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The United States softwood plywood industry is analyzed as a
feedback system and simulated on a large scale digital computer.
Introductory chapters present the motivation for an interdisciplinary
study linking engineering with economics and compare the method-
ology of the study with the more common econometric approach
found in economic literature.

Discussion of system simulation begins with a description of
the General System Model which defines seven interacting sectors
that approximately represent the hundreds of firms interacting in
the industry. Sectors are defined as to make possible the aggrega-
tion of firms tending to behave homogeneously in response to changes -
in final demand and market price. The seven sectors include two
producing sectors representing, in the aggregate, independent mills
of the industry and mills integrated in their organization with whole-

sale warehouses. Three wholesale sectors represent aggregations



of independent jobbers, jobbers integrated organizationally with pro-
ducers and office wholesalers who hold no physical inventory. Two
retail sectors represent, in the aggregate, retailers and users who
buy in box-car-load lots and those who buy in less than box-car-load
lots. A detailed description of each of the sectors of the general
model is presented along with a development of the sector simulation
model programmed in DYNAMO. Results of simulation model tests
are presented and compared with industry data. Model tests assume
as independent (exogenous) variable end user demand with a strong
seasonal component (due to seasonal fluctuations in new construction).
Given model structure and end user demand, major industry vari-
ables are generated by the simulation model as functions of time.
Included among these are: mill market price, mill production, mill
unfilled orders, mill profit, wholesale inventory and wholesale un-
filled orders. Simulation model behavior resembles past industry
data in a number of significant respects though further model refine-
ments are deemed necessary before applications can be made to
industry problems.

The use of exponential lags in the simulation of aggregated
processes (such as the plywood industry model) is discussed. It is
shown that if n system elements each with transfer function Ke-ts/ n
relating output Oi(s) to input I(s), t being a random variable dis-

tributed as the Erlang distribution with density function given by



k- -
f(t) = a(at)( 1)e at/ (k-1)!, have the common input I(s), then the
n
transfer function relating aggregated output, O(s) = Z Oi(s), to in-
i=1

put I(s) approaches the kth order exponential lag K/ (as+1) as n
becomes very large.

Conclusions of the study are presented which relate to the
simulation art, the plywood industry and to educational patterns in

the interdisciplinary area spanning engineering and social science.
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SIMULATION AND SYSTEMS ANALYSIS
OF THE UNITED STATES SOFTWOOD PLYWOOD INDUSTRY

CHAPTER 1

INTRODUCTION

At the outset, it would perhaps be well to present some of the
thinking that has motivated a study bridging the fields of engineering
and a social science such as economics. One reason for this inter-
disciplinary interest is the generality of certain bodies of theory that
have been successfully applied in the natural sciences. For many
years engineers familiar with feedback phenomena in the physical
realm have been intrigued by the fact that this same mechanism is
at work, sometimes with disastrous consequences as in the case of
national economic depressions, in systems involving human beings.
In his book ""The Mechanism of Economic Systems' Tustin (47), an
engineer, approaches the problem of economic stabilization from the
point of view of feedback control system engineering. In the years
during and since the second world war, feedback theory has devel-
oped into a sophisticated body of knowledge with widespread applica-
tion to the control and optimization of systems in the physical realm.
A number of engineers such as Forrester (15) and Smith (42, 43, 44)
have sought to apply this theory to systems involving human beings

and their interactions. The relatively newer field of information



theory also appears to have applications to problems in the social
sciences.

A second bridge linking modern engineering with the social
sciences is computer simulation--the use of large scale computers
to model systems involving a multitude of interrelated variables.
The phrase '"computer simulation' means many things to many
people depending upon the nature of the system being simulated. The
engineer's experience with simulation has primarily, though not
exclusively, been with respect to a class of systems that can be de-
scribed by linear or nonlinear differential or difference equations.
Since many economic and other social systems can also be described
by these equations, much of the engineers background in simulation
is also applicable to a class of social systems.

Two early attempts to apply simulation to economic systems
are those of Strotz, Calvert, and Morehouse (45) in 1951 and Smith
and Erdley (42) (the latter both engineers) in 1952. In these two
cases, the simulations were carried out on relatively small analogue
computers and the models simulated were, due to the lack of ade-
quate computers, necessarily oversimplifications of economic real-
ity. During the fifties, advances were made in computer technology
which can hardly be termed less than revolutionary. In particular,
the large scale digital computer came into being and for the first

time it became possible to approach realism in the simulation of



complex economic and social systems. The work of Forrester (15),
also an engineer, is noteworthy here. Under his direction, a group
at M.1.T. developed DYNAMO, a compiler written for a large digital
computer, for simulating large systems describable by differential
or difference equations. Forrester was also instrumental in merging
large scale simulation with feedback theory and decision theory in a
unified approach to the study of problems in industrial management.
This approach, termed ''Industrial Dynamics'', is described in his
book of the same name published in 1961 (15). Since DYNAMO was
developed, a host of large scale digital simulation compilers have
been written to simulate a variety of system types, the analogue
computer has greatly advanced as a simulation tool, and hybrid
analogue-digital simulation techniques have proven themselves supe-
rior to pure analogue and digital simulations in certain applications.

A third, more subtle, motivation for study linking engineering
with the social sciences exists because of a gap that exists today in
the educational structure underlying the social sciences. The ''gap"
referred to here can be loosely defined as follows: engineering is
to the natural sciences as '"gap'' is to the social sciences. That is,
few people are being formally trained to apply social science in the
sense that engineers are trained to apply natural science. In order
to make this distinction sharper, it would be well to consider just

what characterizes engineering education. Engineering education



has at least the following attributes:
1) A 'problem!'' orientation that places emphasis upon applica-
tion of theory to real life problems as well as on the theory
itself.
2) Nurture in the creative process that can lead one from fun-
damental principles to the solution of new problems.
3) Training in the use of abstract models of reality.
4) Grounding in the theory underlying the area of application.
Of these attributes, the first two, and in some cases the third, are
not normally a part of existing educational patterns in the social
sciences. The vast complexity of social phenomena and the attendant
difficulty involved in applying theory is undoubtedly one reason for
this lack. The point being made here is that a need is developing for
people who can apply social science as engineers have been applying
natural science. It would seem that the engineer by virtue of his
heritage as an "applier' of knowledge can make a contribution to the
application of social science. This is not to say that all problems in
the social sciences are amenable to the engineering approach nor
that engineers with a grounding in natural science can effectively
contribute to the solution of problems in the social sciences without
a grounding in social science.

The work that follows is basically an engineering systems anal-
ysis of a system that is economic in nature. Feedback theory and
computer simulation, together with economic theory, provide the

tools for analysis. The second chapter is devoted to a discussion of

the method of approach used in the study and how this approach



differs from that found in much of economic literature. Chapter
three provides background information concerning the plywood indus-
try and develops the general system model. In chapter four is pre-
sented a lengthy and detailed description of the industry simulation
model which may be omitted by the reader with more general inter-
ests. Chapter five presents the results of tests of the simulation
model, chapter six theory relating to the simulation of aggregative
processes, and chapter seven the conclusions drawn as a result of
the work as a whole. The appendices contain suggested improve-
ments for a '"'second generation' simulation model and the simulation

programs developed for the plywood industry.



CHAPTER 1I

COMPARATIVE METHODOLOGY

As has been indicated, the methodology employed in this study
is considerably different from that found in much of economic litera-
ture. The purpose of this chapter is to briefly describe the more
conventional approach and to then show specifically how the chosen

approach differs from this.

1) The Econometric Approach

The '"conventional'' approach to the quantitative study of eco-
nomic phenomena alluded to above is that of Econometrics. Loosely
speaking, the econometrician works with data taken from past be-
havior of the independent and dependent variables relevant to the
economic system under study and, using statistical estimation tech-
niques, seeks to derive a mathematical model that will explain this
observed past behavior of the dependent variables of the system and
to some extent predict future behavior of these same dependent vari-
ables. In economic and econometric literature these dependent
systermn variables are called '"endogenous' variables and independent
variables are termed '"exogenous'' variables.

In general, econometric models have the form of Equation

(2-1) (49):



BY+GZ=U (2-1)
Where:

Y is the gxl vector of endogenous variables

B is a gxg coefficient matrix

Z is the hxl vector of exogenous variables

G is a gxh coefficient matrix

U is a gxl vector of random errors

g is the number of endogenous variables
h is the number of exogenous variables

The inclusion of the random error term in Equation (2-1) is neces-
sary because of an inherent randomness in human behavior, incom-
plete or inexact model specification and measurement errors in data.
Once a reasonable model has been specified, the econometrician
seeks statistical estimates of the coefficient matrices B and G that
will minimize some function of the residual error between the hy-
pothesized model and actual data. Obtaining unbiased, consistent
estimates of these coefficients is no small undertaking in a real
world situation and econometricians have developed many elaborate
techniques for arriving at useful estimates. In some cases it is
impossible to estimate all the coefficients that make up the B and G
matrices and the econometrician settles for estimates of the coeffi-
cient matrix P in Equation (2-2).
Y=PZ+V (2-2)
Where:
Y is as defined in Equation (2-1)
Z is as defined in Equation (2-1)

P is a gxh coefficient matrix
V is a new gxl random error vector



This latter equation is called the ""reduced form'' equation and is

derivable from Equation (2-1).

2) Salient Features of Econometric Models

Comments here on a few salient features of these models will
help to better understand the econometricians approach. First it
should be pointed out that such models may be either dynamic or
static in time depending upon whether or not the Z vector includes
endogenous variables lagged by one or more time periods. If Z
does include lagged endogenous variables, Equations (2-1) and (2-2)
represent a system of difference equations which will generate the
time path of the system endogenous variables given the exogenous
variables, past values of the endogenous variables, and estimates of
the coefficient matrices.

A second point worthy of note has to do with the reduced form
Equation (2-2). If, due to estimation problems, the econometrician
is forced to estimate reduced form equations instead of certain of the
Equations (2-1) he loses knowledge concerning how some structural
coefficients in the B and G matrices affect system behavior. That
is, he is left with a model that may reproduce and predict behavior
of endogenous variables but have gaps in its ability to relate eco-
nomic cause to economic effect.

Thirdly, it should be pointed out that the econometric model is



highly dependent upon data describing past behavior of system vari-
ables for its construction. This fact places a number of restrictions
upon the scope and usefulness of econometric models. Data gather-
ing can be an onerous task and there is an incentive to keep the num-
ber of variables in the model to a minimum. Unfortunately this can
adversely affect the usefulness of a particular model. In some
cases, particular variables may be significant in determining system
behavior and yet it may be difficult or impossible to obtain data re-
flecting past behavior of these variables. In such an instance, the
econometric approach is clearly at a disadvantage. Another situa-
tion in which the data dependence of econometric models can be
disadvantageous arises when the time interval between data points is
too coarse for the particular system being considered. Data are
frequently recorded at monthly, quarterly or yearly intervals and
are difficult to obtain on a more frequent than recorded basis. In
some cases, relevant system time lags may be less than the time
interval between data points. In such cases, an econometric model
can fail to represent important dynamic characteristics of the sys-
tem under study.

The object here has not been to discredit the econometric
approach. This approach is contributing to understanding of eco-
nomic phenomena. The object, rather, is to provide a basis for

comparison with what will be termed the ""simulation'' approach to
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economic system analysis. As will be seen, the two approaches can
be considered as complementary; that is jointly providing a more
powerful approach to the study of complex economic systems than

either taken alone.

3) The Simulation Approach

What is termed the '"simulation'' approach to systems analysis
is that which has been the conventional approach in engineering and
in particular electrical engineering for many years. The engineer
considers a system to be composed of system components or sub-
systems which individually obey certain laws and which interact
according to certain interaction rules. Taken together, the system
sub-systems and interaction rules define the system structure.
Given the sub-systems, interaction rules, and external disturb-
ances, the behavior of the system is deduced.

To an electronic engineer a '"'sub-system'' is a transistor,
resistor, capacitor, etc. and the ''interaction rules'' are embodied
in the circuit that ties these components or sub-systems together.
To an aeronautical engineer, a ''sub-system'' may be an airframe,
a power plant, a pilot, or a control surface and the '"interaction
rules'' embodied in a block diagram that specifies the interrelation-
ships among these system components. The simulation approach

applied to the economics of an industry, such as the plywood
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industry, would take as ''sub-systems'' plywood mills, distribution
warehouses, and retail distributors, and as ''interaction rules''the
human decisions that govern the flows of money, material, and in-
formation among sub-systems. In these three diverse system types,
the ''simulation approach" would uniformly start with a detailed
identification of system structure and from the structure deduce
system behavior.

A question naturally arises as to how one obtains a detailed
identification of the structure of an industry. This is a question to
which J. W. Forrester addressed himself, and much of his book
"Industrial Dynamics'' (15) is his answer to this question. To very
briefly outline Forrester's thinking, such identification begins with
a broad understanding of system interrelationships, physical con-
straints imposed by technology and other factors, and the policies
underlying the key decisions being made in the system. With this
framework, a mathematical model is constructed and simulated
using parameter values that are '""'reasonable'' in the light of current
knowledge of the system. The simulated model is tested to deter-
mine parameters and decision rules which have significant influences
upon system behavior, and this information is used to guide further
data collection and investigation of decision rules. Re-simulation
and testing of refined models proceeds until the investigator is

satisfied that his model represents the aspects of real world
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behavior that he desires to study. The final model, then, relates
the details of system structure to system behavior and is used as a
means of determining feasible structural changes which will result
in more desirable system behavior.

A problem that arises in connection with both econometric and
simulation approaches should be noted here. Models of complex
systems are at present, very difficult to validate. Validation
usually must rest upon the judgment of the investigator and those
who must accept the consequences that result from application of the

model.

4) Summary

The econometric and simulation approaches can be considered
alternative attacks on the problem of obtaining an abstract model
which relates causes and effects in complex systems. The econo-
metric approach works from the '""outside in'' and seeks to deduce
system structure from observed behavior of system variables. This
has been called the '"black box' approach in engineering literature.
On the other hand, the sirhulation approach works from the ''inside
out'" in that it seeks, by careful study of sub-systems and interaction
rules, to identify the details of system structure that cause the over-
all system to behave as it does. Since the goal in either case is the

same, to determine relationships between causes and effects, it



would seem that judicious use of both methods would be preferable
to either taken alone. This complimentarity is at least implicit in
Forrester's thinking. He would use a simulation raodel to isolate

parameters which require additional data taken from past system

behavior. Econometric methods would then provide parameter

estimates to be used in refining the simulation model.

13



14

CHAPTER III

DEVELOPMENT OF THE GENERAL SYSTEM MODEL

In this chapter a general description of the industry will be
presented, the boundaries of the system established, and sectors,

which form the basis for the simulation model, defined.

1) General Industry Description

As industries go, the softwood plywoodl industry, having its
beginning in 1905, is young. The art of plywood making is known to
date back to the ancient Egyptians but only since the turn of the
century has plywood found widespread application as a building mate-
rial. Since its inception, the industry has shown steady growth up to
the time of the Second World War and since the war industry growth
has been nothing short of remarkable.

From 1947 to 1964 the number of plywood mills increased from
43 to 165 and the output from 1.7 billion square feet to 10 billion

2 . .
square feet, This growth cannot be explained on the basis of a

lThe term ''plywood' will henceforth be taken to mean ''soft-
wood plywood''", Hardwood plywood and plywood with a thin veneer
of hardwood will be excluded.

2
"Square feet'' refers to the standard industry measure of one
square foot of 3/ 8' thick, three-ply plywood. All quantities re-
ferred to in this thesis are in terms of this standard measure.
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secular increase of construction alone. In many applications, ply-
wood has proven itself to be superior to competitive materials
(chiefly lumber) in terms of cost-put-in-place and has replaced
competitive products.

Though the markets for plywood are numerous, one particular
market emerges as being of major importance to the industry:
namely construction. In 1962 the American Plywood Association
(then called the Douglas Fir Plywood Association or "DFPA'") esti-
mated that 64 percent of production was consumed in residential and
non-residential construction. Since construction has a strong sea-
sonal variation over a year, the influence of this market will later
be investigated as a source of the observed seasonal variations in
system variables such as price, output, and inventory levels.
According to estimates for the year 1962 by the American Plywood
Association, other markets for plywood are: industrial users--

22 percent, agricultural users--2 percent, and miscellaneous, in-
cluding do it yourself trade, 12 percent,

On the production side, the plywood industry is heavily con-
centrated in Washington, Oregon, and northern California. In 1961,
65 percent of production was centered in Oregon, 19 percent in
Washington, 14 percent in California, and 2 percent in Idaho and
Montana. While production of plywood is concentrated in the Pacific

Northwest, plywood is truly a national industry with nearly 1, 000
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wholesale warehouses and many times that number of retail distribu-
tors located throughout the United States.

In spite of the fact that growth in the industry has been rapid,
prices since the Second World War have trended steadily downward
and many people in the industry claim that the less-efficient mill with
little financial backing is barely able to continue operation. This is
characteristic of a competitive industry and indeed the market in
which mills and wholesalers meet fulfills the requirements for pure
competition in the classical economic sense (20, p. 88):

1. Price at the mill is determined in a market in which many
buyers and many sellers meet; none of which, individually,
has a great deal of influence upon the market.

2. Plywood is essentially a homogeneous product.

3. Information regarding current prices and bids is rapidly
propagated throughout the industry by means of a national

telephone network.

4. Entry into and exit from the industry is relatively easy for
for buyers and sellers.

While above the plywood ""market'' has been referred to, there
are, in reality, two distinct plywood markets both competitive
according to the four criteria cited. What will be termed '""sanded"
plywood is a smooth surface product used mainly for interior con-
struction where surfaces are visible and ''unsanded" plywood a rough
surface product used mainly in construction where the panels are not

visible. Since a high degree of correlation does not necessarily
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exist between final user demand for the two products, the two markets
may behave quite differently. Mills tend to fall into three categories
depending upon whether they produce sanded, unsanded, or mixed
plywood while distribution warehouses and retailers almost invariably

stock both types.

2) System Boundaries

In general it is probably true that everything in the world is
dependent upon everything else, hence a major problem in the analy-
sis of large scale systems is the definition of system boundaries--
that is, defining what variables are to be taken as dependent, deter-
mined by the system, and what variables are to be taken asindepend-
ent. If the analyst is too all-inclusive in his system definition, he
may obscure fundamental interrelationships with trivia and create a
system model so large that it can't be handled with allotted re-
sources. On the other hand, if the system definition is too narrow,
interrelationships may be omitted which are essential to the study of
those aspects of system behavior of interest.

At this point a fundamental principle applies which greatly

facilitates this establishing of system boundaries. The objectives of

the study must be defined as clearly as possible. This is necessary

because different objectives lead to different system models with

different sets of dependent (endogenous) and independent (exogenous)
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variables. In this particular study, the objective has been to con-
struct a model of the industry which will relate the behavior of mill
price and output to relevant industry structure. Particular variables
are included in the model on the basis of whether or not they have a
significant effect on mill price and mill output.

With the above goals as guidelines the following system bound-
aries were fentatively established; recognizing that they might later
have to be altered as the systems analysis progressed or as industry
structure or environment changed:

1. The U. S. plywood market will be assumed independent of
plywood produced by foreign firms. Due to existing tariffs
on imported plywood, U. S. plywood imports constitute a
negligible fraction of domestic production (48).

2. The U. S. plywood market will be taken as independent of
the price of competitive products such as lumber and
particle board. This assumption is based on the concensus
of opinion that exists among knowledgeable industry offi-
cials. It is industry experience that plywood, in most
applications, is priced considerably lower than competitive
so that end user demand for plywood is virtually independ-
ent of the prices of competitive products.

3. The plywood market will be assumed to have a negligible
effect upon the price of logs--the primary raw material
in the manufacturing of plywood. Log prices are dependent
upon the markets for plywood, lumber, paper, other wood
products, and U. S. Government policies, in a rather
complicated manner. Since the plywood market is only one
of several determining factors of log prices, log price
will be taken as an independent variable as far as the ply-
wood market is concerned.

4. The production and distribution of sanded plywood will be
assumed independent of the production and distribution of
unsanded plywood. This assumption, based upon interviews
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with industry officials, makes it possible to study the mar-
ket behavior of sanded and unsanded plywood independently.

5. End user demand for plywood will be taken as an independ-
ent variable, determined by the level of national economic
activity, and independent of the plywood market itself. This
assumption is also based on industry experience.

3) General System Model

The purpose of this section is to define industry sub-divisions
or sectors into which firms can be placed for purposes of aggrega-
ti.  Some form of aggregation is necessary because of the prohibitive
complexity involved in simulating, individually, hundreds of firms.
A fundamental principle applying here is the aggregation of firms
which have common input variables, common output variables, and
similar rules of behavior relating outputs to inputs. The ''general
system model'' then consists of a number of interacting sectors
which, when simulated, approximately represent the hundreds of
interacting firms. It should be stressed that no one general model
can correctly aggregate every firm in the industry. Due to the wide
diversity of organizational patterns that were found to exist, some
firms, of necessity, did not fall into the sectors defined. Since
aggregation, for the present at least, is essential from the practical
standpoint, the problem is one of defining the sectors of the general
model such that as many firms as possible are correctly aggregated

and, at the same time, the general model is tractable.
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The general model of Figure (3-1) was arrived at on the basis
of published information relating to the industry (7, 8, 32, 33, 41)
and interviews with industry personnel. Included in the general
model are two producing sectors, three wholesaling sectors, and two
sectors at the retail level. It should be pointed out that two of these
models, illustrated in Figure (3-1), are required to represent the
entire industry--one each for the sanded and unsanded markets.
Descriptions of the individual sectors that make up the general model
follow.

3.1) Producing sectors. The two producing sectors are de-

signated as the '""M'" and "P'" sectors in Figure (3-1). Firms in-
cluded in the ""M' sector are independent producers in the sense that
they are not tied organizationally to wholesaling organizations--they
are in business primarily to produce plywood. On the other hand,
the producers of "P'' sector are tied organizationally to the plywood
distributors of "C-D' sector and are hence termed 'integrated pro-
ducers''. The integrated producers are typically the giants of the
industry--Georgia Pacific, U. S. Plywood, Weyerhaeuser, Evans
Products, and small independent producers bound to these larger
firms by contractual agreements. In 1962 independent mills were
responsible for 60 percent of industry production with the remainder
produced by integrated mills.

This sectoral breakdown of plywood producers was necessary
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for two reasons. First, as seen in Figure (3-1) the output of the
independent producers of "M' sector is offered for sale in a com-
petitive market designated the '""mill market' in Figure (3-1) while
that of the integrated producers of "P' sector, for the most part,
by-passes the mill market and is transferred intra-firm to the
distribution outlets of ""C-D' sector. Second, due to the organiza-
tional difference cited, the independent and integrated producers
have markedly different price and production policies. As will be
discussed in detail in the following chapter, independent mills are
subject to the vagaries of the competitive market which strongly in-
fluences their price and production decisions. Integrated mills, on
the other hand, are buffered from these market forces by the large
distribution warehouses to which they are organizationally tied.

3.2) Retailer-user sectors. A description of the retail-user

sectors ("L and "K' in Figure (3-1)) will next be presented. These
sectors include not only plywood retailers but also users of plywood
who buy from the same sources as do the retailers. Included among
such users are building contractors and industrial users who, due to
the volume of their utilization, can purchase from wholesale outlets.
In Figure (3-1) "L'" sector represents the aggregation of
retailers and users who buy plywood in less than boxcar load lots
from distribution warehouses. They are called "LCL Retailers and

Users'' where "LCL'" stands for Less-than EarLoad. On the other
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hand, ""K'' sector represents users and retailers who buy plywood in
boxcar load lots. They are hence called ""CL Retailers and Users"
where ""CL'" is a mnemonic representation for '"Carload'.

The distinction between the two types of retailers and users is
a significant one. While less-than-carload purchases usually are
made out of distribution warehouses, boxcar sized lots are normally
shipped directly from the mill to save unloading, warehousing, and
reloading costs at the wholesale level. There are therefore the two
distinct wholesale markets for plywood shown in Figure (3-1).
Prices in the LLCL market are higher than the prices that prevail in
the CL market because of increased costs in selling out of ware-
house. In 1962 it was estimated that 50 percent of production was
sold through the ILCL market, 40 percent through the CL market,
and 10 percent bypassed wholesale markets as seen in Figure (3-1).

3.3) Wholesale sectors. As shown in Figure (3-1), three

sectors have been defined at the wholesale level. As will be seen,
the three sectors represent firms that are distinctly different in
terms of policies and behavior. The first of these to be discussed,
the "C-D'" sector, has been mentioned in connection with the inte-

grated producers of '"P'" sector. The '""C-D'" sector is an aggregation
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of jobbersl and office wholesalers2 who are organizationally inte-
grated with firms in ""P'"" sector. As seen in Figure (3-1), this
sector obtains the major portion of its plywood on intra-firm transfer
from integrated producers. In the aggregate, however; the "C-D"
sector is able to sell more plywood than "P'" sector can produce.
The '"C-D' sector is therefore a net buyer in the mill market and, in
1962, obtained about 10 percent of its input by buying from independ-
ent mills in the mill market as shown in the figure. On the selling
side, the '""C-D'' sector sells out of warehouse into the L.CL whole-
sale market and also arranges for direct shipments from mills to
customers through the CL wholesale market. The sector therefore
represents the aggregation of firms which perform both jobbing and
office wholesaling functions. This dual role is the reason for the
dual nomenclature in the sector designation "C-D!. As will be seen
in the following chapter, '""C'' refers to variables related to the
jobbing function while ""D'" refers to office wholesaling related vari-
ables. Large integrated firms, spanning the "P'"'--"C-D" sectors,
make profit by producing as well as by selling plywood and over-all

profit is of primary concern to top level decision makers.

The term ''jobber'' here will be taken to mean a middleman
who physically stocks plywood and sells out of his inventory.

2An "office wholesaler' will be defined as a middleman who
buys and sells plywood without taking physical possession of the
product. (In practice this is done by arranging for direct shipment
from mill to customer).
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Production as well as selling policies are therefore influenced by the
integrated nature of firm organization.

In Figure (3-1), ""O" sector represents an aggregation of distri-
butors who act as independent office wholesalers. The firms of "O"
sector buy plywood in carload lots from mills (mainly independent
ones) and sell with a markup of approximately 3 percent to the re-
tailers and users of "K'' sector. Though these firms legally own the
plywood for a time, the physical flow of plywood is from mill to cue-
tomer. Some firms of this sector take advantage of the seasonal
variation in plywood price and sell short and engage in position buying
to increase their normal 3 percent markup. In 1962 it was estimated
that 15 percent of the industry production was handled through inde-
pendent office wholesalers.

The last of the three sectors at the wholesale level is "W"
sector--an aggregation of independent jobbers. These firms are not
integrated with producers and make their profit by selling plywood
and other building materials out of inventory. As shown in Figure
(3-1) these firms buy from independent mills and sell out of inventory
in less-than-carload lots to retailers and users of ""L" sector. Inde-
pendent jobbers also perform an office wholesaling function but since
this part of their operation is essentially the same as that of the
office wholesalers of '"C'' sector it has been lumped together with the

firms of '"O" sector. Independent jobbers also take advantage of
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seasonal plywood price variation. They tend, as a group, to increase
buying when prices are low and decrease buying when prices are high
and are largely responsible for the negatively sloped demand curve
which has been measured by econometric methods (41). As seen in

the figure, independent jobbers handled 30 percent of 1962 produc-

tion.
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CHAPTER IV

CONSTRUCTION OF THE SIMULATION MODEL

In this chapter the selection of a simulation language will be
discussed along with a description of salient features of the chosen
language--DYNAMO. Next, conventions used in the simulation equa-
tions and diagrams will be discussed in order to provide a basis for
presentation of the detailed simulation model. Finally, the simula-
tion model for the industry will be developed in detail by constructing
models for each of the seven sectors in the general model of Figure
(3-1) and by specifying the interaction rules that interrelate the

industry sectors.

1) Simulation Languages

At the present time, a number of simulation languages are
available specifically for system simulation. The choice of a simu-
lation language is largely dictated by the nature of the system being
simulated. A number of simulation languages have become avail-
able for representing systems in which discrete events are of inter-
est; for example--arrivals and departures in systems involving
queues. The better known of these are SIMSCRIPT (29), SIMPAC

(28) and GPSS (19).
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As discussed in the foregoing chapter, the variables in the
general model of the industry are aggregate variables. It is well
known that aggregation of discrete events can lead to variables which
are essentially continuous in nature. In chapter six it is shown that
under certain assumptions, the aggregation of discrete time lags
leads to ordinary differential equations. In this analysis, the con-
cern is with variables that are nearly continuous in nature and de-
scribable by differential equations. Until recently, the only digital
simulation language capable of efficiently simulating large systems
represented by differential equations was DYNAMO. Its large
capacity, speed, convenience, and richness still recommend it for
the class of systems for which it was designed. DYNAMO was
selected for simulation of the plywood industry for the above reasons
and because of its compatibility with available computing facilities.
(DYNAMO is designed for the IBM 709, 7090, and 7094 and a
DYNAMO pre-compiler is available whereby much program de-
bugging can be accomplished on the IBM 1620). It should be noted
that, while the analogue computer is well suited to the type of sys-
tem being simulated here, the simulation to be described would
exceed the capacity of all but the largest analogue computing facili-
ties in operation today.

1.1) A brief description of DYNAMO. Background concerning

the DYNAMO simulation language and relevant to the understanding
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of the simulation models to follow will be presented here. For a
more detailed description of the language and its use, the reader is
referred to the DYNAMO Users Manual (34) from which the folldw—
ing description was taken.

As mentioned above DYNAMO is capable of simulating systems

representable by differential equations. In this and in other ways,
DYNAMO is similar to an extremely large analogue computer.
Since DYNAMO simulates differential equations by solving differ-
ence equations with an appropriately small time increment, it can
also simulate systems which are inherently describable by differ-
ence equations.

The basic time notation upon which the DYNAMO representa-
tion and solution of difference equations is based is shown in Figure

(4-1).

JK KL
INTERVAL INTERVAL
(DT time units) | (DT time units) | Time

J K L

(Present Time)

Figure (4-1) DYNAMO Time Notation

The time for which the calculations are currently being made is

called TIME K. The previous time for which calculations were
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made is called TIME J and the next instant for which calculations
will be made is TIME L. The intervals between these times are
called JK and KL respectively and the length of these intervals is
called DT. The names of instants (J, K, and L) and intervals (JK
and KL) are used as subscripts on a variable to specify when that
variable is calculated and when the variables used in the calculation
were previously calculated. When all the variables have been cal-
culated for the instant K and the interval KL, the computer moves
forward one time step and the values that were associated with TIME
K are now related to TIME J,

The three principal types of DYNAMO variables will be de-
scribed here: levels, rates, and auxiliaries.
Level A level, which is calculated at TIME K, is a quantity that
depends upon its previous value at TIME J and on other quantities
at that time or in the JK interval. Levels result from a time inte-
gration of the net flow of a quantity into a storage medium for that
quantity. Thus; accumulated inventory in a warehouse or charge on
a capacitor are examples of levels. Levels also result from the
time averaging of the rate of change of a level. A level variable
will always have the subscript J or K.
Rate A rate is a variable that represents the time rate of flow of
a quantity from one level to another. Electric current is an ex-

ample of a rate as is production of plywood per unit time. Most
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rates have the units of a quantity per unit time. Rates are computed
at time K for the interval KL from levels or auxiliaries at time K
or rates in the interval JK and have the subscripts JK or KIL..
Auxiliary Auxiliaries are variables that are introduced to simplify
the algebraic complexity of rate equations and are calculated at
time K from levels and other auxiliaries at time K and rates in the
JK interval. They always carry the subscript K.

The order of computation of the three variable types at TIME
K is as follows: First levels are calculated since they are based
on previously calculated quantities from TIME J and interval JK.
Next auxiliaries are calculated from levels and other previously
calculated auxiliaries at TIME K and rates in the JK interval.
Finally rates are calculated for the interval KL from previously

calculated levels and auxiliaries.

2) Conventions

Certain conventions, used in naming variables, numbering
equations, and in diagramming the interrelationship of system
variables, will now be presented.

