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Disclaimer

 IBM’s statements regarding its plans, directions, and intent are subject to change or 

withdrawal without notice at IBM’s sole discretion. Information regarding potential future 

products is intended to outline our general product direction and it should not be relied on in 

making a purchasing decision. The information mentioned regarding potential future 

products is not a commitment, promise, or legal obligation to deliver any material, code or 

functionality. Information about potential future products may not be incorporated into any 

contract. The development, release, and timing of any future features or functionality 

described for our products remains at our sole discretion.

 Performance is based on measurements and projections using standard IBM benchmarks 

in a controlled environment.  The actual throughput or performance that any user will 

experience will vary depending upon many factors, including considerations such as the 

amount of multiprogramming in the user’s job stream, the I/O configuration, the storage 

configuration, and the workload processed.  Therefore, no assurance can be given that an 

individual user will achieve results similar to those stated here
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Outline

1) Spectrum Scale Overview

2) Key use cases

a) Real-time data ingest (data acquisition)

b) Visualization and near real-time analysis (online processing)

c) Data movement from Burst Buffer to Central Storage

d) Deep analysis (offline processing)

e) Data management of Central Storage

f) Long-term data archiving

3) Customer feedback
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Store everywhere. Run anywhere.
Remove data-related bottlenecks 

Challenge

• Managing data growth 

• Lowering data costs

• Managing data retrieval & app support

• Protecting business data 

Unified Scale-out Data Lake

• File In/Out, Object In/Out; Analytics on demand.

• High-performance native protocols

• Single Management Plane

• Cluster replication & global namespace

• Enterprise storage features across file, object & HDFS
SSD Fast

Disk
Slow
Disk

Tape

Spectrum Scale

NFS SMBPOSIX Swift/S3HDFS
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The History of Spectrum Scale

This infographic is the genealogy of IBM Spectrum Scale, from it’s birth as a digital 

media server and HPC research project to it’s place as a foundational element in the 

IBM Spectrum Storage family. It highlights key milestones in the product history, 

usage, and industry to convey that Spectrum Scale may have started as GPFS, but it 

is so much more now. IBM has invested in the enterprise features that make it easy 

to use, reliable and suitable for mission critical storage of all types.
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New Feature Benefit

Client Experience Focus
• Common interface across Spectrum Portfolio

• GUI Phase 1

Easy to learn UI and integration across Spectrum Storage portfolio

Simplify common management functions, including 
• Enabling protocols 
• Policy driven placement and ILM
• Monitoring
• Troubleshooting

Object Storage • Unified File and Object

• Extended S3 API support

Single view of data with wither file or object read and write

Enable applications originally written for AWS 

Big Data & Analytics
• Native Hadoop Support
• Ambari Integration

Higher performance and broader integration with HDFS applications 
to go beyond Hadoop and embrace Map/Reduce ecosystem

Storage efficiency • Compression of Cold data for File & Object • Improve Storage utilization & efficiency for Cold data
• Efficienciently reduce data size using compression policies

General • Quality of Service for File
• z Linux support
• Sudo wrappers

Expanding functionality in Spectrum Scale data aware policy engine:
• Performance reservations to meet SLAs – even by time of day
• Extending multi-site resiliency features to z-Linux 

New in Spectrum Scale 4.2 
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Meet the Devs – German Spectrum Scale Expert Workshop 2016
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All charts are in English and available here:
http://www.spectrumscale.org/german-expert-workshop-2016/

http://www.spectrumscale.org/german-expert-workshop-2016/
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2016 Development Priorities

Every year we define a set of goals

• Based mainly on client feedback and 

market opportunity

• Target is to achieve them within the year

Focus areas

• Problem determination

• Documentation

• Security

• Defect backlog

Functional enhancements

• Improvements for Big Data

• More flexibility for GNR

More details: http://www.spectrumscale.org/meet-the-devs-oxford-2016/

http://www.spectrumscale.org/meet-the-devs-oxford-2016/
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Outcome

A single CLI command that 

provides a health overview of 

all key components in the 

entire cluster.  

