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History



History

ÅDeveloped by Pierre LeRichefor the FastCodeproject
Åhttps://en.wikipedia.org/wiki/FastCode

ÅVersion 4, hence FastMM4

ÅIncluded in RAD Studio since version 2006
Åhttp:// www.tindex.net/Language/FastMMmemorymanager.html

ÅMuch improved since
Å5ƻƴΩǘ ǳǎŜ ŘŜŦŀǳƭǘ FastMM, download the fresh one

Åhttps:// github.com/pleriche/FastMM4

https://en.wikipedia.org/wiki/FastCode
http://www.tindex.net/Language/FastMMmemorymanager.html
https://github.com/pleriche/FastMM4


Features

ÅFast

ÅFragmentation resistant

ÅAccess to > 2GB

ÅSimple memory sharing

ÅMemory leak reporting

ÅCatches some memory-related bugs



Problems

ÅCan get slow in multithreaded environment

ÅCan get VERY slow in multithreaded environment



FastMM4 Internals



Top View

ÅThree memory managers in one

ÅSmall blocks (< 2,5 KB)
ÅMost frequently used (99%)

ÅMedium blocks, subdivided into small blocks

ÅMedium blocks (2,5 ð260 KB)
ÅAllocated in chunks (1,25 MB) and subdivided into lists

ÅLarge blocks (> 260 KB)
ÅAllocated directly by the OS



Details

ÅOne large block allocator

ÅOne medium block allocator

ÅMultiple (54+2) small block allocators
ÅSmallBlockTypes

ÅCustom, optimized Move routines (FastCode)

ÅEach allocator has its own lock
ÅIf SmallAllocatoris locked, SmallAllocator+1 or SmallAllocator+2 is used



Problem

ÅMultithreadedprogramsare slow?

ÅThreadsare fightingfor allocators.

ÅEasyto changethe program to bypassthe problem.
ÅWell, sometimes.

ÅHardto find out the responsiblecode.



Demo

ÅSteve Maughan: http://www.stevemaughan.com/delphi/delphi-
parallel-programming-library-memory-managers/

Åhttp:// www.thedelphigeek.com/2016/02/finding-memory-allocation-
bottlenecks.html

http://www.stevemaughan.com/delphi/delphi-parallel-programming-library-memory-managers/
http://www.thedelphigeek.com/2016/02/finding-memory-allocation-bottlenecks.html


Diagnosing FastMM4 Bottlenecks
$DEFINE LogLockContention



FastMM4 Locking

if IsMultiThread then begin

while LockCmpxchg(0, 1, @ MediumBlocksLocked ) <> 0 do begin

{$ ifdef NeverSleepOnThreadContention }

{$ ifdef UseSwitchToThread }

SwitchToThread ; //any thread on the same processor

{$ endif }

{$else}

Sleep( InitialSleepTime ); // 0; any thread that is ready to run

if LockCmpxchg(0, 1, @ MediumBlocksLocked ) = 0 then

Break;

Sleep( AdditionalSleepTime ); // 1; wait

{$ endif }

end;

end;



LockContentionLogging

LockMediumBlocks ( {$ ifdef LogLockContention } LDidSleep {$ endif } );

{$ ifdef LogLockContention }

if LDidSleep then

ACollector := @MediumBlockCollector ;

{$ endif }

if Assigned( ACollector ) then begin

GetStackTrace (@LStackTrace , StackTraceDepth , 1);

MediumBlockCollector.Add (@LStackTrace [0], StackTraceDepth );

end;



FastMM4DataCollector

ÅOpaquedata

ÅCompletelystatic
Å/ŀƴΩǘ ǳǎŜ aa ƛƴǎƛŘŜ aa

ÅAgreedmaxdata size

ÅMost FrequentlyUsed

ÅGenerational
ÅReducethe problem of localmaxima

ÅTwogenerations, sorted
Å1024 slotsin Gen1

Å256 slotsin Gen2

ÅEasyto expandto more generations



Output

ÅResults for all allocators are merged

LargeBlockCollector.GetData ( mergedData, mergedCount);

MediumBlockCollector.GetData (data , count);

LargeBlockCollector.Merge ( mergedData, mergedCount, data, count);

for i := 0 to High( SmallBlockTypes ) do begin

SmallBlockTypes [ i ]. BlockCollector.GetData (data, count);

LargeBlockCollector.Merge ( mergedData, mergedCount, data, count);

end;

Å¢ƻǇ мл άŎŀƭƭ ǎƛǘŜǎέ ŀǊŜ ǿǊƛǘǘŜƴ ǘƻ 
<programname>_MemoryManager_EventLog.txt



Findings



It is hard to release memory

ÅTime is mostly wasted in FreeMem

ÅGetMemόǿƛǘƘ ǎƳŀƭƭ ōƭƻŎƪǎύ Ŏŀƴ άǳǇƎǊŀŘŜέ ǘƻ ǳƴǳǎŜŘ ŀƭƭƻŎŀǘƻǊ
ÅhƴŜ ǘƘǊŜŀŘ ŘƻŜǎƴΩǘ ōƭƻŎƪ ŀƴƻǘƘŜǊ

