Memory and C++
debugging at Electronic Arts

By Scott Wardle




Intfroduction

®» Memory interfaces and debug tools for C++ games
» 7000 (PS2) embedded C style

» 7005 (Xbox 360, PS3) Interface programming,
EASTL

»Now (PS4, Xbox One) 64 bit address spaces
» Our Current Tools:

» How all of our debugging systems work together




About me

» Scott Wardle,
» )0+ years Game Dev

» Solving problems through visualization and
drawing pictures

®» | am also badly dyslexic, so please note spelling
mistakes and inform me later after the
presentation ©




Vocabulary

» Allocafors, Arena, Heaps

» Allocators (an object or interface that can alloc
and free)

®» Arena (a set of address ranges confrolled by one
allocator)

»From Arena find an Allocator
»From Allocator find an Arena
»Heap ~= Allocator + Arena




C style 2000s
Overview

» Year ~2000: PS2 32M ram
» Most people are using C++ compillers
»STL is not used

»No virfual memory

»Nearly no OS
»Similar to embedded systems




C style 2000s
Intferfaces for speed

®» Macro per class
»#define NEW_DELETE_OPERATORS (debug_name)
» Good for fixed sized pools or slabs of objects

class CollisionChooser {
public:
NEW_DELETE_OPERATORS(Col11sionChooser)

}s




C style 2000s

Interfaces for debug
» Global new

» void* operator new(size_t size, const char* debug_name,
int flags=MB_LOW|)

Debug name and
sentinel stored In
footer

Header Allocated Block footer

Al

Header Allocated Block footer

/ & 1 Note debug_name split into
Header Allocated Block “category::alloc” example:
“render::player”,
“gameplay::physicsmesh”




C style 2000s
Allocation technology

®» Almost all memory is in one heap
» \Well we did have a simple small block allocator
» \We had to work hard at defragmentation

High M
OW M oLy Decompress

Ngglell .
Block Alloc ssed Gene Texture O
esh _ 0 Allocc
Allocator =

\




2005 Overview

» 7004 - Xbox 360, PS3 (512M ram)

» Virtual memory! - NO HDD ®, No GPU support,
32 bif

» All consoles have multiple CPUs

» (Nof just for Sega Saturn)

®» The main changes for 2005:
» Support for multiple allocators

»Better tracking and logging tools
»Stomp allocatorl!!
» Memory tracking with EASTL




2005 Support tor Multiple Allocator

Polymorphic Allocator

SQLQuery *NewQuery(ICoreAllocator* a) {
return CORE_NEwW(a, "sql", MEM_LOW) SQLQuery(a);
}

void DeleteQuery(ICoreAllocator* a, SQLQuery *sqgl){
CORE_DELETE(a, sqgl);

t*

Calls ~SQLQuery()

not deletell




2005 Organizing Heaps/Arenas

Static | Global Level LSUb Temp Time
evel

Small  Medium SEE

Large
\ /
Gameplay Gameplay | Render Render &= Ul Ul

SBA Heap SBA Heap « SBA Heap

A mix of time and size gives good defragmentation properties.
Organizing by tfeam fragments heaps but easy to set blame.

So for my team we use all of these to varying degrees.
\\

Team




2005 Team Based Heaps/Arenas vs
Team Based Categories

Memory Corruption between teams sucks

.

§ gmoll Render O 'SIMO SIMT Render 2 'SIM3 Render 1

Categories are a -ragmentation between
way o tags teams is hard. Who to
allocations so you olame when you are
can budget them out of memorye

together.




13

Only sentinel Tracking live allocations in a
stored in footer separate heap.

