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THE CALL TO ARMS

OPERATION Ul CODE

HELLO?
( e06 e mm ) HEY IT’S DAN. WE’VE UH..
WE’VE GOT A PROBLEM.
« " WHAT IS IT?
Dan “Ghost” Nelson
CTO, Infinity
Ward IT’S THE UL. IT’S

INFILTRATED OUR BORDERS.

ALRIGHT. | CAN HELP. BUT I’'M
GOING TO NEED A TEAM.

» ¢ & ASSEMBLE IT.

Speaker FaceTime Mute

& . i

Add End Keypad

OPTIMIZING THE UlI’s CPU BOUND FRAME RATE IN CALL OF DUTY
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SUSTAINED HUD FRAME TIME

~/ Fitcraph | risogram |
_ . . ‘5{}{}msl . - 1s . . . . 1.5s ‘ . . . 25 . ‘ . . 2.55 . ‘ . . 3s - . ‘ 3.5s .
S ] i - ~noor .. i It N L S - J1 ;3
A A N S SN T ARA AAN A U  AeMY |
Tme ; Tame
ﬁmsg |
5ms§
4ms§ —
7-8.5ms
3ms§
2ms§ s
| iled: 861.452ms, Descheduled : 3.375ms]
1ms; d : 7.623ms, Descheduled : 29.866us]
R Sooms  1s 45 s 28 3 35
71 LUI_CoD_UpdateFrame

MAIN THREAD.
GROUND WAR, LOCAL CAPTURE, 25 BOTS (PS4 BASE).

OPTIMIZING THE Ul’'s CPU BOUND FRAME RATE IN CALL OF DUTY
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HOW COULD WE SPEND SO MUCH TIME

RENDERING QUADS?

OPTIMIZING THE Ul’s CPU BOUND FRAME RATE IN CALL OF DUTY
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LUI_CoD_UpdateFrame | [Nil] wait frontend cmds _
| LUIFrame | | | Sys_Processwo | Sys ProcessWorkerCmds\ | CG_Draw2D
| LUI_CoD_Update | LUIDataBinding LUIDataBindinc |\ LUIProcessEvents LUI_CoD_Layout LUI_CoD_BuildDrawList I Draw! LUICoD.
| I'Lui_coD_Anim: || | LuI_DataBindir | | [} L] Lt] globz || o] | ui/LUIRoot.lua:420 LUI_CoD_Layout | LUIRender [#x01]
[ LwiEtement_ac | [[BIEE IR 1N #xd1c ||| run_frame [Luiayout | LUIEIement_BuildDrawList:LUIRoot LUI_CoD
Lutlernent (| {8 [ SR 00 uifge| ||l LULUIRoot ProcessEventNow fc - LUI Layout L || LUIElement_BuildDrawList:HudManager LU
Ltelement || || HfL L ) LUIRootrun_frame LUIElement_Layout:LUIRoot ||l LuiElement_BuildDrawListletterbox lim IR
LUIElement ||| it i LULUIRoot. Frame LUIElement_LayoutHudManager LUIEleme | | | | LUIElement_BuildDrawListBRHUD ]
LUIE LUIEIen“ LULUIRoot.Updatelay: LU LUIElement_Layout:letterbox LUIEleme: LUIElement | LUIElement_BuildDrawl ist:shakeable
Lt | LUIEler |] LUIElement_LayoutBRHUD LUIElem: LUIE | LUIEI: | LUIElement_BuildDrawlList:scalable
MOAE | LUIElement Layoutstatic | | LUIElem | | LUIEIem JBIE A e JUE Lot | LutElement_BuildDrawList:MinimapWrz [ LU | LU ||| LUIEIement BuildDrawList:BRSq. | | 1]
T LUIElement_Layoutfullsc| L| | LUIElem | | LUIEIem || [1u] [ wit]| LUIElement_BuildDrawList:Minimap (LU L] | LuiElement BuildDrawList:BRSq: | [l
UM wuieleme || Lol [ 110 (10 wier] [ Loigten: | 1) [wil| iElement_BuildDrawtistMinimap || | LU}/ ] | Luit] LUIElement BuildDrawtist| |||
FHFFHI- ) Luielemed|[curele [T AOICcwied] I TNWE (I [LUiElement Minimap Render | [1]|[| (Ll [LUIElement BuildDrawtist: | ||
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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.

