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INTRODUCTION

Simulation is a natural development in the discipline of Operations
Research., The group of techniques that today is known as Operations
Research evolved out of efforts to provide formal, efficient, decision-making
techniques for the design of air defense operations in Britain during
World War II. Since that time the methods of Operations Research have been
refined and its areas of application expanded until today when it is being
successfully applied to a wide range of problems,

As techniques for the solution of management problems were developed
and utilized (linear programming, queueing theory, inventory control--among
the more popular ones) the operation researcher turned his attention to more
complicated management decision processes discovering that neat mathematical
procedures could no longer be found to perform the necessary analysis. Dif-
ficulties aiao occur in applying mathematical techniques to everyday management
problems like scheduling jobs through a shop. Although scheduling appears to
be straightforward, operations researchers have yet to provide a complete
solution, Decision makers who face these problems-and somehow make decisions
are the first to admit that the basis of their decision is qualitative and
could be improved if appropriate quantitative aids were available. This
need for quantitative techniques for complex situations, combined with the
ready availability of large and fast computers, led to the development of
aimulation; Its widespread use today is apparent from the number of recent
books published on this topic,

In the determination of rational policies through the use of simulation,

it must be recognized that simulation is not an end in itself, The simulation



model is, rather, a vehicle from which data for further analysis are
collected. Thus, the simulation model becomes an intermediate phase of

the experimental process to provide information which may be analyzed in
order to draw conclusions about the system under study. In many cases, ther
actual simulation model is used in an interactive manner with classical
optimization techniques which dictate various policies to simulate.

This thesis has as a main objective the construction of a model that
will simulate the internal operation of a plant for the production of feed-
stuffs, which could be used either in a design stage to try to achieve an
adequate combination of production facilities or in an operational installation
to gain knowledge_on the effects of possible policy changes that by their
specific nature may be too unsafe, costly or uncertain to be attempted in the
real world system.

~ An important feature that simulation models present is their capability
of integrating cher techniques that apply to specific areas within a large
system. In this work, special emphasis has been made in the utilization of
dynamic inventory control techniques to dictate the policies regarding stock
handling and levels of operation of the feed mill within the boundaries
defined for the system under consideration..

When analyzing an integrated production-inventory system for a feed
mill, current inventory techniques must be understood within the context of
the overall system. That is, in trying to optimize the general operations
it is not sufficient to determine the optimal inventory variables, namely
how much to order and how often to order. It is even more important that
most of thg efforts be directed toward accomplishing the best combination
plant-warehouse-inventory system.

Analytical models of inventory exist in which parameters considering

physical warehouse dimensions and capacities can be inserted and their values



obtained automatically as a consequence of the inventory cost optimization
process (3). But this, by no means, guarantees that the overall total
operational cost will be optimal. Then, it is logical to initate a search
that would possibly deviate from the total optimal inventory cost but
ultimately yield a better overall total cost.

The intention of this work was to develop a basic simulation model and
initiate a search for a better combination of the factors influencing the
performance of a subsystem of the general feed production operation. It was
not expected that under the-couatrainta of computer time available for this
research the optimal solution to the problem would be obtained, An illustration
of the basic steps for building a computer simulation model may contribute,

however, to more rational decision-making procedures in the feed industry.



REVIEW OF LITERATURE

No extensive application of computer simulation techniques to problems
of feed production operation is available in the literature, except for work
by Stafford and Snyder (15) on a raw material procurement model that uses
simulation to evaluate different safety stock policies.

Starr and Miller (16), treat the simulation of a Q-model of inventory
control for a single product (fixed lot size, variable frequency of ordering),
assuming that no sequential demand dependency exists. In other words, each
month's demand is independent of the demand that occurredvin the preceding
month., They use a demand generator to produce random series of monthly
demand which can be used as input to various decision rule boxes and satis-
factorily compare the results obtained using their simulator with the results
of the analytical model as far as the measures of performance were concerned,
They suggest that assuming randomness of the demand process is the best policy
to prevent bias in the results when less than one year's data is available.
The use of queueing model simulators is recommended for low demand-high
stockout cost items,

Naylor etral. (10), outline a production-inventory simulation model
pointing out some of the elements in such a system, This model includes basic
elements like generation of stochastic variates, inventory recordkeeping,
scheduling according to predefined rules, and statistics collection.

Schmidt and Taylor (14), construct a next-event general Fortran simulator
which can be employed in the analysis of either reorder point or periodic

review systems,



Pritsher and Kiviat (13), illustrate the use of their simulation set of
Fortran subroutines GASP II by showing two inventory applications. One of
them deals with the Q-model of inventéry control with Poisson-assumed demand,
lost sales allowed, and constant lead time., The second application tests
the effects of distribution types on inventory policy decision for another
Q-model with backorders.

Wagner (18), indicates an algorithm to evaluate the operating character-
istics of a proposed inventory replenishment rule by simulation.

Bowman and Fetter (2), describe a single-product production-inventory
simulator written in Fortran that allows experimentation with a variety of
decision rules for setting production rates according to an exponential
smoothing forecast of the demand.

Nanda (9), developed a production scheduling simulator intended to be
used as a decision-making exercise in job-shop problems. |

Batra (1), investigated the behavior of the demand during lead time
distribution when the variance of the demand is altered by using a probabi-
listic inventory control simulator.

As can be seen, most of the simulation work in the general literature
that could be applied to feed mill problems are concentrated in thé inventory
control area, with some work dong in the area of scheduling, and very little

done in integrated production-inventory systems.



SOME BASIC PRINCIPLES OF SIMULATION

Simulation has been defined as "a numerical technique for conducting
experiments on a digital computer, which involves certain types of math-
ematical and logical models that describe the behavior of a business or
economic system over extended periods of time", (10).

Computer simulation models often include descriptions of interactions
which exist in the real world system but are difficulﬁ to express adequately
in purely mathematical models, |

To simulate a system one must be able to describe it in numerical
terms. The key concept for doing this is that of the system state descriptionm.

If a system can be chafacterized by a set of ﬁariables, with each
combination of variables values representing a unique state or condition of
the system, then manipulation of the variables simulates movement of the
system from state to state. This is precisely what simulation is: represent-
ation of the behavior of a system by moving it from state to state in
accordance with well-defined operating rules.

The concept of an event which takes place at a point in time and either
starts or ends an activity, thereby changing a system state, is a crucial
one, In fact, the behavior of a system is reproduced by examining the system
at event times.

The key to discrete-event simulations is to organize system events so
that the order in which they are executed within the computer corresponds to
the order in which they would occur in the real world system. This preserves
the time relatioqshipa between simulated and real events,

Another basic concept is that of events scheduling. It is necessary to

keep track of the times at which the different events are due to occur. This



is done by using information storage and retrieval tables (13), a very useful
concept in computer-related techniques.

Basically, only one initial event would be required to keep the
simulation moving in time based on the fact that this event can trigger the
occurrence of the next event of its same class and at the same time initiate
a chain reaction for the occurrencé of other events, which makes up the entire
system's dynamics. To accomplish this, every event that is entered or retrieved
from the master information tables is defined in terms of relevant attributes
like type of event, occurrence time, and any other information of interest that
would permit setting up the logic which the system will follow in operation,

In formulating a simulation model it is desirable to associate some measure of
performance with both the decision variables and the uncontrollable variables.
Decision variables are those that are under control and can be freely manip-
ulated to a certain extent (i.e. plant capacity, inventory parameters). The
uncontrollable variables are beyond management control and are usually
represented by probability distributions within the simulation (i.e. demand).
These two types of variables must be precisely defined in every simulation

study for they are vital parts in the process,



SIMULATING A FEED MILL

One of the first decisions to be made in any simulation study is the
language to be used for modeling the system. In this case GASP II-A (13),

a Fortran based simulation language, was chosen because of the general
availability of the Fortran compiler in almost every installation. GASP II-A

is a set of twenty-six Fortran IV subprograms organized to assist in performing
simulation studies. Common elements of simulation studies which are

independent of particular problems have been specified and subprograms

organized to perform these specialized tasks. Among the more important functioms,
GASP performs event schedule scanning and control, file maintenance, data
collection, statistical computing and reporting, standard initialization,

and error reporting. The typical arrangement of the GASP programs is presented
in Fig. 1, where the interaction programmer-language can be observed.

Next, it is necessary to describe the system in terms of the different
events that take place within its boundaries, and define precisely the nature
of the decision variables, the uncontrollable variables, amd the measures of
performance that will be included in the model,

The system under study is a feed mill that will serve a market for
bagged feed. The feeds are produced in either mash, crumble, or pellet form and
are sold in several sizes of bags. For the purpose of this study the system
will include the processes that take place from the mixing operation up to the
dispatch of the finished products and demand flow. In other words, it is
assumed a continous availability of raw ingredients and that a least-cost
formulation has been performed previous to the mixing process, It is typical
of every simulation model that its scope is determined by the particular

problems the model is designed to solve., The primary objective here will be
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the design of the basic components of a plant that will work linked to a
warehouse according to a convenient inventory control system. Furthermore,
the storage area required to hold a day's dispatch until it is picked up by
the customers is considered beyond the boundaries of the system under
consideration (in case information is available about dispatching time,

amount and frequency it is recommended that this storage area be included in
the system). Customers are willing to wait up to a known maximum number of
hours (customer maximum lead time) before their orders are filled. Lost sales
will be allowed, although a management policy is imposed upon the inventory

control system in order to reduce stockouts to certain maximum levels.

Description of Events and Routines

TODAY (Fig. 2): this event acts like a master clock that updates the
simulation time every day. The generation of demand also takes place in
this routine, Orders are grouped by formula number and filed in a "demand
backlog", from where they are removed later by the inventory control simulator
called MASTER, More details pertaining to this event can be observed in
Pig, 2,

MASTER (Fig. 3): this is not an event in itself but rather an inventory
control and scheduling simulator, It removes orders from the "demand backlog",
where they had been ranked on order size, low values first. Then, the order

. 8ize is compared with the inventory position, that is the total of the amount
actually in stock and the amount on-order for that particular feed formula,
and a decision is made according to the particular case. When necessary,
production orders are issued and their priorities assigned, filing them in a
"production backlog" and ranking them on priority classes, high values first.
Low priorities are given to feeds which reach reordering point after the day's

delivery. High priorities are assigned when a customer has to wait for feed
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that will be produced. Production scheduling is performed on a first-come-
first-serve basis, within priority classes. Fixed lot sizes are manufactured,
according to a Q-model of inventory control.

In order for the reor@ering inventory system to be enforced, the maximum
number of hours that customers are willing to wait (high-priority order
maximum lead time) will automatically set the maximum lead time for the
replenishing orders (low priority) to be completed. Cancellation of replenishing
orders will be made, when necessary.

Once the day's first order has been filed in the "production backlog",
production activities can begin, If the mixer is idle, completion time for
the first run is scheduled (event ENDMIX). For successive runs the time that
the order has been waiting will be compared with its priority class maximum
lead time. If greater, a plant stockout will be produced or a replenishing
order cancellation will be effective. Otherwise, the logic process will
continue. After the first order is scheduled in the different pieces of
equipment (or in case the mixer is still busy for successive orders) the
process of removing orders from the "demand backlog" continues and the inventory
simulator functions are performed. Orders are either filled, delayed, or
declared lost, |

Before any pelleted order may be mixed, the routine checks for enough
pellet mills available to deliver the order within the maximum lead time
corresponding to the order's priority clqss. The check is made by considering
order quantity, waiting time, and priority. This is the ﬁasic rule to determine
the number of pellet mills to assign to a particular order, Next, the or&er is
scheduled on the pellet mills in a fashion tﬁat reduces die changes to a minimum.

The route of the mix through the different pieces of conveying and

processing equipment is simulated by including the corresponding delays, when
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necessary; taking care that if any two delays superimpose the longest will be
the effective one.

If the turn for a pelleted order has come and there are not enough mills
available to process it, a plant stockout will be produced if the order is
to be partially delivered, or a replenishing order canceilation will take
place, if that is the case. After this, the simulator will remove the next
order from the "production backlog" and the decision process will be repeated.

If not stockout is produéed, the completion time of the order is
scheduled (event ENDJOB) in the different mills and baggers. Even distribution
of loads among mills is performed by simulation a physical distributor, and
"readyness" time (event READY) is scheduled if part of the order is to be
delivered.

If the order is for mash feed, the mixer must be idle to start any
run, If so, mixing completion time, order completion time, and "readyness"
time are scheduled. There will be enough bagging capacity to fill needs of
feed being processed in either the mixer or the pellet mills,

When there is not enough feed in stock but on-order (from the previous
day), customers will join the delivery waiting line until the feed is ready
within the predefined priority class maximum waiting time.

Statistics are collected in all routines and events on relevant information
(see measures of performance later). Cost accounting functions are performed
as the different events take place.

The inventory control and scheduling functions contained in this routine
are the kind of operations that would occur when on-line data processing is
utilized. On-line means that the transactions are handled on real company
time and not after hours. This is also tyﬁical of the Q-model of inventory
which was chosen for this system of inventory control since it requires that

perpetual inventory be kept.
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ENDMIX (Fig. 4): this event indicates the end of a run on the mixer.
The mixer is released and control is transferred to the section in the
inventory simulator that processes the next order from the "production backlog".
1f there are none, the next event in the time sequence is executed,

ENDJOB (Fig 5): it simulates the completion of all operations on a
particular order. The last machines in operation at that moment are freed
and relevant statistics are collected. 1If there is any customer waiting
for this type of feed his order is filled. A replenishing order with low
priority is placed, if necessary. Then, control is transferred to the section
in the inventory simulator (MASTER) that checks whether or not the mixer is
idlé;

RECORD (Fig. 6): this event is a recording and reporting routine that
occurs at the end of the second shift évery day. It reports daily values on stock-
on-hand, running average stock, running average of stockouts, running average
of mixer usage, and daily production and sales.

READY (Fig. 7): it indicates the time at which a production order (or
part of a production order) to be delivered was completed. Statistics are
collected on the time the order spent in the system.

OTPUT (Fig. 8): this routine prints out final simulatjion reports and
plots of inventory costs and production-inventory parameters.

RESET: this routine sets the maximum value in stock to zero after twenty
days of operation. It is intended to remove the influence of the starting
conditions on the determination of warehouse size,

REPLE: this routine simply makes up a replenishing order and files it
in the production backlog.

EVNTS: this routine consist of a simple "computed go to" that switches
control to the event routine according to the event type that has been triggered

by the executive routine GASP.
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The attributes used to describe every event and to furnish information
about orders being processed are illustrated in Tables 1 and 2, according to

the file employed.

