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= The mean time between failures (MTBF) in high performance computers is expected to become too short. [1] = System log entries of Taurus™ from 01-09-2014 to 30-04-2015 are investigated.
" Current failure recovery mechanisms will no longer be applicable. [2] = The correlation of node failures in time and space as well as reason is studied.
= Understanding the correlation between failures is key for early failure detection. [3] = Temporal and spatial information is extracted using in house Python/Bash scripts.
= Failures can be correlated along three dimensions: temporal, spatial, and logical. " |nformation required for logical correlation is extracted from the SLURM accounting
= Correlations along the temporal and spatial dimensions can be leveraged to infer correlations along the logical dimension. database (via the sacct command). [4]
= |ogical correlations can facilitate early failure detection (Figure 1). [4] * https://doc.zih.tu-dresden.de/hpc-wiki/bin/view/Compendium/SystemTaurus
\ \ [semi-automated] [timely]
early failure detection failure prediction

Figure 1. From system monitoring to early failure detection and prediction.

" Figure 2 describes the topology of the HPC system under study.
= Figures 3-4 reveal the behavior of the system within the study period. = Early node failure detection is possible via understanding the logical correlation between
observed failures.
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1 : " |n general, logical correlation of failures directly from monitoring data is not feasible.
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| : " |n many cases, correlations can be made along the logical dimension based on the
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Figure 2. Topology of Taurus. |, R, and C denote island, rack, and chassis, respectively.

. f § ) temporal and spatial failure correlations.
£ f; : RS = Early failure detection is possible via
Em E __::_..'_._..'_'.:::.'__‘_._._'_.':.::."".".-.:-::':.'*: - .. _:_._._:_. -.':T:T::_.'_ wem e L W L = Directly extracting the logical correlations between failures.
3 2 2 e ——eee eme o sece srememeicm s mese e =  Deriving the logical correlation from temporal and spatial correlations.
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Figure 4. The maximum interval between observing two node outages on Figure 3. Total number of node outages (1669) for each of the 512 nodes between

Taurus is 9 days. 01-09-2014 to 30-04-2015.

5. Conclusions and future work

" |n Figures 5-7, the bottom row (reason) indicates correlations along the logical dimension, extracted directly from the system log.

. L . e . . . . . = Early detection of failures is needed in rapidly growing high performance computers.
* The logical correlation in these examples is also supported by and verified against the information obtained from the sacct command line tool. Y PIATY 8 & Nigh p P

" |ogical failures correlation is key for early failure detection.

= Although logical correlation is not straightforward to infer, temporal and spatial
correlations are more easily detectable.
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- - EEE Time- H BE Bl BE = Logical correlation can be derived from failures correlated in time and space.

Chassis T w5 IR EE BB cesss RN = The “monitoring-to-failure detection” process (Figure 1) needs to be automated.
o | L] ] | - . et EEEEE = Further investigation on Taurus2 (the latest HPC system at TU Dresden) is planned.
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o TP rrrrrrrrr s ] = | » The final goal is reliable prediction of certain types of failures.

Figure 5. Node failures for 24 hours on Figure 6. Node failures for 24 hours on Figure 7. Node failures for 24 hours on
06-12-2014. 20-04-2015. 21-04-2015.
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