
A Model-Based Framework for Exploring Conflict Dynamics
Fazle Rabbi

fazle.rabbi@uib.no

Information Science and Media Studies.

University of Bergen

Norway

ABSTRACT
This paper introduces a novel framework for conflict analysis that

leverages advanced visual modeling techniques. By employing com-

parative analysis, key variables influencing armed conflicts are

identified and analyzed. The framework includes a meta-model

representing domain concepts such as the goals and strategies of

conflicting parties, escalating stages, and impacts of conflicts.

Conflict escalation is a complex process characterized by inter-

actions between opposing parties. This paper presents a structured

model that outlines how conflicts evolve and intensify over time.

We adapt a meta-modeling framework called the Diagram Predicate

Framework (DPF) to represent conflict-related concepts and extend

it to support abstract view generation. This framework facilitates

the analysis of conflict trends and the study of dynamics across

various levels of abstraction.

A computational model based on category theory is proposed

for trend analysis, enabling the extraction of patterns of conflict

evolution and the comparison of strategies and goals at different

escalation stages. Categorical operations such as pullback and limit

construction are employed to compute conflict evolution and iden-

tify common structures among conflict instances, providing insights

into conflict dynamics across diverse zones.

CCS CONCEPTS
• Human-centered computing→ Information visualization;
• Computing methodologies→ Knowledge representation
and reasoning; • Software and its engineering→ Dynamic
analysis; Model-driven software engineering.
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Conflict analysis, Computational journalism, Category theory,

Metamodeling
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1 INTRODUCTION
Media is one of the most important source to collect information

for many people in modern society and journalists play the role

of gatekeepers for their audiences. Journalists need to keep track

of the ongoing events all around the world and analyze the events

carefully as they need to inform their audience about the changing

world. Journalists also have the responsibility to make politicians

responsible about their actions. Therefore, journalists play an im-

portant role to shape our societies.

Since there is an abundance of news articles being published all

over the world by several news media outlets, journalists would

be benefited by techniques for systematically analyzing events. In

addition to journalists, political scientists, UN peacekeepers are also

in critical need for understanding trends in conflicts. In this paper

we present a model based framework that employs graph theory

and category theory for representing the knowledge in the domain

and for representing computational methods for the analysis of

events related to armed conflicts.

Conflicts are a common phenomenon in our society and they

arise due to our nature as complex, multipurpose systems [7]. There

are numerous reasons for different parties to have conflict with

each other. While conflict is part of a democratic process they can

turn violent specially in situations when the parties are polarized.

When conflict becomes violent, it needs to be resolved to minimize

catastrophes in the society. The formation of United Nations is to

address these issues. There is no doubt that the United Nations has

played an important role in resolving conflicts specially in situations

when it came into the question of using Nuclear weapons. For

instance, the Treaty on the Non-Proliferation of Nuclear Weapons

(NPT) [2] is a key international agreement facilitated by the UN to

prevent the spread of nuclear weapons and promote disarmament.

However, there are also many cases where UN could not play an

effective role.

Conflict analysis is a complex and dynamic process involving

multiple stakeholders with divergent objectives. While covering

conflicts, journalists report about the opinions of different groups

involving conflicting parties as well as international organizations.

Traditional approaches often fall short in capturing the evolving

nature of conflicts. This paper presents an innovative method that

synergistically combines multi-dimensional comparative analysis

to enhance the strategic modeling of conflicts.

In [7], Castelfranchi formulated social or interpersonal conflicts

those arise between two agents (e.g., two persons, two groups or

teams, two companies, two states, or two institutions) with their

own goals. He defined conflict as follows:Any “entity” that is defined
in terms of certain goals and functions in terms of goals and is aimed at
realizing those goals can be in conflict with other analogous entities. In
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his paper, Castelfranchi formulated social conflicts between agents

in the following way:

If 𝑋 simply has the goal that 𝑃 , but in order to achieve 𝑃 she must
use resource 𝑅 or achieve or maintain the condition that 𝑄 , but in
the same world (interference) 𝑌 exists, who has the goal that𝑊 (or
that Not 𝑃 , or𝑊 that implies Not 𝑃) or needs to exploit 𝑅, which is
not enough for both, or needs to eliminate or avoid that 𝑄 , perhaps
they will ignore each other, but they will actually fight one other, they
will compete for 𝑅 or for (Not) 𝑄 . Either 𝑋 will win, that is, she will
simply realize her goal.

Although this formulation captures the fundamental relation-

ship of conflicting parties, it does not provide any computational

method to analyze the dynamic nature of conflicts. In this paper

we propose to use category theory for analyzing conflict escalation

paths. Category Theory provides tools to map out the dynamics

of a conflict by considering it as a series of transformations within

a categorical structure. This helps in understanding how conflicts

evolve over time and how different interventions might alter their

trajectory. Our main contributions in this paper include:

• a domain ontology for representing conflict related termi-

nologies;

• a formal approach for specifying abstraction level for trend

analysis;

• a computational method for analysing conflict trends from

various perspective using category theory.

We assume the reader is comfortable with the basics of cate-

gory theory [5]. The paper is organized as follows. In section 2

we present a domain ontology and a meta-modeling formalism

to represent conflicting situation at various abstraction level. We

present a transformation mechanism that allows us to study con-

flicting situations from various perspective. In section 3 we present

a computational model based on category theroy for trend analysis.

In section 4 we provide a discussion about the proposed method

and provide a comparison with existing works.

2 MODELING CONFLICT
We use Diagram Predicate Framework (DPF) [17] which is an ex-

tension of the Generalised Sketches formalism originally developed

by Diskin et al. [8]. DPF provides a meta-modeling language to

construct a metamodelling hierarchy in which a model at any level

can be considered as a metamodel wrt. the models at the level

below it. Models at each level in a metamodelling hierarchy are

specified by a modelling language at the level above and conform

to the corresponding metamodel. We use a 3 level metamodeling

hierarchy (see Figure 1) where𝑀𝑖 at a certain level conforms to a

metamodel𝑀𝑖+1 at the level above and the model at level𝑀2 has

itself as metamodel (i.e., reflexive model).

In the DPF approach, models at any level are formalised as dia-

grammatic specifications which consist of type graphs annotated

with diagrammatic constraints. Since conflicts involve various con-

cepts that include hierarchical relationships we need to use a formal-

ism that supports inheritacne relationships. To support inheritance

relationships in diagrammatic specifications we adopt the use of

graphs with inheritance relationships to be used as type graphs.

We use the concept of ℑ-graph as defined in [14].

