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Abstract. In the current supply chain world where instability and variability are
the norm, being able to efficiently identify/diagnose the root causes of non-
performance is of prime importance. Although numerous methods exist to
support quantitative diagnosis step, there are very few materials regarding the
qualitative dimension of diagnosis. Additionally, the rare existing methods are
very time-intensive, need scarce expertise and often produce poor results. In a
such context, the problem is how to make supply chain qualitative diagnoses
impactful and fast. Practically, this paper develops a business process and its
associated knowledge-based system, inspired by the theory of constraints’
thinking processes approach, to effectively support practitioners in their
qualitative diagnosis step. A set of real industrial application cases is analyzed
to discuss the implications of the contribution. It notably demonstrates that the
proposal supports both increasing the impact of the diagnosis and reducing the
time of the process by almost 80%.

1 Introduction

As [1] said, “a good doctor is not the one who first knows well all medications or
who masters all healing techniques, but the one who is able to quickly make a proper
diagnosis”. A right diagnosis will allow you to choose the right medication that is to
say the right tool and so caring. Make a wrong diagnosis, can even cause
amplification of the problem. The point is exactly the same for Supply Chain (SC)
improvement step. SCs are under pressure due to the high level of uncertainty and
variability they have to cope with and as a consequence, they have to be able to adapt
themselves quickly if they do not want to die prematurely. To reach such a goal, SC
practitioners need to develop several abilities and notably ones to detect rapidly and
effectively potential weaknesses in their organization. This is generally supported by



a diagnosis step which tries to assess objectively the forces and the weaknesses of the
existing SC.

But as demonstrated by [2], these methods are generally large, quantitative, expert-
oriented and time-consuming. [2] also indicated that most of them do not allow
producing a relevant analysis to support improvements of the SC. Let’s now take time
to analyze these issues and to fix the problem statement of this research work.

Basically, most of the quantitative diagnosis techniques such as Cause and Effect
Diagram or Interference Diagram need long time to gather, classify and analyze data.
This is nowadays particularly problematic as the data sources are numerous and as SC
features change so quickly. As a consequence, these approaches often deliver obsolete
conclusions. Finding a solution to speed up the diagnosis process appears now as
mandatory. An approach to solve this issue might consist in supporting the step within
a dedicated decision support system able to assist properly the SC practitioners.

Regarding the relevance of the SC diagnosis, authors like [3] showed that using
qualitative approach might be powerful. However, despite their potentialities, [3]
indicated that these qualitative approaches are very time-consuming. They also
explained that only very well-trained experts are able to use this kind of approach
effectively. These techniques are then poorly spread among SC practitioners. As a
consequence, a solution able to make the use of qualitative diagnosis easier seems to
be required by SC practitioners.

To sum up, there is a need for a SC qualitative diagnosis method that would bring
relevant analysis in a very short time. The research question can then be formulated
as: how to process and support a fast and relevant SC qualitative diagnosis?

To answer this question, the remainder of the paper is presented in four sections.
First, an analysis of the literature will be developed to identify existing methodologies
and to conclude about good practices and gaps. Second, the proposed decision support
system will be developed by focusing on the business process and on the associated
knowledge-based system. Third, the paper will describe and analyze a set of real
industrial application cases to demonstrate the potential benefits of using such a
system and to discuss about its limitations. Fourth, the paper will end up by
summarizing the contributions and developing avenues for future research.

2 Background

Most of the SC diagnosis methodologies are generally linked to automatic control and
systems theory on one hand, and continuous improvement methodologies such as
Lean Manufacturing, 6 Sigma, Supply Chain Operations Refence (SCOR) or
Balanced Scorecard on the other hand. In the following, we first discuss the features
of them before diving in the details of the existing qualitative approaches.

