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Exascale oo Questions
-0

 We have good profiling tool for timings(eg. Valgrind or vtune)

But for what memory profiling?

« Memory can be an issue :
— Availability of the resource
— Performance

 Three main questions :
— How to reduce memory footprint ?
— How to improve overhead of memory management ?
— How to improve memory usage ?
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Exascaleco Some issue examples
—

* | wanted to point :
— Where memory is allocated.
— Properties of allocated chunks.
— Bad allocation patterns for performance.

Global variables and TLS

Indirect allocations

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

{
child_func_with_allocs(); / Leak

void * ptr = new char[size];
double* ret = new double[size*size*size];\

Ior (auto it : iter_ltems)\rm Might lead to swap for large size
double* buffer = new double]size];

//short and quick do stuff C++11 auto induced allocs
delete [] buffer; g

} Short life allocations
return ret;
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Exascale o0 What | want to provide
-3

* Same approach than valgrind/kcachgind

 Mapped allocations on sources lines and call stacks

* Using a web-based GUI
— | started with kcachgrind
— But wanted more flexibility and time charts
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Exascaleco How it works
_.—

 Use LD_PRELOAD to intercept malloc/free/... as Google heap profiler

App libmalt.so libc.so
call malloc() |——| malloc() — | malloc()
call free() — | free() — | free()
call calloc() |[——|calloc() — | calloc()
call realloc() |[——=| realloc() — | realloc()

|

malt-app-100.json
malt-app-100.callgrind

* Map allocations on call stacks

* Build & consolidate summary metrics

* Generate JSON output file
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Exascale oo Source annotations

computing research

Web technology (NodelS, D3JS, Jquery, AngularS)

Inclusive/Exclusive

Metric selector

M % | _4 = Alocated mem. - -‘il-=v.a|§3‘f_l:3roject?’m:atgsEﬁlﬁb’i&sf}:ﬁizﬂﬁk&fgﬁ&_.npp =
54 *({char*)ptr = 'c';//requir —
Search 55 delete [] ptr; P I. t t.
B 54KB _libc_star_main J——
B 'Eoid funcB()
@ 64Kk st D ¥ ptr = malloc(32); |
E ?(ch?r"‘gj?tr:'c';_.»"_.»"required otherwise new compilers will remove malloc/free
. = ree(ptr); |
. 28,2 KB main = funcCF(J}l;
65|}
' 125 KE  testMaxAlivel) Jksokkokskokokok kool ENCTTON
'\:{roid funca()
l BAKE recurseA(int) 70 void * ptr = malloc(18);
71 ”‘(char"‘gj?tr:'c';_a‘_a'required otherwise new compilers will remove malloc/free
( BAKB testThreads() a2 Loeiptn)
74
| 1.0KE funcB() okl kool ENCTTON
7 void recurseA(int depth)
| 1.0KB testRecuselntervedAli.. if (depth > 0)
{
. void * ptr = malloc(B4);
| TOKE testRecuselntervedB(i. ?(ch?r* gntr:'c';_.f'_.»"required otherwise new compilers will remove malloc/free
res(ptr);
70408 funcl() recurseA(depth-1);
7040E testParaleMithRecur.. FUNCTION / v
. | Function Ietric
12808 OuOfMainAlioc Lﬁz:ﬂ'e § memor: 96 B v st 9808
Freed memory'rﬂyﬁl B v _libc_start_main 96.0 B
128.0B _ cxx_global_var_init1 . : v main 9608
— == hex alive memory : 96
[ 9608
2alloc:[32B,488,643] L w600
128.0E global construciors ke... free:[32B,48B, B4 B ] A L ;)| ons
N . . malloc |
Lifetime : [ 41.3 K, 42.1 K, 428 K ] (cycles) i amEn
reans et Call stacks reaching

\ the selected
\Petails of symbol or line site.
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Exascaleoco

computing research

€ GoBack  Go Forward ¥
I | Allocated count =
Searc

12.8M G4RunManager::...

