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- TAU Parallel Performance System

O http://tau.uoregon.edu/

O Multi-level performance instrumentation
O Multi-language automatic source instrumentation

O Flexible and configurable performance measurement

O Widely-ported parallel performance profiling system
O Computer system architectures and operating systems
O Different programming languages and compilers

O Support for multiple parallel programming paradigms
O Multi-threading, message passing, mixed-mode, hybrid

Tuning and Analysis Utilities
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Scalability Study

O C2H4 Benchmark

O Platform: Intrepid BGP
O 1p
O 4p
O 64p
O 512p
O 1728p
O 4096p
O 8000p
O 12000p

O Goal: to evaluate scaling properties of code regions
O Scalability of MPI operations
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- Total Execution Time

Total Execution:BGP_TIMERS
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Relative Efficiency For S3D - Weak Scaling

Relative Efficiency - s3d:intrepid-scaling:BGP_TIMERS
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 Relative Efficiency by Event -

Relative Efficiency by Event for s3d:intrepid-scaling:BGP_TIMERS
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¥ Loop:
A Loop:

Loop:

Loop:
4 Loop:
B Loop:
® Loop:

CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} {375,3}-{387,7}|® Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {429,10}-{438,15
DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {428,10}-{437,15]] Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {432,10}-{441,15}]

INTEGRATE [{integrate_erk.pp.f90} {75,3}-{95,13}] ¥ Loop: RHSF [{rhsf.pp.f90} {211,3}-{213,7}]~ Loop: RHSF ({rhsf.pp.f90} {539,3}-{545,16}]

RHSF [{rhsf.pp.fa0} {547,3}-{553,16}]1 Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {177,5}-{218,9]]

TRANSPORT _M::COMPUTECOQEFFICIENTS [{mixavg_transport_m.pp.fa0} {494,5}-{522,9}

TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.fo0} {777,5}-{785,19}]

TRANSPORT _M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.fo0} {631,5}-{657,19}} MPI_Init) # MPI_lsend(} = MPI_Wait()

¥ RHSF [{rhsf.pp.f90} {3,1}-{711,19}] = other
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' Rel.q'*tive' Speedup' by E\_?ent' » w
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B Loop:
A Loop:

Loop:

Loop:
4 Loop:
W Loop:
® Loop:

CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} {375,3}-{387,7}]® Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {429,10}-{438,15
DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {428,10}-{437,15}] Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {432,10}-{441,15}]

INTEGRATE [{integrate_erk.pp.f0} {75,3}-{95,13}] ¥ Loop: RHSF [{rhsf.pp.f90} {211,3}-{213,7}]~ Loop: RHSF [{rhsf.pp.f90} {539,3)-{545,16}]

RHSF [{rhsf.pp.f90} {547,3}-{553,16}]" Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f30} {177,5}-{218,9]]
TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.fo0} {494 5}-{522,9}]

TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {777,51-{785,19}]

TRANSPORT _M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {631,5}-{657,19}) MPL_Init) * MPI_lsend(} = MPI_Wait(}

¥ RHSF [{rhsf.pp.f90} {3,1}-{711,19}] = other ® ideal
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- Data Mining: Event Correlation to Total Time

Correlation Results: s3d:intrepid-scaling: BGP_TIMERS
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Processors
B Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} {375,3}-{387.7}]. r = -0.13
® |oop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {429,10}-{438,15}], r = 0.934 Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {428,10}-{437,15}], r = 0.95
Loop; DERIVATIVE_Z_CALC [{derivative_z.pp.fo0} {432,10}-{441,15}], r = 0.93~ Loop: INTECGRATE [{integrate_erk.pp.f30} {75,3}-{95,13}], r = 0.94
¥ Loop: RHSF [{rhsf.pp.fo0} {211,3}-{213,7}], r = 0.93~ Loop: RHSF [{rhsf.pp.f90} {539,3}-{545,16}], r = -0.17
Loop: RHSF [{rhsf.pp.f20} {547,31-{553,16}], r = 0.04% Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {177,5}-{218,9}]. r = 0.85
< Loop: TRANSPORT_M::COMPUTECQEFFICIENTS [{mixavg_transport_m.pp.f90} {494,5}-{522,91], r = -0.56
W Loop; TRANSPORT_M;:COMPUTEHEATFLUX [{mixavg_transport_m.pp.fo0} {777,5}-{785,19}], r = 0.75
® Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m._pp.f90} {631,5}-{657,19}], r = 0.7& MPL_Init), r = 0.71 + MPI_Isend(, r = 0.75

