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This talk is about...

¥ Making a deterministic game
X Dedicated Servers

X Network

X Gameplay

X Input Delay




Design constraints Technical constraints
o Precise o Peer-to-peer

« Fast-paced « Low bandwidth

« Multiplayer o Fair
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Lockstep
Deterministic
Simulation

Buffered
Deterministic
Simulation
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8 Frames in 16ms: Rollback Networking in 'Mortal Kombat' and 'Injustice 2’

by Michael Stallone
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Deterministic simulation?

« Sending only inputs on the network
« Every peer simulate the result
« No authority

MARCH 18-22, 2019 | #GDC19







Buffered?

History buffer 5 seconds
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Don't assume that your engine is deterministic

Don't try to make everything deterministic

Don't underestimate desynchs




Don't assume that your engine is deterministic

~ ml128 Rsq = _mm_rsqrt_ps(vecKW);

Floating point
Physics
Multithreading
o« Time

Loading / dynamic spawning
Random

_ m128 Rsq = _mm_div_ps(_mm_set psi(1.0f), _mm_sqrt_ps(vecW));
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Don't try to make everything deterministic

« Animations
« Not essential
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Don't try to make everything deterministic

« Visual FX, UI, Sound

« Observers
« Immediate vs Finalized
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Don't underestimate desynchs
"We'll be careful”
"It won't happen that much”

"Must not be that hard"

MARCH 18-22, 2019 | #GDC19



Step #1 Know when a desynch happens

"DESYNCH!!"

Track and compare everything all the time




Step #1 Know when a desynch happens

| Gameplay update at time 2000 |

| Manager #1 changes state

| Player #2 changes velocity

| Bot #6 launches projectile

|
|
| Bot #6 changes state |
|
|

| Footman #200 deactivates collision

=> Record set
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Step #1 Know when a desynch happens
« Record set validation every 100ms

« CRC sent to a peer and compared

o If still different after the "finalization time"
Pause the game
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Step #2 Gather some information

o Output record set to XML file ("trace")
« Up to 150MB
« CRC for state changes
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Step #2 Gather some information

<GameplayUpdate TimeMS="2000" Type="Main"> | Gameplay update at time 2000 |

<ManagerStateChange ManagerID="1" ManagerState="N/A" ManagerStateCRC="0x34673%bfb" /> | Manager #1 Changes State

<hgentMovementStateChange TimeMS="2000" AgentIndex="2" Displacement="Local Velocity (0.12, 1.75, 0.00)" Rotation="Lock target 'Actorl (Actor Replica

| Player #2 changes velocity

<Agent3tateChange AgentID="6" AgentState="N/A" AgentStateCRC="0xc22fad0l" /> | BOt #6 Changes State

<Projectilefperation TimeMS="2000" Iype="UserAdd" AgentIndsx="6">
<Projectile StartTime="2000" ExpirationTime="3500" ProjectileDescriptionibjectIl="0x32e3ebl00" InitialPosition="[-31.922534943 , -42.564
</Projectilelperation>

| Bot #6 launches projectile

<hAgentPhyaicaParameteraChange TimeMS="2000" AgentIndex="200" Parameters="capsuleRadius: 0.40, capsuleHeight: 1.40, capsuleyOffset: 0.00, capsulelZlff:

| Footman #200 deactivates collision |
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Step #2 Gather some information

« Ask disagreeing peer to send the details of the
operations

« Extract the differences
« Missing operations
« Mismatching operations
« Output the diff to an XML file
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Step #2 Gather some information

