TFC=TFC+VTIC KF507330
TNT=TNT+VMRM(J,9) KFSQ7940
TAL=TAL+YMRM([J,10) KFS07950
TAT=TAT+VMHM{J,12) . KFS07960
TNG=TNG+VMRM{J, 110 KFSQT970
TNEX=TNEX#VMRM[J,13) KF 507980
TUND=TUND+VMRM{ J,15] KFS07990
WRITE(NWRIT,260) J, VMAM{J,9), AVTR, ATLs ATT, AGT, VMRM{J,13), VOKFS0L8000

1Ly VMC, VDL, CLT, VTC KF 508010
960 FORMAT(3Xs[2¢5XsFEeaQsbX FhoioSXeFbaleaXyFblalydXoFBaL,9X,F340,4X, FIKFSOB020
102+4X FPe243X,F9a242XeFF.2+1X4F9.2) KF508030
KFS0BL4U

STATISTICS RESET KFSOBO%0
KFS506060

VNRM(J,81=0.0 KF50B070
VMRM(J,9)=0aU KFSOBOHO
VHMRM(J,101=0.0 KF503090
VMARM(J,11)=0.0 K+508100
VMRM(J,12)=0.0 KFSuBL10
VMRM(J,13)=C.0 KFSu8l20
VHMRM{ Js15)=0.0 KF508130

200 CONTINUE KF 508140
[F {TNT .GT. 0.0} GO TO 201 KF508140
TAG=0.0 KF508160
GO TO 202 KFS081 70

201 TAL=TAL/TNTY : KF5p8180
TAT=TAT/TUNT KFS0B8190
TAG=TNG/TNT KFS08200

202 TAV=TNT/STIM KFS087210
IF { TNG «GT. 0.01 GO TO 210 KFS5082¢0
A¥TC=0.0 KESOB2 30
GQ TO 215 KFS08240

210 AVICaTFL/TING KF508250

215 CRT=CR+AVIC KFS0824&0
CPT=CP+AVIC KFS08270
WRITE{NWRIT.970) TNT, YAV, TAL. TAT, TAG, TNEX, TOC, TMC, TOC., TLCKFS0B2B0

1, TFC KES0AZ2%)
970 FORMAT(® TOTALY ;3N FOaDy6XsFOaleSXyFOalstXyFbalo K FBe Lo TR F3.0s4XKF50810L0
190FQe2 4R eF9.2:3XsF9.292%,FF2241%,F9.2) KFSUB3L0
WRITE(NWRIT,9H0) TOVT,TUNT,TUND,AVTC Kb SuB3cO

980 FORMATI//7,* TOTAL OVERTIME',12X+FBals’ HOURS® o /4" TUTAL [DLE TIME'KFSUH 0
1¢11X,FB.1s" HOURSY, /' TGTAL GALLONS EXCESS LOAD *,FB8.1y" GALLUNS'KFS08)40)
237+ AVERAGE TRANSPORTATION COST*,3X,FBa%,* PER GALLDN DELIVERED®IXKFS0B3ILU

KFS08360

STATION STATISTICS KES0R3TO
KF508380

WRITE(NWRIT,900] KF 5083490

900 FORMAT(LHL,54X,* STATIUW STATISTICS '#//7/) KFS08400
TIC=0.0 KFSUB4lU
TNOx0.0 KF5084¢0

TAOSR=0.0 KFS084 40
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920

S

100

2130

235

TADSP=0,0 KFS0B440
TAIR=C.0 KFSOB450
TalP=0.0 KFSOE4s0
TXP=0.0 KFS30847U
TADMR=0,0 KFSGBaBQ
TADMP=0,0 KFS08490
WRITEINWHRIT,910) KFSO0H500

FORMAT { * STATIUH'.ﬂl,'[DTAL'.12!.'AVERAGE"14K.'AVERAGE',!&A.'AVERKFSDB%IU
1AGE® y 12X, 'STATIUN" 3 TX 4 "NUMBER" 4/ NUMBER® 49X, YNUMBER" 412X, "DAILY"KF5U3520
2-16&-'QRUER'.15!.'INVENTUHY',IOK.'INVE1TORY'.SX.'EIPEDIltD'.f,lB!.Kl5055!0
J'OF"IBK.'UEHANU'.lbx.'SIIE',IEi.‘LEVEL'.131"CARRYING'.6K.'URUER&NFSURG#D
4V /¢ 14X, YOELIVERIESY 45X, '"REGULAR PREMIUM' 44X, "REGULAR PREMIUM?  6KF 504550

5X¢ "AEGULAR PREMIUM?® ,BXs*'COS5T") KF50RAY60
DD 10C J=1,NSTAT KFSU8570
IF (SMRM({J,14) .GTe 0.0) GO TD 220 KFS0B540
AUSR=0,0 KF508590
ADSP=0,0 KFS08600
G3 TO 225 KFS08610
ADSR=SMRM(J,15)/5FRMIJ, 14) KF 508620
ADSP=SMHM(J, 161 FSFRMIJ, 141} KFS08430
AIR=SMRM(J,L0)/STIM KFS0B640
AIP=SMRM{J,LL}/STIM KFS08650
TADMR=TAUMR+SMRM (41T} KFSOBA46Q
TADMP=TADMP+5MRM(Jy 181} KFS5086 170
TSOLN=TADMR +TADMP KFSOR6HO
SMRM(J,17)=SMRM{JoLT1/STIM KFSUAL90
SMEM{ J,18)=5MAMIJ1B)IS5TIM KFSQar700
STIC=UA[R®CRT+AIPACPTI*CC KFSOHBTILO
TIC=TIC+STIC KFSuarz2u
TNO=TND+ SMRM{J,y1l4) KFSOH T30
TADSR=TALNSR+SMRM{J,151} KESOH 74O
TAOSP=TAUSP#+5MAM{J,106) KFSOHTS0
TAIR=TAIR+SMRM(J, 10} KFSORTHO
TAIP=TAIP+SMHM(J, 11} KFSOKITO
TXP=TXP+SHRM (S 121} KFSORTHO
WRITE{NWRIT,9200 Jy SMRMIJgL4), SMRM(JI,1T), SMRM(J,18)s AUSR, AUSPKRFSUBTYY
1sATR, AIP, STICy SMRMLJ,12) KFSOA400
Funuat:ax.13,12K.Fa.o,an.rr.l,zx,Fw.1.«1.F?.1.2:.F7.1.4x.F9.L.zx,rxrsuuuxa
19.135X,FP.24TX4Fa.0]) KFSunBRl0
KFSGHK U

TATISTICS RESET KF50hnaO
KFSGBHSU

TUNT=0,0 KFSOBALY
SMRM{J,10)=0.0 KFSUkS 7D
SMRM{J,11)=0.0 KFSUHBBO
SHRM(J,121=0.0 KES508890
SMRM(J,141=0.0 KFSQBY00
SMRM{J,415)=0.0 KFSURYILO
SMRM{J,161=0.0 KFS0R420
SMRM(J1,17)=0,0 KFSUHY30
SMRM(J,18)=0.0 KFSGu9aQ
CONT [NUE . ’ KFSOB9I5Q
STAT=NSTAT KF 508960
IF {TNO .GTe. 0.0) GO TO 230 KF5049 /0
TAOSR=0.,0 KFS508980
TAQSP=0,0 KF 5089490
GO YO 235 KFS09000
TAOSR=TAOSR/TNU KFS04010
TAOQSP=TAUSP/TINO KF 509020

TAIR=TAIR/STIM KF509030
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TAIP=TAIP/STIM KF507040
TADMR=TADMR/STIM KFS509050
TADMP=TAUMP/STIM KF 509040
WRITEINWRIT,93C) INO, TADMR, TADMP, TADSR, TAUSP, TAIR, TAIP, TIC.KF507070
1TxP KFS509080
930 FORMATI® TOTAL® s 10X s FauOyB8XeFTals2X FTaly4XeFTals2XeFTaly4XsF9.1,KFS09090
12%+F9e 145X ,FIe2¢TNFa,0) KFSUL00
TAVCST=(TFC+TIC)/TS0LD KF50911i0
WRITEINWRIT,935) TAVCST, NDEFG, SHTR, SHTP KFS0912U

915 FORMAT(//,* AVERACE TOTAL COST',FB.54s' PER GALLON SOLD®,/," NUMBERKFS07L30
1 OF DEFERRED ORCERS',I5,/»" LOST SALES REGULAR',FB.1," GALLUNS',/,KF509140

2% LOST SALES PREMIUM® FBa.ls* GALLONS®) KFS09150
NDEFO=0 KF509160
SHTR=0.0 ' KFS09170
SHTP=0.0 KF509180
RETURN KF509190

END KF509200
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KFS00G0u0

THE MAIN PHNGRAM READS IN ALL INITIAL VALUES QR PRESETS THEM FOR THEKFS00Q10
BEGINNING UF THE SINULATION, AS WELL AS KEEPS TRACK UF TIME AND THE KFS00020
CURRENT EVENT. KFSO00Q30
KFS00040

