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Lenovo DSS-G
Lenovo‘s Spectrum Scale RAID Solutions
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Lenovo Distributed Storage Solution for IBM Spectrum Scale

https://lenovopress.com/lp0513-lenovo-

storage-d3284-external-high-density-

drive-expansion-enclosure

https://lenovopress.com/lp0512-lenovo-

storage-d1212-d1224-drive-enclosures

https://lenovopress.com/lp0644-

lenovo-thinksystem-sr650-server
https://lenovopress.com/lp0837-lenovo-

dss-g-thinksystem

DSS-G2xy2 * SR650

2U2S Servers

Y * D1224

2U24 JBODs
X * D3284

5U84 JBODs

The Hardware Components: The Solution:

https://lenovopress.com/lp0513-lenovo-storage-d3284-external-high-density-drive-expansion-enclosure
https://lenovopress.com/lp0512-lenovo-storage-d1212-d1224-drive-enclosures
https://lenovopress.com/lp0644-lenovo-thinksystem-sr650-server
https://lenovopress.com/lp0837-lenovo-dss-g-thinksystem
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The Magic of Declustered RAID

Rebuild with Declustered RAID1

• Traditional RAID would have one LUN (logical unit 
number) fully busy resulting in slow rebuild and 
high impact overall

• Declustered RAID rebuild activity spreads the load 
across many disks resulting in faster rebuild and 
less disruption to user programs

• Declustered RAID minimizes critical data 
exposed to data loss in case of a second failure.

How does Declustered RAID work?

• Distributing Data and Parity information 
as well as Spare Capacity across all disks

failed disk

Rd-Wr

time

Rd    Wr

time

failed disk

7 disks3 groups

6 disks
spare

disk

21 stripes

(42 strips)

49 strips

7 stripes per group

(2 strips per stripe)

7 spare

strips
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Declustered RAID6 Rebuild Example – Two disk faults

Number of faults per stripe

Red Green Blue

0 2 0

0 2 0

0 2 0

0 2 0

0 2 0

0 2 0

0 2 0

Number of faults per stripe

Red Green Blue

1 0 1

0 0 1

0 1 1

2 0 0

0 1 1

1 0 1

0 1 0

Decluster
data, 
parity 
and

spare

14 physical disks / 3 traditional RAID6 arrays / 2 spares 14 physical disks / 1 declustered RAID6 array / 2 spares

Decluster
data, 
parity 
and

spare

14 physical disks / 3 traditional RAID6 arrays / 2 spares 14 physical disks / 1 declustered RAID6 array / 2 spares

failed disks failed disks

failed disksfailed disks

Number of stripes with 2 faults = 1Number of stripes with 2 faults = 7

DSS-G210 8+3p 3 faults in a 41-disk array: (11/41)*(10/40)*(9/39)=1.548%

DSS-G260 8+3p 3 faults in a 251-disk array: (11/251)*(10/250)*(9/249)=0.006%
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DSS for Spectrum Scale RAID building blocks

DSS-G2x0 „NL-SAS“ models with Lenovo D3284 JBODs

x3650M5

x3650M5

x3650M5

x3650M5

DSS G220

x3650M5

x3650M5

x3650M5

x3650M5

DSS G210 DSS G240 DSS G250

x3650M5

x3650M5

DSS G230 DSS G260

x3650M5

x3650M5

82 x NL-SAS
2x SSD

D3284 (5U84)  e1

D3284 (5U84)  e2

D3284 (5U84)  e3

D3284 (5U84)  e4

D3284 (5U84)  e5

D3284 (5U84)  e6

D3284 (5U84)  e1

D3284 (5U84)  e2

D3284 (5U84)  e3

D3284 (5U84)  e4

D3284 (5U84)  e5

D3284 (5U84)  e1

D3284 (5U84)  e2

D3284 (5U84)  e3

D3284 (5U84)  e4

D3284 (5U84)  e1

D3284 (5U84)  e2

D3284 (5U84)  e3

D3284 (5U84)  e1

D3284 (5U84)  e2

D3284 (5U84)  e1

166 x NL-SAS
2x SSD

250 x NL-SAS
2x SSD

334 x NL-SAS
2x SSD

418 x NL-SAS
2x SSD

502 x NL-SAS
2x SSD

Greyed-out items   will be generally available in DSS-G 2.3, can be supported as special bids now.
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DSS for Spectrum Scale RAID building blocks

