O siccripisei:

MULTITHREADING IN HOUDINI

JEFF LAIT, SIDEFX




30 JULY -3 AUGUST 20&

SIGGRAPH 201 /

&

MULTITHREADING IN HOUDINI

MULTITHREAD, MULTIPROCESS, MULTIMACHINE,
DISTRIBUTED




MULTIPROCESS

A Why thread when you can run multiple
processes?

I Usual excuse for GIL in Python
A We already all distribute: Renderfarms



f Sheete. Modity Madel Fetarm T

[

Mox  Sphere  Tube  Tares  Gng  Metabell Lipstem  Platenic  Curws  Circ

Cree, v fug Farm, " Fopul.
P A

Frames  Explovan Firaball  Willawy & Wispy Sm. Candls  Smokeler  Dryles Volcann 4

A LCloth  Wires

Vil &+ © mO e mQ AbimrsdupNetwork Matarial Paleme o =m0

Boene View Channel Edizar Render Vies Compasite View Menen View

$= obl ) & AumDopNetwork L - TN | & = ||§ obl) § AucoDapNetwark * BRIy

sw e a2V, 3 s e 4 Lo E g

P @ Pyro Solver 2@ cEEE F@e : (R

persglv] [no came| @ .
- = = \nmamn e ¥ img

85 ob

& 8 ¢ autcoopetw

- |4 gravityl

® aEn P mergel

¥ morgez

- e o8& pyio

4

¢

« & o oob ) B restiyeametsy S »

& tanstorm P @ . °

“~

Veibility 2

"

aam

o o

! ~ o
. teatishuet o =m0

arce_far
R Wbt M Pwareeripemmnet 2 -

ayrosolec Tabe List Paramuter

=
\
» 8 Gy mpert pyra |
. B | e B oby testgromes Lol G 8 4 lpr_camara

4 % B obl ) g AutoDopletwork v
B0 sphere_objec
@ﬂ . A Transtorm xtorml - RHRORG] @ ot . Pyro Solver pyrosolverl # G\Jj Q 0
70.3fps « L2 B ';j ke Simulation Combustion Shaps Relationships Advanced
: -x 4.22 : y V vex Timescale 1
| : : Temperatore Oiffa 0.675
l: o x [ Reote Shediey X - Pythan shell Testport Rander Scheduler [+ [ R+ Cosling Rete 0.4
viscaslty O
Susysacy Ut - 2.75
Buoyancy ir 0 1 o
Ter

e 1 q.p " o1 1 B ’;]~~5'~~o‘:—rA;<—"—-——~e'—»~VA'“-~~~Vf"3~~0"'Err~f:':~~—~f:—:~~r~1240 ORISR I L 4.’ M 26 REE: t t — t he= = : —t 240 ORI R Y

