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Why OpenACC?

Great for prototyping

Great for first steps on porting legacy codes

Great for “glue-code” in between
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The Five Results of Programming >

FIIRA

Compiler error

Program crashes Likeliness

Program produces wrong results

Program runs very slow

Program runs fast and correct
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Performance engineering workflow

-
*Prepare
application with
symbols
e|nsert extra code
(probes/hooks)

\

p

*Modifications
intended to
eliminate/reduce
performance

S problem

Preparation Measurement

Optimization Analysis

eCollection of
performance data

eAggregation of
performance data

eCalculation of metrics

e|dentification of
performance problems

*Presentation of results
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Why a Standardized Profiling Interface?

Vendor tools not everything

HPC requires extreme scalability

Success of CUPTI a great example!

e CUDA Profiling Tools Interface now used by NVIDIA
tools themselves

¢ | ively exchange with research tool community
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_Performance Tools Have YouCovered === [
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Tool
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Current OpenACC Performance Tools

Profile Based

e PG| prof
e Craypat

How about timelines?

e Craypat
e Score-P or similar needed at very large scale
) Rerse ZIH
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The OpenACC Tools API in a Nutshell

See Technical Report TR 14-2
Performance monitor registers callbacks with OpenACC runtime

Tool will be invoked by runtime to do handle the events

CPU

register begin data region callback

OpenACC
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Starting Point - Watching an Application
= Vampi - Trace View - C/Userjuckel/Documents/zh/Projcts/OpenACC/F26-2014-09-22/penace tracesraces/363_openacc-0 cuda-noftracesott2 = 8 [T

W File Edit Chart Filter Window Help

sl
EvkGOTERLES B

Timeline Function Summary
1.324s 1.325s . 1.327s 1.328s 1.330s 1.331s 1.332s [ All Processes, Accumulated Exdusive Time per Function
H H H H 2.0ms L5ms 10ms

‘Contest View

Trace Info

Property Value

File C:fUsers fjuckel/Documents/zih Projectsf

Master thread Creator Score-P 1.3-trunk

Viersion 1.5

Number of Processes 1

Timer Resolution ins

File Substrate POSIX

Trace Compression MOMNE

Trace ID 5e97fG54f6349cecd3

Trace Properties
OTF2::MPI_COMMUNICATION_COMPLETE true
OTF2:THREAD_FORK_IOIN_EVENT_COMPLETE  true
OTF2::THREAD_CREATE_WAIT_EVENT_COMPLETE true

<

Function Legend

M Application
Monitor

aﬁcl:th;Kbl 1Al — I H
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Adding Low Level Accelerator Activity
< Vampir - Trace View - C/Usesjuckel/Documents/ah/Prjects/OpenACCF2F-2014-03-22/openace_raceraces/363openacc-0_cuda-dverkemelmemc.. = & [

% File Edit Chatt Fitter Window Help [=]=]x]

E ti N..J ﬁ ® 3 EE m E/ ’;E_;l 0‘251570‘26551 -

Timeline Function Summary
0.252s 0.254s 0.256s 0,258 s 0.260s [ All Processes, Accumulated Exdusive Time per Function
: : : : 1,500 ps 1,000 ps 500 ps Ops
2 Y e 252 oo
calc2_207_gpu
e 1o
: 192,162 ps [ calc3z_254_gpu
117.057 ps inital_92_gpu
107.906 p= calc3_294_gpu
95.73 ps - calcl_165_gpu
91,969 ps inital_124_gpu
TA.758 ps calc2_221_gpu
0 0 0 0 0 0 : i 7e.608ps [ inital_102_gpu
Master thread : 44.093 ps M calc3_302_gpu
1 43.294ps [ calcl_171_gpu
: : 37.822 s [J] calc?_226 gpu v

Trace Info -

Property Value ~
File C:fUsers fjuckel/Documents/zih Projectsf
Creator Score-P 1.3-trunk

Viersion 1.5

2
3
4

< Number of Processes 2

Function Summary Timer Resolution ins

All Processes, Accumulated Exclusive Time per Function File Substrate POSIX
5.0ms  45ms 40ms  35ms 30ms 25ms 20ms 13ms 10ms O0.5ms 0.0ms

cuStreamSynchronize

culaunchKernel Trace D )
cuMemHostAlloc Trace Properties
E wMemaloc v2 TEZMDT ORI IMTE ATTOR RO ETE
— <
476,179 ps cuPointerGetAttribute
246.292ps cuMemcpyHtoDAsync_v2 Function Legend
37.306 ps l cuModuleGetFunction [ cupa_snc
16,191 ps ‘ cuMemcpyDtoHAsyne_v2 I cupa

Trace Compression MOMNE
2172e55b2b23a37

7.644 s | cUEventCreate Application
6.554ps | cuEventRecord [ cupa_apr
3.931ps | cuEventSynchronize | ;L:Ei';—rmﬂ
3,825 ps | cuCteGetCurrent

EE?\;'EBRN 1A1 C— I H
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Using PGIl's OpenACC Tool Interface Implemetation

W File Edit Chat Filter Window Help [=]l=] =]

ErXLEOTERLS mm

Timeline Function Summary
1.25s 1.26s 1.27s 1.28s 1.29s 1.30 ] 1.31s 1.32s 1.33s [ All Processes, Accumulated Exdusive Time per Function Group

Master thread m ; ; ; [EL704ms

50 ms 40 ms 30ms 20ms 10ms 0ms

| openACC
ST ovicator

Master thread

= | Trace Info

Property Value

File C:Users fjuckel Documents fzih Projectsfi
Creator Score-P 1. 3-trunk

Version 15

Mumber of Processes 1

£

Function Summary Timer Resolution 1ins
File Substrate POSIX
Trace Compression MNOME

