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ted using TAU ?



TAU’s Support for Runtime Systems

MPI

» PMPI profiling interface

» MPI_T tools interface using performance and control variables
Pthread

» Captures time spent in routines per thread of execution
OpenMP

 OMPT tools interface to track salient OpenMP runtime events

« QOpari source rewriter

» Preloading wrapper OpenMP runtime library when OMPT is not supported
OpenACC

e OpenACC instrumentation API
» Track data transfers between host and device (per-variable)
» Track time spent in kernels



TAU’s Support for Runtime Systems (contd.)

OpenCL

« OpenCL profiling interface

« Track timings of kernels
CUDA

« Cuda Profiling Tools Interface (CUPTI)

« Track data transfers between host and GPU

« Track access to uniform shared memory between host and GPU
ROCm

« Rocprofiler and Roctracer instrumentation interfaces

» Track data transfers and kernel execution between host and GPU
Kokkos

« Kokkos profiling API

« Push/pop interface for region, kernel execution interface
Python

« Python interpreter instrumentation API

« Tracks Python routine transitions as well as Python to C transitions



Examples of Multi-Level Instrumentation

MPI + OpenMP

« MPI T+ PMPI+ OMPT may be used to track MPl and OpenMP
MPI + CUDA

 PMPI + CUPTI interfaces
OpenCL + ROCm

» Rocprofiler + OpenCL instrumentation interfaces
Kokkos + OpenMP

» Kokkos profiling APl + OMPT to transparently track events
Kokkos + pthread + MPI

« Kokkos + pthread wrapper interposition library + PMPI layer
Python + CUDA

« Python + CUPTI + pthread profiling interfaces (e.g., Tensorflow, PyTorch)
MPI + OpenCL

 PMPI + OpenCL profiling interfaces



What does TAU support?

OpenCL
Clbr GPI
E‘”";‘" OpenACC  j.un  MPI
pthreads Intel MIC OpenMP
Intel

PGI Cray Sun

Linux Windows AlX
BlueGene Fujitsu  ARM64

Power 8

Insert yours here




Basic usage of
TAU



Simplifying the use of TAU!

Uninstrumented code:

- $ make
 $ mpirun —np 64 ./a.out

With TAU using event based sampling (EBS):

 $ mpirun —np 64 tau_exec —ebs ./lu.B.64
- ¢ paraprof (GUI)
* $ pprof —a | more

NOTE: Source code should be compiled with —g for access to symbol table.



TAU Execution Command (tau_exec)

Uninstrumented execution
* % mpirun -np 256 ./a.out

Track GPU operations
* % mpirun —np 256 tau exec —rocm ./a.out
* % mpirun —np 256 tau exec —cupti ./a.out
* % mpirun —np 256 tau exec —cupti -um ./a.out (for Unified Memory)
* % mpirun —np 256 tau_exec —opencl ./a.out
* % mpirun —np 256 tau_exec —openacc ./a.out

Track MPI performance
* % mpirun -np 256 tau exec ./a.out

Track 1/0, and MPI performance (MPI enabled by default)
* % mpirun -np 256 tau exec -io ./a.out

Track OpenMP and MPI execution (using OMPT for Intel v19)

* % export TAU_OMPT_SUPPORT_LEVEL=full;
% export TAU_OMPT_RESOLVE_ADDRESS EAGERLY=1

* % mpirun —np 256 tau exec —T ompt,v5,mpi -ompt ./a.out
Track memory operations

* % export TAU TRACK MEMORY _ LEAKS=1
* % mpirun —np 256 tau_exec —memory debug ./a.out (bounds check)

Use event based sampling (compile with —q)
* % mpirun —np 256 tau_exec —ebs ./a.out

* Also -ebs source=<PAP| COUNTER> -ebs_period=<overflow count>
-ebs_resolution=<file | function | line>




Types of Performance Profiles

Flat profiles

« Metric (e.g., time) spent in an event

« Exclusive/inclusive, # of calls, child calls, ...
Callpath profiles

« Time spent along a calling path (edges in callgraph)

o “main=>f1=>f2 =>MP| Send”

» Set the TAU CALLPATH and TAU CALLPATH DEPTH environment variables
Callsite profiles

» Time spent along in an event at a given source location
« Set the TAU CALLSITE environment variable
Phase profiles

» Flat profiles under a phase (nested phases allowed)
» Default “main” phase

» Supports static or dynamic (e.g. per-iteration) phases




Paraprof



ParaProf Profile Browser
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TAU — Flat Profile

O O TAU: ParaProf: node 102 - cesm.fideal.f09.n240.pdt.callPath.4_7_16.ppk

Metric: TIME
Value: Exclusive
Units: seconds

1.424 CD_CORE [{cd _core.F90} {8,2}-{1591,28}]
1.403 TP_CORE:XTPV [{tp_core.F90} {294,2}-{509,20}]
1.247 sl PHYS_GRID::CREATE_CHUNKS [{phys_grid.F90} {3680,4}-{4265,31}]
1.203 TP_CORE:YMIST [{tp_core.F90} {1105,2}-{1241,21}]

1053 . ... | TP_CORE:TP2D [{tp_core.F90} {166,2}-{285,20}]
0.882 L] TE_MAP [{te_map.F90} {7,4}-{1057,27}]

0.874 MAPZ_MODULE::PPM2M [{mapz_module.F90} {675,2}-{953,21}]
083 b | M_MERGESORTS::DSORT_::MERGESORT_ [{m_MergeSorts.F90} {548,1}-{569,25}]
0.812 TP_CORE::FYPPM [{tp_core.F90} {1249,2}-{1427,21}]
0.748 SW_CORE:D_SW [{sw_core.F90} {542,2}-{1416,20}]
0.7 TP_CORE:XMIST [{tp_core.F90} {517,2}-{568,21}]
0.619 PHYS_GRID::ASSIGN_CHUNKS [{phys_grid.F90} {4648,4}-{4826,31}]

0.564 s MAPZ_MODULE:MAP1_PPM [{mapz_module.F90} {200,3}-{350,24}]
0.556 [ PHYS_GRID:FIND_TWIN [{phys_grid.F90} {4430,4}-{4644,27}]
0.524 GEOPK [{geopk.F90} {36,7}-{149,26}]
0.52 GHOSTMODULE::GHOSTREGULAR3D [{ghostmodule.F90} {634,7}-{808,35}]
0.515 [l SW_CORE:C_SW [{sw_core.F90} {63,2}-{532,20}]
0.454 [ ] MOD_COMM:GA_GET4D_R8 [{mod_comm.F90} {1827,7}-{1881,32}]
0.449 TP_CORE::FXPPM [{tp_core.F90} {576,2}-{697,21}]
0.429 [l MOD_COMM::GA_PUT4D_R8 [{mod_comm.F90} {1711,7}-{1776,32}]
0.415 [ ] VPASSM [{fft99.F90} {937,7}-{1300,27}]
0.413 [ | M_MERGESORTS::ISORT_::MERGE_ [{m_MergeSorts.F90} {337,1}-{370,21}]
0.397 TP_CORE:LMPPM [{tp_core.F90} {779,2}-{889,21}]
0.385 MOD_COMM:MP_SENDIRR [{mod_comm.F90} {2495,7}-{2838,31}]
0.382 [l M_MERGESORTS:ISORT_::MERGESORT_ [{m_MergeSorts.F90} {314,1}-{335,25}]
0.381 .| MAPZ_MODULE:STEEPZ [{mapz_module.F90} {1209,2}-{1285,22}]
0.37 MCT_MOD:MCT_AVECT_VECMULT [{mct_mod.F90} {988,1}-{1120,32}]
0.366 [l SHR_CONST_MOD::SHR_CONST_ISSPVAL [{shr_const_mod.F90} {67,3}-{78,32}]
0.34 [l MOD_COMM::MP_RECVIRR [{mod_comm.F90} {2846,7}-{3040,31}]
0.323 PHYS_GRID::PHYS_GRID_INIT [{phys_grid.F90} {311,3}-{930,31}]




ParaProf Thread Statistics Table

O O X TAU: ParaProf: /rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options Windows Help

Metric: TIME
Value: Exclusive

Std. Dev. [ il
Mean T
Max T
rMin [ ol
node l I

hode | Show Thread Bar Chart
node | Show Thread Statistics Text Window
223: | Show Thread Statistics Table

node | Show Thread Call Graph

node { Show Thread Call Path Relations
node | ghow User Event Bar Chart

Show User Event Statistics Window
Show Context Event Window

Show Metadata for Thread

Add Thread to Comparison Window

Right click over “"node X" and choose
Show Thread Statistics Table




ParaProf Thread Statistics Table

® O TAU: ParaProf: Statistics for: node 0, thread O - qe68_exp1.ppk
INRRERRREEC RIRERRERERRENEEEED === NS EEEENEEEEEEEEEEEEEEEEER
Name & Exclusive TIME Calls Child Calls

v [l .TAU application 3,34 26,524

gl |[CONTEXT] .TAU application| 0

» M MPI_Allreduce() 0.038 0.038 2,816 0

v M MPI_Alltoall() 0.262 0.271 1,011 105

v Il [CONTEXT] MPI_Alltoall() 0 0.27 8 0

B [SAMPLE] .annobin_pthread_spin_lock.c [{pthread_spin_lock.c} {0}] 0.03 0.03 1 0

B [SAMPLE] PAMI_Context_trylock_advancev [{/m100/prod/opt/com| 0.09 0.09 2 0

B [SAMPLE] _ZN4PAMI8Protocol3Get13CompositeRGetINS1_4RGetES3 0.03 0.03 1 0

B [SAMPLE] __memcpy_power?7 [{} {O}] 0.09 0.09 3 0

B [SAMPLE] opal_datatype_copy_content_same_ddt [{/m100/prod/or. 0.03 0.03 1 0

» I MPI_Barrier() 0.043 0.043 3,992 0

B MP|_Bcast() 0.004 0.004 875 5

B MPI_Comm_free() 0 0 11 0

B MPI_Comm_rank() 0.002 0.002 4221 0

B MPI_Comm_size() 0.004 0.004 4,954 0

B MPI_Comm_split() 0.008 0.009 13 26

B MP|_Finalize() 0.399 0.416 1 37

B MPI_Gather() 0 0 3 0

B MPI_Get_count() 0 0 12 0

B MPI_Get_processor_name() 0 0 1 0

B MPI_Init_thread() 0.128 0.16 1 909

B MPI_Irecv() 0.002 0.002 1,212 0

» I MP|_Isend() 0.024 0.024 1,212 4

0

B MPI_Recv() 0.001 0.001 24

N TTTIT LR mndiiYa Tamd +m.

