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Abstract. Cost minimization represents a priority for the cost accounting of the
economic entities. To optimize the supply cost, the supply budget management requires the
completion of several stages, namely: the study of the supply policies, the elaboration of the
supply budget based on the optimal policies determined by means of the optimization
templates and of the supply costs. A supply budget optimization is needed periodically,
relying on two policies: the budget policy for the economic period of re-supply and the budget
policy for the economic lot to be supplied. In this study we intend to highlight the importance
of mathematical models used for supply cost optimization in supply budget organization and
management, using determining policies.

Keywords: mathematical models, supply cost minimization, supply policies, supply
budget.

1. INTRODUCTION

Mathematical optimization may be described as a science of determining the best
solution to mathematically defined problems [21], including ones with economic importance,
namely minimizing supply cost. In the majority of economic entities, there appear problems
regarding supply, stock management, transport, production distribution and, more recently,
cost minimization in supply budget organization and management. Supply represents [12] the
process by which the material resources necessary for the company to carry out its activity are
provided, under optimum conditions, which process allows the achievement of the company
goals through the prism of the assurance of minimum costs. Cost determination represents a
decisive factor for the adoption of decisions, as well as for the planning of the future activities
[7]. Thus, we may notice a permanent concern of the managers for the determination and the
awareness, as accurately as possible, of costs, and for the cost minimization methods, and,
within our research, for the minimization of the supply costs, as well [8]. Depending on the
complexity of the economic process, stock management develops a large scope, as it includes
both issues regarding the management, the optimization of the distribution of stocks within
the territory, the distribution and accounting per owners, and issues regarding the reception,
storage, maintenance, monitoring, control, re-distribution and use [1]. The role of the stock is
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relevant through the fact that it provides certainty and guarantee of a continuous supply of the
manufacturing process and a rhythmic sale of the outputs [9]. The reasons leading to the
creation of stocks are numerous, namely: the capital invested for stock building is easy to
highlight; assurance of the manufacture process continuity; anticipation of a price increase
and of the situations when the orders honored by suppliers from other localities cannot be
directly introduced in the manufacture process. To be able to achieve a good management of
the supply budget, an optimization program for the supply modalities through the integration
by the supply department of the key parameters is also necessary [14], namely: stock
evolution in time, consumption rhythm and supply time, safety stock and zero stock. Of
course, the integration of these four key parameters shall lead to the optimization of the
supply modality and it would implicitly contribute to the good management of the supply
budget, yet, technologically, these parameters present a quantifiable variability, which is
actually extremely necessary as information, to reach the goal proposed by this paper: supply
cost optimization in supply budget organization and management.

The literature review regarding supply optimization is plenty of studies regarding
aspects of logistic support, supply costs optimization under different constrains [2-4, 18, 23].
Within the scientific research for the supply cost minimization in the supply budget
organization and management, for the beginning, we shall consider the theoretical context [5]
existing in the literature, related to the supply modality optimization. It refers to the
optimization of inputs depending on outputs, avoiding on the one hand the overstock
generating additional storage costs, and on the other hand, stock rupture, which can disturb
the rest of the activity. Between two successive deliveries, the stock level decreases
depending on the output rhythm. The specialty practice [10] recommends the use of the
classical saw-like chart. Considering the somewhat constant rhythm of the outputs, the
resulting curve-shaped chart, difficult to represent, can be approximated by a straight line
(Fig. 1).
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Figure 1. Approximate evolution of stock .

Considering: T = time period when consumption is constant; C = stainless steel
consumption; N = number of orders. If there is made the decision that two orders be achieved
during the time period T, it results that each time €/, should be ordered, and the owned
average stock is to be ¢/, (Fig. 2). To conclude, the obtained result for achieving the two
orders may be synthesized by the following formula:
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Figure 2. Average stock depending on the number of orders.
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To avoid overstock or stock rupture, a good management of the consumption rhythm
and of the supply period must be realized, usually through the determination of the following
indicators: maximum stock and safety stock. Maximum stock represents the level that must
not be exceeded to avoid supplementary storage costs [10]. Safety stock represents the critical
stock up to which delivery may be made reaching the zero stock, after which any delay in
delivery may lead to a stock rupture. Also, within the stock structure we may distinguish, on
the one hand, the active stock which is moving between maximum and minimum, and on the
other hand the safety stock which, depending on the anticipated consumption rhythm, avoids
the stock rupture (Fig. 3) [5].
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Figure 3. Active stock and safety stock.

Determination of the safety stock level may be done either depending on the law of
demand corroborated with the existing offer, or depending on the differences noted between
clients demands and anticipated outputs [14]. Considering: d; = the noted differences; I, = real
outputs; I, = anticipated outputs. Concomitantly:
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More and more companies are working at present with “zero stock” [7], considering
that it represents the best means of supply cost decrease. Such companies have a management
goal differently budgeted than the companies working with stocks. While such companies
aiming at zero stock have as a main concern the organization of their production, companies
working with stocks have as their main concern the storage cost minimization. Supply budget
management requires the determination of a supply programme by means of supply policies,
having as a goal the supply cost minimization. Numerous issues may arise during this stage
connected to the application of the supply policies, which issues often generate an array of
variables concerning: the demand of new elements, as stocks (existing or not in storage or to
be re-supplied); costs that need to be optimized, and the global cost needing to be minimized.
From one case to the next, suitable supply policies are to be used, respectively deterministic
or probabilistic policies, depending on their feasibility [5]. Our research is being carried out in
a stainless steel manufacture company, for 2 standards of stainless steel products (ST4, ST»).

