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* Can be written for the phyS|cs system to do specm
having to change the physics plpellne

fsum |nd|y!tn‘fall§f,~ré‘sT‘Itlng| code lives'in a header“ tLat contains a

byte arra /

. _DebuglRea\d-o se ion restda}s"at the bottomeﬂ‘he"bﬂarray g2

» Shaders wrlttenﬁ/y g@meplay ﬁrogrammers are regfﬁed with the
physics system through a simple API. -

* The physics system uploads reglstered shaders fgr q ‘artlcular context
at a particular stage..

* 2k of local store is allocated for the shader code, 512.bytes is allocated
for the shader work buffer. \

= . — —— e 7 ——
-ﬁ =3 : ".;‘ |'II - ‘

thngs without

o g 7= =, INSCIMNIAG
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» Shaders access a common s/et of’functlons that are "

well as pre-allocated dma tags.

L __“;.Q.SOme s.{or example: | | 1
L AN S /7| LBk S :
“YDMA getiput - // TR N Iy |
JeRPuntt = VSN, & AT |
¢ & f L i ﬁ_l;..\_ %
* Local stoi'e allo\iai&)r ‘ o, |

A Physms system has its own set of shaders that afé’

in the pipeline, howevbr they are built the 'same j‘ 3 \=
o |m|zéfbl currently

* Native physics system shaders are only slightly
and range from 2k to 12k in size.

/e'and expected

i T R _ = = N B & ;
- . >~ ﬁ-‘:--'..v‘- - 2 o | W [ 3 ‘
- :-,-: ™ ' - : _ =l X ’ 3 . /]-i’ # :_"'k.. o ot ‘.- y __w_r'“‘”\.‘, ‘/ 1""'_‘_; ¥
R e u g e > IINS A N =
= e 1@&*‘4 = e P T4 o
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ysics [Pipeline },

S sy 1

—e ; | - y b

. }Ekecution_
Bl

Environment
Update

Upload Tri-Cache 51
Upload RB Prims

Upload Intersect Funcs

Intersection Tests

Y

Collide
Triangles

. : " ; =
s 2 i AS § A .
Collide | - Sort Joint Types 1T

Primitives _____[FERSS Per Joint Type Upload
s Jacobian Generation
Code
Calculate Jacobian

PPU Work - : 2 Data

- Solve Constraints
Integrate
- .

= For Eahysics

n oo ' Object Upload
Anim Join

Transform Anim Joints

Using Rigid Body Data

Update & " : Send Update To PPU
: 3

Rigid Bodies

e i

| o

| % a s ¥
- . : N TR W Simulate
: ' Pools




Triangle Cache
Update

Wil |
Object Cache

Update
b | S
Start
Physws Jobs

-1

PPU Work

Sync
Physics Jobs

77

Update
Rigid Bodies

N

Environment
Update

'Called every frame
*Environments for:

*Full Simulation
*Cheap Simulation

=~ .9 Potentially colhdmg objects are

F/’yax grouped by proximity. The group

=3 yolume also samples non-physics
\’ ' objects in order to collide with
' Thelr r1m1t1ves

e

AT
J;_.a\‘ (ﬁ_,_..,. i

Do as much work as possible on the
PPU before needing to sync.
Physics jobs can even be synced on the
next frame.

Walt for Physics jobs to ﬁnlsh
In most cases the wait time is
(if anything) very small.

Each object has its own small
triangle cache. The cache volume is
sized based on object velocity.
Resampling of triangles only occurs
on volume breach.

A Phys1cs Job is submitted for each
physics object group so that they

For instance: A stack of boxes would
be grouped together and sent as one

Runtrme rigid body data is updated

in order to be accessed by the game
on the PPU side. Any modifications
made directly to rigid bodies (such

as mass changes, etc ) will be used
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. (L —=£ Allocate local store for triangle cache.
W Tri-cache size is fixed, so this only needs
to occur once.

\{}7 3
Upload Tri-Cache / *Upload the corresponding triangle cache.

%} 7 *It goes in the throw-away memory allocated for all tri-caches.

_ . ' [} *For each physics object, upload the collision primitives for
? ) _ | each rigid body contained in the object.
b N - g *Sort the primitives by type.

°L0cal store is allocated as needed for intersection code.

Upload Triangle Intersection Code °F0r each list of primitive types, upload the corresponding code.