Using sampling, TAU can explain 11.971 seconds out of 12.111 seconds using 396 samples.
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File Options Windows

Help

Mixed MPI and OpenMP Instrumentation

N\ TAU: ParaProf: fusr/global/tools/tau/training/tau-2.23/examples/mm

Metric: TIME
Value: Exclusive

Std. Dev.
Mean
Max

Min

node O, thread 0
node 0, thread 1
node 0, thread 2
node O, thread 3
node 1, thread 0
node 1, thread 1
node 1, thread 2
node 1, thread 3
node 2, thread 0
node 2, thread 1
node 2, thread 2
node 2, thread 3
node 3, thread 0
node 3, thread 1
node 3, thread 2
node 3, thread 3

]
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for (loop body) [OpenMP location: file: fusrfglobalftoolsftau/ftrainingftau-2.2 3 fexamples/mm/fmatmult.c <84, 95 > ]
=D Exclusive TIME: 0.8954 seconds
D Inclusive TIME: 0.954 seconds
DCaIIs: 1.0
SubCalls: 0.0
[/ [ [ [ o | Tl

Options -> Uncheck “Stack Bars Together”




ParaProf Comparison Window

ParaProf: Comparison Window

Metric: TIME
Value: Exclusive
Lnits: seconds

[] fun3d d19.ppk - node

46.323 | |
43.649 (94.226%)
36.386 |
36.231 (99.572%) =
20.457 | |
1.086 (3.686%) I
27.158 |

27.473 (101.159%) [ —

19.666 | |
19.688 (100.111%) (Sl

5.5E-5 |
16.273 (2.9587F7%) [

13.38 ]
13.381 (100.009%) sl

8352 [ ]
10.059 (120.428%) [l

0.058 |
9.954 (17200.166%) Tl

7.834 [ |
8.04 (102.623%) [l

7.115 [ ]
7.319 (102.866%) [mml

3.734 [ ]
3.78 (101.223%)

3.522 []
3.562 (101.127%) [l

3.316 [ ]
3.384 (102.048%) [l

5

B fun3d_d19.ppk - node 0

Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.F90} {2757,5}-{2917,19}]

Loop: JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]

MPI_Rcast()

Loop: FLUX_PERFCAS::ROE_FLUX [{flux_perfgas.f90:} {397,5}-{597,20}]

FILL_JACOBIANS: FILL_JACOBIAN [{fill_jacobians.foC} (19,3} (3241,20}]

PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]

GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]

MPI_Waitall()

MPI_Reduce()

FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.f90} {3023,14}]

TURB_SPALART::SA_RESID [{turb_spalart.f90} {219, 14}]

FLUX_TLRB::TURBULENT_GRADIENTS [{flux_turb.fo0} {796,3}-{899,36}]

TIMESTEP::DELTAT2 [{timestep.f90} {20,3}-{331,24]]

POINT_SOLVER::POINT_SOLVE_1 [{point_sclver.FOO0] {1083,3] [1206,30}]

Comparing Rank O with 5.

Right click on "node 5" -> Add node to comparison window




ParaProf Comparison Window

Metric: TIME
Value: Inclusive
Units: hour:minute:seconds

528:11:46.595

448 10:0.78 7 ]

B IRMHD_BGP_original.ppk - Total
B RMHD_BGP_comm_optimized.ppk - Total
B IRMHD_BGP_comm_fft_optimized.ppk - Total

271:56:13.956 (51.484%) [ REFLECT
70:50:57.758 (13.413% [l

265:17:47.832 (59.196%) [ ADVANCE_ONE_SNAP
69:17:49.088 (15.462% [

231:03:53.46]1 |——

229:07:47.7 (99.163% e DERIVE
30:29:44.389 (13.198% [

177:04:3.263 sl
4:09:24.068 (2.348%) | SENDBC

0:18:21.092 (0.173%) |

134:32:11.88 |
MPI_Barrier()

127:32:15.924 [l
MPI_Send()

125:45:28.562 |l
124:58:11.317 (99.373% [ MPIFFT::CHEBYB

14:19:58.871 (11.397% [0

125:41:36.192 |l
124:54:20.196 (99.373%) [N CCHEBYB

14:16:52.014 (11.362% [

100:26:57.17 e
98:49:36.853 (98.385% [N MPIFFT::CHEBYF

11:27:44.137(11.411% [

100:23:55.809
98:46:33.474 (98.384% s CCHEBYF

11:25:9.62 (11.374% [




3D Visualization in ParaProf

. NON | X TAU: ParaProf: [rwthfs/rz/cluster/work/hpclab17/NPB3.3-MZ-MPI/bin
File Options |Windows | Help

Metric: TIME | ParaProf Manager

Value: Exclusiy 3p Visualization
2D Communication Matrix

Std. Dev. Bl communication Matrix
Mean [ .
Max [ Function
Min | Thread
node 0 — Function Legend
node 1 |
node 2 [ Group Legend
node 3 [ User Event Legend
noge ‘51 s Group Changer
node |
node 6 [ Close All Sub-Windows —T—

node 7 _ﬁl




TAU — ParaProf 3D Visualization

$ paraprof app.ppk

Windows -> 3D

 Visualization -> Bar Plot (right pane)

Triangle Mesh
* Bar Plot
Scatter Plot

Tepology Plot

Height Metric

Exclusive - TIME -
Color Metric
Exclusive - TIME -

_ void shmem_barrier_all_()
Function

13
Thread

Height value 15.697 seconds

Color value 15.697 seconds

|4 Axes Color LTINS

Speed
Auto-Rotate

Reverse Video

AA Lines V' Full Screen AA
Separation em(
Aperture ' { )



TAU — 3D Communication Window

TAU: ParaProf: 3D Communication Matrix: lu.comm.ppk
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4
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% export TAU COMM_MATRIX=1; mpirun ...

tau exec ./a.out

% paraprof app.ppk; Windows -> 3D Communication Matrix

Display Options
Callpath:
All Paths v

Height Value:

Max message size (bytes) v

Color Value:
Message volume (bytes) -

8
Sender

Receiver

Height value 106080

Color value 3.9996E7

ColorScale Render

3.9997E7
W @ show Color...
Font Size
© Rainbow Gra...
Inverse Gra... Blue...
— Blue-White...
3.5916E7

Message volume (bytes)




ParaProf 3D Profile Browser

File

Options WinZcows

Help

rara

rof Visua
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-
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Triangl= M=sh
Bar Plot

scatter Plot

Height Metric

Exclusive

Calor Metric

Exclusive
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Thread

Height valus

Color value
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s
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ParaProf’s Scalable 3D Visualization (BGQ)
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Callsite Profiles



TAU — Calisite Profiling

O O TAU: ParaProf: Statistics for: node 0 - clover_callsite.ppk

Name ' Excl... V| Inclu... | Calls |Chil... |
.TAU application 6.152 8.249 1 28,383
[CALLSITE] void start_pes_(int *) [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so] UNRESOLVED ADDR 0.747 0.747 1 0
void start_pes_(int *) 0.747 0.747 1 0
void shmem_barrier_all_() 0.624 0.624 9,229 0
[CALLSITE] void shmem_barrier_all_() [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {572}] 0.401 0.401 4,610 0
[CALLSITE] void shmem_finalize_() [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/libTAUsh-gnu-papi-shmem-pdt.so] UNRESOLVED ADDR 0.314 0.314 1 0
void shmem_finalize_() 0.314 0.314 1 0
[CALLSITE] void shmem_barrier_all_() [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHMEM/clover.f90} {643}] 0.223 0.223 4,610 0
void shmem_put64_nb_(void *, void *, int *, int *, void *) 0.159 0.159 9,220 0
void shmem_put64_(void *, void *, int *, int *) 0.126 0.126 9,220 0
void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.081 0.081 400 0
[CALLSITE] void shmem_put64_nb_(void *, void *, int *, int *, void *) [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_( 0.07 0.07 4,610 0
[CALLSITE] void shmem_put64_(void *, void *, int *, int *) [@] [__clover_module_MOD_clover_exchange_message] [{/home/ssshend/CloverLeaf_OpenSHME}  0.063 0.063 4,610 0
[CALLSITE] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [hydro_] [{/home/ssshend/CloverLeaf_OpenSHMEM/hydr  0.046 0.046 200 0
[CALLSITE] void shmem_real8_min_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [/nfsprojects/volta-projects/tau/tau-2.24.1/craycnl/lib/ 0.04 0.04 200 0
void shmem_real8_min_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) 0.04 0.04 200 0
[CALLSITE] void shmem_real8_max_to_all_(void *, void *, int *, int *, int *, int *, void *, long *) [@] [hydro_] [{/home/ssshend/CloverLeaf_OpenSHMEM/hydr 0.036 0.036 200 0
[CALLSITE] void shmem_put64_nb_(void *, void *, int *, int *, void *) [@] [__clover_module_MOD_clover_exchange] [{/home/ssshend/CloverLeaf_OpenSHME  0.028 0.028 601 0

$ export TAU CALLSITE=1



Callsite Proflllng and Tracing

$ export TAU_CALLSITE=1

TAU: ParaProf: n,c,t 0,0,0 - lu_callsite.ppk

Metric: TIME
Value: Exclusive
Units: seconds

14.695

MPI_Recv()
[CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1 /LU/exchange_1.f} {68}]
6.987 [— .TAU application

