Int. ] Sup. Chain. Mgt

77

Vol. 3, No. 2, June 2014

Benefits of Additional Make-to-Stock
Channel with Price Control Characteristic to
Make-to-Order Channel

Hyun-cheol Paul Choi

Mihaylo College of Business and Economics, CalifoS8tate University Fullerton
800 N. State College Blvd., Fullerton, CA 92834.A.S
hcpchoi @ul | erton. edu

Abstract — In this paper we study the benefits for a
manufacturer or supplier of having a secondary sak
channel with price control in addition to its primary sales
channel. Our definition of the primary sales chanel is that a
majority of company’s total profit is from it, and that the
company has make-to-order (MTO) production environnent
to meet this demand. On the other hand, our defition of
the secondary channel is that the company is assuthé be
able to create certain demands by reducing the pr& of
standard products for the channel. Therefore, thesecondary
channel is supplied by make-to-stock (MTS) productsas a
manufacturer tries to make use of excess capacityftar
meeting the demand for the primary channel. We assne
that the manufacturer can create just enough volumeof
demand from the secondary channel to match the exse
production capacity. We call the primary channel MTIO,
and the secondary MTS. In other words, a manufacter or
supplier can increase revenues/profits and smootth¢ MTO
productions by using the MTS channel through utilizng the
excess capacity. However, developing MTS channekeds
investments. In this paper, we try to find out inwhat
operational characteristics a company can justify he
investments for the benefits of developing the adiibnal
MTS channel to the existing MTO channel. We measerthe
quantitative benefits of the additional channel ove various
sets of operational characteristics and interpret lie results.
With a set of experiments, we investigate the effecof
demand variability, capacity utilization, and holding and
other production-related costs with a simple pricedemand
relationship. We have observed that benefits incese as
demand variability increases, as capacity utilizabn
decreases, and as capacity change costs. Howeveng t
holding does not seem to impact the benefits.

Keywords—aggregate production planning, make-to-order,
make-to-stock, channel management, price control

1. Introduction

Market demand can be categorized into two typese o
that asks specific functions of a product with @cific
lead time of delivery and the other with generaildfions
with instant lead time: Demand for custom products
versus demand for standard products. Manufacturing
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strategies that companies choose for these ditfeypes

of market demand are called Make-To-Order (MTO) and
Make-To-Stock (MTS) productions respectively. Caitta
et al (2002) show an example of a messenger bag
manufacturer who makes both custom type MTO praduct
and standard MTS products. In the paper, the cognpan
currently has‘flexible capacity to make both MTO and
MTS products. It considers outsourcing off-shore
“efficient capacity to make MTS products separately.
They study a question of which way would be more
profitable for the firm, and introducespackling strategy

in contrast to“focused strategy where the former is
building both types products with one flexible ceipa
and the latter is building each type of producisasately
using both flexible and efficient capacities.

Under the spackling strategy, a company, using onky
capacity, first makes custom MTO products as demdnd
each period, and then fills in, or spackles, thedpction
schedules with standard MTS products, to restock
inventory. This is because the order patterns farOM
products are bumpy yielding an undesirable produacti
profile compared to smooth schedules that wouldwall
for higher capacity utilization. Cattani et al (20&uggest
that sometimes, spackling strategy is more prdftab
depending on the trade-offs between cost savings th
focus strategy offers via efficient production (edd cost
times units produced) versus lowered amortizedificest
per unit when single capacity is better utilizetiey claim
that better capacity utilization arises as thedixests of
flexible capacity are amortized over greater averag
volume under spackling.

This “spackling strategy is the basic idea of this paper.
The main question in this paper is how beneficgahave

an additional secondary MTS channel when a
manufacturer has its existing primary MTO markéthé
benefits cannot be justified for cost savings friie focus
strategy and costs for developing MTS channel, this
strategy would not be very meaningful to the
manufacturer. Since every company has a differenbf
operational characteristics, it is important to wndor
managers under what operational characteristics thi
strategy is most beneficial to them. We build a tmul
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period dual channel model with a price-sensitive
secondary MTS channel. Then, using simulationstest
out various sets of operational characteristics thue
model and observe how certain operational charatiter
affect the performance of the model. We have oleskrv
that benefits increase as demand variability irkeeaas
capacity utilization decreases, and as capacitpgiaost
increases. We could not substantiate the beneficial
behaviour from holding cost.

