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ABSTRACT |
A model, called MAXPRESS, vas constructed fc- -he
constrained aptimizatién of the press cycle of the
waferboard production process. Two technigues were used in

L

the ‘epsimizatieﬁ routine. The first technique, . the
Hooke-Jeeves Direct Search  Algorithm, allows the
optimization of nan-éifferentgable,_> non-linear,
discontinuous, or undefined functions. The second technique
employed was Everett's method of Lagrange multigiiers, This
method transférms. a constrained optimization préblem into an
unconstrained optimigzation problem, and thus alleés the use
of the Hooke-Je ves Direct Search Alg®rithm.

MAXPRESS is a totally interactive program which prompts
the user for all required input, and prints 'vafiable
profit/shift and panel quality, as vell as other parameters,
at intermediate and final steps in the golution., Testing and

L

evaluation indicated satisfactory model perfcrmanée_ Several

recommendations are made for future research.
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GLOSSARY - b
fpm : feet per minute.
furnish : The wood particles from which vaferboard is

IB : Iﬂtgfnal. Bond; tensile strength perpenéi:ular to the
plane of the material; usually expressed in psi or Pa
(pascal) (National Standard of Canada 1978).

MCF : Thousand (M) Cubic Feet.

MOE' : Modulus Of Elasticity; the ratio of stress to strain,

provided the stress does not exceed the elastic limit

“

(and rupture the material); usually expressed in psi or
Pa (pastal) (National Standafﬂ of Canada 1978).

MOR : Modulus Of Rupture; the maximum stress that a material
can withstand before fuptufing; usually expressed in psi
or Pa (pﬂiéﬂl) (Naéiangletandaid of Canada 1978).

MSF : Thousand (M) Square Feet.

O0.D. : Oven Dry; term used in association with weight; 0.D.

veight is determined by drying the specimen at a

temperaturex  of 105°C, until a constant weight is

reached. | |

psi : pounds per square inch,

- waferboard : A type of board product made predominantly from.

large wood/ 'wafers' (at least 30 mm. long), bonded
together with a resin binder. Waferboard is a structural

materia and has been used extensively as a replacement

Q ai;E

=

‘for plyw,



%

3/8" equiv.: 'three eighths equivalent'; a base thickness

"for waferboard; most production figures are guoted in

B <
3/8" equiv. ¢
¥
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1.  INTRODUCTION
This 'dissertatien ‘éescribgs' the velopment of an
aptimizaﬁiaﬁ model for the !Qaferbaard press cycle. This
model is the most important component of a larger project to

develop an optimization model for the entire waferboard

‘production process'. The basic purpose for the development

of a mill optimization model is to allow mill personnel to

L

plan optimal management actions, especially in response to

changes  in "the business environment, in a quick and

" inexpensive manner.
c R My

1.1 Model Scope

There appears to be three categories of questions which
may be addressed with a waferboard production optimization
model ., The questien(s) one wishes to address should

determine the type of optimization model constructed. These

.questions deal with: 1) operating policy; 2) mill design;

and 3) mill re-design. .

1.1.1 Operating Policy Questions

-

The primary question affecting operating policy is how |

.to achieve the most efficient operating policy with current

- mill equipment while meeting production §nd product éuality

abj-etivai; Much of the equipment used in-thé'mﬂﬁuf:eture of
HEEEFbéafd 15 h;ghly specialized (and aften custom bu;lt)p

‘Fund1ng faf this project was provided by the Forest
Pfaducts Program of the Alberta Research Caun:;l.



aﬁd/or very expensive. Thus, tng equipment set~up sanﬁct be
chanyed as readil§ as in some séwmilling situatians (where
there is ‘;typical¥§ a higher degree of equipment
st%ndardizggion and lower unit cost of equipment relative to
waferboard manufacturing equipment). Therefore, a 1agiéal

approach to the  optimization of the vaferboard production

process over ,short time periods is to consider a current

optimal operating policy for this configuration.
Given these assumptioﬁs, it becomes evident that the
ef(icient operation of the press is essential to an
efficient mill"operating policy. The press is the most
important, and most expPensive, piece of equipment in a
waferbo#rd mill. Operating pelicy must be centered on the
press, and the pressing cycle, because this 1is where: the
production variables (eg. moiéture content and resin content
. of‘ihe fdrnish, press time, etc.) ultimately have an effect
on the final product, ih terms of both quality of product
and rate of ﬂroducgaon. In this céntexg,.'operating policy'
refers .to thq_ selection of a set of values for the
controllable préductibn variables. |
[ T

1.1.2 Mill Design Questions

=

The most important _issue in this category .is how to . ...

“‘design a vaferboard production facility so as to achieve a
given level of production with optimal efficiency. Mill

'desién questions are long term in nature, and vgfy little

4



can be considered as 'fixed', unlike the opérating . p¥icy
questions where- the existing mill confiquration is fixed.

Bfficiency implies a rélationship between both costs and

benefits. Costs include the capital costs of the mill and -

related equipment, plus the capitalized expected costs of

operating - the mill over its life-span. Benefits include. the

capi;#lized expected revenues gained from operaiing the mill
over the same time period. This problem could probably be
reduced to one of 'line balancing’', <pérhaps using Qqueuing
theory, with consideration being given to likely future
operating policies. The optimal mill design would change
with different operatzng policies. Thus, it is important to
consider fICXIblllty as a requirement to the mill design
question. This would involve the identification of key
produétion variables wvhich are likelx to change in either
type, quﬁntity, or cost (or some combination of these), and
- the quantification of their potential impact ~on operating
policy.

| Thus, it is éleat that mill design questions are

6lose1y linked to operating policy questions. One must

assume a mill design in ordeéer to establish an optimal

operating policy. In the design of a mill, however, one must

make assumptions about the likely (and, hopefully, optimal)

_qperatxng policy which will be used. R S

P



.1.1.3 Mill Re-Design Questions

Mill re-design guestions link the first two categories
described above. Here, one is investigating the possibility
of re-designing portions of an exigging mill to achieve a
more efficient operating policy and a better mill design.-
Alsc, one is addressing questions of equipment replacement
neces;itatgd by the failure of existing equipment. The
capital Eesté of the altérnate investment opportunities
(i.e. between different pieces of equipment) are ueighed
against the capitalized profits (revenues less -;xpenses)

esulting from the re-design.

y

1.2 Discussion

The original mandate of this project was to 'develop an
optimization model for wvafterboard production’'. Initially,
the author sought to develop an overall mill model which
would allow one to answer all three types of guestion
outlined ;bévg. A égrvey of available literature revealed
very little work . in the area éf vaferboard (or
particleboard) mill optimization models. In fact, only two
sources, Harpole (1979) and Balmasoff (1975), were found
vhich deal with this topic at all. The camputefr programs
presented in both papers are econometric simulation (not
optimization) models. They do not - consider Ehéi physica?

flows of materials within a mill, and can only provide very

general answers to mill operating policy questions.




Numerous maéelé exist for the simulation éf
optimization of sawmills, or components of sawmills. Aune
(1974) ?ravides a good discussion of this tjpe of mill
model. Most such models utilize queuing theory to simulate
the movement of logs and sawn lumber through the sawmill.

These models determine the steady state conditions of the

to test different mill configurations. This technique has
sem; applicability for éimulatiéh of portions of the
vaferboard production process, where discrete individuals
(such as logs or panels) move from station to station. It
still does not address the problem of optimizating either
operating policy or mill design. | )

A Qqueuing model, coupled with an ep;imi:atiéﬁ routine,
could be both feasible and practical for modelling some
portions of the waferboard production process. Efforts were
devoted to implementing an existing program (called DSMIN),
d;velcped by Carino and Bowyer (1979, 1981). ESﬁiH is a
_prag:aﬁ designed for the optimization ef some sawmill
systems which can be represented by queuing models. The
chief function of DSMIN is the optimization of mill design
and re-design, with some application to the operating policy
of sawmills, |

Soon after establishing DSMIN on the University of
Alberta ccmputéffiit be;ame aépgfgnt tﬁat it'vauldwbe uséful
only ‘for the simple queues of a waferboard production

process. Queues which have batch arrivals (this is fhe case



when the pmess is loaded,K and unloaded), cannnot  be
accomodated with this program. More img@rt§nt, it became
evident that neither DSMIN, or any other gqueuing model,
could enable one to properly model the complex operating
policy queétians encountered in the waferboard production
process. Unlike ~sawmilling systems, the waferboard process
involves numerous, and complicated, management decisions

about 7praducti@n variables which are related indirectly: to

throughput of individual pieces of eqguipment. These

production variables include moisture content cfi the

furnish, the amount of resin applied to the furnish, panel
éensitg, wafer diﬁeﬁs;ﬁnsg press time: etc. (see Decision
Variables - The Press Cycle in Chapter 3).

It was then decided that*® the first stage Vin ;he
construction of the overall waferboard production
thimigatian model should be the development of a sub-model.

The sub-model should adequately deal with the operating
policy questions. Eventually it could be linked with a
gueuing model such as DSMIN (but able to handle batch
transfers as well), to énsuer‘ all three categories of
question about the entire mill.

~Dperating policy questions must be adequately answered
before one can properly 52&1 with mill design and re-design.
Operating ﬁaliey }gréatly affects the throughput of mil%
equipment vﬁi;hrsubgequently has a ilarge impact on the
latter two categories of question, In addition, for exiStiné

mills, it seems that operating policy is more important than



mill re-design. Much of the equipment in a waferboard mill

is very expensive (often custom built), and cannot,

therefore, be easily replaced or modified to achieve optimal

~

throughput.

It soon became apparent that the press cycle should be
the focus for this stage of the iif&fbaatd production
optimization model. It is in the press cycle that all of the
production variables come into play to affect both the
quality of the panel product, and the output of the mill
(tﬂrough their effects on press time). This dissertation
describes the development of a model which optimizes the
press cycle and, hencef the principle components of the
o‘peréfing policy of a waferboard mill. -

The next section of this dissertation contains ’a
discussion intended to provide the reader with a basic
understanding of the waferboard production pgacess and the
vaferboard press cycle. After this, the two principle
mathematical tools used to develop the model are discussed.
These aré the Hooke-Jeevés Direct Search Algorithm and
Everett's method of Lagrange multipliers. This is.fcllgved
by a complete aiécussion of the model, incluéiné a model
user's guide, and an evaluation of model performance. A
concludifig chapter includes both general statemersts about
e |
research. _ ; ‘ .

1

'thqn performance of the model ;névsuggiitian; for adgditional .



2. THE WAFERBOARD PRODUCTION PRQCES?

This discussion, and schemaéi: diagram (APPENDIX 1),
are included. to provide the reader with a basic
understanding of the waferboard production process.. Ther
Weldwobd (of Canada) Ltd. waferboard mill, situated near
Slave Lake, Alberta, is used as an example of Q typical
waferbaafé mill. Elements of the production process at the
Weldwood mill are d;szribea in the order of t%e production
flow, from the woodyard, where green aspen logs are stored,
through to the end product warehouse. The mill complex has
been divided into three sections for this discussion:

1) Harvesting and Woodyard; 2) Green Building, and; 3) Dry
Building. Special reference shall be given to features of
the pr@ductian'pracess which could have a éir;ct bearing on

production modelling efforts. \

2.1 Harvesting and Woodyard
| - Weldwood hires logging contractors to harvest the aspen.
(Populus fﬁemuléldes) feedstock for the mill. Harvesting is
‘condhcted by the 'shortwood' method iher:by whole trees are
felled, skidded ;a a lagding, and there¢ bucked into 103"
long logs. The logs are transported by truck ta;the va@dyifé
adjacent to the mill, where they are unloaded. Wood in the
'yard is rotated on a 'First In - Pirst Out' basis. i

The woodyard is a large reservoir of material for the
.mill. From a modelling perspective, this '’reservoir cagg be

[



viewed as an infinite su

2.2 Green Building
The Weldwood giil is divided into two main buildings.

The reen building' (the wood has not been dried, hence,

[T ]

‘green’) houses that portion of the‘pfaductign precess' from
log thawing and debarking, through to wafer drying. The 'dry
building' (the wood has been dried, hence, 'dry’') houses
thitv portion of the production process from dry storage to
actual p§nel formation and warehousing. |

Legs are delivered in small bunches to 'the green
building by a grapple loader. The logs are deposited into
one _éf three log ponds. These log ponds are constructed of
reinforced concréte, and serve prin:ipallgita Ehavi?he wood
in the winter, and té clean the wood during all seasons.
Logs are forvarded down the length of the ponds by
forwarding chains, and arrive at the green building entrance

individually from each log pond. Logs from all three ponds

may enter the building at the same time, ﬁcwever, they are

transferred to a single conveyor and are forwarded to the

debarker as a single queue.

Logs are then fed through a rotating ring debarker, one
at a time, where most bark is removed. Feed rate through the
debarker can be varied, depending én the condition of the
legs and bark (eg. how large the 1logs are, dgéree of

thaving, etc.).



[ 1% ” 10

(oM

The next stage is the slasher deck. Logs are fe
broadside, one at a time, into this set of circular blades
and are cut into four 25; bolts. These bolts are then
foria:dea to the waferizers.

Three ditc wafearizers are_useé at the Weldwood mill.

Normal operation has two wunits up, one unit down for

maintenance (blade change, etc.). The waferizers accepg
A

bolts from the slasher deck, and feed theﬁ broadside into

#
the knives on the rotating discs. Each waferizer has its own

input queue of bolts which 1is fed from the single queue
coming out of the slasher deck. Feed rate into the
w;fe%izgrs varies depending on the desired vwafer thickness;
thegthicEEE the vafer, the faster the feed rate. Output from
the vaferizers is in the form of aﬂfrai of wafers.

The flow of wafers then passes through one of two
rotating drum type 'green' screens, which sepafaté the green
'‘fines' (small partﬁ:le; unsuitable for the manufacture of
waferboard) from the green wafers.

The flow of green wafers then passes to one of thfee;
green storage bins which feed the wafer dryers. These bins
provide a buffer for the production process. From the green
storage bin;. the wafers flow continuously into three

natural gas-fired dryers, and then flow out of the green

- building. The time wafers spend in the dryers depends on the

moisture content of the green wafers, the desired moisture
content of ‘the dry wafers, and the temperature in the

dryers. The dryers at the Weldwood mill are each rated at
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7000 O0.D. pounds -of wafers/hour.

