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Abstract. Supply Chain Management has been an important issue for competi-

tiveness in today’s market. Different decision-support models focus on specific 

time horizons and goals. The most common way of structuring supply chain 

planning process is dividing it in three different levels: operational, tactical and 

strategic. However, the planning on one level generally does not communicate 

with the others, limiting its efficiency and feasibility. The present work propos-

es a communication procedure between tactical and operation support-decision 

models in order to coordinate both, thus improving their overall performance. 

The procedure will be applied to a test case comprising a Spare Parts Supply 

Chain (SPSC) problem for maintenance in production facilities with the con-

cept of integrating spare parts supply chain and intelligent maintenance systems 

implemented. 
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1 Introduction 

A Supply Chain (SC) can be defined as a network of organizations, flows, and pro-

cesses where companies work to transform raw material in final products delivered to 

a customer. [1] Presents Supply Chain Management (SCM) as the study of resources 

of enterprises and human decisions in relation to cross-enterprise collaboration pro-

cesses to transform and use these resources in the most rational way along the entire 

value chain, from customers up to raw material suppliers, based on functional and 

structural integration, cooperation, and coordination throughout. The author classifies 
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SCM as the most popular strategy for improving organizational competitiveness in the 

twenty-first century. 

Supply Chain planning can be seen as a set of goals, performance indicators and 

decisions to be taken in order to optimize the SC performance. The Supply Chain 

Planning comes in different levels of application, each one focusing in actions that fit 

its time horizon and goals. The Strategic Planning is on the top of the pyramid, and 

consists in long-term decision and goals, as desired service level and facilities loca-

tion. In the middle of the pyramid is placed the Tactical Planning, working on mid-

term decisions what includes the allocation of production and transports capacities, 

for example. At the bottom of the pyramid, the Operational Planning takes care of the 

daily decisions, as transport strategies and production scheduling. 

All the levels of planning are necessary in SCs planning. However, these planning 

are usually built without communicating with the other, in despite of the fact that the 

efficiency and applicability of the output of each plan can decrease if the different 

levels of planning are considered in isolation of each other [2]. 

This research paper aims to develop a communication procedure between the oper-

ational planning and tactical planning of a spare parts supply chain. To reach this 

objective, a flowchart comprising the planning steps of each level as well as mutual 

feedbacks between the decision-support models will be proposed. 

The paper is organized in three sections. In the Literature Review section, a brief 

contextualization about the state of the art of the studying will be presented, as well as 

a contextualization about the emerging concept of integration between spare parts 

supply chain and intelligent maintenance systems wherein the output of the paper is 

intended to be used. In the second section, the communication procedure will be pro-

posed by means of a test case. In the last section, the results will be discussed and the 

work summarized. 

2 Literature Review 

2.1 Supply Chain Management 

According to Christopher [3] Supply Chain Management (SCM) is the management 

of upstream and downstream relationships with suppliers and customers to deliver 

superior customer value as less cost to the supply chain as a whole. Therefore, SCM 

becomes an interesting object of study, widely addressed by numerous approaches, 

being needed in any product factoring and flow around the world. 

Supply Chain Management seeks to link and coordinate processes from different 

entities (as customers and suppliers) and to organize them [3]. This add an enormous 

level of complexity in decision making, once each action should not just consider 

each company limitation and goals, but all limitations and requirements from other 

agents present in the SC. 

According to [4] considerable work has been invested in developing decision 

methods for overcoming supply chain issues, which generally adopt conventional 

approaches as mathematical programming (optimization), simulation and heuristics. 



These models can be very helpful since they assist managers to overcome the dimen-

sions of the mental models for Supply Chains and provide non-biased results, helping 

to deal with the high complexity of considering a big number of agents, limitation, 

goal and variables in the system. 

 According to [1] decision-supporting methods can be divided in optimization, 

simulation and heuristics, where the optimization has been very visible and influential 

for the operations management. However, there is a challenge in the optimization 

development that consists in developed a well detailed model that can represent the 

reality of the supply chain at the same time it keeps simple enough to be solved with a 

relative low processing cost. High computational costs could turn the planning, espe-

cially on an operational level, impracticable, since it could require too much time to 

be executed that its results become obsolete. Since the aggregation of both tactical 

and operational planning levels in a single model would probably require high com-

putational power to be solved,  the goal of the present work is to describe a procedure 

of communication between two models. 

2.2 Spare Parts Supply Chain 

Spare parts need to be available in the right place within the supply chain, to ensure 

the desired level of service. However, several aspects make this task complicated, 

such as: the high number of parts to be managed, high responsibility required due to 

customer downtime costs, and the risk of obsolete inventory. Among  these problems, 

according to [5], “due to the high costs for spare parts and their sporadic demand, 

keeping inventories of all parts at all warehouses in the spare parts network are not 

economical”. Also, SCs are thus characterized by distinct, yet mutually interdepend-

ent decision domains with in-dependent business objectives. This way, the capability 

of existing models for supporting an intelligent and flexible synchronization and co-

ordination of the involved process is limited. Given this intertwined and complex 

aspects, management processes of spare parts supply chain (SPSC) cover different 

areas of knowledge, which, in turn, use various resources, methods, techniques for 

solving coordination problems. 