4.097 MPI_Send()

2.068 [ [CALLSITE] MPI_Recv() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {86}]

2.053 [ [CALLSITE] MPI_Send() (@] [exchange_1_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/exchange_1.f} {113}]

1.926 [CALLSITE] MPI_Send() [@] [exchange_1_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_l.f} {130}]
0.365 B MPI_Finalize()

0.365 i[] [CALLSITE] MPI_Finalize() [@] [MAIN_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1 /LU/lu.f} {161}]
0.218 || MPI_Init()

0.218 § [CALLSITE) MPI_Init() [@] [init_comm_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {31}]

0.188 | MPI_Wait()

0.104 | [CALLSITE] MPI_Wait() [@] [exchange_3_] [{/us/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {152}]
0.08 | [CALLSITE] MPI_Wait() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {288}]

0.063 | [CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {209}]

0.057 | MPI_Irecv()

0.055 | [CALLSITE] MPI_Send() [@] [exchange_3_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {73}]
0.03 | [CALLSITE) MPI_Irecv() [@] [exchange_3_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {108}]

0.026 { [CALLSITE] MPI_Irecv() [@] [exchange_3_] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_3.f} {244}]

0.012 | MPI_Bcast()

0.009 | [CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {28}]
0.008 | MPI_Allreduce()
0.005 | [CALLSITE] MPI_Allreduce() [@] [12norm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/I2norm.f} {55}]
0.002 | [CALLSITE] MPI_Bcast() [@] [bcast_inputs_] [{/lus/theta-fs0/projects/Tools/tau/workshop/NPB3.1/LU/bcast_inputs.f} {33}]
0.001 | [CALLSITE] MPI_Allreduce() [@] [ssor_] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {205}
0.001 | [CALLSITE] MPI_Wait() [@] [exchange_4_] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {59}]
0.001 | [CALLSITE] MPI_Wait() [@) [exchange_6_] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_6.f} {54}]
0.001 | [CALLSITE] MPI_Wait() [@) [exchange_5_] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_5.f} {54}]
7.6E-4 | [CALLSITE) MPI_Wait() [@] [exchange_4_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {104}]
49E-4 | [CALLSITE] MPI_Irecv() [@] [exchange_4_] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/exchange_4.f} {50}]
49E-4 | MPI_Barrier()
49E-4 | [CALLSITE) MPI_Barrier() [@] [ssor ] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/ssor.f} {70}]
4.2E-4 | [CALLSITE] MPI_Allreduce() [@] [error ] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/error.f} {53}]
4.0E-4 | MPI_Comm_size()

2.6E-4 | [CALLSITE) MPI_Comm_size() [@] [read_input_] [{/lus/theta-fsO/projects/Tools /tau/workshop/NPB3.1/LU/read_input.f} {78}]
2.4E-4 | MPI_Comm_rank()

2.4E-4 | [CALLSITE] MPI_Allreduce() [@] [pintgr_] [{/Ius/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/pintgr.f} {272}]
2.4E-4 | [CALLSITE] MPI_Comm_rank() [@] [init_comm_] [{/lus/theta-fsO/projects/Tools/tau/workshop/NPB3.1/LU/init_comm.f} {36}]

12,627




allsite Profiling and Tracing

TAU: ParaProf: 3D VisJalizer: lu_cal site.ppk




Callsite Profilina and Tracina

TAJ: ParaProf: 30 Vieualizer: lu_callela.ppk

Triangle Mesh
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[CALLSITE] MPI_Recvl) [D] [exchange_1_] [/ lus/theta-FsO /projects) Tools/tau/workshop/NPE3.1/LU, exchange_L.f} [58]]
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TAU - Callpath Profiling

TAU: ParaProf: Statistics for: node 5 - fun3d_d19.ppk

IIIIIIIIII NN NNENEREREEEEAEEEENENE
Name ' Exclusive... | Inclusive...” | Calls | Child... |
v [l .TAU application 0 221.298 1 1
v ENODET [{main.f90} {4,1}-{35,17}] 0 221.298 1 105
» B FLOW::ITERATE [{flow.F90} {1692,14}] 0 197.989 100 500
v [ FLOW::INITIALIZE_DATA [{flow.F90} {465,14}] 0 22.707 1 2
v I FLOW::INITIALIZE_DATAZ2 [{flow.F90} {663,14}] 0.002 22.705 1 197
v [ PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.f90} {28,14}] 0 20.897 1 23
v [ PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14}] 0 16.726 1 2
v I PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f90} {1543,14}] 0.011 16.725 1 11
v I PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}] 0 16.656 1 5
v I PUNS3D_IO_C2N::DISTRIBUTE_TET [{puns3d_io_c2n.f90} {1819,14}] 0.117 16.572 1 5
v I LMPI::INTEGR_MATRIX_BCAST [{Impi.F90} {3240,3}-{3276,36}] 0 16.448 4 4
5MPI_Bcast() 16.448 16.448 4 0
» [l LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {611,3}-{672,38}] 0 0.007 1 2
» I PUNS3D_IO_C2N::DISTRIBUTE_XYZ [{puns3d_io_c2n.f90} {2448,14}] 0.001 0.083 1 3
» I LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3151,3}-{3187,36}] 0 0 3 3
» [l LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {611,3}-{672,38}] 0 0.058 1 2
» I LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3151,3}-{3187,36}] 0 0 2 2
B ALLOCATIONS::INTEGER_4_MY_ALLOC_PTR2 [{allocations.f90} {1010,3}-{1026,40}] 0 0 6 0
B PUNS3D_IO_C2N::DISTRIBUTE_FAST_C2N [{puns3d_io_c2n.f90} {4226,14}] 0 0 1 0
» [l LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {611,3}-{672,38}] 0 0.001 1 2
» [ PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{50 0.65 0.873 1 174
» W PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}] 0.288 0.86 1 175
» HPPARTY_PUNS3D::RAW_GRID_CHECKER [{pparty_puns3d.f90} {623,14}] 0.233 0.523 1 11
» [ PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24}] 0.313 0.436 1 13,132
» [ PARTY_LMPI::PARTY_LMPI_SETUP_MPI_SM [{party_Impi.f90} {613,3}-{686,40}] 0.006 0.337 1 10

$ export TAU CALLPATH=1; export TAU CALLPATH DEPTH=100



Sample Callstacks




TAU — Callstack Sampling

O @ TAL): ParzPraf: Statistics for: n,e,t 0,0,0 - claver_gn.u_ebs_unw_call.pp<

BERNRERRRREE S

Name Inclusive... | Calls 7 |

v [l.TAU apgplication 34.079 1

» E[CONTEXT] .TAU application 31.647 €32

v Blvoid shmem_barrier_all_() 1.219 4G6.C29

v [l [CONTEXT] void shmem_barrier_all_() 1.599 32

v [l [UNWIND] [/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90.41] [@] UNRESOLVED /lib€4//ibc-2.11.3.50 1.599 32

v [l [UNWIND] /home/ssshend/CloverLeal_OpenSHMEM hydrc.f90.€2 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41]] C.85 17

v H [UNWIND] jhome/ssshend/CloverLeaf_OpenSHMEM /advection.f90.102 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM /hydro.f90} {62}] 0.55 11

v B [UNWIND] /home/ssshend/ClcverLeaf OpenSHMEM /update halo.f0.3€ [@] advection mcdule MOD advection [{/hcme/ssshend/CloverLea® Ope 0.55 11

v [ [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.292 [@] __update_halo_module_MOD_update_halo [{/hcme/ssshend/CloverLeaf_O 0.5 10

v M [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f30.572 [@] __clever_mcdule_MOD_clover_exchange [{/home/ssshend/CloverLeaf_| 0.5 10

v I [UNWIND] UNRESOLVED [@] __clover_module_MOD_clover_exchange_message [{/home/ssshend/Cloverl eaf_DpenSHMEM /clover.fQ0} {572}] 0.5 10

v [l [UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opnt_barrier.c.118] [@] LNRESOLVEL /nfsproje .45 Q

| |[SAMPLE] _smai_smp_barrier_in [{/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_barrier.c} {118}] C.45 Q

» Il [UNWIND] [/notbackecup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_internal.h.88] [@] UNRESOLVED /nfsprojects/» C.05 1

» I[UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/clover.f90.461 [@] __update_halo_module_MOD_update_halo [{/hcme/ssshend/CloverLeaf_O C.05 1

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /advection.f90.72 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM |/ hydrc.f00} [€2]] C.15 3

» B [UNWIND] jhome/ssshend/CloverLeaf_OpenSHMEM /advection.f90.55 [@] hydro_ [{/home/ssshend/CloverLeaf_OpenSHMEM | hydrc.f00} [€2]] C.15 3

» B [UNWIND] /home/ssshend/CloverLeaf_OpenSIIMLM/hydrc.f90.52 [@] main [{/home/ssshend/CloverLeaf_OpenSIIMCM/clover_leaf.fo0} {41]] 0.5 10

» [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM/hydrc.f90.54 [@] main [{/home/ssshend/CloverLeaf_OpenSHMEM/clover_leaf.f90} {41]] C.25 5

» Evoid start_pes_(int *) 0.508 1

v Bvoid shmem_real8_max_to_all_(vcid *, void %, int *, int *, int *, int *, void *, long *) 0.325 2.000

v [l [CONTEXT] void shmem_real8_max_to_all_ivoid *, void *, int *, Int *. Int *, Int *, void *, long *) 0.5 10

v [l [UNWINDI [/home/ssshend/CloverLeaf OpenSHMEM/clover leaf.f90.41] [@] UNRESOLVED /lib€4/libc-2.11.3.50 0.5 10

v [l [UNWIND] fhome/ssshend/CloverLeaf_OpenSHMEM/ hydrc.f90.58 [@] main [{/home/ssshend,CloverLeaf_OpenSHMEM/clover_leaf.f30} {41}] C.45 9

v M [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM /PdV.f90.107 (@] hydro_ [{/home/ssshend/CloverLeaf_DpenSHMEM hydro.f90} {58}] 0.45 9

v H [LINWIND] /home/ssshend/Cloverl eaf_OpenSHMEM /claver.180 740 [@] __pdv_module_MOD_pcv [{/home/ssshend /Claverl eaf_OnenSHMEM /PdV.f9( (.45 g

v [ [UNWIND] UNRESOLVED [@] __clover_module_MOD_clover_check_error [{/home/ssshend/CloverLeaf_OpenSHMEM  clover.790} {740}] 0.45 qQ

v l[UNWIND] [/notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_cmapp/src/shmem_reduction.h.207] [@] UNRESOLVED /nfsprojects /vol C.45 Q

v [l [UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reducticn.h.788 [@] pshmem_double_max_tc C.45 a

v [l [UNWIND] /notbackedup/tmp/ulib/mpt/nightly/7.2/062215-RC/sma_dmapp/src/shmem_opt_reduction.h.107 [@] _smai_opt_double_m: C.45 o]