COMMON SMAM{ 25,191, VMAM({10,16}, X(10}s XH(LO), XXU1O)y ¥Y(10), YH{KF500050
1101, YY(101, COFU10,250, ITil{25)y 5T2125:2), NSTAT, IV, NWRIT, NREKFSQU0OGLO
2ADs RL, RU, UFy UF, CTUN, CTLO, TUNT, NUEFU, NSFTS, SHTR, SHIP KF500070
COMMDON/NTWK/TIM{25,25), DIS(25,25)s SSAVI25,25), CMI25425), UFILEIKFSOUDEO
12:251y NPR{2,25) KFSO0090
DIMENSIUN P(20) KFS0O0L00
KF500110

INITIALIZATION KFS00120
KFSO001130

NREAD=5 KFS00140
NWRIT=6 KFS0O150
Pl=3.1415927 KFS00160

DO &4 1=1.2 KFS00170

00 & J=1l:25 KF500180

4 NPRUI,J)=0 KFS00190
LA 5 I=1+25 KF500200

0a 5 J=1l.19 KF500210

S SMRM([1441=0.0 KFS0D220
€O 10 I=1,25 KF 500230

D0 10 J=1,25 KFS0U24Q
TIMI{I+J)=0.0 KFS00250
DIS{I,J)=0.0 KF$00260
SSAVI1,J)=0.0U KFS00270

10 CM{1,J1=0.0 KFSO02E0
CO 15 I=1,10 KFS00290

00 15 J=1,16 KFS500300

15 VMRM(T,J)=0.0 KFS00310
TUNT=0.0 KFES00320
NDEFO=0 KFSU0330
SHIR=0.0 KFS500340
SHYP=0.0 KF500350
LRT=0 KES00360
KFS00370

READ IN DATA KFS500380
KF500390

READ(NREAD,L000) NSTAT, Ny, NC, NT, NM, NSP, NVP, ITIM, ICH, IRPT ,KF500%00
11X, NSFTS KFS00410
1000 FORMAT{1015,110s1%) KESO0420
READ{NREAD,1005) CRy CPy CCy CD» CMT, COP, CLTy RL, RU,y OF,y UF, CTKFS0O4 30
Lune CTLO 5 XFS500440
CO 17 J=1eNT KF500450
XH{J)=0.0 KFS00460
YH(J}=1.0 KF500470
READINREAD,1005) F(J) KFS004BO
X(J)=SIN(2.021/PLJ)] KF 500490

17 Y{J)=COUS(2.,%P1/P{J)) KFSC0500
no 18 I=1,NM KFSO0510

18 READ(NHRLAN,1005)(COF(Led)ed=LoNC) KF500520
1005 FORMATIHFLO.4) £Fs00530
B0 19 1=1,nSTAT KFS00540

19 READINKREAD,10061 ITL{I)y ST2i1eL)y ST2(1,2) KFS00550
1006 FORMAT(I2,2Fl0.4) KFS00560
00 20 [=1.NSTAT KFS500570

20 READINREAD, LOZOJISMRMIT+ 01, J=1,NSP) KFS00580

L0220 FORMATILIUF2.2) KFSB0590
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DO 30 I=leNV KFS00600

30 REANINREAD,1020) (VMRMIL 401 yJ=1¢NVP) KFS500614
10x=1 KFSU0620

CO 40 I=1,NSTAT KF500630
READ(NREAD,1030HICIS(L,d044=1,1DX) KF500640
1010 FORMAT(20F4.1) KFS00450
40 IDX=1DX+1 KFS00660
10%=1 KF500670

CQ 50 I=1,NSTAT : KFS500680
READINREAD,1U30M(TIN(I,J)J=1,1D0X) KF5U0690

50 TOx={0X+1 KFS00700
KF300710

CALCULATE SAVINGS FCR CLARKE AND WRIGHT PROCEDURE IN TERMS OF THE TOKFSUUTZ0
TAL TRANSPORTATIUN COST KFS00730
KFS00T40

[0X=1 KFS007%0

DO 65 I=1,NSTAT KFSOO0T&H0

cO 60 J=1,IDX KFS00/710

60 CM{L JI=COSTIM(L,JI+(CHT4COPI%0IS{I4J} KFS500740
&5 IDX=[0X+¢] KFSOO0OTQ0
JOX=NSTAT=-1 KF5008L0
1DX=1 KFSO0BLO

DO 75 J=14,JDX KFS00R20

pa 70 I={DX,JDX KFS00A30
SSAVIL,J)1=CMIJs E)4CMIT+1,L)-CHM(L+L,J¢1} KFS00R40

70 CONTINUE KFSU0RSQ
75 10X=10X+]1 KFS500860
KF500d 70

ECHO CHECK KFS00880
KFS00890

IF (ICH LEQ. 0) GC TO 300 KFS00900
WRITE(NWRIT,1040) KESOOULl0
1040 FORMAT(LHL,50%X.* ECHO CHECK OF INPUT CATA ',///) KFS00920

WRITE (NWRIT,1050) ITIM, NSTAT, NV. NSFTS, NP, NVP, NMy NCy NTs [XKF500430

1050 FORMAT([/,19X,* TUTAL SIMULATED TIME 1,05, DAYS',/,19X,y" NUMBER UFKFS00940C
1 STATIONS® ;I4s/s1GXs* NUMBER OF VEHICLES $,13,7,194, % NUMBER UF SRKF500950
2IFTS *,13,7,19%," NUMBER UF STATION CHARACTERISTICS INPUT *4[3,/,ikF50U960
39x,' NUMBER UF VEFICLE CHARACTERISTICS INPUT L [3,7/,19%," NUMBER UKFSOO770D

4F MODELS ",13,/,16%X,' NUMHER OF MOCEL TERMS S l3,/.19X," NUMBLK OFKF500%80

G TRIGs TERMS *,13./,16X,* SEED VALUE ".I10) KF500990
WRITE(NWRIT,1060) CR, CP, CCy CDs CMT, COP, CLT KF3010u0

1060 FORMATI/,19%X,* CUST UF REGULAR GASOLINE AT THE TERMINAL ',Fé6.3,* PKFS0L010
1ER GALLON®,./,19%X,* COST CF PREMIUN GASCLINE AT THE TERMINAL *,FL.3KF5010:0

2," PER GALLON"¢/,19%,* INVENTCRY CARRYING COST (% PRODUCT CUSTI *,KF501030
3F6.3,% PER YEAR',/,19X," ORIVERS WAGES V,Fb.34' PER HOUR® 4/,19%," KF50L040
4VEHICLE MAINTAINENCE CDST *,Fba3,% PER MILE®s /4 L9%," VEHICLE UPERAKFSULUS0
STING COST 'yFba3;" PER MILE*e/¢19X,* TAXES AND LICENSING ',F8a.24"' KF5ULOA0
6PER VEHICLE PER YEAR®) KFS0L070
WRITE(NWR1T,1065) CTLD, KL, CTUN, RU, DF, UF KF50i080

1065 FORMAT(/,19%," CUMSTANT LOADING TIME' ,F6,.2," HOURS',/,19X," LOAOINKESOLU90
1G RATE ",Fbads® GFM'4/,19Xe" CONSTANT UHNLOADING TIME® sF6a24" HUOURSKFSOLLOO
2%,/7¢19K,* UNLOADING HATE'4F7.2:" GPM* ./, 19%X,* DELIVERY FACTOR®,F6.KF501110

33,7 19Ky MINIMUM LUADING FACTOR '4Fb.3) KFSOL120
WRITEINWRIT,1070) KF501130
1070 FORMAT(//,5%4X," MCDEL COEFFICIENTS'./) KFSOlL4w
WRITE(NWRIT,1075) (JyJd=1,NM) KF501150
1075 FORMAT(5X," COEFFICIENT 4 7%,10012+8X) /) KFSOllse0
na L0 Jd=1.NC KF501170
110 WRITE(NWRIT,L1080) Jy ICUF{1.J)41=14NM) KFS01180

1080 FORMAT[10X,012,8%,10F10.4) KF501190



WRITE{NWRIT,1090} KFS0L200
1090 FORMAT(LHL //+40%,* INITIAL VALUES FOR TRIGONOMETRIC FUNCTIONS®,/)KFSUL1210
WRITE{NWRIT,1092) : KFSO1220

1092 FORMAT{L11X,® PERICD® 415X, "SINE s 14X, *INITIAL ¢ 14X, *COSINE" s 14X, ' [NKFSOL1230
LITIAL"+/,30Xe" INCREMENT*,10K,"SINE VALUE®,L1X,*INCREMENT', 10X, "COKFS50L2Z40

2SINE VALUE',/) KFSOl25U

DO 120 J=1NT KFSO01260

120 WRITE(NWRIT,L100) PUIY, XLJ1e XH{JI, YIJ)y YH{J) KF501210
L1100 FORMATIL1X,FBabeLeXyFBetyi2KoFBath 12X,FBoh,12X,FBa%) KFS5012b60
WRITE(NWRIT,1110) KF501290

