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1. INTRODUCTION

This study is concerned with the use of GASP simulation language
to simulate a multi~product inventory system, and to compare two
alternative inventory management systems, the (s,S) system and the one
based on adaptive forecasting using exponential smoothing. The objectives
of this study are to: (1) simulate a multi-product inventory system, the
products having different demand rates, (2) determine the most effective
parameter values for use in exponential smoothing formula, (3) make
available a version of GASP II usable on the IBM 360, the original
version being written for GE 225 and (4) quantify in economic terms the
expected savings derived from the application of adaptive forecasting
technique to the inventory system. This inventory problem is taken from
Starr and Miller (20). |

It is assumed that customers follow an expomential arrival pattern
with a normally distributed demand quantity. A delay has been incorporated
between the warehouse and the posting department. The posting delay is
assumed to follow a normal distribution. The lead time, the period from
the time the order point is reached until the ordered material is available
in inventory, is also assumed to follow a normal distribution. The process
generating demands does not change with time. In particular, this implies
that the mean rate of demand remains constant over time. In particular, this
implies that the mean rate of demand remains constant over time. The inven-
tory considered is a typical case of a stock of products replenished by
purchases. The products are assumed to possess different usage rates and

that the demand for each of these items is independent of the demand for
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other items. Customer demand continuously depletes the available stock
of each item, and at the time that the inventory reaches a specified
reorder level, an order is placed for the item,

GASP II was evolved at the Arizona State University by Pritsker
and Kiviat (19). The original language and program were developed at
the Applied Research Laboratory of the United States Steel Corporation
by Kiviat (12). GASP is a computer program expressly designed for use
in simulation studies of industrial systems to meet the growing demands
for an efficient and easily understandable simulation language. The
primary objectives were to promote the correct use of the simulation
methodology by providing a workable tool to the prospective users and
to reduce the long time usually required for the system studies by
improving the communications between the engineer and the computer
programmer. The language was based on a flowcharting description that
used a small set of special symbols and conventions which were later related
to particular GASP language statements. The applications of GASP to
simulation projects include areas in steel manufacturing and transportation.
GASP was written before the advent of SIMSCRIPT and probably owes much of its
existence to this fact (12).

Packer (18) used IBM's IMPACT system (Inventory Management Planning
and Control Technique) to simulate an inventory system to estimate cost
savings resulting from adaptive forecasting as compared to optimal lot-
size or economic order quantity. Batra (1) simulated a single-item
invéntory model using FORTRAN to investigate the effects of changes in

the variances of demand and order lead time distribution on the actual



demand during review period distribution and demand during lead time

distribution.



2. INVENTORY MANAGEMENT

Inventory theory is defined as finding input (replenishment) and
output (demand) functions for an inventory (defined as an ideal resource
of any kind) that maximize a given measure of effectiveness subject to
certain restrictions (20).

The inventory control system is a day-to-day operating system. The
inventory control system maintains a record of stock status on hand and
on order. It processes transactions about receipts, disbursements and
adjustments. It can check the stock status against one or more contrel
numbers. If the comparison passes a logical test, the inventory control
system will generate a replenishment order. The inventory control system
can be analyzed as a set of formal procedures. The implementation of
these procedures would i;volve a computer, or manually posted records,
or even the physical stock itself. The role of an order point in the
inventory control system is to trigger the release of another requisition
for more stock. A customer demand is subtracted from the quantity on hand
for the item. If the quantity on hand is less than the demand, the latter
is a stockout and a stockout is recorded. But such a demand is added to
the accumulative demand so that we have a record from which to forecast
what the future demand would be. Whenever an order is placed to replenish
the stock, the quantity is added to the system stock (stock recorded in
book and the stock on order). When the resulting stock is received at
the warehouse, the quantity received is added to the physical balance on
hand. The quantity received would be the same as ordered.

The inventory management system exists to set numerical values on
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the control numbers required in the inventory control system to decide
when and how much to order. The economic order quantity is an example

of such a control number. The inventory management system is concerned
with the procedure that produces numerical values from observable charac-
teristics of the item and current management policy. The inputs to the
inventory management system include: 1) the forecast of demand and the
mean absolute deviation of forecast errors; 2) item characteristics such
as c¢ost data, buik, lead time, competetive classification or essentiality,
and so on, and 3) management policy expressed as numerical values for

the policy variables, such as carrying charge, the cost to expedite, or
the desired item service. The alternative inventory management systems
center on the formulas that express the output control numbers as functions
of all of the input data.