2. MATHEMATICAL MODELS AND METHODS USED FOR SUPPLY
MINIMIZATION

Considering the certainty in supply of the product A under the form of a uniform
demand and the existence of an annual stock, the stock demand becomes certain. In the
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present case, we are in the Wilson pattern as a deterministic supply policy, one of the oldest
deterministic templates, and also the most used pattern [22]. In order to determine the optimal
inventory level, several mathematical models has been developed over time [18], but the most
used one is the EOQ model (developed by F.W.Haris in 1913 and thoroughly by R.H.
Wilson), also known as the Wilson EOQ model [13, 17].

This scientific research pattern requires that we should know the economic lot to be
supplied or to be ordered in a time period of one year or, eventually, the optimum number of
orders to be realized in a time period of one year (360 days). In case of the economic entity
analyzed we intend, according to the previous hypothesis of certainty in supply of the A
product as a uniform demand (which product is actually included in the annual consumption
for the achievement of the first standard of product, ST;), to optimize the optimum supply
rhythm and the optimum quantity necessary to be supplied. Abbreviations: CA = total annual
order; Q = economic lot to be supplied; M = optimum number of orders; T = optimum time
period for supply. It results that:

M= 360/ — CA/Q 3)

Under the conditions of the economic entity analyzed, respectively those of an annual
consumption of A products in an amount of 162,000 m.u., respectively 13,500 pieces, at the
unit price of 12 m.u., the annual percentage for the stock support is 15%, and the cost for
putting into production an order is of 300 m.u. The following are to be determined:

e Optimum supply rhythm; Abbreviations: CLC = the cost for putting into production an order;
CDS = the cost for stock support; CT = total cost. Concomitantly:

_ (4)
CLC = 300x N
where,
g 162:000 0.15 12.150
_ - 2N TN
respectively:
12.150

CT=CLC+CDS=300N+
N = 6.36 = 6orders

e  Optimum quantity to supply:

13.500 4.050.000
CLC= x 300=
Q
Qx12x0.15
CDS=—F——=0.9Q
respectively:
4.050.000

CT=CLC+CDS= T + 0,90
Q = 2,121 = 2,250 pieces/order
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Considering the necessary mathematical rounding for the achievement of an integer
number of orders, it results that the total cost minimization for the stock re-supply, with A-
type products in a quantity of 13,500 pieces is realized by 6 orders of 2,250 pieces per order.

The use of deterministic policies, particularly of the Wilson pattern supposes the
occurrence of peculiarities that should be considered, such as [10]: occurrence, along the
circuit, of some trade discounts such as: discount, reduction or a decreasing rate, which may
lead to the modification of the optimum supply rhythm and of the optimum quantity to
supply. Under these circumstances, the optimum decision is made depending on the economy
achieved, as a result of the trade discounts applied, compared to the increase of the storage
costs for the additional quantities supplied; the authorized stock rupture may cause different
consequences, and the quite complex calculation templates lead, in their great majority, to a
calculation of the shortage cost; the spontaneous exits from stock may be, partly or totally
covered, either by means of the calculation methods for the safety stock or by scheduling
inputs into the stock, using policies of determination of the supply optimum [16,19],
particularly Wilson pattern.

3. THE APPLICATION OF PROBABILISTIC POLICIES

In case of application of probabilistic policies, the supply occurs under conditions of
uncertainty, since the demand is non-uniform, namely randomly and continuous [14]. As
policies are multiple and different, for the economic entity analyzed, we shall study a pattern
of minimization of the average cost for stock management, in a situation in which the demand
is randomly. We shall start from the following hypotheses: demand is a discrete randomly
variable, assuming different values with multiple probabilities; the time periods between two
successive deliveries are constantly determined; the supply demand is equally distributed
throughout the time period; the storage and shortage costs per product, per time period and
per non-delivered product are known; the delivery term is considered a sure indicator.

According to the previously mentioned hypotheses - the determination of the optimum
supply of product B should be calculated, both for the determination of the quantity to be
ordered, and for the minimization of the average management cost of the stock; this product is
included in the annual consumption for the achievement of the second standard of the finished
product - ST,. We are considering two distinctive cases, respectively:

A. Case of a demand under the stock at the beginning of the time period under
analysis; Within the analyzed case of the economic entity analyzed, the products named in the
supply programme, respectively A and B, included in the material consumption for the
manufacture of the finished products ST; and ST, do not record a demand under the stock at
the beginning of the time period under analysis. The theoretical approach in this situation may
be useful only for certain materials included in the consumption of the sectors and services
providing auxiliary activities, since they are not part of the list of materials named for the
directly productive consumption. Therefore, we shall not develop a case analysis here.