DSS-G20y „SSD“ models with Lenovo D1224 JBODs

x3650M5

x3650M5

x3650M5

x3650M5

D1224 (2U24)  e2

D1224 (2U24)  e1

D1224 (2U24)  e4

D1224 (2U24)  e3

D1224 (2U24)  e2

D1224 (2U24)  e1

DSS G202

x3650M5

x3650M5

D1224 (2U24)  e1

DSS G201 DSS G204

96x SSD48x SSD24x SSD

x3650M5

x3650M5

D1224 (2U24)  e2

D1224 (2U24)  e1

D1224 (2U24)  e3

DSS G203

72x SSD

Greyed-out items   are not yet generally available in DSS-G 2.2, but can be supported as special bids.
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DSS for Spectrum Scale RAID building blocks

DSS-G2xy „hybrid“ models with NL-SAS JBODs and SSD JBODs

x3650M5

x3650M5

x3650M5

x3650M5

DSS G222 DSS G242

D3284 (5U84)  e1

D3284 (5U84)  e2

D3284 (5U84)  e3

D3284 (5U84)  e4

D3284 (5U84)  e1

D3284 (5U84)  e2

x3650M5

x3650M5

DSS G221

D3284 (5U84)  e1

D3284 (5U84)  e2

166 x NL-SAS
2x SSD (logTip)

+ 24x SSD (user)

x3650M5

x3650M5

DSS G241

D3284 (5U84)  e1

D3284 (5U84)  e2

D3284 (5U84)  e3

D3284 (5U84)  e4

D1224 (2U24)  e1 D1224 (2U24)  e1

D1224 (2U24)  e1

D1224 (2U24)  e1

D1224 (2U24)  e1

D1224 (2U24)  e1

166 x NL-SAS
2x SSD (logTip)

+ 48x SSD (user)

334 x NL-SAS
2x SSD (logTip)

+ 24x SSD (user)

334 x NL-SAS
2x SSD (logTip)

+ 48x SSD (user)
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The DSS-G222 „Hybrid“ Model – GA in DSS-G 2.2 (Nov/2018)

encl1

encl2

encl3

encl4

dss01

dss02

RG1 RG2

RG1_DA1

(NL-SAS)
83 pdisks

RG2_DA1

(NL-SAS)
83 pdisks

RG1_DA2

(SSD)
24 pdisks

SSD
d1s00

SSD
d2s55

RG2_DA2

(SSD)
24 pdisks

RG1_NVR

2 pdisks

n001v001

n002v001

RG2_NVR

2 pdisks

n001v002

n002v002

• Two separate Distributed Arrays for 

NL-SAS and for SSD

• logTip still on SSD in the NL-SAS encl1

• Customer choice how to use the 

vdisks in those two DA‘s:

• metadataOnly on SSD
• if metadata performance is limited 

by HW performance, e.g small reads

• dataonly on SSD for a GPFS tier, 

and using ILM to NL-SAS

• Completely separate GPFS 

filesystems for different usage
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Spectrum Scale 5.0: More Sub-Blocks

• Scale 5.0 supports up to 1024 subblocks

• No longer need to trade-off performance 
(streaming I/O bandwidth scales with file 
system blocksize) and space efficiency

• Metadata improvements for shared 
directory (file creates, etc)

• Requires new file system format, 
cannot do online migration from old 
32-subblock format to new format

new default FS blocksize in 5.0
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DSS-G210 (NL-SAS) Filesystem Blocksize Dependence (gpfs-5.0.2)

varying filesystem blocksize ; 16 MiB transfers
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Lenovo DSS-G100 NVMe Server 

• Lenovo ThinkSystem SR630 server
‒ SR630 (1U), or SR650 (2U) for capacity

‒ 2x CascadeLake CPUs (4210); 192GB mem.

