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Abstract

In the paper spare parts inventory management issues in the multi-echelon structures are discussed.
Differences between spare parts and finished products inventories have been pointed out and discussed as
well as differences between single-echelon and multi-echelon inventory optimization and structure. Current
state of art analysis has been prepared as well as proposed future research directions.
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1. INTRODUCTION

As main functions of inventory management smoothing out irregularities in production flows and protecting
against fluctuations in demands, lead times, differences in quality levels, differences in machine production
rates or any other characteristics can be mentioned [1]. Therefore, the objective of inventory management can
be considered as fulfilling the customer’s needs by stocking the right quantity of the products at the right time
such that the total associated costs and investments in them are minimal [2]. Those statements can refer to
work-in-process (WIP) or finished products inventories. However in service parts inventory management there
can be identified some crucial differences. Spare parts can be defined as items kept in case other items of the
same type are lost, broken or worn out [3], so their role can be considered as assisting a maintenance staff in
keeping equipment in operating condition [1]. This statement indicates that the spare parts inventory
management is a very important and sophisticated process because of its prevailing nature, magnitude and
complexity [4].

Another issue related to inventory management and considered in this article are differences between single-
echelon and multi-echelon systems. In single-echelon distribution system there is a management focus on
determining the appropriate level of inventory for an item separately for every single supply chain level - the
material flows coming out or entering the considered level are negligible [5]. In a multi-echelon inventory
structure however, there is a need for determining the size of the orders for each echelon during each period
so as to maximize a final customer service level and products availability and in the same time minimize total
associated inventory costs across the entire network [6, 7].

The aim of this article is to present and discuss current state of art referring to inventory management in these
two, mentioned and shortly characterized above, specific fields - there has been discussed spare parts
inventory management issues as well as multi-echelon inventory problems.

2, MULTI-ECHELON INVENTORY MANAGEMENT

The problem of multi-echelon inventory control has been investigated by many researchers. One of the earliest
works in this area were Clark’s and Scarf’s considerations on determining optimal purchasing quantities in
a multi-installation model [8]. The authors, as one of the firsts pointed out that the assumption that a time lag
is independent of the size of the order placed are not tenable in multi-echelon inventory management practice.
The proposed Clark-Scarf model is the best-known technique for determining safety stocks in a multi-echelon
inventory system [9]. Later on, S.A. Bessler and A.F. Veinott Jr. have devoted their work to search for the
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optimal policy for a dynamic multi-echelon inventory model [10]. The authors have developed the model
dedicated for single-echelon inventory problem with negotiable lead times. Another work, devoted to the
dynamic analysis of multi-echelon supply systems was presented by J.F. Burns and B.D. Sivazlian [11]. Few
years earlier, S.C. Aggarwal has presented a schematic diagram for inventory models taking their dynamics
as the main criterion of classification [12]. Similar study devoted to classification of inventory systems was
presented by R.H. Hollier and P. Vrat [13]. The authors decided to select such classification criteria as
distribution channel structure, external company environment, inventory replenishment policy and inventory
associated costs.

A.J. Clark and H. Scarf considered a finite time horizon in their model [8]. Their researches have been extended
to the infinite-horizon case few years later by A. Federgruen and P. Zipkin [14]. P. van Beek has made an
analysis of a multi-echelon inventory system comparing several alternatives for the way in which goods are
forwarded from factory, via stores to the customers [15]. W.H.M. Zijm has provided a framework for the
planning and control of the materials flow in a multi-item integrated production system [16]. The prime objective
of this study was to achieve a pre-specified customer service level at minimum overall costs. Later on, M.C.
van der Heijden et al. have analysed stock allocation policies in general multi-echelon distribution systems,
where it is allowed to hold stock at all levels in the network in order to achieving differentiated target customer
service level [17]. In another paper, the same author, has determined a simple inventory control rule for multi-
echelon distribution systems under periodic review without lot sizing [18].

