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Abstract

This paper presents a numerical implementation of an operational capability model for selecting an Offshore Service Vessel (OSV)
within a fleet, based on mission requirements. The initial model, grounded in dynamical systems theory, represents the system state
as a labeled multigraph with attributes on its vertices. It is extended to weighted edges to provide a more pertinent representation of
the OSV’s operational state. The evolution of the system is formalized using algebraic operations, which were initially developed
for simple graphs and are extended to multigraphs in the present paper, giving it a discrete nature. A UML diagram is proposed to
ensure the reproducibility of the implementation.
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1. Introduction

Money functions as a foundational instrument for facilitating exchange in modern economies. Prior to the advent of
monetary systems, barter was the primary method of trade, requiring a mutual alignment of needs between parties—a
process that was both inefficient and limited in scope. The introduction of money provided a universal medium of
exchange and a standardized representation of value, thereby streamlining economic interactions. In contemporary
societies, however, economic transactions extend beyond the mere exchange of currency for goods or services. They
are embedded within legal and regulatory frameworks designed to ensure fairness, accountability, and long-term reli-
ability. For instance, the purchase of a vehicle is not only a financial transaction but also a legally binding agreement,
often involving warranties, quality standards, and compliance with safety regulations.

The following example illustrates the complexity of modern exchanges, particularly when they involve engineered
systems. Let us consider a car which constitutes a complex assembly of interdependent subsystems—each with spe-
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Figure 1: Client request to a shipowner for the acquisition of one of their OSVs, based on the data of the mission to be carried out.

cific functional roles. Buyers consider a range of parameters such as engine performance, seating capacity, tire spec-
ifications, and onboard technology. These elements must not only satisfy individual preferences but also conform to
a coherent structural and functional design. A misconfiguration—such as storing the tires in the trunk rather than
mounting them—makes the system non-operational, regardless of the monetary transaction. Thus, efficient exchange
in modern contexts requires not only a shared valuation medium but also systemic consistency, regulatory clarity, and
a shared understanding of functional integration. The question arise :

How can we formalize exchanges related to operational capability?

This question — central to this work — originates from a more specific yet equally complex scenario: the exchange
of Offshore Support Vessels (OSVs). Without loss of generality, we consider the example illustrated in Figure 1: a
client requiring a vessel (understood as a physical asset, including the operational status of its equipment, certifica-
tions, and crew) to carry out a defined set of tasks or missions. On the other side of the exchange is an operator or
shipowner, who possesses a fleet of OSVs that can be modified, equipped, or maintained to meet the client’s require-
ments. The objective is to formalize this interaction by capturing the constraints, capabilities, and decision-making
processes involved in matching a client’s operational needs with a suitable maritime asset. Offshore operations —
including platform towing, subsea installation, equipment transport, and wind farm maintenance — demand a precise
alignment between vessel capabilities and mission requirements. These missions are inherently complex, subject to
safety-critical constraints, and often conducted under variable and uncertain environmental conditions. A central op-
erational challenge can therefore be formulated as follows: given a specific mission profile, which vessel within the
fleet is best suited to execute it? Conversely, given a vessel in a particular configuration and health state, is it capable
of accomplishing a given mission at the initial time t0, as well as over the time interval required by the mission?

1.1. Mathematical Formalism for Operational Capability Modeling

Recently, Doliveira et al. [1] proposed a generic model for assessing operational capability, formulated within the
framework of dynamical systems theory and illustrated in Figure 2. The model is based on the triplet ⟨S,M, ρ⟩,
where S denotes the current state of the system in the state space G, M the assigned mission, and ρ the method
used to evaluate the system’s ability to accomplish it. The mission is formalized as the pairM = ⟨[s∗],Cxt⟩, where
[s∗] ⊂ G represents the mission objective and Cxt ⊂ G its context. The set [s∗], the mission target, corresponds to an
equivalence class of states in which S must lie to succeed. In the military context, where operational capability has
been extensively studied for weapon systems in defensive scenarios [2, 3], [s∗] corresponds to the well-known notion
of Required Operational Capabilities (ROCs). An ROC translates a successful mission scenario into requirements the
system state must satisfy [4]. When a system meets an ROC, it maximizes its success rate [5]. ROCs are generally
estimated through expert judgment or simulation [5, 6]. The Doliveira model assumes that the ROC is known in
advance and precisely defined.

