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L3I - Université de La Rochelle

Av M. Crépeau
F-17042 LA Rochelle

ABSTRACT
This paper deals with game analysis. We begin by the pro-
posal of a terminology relevant to game scenario. Then,
we propose an approach dedicated to analyze game scenarii.
This approach consists in expressing a scenario by using a
fragment of linear logic. This model is then translated into
a Petri net model. This model allows us to generate the
possible narratives for the given scenario that are at last
analyzed. Linear logic facilitates the creation of the model:
in the case of a complex scenario, the Petri net is difficult
to build. However, we use the Petri net as an operational
model.
Morever, in addition to usual provable properties such as
liveness and safety properties, we propose a new class of
properties establishing conclusions with respect to the sce-
nario relevance.
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1. INTRODUCTION
This paper aims to present how to use Linear Logic to model
and validate concurrent interactions within a strategy multi-
player game. Indeed, [17] underlines the miss of analysis
techniques for games. Our proposal is twofold: first a ter-
minology of game is given and then a new checking method
of a model expressed in Linear Logic is proposed.

This paper is dedicated to the translation of a model written
in linear logic into a Petri net in order to generate accessible
sequences of actions for a given scenario.

In addition to usual provable properties such as liveness and
safety properties, we propose a new class of properties estab-
lishing conclusions with respect to the scenario relevance.

After a short introduction of analysis problems within the

scope of strategy games, we define a class of properties which
can be checked in such a system. Then, we present a linear
logic based method for modeling game scenarii. At last we
propose an analysis methodology of this model as well as
solutions obtained from an example.

2. SOME GAME-SPECIFIC PROBLEMS
2.1 Existing approaches
The game domain has been subject to particular attention
recently, not only in the computer science domain but also
in creation and design.

Several categories of video games arose according to either
historical, editorial or narrative criteria. Usual distinguished
categories of games are action, adventure, strategy and sport.
[16] proposes an other classification based on game mecha-
nisms. Firstly he distinguishes ”one-player” games, where
the player plays alone against the computer, and ”multi-
player” games. He also talks about cooperative games, where
the players play together against the computer, and compet-
itive games, where the players play, alone or with a team,
one against the other. Each case is then divided into several
classes: puzzle, strategy game, action game and adventure
game.

We are interested, within the scope of this paper, in strat-
egy games in a multi-player frame. A ”one-player” strategy
game gives the player the feeling of controlling his universe.
A ”multi-player” strategy game is a game in which each
player can influence the universe, but but actions of other
players have an influence on the player’s universe too.

Video games editors tend to create more and more scenario-
based games to make them more attractive (players can be
the game’s heroes and follow a pre-defined plot line).

Several teams deal with such a problem. We can quote the
”Liquid Narrative Group [27, 26, 25, 20], the ”Zero game
studio” [5, 10], the Salford university team [2, 13, 11, 12],
the Michigan university team [14], the Teesside university
group [4] and also the OZ project [15]. All those studies
concern the difficulty in generating a coherent game execu-
tion (compared to game rules and game scenario) according
to the player’s actions.

Indeed, in order to make a game be attractive for the player,
it is necessary that the latter has the feeling of controlling



the world in which he evolves and of being able to modify it
in his own way. However to put a scenario in a game tries
to bring back the player to the same-and-unique plot line.
Generally authors aim to write a coherent game unfolding.
This construction is done during the game’s execution either
with a previously made analysis (such a choice was made by
the ”Zero game studio” team which uses causal graphs) or
by adding constraints which must remain valid during the
game’s execution (like in Teesside university works).

All of those works are generally based on Artificial Intel-
ligence techniques. So, the property concept is used but
no property is never expressed. The only team, as far we
know, working on game analysis is the CNAM’s one [17,
24]. Their work concerns the analysis and the specification
of video games. They propose an analysis technique allowing
to guarantee that actions carried out by the player remain
coherent within the game. They use Petri net based con-
struction techniques allowing to guarantee that when each
sub-network is coherent, the set built by respecting a set of
rules is coherent.

2.2 Our selected terminology
Authors treating on games agree on the fact that the terms
which are associated to narration description in a game are
not fixed and are prone to be debated. We don’t aim to
debate on this subject, however we will define the terms
and the concepts used in this paper:

• The action concept is such as a stage in dramatic art.
Although this concept is never defined, it is very sig-
nificant insofar as it is often a question of a course of
actions or a course of events.