Normal Heap Debug Heap

Allocated : Category::
5 Block ] B Alloc Name
Allocated : Category::
. Block F | Address Size Alloc Name
Allocated : Category::
: Block ) P Alloc Name

Hash Key

2005 Better Tracking and Logging

Memory
Logging or
tracing system

Alloc

Memory

Nelele[lgle
To Disk

Alloc

Free



gt MemoryGraph

2005 Logging

of fime

54 .00 MB

> 86343

- | Set Filter

o Playback Stopped

:Filel an::Pauseloadirjal

Select Time

eap

Type

Category/ | Alloc
I Name

Label: E&::FilehMan::Resumeloading()

Label: Before LoadEbosFromDi

Alloc
Count

Alloc

Size -

Category

Name

Alignment

Requested
Size

Actual
Size

Count

whole

between

snapshot

of memory

2 fimes

Alloc AnEBO AnEBO::CustomEBO 128 289743864 28974864 ¢
Alloc Cache Cache::CustomEBOTOC 128 4030400 4030400 1 | 4030400
Alloc EEO EED::Ebo:MNew 16 68 72 334 I 24048
Alloc EBD EBO:IInnamed 4 512 520 T2 TEZAT
Alloc EEBO EBO::Unnamed 4 16 24 195 4680
Alloc EBO EBO::Unnamed 4 2560 2568 1 2568
Alloc EBO EBO::Unnamed 4 2560 2568 1 2568
Alloc EBO EBO::Unnamed 4 2560 2568 1 2568
Alloc EEO EBO::Unnamed 4 2560 2568 1 2568

;LI




Edit

Color Legend  Block Size: 1024

2005 Arena Block View

s Block View - GlobalPP - 2252.675k

Selection Start Address:
Selection End Address:

Total In Range:

Used:

Free:

Usage:

Largest Contiguous Free Block:

MName: FrontEnd::fefifa::loungebodeki a
Address: O=02EA2BBO
Callstack:

Temporary: False

Total Allocated Size: 82836

«

Ox02EA2880
0x02EB70S0
83.968 B
83.888 B
20B

32B

Info about

selected

99 Blocks Per Row (99 KB) - 1442.93 KB

block

s Color Legend l—m—"—@—lg |
Basic Colors Categories
Empty Outside Block System Global FrontEnd Debug
Block Heap Selection
Allocation  Multi-Cat. .. Strings Presenta...

Selection Block




2005 Stomp Allocatorl!!

» Stomp Allocator — so good it Is worth it's own
slide

® | ofs of memory, 4k per alloc

Crashl

Page 4KiB
Read Only

\ Page 41  Alloc
(Or not mapped)

Read/W 512 byies

No Crash but bad
Use sentinel¢ Or Flip




2005 Ref Counted Pointers

» Add a debug system for ref counts is hard:
» A Tracking system would be like garbage collector...
» A Logging system would generate even more data...

shared_pftr
Sim Render are useful !!

Oh No
memory

leak!

Player Player
but use
unigue_ptr
Collision particle e

or bare pointers
for easy life times

Mesh system



2005 EASTL

» A 2010 version of EASTL is available now from webkit.
» \Why EASTL

»STL allocators are painful to work with

®|nfrusive containers, Ring Buffers, etc...

®Superior readability and performance

»Memory is Allocated in empty versions of some STL
objects

»FiC. ..

http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2271.hitml
hitp://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4526.pdf



EASTL taster for optimized code

EASTL is often a little et LY

faster. In /1 out of
188 tests.

EASTL Even
» Faster means 1.3x  [E Slower 107
or beftter. 10

# Tests EASTL Slower

e Slower means 0.8x
as quick or slower

\

EASTL
Faster
/1

# Tests EASTL Faster




EASTL MUCH faster for debug code

The same 188 tests EASTL vs vc++ Dinkumw  EASTL

I I deb
complied in debug S Faster

(%)
44
(%]
w
=
=
=
=z

EASTL Even
Slower 19
2 —
# Tests EASTL Slower # Tests Even # Tests EASTL Faster

myvc 2015 debug




Open sourcing EASTL

»FA is looking to open source EASTL

» Roberto Parolin will be taking pull requests
®» Coming soon to:
hitps://github.com/electronicarts

