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ABSTRACT: Published literature contains a nunber of optimzation and
simul ati on nodels dealing with the primary processing of hardwood and
softwood logs. Sinulation nodels have been devel oped primarily as
descriptive nodels for characterizing the general operations and
performance of a sawm||. Optimzation nodels, on the other hand, were
devel oped mainly as analytical tools for prescribing optiml production
plans but with mnimal concern on real-tine day-to-day operations of a
sawm | | . This paper describes a conbined sinulation and optim zation
nodel that considers both the determnation and the inplenentation of
optimal production schedules. Enphasis centers on the performance and
utilization of various machine centers, including production delays,
buf fer decks, queue capacities, operating tine, and equipnent and
resource utilization

| NTRODUCTI ON

Faced with the dual problens of dw ndling sources of quality raw
materials and conpetition from synthetic wood substitutes, the U S
har dwood forest products nust seek to inprove its productivity and
processing efficiency. Such inprovenent should be attained at various
production stages; fron1buck|n% of trees into conbinations of |og |engths
to the production and distribution of finished products. Wthin each
production stage, a nunber of activities nust be perfornmed; the results
of which significantly affect other downstream activities. Hence, iIn
order to fully achieve the nost efficient (not only in ternms of yield but
also in terns of economic returns) utilization of raw materials and the
subsequent production of finished products, the entire processing and
production process nust be systematically optimzed.

The literature contains a nunber of significant nethodol ogica
devel opnent s focusin? on prinarK and secondary processing of wood
Broducts, both for softwoods and hardwoods. These previ ous works could

e categorized either as optim zation or simulation nodels. Optimzation
nodels are in general nore narrowy focused addressing specific
production phases such as; Io% bucki ng (Sessions et al 1989; Pnevmaticos
and Mann, 1974; Eng. et al., 1986; Briggs, 1980), log ailocation (Pearse
and Sydneysmth, 1966; Mendoza and Bare, 1986; Maness, 1991), and | unber
manuf acture (MPhal en, 1978). Sinulation nodels, on the other hand are
generally more descriptive and designed to | ook at sawm || -w de concerns
and problens (Richards et al. 1980).
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This paper describes a procedure conbining optimzation and
simul ation nodels for closely exam ning the operations of a hardwood
sawm | | . The procedure takes advantage of the prescriptive nature of
optim zation nodels and the broad systemoriented perspective of a

si mul ati on nodel .
OPTI M ZATI ON MODEL

Due to the inherently rigid nature of optimzation nodels, it is not
possi ble to devel op a generic nodel that could accompdate all sawm |
scenarios. Hence, instead of fornulating a general optim zation nodel, a
nore narrowy defined but apparently typical problem faced by many
sawmlls is addressed in this paper. This problem involves the

determnation of the optimal log input mx to be processed to satisfy
| unber demands. I n addressed to satisfying |unber demands, the problem

al so includes nerchandising logs to |local |og buyers.

The [o%_input deci sion problem facing the sawm || manager which nust
operate within the corporate objective of maxim zing economc efficiency
can be formulated as foll ows:

Meximze R = SPY,- Sc, X, + Sm, Q,

subject to: o
Q, + X, £L,, for all i,]j
Y,? D, for all k
SSr,.X,- Y= 0 for all k
where: R = economc return
P.= price of |unber grade k
C, = cost of processing (sawing) log grade | , of size |
m,= price of log grade i_ ,size j sold in the narket
.= amount of |unber grade k produced
Q, = amount of log grade i , size | sold in the narket
X, = amount of log grade i , of size | sawn
L, = amount of log grade i , of size | stored in the
I nventory

D, = estimated production requirements for |unber
grade k after adjusting for the quantity of
demand and amount |unber stored in the inventory

r,.= lunber recovery rate in percent, of processing
log grade i, size |, into lunber product k

The above optim zation problem provides a production scenario that
neets the limtations aggregately defined by the constraints. In a
pl anni ng sense, the production scenario should be inplenentable.
However, operationally, the optimal production scenario or schedule may
requi re production beyond the Iimts of real-time production capacities
such as sawing rate and trinmng and edging capacities. In other words,
It may be necessary to systematically bal ance the overall production
targets with the actual operational environment of the sawm||. Under
t hese operational concerns, the real-time process sinulation nodel could
be used to test the inplenentability of the production schedule.
Consequently, a realistic and optiml production schedule can be
generated by directly linking the optimzation and process sinulation
nodel s. Before presenting this |inkage, the process sinulation nodel is
described in the next section.
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THE PROCESS S| MULATI ON MODEL

The optim zati on nodel presented in the previous section formul ates

the sawm || activity schedule at a strategic and tactical |evel
Qperationally, this schedule should be translated by the sawm || manager
into the sawm||l’'s daily production activity. ile a nulti-period

producti on nodel could be fornulated for this purpose, such nodels could
not take into account the random order of inputs, stochastic nature of
raw material s and machi ne breakdown (Sanpson and Fasi ck, 1970). Instead,
a sawm || sinul ator devel oped by Meinban, et al. (1991) is adopted as a
daily scheduling tool.

