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ABSTRACT

JOINT REPLENISHMENT AND PRICING OF A SINGLE
PRODUCT UNDER EXCHANGE RATE UNCERTAINTY

Purchasing cost uncertainty in the future subject to exchange rate fluctuation
is modeled as a markov chain transition matrix, and it is combined with supply chain
profit maximization problem. This problem is modeled as a multi-period stochastic
inventory control problem on USD/TRY dataset. Replenishment problem is considered
under the myopic and dynamic inventory policies. Excess demand is lost, and salvage
cost is zero. The procedures to compute order up to inventory levels of both inventory
policies are determined. It is verified that (1 — P) value, which is an indicator of myopic
solution effectiveness, shows the closeness of the dynamic and myopic inventory policies.
Average profit is computed with a simulation which includes multi-period purchasing
and selling steps. Demand is taken as a random variable with gamma distribution, since
it can take only positive values. Price dependent demand is also evaluated. Moreover,
the effect of variance in demand on both of order up to inventory level and average
profit is analyzed. It is seen that the variance in demand increases the volatility in order
up to inventory levels with respect to purchasing costs, and average profits. Optimal
inventory level and pricing are also assessed together after replenishment problem is
evaluated. Two different pricing systems are used, namely best constant pricing and
best pricing. Best constant pricing represents that price is announced before purchasing
cost is determined and it cannot be changed period by period. Best pricing represents
that price can be updated with respect to purchasing cost in each period. A procedure
to find out optimal order up to inventory level and best price combination is formed
to handle exchange rate uncertainty. It is observed that purchasing cost volatility

promotes the best pricing to maximize profit.



OZET

DOVIZ KURU BELIRSIZLIGI ALTINDA BIR URUNUN
STOK YENILENMESI VE FIYATLANDIRILMASI

Doviz kuru dalgalanmasi altinda, gelecek donemdeki satin alma belirsizligi bir
markov zinciri gegis matrisi olarak olusturulmustur ve olusturulan gecis matrisi ile
tedarik zinciri kar maksimizasyon problemi beraber degerlendirilmistir. Bu problem,
USD/TRY dataseti iizerinde ¢ok periyotlu stokastik envanter kontrol problemi olarak
modellenmigtir. Stok yenilenme problemi, miyopik ve dinamik envanter politikalar:
altinda degerlendirilmistir. Eldeki stogu asan taleplere izin verilmemistir ve kurtarma
maliyeti sifirdir. Her iki envanter politikasi i¢in envanter seviyelerini bulma prosediirleri
belirlenmistir. Miyopik ¢oziim etkinliginin bir gostergesi olan (1 — P) degerinin, di-
namik ve miyopik envanter politikalar1 arasindaki yakinligi gosterdigi dogrulanmigtir.
Ortalama kar, ¢ok periyotlu satin alma ve satig adimlarini igeren bir simiilasyon ile hesa-
planmigtir. Talep, sadece pozitif degerler almasi sebebiyle gamma dagiliminin bir ras-
sal degiskeni olarak kabul edilmistir. Fiyata bagh talep de degerlendirilmistir. Ayrica,
talepteki varyans arttikca, envanter seviyesindeki ve ortalama kardaki degiskenligin
arttigl goriilmiigtiir. Stok yenilenme probleminden sonra optimal envanter seviyesi ve
fiyatlandirma birlikte degerlendirilmistir. En iyi sabit fiyatlandirma ve en iyi dinamik
fiyatlandirma olmak iizere iki farkh fiyatlandirma sistemi kullanilmigtir. En iyi sabit
fivatlandirma, fiyatin satin alma maliyeti belli olmadan once aciklandigi ve periyot-
tan periyoda degismedigi durumu temsil etmektedir. En iyi dinamik fiyatlandirma,
fiyatin satin alma maliyetine gore her periyot degisebildigi durumu temsil etmektedir.
Doviz kuru belirsizligi ile basa ¢ikabilmek i¢in optimal envanter seviyesi ve en iyi fiyat
kombinasyonunu bulmay1 saglayan bir prosediir olusturulmugtur. Kar1 maksimize et-
mek amaciyla, satin alma maliyetindeki degiskenligin en iyi dinamik fiyatlandirmayi

onerdigi gorilmiistiir.
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1. INTRODUCTION

Technological developments contribute the world to be more connected in terms
of cultural and economic relations. These developments enable people and organiza-
tions to exchange goods, services, information and energy quickly. As competition
of companies increases, globalization term gets more trendy. However, globalization

includes some pros and cons together from the view of the companies.

In recent years, many companies have international supply chain networks to get
more profit. In other words, companies prefer producing in countries which have low-
cost labor and transporting the products to their markets. Managing this kind of huge
systems is really difficult, since it has several constraints such as long lead times and
uncertainty in cost due to exchange rate. Therefore, it is obvious that getting more

profit depends on whether the supply chain system is managed well or not.

In Turkey, following up exchange rate is significant for import and export activ-
ities in business, since it is always fluctuating, and it has uptrend. Although trading
is risky in Turkey, it also means that there is an opportunity to make more money. If
companies foresee the increase in exchange rate (USD/TRY), they order more before
exchange rate increases, so they will get cost advantage after exhange rate increases.
Therefore, if they manage their supply chain system well, they will have a chance to

get more profit in TRY currency with the same capital.

When we determine the scope of the thesis, we take into account businesses which
engage in import activities. In this case, the currencies of purchasing cost and selling
price are different. The main question of the thesis is how a seller controls its inventory
and selling price of a product if the purchasing cost of the seller’s product is subject

to exchange rate.



In this thesis, we investigate an inventory control problem under exchange rate
uncertainty. The main objectives are replenishment and pricing where the purchas-
ing cost is subject to exchange rate uncertainty. Purchasing cost transition matrix is
obtained using USD/TRY weekly exchange rate data including more than two years
period. Using this transition matrix, replenishment with the dynamic and myopic
inventory policies are considered. After replenishment study is evaluated, joint replen-
ishment and pricing is examined using the dynamic inventory policy under exchange

rate uncertainty.

The organization of the thesis is as follows : Literature review with respect to
the scope of this research can be found in Chapter 2. In Chapter 3, replenishment
procedure under the dynamic and myopic inventory policies are explained in detail. In
Chapter 4, we consider replenishment with the myopic and dynamic inventory policies
on USD/TRY dataset. In Chapter 5, pricing and replenishment are evaluated together

under the dynamic inventory policy.

The myopic and dynamic inventory policies are used to evaluate replenishment
problem, and compared with each other. While comparing inventory policies, the
results of order up to inventory levels and average profits are considered. In addition,
(1 — P) value, which is an indicator of myopic solution effectiveness, is assessed. Also,
holding cost rate and price sensitivity analyses are carried out, so the effect of the
preference of the paramaters is analyzed. Another point of interest is joint pricing and
replenishment under exchange rate uncertainty. After order up to inventory levels are
computed, best price is evaluated with a search mechanism over possible price values.
Moreover, the effects of variance in demand on order up to inventory level and average

profit are examined.

In Chapter 3, the dynamic and myopic inventory policies are explained in detail.
Also, we verify the methods of the dynamic and myopic inventory policies on a numer-
ical example. In addition, the dynamic and myopic inventory policies are compared in

terms of order up to inventory levels and average profits. Average profits are computed



using a simulation procedure, which is explained in detail in this chapter. Moreover,
the efficiency of (1 — P) value, which is an indicator of myopic solution effectiveness,
is considered with respect to the difference between the average profits of the dynamic
and myopic inventory policies. As a result, calculation methods of order up to inven-
tory level and average profit are verified. Also, it is observed that (1 — P) value is a

significant measure to show effectiveness of myopic solution.

In Chapter 4, we implement the model on USD/TRY weekly exchange rate data
including the dates between 01-10-2018 and 03-12-2020. Using exchange rate data,
the transition matrix of purchasing cost states is formed. The obtained transition
matrix includes the probabilities of the transitions from purchasing costs to other ones.
However, time series analysis or different markov chain transition matrices including

the transitions of the change rates of purchasing costs could have been used as well.

There are some assumptions in our USD/TRY exchange rate study to ease com-
putations. There are no setup costs, capacity restrictions or leadtimes. Unsatisfied
demand is lost. Salvage cost is zero. Purchasing cost is constant in USD currency,
but it changes in TRY currency period by period due to exchange rate fluctuations.
Holding cost is a linear function depending on purchasing cost. There is no strategic
customer who can strategically choose when or how much to buy. Demand is occuring

randomly subject to Gamma Distribution.

Using gamma distribution as demand distribution is preferred, since it has always
positive values, and it is also a flexible distribution model. We use two parameters of
gamma distributions, namely shape and scale parameters. We implement four different
gamma distribution models to eliminate the effect of preferences of parameter values.
To analyze the effect of variance in demand, we keep the mean of demand distribution

constant, and change the variance.

The study using USD/TRY data shows that the myopic and dynamic inventory

policies are close in terms of order up to inventory levels and average profits. Also,



(1 — P) values verify this conclusion for all demand distributions. In addition, it is
seen that myopic solution effectiveness, (1 — P), increases as the variance in demand

decreases.

Holding cost rate and price sensitivity analyses are also applied in Chapter 4.
When price sensitivity analysis is carried out, two different cases are considered. First
case assumes that demand is not affected by the change in price. Second case assumes
that demand is dependent on price. In second case, elasticity is 3, so it means that
there is an elastic relation between demand and price. As a result, sensitivity analyses
show that variance in demand negatively affects the results in average profit regardless
of holding cost rate and price parameters. Moreover, whether price is dependent on
demand significantly affects order up to inventory levels and average profits obtained

with simulation.

In Chapter 5, joint pricing and replenishment are considered together on USD/TRY
dataset. While considering pricing, a search mechanism is used over 91 different possi-
ble price values. While determining best price, two different systems are used, namely
best constant pricing and best pricing. First one represents that price is announced
before cost state is determined, so there is only one best constant price for all purchas-
ing cost states. This case can be seen in the businesses which have long price update
period. Second case represents that price can be updated subject to purchasing cost
state after purchasing cost is determined in each period. Therefore, price might be
different for each purchasing cost state in order to maximize profit. This case can be
observed especially in e-commerce since it enables the sellers to update their prices at
any time. The results of pricing systems are compared in terms of order up to inventory

levels and average profits.

When joint replenishment and pricing under exchange rate uncertainty is consid-
ered, it is seen that the results of best constant pricing are more consistent. However,
the difference between mean values of average profits is high, so it can compensate for

the volatility in average profit of best pricing. Therefore, it is seen that cost volatility



promotes best pricing which enables to update price with respect to purchasing cost in
each period. Also, as coefficient of variation of demand decreases, the performance of
best pricing increases since mean of its average profits increases, and standard deviation

of its average profits decreases.



2. LITERATURE REVIEW

Canyakmaz et al. investigate optimal inventory operations under exogenous price
uncertainty. When they study on this problem, they also consider customer arrivals
which are dependent on price. They use stochastic input prices, which affect purchasing
cost and selling price, to compute optimal order up to inventory level. In this thesis,
we investigate inventory control problem similar to their study. However, our main
problem is based on purchasing cost uncertainty, but they also evaluate selling price
uncertainty in their paper. Also, we evaluate pricing, but this point is not one of
their areas of interest. Moreover, they apply sensitivity analyses for price volatility
and customer sensivity to price changes, but we do not interest these areas. However,
we carry out sensitivity analyses for holding cost rate and price parameters in this

thesis [1].

Chen et al. study a periodic-review pricing and inventory control problem with
stochastic price-dependent demand. The cost function that they use includes holding,
shortage, and fixed ordering costs. Optimal inventory level and price are considered
to maximize expected profit over the selling horizon each period. They show that
(s,S) policy is optimal for replenishment at the beginning of each period with additive
demand function. They decide replenishment at first, and then they use this input
to determine optimal price. The main problem that they interest is similar to this
paper. We evaluate periodic-review replenishment and pricing problem together under
cost uncertainty. Similarly, price-sensitive demand is used and unsatisfied demand is
lost. Also, holding cost affects profit, but shortage and fixed ordering costs are ignored
in this study. Re-order point is not evaluated in contrast to their study, and cost

uncertainty is not considered in their study [2].

