You Have Thirteen Hours in Which to Solve the Labyrinth:
Enhancing AI Game Masters with Function Calling

Jaewoo Song,

Andrew Zhu,

Chris Callison-Burch

University of Pennsylvania
{jwsong@5, andrz,ccb}@seas.upenn.edu

Abstract

Developing a consistent and reliable Al game
master for text-based games is a challenging
task due to the limitations of large language
models (LLMs) and the complexity of the
game master’s role. This paper presents a
novel approach to enhance Al game masters
by leveraging function calling in the context of
the table-top role-playing game "Jim Henson’s
Labyrinth: The Adventure Game." Our method-
ology involves integrating game-specific con-
trols through functions, which we show im-
proves the narrative quality and state update
consistency of the Al game master. The experi-
mental results, based on human evaluations and
unit tests, demonstrate the effectiveness of our
approach in enhancing gameplay experience
and maintaining coherence with the game state.
This work contributes to the advancement of
game Al and interactive storytelling, offering
insights into the design of more engaging and
consistent Al-driven game masters.

1 Introduction

Imagine a world where the power of storytelling
meets the ingenuity of artificial intelligence, giving
rise to game masters that can weave captivating
narratives and adapt to the players’ choices in real-
time. This is the vision that drives our research
into enhancing Al game masters for table-top role-
playing games (TTRPGs). However, the realiza-
tion of this vision is hindered by the limitations of
current large language models (LLMs) and the in-
herent complexity of the game master’s role (Liapis
etal., 2014).

The popularity of LLMs sparked a wave of re-
search on Al game masters (Hua and Raley, 2020;
Callison-Burch et al., 2022; Zhou et al., 2022; Zhu
et al., 2023a; Ang et al., 2023; Triyason, 2023),
but the challenge of maintaining consistency and
coherence with the game state across multiple turns
remains largely unaddressed. Indeed, using an

LLM for a game master allows a variety of in-
puts and diverse narratives, unlike the traditional
keyword-matching approach that requires rigid in-
put commands and fixed outputs. However, an
LLM-based game master is prone to going off the
rails with respect to game rules and flow due to
its unpredictability and limitation in performing
game-specific functionalities. This is where our
work comes in, proposing a novel approach that
leverages function calling (Schick et al., 2024; Li
et al., 2024) to provide fine-grained controls to the
Al game master, enabling it to generate narratives
that are not only engaging but also consistent with
the game rules and state.

The main contributions of this paper are as fol-
lows:

* We present a methodology for enhancing Al
game masters by integrating function calling,
which allows for game-specific controls and
state management.

We implement a simulation of the TTRPG
“Jim Henson’s Labyrinth: The Adventure
Game” to evaluate the effectiveness of our
approach in a realistic game setting.

We conduct human evaluations and unit tests
to assess the impact of function calling on the
narrative quality, state update consistency, and
overall gameplay experience.

We provide insights and guidelines for design-
ing more engaging and consistent Al-driven
game masters, contributing to the advance-
ment of game Al and interactive storytelling.

2 Related Work

The integration of Al in game design and develop-
ment has been a topic of growing interest in recent
years. In this section, we review the relevant litera-
ture on Al game masters, with a focus on the use
of LLMs and function calling.



13. WIORIMT COLONY

A cheerful buzz fills the air. High-pitched voices are humming and chatting.
The passage ahead is blocked by a dense miniature city growing out of the
walls, populated by several hundred brightly colored Worms. Dozens of tiny
bridges span the divide, creating an impossible tangle. As you 2
approach, the whole colony goes silent and turns to look at you.

@) The Colony. The Worms will cheerfully
inform the party they will have to turn
back, as there’s no way to get through this
passage without retracting their bridges,
something they can only do if their needs
are met. They will happily trade with the
party, but can only accept items that can
be incorporated into their city somehow;
it’s up to the PCs to describe how the
item they are offering could be useful.

If the party decides to simply crash straight
through the Worm city, they will each lose a
random item as they do so, and Worms will be
hostile to them throughout the rest of the game.

If the party went through Loma’s door, or if a
PC is a Worm, the Worms will simply retract
all of their bridges and cheer as the party passes
while throwing confetti at them. They will still
barter with the party as usual.

If the party went through Gloam’s door, the
‘Worms will begin jeering at the party and throwing
small objects at them. Tiny catapults will be armed
and launch peach pits, walnuts, and chunks of
masonry, forcing they party to retreat. The party
cannot advance under the barrage unless they have
some sort of shield to protect them.

Trade

The Worms will offer in trade a replica of what the party are going to give them, only in miniature.
They do not understand the concept that a large object might be worth more than a small one.
1f you offer them 50 feet or rope, they might offer 50 inches of string in return. A sword could
be exchanged for a sewing needle.

Needs

At the moment, the Worms are most in need of one of the following. If they party manages to
produce it, the Worms will winch up and retract all of their bridges and let them pass.

