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• Petascale already struggles with I/O…
– Parallelism beyond 100 million threads
– Reading and writing data to parallel 

filesystems, checkpoints

• Next generation NVM technologies will 
change memory and storage hierarchies 
significantly
– HPC systems and Data Intensive systems 

will merge.

I/O: a Fundamental Exascale Challenge!
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Petascale system struggles with I/O, massive parallelism, reading and writing to the PFS and doing checkpoints. Using NVM technologies will change the hierarchy significantly. We will fill the gap between DRAM and SSD. We will have a lot of memory or storage with a latency only 10 times slower than DRAM. This will enhance the workloads that can be run, for example, Data intensive workloads or old workloads will run in a different way.



Burst Buffers

• Fast storage devices that temporarily store application data before 
sending it to PFS
– Goal: Absorb peak I/O to avoid overloading PFS
– Cray Datawarp, DDN IME

• Growing interest to add them into next-gen HPC architectures
– NERSC’s Cori, LLNL’s Sierra, ANL’s Aurora, …
– Typically a separate resource to PFS
– Usage/allocation/data movements/etc become user responsibility
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A small introduction of what are Burst Buffers, they are fast storage zones that temporarily store the application data before sending it to the PFS.
We can find Cray Datawarp for example. Their goal is to absorb peak I/O and avoid overloading the PFS.

There is a growing interest to add them into HPC architectures, one of the particularities is that normally it is a separate resource to PFS and that all the usage becomes user responsibility.  We can find, Cori, Sierra, Aurora for example




• New server architecture based on 
Intel’s 3D XPoint™ NVM technology

• NVRAM as a fundamental component 
of compute nodes

• Low-latency/high-throughput 
interconnection network

The NEXTGenIO EU Project
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In NextGenIO as Adrian explained we will use 3D Xpoint technology. 

Larger capacity than DRAM, slightly slower than DRAM but faster than SSDs.

It will use standard DIMM form factor.

The NextGenIO platform will have a low-latency - high throughput interconnection network that is one of the fundamental point to be able to use the filesystem that we will present, called echofs.



echofs: Features and Goals

• First goal: Allow legacy applications to transparently benefit from new 
storage layers
– Accessible layers joined under unique mount point
– New layers readily available to applications
– I/O stack complexity hidden from applications
– Automatic management of data location
– POSIX interface
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What is echoFS : 
The first goal is to allow legacy applications to benefit from new storage layers, 
It is a new virtual layer on top of the Parallel Filesystem, that hides the complexity added to the I/O Stack. The hierarchy is hidden to the user or the applications but it is used by echoFS deciding where the data resides. EchoFS will unify all the NVM regions available for the job to create a collaborative burst buffer.  
Finally, applications will be able to access it using a POSIX interface. The level of compliance, mainly on the overlapping writes will depend on the development time.
But application will only to inform echoFS about the files that he want to move to the NVM and use the new mount point that echoes the PFS.



echofs: Features and Goals

• Second goal: construct a collaborative burst buffer by joining NVM 
regions assigned to a batch job by scheduler
– FS lifetime linked to batch job’s lifetime
– Allow HPC jobs to perform collaborative NVM I/O
– Input files staged into NVM before job starts
– Output files staged out to PFS when job ends
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The second goal is to provide a collaborative burst buffer joining NVM regions that preloads and offloads the files used in the job. The scheduler is who informs echofs about the files that need to be staged in or staged out.



echofs: Workflow

• User provides job I/O requirements through SLURM
– Nodes required, files accessed, type of access (e.g. input/output/inout), 

expected lifetime of data (e.g. temporary/persistent).

• Compute nodes are allocated and echofs is mounted on them
– The PFS’s namespace is replicated → relative paths maintained

/PFS/user1/Application1  --> /ECHOFS/user1/Application1

• Files specified by the job are copied from the PFS into NVM
• Job starts and I/O is redirected to NVM (or other levels)
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The user provides job I/O requirements through SLURM... and then the compute nodes are allocated and echofs is mounted on them. Files specified by the job description are copied (or prefetched) from the PFS into the NVM and then the job starts and the I/O is redirected to the NVM.

The PFS is replicated and the relative paths are maintained so the application can work unmodified. The performance improvement will come from the temporary files going to the NVM, something similar to a distributed or no scratch and the input/output files will be processed on the NVM.



echofs: Workflow

• After job completes, future of data is decided by echofs
– Persistent data eventually transferred back to PFS

• Orchestrated by DataScheduler NEXTGenIO component.