2.3 Dry Building

"~ The flow of dry wafers passes out of the green building
into the dry storage bin of the dry building. The é:y!
‘storage bin provides another buffer to the production
process. Wafers pass thréugh the dry storage bin on
approximately a First I% - First Out basis. After leaviné

the dry storage bin, the flow of wafers is separated, on the—
basis of wafer sizé, by a 5:rgenraﬁd,vaﬁﬁum éickéup, into

twvo different flows. Each Elci’thég‘passgs tﬁrcgghﬁ?ane of

two rotating éfum"type dry screens (same function as the
green “sdreens). Large wafers (for the faces of the
vaferboard panels; comprising approximately 4@# of the
total) are fed through one screen, while small wafers (for

the core of the waferboard panels; comprising approximately

60% of the total) are fed through the other.

* Following ,5cfeeningi the two types of wafer pass into
tvarsurgg bins, one bin for each type of wafer. Each surge
bin mixes the flow of wafers passing through it, in order to
achieve uniform bulk density. The two flows then pass into
twvo rotary drum blenders where wax and phenolic resin are
applied to the face and core wafers. The wafer flows then
enter the press line.

The first components in the press line are the ferming

heads. Wafers flow into four forming hgaégs two for the face
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of the panel, and two for the core. Cauls (steel sheets;
approximately 16'x4'), overlapping at their ends, pass under

the forming heads where wvafers are dropped to form a

continuous mat with random iafer-aligggggtfﬁfgul speed, and

the rate of wafer flow gnggffﬁégéaulsg vary w¥th different

mat thiekn<§ggsS§fE§; the production of different panel

Sﬁ;;h%éiiégg;éi Cauls exit from the farminé heads and are
separated from each other.

A new gueue is formed at the next stage, the 24-opening
press loader, where cauls, with their wafer mats, are
individually entered until all 24 positions are filled. The
entire batch of cauls is then simultaneously transferred to
th; 24-opening press. The wafer mats are then pressed uynder
high temperature and pressure (approximately 400°F. and 800
psi). Press time (usually ranging from 3 to 7 minutes) can
vary depending on a number of parameters including panel
quality desired, panel thickness, moisture content of the
mat, etc, All 24 cauls are ghen unloaded simultaneously from

the press to the 24-opening press unloader. From there, each

vafer mat. The pressed mats are rotated through a board
cooler, and then pass through two sets of trim saws. The
resulting 4'x8' . panels are graded, bundled, and stored or

shipped.



2.4 Discussion ~
o

The overall waferboard production process can be
represented by afsystem of queues and flows (APPENDIX 1).
Queues consisting of 1logs exist at the debarker: (single
server) and the slasher deck (single server) while several
(one, two or three) queues, made up SE bolts, occur at the
"waferizers (multiple servers). A flow of wafers occurs Erém
the waferizers to the forming heads. At the forming heads,
another queue is formed, the elements of ;hich are cauls.

The cauls arrive t the press loader, and leave the press

umloader individually, but are loaded and unloaded from the

press i@ batches of 24. After being separated from the
cauls, the pressed mats form gueues at the panel cooler and
at the trim saws.. Grading and sorting could be vi;ﬁéd as
part of the trim saw operation .or as a separate gqueue.

Panels are moved to the warehouse in batches.



2y 3. THE MATHEMATICAL MODEL

3.1 Assumptions
The following basi:-?assumptiaﬂs‘ have been ﬁéée when
formulating the mathematical model:

1. The overall goal for the waferboard mill is to maximize
profits.

2, The mill must meet, or exceed, a single minimum level of
quality for its waferboard production. In _other words,
there is no option for the production of a variety af,
panel grades which vctan then be sold for different
prices. However, a variation of the standard application
of the model can aé:@maﬂaée the:case of "varying panel
Qualities (refer, to Economic Significance of “the
Lagrange Multiplier in Chapte;'S)i

3. All of the waferboard produced which meets the minimum
Quality level can be sold at a specified factory gate

{ price (this price is provided by the model user). ?

£

3.2 Decision Variables - The Press Cycle

Numerous variables in the waferboard production process
affect final panel properties and mill revenues and costs
‘ ditectly, and through interactions with each other. These
variables include resin amount, type and distribution among
layers of the wafer ggt;rﬁqisture level and distribution in

the wafer mat, panel density, press time, temperature,

14°
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. pressure and. rate of .closure, particle geometry and
orientation (if any), wood species, special adaitivgsi etc.
(Maloney 1977). Many of these variables may be controlled,

and could be considered decision variables for an

—t
o |

optimization of the waferboard production process.
addition, these variables ultimately havertheirﬁgffgct on
both board quality, and mill production rate, when the wafer
mat - is pressed. Therefore, it becomes apparent that the
press cycle is the most imp@ftaﬁt- part of the vgferb@i:d'
praégctién pféceés. Not only are final panei éréperties
determined here, but in addiéign; press time will dgtefmine
mill production rate and hence, revenue.

Four controllable @:aductian';ariables were selected as
decision variables for inclusion into the mathemitical model
developed for this study. Gperéting policy is defined by ar
set of values for these four variables; |
i. resin content of th'vafef mat,

2. press time, ;
3. moisture content of the vafer mat,
¢. nominal panel density.

; These variables were selected because of thgif
" importance to panel quality and mill préfitsf anaaégcéusg
data céﬁcgrniﬁg their effects vas available in the.
liﬁgfitdfe (refer to Constraint Data Variable in Chapter 6).
It ig important to note éhgt other variables could, and
probably should, be included into this model if sufficient

data vere obtained. The list of variables presented above is
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f;i"b}' no means exhaustive, nor - are the variables included

necessarily the most significant ones in the waferboard

pfadueﬁian process. They do, however, illustrate model

%gpgtiqning’VEEg vell,

3.2.1 Rasin Content
As resin content in the - wafer mat increases, all'
.strength properties increase (Kelly 1977, Maloney 1977}; inA
rggﬁ2f§l, however, these strength propertieés incyease at a
!; decreasing rate. |
Resin accounts féf a major part of total mill expensesg'
The selection of optimal resin content, thergfare; is very
impa:tant to milllprcfitabiliéf, A mill optimization model
should be constructed to allow the selection of the optimal
resin content in rgspcnsg" to resin p%ice zchanges,
Fufthermefei ‘most fesins.cuffently in use are synthetic in
'naturéyfpreduceé from petroleum). It aépears that resin
prices will be closely associated with oil prices and could
be subject Ec significant ?fice increases in the future,  35
: thef,hgve in the past (Maloney 1977).

vﬁ!iﬁy éifte:ent‘tfpes of resin are currently available,
_ Each has its own physical properties (for example, curing
time) and cost. In addition, as synthetic resin costs rise,
aore. vork is devoted to ;hc.dqvilap:int éi.n;qucéin; which- .
can be manufactured frem:_ﬁgturil products (Halan;y 1977,
Dolenko and Shields 71980){ Because each resin has its own

L]

properties, a resin which is cheaper to purchase may not

/.

# -t



necessarily be cost efficient. Such a resin could require
longer press times for proper adhesion. This might result in

a greater ecst!(thraugh last prgétgtian) than the benefit

gained through the lower resin prices. It is important to be

able to properly evaluate név; or different, resins with a

mill optimization model.

3.2.2 Press Time

Press time affects the rate of mill production (hence,

\H

1 profits) and final panel quality. In general, the core

temperature of the wafer mat must reach the -level EESUIIEﬂ

te— cause the resin to cure, without subjecting thé. panel

surface to excessive temperatures vhich .result in
degradation (Kelly 1977).

" In the actual ‘operation of a waferboard mill, there
appears to be a relatively direct trade-o6ff potential

between resin content and press time (James 1981). Within

limits, press time can be reduced if resin content is

increased. Both panel quality and mill profits will be
greatly aEEEétgé by this trade-off. This is an important
operating policy decision which is faced continually by mill
managers, A mill optimization model should be capable of

addressing this problem.

.!;.:»!

, ~
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3.2.3 Moisture Cgﬁignt
Moisture content of the wafer mat directly affects heat
transfer to the core and, therefore, is a critical factor
for both press éime (therefore, mill profits, as above) and
panel qualzty (Kelly 1977, Maloney 1977). Surface moisture
ev;pari:is~ :nd travels to the core when the mat is pressed,
ghus allowing quicker heat transfer than would othervwisge be
péssible (Kelly 1977). However, excessive moisture requires
increased press time to allow for aéequ&te‘ evaporation
through the éanel edges.-and to compensate for any adverse
effects the moisture may have on resin curing (Kelly 1977),.
Moisture decreases the.cgmpreséive sirgngth of wood and
helps create a high density gradient in the finished panel
product; the core tends to have lower density compared to
the panel faces (Kelly 1977, Maloney 1977)4. This results in
high bending strength parallel to the board surface (eg.
modu lus of rupture ~ MOR, and moduldus of elasticity - MOE),
and low tensile stfgnﬁth peérpendicular to the plane of the

panel (eg. internal bond - IB).
é The level of moisture content in the furnish is
7é1re:t1y relatea to fuel :ansumptign in the gas driers,

which is another component of total mill expenses.
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3.2.4 Nominal Panel bcnsity h
Panel density depeﬁds'on the amount and species of wood
used, resin, moisture, and additives content, and pressing
methods (Kelly 1977, Maloney 1977). 1In general, strength
- properties will increase as panel density increases,
‘provided press time is adequate (Kelly 1977, Udvardy 1979).
Nominal panel densiéy was 1included as a decision
variable for this project beéause the Weldwood mill at Slave
‘ Lake wuses 'stopsﬂ4in its pressing rouﬁine. With the use of
stops, variation of panel density is primarily a function of
thé mass of furnish in the wafer maf. This variable.might be
re-defined better as the mass ~f furnish on each caul
entering the préss. In any case, this variable helps
illustrate the use of the optimization model.
Panel density alss has a direct effect on the costs of
production. As more furnish is added to the wafer mat to
increase panel density, wood costs/panel increase, as do

resin costs,~fuel costs, etc.

3.3 The Optimization Model

. With the removal of marketing considerations, as
assumed in Section 3.1, the basic péoblem addressed by this
study is’ the optimization of a payoff subject to a resource
constraint. In particular, for the waferboard press cycle,
the problem has been defined as the maximization of profit

vhile meeting a minimum level of panel quality:



MAXIMIZE:

PROFIT = REVENUES - EXPENSES

QUALITY 2 MINIMUM QUALITY
WHERE :
- PROFIT = f,{Resin Content, Moisture Content,
Press Time, Panel Density]}
QUALITY = f,{Resin Content, Moisture Content,
Press Time, Panel Density]

In the model, profit is measured in dallafs/aihéuf
’sgift. Panel quality is measured 55 internal bond in psi.
Other measurements of panel quality could be used (eg. MOR
or MOE) instead of, or in addition to, internal bond (refgf
to CQHGLUSWHEHD RECOMMENDATIONS in Chapter 9).

I1f° assumptions, such as linearity, continuity, or
differentiability, could be made about the cbjeﬂtivé
function (f,) and the constraint function (f,), then
classical optimization techniques - ‘such as linear
pregraﬁming;xcf differential calculus, could be employed to
solve the constrained optimization problem. However, these
‘assumgtians cannot be made about f, ar‘ f. since almost
nothing can be guaranteed about the nature " of either
relationship. In fact, the two relationships may net even be
-defined as functions (see Dasign cansidgintinn: in Chapter
.6). The methods employed to solve the constrained
optimization problem must therefore be capable §f accepting

the objective and constraint Trelationships in either
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functional form, or as matrices of data. g
Fa
These characteristics 1led to the selection of two

relatively non-classical optimization techniques, . the
Hooke-Jeeves Direct Search Algorithm, and Everett's method
of Lagrange multipliers, to acccﬁplish the constrained
optimization. Everett's methéd of Lagranggq multipliers
transforms the original, constrained optimization problem
into an unconstrained problem. The optimal solution of the
unconstrained Lagrange problem can then be found using the
Hooke-Jeeves Direct Sea:ih' Algorithm, without assumptions,
about the nature of the functional relatianshiﬁj The
Hooke-Jeeves Direct Search Algorithm is described in Chapter
4 of this dissertation. Chapter 5 contains a discussion -of
Everett's Method of Lagrange Multipliers. Details of the
computer version of the model gre'thgn discussed in Chapter

6.



4. HOOKE-JEEVES DIRECT SEARCH ALGORITHM

ect Search Algorithm is a routine

The Hooke-Jeeves Dir
(called the 'pattern search routine') for optimizing
,p!

(minimizing or maximizing) an unconstrained function S(e) of
one or more variables g=(¢,, 0,, #,, ... ¢, } (Hooke and
Jeeves 196;). | |

The values of ¢ can be interpreted as points in
- N-dimensional space. A ‘ma?g‘ may be thought of as a vector
projection in this space and is defined as the procedure of
going from a given point (representing a paftlﬁulaf value af
‘S(p)) to another pelnt in the same N-dimensional space. A
move is termed a 'success’' if the value of S(e) is improved
(i.e. if S(s) decreases in é minimization problem or
increases in a maximization problem). A meve is termed a
"failure' otherwise (Hooke and Jeeves 1961). The pattern

search routine makes two types of moves; 1) exploratory

moves; SHJ 2) pattern moves.

4.1 liploratary Moves

Eiploratafy, moves acquire information about the
behaviour of the function S(e) saleiy by their success or
‘failure (Hooke and Jegveé 1961). This -inéafmgtian is
utilized to_establish a ’p:cb:b.l: direction for a sucecessful
- pattern move. Exploratory moves are achieved by chang;ng the
coordinate values (s), one at a z;m:iig:d comparing the new

value of S(g) to its previous value ach coordinate ?i) is
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first raised by some arbitrarily fhéseh,Step size, and S(s)
is evaluated. If the .move is a failur8, the original
»

coordinate (e) is lowered by the same step size and S(e) 1s
re-evaluated. Each time a successful move is achievgd, the
original set of coordinate values is re-set to include the
coordinate value (s) by which the successful move was
achieved. The routine then moves on-to the next coordinate.

This precedu;e is carried out sequentially for all

o (i=1,2,3 ... N) (Figure 1) (Hooke and Jeeves 1961).

