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1 INTRODUCTION 

The literature on grand challenges emphasizes that improved strategic planning, and design and 

maintenance of transportation and transit systems can lead to more adaptable and resilient transportation 

systems (Kaewunruen et al., 2016). This notion of maintenance has been taken up in sociological works 

that invite us not to reduce the processes of maintenance and repair to a simple restoration of a pre-

existing socio-material order (Denis et al., 2016; Puig de la Bellacas, 2011). On another note, some 

SNCF Network projects are facing a dead end: replacing the affected lines is not sustainable in the 

meaning of grand challenges; renovating these lines by applying engineering rules is but could appear 

too costly. This problem is an example of a series of problems faced by engineering departments 

(Gaudry et al., 2016) : how in the name of grand challenges to make sure to not redesign everything 

every time, but rather renovate existing systems, especially in public transport? Many engineering 

departments are faced with new performance objectives and new constraints (Kang et al., 2014). This 

presents them with a dilemma. On the one hand, it could be possible to renew, to renovate, following 

the known rules, the rules of the art, but this implies investments that could sometimes appear not 

financeable. On the other hand, it could be possible to implement attempts at optimization or 

readjustment of performance choices which can be financed but imply trade-offs with the rules of 

engineering. For a system to be reliable, it must be consistent with the set of engineering rules (Harlé et 

al., 2021). The latter is supposed to guarantee reliability and technical homogeneity; therefore, going 

beyond the rules of the art implies a validation, which in this context needs to be inexpensive. This paper 

is based on a rather surprising project. The French national rail network manager (SNCF Network) needs 

to renovate a series of railway lines and the compliance of the renovation program must be validated. 

To do so, a first version of the renovation program consists in bringing the lines up to the level of the 

existing classical conformity rules, it costs much too much. After some rework and innovation, a second 

program that costs much less is proposed. Yet, the performance criteria have been rediscussed for 

sustainability relative to the needs of the region, the cost of validation should then be not insignificant. 

The fact is that the costs of the renovation program have been greatly reduced. What happened? Faced 

with this paradox, this article will show how the latter can be understood if the variety of validation 

patterns implemented can be analyzed. The question of sustainable system renovation, therefore, raises 

a question that interests us in this paper, the possibility of a validation, which will be called frugal, of 

new engineering rules. Can we shed light on one or more forms of frugal validation patterns for new 

engineering rules enabling sustainable renovation of existing systems? If it is the case, is there a design 

behind this frugal validation? Thus, this article tries to explore if there would not be a third way for 

sustainable system renovation, which would take the question of the renovation of the physical heritage 

from a new way of designing in the system of rules, new propositions, and their validation. The 

remainder of the paper is organized as follows: Section 2 provides an overview of the literature on 

validating a new engineering rule. Section 3 describes the research setting and the methodology in more 

detail, the creation heritage’s renovation case analysis is presented in this section. Following up on this, 

the results are illustrated in Section 4. The paper concludes with a discussion and the presentation of the 

next steps in Section 5. 

2 REVIEW OF RELATED LITERATURE 

2.1 Verification and validation through tests 

In engineering, the issue of rule or design validation has often been seen as a question of testing and 

compliance. There is a whole stream of literature on the notions of verification and validation in response 

to knowledge-based design that has sometimes resulted in unreliable systems (Plant and Gamble, 2003). 

Verification is the evaluation of whether a product, service, or system complies with a regulation, a 

requirement, a specification, or an imposed condition. Validation is the assurance that a product, service, 

or system meets the needs of the customer and other identified stakeholders. Many methodologies and 

techniques for verification and validation are proposed in the literature (Wasserman, 2002). The final 

validation is done through experimentation and testing: system testing and user acceptance testing 

(Buchanan and Duda, 1983). There is then a set of tests to be verified so that the product and its design 

are validated. Eventually, to prove that a function is fulfilled, the right reproducible, even standardized 

test must be developed (Gobbi et al., 2022; Van den Bosch et al., 2021). These tests represent a 
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development cost, which can be considerable. Moreover, since they are often performed in the final 

design phase, any deviation can have a significant impact on development time and compliance costs 

(Babuska and Oden, 2004; Maropoulos and Ceglarek, 2010). Thus, to validate a new project, which 

goes beyond the state-of-the-art, it is necessary to validate that the functions are fulfilled, to carry out 

the associated experimental devices and tests, and, therefore, to pay the costs related to the latter.  

