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Youichiro Miyake Profile
Since 2004 , I have been developing game AI for many titles in AAA titles:   
• Chrome Hounds （Xbox360®）

• Demon’s Souls（PS3®）

• Armored Core V（Xbox360®/PS3®）
• Final Fantasy XIV: A Realm Reborn 

• Final Fantasy XV

• …. 
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My books of AI  

AI for Game Titles



FINAL FANTASY XV Core AI Team in 2015
• SQUARE ENIX 
• Youichiro Miyake

（AI Graph）Youji Shirakami 、Kazuya Shimokawa
（Monster AI & Learning）Kosuke Namiki, Tomoki Komatsu
（Animation）Noriyuki Imamura
（AI Navigation & Simulation）Fabien Gravot, Hendrik Skubch, 

Ingimar Holm Gudmundsson, Matthew W. Johnson
（Buddy AI, Meta AI）Prasertvithyakarn Prasert, Tatsuhiro Joudan
（Data Logging)  Shintaro Minamino
(AI Mode) Kosuke Takahashi
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I will explain FFXV AI team’s total works implemented in the game. 
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SQUARE ENIX 5 articles in Game AI PRO 3
Predictive Animation Control Using Simulations and Fitted Models.
Ingimar Hólm Guðmundsson, Skubch Hendrik, Fabien Gravot and Yoichiro Miyake

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch

Logging Visualization in FINAL FANTASY XV
Matthew W. Johnson, Fabien Gravot, Shintaro Minamino, Ingimar Gudmundsson, 
Hendrik Skubch, and Miyake Youichiro

Guide to Effective Autogenerated Spatial Queries
Eric Johnson

A Character Decision-Making System for FINAL FANTASY XV by combining 
Behavior Trees and State Machines
Youichiro Miyake, Youji Shirakami, Shimokawa Kazuya, Kousuke Namiki, Tomoki, 
Komatsu, Tatsuhiro Joudan, Prasertvithyakarn Prasert, Takanori Yokoyama
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• Yoji Shirakami, Kousuke Namiki, Youichiro Miyake, Takanori Yokoyama (CEDEC 2015)

• http://www.jp.square-enix.com/tech/library/pdf/2015cedec_FFXV_AI_English_part1.pdf

• http://www.jp.square-enix.com/tech/library/pdf/2015cedec_FFXV_AI_English_part2.pdf

• Hendrik Skubch, Not Just Planning: STRIPs for Ambient NPC Interactions in Final Fantasy XV 
(nucl.ai 2015)

• https://archives.nucl.ai/recording/not-just-planning-strips-for-ambient-npc-interactions-in-
final-fantasy-xv/
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• Youichiro Miyake, Current Status of Applying Artificial Intelligence in Digital Games

Handbook of Digital Games and Entertainment Technologies, Pages 253-292

http://www.springer.com/jp/book/9789814560498

• Youichiro Miyake, A Multilayered Model for Artificial Intelligence of Game Characters as 
Agent Architecture

Mathematical Progress in Expressive Image Synthesis III, Pages 57-60

http://www.springer.com/jp/book/9789811010750
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system
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7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



GAME AI OVERVIEW
INTORDUCTION 
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Chapter 2 



Level

Navigation AI

Meta-AI

Character AI

Dynamic allocation of enemies
Observing level in real-time
Direction for agents 
Controlling game progress

Autonomous thinking
Cooperation 
Team AI 

Preparing data to make meta-AI and 
character AI recognize the level
Managing object representation
Managing Navigation data 
Path-finding / Tactical point analysis 

Support

Enemy character

Player

Brain

Information
Acquisition 

Control
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User Experience

User

Navigation AI

Meta AI

Character AI 

The combination of “Navigation AI” ”Meta AI”” Character AI”
makes user experience.
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Introduction
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OVERVIEW

1.1
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Technological Innovation

Time

Scale

The Industrial 
Revolution

Information Revolution

Network Revolution

Intelligence Revolution

Automation

Computerization

Networked

Intelligent

The 2nd Industrial Revolution

Motorization

1750 1860 1960 1990 Now…

Into “Intelligent” World
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• Auto-Planning Factory
• Automatic Delivery Service
• Automatic guided Vehicle 
• Intelligent household 

electric appliance
• Web.4.0 (Intelligent Web)
• Automatic Program 

Selection
• Automatic Suggestion

• Factory
• Delivery
• Vehicle
• household electric 

appliance
• Web
• TV
• Order

Intelligen
t

Real World
（～1995）

New Real 
World 2.0

（2015～）
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Society and AI 

Robot

Generation

Population

AI

ageing society with fewer children
Robot and AI will support
ageing society with fewer children

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Intelligent Game System 

Game System
Intelligent 

Game System

Digital Games have also become intelligent.  
So, what is an “Intelligent Game System” ? 
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What is digital game ? 

• Interactive Digital Space

• The space becomes structured 

• AI becomes a module
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The System of digital game AI 

• Role of AI in digital game becomes clear.

• There are three roles of AI.

AI to control a whole game system

AI of character (Character’s Brain)

AI to recognize an environment in game by analyzing  a level, 
terrain, and space.

Meta AI

Character AI 

Navigation AI 

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Two Axis to categorize AI
• The problem of “What is AI” is a very difficult problem. 
• We had better search what problem an AI is seeking to resolve.   

Space Scale

Time 
Scale

Local
Short 
time

Global
timeless

Global
Long time

Meta-AI

Character AI

Navigation AI
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Different AI, different role

Meta-AI
Meta AI keeps watching a game situation and dynamically controls game balance, 
intention of game player, and game dynamics.

Character AI

Character AI is a character’s brain, which recognizes the local environment 
around the character, and executes its action and motion in a limited time.

Navigation AI

Navigation AI analyzes the terrain and level design and abstracts space features 
which are used to adapt a character’s action to the environment. 

ＡＩ who has a role is called “Agent”. Especially, in digital game, character AI is 
called “Agent”.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Level

Navigation AI

Meta-AI

Character AI

Dynamic allocation of enemies
Observing level in real-time
Direction for agents 
Making progress of game

Autonomous 
thinking
Cooperation 
Team AI 

Preparing data to make Meta-AI and 
Character AI recognize the level
Managing object representation
Managing Navigation data 
Path-finding / Tactical point analysis 

Support

Enemy character

Player

Brain

Information
Acquisition 

Control
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LET’S SEE AN EXAMPLE.

1.2
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How to design AI ? 
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Player
Character

Rock Ground

Pond

For example, how to design AI in this situation ? 



How to design AI ? 
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Player
Character

Rock Ground

Pond

For example, how to design AI in this situation ? 

Ａ B
（Example）
If the player is in A,
B goes around in B.

If the player is in B,
B attacks A.



How to design AI ? 
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Player
Character

Rock Ground

Pond

For example, how to design AI in this situation ? 

Ａ B
（Example）
If the player is in A,
B goes around in B.

If the player is in B,
B attack A.

But this statement is not 
the AI’s idea.

A game designer writes 
these ideas.

= They are orders to AI.

Classical AI = Scripted AI



Script

From Scripted AI to Autonomous AI 

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Game Designer’s idea Game Designer’s idea

Knowledge Thinking

Scripted AI Autonomous AI



Script

From Scripted AI to Autonomous AI 
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Game Designer’s idea Game Designer’s idea

Knowledge Thiniking

Scripted AI Autonomous AI

No longer a puppet（scripted AI）. A character should be an 
autonomous AI which thinks by itself. Knowledge and thinking should 
be given to an AI.



Player
Character

Rock Ground

Pond

How to design AI ? 
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Ａ B

Terrain data
（Way Points）

Step 1
Let AI understand 
terrain＝ Give terrain 
data to AI

AI can guess it relative position to a player by using terrain data. 



Navigation AI 

Thinking about 
positon by using 

terrain data 

Player
Character

Rock Ground

Pond

How to design AI ? 
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Ａ B

Terrain data
（Way Points）

Step 2
Let AI know its position 
by using terrain data.

AI can guess its relative position to a player by using terrain data. 



Navigation AI 

How to design AI ? 
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Thinking by using terrain data             Networked graph search

Terrain data
（Way Points）

Thinking by using 
Terrain data

Calculate the shortest path



Navigation AI 

How to design AI ? 
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Thinking by using terrain data             Networked graph search

Terrain data
（Way Points）

Thinking by using 
Terrain data

Calculate the shortest path



Navigation AI 

How to design AI ? 
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Thinking by using terrain data             Networked graph search

Terrain data
（Way Points）

Thinking by using 
Terrain data

Calculate the shortest path



Navigation AI 

How to design AI ?
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Make Networked Graph include LOS (Line of Sight) 
data. 

Terrain data
（Way Points）

Thinking by using 
Terrain data

All points can be seen from any point in a group.

All points can be seen from any point in a group.



Navigation AI 

How to design AI ?
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Make Networked Graph include LOS (Line of Sight) 
data. 

Terrain data
（Way Points）

Thinking by using 
Terrain data

Any point of the group can not be seen any point in the group.



Navigation AI 

How to design AI ?
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An AI can be seen by the player.

Terrain data
（Way Points）

Thinking by using 
Terrain data



How to design AI ?
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The player can not see the AI.

Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data



How to design AI ?
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The player can see the AI.

Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data



How to design AI ?
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The player can not see the AI.

Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data



How to design AI ? 
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The AI will move so the player can see it.  

Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data



How to design AI ? 
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The AI will move so the player can not see it.  

Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data



Thinking its positon 
by using terrain 

data 

Player
Character

Rock Ground

Pond

How to design AI ? 
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Terrain data
（Way Points）

Step 3
Let AI think about timing 
when to attack.

Decision Making



How to design AI ? 
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Attack? Hide?  Threaten? selection
＝ Decision Making Thinking

Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data

Decision Making



How to design AI ? 
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Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data

Decision Making

Attack



How to design AI ? 
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Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data

Decision Making

Threaten (= Going to the positon where a player can see AI)



How to design AI ? 
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Navigation AI 

Terrain data
（Way Points）

Thinking by using 
Terrain data

Decision Making

Hide（＝AI goes to the positon where a player can not see AI）



Thinking its positon 
by using terrain 

data 

Player
Character

Rock Ground

Pond

How to design AI ? 
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Terrain data
（Way Points）

Step 1- 3
Let AI be intelligent.

Decision Making



Making Autonomous AI
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Game Designer (Human) 

Terrain data（Way 
Points）

Thinking 
based on 

Terrain data

Thinking based 
on 

Object data



Making Autonomous AI
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Game Designer (Human) 

Terrain data（Way 
Points）

Thinking 
based on 

Terrain data

Thinking based 
on 

Object data

The process to make AI be intelligent 
Step 1： Give knowledge 
Step2： Make AI think by using knowledge
Step3 : Let AI do Decision Making by itself 



Knowledge Thinking

Making Autonomous AI
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Game Designer (Human) 

Representing knowledge Thinking on knowledge

The most fundamental thing to make autonomous AI
is to give knowledge and thinking to a character.

Terrain data（Way 
Points）

Thinking 
based on 

Terrain data

Thinking based 
on 

Object data



Knowledge Thinking

Making Autonomous AI
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Game Designer (Human) 

Intelligence ＝ Knowledge × Thinking

Terrain data
（Way 

Points）

Thinking 
based on 
Terrain 

data

Thinking 
based on 

Object 
data

Object 
data

Body
data

Thinking 
based on 

Body
data

Representing knowledge Thinking on knowledge



Knowledge Thinking

Making Autonomous AI
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Game Designer (Human) 

Representing knowledge Thinking on knowledge

By adding knowledge and thinking, 
AI grows up to be more intelligent.

Terrain data
（Way 

Points）

Thinking 
based on 
Terrain 

data

Thinking 
based on 

Object 
data

Object 
data

Body
data

Thinking 
based on 

Body
data



Intelligence

Knowledge Thinking

Making Autonomous AI
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Game Designer (Human) 

By adding knowledge and thinking, AI 
grows up to be more intelligent.

Terrain data
（Way 

Points）

Thinking 
based on 
Terrain 

data

Thinking 
based on 

Object 
data

Object 
data

Body
data

Thinking 
based on 

Body
data

Representing knowledge Thinking on knowledge



Intelligence

Knowledge Thinking

Making Autonomous AI
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Game Designer (Human) 

Terrain data
（Way 

Points）

Thinking 
based on 
Terrain 

data

Thinking 
based on 

Object 
data

Object 
data

Body
data

Thinking 
based on 

Body
data

Representing knowledge Thinking on knowledge

Intelligence a character has is called “Character AI”.