‒ 8x U.2 NVMe drives in AnyBay slots

‒ Networking options:

•2x Mellanox ConnectX-6 2-port (VPI)

•2x Intel OPA100 1-port

•Ethernet options: 10 / 25 / 40 / 100GbE

• Software stack options:
‒ „Classical“ IBM Spectrum Scale (in Lenovo BOM)

‒ Excelero NVMesh (in Lenovo BOM)

• RAID0,1,10 today; MeshProtect 8+2P coming in v2.0

‒ E8-Storage software certified on SR630 (VLS)

• RAID within the server (4+1p; 8+2p)

‒ Intel‘s DAOS extreme-scale storage engine

‒ IBM „Mestor“, if & when it becomes a product...

Current U.2 NVMe drive portfolio:

‒ Intel P4800X (Optane): 375/750 GB (30DWD)

‒ Intel P46x0: 1.6 / 3.2 / 6.4 TB (3DWD)

‒ Intel P45x0: 1 / 2 / 4 TB (<=1 DWD)

‒ Toshiba PX04PMB, CM5:

• 800 GB / 1600 GB (10DWD)

• 960 GB /1920 GB (3DWD)

‒ Samsung PM963: 1.92 / 3.84TB (1DWD)

AnyBay

AnyBay

AnyBay

AnyBay

AnyBay

AnyBay

AnyBay

AnyBay

AnyBay

AnyBay

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y

A
n

y
B

a
y



2019 Lenovo. All rights reserved. 13

DSS-G100 Architecture – SR630 with Intel CXL and ConnectX-6

CPU 2
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DSS-G100 (NVMe) Bandwidth – 8x P4610 1.6TB per server, unreplicated 

varying number of G100 servers ; 4 MiB transfers
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Excelero NVMesh
The „Server SAN“ for NVMe
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Excelero NVMesh Server SAN

NVMesh allows unmodified 

applications to utilize pooled 

NVMe storage devices across a 

network at local speeds and 

latencies. 

Distributed NVMe storage 

resources are pooled with the 

ability to create arbitrary, dynamic 

block volumes that can be utilized 

by any host running the NVMesh 

block client. 
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Excelero NVMesh Software and Hardware Components

- All server hardware must support PCIe 3.0

- Supported Linux OS distributions include RHEL/CentOS, Ubuntu and SLES

- NVMe devices are supported in PCIe adapter as well as U.2 and M.2 drive form-factors
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NVMesh Deployment Options

18

Local Storage in Application Server Centralized Storage

• Storage is unified into one pool

• NVMesh Target Module & Intelligent Client Block 

Driver run on all nodes

• NVMesh bypasses server CPU

• Linearly scalable

• Storage is unified into one pool

• NVMesh Target Module runs on storage nodes

• Intelligent Client Block Driver runs on compute nodes

• Applications get performance of local storage

NVMesh
Target Module

Intelligent Client 

Block Driver

NVMesh
Target Module

Intelligent Client 

Block Driver

+
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Minimum (RAID 10) Configuration Logical Topology

• 3 Servers, 3 RDMA NICs, 2 NVMe Drives
• (2) Servers with at least one NVMe in each

• (1) Server runs Target software but no NVMe drives*

• NVMesh-management deployed in HA on all 3 servers

• All servers will run NVMesh-client & Target Software

• All servers require at least one Mellanox RDMA NIC

• Network switch must be Data Center Bridging (DCB) 
capable with Global Pause (Tx + Rx flow-control) enabled 
for all storage network ports

• More advanced network configurations for flow-control are 
possible, but not required for small POCs

* NVMesh-target will be installed on the system for Topology 
Manager (RAFT) quorum

Switch
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Coming with NVMesh2: MeshProtect
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Lenovo ThinkSystem Servers Certified for NVMesh

Vendor Model(s) Form Factor CPUs NVMe 

Drives

x16 

NIC Slots

Max. Read 

Bandwidth

Lenovo® ThinkSystem 

SR630

1RU, 1 node, 

19” Rack

Dual socket Intel 

Xeon® Scalable

8x U.2 

(max 10x)
2 23 GB/s

Lenovo ThinkSystem 

SR650

2RU, 1 node, 

19” Rack

Dual socket Intel 

Xeon® Scalable

8x U.2 

(max 24x)
2 23 GB/s

Lenovo ThinkSystem 

SD530

2RU, 4 nodes, 

19” Rack

4 xDual socket Intel 

Xeon® Scalable

16x U.2 

(4x per node) 