Our definition of the primary sales channel is tlaat
majority of compans total profit is from the primary
channel, and that the company has make-to-ordelOMT
production environment to meet this demand. Orother
hand, our definition of the secondary channel &t the
company is assumed to be able to create certaimrmtdsn
by reducing the price of the product or using more
standard/general products for the channel. Thenskzcy
channel is supplied by make-to-stock (MTS) prodasts
manufacturer tries to make use of excess capatity a
meeting the demand for the primary channel. Werassu
that the manufacturer can create just enough volame
demand from the secondary channel to match thesexce
production capacity.

There are a lot of possibilities of using dual prciibn
strategy using spackling. For example, a micropsce
manufacturer can mainly produce Pentium-like high
performance processors while utilizing excess dapay
producing Celeron type of lower-end products. Aeoth
example can be applied to the service industry: dAle
think of a local paint contractors where they pa&xierior

of houses during peak season, summer, at a regrita
and offer discounted prices for painting interiof o
factories during off-peak season, winter. More epkes
can be applied to the automobile industry, clothing
industry, or PC manufacturing industry.

The structure of this paper is as follows: The reedtion
reviews the existing literature. We, then, lay dhe
problem setup and mathematical formulation. Du¢hto
complexity of the problem, we model a smaller scale
problem with restricted conditions with contrivedndand
data so that we can solve the problem with Excée®o
and interpret the output meaningfully. An experimaén
design is described for measuring impact of certain
operational characteristics. Results of the expemisare
shown and discussed. Finally, we conclude the pajér
possible future extensions.

2. Literature Review

The modeling approach we use for the problem islaim
to traditional aggregate production planning (APP)
problem. APP is a production smoothing and worlcédor
balancing problem for medium range planning. Object

of APP is to minimize total costs meeting fluctogti
demand: production change costs, inventory cosid, a
shortage costs. One of the classic works in thésa ds
done by Holt et al, also known as HMMS, (1960) who
solved the problem by LDR (Linear Decision Rule).
Linear programming and simulation have been used as
well by other researchers. Research in APP was very
active from late 58 to 70s. For a comprehensive review

in APP, we recommend reading Silver (1967)

There are other ways to smooth production leveds th
APP. Leith (1974) studies using advertising proomtio
shift seasonal demand. Kamien and Li (1990) study
subcontracting for production smoothing. Cattaniaét
(2002) use“spackling to smooth MTO production of
custom products with MTS of standard products. They
study when spackling is better than producing MT@ a
MTS products separately. Cattani et al (2002) hasrs
similar view of the problem to this paper, but weked at
the actual benefits that can be found under various
operational characteristics of the firms which passibly
use this strategy.

3. Problem Setup and Model Formulation

We study a multiple period, and single-stage supphbin
problem. We allow inventory carry-overs from oneipe

to the next for MTS channel only in our multiplerioel
problem. It is not needed for MTO because the deiman
needs to be met for the order taken. Therefore, no
inventory would be available to be carried over.
Backorders are only allowed for MTO channel becavse
have to meet the current period’s unmet demandher
primary channel in the next period not to lose aales
that have a high profit margin. Since backordeiimzurs
possible capacity change cost in the following qerive

do not backlog for MTS demand as MTS demand has
lower profit margin that will not justify the chaegver
cost. In our model, production rate changes inepacity
change cost in each period. Hence, the operaticosts
that are involved in the model are inventory hajdaosts
and capacity change costs at the end of each period

This problem can be mathematically represented by a
network formulation with several side constraing.
network flow diagram of the model is shown in Figur
below: This diagram shows an example of networkvflo
diagram for a three period problem (n=3). In Figdre
Node Q represents production quantity. Node S semits
supplied quantity for corresponding type of demafd.
each period, there are two separate demand nodegoo
MTO (D.mto) and the other for MTS channel ({s).
Although we modelled both MTO demand and MTS
demand are dependent on the corresponding pricéhdo
experiment in the next section, we assumed onl\Mh&
demand is dependent on its MTS price.
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Figure 1. Network representation of the two-channel probfenthree periods (n=3)

over to the next period.