2.1 Quantitative diagnosis methodologies

Quantitative methods were among the first to emerge in systems theory in the
seventies. Nowadays, most of the quantitative diagnosis methods come from the field



of automatic control and the fault detection [4]. They are generally based on control
and statistical decision theories. As shown by [5], these approaches are based on the
following requirements: Early detection of small faults with short time behavior,
diagnosis of faults, detection of faults in closed loops and supervision of processes in
transient states. The goal is then to detect on-the-fly “potential failures to react
quickly by making decisions such as reconfiguration, maintenance or repair” [5].
Obviously, these approaches are working on dedicated systems and often do not
consider the interactions between them [4]. As a consequence, it is not possible to
support any diagnosis step within such an approach in the context of complex systems
such as SCs, or any industrial organization.

Another spectrum of quantitative diagnoses is proposed by continuous
improvement approaches as the first stage of such a process is systematically a
diagnosis stage. Among all the continuous improvement approaches, Lean
Manufacturing is probably the most famous one. Lean Manufacturing is considered as
the most effective methodology for productivity improvement in any kind of
organization [6]. The main idea of Lean Manufacturing consists in managing flows in
order to better satisfy the customer demand. Particularly, it focuses on the time spent
by the different operations of the process in order to reduce it by eliminating wastes
[7]. According to [7], Lean Manufacturing is mainly a philosophy which includes a
specific toolbox able to evaluate and improve any kind of system.

Within a management control perspective, we also must consider the Balanced
Scorecard approach which was created in the early 1990s by [8]. The Balanced
Scorecard should be designed as “a day-to-day diagnosis tool to guide executive
actions” as mentioned by [9]. On their side, [10] indicated that Balanced Scorecard
can be considered as a diagnosis control system as it might be used to monitor the
organizational outcomes to correct deviations from pre-set standards of performance.
However, they highlighted some limits of such an approach and notably the fact that
Balanced Scorecard needs frequent and regular attention from operating managers at
all levels, huge amount of data regularly refreshed to be relevant, and a point of
reference (to compare) must be set up a priori to any diagnosis consideration.

Additionally, Supply Chain Operations Reference (SCOR) has received a lot of
attention from scholars and practitioners during the past decades for supporting
continuous improvement approaches in the context of supply chain management. The
SCOR model [11] provides a unified representation of SC activities with six general
activities: Plan, Source, Make, Deliver, Return and Enable. Each activity can be
refined into sub-activities, which are themselves decomposed into sub-sub activities,
and so on. Several quantitative key performance indicators are associated to each
activity in order to assess the performance of the SC and make a diagnosis. Although
these performance indicators are attached to activities and well formulated, they
remain very difficult to set up a proper diagnosis within an existing SC. If the
decomposition process on a macroscopic level is quite generic and can be applied to a
lot of industrial cases, the detailed levels might be difficult to use, due to the
granularity and specificities of activity representation [12]. In addition, the SCOR
model does not “try to close the loop”, and there is no suggestion that the indicators
should be used to manage the system. Thus, it could be rather difficult — even random
in some cases — to define, the necessary corrective actions on this basis alone [12].



As we reminded in this section, the main features of quantitative based diagnosis
approaches and their limits, it is now time to extend our analysis in direction of
qualitative diagnosis methodologies.

2.2 Qualitative diagnosis methodologies

Within a qualitative perspective, we identified three main methodologies in the
literature:

- Cause and Effect Diagram (CED),

- Quick Scan (QS),

- Current Reality Tree (CRT).

CED are usually represented through an Ishikawa Diagram. The main idea of this
methodology is to collect facts which may explain the connection between a potential
root cause of the current situation and the noticed symptom. Usually, CED is
composed of the following steps:

- Recording consciously each defect occurring in the company.

- Identifying the potential root causes associated to the event.

- Classifying the root causes.

- Visualizing the root causes by putting them into an Ishikawa Diagram.

CED has several advantages. The implementation is quick (only few hours are
needed), participative and quite easy to get [13]. However, there is one major
drawback as CED is poorly consistent in terms of diagnosis results. [13] demonstrates
that for a same problem, different teams never get the same results when using CED
approach. This is why we could not consider CED has good enough to reach our goal
of improving the efficiency of diagnosis.