OPTIMIZING THE UlI’s CPU BOUND FRAME RATE IN CALL OF DUTY
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SPIKE FRAMES IN SUCCESSION

I AL DU ST NVIE _Laannicne i iacin iy Aol DUIEENVIF _AAJal R i I\_I. DU NVIF _LAaalnieneniucinmg 1 l.“ L DU CT VI _ALAJalnieneiucin gy 1 II L _JUIETINVIE _ALAaalieneiiue | u AL _DWUET NVIF _VAaadlnieneiin
[BETH o i R Renderscene | BB RINL b1} 7 Rencerscer [AIRIL ||| _Renderscene IIE!]!I!I]]IEI R RenderScene |2 BT pLfi R Rendersce [EIMETI T o) R,RenderScer
{4 i EIli R_RenderScene | Il BT 24 R Renderscer | | I/ Ff 1llf| R_RenderScene Iicl B[t 1R Renderscene W] iR RN R Rendersce ] | {] BT i3 R_Rendersce
[ﬂl['ﬂ R_GenerateSortedDrawSurfs ! |” ﬂ]]l]i”[.“ R_GenerateSc H:["Dl\mn R_GenerateSortedDrawSurfs |']]][|S||H[‘| R_GenerateSortedDrawSurfs |” ]]]D!l[ﬂ"]g R_GenerateS« [I[ll"]]ﬂl| R GenerateSo
{lli L&} Lui_coD_UpdateFrame I 0ERE Gf(0R4 | vorcopur] |} BN | L1 CoD_UpdateFrame 1l B0 IE] FuiCoD UpdateFrame ] ] G TR ocop v [ UL TR IIEH Lurcop up
[FHi B8l cuiFrame IR 2 wFeme T I Z)( | cuiFrame i LI %8 || LuiFrame ¢ Pt me
Bl ¥l | LWiDataBindingCallbacks 1148 18 |lwata] | &% [l | WiDataBindingCallbacks |80 1) EE | [ WiDatBindingCallbacks o atad
i global.c | global.c.| global.con | global.cor : i i IEE [] global.c :} [/ iII Eﬂ || global.c | global.controller0.cg.HUL Di I % Hsi H global.c | global.controller.c Cursor 735270ms olc |
B B[ cadrb | saaa7b. | #eaarb | | #xa47b2s W Bl Dmetaro |0 | B B [ #xa47n | #xa47b257e80f778b0f 70 || | §Bll | | #4470 | #xaa7b257e80f778 User Marker (Event) TEE
B W ui‘gene | uifgene | uifgene | | uifgenera | || B Buigene] [ 1 ¥l E ui/genc| uifgenerated/widgets/inc | | | B 18 | ¥ uifgene | uigenerated/widge Name LUI_CoD_UpdateFrame |
§ % ping.uf ping u § ping u§ 4l ping_u/fli| i % @pingulllll @ B & ping.u ping.uf ping uf ping u ] B8 | & ping_u/ff ping.uf ping uf; Stack Level 7 o
§ 8 ook [l ook § weoir G cowor I W g !iwour|l] i P wowr | oo | cocoie | cowoe [ i &8 i et | oruie | woi | inclusive Duration 90.516ms HE
| B ] wioo ] koo | ko [} [[wroo il B | [Twwoo [l | §f |l wiRoe | wikor | turoc | wikoc [l | [l |l WRoc | tiRoc | WIRoC |1 Eyetusve Duration 66350 i
I 81 Huab [} Hudt T Hudr ([ 1] Huan I | Hud! ||l [ | Hudh |1 Hudt [ Hud! ||| Hud ||} | H§i| Hudh || Hudt [ Hudt [ | sive Time BN HHH
! II lette: lette: lette I H lette: m i H lette: ﬂ]] ! i | letter lette lette lette m I Iili letter | lette | lette | ; i
i BRH.  BRHI |BRH || BrRHL [ Pl grHl {1 - BRH. |BRHI |BRH |BRH [ il |BRHL  BRH [BRH | Exclusive Tme 6.635us i
[ stel B [stel <P fst<Bf | fstel <1 B PO sl ml T T [ Este s st B st s B st < DD I st B st st s HE OHioseone
i s ] s ] [s 1] s [ | i s HEI i [s P s ] s R s TR i [sfiH [ [sfi [ [s{]il UserMarker (Global)
H i [ Ml il l f i il I I jij Cals e
! i i P i i i i i | 1% i | | | Total Time 2.923s [Scheduled : 2.913s, Descheduled : 9.842ms]
i I il Mean Time 10.078ms [Scheduled - 10.044ms, Descheduled - 33.938us]
B N T B | ol RN I B | IS IR B | roicusvotme  1.790ms
i:i;iia i1 i“i’.i n:i}\i! !é% i”iif i% i u:i;iil ii:ilg Ll EIE} A R 1 Mean Excusve Tme 617205 l
i i il Il I i il il i N il i I I |
IR [ |l et [N, TR R L e HE Bl oroesiouetn  0sems Fane 13 |
i | : i ' ' ' | : : : Shortest Duration 5_}412ms[Framezi’1] . }
E i I i I i | bl E i \ 1 | E i
I i i i I | | i i i i | | | i
| i i | i i | ! i | | | i | ! i