Uncontrollable Variables

In general, uncontrollable variables are those variables over which the
decision maker has not control whatsoever. A typical example of thiskind of
variable is the demand for finished goods in a non-integrated industrial
environment. In our case, the demand for bagged feeds, either pellets,
crumbles, or mash. Under economic phenomena where many elements contribute
to the process and no seasonal trend is present, it seems safe to assume
randomness in the demand process. Otherwise, it is necessary to determine the
specific model that the phenomenon can be represented by and follow it when
trying to obtain samples of the overall population (i.e. time-series models).

In this case, although it was not tested, the random characteristics of
the process were apparent. Therefore, it was possible to use a random
generator to extract samples of the variable of interest, that is the daily
demand for feed. The random samples were fed into a simulation model of the
system under study and its behavior observed.

For this particular model, historical sales data of a specific area
were collected during one month covering approximately 10,000 sales transactions
over 52 different feeds and more than 150 customers. Date, formula number,
and order size (bags) were recorded,

Data processing of the observations was carried out to obtain the
following statistical information:

a. Orders per day cumulative distribution, mean, standard deviation.

b. Relative ordering frequency of feeds.
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c¢. Order size cumulative distributions, means, standard deviations.
d. Daily demand means and standard deviations.

Samples of this information are found in Appendix C.

Then, random deviate generators were built for the orders-per-day
cumulative distribution, relative-frequency of ordering, and order-size
cumulative distributions according to the techniques for the construction of
stochastic generators of discrete variables discussed by Schmidt and Taylor (14)
and by Pritsker and Kiviat (13). Daily demand information was used to compute
the inventory parameters for the model, namely, lot sizes, safety stocks, and
reordering points.

These three groups of generators were included in the event TODAY and

used as the source of statistical data to represent the uncontrollable

variables in the model.

Controllable Variables

It is.possible to group under this section all those variables that
in one way or another constitute the underlying frame of the decision process,
An adequate combination of these variables determines a rational policy.
The controllable variables used in the model were:
a. Mixer capacity.
b. Number and capacity of pellet mills.
¢, Basic mill configuration.
d. Production scheduling rules.
e. Inventory control parameters.
Variables a, b, and c refer to the physical characteristics of the plant
itself and in any design stage are manipulated to achieve a proper combination,

or in an existing installation are supplied to the model to evaluate
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usage rates under simulated conditions. Different values given to these
variables throﬁghout the runs performed are described in the section of
experimental results,

Production scheduling rules are the set of regulations that will govern
the machine assignment and load distribution problems within the model (see
routine MASTER). They can be changed in successive runs until a satisfactory
effect is obtained. In this case only one scheduling rule was tested: first-
come-first-serve, within priority classes. Other alternatives that could be
tested are: sequential rule, minimum imminent processing time, maximum imminent
processing time and earliest start date (10).

To control the stock in a warehouse, definite inventory control policies
must bé formulated regarding when to reorder and how much to reorder. Formulating
an inventory policy implies considerations about demand rates and demand
variability patterns to balance the cost aésociated with carrying materials in
stock and the cost of ordering and setup. On the other hand, carrying a reserve
stock to prevent shortages due to demand fluctuations during lead time must
counteract the cost of being out of stock.

When processing the raw data, it was intended to fit the daily demand for
every feed to one of the known well-behaved distributions (normal, Poigson,
exponential, gamma, lognormal) but very little significance was found in
most cases. Thus, it was necessary to rely exclusively on the information
contained in the first two moments of the unknown distributionms, namely the
means and the standard deviations, In order to determine lot sizes, reserve
stocks, and reordering points, the general method of the Q-model for dynamic
inventory problems under uncertainty were employed (16), for the case of a
performance standard set by management. A brief summary regarding the theoretical

fundamentals of this method is presented in Appendix A.
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Measures of Performance and Statistics Collection

To understand the effects that a particular change of policy has on a
system, statistics are to be collected on the measures of performances that the
model will have as output.

The measures of performance used for this application were the following:

a, Inventory cost (setup, carrying, ordering, out-of-stock).
b. Mixer usage.

c. Pellet mills usage.

d. Warehouse size and usage.

e. Pelleting bin size.

f. Service quality (percentage of stockouts)

Other statistics collected were:
a. Histograms on:
i) Warehouse order lead time.
1i) Pellet mill running time.
iii) Number of pellet mills used per order,
iv) Pelleting bin size.
v) Customer order completion time,
b. Mean, Stanqard deviation, maximum, minimm on:
_i) Customer order completion time,
ii) Warehouse order lead time.
1ii) Mixer running time.
1v) Pellet mill running time.

v) Pelleting bin size.



Table 3

GASP STATISTICS COLLECTION

COLCT Statistics

Number Variable Unit
1 Customer order completion time 1 hour
2 Pelleting bin size 1 ton
3 Replenishing order completion time 1 hour
4 Not used ———
5 Mixer running time 1 hour
6 Pellet mill running time 1 hour
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Table 4

GASP STATISTICS COLLECTION

HISTO Statistics

Number Variable Interval
1 Customer order completion time 0.01 hour
2 Bin size 10 tons
3 Number of pellet mills/order 1 p.m,
4 Pellet mill running time 1 hr.
5 - Replenishing order completion time 2 hr,
TMST Statistics
Number Variable Unit
1-9 Pellet mill status -
10 Time-integrated total stock tons
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SIMULATION PROCEDURE AND EXPERIMENTAL RESULTS

The simulation model was initially debugged with rather large capacities
for the mixer and the pelleting group, taking into consideration that the
pellet mill setup might consume a substantial part of the time available
to produce an order. The values of the measures of performance were analyzed
from run to run to determine the course of action to follow in successive
runs. Three models were tried:

a) Model 1:

miiing capacity = 90 tons/hour

pelleting capacity = 90 tons/hour (9 mills)
b) Model 2:

mixing capacity = 70 tons/hour

pelleting capacity = 60 tons/hour (6 mills)
c¢) Model 3:

mixing capacity = 60 tons/hour

pelleting capacityr= 50 tons/hour (5 mills)

As previously mentioned, the demand for feed (uncontrollable variable)
was represented in the models by a series of cumulative probability functions
from which samples were drawn to simulate the daily arrival of order to the

feed mill (Appendix C).

- It was assumed a production capacity of 10 tons/hour for pellet mills
due to lack of information about the particular performance ratings per type of
feed. It is known that the real performance of pellet mills varies within
a considerable range depending upon feed characteristics (volumetric weight,

moisture content, particle size--among others) and specific data regarding the
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influence of these factors on production rates could easily be included in
the model, making it more realistic.

A constant mixing cycle of 6 minutes was used., This includes: 1loading
of ingredients and premix dumping, mixing time, and unloading of the mixer.
The mixing cycle could be changed, if desired, by replacing one card in
the main program of the simulation (see computer program printout); or
converted to a variable depending upon the specific feed, reading in that
information, Approximate conveying capacities from the mixer and to either
the pelleting group (pelleting bins, mills, sifters, coolers, crumblers) or
to the bagging group were provided for every model.

Some basic data regarding sales period, plant configuration, and unitary
inventory costs were assumed, as follows:

working year = 260 days
working day = 16 hours

customer maximum waiting time = 8 hours

pellet cooling time (1 batch) = 10 minutes
change-of-die time = 24 minutes

mixer setup time = 6 minutes

mixer setup cost = $5/run

ordering cost (clerical) = $5/order

pellet mill change of formula cost = $5/change
pellet mill change of die cost = $10/change
carrying cost = $10 per ton-year

warehouse cost = $5 per ton-year

As far as the inventory parametefs fed to the model were concerned, a Q-model

based on a management standard of 10% maximum of stockouts on incoming orders

for all feeds was used. Although apparently high, it is necessary to take in
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consideration that when following management standards (Appendix A) the
Chebyshev's inequality gives a rather conservative protection. Hence, the
simulation model could also serve to test how conservative this approach is,
Computation of the lot sizes was made according to the classical square root
formula assuming the worst scheduling possible, that is that formula changes
were always necessary between any two successive runs (assumption based on the
fact that the Q-model does not permit convenient grouping of ordérs according
to criteria that may minimize the number of setups). This was to be confirmed
by collecting statistics on setup costs during the simulation to compute an
average setup cost per order.

Although the unitary setup cost can be considered fixed for every
machine, it is obvious that if adequate-scheduling is performed, savings in
total setup costs in a time period can be obtained. It was found that the
actual setup cost per order was slightly lower than the unitary setup cost
used for computing the lot sizes. Therefore, lot sizes were kept the same for
every feed throughout the different runs, in which, again, very slight variations
in setup costs per order were encountered. The inventory parameters employed
can be observed in Table 5.

To "debug" the model the following steps were executed:

1. Preliminary runs were made to observe the behavior of the model and
to make sure that the interrelationship among the parts of the system followed
the real-world logic. -

2, The measures of performance were studied throughout time to obtain
indications that the system had reached steady-state conditions., This is a basic
prerequisite in any simulation study and must be carried out before any conclusions
are made in order for the model to be valid (5). One hundred nineteen days

were sufficient for this purpose, as can be seen in figures 12, 13, and 14,
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INVENTCRY MCOLEL PARAMETERS
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Table 5. Inventory Parameters
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Once the basic model had been debugged and run (Model 1), its outputs
were analyzed to determine possible changes in the controllable variables of
the model that might improve the system performance. The same procedure was
followed for Model 2 and for Model 3. The results obtained for the three
models are summarized in Tables 6, 7, 8, 9, and 10.

All capacities considered here are meant to be installed capacities to
serve the given mafket in a restricted planning horizon. This equipment may or
may not be installed in a building that permits future expansion by addition of
more equipment., By no means is it considered here that the capacities which
this analysis presents as convenient will serve the needs of a future market.
Nevertheless, if marketing projections were available, a simulation model with
demand input affected by a growth term can be developed taking as a basis
the models presented in this paper and a long-term or mid-range facility

planning project can be worked out.

Analysis of Results

The results obtained from Model 1 indicate that the usage of the plant
facilities was rather low, or put in another way, the plant was oversized for
the market characteristics, For the same reason rather large pelleting bins
ﬁere necessary to hold the mix coming from the mixer. The scheduling rule
determined that in most cases only one pellet mill per order was employed. The
mixer running time per production order ranged from 8.4 minutes to almost 3
hours, with an average of 1 hour and a standard deviation of 0,63 hours; while
the pellet mills were utilized between 1.77 and 17.08 hours with a mean of
8.05 hours and a standard deviation of 3.66 hours. More details can be observed
in Tables 7, 8, 9, and 10 and in the corresponding frequency histograms

(Appendix D). No stockout occurred in this model.



Table 6

SIMULATION RESULTS

Performance measure Model 1 Model 2 Model 3

Mixer setup cost, dollars 5,750 5,560 5,120
Pelleting setup cost, dollars 3,105 3,100 2,695
Ordering cost, dollars 5,905 7,045 9,035
Out-of-stock cost, dollars 59 2,180 17,561
Carrying cost, dollars 29,909 27,698 24,302
Total inventory cost, dollars 44,728 45,583 58,713
Cost per ton sold, dollars 0.43 0.44 0.61
Mixer setup cost, dollars/order 5.0 5.0 4.9
Pellet mill setup cost, dollars/order 4.6 4.5 4.4
Mixer usage, 7 of time 60.7 76.7 83.5
Stockouts, % of orders 0.0 0.8 4.5
Average sales, tons/day 875.3 861.1 806.1
Warehouse size, tons 4,957 4,753 4,457
Ave. warehouse usage, 7 61.7 77.7 68.6
Pelleting bin size, tons 271 195 190




39

LT LT §"0LeZ S6°8¢E LO"6L suoj ‘9zys ufq Jurlarlad
LL°T C0' L1 99°¢ S0°'8 uni/"ei1y ‘ewfl Sujuuni STTIW 3ISTI°d
%10 %e'¢C £€9°0 00°1 uni/ 1y ‘swmyl Sujuuny IIXTR
62°0 $%°02 LTS (448N "s1y ‘sw}3l uop3afdwod ispio Burysjuarday
00°0 6£°8 rA YA 11070 ‘say ‘smy3 uofjlafdmod Iapio asmo3lsn)
"UTH * XBR *ASp °PIAS uBsp 27318131938

1T TIA0

SOLILSILVLS NOIIVIOAWIS

L 2198l



40

6%°€ 89661 L8°1¢€ %0°29 suol ‘8218 ujq 3ur3ldIad
L%°0 8L°2¢ 99°¢ 8L L suni/° siy ‘swrj Sujuuni STITW 3I2[]°d
810 9Z°¢ I8°0 0E°T suni/°si1y ‘swil 3ujuuni I9XIW
LE'0 E1°1¢ i 2021 ‘say ‘swjl uorizajdwoo iapio 8Suiystusiday
00°0 rA 66S°0 Z80°0 "8Iy ‘swl3 uoljajdwod I9pio Iamo3lsn)
‘UTH ‘XB  "ASpP °‘Pas uway 273813838

¢ Tadon

SOLLSILVLIS NOILVIIWIS

8 91qe]



41

¢L°01 £E€°061 26°6¢€ TE°%9 suo3 ‘@218 urq 3urlariad
Ly'1 8L°2C Le'y 68°L suni/*siy ‘swyl Buyuuni STTTW 3II[[24
¢ 0 00°% ¢6°0 I6°1 suni/‘siy ‘smy3l Suruuna 1IXIR
9€°0 €EL"62 99°¢ £€8°11 ‘say ‘ewp3 uorlaydmod 13pro Burysjusrday
00 i%°8 660°1 ZEZ°0 ‘s1y ‘swil uojjejdwod I19pio 13wWOISN)
‘Ut "XE  "A®P °'P3S uesy o1381383g

€ Taaon

SOLLSILVLIS NOILVIIWIS

6 21981



42

-

91°6 £%°6 05°6 1676 L%°6 y/3 ‘uor3onpoxad ‘aay
8°LZ 1'€y 0°LS 8'L9 A 75 swll jo % ‘a8es
€ TIAM
92°6 0€°6 LT°6 0€°6 EY°6 056 y/3 ‘uorionpoad ‘aay
6°61 1°L¢€ 0°'SY 1°LS 0°S9 L'EL owil jo % ‘e8esp
rA b (4 (0 2
60°L 19°8 eL’°8 9Z°'6 ¢E’6 %7°6 €576 £S°6 ¢5°6 y/3 ‘uorionpoid ‘aay
6°C S°s 1A S 6 ¢t S°1¢ 9°'8¢t 6°%S 6°99 8'0L swf3 jo % ‘@3esp
1 TIaa
6 8 L 9 9 4 £ Z 1 9INEBPW SDUBWIOFIDJ

i9qunu [[IW 3°9[1°d

L30dTd ONILATIAL

01 °19®8%



43

It was logical then to reduce the plant capacity. In Model 2 a mixing
capacity of 70 tons/hour and a pelleting group of 60 tons/hour (6 pellet mills)
were employed. As a result of this change, there was a slight increase
in the inventory total cost which raised the inventory cost per ton sold from
$0.43 to $0.49 due primarily to the occurrence of stockouts in about one
percent of the orders received during the period under study (119 working
days). A considerable improvement was noticed in plant usage and warehouse
utilization, A smaller warehouse was possible and the pelleting bin size was
drastically reduced. TIf the overall system total cost is considered, the
economic performance of this type of arrangement is better than what it looks.
Although the total inventory cost increased by 2.3 per cent per ton sold,
the capacity reduction, specifically the dropping of three pellet mills, will
produce substantial savings that offsets the cost increase by a large amount,

When planning Model 3, it was considered advisable to further reduce
capacity. A mixing group of 60 tons/hour and a pelleting group of only 5 pellet
mills were supplied to the model. The level of stockouts mounted to 4.5 percent
of the incoming orders (57.4 tons/day) and the inventory cost reached $0.61
per ton sold, Although the compensating effects of the new reduction in
plant capacity might very likely offset the raise in inventory cost, the
level of stockouts has climbed to a level which may deteriorate plant service
in such a way that a sound judgment would not advise this facility arrangement.

