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[Abstract]

In this paper, we propose the possibility of using containers in the HPC ecosystem and the criteria
for selecting a proper PMI library. Although demand for container has been growing rapidly in the
HPC ecosystem, Docker container which is the most widely used has a potential security problem and
is not suitable for the HPC. Therefore, several HPC containers have appeared to solve this problem and
the chance of performance differences also emerged. For this reason, we measured the performance
difference between each HPC container and Docker container through NAS Parallel Benchmark
experiment and checked the effect of the type of PMI library. As a result, the HPC container and the
Docker container showed almost the same performance as native, or in some cases, rather better
performance was observed. In the result of comparison between PMI libraries showed that PMIx was

not superior to PMI-2 in all conditions.
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Fig. 1. Diagram of MPI applications workflow in container
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3. Method
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4. Tracking System Resource Usage
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IV. Result

1. Analysis Performance of Containers
1.1 Benchmark Execution Time

Time(s)
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0

Class:C Process:64 PMI: PMIx

M native B docker Echarliecloud Fsingularity O shifter

EEEFIC

bt cg ep ft is lu mg sp

Fig. 3. Comparison chart of NPB execution times on
different container within type of benchmark

Table 1. Table of container NPB execution Time

Bench | Min | Max | NT/Min | DK/Min | CC/Min | SG/Min | SF/Min
BT DK | SF | +0.7% - +0.3% | +0.8% | +1.4%
CG | CC | DK | +0.1% | +0.2% - +0.1% | +0.1%
EP SF | SG |+12.2% | +12.0% | +17.4% | +17 6% -
FT SF | NT | +1.5% | +1.0% | +0.7% | +0.8% -
IS SG | DK | +1.6% | +1.9% | +1.2% - +0.4%
LU DK | NT | +2.6% - +21% | +1.8% | +1.4%
MG | SF | SG | +0.4% | +0.3% | +0.1% | +1.3% -
SP SG | SF | +0.1% | +0.1% | +1.0% - +2.2%

= NT(native), DK(docker), CC(charliecloud), SG(singularity),

SF(shifter)

Fig. 3 2 8719 to & 1679 Z2NAS ZF L&
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2ek 3, ZiEfolulolHe) o Z2) Ao 433e EPO]
9 UJo]ejs. 1r} &) 17.4% W2 $3hA1710] Yehgrt,
2} 7ol 8 45A S0 v2e Anz g 4
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1.2 Container Load Time
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Fig. 4. Comparison chart of container load times on
different container within type of benchmark

Table 2. Table of container load times

Bench | Min | Max | MinVal | DK/Min | CC/Min | SG/Min | SF/Min
BT | CC | SF |0.013s| 12.58 - 31.94 | 49.06
CG | CC | SF |0024s| 384 - 12.63 | 17.98
EP | CC | SF |0011s| 13.34 - 2590 | 34.30
FT CC | SF |0.012s| 7.09 - 2599 | 33.19
IS CC | SF |0.007 s| 12.43 - 36.00 | 57.29
LU CC | SF |0.012 s| 10.18 - 41.03 | 44.05
MG | CC | SF |0.014s| 7.15 - 2174 | 30.78
SP | CC | SF |0.013 s| 16.48 - 2297 | 2717

* NT(native), DK(docker), CC(charliecloud), SG(singularity),

SF(shifter)
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1.3 Memory Usage
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Fig. 5. Comparison chart of memory usages on different
container within type of benchmark

Table 3. Table of memory usages

Bench | Min | Max | NT/Min | DK/Min | CC/Min | SG/Min | SF/Min
BT DK | SG | +0.2% - +0.6% | +18.2% | +3.8%
CG NT | SG - +0.0% | +0.5% | +28.1% | +5.5%
EP SF | DK | +2.1% | +2.3% | +2.0% | +0.3% -
FT DK | SG | +0.1% - +0.2% | +6.2% | +1.3%
IS SF | SG |+10.8% | +2.0% | +4.5% | +24.9% -
LU DK | SG | +0.1% - +0.9% | +33.9% | +6.9%
MG | CC | SG |+17.3% | +4.6% - +50.4% | +38.0%
SP DK | SG | +0.3% - +0.7% | +215% | +4.4%

= NT(native), DK(docker), CC(charliecloud), SG(singularity),

SF(shifter)
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2. Analysis Performance of PMI Library
2.1 Benchmark Execution Time

Time(s) Class:C Conatiner: Native Benchmarks: Avg of All

@ process: 16 O process: 64
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Fig. 6. Comparison chart of NPB execution times

on different PMI library
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Table 4. Comparison chart of Benchmark Excution
times two different PMI libraries within type of
benchmark and container

Charliecloud | Docker | Native Shifter | Singularity

BT Equal Equal Equal Equal Equal
(-0.68%) | (-0.38%) | (0.62%) | (0.29%) | (0.22%)

cG Equal Equal Equal Equal Equal
(0.05%) (0.13%) | (0.03%) | (0.09%) | (0.06%)

EP Equal Equal Equal Equal Equal
(-0.08%) | (-0.19%) | (0.08%) | (-0.62%) | (-0.09%)

= Equal Equal Equal Equal Equal
(0.95%) (0.92%) | (0.36%) | (0.54%) | (0.25%)

Is Equal Equal Equal Equal PMIx
(0.33%) (-0.31%) | (-0.38%) | (0.62%) | (-1.10%)

LU PMI-2 Equal Equal Equal Equal
(1.11%) (0.36%) | (0.81%) | (-0.21%) | (0.52%)

MG Equal Equal Equal Equal PMI-2
(-0.11%) | (-0.33%) | (-0.50%) | (0.25%) | (1.12%)

sp PMI-2 Equal Equal PMI-2 Equal
(1.22%) (0.92%) | (-0.13%) | (2.46%) | (-0.44%)

* The number in parentheses indicates the difference
of PMIx compared to PMI-2

Table. 4% 71502 PMI jo|Haje)7} ALgH e
oy Eq0] ue} A Alolg Hol=A| sk Yat &
o} A7 jo] ZAeo| oA PMI-20F PMIx 7t
o] X

35 Aol UERIA] QI9tee & 4 olrk
2.2 Slurm Job + Container INIT Time
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Fig. 7. Comparison chart of Slurm Job + Container INIT
within type of container

Table 5. Comparison table of with Slurm Job +
Container INIT times on different PMI libraries

time (s) L el
PMI-2 [ PMIx PMI-2 [ PMKx
NT | 0476 < 0502 | 0554 > 0530
DK | 0601 < 0613]0716 >  0.669
cc 0516 < 0532 [0603 > 0540
SG [ 0682 < 07090921 >  0.880
SF 0746 < 0780 | 1026 > 0989

= NT(native), DK(docker), CC(charliecloud), SG(singularity),
SF(shifter)
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2.3 Memory Usage
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Fig. 8. Comparison chart of average memory usages
on different PMI library
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V. Conclusions
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