The context Cxt is the set of elements that can influence the system state and cause it to enter or exit [s∗]. The
method ρ evaluates operational capability by computing the distance between the system state and the target set [s∗].
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Since the state evolves under the influence of the context, this distance must be assessed continuously, as illustrated in
Figure 2. A distinctive feature of Doliveira’s model is that the state space consists of labeled and weighted multigraphs
with attributes (see Figure 3 and Definition 1). Vertices, endowed with attributes, represent system components, and
weighted edges represent their relationships. This representation allows modeling the vessel’s complexity not only as
a list of parameters but also accounting for its topological structure, i.e., the spatial organization of components and
their interactions. Such an extension is common in military studies of operational capability [7, 8].

Two major implications follow from the fact that the state space G consists of labeled and weighted multigraphs
with attributes. First, Doliveira et al. [1] establish ρ as a weak discrete distance [9], which assesses both topological
similarity—whether the system state S has a structure comparable to the target [s∗]—and the equivalence of vertex
attributes and edge weights, i.e., whether S satisfies the mission requirements. In [1], this distance ignores edge
weights and is called discrete because it provides a binary yes/no evaluation. Second, the evolution of a system
represented by a labeled and weighted multigraph affects topology (through addition or removal of vertices, edges,
or subgraphs), vertex attributes, and edge weights simultaneously. In a subsequent study [10], the authors proposed
a mathematical framework to model dynamic systems in the state space of labeled and weighted simple graphs with
attributes, based on hybrid systems theory [11]. In this framework, the state space G is endowed with algebraic
operations that act simultaneously on topology, vertex attributes, and edge weights. Restricted to these algebraic
operations, it is possible to construct a discrete dynamic model of the system state. However, these operations in [10]
are limited to simple graphs.

1.2. Contributions and Organization

This article presents a numerical implementation of the operational capability model developed by Doliveira et al. [1]
to address the problem illustrated in Figure 1. Given an offshore mission and a fleet of OSVs, two questions arise: (i)
which OSV can carry out the mission at a given time t0? and (ii) can the selected OSV complete the mission within
the required time window? In [1], the model does not account for edge weights in multigraphs, which are necessary
to describe a vessel (See Subsection 3.1 and Figure 4). We therefore propose to extend the model to the space of
labeled and weighted multigraphs with attributes. This numerical implementation wants to leverage the algebraic
operations developed in [10] to model discrete system dynamics. These operations were originally defined for labeled
and weighted simple graphs with attributes; here, we extend them to multigraphs and provide a UML diagram to
reproduce the numerical implementation. Finally, the distance ρ, used to evaluate operational capability in [1], is
discrete and yields a binary response. In addition, we consider a more nuanced metric to characterize operational
capability.

In the following sections, we first construct the effective discrete dynamic model for assessing operational capa-
bility (Section 2). Next, we illustrate the problem of selecting an OSV from a fleet for a given mission, as shown in
Figure 1 (Section 3). The numerical implementation is described in Section 4, and finally, the conclusion is presented
in Section 5.

2. Operational capability model

The practical implementation of the operational capability model by Doliveira et al. [1] within the framework of
dynamical systems requires a clear definition of the main objects involved in the illustration of Figure 2, namely: the
state space G, the distance ρ, and the evolution law. This section aims to clarify these elements.

2.1. Graph space and algebraic operations

Let I ⊆ N be a countable set of labels. We denote by 2I the power set of I, defined such that for any I ∈ 2I, I ⊆ I.
Let V = {(i, xi) | i ∈ I} be a set of points indexed by I, where xi ∈ Rni is an attribute associated with the point labeled
i, and ni ≥ 1 denotes the dimension of this attribute. We denote by J a set of labels distinct from I.