= —
il 1 | A manor. Anything that can easily be hollowed out or carved into a home for their mayor. |
’ 2 | A jug of some sort of adhesive. |

3 | A number of replacement gears and springs to repair their clock tower.

4 | Asteed. They want an animal small enough that they could ride and docile enough

to obey commands.
’ 5 | A pile of fibers for making rope and string out of.
|| 6 | A Goblin rophy. Any significant object that previously belonged to a Goblin will do. |
i They need it to scare off Goblin raiders. i
== =
Worms
E—

d

1 | A gigantic Worm (about 4”) who boasts of his strength. Chaz

2 | Mighty warrior, wants to steal from the rich and give to himself. | Dazza

3 | Circus ringleader. Is interested in seeing if PCs know any tricks. | Liz'beff

4 | Mustachetwirling industrialist who wants to build railways. ‘Enty

5 | Worm with a trailing dress 2 feet long; it gets tangled easily. Mary

6 | Scientist that wants to learn about the big folk. Victoria |

r;
I
L
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=4 CONSEQUENCES =

If the party passes by the Worm
. colony, update their progress.

Figure 1: An example of a pre-written adventure location in “Jim Henson’s Labyrinth: The Adventure Game”.

2.1 AI Game Masters in TTRPGs

One of the most actively researched TTRPGs in
the domain of LL.Ms would be Dungeons & Drag-
ons (D&D) (Gygax and Arneson, 1974). Callison-
Burch et al. (2022) model D&D as a dialogue chal-
lenge and experiment on the LLM’s performance
on the next utterance prediction and game state
tracking, using the model to generate the next state.
Zhu et al. (2023a) present a dataset based on the
ground-truth game states collected from real game-
play and test their effects on narration generation.
Zhu et al. (2023¢) show that GPT-3 (Brown et al.,
2020) can be used as a game master’s assistant to
help brainstorm and create random encounters in
D&D. Santiago et al. (2023) use an LLM as a story-
telling assistant in D&D including a few generated
story examples. Both these projects focus on using
an LLM as an assistant, not a fully functional GM.

2.2 LLMs with Function Calling

The integration of function calling with LLMs
has shown promising results in various domains.
Schick et al. (2024) propose a method for fine-
tuning LL.Ms with API call annotations, enabling
them to perform tasks such as question answering,

calculation, and translation. Li et al. (2024) apply
function calling to dialogue state tracking by map-
ping domains to functions and slot-value pairs to
argument-value pairs.

In the context of games, Volum et al. (2022) and
Wang et al. (2023) leverage LLM-generated func-
tions to perform actions in Minecraft. However,
these projects focus on open-ended gaming agents
rather than game masters, which arguably have
more complex requirements and responsibilities.

Our work builds upon these previous studies
by integrating function calling with LLMs to en-
hance Al game masters in the context of TTRPGs.
We propose a methodology that allows for game-
specific controls and state management, enabling
more consistent and engaging gameplay experi-
ences.

3 Overview of Labyrinth

To evaluate the effectiveness of our approach, we
implement a simulation of the TTRPG “Jim Hen-
son’s Labyrinth: The Adventure Game” (Milton,
2020) using the chat-based framework Kani (Zhu
et al., 2023b). Labyrinth is a TTRPG inspired by
the 1986 fantasy film “Labyrinth,” directed by Jim



Henson. In Labyrinth, players take on the roles
of adventurers navigating a magical and treacher-
ous maze filled with challenges and obstacles. The
game master is responsible for describing the game
world, controlling non-player characters (NPCs),
and enforcing the game rules. Here are some key
features of the game:

» System and Rules: The game is designed with
newcomers in mind, and has a simpler rule set
than D&D. In the character creation process,
players pick a class, with one character trait
and one flaw (which affect their skill checks).

* Dice-Based “Tests”: The game primarily uses
six-sided dice (d6) to determine the outcome
whenever a character tries something that has
a chance of failure. If the result is higher
or equal to the difficulty number set by the
GM, the character succeeds, otherwise they
fail. Relevant character traits cause dice to be
rolled with advantage (rolling 2d6 and keep-
ing the highest), and flaws cause dice to be
rolled with disadvantage (2d6, keeping the
lower).

* Locations: The game includes pre-written ad-
ventures through a variety of locations in the
Labyrinth. Each location describes criteria
that players must achieve in order to move
on to the next location. Most locations con-
tain objects, NPCs and random tables which
are used for initializing the scene or defining
random encounters.

Time tracking: The players are given 13 hours
to reach the center of the Labyrinth and defeat
the Goblin King. Any failure to pass the exit
criteria or succeed in a certain task increments
the clock.

4 Labyrinth Game Simulation

In our simulation of Labyrinth, the players create
characters to explore the Labyrinth, and our Al
agent takes on all of the responsibilities of the game
master. More details in the implementation are in
Appendix A.

4.1 Game State

There are two types of game states in this system.