B [SAMPLE] _smai_smp_reducc_double_max [{/notbackedup/tmp/ulib/mpot/nightly/7.2/062215 RC/sma_dmapp/src/shmem_opt_reduc C.45 0

» [l [UNWIND] /home/ssshend/CloverLeaf_OpenSHMEM hydre.f00.54 [@] main [{[/home/s5shend/CloverLecaf_OpenSHMEM/clover_leaf.fO0} {41]] C.05 1

$ export TAU_SAMPLING=1; export TAU_EBS UNWIND="1



TAU - Event Based Sampling (EBS)

TAU: ParaProf: Function Data Window: lulesh_ompt_ebs.ppk

Name: [SAMPLE] SumElemStressesToNodeForces(double const (*) [8], double,
double, double, double*, double*, double¥)
[{/storage/users/sameer/apps/Coral/lulesh/lulesh-2.0.3/lulesh.cc} {516}]
Metric Name: LINUX_TIMERS

Value: Exclusive

Units: microseconds

44090.449 std. dev.
15276.099 mean

55016 1.3 88 | ] max
9244.649 ] min

550161.388 | I node 0, thread 0
177950.169 node 1, thread O
75231.934 node 2, thread O
28022.933 node 3, thread 0
84486.673 node 4, thread 0
47250.112 node 5, thread 0
56341.632 node 6, thread 0
37496.866 node 7, thread O
74786.417 node 8, thread O
46475.287 node 9, thread 0
112762.392 node 10, thread 0
37561.866 node 11, thread 0
75307.691 node 13, thread 0
37566.384 node 14, thread 0
47395.769 node 15, thread 0
47105.479 node 16, thread 0
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node 18, thread O
node 19, thread O
node 20, thread O

$ export TAU_SAMPLING=1 (same as -ebs)

28321.698
75308.899
130801.783




Atomic Events (incl. 1/0)




TAU Atomic Events

O

TAU: ParaProf: Context Events for: node 0 - /Users/sameer/tmp

|

Name v ~ Total 'NumSamples | MaxValue | MinValue |MeanValue | Std. Dev.
Bytes Written <file=stdout> 911 62 21 1 14.694 7.441
Bytes Written <file=pipe> 22 22 1 1 1 0
Bytes Written <file=Process_Output/VelRsdl.dat> 7,826 100 302 76 78.26 22.487
Bytes Written <file=Process_Output/MomRsd|.dat> 7,826 100 302 76 78.26 22.487
Bytes Written <file=Process_Output/MassRsdl.dat> 11,325 100 435 110 113.25 32.337
Bytes Written <file=GCrid_Output/bodyBndry.dat> 9,724 5 8,192 4 1,944.8 3,174.201
Bytes Written <file=/home/sameer/apps/sukra/RotCFD_Regression/case_catalog/UNS2D/N/ 45 1 45 45 45 0
Bytes Written <file=./Restarts/Restart_History//NACA0012_LargeGrid_00010.Rst> 44 619,720 5,484 8,192 4 8,136.346 640.325
Bytes Written <file=./Restarts/Restart_History//NACA0012_LargeGrid_00005.Rst> 44,619,720 5,484 8,192 4 8,136.346 640.325
Bytes Written <file=./Restarts//NACA0012_LargeGrid.Rst> 44,619,720 5,484 8,192 4 8,136.346 640.325
Bytes Written <file=./Process_Output/TurbRsdl|.dat> 4,271 72 224 57 59.319 19.544
Bytes Written <file=./Process_Output/Solver.out> 2,039 13 797 43 156.846 191.359
Bytes Written <file=./Field_Solutions/Solution_History/NACA0012_LargeGrid_00010.SIn> 4,356,976 534 8,192 4 8,159.131 501.319
Bytes Written <file=./Field_Solutions/Solution_History/NACA0012_LargeGrid_00005.SIn> 4,356,976 534 8,192 4 8,159.131 501.319
Bytes Written <file=./Field_Solutions /NACA0012_LargeGrid.SIn> 4,356,976 534 8,192 4 8,159.131 501.319
Bytes Written <file=./Body_Pressure/NACA0012_LargeGrid_00010_body.Prs> 65,986 9 8,190 1,300 7,331.778 2,133.204
Bytes Written <file=./Body_Pressure/NACA0012_LargeGrid_00005_body.Prs> 65,986 9 8,190 1,300 7,331.778 2,133.204
Bytes Written <file=./Body_Pressure/FrcMnt.out> 1,497 3 1,185 108 499 486.656
Bytes Written 147,107,546 18,550 8,192 1 7,930.326 1,420.552



TAU — Context Events

00 TAU: ParaProf: Context Events for thread: n,c,t, 1,0,0 - samarc_obe_4p_iomem_cp.ppk
Name %/ | | = ““mples | MinValue - MaxValue | Std. Dev.
v .TAU application . . .
S radt Write bandwidth per file
» fopen64()
» fclose()
v OurMain()
malloc size 25,235 1,097.174 23 11 12,032 2,851.143
free size 22,707 1,746.692 13 11 12,032 3,660.642
¥ OurMain [{wrapper.pyH3}
» read()
malloc size 72
rus size Bytes written to each file 22
» fopenb4()
» fclose()
v <module> [{obe.pyH8}]
v writeRestartData [{samarcinterface.py}{145}]
v samarcWriteRestartData
v write()
WRITE Bandwidth (MB/s) <file="samarc/restore.00002 /nodes.00004 /proc.00001"> 74.565 117 0 2,156.889 246.386
WRITE Bandwidth (MB/s) <file="samarc/restore.00001/nodes.00004 /proc.00001"> 77.594 117 0 1,941.2 228.366
WRITE Bandwidth (MB/s) 76.08 234 0 2,156.889 237.551
Bytes Written <file="samarc/restore.00002 /nodes.00004 /proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946
Bytes Written <file="samarc/restore.00001/nodes.00004/proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946
Bytes Written 4,195,104 17,927.795 234 1 1,048,576 133,362.946
» openb4()

.

A
v




Trace: Vampir



Vampir

Alternative and supplement to automatic analysis

Show dynamic run-time behavior graphically at any level of detail
Provide statistics and performance metrics

Timeline charts

 Show application activities and communication along a time axis
Summary charts

e Provide quantitative results for the currently selected time interval
« Commercial trace visualization tool

From TU Dresden, Germany

http://www.vampir.eu
VAMPBPIR




Vampir — Trace Visualization
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thregd 0:0
thread 1:1
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thread 34:34
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Vampir — Trace Visualization
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1s Os

" KEY_TYPE *ouckstize_loca_keys(cons...strict) C [fsx.c} {367,1)-1401,1})

137s int *count_local_buckat_sizes(const ...estrict) C [{isx.c} {287,1}-{318,1))
void shmem_int_sut(int *, const int *, size_t, int) C
KEY_TYPE *nake_input{vod) C [{isxc)} {251,1}-{2€0,1))
int *count_local_keysiconst KEY_TYP...strict) C [{isx.c} 1486 1}-{522,1}]
vod shmem_barrier_al(vod) C
lorg long shmem_longlong_fadd(lorg lorg *, long ong,int) C
7.653 ms  KEY_TYPE *axchange_keys(corst int *...strict) C [{isx.c) {407,1)-{477,}]
4.058 ms | int bucket_sort(void) C [{isx.c} [1831}-{244,1}]
174 us | int shmem_mny_pe(void) C
31 us  int *computz_local_bucket_offsets(co... int **| C [{isx.c} {327,1)-1361,1})

Communication Matrix View
Number of Messages

thread 0:0
thread 6:6
thread “2:12
thread “8:18
thread 24:24
¢ thread 30:30
2 thread 36:36
thread 42:42
throad 48°48
thread 54:54
thread 60:60

Call Traa

All Processas

Functions ¥ Min Inclusive Tine Mvax Inclusice Time
» ™ TAU application 97917 ms 97.917 ms

Cslleas

Find Function: Previous Next




Metric: TAUGPU TIME
Value: Exclusive

Std. Dew.
Mean

O, thread O
O, thread 1
1, thread O
1, thread 1
2, thread O
2, thread 1

node
node
node
node
node
node

15.592 s 1

Process O
CUDA[0] 0:1
Process 1
CUDA[1] 1:1
Process 2
CUDA[0] 2:1
Process 3
CUDA[1] 3:1

5.594s

Timeline
15.596 s

Stencil2D Parallel Profile / Trace in Vampir
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Function Summary

All Processes, Accumulated Exclusive Time per Function...