Alternative Inventory Management Systems

The inventory control systems, at least for single items, need numer-
ical values for two control parameters. These may be: 1) the order point
and the order quantity; 2) the order point and the operating level; 3) the
interval between orders and the operating level, or 4) the interval between
orders and the order quantity.

The system will operate with any numerical values at all. If the
order points are too small, there will be excessive shortages. If the
order points or the order quantities are too large, then excessive stocks
will be built up. The system will operate, but the consequences may not
be pleasing to the management. The aim of successful inventory management
is to compute numerical values, which when used in the control system

would produce optimal results., The relevant results can be expressed as:
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1. capital investment in the inventory;
2. customer service whether measured by frequency or by seriousness
of shortages and

3. the operating costs of running the system.

The (s,S) System

When the available stock at any opportunity to Erder can be actually
less than the order point, it is more economical to order up to an operating
level than to order a fixed-order quantity. As the stock jumps, it is
possible for it to be above reordef point on one review so that no order
is triggered. At the next review the stock will be appreciably below the
order point. In that case, the (s,S) system will order a larger quantity
than an order-point, order quantity system would (3). The (s,S) policy
requires that two appropriate numbers, s and S be specified, with
0 < s < 8. The rule is that when the available stock falls to, or below,
the order point s, order the difference between the operating level S and
the available stock. The order point is the sum of the safety stock and
the expected demand during the lead time. The lead time includes not only
the replenishment lead time, but also the review period between successive
opportunities to order. An order quantity is placed equal to:

Q = S - (Stock on hand + stock on order)
Here S is the maximum quantity that has been decided upon by management.
The approximate formula used to find the maximum system stock for each
item, when the lead time is a random variable, in terms of the average

annual variable cost is given by (11):



Fls -x & CCcT
o= C +CCT
X 8 c
y
F(y) = Cumulative normal = f£(t) dt
where § = Inventory operating level, number of units

x = Expected demand during lead time

g- = Standard deviation of demand during lead time
C = Cost of item, dollaﬁs per unit

C_ = Carrying rate, percentage per year

T = Review period, fraction of year

C_ = Cost of a stockout, dollars per unit

Using mormal tables, all the other values known the value of S can be
found.

The reorder level s is set at the current estimate of 'maximum reason-
able demand during a lead time' and is obtained by multiplying the forecast
of expected demand by the lead time and adding a certain quantity for
safety stPck; i.e.,

Order point = (forecast/period) * (lead time periods) + safety stock.
The safety stock is determined by a balance between the cost of a stockout
and the cost of carrying the excess inventory. It is logical to establish
the safety stock as a function of the success attained in forecasting
demand during a lead time, the period from the time the order point is
reached until the ordered product is available in inventory. Demand
during a lead time implies the joint variability of demand and lead time.

Exponential Smoothing

As the demands placed against inventories under study are probabilistic



in nature, it is necessary to develop a time series from the past data

to be used as a basis for forecasting demand. A forecast for time t is
sought that equals the true demand plus a weighted sum of the noise series
of random fluctuations. The noise in each time period is assumed to be
from independent probability distributions of mean zero and to attempt

to minimize the effect of the random distributions. It is desireable,
especlally in a system having thousands of items, to have an adaptive
technique that uses the most current data to estimate the parameters of
the forecasting time series.

Exponential smoothing is one technique for forecasting that meets
fhe above requirements. In this weights are assigned to observations in
indirect proportion to their age, thus in a changing process recent data
ls more valid than older data. In order to determine the new forecast
we need only the current forecast, a smoothing constant, and the new
observation, thus eliminating the need for carrying large lists of past
data. In some data-processing installations, it is a disadvantage to
have to carry all the past data necessary to compute a moving average
(4), the latter technique is the arithmetic average gf the N most recent
observations.

In exponential smoothing, the new forecast is the old forecast plus
a fraction of the difference between the new observation and the old
forecast. The fraction, by which the difference between the new obser-
vation and the old forecast 1s discounted, 1s designated by the Greek

letter alpha, a.
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If our estimate of the average demand prior to the current exper-
ience is 5t~1 and in the current period t, we experience a demand Dt,

then our new estimate or forecast is given by:

D, =ab + (1 -a) D __ (0 <ax<l)

1

This operation performed on any sequence of observations is called
exponential smoothing. Obviously, with higher alpha factors the fore-
cast is more responsive to the most recent dem#nd. If the alpha factor
were 1.0, the new forecast would equal the most recent demand, a factor
of 0.5 approximates a three-month moving average, 0.25 about a seven-
month moving average, and 0.10 about a 19 month moving average. The
determination of the alpha faétor is rather complex and often difficult
because of the large quantity of data required. An alternative to the
analysis is to ‘try out' a group of alpha factors and just pick the

one which would 'work best'. 'Working best' implies minimizing the over-
all cost associated with the inventory system. It may involve judgemental
estimates of cost parameters.