Chen et al. consider a single-product, periodic review, non-stationary inventory
system under total maximum capacity constraint and fixed ordering costs. They use

state-dependent (s, S) policy, whose parameters only depend on the sum of the net



inventory and the remaining capacity, and various selling price values in their numerical
studies. They investigate how parameters affect the buyer’s optimal performance.
Likewise, we use a stochastic system which includes single-product and multi-period.
Also, sensitivity analysis of holding cost rate and price are done to consider the effects
of these parameters, but it is not the main aim of the thesis. In addition, maximizing
expected profit is one of the important components of this thesis and it is not considered
in their study. The main difference is that they do not consider cost uncertainty in

contrast to this study [3].

Price and demand are exogenous in the newsvendor problem, and the aim is
finding how much of product to stock for a single period. Dada and Petruzzi extent
newsvendor problem by setting selling price and replenishment quantity for each period.
They evaluate the problem with single period and multi period modeling, and also
additive and multiplicative demand models. Likewise, inventory control problem is
evaluated under multi-period system in this thesis. However, the problem is extended
with exchange rate uncertainty and myopic heuristic approach in the first part. In the
second part, pricing is evaluated under exchange rate fluctuation. Another difference
is using different statistical distributions such as gamma, exponential and uniform

distributions for demand distribution while they use mathematical demand models [4].

Federgruen and Heching consider joint pricing and inventory replenishment prob-
lem under demand uncertainty. They use single item with price sensitive stochastic
demand to analyze outputs with periodic-review model. They handle the problem with
both finite and infinite time horizons. They form the structure of an optimal combined
pricing and inventory strategy in similar to this thesis. However, some assumptions are
different compared to our study. In this study, backlogs are not allowed in contrast to
their paper. We use gamma distribution as a demand distribution with different pa-
rameters, so we also interest in the effect of variance in demand distribution. Moreover,
cost uncertainty is the most challenging part of this study, but it is not considered in

their paper [5].



Gao et al. investigate a dynamic inventory control and pricing optimization prob-
lem in a periodic-review inventory system with price adjustment cost. They assume
that the ordering quantity is capacitated. They evaluate the problem with sequential
decisions : firstly, they determine ordering quantity, and then they determine selling
price to maximize total profit. They determine price with respect to inventory-on-hand
after replenishment decision. Likewise, we investigate optimal inventory level and price
together in this study, but these decisions are considered together. Also, capacity re-
striction and setup cost are ignored in this study in contrast to their research. Another
difference is that cost uncertainty is one of the most important factor in this thesis,

but it is not a concern for their research [6].

Gavirneni considers exchange rate in a Markovian fashion under the periodic
review inventory control problem concept. Optimal inventory level is calculated from
one period to the next. In addition, they create a new measure, myopic-optimality,
which is an accurate indicator of the effectiveness of myopic heuristics. Random walk,
mean reverting and momentum models are used as cost transition matrix in the paper.
This study is extended with adding exchange rate uncertainty in this thesis. In other
words, a transition matrix is created with time-based exchange rate (USD/TRY) data;
therefore, the inventory system is evaluated under this stochastic approach. Also,
they use exponential and uniform demand distributions, while we add also gamma
demand distribution with four different models. Moreover, we also analyze the effect
of variance in demand. In addition, pricing is also evaluated in this thesis in contrast

to their research [7].

Gullu and Gurel consider inventory and pricing decisions under cost and demand
uncertainties. They focus on secondary market customers who are relatively price
sensitive compared to more loyal primary market customers. Similarly, pricing and
inventory level are investigated in this thesis. Also, we use price sensitive demand
as their study. However, variance in demand is one of the significant elements to be
investigated in this thesis. Also, sensitivity analyses for price and holding cost rate are

applied to analyze the effects of the preferences of parameters [8].



Kalish deals with pricing of a new product over time in a monopolistic environ-
ment. The objective function is to maximize profit. Cost per unit is assumed to be
declining with increasing demand. Therefore, cost per unit is dependent on volume
of demand which is a function of selling price and cumulative sales. That demand is
dependent on cumulative sales represents the effects of word-of-mouth and saturation.
In this thesis, pricing is also evaluated under monopolistic environment and using ob-
jective is to maximize profit in similar to [9]’s paper. Another similarity is that demand
is dependent on price, but word-of-mouth is not one of concerns in this study. Cost
uncertainty and optimal inventory level are not problems that they handle; however,

these components consist the most significant parts of our motivation for this study [9].

Khmelnitsky and Singer evaluate the problem of determining optimal price for a
product with price-sensitive demand in continuous time. The aim of the policy that
they use is to maximize revenue. They consider sales campaign under two pricing
systems: first one is weekly updating dynamic pricing, and second one is optimal
constant pricing. Similarly, pricing is a concern for this thesis and it is evaluated
with optimal pricing and optimal constant pricing concepts. However, it is evaluated
together with optimal order up to inventory level in this study. Also, price-sensitive
demand is used and they assume that it can be approximated by a Wiener process.
Although price-sensitive demand is used in this paper, we assume that demand follows
gamma, distribution with four different shape parameters. Therefore, the effect of

variance in demand distribution is another concern in this study [10].

Kocabiyikoglu and Popescu mention elasticity of the lost-sales rate (LSR), which
enables to measure elasticity of stochastic demand under newsvendor with pricing
(NVP) problem. Therefore, they provide a new measure tool for stochastic price-
sensitive demand. They evaluate the problem with expected profit maximization ap-
proach under a single product for different demand models which are price dependent.
In addition, they also evaluate the relationship between the optimal NVP price and a
riskless price benchmark. This study is similar to their study in that they consider the

problem with a stochastic system including only one product. Also, expected profit
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maximization problem is used to compare the policies and demand distributions. On
the other hand, there are some differences between this thesis and their study. Firstly,
some statistical models are used for demand function in this thesis while they use
mathematical models. Secondly, exchange rate uncertainty is also considered in this
study. Finally, this study also evaluates the difference between myopic and dynamic

inventory policies [11].

Lee and Ren consider a periodic review stochastic inventory model under ex-
change rate uncertainty and different fixed ordering costs. The aim of their paper is to
examine the benefits of vendor-managed inventory (VMI) by achieving economies of
scale in production and delivery. They also use transition matrices, which have been
used in Gavirneni’s paper [7]. Inventory control problem with a system which is multi-
period and including single product under exchange rate uncertainty is also analyzed
in this thesis as well. However, economies of scale is not one of concerns to be analyzed

in this thesis and also pricing is not evaluated in their study [12].
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3. DYNAMIC AND MYOPIC INVENTORY POLICIES

3.1. Dynamic Inventory Policy

Dynamic inventory policy determines optimal order up to level as it satisfies the
demand and minimizes cost at each period. In deterministic cases, demand is known
at the beginning of the period. If there is not enough inventory, needed inventory is
ordered. However, demand is not known at the beginning of the period in stochas-
tic cases. Therefore, to be ordered quantity must be determined before the demand
is observed. Dynamic inventory policy tries to maximize the profit at each period

independently of deterministic or stochastic demand.

Time periods are equal to each other. Lead time is assumed as zero, in other
words ordering and delivering happen at the same time. Holding cost is dependent on
the inventory on-hand after demand is observed at the end of the period and it is a

linear function. Unsatisfied demand is lost.

In the single period problem, expected single period profit is given as

E[P] = max {/[pt — h(y —t)]d®(t) +py/d<I>(t) —c(y — a:)} (3.1)

y>z
0

In Equation (3.1), z represents the inventory on hand at the beginning of the period.
y represents the order up to inventory level. Therefore, amount of (y — x) needs to
be purchased, and also each sold item creates revenue p per unit. ®(t) represents the

cumulative distribution function of random demand.
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The first part of the above equation represents the single period cost function

when the inventory is y, L(y). Therefore, we can ease the formulation as

E[P] = max {L(y) —c(y — x)} (3.2)

If demand is lower than y, there is no salvage value, but there is holding cost, h.

Also, if demand exceeds y, backorder is not allowed, so excess demand is lost.

Purchasing cost can have several values depending on the exchange rate and it
can be shown as ¢; = {¢1, ¢, ¢3, ..., cx}. It is assumed that purchasing cost follows a
Markovian transition with the probability transition matrix Il = [m;;] where 7;; is the

probability of purchasing cost going from state ¢ to state j.

Price is assumed as constant and exogenous. Also, demand is random and ex-
Yi

ogenous. Expected sales can be shown as E[S]; = y; — /(I)(t)dt for i = {1,2,..., k}.

0
Expected single period profit, E[P]; when the purchasing cost is ¢;, is

E[P); = py; - /(I)(t)dt) - h/cp(t)dt +pyi/d<b(t) ~ ey — ),
. . vi (3.3)
=p(yi — /@(t)dt) - h/(b(t)dt —ci(y; — x).
First order derivative of E[P]; is
Pk - () - ne() . (3.4

And then, it is obtained that

p—(p+hPy)=c, i={1,2,..k}. (3.5)
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Gavirneni proves that p — (p + h)®(z) < ¢; if x > y for the infinite horizon
problem [7]. From this property, if the inventory level is lower than optimal level,
it is known that the derivative of the infinite horizon cost function at that level can

be set equal to the purchasing cost in that period; if not, it can be computed with
k

x
Wi(z) = L'(z) + ZTPZ [W](ZE — p)] m;j. Here, W;(x) represents the derivative of
=1 j=1
expected profit function at state i. 7, is the probability that the demand is p units.

x represents the inventory on hand. m;; is the corresponding transition probability in

the purchasing cost transition matrix.

Gavirneni uses the demands that were discretized with a gap of one unit [7]. We
implement this assumption with ¢(z) = ®(z) — ®(z — 1) equation in Section 3.4 and
Chapters 4 and 5.

Gavirneni forms a procedure to compute the dynamic order up to level as well [7].
The procedure is based on recursively estimating the derivative of the infinite horizon
cost function. He assumes that the demand in any period is non-zero and distributed
discretely. Initial WW;(0) values are equal to ¢; for all i values. The procedure is basically

explained step by step as follows :

(i) Set W;(0) = ¢; for all i values.
(ii) Compute L'(x) = p — (p + h)®(x) by starting with z = 1 and repeating it by
increasing x one by one.
(iii) Compute W;(x) values using

x

k
Wile) = L) + Y7 [Wila = p)| (3.6)

In Equation (3.6), it is significant to check whether W;(z) is greater than ¢; values.
If yes, W;(z) value needs to be set at ¢; value since it means z is below the optimal
solution.

(iv) Find optimal solution which follows y* = inf{z|W;(z) < ¢;} for all i states. y; is

the optimal order up to inventory level in state .
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It is significant to be aware of that order up to inventory level can take only integer
values for the dynamic inventory policy with this procedure. We relax this assumption
assuming that the gap between = values is 0.2 for USD/TRY case in Chapters 4 and 5.
Therefore, it is aimed that the difference between the dynamic and myopic inventory
policies can be compared in a fairer way, since y, ¥ " values can take non-integer values.
myopic

The calculation of y;

; values is going to be explained in detail in Section 3.2.

3.2. Myopic Inventory Policy (Heuristic)

Myopic policies give optimal or nearly optimal solutions for inventory control
problems. Computation is relatively easy with a myopic policy. Therefore, if dynamic
and myopic solutions are close, it can be said that choosing myopic policy may be
more efficient, while considering to be spent time for implementing dynamic inventory
policy. As a result, measuring effectiveness of myopic policy becomes a quite significant
indicator to determine whether dynamic and myopic inventory policies are close to
each other. Gavirneni has launched an indicator of myopic solution effectiveness for

this purpose [7].

Gavirneni makes some changes into expected profit equation in terms of myopic
assumptions. He sets the salvage value for inventory on hand at the end of the period,
and it is called ¢. This term is calculated with & = > m;j;c; equation in which m;
represents corresponding probability of transition matrix. ¢ means prediction of pur-
chasing cost in the next period while being on state i [7]. This variable is added into

the expected single period profit equation as

E[P]i = max {i[pt + (G — h)(ys — DD() +pyi Y (1) — il — w)}- (3.7)

t=0 l=y;

After this update of expected profit, taking the derivative respect to y gives

myopic order up to level so that y ™" = @~ (p_ﬁ—fzé) It is significant to be aware of

inside formula of the paranthesis which is a probability value. Therefore, it must be
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between 0 and 1 values. So, if this value exceeds 1, it is set to a value which is so close

to 1, when numerical study is implemented.