• The event term, closer to the computer science com-
munity, is defined as follows:

Definition 1. An event is the atomic element of a
story, a significant thing which occurs.

We underline that an event can occur from the history,
generated by the designer (e.g. appearance of a dragon
when the player enters a localization) or from the user
(e.g. when the player opens a door).

• According to this definition of the event notion, we can
immediately define a narrative. A narrative is often re-
garded as a story. But the notion of story is generally
specified. For example [12] considers the theoretical
story as being what the author wishes to see, in oppo-
sition to the story (which is held). [14] consider story
as all the events which appear and the constraints be-
tween those events. That can also be seen like the
storyline.

So, we can consider that the narrative is included in
something which represents the set of possible stories
(the narration for [21], the story world for [20]). In
order to tackle this confusion between the terms of
narrative and story, we define the notion of narrative
by:

Definition 2. A narrative is an ordered sequence
of events.

J1 J2

K12 K34

K13

Obj2K3

S1 S2

S4S3
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K4P2 P3

P1

P4

Figure 1: Topological description of our example

whereas we define the set of the possible stories as a
scenario in the following way:

Definition 3. A scenario is the set of ordered se-
quences of events.

• At last, we add the notions of person and resource:

Definition 4. A person is an entity which takes
part in the scenario events.

Definition 5. A resource is an element which can
be used by a person.

2.3 Presentation of our strategy example
In order to illustrate our proposal, we use an example of an
exploration game. It is a multi-player game. The players are
located in a space made up of rooms which are connected
each to others by doors. The objective of each player is to
move across those rooms to find an object. The game is fin-
ished when a player found his object. In order to move from
a localization to the another, the player must go through a
door. He must possess the key dedicated to the door. Each
key opens a particular door or a set of doors. The keys are
of single use, and the door is closed again after the player
has gone through. A key thus doesn’t allow to go more than
once through a door.

The figure 1 presents the topology of our example. The
four doors (ressources) P1, P2, P3 and P4 are dedicated
respectively to cross from S1 to S2, S1 to S3, S2 to S4 and
S3 to S4. Each door can be crossed in a bi-directional way.

Five key resources are arranged in the world: k12 is located
in S1 and allows to open the doors P1 and P2, k34 is located
in S1 and allows to open the doors P3 and P4, k13 is located
in S2 and allows to open the doors P1 and P3, k3 is located
in S3 and allows to open the door P3 and k4 is located in
S4 and allows to open the door P4.

We remark that in this example the users are totally free
to modify the world. The narrative aspects are not present



but could appear for example as an introduction of new keys
according to relevant users actions.

At last, this game reveals four categories of events: the in-
troduction of a player in the game, the acquisition of a key
by a player, the door crossing done by a player and the
achievement of the player objective (to take the object).

A narrative will be then for example: (”introduction of
player 1 ”; ”introduction of player 2”; ”player 1 takes the
K12 key”; ”player 1 goes through the P2 door”; ”player 1
takes the Obj1 object).

A scenario will be described by an initial state, the set of the
events which can occur during the game and a desired final
state. Such a model allows us to produce a set of narratives
which constitutes the story.

2.4 Classification of game-specific properties
We define here the classes of properties which can be ex-
pressed and checked within the scope of the validation of
game scenarii before their execution.

In order to build the set of system properties to be vali-
dated, we use the usual classes of properties such as safety
or liveness properties. However, the checking of a scenario
requires to take into account of an other set of properties
directly related to the relevance of the scenario. Indeed, we
must guarantee that the game course will not conduce the
player in an erroneous state or a blocking state (”does the
game correctly finish ? ”, ”Are the players able to win?”,
”Does it exist an unreachable room?”. . . ) and we also have
to establish some conclusion on the quality of the scenario
(”Do the players have equal chances to reach their goal ?”,
”Is the game not ”too easy ”?. . . ).

It is then possible to distinguish two main classes of proper-
ties: One which is related to the playability of the scenario
(Is the game course correct?), the other allows to evaluate
the relevance of the scenario (i.e is the scenario interesting?).
We describe here these two property classes.

2.4.1 Playability
The checking of the playability of the game is very strongly
connected with the usual checking of a distributed system.
We verify properties of safety, liveness, reachability or ab-
sence of deadlock. We recall the definition of these proper-
ties [1].