L1110 FORMATI(//,20Ks* STATION *y13X,* REGULAR CONSTANT ',13X,'KF501300
L PREMIUM CONSTANT ',/,13Xs" NUMBER® 2X,"TYPE" ./} KF50L3L0

DO 130 J=L+NSTAT . KF501320

130 WRITE(NWRIT,1120) J, IT10J)y ST2(Js1l}, ST20Js21] KF 501330
1120 FORMAT(21X [eaXy12,26X9F9a4524XsF9:4]) KFS01340
NSPL=NSP-1 KFSO13%0

WRITE(NWRIT,1130) {JsJ=LsN5PL} ’ . K+S01 360
1130 FORMAT{LHL ¢//239%s"' STATION MASTER REFERENCE MATRIX *,/,L0K,* NUMBKFSO0l370

LER'y5Xy12,8(LX,[2),/) KFSOL348U

DO 140 1=LyNSTAT KF501390

140 WRITE(NWRITL140) (SMARMILI,J)sd=149) KFSOL400
1140 FORMATI(S5X,FLl0.0,2%,8FLl0sd] KFES0L410
WRITEINWRIT,1150) (Jsd=L,B) KF501420

1150 FORMAT{//,39%,* VEHICLE MASTER REFERENCE MATRIK',/,10X," NUMBER®,5KF501430
I1X, [2:¢BUBX;12),7) KF501440

CO 150 I=1,NV KFS01450

150 WRITEINWRIT,1140}) (VMRMI{I,Jd)y J=1,9) KFSO0L440
WRITE{NWRIT,1160) KFS501470

1160 FORMAT(LHL,//457X,* DISTANCE MATRIX *} KF50L4R0
1Dx=1 KF 501490

DO 160 I=1,NSTAT KFSULl500
WRITE(NWRIT,1170) (DIS{Isd)s J=1,1DX) KF501510

1170 FORMAT{25F5.1) KF501520
160 1DX=IDX+1 KFS0L1530
WRITE(NWRIT,1180) KFSO1540

1180 FORMAT(//+59%," TIME MATRIX ']} KFSOL550
10%=1 KF501569

DO 170 [=1,NSTAT KFSOL510
WRITEINWRIT, L1190} (TIMLI,J)s J=1s1DK) KFSUL5HO

1190 FORMATI(25F5.2) KESOL15%0
170 1DX=1DX+1 KFS01600
WRITE(NWRIT,12001) KFS501mL0

1200 FORMAT(LHL.//¢59X4" COST MATRIK *) KFSUL&AU
10x=1 KF501630

00 180 [=1,M5TAT KFS01A40
WRITEINWRETL1190) (CMiLyJd)ed=1,1CX) KF501650

180 IDX=IDX+1 KFS01660
WRITEINWRIT, 12101 KFSOLl6 10

1210 FODRMATI(//45TXy* SAVINGS MATRIX '} KFSO16RO
IDX=1 KF501690
INDX=NSTAT-1 KFS01700

D0 190 1=1, INDX KFSOLTLO
WRITE(NWRIT,1190) (SS5AVIL,J), J=1,10X) KFSOLTZ20

190 IDX=IDX+1 KFSOL7130
300 CONTINUE KFS$01 740
RU=RU¥60.0 KESQLT740
RL=RL*60.0 KFS501760
RPTP=1RPT KESOLZ /O
RPTP=RPTP/365. KF501780

CC=CC*RPTP KFS017490
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CLT=CLT*RPT#F

EVENT SCHEDULING ANC MONITORING

100

210
220

200

1=1

1DX=1/7ERPT

10X=1-TOX*[RPT

CALL STDAYLI+NC,NT NM,1X)
IF (10X .EQ. 0) GL 7O 210
¢a 10 220

CALL RPORYU(I,CR4CF4CCoCOsCMTCOPCLT LRT, IRPT)
IF (I «ECe ITIM)Y CO TO 200
[=1+1

GO TO 1cO

CONT INUE

sTop

END

KF501800
KFS501810
KF501820
KFS01830
KFS01B840
KFS50185%0
KFSOl1860
KF$01870
KFS501880
KFS501890
KF50130u
KF 501910
KF4019:0
KF50191310
KFS01940
KF5Q1950
KES0L960
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SUBROUTINE STOAY( I, HC4NT HM, 1X) KFS01970
KF501983

THIS SUBRULUTIND MAKES THE CAILY FURECASTS AND UPDATES THE PREDICTED KFSQ172 )
AND ACTUAL [AVENTORY STATUS FUR EACH STATION. THE PREDICTED AND ACTUKF 59206 .1
AL STATUS ARKE CHECKED AGAINST SAFIEY LEVELS TU DETERMINE THE DAY'h RFLu/ULU
UELIVERY FILE. KF5020¢U
' KFS02030

COMMON SMRMI{Z5,19), VMRML10,16), X{10), XH[{10}, XX(10), Y(10), YHIKFS502040
1101, YY(1C), COF{Y0425), ITL(E5),y ST2(25+2), NSTAT, NV, MaRIT, HREKFS02G5U

2AD, MLy RU, DF, UF, CTUN, CTLD,y TUNT, NUEFO, NSFTS, SHUR. SHIP KF502060
COMMON/NTWK/TIMIZE 3251, 1IS1254251, S$SAVI25,25), CMI25.25), OFILEIKFS502070Q
124251y NPRIZ2,25) KF502080
DIMENSIUN VCHMI30), TUT{LC), RNIZ)s WEDMUI25,4) KFS502090
IDX=1/7 . KFS0210Q
INX=1-10LX*7 KF502110
Pl=3.14l5927 KF502120
IF (IDx .EQe O) GC TO 8 KF502] 30
KF502140

RESET VEHICLE DAILY MILEAGE TOTALS, UPDATE INVENTORY RECORDS KF502150
KFSu2160

DO 1 J=l,4v KFS02170

1 VMRM([J,14)=0.0 KFS021k0
0N 2 J=1,NSTAT KF5021%0
SMRM( J,410)=SKERM{J,1C)+SMRMIJ,8] KF 502200

2 SMRAMIJ41L)=SMRM(JeL1l)¢S5MRM[I,9) KF502210
CO 3 J=1,2 KFS02220
BU 3 K=1,45TAT KF$02 230
IF (NPR(J XK} <EQ. 4) GO TG 3 KF 502240
NBR(J,K)=0 KFS02250
3 COUNT INUE KFS02260
CC 7 J=Ll.2 KFS02270
FO T JX=L4NSTAT Kh502280

T UFILE(Jd,JX1=0.0 KF502290
GO T 1% KF502 340

B [ 9 J=Ll,N5Tal KFS02310
SMRM [J o LON=SHRM (I 1O ¢SHRMUJ, 81 KFS502320
SMRM[Jo11)=SMHANMTIy 1LY +5SMRM D, 49) KFS502330
SMRM{Js6)=SMUNIJe€)-nEDM{I.L] KFES02340
SMRM(J, 7T1=SMKBIJ, T1=WEUMIJ,+2) K+5021350
SHMRM{Je8)=5MRM{ S F)-WELMIJ, 3} KFS02360
IF [SMRMIJ 8] oGTae 0.01 LU TO 4 KFS02370
SHTR=SHIR-SMRMI[J,E} K+502360
SMRM[J,8)=0.0 KFS02390

4 SMRM{J9)=SMRMIJ+S)=WEGM(Js4) KF502400
IF (SMRM{J,9) «GTe 0a0) GO TO 9 KFS02410
SHTP=SHTP-SMRM{J,5) KF502420
SMRM(J,91=0.0 KF502430

9 CONTINUE KF502440
GO TA 120 KFS02450
KFS02460

SET UP ITERATIVE SIM - CCS ROUTINE KF502470
KF502480

15 CO 10 J=1.NT Krs02490
XXV =XHIJI*Y (ST eYHL DD 4K (I KF502500
YY(J)=YHIJIeY(J)=0H{J)*X(J) KF502510
XH{J)=XX(J) KF5025¢0
10 YHLJY=¥Y{J]) KF502530
KF502%40

CREAYTE MULTIPLIER VECTUR KF502550
KF 502560

230
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C
c
C

20

30

35

40

50

Do 20 J=1,30

VCM{J)}=0.0

51=I#%]

VCM{11=1.0

VCMI2)=1]
VCMI3)=51/10000.

JDX=4

DO 30 Jd=1,NT
VEMI DX ) =4X1J)
VCMLIDX+L)=YY(J])
JOX=JOX*g

IF (IDX 4EQa O) Gr TO 25
VCMIL6410K)1=1.0

CONTINUE

DO 40 J=14NM

TaT141=0.0

DO 50 Jx=LlsNM

CO 50 J=1,22 .
TOTEJIXI=TOTUIX N +VCMIS1#COF(4X o}
DO TO J=1,NSTAT
DRF=TOTCITLICI}1+5T2(00,1)
CPF=TOT{ITL(J)¢NM/2}45T2{ds2)

GENERATE *RANDOM* VARIATION

o

55

00 55 JX=1,2
1Y=1X#465539

IF 11Y) 5cbs b
IY=I¥+214T4B8364T+1
YFL=1Y
YFL=YFL®,46566)13E~9
15=1%

2200 (1a=YFL)®®{~,16239)-1,}%8,205L7-(YFL**(-.16239)-1.)4%,20517)/.