* The scene state, which represents the cur-
rent state of the game world, including the

scene description, NPCs, objects, and suc-
cess/failure conditions. The details of the
scene state are elaborated in Appendix B.

* The player state encompasses the specifica-
tions of each player character, such as their
name, kin, persona, traits, flaws, and inven-
tory. The details of the player state are written
in Appendix C.

These game states are initialized before each
scene starts and can be updated during the game by
the Al game master using the provided functions,
discussed below. The scene state and player states
are represented as Python objects or variables and
are included in the input prompt for every genera-
tion by default.

4.2 Rule Retrieval

To maintain consistency with the game rules, we
manually summarized the game rules by extract-
ing the essential parts from the book. This rule
summary, which consists of about 50 sentences, is
injected into the prompt as a whole or a few sen-
tences are retrieved according to the importance.
More details are in Appendix A.4.

4.3 Dialogue history

The dialogue history represents all of the turns in
the chat, including player input, GM descriptions
(output to the player), and function calls made by
the GM. A sample dialogue is given in Figure 2.
The chat messages in the history form the prompt
to the game master depending on the pre-defined
prompt design configurations, which are elaborated
in Appendix A.5.

4.4 Function Types

We define two types of functions in our game sys-
tem:

1. Dice roll function: This function simulates
the rolling of dice when a player attempts an
action with a certain difficulty. For example,
the activate_test function generates ran-
dom numbers to mimic dice rolls and deter-
mines the success or failure of the action based
on the outcome and the game rules. A dice
roll function affects the game flow but does
not directly modify the game state.

2. State functions: These functions directly
modify the game state variables. For instance,
the create_npc function adds a new NPC to



[SYSTEM] You find yourself standing before a perplexing
stone obelisk amidst a labyrinth of passages...

4 I will try to push the obelisk. ]

[ Function call: activate_test

As Goblin King, I tell you that your task is to
interact with the Obelisk to find hidden potions.

(player_name: PC,
initial_difficulty: 4, final_difficulty: 4)

v

[SYSTEM] Test succeeded. The dice roll result is 5.

You found a potion. “Super Strength” potion has
been added to your inventory.

(player_name: PC, item_name: Super Strength,
item_desc: ...)

VooV

[ Function call: add_item

[SYSTEM] PC has found “Super Strength.”
Inventory updated.

Now you have found a new item. What would
you like to do next?

4 | am going to use my “Super Speed” potion. ]

[SYSTEM] Item “Super Speed” not found.

-

Figure 2: A dialogue between a player character
(PC) and the game master (GM). This example shows
how the AI GM uses different functions calls. Here,
activate_test is called when the PC tries to do some-
thing challenging, add_item is called when the PC
wants to add a new item to the inventory, and use_item
is called when the PC tries to use an item in the inven-
tory. The use_item fails because the PC asks to use a
“Super Speed potion" (which they do not have) instead
of the “Super Strength potion” (which they do).

v

Function call: use_item
(player_name: PC, item_name: Super Speed)

Sorry, there is no such item “Super Speed”
in your inventory.

the current scene, while the add_item func-
tion updates a player’s inventory by adding
a new item. State functions are essential for
maintaining consistency between the game
narrative and the underlying game state.

The list of all functions we used for this work
and their specifications are attached in Appendix

D. And the examples of function definitions we use
based on Kani’s format are shown in Appendix E.

4.5 Function Calling Process

During gameplay, the Al game master determines
when to call a function based on the current game
context and the predefined function definitions.
The function definitions, along with the chat his-
tory and game state, are passed to the language
model as part of the input prompt. The model then
selects the appropriate function to call and parses
the necessary arguments from the dialogue context.

Figure 2 shows an example of multi-turn inter-
action between a player and the game master with
functions. Normally, the game master generates a
natural language response, but a function can be
called anytime when it is necessary. Note that func-
tion calls can be sequential, where another function
might be called after the previous one depending
on the context or the result. Until the game mas-
ter determines that no more functions or responses
are needed (i.e. generates a stop token without a
function call), the game master’s turn continues.

Figure 3 illustrates the steps involved in a single
function call. The Al game master first generates a
response based on the current game state and chat
history. If a function call is required, the model
selects the appropriate function and provides the
necessary arguments. The function is then exe-
cuted, updating the game state if necessary, and the
result is appended to the chat history. This process
continues until the game master determines that no
further functions or responses are needed.

S Experimental Design

In this section, we discuss the data collection and
unit test procedures used to evaluate the perfor-
mance of the Al game master.

5.1 Data Collection

To collect gameplay data, we simulate 24 game
scenes from the Labyrinth game book using GPT-
4(Achiam et al., 2023) to play the roles of both the
players and the game master. We create four player
characters with diverse kins, traits, and flaws, and
use the SentenceBERT (Reimers and Gurevych,
2019) model for retrieving relevant rule sentences
based on the current input messages. We test six
different game master settings, varying the use of
functions and game state management:

* FG-all: Using all states and functions.