Central State Command Subject to change.

Details are under investigation.

Mockup!!
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Outcome

Waiter Performance

Considered by customers to be the key 

metric that they monitor and use for 

problem determination

Waiter metrics will be added to existing 

performance charts

Mockup!!

Subject to change.

Details are under investigation.

New Panel
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a) Real-time data ingest
https://www.spxxl.org/sites/default/files/GPFS_for_data_taking_&_analysis
_at_next_generation_Light_Source_Experiments.pdf

Source: 

https://www.spxxl.org/sites/default/files/GPFS_for_data_taking_&_analysis_at_next_generation_Light_Source_Experiments.pdf


a) Real-time data ingest (data acquisition)

 Characterization

– Close to instrument 

(=outside data center)

– Make measured data persistent

– Storage must never cause the data 

taking of an experiment to fail

– Side effects from other detectors,

off-line analysis, etc. are not acceptable

– Ingest via one or more 10GbE links

 Spectrum Scale capabilities

– Tunable for high-speed data ingest

– Parallel architecture allows to create a 

single file system for all detectors 

without having side effects

– Built-in support for NFS and SMB

– Allows to integrate customer configured 

ingest methods (e.g. ZeroMQ)

– GNR technology minimizes impact of 

RAID rebuilds

– Allows to integrate SSD and NL SAS in 

single file system

– Optimizes costs using placement and 

migration policies
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Spectrum Scale Parallel Architecture

No Hot Spots

All NSD servers export to all clients in 

active-active mode  

Spectrum Scale stripes files across NSD servers 

and NSDs in units of file-system block-size

File-system load spread evenly

Easy to scale file-system capacity and 

performance while keeping the architecture balanced

NSD Client does real-time parallel I/O 

to all the NSD servers and storage volumes/NSDs

NSD Client

NSD Servers

Storage Storage
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Advantages of Spectrum Scale RAID

Use of standard and inexpensive disk drives

• Erasure Code software implemented in Spectrum Scale

Faster rebuild times 

• More disks are involved during rebuild

• Approx. 3.5 times faster than RAID-5

Minimal impact of rebuild on system performance

• Rebuild is done by many disks

• Rebuilds can be deferred with sufficient protection

Better fault tolerance

• End to end checksum

• Much higher mean-time-to-data-loss (MTTDL)

• 8+2P: ~ 200 Years

• 8+3P: ~ 200 Million Years

JBODs

Elastic Storage Server

Spectrum Scale RAID
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GNR Technology: Rebuild Test 8+3p on a EL6 with 2TB NL-SAS
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GNR Technology: Distribute rebuild workload on many drives
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GNR Technology: Critical Rebuild vs. Rebuild 
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Store everywhere. Run anywhere.
Optimize Cost and Performance

Challenge
• Data growth is outpacing budget

• Low-cost archive is another storage silo

• Flash is under utilized because it isn’t shared

• Locally attached disk can’t be used with centralized storage

• Migration overhead is preventing storage upgrades

Automated data placement
• Span entire storage portfolio, including DAS, with a single namespace

• Policy driven data placement & data migration

• Share storage, even low-latency flash

• Automatic failover and seamless file-system recovery

• Lower TCO

System pool

(Flash)

Gold pool

(SSD)

Silver pool

( NL SAS)

Tape Library
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Placement and migration policies (ILM)

 File placement rules enable the automatic placement of new files in a specific storage pool

 File management rules enable the automatic file management during their life cycle, for instance by 

moving them from one storage pools to another, copying them to archival storage, changing their 

replication status, compressing or deleting them.