<Divergence Iype="MismatchingAgentStateChange" Pesrld="1" TimeMS5="2000" ProxyIndex="6" Summary="ActorState (Dead['true' wv= 'false']} ">
<5ubState Name="ActorState":>
<{Difference PFroperty="Dead" Local="true" Eemote="false" />
</ 5ubState
</Divergence>
<Divergence Iype="MissinghgentStateChange" PesrlId="1" Tim=MS="2000" ProxyIndex="0" />
<Diwvergence TIype="MismatchingAgentStateChange" Peerld="1" TimeM5="2033" ProxyIndex="6&" Summary="ActorState (ReviveTimelLeftMS['10000' w= '0']) ">
<5SubState Name="ActorState">
<{Difference Property="BeviveTimeLeftMS" Local="10000" Remote="0" />
</5ub5tate>
</Divergence>
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Step #3 Visualize this information

d:hade 2015-03-22_15700_001 gameplaysimulatotrace_peerl 0 FD5 FO5_Breach
d:hgde'2015-03-22_15700_001 gameplaysimulatotrace_peerl 1JIP) FD5 FO5_Breach
2000 Proxy:6 MismatchingAgent StateChange 0 1 ActorState(Dead[true’ vs TalseT)

2000 Proxy:0 MizsingAgent StateChange 0 1

MS[10000 vs 07

Diiff frame

1000
1666

Intel
Intel
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Step #3 Visualize this information

I <AgentStateChange-AgentID="6" AgentState="N/A" -AgentStateCRC="8xc22fad4Bl" /> [ 18 - eeeuin <AgentStateChange - AgentID="6"-AgentState="N/A" -AgentStateCRC="@xe@B567c2 " />

2T e <fUserMessageBatch> D—r i | 27 veenanaaaaas <AgentStateChange-AgentIndex="3".AgentState="N/A"-AgentStateCRC="0x264318cH"-/>
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Step #4 Keep track of desynchs

X
JIRA

MissingManagerStateChange - BattlefieldManager

MismatchingAgentStateChange: ActionState.SprintTimeMS
MismatchingAgentProjectile: initialVelocity
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Step #5 Debug desynchs

o First investigation - SimulationExplorer
« Recently touched gameplay system?
e« Repro steps
« Quick look at the code
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Live validation

« Snapshots taken every second

« CRC sent to a peer and compared

o If still different after the "finalization time"
Try to recover
Kick the diverging peer if in minority
Disband the session

. Visibility
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Join in Progress

« Naive implementation: replay all inputs
e 10 minutes = 18 000 steps!

o Our implementation : load snapshot
« 10 minutes = average of 60 steps
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e Run 8 times the gameplay in a single frame

o Content is always growing

o Communicate constraints to game design




Structure of a frame

visc  [SIUISECRN Misc

wﬂlﬂl 11l

Prepare Finalize

Physics Gameplay




o Multithread (deterministically!)
« Double buffering
« Messages

o Reorganize the rest of the frame to make room
for gameplay

e Remove useless code & variables
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Dominion Breach
Players / Bots 8 8
NPCs 100 footmen 60 pikemen & archers
4 bots
Ingredients 20 60

Castle siege fantasy
Same CPU budget!
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Initiative #1 Suspension
« Breach is a phase based gamemode

« Remove actors and ingredients from the simulation
« No more in history buffer, no more updated

« Unsuspend at initial state
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Initiative #2 Sleeping
« A lot of idle time

« Dynamic update rate

« CPU cost reduced by 90%
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Initiative #3 Junior bots

« Bots with behavior updated only every 200ms
e 6 times less costly than regular bots
« Lower complexity

« Issues with ladders
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- &R BehaviorTree_Archer
- L} - n (L)
Inltlatlve #4 BehaVIorFSM Do nothing if dead
4, Suicide if too far
- 4 Go back to formation slot if too far .~

” Move back to formation slot

« Lego-block data-driven system e

% Attack (inf) Up [(1000ms-2000ms) (2500ms-4000ms)]

ttack (inf.) Up [(1000ms-1500ms) {1000ms-2000ms)] o~

-y Go back to firing slot. if no enemy is close

« Created one class per type of soldier

”

» Cost of the behavior divided by 20

» Fire Arrows - Waiting for Leader .~

« 20% in the MT update of each soldier

1 Go back to firing slot, if no enemy is close

« Low impact on designers velocity
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Initiative #5 Physics
o Stepping was taking 0.5ms

o Guidance system
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Know where you stand

« Analytics tools and tests are your best friends
« Benchmark: always 250ms resimulations
« Reports
o Automated tests
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itt+ableau