Finally, a series of plots (Figg. 9, 10, 11, 12, 13, and 14) were made to
give a pictorial comparison of the three models.

Running one of the models in Fortran IV level G takes approximately 12.5
minutes on the Kansas State University IBM 360/50 computer. Reduction in

computer time can be achieved by obtaining an object deck of the debugged wodel



44

gnd simply making changes in the data for successive runs. It was found that
running simulation models in Fortran IV level H also speeds up the process by

about fifteen percent.
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SUMMARY

The main difficulties encountered in developing the simulation model of a
feed mill were related to the planning stage and the modeling work of the system.
It is of primary importance to define precisely the problems that the model is
designed to solve, At the same time clear system boundaries must be
defined and all pertinent information either deterministic or probalistic
must be listed. Furthermore, those parameters that are under the analyst's
control are to be unmisfakably susceptible to such a control (controllable
variable) and some sort of representation is to be provided for the
uncontrollable variables.

It has been shown that analitical techniques of Operations Research such
as inventory control can be employed within a simulation model to provide data,
policies or general guidelines for the model operational characteristics. This
enables the analyst to integrate these techniques even though they may seem
specific to particular areas contained within the system under consideration.

Given a model of a feed plant for which key pieces of equipment are
specified (mixer, pellet mills) it is possible by simulation to obtain statistical
information about the usage of this equipment under specific production
scheduling rules, given that the plant serves a specific market, Also,
information leading to the design of other equipment (pelleting bins) or
facilities (warehouse) can be obtained as a result of the simulation process.
The system definition can be broaden to include entities that before were outside
of the system and by an aggregation process more information can be gained
about a larger system,

There has been a rapid development of specialized simulation languages

in the general literature in recent years to facilitate the programmer's task
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and reduce model debugging time and cost., In most of the cases, the language
used is simply determined by the fact that the analyst knows it. Fortran
seems to be a useful general-purpose type of language for simulation work and
GASP-11 A, a Fortran based simulation package contains a set of routines

that facilitates the statistic-collection and event-scheduling activities,

Three different models with decreasing plant capacities were simulated
for a random demand process during the same period of time and eﬁploying
the same statistical samples. Statistics were collected on the measures of
performance of the system in every case in order to judge the relative
adequacy of the models., In Model 1 the plant capacity apﬁeared to be over-
sized, while in Model 3 the level of stockouts raised to figures that may
seem inconvenient in a real-life situation and may cause market deterioration.
Model 2, with an intermediate capacity arrangement, seemed to be the best of
the three. To simulate half a year of real operations every model run took
about 10 minutes using Fortran IV level H in a IBM 360/50 computer,

If marketing projections were available and simulation studies were
feasible in a feed mill, a long-term or mid-range facility planning project
can be developed to forecast plant expansion needs in a growing market.

Simulation studies may be rather costlf and long. It is suggested that a
team approach be employed during the modeling stage. As in all Operation
Research activities directed to improve business processes and operations,

simulation studies must be economically justifiable.
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APPENDIX A

Q-SYSTEMS FOR INVENTORY CONTROL

The Q-system of inventory control calls for a fixed order size and a
variable order period. In terms of the analysis of this kind of system the
basic point is that there is need only for a safety stock to protect against
fluctuations in demand during the lag time between order and delivery.

In the discussion that follows about the two methods of solving the
Q-model, it will be assumed that the information available regarding the demand
distribution is restricted to the first two moments, namely, mean and standard
deviation. In other words, the probability distribution is not known, which

constitutes the overwhelming majority of everyday inventory problems.

The Approximate Method

The so-called "approximate'" method of analysis for the Q-model (16)
consists of determining the quantity to order from the optimal lot-size equation
and then determining separately the reserve stock for the lead time (time
between placing an order and its delivery).

The optimal lot-size formula that is usually applied in inventory control

problems with known demand states that

Where,
D = demand during period under study, units

q = optimal lot-size, units



58

€, = ordering cost (clerical + setup), dollars per order
C. = carrying cost, dollars per unit per time period
If warehouse costs (depreciation) are considered in the design stage (6)

this equation becomes

2DC,
Cc + ZCB

Where,

Cg = storage space cost, dollar per unit per time period

This formula tends to give a smaller lot-size which ultimately will
result in less storage space.

To compute the safety stock size, it is assumed that this will be
carried constantly in stock, and, therefore, the carrying cost for it can
immediately be expressed on a time periocd basis. This carrying cost will be
balanced against the cost of being out of stock. Alternatively, if the out
of stock is difficult to measure, it may be satisfactory to use some
performance standard established by management.

Management can set the standard that the level of stock should be
sufficient to insure that there is not one out of stock more than a certain
number of them, say n, in & hundred lead time periods (n per cent maximum of
stockouts), Then, if the mean and standard deviation estimates of the demand
during lead time are known, the management policy can be put in a probabilistic

manner by using the Chebyshev's inequality, namely,

P(y-X% ;ka)gii.

Where,

y = demand during lead time, units
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average demand during lead time, units

"l
]

8 = standard deviation of demand during lead time, units

k

safety stock factor
b = reordering point, units
This probability is to be less than or equal to n/100. Then, the demand

during lead time can be computed as:

y = X + ks (with a confidence greater than 1 -Q%?
k

The minimum safety stock that will ensure the desired protection will be

the demand excess over the average demand during lead time, that is

r = ks
Where,

k=_/ o0
Then,

*= /o

This approach gives a rather conservative estimate of the safety stock
required to meet the standard set by management because of the upper-bound
probability given by the Chebyshev's inequality. Judgment should be exercise
in determining the adequacy of the reserve stock level determined according

to this formulation.
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When management defines a specific service policy, it is automatically
inputing a stockout cost, as can be seen in the next derivationm.
The notation to be used will be as follows.
Tcr = cost of carrying a safety stock, dollars
N = expected number of orders during period

ks

[}

inputed out of stock cost, dollars per stockout

"

y demand during lead time, units

P (y > b) = probability of being out of stock in the lead
time interval

The cost of carrying a safety stock can be equated to
Tcr ol NKOP(y > b)
Where,
Nﬁl_).
q
Employing the Chebysbev's inequality,
1
TC,  ksC_ + NR,=>

k

and the maximum possible total cost will be

= 1
TCr ksC, + NKo;E

In order to minimize this maximum with regard to k (safety stock factor)

it must follow that

dTC,
dk

=0
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dTC 2NK,,

= 8C, - =0
dk K3

Then, TC. (Max) will be minimum for

3/ awk, 3/ 2pg,

sC, qsC

c

Hence

sC k3
¢ (dollars per stockout)

[+]

This is the out of stock cost that the policy set by manégement (given by k)
inputs to every stockout. Here, again, is up to the management to judge the

correction of this magnitude.

The Exact Method

For the exact solution it is necessary to write one total cost equation

which expresses both ordering cost and safety stock costs (3), as follows,

1c = Do + ( + B)Cc + (q + b)Cg + %KOP(y > b)
q

Where,
2cr = ordering cost
q
(% + b)C. = expected carrying cost
(q + b)Cg = storage cost

%KOP(y > b) = out of stock cost

Considering the case of a performance established by management, we can

use again the Chebyshev's inequality.
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D qd 4 x = Dp 1
Tc,gacr+(2+x+ks)cc+(q+x+ks)cs+EKok2

The expression on the right-hand side of this equation is the maximum possible
total cost for a given set of values for q and k, Then, to minimize this

maximum cost it must follow that,

-15219— =0 and _jilzg_ =0
o* o9

or
DKb
8(C, +Cq) - 22=0
qk3
c Ko
C _D =
<+ ¢ ?(cr+£2.) 0

This system of equations in q and k can be solved by a numerical procedure
and the parameters of the system be known. Although more cumbersome than the
"approximate" solution, this method can provide a system total cost which

is closer to the true optimal,.

Inventory Control for Perishable Products

It is of special interest to consider the situation of perishable
products in a feed mill when setting up any inventory control system. In
fact, all feedstuffs are perishable within nutritional constraints,

The application of techniques for computing the Q-model parameters,
namely, reordering point and lot-size, is to be revised in order to protect
against product spoilage,

Using the "approximate" method of solution to compute the lot-size,

it is possible to determine the expected time between orders as the ratio
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of the period length and the expected number of orders during the period.
The period length is the same as the planning horizon that is used (a2 year,
a month, etc,). The expected number of orders in the period is simply the
total demand during the planning horizon divided by the optimal lot-size.

If the expected time between orders is shorter than the product shelf-
life, the probability of spoilage can be neglected, provided that proper
rotation of stocks is employed (first in-first out)., Either the "approximate"
method or "exact" method of solution will provide satisfactory results.

On the other hand, if the expected time between orders is greater than
the shelf-life, measures should be taken to reduce spoilage to & minimum by
ordering smaller quantities more frequently. Under these circumstances, the
"approximate" solution is no longer valid and both the safety stock (which
automatically defines the reordering point) and the lot-size must be determined
simultaneously. This can be done by employing the "exact" approach, adding
a spoilage-cost term to the general total cost equation.

A notation for the new term to be entered in the total cost equation

will be defined as:

£(z)

demand during shelf-life, units

probability distribution function (pdf) of the demand
during shelf-life

]

Kg spoilage unitary cost (finished feed cost), dollars per unit
When the consumption during shelf-life is less than the total made up
by the reordering point and the lot-size, spoilage will occur. It will vary
from zero if this total is exhausted up to a maximum where there is no
consumption at all,
For a particular set of values for the reordering point "b" and lot-

"

size "q", the amount that will spoil for a given level of demand "z" is
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determined by the product (b + q - z) f(z), where f(z) is the corresponding
ordinate (probability) at that level in the distribution of the demand
during shelf-life. 1In order to find the expected total cost for spoilage,
we have to integrate overall levels of demand during shelf-life which would
cause feed to spoil, namely, all z's for which z < b + g, each of them

multiplied by the probability of that level of demand. Mathematically,

b+gq
Expected spoilage cost = Ks‘//— (b + q - z) f(z)dz
o
This cost applies to one shelf-life period. Then, if the planning
horizon contains ng shelf-life periods, we can easily compute and include
this spoilage cost in the total cost equation for the planning horizon,
The out of stock cost, in turn, can be expressed in terms of the

distribution of the demand during lead time f(y) as follows

L=t

Out of stock cost = EKO_//- f(y)dy
q
b

Then, including both terms, out of stock and spoilage cost, the total

equation becomes

oo b+q

TC = %Cr + (§.+ b)C. + (q + b)Cg + %Koyj/. f(y)dy + nsKs-//- (b + q - 2) £(z)dz
b 4]

Carrillo (3) suggested that if enough information were available to

fit the demand distributions to either one of the typical distributions
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(Poisson, Experimental, gamma, normal, lognormal) or to a set of polynomials,
the method to optimize the total cost would be to differentiate this equation
with respect to every one of the variables (reordering point and lot-size)
and then equate the resulting equations to zero. A set of simulataneous
equations will result, which would have to be solved by numerical approximation
due to the nonlinearity of the terms involwved.

Taking partial deviatives (*) with respect to "b" and "q" and equating to

zero, the resultant system of equations is as follows,

ED Ce D - | F(b + =0
T™C _ +n
=— 4+ C. 4+ 2 |K0F(b) « Ky = By sKs ( q)

a IC _ ¢ +¢, - %Kof(b) + ngk F(b + q) = 0

E) b

Where,
£(b) = probability value at z = b in f(y)
F(b) = cumulative probability up to z = b in f(z)
F(b + q) = cumulative probability up to z = b + q in £(z)

(*)The Leibnitz rule is applied for differentiating under integral sign.
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occl
0coz

0Co3

0CO04
0CC5

0Cos
ccov
ocos
QcCo9
cClo
cCl1
octL2
cC13
0Cls
0C15
GClée

0G017
ocC18

0019
€G220
0021
oczz2
Qcz23
0C24

ccas

17

18

67

MAIN

DIMENSION NSETI(L11L00),LSET{6000)

COMMUN T0 3 IMaINIT o JEVNT ¢ JMNIT 9MFAsMSTOP ¢ MX y MXC o NCLCT ,NHIST,

INOQ s NORPT ¢ NOT ¢ NPRMS y NRLNyHRUNSyNSTAT ,0UT» TNOW,

2TBEG TRFIN g MXK g NPRNT g NCROR Gy NEP g VNUL 14 ) o IMM, MARKQS, MAXNS,y

JATRIBL10) yENQIL4) y INNLLG) g JCELSI5422) yKRANKILA ) (MAXNGI LA )y MFELL4 ),
GMLCL 14) yNCELSI5)4NQUL4) PARAMIZU 44 ) QTIME(L4) 455UMALL1O,5),,5UMA(L
5035) yNAME(S ) yNPROI$ MO NDAY s NYRy JCLRLUTRIBILZ )y [X(B)yMLE( L&)
COMMON/LILITA/IREUGRD(L1ZC) yaTHAXI(5) ,A(10,360),

1 SALECLCC) sBAGULOC)  IDEMANILGC) 4RSTOCKULGG) 4ROUTS(LGT) ¢AURDIZ2C0 )
2 NORUI2C)yATYPE(130) g NTYPE(LCZO) pASTZE(LOGy 40y NSIZELLCCy40),
3 IFEEO(LIQC) JLOT(LICC) ,JADTE(LL »80) yMILLILG) 2 IDIECLL },TONMILLLU),
4 KORDERU(ICO),COSIICO) s wALT(LIC)y IWAIT(LCO) o IWwDIE(IOC), [LAST(1L ],
S CORySTOCK yCMIXyCOIEZCCARRY yCSTORE yORDERCMILL ,CLUTRATIO,ICAIE,
6 SUMPROZASALENFEEDS yWNPELyXLUSTyBASESETMIXyNAUTS, HDEMAN KGR APH,
7 MIXOLD,COOL,CUNVPyCONVB 4BEGINSCYCLETOTPRO,TOTSAL,SETUPL,SETUP2,
8 NMILLyNMIXER,wORKND
KNCRDR=1
NPRNT=3

NUMBER OF FEEDS UNDER STuDY
NFEEDLS=52

NUMBER OF PELLET MILLS
NPEL=9

MIXER CAPACITY,T/H
RATIO=90.