2.2 Validation through the application of the state-of-the-art rules  

Design validation of a procedure involves testing important characteristics of the procedure to ensure 

that it is accurate, precise, specific, reproducible, and robust for routine (Yuwono and Indrayanto, 2005). 

In the pharmaceutical industry, for example, a Design Qualification is written, documenting the 

verification, and confirming that a design procedure results in a system that is fit for purpose. Numerous 

works on quality programs, in particular the work on the ISO 9000 quality assurance standard, 

emphasize that validation and certification more specifically require documentation of the procedures 

used to meet expectations (Zhu, 1999). Thus, once a process has been validated or certified, and the 

systematic writing of practices carried out, the process can be reused (Yao et al., 2003). The process is 

deemed to be of good quality because it follows the quality rule. There is then a simple proof for which 

it is not a question of showing that it works, but of saying that it follows the rules that say it works. Once 

you can say that a design process is of quality, there is no need to test all the designed systems because 

the design has been done according to the recommended processes. 

2.3 Existence of other validation patterns 

Hence, we conclude from the literature review above, the existence of two validation patterns of a new 

engineering rule. On the one hand, validation by testing. On the other hand, validation by applying the 

rules’ state-of-the-art. Today, the question of compliance with the rule and the question of compliance 

costs is a major issue in engineering, notably due to the functional expansion leading to an increase in 

standards (El Qaoumi, 2016; Gilain, 2021). The literature questions the fact of setting up all the testing 

processes once the product has been designed and indicates the importance of the testing budget relative 

to the project budget (Czarnigowski and Czarnigowska, 2015; Wang and Zhang, 2020). Indeed, this can 

lead to paradoxical situations where design procedures are defined but appear too costly; and where the 

development of a new process remains problematic, the main difficulty being not the development of 

the new system, but its validation and more precisely, its certification. Many works then try to optimize 

the test design (Luecht, 2013). In particular, optimizing the number of tests, based on costs, coupling 

product design costs, and validation test costs, to ensure product reliability (Ahmed and Chateauneuf, 

2014). Other works deal with experimentation, and the cost of experimentation, with the idea of seeing 

if there are ways to minimize the costs of learning through parallel strategies (Gillier and Lenfle, 2019; 

Thomke, 2003). These works highlight the value of not thinking about design and validation separately 

and propose optimal testing strategies. Thus, the literature describes situations where compliance with 

the state-of-the art is too expensive, and validation of new rules also. There is a problem: classical 

validation patterns appear to not be very frugal or to not lead to very frugal situations.  

What justifies thinking that maybe there would be other validation patterns? Looking beyond 

engineering, in other domains, different validation patterns exist. Beyond the previous literature, what 

are the validation patterns implemented? In mathematics, validating a theorem means using all the 

available axioms to show that by combining them, the theorem is demonstrated. Validating a theorem 

is like validating a new rule in a system of rules. We are simply not sure of its meaning in engineering. 

In knowledge-based systems, is it as easy as that to implement deduction mechanisms? Moreover, there 

is a form of proof in mathematical constructivism based on mathematical intuitionism, which consists 

in saying that when combining rule 1 and rule 2, rule 2 being a proposition that still needs to be proved, 

the sought-after rule 3 is obtained. Thus, the validation of the rule comes from the respect of the previous 

rules and a delta to be designed. However, it should be noted that this is only possible thanks to an 

additional knowledge effort (Kazakçı, 2013). In law, case law is a technique for validating legal rules. 

Anglo-Saxon law has a case law where one decision is sufficient to establish a precedent and case law 

in this law is an important source for the law (Apple and Deyling, 1995). Moreover, in the computer 

science literature, there are formal machine-assisted verification methods. These methods allow us to 

verify that if the program construction is compliant, its execution will be. This work on proof assistants 

has been used to validate programs as part of the digital transformation of CoPS (Lakemond et al., 2022). 

They enable the development and formal certification of compilers. This kind of certified compiler is 
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useful for the certification of critical software: the certification of the compiler guarantees that the safety 

properties proved on the source code are also valid for the executable compiled code (Leroy, 2006). On 

another note, there have already been works in engineering design that have thought of widening the 

scope of validation to more sophisticated patterns. Some work points out that medical research and 

development can contribute enormously to engineering design validation. Indeed, these are built on 

several layers: theory in chemistry and biology, clinical trials, natural experiments, in vitro experiments, 

and animal models, among others (Frey and Dym, 2006).  

