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Abstract

‘Magic: The Gathering’ (MTG) is a strategic card
game that includes complex interactions and competi-
tive play, using a catalogue of over 20,000 unique cards.
In this demonstration, we explore how numeric plan-
ning can be used to tackle an interesting subset of the5
game mechanics. Strong gameplay strategies are pro-
duced using the ENHSP planner, and our work serves
as both an interesting testbed for numeric planners and
a foundation for more elaborate strategic card-game
settings modelled in PDDL.10

1 Introduction
Many trading card games, such as Magic: The Gath-
ering (MTG)1, provide rich and complex play experi-
ences; they often challenge new players with game states
that require nuance and experience to navigate. While15

MTG games can often be modelled in a simple state
space representation, the resulting complexity arising
from the actions taken in any single state can make it
challenging for players to determine the best strategies
to guarantee optimal play. Automating this process us-20

ing planners can provide valuable insights into the best
strategies that may be employed during gameplay and
the mechanisms of the game itself (an example inter-
mediate state of the game is shown in Figure 1). It is
this motivation that leads us to explore how we might25

model MTG using planning technology.
The goal of creating an abstract planning model of

MTG is to give answers on optimizing play and allowing
new players to receive streamlined feedback. The cards
demonstrate a variety of complex features that may be30

tricky to grasp and work with, especially for beginners
to the game. Hence, this model aims to teach newcomers
what actions are the best to take while using high-level
abstractions of core MTG gameplay. It also offers a rich
setting for planners to be tested on.35

Because much of the game involves numeric aspects
(including card strength, player health, and creature
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Figure 1: The starting state of the fourth problem file,
showing hand, board state, and health.

attack levels), we opted to use the numeric fragment of
PDDL 2.1 (Haslum et al. 2019). In this demo, we cover
some of the high-level ideas of the model, along with 40

specific examples of the game dynamics in PDDL.

2 A Model for MTG
We modelled a simplified version of MTG in PDDL in
order to generate an optimized sequence of actions such
that each move will lead the player to win the game. The 45

model showcases a simple adversarial game between (1)
the player and (2) the opponent. A ‘win’ for the player
is modelled as a PDDL goal that requires the planner
to get the opponent’s life total to 0.

For clarity, the following is a summary of the simpli- 50

fied model that we will be representing: each agent will
start with a predetermined integer “life-total” (e.g. 20),
and the goal of the game will be for the player to get
their opponent’s life total to zero. We will assume that
the player has not played any cards yet, and that the 55

opponent already has some cards on the board. There
are 4 phases of play for the player; “main”, “attack”,



Figure 2: PDDL snippet for the action to attack an
opponent.

“block”, and “end”. The player can play 1 “land” on
each of their turns. Lands will “tap” for 1 “mana” of a
certain colour, and the player can use their total mana60

per turn to play “creatures” or “spells”. Once a card is
”tapped”, it effectively becomes unusable for any fur-
ther actions, until the beginning of the player’s next
main phase; at which point everything that was tapped
on their previous turn becomes untapped. The player65

can play creatures only on their main phase, and each
creature will have 3 aspects to them: their power (inte-
ger), their toughness (integer) an optional keyword that
has a certain effect (string). Creatures cannot “tap” the
turn they enter as they have “summoning sickness” for70

that turn. In the attack phase, any creature that is
not tapped or summoning sick may attack the oppo-
nent, with the intention of dealing damage equal to its
power to the opponent’s life-total. To defend oneself, the
opponent may assign an untapped creature to “block”75

one other attacking creature (from the opposing agent’s
end). If blocked, the attacking creature assigns dam-
age equal to its power to the blocking creature’s tough-
ness, and vice-versa, destroying creatures with negative
toughness. After these attacking and blocking phases,80

the player will progress to the end phase, where the turn
will be “cleaned up” for the player in order to prepare
for their next main phase. After the opponent attacks
and processes damage, the turn passes back to “main”
where the player will take their next turn in a similar85

fashion, once again.
From a planning perspective, the defined object types

are colour, land, creature, spell effect, player, and phase.

