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Typical but random examples for jobs
with performance issues

Resources requested !=resources actually used

e.g. 10 nodes (with ppn=40 due to SMT) requested

but simple mpirun —np 200 => 5 nodes with load 40, 5 nodes idle
MPI processes do not terminate correctly

=> might be bugs in the MPI library itself

Problems during MPI start-up (especially for large jobs)

=> might be a system’s issue

Inappropriate number of nodes requested / processes started
=> not sufficient work per node; too much communication

=> swapping nodes

=> limited by memory bandwidth; ...

Chain jobs with to short runtime of O(seconds)

=> mainly overhead for the batch system
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Classification

= Seems to be hard without correlating different metrics
and/or knowing details of the job script / code

... let’'s see a few selected real world examples
of the last two days @ RRZE
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Only processes on half the nodes / GPUs ®

OpenFoam: mpirun_rrze -np 160 pimpleFoam —parallel
some GPU code called via Python

1 minute load memory used [MB] DP MFlop/s memory bandwidth [MB/s]

so f a0 kT 20 kT 50 k

R 20 k 15 k 40 k

20 20 k

20 k 10 k
20 20 k
Lt ] —r | i,
o 10 k 5 k &
» o » o » o 4 »
04: 00 06 00 03: 00 04: 00 o0& 00 0a: 00 04: 00 06 00 03: 00 04: 00 06 00 08 00

B =1126 40,0/ 40,4/ 40.0 W =1126 4123, 0/ 4123, 0/ 3943,2 B =1126 6425, 7/ 7168.1/ 6695.6 M =1126 40253, 6/ 46703, 8/ 40919.9
M ellz1 40,0/ 40,4/ 39.9 O e1121 4079.1/ 4098, 8/ 3960.6 M ellz1 6691, 7/ 7329, 2/ 6907. 4 O ell2l 34826, 4/ 49986.5/ 43166.7
N =1002 40,1/ 40,3/ 40.0 N =1002 4047, 4/ 4060, 2/ 3937.5 N =1002 6578, 8/ 7120.1/ 6701.7 N =1002 41390, 4/ 48334, 3/ 42408.8
B =1001 40,0/ 40,3/ 40.0 W =1001 4079, 6/ 4083, 5/ 3949,7 B =1001 6708, 3/ 7198, 4/ 6793.1 B e1001 42503.6/ 49441 .6/ 43549, 1
O e@ol6 0.0/ 0.7/ 0.0 O e0ol6 1373.1/ 1380. 0/ 1376.0 O e@ol6 0.0/ 0.0/ 0.0 O =0916 97.9/ 111.3/ 93.2
0 eG9065 0.0/ 0.2/ 0.0 0 =@9065 1411.5/ 1414.5/ 1410.8 0 eG9065 0.0/ 0.0/ 0.0 0 09065 46,8/ 108.1/ 63.0
B =0851 0.0/ 0.2/ 0.0 B =0851 1361.5/ 1368. 0/ 1361.5 B =0851 0.0/ 0.0/ 0.0 B =0851 21.3/ 66.7/ 23.5
B =0837 0.1/ 0.2/ 0.0 B =0837 1405, 6/ 1414, 2/ 1409.3 B =0837 0.0/ 0.0/ 0.0 B =0837 80.9/ 109.1/ 88.8
180717-0923 cur/max/avg => AVG 20.0 1B0717-0924 cur/max/avg => AVG 2668. 6 1B0717-0924 cur/max/avg => AVG 3387.2 180717-0925 cur/max/avg => AVG 21289.1

Simple to solve:
mpirun_rrze -np 160 -pinexpr S0:0-9@S1:0-9 pimpleFoam -parallel

gpu@ GPU Utilization gpul GPU Utilization gpu@ Frame Buffer Memory Used gpul Frame Buffer Memory Used
100 100
tg001 4.0k 4.0 k
= 50 “ 50 E ooan = o
(0-7T@137256) i '
o+ . 0.0 0.0 + .
14:40 15: 00 15: 20 14:40 15:00 15:20 14:40 15: 00 15: 20 14: 40 15:00 15:20

Simple to solve:
Only request one GPU (ppn=4) instead of full nodes
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Swapping node ®

Turbomole: jobx

1 minute load memory used [MB]

s.af

4.0

2.0

2.0 { ‘f

1.0

8.0 12: 60 14: 00 15: 60 g 8.0 1200 1400 15: 60
BN wllcd 4.17 4.3/ 4.0 BN wllcd 3573. 4/ 7562.8/ 5145, 4
170717-1548 cur/maxfavyg == AVG 4.0 170717-1549 cur/max/Savg == AVG 5149, 4