What is quite fascinating is that in all these alternative validation patterns, there is some kind of 

validation construction. Therefore, the framework of validation construction in engineering could 

probably appear more general. Finally, this notion of validation, which is often seen precisely as an end 

stage of design, is a very demanding design phase. As a result, it seems relevant to ask ourselves what 

it means to design validation.  

2.4 Research questions  

In the context of renovation issues, a lot of questions obviously arise. This paper will only deal with a 

very small part of them, the validation issues. What leads to the question of frugal validation is a rather 

intriguing observation on the SNCF case: the teams that worked to build new renovation proposals made 

relatively little modification of the original proposals, but a huge amount of work was associated with 

validating the new proposals. The literature review raises the fact that using existing rules can be 

complex and costly, but on the other hand, validating a new rule represents an impactful effort that can 

also be too costly. Faced with this impasse, some works underline the interest in thinking about the 

design and validation of new rules together and exploring new forms of validation. Moreover, looking 

beyond engineering, in other domains, different validation patterns exist. This leads to the following 

research question: RQ1. Can we shed light on one or more forms of frugal validation patterns for 

new engineering rules enabling sustainable renovation of existing systems? Knowing that there 

could be a validation design, it seems interesting to try to understand the underlying reasoning behind a 

frugal validation: RQ2. Is there design behind frugal validation for new engineering rules that 

enable sustainable renovation of existing systems? 

3 RESEARCH METHODOLOGY 

3.1 Research approach  

The authors had the opportunity to analyse a project facing the impasse described in the literature: on 

the one hand, validation through the application of rules' state-of-the-art was too costly; on the other 

hand, validation of new rules could appear also too expensive. As innovative design workshops are 

institutionalized in SNCF (Laousse, 2018), in the face of this impasse, one of these was set up and 

allowed this project to find an outlet. We are then led to believe that perhaps this case is an anomaly, 

and that it could maybe allow us to understand new patterns of validation.  

This paper is going to look at the design of the validation. Design theory will allow us to better 

understand and analyze the making of validation, and the way it is constructed. This paper will try to 

decode this SNCF Network case with this approach. 

3.2 Data collection 

The data collection was performed as part of an intervention research study (Hatchuel, 1997; Radaelli 

et al., 2014) by the authors from February 2022 at SNCF Network. Data collection for retrospective 

analysis was performed between August 2021 and now, through formal and informal interviews with 

the project team (innovative design experts). The data on the content, the technical feasibility, and the 

financial evaluations of the two renovation programs were triangulated and supplemented by 

information from working documents and project deliverables found in SNCF Network. A longitudinal 

study (Karlsson, 2016) was conducted by the first author between August 2021 and now. The data was 

collected through frequent participation in working sessions with the project team (35 meetings, 78 

hours). Information was collected from internal documents specifying the work to be done to maintain 

the lines in operational conditions (diagnosis, work program letter, etc.), presentations and minutes of 

the various workshop sessions, texts specifying engineering rules, as well as notes collected during the 

meetings (33 documents, 370 pages). Interviews with the project team members, experts (track experts, 
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documentation expert, …), and local actors (engineering department and work department) were 

conducted after the information was collected to consolidate the analysis (10 people, 21 interviews, 32 

hours). 

3.3 Data analysis  

The case studied is the following: a region wishes to maintain in operational condition capillary freight 

lines, i.e., lines serving the territory with low traffic reserved for rail freight. The engineering department 

of SNCF Network has estimated the financial investment required for the work based on the previous 

technical diagnosis, considering that the system of rules is applied. However, the region has a limited 

budget which is insufficient. It is a very precise moment of the conception process, the moment of 

contradiction. A long phase of diagnosis was carried out upstream, which allowed, through an analysis 

of the existing system, to determine the state of the technical system and the problematic points to 

maintain these lines in operational condition. It will be assumed that this phase has been correctly carried 

out, as it is frequently done by joint work by the engineering and works departments of SNCF Network. 

This phase leads to incompatibility: if the system of rules is applied, it results in an unsustainable 

economic equation. A two-phase workshop was then organized over eight months (approximately one 

session per month). Following this workshop, the revision of the engineering rules is a success: it allows 

a satisfactory economic equation; it is accepted by the financiers; and therefore, it allows to maintain 

the lines in operational condition. 

The two programs specifying the work to be done to maintain the project lines in operational condition, 

before and after the workshop, have been compared. This allowed us to identify about twenty changes. 