Gavirneni launches an indicator which measures effectiveness of myopic policy
for inventory control problems, and it is called (1 — P) [7]. (1 — P) predicts, on the
average, the probability that being at the myopic level in a period when myopic policy
is used. Gavirneni proves (1 — P) is a good indicator by comparing the differences of

myopic and optimal solutions to (1 — P) values. The formula is

(1-P)= éqizi:wij <1 — @((@—1(295_;—?@) _ (I)_l(pi;—ijgj)Y))' (3.8)

In Equation (3.8), ¢; represents the steady state probability of purchasing cost transi-

tion matrix at state 2.

Since (1 — P) value represents a probability, it can be between 0 and 1 values.
High probability means that the problem tends to be solved with myopic policy, on
the contrary low probability represents that the problem cannot be solved with myopic
policy. In other words, the results of myopic and dynamic inventory policies are close,

if (1 — P) value is close to 1.
3.3. Simulation Procedure for Calculating the Average Profit

Expected profit is a good indicator for considering the effectiveness of (1 — P)
value. As mentioned in Section 3.1, Gavirneni used a procedure to find the dynamic
order up to inventory level [7]. While performing the procedure, if the inventory level
is lower than the optimal level, the derivative of the infinite horizon cost function at
that level is set equal to the purchasing cost in that period. Because of this deduction,
infinite horizon expected profit formula cannot be computed. It is known that the
simulated average profit approximates the expected profit, if length of simulation time
is long enough. Therefore, a simulation is applied to calculate average profit over the

finite horizon for both myopic and dynamic inventory policies.
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Since the focus point of this thesis is the uncertainty in the USD/TRY value in the
future, the order of events in a period is as follows. Firstly, purchasing cost with respect
to USD/TRY value is determined, in other words ¢ state is determined. Secondly, order
up to inventory level is calculated using determined purchasing cost. Thirdly, an order
is placed by comparing order up to inventory level and inventory on hand. And then,
unknown demand occurs, and revenue is calculated. Also, inventory on hand at the end
of the period is calculated, and excess demand is lost. Next cost state, j, is assigned
using purchasing cost transition matrix probabilities for corresponding i state. This

procedure is repeated for the next period, until simulation time horizon is reached.

While performing simulation, initial inventory is assumed to be zero. Before
simulation is applied, optimal inventory levels must be computed for each state 7. To

find average profit, simulation procedure is basically explained step by step below.

(i) Assign initial cost state, i, randomly with equal occuring probabilities.

(ii) Select corresponding order up to levels of myopic and dynamic policies for cost
state 1.

(iii) Check whether an order is needed using the initial inventory and the optimal
inventory level. If an order is needed, compute the difference between y; and the
initial inventory level.

(iv) Sample a value using ¢(z) probabilities to assign ¢, as random demand realization.
While assigning ¢, it is significant that ¢t must be an integer value, so that ¢(z)

probabilities are computed as

o(z) = O(x) — Pz —1). (3.9)

(v) Calculate profit for this simulation epoch with single period profit for each policy

as follows :

pt—h(y; —t) —ci(y; —x), ift <y
pyi — ¢i(ys — ), if t >y
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(vi) Assign next cost state, j, randomly using purchasing cost transition matrix prob-
abilities, ;.
(vii) Repeat steps (ii-vi) until simulation epoch reaches time horizon.

(viii) Compute mean of the single period profits at the end of each simulation.

We use the simulation procedure to calculate average profit in sensitivity and sce-
nario analyses in Section 3.4 and also, Chapters 4 and 5. While performing simulation
to compare the average profits of myopic and dynamic inventory policies, we use the

same assigned demand value for the same simulation epoch.
3.4. The Numerical Example of Gavirneni

Gavirneni performs a numerical study to prove that myopic inventory policy
might be a good approximation to the optimal dynamic inventory policy under cost
uncertainty [7]. The aim of this section is to verify the model of Gavirneni with
comparing the outputs, and determining whether (1 — P) is an efficient measure to

compare dynamic and myopic inventory policies.

In this section, the results in Gavirneni’s paper are illustrated by using the same
inputs [7]. In the paper, they use different purchasing cost values, which are given
as ¢; = {16, 18,20,22,24}. The sales price is constant and 40. Holding cost is also
constant and 5. He uses three demand distributions, namely uniform[1,200], exp(100),
and exp(100) truncated at 300. He uses three different probability transition matrices
for purchasing cost, namely random walk, mean reverting and momentum models.

These matrices are

-0.5 0.5 0.0 0.0 0.0 0.2 0.8 0.0 0.0 0.0 0.8 0.2 0.0 0.0 0.0
0.5 0.0 0.5 0.0 0.0 0.1 03 0.6 0.0 0.0 0.6 03 0.1 0.0 0.0
0.0 0.5 0.0 0.5 0.0 0.0 0.1 0.8 0.1 0.0 0.0 0.5 0.0 0.5 0.0
0.0 0.0 0.5 0.0 0.5 0.0 00 0.6 0.3 0.1 0.0 0.0 0.1 0.3 0.6
_0.0 0.0 0.0 0.5 05(,(0.0 0.0 0.0 08 0.2{,]0.0 0.0 0.0 0.2 0.8
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When we compare purchasing cost transition matrices, it is seen that each one
has its own property. For random walk transition matrix, any cost state does not
have advantage over the other one, since occuring probabilities are equal to each other.
Whereas there is a tendency moving toward inner cost state, ¢z, for mean reverting
transition matrix, it tends to move toward outer points, ¢; and c¢5, for momentum

transition matrix.

While implementing the Gavirneni’s example, (1 — P) values are calculated for
all demand distributions and cost transition matrices [7]. The obtained (1 — P) values
are shown in Table 3.1. As a consequence, when demand distributions are compared
with respect to (1 — P) values, uniformly distributed demand has the highest one, and
then exponentially and truncated exponentially distributed demands respectively for

all cost transition matrices.

Table 3.1. (1 — P) values of the numerical example.

Unif(1,200) Exp(100) Trunc.Exp(100)

Random Walk 0.987 0.941 0.950
Mean Reverting 0.992 0.965 0.970
Momentum 0.991 0.959 0.965

Moreover, while using mean reverting as purchasing cost transition matrix, the
highest (1 — P) value is obtained, and followed by the order is momentum and then
random walk transition matrices respectively for all demand distributions. Therefore,
it can be concluded that(1 — P) value increases as the tendency moving toward inner

purchasing cost states increases.

We can also compare the order up to inventory levels, y;’s, of dynamic and myopic
policies. The procedure to obtain the dynamic inventory level has been explained in

detail in the Section 3.1. It is assumed that y values can take only integer values just

as Gavirneni’s study [7]. Also, myopic inventory level can be found using 3/ =

<I>_1( p_fi_,) as mentioned in the Section 3.2.
p+h—¢;
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The obtained results are shown for exponentially distributed demand function in

Table 3.2, and the values are the same as the results in Gavirneni’s paper [7]. It is ob-

served those y* and y, """

; values decrease and the difference between them decreases

as purchasing cost increases for all transition cost matrices.

Table 3.2. The optimal y and myopic g™/

T

optimal levels for exp(100).

Random Walk | Mean Reverting | Momentum
- y;nyopic yr y;nyopic ot y:rzyopic
16 | 193 194.6 207 208.7 182 | 182.7
18 | 169 168.6 186 187.2 155 | 154.0
20 | 161 160.9 161 160.9 161 | 160.9
22 | 152 152.6 139 138.6 168 | 170.5
24 | 130 129.9 124 123.1 138 | 137.7

Holding cost sensitivity analysis is applied as holding cost is changed between

3 and 7, increasing it by 0.2. y# and ¢

; values are computed according to the

procedure, which is defined in Chapter 3, with different demand distributions under
myopic

both of myopic and dynamic inventory policies. Table 3.3 shows vy and y;

; values

with respect to ¢; are obtained with random walk transition matrix and uniformly

distributed demand for holding cost rate sensitivity under both inventory policies.

In Table 3.3, it is clear that the amount of y; decreases as the value of ¢; increases.
Here, c5 is the highest value, and ¢, is the lowest one. And also, y} value decreases
as holding cost rate increases. These results are valid for both inventory policies. In
myopic

addition, it can be observed that y; and ;

; values are so close to each other, when

the dynamic and myopic inventory policies are compared. Moreover, these results are
valid for all obtained inventory level outputs which can be seen in Appendix A for

other transition matrices and demand distributions.
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Table 3.3. y* and " values obtained from holding cost sensitivity with random

walk transition matrix and uniformly distributed demand under different inventory

policies.
Myopic Inventory Policy Dynamic Inventory Policy
h 1 c2 c3 c4 s c c2 c3 ca s
3.0 184.6 176.0 173.9 171.4 160.0 185 176 174 172 160
3.2 183.2 174.6 172.4 169.8 158.4 184 175 173 170 159
34 181.8 173.2 170.9 168.2 156.9 182 174 171 169 157
3.6 180.5 171.9 169.5 166.7 155.3 181 172 170 167 156
3.8 179.1 170.5 168.1 165.1 153.8 180 171 169 166 154
4.0 177.8 169.2 166.7 163.6 152.4 178 170 167 164 153
4.2 176.5 167.9 165.3 162.2 150.9 177 168 166 163 151
44 175.2 166.7 163.9 160.7 149.5 176 167 164 161 150
4.6 173.9 165.4 162.6 159.3 148.1 174 166 163 160 149
4.8 172.7 164.2 161.3 157.9 146.8 173 165 162 158 147
5.0 171.4 163.0 160.0 156.5 145.5 172 163 160 157 146
5.2 170.2 161.8 158.7 155.2 144.1 171 162 159 156 145
5.4 169.0 160.6 157.5 153.8 142.9 169 161 158 154 143
5.6 167.8 159.4 156.2 152.5 141.6 168 160 157 153 142
5.8 166.7 158.3 155.0 151.3 140.4 167 159 156 152 141
6.0 165.5 157.1 153.8 150.0 139.1 166 158 154 150 140
6.2 164.4 156.0 152.7 148.8 137.9 165 157 153 149 138
6.4 163.3 154.9 151.5 147.5 136.8 164 155 152 148 137
6.6 162.2 153.8 150.4 146.3 135.6 163 154 151 147 136
6.8 161.1 152.8 149.3 145.2 134.5 162 153 150 146 135
7.0 160.0 151.7 148.1 144.0 133.3 160 152 149 144 134

Expected y* can be calculated by multiplying ¢ with corresponding steady state

probability of the cost at state ¢, ¢;, and then sum them up. Expected y* values

and expected sales can be seen in Figure 3.1 for holding cost sensitivity under myopic

inventory policy and random walk transition matrix.

When Figure 3.1 is considered, it is obvious that order up to level decreases as

holding cost increases. In addition, expected sales value also decreases as holding cost
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increases; however, the decrease in expected sales is not as much as in order up to inven-
tory level. As a result, the inventory on hand decreases as holding cost increases. Also,
if we compare the demand distributions, whereas exponentially distributed demand has
the highest expected inventory on hand value, the difference between expected sales
and order up to inventory level, uniformly distributed demand has the lowest one.
Therefore, it can be concluded that expected inventory on hand increases as variance
in demand increases. Moreover, expected inventory on hand values of different demand

distributions get closer as holding cost increases.
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Figure 3.1. Expected y; and Sales under Holding Cost Sensitivity with Random Walk

and Myopic Inventory Policy for Different Demand Distributions.

Furthermore, holding cost sensitivity is also carried out under the dynamic in-
ventory policy and the output is shown in Figure A.1 in Appendix A. The deductions
obtained from Figure 3.1 are valid for the dynamic inventory policy as well. When we

compare the results of dynamic and myopic inventory policies, there is not such a big
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difference between them, so we expect that (1 — P) values as holding cost changes. In
addition, holding cost sensitivity is applied for all different cost transition matrices and

it is observed that they have similar behavior for holding cost change.