CYCLE TIME,HRS
CYCLE=0.10

ONE BATCH,TONS
BEGIN=RATIO*CYCLE

CLEAR COUNTERS
LO 77 I=1,NFEELS

ITH FEED SALES,BAGS
SALE(T)=0

STOCKOUTS
KOUTS{I)=0

ON~ORDER VECTUR,BAGS
KORDER{I)=0

WAITING ORDER,BAGS
IWALTII)=O

DEMAND COUNTER
TLUEMAN(TL) =0

WAITING-ORDER FORM ATTRIBUTE
IWDIE(T)=0
CU 78 [=1,NPEL

PELLET MILL STATUS O-I1DLE 1-BUSY

MILLITI)=0

LAST MIX ON PELLET MILL
ILASTI(I)=0

CUMULATIVE PRUCUCTICN, TONS
TONMIL(I)=0.

TOTAL STOCKOUTS
NOUTS=0

CUMULATIVE TOTAL PRODUCTIUN,TUNS
TOTPRO=0.

CUMULATIVE TOTAL SALES,TONS
TOTSAL=C.

MIXER RUNS
NMIXER=C

PELLET MILL RUNS



cC26
acz27
oc2s
cCz29
0C30
0C31
0C32
CC33
0C34
0C3s5
0C36
ac37
0C3s
0C39
CC40
Co4l
GC4a2
0043
0C44
0C45
0C46

CCa
0cC48

CC49
0C50
0C51
cC52
0Cs53
CC54

0055

638

NMILL=0

TOTAL DEMAND COUNTER
KDEMAN=0

CUMULATIVE LOST SALES,TONS
XLOST=0.

CUMULATIVE MIXER SETUP TIME, HRS
SETMIX=0.

CUMULATIVE ORDERING CO5T,%
ORDER=04

CUMULATIVE MIXER SETUP LOST.$
SETuPL1=C.

CUMULATIVE PELLET MILL SETUP COST.$
SETUP2=0.

CUMULATIVE OUT-0OF-STOCK COST, ¢
COUT=0.

UNIT DRDERING COST, $/0URDER
CUR=5,

UNIT OUT-0OF-STOCK COSTS$/STOCKOUT
READ{NCRDR, 1000)(COS([),1=1,9VFEEDS)
PM CHANGE OF FORMULA COST,$/CHANGE

CMILL=5.

PM CHANGE OF DIE CUST,$/CHANGE (ADDITICNAL)
CDIE=5,

MIXER SETUP COST,$/SETULP
CMIX=5,.

HOL IDAYS/HORKING DAYS RATIOD
RORKNO=8./22.

CARRYING COST,$/TON-DAY
CCARRY=10./360.

STORAGE COST,$/TON-DAY
CSTORE=5./360.

DATE COUNTER
IDATE=D

INITIALIZE LAST-MIX-ON-MIXER VARIABLE
MIXOLD=111

1ST BATCH+CONVEYING TIME.HRS
CUNVP=1,5%CYCLE

CONVEY TD BAGGERHRS
CONVB=0.05

COOLING TIME,HRS
COUL=C. 166

INITIALIZE DIE SIZE ON PELLET MILLS
DO 1001 I=1,NPEL

IDIELT}Y=2

MINIMUN TO START PELLETING,TUNS
BASE=3.

NUMBER OF PLOTS
KGRAPH=6

GRAPH TITLES
READ(NCRDR +6CL) ( (JNOTE(I4J)4J=1+80),1=1,KGRAPH)

NUMBER OF CARODS
ICARL=NFEEDS/10*1GC+10C

ORDERS/DAY CDF
READ(NCRDR, LC) {AQRDII) 41=1,24)

TYPE COF
READ(NCRDR,12) (ATYPE(I),I=1,ICARDC)

QRDERS/OAY DEVIATES,TYPE LEVIATES
READ(NCRORs LL}INORDUTI )4 I=1,42C)y INTYPE(I)},I=1,1CARUL)



0Cs5e
657

058
GC59

GC60
Gcel
00&2

0C&3
0Co4

0065

CCo6
Cae7

CCeB

GC69
0c70
eC71
0072
CC73
CC74
GC75
CC76

[T 5 B = B o}

on

15

16
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69

SIZE CODF
CO 15 I=1,NFEEDS
READINCRORy IUDIASTIZELT4d)3J=1,40)
SIZE DEVIATES,BAGS
CO 16 1=14NFEEDS
READ[NCRORy LL FINSIZE(I4J}4J=1,40)
LEAD TIMES,HRS
READINCRDR 4 9B) {WTHAX(I)41=1,2)
BAG SIZES,TON/BAG
READI{NCRDR,12)(BAGUI)4I=1, ICARD]
LOT STZES,REORGER POINTS,BAGS
READ(NCRDRLLM{LCT(I)40=1,ICARD) (TRECRD(1),i=1,1CARD}
INITIALIZE STUCK DN HAND
STUCK=0.
LU 56 I=1,NFEEDS
START AT AVERAGE INVENTORY CONDITIDNS
ITH FeED STOCK,BAGS
KSTOCKI[)}=IREORD{I)+0.50+#LOT{1)
TOTAL STOCK.TODNS
STOCK=STOCK+KSTOCK(T)*BAG( ]}
CCNTINUE
CALL GASP EXECUTIVE
CALL GASPINSET.GSET!}
Qulit
570P
FORMAT{LOFS5.21)
FORMAT(80AL)
FORMATILIOF5.3)
FORMAT{IDI5)
FORMAT(1OF6.4)
FORMAT(3F5.0)
END
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CCoz2
0Co3

0Co4

0C05
GCCso
¢GCot
ocos
cCa9
ccice
0C11
0Cl2
cC13
CCl4
eCl15
0Clé
CCl7
oCls
cC19
0cz20
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SUBROUTINE EVNTS{K NSET,QSET)
DIMENSTION NSET(1),QSET(Y)
COMMON 1Dy TMg INIT o JEVAT 4 JMNITyMFAZMSTOP 4 MX s MXC 4y NCLCT 4 NHIST,
INUQyNORPT s NOT yNPRMS 3 NHUN ¢ NHUNS ¢ NSTAT 3 GUT y TNDw
2TBEG; TFINyMXX s NPRNT g NCHDR ¢ NEP o VNC L T4 ) o [MM, MAX QS s MAXNS,
3ATRIBULIO) yENQULG) o INNI14) 3y JCELS[5+422) JKRANK{14) MAXNQ(L4) 4MFE(L4),
GMLCL 14) yNCELSU(S) yNULL4) 3 PARAMICOv4 ) g QTIME( L4 )y SS5UMALLISS )y SUMAL L
505 ) ¢ NAME (6) o NPRUJ ¢ MOR G NDAY 3 NYR G JCLR,JITRIB(12) 4 IA{8)yHLE(L14)
COMMON/LILITAZ/IREURDI{LCO) s WTHAXIS) A 10,3600,
SALE(LO0D) oBAGILILO) o ILEMANCLLU) oKSTOCKILCU) 4yKOUTS(LC. ) 4ACRDLZL )y
NORG(20) yATYPELLOQ) 4NTYPELLOO) yASTZELLOU 240 o NSTZELLICU 4 )y
ITFEEDULIDO ) yLOT(1CO) o JNOTC (L0, 80) ¢y MILLULO) 4 IDTIECLD ) o TONMIL(LD ),
KORLER(LOC),COSTL1O0) o wWAIT(LUD) p IKAIT(1ICU) o INDIEALCL) g ILASTI L2
COR,STOZK yCHMIXCOTEyCCARRY yCSTURE yURDERyC¥ILLyCUUT RAT IO, [DATE,
SUMPROJASALEsNFEEDSyNPEL y XLUSTy8ASE 9 SETHMIX s NOUTS ¢ NDEMANZKGRAPH,
MIXOULDCOOLyCONVP 4 CCNVB  BEGINSCYCLEyTOTPRUSTUTSAL »SETUPL,SETUPZ,
NMILLyNMIXERy WORKNO
GU TO [1e2¢34445,6471,4K
CALL TODAY (NSET,QSET)
RETURN
CALL ENDJOUBINSET,CSET)
RETURN
CALL RECURDINSET,QSET)
RETURN
CaLL FIRSTINSET,QSET)
RETURN
CALL ENDMIX(NSET,CSET)
RETURN
CALL READY[NSET,CSET)
RETURN
CALL RESET
RETURN
END

=N W



acal
acoz
0Co3

0Cos

10

15

20

160

200

180

280

170

71

SUBRCUTINE TODAY [NSET.CSET)

DIMENSION NSETI(L),QSET(1}

COMMON IDyIMyINITsJEVNT s JMNETMFA, MSTOP 4 MX ¢ MXCoNCLET  NHIST,
INOQyNORPT ¢ NOT s NPRMS g NRLN g NRUS ¢ NSTATUUT , TNCH,
ZTEEGy TRFINyMKX s NPRNT ¢ NCRDR NEP, WNQI 14) » IMM, MAXQS, MA KNS,

AATRIBOI0) +vENQULS) s INNTL4) y JCELS{S 4220 +KRANK(L14 ), MAXNOT14) MFE(L4),
GMLCL 14) +NCELS{S) yNQI14)sPARAMI20,44)QTIME(14)4S5SUMALLG5),,SUMATIL
5C5) s NAME (6]} ) NPROJ y FONyNDAY 3 YRy JCLR,JTRIB (L2, IX(B)4yMLE(L%)
COMMON/LILITA/IRCURDILCG) s WTMAX(S) yA(L1C,360),

SALECLCC) +BAGLICU) » IDEMANILUC) yKSTOCK{1CD) yROUTSTICGL) sAURL (2L ),
NORG(2CY s ATYPE(LCO) yNTYPE(LOO) g ASIZELCU+ 401 oy NSIZELLD0 4401,
IFEER{L10D0)4LOT(LICO) 3 JNDTELLG,BO)yMILLLLC) 4 IGLELLIG) 4 TONMILILG),
KORDER{LO0} yCOSULO00) yWAITULICO) o IWATITHLCO )y TWDIECLCTY, ILASTOLC),
COR4STOZKSCMIX,COIECCARRYyCSTURZ pORCERCMILLCUUTyRATLU, IDATE,
SUMPRUOJASALEsNFEEDSyNPEL s XLOSTsBASE s SETMI X HOUTS, NDEMAMN KGRARH,
MIXULD,COOL,CONVP,CONVByBEGIN,CYCLE,TOTPRU, TOTSAL 4 SETUPL,SETUPZ,
NMTLL ¢ NMTXER ¢ KURKNO

D = O AN v N

UPDATE THE DATE
IDATE=ICATE+]
RESET DAILY PRODN & DAILY SALES
ASALE=0.
SUMPRO=0D.
SCHEDULE NEXT BAY TwWO 8-HDUR SHIFTS LATER
ATRIB(1)=TNOK+16.CO
CALL FILEMUIL1.NSET,QSET)
GENERATE TODAY®S NUMBER OF ORLERS
XONE=DRAND (1)}
DU 10 [=1.20
IFIXONEL.LE.AGRD(L))IGO TO 15
CONTINUE
CALL ERROR(L15,NSET,QSET)
TCRD=NORD( T}
RESET GROUPING VECTOR
DO 2CG N=1.NFEEDS
IFEEC(N)=0
GENERATE ORDER ATTRIBUTES
CU 17G M=1,I0RD
GENERATE FEED TYPE
XTRO=0RANDI2)
DO 16C J=1+NFEEDS
IF(XTWOLLELATYPE(J)IGU TO 200
CONTINUE
CALL ERRDRIZ2CGUsNSET,CSET)
[TYPE=J
GENERATE ORDER SIZE,BAGS
XTHREE=DRAND(3)
NC 180 K=]1,4C
IFIXTHREELLE.ASIZEV(ITYPE,K))GOD TO 280
CUNTINUE
CALL ERROR{2BO,NSET,QSET)
ISTZE=NSIZELITYPE.K)
GROUP BY TYPES
TFEED(ITYPE)=IFEED(ITYPE)+ISIZE
CONT INUE
FILE IN DEMAND BACKLOG.LVF ON SIZE
ATRID(2)}=TNOw
DG 126 I=1+NFEEDS -
IF NO ORODER,CHECK NEXT TYPE Id SEQUENCE



035
CC36
cC3T
0C3s
cC39

ocac
CCal

0C4?2

0C43
0Caxs

0C45
CCa6

0C47
QC4s8

126

126

727

72

IF(IFEEDIT).EQ.CIGO TU 126
FORMULA NUMBER
JIRIB(1)=NTYPE(I)
TODAY®S TUTAL DEMAND FOR ITH FEED,BAGS
JTRIBL&)=IFEED(])
PUOINTER
JIRIB(5)=1
FORM ATTRIBUTE O-MASH GE THAN 1-PELLET
JIRIBLT)=INTYPELI)=(NTYPE(I[)/LGCI#*10u) /10
FILE
CALL FILEM{2,NSET,QSET)
CONT ITNUE
[ DEMAND BACKLOG EMPTY,GU TO NEXT EVENT
TF(HNQE2)1.EQ.CIGL TO 727
) OTHERWISE,REMOVE FIRST ORUER FRUM BACKLOw
MFE2=MFE(2)
CALL RMOVEIMFEZ242,NSET,QSET)
CALL INVENTORY SIMULATOR
CALL MASTER(NSET,LSET)
GU TO CHECK DEMAND BACKLOG
GU TO 726
GU TO NEXT EVENT
RETURN
END