Y .
~ Perform Intersection Tests i.e. Sphere, Capsule, OBB vs Trimesh
IR ” 4| *Perform intersection and contact point generation. b
A : . ).
Roll back local store to beginning of § e

Pre-allocated contact point buffer.
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L.\

For Each Physics Object

‘\\ A /? m *For each physics object, upload the collision primitives for

UPload Rigid Body Primitives each rigid body contained in the object.

. }\.HL.? *Sort the primitives by type.

*Local store 1s allocated as needed for intersection code.

. *For each list of primitive types, upload the corresponding code.
# i.c. Sphere vs. Sphere, Capsule vs. OBB, OBB vs OBB etc..
? : W

*Perform intersection and contact point generation.

Roll back local store to beginning of
Pre-allocated contact point buffer.
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Allocate local store for all Rigid Bodies
and Joints

|
| E g — .’Il |I !

For Each Physics Object

N‘/‘ ‘(;‘/m : e A T =S

Upload Rigid Bodies

_ Insert R1g1d bod1es mto sort list nodes.
NI 1) s
s A AN .

Store Rigid Bodies data in its corresponding local store buffer.

Store Joint data in it’s corresponding local store buffer.

Upload Joints Insert Joints into sort list nodes.

N TR

Bu11d Simulation Pools

LR ﬂ__,,-_.'

—_—— =

Each Joint (including contact points) has a relationship with one
or two Rigid Bodies.
¥ Pools are built based on Rigid Body connectivity.




For each Simulation Pool “package”
W *Joints are sorted based on constraint type.
1.e. Single Axis Hinge, Dual Axis Hinge, Spring, etc...
*The constraint type id references a table that describes the
address and size of the corresponding Jacobian generation

code.

Allocate local store for solver data.
Size 1s determined by number of Rigid Bodies in the pool
as well as the number of DOF removed from the system.

3 *For each constraint type
*Allocate local store for size of code fragment

Generate Jacobian Data \ ] *Upload code fragment for constraint.

S et 1.e. ContactPointBuildJD
=V /| *After generating Jacobian data, roll back local store to make
N - a - room for next code fragment.
Y ” A \
RN fy b ™S

[terative LCP solver to generate corrective forces

i - = - vz - ot

Integrate Update rigid body transform

- > ——T— | NS WHMINIACHS
— P8 Sk e v O iy, @ |

<
ide
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L W For Each Physics Object
S e
s M| _

*Allocate local store for animation data.

( Upload Animation Joint data *Matrix array
N \1‘/ # = b\ =" *Mapping of physics joints to animation joints
b 11 \ /“ il ! o RS 2=
TR k U - *Update animation joints that are mapped to rigid bodies using

Transform Animation Joints current Rigid Body transforms.

{L_‘Q‘AQ{J# 7 T ‘,w ‘J,- ¢ *This also includes updating “Gae Actor” world-space matrix
- 4 o ﬂi t‘ 3 g - g
z - a0 A

il ) th" A .
’ / W\ *Send updated Rigid Body transforms.
DMA Results to PPU *Send updated animation joints. c
=Y . = *Send updated “Game Actor” world-space matrix.

#»

4 i

i
!
i

1) \
A

1
i

\
Wi X'
1
o
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L ,ﬁufatlons

3 L|m|ted Number of CO||ISIOI‘I Triangles per Phy5|cspbject
= Limited Numbe eractions per Job |

. h oh Nu DZL"S per ! Hob® |1 &

- \Linited Num : _ ints per Job '/

+ Not Possible ta Run.Colfision and Slmmﬁlgn Seperately |

) 3 S—
*‘ U/ | Chlis £-~“-- '\ ' e
= ey 4 \ £ o Benefits W, \
-—_‘gé'ﬂ / | l. _ - . . =
— \ | . B <y
* Discrete Plpelipe Allows hea)iy Optimization ) ’
*  No Intermediate™Data SWapplng Between PPU and SPU | -
* Physics Jobs Are+CompIeter Independent . ‘&
Fixed PPU Memory Size Eliminates Dynamic Allocation from SPU =
- | = Implemented and Optimized for a Specific Platform - ‘
3 * No Restrictions on Code Size
-h" « Start and Sync Jobs Only Once Per Frame :
T v Y - INS@MNI




