Performance Analysisof |||

OpenSHMEM Applications with TAU Commander

John C. Linford!, Samuel Khuvis', Nicholas Chaimov', Sameer Shende’, Allen Malony', Neena Imam?, and Manjunath Gorentla Venkata?

ParaTools, Inc. 20ak Ridge National Laboratory

Goal: Easily characterize the performance of OpenSHMEM

applications operating at extreme scales without modifying the static.exe dynamic.exe
application or relying on tool interfaces like PSHMEM.
1ld -wrap LD PRELOAD
SHMEM libwrapper.so

Approach: Implement support for callsites, OTF2 traces, and icaders -
merged profiles in TAU Commander / TAU Performance System®:

« Callsites show where each OpenSHMEM API call occurred in | jecta
the unmodified application binary,

* Native OTF2 trace generation reduces software dependencies OpenSHMEM instrumentation with the TAU Performance System®.
to highlight one-sided communication bottlenecks,

* Merged profiles minimize 1/O overhead at extreme scales, Measurement - Target: System hardware and software:
_ o _ _ _ » Host architecture & OS, compilers, etc.
 TAU Commander simplifies instrumentation and analysis.

* Application: Application characteristics:
App|icati0n « OpenSHMEM, MPI, CUDA, linkage, etc.
* Measurement: Desired performance data:

» Profile, trace, or both.

* Runtime instrumentation parameters.

* Measurement parameters.

Results: TAU Commander supports SHMEM applications for easy
and intuitive application profiling at scale. The performance of

production OpenSHMEM applications executing on dramatically
different Systems may be direCﬂy COmpared TAU Commander’s T-A-M model for performance engineering workflows.

SHMEM Support in TAU Commander

TAU Commander observes the context
, [ ] [ ] | ]
Of a user S aCtlonS to Slmpllfy taSkS and Add TAU to PATH jlinford@cori®9 ~/workspace/openshmeml7/applications/ISx $ tau target create cori.S0S --shmem-compilers=0penSHMEM LA
. . l [TAU] Cray C++ compiler '/opt/cray/pe/craype/2.5.7/bin/CC' wraps
[TAU] ‘/opt/intel/ ilers_and_1lib ies_2017.2.174/1i /bin/intel64/i '
provide helpful feedback in case of ! TR cray Fortran cousetor S roptrontonsoamoes B o 3 i w7

. . . [TAU] ‘/opt/intel/compilers_and_libraries_2017.2.174/1linux/bin/intel64/ifort’

i [TAU] Cray C compiler '/opt/cray/pe/craype/2.5.7/bin/cc' wraps
erro r' It IS bu I It arou nd a d eCIa ratlve Gt e keinent [TAU] '/opt/intel/compilers_and_libraries_2017.2.174/1linux/bin/intel64/icc" . .
[TAU] Cray MPI C compiler '/opt/cray/pe/craype/2.5.7/bin/cc' wraps AUtomatlc C0mPI|eT

compatibility engine that models user AL cray LI compiteresand Libraries 2037 2.7 g/ b dntetaicc detection maintains
. . Use tau to Compile [TAU] ) '/opt/intel/compi}tlers_c:znd_libraries_2017.2.;74/liggx/tfiin{inte164/icpc' compat|b|||ty between
requirements and available resources to M AL ) eptrantol coamLers and Librean 2000 3174 Uinueyban/ inteveas tort: TAU libraries and
. . [TAU] Cray SHMEM C compiler '/opt/cray/pe/craype/2.5.7/bin/cc' wraps application binaries.

[TAU] '/opt/intel/ ilers_and_1lib ies_2017.2.174/1i /bin/intel64/icc'

determine the most sensible course of T oy Lot complierand braries oo, LafLinuubinsatetoac

action. To support OpenSHMEM, we

. . y
updated this system to include TAU's

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/1linux/bin/intel64/icpc’
OpenSHMEM instrumentation features.