Intelligent Game System 
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Game System
Intelligent 

Game System

All AI functions are included in the game system.



AI becomes independent 
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Game System

Meta AI

Character AI Navigation AI

AI in game split into three distributed independent system.
= Distributed Artificial Intelligence



AI becomes independent 
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Game System

Meta AI

Character AI Navigation AI



Meta AI History
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1980 1990

Meta AI is the AI of game system.

1980 1990 2000

Classical Meta AI 

Modern Meta AI

Evolution of Character AI 
(Autonomous AI )



Meta AI History
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1980 19901980 1990 2000

Classical Meta AI 

Modern Meta AI

Development of Character AI 
(Autonomous AI )

Classical Meta AI to control difficulty of the game (Weaken enemies).
Modern Meta AI to design game system dynamically.



Modern Meta AI 
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Meta AI dynamically changes a game

Meta AI

Allocation of 
enemies

Spawning 
enemies

Story
Generation

Procedural 
Terrain Generation

User 
Experience



AI Director (Meta AI) = Left 4 Dead
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Michael Booth, "The AI Systems of Left 4 Dead," Artificial Intelligence and 
Interactive Digital Entertainment Conference at Stanford.

http://www.valvesoftware.com/publications.html

Example : Left 4 Dead 

http://www.valvesoftware.com/publications.html


Adaptive Dramatic Dynamic Pacing 

[Basic Idea]

(1) Meta AI populates many enemies, enough to get 
user’s intention up to the value (measured by 
input).  

(2) When user’s intention goes over the value, meta 
AI stops the population. 

(3) When user becomes relaxed, go to (1).

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Michael Booth, "The AI Systems of Left 4 Dead," Artificial Intelligence and 
Interactive Digital Entertainment Conference at Stanford.

http://www.valvesoftware.com/publications.html

http://www.valvesoftware.com/publications.html


Algorithm of Meta AI

(1) Decide number of enemies to populate 
by user’s escape route length.

(2) Populate enemies along the route in a 
area around the player.

(3) When a player goes out the area, the 
population stops, and enemies vanish.

(4) In the state of relax or when the are 
can be seen from a player, all enemies 
are eliminated from the map.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Michael Booth, "The AI Systems of Left 4 Dead," Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.
http://www.valvesoftware.com/publications.html

http://www.valvesoftware.com/publications.html


Summary
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Classical Game System Modern Game System

In classical game system, game contents are fixed after the development, 
but in modern game system, game contents are dynamically created. 



Summary
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Meta AI dynamically creates  a game play flow, and gives an order to 
character AI and a game event. The reason why meta AI action is simple is 
that character AI has become autonomous. 

Classical Game System Modern Game System



Summary
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Classical Game System Modern Game System

By simply replacing Meta AI, game contents can dramatically change.



Referenced Papers

(1) Michael Booth, "Replayable Cooperative Game Design: Left 4 Dead," Game 
Developer's Conference, March 2009.

(2) Michael Booth, "The AI Systems of Left 4 Dead," Artificial Intelligence and 
Interactive Digital Entertainment Conference at Stanford.

http://www.valvesoftware.com/publications.html
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Distributed ＡＩ
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Game System

Meta AI

Character AI Navigation AI



Distributed ＡＩ
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Game System

Meta AI

Character AI Navigation AI

Meta AI, character AI, and navigation AI are independent of each 
other, but they cooperate with each other to create one function.



Distributed ＡＩ
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Game System

Meta AI

Character AI Navigation AI

In this way, a system where AI cooperate to make one function is 
called distributed Artificial Intelligence.



The first chapter：Summary 

• There are three types of game AI: Meta AI, Character AI and 
Navigation AI.

• Originally there was only one AI, but it has been split into 
three independent AI. 

• Three AI cooperate with each other to make one function.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



What is digital game ? 

＝ many variations of user experience.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Game User Experience

• Visual

• Sound 

• Controller

• Interaction

• Story

• AI

• ….

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

AI is not all, but there is the experience only AI  produces. 



User Experience
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Use
r

Navigation AI

Meta AI

Character AI 

The combination of “Navigation AI” ”Meta AI”” Character AI”
makes
user experience.
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WHAT IS 
FINAL FANTASY XV ?

Chapter 1 
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FINAL FANTASY XV とは
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FINAL FANTASY XV とは
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• Reality-based Fantasy

• Action RPG

• Car（Travel）、Buddy、Nature



Buddy, Monsters,Nature
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Buddy、Nature、Monsters
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FINAL FANTASY XV - AI Technical Overview

Making and Characters
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FINAL FANTASY XV - AI Technical Overview (movie)
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Our Grand 3 Goals

• Making autonomous NPCs in the FFXV world

• Making one united living world of FFXV 

• Making a unique User Experience of FFXV 
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CHARACTER AI
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Chapter 4 



Intelligence and Body

Intelligence and Body  has deep relation 
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7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



4.1 INTELLIGENCE AND BODY

What is decision making ? 
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AnimGraph

In AnimGraph, Each node is animation-data , and line  between nodes is animation-transition. 
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AnimGraph – Data-driven Architecture (Movie)

▹

▹

▸

▹
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AnimGraph – Data-driven Architecture (Movie)
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Challenge

Intelligence

Animation

▹

▹
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Body Layer

Intelligence

Body

Animation

▹

▸

▹

▸
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BodyGraph
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Data-driven Architecture

AI Graph

Body Graph

AnimGraph

animator

programmer

game designer
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Intelligence
（AI Graph）

Body
(Body Layer)

Animation
（AnimGraph）

Finite State Machines 
Behavior Trees

Finite State Machines

Messages 
Blackboard Variables

Message Handled 
State Tagging 

Message Handled 
Triggers

Finite State Machine 
Blend Trees

Messages 
Blackboard Variables
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Intelligence
（AI Graph）

Body
(Body Layer)

Animation
（AnimGraph）

Finite State Machines 
Behavior Trees

Finite State Machines

Messages 
Blackboard Variables

Message Handled 
State Tagging 

Message Handled 
Triggers

Finite State Machine 
Blend Trees

Messages 
Blackboard Variables
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Intelligence
（AI Graph）

Body
(Body Layer)

Animation
（AnimGraph）

Finite State Machines 
Behavior Trees

Finite State Machines

Messages 
Blackboard Variables

Message Handled 
State Tagging 

Message Handled 
Triggers

Finite State Machine 
Blend Trees

Messages 
Blackboard Variables
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Linkage of AI and body control
• Link of Body State machine and AI Graph
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Linkage of AI and body control
• Link of Body State machine and AI Graph
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AI Graph & BodyGraph of Monster (movie)
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AI Graph & BodyGraph of Monster (movie)
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Intelligence
（AI Graph）

Body
(Body Layer)

Animation
（AnimGraph）

Finite State Machines 
Behavior Trees

Finite State Machines

Messages 
Blackboard Variables

Message Handled 
State Tagging 

Message Handled 
Triggers

Finite State Machine 
Blend Trees

Messages 
Blackboard Variables
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system
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7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



4.2 INTRODUCTION TO DECISION MAKING

What is decision making ? 
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WHAT IS DECISION MAKING?

2.1 Character’s thinking
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Character thinks because...

• To live in the environment, a living thing must 
make its own action.

• Making its own future.

• Making their society.
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Environment and Intelligence

• A living thing lives in harmony with an environment, or fights 
with it. The relation between living things and the 
environment is based on their interaction. 

• Interaction is an action on the environment.

• A high intelligence has abstract goals and policies, which give 
their actions unique features.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Environment and Character

Environment

Characte
r

Character has interactions with an environment.
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Interaction Level
（Category）

Body level

Situation level

Abstract Level

Information level

Reactive level

Physical level
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Space 
level

Time 
Scale

Interaction Level
（Category）

AI must resolve many types of problem from small to big one.
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Decision Making

Decision Making
Envir
onme

nt

Action decision
（Metal, Body）

General Artificial Intelligence ＝ Solving a problem
Character Artificial Intelligence ＝ Not necessary solving a problem

Finally, within a limited time, decide a mental and physical action.
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Decision Making Function

(1) Decide a body motion, and mental action.
(2) Update a body state.
(3) Update a mind state. 
(4) Updating recognition and knowledge.
（Weapon selection or targeting）
(5) Selecting an object AI should pay attention to.
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Decision Making

Decision Making
Envir
onme

nt

Action decision
（Metal, Body）

Two big roles of decision making
- Decide mental and body state reaction 

to the stimulus from the environment.
- Updating recognition and knowledge. 
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Decision Making Function

• Making a decision.

• Recognizing an environment.

• Keeping feedback to decision making process .
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Decision Making

Decision Making
Envir
onme

nt

Action decision
（Metal, Body）

Feedback system for decision making like an electric circuit.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Decision Making example
（Turn based game）

Game state does not 
Change until a player 
action.

AI must think a next move 
by guessing  a player’s next
action.

Game State changes by 
following game rule.

AI must give a feedback by 
thinking whether a move can 
get a good result it wished for.
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Decision Making Essential

State feedback
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Decision Making example
（Digital Action game）

World

AI

World’

AI’

AI and the world change coincidently. 
AI changes by its decision making, and the world changes by game rules and dynamics.
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Decision Making example
（Digital Action game）

World

AI

World

AI

World

AI

Rules

Decision Making

AI makes a decision to change together with the world every time.
For a dynamic game, the best solution is not necessary, but  
an ability to create a temporary solution is necessary.
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AGENT ARCHITECTURE

2.2 
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Environment and Character

Environment

Characte
r

Character has interactions with the environment.
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Intelligence

World

Sensor

Information Flow

Effector

Agent Architecture
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Game World
（Environment/Level）

Five 
senses

Body

Languag
e

Knowledge 
Representatio

n

Knowledg
e

Making

Decision
Making

Body

Motion 
Making

Information Flow

Memory

Internal Cyclic Information Flow 

Sensor

Effector

Intelligence
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Information Flow

• Information flow connects the outer 
(environment) and the inner (intelligence).

• It is caused by mental activity to organize an 
inner mind state.

Information Flow

Internal Cyclic Information Flow 

Making AI  is achieved  by designing Information flow.
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Information Flow

• Information flow connects the outer 
(environment) and the inner (intelligence).

• It is caused by mental activity to organize an 
inner mind state

Information Flow

Internal Cyclic Information Flow 

Making AI  is achieved  by designing Information flow.

There is much information flowing inside a mind.
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Game World
（Environment/Level）

Five 
senses

Body

Languag
e

Knowledge 
Representatio

n

Knowledg
e

Making

Decision
Making

Body

Motion 
Making

Information Flow

Memory

Internal Cyclic Information Flow 

Sensor

Effector

Intelligence

Agent Architecture
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DECISION MAKING ALGORITHM

2.3 
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Decision making
for static/dynamic game

Static game（Board game, 
turn-based game）

Dynamic game
（Action game）

Decision Making Selecting a move Making a motion

World It does not change  until a 
new move.

It keeps changing.

Thinking Selecting the best move 
by analyzing game state. 

Thinking about a 
relation with the 
world and itself. 

Decision making for dynamic games should keep watching the changes of the 
game, and also keep its will consistent. It is like “Riding on a horse”.
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Decision Making・World・Policy

For dynamic games 
＝ A decision-making  should think a world state  change.
＝ There is a policy for each decision making style.
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Reactive・Non-reactive

• Reactive ＝ Reaction to the change of 
environment. 

• Non-reactive ＝ Making an abstract action 
by following a goal and plan.
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Decision Making

Decision Making

Envir
onme

nt

Action decision
（Metal, Body）
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Decision Making Model

State-based AI

Goal-based AI

Rule-based AI

Behavior-based AI

Usually decision-Making is a very complex process. 
But in artificial intelligence, there are some simple basic styles.

Simulation-based AI

Utility-based AI

Task-based AI

Decision Making
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Decision Making Model

State-based AI

Goal-based AI

Rule-based AI

Behavior-based AI

Usually decision-Making is a very complex process. 
But in artificial intelligence, there are some simple basic styles.

Simulation-based AI

Utility-based AI

Task-based AI

Decision Making

Reactive

Non-Reactive
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IF （ Condition Statement ） then （Result Statement）

Rule-based Decision Making

Rule

The form is called “Rule”.

