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Overview

This report documents the completion of Milestone 1 and Milestone 2 for Oak Ridge National
Laboratory (ORNL). Completion of these milestones requires compliance with the following,

“Milestone 1: TAU with support for tracking callsites”
and
“Milestone 2: TAU with support for writing a merged XML profile files for OpenSHMEM.”

The software was delivered to the Company on 10 March 2017 and can be downloaded from
http://tau.uoregon.edu/tau.tgz.

Introduction

Users of the OpenSHMEM library need simple, yet powerful performance evaluation tools that
capture high-utility information and present it in meaningful ways, such as how much time is
spent in OpenSHMEM routines, when and where these routines are called in the source code,
and on which processing elements (PEs). They need tools that minimize manual steps needed
to generated performance data (e.g., work with unmodified binaries to reduce source
instrumentation) and perform automatic analysis of key metrics (e.g., the extent and volume of
communication). To address these concerns, we have extended the TAU Performance System®
to better support performance evaluation of OpenSHMEM applications and to simplify the
usage of TAU for OpenSHMEM applications.

OpenSHMEM Callsite Support

We have implemented support for tracking OpenSHMEM callsites in TAU. This allows a user to
observe how much time is being spent in OpenSHMEM calls and where the call was invoked in
the source code. TAU utilizes debugging information (i.e. executables must be compiled with -g)
to resolve callsite addresses to source code file names and line numbers. Binutils 2.27 or later
and libunwind 1.1 or later are required. TAU will download and install both requirements if the
flags “-bfd=download -unwind=download” are passed to the TAU configuration script.

We tested callsite support with various SHMEM implementations on multiple computing
systems available to ParaTools including Linux workstations and clusters, Cray XC30 and XC40
systems, Titan (ORNL), and Godzilla (University of Oregon). SHMEM implementations included
OpenSHMEM Reference 1.3, Sandia OpenSHMEM 1.3.1, and Cray SHMEM. We tested with the
ISx integer sort application (https://github.com/ParRes/ISx), NAS Parallel Benchmarks, and
small matrix multiplication kernels.
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Metric: TIME
Value: Exclusive
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1.662 [ ] .TAU application el
0.27 == long long shmem_longlong_fadd(long long *, long long, int) C
0.27 [ [CALLSITE] long long shmem_longlong_fadd(long long *, long long, int) C [@] [exchange_keys] [{/home siskhuvisiworksg .c} {439}
0.262 [ void shmem_barrier_all(void) C
0.21 [ [CALLSITE] void shmem barrier_all{void) C [@] [bucket_sort] [{Ihomefusers/skhUV|5/Workspace/lejSHMEM/lsx c} (221}]
0.086 [@ [CALLSITE] void shrem_| _long_i mc({ong *, int) C [@] [shmemi_barrier_linear] [{/stor K g penshmem-1.2/l penst .50} {0}]
0.086 [ void shmem_long_inc{long *, int) C
0.083 [] [CALLSITE] void shmem_int_put(mt * const int ¥ size_t, int) C [@] [exchange_keys] [{/home/users/skhuvisiworkspace/IS/SHMEM/isx.c} [446}]
0.083 [ void shmem_int_put(int * const int * size_t, int) C
0.055 [ [CALLSITE] void shmem_barrier_all(void) C [@] [exchange_keys] [{/home/users/skhuvisiworkspace/IS)/SHMEM/isx.c} {455}]
0.053 [ [CALLSITE] void shmem_init(void) C [@] [main] [{/home/users/skhuvisiworkspace/IS/SHMEMisx.c} {793}]
0.053 [] void shmem_init{void) C
6.8E-4 | [CALLSITE] void shmem_barrier_all(void) C [@] [gather_rank_times] [{/home/users/skhuvisiworkspace/IS/SHMEMisx.c} {748}] c
4.5E-4 | [CALLSITE] void shmemn_getrnem(void * const void * size_t, int) C [@] [shmemi_udr_longlong_to_all] [{reduce-op.c} {0}]
4.5E-4 | void shrmem_getmem{void * const void * size_t, int) C
4.4E-4 | [CALLSITE] void shmerm_long_wait_until{long *, int, long) C [@] [shmemi_barrier_linear] [{/storage/pack penshmem-1.2/lib/libopenst o} {0}]
4.4E-4 | void shmem_long_wait_until{long *, int, long) C
3.6E-4 | void shmerm_quiet(void) C
3.3E-4 | [CALLSITE] void shmem_barrier_all(void) C [@] [bucket_sort] [{/homefusers/skhuvisiworkspace/S/SHMEMisx.c} {240}]
3.3E-4 | [CALLSITE] void shmem_put64(void * const void ¥ size_t, int) C [@] [shmemi_fcollect64_linear] [{/storage/packages/openshmem-1.2/lib/libopenshmem.s
3.3E-4 | void shmem_put64(void *, const void *, size_t, mt) C
3.2E-4 | [CALLSITE] void shmem_| barrler a\l(vold) C [@] [shmalloc_private] [{symmerm. c} {0}]
3.0E-4 | [CALLSITE] void shmern_ qulet(vmd) C [@] [pshmem_barrier_all] [{/storag 1shmem-1. 2/lib/lik 1shmem.so} {03}]
2.6E-4 | [CALLSITE] void shmem_barrier_all{void) C [@] [init_shmern_sync_array] [{/home/users,’skhuws/wcrkspace,’ISx/SHMEM/\sx c} {822}] [
2.2E-4 | int shmem_my_pe(void) C
1.6E-4 | [CALLSITE] void shmem_barrier_all{void) C [@] [shfree_private] [{symmem.c} {0}]
1.4E-4 | [CALLSITE] void shmem_finalize(void) C [@] [main] [{/home/users/skhuvisiworkspace/IS)/SHMEM/isx.c} {89}]
1.4E-4 | void shmem_finalize(void) C
1.4E-4 | void shmerm_barrier(int, int, int, long *) C
1.3E-4 | void *shmem_malloc(size_t) C
1.0E-4 | [CALLSITE] void shmem_barrier_all{void) C [@] [verify_results] [{/home/users/skhuvisiworkspace/IS/SHMEM/isx.c} {566}]
1.0E-4 | [CALLSITE] void shmem_barrier_all{void) C [@] [gather_rank_times] [{thome/users/skhuvisiworkspace/IS/SHMEMisx.c} {745}]
9.9E-5 | [CALLSITE] void shmem_barrier_all(void) C [@] [gather_rank_counts] [{/home/users/skhuvisiworkspace/IS/SHMEMisx.c} {788}]
8.5E-5 | [CALLSITE] long long shmem_longlong_fadd(long long *, long long, int) C [@] [exchange_keys] [{/home/users/skhuvisfworkspace/IS/SHMEM/isx.c} {417}
8.1E-5 | [CALLSITE] void shmem_longlong_sum_to_all{long long * long long *, int, int, int, int, long long *, long *) C [@] [verify_results] [{/home/users/skhuvisjworl
8.1E-5 | void shmem_longlong_surn_to_all{long long *, long long * int, int, int, int, long long *, long *) C
8.0E-5 | [CALLSITE] void shmem_put32{void * const void ¥ size_t, int) C [@] [shmemi_collect32_linear] [{/storage/packagesfopenshmern-1.2/lib/libopenshmem.sg
8.0E-5 | void shmem_put32(void *, const void *, size_t, int) C
7.3E-5 | void shmem_free(void *) C
6.7E-5 | [CALLSITE] void *shmem_malloc{size_t) C [@] [gather_rank_times] [{/home/users/skhuvisiworkspace/ISi/SHMEM/isx.c} {733}] =
< Il | [»]