13240
RNIJX)1=Z$COF{JX*ITLLJ},NC)

UPDATE STATUS. CREATE ORDER FILE

56

5¢4

IF (IDX EC. 0) GC TO &5
DRA=DRF#RN(L1}

DPA=OPF+RN(2)

IF [DRF oLEs 00} DRF=0.0

1F {OPF .LE. 0.0} DPF=0.0

IF {DRA .LE. 0.0} DRA=0.0

IF (DPA o.LE. 0.0) OPA=0.0
SMRM{J,6)}=SMRM{J,E ) ~0RF

SMRM {71 =SMRMIJ,T7)-DPF
SMRM(J,B)=SMRM(J,E)-0RA

IF (SMRM{J,8]1 .GT. 0.0) GO TO 56
SHTR=SHIR-SMRM(J,E)
SMRM { J,d1=0.0

SMRM{ J,9)=5MKMIJ,S1-(PA

IF [SMRM{J,49) «GTe CaQ) GO TN 5%
SHTP=SHIP-SMRM(J.5S)
SMARM ([ J,9)1=0.0

SMRM [ JoLlT)=SMRM{J,17)+0ORA
SMAM( J,18)=5MRMIJ,18)+0PA

IF [NPR(le¢J) oNEs &) GU TO &0
SMRM{J,L2)=5MRMI(J4L2) %],
NPR[{1l,J)=2

231

KFs02%70
KFS02580
KF502570
KFS02600
KF502610
KFS02620
KF5026130
KF502640
KF 502650
KFSO2660
KFS02670
KF502680
KFS026%u
KF5027T00
KFS0D2710
KFS02120
KF502730
KFS021740
KFS502150
KF502760
KFS02T10
KF502T780
KF502790
KFS02800
KFS02810
KF502820
KF502R30
KF502840
KFS0Z850
KFSU2860
KFS0287U
KFS02880
KF 502890
KFS02900
KF502910
KFS02920
KFS502710
KF502940
KFS02950
KFS02760
KF502970
KFS024980
KFS5029490
KFS03000
KFSQIL10
KFS03020
KFS03030
KF503040
KFSO3050
KIFS03uel
KF503070
KFS03080
KFS0310%0
KFSO031100
KF503110
KFS03120
KFS03130
KF5$03140
KFS031%0
KF501160
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&0
61
57

58

53

52

59

DETERMINE SUNOAY DEMAND FOR CREATIDN UF SATURDAY ORDER FILE.

65

70

15

:1¢}

82

85

RT

GO TO 61

IF {(SMRM{J,61-SMAM(J,41) .GT. 0.0} GO TO 57
NPRUL1l,J)=1
OFILE[LsJ)=5MRMIJs 2 )-{SHRM{J,6)+DRF}

GO Ta 58

IF ([SMRM{J¢B)=5MRM(J,4)) .GTa 0s0Q) GO TO 58
NPRI1,J)=2

OFILE{l+J)=SMRM(J42)-5MRM[J,8)
SHMRM{J,12)=SMRM(J,12}¢+L.

IF (NPRI2,J) «NE. &) GO TO 53

SMRM (J13)1=SMRM({Js13)+1.

NPR(2,J)=2

GO TO 52

IF ({SMRM[Js7)-SMRM(J,5]1) .G6T. 0.0) GO TO 59
NPR{2,J)=1
OFILE(2,4)=SMRM(J,3)-[SMRM{J,T)+DPF)

GO TO 70

IF ((SMAM{J,9I-SMRM(J,5)) .GT. 0.0} GO TO 7O
NPR{2,4)=2

OFILE{2,J)=SMRM[J¢3|-SMRM(J,9}
SMRM[J,13)=SMRM(Jsl3) ¥l

GO Ta 10

DRA=DRF+RNI1)

CPA=DPF+RN(2])

[F (DRF +LEes 0.0) CRF=0.0

IF (DPF «LEe CuC) DPF=CaC

IF {(DRA JLE. 0.0) DRA=0.C

IF (CPA 4LEs 0.0) UPA=0.0
WEDM{J,1)=0RF

WECM (J,2)=CPF

WECM{Js31=CRA

RECMiJd,4)=CPA :
SHMRM[J,1T7)=SMRVM(J417)4mECKIJs3)
SHAM(J, IBI=SMRM(J LEI+RECH a4l
CCAT IAUE

IF LIDX 4EC. C) GC TC 7%

IF (I0X «NE. &) GC TO 11C

ICX=0

GC Ta 1%

CC 1CO0 J=1,NSTAT

IF {NPR(LlyJ} NEs O) CC TO BS
IF L{SMRP(J,6)-mECMLJ, 1} -SMRNTJ,4)) ,GT. 0,01 GO YO 82
NPR[1,J1=1
OFILE(L,J)=SMRM[J421=-SMRF(J,61)
GO TQ B85

IF ((SMRMIJ,8)-wECHIJ,3}1-SMRM{J,4)) .GT. 0.0) GO TO 85
NPRI14J)=2
OFILE(LsJI=SMRM{J42)}=SMRM(J,.8)
SMRM{J,L12)=SHRM(J,12]+].

IF (NPR[2:J) «NEs 01 GO 10 100
IF ((SMARM(J,TI-WELM{J,2)-SMKN(J,5)] .GT. C.0) GO TO 87
NPR{24J) =1
OFILE(24J)=SMRM[Js3D=SMRM(J,T)
Ga Tu 100

IF L(SMRMEJ 91 =WECMEd,41-SMRM(J,51) oGT. 0.0) GO TO 100

NPR{2,J)=2
OFILE(2¢dY=5MRM{Jy3)=5MRN(J,9)

232

KFS03170
KFSQ3l80
KFS03190
KFS03200
KFS03210
KFS503220
KFS03230
KFS03240
KF503250
KFS03260
KF503270
KFS03280
KFS$03290
KFS03300
KF503310
KF5$03320
KF5033130
KF503340
KFS033%0
KF$033160
KF$03370
KFS0338U
KF503390
KF 503400
KFS503410
KF503420
®F%034 40
KF403440
KF3503450
KFS503460
KF503470
KF503400
KF5034490
KF503500
KFS03510
KFS03520
KF5035 40
KF503540
KFS0345%0
KESO3560
KF503570
KFS03580
KFS035490
KFSN3600
KFSU3610
KFS03620

KF 503640
KF503650
KF503660
KFS03670
KFS03680
KFS03690
KFS03700
KFS503710

KFS037 30
KFS03740
KFS03750
KFSO3760



100
110
120

SMRM([J,13)=5SMRMIJ413)+1.
CONT INUE

CALL ROUT(I}

RETURN

END

KF5037T0
KFS03780
KF503790
KF503800
KF503810
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SUBROUTINE RUUTLI)
COMMON SMHMU25419), vMRM{10,16)s X(10), XH(10)s XX(10Q},
11G)y YY(LO)y COFL10425), [TL(25), ST2425,2), NSTAT, NV,

2AD, RLy RU, OF, UF, CTUN, CTLD, TUNT, NOEFO, NSFTS, SHTR,
COMMUN/NTWK/TIMI 254250, DIS(25,25)s SSAVI25,25)s CMI25,25),

12,251, NPRI2,425}

KFS03820

¥Y(10), YHI{KF5038130
NREKFS03B40

KFS03850

OF ILE(XKFS03A40

KFSD3270

DIMENSTUN SAVI25,25), INIDX{25), [ROUT(25+41, TLOAD(25), RTTIM{ZSIKF5G3B80

s IV(25), XFILE(2%), RTDISCZ51, UVT{10)
SFTN=NSFTS
ISk=1
1 CN 2 K=LyNSTAT
XFILE(K =040
2 TLOADIK)=0,.0
CO 3 J=1,NSTAT
3 RTOLS(I)=2.5D15{J,1)
DO & J=1l.0V
& OvTIJ)=0.0

INITIALIZE SAVINGS FATRIX

DQ 5 J=1.N5TAT
N0 5 K= NSTAT
5 SAVIJsK)I=55AVIJ.K)

ESTABL ISH LNDIKECT INCEX

INDC=15w=1
Jox=0
GO 20 K=L.NSTAT
TF (NPRIISW,K) oGTe Q) LO TG 10
GO 10O 20
10 JDX=JnxX+l
INTOX{JUX) =K
20 CONT INUE
28 IF (JCX «EG. O} OC TO 305
Ua 30 J=L,NSTAT
€0 30 K=1l.,4
30 IROUT(J.K1=0