Blue: swap in use

Request a node with more memory,
l.e. :sl instead of :avx
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Load but almost no work done? ®

star-ccm+

1 minute load memory used [MB] cycles per instruction (CPI)
t 20 kf 5
20 B [ 2.0 |}
10 k
10 d 10
5k
] * [¢] * 0.8 *
12: 00 14: 00 12: 08 14:00 12: 00 14: 08
B 10642 11.8/ 12.0/ 11.6 | MW 10642 2514,9/ 2515,5/ 2475.9 | M 10642 0.5/ 1.7/ 0.5
I 10641 12.0/ 12.0/ 11.5 | @ 1lees 2165, 4/ 21683/ 2138.0 | [@ 1064 0.4/ 1.6/ 0.5
H 10640 11.9/ 12,0/ 11.5 | M 10840 2183, 4/ 2184, 4/ 2154.0 | MW 10640 0.4/ 1.8/ 0.5
B 10639 11.9/ 11.9/ 11.5 | M 10639 2188.0/ 2191.1/ 2159.2 | M 10639 0.4/ 2.4/ 0.5 .
O 10638 12.0/ 12,1/ 11.6 | [ 1038 2172.6/ 2173.8/ 2142,5 | [ 10638 0.4/ 1.6/ 0.5 NO Idea
O 10637 11.9/ 12,0/ 11.6 | [O10837 2167.6/ 2174,7/ 2144,5 | [ 108637 0.4/ 2.4/ 0.5 .
B 10632 12.0/ 12.0/ 11.5 | M 10832 2172.1/ 2175, 4/ 2145.0 | MW 10632 0.4/ 2.4/ 0.5
B 10631 11.8/ 12.0/ 11.6 | Mlos3l 2190.1/ 2192,1/ 2160.2 | M los3l 0.4/ 1.7/ 0.5
W 10630 11.9¢ 12.0/ 11.6 | W1e630 2180.4/ 2183.1/ 2151.9 | M los30 0.4/ 1.7/ 0.5 BIaCk bOX
B 10629 11.8/ 12.0/ 11.6 | MW1es29 2174.3/ 2177.0/ 2144.8 | MW los29 0.4/ 2.4/ 0.5
B 10624 11.9/ 12.0/ 11.6 | MW les24 2166, 0/ 2168, 2/ 2136.9 | M losz24 0.4/ 2.5/ 0.5
B 10623 11.9/ 12.0/ 11.5 | MW les23 2185.1/ 2188,1/ 2156.8 | [ losz23 0.4/ 1.8/ 0.5
B 10622 12.0/ 12.0/ 11.6 | MWles22 2201, 0/ 2203,5/ 2172.4 | MW los22 0.4/ 1.6/ 0.5
O 10621 11.8/ 12.1/ 11.7 | O1lesal 2177.0/ 2179.5/ 2147.8 | @ 1los21 0.4/ 1.7/ 0.5
N 10620 1.7/ 12.0/ 11.6 | MW 10520 2284, 9/ 2288, 4/ 2257.7 | MW losze 0.4/ 1.6/ 0.5
170717-1544 cur/max/avg == AVG 11.6 170717-1544 cur/max/avg == AVG 2179.2 170717-1545 cur/max/avg == AVG 0.5 TOO many
memory bandwidth [MB/s] ingoing Infiniband traffic [B/s]
20 kT sonmt nOdeS,
2 [ s0m W
Start-up
20M s
>k R e prOblem,
] > 0.0 >
12: 00 14: 00 12: 00 14: 00

B 10642 1133.0/ 1355.8/ 1152.2 B 10642 4433988.1/ 4525672.5/ 4139190.6 Wron
I 16641 26.0/ 59,5/ 24,2 [ 10641 1440295.1/ 1694846.6/ 1452545,2 g
B 10640 13.7/ 23.8/ 13.6 M 10640 206584.9/  306724.7/  207535.2 .
B 10639 26.1/ 76.4/ 27.7 B 10639 76B018.7/ 9B1739.6/ BOBS84.4 N p ut’?’)
O 10638 B86.3/ 164.2/ 86.9 [ 10638 3493664.9/ A404B160.4/ 3456763.0 ..
O 10637 30.3/ 62.0/ 28.5 0106637 1500384.1/ 1690892.3/ 1479068.5
B 10632 16.8/ 51,4/ 14,9 M 10632 205785.3/ 278694.3/  206647.8
B 106631 15.3/ 21.5/ 15.8 W 10631 743948.7/ 949913.7/  782603.7
N 10630 15.7/ 19.7/ 14.8 MW 10630 226638.2/ 295067.3/  227470.6
B 10629 19.4/ 68.5/ 13.8 W 10629 744657.4/  953836.2/  784680.3
B 10624 17. 4/ 87.5/ 16.2 W 10624  205279.5/  275411.6/  206676.2
B 10623 15.7/ 49,2/ 16.4 W 10623 741730.1/ 953633.8/  783042.3
B 10622 16.7/ 19.7/ 15.5 W 10622 208917.3/ 278812.7/  208494.7
I 16621 16.7/ 24,2/ 15.9 E 10621  742222.3/ 949977.1/ 782137.0
H 10620 16.2/ 20,1/ 16.5 M 10620 563742.6/ 714908.8/ 588989.1
170717-1545 cur/max/avg == AVG 98.6 170717-1545 cur/max/avg == AVG 1074295.0
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One out of N identical jobs broken! ®
EBM_Linux