Figure 1: Callsite profile of I1Sx executing on Godzilla with OpenSHMEM Reference 1.3.

> TAU: ParaProf: node 0 - callsite-sandia.ppk
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1.585 [ ] .TAU application [4]
0.257 [ [CALLSITE] void shmem_inittvoid) C (@] [main] [{/t uvisiwor isx.c} {79}
0.257 [ void shmer_init(void)

0.239 [l void shmem_barrier_all(void) C
0132 [CALLSITE] void shmem_barrier_all(void) C [@] [exchange_keys] [{/home/users/skhuvisiworkspace/IS/SHMEM/isx.c} {455}]
0 [ [CALLSITE] void shmem_barrier_allivoid) C [@] [bucket_sort] [{/home/users/skhuvisiworkspace/ISi/SHMEM/isx.c} {221}]
62 [] [CALLSITE] void shmem_int_put{int * const int *, size_t, int) C [@] [exchange_keys] [{/t isx.c} {446}]
@ void shmem_int_put(int * const int * size_t, int) C
0‘007 long long shmerm_longlong_fadd(long long * long long, int) C
0.006 | [CALLSITE] void shmem_longlong_sum_to_all{long long *, const long long * int, int, int, int, long long *, long *) C [@] [verify_results] [{/home/users/skhuvisiworkspace/ISWSHMEM/isx.c} {565}]
0.006 | void shrem_longlong_surn_to_all{long long * const long long * int, int, int, int, long long * long *) C
0.006 | [CALLSITE] long long shmem_longlong_fadd(long long *, long long, int) C [@] [exchange_keys] [{/home/users/skhuvisiworkspace/IS/SHMEM/isx.c} {439}]
0.004 | [CALLSITE] void shrern_fcollect64(void * const void * size_t, int, int, int, long *) C [@] [gather_rank_times] [{/home/users/skhuvisiworkspace/IS/SHMEMfisx.c} {747}]
0.004 | void shrmem_fcollect64(void * const void * size_t, int, int, int, long *) C
0.003 | void *shmern_malloc(size_t) C
0.002 | [CALLSITE] void shmern_finalize(void) C [@] [main] [{/ isx.c} {89}
0.002 | void shmem_finalize(void) ¢
0.002 | [CALLSITE] void shmem_barrier_ali(void) C [@] [init_shmem_sync_array] [{/home/users/skhuvis/workspace/IS/SHMEMfisx.c} {822}]
0.001 | void shmem_free(void *) C
0.001 | [CALLSITE] void shmem_barrier_all(void) C [@] [bucket_sort] [{/homa/userslskhuv‘s/wurkspa:aﬂSx/SHMEM/lsx c} {199}]

