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ABSTRACT. The article considers the evolution stages ofttital logistics cost concept; an interrelationsTefC and
EOQ models has been analyzed. The author presensdgtical approaches to determine a value of tmiat, as well as an
integral criterion for logistics systems' functingj based upon package treatment of the total vakie and service level.

Key words: Total Logistics Cost model (TLC), logistics costéee level, Economic Order Quantity (EOQ) model.

INTRODUCTION

According to research by various authors [Barylkd®2 Lukinski 2008, Dolgov 2004, etc.], one
may state that costs-in-full dependence was coveré&drd Harris's work 'How Many Parts to Make
at Once', 1913 [Operations ..., 1990], by way of:

y (cx+S)+§+c (1)

24C* M
where M is product consumption per month, in units;
C - a unit cost;

s - costs related to order management;
X - target order quantity, in units.

The work by Lukinski [2008] shows that value 24@he formula (1), includes (2*12)/3, where J is
a share in cost per unit as for production c, actalifor storage expenditures. In the mentioneckwor
by F. Harris, value J = 0.1. Having finished neaegsnanipulations, it is easy to get the formula to
calculate the economic order quantity, which adogrtb present-day ideas is represented by way of:

_\/2*12* M *s
X= 2)

J*c
Thus, the first reference to 'total costs' equafittal Logistics Costs, the TLC) and actuallyhe t

EOQ model, dates to 1913. At that two componente Heeen considered, i.e. order management
costs (@) and production storage costs)XC
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Cs =C,*+C, ©

It must be emphasized that Ford Harris developedfehmula for economic order quantity to
estimate in-process inventory. For historical reasthe economic order quantity model and the EOQ
formula, called Wilson Formula, appeared betweeh61@nd 1934, when he published his article in
The Harvard Business Review. Therefore some sp&siaionsider that the formula (2) should be
called Harris-Wilson Formula.

Moreover, according to the work by Bukan and Keloegg [1967], "having acted in-dependently”,
between 1915 and 1922, several American scienfistented the formula for the most economic
order quantity that minimized total product storagests for cases, when demand was known and
invariable."

We believe that to identify directions for furthersearch and improvements to a logistics toolkit,
we need to describe the evolution of one of fundaedeconcepts in logistics theory that is the total
cost concept.

CO-EVOLUTION OF THE CONCEPT OF TOTAL LOGISTICS COST S AND EOQ-
MODEL

Summarizing above-mentioned reasoning, one maylegd@dchat the first stage in the TLC and
EOQ models development dates to 1913-1940 (Tabideye are no essential differences between
components of the TLC and EOQ models; their strectf elements is limited, while interrelations
and mutual influence between elements of the madelsot taken into consideration.

The second stage covers the period between 19d4018i0. As far as logistics evolves,
methodological approaches to cost analysis chammge:may observe a move from isolated study of
measures to rationalize distribution and producsiplere to total costs accounting.

According to Lukinski [2008], in that time (1951he work by K. Arrow, T. Harris and
J. Marschak appeared, giving a mathematical arsabfdihe simple inventory control model, while in
1953, T. Whiting developed a probability versiorttod model [Hadley and Whiting, 1969]. Research
made led to the new version of the total costs @ou#hat might be presented by way of:

Cs =C,+C,*C.*+C, @

where C,, C,, C,, C, are correspondingly costs for purchasing, orderingentory storage and
shortage costs.

At the same time, one should mention that someeaeées related to inventory control, present the
dependence (3) by way of:

Cs =C,+Co+C.*C, ©)

whereC,,, C,. are storage costs for running and reserve invemmmgspondingly.

Benchmarking study of (3), (4) and (5) models shawdollows: firstly, in the evolution process,
a number of entered types of expenses increasamdlg, one may observe a difference between the
second-generation models (second stage), e.geifotmula (4), there are purchasing casgtswhile
in another one (5), those costs are not enterdthugh instead of total storage costs (Formula (4))
costs to store running and reserve inventory aredoced (Formula (5)); thirdly, a range of costs
traditionally related to transportation, is notteged in dependencies (4) and (5), presenting main
types of costs.
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Let' look at the EOQ model. Two summar@sandC; (for dependency (5) €,) can be evidently
identified from each total costs dependency, anbidered as constituents within the formula (3), it
means getting back to the EOQ model's first st&pvertheless, a fundamental distinction of the
second stage EOQ model is that it introduces theamt of ‘inventory control strategy'.

Several strategies for inventory control are knotwnexist and based upon two models, i.e.
a periodic one (a fixed interval between ordersndl a variable delivery quantity)Sand of critical
levels (in particular, one critical level (‘reordevel’, the ROP) and the constant delivery quargit
The second strategy has got another name, i.e affied order quantity (the FOQ).

Consideration of the inventory control strategyutessin appearance of additional variabldead
time, in models. For example, for the fixed orderawtity model, it is embodied in the value of
'reorder point' or 'order level' R. In presencénad variables, order quantity S and reorder poinbie
need to draw a system of equations to identifyr thgiimal values:

ICy _
S
ICy _
R

Having been transformed, these dependences aferwiit the following form [Taha 2005]

(6)

for the inventory control strategy, tR©Q:

-_ [2AC,+C,F(SR)
Cx

) . 7
| f(S)dS=%

R 0

where F(S,R) = of(s - R)f(S)dS.
R

For a standard law with density function f (S) mexplicit form it is impossible to identify optirha
values of S* and R*, hence the numerical algoridubmitted by D. Hadley and T. Whiting is applied
[Hadley and Whiting 1969].