Of course, a structure like IF ( … IF (.... IF… ) ) ) can be called 
rule-based, but,

Rule-based algorithm means 
a rule is used for decision-making as a fundamental element.
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Inference Engine

A       B    C       D      E
T        F        F F F
T        T F       F F
T        T F       T       F 
T        T T T F
T        T T T T
F        T        T T T
F        F F T       T
……………………………
……………………………
…………………

T: True  F: False

ID 0 :  IF A THEN B

ID 1 :  IF  A && D THEN C

ID 3 :  IF  C THEN E

ID 4 :  IF  B THEN D

ID .. :      

ID 4 :  IF  E THEN ~A

There are many rules. If a condition statement in a rule is true, 
the rule is “fired”. A result statement in a fired rule becomes 
true, and it fires another rule.

A change of true/False
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Rule Control

ID 0 :  IF  ….       THEN …

ID 1 :  IF  ….      THEN …

ID 3 :  IF  …. THEN ….

ID 4 :  IF  …. THEN …

ID .. :      

ID 4 :  IF  …. THEN … 

Priority: 3

Priority: 1

Priority: 4

Priority: 5

Priority: 2

A constant priority value or dynamic priority is attached to each rule. 
The rule with highest priority is fired in all fired rules.

The system is used by tactical thinking and character behavior.

Priority: -

Control

Rule ＝ IF （ Action Condition） then （Action Command）
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Rule Control

ID 0 :  IF  ….       THEN …

ID 1 :  IF  ….      THEN …

ID 3 :  IF  …. THEN ….

ID 4 :  IF  …. THEN …

ID .. :      

ID 5 :  IF  …. THEN … 

Priority: 3Priority: 1

Priority: 4

Priority: 5

Priority: 2

Thinking module picked up one rule from the game situation.

Priority: -

Control

Thinkin
g

Module

Rule ＝ IF （ Action Condition） then （Action Command）

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Example

http://gomibako.symphonic-net.com/vote.cgi?genre=act_b&rating=9

ID 0 :  IF  （an enemy found） THEN （escape）

ID 1 :  IF （cannot find any） THEN （random 
walk）
ID 2 :  IF  （found item） THEN （get the item）

ID 3 :  IF  （found door） THEN （go through it）

ID 0 :  IF  （enemy is strong） THEN （Magic）

ID 1 :  IF （found many enemies） THEN （attack 
the weakest）

ID 2 :  IF  （HP<20） THEN （spell refresh magic ）

ID 3 :  IF  （found a hole） THEN （avoid it）

Action game

RPG 
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Decision Making

Decision Making

Envir
onme

nt

Action decision
（Metal, Body）

Rule-based Expression
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Decision Making

State of the world 
and AI 

AI’s action

AI recognizes the state of the world including AI itself.
AI’s action can change both the state.
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Rule 

State of the 
world and AI 

Action 
State of the 
world and AI 

Feedback for a decision.
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State Based AI

State Describing AI’s action

State State
Transitio
n 
Conditio
nA statement about a change of the world and AI.
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State Machine

State

State State

State Machine（Finite State Machine）

AI’s action is described in a state,  and 
a change of the world and AI is described in a transition condition.

A state machine has a loop structure but does not have feedback dynamics.
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(Example) Quake HFSM

http://ai-depot.com/FiniteStateMachines/FSM-Practical.html
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Monster’s FSM

Spawn

Idle Attack

Die

Melee Melee

Smash Left Right

Finish spawning

Lost goal

Located goal

Zero health Zero health

http://ai-depot.com/FiniteStateMachines/FSM-Practical.html


Hierarchical State Machine

Two enemy characters are patrolling.  One player comes to the room.
AI character is described as Hierarchical Finite State Machine (HFSM).
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Watch
Chase

Chase

Attack

Attack Warning

Command to a buddy

Watch the exit

Call a buddy

not found an 
enemy &
Out of battle 
field

Joined an enemy

Joined an enemy

Found an buddy

Lost an enemy

Found an enemy 

Lost an enemy Found an enemy

Patrol 

ten 
seconds
passedHear a

sound

A buddy Respond 

Transition
Condition

State

Higher State

Hierarchical State Machine
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Task based AI 

Task Task describes AI action

Task Task 
Tasks have relation with each other. 
For example, task order, task hierarchy , task… 

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Task based AI 

Task Task

Tasks are defined as actions to the same target, and they can cooperate with each other.  

Task

Target Target Target
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Task based AI 

A big task is formed by combining some small tasks.

A task must represent  a simple practical action.

(Simple case)

Initial 
State

GOALTask１
Carry A to Ground

Task2
Carry B to Ground

Task3
Put C on B

A

B

C

B

C

AA

B

C A BC A

C

B

Task3
Put A on C
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Hierarchical Task Network 

• Task-based AI is a simple but strong method. 

• But for modern complex and big games, it should be adapted 
to multi-scale time and space.  

• Hierarchical Task Network System (HTN) is often used for a 
character AI.  
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There are many magic jewels in a field. 
NPC can make a recovery drink by combining  magic jewels.

Final goal is to take recovery drink  to the buddy monster. 
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Making Recovery Drink from Magic Jewels (Game 
Setting) 

The way to make it is  three: 

• Picking up a red, blue, green Jewel in any order

• Picking up green, red, green in this order. 

• Picking up two blue jewels and red one. But it is required to 
pick up blue one before red one.
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Method
（＝Resolving a big task into some small tasks）

Make a drink
（Task）

Deliver a drink
（Task）

Take a drink 
to a buddies 

（Task）
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Method
（＝Resolving a big task into some small tasks）

mix

branch
Collect 

all colors

Branch
Collect

red and blue

branch
Collect 

green and red

Picku
p

Blue

Red

Green

mix 

Green Green mixRed Blue

RedBlue

No order task

Total order task

Partial Order Task

There are all color 
jewels in a field

There are green and red jewels 
in a field

There are red and blue 
jewels in a field

Primitive task

Make a drink
（Task）

Precondition
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Method
（＝Resolving a big task into some small tasks）

Make a drink
（Task）

Deliver a drink
（Task）

Take a drink 
to a buddies 

（Task）
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Deliver a drink

• Bring a car , Put drinks in the car, Go to the battle field.

• Drinks should be packaged in a treasure box.

• A Label should be attached to a treasure box.
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MethodMethod

Put that 
in car

Bring a car
Go to a 

battle field
Put a drink
In the car

Attach a 
label

Put it in 
Treasure box

Total Order Task

Has a car

Primitive task

Deliver a drink
（Task）

Precondition

Put a drink
In the car

A car is near

Partial Order Task
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By iteration of applying methods ,
Task Network is generated.

Mix

Blue

RedBlue

START

Bring 
a 

Car

Go 
to a 
battl

e 
field

GOAL

Put it 
in 

the 
car

Attach 
a label

Put it in  
Treasur
e box
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Killzone 2’s AI

Alex Champandard, Tim Verweij, Remco Straatman, "Killzone 2 Multiplayer Bots", 
http://files.aigamedev.com/coverage/GAIC09_Killzone2Bots_StraatmanChampandard.pdf
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Organization in KILLZONE 2’s AI team

Commander AI

Squad 
Leader

AI

Squad 
Leader

AI

Squad 
Leader

AI

Order a tactic “Defend”,”Progress” 

Report of the tactics (Success/Failure)
(Feedback)

Order a target positon

Order a target 

Request a re-order

Request a re-order

In
d

iv
id

u
al

 A
I 

In
d

iv
id

u
al

 A
I 

In
d

iv
id

u
al

 A
I 
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d
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 A
I 
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u
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 A
I 
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d
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 A
I 
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I 
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I 
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d
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u
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 A
I 
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Agent Architecture of a member (Individual AI)

Orders

Messages

Daemon
World
State

HTN
Planner

Plan

Task
Execution

Controller
Input

Intelligence

Stimuli

Percep
tion

Threats
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Agent Architecture of a Squad leader

Strategy
Orders

Member
Messages

daemon
World
State

HTN
Planner

Plan

Task
Execution

Individual
Orders

Intelligence
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Bullet Rocket

fire
Rocket

To Humanoid
Within range

Not to Humanoid or turret
Within a turret’s range

Attack（Task）

load

fire

end

load

fire

end
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… Progress

None

Defend a base
（Task）

Delete member’s memory

Gather new information of buddies

Begin a sequence

Progress

Go and Stop

Defend
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Behave （Task）

Crouching

Select

Plan Medic start

Broadcast 

Care

End

Car

Defen
d

Target fix

Use a tool

Walk

care

Move

Stop
Continu

e
Begin

Medic

Not chage
Change a 

tool

Apply a method

Apply a method

Apply a method

Apply a method
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Goal-based AI 

GOAL

Describing the world and AI state
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Goal-based AI 

GOAL GOAL GOAL GOAL

Goal- based AI is the policy that a goal is the first. 

To achieve the goal, AI makes a plan, behaviors and changes them according to the 
changes of the game situation.
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Goal-based AI 

AI keeps checking whether the goal is achieved or not to feed back.

GOAL GOAL GOAL GOAL
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Goal-Oriented Action Planning in F.E.A.R.

Agent Architecture Considerations for Real-Time Planning in Games (AIIDE 
2005) 
http://web.media.mit.edu/~jorkin/AIIDE05_Orkin_Planning.ppt
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F.E.A.R COM ’s sensor

SensorNodeCombat Finding the point to fight
SensorSeeEnemy Checking Line of sight to the enemy 
PassTarget Finding a safe pass to tactical point
CoverNode Finding a point to hide

World

Sensor
SensorNodeCombat

SensorSeeEnemy

PassTarget

CoverNode

Knowledge
Representation

Working 
Memory 

Fact

Agent Architecture Considerations for Real-Time Planning in Games (AIIDE 
2005) 
http://web.media.mit.edu/~jorkin/AIIDE05_Orkin_Planning.ppt
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Working Memory Fact

All facts are described in the same format.

Agent Architecture Considerations for Real-Time Planning in Games (AIIDE 
2005) 
http://web.media.mit.edu/~jorkin/AIIDE05_Orkin_Planning.ppt

Working Memory 
Fact Form

Place

Direction

Sensor

Object

Time

Unknown

Position, confidence 

Direction, confidence 

Sensor type, confidence 

Handle, confidence 

Time Stamp
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AI stored all facts in its working memory 

 

Worlking Memory 

Agent Architecture Considerations for Real-Time Planning in Games (AIIDE 
2005) 
http://web.media.mit.edu/~jorkin/AIIDE05_Orkin_Planning.ppt

The facts to the same target are stacked on the same list.
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Preparation for Planning

Symbol

Let’s represent the world AI recognize more simply.

Agent-centric Representation

kSymbol_AtNode

kSymbol_TargetIs
AimingAtMe

kSymbol_
WeaponArmed

kSymbol_
WeaponLoaded

kSymbol_Target
IsSuppressed

kSymbol_
UsingObject

kSymbol_
TargetIsDead

kSymbol_
RidingVehicle

kSymbol_AtNodeType

The World is represented by only 20 symbols .

Jeff Orkin, “3 States and a Plan: The AI of F.E.A.R.",
http://web.media.mit.edu/~jorkin/gdc2006_orkin_jeff_fear.zip © 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Planning by Chaining Example

kSymbol_

TargetIsDead

kSymbol_

TargetIsDead

Attack

kSymbol_

WeaponArmed

kSymbol_

WeaponArmed

Reload

kSymbol_

WeaponArmed
kSymbol_

WeaponArmed

Pick up 
a weapon 

None

Planner

Planning

Action 
Pools
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Behavior-based AI

Behavior
A behavior represent  not an animation detail
but a physical action.
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Behavior-based AI

Behavior

BehaviorDecision-Making

Behavior

A behavior-based AI constructs its thinking by 
using some behaviors.
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root

Battle
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Attack

Hide
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Block
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Recover
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Arrow
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Priority

Sequence
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Priority
Random
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Utility-based AI

• Utility-based AI simulates a world’s model, and 
assign a numerical value to a utility of action.        

• Utility-based AI selects one tactic by estimating 
all tactics.
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Motive Engine in The Sims

Ken Forbus, “Simulation and Modeling: Under the hood of The Sims”  (NorthWerstern University)

http://www.cs.northwestern.edu/%7Eforbus/c95-gd/lectures/The_Sims_Under_the_Hood_files/frame.htm

Data
- Needs
- Personality
- Skills
- Relationships Sloppy - Neat

Shy - Outgoing
Serious - Playful

Lazy - Active
Mean - Nice

Physical
- Hunger
- Comfort
- Hygiene
- Bladder

Mental
- Energy
- Fun
- Social
- Room

Motive Engine
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[Principle] Select from all actions the best action which 
makes mood value maximum.