2.1) Designation of variables and constants. DYNAMO per-

mits the use of as many as five digits or numbers (exclusive of
subscripts) for the designation of variables. It is therefore possible

to assign variables a mnemonic designation that conveys a good deal
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of information about the particular variable. The following scheme
for variable designation has been established and applies to most,
but not all, of the variables in the models to follow:

First Digit. The first letter in a variable designation indicates the
model sector of which the variable is a part (M, P, C-D, L, O, or
K).

Second Digit. The second letter designates the nature of the vari-
able. For example the letter "P'" in second position indicates that
the variable is a price while ""O'" would indicate that the variable in
question was an order (for plywood). An "A" in second position
indicates that the variable is an auxiliary variable. The letter ""A'
is followed by a one or two digit number.

Third Digit. The third position in the variable is usually the first
letter of an adjective describing the variable.

Fourth Digit. A fourth letter designated M, P, C-D, L, O, or K
indicates a second sector to which the variable relates.

Fifth Digit. An S or a U in the fifth position indicates that the
variable applies to a sanded or unsanded plywood model.

Unused Digits. Any of the five positions not used are filled with X's
so that every variable is five letters long.

Example: MORWX.KL=M sector Orders Received from W
sector in interval KL.

In the example, the letters KI, following the decimal point are a
subscript indicating that the variable is a rate in the KI, time inter-
val.

Constants always have the sector letter in first position and
usually have the letter "K'' in second position followed by a one or
two digit number. The five digit designation for a constant is never

followed by a subscript.
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2.2) Equation Numbering. Equations in the models to follow

are numbered according to the sector of which they are a part. The
following numbering scheme applies:

1000-1999 Producing sectors

1100-1199 Integrated producers (P sector)
1200-1299 Independent producers (M sector)
2000-2999 Wholesale sectors

2200-2299 Integrated jobbers (C-D sector)
2100-2199 Independent jobbers (W sector)
2300-2399 Independent office wholesalers (O sector)
3000-3999 User-retailer sectors

3100-3199 LCL users and retailers (L sector)
3200-3299 CL users and retailers (K sector)

2.3) Conventions used in sector block diagrams. Block dia-

grams have been found to be of great value in describing and under-
standing the interaction of the many variables that are involved in
the simulation models to follow. In fact, the procedure used in
programming the model equations has been to first sketch the block
diagram that interrelates the model variables and then to write the
equations that mathematically represent the block diagram. The
reason for this has been the great difficulty inherent in keeping
track of dozens of interrelated variables when the interrelationships
are hidden in a system of equations.

The block diagrams used here are similar in many ways to
those used by control engineers with one exception--all variables
in the diagrams are functions of time instead of the complex Laplace

transform variable "S'"". The reason for this is twofold. The model
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contains many nonlinear operations such as the product and division
of two time variables. Such nonlinear operations are not correctly
represented as, in this case, product and division when variables
have been Laplace transformed. Secondly, the time notation elimi-
nates obstacles for those not acquainted with the Laplace transforma-
tion.

Figure (4-2) summarizes the conventions used in simulation
model block diagrams. All variables in the figure are functions of

time.

3) Independent Mills (M Sector)

In this section the simulation model of the independent mill
sector will be developed in detail along with the mechanism by which
price is determined in the mill market. This will be done by gen-
erating the dependent variables upon which the mill managers base
their decisions and then incorporating these variables into the deci-
sion rules that determine the behavior of the mills in the sector and
hence the sector itself. The key decisions to be considered here
are: the production rate decision, the shipping rate decision, the
order acceptance rate decision, and the price decision. A class of
decisions that deal with grades and thicknesses produced are not
considered here as there is strong evidence to indicate that prices

of the individual grades and thicknesses move together as a function
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of over-all plywood supply and demand. That is, these decisions
appear to be of importance to the individual firm but not to the indus-
try as a whole insofar as average market price of all plywood and
over-all production are concerned.

3.1) The production rate decision. According to the classical

(static) theory of firm behavior, a firm maximizes profits in the
short run by producing at the rate for which the marginal cost of
producing a unit of output is equal to the price of a unit of output in
the market. This policy, modified by a number of practical con-
straints to be discussed, appears, on the basis of industry data and
interviews, to be followed in the industry. A cost function which
relates the individual mill cost in dollars per week, C, to production
rate, Q, appears below. From this cost function the production rate

for maximum profit will be derived.

(4_1)l C=C_+nWh+MQ h<s

C = Co + nWs + MQ + nWo(h—s) h>s

Where:
C = total cost ($/ wk)
C,= fixed cost ($/ wk)
n = number of men required to operate mill
W = wage rate ($/ man hour)
Wo= overtime wage rate ($/ man hour)
h = total hours operated per week
s = hours worked per week on straight time
M = material cost (logs, glue, etc.) $/ £t.2
Q = total production (ft.2/ wk)

1Equa‘cions, such as (4-1) above, which are not a part of the
simulation program will be numbered sequentially within each
chapter.
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The first part of Equation (4-1) represents cost when there is no
overtime production while the second portion is valid for the case of
overtime production. Total production, Q, is related to hours
worked per week, h, by Equation (4-2):
(4-2) Q=gh

Where:
e 2
q = plant capacity in ft / hr

Combining Equations (4-1) and (4-2):

(4-3) C

Co+ nWQ/q+ MQ h<s

C

Co+ nWs + MQ + nWo-(Q/ gq-s) h>s
The optimum production rate, Q, is derived from the following
expression for profit rate:

(4-4) P = pQ-C

Where:
P

p

profit $/ wk
price $/ ft2

1

To maximize profit with respect to production rate, Equation (4-4)
is normally differentiated partially with respect to Q and set equal
to zero; however, in this case the procedure breaks down since the
resulting equation is independent of Q:
(4-5) OP/JQ = p-(nW/ g+tM) h<s
OP/AQ = p-(nW _/ qtM) h>s

Since p is an independent variable and n, W, q, and M are con-

stants as far as the mill manager is concerned, it is impossible for
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him to equate price and marginal cost (nW/ g+M and nWo/ g+M). In

spite of this difficulty, Equation (4-5) still tells the mill manager
what he must do to maximize his profit. Since profit is an in-
creasing function of production rate, Q, as long as price exceeds
marginal cost (the right side of (4-5) positive) he maximizes profit
by expanding output as long as price remains in excess of marginal

cost. This can be seen more readily be examination of Figure (4-3).

2
Q (ft /wk)
Q max.L —
gst — -
/
/
/
/
0 5 ¢t > p($/£t2)

nW/q+M) (nWo/q+M)

Figure (4-3) Mill Supply Curve

Three cases arise from Figure (4-3). If the market price is
greater than the marginal cost on a straight time basis, (nW/ gq+M),
but less than the overtime marginal cost, (nWo/ g+M), the mill
maximizes profit by producing as much as possible without going to
overtime production. Operation in this case, then, takes place s
hours per week and output is gs as shown in the figure. The second
case is that of market price in excess of the overtime marginal cost.
In this case, profit is maximized by producing at the maximum pro-

duction rate, Q max, in Figure (4-3). Case three is that of market
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price less than (nW/ q+M). If this situation prevails, profit rate is
negative and, in the long run, a mill would be forced to cease opera-
tion, Due to shut down and start up costs, mills tend to operate for
limited periods of time, perhaps at reduced output, when market
price is less than the straight time marginal cost.

These three cases define the theoretical supply curve for a
mill shown in heavy lines in Figure (4-3). The actual curve for an
individual mill is probably more like the smoothed curve shown in
the figure.

It is generally accepted in the industry that the nature of this
supply curve is a cause of a major industry problem--overproduction
and the attendant low market prices. As seen by the curve of Figure
(4-3), a mill, in theory, maximizes profit by producing at normal
straight time capacity until low prices force a cut in production.
This behavior is not just theoretical, it is a very real part of the
behavior of independent mills. As will be seen in later tests of the
simulation model, maximization of profit by individual firms does
not necessarily result in sector maximization of profit for the sector
as a whole. Alternate production rate decision rules therefore pro-
vide a fertile field for improving the stability of market price.

The aggregate static supply curve for the sector is obtained by
adding individual firm supply curves and can be expected to have the

general shape of an individual firm curve. In the simulation model
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of M sector, shown in Figure (4-4), the function designated in
DYNAMO language as MF3XX represents this aggregate sector supply
curve with the ordinate divided by MNXXX, the number of firms in
the sector. The function therefore represents the supply curve for a
"typical' firm in the sector. By this representation, sector growth
can be introduced into the simulation by making MNXXX a variable
and thereby allowing capacity to increase.

From the block diagram it is seen that the independent variable
for the supply function, MF3XX, is a function not only of price but
also of the rate of change of price. This inclusion makes it possible
to include mill managers expectations into the simulation. It should
perhaps be pointed out that the inclusion of price rate does not affect
the static profit maximization but does affect the dynamic behavior
of the industry. The output (dependent variable) of MF3XX is
MPDMX--M sector Production Desired per Mill. This variable,
modified by constraints as described below, multiplied by the number
of "typical'® mills MNXXX, and lagged becomes MGIXX--M sector
Goods to Inventory.

The first constraint upon the production rate decision to be
discussed will be that of employee vacations. Most mills have
written into union contracts the provision that employee vacations
be scheduled during the summer months. Mills therefore are forced

to curtail production during these months. Production desired per
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mill modified by summer vacation schedules, MA23X, is given by
Equation 1264:

MAZ23X.K = SWITCH (MPDMX. K, MA22X.K, MBOX1%*13.K)

1264
Where:
MA23X = Desired production rate/ mill taking into
account employee vacations. (ftz/ wk)
MPDMX = M sector Production rate Desired per Mill.

(ft2/ wk)

MBOX1%13 = A variable that takes the value one during
four week intervals in which vacations are
scheduled and zero in other four week
intervals during the year.

and

MA22X.K = (MKL6X) (MPDMX. K) 1263
Where:

MK16X = A constant less than one

The net result of the above two equations, as indicated by the block
diagram, can be paraphrased as follows:

MPDMX. K if MBOX1%13 = O
(MK16X) (MPDMX, K) if MBOX1%13 = 1

MA23X. K
MAZ23X. K

A second constraint upon the production rate decision is nec-
essary. If the space available for a mill to store finished plywood is
full and if there is no order backlog making shipment impossible,
then it is mandatory that the mill curtail production. This con-
straint is introduced by Equation 121 2:

MPFMX. K = CLIP (MA23X. K, MOMMX, K, MA20X, K, O)
1212

Where:
MPFMX = M sector Production rate Feasible per Mill

(£t2/ wk)



42

MA23X = M sector production rate desired, adjusted for
employee vacations.

MOMMX= M sector Order rate sMoothed per Mill (ftz/wk)

MA20X = Sum of unused inventory capacity and unfilled
order backlog (ftz)

As seen from Figure (4-4) Equation 1212 states that:

MA23X. K if MA20X.K=O
MOMMX., K if MA20X.K<O

MPFMX. K
MPFMX, K

1

Production rate is therefore reduced to the smoothed (averaged) rate
of incoming orders if MA20X is less than or equal to zero. One
further modification of production rate is incorporated into the model.
By means of Equation 1213 and the variable MA24X, production rate

may be adjusted in any manner desired.

MPOXX. KL = (MPFMX, K) (MNXXX. K) (MA24X. K) 1213
Where:
MPOXX = M sector Production rate Ordered (ftz/wk)
MPFMX = M sector Production rate Feasible per Mill
(ft2/ wk)
MNXXX = M sector-Number of mills
MA24X = A variable that permits the introduction of

modified production rate decision rules.
The variable MA24X will be used later to test modified production
rate decision rules. Equation 1213 also includes the factor MNXXX
which relates the decision rule to the entire sector.
As shown in the block diagram of Figure (4-4), production
rate, MGIXX, is related to the ordered production rate, MPOXX, by
two third order exponential delays. For an individual mill there is

some discrete time delay between the time a need arises for a
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production raie change and the time at which the production process
actually starts changing to the new rate. This is the delay between
production rate ordered and production rate started, MPOXX and
MPSXX in the figure. In practice, the decision is considered to be
an important one and a lag of one or two weeks may be involved while
high level management considers the matter. A second pure time
delay inherent in the operation of the individual mill is that shown
between production rate started and the rate at which finished pro-
duction is transferred to inventory, MPSXX and MGIXX in Figure
(4-4). This delay is physically due to the time required to arrange
for and implement an increase or decrease in the number of hours
the plant is operated per week.

It has been stated above that, within an individual firm, the
lags described are pure time delays. The representation of these
lags as continuous exponential delays for the sector as a whole is
due to a smoothing effect of aggregation and is discussed in chapter
six. The model equations that specify these exponential delays are
the following:

MPSXX. KL = DELAY 3(MPOXX. JK, MK5XX) 1215

MGIXX. KL = DELAY 3(MPSXX, JK, MK6XX) 1217

Where:
MPSXX M sector Production rate Started (ftz/wk)
MPOXX = M sector Production rate Ordered (ft2/ wk)
MGIXX M sector Goods to Inventory (ft2/ wk)
MGIXX = Time lag (weeks)
MK6XX = Time lag (weeks)

i

i

I
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This concludes discussion of the significant factors affecting the pro-
duction rate decision and its implementation. The next major inde-
pendent mill sector decision to be discussed will be the shipping rate
decision.

3.2) The shipping rate decision. Though the rate at which a

mill ships plywood is strongly influenced by the production rate, the
two rates are not necessarily equal. A mill with large warehouse
capacity available at the mill site can store plywood during periods
of low market price and ship at a greater rate during times of high
market price while production rate remains fairly constant. Most
independent mills, however, have little mill inventory capacity, less
than one week of production in many cases, so sector shipping rate
is very closely tied to sector production rate. There is, however, a
growing awareness among independent mills of the need for sizeable
mill inventory capacity to reduce the market pressure that forces
output on the market at low prices. The simulation model is con-
structed to represent the M sector as it is now--with very little
storage capacity at the mill site.

At the present time, with small aggregate independent mill
warehouse capacity, the general shipping rate policy that emerged
in industry interviews was that of shipping at the production rate
plus a correction to adjust mill inventory to a '"desired'' level. The

concept of a desired inventory level is a very real one in the
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industry. A certain level of inventory is desired by mills producing
a variety of plywood grades and thicknesses to make possible longer
more efficient production runs. On the other hand, excessive mill
inventories also result in increased costs. Mill managers tend to
think of desired inventory in terms of days or weeks of production so
the level of desired inventory varies with production rate. With
these background remarks, the mill shipping rate decision rule will
now be developed.

In order to calculate the rate at which goods are shipped by the
independent mill sector, the simulation model must first generate
the variables which determine shipping rate. As discussed above,
these are inventory level (MIAXX) and desired inventory (MIDXX)
and will now be derived. Aggregate M secto;‘ mill inventory is
given by Equation 1218:

MIAXX. K = MIAXX. J + (DT) (MGIXX. JK-MGSXX. JK) 1218

Where: : .
MIAXX = M sector Inventory Actual ({t2)
MGIXX = M sector Goods to Inventory (ft2/ wk)
MGSXX = M sector Goods Shipped ({t2/ wk)
DT = Time interval between computer iterations
(wks)

In words, Equation 1218 states that inventory level at the present
time, K, is equal to inventory at the past time, J, plus the quantity
put into inventory in the JK interval minus the quantity removed in

the JK interval. Diagrammatically this equation is represented as
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the integration of the difference of the two rates in Figure (4-4).
Aggregate M sector desired inventory is given by Equation 1221;
MIDXX. K = (MGIXX.JK) (MKI12X) 1221
Where:
MIDXX = M sector Inventory Desired (ft2)
MK12X = Weeks of inventory desired in weeks

(a constant)
M sector Goods to Inventory (ft2 / wk)

MGIXX

The shipping rate decision incorporated into the simulation
model is given by Equation 1224:

MGSXX. KL = CLIP (MTSXX. K, MOOOO, MOUXX, K, MOOOO)

1224

Where:

MGSXX = M sector Goods Shipped (ft2/ wk)

MOUXX = M sector Orders Unfilled (ftz) as given

by Equation 1202

MOOOO = zero

MTSXX = MGIXX + (MIAXX-MIDXX)/ MK9XX
and

MGIXX = M sector Goods to Inventory (£t2/ wk)

MIAXX = M sector Inventory Actual (ft2)

MIDXX = M sector Inventory Desired (ftz)

MKI9XX = Weeks to correct inventory
In the above equation, MTSXX, is a shipping rate variable that
implements the policy that the shipping rate be the production rate
plus a correction to adjust mill inventory to a desired level. This
shipping rate is constrained in that if there is no order backlog,
MOUXX, shipping rate goes to zero. This constraint is due to

the physical impossibility of shipping without a customer to
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receive.1 As seen from Figure (4-4), Equation 1224 can be re-

stated as follows:

MGSXX
MGSXX

MGIXX + (MIAXX-MIDXX)/ MK9XX if MOUXX_>_O
O if MOUXX<O

Ideally the inequalities should read MOUXX>0O and MOUXX<O re-
spectively but the net result in practice is essentially the same.

In effect the M sector shipping rate decision included in the
simulation model provides for control of mill inventory. The block

diagrams of Figure (4-5) illustrate this control mechanism.

MGIXX

. —+
MIDXX 4 K + 6 y MIAXX
> > > @ (-MGSXX) S

MIDXX MIAXX
! J;@*—h_, 1/Kg 1/s >

(b)
Figure (4-5) Inventory Control Mechanism

Some firms in the industry have been known to ship boxcars
of plywood across the country and then attempt to sell them enroute.
This behavior can be included in the simulation by considering box-
cars used in this manner to be extentions of mill inventory capacity.
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The two diagrams, (a) and (b), of the figure are seen to be equivalent
with (b) being a simplification of (a). From feedback control theory
it is known that control is always stable and that the speed of adjust-
ment increases as MK9XX decreases.

Given the over-all shipping rate, MGSXX, shipping rates to the
individual sectors which buy from M sector namely; O, W, and C
must be determined in the model. Since there was no apparent rea-
son for treating one sector differently from another, each individual
sector shipping rate was taken as proportional to that sector's order
backlog. Thus the individual sector shipping rates MGSOX, MGSWX,
and MGSCX are determined as shown in Figure (4-4).

It should be emphasized that the shipping rate decision included
in the simulation model is a representation of how independent mills
appear, in general, to be behaving today and that alternate rules,
perhaps based on larger mill inventory capacity, might well prove

to be more profitable for the mills concerned.

1
3.3) The order acceptance rate decision. The order accept-

ance rate is defined here as the rate at which firm transactions are
made in the market and is a function of the rate at which orders are
placed by buyers and the rate at which mills desire orders. The

functional relationship is given by Equation 1201:

An "order' here is defined as a firm commitment to buy a
quantity of plywood.
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MOAXX. KL = MIN (MORXX.JK, MODXX. JK) 1201
Where:
MOAXX = M sector Orders Accepted (ftz/wk)
MORXX = M sector Orders Received (ft%/ wk)
MODXX = M sector Orders Desired (ft2/ wk)

The equation states that if rates demanded and offered are not equal,
buyer and seller will transact at the lesser of the two rates. The
rate at which orders are received by M sector, MORXX, is the sum
of the rates orders are received from all sectors buying from inde-
pendent mills and will be treated in later discussions of O, W, and
C sectors. In what follows, the M sector desired incoming order
rate, MODXX will be discussed.

If mill inventory and unfilled orders are at desired levels and
if price is constant, M sector desired incoming order rate is simply
the desired production rate at the prevailing market price since this
incoming order rate results in continuance of desired unfilled order
and inventory levels. Should a difference exist between desired and
actual mill inventory, between desired and actual unfilled orders, or
should market price be changing; desired incoming order rate will
be other than the desired production rate. Thus, in order to gener-
ate this decision rule, the simulation model must have available the
above variables. Of these, desired and actual inventory have been
developed in connection with the shipping rate decision and unfilled

orders, desired unfilled orders, and the rate of change of price will
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later be developed along with the discussion of the market price
mechanism.

As shown in Figure (4-4), M sector order rate desired,
MODXX, is given by the composite of Equations 1229, 1231, 1232,
and 1258:

MODXX, KL, = MPOXX, JK-(MKI10X)(MPRXX. K)(MNXXX. K)

- (1/MKI11X)(MOUXX. K-MUDXX. K)
+ (1/ MKI1X)(MIAXX. K-MIDXX. K)
Where:

MODXX = M sector Order rate Desired (ft/ wk)
MPOXX = M sector Production Ordered (ft2/ wk)

MKIOX = Constant (ft4/$)

MPRXX = Mill Price Rate ($/ft2wk)

MK11X = Constant-weeks to correct MIAXX, MOUXX
MOUXX = M sector Orders Unfilled (ft2)

MUDXX = M sector Unfilled orders Desired (ft2)
MIAXX = M sector Inventory éctual—(ftz)

MIDXX = M sector Inventory Desired (ft2)

MNXXX = M sector Number of firms

The first term on the right of the above equation is the desired pro-
duction level at the given market price while the second term repre-
sents a correction to account for speculative behavior that is char-
acteristic of independent mills. If market price is moving up,
(MPRXX positive) mills tend to accept fewer orders as they would
rather accept the orders later at a higher price. If market price

is moving down the converse would be true. This factor has been
included linearly in the order acceptance decision because it was not
clear what nonlinear form was appropriate and because linearization

of a nonlinear equation is usually useful from the practical standpoint
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in some finite region of the state space. The third and fourth terms
in the equation for MODXX are respectively corrections for differ-
ence between actual and desired unfilled orders and between actual
and desired inventories. Linear inclusion of these factors is justi-
fied on the basis that mill managers would logically think in this
manner,

3.4) The mill price mechanism. The mill price mechanism

was included in the simulation model of the independent mill sector
because of the great influence independent mill behavior has upon
market price. All sectors in the industry, of course, influence mar-
ket behavior to some extent but, due to certain structural character-
istics to be discussed, independent mills have a disproportionately
large influence upon the market.

That facet of independent mill structure which lies at the source
of their market influence is the production rate decision previously
discussed. As described in section 3.1, the nature of costs induces
most independent mills to produce at or in excess of normal capacity
for all market prices for which profit rate is non-negative. In order
to maintain this production rate when net industry supply is in excess
of demand, mills are forced to cut price to maintain the order back-
log necessary to continue production at the desired level (small mill
inventories in this sector make it impractical to store excess pro-

duction). The result of this behavior pattern is a low market price
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during times of excess supply that forces less efficient plants to
curtail production. During times of excess demand, price rises until
sufficient production is induced to equate supply and demand. Dis-
cussions with knowledgeable industry personnel have made it quite
clear that net excess supply and structural characteristics of inde-
pendent mills are responsible for downward price movements and the
low prices experienced in the industry in recent years.

Variables which, from industry interviews, industry publica-
tions, and theoretical considerations, are known to significantly in-
fluence mill market price are: M sector Orders Received (MORXX)),
M sector Goods to Inventory (MGIXX), M sector Inventory Actual
(MIAXX), M sector Inventory Maximum (MIMXX), M sector Orders
Unfilled (MOUXX)}, and M sector Unfilled orders Desired (MUDXX).
These variables, along with Mill Price (MPXXX) and Mill Price Rate
(MPRXX), are mutually interdependent and are generated simultane-
ously by the simulation model. The decision rules which determine
the first of the above variables (MORXX) as a function of MPXXX and
MPRXX will be discussed in connection with O, W, and C sectors.
Equations for the variables MGIXX, MIAXX, and MIDXX have pre-
viously been derived as functions of mill price and mill price rate.
Before discussing the dependence of market price upon these vari-
ables, equations for the remaining two relevant variables, M sector

Orders Unfilled and M sector Unfilled orders Desired, will be
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developed.
The M sector Orders Unfilled, or '"unfilled order file' as it is
known in the industry is obtained from an identity that follows from
the definition of an unfilled order and is expressed by Equation 1202:

MOUXX.K = MOUXX.J + (DT) (MOAXX, JK-MGSXX. JK)

1202
Where:
MOUXX = M sector Orders Unfilled (ft2)
MOAXX = M sector Order Acceptance rate (ftz/ wk)
MGSXX = M sector Goods Shipped (ftz/ wk)
DT = Time interval between computer calculations
(wks)

The calculation of independent mill unfilled orders is shown diagram-
matically in Figure (4-4).

The desired level of unfilled orders, MUDXX, was found from
industry interviews to be a function of production rate. Mill man-
agers tend to think of a '""one week order file' or a "'two week order
file'" meaning by this orders equivalent to one or two weeks of pro-
duction respectively. This conversion to a time basis is probably
due to the fact that efficient production runs (of a particular size or
grade) and time delays inherent in changing production rate are
expressed in time units. In interviews it was clear that mills had a
desired unfilled order file length (in weeks) below which production
planning became increasingly difficult and above which bargaining
power was increasingly lost in the event of rising prices. The

desired level of unfilled orders may also be thought of as a nonlinear
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function of mill price MPXXX, and the rate of change of price,
MPRXX. At the time of the construction of the simulation model, the
existence of this nonlinear dependence of desired unfilled orders upon
price and price rate was not apparent. As a consequence, it was
implicitly assumed that independent mills have a desired unfilled
order level which is dependent only upon production rate:

MUDXX. K = (MGIXX. JK) (MKI13X) 1230
Where:
MUDXX = M sector Unfilled orders Desired (ft2)

MGIXX = M sector Goods to Inventory (ft2/ wk)
MKI13X Weeks of unfilled orders desired

[

During the course of tests of the simulation model, insight was gained
into the nature of this nonlinear dependence of desired unfilled orders
upon price and price rate. Time did not permit refinement of the
original simulation model; however, a description of this improved
relationship for a ''second generation'' model is presented in Appendix
1I.

In the determination of the price mechanism that was in opera-
tion in the mill market, feedback system theory played an important
role. It was apparent from industry interviews that independent
mills used price as a control variable to maintain a sufficient backlog
of unfilled orders at the current production rate. It was also appar-
ent that a difference between desired and actual unfilled orders was

closely related to the rate of change of price. That is, if actual
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unfilled orders are less than desired, price rate is negative to pro-
vide the necessary unfilled order adjustment and vice versa in the
case of excess actual unfilled orders. In terms of a linearized
model, (at least valid for small excursions of variables) it was ap-
parent that price rate, MPRXX, is directly proportional to the differ-
ence between actual and desired unfilled orders or, in other words,
price, MPXXX, is directly proportional to the integral of the differ-
ence between desired and actual unfilled orders, (MOUXX-MUDXX).
In the notation of the Laplace transformation:

MPXXX (S) = Kl (MOUXX(S)-MUDXX(S))/ S
Again in a linearized model, M sector Orders Received, MORXX, is
proportional to the negative of the market price:

MORXX(S) = -KZMPXX(S)
On the other hand, the level of unfilled orders, MOUXX is equal to
the integral of the difference between MORXX and MGSXX the M
sector Goods Shipping rate:

MOUXX(S) = (MORXX(S) - MGSXX(S))/ S
The above equations define a feedback system in which the shipping
rate, MGSXX, (closely related to desired production level) is the
reference input and price, MPXXX, is allowed to vary in order to
equate the incoming order rate, MORXX to the shipping rate. This
simple model reflects the tendency of the mills of M sector to pro-

duce what they wish and allow price, within limits, to fall where
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it will.

Examination of the three equations that define this feedback
system brought to light a significant fact. As this system, which
determines market price, stands, it is not stable. This is apparent
from the fact that the open loop transfer function has two poles at the
origin of the "'S'" plane and no zeros in the left half plane. The sys-
tem is therefore, in the parlance of control theory, an uncompen-
sated type two system. Since the real world was known to be stable
in this case and since the basic unfilled order control mechanism
embodied in this simple model corresponded to that of reality, addi-
tional variables were sought which, when included, would provide
the necessary stabilization of this unstable system. It became
readily apparent that such a variable was the rate of change of un-
filled orders. A mill manager is, for example, less prone to cut
price to increase unfilled orders to a desired level if the level of
unfilled orders is increasing. The inclusion of this variable results
in a zero in the left half of the ""S" plane and yields a system that,
for a range of loop gain values, is stable. The simple linear model
described above formed a nucleus which, when modified by appro-
priate nonlinearities, resulted in the price mechanism included in
the simulation model.

The equations which determine the mill market price in the

simulation model will now be discussed. The variable MA4XX, very
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closely related to the rate of change of mill price, is given by
Equation 1204:

MA4XX K = TABHL (MF2Z2XX, MAZXX. K, #*, % &) 1204

Where:
MA4XX

1

Mill price rate (uncorrected)
= Numbers used in the DYNAMO language in
the specification of numerical values for a

specific function
Equation 1204 states that MA4XX is the dependent variable of a table
(or function) with name, MF2XX, and independent variable, MA2XX.
This function, shown in Figure (4-4), introduces a dead zone into
the market price mechanism so that, for a "normal'' range of
MAZ2XX, market price is constant. The independent variable,

MAZ2XX, in the above equation is defined by the following equations:

MAZ2XX. K = MATXX.K + MA6XX. K + MA3XX. K 1203
MA6XX. K = (MOUXX.K)(1)/ MGIXX.JK 1226
Where:

MA6XX = Weeks of unfilled orders at the current
production rate

MOUXX = M sector Orders Unfilled (ft2)

MGIXX = M sector Goods to Inventory (current
production rate)-ft

|

MA3XX.K = (MA10X.K)(1)/ MGIXX.JK 1225

Where:
MA3XX

I

Weeks of unfilled mill inventory space at
the current production rate
MA10X = Unfilled inventory space (it?)

MATXX.K = (MFRXX.K)(MK2XX)/ MGIXX.JK 1228
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Where:
MATXX = Factor which introduces the rate of change
of unfilled orders into the price mechanism
MGIXX = M sector Goods to Inventory (ft4/ wk)
MK2XX = Constant (wks)

In Equation 1228, MFRXX is the output of a smoothing delay which
has an input MA17X. The variable MA17X is given by:
MA17X. KL = MORXX, JK-MGSXX, JK 1235
Where:
MA17X = Rate of change of unfilled orders (ft¢/ wk)

MORXX = M sector Orders Received (ft%/ wk)
MGSXX = M sector Goods Shipped (ft2/ wk)

1!

H

The variable MA2XX is thus seen to be equal to the order back-
log in weeks (MA6XX) plus the unfilled inventory capacity in weeks
(MA3XX) plus a factor directly proportional to the rate of change of
unfilled orders (MA7XX). It is this latter term that introduces the
zero into the open loop transfer function of the linearized model of
the price mechanism and thereby yields stability of the mill market
price. In summary, for values of MAZ2XX in the deadzone of the
function MF2XX, MA4XX is zero and hence price rate is zero as
well. For MAZ2XX to be in excess of the deadzone of MF2XX, un-
filled orders and unfilled inventory space must exist or demand must
be greater than supply (rate of change of unfilled orders positive) or
both conditions must prevail. In any event, MA4XX is positive and
market price is increasing. If MAZ2XX is smaller than the deadzone

of the function MF2XX the converse of the previous statement applies
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and market price falls. This discussion is perhaps clarified by
reference to the block diagram of Figure (4-4).

As has been mentioned above, the variable MA4XX is ''nearly"
equal to the rate of change of market price. The reason for this
qualification will emerge in the discussion that follows. The equa-

tions which calculate mill market price, MPXXX, are the following:

MPXXX.K = TABHL (MF1XX, MA1XX. K, &, % k) 1206
Where:

MPXXX = Mill market Price ($/ ft%)

MF1XX = Name of table (or function)

MAIX = Independent variable of the table

NS = Numbers used in the DYNAMO language in

the specification of specific table values

MAIXX, K = MA1XX.J + DT(MA21X.J-0O) 1205
MAZ21X. K = (MKIXX)(MA4XX. K) 1261
Where:

MKIXX = Constant

MA4XX = Price rate (unadjusted)

The above equations state that mill market price is MA4XX multi-
plied by the constant MKI1XX, integrated with respect to time, and
modified by the function MF1XX. The purpose of the function,
MF1XX, is to constrain market price so that it remains above an
absolute lower limit imposed by mill costs. This constraining
mechanism appears to be a part of the thinking of both buyers and

"

sellers in the market. Even buyers have a concept of a ''fair price

that mills require in order to operate in the long run.
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Inspection of the above equations indicate that the mill price

rate, dMPXX/ dt may be expressed as follows:

dMPXX/dt = dMFIX(MA1XX)/ dt

= (dMF1X/ dMA1X)(dMA1X/ dt)
dMA1X/dt = (MKIXX)(MA4XX) therefore
dMPXX/dt = (dMF1X/dMAlX)(MKIXX)(MA4XX)

The market price rate is thus seen to be MA4XX times the constant
MKI1XX times the derivative of the function MF1XX with respect to
its independent variable. The computation of Mill Price Rate,
MPRXX, is based on the foregoing discussion and shown diagram-
matically in Figure (4-4).