Some features of SPSC can be highlighted in the literature. First, the demand for 

spare parts usually has an intermittent and/or erratic character, making more difficult 

the forecasting process by classical statistical methods and inventory control [6]. The 

second characteristic relates to high levels of required services. Components for 

maintenance need to be available as soon as a fault occurs, otherwise the productive 

systems may be unavailable, causing high costs for the production facility [7]. Anoth-

er feature derives from the two previous characteristics, as there is a wide variation in 

demand and a network of well-lined stocks, distribution costs are high. In periods of 

low demand, inventories are still needed for high demand periods, implying more 

expensive distribution process [8]. 

Having seen these concepts, detailed planning of the spare parts supply chain is 

necessary in order to meet service levels while minimizing costs. Furthermore, not 

only the planning but also the coordination between different levels and actors can be 

seen as a relevant topic, considering the autonomy of the different actors involved in 



the supply chain coordination. The collaboration can be reached through exchanging 

relevant data from multiple individual planning domains (e.g. demand planning, mas-

ter planning, production planning, etc.), aiming to design a collaborative planning 

concept (CP). But the applicability of existing CP approaches for coordinating the 

different autonomous actors in heterarchical SPSCs has not yet been investigated [5]. 

The portability of CP approaches to other scenarios is still an open research issue, 

especially to a SPSC scenario.  

2.3 Integrating Intelligent Maintenance Systems and Spare Parts Supply 

Chain 

The Integrating Intelligent Maintenance Systems and Spare Supply Chain (I2MS2C) 

concept is proposed to approach the challenge of simultaneously coping with the con-

straints and specificities of Intelligent Maintenance Systems (IMS) and Spare Parts 

Supply Chain (SPSC). The primary objective of the I2MS2C is the improvement of 

the effectiveness and efficiency of service management operations for complex tech-

nical systems. This will be achieved by integrating information provided by embed-

ded IMS systems with planning and coordination methods and processes in the spare 

parts supply chain. On the other way around, maintenance operation benefits from an 

improved planning of the service operation synchronizing service demands with spare 

parts availability and servicing capacities.  

From the technological perspective, the goal is to improve IMS capabilities in or-

der to achieve more reliable estimations of maintenance needs. The use of intelligent 

maintenance technology will predict future failures in components allowing the op-

erator to react directly on the component degradation. Besides, through techniques of 

mixed reality integrated into an Intelligent Maintenance System, we intend to bring 

relevant data about the components and machines aiding thus the provision of infor-

mation to operators and service personnel.  

To achieve these goals, the I2MS2C concept is divided into four main elements of 

the model. Research on IMS will in the following be related to the first element. Here, 

the concept aims at developing improved spare parts planning methods integrating 

IMS information and the coordination of the spare parts supply chain’s actors. The 

focus relies on the extension and development of spare part-specific mid-term fore-

casting and planning methods in the domain of inventory and transportation planning. 

The IMS used in this project is based on the Watchdog Agent (WA), developed by the 

IMS center [9]. 

The second element of the I2MS2C concept aims to integrate the planning domains 

into a supply chain-wide coordination concept which also includes tactical production 

and maintenance service planning methods. Methods for planning short-term deci-

sions of the supply chain actors as well as their coordination are developed in third 

element. Here, the interconnections to the tactical planning layer have to be regarded. 

The focus relies on short-term inventory planning, transportation and production 

scheduling. Both layers, tactical as well as operational planning, are restricted to the 

improvement of pro-active supply chain planning. In other words, this means that 

supply chain planning not include issues of reacting upon concrete machine break-



down alerts, i.e. only failure forecasts of the IMS are included. Also, the integration 

architecture of the overall research work was built upon a Service Oriented Architec-

ture (SOA), and is a cloud-based system and each entity is built as a device, following 

the Device Profile for Web Services (DPWS) standard, and exposes a set of services.  

Lastly, the fourth element of the I2MS2C concept works with solutions to integrate 

the results of the previously described elements and furthermore provided a simula-

tion environment for the evaluation of the overall I2MS2C concept. Here, the chal-

lenge of integrating IMS with SPSC are analyzed using simulation-based computa-

tional experiments and is intended to be evaluated in real-world case studies. Also, in 

order to achieve a proof-of-concept and an evaluation of the proposed concept, re-

garding to necessity to align the extended/developed intra-organizational planning 

methods as well as the coordination process, this element deals with the integration by 

aligning and fixing the interfaces between the developed concepts of the other themat-

ic areas. Finally, the last part of this area relies on the validate of I2MS2C concept 

applying the methods proposed in cases studies, especially from the domain of ship 

building and the oil industry which both show the characteristics of slow moving and 

expensive components.  