4.2 Pattern Moves

Pattern moves are designed to utilize the information

*

acquired by the exploratory moves about the behaviour of the

function s(s). A base point is defined as a point

., (i=1,2,3 ... N)) from vhich a pattern move is made. Thus,
pattern moves may be viewed as proceeding from base point to
base point, with the pattern move from a giéen base point
éuplicating'the ccﬁéineé moves from the previous base point
(Hooke and - Jeeves 1961). This is accomplished by changing
all ccéréin;ies (ii(i-1gz;3 ... N)) by an amount equal to
the difference between the present base point, and the
prgviéugcb§sepcint (Hooke and Jeeves 1961). As a reéult;
once a §;ttéfﬁ is==stablighed; the size of the pétterhtﬁavés
will tinerease, resulting 'in an- acceleration »in that

dire:tién (Phillips et al. 1976, Hooke and Jeeves 1961).

-



Figure ' . Flow Dtagram for Exploratory Moves of Pattern Sesrch Routine
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The argument for pattéf?%maﬂggfis intuitive in nature; if a
'set of moves was successful in the past; it ié likely to be

successful again in the future (Hooke and Jeeves 1967): The

pattern move procedure is clarified by the tollowing
discussion of the overall pattern search routine.
4.3 Pattern Search Routine
A detailed flow éiagfam of the pattern search fgutine>
"is shown in Figure 2 and its graphical analogy is shown in
Figure: 3. .Using function minimization for illustrative
purposes, the following steps are performed in the pattern
search routine (Hooke and Jeeves 1961):
. STEP 1. i
- Start at the 'current base point' (arbitrarily chosen
for initial iteration), .
- Make exploratory -cves;‘Th: b;se:pginf resulting from
;hesé moves is the 'test base peiﬁt’i
= Is the furictional value at the test base point belov
that at the current base pgiﬂt? |
= YES: Go to STEP 2 .
- NO : Go to STEP 3.
STEP 2.
- Re-set base points; o

'current base peigt‘ becomes 'previous base point';
"test base point' becomes 'current base point'.
- = Make pattern move by doubling the coordinates of the
| |

i



Figure 2. Flow Diagram for Pattern Sesrch Routine
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test base point (now the same as ‘the current base

point), and subtracting the coordinates of the previous

! oy -

*

base point. This is the test base point.
- Make explctatcfy moves. The coordinates of the test
base point may, or may not, be changed by these moves.
- 1s the functional value at the test base point below
that at the current base point?
- YES: G? to STEP 2.
= NO : Go to STEP 1,
STEP 3.

- Is‘ 5§épﬁ size for exploratory moves small enrough
(compared tg‘an afbitrafiiy chosen minimum) ?
E:YES: STOP,

- NO :

%

crease step size; Go to STEP 1.
Hooke and Jeeves (1961) suggest that all pattern moves
be immediately folloved by exploratory moves (STEP 2),
before testing the pattern move for success. Their rationale
is as follows:
Because more progress towards optimizing the function S(s)
is made with pattern moves than with exploratory moves, it
is desirable to retain pattern moves where possible. A
patterﬁ'mp?e which ;therwise would have failed can sometimes
succeed aﬁé. hence, be retained, if exploratory moves are
made after the pattern move and 'this result tés;eé for
success. Thus, the success or failure of a pattern move

becomes irrelevant to the mechanics of the routine because

in either case, exploratory moves are made immediately
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-
following‘the pattern move. This’stra;ggy is most likely to

succeed vhen the pattern is first being established (Hooke

and Jeeves 1961).

4.4 Discussion

There are several practical considerations to the
Hoéke-Jeeyes Direct Search Algorithm which affect potential
-applications and are, therefore, discussed here.

A primary ;dvaﬁtage to using the Hooke-Jeeves Direct
- Search Algorithmf;és thaé the objective function to be
optfmi;ed does néffghgﬁe to be regular, continuous, or
differentiable, nor does it have to be explicitly defined
(Carino and Bowyer 1979, Phillips et al. 1976, Hooke and
. Jeeves 1961). This is a particularly useful feature for
applications such as the waferboard production model
presented in this thesis. In. this case, ' the objective
function is a combination of an explicitly deﬁin?d profit
\function and a constraint relationship represented by
di5cret$ﬂ?data in a tabular format. In addition, the
algorithm ‘Iends' itself well to use on computers, since it
uses repeated arithmetic operations with simple logic (Hooke
and Jeeves 1961). | ) |
A disadypnt?ge:jtél thg‘_H@ékgéaggvegv‘Di:ect Search
Aﬁéorithm is that the global aptimum;ﬁill not alﬁaés be
found. With some objective funétiané»(igg those définiﬁg a

 non-convex feasible region) it is possible, even;pfabgblgf,
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that some of the solutions produced by ﬁhis alggrithm_will
be local optima only. In such cases, it appears that the
only practical solution is to start the search from several
arbitrarily chosen points »and compare the resulting .
solutions. This will not, héﬁeve:irguarantee finding the

global optimum. It only increases §EE‘::haﬁ:es: of sgch"an

-OCCUrrence,



5. EVERETT'S METHOD OF LAGRANGE HUL*?ELIEES

Everett's method affLagrange multipliers is useful for
optimization subject to constraints, especially in problems
where dls:cntlnuaus or non- dlfferentlable fun:tians must be
-optimized (Everett 1963). This property of Everett 'S methad
“is -particularly useful to some appliEQticnéf such as-the
ﬁgferbagfé pfééuctian i@del described in this éissertaticn,
whére little is known about the natufé of either the '
function to be optimized or the constraints which limit .
ps551ble solutions (egq. functiénal form, linearity, etc.).
clgarly ﬁcfe conventional : techniques for constrained
,gétimizatign, such:és linear programming, caulé not be used
in this situation.

The following discussion of Everett's method of
!Lagfaﬁge multipliers will deal primarily witﬁ the practical
applicatiang and problems associated with Ehis_technigue;
éewever] some discussion cf the tﬁecfetiéal justification
for Everett's method is warranted, and follows in the next °

section. -

5.1 Main Theorem A

» Using the términ%lagf éf Everett (1963) the main&
fthé@reﬁ, ih;ll be discussed in terms af the eptimgl
!Lgilécg£1;n of limited rgsaurces; In ather vords, the prablem:
is the mgximi;gtiqn of a payoff function gubjeet to given

constraints. The waferbgai production process provides a

31
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good example. In this process the. objective is to m;ximiig
profits, subject to quality constraints on the vaferboard
éanel prafuét. Quality may be measured by internal bond
(1B), modulus of rupture (MOR), mééulus.ﬁf giaéticity (MOE) ,

etc. ¥

5.1.1 Definitions
The following definitions are used in the discﬁssian of
the main theorem, andﬂarg derived from Everett (19635 xﬁiEh

Qﬁe major~change; only one fESéunggfuﬂ;Eién and constraint

is considered?®: | |

1. x: The decision variables (i.e. resin CDQEEDE.A pfeés
time, moisture content, panel denéity). ’

2. $: The set of possible strategies., (eg. the possible -
combinations - of the decision variables to produce
wvaferboard of various quality 1levels, at various
production rates).

3. H: A real valued fun:fi@n called the 'payoff function' .

4. Hﬂx): The payocff which occurs as a result of employing
the strategy ’ x¢S (eg. could be expressed as

~ profit/8-hour shift).

53 C: A real vglﬁéé function c;lléé‘the !fgsaufeekfun;ticn'g

6. C(x): The fgsaﬁf;e expenditufe (éanel quality is the
resource - considered in ‘the - wvaferboard bpfiii eyel;)
‘required to gain payoff; occurs as a result of employing

constraint (internal bond); see Constraint Data Variable.
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the strategy x¢S. In other words, some resource must be
given up in order to gain payaff;,?%is could be thought
of as an ‘'expenditure' or ‘'loss' of quality (egqg.

. measured by internal bond) in the waferboard panels - in
order to achieve more profit.

7. ¢: The maximum resource expenditure allowed.

5.1.2 Discussion

’ ! The problem then becomes: . o S e e
AXIMIZE:

H{x) over all (x¢S)

-
H\
o\

SUBJEC
C(x)sc .

The main theorem follovs (for 3  proof of the main
theorem, see Everett (1963)): ;
1. 4 is a nonnegative real number,

.2, X" ¢S maximizes the function,
| H(x)-AC(x) over 311.X§5,
3. x* maximizes H(x) over all those x¢S such that € s C(x*). -

In other waords, for any choice of ngﬁnggative 2, if an
unconstrained maximum of the ‘Lagrange function (item 2,
above), can be found (x* is the strateqy which produces this
maximum), then this strategy will also produce the mgximum

" of the constrained function with constraints equal ¢to the
amount of the resource gxpendeé in Sﬁ?igving the

unconstrained solution (Everett 1963). ~S—r ‘\55 .



Using the'main theorem, ohe can - arbitrarily choose a
non-negative 2 and find thé maximum of the unconstrained,
Lagrange function. This solution will also provide. the
max imum of the original, constrained function, with
constraints equal to the amount of resources expended in the
unconstrained solution. It is important to realise, however,
that the choice of 2 is completely arbitrary, and different
choices of A will 'generallyv,lead to different resource
‘levels. If one is interested in maximizing a payoff function
(such as gross revenue/8-hour shift) whil; not exceeding a
given resource expenditure (eg. loss of internal bond beloﬁ
some minimum allowable level), it is likelyvthat the value

of ! will have to be adjusted by trial and error until the

desired constraint level is achieved (Everett 1963).

5.2 Economic Significance of thi Lagrangﬁ Multiplier

The Lagrange multiplief -(1) also provides some
information about the cost of thg;cdgstraint. By the Lambda
Theorem (for a discussion and_p:gnf of this tbeorem} refer

to Bverett (1963)) it can be shown that at any optiﬁal
: .

-solution, A represenijégthe marginal value per unit of

resource. In the waferboard production case, 1 would

‘represent the profit gained by the ‘expenditure' of one

additional unit of Quality (eq. loss of one unit of internal
bond). This feature could have implications for a mill's

operating policy because as resource costs change, so does



the cogst of aéhieving a éiVEﬁ level of panel quality. In
.addition, it"one' has the. ;ptiéﬁ of markéting several
differént grades of praduct, it could prove thlmal to vary
the quality of the product 1in response to changes in -’
resource prices and selllng prices Eér the panel prcduct. In
othet vords, if the situation arose where a waferboard mill
could actually make a higher profit by producing d;fferent
guality p&nels, Everett's method of Lagrange multipliers
could help to identify the optimal quality igvel of panel to

produce.

5.3 Gaps(or.lnacccssiblc Regions

The use of Lagrange muiziplie:s é;es not ensure that a
solution will necessarily be found for all  problems
however, a solution found bgézheir use is guaranteed to be a
true solution (Evefett 1963). There is no gugréntgé.
however, that some constraint lezels‘will not be generated
by any values of A. These are are termed ina:;essible
regions (also called 'gaps') (Everett 1963). |

A gap can be recognized by abrﬁpt'éi:an;inuitigs in the
resourée levels generated as & is continuously varied (i.e.
for two levels of & vhich are vety close, the’ corresponding
resource levels genergtgﬂ are Eansider;51§ different). |

The basxc cause afégaps is ﬁcncencavxty in the function

of optimum payoff versus resources expended (Figure 4)

(Everett 1963), The Lagrange method will succeed in
°
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producing all solutions ‘in the concave regions of this
function, and will .fail in all non-concave regions.
Solutions in the inaccessible regions cannot be obtained by

- a imple applieatisn of the Lagrange multiplier method, and

must be sought using different technigues (Everett 1963).

5.4 H:thad for Randling Gaps

| Several methods for handling gaps are presented by
Everett (1963), but only one of these methods, the most
applicable to the waferboard production model, will be
discussed here. '

‘as seeking to

maximize some payoff function subject to constraints. If the

Consider the standard case where one
decision variables are discrete (indéeé, as will be

explained later, they are discrete in the waferboard
: !

production model), then nearly 'optimal solutions can be
produced by deliberately deviating slightly from the optimal
--cémbinatian of decision variables which last maximized ghe
Lagrange function. This can be aéhievgé by examining all
passibig combinations of the decision variables t one step
(or more) awvay Ergm the last optimal combination (C) of the
decision variables (i.e- the last combination which produced
an optimum solution using the direct application of
Everett’'s method). The Lagrange solutions are generated for
all of these combinations, and are then subtracted from the

- Lagrange solution obtained with C. The resulting deviations,
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vwith their corresponding combinations of decision variables,
‘are then ordered from lgwest'te highest. A member of this
ordering is 'dominated’ if a pfgzééing‘member provides more
payoff for equal, or less, resource expenditure. Dominated
ﬂ?ﬁbéfs can then be dropped out of the‘arde:iﬂg; since they

define acceptable strategies for the combination of decision
variables. These are represented by corner points A('DTHER
SOLUTIONS') in the nan?ccnsave regions of the optimum payoff
vs. resources expended function of Figure 4, If a minimum
constraint level must be achieved (such is the.case in the
waferboard press cycle, where minimum  panel  quality
standards must be met), the bunagminatgé combination of
decision variables which provides a constraint level closest
to, and greater than, the minimum constraint level allowed
can be selected. This wil] be the best possible solution
because no other "members of the ordering will provide the
same, or more, payoff for - equal, or less, resource
expgndi;;fel If other words, for the waferboard press éy:le;
the undominated member (combination of decision variabies)
of -the ordering which provides -a level of panel quality
closest to, and greater ﬁhan, the minimum specified level of
panel quality, is selgé%eé; No other member éf the ordering
vwill provide tle same, or more, panel quality (equivelent fo
the same, or less, expenditure of panel gquality) with the

same, or more, profit. ’
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In some cases, such as the vaferboard press . cycle,
vhere little is known about either the pajéff or constraint
1

relationships, one could guarantee that the best sc'utién_

(i.e. undominated member of the ordering closest to the
minimum quality level) 1is found only if all feasible

combinations of the decision variables are exémineai!
Obviously, this is not éracﬁical. Ié fact, this strategy
would make the use of Everett's method of Lagrange
mpltipliers obsolete, because all pﬁssi§1§ solutions wotld
JC genefgted directly. In this case, justificatién for
examining combinations of decision variables within a
limited range of C is'intuitive in nature, and is supported
by empirical results. It seems logical, in most cases, to
assume that saiQEians (i.e. combination of decision
variables) occurring in gap regions will be close to the
last known solution which bounds the gap. This ;ssump;ian
wvas tested, and found to be valid, for gaps p:aéuced by the
objective and constraint relationships developed for this
study. All possible combinations of decision variables were
generated, and the best' combination was selected for the
resource level desired. For all cases tested, this result
vas the same as the result obtained using . gap se;réh
te&hniquei directly.