{ name:

Function definitions
i name: add_item

{“name:activate_test
[SYSTEM] You find yourself standing before a perplexing i ?rgu;?:;et'siname (str): e

stone obelisk amidst a labyrinth of passages...

Chat history

I -
l\ description: Activate a test...

As Goblin King, I tell you that your task is to
[ interact with the Obelisk to find hidden potions. ¢ ®

Function needed?: True
4 Iwilltry to push the obelisk. (1)

Which function?: activate_test
Argument values?:
- player_name (str): “PC”

- initial_difficulty (int): 4
- final_difficulty (int): 4

( \
' '
1
i i
1 1
' I
' '
| I
I I
' '
' '
' '
' '
® L
Function call: activate_test | 1
«— 1
(player_name: PC, — 1 H
initial_difficulty: 4, final_difficulty: 4) ! !
' | @
' '
® ® b
, | Function needed?: False
' 1
I ' 1
| '
[SYSTEM] Test succeeded. The dice roll result is 5. ! H
'
i i
; -
ion, « » ot | H
You found a potion. “Super Strength” potion has ! '
been added to your inventory. \ )

Figure 3: Steps involved in a single function call during gameplay: (1) The player message is added. (2) The game
master agent makes a prompt with the chat history, game state, and function definitions. Then it requests an API call
with the prompt. (3) The API determines whether to call a function or not. If it is needed, it chooses a function
and parses/sets corresponding arguments from the chat history. (4) The API returns a function call message. It
also comes with the parsed arguments. (5) When a function call is triggered, the pre-defined logic of it runs and
returns the result message. (6) The game master calls the API with the updated chat history. (7) Again, it determines

whether a function should be called or not. (8) If it is not needed, a normal response message is returned.

* FG-dice: Using all states and only dice roll
function.

* FG-states: Using all states and only state
functions.

* FG-default: Using all states, but no functions.
All states stay the same after initialization.

* FG-gen: Using all states and the states are
updated by GPT-4, not by functions.

* DG: Using no states and no functions. It sees
the game states at the beginning, but they can
be excluded due to the context size limit later.

Table 1 summarizes the statistics of the collected
gameplay data.

5.2 Human Evaluation

We recruit seven evaluators to assess the generated
responses. Each evaluator is assigned 12 game
scripts (two scenes with six different settings) and
asked to rate the responses on a Likert scale along
three dimensions: consistency, which is how well
the model remains grounded in previous turns the
game states, reliability, which is how well the
model follows the Labyrinth rules and role as GM,
and interest, which is how interesting the model’s
generation is. Full details of the human evaluation
can be found in Appendix F.

Labyrinth Gameplay Data

Total scripts 144
Total scenes 24
Total utterances 4,937
Average utterances per script 34.28
Total generated responses 1,021
Average generated responses 7.09
Total function calls 620
Average function calls per script 8.64

Table 1: The statistics of generated transcripts. The
responses which have null content have been excluded.
And the number of function calls has been calculated
only from the scenes where the functions are used.

5.3 Unit Tests

In addition to the gameplay data, we design 30
unit tests to compare the state update correctness
between the different game master settings. Each
test case consists of input states, input dialogue,
and expected output states. The objective is to
predict the output states correctly given the input
states and dialogue.

The unit test cases are generated by augmenting
the collected gameplay data, focusing on instances
where state variables are changed after the game
master generates a response. We use GPT-4 to para-
phrase the dialogues while preserving the overall



Setting | FG-all FG-dice FG-states FG-default FG-gen DG

1 4422  3.867 3.711 3.356 3.756  3.600

Consistency 2 4333 3.800 3.244 3.667 3.689 3.667
3 4378  4.000 3.311 3.467 3.578 3.689

Average| 4.378  3.889 3.422 3.496 3.674  3.652

Total 4388 3.983 3.358 3.420 3.698 3.691

Setting | FG-all FG-dice FG-states FG-default FG-gen DG

1 3.922 3511 3.444 3.444 3.711 3.778
- 2 4.033 3.556 3.267 3.644 3.711 3.711
Reliability

3 3.878 3.600 3.222 3.311 3.600 3.889

Average| 3.944  3.556 3.311 3.467 3.674 3.793

Total 3.949 3.650 3.272 3.364 3.628 3.855
Setting | FG-all FG-dice FG-states FG-default FG-gen DG

1 3.744  3.267 3.600 2.667 3.022 3.333

Interest 2 3.722 3.311 3.356 3.156 2.844 3.311

3 3.811 3.422 3.444 2.933 2.889 3.422

Average| 3.759  3.333 3.467 2.919 2919 3.356

Total 3.765  3.400 3.444 2.795 2.942 3.364

Table 2: The human evaluation scores from 3 different samplindgmlded score is the best score among each
comparison. We also include the average of 3 samplings and the total average score of all evalauted responses
without random sampling.

