
HAL Id: hal-03997387
https://imt-mines-albi.hal.science/hal-03997387

Submitted on 31 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Introduction to a Physics-Based Theory to Manage
Risks and Opportunities in Supply Chains

Thibaut Cerabona, Frederick Benaben, Louis Faugère, Matthieu Lauras,
Jean-Philippe Gitto, Benoit Montreuil

To cite this version:
Thibaut Cerabona, Frederick Benaben, Louis Faugère, Matthieu Lauras, Jean-Philippe Gitto, et al..
Introduction to a Physics-Based Theory to Manage Risks and Opportunities in Supply Chains. I-ESA
2020 - International Conference on Interoperability for Enterprise Systems and Applications, Nov
2020, Tarbes, France. pp.283-292, �10.1007/978-3-030-90387-9_23�. �hal-03997387�

https://imt-mines-albi.hal.science/hal-03997387
https://hal.archives-ouvertes.fr


Introduction to a physics-based theory to manage risks and op-
portunities in supply chains 

 

Thibaut Cerabona1, Frederick Benaben1, Louis Faugère2, Matthieu Lauras1, Jean-Phi-
lippe Gitto3, Benoit Montreuil2 

1 Centre Génie Industriel, IMT Mines Albi, Université de Toulouse, Albi, France 
2 ISyE School, Physical Internet Center, Supply Chain & Logistics Institute, Georgia Tech, At-

lanta, USA 
3 Scalian, Toulouse, France  

 
 
  

Abstract. Currently, the management of risks and opportunities is highly de-
pending on the ability of managers: to analyze complex situations (with a lack of 
common vision and decision on the whole supply network), to mobilize their ex-
perience and their knowledge. The goal of this article is to introduce a new vision 
for collaborative network management, especially dedicated to supply chain 
management. It deals with an innovative and original approach for supply chain 
management, based on physical principles. With that theory, risks and opportu-
nities can be seen as forces pushing and pulling a system according to its key 
performance indicators (KPIs). 

Keywords: Risk and opportunity management, Supply chain, Physics-based 
theory. 

1 Introduction 

Managing a supply chain involves shaping and pursuing objectives. These can be 
represented by KPIs. Managers tend to like measurable objectives, even though some-
times they are not looking at the “good” data. Within this article, we consider that the 
majority of objectives can be evaluated through formal KPIs. Managing a supply chain 
is trying to bring its KPIs to predefined targeted values.  

The evolution of the KPIs is due to the occurrence of potentialities, when they be-
come actualities. As defined in [1], a risk is the negative deviation from the expected 
value of a certain performance measure (a KPI for example), from which result negative 
consequences for the organization. Symmetrically, an opportunity is a potentiality 
whose consequences are positive with regard to the target performance indicators.  

Besides a supply chain is a collaborative network, dealing with risks and opportuni-
ties for the whole network requires a global vision: thus the suggested approach could 
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contribute to the holistic vision of the supply chain and to interoperability of the net-
work.    

 
This article claims that (i) the identification of objectives and (ii) the support for 

decision-making are essential to the management of an organization. These decisions 
provide a chance to seize opportunities or escape risks in order to achieve the target 
values of the KPIs. 
This article answers that following question: “how to define and control the trajectory 
of the overall performance of a supply chain with its risks and opportunities repre-
sented as forces?”. This article is structured as follows: Section 2 provides a state of 
the art regarding risks and opportunities management in supply chain. Section 3 intro-
duces this theory. Section 4 illustrates that theory with a supply chain management use-
case. Finally, the last section concludes with some perspectives. 

2 State of the art regarding risks and opportunities 
management in Supply Chain. 

Supply chain is earmarked by predictable or unexpected events that threaten the 
reach its performance objectives [2]. So its management implies to deal with risks and 
opportunities. As discussed in [3], the concepts of risk and opportunity are in fact very 
close to each other. These concepts are symmetric: pull or push the considered system 
in relation to its aims. Indeed, generally speaking, opportunity is the opposite of risk 
but both impact the location of a system with regards to its KPIs (making it closer or 
farer to the target values). In the following, the article focuses on the concept of risk, 
only because the field of risk management and detection is considerably more devel-
oped and studied.   