6 FRAMES DROPPED OVER MULTIPLE FRAMES IN SUCCESSION WHEN PINGING

OPTIMIZING THE Ul’s CPU BOUND FRAME RATE IN CALL OF DUTY
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DROPPED FRAMES

MAKE US SAD

OPTIMIZING THE Ul’s CPU BOUND FRAME RATE IN CALL OF DUTY
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STALL FRAMES

12 FRAMES DROPPED WHEN OBJECTIVES UPDATE IN WARZONE

OPTIMIZING THE Ul’'s CPU BOUND FRAME RATE IN CALL OF DUTY

7.089s

LUI_CoD_UpdateFrame
7

196.906ms |

6.615us
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]

© Activision 2024
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HARD STALLS

DANGEROUS FOR TELEVISIONS

OPTIMIZING THE Ul’s CPU BOUND FRAME RATE IN CALL OF DUTY
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CPU PERFORMANCE DEFINITIONS

SUSTAINED FRAMES: < 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)

* Ul SYSTEM ANALYSIS
* ELEMENT INVALIDATION
* QUAD CACHING
* ELEMENT TRAVERSAL

* HOT CODE PATH
OPTIMIZATION

* GARBAGE COLLECTION
TUNING

* LAZY INITIALIZATION

* 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




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 approximately 40% J|260us) in the HUD and a] =20X (1.3ms) speed up in the fry
The majority of the speed up can be attributed to so many text elements enabling toScroll( AUTOSCROLL.endblade@do.tlle of f chance the t

large, deep, branches to layout every frame (even if the text doesn€t actually scroll

With the new code there 1s no layout only an update. The update calculates eno ao: s0 that the rendge wi t the co
The idea is to have a pool of elements that require a custom C++ update. 9 >
When an element is created and initialized it can register its update with the ste hal mahages 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.

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
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ALGORITHM COMPLEXITY REDUCTION

~ WATCH
G local BuildStickerTable = function( self )

> [1]: local allstickersTable = {};
> [10] local hash = {};
> [100]: local unlockedCount = @;
> [1000] local maxCount = ©;
> [1001] local projectScriptBundle = Game.@GetActiveProjectScriptBundle();
> [1002] local projectStickers = projectScriptBundle.@stickersList;
> [1003]
> [1004] if not projectStickers t [ J o
> [1ee5] return allStickersTaQ n I te rqt I o n s 20 s
> [1006] end
> [1807] (]
> [1008] local stickerslList =

raaany | LT s [ DR S S P

EventCatcher:flowManager : addmenu
Closing Gunsm OpenMenuInfo: StickerSelect

EventCatcher:flowManager: addmenu
Closing Gunsm |OpenMenuInfo: StickerSelect

LUI_EmergencyFull | | LUI_EmergencyFu

LUI_EmergencyFu

if canDisplayItem agd not weaponStickerData. @hldeInUI then

§§§§2000;;[“§g!§g P%E) “million iterations (28s
gl illion iterations (63s

23000 stickers =

CALL STACK
GetScrij unlockedCount = unlockedCount + 1;

GetTtem: maxCount = maxCount + 1;

GetSticl elseif not stickerData.isPremium then

Buildsti maxCount = maxCount + 1;

Filterst end

PostLoac end

PostLoac end

m_types end

BuildRej

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

OpenMent return allStickersTable;
Refresh end

addMenu

© Activision 2024



EFFICIENT RUNTIME DATA QUERYING

uint begin = 0©;

uint end = length;

whi~ ~° ° S

{  OPERATOR.GetOperatorID = function( operatorRef )

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

if element == operatorRef then
return index;

end
end
end
{
! end = mid
3 |

C++ O(logn) quety:

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

end

return std::nullopt;

OPTIMIZING THE Ul’s CPU BOUND FRAME RATE IN CALL OF DUTY
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GARBAGE COLLECTION IN REAL TIME APPLICATIONS

ms ns 0 ms 6,000 ms
3711.19ms 4,618.73 ms / 9,900.62 ms
243,674

|

LUIWorkerCmdGC (Duration) (1 point)

At 3,870.649 ms, Value: 179,636.00 ns

=
o
®
[
=
=}
O
]
T
=
O
=
o
=
=
S
4

V X Q Metric Details - LUIWorkerCmdGC (Duration)
Graph  Budgets  Stats

A LUIWorkerCmdGC (Duration| >
Aggregation | Max
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4 DAYS TO LAUNCH

Simon Eschbach
= We release in 4 days. We are out of time @scournoyer @danelson. The P54 is chugging like mad.

fﬂ A Simon Cournoyer
i Do you mean non-stop in the literal sense? Or do you mean that it's one of the most common ones observed?

