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PERFORMANCE VARIATION

Typical causes (selection)

Application (user domain) Generally intentional!

* changes of code versions, compilers & run-time libraries, optimization levels/flags

* non-determinism (Monte-Carlo, data races)
System (hardware/software)

* machine-hall power outages, power/energy management policies

* chip manufacturing variance / wear-and-tear

* error correction (cosmic rays) oan

. tent 1 network interconnect application executable

contention on network interconnec still runs correctly,

* file I/O to shared filesystem but takes (much) longer
* (rogue) system daemons (NHC) and not under user control!
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CASE STUDY LompBioiTled

POP performance assessment of HemeLB on SuperMUC-NG

HemelLB open-source code and test case: www.hemelb.org
* CoE flagship code developed by UC London (UK)
* C++ parallelised with MPI

* built with Intel Studio compiler & MPI library | 6.08 cm
* 5,000 time-step (500us) simulation of cerebrovascular “circle of Willis” geometry

— 6.4um lattice resolution (21.15 GiB): 10,154,448,512 lattice sites

SuperMUC-NG Lenovo ThinkSystem SD650 at LRZ
* dual 24-core Intel Xeon Platinum 8174 (‘Skylake’) @ 3.1GHz compute nodes
* 48 MPI processes per node, 6,452 (of 6,480) compute nodes: 309,696 MPI processes
* 144 ‘fat’ [768 GiB] + 6,336 ‘thin’ [96 GiB] compute nodes 9 JULICH
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INITIAL RESULTS o—e Simulate (block)

Simulate (prod)

o : 15700
Application strong scaling 12600

10000 8520

up to 6,250 compute nodes 593ﬂ453ﬂ
(dual 24-core)

0520
® 96.5% of entire system

(6,480 compute nodes)

Time [s]

1240
1000 426

® 300,000 MPI processes 638

421 438
(one per core) - 405

. - 220
* 80% scaling efficiency 170 /156

maintained to over 100,000 {00 122
processes in production

17p

| 1| || || L | L | - L ||
18 24 32 48 B4 96 128 192 256 384 512 VB8 1024 15362048 30724096 6480
jobs using the entire system

Compute nodes {48c)
3 g
in dedicated block operation @

g3 £ & 9 .
= i "d_“"
— also erratic (4 J U LICH
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® but ‘poor’ performance for
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Processes
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1,152
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SYSTEM VIEW

HemelLB application execution

One of the first (non-HPL)
application executions on the
entire virgin compute system

® 300,000 MPI processes on
6,250 compute nodes

® spread over all 9 ‘islands’

— production jobs limited
to only half of system
(3168 compute nodes)

* avoiding 20 off-line nodes,
and additional 2 which failed
to boot in first attempt
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LOAD BALANCE?

Scalasca analysis of execution with 300,000 MPI processes on 6,250 dual 24-core compute nodes

CubeGUI-4.5.0: scorep_hemepure_300000_sum/summary.cubex <@jrc1383.jureca>

File Display Plugins Help

Absolute * | | Metric selection percent * | @ advisor | [ score-P Configuration B source u
i
Metric tree Call tree [ . . . . of
l l Flat view POP Assessment : SimulationMaster::RunSimulation =l
™ 962654839.97 Time (sec) ~| | = O 0.00 hemepure - =
56706790196 Visits (occ) =+ [ 0.00 main Parallel Efficiency 15.00 % i very poor | @ 2
k 9.25e15 Bytes transferred (bytes) 4 0.00 MPI_Initialized
» W 22251622 MPI file operations {occ) [0 5.11 MPI_Init Load balance 16.00 % . Very poor [@® L
] 8032012.41 Computational imbalance » 82.25 SimulationMaster )
3.13e18 PAPI_TOT_INS (#) m 12.59 RunSimulation Communication Efficiency 97.00 % N \ery good |\3) =
2.08elB PAPI_TOT_CYC (#) v O 0.00 ~SimulationMaster S &
2.44218 PAP|_REF_CYC (#) [0 0.05 MPI_Finalize A o
4.92e16 PAPI_RES_STL (#)

& o
5
50.00 % i 7 i
Stalled Resources - Fair 2 o

IPC 1.91 Value 2

Instructions (only computation) 7.92el16 Value I

Computation time 18267605.32 Value 2

i b i b

0.000 9.627e8 (100.000%) 9.62?EB| 0.000 Lo 1:‘2.59_5_I - %D!]._QD{_J
Focus of Analysis (FOA) = SimulationMaster::RunSimulation ‘ ' J U L I c H
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LOAD BALANCE?