1 minute Lload - memory used [ME] = MFLop/s (DP assumed) - memory bandwidth [MB/s]
-epic 20 k 20 k 20 k
20
- 15 k 15 k 15 k
13418 :
18 k - U AT s o - ohetad WO W O WS vt s S ek 10 k
18 =
23:589 : 5k 5k ; 5k
01:45 5 i 8 §
11:40 12:00 12:20 12-480 13:00 11:40 12:00 12:20 12:40 13:00 11:40 12:40 12:20 1240 13:00 11:40 12:00 12:20 12:40 13:00
W 1os09 12.0/ 12.1/5 11.3 B los09 1021. 47 1021.64 1003.5 W loso9 11058.5f 11247.7/ 10541.8 B loso0s 3274.0/ 3308.0/ 3103.6
B 1os08 12.0/ 12.1/ 11.3 B 10608 g982.7/ 982.7/ 966.5 B 108 10231.0/ 10406, 5/ 9773.7 B 1es08 2829.8/ 2855, 4/ 2692.7
180717-1210 cur/max/avg => AVG 11.3 180717-1310 cur/max/avg == AVG 9E85.0 1B0717-1210 cur/max/avg == AVG 10157.8 180717-1510 cur/max/favg == AVG 2858.1
1 minute load : memory used [MB] memory bandwidth [MB/s]
.epic 20 k 20 k
20
- 15 k 15 k
14038
18 k 10 k
10
23:50 5 k 5k
01:45 5 5 5
11:40 12:00 12:20 12-40 13:00 11:40 12:068 12:20 12:40 13:00 11:40 12:00 12:20 12:40 13:00
W los07 12,05 121/ 11.2 B loso7 B827.0/ B29.1/ 822.3 B loso7 5.2/ 5.2/ 4.9
B 10506 12.0/ 12.0/ 11.2 B o606 914.5/ al4.8/ 810.0 B 10606 5.4/ 10.3/ 5.7
1B0717-1310 cur/max/avg => AVG 11.2 1B0717-1310 cur/max/avg => AVG BE66.1 180717-1310 cur/maxfavg == AVG 5.3
1 minute load memory used [ME] MFlop/s (DP assumed) memory bandwidth [MB/s]
-epic 20 k 0 k 20 k
20
o 15 k 15 k 15 k
14533 z
10 k : 16 o=t 10 k
10 fud
23:58 5 k 5k 5k
01:44 8 a @ a
11:46 1200 12:20 12:40 13:060 11:46 12:006 12:20 12:40 13:00 11:406 12:06 12:20 12:40 13:60 11:40 12:06 12:20 12:40 13:00
N 10504 12.0/ 12,14 11.2 M o504 1098.6/ 1099.1/ 1080.0 B 10504 10953. 0/ 11074.8/ 10351.9 H 10504 3207.7S 32344/ 3024.56
B o603 12.0/ 1z.0/ 11.2 B o603 losl.o/f 1024, 4/ 1068.6 B 10603 11174.3/ 11264.2/ 10585.2 B o603 3141.4/ 3155.54 2966.9
1B0717-1310 cur/max/avg == AVG 11.2 180717-1310 cur/max/avg == AVG 1074.3 1B80717-1310 cur/max/avg => AVG 10468.5 180717-1310 cur/max/avg == AVG 2955.8

FRIEDRICH-ALEXANDER
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Load imbalance (but on last node only) — 0.k.
Turbomole: NumForce —central // IMD mpiexec.hydra -ppn 12 $IMD

1 minute load memory used [ME] DP MFlop/s memory bandwidth [MB/s]
sof 40 kT b 40 k*
80 k
40 20 k —_ 30 k
* ke | 20 k
20

