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Allocations memoires,
pOoUrquol et comment profiler

SEBASTIEN VALAT — JEUDIS DE GRAY SCOTT - FEVRIER 2024




Origin of the tools
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» PhD. On memory management for HPC (at CEA / UVSQ)
» MALT : post-doc at Versailles :

Exascale oo

» NUMAPROF : side project post-doc work af :

CE/Rr_\W
\

N A

. Get both on :
» URL: https://memtt.github.io/



https://memtt.github.io/

Motivation
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» Lot of issues today :
» Huge memory space to manage (~TB of memory)
» Lot more distinct allocations (e.g. 75M in 5 minutes)
» Multi-threaded : 256 threads
» Hidden info large (huge) C/C++/Fortran codes (~1M lines)

» Access:
» NUMA (Non Uniform Memory Access)

» Memory wall !



Key today
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You need fo
well understand memory
Behavior of you
Application |




Eg: >1M lines C++ simulation.
On 128 cores / 16 NUMA CPUs
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MPC/NUMA MPC/UMA Glibc jemalloc tcmalloc

mUser mSystem midle



Same about memory consumption l
on 12 coliss
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Physical mem.(GB)
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Godal
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» We have profiling tool for timing (eg. Valgrind or vtune)
» Butf for memory usage ¢

» Memory can be an issue :
» Failed to run (or swap) due to lack of memory resource.
» Performance impact of memory management functions

» Three main questions :
» How to reduce memory footprint ¢
» How fo improve overhnead of memory management ¢
» How to improve memory usage ¢



Some issue examples
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» We want to help searching :
» Where memory is allocated.
» Properties of allocated chunks.
» Bad allocation patterns for performance.
» Leaks
» Global variables (TLS)



Some issue examples

o

S 3

8g

N O

. =g

Global variables or TLS )
. , e
Indirect allocations =

=

Int gblVar[SIZE];
int * func(int size)
{ S

child_func_with_allocs(); leak
void * ptr = new charlsize];
*ret = new [size*size*size];

Eor( ..... ) Might lead to swap for large size

double* buffer = new [size]; .

Short life allocations

delete [] buffer;

}

ret;



Existing tools

» Valgrind - massif

» Valgrind - memcheck

toggle detailed

Evelution of Memory Consumption | Detailed Snapshot Analysis

Vs vt
ottt i rm
(U

[ memory consumption of ‘duchainity projectsimediawiki-1.15.4"
Loca
peak of 161.4 MiB at snapshot 46 ocation
snapshot #24

shot #29
shot #30

ps

snapshot #43

snapshot #44
ps
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Existing tools

» Google heap profiler (tcmalloc):

» IBM Purify++ / Parasoft Insure++

GFS_MasterChunkTable
UpdateState

GFS_MasterChunkTable
Create
184.6 (18%)
of 298.8 (29%)

6F S_MasterChunk
AddServer
255.6 (25%)
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What | want ...
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» Same approaé '

)
4.

» Mapped all

«
[

% |

» For memory
» Memon
> Peak an ‘

» For perform
> AIIoco’ril: COUNTST S
» Allocation sizes (min/mean/

» Chunk lifetime (min/mean/max)



Global summary

EXECUTION TIME

Run description

PHYSICAL MEMORY PEAK ALLOCATION COUNT

2.3 MB 379

Executable

Commande ;

Tool :
Host .
Date :
Execution time :

Ticks frequency :

Global statistics

simple-case-finstr-linked

./simple-case-finstr-linked

matt-0.0.0
localhost.
2014-11-26 22:40
00:00:00.23

1.8 GHz

Show all details | | Show help

Physical memary peak.

Virtual memory peak

23ME

103.7 ME
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Per thread statistics

Call per thread

O Grouped @ Stacked @ malloc free O calloc realloc @ posix_memalign © aligned_alloc
@ memalign © valloc @ palloc

Thread 1 I

0 200 70O 734

Time per thread

O Grouped @ Stacked @ malloc free O calloc realloc @ posix_memalign © aligned_alloc
@ memalign ©valloc @ pealloc

0 2 < 400 K OK 800K 1000 K 4 1400 K
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Source annotations

Inclusive/Exclusive

+= = Algcated mem. =

__libc_start_main
_start

main

recur:
testThrea
funcBi()
testRecuselnter

testRecuselnter

ar_init1
global constructors ke...

_\libe_csu_init

Symbols

Metric selector

¥20c/20/S1

AT/ VIANI - I0JOA USiSOq9S

ek ek
void funcA()
v
1
* ptr
ar*)pt

e e e e e bk ok b ok ok ok F
urseA(int depth)

depth =

vold * ptr
*(cha

otstotobokokokobokobokokokokokooookok |

Call stacks reaching
the selected
site.