– Temporary data is deleted from NVM
• Reduces metadata issues to the PFS
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When the job finishes, as this is a temporary file system, the data is eventually transferred back to PFS and the temporary data is deleted from NVRAM which reduces metadata issues to the PFS.



echofs: Architecture Overview

• No centralized Metadata Servers
– Metadata operations for persistent files forwarded to PFS

• Forwarding rate adjusted to avoid overwhelming the PFS (e.g. a job 
creating millions of files)

– Metadata operations for temporary files “absorbed” by echofs
– PFS manages metadata concurrency/consistency
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We do not have centralized metadata servers, as operations for persistent files are forwarded to the PFS. Can apply QoS control, for example, on metadata operations. And obviously the metadata operations for temporary files are absorbed by echofs. PFS manages metadata concurrency/consistency.




echofs: Architecture Overview

• Distributed Data Servers
– Data space is partitioned across compute nodes
– Each node acts as a data server for its partition
– Each node acts as a data client of other partitions
– Low-latency network required for data transfers
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About the architecture of Echo FS, each node acts as a Data server and as a data client. For that reason we need to have a low-latency network. Because if the data is not available in the local node it needs to be asked on another node. We have some simulations that it shows that maintainng the coherence is most costly that asking for the data in a low latency node, that is one of the foundations for echofs.



echofs: Architecture Overview

• Data Distribution
– Static/pseudo-randomized data striping to collaborating nodes
– No malleability (NextGenIO version)

• No replication ⇒ no distributed coherence mechanisms
– Nodes act as a lock managers for their partitions to enforce POSIX 

semantics
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The distribution of the data is static, and we do not have replication so we do not need coherence mechanism. The distribution is pseudo-randomized over all the collaborating nodes.

We have some results using the kernel emulation mode for NVRAM and it shows promising results on reads, while we detected some performance issues with writes. But they appear because we are going through FUSE and we need to increase some constants to minimize them.




echofs: integration with batch scheduler

● Data Scheduler daemon external to echofs
– Interfaces SLURM & echofs

• Allows SLURM to send requests to echofs
• Allows echofs to ACK these requests

– Offers an API to [non-legacy] applications 
willing to send I/O hints to echofs

– In the future will coordinate w/ SLURM to 
decide when different echofs instances should 
access PFS
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How it is integrated with the job scheduler?
We use a Data Scheduler daemon that interfaces with SLURM and echofs.
It allows to send requests to echo FS and offers an API to affect the echo fs I/O






echofs: PyCOMPSs collaboration

• PyCOMPSs 
– Python binding of COMPSs, a task based programming model and 

runtime which aims to ease the development of parallel applications for 
distributed infrastructures, such as Clusters and Clouds.

– Sequential programming and task definition with decorators.
– At execution time the runtime system is able to exploit the inherent 

parallelism of applications at task level respecting the existing data 
dependencies.
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Finally, we will end with an example of application or use case that we have on NextGENIO. 

I will introduce PyCOMPSs and its relation with echoFS. PyCOMPSs is a task based programming model aimed at enabling the parallel execution of sequential python applications by means of building a data-dependence graph of the tasks that compose the application.

The syntax of PyCOMPSs is minimal, using decorators to identify the methods that users want to consider as tasks and a small API for synchronization.

PyCOMPSs relies on a runtime that is able to exploit the inherent parallelism at task level respecting the existing data dependencies and able to execute the application in a distributed platform, like clusters and clouds. 
The runtime is responsible of scheduling the tasks over the resources and of managing the necessary data transfers.




echofs: PyCOMPSs collaboration

• PyCOMPSs and DataScheduler 
– PyCOMPSs will be able to put specific files in specific nodes using the 

DataScheduler API.
• Actions could be translated to fs (echofs...) data movements.
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PyCOMPSs will be able to use the API of the dataScheduler (that it is the window for the applications to send the API to the different FS, included EchoFS)
The idea is that all the file movements are informed to the datascheduler, and then we can say for example “Put this file on node x”, or “where is this file” so pyCOMPSs can schedule better.



Conclusion

• Main features:
– Ephemeral filesystem linked to job lifetime
– Allows legacy applications to benefit from newer storage technologies
– Provides aggregate I/O for applications
– Allows to “shape” the I/O using hints.
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As conclusions, we have that echoFS is an ephemeral filesystem that allows legacy applications to benefit from newer technologies, as the modifications are done in the job submission file through SLURM and provides an aggregrated I/O for the applciations. It also allows to shape the I/O using hints.



Thank you!
For further information please contact

ramon.nou@bsc.es / alberto.miranda@bsc.es / 
francisco.conejero@bsc.es / toni.cortes@bsc.es
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