This concludes discussion of the price mechanism included in
the simulation model. As has been seen, the market price and
price rate are a function of supply and demand in the industry which
are in turn functions of price and its time rate of change. The ply-
wood industry being simulated is therefore seen to be a highly com-
plex feedback system.

3.5) M sector profits. The simulation model of M sector cal-

culates the net profit of the sector from values of production rate,
market price, and costs generated by the model. These computa-
tions are straight-forward and will not be discussed in detail here.
To aid in interpreting the block diagram representation of the profit

calculations shown in Figure (4-4), the following variables and
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constants are defined:

MENSX M sector Earnings Net on a price at time of Ship-
ment basis ($)

MENOX M sector Earnings Net on a price at time of Order
basis ($)

MRSXX M sector Revenue on a price at time of Shipment
basis ($/ wk)

MROXX M sector Revenue on a price at time of Order
basis ($/ wk)

MCTXX M sector Cost, Total ($/ wk)

MCVXX M sector Cost, Variable ($/ wk)

MCFXX M sector Cost, Fixed ($/ wk)

MCFMX M sector Cost, Fixed per Mill (constant) $/ wk

MNXXX Number of M sector mills

MCVMX M sector Cost, Variable per Mill ($/ wk)

3.6) Sector growth. The simulation model, as constructed,
contains the variable, MNXXX, which specifies the number of mills
in the sector. A number of possibilities exist with respect to the
specification of MNXXX. 1If short run industry behavior is of inter-
est MNXXX would be held constant. Should long run behavior of
interest, the number of mills in the sector would be taken as an
independent or dependent variable. It is known that industry growth
is a function of profit (among other variables). The simulation
model, as constructed, makes it possible to take MNXXX as a

dependent variable dependent upon sector profit MENSX or MENOX.

4) Independent Jobbers (W Sector)

The next sector to be discussed will be W sector which repre-

sents the aggregation of independent jobbers over the nation that
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handle softwood plywood. As seen in Figure (3-1), these firms
purchase about 50 percent of the output of the independent mills
through what has been called the '"mill market''--as much as all
other wholesale outlets (for independent mill output) combined. The
behavior of these firms can therefore be expected to have a strong
influence upon mill market price.

In what follows, the simulation model of W sector will be de-
scribed by considering individually the major decision rules that
determine the behavior of the sector. These rules are: the order
acceptance rate decision, the shipping rate decision, and the order
rate decision. This latter decision rule is actually a composite
based upon a number of component decisions concerning forecasting,
speculation, and inventory control but will be discussed in toto. The
block diagram for W sector is shown in Figure (4-6) and will be
referred to in the discussion that follows:

4.1) The order acceptance rate decision. Before discussing

this decision rule in detail, it would be well to define what is meant
by an order as received by a firm of W sector. An ''order'' will be
taken here as a definite offer to buy a quantity of plywood which, if
accepted eventually leads to the shipment of the specified quantity
to the purchaser. The individual firm's order acceptance rate
(sales rate) is the rate at which transactions are made by the firm

and is a function of a number of factors such as construction activity,
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sales effort, quoted price of the individual firm, average or market
price, actions of competitive firms, and quality of service. In the
aggregate, however, the effects of certain of these factors tend to
cancel out. For example, if one firm should increase sales by
lowering price, providing superior service, or by increasing sales
effort, other firms would lose sales and the net aggregate sales in-
crease would be less than that of the individual firm. It was as-
sumed, on the basis of this cancellation effect that the aggregate
order acceptance rate is determined solely by the rate at which
buyers place orders at the average market price. Price and service
competition among sellers has been neglected as has any effect that
increased sales effort might have upon aggregate demand for ply-
wood. Inclusion of this latter factor might be a useful extension of
the present work.

Equation 2109 of the simulation model is a mathematical state-

of the above discussion:

WOALX, KL = WORLX, JKl 2109

lAc‘cually, this equation states that the order acceptance rate
in the current computation interval (KL) is equal to the rate at
which orders were received in the previous computation interval
(JK). A time delay equal to the computation interval DT has thus
been introduced which may not exist in the real world. This one
period delay is necessary due to a restriction imposed by the
DYNAMO simulation language but insignificant in practice if the
time interval DT is kept small enough. Forrester discusses the
choice of an appropriate DT (15).



66

Where:
WOALX = W sector Orders Accepted from L sector
(ft2/ wk)
WORLX = W sector Orders Received from L sector
(ft2/ wk)

4.2) The shipping rate decision. The shipping rate decision

rule incorporated in the simulation model of W sector is similar to
that discussed by Forrester in connection with a single retail firm.
The assumption is made that all firms in the sector behave in this
manner and that this rule applies to the sector as a whole. This
decision rule will first ke presented as included in the simulation
model and it will then be shown that the implications of this rule are
realistic in several significant respects.

Stated in words, the W sector shipping policy is assumed to be
that of shipping at a rate directly proportional to the backlog of un-
filled orders, WOULX, as long as sufficient goods are available in
inventory. The inventory restriction is necessary because it is im-
possible to ship goods which are not on hand. A mathematical de-
scription of the shipping rate decision will begin with Equation 2100
which computes the unfilled order backlog:

WOULX. K = WOULX.J + (DT)(WOALX, JK-WGSLX, JK)

2100
Where:
WOULX = W sector Orders Unfilled with respect
to L sector (ftz)
WOALX = W sector Orders Accepted from L,
sector (ft¢/ wk)
WGSLX = W sector Goods Shipped to L sector (ft2/ wk)

DT Time interval between computations (wks)

i
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The backlog oi unfilled orders is seen from Equation 2100 and the
sector block diagram of Figure (4-6) to be a time integration of the
difference between the rate at which orders are received, WOALX,
and the rate at which goods are shipped, WGSLX. Since WGSLX is
the variable which is being derived, and since WGSLX is a function
of itself, it is apparent that a feedback mechanism is present in the
assumed decision rule. The trial shipping rate, WTSLX, which
differs from the actual shipping rate in that it has not been modified
by the inventory constraint, is given by Equation 2102:

WTSLX. K = WOULX.K/WDFLX. K 2102

Where:
WTSLX

[

W sector Trial Shipping rate to L sector

(ft2/ wk)

WOULX = W sector Orders Unfilled with respect to L
sector (ftz_)
WDFLX = W sector Delay in Filling orders to L.

sector (wks)
In the simulation model of W sector the order filling delay, WDFLX,
has been taken as constant though in reality it is probably a function
of the level of inventory WIAXX. ! Experience indicates that the
inclusion of this added complexity is not justified. The actual ship-

ping rate is determined as shown in Figure (4-6) and specified by

1Shipping delay will tend to increase with decreasing inventory
level due to the decreased probability of the desired grade, thick-
ness and quantity being in stock. Items not in stock are sometimes
obtained from other warehouses or a mill with an additional time
lapse.
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Equation 2104:
WGSLX. KL = MIN (WTSLX, K, WRNLX, K) 2104

Where:
WGSLX = W sector Goods Shipped to L sector (ftz/ wk)

WTSLX = W sector Trial Shipping rate to L sector
(ft2/ wk)
WRNLX = WIAXX/ DT {The maximum allowable ship-

ping rate consistent with the restriction that
WIAXX be non-negative)-—ftz/ wk

and:
WIAXX = W sector Inventory Actual (ftz)

Since sector inventory level rarely, if ever, drops to the point where
the limiting shipping rate comes into play, the shipping rate is es-
sentially WTSLX.

Properties of this decision rule which recommend its inclusion
in the simulation model will now be examined. Inspection of Figure
(4-6), and in particular that part of the diagram which relates to
Equations 2109, 2100, 2102, and 2104 brings to light the inherent
feedback mechanism referred to above. If the inventory constraint
is neglected, the shipping rate, WGSLX, can be considered to be the
controlled variable of a first order, type-one control system with the
order acceptance rate, WOALX, as the reference input. The prop-
erties of such a control system are well known. Importantly, the
system is always stable. Secondly, in the steady state, the shipping
rate, WGSLX, converges to the rate at which orders are received,

WOALX. A third property of such a system is that the controlled
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variable, WGSLX, lags1 the reference input, WGSLX. All three of
these properties are observed in the behavior of the firms being
simulated.

4.3) The order rate decision. Of the three decision rules

under discussion in connection with the independent jobbers of W
sector, the order rate decision is by far the most significant in
terms of influence upon mill price and output. In what follows, the
decision rule incorporated in the model will be discussed.

The variables which enter into the decision rule which deter-
mines the rate at which the independent jobbers of W sector order
plywood from the independent mills of M sector are numerous. From
industry interviews and published information, it became clear that
the ordering rate of an individual firm of W sector is a function of at
least the following variables: jobber inventory, desired jobber in-
ventory, pipeline inventory, 2 jobber unfilled orders, desired jobber
unfilled orders, current sales rate, expected (forecast) sales rate,
current mill price, '"'normal' mill price, and rate of change of mill
price. At the time the model was constructed, it was apparent that
these variables should be combined in a nonlinear manner to best

specify the ordering behavior of independent jobbers; however, it

In this particular case, the lag is first order exponential.

The term ''pipeline inventory'' refers to orders and goods that
are in process or in transit in the distribution system.
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wasn't apparent what form this nonlinear relationship should logically
take. The decision was therefore made to initially specify a linear
combination of these variables; recognizing that a linear approxima-
tion to a nonlinear system is generally useful in a region of the state
space about the point at which linearization is introduced. As will
be seen in the following chapter, the simulation model with this
linearized decision rule provided considerable insight into the be-
havior of the industry and reproduced some significant features of
actual industry performance. Experience with this model also sug-
gested nonlinear changes to the order rate decision rule worthy of
future investigation. These possible modifications will be described
in Appendix II.

The linearized order rate decision rule is shown diagrammati-
cally in the lower portion of Figure (4-6). As seen in the diagram,
the unlagged sector order rate, WOIMX, is a linear (through limited
by WF1XX) combination of forecast (future) sales rate (WSFLX), a
correction to adjust inventory and pipeline inventory (WA3XX), a
price rate speculation factor (WA5XX), and a price speculation factor
(WATXX). The actual order rate, WOSMX, is WOIMX lagged by a
third order exponential delay which represents, in the aggregate, the
order processing delay of the individual firms.

The first of these terms, forecast sales rate WSFLX, is in-

cluded because of a tendency on the part of jobbers to allow their
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expectation of future sales to influence current buying.  In particu-
lar, the strong seasonal variation of sales and price experienced by
the industry causes jobbers to increase order rate prior to the spring
construction boom and to reduce orders in the fall after the peak in
construction has past. The origin of the forecast sales rate, WSFLX,

is discussed below.

lln a number of computer runs the smoothed current sales
rate, WSSLX, was included in the W sector order rate decision rule
in place of forecast sales rate, WSFLX. The inclusion of WSSLX
was based upon the assumption that jobbers ordered to replace goods
sold. Computer runs which included the forecast variable WSFLX,
however, yielded results which closer resembled past industry ex-
perience. This fact would indicate that expectations of future sales
play a significant role in the determination of W sector order rate.
The smoothed order rate, WSSLX, is generated in the simulation
model as shown in Figure (4-6) and is given by Equation 2107:

WSSLX.K = WSSLX.J + (DT)(l/ WK8XX)(WOALX,JK-WSSLX.J)

2107
Where:
WSSLX = W sector Sales Smoothed to L sector (£t2/ wk)
WOALX = W sector Orders Accepted from L sector
(£t2 / wk)
WKB8XX = Smoothing time constant (wks)

DT = Computation interval

It is readily seen that WSSLX is related to WOALX through a first
order exponential lag with time constant WK8XX,

To show that Equation 2107 defines a first order exponential
lag, it is re-written as follows:

(WK8XX)(WSSLX. K-WSSLX.J)/DT + WSSLX.J = WOALX.JK
If DT is very small (as it is in the simulation model) the first term
on the left of this equation becomes the time derivative of WSSLX,
subscripts may be dropped, and the variables expressed as a func-
tion of time-t:

(WKB8XX) d(WSSLX(t))/ dt + WSSLX(t) = WOALX(t)
The second equation is the time domain representation of a first
order exponential lag with time constant WK8XX.
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The second term in the order rate decision WA3XX in Figure
(4-6), is introduced because of the need for individual jobbers to
control the level of warehouse inventory. If inventories are too
small, the firm will tend to lose sales to competitors because of in-
ability to supply specific plywood grades and thicknesses. Excessive
inventories are also undesirable due to increased costs and needless
incapacitation of capital. Inventory control also implies control of
goods and orders in the distribution pipeline because failure to adjust
pipeline inventories results in a later imbalance in actual warehouse
inventory. A number of variables which enter into the determination
of WA3XX will now be derived.

A variable that plays a significant role in the control of the
inventory level of the individual firm is a forecast of future sales
rate. The simulation model of W sector includes a series of equa-
tions which provide a forecast of sales WTFXX weeks into the future.
The variable WSF1X (W sector Sales rate, Forecast lst approxima-
tion, shown in Figure (4-6), is an average of sales rate over past
years, weighted as to give more emphasis to recent years, and pro-
jected WTFXX weeks into the future. The equations which compute
WSF1X are given in Appendix I (Equations 2129-35) and will not be
discussed here. This forecasting method is, however, described by
Forrester (15). As seen in Figure (4-6), the actual forecast sales

rate WSFLX is given by:
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WSFLX. K = (WSF1X. K}(WTFCX. K) 2126
Where:
WSFLX = _'\M sector §ales rate Forecast to L sector
(ft2/ wk)

WSF1X = W sector Sales rate Forecast 1st approxima-
tion (ftz/ wk)
WTFCX = W sector Trend ForeCast adjustment factor

1

The purpose of Equation 2126 is to allow for introduction of informa-
tion relating to the trend of sales over time or information obtained
from national economic forecasts. In recent years sales of plywood
have trended steadily upward so WTFCX is normally somewhat
greater than unity. Efforts were made to generate the trend of sales
as a dependent variable of the model but initial results were less
than satisfactory. As shown in Figure (4-6), the adjustment for a
trend in sales rate is introduced into the model as an independent
variable. Since it is necessary to introduce information from na-
tional economic forecasts into the model as an independent variable,
this information may be combined with trend information in the
single independent variable, WTFCX,

Given the forecast of sales rate WTFXX weeks into the future,
WSFLX, the simulation model calculates WIFXX--the future desired
inventory level given by Equation 2128:

WIFXX. K = (WKIXX)(WSFLX. K) 2128

Where:

WIFXX
WSFLX

H

W sector Inventory Forecast (ft2)
W sector §ales rate Forecast to L sector

(ft2/ wk)

I
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WKIXX = A constant equal to the weeks of inventory
desired at the expected sales rate

The relationship of Equation 2128 is based on the tendency of jobbers
to think of inventory levels in terms of weeks of sales. Desired in-
ventory, then, varies directly with sales rate.

The concept of desired inventory is necessary in the model be-
cause it provides a reference for calculation of an order rate change
to correct inventory level thus; the difference between actual inven-
tory, WIAXX, and forecast inventory, WIFXX, enters into the deter-
mination of WA3XX, the order rate correction to adjust inventory
level. The actual inventory level is given by a time integration of
the difference between the rates at which W sector receives and ships
goods as given by Equation 2101:

WIAXX.K = WIAXX, J + (DT)(WGRMX, JK-WGSLX. JK) 2101

Where:
WIAXX = W sector Inventory Actual (ftz)
WGSLX = W sector Goods Shipped to L sector (ft2/ wk)
WGRMX = W sector Goods Received from M sector

(ft2/ wk)
DT = Time interval used in computation

The rate at which goods are received, WGRMX, is simply the rate
at which goods are shipped to W sector lagged by the transit time
from mill to warehouse:

WGRMX. KL = DELAY3(MGSWX.JK, WK2XX) 2111

Where:
WGRMX = W sector goods Beceived from M sector

(ft2/ wk)
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MGSWX = M sector Goods Shipped to W sector (ftz/wk)

WK2XX = Average time of transit (wks)
Equation 2111 is a DYNAMO statement which introduces a third order
exponential lag with time constant WK2XX between WGRMX and
MGSWX. The reasoning underlying the selection of this particular
form of lag is given in chapter six.

As mentioned above, it is necessary not only to control actual
inventory but also the levels of orders and goods in the distribution
system pipeline. The actual and desired pipeline inventory terms
necessary for the computation of WA3XX, the order rate correction
to adjust inventory, will now be developed. The actual pipeline in-
ventory for a firm or the sector as a whole is readily seen to be the
sum of orders being processed at the warehouse plus unfilled orders
at the mill plus goods in transit from mill to warehouse. This sum-
mation is shown by Figure (4-6) and is given by Equation 2122:

WPAMX. K = WGIMX. K + WOPMX, K + MOUWX. K 2122

Where:
WPAMX

"

W sector Pipeline inventory Actual with
respect to M sector (ftz)

WGIMX = W sector Goods In transit from M sector
(££%)

MOUWX = M sector Orders Unfilled with respect to
W sector (ftz)

WOPMX = W sector Orders in Process to M sector

(£t%)
As seen in Figure (4-6), WGIMX is obtained by a time integration of

the difference between the rate at which shipments are made to W
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sector and the rate at which W sector receives goods. WOPMX is
obtained from a similar integration. The unfilled order level,
MOUWX, is a dependent variable which is determined within M
sector.

Attention will now be directed to the determination of the level
of pipeline inventory desired by firms of W sector. This desired
level of pipeline inventory is strongly dependent upon the rate at
which goods are sold out of warehouse. If sales rate is constant and
inventories are at desired levels, a certain level of pipeline inven-
tory is necessary to maintain the existing sales rate without disturb-
ing warehouse inventory levels. That is, there is a level of pipeline
inventory which will maintain the desired warehouse inventory level
at the existing sales rate. This pipeline inventory level which pro-
duces equilibrium at a given sales rate is what has been termed
""desired pipeline inventory'' and is given by Equation 2125:

WPDMX. K = (WSFLX. K)(WK6XX + WK2XX + WDFMX. K)

2125

Where:
WPDMX = W sector Pipeline inventory Desired with
respect to M sector (ft2)

l

WSFLX = W sector Sales Forecast to L. sector
(ft2/ wk)

WK6XX = Order processing lag (wks)

WK2XX = Shipping delay, mill-warehouse (wks)

WDFMX = W sector Delay in Filling orders at M
sector (wks) is the time required for
mills to fill warehouse orders.

Equation 2125 is true because the quantity of goods stored in
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exponential lags such as WK6XX, WK2XX, and WDFMX at a con-

stant throughput rate is equal to the throughput rate (WSFLX here)
times the duration of the lag.

As seen in Figure (4-6) W sector unfilled orders, WOULX,
and the normal level of unfilled orders, WONLX, also are included
in the order rate decision rule factor, WA3XX. These factors are
included because they behave like pipeline inventory terms. The
equation for the normal level of unfilled orders is thus given by:

WONLX. K = (WSFLX. K)(WDFLX. K) 2127

Where:
WONLX = W sector unfilled Orders Normal with re-
spect to L sector (1t2)
WSFLX - W sector Sales rate Forecast to L sector

aZ/ wk

1This may be seen by first considering the first order ex-

ponential lag given by:

TdO({t)/ dt + O{t) = I{t)
I(t)represents the rate at which goods or orders enter the delay proc-
ess, O(t) the rate goods or orders leave the delay process and T the
time constant of the exponential delay. The quantity of goods stored
in the delay process, Qft), is given by:

Q(t) :S(I(t)—O(t))dt + 0(o)
and
dQ(t)/ dt = I{t) - O(t)
which with the first equation yields

dQft)/ dt = TdOr)/ dt.
Integration of this latter equation gives

Q(t) = O)T.
In the steady state O(t) = I{tj and the quantity Qf{t) is equal to the
time constant, T, times the throughput rate. As seen in Figure (4-2)
higher (Nth) order delays are equivalent to N cascaded first order
delays each with a time constant of T/ N where T is the length of
the time delay. It follows, then, that for an exponential lag of any
order the quantity stored in the delay process is equal to the through-
put rate times the duration of the delay.
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WDEHLX = W sector Delay in Filling orders to L sector
{(wks)

With the above variables available, that factor of the order
rate decision which provides for control of actual inventory, pipeline
inventory, and unfilled orders is now specified by Equation 2112:

WA3XX. K = {1/ WK3XX)(WIFXX. K - WIAXX. K + WPDMX. K -
WPAMX K+ WOULX, K - WONLX, K)
2112
Where:
WA3XX = Factor in order rate decision rule which
provides for control of actual inventory,

pipeline inventory, and unfilled orders.
WK3XX = constant (wks)

WIFXX = W sector Inventory Forecast (ftz)

WIAXX = W sector Inventory Actual (ftz)

WPDMX = W sector Pipeline inventory Desired with
respect to M sector (ft2)

WPAMX = W sector Pipeline inventory, Actual with
respect to—_-M sector (ftz)

WOULX = W sector Orders Unfilled with respect to L
sector (ftZT) -

WONLX = W sector unfilled Orders Normal with re-

spect to L sector Etz)
The constant WK3XX determines the speed of adjustment of the con-
trolled variables in Equation 2112.

The next factor occurring in the independent jobber order rate
decision rule represents the influence of the price prevailing in the
mill market. Independent jobbers, as a group, are strongly in-
fluenced in their buying by the current market price. Due to sea-
sonal fluctuation in the mill price it is possible for these jobbers to
substantially augment their normal profit by buying during times of

the year when the price is low and selling during periods of high
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market price. Equation 2117 defines this price speculation factor
entering into the order rate decision rule:

WATXX. K = (WNXXX. K;IMPXXX K-MPMXX. K){WK5XX)

2117

Where:

WATXX - Price speculation factor (ft%/ wk)

WNXXX = Number of independent jobbers

MPXXX = Mill market Price ($/ {t2)

MPMXX = Mill market Price sMoothed {averaged)

WK5XX == Demand constant for an individual warehouse,
(£t5/ wi){$/ 1t2)

Equation 2117 defines the amount by which the aggregate inde -
pendent jobber order rate is changed as current price, MPXXX,
varies with respect to smoothed or average price, MPMXX. The
concept of an average or ''normal’ price is a very real one in the
minds of industry decision makers. The model generates this aver-
age price by exponentially smoothing current price, MPXXX, over
one or more years as shown in the M sector block diagram, Figure
(4-4). The use of exponential smuothing is realistic in that it tends
to weight recent data more heavily than past data as described by
Forrester (15).

Independent jobbers are influenced in their ordering not only by
market price but by the rate of change of market price as well. If
price is moving up, buying will tend to increase in order to avoid

buying later at a higher price. 1If price is faliing the converse would

be true. This behavior is introduced into the order rate decision
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rule by Equation 2114:

WABXX. K = (WK4XX)(MPRXX, K){(WNXXX. K) 2114
Where:
WABSXX - Price rate speculation factor (ftz/wk)
WK4XX = Speculation constant for an individual ware-

house, (ft%/ wk)/ ($/ ft?2 wk)
Mill market Price Rate ($/ft2)/ (wk)
Number of Independent jobbers

i

MPRXX
WNXXX

il

The rate of change of mill price, MPRXX, is generated by the
simulation model as shown in the block diagram of M sector, Figure
(4-4). The number of independent jobbers, WNXXX, may be intro-
duced into the model as a variable or a constant depending upon
whether long or short run behavior is of interest.

The various factors which, when summed, limited as to pre-
clude the possibility of a negative order rate, and lagged form the
linearized W sector order rate decision rule, have been derived.
The summation of these several factors is represented by WAIXX as
shown in Figure (4-6). This summation, limited to eliminate the
possibility of a physically impossible negative order rate, is the
variable WOIMX, The limiting action is introduced by the function
named WF1XX in Figure {4-6). This function has the property that
the dependent variable {(WOiMX) has the value zero for values of the
independent variable (WAL1XX) less than zero. For values of WAIXX
greater than zero, WOIMX is equal to WAIXX up to some limiting

value beyond which it does not increase. The actual rate at which
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W sector places orders, WOSMX, is the variable WOIMX lagged by
an order processing delay:
WOSMX. KL = DELAY3(WOIMX.JK, WK6XX)] 2120
Where:
WOSMX = W sector Orders Sent to M sector (ftz/wk)
WOIMX = W sector Orders impending to M sector
(ft2/ wk)
WK6XX = Average W sector crder processing delay
{wks)
DELAY3 : DYNAMO representation of a third order
exponential lag.

This concludes discussion of simulation of the independent jobbers of

W sector.

5) Users and Retailers {L Sector)

As stated previously, L sector represents an aggregation of
users and retailers of plywood who buy plywood from jobbers in less
than boxcar load lots. They are not to be confused with the users
and retailers of K sector who buy at a lower wholesale price by pur-
chasing boxcar load quantities. A lower price prevails in the latter
case because of the elimination of jobber handling costs.

In important respects, the behavior patterns of firms in both
L and K sectors resemble those of the jobbers of W sector. All
these firms hold, and therefore must control, plywood inventory and
all increase their profit by price and price rate speculation in their

respective markets. For this reason, only variations from the
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previously discussed W sector decision rules will be described in
detail in what follows.

The block diagram which defines the interaction of the signifi-
cant I, sector variables in shown in Figure (4-7). In addition to the
three basic decisions discussed in connection with W sector; namely
the order acceptance, shipping and order rate decisions, the firms
of I, sector have the additional decision of whether to buy from an
independent jobber of W sector or an integrated jobber of C sector.
These four basic decision rules will be discussed in the following
sections.

5.1) The order acceptance rate decision. Previous dis-

cussion relating to the W sector order acceptance rate decision
applies directly here. The order acceptance rate is given by Equa-
tion 3143:
IOAXX. KL = LORXX. JK 3143
Where:
LOAXX = L sector Orders Accepted ({ft2/ wk)
LORXX = L sector Orders Received
The variable, LORXX, is one of the very few independent or exoge-
nous variables in the simulation model. It is determined by such
factors as new construction and demand for industrial products
which utilize plywood. These factors are in turn a function of the

national economic environment.

5.2) The shipping rate decision. The shipping rate
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incorporated :nto the simulation model of L, sector is exactly that
previously described in connection with W sector. This decision rule

is as shown in Figure (4-7) and is specified by the following equa-

tions:
LGSXX. KL, = MIN(LA2XX.K, LA3XX.K) 3107
Where:
LGSXX = L sector Goods Shipped (ftz/ wik)
And:
LAZ2XX. K = LOUXX.K/ LK2XX 3105
Where:

LOUXX = L sector Orders Unfilled (ft%)
LA3XX.K = LIAXX. K/DT
Where:

LIAXX = L sector Inventory Actual (£t2)

The level of unfilled orders, LOUXX, is in turn a function of the rate

at which goods are shipped:

LOUXX.K = LOUXX.J + (DT){LOAXX.JK - LGSXX.JK)

3104
Where:
LOUXX = L sector Orders Unfilled (ft2)
LOAXX = L sector Orders Accepted (ft2/ wk)
LGSXX = L sector Goods Shipped (ft2/ wk)

5.3) The order rate decision. The order rate decision of L

sector is essentially that of W sector with two modifications. The
first of these is the omission of a term in the pipeline inventory
correction to adjust the levels of unfilled orders at W and C sectors.
The effect of this factor was not deemed significant enough to justify
inclusion. The second modification is the inclusion of the factors

LSGKX and LSLKX shown in Figure (4-7). The first of these is
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given by Equation 3113:
LSGKX = (LA6XX, K)(LK6XX) 3113

Where:
LSGKX = L sector Sales Gained from K sector (ftz/wk)

LK6XX = Constant (ftz/ wk)/ ($/ wk. f_t-z)
LA6XX = O if MPRXX is greater than or equal to zero
LA6XX = MPRXX if MPRXX is less than zero

This equation introduces into the model a behavior pattern of those
decision makers who may purchase in either carload or less than
carload lots. Equation 3113 states that L sector will gain sales that
would otherwise have gone to K sector if the price rate, MPRXX, is
negative. The rationale here is that when price is falling customers
prefer to buy in small (less than carload) lots from L sector so they
can purchase in carload lots (from K sector) at lower prices at a
later time. The variable LSLLKX, on the other hand, specifies the

sales L sector loses to K sector when the mill price is rising:

LSLKX. K = (LA7XX.K)(LK7XX) 3114
Where:
LSLKX = L sector Sales Last to K sector (ftz/wk)
LK7XX = Constant, (ftz/ wk)/ ($/ “wk £t2)
LATXX = MPRXX if MPRXX is greater than or equal
to zero
LA7TXX = O if MPRXX is less than zero

Should mill price be rising, customers would prefer to buy from K
sector in carload lots and as a result L. sector would lose sales as
specified by Equation 3114.

The total rate at which the firms of L. sector order, LOSXX,
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is seen from figure (4-7) to be the lagged sum of an inventory, pipe-
line inventory and unfilled order correction (LLA4XX), a correction
for sales lost or gained from K sector (LSLKX or LSGKX), a price
rate speculation factor (LA8XX), current smoothed sales (LOSMX)
and a price speculation factor (LA9XX). Before leaving the L sector
order rate decision rule it would be well to discuss the origin of
wholesale price, LPXXX, upon which the price speculation factor is
based. In industry interviews it soon became apparent that a plural-
ity of wholesale prices existed in numerous regional wholesale mar-
kets over the country. Prices in these regional markets may vary
widely due to variation in local supply-demand relationships. It was
also apparent from interviews that regional wholesale prices, in the
absence of competitive factors, were determined by the mill market
price plus a wholesale mark up and that the wholesale price tended
to follow the mill price up and down. Since it is impractical and
probably unnecessary to include these many regional wholesale
markets in the simulation model, the wholesale price in the less than
carload market, LPXXX, was taken as a lagged function of the mill
market price, MPXXX. This relationship is shown diagrammatical-
ly in Figure (4-7) and is given by Equations 3134 and 3135:

LPXXX.K = LPXXX.J + (DT)(1/LK15X)(LA16X.J - LPXXX.J)

3135
Where:
LPXXX
LK15X

Less than carload market Price ($/ ftz)
Time constant of first order lag (wks)

il
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The variable LA16X in Equation 3135 is, in turn, given by
Equation 3134:
LLA16X, K = (MPXXX. K)(LK14X) 3134
Where:

MPXXX = Mill Market Price ($/ ft2)
1L.K14X Average ratio of wholesale to mill price

1

The mill market price is determined in the mill market as dis-
cussed in connection with M sector.

5.4) The ''where to buy' decision. Attention will now be

turned to a decision rule which is uniquely a part of L sector. As
reference to Figure (3-1) indicates, L sector has the option of buy-
ing from W sector or C sector--independent or integrated jobbers.
It was therefore necessary to pose the question: is there any ra-
tional basis for firms of I, sector favoring one sector over the
other? Information obtained from industry interviews brought to
light two factors which could possibly have such an influence. The
first of these is relative sales effort on the part of independent and
integrated jobbers. ''Sales effort' includes such factors as adver-
tising, the number and quality of sales personnel and the number of
personal sales contacts with prospective customers. Contacts with
industry personnel indicated that, as a group, integrated jobbers
tend to be more aggressive and more inclined to seek increased
sales.

