23" INTERNATIONAL DEPENDENCY AND STRUCTURE MODELING CONFERENCE,
DSM 2021

MONTREAL, CANADA, 12 — 14 October, 2021

Coordinating Synchronous Interdependent Decisions in
Complex Projects

Meriam Kilanit, Franck Marle!, Ludovic Alexandre Vidal*
!Laboratoire Génie Industriel, CentraleSupélec, Université Paris-Saclay
3 rue Joliot-Curie, 91170 Gif-sur-Yvette, France

Abstract: Oil and gas projects, due to their complexity, present a wide range of
opportunities and issues that challenge decision-making processes. The major
challenge addressed here concerns the coordination of multiple interdependent
decisions. To overcome this challenge, we have explored two resolution strategies.
The first one is a strategy by synchronous decision about a set of interdependent
project decisions, the second one is by deciding one by one (asynchronous decisions).
We present here the first strategy, including two similar modeling methods that can
be conducted for such strategy: a QFD approach or a morphological approach. Both
are followed by a multicriteria analysis. In the first stage, a set of scenarios is
generated, then consistency between different decision alternatives is investigated
using compatibility matrix. In the second stage, an evaluation and selection of an
appropriate scenario is performed. Finally, to illustrate this strategy, an example is
presented. This paper concludes that a structured methodology is promising for such
contexts and draws some perspectives for asynchronous strategy and for the global
strategy choice.
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1 Introduction

Oil and gas projects are challenging for multiple reasons. They can be technically complex
as they may be carried out in inaccessible or difficult areas and their design activities can
be highly dependent of the reservoir location (Salama et al. 2008). They must respect strict
budgets and demanding schedules that do not always match reality (Elhoush and Kulatunga
2017; Merrow and Analysis 2012). They have to deal with the geopolitical and economic
vagaries of oil and gas. They are uncertain and risky given that geoscientific uncertainties
are considerable and subsoil resources are only known at the end of the field's life. Another
major challenge in such projects, is that development studies and data acquisition may
require years to complete. However, during this period, certain decisions may be made
without considering all the implications they may have, since their impacts cannot be easily
anticipated at the time of decision making but may only become evident years later. As a
result, at a certain point in the decision-making process, close to the Final Investment
Decision (FID), it becomes surprising that many decisions have a huge impact, whether
technical, security or financial. In addition, these projects involve multiple and diverse
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stakeholders, including the operating company, political organizations actors, contractors,
subcontractors, suppliers, partners, host countries, and non-governmental organization
actors (Eweje et al.,, 2012; VENTROUX, 2015). They finally have to deal with
organizational problems since these projects requires the collaboration and coordination of
actors from different domains, and coordination that crosses traditional organizational
boundaries (Merrow and Analysis, 2012; Salama et al., 2008; VENTROUX, 2015).

Given the nature of oil and gas projects and all the issues mentioned above, all of this can
lead to complexity in managing the actors, the interfaces between them and their
relationships. The coordination of decisions taken during the project may also be difficult
(Ventroux et al., 2017), especially the initial ones, since they structure what can be done in
the future and condition the success or failure of the project. The coherence and
compatibility of certain decisions, especially those that must be taken collectively, and the
control of their impacts can also pose a major problem in the management of such projects.

Therefore, the objective of this paper is to propose decision-making strategies that are
specific to interdependent decisions context. The aim of such strategies is to improve
coordination between different decisions by ensuring consistency between their
alternatives and improve communication between the different actors involved in these
decisions. The remainder of the paper is as follows. Section 2 introduces the context and
research questions. Section 3 presents the possible strategies to respond to those. Section 4
introduces related work on decision structure matrix, QFD approach, morphological
analysis and multi-criteria approach. Section 5 details the first phase of the proposed
process with an illustrative example. Section 6 details the second phase of the proposed
process which includes possible decision-making strategies for selecting the best
performing scenario. Finally, section 7 draws some conclusions and next steps.

2 Context and Research Question

In this section, we present the industry context and the issues related to the management of
complex oil and gas development projects. We focus on the upstream phases of the project
which includes basically the first three phases of development prior to the sanctioning of
the project: the conceptual phase, the pre-project phase and the basic engineering phase.
The main elements addressed in this paper are the decisions, their interdependences, and
their alternatives.

In order to better comprehend the different challenges related to decision making in our
context, we decided to elaborate a questionnaire intended for the main actors involved in
the decision-making process (Project Managers, Architecture Manager, Procurement and
Equipment Manager, Global Category Manager, Facilities and Engineering Manager etc.).
This questionnaire was designed in a generic way, without specifying either the phase of
development of the project or the entity to be questioned. The questionnaire is composed
of 18 qualitative questions categorized into 6 categories: 1/ general questions; 2/ how
interactions between decisions are managed; 3/ how impacts of decisions are managed; 4/
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how the notion of decision temporality is managed; 5/ how the uncertainty related to a
decision is managed; 6/ the risks resulting from already made decisions.