- Thév-gémg justification could be pééégntéé for the use
of gap search tggﬁniques gfauﬁé an eptimai solution ébtained
directly with Everett's method, but which is not necessarily

- at the edge of a gap. If a resource level generated with a
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particular value of & is cl?Se to the desired resource
level, a direct application of gap search technigues could

provide the optimal solution quicker, and easier, than

further manipulation of X. Once again, the: only

P

- justification for this procedure is intuitive in nature, anq

supported by empirical results. Since the underlying aim of
. - ¢

-

this project was to construct a useful, practical tool, i
was felt that these gap search procedures should be

available ih the waferboard production mcdglg‘



6. THE COMPUTER MODEL - MAXPRESS
The model developed for this dissertation has been
named MAXPRESS’, an optimization model for the press and
press®hg cycle of a typical waferboard production facility.
MAXPRESS maximizes variable profit/B-hour shift while
meeting minimum panel quality specifications (measured as

internal bond in psi).

6.1 Design Considerations
MAXPRESS has been constructed with the 531lauing
conditions and desired features in mind: »

1. MAXPRESS should be able to accept non-differentiable,
non-linear, and discontinuous ~ objective (payoff)
functions. The althor felt that a payoff function could
be defined, but that very little could be guaranteed
about its~propertiés. In addition, MAXPRESS should be
constructed so that it could be easily modified to allow
for ﬁhe situatidn wheré the objective function could not
be defined, and where the payoff information ués
provided in the form of discrete data for various
combinations éf decision variables.

2. MAXPRESS should accept constraint information in the form

~of - discrete data - for various combinations of Qecision -

variables. This condition was recommended by Dr. Lars

* MAXimization of the PRESS cyéle;

41
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Bach* and was verified by an examination of waferboard
Juality relationships in the literature. Good functional
relationships between waferboard quality (eg. internal
bond).and.production variables (eg. resin content, press
time etc.) appear to be non-existent in the literature.
This might be due to the cbmplexity'of-the relationships
invo;ved. It does appear, however, that fairly goé& data
can be obtained from the literature (certainly, any
forest products‘company wishing to use a model such as
MAXPRESS could provide this data) in the form of
repeated measurements (or averages of such measurements)
of quality for various combinations of,»decisian
variables. A major problem with such data obtained from
the 1literature 1is the wide variety and incomplete
déscription of tésting methods used. ' '

Furthermore, anomalies could occur in a particular

waferboard mill which might significantly alter.

\. -
quality/decision variables relationships. In such a

case, it is desirable to have a model which could use

qu&lity #2ta from trial production runs, or from an

'educated quess' of mill personnel, without trying to )

’ L4 ‘. .
develop predictive functions using techniques such as

linear, or non-linear, regression.

model. The ultimate goal, and mandate, of this project

- - - . -

¢ Program Manager, Forest Products Progtam, Alberta Rese;rch
Council and member of the author 8 exam1nat1on commlttee.

" MAXPRESS must be an optimization model, not a simulation

-5 =
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"is to ' produce an cptimizatian model féf an entire

personnel.

productlcn pgrsannel at a mlbfg(eg. the quality control
. "manager) vith no formal training in ecmputgr programming
or operatlons research should be able to use the model
‘to easily answer particular gquestions about the miil{s

‘operating policy.

6.2 Model Egﬁstfuctiéni

: 'nAXPRESS, the model ccnstrustéé; meets" all of the
requitements*dgéc{iSeé gﬁave_ It is° an optimization model
designed to accept any type of explicitly defined objective
(payoff) function, and guality relationships in the form of
discrete} tabular data. fégég%izaticn is achieved by using
the Hooke-Jeeves Direct Search .Algatithm (pattern search
réutine) in combination with Everett's method of Lagrange
multipliers. The pattern search routine was modified to

allow discrete constraint inputs to the model. As a result,

the step size for e:plaratery moves must equal the interval

size of the cénstralnt matrix, ané no reduet1an 1n step size

1s.allovcdi Hazlinxt;ng assumptions are EEQUIFEderE either
A ) .

the objective (payoff) function or the constraint (quality)

data variable.

4. 'HAXPRt77 should be easy to use. For example, waferbaaré-



6.3 Model cn-panin::
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MAXPRESS is a totally interactive computer program
whish prompts the user for all fgéuirgé inputs, and
autgmatically provides the réquifea output. The model user
does nct} reqﬁire any special knowleédge about computers or
computer programming, other than how to access his own
: systémi Some understanding of the role of the Lagrange
'mulEiglier (called LAMBDA in the model) is required (see The
Role of L@!BDA in Chapter 7ii

MAXPRESS vas formulated in APL (A Programming Language,

_ Gilman and Rose 1976). All major routines are composed of

diff g‘ subordinate functions which §re called by a main
function as required. This modular composition,

characteristic of programs written in APL, permits easy
substitution f@f ;variaus functions or éhe addition of new
épficns. For example, a different profit function (eg. for a
spgclf1s waferboard mill) could easély be incorporated into
MAXPRESS simply by aeflnlﬁg the new relatinnshlp in APL and
then replacing the old function thh this nevly defined
version. This inherent flexibility of APL was the pfimarj
reason far its selection as the camputgrilgngu;ge for the

9

development of MAXPRESS.

- s B i

As nent;aned previously, MAXPRESS is characterized by a
1

modular compesition. The main components, defined by their

. 2.
APL function .br variable name, are described here. For a
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. \ compiete, fﬁlly eammentéé';alphabeticai listing of all APL

functions in MAXPRESS, refer to APPENDIX II.
. v o
6.3.1 Mair Routine '

The principal component of MAXPRESS is a-functian named

:'SEARCHHAX_ This fuﬁctiaé perf@fﬁs the pattern search, prints
intermediate and final output, and calls the other functians
in MAXPRESS, as required. SEARCHMAX is called by the

function START.
6.3.2 Gap Search Routine
GAPQ, a function called by SEARCHMAX, - perféfms a gap
search, if so desired. The user specifies the perturbation
depth éesi:ed; This refers ﬁé the number of steps away from
the last Lagrange . solution that the wuser would like to
consider (a maximum of three is allowed). For example, with
a  perturbation _depth: of one, the Gap Search Réuéiﬁé would
~ examine all possible combinations of the decision variables
(moisture content, resin content, panel density and press
time) ;-ané'step avay from the baseAset of values specified
by the useff The. optimal value (i.e. not dominated; see
Vnithpd for Handlinglﬁgpg ) nearest to, ahd greater than, the

minimun level of internal bond specified by the user is

"selected, and the appropriate output for this combjnation of

variables is printed. The perturbation depth requested when
the Gap Search Routine is invoked should depend on several

. parameters. In’ gehgra;, the smaller the gap, or the closer
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the desired ‘level of in;e:nai bond is to the last solution
level of internal bané; the sméllef the perturbation depth
‘required to produce the gptgmal solution. In addition, the
perturbation depth requestéé 5hQQ1§ depend on the size of
the coffputer used. Memory requirements, and the cost af
‘running the Gap Search 'Rauﬁine,’ increase ;répidly with’
increasing perturbation depth. Ultimately, the selection of
beftufbétian depth is subjeégive tn nature and depends upon
.past experience of the user.

. 6.3.3 Ubjective Function

The objective function (OBJFCN)', used in  MAXPRESS
computes the variable profit (dollars/8-hour shift) net of
variable @xpenses. Fixed costs are not considered. These
terms of reference are cémplételg arbitrary. If desired, a
user could easily re-define OBJFCN with different terms of
. reference. It should be noted, hG;EWEE; that a true fixed
cost (i.e., one which must be borne regardless of ﬁhe
activity 1gvgi of tﬁe waféfbaafé mill) will not affeét the
solutions derived using MAXPRESS. To illustrate how a simple
oﬁjective function can be :anséru&ted. the derivation of
'OBJFCN will be discussed.
Definitions: |
1. TP & Total Profit, ‘Jmégca;,j.;zvéﬂp;kdé,aaﬂm,%ﬁﬁ\ s e

= Variable Prefit;

E

« Total Costs,

3 () N
s 3
]

by |
Y
[ ]

Fixed Costs, . B



5. v Variable Costs,

: \ﬂ\
L]

m\
L]

6. TR = Total Revenue,

7. VR = Va:iabléKRgvenue,

8. Q *’Quantity'préduceé: expressed as HSF/Shift;

9. t = time for one press load to be :cmpleteé_(miﬂutgs)j'
10. 4 = Time in one shift {ﬁinutes)."

‘ The two basic components required in the objective
function are expressions for VR and VC. - A  suitable
!'asgivity‘ base must be chosen for the allocation of these
costs and revenues. Fluctuations in the a:ﬁivity base should

be closely correlated to fluctuations in the variable costs

and revenues; In OBJFCN, one MSF (thousand square feet;: of
vhatever panel thickness one is interested in) was chosen
for the activity base. Q must then be calculated (one could
refine this calculation by allowing for down time; see
CONCLUSION AND RECOMNENDATIONS):
Q (MSF/S) = T/t x 48 (Panels/?:esé Load) i'0!032 (MSF/Panel)
.Once Q has been established, VC and VR must be
éalculateé, VR/MSF is provided by the user, and ig simply
the selling price/MSF at the factory §ate for a particular
thickness of waferboard. VC/MSF is somewhat more difficult
to calculate. Falleiingxare the different components of VC,

together with the decision variables (resin content = RC,

‘moisture -content = MC, press time = PT, and panel density &

| DEN; see Decision Variables - The Press Cycle) vwhich
éirectlgia£522t these costs:

1. Resin cost = f£(RC, DEN),
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2. Wax cost = f(DEN),
3. Wood cost = f(SFH)'
4. Fuel cost (for drying wafers) = f(MC, DEN),
5. Other variablebccgts's f(overall mill a:tivityf
- labour,
' f-waste-(ég. panel tfim,lﬁaféf fﬁnes, etc.), :
- variable overhead,
\

- electricity,

~ other supplies,

miscellaneous.
The decision variables included in the optimization
model interact with each other to affect VR and VC,  both
directly and indif3§£lyi Press time is the only decision
variable which diréctly affects VR, but'changes in the other

variables will indirectly have an effect through their

impact on panel quality. The effect on panel quality could

change the optimal level of press time, hence, this could

also change VR. Similarly, resin content, moisture content,
and panel density have a direct effect on VC, but press time
can indirectly have an efféét-threugh its inpﬁct éﬁ panel
quality, and subsequent changes in the optimal levels of the
other decision variables, : | N

. o N '
In OBJFCN, only the first four items in the list,

"above, are treated explicitly, as they can be gaéﬁif

allocated to MSF. The remainder are lumped into a category
called ‘'other variable costs', Splitting this general

category into smaller, more specific, categories could

&



‘result in a sigﬂifiéant improvement of OBJFCN, if they could

be allocated prcpgfly. VP can theﬁ be derived:

VP(dollars/shift) = Q x {VR - VC}
I1f FC is known, TP can be calculated:
TP(dollars/shift) = VP - FC

r
.y

o .

‘6.3.4 Constraint Dati Viriable _

The constraint data variable (CGHHAT)!uséé in MAXPRESS
vas derived from various sources in the literature. Internal
bond_was selected Ea:kuse as the only quality censéfaint in
MSXPR!SS.'Althapghlsevgral measures of gquality could beéused
in the Lagrange optimization of the press cycle, EidiffEEéﬁt
value for LAMBDA would have to be selected .for each,
éompiicating the operation of the model :Qnsiééfably. In
addition, from -an operational viewpoint, it appears that

ferboard

internal bond is uguélly the limiting factor in w
production. Attainment of adequate MOR and MQE is usually
much easier than reaching adequate levels of internal bond

i

(James 1981).

' The primary source for relationships between panel
quality Finternal bond) and production vafééblgs vas Udvafdy»
(1979) (for q'graphisal representation of ‘this éata; refer
to APPENDIX 111). The panels in this study had the following
- 7/16" aspen'vafgrbaafd. A
- "industry produced flakes”,

- press temperature = 400°F.,
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"= moisture content = 6% of O.D. furnish,

.- resin content = 2% and 2.5% of O.D. furniSh’ {phenol
formaldehyde resin), '

- nominal panel density = 31, 40, and 48 pcf,

- pfess time = 3, 5, 7 minutes. _ \\\\\\1 |
More data ves'sought, especially for different evels

of production variables which were ~not varied here (eg.
press temperatﬁre; moisture content, flake dimensions,
etc.), but with little success. Dxftzculty was encountered
due to a lack of published data and also to the wide varxety
- of: testxng methods used by various researehers. A reasonable

P

approximation for different levels of moisture s content was

.obtained) by averaging the results of several studies (Johns
1981 Halligan and Schiewind 1971, Bryan and

et al.
Schiewind 1971). The published data for the four resulting
. production variables (moisture content, resin content, panel
»densiti, and press time) were used as referenee points
. through ihidh relatively sméoth curves were hand-fitted.
Specific points (i.e. speeific values for internal bond,
measured in psi, for differeht‘ combinations of the four
decisioﬁ varlahles) vere then entered into a data variable
for use with NAXPR:SS  The result1ng data variable has ;the
follovxng dimensions: 5 (levels of panel moisture coﬁtent;
from 6% to 8% on an O.D. basis) x 5 (levels of panel resin
cdntent; from 2% to 2.5% phenol formaldehyde resin) x 9

(levels of panel density; from 32 to 48 pcf) x 9 (levels of

press time; from 3 to 7 minutes) = 2025 €lements. These data



are only a rough approximation»to what one might use in a
real+world application of MAXPRESS, and are only intended to
" demonstrate the.operatioﬁ of the.model. If better data vere
avaiiabie (ég. from a waferboard production company), they
should be incorporated iz}o the mo?gl. In addition,-more

production variables could be added if the data were

available.