15 ms 10 ms 5ms 0 ms
1896¥ms I CUDA_SYNC =
(RSOSSN CUDART_API
2SS CUDA_KERNEL
| FESTE MP
: 4 797 ms Appllcatlon :
Context View
= | == Master Timeline (3 -
[ Property |Value -
Function Stencilkernel
Function Group CUDA_KERNEL
Interval Begin 15.595375 s
Interval End 15.59586 s —
Duration 485.132681 pus v

Communication Matrix View

Average Bandwidth

Process O
CUDA[0] 0:1
Process 1
CUDA[1] 1:1
Process 2
CUDA[0] 2:1
Process 3
CUDA[1] 3:1

~ ~ ~ -~
,;@5@659@995?
CFEFLEF LS
EFEEFITELETELES
. N 320 MiB/s
l 280 MiB/s
a - 240 MiB/s
a 200 MiB/s
a | 160 MiB/s
l 120 MiB/s
Q - 80 MiB/s
- 40 MiB/s

0 MiB/s



Vampir — TAU’s Kokkos Profiling Interface

'\ Trace View - 'home(lsssherc/wcrksnoolkokkos/<okkos-mriapps;lulesh-2.0/kokkos-minimal-coultraces.otf2 * - Yampir
Fila Edt Char: Filte- Wndow Hszlp
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: : : ; : A dockosioa...|device=0] [87 ps (2.23%)]
Thead1  FAVERETCEGRTI | e —
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Thead3  FEERRTCARAR | T | : |
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Th-ead &8 W 8 8 m
Thread @ W : _ W |2.269 ms (55.43%]
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Th-ead 11 _ _ : m
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'3
All Processes N : Fanction _sgend -
— — o : . - v [l TAU KD<<DS a
dnctions Min Inc usive Time Max Inclusive Tme il =t kakkas: parzllel_for ¢ alcKinemasizsknrklems [device=0)
~ [7] . TAJ appication _ _ 92,527 4 kKakkas: parzllel_for CaleMorctonicQr-adlertsFarFlems [davce=0"
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w [ NnanWE IM2 IFT- TACK: Kallaculmnl .ParalalEar< IRITERMAI G Tilach 7r FasBrArSafalrEner~iEn-E 77000 ns 7200 e " Kokkos: parellel_for CalcP-essurelcrClems A [device—0]
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Trace: Jumpshot



Jumpshot

 Open source alternative to Vampir
« Developed by Argonne National Laboratory
« Packaged with TAU

Timeline charts
« Show application activities and communication along a time axis
« Shows boxes within boxes to show nesting of events



Jumpshot

[ NON TimeLine : clover.slog2 <ldentity Map>
& &
(alv|Z e aee [<[>|aaga]an [on® 2 ae
Lowest / Max. Deptl'q: Zoom Level Clobal Min Time View Init Time Zoom Focus Time View Final Time Clobal Max Time Time Per Pixel : I Row
I 0/10 I 18 0.00 |1.8542052923 |1.8542206753 | 1.8542360495 |9.782368 0.0000000338 IIQI. Row Coun
| Cumulati... % | TimeLines -
4 SLOG-2 D
0
1 =11
U
N BT B\ ———
’ -
4 1)
A | 4 _
I:I \. I—‘I'

~
|
w

8
9 -3
10
] 11 -1
@ LinelD Fit All f

I I I I I I I I I I I I
354205 1.8542075 1.85421 1.8542125 1.854215 1.8542175 1.35422 1.8542225 1.854225 1.8542275 1.35423 1.8542325 1.8542

Time (seconds) -

D

void shmem_put64_nb_(void *, void *, int *, int *, void *) - void shmem_barrier_all_() - void shmem_put64_(void *, void *, int *, int *)

duration = 63.00 usec duration = 0.273 msec duration = 1.00 usec
[0]: time = 2.062137, LinelD =6 [0]: time = 2.062396, LinelD =5 [0]: time = 2.062534, LinelD =1
[1]: time = 2.062200, LinelD = 6 [1]: time = 2.062669, LinelD =5 [1]: time = 2.062535, LinelD =1

|' close | | close | | close |




Jumpshot Trace Visualizer in TAU

Timelne : gtc32 cetallec valld.slog2 <Thread View>
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Drawable rn'o Box

- hpx-thread-schedular-loop

duratinn = 77 1.09787 sec
|0): tims = C.CS9905, NodzID = 0, ThreadlD = 17
IL]: time — 221.197833, NodelD — 0, ThreadID — 17

| close |

Drawahle Info Box

- grex_parritian_loop_acrion [:XaXs) Drawvable Infc Box

duralion = 83.00 usec
[0, time = 161.256237, NodelD = 0, Thread!D = 2§
[1:: tme = 1561.256320, NodelD = O, ThreadID = _5§

[ ] swex_pamiion_ser_tdara_actien

duraticn = 2€.CC usec
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close |
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Tracing Communication in Jumpshot

%/ TimeLine: ring.slog2 <ldentity Map>
Brak; B |2 ||| K O @ @
-owest / Max. Depth/4|Zoom Level G obal Min Time Yiew [nit T me ZoomFocus Timz Yiew Final Time Global Mzx Time Time Per Pixel I 4 Row =
0/1 7 ooo |2.2753254270 2.2860025737 2.2068596073 2.5E5614 |0.0000293382 G @ ¥ - -
: “\Row Coun:
CumtlativeExc...| w |- Timelines - = 17.0
socs [~ | [~
Do | |/ E—
: : ; 15
AR : "
2 || ff
| | —_—_—_—_—_— s ?
RE | | 1l
4 ||
D5 | | | I
€ ||
7 || 1l -
AE: |
e || 1l -
D | ||
AR | | 11l -
[ 12
ARE 1l -
Y 14
i[5 1 -
MG I D] 1AL
@ LinelD Al 2| Fit All Rovs
: I I I I I I I l l l I : TN
e 76 78 8 8 84 2286 38 9 9 14 9 | - @, |
NHE ds) [T

$ export TAU _MAKEFILE=$TAU MAKEFILE_ BASE-icpc-papi-mpi-pdt
$ cmake -DCMAKE_CXX COMPILER=tau_cxx.sh; make —j 8

$ export TAU TRACE=1

$ mpirun —np 16 ./a.out ; tau_treemerge.pl; tau2slog? tau.trc tau.edf —o a.slog2
$ jumpshot a.slog2 &



Generating Event Traces

$ export TAU MAKEFILE=$TAU/Makefile.tau-icpc-mpi-pdt
5 make F90=tau f90.sh
(Or edit Makefile and change F90=tau £90.sh)

For Jumpshot:
export TAU TRACE=1
mpirun -np 64 ./a.out

0
o
3

tau treemerge.pl
tau treemerge; tauZslogZ tau.trc tau.edf -o app.slogZ;
Jumpshot app.slog2 &

o® o© o©

For Vampir:
export TAU TRACE FORMAT=otfZ
TAU’s native OTFZ trace generation capability!

H= o°

mpirun -np 64 ./a.out

o® o\©

vamplr traces.otf2 &

For ParaVer:

o)

5 tau convert -paraver tau.trc tau.edf app.prv; paraver app.prv



Trace: Browser




Chrome Browser

% export TAU MAKEFILE=S$TAU/Makefile.tau-icpc-mpi-pdt
5 make F90=tau £90.sh
(Or edit Makefile and change F90=tau f£90.sh)

For Chrome:

o\©

export TAU TRACE=1

% srun -n 64 ./a.out

5 tau treemerge.pl

5 tau traceZjson tau.trc tau.edf -chrome -ignoreatomic —-o app.json
Copy app.json to your laptop and launch Chrome browser and 1n address:
chrome://tracing

Load —-> app.json

Newer tool: Perfetto.dev also reads the same json file (or .json.gz)



Chrome Browser

)3 ey azing +
® Chrome  clrome:/liscing @ &« o0 0
Record  Save  lead  matmultjson Processes H View Options | | - ‘ - .l "
) | 220 ms . . . . | 366 ms ) ) ) ) |390 ms . )
~ Process 0 X -
+ 0 TAU applcation T
MAIN [{matmult #90) {39, 7){132,22}] g!
MPI_Recv() M... MPl.. MPL. MFl Recv) MPI_Recv() M.. MPL. MPI_Re.. MPI_Recv() MPI_Recv) M... M. MPI_Recv) MPI_Recvl  MPI_Recwt) M.. M. MPI Recvi) MPI. &
~ Process 1 X 3’
- 0 .TAU zppication
MAIN [{matmult 590} {39, 7H192,22}] z
MULTIPLY_MATRICES [matmull 190} {25 737,38} MULTIPLY_MATRICES [{malmull 130} {25,7{17,58}| MULTIPLY _MATRICES [{malmull (90} {25,737 38)| MULTIPLY_MATRICES [{matmull /90} (25 7}~37 38} | S
a2
~ Process 2 X

+ 0

MAIN [{matmult 490} {39, 7)-132,22)]
MULTIPLY_MATRICES [{matmu 1130} ... MULTIPLY_MATRIGES [{matmult fO0} {25,7}-{37,38}] MULTIFLY_MATRICES [{matmult.190} {25,7}{37.98} MULTIPLY_MATRICES [{matmult.f90} {25,7}{37,98} MUL...