Definition 1. A labeled, weighted simple graph with attributes G, built on V, consists of a pair (VG, EG), where
VG ⊆ V and EG are the sets of vertices and edges of the graph G, respectively, such that

VG = {(i, xi) | i ∈ IG, xi ∈ Rni } and EG = {(p, q,wp,q) | (p, q) ∈ LG,wp,q ∈ R}, (1)
3
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where IG ⊂ I and LG ⊆ IG × IG denote the sets of node and edge labels of G, respectively, and wp,q represents
the weight associated with the edge (p, q). A label, weighted multi-graph with attributes (called in short attributed
multi-graph) is a pair (VG, EG) defined as

VG = {(i, xi) | i ∈ IG, xi ∈ Rni } and EG ={(p, q, j,wp,q, j) | (p, q) ∈ LG, j∈ J(p, q),wp,q, j ∈R}. (2)

where J(p, q) ⊂ J is the set of edge labels that exist between vertices p and q.

Figure 3 provides an illustration of a multigraph as defined in Definition 1. From this point forward, any reference
to a (multi-)graph will imply a labeled, weighted graph with attributes. We denote by G the set of simple graphs and
multigraphs defined over the vertex set V. Both the target [s∗] and the context Cxt are considered as subsets of G. We
now introduce the algebraic operations used to update the system state, which is represented as a (multi-)graph. We
begin by recalling the algebraic operations defined for simple graphs in [10], and then extend these operations to the
case of multigraphs.

(G) S(t f )

([s∗])

S(t0)

ρt f

Figure 2: Operational capability as a dynamical system as-
sessment, where G denotes the state space.

a, xa

c, xb d, xd e, xe

f , x f g, xg h, xh

i, xi j, x j

k, xk l, xl

wc, f ,3 wc,h,3

wg,i,3
wg, j,3

wi, j,2

wi, j,1

w f ,i,2

w f ,i,1

we,l,3

we,l,1

we,l,2

wh, j,2

Figure 3: Example of a labeled, weighted multigraph with at-
tributes1.

Definition 2. Considering two simple graphs X = (VX , EX) = ({(i, xi)}i∈IX , {(k, l,wk,l)}(k,l)∈LX ), and Y = (VY , EY ) =
({(i, yi)}i∈IY , {(k, l, vk,l)}(k,l)∈LY ). The overlapping union of X and Y is an operation X∪+ Y = (VX ∪+ VY , EX ∪+ EY ) such
that

VX ∪+ VY = {(i, xi + yi) | i ∈ IX ∩ IY } ∪ {(i, xi) | i ∈ IX \ (IX ∩ IY )} ∪ {(i, yi) | i ∈ IY \ (IY ∩ IX)} ; (3)
EX ∪+ EY =

{
(k, l,wk,l + vk,l) | (k, l) ∈ LX ∩ LY

}
∪
{
(k, l,wk,l) | (k, l) ∈ LX \ (LX ∩ LY )

}
∪
{
(k, l, vk,l) | (k, l) ∈ LY \ (LY ∩ LX)

}
. (4)

The overlapping intersection of X and Y is an operation X ∩+ Y = (VX ∩+ VY , EX ∩+ EY ) such that

VX ∩+ VY = {(i, xi + yi) | i ∈ IX ∩ IY } and EX ∩+ EY =
{
(k, l,wk,l + vk,l) | (k, l) ∈ LX ∩ LY

}
. (5)

These operations affect not only the structure but also the attributes and weights. The overlapping union ∪+ mod-
ifies the structure by combining elements, whereas the overlapping intersection ∩+ reduces the structure. Regarding
attributes and weights, both operations act in an additive manner. The algebraic properties of these operations are stud-
ied in [10].When G is restricted to simple graphs, the triplet (G,∪+,∩+) forms an algebraic structure. In this structure,
both (G,∪+, ·) and (G,∩+, ·) are complete and simple semi-vector spaces over the field of real numbers R (see Note 1
and theorems 1 and 2 in [10]). Here, · refers to the external multiplicative operation defined in [10]. In this work, we
propose an extension of these operations to the case where G includes multigraphs; however, we do not investigate
their algebraic properties here.