Scalasca analysis of execution with 300,000 MPI processes on 6,250 dual 24-core compute nodes

CubeGUI-4.5.0: scorep_hemepure_300000_sum/summary.cubex <@jrc1383.jureca=

File Display Plugins Help

Absolute = | | Metric selection percent * | | Peer percent
100.00 392.17
B wetric tree B call tree Flat view B system tree | [H Statistics
+ [ 0.00 Time (sec) a « O 0.01 hemepure a b 25.96 node i02r08c04s07.5ng.Irz.de
= [ -0.00 Execution * [0 0.00 main ] 26.56 node i02r08c04s08.5ng.Irz.de
O 0.00 MPI Initialized 3 27.63 node i02r08c04s09.5ng.Irz.de
v [ 772282416.98 MPI I 0.00 MPI_Init + O 27.68 node i02r08c04510.5ng.Irz.de 80.00 1
O 0.00 Overhead b 90.40 SimulationMaster » 28.91 node !DErDEcMsll.mg.lrz.de
56706790196 Visits (occ) » [0 0.00 RunSimulation » O 29.04 node i02r08c04s12.5ng.Irz.de
» W 9.25el5 Bytes transferred (bytes) O 0.00 MPI_Gather » [ 28.92 node i02r08c05501.5ng.Irz.de
» [ 22251622 MPI file operations (occ) » [ 0.01 DoTimeStep » O 28.94 node i02r08c05502.5ng.Irz.de
» [ 8032012.41 Computational imbalance » O 28.96 node i02r08c05s03.5ng.Irz.de i e
3.13e18 PAPI_TOT_INS (#) O 0.00 MPI_Waitall » O 26.85 node i02r08c05s04.5ng.Irz.de
2.08e18 PAP|_TOT CYC (#) O 0.00 MPI_lsend r 27.73 node !DErDScDSSGS.sng.Irz.de
2.44218 PAP|_REF_CYC (#) O 0.00 MPI_lrecv 4 25.25 node |2r08c05506.5n.lrz.de
4,92e16 PAP| RES STL (#) O 0.00 MPI_Gather 100.00 node i02r08c05507.5ng.Irz.
v O 0.00 Finalise 25.64 node i02r08c05s08.5ng.Irz.de
v O 0.00 ~SimulationMaster 25.79 node i02r08c05s09.5ng.Irz.de 40.00 1
O 0.00 MPI Finalize 26.59 node i02r08c05510.5ng.Irz.de
- 27.15 node i02r08c05s11.5ng.Irz.de
27.03 node i02r08c05512.5ng.Irz.de
28.71 node i02r08c06s01.5ng.Irz.de
28.29 node i02r08c06s02.5ng.Irz.de 20.00 ]

28.60 node i02r08c06503.5ng.Irz.de

I

61.99
28.56 node i02r08c06s04.5ng.Irz.de
28.52 node i02r08c06505.5ng.Irz.de
27.30 node i02r08c06506.5ng.Irz.de r21.34

28.33 node i02r08c06507.5ng.Irz.de
26.58 node i02r08c06508.5ng.Irz.de
25.11 node i02r08c06s09.5ng.Irz.de All (300000 elements) =

25.31 node i02r08c06510.5ng.Irz.de

25.66 node i02r08c06s11.sng.lrz.de

26.12 node i02r08c06s512.sng.Irz.de %

27.19 node i02r09c01s01.sng.Irz.de J U L I c H
28.04 node i02r09c01s02.5ng.Irz.de

28.51 node i02r09c01s03.s5ng.Irz.de Forschungszentrum
28.05 node i02r09c01s04.5ng.Irz.de

28.78 node i02r09c01s05.5ng.Irz.de

0.00

[ o

b A . A S . A . S T .



COMP TIME

Process topology (folded)

300,000 MPI processes as
625x480 topology

® 10 compute nodes / column

® computation time peer %

— highest process value
shown red and sets
colour scale of values

® looks fairly homogeneous
= well balanced?