Group World
® Gameplay s01 502 503 504 505 506 S11 512 521 531 541
O ManagerSimulationProxies 0.0328 00218 | 0.0226 | 0.0328 | 0.0330 | 0.0320 0.0331 | 0.0320
@ Physics Character & Others 0.0232 0.0232 | 0.0227 | 0.0231 0.0229 0.0231 | 0.0230
@ Physics ContactManager & HandleMessa... 0.0667 0.0655 | 0.0665 00657 | 0.0667 00652 | 0.0661
@ Update Gameplay & GPU Frame 0.0016 | 0.0017 | 0.0018 | 0.0017 | 0.0018 0.0016

0.0092 | 0.0093 0.0090 | 0.0092 0.0090 0.0093

0.0860 | 0.0450 0.0453 | 00513 | 0.0471 0.0415
0.0260 | 0.0346 0.0350 | 0.0359

[ 0.0115 | 0.0116 0.0113 | 0.0109 0.0111
0.0512 0.0513 | 0.0501 | 0.0512 0.0506 0.0506 | 0.0508
| 0.02a0 | 0.0242 0.0237 | 00241 0.0229 | 0.0247 | 0.0247 0.0240

Per World - Tag:AiManagerSimulationProxy, AreaOfEffectManagerSimulationProxy, BattlefieldManagerSimulationProxy and 7 more

Version Date Range

3/6/2018 3/12/2019
q »
Version Date

00500 -
0.04414
s
6
hin Y, e, 003936
0.0400 . s =
577 3 SR
|2 Fay 2
= A y ‘\\M,r\
= 7~ T [ - = W
B i /V\\—\ M‘W\ ﬁ\,/\,—-pj“‘”ﬁbf\ i .\\h\{j’" A
= M~ L | e AN P N A N TENAL AL A A oY | Y
= N : AR aa T I T, 15
205 Nl < AR G e
TN Sl gy S S ot
"l Ii “I H H
Ma.. Ma.. Apr.. Apr.. Apr.. Apr.. Apr.Apr.. Ma.. Ma.. Ma.. Ma._ Jun.. Jun.. Jul.. Jul.. Jul.. Jul.. Jul. Au. Au.. Ad. Au. Au. Au. Se. Se. Se. Se. Oct.Oct.Oct.Oct.Oct. No. No.. No. No. No. De. Jan.Jan.Jan. tan.Feb. Feb..Feh.. Feb..Feb. Feb.Feb Ma. Ma.
501 B soz2 503 504 505 B sos s11 512 B s B s31 541

clo/@

MARCH 18-22, 2019 | #GDC19




PS4 Main Daily Version Average FPS

Dominion_5$06 Dominion_S11 Dominion_S5?

Sy
[¥n]
=

Breach F0O1 Breach F03 Dominion_S01 Duel_1vil

Frames Per Second
b}
1

XONE Main Daily Version Average FPS

Breach_F01 Breach_F03 Dominion_S01 Dominion_S06 Dominion_S11 Dominion_S51 Duel_1v1
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Usual suspects - 80% of desynchs come from the
same 3 sources

« Cosmetic
o Multithread access violation
« Random code mistakes
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Usual suspect #1 Cosmetic
« SessionTime, visual
o Pathfinding, raycast, random, skeleton, camera

« Validation macros in unsafe functions

!GameplaySimulatorProxy::GetInstance()->IsSimulationThread()
|| (GameplaySessionManager::GetSimulatedTimeMS() == InvalidSessionTimeMS),

Actor: :

TimeManager: :GetSessionTimeMS()
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Usual suspect #1 Cosmetic

« Desynchs created by wrong data setup

—_— P2 > R B ke o012 3 — B L
; o L ‘ Al | Y V =) - - )
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Usual suspect #2 Multithread access violation