Definition 3. Considering two multigraphs X = (VX , EX) = ({(i, xi)}i∈IX , {(k, l, j,wk,l, j)}(k,l)∈LX , j∈JX (k,l)) and Y =
(VY , EY ) = ({(i, yi)}i∈IY , {(k, l, j, vk,l, j)}(k,l)∈LY , j∈JY (k,l)). The overlapping union of X and Y is an operation X ∪+ Y =

1 Multigraph associated with the attribute G where IG = {a, b, c, . . . , l} is the set of vertex labels, xα is the attribute of vertex α ∈ IG , and wα,β,γ
is the weight of the edge connecting vertices (α, β) ∈ I2

G , of type γ ∈ J(α, β) ⊂ J . The set J represents the possible types of links, depicted here
using colors.
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(VX ∪+ VY , EX ∪+ EY ) such that

VX ∪+ VY = {(i, xi + yi) | i ∈ IX ∩ IY } ∪ {(i, xi) | i ∈ IX \ (IX ∩ IY )} ∪ {(i, yi) | i ∈ IY \ (IY ∩ IX)} , (6)
EX ∪+ EY ={(k, l, j,wk,l, j + vk,l, j) | (k, l) ∈ LX ∩ LY , j ∈ JX(k, l) ∩ JY (k, l)}

∪ {(k, l, j,wk,l, j) | (k, l) ∈ LX ∩ LY , j ∈ JX(k, l) \ (JX(k, l) ∩ JY (k, l))}
∪ {(k, l, j, vk,l, j) | (k, l) ∈ LX ∩ LY , j ∈ JY (k, l) \ (JX(k, l) ∩ JY (k, l))}
∪ {(k, l, j,wk,l, j) | (k, l) ∈ LX \ (LX ∩ LY ), j ∈ JX(k, l)}
∪ {(k, l, j, vk,l, j) | (k, l) ∈ LY \ (LY ∩ LX), j ∈ JY (k, l)}. (7)

The overlapping intersection of X and Y is an operation X ∩+ Y = (VX ∩+ VY , EX ∩+ EY ) such that

VX ∩+ VY = {(i, xi + yi) | i ∈ IX ∩ IY } , (8)
EX ∩+ EY ={(k, l, j,wk,l, j + vk,l, j) | (k, l) ∈ LX ∩ LY , j ∈ JX(k, l) ∩ JY (k, l)}. (9)

2.2. Method for evaluating operational capability

The evaluation of operational capability consists in verifying whether the system state S ∈ G belongs to the target set
[s∗] ⊂ G. This target is defined as an equivalence class expressed as:

[s∗] = {g ∈ G | g � s∗, x(g) ∼ x(s∗), w(g) ∼ w(s∗)} (10)

where the symbol � denotes the existence of a graph isomorphism between g and s∗ [13]. This implies that the
multigraphs g and s∗ share the same topological structure. For any s ∈ G, the terms x(s) and w(s) represent the
concatenation of the vertex attributes and edge weights of the multigraph s, respectively. The symbol ∼ denotes
equivalence between the operands, meaning:

x(g) ∼ x(s∗)⇐⇒ x(g) ∈ [x(s∗)] ⊂ Rn∗ and w(g) ∼ w(s∗)⇐⇒ w(g) ∈ [w(s∗)] ⊂ Rm∗ , (11)

where [x(s∗)] and [w(s∗)] are the equivalence classes of admissible attributes and weights defined by the structure of
the multigraph s∗. These sets specify the valid values that the system, in state S, must exhibit in order to fulfill the
missionM. The membership of S in [s∗] is evaluated by the distance between the point S and the target set [s∗]:

ρ : G × 2G −→ N
(si, [s j]) 7−→ ρs(si, s j) + ρe(si, s j) (12)

where ρs(si, s j) measures the topological similarity between si and s j, and ρe(si, s j) assesses the equivalence of at-
tributes and weights. It is important to note that the size of S—that is, the number of its vertices and even its edges—is
typically much larger, especially for complex systems, than the size of the target multigraph s∗ [1]. Under these con-
ditions, ρs(S, s∗) does not aim to find a full graph isomorphism between S and s∗, but rather a subgraph isomorphism
[12]. This means that one seeks a subgraph s of S such that s � s∗.

Once such a subgraph s ⊂ S with s � s∗ is identified, the function ρe(S, s∗) evaluates whether the attributes and
weights also match, i.e., whether x(s) ∼ x(s∗) and w(s) ∼ w(s∗). The functions ρs and ρe are defined in [1], with ρe

applying only to graph attributes. Its extension to weights is straightforward, since they are represented as vectors like
attributes. In [1], ρs and ρe (restricted to attributes) correspond, respectively, to a weak discrete distance and a discrete
pseudo-distance in G. A graph S belongs to [s∗] if ρ(S, [s∗]) = 0, and does not otherwise. Membership is determined
solely by the metric ρ.

2.3. Quasi-static model of operational capability

As illustrated in Figure 2, the system state S is assumed to evolve under the influence of elements from the mission
context Cxt. We propose a simple discrete-time dynamic evaluation model of operational capability in G. We define a
time sampling set T = Ti ∪Td ⊂ N, where Ti ∩Td = ∅. The context Cxt is assumed to be a subset of G, i.e., Cxt ⊂ G.
At each time step t ∈ T , we consider a pair of elements (At, Bt) ∈ C2

xt, where At tends to increase or expand the
topological structure of the system state St, while Bt has the opposite effect. Both elements also act on the attributes
and weights associated with the system state. We assume that for every t ∈ T , the elements At and Bt are known and
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that the target [s∗] remains fixed over time. The evolution of the system is then described in a general form as follows:
for all t ∈ T , we have {

ρt = ρ(St, [s∗]),
St+1 = f (St, At, Bt),

(13)

with ρt ∈ N. Using the overlapping union and intersection operations described in Definition 3 the function f is

f (St, At, Bt) =
{
St ∪+ At, if t ∈ Ti,
St ∩+ Bt, if t ∈ Td.

(14)

From a deterministic perspective, the dynamics of the system state St induced by the function f can be interpreted as
an update of the state given the contextual elements At and Bt at each time step t ∈ T .

3. Application to OSV fleet management

To instantiate the operational capability model described in this paper, we consider two relevant implementations
for managing an OSV fleet. These two implementations correspond to different phases derived from the scenario
illustrated in Figure 1. This figure presents the case of a client seeking to charter an OSV from a shipowner to
carry out a specific mission. To this end, the client provides the shipowner with details such as the mission type,
the geographical region, the time period, and the technical specifications of the vessel they require. Based on this
information, the shipowner is expected to select the most suitable OSV from their fleet to fulfill the mission, relying
on the concept of operational capability. As an example, let us consider a mission involving towing and the installation
of an offshore oil platform. The region corresponds to a route extending from point P1 to point P2 in the Atlantic
Ocean. The time period covers a two-week span at a specific time of the year. The technical specifications, in turn, are
defined as follows.

(TS): “The vessel must have both a captain and a deck officer in good health. They need to communicate effectively
to coordinate their actions. The captain must have access to the control and dynamic positioning system. The

thruster must have a power output greater than 2450 kW.”

To determine the most suitable OSV for accomplishing a mission, we consider two evaluation phases, each cor-
responding to a specific questions: i) At a given initial time, which OSV in the fleet is best suited for the mission? ii)
Once this OSV has been selected, and given the mission context, is the OSV capable of successfully completing the
mission over the specified time period? The first question focuses on the initial selection process, whereas the second
pertains to the monitoring of the selected vessel.