MPI_Wait(), r = 1.00 ¥ RHSF [{rhsf.pp.f90} {3,1}-{711,19]], r = -0.87= TOTAL
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MPI Scaling (Total time in MPI/Total Time)

MPI BGP_TIMERS / Total BGP_TIMERS - s3d:intrepid-scaling
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~ Total Runtime Breakdown by Events =~ -
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100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Percentage of Total BGP_TIMERS

Total BGP_TIMERS Breakdown for s3d:intrepid-scaling

4 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000
Number of Processars
M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} {375,3}-{387,7]M Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {429,10}-{438,15}
I Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {428,10}-{437,15}] Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {432,10}-{441,15}] |
Loop: INTEGRATE [{integrate_erk.pp.f90} {75,3}-{95,13}| M Loop: RHSF [{rhsf.pp.f90} {211,3}-{213,7}]"" Loop: RHSF [irhsf.pp.f90} {539,31-{545,16}]
Loop: RHSF [{rhsf.pp.fa0} {547,3}-{553,16}]M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.fo0} {177,5}-{218,9}
MW Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {494,5}-{522,9}]
M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {777,5}-{785,19}]
M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {631,5}-{657,19}7 MPI_Init)) M MPI_lsend( B MPI_Wait{)
M RHSF [{rhsf.pp.f90} {3,1}-{711,19]]1M other

83D Scalability Study TAU Performance System

11




~ ParaProf: 12000 core job

File Options Help

@ 2pplications
o [ Standard Applications
o [ Default App
o= [ spaceghost {jdbcpostgresgl //spaceghost. cs.uoregon. adu:S 43 2 fwyatt)
o= [ Default {jdbc:derty: fhome fwspear/TAUZ ftauz /i3 88 _linux/lik /perfdmf)
¢ [ peri_s3d {jdbc:postgresqgl: //spaceghost.cs.uoregon.edu: 5432 /peri_s3d)
¢ Js3d
o [ intrepid-scaling
¢ [ intrepid-scaling-nopapi

¢ J[z2000]

@ BCOP_TIMERS
o ] jaguar-scaling
o 353D

! TrialField Value
|Name 12000

‘|Application 1D 2

“|Experiment 1D 4

Trial ID 29

date 2008-02-23 13:2. ..
“|collectorid

‘|node_count 12000
‘|contexts_per_node |1
|threads_per_context |1

“|xml_metadata

<7Eml wersion="1....

“|xmi_metadata_gz

BCP DDRSize (ME) 2048

§§ BGP Mode Mode YVirtual

BGP Size (8,16,32)

:|BGF isTorus (1,1 1)

:|[BGP numPsets 4096

:|BGP psetSize 54

§§ CPU Type 450 Blue Gene/P D...
J[CWD Jopfs/home/fwspea...
:|Executable Jshin.rd/ioproxy
:[Memory Size 1816608 kKB

|05 Machine BGF

05 Name CHE

|05 Release 2.6.19.2

2|05 Version 1

:|TAU Architecture bap

:|TAU Config -arch=bagp -mpi -...