KF503870
KFS$S03900
KFS503910
KFS03920
KFS03330
KFSG3940
KF$03950
KFS03960
KF$03970
KFS03980
KFS03990
KFS0400U
KFS04010
KFS04020
KFS04030
KF504040
KF5040%0
KF 504060
KFS040 70
KFS0404H0
KF 5040490
KF 504100
KF504110
KFSO&L20
KF 5041 30
KF504140
KF504150
KF 504160
KFSU4Ll 70
KF504 140
KESO&LYDU
KFS504200

THIS SECTION MAKES THE INITIAL ALLCCATION OF VEHICLES TO SINGLE STATKF S04 0

ION ROUTES

K=1
B0 40 J=1.J0X
JNIDX=INIDXI{S)
IF [OFILELISHeINITX) oLEs [(UF*VMRMIK 5)}] GO TO 40
TRUDT(JAIDXy L) =2
IRDUT U IDXe2)=~9
TROUT(JNIOX 3 1=-9
IROUTIJNIDX, 4)=4NTDX
51 IF (DFILE{ISHeINIEX) +Gica VMAMIK,S5)} GO TO 70
TLDADIJWIDX} =0FILECISWJNTUX)
KFILEC(JHIDX)=UFILE(ISw, JNIDX)
OFILETTISW,INIDX)=C.0
IF INPRUISW,INIDX) JEQe. 2) GO TO 110
TTLDD=TLUAD(JINIDX)
RT'IH[JNIUK}=2.*TIH(JNIUX.1|+TTLCD/RL1TTLDD/RUOCTUNOCTLD
65 IF ( [VMRMIKyLl6)+RTTIMI{JNIDX)) oLE. VMRMIK,2)) GO TO S6
K=K+l
IF IK +uTa NV) GO TD 57

KFS504220
KFSU%42 30
KF504240
KFSU%25%0
KFSg4260
KFSU4210
KFS504240
KFS04290
KFS0a300
KFS04310
KFS04320
KFS504330
KF504340
KF504350
KFS04360
KF504%370
KES04380
KF504390
Kf 504400
KESU4410

234
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5T

56

70

80

110-

111

109

115

114

116

12

113

40

GC TO 55

NOEFO=NLEFO+]

IROUT(JINIDX,1)=0

IROUTLINIDX.2)=0

NPRIISW o JNIDX) =4

GO TO 40

IVIINIDX)=K

VNRM({K 9 ) =VMRM(K,S)+1l.

VMRM (K, L0)=VMRP{K,10)+RTDIS{JINTOX)

VMRM (K 3 14)=VMRM (K, 14) +RTTIM{INIDX}

GO TO 40

TLOAD{INTOXI=WMRMIK,5}

1F (IOFILE(ISW,JNIDX)*DF)} .GT., VMRM(K+5}) GO TO 80
DFILELISW, JNIDX )=C.0

GO TO 110
OFTLELISWeJINIDX I =CFILELISk JNIDX)=VHRMIK,5)
TTLOD=TLOADIJINIDX)

TTIM=2,*T IMIUNIDX,1 )+ TTLOD/RL+TTLOD/RUACTUNSCTLD
RTTIMIJINIDX)=TTFINM

I[F {((VMKM(K,2)-YMRM(K,141} LLT. TTIM] GO TO 115
VMRM(K,14)=VMRAM(Kola)+TTIH

[F (TTIM  LEe. VMRFM(K,T7)) GO TD 109

VMRM (K ¢ B)=VMRM(K,E}+TTIM-VMRH (K, 7]
DVFIK)=UVTL{K) « TTIF=-VMRM(K,T)
VHMRM{K,3)=VMRH(K,S)+1l.

VMRM UK ¢ L0)=VMRM (K, L1C)+RTDIS{JINIOX)
VMEMI{K,11)=VMRM(Ks11)+TLCADIJNIDX)

GO TO 116

K=Kel

IF (K .GT, NY) GO TO ll4

GO TO 111

NDEFO=NDEFU+1

IROUT LINIDX, 1 )=0

[ROUT LINILX,21=0

NPR{ISH,JINIDX)=4

GO TO 40

SMRM{JINILUX y i L4+ INCC*5) ) =SMRMIJNICX, {14+ INDC#*S) 141
ACEPT=SMRMIJNIDX , (L+ISHI }~SFRM{INIDA, [T+ISW)}

IF [ACEPT «GE. TLCAD(JNIDX)) GO TO 112

VMRM K 4151 =VMRM{Ky19) #TLOANIINIDX)-ACERT
TLOADUJHIOX}=ACERT

VMRM(K413)=VMRMIK,13) + l.

CFILEIISW JNIDX)=C.0

SMHM(JNIDX L7+ 1SnI I =SMRMIJNIDX , (T+[5SW1 )4 TLOAD LINIDX)
SMRM( JNTDX ¢ (S+1SWI)=SMRHIJINIDX 4L T+ISKI)

SMRM { JNIDX, {14+ 1Sh) J=SHRMIJINIOX, [ 14+L5w) b+ TLOADLINIDX)
IF (NPRUISW,JNIDXY LEG. 2) GU (O 113

IF (OFILECISh,JNICX) +GTe (LF®VYMRMIK,5))) GO TH 51
XFILE(INIDX}=0.0

TROUT [JNIDX, L) =0

[RUUT(INIUX21 =0

CONT INUE

THIS SECTIUN CARRIES OUT THE CLARKE AND WRIGHT PROCEDURE FUR RUUTE
IMPROVEMENT

45
119

DO &5 K=1NSTAT
OFILE{ISH.K)=XFILELK)

1F (JOX «LEe 1§ GC TO 140
KOX=2

RN
N

KF 504420
KFS504430
KFS04440
KFS504450
KFSU4%460
KF5G44TU
KFS5044480
KFS044490
KF504500
KFS04510
KF504520
KF$04530
KFS04540
KF504550
KF504560
KFS04570
KFS045B0
KFSU4590
KFSD4600
KFS504610
KF504620
KFS04630
KFS04640
KF504450
KF504460
KFSD4&T0
KES046E0
KF50U4470
KF504700
KFS04710
KFSQa 20
KFS04730
KFS04740
KFS047%0
KF504760
KFSQATIO
KFS504THO
KF504790
KFS04800
KF504810
KF504820
KFS04830
KF504840
KFS504850
KFS5048460
KFS06870
KFS5048BO
KF5048490
KESO4'700
KFS04910
KFSO4900
KFS50497340
KFS$S04%40
KF504950
KF504960
KF504970
KF 504780
KFS049490
KF505000
KFSD5010

235



236

1DX=JDX~1 KF 505020
SAVMX=040 KFS05030
LSAV1=0 KFS05040

00 120 K=1,I[DX KFS05050
KNIDX=INIDX{K)} KFS05060

DO 121 J=KDX,JDX KFS$05070
JNIDX=INIOXR(J) KFS05080
LADJ1=0 KF505090

IF (SAVI{JNIDX-1),KNIDX) LT SAVMX) GO TO 121 KFS505100

IF t{TRQUT IKNIDX,1) +EQ. 0} .OR. (IROUT({JINIDXs1) «EQe O}) GU TO 12KFSO5L10

12 KFS05120

1F (IROUTIJNIDX,4) +EQ. IROUTI{KNICX,4)) GO TO 122 KF505130

IF (({TLOAC(JNIOX)+TLOADIKNIDX}}*0F) .GT. VMRMIL,51) GO 10 122 KFS05140
ADJR:-TIP{JN!DX.lI-T[HlKNlUx.1|+TIHlJNIUX.lKNIDK'l\i KFS05150

IF ({TLUAD{JNIDX)+TLOAGI(KNIDX1} oLEe VMRMIL,51) GO TO 127 KFS05160
ADJL=TLOAD(JWIDX)¢TLOADIKNIDX) = VMRM(1,5) KFSO0SL70
ADJR=ADJR-ADJL/RU-ACIL/RL KF505180
LADJL=1 KFS05190

127 CONTINUE KFS05200
TRTIM=RTTIM{JINIDX)+RTTIM{KNIOX)+ADJR~CTLD KF$S05210

IF (TRTIM oGT« ¥MRM{Ll,31) GO TO 122 KF505220
SAVMX=SAV( {INLIDX=1),KNIDX) KFS052130
JSAV=JNILUX KFS505240
KSAV=KNIDX KFS05250
LSAVL=LADJL KF505260
TRTIMS=TRTIM KFS05270
ADJRS=ADJR KFS505280
ADJID=-D1S(JSAVy LI~ OIS{KSAV, LI+DIS{JSAV.(KSAVEL)) KF505290
RTTDIS=RTDIS{JSAV)+RTRIS(KSAV)+ADJD KFS05300

GO TO 1z1 2 KF5053i0

122 SAVI{JINIDX=1)KNICX}=~Ba KFS05320
121 CCNTINUE KFS5053230
120 KDX=KOX+l KF 505340
IF [LSAV] .EQe O) GO TD 124 KFS0%350
TLOADIJSAV )= 55VMRM(1,5) KF$05360
TLOAD(KSAV)=,5%VMAMIL,5) KF$05370