B. Case of a demand over the stock at the beginning of the time period under analysis;
Abbreviations: C,¢ = discrete randomly demand; Q = stock at the beginning of the time period
under analysis; p, = probability for the time period under analysis; T = time period of storage;
Sm = average stock; Cs = total cost of stock; Cs, = unit cost of stock Ty ; Cp, = unit cost of
stock T,; C, = shortage cost per unit without delivery, and per time period under analysis.
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Cad > Q (5)

Within the limits of the approached hypotheses [5], we may note that we are dealing
with a stock cost borne by the time period T; and a shortage cost for the time period T, (Fig.
4).
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Figure 4. Demand over the stock at the beginning of the time period under analysis.

Starting from the average stock (Sp,) determined for that time period Ty, respectively:

_Q Ty (6)
Sm = 5 X Cgp X T_z
We can determine the total cost for storage (Cs):
B Q? (7)
Cs = Cgp X Tad

For the time period T,, the total shortage cost is determined according to the formula:

(Caa—Q) T 8

C, = Cpp X dﬁ X ?2
or by successive replacements:
(Caa — Q)° (9)
Cp = Cpp X 2(16‘7

Both cases of storage and of shortage must be balanced by the probability index (p;),
depending on the degree of accomplishment of the demand (Caq). In the case of the economic
entity analyzed, we have the following elements and information for the case study analysis:
probability (pi) of the chain of randomly demands (Table 1.); storage cost of 20 m.u. per
product and time period under analysis (2 days); shortage cost of 30 m.u. per non-delivered
product and per time period under analysis (2 days).

Table no. 1. Probability of randomly demands
Cu 1 2 3 4 Comments
Probability (p;) 0.1 0.2 0.4 0.6 X

There arises the issue of determining the quantities to be supplied at the beginning of
each time period under analysis under the conditions of minimization of the stock
management cost. Abbreviations: C,y, = average total shortage cost; C,mi= storage cost with
no shortage; Cpmo= storage cost including shortage; C,ms= shortage cost with shortage; where:

c, 10
Coms = 20 ) (@ = 24 x p o
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1
Comz = 10szadx i (11)
_ Caa — Q 2
Coms = 15 ). [( » ) x D (12)
Cpm = Cpm1 t Cpmz + Cpm3 (13)

After the calculations made, the following table has been filled in (Table 2.).

Table 2. Calculation of the average total shortage cost.

Q CDml CDmZ Cpm3 TOTAL
1 1 1 (1) 0 2.00
2 8 4 0 12.00
3 12 11.70 0 23.70
4 24 24 0 48.00

The quantity to be supplied at the beginning of each time period of 2 days is Q = 1 for
recording the minimization of the management cost Crp =2 m.u.

The use of templates for the optimization of the supply costs has allowed us to select
supply policies. Two significant elements for the correction of the supply budget have been
determined: the economic time period for re-supply; volume of the economic lot to be
supplied. By applying these policies, the minimal supply budget needs to consider - on the
one hand - the chart of orders to be achieved, and - on the other hand - the exact quantities
that need to be supplied. Also, one must realize the connection of the information lying at the
basis of the drafting of the minimal supply budget with the policies regarding the sale,
including stock refilling and re-supply [17]. The minimal supply budget structure shall
contain the following: orders, consumptions, sales and stocks at the end of the time periods.
For a better communication and compatibility, we have preferred the exploitation of the
minimal supply budget in monetary units. A performance can be repeated only if the rhythm
is maintained or accelerated cyclically, by planning, controlling the processes and estimating
the results [6]. For the reflection of all the necessary information, we have preferred the use of
two methods in the drafting of the minimal supply budget: the budget method based on the
economic period needed for re-supply and the budget method based on the economic lot to be
supplied.

5. CONCLUSIONS

Cost determination is a decisive factor in making decisions and planning the future
activities. For a better management of the supply budget, an optimization programme for the
supply modalities and for the integration of the key parameters is needed. To reach the
intended goal, namely cost minimization in the supply budget organization and management,
we have carried out a research by means of case studies, confirming the supply policies on the
one hand, under conditions of certainty in supply, and on the other hand, under conditions of
uncertainty in supply. In this respect, we have determined, for the first variant, the economic
time period, the economic lot to be supplied, the storage cost for the time period under
analysis, the cost for putting the order into production for the time period under analysis, the
supply price for the time period under analysis and the total supply cost, and for the second
variant, we have determined the shortage cost and the total cost. After the determination of the
minimal economic results, we continued by drafting the supply budget, based on the optimal
supply policies, respecting the structure of these budget categories, and using, at the same
time, the corrections required by the economic time period needed for re-supply and the

ISSN: 1844 — 9581 Mathematics Section



404

Supply cost minimization using ... Constantin Aurelian lonescu et al.

volume of the economic lot to be supplied. To conclude, the mathematical models and
methods used by entities management must be carefully chosen, in order to optimize the
priorities of the investment and strategic future plans.
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