FG-all FG-states FG-gen consistency with the game progress. Appendix G
1 0.400 0.433 0.233 shows the statistical signi cance &iG-all calcu-
2 0417 10.483 0.300 lated against other settings.
3 0.450 0.467 0.267 We found that the game easily fell into an un-
Avg 0.422 0.461 0.267 desired loop, where both players and game master

in nitely wait for the dice roll without proceeding
Table 3: Unit test results for state update correctneswith anything. This "dice roll deadlock” hugely
Underlinedscores are the best score for each trial, anthyrts the overall game experience and prevents
thebold score is the best among the average scores. o game master from following the game ow

correctly. This is whyFG-dice gets the second-

content and manually inspect the correctness di€St scores, showing the importance of the dice
the state updates and the validity of the generatef®!l function to avoid this deadlock. Appendix H.1

dialogues. presents two different gameplay logs with and with-
out the dice roll function.
6 Experimental Results FG-default andFG-statesparticularly fall be-

hind in consistency. EspecialliG-statescalls
state functions too frequently, introducing new
Table 2 presents the human evaluation scores f@ame states before resolving the previous chal-
each setting, averaged over three different santenges. This degrades the performance of the

6.1 Human Evaluation Results

plings. agent even worse. Appendix H.3.1. shows one
_ of the examples. InterestinglG shows the de-
6.1.1 Consistency cent scores in consistency. We believe tb&

For consistency, th&G-all setting, which uses is good at making up the dice result without the
both dice roll and state functions, outperforms theunction since it does not leverage any states, al-
other settings. This demonstrates the effectivenedswing the game master to focus on the game rules
of integrating function calling in enhancing the better. We infer that the reason wh{-genis also



good at avoiding the deadlock is thanks to updatingghows a worthwhile improvement in interest com-
action_scene=True variable. The action scene is pared toFG-default, FG-genandDG.

activated when each player should take one dice Interestingly, DG performs as great &G-dice

roll action at a time to overcome an urgent circumin interest among the settings that do not use func-
stance. So it produces a signal like: "This is artion calling. WhileDG might introduce unrelated
action scene and you need to determine the resutbntent during the game, this hallucination is ac-
of each action!". tually considered interesting, regardless of its cor-

- rectness.
6.1.2 Reliability

For reliability, theFG-all also got the best scores 6.2 Unit Tests Results

in almost every sampling. This shows that usingye conduct unit tests to evaluate the correctness
both function types helps the game master control¢ ¢iate updates for thEG-all, FG-states and

and manage the game robus@yG hits the nearly £ _gensettings. Table 3 presents the unit test re-

highest scores in reliability. By qualitative analysis,sults, showing the proportion of correctly predicted
we found thatDG tends to state the game rulesOutput states for each setting.

explicitly and correct the player's trial more often. o FG-statessetting consistently outperforms
Again, this is an advantage of using only 9amMe-:_4)| andEG

descriptions. This renders the game master Seefde the game master's turn is completed, whereas

more strict, whether its intervention is valid or NOt. ice roll functions may cause the game master to
Appendix H.2 shows a few cases of how the game.,nsiger the current challenge resolved without
mastgr cqrrecteq the user's rgquests. calling additional state functions. However, it is
Unlike in consistency-G-dice performs mod- iy qrtant to note that the unit tests assume short-
erately in terms of reliability. While having the term interactions, and the superior performance
dice roll function mitigates the dice roll deadlock, 4t F_statesin this context does not necessarily

that does not necessarily mean it is always benzyng|ate to better performance in actual gameplay,
e cial. One of the feedbacks says théG-dice \\here the lack of dice roll functions can lead to

often allows the player’s unrealistic moves too easg, ~assive function calls and disrupt the game ow.

ily without determining whether they are valid or Appendix | presents an example of a dialogue in

reasonable. Appendix H3.2 includes a more d&;ne test case, and how the existence of a dice roll

tailed example. We conclude that the dice roll funcsction causes the difference between the results
tion and state functions intervene with each othety: = 5_a1l andEG-states

preventing excessive calls of certain functions and
setting a proper balance during the game. 7 Conclusions

According to the appendix G5G-all shows a
meaningful improvement comparedfG-states  In this research, we have demonstrated the effec-
andFG-default. However, its performance is not tiveness of integrating function calling with large
statistically signi cant enough againG-genand language models (LLMs) to enhance the capabil-
DG. We believe the reliability metric has a lack of ities of Al game masters in the context of "Jim
clarity and produces an unexpected bias even if thelenson's Labyrinth: The Adventure Game." Our
response is not good enough. This shows designingxperiments show that a combination of dice roll
a more straightforward metric is essential for futureand state functions leads to the highest quality nar-

works. ratives and most engaging gameplay experiences,
as evaluated by human raters. However, we also dis-
6.1.3 Interest covered that the optimal balance between these two