Behind these, seven new engineering rules and the different patterns implemented for their validation 

were identified. The gains allowed by these seven new engineering rules on the project were quantified. 

These gains represent 11% of the budget initially estimated at several million euros. For each of the 

twenty changes in the renovation program, interviews were conducted with the workshop participants. 

First, the proposals they had conceived were identified, then what they said about how to validate them 

was made explicit. Thus, from the verbatims obtained, we traced the validation processes: all the 

validation attempts knowing a proposal to be validated. This allowed us to see that, as our analysis 

started quite late, the proposition to be validated does not evolve much, but the validation attempts are 

much more complicated, frequent, and refined, than one might have imagined.  

The analysis of the validation of these new rules was carried out using the C-K theory (Hatchuel and 

Weil, 2008). The C-K theory has been used because it allows us to reconstruct the design reasoning that 

was conducted during the design of the validation. Coding in C-K for each proposition the way it was 

validated then reveals validation patterns, proposition after proposition. Thus, by systematically looking 

at all the proposals in the seven cases, we find nine patterns that appear at least once and sometimes 

several times. The new engineering rules and their validation have been examined, they correspond to 

very original validation patterns that this paper will try to formalize and make explicit. Two case studies 

of validation of new engineering rules are presented to illustrate some validation patterns that the case 

has highlighted. Some works tell us that the design of a new proposition of rule can take quite 

sophisticated forms, namely, not a proposition of a new design, in fact, but a proposition of a new design 

in such a way that it is consistent with the previous rule set. For this purpose, the model of new rule 

design within the tradition (Harlé et al., 2021) is used to analyse our cases. 

4 RESULTS 

4.1 The case of the rolling and the complementary leveling 

The case. The railway track is composed of sleepers and rail. When work is completed on the track, the 

latter must be stabilized before commercial trains can run on it. This stabilization is called rolling and is 

usually done by a machine, a dynamic stabilizer, and is therefore very expensive. After rolling, 

additional leveling is necessary. To maintain one of the lines of this project in operational condition, 

work on the track will be carried out. Stabilization of the track is thus necessary at each work pass. 

SNCF is therefore looking for a solution to stabilize the track after each work pass (1). The reasoning is 

explained in Figure 1. The rule stipulates that 20000T rolling, and complementary leveling are then 

necessary (2). A first proposition corresponds to the application of this rule (3). A second proposition 

corresponds to an interpretation of the rule in the local situation. Knowing that there is very little traffic 
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and that it is only freight traffic (4), a new way could be to stabilize the track only after the work is 

completed (5). Is it possible to validate this proposition? It turns out that this is still a constraint for 

shippers, as freight trains will need to run between the different work passes (6). A new proposition 

corresponding to an interpretation of the rule then opens, to carry out the rolling of the track through 

these freight train circulations (7). Is it possible to validate this proposition? On the one hand, can the 

rolling of the track be carried out by the trains running on this line? A rolling is characterized by tonnage 

and speed of circulation. This line is only used for freight, so the trains weigh more than 30000T and 

run at a maximum speed of 50 km/h. Then the track stabilization could be done by a freight train (8). 

On the other hand, is running commercial traffic on an unstabilized track in this context an acceptable 

risk? If the maximum speed is 40km/h at the level of the works, then the risk of having an incident 

becomes acceptable in these precise conditions (9). Thus, the rolling can be carried out by commercial 

traffic on this line with a maximum speed of 40 km/h (7,10). A final proposition that was explored by 

checking the other rules, was to use a specific text for UIC (international union of railways) lines 7 to 9, 

which indicates the need to carry out a rolling after the work has been completed (12, 13). Thus, a 

solution (7,10) to stabilize the track after track work is validated by the track experts for the continuation 

of the project (11). 

 

Figure 1. C-K analysis of the rolling and complementary leveling case 

 

Analysis and comments. This case illustrates frugal validation patterns of a different nature than the 

usual validation patterns: proposition (7,10) is validated partly by rule compliance and partly by a 

collective risk analysis by experts' opinion; proposition (13) is validated by application of another rule, 

which is an extension of the initial rule. 