A dynamic multi-echelon inventory problem with nonstationary demands was studied by T. lida [19]. The author
proved that near-myopic replenishment policies are sufficiently close to optimal one not only in the single-
location nonstationary inventory problem but also in the multi-echelon inventory problem. The research
objective has been achieved by Markov decision process formulation for the decomposed serial inventory
problem. Markov decision process technique has been used by the other researchers. F.Y. Chen et al.
analysed the multi-echelon inventory control system with a periodic-review or lot-size reorder point
replenishment policy for each location. The authors showed that each location's inventory positions are
stationary and the stationary distribution is uniform and independent of any other's [20]. Optimal replenishment
policies for multi-echelon inventory problems with Markov-modulated demand has been discussed earlier by
F. Chen and J.-S. Song [21]. Optimal replenishment policies and approximations for a serial multi-echelon
inventory system with time-correlated demand have been studied also by L. Dong and H.L. Lee, who provided
a simple lower-bound approximation to the inventory levels and an upper bound approximation to the total
system cost for the basic Clark-Scarf model [22].

S. Axsater suggested and evaluated an approximate method for optimization of a two-echelon inventory
system with continuous review and compound Poisson demand [23]. The proposed method was of interest in
case of relatively large demands. In another work, the same author has provided a simple approximate
technique for optimization of the reorder points in a quite general two-echelon distribution inventory system
with batch-ordering [24]. The author has concluded that the proposed technique can be generalized to more
than two echelons. M. Seifbarghy and M.R.A. Jokar also considered a two-echelon inventory system consisted
of one central warehouse and many identical retailers [25]. The authors have developed an approximate cost
function for a two-echelon inventory system where unsatisfied demand was lost and the control policy was
continuous review. Similar studies were presented by R.M. Hill et al. [26] and S. Mitra [27]. Later on, S. Axsater
et al. have proposed three heuristics for handling direct upstream demand in two-echelon distribution inventory
systems [28].

A. Ben-Tal et al. considered the problem of minimizing the overall cost of a supply chain over a possible long
horizon under demand uncertainty [29]. M.-F. Yang an Y. Lin proposed a serial multi-echelon integrated just-
in-time (JIT) model based on uncertain delivery lead time and quality unreliability consideration [30]. In another
papers, the implications of considering power demand pattern and backorders in the one-warehouse N-retailer
problem are addressed [31], and a multi-echelon inventory management framework for stochastic and fuzzy
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supply chains has been proposed [32]. A.T. Gimus and A.F. Giineri, had also proposed a literature review on
multi-echelon inventory management in supply chains with uncertain demand and lead times [33]. Another
work, proposed by K.-J. Wang et al. deals with optimizing inventory policy for products with time-sensitive
deteriorating rates in a multi-echelon supply chain [34]. Proposed study empirically investigated how different
deterioration rates in each echelon affected performances of individuals and integrated inventory policies. The
authors have proved that joint cost function is convex to deteriorating rates of products. Similar study, where
multi-echelon supply chain management for deteriorating items with partial backordering under inflationary
environment was analysed was proposed by A. Shastri et al. [35].

A multi-echelon inventory system with supplier selection and order allocation under stochastic demand was
introduced by C. Guo and X. Li [36]. The objective of the proposed model was to select suppliers and to
determine the optimal inventory policy that coordinates stock levels between each echelon of the distribution
system while properly allocating orders among selected suppliers to maximize the expected profit.
A continuous review system was considered, but the authors noted that future work may consider a periodic
review system. In another paper, L.E. Cardenas-Barron and S.S. Sana introduced a production-inventory
model for a two-echelon supply chain when demand is dependent on sales teams' initiatives [37]. In another
study [38], O.H.D. Isaksson and R.W. Seifert have investigated quantifying the bullwhip effect using two-
echelon data. Finally, N. Ekanayake et al. have presented a comparison of single-echelon and. multi-echelon
inventory systems using multi-objective stochastic modelling [7].

Atthe end of this paragraph it should be written that spare parts inventory management issues in multi-echelon
structures has been intentionally neglected - they will be discussed in the next paragraph.