Simon Eschbach
"o Yes. Literal.

Simon Cournoyer
What build is this?

Simon Eschbach
»._ All PS4 package builds.

Simon Eschbach
»._ It looks like any fix will need to be in C++ and require a new executable so we can't patch.

*%. Dan “Ghost” Nelson
@ We will push the fix as ETU. Get the 141 onit.

OPTIMIZING THE Ul’s CPU BOUND FRAME RATE IN CALL OF DUTY
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IN THE NICK OF TIME

%, )

%@ s
A estsnos)

Request Code Review
# https:/swarm.ct.ag is code is chewing out the VM.

The Lua side iterates ions each (32 playerstate
objectives plus anot

This fix might not be re - | am working with Jarrod
tomorrow to try and
Task TU: IW9_TU_S:

Jira Link: https:/de
Request by: @ses

W~
v

Q7700777227728 _ , 0
A A A A,

OPTIMIZING THE UlI’s CPU BOUND FRAME RATE IN CALL OF DUTY
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MISSION ACCOMPLISHED

OR WAS IT?

OPTIMIZING THE UlI’s CPU BOUND FRAME RATE IN CALL OF DUTY
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MEASUREMENT

/ Approved Requests B8 @ 0 1Jiralink @

General
Cursor 3.598s
i Range Start - Stop 0.000s - 3.700s
Range Duration 37005
MEARS FRAME TIME:
W Name LUl _CoD pcfater'rame
Stack Level 7

Inclusive Duration 8.578ms

STAINED:-:
Color Oxff088000
SPI ELzsei Markbi//RAnGed)

. Calls 113

'@ TofaHime 8GR I Fehaduled 86§ 452ms Pesshedded § 3%ms]

® Méan Time 7 653ms [Scheduled : 7.623ms, Descheduled : 29.866us]
Total Exclusive Time 834 740us

Mean Exclusive Time 7.387us

Longest Duration 8578ms [Frame 110]
Shortest Duration 7.141ms [Frame 100]

OPTIMIZING THE UI’s CPU BOUND FRAME RATE IN CALL OF DUTY
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DASHBOARDS

GW LUIFrame over time Last 4 months LuiFrame Histogram

Time (ms)

o
o
1)
b
c
@
O
—
o
a
2
<%
£
©
7

code_changelist_number cpu_luiframe

Minimum: ... Maximum: ...
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PROCESSESES AND DIAGNOSTICS

LUIElement_BuildDrawlList:LUIRoot

LUIElement_BuildDrawList:HudManager

LUIElement_BuildDrawList:letterbox

LUIElement_BuildDrawList:OBHUD
LUIElement_BuildDrawList:static
LUIElement_BuildDrawList:f. |LUIEIement_BuildDrawList:scalable
Luted | Eeo [ e [Ceon] [T cod [ cugtem ]| | Luieleme ||| Luiele
WiEl] e{tde [ [o] (] [LwiElen| |LUIElem: | LUIEIE
(LUl [H (Y] LUIElen |
[y
|

LI

9,090.22 ms / 9,090.22 ms (11.76 ms selected)
—

REFREARARR, it o L _____L_______

—— —— ——— ——— ——— — ——— %% %}

OPTIMIZING THE Ul’'s CPU BOUND FRAME RATE IN CALL OF DUTY

DrawOthersLayer

[ Batc/
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AUTOMATED PERFORMANCE TESTING

statistics for: LUl 99th percentile frame time (ms) resources: bx_ds

7 v

232843, s ago, 14:54 [JUP-395623][BUILD]
nission v ator to version 10.0.25398.3112

JUP TU 53N =JIRA===

OPTIMIZING THE Ul’'s CPU BOUND FRAME RATE IN CALL OF DUTY
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RESULTS - PS4 BASE PLATFORM

SINGLEPLAYER: 1.2ms
MULTIPLAYER: 2.1ms
GROUND WAR: 3.1ms
WARZONE: 3.9ms

OPTIMIZING THE Ul’s CPU BOUND FRAME RATE IN CALL OF DUTY | ‘
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THANK-YOU!

Sound: Mike Tornabene
Voice Over: Dan Nelson

Photoshop: Carl Prescott
& Kyle Turchik
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