0Co1
occz
ccc3

0Co4

cces
cCos
gco1

ocecs

ocos
GC10

CCl1
0C12
cCl13
0Cl4

0Cl5

CCle
CcCl17
oCls
0c19

0cza0
0c21
ccz22
cces3
0C24
cc25
0C2é&
ocav

ccz2s
ocz9
CC30
GC31
GCaz
CcC33
GC34

CC35

1

10

12

11
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SUBROUTINE MASTER(NSET,QSET)
CIMENSION NSET(1),CQSET(1)
COMMCH TD+IMy INITyJEVNT y JMNIT,MFA,MSTOP MX ,MXC,NCLCT ,NHIST,
lhDQq NDRPT |NOT 'NPHMS|NRLN 'NRUNS'NSTAT ,UUT r Tf“Du []
2TRBEGs TEIN s MX Ky NPRNT s NCRDR ¢ NEP 4 VNQIT L&) IMM, MAKQS,MAXNS,
ATRIG(10) +ENCUL4) s INN(LI4) 9y JCELS(3,22) +KRANKIL4) MAXNQIL4),MFE(14),
4MLCE 14) ZNCELSIS) oNQUL4) yPARAM{Z20+4) 3 QTIME(LS) SSUMATLG S ) s SUMALL
SC 95 )y NAFE( S ) pNPROJ s MOy NOAY 3 IYRyJCLR o JTRIB(L12) 4 [ XU BYyMLE(14)
COMMON/LILITA/IREGRO(L1CC) 4 WTMAXIS) 4 A(10,36U)y
SALEL1I0C) ,BAG(ICU) y ILEMAN(LICO) yKSTOCKILCO) ,KOUTS( 100} 4ADRD(20 ),
NORDU20) s ATYPE(L1DG) o NTYPC (1uC) yASTZE(N1CGO,40) ¢ NSTZELLGU 4T )y
IFEED(120) +LOTI1OQ) s INOTE(LL 80 MILLILO) o TOTE(CLS)TONMILILG),
KORDER([100) 4COSULCG) ynAITILCO) o IWARTII0OO) » IWDIELLG) 9w ILASTILS),
CURySTDCK ¢CMIXsCLIc,CCARRY s LSTORE ¢ORDER CMILL,CUUT RATIO, IDALE,
SUMPROASALE,NFEEDS yNPEL 4 XLOST JBASESETMIX,NOUTSy NUEMAN,KGRAPH
MIXGLDCOOLCUNVP,CONVB BEGIN,CYCLE TOTPRO,TOTSAL,SETUPL, SETUPZ,
NMILLyNMIXER y WORKND
[J=JTRIB(5)
NODEMAN=NDEMAN+]
IDEMANITJ)=IDEMAN(IJ) +]
CHECK STDCK ON HAND + ON URUER ¥S. ORDER
IFL{KSTOCKIIJ)I+KORDER(IJ) ) oGTLITRIBI4)IGU TO 13
[IF LOnER, PLACE LOT, ASSIGN HIGH PRIORITY

[N o RN B LR N

JTRIB(3)=LOT{1J)
JTIRIBtLZ2)=2
CORRECT LOT SIZE IF NeCESSARY
IF(JTRIB{4)JGTL.JTRIBI4))JUTRIB(3}=JTRIBI(4)
ATRIBI5)=JTRIBI(3)#BAG(1J)
ATRIB{OI=JTRIB(4)*BAGI(1J)
GU TO 11
OTHERWISE, CHECK STOCK ON HAND VERSUS URDER
IF(KSTOCK(TJ)GE«JTRIB(4))IGO TU 12
IF LORER, JOINT DELIVERY WAITING LINE
WAIT(IJ)=TNOw
IKAIT(IJ)=JTRIB(4)
TWDIE(TJ)=JTRIBI(T)
RETURN
OTHERWISE, DELIVER, UPDATE, GATHER STAT.
CALL COLCT(O.s1,NSET,USET)
TONOUT=JTRIB(&}*EAGITLJY)
CALL HISTU(O.40.014C.ulyl}
CALL TMST(STUCK,THOW,10)
STOCK=STOCK~-TONOUT
KSTOCK(IJ)=KSTOCKIIJ)I=JTRIB(4)
ASALE=ASALE+TGNOUT
SALE(TIJ)=SALE(L1J}+JTRIB(4&)
REORUER POINT REACHED AFTER DELIVERY?
IFCIKSTOCK(IJ)+KOGRUERIIJI ) «GI-IREORD(IU}IRETURN
IF S50, PLACE LOUT SIZE, ASSIGN LOW PRICGRITY
JTRIB(3)=LDTLIJ)
JTRIB(2)=1
JTRIB(4)=0
ATRIB(5)=JTRIB(3)*BAG(1J)
ATRIB(6])=0.
ON DRUER VECTOR
KORDER(IJ)=KORDER(1J)+JTRIB(3)
CHARGE URDERING COST
ORDER=0RDER+COR



0C36
0C37

CC3s8

0C39
0C40

0C41l
0C4a2
GCa3

0C44
CC45

0Cas
GCat

0C48
0C49
0Cs50
0C51

0C52
0Cs2

CCS54
0C€55
0C56
€Cs57

0C58

Cls9
0C60
CCel
CCe2

0Cs63
CCe4

0065
GCo6
CcCe1
CCes

0Ce9
0Cc70

ocr1
oc72
Co73

0C74
0075

36

35

40

43

44

45

47

46
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PUT IN PRODN BACKLOG, RANK ON PRIDRITY,HVF

CALL FILEMI(3,NSET,QSET)
ENTRY CHECK(NSET,QSET}

IS THE MIXER BUSY?
IF{NC(4).GT.OIRETURN

ANY CORDER IN PRODUCTION BACKLUG?
IFI(NQ{3).EQ.CIRETURN
ENTRY MIXER({NSET,0SET)

PROCESS FIRST ORDER In PRODN BACKLDG
MFE3=MFE(3)
CALL RMOVE(MFE3 43 ,NSET,QS5cT)
[J=JTIRIBI(5)

COMPUTE TIME ELAPSED SINCE ENTERING
kT=TNOW-ATRIB(2)

IF WT< MAX LEAD TIME ALLOwWABLE,GO CON
IF(WNTLT.WTMAX{JTRIB(2))1IGO TO 40

LUOST SALE OR REPLENISHING ORDER CANCELED
KORDER{IJ)=KORDER{T1J)-JTRIBI(3)
IF(JTRIB(4).EC.GIGU TU 36

IF LOST SALE, CHARGE DUT uUF STUCK COST
NOUTS=NOUTS+1
KOUTS(IJ)=KOUTS(IJ)+]
COUT=COUT+CO5(1J)
XLOST=XLOST+ATRIB{6)

ANY MORE ORDERS I[N PRODN BACKLOG?
GO TO 36

IS IT MASH FEED?
IF(JTRIB(7)4LT.1)6G0 TO 41

COMPUTE PELLETING CRITICAL QUANTITY
TF{JTRIB(2).GT.11G0 TO 43
TEST=ATRIBI(5)
GO TD 44
TEST=ATRIBI(6)

PM*S REQUIRED TO MEET DEMAND DURING LT
NREQ=TEST/({ (WTMAX(JTRIBIZ2) }-wT)*10.)+1.

PELLET MILLS AVALAILBLE
NAVAL=D
0L 45 T=1,NPEL
IF{MILLITI)EQ.COINAVAL=NAVAL+]
CONTINUE

IS IT POSSIBLE TO MEET DEMAND DURING LT?
IFINAVAL.GE.NREQ)GO TO 46
IF{JTRIB(4).£G.0)G0O TO &7

IF LOSTY SALE, CHARGE OUT OF STDCk COST
NOUTS=NOUTS+1
KOUTS{TIJ)=KOUTS([J)+]
COuT=CoutT+Ccostry
XLOST=XLDST+ATRIB(6]

CLEAR ON-DRDER VECTOR
KORDER{IJV=KORDER(IJI-JTRIBI(3)
GO TO 36

IF POSSIBLE, MIX
TSMIX=0.
ANREUJ=NREQ
CALL HISTO(ANREQy2e91l443)

IDENTIFY INGREDIENTS
IMIX=JTRIB(1)/1CO
NMIXER=NMIXER+1



0C76
cC17
cc78

0C719
0cs0
acel
0Ccs2

oce3
cogs
¢cas
cChe
acCa7

cces
eces
0C90
cC91
ocs2
0C93
cC94

0095
0C96
GCat

ocss

cCa99
C1lGa
cl101
clo2
0103

ClC4
0105

Qice
o107
cics
C1G9
o110

cl11
0112
G113
Clla
Ccl15

Clie
0117
Glls

1o

10

48

51

00

SETUPL=SLETUPL+CMIR
TSMIX=TSMIX+u. 10

SETMEIX=SETMIX+TSMIX
MIXOLD=IMIX

CALL FILEM(4& NSET,QSET)

IF NECESSARY, SET UP, CHARGE COST
IF{MIXULD.EQ.IMIXIGO TC 48

GATHER STATISTICS

STORE NAME OF INGREDIENTS

75

MIXER BUSY (INCLUDIHND SETUP TIME.IF ANY)

COMPUTE MIXING TIME

THIX=(ATRIB(S)-BEGIN)/RATIOD

TEMPX=TMIX+CYCLE

SCHEDULE END UF MIX

CaLL COLCTITEMPX,5,NSET,QSET)

JTRIBI11=5

ATRIB(UL)=TNOw+TSMIX+TENPX

CALL FILEM({L,NSET,QSET}

AMIDUNT=ATRIBI(S}/ANREQ
TEMPY=AMOUNT/ 1L,
TEMPHI=ATRIBIS)I/HATIO
SAVET=RATIO/ANREC
NREADY=0

TUTDIE=C.

KUUNT=3

CO 49 I=1,NPEL
TLIE=0.

COMPUTE PELLETING CuOTA

SEIZE PELLET MILLS

IF(MILLIT).GTLOIGU TO 49
IF NECESSARY,; CHANGE UIE., CHARGE COST,

IFLIDIE(I) CEQ.JTRIBLT)]

IFCUIREG-NREADY L LT { EAVAL-NACADYYIGL TO 49

SETUPZ2=SETUPZ+CDIE
TOIE=TDIE+C.4u
TOTDIE=TOTDIE+TOIE
KOUUNT=KOUNT+1

IDIECT}=JTRIB(T)

NREADY=NIEADY+1

GJ T4 51

LUOOK FOR MILL WITH MATCHING TGIE SIZE

STORE CURRENT DIE SIZE

PUT PM NUMBER IN URDER TAG
IFIKUUNTLEQ.LYJTRIBLB) =1

GATHER STATISTICS

IF(NREADY .LT.IKEQIGT TG 1300
IFIKUGUNT.EQ.u1JTRIGI(B)=1

TcMPM=MILL{I1)
CALL TMST{TEMPM,TNUk,I)

MILL(TI)=1
NMILL=NMILL*]
IF(TLASTII) oEGaIMIXYIGO
ILASTI(I}=1MIX
SETUP2=SETUPZ2+CMILL

TEMPO=TSM[X+LONVP
XT2l8=JTR1B4]}
ATRIB(3II=XTRIB/FANKEQ

SET PELLET MILL 70 BUSY

T 1001

SCHELULE END UF JOB

IN THIS PM

GS



Cli9
Cl120
€121
0122
G123
cl2s
c125
Gl2e

ciz27
glz2g
0129

0130
(BERE
Ci32
0133
G134
0135
Cl36
0137
0138

0139
0140
0141l

Gla2
Cla3

0144
G145
0146
0147
0148
0149
G15¢C
cl151
cl52
0153

0154
0155
ol56
o157
0158

c159
Cla0
0lel
Gle2
G163

Cle4
€165
Cl66
Cla7
CléB
G169

49

50

53

52

41

55

1

JIRIBLL)=2
ATRIB(4)=AMOUNT/BAGULIJ)-ATRIBL3)
JIRLB(&6)=1

IF(TDIC.GT.0.)TENPO=TDIE

CALL COLLTUTCMPY,64NSETHQSET)

CALL RISTU(TEMPYyleglas®)
ATRIBIL)=TNO#+TEMPO+TEFPY+COUL+CCNVE
CALL FILEMUL1¢NSET,USET]

GATHER STATISTICS
TUNMIL(IY=TOUMIL(L) +AMCUNT
IFI{NREADY.EQ.IRECIGO TC 5=
CONT IRNUE

GATHER STATISTICS ON BIN SIZE

IF(TOTDIE.ELQ.Ca)GU TU 52

IFITEMPMI .GT.G.4CIGO TO 53

EIN=AMOUNT

GOl TG 54

GIN=SAVET *0 .40+ (SAVET-10.) & {TEMPMI-0.40])
GCU TO 54

BIH=(SAVE I-1u. )= (TEMPRI-LASE/SAVET ) +BASE
CALL CULZTIBIN,24NSETL5cT)

CALL HISTO(BIN) 109 1G.42)

SCHEDCULE GATEHERING OF STAT ON MAX LT

TFIJTRIB(4)acGaCIRETURN
J1R16(1)=06
ATRIB(L)=TNOR+TEMPD+ATRIBI6)/
(AMCGUNT®IREG/(TEMPY+TCTCIE/IREQ) I #CULL +CUNVE
CALL FILEMULyNSETUSET)
RETURN
IF MASH, MIX
TSMIX=0.
NMIXER=NMIXER+]
IMIX=JTRIB(1) /100
IFIMIXJLD.EQ.IMIXIG0 TC 55
SETUPL=SETUPL+CHIX
TSMIX=TSMIX+3.10
SLTMIX=SETMIX+TSHIX
MIXOLD=IMIX
CALL FILEM{4,iNSET,CSET)
THLX=TATRIBI3)-BEGINI /RATIO
SLHEUULE £END OF MIX
TEMPX=THMIX+CYCLE
CALL COLCT{TeMPX,5,NSeT,CSET)
JTR1B(1)=5
ATRIBIL)I=TNOW+TSMIX+TENPX
CALL FILEMUL WSET,GSET)
SCHEDULE END OF J0B
JTRIB(11}=2
ATRIE{4)=JTRIBI3)-JTIRIL(4)
ATRIB{II=ATRIB{1)+C0ONvE
ATRIB(3)=JTRIE(4)
CALL FILEM{L NSET,QSET)
SCHEDULE GATHERING GF STAT,
IF{JTRIBI4)aEQe SIRETURN
JTRIBI(1l)=6
ATRIB{L)=THNOwe TSMIX+ATRIL(B)/RATIO+CONVYE
CALL FELEMUL,NSET,QSET)
RETURN
END

IF NECESSARY

76



cCol
o6Cc2
oca3

cCc4

0C05
0Cos

ocar
ccos

77

SUBRCOUTINE ENDMIX(NSET,QSCT)
DIMENSION NSET(1),Q5ET (L)
COMMON IND ITMy INITJEVNT g JMNITyMFAZMSTOP My MXCyNCLCT oNHIST,
INGO e NORPT g NUT g HPRMS g NHUN g NRUNSyNSTAT LUT o TNUW,
2THFG o TRIN g MXAgNPRNT  HERLURy NEP o VI L 14) o MMy MAXTS y MAXNG,
BATRIBOLC) #ENGULA) y [IRii{14) 4 JCELSL9,22) yhkKANKILG T yMAXNGILA )y MFELL4),
4MLCHL 141 ZNCELSIS) oK1 14),PARAMI20,4) 2QTIMEIL4)4SSUMALLL.5),SUMA(L
509 s NAME(6) 4y iNPRUJ y POy NOAY 3 HYR S JCLRZJTRIBI1IZ2) s TA(B)WMLELL4)
CUMMON/LILITAZIREURDILCO) ¢ WTMAX(S) 4 AL10, 3600,
SALE(LIGD ) o BAGUICC Y IDEMANITLICL) o KSTOUCKEL1J0) ,rOUTSLICT) ALRUIZU Y,
NORC(ZO) g ATYPELLLO ) o NTYPCLLICC) g ASTZETLOO 440y NSILELLOD,40),
TFEEGIICS) yLUT(LICG) s JNOTE (LT 480)yMILLCLIC) 3 1DIL QLS )y TINMIL LI LD,
KORDERCLOG) yCOSOLICC) ymALT(LIC)y IWATIT(LOC) o 1aDIECLOG) y ILAST(L )y
CORSTOUCK gy CHIX yCOIE s COCARRY yCSTORE o UFLERGCMILL,COUT,RATIO,LDATE,
SUMPROGASALE o NFELDUSyNPFELy XLOST s BASE e SETHMI Xy NDUTS, NDLMAN KURAPH,
MIXOLDCHOOL s CONVP 2 CONYE BEGIN CYCLEy TOTPRUSTOTSAL »SETUPL,,5ETUP2Z,
NMILLyNMIXER, WORKNU