 
In this section, the concept of risk and opportunity will be explored from the litera-

ture in order to provide guidelines for characterizing risks and opportunities. First of 
all, the risk management processes are decomposed in four steps as described in [4]:  

• Risk Identification (detection of potentialities by studying an organization and 
its environment). 

• Risk Assessment (evaluation of the impact of risk on the system, it can be 
divided in two parts: qualification and quantification). 

• Risk Mitigation (risks responses strategies such as: acceptance, avoidance, 
sharing, …). 

• Risk Monitoring (monitor the status of previously identified risks). 
 

 
In [5], risk is a combination of the impact on the organization and its probability of 

occurrence. The probability is a way to balance the impact seen as the consequences on 
the KPIs. This is a very used two dimensions’ framework for risk analysis as presented 
on Figure 1 (including also opportunity):  
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Fig. 1. Two-dimension framework for risk and opportunity analysis (from [8]). 
 
Even if this idea of potentiality (risk and opportunity) being considered as the com-

bination of impact and probability is very well recognized and used, this paper claims 
that, as discussed in [6], this vision can be refined according to the following three basic 
components:  

• The danger(s) or a driver(s) (induct the risk) 
• The event(s) (including the probability of occurrence) 
• The consequence(s) (the real impact(s) of the occurrence of the risk)  

In [7], a causal vision of the cascading risk chain is based on a very similar structure: 
danger – risk – consequence, so call the DRC chain. Besides, a very interesting aspect 
of that vision is that it can easily be extended to describe the opportunity by including 
the notion of favorable condition (i.e. the positive version of a danger). 

Thus, that cascading effect chain can be generalized as illustrated in Figure 2: 
 

 
Fig. 2.  Causal chain for potentialities (from [8]). 

 
The existing research results on the field of risk management can be symmetrically 

extended to the question of opportunity management. At the end of the day, both to-
gether can be considered as potentiality management. However, the existing approaches 
on risk identification are essentially based on literature review and other experience-
based methods ([9] and [10]). Therefore, it is possible to suggest the following two 
points: 
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• The impact/probability model is quite simple and cannot be exploited to model 
cascading effect. 

• There is no automated tool for potentiality identification based on the use of 
data. 

3 A physics-based theory  

Now dealing with instability is a norm, as stated by [11] and [12]. But it is a new 
perspective of management and opens the door to new theories [8]. It is the purpose of 
this paper to introduce a new and original approach for supply chain management. This 
approach applies physical principles for supporting decision-making processes to con-
trol a supply chain’s trajectory.  

With that theory, risks and opportunities are modeled by forces pushing or pulling 
the considered supply chain within its KPI framework (a risk can be seen as a force 
pushing the supply chain away from its target performance values, while an opportunity 
would bring it closer to its target performance values). For example, a perspective like 
“solid mechanics” can be done, especially to study the managed or inflicted defor-
mations of a supply chain due to the faced forces. 

 
In addition to their direction and intensity (given by the KPI framework), the ob-

tained forces are different types which could constitute interesting patterns of impact 
matrix and vectors [8]. 

 

 
Fig. 3.  Complementary characteristics of forces (from [8]). 

 
Indeed, there are two major types of risks and opportunities based on quantifiable 

and measurable dimensions: external or internal ([13] and [14]). So, we can define four 
different force natures to model them (the first two for the external part and the last two 
for the internal part), as explained in [8]:  

• External field force: is a force induced by an external characteristic (new taxes, 
hurricane, etc.). 
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• Collaboration force: is a force induced by a partnership (a supplier, a subcontractor, 
etc.). 

 
• Internal force: is a force induced by internal decisions (continuous improvement, 

buying a new machine, poor forecast, etc.). 
• Gravity force: is a force induced by unavoidable internal weights (operating costs, 

etc.). 
 