All Processes, Accumulated Exdusive Time per Function
40 ms 30 ms 20 ms 10 ms Oms
m . . . . acc_data_construct@swim. f:375
2,456 ms [ acc_wait@swim.F:439 TacelD Sfeatibic2scbbec
1.948ms [ | acc_wait@swim.f:311 Trace Properties
1,771 ms E aCC_Wait@Swim.f:BZ (f'ﬂ':"]--MDY ORI IMTS ATTARL FOMDI ETE
1.389ms [ acc_wait@swim.f:178
408.847 ps || acc_compute_construct@swim. f:451 Function Legensd
231,179 ps || acc_launch_kernel@swim.f:92 [ openacc
222,233 ps || acc_wait@swim.f:124 W _smc
214,237 ps | acc_upload @swim. f:373 [ Application
208.891ps | acc_data_construct@swim.f:198 Manitor
196.824 ps | acc_wait@swim.f:254
170,092 ps | acc_data_construct@swim. f: 142

y |
T E c H I 160,511 ps | acc_compute_construct@swim, f: 149
150.412 ps | acc_data_construct@swim. f: 276
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Putting it all tog

ether

%W File Edit Chart

ErLeOeTIiEmL

Filter  Window Help

L=

15

[-]=]x]

0.251s| OMZ70s
18.84/ms

Timeline

Master thread
CUDA[D: 13]

Master thread

1
2
3
4
5
]
7
8

<

0.2525s 0.2550 5 0.2575s

Function Summary
0.2600 s 0.2625s 0.2650 s 0.2675 s | Al Processes, Accumulated Exdusive Time per Function
: : : : 4ms 3ms 2ms

1ims

0ms
wMemHostAlloc
culaunchKernel
510,21 ps cuPointerGetAttribute
273.601ps cuMemcpyHtoDAsync_v2
26,987 ps | cuModuleGetFunction
11,112 ps | cuEventCreate
4,106 ps | cuEventSynchronize
3.967 ps | cuCtxGetCurrent

cuStreamSynchronize
B —
E cuMemalloc_v2
122,795 ps H cuMemcpyDtoHAsync_v2
7.351ps | cuEventRecord

‘Contest View

+

Trace Info

Property
File
Creator
Version

Value
C:fUsersfjuckelDocumentszih Projectsi
Score-P 1.3-trunk

1.5

2

~

Mumber of Processes

Function Summary

All Processes, Accumulated Excusive Time per Function

2ms ims

EZ5Ems

Oms

acc_wait@swim.f:439

608.854us [
281L777ps [

acc_data_construct@swim. f: 375
acc_data_construct@swim. f: 193
acc_data_construct@swim. f: 142
acc_data_construct@swim, f: 276

187,573 ps
lZG:.?’les
123,354 s
96236 ps
51818
58,477 us
4:?.318 Hs
42,062 us
39.55 s

204832 ps [
O
i
i
[

TECHNM

acc_compute_construct@swim. f: 149
acc_compute_construct@swim. f:205
acc_compute_construct@swim. f: 280
acc_compute_construct@swim. f:90
acc_data_construct@swim. f: 79
acc_data_construct@swim, f: 248
acc_upload @swim. f: 373
acc_compute_construct@swim. 1451

23.878 Hs

UNIVE|
DRESDEN

acc_download @swim. f:439

Timer Resolution
File Substrate
Trace Compression
Trace ID

Trace Properties

ins

POSIX

MONE
41c04fab205f5285

All Processes, Accumulated Exdusive Time per Function
1,000 ps Ops
T -3 252 o
calc2_207_gpu
calcl_151_gpu
192.001 ps [J calc3z_254_agpu
117,185 ps inital_32_gpu
107.682 ps calc3_294_gpu
104.322ps [l shalow_453_apu
95, 174 s calcl_165_gpu
92.065ps [M inital_124_gpu
72.724ps [ calc2_221_gpu
76.353ps [ inital_102_gpu
44,158 ps || calc3_302_gpu
43.132 ps [| calc1_171_gpu
37.788 ps I calc2_226_gpu

ATETMBT SO INTE ATTOR COlD ETE

£

Function Legend

[ cupa_syne

M cupa

[ oPENACC

[

M Application

M cupa_pe1

I cupA_KERNEL
Monitor
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What You See Explained

W Sle At Chart Filter  Windew  Help [E1EE

Eiﬂhﬁﬁjﬁgtﬁﬁhf{—wﬁm

Timelim: Function Summay
0.5d10 % 0.5412 % 0.5414 = 0.5416 % 054162 All Procezses, Accumulabed Exclusive Time...

500 ps ops
- Mster thread m | cuDA AP
| i g CUDw,_KERMEL

CPEMACT

cubafo:13] E cUBA K!m Hl - 14,172 ps | Aapplicatien
Master thread | Region Groups

SETCETTE

ace_data_construcki@swim.F.73
i CuPainterGetaktributs
cuModul eCetFuncbon

[ aee_compute_construchi@swi

| Region Stack

Walues of Metrc “Cridcal Path® ewer Time in i i = acc_waibEewim.f124

: i H ! cuSkreamSynchronize
Masker thread - I 1 ace_laundh_kernel@ewim.

acc_launch_kerncl@swim.

Critical Path [N | S arr ety

cupafo:3]

cuLaunchikernzl

0.0 . 3 0.6 0.3 1.0
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If you cannot see it,
you Wil never Fnow 1
you Wil never yundersiand 1

you Wl never Mg ove 1
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