@ =N DN -

RELEASE MIXER
MFE4=MFE(4)
CALL RMUVEIMFE4,43NSETH0Q05cT)
IF AWY ORUER IN PROCN BACKLOG.PRUCESS
[FINQ(3)eGTau)CALL MIXERINSIT LCSET)
END



ocol
0Co02

GCo3

CCo4

GCOs5
0fCe
0Co7
0cos
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SUBROUTINE READY(NSET,CSET!
CUMMON Dy IMy INIToJEVNT g JMNIToMFA, MSTOP yMX yMXC ,NCLCT 4 NHIST,
INUGQ o NORPT , NOT ¢ NPRMS y NRLNy NRUNS s NSTAT ,0UT , TNOW,
2THEG e TRFIN g MXX e NPRNT ¢ NCRDR,NEPyUNUL14) y [MMy MAXQS s MAXNS,
ZATRIBIIC)SENGILA) o INNILAY, JCELSIS,22) oKRANK{L4A) +MAXKNGILA) s MFEIL4],
4MLCL 14) SNCELSUSINQ{i%),PARAMI20+4)QTIMELL4)a5S5UMALLL,S5),y SUMALI
S5CyS)yNAME(6) s NPROJ yMONJNCAY s YRy JCLRyJTRIBI12) 4 IX(8) yMLE(LG)
COMMON/LILITA/LRFORD(LICO) y WTMAXID) 4AL10,4360],
SALE(LOT) oBAGILOGC) g ILEMAN(LCU ) o KSTOCKILI00) 4KOUTSt 20 ) ADRDIZ0),
NORD(20) yATYPE(LICO) 4 NTYPE(LCO) yASTZE(LCC,40) NSIZELIOD 440 ),
IFEED(1D20) yLUT(ILOY g INDTEALCBC)yMILLILS) s IOIELLD) y TUNMILILUD,
KORDER(1C0) ,COSU10C) ywART(LAC) y IWALIT(L0G)» IWDIECLOC b, ILAST( LU,
CORSTOCKCHIXyCOIECCARRY yCSTORE UORDER,CMILL CUUTRATIG,IDATE,
SUMPROGASALEsNFELCUSeNPEL o XLOST 4 BASE s SETMI Xy NOUTSy NUEMAYN s KGRAPH
MIXOLD4COOL,CONVP 4CONVB yBEGIN,CYCLETUTPRO,TOTSAL  SETUPL,SETUP
NMTLL  NMIXER , WORKND

[ BN e R P VAR VR

COMPUTE TIME IN SYSTEM
ALEAD=TNOW-ATRIB(Z2)

GATHER STAT ON TIME IN SYSTEM
CALL COLCT(ALEADy 1yNSET+CSET]
CALL HISTO{ALEAD,G«0140.C1el)
RETURN
END
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0001 SUBROUTINE ENDJUBINSETHQSET)
0Cco2 CIMENSION NSET(1l),QSETI(L)
ccos COMMON ID o IMyINIT ¢ JEVNT 9 JUNIT yMFA,MSTUP, MX 4 MXCyNCLCT NHIST,

INDQ s NURPT ¢ NOT g NPRMUS g NRUN ¢ NRUNSyNSTAT , OUT , TNOW
2TEEGy TR MXK s NPRNT g NCROR g NEP s VNQU 14) 5 TMM, MAXQS,MAX S,
JATRIGULC) yENC(L4) y INNULA) 4 JCELS(5422) JKRANK{ LG )W MAXHIWIL4)yMFE(LG]),
4MLC( 14) oNCELS(S5) NQUL4) PARAMIZU 44 ) 4QTIMELLSG ) 4SSUMALLT .5 ), SUMALL
5035) s NAMEL(E Y s NPRUJ g MONgNUAY g YRy JCLR o JTRIBA L2 o IX(B) yMLT (1 &)

0C04 COMMON/LILITA/IREURLILIO00) 4y WTMAXI(5)4A(10, 3601,

1 SALE(LICO)} 4BAGULICGO) s JILEMANCTLIC) yKSTOCKILLO ) 2KOUTSI0L) JADRD(ZL ),
2 NORD(20) 4ATYPELLCO) gNTYPELLOCY yASIZE(ICL 1 40) W NSTZE(LOU,4C),
3 IFEER(LIDO) 4LOT(LCO) o JNOTETLO 480 ) MILLALL) yIOIELLD) o TONMILILIO),
4 KORDER(L1OC) COSUL100) ¢wALTILUD) 3 IWAIT(LOG) IWDIEKLIGL) s TLAST(L ),
5 CORySTUOCK ¢CHIXsCDIEWCCARRYCSTURE yORDERWCHILLyCUUT,RATIL,IDATE,
6 SUMPROJASALE NFEEDSyNPEL s XLUSTyBASE,SETMI Xy NOUTS, NOEMAN sKGRAPH,
7 MIXOLD,,ZO0LyCUNVP yCONVBBEGIN,CYCLE,TOTPRuUyTUTSAL,,S=TUPL,SETUPZ,
8 NMILL NMIXER ,WORKNOD
0Ccos [J=JTRIB(5)
[ GATHER STAT ON ORLE® COMPLETIUN TIME
0coé XLEAD=TNOW-ATRIG(2)
ccev CALL HISTO(XLEADsZ2e22e15)
cccs CALL COLCTI(XLEADy3¢NSET,QSET)
5% MASH? IF SO,JuMpP
GCOos IF(JTRIB(T).LT.L)GO TO 10
C IF LAST PM,REDUCE ON-DRDER VECTOR 3Y LUT
0C10 IF{JTRIBIB) JEGJITRIBIS)IKURDERITJ)=KURDER(IJI=JTRIBI(3)
C GATHER STAT OnN PELLET MILL USAGE
cC11 INCEX=JTRIBI(6)
cClz TEMPM=MILLIJTRIEB(6))
0C13 CALL TMST(TEMPMTNOW.INDEX)
OCl4 MILL{INCEX)=0
0C15 GO TO 11
C UPDATE STATISTICS
CClé 10 KORDERA{IJI=KORDER{IJ)=JTRIBI(3)
cCcL17 11 CALL TMST(STCGCKTNOW,1u)
0Cls8 TEMPB=ATRIB(3)%*BALI(1J)
cCl9 STOCK=STUCK+ATRIB(4)#¥3AG(1J)
0C20 KSTOCK(TJ)I=KSTOCK(I1J)+ATRIB (&)
0C21 SUMPRO=SUMPRU+(ATRIB(4)+ATRIc(3))*BAGITJ)
C HIGH PRIORITY? [F NOT SO,JUMP
0C22 IF{TEMPB.EQ.0.)GOD TO 2C
C DELIVER FEED,UPDATE
0023 ASALE=ASALE+TEMPB
CC24 SALE({TJ)=SALE(IJ)+ATRIBI(3)
c IF NECESSARY,0ORDER REPLENISHING
0025 IF(KSTOCC(IJ).LE-.IREQRD(IJ)ICALL REPLE(NSET,QSET)
CcCz6 GO TO 8es
C IF NO CUSTOMER WAITS,JUMP
0ca217 20 IF(TWAITIIJ).EUW.C)GO TC 488
C CUMPUTE WAITING TIME
0Ccz28 WTD=TNOW-WATIT(T1J)
C IF STILL WITHIN CLASS LT,JuMP
0Cc29 IFIWTD.LT.WTMAX(2))GO TO 30
C CHARGE QUT COF STODCK COST,UPDATE
cC30 NOUTS=NOUTS+1
CcC31 KOUTSEIJ)Y=KDUTS(IJ)+1
0C32 COUT=COUT+CAsS(1J)

0C33 XLOST=XLIST+IKAIT(IJ)*BAG(I N



0C34
0C35

GC3e
0c37

0c38
cc3s
CC40
0C41
CQ42
0C43

0C44
CCa5
0C46
0Ca7
CCsa8

0C49
GC50

30

777

888
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IWAITIT1J)=0
GO TU 8BE
IF ENOUGH STOUK, JUMP
IFIKSTOCK(IJ) JGELIWAIT(TIJ))GU 10 777
OTHERWISEZCONTINUE TO wAIT
GO 70 BBS
UPUATE STAT,DELIVER FEED
CALL THMST(STUCK,ThOW,1C)
STOCK=STICK-IWAIT(TJI*EACITD)
KSTOCK(TJY=KSTOCK(T=-IwALT(1J)
ASALE=ASALE+IwAITIIJV*EAGITY)
SALECTJ)=SALE(TII+TIWALTCLY)
IWATT(1JY=0
GATHER STAT ON CUMPLETION TIMt
ALEAD=TNIW-WAIT(IJ}
CALL COLCLTUALEAL,L,NSET,USET)
CALL HISTO(ALEAD,G.0l+0e3141)
IF NZCESSARY,URDEK REPLENISHING
IFIKSTOCKEIJ) oLECIREORCITIIICALL REPLEUNSE T WSET)
TRANSFER CONTROL T0O MASTER
CALL CHEDK(NSET,QSET}
GU TO NEXT EVENT
RETURN
END



WL
gLcy
0T0s
Q009
oCic

GEll

gci2
ccr?
0Ci4
CCis
clig
€LLy
goe
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SUBROUTINE o2l ELH3ET
CIMENSIOY Rufiq} Lis
COMMEN ID:T 3737 08Nt Lol IT , MFA MSTOP MY ¢ MXC o NCLCT o NHIST,

INDD o MORPT M IT ;PR ES , NAL 1725 g NSTAT 4 CUT s TNDW

PTUEG TFIN s M o NPRANT S NCEDA HES S YNGL 14) o IMM, MAKOS s MAXNS,

IATRIBILO) QENQUESG Y INNIL&:, JOELS(5,22) oKRANKIL ) yMAXNQ( L&), #FELL ),

4MLC( 14} NCELS{3)4NO{14) s PARAM{20 41 ,QT THET 14 ) 55umAl1], 50, SUMALL

BGa 5 ) o NAME {6} NPROS » MON e NOAY yNYR 2 JCLRJTRIBEL2) (X8}, MLELL14)

COMMONZLILITA/IREGAC{LICO) 2 v THAXIS} A0 1036010
SALELLCI) yBAGILO0) s LLUFMA(L00) (KSTOCKILOT) s5UUTL 100 ) ,AURDIZG)
NDRGE 20) g ATYPETLCO) pniT¥PE €100 o ASIZESLUC 40l NSIZE(10D440 ),
IFEEDIIGUY sLOUT(RUO T +oNOTES Lo 80y MILLE1D) g IRTECIL ) 3 TUNMILILO) 5
KORLERILODG ,{OSTI00C) swl T LLGO) y IWAIT {102 , IwDIEQ200 ), ILAST{1L),
COR e STUC Ky CHEXSCOIECCARAY pCSTORE fORDER £ ¥ 10L sCOUT 4 RAT IO, IDATE,
SUMPROGASALE s NFEEGS s P L o XLOST o BASE p SETMIK o sULTL ( NIEMAN,KGRAH,
FIXOLD,CUOL CONVPCONVB  BEGTN, CYCLE. TOTPRO, TOTSAL SETUP L, 5ETURZ,
NMILL (NMIXER , WORKND ’
1J=JTRIBLS) )

JTRIBI1I=NTYpPe(ld}

JYRIBLA=LOT{LJ)

JIRIBfZI=2 )

JTRIB{4}=0
JTIRfB(61}=99
ATRIBISI=JTRIBIZY#BAGIIL)

ATRIBLE =04

ATRIB(23=TNOx

CALL FILEML 3 ,nSET.QSEDT)

KORDOERITIT={LROER{ LI} +JTRIBI(3)

ORLER=DO2EIR+LLR

RETURNM

ERD

0w O AN L N e



0Col
CCa2
GCo3

0Co4

0CCs
GCeeo

ccc7
ocos
0CC9
0C10
0Cl1

0C12

0C13

CCl4a
cCl5

CClé
cCc17
GCls
CGCl19
cCz0
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SUBRUUTINE RECORCINSET,QSET)

ODIMENSTON NSET{1),Q5£T(1)

CUMMON ID s IMyINIT JEVRT  JMNIT  MFA, MSTUP , MX s MXC ,NCLCT yNHIST
INUQyNORPT yNOT yNPRMS y HRLN ¢ NRUNS NSTAT ,0UT 3 INCwy
ZTEEG.TFI‘I.HXKﬂiPRNT.NCRDR.-‘-‘EP,\'I\"J(141-!H”-.HA;(LJS,MAKNS,

BAT2EB010) yENGILA) g INNTLE) g JCELS (5422 ) sKRANK L4 ) MAXNG(14),MFE(L14),
GMLECTL 14) JNCELSISYaNGI14) 3PArRARI20,04) oCTIMELLA) ,SSUMALLG,S)SUMALL
530359 yNAME (6 ) oNPROJ ¢ MOV NUAY 9 YRy JOCLRyJTRIEBI L) g [A(E N, MLELI1G)
COMMON/LILITAZIREUDRDLICD) s wTHMAX(5)4(01C,360),

SALE(LICU) sBAGULICC )y LOEMANILCC) ¢ KSTOCKIL1D0) ¢ KUUTSLTC Y yALRDI2U ),

HORDIZC) s ATYPE(LCO) oNTYPE(ILUO)Y oy ASTZELLC U 40} NSIZEl D044,

IFTEEDULICO) yLUT(1G0) o JNOTc {1300 ¢ MILLALC) o IDLECLO )y TONMILILO ],

KORCER(LCO) sCOSCICGC) ywAITIL U o IWALITILLE) »InDIE(1SC) g TLAST (LU,

CORGSTOLKyCMIXyCUTEyCCAARY 3 LSTORE yORUERyCMILL ,CUUT,RATIL s ILATE,

SUMPROJASALE ¢y NFEEDS ¢ WPEL o XLAST yBASE s SETMIX 3 vUUT S NDEMAN, KGRAPH,

MIXOLD,CONL , CONVP 4 CUNVB U EGINSCYCLETOTPRO, TUTSAL ySETUPLSETUPL,

NMILLyNMIXER, WORKND
ATRIB{1)=TNCk+16.G0
CALL FILEM{1,NSET,QSET)