Overall, the settings with function callingeG-all, types of functions is not always straightforward,
FG-dice, FG-state9 generate more speci ¢ and with dice roll functions being crucial for smooth
interesting responses. We see that functions agame ow and state functions being essential for
bene cial for improving the details and engage-maintaining consistency with the underlying game
ment of the output since the function message istate.

integrated into the chat history and introduces ad- Our work contributes to the growing body of
ditional context. Appendix G presents tli&B-all  research on the application of LLMs and function



calling to game Al and interactive storytelling. By
demonstrating the bene ts and trade-offs of dif-
ferent function con gurations in the context of a
speci ¢c TTRPG, we provide valuable insights and

gameplay experience between a human player and a
virtual dungeon master. IBxtended Abstracts of the
2023 CHI Conference on Human Factors in Comput-
ing Systemgages 1-7.

guidelines for designing more engaging and confom Brown, Benjamin Mann, Nick Ryder, Melanie

sistent Al-driven game masters.

8 Limitations and Future Work

While our approach has shown promising results

Subbiah, Jared D Kaplan, Prafulla Dhariwal, Arvind
Neelakantan, Pranav Shyam, Girish Sastry, Amanda
Askell, et al. 2020. Language models are few-shot
learners. Advances in neural information processing
systems33:1877-1901.

in the context of "Jim Henson's Labyrinth: The cpyis callison-Burch, Gaurav Singh Tomar, Lara J

Adventure Game," there are several limitations to
consider. First, the functions used in our study
were speci cally designed for this particular game,
which may limit the generalizability of our ndings

Martin, Daphne Ippolito, Suma Bailis, and David
Reitter. 2022. Dungeons and dragons as a dialog
challenge for arti cial intelligence.arXiv preprint
arXiv:2210.07109

to other TTRPGs or game genres. Future researdBary Gygax and Dave Arneson. 197Bungeons &

could explore methods for automatically generat-

Dragons TSR, Inc.

ing or adapting game-speci fun_Ct'onS bas_ed OMViinh Hua and Rita Raley. 2020. Playing with unicorns:
game manuals and rules, potentially enabling the Al dungeon and citizen NLPDHQ: Digital Human-

application of our approach to a wider range of
games.

Another limitation is the subjectivity inherent in
human evaluations of the Al game master's perfor-
mance. While we aimed to mitigate this by pro-
viding clear evaluation criteria and using multiple

ities Quarterly 14(4).

Zekun Li, Zhiyu Zoey Chen, Mike Ross, Patrick Hu-

ber, Seungwhan Moon, Zhaojiang Lin, Xin Luna
Dong, Adithya Sagar, Xifeng Yan, and Paul A Crook.
2024. Large language models as zero-shot dialogue
state tracker through function callingrXiv preprint
arXiv:2402.10466

raters, the complexity and length of the game tran-
scripts may have introduced some variability andantonios Liapis, Georgios N Yannakakis, and Julian To-
bias in the ratings. Future work could investigate gelius. 2014. Computational game creativity. ICCC.
the use of more objective evaluation metrics and '[hPB
potential for Al-assisted evaluation tools to handle
longer and more complex interaction sequences.
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A Implementation details of Labyrinth

A.1 Overview

Figure 4: Overview of the game simulation. 1) Téwene initializationstep generates the starting scene state. 2)
Theplayer character creation step returns the created player states. 3) Imih@ logic, the actual game proceeds
by the game master and player party. 4) The game terminates accordingtatiess/failurecondition and exports
thegameplay logdata.

A.2 Scene initialization

We manually parsed all scene text from the game book into a large JSON le. The data le has a list

of JSON objects and each object represents the speci cations of one scene, including the description,
locations, notes, random tables, etc. However, these raw scene data are not formalized and have a low
readability. Since most of the components are pure natural language texts, it is hard to parse a certain
keyword or object from the scene. Also, the raw scene lacks details and the game master should improvise
most of them in real-time during the game. To increase the consistency, we need more speci ¢ and
informative initialization of scene components before the game, so that the model can keep track of the
game states more easily.

In the scene initialization step, we convert a raw scene JSON object into a formalized scene state using
GPT-4. Given a JSON input of the scene and the game rule summary, the model extracts, paraphrases, or
creates the required scene state components. In more detail, the model generates the overall summary of
the scene, the speci cations of existing NPCs, the success condition of the scene, the failure condition of
the scene, the intended game ow, and the environmental objects with their descriptions. All scene state
components are organized in Appendix B.

One of the most interesting components in Labyrinth is the random tables. The game master can use
the randomly sampled entries from a table in various ways. For instance, the random samples can be new
information or hints which might be useful for the players. Or they can be new challenges the players
should overcome. The game master is also able to make random encounters such as new NPCs, objects or
urgent circumstances. For scene initialization, we assume that a random table can be used for 1) nothing
(only used during the game), 2) initializing NPCs, 3) initializing objects, or 4) initializing both NPCs and
objects. We instructed GPT-4 to use the random tables for initializing a scene in the Chain-of-Thought
approach, following these steps: First, GPT-4 determines which usage each random table falls into. If a
table should be used for 2, 3, or 4, we ask GPT-4 how many samples should be retrieved from this table.