2.17.2

[ TAL Version
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ParaProf: Mean across all nodes

T TAUParabrofMean Data=Application 2, Expenment s, A rial 20, El@
File Options Windows Help
Metric: BGP_TIMERS
Walue: Exclusive
Units: seconds
758611 | | Loop: CHEMEKIM M REACTION_RATE_BOUNDS [{[chemkin_m. pp.fo0t {375,31-{387,71] o
360,040 e L00p: TRANSPORT _M::COMPUTECOEFFICIENTS [{mixavy_transport_m.pp.fo0} {484,51-{522,9}]
285593 [ ] MPI_Wait)
60,162 [ Loop: TRAMNSPORT _M::COMPUTESPECIESDIFFFLUX [{mixavg_transpart_m.pp.fa0l {63 1,51-{657,19)]
52.916 [ Loop: DERMWATIVE_Z_CALC [{derivative_z. pp.fa0t {432, 101-{441, 15}
46,206 [ Loop: THERMCHEM _M::CALC_TEMP [{thermchem_m.pp.faoi{177,51-(2 18,9}
40,9 ] MPLIsend)
40,058 & RHSF
35.35 [ Loop: INTEGRATE [{integrate_erk. pp.f901{75,31-445,13]]
29.417 [ Loop: TRAMNSPORT M COMPUTEHEATELUX [{mixavy_transport_m.pp.fa0l {777, 51-{785, 191
28921 [ Loop: RHSF [{rhsf.pp.fa0t{211,31-2132, 7]
24.454 @ Loop: DERIWATIVE_Y_CALC [{derivative_y pp.f90} {428, 101-{437, 15
22.43 @ MPLInit)
20676 [] Loop: DERIVATIVE_X_CALC [{derivative_x. pp.f90} {429, 101-{438, 15}
18.663 B Loop: RHSF [{rhsf.pp.fo0}{547,31-1553, 16}
18.609 B Loop: RHSF [{rhsf pp.fo0i {539, 314545, 161]
16.186 @ Loop: RHSF [frhsf.pp. fe0}{517,31-{537, 161]
14.799 [] DERMWATIVE_X_CALC
14.682 [ DERMWATIWE_Z_CALC
14.566 [ DERMATIVE_X_COMM
14552 B DERIWATIWE_Y_CALC
12.848 [] Loop: YARIABLES_M: CET _MASS_FRAC [fvariables_m.pp. a0t {98 31-4101,71
11.185 [ Loop: THERMCHEM _M:: CALC _INY _&YC_MOL_WT [{thermchem_m.pp.fa0}{129,51-{131,9}
11.154 [ DERIVATIVE_Y_COMM
10,187 [ MPLIrecwl)
9.228 [ DERIWATIVE_Z_COMM
€.119 | Loop: FILTER_M:FILTER [{filter_m.pp.f90} {1234,5}-{1238,9)]
5.631 | COMPUTESCALARCGRADIENT
5.747 | Loop: TRAMSPORT _M::COMPUTESTRESSTENSOR, [{mixavg_transport_m.pp.fa0ti707 51-{733, 10}
5.668 | Loop: DERIWATIE_Z_CALC [{derivative_z.pp.fa0} {561, 191-{584,241]
563 | Loop: DERIWATIVE X _CALC [{derivative_x. pp. f90) {456, 1311475, 18)
5.327 | Loop: THERMCHEM _M::CALC_SPECEMTH_ALLPTS [{thermchem_m. pp.fa0}{507,31-{513,8)]
5. 11 | Loop: DERIWATIVE X_CALC [{derivative_x. pp.fa0} {483, 131-{502, 18]
4.83 | Loop: DERIWATIVE X _CALC [{derivative_x. pp.fa0) {585, 191607, 241]
4568 | Loop: DERIWATIVE_X_CALC [{derivative_x. pp.fo0} {559, 1911582, 241]
4366 | Loop: DERIVATIVEY_CALC [{derivative_y. pp.f90} {481, 131-{500, 18}]
4.342 | Loop: DERIWATIVE_Y_CALC [{derivative_y. pp.fo0} {558, 19}1-{580,24}] -
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TAU: ParaProf: 3D Yiszualizer: E:AS3DAMULTI__BGP_TIMERS
File Options Windows Help
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ParaProf: MPI Wait variation