QS can be defined as a robust diagnosis methodology developed to assess the
current performance of an organization’s SC [14]. The core of the methodology
consists in conducting the QS itself through four sources of data: attitudinal and
qualitative questionnaires, process maps, semi-structured interviews and archival
information [14]. Typically, the QS methodology implies a mixed approach that
consider both qualitative and quantitative insights and try to make the link between
them. We must also highlight that QS is an iterative process which required
approximately two weeks to be executed (for the whole process). Some authors such
as [15] propose to enrich the QS methodology by adding a dynamic Bayesian network
to elaborate on the causal relationships previously extracted. In addition, [15]
highlight several drawbacks regarding QS implementations. They notably mentioned
that QS is time consuming comparing to other diagnosis methods and needs a very
important expertise and experience to be used efficiently. They also indicate that the
methodology is very sensitive to the completeness and freshness of the data used. In a
variable world as we know in modern SCs, this is definitively a critical limitation.

The CRT methodology is based on the Theory of Constraints (TOC) body of
knowledge. The TOC has been developed by [16] through a novel book named “The
Goal”. As for Lean Manufacturing, the TOC is also a philosophy and a toolbox which
can be applied for production, distribution, project and problem-solving issues.
Regarding our problem statement, we focus on the last domain of application and
more specifically on what is called the Thinking Processes which are a set of logic



tools able to support the problem-solving issue [16]. The Thinking Processes involve
five basic logic tools. As explained by [17], these tools use logic to help managers
understand why desirable or undesirable situations occur, to ascertain the impact of
interventions designed to eliminate undesirable conditions and to offer guidance on
how to manage the change required for improved performance. The five tools are
current reality tree (CRT), evaporating or conflict cloud, future reality tree,
prerequisite tree and transition tree. In the TOC philosophy, the Thinking Processes
should not only focus on the improvement of the system but also consider the change
management issues. Basically, this methodology implies three major components to
support efficiently the change: agree on the problem, agree on the solution and agree
on the way to implement it. The Thinking Processes put a huge emphasis on the
diagnosis step which is necessary to agree on the problem. In practice, this step is
supported by the CRT tool. As for QS and CED, CRT is a cause-and-effect approach,
but it focused on “conflicts”. A conflict is a combination of two opposite actions
which theoretically contribute to the same goal but do not get the same results. For
example, a purchasing team can be in the following conflict: buy large quantity to
save money on fixed-costs or buy just the required quantity even if fixed-costs are
important. The two actions are opposite. When you buy higher quantity to scale, you
decrease the purchase price which may results in more money. But when you buy
only what is required, you may have less inventory which increase the cash
availability. These are two opposite actions which might help the company to make
money and to be more or less profitable. CRT implementation is quite similar to QS
and CED in terms of process. It consists in identifying symptoms (also called
undesirable effects) which are limiting the performance of the system [17]. CRT
logically linked the identified symptoms through a series of intermediate entities that
specify prevailing relationships downward to a core problem [17]. According to [17],
the first step of CRT process consists in examining the different symptoms for
possible cause-effect relationships using “if-then” logic and make appropriate logical
linkages between them. Then, it consists of enhancing the linkages by introducing
additional insights to ensure that the resulting relationships are clear and sufficient. As
for QS and CED, CRT has some drawbacks as it is time consuming and needs high
level of expertise and experience to be performed. However, CRT has a huge
advantage compared to others which is its robustness. As mentioned in [3], when
different teams work on the same list of symptoms with this approach, they achieved
systematically the same root causes. Moreover, [3] also demonstrated through a
specific experience that consisted of submitting a same problem to three different
teams using CED, QS and CRT to solve it. It appeared that only CRT approach
allowed finding the real root causes of the undesirable effects.
To sum up, the results of this approach can be described with the following chart:

Table 1. Qualitative diagnosis methodologies comparison.

Quick Scan

Ability to make robust diagnosis Medium

Level of experience and expertise required

Time to perform




2.3 Problem formulation

According to the previous table, there is no methodology which provides full
benefits in the qualitative diagnosis approach. The first consideration of any diagnosis
is to make sure that the results are pointing to real root cause. Consequently, the CRT
is probably the best tool to use when you want to focus on qualitative information.
However, there are several drawbacks in the process to build a CRT efficiently: The
high level of competencies, the time to perform it, the visibility of the results and the
capacity to use it easily. The question we are trying to answer in this study is finally:
how can we speed up the process of CRT’s diagnosis while improving usability of it?
To reach such a goal, we propose to build an innovative decision support system
(DSS) as described in the next section.