= 40 k

o 10 k 20 k 18 k

0 R o ¥ R o [ S NP T 0

10: 00 12:60 14:00 10: 00 13: 00 14: 00 18: 60 12: 00 14: 00 10: 60 12:00 14:00

W =0448 40.0/ 40.3/ 29.2 [ =0448 8209.9/ 8213.7/ s859.6 | M =0448 48240, 3/ 87893, 4/ 35908.3 W e044s 3944, 6/ 25393.9/ 3036.0
O =0443 40.1/ 40.4/ 28.8 [ 0443 777L.8/ 7814.3/ 5512.2 | M 0443 48975, 3/ §3739.3/ 35138.9 [ e0443 4990, 1/ 20985.1/ 3041.5
N =0442 40.0/ 40.2/ 28.7 M =0442 7715.8/ 7851. 4/ 5482.7 | W 0442 45653, 3/ 79058. 6/ 34937.7 W e0442 4372.6/ 19540, 4/ 3055. 6
W =0441 40.0/ 40,3/ 28.5 W e0441 7780.8/ 7786. 4/ 5415.2 | W =0441 51917, 3/ 78236, 3/ 34674.4 [ e0441 4419.3/ 26112, 3/ 2966.9
O ec440 40,1/ 40,3/ 28.4 [ e0440 7650, 9/ 7831.8/ 5416.8 | [ e0440 46026, 2/ 84683,9/ 34531.2 [0 e0440 3565.1/ 24883, 4/ 3062.0
0 ec4ls 40,0/ 40,3/ 28.3 0 eddls 7E88.5/ 7692.9/ 5385.8 0 endls 45103, 4/ 83738.9/ 34247.9 0 e04l6 3582.8/ 19439.6/ 2890.6
N =0414 40.1/ 40,3/ 25.1 W 0414 7755.2/ 7831.0/ 5377.1 | W =0414 49765, 0/ 75575.7/ 34254.6 W e04l4 4006, 0/ 19691.3/ 2953.9
N =0413 40.0/ 40.3/ 28.0 W 0413 7741.6/ 7807.7/ 5372.2 | W 0413 53715.5/ 74297.2/ 34002.9 W e0413 S528. 2/ 20800, 4/ 2984.8
N =0411 40.1/ 40,3/ 27.8 M 0411 7853.3/ 788L.9/ 5394.4 | W 0411 524272/ 88585.9/ 33769.7 M 20411 4309, 2/ 25358, 2/ 2862.7
N =0410 40,2/ 40,2/ 27.7 M =0410 77122/ 7842, 4/ 5382.1 | W =0410 51810, 3/ §2659.2/ 33634.9 W e04l0 5653. 0/ 222947/ 2988.5
W =0409 0.0/ 2.2/ 1.1 W ep409 1458, 4/ 1783.1/ 1610.4 | W =e409 0.0/ 10869, 6/ 2824.3 M =0409 86.5/ 202. 0/ 109.1
170717-1532 cur/max/avg == AVG 25,9 170717-1532 cur/max/avg == AVG 5108.1 | 170717-1532 cur/max/avg == AVG 31629.6  170717-1532 cur/max/avg == AVG 2722.9

Sometimes you need number of ranks different from
Multiples of full nodes; remember, people have to allocate full nodes

1 minute load memary used [MB] MFlop/s (DP assumed) memory bandwidth [MB/s]
o 20 kT 20 kT 20 kT
20 15 k 15 k 15 k = e
: :
— _ R 10 k 10 k| . 10 k
- RIS N S W
5 k 5k v S k"
o r o * o r o ,
Mon O&: 00 Mon 12: 00 Mon B&: 0O Mon 12: 00 Mon O&: 00 Mon 12: 00 Mon ©E: 00 Mon 12: 00
B 11428 11.9/ 12,0/ 11.9 H 11428 1193.5/ 1202.6/ 1178.9 B 11428 8534, 8/ 9246, 8/ 8876.5 H 11428 13958. 6/ 14552, 7/ 13905, 9
O 10931 12.0/ 12,4/ 11.9 O 10931 1223, 7/ 1225, 4/ 1211.4 O 10931 8396.1/ 9302, 6/ 8822.9 O 10931 14221.5/ 14956, 6/ 14225.8
B 10917 8.0/ 8.0/ 7.9 N 10917 1130, 2/ 1139.2/ 1127.5 B 10917 5704, 4/ 6070, 9/ 5832.0 N 10917 £892.5/ 7076.9/ £541.8
170717-1541 cur/max/avg == AVG 10.6 170717-1542 cur/max/avg == AVG 1172.6 170717-1542 cur/max/avg == AVG 7843.8 170717-1542 cur/max/avg == AVG 11557.8
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Load imbalance (due to input) — ?
Flow3D

1 minute load . memory used [MB] l MFlop/s (DP assumed) memory bandwidth [MB/s]
0 k 20 k 40 k

15 k 15 k 3okmpm

rif
10 k 10 k 20 k gl
H—'m s k 5 k 10 k

<] ] [¢] -]