𝑀2 𝑀𝑜𝑑𝑒𝑙𝑙𝑖𝑛𝑔 𝐿𝑎𝑛𝑔𝑢𝑎𝑔𝑒 𝑀𝑜𝑑𝑒𝑙

𝑀1 𝑀𝑜𝑑𝑒𝑙𝑙𝑖𝑛𝑔 𝐿𝑎𝑛𝑔𝑢𝑎𝑔𝑒 𝑀𝑜𝑑𝑒𝑙

𝑀0 𝑀𝑜𝑑𝑒𝑙

𝑠𝑝𝑒𝑐𝑖 𝑓 𝑖𝑒𝑑 𝑏𝑦

𝑐𝑜𝑟𝑟𝑒𝑠𝑝. 𝑚𝑒𝑡𝑎𝑚𝑜𝑑𝑒𝑙 𝑜 𝑓 𝑐𝑜𝑛𝑓 𝑜𝑟𝑚𝑠 𝑡𝑜

𝑠𝑝𝑒𝑐𝑖 𝑓 𝑖𝑒𝑑 𝑏𝑦

𝑐𝑜𝑟𝑟𝑒𝑠𝑝. 𝑚𝑒𝑡𝑎𝑚𝑜𝑑𝑒𝑙 𝑜 𝑓

𝑐𝑜𝑛𝑓 𝑜𝑟𝑚𝑠 𝑡𝑜

𝑠𝑝𝑒𝑐𝑖 𝑓 𝑖𝑒𝑑 𝑏𝑦
𝑐𝑜𝑛𝑓 𝑜𝑟𝑚𝑠 𝑡𝑜

Figure 1: Generic pattern: modeling languages and metamod-
els (adapted from [17])

Definition 2.1 (ℑ-graph). A graph with inheritance, short ℑ-
graph, is given by 𝐺𝐼 = (𝐺, 𝐼 ). It consists of graph 𝐺 and inheritance
relation 𝐼 ⊆ 𝐺𝑉 𝑥 𝐺𝑉 , where for 𝑣 ∈ 𝐺𝑉 𝑐𝑙𝑎𝑛𝐼 (𝑣) = {𝑣 ′ ∈ 𝐺𝑉 |
(𝑣 ′, 𝑣) ∈ 𝐼∗} with 𝐼∗ being the reflexive and transitive closure of I. A
vertex 𝑣 ′ ≠ 𝑣 with 𝑣 ′ ∈ 𝑐𝑙𝑎𝑛(𝑣) is called a sub-vertex of 𝑣 or more
specifically as 𝑣 (𝑣 ′ ≤ 𝑣), vertex 𝑣 we call a super vertex of 𝑣 ′.

Figure 2 shows the model at level𝑀2 which provides the typing

information for the model at level𝑀1. The model consists of a shape

graph 𝐺2.

𝐶𝑙𝑎𝑠𝑠 𝐷𝑎𝑡𝑎𝑇𝑦𝑝𝑒
𝑑𝑡

𝑟𝑒 𝑓

Figure 2: Model at level𝑀2

Table.1 shows a predicate signature (𝑃Σ1 , 𝜋Σ1 ) with two predi-

cates. The predicates are typed by graph𝐺2 from metalevel𝑀2. The

typing of the predicates are provided by a map 𝜏Σ1 : Σ1 → 𝐺2. The

notation Σ1 ⊲𝐺2 : or (𝑃Σ1 , 𝜋Σ1 ) ⊲𝜏Σ1 𝐺2 will be used to the signature

Σ1 typed by 𝐺2.

The [𝑚𝑢𝑙𝑡 (𝑛,𝑚)] predicate can be used to specify multiplicity

constraints where 𝑛 and𝑚 are used to define the lower and upper

bound on the relationship (represented as a multi-valued function)

between 𝑋 and 𝑌 . The typing of the predicate specifies that the

predicate can be used to add constraints to arrows which are typed

by any of the arrows of type 𝑟𝑒 𝑓 or 𝑑𝑡 . The [𝐶𝑂𝑀𝑃] predicate
expresses compositional property among 𝑋 , 𝑌 and 𝑍 . The semantic

interpretation of [𝐶𝑂𝑀𝑃] is stated using set builder notation in the

table.

We present a diagrammatic specification𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 = (𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 ,
𝐶𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡

: Σ1) for the domainmodel to represent conflicts. (𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 )

is an ℑ-graph which represents the structure of the model. The

predicates from a diagrammatic predicate signature Σ1 are used
to add constraints to this structure. Figure 3 shows the ℑ-graph

𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 which consists of terminologies to represent situations

involving conflict. The inheritance relationships are represented

by 𝑠𝑢𝑏𝑐𝑙𝑎𝑠𝑠𝑜 𝑓 relationships (shown as dotted arrows) in the fig-

ure. The circle shape in Figure 3 represent nodes those are typed
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Table 1: A predicate signature Σ1

𝑝 𝜋Σ1 (𝑝) Typing 𝜏Σ1 (𝑝) Semantic Interpretation

[mult(n,m)] 𝑋 𝑌
𝑓

𝑋 : 𝐶𝑙𝑎𝑠𝑠 𝑌 : 𝐶𝑙𝑎𝑠𝑠
𝑓 :𝑟𝑒 𝑓 ∀𝑥 ∈ 𝑋 :𝑚 ≤ |𝑓 (𝑥) | ≤ 𝑛,

𝑋 : 𝐶𝑙𝑎𝑠𝑠 𝑌 : 𝐷𝑎𝑡𝑎𝑇𝑦𝑝𝑒
𝑓 :𝑑𝑡

with 0 ≤ 𝑚 ≤ 𝑛, and 𝑛 ≥ 1.

[COMP]

𝑋

𝑍

𝑌

𝑔

𝑓

ℎ

𝑋 : 𝐶𝑙𝑎𝑠𝑠

𝑍 : 𝐶𝑙𝑎𝑠𝑠

𝑌 : 𝐶𝑙𝑎𝑠𝑠

𝑔:𝑟𝑒 𝑓

𝑓 :𝑟𝑒 𝑓

ℎ:𝑟𝑒 𝑓

∀𝑥 ∈ 𝑋 : 𝑓 (𝑥) = ⋃{ℎ(𝑧) | 𝑧 ∈ 𝑔(𝑥)}

by 𝐶𝑙𝑎𝑠𝑠 from model 𝑀2; the nodes with yellow color represent

nodes those are typed by 𝐷𝑎𝑡𝑎𝑇𝑦𝑝𝑒 from model 𝑀2. The specifi-

cation is typed by the graph 𝐺2 and the typing relationships are

given by a typing graph homomorphism 𝜄𝑆 : 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 → 𝐺2

which assigns each element of 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 a type in 𝐺2 such that

∀(𝑝, 𝛿) ∈ 𝐶𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡
: 𝛿 ; 𝜄𝑆 = 𝜏Σ1 (𝑝). We write 𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 ⊲ 𝐺2 or

(𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 ,𝐶𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡
: Σ1) ⊲𝜄𝑆 𝐺2 to denote a conflict specification

𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 typed by 𝐺2.

The ℑ-graph 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 represents a domain ontology for repre-

senting concepts related to armed conflict. The model includes con-

cepts from game theory [10, 16], argumentation framework [4] and

Friedrich Glasls conflict escalation model [9, 11]. The class Armed-
Conflict has been placed at the center of the model which will be

used to represent real life conflict scenarios. This central class is con-

nected to subsidiary classes and relations derived from diverse theo-

retical frameworks, providing a comprehensive structure for under-

standing the complexities inherent in conflicts. 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 includes

various terminologies such as Party, ConflictCause, ConflictImpact,
ConflictStage and resolution of conflicts. The model includes rela-

tionships between Party class and Goal, Strategy and ConflictImpact.
Most of these classes have relationship with subclasses. The list

of subclasses in 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 does not provide an exhaustive list to

represent all possible conflicting situations in real-life.

In real-life scenario, conflicting parties have goals and to acheive

their goals, parties often utilize strategies. Parties also have allies

who provide support in achieving their goals. In this model we have

incorporated concepts from Friedrich Glasl’s conflict escalation

model. Glasl’s Conflict Escalation Model is a theoretical framework

that provides insights into the dynamics and stages of conflict esca-

lation. The model outlines a structured approach to understanding

how conflicts evolve and intensify over time. The model is often

used in conflict resolution studies, mediation processes, and orga-

nizational conflict management. Glasl’s model outlines nine stages

of conflict escalation which are shown in the model as subclasses

of ConflictStage class. His conflict escalation model outlines the

sequential progression of conflicts and factors contributing to their

escalation. It aids mediators and practitioners in de-escalating ten-

sions and facilitating resolution before conflicts become destructive.