74 M

71 M

_ZNSs4 Rep9_S..

G4RunManagerK..

Navigation buttons

@

| 7.0M
| 7.0M
| 7.0M
| 7.0M
| 6.9 M
| 6.9 M

-

start_thread

MALT:.pthreadWr..

G4MTRunManag...

G4WorkerRunMa..

G4SmartVoxelHe..

G4SmartVoxelHe

4

Filtering to show

- —

only useful nodes

?? | main

b e oy w

S58M

rocessOneEvent(int)

58N

Filter Graph Nedes

Height

Depth

Node Cost

Call tree view

GAMTRunManage r: :Initialize ()

G4RunManager: :Initialize()

25K

G4RunManager: :Initial:

K
Y
m DetectorConstruction: :ConstructDetector()

Unlimited

: ]

1%

main

Searchable Symbol list

e 985K

Showing 23 out of 2862 nodes.

Call Tree

Navigable

G4MTRunManager: :G4MTRurManager () E

\ sesk

GAMTRunManage f(erne L: : G4MTRurManagerke rne 1() |

% 9K 3

|
I‘I

G4RunManage rkernel: :G4RunManage rkernel(...)

G4String: :G4String(...)

Inclusive

Allocated memory 444.2 MB

Freed memory 422.2 MB

Local peak 28.2 MB

Leaks 29555526

6.2 M alloc [1B,75B, 166.3KB ]
6.0 M free [4B,74B, 156.3KB ]
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Exascale oo Per thread statistics

Call per thread

O Grouped @ Stacked @ malloc free @ calloc realloc @ posix_memalign ¢ aligned_alloc
@ memalign ¢ valloc @ pvalloc

Thread 1 I

0 100 200 300 400 500 600 700 T34

Time per thread

O Grouped @ Stacked @ malloc free O calloc realloc @ posix_memalign © aligned_alloc
@ memalign Cvalloc @ pvalloc

0 200K 400 K 60.0 K 800K 100.0K 1200 K 1400 K 158.8K
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Exascale oo Fragmentation issue

* Memory consumption over time
— Physical
— Virtual
— Requested (malloced)

Memory allocated over time

QVirtual memory  © Physical memory @ Requested memory

911

Time (secondes)
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Exascaleoco

* |ssue with reallocation on init

Example on AVBP init phase
—_— P a d i ua 'l il  a

e Detected with allocation rate & cumulated allocatated mem.

Allocation rate

620G

260G

476G .

arG

2806

Allocation rate Bis

19G

953.7 M

A

0.0l A )

0.0 7649 153.8
Time

3/02/2019
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LALL dssgErLicdpdelly==51seldliTdy), &

10C 'array and capacity variable are not
101
102 IF (needed size=capacity) THEN
103 IF (ALLOCATED ( temp) ) DEALLOCATE(temp)
| 57 GB JIeC! ALLOCATE ( temp(capacity))
105
10F DO i=1,capacity
107 temp(i)=array(1i)
10 END DO
109
110 DEALLOCATE ( array)
[ 57 GB JENNI ALLOCATE ( array(new cap))
112
113 DO i=1,capacity
114 array(i)=temp(i)
115 END DO
116
117 capacity=new _cap
115 END TF
119 <1
Total - | Function

> _start

Allocated memary : GR.8 GE

Max alive memory ; 135.7 M

JakKaloc: [160KB, 183ME, 337 ME ]
Lifetime : [107.8 K, 26.7 M, 478.7 M ] (cycles)
Cwn :

Allocated memory : 56.8 GE

Max alive memory : 135.7 M

MALT, Sébastierdadtaalioc: [ 16.0KE, 16.3MB, 33.7 MEB ]

Lifetime : [ 107.8 K, 26.7 M, 476.7 M ] (cycles)



Exascale o0 Usage
e a

Optionally recompile with debug flags :

* Run

malt [--config=file.ini] YOUR_PRGM [OPTIONS]

Use the web view && http://localhost:8080:

malt-webview -i malt-{YOUR_PRGM}-{PID}.json

* In case thereis a QT wrapper embedding NodelS + Webkit

malt-qt -i malt-{YOUR_PRGM}-{PID?}.json



http://localhost:8080/

Exascaleoco Status
—_— e ]

* Open sourced since one year on https://github.com/memtt

* Co-hosted with a similar tool :
NUMAPROF for Non Uniform Memory Access profiling.

o AR m\

A APRO

* My research on memory management for HPC : http://svalat.github.io/
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https://github.com/memtt
http://svalat.github.io/
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Thank you.