If the raw scene input speci es the exact number, the model parses it. Otherwise, we just let the model
decide a reasonable number. After that, we randomly sample the entries from the tables and feed the
samples as the required conditions when GPT-4 generates other scene components, such as NPCs and
objects. The tables used for initialization are removed and only those that have not been used remain in
the scene state when the game starts.

A.3 Player character generation

Unlike the scene initialization, the player character is made by each human player. We parsed the "Creating
character" section from the book and organized the available options a player can choose. Each player
chooses one kin and each kin has the persona, default traits, aws, or items accordingly. Then the player
can set the name and goal freely. Finally, the player chooses one trait and aw from the given list to
complete the character creation. The created player information is converted into a player state in JSON
format. All player state components are elaborated in Appendix C.

A.4 Rule injection

There are two ways of injecting the rules into the prompt. Fitdtjnjection simply attaches the full rule
summary. On the other hanektrieval injection parses the top 5 relevant rule sentences given the current
input messages and adds them to the prompt. In more detail, assume that tierelarsentences ar@

input messages. All of them are encoded into the vectors in sige Wiith the rule matrixGg 2 RE R

and query matriM 2 RE Q| the cosine similarity matri< is calculated as follows:
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Then, we take the max-pooled vecd? 2 RR 1 to get the maximum score of each rule sentence.
Finally, we pick the top 5 sentences with the highest scores and put them into the prompt.

A.5 Prompt designs

In this work, the user is able to set various combinations of prompt design approaches. By default, Kani
provides a prompt construction algorithm to set the given messages to tinto the limited context window
size. It excludes the least recent messages rst until the total number of tokens in the messages is less
than or equal to the context size, including the system instruction, function descriptions, and any other
messages that are set to be always included. Besides that, we implemented the following variants in
prompt design methodologies:

» Concatenation
Simple concatenationis just concatenating the messages in order, which is mostly used in a wide
range of interactive Al systemdRetrieval concatenation on the other hand, fetches the most
relevant chat messages from the history given the current queries to process. This is actually the
same mechanism as the retrieval rule injection, but the only difference is that the system attends to
the utterances in the past chat history, not the rule sentences.

« Maximum number of messages
The user can specify thmaximum number of message the prompt. If it is not set, the system
takes as many messages as possible within the context size. If a certain number is set, the system
only takes a limited number of messages as speci ed.

e Summarization
Summarization can be used in various ways. By default, summarization requiresithenarization
period, which indicates how frequently the chat history should be summarized. For example, if the
period is 2, when every 2 interactions between the player party and the game master are nished, the



game master summarizes the history so far and adds the result to the chat history. This summary can
be used when the system concatenates the messages either with simple concatenation or retrieval
concatenation. If the summarization period doesn't exist, the system summarizes the whole chat
history every time it creates an input prompt. In this case, none of the other variants for prompt
design matter.

* Raw chat message handling
When the system leverages summarization, it can also eghesve the original chat messages
or keep them In other words, the summary replaces the original chat messages that are used for
summarization. In this way, the number of chat messages remaining in the history can be ef ciently
maintained.



B Scene state details

Component Type Description

chapter str The chapter name.

scene str The scene name.

scene_summary list[str] The brief summary of the current scene. Each string is one

sentence.

npcs

dict[str, dict]

The initialized NPCs. Each key is an NPC name and the
value is the speci cation, which is another dictionary. The
speci cation includes kin, persona, goal, trait and aw.

success_condition | str The condition for the players to win this scene.
failure_condition str The condition for the players to fail this scene.
game_flow list[str] The intended game ow of the current game scene. Each

string is one sentence.

environment

dict[str, str]

The environmental objects. Each key is an object name
and the value is the description.

random_tables

dict[str, list[str]]

The random tables. Each key is a table name and the value
includes the string entries.

consequences

str

The consequences after nishing the scene.

is_action_scene

bool

Indication of whether the action scene is currently acti-
vated or not.

Table 4: The list of all components in the scene state. Note that each component is represented as the data type
above in Python and put into the prompt after being converted into a at string format.

C Player state details

Component Type Description

name str The name of the player.

kin str The kin of the player.

goal str The goal of the player.

traits dict[str, str] The traits of the player. Each key is a trait name and the
value is the description.

flaws dict[str, str] The aws of the player. Each key is a aw name and the
value is the description.

inventory dict[str, str] The inventory of the player. Each key is an item name and

the value is the description.

additional_notes

list[str]

This adds an additional notes regarding the player charac-
ter. This is something like: A player does something, add
a new trait/ aw, etc.

Table 5: The list of all components in the player state. Note that each component is represented as the data type
above in Python and put into the prompt after being converted into a at string format.



D List of all functions

Function

Description

Sub-tasks

Category

activate_test

It performs a dice roll when
a player tries a test. The dif
culty is set by the game ma
ter.

