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THE CALL TO ARMS
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PART 1: THE STATE OF AFFAIRE
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SUSTAINEDHUD FRAME TIME
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71 LUI_CoD_UpdateFrame

MAIN THREAD.
GROUND WAR, LOCAL CAPTURE, 25 BOTS (PS4 BASE).
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HOW COULD WE SPEND SO MUCH TIME

RENDERING QUADS? @
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SPIKE FRAMES

2.882s
Range Start - Stop 0.000s - 4.584s
Range Duration 4.584s
User Marker (Event)
Name LUI_CoD_UpdateFrame
Stack Level 7
Inclusive Duration 63.656ms
Exclusive Duration 9.347us
Inclusive Time 63.460ms
Exclusive Time 9.347us
Color 0xff088000
User Marker (Ranged)
Calls 155
Total Time 982.976ms [Scheduled : 979.394ms, Descheduled - 3.582ms]
Mean Time 6.342ms [Scheduled : 6.319ms, Descheduled : 23.109us]
Total Exclusive Time 1.246ms
Mean Exclusive Time  8.036us
User Marker (Global)
Longest Duration 63.656ms [Frame 100]
Shortest Duration 5.233ms [Frame 150]

5 FRAMES DROPPED WHEN A PARTY MEMBER DIES.
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SPIKE FRAMES IN SUCCESSION
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6 FRAMES DROPPED OVER MULTIPLE FRAMES IN SUCCESSION WHEN PINGIN!
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DROPPED FRAMES
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STALL FRAMES

7.089s

LUI_CoD_UpdateFrame
7

196.906ms |
66150

196.249ms

6.615us

0xff088000

423

3.133s [Scheduled - 3.121s, Descheduled : 11.906ms]
7.407ms [Scheduled : 7.379ms, Descheduled : 28.146us]
3.064ms

7.244us

196.906ms [Frame 230]

5.525ms [Frame 247]

12 FRAMES DROPPED WHEN OBJECTIVES UPDATE IN WARZONE
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HARD STALLS

DANGEROUS FOR TELEVISIONS @
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CPUPERFORMANCE DEFINITIONS

SUSTAINED FRAMESx 10ms

SPIKE FRAMES:10-100ms

STALL FRAMES: > 100ms

OPTIMIZING THE Uls CPU BOUND FRAME RATE .
© Activision 2024



OPTIMIZING IN A PINCH

BETTER SUITED TO SUSTAINED
FRAMES (<10ms)

A UI SYSTEM ANALYSIS
A ELEMENT INVALIDATION
A QUAD CACHING
A ELEMENT TRAVERSAL

A HOT CODE PATH
OPTIMIZATION

A GARBAGE COLLECTION
TUNING

A LAZY INITIALIZATION

A STAGGERED PROCESSING

BETTER SUITED TO SPIKES
AND STALLS (>10ms)

ALGORITHMIC COMPLEXITY
REDUCTION

DATA CACHING (MEMORY
TRADEOFF)

DIRECT EVENT DISPATCHING
FONT CACHE PRIMING

HAND OPTIMIZATION

OPTIMIZING THE Uls CPU BOUND FRAME RATE
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lui/LUI_CustomElement_AARMinimap.cpp#13
lui/LUI_CustomElement_Anchored.cpp#22
lui/LUI_CustomElement_Blood.cpp#5

lui/LUI_CustomElement_Blur.cpp#4

R T I TR PR SRR S wa

LUI refactor targeting improved HUD performance

Details
Name of proposal LUI refactor targeting improved HUD performance
Submitted by
Abstract This proposal is to avoid the unnecessary invalidation of LUI
Albriet 0n€ 0r 0WO SEROENCE BESHPHON. | £ s s o ok oot o e e b oot
Re equested 10 months ago for core-dev-input:cod-main, iw8-core-dev:cod-main, committed 9 months ago in 146

[CORE-27782] [CORE-35402] [CORE-34791] [CODE][UI SOURCE][PERF]|UI - Add custom element tick functionality

The idea is to remove the dependence on LUIElementUsageFlag::RUN_LAYOUT_EVERY_FRAME.
This is used by custom elements to force a layout because there is no other way of providing an update function on the C++ side.
This is considerably poor for performance as forcing a layout every frame will layout the branch of the hierarchy that element belongs to, even

This new code improves the performance of the LUI_Layout function by approximatel
The majority of the speed up can be attributed to so many text elements enabling

large, deep, branches to layout every frame (even if the text doesn€t actually r
With the new code there 1s no layout only an update. The update calculates eno t@ that the rend ill the co
The idea is to have a pool of elements that require a custom C++ update. Q
When an element is created and initialized it can register its update with the syste nag the pool.

The elements in the pool have their registered update functions called by €LUI_CoD_ Layout@ before @LUI_Layout€ is called on the hierarchy.