QUESTIONS ?
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BACKUP
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Exascale o0 Possibly huge impact

Execution time (s)
500

* Memory management 150
can have huge impacton 4x
performance 250
300
* Extremecaseonal.5 250
million C++ lines HPC 200
simulation app. on a 16 150
processors server 100 I
50
0 .
e Cansee 10-15% @\V \0& N {& (@\o“
improvement on MySQL & ¢ ¢

by changing allocator

B User mSystem mldle
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Exascaleco  Qytput, first idea, kcachegrind

Callgrind compatibiltiy
* (Can use kcachgrind
* Might be usefull for some users, cannot provide all metrics.

& matt-20_cylinder-12975. callgrind [20_cylinder] (OREVRES)
Fichier Wue Aller Configuration Aide

%nu\mr <perécédent v e suvant v £k Remonter v | Of Relatf |5 Détection de eycles ¢.I..Re\anf au parent 5 | AliveRegMax v

Profilage & plat © % arrays_defs m_MOD_add_new_rl
Recherche : || (aucun regroupement) v Types || Fonctions appelantes | Toutes les fonctions appelantes | carte des fonctions appelée: < >
Incl. Propre Appelée(s) :Fonction ~ Incl. Distance :Appelée(s) Fonction appelante =
= 77 309 285 0 11 244889 W _libc_start_main W 6473332 5-13(8) 1 255558 234 W _start (2D_cylinder: 77)
77 309 285 0 ©) W Tstart |~ B 6473332 4-12(7) 1 255150 876 M _libc_start_main (libc-2.17.50: 77)
77 309 086 0 11 841 046 m MAIN mmel 6473332 311 (6) 545 485 028 M MAIN_ (2D cylinder: 2D_cylinder.f90)
m 71 699 415 @ 71 699 415 5886 215 . malloc 4634 334 1-3(1 1 data_registration_m_MOD_register_grid_data (2..
w54 550 745 5 _yales2_m_MOD_init | mm 4473072 2-8(5) 80842476 W _yales2_m_MOD_init_yales2 (2D_cylinder: yales2,
o 33061 244 n rid_io_m_MOD_cres H 2345931 2-7 (4) 4536119 M _grid_io_m_MOD_create_grid (20_cylinder grid io... |1
¥ 22095135 0 “incompressible_sol m 2325848 2:4(2) 13054 W _data_buffers_ m_MOD_Use_data_buffer (20_cylin..
¥ 22085135 0 9962020 M _vyalesZ_m_MOD_tem| 2062 462 2-7 (3 159 724 W __incompressible_solver_m_MOD_ics_init_solver (2.
d 21668531 0 289 847 ®l _grid_partitioning_m B 2000280 4-10(6) 428 400 860 ales2_m_MOD_temporal_loop (20_cylinder: yale
¢ 13972729 o 732 058 = _solver operators_mi # 2000260  3-9(5) 23191160 M _incompressibleé_solver m_MOD_ics temporal_loo.
¢! 13624850 0 "grid_io_m_MOD_dul 4 1576808 2-4 (3) 6 601 W _grid_partitioning_m_MOD_split _oné_el_grp (2D_c.
r 13 092 585 0 —mpi_m_MBD_init_mp 1 406 600 2 9 600 W _pt_data_registration_m_MOD_relink_all_pt_set
¢ 13047130 0 16 860 =l PMPLINIT B 1406600 1 650 B —pt_data_registration_m_MOD relink_pt_sef_data.
