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MULTIPROCESS

ÅWhy thread when you can run multiple 

processes?

ïUsual excuse for GIL in Python

ÅWe already all distribute: Renderfarms





CACHING

Å"All programming is an exercise in caching.ò

ïTerje Mathisen

ÅDifficulty is sharing cached structures

ÅCPU architectures hardware-accelerate sharing



DISTRIBUTION

Distribution forces data locality



METHODOLOGY
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INCREMENTAL CHANGES

ÅContinuous integration

ÅBend without breaking



FOCUSING ON THE STUPIDLY PARALLEL

ÅMake it Easy

ïTo Write

ïTo Convert

ïTo Undo



STUPIDLY PARALLEL: VEX



STUPIDLY PARALLEL: C++

ÅUTparallelFor

ïMandatory grain size

ïEarly exit to inline version

ÅUTparallelForLightItems

ÅUTparallelForHeavyItems

ÅUTserialFor



PATTERNS
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REENTRANCE

ÅAlways be reentrant



NEVER LOCK

ÅEverything you were taught about clever 

synchronization is irrelevant

ÅYou do not own the CPU

ÅYou do not even know if there is a CPU



ATOMICS ARE SLOW

ÅTreat them as guaranteed uncached memory
class FOO_Array

{

public:

shared_ptr <float> getData () const

{ return myData ; }

private:

shared_ptr <float> myData ;

};

float

sum_array ( const FOO_Array &foo)

{

float total = 0;

for ( int i = 0; i < foo.length (); i ++)

total += foo.getData ()[ i ];

}



NEVER BLINDLY FORK

ÅAlways consider grain size

ÅAlways consider single vs multithreaded



DETERMINISM

ÅProduce same results regardless of lock 

resolution.

ïWithout this, debugging is a nightmare!

ÅProduce same results regardless of machine 

architecture (# threads, etc)



COMMAND LINE CONTROL

Å-j ncpu

ÅAllows multiple processes to share a machine

ÅAllows you to easily debug and perf test



CONSTANT MEMORY USE

ÅHow to multithread a random write pattern?

ïLock writes

ïFind a pattern that is thread safe

ïCopy the destination per thread and merge 

after

ÅWhat if you have a four-socket, ten-core, 

machine with hyperthreading?



GOOD MEMORY ALLOCATOR

Åtbb::scalable_malloc

ïFast, but fragments

Åjemalloc

ïhttp://www.canonware.com/jemalloc



COPY ON WRITE
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COPY ON WRITE

ÅReader/Writer Locks

ÅConst Correctness

ÅImportance of Ownership

ÅSole Ownership is a Writer Lock

ÅHow this Fails



READER/WRITER LOCKS

ÅNatural needs for a piece of geometry

ïMany readers

ïMany writers

ÅNeed to ensure readers are not made inconsistent 

by writes

ÅReader/Writer Lock is a solution

ïBut we do not want any locks!



SHARED GEOMETRY CACHE

Main

Python

Write

Read Read Read



SHARED GEOMETRY CACHE

Main

Python

Write

Read Read Read

Barring other synchronization primitives; 

this is also a possible execution order.



SHARED GEOMETRY CACHE

Main

Python

Write Copy

Read Read Original Read New

This has the same effect but with 

overlapping computation.



C++: CONST KEYWORD

ÅConst Correctness

ïDoes not provide speed improvements

ï Does create a compiler-enforced contract on the code!

ÅEasy to find lazy programming

ï const_cast

ï mutable

ïMost importantly, easier to just not make things const!



C++: OWNERSHIP

ÅLack of garbage collection is a feature

Network

Sphere Convert

Network

Sphere Convert



OWNERSHIP

Åshared_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 ;

};



SOLE OWNERSHIP AS A LOCK

ÅTwo types of readers

ïReaders from foreign threads/algorithms

ï Our own readers

ÅPreventing external readers lets you reason about 

your own readers

ÅSole ownership is a Writer Lock

ï 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

ÅUnexpected copies

void applyOp ( FOO_Array foo, RANGE subrange)

{

float * dst = foo.writeData ();

for ( i in subrange)

dst [ i ] *= 2;