~ Process 3 — X
+ (0 N i

MAIN [{matmult 90} {39, 71-{132,22}]

MULTIPLY MATRIGES {marmuitfs0) (25, 7}H37.36)) MULTIPLY MATRIGES [{marmult. 150} {25, 7}-37,35)) MULTIPLY MATRICES [{matmutt f30}{25,7}H37. 38} MULTIPLY MATRICES [{matmutt fs + 7-a7,38)]

1R aurly

g
~ Process 4 x|~
~ 0 [ﬂﬁé

MAIN [{matmult 190} {39, 7){132,22)] 2
MULTIPLY_MAT... MULTIPLY _MATRICES [{matmull.f90} {25,7-{37 38} MULTIPLY_MATRICES [{malmult.190} {25 7}-{37,38} MULTIFLY_MATRICES [{malmulL[20} {25,7}-{37,38}] MULTIZ |"’| TRICES...
79 items selected. Slices (79)
Name Wall Duration - Self time -~ Average Wall Duration ~ Occurrences Event(s) Link
MULTIPLY_MATRICES {matmult.fe0} {25,7}-(37.38}. '« 114459 ms 114.458 ms 4.239 ms 27 ' Incoming flow MPI
MPI_Send() ‘< 0.157 ms 0.157 ms 0.007 ms 23 Incoming flow MP|
MPI Recv(]. 4 0994ms  0994ms 0.043 ms 23 Incoming flow MP]
JAU application. 4 2274680 ms 0174 ms 758.227 ms 3 Incoming fiow MP!
MAIN [{matmult.f90} {39,7}-{132,22)). 4 2274506 ms  13.845ms 756.169 ms 3 '“Comfng flow MPI
Incoming flow MPI
Tatals 4,664.796 ms 129.629 ms 59.048ms 79 .
Incoming flow Pl
Incoming flow MPI
Selection start 0.196 ms Incoming flow MPI
Selaction extent 758.696 me  |ncoming flow MP|
Incoming flow MPI
Incoming flow MPI

=
14

Sz Pro X |I"Icomlng f|OW




Perfetto.dev Trace Browser: Kokkos
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% export TAU TRACE=1l; mpirun -np 64 tau exec ./a.out;

o

% tau treemerge.pl;

@)

% tau trace2json tau.trc tau.edf -chrome -ignoreatomic —-o app.json



Perfetto.dev Trace Browser
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% export TAU TRACE=1l; mpirun -np 64 tau exec ./a.out;
% tau treemerge.pl;

% tau trace2json tau.trc tau.edf -chrome -ignoreatomic —-o app.json



TAU for Heterogeneous Measurement

Multiple performance perspectives
Integrate Host-GPU support in TAU measurement framework
*Enable use of each measurement approach
*Include use of PAPI and CUPTI
*Provide profiling and tracing support
Tutorial
*Use TAU library wrapping of libraries

‘Use tau exec to work with binaries
% ./a.out (uninstrumented)
% tau_exec —T <configuration tags> —cupti ./a.out
% paraprof



OpenACC with PGI compilers

TAU: ParaProf: Statistics for: node 0, thread 0 - benchADM _acc2.ppk

IIlIIIIl | JESENSEEENNCENEEEEEEEEER
Name ‘Exclusive... |Inclusive...” Calls | Child...
v [J.TAU application 4.982 9.443 1 5,168
v Hdopenacc_enqueue_upload bench_staggeredleapfrog2 [{/storage 0.694 3.35 3,700 29,867
OcuMemcpyHtoDAsync_v2 2.47 2.47 3,700 0
B cuEventRecord 0.06 0.06 7,400 0
B cuDeviceGetCount 0.032 0.032 7,401 0
B cuEventElapsedTime 0.031 0.031 3,700 0
B cuCtxSynchronize 0.031 0.031 3,700 0
B cuEventSynchronize 0.028 0.028 3,700 0
B cuDeviceGetAttribute 0.002 0.002 249 0
B cuDeviceGetName 0 0 3 0
B cuDeviceTotalMem_v2 0 0 3 0
B cuCtxGetDevice 0 0 1 0
B cuEventCreate 0 0 2 0
B cuDeviceGet 0 0 3 0
B cuDriverGetVersion 0 0 1 0
B cuCtxGetCurrent 0 0 2 0
B cuCtxGetApiVersion 0 0 1 0
B culnit 0 0 1 0
Ml |openacc_enqueue_download bench_staggeredleapfrog2 [{/storz: 0.116 0.556 600 5,407
B cuMemcpyDtoHAsync_v2 0.405 0.405 600 0
B cuEventRecord 0.013 0.013 1,800 0
B cuDeviceGetCount 0.005 0.005 1,200 0
$ configure —c++=pgCC —cc=pgcc —fortran=pgi ...

$ tau_exec —T pgi -openacc -cupti ./a.out

54



Tracking OpenACC Data Transfers

TAU: ParaP-of. Context Events fcr: node O, thread O - benchADM_acc2.ppk

@00

Name * | Total NumSamples | MaxValue . MinValue . MeanValue |  Std. Dev.
v .TAll application
v openacc_enqueue_upload bench_staggeredleapfrog2 [{/s!
¥ cuMemcpyHtoDAsync_v2
[GROUP=MAX_MARKER] Bytes copied from Host to De 512,000 1 512,000 512,000 512,000 0
Bytes copied from Host to Device 973,016,000 3,700 512,000 120 262,977.297 255,846.506
v openacc_enqueue_download bench_staggeredleapfrog2 [{
¥ cuMemcpyDtoHAsync_v2
Bytes copied from Device to Host 307,200,0C0 600 512,000 512,000 512,000 0
Bytes copied from Device to Host 307,200,000 600 512,000 512,000 512,000 0
973,016,000 3,700 512,000 120  262,977.297  255,846.506
[GROUP=MAX_MARKER] Bytes copied from Host to Device 512,000 1 512,000 512,000 512,000 0

% configure —c++=pgCC —cc=pgcc —fortran=pgqi ...
% tau_exec —T pgi -openacc -cupti ./a.out
Context events show extent of variation

55



TAU Architecture and Workflow

Instrumentation: add probes to perform measurements

* Source code instrumentation using pre-processors and compiler scripts
*  Wrapping external libraries (1/0, MPI, Memory, CUDA, OpenCL, pthread)
» Rewriting the binary executable

Measurement: Profiling or tracing using various metrics

 Direct instrumentation (Interval events measure exclusive or inclusive duration)
 Indirect instrumentation (Sampling measures statement level contribution)

» Throttling and runtime control of low-level events that execute frequently

- Per-thread storage of performance data

 Interface with external packages (e.g. PAPI hw performance counter library)

AnaIySiS: Visualization of profiles and traces
« 3D visualization of profile data in paraprof or perfexplorer tools

» Trace conversion & display in external visualizers (Vampir, Jumpshot, ParaVer)



TAU’s Runtime Merging of Profile Data
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Generating Communication Matrix

% export TAU MAKEFILE=S$TAU MAKEFILE BASE-icpc-papi-mpi-pdt
5 make F90=tau f90.sh
(Or edit Makefile and change F90=tau f£90.sh)

5 export TAU COMM MATRIX=1
$ mpirun -np 4 ./a.out

% paraprof
(Windows —-> Communication Matrix)
(Windows —-> 3D Communication Matrix)



Communication Matrix Display
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PerfExplorer - Runtime Breakdown

N TAU/PerfCxplorer: Total Runtime Breakdown
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Evaluate Scalability

e OO0 TAU/PerfExplorer: Total TIME
Total TIME Bar Chart for IRMHD:Scaling_BGP
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Runtime Breakdown

® OO0 TAU/PerfExplorer: Total TIME Breakdown
Total TIME Breakdown for IRMHD:Scaling_BGP
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PerfExplorer — Relative Comparisons

Total Time Breakdown for GTC_s on XT3
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PerfExplorer — Correlation Analvsis
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PerfExplorer — Correlation Analysis

e 06 analysis_result

Correlation Results: r = -0.9953962923235117
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PerfExplorer — Cluster Analysis
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PerfExplorer — Cluster Analysis
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PerfExplorer — Performance Regression
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Evaluate Scalability

OO0 N TAU/PerfCxplorer: Total Runtime Breakdown

OO0 0 X TAU/Perfixplorer: Relative Speedup File Hein

File Help Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
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cenarios: Evaluate Scalability

Total LINUX_TIMERS Bar Chart for S3D Jaguar CNL:Scaling
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W MPI_Barrie()  MPI_Isend() ® MPT_Wait() = RESF = ather




TAUdb: Framework for Managing Performance Data

TAU Performance System Performance Analysis Programs

profile '
metdddta

Query and Analysis Toolklt Data M mmg'j
—— — (‘Vé /\(1)
i’ .' .' i' Statistics
(R/ Omega)

* psrun
*HPMtoolkit

Java PerfDMF APl |y 'y y
SOL (PostgreSQL, MySQL, DB2, Oracle ))

XML - -

document , i ;
formatted —_ - o

profile data 900




Evaluate Scalability using PerfExplorer Charts

% export TAU MAKEFILE=STAU MAKEFILE BASE-icpc-papi-mpi-pdt
% make F90=tau f90.sh

(Or edit Makefile and change F90=tau f£90.sh)

gsub runlp.job

paraprof -—-pack lp.ppk

gsub run2p.job

o° o o° oP°

paraprof --pack 2p.ppk .. and so on.
On your client.:

% taudb configure -—--create-default
% perfexplorer configure

(Enter, y to load schema, defaults)
% paraprof

(load each trial: DB -> Add Trial -> Type (Paraprof Packed
Profile) -> OK, OR use taudb loadtrial on the commandline)

% taudb loadtrial -a App -x MyExp -n 4p 4p.ppk
% perfexplorer
(Charts -> Speedup)

OR:
wget http://tau.uoregon.edu/data.tgz; cat README in data r


http://tau.uoregon.edu/data.tgz

Debugging and Memory



Measuring Memory Footprint

O O User Event Window: /Users/sameer/rs/taudata/coral/MCBenchmark/data/memory

Name: Peak Memory Usage Resident Set Size (VmHWM) (KB)
Value Type: Max Value

531376 node O, thread O
171897.25 Std. Dev.
78212 Mean
31476 node 1, thread O
31436 node 3, thread O
31404 node 2, thread O

% export TAU_TRACK_MEMORY_ FOOTPRINT="1
Paraprof:
Right click on a node -> Show Context Event Window -> see memory events

56



Application Debugging

export TAU MAKEFILE=$TAU MAKEFILE BASE-icpc-papi-mpi-pdt

export TAU OPTIONS=‘'-optMemDbg —-optVerbose’
make F90=tau f90.sh CC=tau cc.sh CXX=tau cxx.sh

export TAU MEMDBG PROTECT ABOVE=1
export TAU MEMDBG PROTECT BELOW=1
export TAU MEMDBG PROTECT FREE=1
mpirun -np 4 ./matmult

3
3
3
3
3

paraprof




‘@00

Application « Debugging »

TAU: ParaProf Manager

@ Applications

¥ [ Standard Applications
¥ [ Default App

¥ [ Default Exp

v @ debug.ppk

@ TIME

» [ Default (jdbc:h2:/User:
» [ alcf (jdbc:postgresql:/,
» [ perfexplorer_working (
» [ taudb (jdbc:postgresql