最適な行動を選択する

Hunger    +20
Comfort   -12
Hygiene   -30
Bladder    -75
Energy     +80
Fun           +40
Social       +10
Room       - 60

Mood       +18

Toilet

- Urinate   (+40 Bladder)
- Clean      (+30 Room)
- Unclog    (+40 Room) 

Mood +26

Bathtub

- Take Bath   (+40 Hygiene) 
(+30 Comfort)

- Clean           (+20 Room) 

Mood +20
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What is mood ? 

Mood = W_Hunger(X_Hunger) * X_Hunger + W_Engergy(X_Energy) * X_Energy + …

-100              0               100 -100            0             100

-100              0               100 -100               0             100

-100              0              100 -100              0            100

-100               0            100 -100              0             100

W_Hunger W_Energy

W_Comfort W_Fun

W_Hygiene
W_Social

W_Bladder W_Room
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How to calculate utility ?

W_Hunger

X_Hunger

W_Hunger(-80)

-80 60

W_Hunger(60)
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How to calculate utility ?

W_Hunger

X_Hunger

W_Hunger(-80)

-80 60

W_Hunger(60)

Hunger degree  at -80 ＝ W_Hunger(-80)*(-80) 

Hunger degree  at  60  ＝ W_Hunger(60)*(60) 

Δ   ＝ W_Hunger(60)*(60) - W_Hunger(-80)*(-80) 

Utility for hunger
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Law of diminishing marginal utility

X_Hunger

W_Hunger(-80)

-80 60

W_Hunger(60)

Δ（-80 → 60）＝W_Hunger(60)*(60) - W_Hunger(-80)*(-80) 

Δ (60→90） ＝W_Hunger(90)*(90) - W_Hunger(60)*(60) 

9

0

W_Hunger(90)

Δ（-80 → 60） is much larger than Δ(60→90）

Utility from unsatisfied state to satisfied state is much greater 

than that from satisfied state to more satisfied state .

Utility for hunger
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Simulation-based AI

• For a character, simulation is equal to 
imagination.

• When modelling the situation is difficult, 
simulation is a good way to find the best 
solution.

• A simulation is executed by the game rules.  
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Simulation-based AI

To go over  a wall,  by iterating a jumping simulation, a good case is found.  
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Simulation-based AI

To find the best orbit to go through in a complex terrain, simulation is good way to 
test many combinations of velocity and acceleration.
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Environment

Intelligence

Artificial Intelligence＝ dynamically makes an AI’s action in harmony 
with artificial environment.

What is intelligence？

Body
（Inner 

Structure）

Input（Sensor） Output（Action）
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Intelligence World

Environment World

Effector・Body
Sensor・

Body

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Agent Architecture



Intelligence World

Environment World

Effector・BodySensor・
Body

Memory

Recog-
nition

Working 
Memory

Small
Memory

Information Processing

Abstraction 
of 

Information

Decision
making

Body
Control

Effector・Body

Motion
Making

Motion synthesis process

body module

Motion
Synthesis

Decision making
Module

Decision making
Module

Decision making
Module

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Intelligence World

Environment World
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Memory
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nition
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Memory

Small
Memory

Information Processing

Abstraction 
of 

Information

Decision
making

Body
Control
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Intelligence World

Environment World

Effector・BodySensor・
Body

Memory
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Memory
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Vison Sensor (Field of View)
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Vison Sensor (Field of View) (movie)
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Vison sensor (target selection rule’s condition)

• target selection rule’s condition
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Intelligence World

Environment World

Effector・BodySensor・
Body

Memory

Recog-
nition

Working 
Memory
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Memory
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©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Decision Making Model

State-based AI

Goal-based AI

Rule-based AI

Behavior-based AI

Decision Making is generally a very complex high-degree process. 
But for digital game there are 7 simple decision making algorithms. 

Simulation-based AI

Utility-based AI

「(something)-based AI」means that an algorithm uses (something) as a unit.

Task-based AI

Decision Making
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Decision Making Model

State-based AI

Goal-based AI

Rule-based AI

Behavior-based AI

Decision Making is generally a very complex high-degree process. 
But for digital game there are 7 simple decision making algorithms. 

Simulation-based AI

Utility-based AI

「(something)-based AI」means that an algorithm uses (something) as a unit.

Task-based AI

Decision Making
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Rule-based AI System

Behemoth’s 

rule

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Like a gambit system



Rule-based AI System (Movie)
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Decision Making Model

State-based AI

Goal-based AI

Rule-based AI

Behavior-based AI

Decision Making is generally a very complex high-degree process. 
But for digital game there are 7 simple decision making algorithms. 

Simulation-based AI

Utility-based AI

「(something)-based AI」means that an algorithm uses (something) as a unit.

Task-based AI

Decision Making
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root

Battle

Retreat

Idle

Attack

Hide

Escape

Block

Stop

Recover

Trap

Sleep

Heal

Arrow

Sword

Hind in wood

Dig
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Magic
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Wind typePriority

Priority 

Sequence

Sequence

Random

PriorityRandom

Priority

Random

Behavior
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Layer

Selection Rule

Selection Rule
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Behavior Tree Tool
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Decision Making Model

State-based AI

Goal-based AI

Rule-based AI

Behavior-based AI

Decision Making is generally a very complex high-degree process. 
But for digital game there are 7 simple decision making algorithms. 

Simulation-based AI

Utility-based AI

「(something)-based AI」means that an algorithm uses (something) as a unit.

Task-based AI

Decision Making
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State Machine

State

State State

State Machine（Finite State Machine）

AI’s instruction is described in a state,  and changes in the world and 
AI are described in a transition condition.
A state machine has a loop structure but does not have feedback dynamics.
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Watch

Chase
Chase

Attack

Attack Warning

Command Ally

Watch the exit

Call an Ally
Ally not found 
& Out of 
battle field

Join with Ally

Join with Ally

Found Ally

Lost enemy

Found enemy 

Lost enemy
Found enemy

Patrol 

10 sec.
passedHear a

sound

Ally Responds 
Transition
Condition State

Higher State

Hierarchical State Machine
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State Machine
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



4.3 AI GRAPH
SQUARE ENIX ORIGINAL AI SYSTEM

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Chapter 4.3  



State machine compared to Behavior tree

• State machine＝ Steady control step by step 

• Behavior tree ＝ Adapt behavior fluently

We want to  use both good points 

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Hybrid node format

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

State machine

IDLE MOVE FIGHT

Behavior Tree

MOVE FIGHT

CAN SHARE COMMON 
NODE

Processing

Processing

Representation

Representation



AI Graph has a Hierarchical Layered Architecture

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

State machine

Behavior tree

IDLE

MOVE

FIGHT

MOVE

ATTACK

A node on a graph structure can 
reference another graph structure.



AI Graph Hierarchical Layered Architecture
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State machine

Behavior treeA node on a graph structure can 
reference another graph structure.

IDLE

MOVE

FIGHT

MOVE

ATTACK

State machineDifferent types of graph system 
can be combined.



AI Graph Hierarchical Layered Architecture
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State machine

Behavior tree

A node on graph structure can 
reference to graph structure.

IDLE

MOVE

FIGHT

MOVE

ATTACK

State machineDifferent types of graph system 
can be combined.



第一階層

第二階層

the 3rd layer

Scalability by Hierarchy

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

第一階層

the 2nd layer

the 1st layer



AI Graph Hierarchical Layered Architecture

State machine

Behavior tree
State machine
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State machine and 

behavior tree can use 

the same common 

node.

AI Graph Hierarchical Layered Architecture



Processing

finished

finishedfinished

After all processes of lower levels are 
finished, the transition happens.

Scalability by Hierarchy

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

第一階層

第二階層

the 3rd layer

第一階層

the 2nd layer

the 1st layer



Visual node debugger and In-game debug window

Visual node debugger displays 

current status of nodes.

In-game debug window display 
detailed logs.
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Visual node debugger and In-game debug window (movie)
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4.3 AI GRAPH
SQUARE ENIX ORIGINAL AI SYSTEM
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Chapter 4.3  

Blackboard architecture 

Parallel thinking 

Overriding



4.3 AI GRAPH
SQUARE ENIX ORIGINAL AI SYSTEM
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Chapter 4.3  

Blackboard architecture 

Parallel thinking 

Overriding



Blackboard in AI Graph

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Local blackboard

Global blackboard

Variables which can be used 

only in an AI Graph or a tray. 

Variable shared in the  

game and a character.



Blackboard in AI Graph
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Variable can be linked to a tray or 

node as parameter.



4.3 AI GRAPH
SQUARE ENIX ORIGINAL AI SYSTEM
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Chapter 4.3  

Blackboard architecture 

Parallel thinking 

Overriding



Parallel thinking
• State machine case

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

[Parallel Start

node]In a tray, 

multiple state 

machines can be 

executed.



Parallel thinking
• Behavior tree case

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

[Parallel Node]

This tray keeps 

processing until 

either node finishes. 



Parallel thinking

Parallel thinking on a behavior tree.

Searching enemies

Movement and 
shooting
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Parallel thinking (movie)



4.3 AI GRAPH
SQUARE ENIX ORIGINAL AI SYSTEM
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Chapter 4.3  

Blackboard architecture 

Parallel thinking 

Overriding



AI Graph override

Me07 behemoth
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COMMON 

LOGIC

Behemoth

PROPER 

LOGIC



AI Graph override

Me04 Catoblepas
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COMMON 

LOGIC



AI Graph Override
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AI Graph Override
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Level

Navigation AI

Meta-AI

Character AI

Dynamic allocation of enemies
Observing level in real-time
Direction for agents 
Controlling game progress

Autonomous thinking
Cooperation 
Team AI 

Preparing data to make meta-AI and 
character AI recognize the level
Managing object representation
Managing Navigation data 
Path-finding / Tactical point analysis 

Support

Enemy character

Player

Brain

Information
Acquisition 

Control
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system
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7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



Difference 
between Meta-AI and AI-Director   

• Meta AI (Will Wright, The Sims, 2000)
AI that controls a whole game situation by giving an order to NPCs,      

putting new objects on a level, and changing a terrain dynamically. 
(Will Wright, “AI : A Design Perspective”, AIIDE 2005)                 

https://www.aaai.org/Library/AIIDE/aiide05contents.php

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

• AI Director (LEFT 4 DEAD, 2008) 
AI that directs a battle by allocating NPCs dynamically.   

(Michael Booth. "Replayable Cooperative Game Design: Left 4 Dead."GDC 2009) 
http://www.valvesoftware.com/company/publications.html

https://www.aaai.org/Library/AIIDE/aiide05contents.php
http://www.valvesoftware.com/company/publications.html


META AI
(AI DIRECTOR)
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Chapter 3 

Adjusting the game world to the player 



Meta-ＡＩ

For an example, Meta-AI issues an order to a buddy character  to rescue a play character .
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This shows the cooperation of buddies directed by Meta AI.
©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Meta-AI



Meta-ＡＩ

A buddy character receives a Meta AI’s order ,

and  co-operate each other 
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This shows the cooperation of buddies directed by Meta AI.
©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Meta-AI (movie)



Level

Navigation AI

Meta-AI

Character AI

Dynamic allocation of enemies
Observing level in real-time
Direction for agents 
Controlling game progress

Autonomous thinking
Cooperation 
Team AI 

Preparing data to make meta-AI and 
character AI recognize the level
Managing object representation
Managing Navigation data 
Path-finding / Tactical point analysis 

Support

Enemy character
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Brain

Information
Acquisition 

Control
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system
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7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



Contents 

• 5.0 What is Navigation AI ?
5.0.1  What does a living thing see?              

5.0.2  Representation of what AI sees

5.0.3  Walking 

5.0.4  CASE STUDY: FINAL FANTASY XIV: A Realm Reborn

5.0.5  Smart Terrain
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Theme

• What information is necessary for an animal to move naturally 
in an environment ? 

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Theme

To make a game character act not as a controlled puppet but as an 
autonomous agent in an environment, 

Objective information is not necessary, 

But, 

Subjective world  that the game character has is necessary. 

Making a game character’s subjective world.
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Question

What is difference between 
an animal’s eye and a camera eye ? 
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WHAT DOES A LIVING THING SEE? 

5.0.1

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Space 
level

Time 
Scale

Problem Domain

AI must resolve many kinds of problem from small to big ones.
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Space 
level

Time 
Scale

Problem Domain

AI must resolve many kinds of problem from small to big ones.