7_1lugdel Inputs

Two types of iﬁput are required to operate MAXPRESS.
* The first égpg of input :ugtz-be ‘pfepgreé - beforehand, and
loaded into én APL. -afkspaéé with HA;EEESSi Thié type of
iﬂéut is referred to és 'General Input'. The second type of
input is pfcvided by the user when MAXPRESS is run. This
type of input is referred to aSAiUSEE’PEEVideﬂ Input'.
~7.1.1 General Input:

There are two major pieces of general input required to
run MAXPRESS; 1) an objective Euncticn;ané; 2).3 constraint
relationship (in the form of discrete data). The objective
function provides the payoff relationship for the particular
mill in qﬁegtian, while the constraint data provides the
quality relationship between decision variables (eg. press
time, resin content etc.) and some mgasufé of quality such
as»iﬁtgrngl bond (see Model Components for a description of

the standard objective function and constraint variable

. developed for MAXPRESS). The objective function is defined

as an APL function (called 'OBJFCN': see. APPENDIX II), while

_ the constraint deta ie stored in an APL data variable.. - .-

52
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7.1.2 User Provided Input:
MAXPRESS prompts the user for the following cost and revenue

inputs:

1. Panel thickness (inches; currently, th; user can only
use .4375" (7/16") due to a lack of data for ﬁanel
'qdﬁl}ty'relatiaﬂshipé to production variables), i
é, Resin cost iééllars/péuné);
3. Wax cost (dollars/pound), _
»l; Hééé cost (dollars/0.D. pound of iafefi);:
5. Fuel cost (dollars/MCF naturalféas).
6. Other variable costs (é@llars/ﬂsé vaferboard),
7. Selling price at  the factory gate (dollars/MSF
vaferboard), ;
.The minimum possible v#lug; max i mum pcsgﬁble value, and step
sizel (for the Hooke-Jeeves Direct Search Algorithm - step
-size must equal the interval size of the constraint matrix),
for each of the following variables: ,
8. Moisture content of the pgﬂei (x of 0.D. panel
veéight), ’
9. Resin content of the panel (i of 0.D. panel veight),
10. Panel density (pcf), '
11, Press time (minﬁées),
The starting point for the Hooke-Jeeves Direct 'Siarch_

e A n e sl e e 2B g

iléefitﬁﬁév‘ . .
12, Moisture content (X), ’
13. Resin content (x),

14, Panel density (pcf),
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15, Press time (minutes),

16. Minimum quality (egq. ﬁntgrﬂal bond) desired;

<

Parameters 'required for Everett's method of Lagrange
Multipliers: '
17. The value for LAMBDA,
Miscellaneous: '
"Would you like to continue this analysis?’

"Would you like to change the value of LAMBDA?',

7.2 Model Outputs ;
Output from MAXPRESS includes production resource levels:
t. Moisture Content (X% of O.D. panel weight),
* 2. Resin Content (% of O0.D. panel weight),
3. Panel Density (pcf),
4. Press Time (minutes),
Parameters relating to the Lagrange optimizgtians
| 5. Value of the Lagrange Function,
-6, Value afvthg Lagrange Multiplier (2; printed at start
~and end of analysis only),
7. Value of the Objective - (Payoff) . Function
(Dollars/8-hour shift; net of variable costs but does
.. not inelﬁd: fixed costs), , — S
8. Value af the Constraint (Quality) Function (Iﬁtefnal
“iond in psi fags base case, but ang»ather suitable

measure of qudlity such as MOE or MOR coyld be easily
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substituted).

Output is printed at the start of the analysi at
intermediate solutions (base points) in the ' pattern search
routine, at the optimum solution for the paftiéulaf value of

2 used, and when the Gap Search Routine is invoked.

7.3 The Role of LAMBDA
LAMBDA (1), the  Lagrange multiplier, represents the
marginal value per unit of resource (panel quality, measured

by internal bond; see Economic Significance of the Lagrange
Multiplier in Chapter 5). Therefore, raising the value of
LAMBDA will generally raise the level Gfiintgrnal bond in
the optimuﬁ‘solution provided by MAXPRESS because the user
has implied that panel quality has mat?jvalue (hence, more
quality and a higher level of internal bond at the optimum).

- The rever;; is true when LAMBDA is lavefed. An e:ceptlan to
this occurs when the range of .values for LAMBDA crosses a

£

" gap region.

7.4 stng tho Model - A Sanple Run

In order to better demonstrate the use of MAXPRESS, the
£ollov1ng narrative of a sample run of MAXPRESS is provided
(the actual run is found in APPENDIX IV). |

After entering APL mode, and loading the appropriate
program gpd data workspaces, ;he uset enters the command’

'START', to initiate execution of MAXPRESS. Tﬁ('pfcgram
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ptgmpﬁs the user for required inputs, and then prints
initialg intermediate’, and final output results. At this
point, the user may stop the analysis, iﬁvéke the Gap séarc£
outine, or §haﬁge user specified parameters and re-run the
\/Zrcgram- |

In. the example provided (AE?EHDIZ IV), the user enters
the required input (pages fGB and 104), and receives output
f@f this mix of inputs and value of LAMBDA (X) (page 105).
The resulting value for internal bond is 32.909 psi; with

variable profit/shift of $10150. As an example, consider the

desired level of internal bond to be 42 psi (the CSA

W

standard is O;S psi; National Standard of Canada 1978). - To
achieve this level, the model must be re-run, with a higher
value for LAMBDA. In the example, LAMBDA is raised from 150
to 160. The solution (page 106) shows internal bond of
‘4B.i82 psi, and variable profit/shift of $7810. This level
of internal bond 1is somewhat high, so the model is re-run

with LAMBDA of 155 (page 107) because this implies a lower

value for panel quality. The resulting solution is the sam
5; for the previous value of Lambda, so the model is run
again with LAMBDA of 152.5 (page 108). The solution for this
level of LAMBDA has internal bond of  41.068 psi, and
variable profit/shift of $8910. This is very close to the
desi%eé level of LAEEDA, bui”if & psi vas :cﬁsiééreé lﬁhe'
«Qbéalutg minimum level of internal bond allowed, the medél
. would have to be re-run. The value of LAHBﬁAA could ' be:

adjusted upwards slightly, and the model re-run as before,
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but this 1is a rather time consuming effort,cdnsidefing»hav
close the last level of internal ‘bond is to the desired

level. 1Instead of relying on trial and error adjust the

level of internal bond by ‘such a small

Search Routine was 1nvoked us1ng a perturbat1o
ond eqii

8576. This is

(page 109). The resul;xng solut1on has internal

i to 42.576 psi and variable profit/shift of
the optimal solution for this selection ut parametgfs,
and is as close to the desired level of internal bond as can
be obtained with the disérete constraint data used (sée

‘\Mcthod for Handling Gaps in Chapter 5). This search (and the
!searches in the remainder of this analysis) was started ffém
several d1£ferent base po1nt§, once the lével of 1ntg:nal
boﬁd was close to the deﬁired lével, tO'help ensure Ehét a
true Qlobal obﬁimum was found. Because the global optimum
had been found, in all cases, output from these §earches is
not included in APPENDIX IV. :

This analysis Jas continued (page.llo), with the caét
of resin being raised from-tQ.?O/pound (first case) té
$1.00/pound. The value of LAMBDA temained the same (152.5),
and the model was refrun‘(page 111). In :his case, internal
bond was 45.892, and vﬁriable profit/!hift vas $6487. Sin:g :
this level ot‘internal bond vas close to the de31red levgl
of 42-psi,.1t was again dec1ded to use the Gap $Search
Routine, this time wusing a perturbation depth of thfee,
instead of one as in the last case, because of thé gifater

"difference between the last level of internal bond (45.892

1
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a

A péi) and the desired level of intérnai bond (42 psi) (page

112). The resulting solution provides internal ’béné of
42.408 psi, and variable profit/shift of $6762. It is -
intgrfsting to note that a jump in resin cost of $0.30/pound a
(from $0.70 to $1.00) resulted in a decrease of variable
profit/shift of $1814 (from $8576 to $6762), and changed the
éﬁtimal lgvg;i of maiséure content (from 7% to 7;523; resin
content (from 2.5% to 2.125%), and press time (from 4 min.

to 4.5 min.). This illustrates the sensitivity of optimal.

:féperating policy (and profits) to changes in the costs of

resin, one of the four decision variableéi :

This run was ‘continued with changes to the input
parameﬁe;s (page_ 113),§ in order to illuséfate a gap. Thé
first seiutién,;ﬁith LAMBDA at 90 (page 114) had ‘internal
bond of 55.598 psi and variable profit/shift of $1655.
LAMBDA was dropped -to 87; and the model re-run. This .

produced . a solution (page 115) with internal bond of 1.800

_psi and variable profit/shift of $7490. Anoth& . run, with

LAMBDA at 88, produced a solution (page 116)-th§t?§as
identical to the first solution, with LAMBDA at  90.

Subsequent runs (néi.shcwn in APPENDIX IV), with the value

cf-LAHBEArvafigé between 87 .and 88, failed to pfadueg' gﬁf

new base points.” This indicated that a gap existed in the

area of interest, and that further manipulation of LAMBDA

would not likely produce an acceptable seiuticni In

practice, the author found that reducing the differenc

between consecutive levels of LAMBDA to an interval of less
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than ome unit (eg, between 87 and 88 in the case above) was

. not justified because of the effort this requires, and

because, in all cases tested, no new base points were
discovered using this strateqgy. Because the gap was large,

another run was made (page 117) to ensure that no base

'_paints existed which would produce a value for internal bond

closer to the desired value. Minimum internal bond, a

parameter which should be set at 0 for standard runs of

:gnxﬁﬁ:ss; ﬁas set at 42. When the pattern search reaches the

minimum level for internal bond, it performs exploratory

moves only. This action could, in some instances, reveal a
nev base point. "It is conceivable, with some irregular

functions, ' that a true base point (i.e. the true maximum of

Eﬁe Lég:aﬁgg function for a particulaf value of LAMBDA)
could be skipped over by a pattern mcve,‘fffticulafly if the
pattern move is large. Pattern moves”’ get Eafgér, or
'accelerate’', once a patée:n is established (see Pattern
Movés), but exploratory moves are always the same size
(equal} to the step sizeréf thevdis¢fete constraint data) in
MAXPRESS. Thus, it is imﬁassiblg for an exploratory ﬁére to
skip over a true basepoint. A true base point would have a
higher value for thé Lagrange ﬁ?ﬁ:;??bn=:tha% the previdus
solution obtained through a normal application of MAXPRESS.
Findigé a név’haée"ﬁéiﬁf;fééuidt;ﬁééraifvéhe -éﬁﬁ? 'Ehgféﬁf
helping to find the best solution fer'thé quality level

desired, even if the Gap Search Routine still has to be

used. In the example, no additional base points. were
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discovered., This strategy would héve to be used :nly where
gaps are very large (a subjEEtive assessmEﬁt; which can only
be made on the basis of éxgerigﬁ:e with MAXPRESS). In fact,
the author discovered only one case, in numerous runs of
MAXPRESS, where a new base point was revealed using t;ié
 strategy. In the example, the gap was small enough to
evaluate directly.with the Gap Search Routine, and this was

subseqguently done (page 118). The final solution ha

internal bond of 42.118 and variable profit/shift of $2855. -

At this point, program execution was terminated.



! 8. MODEL TESTING

‘Two components of MAXPRESS were tested; the main
routine, and the Gap Search Routine. Testing of the main
routine involved the arbitrary selection of a differentiable
function ﬁiﬁhf tﬁree independent variables for use as the
ijectivé funcﬁigni Another differerntiable function, also
with three independent variables, was chosen as the
-E@nsttaint function, and was used to fill a 30 «x 56 x 30
(= 45000 elements) data matrix (éﬂe'ééimeﬁsiéﬁ for each
independent vafiable)i using an arbitrarily selected step
size= for each independent variable. MAXPRESS was then used
to optimize the objective function, subject to the °
constraint data matrix. These résults were compared to the
results obtained by solving - for éhe optimum using
differential calculus. MAXPRESS provided results comparable
to those obtained directly. Naturally, there was a slight
difference due to the discrete nature of the constraints,
and the subsequent discrete nature of salutions.-

Several gaps were encountered using the ébjeétive
function and Cﬂnst:a;né data variable developed for this

project. Testing was conducted on one of these ggfsgby

. : r ; ,
constructing a complete 1list of possible solutions,
At
selgcigng thg aptimgl salut1éﬁ“ ‘and- :empgrlng th;s ta the

- L AN _
fesult P:cv:deé by the Gap Seatgh Rautlne. Far ther gaps

tested, the Gap Search Routine alwvays prav;de& the cptxmal
solution with a perturbation depth of three and, in most:

cases, a perturbation depth of only one or two was required.

61
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MAXPRESS appears to éerferé vell, !éelvingr the trial
problems in all cases tested, but it is not absolutely fail
proof. While the model performed well in all of the tests
andv trial runs conducted, it is possible that non-optimal
solutions could be generated, pa:;i:ulafljrvigh the use of
unusual constraint and objective relationships. However, if
feascnable pfécautiéns are taken (such as starting- the
pattern search from various base points, once it iS»thgught
that an<aptimai solution has been found), the generation of
true optimal solutions 5hcufﬁ almost alu;ys occur.

A final observation is that MAXPRESS is easy fo ‘use.
Once the initial objective functiénr and constraint data
variable are set up (and ﬁhis would have to be done just
once for each mi;l cénfigu:atian), the user has only to
reépané to gﬁeries’fram the computer, and vary the level of
LAMBDA to achieve thg:aétimgl solution for thé'égsiréé level

of internal bend.



9. CONCLUSION AND RECOMMENDATIONS

Based on the testing conducted, and the numerous trial

runs undertaken with various inputs, it appears that
MAXPRESS performs very well in the constrained optimization

of the waferboard press cycle.

| In addition, MAXPRESS meets four specific design

considerations established at the initiation of this

project. Hamely{

- MAXPRESS accepts ngn=éiffEfentiaﬁle, néniliﬁear; and
éisccntinu@us‘cbje:tivé functions; : -

- MAXPRESS accepts constraint relationships in the form of
discrete data; |

- MAXPRESS is an.gptimisatian,‘nat simulation, model;

training in computer programming or operations research.