3. SPARE PARTS INVENTORY MANAGEMENT IN MULTI-ECHELON STUCTURES

Numerous researchers have contributed to the development of spare parts inventory management systems.
One of the earliest works in this area was Sherbrooke’s METRIC (multi-echelon technique for recoverable item
control) model for repairable items [39]. The author considered the minimization of the total expected
backorders at the depots in two-echelon spare parts inventory system, where item demand was compound
Poisson with a mean value estimated by a Bayesian procedure. The researcher noted that, for high-cost and
low-demand items the most appropriate inventory control policy is continuous review according to the (s-I, S)
rule. The generalization of Sherbrooke’s model was presented later by J.A. Muckstadt [40]. Presented the
MOD-METRIC model allowed for an inclusion of multi-indentures, i.e., hierarchical parts structures. Similar
model, but for a single base was developed earlier by C.C. Sherbrooke [41]. Once again, C. C. Sherbrooke
improved Muckstadt's MOD-METRIC model in 1986 [42]. Presented VARI-METRIC model did not understate
expected backorders and did not overstate the expected availability of repairable items as pre-existing models.
To achieve such quality of the VARI-METRIC model, the Grave’s approximation had been used [43].

These standard analytical models have been improved further. Y. Wang et al. analysed a two-echelon system
for repairable items with a central repair depot and multiple inventory stocking centres [44]. The model
extended former works by allowing depot replenishment lead times to be stocking-centre-dependent.
J. Andersson and P. Melchiors, using METRIC-approximation as a framework, analysed a one warehouse
several retailers inventory system and proposed a heuristic for finding cost effective base-stock policies [45].
A. Sleptchenko et al. considered multi-echelon, multi-indenture supply systems for repairable service parts
with finite repair capacity [46]. The VARI-METRIC method has been modified and used - the authors have
proved that the commonly used assumption of infinite capacity may seriously affect system performance and
stock allocation decisions if the repair shop utilization is relatively high. M. Kalchschmidt et al. described an
integrated system for managing inventories in a multi-echelon spare parts supply chain, in which customers of
different size laid at the same level of the supply chain [47]. In another study, H.Ch. Lau et al. considered time-
varying operations to repair items with no-indenture [48]. The authors studied a multi-echelon repairable item
inventory system under the phenomenon called passivation. An efficient approximation model to compute
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time-varying availability has been proposed and validated. In another work, K.E. Caggiano et al. considered
inventory optimization in a multi-echelon system subject to time-based service level constrains [49]. In the
paper, a practical method for computing channel fill rates in a multi-item, multi-echelon service parts distribution
system has been described and validated.

M.H. Al-Rifai and M.D. Rossetti presented a two-echelon non-repairable spare parts inventory system that
consisted of one warehouse and m identical retailers and implemented the reorder point, order quantity (R, Q)
inventory policy [50]. The policy decision problem was formulated in order to minimizing the total annual
inventory investment subject to average annual ordering frequency and expected number of backorder
constraints. In order to solve the problem, the system was decomposed by echelon and location, expressions
for the inventory policy parameters have been derived, an iterative heuristic optimization algorithm has been
developed. Experimentation showed that the proposed optimization algorithm was an efficient and effective
method for setting the policy parameters in large-scale inventory systems. A multi-item two-echelon spare
parts inventory system in which the central warehouse operates under a (R, Q) policy was also considered by
E. Topan et al. [51]. The objective of this study was to find the policy parameters minimizing expected system-
wide inventory holding and fixed ordering subject to aggregate and individual response time constraints. Using
an exact evaluation a very efficient and effective heuristic has been provided.

4, CONCLUSIONS AND PROPOSED FUTURE RESEARCH DIRECTIONS

The aim of this article was to present current state of art referring to multi-echelon inventory management.
There has also been presented current literature on spare parts inventory management in multi-echelon
structures. Analysing the pre-existing studies it should be noted that there are only few works, where authors
analysed spare parts demand forecasting in multi-echelon distribution systems. It is necessary to extend those
researches especially using non-conventional techniques.
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