#“l. oW =

silision: Trlangfe&per Physics Object
Triangle Cache is a fixed size, the(refgre nvironment collision must be optimized to prevent
exceedlng the buffer size, WhICh can result in thcown away ge . This means that while |
the game is in development it's possible that opjects might fall %/ gh the floor or pass
s thT ough a wall i are too many triangles r[t’f cache. Howe can make this type of
\\ _ of Olur other systems rely on optlm nV|ronment collision as
| 7 e V| ! | -
) ‘—* W '\ ‘ﬁ. | _ EEE
¥ ct Interacﬂons per Job g
““rﬂ iz€, meaning that there is a Imﬂtatlon on mount of object to
_5:# v . \ oy .b :
_t\ N \ AN |
+Limit on-Total Number of Rigid Bodies per Physics Object] 5™
The number of rigid-bodies that a phyS|cs object can contain is Imted by a fixed size.
Cautious rigging of physics object is required as a result.
2 T — L 1 =
o R B i = | S [ -
e - f*ﬁ{i ‘ P pp— . £ frﬂ ‘}*
P e ~ s A
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* "Limited'Number of Constraints per pr TS |
The maximum number of simultaneously solved constralnts IS’
_LZ IS a : ow many ragdolls (which on avera

\\ cts) c )y default. However there are tricks

i

dto a flxed size. |.e.
lour most joint heavy
stack a V|rtually

limited S, |n Wthl:l/C[aLse some mteractlons C ppearto be “non-
../ p ‘SIC8| e & T N = _
v/ | N 4 ks »"A}E‘}t h ‘V Eﬁ"“
sl T
=% . * Limited Nur b r of 0 tact-Points perJob - - @ _
— Number of ¢ is fixed per job (eontact points are dhevery iteration).
- Because of our oth rI itations, this doesn’t present a probler \

;i\ ‘ > j \ la 1

* Not POSSIble to Run CoII|S|on and Simulation Separately
Our Physics collision and simulation live together, so only using QIIJSlon or simulation .

- separately.isn’t possible. - . ) \
ST e et NI ) § g

f "3 -; c T e : . . . F : L : - - i v : | S
i—"";-r- e i A JS, (e INSENMNIAG)
__,,.-_.—:'ﬂ re B . e = 5 y z 1; mz f"f. | JJ""‘-"‘&J"“"'E‘L ce
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: o 53

o

Discrete Plpellne AIIo S Heav_y/O Imization, _
Because we know our limits, the data trénsformatlon functrons
allowing-for deep optlmlzatlons -

tu‘rt have to be generalized,

I'\ No/Intermedi Wwapping Between PPU and SPU 1 L : |
\ 1 .Once a jobu _medl_éte data doesn’t’ have to be s k to the PPU to make
'\, ‘more roomiindoc lecause we,ve already pre-calculated our emory requirements.
' "Additionall e \ ?) ntage o _jbehfgct that we can upleaﬁ:)devata whenever we
v_want; freeing up* I flocal storqg\/\?hen we need it.4 o~ . ma-n

Physics Jobs Are ngﬁpletely Independent - \,
Physics jobs aren’t d péndent on other phys-|cs jobs, thereforie*
been created; we can send,the job any time we want, an(;l retriev
want, A

A —

Fixed PPU Memory Slze Eliminates Dynamic Allocation 1§-n SPU» "
The system doesn’t need to allocate more resources than it's prepared for, so the job never

00l of .objects has
e e résults any time we

cached

needs to requiest that a PPU thread allocate more memory in case somet)Y needs to be

~ “ F g /]ir‘m ,l'._._ “ — _,,_h'/'"‘“\‘, '/ —

g -';-"'-.'-' " — — - I hi — ; e J f‘T | ’ ‘
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Hﬂﬁﬂiﬁ'ﬁﬂlﬂs Hﬁ' ’ & QFIﬁI{S |i|h : E —‘__ ?Lf’f jﬂ h #

'|zed for a Specific Platform

around aspecific platform (PS) and bu1|t around the limitations of
changes to the physics
wte Is relatively simple so

as t

Implemented and Opt
The system is designea
the game engine. Any changes to the englne result in-eustomi
system, Whether it be lifting restrictions, or adding more. Our pi

“syste e’ch s are not that much of a hassle. (su

pes or c jon filinctions). In the worst case scenario, we br
urther to fﬁ morg/iocal store fogah increased data requwement
No Restri

' Cb e—Slze _,...;.,,:g- ; ” i - V . -

Since the major the code i$ “shadet” based, we den’t have ke'into consideration

local store restriction en addlng more functlons |.eAadding 5 e collision or jacobian
building functions tha are 10k a piece on-average makes nog# . Currently, all of the
SPU code from the phySICS system exceeds 100K, but it doesn ta 8Gt ourlocal store limits.

e addition of new joint
our functions even

« Start and éync Jobs iny Once Per Frame ' ‘
We only need to sync once since our physics collision and S|mulat|on1we"together (see
limitations ©), and we can sync anywhere we want. -
- e T e — Y F 1 -
- ,--»’ﬁi::ﬁ ¥ e f,i, — - ‘
P -' (=3 . INS§ MNIAC
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r

Yoo N
‘ - :}':I'

i{ |

P

%
@

,\“/

Asserts for catchable cases, WhICh prmt basic informatio aHout the crash. File, Line,

Function, etc.. f

7 o 'f»;;h““"-t .