It emerged from these interviews that oil and gas development projects are
multidimensional, and thus demand multi-stakeholder and collaborative efforts, with
contributors from various backgrounds and continents. This leads to complex relationships
between project stakeholders and highly independent decisions with multiple, potential
links of different intensity and nature. In addition, a coherent set of decisions, prior to the
sanctioning of the project, is important to the success of these projects, particularly given
their potential impact that can propagate to the next phases of development. Based on
precedent experiences, a consistent set of decisions can lead to multiple benefits and
advantages. It allows to avoid blockages in the implementation phase, elaborate a
development concept that is compatible with the requirements of the studied context and
that respects the expectations of the host country. Therefore, to avoid inconsistencies and
backtracking, which can be very costly for the project, we assume that it is necessary to
have a global vision of decisions to be made. However, the questions that arise are: how to
choose between the different alternatives for multiple decisions while ensuring their
compatibility and performance? how to ensure a coherent set of decisions?

3 Solving Strategies

It seemed to us that two resolution strategies for making multiple decisions are possible in
the first place. The first one is a packet-synchronous strategy as illustrated in Figure 7, that
consists in focusing on a subset of interdependent decisions to coordinate them
synchronously with its environment.
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Figure 7: Synchronous strategy, focused on a package of interdependent decisions

The second one is an asynchronous strategy (Figure 8) that consists in focusing on a single
decision while considering its coordination with its (at least) direct environment. It is
important to point out here that these strategies are not intended to be universal, but the
strategy of resolution may change depending on the studied context.
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The present article focuses on the first strategy which is detailed here with an illustrative
example based on our industrial context. This strategy will improve communication and
coordination in making synchronous interdependent decisions. The other strategy and the
global assistance to strategy choice are developed in parallel but not included in this paper.
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Figure 8: Asynchronous strategy, focused on a decision and its environment

In the field of multiple decisions, it has been established that dealing with graphs could be
difficult, especially where a significant number of domains of decision making is involved
(OMG, 2019). We thus use the well-known matrix-based approach DSM. Four matrices
are modeled here:

. A Decisions x Decisions DSM for identifying possible interdependence between
decisions (an illustration extracted from literature is given in Figure 3 Section 4.1).
. A Decisions x Decision Alternatives DMM for identifying and structuring

possible alternatives for each decision (an example in our context is introduced in Figure
4 Section 5).

. A Decision Alternatives x Decision Alternatives DSM for identifying and
assessing compatibility degree between each couple of decision alternatives (an example
in our context is given in Figure 5 Section 5).

. A Decision Alternatives x Project Objectives DMM for identifying
performance of decision alternatives.

The final decision will be a scenario, a decision vector, where cells for each decision
correspond to respectively selected alternative. The originality is of course to consider not
only performance but also compatibility between decision alternatives to get a coherent
and performing scenario.
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4 Related Work
4.1. Decision structure matrix

DSM (Dependency and Structure Modeling) is a technique that allows the objects of a
project to be modeled, notably decisions in our context (Campagna et al., 2020). They
proposed to model the global decision environment and not only the decisions themselves
using DSM, as dealing with graphs could be difficult, especially where a significant domain
of decision making is involved (OMG, 2019). The elements that are essential for decision
making and the dependencies between them are modeled in this matrix. These elements
include, a decision element, a Business Knowledge Model (BKM) element, an input data
element, a knowledge source element, and a decision service element. The three types of
requirements, presented in this matrix, and used to reflect the dependencies between these
elements are defined as follows: an information requirement, a knowledge requirement,
and an authority requirement. Each element of the matrix is modeled with a different color
while the requirements are modeled with different symbols. For example, in the following
matrix shown in Figure 9:DSM for modeling the decision environment ( Extract from
(Campagna et al. 2020)), the decisions are labeled with a yellow color, the input data with
a gray color. As for the requirements, the authority's requirements are marked by black
circles, the information requirements by black triangles.
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Figure 9:DSM for modeling the decision environment ( Extract from (Campagna et al. 2020))
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4.2, QFD approach

The QFD (Quality Function Deployment) approach presents a possible alternative to be
adopted in the packet-synchronous strategy. It presents a decision support tool for the
design of products or services which provides a guide to effectively define customer
requirements and convert them into detailed technical specifications to produce new
products that meet those requirements (Bevilacqua et al., 2006). It has traditionally been
widely used for decision-making (Van De Poel, 2007) and as a multifunctional design tool
(Raissi et al., 2011) in product development and production (Prior and Akao, 1967).
According to (Singgih et al., 2013). QFD can provide some short-term benefits such as
reducing challenges associated with poor coordination between the different work
departments and helping to change the corporate culture. Finally, this approach allows the
construction of scenarios based on several interdependent alternatives and considering their
performance as well as their compatibility.