Problem of moving in a game environment
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Game World
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In this chapter, 
the problem about space in a game is explained.
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What is recognition for space ?
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What is environment for a living thing?

The world as recognized 
through the senses

The world as recognized 
through 
the actions

A world which a 
living thing 
recognizes 

A world which a living thing recognizes consists of  
two worlds : one is made from inputs via sensors, and 
the other is made from possibilities of motions. 

Action World

Perceptual World

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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In this chapter, 
the problem about space in a game is explained.
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Game World
（Environment/Level）

Five 
senses
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A living thing grasps the world by two hands: 
one is sensor, and the other is effector. 

A living things has connection with the world via 
sensor and  effector.
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Stored 
Information

Perceptual  
World

Action 
World

A living thing grasps the world by two hands: 
one is sensor, and the other is effector. 

The world is called “Environment World” (Umwelt).

A living things has connection with the world via 
sensor and  effector.
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What is environment for a living thing?

The world as recognized 
through the senses

The world as recognized 
through 
the actions

A world which a 
living thing 
recognizes

(Environment 
World) 

An environment world is a subjective world generated by an 
ecology of a living thing.

Action World

Perceptual World
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Environment World’s two faces

World

Action
World

Perceptual 
World
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Question

What is the difference between 
an animal’s eye and camera eye ? 
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Comparing of animal and camera eye

Animal’s eye Camera’s eye

Structure Eyes have connection 
with body.

Eye is independent.

Who sees ? Animal itself (Body) Camera user 

What it sees? Information required for decision-
making and recognition and motion
(Active)

What is seen （passive）

What it gets Action and Perceptual 
World

Pixel 

How to see By moving the body By moving the camera

When When the state of the 
body  changes

When a button is pushed

Why To live None
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Question & Answer

What is difference between 
an animal’s eye and camera eye ?

An animal’s eyes are connected to its body, and 
active to get information from the environment.

Camera eyes are a passive device perfectly 
controlled by a user.  
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REPRESENTATION OF WHAT AI SEES

5.0.2
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Make a motion 

Designing an action which is adequate to a game 
environment and game rules.

Represent a motion 
with animation and object around it.

Represent an environment world 
as perceptual world and action world

In game, recognition, decision making, and motion 
making are formed

Analysis
（In game
Developm
ent）

RUNTIME
（In Game）
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行動を構築する

In Artificial Intelligence, representation of an  
environment and object as knowledge is called 
“Knowledge Representation (KR)”.

＝

Make a motion 

Represent an environment world 
as perceptual world and action world

Analysis
（In game
Developm
ent）
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Game World

Knowledge Representation

Knowledge Representation and 
Action world and Perceptual world

Action
World

Perceptual 
World
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Game World

Knowledge Representation

Knowledge Representation and 
Action world and perceptual world

Action
World

Perceptual 
World

AI understands the game world through knowledge representation.
It defines both action world and perceptual world, and subjective 
world.
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Knowledge Representation types Example

Fact Repsesentation

Semantic Net

Enemy threat Representation

Dependency Graph Rule-based 

World Representation

Griesemer,J, "The Illusion of Intelligence: The Integration of AI and Level Design in Halo", 2002 
http://downloads.bungie.net/presentations/gdc02_jaime_griesemer.ppt

Army

Steel Training
Field

Mine
perso

n
tree

Target 
Perceived data
Location (x,y,z) 0.87
Action    shoot  0.40
HP              55    0.82

Derived data
Threat                0.8
Target Weight   0.9
“intentions”      hurt_me

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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World Representation

（Example） Each waypoint has an 8-direction LOS (Line of Sight) information in Killzone.
Straatman, R., Beij, A., Sterren, W.V.D., "Killzone's AI : Dynamic Procedural Combat Tactics", 
2005 
http://www.cgf-ai.com/docs/straatman_remco_killzone_ai.pdf

Knowledge Representation for level design 
is called World Representation (WR).

WR is based on navigation meshes or waypoints.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Knowledge Representation and 
World Representation

Knowledge Representation

World 
Representation
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World Representation Example

NavMesh/Waypoint
Hierarchical 

Representation

LOS Map

Waypoint Clustering

Enemy Distribution 
map

Territory Representation

Tactical Point System

Halo2Killzone

Killzone2Halo Assassin’s Creed

Left 4 Dead

Alex J. Champandard, Remco Straatman, Tim Verweij, "On the AI Strategy for KILLZONE 2's 
Bots”
http://aigamedev.com/open/coverage/killzone2/

Damian Isla,"Building a Better Battle: HALO 3 AI Objectives",
http://halo.bungie.net/inside/publications.aspx

Michael Booth, "The AI Systems of Left 4 Dead," Artificial Intelligence and Interactive Digital Entertainment 
Conference , http://www.valvesoftware.com/company/publications.html

Dude, Where's My Warthog: From Pathfinding to General Spatial Competence, D. Isla, Invited talk, Artificial Intelligence and Interactive Digital Entertainment (AIIDE) 2005 
http://naimadgames.com/publications.html
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Knowledge Representation・
World Representation

Knowledge Representation

World
Representation

Object
Representatio

n
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Object Representation

車 

レバー 

ドアの知識表現 

  位置 x: 3.0 y:.10,0 

  レバーで開けることが出来る 

  壊して開けることが出来る 

車の知識表現 

  位置 x: 3.0 y:.2,0 

  乗って動かすことが出来る。 

  時速８０ｋｍで動く。 

レバーの知識表現 

  位置 x: 5.0 y:.5,0 

  引くが出来る。 

    （結果：ドアが開く） 

ドア 

Door KR
Position x:3.0 y:10.0

Rule: if the lever is pulled, the door opens.

Lever KR
Position x:5.0 y:5.0

Enable to pull （Affordance）.
Rule: if the lever is pulled, the door opens.

Car KR
Position x:3.0 y:2.0

Enable to drive.
Maximum speed: 80km

Representation of an object
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Object Representation

This is a car.
A vector shows the direction 
In which  the car can move.

Dude, Where's My Warthog: From Pathfinding to General Spatial Competence, D. Isla, Invited talk, Artificial Intelligence and Interactive Digital Entertainment (AIIDE) 
2005 http://naimadgames.com/publications.html
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Affordance

Can eat

Can climb

Can move
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Action World

Affordance

Can eat

Can climb

Can move
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アフォーダンス

Can walk

Can reach

Can push
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Action World

アフォーダンス

Can walk

Can reach

Can push
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Knowledge Representation

Game
World

。

作用世界

知覚世界

See 
possibilitie
s of actions 

Invoke 
desires
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WALKING

5.0.3 
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Move a character

How to realize an action in the game world ? 

Now we’ll focus on character’s walking.
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作用空間

Affordances

Can walk

Can reach

Can push
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Path search on networked Graph
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A next node is a point which is shortest from a 
start point. Searching finishes at the goal.

Evaluation for each node ＝ sum of path from a start point 

Dijkstra’s Algorithm
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Path search on networked Graph

M
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A next node is a point which is shortest from a 
start point. Searching finishes at the goal.

Evaluation for each node ＝ sum of path from a start point 

Dijkstra’s Algorithm
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Path search on networked Graph
A* algorithm

M

F

L

B

A

Ｓ

O

P

D

C

G

S

V

H

Q
X

K

N

J

R

T

W

E
I

U

Z

Y

Ｇ

54

6 3

7 23

B C

3

3

2 24 3

5

5

A next node is a node with lowest evaluation. 

When the position of goal is already known,   
path search uses done by using heuristic distance.

Evaluation for each node ＝ sum of path from a start point + Heurisitic distance  

Heuristic distance
(Ordinary, straight distance)

3+14.2 3+13.8

G H
3 5+10.5 6+8.4
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Path search on networked Graph
A* algorithm
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A next node is a node with lowest evaluation. 

When the position of goal is already known,   
path search uses done by using heuristic distance.

Evaluation for each node ＝ sum of path from a start point + Herusitic distance  

Heuristic distance
(Ordinary, straight distance)

3+14.2 3+13.8

G H
3 5+10.5 6+8.4
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Counter Strike (2000) : Nav Mesh

The Official Counter-Strike Bot
http://aigamedev.com/insider/presentation/official-counter-strike-bot/

Dragon Age : Way Point 

Dragon Age pathfinding program put to the test
https://www.youtube.com/watch?v=l7YQ5_Nbifo
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SMART TERRAIN

5.0.4 
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Smart Terrain

• Some points attached to an object or a terrain 
which help a character make an action with the 
object. 

• The point has a logic, an animation to use the 
object 

• It suggests the action when a character closes 
with it.

http://www.gdcvault.com/play/1020831/Bringing-BioShock-Infinite-s-Elizabeth
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DECISION MAKING AND WORLD 
REPRESENTATION

3.6. 
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Halo2: Orders & Styles 

Handling Complexity in the Halo 2 AI, D. Isla, GDC 2005
http://naimadgames.com/publications.html

Order
Push

forwar
d

Order
Push

forwar
d

Ｉｆ Kiｌｌｅｄ Ｘ
ｅnemies

Ｉｆ X dead
Order

fallback
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Halo2: Orders & Styles 

Handling Complexity in the Halo 2 AI, D. Isla, GDC 2005
http://naimadgames.com/publications.html

Order
Push

forwar
d

Order
Push

forwar
d

Ｉｆ Kiｌｌｅｄ Ｘ
ｅnemies

Ｉｆ X dead
Order

fallback

Each territory has some tactical points where a character should stand. 
A character moves over the territories when a condition changes. 
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Halo2: Orders & Styles 

Handling Complexity in the Halo 2 AI, D. Isla, GDC 2005
http://naimadgames.com/publications.html

Order
Push

forwar
d

Order
Push

forwar
d

Ｉｆ Kiｌｌｅｄ Ｘ
ｅnemies

Ｉｆ X dead
Order

fallback

Each territory has a different behavior tree which is used by the character who enters in it.
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Summary 

• Making a character’s subjective world means 
making a meaningful world.

• A subjective world consists of Action World 
and Perceptual World.

• The two worlds consist of Knowledge 
Representation, World Representation, and 
Object Representation.

• A subjective world enables characters to take 
an action by themselves.
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system
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7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



NAVIGATION AI
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Chapter 5 



PATHFINDING SYSTEM

Chapter 5.1  
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•

Graph Search on networked Graph

A* Algorithm

M
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Searching by evaluation distance

Evaluation distance ＝distance form start ＋ Heuristic distance

Heuristic
(Euclid distance)

3+14.2 3+13.8

G H

3

5+10.5 6+8.4
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FFXV Navigation Mesh
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Navigation QA

• Nightly build of all maps

• Navigation mesh for each 
character size

• Overview on the development 
site

• Viewing the difference
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FFXV Navigation mesh
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POINT QUERY SYSTEM

Chapter 5.2 
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History of Tactical Point Search

• Tactical Position Picking 
Killzone (2005, Guerrilla) in Program

• TPS (Tactical Point System)
CRYENGINE (2010, CRYTEK) Tool & Runtime System

• EQS(Environment Query System) 
UNREAL ENGINE 4 （2014, Epic games）Tool & Runtime System

• PQS (Point Query System)
FINAL FANTASY XV (2016, SQUARE ENIX) 

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Point Query System

A system to find a best positon 

- for a character’s ability 

- in a terrain 

- in real-time 
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Point Query System principle
Point distribution （Generation）

distributing point around the objective （例）grid、circle

Filtering
Removing points not adjust for a purpose by a conditon (1) 

．
．
．

Evaluation
Evaluation for remained points and pick up one points with best score

Filtering
Removing points not adjust for a purpose by a conditon (2) 

Filtering
Removing points not adjust for a purpose by a conditon (N) 
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PQS (Point Query System)
A bowman finds the best point

(i) Game situation 

(ii) Generating points around it

(iii) Filtering points with bad terrain 

(iv) Filtering points where it’s arrow 

can not reach

(v) Filtering points around buddies

(vi) Picking up one point with 

highest terrain
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PQS Tool

• PQSデータ

Combination of filtering

(Example)
Angle filtering = 30°
Distance filtering = 10m

⇒ character goes around a player
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PQS and Movement
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PQS and Movement



PQS and Movement
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movie/34_PQS.mp4


PQS and Movement (movie)
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PQS 
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Character PQS

PQS
Query

Best
Position



Usage of PQS

Finding 

• An attack position of a monster

• An attack position of a buddy

• A position in conversation of a buddy

• A spawning point of crowd
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PQS（point querying system） Statistics  in a town 

Statistics of PQS Query

Query’s 
variation

Logging Visualization in FINAL FANTASY XV
Matthew W. Johnson, Fabien Gravot, Shintaro Minamino, Ingimar Gudmundsson, Hendrik Skubch, and Miyake Youichiro



FACE TO FACE 
CONVERSATION SYSTEM
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Chapter 5.2 an example PQS applied    



Face to Face Conversation System
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Face to Face Conversation System

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Face-to-Face = F2F

Meta AI

Navigation

System

Character

AI
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Face-to-Face = F2F
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Face-to-Face = F2F (movie)
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STEERING SYSTEM

Chapter 5.3  
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Huma-like Avoidance

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

A distance from a character without 

collision is calculated to all direction.