4 

(1 per node)
46 GB/s

Excelero NVMesh is certified on the following Lenovo servers (refer to the online reference at 

https://www.excelero.com/nvmesh-interoperability-matrix/1.2.1/en/topic/servers for the latest information):

Other Lenovo server models can be certified/validated as needed…

https://www.excelero.com/nvmesh-interoperability-matrix/1.2.1/en/topic/servers
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For more Information...
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NVMesh „Scratch on Demand“: SLURM Integration

• Sysadmin: defines NVMesh volume 
provisioning group (VPG) SCRATCH_8, 
and defines its capacity as SLURM 
licenses (count=max capacity):
# in slurm.conf:

Licenses=nvmesh_gb:12800

• User: requests desired NVMesh 
capacity as a SLURM license:
# in user‘s batch job:

#SBATCH --nodes=4

#SBATCH --licenses=nvmesh_gb:4000

• SLURM prolog for NVMesh (on each node):

nvmesh add volume -n `hostname` 
-v SCRATCH_8 –S $GB_PER_NODE

nvmesh_attach_volumes --wait_for_attach `hostname`

mkfs -t xfs -f /dev/nvmesh/`hostname` # TRIMs…

mkdir -p /nvmesh/scratch

mount /dev/nvmesh/`hostname` /nvmesh/scratch

• SLURM epilog for NVMesh (on each node):

umount -f /nvmesh/scratch

nvmesh_detach_volumes --force `hostname`

nvmesh delete volume -v `hostname` --force --yes

Using the https://github.com/excelero/nvmesh-shell command line tool (nvmesh)...

https://github.com/excelero/nvmesh-shell
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Ceph / SUSE SES
as a Spectrum Scale Tier
Lenovo / SUSE Proof-of-Concept
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Spectrum Scale Data Management, incl. Cloud Tiering

Spectrum Scale‘s Information Lifecycle Management (ILM) rules can be used to 
control initial placement, migration, and deletion of data across storage pools.

SES
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Transparent Cloud Tiering (TCT) – Documentation

• Spectrum Scale 5.0.2 Product Documentation:
‒ Installation Guide: 

Chapter 7. Installing Cloud services on IBM Spectrum Scale nodes. pp387-392

‒ Administration Guide:
Chapter 6. Configuring and tuning your system for Cloud services. pp91-122

‒ Command and Programming Reference: mmcloudgateway command. pp239-266

• Spectrum Scale Knowledge Center: „Planning for Cloud services”
‒ https://www.ibm.com/support/knowledgecenter/STXKQY_5.0.2/com.ibm.spectrum.scale.v5r02.doc/bl1ins_planning_MCS.htm

• IBM Redbooks (one for tiering, one for data sharing):
‒ Enabling Hybrid Cloud Storage for IBM Spectrum Scale 

Using Transparent Cloud Tiering
http://www.redbooks.ibm.com/abstracts/redp5411.html?Open

‒ Cloud Data Sharing with IBM Spectrum Scale 
http://www.redbooks.ibm.com/abstracts/redp5419.html?Open

• Spectrum Scale User Group Talks  www.spectrumscale.org

https://www.ibm.com/support/knowledgecenter/STXKQY_5.0.2/com.ibm.spectrum.scale.v5r02.doc/bl1ins_planning_MCS.htm
http://www.redbooks.ibm.com/abstracts/redp5411.html?Open
http://www.redbooks.ibm.com/abstracts/redp5419.html?Open
http://www.spectrumscale.org/
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Transparent Cloud Tiering: Components and Terminology
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Tiering to SUSE Enterprise Storage (powered by Ceph)

• Minimum 4x Object Storage Nodes and 1x Management Node

• Ceph monitors (3x), gateway nodes, metadata servers can reside on OSD servers,
but for demanding workloads they should run on separate nodes 

DSS-C Hardware used for the POC:
• 6x Ceph OSD nodes – “Capacity” 