3 Decision Support System Proposal

This section develops the features of the Decision Support System we suggest to
better benefit from the CRT methodology to support a SC diagnosis step. Practically,
this section gives first an overview of the Decision Support System and explains how
to use it concretely. Then it explains the functional architecture of the DSS and its key
components: the key algorithms and the core knowledge base. Finally, some
information about the technical architecture used to run the DSS is presented.

3.1 Overview of the DSS

As demonstrated in the previous section, one major issue with CRT methodology is
the process is long to execute, particularly regarding the time needed to build the CRT
itself. This is mainly explained by the fact that the combination of potential
symptoms, facts or conflicts is huge and depending of numerous features and
behaviors of the studied company. Consequently, our proposal suggests speeding up
the process consists in questioning the user in order to focus only on symptoms, facts
and conflicts which could occur regarding the gathered knowledge about the studied
system. In essence, the DSS will start by asking some key features about the company
to the user. This information is mainly about name of the company, scope of the
improvement project and material-flow strategy (Make-To-Stock, Make-To-Order,
Engineering-To-Order). Then, the DSS will ask questions to the user in order to help
him/her identifying symptoms, facts and potential conflicts. A first set of questions
will be generating based on the key features indicated during the first step. Then,
questions will be adapted on-the-fly depending of the answers given by the user in
order to avoid orienting user on useless directions. This is made to optimize the time
needed to gather the necessary information to build the CRT. When, the DSS gets
enough information to set up the CRT of the studied system, then it will automatically
build it up and display it. The user will have the possibility to update the result by
modifying directly the CRT (e.g., add / withdraw some elements) or by going back to
the previous step in order to indicate additional symptoms, facts or conflicts. Finally,



based on the obtained CRT, the user will have the opportunity to formulate his/her
qualitative diagnosis to support his/her SC improvement step. Figure 1 summarizes
the DSS steps and the following sub-section will give more information about how
technically this DSS runs to get such a result.

Stakeholders Decision Support System

General information
about the
studied system

Gather general
features of the
studied system

Structured features
of the studied system

Symptoms’, conflicts
and facts’ suggestions

T Tquestions |

Validated symptoms
and conflicts

set of validated
symptoms and

Unconsistent analysis | l
confliets

asking for additional |
material 1

Analyze 5C
system CRT Display of the CRT

,—-—

and make
diagnosis

DIAGNOSIS

Fig. 1. Overview of the proposed DSS

3.2 Functional architecture of the DSS

As mentioned on Figure 2, the functional architecture is composed of 3 types of
components: interface, services and database.

- The interface component is about the necessary User Interface functionalities

as for any kind of DSS. There is no specific innovation on this part.

- The services’ components include some important contributions through
specific algorithms allowing to gather and exploit the useful knowledge for
an automatic generation of the CRT. This is one of the main contributions of
the proposal.

- The database components are in the core of the device as it includes some
usual database for the storage of the collected information, but also because
it includes a specific database called “Generic Reality Tree”. This is another
major contribution of the proposal.

Let’s start by presenting the Generic Reality Tree database. This database is a
knowledge base which represents all the possible connections which can exist in a
Make-To-Stock environment between symptoms, facts and conflicts. This knowledge
base has been established conceptually by the “web of conflicts” proposed by [18]
and recently enriched by [19] based on a review of both practices and literature. In
this paper we did not try to challenge the content of this knowledge base but only
tried to instantiate it practically through our DSS. However, we must give some
insights regarding the content of this database to well understand how the DSS runs.
Basically, the Generic Reality Tree database makes the link between the current major
conflicts which can exist in a production environment (e.g., buy in volume vs buy
only what’s needed; run larger batches vs run smaller batches; authorize overtime vs