® @[3 2um Updste

@ M 1
Fie Edit Render Wind Aun Msin Auto Takes  Main
Croaty y . v Texture s uto Arama.. - Oaud shime  TOTo © 0 [ Lgh Narr g Part ea o 5 Wires G R W Oma . Pl Py Clth  So Wiei  Cuess | e
A — s tical - o e ’
0 o - % U & & & : m . . ‘ o q%.,, :
. = .!. Voo Bl Shcabat ESrtve Ruband o /,, Cidla T ; *, ,Q,, i,,,‘, o @ ‘? W ‘,’:,," r Boc. Swten. e, i G Metabod USysiom Sl Sl Curvd DvewCue Sy teex. Ovcle | Fart Comes Pt Lt SpRRUGHE A Lyt Gosmdy . Vokams L Dsord mn’um_ sw*m Slilgh . caumel
b ° =0 f Scans Wrew hanne! Editer Pancer View Compos:tn View Matico Viaw =m0 = — 0 (?‘“ﬂ.ﬁi Sinaintn: | %) Raftves & coagnkive: W Rt & b L |
s — o ode=s m)to'w""’ & 590 N Swiomey - v cem - - ..w-)uummeww-bomm
E A T | SR = ™ Sl
fg Geometry = & Torus Prm Paly.. ¥ Orie YAxis ¢ Radi 2 LEEH e n* . @ Points from Volume B . S8 =R < i
E®
l o-F img ‘t
Y [ i#e oL oo n = _— 2 “I testgeometry_squabl
& 8 Iy tesgeomey » s o
] [ 1% i g l
B L puick e |
O FNal
. N =0 vy
! :--O ol pointsfromvolumel
v ~Osor
~ 3 edd
L | blast
premgee wive Let T ) - l b thao | meln x Anmee ommmee  x +
«® ———
Lo wo o “ae con¥ . m)bmmmmxxl ;
2 k A cony )
R < oosecn 5o e —g foas T e w0
& : -8 fog t Asst Nome and Pt :
31fp5 /| Transfarm | Matenal  Render 1 | ” 26fps v me )
o .
>1-20MS Keeq position whea patonting  Pre-ransform ’ 0.421 prins BB Source Type Auto Detect v
1 ol 1 se . ; 0,408 points SN Invvert Volurme
Transtorm Order Scaie Aot Trans - Ax Ry Ry Y} T "
Bython She Towpat G Pender Scrcdular [+] mo Translate: 8 0 8 ‘ L Al fwidw Schedides x4 - BoNR CORpratien e
Paint Separation. 0.1 |
Ratate 0 o [} | O
fitter seed 0 [
Scie 1 1 1 [ !
p [} 0 [ | Jitter Scale 0
ot | v Conuertto fog
Unitsrm Scam 1 | \ G Ofset - 0 8 8
Lank A
Filter i e B S = Ada Seale Attribute




CACHING oW

A"All programming i s an
I Terje Mathisen

A Difficulty is sharing cached structures

A CPU architectures hardware-accelerate sharing



DISTRIBUTION

Distribution forces data locality
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METHODOLOGY




INCREMENTAL CHANGES

A Continuous integration
A Bend without breaking




FOCUSING ON THE STUPIDLY PARALLEL O PO

A Make it Easy
I To Write
I To Convert
I To Undo
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STUPIDLY PARALLEL: C++

A UTparallelFor
I Mandatory grain size
I Early exit to inline version
A UTparallelForLightltems
A UTparallelForHeavyltems
A UTserialFor
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REENTRANCE

A Always be reentrant

class foo

{
public:
vold interfacel ()

{

UT Lock::Scope scope (ourlock) ;

// Do computation.

}

vold interface?2 ()

{

UT Lock::Scope scope (ourlock);

// Reuse interfacel
interfacel ()



NEVER LOCK

A Everything you were taught about clever
synchronization is irrelevant

A You do not own the CPU
A You do not even know if there is a CPU

le Edit View Terminal Help
blic: f
R l

AIEY CanrammandAl N .




ATOMICS ARE SLOW

oG

A Treat them as guaranteed uncached memory

class FOO_Array

{
public:
shared ptr <float> getData ()
{ return myData; }
private:
shared ptr <float> myData;
I3
float
sum_array (const FOO_Array &foo)
{
float total = O;
for( int 1 =0; 1 < foo.length
total += foo.getData () i];



NEVER BLINDLY FORK

A Always consider grain size
A Always consider single vs multithreaded



DETERMINISM oo

A Produce same results regardless of lock
resolution.

I Without this, debugging is a nightmare!

A Produce same results regardless of machine
architecture (# threads, etc)



COMMAND LINE CONTROL oo

A -j ncpu
A Allows multiple processes to share a machine
A Allows you to easily debug and perf test



CONSTANT MEMORY USE oo

A How to multithread a random write pattern?
I Lock writes
I FInd a pattern that Is thread safe

I Copy the destination per thread and merge
after

A What if you have a four-socket, ten-core,
machine with hyperthreading?