The graph including (1 — P) values with respect to h is shown in Figure 3.2. This
graph indicates that (1 — P) values are so close to 1. While considering Figure 3.1
and Figure A.1, it is mentioned that y* and y™*”" values are so close to each other,
so it was expected that (1 — P) values keep close to 1 as holding cost changes. While

considering Figure 3.2, it is seen that the expectation is satisfied.

g JFETFEEE R RS e g 1
< < TR
g g Jo.ssrppissnd
= T e Sy A =
g $] . L awmmm s AT G e s g 5
&2 o« vt &3
I —— unif [1,200] i —— unif [1,200]
5 exp (100) 5 exp (100)
o trunc.exp (100) =] trunc.exp (100)
T T T T T T T T
3 4 5 6 7 3 4 5 6 7
Holding cost Holding cost
(a) Random Walk (b) Mean Reverting
3
© L
o g o 8 (& CSGChare e e
@Q - . . *
= R B
m
>
g 3
—— unif [1,200]
g exp (100)
=] —— trunc.exp (100)
3 4 ] 6 T
Holding cost

(¢) Momentum

Figure 3.2. The Change of (1 — P) Values with respect to Holding Cost with

Different Demand Distributions and Cost Transition Matrices.

In Figure 3.2, it can be observed the same results which are obtained from Ta-

ble 3.1. As holding cost increases, it is clear that (1 — P) values which are obtained
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with exponentially and truncated exponentially distributed demand increase as well.

However, uniformly distributed demand does not have a dramatic change in (1 — P)

value, when holding cost changes. Therefore, it can be concluded that myopic and

dynamic inventory policies get closer as holding cost increases for exponentially and

truncated exponentially distributed demand. When (1 — P) values of different demand

distributions are compared, it is also observed that myopic and dynamic inventory

policies get closer as variance in demand decreases.
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Figure 3.3. Difference Percentage of Average Profits of Dynamic and Myopic

Inventory Policies vs. (1 — P) Values for Different Demand Distributions and Cost

Transition Matrices.

Simulation is applied to compute average profits for a finite horizon using order

up to inventory levels which are obtained from holding cost sensitivity analysis for both

of myopic and dynamic inventory policies. While the simulation procedure is carried
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out, it is assumed that time horizon is 1000, and the simulation is replicated 50 times.
Average profits of dynamic and myopic inventory policies with respect to holding cost
for different demand distributions and cost transition matrices are calculated using the
procedure explained in the Chapter 3. Then, the difference percentage values between
average profits of dynamic and myopic inventory policies are plotted with respect to

(1 — P) values in Figure 3.3.

In Figure 3.3, it can be observed that mean reverting purchasing cost transition
matrix has the highest (1 — P) values for all demand distributions, while random walk
purchasing cost transition matrix has the lowest one. Also, (1 — P) values of uniformly
distributed demand are not affected by holding cost change as much as others, whereas
exponentially distributed demand is so sensitive for holding cost change. In addition,
it is clear that (1 — P) value seems meaningful when we compare it with the difference

of the average profits of myopic and dynamic inventory policies.

Table 3.4. The results obtained from t-test under different cost transition matrices.

Random Walk Mean Reverting Momentum

Unif | Exp | T.Exp | Unif | Exp | T.Exp | Unif Exp | T.Exp

toarissie | 0.003 | 029 | 0.14 | 001 | 02 | 0095 | 001 | 044 | 0.24

Clipwer | =7.77 | =795 | =7.76 | =7.43 | =842 | —7.83 | —11.37 | —8.98 | —8.86

Clypper | 7.8 10.70 | 894 | 7.475 | 10.34 | 8.62 11.46 | 14.11 | 11.32

Moreover, independent t-test is applied to compare the average profits obtained
from simulation of both inventory policies under different purchasing cost transition
matrices and demand distributions. Here, the null hypothesis is that the average profits
for both inventory policies are equal, alternative hypothesis is the average profits for
both inventory policies are not equal. The results of t-test are shown in Table 3.4. It is
obvious that all ty 4. values are in between corresponding confidence intervals with
95% confidence level. Therefore, the average profits of both inventory policies are not

statistically significantly different.
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As a consequence, the model of Gavirneni is verified in this section using simula-
tion [7]. In addition, it is observed that (1 — P) is a good measure to compare myopic
and dynamic inventory policies, when the inventory policies are compared with respect

to average profit. We use these findings and methods in Chapters 4 and 5.
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4. REPLENISHMENT UNDER THE MYOPIC AND
DYNAMIC INVENTORY POLICIES

As purchasing cost changes, replenishment becomes a critical tool for organiza-
tions. If an increase in purchasing cost is predicted for the next period, and also the
inventory is managed well, organizations can have a chance to increase their profits.
Therefore, inventory management is one of the significant elements for organizations

under exchange rate fluctuations.

The aim of this chapter is to implement the same methods, which are explained in
Chapter 3, on USD/TRY dataset. Myopic and dynamic inventory policies are compared
with respect to (1 — P), order up to inventory levels, and average profits computed
using simulation. Moreover, holding cost rate and price sensitivity analysis are applied

to consider the effect of the assumptions for these parameters.
4.1. Inventory Control Problem Under Exchange Rate Uncertainty

In real life, cost may change period by period because of exchange rate fluctu-
ations. Therefore, we assume that purchasing cost can take several values shown as
¢; ={c1, 9, oy 0 b Tt is assumed that holding cost is a linear function of the purchas-
ing cost, so holding cost is a set and it can be shown as h; = {hy, ha, ..., hy}. Each
state has a probability of occuring, so steady state probabilities which are calculated
through transition probabilities can be shown as ¢; = {¢1, ¢, ..., ¢x }. Price is assumed
as constant. As a result, single period expected profit equation is updated related to

using h; instead of h, and it is

E[P]; = max {i:[pt — hi(ys = D) + pyi Y_(t) — ¢y — x)}- (4.1)

t=y;
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Also, (1 — P) equation is updated in terms of the same change, and it is

(1-P)= Zk:qiimj (1 - @((@*(pﬂ—ic_ia) - @-1(]%))?). (4.2)

i=1  j=1

In this study, we use USD/TRY weekly exchange rate data including the dates
between 01-10-2018 and 03-12-2020 to obtain purchasing cost transition matrix. The
dataset is retrieved from Central Bank of the Republic of Turkey. It is assumed that
purchasing cost is always 1000 USD, but its value in TRY changes period by period

due to exchange rate fluctuations.
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Figure 4.1. Boxplot of Purchasing Cost Values.

At first, the dataset is analyzed. Boxplot of the data is shown in Figure 4.1. It is
observed that the cost is changed between 5210 and 8410 TRY. Median is 5875, lower
quartile is 5660 and upper quartile is 6830. Also, the variance is higher for the values
which are bigger than median, whereas the observation is opposite for the values which
are lower than median. The change of cost depending of time is shown in Figure 4.2.

Uptrend is clearly observed in this graph.

We decide to group cost values into bins to obtain purchasing cost transition
matrix. Since minimum cost value is 5210 and maximum cost value is 8410, it is seen

to be appropriate that width is determined as 200. Therefore, ¢; states are found as
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¢; = {5410, 5610, 5810, ...,8410}. Tt can be said that there are 16 different states for

purchasing cost.

Purchasing Cost
5500 6000 &500 7000 7500 8000 8500

2019 2020 2021

Date

Figure 4.2. Time-Dependent Purchasing Cost Values.

After assigning bins, the transition probabilities are computed for each state for
purchasing cost value by createSequence Matrix function from markovchain package,
launched by Spedicato, in R [13]. The logic of this function is as follows : it counts
the transitions from state i to state j for all combinations of i and j values. A matrix
is constituted with these count values. And then, each matrix element is divided
by row sum, so it gives the probabilities of transitions from state ¢ to state j as an

approximation. Therefore, we obtain purchasing cost transition matrix.

After obtaining purchasing cost transition matrix, it is observed that there are
zero probabilities for some transitions. We assign small o value instead of zero values
to create a chance to occur these transitions. Here, a equals to 0.00001. Then, it is

ensured that RowSums equals to one for each row. The obtained transition matrix is
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[ 0.76 0.23 « «a «a «a «a « «a «a «a « « « « «
0.27 0.54 0.18 « a a a a o a a « « « « «
a 008 0.76 0.15 « a a a o o a a « « « «

«a a 021 0.63 014 « o « o « « « « « « «

« «a 0.10 0.10 0.69 0.10 « « « « « « «a « « «

a a a a a a 099 « a o o o o o o o

«a «a «a «a «a a 050 049 « « « « « « « «

a a a a a a a 059 040 « o «a «a «a o «a

a a a a a a a 0.09 0.72 0.09 0.09 « le' « « «

« « « « « « « a 050 049 « « o o « «
« « « « « « « « « a 074 025 « « « o
lo% a « « « « « « « « a 0.66 0.33 « « «

a a a a a a a a a a « a 033 0.66 « «
« « « « « « « « « « « o a 066 033 «
a a a a a a a a a a o a 050 « a 0.49

a a a a a a a a a a « e « a 099 «

The obtained transition matrix is similar to none of random walk, mean reverting
and momentum transition matrices. For the transition matrix obtained with USD/TRY
dataset, purchasing cost tends to get higher values. In other words, there is a tendency

moving toward right outer points, especially c¢i3, ¢4, ¢15 and cyg.

When the obtained transition matrix is considered, it is clear that the probabil-
ities of transitions are concentrated on the diagonal. As a result, a transition matrix
including the increase or decrease rates in purchasing cost could have been used as well.

However, we prefer using this version of the transition matrix to ease interpretation.

Discretized demand is used in this study as in Chapter 3. Since demand needs
to be a positive value, we use gamma distribution for demand. While the mean value
is kept constant, variance in demand is changed to analyze its effect. In this study,
four different gamma distribution models are applied and the graph of their probability
density functions is shown in Figure 4.3. Also, the properties of demand distributions

are shown in Table 4.1.



Table 4.1. The properties of using gamma distribution models.
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Shape Parameter | Scale Parameter | Mean | Sd
Gamma Distribution 1 ) 20 100 45
Gamma Distribution 2 4 25 100 50
Gamma Distribution 3 2 50 100 71
Gamma Distribution 4 1 100 100 100

It is assumed that holding cost has also different states and they are calculated

with h; = hpgeci. In this study, hpqe is assigned as 20 percentage. Price is constant

and it is assigned as 9000. After these assumptions, (1— P) values are calculated for

each different gamma distributions and the results are shown in Table 4.2.
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Figure 4.3. Probability Density Functions of Gamma Distributions.

In Table 4.2, it is observed that (1— P) value decreases as variance in demand

increases. Therefore, it can be said that myopic and dynamic inventory policies are

getting closer as variance in demand decreases just as the results in Section 3.4.
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Table 4.2. (1— P) values obtained with different gamma distributions.

(1-P)
Gamma Distribution (5,20)  0.99998
4,25)  0.99985
2,50)  0.99286
Gamma Distribution (1,100) 0.95816

Gamma Distribution

Gamma Distribution

(
(
(
(

After calculating (1 — P) values, order up to inventory levels of dynamic and my-
opic inventory policies are computed. While computing y; according to the procedure
in Chapter 3, the gap between searching inventory levels is taken as 0.2 instead of 1.

myopic

The reason for this assumption is that y,

; might be a decimal number, whereas

y? could not be with the procedure in Gavirneni’s paper [7]. Therefore, the aim is to
observe the difference of policies in a fair way. This assumption is going to be used for

all analyses of USD/TRY case.

200
|

— Gamma(5,20)
—— Gamma(4,25)
— Gamma(2,50)

Units
100
|

50
|

T T T T T T T
5500 6000 6500 7000 7500 8000 8500

Purchasing Cost

Figure 4.4. y* Values vs. Purchasing Cost States under Dynamic Inventory Policy.

Figure 4.4 shows y* values subject to purchasing cost states under the dynamic
inventory policy. Since y* and y™¥°P® values are close to each other, the graph including

results of the myopic inventory policy is not shown additionally. In Figure 4.4, it can
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be observed that y* values, which are obtained with the dynamic inventory policy,
decrease as purchasing cost increases in this graph. Also, higher variance in demand

leads to higher change in y* values. These results are also valid for the myopic inventory

policy.

After computing order up to inventory levels, average profits are computed ac-
cording to the simulation procedure which is explained in Chapter 3 for myopic and
dynamic inventory policies. Time horizon is assumed as 5000, and simulation is repli-
cated 50 times. Mean, standard deviation and coefficient of variation properties are
computed using these 50 average profits for all demand distributions. The results can

be seen in Table 4.3.

Table 4.3. Properties of average profits obtained with different demand distributions

under the dynamic inventory policy.