• SR650, single-socket (4110)

• 12x HDD 3.5” SATA 4TB

• 4-port 10GbE

• 128GB memory

 Ceph storage pool is 3WayReplicated

• 3x Ceph MON nodes

• SR530, single-socket (3104)

• 2-port 10GbE

• 16GB memory

• 2x radosgw roles, colocated on 2x OSDs

• Dedicated 1x 10GbE links to „WAN“

• Maximum „WAN“ bandwidth between SES 

cluster and Spectrum Scale TCT nodes: 

• 2x 10GbE Ethernet, will test 25,100GbE
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Why Ceph as an Engineered Solution?

• SDS cost savings & flexibility:
‒ Avoid large markup by storage vendor on hardware

‒ Share hardware resources between storage and application; increases utilization; 
get more work out of less hardware

‒ More customer flexibility in choosing the best hardware parts for their needs

• SDS disadvantages, when done by yourself:
‒ Customer is responsible for selecting and installing hardware; may not provision adequately for 

the needs of the software 
 Lenovo Solution Architecture & Support, with joint testing efforts of Lenovo and SUSE

‒ Customer is responsible to debug problems and then work with server, storage, OS, or 
networking vendor 
 Lenovo can be the single point of contact for support, with Level3 SUSE support for SES

‒ Software vendor has to be prepared to support their software running on almost any 
reasonable hardware
 SUSE and Lenovo have defined a portfolio using few building blocks only
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Ceph admin/deployment node

Ceph MON #1

Ceph MON #2

Ceph MON #3

NE10032 switch for Ceph-internal comms and client uplinks

TOTAL CAPACITY:

Using 10 TB drives

9x 28x 10 TB = 2.5 PB raw

with 6+2 erasure coding = 1.9 PB usable capacity

This fits in 32U.

Another SR630/D3284 block brings total to

12x 28x 10 TB = 3.4 PB raw

with 9+2 erasure coding = 2.8 PB usable capacity

This fits in 40U.

Lenovo Ceph solution for Spectrum Scale TCT Tiering

G8052 switch for 1G XCC and OS management

D3284

SR630, Ceph OSD node #8

SR630, Ceph OSD node #9

SR630, Ceph OSD node #7

D3284

SR630, Ceph OSD node #5

SR630, Ceph OSD node #6

SR630, Ceph OSD node #4

D3284

SR630, Ceph OSD node #2

SR630, Ceph OSD node #3

SR630, Ceph OSD node #1

Ceph S3 Gateway #1

Ceph S3 Gateway #2

Ceph S3 Gateway #3

Ceph S3 Gateway #4
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TCT Setup for Ceph, 1 of 2

mmcrnodeclass tct_group1 -N tct2201

mmchnode --cloud-gateway-enable -N tct_group1

mmcloudgateway service start -N tct_group1

echo "odgmAbQLZTwxS1h2EKkjaooO0KCFXhOZjYYkY4w1" > ~/ceph_user1_password.txt

mmcloudgateway account create 

--cloud-nodeclass tct_group1 \

--account-name ceph_user1 \

--cloud-type CLEVERSAFE-NEW \

--username 91ESX93OCJ8D1SL5S4DG --pwd-file ~/ceph_user1_password.txt

mmcloudgateway cloudStorageAccessPoint create \

--cloud-nodeclass tct_group1 \

--account-name ceph_user1 \

--cloud-storage-access-point-name csap1-ceph_user1 \

--url "http://is-sr650a-tct.ses.eu.lenovo.com:7480"

Ask an IBM (or Lenovo) technical specialist 

for instructions how to enable TCT. It is not 

enabled by default, to ensure a review of the 

intended use case is done before using TCT.
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TCT Setup for Ceph, 2 of 2

mmcloudgateway cloudService create \

--cloud-nodeclass tct_group1 \

--cloud-service-name tct_tiering1-ceph_user1 \

--cloud-service-type Tiering \

--account-name ceph_user1

mmcloudgateway containerPairSet create \

--cloud-nodeclass tct_group1 \

--container-pair-set-name tct_fs1_container1 \

--cloud-service-name tct_tiering1-ceph_user1 \

--scope-to-filesystem --path /gpfs/tct_fs1 \

--enc DISABLE \

--transparent-recalls ENABLE

mmcloudgateway maintenance list

Resident

Co-

resident

Non-

resident

mmcgw files migrate

mmcgw files recall

(or transparent recall)

mmcloudgateway files \
{ migrate | recall | restore | 
delete | destroy | reconcile |
list | cloudList | ...}
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Performance Observations ... Work in Progress ;-)