f 13047130 0 16 960 M PMPI Init 1 763963  2-4(2) 6116 u _linear_solver_operators_m_MOD_register_linear_.
1 12 368 642 o 14 365 data_registration 1 606 875 3-6 (4) 1815232 @ _ linear_solver_operators_m_MOD_solve_linear_sys.
Y 11412 968 0 18 386 = mca_base_componan 510464  35(3) 10198 M _linear_solver_operators_m_MOD_selve_linear_sys...
i 10794 708 0 2702 = _ grid_parfitioning_m 423793 3-8(5) “solver_cperators_m_MOD_solver_postproc_and
1 10 352 498 0 7 991 =l JusHlibilibmpi.s0.0(+ 423 793 2-7 (4) __grid_io_m_MOD_dump_grid (2D _cylinder: grid_io
1 10 352 488 o 7 991 M orte_init 393 431 3-5(3) scalar_operators_m_MOD_define_scalars_from
! 10043192 o 1195 Gkmalloc 393 431 2-4 (2) “scalar_operators_m_MOD define_scalar_from_pa...
' 9791 938 0 3815 m opalinit 269123 26 (4) grid_metrics_m_MOD_grid_compute_metrics (2D_.
1 9 474 928 o 505 1 opal_memory_base_o 212 678 4-6 (4) scalar_operators_m_MOD_postproc_scalars (2D_.
| 8353 816 0 2 724 M HSFL reg_malloc  ~ 161 611 3-5(3) stats_computation_m_MOD_register_all_stats (2... ||
' 7 960 032 0 509 &l HSFL_req_calloc 161 611 2-4(2) “stats_computation_m_MOD_register_grid_data_s... |
' 2921 166 o 381 Bl HSF oper : 11 0AS 3.5 (31 data Aiff_onerators m Mo filter real data (20| Y
' 7 894 696 0 36 &l fusr/lib/libhdfs.50.7(+ o ~
' 7 894 696 0 36 1l HSAC create =
t 7 894 696 ] Bl H5C_create
' 7 645 768 ] __grid_io_hdf_m_MOD
t 7327122 0 data_buffers_m_MJ|
r 7234 032 ] 2 322 ml METIS_ WPartGraphRe
| 6483 706 1] 8416 &l _ arrays_defs_m_MOD
I 6371 778 0 39 791 M _incompressible_sol
5603 240 0 122 ml METIS_PartGraphRecy
5351 796 0 602 m _ hdf defs_m_MOD_h
5276 256 0 332 & _hSf_MOD_h5fopen |
5276 256 0 RSfepen_c” .
5275 908 ] HSFopen
5186 859 ] __arrays_defs_m_MOD
4852 660 0 Bl _pt_set_io_hdf_m_M
4789 886 0 2880 8l el _grp_defs_m_MoD)
4439 952 0 2 268 m METIS_PartGraphkway
4439 700 0 METIS_WPartGraphiw -}
4433 381 ] __arrays_defs_m_MOC
4432027 4432 027 3052 M realloc
4371 604 o 4422 5 _ MlevelRecursiveBise
4194 336 0 2 Jusr/lib/libopen-pal.so
4194 304 0 1 ul /usrlib/libopen-pal.so
3947 304 0 792 M _ Coarsen2way —
3946 228 0 398 M _SetUpCoarseGraph &
3814871 0 3560 M _data_registration_n
3572 268 o M\eve\KWayPamlmn o | = L i 1< >
o0 — = y SEmm—— 535 Fariics [Fonctions appelées | Graphe des appels | Toutes les fonctions appelées | Carte des < >

matt-2D_cylinder-12975. callgrind [1] - Total (AliveReqMax) Colt total : 77 321 218
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Exascaleco  \What is missing to kcachegrind

Started with kcacegrind GUI.... But ...

e Display human readable units
— You prefer 15728640 or 15 MB ?
— | want to compare to what | expect.