«&ach funr eﬁﬁy ofl
Fl!e Line iffe

)/

A buffer for eaé&P

levels of call-stack Qaf 1 A
— ;__

With TRAP_| CALLSTACK enabled, at function’entry, the UPD
will call a_stubbed function that uploads the current cal
modifies it;'then sends'it back.

I q..'_‘ »

“Q —-'iw‘&’

In the event of a crash, we time-out trying to sync on the PP& which will result in

dumping the call-stack data to the TTY.

"

| R
exists on the: ‘PPU that is Iarge enougb@a'&ommod ate 4

%

the Eunctibn name,
i

1l

S

o =

AL

——
-

T :"r 7
o J. fr
=y,

|

B T,

.

~ IN g MNIAC

TTEAamMEn
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* "In addition to keeping track of functlon calls, there-isa also .

loption to DMA function
& mput data to the PPU in roughly the same manner as the ¢

sfack.

AN =~/ SN | ' '
\ @lnce most fthffu \gns are shaders they can be built pendently and run on a
e P$3 Linuxibox: il | | TR Sl
~~ s& ik o q -
*In the event of as unctlon uapuf‘ data that has been s o the PPU caﬁ‘»’now be
~_ used as mpﬁt to the same function, which can now {)e debu 1 in isolation with the
! conditions that cau ed the crash. .5 ) Y )

- —— \ | ’!

- T h : -. "\
* These teclﬂmques are sjlll in their infancy but can be ve ust hin tracking down
previously-very painful bugs. | | >
- ____,_.,_} ]
« 7 -
- = -: - .-:‘%-H_'-,_,_ ...-"J;#v- - - . : h;i > I 't F .;:“ JI . . ‘
1 . ,‘ﬁﬁ_.._ — . - o : | e P o
> 7 “ S, (e NS@MNIAC
S =7 - ' m3 f. | e 13 o
j"'l; P ; il __# \
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Nl - 0
g\ =Th

_ - = Synchromizat

i b Supp_rﬁ_ 1 eadlng envl.ronmentl
= K STask - - e 'l
— PS&*‘C“&" Li e2 (IBM Cell Blade PS3 L|n

. - Wmdbwlebox 360 Threads 2
= —etc |
) s e
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: Execution

Apply Forces/ o o . : = Upload Collision Pair -y 2
ﬁ Predict Transform 3 / Dispatch Upload Transforms
J Collision Pairs Upload Collision Shape :
Update
Overlapping Pairs _ S - pload Conta Cache
"‘u -7 W, : \ — L t / A Upload Tree Parts
. Overlapping Pairs ; Ly | A= ‘ Upload Triangle

Al NS\ iz & : Trianles _

. " Fabh | i L — ﬂ -~ - Generic GJK Collision
PPU Work ™ : Collide Primitives b | Send Contact Cache
e | W o ee _ 4 _ o) Ny ol =]
‘_._“ 1_|.1_1l1 :‘\,‘r-lh ) . "" l..d.w B { 1 - , : t Upload ngld BOdy
?T N Collision Tasks ! Send Bodies
M 4 i ! # T ) _

'
|
T

-r-.:#f r | PPU Work | __ i -_ = = ‘-_-‘_:' : —— r-ﬁ;.-h g ° _ Synchronize SPUs s
— - [ ee—— ' o - olve Constraints & ,‘.f Find Next Cell

— T T |
s e[S [ Solve Consraims [
- ' S s ' ' Send Packed Data
Z F . ] Send Velocities E I .
— Unpack Bodies
/e F ‘.[ x -' 3 I Van

72 B

% i —— Build Islands &
: Hash Cells >
= _ 2 -~ ,
|
Constraints

[

= -
{

e g
- b

L

L
i

W\

2 Rigid Bodies
LE 2

el
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ool L IS - e -.
nnTtHETsn.mlcmetz . g __ B} |bs Plbwélln

PPU | 1,1 —

Apply Forces/
Predict Transform
v

P

O dPP
*Only track changes
» = *Perform Collision Filtering
l’ ; -4._;. *PPU allocates contact cache