And one direction nearest to the following

path is selected. 

[Guzzi 13a] J. Guzzi, A. Giusti, L. Gambardella, and G. A. Di Caro：Human-friendly robot 

navigation in dynamic environments. In Proceedings of the IEEE International 

Conference on Robotics and Automation (ICRA), pages 423430, Karlsruhe, Germany, 

May 610, 2013.

[Guzzi 13b] J. Guzzi, A. Giusti, L. Gambardella, and G. A. Di Caro：Local reactive robot 

navigation: a comparison between reciprocal velocity obstacle variants and human-like 

behavior. In Proceedings of the IEEE International Conference on Intelligent Robots 

and Systems (IROS), pages 26222629, Tokyo, Japan, November, 37, 2013.



Steering
• Auto-avoidance in movement
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movie/35_Steering.mp4


Steering (movie)
• Auto-avoidance in movement
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MOTION ANALYSIS

Chapter 6 
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Attack Motion Analysis
Attack motion analysis system 
automatically finds the maximum distance 
and angle for attack by a simulation of 
animation and attack.

AI graph uses the distance and angle 
motion found.

This semi-automatic system can reduce 
the workload of a game designer by half.
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movie/37_MotionAnalyze_Behemoth.mp4


Attack Motion Analysis (movie)
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Attack Motion Analysis
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Attack Motion Analysis (movie)
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3. Rule-based AI system
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AI Graph
Basic logic execution Rule execution

AI Graph
Behavior template 
execution

Rule-based AI System



Rule-based AI System

Behemoth’s 

rule
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Desired Direction Overshoot
Desired Direction

Character’s trajectory

Simulation of character’s curving  



Curving Motion Analysis (movie)
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Curving Motion Analysis (movie)
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Movement Motion Analysis
Charts auto-generation of 
character’s turning 
performance and stopping 
performance by using the 
automatic move motion 
analysis system

Further, "automatic motion" 
overlapped by image find 
errors in the animation data 
and correct them.
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Movement Motion Analysis
Charts auto-generation of 
character’s turning 
performance and stopping 
performance by using the 
automatic move motion 
analysis system

Further, "automatic motion" 
overlapped by image find 
errors in the animation data 
and correct them.
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Movement Motion Analysis
Charts auto-generation of 
character’s turning 
performance and stopping 
performance by using the 
automatic move motion 
analysis system

Further, "automatic motion" 
overlapped by image find 
errors in the animation data 
and correct them.
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CHARACTER 
CONVERSATION
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Chapter 7 



Scenario
System
＆＆

Scenario
ＤＢ

Level Ａ

Battle

Buddy AI 

Level Ｂ

Level Ｃ

Game System

上段 達弘、下川 和也、高橋 光佑、並木 幸介
「FINAL FANTASY XV におけるレベルメタAI制御システム」
https://cedil.cesa.or.jp/cedil_sessions/view/1544
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Character Conversations
An order to play script 

Meta-AI

Mass production system of AI Conversation 

LEVEL

A request to play a script

(Ex) when a player  enters in city,  level throws a request to the syste

Character
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Scenario
System
＆＆

Scenario
ＤＢ

Level Ａ

Battle

Buddy AI 

Level Ｂ

Level Ｃ

Game System

上段 達弘、下川 和也、高橋 光佑、並木 幸介
「FINAL FANTASY XV におけるレベルメタAI制御システム」
https://cedil.cesa.or.jp/cedil_sessions/view/1544

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

https://cedil.cesa.or.jp/cedil_sessions/view/1544


Character Conversation 
• Condition to play a script 

– Interval time from previous play

– Character 

– Time zone (morning, night, afternoon)

– Area (city, dungeon, car)

– Weather, Temperature 

– Story progress  

– Battle condition (hard, easy)

– Body condition 

etc.

Group No Script No Time Place …

Group A ScriptA-1 Morning City …

ScriptA-2 Morning Car …

ScriptA-3 Night Any …

Group B ScriptB-1 Noon Outdoor …

… … … …
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Character Conversation 

To move its body and motion to a speaker

To change a motion even in running

AI側で臨機応変に。

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Representing a character’s attention 
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Character Conversation 



Character Conversation 
A buddy character predict a player’s goal, runs
in front of a player  and has a relaxed conversation.

To change a motion even in running

AI側で臨機応変に。
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Character Conversation 

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



CHAPTER 8. CROWD AI 
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REPUTATION SYSTEM IN GUNSLINGER (SURREAL
SOFTWARE)

4.1 

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom



Reputation System

Memory Element

1

2

3

5

Group Reputation

Farmers Neural

Lawmen Hate

Bandits Like

Player Hate

Townspeople Neural

Master Event List

1. Bandit Killed Farmer

2. Player Aided Lawmen 

3. Player Killed Bandit

4. Player TradedWith Townsperson

5. […]

Bandit

The Bandit sees a Player killed the friend Bandit and helps a Lawmen, so dislikes the Player

NPC Memory 

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Reputation 
System

Master Event List Reference 

Count

1. Bandit Killed Farmer 4

2. Player Aided Lawmen 1

3. Player Killed Bandit 3

4.

5.

B1

B2

B3

Announces “3”
to a NPC within a radius .

Referenced by 
3 NPC

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom

NPC

NPC

NPC

NPC

Player

Event Announcer
Register Event

An event happens.
Player Killed Bandit.
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Reputation 
System

Master Event List Reference 

Count

1. Bandit Killed Farmer 4

2. Player Aided Lawmen 1

3. Player Killed Bandit 3

4.

5.

B1

B2

B3

Announces “3”
to a NPC within a radius .

Referenced by 
3 NPC

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom

NPC

NPC

NPC

NPC

Player

Event Announcer
Register Event

An event happens.
Player Killed Bandit.

B3 B4

IF the two are friends, 
One NPC tells the event to the other.

A NPC meets a NPC

Reference count＋１

NPC NPC

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Event Announcer

B1

B2

B3

B3 B4

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom

Player

NPC

NPC

NPC

NPC

NPC NPC

Reputation 
System Master Event List Reference 

Count

1. Bandit Killed Farmer 4

2. Player Aided Lawmen 1

3. Player Killed Bandit 4

4.

5.

Player Killed Bandit.

A NPC meets a NPC

IF the two are enemies,
One NPC does not tell the event to the other.

Register Event

Announces “3”
to a NPC within a radius .

An event happens.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Reputation 
System
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Reputation System（Event form）

Master Event List 参照回数

1. Bandit Killed Farmer 4

2. Player Aided Lawmen 1

3. Player Killed Bandit 11

4.

5.
Subject Group Player

Verb DidViolenceTo

Object Group Bandit

Object Individual Joe

Magnitude 75(Killed)

Where 50,20,128(In front of saloon)

When High noon

Template KilledBanditTemplate

ReferenceCount Known by 11 NPCs

Reputation Effects Bandits hate player more

Lawmen like player more

Farmers like player more

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom
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Reputation System（Information Exhange）

Memory Element Confidence Time Stamp

1 43 0:13:43

3 76 1:4:53

7 63 1:7:45

11 12 1:24:54

12 52 2:6:55

Memory Matching

NPC Memory NPC Memory

Memory Element Confidence TimeStamp

2 43 0:15:13

4 87 0:46:3

7 12 2:17:56

15 53 2:14:45

71 84 3:56:15

If there are memories for the same event, one memory is over-written by the other with a higher confidence,
If there are memories for the same object, one memory is over-written by the other newer memory. 

Event to overwrite → In Master Event List, Reference Count ＋１
Event to be deleted → Master Event List -１
(If a reference count becomes zero,  it is deleted from Master Event List)

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom

NPC NPC
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Reputation System 
（Information Complementation System）

When NPC A meets Joe, Joe is already dead.

Joe was Killed by unknown group

NPC saw Joe was shot by a Lawmen.

Joe was shot by lawmen group

Joe was killed by lawmen group

Reconstruct a new information 
From incomplete information.

It may be wrong, but human is like that….

Greg lt, Kristin King,  “A Dynamic Reputation System Based on Event Knowledge”, 8.6, AI Game Programming Wisdom

NPC

NPC

NPC

NPC

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Never Winter Night’s Reputation System

Ultima Online’s Reputation System

Gunslinger’s Reputation System

Ever Quest’s Reputation System
Original 

Reputation System

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Never Winter Night’s Reputation System

Witness Nobody Attack to 

the friend 

species

NPC who 

is friend 

with the 

object 

Neutrality NPC who is 

neutral to the 

object 

Attack 

to the 

enemy 

species

An enemy

Attack -2 -12 -6 -4 -2 -2 0

Kill -5 -45 -25 -15 -5 -5 0

Steal -1 -5 -3 -2 0 -1 0

Monster Bandit Guard People

Monster 100 0 0 0

Bandit 50 50 0 0

Guard 0 0 100 100

People 0 0 100 80

Object
Subject

Friend parameter = How good the subject thinks the object .

How Friend parameter changes to the enemy action.

Influence to friend parameter changes to who saw the event

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Never Winter Night’s Reputation System

Friend parameter reduces based on the kind of enemy the NPC killed

Friend parameter reduces from the witness

How Friend parameter changes to the enemy action.

Saw…

Witness Nobody Attack to 

the friend 

species

NPC who 

is friend 

with the 

object 

Neutrality NPC who is 

neutral to the 

object 

Attack 

to the 

enemy 

species

An enemy

Attack -2 -12 -6 -4 -2 -2 0

Kill -5 -45 -25 -15 -5 -5 0

Steal -1 -5 -3 -2 0 -1 0

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Never Winter Night’s Reputation System

PC Monster Bandit Guard People

Monster 0 100 0 0 0

Bandit 0 50 50 0 0

Guard 95 0 0 100 100

People 75 0 0 100 80

Object
Subject

Friend parameter = How good the subject thinks the object is .

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Mark Brokington, “Building a reputation system: Hatred,  Forgivveness, and Surrender in Never Winter Nights”, 6.5,  Massive Multiplayer Game Development



Personal Reputation
Guard remembers the character who attacked it.

時間

Reputation

Guard changes the reputation to the PC who attacked it

40 220

To prevent all from attacking the PC,  
PC’s reputation becomes recovered automatically.

Guard
Guard

Guard

Guard

Guard

Guard

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Mark Brokington, “Building a reputation system: Hatred,  Forgivveness, and Surrender in Never Winter Nights”, 6.5,  Massive Multiplayer Game Development



Reference

Mark Brokington, “Building a reputation system: Hatred, 

Forgivveness, and Surrender in Never Winter Nights”, 6.5, 

Massive Multiplayer Game Development
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DISTRIBUTION AND ALLOCATION OF NPC

4.2
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F-formation (Kendon, 1984)

• Standing position of a group

Paul Marshall,Yvonne Rogers,Nadia Pantidi
Using F-formations to analyse spatial patterns of interaction in physical environments
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf

p-space

o-space

r-space

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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F-formation Pattern

Paul Marshall,Yvonne Rogers,Nadia Pantidi
Using F-formations to analyse spatial patterns of interaction in physical environments
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf


F-formation Pattern

Paul Marshall,Yvonne Rogers,Nadia Pantidi
Using F-formations to analyse spatial patterns of interaction in physical environments
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf
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Territory and Influence

• Territory …distance between two people

• behavioral influence

Region where a behavior has influence 

- Social place   

- Social situation  

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Social Dynamics

Social Dynamics 

=    Social Behavior influence

at Social place

makes Social Situation

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Common space 
(do not enter!)

Rings of the attendees for conversation.

A person who enters the circle, 
someone sees the person.