These four different types of forces are based on the following criteria as we can see 

on the Figure 3: 
• Is the force real or potential? 
• Is the force positive or negative with regards to the considered KPIs, i.e. does it 

model an opportunity or a risk? 
• Is it a force that the considered system is able to manage? Or, is it inflicted on it? 
 
This framework of KPIs (Figure 3) allows to locate the considered supply chain re-

garding its KPIs and to define its network of forces (each force reflects the probable 
consequences of each identified risk or opportunity). For a supply chain, the dimensions 
of the framework could be: cost, quality, time, but also less quantitative dimensions 
like reactivity, flexibility, robustness, stability, or resilience ([15] key dimensions of 
today's performance). 

This decision-making space can be used to determine the target zone, a part of this 
space reflecting the target of the considered supply chain in terms of KPIs. By looking 
intensity of these identified forces, one can study how to select the best combination of 
potentialities and the required effort to reach the target zone. 

4 An illustrative example in the field of supply chain 
management  

Please note that: This use-case is not based on real facts. Its purpose is to illustrate 
the theory presented in section 3. 

 
The considered system is the supply chain of a spring for truck manufacturer. This 

plant can catch a big opportunity: to manufacture the further generation of leaf springs 
for its biggest customer. The plan manager does not want to miss this vital opportunity. 
It could be the future flagship product for his plant, so he puts a big pressure on the 
supply chain manager. Some trials are realized and were conclusive. The factory starts 
to produce the first small series, but a quality problem was detected. This problem is 
linked to the use of rubber silent blocks. Indeed, during the manufacture process of 
these leaf springs, rubber bushings must be fit into their eyelets and are tore or weak-
ened in irregular rate. This problem is due to this new eyelet design and it is not possible 
to change it. Consequently, the supply chain has to make a decision: continue to use 
rubber silent blocks (i.e. continue to work with the current supplier) or use metal silent 
blocks (i.e. find another supplier).  
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In this use-case, the two characteristics studied will be: (i) the raising sales of this 
product, and (ii) the possible choice of a new supplier which produces metal silent 
blocks.  

The considered performance framework is composed of the following three dimen-
sions: (i) cost, (ii) delay, and (iii) quality. Clearly, management's goal is to minimize 
these three considered KPIs (note that the concept of time is included in the concept of 
trajectory):  

 
• Financial rate:  
𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙	𝑟𝑎𝑡𝑒

= 	
𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑝𝑎𝑟𝑡𝑠	𝑠𝑜𝑙𝑑	.		(𝑀𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔	𝑐𝑜𝑠𝑡𝑠 + 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠)

𝑆𝑎𝑙𝑒𝑠	𝑝𝑟𝑖𝑐𝑒	  

• Delay rate: 
 

𝐷𝑒𝑙𝑎𝑦	𝑟𝑎𝑡𝑒

= 	
𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑎	𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟!𝑠	𝑜𝑟𝑑𝑒𝑟𝑠		𝑤𝑖𝑡ℎ	𝑎	𝑑𝑒𝑙𝑎𝑦	𝑖𝑛	𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦	𝑏𝑖𝑔𝑔𝑒𝑟	𝑡ℎ𝑎𝑛	𝑜𝑛𝑒	𝑑𝑎𝑦	

𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑖𝑡𝑠	𝑜𝑟𝑑𝑒𝑟𝑠  

 
• Scrap rate:  

𝑆𝑐𝑟𝑎𝑝	𝑟𝑎𝑡𝑒 = 	
𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑠𝑐𝑟𝑎𝑝𝑠

𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑢𝑠𝑒𝑑	𝑠𝑖𝑙𝑒𝑛𝑡	𝑏𝑙𝑜𝑐𝑘𝑠 

 
At the end of the first production orders, this is the position of our supply chain in 

its framework of KPIs. A potentiality is to choose a new supplier, modeled by these 
initial matrix and vectors: 

 

𝐹"#$	&'(()*#+ =	 C
1.5 0 0
0 1 0
0 0 0.9

H . 𝐸 +	J
2
0

−0.5
H𝑤𝑖𝑡ℎ	𝐸 = 	 C

𝐸$
𝐸-#)./
𝐸0'.)*1/

M 

 
The trends observed by this expression of this potential force can be explained by: 

• 1.5: metal silent blocks are more expensive 
• 1: any change on the process time 
• 0.9: new silent blocks improve the quality of each spring 
• 2: the plant invests in an adapted machine for these news bushings 
• 0: any change on the delivery time 
• -0.5: new silent blocks reduce the number of scraps 
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Fig. 4.  Initial situation and forces. 