Mean Sd CoV

(5,20) 60,776 4,806 0.079

(4,25) 57,620 5,705 0.099

Gamma Distribution (2,50) 43,460 5,432 0.125
Gamma Distribution (1,100) 25,240 5,313 0.210

Gamma Distribution

Gamma Distribution

In Table 4.3, it is observed that average profit decreases significantly as variance
in demand increases. Coefficient of variation is computed by standard deviation divided
by mean. Therefore, it represents the variation according to mean value. In Table 4.3,
it can be said that coefficient of variation of average profit obtained by simulation

increases as variance in demand increases.

4.2. Sensitivity Analysis for Holding Cost Rate

Sensitivity analysis for holding cost rate is carried out in this section. While im-

plementing holding cost rate sensitivity, the range is selected between 10-30 percentage
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incrementing it by 2.

1.00
|

0.98
|

(1-P) Values
0,96
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— Gamma(5,20)
—— Gamma(4.25)
— Gamma(2,50)

092
1

T T T T
0.10 0.15 0.20 025 0.30

Holding Cost Rate

Figure 4.5. (1 — P) Values under Holding Cost Rate Sensitivity.

In Figure 4.5, it is obvious that (1 — P) value increases when holding cost rate
increases, so myopic and dynamic inventory policies are getting closer as holding cost
rate increases. However, there is not a dramatic change in (1 — P) values for Gamma
Distribution with (5,20) and (4,25) parameters. Their performances are quite good
since their variances are lower than others. Moreover, since (1 — P) values are higher
than 0.90 for all demand distributions, the results of the myopic inventory policy must

be close to the results of the dynamic inventory policy.

In Table 4.4, y* and "% values obtained from holding cost rate sensitivity
under both inventory policies can be seen. y values with respect to ¢; are calculated
for other demand distributions and both of dynamic and myopic inventory policies as

well, and they can be seen in the tables between B.1 and B.3 in Appendix B.

The results of holding cost sensitivity are consistent with the results in Section 3.4.
In Table 4.4, it can be observed that y* value decreases as holding cost rate increases
for all ¢; values and all demand distributions. Also, the change in y* value increases
as variance in demand distribution increases when holding cost rate increases. These

results are valid for both of dynamic and myopic inventory policies.
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Average profit values are computed according to the simulation procedure in
Chapter 3 for holding cost sensitivity analysis. When average profit is computed, time
horizon is assumed as 5000 and it is replicated 50 times. After replicated simulation
computation, 50 average profits are obtained. Mean and standard deviation of average

profits obtained with simulation replications can be seen in Figure 4.6.

60000 G0000
Model Model
40000 Gamma (1,100) 40000 Gamma (1,100)
Gamma (2,50) Gamma (2,50)
Gamma (4.25) Gamma (4.25)
Gamma (5,20) Gamma (5,20)
20000 20000
o o
.10 025 0.30 .10 025 0.30

0.15 0.20 2 0.15 0.20 2
Holding Cost Rate Holding Cost Rate

Average Profit
Average Profit

(a) Myopic Inventory Policy (b) Dynamic Inventory Policy

Figure 4.6. Average Profits obtained with Holding Cost Sensitivity under Different

Inventory Policies.

Figure 4.6 shows that average profit decreases, as holding cost rate increases. It
was mentioned that average profit value increases as variance in demand decreases in
Section 4.1. It is seen that this result does not change when holding cost rate changes.

Also, when graphs of inventory policies are compared, it is clear that graphs are almost

same.

The effects of increase in A, are explained in detail in this section. In Table 4.5,
nominal values of changes in terms of (1— P) and y*, and also the percentage change
of average profits comparing with the average profit value, calculating with the default
holding cost rate, can be observed for one percent increase in h,q.. It is observed
that there is opposite relation between (1— P) value and both of the order up to in-
ventory level and average profit change comparing with the average profit, calculating
with default holding cost rate parameter. Also, the change in (1 — P) value, in order

up to inventory level and average profit percentage increases as variance in demand
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increases. Therefore, it can be said that variance in demand increases the sensitivity

to the change in holding cost rate.

Table 4.5. The outputs of holding cost rate sensitivity analysis under dynamic

inventory policy.

il - rr—
Gamma Distribution (5,20) < 0.001 -1.36 -1.28%
Gamma Distribution (4,25) 0.003  -1.49 -1.51%
Gamma Distribution (2,50) 0.058  -1.92 -2.29%
Gamma Distribution (1,100)  0.207  -2.23 -3.14%

4.3. Sensitivity Analysis for Price

In this section, sensitivity analysis for price is carried out. Price is assumed
as constant and determined by market, so that it is assumed that the change in price
does not change demand. We relax this assumption in Section 4.4. While implementing

price sensitivity, the range is selected between 8500-9500 incrementing it by 100.

(1—P) values are computed under price sensitivity, and the results can be seen
in Figure 4.7. When price increases, it is obvious that (1— P) value increases so that
myopic and dynamic inventory policies are getting closer in Figure 4.7. However, there
is not a dramatic change in (1— P) values for Gamma Distribution with (5,20) and
(4,25) parameters. Since their variances are lower than others, their performances are
quite good again. As a result, it can be said that change in (1— P) value decreases
as variance in demand also decreases, when price increases. Moreover, since (1— P)
values are higher than 0.95 for all demand distributions and price values, it is known

that the results of myopic and dynamic inventory policies are very similar.
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Figure 4.7. (1— P) Values under Price Sensitivity.

yr values with respect to ¢; are computed according to the procedure in Chap-
ter 3. Table 4.6 shows that y* values are obtained from price sensitivity analysis for
demand with gamma distribution (k=5) under both inventory policies. These values
are computed for other assumptions as well, and they can be seen in the tables between

B.4 and B.6 in Appendix B.

In Table 4.6, y* value increases as price increases for all ¢; values and all demand
distributions under both of dynamic and myopic inventory policies. And also, the
change in y* value increases as variance in demand distribution increases, and price
changes. Thercfore, it is clear that y* values arc highly correlated with the variance
in demand distribution for price sensitivity as well. These results are valid for both of

myopic and dynamic inventory policies.

Average profits are computed with the same simulation procedure in Chapter 3
for price sensitivity analysis. Time horizon is assumed as 5000 and the simulation is
replicated 50 times. Mean and standard deviation of average profits obtained with
simulation can be seen in Figure 4.8. It is clear that average profit increases as price
increases. There is an order among the demand distributions, if values are compared

for all price values. As variance in demand decreases, average profit value increases



39

Model
Gamma (1,100)
Gamma (2,50)
Gamma (4,25)
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Figure 4.8. Average Profits Obtained with Price Sensitivity under Different Inventory

Policies.

4.4. Sensitivity Analysis for Price with Price Dependent Demand

In this section, sensitivity analysis for price is carried out with price dependent
demand. It is assumed that demand is multiplicative, and the mean demand is given as
D(p) = ap~F. Elasticity, F, is assumed as 3, so it means that there is an elastic relation

between demand and price. In other words, demand increases as price decreases.

Since it is assumed that demand is dependent on price, expected single period

profit equation is updated related to using t(p) instead of ¢, and it is

E[P]; = max {i[p (p) = hiy = t(p)]@(t(p)) +pyi Y_2(t(p)) — cilys —x)}' (4.3)

Yi >T
¢ t=0 t=y;

In Equation (4.3), ¢ can take integer values between one and k.

While implementing price sensitivity, the range is selected between 8500-9500
incrementing it by 100 just as in the Section 4.3. In this section, elasticity refers to the

relation between price and the mean of gamma demand distribution. Therefore, the
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mean of demand distribution increases as price decreases. Since we use various gamma
distributions for demand, as mean changes with price, standard deviation changes as
well. The relation between price and the mean of demand distribution can be seen in
Figure 4.9. The reference point is assumed as (p, D) = (9000, 100). Other mean points
of demand distribution are computed with the mean demand function, D(p) = ap~F,

I3

assuming that elasticity, £, is 3

Price
12000 14000
1 !

10000
I

8000
I

6000
I

T T T T T T T
50 100 1560 200 250 300 350

Mean of Demand Distribution

Figure 4.9. The Relation between Price and Mean of Demand Distribution.

In Figure 4.9, demand represents the mean value of demand distribution. In
gamma distribution, we use shape and scale parameters. While adjusting mean, shape
parameter is kept constant and only scale parameter is changed. The properties of
gamma distribution with shape parameter being 5 can be seen in Table 4.7 as price
changes. As price increases, mean of demand distribution decreases and also, variance

in demand decreases as well.

It is mentioned that coefficient of variation, CoV, represents the variation ac-
cording to mean value in Section 4.1. In Table 4.7, it is observed that coefficient of
variation is constant as mean and variance in demand changes. The coefficient of vari-
ation values are shown in Table 4.8 for all demand distributions. It is observed that

coefficient of variation increases as shape parameter of gamma distribution decreases.
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Table 4.7. Properties of an using gamma distribution.

Price Shape Par. Scale Par. Mean Sd CoV
8500 ) 23.74 118.71 53.09 0.45
8600 ) 22.92 114.61 51.26 0.45
8700 5) 22.14 110.71 49.51 0.45
8800 5) 21.39 106.97 47.84 0.45
8900 5) 20.68 103.41 46.25 0.45
9000 5} 20.00 100.00 44.72 0.45
9100 5) 19.34 96.74 43.26 0.45
9200 ) 18.72 93.62 41.87 0.45
9300 ) 18.13 90.63 40.53 0.45
9400 5) 17.55 87.77 39.25 0.45
9500 5) 17.01 85.03 38.03 0.45
yr and """ values with respect to ¢; are computed for price sensitivity accord-

ing to the procedure in Chapter 3, while adjusting the mean of demand distribution
according to price using elasticity parameter. Figure 4.10 indicates that there is a

direct relation between y and purchasing costs under dynamic inventory policy.

Table 4.8. Coefficient of variation values of all gamma distributions with price

dependent demand.

Shape Par. CoV

Gamma Distribution 5 0.45
Gammea Distribution 4 0.50
Gamma Distribution 2 0.71

Gamma Distribution 1 1.00
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In Figure 4.10, it can be observed that slope of y* with respect to ¢; is different
for different price values. Moreover, it is observed that the lines overlap around 8000
for purchasing cost. Here, order up to inventory level is almost constant regardless of
the price value. In Table 4.6, this result is not observed, therefore it is clear that using
price dependent demand causes the overlap of lines around 8000 for purchasing cost.
Also, order up to inventory levels are computed for other demand distributions and
inventory policies as well, and the results of all demand distributions can be seen in

the tables between B.7 and B.10 in Appendix B.
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Figure 4.10. y* Values Change with Gamma Dist. (k=5) under Dynamic Inventory
Policy.

Simulation is performed to compute average profits for different demand distribu-
tions according to the procedure in Chapter 3 under both of the dynamic and myopic
inventory policies. Assumptions are the same just as in Section 4.3. Time horizon is
5000 and the simulation is replicated 50 times. The results of average profit simulation

is shown in Figure 4.11.

It is clear that average profit increases as price increases for all demand distribu-
tions in Figure 4.11 just as in Section 4.3, even though price sensitive demand is used.
The reason of this result is that peak point of the revenue function is not reached under

these circumstances. Also, there is an order among the demand distributions, if aver-
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age profits are compared for all price values. Average profit value increases as variance
in demand decreases, and the order does not change as price changes. In addition,
graphs of inventory policies are compared, there is not such a big difference between

the myopic and dynamic inventory policies.
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Figure 4.11. Average Profits obtained from Price Sensitivity with Price Dependent

Demand under Different Inventory Policies.

If we compare the average profits under price sensitivity between Figure 4.8 and
Figure 4.11, it is clear that the range of average profit values is lower in Figure 4.11.
Therefore, the leverage effect of the increase in demand with respect to price can
be seen as price decreases in Figure 4.8. And also, the opposite effect can be seen
as price increases in the same graph. Moreover, the order among different demand
distributions are the same for all price values in these graphs. Therefore, whether
demand is dependent on price does not change the result that variance in demand is

significant for average profit.

The effects of increase in price are explained in detail in this section. In Table 4.9,
nominal values of changes in terms of y* and average profit can be observed for one
unit increase in price. It can be said that there is an opposite relation between the

changes in order up to inventory level and average profit as coefficient of variation in

demand increases.



Table 4.9. The outputs of price sensitivity analysis with price dependent demand

under dynamic inventory policy.