124 IF {SAVMX .LEe 0.C) GO TC L70 KF505380
SAVI(JSAV-1),KSAVI=-F, KFS053490
RTNE=RTTIM{KSAVI+ADJIRS-CTLD KFS05400

IF (CVMRMUIVIJSAV) g 14 +RTNE) #GTa VMRM{IV(JSAV),2)) GO TO 130 KFS05410
NVH= [V(JSAV) KF505420
VMRMI IV (KSAV},91=VMRM{ [VIKSAV)491-1. KFS505430
VMRHIIUIKSAUI.141=VPRH11vtK5AV).14)—RTTIHtKSAvl KFS05440
VMRM{ IV(JSAV) 14 )=VHRM(IVIJSAV), 14)+RTNE KF405450
VMRMIVIKSAV) s 1O 1=VNRMIIVIKSAV),10)-RTLIS{KSAV]) KF 505460
VHRH(IUIJStviu10l=VPRvI!th5AVl.lultRTDlS(KSAV!+hDJD KF5054 70

GO TO 125 KFS505480

130 RTNE=RITIM(JSAV)I+2DJRS-CTLD KF505490
[F (CVMRM{IVIKSAV) 14} ¢RTNE) «GTe VMAMUIVIKSAVI,21) GO TO 140 KFS05500
NVH= [VIKSAV) KFS05510
VMRM(IVIJSAY I, 9 )=VHRMIIVIJSAV),9)-1. KF505520
VMRM{TVEJSAV] ¢ 141 =VMRME(IVIJSAVY 414 1-RTTIM{JSAV] KFS05930
VHRMIIVIKSAV) 412 )=VMRMITVIKSAV) ¢ 14 +RTNE KF505540
YMRM[ IVIJSAV], LO)}=VMRMUIVIJSAV), L0)=RTDIS(JSAV) KFS05550
VNRMLIVIKSAV) y10)=VMRMIIVIKSAV) o 10I#RTDISLISAVI+ADID KFS05560

GO TO 125 KFS05570

140 00 160 KX=1,NV KF505580
IE ((VMAMIKXs14)+TRTIMS) .Gl VMRMIKX,2)) GO TD 150 KFS055%0
NVH=KX KFS05600

IF [IV{JSAV) .EQ. IVIKSAV)) GO TQ 145 KFSQ05610



L&45

150

160
125

400

450
475

490

480
4A%

510

500
520

530
540

550

VMRM( IVIKSAV) ¢ F)=VMRM{ [VIKSAV),9)-1.
VMRMIIVIKSAVE 4 14)=VPRM{IVIKSAV],14)-RTTIM{KSAV]
VMRM{ IVIKSAY), 10)=VMRMIIVIKSAV) s 10)-HTDIS(KSAV)
VNRM{IVIJSAV] Q) aVMAMEIVIISAV ) 9)-1.
VMRM{ KX ¢9) =VMRMIKX 9} + 10

VMAM L IVIJSAV) s 14 )= yNRMILVIISAV) o L4 =RTTIMLJSAV)
VYPRM (KX 14 ) =YMRM(KX, 14} 4 TRTIMS

VMRM IV J5AV) 2100 =VMHMIIVIJSAV) 10} -RTDIS(J5AV]
VMRM (KX, 10)=VMRM{KX,1Cl+RTTOIS

GO TO 125

IF K .ilE, NV] GO TC 160

GO TA 1s5

CONT INUE

IF (IRCUTIKSAV,2) .NE, -3) LO TU 400
IF (IROUT{JS5AV,3) «NEs =-9) GO TO 4BO
JTROUTIKSAV,2)=JSAV

[ROUT [JSAV,3)=K5AV »

GO TO 500

IF { IROUT(JSAV42) NE. =9) GD TU 450
IROUT (JSAV 2 1=KSAV

IROUTIKSAV 3)=J5AY

GO TN 500

JX=JSAV

1DUM= TRUUT (JX,2)
[ROUTCJX,2)=TRUUTIIX,3)
JROUT {JXy 3)=10DUM

I[F (1ROUT(JX,3) .EQ. -9) GO TO 490
JX=1ROUT(IX,3)

GQ TA 475

IROUT {JSAV,2 )=K5AV
[ROUT{KSAV 3] =J5AY

GO TO 5CO0

JX=J5AV

JOUM=TR0UT (JX,31

[ROUT (JX, 3)=[ROUTI(IX, 2}

IRNDUTIJK, 2)=1DUM

1F (IRQUT(JX,2) .EQ. =-9) GU TO 510
JE=1ROUT(JX,2)

Gl TU 485

IRCUT {JSAV 3 1=K5AV
TROUT(KSAV,2 1 =J5AV

IX=J5AY

1F ([ROUT(JX,2} .EQ. =9) GO TO 530
JX=THOUTIJX,2)

GO T 5.0

KX=KSAY

IF (IRCUTI(KXy3) «EQ, =-3) GU TO 550
KX=IROUTIKX,3)

GO TO 540
TLOAD(JL)=TLUAULJSAV I +TLOAUIKSAV)
TLOAD (KX ) =TLUADIJY)
XEILE(KX)=XFILE(KSAV)+XFILE(JSAV)
XFILE{JX}=XFILE(KX)

IROUT (JSAV,L)=IROLT{ISAV,L)-L
[ROUTIKSAV,1)=[RULT(KSAV,1)~1
RTITIM{JKI=TRTIMS

RTTIMIKX)=TRTIMS

RTDIS(JIX)I=HTTDIS

RTOIS{KX)=RTTOIS

IV {JX)=NVH

KF50562U
KF509630
KFS05640
KF 505650
KF5G5660
KFS5096 70
KFS0568u
KFS05690
KFS505700
KFS05TLO
KFS05T20
KFSO5710
KF505740
KF505750
KF505760
KFSOS770
KFSGSTE0
KFS05790
KFS05800
KFS05810
KFS505820
KFS095830
KF505840
KFS05850
KF505860
KFSO05870
KFS0S88U
KFS05890
KFS05 407
KFS059LU
KF 5054920
KFSU591310
K+505260)
KFSUS9%0
KFSuh960
KFS05970
KFS05980
KFS504%940
KFSOLOIU
Ki S06U10
KFSOLLZO
KFS06030
KF 506040
KFSQ&US0
KF 506060
KF 5060170
Kt S0s0EU
KFS06090
£F5061L00
KF 506110
KFSO0LL20
KF5061130
KFSU6140
KFS06150
KFS06160
KFS06170
KFS06180
KF506190
KF506200
KFS06210

7
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165

IVIX X =NYH

[ROUT {KSAV 4 )= [ROLTIKX,4)
IROUT(JSAV 4 ) =THOLT (KX 44 )
TROUT{JX 4 )=[ROUTIKX 41

IF {SAYMX «GT. 0.C) GO TO 119

STATION STATISTICS LPDATE

170

175

176
L7T

180

210

220

230

300
305

310
320

CO 300 J=1,NSTAT

IF {IRQUT(Js2) .NE. =9) CC TO 300

JNDX=J .

IF (XFILE(J) «GVe Ou) GU TO LTE

FACTR=0.0

GO TQ 177

FACTR=TLUACIJI/XFILE(J]
ACEPT=SMRM{JNDX ; (L+ISWI1=SMRMUINCX, (T7+ISH1)
IF {ACEPT «GT. (FACTR®*UFILE(ISa,JNDX})) GO TD 180
SMRM { UJNDX, (7+ISH) I=SMRMEINDX, [ 7¢1SHW) 1 #ACEPT
SMRM{JINGN 4 (54 15W) )=5MRM (JNDX, {7¢ISW)}

SMAM{ JNUX s {14+ T5h} ) =SMRM{JINDX, {14+ ISH))+ACEPT
VMRM | TVIJY, L1 )=VMIM{[V{J),11) +ACEPT
TLOADtJ)=TLOUAD{J)-ACEPT

Ga 1O 210

NEVR=FACTR*CUF ILE{1Sh: JNDX])

SHMRM{JINUX, (T+ISW)I=SMRMIJNGX, L T+HESW) ) +DEVR
SMRM{ JNUX, (S+ISKI P =SKRMIINDX  { T4ISW )

SHAM [ JNDX, [14+15n) )=SMAMUNDX, 114 +15W) ) +DEVR
VMRM{IVIJ) L1 )=VMEM(IVIJ)11)+DEVR
TLOAD[J)=TLOAD(JI-CEVR

SMRM{ JNUX, [ 14+ INUCES) ) =SHARMIJNDX {14+ INDC*5) ) +1.
IF (IROUT(JINDX,3) JEQ. -9) LU TU 220
XFILECJ)=XFILEIJ)I-OFILE(ISW,JNOX}
JHOX=TROUT (INUX 3}