GOOD MEMORY ALLOCATOR

A tbb::scalable malloc
I Fast, but fragments
A jemalloc
I http://www.canonware.com/jemalloc
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COPY ON WRITE

A Reader/Writer Locks

A Const Correctness

A Importance of Ownership

A Sole Ownership is a Writer Lock
A How this Fails



READER/WRITER LOCKS oWweo

A Natural needs for a piece of geometry
I Many readers
I Many writers

A Need to ensure readers are not made inconsistent
by writes

A Reader/Writer Lock is a solution
I But we do not want any locks!



SHARED GEOMETRY CACHE




SHARED GEOMETRY CACHE oWeo

Barring other synchronization primitives;
this is also a possible execution order.



SHARED GEOMETRY CACHE oWeo

This has the same effect but with
overlapping computation.




C++: CONST KEYWORD oo

A Const Correctness

I Does not provide speed improvements
I Does create a compiler-enforced contract on the code!

A Easy to find lazy programming
| const_cast
I mutable
I Most importantly, easier to just not make things const!



C++: OWNERSHIP

A Lack of garbage collection is a feature




OWNERSHIP

A shared_ptr should be minimized

class FOO_Array

{
public:
float* getData () const
{ return myData.get (); }
shared ptr <float> getData () const
{ return myData; }
private:

shared ptr <float> myData;

J



SOLE OWNERSHIP AS A LOCK oo

A Two types of readers
I Readers from foreign threads/algorithms
I Our own readers

A Preventing external readers lets you reason about
your own readers

A Sole ownership is a Writer Lock

I If no external algorithm has a copy of your data structure, you
can reason about a lock-free approach



ENFORCING SOLE OWNERSHIP

class FOO_Array

{
public:
const float* readData () const
{ return myData.get (); }
float* writeData ()
{ makeUnique (); return myData.get (); }
shared ptr <float> copyData () const
{ return myData; }
private:
void makeUnique ()
{

if ( myData.unique ()) return;
shared_ptr <float> copy(new float[size]);
memcpy( copy.get (), myData.get (),
sizeof (float)*size);
myData = copy;
}

shared_ptr <float> myData;



FAILURE MODES

A Unexpected copies

void applyOp (FOO_Array foo, RANGE subrange)

{
float* dst = foo.writeData 0;
for (1 Insubrange)
dst [1]*=2;
}

FOO_Array bar;

invoke parallel (bar, applyOp );



FAILURE MODES

A Pointer aliasing

void applyOp (float * dst , const float*

{
for( 1 inrange)
dst [i]= src [1/2];
}
void process( FOO_Array &foo)
{
const float* src = foo.readData ();
float* dst = foo.writeData 0;

applyOp (dst , src);

src )
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TASK LOCKS

Not all threads are equal

A cook lock block Python from
reading intermediate state

VEX tasks spawn to many
threads

VEX can then trigger cooks
Which needs the cook lock!

Task locks allow reentrancy to
child tasks, even if they are
currently on a different thread

Do o To Do Do Ix

-Y.

-.



GLOBAL COOK LOCK

.-



GLOBAL COOK LOCK oo

Posted Tasks
Vexl, Vex2, Vex3, Vex4d




GLOBAL COOK LOCK




GLOBAL COOK LOCK




TASK LOCK oV

A Task Owner defines a tree of child tasks
AThread Local stores curr ¢
ATasks update their threact

A Lock is a condition + mutex which allows a stack of
locks provided owner is strictly a child



TASK COOK LOCK

1




COMPOSABILITY oo

Posted Tasks
Vexl, Vex2, Vex3, Vex4d




COMPOSABILITY




COMPOSABILITY oo

Posted Tasks
KD1, KD2, KD3, KD4




COMPOSABILITY oo

- Posted Tasks
KD2, KD3, KD4




HOW WE HOPED IT WORKS




DEADLOCKE @ oo

Posted Tasks
Vexl, Vex2, Vex3, Vex4d




DEADLOCKE @ oo

Posted Tasks
Vex4




DEADLOCKE @ oo

Posted Tasks
Vex4, KD1, KD2, KD3,
KD4




DEADLOCKE @ oo

- Posted Tasks
Vex4, KD3, KD4




DEADLOCKE @ oo

Posted Tasks
KD4




DEADLOCKE




TASK LOCK

A Task stealing leads to deadlocks
A The stack creates an implicit lock!
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TASK ARENA oo