}

FOO_Array bar;

invoke_parallel (bar, applyOp );



FAILURE MODES

ÅPointer aliasing

void applyOp (float * dst , const float * src )

{

for ( i in range)

dst [ i ] = src [ i /2];

}

void process( FOO_Array &foo)

{

const float * src = foo.readData ();

float * dst = foo.writeData ();

applyOp ( dst , src );

}



TASK LOCKS
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TASK LOCKS

Å Not all threads are equal

Å A cook lock block Python from 
reading intermediate state

Å VEX tasks spawn to many 
threads

Å VEX can then trigger cooks

Å Which needs the cook lock!

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

Main

TBB 1

TBB 2

TBB 3

Python

Cook

Cook

Cook



GLOBAL COOK LOCK
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TASK LOCK

ÅTask Owner defines a tree of child tasks

ÅThread Local stores current threadôs Task Owner

ÅTasks update their threadôs owner on start

ÅLock is a condition + mutex which allows a stack of 

locks provided owner is strictly a child



TASK COOK LOCK
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COMPOSABILITY
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COMPOSABILITY
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COMPOSABILITY
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HOW WE HOPED IT WORKS
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TASK LOCK

ÅTask stealing leads to deadlocks

ÅThe stack creates an implicit lock!



TASK ARENAS
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TASK ARENA

ÅNever call back to the TBB scheduler if a lock is 

held

ÅIf you must, wrap a Task Arena



TASK ARENA

ÅMoved from Preview to mainline in TBB 4.3

ÅDocumentation suggests for controlling thread 

pools

ÅSolves the locking problem



TASK ARENA

ÅAcquire your lock

ÅBuild just-in-time a tbb::task_arena

ÅExecute code (task_arena::execute())

ïNo external tasks will be assigned to this 

thread!

ÅRelease your lock



TASK ARENA
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TASK ARENA
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TASK ARENA
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TASK ARENA

ÅBeware implicit locks from stack unwinding

ÅDo not re-use

ÅCatch exceptions
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TASK EXCLUSIVE

ÅMany threads want the same cached item

ÅTask Lock results in single threaded computation 

of the item.

ÅWhy canôt blocked threads contribute work?



TASK EXCLUSIVE

ÅLock Free Singleton

ÅTasks compete to get right to compute resource

ÅWinning task computes as normal

ÅLosing tasks add a dependent task and return to 

scheduler



TASK EXCLUSIVE
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TASK EXCLUSIVE
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TASK EXCLUSIVE
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TASK EXCLUSIVE
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TASK EXCLUSIVE

ÅLock Free Singleton

ïBut the stack creates an implicit lock!

ïNeed a Task Arena to ensure stack can empty 

back to the recycled task.



TASK EXCLUSIVE
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SOPS
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SOPS

ÅFracturing SOPs

ïDetermine Required Inputs

Å(Usually trivially ñallò)

ïCompute Parameters

ïManage Cache

ïRun the Algorithm



SOPS

ÅStandard SOP Cook Modes

ïDuplicate Input

ïIn-place Edit of Input

ïInstance Input

ïGenerate New Geometry

ïRe-use Previous Geometry



SOPS

ÅPrinciple of Node-Erasure

ïThe guts of the SOP shouldnôt need any 

nodes to operate

ïAllows ñverbò invocation from Python or C++

ïButé local variables!











PARAMETER MARSHALLING

ÅProvide algorithm with packed parameters

ÅAvoid writing glue code

ÅDOPs used UT_Options

ïGeneric Typed Hash Table

ÅInstead use compile-time generated C++ classes



.PROTO FILE

SOP_API SOP_SphereParms

{

int type Type = 0;

int surftype Surftype = 0;

vector3 rad Rad = 1, 1, 1;

vector3 t T = 0, 0, 0;

float scale Scale = 1; 

int orient Orient = 0;

int freq Freq = 2;

int orderu Orderu = 4;

int orderv Orderv = 4;

bool imperfect Imperfect = true;

bool upole Upole = false;

bool accurate Accurate = true;

bool triangularpoles Triangularpoles = true;

int rows Rows = 13;

int cols Cols = 24;

};


