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Abstract.  

In the context of Industry 4.0 (I4.0), manufacturing systems are shifting from 

nonflexible to dynamic, self-aware and self-adaptable ones. Thus, scheduling 

systems, as a core of production functionality, are turning online, context-aware 

and responsive. Nevertheless, even when immediate responsive actions are per-

formed when facing disruptions, aimed at getting a new feasible and/or good 

quality solution, this adaptation-to-change response mechanism might not be 

well accepted on the shop floor. This is mainly because, repeated changes could 

lead to a continuous rearrange of predefined manufacturing plans, through dif-

ferent levels, from MRP to the control systems. Traditionally, this behavior is 

known as schedule nervousness, which triggers unnecessary material move-

ments, delays, reassignments, customers’ dissatisfaction, etc. There are many 

contributions about nervousness at the different planning levels, as well as recent 

advances seizing that issue at control level. Yet, further specification of the nerv-

ousness happening at the shop-floor level (Shop-Floor Schedule Nervousness, 

SFSN), where a short-term on-going schedule drives the production, is actually 

required. In this work, the schedule nervousness notion is introduced briefly from 

a historical perspective, also, a description in relation to the I4.0 context, and a 

novel notion of the SFSN, are shortly introduced.  
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1 Introduction 

The schedule nervousness (SN) has been used, historically, to identify the impact of 

frequent changes over a production plan. Firsts authors tackling the issue [1-3] stablish 
the first notion of SN as a phenomenon associated with the revision of a defined plan, 

which could have a negative impact on, or the disruption of, the production system. 

They address the propagation of changes through MPS and MRP systems. 
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Years after, the SN was analyzed as a propagation of frequent changes that impacts 

at lower levels, where it causes instability in the parts and components requirements [4, 

5]. Because of this, usually, the SN has been studied by quantifying changes between 

consecutive planning periods, but ignoring the changes that occur within a given plan-

ning period. 

The terms SN and stability/instability has been used for planning levels, but also for 

other lower levels. Some contributions cope with schedule instability in relation with 
reactive or rescheduling activities where the SN is extended in order to describe its 

relationship with instability at the operational level [6-8]. In these contributions, the 

goal is the minimization of the instability.  

Also, the production control systems community has been tackling the SN to some 

extent. In [9], authors defined SN as the degree to which elements in the multiagent 

manufacturing control system react on internal and external stimuli. They conclude that 

increasing system nervousness leads to a more responsive behavior of the system, but 

also to a less predictable, and eventually chaotic, one. An architecture that avoids nerv-

ous behavior must balance the tradeoff between performing sufficient changes for re-

acting and enhancing the system’s performance and, at the same time, maintaining a 

stable and safe evolution [10]. Distributed control architectures suffer of myopic when 

it comes to decision making, which leads to system nervousness [11]. This work is an 
extended abstract that brief main aspects proposed by the authors in [12].  

2 Schedule nervousness in the I4.0 context 

From a literature review, it has been seen that the SN is present at various planning 

hierarchy levels, having a different scope and meaning in each of them (see Table 1). 

Table 1. Scope and goals of SN at different planning levels. 

 SN in planning  SN in rescheduling  SN in control 

Scope SN explores the problem 
at an MPS/MRP plan-
ning level. 

SN is not directly tackled, 
but it is inferred that it has 
to do with successive 
changes in an ongoing 
agenda. 

The system nervousness 
is addressed at a lower 
control level. 

Aim Minimize changes in 
produced quantity 
among sequential cycles 
within a given planning 
horizon. 

 

Minimizing instability 
leads to less nervous 
agenda: changes in the 
tasks’ agenda and assign-
ments, each time a reactive 
action is carried out, is 
minimized. 

Manage the complex 
fluctuations of signals 
coming from shop 
equipment. 

Despite the planning level, there is an opportunity to study how new technologies 

that the I4.0 era brings, will affect the SN as well as how they will expand the scope of 

the traditional scheduling and planning systems. In this way, it can be observed from 

literature that authors agree that planning systems facing I4.0 need to address, at least: 
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• A holistic perspective: self-synchronizing, self-optimized, self-learning processes 

• Decentralized, automated, and real-time decision-making processes, at different 

levels 

• Data analysis and intelligence from internal and external sources, in real-time, at 

different levels 

• Dynamic planning and scheduling, with capabilities to address constant changes in 

complex environments 

• Data-driven optimization and simulation 

• Predictability, based on real time gathered data and simulated data 

• Autonomous and decentralized production control frameworks, with interoperabil-

ity capabilities 

• Digitalization of all the planning processes 

The knowledge that this context gives to the planning and scheduling systems facil-

itates the efficient adaptation and continuous improvement of the plans, but, at the same 

time, also potentially increases the intrinsic nervousness of the system. Thus, exists a 

direct relation between I4.0 intrinsic capabilities and the planning systems’ nervous-

ness. This is an emerging field that needs to be further studied. 