Technical details announce later to SG14 group




2005 EASTL Memory fracking problems

»FASTL's allocator were painful to track every object

» You need to make a new type ‘

typedef eastl::vector<int,EASTLICoreAllocator>
MyVec;

®» Then pass in a defaulted parameter ‘
ICoreAllocator* alloc = GetGameplayAllocator();
MyVec vec(alloc);



2005 EASTL Memory fracking problems

» Default parameters at the end so hard to enforce use.
unordered_map ( size_type n = 1000

const hasher& hf = hasher(),
const key_equal& eql = key_equal (), ‘

const allocator_type& alloc = allocator_type() );

= Worked on all EASTL types but clumsy ‘
EA::ICoreAllocator* alloc = GetRendAllocator();

vec.get_allocator().set_allocator(alloc);



20056 EASTL Memory tracking problems

» At first we hacked EASTL o make it easier

vector .
eastl::allocator( "AI::Piano::Input” ))

» Byt this meant our team couldn't share code... with
other teams

» (Accessing allocator by name was a bad idea
anyways)



2005 EASTL Memory fracking problems

®» \We also ran info type erasure problems

typedef vector<int, EASTLICoreAllocator> MyVec;
typedef vector<int> YourvVec;

MyvVec myVec;

Yourvec yourvec;

myvec = yourVec; // what should happen here..

» FRROR: no operator found which takes a right-hand operanad
of type YourVec' (or there is no acceptable conversion)



2005 "Good?e" EASTL usage with EASTLICA

» Wrap EASTL with EASTLICA to force usage of polymorphic
allocator

template <typename T> J L
class String : public base_‘ﬁging<T, EASTLInggA'I'Iocator'>{
String(ICoreAllocator *alloc, const char*name="Str'")
: basic_string<char, EASTLICoreAl ocatgﬁi(
EASTLICoreAllocator( name, alloc ))

}s;
ICoreAllocator* alloc = GetStringAllocator();

EASTLICA::String str(alloc);



2005 "Good?e" EASTL usage with EASTLICA

QMocro used to implement STL like types for each large system.

#define EASTLICA_VECTOR( EASTLICA_TYPE,
‘ GET_DEFAULT_ALLOC, ALLOC_NAME )\

template< typename T> class EASTLICA_TYPE : public
EASTLICA: :Vector<T>

®» |Jsing Macro fo create a STL-like types for a large system
EASTLICA_STRING( CareerModeString,
‘ CareerMode::GetStringDefaultAllocator(), "CareerSir' );




2005 "Good?e" EASTL usage with EASTLICA

= This fixed our type fype erasure problems.
CareerModeString sir;

LocalizedString Istr = getStrid(42);

str = Istr; // woot no compile error! Both use same allocator.

® This also fixed the ownership issues.

» CareerMode owns its strings and localization does not own dall
sfrings in the game.

» Allocators are copied sometimes but not always.



Today’'s Memory System

- PS4, Xbox One — Today 8GB (5GB for the game)

»GPU memory does not have 1o be linearly mapped.
(GPU assets are still special case however.)

» 64 pbit virfual address space and a HDD to swap to.

®» [he big changes these days:
®»Debug Memory System
»EASTL Memory Tracking
»New debug tools



Today’s Debug Memory System

/

» Alloc debug names slowly die
»void* operator new(size_t size, EA::ICoreAllocator* alloc)
®»The old inferface exists. But uses scopes.