 
The scales are normalized for clarity reason. As illustrated in figure 4, the same sup-

plier forces (i.e. the force which represents the raising sales of this new product with a 
rubber bushing) and the new supplier force (i.e. the force which represents the raising 
sales of this new product with a metal bushing) are not pushing the supply chain in the 
same direction. The new supplier force is a potential collaborative force. If the manager 
chooses to continue with the current supplier, the supply chain may move in the frame-
work and new forces will be associated to that new position (see figure). The following 
matrix and vectors are those of this new position: 

 

𝐹&.2#	&'(()*#+ =	 J
2 0 0
0 1.5 0
0 0 4

H . 𝐸 +	J
2
1
3
H 

 
The trends observed by this expression of this force can be explained by: 

• 2: the manufacturing costs increase due these high rate of scrap   
• 1.5: the process time increases sharply with all these scraps 
• 4: the scraps increase 
• 2: the plant invests to improve the accuracy of the machine  
• 1: as the process time and quantities ordered increase, there is a risk of delay 
• 3: the overall quality of the products decreases, risks tarnishing its image  
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Fig. 5.  Possible position and forces of the supply chain if the company maintains the current 

supplier. 
 

On figure 5, the light red sphere shows the further possible position of our supply 
chain, pushed only the raising sales of this product with the current supplier force. As 
a consequence of that new position and the previous force, a potential force has been 
calculated (green vectors). It is important to note that the new vector associated to the 
choice of the new supplier has not been calculated. 

If the decision to choose a new supplier is taken, the supply chain may move in the 
framework and new forces will be associated to that new position modeled by these 
new matrix and vectors (see figure 6): 

 
 

𝐹"#$	&'(()*#+ =	 J
3 0 0
0 1 0
0 0 0.7

H . 𝐸 +	J
2
0
−1
H 

 
The trends observed by this expression of this force can be explained by: 

• 3: metal silent blocks are more expensive and sales volumes increase 
• 1: any change on the process time 
• 0.7: the parts are more robust  
• 2: the plant invests to improve the accuracy of the machine 
• 0: any change on the delivery time 
• -1: the recent machine is more accurate and the scraps go down 
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Fig. 6.  Possible position and forces of the supply chain if the company takes the new supplier. 
 

On figure 6, the new supplier force pushes the supply chain to a possible position 
represented by the orange sphere.  

Finally, the best decision for the supply chain manager would be to choose a new 
supplier. For this use-case, this decision is relatively simple. The Figure 5 allows to 
easily understanding that if the manager does not change anything, the forces acting on 
its supply chain will push it to very bad results. 

5 Conclusion and perspectives 

Dealing with instability is a new management perspective [8]. In order to adapt to 
the forces in presence, the mechanics of solids will be taken into consideration, espe-
cially to study the chosen or inflicted deformations of an organization. The theory pre-
sented in this paper opens the door to an innovative vision for management and deci-
sion-making. The aim being to develop an intuitive decision tool to support inter-enter-
prise collaboration. With that tool managers could see the impacts of each potentiality 
on the collaboration performance and help interoperability. In return, interoperability 
contributes to one type of forces (collaboration force) by favouring the exchange of 
information and thus helping to improve the quality of the relationship.  

The following points are a set of identified tasks to make this theory operational:  
• The real-time calculation of trajectories. 
• The study of accessible KPI space areas and efforts to join these areas. 
• The visualization, being able to observe the supply chain within the framework 

of its KPIs. This last aspect is very important, because frameworks usually 
include more than three dimensions and are already hard to manage. Virtual 
Reality is considered a potent way for supporting such visualization.   
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