« Validation macros in every state accessor

IGetSimulator()->IsInMultithreadedUpdate()
| | GetSimulator()->IsProxyExecutingOnCurrentThread(this),

inline const ActorSimulationState& GetCurrentSimulationState() const {return m_CurrentSimulationState;}

inline ActorSimulationState& GetNextSimulationState() {ObjectProxy ValidateAccess();
return m_NextSimulationState;}

inline const ActorSimulationState& GetNextSimulationState() const {ObjectProxy ValidateAccess();
return m_NextSimulationState;}

MARCH 18-22, 2019 | #GDC19




Usual suspect #3 Random code mistakes

« Uninitialized variables
Static variables

« Pointers

Missing break;

(V)
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Usual suspect #4 Validation code
« Written by hand at the beginning

« Code generation for gameplay states & messages
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simstruct ActorDeathState

{
ubiBool Dead = false;
ubiU32 RevivingTimelLeftMS = 0;
simstruct HitInfo[2] LastHitInfos;
}
simstruct HitInfo
{
ubiFloat Damage = 0.0f;
}
#if defined(POP_USE_GAMEPLAY_SIMULATION_DIFFERENCE_REPORT)
void ActorDeathState::ReportDifferences(GameplaySimulationDifferenceReport& _report, const void* _structA, const void* _structB)
{
const ActorDeathState* simStructA = (const ActorDeathState*) structA;
const ActorDeathState* simStructB = (const ActorDeathState*)_structB;
for (ubiU32 i = 0@; i < 2; ++i)
if (simStructA->m_LastHitInfos[i] != simStructB->m_LastHitInfos[i])
{
_report.BeginSubState(StringFormat("LastHitInfos[%u]", 1i));
HitInfo: :ReportDifferences(_report, &simStructA->m_LastHitInfos[i], &simStructB->m_LastHitInfos[i]);
_report.EndSubState();
}
if (simStructA->m_RevivingTimeLeftMS != simStructB->m_RevivingTimeLeftMS)
{
_report.ReportDifference("RevivingTimeLeftMS", simStructA->m_RevivingTimeLeftMS, simStructB->m_RevivingTimelLeftMS);
if (simStructA->m_Dead != simStructB->m_Dead)
{
_report.ReportDifference("Dead", simStructA->m_Dead, simStructB->m_Dead);
}
}
#endif
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e Define clear rules...
« ...and remove all exceptions

o Enforce those rules in your code architecture

e The more you wait, the harder it becomes
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Determinism is a good fit with this team

o Fragile - it takes discipline

e Less "networky"




"Multiplayer first"

« Design-wise 'For Honor' is a multiplayer game
« Very few purely solo content

« Code-wise Each feature has to work in multiplayer
« Lego-blocks based gameplay
« Sometimes easy to forget
« No shortcuts
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® O Senior




o« Simulation 101

o Write documentation
o Create redundancy
o Spread new habits

o It's all about intuition

MyType* myPointer = NULL;
myPointer->DoSomething();
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e Involve QC

« Share a common vocabulary
How to treat a desynch

o Multiplayer first

Edge cases
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e You could work on your pipeline and tools
forever

« Choose your battles

o Keep your tech aligned with what your game
needs
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e Some people will care more than others
o People WILL do mistakes

e You will never reach 0% desynchs

e Let gameplay programmers focus on gameplay




"066T VSN ‘S9Nl [ESIDAIUN “PAO[T J9YdOISHYD ‘XOd [ [RYDIW "Hd "SHIaWSZ H3qoy “IId “[I] 94nn4 8y3 03 yoeq
"686T VSN 'S2INPId [ESIDAIUN "PAO[T J9Yd0ISHYD ‘X0 *[ [9BYDIW "H3d "SII9WSZ Waqoy "I “I] 9/nn4 8y3 03 yoeq
"S86T VSN ‘S2INPId [eSISAIUN "PAO[T J94doasiiyD ‘X0d [ 19Ul “H13d "SPIOBWSZ H3GoY I 8/nind 8y3 03 yoeq

7S921N0S abew]

22}
-
Q
[a]
0
3t
N
-
o}
o
o
o
[=¢]
-
I
S
24
g
=

Thank you!
jennifer.henry@ubisoft.com

www.linkedin.com/in/henry-jennifer