The nodel can sinulate a wide array of sawm || designs with standard
processing centers. It supports, as event subroutines, the commonly
enPoned log and |unber nachining procedures. Structurally, the
ditferent processing centers with functionally simlar equipnment were
nodel | ed as macro-stations using the SI MAN simul ation | anguage (Pegden
1986). Each station may call a set of sawing rules which in practice
depend on the dinension and grade of the log or |[unber on customer order
specifications. The systemi1s equipped with a nmenu-driven data-entry
interface which virtually insulates the user fron1any data mani pul ation
or programming effort. Thru the interface, the user [oads the sawml|’s
lay-out file and nmachine specifications, the current product
specifications and the database file containing the | og i nput schedul e
generated by the optimzer. Anong the systens output include: the
si mul ated number and vol ume of |ogs processed (by species and grade),
sawm | | operating tinme, |unber output by species, grade and vol une,
equi prent utilization, anticipated production downtinme, and status of
buffer decks (queues). Previous tests of the nodel to sinulate actual
| unber production systemindicate satisfactory run times ranging from 10
to 15 mnutes when sinulating relatively conFIex sawm | ling set-up and
operations (Mendoza, et al 1991; Meinban, et al. 1991) . This performance
and the relative ease of data entry nmake the nodel useful as a real tine
schedul ing tool .

| NTEGRATED MODEL: THE LUMBER PRODUCTI ON SYSTEM

The |unber production scheduling systemis designed to operate under
the nodel structure described in Figure 1. On the other hand, the
procedural steps involved in devel oping a |unber production schedule is
Illustrated in Figure 2. Wth information on |log inventory and | unber
demand, the log input optimzer generates a |log input mx for subsequent
?rocessing. This conbination of |ogs could be sorted and separated from

he log i1nventory. This log mXx becomes an input to the process
simulation. Results fromthe process sinulation will provide nany of the
significant information needed by the sawm || nanager in the actual
operation of the sawm|l. For instance, the simulation results will help
the manager identify potential bottlenecks, estimte queue |engths, and
consequently determne the |unmber output mx. Under these conditions, the
sawr | | manager can plan proactively, enabling himto rationally respond
with appropriate adjustnments in areas where they are expected to be

necessary. For exanple, the manager could plan to expand production thru
over time work schedule if sinulated |unber production rate needs to be
i ncreased in response to |unber demand. Adjustments on Io? I nput m x can
also be made if simulated |unber production does not neet [unber demand.
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Figure 1: Phases, scope, and tasks in lumber manufacturing
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O particular interest in developing production schedule is the tine
needed to convert the log inputs, X, into lunber products, Y. Gven
the log list in the inventory, the S set of |og pieces could be sorted
and separated fromthe log iInventory. The required Production peri od
(T), which is not represented in the log optimzer, could be estimted by
processing the S logs using the sinulator. This schedul e sinulation
procedure goes thru the follow ng steps:

1) Set the sinmulator counter to S

2) Process an s log (s eS) and update s = s + 1.

3) If s <S5 goto 2, otherw se continue.

4) Set T =T,, Stop. T,.is the SIMAN variable that denotes

now? now

current sinulation tine.

A variation of the above scheduling procedure may occur if the mll
has enough production tine to accommpdate other orders. In this case,
the variable of interest becones the additional s' |ogs that could be
accommodated in the schedule. If t is the sinulated time to process the
original log schedule (T or T, in the previous step), one can generate
the additional log set as follows:

1) Set T,,=T - t.,

2) Process an s' log and update sinulation clock (T, .

3) If T.,..<T.,, go to 2; otherw se conti nue.

4) List the s' logs processed. Stop. T is the planned production
eriod and T, ,is the SIMAN variable that denotes the ending of
he simulation run.

SUMVARY AND CONCLUSI ONS

A hardwood sawm || sinmulation nodel and an optimzation nodel are
conbined to form an integrated nodel for [|unber production. The
sinul ator covers the basic facets and activities in |unber nanufacturing
including sawmlling logics, material flows and naterial data base. It
can be used in a variety of ways such as: 1) to analyze |og breakdown
operation and sawing policies, 2) to help create |ook-ahead production
scenarios, and 3) to design and evaluate alternative production systens.
The optim zation nodel, on the other hand, determ nes the optiml |og
input mx while satisfying |unber demand.

While both the sinmulator and the optimzer could be used as stand
al one nodel s, they could al so be conbined to forman integrated nodel.
Conmbi ning the simulator with an optim zation nodel enables a sawn |
manager to develop an aggregately optimzed production plan which is also
tested for day-to-day operational feasibility. The optim zation node
generates a production plan based on broad conpany objectives and
aggregately defined constraints. This optinmal production plan is tested
for operational inplenmentability using the real tinme simulator. The
i ntegrated nodel could serve as a planning tool in develoan? not only a
production schedule but the day-to-day activities of a sawnm |
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