AEly*]  AAP

Ap Ap

Gamma Distribution (k=5) 0.003 70.3
Gamma Distribution (k=4) 0.007 64.6
Gamma Distribution (k=2) 0.018 53.7
Gamma Distribution (k=1) 0.026 37.1
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5. JOINT REPLENISHMENT AND PRICING UNDER
DYNAMIC INVENTORY POLICY

Pricing is one of significant strategic tools for organizations. Some brands get
position at high prices, while some of them get position at low prices. Pricing strategy
decision of companies dramatically affects how many they will sell. In this chapter,
pricing is considered as a strategic tool to maximize profit under exhange rate uncer-

tainty.

In Chapter 4, price is assumed as a constant value (p=9000) and the effects of
price parameter change on y* and average profit are analyzed. Besides these effects,
purpose of this chapter is to determine the best price and y* together. Since optimal
order up to inventory level with respect to purchasing cost state is determined in
Chapters 3 and 4, the main problem is to determine the corresponding best price in

this chapter.

While determining best price, two different systems are used. First case assumes
that price is announced before the purchasing cost state is determined, so there is only
one best constant price for all cost states. This case can be observed in the businesses
that have long price updating period or have long-term contract with their customers.
The change in the purchasing cost does not affect the selling price. Second case assumes
that price can be updated with respect to purchasing cost state at each period, so there
are different best prices for all cost states. Second case can be observed especially in
e-commerce. E-commerce allows the sellers to change the prices of the products at any

time. We use simulation to carry out and compare these pricing systems.

In this chapter, dynamic inventory policy procedure, which is identified in Chap-
ter 3, is used to determine y*. The procedure assumes that price is constant, so we
ignore the effect of the change in price when we compute y* values for best pricing case.

Also, price dependent demand distribution is used for this chapter as in Section 4.4.
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In addition, all assumptions are the same just as previous chapter, unless otherwise

stated.

5.1. Joint Replenishment and Constant Pricing

In this section, we assume that price is announced before purchasing cost state
is determined. The purpose of this section is to determine the best constant price
and optimal order up to inventory levels with respect to purchasing cost states. A
procedure is formed to find the best constant price and optimal order up to inventory

levels together.

The first step of the procedure is to determine the range of possible prices. It
is assumed that demand is dependent on price, so mean of demand distribution is
determined with respect to each possible price. After getting p and D paired values,
y* values, which are dependent on them, are computed with dynamic inventory policy
procedure as explained in Chapter 3. Therefore, we have (p, D, y) grouped values, and
D and y values are dependent on p values. So, finding the best constant p is quite

critical since it affects other inputs.

Average profit value can be computed using (p, D,y) grouped values for each
price option. Simulation procedure is applied as explained in Chapter 3 to compute
average profit values. After finding average profits obtained with simulation, the best
constant price is selected with p = arg max E[P] formula. We use a search mechanism

over price.

The procedure to find best constant price and optimal order up to inventory levels

is explained step by step below.

(i) Determining possible price values to be searched.

E

(ii)) Mean of demand distribution is determined using D(p) = ap™" equation with

respect to all possible prices. Elasticity, F, is assumed as 3.
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(iii) yr value for each cost state is computed as explained in Chapter 3 using possible
prices and mean values of demand distribution, which are dependent on price.

(iv) Average profit simulation procedure is carried out separately as explained in
Chapter 3 for each possible price. Therefore, we obtain average profit value for
each possible price.

(v) Selecting the best constant price which maximizes average profit.

(vi) After finding the best constant price, corresponding mean value of demand dis-

tribution and optimal order up to inventory levels are selected among the values

In conclusion, the best constant price regardless of purchasing cost state, and
also optimal order up to inventory level subject to both of purchasing cost and price
dependent demand are determined in this procedure. This procedure is going to be

implemented on USD/TRY dataset in Section 5.3.

5.2. Joint Replenishment and Pricing

In this section, we assume that price can be updated related to cost state at cach
period. In real world, it is clear that selling price is not constant, when purchasing
cost changes. Therefore, we form a procedure to find both of best price and optimal
order up to inventory level for each cost state in this section. The best price and
optimal order up to inventory level are determined after purchasing cost is observed.
In addition, best pricing is not the same as dynamic pricing. Price only changes when

purchasing cost changes for best pricing.

The procedure is similar to best constant pricing procedure. Until finding (p, D, y)
grouped values, the steps are the same. While computing optimal order up to inventory
level using the procedure in Chapter 3, we assume that price is constant. However,
price is changed subject to purchasing cost in this chapter. Therefore, we ignore the

effect of the change in price on optimal order up to inventory level.
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The difference between pricing policies is in computation of average profits. Here,

simulation procedure is carried out to compute average profit just as in the best con-

stant pricing. However, the difference is that it is applied for each cost state separately.

Therefore, there are different average profit values obtained with simulation for each

purchasing cost state and price combination. The best price is determined by using

pi = argmax F[P]; formula for each cost state.

After finding best prices for each cost state, y; and D; parameters are also deter-

mined since these are dependent on p;. As a result, we have (¢;, h;, y;, ps, D;) for each

cost state i. The procedure to find best prices and optimal order up to inventory levels

for purchasing cost states is explained step by step below.

(vii)
(viii)

(ix)

Determining possible price values to be searched.

Mean of demand distribution is determined using D(p) = ap™* equation with
respect to all possible prices. Elasticity, F, is assumed as 3.

yr value for corresponding cost state is computed as explained in Chapter 3 using
possible prices and mean of demand distribution values, which are dependent on
price.

Purchasing cost state, 4, equals to 1.

Average profit simulation procedure is carried out separately as explained in
Chapter 3 for each possible price and purchasing cost combination. Therefore,
we obtain average profit value for each combination.

Selecting the best price which maximizes average profit for corresponding pur-
chasing cost state.

Incrementing ¢ by one.

Repeat steps (v-vii) until the best price is computed for each purchasing cost.
After finding the best prices, corresponding mean values of demand distribution
and optimal order up to inventory levels are determined for all purchasing cost

states.
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In conclusion, the best price subject to purchasing cost state, and also optimal
order up to inventory level subject to both of purchasing cost and price dependent
demand are determined in this procedure. This procedure is going to be implemented
on USD/TRY dataset and to be compared with best constant pricing procedure in
Section 5.3.

5.3. Comparison of Best Constant Pricing and Best Pricing with

Numerical Study

The aim of this section is to compare the systems including the best constant
pricing and the best pricing. While implementing numerical study, the inputs are the
same as Chapter 4. Here, we assume we search the price between 6000 and 15000
incrementing it by 100. Therefore, there are 91 different possible selling price values.
Also, the relation between demand and price is assumed as multiplicative, and elasticity

is assumed as 3 just as Section 4.4.

At first, best constant pricing system is performed. The best constant price
and optimal order up to inventory levels are computed according to the procedure as
explained in Section 5.1. When simulation procedure in step (iv) of the best constant
pricing procedure is performed, time horizon is assumed as 3000, and the simulation
is replicated 100 times. The results of the best constant prices and related demand

distributions for different shape parameters can be seen in Table 5.1.

In Table 5.1, it can be observed that best constant price increases as shape param-
eter of demand distribution decreases. It was mentioned that coefficient of variation
represents the variation according to mean value, and it is computed by standard de-
viation divided by mean in Section 4.1. According to the results of Table 5.1, the
best constant price value increases as coefficient of variation in demand distribution in-
creases. Moreover, the relation of mean and standard deviation of demand distribution

is opposite according to the results.
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Table 5.1. Results of best constant pricing with different shape parameters.

Best Constant Shape Par. Scale Par. Mean Sd  CoV
Price
Gamma Dist. 1 12,900 5 6.79 33.95 15.18 0.45
Gamma Dist. 2 13,000 4 8.30 33.20 16.60 0.50
Gamma Dist. 3 14, 300 2 12.46 2492 1762 0.71
Gamma Dist. 4 14,900 1 22.04 22.04 22.04 1.00

Optimal order up to inventory levels with respect to determined the best con-
stant prices for purchasing cost states under different demand models are shown in
Figure 5.1. Here, it is clear that order up to inventory level decreases as purchasing
cost increases in general. However, it can be observed that the change in optimal in-
ventory levels with respect to purchasing cost states increases as coefficient of variation

of demand distribution increases.
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Figure 5.1. y* Values for Each Cost State under Dynamic Inventory Policy and

Different Demand Distributions for Best Constant Pricing.

After implementing the best constant pricing procedure, the best pricing proce-

dure is carried out to determine best price for each cost state. The best prices and
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optimal order up to inventory levels are calculated as explained in Section 5.2. The
assumptions of price elasticity and possible prices are the same. When simulation pro-
cedure in step (v) of the best pricing procedure is performed separately for each cost
state, time horizon is assumed as 1000, and the simulation is replicated 100 times for

each one.

The best prices with respect to purchasing cost states using different shape pa-
rameters of demand distribution are shown in Figure 5.2. It can be observed that
best price and purchasing cost are directly related. Also, when demand distributions
are compared, selling price increases for the same purchasing cost state in general as

coefficient of variation of demand distribution increases.

(e}
(=]
= .l
bl
(=]
(=]
2
o o™
a8 o=
DSt S|
(o]
(=]
& o
(=]
— Gamma (k=5)
7 —— Gamma (k=4)
5 —— Gamma (k=2)
o
o
" T T T T T T T
5500 6000 6500 7000 7500 8000 8500

Purchasing Cost

Figure 5.2. The Best Prices for Each Cost State under Dynamic Inventory Policy and

Different Demand Distributions.

Optimal order up to inventory levels subject to purchasing cost states with re-
spect to determined best prices under different demand models are computed. It is
significant to remind that we ignore the effect of the change in price while computing
yr. The results of optimal order up to inventory levels with respect to best prices and
purchasing costs are shown in Figure 5.3. Here, it can be observed that the behavior

is similar to best constant pricing case. It is clear that order up to inventory level
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decreases as purchasing cost increases in general. Also, the difference between opti-
mal inventory levels of demand distributions decreases as purchasing cost increases. In
addition, there is not such a significant difference among different demand models in
Figure 5.3, in contrast to the results of Figure 5.1. Another difference is that optimal
order up to inventory levels are between 33 and 143 in Figure 5.3, whereas they are
between 33 and 54 in Figure 5.1. Therefore, it is clear that the range of optimal inven-

tory levels and the volumes are higher for the best pricing case.
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Figure 5.3. y* Values for Each Cost State under Dynamic Inventory Policy and
Different Demand Distributions for The Best Pricing.

After all computations, the systems including the best constant pricing and the
best pricing are compared. It needs to be realized that price, properties of demand with
respect to price, and y values are obtained in previous steps. For comparison, average
profit simulation procedure is carried out as mentioned in Chapter 3. Time horizon is
assumed as 4000 and it is replicated 100 times. Mean and standard deviation of average

profits obtained from simulation are calculated for different demand distributions.

Using replicated simulation results, t-test is performed to check the means of
average profits are equal or not. Here, hypothesis is that the average profits of the

best constant pricing and the best pricing systems are equal, alternative hypothesis is
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that the average profits for both pricing systems are not equal. The results of t-test
are shown in Table 5.2. It is obvious that all t4sc values are not in between corre-
sponding confidence intervals with 95% confidence level. Therefore, average profits of

both pricing policies are statistically significantly different for all demand distributions.

Table 5.2. T-test results of simulation for average profit under different demand

distributions.
Lstatistic Cliower Clupper
Gamma Dist. (k=5) 135 40, 254 41,448
Gamma Dist. (k=4) 71 34,142 36, 106
Gamma Dist. (k=2) 69 25,304 26, 797
Gamma Dist. (k=1) 27 11,314 13,075

Moreover, confidence interval levels, CI, represents the expected difference be-
tween average profits of the pricing systems in Table 5.2. It is observed that the
expected difference value of average profit values decreases as shape parameter of the
demand distribution decreases. In other words, expected difference value of average
profits of the pricing systems decreases as coefficient of variation in demand distribution

mcreases.