*Each frame, points can be

:q g added, modified/removed
o are not implemented on SPU yet

j / ‘ PPU Work ‘J\ T 77 S LR " *PPU collision callbacks
? : Collision Tasks ,
! Build Islands & i o *Use spatial hash function to divide bodies & constraints into cells
; Hash Cells *Build dependency table between cells, using constraint connectivity -
o S 1 *Use islands to determine (de)activation state
e (0} VC
J—:ﬂ r | PPU Work ke ...'.. : bl = L e — .- ,_,.--—h-. L, - e

s _ T S
~ | Physics Tasks | ) ) ) - - \
s : ' E N | *Option to use time of impact to avoid missing collisions )f.

. Integrate (for fast / small moving objects)

"
- L___Rigid Bodies

e
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*Interleave search with triangle-intersection test
*All code fits in SPU memory

P

2 <G LR - . IR
For each Colhslon Pair involving Triangle Meshes

Y A T —

*Fast acceleration structure to find bounding volume overlap

r"’:

Nosd!

Upload Tree Parts .
_ Iy | *Only DMA Tree Part if necessary
Vo B ‘e"‘ k) s ABRRE, ST T o & B

Traverse AABB Tree l‘ °Perf0rm stackless tree traversal

? <IN/ o__a ) \ L N
- Sl B . | °DMA the 3 triangle mdlces and vertices

L °Use software cache re-use share Vertlc ) |
' —  Ye W \W

N Intersection Test ' i 4 *Perform a triangle versus convex primitive intersection test
yo - . W | *Generic GJK Intersection test reduces code size
T TS ' [t o *Throw away triangle after intersection test o,
= » /
_— DMA contact point caches from/to main memory =

;v"'“'.‘;-._

S 8 > i | '_',,'". ide 23

el
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’(\\. /8

7,
Upload Transform:

AW

% WM Generic GIK Collision

A : S — —

: ' | ] code size and memory usage
— — Send Contact Cache

i 7/ a7 *Perform contact point cache reduction on SPU

=

=  Upload Collision Pair

R | N\ -
Upload Collision Shape N

\ 4 Upload Contact Cache

S ) — i

L

- W For Each Overlapping Pair of Convex Shapes P

<

-

-- = | W=

*Most primitive collision shapes are fixed size
*Convex meshes need additional temporary storage

S

)

| WK [\ “Each combination of convex shape uses generic algorithm
o FaL | *Sphere, OBB, Capsule, Cylinder, Cone, Convex Hull etc..
# *For deep penetrations use simplified algorithm that reduces
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TODLS

Send Bodies

/ BNy
'-....’k iii_‘_.i‘;._: R
.imf‘ ShikR !
|

= ol

. 5

RN /8 . :
o
\’_ bt For each Rigid Body in the Cell, create a packed Solver Body

/
|_Send Packed Constraints |58 S

_ My
a0 ’\6\
_ = | DMA Packed Bodies and Constraints to main memory

1

T T

A IlS 9

Keep a mapping between them, by index

*Pack each joint in the Cell, referencing the packed solver body
*Build Jacobian data for each constraint

B inaite

}j;\ :ﬂ | :“ "

= TN

fa~8'Setup Consth

g v
#

o i

=]
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Synchromze SPUs

\;Z‘

Find Next Cell

- Upload Packed Data
Send Packed Data

/

My .

- : -.-, — I. | | i ‘ i ‘_...-—l.
— For Each Solver Iteration |

re

e i

*Make sure each SPU is processing the same solver iteration
*Use spinlock to wait for other SPUs

*Find the next available Cell in main memory
*Use Dependency Table to avoid conflicts with other SPUs
°Update Cell status

'Upload Packed bodies and constraints for this Cell
*Perform one solver iteration on all constraints
*Send packed bodies and constraints to main memory




?uﬂet P’hysu:s WLJ =

Llrﬁltatlons

* Code has to fit entirely in SPU memory — L
*_Generic convex collision algorithm performs a bit les .then speC|f|c
i ‘Reqiures Ipférmpdlat'é"Data Swapping Between Pﬁ nd SPU

* \Geheric approach & glres synchronization betwee PUs
* [Contact points yed to be stnred in.main memoryy V
= Benefits %o |

T —

o Multi- -platform makes developmentrand debugglnge B
* SPURS Task ports weII to Win32/Xbox 360 thread (fit f L2 ‘cache)
 Easy.to-extend with new custom collision algorithr