Glasl’s model categorizes conflicts into three levels: Disagreement

(Win-Win), Contest (Win-Lose), and Fight (Lose-Lose). These levels

are shown in the model as subclasses of EscalationLevel class. Each
level has distinct features and dynamics, aiding individuals and

organizations in assessing conflicts and employing tailored reso-

lution strategies. These models emphasize early intervention and

proactive conflict management to prevent escalation and promote

peaceful resolution by addressing underlying issues and restoring

communication.

To resolve conflicts, conflicting parties reach agreements of var-

ious kinds, including PeaceTreaty, Ceasefire, Negotiations. These
agreements are often facilitated by mediator parties, such as the

United Nations. Typically these agreements include many details

about conflicting goals and negotiations among the parties. We pro-

pose to use argumentation framework to present key information

from agreements which include conflicting arguments involved

among the parties including TerritorialClaim, SecurityConcern, etc.
The conflicting arguments of the parties are related to the parties

goals and they need to be addressed by the agreements made to

resolve conflicts. However the arguments in the agreements may

attack or support other arguments which can provide an overall

idea about the agreements. In 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 , class AttackRelation has

been incorporated to represented attack and support relationships

among agreements in an agreement.

Here we present an example instantiation of a peace agreement

[1] signed between the parties in the first conflict of Nagorno

Karabackh. Below is a list of instances of the subclasses of𝐴𝑟𝑔𝑢𝑚𝑒𝑛𝑡

class accompanied by a short description:

• Argument A: SecurityConcerns The ceasefire is necessary
to halt immediate hostilities and save lives.

• Argument B: MaintainingRegionalStability The cease-

fire leaves the status of Nagorno-Karabakh unresolved, which

could lead to future conflicts.

• Argument C: ControlOverTerritories Russian involve-

ment as a mediator is essential for the ceasefire’s success.

• Argument D: ReturnOfTerritories The ceasefire main-

tains Nagorno-Karabakh as a de facto independent entity,

which is a victory for Armenian forces.

• Argument E: OppositionToControl The ceasefire main-

tains the territorial integrity of Azerbaijan, as Nagorno-

Karabakh remains internationally recognized as part of Azer-

baijan.

• Argument F:Long-termStability The lack of a compre-

hensive peace treaty means the ceasefire is only a temporary

solution.

Argument B attacks Argument A by highlighting a signifi-

cant drawback of the ceasefire - it does not provide a long-term

resolution to the conflict. Argument B is focused on the long-

term implications of the ceasefire. Argument A is supported by

Argument C, emphasizing the role of Russian mediation.

Table.2 shows a set of constraint 𝐶𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡
on the conflict spec-

ification𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 ⊲𝐺2. The constraints have been used to specify

the following requirements:

• Any instance of ArmedConflict must have at least two par-

ties;

• Any instance of ArmedConflict must be related to at least

one ConflictZone

• Any instance of ArmedConflict must have at least one Con-

flictCause

• Any instance of ArmedConflict must have at most one Esca-

lationLevel

• Any instance of AttackRelation must have at least one source

Argument and at least one target argument.
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Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

civilianCount

displacedPersonsCount

hasGoal

hasParty

updatedDate

rankOfCasualties

hasArgument

hasConflictCause

affectedPopulation

locationOfDisplacement

affectedRegions

atStage

source

relatedTo

sourceURL

target

casualtyCount

hasImpact

suffersImpact

hasAgreement

Subclass of

diseaseOutbreakType

atLevel

locatedIn

endDate

startDate

hasStrategy

hasAllay

isMainParty

creationDate

civilianAgeGroup

EscalationLevel

MilitaryCasualty

ConflictCauses

IdeologicalDif...

TotalAnnihilation

TerritorialDisputes

MaintainingRe...

Negotiation

integer

integer

integer

ConflictZoneLossOfFace

ControlOverTer...

Agreement

ThreatStrategy

Casualty

Tension

Ceasefire

Goal

OppositionToC...

ResourceScarcity

TerritorialClaim

AcctionsInste...

Coalition

PeaceTreaty

Lose-Lose

TogetherIntoT...

Famine

StatehoodRec...

CivilianCasualty

ConflictStage

Displacement

integer

Win-Lose

integer

string

string

AttackRelation

string

Literal

Strategy

PoliticalPower...

Win-Win

ReturnOfTerrito...

SecurityConcerns

Destruction

EconomicInequ...

HumanitarianI...

Debate

Long-termStabi...

ConflictImpact

string

MedicalCrisis

Literal

Literal

ArmedConflict

Literal

Party

boolean

Literal

Argument

Figure 3: ℑ-graph 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 representing concepts related to conflict

• The EscalationLevels are mutual exclusive

• Instances of ConflictImpact related to an ArmedConflict in-

stance must be related to the Party instances of the Armed-

Conflict instance.

The shape graph 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 can be used to specify the typing of

other models at a level below in the metamodeling hierarchy. We

can use clan morphisms to specify the typing relationships between

a graph at level 𝑀0 in the metamodeling hierarchy to its model

𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 . In other words, any graph typed by the model 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡

will be referred to as instance of 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 . Clan morphisms are

based on graph morphisms, but weaken the homomorphism con-

dition. Hence, every graph morphism is also a clan morphism. In

particular, clan morphisms allow to type edges connecting two

vertices by edges connecting super vertices of their current source

and target type. The definition of Clan morphism is given below

[14]:

Definition 2.2 (Clan morphism). Given graph 𝐺1 and ℑ −
𝑔𝑟𝑎𝑝ℎ 𝐺𝐼2 = (𝐺2, 𝐼2), a pair of mappings 𝑓 = (𝑓𝑉 , 𝑓𝐸 ) : 𝐺1 → 𝐺2
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Table 2: A set of Constraint 𝐶𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡

(𝑝, 𝛿) 𝜋Σ1 (𝑝) 𝛿 (𝜋Σ1 (𝑝))

( [𝑚𝑢𝑙𝑡 (2, ∗)], 𝛿1) 𝑋 𝑌
𝑓

𝐴𝑟𝑚𝑒𝑑𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 𝑃𝑎𝑟𝑡𝑦
ℎ𝑎𝑠𝑃𝑎𝑟𝑡𝑦

( [𝑚𝑢𝑙𝑡 (1, ∗)], 𝛿2) 𝑋 𝑌
𝑓

𝐴𝑟𝑚𝑒𝑑𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡𝑍𝑜𝑛𝑒
𝑙𝑜𝑐𝑎𝑡𝑒𝑑𝐼𝑛

( [𝑚𝑢𝑙𝑡 (1, ∗)], 𝛿3) 𝑋 𝑌
𝑓

𝐴𝑟𝑚𝑒𝑑𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡𝐶𝑎𝑢𝑠𝑒
ℎ𝑎𝑠𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡𝐶𝑎𝑢𝑠𝑒

( [𝑚𝑢𝑙𝑡 (0, 1)], 𝛿4) 𝑋 𝑌
𝑓

𝐴𝑟𝑚𝑒𝑑𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 𝐸𝑠𝑐𝑎𝑙𝑎𝑡𝑖𝑜𝑛𝐿𝑒𝑣𝑒𝑙
𝑎𝑡𝐿𝑒𝑣𝑒𝑙