20

10

04: 00 06: 00 08 68 10: 00 04:00 06: 80 08: 00 10: 00 a4:00 06: 60 08: 00 10: 00 04: 00 06: 80 08 68 10:00
W 11323 8.0/ B.0S 7.8 W 11323 5299.0/ 9304.5/ 9236.9 W 11323 2842.0/ 3191.6/5 2888.2 W 11323 23887. 3/ 32546.5/ 24401.7
@ 11322 7.9/ 8.0/ 7.8 @ 11322 9209.7/ 9212.6/ 9154.0 @ 11322 2785.4/ 3106.5/ 2811.8 @ 11322 23693.0/ 31427.7/ 23799.0
W 11036 8.1/ B.0S 6.4 B 11036 TI79.3/ 7784.7/ F703.9 B 11036 2.9/ E590, 9/ 91.3 W 11038 1178. 4/ 2115.5/ 1340.1
@ 11006 6.1/ 8.0/ 6.5 B 11006 7794,3/ 7797.1/ 7754.1 B 11006 9.5/ 3836.8/ 62.8 @ 11006 1185.3/ 2776.6/ 1348.9
180717-1133 cur/max/avg == AVG 7.2 190717-1133 cur/max/avg => AVG B462.2 190717-1132 cur/max/avg => AVG 1463.5 180717-1133 cur/max/avg == AVG 12722.4

Yes, there is load imbalance in my job.

This is just because of the initial fluid region which takes charge of
the half of whole requested nodes at initial state.

And the time step is too small to for the fluid to proceed to the other
side of mesh, where the other half of nodes can be also in use.

In addition, dividing the mesh in other direction doesn't make really
sense due to flow direction.
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Code with “phases” ?

MKL _NUM_ THREADS=20;
Jsystem_vib_pola trafo_precond2 2 outp5 vibex _corr_gamma.exe

1 minute load memory used [MB]
40 1 g0 k

50 k |
30 40 k i
20 20 k |
20 k |Ilr |
10 18 k f y
0 . o e What's the

WINILI0 IA0L f 100LIdd

12: 00 14: 00 12: 00 ' 14:00 .
W =1115 17.3/ 20,0/ 11.1 Bl =1118 59444, 8/ 50465, 2/ 56973, 9 COde dOII’]g
170717-1528 cur/maxSavg == AVG 11.1 170717-1538 cur/max/Savg == AVG 5E973.9 hl
wniie
DP MFlop/s memory bandwidth [MB/s] “ L no
20 k + o K sleeping™
R NE Y _
15 k 20 I II"I- => Not
10 k 20 k I
o obviously an
s k
| | | ‘ || |, r 10 k ISV code
[¢] * 5] - s g
12: a0 14: 00 12: 88 14: 08 => 1
W elll6  6939.3/ 7918, 6/ 4046.2 | W ellls  S1783.4/  58258.1/  28513.5 Cand|d.ate
170717-1538 cur/max/avg == AVG 4046, 2 170717-1538 cur/maxfavg == AVG 28513.5 for Consu|t|ng
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All fine? Have a closer look!