END-OF-DAY STUCK

O omy N DN =

Al . IDATE)=5TOCK
AVERAGE STOCK THROUGHUUT PtRIOD

AlZ2, IDATE)=SSUMA(10,2)/SSUMALLT, 1)
AVERAGE PERCENTAGE OF STUCKOUTS

XD=NOUTS

XD=NUEMAN

Al3,IDATE)=X0/XD*100.
AVERAGE MIXER UTILIZATION

A4y IDATE )= (ENQU&)+NQL4)&®{THNOW-CTIME(4) )} /A {TNUK=-TBEG) ~

1 SETMIX/UIDATE®*]16.)
DAILY PRODUCTION

AlS, IDATE }=SUKMPRO
DAILY SALES

Alt s [IDATE)=ASALE

WRITE(NPRNT41CG)ICATE A(L,IDATE) yAl2,ICATE) s A(3, TDATE)yAl4,IDATE ),

1 A{S5,IDATC) a6, [0ATE)

10 FORMAT(I10,+FlCal,2F10,.2,Fl0.3+2F1C.1)
TCTPRG=TUTPRO+SUMPRU

TGTSAL=TOTSAL+ASALE

RETURN

END



ocol
ccoz2
oco3

0C04

cces
CCee
0CO7
cces

oco9
gclo
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SUBROUTINE FIRSTINSET,CSET)
DIMENSION NSET(1),QSETI(1)
CUMMON T0s LMy INIT JEVNT g JMNIT +MFAMSTOP gy MX g MXC o NCLCTyNHIST,
INDQ,NUORPT g NOT ¢ NPRMS s HRLN ¢ NRUNS y NSTAT ,OUT y TNUW
2TBEGe TFINyMXX g NPRNT s NCRDR ¢ NEP s VNU(T4) 5 [MMy MAXQS ) MAXNS,
JATRIBU10) yENQ{Ll4) o INN(14) 4 JCELS(5422) 4KRANKI{L14) MAXNUIL4) MFELL4),
HMLCL 14) JNCELSIS) ¢NQ{14),PARAMIZ2D,:4),QTIME(L4),SSUMALLC,5),SUMA(L
SCUyS) s NAMEL6) s NPROJ s MON G NDAY yNYRyJCLRy JTRIB(12) 4 IX(8B)sMLE(14)
COMMUN/LILITA/IREGRDULCC) yWTHAX(5) , ISAFE(LCO) 4 10bSLL00) 4A(1U,360),
SALEC(LI0D) 4BAGILICO) y TUEMANCIOO) yKSTUCK{LILO ) ¢KOUTSE IO ) yAURD 20 )
NORD(2C) s ATYPE(LCO) yNTYPe (10C) sASTZE (10U 40 ) W NSTZE(LSOa0 ),
IFEEC(120),LOT(LCO) s INUOTE(LU,8C)yMILLILCY«IDEELLC) o TINMILILC)
KORDER(LO0) ,COS(100) ywAITILLO) o IWAIT(LIC0) s IWDIE(LOG), TLASTELL),
COReSTOLKCMIX CDIEsCCARRYyCSTORE yORDERCMILL,CUUTyRATIUyIDAIE,
SUMPROGASALE NFELDS yiPEL ¢ XLOST4BASE ¢ SETMIX s NOUTS ¢ NDEMAN ¢ KGRAPH,
MIXOLD,COOL,CONVP,CUNVB4BEGIN,CYCLE,TOTPRO,TOTSALySETUPL,SETUPZ,
NMILL yNMIXER TFLAT,STOCLCG) » [HGLD(10D)
SSUKA{1Gy1)=1.
SSUMA(10,2)=8TUCK
WRITEINPRNT25)
25 FORMAY (L' 4 //s6Xe"DATE" 35Xy 'STOCK® 42X *STOCK{#)*,7X,'00S8",5X,"MlLc
IR" 5%, *PRODN® 45X, ' SALES'/)
RETURN
END

0O = WU WA



cccl
ccoz
0co3

0004

0cos

GCC6
Ccor
ccos
occs
0Cl1o0
0Cl11
0Cl2
oc13
0Cl14
cC15
0Cle
ocLv7

ccle
oc19
0C20
0C21
cCz22
0Ccz23
0C24
0Ces
0C26
ccar
oczs

cc2s
0C3cC
cC31
GC3z2
oc33
CC34
€ccas
0C36
0C37

0C38
0C39

20

15

84

SUBROUTIMNE OTPUTINSET,CSceT)
DIMENSION NSET(1),USETI(1)
CUMMON IOy IMy INIT pJEVANT y JHNITyMFA, MSTOP yMX s MXC g NCLCT yNHIST
INOQ s NCRPT ¢ NOT ;NPRMS ¢ NRUN S NRUNS ¢ NSTAT ¢ OUT 3 TNGH
CTREG g TRINyMXX g NPRNT yNLRURSNEPvNQL 14 ) 3 IMM,MARGS y MAXNS,
JATRIBULO) ENQULA) g INNIL4) 4 JCELSI5922) yKRANKIL4) yMAXNQIL& ) MFE(L14),
4MLCL 14) NCELS(S)oNCUL14)PARAMIZ0 4 ) 4QTIME(L4)SSUMATLL,,5) 50UMALl
SCs5) ¢ NAME (6] yNPROJ g PONSNUAY g NYRZJCLR,JTRIBLILZ2) , IXLE) oMLE(L )
CUMMON/LILITAZIRCURD(LIC0) s WIMAX(5) 4AL1G,360),
SALE(102) ,BAG(I0L) p ILeMANCLIG) yKSTOCK (10U »KAQUTSTI0CE yAURD(24)
NORG{ZO) ATYPE(LOG) ow TYPELLCGY yASTZE(LOD 40 by dSILEL100L 4D,
IFEED(10C) sLUT(LIC0) s JNOTE(LG 2801 g MILLOLIC o IGTIC(1T)  1ONMILILG ),
KORDERILCGO) 4 COSULOC) o WAIT(L Gy IWATITOLOU) o InDIE(LDT) 4 ILASTOLL ),
COR,STOLK yCHIX,CDIE CCARRY 4CSTCRE yORCER CMILL,CUJUT,RATIL, ICATE,
SUMPRO  ASALCyNFEENSyNPEL » XLUST yBASE+SETMI Xy ROUTSyNDEMAN,KGRAPH,
MIXULD,COOLy CONVP yCONVBsbEGIN,CYCLEs TOTPRUS TOTSAL s SETUP L, SETUPZ,
NMILL,NMIXER, WORKNO
DIMENSTON X(360),AVPILIC),AVPRILO)
PLOT GRAPHS

[« -BC N RN U STV W]

CO 15 I=1,KGRAPH
DO 2G J=1,1DATE
X(JI=Al1,)
CALL HAX(IDATE,X,JsXLARGE)
IF(XLARGE «EQeve )GU TO 15
WRITE(341) (UNOTE(LeJVyJ=1,801
CALL MINCIDATE,X,JySMALL)
DOWN=XLARGLE-SMALL
IF(DOWN.EQ.0.)GO TO 15
SCALE=50./00WN
CALL PLOTIXySCALE,SMALL)
CUMT INUE
PRINT OUT IHNVENTORY CUST REPORT
CARRY=(A(2, IDATE)*CCARRY+S5SUMA(10,5)*CSTUREI*IDATE#*( 1. +wURKND)
CUST=CRDER+SETUPL+SETUPZ2+CARRY+CUUT
CSEFL1=SETUPL/NMIXER
CSET2=SETUPZ/NMILL
XCOST=100./CUST
P1=SETUPL *XCUST
P2=SETUP2«XCOST
P3=0RDER* XCOST
P4=CUUT#XCOST
PS5=CARRY#XCOST
WRITE(NPRNT,i0C)IDATE 4SETUPL P1SETUPZ2,P2,0ROER,P3,COUT,P4,CARRY,
1 P5,COST.CSETL,CS5eT2
PRINT PROLUCTIUN-INVENTORY REPORT
AVSALE=TOTSAL/ICATE
RATE=TOTPRO/(SETMIX+4(4, IDATZ )#[DATE*L6.)
AVLEAD=SUMA(L,11/5UMALL,3)
AVTIME=(1.-A{4, IUATE))#16.-SETMIX/IDATE
AVLUST=XLUST/IGATE
AVPROU=TOTPRO/ IDATE
AVOUT=A(3,IDATE]
Al4, IDATE 1=A(4,1DATE)*1C0.
WRITE(NPRNT g LCL)IDATEZTOTSAL,AVSALELAL2,IDATE) ySSUMALLIC+5)
1 SSUMA(10,4)4A(4,I0ATE)RATC,AVLEAD,AVTIME AVOUT AVLUST+AVPRO
PRINT PELLETING REPCRT
TOTON=0.
CO 499 [=1,NPEL



ccac
ccal
CCaz
CCa3
0C44
CC45
0C46
CCa7
CCa8
CC49
0C50
Ci51
cis2
053

0C54

0C55

CC56
CC57

439

5C0Q

1
168

502

101
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AVPRI(T}=0D.

TOTIME=C.

U 560 I=1,NPEL
AVPLI)=TONMILI{L)/IDATE
IF(SSUMA{T,1)<EQ.Co)GU TO 502
TEMPT=SSUMA(I,2)/S5SUFAL],1)*ICATE*1l6.
AVPROT)I=TONMIL(I)I/TEMPT
TGTON=TOTON+TONMILA(T)

TOTIME =TUTIME+TEMPT

CONTIHUE

AVTOT=TUTUON/TOTIME
WRITEU3,5C2){AVPIT) s 1=),NPEL) (AVPRUL), [=1,NPEL },AVTUT

FURMATI T Y yHUAL /A /3 TR DAY s 5X"WVALUE" 7/
FURMAT Y1V /77771777 33K P 3xxsx [NVENTORY COST REPURT ¥zl ////f,
1 41X3013,"-DAY SIMULATICNY///,
2 30X, 'MIXER SETUP COST',4X,y '3, FIUL2,F1C.1," %*',//,
3 30X, P M SETUP CUST'stX, "8y Fl0.2+F1Cele? T,/ 7/
4 30X, "CRDERING CUST' 7K' 8" 4 F10.2+Flualy E'577,
5 30X, '0UT-0OF-STOCK COSTY 43X, "' FiDal2yFlUale® %',/ /
6 30X "CARRYING CLUST!' y7X,'$' ,Flia2yFllalst 3%, //7,
T 37X "TOTAL CUST" 3%, 8"y Flun2y//1/F1

B30X,; "AVERAGE MIKER SETULP COSF'7Xe 8" sFY1.//,
937Xy "AVERAGE PELLETING ScTUP COST'#3X,s"3"',F5.1)

TURMATL/////35LX,"PELLET I EFFICIENCY REPURT! P12 TK,

TPRLY yBX Y W2V g bX g " F3 T w8 V44 (BXy "HE" yBXy "HO ' B8X " T "y EXy "EBY, 0K,
2VH99 /351X, VAVERAGE PRUDUCTIUN(TONS/CAY )Y/ /20K 2F 1029/ /7 451K,
3TAVERAGFE PROUULCTION RATE(LT/HI 'S/ 3208 9F LEa 29/ /251K "UVERALL AVERAS
4E PRUDUCTION RATE = "4F4.2," TONS/HR']

FURMAT(®L?,//// 29X %t xxs PACDUCTION=-TINVENTURY PARAMETER REPURT #
ledeed f /77,6013, "—DAY SIMULATIOUNY o/ / /330X, TOTAL SALES®+194,F20.3
24" TONS® /730X,y "AVERACGE SALES PER DAY'";9X,FlC.3,"' TUNS/LAY ',/ /7,

3 30X, 'AVERAGE TOTAL STCCK®' ,i1X,F1Ca3," TONS',// 30X, "MAXRINUN STUCK
4 [N HAND® y9X4FLU«3 4" TCHS'3//+3CK, "MINIMUN STOCK OM HAND!' ,5X,
SF10.3,% TONSY s/ /930Xy "AVERAGE MIXKER UTILIZATION' L5X,Fl..2,' %1,
677930, "AVERAGE PRODUCTIOUN RATEY 3 TXF 1041y TUNS/HUURY o/ /,

730X, "AVERAGE LEAD TIME'413X,F1043," HOURS' // 430K AVERAGS TIME O
85T "4 13X4F10.2+" HOURS/LAY",//,30X, "AVE. PERCENTAGE OF STuCKOUTS',
G ZXaF10a24" %" o/ /430X, "AVERAGE LUST SALES',13X,Fil.l," TuNS/DbaY?",
1//7+30X, "AVERAGE DAILY PRUDUCTION" s 7TXsFlCals" TONS')

RETURN

END



ocel
ccoz

cco3
CCao4
0cCcs
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SUBROUTINE RESET

CUMMON TD 4 IMy INIToJEVNTy JMNIT 4MFA,MSTCPyMX , ¥XC o NCLCT,NHIST,

INDOy HORPT ¢ NOT ¢ NPRMS g NRUN g MRUNS e NSTAT 0UT o THG
ZTEEGy TRFINyMXX s NPRNT g NCROR g NEP s VNQU L4 ) ¢ IMMs MAXQUS ) MAXNS,
JATRIB{LO) JENQUL4) g INNTL14 ), JCELS(5922) yhHKANKIL4 ) yMAXNQIL4),MFCL14),
4MLCI 14) (NCELS(S)yNQU14),PARAM(20,4),QTIME(L4) 4SSUMATLD5)s5UMALL
50+5) s NAME (6 ) ¢y NPROJ g MON NLAY yHYR 3 JCLRZJTRIBL12) 3 [ X{B) yMLE(14)
SSUMA(1Q,5)=0.