4.3. Morphological analysis and multi-criteria approach

The second possible technique for synchronous decision-making is to consider
compatibility, then performance, instead of considering them simultaneously as in QFD.
The first phase is called morphological analysis and aims at identifying the different
possible configurations using a morphological matrix (Im and Cho 2013). The second
phase is a multi-criteria approach used to evaluate and select the best scenario in terms of
performance among those obtained in the first phase.

4.3.1. First phase: morphological analysis

The morphological analysis or the general morphological approach (GMA) is a modeling
method that aims to structure and explore the whole set of relationships or “configurations”
involved in multidimensional and generally unquantifiable complex problems (Ritchey,
2006). This approach is a 2-phase process that involves analysis and synthesis. The analysis
phase is subdivided into two steps. The first analysis step consists of identifying the most
relevant criteria, also known as plausibility criteria, or parameters to describe the problem
(Duczynski, 2004). The second step consists of identifying a spectrum of values or
conditions for each criterion (Ritchey 2012, 2015). Once this identification is done, a
morphological field can be constructed, and an n-dimensional configuration space can be
created (Ritchey 2012, 2015). For this purpose, a matrix is constructed, where the different
parameters describing the problem are placed in columns and their conditions in rows. A
possible configuration or scenario is identified by selecting a single value for each
parameter (Ritchey, 2006). The main objective of this step is to examine all the
configurations.

The next phase aims to converge to a shortlist of most plausible scenarios or configurations

through identifying conflicting or otherwise incompatible internal relationships between
the levels of conditions. A process of Cross-Coherence Assessment (CCA) is performed,
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where all the relationships between the levels of parameters in the morphological matrix
are examined and compared to each other, in pairs, like a cross-impact matrix, so that
consistent and compatible configurations can be synthesized (Ritchey 2012, 2015). Several
methods can be identified at this stage, among which the plausibility index method that
will be detailed below (Duczynski, 2004; Hafezi et al, 2017). Consequently, conditions
pairs that are not consistent will be eliminated (Im and Cho 2013). The objective of this
step is to reduce the total set of possible configurations in the morphological matrix to a
smaller, more manageable set of internally consistent combinations (Im and Cho, 2013).
This leads to a set of compatible scenarios, which must be compared in terms of
performance.

4.3.2. Second phase: multi-criteria analysis to identify the best scenario

The second phase in the process is to examine plausible scenarios in detail using multi-
criteria approaches to deduce the best ones (Im and Cho 2013; Montibeller et al., 2006).
This phase is also subdivided into three sub-phases. The first sub-step consists of
identifying the criteria that will be used to evaluate the most plausible scenarios identified
in the previous phase. It should be noted here that these criteria are different from those
mentioned in the morphological analysis of the first phase. These criteria are rather
performance and efficiency criteria that are not related to the description of the scenarios.
The second sub-step consists in identifying the adequate multi-criteria method to be used
to evaluate the performance of the different scenarios. The third sub-step aims to describe
the process that will lead to the convergence to the best scenario in terms of robustness and
efficiency.

5 Problem Modeling

In the previous section, we presented the general model we intend to adopt for solving our
problem, based on modeling of interdependence between decision alternatives (for
compatibility assessment), and between decision alternatives and project objectives (for
performance assessment). QFD and morphological analysis are two possible methods that
have similar aspects, their main difference being the simultaneity or sequence of
consideration of both parameters. In this section, an example of application of
morphological method is provided, however in reality both methods are considered by
decision-makers. In our case, the criteria of the morphological analysis identified in the
first step will model six decisions to be made (Figure 10), designated here by Di, i=1to 6.
For the example illustrated here, the first column of the morphological matrix corresponds
to a oil and gas development concept decision where 5 alternatives are proposed. Two types
of concepts are mainly presented in this illustration: fixed concepts and mobile concepts.
Second and third columns are about wells (architecture and number) with 4 alternatives for
each. The fourth column represents a contracting strategy decision where four alternatives
are proposed. For instance, the fourth alternative consists of assigning basic engineering,
detailed engineering, procurement and construction management to a first contractor, and
the design of the construction phase to a second contractor. The fifth column corresponds
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to a local content decision that is related to the set of local resources that a company must
use or develop along its value chain when investing in a project in a host country.
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Figure 10: A morphological space with 6 parameters (decisions). The shaded cells represent one
configuration among the 3840 possible configurations.
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Figure 11: Example: Cross-consistency matrix for the morphological field in figure 4

