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Introduction Design Case Study

Input/output (1/O) operations are amongst the biggest challenges facing scientific computing e Our benchmark is partly derived from a closed source application called I0Bench, which was designed for :

as it transitions to exascale. The traditional software stack — comprising of parallel file systems, exercising file systems during system procurement. |0Bench is limited in the flexibility of its execution Experimental Setup

middlewares and high level libraries — has evolved to enable applications to better cope with pattern and only performs operations using the TyphonlO data model library, which in turn uses HDF5. Archer _

the demands of enormous datasets. This software stack makes high performance parallel 1/0 . . . . . ° A pe.rformance.s.tud.y was conducted HSINg MINIO to

easily accessible to application engineers, however it is important to ensure best performance is o A feat.ure of o-ur application is the computatlonal. bl-JfFe.r introduced l?etvyeen cor?secutlvej read or w.rlte Processor Intel Xeon E5-2697 identify how wr|t-|ng |dent|ce.al da’Fasets d.lffered betwc?en

not compromised through attempts to enrich these libraries. We present MINIO. a benchmark operat|0n§. This buffer serves.to produce a greajcer similarity to real appl.lcat!or.\s, which consist of n.umgrlcgl CPU Speed 2.7 Ghz TyphonlO and its underlying library implementation

for the investigation of |/O behaviour focusing on understanding overheads and inefficiencies in com.putat,lons between collections of |/O operatlon_s. The way_computatlon Is introduced to execution |.s via Cores per node 24 HDF5.

high level library usage. MINIO uses HDF5 and TyphonlO, a library build on HDF5 with its own the |np.ut s compute level and compu.te length, which take an Integer vaIL-Je of 1to3and 1 to 5 respectively. Nodes 49?0 o Weak scaling runs were oerformed from 100 to 10.000

scientific data model, to explore 1/O at scale using different application behavioural patterns. Increasing the compute level value increases the complexity of operations to perform, while the length Interconnect Aries Dragonfly _ Ig - P e ARCHER -
' P & PP P parameter influences the duration each buffer will take. File System Lustre processing elements using the supercomput

A case study is performed using MINIO to identify performance limiting characteristics present
in the TyphonlO library as an example of performance discrepancies in the 1/0 stack.

ing platform.
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(a) The file-per-process approach achieves parallelism by simultaneously accessing multiple . _ An _ _ o

files. Often the number of simultaneous accesses must be limited to avoid overloading —_— (c) Size of Slowest Write Operations (d) Slowest Write Operation Time

metadata systems. Distribution of data is handled by the application and is not easily FEIETIE SR 1,000,000 — ‘ ‘ ‘ ‘ ‘ ‘ - 10,000,000 [ ‘ ‘ ‘ ‘ ‘ ‘ =
portable between runs of different sizes. e Control of the application parameters is handled by a self describing input file written in the YAML data 1"3\ f f O
(b) Gather to root aggregates data at a single process and writes to a single file. The interchange format. & 100,000 & 1,000,000
greater workload is placed on the interprocess communication rather than the data e Structure of the dataset mimics the data model used by TyphonlO :ﬁ) ? = 100,000
storage subsystem, however there is no opportunity for any real |/O parallelism. < 10,000 _§
(c) Shared file parallel I/O uses the above software stack, which handles the distribution of I.Darameter =xplanation : : B 1000 ; 5 10,000
data on behalf of the application. The management of contention and communication lo_method The method used for parallel I/O.operatlc?ns — either TyphonlO or HDF5 _ 3 | S : :
in shared file 1/O however becomes an important focus for achieving best performance. mesh The structure of the mesh that V\_”” be written/read — quad, unstructured or point mesh % : | e 1,000
processors Processes performing |1/0O operations = 100 ;‘ : :
Z\\\ real Real elements in the target mesh per process = e — 100 |
N e I e I i | (o ) [ ps | [ pe o (ol [oa | [ oo mixed Mixed material elements in the target mesh per process 7 s o o o o o S =S : 5 o o o o o o o
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(a) File-Per-Process — N-N (b) Root Gather — N-Root  (c) Shared File — N-1 compute_level | Intensity of numerical computation performed between | /O kernel execution
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