* No Restrictions on Data Sizes

* Automatic broadphase allows arbitrary enwronments
* Fixed PPU Memory Size Eliminates Dynamic Allocation from SPU
* Flexible use of Collision and Simulation Seperately

- —w = . INSEMNIAC
e - ’ AN O SEFIVILN LA
-,, “Biide 27 . i
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e Code‘has to fit entlrely in SPU memory
{\ Althou
_‘#estrict onvcan |
Challen o1n ad

ully c;hose comlpact algori ;
er.development. Debuggi

dd debﬂé’ﬁforrﬁatlon'fmsﬁme ). SPU.
r overlays would? help. W | %’

Shaders

r,we SPU can be a

+ Generic convé\xacolllsmn algorlthm p%ﬁorm ‘apbit less then
specific , — v-.,i 4 @
EspeCIa\lIy for \Lery S|mple cases like sphere ersus §,phere the
computatlonal cost is higher. However, for mo;e complex cases,
the cost Is closer to cly optlmlzed speC|aI case. )




RATCHET & CLANK FUTURE

-

TODOLS I:IF‘I:IEBTHUGTII:IN \

"“iia"l.'I6“5||h e —— i
: "’%-\L 1 =B D i

W
1

#
o _:'}l'l'
.m i

S \ cﬂnstral

* Generic approach equwes Intermedlate Data Swapplng Between PPU
and SPU and additional synchronlzatlon A

Dealmg W|th unrestrloted number of collision shapes'

r{%d bodies and

. marnce.-However, hiding DM ncy and parallel

*’process n {Uﬁ' tilFgives good performance.-

+/ IContact _0| ee to bejtgmd in main memyy -

“The generlo C
time. Stable stao INg in rigid body dynamlcs réquires | |
Our current/solution!is to maintain a persistent conte ac gaehie and-add,
refresh, remove contact points. Other solutions exi 3t tln t compute all
contact points at'a time. On the fI|pS|de keeping contact points allows to
store additional information that can improve constraint solver quality (warm

starting), and easier access to the forces/impulses applied by the solver.

o
ex oI'I|S|on deteotlon only-cempute e ‘contact point at a
|Ie contact points.

- < - T e < M 5 & B
== -~ "2 : ‘
= - ""ﬁ?ﬂ- o ;yw

g w JF = NSOIVINIAG
e * “Biide 29 | l :
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D

J
1

3 )
g i
ol
B L
£
A : |

* Multi- platform makes deve/loﬁment and debugglng easy

At any stage of development it is pOSSIble to_ debug orjprototyp
improvements on other platforms. Shafing a commo E)

inten
‘\sﬁ PURS

; : access is | acg'fri\e dty. Each, ead creates itS o

gide base réduces

Dell 6 Win32/Xbox 360 threa
k- to Win382/XBox360 can be ﬁr

Y,S

loc

h The data
yrof the Local

Store memory -f(o aymd a memcpy, a read- onIy DMA«@urns the original

address.

Easy to extend with new custom “collision algorﬁ%

'\

Instead of creating N/new collision algorithms for ch\c "I|S|on type, we only
need to implement a single support function. We ca alsog or improve
additional collision shapes using combinations of comgounds scaling,
translation and rotation etc..
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No Restrictions on Data Sizes _ Oﬂ)
Celh SPUs have h power to deal with many interacting sigidibbdies. Our dynamic
o fciessi | imulation islands correctly.

lth local deformation.

r can g mulated |C|ently

y manual partitioning.

e llows arb?frafy environments.

entior dynami¢ changing enwgonme
using the mctement | bk‘)adphase This approach doescft requi

2 * 'Fixed PPU I\Zlemory1 ize Eliminates Dynamic Allocation®from SP« A

= We allocate all memory on the PPU and avoid dynamic aIIoca\lm\Es USing memory pools and
stack allocators. j

- Flexible uséof'Collision and Simulation Seperately >

The SPU collision detection system can.be re-used for synchronaus collision queries by the
Al system or game logic. For example batches of ray tests for line- -of-sight, swept collision

Z checks for player movement or camera positioning etc. S
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* Since the SPURS Task also runs multipla %r;m', we can

\ \ debug fmd | 1
EaS| %n/‘yata andQMA allgnment lssues |
B Av0| Igmen{ahﬁn | o *’ V "%.

prototype in a very similar enmrqnment ohﬁ.l 3 Linux box

- Asserts for catchable cases, which prmﬂbagl 3 information
about the crash. File, Line, Function, etc... >~
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