• Safety property: express that under certain condi-
tions, an event can never occur.

• Liveness property: express that under certain con-
ditions an event will end up taking place.

• Reachability property: indicate that a state of the
system can be reached.

• No deadlock property: express that the system will
be never in a situation where it cannot progress.

• Fairness property: express that, under certain con-
ditions events will infinitely often arrive (or will not
arrive).

2.4.2 Checkings relevant to the scenario pertinence
The originality of our approach is due to the definition of
an additional class of properties relevant to the game field.
Indeed, to define a playable scenario is not enough to ensure
its validity. A game can be considered to be useful (or valid)
if it is ludic, sufficiently difficult so that the player is not
bored, and if the scenario does not promote one player over
the others.

• Impartiality (or justice): the players have equal chances
(or almost) to win the game.

• Complexity : the game course does not contain exe-
cutions which lead to a too much fast victory.

• Competition: the interest of the game consists in
putting the players in competition. For such a prop-
erty we will make sure that there exists a sufficient
number of situations where the players are in direct
competition to take an object. It is this type of situa-
tion which can possibly make the game ludic.

These properties (in particular the scenario relevance) are
relative properties. Indeed, it is necessary to determine be-
fore the checking phase which is the minimal number of ex-
ecutions conducing to the victory. Moreover, it is almost
impossible to obtain a scenario for which a total impartial-
ity is reached. However, it is necessary to try to obtain for
each player a success rate close to 50 percent.

The objective announced here is not only to validate a given
scenario but to determine the best scenario, i.e the scenario
which satisfies all the properties.

3. A MODELING PHASE OF A SCENARIO
IN LINEAR LOGIC

3.1 A quick overview of Linear Logic
Linear logic was proposed by J.Y. Girard[6] in 1987 like a
refinement of first-order logic in order to take into account
the concept of consuming and producing resources. Some
structural rules were denied : the contraction rule and the
weakening one. One of the consequences is that, in linear
logic, two specimens of a formula are distinguished from only
one specimen of this formula. So, this logic is well adapted
in order to model systems involving resources.

The logical connectives are re-examined in this resource-
based interpretation. Linear logic has many restrictions
and variants dependently to the subset of the connectives
used. The fragment of linear logic we chose to use is the
multiplicative-additive one (MALL).Let us introduce the con-
nectives used :

• linear implication is defined by the following rule :

Γ ⊢ F ∆, G ⊢ H

Γ, ∆, F ⊸ G ⊢ H
⊸ L

Using linear implication allows to define how the sys-
tem state changes. The proposition F ⊸ Gcan be in-
terpreted as :consume resource F to achieve resource
B.



• multiplicative conjunction denotes simultaneous occur-
rence of resources. This connective is defined by :

Γ, ϕ, ψ ⊢ ∆

Γ, ϕ ⊗ ψ ⊢ ∆
⊗L

• additive disjunction represents a choice over which one
has no control. The rule is :

Γ ⊢ ϕ, ∆

Γ, ⊢ ϕ ⊕ ψ, ∆
⊕R1

and

Γ ⊢ ψ, ∆

Γ, ⊢ ϕ ⊕ ψ, ∆
⊕R2

Those connectives allow us to define logic propositions in
order to reason about game scenarii. Reasoning on linear
logic proposition is made by a sequent calculus. A sequent
calculus consists in the re-write of the sequent by replacing
the connectives by their introduction rules in order to obtain
the meta-connector ” , ” in the formulae. This produces the
canonical proof tree. A sequent is valid if all the sheets of
the proof tree correspond to identity rules.

We will write a sequent by placing in the antecedent of the
sequent both the initial state of the game and the desired
events and in the succedent of the sequent the awaited final
state.

3.2 A model for our example
A model of our toy-example consists of six categories of
atoms and four categories of events:

Atoms the initial state of the player i is represented by the
atom Ji. The player i in the room j is defined by JiSj .
The atom kx represents the key allowing to open the
set of the doors x. kxJi models the key kx possessed
by the player i. Obji represents the objective of the
player i and JiF the end of the game for the player i.

Events The event corresponding to the introduction of a
player in the game is done by the formula Ji ⊸ JiSj .
The event corresponding to the acquisition of the key
allowing to open the set of the doors x by the player i
is JiSj ⊗kx ⊸ JiSj ⊗kxJi . The event corresponding to
the crossing of the player i from the room j towards
the room z by going through one of the doors of the
set x using the possessed key kx is given by JiSj ⊗

kxJi ⊸ JiSz . At last, the event corresponding to the
achievement of the objective of the player i is given by
the formula JiSj ⊗ Obji ⊸ JiF .