0.50

.

T
0.00 1.00
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HOTSPOT?

Node i02r08c05s07 (odds)

300,000 MPI processes as
625x480 topology map

® 10 compute nodes / column

® computation time peer %

— highest process value
shown red and sets
colour scale of values

® 24 processes on one node
take much longer than any
others (even on the same
node) 0.50

. .

0.00 1.00
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Thread id:

Value:

Absolute:

Number of elements:

:|Process ( size 300000 ) 61355
i|Thread ( size 1)
i |Node:

i |Name:

fIMPI rank:

4]

node i02r08c05507.5ng.lrz.de
MPI Rank 61355

61355

']

100.00000000 (100.000%)
392.17060900 (100.000%)

1




CubeGUI-4.5.3dev: scorep_hemepure_300000_sum/summal

File Display Plugins Help

4 ’ Absolute * | | Absolute * | | Peer percent M)
1l
H Metric tree EE cail tree Flat view B system tree | M statistics | B sui ¥ g
| | ~ O 16142.605 hemepure 4 LI 14.297 MPI Rank 61339 2l <
56706790196 Visits (occ) ~ [ 113.137 main O 14.233 MPI Rank 61340 2
» [ 9.248Bel5 Bytes transferred | O 10.673 MPL_Initialized O 14.329 MPI Rank 61341
H » [ 22251622 MPI file operation: 0 49165528.272 MPI_Init O 14.074 MPI Rank 61342 4
N Ode |02 |'08C0 5807 (OddS) » [ 8032012.407 Computational + [ 791757564.742 SimulationMaster O 13.955 MPI Rank 61343 g
3.126e18 PAPI_TOT_INS (#) = [ 3008.316 RunSimulation ~ O - node i02r08c05507.sng.Irz.de &
2.080e18 PAPI_TOT CYC (#) 0 935.747 MPI_Gather O 14.958 MPI Rank 61344 8
2.442e18 PAPI_REF_CYC (#) = [ 13409.387 DoTimeStep 99.722 MPI Rank 61345 2
4.924¢16 PAPLRES STL (#) G 13.129 MPI Rank 61346
O 102633284.945 MPI_Waitall 99.249 MPI Rank 61347
O 241644.488 MP|_lsend 2.735 MPI Rank 61348 g
8.505 MPI Rank 61349 2

1
9
14.411 MPI Rank 61350
97.176 MPI Rank 61351
1
9

300,000 MPI processes in system tree 0 Tt e

377.011 ~SimulationMaster
473282.158 MPI_Finalize

3.971 MPI Rank 61352

8.669 MPI Rank 61353
14.893 MPI Rank 61354
14.838 MPI Rank 61356
98.864 MPI Rank 61357
14.633 MPI Rank 61358
98.728 MPI Rank 61359
13.933 MPI Rank 61360
98.618 MPI Rank 61361
14.556 MPI Rank 61362
99.284 MPI Rank 61363
14.629 MPI Rank 61364
91.621 MPI Rank 61365
13.057 MPI Rank 61366
99.125 MPI Rank 61367
14.906 MPI Rank 61368
98.677 MPI Rank 61369
13.001 MPI Rank 61370
97.072 MPI Rank 61371
14.474 MPI Rank 61372
88.486 MPI Rank 61373
14.163 MPI Rank 61374
98.863 MPI Rank 61375
14.311 MPI Rank 61376
98.363 MPI Rank 61377
14.400 MPI Rank 61378
85.227 MPI Rank 61379
14.254 MPI Rank 61380
98.976 MPI Rank 61381
14.905 MPI Rank 61382
98.764 MPI Rank 61383
14.232 MPI Rank 61384
98.340 MPI Rank 61385
13.830 MPI Rank 61386
87.216 MPI Rank 61387
14.361 MPI Rank 61388
M 99.354 MPI Rank 61389
14.290 MPI Rank 61390
M 98.974 MPI Rank 61391
~ O - node i02r08c05508.5ng.Irz.de
14.309 MPI Rank 61392
14.248 MPI Rank 61393
12.777 MPI Rank 61394
14.352 MPI Rank 61385
13.017 MPI Rank 61396
14.525 MPI Rank 61387
14.155 MPI Rank 61398