After completing the two analysis sub-steps, the focus shifts to the third sub-step, which is
a synthesis step aimed at converging on a short list of the most plausible scenarios or
configurations. The assessment of whether, or to what extent, the pair of alternatives
(conditions) can represent a consistent relationship is carried out for each pair of
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alternatives under consideration (Ritchey 2012, 2015). For this evaluation, we use
plausibility indices to evaluate pairs of alternatives. For each possible intersection in terms
of consistency, a plausibility index is proposed in the corresponding cell and similarly for
those that are inconsistent. In the following compatibility matrix, we have adapted the three
plausibility indices proposed by (Im and Cho, 2013), but we have just modified the "-"
index (hyphen) by the letter "P" which marks a good match between the pairs, or that the
pair is optimal. The other indices are maintained as they are: "K" to designate that the pairs
are possible, and they could match, but not in an optimal way; "X” to indicate that the pairs
are impossible or that it is a very bad idea. The two blocks shaded in blue correspond to
decisions that are independent. It is important to note here that the main objective is to
illustrate what a compatibility matrix looks like. The way in which the matrices on the
diagonal are filled in mainly depends on the nature of the decision, and whether it is
acceptable or not to choose more than one alternative per decision. Indeed, some decisions
are exclusive, which means that only one alternative must be chosen per decision. For
example, for the decision concerning the number of wells, only one alternative can be
chosen, either 4, 6, 8 or 10 wells. It is the same for the decision concerning the development
concept. Therefore, in the following figure, the matrices corresponding to these decisions
are only filled with "X", which means that the interactions between the alternatives
contained in these matrices cannot be examined. However, for some decisions, a
combination or mix of alternatives is possible. For example, for the decision related to the
In-Country-Value strategies, it is possible to combine two alternatives: one action to
provide access to water and another to create schools. For the matrices corresponding to
these decisions, the compatibility between the different alternatives can be studied to
determine whether they are compatible with each other or not. Once these indices are
assigned, as shown in Figure 11, consistent configurations can be identified and then
evaluated at a later stage.

6 Coordination Strategies

So far, a set of plausible scenarios was identified either through morphological analysis or
the QFD approach. However, it remains unclear which of these scenarios should be
retained in terms of performance. This section serves to detail the decision-making
strategies employed to select the best-performing scenario and to illustrate how to
coordinate in making that decision. In our model, this step corresponds to the second phase
which is a multi-criteria analysis that aims at identifying the best scenario in terms of
performance. Several multicriteria decision methodologies exist in the literature that allow
choices to be deduced from data resulting from another phase.

For each decision owner, the inputs are information about other decisions within and
outside the group (upstream and downstream), since there is a strong coordination with
decisions within the group, however there is also a light coordination expected with
decisions outside the group, either directly or indirectly connected. Different tools and
techniques exist for convergence, like collaborative decision-making, scenario generation
and evaluation, distributed authority-based techniques. Finally, the output of this process
is a vector of decisions, with a decision alternative for each decision, and possibility a
degree of firmness associated to a degree of confidence in the proposed decisions. The
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firmness gives an indication to future decisions about the possibility of proposing changes
in the current scenario.

7 Conclusion

In this paper, we explored a new strategy for making multiple decisions based on a
compatibility study between decision alternatives using DSMs. We showed how one can
create a morphological matrix and a compatibility matrix and use them for building
compatible and performing multi-decision scenarios. This approach, according to (Ritchey
2015), can offer numerous advantages. First, it seeks to objectively reduce the number of
solutions for a given problem. Second, it can support and facilitate the identification of
further relationships or scenarios that may not be immediately evident. Moreover, this
approach can bring improvements in terms of communication and coordination between
the different entities involved in the project.

We have mainly presented the synchronous packet resolution strategy which aims to focus
on a subset of interdependent decisions in order to coordinate them synchronously with its
environment. What we plan to do in the next steps is to test this strategy on a detailed case
study to validate it, then study in detail the asynchronous approach. However, it seemed
relevant also to propose a third strategy which consists in superposing these two strategies
on the same decision network. This strategy was decided to be called a hybrid strategy.
Many questions arise at this stage, first how to choose an appropriate strategy and how to
know which strategy will best suit my context, since, as mentioned at the beginning, each
decision strategy is adapted to a well-defined context, and finally, are there any selection
criteria that can guide our choice?
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