 Example: One filesystem (fs1) with two storage pools (system, Archive)
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https://www.ibm.com/developerworks/community/blogs/storageneers/entry/Using_IBM_Spectrum_Scale_Policies_for_Automated_
Information_Lifecycle_Management?lang=en_us

https://www.ibm.com/developerworks/community/blogs/storageneers/entry/Using_IBM_Spectrum_Scale_Policies_for_Automated_Information_Lifecycle_Management?lang=en_us


b) Visualization and near real-time analysis
(online processing)

 Characterization

– Control experiment and plan next steps

– Close to instrument 

(=outside data center)

– Requires immediate access to latest 

measured data

 Spectrum Scale capabilities

– High-performance, scalable file system

– Can be mounted on hundreds of nodes and 

be accessed like a local filesystem

 Caveats

– Read access impacts data ingest

– Puts burden on media, busses and controller 

which are needed for high-speed data ingest

– May trigger Spectrum Scale Token Activity if 

directories and files are ingested and 

accessed on multiple nodes

– Don’t do polling on directory with many files 
like:    while true; do ls –lt

/incoming | head; sleep 1; done

– Consider to duplicate data stream in Data 

Acquisition (e.g., by using ZeroMQ) to avoid 

reading from file system



c) Data movement from Burst Buffer to Central Storage

 Characterization

– Move data from Burst Buffer close to 

instrument to Core File system in central 

data centers

– Typically over Campus 10GbE,

National Research and Science 

Network or Internet

– Needs to tolerate network outages

– Sometimes: Provide access on both 

sides

 Spectrum Scale capabilities

– Approach options:

 Active File Management

 ‘Homegrown’ based on Policies and 

Extended Attributes

– Both approach options allow multiple 

sites to work on same data and to 

recover from network failures

– AFM provides built-in automation and 

recovery, but must be used as-is

– ‘Homegrown’ solution has higher initial 

implementation effort, but allows more 

customization (e.g., process data and 

metadata during copying)



IBM Systems

Store everywhere. Run anywhere.
Enable Global Collaboration

Challenge

• Multiple sites working on same data 

• Remote access is slower than local

• Consistent metadata & data locking

• Support for mission critical transactional replication

• Manage unreliable, remote sites

Advanced File Management, Routing & Caching

• Global namespace with fast, consistent metadata

• Latency aware

• Multi-writer and multi-reader

• Automatic failover and seamless file-system recovery
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Spectrum Scale Advanced File Management (AFM)

Spans geographic distance and unreliable networks

• Caches local ‘copies’ of data distributed to one or more Spectrum Scale clusters 

• Low latency ‘local’ read and write performance 

• As data is written or modified at one location, all other locations see that same data

• Efficient data transfers over wide area network (WAN) 

Speeds data access to collaborators and resources around the world

• Unifies heterogeneous remote storage

Asynchronous DR is a special case of AFM

• Bidirectional awareness for Fail-over & Fail-back with data integrity

• Recovery Point Objectives for volume & application consistency
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d) Deep analysis (offline processing)

 This is solved!

 InfiniBand network between 

heavyweight Spectrum Scale 

nodes provides best performance

 External data sources and sinks 

can still be connected via 10GbE



e) Data management of Central Storage

 Characterization

– Provide and operate petascale file 

system with hundreds of millions files

– Reduce the costs for storing and 

accessing huge amounts of files

 Spectrum Scale capabilities

– High performance scale-out file system

– Single name space to simplify access 

and data management

– Storage Pools and ILM for cost-effective 

integration of various media types 

– Policy Engine and Extended Attributes

to automate workflows

(e.g., find new files and trigger update

in iRODS DB)

– Quality of Service to meet SLA

– TSM Integration for Backup



Quality of Service

 Spectrum Scale has great performance, 

efficiency, etc, etc, but …

 Before QOS – we had no way to control 

performance of competing tasks/jobs:

– Restripe, backup, policy scan/ILM/HSM, 

rcopy and other maintenance tasks –

versus

– Real Work: near-real-time decision 

support, datacollection and crunching

 Spectrum Scale 4.2 introduced QOS for IO 

operations in 4Q2015

 Multiple token buckets, one token bucket for 

each combination of:

– disk pool,

– QOS class,

– node
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Quality of Service

 Valid for all filesystem traffic, but need to configure on the cluster that owns the file system

 Currently supported classes: ‘maintenance’ and ‘other’

– May be used to prevent maintenance tasks from "dominating“ file system performance