Cannot handle non sum cumulative metrics
— Inclusive costs only rely on + operator
— Some mem. metrics requires max/min (eg. lifetime)

* No way to express time charts

* No way to express parameter distributions (eg. sizes).
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Exascale oo ldeas of improvement

e Add NUMA statistics

* Provide virtual/physical ratio

» Estimate page fault costs

* Exploit traces in GUI for deeper analysis
— Alive allocations at a certain time
— Fragmentation analysis
— Time charts from call sites
— Usage over threads for call sites

3/02/2019 MALT, Sébastien Valat 19



Exascale o0 Global summary

EXECUTICH TIME PHYSICAL MEMORY PEAK ALLOCATION COUNT

00:00:00.25 2.3 MB 379 4.1 €lg
Run description

Executable : simple-case-finstr-linked

Commande : ./simple-case-finstr-linked

Tool : matt-0.0.0

Host : localhost

Date : 2014-11-26 22:40

Execution time : oo:00:00.25

Ticks frequency : 1.8 GHz
Global statistics

Show all details | | Show help

Physical memary peak. Z3ME
Virtual memory peak 103.7 MB

3/02/2019 MALT, Sébastien Valat 20



Allocation rate Bis

Exascale oo Temporal metrics

computing research

= Profile over time:
= Allocation rate
= Physical / Virtual / Requested memory
= Stack size for each thread (require function instrumentation)

= Example on YALES2 with gfortran :

. Alloc . Free . 2 54.0 KB 295 KB
1000 M .'u’lrtual memary [ Egrein i medump g data o Reforid_io_hdf_m:dump_KKE KB
5.4 M  Physical memaory
0 Requested memaory
BaaM 238.0M @0
1005 K
TEIM
6.8 1M 190.7 M BTk
781K
a72M
1431 M
o
m
954 M
47T M
0.0 0.0
0.0 284 56.8 79.8 1.9m 8.4 56.8 79 284 56.8 786

3/02/2019  Tme(secondes) MIALT, SéEHmedseeandas) Time (secondes)



Exascaleoco

computing research

Chunk size distribution

Example from YALES2 with gfortran issue

=

[¥]

c

a

3

=

a

fre
2000000+
25300000+
2000000 4
1500000
1000000 -
500000+

3/02/2019

Many really small allocations

1& 32 1z 8 24

o e e ey 1 I I I T

S04

260 =14] ove S84 952 944 936 1

MALT, Sébastien Valat

I
328

|
136

|
672

I
4

| | |
992 loog 912

|
920

22




Exascaleoco

computing research

R EEE—————

EXISTING TOOLS
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Exascale oo Existing tools
-

* \Valgrind (massif)

— Memory over time (snapshots) & functions

— Memory per function at peak
— Has a simple GUI

e Valgrind (memchek)

* Google heap profiler (tcmalloc)

— Memory over time (snapshots)

— Leaks
— No real GUI =
GFS_MasterChunkTable
UpdateState
176.2 (17%)

of 729.9 (70%)

GFS MasterChunk
AddServer
255.6 (25%)

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

— Faster then valgrind
— No GUI

3/02/2019 MALT, Sébastien Valat 24



ExascalecO  Exjsting tools / Google heap profiler

—_

* Google heap profiler (tcmalloc):

Small overhead.
Similar metric than massif GFS_MasterChunkTable
. UpdateState
Only provide snapshots of allocated 176.2 (17%)

memory per stacks.

of 729.9 (70%)

g
258.1

Peak might not be captured. g

Lack of a real GUI to use it.