[ NON Terminal — ssh cori.nersc.gov — 120x32

=

[TAU] Cray SHMEM Fortran compiler '/opt/cray/pe/craype/2.5.7/bin/ftn' wraps

[TAU] '/opt/intel/compilers_and_libraries_2017.2.174/1linux/bin/intel64/ifort"
[TAU] Added target 'cori.S0S' to project configuration 'ISx'.

jlinford@cori®9 ~/workspace/openshmeml?/applications/ISx $ tau target list

== Target Configurations (/global/project/projectdirs/m88/jlinford/openshmeml7/applications/ISx/.tau/project.json) ==

[ —

I

Name Host 0S @ Host Arch Host Compilers MPI Compilers SHMEM Compilers

Support includes Cray,
SOS, and the reference
cori.sos CNL x86_64 Cray Cray OpenSHMEM imp|ementation_

Specify the desired result, G 4 oo —
not step-by-step directions.

cori@9 CNL x86_64 Cray Cray Cray

ISx OpenSHMEM Profile on Cori KNL and Xeon

3 i L ' = " == & B 017974415 §079787/s) (] [ ) TAU: ParaProf: Mean Statistics - cori09-1Sx-sample.trial0.ppk
ErRLEOTIERBLEE B~ 0 e T
: ZZon - ERNERNRNNRNRE ARNERNRNANE NAENARNARNANNARNNANNARNARNARNE
0.79745 s 0.79750 s 0.79755 s 0.79760 s 0.79765 s 0.79770's 0.79775 s 0.79780 s 0.79785's All Processes, Accumulated Exclusive Time per Function Name Exclusive TIME Inclusive TIME V Calls Child Calls
: : : : : : : : : 10 ms Os v [0 .TAU application 0.306 1.347 1 326
:::23 1010 S : 13.523 ms int *count_local_keys(const KEY_TYP...strict) C [{isx.c} {486,1}-{522,1}] [ void shmem_init(void) C 0.498 0.498 1 0
thread 2:2 g g i — 1119 ms | void shmem_int_put(int * const int * size._t, int) C [[void shmem_finalize(void) C 0.462 0.462 1 0
thread 3:3 ; I . ] : 1.268 ms ] void shmem_barrier_all(void) C v [l [CONTEXT] .TAU application 0 0.32 6.406 0
thread 4:4 L | Ny z 1.034 msE long long shmem_longlong_fadd(long long * long long, int) C v [ [SUMMARY] main [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications/ISx/SHMEM/isx.c}] 0.262 0.262 5.172 0
thread 5:5 " N 31 us | KEY_TYPE *exchange_keys(const int *...strict) C [{isx.c} {407,1}-{477,1}] | [SAMPLE] main [{/global/project/projectdirs/m88 /jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {497}] 0.149 0.149 2.922 0
thread 6:6 ot | I [SAMPLE] main [{/global/project/projectdirs/m88/jlinford /openshmem17/applications/ISx/SHMEM/isx.c} {374}] 0.041 0.041 0.812 0
thread 7:'7 [l [SAMPLE] main [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {376}] 0.036 0.036 0.719 0
I::Zg g:g ] 3 [l [SAMPLE] main [{/global/project/projectdirs/m88/jlinford /openshmem17/applications/ISx/SHMEM/isx.c} {378}] 0.011 0.011 0.219 0
thread 16:10 ' ! [l [SAMPLE] main [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications /ISx/SHMEM/isx.c} {260}] 0.008 0.008 0.172 0
thread 11:11 g g - ' \ g [l [SAMPLE] main [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {38 1}] 0.005 0.005 0.094 0
thread 12:12 ™ : i [l [SAMPLE] main [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {476}] 0.004 0.004 0.078 0
thread 13:13 =y | | : : Il [SAMPLE] main [{/global/project/projectdirs/m88 jlinford /openshmem17 /applications /ISx/SHMEM/isx.c} {37911 0.004 0.004 0.078 0
::::g ::g'}g H Communication Matrix View [l [SAMPLE] main [{/global/project/projectdirs/m88/jlinford /openshmem17 /applications/ISx/SHMEM/isx.c} {380}] 0.004 0.004 0.078 0
thread 16:16 ; > : ; . == Number of Messages ) » M [SUMMARY] pcg32_boundedrand_r [{/global/project/projectdirs/m88/jlinford /Jopenshmem17 /applications/ISx/SHMEM/pcg_basic.c}] 0.057 0.057 1.203 0
thread 17:17 : : \ : : Receiver Il [SAMPLE] __close_nocancel [{/home /abuild/rpmbuild /BUILD/glibc-2.19/nptl/../sysdeps/unix/syscall-template.S} {81}] 0.001 0.001 0.016 0