( [𝑚𝑢𝑙𝑡 (1, ∗)], 𝛿5) 𝑋 𝑌
𝑓

𝐴𝑡𝑡𝑎𝑐𝑘𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝐴𝑟𝑔𝑢𝑚𝑒𝑛𝑡
𝑠𝑜𝑢𝑟𝑐𝑒

( [𝑚𝑢𝑙𝑡 (1, ∗)], 𝛿6) 𝑋 𝑌
𝑓

𝐴𝑡𝑡𝑎𝑐𝑘𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝐴𝑟𝑔𝑢𝑚𝑒𝑛𝑡
𝑡𝑎𝑟𝑔𝑒𝑡

( [𝐶𝑂𝑀𝑃], 𝛿7)

𝑋

𝑍

𝑌

𝑔

𝑓

ℎ

𝐴𝑟𝑚𝑒𝑑𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡

𝑃𝑎𝑟𝑡𝑦

𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡𝐼𝑚𝑝𝑎𝑐𝑡

ℎ𝑎𝑠𝐼𝑚𝑝𝑎𝑐𝑡

ℎ𝑎𝑠𝑃𝑎𝑟𝑡𝑦

𝑠𝑢𝑓 𝑓 𝑒𝑟𝑠𝐼𝑚𝑝𝑎𝑐𝑡

is called clan-morphism, written 𝑓 : 𝐺1 → 𝐺𝐼2, if ∀𝑒1 ∈ 𝐺1𝐸 :

(𝑠𝑟𝑐𝐺1
; 𝑓𝑉 ) (𝑒1) ∈ 𝑐𝑙𝑎𝑛𝐼2 ((𝑓𝐸 ; 𝑠𝑟𝑐𝐺2) (𝑒1)) ∧ (𝑡𝑟𝑔𝐺1

; 𝑓𝑉 ) (𝑒1) ∈
𝑐𝑙𝑎𝑛𝐼2 ((𝑓𝐸 ; 𝑡𝑟𝑔𝐺2) (𝑒1)).

Let us assume that 𝜄 : 𝐼 → 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 is an instance of 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡
(also represented as (𝐼 , 𝜄)) where 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 is the underlying graph

of specification𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 . In order to be a valid instance of𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 ,

𝐼 must be typed by 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 and must satisfy all the constraints

𝐶𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡
. The typing relationships 𝜄 is specified by clan morphism.

The constraint satisfaction relationships of an instance to its spec-

ification can be checked by using pullback operation for each con-

straints. Figure 4 shows an example of conducting pullback opera-

tion for constraint𝛿1. By performing a pullback of𝜋Σ1 ( [𝑚𝑢𝑙𝑡 (2, ∗)])
→ 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 ← 𝐼 , we extract the fragment of the graph that is

affected by the multiplicity constraint 𝛿1. In order to be a valid

instance of𝔖𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 , the clan morphism 𝜄∗ (see Figure 4) needs
to satisfy the semantic interpretation of [𝑚𝑢𝑙𝑡 (2, ∗)] e.g., all in-
stances of ArmedConflict must have at least 2 relationships with

the instances of Party.

[𝑚𝑢𝑙𝑡 (2, ∗)] 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡

𝑂∗ 𝐼

𝛿1

𝜄∗

𝛿∗
1

𝜄

Figure 4: Pullback operation for checking constraint satis-
faction

By an instance of conflict we refer to an instance of 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 that

consists of exactly one instance of ArmedConflict and its relation-

ships. An instance of conflict encapsulates information concerning

a conflictual situation involving various parties over a specific

timeframe. For example, it may represent the strategies, goals and

developmental stages characterizing a conflict at the [Win-Win]

level. If the conflict is escalated or de-escalated, a new instance of
conflict would be used to reflect the updated escalation level [Win-

Lose] or [Lose-Lose], incorporating updated information about the

stages, strategies, and the impact of the conflict. While it is not

obligatory to create a new instance of conflict for every escalation

in a conflict zone, it is essential to do so whenever a significant

change occurs in the conflict situation.

A knowledge graph is used to store the instances of conflict.

While storing information in the knowledge graph we label the

nodes and arrows in such a way that the knowledge graph can

be considered as a disjunctive union of conflict instances. Unique

identifier is used for each conflict instance and it allows us to store

and retrieve information from the knowledge graph. This is required

as there are several concepts being reused over various conflicting

situations. For example, a party (𝑃1 : 𝑃𝑎𝑟𝑡𝑦) may be involved in

two different conflicts while their strategies might be different in

the conflicts where they are involved in. If there are 𝑛 number

of conflict instances (𝐼1, 𝜄1), (𝐼2, 𝜄2), (𝐼3, 𝜄3)..(𝐼𝑛, 𝜄𝑛) in a knowledge

graph, we use the following commutative diagram to represent the

relationships among the instances to the knowledge graph. Using

category theory concepts, the knowledge graph is an object 𝔎[+]
together with injections 𝑘1 : 𝐼1 → 𝔎[+] , 𝑘2 : 𝐼2 → 𝔎[+] , ..𝑘𝑛 : 𝐼𝑛 →
𝔎[+] is said to be a sum(coproduct).

𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡

[=]

𝔎[+] 𝐼𝑖

𝜄𝔎 𝜄𝑖

𝑘𝑖

Figure 5: Knowledge graph represented as a sum(coproduct)
of instances 𝛼𝑖 (𝑖 ∈ N)

2.1 Viewpoint Specification
We reuse the concept of diagrammatic specification to define view-

points which will be used to generate abstract view from graphs.

Viewpoint specifications include 4 predicates as shown in signature

Σ𝑉𝑖𝑒𝑤 in Table.3. A Model constrained with these predicates (will

be referred to as viewpoint specification) are used by a transforma-

tion algorithm to carry out the transformation of conflict instances

to appropriate view.

Table 3: A predicate signature Σ𝑉𝑖𝑒𝑤 ⊲𝐺2

𝑝 𝛼Σ𝑉𝑖𝑒𝑤 (𝑝) Proposed Visualization and Typing
[View-Instance] 1 𝑋 : 𝐶𝑙𝑎𝑠𝑠 [𝑉 −𝐼 ]

[𝑉𝑖𝑒𝑤 −𝐶ℎ𝑖𝑙𝑑𝑁𝑜𝑑𝑒] 1 𝑋 : 𝐶𝑙𝑎𝑠𝑠 [𝑉 −𝐶 ]

[𝑉𝑖𝑒𝑤 − 𝑁𝑜𝑑𝑒] 1 𝑋 : 𝐶𝑙𝑎𝑠𝑠 [𝑉 −𝑁 ]

[𝑉𝑖𝑒𝑤 − 𝑃𝑎𝑟𝑒𝑛𝑡𝑁𝑜𝑑𝑒] 1 𝑋 : 𝐶𝑙𝑎𝑠𝑠 [𝑉 −𝑃 ]

The purpose of these predicates is to annotate nodes in a model

to indicate how their instances will be treated for generating views.

The semantic interpretation of the predicates in signature Σ𝑉𝑖𝑒𝑤⊲𝐺2

is given below:

(1) The predicate [𝑉𝑖𝑒𝑤 − 𝐼𝑛𝑠𝑡𝑎𝑛𝑐𝑒] would indicate that actual

instances will be included in the view.

(2) The predicate [𝑉𝑖𝑒𝑤 −𝐶ℎ𝑖𝑙𝑑𝑁𝑜𝑑𝑒] would indicate that the

name of the child node will be used in the view instead of

actual instances.
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(3) The predicate [𝑉𝑖𝑒𝑤 −𝑃𝑎𝑟𝑒𝑛𝑡𝑁𝑜𝑑𝑒] would indicate that the
name of the parent node will be used in the view instead of

actual instances.

(4) The predicate [𝑉𝑖𝑒𝑤 − 𝑁𝑜𝑑𝑒] would indicate that the name

of the current node will be used in the view instead of actual

instances.