GFS_ MasterChunkTable
Create
184.6 (18%)
of 298.8 (29%)

' ("..E‘FS_Mastchhunk
AddServer
255.6 (25%)

% pprof gfs_master profile.0100.heap

255.6 24.7% 24.7%
184.6 17.8% 42.5%
176.2 17.0% 59.5%
169.8 16.4% 75.9%
76.3 7.4% 83.3%
49.5 4.8% 88.0%

255.6 24.7% GFS_MasterChunk::AddServer

298.8 28.8% GFS_MasterChunkTable::Create

729.9 70.5% GFS_MasterChunkTable::UpdateState
169.8 16.4% PendingClone::PendingClone

76.3 7.4% _ default_alloc_template:: S chunk_alloc
49.5 4.8% hashtable::resize

3/02/2019
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Exascaleoco

computing research

 TAU memory profiler
— Provide profiles
— Follow stacks
— Track leaks

— Parallel, done for HPC/MPI |
— Lack easy matching with sources

* FOM

3/02/2019

o0

Existing tools

File Windows Help

| TAU: ParaProf: Mean Context Events - mpi_example.ppk

Name &

| Total  [NumS... [Maxv..

Minva.. [Mean.. [5td. D... |

¢ CLSM_ENS_DRIVER [{clsm_ensdrv_main.F90} {2,1}-{2890,27}]

8nN0

Heap Memory Used (KB) at Entry

Heap Memory Used (KB) at Exit

MEMORY LEAK! malloc size <file=clsm_ensdri_m ain F90,
MEMORY LEAK! malloc size <file=clsm_ensdri_m ain F90,
MEMORY LEAK! malloe size <file=clem_ensdrv_main F20,
MEMORY LEAK! malloc size <file=clsm_ensdrv_main F20,
MEMORY LEAK! malloc size <file=clsm_ensdrv_main F20,
MEMORY LEAK! malloc size <file=clsm_ensdrv_main F20,
MEMORY LEAK! malloc size <file=clsm_ensdrv_main F30,
MEMORY LEAKI malloc size <file=clsm_ensdrv_main F20,
MEMORY LEAK! malloc size <file=clsm_ensdrv_main F20,

MAG LAY BBV Ll cima iln b e s i FAR

|Fi|e Options Windows Help

MALT, Sébastien Valat

e o e e i I e e e e S T

65,586.2 1 65,586.2...
1,686,91... 11,686,91...
561,344, . 1 561,344,
2,208,67.. 12,208,67...
2,208,67.. 12,208,67...
288 1 288
4,049,235, 14,049,235,
1,120 1 1120
374,228, 1 374,229,...
1,472,44. 11,472,44..
1,472,44. 11,472,44..
ceoase 2+ Eenase

'\ User Event Window: mpi_example.ppk :

| Name: MEMORY LEAK! mallot size <file=clsm_ensdrv.main.F30, variable=Force_pert_ntrmdt, line=1192 >
CLSM_ENS_DRIVER [{clsm_ensdrv_main.F30} {2, 1}-{2850,27}]
Yalue Type: Number of Samples

65,586.2... 65,586.2... 0
1,686,91... 1,686,91... 001
561,344, . 561,344,
2,208,67.. 2,208,67
2,208,67.. 2,208,67

288 288
4,049,23.. 4,049,23...

1,120 1,120
374,229,.. 374,223,...
1,472,44... 1,472,44...
1,472,44.. 1,472,44..,

cE3ase  ©53 140

10000000 ®@

Mean

node 0

node 1

node 2

node 3

node 4

node 5 =

node &

node 7

node §

node 9

node 10

node 11

node 12

node 13

node 14

node 15

node 16

node 17

node 18

node 19

node Z0

node 21

node 22

node 23

node 24

node 25

nads 26,

26



Exascale oo Existing tools / Commercials

* IBM Purify++ / Parasoft Insure++
— Commercial

— Leak detection, access checking, memory debugging tools.
— Use binary or source instrumentation.
— Windows / Redhat

* Visual Studio Ultimate Edition Memory profiler

— Nice but windows only and commercial

=i s it o WEH
Ea el Sa
SR ] L 30
R - d Tt w e
]|
TN
we
S =
e bk e PL W Paas dia i -.].
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Exascale oo Stack tracking
_.—

 Two approach implemented : backtrace and instrumentation

e Backtrace (default) :
— Work out of the box
— Manage all dynamic libraries
— Slow for large number of calls (~>10M)