– As of this writing, the following commands are treated as long running Spectrum Scale commands:

mmadddisk, mmapplypolicy, mmcheckquota, mmdefragfs, mmdeldisk, mmdelfileset, mmdelsnapshot, mmdf, mmfileid, 

mmfsck, mmfsctl/tsreclaim, mmlssnapshot, mmrestripefs, mmrpldisk

 It is perfectly okay to issue mmchqos at any time. It will affect IO completion rates but it will not “break anything”.
mmchqos <fsname> {enable|disable}

 To cap GPFS maintenance to 300 IOPs:
mmchqos <fsname> enable maintenance=300iops,other=unlimited,pool=*

 To check quotas
mmcheckquota [-v] [-N {Node[,Node...] | NodeFile | NodeClass}]

[--qos QosClass] {-a | Device [Device ...]}

mmcheckquota {-u UserQuotaFile | -g GroupQuotaFile | -j FilesetQuotaFile}

[--qos QosClass] Device

mmcheckquota --backup backupDir Device
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Backup Of Large Spectrum Scale File Systems

backup (mmbackup)

restore (GUI or CLI)Spectrum Scale Cluster
Spectrum Protect 

Server

Spectrum Protect

backup archive client

typically installed on

serveral cluster nodes

Spectrum Scale

mmbackup tool 

coordinates processing

32© Copyright IBM Corporation 2015

Function

 Massive parallel filesystem 
backup processing

 Spectrum Scale mmbackup 
creates local shadow of Spectrum 
Protect DB and uses policy 
engine to identify files for backup

 Spectrum Protect backup archive 
client is used under the hood to 
backup files to Spectrum Protect 
Server

 Spectrum Protect restore (CLI or 
GUI) can be used to restore files

Use any backup program to backup file, object and Hadoop data

Use Spectrum Protect to benefit from mmbackup and SOBAR to backup and 

restore huge amounts of data



Level of file and file system recovery using IBM Spectrum Protect

33© Copyright IBM Corporation 2015



f) Long-term data archiving

 Characterization

– 10 years and more

– Tape and cloud is most cost effective

 Remember: Ingest in cloud is cheap

– Needs to integrate in existing archive 

solution

 Spectrum Scale capabilities

– Integration with a various products

 High Performance Storage System 

(HPSS)

 IBM Spectrum Protect (a.k.a. TSM)

HSM and Archive

 IBM Spectrum Archive (LTFS EE)

 Transparent Cloud Tiering

 dCache



Transparent Cloud Tiering (a.k.a. MC Store)
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Transparent Cloud Tiering – Lightweight Events (LWE)

 Light-weight events are policy rules that are evaluated at specific points in time (open, 

close, destroy, etc)

– Rules installed in Spectrum Scale via mmchpolicy

 If the caller or the file's attributes match the policy rule's WHERE clause then the rule's 

ACTION clause is executed

– WHERE clause can also match file's extended attributes

– RULE 'RuleName' EVENT 'OPEN_READ'                              

ACTION(EXEC('/bin/whatever/command ' || varchar(INODE) || ... )) WHERE 

XATTR('system.dmattr') IS NOT 'RESIDENT'

 Events are synchronous

– Calling thread waits for event completion & can be aborted

– Can mark file as having permanent damage (return E_IO)

 LWEs can co-exit with DMAPI
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Transparent Cloud Tiering – Lightweight Events (LWE)

 Current situation

– Since long time in the product, but not documented

– Since Spectrum Scale 4.2 used, but restricted to Transparent Cloud Tiering

– Open beta with more technical details available at IBM DeveloperWorks

https://www.ibm.com/developerworks/servicemanagement/tc/gpfs/evaluate.html

– IBM would be interested to learn from customers about other potential use cases
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Customer Feedback
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https://www.spxxl.org/sites/default/files/GPFS_for_data_taking_&_analysis
_at_next_generation_Light_Source_Experiments.pdf

Source: 

https://www.spxxl.org/sites/default/files/GPFS_for_data_taking_&_analysis_at_next_generation_Light_Source_Experiments.pdf
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