thread 18:18 ] M [SAMPLE] _wrap_shmem_n_pes [{/global/project/projectdirs/m88/jlinford/openshmem17 /applications/ISx/SHMEM/bin/isx.strong} {0}] 0.001 0.001 0.016 0
' - ~ - - / VORI INELIEHES
thread 19:19 : . = : : OV O S WA TS WD G S M void shmem_int_put(int *, const int *, size_t, int) C 0.037 0.037 126 0
thread 20:20 ] SYoe VI PIPIEILTRLYES
» : : : : h DO DD DODDODDDODDODDODDODDIID [l long long shmem_longlong_fadd(long long *, long long, int) C 0.018 0.018 128 0
thread 21:21 : v FEEELETEEELLELELE Bl void *shmem_malloc(size_t) C 0.015 0.015 16 0
thread 22:22 - N g i : TLELELEFLEFLETLEFSEFLELESEELELESEL . — - : ’
thread 23:23 I~ l§ =T —b— thread 0:0  — 4 [l void shmem_barrier_all(void) C 0.009 0.009 27 0
thread 24:24 thread 10:10 e W void shmem_fcollect64(void *, const void *, size_t, int, int, int, long *) C 0.001 0.001 7 0
thread 25:25 \ N _ thread 201.20 — 3 W void shmem_collect32(void *, const void *, size_t, int, int, int, long *) C 0 0 1 0
::reag ;;3;;5 . 2 ; , ; ; , 4 § :::::g ig:ig W void shmem_longlong_sum_to_all(long long *, const long long *, size_t, int, int, int, long long *, long *) C 0 0 1 0
rea : . . - : - — : ° B . R
thread 28:28 & thread 50:50 2 | |nt.shmem_my_pe(vc.>|d) C 0 0 9 0
thread 29:29 thread 60:60 [l void shmem_free(void *) C 0 0 8 0
thread 30:30 g ! |~ i i i 1 [l int shmem_n_pes(void) C 0 0 1 0
thread 31:31 Call Tree v [CJ[CALLSITE] void shmem_init(void) C 0.996 0.996 2 0
thread 32:32 All Processes v [l [CONTEXT] [CALLSITE] void shmem_init(void) C 0 0.481 1.688 0
:::::g gi;gi s NI e e [ [SAMPLE] __ioct! [{/home /abuild /rpmbuild /BUILD/glibc-2.19/misc/.../sysdeps /unix/syscall-template.S} {81}] 0.473 0.473 1.344 0
thread 35:35 » [T .TAU application 0Os 422.590 us [l [SAMPLE] _pmi_smp_barrier_join [{/usr/src/packages/BUILD/cray-pmi-5.0.10/src/pmi_core/smp_barrier.c} {70}] 0.006 0.006 0.281 0
thread 36:36 [ [SAMPLE] Tau_lite_stop_timer [{/global/project/projectdirs/m88/jlinford /taucmdr-test/system/tau/tau-2.26.2/src/Profile/TauCAPIl.cpp} { 0.002 0.002 0.047 0
thread 37:37 [l [SAMPLE] _dmappi_sheap_alloc [{/home/abuild/rpmbuild /BUILD /cray-dmapp-7.1.1/src/dmapp_sheap.c} {318}] 0.001 0.001 0.016 0
thread 38:38
thread 39:39 Callees . . . .
thread 40:40
tread 40:4 Event-based sampling with callsites on Cori KNL.
thread 42:42
thread 43:43 . o -
thread 44:44 (] @ TAU: ParaProf: Mean - cori.KNL-ISx-profile.trial0.ppk
thread 45:45
thread 46:46 ) . . Metric: TIME
Find Function: Previous Next
t:feag jgig Value: Exclusive
threa : o P
thread 49:49 _ _ Context VIW i : Units: seconds
e 4914 - .
thread 51:51 Property Value 0.405 | | KEY_TYPE *make_input(void) C [{isx.c} {251,1}-{280,1}]
::::g:;gg Display Master Timeline 0.278 [ | uint32_t pcg32_boundedrand_r(pcg32_random_t *, uint32_t) C [{pcg_basic.c} {79,1}-{109,1}] [THROTTLED]
thread 54:54 Type Message 0.275 b int *count_local_keys(const KEY_TYPE *const restrict) C [{isx.c} {486,1}-{522,1}]
thread 55:55 Message Type RMA Put 0.175 | | uint32_t pcg32_random_r(pcg32_random_t *) C [{pcg_basic.c} {60,1}-{67,1}] [THROTTLED]
thread 56:56 - hread 4: 0.109 === void *shmem_malloc(size_t) C
thread 57:57 Origin thread 4:4 0.101 [ ] KEY_TYPE *bucketize_local_keys(const KEY_TYPE *, int *const restrict) C [{isx.c} {367,1}-{401,1}]
thread 58:58 Destination  thread 47:47 0.095 [l void shmem_barrier_all(void) C
I:::g ggfgg Start Time ~ 0.797472's 0.088 [ 1 void shmem_int_put(int *, const int *, size_t, int) C
thread 61:61 Arrival Time ~ 0.797862 s 0.066 [ int *count_local_bucket_sizes(const KEY_TYPE *const restrict) C [{isx.c} {287,1}-{318,1}]
thread 62:62 [T —— Duration 390 us 0.041 [_] int bucket_sort(void) C [{isx.c} {183,1}-{244,1}]
thread 6:3:6:3 [T Tag 0 0.04 [ int shmem_my_pe(void) C