3.1. Initial selection of an optimal OSV for a mission

Selecting a vessel from a fleet for a given mission is not necessarily a trivial task, primarily due to the inherent com-
plexity of a vessel. A vessel is a complex system composed of both material resources (such as thrusters, generators,
etc.) and human resources (such as the captain and the deck officer), all interconnected through multiple relationships
(see Figure 4). Each of these components is itself a complex subsystem, associated with large volumes of highly
heterogeneous data. Moreover, some operators manage fleets with dozens or even hundreds of vessels.

Given this level of complexity, it becomes essential to organize vessel information in a structured and efficient
manner. In this context, the multigraph proves to be a suitable modeling tool. To identify the most suitable vessel for
a mission, the operational capability model ⟨Vi,M, ρ⟩, for i = 1, . . . ,Nv, can be applied to each of the Nv vessels in
the fleet, whereVi ∈ G represents the state of the i-th vessel. For illustration purposes, we limit our scope to a fleet of
two vessels, and instead of multigraphs, vessel states will be represented using simple graphs.

Figure 4 illustrates the evaluation process for selecting the appropriate vessel. The mission target is denoted by
[V∗], which represents, in graph form, the set of technical specifications (TS) previously described by the client. This
graph encodes constraints on various vertex and edge attributes. The objective is to determine whether the two vessels,
whose states are denoted V1 and V2, satisfy the following: First, the minimal topological structure required by V∗,
namely, the deck officer must be connected to the captain via a communication link; the captain must have access to
the control system, which in turn must be connected to the thruster. Second the target attribute constraints: deck officer

6
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health score δ > 0.6, captain health score δ > 0.65, communication signal strength between captain and deck officer
S s > 50%, thruster power P > 2450 kW.

Figure 4: Operational capability assessment of two vessels in a fleet, with states
V1 andV2, for the towing and installation of an oil platform. The mission target
is denoted by [V∗].

Target Components V1 V2
Deck officer present ✓ ✗

Captain present ✓ ✓

Control System present ✓ ✓

Thruster present ✓ ✓

Deck officer–Captain link present ✓ ✗

Captain–Control System link
present

✓ ✓

Control System–Thruster link
present

✓ ✗

Structural distance (ρs) 0 1
Deck officer (δ > 0.6) ✓ ✗

Captain (δ > 0.65) ✓ ✓

Thruster (P ≥ 2450 kW) ✓ ✗

Deck officer–Captain (S s > 50 %) ✓ ✗

Attribute distance (ρe) 0 1
Total distance (ρ = ρs + ρe) 0 2
Mission Fit Yes No

Table 1: Evaluation of mission fit based on structural and at-
tribute constraints.

VesselV1 satisfies all the above constraints and is therefore suitable for the mission. On the other hand, vesselV2
does not meet the minimum structural and attribute requirements. Structurally, it lacks a deck officer to coordinate
operations with the captain, and the control system is not linked to the thruster. Additionally, the thruster does not
meet the required power threshold. Consequently, only vesselV1 is eligible to undertake the mission. In Table 1, we
show the result of the result of the comparison betweenV1 andV2 with the target [V∗] as represented in Figure 4.
3.2. Monitoring OSV during mission

According to Figure 4, the vessel best suited to carry out the mission at the initial time is the one whose state is
represented by V1. Let us now assume that this vessel is deployed for the mission and that its state is updated at
specific time steps based on the evolving context. In this case, it becomes necessary to monitor the vessel’s state
regularly, at a defined frequency, to ensure that it continues to meet the minimum requirements defined by [V∗], as
illustrated in Figure 4.