Exponential smoothing is accurate. The smoothing function minimizes
the weighted sum of squared residuals. The computations are simple,
requiring a minimum of arithmetic. Finally,-exponential smoothing is
quite flexible.

Exponential smoothing always requires a previcus value of the
smoothing function. When the process is started, there must be some
value that can be used as the best initial value. If there is no data

available to average, a prediction of the average is required. The
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prediction may be what the process is intended to do - as in the
intended sales of a new product. In other cases, the prediction can be
based on similarity with other processes that have been observed for
some time, as in the case of a new product added to the inventory.

In this study we have chosen the operational characteristics of
the inventory system - i.e., inventory level, purchase orders placed
and the stockouts experienced as the basic premise of evaluation of
the two alternative inventory management systems.

The relevant costs for our inventory problem are: 1) procurement
cost (order), 2) carrying cost and 3) out-of-stock cost (lost sale).
The order-cost Cr is composed of: a) the cost of handling issue and
receipt tfansactions, b) the cost of making and sending the purchase
order, ¢) the cost of expediting and updating, and d) the administrative
and overhead costs including the cost involved in making a check on
the book inventory. It is assumed that the order cost is independent of
order quantity. The order cost is the fixed cost attributed to placing
an order with outside supplier. The second class of cost, the carrying
cost includes the cost of money tied up in the inventory, storage cost,
deterioration cost and insurance cost. It is expressed as the holding
cost per dollar of goods per unit of time, which is the average cost
incurred in carrying a dollar value of inventories. The unit cost of
each of the three products is assumed to be constant and independent
of the order quantity. The cost of not carrying inventory is called
the out-of-stock cost. The cost resulting from experiencing a demand

where there is insufficient stock available is the cost of a stockout.



This cost may be assumed the same as the unit cost. So the total cost
of inventory for each item is composed of the three costs, the cost of
order, the cost of carrying inventory and the cost of a stockout.
Simulation is used to evaluate the performance of the two inventory
management systems. In evaluating the two inventory systems the multi
product inventory simulation is carried out for the elapsed time and the

performance of the two inventory policies is measured by the total cost.



3. QUEUEING MODEL

* The queueing model for the multi-product inventory system is

shown in Fig. 1. This is a single-channel, multi-station waiting line

problem.

This system is encountered generally in a big company, there

is one posting department responsible for the replenishment of many

warehouses in the vicinity. Since the warehouse and posting department

are seldom located at the same place, there is delay in notification

of the transactions that have taken place, resulting in a posting

delay.

There is a delay between the actual sale and the posting of the

transaction. Hence, we encounter two types of record keeping:

1.

Physical Stock Record Keeping: A physical inventory is defined

as a count of the items of stock for verification of the balances
shown in the stock records. This is done at the warehouse, the
physical stock is depleted by the sale amount of each item

and updated on receipt of an order.

Book Stock Record Keeping: This is done at the posting department,
the book stock is depleted by the amount of sale, when notified

to do so by the warehouse. The book stock is updated on receipt
of information from the warehouse. The time a transaction waits

to be posted is called posting delay.

The relationship between the actual amount of physical stock maintained

in a warehouse and the on-hand balance indicated in the stock records is

a matter of serious concern for the efficient operation of the warehouse,
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Fig. 1. Queueing model for multi-product simulation.



since the stock records are the basis for all supply and procurement
decisions.

The customers are assumed to arrive at the warehouse to buy
products available in an exponential fashion, that is the customer's
interarrival time follows an exponential distribution with a known
mean number of arrivals per unit time, the demand for each product by
each customer is assumed to have a normal probability distribution with
a known mean and standard deviation. It is assumed that there is no
queue of customers waiting for products. If stock is available for
the product the customer's demand is met. But if demand could not be
filled from stock on hand, the sale is lost resulting in a stockout
for the item. The receipt of a sale transaction is sent to the posting
department, where it is ﬁosted. The posting delay is assumed to follow a
normal distribution with a known mean and standard deviation. There is
a queue of sale transactions before the posting department. The service
time is negligible and included in the posting delay. The posting depart-
ment as a service channel and the transactions for each item in different
waiting lines constitute a single-channel, multi-station queueing system.
_ Book stock is depleted as and when the notice of sale reaches the
posting department. The reorder point is checked after each sale posting.
When the reorder point is reached, the calculated order quantity is
placed with the respective vendor for the product. The lead time, the
period from the time the order is placed until the ordered material is
available in inventory, is assumed to have a normal distribution, and the
delay time of order receipt being posted in book is also assumed to

follow a normal distribution.
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4. GASP SIMULATION