14.360 MPI Rank 61399 b
4 »

L3

[mm
EOEOEOEON

® 6,250 compute nodes each with 48 MPI processes

100.00 392.17

® computation time peer %

¢ 24 odd-numbered processes on node i02r08c05s07 o
take more than 6x longer than any of their peers

— who must then wait in their subsequent
point-to-point neighbour communication

40.00 1

IO EOEOEOEOEOEOEOEOEOEOEOED

20.00

61.99

21.34

oooooooo

r} 0.00 ' All (300000 elements) =
1.896%) 9.62?es| |0.000 100.000 100.000|

0.00
All (300000 elements) -
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CubeGUI-4.5.3dev: scorep_hemepure_300000_sum/summary.cubex <@jrc1383>

File Display Plugins Help

? Absolute * | | Absolute * | | Peer percent -
= E Metric tree E Call tree Flat view System tree [ Statistics Sui ¥

» [ 962654839.965 Time (sec) |« | ~ O 0061261585 hemepure - O 7.147 MPI Rank 61339 =
56706720196 Visits (occ) ~ O 11859950299 main O 7.069 MPI Rank 61340

» @ 9.248e15 Bytes transferred | O 499143293 MPI_Initialized 0 7.134 MPI Rank 61341
Y O 6.900 MPI Rank 61342

= 3 22251622 MPI file operation: 0 1.782e14 MPI_Init
N Ode |02 r08c0 5807 (Od dS) + [ 8032012.407 Computational + @ 2.664e16 SimulationMaster O 6.826 MPI Rank 61343
3.126e18 PAPI_TOT_INS (#) ~ O 5.289e11 RunSimulation ~ O - node i02r08¢05507.5ng.Irz.de
2.080e18 PAPI TOT CYC [#) [J 21482733608 MPI_Gather O 7.514 MPI Rank 61344
99.728 MPI Rank 61345

2.44218 PAPI_REF_CYC (#) ~ [ 1.832e12 DoTimeStep

I~ 4,924e16 PAPI RES STL (#) B 2.070el6 HandleActors| O 6.084 MPI Rank 61346
O 1.492el5 MPI_Waitall 99.372 MPI Rank 61347

H O 1.803el4 MPI Isend O 5.773 MPI Rank 61348
O 5.029e13 MPI Irecv 98.534 MPI Rank 61349

300,000 MPI processes in system tree B 35354 uptRank 134
» [ 43684356864 Finalise 97.277 MPI Rank 61351

+ O 6.058e11 ~SimulationMaster O 6.642 MPI Rank 61352
O 3.145e1l MFI_Finalize 98.755 MPI Rank 61353

- 0 7.552 MPI Rank 61354

™ 100.000 MPI Rank 61355|

O 7.440 MPI Rank 61356

® 6,250 compute nodes each with 48 MPI processes PR ———
' O 7.340 MPI Rank 61358

98.851 MPI Rank 61359
[0 6.626 MPI Rank 61360

° . . o) 100.00 8.15el1 98.662 MPI Rank 61361
[d 7.312 MPI Rank 61362

computation time peer %
[0 7.351 MPI Rank 61364

90.796 MPI Rank 61365
O 5.065 MPI Rank 61366

99.204 MPI Rank 61367

¢ 24 odd-numbered processes on node i02r08c05s07 . 0 7,488 WPl Rank 61365

O 6.061 MPI Rank 61370
H 97.131 MPI Rank 61371

take more than 6x longer than any of their peers G Tam etk 6127
86.736 MPI Rank 61373

O 6.974 MPI Rank 61374
98.968 MPI Rank 61375

O 7.136 MPI Rank 61376

— executing roughly the same number of instructions B e

83.066 MPI Rank 61379
O 7.123 MPI Rank 61380
98.971 MPI Rank 61381
— 1 7. k
but suffering 74x the CPU resource stall cycles Sy o 0199
O 7.062 MPI Rank 61384
98.505 MPI Rank 61385
40.00 1 O 6.776 MPI Rai; 61386
It. t I d t t II 85.787 MPI Rank 61387
- Q7. k
ultimately aue 1o memory access Stalls TsT e Rank 136t
0 7.104 MPI Rank 61390
99.113 MPI Rank 61391
~ O - node i02r08c05508.5ng.Irz.de
O 7.103 MPI Rank 61392
0 7.044 MPI Rank 61393
O 5.926 MPI Rank 61394
O 7.215 MPI Rank 61395
O 6.028 MPI Rank 61396
G i 6,979 Mol Rank 61398