Figure 5 illustrates a scenario in which the vessel state evolves under the influence of the mission context until it
becomes non-operational. The vessel state is assumed to be updated regularly. This update can be carried out according
to the model (13), where At and Bt are the contextual factors affecting the state of the system St. An implementation
of this model is illustrated in Subsection 4.2. On day one, the vessel is in an initial state suitable for the mission. By
day four, adverse weather conditions—rain and strong winds—temporarily make continuing the mission dangerous.
These conditions jeopardize the health of the deck officer and complicate communication between the officer and
the captain, which is essential for coordinating operations. The mission is therefore suspended pending a favorable
weather window [14], which, according to this scenario, occurs on day seven. On day twelve, a fire breaks out in the
engine room near the generator. This incident destroys the connection between the control system and the thruster
and requires a firefighter’s intervention to extinguish. Both consequences alter the topological structure of the graph
representing the vessel. The loss of connection between the control system and the thruster causes the vesselV2 to fall
outside its target configuration [V∗] (See Figure 4). Furthermore, the fire damages the generator to the extent that it
delivers insufficient power to the thruster. This failure renders the vessel inoperative for the remainder of the mission.

4. Numerical implementation of a mathematical framework, a UML

It is important to note that the application described in Section 3 represents a simplified version of the real-world
scenario. In practice, vessel data are extensive, covering technical specifications of fixed and mobile equipment, health
indicators of components and subcomponents (when available), certifications, and detailed crew information (e.g.,
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Figure 5: Example scenario illustrating the dynamics of an OSV influenced by its operational context during mission execution.

vaccination status, experience, and rank). The vessel’s structure, describing the interconnections between components
within the scope of available knowledge, can also be considered. Altogether, this can amount to more than 10,000
data points per vessel, while shipowners typically manage fleets exceeding 100 vessels.

The objective is to recast the model ⟨S ,M, ρ⟩ into flexible, readable, and extensible software components, in or-
der to build a decision-support tool, as illustrated in Figure 1. To this end, we designed a high-level architecture,
whose UML diagram is shown in Figure 6, comprising four main classes: Graph, State, Target, and Distance. The
Graph class encodes the system structure, where vertices represent components and edges represent interactions be-
tween them. Both vertices and edges are labeled. The State class, inheriting from Graph, contains data members
and methods. Among the data members are the graph representing the system’s topological structure (topology),
the attributes associated with vertices (attributes), and the weights of edges (weights). Its methods include
OverlappingUnion() and OverlappingIntersection(), as defined in Definition 3.

The Target class includes three data members: targetGraph, which defines the required topological structure
(e.g., Figure 4); vertexConstraints, specifying admissible attribute values for selected vertices, possibly of dimen-
sion greater than one; and edgeConstraints, specifying admissible weights for selected edges. The Distance class
contains two data members—the system state and the target—and a method ρ that evaluates the membership of a state
with respect to a target. This distance is defined using the metrics ρs and ρe from [1]. The metric ρs relies on subgraph
isomorphism to verify whether the system state contains the minimal required topological structure (e.g., Figure 4),
while ρe evaluates whether the attributes and edge weights belong to their respective sets defined by the target. In [1],
ρe is defined for attributes; its extension to edge weights is straightforward.

Additionally, the ContextEvent class acts on the system state. It inherits from State and adds two data members:
time, which defines a discrete set of instants, and mode, specifying the type of action corresponding to the function
f defined in (14). This class induces a discrete dynamic, as discussed in Subsection 2.3. Extending it to a continuous
dynamic would require reconsidering the implementation within the mathematical framework proposed in [10].

4.1. Fit matrix for multiple missions

In fleet-screening practice, however, engineers often need a quick ranking of several candidate vessels against several
mission targets. We therefore compute, for each pair (Target,Vessel), the fit fraction

ϕ =
# matching nodes + # matching edges
# required nodes + # required edges

∈ [0, 1], (15)
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Vertex
label: String

Edge

label: String
vertex1: String
vertex2: String

Graph

vertices: Set<Vertex>
edges: Set<Edge>

addVertex(v: Vertex)
addEdge(e: Edge)