Figure.6 shows an example viewpoint specification 𝔖𝑉𝑖𝑒𝑤 =

(𝐺1,𝐶
𝔖𝑉𝑖𝑒𝑤

: Σ𝑉𝑖𝑒𝑤) at the top where the nodes are annotated

with predicates from Σ𝑉𝑖𝑒𝑤 . Dotted arrows in the model repre-

sent inheritance relationships. A sample instance 𝐺0 is shown in

the bottom of the figure where curved dotted arrows represent

typing relationships of the node instances. The purpose of these

annotations are reflected in the sample view shown in Figure.7.

In Figure.7, 𝑎 : 𝐴, 𝑏 : 𝐵, ℎ : 𝐻 , 𝑓 : 𝐹 are included as 𝐴, 𝐵, 𝐻, 𝐹

are annotated with predicate [𝑉𝑖𝑒𝑤 − 𝐼𝑛𝑠𝑡𝑎𝑛𝑐𝑒]. Instance 𝑙 : 𝐿 has

been replaced with a node (𝐿′) as class 𝐺 in 𝐺1 is annotated with

predicate [𝑉𝑖𝑒𝑤 −𝐶ℎ𝑖𝑙𝑑𝑁𝑜𝑑𝑒]. The node 𝐿′ in the view instance

has a typing morphism to the node 𝐿 in the type graph. Instances

𝑚 : 𝑀 and 𝑛 : 𝑁 have been replaced with a node (𝐽 ′) (a copy of 𝐽 )

as node 𝐾 in𝐺1 is annotated with predicate [𝑉𝑖𝑒𝑤 − 𝑃𝑎𝑟𝑒𝑛𝑡𝑁𝑜𝑑𝑒]
and the parent class is 𝐽 ; Instance 𝑞 : 𝑄 has been replaced with a

node (𝑂 ′) (a copy of𝑂) as node𝑂 in𝐺1 is annotated with predicate

[𝑉𝑖𝑒𝑤 −𝑁𝑜𝑑𝑒]. The nodes 𝐽 ′ and𝑂 ′ in𝐺0 have typing morphisms

to corresponding nodes 𝐽 and 𝑂 in 𝐺1. The edges in Figure.7 have

also been updated to reflect the changed being made in the view.

Any instance of an edge stays the same in the view if both of its

source and target nodes are preserved in the view. However, if any

of the source or target of an edge has been modified in the view

by a copy of the type node from the model, then an edge is added

in the view that connects the copy of the type node(s). Note that

when we replace some of the instances with the type of instances

or their super class name, the abstract view may consist of fewer

number of nodes and edges, for example, in Figure.7, two instances

𝑛 : 𝑁 and𝑚 : 𝑀 have been replaced with node 𝐽 ′ and two edges

𝑟31 : 𝑒3 and 𝑟32 : 𝑒3 have been replaced with one edge 𝑒3′ : 𝑒3 (a
copy of 𝑒3) which connects 𝑎 : 𝐴 and the newly created node 𝐽 ′ : 𝐽 .

Viewpoint specifications should provide unambiguous viewing

constraints i.e., should not provide different kinds of viewing re-

quirement in the same inheritance hierarchy. For example, if a class

𝐴 is annotated with [View-Node] while its subclass 𝐵 is annotated

with [View-Instance], then an instance of 𝑏 : 𝐵 would have 2 differ-

ent viewing requirement: one requires to incorporate 𝑏 : 𝐵 in the

view, while the other requires to incorporate 𝐴′ (copy of 𝐴) in the

view. In order to prevent any unambiguous viewing constraint for

viewpoint specifications, we apply negative universal constraints.

Definition 2.3 (Negative Universal Constraints). Given
a typed signature Σ ⊲ 𝐺 = ((𝑃Σ, 𝛼Σ) ⊲𝜏Σ 𝐺), a negative universal
constraint is a typed specification morphism 𝑛 : 𝔏 ⊲𝐺 → 𝔑 ⊲𝐺 with
𝔏 ⊲𝐺 = ((𝐿,𝐶𝔏

: Σ) ⊲𝜄𝐿 𝐺) and 𝔑 ⊲𝐺 = ((𝑁,𝐶𝔑
: Σ) ⊲𝜄𝑁 𝐺).

Definition 2.4 (Satisfaction of Negative Universal Con-

straints). A typed specification𝔖⊲𝐺 = ((𝑆,𝐶𝔖 : Σ) ⊲𝜄𝑆 𝐺) satisfies
a negative universal constraint 𝑛 : 𝔏 ⊲𝐺 → 𝔑 ⊲𝐺 iff for any injective
typed specification morphism𝑚 : 𝔏 ⊲𝐺 →𝔖 ⊲𝐺 there does not exist
an injective typed specification morphism 𝑞 : 𝔑 ⊲𝐺 → 𝔖 ⊲𝐺 such
that 𝑛;𝑞 =𝑚.

𝐺

𝑆

≠

𝐿 𝑁

𝜄𝑆

𝑛

𝑚

𝜄𝐿

𝑞

𝜄𝑁

Table.4 shows a universal constraint for the inheritance hier-

archies in specification𝔖𝑉𝑖𝑒𝑤 . [𝑝𝑖 ] and [𝑝 𝑗 ] represent predicates
from signature Σ𝑉𝑖𝑒𝑤 .

Table 4: Universal constraint for inheritance hierarchies

𝔏 ⊲𝐺2 𝔑 ⊲𝐺2

1 : 𝐶𝑙𝑎𝑠𝑠

2 : 𝐶𝑙𝑎𝑠𝑠 [𝑝𝑖 ]

1 : 𝐶𝑙𝑎𝑠𝑠 [𝑝 𝑗 ]

2 : 𝐶𝑙𝑎𝑠𝑠 [𝑝𝑖 ]

Definition 2.5 (Conforms to Viewpoint). Given a viewpoint
specification𝔖𝑉𝑖𝑒𝑤 ⊲ 𝐺2 = ((𝑆,𝐶𝔖𝑉𝑖𝑒𝑤

: Σ𝑉𝑖𝑒𝑤 ⊲ 𝐺2) ⊲𝜄𝑆 𝐺2) and
an instance (𝐼𝑖 , 𝜄𝑖 ) of 𝑆 , (𝐼𝑖 , 𝜄𝑖 ) conforms to𝔖𝑉𝑖𝑒𝑤 if 𝜄𝑖 is a clan mor-
phism and (𝐼𝑖 , 𝜄𝑖 ) respects the constraints in 𝐶𝔖𝑉𝑖𝑒𝑤 according to the
semantic interpretations of the view predicates in Σ𝑉𝑖𝑒𝑤 ⊲𝐺2.

2.2 Transformation to abstract view
The purpose of the transformation is to transform an instance of a

conflict to an appropriate abstraction level. Below is an algorithm

that processes an instance ’(𝐼 , 𝜄)’ of a graph 𝑆 according to a view

specification 𝔖𝑉𝑖𝑒𝑤 = (𝑆,𝐶𝔖𝑉𝑖𝑒𝑤
: Σ𝑉𝑖𝑒𝑤). The goal is to trans-

form ‘(𝐼 , 𝜄)’ into ‘(𝐼𝑉𝑖𝑒𝑤 , 𝜄𝑉𝑖𝑒𝑤)’, a graph where some nodes and

edges are replaced with types or supertypes from 𝑆 according to the

abstraction level specified in𝔖𝑉𝑖𝑒𝑤 . We present a model transfor-

mation algorithm in Algorithm.1 which takes a view specification

𝔖𝑉𝑖𝑒𝑤 = (𝑆,𝐶𝔖𝑉𝑖𝑒𝑤
: Σ𝑉𝑖𝑒𝑤) and an instance ‘(𝐼 , 𝜄)’ of 𝑆 as input.

