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MELEE FIGHTING GAME



COMPETITIVE MULTIPLAYER



BELIEVABLE BATTLEFIELD



2 separated AI systems!

How did we get there ?
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Character diversity
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Input driven

Reflect gamepad

Indirect control
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Peer to Peer
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Simulation

Simulation

LAG… ?

Our solution: a deterministic simulation 

Simulation

Timestamped Inputs

Deterministic Simulation on each peer
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SIMULATION

Update Loop
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Frame vs Simulation Step

Frame 1 Frame 2 Frame 3

Step 1 Step 1 Step 2 Step 2 Step 3

Frame

FUNDAMENTALS



Rewind Frequency

they happen all the time

Normal operation

Peeks up to 

100 ms delay
3 steps

300 ms delay
9 steps

FUNDAMENTALS



History Buffers

States
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DETERMINISTIC AI

The Believable Medieval Battlefield



DETERMINISTIC AI

The Believable Medieval Battlefield

40 Bytes ~200 
actors

7 peers

1.6 MB/s of upload



Simulation

DETERMINISTIC AI

Update Loop

Katana Actor State



Simulation

Update Loop

Katana Actor State

The Deterministic AI!

DETERMINISTIC AI



DETERMINISTIC AI

Implications

No network traffic

Must use as little CPU as possible

~200 
actors



DETERMINISTIC AI

Step 1 : Time slicing

Frame 1 Frame 2 Frame 3

AI



DETERMINISTIC AI

Step 1 : Time slicing

One update every 300 ms ( ~3 Hz )

Allows us to be resilient to rewinds

Frame 4

AI

Frame 2 Frame 3

AI



DETERMINISTIC AI

Step 2 : Simplified physics
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DETERMINISTIC AI

Step 3 : Navigation

No NavMesh pathfinding
NavMesh history buffers would have been too expensive in memory

CPU concerns for all those requests

?



NavFlows





Navigation – Group Behavior

Full synchronization, squads with defined position, etc.

felt extremely fake / not very enjoyable for players

DETERMINISTIC AI



Navigation – Group Behavior

the Merge Problem

DETERMINISTIC AI



DETERMINISTIC AI

Navigation – Group Behavior

Our Solution : Flocking (++)

Easy to understand for players

Simple and elegant



DETERMINISTIC AI

Navigation Rule 1 – Distance from Actor X



DETERMINISTIC AI

Navigation Rule 13 – Combat State

Free Roaming

Combat



Navigation Rule 42 – Player Actions

DETERMINISTIC AI



Navigation Rule 42 – Player Actions

DETERMINISTIC AI



Navigation Rule 73 – Moses effect

DETERMINISTIC AI



Navigation Rule 73 – Moses effect

DETERMINISTIC AI



Navigation tweaking

Let designers tweak all those values…! 

DETERMINISTIC AI



Navigation tweaking

DETERMINISTIC AI

“One does not just mess with the lane…

It has a mind of it’s own.”

-Bio Jade Adam-Granger



NormalCompact Scattered

Navigation tweaking Presets

DETERMINISTIC AI





Scattered

DETERMINISTIC AI



DETERMINISTIC AI

CLASH!



DETERMINISTIC AI
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DETERMINISTIC AI

Making them fight





DETERMINISTIC AI

Behavior Trees







Behavior Trees

DETERMINISTIC AI

Nodes
Hooks

Conditions



And its failures…

DETERMINISTIC AI

Complexity problem

CPU cost





REPLICATED AI

Why another AI system? 

Free movement in the map

Environment awareness

Reactivity

Difficulty: Skills > Stats



Simulation

REPLICATED AI

Controlling a character

Katana Actor State

Katana Actor StateAI

World



REPLICATED AI

Working out of the Simulation

No need to predict replicated characters state 
• Simulation does it

Do not consider rewinds
• Decisions based on current local world state only – Can take wrong decisions

Updated only once per frame!

Frame

Sim Step Replicated AISim Step Sim StepSim Step



REPLICATED AI

AI Layer Architecture 

Team strategy

Actor strategy

Fight service

Inputs for Katana

Navigation service …



REPLICATED AI

Controlling Katana



REPLICATED AI

Know your character – Standard information

• Move availability

• Ranges

• Timings 

• Special Properties

Need to define standards for characters with designers



REPLICATED AI

Know your character – Combo and Unique actions

Need AI specific data in Katana to orientate the search



REPLICATED AI

Fight Actions 

Simple logical blocks:
• Standard actions : Block, Attack, Dodge, …

• Specific action : Play input path

Character agnostic: Use auto extracted data only



REPLICATED AI

Fight Actions – Example



REPLICATED AI

Fight Actions – Example

He is attacking me!

Attack

DefenseDelay
time



REPLICATED AI

Let AI designers create fighters

PvP:
• Player replacement

• Unpredictable fighter

PvE:
• Teach the game

• Pattern based

• Bosses with multiple stages

Solution: « Fight databases »



REPLICATED AI

Fight Layer – Structure

• Decision Tree to decide what to do
• Filters : Condition + Priority

• Selection : Weighted random

• Leaf - Graph to do it
• Actions 

• Conditionnal branchings

• Can be interpreted by any character

Action Graph

Decision Tree

Conditions 

and Filters



REPLICATED AI

Fight Layer – Runtime

Queries almost every frame for each fighting AI

Optimizations:
• Pre-compute as much as you can

• Early out thank to tree structure

• Partial queries



REPLICATED AI



Team 2Team 1

REPLICATED AI

PvP Bot Selection

P P P P PP

B B



REPLICATED AI

PvP Bot Selection

Rank 1 Rank 2 Rank 3

Bot Difficulty

HARD

EASY



REPLICATED AI

AI validation

(12 Characters *  3 Difficulties)2 = Too many to test!

Need to compare them using science not feelings

Solution: 

Automatic bot duels with tracking



REPLICATED AI

AI validation – Usage

1 PC = 250+ duels / night

Aim to reach predefined win ratio

Can only detect high level anomalies – Not a silver bullet





TAKEAWAYS

Input Driven ?



TAKEAWAYS

Data Driven ?



TAKEAWAYS

The Simulation

Simulation

Simulation

Simulation



TAKEAWAYS

2 distinct AI Systems ?



THANK YOU

Questions?

xavier.guilbeault@ubisoft.com frederic.doll@ubisoft.com


