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OPERATION UI CODE

THE CALL TO ARMS

HEY IT’S DAN.  WE’VE UH..  

WE’VE GOT A PROBLEM. 

WHAT IS IT?

IT’S THE UI.  IT’S 

INFILTRATED OUR BORDERS.

ALRIGHT. I CAN HELP.  BUT I’M 

GOING TO NEED A TEAM.

ASSEMBLE IT.

HELLO?

Dan “Ghost” Nelson

CTO, Infinity 

Ward

8:06

_
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PART 1:  THE STATE OF AFFAIRS
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SUSTAINED HUD FRAME TIME
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MAIN THREAD.
GROUN D WAR,  LO CAL CAPTURE,  25  B OTS (PS 4 B ASE) .

7-8.5ms
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HOW COULD WE SPEND SO MUCH TIME

RENDERING QUADS?
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ANIMATION

(TWEENS)

DATA 

BINDING

RENDER

THREAD 

CONTENTION

LAYOUT

EVENT 

PROCESSING

DRAW LIST 

GENERATION

DATA 

BINDING

CALLBACKS
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SPIKE FRAMES
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5 FRAMES DROPPED  WHEN A PARTY MEMBER D IES.
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SPIKE FRAMES IN SUCCESSION
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6 FRAMES DROPPED OVER MULTIPLE FRAMES IN SUCCES SION  WHEN PI NGI NG

© Activision 2024



OPTIMIZING THE UI’s CPU BOUND FRAME RATE IN CALL OF DUTY 10

DROPPED FRAMES

MAKE US SAD
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STALL FRAMES
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12 FRAMES  DRO PPED WHEN OBJ ECTIVES UPDATE IN WARZON E
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HARD STALLS

DANGEROUS FOR TELEVISIONS
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PART 2:  THE OFFENSIVE
© Activision 2024



OPTIMIZING THE UIs CPU BOUND FRAME RATE 15

CPU PERFORMANCE DEFINITIONS

SUSTAINED FRAMES: < 10ms

SPIKE FRAMES: 10-100ms

STALL FRAMES: > 100ms
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OPTIMIZING IN A PINCH

BETTER SUITED TO SUSTAINED 

FRAMES (<10ms)

BETTER SUITED TO SPIKES 

AND STALLS (>10ms)

• UI SYSTEM ANALYSIS
• ELEMENT INVALIDATION

• QUAD CACHING

• ELEMENT TRAVERSAL

• HOT CODE PATH 

OPTIMIZATION

• GARBAGE COLLECTION 

TUNING

• LAZY INITIALIZATION

• STAGGERED PROCESSING

• ALGORITHMIC COMPLEXITY 

REDUCTION

• DATA CACHING (MEMORY 

TRADEOFF)

• DIRECT EVENT DISPATCHING

• FONT CACHE PRIMING

• HAND OPTIMIZATION
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766us

UI SYSTEM ANALYSIS

40% >20x
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ALGORITHM COMPLEXITY REDUCTION

OPTION 1: 200ms

OPTION 2: 500ms

OPTION 3: 1 second

Weapon.GetStickers()

Weapon.GetStickers()20 SECONDS
2 million iterations

2 million iterations (20s)

SQRT( 2,000,000 ) = ~1414

2000 stickers = 4 million iterations (28s)

3000 stickers = 9 million iterations (63s)
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EFFICIENT RUNTIME DATA QUERYING

Lua O(n) iteration:

C++ O(log n) query:
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GARBAGE COLLECTION IN REAL TIME APPLICATIONS

Step:  lua_gc( luaVM, LUA_GCSTEP, MY_KB_THRESHOLD );

Full:  lua_gc( luaVM, LUA_GCCOLLECT, 0 );

// Minimally indivisible step:

#define MY_KB_THRESHOLD 0

lua_gc( luaVM, LUA_GCSTEP, MY_KB_THRESHOLD );

//

// Time limited GC to 100us

//

#define MY_KB_THRESHOLD 0

#define MY_GC_TIME_SLOT 100

const uint64_t timer = Sys_Microseconds() + MY_GC_TIME_SLOT;

do

{

    lua_gc( luaVM, LUA_GCSTEP, MY_KB_THRESHOLD )

}

while ( Sys_Microseconds() < timer );
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4 DAYS TO LAUNCH
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IN THE NICK OF TIME
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MISSION ACCOMPLISHED

OR WAS IT?
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MEASUREMENT

4ms

MEAN FRAME TIME: (COLLAPSED) = 12.26ms

SUSTAINED: (50% MEDIAN) = 8.24ms

SPIKE: (99% MEDIAN or 1% WORST) = 15.42ms

STALL: (99.9% MEDIAN or 0.1% WORST) = 65.7ms

< 4ms
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DASHBOARDS

© Activision 2024



OPTIMIZING THE UI’s CPU BOUND FRAME RATE IN CALL OF DUTY 28

PROCESSESES AND DIAGNOSTICS
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AUTOMATED PERFORMANCE TESTING
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RESULTS – PS4 BASE PLATFORM

SINGLEPLAYER: 1.2ms

MULTIPLAYER: 2.1ms

GROUND WAR: 3.1ms

WARZONE:  3.9ms
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THANK-YOU!

Sound: Mike Tornabene

Voice Over: Dan Nelson

Photoshop: Carl Prescott 

& Kyle Turchik
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