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What the UNH-IOL Does

Tests a wide variety of technologies, student 
driven, staff managed

Neutral 3rd-party testing facility

Host Plugfests and Testing Events
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Origin of NVMe® Specification and Importance of 

Testing
• Started with PCIe® as only transport

• Admin and NVM I/O Command Sets

• Testing for the last decade

• Conformance and Interoperability Testing

• Why?

• Making sure the product “just works!”
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Test Plans Based on the Specifications

• Test published by the UNH-IOL, written in conjunction with the NVMe® Interop 

and Compliance Work Group

• Originally, 2-3 test plans were required for listing on Integrator’s List

• UNH-IOL NVMe Conformance (NVMe-oF Conformance added later)

• UNH-IOL NVMe Interoperability

• UNH-IOL NVMe-MI™ Conformance (if supported)
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Test Plan Development Process

Updates to test 

plans happen twice 

a year in order to 

keep pace with 

updates to the 

NVMe®

specifications 

being developed at 

nvmexpress.org

All test plan 

updates are 

created by NVMe

Interop and 

Compliance 

Committee. 

All updates are 

approved and 

voted on by the 

NVMe Technical 

Work Group and 

the NVMe Board 

of Directors.

All new tests 

added are made 

FYI, since in many 

cases there are no 

existing product in 

the market.  This 

gives time for the 

test plan, DUT, and 

test scripts to be 

vetted.

1 2 3 4
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https://www.iol.unh.edu/testing/storage/nvme/test-plans

https://www.iol.unh.edu/testing/storage/nvme/test-plans
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The NVMe® Integrator’s List

https://www.iol.unh.edu/registry/nvme

https://www.iol.unh.edu/registry/nvme
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The Test Tools • Conformance testing done with 

IOL INTERACT PC Edition and 

LeCroy Edition for automated 

testing
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The Test Tools • Interoperability testing completed 

with a variety of hosts, traffic 

generators, and hot plug testing 

capabilities from Quarch tools
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NVMe® and NVMe-oF™ Plugfests
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Early NVMe® Specifications Testing

• NVMe PCIe® SSD testing requires 

• Conformance

• Interoperability

• NVMe-oF™ Target testing requires

• Conformance

• Interoperability

• NVMe-oF™ Initiator and Switch 

testing is only interoperability

Device Type Conformance Interoperability

NVMe Storage 

Device

√ √

NVMe Host 

Platform

√

NVMe-oF™

Target 

√ √

NVMe-oF™

Initiator 

√

NVMe-oF™

Switch 

√
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Conformance Testing

Testing cutting 
edge features, new 

to the industry

Both test tool and 
feature 

application being 
tested

Failing results are 
not always a bad 

thing

Issues at this stage 
can be fixed

Trends of Features 
being Implemented

Never a shortage of 
TPs, but which 
ones are being 
implemented
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Interoperability Testing

Will the product 
work in various 
environments?

Recent Issues of 
Unique Identifiers

PCIe vs Other 
Transports 
complexity
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The Refactoring Effort

• Why the Refactor?

• “A simplified format, easing the development of NVMe technology and 

allowing for rapid innovation.”
• Create scalable speciation intrastate to allow further growth of NVMe® technology as 

it becomes more common in storage applications 

• Test plan changes required

SNIA 2019 “Mastering Today’s Architecture 

and Preparing for Tomorrow's” J Metz, Nick 

Adams
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NVMe over 

TCP Transport 

Conformance

NVMe-oF™

Conformance

NVMe® 

Conformance

NVMe Base and I/O 

Command Set 

Conformance

NVMe over PCIe 

Transport 

Conformance

NVMe over 

RDMA 

Transport 

Conformance

Admin 

and 

ZNS

Admin 

and 

NVM

Changes in the 

Conformance Test Plans
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New Command Set Specifications

Upcoming Command Sets for Test

Zoned Namespace Command Set

Key Value Command Set

NVM Command Set

Transports Defined

PCIe

TCP

RDMA/iWARP

Command Sets Defined

Computational Programs
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Copy 
command –
NVM and 

ZNS

• Group 
2.14 in 
NVM

• Group 3.2 
in ZNS

New 
Identify 
CNS 

values

• 5h

• 6h

• 7h

• 18h

• 19h

• 1A

• 1B

• 1C

NVMe® 2.0 Specification New Features: Currently 

Testing in Test Plan 17

Command Group 
Control, 

Command and 
Feature 

Lockdown
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NVMe® 2.0 Specification New Features: To Be 

Tested in Test Plan 18

Endurance Group 
Management 

New Log Page 
Index Offsets

Namespace 
Capability 
Reporting

Host Specifying 
Telemetry Host-

Initiated Data Area

TP4075a: 9 New Tests

TP4095: 7 New Tests

TP4109: 3 New Tests

TP4052c: 48 New Tests
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NVMe® Testing Now 

389 Tests in NVM Conformance Test Plan

265 Tests in ZNS Conformance Test Plan

107 Tests in MI Test Plan

29 Tests in RDMA Transport Conformance Test Plan

43 Tests in TCP Transport Conformance Test Plan

16 Tests in Interoperability Suites (PCIe and oF)

849 Total Tests
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Future Testing Items

NVMe® 2.0 specifications and beyond

Based on the NVM Express® Road 

Map Computational Programs 

Key Per IO

Cross Namespace Copy

NVMe-oF™ Discovery Automation
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The Overarching Goal is Confidence in the NVMe®

Product
• When all devices are conformant, the storage industry performs better

• All caught issues are communicated such that they can be resolved prior 

to market release

• The UNH-IOL and ICC work directly with the TWG to test the most 

important and widely adopted features 

• Your customers can see standardized reports showing which features are 

supported and conformant to the specification 

• Certify with confidence that the product conforms to the applicable NVMe®  

specifications
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Questions?



Architected for Performance