colour, spell effect, and phase will have associated con-
stants that allow us to apply non-variables that repre- 90

sent implicit game rules.
The opponent will be represented as having no cards

in hand, no lands played, and starting with all their
creatures on their board. The opponent is not able to
affect the game state at all, outside of performing rou- 95

tine attacks and blocks as much as possible during their
delegated phases. Routine attacks are defined as the op-
ponent attacking with every creature possible on their
turn, and routine blocking is defined as blocking each
creature possible. In addition, it is assumed that nei- 100

ther player has any cards remaining in their deck for
simplicity. It will be a very one-sided fight since the
goal of this approach is to model a sequence of actions
on the player’s end using the core gameplay features of
MTG. Hence, the planner will attempt to create a path 105

to victory for the player from the given game state. This
is a simplified model of the 2-player aspect to the game,
but still provides a compelling setting for planners.

Figure 2 showcases one such action that a correct
path may take. This action is a representation of the 110

player’s creatures attacking the opponent. The planner
may decide whether or not to attack if the correspond-
ing preconditions are true – those being that the player
is not dead and the creature is ready to attack (i.e. not
in hand, not summoning sick, and not dead). The effects 115

of a creature attacking the opponent is that it gains the
status of ’attacking’, and it either taps or remains un-
tapped if it has the keyword ’vigilance’. Additionally,
this action specifies that the creature is not yet blocked
after they are declared to be attacking. This action is 120

just one example of the scope of the model.
A new game state can be defined for solving by the

creation of a new problem file that outlines the desired
game state, which can be run using the ENHSP 2020
planner (Scala et al. 2016) in conjunction with the orig- 125

inal domain file. The output will either produce an op-
timal plan, or no plan at all if there is no such optimal
plan. Figure 1 depicts one such problem file showing
the cards that start in the player’s hand and the cur-
rent board state of the game. 130

3 Discussion
The model was able to reliably find present optimal
mid-length plans for the player’s victory if the oppo-
nent played using the level-zero strategy (Stahl 1993)
that was encoded for them – i.e., just attacking and de- 135

fending wherever possible in a deterministic way. The
outputs produced by the planner are able to be ana-
lyzed for their strategic meaning; for example, the main
priority for the planner while in a disadvantaged state
was to protect the player’s life total. It used the player’s 140

creatures to block even if this meant that the creature
would die. In contrast, when met with an advantaged
state, the planner decided to forgo blocking, and in-
stead use the creature to attack, trading the player’s
life for damage on the opponent. This mimics the infa- 145

mous MTG adage “health is a resource”. This unique



way of thinking elevates the player’s strategies, causing
them to explore other possible actions. Thus, the plans
produced by ENHSP aligned with verifiable strategic
lines of play, even when the problems themselves were150

extremely simplified. The same strategies and thought-
processes output by the planner can be applied with
confidence to high-complexity game states. Hence, the
outputted plans illustrated realistic and feasible ap-
proaches that could be analyzed and studied to better155

help new players make complex decisions. In spite of the
complexity of the mechanisms of MTG, this paper has
shown that planning models are increasingly capable of
solving difficult problems.

One limitation of the model is the hard-coded routine160

attacks and blocks for the opponent. The fact that the
opponent attacks and blocks using every creature each
turn restricts the number of meaningful situations. This
factor may affect the model, and a more dynamic enemy
choice structure defining when the opponent should at-165

tack or not could be implemented.
Future work that can be done to extend analysis

includes utilizing metrics in PDDL, e.g. to minimize
the damage taken by the player. This would reflect the
different types of play-styles and approaches to MTG,170

highlighting the various ways one may strategize their
victory. Another interesting gameplay component to
implement in a planning setting is the ability for play-
ers to draw from decks of cards. This would have a
multitude of effects on the factors that play into the175

strategies and paths explored by the planner.

4 Demonstration
During the live demonstration, we will show the full as-
pects of the PDDL model, along with actual cards that
were modelled, explicitly displaying four major prob-180

lem files, including the state depicted in Figure 1. Live
solving and demonstrated solutions will be done using
the VSCode PDDL plugin with ENHSP-2020 planner
(Scala et al. 2016). The application of the generated
plans will be showcased through a combination of the185

Cockatrice application2 and physical MTG cards that
will be used as a visual example to show the correspond-
ing actions in MTG.
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