TrialField
Name
Application ID
Experiment ID
Trial ID
BACKTRACE(1)
BACKTRACE(1)
BACKTRACE(1)
BACKTRACE(1)
BACKTRACE(1)
CPU Cores
CPU MHz

CPU Type

CPU Vendor
CWD

Cache Size
Command Line
Executable

File Type Index
File Type Name
Hosthame
Local Time

MPI Processor Name
Memory Size

Node Name

OS Machine

0OS Name

OS Release

OS Version

SIGNAL

Starting Timestamp
TAU Architecture
TAU Config

TAU Makefile

TAU Version

¥ I <N N R N R

Value

debug.ppk

0

0

0

[bar] [/glade/u/home/sshende/pkgs/workshop/debug/foo.c:17] [/glade/u/home /sshende/pkgs/workshon/dehua/fon.tau rewritten]
[foo) [/glade/u/home/sshende/pkgs/workshop /debug/foo.c:24] [/glade/u/home/sshende/pkgritten]
[main] [/glade/u/home/sshende/pkgs/workshop/debug/foo.c:31]) [/glade/u/home/sshende/pkgmwawrmen]
[__libc_start_main] [(unknown):0] [/lib64/libc-2.12.50]

[_start] [(unknown):0] [/glade/u/home/sshende/pkgs/workshop/debug/foo.tau_rewritten]

8

2600.000

Intel(R) Xeon(R) CPU E5-2670 0 @ 2.60CHz

Genuinelintel

/glade/u/home/sshende/pkgs/workshop/debug

20480 KB

/glade/u/home /sshende/pkgs/workshop/debug/foo.tau_rewritten

/glade/u/home /sshende/pkgs/workshop/debug/foo.tau_rewritten

0

ParaProf Packed Profile

ys0101

2013-03-31T17:13:40-06:00

ys0101

32988340 kB

ys0101

x86_64

Linux

2.6.32-220.13.1.el6.x86_64

#1 SMP Thu Mar 29 11:46:40 EDT 2012

Segmentation fault

1364771620575991

x86_64

-iowrapper -mpiinc=/opt/ibmhpc/pel209/mpich2 /intel/include64 -mpilib=jopt/ibmhpc/pel209/mpich2 fintel/lib64 -cc=icc -c++...
/glade/u/home /sshende/pkgs/tau-2.22.2 /x86_64/lib/Makefile.tau-icpc-mpi-pdt

2.22.2




Location of segmentation violation

© O O |\ TAU: ParaProf: Source Browser: /glade/u/home/sshe...

File Help
1 #include <stdio.h>
2 #include <mpi.h>
3 #include <unistd.h>
4 #include <stdlib.h>
5
6 struct node {
T int id;
8 struct node *next;
9 I
10
11 int barfint x) {
12 int y;
13 struct node *t = (struct node *)malloc(sizeofistruct node});
14 t->next = NULL;
15 t->id = x;
16 printfi"t -> id = %d\n", t-=>id});
17 y = t-=>next->id;
18 printf{"y=%c\n",y);
1S return x;
20 1
21
22 int foolint x) {
23 printf{"foo: x = %din", xJ;
24 bar(x);
25 return x;
26 1
27
28 int mainiint argc, char **argv) {
29 Int ret;
30 MPI_Init{&argc, &argv);
31 ret = fool(29};
32 MPI_Finalizel );
33 return ret;
34 1
T E—



Memory Leak Detection

export TAU MAKEFILE=$TAU MAKEFILE BASE-icpc-papi-mpi-pdt

export TAU OPTIONS='-optMemDbg —optVerbose’
make F90=tau f90.sh CC=tau cc.sh CXX=tau cxx.sh

export TAU TRACK MEMORY LEAKS=1l
mpirun -np 4 ./matmult

3
3
3

paraprof




emory Leak Detection

8 00 _ | TAU: ParaProf: Context Events for: node 0 - memleak.ppk

L L O O O Ty ST e A o N

Name / Total NumSamples MaxValue MinValue MeanValue Std. Dev.

Heap Allocate 5,000,033 5,000,001 32 2,500,016.5 2,499,984.5
Heap Allocate <file=simple.c, line=15> 180 80 48 60 14.236

Heap Allocate <file=simple.c, line=23> 180 180 180 180
Heap Free <file=simple.c, line=18> 80 80 80 80
Heap Free <file=simple.c, line=25> 180 180 180 180
Heap Memory Used (KB) 4,884.829 4,883.196 0.047 610.604
v int foo(int) C [{simple.c} {36,1}-{44,1}]
¥ int bar(int) C [{simple.c}{7,1}-{28,1}]
Heap Allocate <file=simple.c, line=23>
Heap Free <file=simple.c, line=25>
¥ int g(int) C [{simple.c} {30,1}-{34,1}]
¥ int bar(int) C [{simple.c}{7,1}-{28,1}]
Heap Allocate <file=simple.c, line=15>
Heap Free <file=simple.c, line=18>
MEMORY LEAK! Heap Allocate <file=simple.c, line=15>
¥ int main(int, char **) C [{simple.c} {45,1}-{55,1}]
¥ MPI_Finalize()

Heap Allocate 5,000,033 5,000,001 2,500,016.5 2,499,984.5
MEMORY LEAK! Heap Allocate 5,000,033 5,000,001 2,500,016.5 2,499,984.5

U s Sl e B MUl e B B B e N s S e T " e it Bl e

L




Instrument Python



Profiling Python using tau_python

800

TAU: ParaProf: n,c,t 0,0,0 - flat.ppk

Metric: Time
Value: Exclusive
Units: seconds

5.473

dot

2.548 |

| standard_normal

0.152 B MachAr::_init__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/machar.py} {50}]
0.112 | _parse [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {385}]

0.105 [| _compile [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {38}]

0.056 | any [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/fromnumeric.py} {540}]
0.048 | append

0.046 | len

0.046 ['] Tokenizer::__next [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {188}]

0.045 | any

0.035 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/linalg/linalg.py} {7}]
0.033 I SubPattern::getwidth [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {146}]

0.033

_optimize_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {213}]

0.028 | Tokenizer::get [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {207}]

0.023 | _parse_sub [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {307}]

0.022 |I add_newdoc [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1154}]
0.019 | abs

0.019 | _compile_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {184}]

0.016 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/__init__.py} {2}]
0.015 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {1}]
0.014 | SubPattern::__len__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {132}]

0.011 | _mk_bitmap [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {264}]

0.011 | Tokenizer:match [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {201}]

0.01 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/defmatrix.py} {1}]
0.009 | SubPattern::__getitem__ [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {136}]

0.009 | _simple [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {360}]

0.008 | SubPattern::append [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {144}]

0.007 | min

0.007 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/ctypes/__init__.py} {4}]

0.007 | extend_all [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {83}]
0.006 | ord

0.005

I

|

|

|

|

I

| <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/__init__.py} {17}]
0.005 : <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/ma.py} {9}]

|

|

|

|

I

I

|

0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numerictypes.py} {76}]
0.005 | SubPattern::__getslice__ [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {140}]

0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/index_tricks.py} {3}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/__init__.py} {1}]

0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/random/__init__.py}{2}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/opcode.py} {5}]

0.004 | _extendLine [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {270}]
0.004

_formatArray [{/usr/local /PET /pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {278}
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Python Instrumentation

L LT JiNNNRERERERERENNNENENEND R EE N CCEEEEEEEEEEEEEEEAEEEAEEEEINE
Name Exclusive TAUGPU_TIME Inclusive TAUGPU_TIME ¥ Calls Child Calls

v . TAU application 0.575 182.783 1 6
v B <module> [{micro_benchmarking_pytorch.py}{1}] 0.002 182.151 1 13
v Mmain [{micro_benchmarking_pytorch.pyH&1}] 0.002 168.702 1 1

v Brun_benchmarking [{micro_benchmarking_pytorch.py{40}] 0.006 168.7 1 40

v Bforwardbackward [{micro_benchmarking_pytorch.pyH{33}] 0.002 155.924 22 110

v Mbackward [{tensor.py}79}] 0.001 106.141 22 22

v Mbackward [{__init__.py}{38}] 0.001 106.14 22 88

* Orun_backward 106.135 106.135 22 3

M pthread_create 0 0 3 0

> B_make_grads [{__init__.pyH20}] 0.001 0.004 22 110

Misinstance 0 0 22 0

Mlen 0 0 22 0

B __call__ [{module.py{485}] 0 49.77 22 110

v Bforward [{container.py{95}] 0 49.768 22 66

v B __call__ [{module.pyH{485]] 0.001 49.767 et 220

v Bforward [{resnet.pyH{151}] 0.003 49.765 22 484

v @ __call__ [{module.pyH{485}] 0.006 49.759 220 1,100

v Mforward [{container.py{95}] 0.002 45.622 88 440

vl __call__ [[fmodule.py{485}] 0.007 45.616 352 1,760

v Bforward [{resnet.py}H{78}] 0.071 45.598 352 6,600

v B __call__ [{module.py}485}] 0.07 45.495 3,256 16,280

v Bforward [{conv.pyH319}] 0.017 29.675 1,056 3,168

lconv2d| 29.648 29.648 1,056 0

B_ getattr__ [{module.py{523}] 0.01 0.01 2,112 0

» Bforward [{container.pyH95} 0.002 0.401 88 264

» Bforward [{batchnorm.py¥59}] 0.262 6.097 1,056 9,504

$ tau_python ./foo.py



ldentifying Wait States Using EBS

@
] Y

TAU: ParaProf: Statistics for: node 0, thread 0 - nt3_baseline_keras2.ppk

IIRNNREER

S

Name

B do_call [{session.py}{1348}]
H run_fn [{session.py{1317}]
v BTF_Run
v M[CONTEXT] TF_Run
_|[SAMPLE] __pthread _cond_wait [{} {0}]

SAMPLE
SAMPLE
SAMPLE]
SAMPLE
SAMPLE
SAMPLE]
SAMPLE,
SAMPLE
SAMPLE]
SAMPLE]
SAMPLE,
SAMPLE]
SAMPLE]
SAMPLE
SAMPLE]
SAMPLE]

SAMPLE]

tensorflow::TensorBuffer* tensorflow::(anonymous namespace)::FromProtoFielc
__memcpy_ssse3_back [{} {0}

_int_free [{malloc.c} {0}]

__Gl___libc_malloc [{} {O}]

std::basic_string<char, std::char_traits<char>, std::allocator<char> >::assign(s
google::protobuf::internal::MapField <tensorflow::NodeDef::NodeDef_AttrEntry,
__exchange_and_add [{/home/msarahan/miniconda2/conda-bld/compilers_lin
void google::protobuf::internal::RepeatedPtrFieldBase::MergeFromlnnerLoop<g
google::protobuf::internal::ArenaStringPtr::Destroy(std::basic_string<char, std::
std::_Hashtable<std::basic_string<char, std::char_traits <char>, std::allocator<i
std::_Hashtable<tensorflow::Node*, std::pair<tensorflow::Node* const, tensorf
std::basic_string<char, std::char_traits<char>, std::allocator<char> >:: Rep::_!
std::_Hash_bytes(void const®, unsigned long, unsigned long) [{/home/msaraha
std::basic_string<char, std::char_traits<char>, std::allocator<char> >::_M_cop’
std::basic_string<char, std::char_traits <char>, std::allocator<char> >::size() cc
PyObject_Malloc [{fhome/nwani/m2u/conda-bld/python_1500576437846/wo!I
jemalloc_free [{/home/nchaimov/candle/anaconda3/lib/python3.6/site-packac

Inclusive ...