pw-4.3.2-emmy.x // two types of nodes; finer time resolution needed

1 minute load memory used [MB] memory bandwidth [MB/s] cycles per instruction (CPI)
an 104
o 0.8
0.6
20 . _ H
0.4
2 0.2
0 » o o . 0.0 »
Mon 12: 88 Tus 00: 00 Mon 12: 80 Tue 00: 08 Mon 12:00 Tue 00: 20 Mon 12: 88 Tus 00: 00
B =0826 20,0/ 20.5/ 20.0 B =0826 30158, 2/ 33283.0/ 30734.4 B =0826 17319.8/ 268031.5/ 17248, 2 B =0826 0.4/ 0.6/ 0.4
0 e0B8z5 20.0/ 20.3/ 20.0 0 =0825 30170.8/ 33279.3/ 30669.5 0 e0Bzs 17910.5/ 24002, 2/ 17050.5 0 e0Bz5 0.5/ 0.6/ 8.5
5] MF'Lopls incoming Infiniband traffic [pkts/s] W =0824 14568, 3/ 20345.9/ 14545.9 W =0824 0.5/ 0.6/ 8.5
4 B 0823 14783.8/ 18011.7/ 14252.9 B 0823 0.5/ 0.6/ 0.4
409 k O 0752 16743.6/ 18344.6/ 14579.4 | [ 0752 0.4/ 0.5/ 0.4
300 k O e@751 18954,.9/ 24626, 2/ 17180.0 O e@7s51 0.5/ 0.6/ 0.4
W =0750 15459, 8/ 22459, 47 17593.0 B =0750 o.4/ 0.6/ 0.5
200 k W =074 16536.1/ 20598, 2/ 14400.9 W =0749 o.4/ 0.5/ 0.4
W =0748 15876.9/ 203221/ 15004.5 W =0748 a,5/ 0.6/ 0.4
100 k W 0747 146597.0/ 16835.5/ 13963, 8 W 0747 0.4/ 0.5/ 0.4
» W =0735 11027.7/ 17257 .3/ 8379.6 W =0735 2.5/ 0.7/ 0.4
L _ = a ; ; = B =0734 10360, 2/ 18703, 2/ 8475, 2 W =0734 2.5/ 0.5/ 0.4
Men 12:08 Tue 00:00 Mon 12:08 Tue ©0:00 B 0733 9399.9/  17402.4/ 7521.1 | W e0733 0.4/ .5/ 0.4
W =0826 2077246/ 323164 .6/ 255668, 4 W =0826 203205.8/ 214871 .7/ 192166, 2 O =0732 9599, 4/ 13041.3/ 7037.1 O =0732 0.4/ 0.6/ 0.4
0 =0825 214847, 2/ 327460.5/ 256243,7 @ =0825 208077, 4/ 218582, 2/ 194239,1 W =0731 10207.6/ 12028, 4/ 7526.3 W =0731 0.4/ 0.5/ 0.4
W =0824 205949, 1/ 318606, 6/ 252425, 5 W =0824 209533, 0/ 219793, 3/ 197403, 6 o E o C . o a
W =0823 2162876/ 325782.9/ 2494275 W =0823 209607.4/ 219932.5/ 197380.4 [ O co72s  1l0230.1;/  18239.1/ 8641.4 | [ 0729 0.4/ 0.6/ 0.4
O e@752 251620.6/ 328229.4/ 253852.6 O e0752 207681.7/ 217332.2/ 195950.6 : i e —— . : :
O e@751  234246.4/  328118.5/  254151.1 O e0751 203679.0/ 214213.4/ 192023.1 | g e0727 92029/  13525.47 7131.5 | W e0727 0.4/ 0.7/ 0.4
M =0750 264762.4/ 329495.1/  257521.0 M =0750 206930.3/ 216111.6/ 195054.4 | g e0726 8810.9/  10790.4/ 5785.1 | W =0726 0.4/ 0.5/ 0.4
W 0749 253063.2/ 328756.9/  251705.3 M £0749 2100092/ 219269.1/ 197903.0 | 1gg717-1059 cur/max/avg => AVG 11687.6 | 180717-1059 cur/maxjavg => AVG 0.4
W =0748 2221771/ 328001, 0/ 249828, 6 W =0748 209938,5/ 219113, 8/ 197800.5
W e0747  744978.2/  321H95.4/ 248992 .4 W =0747  208083.5/ 2175784/ 196070.8 S
B =0735 160089,1/ 232491,8/ 129334,6 B =0735 102102,9/ 132717.8/  95640,1 . Likwid_mem mbpers
W =0734 158643, 7/ 229260 .5/ 128340.7 W =0734 103796, 8/ 134176.1/ 97853.9 5
W =0733 150289, 4/ 234210, 2/ 128487.1 W =0733 105329, 8/ 136753, 9/ 98428.5 2 sk
O e0732  154552.1/  227384.3/  125652.7 0 =0732 105308.1/  136791.8/ 99207. 2 =l
W =0731 155849.7/ 236724.7/ 125314,2 M =0731 104375.9/ 164877.9/ 98768, 3 3
E
e - e = = = T
[ e0725 149860.4/ 219201.7/ 129835.1 O 0729 104797.7/  135422,0/ 9818 §
v (] ! =123 e ! 4 o, | [=] W) LY =T =] == . s
M 0727  153957.7/  220004.2/  125853,7 W =0727  105441.1/  136736.8/ 99189, 3 o e T SEoER SR e SRR ok
load_one -2/ Likwid_dpmflops B 0729 last hour Now: 154.44  Min: 152.72  Avg: 9.37k Maxi
max,
25 n 400 k
[=1
o
s
on ..E 300 k
[=1
T’I 200 k
=l
s 'S 100 k
e
=i
10 - 0
10: 20 10:30 1@: 40 1@: 58 11: 00 11:18@ 10: 20 10:30 1@: 40 1@: 58 11: 00 11:18@
W =0729 last hour Mow: 20,02 Min: 20,00 Avg: 20,02 Max| W =0729 last hour Mow: 100,00u Min: 49.00u Avg: 128,31k Max}
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Long start-up / end phase !?