F-formation

Cladio Pedica - Spontaneous Avatar Behaviour for Social Territoriality Reykjavik University.
http://www.ru.is/faculty/hannes/students/MSThesisClaudioPedica.pdf

A person who enters the circle, 
someone sees that person carefully.

p-space

o-space

r-space

c-space

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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The distance social behavior has
enough effectiveness

A distance of 
conversation

Territory four people forms

F-formation

Cladio Pedica - Spontaneous Avatar Behaviour for Social Territoriality Reykjavik University.
http://www.ru.is/faculty/hannes/students/MSThesisClaudioPedica.pdf
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Unnatural/Natural

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Unnatural/Natural
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Targeting System
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What is targeting problem ?

Which enemy NPC should attack ? 
If all NPCs attacks the same enemy, it seems very foolish.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Belgian AI
Grid capacity, Attack Capacity

Attack Weight = 4 

１２

Grid Capacity =  Number of monsters that can enter the region

Each monster has an attack weight,

Attack Capacity = maximum sum of the monsters’ attack weight.

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Belgian AI（Example）

Attack Weight = 4 

Stage 
Manager

Grid Capacity = 5 
Attack Capacity = 12

１２

RequestAssign

A monster requests to a stage Manager.
The stage manager assigns possession 
of the nearest slot 

After the monster attacks a player, 
It returns the possession soon.

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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Belgian AI（Example）

Attack Weight = 4 

Stage 
Manager Grid Capacity = 5 

Attack Capacity = 12

８

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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Belgian AI（Example）

Attack Weight = 4 

Stage 
Manager Grid Capacity = 5 

Attack Capacity = 12 

０
GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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Attack Weight = 4 

Grid Capacity = 5 
Attack Capacity = 12 

２

Attack Weight = 6 

Belgian AI（Example）
Stage 

Manager

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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Attack Weight = 4 

Grid Capacity = 5 
Attack Capacity = 12 

２

Attack Weight = 6 

Belgian AI（Example）
Stage 

Manager

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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Attack Weight = 4 

Grid Capacity = 5
Attack Capacity = 12 

２

Attack Weight = 6
（Normal Attack）

Attack Weight = 10
（Special Attack）

Belgian AI（Example）
Stage 

Manager

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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Stage 
Manager

Belgian AI（Example）
GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur

A monster requests to a stage Manager.
The stage manager assigns possession 
of the nearest slot 

After the monster attacks a player, 
It returns the possession soon.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Stage 
Manager

Belgian AI（Example）
GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur

A monster requests to a stage Manager.
The stage manager assigns possession 
of the nearest slot 

After the monster attacks a player, 
It returns the possession soon.

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Stage 
Manager

Belgian AI（Example）

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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The monster does not remember 
the slot.

Always  the Stage Manager 
has all control.

Stage 
Manager

Belgian AI（Example）

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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A monster who begins to attack
can lock itself to a given assignment.

Stage 
Manager

Belgian AI（Example）

GDC 2012 AI Postmortems: 
Kingdoms of Amalur: Reckoning, Darkness II and Skulls of the Shogun
Michael Dawe,
http://www.gdcvault.com/play/1015380/AI-Postmortems-Kingdoms-of-Amalur
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TARGETING WITH BLACKBOARD

4.3
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Cooperation

AI

Ａ

Ｂ

Ｃ

1

2

3

4 5

Players
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Cooperation

AI

Ａ

Ｂ

Ｃ

1

2

3

4 5

Players
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集団の協調

AI

Ａ

Ｂ

Ｃ

1

2

3

4 5

Players

Chaos…
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Cooperation

1

2 3

4 5

KS
Ａ

Ｂ

Ｃ

Enemy B Slot 2
Enemy  C Slot 1

Enemy A
Slot 2     

Enemy B
Slot 1     

Enemy C
Slot 2     
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1

2 3

4 5

KS
Ａ

Ｂ

Ｃ

Enemy B Slot 2
Enemy  C Slot 1

Enemy A
Slot 2     

Enemy B
Slot 1     

Enemy A
Slot 2     

Entry

Accept!

Cooperation
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1

2 3

4 5

KS
Ａ

Ｂ

Ｃ

Enemy B Slot 2
Enemy  C Slot 1

Enemy A
Slot 2     

Enemy B
Slot 1     

Enemy A
Slot 2     

Entry

Reject!

Cooperation
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1

2 3

4 5

KS
Ａ

Ｂ

Ｃ

Enemy B Slot 2
Enemy  C Slot 1

Enemy A
Slot 2     

Enemy B
Slot 1     

Enemy A
Slot 2     

Cooperation
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



AMBIENT AI
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Chapter 9 

(NON-PLAYER CHARACTER IN THE TOWN)

Not Just Planning: STRIPs for Ambient NPC Interactions in Final Fantasy XV
by Hendrik Skubch, Square Enix
(nucl.ai Conference 2015) 
https://archives.nucl.ai/recording/not-just-planning-strips-for-ambient-npc-interactions-in-final-fantasy-xv/



Ambient NPCs in FF XV

• Goal: Convey culture by
filling the world with life

 NPCs need to interact with the environment & other NPCs

© SQUARE ENIX CO., LTD. All Rights Reserved. MAIN CHARACTER DESIGN：TETSUYA NOMURA

• Emphasize differences 
between places

© SQUARE ENIX CO., LTD. All Rights Reserved. MAIN CHARACTER DESIGN：TETSUYA NOMURA
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Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch, GAME AI PRO 3



Ambient AI
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Classic Smart Objects

The Good Old Fridge:
• SmartObject: emits 

information
• Contains all necessary data 

for interacting:
– Animations
– AI state machine
– Sound
– etc

Hunger: -10
Provides: Food

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Multiple Smart Objects
July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Provides: Rest

Provides: Rest

Provides: Surface?

© SQUARE ENIX CO., LTD. All Rights Reserved. MAIN CHARACTER DESIGN：TETSUYA NOMURA
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From SmartObjects to SmartLocations

• Generalize SmartObjects to 
SmartLocations

– Instead of the chairs being smart, 
have a single invisible object own 
the chairs and the table.

– Put the “smartness” into this 
single object.

Scripts

Emitters

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



SmartLocation: Two Chairs and a Table

July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Interaction Type: Rest
Has:  2 Chairs, 1 Table

© SQUARE ENIX CO., LTD. All Rights Reserved. MAIN CHARACTER DESIGN：TETSUYA NOMURA
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SmartLocation: Movie



© SQUARE ENIX CO., LTD. All Rights Reserved. MAIN CHARACTER DESIGN：TETSUYA NOMURA
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SmartLocation: Movie



©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

SmartLocation: Movie



Scripting – Foundations

• STRIPS
– Symbolic language to describe problem domains, 

especially for planning

– Foundation for GOAP

– Domain described in terms of states, actions and 
goals.

– Ancient: 1971

July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch, GAME AI PRO 3

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



kSymbol_

TargetIsDead
kSymbol_

TargetIsDead

Attack

kSymbol_

WeaponArmed

kSymbol_

WeaponArmed

Reload

kSymbol_

WeaponArmed
kSymbol_

WeaponArmed

Pick up 

a weapon 

None

Planner

Actions’ 
Pool

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

GOAP (Goal-Oriented Action Planning)

Chaining

Chaining
Added Condition

Action 

Pre-condition 

GOAL condition

Jeff Orkin (2006), Three States and a Plan: The AI of F.E.A.R. 
Proceedings of the Game Developer's Conference (GDC). 
http://alumni.media.mit.edu/~jorkin/

http://alumni.media.mit.edu/~jorkin/


Scripting – Foundations

Classic example from academia:

July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Action: pickup(X)
Pre: onTable(X) & clear(X) & !holding(Y) 
Add: holding(X)
Del: onTable(X), clear(X)

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch, GAME AI PRO 3

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



A Conversation with Two NPCs
July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

© SQUARE ENIX CO., LTD. All Rights Reserved. MAIN CHARACTER DESIGN：TETSUYA NOMURA
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Sitting Down
July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Rule 1:
Action: sit(X)
Pre: closestOf(chair,X,me) & !reserved(X,Y)
Add: reserved(X,me)
Add-Deferred: sitting(me) & timeToGetUp(now+rand(10,15)*minute,me)
Next State: sitting

Internal states: syntactic sugar to keep preconditions small

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch, GAME AI PRO 3

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Talking
July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Rule 3:
State: sitting
Action: talk(X) 
Pre: talker(me) & anyOther(X) & sitting(X)
Del-Deferred: talker(me)

Talk to a random sitting person if picked by the prior rule.

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch, GAME AI PRO 3

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Roles – Adding a Waiter

Calling the waiter:

July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Rule:
Role: customer
State: sitting
Action: wave(W)
Pre: !have(me,Food) & table(T) & !orderState(Any,T,me) & 

roleOf(W,waiter) & infrontOf(W,me) & !waving(Any)
Add: waving(me)
Add-Deferred: orderState(wantOrder,T,me)
Del-Deferred: waving(me)

Select a waiter in front 
of an NPC (and 

thereby select an NPC)

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Roles – Adding a Waiter
July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Rule:
Role: waiter
State: idle
Action: goto(Table)
Pre: orderState(wantOrder,Table,Someone)
Add-Deferred: waiterAtTable(me,Table)
NextState: takeOrder

Example rule for the waiter:

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch, GAME AI PRO 3

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.
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Roles – Adding a Waiter



Roles – Adding a Wai (Video)
July  21st, 2015
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EditorJuly  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

The complete script for the conversation example: 

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Editor

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

The complete script for the conversation example: 

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Compiler
July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

XML Parser
ANTLR Formula 

Parser

XML Input

Intermediate 
Model

Validation

Binary
Debug
Data

Vocabulary

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch, GAME AI PRO 3

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Runtime Debugging
July  21st, 2015

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Debug View:
• Pausing
• Stepping
• Tuple Space Inspection

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Ambient AI
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Ambient AI (movie)
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Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



CHAPTER 11. 
LEARNING SYSTEM FOR A CHARACTER

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Game World
（Environment/Level）

Five 
senses

Body

Languag
e

Knowledge 
Representatio

n

Knowledg
e

Making

Decision
Making

Body

Motion 
Making

Information Flow

Memory

Internal Cyclic Information Flow 

Sensor

Effector

Intelligence

Agent Architecture 
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Game World
（Environment/Level）

Five 
senses

Body
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Making
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Game World
（Environment/Level）

Five 
senses

Body

Languag
e

Knowledge 
Representatio

n

Knowledg
e

Making

Decision
Making

Body

Motion 
Making

Information Flow

Memory

Internal Cyclic Information Flow 

Sensor

Effector

Intelligence

Agent Architecture 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

Learning  
= form an action and the result changes decision making

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

1

1

Ice MagicDamage： 0 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

1

1

Ice MagicDamage： 0 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

1

1

Dark MagicDamage： 8 
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

1

1

Ice MagicDamage： 0 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

1

1

Dark MagicDamage： 8 

Flare MagicDamage： 72 

To enemy
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

1

1

Ice MagicDamage： 0 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

1

1

Dark MagicDamage： 8 

Flare MagicDamage： 72 

To enemy

Learning Phase
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 0 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

Dark MagicDamage： 8 

Flare MagicDamage： 72 

To enemy

（Example） Ice Magic 1+0/   (72+8) =  10/10
Flare Magic 1+ 72/(72+8)  =  19/10 
Dark Magic 1+ 8/  (72+8)  =  11/10 

1.9

1.1

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 80 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

To enemy

1.9

1.1
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 80 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

To enemy

1.9

1.1

Flare MagicDamage： 28 

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 80 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

To enemy

1.9

1.1

Flare MagicDamage： 60 
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 80 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

To enemy

1.9

1.1

Flare MagicDamage： 60 

Dark MagicDamage： 42 
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 80 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

To enemy

1.9

1.1

Flare MagicDamage： 60 

Dark MagicDamage：60 
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 80 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

To enemy

1.9

1.1

Flare MagicDamage： 49 

Dark MagicDamage：60 

Learning Phase
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Principle of learning for chracter

行動の表現

Ice Magic

Flare Magic

Dark Magic

1

Ice MagicDamage： 80 

Representation
of Action

Representation
of the Result

Representation
Of Decision Making

1

To enemy

1.9

1.1

Flare MagicDamage： 49 

Dark MagicDamage：60 

（例） Ice Magic 1+ 80/   (80+60+60) =  1.4
Flare Magic 1.9 + 60/ (80+60+60) /3  =  2.2
Dark MAgic 1.1 + 60/  (80+60+60) /2  = 1.4  

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



CHARACTER EVOLUTION

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.
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Game World
（Environment/Level）

Five 
senses

Body

Languag
e

Knowledge 
Representatio

n

Knowledg
e

Making

Decision
Making

Body

Motion 
Making

Information Flow

Memory

Internal Cyclic Information Flow 

Sensor

Effector

Intelligence

Agent Architecture 

Primitive Learning

Higher Learning

Bayesian Network /Support Vector Machine
Reinforcement Learning
Decision Tree Learning

Self-Organization 
Neural Network

Generic Algorithm
Genetic Programming 

Learning
Algorithm

Evolutionary
Algorithm
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Learning・Evolutionary Algorithm

• Bayesian Network 

• Support Vector Machine

• Reinforcement Learning

• Decision Tree Learning

• Self-Organization 

• Neural Network

• Generic Algorithm

• Genetic Programming 
自然界

人間の細胞

人間の知能

Learning Algorithm
（for individual character）

Evolutionary Algorithm
（for character group）

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Learning・Evolutionary Algorithm

• 「Leaning = Learning algorithm」 is not true.