Relative sales effort was introduced into the simulation model
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by means of Equations 3120 and 3121:

LOFWX. K = (LOSXX. JK)(WSXXX)/ (CSXXX + WSXXX) 3120

Where:
LOFWX = L sector Orders Feasible to W sector
(ft2/ wk)
LOSXX = L sector Orders Sent (ft2/ wk)
WSXXX = W sector Sales effort
CSXXX = C sector Sales effort

LOFCX. K = (LOSXX. JK)(CSXXX)/ (CSXXX + WSXXX) 3121

Where:
LOFCX = L sector Orders _F_easible to E sector

(ft2/ wk)
It is readily seen that the sum of LOFWX and LOFCX is the total L
sector order rate, LOSXX. As programmed, sales efforts, CSXXX
and WSXXX, have been considered as constants; however, these
factors could readily be included as functions of variables within W
and C sectors should it be of interest to do so. It was felt that
"sales effort" was sufficiently stochastic in nature to justify the in-
clusion of a random or noise disturbance at this point. As shown in
the figure, the variable LN1XX is this noise disturbance term:
LNIXX.K = (LK19X) NORMRN (O, LNI1SX. K) 3122
Where:
LN1XX = Noise disturbance (ft2/wk)
LKI1I9X = Constant
(O, LN1SX. K) = Mean and standard deviation of
NORMRN

The variable LLN1XX, defined by Equation 3122 is a normally dis-

tributed random variable with mean zero and standard deviation
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(LN1SX)(LK19X). This random variable is added to LOFCX and
subtracted from LOFWX to yield the new random variables LA10X
and LA11X respectively:
LAI0X, K = LOFCX.K+ LNIXX. K 3124

Where:
LOFCX

L sector Orders Eeasible to g sector

(ft2/ wk)

LNIXX = Noise disturbance term (ftz/wk)
LAIIX. K = LOFWX. K - LNIXX. K 3125
Where:
LOFWX = L sector Orders Feasible to W sector
(ft2/ wk)
LN1XX = Noise disturbance term (ft2/ wk)

The sum of the randomized feasible order rates, LAI10X and LAI1X,
is still equal to the total orders sent by L sector, LOSXX,

A second factor entering into the division of L, sector order
rate, LOSXX, between W and C sectors is introduced at this point,
As has been discussed in connection with W sector, independent
jobbers as a group allow mill price to strongly influence their order-
ing policy. This factor gives rise to wide fluctuations in independent
jobber inventory levels which result in periods of low inventory.
Integrated jobbers, on the other hand, usually maintain inventory
levels at or above some desired lower limit, The net result of this
difference in inventory control policies is a tendency for independent
jobbers to lose sales to integrated jobbers because of not being able

to fill certain orders due to out of stock items. This effect is, in
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part at least, compensated for by independent jobbers assisting one
another in supplying customer needs.

The simulation of this second factor affecting distribution of

L sector orders between W and C sectors will now be discussed.

The probability of losing an order due to an item being out of stock
is strongly dependent upon the level of inventory held. If inventory
is zero, the probability of not being able to fill the order is unity
assuming the item is not available from other sources. On the other
hand, if inventory levels are very large, the probability of losing a
sale due to an out of stock item approaches zero. This strongly
suggests an exponential relationship between inventory level as in-
dependent variable and the probability of losing sales as dependent
variable. This is the relationship included in the model by Equations

3126 and 3127:

LA12X. K = (1) EXP(-LA14X. K) 3126
Where:
LA12X = Probability of C sector losing sales to W
sector
LLA14X. K = (LKI12X)(CIAXX.K)/ LAI10X. K 3128
Where:
LLK12X = Constant
CIAXX = C sector Inventory Actual (ftz)
LAIOX = L sector orders feasible tc C sector
(randomized), ftz/wk
LAI3X.K = (1)EXP(-LA15X.K) 3127

Where:
LLA13X = Probability of W sector losing sales to C
sector
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LA1I5X. K = (LKI3X)(WIAXX.K)/LAI1X.K 3129
Where:
LLK13X = Constant
WIAXX W sector Inventory Actual (ftz)
LA11X L sector orders feasible to W sector
(randomized), £t/ wk

The rates at which C and W sectors lose sales to one another are
calculated in the model as Equations 3130 and 3131:
CSLWX. K = (LA10X. K)(LA12X K} 3130

Where:
CSLWX = C sector Sales Lost to W sector (ftz/wk)

LA10X = L sector orders feasible to C sector
(randomized), ftZ/wk
LA12X = Probability of C sector losing sales to W
sector
WSLCX. K = (LAI1K)(LA13X. K) 3131
Where:
WSLCX = W sector Sales Lost to C sector (ftz/wk)

LAIlX = L sector orders feasible to C sector
(randomized), ft%/ wk

Probability of W sector losing sales to C
sector

LA13X

1

The actual rates at which L sector places orders with C and W sec-
tors are given respectively by Equations 3132 and 3133;
LOSCX. KL = LAIOX. K + WSLCX. K - CSLWX. K 3132

Where:
LOSCX = L sector Orders Sent to C sector (ft¢/ wk)

LOSWX, KL = LAI1X, K + CSLWX. K - WSLCX. K 3133

Where:
LOSWX = L sector Orders Sent to W sector (ftz/wk)

It is readily seen that the sum of LOSCX and LLOSWX is equal to the
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total L sector order rate, LLOSXX, as required. This completes dis-
cussion of I, sector--the aggregation of plywood users and retailers

who buy plywood in less than carload quantities.

6) Integrated Jobbers and Office Wholesalers (C-D Sector)

As has been discussed in connection with the General System
Model of Figure (3-1), C-D sector represents the aggregation of
wholesalers who are organizationally tied to the plywood producers
of P sector. Sector variable narmnes which begin with the letter ""C"
refer to that part of the sector's business that relates to plywood
that is sold out of warchouse into the less-than-carload {LCL) mar-
ket while variables beginning with an initial ""D'" pertain to sector
transactions which relate to plywcod shipped directly from mills to
the carload (CL) market.

Firms which are included in this and the '""P'' sector are four:
Georgia Pacific Corporation, United States Plywood Corporation,
Weyerhaeuser Company, and Evans Products.

As seen in Figure (3-1), these four firms in 1962 produced
40 percent and sold 45 percent of industry output. In spite of this
heavy concentration of production and sales capability, all evidence
indicates that it is primarily the numerous independent producers
and wholesalers who, by their actions in a competitive market,

determine the mill price. Since each of these integrated firms has
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a unique organizational structure and corporate philosophy it was
necessary for reasons of model tractability to build a simulation
model that would approximate the composite behavior of the four
firms. This composite representation was deemed adequate on the
basis of the secondary role that thesc firms appear to have upon the
mill market.

In industry interviews, the following appeared, in general, to
typify the behavior of these integrated firms. Taken together, these
firms are net buyers iii the mill market. The dominate ordering
policy on the part of wholesalers appeared to be one of placing suf-
ficient orders with their own mills and mills under contract to keep
these mills running at normal capacity and to order from the mill
market as needed to keep inventory levels within acceptable limits.
In what follows, discussion will center around major sector decision
rules and in particular the order rate decision which implements the
foregoing policy by specifying the order rates to the integrated and
independent mills, COSPX and COSMX respectively.

6.1) The order acceptance rate decision rule. The C-D sec-

tor, as seen from Figure (3-1), receives orders from both L and K
sectors. In both cases it is assumed that the rates at which orders
are accepted, COALX and DOAKX, are equal to the rates at which
orders are received. The reasons for this assumption are exactly

those discussed in connection with the independent jobbers of W
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sector.

6.2) The shipping rate decision rule. The shipping rate deci-

sion rule incorporated into the model of C-D sector is also that pre-
viously discussed along with the description of the independent
jobbers of W sector. This decision rule is illustrated diagram-
matically in the upper left of Figure (4-8) by the interaction of
COALX, COULX, CA2XX, CRNLX, and CGSLX where these vari-
ables are defined as follows:

COALX C sector Orders Accepted from L sector (ft2/ wk)

COULX = C sector Orders Unfilled with respect to L sector

(ft%)
CA2XX = Desired shipping rate (ft2/ wk)

CRNLX = Maximum shipping rate (ft¢/ wk) permitted by
existing inventory, CIAXX

H

|

and
CDFLX = C sector Delay in Filling orders to L sector
(constant in weeks)

6.3) The order rate decision rule. Certain portions of the C

sector order rate decision rule are similar in structure to corre-
sponding parts of the W and L sector order rate decision. In par-
ticular, the term that provides for correction of integrated jobber
inventory, CA7TXX in Figure (4-8), is similar to the corresponding
term in W sector. As shown in the figure, CA7XX is given by the
following equation;:

CATXX.K = (1/ CK5XX)(CIFXX. K - CIAXX.K + CPDXX. K
- CPAXX.K + COULX. K - CONLX. K)

Where:
CATXX = Order rate correction to adjust inventory,
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pipeline inventory, and unfilled orders
(£t2/ wk)

CIFXX = C sector Inventory Forecast (ftz)

CIAXX = C sector Inventory Actual (ftz)

CPDXX = C sector Pipeline inventory Desired (ft%)

CPAXX = C sector Pipeline inventory Actual (ft2)

COULX = C sector Orders Unfilled with respect to L
sector (ftz_)

CONLX = C sector Orders unfilled Normal with re-
spect to L sector (ftz)

CK5XX = Constant (wks)

For discussion of the origin of each of the variables included in the
above equation, the reader is referred to the description of W sec-
tor. Another term common to the order rates of both W and C sec-
tors is a smoothed or forecast sales rate, CSSLX in the case of C
sector. This is shown in Figure (4-8) and given by Equation 2238:
CONXX, K = CA7TXX, K 4+ CSSLX, K 2238

Where:
CONXX

C sector Order rate Normal (ft2/ wk)

CATXX = Term to provide for control of C-D sector
inventory (including pipeline inventory and
unfilled orders) ft2/ wk

CSSLX = C sector Sales Smoothed to L sector (ft2/wk)

The variable CONXX is the C sector order rate which results
in "normal'' operation of warehouses--that is, the order rate which
provides for sales at the current sales rate and adjustment of actual
inventories, pipeline inventories, and unfilled orders toward desired
levels. This '""normal' order rate will now be subjected to the con-
straint that the mills of P sector, to which the firms of C-D sector

are organizationally tied, must be supplied with enough orders to
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permit these mills to operate at a desired ra‘ce1 and that independent
mills be supplied with a minimum order rate, COMMX, necessary to
keep lines of supply open. As shown in Figure (4-8), the variable
COAXX is the normal order rate, CONXX, constrained as discussed
above. Equations 2237 and 2235 specify COAXX, the actual (con-
strained) C sector order rate:

COAXX, K = MAX (CONXX. K, CAl0X.K) 2237
Where:

COAXX
CONXX

C sector Order rate Actual (ft2/ wk)
C sector Orders Normal (to provide for nor-

1

mal warehouse operation) ft2/ wk
The variable CAl10X in Equation 2237 represents the order rate nec-
essary to keep the integrated mills of P sector operating as desired
and independent mills supplied with a minimum order rate, COMMX:

CA10X.K = CA9XX.K + PGIXX.JK - DOAKX,K + COMMX

2235
Where:
CA9XX A term which provides for adjustment of P

sector unfilled orders and inventory to
desired levels (ft2/ wk)
P sector Goods to Inventory (production rate-
ft2/ wk)
COMMX = Minimum order rate to M sector to keep

supply lines open (££2/ wk)
DOAXX = D sector Orders Accepted from K sector

and forwarded to P sector)—-ftz/ wk

PGIXX

1

The '"desired rate'' in the industry is usually the maximum
mill output possible without necessitating the payment of overtime
wage rates. It is shown on page 36 that over a range of market
prices such operation results in maximum mill efficiency. It was
learned from industry interviews that this mode of operation is
common among integrated mills of P sector.
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The actual C sector order rate, COAXX, must now be allocated

between integrated mills of P sector and independent mills of W sec-

tor. The rate at which C must send orders to P sector is readily

seen to be that of Equation 2239:

COIPX. K = PGIXX,JK + CA9XX, K - DOAKX. K 2239
Where:
COIPX = C sector Orders Impending to P sector
(ft2/ wk)
PGIXX = P sector Goods to Inventory (production rate)
ft / wk
CA9XX = Correction factor to adjust P sector inven-
tory and unfilled orders (ft2/ wk)
DOAXX = D sector Orders Accepted from K sector

and forwarded to P sector)-—ftz/ wk

From Equation 2239 it is seen that the rate at which orders are

impending to P sector,

COIPX plus DOAKX, is equal to the desired

production rate, PGIXX, plus the term to correct P sector inventory

and unfilled orders CA9XX. The actual rate at which orders are

sent to P sector is given by:

COSPX. KL = DELAY3(COIPX. JK, CKI10X) 2246
Where:
COSPX = C sector Orders Sent to P sector (ftz/wk)
COIPX = C sector Orders Impendmg to P sector
(£t2/ wk)
CK10X = Order processing lag (wks)
DEILLAY3 = DYNAMO designation of a third order expo-

nential lag

With the order rate to P sector determined, the rate at which

C sector places orders with the mills of M sector follows. In the

absence of speculative buying this order rate would be COAXX minus
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the order rate impending to C sector, COIPX. It was, however,
decided to include in the simulation model terms which would give
C sector the option of engaging in price and price rate speculation in
the mill market {(CA14X and CA13X in Figure 4-8). With these
terms included, the variable COAXX, C sector Order rate Actual,
should be thought of as the actual order rate in the absence of specu-
lation. With the option of speculation introduced, the impending

order rate to M sector is given by Equation 2258:

COIMX. K = MAX (CA12X. K, COMMX) 2258
Where:
COIMX = C sector Orders Impending to M sector
(ft2/ wk) o
COMMX = Minimum order rate to M sector (ft¢/ wk)
And:
CA12X. K = COAXX. K + CA13X.K - COIPX.K + CAl14X.K
2240
Where:
COAXX = C sector Orders Actual (In the
absence of speculation) ft2/ wk
CA13X = Price rate speculation factor (ft2/wk)
COIPX = C sector Orders Impending to P
sector (ftZ/ wk)
CAl4X = Price speculation factor (ft¢/ wk)

As discussed in the case of W sector, the speculation terms have
been introduced linearly into the model. From Figure (4-8) it may
be seen that the speculation terms are given by the following equa-
tions:

CAl4X.K = (CK12X)(MPMXX. K - MPXXX. K) 2253
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Where:
CAl14X = Price speculation term (ft2/ wk)
CK12X = Constant--(ft%/ wk)/ ($/ ft2)
MPMXX= Mill market Price sMoothed (averaged)-$/ ft2
MPXXX = Mill market Price ($/ {t2)
CA13X.K = (MPRXX. K)(CK11X) 2252
Where:
CAl13X = Price rate speculation term
MPRXX = Mill market Price Rate ($/ ft2/ wk)
CK11X = Constant (ft2/ wk)/ ($/ ft% wk)

Equation 2258 insures that, even in the presence of speculation,
orders are placed at the minimum rate, COMMX, with independent
mills of M sector. As discussed above, this minimum rate is nec-
essary to maintain satisfactory business relations with sellers. The
actual rate at which C sector places orders with M sector is COIMX

lagged by an order processing delay.

COSMX.KL = DELAY3(COIMX. K, CKI10X) 2242
Where:
COSMX = C sector Orders Sent to M sector (ft2/ wk)
COIMX = C sector Orders Impending to M sector
(ft2/ wk)
CK10X = Order processing delay (wks)
DEILLAY3 = DYNAMO designation of a third order

exponential lag.

As has been mentioned, the C-D sector represents both the
wholesaling and office wholesaling functions of integrated firms.
The variable, DOAKX. represents the rate at which the sector re-
ceives boxcar load orders which result in shipments directly from

mill to customer. It is assumed in the model that all these orders
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are filled by mills of P sector (rather than being divided in some
manner between P and M sectors). This assumption is expressed by

Equation 2244:

DOSPX. KL = DELAY3(DOAKX, K, CK10K) 2244
Where:
DOSPX = D sector Orders Sent to P sector (ft2/ wk)
DOAKX = D sector Orders Accepted from K sector
(ft2/ wk)
CK10X = Order processing lag (wks)

DELAY3 DYNAMO specification for a third order

exponential lag.

1

Before leaving discussion of this particular sector, it would
be well to take a somewhat larger view of the policies built into the
simulation model. As constructed, the model is based on the fact
that, as a group, the four integrated firms which make up the C-D
and P sectors are able to sell somewhat more plywood than they are
able to efficiently produce. The C-D sector, then, must purchase
plywood from the mill market and in 1962 integrated wholesalers
purchased about 10 percent of their needs from this market. The
order rate decision rule incorporated into the model allows for this
mill market buying and also insures that the mills of P sector re-
ceive sufficient orders to operate at an efficient rate.

The effect of these policies upon the control of jobber inven-
tories should be considered. As stated, these policies provide ade-
quately (through control of mill market purchases) for the mainte-

nance of inventories above a desired lower limit and, for moderate
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fluctuations in final demand for plywood, they also permit upper limit
control of inventory. These policies may not be able, however, to
cope with prolonged periods during which final demand is less than
P sector production rate plus the minimum order rate to independent
mills, COMMX. As the model is constructed, C sector inventories
can increase to unreasonable levels during such periods. ! In such
cases, the integrated firm has three options: it can '"dump'' plywood
on the wholesale markets by cutting price, it can cut production, or
it can carry excess inventory until demand conditions permit a re-
duction. The effect of the first option upon the mill market is quite
different from those of the latter two. Dumping, with its attendant
price cutting, would depress the mill market price while a production
cut or the carrying of large inventories would not have such an effect.
Unfortunately, industry interviews disclosed no predictable behavior
pattern at this point and indicated that one or all courses of action
might be followed at the same time by the four integrated firms. The
simulation model assumes that any excessive C sector inventory
buildup due to a sustained period of low demand is reduced to normal

during later periods of normal or high demand.

As will be seen in the discussion of the integrated mills of P
sector, integrated mill production rate is taken as a function of mill
market price and decreases as market price falls. This tends to
alleviate the problem of high jobber inventory but it does not provide
for positive upper limit control of C sector inventory.
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7) Integrated Producers (P Sector)

As has been discussed previously, the producers of P sector
are tied organizationally to the wholesalers of C-D sector. It has
been assumed that sufficient orders are sent by C-D sector (COSPX
and DOSPX) to sustain the production rate, PGIXX, established by
P sector producers. This is in accordance with industry policies
which establish mill production rates on the basis of efficient mill
operation. In what follows, the key decision rules which govern the
behavior of the sector; namely the production rate decision and the
shipping rate decision1 will be discussed. Since in many respects
these decision rules are similar to those of M sector, emphasis will
be placed upon differences which exist between the models of the two
sectors.

7.1) The production rate decision. The production rate deci-

sion included in the simulation of the integrated producers of P sec-
tor is almost identical to that of M sector discussed previously;
hence the discussion of section 3.1 is applicable here except as noted
below. In Figure (4-9) the function PF1XX specifies the aggregate
relationship that exists between mill market price, MPXXX, as in-

dependent variable and the dependent variable, PA1XX, and may be

The order acceptance rate decision, included in M sector is
not applicable to P sector because P sector producers receive orders
from affiliated warehouses and not through a competitive market.
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thought of as the sector supply curve with the ordinate (PA1XX)

equal to 1/ PNXXX times desired industry production rate. The
variable PA1XX can therefore be thought of as the desired production
rate of a ''typical' sector firm of which there are PNXXX in number.
As in the case of M sector, desired production rate must be con-
strained to allow for employee vacations and the variable PPDMX
represents PA1XX with this vacation constraint imposed. The P
sector Production rate Desired (PPDXX) is given by PPDMX (P
sector Production Desired per Mill) times the number of mills,
PNXXX. Absent from P sector is the constraint included in M sec-
tor for limiting production when mill unfilled orders are zero and
mill inventory capacity is filled. The warehouses of C-D sector
provide storage for P sector production and make this constraint
unnecessary. As seen from Figure (4-9) and as discussed in con-
nection with M sector, the actual production rate, PGIXX, is the
desired rate, PPDXX, lagged by an administrative lag, PK5XX, and
the production lag PK6XX:

PPSXX. KL = DELAY3(PPDXX. JK, PK5XX) 1106

Where:
PPSXX = P sector Production rate Started (ftZ/ wk)

PPDXX = E'sector Production rate Desired (ftz/ wk)
PK5XX = Administrative lag (wks)
PGIXX. KL = DELAY3(PPSXX. JK, PK6XX) 1108

Where:
PGIXX = P sector Goods to Inventory {(production rate)
££2/ wk
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PPSXX
PK6XX

1

P sector Production rate Started (ft2/ wk)
Production lag (wks)

7.2) The shipping rate decision. As in the case of M sector

the shipping rate is determined by the current production rate plus a
correction to adjust mill inventory and is constrained to make ship-
ments impossible if there are no mill unfilled orders. The shipping
rate decision included in the model of P sector is, in fact, exactly

that of M sector. The equations which determine the P sector ship-

ping rate, PGSXX, are given below:

PGSXX. K = PTSXX. K for POUXX 30 1124
=0 for POUXX<O
Where:
PGSXX = P sector Goods Shipped (ft%/ wk)

POUXX = P sector Orders Unfilled ({t%)

PTSXX. K = PGIXX.JK + PA7TXX. K 1123
Where:

PTSXX = P sector Trial Shipping rate (ft2/ wk)
PGIXX = P sector Goods to Inventory (ft2/ wk)
PA7XX. K = (1/ PK4XX)(PIAXX. K - PIDXX. K) 1122

Where:
PA7TXX = Ceorrection to shipping rate to adjust mill
inventory (ft2/ wk)
PK4XX = Constant {(wks)
PIDXX. K = (PK3XX}{PGIXX. JK) 1121
Where:

i

PIDXX P sector Inventory Desired (ftz)
PK3XX = Constant-wks inventory desired
PGIXX = P sector Goods to Inventory (ft2/ wk)

t

PIAXX.K = PIAXX. T + {(DT)(PGIXX. JK - PGSXX. J) 1120
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Where:
PIAXX = P sector Inventory Actual (ftz)
PGIXX = P sector Goods to Inventory (ft2/ wk)
PGSXX = P sector Goods Shipped (ft2/ wk)

Given the shipping rate, PGSXX, determined above, the model ap-
portions this shipping rate between direct shipments to retailers and
1
users PGSDX, and shipments to integrated jobbers, PGSCX. This
is done in proportion to order backlogs, POUDX and POUCX as
shown in the figure and given by the following equations:
PGSDX. KL = (POUDX. K)(PGSXX. K)/ POUXX. K 1126
Where:
PGSDX = P sector Goods Shipped to D sector (ftz/wk)
POUDX P sector Orders Unfilled with respect to D
sector (ft2)

PGSXX = P sector Goods Shipped (ftz/wk)
POUXX = P sector Orders Unfilled ({t2)

PGSCX. KL = (POUCX. K)(PGSXX. K)/ POUXX. K 1125
Where:
PGSCX = P sector Goods Shipped to C sector (ft2/ wk)
POUCX = P sector Orders Unfilled with respect to C
sector (ftz_)
PGSXX = As defined for Equation 1126
POUXX = As defined for Equation 1126

The sum of the two shipping rates, PGSDX and PGSCX, is readily
seen to be equal to the total shipping rate, PGSXX, knowing that

POUXX is the sum of POUDX and POUCX.

lIt will be recalled that D sector does not physically take pos-
session of plywood but serves as an intermediary by arranging
transactions between the mills of P sector and the users and re-
tailers of K sector.
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7.3) Calculation of desired and actual "leeway'. These calcu-

lations are necessary in order to arrive at the variable, PA6XX,
which is used in C-D sector to generate an order rate correction
which adjusts P sector inventory and unfilled orders to desired levels.
The term ''leeway' is here taken to be the time in weeks required for
the sector to deplete its backlog of orders and to fill mill inventory
capacity assuming production at the rate PGIXX and no incoming
orders. A certain level of leeway is required by mills in order to
plan production runs and to allow for contingencies such as fluctua-
tions in incoming orders. The weeks of P sector leeway is given by

Equations 1131 and 1130:

PLTXX. K = PA8XX, K/ PGIXX, JK 1131
Where:
PLTXX = P sector Leeway Total-weeks of production
PGIXX = P sector Goods to Inventory (production rate)
ftz/ wk

PA8XX. K = POUXX.K + PIMXX - PIAXX.K - PGPXX.K

1130
Where:
POUXX = P sector Orders Unfilled (ft2)
PIMXX = P sector Inventory capacity Maximum
(constant)-ft
PIAXX P sector Inventory Actual (ftzé
PGPXX = P sector Goods in Process (ft“)

The variable PA6XX which is used in C-D sector to provide P sector
orders to correct leeway is given by Equation 1132:

PA6XX. K = (PGIXX. K)(PLDXX - PLTXX. K) 1132
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Where:
PGIXX = P sector Goods to Inventory (ft%/ wk)
PLDXX = P sector Leeway Desired (a constant in weeks)
PLTXX = P sector Leeway Total (wks)

Before leaving P sector brief mention will be made of the sec-
tor profit calculation. As shown in the upper right hand corner of
Figure (4-9) P sector net earnings, PENXX, is computed. The cal-
culation follows from the time integration of the difference between
the rate at which revenue is generated by the sector and the sector

cost rate:

PENXX. K = PENXX.J + (DT)(PREVX,JK - PCXXX,JK) 1134

Where:

PENXX = P sector Earnings Net ($)

PCXXX = P sector Cost rate ($/ wk)
PREVX. KL = (MPXXX. K)(PGSXX. K) 1135
Where:

PREVXX = P sector REVenue ($/ wk)

MPXXX = Mill market Price ($/ ft%)

PGSXXX = P sector Goods Shipped (ft2/ wk)
The cost rate calculation, a rather involved one, is shown
diagrammatically in Figure (4-9) and is based on the cost function

discussed in connection with M sector.

8) Independent Office Wholesalers (O Sector)

This sector represents the aggregation of firms that act as in-
dependent office wholesalers--firms that purchase plywood in the

mill market in boxcar load lots and sell to users and retailers of
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K sector without actually taking physical possession of the plywood.
Typically these firms are small in size; however, the sector also
includes the office wholesaling operation of large independent jobbers
who deal in direct carload shipments from mill to customer as well
as in out-of-warehouse sales.

The transactions of firms in this sector are of two basic types.
In the first or '""normal' type of transaction, the office wholesaler
acts simply as a middleman between customer and mill and receives
a markup of approximately three percent for his services. In the
second or ''speculative'' type of transaction, the office wholesaler
takes advantage of a changing market price to engage in '"short
selling" or '"'position buying'. Short selling is a means of increasing
profit when the rate of change of price is negative. The office
wholesaler will offer to sell in a falling market at a price equal to or
somewhat less than current market price and attempt to buy, to
cover these sales, at a later time when prices are low enough to
yield a greater than normal profit. Position buying is the corre-
sponding gambit employed when market price is increasing. The
office wholesaler buys in a rising market and takes advantage of the
time lag in delivery at the mill and in shipping across the country.
Due to these lags, the market price may be considerably more than
the purchased price by the time the carload of plywood reaches

buyers in the Midwest or East. Both types of speculation have
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inherent risks but experienced traders in the industry make an ap-
preciable part of net profit from speculative transactions. As will
be seen in the following chapter, plywood price varies quite widely
over the year due to the seasonal nature of construction activity.
This encourages speculation and makes this type of transaction sig-
nificant in the behavior of the firms of O sector.

In what follows the simulation model of O sector, which in-
cludes both ''normal' and !''speculative't behavior, will be discussed
by considering, again, the major sector decision rules. For the
office wholesaler these major decisions are the order rate decision
and the sales rate decision.

8.1) The order rate decision. The order rate decision rule

determines the variable OOSMX (O sector Orders Sent to M sector)
shown in Figure (4-10). As shown in the figure, OOSMX is the
smoothed sum of the rate at which orders are received from K sec-
tor (OORKX), a term which introduces speculative position buying
(OA13X), and a term which provides for adjustment of unfilled
orders (OAl12X). The position buying term, OAl3X, is determined

by Equations 2320 and 2325 as follows:

OA13X. K = (OA8XX. K)(OK5XX) 2325
OAB8XX. K = MAX(MPRXX. K, 0O) 2320
Where:

MPRXX = Mill market Price Rate--($/ {t2)/ wk



2314 2304 2304
éKGROX = OGSKX OGSKX MGSOX. JK
OGSKX
2318 - 2306
CORKX + 5 jﬁ# QOUXX
2308
00DXX d)
+ -
OK11X (MAX UNF. ORDS)
o] Max
2307
2313 2316 0A3XX
1 -1 QOSKX Kg 0
OKgXX
K
3 OK6XX
1
N
Ak
2313 2309 X
4 7XX ~ OALXX | 9
D-1 I K4 -
OK7XX [Nin o}
2%20
Ma OABXX O0OPMX
1209
MPRXX

FIGURE (4-10) "0" SECTOR BLOCK DIAGRAM {OFFICE WHOLESALERS)

¢11



113
These equations introduce an increase in order rate when price is
increasing. The unfilled order correction term, OA12X, provides
for an increase in sector order rate when unfilled orders exceed an
upper limit (OK11X) thereby introducing upper limit control of un-
filled orders. This term is given by Equations 2324, 2323, and 2322:
OAl12X.K = OA11X.K/OK12X 2324

Where:
OK12X = Constant (wks)

OAl1X.K = MAX(OA10X. K, O) 2323
OAl0X.K = OOUXX,.K - OK11X 2322
Where:

OOUXX = O sector Orders Unfilled (ft2)

OK11X = Maximum O sector unfilled orders (ft2)

The rate at which O sector places orders with M sector is thus given
by:
OOSMX., K = DELAY3(0OA5XX. K, OK6XX) 2312
Where:

OO0SMX
OK6XX

1

O sector Orders Sent to M sector (£t2/ wk)
Order processing lag (wks)

and
OA5’XX. KL = OORKX.,JK + OA12X . K + OA13X, K 2310

8.2) The sales rate decision. Since the office wholesaler

engages in short selling he, at times, cuts his selling price below
the average market price and thus has some control over his sales
rate. In what follows, the simulation model sales rate, which pro-

vides for this speculative short selling, will be discussed. Stated
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simply, the O sector sales rate is taken as a share of the market
plus, during times of falling prices, an additional rate due to price
cutting. This latter factor represents the short sales. In the simu-
lation model, the O sector sales rate is its normal market share
when the variable OA7XX is less than a threshold value (KK14X) and
its market share plus a percentage of market share when OA7TXX is
in excess of the threshold value. The price cutting mode of O sector
operation therefore corresponds to values of OA7XX in excess of
KK14X.

The origin of the variable, OA7XX, will now be discussed. As
seen from the block diagram of Figure (4-10), the variable OA7TXX is
the difference between desired and actual unfilled orders (OODXX
and OOUXX) multiplied by the constant OK4XX and smoothed by a
first order exponential delay. These relationships are given by
Equations 2313 and 2309:

OA7TXX.K = OA7XX.J + (DT)(1/ OK7XX)(OA4XX.J - OATXX.J)

2313

Where:

OK7XX = Smoothing time constant (wks)
0OA4XX, K = (OK4XX)(OODXX. K - OOUXX. K) 2309
Where:

OK4XX = A constant

OODXX = O sector Orders unfilled Desired (ft2)

OOUXX = O sector Orders Unfilled (ft2)

The desired level of unfilled orders, OODXX, is given by a 'mormal"

level, OONXX, equal to OK9XX weeks of sales, plus an amount due
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to a falling price:

OODXX. K = MAX(OA3XX. K, 0O) 2308
OA3XX. K = OONXX. K + (OK3XX)(-OA9XX, K) 2307
Where:

OK3XX = constant--(ft%)/ ($/ wk ft2)
OONXX. K = (OOSKX. K)(OK9XX) 2316

Where:
OOSKX = O sector Order rate Smoothed (smoothed
sales rate)

OK9XX weeks of unfilled orders desired (constant)

0OA9XX. K = MIN(MPRXX, K, O) 2321

Where:
MPRXX = Mill market Price Rate ($/ ft2 wk)

The purpose of the "MIN'" function in Equation 2321 is to ensure
that only negative values of MPRXX influence sector sales. The
"MAX" function in Equation 2308 constrains desired unfilled orders
(OODXX) to non-negative values. As may be seen from Figures
(4-10) and (4-11) the short selling mechanism operates as follows:
when price rate is non-negative and when desired and actual unfilled
orders are nearly equal, the variable OA7XX is less than the thres-
hold, KK14X, and O sector receives its normal market share froml
K sector. Should mill price rate be sufficiently negative or should
desired unfilled orders (OODXX) be substantially less than actual
orders (OOUXX), OA7XX exceeds the threshold, KK14X, and O sec-

tor enters a price cutting mode that results in an order rate from K
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sector that is in excess of market share. This increase in sales
increases OODXX to the point where OA7XX is once again less than
the threshold value and price cutting ceases. The mechanism de-
scribed, therefore, introduces speculative short selling into the
simulation model and, at the same time, provides for lower limit
control of unfilled orders, OOUXX. The operation of this segment
of the simulation model will perhaps be more clear after the reader
has seen the discussion of related portions of K sector.