G0 YO 175

[F (TLCAD(J) .LT. 5.Q) GO TU 230

VMARM{ TV J) s15) =VMARMIIVID) (151 «TLGADI)

VMRM( IV(J),13)=vMRMITIVIJ) 13041,

IF (RTTIMIJ) oLE. VMAMLLIVIJI,T)) GU TO 300
OVTIIVIIY ) =UVTLIVIJII#RTTIMIJ)=VMRM{IVII),T)

VHRH!IV(JI.Sl:UHRPilvlJ!.BliRITIPiJl-VHRHllV(Jl.TI

CONT INUE

ISW=15w+1

IF (ISW +tQe 2) GC TO L
DO 310 J=1,NV

238

KFS06220
KFS06230
KFS506240
KF506250
KF506270
KFS06280
KES506290
KFS06300
KF506310
KF506320
KF506131130
KFS061340
KFS506350
KF506360
KFS063T0
KF506380
KFS063490
KF506400
KFS506410
KF 506420
KES06410
KFS06440
KF$06450
KFS06460
KF506470
KFS064480
KFS064490
KFS06500
KFS0&510
KF506520
KFS06530
KFS06540
KFSU65450
KF506560
KF5065T0
KFS506580
KFS506590
K SUL600
KFS06610
KF506620
KFS5066 10
KFSOArALD
KFS06690
KFSOhHE60

IF ({VMRM([J,14)-SFTN®YMRMIJ, 71} GT. OVI{JM) VMRM(J B =VMRM[J,8) +VKFS50A6 /0

1MRML J 414 ) -SFTN®VMEMIJ, T)=-OVTIJ)

VMRMUJ 121 =VMRM(J,12) +VMRM (I 14)

IF {VMRM{J,14) .GT. (VMARMIJ,T}I*SFINDI VMRM(Jy 14)=VMRMIJ, TV ¥SFTN

TUNT=SFINSVHRMLJ, T)-VFRMId414)
RETURN
END

KFS$06680
KF506690
KF506TU0
KFS506T10
KF506720
KFS506730
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SUBRDUTINE RPORT(I4CR.CPsCC4COCMT,COPLCLTLRT, [IRPT) KF506740
KF506750

HIS SUBRUUTINE PRUVIDES A PERIODIC PRINTOUT OF STATISTICS KF506760
KFSO&TTO

COMMON SMRM{25,19), VMRML10,16), X{10}, XH{10), XX(10), Y(10), YH{KFS06740
110}, YYU(LO}, COF(10425), LTL{25}, ST2(25+2)¢ NSTAT, NVy NwWRIT, NREKFS50&67490

2AD, RL, RU, DF, UF, CTUN, CTLDs TUNT, NDEFO, NSFTS, SHTR, SHTP KF506804
COMMON/NTWR/TIM{2%,25), DISI25+25), SSAVI25.25), CMI25,25), OFILE(KFS50&b1U
L2¢25)y NPR(Z.25) KFS506B20
RPTN=I/IRPT KFSO&B30
NWKS=(I=LRT) /7 KFS06B40
WES=NHWKS KF504B50
DYS=1=LRT-NWKS*7 ' KF 506860
STIM=] KF506870
SFIN=NSFTS ’ KFSO0&6H0
WRITE(NWRIT,BS50) STIM KF 5068490
FORMAT{LHL 453X,* SIMULATED TIME "4F5.04/) KFSD&900
WRITE(NWRIT,BT70) RPN KF506310
FORMAT (94X, * REPORT PERIUD *,F5.0,//7) KF 506920
STIM=1=-LRT KF 506930
LRT=] KF506940
KFS06950

EHICLE STATISTICS KFS06960
KFES069TU

WRITEINWRIT,1000) KFS06980
FORMAT (55X 4+ VEHICLE STATISTICS'+7/) KF 506990
TDC=0,.0 KFS0T000
TMC=040 KFS07010
TOC=0.0 KF 507020
TLC=0,0 KF507030
TFC=0.0 KFS0T040
TNT=0,.0 KF507050
TAV=0.0 KFSOTOBO
TAL=0.0 KFSOTQT0L
TAT=0.0 KF507080
TNG=0.0 KF 507090
TNEX=C.0 i KFS071C0
TUND=0,0 KESOTLLIO
TaYT=0.0 KF5071L20U
WRITE(NWRIT,940) KFSULTL3O
FUORMATI® VEHICLE®' 33X,*TATALY ySX,"AVERAGE® 34X, 'AVERAGE ' » 3K, ' AVERAGEKF 507140

L7¢2Xe? AVERAGE " 4X¢ "NUMBER UF ' 35X "VEHICLE " b, "VENICLE® , 6%, * VEWILKFS0T150
2LE 44X " COST OF",4X, " TOTALY /" NUMBER' 4 X, *NUMBER"+3X, "NUMBER OF 'rFSOTLLD
A, 4N "TRIPY 6K "TRIPY 3%," GALLCNS *,3X,"TRIPS WITH' 43X 'OPCRATINGKFSOTLTL
49,30, "MAINTAINENCE? , 3X, *DRIVER 4 X, "TAXES AND* 43X "COST! /13K, "(FKELOIIBU
G0 65X, 'TRIPS PER* ;2N 'LENGTH" 45Xy *TIME®yaX,y "UELIVERED® ¢ SR, *EALESS® (KF L0710

ETX4 " COST g LOX,"CUSTY yBX,COST* 45Xy *LICENSING® ) KFS07200
WRITEINWRIT,4501} Khs017210
FORMAT{LLK,"TRIPS?y TX "DAY*, 25X, "PER TRIP',7X,"L0AD") KFSDF220
rg 200 J=1,NV KF507230
VN=NYV KES07240
AVIR=VHMRM{J,9)/5TIM KF50T250
IF (VMRM(J,9) «GT. 0.0) GO TO 955 KFS0T260
ATL=C.0 KF507270
ATT=0,0 KFSQ728U
AGT=0.0 KF507290
GO TO 956 K+SOT3I00
ATL=VMRM{J, 10)/VHRM {1+ G) KF507310
ATT=VMRMIJ,12)/VHMEM(J3,9) KF507324

AGT=VMRMIJ, L1 ) /VMEMIU,9) KFSUT 330



c
c

(aEaRal

956 YDC=VMRM(J,10)*CGF KFS07340
VOC= (WKSESFTN® G ®YMAMI S, 7} +0YS*SFTNSVMRMIJ, TH+VMRM(J,B1*¥1.5)%CD KF507350
YMC=VMRM[J,10) *CHMT KF507360
VTC=CLT+vUC+vOC+VFC KFS50731/0
TOVT=TUVT+VMRMIJ, E} KF507380
TOC=TOC+vUL KFS0T7390
TNC=TCC+¥DC : KF507400
TMC=TMC+VMC KFS07410
TLC=TLC+CLTY KF507420
TFC=TFC+VIC KFS07430
TNT=TNT+VMRM[J4+9) KF507440
TAL=TAL+VMRM{J, 10} KFS0T450
TAT=TAT+YMRM(J,L2) KFS07400
TNG=TNG+YMAMIJ,11) KFS0T747U
TNEX=TNEX t+VMRM{J,413) KFS07480
TUND=TUNU+VMRM{J,15) KF507490
WRITE{NWRIT,9601 J, VMRMUJ, 4Y), AVTR, ATL, ATT, AGT, VMRM(J,13}, VUKFS07300

1Cy ¥MCy WDC, LLT, VIL KFSO751U

960 FORMATI3X,12+5XeFSa0sb6Xeflal 5N sFbals4XsFbalsdXaFBalyIAeF3.0,4X,FIRFS0T520

1e24aXoF9,2,3XeFF.2,2X4FFe2+1X9FGe2) KFS07530
. KF507540

STATISTICS RESET KFS07550
KFS07540

VMRMIJ¢B)=0.U KF5071570
VMRM{J49)=0.0 KF507580
YMRM(J410)=0.0 KFS07540
VMRM (1,111=0.0 KFS07600
VMRMIJ4121=0.0 KF$07610
VYMRM{J413)=0.0 . KFS07620
VMRM{J415)=0.0 KFSO7610

200 CONTINUZ KFS07640
IF (TNT .GT. 0.0) GO TU 201 KF 507650
TAG=0.0 KFS07660
Gad ¥O 202 KF507670

201 TVAL=TAL/TNT KF 507680
TAT=TATZINT KF5076490
TAG=TNG/TNT KFS07700

202 TAY=TNT/STIM KFS0T710
IF (TRG L.GT. 0.0} GO TO 210 KFS0T1720
AVTC=0.0 KFS0T7 30
GO TO 215 KFSQI740

210 AVTIC=TFL/TNG KFS07 150

215 CRT=CR+AVTC KFS50TT60
CPT=CP+AVTC KFSGTII0
WRITE(NWRIT,970)} TINT, TAV. TAL, TAT, TAGe TNEX, TOC, TMCs TDC, TLLKFSOT77A0
1y TFC KFSOTT90