do not authorize overtime, etc.) and the undesirable effects, called symptoms (e.g., too
much inventory, bad quality of service, machines / tools which are not used by
shopfloor, etc.). In [19], the authors suggest to represent this knowledge base through
a logic graph. Practically, the Generic Reality Tree database is the pivot of the DSS as
it will be used to select the questions that the system must ask to confirm or infirm the
existence of this or that symptom. Basically, the DSS will travel across the graph to
automatically ask additional questions in order to close potential options or at the
opposite, confirm some other ones. The final CRT that the DSS will build up will be
composed of all validated symptoms, facts and conflicts for the studied system as well
as all the validated connections. The diagnosis will be based on this mapping of the
current situation.

Interface

Visualize and answer questions . §
Visualize and fill system features Direct fll of symptoms Visualize and edit CRT

Feed into service
Services

Feed into service [ lgo 1: Generate Feedinto service | algo 3: Propagate and
preselected symptoms connect symptoms
Algo 2: Generate additional Alge 4: Build and display CRT

uestions
4 Algo 5: Update Generic

Reality Tree database

Fill database

Validated
Generic il database ELILTITN
facts and

Database SCsystem

Reality Tree

database oy

conflicts
database

L Updaie coabase

Fig. 2. Functional architecture of the DSS

Obviously, the knowledge base is not enough to get such a result. Some value-

added services are needed to exploit properly the knowledge of the Generic Reality
Tree on one hand, and the knowledge given by the user about the studied system on
the other hand. In our proposal, four main algorithms have been developed and
implemented as shown on Figure 2. Practically, these algorithms manage the
following issues:

- Algorithm 1 is about generating the first set of potential symptoms and
conflicts that the studied system should occur based on the key features of
the system indicated by the user and of course, the Generic Reality Tree
database.

- Algorithm 2 is about travelling across the knowledge base function of the
answers given by the user to both confirm / reject potentialities and ask for
new questions able to open on new set of potentialities according to previous
ones.

- Algorithm 3 is about sorting and extracting the valid set of symptoms and
conflicts as well as all associated connections in order to build the CRT up.

- Algorithm 4 is about building the CRT itself and displaying it in order to
allow the user analyzing it on one hand, and potentially editing it to help
interpretation along on the other hand.




In addition to the algorithms previously described, we also considered the
possibility for the user to fill information directly into the system without following
automatic recommendations. To support this additional way to gather relevant
information, some syntactic algorithms have been developed to recognize proximity
between the terms that a user can choose to express a given symptom. For instance,
the DSS should have been able to identify that “high inventory” and “high stock™ are
two different wordings for a same symptom.

3.3 Technical architecture of the DSS

The DSS has been designed as a Software as a Service developed using Java
languages. Basically, there are 5 technical components which are:
- User Interface based on ReactJS.
- Rest API for managing the security of the application based on Spring web
and Spring security
- Core services for supporting the main functionalities based on Java coding.
- Relational database for managing standard database through object-relational
mapping and data access object (MyBatis).
- Graph database for managing logic graphs that CRT methodology requires
through object-relational mapping and graph data access object (OrientDB).

4 Application case

The developed DSS has already been experimented on more than 50 real industrial
cases during the last few months. Among them, we decided to present the case of a
SME (55 persons) from the industrial sector which manufactures springs for
aeronautics, railways and nuclear, oil & gas. The production is divided into two
segments: short springs and long springs. The industrial process can be summarized
as described in the following Figure.

Surface & Quality Control Packing &
Raw Material receving Thermical Painting & Shi |gn
Treatement documentation PPRING

Fig. 3. Functional architecture of the DSS
Practically, the diagnosis operating process based on the proposed DSS is defined
through the five steps described on Figure 4. The setting-up has been conducted via 5
interviews covering production, supply, planning and quality functions.
2. Symptoms 3. Conflict Checking = 4. Results display

1. Setting Up

Gathering and validation and validation
@ e

Collect of symptoms CrT ot e finbl tree:
‘Questions and Answers. H— Chack the logic of the tres Final reading

Fig. 4. Operating process



In the context of these exchanges, we were able to note the following symptoms:

Suppliers are often late;

The production system is obliged to incur additional expenses to deliver on
time (overtime, temporary workers, subcontracting);

The sales order book is decreasing;

The company buys quantities of raw materials in excess of its needs;

The stock (raw material, in-progress, finished product) is increasing;

Team productivity is decreasing;

Priorities in the workshop change regularly.
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Fig. 5. Sample of questions automatically generated for the company by the DSS

(left) and extract from the automatically deduced tree (right).