0.001 | [CALLSITE] void *shmem_malloc(size_t) C (@] [gather_rank_times] [{/t uvish fis.c} {7331
0.001 | [CALLSITE] void shmem_free(void %) C [@] [gather rank_times] [{/hmmE/users/skhuvlslwarkspacs/\Sx]SHMEM/lsx c} {7513]
0.001 | [CALLSITE] void *shmem_malloc(size_t) C (@] [gather_rank_times] [{/} uvish tfisi.c} {7403

0.001 | [CALLSITE] void shmern_barrier_all(void) C @] [gather_rank_times] [{/homa/userslskhuwsmmrkspace/\Sx/SHMEM/st c} {745}]

8.0E-4 | [CALLSITE] void shmem_barrier_all(void) C @] (gather_rank_times] [{/home/usersskhuvisiworkspace/ISx/SHMEMfisx.c} {748}]

7.9E-4 | [CALLSITE] void shmem_barrier_all(void) C [@] [bucket_sort] [{/home/users/skhuvisiworkspace/ISSHMEM/isx.c} {240}]

4.6E-4 | [CALLSITE] void shmem_barrier_all(void) C [@] [verify_results] [{/home/users/skhuvisiworkspace/ISk/SHMEMjisx.c} {533}]

4.0E-4 | [CALLSITE] long long shmem_longlong_fadd(long long * long long, int) C [@] [exchange_keys] [{/home/users/skhuvisiworkspace/ISx/SHMEM/isx.c} {417}]

3.9E4 | [CALLSITE] void shmem_collect32(void ¥, const void * size_t, int, int, int, long ¥) C [@] [gather_rank_counts] [{/homefusers/skhuvisiworkspace/ISx/SHMEMisx.c} {7863]
3.9E4 | void shmem_collect32(void * const void *, size_t, int, int. int, long * ¢
2.6E-4 | int shmem_my_pe(void) C |
2.4E-4 | [CALLSITE] void shmem_barrier_all(void) C (@] [verify_results] [{/home/users/skhuvisiworkspace/ISx/SHMEMjisx.c} {566}]
1.9E4 | [CALLSITE] void shmem_barrier_all(void) C (@] [gather_rank_counts] [, 1 {784}]
1.8E-4 | [CALLSITE] void *shmem_malloc(size_t) C (@] [gather_rank_counts] [{/home/users/skhuvi ¢} {779}
1.8E4 | [CALLSITE] void *shmem_malloc(size_t) C [@] [gather_rank_counts] [{/home/users/skhuvi .} {772}]
1.7E4 | [CALLSITE] void shmem_barrier_all(void) C (@] [gather _rank_counts] [/ .} {788}]
1.6E-4 | [CALLSITE] void shmem_free(void *) C @] [gather_rank_counts] [{/home/user tfisk.c} {7913 L
7.06-5 | ICALI SITEL int shmem my ne(unid) ¢ [@1 count local kevs] L{fhamedusers/skhuvi €1 149311 =

Figure 2: Callsite profile of ISx executing on Godzilla with Sandia OpenSHMEM 1.3.1.

Figures 1 and 2 show callsite profiles of ISx executing on Godzilla with OpenSHMEM 1.3
reference implementation and Sandia OpenSHMEM 1.3.1. The callsite events are indicated by
the “[CALLSITE]” tag and show the name of the SHMEM function, the name of the function
which invoked that SHMEM function, and the source location where the SHMEM function was
invoked. For example, Figure 2 shows that shmem_init was invoked by the “main” function at
line 79 of isx.c.
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Figure 3: Callsites in a trace of ISx executing on Godzilla with Sandia OpenSHMEM 1.3.1.