A Never call back to the TBB scheduler if a lock is
held

A If you must, wrap a Task Arena



TASK ARENA oo

A Moved from Preview to mainline in TBB 4.3

A Documentation suggests for controlling thread
pools

A Solves the locking problem



TASK ARENA oo

A Acquire your lock
A Build just-in-time a tbb::task_arena
A Execute code (task_arena::execute())

I No external tasks will be assigned to this
thread!

A Release your lock



TASK ARENA oo

Posted Tasks
Vexl, Vex2, Vex3, Vex4d




TASK ARENA oo

Posted Tasks
Vex4




TASK ARENA oo

e
Il

Posted Tasks
Vex4, KD1, KD2, KD3,
KD4




TASK ARENA oo

HE
e

Posted Tasks
Vex4, KD3, KD4




TASK ARENA oV

Posted Tasks
KD4

Vex4 CANNOT be
assigned to TBB1

until TBB1 leaves

the arena!




TASK ARENA




TASK ARENA oo

A Beware implicit locks from stack unwinding
A Do not re-use
A Catch exceptions
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TASK EXCLUSIVE oo

A Many threads want the same cached item

A Task Lock results in single threaded computation
of the item.

AWhy canédét Dblocked thread



TASK EXCLUSIVE oo

A Lock Free Singleton
A Tasks compete to get right to compute resource
A Winning task computes as normal

A Losing tasks add a dependent task and return to
scheduler



TASK EXCLUSIVE OoRG

Posted Tasks
Vexl, Vex2, Vex3, Vex4d




TASK EXCLUSIVE




TASK EXCLUSIVE OoRG

Posted Tasks
rKD1, rKD2, rKD3, rKD4




TASK EXCLUSIVE OoRG

Posted Tasks

rKD3 wins race




TASK EXCLUSIVE oo

Posted Tasks
KD1, KD2, KD3, KD4

Waiting on rKDS3:
rKD1, rKD2, rKD4




TASK EXCLUSIVE OoRG

Waiting on rKDS3:
rKD1, rKD2, rKD4




TASK EXCLUSIVE




TASK EXCLUSIVE OoRG

A Lock Free Singleton
| But the stack creates an implicit lock!

I Need a Task Arena to ensure stack can empty
back to the recycled task.



TASK EXCLUSIVE OoRG
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SOPS

A Fracturing SOPs
I Determine Required Inputs
A(Usually trivi
I Compute Parameters
I Manage Cache
I Run the Algorithm

a l

) N



SOPS

A Standard SOP Cook Modes
I Duplicate Input
I In-place Edit of Input
I Instance Input
I Generate New Geometry
I Re-use Previous Geometry



SOPS oo

A Principle of Node-Erasure

I The guts of the SOP shc
nodes to operate

I Al 1l ows nverbo I nvocatil
Il But é | ocal varil abl es|
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PARAMETER MARSHALLING oWeo

A Provide algorithm with packed parameters
A Avoid writing glue code
A DOPs used UT_Options
I Generic Typed Hash Table
A Instead use compile-time generated C++ classes




.PROTO FILE

SOP_API SOP_SphereParms

{

int

int
vector3
vector3
float

int

int

int

int

bool
bool
bool
bool

int

int

type Type =0;
surftype  Surftype =0;

rad Rad =1,1,1;
t T =0,0,0;
scale Scale =1;
orient Orient =0;

freq Freq =2;
orderu Orderu = 4;
orderv Orderv = 4;
imperfect Imperfect
upole Upole = false;
accurate  Accurate =true;
triangularpoles Triangularpoles
rows Rows =13;
cols Cols = 24;

= true;

= true;