The list of symptoms was integrated into the proposed DSS as outlined in previous
sections. At this stage, the DSS has been able to generate a set of questions to refine
and consolidate the initial diagnosis. Basically, the tool automatically generated 57
questions as shown in the Figure 5. To answer these questions, we brought together
the 5 people initially interviewed to collectively answer each of the proposed
questions. Once all the questions had been dealt with, and therefore all the symptoms
had been validated, we were able to display the complete tree. Given the richness of
this tree (difficult to read in the format of this document), we only propose a quick
snapshot of it on Figure 5 and discuss several specific extracts without displaying it in
full. Basically, the tool highlighted automatically three major conflicts:

The conflict between making to order or making to stock. If this conflict
exists, then the system will seek to protect itself through stock or time. These
protections will generate more stock of raw materials and work in progress.
This stock will slow down the flow and therefore increase manufacturing
cycles when, at the same time, it generates a greater risk of obsolescence;

The conflict between buying the necessary quantities or buying more than
needed. The point is the quantity bought is large then it will generate stock.
And this stock generation will lead to an increase in cycles and thus impact the
entry of cash flow significantly;

The conflict between producing large or small batch sizes. Through this
conflict, the tree suggests that the increase in batch sizes generates an increase
in the stock of raw materials and therefore purchases in higher quantities.




These purchases in higher quantities increase variable costs and invariably

impact the company's income statement.
These 3 conflicts have been validated by the practitioners and used for developing a
concrete improvement plan for the company that is currently ongoing. In terms of
implementation, it took half a day to conduct the interviews and visit the company.
Entering the information into the tool took 23 minutes (answers to suggested
questions). Reading, interpreting and sharing the diagnosis (the resulting tree) took 1
hour. To compare with the days and weeks usually need with the existing methods.

5 Conclusion and perspectives

In the work carried out in this paper, we found that most of the existing SC
diagnostic methods were based on quantitative data which unfortunately now tend to
be valid only for very short periods. Other approaches advocate conducting the SC
diagnoses mainly through qualitative approaches. Unfortunately, the findings are not
much more satisfactory than for quantitative methods. Indeed, the existing methods
also require a significant amount time to implement. In addition, they often require
technical expertise and very significant business experience. Finally, they have the
disadvantage of having a very low level of quality, and are highly dependent on the
people who carry out the diagnoses. To solve this issue, we designed, structured and
developed a decision support system (DSS) to carry out organizational diagnoses of
SCs based on qualitative data. This DSS, directly inspired by the Thinking Processes,
includes a functional dimension, an implementation process and a complete technical
architecture, instantiated in the framework of a software prototype. The relevance and
the usability of the proposal have been tested on more than 50 real industrial cases
among which the one of a springs production company which was used as an
illustration in this paper. We noticed that the conversion rate to the improvement
stage for these cases were 70% on average whereas it was only 37% for all other
diagnoses (about 100) made during the same experiment without our DSS. We also
noticed that the consultants who used our DSS needed 32 minutes for making a
diagnosis while days were needed for the others.

Many research avenues arise from this research work. Indeed, the use of the DSS
is quite significant and regular with users. Thus, the knowledge base of the DSS is
developing. One line of research could be to study the recurrences of symptoms and
conflicts according to the typologies of companies diagnosed. These analyses could
lead to the consolidation of the knowledge base and perhaps to its development as
well. Another one is related to the resulted trees deduced by the DSS which can be
likened to neural networks. We could imagine utilizing this information network in
order to influence the questioning even more with users. In addition, we could
imagine the DSS being linked to market trend information that would help identify
potential symptoms. This would give users the opportunity to anticipate the actions to
be implemented.
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