3 A shop-floor schedule nervousness scope proposal 

The shop-floor schedule nervousness (SFSN): 

• is identified as a state of the shop schedule, 

• which establishes that future changes are expected (that produce inefficient 

behaviors), 

• and represents a continuous and cumulative tension on the performance 

of the ongoing agenda 

• that exists at every time point along the scheduling horizon, 

• while the shop is executing operations over production orders or jobs, 

• and is a result of: (i) what has already happened in the recent past, during the already 

executed portion of the on-going schedule, (ii) what has occurred in past executed 

agendas and represented by historical data, and (iii) what has not happened yet, but 

either it is planned and/or can be expected based on analytics. 

The acknowledgment, measurement and management of the SFSN enable to: 

(i) Keep track of the past changes on the agenda. This feature is useful to know the 

deterioration of the agenda along the scheduling horizon, caused by modifications to it. 

(ii) Know how stable the ongoing schedule is. Here, the stability level refers to the 

chance of receiving disruptions or requirements to be modified. 

(iii) Be prepared to control changes when a rescheduling action or an agenda adaptation 

is addressed, in order to control the nervousness level, i.e., to know how the ongoing 

schedule adaptations have to be done in order to cope with a required nervousness level 

target.  

(iv) Know a nervousness future trend of the agenda, as well as for each individual do-

main entity that is considered as nervousness relevant.  
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Conclusions 

This short paper summarizes some findings from a literature review of SN at planning, 

scheduling and control levels; results of an analyses of the role of I4.0 regarding SN; 

and a proposal of a shop-floor schedule nervousness scope definition. The SFSN is 

identified as an evolving state associated with an on-going schedule domain. The work 

places a conceptual ground for future developments regarding this issue, over which 

diverse frameworks, approaches, models, and metrics can be developed and tested. 

Acknowledgments 

Authors acknowledge support from ANPCyT (PICTs: 2015-3743 & 2019-4162), Ar-

gentina, and Universidad Tecnológica Nacional – UTN (PIDs: 4526, 7809), Argentina. 

References  

1. Steele, D.C., 1975. Nervous MRP system: how to do battle. Prod. Inventory Manag. J. 16, 

83–88. 

2. Carlson, R.C., Jucker, J.V., Kropp, D.H., 1979. Less nervousness MRP systems: a dynamic 

economic lot sizing approach. Manage Sci 25 (8), 754–761.  

3. Mather, H., 1977. Reschedule the reschedules you just rescheduled – way of life for MRP? 

Prod. Inventory Manag. J. 18, 60–79. 

4. Pujawan, I.N., 2004. Schedule nervousness in a manufacturing system: a case study. Prod. 

Plan. Control. 15 (5), 515–524.  

5. Xie, J., Lee, T.S., Zhao, X., 2004. Impact of forecasting error on the performance of capac-

itated multi-item production systems. Comput Ind Eng 46 (2), 205–219.  

6. Vieira, G.E., Herrmann, J.W., Lin, E., 2003. Rescheduling manufacturing systems: a frame-

work of strategies, policies, and methods. J. Sched. 6 (1), 39–62. 

7. Novas, J.M., Henning, G.P., 2010. Reactive scheduling framework based on domain 

knowledge and constraint programming. Comput Chem Eng34 (12), 2129–2148. 

8. Akkan, C., 2015. Improving schedule stability in single-machine rescheduling for new op-

eration insertion. Comput Oper Res 64, 198–209. 

9. Hadeli, Valckenaers P., Verstraete, P., Germain, B.S., Van Brussel, H., 2005. A study of 

system nervousness in multi-agent manufacturing control system. In: Engineering Self-Or-

ganising Systems. ESOA 2005, vol. 3910. Springer, Berlin, Heidelberg, pp. 232–243. 

10. Barbosa, J., Leitão, P., Adam, E., Trentesaux, D., 2012. Nervousness in dynamic self-orga-

nized holonic multi-agent systems. In:Highlights on Practical Applications of Agents and-

Multi-Agent Systems. In: Advances in Intelligent and Soft Computing, vol. 156. Springer, 

Berlin, Heidelberg, pp. 9–17. 

11. Blunck, H., Bendul, J., 2016. Controlling myopic behavior in distributed production systems 

– a classification of design choices. Procedia CIRP 57, 158–163 

12. Rodríguez, M.A, Novas, J.M., 2023. Characterizing nervousness at the shop-floor level in 

the context of Industry 4.0. In: Designing Smart Manufacturing Systems. Elsevier, pp. 279-

309. 

SIIIO, Simposio Argentino de Investigación Operativa e Informática Industrial

Memorias de las 52 JAIIO - SIIIO - ISSN: 2451-7496 - Página 152