970 FORMATIY TUTALY 333 ,F6a0.6XsFbals5XsFbul X oFOelpdX4FBalIXFI00,4XKES507BNO0

19FPa2¢4XsF02,3XeF9:2:2%4F9.241%:F9:2) KFS07810
WRITEUNWRIT 9801 TOVT,TUNT TUND,AVTC KFSOT8Z0

980 FORMAT(//," TOTAL OVERTIME! ,12X,FB.ls" HUURS®,/,' TOTAL IDLE TIME*KFS07830
1411X3FB8.1," HOURS",/,* TOTAL GALLONS EXCESS LOUAD *yF8.1l,"' GALLUNS*KFS507840
24/+" AVERAGE TRANSPORTATION COST*43XyFBa54" PER GALLON DELIVEREU®IKFS0T850

KESOTBED

STATIDN STATISTICS KFS0ts870
KFSQT8BO

WRITE{NWRIT,900} KFSOTB90

900 FORMATULHL,54X,* STATION STATISTICS *,///) KFSO7900
TIC=0.0 KFS0T910
TNOP=0.0 KF507920

TNOR=0,0 KF507430

240
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TAOSR=0.0 KFS$07940
TAOSP=0.0 KF507950
FAIR=0.0 KFS0T7960
TAIP=0,0 KFS07970
TXPP=0,0 KFS07980
TXPR=0.0 KFSOT990
TADMR=0,0 KFS08000
TADMP=0,0 KF 508010
WRITE(NWRIT:9101} KFS080D20

910 FORMAT({®* SIATIDN‘.BX:'fUTAL'rIZXv'AVERAGE'vl#Xv'AVERAGE"ISX.'AVERKFSOBOSD
TAGEY ¢ 12X *STATION® ¢ 7TX s "VUMBER '+ /o " NUMBER®, 94X, "NUMBER* , 12X "OALLY*KF 508040
Zylblg'ORDER"lEK.'lNVENTﬂRY',lOK.'lNVENTOHY'ySX.'E!PEDITED"I,lBK.KFSU&DSO
3'GF'.l]l.'BEHAND‘|lﬁxu'SlZE‘,lalg'LEVEL'v13Xp'CARRYING'obl.'DRDERSKFSOBObD
49, /o 14N, "DELIVERIES 4 T34, *CUST "¢ /¢ 14X+ "REG, PREM, *95X ¢ *REGULAR PRKFSOB0T0
SEMIUM® ,4X,*REGULAR PREMIUMY, 86Xy "REGULAR PREMIUM', 18X, "REG. PRKFS0B080

G6EM,.Y) KFS0B8090

00 100 J=1:NSTAT . KF508100

[F {SMRM(JsLl4) G1. 0.0) GO TO 220 KF508110
A0SR=0.,0 KF508120

G0 TO 221 KF508130

220 AOSR=5MRME(J,15)/SFRMIJ414) KFSOBL &40
221 IF (SMRM(J.19]) .Gls 0.0) GO TO 222 KF508150
AQSP=0,0 KFS50B8160

GO T4 225 2 KFSOBLTO

222 AQSP=SMRM{J.16)}/75FRMIU,L9] KF5%08180
225 AIR=SMRM(J . LG1/STIM KFS508190
AIP=SMRM(J,L1)/S5TIM KF508200
TADMR=TADMR¢SMRMIJ,LT] KF508210
TADMP=TAOMP*5MRMI(J,18) KF508220
TSOLO=TADMH+TADMP KFS082130
SVRMUJ),17)=SHRM{J+1T1/STIN KF508240
SMRM(J, LB} =SMRMIJ,18)/S5TIN KF508250
STIC=(ALR®CRT+AIPSCPT)*CC : KFS0B260
TIC=TIC+5TIC ’ KFS08270
TNOR=TNOR*SMRM(Jo 14} KFS08280
TNOP=TNUP+SMRM(J, 19) KFS0B290
TAOSR=TAUSR+SMRM(J,15} KF508300
TAQSP=TAOSP+SMRMKIJ,18) KF508310
TAIR=TAIR+SMRM{J,10) KF508320
TAIP=TAIP+SMRM{J,11) i KF508330
TXPR=TXPR*SMRM{J,12] KFS0B340
TXPP=TEPP+5MAMIJ,13) KFS08350
WRITE(NWRIT+920) Jy SMRMIJe141, SMRMIJ,19}, SMRM(J,1T), SMRM(J,1B)KF508360

1y AOSR, AUOSP, AIR, AlP, STIC, SMRM{Js12), SMRMIJ,13] KFS0B3T0
920 FUR"AT{ZI'l3y91|F4-U'2KgFﬁ.G|SX|F1-1|2K|F701|4K'F7|I'ZK|F7.1|4K'F9KFSDB§HO
l.l.ZK.F9.1|5I-F9-2.4K|Fk-O.ll.Fﬁ-Ol KF50R390
KFS508400

STATISTICS RESET - KFSO8410
KF508420

TUNT =0.0 KFS5084 30
SMRM{J,10)=0.0 KFS0B8440
SMRM[J,11)=0,0 KFS08450
SMAM{4,12)=0.0 KFS08460
SMARM(J,13)=0,0 KFS084T0
SMRM{J414)1=040 KF508480
SMRM(J,15)=0.0 . KFS0B490
SMRMIJ,161=0.0 KFS08%00
SMRM( S [71=0.0 KF508510
SMRM(J,168)=0.0 KFS08520

SMRM{J,19)=0.0 KFS08530



100 CONTINUE KF508540
STAT=NSTAT ’ KFS508550

IF {TNOR .GT. 0.0) GO TO 230 KFS508560
TAQSR=0.0 KF508570

GD TD 235 KFS0B5H0

230 TAQSR=TAOSR/TNOR KFS$08590
235 IF (TNCP .GT. 0.0) GO TO 236 KFS08600
TA05P=0.0 KFS08610

GD 1O 237 : KF508620

236 TADSP=TAUSP/TNOP KFS08630
237 TAIR=TAIR/STIM KF 508640
TAIP=TAIP/STIM KF508650
TADMR=TADMR/STIM KF 508660
TADMP=TAUMP/STIM XKFS0B67T0
WRITE(NWRIT,9301 INOR, TNOP, TADMR, TADMP, TAOSR, TADSP, TAIR, TAIKF5086&EQ

LPy TIC, TXPR, TXPF KF$08690
930 FCRMAT(® TOTAL'.TXrF4.0.ZX.Fﬁ.U.SX'FT.l,ZlgF7.1.4X|F7.l|ZK.F7.1.+KFSOBTOD
1XsF9a1,2XsFTaly5XsFIa2,4X,F4a013%4F4.0) . KFSOBT10
TAVCST={TFC+TIC)/TSOLD KFS08720
WRITE(NWRIT,935) TAVCST, NDEFD, SHTR, SHTP KF 508730

935 FORMAT{//,' AVERACE TOTAL CUST",FB.5,' PER GALLON SGLD';/|' NUMBERKFS0B740
1 OF DEFERRED ORDERS'4+15,/,' LOST SALES REGULAR®,FBale"' GALLONS®,/,KFS08750

2% LOST SALES PREMIUM®,FBels*' GALLONS') KF 508760
NOEFU=0 KFSO0BT7Q
SHYR=0.0 KF508780
SHTP=0.0 KFS508790
RETURN KF5088U0

END KF508810
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ABSTRACT

The design of a distribution system for refined petroleum products
is researched by simulation. Actual data provided by a major petroleum
company is used in describing a hypothesized system. This data includes
historical sales data for regular and premium gasoline sales at twenty-
five service stations, and costs pertinent to the operation of a fleet
of delivery vehicles. As the daily demand patterns dictate the system
requirements, the demand patterns for various service stations are
modeled by a set of eight models, one for each product at each of four
different site types. The demand models are time series models developed
through the use of harmonic analysis.

As the operational costs are incomplete, statistics are monitored
on other indicators which reflect the efficiency of the operation of
the system. Given the established demand patterns and fixed system
characteristics, parameters governing the logistics of product supply
are examined through case study to determine the most effective set of
operation procedures. These parameters include reorder level at the
stations, order quantities, and vehicle characteristics (number of ve-
hicles, size of compartments, shift lengths, and allowable overtime).
Two modes of operation are examined, the use of vehicles divided into
two compartments, and non-compartmentalized vehicles.

The most efficient operating procedure of the alternatives examined
appears to be the use of compartmentalized vehicles with compartment
size ratios closely approximating the ratio of regular gasoline sales

to premium gasoline sales. The best operating procedure also provides



for full vehicle loads to single stations in filling the station product
demands.

The simulation case studies reveal the need for delivery planning
over extended periods of time, rather than day to day operation, to
facilitate the leveling of orders over the planning periods to avoid
concentration of orders in peak days. Further, the need for extending
the considerations of compartmentalization to include more than two
compartments per vehicle is indicated, as well as reorder points set
individually at the stations to account for different demand rates,

both between the stations, and between the two products at the individ-

ual statiomns.