State

topology: Graph
attributes: Map<Vertex, Set<float> >
weights: Map<Edge, float>

getValue(vertex: Vertex, attr:String):float/str
getWeight(edge: Edge):float
setValue(vertex: Vertex,attr: String, value: float/str): void
setWeight(edge: Edge, value: float): void
OverlappingUnion(other: State): State
OverlappingIntersection(other: State):State

Target

targetGraph: Graph
vertexConstraints: Map<Vertex, Set<Set <float> > >
edgeConstraints: Map<Edge, Set<float> >

ContextEvent

time: Set<int>
state: State
mode: {ADD, REMOVE}

TopologyDistance

ρs(state: State, target: Target): int

Distance
ρ(state: State, target: Target): int

AttributeDistance
ρe(state: State, target: Target): int

0..∗
1

0..∗

1 1
1

1

1

1

1

1

1

Figure 6: UML class diagram for the operational capability implementation.

Figure 7: Fraction of mission–component matches for every Target ID (rows) against every Vessel ID (columns). A value of 1 means the vessel
satisfies all structural and attribute constraints of the target; intermediate values show partial compliance (e.g. 0.57 means 4 out of 7 required
elements are present with correct attributes).

i.e. the percentage of target elements whose structure and attributes are found in the current vessel graph. Figure 7
shows an example with five synthetic mission targets and ten vessel variants. Dark-green cells (ϕ = 1) correspond to
ρ = 0; yellow to red cells highlight partial compliance and allow planners to identify the closest retrofit option at a
glance. The output illustrated in Figure 7 can assist ship managers in making quick decisions by providing a concise
and visual summary of each vessel ability to perform a given mission. For example, Vessel 2 could be assigned to
Target 5, Vessel 10 to Target 4, Vessel 7 to Target 3, Vessel 6 to Target 2, and Vessel 5 to Target 1.

Real-world decision-making involves additional data and expert judgment, such as from the shipowner. Our ap-
proach provides a visual representation of the alignment between vessels and missions using structured data. It is not
meant to give final decisions but to clarify the operational constraints that must be considered.

4.2. Step-wise demonstration of graph update operators in a mini-vessel

To make the update law St+1 = f (St, At, Bt) concrete, we build a mini-vessel graph with three functional nodes—
Engine, Propeller, and Control—linked by “Power” and “Ctrl” edges. Step t0 Baseline state S t0 . Step t1 (∪+A1). A
skid-mounted Auxiliary Generator (AuxGen) is craned aboard. AuxGen can deliver roughly 20 % of the main-engine
power, so we add the node AuxGen and an auxiliary “Power” edge to the propeller. Both items appear green in the
Figure 8. Step t2 (∩+B2). A storm causes damage: the main shaft is derated by 30 % (red “Power” edge), Propeller
health drops from 100 to 40, and AuxGen health drops from 100 to 70 (also red). The “Ctrl” link from Control to
Engine is lost and therefore is shown as a black dotted edge.

Figure 8 visualises the three successive graphs with a fixed layout; the colour/line convention is: Green — structure
added by ∪+, Blue — attribute increase, Red — attribute decrease or derating, Black dotted — elements removed by
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Engine
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Propeller
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Control
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Ctrl
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removed (dotted)

unchanged
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Figure 8: Illustrative three-step evolution of the toy vessel graph under one ∪+ (maintenance) and one ∩+ (damage) update.

∩+. This didactic run links the formal operators directly to tangible changes on board and will be reused as a legend
for larger scenarios.

5. Conclusions

In this paper, we implemented a generic operational capability model for a specific problem in fleet management of
OSVs by an operator: the selection and monitoring of an OSV for a given mission. Within the framework of dy-
namical systems theory, implementing this model required clearly specifying the nature of the state space (labeled
and weighted multigraphs with attributes), the evolution law (a discrete law based on algebraic operations on multi-
graphs), and the evaluation method (a discrete distance on the state space of multigraphs). This study demonstrates
that assessing operational capability involves not only a list of system parameters but also its topological structure. A
possible extension of this work could consist of validating the proposed model.
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