0 7.191 MPI Rank 61399 b
4 »

saibojodol malp wajshs

BYI0

* node subsequently taken off-line for diagnostic checks
which immediately identified that it had a faulty DIMM

0.14ell =
r 0.00 ) All (300000 elements) v

4.924916| |o.000 100.000 100.000|

0
E All (300000 elements) -
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ONE-OFF?

Folded process topology

300,000 MPI processes as
625x480 topology map

® 10 compute nodes / column

® computation time peer %

— highest process value
sets maximum of
colour scale

0.50

.

T
0.00 1.00
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ONE-OFF?

Node i04r01c05s10 (evens)

300,000 MPI processes as
625x480 topology map

® 10 compute nodes / column

* resource stall cycles peer %

| o

— enhanced colour map Proces: (522 300000 113042
Node: node i04r01c05510.sng.lrz.de
Name: MPI Rank 113042
MPI rank: 112042

® 24 even-numbered processes | +|hread id 2 6 015
. AE?LLjetrejjf clemente: E.SOETEO?SEIO (6.401%)
on node i04r01c05s10 also : '

take notably longer than their
peers: diagnostics reported
lacklustre performance

T

0.00 1.00

0.25
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T ] ] ] 1 1 1 ] ]
SUCCESS’) Simulate
- Simulate (block)
. i 15700
Application strong scaling 12600
10000 9520
up to 6,452 compute nodes 593'5'453 o
: 0
® 99.6% of entire system & 2520
i}

* 309,696 MPI processes E 1240

(cores) 1000 B26

638

® 80% scaling efficiency 421 s 438 405

maintained to over 100,000 250

processes 170 | 1sg 17D

122
* 190x speed-up compared 100 83
Fop? [ || || || || | || ||
tO 18 fat ComPUte nOdeS 18 24 32 48 B4 96 128 192 256 384 512 VB8 1024 15362048 30724096 6480
with larger memory & Compute nodes (48c)
¢ § 28 35 83 g &8 5 82 /3 88 8
nE_ - - Loy =+ oo o & e 0 o E E %
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STRONG SCALING 00 ®

POP performance assessment

Compute nodes 24 32 48 64 96 128 192 256 384 512 768 1024 1536 2048 3072 4096 6452
Processes 1152 1536 2304 3072 4608 6144 9216 12288 18432 24576 36864 49152 73728 98304 147456 196608 309696

Global scaling efficiency 0.79 0.79 0.84 0.80 0.82 0.75 0.73 0.72 0.73 0.74 0.68 0.68 0.65 0.62 0.57 045
- Parallel efficiency 0.79 0.80 0.87 0.83 0.86 0.80 0.75 0.74 0.74 0.77 0.71 0.72 0.70 0.72 0.70 0.73
- - Load balance efficiency 0.79 0.80 0.88 0.84 0.86 0.80 0.75 0.74 0.75 0.78 0.72 0.74 0.72 0.74 0.73 0.80
- - Communication efficiency 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.98 0.98 0.97 0.96 0.92
- Computation scaling 1.00 0.99 0.96 0.96 0.95 0.93 0.98 0.98 0.98 0.96 0.96 0.94 0.93 0.87 0.81 0.61
- - Instructions scaling 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.97 0.94 0.89 0.79 0.67 0.45
--IPC scaling 1.00 0.99 0.96 0.96 0.95 0.93 0.98 0.98 0.99 0.98 0.99 1.00 1.04 1.11 1.21 1.36
IPC 1.411 1.395 1.353 1.355 1.342 1.316 1377 1.387 1.39 1383 1.3%0 1417 1473 1566 1.704 1.919

Key: =0.65 =0.7/5 =085 =055 <100 =1.00

Global scaling efficiency fairly good around 80%, before generally degrading at larger scales