Then, the scenario is done by the following sequent : J, OBJ, K, E ⊢

J⊕

iF where J is the set of the player atoms, OBJ the set of
the objective atoms, K the set of the key atoms, E is the
set of the events and J⊕

iF the set of the final states.

The scenario represents the set of parameters which deter-
mine the possible executions of the game. In order to obtain
a valid game, we present in the sequel of this paper the types
of properties which have to be satisfied by the scenario.

4. SCENARIO ANALYSIS

In this section, we present the analysis which can be deduced
from the model expressed in Linear Logic. This analysis is
based on the study of the sequent calculus.

By translating the sequent in a Petri net we obtain the set
of the narratives from the scenario. We can then deduce the
scenario properties from this set.

4.1 An overview of our proposed methodology
Several approaches for the proof of a sequent of Linear Logic
were proposed [22]. Among all these approaches we take as
a starting point P. Kngas’s one [8, 9]. The author proposed
to translate a sequent of Linear Logic in a Petri net. Ac-
cordingly, the writing of a proof of a sequent corresponds to
the firing of a sequence of transitions starting from an initial
marking and driving to the awaited final marking.

Indeed, [7] demonstrated that the act of proving the valid-
ity of a sequent is equivalent to find a firable sequence of
transitions in a Petri net. I.e, let R be a Petri net with its
initial marking M0 and a final marking Mf , and let s be a
non-ordered list of transitions: there is an equivalence be-
tween the act of proving the sequent M0, s ⊢ Mf and the
act of finding a sequence σj of transition firings conducing
from M0 to Mf in the network such as the transitions of σ
are those of s with the same arity.

4.1.1 Translation in a Petri net
P. Küngas proposed a translation of a sequent in a Petri
net. This construction implies the use of the ”cut” rule in
order to write a proof. However, [3] shows that the use
of this rule forces to reason on the whole of the Petri net
whereas a sequence doesn’t involve all the elements of the
network. So, we will retain the following translation, in-
spired of the works of the team ”Rseaux de Petri et Logique”
of the LAAS/CNRS [23, 19, 18]. The translation of the lin-
ear logic model in a Petri net model is made in the following
way:

• For each atomic proposition, we associate a place of the
Petri net. The availability of the proposition implies
the presence of a token in this place.

• An implicative formula is translated by a transition.

• The antecedent of the sequent consists both of a set of
implicative formulae and of propositional formulae. It
corresponds at the same time to the set of all transi-
tions to be fired and the initial marking. The propo-
sitional formulae in the succedent of the sequent cor-
respond to the final marking.

For example, let the following model: A, C, A ⊸ B, B ⊗

C ⊸ D ⊢ D

The corresponding Petri net is shown in the following figure:

4.1.2 Generation of the proof tree



A B

C

D

t1 : A ⊸ B

t2 : B ⊗ C ⊸ D
•

•

For the previous example, the sequent calculus conduces to
the following proof tree:

A ⊢ A
id

B ⊸ B
id

C ⊸ C
id

B, C ⊸ B ⊗ C
⊗R

D ⊢ D
id

B, C, B ⊗ C ⊸ D ⊢ D
⊸ L

A, C, A ⊸ B, B ⊗ C ⊸ D ⊢ D
⊸ L

This proof corresponds to the firing of the sequence (t1;t2) in
the Petri net given in figure 4.1.1 whose the initial marking
is a token in the places A et C.

A narrative is obtained in writing the proof of a sequent of
Linear Logic. So, the previous proof shows that the scenario
”consume A to achieve B”, ”consume B and C to achieve D”
with the hypotheses ”A” and ”C” and the conclusion ”D”
can produce the narrative ”consume A to achieve B” then
”consume B and C to achieve D” (the proof is to be read in
a bottom-up way).

We don’t aim to prove the validity of a sequent, but we aim
at obtaining all possible proof trees. So, the algorithm we
use is the following:

• step 1 : sort the set of firable transitions s

• while it exists an enabled transition of s which can be
fired

– For all transition si of s

∗ If si is enabled and si 6= si+1

· fire si

· remove si from s

· Return to step 1

∗ else continue

By using this methodology, the Petri net model derived from
the Linear Logic model presented in section 3.2 is shown in
annex.