0.03 [ char *parse_params(const int, char **) C [{isx.c} {96,1}-{174,1}]
0.797625 s 0.026 [_] int main(const int, char **) C [{isx.c} {77,1}-{91,1}]
0.024 [@ long long shmem_longlong_fadd(long long *, long long, int) C
. . . . . 0.021 [ int verify_results(const int *const restrict, const KEY_TYPE *const restrict) C [{isx.c} {529,1}-{577,1}]
OTF2 trace of ISx on Cori and visualized in Vampir. 0.021 |8 pcg32_random_t seed_my_rank(void) C [fsx.c} {806, 1}-(812, 1}
0.02 [E void pcg32_srandom_r(pcg32_random_t *, uint64_t, uint64_t) C [{pcg_basic.c} {42,1}-{49,1}]
0.019 [ void init_shmem_sync_array(long *const restrict) C [{isx.c} {817,1}-{823,1}]
0.01 [ int shmem_n_pes(void) C
0.008 [ void shmem_longlong_sum_to_all(long long *, const long long *, size_t, int, int, int, long long *, long *) C
0.007 [ void shmem_fcollect64(void *, const void *, size_t, int, int, int, long *) C
0.006 i KEY_TYPE *exchange_keys(const int *const restrict, const int *const restrict, const KEY_TYPE *const restrict) C [{isx.c} {407,1}-{477,1}]

Runtime profile of ISx on Cori KNL using Sandia OpenSHMEM.
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