because of the constraints (14) -

constraints because they are

The model allows backorders{lro) for MTO demands X,<C,t=1..n 2
because a supplier would not want to lose any Sebes X = Xiewro T Xiowrs: t =10 (3
MTO channel. Any excess capacity after meeting ashm Xiowro = Xsormrort =10 (4)
MTO demand as possible will be used to produce ywisd Xiowrs = Xsprurs:t =L ®)
for MTS channel. Here, the model allows lost sdle} X 1 = ot =1
. StDt-MTO * 't-MTO t-MTO (6)
for MTS demand because a supplier would not want to {X - o t=2..n-1
produce any more just for MTS customers after MTO SIPEMTO T TENTO - TmioMTo = FRemTort e )
demands are met. If there are any excess inverftary Xsomo = lia-umo 2 Hh-wro L =N (8)
vts) after meeting MTS demand, then it will be carried L+ Xapemrs — s = Moorsr £ =1 9)
L + Xsipemrs It wrs ¥ It -1-MTS ﬂt—MTsrt =2,...,n-1 (10)
A general mathematical formulation is shown in (18). ol XS‘D‘ wrs * lioiours = Moy = (11)
Although Figure 1 looks like a network flow diagram Harro = T (Ruro) (12)
(16) in the foation, Hyrs = g(PMTS) (13)
the model breaks the conditions of a pure network — Xi+ X =X =X, t=1..n-1 14
structure. These are added to the network modsides MY > X2 M =aﬂafbitffify|argenumber (15)
necessary for deciding D(>XA} Yo Y, ={01} (15)
whether to increase the production rate or not. The v t=1..n-1 (16)
objective function of the formulation is preseniad(1).
The constraints are shown in (2)-(16) followed by Where:

definitions of the terms used.

Maximize profit:

Z= |:PMTO [E,ux—MTo +Purs [E,ux—ws:|

n-1

Z(X e )+PMTS|:EL1 MTS +Z(IK+MTS [ht)+

| = t=1 t=1
n

n-1

+Z(X‘A*D1‘)+nil(xf’ )+ l(

t=1 t=1 t=1

Subject to:

(Decision variables)

X
Xemro
@) Xemrs

n-1

z (I {-MTO DT‘)

t=1

n-1 | +

+3 (Y +MTS
b )

limro”
Lemrs
He-mTO

= planned quantity to be produced iriquktr
= supplying quantity to meet MTO demand at qeti
= supplying quantity to meet MTS demand atquktr
Xsiormto= flow between a supply node)® a
demand node ({pfor MTO demand
Xswormrs= flow between a supply node® a
demand node ({pfor MTS demand
= excess inventory for MTS channel at the eind o
periodt
= backorder for MTO channel at end of petiod
= quantity of lost sale for MTS channel
= MTO demand at node. o att
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tvts = MTS demand at node. s a function of MTS-price

X = increase in production rate from t-1 to

X& = decrease in production rate from t-1 to

Y = 0/1 variable (1 if production rate itieased at
period t, O if not)

Yy = 0/1 variable (1 if production ratedecreased at
period t, O if not)

Puro = price for MTO channel (fixed and decided by kesy

Puts = price for MTS channel (varies dependg/Qirs

(Costs and other constants)

n = number of time periods in planning kon

G = capacity in units of product in peribd

(o = production or purchase variable costyvetin periodt

h = holding cost per unit after meeting Md&nand from
period t tot+1

7T = backorder cost per unit of MTO demandied from
period t tot+1

A = cost to increase the production raterssy unit from
periodt-1tot

w = cost to decrease the production raterfgyunit from
period t-1 to t.

F = fixed cost for increasing production rateeriod t.

Fe: = fixed cost for decreasing production r@t@eriod t.