/

[ J
TAU: ParaProf: Function Data Window: E:A53DYMULTI__BGP_TI i il
File Options Windows Help
Marna: MP1_\iaits
Metric Mame: BGP_TIMERS
Value: Exclusive
Units: seconds
178.946 | node 4072 |2
250604 | node 4073
260906 | node 4074
186716 | node 4074
182.203 | node 4076
26099 | ] node 4077
274595 | ] node 4078
184 837 | ] node 4079
262175 | nade 4080
176.509 | node 4081
178,106 [ node 4082
279.387 | node 4083
261445 | node 4084
181 767 | node 4084
178876 [ node 4086
278307 | nade 4087
193166 [ ] node 4088
263 434 | ] node 4089
274 084 | ] node 4090
198066 [ node 4091
122701 | node 4092
260,714 | node 4093
266,365 | node 4094
199 614 | node 4094
242206 | node 4096
341,433 | node 4097
34281 | nade 4098
343188 | ] node 4099
244 522 | ] node 4100
332419 | ] node 4104
334 608 | nade 4102
2665 | node 4103
340828 | node 4104
346.829 | node 4104
246018 | node 4106
344 487 | node 4107
342018 | nade 4108
346074 | ] node 4109
341,089 | ] node 4110
244009 | ] node 4111
345302 | naode 4112
224375 | node 4113
240073 | node 4114 |—
aan dn | el AAdAE
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- ParaProf: MPI Wait Histogram »

TAU: ParaProf: Hiztogram: E:AS3DAMULTI__BGP_TIMERS in| ﬂ
File Options Windows Help

Humber of Bins
1] 50 100

MPI_Wait()

1130
1100 A
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1000
950 A
900
850 -
800
=
T00 A
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B00 -

Threads

S50
500
430 A
400 A
330 4
300
250 A
200 A
150 A
100

50

111.231 139.039 166.847 194,655 222 463 250.27 278.078 305.886 333.694 361.502
Exclusive BGP_TIMERS (seconds)
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S3D - Building with TAU

O Change name of compiler in build/make. XT3
O ftn=> tau £90.sh
O cc => tau cc.sh

O Set TAU compilation variables

O -tau _makefile=/home/wspear/bin/tau-2.17.2/bgp/lib/Makefile.tau-bgptimers-
multiplecounters-mpi-papi-pdt

> Choose callpath, PAPI counters, MPI profiling, PDT for source instrumentation
O -tau_options="-optPreProcess -optTauSelectFile=/home/wspear/sel.txt"

> Selective instrumentation file eliminates instrumentation in lightweight routines

> Pre-process Fortran source code using cpp before compiling

O Specify runtime environment variables for instrumentation control and event PAPI
counter selection:

O COUNTER1=BGP_TIMERS:
COUNTER2=PAPI_NATIVE PNE BGP PUO FPU ADD SUB 1
COUNTER3=PAPI_NATIVE PNE BGP PUO FPU MULT 1
COUNTER4=PAPI_NATIVE PNE BGP PUO FPU FMA 2
COUNTER5=PAPI_NATIVE PNE BGP PUO FPU DIV 1
COUNTER6=PAPI_NATIVE PNE BGP PUO FPU ADD SUB 2
COUNTER7=PAPI_NATIVE PNE BGP PUO FPU MULT 2
COUNTER8=PAPI_NATIVE PNE BGP PUO FPU FMA 4
TAU THROTTLE=1

O O OO0 O O O O

83D Scalability Study TAU Performance System
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Concluding Discussion

O Collected data for S3D up to 12k cores

O Observed behavioral differences between CNL and BGP
0 Observed bimodal behavior in MPI_ Wait

O Other metrics of interest

O Memory
O Flop/S
3 Issues with PAPI counters on BGP
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