As it exists, naxéﬁgss has several petentiai uses, but
these, will depend on a refinement of both the 5bjective
fun;tiaﬁ and the constraint data variable. The usefullneéss
of the procedures developed for the optimization .of the
press cycle is_far'mére;impcrtant than the actual prafiz
function or panel quality data assembled for this pfgject.d
One major use céuld be the identification of optimal
;qgeggting policy (in terms of resin ’cantent, moisture .
;céntent, press time, and panel dengity) in response to
changes ‘iﬁ cost for different factors of production. For
exampie, one might pose the question; 'If resin prices
iﬁEfBESE‘ 15X, should operating policy be changed (perhaps

63 I
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through lover resin conten;, and higher bress time)é'
Another significant use could be the testing of different
resins bﬁsed on their price, and on what ié known about
their properties, Other sensitivity .analyses could be
conducted to test the g££¢cts of changes in'other facto;s of
production, !

Several recommendations can be . made for future
research: _ | (
1. A complete waferboard miil madel should- be constructeé,
'usihg MAXPRESS as a central portion, so that the ehtire
production proceés can vbe examined. Mill design and
re-désign quéstions -could .th?n be adéressed; and the
implications of 5perating po;icy decisions tesdltipg'
from HKXPRESS could be assessed from the entire @ill
poinf of view. For instance, changes in press time will
affect the entire}mill througﬁput. A complete mill model:
would allov one to gauge the 1mpact of these cﬁangesf’
and .to predzct whethet the rest of the mill could kegp

" up with the press.

The com te mill model should probably be a

gueuing model ed on the work of Carino “and Bowyer

(1979, 1981). r model provides optimization, using

_the. Hooke-Je kes Dirgct Search Algog;;hm, ~as well as

‘simulation of the queuing system. The work of Rosensh;ne'
and Chandra (1975a, 1975b) could be useful for queues
which have batch arrivals (such as the press). | ‘

2. Efforts should be devoted to refining the objective

'



(payoff) fuﬁctiﬁﬁ and the Eansffaint data variable, as
they are currently only preliminary §Ef$ieﬁ5 designed to
illustrate  the operation of | MAXPRESS. If other
production variables are deemed important to panel
quality (eg! press closure fate; andrigfessurei wgf;f
éimensiéﬁs etﬁ.),>}appfepfiate daﬁa should be assembled
and incluééd as new dimen%iens to the canst%aint data

variable. In addition, data should be assembled for

- different panel thicknesses,

- Refinements to the objective function could be

implemented to allow the comparison of various fuels (or

‘'wood waste as a fuel). In addition, it might be useful

b ]
to break down the 'other variable costs’' category into

several components, and allocate them directly to
;égéuetigni Another significant improvement would be “to
allow for variable down time, and variable vaétg
factors. The waste factors could represent losses at
different stages of the 3gfe:baard production pr@chs
(eg. loss of panel>at the trim saws; loss of wood at the
debarker; efc.).

The changes suggested here would probably be best
achieved by 'vérkiﬁg in cooperation with personnel of a
vaferboard production company. '

New panel quality constraints should be added to

' MAXPRESS, or. the current constraint (internal bond)

shauidf be replaced, if other constraints are deemed

important. Other useful panel Quality constraints could

L]



. include MOR and MOE.

4. MAXPRESS should be translated into FORTRAN and, possibly, -
other popular languages as well. While APL is .extremely
useful for developing an optimization model, it is not

» the bes; lgnguage_ég promote to waferboard praégcticn
-Véampanggsg APL is not available on many small computers,
and where it is ‘'available, the workspace size (APL
‘equivalent!gf meﬁéfy), would likely be inadequate to run
MAXPRESS. A FORTRAN version of MAXKPRESS might also be
cheaper to run than the APL version.

5. A useful option to include in MAXPRESS would be the

possibility for a complete breakdown of productipn costs
Vintg categories su€h as fuel, resin, labour etc. This
aptién_vcﬁlé requiré an improved objective function. |
In conclusion, it is evident that HA:PRssS currently
haS-Sngfll Qatentialiuses, and that there are several areas
where ‘the model could be significantly improved. Th:euéﬁcut
this study, emphasis has been plgégd on p:eéuging':é
practical, usable tool for the vafgfbéiré industry. MAXPRESS
appears to ‘be such a tool, but its uitimétg‘test will be

acceptance and use by the waferboard indusﬁi?;.
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11. APPENDIX I -

SCHEMATIC DIAGRAM OF WAFERBOARD PRODUCTION
PROCESS
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ST1 *FINAL VALFE OF LAGRANGE FUNCTION: ‘., ¥2 3 vFUNCTION D4SEFOINT

POOR COPY
COPIE DE QUALITEE INFERIEURE

W
[ %]

s g A



w
L

L . -

8| 'VARIABLE REVENUE (DOLLARS/SEIFT): *, 32 1 COST OBJFCHN BASEPOI
59! 'INTERNAL BOND (FSI) IS: . ‘. 32 3 YCONFCN ~1+DASEFOINT

§01 *° ‘
TYERL ¥

 off ~our IrWOTO ‘VOULD YOU LIKE TO CONTINUE TEIS ANALISIS?®
63| T=calg
62| =PRINTOUT IF Tx1 . 1
51 cosra
§61 RaSEg
671 LaNBDAQ 1
8| STATUSQ

631 NING 1 . s

70| =INITIALIZE

: L

76| & TEE PRINARYT FUNCTION IN NAIPRESS.

771 a SEARCAENAX PERFORNS TEF CONSTRAINED OPTIMIIATION
TRl & OF THE WAFERDOARD FRESS CYCLE.
19) & THIS FUNCTION SNOULD FPROBADLY MK iiél!? DOVN

" %01 % 30 THAT I/0 CONPONENTS ARE SEPARATED. T ) e

¥l

0y

R T R e R R 2 Lk

Fa

POOR COPY. o
- . COPIE DE QUALITEE INFERIEURE

.




]

[ - TR R L -

[

&

T
L N
. .

e

| STEPSIIE SEARCENAX FIRZPRASE

»

Fl . ) ’ \
seLEcr ) d fzLrcy

¥ OUT=B SELECT 4: f A1:1:coumr
BASE~-D

a=alhlafzil:l . e e
A=4 FYr1+84
F=(A[:ajeNININUN)/1%pd
a=4(f;]

di=(pd)p0

I=2

COUNT=1

4101 7=401:1

START:

| COUNT=COUNT#+1

=IND IF COUNT=1+p4
<START TF(LA[ \COUNT:1] :at:ﬂii? !])Ail(;éﬂii? -3;1Ecal-ri:3)
a1[I;)=4a[COUNT:]

I=]+1

«START

IND:

Po(410:9120) /130041

41=21(7T:1

A1=a1(041{:1]:1

oUT=a1{1:]

&

TRIS FUNCTION 15 USID BY fﬁ GiF SKARCKE
ROUTINE (GAPQ) TQ SELECT TEEI ELENENT
VEICE FROVIDES TEE GREATEST PAYOFF WRILK

STILL NEETING PANKL QUALITY CONSTRAINTS.

'Sfiﬁ START

¥ START;A:STEPSIIE:FIRSTRASE

i -
‘RUN DaTE c vrS[ia)
EOST=PaRAN

A=VARIABLES

Mim=al:1]

NaX+dl ;2] o 7
STIPSIIN=2[:3] ; ’
*STARTING POINT FOR VECTOR SRINCT;’®
FIRSTRASE=INITIAL.D v .
LANBDAG O :
nIiNg o

ITATV IR

POOR COPY
COPIE DE QUALITEE INFERIEUR

VOEINE £ OURTONEMNT e WIEPREEE eea e s

9




Il

-
-
-
L]

Koy, Ny
‘*‘

-

él -0 ) '

AN 1/0 FURCTION FOR CHANCING YEE STATUS OF

TER QUESTION POSED.

w=ws  STEPSIET

STEPSET STEPSIIE:STEPS:INT:I - =

1| CONSTEP=0 .
21 - STEFPS=(MAX-NIN)ASTEFSIIE .
3 I=1 .

8| ITART:
S| =OFT IF I=a3STEPS

§| INTMIN(I) MINUI)+STEPSIZEL}}= \STEPSII)
CONSTIP=CONSTEP ON1 INT A _

| CONSTEF= 1 0 +CONSTEP

AFE nw_ 1902 / W:80:58 / wus NAXPREZS 23s

|

| I=I+1 :
| =ITART

| omT: .
|

|

|

TIIS FUNCTION SETS UF TEE STEF SIIX
FOR TEF CORSTRAINT DATA YARIADLE..

-

fi!ii

P

| ! POOR COPY

aF

STATUSQ

PACK

19

w



o

rawy

GBIV EWN-O

-~
Q

11

- e e g
L % RN
—_——— -

171
181
191
201
211
221
231
v
251
2%
271
284
291
30l
31t
32!
L} 2]
s
38!
361
37
38
38|
(1 3]
a1l
821
a3
anl

88!,

(T3]

s

YARITARLES FARTABLES

Y OWT~VARTABLEI:B:a:Q ] .
= 8 1 40

[}

‘ENTEIR, FOR RACE PROCEISS YARIARLE, TAI FOLLOVING PARANETERS:®
‘MINIMUN POSSIBLE VALVE, WAYIWUN POSSIBLE YALUK, STRIF SIIK:®

+«s<MOTE: STEP SIIE MUST EQUAL INTERVAL SILE OF CONSTRAINT NATRIX.®

‘EFXAMFLE FOR NOISTURE CONTENT:®

© 88 .5

‘NeISTERE CONTENT OF TER FAFEL (FERCERNT)® . ) -
=0

@=11 .

«(32p.4)/ERROR -

Mi:l=a ¥

“RESIN CONTENT OF TEEI FANEL (PERCENT or é.Di WEIGHET)®
=0

a=18

«(32p,4)/ERRCR

#2;]=4

‘PANEL DENSITY (FCF)

v . B . . *

‘*ﬂ ¥ = . L]

@=125 . :
«(3us,4)/ERROR

Fl3;]=a

[}

"PRESS TINE (NINUTEZ)’® . .

0 . [}
@*32 . : R
«(3%p . 4)/ERROR

Jinz]=4

onT=3

«g

~FAROR:

‘VRONG ANSVER, PLEASE TRY AcaAIN'

[ ] :

-@

L] i

s AN 1/0 PUNCTION FOR ESTABRLYSEHING VILFES FOR

87t.s THE DECISION VARIABLES.

(11}

AUG wJi1%82 / 8:55:58 / s+ MAIPRESS v»» END OF LIST

‘! POOR COPY
' COPIE DE QUALITEE INFERIEURE

L
o
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13, APPENDIX III - GRAPHICAL REPRESENTATIONS OF CQHSTEAIHT
DATA USED IN MAXPRESS

.

¥
[
f a
v‘ 4
_ {
4
-~ * .
1 7 -
14
\
‘ : LY
b3
- . —n e e
t 4
¢ . - —
97 _
POOR COPY r

COPIE DE QUALITEE INFERIEURE

N . gl
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4. APPENDIX IV -~ SAMPLE RUN OF MAXPRESS

&
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IEEEENAREARE N NS SRS EREEERNESEEESEEELEEE AN EEENENEENEJLSES.)]

** WAFERBOARD FRODUCTION DPFTIMIZATION MODEL **

ve ALBERTA RESEARCH COUNCIL .
.o FOREST PRODUCTS PROGRAM: FP-19 s
.. AUTHOR: TOM | GRABOWSKI .
.o LAST REVISION: APRIL 29, 1982 e

...-..“.-"Ciljiiiiii‘iiiiiiﬁii!iiiiiiii-ﬁiiiﬁ

OO SO S IGAUCSEE FEFF IR F I TS R E N EN T FTFTFTTRFESFETET

—

-~

cesccWARNING: YOUR DATA FILE MUST BE COPIED INTO FMIS WORKSPACE

ENTER ONE OF THE roLLodiNG KEvwORDS -

EXPLAIM (GIVES A DESCRIPTION OF THE PROGRAM)
START (INITIATE RUNNING OF THE PROGRAM)
START

RUN DATE -~ 1982 5 18 18

ENTER, IN ORDER. -VELUES FOR THE FOLLOWING FANAMETERS:

PANEL THICKNESS (INCHES )
. 4379 o

RESIN COST (DOLLARS/POUND)
.7

WAX COST (DOLLARS/POUND) .

o7 !

w000 COST (DOLLARS/0.D. POUND WAFERS)
108 )

FUEL CPST (DOLLARS/MCF NATURAL GAS)
1.8

OTHER VARIABLE COSTS (DOLLARS/MSF)
o ,.

" SECLING PRICE AT THE FACTORY GATE (DOLLARS/MSF)

* 200 ' ‘ B ' ‘ s

.



104

ENTER. FOR EACH PROCESS VARIABLE, THE FOLLOQWING PARAMETERS:

MINTMUM POSSIBLE VALUE, MAXIMUM POSSIBLE VALUE, STEP S17K:

<+sNOTE: STEP SIZE MUST FQUAL IWTERVAL SIZE OF CONSTRAINT MATRIX.
, .

EXAMPLE FOR MOISTURE COMTENT:
€8 .3 * !
MOISTURE CONTENT OF -THE PANEL (PERCENT)
.68 .% '
AESTN CONTENT OF THE PAMEL (PERCENT OF .0 WEIGHT]}
¥

125

(7]

2 2.
'PANEL DENSITY (PCF)
32 48 2
PRESS TIME (MINUTES)
77 .5
STARTING POINT FOR VECTOR SEARCH:
ENTER, [N OWDER. VALUES FOR EACH PROCESS VARIABLE:

MOTRTURE CONTENT (PERCENT)

: 1

RESIM CONTEMT (PERCENT)
2.3%0

PANEL DENSITY (PCF)
40

PRESS TIME (MINUTES) .

s
ENTER THE VALUE FOR LAMSDA i [
150" B S

NTER VALUE FOR MINIMUM INTERNAL SOND .

o |
' i

-
N I,

.

* -
. Ble s, b E s any =R ’

i

WOULD YOU LIKE TO USE EXPLORATORY MOVES ONLY? N



105

.0.........‘..'."l'.'.‘.'.."...'.'...OO‘.'."..00.7"‘...'..l..‘.".‘i!i

STARTING POINT - PROCESS VARIASLES:
INITIAL VALUE OF LAGRANGE FUNCTION:
LAMBDA IS

VARIABLE PROFIT (DALLARS/SHIFT):
INTERNAL BOND (PSI) IS:

INTERWEDIATE - PROCESS VARIABLES:
INTERMEDIATE VALUE OF LAGRANGE FUNCTION:
VARIABLE PROFIT (DOLLARS/SHIFT):
INTERNAL BOND (PSI) IS:

INTERMEQIATE - PROCESS VARIABLES:
INTERMEDIATE VALUE OF LAGRANGE FUNCTION:
VARIABLE PROFIT (DOLLARS/SHIFT) -
INTERNAL BOND (PS1) IS:

INYERMEDIATE - PROCESS VARIASLES:
INTERMEDIATE VALUE OF LAGRANGE FUNCTION:
VARIABLE PROFIT (DOLLARS/SHIFY):
INTERNAL BOND (PSI) IS:

“.C.