The objective function in (1) is to maximize prsfitvhich

is the sum of its revenue from meeting MTO and MTS
demands as much as possible, minus total costshwhic
includes variable production cost, lost sales fraot
being able to meet MTS demand, inventory holdingtso
after meeting MTS demand, backorder costs for tiraat
MTO demand, variable costs per unit produced for
increasing or decreasing production rate at eacloghe
and fixed costs for the decision to increase orefse
production rate at each period. The capacity caims in

(2) and (3) limit the total amounts to be supply K6TO
and MTS channel in the each period by the capdiaitiy

set for the period. Constraints (4) and (5) may me&n
much now because they are written for expandability
the model according the network diagram shown guié

1. The next three constraints, (6)-(8), are flowabee
equations at the MTO demand nodes for all the derio
Constraints (6) and (8) apply to the very first dadt
periods. By (7), the model makes sure that, in guseiod
between the very first and last period, the MTO dedh
balances with supplied quantity for MTO and backoed
amount from the previous period and to the nextoper

In similar way, constraints (9)-(11) represent flbalance
equations at the MTS demand nodes. Expressiorsn(®)
(11) are for the first and last periods. Constrgitd)
imposes flow balance between MTS demand and amounts
of lost sales, supplied quantity for MTS and calwier
guantities from the previous period and to the mextod.
Price-demand functional relationships are showifl1i)
and (13): one for MTO channel and the other for MTS
Change in total production amounts from one petioithe
next is represented in (14). Expressions (15) 4&) ¢et

zero-one variables for decisions to change prodnocti
levels in each period.

Some of the above constraints are relaxed for tiadysis

in the remaining sections of the paper since weystu
simplified model to reduce complexity in model
behaviour. For example, the price-demand relatiqpnisin
MTO channel (12) is not considered for our analyStse
demand from the primary channel is assumed to be
stochastic whereas the demand from the secondary
channel is assumed to be a linearly related ttive the
company sets for the channel. The primary demand is
satisfied by MTO manufacturing, and the secondary
demand by MTS inventory.

The objective function of the formulation is to nrake

the profit over entire planning horizon. As the fiirds
obtained by subtracting total costs (holding anpacity
change costs) at the given period, the objectivestian
becomes non-linear because the revenue from the MTS
channel has non-linear terrdue to a price-demand
relationship: i.e. the MTS revenue is a productpote
and quantities sold while the quantities sold foif
channel is a function of the price for the chanridie
function describing the relationship between derszamtl
prices will have a decreasing pattern as price gpesind
could be a straight line, concave, or convex curves
depending on the industry in questidtor example, if a
linear relationship is assumed between MTS pricd an
MTS demand for constraint (13), the revenue fromSMT
channel in the objective function will be quadrats
shown in (17) and (18) below:

tmrs = 9(Purg =-a* Purs+b (17

Rwrs = tmrs * Purs = 9(Pwr9 * Purs
= (-a*Ryms* b Rurs) * Purs

=-a*Rus +b*Pyrs (18)

(WhereR: RevenueP: Price, and:: Demand)

The revenue is expressed by the square term diffe
price which affects the objective function to bendimear.
This nonlinearity makes the model behaviour more
difficult to predict. So, we have simplified the de and
run a set of experiments to see the behavioureofrithdel

to draw meaningful results. A simplified Excel Selv
model and the experiment setups are explainedeimétxt
section.

4. Experimental Design

With Excel solver, we model a four period model hwit
contrived demand data. The model we use for the
experiment has a fixed price for MTO channgl:d? In

our experiments, for simplicity, we do not consider
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production rate change cost and shortage costkeunli
traditional APP. The only costs we are considerang
inventory holding costs and capacity change cose T
holding costs are linearly proportional to the amtoaf
end inventory in each period. The capacity charag is

a fixed charge cost. It may look somewhat simitathe
fixed production rate change cost, but the diffeestis
that it does not occur every time the productiovele
changes except when production level goes overctgpa
limit. We call it “hard’ capacity and explain it later in this
section.