Before leaving discussion of O sector, portions of the simula-
tion model relating to the generation of O sector unfilled orders will
be described. The level of unfilled orders is given by Equation 2306:

OOUXX. K = OOUXX.J + (DT)(OORKX.JK - OGSKX.JK) 2306

Where:

OOUXX = O sector Orders Unfilled (ft2)
OORKX = O sector Orders Received from _Ig sector

(ft2/ wk)
O sector Goods Shipped to K sector (ft2/ wk)

1

OGSKX

The terminology '"goods shipped to K sector'' is actually a misnomer.
The office wholesalers of O sector hold no inventory and therefore
cannot ship goods. The variable OGSKX above is, in reality, the
rate at which O sector transfers ownership of carloads of plywood to
firms of K sector. The variable, OGSKX, is given by Equation 2304:

OGSKX, KL = MIN (OA1XX. K, OA2XX. K) 2304
The purpose of this equation is to ensure that the shipping policy

does not result in a negative value for sector unfilled orders. The
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variable OAZ2XX is the maximum shipping rate possible consistent
with positive values of unfilled orders and is given by Equation 2303:

OA2XX. K = OOUXX. K/ DT 2303
Where:

O0UXX
DT

O sector Orders Unfilled (ft2)
Time interval of computation

The variable OA1XX in Equation 2304 is the shipping rate that nor-

mally prevails and is given by:

OA1XX.K = OGRMX.JK + (1/ OK2XX)(OIAXX.K - OIDXX)

2302
Where:
OGRMX = O sector Goods Received from M sector
(ft2/ wk)
OK2Z2XX = Weeks to adjust inventory (constant)
OIAXX = O sector Inventory Actual (ft2)
OIDXX = O sector Inventory Desired (ftz)

The variable OGRMX in Equation 2302 is actually the rate at which
goods arrive at their destinations (the firms of K sector) and is the
rate goods are shipped by M sector, MGSOX, lagged by the shipping
lag from mill to customer. This interpretation is necessary because
O sector does not physically handle the goods they sell. Though the
firms of O sector do not normally hold inventory, the introduction

of inventory into Equation 2302 is necessary because, if unfilled
orders are zero, goods cannot be transferred to customers and will
accumulate in boxcars and other means of conveyance or will be un-
loaded and stored at some cost to the office wholesaler. The con-

cept of O sector inventory was introduced into the simulation model
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to allow for this possibility. The value of desired inventory (OIDXX)
for O sector is hence zero and Equation 2302 provides for control of
'"inventory'' to this desired level. This completes discussion of O

sector--the aggregation of independent office wholesalers.

9) Users and Retailers (K Sector)

As discussed in chapter thrée, K sector represents the aggre-
gation of users and retailers who, due to the large volume of their
plywood utilization, purchase plywood in boxcar load lots (from
wholesalers of O and C-D sectors through what has been termed the
CL or Car Load market).

In many important respects the simulation model of K sector
resembles that previously discussed for L sector. In particular,
the order acceptance decision and the shipping rate decision are
identical to those of L sector. The sales forecasting and inventory
control policies are also identical to those previously discussed as
is the method by which price is generated in the CL market. The
only significant difference between the two sectors occurs in the
manner in which total orders are divided between wholesale sectors.
In what follows only this area of departure from the L sector model
will be discussed in detail.

The K sector block diagram is shown in Figure (4-11) and the

simulation model equations corresponding to the diagram are given
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in Appendix III as a part of Model III. As mentioned above, the main
difference between the simulation models of L. and K sectors lies in
the apportionment of orders between the relevant wholesale sectors.
The users and retailers of K sector have the option of dealing with
either independent office wholesalers of O sector or the integrated
office wholesaling portion of the C-D sector. Sales effort and inven-
tory levels were the factors that determined, in the simulation model
of L sector, the allocation of LL sector orders between wholesale
sectors. Since office wholesalers hold no inventory, this latter fac-
tor obviously does not apply in the case at hand. Another factor
affecting allocation of K sector orders did, however, emerge during
the course of industry interviews. As has been mentioned in the
discussion of O sector, independent office wholesalers realize an
appreciable portion of net profit by engaging in speculative activities,
including position buying. Short selling on the part of O sector
results in increased O sector sales due to price cutting action. The
allocation of K sector orders between O and C-D sectors is therefore
influenced by price cutting on the part of O sector.

The variable OMSXX (O sector Market Share) in Figure (4-11)
represents the rate at which O sector receives orders in the absence
of speculative price cutting and is given by Equation 3224:

OMSXX. K = KATXX, K + KA8XX. K 3224
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Where:

OMSXX = O sector Market Share (ft2/ wk)

KA8XX = A normally distributed random variable
introduced to account for random factors
affecting "'sales effort'" (ft%/ wk)

and:

KATXX. K = (KOSXX.JK)(OSXXX)/ (OSXXX + DSXXX)

3221
Where:
KOSXX = K sector Orders Sent (ftz/ wk)
OSXXX = O sector Sales effort
DSXXX = D sector Sales effort

The variable KOSXX in Equation 3221 is seen, from Figure (4-11),
to be the lagged sum of current sales (KOAXX), a price speculation
factor (KA5XX), a price rate speculation factor (KA6XX), the factor
KA3XX to adjust inventory (including pipeline inventory and unfilled
orders) and the factors LLSGKX and LSILKX which include the effect
that a changing price has upon the distribution of exogenous demand
between L and K sectors.

In the presence of O sector price cutting, the variable OMSXX
is modified as shown in Figure (4-11). The variable KA13X repre-
sents OMSXX augmented to include effects of price cutting on the
part of O sector and is given by:

KAI3X.K = CLIP (OOMXX.K, OMSXX.K, OA7TXX.K, KK14X)

3228
Where:
KA13X Unlagged O sector order rate (ft2/ wk)
OMSXX = O sector Market Share (ft2/ wk)
OA7TXX = A variable in O sector that indicates by its
value when O sector is cutting price.
constant

1

1

1

KK14X
and:
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OOMXX. K = (OK10X)(OMSXX. K) 2319
Where:
OOMXX. K = 9 sector _O_rder rate Maximum
(ft2/ wk)
OKI10X = A constant greater than unity.

The operation of Equations 3228 and 2319 may be described as fol-
lows: When the variable OA7XX is greater than or equal to KK14X
(indicating price cutting on the part of O sector), KA13X is equal to
OOMXX (larger than the market share, OMSXX, by the factor
OK10X) and, when OA7XX is less than KKI14X, KK13X is just the
market share, OMSXX. The variable KOSOX is the rate at which K
sector sends orders to O sector and is given by:
KOSOX, KL = DELAY3(KA13X. K, KK15X) 3230
Where:
KOSOX = K sector Orders Sent to O sector (ftz/wk)
KA13X = As defined above
KK15X = Decision making lag (perhaps negligible)--wks
The simulation model assumes that orders diverted to O sector due

to O sector price cutting are orders lost to D sector therefore the

rate at which K sector sends orders to D sector is given by:

KOSDX, KL, = KOSXX, JK - KOSOX, JK 3231
Where:
KOSDX = K sector Orders Sent to D sector (ftz/wk)
KOSXX = K sector Orders Sent (ft%/ wk)
KOSOX = K sector Orders Sent to O sector (ft2/ wk)

Before leaving discussion of the users and retailers of K sec-

tor, another factor which tends to make K sector behavior somewhat
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different from that of L. sector should be noted. Since K sector, in
effect, receives plywood from mills instead of from local distribution
warehouses, as do firms of L sector, the time delay between order
and receipt of plywood is considerably greater for a firm of K sector.
Due to this relatively long delay, K sector firms are inclined to hold
larger inventories than L sector firms. The firms of K sector would
therefore tend to be more conscious of market price than those of L

sector.



124

CHAPTER V

SIMULATION MODEL TESTS

The purpose of this chapter is to discuss the results of simu-
lation model tests. Tests of the simulation model performed four
general functions. The first function was that of checking the con-
sistency of the system decision rules as originally conceptualized.
Inconsistencies apparent from model tests gave rise to modificaticns
of the simulation model and thus the simulation was an integral part
of the evolutionary process which resulted in the model described
in the foregoing chapter.

A second function of model tests was that of isolating those
parameters which had a significant influence upon model behavior.
These tests, while determining the key parameters, also indicated
that the majority of the model parameters could be varied over wide
limits without greatly influencing the time path of important model
variables. In addition to isolating key system parameters, these
tests, in certain cases, established bounds within which unknown
parameter values must lie in order to maintain ''reasonable' model
behavior. Criteria such as model stability and excursions of model
variables provide measures of model "reasonableness''.

A third function of model tests was to provide comparisons of

model behavior with that of the real world system. Extensive tests



125
of this nature were not carried out due to the large amount of addi-
tional work involved in obtaining initial conditions, statistical esti-
mates of key parameters, and adequate data from past behavior of
the industry variables; however tests conducted with '"'rough'' esti-
mates of parameters and initial conditions indicated that the simu-
lation model behaved like the real world system in a number of sig-
nificant qualitative respects.

The fourth, and last, function of model tests was to seek areas
of further work which might bear fruit in terms of improved system
behavior--the simulation model was used to test the influence of
changes in corporate policies and decision rules upon model behav-
ior. In what follows, model tests will be described which indicate
the influence of changes in key model parameters, compare model
behavior with industry behavior, and which point to areas of possible
system improvement. Most of the tests described are in connection
with a two sector model of the industry composed of the M and W
sectors which represent, respectively, the aggregation of independ-
ent jobbers. The two sector model was selected because of its rel-

,
ative simplicity and because it represented realistically important

aspects of mill market behavior. Tests of the larger five and seven

sector models will be briefly discussed at the close of the chapter.
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1) Influence of Changes in Key Model Parameters

During the course of simulation model tests, it became appar-
ent that model behavior was much more sensitive to changes in cer-
tain parameters than others. These parameters, the values of which
significantly influence model performance, are called the key or
critical parameters, The key parameters of the two sector system
model are tabulated in Table 5-1. Conspicuous by their absence
from the table are the many model time and smoothing delays.
These delays, while necessary in the model, could be individually
varied by 50 to 100 percent without having a significant effect on
the important model variables listed in the table.

Before discussing the implications of Table 5-1, the test upon
which the table is based will be described. A two sector model of
the industry was assumed which included M and W sectors, essen-
tially as described in the previous chapter. ! The W sector sales rate
was assumed as constant plus 28 percent sinusoidal variation with
a period of one year. This is in accordance with past industry ex-
perience and reflects the strong seasonal influence of construction

activity upon end user demand for plywood. This seasonal input

1The model tested differed slightly from that discussed in
Chapter four . In particular the test model omitted the terms
WPAXX and WPDXX. This difference was found to have little in-
fluence upon model behavior.
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1.2 4/29 1 4 2 .9 60 8 2.4 24 118 724 585 430 271 11 STANDARD RUN
1.2 4/30 4 144 73,0 59,0 473 275 10
1.2C 4/30 16 139 73.0 58,7 48 290 10
1.2 4/30 4 16 OVERFLOW
1.2L  4/30 2 UNSTABLE
1.2AC  5/28 16 4 130 70,1 59,8 505 271 12
1.2AD 5/28 2 16 4 OVERFLOW
.21 4/30 0 149 73,7  57.6 417 282 10
1.2]  4/30 8 142 70.4 60,8 453 254 8
1.2Y  5/26 4 4 118 69.3 59,8 468 251 12
1.2K  4/30 .75 162 78,7  59.5 446 231 10
1.2AA 5/28 66 4 9 66 57.7 455 273 10
1.2 4/28 6 14 73.4 58,3 433 283 9
1,20 4 152 74.8 578 437 231 8
1.2P  4/30 12 129 71.8  58.8 418 249 12
1.2D  4/30 20 OVERFLOW
1.2AB  5/28 10 4 115 70,3 59,8 471 238 12
1.2F  4/30 4.8 118 69 60 476 242 12
.26 4/30 9.6 148 67.4 621 520 255 12
1.2  4/30 1.2 OVERFLOW
1.2A"  4/28 4 119  69.8 59,5 465 250 12

NOTE: Parameter entries denote changes from Run 1., 2A

Lel1
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caused variations in price, unfilled order levels, inventory levels
and other variables which, as will be seen in section two, provided
a comparison with past industry behavior. The system variables
tabulated in Table 5-1 for various values of key parameters are as

follows:

1

M sector Earnings Net (5)
Maximum Mill market Pr1ce ($ /thousand ft
Minimum M1ll market Price ($/thousand ft°)

MENOX
MPXXX(MAX)
MPXXX(MIN)

WIAXX(MAX) = Maximum W sector Inventory Actual (mil-
%
lions of ft%)
WIAXX(MIN) = Minimum W sector Inventory Actual (mil-
ions of ft )
T (MAX) = Time between maximum sales and maximum

W sector inventory
The values of MENOX tabulated represent M sector profit at the end
of ten years of simulated operation. The values of the remaining
variables were tabulated during the tenth year after initial transients
had decayed to negligible levels. In the table, Run A was taken as
the standard run with parameter values as indicated. In subsequent
runs, new parameter values are as recorded and parameters un-
changed from the standard run are left blank.

Runs B through AD in the table demonstrate the influence of
changes in the market mechanism parameters, MK1XX and MK2XX.
In a linearized model of the market mechanism the loop gain is di-
rectly proportional to the product (MKIXX)(MK2XX) and the location
of the left half plane zero (necessary to compensate an otherwise un-

stable type two system as discussed in Chapter four Section 3. 4) is
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inversely proportional to MK2XX. The effect of reducing MK2XX by
a factor of two is given by run L. The model was found to be un-
stable which is reasonable in light of the linear theory. For the
larger values of MK1XX and MK2XX of runs E and AD an overflow
condition caused by a division by zero was encountered. Overflow,
due here to either mill unfilled orders or warehouse inventory going
to zero, is indicative of system instability or, at best, unrealistic
underdamping. This latter result is also reasonable in light of linear
theory. As shown by Run B, an increase in MK1XX by a factor of
four does not markedly alter system behavior. Run C demonstrates
that the same is true of MK2XX,

In Table 5-1, Runs I, J, and Y indicate the influence of
changes in MK15X upon model behavior. As shown in Figure (4-4),
the parameter MK15X introduces a change in mill production due to
a rate of change of market price. The effect of MK15X upon the lin-
earized system is also the introduction of a zero into the left half
plane with an attendant increase in stability. With MK15X reduced
to zero as in Run I, seasonal price variations are increased--a
symptom of reduced system stability. The decreased W sector in-
ventory variations of Run I, on the other hand, are not necessarily
symptomatic of increased stability due to the fact that the jobbers
of W sector seek to achieve inventory levels which vary in propor-

tion to seasonal sales. In run J, MK15X has been increased by a



130

factor of four over the value of Run A. As theory would indicate,
system stability is increased as evidenced by the reduction of price
variations.

In Table 5-1, Run K indicates the influence upon model behav-
ior of reducing MK16X--the percentage of normal production pro-
duced by M sector during summer months when employee vacations
are scheduled. Run AA was made with MNXXX, the number of mills
in M sector increased by 10%.

The effects of changes in WK3XX inversely proportional to
the gain of the W sector inventory control loop gain, are indicated
by Runs C', O, and P of the table. As would be suspected from the-
ory, price fluctuations diminish for increasing values of WK3XX.
Run D compared with Run A as a ''standard" run and Run AB com-
pared with A' give an indication of how changes in WK4XX, the W
sector price rate speculation constant, affect model behavior. As
would be expected, system response becomes less stable as this
parameter is increased.

The last parameter tabulated is, WK5XX, the price specula-
tion constant. Importantly, WK5XX is the slope of the demand curve
of the independent jobbers of W sector. As shown by Runs F, G, H,
and A' this parameter has a strong influence upon the magnitude of
price variations. As shown by Run H, the model tends to instability

for small values of WK5XX. The reason for this is evident given
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the production policy of independent mills and the seasonal end user
demand for plywood. Independe:. mills tend tc produce at or
near capacity throughout the year while end user demand fluctuates
markedly during the year. As a result of this mismatching of suppily
and demand, market price varies significantly over the year. Inde-
pendent jobbers, by allowing price to strongly influence their buying,
buy excess production during times of excess supply at a low price
and sell during times of excess demand at a higher price. In so do-
ing, they act as a buffer in matching supply to end user demand.
Were these jobbers not strongly influenced in their buying by price,
price excursions would be greater and widespread seasonal produc-
tion shutdowns would be necessary.

The value of the parameter WK5XX in the standard run (Run A)
was taken as 2.4 however; later information indicated that this figure
was probably low. In his econometric study of the industry Simpson
estimated the value 2.7 for the sanded market. This figure applied
to the industry as a whole and included purchases of integrated
wholesalers from their own mills. Since such transactions are not
normally influenced by the market price, the value of four was as-
signed to WK5XX in later computer runs to compensate for this

latter factor.
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2) Comparison of Simulation Model Behavior with That of the
Industry

As discussed above, the data of Table (5-1) was based upon a
jobber sales rate that varied sinusoidally over a year. If minimums
of this independent variable occur near the end of the year the sinu-
soidal variation in sales bears a close resemblance to the seasonal
variation of sales experienced by the industry. This is illustrated
by Figure (5-1). In the figure, the dashed curve represents seasonal
variation in jobber sales as reported by 273 jobbers in the Plywood
Manufacturer's Institute 1960 Market Study (33). With this seasonal
variation of jobber sales introduced into the two sector simulation
model, seasonal behavior of price, production rate, mill unfilled
orders, and jobber inventories were generated by the model. These
simulation results will be presented here and compared with season-
al variations in industry variables.

Figure (5-2) indicates the response of the two sector simula-
tion model to the periodic jobber sales rate. At the left of the figure
are represented the scales for the various variables plotted. The
curve labeled "D'" in the figure represents jobber sales rate which
is given by:

WORLX. KL = 60 + 16.8 COS(2w T/52)

Where:
WORLX = E sector grders Eeceived from £sector
(ft2x 106/WK)
T = Time (wks)
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Jobber sales
and inventory

== ~w~=- Jobber sales .
- Jobber inventories \\\\\
\\\\\\%
! | ] L } 1 § i 1 { i
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Months

Months of relative jobber inventory and sales maxima

Source: Based on responses of 273 jotters to questionnaires of
the Plywood Manufacturers Institute 1960 market study.

Figure (5-1)
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The coefficient 16. 8 in the above equation represents a plus and minus

28 percent variation in sales rate and was obtained from the fact
that jobber inventories varied by this percentage in Figure (5-1) and
from the tendency of jobbers to adjust inventories in proportion to
sales. An indirect approach was necessary here because no magni-
tudes were given for the sales data of Figure (5-1). The remaining

curves in Figure (5-2) are defined as follows:

P = Mill market price based on ' AD sanded plywood as
index ($/thousand ft2)

Q = M sector production rate (ft2x106/WK)

U = M sector unfilled orders (ft2x106)

S = W sector inventory (ft2x106)

The time scale in the figure is in weeks with one full year of indus-
try simulation shown. It should be pointed out that no one particular
year has been selected but rather a typical year. For this typical
year, the minimum in jobber sales rate was assumed to occur at the
beginning of the year with the maximum occurring exactly 26 weeks
later. In practice, sales minima and maxima vary in timing from
year to year but the average pattern is similar to that assumed as
seen from the industry data of Figure (5-1).

The simulation model data of Figure (5-2) will now be com-
pared with the industry data of Figures (5-1) and (5-3). Figure (5-1)
illustrates the previously mentioned seasonal jobber sales rate to-
gether with the seasonal variation in jobber inventories. Figure

(5-3) depicts the average seasonal behavior of mill market price
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and production rate. As seen in Figure (5-1) the jobber inventory
maximum leads the peak value of jobber sales by about three months
which is very close to the value generated by the simulation model
in Figure (5-2). This lead in inventory buildup is a direct result of
the policy of independent jobbers to build up inventories during times
of low market price and is affected but little by changes in model
parameters (other than WK5XX which determines the extent to which
independent jobbers are influenced by price in their buying). As
seen in Table (5-1) T (MAX), the time by which the inventory maxi-
mum preceded the sales maximum, is generally quite close to 12
weeks.

A comparison of Figures (5-2) and (5-3) indicates that price
and production, as generated by the simulation model, have the
same general characteristics as the industry data. The reduced pro-
duction during summer months is caused by cutbacks due to employee
vacations. Assuming that the 28 percent seasonal variationin sales
rate introduced in the simulation is realistic, the price excursions
generated by the model are somewhat too large. A possible explan-
ation of this might be the assumption that M sector unfilled orders
(MUDXX) are independent of price MPXXX. Including such a de-
pendence would have the same effect upon price as increasing
WK5XX: namely a reduction of the amplitude of price variations.

Another cause of excessive price variations might be a W sector
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order rate decision rule that weights inventory control policy too
heavily. As seen in Table (5-1), increased emphasis on inventory
control, corresponding to smaller values of WK3XX, is a cause of

increased price oscillations.

3) Model Tests With Modified Decision Rules

The purpose of the model tests described in this section was
to explore areas where modifications in decision rules might result
in improved system behavior. While it is undoubtedly true that
"improved system behavior'' means different things to different de-
cision makers in various sectors of the industry, a major problem
area in the plywood industry has been a low mill price which has
made survival difficult for many producers. In conversations with
industry personnel, it became apparent that mill production policies
were a cause of this problem. For this reason alternate independent
mill production policies were tested in the simulation model and the
results are discussed in what follows:

To determine the influence of curtailed production during
times of low seasonal demand for plywood M sector was modified
as given by Equation 1213:

MPOXX. KL, = (MPFMX., K)(MNXXX. K)(MA24X. K) 1213

Where: 5
MPOXX = M sector Production Ordered (ft /wk)
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MPFMX = M sector Production Feasible per Mill
(ft2/wk) - o
MNXXX = Number of M sector mills
MA24X = 1 - (MKI7X)(COS 2+ T/52)
and:
T = Time

This modification results in a production rate that is in phase with
seasonal demand variations. Production over a year is virtually un-
changed but less production occurs during times of low demand and
more during periods of high demand. The results of computer runs

with different values of MK17X are given in Table (5-2).

TABLE (5-2)
Run# MKI17X  Price Price Profit % Profit
(Max) (Min) 106$/yr. Increase
1.4A 0 68. 8 62. 4 25. 6 - -
1.4E .03 68. 6 63.0 26.7 4.7
1.4C .05 68. 5 63. 4 27.4 6.3
1.4D .10 67.9 63.7 27.9 9.2

As may be seen from the table, M sector profit increases signifi-
cantly as a policy of production control is implemented. Also of
significance is the fact that with production control price oscilla-
tions are reduced in amplitude. Such a reduction results in a cor-
responding reduction in undesirable revenue oscillations.

Another means of achieving the above results is the use of
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information concerning the rate of change of price in controlling pro-
duction. This may be seen by comparing runs 1, 2A and 1. 2J of
Table (5-1). Increasing MKI15X, which determines the degree to
which the rate of change of price is allowed to influence production,
is seen to markedly increase M sector profits while decreasing the
amplitude of price fluctuations.

It is interesting to note that the effects of production control
described above can be realized without varying production rate if
large mill-site warehouses are available. By using warehouses to
store excess production during times of low demand and by depleting
inventory during peak demand periods, the amount of plywood placed
on the market can be regulated. This problem is presently under
investigation by Z. B. Orzech of the Economics Department at

Oregon State University.

4) Tests of Five and Seven Sector Models

Larger models of the plywood industry were contructed and
preliminary tests were run to ensure consistency of decision rules.
Due to time and computation limitations, however, testing did not
proceed to the point where conclusions could be drawn regarding
these larger models. The computer programs for a five sector
model (M, W, L, P, and C-D sectors) and a seven sector model

M, W, L, P, C-D, O, and K sectors) are included in Appendix I.
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5) Concluding Remarks

Before leaving discussion of model tests two additional re-
marks are in order. The first pertains to conclusions drawn from
the data of Table (5-2). It should be emphasized that the computer
model from which this table was taken contained parameter values
which, in some cases, were educated guesses at true values. For
this reason the data of the table should not be used as a basis for
policy recommendations to the plywood industry. The data of the
table does, however, indicate a promising area worthy of further
investigation with improved parameter estimates.

The second general remark is in regard to the deterministic
nature of the models tested. In the model tests described in the fore-
going pages, stochastic or random disturbances were ignored. These
disturbances were neglected in the runs described because the task
of evaluating changes in system parameters and decision rules is a
much simpler one if randomness is absent from the models. It is
recognized that, in reality, the system simulated is not structly de-
terministic and that random disturbances enter such a system in a

number of ways.
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CHAPTER VI

THE USE OF EXPONENTIAL LAGS IN THE SIMULATION
OF AGGREGATED PROCESSES

In the foregoing exponential lags have been used extensively in
connection with the aggregated variables of the system model. In
what follows, it will be shown that, under certain assumptions, the
aggregate behavior of n discrete (or transport) lags can be repre-
sented by an exponential lag.

A real world economic system, such as the plywood industry,
is characterized at the microscopic level by discrete time lags --
decision makers ponder a situation for a time and then act, a boxcar
of plywood requires some discrete time to travel to its destination.
The properties of discrete time delays taken together in an aggrega-

tion will be examined by considering the representation of Figure

(6-1)

-tys
Ky e t
+
+
I -thys
(s) | K S o(s)
I +
! |
| ]
L———-»-Kn e-tns_____,

Representation of Aggregated Discrete Time Delays
Figure (6-1)
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In the figure, the notation is that of the Laplace transformation.

The input and output of the aggregated process are respectively I(s)
and O(s). The discrete time delay, t, is assumed to be a random

variable and t., t

1 o tn in the figure is a random sample from

a distribution with density function given by a member of the Erlang

family of Equation 6-1 (35, p. 69):

-1) -
f(t) = a(at)<k )e at/(k-l) ! 6-1
Where:
= time delay--a random variable independent of time
e = base of natural logarithms

In the equation, a and kl are parameters which in practice can be
selected to represent a wide variety of real world situations. It can
be shown that the mean of t is k/a and it will be noted that with the
parameter k unity, t has the exponential distribution with mean 1/a.
As k increases, the density function shifts to the right and repre-
sents a process in which time delays in some region about the mean,
k/a, are more probable than very small or very large delays. In
what follows, it will be seen that the parameter k, importantly, de-
termines the order of the approximating exponential lag.

Attention will first be turned to the case in which k is unity
and the random variable, t, has the exponential distribution. With

this assumption and using Figure (6-1), a transfer function will be

The parameter, k, should not be confused with the capital
letter "K' of Figure (6-1).
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derived which represents the aggregate relationship between O(s)
and I(s) when n, the number of discrete time delays, is large.
From the figure, the transfer function relating output to input is
given by:

n

O(s)/1(s) = Ke_tiS 6-2

i=1

At this point, the simplifying assumption will be made that all Ki
are equal to some K and, by expanding the exponential into an infin-

ite series, Equation 6-3 results: 6-3

O(s)/I(s) = K

(1 -t.s/1! + (t,s)Z/Z! + .
1 1 1

nMe

1

+(—tis)j/j! +...)

Equation 6-4 results upon distributing the summation indicated in

Equation 6-3.

n n 2 2
O(s)/I(s) = K(n - ts/4 +=. t. s /2! +. .. 6-4
i=1 1 i=1 i
oo ;.
+i§1 ti (-=s) /5 +. . .)

The summations on ti in the foregoing equation are seen to
bear a close resemblance to the jth moment of t (16, p. 100). In

what follows, the moments of t will be derived by means of the mo-
ment generating function and using these results, Equation 6-4 will
be modified to a form recognizable as the series expansion for a

first order exponential lag. The moment generating function of the

random variable, t, is given by
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tr
M (r) = E(e) 6-5
where the symbol E denotes the expected value operator. By ex-

panding the exponential, Equation 6-6 results:

Mt(r) =1+ E(t)r + E(tz) rZ/Z! +. .. 6-6

+ E(tj) rj/j! +.
The term E(tj) is the jth moment of t and is obtained by differentiat-
ing the moment generating function, Mt(r), j times with respectto r
and setting r equal to zero in the resulting expression:

8 IMt(r)
——
[e I‘J

B(t) - 6-7

r =0

The moment generating function is obtained from Equation 6-5 know-

ing that (by assumption) t has the exponential distribution:

Mt(r) = g OOetrae-atdt 6-8
Jo

on performing the integration, Mt(r), is seen to be:

Mt(r) = ala-r 6-9
Using Equation 6-7, the jth moment of t is seen to be:

E(tj) = j!/aj 6-10
At this point the assumption will be made that n, the number of delay

elements summed in Figure 6-1 is very large and, from this assump-

tion, it follows that:

o . .
=t =~ nE¢) = njr/a’ 6-11
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Upon insertion of this result into Equation 6-4, the desired form of
Equation 6-12 is obtained:

O(s)/I(s) = Kn(l-s/a + (s/a)2 ...+ (-s/a)j +. .. 6-12
Equation 6-12 is readily seen to be the infinite series representation
of a first order exponential lag with time constant 1/a since:

(s/asl) = 1-(s/a) + (s/a)”+. . . +(-s/a) 4. . . 613
It has thus been shown that for large n and the delay time, t, dis-
tributed exponentially (k unity in Equation 6-1) the aggregation of
discrete delays--shown in Figure (6-1) can be represented by the
transfer function

O(s)/1(s) = Kn/(s/a+l). 6-14

In exactly the manner described above, it can be shown that,
if n is large and the parameter k in Equation 6-1 has the value two,
the resulting process can be represented in the aggregate by the sec-
ond order exponential lag

O(s)/I(s) = Kn/(s/a+1)2 6-15
On the basis of these two results, the question arises: is the order
of the approximating exponential lag for large n equal to the param-
eter k in the density function of the random variable, t? The an-
swer to this question is yes as will be shown in what follows.

Development of this general result is based on an important

property of the density function for the time delay, t, in Figure

(6-1). As shown by Saaty (35, p. 59), a random process
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characterized by a time delay with the Erlang distribution of Equa-
tion 6-1 with parameter, k, is exactly equivalent to k cascaded time
delay elements each with the density function ae_at. This result is

! !

shown in Figure (6-2) for k equal to two and three. The tZ’ tZ'

tr'1 and the tll’ t12 G tn3 in the figure represent random samples
from their respective distributions. From the properties of the
Laplace transformation it is known that two cascaded first order lags
are equivalent to a single second order lag. This fact gives rise to
the equivalence relationships of Figure (6-3) which exist for the case
of n large. The relationship of part (b) of the figure follows directly
from the equivalence of part (a). By use of relationship (b) of Figure
(6-3), the random process of Figure (6-2b) can be decomposed as
shown in Figure (6-4). That is, Figure (6-2b) with k equal to three
is equivalent, for large n, to second and first order exponential lags
in cascade and must therefore represent, itself, a third order ex-
ponential lag. By similar reasoning, random processes with time
lags distributed as Equation 6-1 with arbitrary k can be shown
equivalent to kth order exponential lags.

The above results can be summarized as follows: Given the
random process of Figure (6-1) with time delay, t, distributed in
accordance with Equation 6-1. As n, the number of discrete delay

elements, becomes large the transfer function of the random proc-

ess approaches
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O(s)/I(s) = Kn/(sa+1)K 6-16
where k" and "a'' are parameters in the density function of the ran-
dom variable, t.

As seen from Figure (6-1), the above result was obtained for
the case of all discrete time delays having the common input, I(s).
This restriction applies in certain practical cases as, for example,
delayed decisions based on market price as a common input variable.
In many cases, though, this assumption is restrictive. Fortunately
this restriction can be removed in an important case. This may be
seen by reexamining Figure (6-3). The (a) part of the figure illus-
trates two random processes which are both equivalent to a second
order exponential lag for large n. This equivalence implies the re-
lationship of part (b) of the same figure. Stated in words, Figure
(6-3b) says that for large n the random process shown, with individ-
ual inputs, I(s) . . . In(s) arising from a common input I(s), can be
replaced by the same process with a common input which is the mean

(s) . . . I (s). This result extends the po-

of the individual inputs Il 0

tential realm of application of exponential lags greatly.