Here 𝜄 is a clan morphism from 𝐼 to ℑ-graph 𝑆 . The algorithm pro-

duces an abstract view (𝐼𝑉𝑖𝑒𝑤 , 𝜄𝑉𝑖𝑒𝑤
) where the nodes and edges

are represented according to𝔖𝑉𝑖𝑒𝑤 .

Theorem 1. Let (𝐼𝑉𝑖𝑒𝑤 , 𝜄𝑉𝑖𝑒𝑤) is an abstract view resulted by the
processing of Algorithm.1 from an instance (𝐼 , 𝜄) of an ℑ-graph 𝑆 and
a view specification𝔖𝑉𝑖𝑒𝑤 = (𝑆,𝐶𝔖𝑉𝑖𝑒𝑤

: Σ𝑉𝑖𝑒𝑤), then 𝜄𝑉𝑖𝑒𝑤 is a
clan morphism from 𝐼𝑉𝑖𝑒𝑤 to 𝑆 .

Proof. The algorithm produces a pair of mappings 𝜄𝑉𝑖𝑒𝑤 =

(𝜄𝑉𝑖𝑒𝑤
𝑉

, 𝜄𝑉𝑖𝑒𝑤
𝐸
). In the following paragraphs we discuss about the

validity of these two mappings and the justification of 𝜄𝑉𝑖𝑒𝑤
for a

clan-morphism.

About the validity of 𝜄𝑉𝑖𝑒𝑤
𝑉

: Let us assume that node𝑚 ∈ 𝐼𝑉𝑖𝑒𝑤
𝑉

represents a view of a node 𝑛 ∈ 𝐼𝑉 where 𝑛 ∈ 𝐼𝑉 is typed by 𝑡 ∈ 𝑆 .
In that case, node𝑚 must be typed by either 𝑡 or any of its super
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𝐷

𝑃 𝐵 [𝑉 −𝐼 ] 𝐶 [𝑉 −𝐼 ] 𝐸

𝑄 𝑂 [𝑉 −𝑁 ] 𝐴[𝑉 −𝐼 ] 𝐻

𝐹 [𝑉 −𝐼 ] 𝐺 [𝑉 −𝐶 ] 𝐼

𝐿

𝐽 𝐾 [𝑉 −𝑃 ] 𝑀

𝑁

𝑞 : 𝑄 𝑎 : 𝐴 𝑏 : 𝐵 ℎ : 𝐻

𝑓 : 𝐹 𝑙 : 𝐿

𝑚 : 𝑀

𝑛 : 𝑁

𝑒5

𝑒1

𝑒2

𝑒3

𝑒4

𝑒6

𝑟4:𝑒4 𝑟1:𝑒1

𝑟2:𝑒2

𝑟31:𝑒3

𝑟32:𝑒3

𝑟5:𝑒5

𝑟6:𝑒6

Figure 6: (Top) An example viewpoint specification𝔖𝑉𝑖𝑒𝑤 ⊲𝐺2 = (𝐺1,𝐶
𝔖𝑉𝑖𝑒𝑤

: Σ𝑉𝑖𝑒𝑤 ⊲𝐺2); (Bottom) A sample instance 𝐺0

𝑂 ′ : 𝑂 𝑎 : 𝐴 𝑏 : 𝐵 ℎ : 𝐻

𝑓 : 𝐹 𝐿′ : 𝐿

𝐽 ′ : 𝐽

𝑟1:𝑒1

𝑟2:𝑒2

𝑒3′ :𝑒3

𝑟4′ :𝑒4 𝑟5:𝑒5

𝑟6′ :𝑒6

Figure 7: A transformed model from Figure.6 representing a
viewpoint of the sample instance 𝐺0 according to the view-
point specification𝔖𝑉𝑖𝑒𝑤 ⊲𝐺2

vertex from 𝑆𝑉 (according to the view specification𝔖𝑉𝑖𝑒𝑤
and the

implementation in the first 𝑓 𝑜𝑟 loop in the Algorithm). Since the

view specification 𝔖𝑉𝑖𝑒𝑤
is constrained by a universal negative

application condition to prevent any ambiguous view constraint to

be assigned on the same inheritance hierarchy, node𝑚 can only be

typed by any node from 𝑆𝑉 which is a super vertex of 𝜄𝐼 (𝑛).

About the validity of 𝜄𝑉𝑖𝑒𝑤
𝐸

: Let us assume that edge (𝑚1

ℎ−→

𝑚2) ∈ 𝐼𝑉𝑖𝑒𝑤
𝐸

represents a view of an edge (𝑛1
𝑓
−→ 𝑛2) ∈ 𝐼𝐸 where 𝑓

is typed by 𝑒 ∈ 𝑆𝐸 . In that case,ℎ is also typed by 𝑒 and 𝜄𝑉𝑖𝑒𝑤 (𝑚1) ∈
𝑐𝑙𝑎𝑛(𝑠𝑟𝑐𝐼𝐸 (𝑒)) and 𝜄𝑉𝑖𝑒𝑤 (𝑚2) ∈ 𝑐𝑙𝑎𝑛(𝑡𝑟𝑔𝐼𝐸 (𝑒)) (according to the

Algorithm). Therefore, 𝜄𝑉𝑖𝑒𝑤
for a clan-morphism.

□

3 TREND ANALYSIS OF CONFLICTS
In this section, we present computational models based on category

theory for trend analysis of conflicts which include extracting pat-

terns of conflict evolution. Category theory allows us to understand

the interdependencies of conflicts from a higher level of abstraction.

Using category theory, the complex interdependencies and interac-

tions between different stakeholders’ arguments and strategies can

be modeled more abstractly and comprehensively which helps us

in identifying key elements of conflicts and categorizing them. We

present a categorical approach to compare and correlate various

trends of patterns of conflicts which will essentially allow us to

get an insightful knowledge about conflict resolution strategies as

well as investigate coherent resolution plans. Below is a list of use

cases for conflict analysis which is intended to be supported by our

proposed computational models:

Example use-cases:
• Given a goal 𝑔 of a party 𝑝 , what strategies are commonly

played by 𝑝 and its opponents.

• Comparison of escalations among conflicts where party 𝑝1
has a goal 𝑔1 and party 𝑝2 has a goal 𝑔2.