®» SCcopes are everywhere

»Resource and Asset Names

» Alloc Name, Allocator, Category, and Call stacks

»FB MEMORYTRACKER_SCOPE(data->debugNames|i]);
B ALLOC_RES_SCOPE(data->debugNamesli]);
®»*(This does mean more thread local storage use)



Today's EASTL Memory Tracking

» Everyone is still doing this:
class Team

{

iNt feamid;
eastl::vector<player> players;

J

Team*home = new (allocator) Team;

» However EASTL is still a problem




EASTL use parent arena by default fracking

Gameplay Arena

Team Home
(One Allocation)

Don't have 1o use
the same arena for

INt teamld; child

vector<player> players;

Check What
Arena parent
IS 1N

allocator (0 bytes maybe) | IE: use gameplay’s

‘ ot small block
' last allocator
Allocate Child ale not general
using parent allocator

arena =)
as paramefter




EASTL use parent arena by default fracking

®»Proplems
» |t does take some CPU time.
»\What about objects on the stacke

Nat about move operatorse

®»(Object iIn gameplay arena and move it to
rendering. Only the parent object will move.

»‘You made it you own it” logic works 80% of the
fime.

»[For other cases use EASTLICA patterns.
» (Systems that are factory for other systems.)




Today's Debugging Tool DeltaViewer

» History lesson over! Let's look at today’s tools!

» DeltaViewer displays a session of data.
®» A session is one run of the game

® This data is sent from console to a http server on the SE’'s or
QA's computer

®» The data is stored in tables
» [hese tfables can be joined info views



DeltaViewer

®» Some popular views are:
®»TY events debugging (Trace Log)
»|O Load profiler (Turbo Tuner)
»Frame rate and Job thread profiler (Performance Timer)

»Memory Investigator, reviews memory leaks and
changes over tfime

» Memory Categorization groups allocations at a given
time

\




TTY events debugging (Trace Log)

Trace Log & Turbo Tuner
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|

» Bundle is a group of
files that have to be
loaded to move the
game o the next
level or sub level.

» Chunks are blocks of
data that are
steamed in. Like
MOoVIES Or MuSIC Or
terrain in open world
games.

D\

22 Trace Log # Turbo Tuner

>
|11 -~

Y g TS s

IO Load profiler (Turbo Tuner)

y?

ime [IMeline /..

Httplog

Bundles

Bundle States idle | - E“ m | |]|| N.| loadChunk “ | idle

Bundle Stalls

Chunks

Chunk Stalls

Chunk States idlie ... idle idile idle -




IO Load profiler (Turbo Tuner)

Each Printf on the selected channel
gets an event line so you can undersand
i when it hoppened

T e s e — e

Time 0 512s 1m 19.3s24s 2m \ % 3m 24.8s am . Sq

Tracelog ‘
Httplog Al YR OO (TN LI DRI W (O

Bundle Requests | || Ilm-ﬂ - N Y- (oo || oo | 11 | =il

suncteSores 1l N o M | 1 | ) s |
Bundle Stalls o I ha——a } B E 'l’_—-—— "' N
Chunk Requests | | N L () RN R i oy W
Chunk States . idle i. . _.idle L | e idle' idle ‘| i = H idle

Chunk Stalls — I | I |

»

Queue Length
(Bundie) |

»

Queue Length
(Chunk)

Bundles

Info Statistics



IO Load profiler (Turbo Tuner)

Loading Level 1 Playing Level 1 Loading Level 2 Playing Level 2

Trace Log # Turbo Tuner

4+ = L ) Colors.. ) (5 FilterTrack ~ Analyze...

Time 2m 8s 2m 3365 2m 59.2s
Tracelog
Httplog l
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Chunk Stalls Why do | COI’THHUG

»
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(Chunk)
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|
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IO Load profiler (Turbo Tuner)

# Turbo Tuner

= £

==z Trace Log

MY e T »r | ] 4 x Colors...