If the player's attribute
+ improves/hinders the teg
siwo dice should be rolleg

is picked.

]
and a larger/smaller valug

Dice roll
t,

activate_action_scene It starts an action scene. - State
terminate_action_scene It ends an action scene. -
create_npc It creating a new NPC in the A sub-LLM generates the
scene and add it into the scendNPC speci cations in a
state. JSON form.
add_trait It adds a new trait into a -
player's trait list.
add_flaw It adds a new aw into & -
player's aw list.
add_item It adds a new item into a -
player's inventory.
remove_trait It removes a trait from a -
player's trait list.
remove_flaw It removes a aw from a -
player's aw list.
remove_item It removes an item from a -
player's inventory and leav-
ing it in the environment.
use_item It lets a player use an item inIf the item should be re-
the inventory. moved after usage, it is re-
moved from the inventory|
add_object It adds a new object in the en-
vironment.
use_environment It lets a player get access tolf the object is obtain
an object in the environment. able, the player can choose

whether to take it or not.

use_random_table

It samples some random e

tries from a random table.the table itself should bé
eremoved after usage, they

The results can introduc
a new context or trigger

another functions, such as

create_npc oradd_object.

nH the sampled entries o

5 are removed.

=

v

Table 6: The list of all functions which are used for this work. Each function has its name, description, category

(dice roll / state) and sub-tasks depending on the design.



E Function de nition examples

E.1 activate_test (Dice roll)

Figure 5: The de nition ofactivate_test function which is called when a player should roll the dice. Each
function de nition has@ai_function annotation, function name, argument annotations, docstring, function logic,
and the return value. In the actual implementation, the function logic part is a code block to perform the logic.

E.2 create_npc (State)

Figure 6: The de nition ofcreate_npc function which is called when a new NPC should be introdued during the
scene. Likewise, in the actual implementation, the function logic part is a code block to perform the logic.



F Survey questions

F.1 Consistency

How consistent is the target response to the current game progress, including the chat history and
the game states?

1. The target response is consistent with the chat history between the players and the master so far.

* The model remembers the past interactions.

» The response is relevant to the player party’s queries or requests.

2. The target response is consistent with the updates in the scene and players so far.

* The model acknowledges the existing components in the current scene, such as NPCs, objects,
and random table entries.

* The model acknowledges the existing properties of the players, such as traits, flaws, and
inventories.

xIf the model output assumes or fakes up any non-existing components, ignore it for this question.This
will be penalized in the reliability check question.

(1=The model does not follow the progress at all, 3=The model makes a narration that is plausible
but misses some components in the scene or players, 5=The model’s response correctly follows the chat
history while acknowledging the existing components in the states well too)

F.2 Reliability

How well does the model control and manage the game reliably?

1. The game master fully understands the game and performs its task as a master correctly.

* The model keeps the general game rules in Labyrinth.

* The model understands the scene-specific rules, instructions, and specifications of the current
scene and guides the players to proceed with the game as intended.

2. When a player tries to do something invalid, the game master rejects it robustly.

» The model rejects it when the player attempts to do something which cannot be performed by a
player character or which is not the player’s task.

* The model rejects it when the player tries to use a trait, flaw, or item which does not exist in the
player.

* The model rejects it when the player tries to leverage or get access to non-existing objects,
NPCs, or random tables.

3. Any unexpected behavior which might hurt the players’ gameplay experience or make the game flow
far from intended should be penalized.

xNote that this metric does not evaluate the quality of the response. Even if the response looks perfect,
it can contain an invalid content or the model might just let the player do an unallowed trial.

(1=The model blatantly ignores the rules or is completely generous with the players’ invalid moves,
which makes the game go into a bad state, 3=The model gets some rules incorrect or accepts the players’
some violations, but the game generally progresses as it should, 5=The model keeps the rules correctly
and corrects the players’ invalid or unacceptable behaviors)



F.3 Interest

How interesting is the generated response?
1. The response describes the scene funny, entertaining and specific.
2. The response makes the user engaged and immersed in the game.

(1=The response is too bland, simple, or half-hearted, 3=The response is not highly entertaining, but at
least it is not boring, 5=The response is so engaging and immersive that I wouldn’t want to stop the game
if I were a player)



G Statistical significance

FG-dice FG-states FG-default FG-gen DG
Consistency | 0.0835  0.0000 0.0001 0.0025  0.0064
Reliability | 0.2722  0.0094 0.0338 0.1806  0.7400
Interest 0.0965  0.1248 0.0000 0.0005  0.0427

Table 7: The p-values of FG-all against other settings in each metric after conducting t-tests. The bolded values
are p < 0:05, which are considered statistically significant.



H Examples of the model’s responses

H.1 Dice roll behaviors

H.1.1 With a dice roll function
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Figure 7: With the dice roll function, the game master properly notifies the result and let the game smoothly proceed.
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