* Parallel efficiency deteriorating following Load balance efficiency;
excellent Communication efficiency throughout

* Computation scaling (relative to 24 nodes) very good, except at largest scale

* Degradation of Instructions scaling partially compensated by improving IPC scaling

IJ JULICH
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File Display Plugins Help

CubeGUI-4.5.0: scorep_hemehack_13824 _trace/trace.cubex <@jrc1383.jureca=

AI I D O N E ? Absolute * | | Metric selection percent = | | Peer percent o
L 1))
Metric tree o call tree Flat view ¥ system tree | [ statistics o
L k I + [0 0.000 Time (sec) ~| | ~ O 0.010 hemehack.scorep-trace | | =~ O - machine Linux 2 o=
OOK closer + [ 0.000 Execution * [ 0.000 main 100.000 MPI Rank 3474 2
™ 55982915.768 Computation O 0.000 MPI_Initialized 99.424 MPI Rank 7782
~ O 0.000 MPI O 0.000 MPI_Init 71.223 MPI Rank 9084 y
» [0 82391.457 Management B1.452 MEASUREMENT OFF 71.046 MPI Rank 7665 g
» O 0.000 Synchronization = [d 0.000 RunSimulation 62.913 MPI Rank 1175 =
1 3,824 MPI processes ~ [ -0.000 Communication O 0.000 MPI_Gather 62.703 MPI Rank 4282 8
288 t d ~ O 1437084.935 Point-to-point ~ O 0.001 DoTimeStep gig_‘;g m: Eant ig;é B
on compute no eS) » O 9543103.006 Late Sender W 18.537 HandleActors| - an
( P [J 1323.170 Late Receiver O 0.000 MPI_Waitall 62.463 MPI Rank 4247 o
~ [ 36309.764 Collective O 0.000 MPI_Irecy 61.530 MPI Rank 4234 m
O 0.000 Early Reduce O 0.000 MPI_Isend gﬂ;g m: :ant Egg g
. . . s O 0.000 Early S5can O 0.000 MPI_Gather - an g
® communication efﬂCIency 0 0.000 Late Broadcast » O 0.000 Finalise 61.379 MPI Rank 4306
o O 0.000 Wait at N x N + O 0.000 ~SimulationMaster gi-iég m: Eant Eig
1 i inali . an
1 xcellen (1 ) 0 0.000 N x N Completion 0 0.000 MPI_Finalize
s excellent (100% » [ 0.000 One-sided 51.205 WS ] # statistic...jureca> ~ D

61.195 MPI R3

» O 0.000 File IjO
O 0.000 Overhead

. g Advisor <@jrc1383.jureca> ol < 100.00 1544.56
) |Oad ba|ance Stl” Onl 2037083504 Visits (occ) .
y » O 0 MPI synchronizations {occ) L POP Assessment : SimulationMaster::RunSimulation
. o » [ O MPI pair-wise one-sided synchronizations
miserable 49% » [ 1760409968 MPI communications (occ) el Effict 49.0 % N ; 80.00
» OO 0 MPI file operations (occ) i) SRl - =l ~
) D. Ggmglpt:,%ﬁist;_ran?ffne'd (bytes] Load balance 49.0 % - Fair 2
° pain 60.00
due to 2 MPI processes o 2.702e14 Sent Communication Effci 100.0 % L m
[ 2.702e14 Received ommunication Efficiency I V- oood | 2 -
A 757.04
I (o) = O 0 Collective e . _
3474 & 7782 tak|ng 30 A) O 17252352 Outgoing Serialisation Eficiency 100.0 % — Excellent |\2) 40.00
[ 17252352 Incoming o 100.0 % A - 518.59
longer than any others » O 0 One-sided Transfer efficiency I Very oood |9
» [l 9528182.071 Delay costs (sec) lled 0.0 % Excell 7 |
» [ 9544426.176 MPI point-to-point wait states e e C 20.00
_ » [l 9544426.176 MPI point-to-point wait states 0.0
so that they never - & 4157335 critical path (sec) IPC Value ¥
. d 693.514 Imbalance & 0.00
= [ -0.000 Performance impact (sec)
have to Walt = [ 0.000 Critical-path activities . . 10377876.2 I 7
56054909.412 Activity impact R el =
» [0 9557015.448 Imbalance impact
4 1446271.643 Non-critical-path activities
P » P » All (13824 elements) -
0.000 5.598e7 (83.453%) 6.708e7| (0.000 18.537 100.000Q| |0.000 42.956 100.000
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ROGUE PROCESSES?