We use a linear decreasing function for the prieeand
relationship in MTS channel. By this we are assuntirat

we can somewhat control the MTS demand withsP
Purs is set at each period and is a decision varidliie.
price-demand relationship for MTS channel we use fo
our experiment is shown in Figure 2 below. Addititiy,

we assume unconstrained production capacity with
relevant capacity change costs and unconstrainktino
capacity with relevant holding costs.

In observing the behaviour of the model, we useroad

data at current stage to avoid its complex intévast
between capacity change costs and holding costygalo
with its nonlinear (quadratic in this case) prdihction.
When we used random generated demands, the results
were not easy to interpret for the model behaviour.

A
60 A

Demand for MTS
channel, Durs (qty.)

Dwuts = -2 * Purs + 60

»

kO ‘P;TS %)

Figure 2. A linear price-demand relationship for MTS channel

We use 100 for an average demand per period for MTO
channel. We make sure the sum of all four periagds i
always 400 for each experiment for fair comparisén
profit improvements of different demand profileseWse
following three data series of demand profile:

- No demand variation: 100-100-100-180 +/- 0% var.
- Low demand variation: 75-125- 75-125 +/- 25% var.
- High demand variation: 50-150-50-150 +/- 50% var.

Our model is limited by the hard capacity constrain
(similar to a fixed charge problem). As it is mentd
earlier, what we mean by a “hard” capacity is tivaen
production level goes over the preset capacityt/irai
capacity change cost incurs, and then the capkssigy is
set back to the original preset level in the nestig. On
the other hand, when it is a “soft” capacity, ttapacity
level is set to the production level every time the
production level changes, while incurring fixed tcahen
the capacity level is equal to the production lewe¢ach
period. Soft capacity constraint case will be d&sed in
future extensions section. The preset hard capémitl

is set in a way the average target capacity utiinaover

the planning horizon can be kept at a desired leVeair
example, if one desires a capacity utilization lexfer5%
when the average demand per period is 100, then the
capacity level is set to 133 per period (100/13375).
Figure 3 below is an example diagram of a productio
plan when it follows the demand exactly.

The model developed in this paper is expecteddk for
an optimal solution by assessing the followingralitives
available in planning to meet fluctuating demandehe
model

- Builds inventories during periods of slack MTO
demand and sells them to MTS channel,

- Carries backorders for MTO customers or tolerates |
sales from MTS customers during periods of peak
demands, and

- Varies production rate in case there is a spik&lTiO
demand stream.

What the model tries to do is graphically showrrigure
4 below.
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Qty. A Fixed capacity
produced or change cost
Fjemanded | incurs at these
in Ch. 1. points.
133
Preset hard / Excess capacity
capacity limit
at 133 for
75% target
utilization
I I I » Time (period)
1 2 3 4
Figure 3. Example of a production plan with a hard capalaityt
Qty.
produced or
demanded in ]
ch. 1. Inventory that will
be used in high
demand period and
_ MTS demand.
133 /-I _________
/! g
|
Preset : Total demand from
hard : ___________ MTO channel.
Capacity o~ genettt
limit :
| | | R
| | | Time (period)
1 2 3 4
Figure 4. Example of a production plan illustrating perfemse measure
(When capacity change costs are infinite)
We build an experimental design to observe the \ieha - Factor 3: Capacity change costs (four levels in
of the model in terms of profit increase by introohg percentage of maximum possible revenue from MTS
MTS channel to an existing MTO channel with various channel)> 0%, 50%, 100%, and 400%
factors. We use MTO price of $40. The followireye
the four factors we used for the design: For the same setting of experiments as describedeab
we run two models (Model 1 and Model 2) and comgare
- Factor 1. Average capacity utilization (two leyels the profit increased. Model 1 is an optimizatioodal
- Low (75%) and High (90%) with MTO channel only, and Model 2 is with both MTO
- Factor 2: Demand variances (three levels) and MTS channels.