Details of symbol or line




Time charts

Allocation rate (operations)

@s5tacked QO Stream Q) Expanded

¥20c/20/S1
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Malloc @ Free

Allocation rate op

0018

Time (secondes)

ata | CSV data | Save a

System free memory @ Swap memory

System free mem (B)

0.018 0.035 0.036
Time (secondes)




Chunk size distribution

Example from YALES2 with gfortran issue
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Many really small allocations

2500000
2000000

1500000

l.-—*-l--l-—l——l——r—r—l——v— i i i i
1a 32 12 8 24 960 2968 a7e S84 952 2944 935 1 328 135 672

S04 36




Global variables

Distribution over binaries

B
(@)] N

QO Grouped @ Stacked @ Global variables @ TLS variables B 8_

N

simple-case-finstr-linked B ;L
libc-2 8 %
libstdc++.50.6.0.17 N <

i Q

libmatt.so =

Q)

Id —+

1

libdl-2.17 >

libm-2 )
libunwind-x86_64.s0 >
libunwind. i

: - —

liblzm: =~

libpthrea
librt-2.
libgee_s.s0.1
libgomp.so
libelf-0.158.50
0B { 39K K FBK . 117 137K 156 KB 176 KB

Distribution over variables

QGrouped @ Stacke @Global variables  @TLS variables

tisArray

ghlCallociniBuffer

gblStaticArray

ablArray
_rid_global
std:trl: detail: prime_list

std:__detail:__prime_list
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Cerfacs - AVBP- CFD simulator
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Time =0.91 ms




Example on AVBP Init phase
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» Issue with reallocation on init

=acl Llodpde Ll ; A2l d -'
'array and capacity variable are not

IF (needed size=capacity) THEN
IF (ALLOCATED ( temp) ) DEALLOCATE(temp)
ALLOCATE ( temp(capacity))

Allocation rate

DO i=1,capacity
temp(i)=array(1i)
END DO

= e e

DEALLOCATE ( array)
ALLOCATE ( array(new cap))

()]
n
o

[a}]
&

E

=

&
=

;

i

Total :
Allocated memary ; Sh
hax alive memory

Alle

9537 M Lifetime : [ 10 A, A1 (cycles)
Own ;
Allocated memary ; 96
hax alive memaory
daKalloc: [16.0KE, 3,337 ME ]
Lifetime : [ 10 , _ 1] (cycles)




Coria — YALES2 - Combustion
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Allocatable arrays on YALES2

Issue only occur with gfortran, ifort uses stack arrays.

Search intensive alloc functions

¥20c/20/S1
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| 4= = Allocation count =

9119 K data _comm_mscopy_i.

g96.4 K data_comm_micopy .. HUge numbel’ Of Q”OCOTIOH for a ”ne
programmer think it doesn’'t do any |

i=1,nitem el grp

el grp_ind = el_%r'p_indeﬂint_u:::nrr|rn_index'?-'.-s.1.ra1 (1,1)

int_comm_ind = el _grp_indexZint comm_index%val(2,1)

deld_g rp_r2Z%val(l:diml,el_grp_ind] = int comm rZ%val(l:diml,int comm ind)
end do

Total :

Allocated memory : 3.0 ME

Freed memory : 3.5 ME

hax alive memony : 432
“aloc:[16B,16E,16E]

BOR.0 K free : [ 168 3] And mostly really small
Lifetime : [ 24.5 K., 33.3 K, 37.8 M ] [cycles) CI”OCCIﬁOn S |

Own :

Allocated memory : 3.0 ME



We can found allocs of 1B |
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Search for the minimal chunk

size.
IT % 1 4= = iinsizew

Search
fusrilibgooixd

__ strdup

Many codes produce allocations of 1B.

data_defs_muresize_..

OK with moderation.

case (DATATYPE REAL NODE 1u’ECTI R, DATATYPE _REAL ELEM VECTOR, &

DATATYPE_REAL _FACE_ F?!. DATATYPE_REAL_PAIR _VECTC IPI

if (associated(data pfrsll then
deallocate(data ptr%r2 ptrs)

end if

allocate(data _ptrsr2 ptrs(nel_grps))

do n=1,nel_grps
NULLIFYTdata _ptrEr2 ptrsin)sptr)

end do

ninenneRen onenenen
) D G 0N Gl G G
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# Optionally recompile with debug flag to get source lines :
cc -g ...
# Run your program

${PREFIX}/bin/malt [--config=file.ini] YOUR_PRGM [OPTIONS]

#Launch the server
malt-webserver -i malt-{YOUR_PRGM}-{PID}.json
# Connect with your browser on http://localhost:8080
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» Example current Intel Knight Landing, mode SNC2 or SNC4
» Also add fast memory MCDRAM presented as NUMA or LLC cache

Today fopology



Implicit binding : first fouch

ml‘q

d L R
S . :')
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| I &
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» New allocated segr

» They are filed on

» Page selection d
' ‘

T1 %flb'
EEEEEN

| P
b n
1 l‘- l"
\ I &
4 i
y 4 _ v 5D
= IS EGE. -
: EEETI L\ =
o’ =1 %

NUMA 1 NUMA 2



Typical OpenMP mistake
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» Make first init outside of OpenMP (in thread 1)
» So each pages will be first ftouched on NUMA 1
#pragma omp parallel for

for (inti=0;i<SIZE; i++)
array[i] = 0;

» Then access
#pragma omp parallel for

for (inti=0;i<SIZE; i++)
array[i]++;

» Bad performance due fo remote accesses !