40% |260us) in the HUD and a =20X (1 ms) speed up in the fry
toScroll( AUTOSCROLL.ena atlle off chance the t

3. Lazy data binding:
We are investigating an improvement to the data binding system to improve sustained data binding time. We aim to skip data binding for data sources that have no subscribers or have not recently been queried. The idea is to provide an on-demand
binding 'push’ on the first subscription or data model query. This will also help to expose how many of the data binding sources are either no longer used, or very infrequently used.
See: https://dev.activision.com/jira/browse/CORE-27785

4. Draw list batching:
While points 1 & 2 above will significantly improve the unnecessary draw list regeneration each frame step, there are still improvements that can take place to avoid breaking our draw list batches. Further investigation on the draw list side of LUl is to be
performed so that we can ensure we are passing the most efficient draw lists to the GPU as possible. This will be two pronged in its approach such that efficient draw list generation also saves time from the significant LUIElement_BuildDrawList span
found in current captures.

See: https://dev.activision.com/jira/browse/CORE-27788

lui/LUI_CustomElement_ScopeReticleParallaxer.cpp#4

lui/LUI_CustomElement_ScopeReticleSpacer.cpp#3

@ Activision 2024

lui/LUI_CustomElement_ScoreboardRow.cpp#12



ALGORITHM COMPLEXITY REDUCTION

~ WATCH
o local BuildStickerTable = function( self )

v WEAPON.!
> [1] local allstickersTable = {};
> [10] local hash = {};
> [100]: local unlockedCount = @;
> [1000] local maxCount = @;
> [1001] local projectScriptBundle = Game.@GetActiveProjectScriptBundle();
> [1002] local projectStickers = projectScriptBundle.@stickersList;
> [1003] - - - -
> [1ee4] if not projectStickers th€n
> [1005] return allStickersTabls; I e a I O I lS S
> [1006] end 3
> [1007]
> [1008] local stickersList =

raaany | LT s . FESDREE SU S P

00°000) = ~1414

.

EventCatcher:flowManager : addmenu
Closing Gunsm OpenMenuInfo: StickerSelect

EventCatcher:flowManager: addmenu
Closing Gunsm |OpenMenuInfo: StickerSelect

LUI_EmergencyFull LUI_EmergencyFu LUI_EmergencyFu

LUI_EmergencyFull LUI_EmergencyFi LUI_EmergencyFu LUI_EmergencyFu LUI_EmergencyFu

T S Y 2 G N GRS SO S S—

> [1620] i anpisplayItem and not weaponStickerData.@hideInUI th n - =
220008t “million iterations (2
> [1022] : h I -

> [1023] hash[stickerData.lq ;

> [1024)

> [1025] ble_j allstie® : B . = n
SIIC million I1terations (63S
CALL STACK T st a N

GetScrij unlockedCount = unlockedCount + 1;

GetItem! maxCount = maxCount + 1;

GetSticl elseif not stickerData.isPremium then

Buildsti maxCount = maxCount + 1;

Filterst end

PostLoat end

PostLoac end

m_types end

BuildRej

buildMer self.ItemsCollected: setText( Engine.@Localize( @a"LUA_MENU/COLLECTED_X_OF_Y", unlockedCount, maxCount ) );

Opaniiar return allStickersTable;

Refresh! o4

addMenu
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EFFICIENT RUNTIME DATA QUERYING

uint begin = 0©;

uint end = length;,

whi®™ ~°

{  OPERATOR.GetOperatorID = function( operatorRef )

i for index, element in pairs( OPERATOR.GetOperatorCache() ) do

if element == operatorRef then

return index;

end
end
end
{

end = mid

C++ O(Iog n) gg@ry

OPERATOR.GetOperatorID = function( operatorRef )
return OPERATOR.GetOperatorCache():@GetQuery( @"operator” ):@FindIndex( operatorRef );

end

return std::nullopt;
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3000ms 3100ms 3200ms 3300ms 3400ms 3500ms 3600ms 3700ms 3800ms 3900ms 4000ms 4100ms 4200ms 4300ms 4400ms 4500ms 4600ms 4700ms 4800ms 4900ms 5000ms 5100 m: 5,200 ms 300 m: 400 m: 500 m: 500 ms, 700 m: 800 m: 5900ms 6000 m: 100 m: 6,200 m:
2,93205ms
4,380, 89:

—

/I K
/[l Time limited GC to 100us

I

MY KB THRESHOLD
B . |
My_GC_ﬂMEﬁéaL%\'Zr LUA_GCSTEP MY KB THRESHOLD

y 't\{'nfgr*ﬁﬁa&\T/MREﬁﬁﬁeké)CCOL.LECT

+ MY_GC_TIME_SLOT
luaVM LUA GCSTEP MY _KB_THRESHOLD \/

Amg¥£g$HRTSHOLD /f\kw#z
< timer (ﬁ
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