This case also illustrates that a frugal validation is an extremely sophisticated validation design. A frugal 

validation supposes a validation-oriented exploration process: a learning process where testing and 

seeing if the propositions are validatable. The redesign of a new proposition is then built on the fact that 

one day or another it will have to be validated. Attempting to validate a certain proposition implies going 

and looking for knowledge. When the validation could not be done immediately, the knowledge 

generated allows us to complete the existing proposition or to create new ones. In other words, the 

attempts to construct validations are at the origin of learning processes that generate knowledge, 

complete the existing propositions, or create new ones. For example, proposition (7) results from a 

proposition validation attempt (5,6), and proposition (7) is completed by proposal (10) after a validation 

attempt (9). 

This exploration process makes it possible to redefine the object and segment the validation into several 

validations. For example, the validation of (7,10) is built in several steps. The first step is the redefinition 

of the object “rolling”: rolling was a track stabilization operation performed by a machine, which was 

characterized by tonnage and speed; rolling is redefined as a track stabilization operation, which is 

characterized by tonnage and traffic speed only. Then, the new rule is validated through constructive 

reasoning that relies on the redefinition of the object. The redefinition of the object rolling allowed the 
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conservation of a part of the rule (the weight and the speed for the track stabilization) validated by the 

existing rules; and the redesign of another part of the rule (the machine) and its validation through a 

collective risk analysis of the local situation by experts' opinion. 

4.2 The case of unmarked cables 

The case. A main cable is a signal cable connecting two signal centers, two substations, or a signal 

center and a substation. Cables prior to 1975 are unmarked. The marking of a cable indicates information 

about the cable's designation, composition, and manufacture, among other things. To maintain one of 

the lines on this project in operational condition, a solution to the non-conformity of these cables is 

required (1). The reasoning is explained in Figure 2. The rule states that unmarked cables must be 

replaced by 2030 (2). One proposition is the application of the rule and involves the replacement of 8 

unmarked cables (3). Another proposition is to interpret the rule according to the local situation. In this 

case, the next maintenance is scheduled for 2027 and at the last measurement in 2017, all cables were 

at 100MΩ (4). A second proposition would therefore be to wait for the next maintenance to replace the 

unmarked cables on this line (5). Is it possible to validate this proposition? What is the risk of not 

replacing these cables? The main risk would be an insulation fault. An insulation fault is characterized 

by a low resistance of the cable in question. However, during the last measurement in 2017, all the 

cables were at 100MΩ, which is a cable resistance in accordance with the maintenance texts for main 

cables. In sum, these cables do not present an unacceptable insulation fault risk. However, a second risk 

remains, work on the track will take place and it can generate cable manipulations that can cause 

insulation faults (6). This leads to exploring and validating a third proposition, to make sure that the 

track works do not lead to handling of cables and in this case, not to replace the unmarked cables (7,8). 

A final proposition that was explored was based on rule verification. It turns out that the replacement of 

unmarked cables is a technical policy, but the text does not imply the replacement of the latter before 

2030 (9). This was another way of validating that these cables could be not replaced (10). Thus, a 

solution (7,8) to the non-conformity of unmarked cables is validated by the signage experts for the 

continuation of the project (11). 

 

Figure 2. C-K analysis of the unmarked cables case 

 

Analysis and comments. This case also illustrates frugal validation patterns of a different nature than 

the usual validation patterns: proposition (7,8) is validated partly by rule compliance and partly by a 

collective risk analysis by experts' opinion; proposition (10) by better knowledge of the rule. 

This case also highlights that the design of the validation makes it possible to redefine the object and 

segment the validation into several validations. For instance, the validation of proposition (7,8) is done 

in several steps. A redefinition of the object “non-compliant unmarked cable” results from the 

proposition validation attempt (5). Indeed, a non-compliant unmarked cable initially corresponds to a 

cable that does not have any marking. After exploration of proposition (5), a non-compliant unmarked 

cable corresponds to an unmarked cable with a resistance lower than a limit fixed by the rules or an 

unmarked cable which is likely to be manipulated because of work on the track. The redefinition of the 
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object non-compliant unmarked cable allows the conservation of a part of the existing rules (the 

resistance of the cable) validated by the existing rules; and the redesign of another part of the rule (the 

assurance on track works) and its validation through a collective risk analysis of the local situation by 

experts' opinion. 