Callsites are also supported in TAU’s trace format. Figure 3 shows a trace of ISx executing on
Godzilla with Sandia OpenSHMEM 1.3.1. The callsites of shmem_int_put and
shmem_longlong_fadd are visible as enclosing boxes around the SHMEM function. Messages in
flight are shown as arrows between processes. Figure 4 shows SHMEM callsites in the trace
function legend.
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Name ¥
D [CALLSITE] int shmem_my_pe(void) C [@] [count_local_keys] [{/home/users/skhuvis/workspace/ISW/SHMEM/isx.c} {493}]

]

- [CALLSITE] int shmem_my_pe(void) C [@] [exchange_keys] [{/home/users/skhuvis/workspace/IS)/SHMEM/isx.c} {413}]
- [CALLSITE] int shmem_my_pe(void) C [@] [log_times] [{/home/users/skhuvis/workspace/ISx/SHMEM/isx.c} {592}]
- [CALLSITE] int shmem_my_pe(void) C [@] [parse_params] [{/home/users/skhuvis/workspace/ISx/SHMEM/isx.c} {160}]

- [CALLSITE] int shmem_my_pe(void) C [@] [seed_my_rank] [{/home/users/skhuvis/workspace/ISx/'SHMEM/isx.c} {808}]
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_ [CALLSITE] void shmem_barrier(int, int, int, long *) C [@] [shmemi_fcollect64_linear] [{/storage/pack fopenshmem-1.2/lib/libopenshmem.so} {0}] —
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Figure 4: The Jumpshot function legend window showing callsites for SHMEM functions in ISx.

OpenSHMEM Merged Profile Support

We have implemented support for merged profile files in TAU for OpenSHMEM. The merged
profile coalesces profile output from each processing element to generate a single XML profile
file named “tauprofile.xml”. This is done when the application exits, so events occurring after a
call to shmem_finalize are also included in the XML profile file. The profile data contained in
tauprofile.xml is exactly the same data as in a typical distributed profile (profile.N.C.T format).
Set the TAU_PROFILE_FORMAT environment variable to “merged” to generate merged profile
files as shown in Figures 5 and 6.
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skhuvis@godzilla:~/workspace/ISx/SHMEM

skh. x [skh. [ skh x [oskh. x| skn. - ] skh. x| skh. [ skh. < Ll

[skhuvis@godzilla SHMEM]S export TAU_PROFILE_FORMAT=merged
[skhuvis@godzilla SHMEM]S which oshrun
Jusr/local/packages/openshmem-1.2/bin/oshrun
[skhuvis@godzilla SHMEM]S oshrun -np 8 tau_exec -T serial,shmem -shmem ./bin/isx
.weak 10000000 log
ISx vi1.1
Number of Keys per PE: 10000000
Max Key Value: 268435456
Bucket Width: 33554432
Number of Iterations: 1
Number of PEs: 8
WEAK Scaling!
Average total time (per PE): 0.796926 seconds
Average all2all time (per PE): 0.049733 seconds
[skhuvis@godzilla SHMEM]S 1s
log output_strong pcg _basic.h
Makefile params.h README =y
- pcg_basic.c select.tau timer.h
[skhuvis@godzilla SHMEM]S |}

Figure 5: Demonstration of merged profile support with I1Sx and OpenSHMEM Reference 1.3 on Godzilla.
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[skhuvis@godzilla SHMEM]S export TAU_PROFILE_FORMAT=merged
[skhuvis@godzilla SHMEM]S which oshrun
Jusr/local/packages/S0S-1.3.1/bin/oshrun
[skhuvis@godzilla SHMEM]S oshrun -np 8 tau exec -T serial,shmem -shmem ./bin/isx
.weak 10000000 log
ISx vi1.1

Number of Keys per PE: 10000000

Max Key Value: 268435456

Bucket Width: 33554432

Number of Iterations: 1

Number of PEs: 8

WEAK Scaling!
Average total time (per PE): 0.860110 seconds
Average all2all time (per PE): 0.061840 seconds
[skhuvis@godzilla SHMEM]S 1s

log output_strong pcg_basic.h Jj tauprofile.xml
Makefile params.h README -

pcg_basic.c select.tau timer.h
[skhuvts@godztlla SHMEM]S |

Figure 6: Demonstration of merged profile support with I1Sx and Sandia OpenSHMEM 1.3.1 on GodZzilla.



Summary

We have implemented support for tracking OpenSHMEM callsites in TAU, and for generating
merged profile files in TAU for OpenSHMEM. We have tested callsite support with various
SHMEM implementations on multiple computing systems available to ParaTools including Linux
workstations and clusters, Cray XC30 and XC40 systems, Titan (ORNL), and Godzilla (University
of Oregon). SHMEM implementations included OpenSHMEM 1.3, Sandia OpenSHMEM 1.3.1,
and Cray SHMEM. We tested with the ISx integer sort application, NAS Parallel Benchmarks,
and small matrix multiplication kernels. Our next deliverable “TAU with support for generating
OTF2 traces for OpenSHMEM?” is on track and will be delivered as scheduled on 13 October
2017.