• 「Evolution＝Evolutionary algorithm」 is not true

Learning

Learning
Algorithm

Evolution

Evolutionary
Algorithm

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Genetic Algorithm
Make a group evolve in one direction

First generation New generation（１００～）

…

Evolution by generation

One generation produces a next generation
© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Genetic Algorithm

遺伝子

Gene

Next 
Generation

Parent ①

Parent②

Pick up two parents
from base group

Crossover two genes Produce new generation

(selection) (crossover) (production)

Present Generation

The iteration makes a desired generation in the environment

遺伝子

Gene

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



②Simulation and Evaluation

In the environment, after all NPC take actions, they are evaluated.

Order Evaluation
1st ８６.３
2nd ７８.４
3rd ７５.３
..…
…

100th ３８．２

Evaluation function
（Example） If you want to make strong NPC

Evaluation function＝0.7*Number of enemy it defeated＋0.3* HP Remains
If you want to make survival NPC Evaluation function＝ time to survive

Game World

敵

Enemy

How an NPC adjusts to the world ?  

Evaluate a gene by the result in the world  of the NPC who has the gene.

EnemyEnemy

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



From Evaluation Value to Fitness Value

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Order Fitness 
1st ９.３２
2nd ８.８３
3rd ７.８１
..…
…

100th ０.０２

Transform evaluation value to fitness value

Evaluation value is score.
Fitness value shows how the agent fit the world.

Order Evaluation
1st ８６.３
2nd ７８.４
3rd ７５.３
..…
…

100th ３８．２



（Example）④ Astronoka

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Initially, they are trapped easily… They learn to avoid many traps.

MuuMuu, 「Astronoka」（Enix, 1998）

http://dlgames.square-enix.com/jp/psga/2008/astronoka/
http://www.muumuu.com/product.html

New Generation（５～）First Generation
Want to 

Eat 
vegetables

The best AI game in the world that uses Generic Algorithm
( Classical and great work )

http://dlgames.square-enix.com/jp/psga/2008/astronoka/
http://www.muumuu.com/product.html


What is Astronoka?

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Player grows vegetables in a field.

NPC comes to eat them.

Player makes traps around the field to protect vegetables.

Player gets a prize by growing  good vegetables！

http://dlgames.square-enix.com/jp/psga/2008/astronoka/
http://www.muumuu.com/product.html

MuuMuu, 「Astronoka」（Enix, 1998）

http://dlgames.square-enix.com/jp/psga/2008/astronoka/
http://www.muumuu.com/product.html


Flow chart
of GA

A player makes traps

Beginning of a day

Trap battle begins

Trap battle ends

Evaluation

Fitness value 

Order 

Delete the last two NPC 

Pick up two parents from NPCs with high fitness value 

Generate two new NPCs

Generate new generation

Get enough number of new NPC

The day ends

Generation exchange 
rate changes

Mutation rate changes

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



４－① Gene mapping

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Gene code and initial parameter set

56 x 8 ＝448 bit

遺伝子Height power Run speed Patient Weight Patient for Light

1.87 6.85 16.25 25.03 25.03 16.25 6.85 1.87

0 1 2 3 4 5 6 7

[Bit weight]

[NPC attribute （56 parameter）]



４－② Simulation and evaluation

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Evaluation score is proportional to how long NPC go into the field 
avoiding and breaking traps.

G

Fitness＝Score＋Time*0.3＋Enjoy param*0.5＋Trap_Score＋Safety＋HP*0.5

Time for clear

G

C B A B C

C B C

C 

S

G

A

B

C

Start

Bonus =100

Goal

Bonus =50

Bonus =30

Bonus =10

Bonus =0



GA improvement in Game system

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.

Average of fitness 

A curve of fitness a day
Generations

(1) To give a feeling of evolution to users, 
the game system evolves 5 generations a day by GA.   

(2) To make constant speed of evolution of one day, 
the game system controls the number of iterations of GA 

evolution.



Summary

• AI in digital games has split into three AI. 

• Each AI has different techniques. 

• The whole AI system in game is constructed by integrating 
three AI.

• Character AI includes many other academic fields, and it has 
deep relations with the ecology of living things. 

• Game AI is now spreading over many research fields.  

© 2015 SQUARE ENIX CO., LTD. All Rights Reserved.



Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
2. What is FINAL FANTASY XV ? 
3. Character AI

4.1 Intelligence and body 
4.2 Introduction to decision making
4.3 AI Graph (SQEX original AI system)

4. Meta AI 

5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
5.2 Point query system 
5.3 Steering system
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7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
replayed by pushing  a button 



DATA LOGGING AND 
VISUALIZATION

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Chapter 9 



Logging System

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Data flow from game to web-browser visualization 
Logging Visualization in FINAL FANTASY XV
Matthew W. Johnson, Fabien Gravot, Shintaro Minamino, Ingimar Gudmundsson, Hendrik Skubch, and Miyake Youichiro
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PQS（point querying system） Statistics  in a town 

Statistics of PQS Query

Query’s 
variation

Logging Visualization in FINAL FANTASY XV
Matthew W. Johnson, Fabien Gravot, Shintaro Minamino, Ingimar Gudmundsson, Hendrik Skubch, and Miyake Youichiro



Scenario
System
＆＆

Scenario
ＤＢ

Level Ａ

Battle

Buddy AI 

Level Ｂ

Level Ｃ

Game System

上段 達弘、下川 和也、高橋 光佑、並木 幸介
「FINAL FANTASY XV におけるレベルメタAI制御システム」
https://cedil.cesa.or.jp/cedil_sessions/view/1544

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

https://cedil.cesa.or.jp/cedil_sessions/view/1544


Statistics of number of calling scenarioes

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Histogram of calling a scenario
⇔ This histogram is used to adjust 
some para meters to call a scenario.

Logging Visualization in FINAL FANTASY XV
Matthew W. Johnson, Fabien Gravot, Shintaro Minamino, Ingimar Gudmundsson, Hendrik Skubch, and Miyake Youichiro



Heat map of animation

©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

Heat map of character’s animation called in each aria. （This data is used to design animation 
packages. Which animations should be one package )

Logging Visualization in FINAL FANTASY XV
Matthew W. Johnson, Fabien Gravot, Shintaro Minamino, Ingimar Gudmundsson, Hendrik Skubch, and Miyake Youichiro



Digital Game AI  
1. Introduction - GAME AI OVERVIEW –
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5. Navigation AI 
5.0 What is Navigation AI ?
5.1 Pathfinding system
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©2018 SQUARE ENIX CO., LTD. All Rights Reserved.

7. Motion Analysis
8. Character’s conversation
9. Crowd AI 
10. Ambient AI 
11. LEARNING system for a  
Character
12. Data logging and 

visualization
13. Summary

Contents This slide has many movies that can be 
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SUMMARY
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Chapter 10



Session summary
• In the chapter of introduction of decision making, we 

show an overview of the contemporary techniques. 

• The original decision making concept to satisfy many 
different requirements for character are explained.

• Device points of design and implementation for graph-
based AI logic tool are introduced.

• The case studies of AI technologies in the game FINAL 
FANTASY XV are showed by using slides and movies.
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AI Technologies in FFXV  What problem can be solved by using it ? 

Meta-AI Controlling a game

Navigation AI Recognizing a terrain 

Navigation mesh Finding a global path

Smart waypoint Finding a local path

PQS （Point Query System） Finding a tactical point

Character AI Character’s brain 

Agent Architecture Framework of character’s intelligence

Decision Making (State machine) State-based decision making

Decision Making (Behavior tree) Behavior-based decision making

Decision Making （AI Graph） Hybrid decision making 

Animation Graph Defining transition between animations

Body Layer Controlling body status 

Learning by motion simulation Abstract motion’s features by simulation

Data Mining and Visualization Representing a game inner status  in real-time
©2018 SQUARE ENIX CO., LTD. All Rights Reserved.



Memory usage

• Memory

AI Graph  20M～

Navmesh 20M～
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FINAL FANTASY XV AI Summary
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FINAL FANTASY XV AI Summary (movie)
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SQUARE ENIX articles in Game AI PRO 3
Predictive Animation Control Using Simulations and Fitted Models.
Ingimar Hólm Guðmundsson, Skubch Hendrik, Fabien Gravot and Yoichiro Miyake

Ambient Interactions: Improving believability by leveraging Rule-based AI
Hendrik Skubch

Logging Visualization in FINAL FANTASY XV
Matthew W. Johnson, Fabien Gravot, Shintaro Minamino, Ingimar Gudmundsson, 
Hendrik Skubch, and Miyake Youichiro

Guide to Effective Autogenerated Spatial Queries
Eric Johnson

A Character Decision-Making System for FINAL FANTASY XV by combining 
Behavior Trees and State Machines
Youichiro Miyake, Youji Shirakami, Shimokawa Kazuya, Kousuke Namiki, Tomoki, 
Komatsu, Tatsuhiro Joudan, Prasertvithyakarn Prasert, Takanori Yokoyama
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• Youichiro Miyake: Square Enix AI academy: a seminar series for the introduction of digital game AI, 
SIGGRAPH Asia 2015 Symposium on Education, Article No. 13

• Youichiro Miyake: Square Enix AI academy: AI workshop for blackboard architecture, SIGGRAPH Asia 
2015 Symposium on Education, Article No. 9

• Youichiro Miyake:  AI techniques for contemporary digital games, SIGGRAPH Asia 2015 Courses, 
Article No. 3

• Youichiro Miyake: Square Enix AI academy: AI workshop for blackboard architecture, SIGGRAPH 
ASIA 2016 Symposium on Education: Talks, Article No. 10

• Youichiro Miyake: A Multilayered Model for Artificial Intelligence of Game Characters as Agent 
Architecture, Mathematical Progress in Expressive Image Synthesis III, Springer

• Isamu Hasegawa, Remi Driancourt, Hiromitsu Sasaki, Youichiro Miyake: Real-Time Technologies of 
FINAL FANTASY XV Battles, SIGGRAPH 2016, https://www.youtube.com/watch?v=xvMgGGMPzFU
(20min-)
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References
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FINAL FANTASY XV Core AI Team in 2015
• SQUARE ENIX 
• Youichiro Miyake

（AI Graph）Youji Shirakami 、Kazuya Shimokawa
（Monster AI & Learning）Kosuke Namiki, Tomoki Komatsu
（Animation）Noriyuki Imamura
（AI Navigation & Simulation）Fabien Gravot, Hendrik Skubch, 

Ingimar Holm Gudmundsson, Matthew W. Johnson
（Buddy AI, Meta AI）Prasertvithyakarn Prasert, Tatsuhiro Joudan
（Data Logging)  Shintaro Minamino
(AI Mode) Kosuke Takahashi
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Questions
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• miyakey@square-enix.com

• y.m.4160@gmail.com

• Twitter: @miyayou

• Facebook: 
https://www.facebook.com/youichiro.miyake

mailto:miyakey@square-enix.com
mailto:y.m.4160@gmail.com
https://www.facebook.com/youichiro.miyake


Trademarks

The Sims is a trademark or registered trademark of Electronic Arts Inc.

LEFT 4 DEAD is a trademark or registered trademark of VALVE 
CORPORATION.

UNREAL ENGINE is a trademark or registered trademark of Epic Games, 
Inc.

All other trademarks are the property of their respective owners.
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Thank you & Question to:

miyakey@square-enix.com 

Twitter: @miyayou

Facebook: https://www.facebook.com/youichiro.miyake
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