• What are the common and unique strategies of a conflict

zone?
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Data: A view specification𝔖𝑉𝑖𝑒𝑤 = (𝑆,𝐶𝔖𝑉𝑖𝑒𝑤
: Σ𝑉𝑖𝑒𝑤)

and an instance ‘(𝐼 , 𝜄)’ of 𝑆 where 𝜄 is a clan

morphism from 𝐼 to ℑ-graph 𝑆

Result: Transformed Graph (𝐼𝑉𝑖𝑒𝑤 , 𝜄𝑉𝑖𝑒𝑤
) where the nodes

and edges are represented according to𝔖𝑉𝑖𝑒𝑤

Initialize 𝐼𝑉𝑖𝑒𝑤
: Create an empty graph that will be the

transformed version of (𝐼 , 𝜄).
for 𝑛 ∈ 𝐼𝑉 do

𝑇 ← 𝜄 (𝑛); 𝑥 ← 𝑐𝑜𝑝𝑦 (𝑛); 𝑡 ← 𝑐𝑜𝑝𝑦 (𝑇 );
if 𝑇 or any of its super vertex is constraint with predicate
[View-Instance] then
/* add a copy of 𝑛 : 𝑇 from 𝐼 to 𝐼𝑉𝑖𝑒𝑤 */

𝐼𝑉𝑖𝑒𝑤
𝑉

← 𝐼𝑉𝑖𝑒𝑤
𝑉

∪ {𝑥}; 𝑣𝑖𝑒𝑤 (𝑛) ← 𝑥 ;

𝜄𝑉𝑖𝑒𝑤 (𝑥) ← 𝑇 ; /* The image is in 𝑆 */

end
if 𝑇 has a super vertex 𝑇𝑖 and 𝑇 ′𝑖 𝑠 supervertex is
constraint with predicate [View-ChildNode] then
/* add 𝑐𝑜𝑝𝑦 (𝑇𝑖 ) (with typing morphism to

node 𝑇𝑖 in 𝑆) in 𝐼𝑉𝑖𝑒𝑤 */

𝑡 ′
𝑖
← 𝑐𝑜𝑝𝑦 (𝑇𝑖 ); 𝐼𝑉𝑖𝑒𝑤

𝑉
← 𝐼𝑉𝑖𝑒𝑤

𝑉
∪ {𝑡𝑖 };

𝑣𝑖𝑒𝑤 (𝑛) ← 𝑡𝑖 ; 𝜄
𝑉𝑖𝑒𝑤 (𝑡𝑖 ) ← 𝑇𝑖

end
if 𝑇𝑃 is a super vertex of 𝑇 and 𝑇𝑃 is constraint with
predicate [View-Node] then
/* add 𝑐𝑜𝑝𝑦 (𝑇𝑃) (with typing) in 𝐼𝑉𝑖𝑒𝑤 */

𝑡𝑝 ← 𝑐𝑜𝑝𝑦 (𝑇𝑃); 𝐼𝑉𝑖𝑒𝑤
𝑉

← 𝐼𝑉𝑖𝑒𝑤
𝑉

∪ {𝑇𝑃};
𝑣𝑖𝑒𝑤 (𝑛) ← 𝑡𝑝; 𝜄𝑉𝑖𝑒𝑤 (𝑡𝑝) ← 𝑇𝑃

end
if 𝑇 or any of its super vertex is constraint with predicate
[View-ParentNode] and 𝑇𝑃 is the parent node of that
constraint node then
/* add 𝑐𝑜𝑝𝑦 (𝑇𝑃) (with typing) in 𝐼𝑉𝑖𝑒𝑤 */

𝑡𝑝 ← 𝑐𝑜𝑝𝑦 (𝑇𝑃); 𝐼𝑉𝑖𝑒𝑤
𝑉

← 𝐼𝑉𝑖𝑒𝑤
𝑉

∪ {𝑡𝑝};
𝑣𝑖𝑒𝑤 (𝑛) ← 𝑡𝑝; 𝜄𝑉𝑖𝑒𝑤 (𝑡𝑝) ← 𝑇𝑃

end
end
for 𝑓 ∈ 𝐼𝐸 do

𝑒 ← 𝜄 (𝑓 ); 𝑛1 ← 𝑠𝑟𝑐𝐼 (𝑓 ); 𝑛2 ← 𝑡𝑟𝑔𝐼 (𝑓 );
𝑚1 ← 𝑣𝑖𝑒𝑤 (𝑛1);𝑚2 ← 𝑣𝑖𝑒𝑤 (𝑛2) if an edge
(𝑚1

:𝑒−→𝑚2) ∉I𝑉𝑖𝑒𝑤
𝐸

then
/* Check for typing */

if 𝜄𝑉𝑖𝑒𝑤 (𝑚1) ∈ 𝑐𝑙𝑎𝑛(𝑠𝑟𝑐𝐼𝐸 (𝑒)) and
𝜄𝑉𝑖𝑒𝑤 (𝑚2) ∈ 𝑐𝑙𝑎𝑛(𝑡𝑟𝑔𝐼𝐸 (𝑒)) then

/* add a copy of 𝑓 in 𝐼𝑉𝑖𝑒𝑤. Include a

typing morphism to 𝑒 ∈ 𝑆𝐸 */

ℎ ← 𝑐𝑜𝑝𝑦 (𝑓 ); 𝐼𝑉𝑖𝑒𝑤
𝐸

← 𝐼𝑉𝑖𝑒𝑤
𝐸

∪ {ℎ};
𝑠𝑟𝑐𝐼

𝑉𝑖𝑒𝑤 (ℎ) ←𝑚1; 𝑡𝑟𝑔
𝐼𝑉𝑖𝑒𝑤 (ℎ) ←𝑚2;

𝜄𝑉𝑖𝑒𝑤 (ℎ) ← 𝑒; /* The image is in 𝑆 */

end
end

end
Algorithm 1: Model Transformation Algorithm to Generate

Abstract View

• Comparison between strategies of involved parties at differ-

ent stages of escalation.

• Which strategies commonly lead to high number of casual-

ties?

• Given a goal 𝑔 of a party 𝑝 and an agreement 𝑑 , how the

strategies of involved parties evolve over time?

• What are the common mediating patterns when the involved

parties have a certain goal 𝑔 and certain background of using

strategy 𝑠?

The variables 𝑔, 𝑝 , 𝑠 , 𝑑 for goals, parties, strategies, arguments

used in the use-case scenarios may refer to concrete real life in-

stances (i.e., instances of Goal, Strategy, etc) or the name of classes

and subclasses from 𝑆𝐶𝑜𝑛𝑓 𝑙𝑖𝑐𝑡 . In our approach, we propose to

encode the requirements from the use-case scenarios into view

specifications using predicates from Σ𝑉𝑖𝑒𝑤 . In order to study the

dynamic nature of conflicts we present a notion of state space for

conflicts:

Definition 3.1 (Conflict State Space). A conflict state space
is defined by a tuple 𝐶𝑆 = (ℭ, 𝑅) where:
• ℭ is a non-empty set of conflict states. Each state (𝑐𝑠 ∈ ℭ) is an
instance of conflict and represents a distinct scenario involved
in a conflict.
• 𝑅 is a binary relation over ℭ, represents the evolution of a
conflict state. The evolution relation captures the possible tran-
sitions or evolutions between conflict states.

The conflict state space definition allows us to model conflicts as

dynamic systems with different possible states and transitions be-

tween these states. The evolution relation (𝑅) reflects how conflict

states can evolve over time. The evolution relation (𝑅) is transi-
tive, therefore, if an instance of conflict (aka. conflict state) 𝛼3 has

evolved from 𝛼2 and 𝛼2 has evolved from 𝛼1, then 𝛼3 has evolved

from 𝛼1. If 𝛼2 has evolved from 𝛼1 (i.e., (𝛼1, 𝛼2) ∈ 𝑅), we can

say that 𝛼2 is a direct successor of 𝛼1. Conflict states can be also

be transformed into abstract viewpoints based on view specifica-

tions. Figure 8 illustrates the evolution of a conflict state from 𝛼𝑖

to 𝛼 𝑗 and their transformation into viewpoints 𝛼𝑉𝑖𝑒𝑤1

𝑖
and 𝛼𝑉𝑖𝑒𝑤2

𝑗
.