The foregoing discussion of the use of exponential lags to rep-
resent, in the aggregate, the behavior of a large number of discrete
time lags leaves unanswered some important questions: How large
is 'large' in the case of n, the number of discrete lags? What are

the properties of the aggregation error for finite n and how does it
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vary with n and with the system inputs? It has been assumed for
tractability that each time delay element has associated with it the
same gain constant K. How does the relaxation of this assumption
affect the aggregation error? These are important questions worthy
of attention; however they are beyond the scope of this work.

A final comment is in order here in connection with the wide-
spread use of third order lags in the plywood industry simulation
model. Higher order lags were deemed appropriate in these appli-
cations because it was known that the probability density functions of
the relevant lags were more realistically approximated by Erlang
density functions with k greater than one. The selection of the third
order lag as a first approximation was based upon the experience of
Forrester and that of his students and upon the ease with which the

third order lag is represented by the DYNAMO simulation language.
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CHAPTER VII

CONCLUSIONS

In this chapter conclusions drawn from the study as a whole
will be presented. The order of presentation of conclusions is as
follows: those relating to simulaticn state-of-the-art, those of rele-
vance to the plywood industry and, finally, conclusions which deal
with educational patterns in the interdisciplinary area spanned by

this thesis.

1) Conclusions Relating to Simulation State-of-the-Art

Simulation, as a skill acquired by experience, is definitely an
art. Though based on certain fundamental principles, simulation of
large scale systems is to no small extent dependent upon the judgment
of the investigator(s) which is a by-product of experience. Since sim-
ulation is an art, it would seem appropriate to present here certain
""rules of thumb' which have proven useful in the foregoing study.

The first of these concerns the use of linearized approxima-
tions. At a number of pcints in the model previously described,
linearized approximations were made because the nature of more
appropriate nonlinear relationships was not clear at that particular
stage of model development. These approximations, though bold

ones, were on sound ground theoretically (for limited excursions of
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model variables) and made possible simulation runs which greatly
increased understanding of the system and made possible further
model improvements. In important instances, models with certain
decision rules linearized provided insight into more appropriate non-
linear representations of these linearized rules as described in Ap-
pendix II.

A second ''rule of thumb' deals with the use of block diagrams
in the development of simulation models. In the course of this study,
the interrelationships among system variables, at each stage of mod-
el development, were described in the language of block diagrams.
Diagrams present these interrelationships at a glance and eliminate
the onerous task of studying a system of dozens or even hundreds of
equations. It was found that the block diagrams could lead directly
to the simulation program without an intervening and redundant sys-
tem of equations. It was also learned that the block diagram repre-
sentations of variable interrelationships greatly reduced the likeli-
hood of programming errors when changes were introduced into the
model. Since the time required to locate program errors increases
at least as rapidly as program size, the block diagrams introduce
significant economies into the simulation process.

The last ""rule of thumb'' to be discussed has to do with simu-

lation model complexity. In the foregoing study, an evolutionary
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process moving from ''simple' to more complex models was found
to be the best approach to a large scale system in which a "simple"
model is complex by many standards. Ideally, the initial "simple"
modely should embody those aspects of the system which appear to
the investigator to be of dominant significance in determining system
behavior. With an understanding of the ''simple' model additional
complexities can be added and meaningfully evaluated. Experience
gained during the course of this study indicates that overly complex
models in the early phases of investigation can be baffling and a
waste of human and computational resources.

Another conclusion relating to the state of the simulation art
has to do with wider applications of the DYNAMO simulation lan-
guage. As has been mentioned, DYNAMO makes an IBM-7090 class
computer 'look like' an extremely large analog computer with a
large number of function generators, function multipliers and logic
elements. For this reason, though DYNAMO was developed primar-
ily for study of systems involving human decision-makers, it would
appear to be a useful tool in the study of more conventional engineer-
ing systems.

The last conclusion dealing with the art of simulation is drawn
from Chapter six which dealt with the use of exponential lags to sim-
ulate, in the aggregate, the behavior of many individual system ele-

ments each reacting to a common stimulus but with some discrete
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time delay between stimulus and response. Specifically, the results
of Chapter Six may be stated as follows:

If n system elements each with transfer function
Ke_ts/n relating output Oi(s) to input I(s), t being a ran-
dom variable distributed as the Erlang distribution with

-1 -
(k )e at/(k-l)!, have the com-

density function f(t) = a(at)
mon input I(s), then the transfer function relating
n
O(s) = Z O.(s) to input I(s) approaches the kth order
i=1 1
k

exponential lag K/(as+1)" as n becomes very large.
In practical situations where the assumptions apply, this result spec-
ifies how to correctly obtain a single equation to describe the aggre-
gate behavior of the n system elements. In this case, estimates of
the Erlang parameters a and k (obtained from data taken from the

system being simulated) lead directly to the correct aggregate trans-

k
fer function, K/(as+1l) .

2) Conclusions Relevant to the Plywood Industry

In this section, conclusions which bear either directly or in-
directly on industry operating policies or possible changes thereto
will be discussed.

On the basis of tests of the two sector industry model (includ-
ing independent mill and independent jobber sectors), it is concluded

that simulation model behavior, in terms of variable excursions and
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phase relationships, bears a definite resemblance to data reflecting
past industry performance. Further refinement of model parameter
estimates and decision rules for the purpose of applying the study to
specific industry problems would appear justified.

A second industry related conclusion deals specifically with
the independent mills of M sector. Preliminary model tests indicate
that independent mills can substantially increase net profits beyond
what is generally conceded to be minimal by restricting supply during
times of low seasonal demand. Supply can be curtailed either by re-
ducing production, as was assumed in model tests, or by storing out-
put in mill site warehouses. The feasibility of the latter approach is
being investigated by Z. B. Orzech of the Economics department at
Oregon State University.

Another possible industry application of the simulation model
is related to policies underlying the operation of large integrated
organizations which both produce and distribute plywood (firms which
span the P and C-D sectors). Such firms can pursue a sales orienta-
tion in which production levels determine sales or some hybrid ori-
entation based on a weighted combination of the first two. A good
deal of disagreement was apparent within companies of the industry
as to the best policy to pursue. An interesting and perhaps useful
extension of the present work would be an investigation directed at

this particular problem.
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3) Conclusions Relating to Applied Social Science

The conclusions stated here were formed on the basis of a doc-
toral program, course work as well as thesis, that was designed spe-
cifically to explore the application of the engineering art and its more
general theory to the social science of economics. Conclusions in
this inter-disciplinary area foliow.

In the construction of the plywood industry simulation model a
basic grounding in the theory of feedback systems was indispensable.
It is not overstating the case to say that this theory, acquired through
an engineering curriculum, was as important in the construction of
an economic system model as was economic theory.

A second conclusion has grown out of stimulating contacts with
economists and economic literature during the past several years.

It has been observed, and a number of economists have concurred,
that an educational gap exists in the area of applied social science.
That is, few students are being formally trained to apply social sci-
ence in the sense that engineers are trained to apply natural science.

A third conclusion follows from the first two. It is concluded
that engineering schools can significantly contribute to the filling of
this gap if they are willing to broaden their definition of engineering
to include applications of social science. This conclusion is based

upon increasing evidence (1, 5, 6, 12, 13, 14, 15, 18, 23, 24, 30,
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39, 44, 47) that bodies of system theory developed primarily by
workers in engineering fields are applicable to certain social phe-
nomena as well and upon the belief that the engineering method or
"art of applying knowledge' is general in nature and can be related
to a growing list of disciplines. This belief is supported by the em-
ergence of engineering design as an engineering core course divorced
from any specialized discipline.

On the basis of the above discussion, it would seem that the en-
gineering school with its expanding bodies of system theory and prob-
lem solving heritage, wedded to modern social science, would pro-
vide an educational base for a powerful attack on an important class

of social problems.
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APPENDIX I

SIMULATION PROGRAMS

Included in this appendix are samples of simulation programs
for two, five, and seven sector models of the plywood industry. The
models include the equations which simulate the industry structure,
initial conditions, and assigned parameter values.

As listed, the programs are capable of being run on any IBM
709-90-94 computer given a magnetic tape containing the DYNAMO
system., The DYNAMO system is available from SHARE Distribution
Agency, IBM Corporation, 112 East Post Road, White Plains, New
York. It should be emphasized that parameter values and initial
conditions specified are not necessarily ''correct' values. In many
cases, particularly in the five and seven sector modes, assigned

values are 'ballpark'’ estimates of true values.
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148 WOFL X oK =WDOMXX+ {WHAXX T (WAZX XK 2105
120 WINXXeK={WSSLXeK) {WKIXX) 2106
£ WSEU X T K=WEELX e JF I DT T 1 /WK BXX Y TWOAL X « JK=WSSL X e J ) 7107
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6N MOLIC X =0 1031
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&N MO W X = METYX X 133
ANTTTTTRAMY Y EWART Y T T TTTTTTTTeTTTRTTTET 1é3w™
6N MPMX X =MD X XX 1C35
NafE ™~ - T TTTTTTTINPY T
NOTE - INPUT INP2
NOTE INP3
PAP L WORLXWKL={WATIXWK)FXP{WAIOXWK) : e INPA
TN WFAS k= (=TNVIXT RSP TIVITIMEY/B ) INP5
R MORCY o¥ 1 =0 ; INP6
Y08 2PN 2 U »J R F VT 2
2R A WNXXX ¥ = { 1NAAIEXP (WATOX oK) INP8
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174 WATOX.K=(INK2XY) (TIME) ___INPLlO
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' MK 15x=2 CONS5
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c MKInX=404 e . . ol CON14
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o WKaxx=12 WKS TO CORRECT INV CON2Y
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e W OXX=R YR{4X?) TIME TO AVG SEAS SALES CON4 2
r WTEXY=R WKQ ! FCST TIME - CON43
¢ W yny=1 T T T T T Y REND T CONS TAN CONG4




168

c WSAVA%ZL3 (5 /87 45/547672769,5/T5/76eB/75/6965/62/5674745/43,5 CON4D
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PLOT  MPXXX=P/MGIXX=QsyWORLX=D/MOUXX=1I/WIAXX=S
SPEC DT=,050/LENGTH=500/PRTPER=4/PLTPFR=2 RS
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8A MAZ2XX s K=MATXX e KEMALX X s K+MAZX X o K 1203
ERA MAE KX s RETRRHCTME 2 XXy MAZ XX K3 U3 B e 533 5] 170%
1L MALXX aK=MATIXX o J+IDT) (MA21X 4 J=-M0O0O0O) 1205
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14A MIDXX eK=MGDXX oK+ (MGIXXeJK) [MK12X) INV DESRD 1221
70R MAT 2R G R=MRT TN K 7TMRIXN : 12772
TA MTSXX o K=MGI XX o JKFMAL2X oK : TRIAL SHIPMENT 1223
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44p MAZXXaK={MALIOX oK) (1) /MGIXXeJK 1225
GHR MAGXX K= TMOUXX oK TTTTV7RGTYX X s JE 122%
3L MFRXX K =MFRXX ¢ J+ (DT) { 1/MK3XX) (MA18X s JK=MFRXXsJ} FACTOR RATE 1227
LR MATXX « R={MFRXX 4R T TMRZXXT7MGTXYK IR 1278
21A MAT3XeK={1/MK11X) (MOUXX e K=MUDXX 4K ) 1229
12A MUPXX sK=MGTXX 4 JKY (MK13X) UNFORDS DESRD 1230
20A MA14X o K=MATIX K /MK1I1X : 1231
124 0 MAIBX K= TMPRYX oK) (MKTOXT . ‘ 1232
9R MODXX o KL=MPDXX oK+MAT14X e K=MA1BX 4 K~MA13X.K 1233
TA MA16X oK =MOAXX ¢ JK=MGSX X s JK 123%
7A MAT7X e K=MORXYX ¢« JK=MGSXX o JK ' 1235
51R MATBX KL =CLIP (MATTX ek sMA16XeK s MORX X e JK sMODX X o JE ] 1236
12A MCFXXeK=(MCFMX) (MNXXX) COST FIXED 1237
E8R MEVMY KU =T APHL TME B XX s MG TMX v IR0 1ed s e ) COST VAR 1238
20R MGIMX e KL=MGIXX s JK /MNXXX GOODS TO INV/M 1239
TR TTTTMEVX R TR =T VMY IR TMN KR K S COST VAR 1240
7R MCTXX o KL =MCVXX o JK+MCEX X oK COST TOT 1241
12R MRSXX oKL = (MGSXXeJK) (MPXXX K} REV PTS 1242
1 MENSX ¢K=MENSX ¢ J+ (DT ) {MRSXX e JK~-MCT XX ¢ JK) EARNINGS NET PTS 1243
15R MROXX oKL = (MOAXX s JKT (MPXXX 4K} REV P70 1244
- MENOX «K=MENOX ¢ J+ (DT ) {MROXX ¢ JK~MCT XX o JK) EARNINGS NET PTO 1245
43R T MGSCX GKL = TMOUCK s K Y TMGEX X o JKT 7MOUXX . K GOONS SHPD € 7 1246
44R MGSWX .o KL = {MOUWX oK ) (MGSX X JK I /MOUXX oK GOONS SHPD W 1247
44R MGSOX o KL= {MOUIOX 4K ) (MGSXXeJK) /MOUXX oK GOODS SHPD © 1248
A4R  MOACXKL=(MORCX e JK) IMOAXX e JK) /MORXX e JK ORDS ACC ¢ 1245
44R MOAWX « KL = {MORWX o JK ) {MOAXX e JK} /MORY X s JK ORDS ACC W 1250
44R  MOAOX oKL =(MOROX e JK) (MOAXX s JK) /MORXX e JK ORDS ACC © 1251
1L MOUCX o K=MOUCX o J+ {DT) (MOACX s JK=MGSCX o JK ) ORDS UNFD C 1252
1L MOUWX ¢ K=MOUWX s J+ (DT ) {MOAWX & JK~=MGSWX s JK ) ORDS UNFD W 1253
L MOUOX ¢ K=MOUOX e J+ (DT ) { MOAOX s JK=MGSOX e JK } ORDS UNFD 0 1254
Bl MOMXXaK=zMOMXX e J+ (DT) (1 /MKEXX) (MOAXX e JK=MOMXXeJ) ORDS. S M. _THD 1255
3L MPMXX ¢ K=MPMXX ¢ J+ (DT { 1/MK14X) (MPXXX e J=MPMXX o J) PRICE & M THD 1256
J4A _MA19IX eK=MPXXX K+ (MK1BX) (MPRXX ek ) 1251
12A MPDXX ek ={MNXXX) (MA23X (K ) PROD. DSD 1258
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PORTTTTMOMMX K EMOMY X o ¥ 7MY XX SVOOTHED "ORDERSTMI?BY
JA  MA2OXK=MATOX 4 K+MOUXX sK (JOTAL LEEWAY MMSQFT
12A 7 MAZIX oK =TMRIXX T IMRGXX iKY~ 1261
358 MROX1=ROXCYC(1344) ° 1262
TR MR IRV ETMR TG X T TMBTMY XY VA AN T DES BRED /M 1783
49A MA23XaK=SWITCH{MPDOMX oK s MAZ2X o K s MROX1%1 34K ) 1264
JoTTTTT Wbﬁt??ﬁ”WﬁTEY”U?TDTTTW@EEY"UR"VG%Lx"JVT 2160
AL WIAXXeK=WIAXX e J+(DT) (WOGRMX ¢ JK=WGSLX e JK) 2101
20N HTSU X K =WOULX JE 7WDE LXK~ 2107
208  WRNLXeK=WIAXXK/NT 2103
ShR WOSLX e KL=MINTWTSL XK s WRNL X ¢ K 2104
14A WDFLXoK=WDMXX+{WDAXX) (WA?XXeK) 2105
154 WIDXX (K= TWSELX WK TWRTXY) 2106
3L WSSLX eK=WSELX 0 J+ (DT {1/WKBXX) (WGSLX e JK~YSSLXed) 2107
AR W XN R EW TN K IWT AR o K 2108
6R WOAL X o KL =WORLYX o JK 2109
T WETMX K=WGT MY ¢ JFIDT I IMGSH Y e JE~WGRMX o JK 5113
39R WGRMX oKL =NELAY3 (MGSWX o JK s WK 2XX) 2111
240 WABXXeK=T1/WKBXX T IWIFXK dK=WIAXX KA WPDMX ¢K~WPAMYX s K ¥ WOUL X4 F=WORTU XK
X1 2112
18A WALXX o K= (WETXXTTPEXXNSEEXRX) o SREN
T2A ° WABXXeK=(WKAXX) (MPRXXWK) 2114
TR WAEXK oK =WOALX sRTWALXK sk FWAS XX s KA WATKX o K 7115
J4A  WAIXXeK=WABXX oK+ (WKBXX) (=WATXX 4K ) 2116
TA WATXX o K=MPXXX o K=MPMXX o K 2117
58R WOTMX o KL=TARHL (WFIXXsWALXXeKs0s200450) 2118
iC WOPMX WK =WOBHX ¢ J¥ TRTY TROTMX Y JE=VOEMRX o JK 21719
3R WOSMXWKL=DELAYZ (WOIMX o JK s WKEXX ) 2120
&R MORWX ¢ KL =WOGMY ¢ JF 2121
TA WPAMX o K=WGIMX o K+WOPMX oK e 2122
&A WDEMX o K=H 2123
BA  WABXXeK=WKEXX+WK2XX+WDFMX WK 2124
12R T WPDMX o K= (WSFL X o KT TWAB XK S K 2128
6A WEFLXeK=WSFT1X¢K SALES FCS 2126
184 WONLX ¢ K= (WSSLX oK) {WOMXX+WDAXX ) 2127
12A  WIFXXeK=(WKIXX) (WSFLXeK) INV_FCST 2128
38R WSAVe=ROXCYC (134 ) SEAS AVG BXCR CYC 2129
3L WSAVR#13,K=WSAVB*¥13,J+(DT) (1/WKIXX) (WOALX e JK=WSAVB*13,4J) 2130
378 WTLS OXLINTIv4) TIME SIN LST gHFT 2131

1L WTLSR#1 o K=WTLSR*1, J+(DT)(1~0) 2132
8A WTFRC o KEWTFXXFWTLGR¥1 oK =2 TIME FR CEN BOT CAR 2133
TA  WINTDWK=48=WTFRC4K INTERP DIST FR_TOP TRN 2134
59A  WSFIXeK=TARLF(WSAVBsyWINTDKs0s4844) FCST SALES 18T APP 2135
21A  WAOXXWK=(1/WSSLX4K) (WSSLXeK=WSAVR®12) 2136
T2A WTFCX K= (WEINY Y TWAIXX oK) TREND FORECAST 2137
6R WORL X oKL =L OSWX o JK 2138

58 A PAIXXeK=TARH] (PFI1XXsMPXXX oK 3560978 47) 1100
12A PADXXeK=(PKIXX)(PATXX4K) . L 1101
38R PROX1=ROXCYC{1354) 1102
A9R PPOMXGKL=SWITCH(PALXX (K sPA2XX K9 PPOX1%134K) PROD DSD/M . ~1103
12R  PPDXXeKL=(PNXXX) (PPDOMX e JK ) PROD DSD 1104
1L POPXXeK=POPYX s J+ DT} (PPDXX e JK=PPSXXeJK ) ORDS IN PROC 1105
39R PPSXXeKL=DELAY3{PPDXXeJK s PKBXX) PROD STD 1106
L. PGPXXsK=PGPXXeJ+(NT) (PPSXXeJK=PGIXXsJK) GDS IN PROD 1107
39R PGIXXeKL=PELAY3(PPSXX o JK s PKEXX) GDS TO INV 1108
3L . PGISXeK=PGISXeJ+(NT) (1/PK2XX) (PGIXXe JK~PGISXeJ)  GI SMTHD 1109
20R PGIMX oKL =PGIXX s JK /PNXXX GDS TO INV/WM 1110
13R . PLCRXWKL={PGIMXeJK) (PRRXX) (PLEXX) LOG COST RATE/M 1111
17R PGCRX KL= (PGTMX 4 JK) (PGCXX) GLUE COST RATE/M 1112
S46A . PABXXeK=MINIDGIMX o JK 9DSCMX) e A213
19R  PSCRXSKL=(PAIXXeK) (PSCXX) ST TIME MP CST RATE 1114
A PALXXeK=PGIMX W JKmPECMY 1115
51A PABXX eK=CLIP(PAGXXaK s Ny PALXXaK 80 ) 11716




12R POCRXeKL=[PABXX oK) (POCXX) OV TIME MP ST RATE 1117
A0R . PCMXXeKL=POCRX .JFtPSLRX;JKiEﬁLEXLQ&tRLCRXNJﬁiBSLKXiQ“_m_-m“_lelﬁw
12R PCXXXoKL=(PCMXX e JK) {PNXXX) 10T CsT 1119
1L PTAXXaK=PIAXX o J+{DT) (PGCIXX e JK=PGSYXeJ) INV ACT 1120
17K FIDXX K= TP IX X T TP GTY Y o IR TRV TS0 TT77T
21A PATXXoK={1/PKEXX) (PTAXX ¢KmPINXX oK) 1122
TA PTaEXX o K=PGIXY JKFPATYN K ™™ TRYAL "SHMTS Ti77°"
51A PGSXXeK=CLIP(PTSXXsKs0OsPOUXXeKs0) GDS SHPD 1124
YA PERUX GRU TP SR Y (PGEX R TRY 7P OURY oK “““Gbi“ﬁﬁvn't """""" TI7S ™™
44R PGSNXeKL=(POUNX oK Y [PGEXX oK) /POUXX oK GDS SHPD 1126
1L POUCX ¢K=POUCX ¢ J+(DT) (PORCXe JK~FGSC X aJK ) ORDS UNF c 1127
1L POUDX eK=POUNX o J+(DT) (PORNX e JK=PGSNX o JK ) ORDS UNF D 1128
TA T TPOUXX «K=POUCK s K+POUDX LK ORPE UNF TOT 11729
9A PARXX ¢K=POUXX ¢K+P IMXX=PTAXX oK =PGPXX oK 1130
KT PLTX X GREPAEXK K TBETYN IR CEEWAY TOTY 1131
18A PAGXX oK=(PGIXXeK) (PLOXX=PLTXX oK) 1132
1T PENXX «K=PENXY s I T BT T TPREX Y s JE-PCX XX e JE T FGS NET MBOLS TT3%
12R PREXXeKL=(MPXXX oK) (PGSXXeK) REN MDOLS/WK 1135
T4A CODLX oK=CORLX s JK+ (CRIXXT (-MPRXX K'Y ORDS DSD 2200
54R COALX oKL =MIN{CODPLXsK s CORLX e JK ) ORDS ACC 2201
AL EOULX K= C0ULK v I¥ (BTYTCOALK Y JK=CGELX . JK) ORPS UNF 7702
7A CAIXXaK=MGSCX s JK+PGSCX o JK 2203
1T COTXX K=t oI XX s JF¥ BT T IEATX X s J-COGRX X s JKT  GDS INTRANSIT 2204
39R CORXXeKL=DELAY3(CALXX oK »CK2XX) GDS RCVD 2205
1T CTAXX K= CTAXX I+ (DT TCORY X s JK=CGS X I T TNV ACT 2706
20A CRNL X oeK=CTAXX 4K /DT - MAX SHIP.RATE 2207
5% CIDXX K= eI TR TCRANKS TNV BSH MWSAET 2708
444 CDVLXeK=(CDAXX) {CIDXXeK) /CIAXX oK VAR SHIP DEL - 2209
TR COFLX K =ChMXY+CDVLX oK ORD FIL DEL v 2210
20A - CAZXXeK=COULXsK/CDFLX WK 2211
B4R COSLX«KL=MINTCAZXX oKy CRNLX e K) 2212
3L CSSLXeK=CESSLX e J+(DT) (1/CKAXX) (CGSLXeJK=CSSLXeJ) SM SALES 2213
12A CTEXX K= {CKAXX) (CSFLX KT TNV FORCST MMSQFT 2214
BA CPAXX oK =CGIXX eK+COPPX JK+COPMX oK PIPE ACT 2215
YY) CATAX o K= [MOUTXX oK) (MOIICX «KI17MGIXX s JK 2216
L4 CALXX K= (POUXX oK) (POUCX oK) /PGIXX 4 JK 2217
&A CABXX o K=0 ’ 2218
8A CABXXeK=CK2XX+CK10X+CASXXeK 2219
1A CPDXX oK = {CSFLX oK) (CABXX K PIPE INV DSD 2220
18A CONLX K= (CSFLX oK) (CDMXX+CDAXX ) ORNS UNF NOR 2221
LA CATXX dK=T1/CREXX T TCTEXXeK~CIANX sK+CPDXX e K=CPAXX sK+COULXsK=CONL X +K]
X1 2223
38R CSAVR=ROXEYC (1394 SEAS AVG RXCR CYC 2224
3L CSAVRNT3 GK=CSAVA*134J+(NT) (1/CKTXX) (COALX o JK=CSAVR¥*134J) 2225
3TETTCTLSA=RAXLTIN(T v ) TIME STN LSTSHFT 2226
1L CTLSR#]14K=CTLSR¥1 ¢ J+(NT)(1=0) 2227
8A CTFRCWK=CTFXX+CTLSR*1 eK~TWO TIME FROM CNTR BOT CAR 2228
TA  CINTDeK=48-CTFRCWK INTERP DIST FRM TOP TRAIN 2229
59A CSFIXeK=TARLE(CSAVR s CINTDeKs0s48s4) FCST SALES 1ST APP 27230
21A CABXXeK=(1/CSSLXWK) (CSSLXeK=CSAVR¥*12 ,K) 2231
oA TTCTFCX WK=TCABXX WK TCKEXY] TREND FORECAST CCRRECTION 22372
12A CSFLXeK=(CSF1XeK) (1) SALESsFORECAST 2233
JOA CAIXX K =PABXX oK/ CKIXX L
9A CA;Q&WKACAQXX K+PGI XX s JK=DOAKX oK+COMMX . 2235
SA CATIXeK=CONXX o K+NOAKX e K=PGT XX o JKeCATXX oK ' 2236
51A  COA) —CLIP((ONXX K9 CAIOXaK s CATIX oK 9 COMMX ) 2237

7A Con ATXXoK+CEF1X oK ORDS NORMAL 2238
8A COIPXeK=PGIXX e JK+CAIXX e K~DOAKX oK ORDS IMP TO P 2239
3A CA12XeK=COAXXosK+CAI3XeK~-COIPXeK+CALLXaK 2260
51A _ COIMXeK=CLIP(CAL12XeKsCOMMXsCAL2XoKsCOMMX)
L ‘COPMX oK=COPMX 4 J+ (DT) (COTMX s J-COSMXsJK) = ORPS IN PROC TO M 2241
39R  COSMXeKL=DELAY3(COIMX oK sCK10X) ORDS SENT TO M 2242

i DOPPX «K=NOPPX ¢ J+ (DT ) (NOAKX s J=NOSPXeJK) ORDS IN PROC TO P 2243
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ORI SP R VR UEBE LAY S TN UAR Y K5 TR TOX T ORNS SERT ™ TO P YELTT
1L COPPX oK =COPPX s J+(DT) (COIPXsJ=COSPXWJK) ORDS IN PROC TO P 2245
R EP R K UEBE VAV IFOT PR Ky CRTAYS TTTORDS TSENT Y0P 2256
54A  DOAKXeK=MTIN{NORKX ¢ JK s DODK X oK )  ORDS ACC 2247
Y DOTK X S KENBREY IV ORTE TS 7758
6R PORDX +KL =DOSPX ¢ JK ORDS RCVD 2249
AR POREX VKLU =COEPX v JK , ORNE "RECVD 2250
AR MORCX oKL =COSMX o JK ORDS REVD 2251
128 TCAT3X K= TMPRY X SK T TCRTTX) SPEC FACTOR 2557
18A  CA14XeK=({CK12X) (MPMXXeK=MPXXX oK) SPEC_FACTOR 2253
6R DGRPX+KL=PGENX s K D GDS RCVD 2254
R DGSKXeKL=NGROX o JK GDS_SHIPPED K 2255
6R DORK X+ KL=K0SNX o JK ’ ORDS RCVD K TTT2%e
6R CORLXsKL=LOSCXeJK ORDS RCVD L 2257
TA CATXX K= CGSIX S TKFWGST X JK 3100
1L LGIXXeKSLGIXXoJ+ DT} (LAIXXeJ=LGRXX s JK) GDS IN TRANSIT 3101
3OR  LGRXXsKL=DELAY3(LAIXXsKsLKIXX) GDS REVD 3102
1L LIAXX oK=L TAXX o J+(DT) (LGRXX s JK=LGSXX s JK) INV ACT 3103
ix LOUXX K =L0UXX o J+ (DT (LOAXX e JK=LEEXX o JK) UNF ORDS 3104
20A  LA2XXeK=LOUXXeK/LK2XX i 3105
Z0A T T TUABXX G KELTAXX JK /R T - 3106
54R  LGSXXeKL=MIN({LA2XXeKyLAZXXsK) GDS SHIPPED 3107
30 COSMX e K=L08MX e J+ (DT1{17LK3XX] (LOAXXe JR=LOGMX s J) ORDS SMTHD 3108
12A __ LIDXXeK={LSFXXeK) (LKAXX) INV_DSD 3109
51A 7 LAGXXeK=CLIP {04 MPRXX sk sMPRXX oK 301 3111
51A  LATXXeK=CLIP (MPRXX 4K s0sMPRXX oK s0) , 3112
128 T TLSGRX JKETUABYX TR TLKEXX) SALES GATNER 73713
172A  LSLKXeK=(LA7XXsK) (LK7XX) SALES LOST 3114
I2A LABXXeK=(LKBXX) (MPRXXeK) 3115
18A  LA9IXXeK=(LKIXX) (LPSXXeK=LPXXXsK) 3116
TOA T LOTXX CKELAGXK sK¥LOSMX oK+ LABXX oKL SGKX s K=L SLRX s K+LAGXKeK 3117
1L LOPXXsK=L OPXX o J+ (DT} (LOIXX s J=LOSXX e JK) ORDS IN PROC 3118
3OR T TLOSXX S RU=DELAYS TLOTXX oK s LKIOX] ORDE SENT 3719
50A  LOFWXeK=(LOSXXeJK) (WSXXX) /(CSXXX+WSXXX) ORDS FEAS TO W 3120
BOR  LOFCXeK=(LOSXXeJK) (CSXXX)1 /7 (CSXXX+WSXXX) ORDS FEAS T0 C 3121
34A _ LNIXXeK=(LK19X)NORMRN{0sLN1SXeK) NOISE , 3122
17287 LNISXeK=(LK11X) (LOSXX e JK) STD DEV 3123
TA LAINXsK=LOFCX o K+LN1XX oK 3124
A LA1TX o K=LOF WX K~LNTXX oK 3125
28A  LAI2XeK=l1)EXP (=L AL4XWK) 3126
28R LAT3XeK=(1EXP(=LAISXeK) 3127
BGA LATAXeK=ILKIZX) (CTAXXK) /LALOX K 3128
44A LALSXWK=(LK13X) (WTAXXWK)/LAL1X <K 3129
12A  CSLWXeK=(LA10XsK) (LA12X4K) SALES LOST 3130
128 TWSLCK K= (LATIX SRV TUATBX WK1 SALESLOST 3131
8R LOSCXeKL=LALIOX e K+WSLCX o K=CSLWX oK ORDS SENT 3132
IR COSWXeKL=LAT1XeK+CSLWXsK=WSLCX oK ORDS SENT 3133
124 LA16XeK=(MPXXXeK) [LK14X) 3134
3L LPXXX K=LPXXX e J+(DT) (17LKI5X) (LAT6XeJ-LPXXXed] LCL PRICE 3135
3L LPSXXeK=LPSXXeJ+{DT) (1/LK16X) (LPXXXe J=LPS5XXeJ) LCL PRICE SM 3136
TA CPAXXeK=LOPXX sK+LGTXX oK PIPE TNV ACTUAL 3737
6A LA19XeK=0