7 .000

R C
2 2%0

2.37%

2.37%8

DEN.

40.000 S.
14029 .

150.

$840.
56 .

38.000 4.

14798 .
6878 .
S52.

36.000 4.
13071
8910.

41,

34 000 4.

15086 .

10150.
2.

PRESS

‘...‘..........‘....0‘..‘....!..........'.......'..0..‘....‘..‘....‘..C-‘

OPTIMAL SOLUTION FOR LAMBOA 150 . 000

FINAL POINT - PROCESS VARIABLES:
FINAL VALUE OF LAGRANGE FUNCT4ON:
VARIABLE PROFIT (DOLLARS/SHIFT):
INTERNAL BOND (PSI) IS

mc,
7 800

RC
2. 2%0

-

DEN PRESS
34 000 & 00O
1500€ 437
tO.tSO.Q?E

32 909



WOULD YOU LIKE TO CONTIMUE THIS AMALYSIS? v

WOULD YOU LIKE TO PERFORM A GAP SEARCHM? M

WOULD YOU LIKE TO CHANGE THE VARIABLE COST FIGURES? N

WOULD YOU LIKE TO CHAMGE THE STARTING POIMT FOR THE SEARCH? N

" WOULD YOU LIKE TO CHANGE THE VALUE OF LAMBDA? v
ENTER THE VALUE FOR LAMBDA
160

WOURD YOU LIKE TE USE EXPLORATONY MOVES DWLY? N

WOULD YOU LIKE TO CHANGE MINIMUM [INTERNAL BOND? N

..QoctiigiiQEEiiii;iiii-!iiilgi-iéiiiiiiiiQQiiil)l!iiii!i'ili!ii!iii!liil
M.C R.C. DEN. PRESS

STARTING POINT - PROCESS VARIABLES 7.000  2.2% 40.000 %.000

INITIAL VALUE OF LAGRAMGE FUNCTIOM: : 14591 236

LAMBOA I5: 160 000

VARTABLE PROFIT (DOLLARS/SHIFT): 5540 . 360

INTERNAL BOMD (PSI) IS: 56 568

INTERMEDIATE - PROCESS VARIABLES: 7. 000 2.37% 38 000 4.%00

INTERMEDIATE VALUE OF LAGRAMGE FUNCTION: 15284 . 179

VARIABLE PROFIT (DOLLARS/SHIFT): 6878 821

INTERNAL ROND (PS1) IS 52 %33

INTERMEDIATE - PROCESS VARIABLES: 7T %00 21.37% 3 000 4 500

INTERMEDTATE VALUE OF LAGRANGE FUNCTION: _ 15528 226

VARIABLE PROFIT (DOLLARS/SHIFT) : 7920 762

INTERNAL BOMD (PS]) (5 47 %47

INTERMEDIATE - PROCESS VARIABLES. ©7.000 2 37% 236.000 4 %00

INTERMEDIATE VALUE OF LAGRANGE FUNCTION: _ 15535 . 387

VARIABLE PROFIT (DOLLARS/SHIFT) : o 7810 . 251

INTERNAL BOND (PSI) IS 48 282

OPTIMAL SOLUTION FOR LAMBDA = 160.000

. - ™ C. R C. DEM. PRESS
FINAL POINT - PROCESS VARIABLES: 7.000 2.27% 36.000 4.%00
FINAL VALUE OF LAGRANGE FUNCTION: . 15533 337
VARTABLE PROFIT (DOLLARS/SHIFY): 7810 . 2%

INTERNAL BOMD (PS5I1 15: - 48282



. ; e

WOULD YOU LIKE TO CONTIMUE THIS ANALYSIS? ¥
WOULD YOU LIKE TO PERFORM A GAP SEARCM? N

WOULD YOU LIKE TO CHANGE THE VARIABLE cOST FIGURES? N. .
WOULD YOU LIKE TO CHANGE THE STARTING POINT FOR THE SEARCH? N
WOULD YOU LIKE TO CHANGE THE VALUE OF LAMBDA? ¥

ENTER THE VALUE FOR LAMBDA

WOULO vOU LTKE TO USE EXPLOWATORY MOVES ONLY?7 i

WOULD YOU LIKE TO CHANGE MINIMUM INTERNAL BOND? N

IR R L I R R A R R R R A R Ry A A R R R R R R R R Y R A R R AL R R R R R RS 2

N.E. R.C. DEN. PRESS
STARTING POINT - PROCESS VARIABLES: 7 000 2 2% 40.000 % 000
INITIAL VALUE OF LAGRANGE FUNCTION: 14308 . 396
LAMBOA 1S: 158 000
VARIABLE PROFIT (DOLLARS/SHIFT): ’ . 5540 30
INTERNAL BOMD (PS]) 1S: 56 568
INTERMEOIATE - PROCESS VARIABLES. 7 000 2.37% 38.000 4.300
INTERMEOIATE VALUE OF LAGRANGE PUNCTION: 15021 %12
VARIABLE PROFIT (DOLLARS/SHIFT): 6a78 821
INTERNAL BOMD (PSI) 15: $2.%5313
INTERMEDIATE - PROCESS VARIABLES: 7.%00° 2.317% 3 000 4. .500
INTERMEDIATE VALUE OF LAGRANGE FUNCTIDN: 15290.493
VARIABLE PROFIT (DOLLARS/SHIFT) 7920.78&2
INTERNAL BONMD (PSI) 15 ) 47 547
INTERMEDIATE - PROCESS VARIABLES. 7T 000 2.37% M. 000 4 %00
INTERMEDIATE VALUE OF LAGRAMGE FUNCTION: : : 15293 947
VARIABLE PROFIT (DOLLARS/SHIFT): 7810 251
INTERNAL 8OMD (PSI) 15: 48 282

..O.......!Qii!iiiiiﬂi!i!iiiiii!Ciiéiﬂiii,iQi.iliii!D!i‘iiifiiéiﬁiiigiﬁi_ﬁi

OPTIMAL SOLUTION FOR LAMBDA =  1%5 OOD . =

M RC  DEM. PRESS
FINAL POINT - PROCESS VARIABLES: 7.000 2.27% 36.000 4.%00
FINAL VALUE OF LAGRANGE FUNCTIOM: . 15293 . 947
VARIABLE PROFIT (DOLLARS/SHIFT): 7810.2%1

INTERNAL BOND (PSI) IS: ) : . 48 382



/

WORLD YOU LIKE TO CONTIMUE THIS AMALYSIS? 7V

WOURLD vOU LIKE TO PERFORM A GAP SEARCH? N -
WOULD YOU LIKE TO CHANGE THE VARIABLE COST FIGUREST N

WOULD YOU LIKE TO CHANGE THE STARTING POINT FOW THE SEARCH? N
WOULD YOU LIKE TO CHAMGE THE VALUE OF LAWMBDA? v

ENTER THE VALUE FOR LAMBDA

1525
WOULD YOU LIME TO USE EXPLORATORY MOVES OMLY? N
WOULD YOU LIKE TO CHANGE MINIMUM INTERNAL BOND? N

e L L I I T YT TTTYT YT Ty e e T Y IR 2R R L R Y 3

e C R C  DEN PRESS
STARTING POINT - PROCESS VARIABLES: 7 000 2.2%0 40.000 5.000
INITIAL VALUE OF LAGRANGE FUNCTION: _ 14166 976
LAMBODA IS: . . 152 500
VARIABLE PROFIT (DOLLARS/SHIFT): ' 5540 . 360
INTERNAL BONMD (PSI) IS : 56 . 568
INTERMEDIATE - PROCESS VARIABLES ' 7.000 2 3715 38 000 4 500
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: 14890 178
VARIABLE PROFIT (DOLLARS/SHIFT): . €878 821
INTERNAL BOND (PSI) 15 - - 52 533
INTERMEDIATE - PROCESS VARIABLES: 7.500 2 37% 36.000 4 000
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: ) 15173 686
VARIABLE PROFIT {(DOLLARS/SHIFT). . 8910 858
INTERNAL BOND (PSI) IS 41 068

OPTIMAL SOLUTION FOR LAMBDA = 152 %00 -

mC. R.C DEM. _ PWESS
FINAL POINT - PROCESS VARTABLES: 7.%00 2.37% 3% .000 4 000
FIMAL VALUE OF LAGRANGE FUNCTION: 15173, 686
VARIABLE PROFIT (DOLLARS/SHIFT): 8910 858

INTERMAL BOND (P51) IS 41 068

WOMLD YOU LIKE TO CONTINUE THIS ANALYSIS? V¥
WOULD YOU LIKE TO PEREORM A GAP SEARCH? ¥



TR AR EREER R B

-
e e Y T T RN TR TR AT A A R R AL AL A R A LA A A

GAP SEARCH ROUTINE

[ ZE R ER AR SRR RERE L R E RN NSEN]

%,

7.5
RESIN COMTENT (PERCENT)

2.37%
PANEL DENSITY (PCF)

PRESS TIME (MINUTES)
- }

A
ENTER VALUE FOR MINIMUM INTERNAL BOND

42
ENTER THE VALUE FOR LAMBODA
152.9
-
ENTER THE VALUE FOR PERTURBATION DEPTH (MAXIMUM IS5 THREE)

o4
X2 XEEITR RS A AR AR L B 20 2Rl

1
3310233133722 20T R R AR R R R A ARl Al bl
OPTIMAL SOLUTION FOR LAMBDA = | 152 %00 )

: R.C. DEN. PRESS
2081.237

. MC.
FINAL POIMT - PROCESS VARIABLES: 7. 000
FINAL VALUE OF LAGRANGE FUNCTION:
VARIABLE PROFIT (DOLLARS/SHIFT): ' 8576.022
INTERNAL BOMD (P51) I5: 43 576

B I T SRR S e 4 .
; : :

POOR COPY
COPIE DE QUALITEE

INFERIEURE

e i




WOULD YOU LIKE TO CONTIMUE THIS AMALYSIS? Y
WOULD vOU LIKE TO PERFORM A GAP SEARCH? N

WOULD YOU LIKE TO CHANGE THE VARIABLE COST FIGURES? ¥
ENTER, IN DRDER, VALUES FOR THE FOLLOWING PARAMETERS:
PAMNEL THICKNESS (INCHES
4375
RESIN COST (DOLLARS/POUMD) : e
1.00
WAX COST (DOLLARS/POUND)
07 v
' {
WOOD CO5T (DOLLARS/O D. POUND WAFERS) Iy
| 3

~FUEL COST (DOLLARS/MCF NATURAL GAS)

OTIHER VARIABLE COSTS (DOLLARS/MSF)

%0

1
SELLING PRICE AT THE FACTORY GATE (DOLLARS/MSF)

200

WOULD YOU LIKE TO CHANGE THE STARTING POINY FOR THE SEARCH? N
WOULD YOU LIKE TO CHANGE THE VALUE OF LAMBDA? N

WOULD YOU LIKE TO USE EXPLORATORY MOVES OMLY? N .
WOULD *OU LIKE TO CHANGE MINIMUM [MTERNAL BOWD? Y

ENTER VALUE FOR MINIMUM [NTERNAL BOND :

;. Q

-
!
= * - :5__' = = e
: = — - N - - R i — -
POOR COPY
COPIE DE QUALITEE INFERIEURE
= - _ N i _ _ — _ - _ !7 _ Taa



[ AAA A AR A RN R R R R AR R ERE LR RS R LR R R RN R R R R A N R R E E L AR T R R AR RN R F R R BN N

MC RC. OEN PRESS

STARTING POINT - PROCESS VARIABLES: 7 000 2 2% 40 000 5 000
INITIAL VALUE OF LAGRANGE FUNCTION: a 12538 552
LAMBOA IS: 152 %00
VARIABLE PROFIT (DOLLARS/SHIFT) 1911936
INTERNAL BOND (PSI) IS, , 56 . 568
INTERMEDIATE - PROCESS VARIABLES: 7000 2375 3IW.000 %.000
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: T 121%1.774
VARIABLE PROFIT (DOLLARS/SHIFT): 4560. 266
INTERNAL BOND (PSI) IS 5. 338
INTERMEDIATE - PROCESS VARIABLES: 7000 2 375 36 000 4.500
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: 13456 . 744
VARIABLE PROFIT (DOLLARS/SHIFT): * €093 753
INTERNAL BOND (PSI) IS: 48 282
INTERMEDIATE - PROCESS VARIABLES: 7 500 2 2% 36 000 4 %00
INTERMEDIATE VALUE OF LAGRANGE FUNCTIOM: 13486 484
. VARIABLE PROFIT (DOLLARS/SHIFT): 6487.967
INTERNAL BONO (PSI) IS: ) 45,893

B /
‘....‘........‘iiiiii(ii!ﬁiii‘!i-iiiiiiiiﬁi-i‘Qii’iiiiii-‘-iiﬁljiiii‘itﬁii

OPTIMAL SOLUTION FOR LAMBDA = 152 %00

MC R C DEN PRESS

FINAL POINT - PROCESS VARIABLES: 7.%00 2. 3% 36 000 4 %00

FINAL VALUE OF LAGRANGE FUNCTION: 13486 . 484

VARIABLE PROFIT (DOLLARS/SHIFT): ' €487 967

INTERNAL BOND (PSI) I5: . 4% . 892
-

WOULD YOU LIKE TO COMNTINUE THIS ANALYSIS? V¥
WOULD YOU LIKE TO PERFORM A GAP SEARCH? v

POOR COPY
COPIE DE QUALITEE INFERIEURE




oy

;cigi:iii!ii;;iiiiiiigii! G‘p SEABCH @fz"ﬁ [Z AR EREERRER EE AL B ERET

Q?iiiili:i,‘i’iiiii!iQ‘iiiiii-iiiii".ﬁfiii’!‘iﬁiiiiii-iﬁijiiiiii-iiiiiiﬁiiiii

ENTER. IN ORDER. vALUES FOR EACH PROCESS VARIABLE

MOISTURE CONTENT (PERCENT)

: 875

- RESIN CONTENT (PERCENT)
2.2% )
PANEL DENSITY (PCF)
3‘ " =
PRESS TIME (MINUTES)
4.5 J
ENTER VALUE FOR MINIMUM INTERNAL HOND
.. ‘3 » - ,-';'5
ENTER THE VALUE FOR LAMBDA
1515a -
ENTER THE VALUE FOR PERTURBATION DEPTH (nx:ulu 15 3)
3 ' ’
i!Q!ii-i'iiiiiiiiiii!i’ii!-l-lj}tftit!'iiiiiiiiﬁ!ﬁ!it;’iiiiiili’g!iiiﬂﬂiiiii‘iil

OPTIMAL SOLUTION FOR LAMBDA = 152 %00 .