- None (0%), Low (25%), and High (50%)
- Factor 2: Holding costs (three levels in perceata
Puro) 2 Low (0%), Medium (15%), and High (40%)
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5. Results and Discussions

The performance measure we use is the profit iserea
from Model 1 to Model 2. We define the “base case”
when Model 1 has zero capacity change cost and zero
holding cost. In the base case, the maximum pnafitan

get is $16,000 reaping all the demand over fouroper
from MTO channel since the total demand of 400 is
constant for each experiment whep+& is set to $40.
This profit amount is used as a base (100%) when we
compare profits from other experiments because mesvk
that $16,000 is the maximum we can do without MTS

channel. The percentage improvement from the base

is the performance measure of the experiments. For
example, when we add MTS channel to the base tase,
maximum additional profit from MTS channel with the
given price-demand relationship is found to be 6Q,8
which is 11.25% of the base case profit. Thus, the
maximum total profit from both MTO and MTS channels
are summed up to $17,800 (111.25%), an improvemfent
11.25%. Profit improvements from Model 1 and Model 2
for three demand variations are shown in Table d an
Table 2 below:

Table 1 Summary of profit improvements over capacity @eoosts and holding costs

Capacity change costs Holding costs (% @}
(% of max. rev. from Ch.2) 0% 15% 40%
0% 11.30% 11.30% 11.30%
50% 9.80% 11.10% 11.10%
100% 8.40% 8.87% 8.87%
400% 6.30% 5.77% 5.77%

(When capacity utilization of 90% and demand vaiabf 50%)

Table 2. Summary of profit improvements over demand vamaaed capacity utilization

Demand variance in Capacity Utilization
MTO 75% 90%
0% 11.25% 7.51%
25% 11.43% 8.46%
50% 11.54% 9.28%

Table 1 show that profit improvement decreases as
capacity change costs increase. However, the profit
improvement did not change over different levels of
holding cost. This matches our intuition that when
capacity change cost is high, it tends to offsetlibnefits
from the revenue by MTS channel. Holding cost wloul
not affect the profit improvement because we ordjdh
MTS inventory, but not MTO inventory as explained
earlier. MTS inventory is used after meeting MTO
inventory and the demand for MTS is controlled wvttie
price just enough to use up the excess capacity fro
MTO. Secondly, we observe that we can achieve, on
average, higher profit improvements when capacity
utilization is lower. It also matches with ouruititon that

when we have more excess capacity, we can utilif i
more profits. Finally, profit improvements appear t
increase as demand variance increases. It canptesred

by as demand variance increases there are more
opportunity to utilize excess capacity for MTS doethe
fluctuation of MTO demand.

6. Conclusion and Future Extensions

We find that developing secondary MTS channel with
standard products to utilize the excess capacitynfr
primary MTO channel with customized or higher end
products is beneficial for a manufacturer/suppliemrom
our experiments with various operational charasties, a
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company can achieve profit improvement from [6]
developing MTS channel. And the profit improvement
increases as demand variability increases, capacity
utilization decreases, and changeover cost de@eabe

holding cost for MTS is found to be not affectinget [7]
profit improvement. Overall, in the worst case, whe
capacity utilization is high and demand variatienlow

(90% and 0% respectively), we found that we calh sti [8]
achieve 7.51% of profit improvement with Model 2eov

Model 1 due to utilizing the excess capacity. #ams that [9]
the minimum profit improvement possible due to the

excess capacity is 7.51% with the given operational [10]
settings which are reasonable. This would providmed
benchmark for utilizing MTS channel for the excess
capacity. [11]

One of the possible extensions would be extendmg t
study for a longer planning horizon to see mordista
scenarios: e.g. 12-24 periods. Another possiblension
may be adding specific seasonality to MTO demand
pattern to see how the benefits change for cedamand
patterns. Lastly, although hard capacity constraintsed

in this experiment, depending on the charactesstt
certain industry, soft capacity constraint can berem
realistic. Soft capacity constraint in which capatimit

is set to the level of the production level of eghiod
(production level = capacity level) can be studied.
Experiment with soft capacity constraint would beren
challenging because it is more difficult to keepe th
capacity level as constant as possible due to déman
variability. Since one of the goals of the projast
production smoothing, it would be more difficult see
the smoothing effects with the soft capacity caistr
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