The main contribution of the I2MS2C concept is the integration of three different 

sub-systems: a distributed and networked embedded diagnostic system able to assess 

the error degradation of machinery/equipment and forecast the need for spare parts. A 

distributed decision-making sub-system for spare parts supply chain planning and 

coordination, responsible for tactical spare parts inventory and distribution planning 

as well as maintenance service planning concepts. An operational planning and 

scheduling system that is based on the information provided by the other sub-systems 

optimizes the operational production, transportation and inventory processes. There-

fore, two decision-support models are need for the optimization of the systems. In the 

present paper, a supply chain with the I2MS2C concept fully implemented will be 

considered as the test case, which implies great data exchange among supply chain 

participants and deterministic demand of spare parts for maintenance in industries as 

the final clients. 

3 Communication Procedure Proposal 

The study developed in this paper is based on the study of a real case of a reference 

company in the production and distribution of spare parts for electric actuators in 

Brazil, which will be described hereafter in this work. 

The supply chain in which the communication procedure will be based was first 

presented in [8], and consists of a simplified spare parts supply chain having a pro-

duction facility that produces three types of products and has to attend, as final desti-

nation, the five biggest markets. The final clients of this supply chain are industries 

that buy these products as spare parts for maintenance on their production machines. 

In this supply chain, intelligent maintenance systems are used, that makes the demand 

visible for each one of the fifteen following days. The supply chain scheme is repre-

sented in Figure 1. 



 

Fig. 1. Supply Chain Structure from a Spare Parts Supply Chain (Source: [8]) .  

  The communication procedure is shown on Figure 2 and it was modeled base on 

the model proposed in [10]. In the first step, the tactical optimization model is solved, 

using as input the predefined service level (defined in a previous strategic plan), min-

imum and maximum capacities per transportation mode and the demand per region 

(deterministic in this case). As outcome, the support-decision model will provide the 

inventory level desired per item per facility location, the service level in each region, 

the transport capacities required per transport mode and region, the emergency ship-

ments capacities per region, the service personnel capacities required per service cen-

ter and the production capacities required per item. Based on this outputs, tactical 

strategies will be studied and implemented in order to attend the settled goals. An 

analysis of the result of the plan shall be done to verify its feasibility and applicabil-

ity. Otherwise, a feedback shall be given to the model to implement an internal adap-

tation and the model solved again. Then, the results of the tactical model will be used 

as boundaries and limitations for the operational planning. The operational plan will 

consider the allocated capacities and demands and will optimize the scheduling of the 

production and distribution throughout the supply chain on a daily basis. The results 

must be analyzed, and in case of unfeasibility or improvement opportunity, the feed-

back must be given to the model for an internal adaptation and the planning process 

re-executed. Otherwise, the result can be used to feedback the tactical plan, to verify 

its feasibility. If the operational plan is unfeasible, the desired standards are too high, 

and the boundaries given by the plan are too demanding to be achieved, and the tacti-

cal plan must be reviewed. Otherwise, the plan must be executed, and the supply 

chain monitored in other to verify if the results of the plans are being achieved. Oth-

erwise, a feedback must be given to the decision-support models, to implement an 

external adaptation. 



 

Fig. 2. Proposed communication procedure between tactical and operational decision-support 

models. (Source: author) 

The communication procedure is guided to synchronize the execution of two 

mixed-integer linear problem (MILP) models developed in order to manage the al-

ready introduced spare parts supply chain. Summarizing, the tactical decision-support 

model will provided the objectives to be reach by the operational level, which will be 

executed and analyzed its feasibility by simulation in order to forecast the behavior of 

the results implemented with stochastic characteristics. The last result will feedback 

the tactical planning. When both plans converge, the output can be implemented on 

the real case, which will be also analyzed in order to feedback both support-decision 

models. 

4 Conclusion 

In the present work it was elucidated the importance and necessity of decision-support 

models in decision taking in supply chains. These models are designed in three differ-

ent levels of wideness. These models generally do not consider the other levels deci-

sion, concluding that there is a lack in today’s approaches concerning in communica-

tion between planning levels. 

The work also introduces the concept about integrating intelligent maintenance sys-

tems and spare parts supply chain. A concept that can be shortly summarized being 

the use of electronic sensors in order to predict spare parts demands in industries 

combined with mathematical optimization models, both for tactical and operational 

levels, in order to provide lower costs on the supply chain while delivering higher 

service level. 



 It was, as main objective of the paper, proposed a communication procedure be-

tween tactical and operational support-decision models in order to align different 

levels of planning. The procedure is recommended because no alignment between 

planning levels can reduce the efficiency and feasibility of the outcome plan, as well 

as a unique plan for more than one level could result in high computational cost. Us-

ing this procedure, it is possible to use more detailed optimization models in each 

planning level. 

As future work directions it is recommended to develop support-decision models for 

each level in order to run a test application of the communication procedure. As well 

as an in-depth study about the possibility of including the strategic level in the proce-

dure.  
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