• Always test the networking layer first ... using iperf3 or similar tools

• Basic testing of the the Ceph radosgw performance can be done with s3cmd
‒ Beware the default --multipart-chunk-size-mb=15, increase it to up to 5120 (5 GiB)

‒ s3cmd put performance is unreliable: delay in beginning, stalls ... watch the network (dstat)

‒ s3cmd get is more reliable; single get achieves ~300MiB/s, 4x in parallel saturate 10GbE link

• Explicit migrate and recall tests with mmcloudgateway files
‒ recall runs at 10GbE wirespeed, even if only a single file is recalled (threaded multipart get)

‒ migrate is slower: ~100MiB/s for single file, scales up to ~300MiB/s for parallel migrates

• Beware the CSAP‘s --mpu-parts-size maximum of 128MiB ... increases in 5.0.3 

• Usage of a second cloudStorageAccessPoint is erratic
‒ Single file always seems to go through single CSAP

‒ For multiple files (e.g. parallel recall calls), 2nd CSAP is sometimes used, but unpredictable
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mmcloudgateway Command Categories
mmcloudgateway

node

list

account

{create,update,delete,list}

CloudStorageAccessPoint

{create,update,delete,list}

cloudService # Tiering or Sharing

{create,update,delete,list}

[ keymanager

{create,update,rotate,list} ]

containerPairSet

{create,test,update,delete,list}

maintenance

{create,update,delete,list,

setState,setFrequency,status}

mmcloudgateway

[ config

{set,list} ]

service

{start,stop,status,version,

backupConfig,restoreConfig}

files

{migrate,recall,restore,

delete,destroy,reconcile,

list,cloudList,

rebuildDB,defragDB,

backupDB,checkDB,

import,export}

mmcloudgateway <category> # show usage
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mmcloudgateway files Command

migrate   [-v] [--co-resident-state] [--cloud-service-name CloudServiceName] [--] File[ File ...]

recall    [-v] [--local-cluster LocalCluster] [--owning-cluster OwningCluster] [--] File[ File ...]

restore   [-v] [--overwrite] [--restore-stubs-only] 
{-F FileListFile | [--dry-run] [--restore-location RestoreLocation] [--id Id] [--] File}

delete    {--delete-local-file  | --recall-cloud-file | --require-local-file} [--keep-last-cloud-file] [--] File [File ...]

destroy   [--cloud-retention-period-days CloudRetentionPeriodDays [--preview]] [--timeout Minutes] 
--container-pair-set-name ContainerPairSetName --filesystem-path FilesystemPath

reconcile --container-pair-set-name ContainerPairSetName Device

cloudList { --path Path [--recursive [--depth Depth]] [--file File] | --file-versions File |
--files-usage --path Path [--depth Depth] | --reconcile-status --path Path |
--path Path --start YYYY-MM-DD[-HH:mm] --end YYYY-MM-DD[-HH:mm] }

backupDB --container-pair-set-name ContainerPairSetName

checkDB --container-pair-set-name ContainerPairSetName

rebuildDB --container-pair-set-name ContainerPairSetName Device

defragDB --container-pair-set-name ContainerPairSetName

list      [--] File[ File ...]

import    [--cloud-service-name CloudServiceName] [--container Container] [--import-only-stub] [--import-metadata]
{ [--directory Directory] | [--directory-root DirectoryRoot] | [--target-name TargetName] } File[ File]

export    [--cloud-service-name CloudServiceName] [--target-name TargetName] [--container Container]
[--manifest-file ManifestFile [--tag Tag]] [--export-metadata [--fail-if-metadata-too-big]]
[--strip-filesystem-root] File[ File]
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