Wish list for a profiling toal...
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» We want to know if we make remote accesses

» |deally we need to know where...

» We can dream, we want to know which allocation contain issues

» We want to know where the first touch has been done

» On KNL we want to check MCRAM accesses
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NUMAPROF
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» Take back the idea from MALT
» Web interface
» Source annotation

» Global metrics

» Use inftel Pin
» Permit to instrument all memory accesses
» Parallel opposite to valgrind
» Difficulty: we cannot easily use libs inside the tool

» | would have used hwloc and libnuma.....



Overhead and scalabllity

T
S8
Overhead 8a
300 S
Q
250 =
» Of course overhead is large: ~30x Z
& 200 C
. E 150
» Butis scale =
= 100
60x
» Example code hydro on KNL: 0 27 e

1 2 4 8 16 32 64 128 256
THREADS

e Numaprof «=Valgrind
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Global summary

First touch Memory access

@®Finned @ Unpinned @®Llocal @ Remote Unpinned page @ Unpinned thread @ Unpinned both MCDRAM
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Access matrix Peak allocated numa pages

® Numa pages

51,305.0
. 40,000.0
- - - -
' ) 1 2 3




Statistics per thread

Memory access
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unpinnedPageAccess @ unpinnedThreadAc @ unpinnedBothAcc ® ocaldccess @ remoteAc

]
4
3
g
[

Thread 0

Thread 1

Thread 2

Thread 3

Thread 4

Thread 5

Thread 6

Thread 7

Thread &

Thread 9

Thread 10

Thread 11

Thread 12

Thread 13

Thread 14

Thread 15

Thread 16

Thread 17

>

Thread 18




Source & asm annotations
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% | All access ~

buffer[i]++;
[] buffer;
Line 41

Pinned first touch 50 290

Unpinned first touch a1
163.0K 4o lookup x Local 49 259 280

Remote 1858 588

Unpinned page 0

Access

Unpinned thread 377 860

Unpinned both 932 461

MCDRAM 0

Non allocated 0

Tint main()




Code Hydro

¥202/20/5 |
IDJDA UBYSOOOS

» KNL Without HBM WITH HBM

Memory access

Memory access

®Local @ Remote Unpinned page @ Unpinned thread
@ Unpinned both MCDRAM

@ Local @ Remote Unpinned page @ Unpinned thread
@ Unpinned both MCDRAM




riginal Hydro access matrix

Access matrix Access matrix

Unpinned Unpinned
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Ordering issue

—
0.

S8

e e e /data/svalat/Projects/Hydro/HydroC/HydroCplusMPI/Domain.cpp | Domain::setTiles() [clone ._. g %_
'4\3 =)

Search n localDt = AlignedAllocReal (m nktiles); S:
] Tile *[m nbtiles]; a

1

7

< m nktiles; i++) )

>

S~

—

(.

N

(mortenW, mortonH);

m mortonl

assertim

#pragma omp parallel for private(i) if (m_numa) SCHEDULE
for (int32_ti=0; i <m_nbtiles; i++) {
int t = m_mortonldx[i];
m_tiles[t] = new Tile;



Non parallel allocations
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/data/svalat/Projects/Hydro/HydroC/HydroCplusMPI/ThreadBuffers.cpp | ThreadBuffers:: ThreadBuffers(int, in

Uiy Ui UL Ly

Alloc remote access -

ThreadBuffers: :ThreadBuffers(int32 t xmin, int32 t xmax, int32 t
gomp_malloc int32 t 1gx, lgy, lgmax;
lgx = (xmax - xmin);
lgy = (ymax - ymin);

8 lgmax = lgx;
Spa::Spa(int, int, int) 20 if {1gmax < ng}
: lgmax = lgy;

Domain::setTiles() [clone ._omp_.

ThreadBuffers: :ThreadBuffers(int..

m g = new Soa(NB VAR, lgx, lgy);

m gxm = new Soa(NB VAR, lgx, lgy);

m gxp = new Soa(NB VAR, lgx, lgy);

m dg = new Soa(NB VAR, lgx, lgy);

m gleft = new Sea(NB VAR, lgx, lgy);
m gright = new Soa(NB VAR, lgx, lgy);
m ggdnv = new Soa(NB VAR, lgx, lagy);

Domain::setTiles()
Tile::initTile(Soa*)
main

Domain::createTestCase()

new Matrix2 < real t > (lgx, lgy);
new Matrix2 < real t = (lgx, lgy};

Matrix2<int=::listMortonIdx()




Parallel allocations

o &
S8
i 3g
» Original .=
o)
for (int32_ti=0;i<m_numThreads; i++) { >
m_ buffers[i] = new ThreadBuffers(...); =
assert(m_buffers[i] !=0); 0
}
» Modified

H#pragma omp parallel
{
inti=omp_get thread num();
#pragma omp critical
m__buffers[i] = new ThreadBuffers(..);
assert(m_buffers[i] != 0);



Speed up obtained on Hydro

Access matrix

Unpinned

45
40
35
30

© 25

Time

20

)

10

WITHOUT HBM

t -18%
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After
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