Gromacs + post-processing

1 minute load memory used [ME] SP MFlop/s memory bandwidth [MB/s]
50 5.0 k k 1.0kt
6.0 k
48 4.0 k 200 k Am bk
£l 4.0k
20 3.0k 100 k 3.0 k
2.0 k =F
1@ 2.0 k 1.0 k
. 1 - . . o
aTue 12:00 Tue 18: 08 wWed 00: 08 wed 06: 08 Tue 12:08 Tue 18: 08 wWed 00: 08 wWed 06: 08 © Tue 12:08 Tue 18: 08 wWed 00: 08 wWed 06: 08 0.9 Tue 12:08 Tue 18: 08 wWed 00: 08 wWed 06: 08
W =0338 1.0/ 40,2/ 23.5 W =0338 4065.6 / 4567, 2/ 3771.2 W =0338 568.7 f 242073.2/ 137468.3 W =0338 1051.6 / 6463 .5/ 1737.3
@ =0336 0.0 / 40,2/ 23.1 O e0336 1446.3 / 2760.8/ 2202.1 O e0336 0.0 / 241708.9/ 138930.2 O e0336 53.1 / 2088.3/ 1189.0
W =0330 0.0 / 40,27 23.1 W =0330 1348.8 / 2659.0/ 2102.0 W =0330 0.0 / 242485.6/ 136409.6 W =0330 33.2 / 2074.3/ 1155.7
B =0308 0.0 / 40,27 ZElodL B =0308 1335.4 / 26845.3/ 2087.0 B =0308 0.0 / 248903.1/ 141741.5 B =0308 76.3 / 2116.0/ 1206.5
190717-1026 cur/max/favg == AVG 23.2 190717-1026 cur/max/favg == AVG 2540, 6 190717-1026 cur/max/favg == AVG 138137.4 190717-1026 cur/max/favg == AVG 13221

mpirun_rrze -pinexpr S0:0-190S1:0-19 mdrun_mpi -deffnm md

taskset -c $i ./visc$i.out &
echo 2 | taskset -c $(($1 + 1)) gmx msd -F md$i.trr .. &
echo 3 | taskset -c $(($1 + 10)) gnx msd -f md$Si.trr .. &

wailt : . : L
Here it's simple as there are different binaries:

Split into parallel job and dependent single-
node job for post-processing (perhaps even
on different cluster).

But some phase-in/out has to be accepted.

/NS _exe
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Low load — high memory consumption — 0.k.?
Molpro

1 minute load memory used [MB] MFlop/s (DP assumed) memory bandwidth [MB/s]
t 20 kT 20 kT 20 kT
=l 15 k 15 k 15 k
10 k 10 k 10 k
10
5 k 5 k 5 k
o] » o] > o] » o] N e— m >
11:40 12:00 12:20 12:40 13:00 13:20 11:40 12:00 12:20 12:40 13:00 13:20 11:40 12:00 12:20 12:40 13:00 13 20 11:40 12:00 12:20 12:40 13:00 13:20
W 10919 1.9/ 1.1/ 1.0 W 18919 16285, 0/ 16285, 0/ 15659, 6 M 18919 1861.8/ 3134. 8/ 1931.8 W 18919 4.9/ 1177 . 4/ 199.0
180717-1322 cur/fmax/favg == AVG 1.0 180717-1322 cur/max/avg == AVG 15659, 6 180717-1322 cur/fmax/avg == AVG 1931.8 180717-1323 cur/max/avg == AVG 199.0

Candidate for consulting
(OpenMP parallelisation)?

=> No ISV code

FRIEDRICH-ALEXANDER

ERLANGEN-NURNBERG
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Low load — high memory bandwidth — o.k. !
highly optimized codes

performance [MFLUP/s]
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If highly optimized codes saturates main memory bandwidth already with few
codes, it's of course useless to require processes on all cores ...
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And a last one ... user complaining about

temporary performance drops (I)
Performance statistic jobid=730002 (nfcc07)

1 mrute load memery used [MB] data written to LXFS [Bytes/s]
ot 40kt 3.0 M
an 0k
20M
20 = o “(‘ @, k
1@ 10 |k LoM
BE: oE (o] }els) 10 60 12:00 14: W. 2 26 pg 2300 Lo og lz:00 14 Eﬂl 0.0 U @6 Bg B3 60 16: 08 12: 00 14 m‘ 204
W 0326 19, 4/ 19,8/ 13.0 W 0326 3099, 1/ 5106, 9/ 30302 g -0326 1868151.7/ 2945727.8f 20302141
[ e0325 19.9/ 2.1/ 15.3 [ ed325 1881, 9/ 1962,6/ 1873.6 O eq32s 0.0/ 0.0/ 8.0 o
B 0322 15,8/ 20,1/ 15.3 B co322 1520.1/ 2000, 6/ 1835.5 @ ep322 0.0/ 0.0/ ao | B 2
W =0312 15.9/ 2.1/ 15.3 W eC312 1988, 5/ 2050, 8/ L982. 3 W =312 0.0/ 0.0/ 0.0 [¥p]
193417 -1434 curfnaxfavg == AVG 15.2 190417-1424 cur/naxfavg == AWG 2202.9 190417-1434 cur/noxfavg == SUM 2020214 .1 —
L
DF MFlop/s memory bandwidth [MB/s] incaming Infiniband traffic [pkts/s] j= 1
60 k 40 k 400 k% o
L] kh e ILE " E 15+
1 1¢1 =
40 k 30k ~
30 k 20 k 200 k 101
ig : La k 100 k
o [ , o T, ¢ ) sl
©F: @0 08 60 10: @8 12 @@ 14: 80 05 @0 08: 0e 1o:@0 12 6@ 14: @@ 6663 BE: 0B 1888 12: oo 1400
B =0326 58817.0/ 59393.59/ SEFGES . 2 B 0325 FOo40.77 T137.6/f 6861.5 B =0326 322876. 2/ 323483.39¢ 310585.3 L
[ eG325 58109.56/ 59388.3/ Se541.4 [ e0325 7057 .6/ 7093, 3f 6791.0 A 0325 324883, 4/ 325447 .2/ 313054.0 o I I Il Il
B =0322 SES28. 2/ 59473.3/ 57511.08 W -0322 FOLO0.5/ 113,597 5825.9 W =0322 322436, 4/ 322894, 2¢ 30970L.6
B =032 57741.0/ 5914G.1/ SEB04. 4 W e0312 7067 .8/ J0B9. 5/ 68797.1 W =0312 321845.6/ 322700.07 309872.5 0 20000 40000 80000 8000
1904171434 cur/maxfavg == AVG SE305, 5 1909417- 1424 cur/max/favg == AVG 6218.9 15903417-1434 cur/maxfavg == AVG 310805.59 Steps