512.135
512.134
512.093
512.173
511.273
0.42
0.28
0.03
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Calls ¥

82
82
82
51,211
51,123
42
28

W

O T S S T T S e S S

$ tau python -ebs ./foo.py
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Cheat-Sheet



Download TAU from U. Oregon

http://tau.uoregon.edu
http://taucommander.com

http://www.hpclinux.com [OVA for VirtualBox]
https://eds.io [ Extreme-Scale Scientific Software Stack, Containers for HPC]

Free download, open source, BSD license



http://tau.uoregon.edu
http://taucommander.com
http://www.hpclinux.com
http://www.hpclinux.com
http://e4s.io

Setup: Installing TAU on Laptops

Prerequisites: Java in your path

Microsoft Windows

* Install Java from Oracle.com
http://tau.uoregon.edu/tau.exe
Install, click on a ppk file to launch paraprof

macOS (x86 64)
Install Java 11.0.3:
 Download and install http://tau.uoregon.edu/java.dmg

 |If you have multiple Java installations, add to your ~/.zshrc (or ~/.bashrc as appropriate):
export PATH=/Library/Java/JavaVirtualMachines/jdk-11.0.3.jdk/Contents/Home/bin:SPATH

* java -version
Download and install TAU (copy to /Applications from dmg):

 http://tau.uoregon.edu/tau.dmg
« export PATH=/Applications/TAU/tau/apple/bin:$PATH
« paraprof app.ppk &

macOS (arm64, M1,M2)
 http://tau.uoregon.edu/java_arm64.dmg
 http:/tau.uoregon.edu/tau_arm64.dmg

Linux (http://tau.uoregon.edu/tau.tgz)

./configure -mpi -bfd=download -iowrapper -dwarf=download -unwind=download -otf=download ; make install



http://tau.uoregon.edu/tau.exe
http://tau.uoregon.edu/java.dmg
http://tau.uoregon.edu/java_arm64.dmg

Installing and Configuring TAU

Installing PDT:

« wget tau.uoregon.edu/pdt_lite.tgz

 ./configure; make ; make install

*|nstalling TAU:

» wget tau.uoregon.edu/tau.tgz; tar zxf tau.tgz; cd tau-2.<ver>
» wget http://tau.uoregon.edu/ext.tgz ; tar xf ext.tgz

» .[/configure -bfd=download -pdt=<dir> -papi=<dir> -mpi
—pthread —c++=mpicxx —cc=mpicc —fortran=mpif90
—dwarf=download —unwind=download —otf=download
—iowrapper —papi=<dir>

e make install

*Using TAU:
» export TAU _MAKEFILE=<taudir>/x86_64/lib/Makefile.tau-<TAGS>
 make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau f90.sh



Compile-Time Options

Optional parameters for the TAU OPTIONS environment variable:
% tau_compiler.sh

-optVerbose Turn on verbose debugging messages

-optComplnst Use compiler based instrumentation

-optNoComplnst Do not revert to compiler instrumentation if source instrumentation fails.
-optTracklO Wrap POSIX I/O call and calculates vol/bw of I/O operations (Requires TAU to be configured with —iowrapper)
-optTrackGOMP Enable tracking GNU OpenMP runtime layer (used without —opari)
-optMemDbg Enable runtime bounds checking (see TAU_MEMDBG_* env vars)
-optKeepFiles Does not remove intermediate .pdb and .inst.” files

-optPreProcess Preprocess sources (OpenMP, Fortran) before instrumentation
-optTauSelectFile="<file>" Specify selective instrumentation file for tau_instrumentor
-optTauWrapFile="<file>" Specify path to link _options.tau generated by tau _gen wrapper
-optHeaderinst Enable Instrumentation of headers

-optTrackUPCR Track UPC runtime layer routines (used with tau_upc.sh)
-optLinking="" Options passed to the linker. Typically

$(TAU_MPI_FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

Options passed to the compiler. Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

-optPdtF950pts="" Add options for Fortran parser in PDT (f95parse/gfparse) ...

-optCompile=



Compile-Time Options (contd.)

Optional parameters for the TAU _OPTIONS environment variable:
% tau_compiler.sh

-optShared Use TAU's shared library (libTAU.so) instead of static library (default)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse).
-optPdtF90Parser="" Specify a different Fortran parser

-optPdtCleanscapeParser  Specify the Cleanscape Fortran parser instead of GNU gfparser
-optTau="" Specify options to the tau_instrumentor

-optTrackDMAPP Enable instrumentation of low-level DMAPP API calls on Cray
-optTrackPthread Enable instrumentation of pthread calls

See tau_compiler.sh for a full list of TAU OPTIONS.



TAU’s Runtime Environment Variables

Environment Variable Default [Description

TAU _TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_FOQOTP |0 Setting to 1 turns on tracking memory usage by sampling periodically the resident set size
RINT and high water mark of memory usage

TAU_TRACK_POWER 0 Tracks power usage by sampling periodically.

TAU_CALLPATH _DEPTH 2 Specifies depth of callpath. Setting to O generates no callpath or routine information,

setting to 1 generates flat profile and context events have just parent information (e.g.,
Heap Entry: foo)

TAU_SAMPLING Setting to 1 enables event-based sampling.

TAU_TRACK_SIGNALS Setting to 1 generate debugging callstack info when a program crashes

TAU_COMM_MATRIX Setting to 1 generates communication matrix display using context events

Rl O] O -

TAU_THROTTLE Setting to O turns off throttling. Throttles instrumentation in lightweight routines that are

called frequently

TAU _THROTTLE_NUMCALLS [100000 |[Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000 times and
takes less than 10 usec of inclusive time per call

TAU_CALLSITE 0 Setting to 1 enables callsite profiling that shows where an instrumented function was
called. Also compatible with tracing.

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format

TAU_METRICS TIME Setting to a comma separated list generates other metrics. (e.g.,

ENERGY,TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)




Runtime Environment Variables

Environment Variable Default |Description

TAU_TRACE 0) Setting to 1 turns on tracing

TAU_TRACE_FORMAT Default |Setting to “otf2” turns on TAU’s native OTF2 trace generation (configure with —
otf=download)

TAU_EBS _UNWIND 0 Setting to 1 turns on unwinding the callstack during sampling (use with tau_exec —ebs or
TAU _SAMPLING=1)

TAU_EBS RESOLUTION line Setting to “function” or “file” changes the sampling resolution to function or file level
respectively.

TAU_TRACK LOAD 0 Setting to 1 tracks system load on the node

TAU_SELECT_FILE Default [Setting to a file name, enables selective instrumentation based on exclude/include lists
specified in the file.

TAU_OMPT _SUPPORT_LEVEL basic Setting to “full” improves resolution of OMPT TR6 regions on threads 1.. N-1. Also,
“lowoverhead” option is available.

TAU_OMPT_RESOLVE_ADDRESS EA |1 Setting to 1 is necessary for event based sampling to resolve addresses with OMPT.

GERLY

Setting to 0 allows the user to do offline address translation.




Runtime Environment Variables

Environment Variable Default Description

TAU_TRACK_MEMORY_LEAKS 0 Tracks allocates that were not de-allocated (needs —optMemDbg or tau_exec —
memory)

TAU_EBS_SOURCE TIME Allows using PAPI hardware counters for periodic interrupts for EBS (e.g.,
TAU_EBS SOURCE=PAPI_TOT INS when TAU_SAMPLING=1)

TAU_EBS_PERIOD 100000 Specifies the overflow count for interrupts

TAU MEMDBG_ALLOC_MIN/MAX 0 Byte size minimum and maximum subject to bounds checking (used with
TAU_MEMDBG_PROTECT_*)

TAU_MEMDBG_OVERHEAD 0 Specifies the number of bytes for TAU’s memory overhead for memory
debugging.

TAU_MEMDBG_PROTECT _BELOW/ 0 Setting to 1 enables tracking runtime bounds checking below or above the array

ABOVE bounds (requires —optMemDbg while building or tau_exec —memory)

TAU_MEMDBG_ZERO_MALLOC 0 Setting to 1 enables tracking zero byte allocations as invalid memory
allocations.

TAU_MEMDBG_PROTECT FREE 0 Setting to 1 detects invalid accesses to deallocated memory that should not be
referenced until it is reallocated (requires —optMemDbg or tau_exec —memory)

TAU_MEMDBG_ATTEMPT_CONTINUE |0 Setting to 1 allows TAU to record and continue execution when a memory error
occurs at runtime.

TAU_MEMDBG_FILL _GAP Undefined Initial value for gap bytes

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for min/max