MPI ranks 3474 & 7782 in topological representation (compute node vs. core)

EERN  computation time (HandleActors) )

| : |
| — F .
0.000 100.000 ID{].DDCI|
H i H FHH H T H H T 2 T T H
H o o s i i i i EEmam IE:::I:I' Eaas s H
i H aa EREAN H i H T
H
iHL HHHH H H i H
Sl S s e i e
- : i e E R B
MPI waiting time (MPI_Waitall)




- Vampir

W File Edit

TRACE VISUALISATION

3,300 s 3,400 s 3,500 s 3,600 s 3,700 s 3,800 s 3,900 s 4,000 s 4,100s  4,200s 4,300 s 4,400 s 4,500 s 4,600 s 4,700s  4,800s

a

aster thread:0
aster thread:98

- aster thread:256
aster thread:443
ampir e s
aster thread:780
aster thread:936
aster thread:1030
aster thread:1147
aster thread:1302
aster thread:1489
aster thread:1555
aster thread:1741

Execution timeline view of 13,824

processes (on 288 compute nodes)

aster thread:2
aster thread:3120
aster thread:3292
aster thread:3489
aster thread:3674
aster thread:3
° . H aster thread:3

zoom to RunSimulation phase o

3
4
aster wreac:i
4
4

of 5,000 simulation time-steps

(duration 1500 seconds) e

1~
R SRS e R REESSS

ALALALY
L I L [ e T o e Y R TR S

aster thread:610

aster thread:624

aster thread:636!

aster thread:652
aster thread:
PY I t f MPI .t. t. d aster thread:
aster thread:

Vv l I l aster thread: 705

O S o al Ing I e [re ] aster thread:722

aster thread:737
aster thread:74

vs. computation [green]

aster thread:812
aster thread:826
aster thread:84

— slightly more for those MPI S e

aster thread:8863
aster thread:

processes on first and last

aster thread: 9960
aster thread: 10055

compute nodes B e

aster thread:10.
aster thread:1058
aster thread:1065
aster thread:10772
aster thread:1094
. . aster thread:11024
[ J ' aster thread:1118
eacn line or pixels 10r rocesses Bter throad 1134
" aster thread:11452
aster thread:1166
aster thread:1175
aster thread:1190
aster thread:1205
aster thread:12184
aster thread:1226
aster thread:1238
aster thread:12600
aster thread:12750
aster thread:1286
aster thread:1307
aster thread:1327
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aster thread:1364.
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TRACE VISUALISATION

Vampir

Execution timeline view of 13,824

processes (on 288 compute nodes)

¢ zoom to RunSimulation phase
of 5,000 simulation time-steps
(duration 1500 seconds)

* |ots of MPI waiting time [red]
vS. computation [green]

® examining individual processes:
MPI process 7782 takes much
longer for its computation

— it never has to wait

- others must wait for it!

Mitglied der Helmholtz-Gemeinschaft

Edit

Trace View - Default:/p/project/prcoe01/wylie/HemePure/SuperMUC-NG/coW/scorep_hemehack

hread:0

read:98
hread:256
hread:443

read:603
hread:780

iread: 936
hread:1030
hread:1147
hread:1302
hread:1489
hread:1555
hread:1741
hread:1859
hread:1968
hread:2132
hread:2307
hread:2535
hread:2702
hread:2855
hread:2986
hread:3120
nread:3292
nread:3489
hread:367.
hread:3
hread:3
nread:4
nread:4
nread:4
nread:4
4
4

PO

EC‘

nread:
nread:

1~

read:s

read:s

read:s

Iread:s

Iread:s

read:

read:

read:

read:

LI ~IR Fa 2 D000 00,

read;

200 4= O L
I

read;

read;

read:
hread:
nread:7.
hread:73
hread: 74,
hread:75
hread: 76
hread:775
hread:786

ALALALALN,
13 0 = G T P =0 L 2 0 G e P 2D =)