T9A LPDXXeK=(LSFXX+K) (LAIOXsK+LKIXX+LK10X+0) PIPE INV DSD 3141
12A__ LONXXeK=(LSFXXeK) (LK2XX) ORDS UNF NORMAL 3142
260 TTLABXXoK=(17LKEXX V(LI NXX o K= LTAXX oK+ L OUXK e K=LONKX sK+LPDOXX s K=LPAXK oK)
1 N 3142A
6R LOAXX oKL =LORXX e JK ORDS ACCEPTED 3143
358 LSAVA=R0XCYC(1344) SEAS AVG BOXCAR CYCLE 3144
378 LTLSR=BOXLIN(1s4) TIME SINCE LAST SHIFT 3145
Il LTLSP%1,K= T SR¥1 e+ (DT (1=0) 3 N 3146
8A LTFBC.K=LTFXX+LTLSB*1 K=THO TIME FROM CNTR BOT CAR 3147
JA ____ LINTDGK=48=LTFRC.K INTERP _DIST_FROM TOP TRN 3148

59A LSFIXeK=TARLE(LSAVRsLINTDsKs094894) FCST SALES 1ST APPROX 3149
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3L LSAVE#13 K=l CAVRETIZ, g+ (NTI(1/LKIBX) ILOAXX s JK=LSAVR*134J) 3150
1B LADOX S K LK LTXY (1LOSMY oK=L SAVR¥] 24K ). _TREND.ADJ FACTOR . 3151.
124 LEFXXoK={LSF1XaK) (1) SALES FCST 3152
NOTE INITIAL CONDITIONS W SECTOR : 1C1
NOTE ‘ TC?
18N WOUL X= (WORLX) {WDOMXX+WDAXX) 1C3
CIANTTTTWT AR ETWORCK F UMK IXXY 77 Tt T e e e~
6N WSSL X=WORLX 1C5
TN WETMX=TWORTX TTWRI XX 1Ce
&N MGEWX=WORL X 1C7
12N WOPMX=TWORLX) (WK&XX] TC8
6N WOTMX=WORL X 1C9
NOTE "TNITTAL CONDTTIONSE ™M SECTOR 1¢12
NOTE 1C13
&N MORXX=EWERTX TE13
6N MOUXX=150 MMSQFT 1C15
&N MATXX=8Z BULTARY 1C16
6N MPRXX=0 1C17
17N MOCXX=TWORLX T TMKEXX] 1¢€18
12N MGPXX=(WORLX) {MK&XX) 1C20
&N MIAXX=47 " "MM S0 FET T k¥
6N MFRXX=0 IC23
AN VGEXR=WORLY TCo&
&N MONXX =WORL X 1C25
TPONTTTTMGTMX =WORLX 7ARXX X T 1C26
12N MCVXX= {MCYMX ) {MNXXX) 1c27
TBN MERNEX=0 1¢€28
&N MOAXX=WORLX 1¢29
&N MENOX=0 1C30
6N MOUCX=0 1C31
BN MOUSX=0 1€32
6N MOUW X =MIIN X X 1C33
&N MOMY X =WERT X 1C34
6N MPMY X =MP X XX 1C35
17N POPXX={PPNXX) (PKEXX] FQHI105 Tc&0
12N PGPXX={PPNXX) {PK&XX) FQH1107 1C41
6N PGTSX=PGIXX EONIT09 1€42
12N PIAXX={PK3XX) (PGIXX) EQN1120 1C43
12N POUCX={3) (PGIXX) EQHIT27 1C44
6N POUNX =0 EQN1128 1C45
AN BENXX=0 FQN113% TCa6
C PROX1%#=0/0/0/0/071/1/0/0/0/070/0
¢ PUCXX=60 DOLS/MBRDFT
C LTLSR*=0
AN T AU X = (CORUXY TCHMXX+ CRAXY Y EQN2102 1C50
15N CGIXX={CORLX) (CK2XX) EQN2104 1C51
12N CIAXX={CORLX) (CK3XX) EQN2106 1¢52
BN CSSLX=CORLX EQN2113 1C53 .
15N COPPX={CORLX) (CKTOX) EQN2145 1C54
6N NOPPX=0 EQN2143 1¢55
TENTTTTTTEEPMYEGTT o EQNZT41 I
12N LGIXX={LK1IXX} (LORXX) £QN3101 1C65
TN CTAXX=TLORXXYITKEXX] FQN3103 TC8%
12N LOUXX=(LORXX) (LK2XX) EQN3104 1C67
BN LOSMK=LORXX EQN3108 1Cé8
12N LOPXX=(LORXX) (LK10X) EQN3118 1C69
6N LOXXX=LA16X ‘ ic70
AN LPSXX=LPXXX 1C71
AN LOSMX =91 : 1€72
. BON_ CORLX={LORXX) (CSXXX)/{CSXXX+WSXXX) 1C73
50N WORLX={LORXX Y {WSXXX) / {CEXXX+WEXXX) 1C74
_IN___ LTFRC=LTFXX=? 1€75
N CTFRC=CTEXX=? 1C76




NOTE NPT
NOTE  INDUT INP2
TNaTETTTTTTTTTTTTTTTT o - b TTINP3TT
TR LORXXaKL=93+LSEAS 4K INP4
3R e F A R =T =TRF T O T T BT T TTIMET 755 TRP5
6R MOROX s KL =0 INP7

T6R KESHK KL =6 TTTTTTm T INPE
NOTE CON1
NATE ™ CONSTANTE CONZ
C MCFMX=6 MDOLS/WKPER MILL CON3
c MFEXX*=0/10e8/2146/37e4/76342/54/6648779,6 CON&
C MK15X=2 CON5

e MNXXX=63 CONG ~
C MK1XX=1 CON7

e MK2XX=4 CONB
C MK3IXX=eb4 WK TIME TO SM UFO RATE CONS
C MCEXX=1e0 WK ADMIN LAG CONTD
¢ MKHXX=e20 WK PROD LAG CON11
¢ MKTXX=et) WK TIME TO SM PRICE RATE CON17Z
¢ MKOXX=b 40 WK TIME TO ADJ MILL INV CON13
¢ TMETAY=S R MVERE T T 7RBL WK MITL 8PEC FACTOR CONTG
C MK11X=4,0 WK TIME TO ADJ UFO CON1b5
C MEI2X=45 " WK WKS MILL IRV D&D CONTS
€ MK13X=2.5 WKS UFQO DSD CON17
C MK14X=100 WK TIME TO SM PRICE CON18
C MK4XX=2,0 WK TIME TO SM ORDS ACC CON19
¢ MoH00=0 7ERD CONZ0
C MIMXX=260 MMSQFT MAX MILL INV CONZ1
C MFlXX“*%é/Sé/56/56/56/58/6?/70/80/90/100 CONZ3
c MELXX#*=0/41/03/065/e95/1/1/1/0 CON24
S MEDXX%==D o6 /m2/=17~32/0707e1748/145/27/245/37/3e5/47445/5/545/6 25

o ME3XX%#2 46/ 485/498/1/1/1e07/1.06/1412/1416/1418/14195/142 CON26
c WKIXX=64.5 Wk WKS TNV - DsSD CoN27™
C WK2XX=1e5 WK SHIPPING LAG CON28
C WK3XX=8,0 WK WKS TO CORRECT 1INV CON29
C  WK&GXX=2.4 MMSOFT/WK/DOL/WK WHSE SPEC FACTOR CON30
¢ WKBXX=4 MMSOFT /WK /DOL DEMAND ELAS CON31
C WK6XX=e5 VK ORD PROC LAG CON32
C WK7XX=0 CON33
C WKBXX=2 WK TIME TO SM SALES CON34
C WAMXX =42 WK MIN ORD FIL DNEL CON35
C WDAXX=e2 WK AVG ORD FIL DEL o CON3E
¢ DEXXX=60 MMSOFT /WK EST DEMAND CON37
€ SEXXX=60 MMSQFT/WK "EST SUPPLY CON38
c WF1XX%#=0/50/7100/150/200 CON39
C WKOXX=8 YR(4X2) TIME TO AVG SEAS SALES CON42
C WTFXX=8 WKS FCST TIME CON&3
O WK10X=1 TREND CONSTANT CON44
C WSAVR#=473,5/47 45/54/62/69e5/1577648/75/69¢5/62/54/4745/43,5 CON&D
C WTLSR#=0 o CON46
C INKIX=258 MAG SEAS VARIATION TTTCONGT
¢ MK 16X=oR VAC ADJ TO PROD CON48
c MRAXT%=0/0/0/0/0/71/1/0/0/07/0/070 CON&4S

G PKIXX=.8 o VAC ADJ FACTOR ~ CON50
C PKIXX=2 WKS TIME TO SM PGIXX CON%1
C. _PR3XX=1 WK e WKS INV DSD CON52_
C PK4XX=4 WKS WKS TO CORRECT TNV CONS3
C PK5XX=2 WKS PROD ORD PROC LAG CON5 4
C PKEXX= ols WK PROD LAG CON55
Lo PFIXX%=1/1/1/1/1/1402/1406/112/1416/1418/14195/142 - CONS7
C PNXXX=30 NOe. OF MILLS CON57

C PRRXX=4455 RNFT/SOFT REC RATIO _ CONS8
¢ PGCXX=4 DOL/MRBRDFT GLUE <€OosT CONB9
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C PsCxX=24 -DOL/MRDFET ST LAROR COST CONG60
e PSEMX ] MMSOET.ZWK ST TIME_CAP/M CONG61 _
C POCXX=36 DOL/MBDFT 0T LABOR COST CON6&2
r. PCFMX=6 MDOLS/WK/M FIXED COST CON63
" = MTOET TNV AX CONGH
C PLDXX=4 WKS LEEWAY DSD CON65
of TKIRXED SPET CUN CONGE™
C CK2XX=2 WKS SHIP DELAY CON6T
T CKAXXET WKS TNV DSD CONGB
C CREXX=4 WKS TIME TO SM SALES CON69
C CKEXX =8 "WKS TIME TG ADJ TNV CONTYO
C CKTXX=8 (4Xx?) TIME TO SM SEAS SALES CONT1
ol CKBXX=1 TREND FCST CON CONT2
o CKOXX=4 WKS . TIME T0 ADJ P LEEWAY CON73
C CKTIOR=$B WK TIMETTE PROC ORDS CONT&
C CK11X=0" RATE SPEC FACTOR CONT5
o CRTZX=E0 MMEGET/WR7DOC DEMAND CONSTANT CONTE
C CDAXX=62 WK DELAY AVG "CON77
C CDOMXX=42 WK DELAY MIN CONT78.
C CTFXX=8 WKS FCST TIME CON79
C COMMX=1 MMSQFT /WK MIN ORDS TO M CONBO
C LKIxx=1 WK SHPG DEL WyP~L CONB1
C LK2XX=e2 WK SHPG DEL L-~END USk CON82
C LK3XX=2 WK TIME TO SM ORDS CONS83
C LK 4XX=4 WK INV .DSD CON84
C LKSXX=4 WK WKS:TO COR. INV CONBS
C LKexXx=0 LSGK FACTOR CONB6
C LK7X¥X=0 LSLK FACTOR CON87
C LK8XX=0 PRTCE RATE CON CONB8
C LK9XX=0 PRICE CON CON89
C LKIOX=e5 WK ORD PROC LAG CONS0
C LK11X=4e1 EQN 3123 CON91
C Lk12X=100 EQN 2128 CON9?2
C LK13X=100 EQN 3129 CONS3
C LK14X=1l415 LCL PRTICE MARKUP CON94
C LK15X=45 DEL MP-TO LP ) CON95
C LK16X=100 WK TIME TO SM™LCL PRICE CON96
C LK17X=1 TREND CON CON97
C LK18%=8 TIME TO SM SEAS SALES CONYS8
C LK19X=0 NOISE CON CONS9
T CTFXX=7 WKS FCST TIME CONT00
C CEXXX=313 C SALES EFFORT CON101
r WSXXX=60 W SALES EFFORT CON102
" LSAVR*=67/73/83/95/106/114/117/114/106/95/83/773/67 i
T CEAVR*2 73 B/ 25 e 8729733737739 740 73973 17337097725 873758

C CTLSR#=0

C TWO=2

NOTE R1
PRINT 1¥WORLXyWGSLX/?)WOULX/B)WIAXX’VIDXX/4)MORXX MODXX sMOAXX /5 IMOUXX s MO
X1 UWX s MUDXX /.6 JMP XXX sMPMXX/ 7 YMPRX X /8 }MATXX s MA2XX /9 YMPOMX s MPOXX /7 10} MG1
X2 XX;MGS(XQMGSWX/II)MIDXX,MIAXX/IZ)MENOX,MENQX/IB)MA16X MA17XsMALBX/
X3 . 14YWTFCX RS
PRINT ITPGIXX/ 2 PTAXX/ 3 TPGEXXsPGSCXsPGSNX/4TPOUCXsPOUDX 8 POUXXsMOUCX/5)PL -
X1 TXXs PENXX/6YCTAXX s CIDXX 9 COULX s LIAXXoLIDXX/TICSF1IX»CGSLX/B8)COSMX»CO
X2 SPXsDOSPX/9)CORLXsDOAKX /10 CALOX9CALLIX s COAXXsCONXX/11)COIPXsCAIZX,
X3 COIMX/13)LOSXXsLOSWX 9 LOSCX/14)LSGKX s LSLKX s CSLWX sWSLCX s LGRXX

"PLOT  MPXXX=P/MGIXX=QsWORLX= D,wsAVR*la X sWSF1X=F /MOUXX=U/MIAXX=T/WIAXX=S
X1 /WOUL X=R R7
PLOT  PGIXX=Q/PIAXX=1/POUXX=U/COULX=B/CIAXX=S/CSAVB*13=X/LTAXX=5/LOUXX=B
X1 /LORXX=N/COSMXEC

SPEC

DT=eN50/LENGTH=500/PRTPER=4/PLTPER=2




176
* 2061~19sNYNRUNA 14915
ﬁBTE aénsi"ér PLYWOOD TNDUSTRY SECTORS M W cD P L O K
NOT
TBRTTTTTTMORX K TR EMORT X ¢ TRFMORWR ¢ JRFMORTK ¢ JK ORDERSRECETVED ™ 1200
54R MOAXX e KL=MIN(MORXX ¢ JK yMODX X o JK ) ORDERS ACCEPTED 1201
AT MO Y TR EMOUK K G IF IR TY (MOAX X JK=MGER K e JK ORBERS UNFTTULED 1207
8A MA2 XX oK =MATXX o K+MABXX e K+MA3 XX oK 1203
EEN MR R =T ARH L T ME I XX MAT XX Ky T F e 5 ra D) 1720%
1L MATXXoK=MATXX o J+(DT) (MA21X ¢ J=MNDOO) 1205
EEA MPXXX aK=TARHL (MFIXXsMALIXXeK 3091009510 ) PRICE 1206
_58A MABXX s K=TARHL (MF4XXsMAIXXeK9305110510) 1207
12A MAOXX K= [MARXX oK) (MA21XaK} . 1208
3L MPRXX ¢ K=MPRXX 4 J+(DT)(1/MK7XX)(MA9XX J=MPRXXeJ) PRICE RATE 1209
H8A MBAMX o K=TARH {MF3XX s MATGX K956 7842 ) PROD DESIRED/M 1210
8A. MATOX oK =M IMXX=MTAXX ¢ K =MGP XX oK 1211
ETR MBFMX e K=CL TR TMAT I K s MEMMX « R s MAPOX ek sMOOO0 T PROD FEAG/M 1217
12R MPOXX oKL = (MPFMX oK ) (MNXXX) PROD ORDERED 1213
1T MOEXX e K=MOCXX s J* (DT (MPOXX s JK=MPEX X e JK T ORDs TN CLER 1214
39R MPSXX 4KL=DELAYZ{MPOXX ¢ JK sMKEXX ) PRCD STARTED 1215
T T TGP XX K =MEPX X s J+ BT (MPSX X JK~MGTHX s JK T GOORE IN PROD 1716
391 MGIXXeKL=DELAYZIMPSXX ¢ JK s MKEXX ) GOODS ¥r INV 1217
T MIAXK SKEMTARK « J+ I BT {MGIX R e JK-NGEXX e JE TRV ACTUAL 1218
A MITXX eK=MTAXX oK +MGP XX oK INV TOTAL 1219
TR TTMATIX K EMTTX X s K= MTDX X K 1220
14A MIPXX oK =MGPXX oK+ (MGTXX o JK) (MKT12X) INV DESRD 1221
TR MAT X TR=RMETIN ¢ K 7MRYXY : 1272
7A MTSXXaK=MGINX o JK+MAL2X oK TRIAL SHIPMENT 1223
TGS KL ECL TR TTE RN oK s MO 000y MOTIX X oK s MO0 0O ] GOODS SHIPPED 1224
G4p MABXXeK=(MATOX oK) (1) /MGTXXeJK 1225
AN MABXX K= IMOUXX «K) (11 /7MGT XX s JK , 1226
3L MFRXX o K=MFRXX o J+(DT) {1/MK3XX) (MAI8X ¢ JK-MFRXXsJ) FACTOR RATE 1227
AN MATXX o K= IMFRXX ¢K) (MK 2XX) /MGT XX o JK 1228
214 MAT3X 4K={1/MK11X) (MOUXXeK=MUNXX oK) 1229
17A MUDXX eK=(MGTXX o JK) {(MK13X) UNFORDS DESRD 1230
20A MAT4XoK=MATIX 4K /MK11X 1231
12A FATEX oK = (MPRYXX WK T IMETOX] 1232
S 9R_ MOPXXeKL=MPDXX oK+MALL4XaK=MALDX oK=MAT3X 4K 1233
TA "TMATEX oK =MOAXX o JK=MGSXX o JK 1234
TA MAT7X eK=MORXX ¢ JK=MBSX X e JK 1235
51R MATBX KL =CLTPTMAT TX K sMATEX «K s MORX X o JK $MODXX ¢ JK ) 1236
12A MCFXXoK={MCFMX) (MNXXX) . COST FIXED 1237
TEER T THMEUMY SR ETARHL TMEBX X s MG TMYX e IR s O s 1abs o2 ) COST VAR 12738
20R MGIMX o KL=MGTXX o JK/MNXXX GOODS TO INV/M 1239
TI2RTTTTMEVX X SR U S TMEVMX STRY TR XX ] COST VAR 1240
7R MECTXX o KL=MCVXX o JK+MCF XX oK COST TOT 1241
15R MREXX e KL= (MGSXY ¢ JK) (MPXXX K] REV P75 12472
1L MENSXeK=MENSXeJ+(DT) (MRSXX e JK=MCTXX e JK) EARNINGS NET PTS 1243
179 MROXX KL= (MOAXX o JKY (MPXXX K REV PTO 1264
1L MEMNOX o K=MENOX ¢ J+ (DT ) (MROXX ¢ JK~MCTXX ¢ JK ) EARNINGS NET PTO 1245
THLARTTTTTMGECX W KU ETMONEY SK Y TMGEX XY JET7MBUX K o K GOCHS SHPD °C TTI264%
44R MGSWX o KL= (MONWX oK} (MGSXX e JK) /MOUXX oK GOONS SHPD W 1247
LGR MGSOX oKL =(MOTIOX GK Y (MGEX X ¢ JR) /MOUX X ¢ K GOCRS SHPD O 1243
44R - MOACXeKL=(MORCXeJK) (MDAXX o JK) /MORX X6 JK ORDS ACC C 1245
44R MOAWX o KL = (MORWX o JK T (MOAXX e JK) /MORX X o JK ORDS ACC W 1250
44R - MOAOXeKL=(MOROX e JK) (MOAXXeJK) /MORXX e JK ORDSs ACC O 1251
1L MOUCX « K=MOUCY ¢ J+ (DT (MOACK o JK=MGSCX e JK ) ORDS UNFD C 1252
1L MOUWX o K=MOUIWX ¢ J+ (DT ) (MOAWX o JK=MGSWX o JK ) ORDS UNFD W 1253
1L MOUOX ¢ K=MOUDX ¢ J+ (DT} {MOAOX ¢ JK=MGSNX ¢ JK) ORDS UNFD 0O 1254
3L MOMXX ¢K=MOMYX o J+ (NT) (1/MKAXX) (MOAX X e JK-MOMXXeJ) ORDS S M THD 1255
3L MPMXX o K =MPMXX ¢ J+ (DT ) (1/MK1AX) (MPXXX s J-MPMXXeJ) PRICE & M THD 1256
J4A  MATSXeK=MDXXX oK+ (MK1BX) (MPRXXeK) — 1257
12A MPDX X oK = {MNXXX) (MAZ3X oK) PROD DSD 1758
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BOA MOPMYX e =MOMI N ¥ 7R XK TEMOGTHED TORTERS/MTZ5Y
TA MA2OX eK=MATOX o K+MOUX X o K TOTAL LEFWAY MMSQFT
T17% MAZ TR = TMR XX Y TMAG XX GK Y o m s 178T
358 MBOX1=ROXCY.C(1344) 1262
T2K MAP PR RETMR TEX T TMBTMY KT VAT AT TSN PROD7/M 1763
49A MA23X oK=SWITCH{MPDMX oK aMA22X oK sMBNXTI#13 4K )~ 1264
6R MOROX KL =008MX 4 JK J ~ 126%
1L WOUL X o K=WOULX e J+(DT) (WOAL X o JK-WGSL X s JK) 2100
1L W AX X S =WT AKX S I+ (DT T TWERMX s JK=WGEL X s JK ) 2101
20A WTSLX e K=WOULX oK /WDFLX K 2102
20A WRNLX ¢K=WTAXX 4K/DT 2103
54R WGSLX o KL=MINI{WTSL XK yWRNLXeK) 2104
14A WOFL X oK =WIMXX+ (WHAXX Y ITWAZXX e K | 2105
12A  WIDXXeK=(WSSLXaK) (WK1XX) 2106
kI WESLX o K=WSSLX e JH(DTT (1 /WKBXX) (WGSL Xe JK=WSSLEX e J) 2107
20A WA2XXoK=WIDXX oK /WIAXX oK 2108
6R WOALX oKL =WORL X o JK 2109
1L WEIMXeK=WGIMX e J+(DT) (MGSWX o JK=WGRMX ¢ JK ) 2113
39R WGRMX o KL =DELAY3 (MGSWX ¢ JK s WK2XX) . T2111
24A WABXX o K= 1/WK3XX) IWIFXXaK~WIAXX oK +WPDMX oK =WPAMX ¢ K+WOUL X e K=WONL X oK}
X1 2112
18A . WALXXeK= {WKTXX) (DEXXX=SEXXX)

12A WASXX eK=(WKEGXX Y (MPRXX eK ) ~ 2114
9A WAGXX e K=WOALX e K+WALX X s K+WASX X o K+WA3XX K 2115
T4A WAITXX e K=WABXX oK+ { WKEXX) [=WATXX oK) 2116
7A WATXX «K=MPXXX¢K~MPMXX+K 2117
58R WOIMX e KL=TARHL (WF1XXsWALIXXeK 903200550 ' 2118
1t WOPMX o K=WOPMX ¢ J4 (DT ) {WOIMX o JK=WOSMX ¢ JK ) : 2119
39R T WOSMX4KL=DFLAY3Z (WOTMX e JK s WKEXX) ‘ : 2120
6R MORWX o KL =WOSMX o JK 2121
TA WPAMX o K=WGIMX o K+WOPMX oK ecem— 2122
6A WDEMX oK =0 2123
8A WABXX o K=WKEXX+WK 2 XX+WNFMX oK 2124
12A WPDMXoK=(WSFL XeK) (WABXXaK) 2125
BA WSFLXeK=2WSF1X 6K ' SALES FCST L 2126
18A  WONLXeK=(WSSLXeK) {WDMXX+WDAXX) 2127
12A  WIFXXeK={WKIXX) (WSFL XK} INV FCST 2128
358 WSAVA=ROXCYC(13,44) SEAS AVG BXCR CYC 2129
3L WSAVR*134K=WSAVR¥ 134 J+ (DT (1/WKIXX) tWOALX e JK=WSAVR*13¢J) 2130
378 WTLSB=BOXLIN(1y4) TIME SIN LST SHFT 2131
i WTLSR*¥1 4K=WTLSR¥*]14J+(DT)(1-0) 2132
8A WIFRBCoK=WTFXX+WTL SR¥*] oK=2 TIME FR_CEN BOT CAR 2133
7A WINTDsK=48=WTFRC,.K INTERP DIST FR TOP.TRN 2134
59A  WSFI1XeK=TARLF(WSAVRIWINTD K90s4Bs4) FCST SALES 15T APP 2135
21A .  WAOXXeK=(1/WSSLXeK) (WSSLXeK=WSAVR*12) 2136
12A WIFCXaK=(WKINXI IWAOXX oK) TREND FORECAST 2137
6R WORL X KL =LOSWX e JK 2138
58A  PAIXXeK=TARHL (PFIXXsMPXXXeK35637852) 1100
12A PA2XXeK= (PKIXX) {PALIXXeK) 1101
35B ___PBOX1=ROXCYC(13+4) 1102
49R PPDOMX oKL =SWITCHIPAIXXKsPAZXX K sPROXI¥13,K) PROD DSD/M 1103
19R PPOXX oKL = (PNXXX) (PPDMX ¢ JK) PROD DSD 1104
IL  POPXXeK=POPXXsJ+(DT) [PPDXXe JK=PFSXXeJK) ORDE IN PROC 1105
39R___ PPSXX4KL=PELAY3(PPNXXeJKsPKEXX] PROD STD 1106
1L PGPXXeK=PGPXX e J+{DT) (PPSXX e JK=PGIXXe JK ) Ghs TN PROD 1107
39R PGIXXeKL=DELAY3(PPSXX4sJKyPKEXX) GDS TO INV 1108
3L PGISXeK=PGISXeJ+ (DT} (1/PKIXX) (PGIXXe JK~PGT1EXed) GI SMTHD 09
20R PGIMX oKl =PGIXX e JK/PNXXX GNS TO INV/M 1110
13R PLERX oKL= (PGTMX¢eJKI {PRRXX) (PLCXX) LOG COST RATE/M 1111
12R._PGCRX KL= (PGIMX e JK) (PGCXX) GLUE _COST RATE/M S B T
LYY PA3XXeK=MIN(PGIMX s JKsPSCMX) : 1113
12R . PSCRXeKL=(PA3XXeK) (PSCXX) " 8T TIME MP CST RATE 1114