Table 5.3 shows the mean and standard deviation of average profits obtained
from replicated simulation. It is clear that the best pricing has a significant advantage
over the other one, when mean values are considered. Also, it is obvious that average
profit decreases as shape parameter of demand distribution decreases. However, when
standard deviation values are compared, best constant pricing has an advantage for
all demand distributions. When demand distribution is used with shape parameter 5,
best pricing can compensate for having higher standard deviation than best constant

pricing due to the dramatic difference between mean of average profits.
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Table 5.3. Properties of average profit values obtained with simulation under different

demand distributions.

Best Constant Pricing Best Pricing

Mean Sd Mean Sd
Gamma Dist. (k=5) 93, 880 1,763 134,731 2,459
Gamma Dist. (k=4) 96, 495 2,183 131,619 4,463
Gamma Dist. (k=2) 89, 924 2,099 115,975 3,146
Gamma Dist. (k=1) 84,103 2,453 96, 298 3,727

In conclusion, it is observed that the best price value increases as coefficient
of variation in demand for both of the best constant pricing and the best pricing
systems. Also, price value increases as purchasing cost increases for both of the pricing
systems. Moreover, there is an opposite relation between purchasing cost and optimal
order up to inventory levels for both of the pricing systems. While there are some
similarities between the pricing systems, there are also differences, especially in the
results of average profits. When standard deviation of average profit is analyzed, the
best pricing might be seen as a bit risky, since its standard deviation values are higher
than the other one’s for all demand distributions. However, mean value of average
profit is higher than the result of the best constant pricing for the best pricing system.
Since the gap between mean of average profit values of the pricing systems is high,
taking the risk of the deviation might be preferable to increase profit. Therefore, cost
volatility promotes the best pricing which is an extreme pricing policy that changes

every period.
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6. CONCLUSION

In recent years, many companies face complex supply chain problems due to
globalization. Because of competition among companies, their cost concerns get more
significant. In Turkey, USD/TRY exchange rate is always fluctuating, so deciding and
acting at the right moment is so crucial for financial sustainability. Therefore, we
believe that this study will be useful for not only following academical studies related

to exchange rate uncertainty, and also business problems.

We verify the methods to compute order up to inventory levels of the dynamic
and myopic inventory policies using the same example of Gavirneni’s paper at the
beginning [7]. It is observed that (1— P) value is a good measure to compare the
dynamic and myopic inventory policies, because of the coherence between the (1 — P)
values and average profits obtained with simulation under both dynamic and myopic
inventory policies. Also, it is seen that the myopic and dynamic inventory policies
get closer as variance in demand decreases. In addition, the change in purchasing cost
transition matrix affects the closeness between the dynamic and myopic inventory poli-
cies. The myopic inventory policy may be used for the transition matrices, which have
a tendency moving toward inner points, since myopic solution effectiveness increases.
When holding cost sensitivity analysis is carried out, it is seen that order up to in-
ventory level decreases as holding cost increases. Also, closeness of the dynamic and

myopic inventory policies increases as holding cost increases.

We construct a Markovian transition matrix using USD/TRY exchange rate data.
It is observed that there is a tendency moving toward higher purchasing cost values in
the transition matrix. With using this transition matrix, we compare the myopic and
dynamic inventory policies in terms of order up to inventory levels and average profit
values under different demand distributions. We assume that there is no strategic cus-
tomers, so we ignore speculative activities of customers such as changing strategically

when or how much products they buy. As a result, it is seen that myopic inventory
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policy has a good performance on USD/TRY study, since (1— P) value, which is an
indicator of myopic solution effectiveness, is higher than 0.95 for all demand distribu-
tions. Also, (1 — P) value decreases as coefficient of variation of demand increases. In
other words, myopic solution effectiveness decreases as coefficient of variation of de-
mand increases. Moreover, it is observed that average profit obtained with simulation
increases as coefficient of variation of demand decreases. The coefficient of variation of

demand also affects the volatility in average profits.

Holding cost rate and price sensitivity analyses are also applied to analyze the
effect of the change in parameter values on USD/TRY dataset. Price sensitivity is
carried out with two different assumptions. First case assumes that demand is not
affected by the change in price, and second one assumes that demand is dependent on
price. Sensitivity analyses show that there is a clear pattern and order among demand
distributions regardless of the holding cost rate and price parameters, when average
profit graphs are considered. It is seen that the demand distribution, which has the
lowest coefficient of variation, has the best performance according to the results of
sensitivity analyses. Also, the order is not affected by the change of parameter values,
but average profit and order up to inventory level values are affected by the change in

holding cost rate and price parameters.

According to the results of holding cost rate sensitivity for gamma distribution
using shape parameter 1, the one percent increase in holding cost rate causes 0.207
increase in (1 — P), and 2.23 decrease in expected order up to inventory level, and also
3.14% decrease in average profit. Therefore, average profit decreases as holding cost
rate increases. Also, order up to inventory level decreases as holding cost rate increases.
Moreover, effectiveness of the myopic inventory policy increases as holding cost rate
increases. These results are valid for all demand distributions, but the change values
are different. It is seen that the sensitivity to holding cost rate increases as coefficient of
variation of demand increases in terms of (1 — P) value, expected order up to inventory

level and average profit obtained with simulation.
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It is observed that (1 — P) value increases as price increases in general, when price
sensitivity analysis is carried out. However, there is not dramatic change in (1— P)
value in the results of price sensitivity analysis. The most significant difference between
two different price sensitivity analyses is in order up to inventory levels. It is observed
that using price dependent demand avoids dramatic change in order up to inventory

levels, and also average profits.

According to the results of price sensitivity with price dependent demand, the
one unit increase in price causes 0.026 increase in expected order up to inventory level,
and 37.1 increase in average profit for gamma distribution using shape parameter 1.
Therefore, expected order up to inventory level increases as price increases. Also, av-
erage profit increases as price increases. It is observed that the nominal change in
expected order up to inventory level increases as coefficient of variation of demand in-
creases. Moreover, nominal change in average profit decreases as coefficient of variation

of demand increases.

After replenishment problem is evaluated on USD/TRY dataset, joint replenish-
ment and pricing problem is considered. The aim is to compute best price and optimal
order up to inventory level together. While determining best price, two different pricing
systems are used, namely best constant pricing and best pricing. First one represents
that price is announced before purchasing cost state is determined, so there is only one
best constant price for all purchasing cost states. Second one represents that price can
be updated with respect to purchasing cost state after purchasing cost is determined in
each period, so price might be different for each cost state in order to maximize profit.
While determining best price, average profit simulation is carried out. Then, price
and order up to inventory level combination, which maximizes average profit value, are

selected for both pricing systems.

It has been observed that best constant price increases as coefficient of variation
of demand also increases. Also, best price with respect to purchasing cost increases

as coefficient of variation of demand increases for best pricing system. It is seen that
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average profit obtained with simulation decreases as coefficient of variation of demand
increases for both of pricing systems. However, volatility in average profit increases as

coefficient of variation of demand increases.

T-test is carried out to determine whether there is a significant difference between
average profits obtained with simulation from both pricing systems. According to the
results, the pricing systems are significantly different, and the difference value decreases
as coefficient of variation of demand increases. As a result, the best pricing system has
an advantage over the best constant pricing system in terms of mean of average profits

obtained with simulation.

When best constant pricing and best pricing systems are compared in terms
of nominal values, the mean of average profits obtained with best constant pricing
is 93,880 whereas it is 134,731 for best pricing for gamma distribution using shape
parameter 5. The mean of average values are 84,103 and 96,298 respectively for gamma
distribution using shape parameter 1. Moreover, standard deviation of average profits
are 1,763 and 2,459 respectively for gamma distribution using shape parameter 5. Also,
they are 2,453 and 3,727 respectively for gamma distribution using shape parameter 1.
Therefore, it is seen that standard deviation of average profits obtained with simulation
is higher for best pricing system. On the other hand, mean of average profits is also

higher for best pricing system.

In conclusion, even though selecting best pricing seems risky, since it has higher
volatility in average profits, the difference between average profits of both pricing sys-
tems is high. As a result, taking the risk of the volatility in average profit might
be preferable to increase profit. In conclusion, cost volatility promotes best pricing,
which enables to update price with respect to purchasing cost state in each period after

purchasing cost is determined.

Beyond this research, some improvements for future work can be considered.

Normalizing the purchasing cost with respect to inflation could be one of the meaningful
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points to be investigated. Also, speculative stocking activities of the sellers could be
considered using the ratio of sales price to purchasing cost. The motivation behind this
improvement is that a seller might not want to sell its product if its selling price is not
high enough to persuade the seller to sell. Also, different transition matrices including
the decrease or increase ratio of purchasing cost can be used in order not to limit the

purchasing cost realizations.
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APPENDIX A: FIGURES AND TABLES OBTAINED
FROM GAVIRNENI(2004)’S EXAMPLE

A figure which is related to holding cost sensitivity analysis under dynamic inven-
tory policy, and y* values which are obtained from sensitivity analyses with Gavirneni’s
example in Section 3.4 are attached this appendix [7]. order up to inventory values are
shown separately according to using inventory policies, demand distributions, transi-

tion matrices, and the parameters which sensitivity analysis conducted.
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Figure A.1. Expected y; and Sales under Holding Cost Sensitivity with Random
Walk and Dynamic Inventory Policy for Different Demand Distributions
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Table A.1. y* values obtained from holding cost rate sensitivity with random walk

transition matrix and exponentially distributed demand under different inventory

policies.

Myopic Inventory Policy

Dynamic Inventory Policy

h a Co c3 c4 cs a Co c3 c4 cs5
3.0 | 256.5 2120 203.7 1946 160.9 252 212 204 192 161
3.2 | 247.7 2064 198.1 189.1  157.1 244 207 198 187 158
34| 239.8 201.1 1929 184.0 1534 237 201 193 182 154
3.6 | 2325 1962 188.0 1792 1499 230 197 188 178 150
3.8 2259 1915 1835 1747 146.6 223 192 184 173 147
40| 2197 1872 179.2 170.5 143.5 218 188 179 169 144
4.2 214.0 183.1 175.1 166.5 140.5 212 183 175 165 141
44| 2087 1792 1713 162.7 137.7 207 180 172 162 138
46| 203.7 1755 167.7 159.2 135.0 202 176 168 158 135
4.8 199.0 172.0 164.2 1558 1324 198 172 165 155 133
5.0 | 194.6 168.6 160.9 1526 129.9 193 169 161 152 130
52| 1904 165.5 157.8 1495 127.6 189 166 158 149 128
54| 186.5 1624  154.8 146.6 1253 18 163 155 146 126
5.6 | 182.7 159.5 152.0 143.8 123.1 182 160 152 143 124
58 | 179.2  156.7 149.3 1412 121.0 178 157 150 141 121
6.0 | 175.8 154.0 146.6 138.6 119.0 175 154 147 138 119
6.2 | 172.6 151.5 144.1 136.2 117.0 172 152 144 136 118
64| 169.5 149.0 141.7 1338 1151 169 149 142 134 116
6.6 | 166.5 146.6 1394 1316 1133 166 147 140 131 114
6.8 | 163.7 1443 1371 1294 111.6 163 145 137 129 112
70| 160.9 1421 1350 1273 109.9 161 143 135 127 110
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Table A.2. y* values obtained from holding cost rate sensitivity with random walk

transition matrix and exponentially (truncated at 300) distributed demand under

different inventory policies.

Myopic Inventory Policy

Dynamic Inventory Policy

h a Co c3 c4 cs a Co c3 c4 cs5
3.0 209.7 1809 175.0 1685 1428 208 181 175 167 143
32| 2043 1769 171.0 1644 139.7 203 177 171 163 140
34| 1994 1732 1672 160.6 136.8 198 174 168 160 137
3.6 | 1947 1696 163.6 1569 134.0 194 170 164 156 134
3.8 1903 166.2 160.2 153.5 131.3 189 167 161 153 132
40| 1862 163.0 1569 150.3 128.7 185 163 157 150 129
4.2 182.3 159.9 153.9 147.2 126.3 182 160 154 147 127
44| 1786 1569 1509 144.2 1239 178 157 151 144 124
4.6 | 175.0 154.1 148.1 1414 121.7 174 155 148 141 122
48 | 1717 1514 1454 1387 119.5 171 152 146 138 120
50| 168.5 148.8 1428 136.1 1175 168 149 143 136 118
52| 1654 146.3 1403 133.6 1155 165 147 141 133 116
54 | 1625 1439 1379 1313 1135 162 144 138 131 114
56 | 159.6 141.6 1356 129.0 111.7 159 142 136 129 112
58 | 156.9 1394 1334 1268 109.9 157 140 134 127 110
6.0 | 1544 1373 131.3 1247 108.2 154 138 132 125 109
6.2 | 151.9 1352 1292 1227 106.5 152 136 130 123 107
6.4 | 149.5 1332 1272 120.7 1049 149 134 128 121 105
6.6 | 1472 131.3 1253 1188 103.3 147 132 126 119 104
6.8 | 1449 1294 1235 117.0 101.8 145 130 124 117 102
70| 1428 1276 1217 1152 1004 143 128 122 115 101
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Table A.3. y* values obtained from holding cost rate sensitivity with mean reverting

transition matrix and uniformly distributed demand under different inventory policies.