GASP -- General Activity Simulation Program -- is a collection of
subroutines and functions written in FORTRAN and expressly designed

for use in simulation studies of industrial systems. The principle
advantages offered by GASP are its machine-independence and its modular
cﬁaracteristics, which make it quite easy to expand and alter simulation
programs to suit the needs of any given system. Perhaps the greatest
benefit provided by GASP is that it is writtem in a source language and
can therefore betrecompiled using any cbmpiling system available to a
prospective user (12). The version used in this report was developed

at the Arizona State University.

GASP has been designed to facilitate 'next event” types of simula-
tions. In such simulations, simulated time progresses from one event
to another untii an end of simulation event occurs, or a preplanned
total simulation time is exceeded. An event is an occurrence, a taking
place or possibility of taking place of a change in the state of the
system. Events take place at specified points in time as determined
by the system to be simulated. GASP views the world as consisting of
seven basic components (17):

l. Elements

2. Attributes

3. Events

4. Decision Rules

5. Processes
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6. States

7. Values
Items that exist in the real world such as people, machines, computers,
etc. are called elementé, which are described by attributes, and which
are acted upon by other elements through events. The events and their
effects upon system elements take place over time through the media of
logical decision rules and physical processes. These rules and processes
depend on the state of the system in time, that is, on the particular
values of the element attributes and on various logical and physical
parameters that characterize the systém. As the model progresses through
time certain events generate data that represent changes in the system
resulting from the particular data characterization and logical structure
of the model. After the éeriod of simulated time the simulation is
terminated, and the data examined to evaluate the performance of the
model,

GASP provides the simulation model builder with GASP-FORTRAN

macroinstructions to accomplish the most important tasks involved in
simulation models. The procedures involved in GASP are as follows.

Time Movement and Control

l. Selection of next imminent event to occur in the future.
2. Scheduling of an event to occur scmetime in the future.
3. Cancellation of an event that was previously scheduled.

4. Control of start and end of a simulation run.

File Maintenance

1. Filing of items (elements) in queues or waiting lines.



2. Removal of items from queues according to specified priority
rules, FIF0 for First-in First-out, LIFO for Last-in Firast-out.

3. Evaluation of attributes of queues (such as "number of units in
the queue at any time').

Data Generation

1. Generation of random deviates from Uniform, Normal, Erlang,
Poisson and Lognormal distributions.
2. Generation of random numbers as needed.

Input-Qutput

1. Standard initialization routine for setting parameter values,
for setting certain simulation control values, and for sequential
running of the simulation model with different data bases.

2. Computation of the mean, the variance, the maximum and the
minimum of simulation-generated data.

3. Computation of frequency count (histogram) for simulation-
generated data.

4, Automatic reporting at the end of simulation run including
informative statistics on all queues used by the medel.

Other Procedures

1. Automatic monitoring of program variables and conditions for
error detection and debugging.

2. Selective tracing of program flow.

3. Programmed dumping of all system variables.

Timekeeping in GASP

GASP utilizes next event or the event step method which updates the



occurrence of each event independent of the time elapsing between events.
Essentially, it is a chronological list of events. Each event 1s consid-
ered in strict time order of occurrence. So contrasted to the incremental
method of timekeeping, there is now only one list which represents the
total length of simulated time. The simulationrwalks through time on
events (15). It is completely time ordered since, as each event is
generated, it is filled in order of occurrence through an indexing
procedure which does not require rearrangement of the items. The program
considers only when an event is to occur and the round-off error depends
entirely on the programmer's desire for accuracy or the accuracy inherent
to the machine and not upon the length of the increment.

GASP has an array NSET having six columns, for example, a file con-
taining three events is shown in Fig. 2. The members of a file are
identified by a pointer system maintained in rows '5' and '6'. The column
number of successors of members of the file are given in row '5' with the
value 7777 used for the last entry in the file to indicate that it has
no successor. The column number of predecessors of members are given in
row '6' with the 9999 used for the first entry in the file. By identifying
both the first and last entries, processing through the file in either
direction is possible. The columns are ranked in the file based on the
- priority specified. TFor the three events specified, the priority is
FIFO (First-in First-out). The event one (row '2') with the time of
_occurrencé '0' units (row 'l') is identified as first entry to be served.
Code 9999 (row '6"') indicates that it is to be removed next. The successor

to this is column two (row '5') having the time of occurrence of '30' units.
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The predecessor to this is in column one (row '6'). The last entry in
the file identified by 7777 (row '5') is column three. The predecessor
to this is column two (row '6')., 1In this file, columns are ranked in
row one.