Thus, for the second stage of the evolution intthal logistics cost model, sophistication of the
model is characteristic in view of a number ofdtsstituents and a diversity of applied calculation
methods that in its turn is caused by developmethié methodology of inventory control in logistics
systems.

The third stage (1970-until present) is describéd vapid developments in the theory of logistics
and supply chain management. Along with that, tuaty functioning commercial systems, one may
observe that market relations are getting more istpated, competition is getting stronger, that
inevitably result in a necessary increase in custogervice quality. Establishing an integral craer
for efficient functioning of the logistics systernat takes into account an amount of total logistics
costs, on the one hand, and a level of customeicseon the other hand, is a unique feature of the
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given stage of the evolution within the consideosohcept. Formally, the given criterion can be
written by way of the equations system as follows:

Cy (G S<P) » min
SL(CZ S, P;) - max

where SL is service level, or demand satisfactmeffient.

Structure sophistication of the total logisticstsamodel, on the one hand, and a need in applying
integral criteria to assess efficiency of logistgystems functioning, on the other hand, at th&t fir
glance point out that the interrelation between H@Q model and that of total logistics costs gets
weaker (Table). Although it is not always truefukther analysis lets identify the interrelationdan
mutual influence between elements of consideredetsoéor example, costs for purchasing inventory
holdings are not taken into account within the E@Quel, while a contrary situation appears in case
of purchasing goods with a discount; in generalngportation costs are not included into the EOQ
model, but costs related to failed delivery riskes @overed within the model.

Table 1. Main stages in development of total loggstosts concept
Tabela 1. Gléwne etapy rozwoju koncepcji kosztékawitych logistyki

Stage Official representation of the model Ovaradicedure
for solving
First stage (1913-1940) CZ = C3 + Cx _ 2 AC3
Components of the totd| Q -
logistics cost model ar¢ C X
independent
1) — + + + For example, for the strategy with
fg?g)nd stage  (1940- Cz - CK C3 Cx Ca fixed order quantity
2 = + + +
Between the model ) CZ C3 C’” CC C() 0 C
components takes into Z - 0
account the relationship| aS
of inventory
management strategies a C
—Z =0
oR
Thirdstage |  peemmmem—-m-ooooooo-- ' . <P) - min
(1970 untl present) C C +i C.+ b +1_C"__'|_'||'é' I:+ C CZ (CiS<P) -
= . ! ‘ | level
Relationship and z K | ? . i ¢ ():: 7 S‘(Cz ’S’ P|) - max
interaction of logistics ' L ___1
key indicators (KPI), the 7 JS N \ 1
total costs and service 11 level Hegczj
level
( Cm Cxp, Z = O
£\ 0S
0
Cow, Cw, e Cs -0
oR
(C,, — transportation costs) oS —0i=1 n
oP,
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CONCLUSIONS

Thus, one needs to mention a range of importamictiims for advanced research. Firstly, in
a domain of logistics commercial provision one reetxdevelop further a set of methods to estimate
elements of the logistics costs system. Secondlyfaa as the model gets more complex in its
structure, a problem of search for criteria to grelements of the model is getting relevant to ssse
functioning of logistics systems in their variousnfigurations, implemented logistics technologies
and applied integration methods. Thirdly, we needher study of interrelations and mutual
dependencies.
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EWOLUCJA KONCEPCJI CALKOWITYCH KOSZTOW LOGISTYCZ-
NYCH

STRESZCZENIE. Praca przedstawia etapy ewolucji koncepcji catkmh kosztéw logistycznych. Analizie poddano
zaleznosci migdzy modelami TLC oraz EOQ. Autor przedstawit analitye podegie okrélania wartdci kosztow
catkowitych, jak rownie kryteribw funkcjonowania systeméw logistycznychpieragc si na zintegrowanym ggiu
wartasci kosztow catkowitych oraz poziomu obstugi.

Stowa kluczowe: model catkowitych kosztéw logistycznych (TLS), kbskbogistyczny, poziom obstugi, model
ekonomicznej wielkéci zamowienia (EOQ).
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ENTWICKLUNG DES KONZEPTS DER GESAMTEN
LOGISTIKKOSTEN

ZUSAMMENFASSUNG. Der Artikel prasentiert die Etappen der Entwicldusies Konzepts der gesamten Logistikkosten.
Die Beziehungen zwischen TLC und EOQ-Modelle wurdealysiert. Der Autor prasentiert einen analytiscAesatz zur
einem Wert der Gesamtkosten sowie integralen Keitefir die Arbeitsweise von Logistik-Systemen, dief einer
integrierten Behandlung der Gesamtkosten und Sebhégel basiert.

Codewdrter: Modell von gesamten logistischen Kosten (TLC), stigche Kosten, Service Level, Modell der 6konotmésc
Bestellmenge (EOQ).
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