4.3 Case overview 

Result 1: Frugal validation patterns exist and represent a range between validation by application 

of the rules of the state-of-the-art and validation by testing. Indeed, the two cases presented illustrate 

three frugal validation patterns: validation by better knowledge of the rule; validation by application of 

another rule, which is an extension of the initial rule; validation by collective risk analysis by experts' 

opinion. The systematic study of the seven cases allows us to find the previously presented frugal 

validation patterns as well as others. The other cases show three other patterns of frugal validation. The 

first one is the validation by a new specific maintenance policy. This pattern corresponds to a situation 

where the design and its validation are thought of by a change in the maintenance, for example, to choose 

to ensure the life of a component until the next maintenance at least. The second pattern observed is the 

taking of individual responsibility, even if everything is done on this project to avoid it. This pattern 

corresponds to a situation where an actor performs a risk analysis and judges that he is ready to take the 

risk because he can justify it. The last pattern observed that the actors tried also to avoid, is the validation 

by an exemption and corresponds to asking an exceptional authorization to deviate from the rule. There 

would probably be other frugal validation patterns, in particular patterns that are not used in these cases 

but that have been explored in the context of the latter and on which it would be relevant for the actors 

to develop skills: validation by collective probabilistic risk analysis, validation by questioning the model 

underlying the rule, validation by controlled live experiment. Thus, a representation of a set of frugal 

validation patterns alongside traditional validation patterns is proposed in Figure 3. 

 

Figure 3. Set of validation patterns for new engineering rules 

 

Result 2:  There is design in frugal validation, it is a validation-oriented exploration process, a 

learning process that allows a segmentation of the validation in a logic of constructive proof. The 

set of cases studied allowed us to see that frugal validation is, in fact, a rather complex design 

mechanism. Frugal validation relies on an exploratory mechanism that combines several validation 

intents. The inability to validate a proposition leads to knowledge that allows for the completion of the 

proposition or the formulation of other new propositions. This learning process allows a validation that 

is a constructive proof that relies on a redefinition of the object and enables a segmentation of the 

validation in a combination of several frugal validation patterns. The design of the validation requires 

several expertise and the mobilization of a collective. Indeed, the design of the validation involves: 

technical knowledge of a different nature, from the knowledge of the local situation to the knowledge 

of the texts enacting the engineering rules; various skills, from the risk analysis methods to the ability 

to understand the scientific background underlying the engineering rules. 

5 CONCLUSION, DISCUSSION AND FUTURE WORK 

This paper has allowed the formalization and the explicitation of new frugal validation patterns for 

engineering rules allowing sustainable renovation of existing systems. Moreover, this paper highlights 

the presence of design in frugal validation.  
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The renovation of the physical heritage that represents the existing systems can pass by a renovation of 

the creation heritage that are the engineering rules. The latter can be enabled by a range of frugal 

validation patterns. This paper shows that these frugal validation patterns have the advantage of allowing 

projects to be completed successfully, while allowing engineers to emerge enhanced by a better 

knowledge of the rules and a revision of the latter. 

A frugal validation is an extremely sophisticated proof design. This paper shows that in fact, in 

engineering too, there is a rather sophisticated proof construction logic which is one of the rather 

important keys to a design to cost for contemporary renovation and maintenance issues. 

More broadly, it seems to us that frugal validation patterns can help to understand the major difficulties 

of rule system management services. This paper shows through this case that these frugal validation 

patterns start from local examples, from which new rules are designed and validated. Moreover, the 

exploration of new propositions and their validation use knowledge of local situations. Thus, a very fine-

grained knowledge of the local situation seems necessary to be able to propose the revision of a rule or 

the addition of a new rule compatible with the existing system of rules. The existing separation today 

between the designers who design the rule system and the designers who use this rule system appears 

perhaps not compatible with the logic of rule renovation analysed in this paper. This raises the question 

of new organizational forms allowing this.  

We used design theories while we were analysing validation. We were at first sight very far from design, 

design was done, but the C-K theory reveals the effort of proof development. However, the C-K theory 

was cumbersome to implement. For it to work, a rich source of data is needed. Indeed, the details of the 

validation operations and the engineering rules are necessary, which implies interviews with many 

stakeholders and the study of lots of internal documents. From a scientific point of view, this is a bit 

expensive, however, once the patterns are identified, one can imagine going much more economically. 

The construction of a typology could allow us to propose to the actors to see if they are using more like 

this or that pattern. 

Future work will aim at reflecting on the completeness of frugal validation patterns. To do so, a model 

based on the hypothesis that it is a sheafification operation will be built. Moreover, this paper did not 

look at the elegance that generated the new paths for new rules, but only at the design of their validation. 

There is probably an expertise, even roles. This raises the question of whether there should be a specific 

space dedicated to exploration and validation. Finally, now that these frugal validation patterns are 

known, how to explore new paths for new engineering rules? 
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