The functional breakdown of GASP routines is as follows:

FUNCTION SUBPROGRAM
Information Storage GASP
and Retrieval SET

FILEM
REMOVE
FIND
Initialization DATAIN
Data Collection COLECT
TMSTAT
HISTOG
Monitoring and Error MONTR
Reporting ERROR
Statistical Computations PRINTQ
and Reporting SUMARY
CUTPUT
Random Variable Generators DRAND
UNIFRM
NFOISN
ERLANG
ENORML

RLOGNM



Attributes per event or entiry

Events
or Entities —————r
0 30 741 |
1 5 7 -
20 0 0 -
1 0 0 -
2 3 7777 ..
9999 1 2

Row containing predecessor column

Row containing successor row.

Fig. 2.

Graphical representation of the array NSET of GASP,
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5. MULTI-PRODUCT SIMULATION

Individual item optimization destroys the collective, system-wide
optimization. This system concept is explained in terms of the many
item, the many location and the many department effects (20). We have
considered the many item effect and simulated three items having different
usage rates, The many item effect is felt in a variety of ways. The
inventory policy for each item interacts with that of every other item,
So considering the'large number of items in any typical company it is
unrealistic to attempt to achieve an optimal policy for any of the
individual items.

Approach

The mean interarrival time is known for the three products together.
When an arrival occurs, the next arrival is scheduled by generating the
time between arrivals. Each customer is permitted to buy one of the
three products at any one time. The products are categorized into three
types based on the frequency of usage. Item number 'l' is assumed to
have a 50 percent usage rate, item number '2', 30 percent and item number
'3", 20 percent usage. The simulation was carried out on an IBM 360
using the GASP II simulation language. The specific events of the inven-
tory simulation are:

1. The commodity is sold to tﬁe customer (SALE).

2. A sale transaction is posted in book inventory (POST).

3. An order is received by the warchouse from the wholesaler (RECEIV).

4. An order received at the warechouse is recorded in the book

inventory (BOOK).
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5. Monthly report is prepared for the management listing sales,

lost sales, number of waiting units to be posted, etc., (MONTH).

6. Summary of lead time entities is made at the end of receipt

of each order at the warehouse (TLEAD).

7. An end of simulation event (ENDSIM), which is used to discon-—

tinue the current run and begin another experiment.

Creation of a temporary entity is done by: 1) generation of the
arrival time of the next customer, 2) creation of another transaction
waiting to be posted in the queue at the posting department, 3) creation
of the quantity and delivery time of an order placed, 4) creation of the
time when an order received will be posted in the stock book.

Each of the events are described by four attributes:

Attribute 'l' : Scheduled time of event
Attribute '2' : Event code

Attribute '3’ Sale quantity in case of a sale transaction

and order gquantity if an order transaction

Attribute '4?

Product number
A multiple occurrence of the basic events do not take time. For example
it is possible for all the events (1,2,3,4,5,6) to occur simultaneously.

The multiple events are recorded as taken place at the same simulated

time.

The Simulation Program

The simulation consisted of generating customer arrivals for the

items. The logical computer commands are used to simulate the inventory



control system and to study the performance of detailed record-keeping
tasks so as to produce the required information on the system behaviour.
Figures 3-1 through 3-10 represent the flowcharts of the simulation
program. The computer program for the simulation is shown in Appendix A.
In the computer program in addition to 15 GASP routines one main program,
one event selection subroutine, six event subroutines and an end of
simulation subroutine are used. The function of each of the subroutines
can be summarized as follows:

1. Main Program: The initial values of physical stock, book stock
for each item and mean interarrival time are read. All the
other non-GASP variables.are initialized and subroutine GASP is
called. The main program is used to read another initial
random number in the next run. After the required number of
runs, the simulation is terminated. Figure 3-1.

2. Subroutine Events: This calls the appropriate event. Event
code 'l' signifies an arrival event. Event code '2' signifies
a posting event of a sale tranmsaction, code '3' for an order
receipt at the warehouse, code '4' for an order posting, code
'5' for monthly report, code '6' for lead time summary and
code '7' for the end of simulation event., Figure 3-2.

3. Subroutine SALE: When the sale event cccurs, it checks for a
stockout in case enough stock is not available to meet the
demand and creates the posting delay for the current sale
transaction and calls the GASP subroutine FILEM to insert the

sale quantity with.its attributes into the file in the proper
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Main Program for multi-product inventory simulation.
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Fig. 3-2.
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