=P
o mIN oL~

iread: 800

read:8129

read:8269

read:8459

read: 8680 _
nread:13531
nread:13644

nread:13722

hread:7770
hread:7771
hread:7772
hread:7773
hread:7774
hread:7775
hread:7776
hread:7777
hread:7778
hread:7779
hread:7780
nread:7781

hread:7783
hread:7784

thread:7782

4700s 48005 |

Connected: Default




1ST RUN IN JOB 1250

Computation time by MPI rank - ' | : -

13,824 processes (on 288 nodes) 1000~ I DT A . -]
® work distribution by process

shown by number of blocks of
lattice sites [blue, in tens]

- somewhat less for first and
last compute nodes

® resulting computation time for
simulation by process [red, sec]

— certainly imbalanced - - Blocks [10]: max=5589 -
. Comp [s]: max=1144.8 @6820

— but one serious outlier! 0

0 1152 2304 3456 4608 5760 6912 8064 9216 10368 11520 12672 13824

Process rank
@) JULICH
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2ND RUN IN JOB

Computation time by MPI rank

13,824 processes (on 288 nodes)

® work distribution by process
shown by number of blocks of
lattice sites [blue, in tens]

— identical to previous run
(and for all runs)

® resulting computation time for
simulation by process [red, sec]

— imbalanced much as in
previous run

— a different serious outlier!

Mitglied der Helmholtz-Gemeinschaft

1250

1000

750

500

250

_ - Blocks [10]: max=5589 4
- Comp [s]: max=1132.4 @10019

0 1152 2304 3456 4608 5760 6912 8064 9216 10368 11520 12672 13824

Process rank
@) JULICH

Forschungszentrum
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RESUME

State of play

“Slow” memory on a few compute nodes affects all processes/threads on those nodes

results in large performance degradation that’'s entirely repeatable
can be circumvented by excluding those nodes

Processes/threads bound to individual cores sometimes suffer more modest degradation

Neither unique to SuperMUC-NG: apparently ubiquitous!

Mitglied der Helmholtz-Gemeinschaft 24

also reflected in elevated stall cycles for memory accesses, throughout execution
affects different cores in each execution (using the exact same compute nodes)

see McCalpin@SC18 [DOI: 10.1109/5C.2018.00021]
not predictable, therefore requires adaptive work redistribution

IJ JULICH

Forschungszentrum
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METHODOLOGY & TOOLS

“pretty standard”

Performance Optimisation & Productivity methodology: www.pop-coe.eu
* hierarchical execution efficiency analysis

* scaling of FoA relative to smallest executable configuration
* investigation of core performance via top-down Intel hardware counter analysis

Scalasca/CUBE & Vampir profile & trace analysis tools: www.scalasca.org scalasca .
* based on community-developed, open-source Score-P measurement infrastructure

* widely deployed and highly scalable
* (independently verified with Intel tools)

IJ JULICH
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LESSONS?

Do try this yourself

Defective compute nodes don’t always result in application failures
* apparently aren’t always caught by system/node bring-up and pre/post-job diagnostics

* but some (sensitive) applications execute much, much slower

— over 6x slower in the studied case of HemelLB

— one lacklustre compute node resulting in 6,249 others busy waiting 5/6 of time

* depleting CPU allocation, wasting energy and preventing other jobs from running

— additional core-to-core variation (moving around) for each ‘identical’ run
* 5% and more, but application (working set) dependent

* multiple HPC systems affected.: different processors, interconnects, OS kernels,

MPI libraries, compilers, ... 'J JULICH
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ADVICE TO USERS

Stay alert

Keep a vigilant look out for occurrences of
performance degradation!

* provide detailed reports to system admins and
performance analysts

— facilitates more timely investigation & fixes

— potentially refunding your lost CPU time

* be prepared to swerve?

... or turn up the volume and ignore the noise?

Mitglied der Helmholtz-Gemeinschaft 27
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@ 0 0 Performance Optimisation and Productivity
Centre of Excellence in Computing Applications & HPC

¢ contact: Prof. Jesus Labarta
* mailto: pop@bsc.es

* https://www.pop-coe.eu

B IS 1L
[ A o e

This project has received funding from the European Union Horizon 2020 research and innovation programme under grant agreements No 676553 & 824080.
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