* Instrumentation:
— Need source recompilation (available) : -finstrument-function
— Or tools for binary instrumentation : MAQAO / Pintool (experimental)
— Faster for really large number of calls to malloc
— Only provide stacks for the instrumented binaries
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Exascale o0 What is good in kcachgrind

L LT vae) VR OB VALY UL L
N °7.96 0,00 1 B 0x0000000000401

I °7.55 0.00 1 W (below main)

w °7.79 0,01 1 I main

N Sc.c3 018 14 M BilboState::genCrd
L. . o I =73 1.03 1 345 ol BilboState:findBett
® f f h I 5269 2,15 40 350 M BilboState:countst
ISt O unCtlons Wlt H S0.54 1.94 40 350 M BilboState:countle
. - - e =Bsz1281 5.03 41 247 W BilboState::gentha
exc|u5|ve/|nc|u5|ve costs BN 72501 1236 270 850 M std:string::operatc
- 50,52 5,38 134 107 M std::string::ireserve
® 3760 664 134 107 o stdistring:_Rep:: |
X 28.80 4,53 134 654 W stdistring:_Rep: S
| | 24 27 2 A5 134 ASA Bl nneratnr newloingir

140 305 %

140 305 %

BilboState::genCharaction(char, char)

183,91 %

1263 580 x

* Nice call tree

[157 341 =

1129 761 x

0.00 W 16 call(s) to 'stdi:string::size() const’ (lib:
0.00 B 1 call(s) to'_dl_runtime_resclve’ (Id-2,20,
965 {
9686 ffafter 20 chars, try to move to the
967 Hif (%610 ==
968 If cout == state. genOrderToM
969
[ ) A d 870 ffcheck for compression
n nOtate SO u rces 8971 0.00 WordCompression wordCompressic
0.15 £ 15 call(s) to ‘'checkForwordCompression(
972 0.00 SequenceComprassion seguence
0.03 @ 15 call(s) to 'checkForSequenceCompres
973 0.00 BiSeguenceCompression biSequer
0.01 B 15 call(s) to 'checkForBiSequenceCompr
Q7A
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Exascaleoco

computing research

R EEE—————

SOME VIEWS
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Exascaleoco

computing research

* Provide a small summary
* Provide some warnings

Global summary

Show all details | | Show help

Physical memaory peak

Yirtual memary peak
Fequested memory peak
Cumulated memory allocations
Allocation count

Fecycling ratio

Leaked memary

Largest stack

Global variables

TLS variables

Global variable count

Pealk allocation rate

3/02/2019
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B6.7 MB
158.1MB

6.1 MB
11.5MB
1722K

19

743.7 KB
0B

10.0 MB 44
46 B

421.0 K £

a7.8 MBis
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Exascaleco Global summary : top 5 functions

 Summarize top functions for some metrics
* Points to check
 Examples on YALES2

Alloc count]
Ratio Allocs Funetion
. 918K | data comm_micopy_int_comm_to_data
. 3964 kK | data comm_m:copy_data to int_comm
. g532 kK | data comm_miupdate int_comm
' 4849 K | sponge_layer micalc sponge_layer mask
l Z296.0 K. | incompressible_numerics_m:ics_diffuse_welacity_rk_dth
Allocated memory
Ratio Allocs Funetion
- 2024MB | linear_solver operators_misolve linear system deflated pog
l ZEEMBE | bnd data defs mifind _bnd_ data
l 21.8MB | linear_solver operators_m:sohe el grp pog
| 180MEB | data comm_micopy_int_comm_to_data
| 181 B | data comm_miupdate int_comm

Peak memory
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Exascale o0 Tracking stack memory

Display largest stack for thread ID

_Display largest stack for thread ID_

Thread ID: / Stack space used by functions on peak

23.5 KB 21 36 KB TAkB ;
grid_io_hdf_m:dump_grid_to_hdf KB solver_incompressible_§

1005K ThreadID | ®°

879K

TB1K

684K

586K

o ek / Stack size over time
391K /
)