RETURN

END



ocol
0cCo2

0CG3
CCas
0CG5
0CGe
GCa7
CCos
cCo9
CC1l0
Gol1l
cClz
0Cl13
0Cl4
0C15
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SUBRUUTINE PLUTI(X4SCALE,AMINIT)

COMMON/LILITA/IREUGRDILICO) ymIMAX(5)4A(10,36C),
SALE(L10D),BAGILGC) o IDEMANILGO) yKSTOCKLIOGT o KOUTSILGL Y yALSUIL20 ),
NORC(2C) yATYPE(LICO) 4 NTYPELLIOG) s ASTZELLCG,40) o NSIZELLIT040]
IFEED{L1C0) sLUTILGO0) ¢ JANOTE (LU B0 ) o MILL(1G) y IDIECLO) o TUNMIL(LT),
KORDER(10D),COS(100) »waIT(100) IWAIT(LOO0) , IWDIELLICG)  ILASTHLC),
CORoSTOCK 4 CMIX yCOIEsCCARRY ,CSTOREyORLER,CMILL,COUT,RATIC,IDATE,
SUMPROASALE yNIFEEDSoNPEL s XLUST y BASESETMIX o NOUT S 4 HNOEMANZKGRAPH,
MIXOLDZ00LCONVP 4CUNVB 2 BEGINCYCLE, TOTPRUy TOTSALsSETUPL,SETUPZ,
NMILL s NYIXERy WORKND

CIMENSION X(360),BLANK(100)

DATA STAR/%%?/,BLANK/LCO=" */

CO 2C I=1,1DATE

NBLANK={X{I)-AMINI)*SCALE

IF(NBLANK.EQ.U)GO TO 21

RRITEINPRNT Q0o X (1) o {BLANKIJ) yJ=1,NBLANK) STAR

GO TO 20

WRITEINPRNT 31 ) [+ X(I},STAR

CONTINUE

FORMAT{IL0,F10.2,20X,8CA1,A11}

FURMAT(ILOWFLlCea2,21X4A1)

RETURN

END



GCol
GCo2

ceo3
GCoa
GCo5
[e18477
GCa7
ocos
ccan
cC10
GCll
ocLz
cC13
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SURRCUTINE MININsX,J,SMALL)

COMMON/LILITAZIREURDILICO) y wTMAX(5),A(10,360),

SALE{10C) ¢ BAGT1CUL) s IDEMANTLLS) yKSTOCK{LOG) 4 KOUTSI1GL s AURDIL20 )
NORCUZC s ATYPE(LUO) s NTYPELLLC ) g ASTZECLOOy4G) o NSTZETLL Sy a0 ),
IFEEDI100) ,LOT(LCO) o JNCTELLG+B0) g MILL (1G) o IDICLL0) s TONMILLLL ),
KORDER{LOD) ,CUSCLOO} s v ALTULUC)y IWAITIICO) » InDIE(LCU) S ILASTLL Y,
CURySTOCK4CMIXyCOIESCCARRY CSTURE yORCER yCMILL,COUT4RATIU, [LATE,
SUMPRUOSASALE yNFEEDS o WPEL s XLUST s HASE s SETMIX o NOUTS o DEMAN KGRAPH,
MIXCLD,Z00L,CCGNVP ,CUNVBBEGIN, CYCLE,TOTPRO, TOTSALySETUP1,SETUP £,
NIATLL NMIXER ¢ KORKNU

DIMENSION X(360C)

SMALL=X{1)

J=1

IFIN.FQ.1)GD TO 7

DU 6 1=24N

IF{X{T)«SEL.SHALLIGO TU 6

SMALL=XI{I)

J=1

CUNTINUE

RETURN

END



0col
0co2

GCC3
CCo4
0Co5
CCG6
ccaz
ccos
¢Cceo
GC10
oc1l1
¢c12
cCi3
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SUBRUUTINE MAX(NsXsJsXLARGE)

COMPUN/LILITA/IREURDIICO) ywTMAX(5) 4ALLC,360),

SALE(LCO) +BAGULCG) s IDEMANLLCO) yKSTOCK(LOC )Y yKOUTS{LIGL) fACRDIZ20)
NORC(ZI) s ATYPE(LCOY o NTYPECLOD) W ASTZELLCG,40) s NSTLELLIOL 440D,
IFEED{1CO) 4LOT (1CO0) yJNDTELLG 60y MILLIIUY s IDIELLO ) TONMILELE ),
KUORDER{LICO},COSU10C) +nAITILUO)Y 4 IWATITOLIOU) s IWDIE(LOG)YILAST(LU),
CORySTOLKyCMIXgCDIE+CCARRY CSTORE yORUERyLMILLyCUUT#2ATIL,,IDATE,
SUFMPHROASALEsNFEEDS yNPEL o XLUST o BASEySETHMIX y wUUTS,y iilimM ANy KGRAPH,
MIXULDZU0L,COUNVPyCONVB 36EGINsCYCLEsTOTPRULZTOTSAL s SETUPLySETUPZ,
NMILL,NMIXERy wORKND

DIMENSIUN X(360)

XLARGE=X[1)

J=1

IFIN.EQ.1)GO TO 7

DU 6 I=2,N

IF{XtI).LE-.XLARGEIGU TC &

XLARGE=x(T)

J=1

CONTINUE

RETURN

END
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5CC

O0JHRUN=CHECK,TIVME=2,LINES=66,PAGES=1C
CIMENSTION A(1CCC)STOCKI(119),PROCNIL1S)
REAC(141+En0=500)STCCK
READI{1,1)PRCON
FCRMAT(2CF4,0)

CC 10 I=1,119
A(l#2-1)=STCCKI(T)
Al1#Z2)=PROCNIT)
CALL CRAPH({A)

GC 1C 1Cee

s1are

END
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SUBRCLTINE GRAPHI{LCATA)

CIMENSTC DATA(LCCC) ,FORMATIZ0) X (1C),ALINELLICS) ,T(6),TITLE(32C)
CATA LING/'I*/oALINE/L#040, 14 0=0,187] 0,198 00, Js0|r, 1911, 18],
L 19% 0=t 157 |0, 198 et 1ot |0, JGH1=0,[20 ][0, 180t 13041/

DATA BLANKAY VS

COMMCA ACLC]+BI1CC) 4 ANER({S)4CLECIS )y JK
READ(L LINVARGNCES,LINIT
REAT (L 4Z2)LA(L)yI=1,NVAR)
REACEI42C)TITLE
NK=AVARFNGHBS
IF(LINMIT.GT.CIGO TU 77
CALL MAXINK,DATA,J,BIG)
CALL MININK,CATA,J,SMALL)
GLC TC 78
REACI(1,471)01G, SMALL
RANCE=PFIC-SMALL
LANIT=RANGE/S.

LG 8 J=1+6

XJ=J-1

TUJ)=SMALL+XJ*UNIT
WRITE(?,339)TITLE,T
WRITH(2,133)ALINE

£C 2C J=1,NCBS

JK=L

LU B8 I=1,49

ANEW 1) =08LANK
CLO(L)=ELANK

UC 1C [=141C0O

B{I)=2LAMK
[J=1J-1)*hVAR+]
TK=1J+AVAR-1

K=0

LC 15 I=1Jd,41K

K=K+1

XK=[LATA(])

CALL SETU{XK,K4,RANGE,SMALL)
WRITE(2,160JyLINE 8 ,LINE,ANE®,0LD
CCNTINLE
WRITE(?,133)ALINE

RETULRN

FCRMAT(Z IS, 11}
FCRrATL1™AL)

FCRMAT(1Ha LXsAL o 1X41CCAL 42X 41X 4941 ,1X,94])
FCRMAT(7X41C9A1)
FCR¥VAT(LFLC .4)

FCRMAT({'1" y3(B0AL /)y // 80814/ ¢3X4F10.3+5{1CX4F1C.3))

FCREATIEZAL)
ENC
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SUBRCLTINE SET(XyI,ReS)

CCNMUN ACLC),R{1CC)ANERI9)CLEL9) 4 UK

DATA ELANK/Y ¥/
J=1CC.#(X-S)/R+C.5
IFIJ.EC.T)U=1
IF(R(J)CCBLANKIGE TO
JK=JK+1

ANEW(JK)=A(T)
OLLIJKY=BLI)

BlJl=ALI)

RETURN

ENU

10
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10 F5,2 GENERAL
X 6 DATA ARRANGEMENT
OUT-OF-STOCK COSTS
DATA TYPE I
80 Al l
’ X6

GRAPHS TITLES |

DATA TYPE 11

(/ 10 F5.3

ORDERS/DAY CDF

X2

DATA TYPE IT1

10 F6.4

TYPES CDF

DATA TYPE 1V

10 15 10 15 __1
X 212 | X 2

' X 212

SIZE DEVIATES ORDER /DAYS DEVIATES.
. |
DATA TYPE VIIL DATA TYPE V
2 F5.0 10 15
X1 X 6
MAX LT's TYPE DEVIATES
DATA TYPE 1X _ DATA TYPE VI
10 F6.4 10 F5.3
X6
| BAG SIZES SIZE CDF's
L
DATA TYPE X DATA TYPE VII
10 15
X 6
LOT SIZES
DATA TYPE XI
10 15
X6

REORDER POINTS

FOR N SEE GASP DATA (next page)

DATA TYPE XII

GASP DATA XN

DATA TYPE XI11
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THIS BOOK WAS
BOUND WITH TWO
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ECHU CHECK CN INPUT CATA

NAME NPROJ MCN NDAY NYR NHUNS
0J HERNANDEZ 1 11 15 1970 1
NPRMS NHIST NCLCT NSTAT ID IM NOQ MXC
s} 5 13 17 500 8 & 22
NCELS
2C 20 20 20 2C
KRANK
1 164 102 1
1NN
1 1 2 1
MSTOP JCLR NORPT NEP TBEG TFIN NSEED
1 1 1] 1 0.0 1963.999 3
SEEDRS FOR RANLOM NUMHER GENERATION
75453 68797 88985
FILE NQ., ATTRIBUTES
=g, C 0 [+] o
0
1 4 o 0 0
0
C.d G. 0 0.0 0.0 0.0
1 1 o] 0 vl
]
c.0 C.0 .0 G.0 0.0
1 3 V] 0 0
(]
15.6990 0.0 0.0 0.0 0.0
1 7 2 4] Q
Q
320.0C00 0.0 0.0 G0 0.0

6
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ORDERS/DAY EMPIRICAL DISTRIBUTION
(All Feeds)

Class width = 20 orders/day

Class Limit Cumulative
orders/day Frequency Probability Probability
20 1 0.048 0.048
160 1 0.048 0.095
360 1 0.048 0.143
380 1 0.048 0.190
400 1 0.048 0.238
420 1 0.048 0.286
440 2 0,095 0.381
460 3 0.143 0.524
480 1 0.048 0.571
500 3 0.143 0.714
520 1 0,048 0.762
540 2 0.095 0.857
580 1 0.048 0.905
640 1 0.048 0.952

740 1 - 0.048 1.000




RELATIVE FREQUENCY OF FEED ORDERING

(Types Empirical Distribution)

Base = 1

Formula Probability Cumulative Formula Probability Cumulative
F-1 0.0092 0.0092 F-27 0.0444 0.5090
F-2 0.0135 0.0226 F-28 0.0492 0.5582
F-3 0.0060 0.0286 F-29 0.0007 0.5589
F-4 0.0020 0.0307 F-30 0.0025 0.5615
F-5 0.0010 0.0317 F-31 0.059 0.6209
F-6 0.0350 0.0667 F-32 0.0331 0.6540
F-7 0.0060 0.0727 F-33 0.0293 0.6833
F-8 0.0059 0.0786 F-34 0.0186 0.7018
F-9 0.0081 0.0866 F-35 0.0001 0.7019
F-10 0.0181 0.1048 F-36 0.0102 0.7121
F-11 0.0384 0.1432 F-37 0.0009 0.7130
F-12 0.0374 0.1806 F-38 0.0149 0.7279
F-13 0.0035 0.1841 F-39 0.0073 0.7353
F-14 0.0402 0.2243 F-40 0.0080 0.7432
F-15 0.0508 0.2750 F-41 0.0275 0.7707
F-16 0.0084 0.2834 F-42 0.0011 0.7719
F-17 0.0195 0.3029 F-43 0.0170 0.7889
F-18 0.0088 0.3116 F-44 0.0331 0.8220
F-19 0.0016 0.3133 F-45 0.0198 0.8418
F-20 0.0009 0.3142 F-46 0.0232 0.8650
F-21 0.0064 0.3206 F-47 0.0287 0.8938
F-22 0.0660 0.3865 F-48 0.0544 0.9482
F-23 0.0124 0.3990 F-49 0.0225 0.9707
F-24 0.0615 0.4604 F-50 0.0015 0.9723
F-25 0.0021 0.4626 F-51 0.0268 0.9991

F-26 0.0019 0.4645 F-52 0.0009 1.0000




ORDER SIZE EMPIRICAL DISTRIBUTION (SAMPLE)
Formula F-21 (Simulation code 30520)
Mean Estimate = 124,06 bags/order Std. Deviation = 115,07 bags/order
Sample size = 563 orders

Class width = 10 bags/order

Class Limit

(bags/order) Frequency Probability Cumulative
10 78 0.138 0.139
20 32 0.057 0.195
30 32 0.057 0.252
40 20 0.036 0.288
50 47 0.084 0.371
60 18 0.032 0.403
70 15 0.027 0.430
80 17 0.030 0.460
90 9 0.016 0.476

100 49 0.087 0.563
110 6 0.011 0.574
120 22 0.039 0.613
130 10 0.018 0.631
140 9 0.016 0.647
150 38 0.068 0.714
160 8 0.014 0.728
170 5 0.009 0.737
180 7 0.012 0.750
190 3 0.005 0.755
200 44 0.078 0.833
210 2 0.004 0.837
220 1 0.002 0.838
240 3 0.005 0.844
260 18 0.032 0.876
280 2 0.004 0.879
290 1 0.002 0.881
300 26 0.046 0.927
320 1 0.002 0.929
330 3 0.005 0.934
340 2 0.004 0.938
350 5 0.009 0.947
360 2 0.004 0.950
370 1 0.002 0.952
380 1 0.002 0.954
400 17 0.030 0.984
450 1 0.002 0.986
460 1 0.002 0.988
500 7 0.012 1,000
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A simulation model is a vehicle from which data for further analysis are
collected when it is too unsafe, costly or uncertain to attempt a policy change
in a business situation or to make a decision on an industrial project to be
developed. 1In many cases, the actual simulation model is used in an interactive
fashion with classical Operations Research techniques which can dictate the
various policies to simulate.

This thesis has as a main objective the construction of a basic model that
simulates the operation of a plant for the production of feedstuffs in bags.

A search for an adequate combination of production facilities, inventory system,
and finished products warehouse is initiated; provided that management standards
regulate the service quality and a specific production acheduling rule is
enforced. The problem is formulated in terms of a probabilistic distribution
of demand, and a Q-model for dynamic inventory problems under uncertainty is
employed for deciding on production lots and safety stocks,

Simulation techniques make possible the evaluation of usage rates of
vital pieces of equipment (mixer, pellet mills) in a feed mill model. Also,
information leading to the design of complementary equipment such as pelleting
bins, or facilities like the finished feeds warehouse, can be obtained as a
result of the simulation process.

Three models were implemented changing plant capacities according to an
analysis of the measures of performance after every run., This approach can be
applied in the design stage of a plant conceived for a restricted planning horizon
or in making long-term or mid-range facility planning studies for a growing market
situation.

GASP-ITA, a Fortran based set of subroutines organized for assisting in
simulation studies, was employed. Running the model in Fortran IV level H to
simulate half a year of real operations took approximately 10 minutes on the

IBM 360/50 computer of the Kansas State University Computing Center,