Myopic Inventory Policy Dynamic Inventory Policy
h a Co c3 cy4 cs a 1) c3 cy cs
3.0| 189.0 1833 1739 163.6 1553 189 184 174 164 156
3.2 | 1875 181.8 1724 1622 153.8 188 182 173 163 154
34| 186.0 180.3 1709 160.7 1524 186 181 171 161 153
3.6 | 184.6 1789 1695 159.3 1509 18 179 170 160 151
3.8 1832 1774 168.1 1579 1495 184 178 169 158 150
4.0 181.8 176.0 166.7 156.5 148.1 182 176 167 157 149
42| 180.5 1746 1653 1552 146.8 181 175 166 156 147
441 1791 1732 1639 153.8 1455 180 174 164 154 146
4.6 | 1778 1719 1626 1525 1441 178 172 163 153 145
4.8 | 176.5 1705 1613 151.3 1429 177 171 162 152 143
50| 1752 169.2 160.0 150.0 141.6 176 170 160 150 142
52| 1739 1679 1587 1488 1404 174 168 159 149 141
54| 1727 166.7 157.5 1475 139.1 173 167 158 148 140
56| 1714 1654 156.2 1463 1379 172 166 157 147 138
58| 1702 1642 155.0 1452 136.8 171 165 156 146 137
6.0 169.0 163.0 153.8 144.0 135.6 169 163 154 144 136
6.2 | 167.8 161.8 1527 1429 1345 168 162 153 143 135
6.4 | 166.7 160.6 151.5  141.7 133.3 167 161 152 142 134
6.6 | 165.5 159.4 150.4 140.6 132.2 166 160 151 141 133
6.8 | 1644 1583 1493 1395 131.1 165 159 150 140 132
70| 163.3 157.1 1481 1385 130.1 164 158 149 139 131
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Table A.4. y* values obtained from holding cost rate sensitivity with mean reverting

transition matrix and exponentially distributed demand under different inventory

policies.

Myopic Inventory Policy Dynamic Inventory Policy
h a Co c3 c4 cs a Co c3 c4 cs5
3.0 | 289.8 2485 203.7 170.5 1499 281 243 204 171 150
3.2 2773 2398 1981 166.5 146.6 270 235 198 167 147
3.4 | 2663 2319 1929  162.7 1435 261 228 193 163 144
3.6 | 256.5 224.7 188.0  159.2  140.5 252 221 188 160 141
3.8 | 2477 2181 1835 155.8 137.7 244 215 184 156 138
4.0 2398 2120 1792 1526 135.0 236 209 179 153 135
4.2 | 2325 2064 1751 1495 1324 230 204 175 150 133
4.4 2259 2011 1713 146.6 1299 223 199 171 147 130
4.6 | 2197 196.2 1677 1438 1276 218 194 168 144 128
4.8 2140 1915 1642 141.2 1253 212 190 164 142 126
50| 2087 1872 1609 138.6 123.1 207 186 161 139 124
5.2 | 203.7 1831 157.8 136.2 121.0 202 182 158 137 121
54| 199.0 179.2 1548 1338 119.0 198 178 155 134 119
56 | 1946 1755 152.0 131.6 117.0 193 174 152 132 118
58| 1904 172.0 1493 1294 1151 189 171 150 130 116
6.0 | 186.5 168.6 146.6 1273 1133 186 168 147 128 114
6.2 | 182.7 165.5 144.1 1253 111.6 182 165 144 126 112
6.4 | 179.2 1624 141.7 1233 1099 178 162 142 124 110
6.6 | 175.8 159.5 1394 1214 108.2 175 159 140 122 109
6.8 | 172.6  156.7 137.1 119.6 106.6 172 156 137 120 107
70| 169.5 154.0 135.0 1179 105.1 169 1h4 135 118 106
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Table A.5. y* values obtained from holding cost rate sensitivity with mean reverting

transition matrix and exponentially (truncated at 300) distributed demand under

different inventory policies.

Myopic Inventory Policy Dynamic Inventory Policy
h a Co c3 c4 cs a Co c3 c4 cs
3.0 2281 204.8 175.0 150.3 134.0 226 203 175 151 134
32| 2215 1994 1r1.0 1472 1313 219 197 171 148 132
34| 2153 1943 1672 1442 1287 214 193 167 145 129
3.6 | 209.7 189.6 163.6  141.4 126.3 208 188 164 142 127
3.8 2043 185.1 160.2 138.7 1239 203 184 160 139 124
4.0 1994 1809 1569 136.1 1217 198 180 157 137 122
4.2 | 1947 176.9 1539 133.6 119.5 194 176 154 134 120
44| 1903 1732 1509 1313 1175 189 172 151 132 118
4.6 | 186.2 169.6 1481 129.0 1155 18 169 148 129 116
4.8 | 1823 166.2 1454 1268 1135 182 165 146 127 114
50| 1786 163.0 1428 1247 111.7 178 162 143 125 112
52| 175.0 1599 140.3 122.7 109.9 174 159 141 123 110
54| 171.7 1569 1379 120.7 1082 171 156 138 121 109
56| 168.5 154.1 1356 1188 106.5 168 154 136 119 107
5.8 | 1654 1514 1334 117.0 1049 165 151 134 117 105
6.0 | 1625 1488 131.3 1152 103.3 162 148 132 116 104
6.2 | 159.6 146.3 129.2 113.5 101.8 159 146 130 114 102
6.4 | 1569 1439 1272 1119 1004 157 144 128 112 101
6.6 | 1544 141.6 1253  110.3 99.0 154 141 126 111 99
6.8 | 151.9 1394  123.5  108.7 97.6 152 139 124 109 98
70| 1495 1373 121.7  107.2 96.2 149 137 122 108 97




Table A.6. y* values obtained from holding cost rate sensitivity with momentum
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transition matrix and uniformly distributed demand under different inventory policies.

Myopic Inventory Policy Dynamic Inventory Policy
h a Co c3 cy4 cs a 1) c3 cy cs
3.0| 180.5 169.2 1739 180.0 1649 181 170 174 180 165
3.2 1791 1679 1724 1782 1633 180 168 173 178 164
34| 1778 166.7 1709 176.5 161.6 178 167 171 177 162
3.6 | 176.5 1654 1695 1748 160.0 177 166 170 175 160
3.8 1752 1642 1681 173.1 1584 176 165 169 173 159
4.0 1739 163.0 166.7 1714 1569 174 163 167 172 157
42| 1727 1618 1653 169.8 1553 173 162 166 170 156
44| 1714 1606 1639 168.2 153.8 172 161 164 168 154
46| 1702 1594 1626 166.7 1524 171 160 163 167 153
48| 169.0 1583 161.3 165.1 1509 169 159 162 165 151
50| 167.8 157.1 160.0 163.6  149.5 168 168 160 164 150
5.2 | 166.7 156.0 1587 162.2 1481 167 157 159 162 149
54| 165.5 1549 157.5 160.7 146.8 166 155 158 161 147
5.6 | 1644 153.8 156.2 159.3 1455 165 154 157 160 146
5.8 | 163.3 152.8 155.0 157.9 1441 164 153 156 158 145
6.0 | 162.2 151.7 153.8 156.5 1429 163 152 154 157 143
6.2 | 161.1 150.7 1527 1552 141.6 162 151 153 155 142
6.4 | 160.0 149.7 151.5 153.8 1404 160 150 152 154 141
6.6 | 1589 148.6 1504 1525 139.1 159 149 151 153 140
6.8 | 1579 1477 1493 151.3 1379 158 148 150 152 138
70| 156.9 146.7 1481 150.0 136.8 157 147 149 150 137
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transition matrix and exponentially distributed demand under different inventory

policies.

Myopic Inventory Policy

Dynamic Inventory Policy

c1 c2 c3 ca s 1 c2 c3 ca s

3.0 2325 1872 203.7 2303 1741 231 188 203 222 175
3.2 2259 1831 1981  221.7 1695 224 184 198 214 170
3.4 2197 179.2 1929  214.0 165.1 218 180 193 = 208 166
3.6 | 214.0 1755  188.0 20.07 1609 213 176 188 201 161
3.8 2087 1720 1835 200.5 157.1 208 172 184 196 158
4.0 203.7 168.6 1792 1946 1534 203 169 179 190 154
42| 199.0 1655 1751  189.1 1499 198 166 175 185 150
44| 1946 1624 171.3 184.0 146.6 194 163 172 180 147
4.6 | 1904 1595 1677 1792 1435 190 160 168 176 144
4.8 | 186.5  156.7 1642 1747 1405 186 157 165 172 141
5.0 | 1827 154.0 1609 170.5 137.7 182 155 161 168 138
52| 179.2 1515 1578 166.5 135.0 179 152 158 164 135
54 | 1758 149.0 154.8 162.7 1324 176 150 155 161 133
5.6 | 172.6 146.6 152.0 159.2 1299 172 147 152 157 130
58| 169.5 1443 149.3 155.8 127.6 169 145 150 154 128
6.0 | 166.5 142.1  146.6  152.6 1253 166 143 147 151 126
6.2 | 163.7 140.0 1441 1495 123.1 164 141 145 148 124
6.4 | 1609 138.0 141.7 146.6 121.0 161 138 142 145 121
6.6 | 1583 136.0 1394 143.8 119.0 158 136 140 143 119
6.8 | 155.8 134.0 137v.1 141.2 1170 156 135 138 140 118
70| 1534 1322 1350 138.6 1151 153 133 135 138 116




Table A.8. y* values obtained from holding cost rate sensitivity with momentum
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transition matrix and exponentially (truncated at 300) distributed demand under

different inventory policies.

Myopic Inventory Policy

Dynamic Inventory Policy

h a Co c3 c4 cs a Co c3 c4 cs5
3.0 1947 1630 175.0 193.2 153.1 194 163 175 189 154
3.2 1903 1599 171.0 1876 1495 190 160 171 184 150
34| 186.2 1569 167.2 182.3 146.0 186 157 167 179 147
3.6 182.3 154.1 163.6 177.4 142.8 182 155 164 174 143
3.8 | 1786 1514 160.2 1728 139.7 178 152 160 170 140
40| 1750 1488 1569 168.5 136.8 175 149 157 166 137
4.2 171.7 146.3 153.9 164.4 134.0 171 147 154 162 134
44| 1685 1439 1509 160.6 131.3 168 144 151 159 132
4.6 | 1654 1416 148.1 156.9 1287 165 142 148 155 129
4.8 | 1625 1394 1454 1535 126.3 162 140 146 152 127
50| 159.6 137.3 1428 150.3 1239 160 138 143 149 124
52| 156.9 1352 140.3 1472 121.7 157 136 141 146 122
54| 1544 1332 1379 1442 1195 154 134 138 143 120
56 | 151.9 1313 1356 1414 1175 152 132 136 140 118
58 | 149.5 1294 1334 138.7 1155 150 130 134 138 116
6.0 | 1472 1276 131.3 136.1 1135 147 128 132 135 114
6.2 | 1449 1258 1292 1336 111.7 145 126 130 133 112
6.4 | 1428 1241 1272 131.3 109.9 143 125 128 130 110
6.6 | 140.7 1225 1253 129.0 108.2 141 123 126 128 109
6.8 | 138.7 1209 1235 126.8 106.5 139 121 124 126 107
70| 136.8 1193 121.7 1247 1049 137 120 122 124 105
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APPENDIX B: TABLES OBTAINED FROM
REPLENISHMENT STUDY

y* values which are obtained from sensitivity analyses with exchange rate study
in Section 3.4 are attached this appendix. These values are shown separately according
to using inventory policies, demand distributions, and the parameters which sensitivity

analysis conducted.
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