Time
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Httplog 1

Bundle Requests IEl [lII]
Bundle States idle| I =

) |-

1] fo=ac

| I

Bundle Stalls =
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the Bundle
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Id
StartTime
EndTime

2:36.74392230
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Priority normal

SequenceNumber 43
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Size
PatchSize
Bundle

Category

37,672,489 bytes (35.93 MiB)
O bytes
crowd/reactions_large_uk.sbr
FBundle




Frame rate and Job thread profiler
(Performance Timer)

Each Rectangle is a Frame

==z Trace Log = F

win ma == ... 111 __The height is the time in ms
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Loading profiler + Frame rate profiler

» \We can combine views

» \Why<e

» | oading is about more then disk performance
®»Decompression
®»Stfamping one texture on with a font
»Recompressing and loading into VRAM
»| oading is often limited by CPU



2 DeltaViewer
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Connected to Delta Analysis Server

<l gameModuleUpd#1
v foiUpdate

v [ fieSystem

V[ bundieManagerUpd
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v/l resourceMgr
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V| renderEndFrame
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Use Memory Investigator for leaks

®» Finding memory leaks
» How fo find memory leaks in most games. Find:
A.Start of loading 15! level

B.End of loading 1¢" level
C.End of Loading 2"9 |level

» (Growing objects look like leaks but often after a few levels
this goes away, wish we had realloc)
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Bundles

Name

FIFA/Fifa Gamemode/Fifa Gamemode Settings_genda
Systems/FrostbiteStartupData

fifa/fifa_gameconfig

fighsset_Languag ¢ English
content/common/configs/bundles/content sba
sound/speech/commentary/commentary_sb
=zu=2neech/announcerfammzmszs ot

content/cor. mon/cor ags/bundles/worlds_sba

ifa/Fifa_Gam :mode fFifa Gamemode

Browser/ NebBi swserResourceBundle:

=0

T

= WL == 5 [EemE

StartTime | Duration (ms)  Size (MiB) Rate (MiB/s)
0:02.22752030 003 34
0:08.73766260 2111 1589
0:10.25400640 647 1335
0:18.04639000 011 074
0:18.20144690 EE?] 2428
0:18.75031930 000 003
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Rule lemory Leaks
All Allocations Leftover / Long Living Allocations Henrik's Short Living Allocations A B @
Active Allocations Tempnrary /Short lwmg Allocations © Henrik's Memory Leaks [ -
Past Allocations, loc
* 100 Mdnory Leaks| 872s & cBm
Size WastedSize  Userd  UserName IsRootUser Roo!Used RootUserName Frameld  CallstackTop. CallstackR ParentBlo. ParentBlockName ResourceT
o v 14 ebug VirtualAlloc 2414 woso iz smaipiousocator 910000 0330  5u_unra/rain_L/crowa_ MeshSet
8 914 Debug : VirtualAlloc 2414 %632 712 SmallBlockAlloc. tor 9 65536 - 30_uitra/rain_1/crowd_30 MeshSet
° 2 80 914 Debug 4 VirtualAlloc 2414 %632 12 SmallBlockAllocat. ¢ 65536 content/character/crowd/male_30_ultra/rain_1/crowd 30 NashSet
0 8 14 debug 4 VirtualAlloc 2414 %632 712 SmallBlockAllocaton 65536 content/character/crowd/male_30_ultra/sunny_0/crowd_30_0_0_Mesh MeshSet
0 8 14 debug 4 VirtualAlloc 2414 963, 12 SmallBlockAllocator 65536 content/character/crowd/male_30_ultra/sunny_0/crowd_30_0_0_Mesh Me hset
0 8 14 debug 4 VirtualAlloc 2414 9 12 SmallBlockAllocator 65536 content/character/crowd/male_30_ultra/sunny_0/crowd_30_0_0_Mesh Me hSet
80 8 14 debug 4 VirtualAlloc 2414 E 12 SmallBlockAllocator 65536 content/character/crowd/male_30_ultra/sunny_0/crowd_30_0_0_Mesh Me hSet
8 8 14 debug 4 VirtualAlloc 2414 9 12 SmallBlockAllocator 65536 content/q radev/trowd/ma\e 0oy 0/owc 30,00 Mesh Me hSet
80 8 14 debug 4 VirtualAlloc 2414 9632 712 SmallBlockAllocator 65,53 0_Mesh Me hSet
X X 8 8 14 debug 4 VirtualAlloc 2414 %632 712 SmallBlockAllocator 65536 0_Mesh Me hSet
‘character/crowd/male_30_ultra/sunny_0/crowd 300 80 8 14 debug 4 VirtualAlloc 2414 SmallBlockAllocator 65536 0_Mesh Me hSet
yowd/male_2/sunny O/crow 2.0.0 Mes 01 debug 4 VirtualAlloc 2414 65536 Me hSet
01 debug 4 VirtualAlloc 2414 65536 Me hSet
014 debug 4 VirtualAlloc 2414 65536 Me hSet
° 0ou debug 4 VirtualAlloc 2414 65536 Me hSet
01 debug 4 VirtualAlloc 2414 65536 Me hSet
64 01 debug 4 VirtualAlloc 2414 SmallBlockAllocator 65536 Me hSet
64 01 debug 4 VirtualAlloc 2414 SmallBlockAllocator 65536 Me hSet
6 01 debug 4 VirtualAlloc 2414 SmallBlockAllocator 65536 Me hSet
« ontent/character/crowd/female_33_ultra/sunny_0/crowd ® @0 6 14 Jebug 4 VirtualAlloc 2414 SmallBlockAllocator 65536 ).0_Mesh Me hSet
«ontent/character/crowd/female_33.ultra/sunny_0/crowd 14 debug 4 VirtualAlloc 2414 SmallBlockAllocator 6553 content/characteEronclfemale_33.ulr/sunny. O/eiowd,33.0.0 Mesh Mo het
ontent/character/crowd/female._33,uitra/sunny_0/crowd E 80, 14 debug 4 VirtualAlloc 2414 SmallBlockAllocator 65536 content/character/crowd/female 33 ultra/sunny_0/crowd 3300 Mesh  Me:hSet
° «ontent/character/crowd/female_33.ultra/sunny_0/crowd 3 14 debug 4 VirtualAlloc 2414 SmallBlockAllocator 65536 content/character/crowd/female 33 ultra/sunny 0/crowd 33 0.0 Mesh  Me:hSet
< ntent/character/crowd/female_33_ultra/sunny_0/crowd 1 debug 4 VirtualAlloc 2414 SmallBlockAllocato 65536 content/character/crowd/female 33 ultra/sunny_0/crowd 33.0.0 Mesh M shSet
o tent/character/crowd/female_33.ultra/sunny_0/crowd D 80 6 14 Debug 4 VirtualAlloc 2414 SmallBlockAllocat r 65536 content/character/crowd/female 33 ultra/sunny 0/crowd 33 0.0 Mesh  .eshSet
comnt/characer/crowd/female_33_utra/sunny 0/crowe 8 614 Debug 4 VirtualAlloc 2414 SmallBlockilor stor 65536 fro/sunmy O/crowd 33 0 0 Mesh  MeshSet
NLVABo. aa oo GlobalMalloc 4 VirtualAlloc 2414 ) —-191- ! _ulocator S S S nutcct MeshSet
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Memory Categorization

These tfimes are offen found Scrub to another
using turbo tuner time
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EDIT VIEW WINDOW HELP 7 E¥ — 'EDIT VIEW WINDOW HELP 70 FE SN oz uw 4 i

1m 424s Im 54.2353s | 2m 33.65 2 39.224 85 3m504s_  4m16s 4m416s  4m5216s7.2s

AL S S

‘

=z Tracelog # Turbo Tuner = Memory Investigator == == Trace log # Turbo Tuner %= Memory Investigator =« Memory Categori

= = Categorization : I Categorization
Import.. Reload WMl Category Tree Wi RuleTree J Update Import.. Reload Ml Category Tree Ml Rule Tree J Update Categorization (i
Category Tree CPU Allocs CPU Total

Category Tree CDILI Allnce DIl Tatal  CPU Wasted

Ml DefaultCategorization 1,682,197 261 GIB - 4 DefaultCategorization 2201444 333GiE 416 MiB
Ml 1_XLargeAllocs 145 LA Ml 1 XLargeAllocs 208  195GiB 659