ÅFreeMemƳǳǎǘ ǿƻǊƪ ǿƛǘƘ ǘƘŜ ŀƭƭƻŎŀǘƻǊ ǘƘŀǘ άǇǊƻŘǳŎŜŘέ ǘƘŜ ƳŜƳƻǊȅ
ÅOne thread blocks another



Solution



Solution

ÅIf allocator is locked, delay the FreeMem

ÅaŜƳƻǊȅ ōƭƻŎƪ ƛǎ ǇǳǎƘŜŘ ƻƴ ŀ Ψǘƻ ōŜ ǊŜƭŜŀǎŜŘΩ ƭƛǎǘ

Å9ŀŎƘ ŀƭƭƻŎŀǘƻǊ ƎŜǘǎ ƛǘǎ ƻǿƴ άǊŜƭŜŀǎŜ ǎǘŀŎƪέ

while LockCmpxchg(0, 1, @ LPSmallBlockType.BlockTypeLocked ) <> 0 do begin

{$ ifdef UseReleaseStack }

LPReleaseStack := @LPSmallBlockType.ReleaseStack ;

if ( not LPReleaseStack ^. IsFull ) and LPReleaseStack ^.Push( APointer ) then begin

Result := 0;

Exit;

end;

{$ endif }

ÅWhen allocator is successfully locked, all memory from its release stack is released.



FastMM4LockFreeStack

ÅVery fast lock-free stack implementation
ÅTaken from OmniThreadLibrary

ÅWindows only

ÅDynamic memory
ÅUses HeapAllocfor memory allocation



Problems

ÅReleasestackswork, but not perfectly

1. FreeMemcanstill blockif multiple threadsare releasingsimilarly
sizedmemory blocks.
ÅSolution: Hash all threads into a pool of release stacks.

2. Somebody has to clean after terminated threads.
ÅSolution: Low-priority memory release thread.

ÅCurrently only for medium/large blocks.

ÅCreateCleanupThread/DestroyCleanupThread



Bunch of release stacks

while LockCmpxchg(0, 1, @ LPSmallBlockType.BlockTypeLocked ) <> 0 do begin

{$ ifdef UseReleaseStack }

LPReleaseStack := @LPSmallBlockType.ReleaseStack [ GetStackSlot ] ;

if ( not LPReleaseStack ^. IsFull ) and LPReleaseStack ^.Push( APointer ) then

begin

Result := 0;

Exit;

end;

{$ endif }

ÅGetStackSlothashes thread ID into [0..NumStacksPerBlock-1] range



Danger, Will Robinson!

ÅUsed in production
ÅStill, use with care

ÅIncompatible with FullDebugMode

Å$DEFINE UseReleaseStack



NUMA
Non-Uniform Memory Access



Non-Uniformed Memory Access

SMP NUMA

Source: Introduction to Parallel Computing, https://computing.llnl.gov/tutorials/parallel_comp/

https://computing.llnl.gov/tutorials/parallel_comp/


NUMA brings problems

Å5ƛŦŦŜǊŜƴǘ άŎƻǎǘέ ŦƻǊ ƳŜƳƻǊȅ ŀŎŎŜǎǎ

ÅMeasurement from a real system
Å80 cores, 20 in eachNUMA node

ÅCoreinfo, Mark Russinovich
ÅNot very accurate measurement

00 01 02 03

00 1.0 1.6 1.9 3.4

01 1.8 1.9 2.2 3.5

02 2.1 2.2 1.8 2.6

03 2.2 3.1 2.8 2.1



Solution

ÅNode-local memory allocation

ÅFastMMimplementation: per-node allocators

Åhttps:// github.com/gabr42/FastMM4-MP/tree/numa

ÅVERYexperimental!

https://github.com/gabr42/FastMM4-MP/tree/numa


Solution, part 2

ÅHow to use more than 64 cores in your program?

ÅOmniThreadLibrarywith NUMA extensions
Åhttps:// github.com/gabr42/OmniThreadLibrary/tree/numa

ÅEnvironment.ProcessorGroups, Environment.NUMANodes

ÅIOmniTaskControl.ProcessorGroup, IOmniTaskControl.NUMANode

ÅIOmniThreadPool.ProcessorGroups, IOmniThreadPool.NUMANodes

https://github.com/gabr42/OmniThreadLibrary/tree/numa


“NUMA” for Developers

Åbcdedit /set groupsize 2
Åhttps://msdn.microsoft.com/en-

us/library/windows/hardware/ff542298(v=vs.85).aspx

https://msdn.microsoft.com/en-us/library/windows/hardware/ff542298(v=vs.85).aspx


Questions?