FINAL POINT - PROCESS VARIABLES:
FIMAL VALUE OF LAGRANGE FUNCTION:
VARIABLE PROFIT (DOLLARS/SHIFT):
INTERNAL BOMD (Fg.;n 15 <

- B

€. ®.C. . DEN. PHESS
.500.. 2.12% 36.000 4.500
i " 29% €74
6§762.934
42 . 408

(S

POOR COPY
COPIE DE QUALITEE

INFERIEURE




€ THIS AMALYSIS? ¥

M A GAP SEARCH? N

cHAlIGE THE VARIABLE COST FIGURES? v
IN ORDER, VALUEY FOR THE FOLLOWING PARAMETERS:

YOU LIKE TB:CQHT,I :
You Lme 0 PEHF,

PAMEL THICKNESS® ( INCHE

.437% '
RESIN COST (DOLLARS/PGOND) e

1.0 - ‘ o T
wAX COST (DOLLARS/POUD) ‘

a7
WOOD 00ST (DOLLARS/G § POUND WAFERS)

.08
FUEL COST (DOLLARS/MCE NATURAL GAS) .

S 1 ' : K

_OTHER VARIABLE COSTS, {DOLLARS/MSF) v : T

2% 7 , _ '
SELLING PPICE AT THE BACTORY GATE (DOLLARS/MSF)

L

. WOULD YODU LIKE TO CHANGE THE STARTING POINT FOR THE SEARCH? N
WOULD YOU LIKE TO GHANGE THE VALUE OF LAMBDA? VY .

ENTER THE VALUE FOR 1 AMEDA . .
. »
;90 '
L]

WOULD YOU LIKE TO USE EXPLORATORY MOVES ONLY? N
WOULD YOU LIKE TO CHANGE MINIMUM INTERMAL BOND?. Y
ENTER VALUE FOR MIMIMUM INTERNAL BOND

o 7
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. m.C B C  DEN PRESS
STARTING POINT - PROCESS VARIABLES: 7.000 . 2.2% 40.000 $.000
INITIAL VALUE OF LAGRANGE FUNCTION: $316 . 654
LAMBDA IS * 90000
VARIABLE PROFIT (DOLLARS/SHIFT) 22% 536
INTERMAL BOND (PSI) IS5 . . 56 . 568
INTERMEDIATE - PROCESS VARIABLES: e L. 1.900 2.25%0 . 38.000 3. 500
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: €180 47%
VARIABLE PROFIT (DOLLARS/SMIFT) : 1134 881
INTERNAL BOMD (PSI) I5- . 56 .062
INTERMEDIATE - PROCESS VARIABLES: 7 %00 - 2.2%0 36 000 .6 500
INTERMEDIATE VALUE OF LAGRANGE FUNCTIONM: 6659 . 745
VARIABLE PROFIT (DOLLARS/SHIFT) 1655 977
INTERMAL BOND (PSI) IS: - - %5 %98

SiliilSiiiiiiiiiiiQiiﬁi!iﬁﬁiiijiiiiiiii?ﬂ‘ﬁiiii!i!ﬁﬁiiiiiiijgi-j-iiipiiii

OPTIMAL SOLUTION FOR LAMBDA = 90 000

=t M C. R.C DEN. PRESS
FINAL POINT - PROCESS VARIABLES: 7.%00 2.2% 36.000 € 300
FIMAL VALUE OF LAGRANGE FUNCTION: 6659 . 789
VARIABLE PROFIT (DOLLARS/SHIFT): ) 1655 977
INTERNAL BOND (PSI) IS: ' - : ' ‘%% 538
‘WOULD YOU LIKE TO CONTINUE THIS AMALYSIS? v
WOULD YOU LIKE TO PERFORM A GAP SEARCH? N
WOULD YOU LIKE TO CHANGE THE VARIABLE COST FIGUMES? W
WOULD YOU LIKE TO CHANGE IHE STARTING POINT FOR THE SEARCH? N
WOULD YOU LIME TO CHAMGE THE VALUE OF LAMEDA? W
ENTER THE VALUE FOR LAMBDA -

87

) ) \

WOULD YOU LIKE TO USE EXPLORATORY MOVES ONLY? N
WOULD YOU LIKE TO CHANGE MINIMUM INTERNAL BOND?- N - _
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) “c R.C. OEN. ~ PRESS

STARTING POINT - PROCESS VARIABLES: 7 000 2.250 40°000 % 000:
INITIAL VALUE OF LAGRANGE FUNCTION: 5146 730
LAMBDA [5: - : T 87 000
VARIABLE PROFIT (DOLLARS/SHIFT): ) 225 536
INTERNAL BONO (PSI) 15 ) : 56 . 568

INTERMEDIATE - PROCESS VARIABLES: . 1.%00 2.2% .38.000 ,5.500 .
INTERMEDIATE VALUE OF LAGRANGE FUNCTIOM: o M
VARIABLE PROFIT (DOLLARS/SHIFT): : 1134 881
INTERNAL BOMD (PSIT) 15: - . 56.062
INTERMEOTATE - PROCESS VARIABLES: 7.500. 2.2% 34000 S 500
INTERMEDIATE VALUE OF LAGRANGE FUNCTIOM: 6551262
VARIABLE PROFIT (DOLLARS/SHIFT): ' 2779 247
INJERNAL BOND (PSI) IS: . 43 3%6
INTERMEDIATE - PROCESS VARIABLES " 7800 2 2% 234 000 S 000
INTERMEDIATE VALUE GF LAGRAMGE FUNCTIOM: ) 6647 408
VARIABLE PROFIT (DOLLARS/SHIFT): ' - 30%7 172
INTERNAL BOND (PSI) IS: . ; 41 267
INTERMEDIATE - PROCESS VARIABLES: . 7850 2.12% 32.000 4 000
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: 7107 088
VARIABLE PROFIT (DOLLARS/SHIFT): ) 5226 934
INTERNAL BOND (PS1) I5: 71 611
INTERMEDIATE - PROCESS VARIABLES: . 7.%00 2.000 32.000 3.000
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: 75(35.75?
' VARTABLE PROFIT (DOLLARS/SHIFY): < o 733 487
INTERNAL BOND (PSI) [5: ] . ' 140
INTERMEDIATE - PROCESS VARIABLES: | 8000 2.000 32.000 3 00O
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: 7646 824
VARIABLE PROFIT (DOLLARS/SHIFT): 7490 .224
INTERNAL BOND (PSI) 15: . , o o 1.800
li!iiiijiiijiiiliii!!i-iiiiiﬁifiiiiiijl‘iiiiiiivtiiiiiii!liii!itiiléiiﬂﬁii;

OPTIMAL SOLUTION FOR LAMBDA * 87 000

: ' m.C. R.C. DEN. PRESS,
FINAL POINT - PROCESS VARIABLES: 8.000 2.000 32.000 3 000
FINAL VALUE OF LAGRANGE FUNCTION: oo . 164G 824
VARIABLE PROFIT (DOLLARS/SMIFT): . 7490 234
INTERNAL BOND (PSI) IS: . 7 _ 1.800



WOLLD YO LIME Tﬁ COMTINUE THIS AMALYSIS? ¥

WOULD YOU LINE TO PERFORM A GAP SEARCH? N

WOULD YOU LIME TO CHANGE THE VARIASBLE COST FIGUWRES? N

WOULD YOU LIKE TO CHANGE THE STARTING FOINT FOR THE SEARCH? N

wOULD YOU LIKE TO CHANGE THE VALUE OF LAMBDA? ¥

ENTER THE VALUE FOR LAMBOA . ! ? -
o8 '

WOULD YOU LIKE TO USE EXPLORATORY MOVES OWLY? N

WOULD YOU LIKE TO CHANGE MIMIMUM INTERNAL BOND? ™

iiii!—jiiiiiiiii!i-iii-jiiiii;iiiiiiiii!iii!iiiiii!i!!Giiiiiiiiii?i-iﬁiﬁi

. ".C. R.C. OEM. PRESS -

STARTING POINT - PROCESS VARIABLES. 7 000 2.2%0 40.000 % . 000
INITIAL VALUE OF LAGRANGE FUNCTION: . %5203 .518
LAMBDA 1S ‘ - - : . 88 . 000
VARIABLE PHOFIT (DOLLARS/SHIFT) . 275 536
INTERNAL BOMD (PS]1) IS: 56 . 568

INTERMEDIATE - PROCESS VARIABLES: 7. %00 2.25% J38.000 5.%00
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: ’ 6068 350
VARIABLE PROFIT (DOLLARS/SHIFT)- . 1134 BBt
INTERMNAL BOMD (PSI) IS ' : %6 .062

INTERMEDIATE - PROCESS VARIABLES. T . %00 2 2% 3 000 € . 500
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: : €548 589
VARIABLE PROFIT (DOLLARS/SHIFT). 1655 977

INTERNAL BOND (PSI) 15 55 598

iii'ﬁi,l!!!iiiiiiii!iii!tiﬁiﬁiij‘iii-iiiivlﬁﬁﬁiili!iﬁiﬁi:‘ii?ii!i!iiiiii!iii

OPTIMAL SOLUTION FOR LAMBDA = a8 000

. , . X R C. DEN. PRESS
FINAL POINT - PROCESS VARJABLES: 7.%0 2.2%0 136 000 6 500
FIMAL VALUE OF LAGRAMNGE FUMCTIONM: o 6548 589

VARIABLE PROFIT (DOLLARS/SHIFT). : : 1655977
INTERMAL BOMD (PSI) 1§ 55 . 598



WOULD YOU LIKE TO CONTINUE THIS ANALYSIS? ¥

WOULD vOU LIKE TO PERFORM A GAP SEARCH? M

WOULD YOU LIKE TD CHANGE THE VARIABLE COST FIGURES? N - ,

WOULD YOU LIKE TO CHANGE THE STARTING POINT FOR THE SEARENT

WOULD YOU LIKE TO CMANGE THE VALUE OF LAMBOA? Y

ENTER THE VALUE FOR LAMBOA J
87

WOULD YOU LIKE TO USE EXPLORATORY MOVES OMLY? WN

WOULD YOU LIME TO CHANGE MINIMUM [NTERNAL BOND? ¥
ENTER VALUE FOR MINIMUM INTERNAL BOND

R BB R E R P B R PR E s s AR R R R E R R R TS R P RS E F R R RN A E R R R R RN E R AR R RN

= mec ° omcC. DEM . eSS
STARTING POINT - PROCESS VARIABLES: 7000 2 2% 40000 35 000
INITIAL VALUE OF LAGRANGE FUNCTION: 5146 . 950
LAMBDA 1§ a7 000
VARTABLE PROFIT (DOLLARS/SHIFT) 22% 536
INTERMAL BOND (PSI) IS . 56.568
INTERMEDIATE - PROCESS VARTABLES: 7.%0 2 3% IS 000 S 500
INTERMEDIATE VALUE OF LAGRANGE FUNCTION. : 6012.288
VARIABLE PROFIT (DOLLARS/SMIFT): , 1134 881
INTERNAL BOND (PSI) [5- - ‘ 56 062
INFERMEDIATE - PROCESS VAGIABLES: 7-800 2.2%0 34.000 % 500
INTERMEDIATE VALUE OF LAGRANGE FUNCTION: - €551 . 262
VARTABLE PROFIT (DOLLARS/SHIFT). 2779 . 147
INTERHAL BOND (PSI) I5: : 43 756

) . '
iiiiiiii-!ilﬁﬁﬂﬁﬁiiili!ijiQiiiii!ii_iiiii-iﬂiiiii?i‘ﬁ‘i-iiiiiﬂil!iiiiili!il
OPTIMAL SOLUTION FOR LAMBDA - 87 . 000 '
M.C, RC. DEN. PRESS

FINAL POINT - PROCESS VARIABLES: 7.900 2.2%0 24.000 §.%00
FINAL VALUE OF LAGRANGE FUNCTION: : e £551.262
VARIABLE REVENUE (DOLLARS/SHIFT): 2779 247
INTERNAL BOND (PSI) IS - , 431 3196
WOULD YOU LIKE TO CONTINUE THIS ANALYSIS? v
WOULD YOU LIKE TO PERFORM A GAP SEARCH? v _ ; : .

117
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essvsssesesccacsssroravee GAP SEARCH ROUTINE essccsesscescssssce
B T T R R R AR LR LR AL A
ENTER. IN ORDER. VALUES FOR EACH Péocsss VARJABLE -
MOISTURE CONTENT (PERCENT)
.7 8 ] e . . RN . PR
RESIN CONTENT (PERCENT) -
2 28
PANEL DENSITY (PCF)
36
PRESS TIME (MINUTES)

6.5

ENTER VALUE FOR MINIMUM INTERNAL B8OND

42

ENTER THE VALUE FOR LAMBOA

'Y )

ENTER YN? VALYE FOR astbasuwu OEPTH (MAXIMUM IS THREE)

3

. . -
’...........“....'...‘O............O...".....‘....."...‘......O.......

OPTIMAL SOLUTION FOR LAMBDA = 87 000

R
- ) "C. ‘R.C. DEN. PRESS
FINAL POINT - PROCESS VARIABLES: €.500 . 2.150 24.000 »35.000
FINAL VALUE OF LAGRANGE FUNCTION: €519 939
VARIABLE PROFIT (DOLLARS/SHEIFT): - 2093 .678
INTERNAL BOND (PSI) IS: . ‘ © 42.118

WOULD YOU LIKE TO CONTINUE THIS ANALYSIS? N

‘seesessvecvesEnscderat o Em 0' ‘MLVS!S o0'0_000‘0000oo.o_oocoo.ott.to.o
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