4.2 Properties to be satisfied
For our example, we can establish the following properties
relevant to the playability of the game:

• Safety: A player can’t go through a door without the
dedicated key.

• Reachability: Each player can win the game.

• Fairness: A room can’t be reached an infinity of time.

• No deadlock: The game can’t reach a state where
the players can’t evolve.

The properties relevant to the scenario pertinence are:

• Impartiality (or justice): The two players have the
same proportion of chance to reach their goal.

• Complexity : The players can’t reach their goals
without going through at least three doors.

• Competition: It exists some executions where the
two players are in an immediate competition to take a
key. Indeed, the dramatic intensity of the game can be
measured by means of instances of direct competition
between the players. Even if such a property is diffi-
cult to be checked with classical model-checkers, the
analysis of execution traces gives quickly a result. A
competition situation is for example a situation where
the players are in the same room and where only one
key which is useful to leave the room is available.

4.3 Checking results
The analysis of the traces enables us to establish some con-
clusions relevant to the properties concerning the relevance
of the scenario. The analysis shows us that there is 22859
possible sequences for this scenario. A study of these traces
allows us to provide the following results, relevant to the
impartiality, complexity.

4.3.1 Analysis of the impartiality
The interest to use linear logic in order to analyse sce-
nario pertinence is the simplicity of checking the impartial-
ity property. Indeed, for obtaining the number of sequences
where player 1 is victorious, one only has to determine the
number of sequences ending in the transition e43. In the
same way, we can count the number of sequences where
player 2 is victorious (sequences ending in the transition
e42).

Thus, there is 8220 sequences leading to the victory of J1
and 10176 sequences for the victory of J2 (we can note that
there is 4463 executions for which no player wins). Among
all the executions leading to the victory, player 2 wins in 55
% of the cases. So, we can considered that the scenario is
equitable.

4.3.2 Complexity checking
In this paragraph, we aim to check the complexity of the
scenario. So, we wish to ensure that it doesn’t exist an exe-
cution where one of the players achieve its objective without
going through at least three doors. One of the obtained se-
quences is the following:

[’e42’, ’e41’, ’e1’, ’e2’, ’e9’, ’e12’, ’e13’, ’e43’]

This sequence corresponds to the execution where the player
1 takes the key k34, then moves towards the room 3 and
achieves its objective. For this player, this execution leads
to a too fast victory, it doesn’t be thus of any interest.



5. CONCLUSION
In this paper we were interested in game analysis by using
a model defined in linear logic. We have highlighted vari-
ous relevant properties for a multi-player strategy game and
we have proposed a new class of properties suitable for the
checking of games, namely the class concerning the relevance
of scenarii.

Then, we proposed a method allowing to evaluate the satis-
faction of those properties for a given game scenario. This
method consists to model a scenario by using linear logic.
Linear logic is a suitable language to formally write games’
scenarii. The interest, in using linear logic, is to focus in
the expression of a game on actions and ressources with-
out useless informations. This language is well suited to
express locally actions and to check for possible orders. So,
for games, it allows to easily check some properties concern-
ing the relevance of scenarii, in particular the complexity
and the impartiality. Then, a translation into Petri nets is
used in order to generate possible narratives for the given
scenario. Lastly, we analyze those narratives in order to
evaluate if previous properties are or not satisfied.

One of the major benefits of our proposal is to help a sce-
nario designer. So, this approach have to be integrated in a
more general approach for constructing relevant game sce-
narii. Accordingly, one of the prospects for our approach
is to use the validation results to choose the optimal sce-
nario. Indeed, when we check relevance properties, results
are evaluated according to an initial hypothesis. One of the
possible methods should consist in generating all possible
scenarii and in evaluating the satisfaction of relevance prop-
erties on these scenarii. The selected scenario should be
then one of those scenarri which optimally satisfy relevance
properties according to initial hypotheses.

Another prospect would consist in exploiting the structure
of the Petri net in order to determine the liveness of the
game as well as the absence of deadlocks. Lastly, a last
prospect would be to take into account temporal constraints
of the scenario. The suggested approach with linear logic
would allow to reduce the combinatory explosion, because
sequences generation takes account of the restriction of the
marking due to the temporal reduction.
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Figure 2: The Petri net model of our game