Wir sehen seit einigen Wochen extreme Laufzeitschwankungen auf Emmy mit unserem Molekulardynamikcode CPMD.
Anbei ein einigermal3en reprasentativer Plot fur die letzten drei Tage. Aufgetragen ist die Laufzeit in Sekunden pro MD-Schritt.

Im Normalfall sollte dieser knapp 3 Sekunden betragen. In jeden MD-Schritt werden die gleichen Rechnungen durchgefihrt. Es
gibt also keinen Grund, warum die Ausfiihrungszeit grol3 schwanken sollte.

Fur den heutigen Lauf trifft das auch einigermal3en zu (Schwankungen von etwa 20% sehen wir auf jeder Maschine). In den
Laufen am Mittwoch und Donnerstag gab es jedoch immer wieder einzelne MD-Schritte, die bis zum 10-fachen an Zeit
bendtigten! Dazwischen gibt es jedoch immer wieder Abschnitte, in denen alles normal verlauft (siehe z.B. ab MD Schritt
20.000).
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And a last one ... user complaining about
temporary performance drops (11

emmy aggregated lustre_write_bytes last zhr emmy aggregated lustre_read_bytes last zhr
706t

6.0 G
5.0 G
4.0 G
3.06
2006

1.0G

b ey W L L o e | A e ! ara
11: 40 12: 00 12: 28 12: 40 13: 00 12: 20 11: 40 12: 08 12:20 12: 40 13: 00 1z:20

wir haben uns die Monitoring-Daten des kompletten Systems nochmals angesehen.

Es sieht sehr danach aus, als ware die allgemeine Last auf das ELXFS Schuld an den Laufzeitschwankungen. Bei der Analyse
ihrer Jobs haben wir festgestellt, dass in kurzen Abstéanden kleine Dateien (ASCII?) auf das ELXFS geschrieben werden. Andere
Benutzer, die zur selben Zeit groRe Datenmengen aufs parallele Dateisystem schreiben, bremsen dann die kurzen 1/0
Operationen ihrer Jobs aus. Jobs, die von ihren Mitarbeitern nicht auf dem ELXFS gestartet wurden, zeigen dieses Verhalten
nicht. Lustre (das Dateisystem des ELXFS) ist nicht fur kurze und kleine I/O Operationen gedacht, sondern fiir grof3e
Datenmengen, die vorzugsweise parallel gelesen/geschrieben werden.

Als Losungsmoglichkeit aus unserer Sicht bietet sich an, das ELXFS seltener zu verwenden oder Schreib-/Lesevorgange
zusammenzufassen. Da in ihren Jobs nur der Masterknoten schreibt, aber kein anderen Konten liest, ist davon auszugehen,
dass die Daten nicht direkt fur den Jobfortschritt benétigt werden. Ein Vorschlag wéare deswegen, die Daten auf dem
Masterknoten in /tmp abzulegen und am Ende des Jobs ins Home/Workdirectory zu Ubertragen. Falls die Datei(en) zur Laufzeit
gelesen werden missen, kann man sich wahrend ein eigener Job lauft auf den Maschinen per SSH einloggen. Falls das keine

Loésungsmaglichkeit fur sie ist und die Dateien auf einem verteilten Dateisystem liegen missen, bitte wenden sie sich nochmal an
uns.
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Classification

= Seems to be really hard without correlating different metrics
and/or knowing details of the job script / code

= Sometimes a complete view on the whole system is required to
see correlations between “interacting” jobs due to globally
shared resources (network, 1O, ...)
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