Ml 2_LargeAllocs2M 1868  455.86 MiB M 2_LargeAllocs2M 3418 85773MiB  1238KiB

M 3_MidAllocs64k B i 3 MidAllocs64k 75509 45201 MiB 31052 KiB

e 917,230 [RN77-25 e Ml 4_SmallAllocs512bytes 2122309 10742MiB  3.85MiB

Before After



Memory Categorization
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EDIT VIEW WINDOW HELP 72 E8E — E==S talius
big allocs 2M or

2S5
= greater take the
=z Trace Log # Turbo Tuner === Memory Inves space ategori

24_.85 3Ln §O.4s_ _ ‘ 4‘m 1_65_

= = Categorization
Import... Reload Wl Category Tree Bl Rule Tree & !'Jpdate Categorization (i

Category Tree CPU Allocs CPL Total CPU Wasted
Bl DefaultCategorization 2,201,444 3.33 GiB 416 MiB
Il 1_XlLargeAllocs 208 1.95 GiB 659

Bl 2_LargeAllocs2M 3418 857.73 MiB 1238 KiB

B 2_MidAllocs64k 75,509 452.01 MiB 310.52 KiB

Bl 4 SmallAllocs512bytes 2,122,309 107.42 MiB 3.85 MiB

Lots of small allocs 512 bytes or smaller

\ W ¢




the code is 50MIB
small on this scale
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Memory Categorization

EDIT VIEW WINDOW  HELP

» Rendering
(procedural
textures and
other buffers

3£n §O.4s__ 4m 41.65_ _$ 4m 52.16s 7.25‘_ 5m 32.8;

Trace Log # Turbo Tuner %= Memory Investigator s Memory Categorization

Categorization

nort.. Reload [l Category Tree WM Rule Tree J& Update Categorization (time 4:52.15900000) M|

used o draw Sessss

CPU Allocs
2201444
40,153
1,299 885

CPU Total CPU Wasted CPU Used CPU Unused
347 GiB 416 MiB 333GiB 143.92 MiB
1.23 GiB 120.04 KiB 1.23 GiB 1.56 MiB

1001.54 MiB 237 MiB  1001.54 MiB 0

M DefaultCategorization
Bl 1 Render
Bl 2 Assets

the scene)
Content,

meshes,
textures and
entities that
tie these
together

\\

Ml 3 _Systems

B 4 old_classifications
B 5 GameModes

M 6_Gameplay

B 7 Audio
B 8 Other

323,602
94,357
19,673
81,765
51,925

290,084

305.68 MiB
255.29 MiB
25641 MiB
209.28 MiB
157.30 MiB
107.20 MiB

527.64 KiB
36147 KiB
40.05 KiB
205.90 KiB
65.61 KiB
516.36 KiB

301.01 MiB
136.72 MiB
249.72 MiB
209.00 MiB
145.16 MiB
107.20 MiB

467 MiB
118.57 MiB
6.69 MiB
286.02 KiB
12.14 MiB
0




Summary

» DeltaViewer
®Has many Views:
»TTY Event Timing
®»|O and Load times

» |obs and threads
» Memory changes

»\Ne have a lot of work to do to ship the game | am on ©
» (Good thing | have one year leff)




Summary

/
»FASTL and STL allocators

®»Hard to track
®»Jse the "if you made it you own it rule”

®Jse the “this” pointer of allocator as a parameter for your
allocators

» EFASTLICA
» Good at enforcing allocator use for a large group of SEs

»Helped with type erasure problems in stl::istring and other
classes. MyString does not work with YourString




Summary

» Games in general
»Most memory is used by large allocation

®»Most memory is mostly content (meshes and
textures) or rendering

»There are a large number of small allocations.

» Small block allocators, pool systems, slab allocators
are a good idea

»Stomp Allocator are great (Use memory map to find
who stomped you...)
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