TA PALXX sK=PGIMX s JK=PSCMX 1115




39R

20A
12A
44A
7A

20A
54R
3L

12A
10A
44A
44A
26A

12A
18A
24A

358
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PASXXeK=CLIP(PA4XXeKs09PALXXeK20) 1116
POCRXeKL={PASXXeK) (POCXX) OV TIME MP CST RATE 1117
PCMXX o KL=POCRX ¢ JK+PSCRX o JK+PGCRX ¢ JK+PLCRX ¢ JK4PCFMX+0 1118
PCXXXeKL=(PCMXX o JK) (PNXXX) TOT CST 1119
PIAXX oK=PTAXX e J+H(DT) (PGIXX e JK~PGSXXeJ) INV ACT 1120
PIDXXeK=(PK3XX) (PGIXXeJK) INV. DSD 1121
PATXXeK=(1/PK&XX) (PIAXXeK=~PIDXXeK) 1122
PTSXXeK=PGIXX s K+PATXX oK TRIAL SHMTS 1123
PGSXX e K=CLIPIPTSXXeKs0sPOUXXeKs0) GDS SHPD 1124
PGSCX eKL=(POUCXeK) (PGSXXeK)/POUXXeK GDS SHPD C 1125
PGSDX eKL®(POUDXeK) (PGSXXeK) /POUXX eK GDS SHPD D 1126
POUCX e K=POUCX e J+{DT) (PORCX ¢ JK~PGSCX e JK) ORDS UNF C 1127
POUDX ¢ KZPOUDX ¢ J+(DT ) (PORDX ¢ JK~PGSDX e JK) ORDS UNF D 1128
POUXX e K=POUCXes K+POUDX 4 K ORDS UNF TOT 1129
PABXX e K=POUXX s K+PIMXX~PI1AXXeK~PGPXX oK. 1130
PLTXX«K=PABXXeK/PGIXX oK LEEWAY ToOT 1131
PASXXeK={PGIXX oK) (PLDXX=PLTXX oK) 1132
PENXXeK=PENXXe J+ (DT ) (PREXX ¢ JK=PCXXX s JK) EGS NET MDOLS 1134
PREXX « KL= (MPXXX oK) (PGSXX oK) REN MDOLS/WK 1135
CODLXeK=CORLX e JK+{CK1XX) ¢ =MPRXX oK ) ORDS DSD 2200
COALXoKL=MIN(CODLXsKsCORLXeJK) ORDS ACC 2201
COULX o K=COULX s J+(DT) (COALX s JK~CGSLXe JK} ORDS UNF 2202
CALXXeK=MGSCX e JK+PGSCX o JK 2203
COIXXeK=CGIXXeJ+(DT) (CAIXXeJ-CGRXXeJK) GDS INTRANSIT 2204
CGRXX e KL=DELAY3(CA1XXeKsCK2XX ) GDS RCVD 2205
CIAXXeK=CIAXX e J4(DT) (CGRXX e JK~CGSLXe JK) INV ACT 2206
CRNLXsK=CIAXXeK/DT MAX SHIPeRATE 2207
CIDXXeK=(CSSLXeK) (CK3XX) INV DSD MMSQFT 2208
COVL X oK=ECDAXX) (CIDXXeK) /CLAXX oK VAR SHIP DEL 2209
CDFLX e KsCOMXX+CDVLXeK ORD FIL DEL 2210
CA2ZXXeK=COULXoK/CDFLX oK 2211
COSLXeKL=MIN(CA2XXeKsCRNLX eK) 2212
CSSLXeK=CSSLXeJ+(DT ) 1/CKAXX) (CEGSLXe JK~CSSLXeJ) SM SALES 2213
CIFXXeK={CK3IXX) (CSFLXeK ) INV FORCST MMSQFT 2214
CPAXXeK=CGI XX e K+COPPX s K+COPMX o K+POUCX «K+MOUCX «K+0 PIPE ACT 2215
CA3XXeK=(MOUXX oK) (MOUCX oK} /MGIXX o JK 2216
CALXXeK={POUXX oK) (POUCX oK) /PGIXXeJK 2217
CASXXeK=(CA3XX e K+CALXXoK+0) 7/ (POUXX o KEMOUXX sK+0) 2218
CABXX e K=CK2XX+CK10X+CAS XX oK 2219
CPDXXeK={CSFLXsK) (CAEXXeK) PIPE INV DSD 2220
CONLXeK= (CSFLX oK) {COMXX+CDAXX } ORDS UNF NOR 2221
CATXXeK=(1/CKSXXI {CIFXX e K=CIAXX o K+CPDXX o K~CPAXX ¢ K+COULX ¢ K=CONLX 6K )
. 2223
CSAVB=BOXCYC(13+4) SEAS AVG BXCR CYC 2224
CSAVB*#13,K=CSAVB*#13¢J+(DT)(1/CK7XX ) (COALX s JK=CSAVB#*13,J) 2225
CTLSB=BOXLIN(1s4) TIME SIN LSTSHKFT 2226
CTLSB*1eK=CTLSB*#1eJ+(DT){1=0) 2227
CTFBCsK=CTFXX+CTLSB#*1¢K~2 TIME FROM CNTR BOT CAR 2228
CINTDeK=48-CTFBCWK INTERP DIST FRM TOP TRAIN 2229
CSF1XeK=TABLE(CSAVBYCINTD«K»03484+4) FCST SALES 1ST APP 2230
CABXXeK=(1/CSSLXeK) (CSSLXsK=CSAVB#12,K) 2231
ATFCXeK=(CABXX oK) {CKBXX) TREND FORECAST CORRECTION 2232
/- CSFLXeK={CSF1XeK) (CTFCX oK) SALES»FORECAST 2233
CA9XXeK=PABEXX eK/CKIXX 2234
CAL10X e K2CAIXX e K+PGIXX e JK=DOAKX ¢ K+COMMX 2235
CA11XeK=CONXX o K+DOAKX e K~PGI XX ¢ JK~CAFXX ¢ K 2236
COAXXeK=CLIP(CONXXeKsCALOXeK2CA11XoeKsCOMMX) 2237
CONXX e K=CATXXeK+COALX e JK ORDS NORMAL 2238
COIPXeK=PGIXXe JK+CATIXX e K-DOAKX oK ORDS IMP TO P 2239
CA12XeK=COAXX o K~COIPXeK+CAL13X e K+CAL4X oK 2240
COIMXeK=MAX(CA12XeK 9 COMMX)
COPMX o K=COPMX s J+(DT) {COIMXeJ~COSMXeJK) ORDS IN PROC TO M 2241
COSMX oKL =DELAY3(COIMXeK3sCK10X) ORDS SENT TO M 2242
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bR ROPER eR=NOBPR s A TR T (RO X ¢« J=ROEPY » JRT " ORES " TN BROE 707 P 2b43™
T 39R DOSPXeKL=DELAY3 (POAKX oK s CK10X) ORNS SENT TO. P 2244
1r COPPX e KECOPPX e J+{DTY(COTPX e JCOEPX IR ~ORDS TN PROGC TUO P 7245
39R COSPXeKL=NELAY3(COIPXeKyCK10X) ‘ORDS SENT TO P 2246
LYYy DOAK X« K=EMTN(DORKX ¢ JK s DODK X o K ORDS ACC 2247
6A DODK X ¢ K=DORKX o JK ORDS DSD 2248
6R PORDX «KL=DOSP X ¢ JK TTTTTHRDS TRECVD 2249
6R PORCXeKL=COSP X4 JK ORDS RCVD. 2250
6R MORCX o« KL=COSMX o JK ORDS REVD 2251
12A CAL13XeK={MPRXX oK) (CKI11X) SPEC FACTOR 2252
18A CA14XeK=(CK12X) (MPMXXoK=MPXXX oK) SPEC FACTOR 2253
&R DGRP X e KL=PGSNX o JK D' GDS RCVD 2254
6R DGk X «KL=DGRP X4 JK ; GDS SHIPPED K 2255
6R DORKX e KL=KOSNX s JK ORDS RCVD K 2256
ER T TCORLXKL=L0SCXeJK : ORDS REVD™ L 2287
TA LALXXeK=CGSLXe JK+WGSLXeJK : 3100
1T LGTXX oK=L GIXX e J* (DT JILATIXX e J~LGRYXX s JKJ GDS IN TRANSIT 3101
39R LGRXXsKL=DELAY3(LAIXXesKsLKIXX) GDS REVD 3102
1L LIAXX oK=L TAXX o J* (DTY{LGRXX ¢ JK=LGSXX s JK) INV ACT 31032
1L LOUXX eK=LOUXX e J+{DT) { LOAXX e JK=LGSXX e JK ) UNF ORDS 3104
20A LAZXX eK=LOUXX «K/TKZ2XX 3105
20A LA3XX oK=L TAXXeK /DT , 3106
S4R LGSXXeKL=MINTUAZXXeKs LASXXeK) ) GDS SHIPPED 3107
3L LOSMX oK=LOSMX o J4# IDT) (1/LK3XX) (LOAXX ¢ JK=LOSMXeJ) ORDS SMTHD 3108
12A LIDXXeK={LSFXXeK) {LE&XX) INV DSD 3109
51A LABXXeK=CLIP(OIMPRXXeKyMPRXX s K.O) ) 3111
51A LATXX eK=CLTP{MPRXXeK 9 OsMPRXXsK 30 ) ' 3112
12A LSGKXeK={LA&XX oK) (LKEXR) SALES GAINED 3113
12A LSLKXeK={LATXXsK) {LKTXX) o SALES LOST - 3114
12A LABXXsK=(LKEXX) (MPRXXsK) e ; : 311%
18A - LAOXXeK=(LKOXX) (LPSXXeK=LPXXXsK) o 3116
10A LOIXXeK=LA4XX e K+LORXX e JK+LABXX o K+LSGKX.K LSLKX oK+LAIXX oK 3117
1L LOPXXeK=LOPXXeJ+(DTI(LOIXXeJ=LOSXX e JK) ORDS TN PROC 3118
39R LOSXXeKL=DELAY3(LOIXXeKsLKIOX) ORDS SENT 3119
50A LOFWXeK=(LOSXX e JKI {WSXXX) /{CSXXX+WSXXX) ORDS FEAS TO W 3120
50A LOFCXaK=(LOSXX e JK){CEXXX) /LCOXXX+WSXXX) ORDS FEAS 10O C 3121
34A LNIXXeK={LKI9XINORMRN(OsLNISXeK) NO1SE 3122
12A LN1SXeK={tKI1X){LOSXX e JK) , SIN DEV 3123
TA LALOXeK=LOFCXeK+LNL1XXeK 3124
7A LAT1XeK=LOFWX oK=L NIXX K 3125
28A LA12XeK=(1)EXP(=~LAL4XsK) 3126
28A LA13XeK=(1)EXP(=LA15XeK) . - , 3127
44A 7 LAT4XeK={LKI?XY(CTAXXeK}/LALOX 4K 3128
447 LAISXeK=(LK13X) IWIAXXeK)/LALLIX oK : 3129
12A CSLWXeK={LAL10OXeK) (LALI2XeK) ' SALES LOST ‘ 3130
12A WSLCXaK=(LALIXeK){LALIAXeK] SALES LOST 3131
BR LOSCXeKL=LALIOXeK+WSLCXeK—-CSLWX eK ORDS SENT - 3132
B8R LOSWXeKL=LAL1X eK+CSLWXeK=WSLCX oK ORDS_SENT 3133
12A LAL6X K= (MPXXX oK) {LK14X) : ‘ 3134
3L LPXXXaK=LPXXXaJ+{DT)(1/LKIBX) {LALEX e J=LPXXXeJ) LCL PRICE 3135
3L LPSXXeK=LLPSXXeJ+(DTY{1/LK16X){LPXXXeJ~LPSXXeJ) LCL PRICE SM 3136
TA LPAXX oK=L OPXXeK+LGIXX oK INV ACT 3137
6A . LA19XeK=0 v 3140
194 LPDXXeK=(LSFXXeK) (LALIOX eK+LKIXX+LKIOX+0) PIPE INV DSD 3141
12A LONXXaK={LSEXX oK) (LK 2XX) " ORDS UNF NORMAL 3142
244 LA4XXeK={1/LK5XX) (LIDXX oK~ LIAxx K+LOUXXeK=LONXX o K+LPDXX o K= LPAXXeK)
X1 ; 3142A
&R LOAXX e KL =L ORX X s JK _ORDS ACCEPTED 3143
35R LSAVR=BOXCYC{1344) SEAS AVG BOXCAR CYCLE 3144
278 LTLSPR=ROXLING1s4) TIME SINCE LAST SHIFT 3145
1L LTLSR*]4K=LTLSR®*1 e J+(DT)(1~0) 3146
BA LTFRCoK=2LTFXX+LTLSB®1 eK=2 TIME FROM CNTR BOT. CAR 3147

AT L INTR kS4Bl TFRC ok INTERP DIST FROM TOP TRN 3148




15T APPROX

594 LSFIXeK=TARLF (LSAVRL INTNGKs0s48s4) FCST SALFS 3149
Al LSAVR¥IZ K= SAVRX13, 4 (DT) (1 /LK IRXI LLOAXY aJKTLSAVP%13,,) . 3150
18A LA2OX eK=(LK17X) (LOSMX oK~LSAVR¥12,K} TREND ADJ FACTOR 3151
124 LSFXXeK=(LSFIXeK) (1) SALES FCST 3152
AN OO T XX R=E0GCTX R e JF T DT T TG ED X« JK=UGRPR e JET GO TN TKANSTT 2300
0R  OGRMXGKL=NFLAYZ(MGSOX e JK s OKTXX ) , GNS RCVN 2301
AR AT XY S =0 GRME I E T T/ ORI T TOTAN T TR =01T5%Y ) T T 73077
2nA OAP XX oK =0DIXX oK /DT 2303
R G SR EMIN T AT Ry AR oY ™"~~~ GNE SHIPPED 77777777 2304
1L OTAXX eK=OTAXX o J+(NT) (OGRMX e JK~0OGSKX e JK) INV ACTUAL 2305
1T OOUXX o K=00UXX s J+{DTT (DORF X+ JK~0OGGR X+ JK T ORDS UNFLLD 2306
14 OAIXX eK =O0ONXX oK+ (OK3IXX) [ ~0AIXX oK) 2307
BAA T OORN XX TKERAX TARIXK 2K 30 ORNSHED 2308
18A OAGXX K= {OKLXX) (DODXX eK=DOUXX oK) 2309
a3 ORI TR U =00RE Y IFORT XK FTATIV R 23107
I9R DNSMX oKL =DELAYZ(OASXX e JK s OKEXX ) ORDS SENT M 2312
T OATXR =R T s JF T T T 70R TR XY TR G e J=OR 7R TS 7313
6R KGROX «KL=0GSK X o JK K- 6DS RCVYD 2314
AT 008K X W K=00 KX S I+ BTV 170K BX R TOORK K s JK=005K X+ JT GRBS EMTHS 2315
12A OONXX o K={00OGK X oK) (OKIXX) ORDS NORMAL 2316
A T OOPMY =AYy I (BT TOASX K s JK =00 &MY v J¥ T ORDE TN PROC 317
6R DORK X KL =KNSAX o JK ORDS RCVD K 2318
T5K DOMXY K ETORTBR Y TOME Y T XY 2319
B4A OABXX e K=MAX {MPRYXX oK 50} 2320
LYY DAGX X K= TN MPRYX K 30 2321
7A OAINOX e K=NOUXX o K=0OK 11X 2322
AR T T AT T VR EN AR TOATON S E T 233
204 NA12XeK=NAT1IX K /0K12X 2324
1%k DAT3X TK=TOARXY XY (OEBXX] 2325
L KOUXXeK=KOUXX e J+ (DT) (KOAXX s JK~KGSXXeJK) ORDS UNFLLD 3200
POA T KATXX JRERAUXY s K FERTRY 3201
20A  KAIXXGKSKIAXXWK/NT 3202
B4R KO SXX G KU EMIN TR ATXX oKy KASX N oK) GNS SHIPPED 3203
1L KGINXoK=KGINX o J+ (DT) (NGSKX e JK~KGRPX 4 JK) GDS INTRANSIT 3204
39R KGRPNDX e K| =NELAY3 (PGSR X e JK sKK2XX ) GNS RCVD 3205
52U KIAXX K=K TIAXX o J+HIDT) {KGROX e JK+HKGRNDX o JK=KGSXX o JK+0) INV ACT 3206
TA KPAXX oK =KGINX sK+DGTI XX oK 3207
A28 KIFXXeK=(KSFXXeK) (KK3XX) INV FCST 3208
204 KONXX oK =K SFXX oK 7KKTYX 3209
24 KA3XXeK=(1/KKEXX) (KIFXXoK=KIAXX e K+KPDXX o K~KPAXX o K +KOUXX o K~KONX X oK)
X7 3211
3L KPXXXeK=KPXXX, J+(DT)(1/KK5XX)(KA4XX J-KPXXXeJ) PRICE 3212
17A KALXX oK = (MDXXX) (KKEXX) 3213
3L KPSXXeK=KPSXXed+(DT) (1/KKTXX) (KPXXXsJ=KPSXXeJ) PRICE SMTHD 3214
TRA""kA%YiIE;TRkaX)(Kpsxx.K~prxx.K) 3215
3L MPRSX o K=MPREX ¢ J+ [NT) (1 /KKIXX) (MPRXX s J=MPRSXsJ) PR RATE SM 3216
12A KAGEXX oK = (KK1OX) (MPRSYX 4K ) 3217
I0A  KOIXXeK=KABXXaK=L SOKXaK+L SLKX o K+KABXX o K+KOAX X o JKAKABXX o K 3218
1L KOPXX o K=KOPXXeJ+(DT) (KOTXXeJ-KOSXXasdJK} ORDS IN PROC 3219
B39R - KOSXXeKL=DELAY3(KOIXXKsKK11X) ORNS SENT 3220
5AA KATXX oK=(KOSXX o JK Y (OSXXX) 7 (OSXXX+PEXX K] 3221
34A KARXXoK=({KKIGXINORMRN (0 sKAOXX oK } NOISE 3222
15A KAOXXeK=(KKIPX) (KATXX oK) STD DEV 3223
TA  OMEXXWK=KATXXK+KADXXeK O _MKT SHARE 3224
51A KAI3X oK =CLIP (NOMX X oK s OMSXX oK sOATX X oK s KK 14X ) 3228
AL KAVAN G = ALY, JH(DT) (KAIBXeJ=KOSOXeIK) 3229
39R KOSOXeKL=DELAY3(KAL3XaK sKK1EX) ORDS SENT 0O 3230
1a:) KOSDY s KL =KNSX X s JK=KNSOK o JK ORDS SENT D 3231
6A KOAXX o ¥ =K ORX X o J¥ ORDS ACC 3232
2L KOSMXWK=KOSMX W J+(DT) (1/KK16X) (KOAXXe J=KOSMXWeJ) ... 3233
35A KQAVP=RAXCYC (1354 SEAS AVG RXCR CYC 3234
3L KSAVOH13 (K=K SAVR*13 4 J+(NT)(1/KK1TX) (KOAXX e J~KSAVR*134J) 3235
37R KTLSP=ROXLIN( 194 ) 3236
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1T RTLSRFICKERTUSER T o I+ TOTTTI=E) TIME " SNCE " TET SHFT " "37237
8A KTFRC oK =K TEXX+KTLER*1 oK 2 TIME FRM CEN BOT CAR 3238
T RTRTO TREER=RTEHC TR TNTERD DIST FRM - TUOP TRR 3239
59A - KSF1XeK=TARLF(KSAVBIKINTDeKs0s4844) FCST SLS 1STAPPROX 3240
Y} RATEXKET 32471
12A  KSFXXeK=(KSFIXeK) (KA1BXeK) SALES FCST 3242
LY REITTRK=6 VL)
198  KPDXXeK=(KSFXXeK) {(KK2XX+KKI1IX+KALTX K+0) PIPE INV DSD 3246
NOTE T INTY AL CONPTTIONS W 8FCTOR , T¢T
NOTE ' 1C2
18R WOUL X= TWORL XY (WDMX X+ WOAXX) : 1¢3
12N WIAXX=(WORLX) (WK1XX) 1C4
6N WSSLX=WORTX : 1C5
12N WGIMX={WORLX) {WK2XX) o 1Cé
&N MGEWX=WORLX 17
12N - WOPMY= (WORLX ) (WK6XX) 1C8
&N WOTMX=WORLX TC9
¢ WSAVR®=34 /34 /34734 /34 /34L/34/34/34/34/34L /734734
NOTZ  INITTAL CONDPITIONS M SECTOR 1Ci2
NOTE : : ’ 1c13
&N MORXX=WORLYX I€13
6N MOUXX=150 MMSQFT 1C15
&N VAIXX=64 DOLLARS ‘ TC16
6N MPRXX =0 : _ 1€17
12N "MOCxX={WORLX 1 ITMKBXX) 1C18
12N MGPXX= (WORLX ) {MK&XX) 1C20.
&N MTAXX=47 MV SQ FT 1¢€22
6N MERX X =0 1c23
&N MGSXX =WORLX 1C2&
6N MONX X2 WORLX ~ . 1C25
FON T MGTMX=WORLX/MNXXX ‘ 1C26
12N MCVXX={MCVMX ) {MNXXX) ‘ v 1¢27,
&N MENEY=0 - 1¢28°
6N MOAXX=WORLX 1¢29
6N MENCX=0 1C30
&N MOUCX=10 1¢31
6N MOUTX=70 1c32
6N MOUWX=T70 . 1C33
6N MOMXX=WORL X 1¢€34
6N MP MY X =MD X XX 1¢35
10N POPXX={PPDXX) (PK5XX) EQH1105 ' T 1C40
12N PGPXX={DPDXX) {PKEXX) EQH1107 {cal
&N PGTSX=PGT XX "EQN1109 1C42
12N PIAXX=(PK3XX)IPGIXX) EQN1120 ‘ 1C43
12N PouCx={3) (PGIXX) EQH1127 1C44
6N poyUDxX=20 EQN1128 1C45
6N, PENXX=0 EQN1134 ' 1C46
¢ PROXI*=0/0/0/0/0/1/17070/70/0/0/0
o PLCXX=60 DOLS/MBDFT
> LTLSR¥*=0 . ,
18N - COULX=(CORLX) (CDMXX+CDAXX) EAN2102 TIC50
12N COIXX={CORLX) (CK2XX) EQN2104 1¢c51
"N CTAXX=(CORLX) TCKaXX) FQN2106 1¢52
&N CS5LX=CORLX ; ~ EQN2113 153
12N €0PPX={CORLX) [ERTIOX) EANZ2145 1¢cs4
c CEAVRR=D6 /D6 /26/26/26/26/26/26/26/26/26/26/26
&N DopPX=0 ‘ : EON2143 v IC55
&N COPM¥ =0 EQN2141 1C56
12N LGTXX=(LK1XX)(LORXX) EQN3101 IC65
J2M o LIAaxX=(t ORXX ) {LK4XX) EQN3103 1C66
12N LOUXX={LORXX) (LK2XX) EQN3104 1C67
BN LOSME = ORXX . _EQN3108 « 1C68
12N LOPXX={LORXX) (LK10X) EQN3118 1C69




6N LPXXX=LA16X
&N LPEX XL DXXX

6N LOSMX=913 _ 1C
C LSAVRE=56/586/56/56/56/56/56/56/56/56/56/56/56 IC
EHN COREYX=ETUORYX Y TCEX XX T 7 TUEXRXFWE LXK IC
50N WORL X2 (LORXX) (WSXXX )/ {CEXXX+WSXXX ) IC

BN OGTIXX=80

6N OIAXX=0

BN O6UXX=60 - ,
6N OATXX=0 XXXXX
BN OOSKX=30

6N 00PMX =130

6N KGUXX=28

6N KGINX=1

6N RKTAXX=366

12N KPXXX=(MPXXX) (KK6XX)

TPN RPEXX= [MPXXXTTRKEXXT

6N MPRSX=MPRXX

&R KOPYX=77

6N KA14X=6 48

C KSAVR¥ =48 TRE TR TR 7T R ] T8 TR 7RG T RE TR E T 5% 1T
AN KOSMX =0 ‘
™R CTERCECTFXY=? —1C
7N LTFRC=LTEXX=? Ic
TN RKTFBE=RTFXX=7 1C
NOTE ' INP1
NOTE™"TNRUT NP2
NOTE ; INP3
TR CORXXRLETURARFLEERS K ’ TNP%
32A  LSEASK=(=~INK1X)COS{{2PI){TIME}/57) : INPS
TR UKORXX oKL =KORAXFKEEAT K , INPé
32A KSEASeKR=(=INK2X)COSI{2PI)(TIME)/52) ' ~INPT
NOTE ' ’ ' CON1
NOTE = CONSTANTS CON2
C MCFMX=6 MDOLE/WKPER MILL CON3
C MESXX#=0/104B/2146/3246/4342/54/6648/79:6 . CON4
o MK15%=2 CONS5
C MNXXX=67 . CONb&
¢ METXX=1 ‘ CON7
C MK2XX=4 CONSB
T MKEXR=e4 WK TIME D SV UFG RATE CONS
¢ MKSXX=1e0 WK ADMIN LAG CON10
4 MEEXX =70 WK PROD T AG CONTT
C MKTXX= 40 WK TIME TO SM PRICE RATE “CON12
d MEOXXEE O WK : TIME O ADI MYCL TNV CONI3
C MK1OX=2e4 MMSQFT/WK/DOL /WK MILL SPEC FACTOR CONl4
¢ MKI1X=4,0 WK TIME TO ADJ UFO CON1%
C MK12X=e5 Wk WksS MILL INV DSD __CON16
C MK13X=265 WKS UFO DSD CON17
¢ MK14X=100 WK TIME TO SM PRICE CON18
€ MKAXX=200 WK TIME TO SM ORDS ACC CON19
C MN000=0 ZERO ’ CON20
C MIMXX=60 MMEOFT MAX MILL TNV CON21
C. MF1XX#*=56/56/56/56/56/58/62/70/80/90/100 CON23
C MEAXX#=0/41/e3/665/495/1/1/1/0 ; CON24
C MEOXX#=mD g5 /D /m1/=e2/0/0/81/08/165/2/245/3/3e5/6/445/5/545/6 25
¢ ME3XX#=46/485/498/1/1/1402/1406/1412/1416/14187/14195/1,2 CON26
¢ WK1XX=645 WK WKS INV DSD CON27
C WK2XX=145 WK SHIPPING LAG , CON28
C WK3XX=840 WK WKS TO CORRECT _INV CON2S _
c WKAXX=2 ok MMCOFT/WK/DOL /WK WHSE SPEC FACTOR CON30
" WKBXX=4  MMSQFT/WK/DOL DEMAND ELAS CON31
¢ WKAXX= 45 WK ORD PROC LAG CON32




T WP R=0"""""""""T o Tt T UTTUONE S
c WKBXX=D WK TIME TGO SM SALES CON34
TS X E YT W TrTTrTmTm e MIN ORT FTUDEL "CON3Y
¢ WOAXX=42 WK AVG ORD FIL DEL CON36
of DEXXY =R MHENET7WR EET TISEMAND TONZT
' SEXXX=60 MMSQFT /WK ‘ EST SUPPLY CON328
o WEIXX¥=0/85A7TANI T8 75”0 ~ CONES
¢ WKOXX=R YR(4X7) TIME TO AVG SEAS SALES CON42
g WTFXX=8"WKE o FCST TTME coNG?
¢ We10X=1 TREND CONSTANT CON&44
C WTLSR¥=h ' CON&E
¢ INK1X=14 MAG SEAS VARIATION CON&7
C TNK2X=17 MAG SERS VAR

¢ MK 16X=4e9 VAC ADJ TO PROD CON48B
? MHAXT¥= n/O/n/n/hII/J/O/O/O/ﬁ/n/n ' CONE9
C PKIXX=e8 VAC ADJ FACTOR CONS50
T PRIXRETWRS TITME " TO SV PGTYX CONST
C PRAXX=1 Wk . © WKS INV DSD .CONS2
TR AN K= WKE WS 10 CORRECT TRV CON®s
C PKEXX=D WKS PRON ORD PROC LAG CONS4
r PRENT=34 "WR BROD UAG CON®D
c PEIXX#=1/1/1/717171e0271406/10 12/1416/1018/14195/142 CONS6
T PRY XY ETH _ N0 OF MTITTS CONS7
C PRRXX=e4455 RNFT/CQFT REC RATIO CONS58
CTTTTTTTPGOXXER NG /VMEBET GLUE COST CONBY”
C PSCXX=24 DOL/MRDET ‘ ST LAROR COST _ CON6D
Neln PECMYET MMESTET WK ST TIME " CTAP7M TONGT
C POCXX=36 DOL/MRDFT OT LABOR COST CONG6?2
¢ BEEMYEE MBBLS/WE 7 FIXED COST CONG3
¢ PIMXX=60 MMSOFT INV MAX CONG64
¢ PLAXX =4 WKE LEEWAY DSD “TCONG5
¢ CK1IXX=0 SPEC - CON CON66
e CE3XX=0"WiKs - SHIP DELAY CONE7
e CKAXX=T WKS INV DSD CONG68
o CREXX=4 WF S TIME 10 SM GALES CON6Y
C CK5XX=8 WKS TIME TO ADJ INV CONT0
¢ CKIXX=8 {&X?) TIME TO SM SEAS SALES CONT1
c CKRXX=1 TREND FCST CON ‘ CONT2
& CKOXX=4 WKS TIME TO ADJ P LEEWAY CONT3
C CK10Xze5 WK TIME TO PROC ORDS . CON74
¢ CKk11X=0 RATE SPEC FACTOR CONT5
c CK12X=0 MMEOFT/WK/DOL DEMAND CONSTANT ____CONT6
C CDAXX= 42 WK DELAY AVG CON77
. DELAY MIN CONTS
c FCST TIMF CON79
¢ COMMY = 7 MMSOFT/WK MIN ORDS TO M CON8O
c LKIXX=eB WK SHPG DEL WeP~-t CON81
kS ] - SHPG DEL L-END USE CONB2
¢ TIME TO SM ORDS CONE3
L LKkaXx=6 WK INV DSD _CONB4
C LKEXX=8 WK WKS TO COR TNV "CONB5
C LK&EXX=0 LSGK FACTOR CONB6
C LK7X¥%=0 . LSLK FACTOR CONB 7
Lo Lkaxx=a . PRICE RATE CON = . CONBS
o LKOXX= o PRICE CON ‘ CON89
o Lk1OX=eB Ve - . - ORD PROC LAG . CONSO.
¢ LK]]X—.1 ' TEQN 3123 CON91
r Lk12X=100 FQN 3128 CONS2
c LK 13X=100 EQN 3179 CONS3
L LKYAx=115 ... LCL PRICE MARKUP . CON9%4
c LK15X=e5 DEL MP TO LP CON95
. Lyrex=1an we TIME TO SM LCL PRICE CON96
c LK17X=1 TREND CON CON97




C - LK18x=8 TIME TO SM SEAS SALES CON98
c LK19X=0 NOLSE_CON CON99
c LTFXX=2 WKS& FCST TIME CON99
C CTLSR#*=0 CON100
T OKTXX=Ten WKS SHTIP DEL M=K CONL1IO
¢ OK2XX=1 WKS WKS TO ADJ INV CON111
o4 TRAXKETTO PRICE RATE CTONTSELTY CONTIZ
N OK4XX=1 EQN2309 XXXXX CON113
T OK5XXEE PRICE " RATE"CON " TORDT CTONT1%
d OKEXX=s? WK ORND PROC DEL XXXXX CON115
T OR 7YY= 7 VK PRICE CUT DEL CONTIIG
¢ OKAXX=62 WES TIME TO SM SALES CON117
o BEIXX=D WK UFO BED CONTI®
¢ OK10X=147 MAX ORD FACTOFR CON119
T REIXX=BWRE SATP DEL CONTZ0"
- KK2XX=1e5 WKS SHIP LAG D~K CON121
o RRIXX=E WRE TRV &30 CONIZZ
c KKaXX=2R WK TIME TO ADJ INV CON123
¢ REBEXX= ok WKE CAG MP 70 CL PRICE CONTZ%
c KKEXX=1403 KPXXX/MPXXX CON125
T RETXXETO6 TIME™TO "SMGOTH KP CONTZ8
¢ KKRXX=0 PRICE CON CON127
T RRIXI=ETS TIME T0O SM MPR CONIZB
C KK10X=0 PRICE RATE CON CON129
T REITX=TB WK ORD "PROC LAG CONT30
C KK12X=e1 EQN3223 CON131
o R¥T1LXE3E ' CONT33
¢ KK15X=e? TIME TO SM ORD=0 CON134
T “KK16X=4 WKS TIME 70 SM INCMG ORDS CON135
c KK17X=3 {4X?) TIME. TO SM SEAS SALES CON136
C KK19X=0 NOISE COEFF CON138
¢ KTLSR¥*¥=0 CON139
o LY ELYS CONTE0
C KTFXX=8 CON141
T OIDXX=0 CON142
C 08XXX=15 CON143
o TEXXE=T1 CONT%Z
C WEXXX=17 CON145
o [ORA%=5% CONT4e
C DSXXX=T . CON147
T DRITR=T00 CONI48
c OK12X=4 CAN149
NOTE R1
PRINT 1)WORLXsWGSLX/2)WOULX/3IWIAXXIWIDXX/4IMORXXsMODXXsMOAXX/5)MOUXX s MO
X1 OWX s MUDXX 76 YMP XXX s MPMR X 77 TMPRX X 78 TR TX X yMAZ XX 7T TMPOMX s MBOX X716 TMGT~
X2 XX IMGSXX sMGSWX /11 )MINXXsMTAXX/ 12 IMENOX sMENSX /13 IMAL6XsMATTX yMA 18X /
13 TZTWTIFECX _ RS
PLOT MPXXX=P/KIAXX=S/KOUXX=B/OIAXX=0/00UXX=U/0ATXX=T7/KOSOX=R/K0SDX=K /KO
X1 RXX=P

PLOT MPXXX=P/MGIXX=QsWORLX=DsWSAVR*13=X 4 WSF1X=F /MOUXX=U/MIAXX=1/WIAXX=S
X1 JWOULK=H ’ R7
PLOT MPXXX=P/PGIXX=Q/COULX=R/CIAXX=5/LIAXX=L/COSMX=C/LORXX=D/LOUXX=0
SPEC  DT=4050/LENGTH=250/PRIPER=32/PL1PER=2
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APPENDIX II

MODIFICATIONS FOR A SECOND GENERATION
SIMULATION MODEL

In this appendix, two possible modifications of the simulation
model will be discussed. It is felt, on the basis of model tests, that
a second generation model incorporating these changes would better
represent the industry. The first of these changes deals with the
industry market mechanism discussed in chapter four section 3.4
and the second with the W sector order rate decision rule of chapter
four section 4. 3.

As discussed in connection with the mill market mechanism
(chapter four section 3.4), M sector Unfilled orders Desired,
MUDXX, was assumed to be dependent only upon production rate.

It was subsequently learned that MUDXX is also a function of market
price MPXXX, and price rate, MPRXX. The first model modifica-
tion to be discussed, then, introduces a functional dependence of
MUDXX upon MPXXX and MPRXX. This additional dependence of
MUDXX includes in the model the speculative behavior of independ-
ent mills that is possible if producers are willing to allow unfilled
orders (MUDXX) to vary within limits as market price changes. As
an example of this speculative behavior, mills desire a large order

backlog when prices are high and falling and a small order backlog
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when prices are low and rising. One possible means of incorpo-
rating the foregoing discussion into the mill market mechanism is

shown in the block diagram of Figure (A2-1):

MPXXX MGIXX
MF7XX
MPRXX I JLMUDEX
S (V) 77'___,@____MOUXX
[e)
MF 6XX
MPRXX _ »: _1
N o)

MF2XX

¥

+
MPDXX MODXX —
. Oz

+ ?+ DT

(MIDXX -MIAXX) MORXX MGIXX

Modified Market Mechanism

Figure (A2-1)

Variables appearing in the figure are defined as follows:

MPXXX = Mill market Price ($/ ft2)

MPMXX = M111 market Prlce sMoothed ($/ ft2
MGIXX = M sector Goods to Inventory (ftz/ wk)
MUDXX = M sector Unfllled orders De51red (ftz)
MOUXX = M sector Orders Unfilled ( )
MPRXX = Mill market Price Rate ($/ ft2)/ wk

MIDXX = M sector Inventory Besn'ed (ftz)
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MIAXX = M sector Inventory Actual (ftz)

MPDXX = M sector Production Desired (ft2/ wk)

MODXX = M sector Orders Desired (ftz/wk)

MORXX = M sector Orders Received (ft2/ wk)

MA4XX = Approximately price rate, MPRXX, as discussed

in chapter four.

The second possible simulation model modification to be dis-
cussed relates to the W sector order rate decision rule. As dis-
cussed in section 4. 3 of chapter four, the decision rule initially
incorporated in the model was a linearized rule. As a result of
model tests, insight was gained into the structure of a nonlinear
decision rule which better represents reality.

It was learned in the course of model tests that over a ''nor-
mal' range of inventory levels W sector purchasing was dominately
determined by market price. It is also known that for inventory
levels considerably more or less than this normal range sector
order rate is essentially that necessary to return inventory level to
the normal range with market conditions playing a relatively minor
role. The nonlinear decision rule illustrated in Figure (A2-2) is a
possible means of simulating the W sector ordering behavior de-

scribed above.



188

WSFLX
+
- WOSMX
(MPXXY¥ - MPMXX) ™~ T e +<+>
[ L At

MPRXX——

(WIDXX-WIAXX)

Modified Order Rate Decision Rule

Figure (A2-2)

Variables included in the figure are defined as follows:

MPXXX = Mill market Price ($/ ft2)

MPMXX = Mill market Price, sMoothed ($/ ft2)

MPRXX = Mill market Price Rate ($/ ft2)/ wk

WIDXX = W sector Inventory Desired (including pipeline
inventory) ft2

WIAXX = W sector Inventory Actual (including pipeline
inventory) ft2

WSSLX = W sector Sales Smoothed to L sector (ft2/ wk)

WOSMX = W sector Orders Sent to M sector (ft2/ wk)