There exists injective morphisms from 𝛼𝑖 and 𝛼 𝑗 to the knowl-

edge graph 𝔎[+] . If we consider a view specification𝔖𝑉𝑖𝑒𝑤1 and

transform 𝔎[+] into a viewpoint 𝔎𝑉𝑖𝑒𝑤1

[+] , then 𝔎𝑉𝑖𝑒𝑤1

[+] would be a

sum(coproduct) of all the abstract views of conflict instances from

𝔎[+] . 𝔎
𝑉𝑖𝑒𝑤
[+] = 𝛼𝑉𝑖𝑒𝑤

1
+ 𝛼𝑉𝑖𝑒𝑤

2
+ 𝛼𝑉𝑖𝑒𝑤

3
.. + 𝛼𝑉𝑖𝑒𝑤

𝑛

To calculate the similarities between two conflict instances 𝛼𝑖
and 𝛼 𝑗 , we propose to use pullback operation as shown in Figure 9.

𝔎𝑈 represents a union of all the conflict instances from knowledge

graph 𝔎[+] . Same entities from conflict instances would appear

only once in 𝔎𝑈 . Transformation of the objects to their abstract

viewpoints with respect to a view specification are represented by

wiggly arrows in the figure. The transformed abstract viewpoint of

𝔎𝑈 essentially represent an union of all the abstract viewpoint of

conflict instances as shown below:

𝔎𝑉𝑖𝑒𝑤
𝑈

= 𝛼𝑉𝑖𝑒𝑤
1

∪ 𝛼𝑉𝑖𝑒𝑤
2

∪ 𝛼𝑉𝑖𝑒𝑤
3

.. ∪ 𝛼𝑉𝑖𝑒𝑤
𝑛

Figure 9 shows two pullback objects 𝑐 = 𝛼𝑖 𝑋𝔎∪ 𝛼 𝑗 and 𝑐
′ =

𝛼𝑉𝑖𝑒𝑤
𝑖

𝑋𝔎𝑉𝑖𝑒𝑤
∪

𝛼𝑉𝑖𝑒𝑤
𝑗

and their relationships. The figure also shows

that there must exist an unique morphism 𝑘 from 𝑐′ to the abstract

viewpoint of 𝑐 .
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𝔖𝑉𝑖𝑒𝑤1 𝔖𝑉𝑖𝑒𝑤2

𝔎𝑉𝑖𝑒𝑤1

[+] 𝔎𝑉𝑖𝑒𝑤2

[+]

𝔎[+] 𝔎[+]
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𝑣𝑖𝑒𝑤−𝑢𝑝𝑑𝑎𝑡𝑒
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𝑖𝑑𝔎

Figure 8: Conflict evolution and its transformation to abstract
representation
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Figure 9: Finding commonality between conflict instances
and their viewpoints using pullback
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Figure 10: Evolution of two conflicting situations

We present another computational model in Figure 10 using

categorical pullback operation to compute the evolution of con-

flicts in different conflict zones. Let us assume that Γ𝑉𝑖𝑒𝑤
1

, Γ𝑉𝑖𝑒𝑤
2

,

Γ𝑉𝑖𝑒𝑤
3

represent the unions of conflict instances in the first week,

second week and third week respectively of a conflicting situations

in conflict Zone-1. For example, if 𝛼𝑉𝑖𝑒𝑤
𝑎 , 𝛼𝑉𝑖𝑒𝑤

𝑏
, 𝛼𝑉𝑖𝑒𝑤

𝑐 are three

conflict instances representing the situation in the first week of

Zone-1, then Γ𝑉𝑖𝑒𝑤
1

= 𝛼𝑉𝑖𝑒𝑤
𝑎 ∪ 𝛼𝑉𝑖𝑒𝑤

𝑏
∪ 𝛼𝑉𝑖𝑒𝑤

𝑐 . Similarly, Ξ𝑉𝑖𝑒𝑤
,

Ξ𝑉𝑖𝑒𝑤
, Ξ𝑉𝑖𝑒𝑤

represent the unions of abstract viewpoints of con-

flict instances in the first week, second week and third week of a

conflicting situations in conflict Zone-2. Figure 10 illustrates a com-

putational model to compare the development of these two different

conflict zones over the weeks. With this computational model we

are able to provide a comparison between strategies and/or goals

of involved parties at different stages of escalation.

To find out common structures among different conflict zones,

for example, information about commonly played strategies and

goals in different conflicting zones we propose to apply limit opera-

tion. A specific analysis could entail identifying typical negotiation

arguments employed when parties harbor security-related goals.

Figure 11 illustrates two different conflicting situations represented

as 𝛼𝑉𝑖𝑒𝑤
𝑖

(𝑖 ∈ N) and 𝛽𝑉𝑖𝑒𝑤
𝑗
( 𝑗 ∈ N) where the limit objects are

shown as 𝜙1 and 𝜙2 and co-limit objects are shown as 𝜎1 and 𝜎2.

With the limit constructionwe extract the common structure among

the conflict instances. The pullback object Θ = 𝜙1𝑋𝔎𝑉𝑖𝑒𝑤
∪

𝜙2 rep-

resent commonality between the conflict instances. The overall

structural differences between the conflict instances is computed

by means of comparing the co-limit objects as shown in the figure

with objects𝜓1 and𝜓2. With the structural differences we are able

to extract information about unique structures (e.g., unique strate-

gies played by parties) in different conflict zones. This computation

model also allows to compute common mediating patterns (i.e.,

agreements) when the involved parties have a certain goal and

certain background of using strategies.

4 DISCUSSION
In this paper, we introduce a formal method for conflict analy-

sis that diverges significantly from conventional conflict analysis

techniques. This innovative approach addresses longstanding chal-

lenges through a visual modeling language.

In computational journalism, various methods and systems have

been developed for the analysis of news content such as GDELT[3],

Event Registry[13], News Hunter[6]. These platforms excel in iden-

tifying and organizing news events from vast data streams in struc-

tured formats. However, despite these advancements in leveraging

semantic knowledge bases like Wikidata for news content analysis,

several significant challenges within the domain of news reporting

and analysis remain unaddressed. To tackle these issues in a com-

prehensive manner, we propose a formal framework for modeling

events related to armed conflict which aims to provide solutions to

some of the open problems in the field and contributes to the ongo-

ing development of robust techniques for computational journalism

and conflict analysis.

Conflict analysis is a complex task, as it involves many parties

with various kinds of interests. Formal methods enable us to cap-

ture, represent, and analyze these subtleties more effectively. While

argumentation framework has been applied for conflict analysis

[15, 18] using logic based approach, it has not been used for an-

alyzing trends of armed conflict supporting multiple abstraction
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Figure 11: Limit and co-limit construction. Here 𝛼𝑉𝑖𝑒𝑤
𝑖

(𝑖 ∈ {1, 2, 3, ..}) and 𝛽𝑉𝑖𝑒𝑤
𝑗

( 𝑗 ∈ {1, 2, 3, ..}) represent conflicts in two
different conflict-zones

veiwpoints. In contrast, our modeling approach provides a compre-

hensive framework for analyzing conflicts from various abstraction

level which provides trends of event progression. It offers a unified

solution that can address multiple aspects of conflict analysis.

We have presented a model transformation approach to pre-

pare multiple viewpoints. However, by leveraging languages and

frameworks such as ATL [12], MTBE [19, 20], one can automate the

process of transforming models into visual formats, thus facilitating

data visualization in different domains. These methodologies can

be exploited for making data more accessible and comprehensible

through visual means.

The model-based approach proposed in this paper enables the

analysis of conflicts from multiple perspectives and levels of ab-

straction, enhancing transparency and traceability in the analysis

process and thereby improving accountability in conflict analy-

sis. We presented an ontology to capture key concepts related to

conflicts. However, there are many other aspects that might be im-

portant to capture such as political and economic issues, etc. Future

works include an adaptive method to update the domain ontology

using generative AI.
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