203K A
195K w

774
a8k 'm0 266K

0.0
08 114 227 341 454 56.8 68.1 786

Time (secondes)
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Exascaleoco

computing research

Example from YALES2

Frequency

2000000+

25300000+

2000000 4

1500000 —

1000000 —

500000

3/02/2019

Chunk size distribution

Many really small allocations
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Exascale oo Global variables

Distribution over binaries

O Grouped @ Stacked @ Global variables  @TLS variables

simple-case-finstr-linked
libc-2.17 s0

libstdc++ 506017
libmatt.so

Id-2.17 50

libdl-2.17 .50
libm-2.17 .50
libunwind-x86_64.50.8.0.1
libunwind.s0.8.0.1
liblzma.s0.5.0.5
libpthread-2.17 .50
librt-2.17 s0
libgee_s.50.1
libgomp.s0.1.0.0
libelf-0.158.50

oB 20KB 39KB 59KB TBEE 98KB 117 KB 137KB 156 KB 176 KB 20

Distribution over variables

OGrouped @ Stacked @ Global variables  @TLS variables

tIsArray

gblCallociniBuffer
ghlStaticArray

gblArray

_rtid_global

std:trl: detail: prime_list
std:__detail:__prime_list

sys_errlist
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Exascaleoco

computing research

R EEE—————

REAL CASES
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Exascale oo Performance

100

M valgrind-memcheck

M valgrind-massif

m gperf

M igprof
M malt

m malt-finstr

<
XY
N\
6{\
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Exascale o0 Allocatable arrays on YALES2
-0

* Issue only occur with gfortran, ifort uses stack arrays.

_/ Search intensive alloc functions

IT % | <= = Alpcation count«

Search

l 9119 K data _comm_mscopy_i.

I B9E.4K  data_comm_m:copy . Huge number of allocation for a line programmer

think it doesn’t do any !

392 do i=1,nitem el grp
: el grp_ind = el_%rp index2int comm_indexZ%val(l,i)
e

z=o! int comm ind = index2int comm indexS uauz i)
895 Endelﬂﬂgrp r2%sval(1: dll‘l‘ll _1 _grp_1ind] = int_comm_ r2%val (1: diml, int _comm ind)
Total :
Allocated memory : 3.5 ME
Freed memory : 3.3 MB
Max alive memony 432
BOB0Kalo;[16B,16E,16E]
B08.0 K free : [ THB—H-B- And mostly really small allocations !
Lifetime : [ 245 K, 3.5 K, 37.8 M ] (cycles)
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Exascaleco We can found allocs of 1B !
—

 Examples on YALES 2, small allocations :

_/ Search for the minimal chunk size.

IT % | 4= = Minhsizes

Search

1.0E Jjusrilitvgeo’<BE_Bd-p..

1.0E _ strdup

1.0E data_defs_muresize_..

Many codes produce allocations of 1B.
OK with moderation.

case (DATATYPE REAL MNODE VECTOR,DATATYPE REAL ELEM VECTOR, &
DATATYPE REAL FACE VECTOR,DATATYPE REAL PAIR VECTOR)
if (associated(data_ptr%r2_ptrs)) then
: deallocate (data ptr%r2 ptrs)
34 end if

=
=
537
=
=

allocate(data ptr%r2 ptrsinel_grps))
do n=1,nel grps
NULLIFYT{data_ptrsr2_ptrs(ni%sptr)
end do
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Exascale oo Fragmentation issue
---IIl----------------"""""""""""""""-'----------------------

 Example of fragmentation detection

e Using the time chart with physical, virtual and requested memory

* Solution : avoid interleaved allocation of chunks with different lifetime.
* Looking on source annotation : most of them can be avoided.

Memory allocated over time

O Virtual memaory Physical memory @ Requested memory
987 M
954 M

85.8M
76.3M
6.8 M
57.2M
o 47TM
381M
286 M
19.1M

g5M

0.0
3/02/20191 304 60.7 MALT! Sébastien Vald#l®

Time (secondes)




