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ADeveloped by PierreeRichdor the FastCoderoject

Ahttps:// en.wikipedia.org/wiki/FastCode
AVersion 4, hence FastMM4

Alncluded in RAD Studio since version 2006
Ahttp:// www.tindex.net/Language/FastMMmemorymanager.html

AMuch improved since
A5 2 y Qi dz&¥&tMM SctvhlatA the fresh one
Ahttps:// github.com/pleriche/FastMM4



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

Features

AFast

AFragmentation resistant

AAccess to > 2GB

ASimple memory sharing

AMemory leak reporting

ACatches some memosselated bugs



ACan get slow in multithreaded environment
ACan get VERY slow in multithreaded environment
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AThree memory managers one

ASmall blocks (< 2,5 KB)
AMost frequently used (99%)
AMedium blocks, subdivided into small blocks

AMedium blocks (2,5 & 260 KB)
AAllocated in chunks (1,25 MB) and subdivided into lists

ALarge blocks (> 260 KB)
AAllocated directly by the  OS



AOne large block allocator
AOne medium block allocator

AMultiple (54+2) small block allocators
ASmallBlockTypes
ACustom, optimized Move routinefgstCodg

AEach allocator has its own lock
AlIf SmallAllocators locked, SmallAllocator+1 or SmallAllocator+2 is used



AMultithreaded programsare slow?
AThreadsare fighting for allocators

AEasyto changethe program tobypasshe problem.
AWell, sometimes.

AHardto find out the responsiblecode



Demo

ASteveMaughan http://www.stevemaughan.com/delphi/delphi
parallelprogramminglibrary-memorymanagers

Ahttp:// www.thedelphigeek.com/2016/02/findingnemory-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




FastMM4 Locking

if IsMultiThread then begin
while LockCmpxchdO, 1, @ MediumBlocksLocked) <>0 do begin
{$ifdef NeverSleepOnThreadContention }
{$ifdef UseSwitchToThread }
SwitchToThread ; //any thread on the same processor
{$ endif }
{$else}
Sleep( InitialSleepTime  ); // 0; any thread that is ready to run
If LockCmpxchdO, 1, @ MediumBlocksLocked) =0 then
Break;
Sleep( AdditionalSleepTime ); // 1; wait
{$ 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

AOpaquedata

ACompletelystatic
Al ' yQi dzaS aa AYyaARS aa
AAgreedmaxdatasize

AMost FrequentlyUsed

AGenerational
AReducehe problemof localmaxima

ATwogenerationssorted
A 1024slotsin Genl
A 256slotsin Gen2

AEasyto expandto more generations



AResults for all allocators are merged

LargeBlockCollector.GetData ( mergedData, mergedCount);
MediumBlockCollector.GetData (data , count);
LargeBlockCollector.Merge  (mergedData, mergedCount, data, count);
for 1 =0 to High( SmallBlockTypes ) do begin

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

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

AC2LI mMmn aOlFff aAriasSaéd IINB gNRAGOGSY
<programname>_MemoryManager_ EventLog.txt
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It IS hard to release memory

ATime is mostly wasted iRreeMem

AGetMemo g A UK aYlff of2014au0 OFyYy &dzLJ
AhyS GKNBIR R2SayQia o6f201 Fy2idKSNJ

AFreeMemY dza 0 ¢2NJ] GH6AGK GKS |ff20F 02
AOne thread blocks another



N

P

5o

s

N N v v
& N & b N ; »
.

< S

&
SeS

s ._ R K



Alf allocator is locked, delay ttfereeMem
AaSY2NE of 201 Aa LI
A9l OK ff201 02N 23S

S NJ

ZAa KSR 2y | WYaz2 o
a Ala GaNBf SI as

2 4y

while LockCmpxchdO, 1, @ LPSmallBlockType.BlockTypelLocked )<> 0 do begin
{$ifdef UseReleaseStack }
LPReleaseStack := @LPSmallBlockType.ReleaseStack ;
if (not LPReleaseStack ”. IsFull ) and LPReleaseStack *.Push( APointer ) then begin
Result :=0;
Exit;
end,;
{$ endif }

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



FastMM4LockFreeStack

AVery fast locKree stack implementation
ATaken fromOmniThreadLibrary

AWindows only

ADynamic memory
AUsesHeapAllodor memory allocation



AReleassstackswork, but not perfectly

1. FreeMemcanstill blockif multiple threadsare releasingsimilarly
sizedmemoly blocks.

A Solution: Hash all threads into a pool of release stacks.

2. Somebody has to clean after terminated threads.
A Solution: Lowpriority memory release thread.
ACurrently only for medium/large blocks.

A CreateCleanupThredBestroyCleanupThread



Bunch of release stacks

while LockCmpxchdO, 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 }

AGetStackSldtashes thread ID into [0..NumStacksPerBlbckange



Danger, Will Robinson!

AUsed in production
A Still, use with care

Alncompatible withFullDebugMode

A$SDEFINEseReleaseStack
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Non-Uniform Memory Access



NontUniformed MemoryAccess

SMP NUMA

Bus Interconnect

Sourcelntroduction to Parallel Computingttps://computing.linl.gov/tutorials/parallel _comp



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

NUMA brings problems

ABATFSNBYG a02a0é¢ F2NJ YSYZ2NE | OO!

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

AMeasurement from a real system
A80cores 20 ineachNUMA node

A Coreinfo, MarkRussinovich
A Not very accurate measurement



ANodelocal memory allocation

AFastMMimplementation: pemode allocators
Ahttps:// github.com/gabr42/FastMMMP/tree/numa

AVERYexperimental!


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

Solution, part 2

AHow to use more than 64 cores in your program?

AOmniThreadLibrarwith NUMA extensions
Ahttps:// github.com/gabr42/OmniThreadLibrary/tree/numa
A Environment.ProcessorGrougsnvironment. NUMANodes
AlOmniTaskControl.ProcessorGroi@mniTaskContro. NUMANode
AlOmniThreadPool.ProcessorGrouf@mniThreadPool. NUMANodes



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

“"NUMA”  f or Devel oper

Abcdedit /set groupsize 2

Ahttps://msdn.microsoft.com/en
us/library/windows/hardware/ff542298(v=vs.8aspx



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