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Achieving vMotion Acceleration Over Efficient Virtualized Network (EVN)

This white paper shows that Mellanox 10Gb/s Ethernet adapters with Efficient Virtualized Network (EVN) 
technology improve the performance and efficiency of VMware-based virtualized data centers, even when 
running traditional TCP/IP-based workloads. 

Mellanox NICs fully support the three key elements of EVN technology: acceleration engines for network 
virtualization, remote direct memory addressing (RDMA) for efficient data transport, and convergence of 
compute and storage traffic over a single wire. 
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Executive Summary

Figure 1. Efficient Virtualized Network

The results outlined in this white paper demonstrate the acceleration that is possible when running 
VMware ESXi 5.5 vMotion® over a cluster connected by Mellanox’s 10GbE end-to-end EVN technology 
and EMC ScaleIO™ scale-out storage. The results show that when using Mellanox ConnectX®-3 Pro 
10GbE network interface cards (NICs), vMotion runs 29% faster over standard TCP/IP than Intel’s 82559 
10GbE NICs.

The Mellanox ConnectX-3 Pro 10Gb/s and 40Gb/s Ethernet NICs are fully qualified and are included in-box 
in VMware ESXi 5.5 distributions. These NICs are fully supported on the VMware hardware compatibility 
list and are therefore ideal for the EVO:Rack™ and EVO:Rail™ reference platforms. As shown in this white 
paper, the ConnectX-3 Pro NIC improves the performance and efficiency of vCloud-based deployments 
even when running traditional TCP/IP-based workloads. Furthermore, the NICs accelerate the latest 
VXLAN overlay networks and routable RoCEv21  transport, thereby delivering significant additional 
performance and efficiency gains for applications that take advantage of these technologies.

1 RDMA over Converged Ethernet
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EMC ScaleIO software is a great example of a scale-out converged infrastructure model where many 
smaller industry standard server-storage units are connected together into a cluster using a scalable 
networking technology. The value of this approach is that each unit is self-contained and has an optimal 
balance of compute, memory, storage, and I/O resources. The overall capacity of each of these elements 
is increased proportionally each time a new unit is added to the cluster. Thus in a scale-out architecture 
the performance of the cluster continues to grow in a near linear fashion as new units are added. 
However the actual performance of a scale-out cluster is highly dependent on using an efficient, low-
latency, high throughput network.

There are other software defined storage offerings that claim to be “scale-out,” and at a high level, they 
seem to offer similar capabilities to ScaleIO. However, testing has shown that these other offerings lack 
the scalability (thousands of nodes), elasticity (expansion or shrinkage of capacity non-disruptively on 
demand), and performance (massively parallel I/O processing) that ScaleIO provides. 

ScaleIO offers the ability to support truly hyper-converged solutions where compute and storage 
resources are unified into “compu-storage” units. These units are in turn clustered together using high 
performance, low latency interconnects such as 56 Gb/s InfiniBand or 40Gb/s RDMA over Converged 
Ethernet (RoCE) networks. The advantage of this approach is that high performance flash memory 
can be tightly coupled within a server for maximum performance, while at the same time becoming a 
shared resource and thereby made available to all other nodes in the cluster. The net result is a more 
efficient use of resources and potentially fewer servers required to meet a given workload performance 
requirement. In addition, ScaleIO supports a wide range of operating systems (bare-metal and virtual), 
as well as any type of storage media (for example, SSD, PCIe Flash, and HDD). ScaleIO also recently 
added OpenStack integration, a vSphere plugin, and a streamlined GUI, all of which further simplify 
management and expand deployment options.

Performing an apples-to-apples live migration benchmark without ScaleIO is simply not possible. Without 
ScaleIO, the system is not hyper-converged and therefore does not have a shared storage pool. As such, 
each VM has dedicated storage that must be locked prior to performing the VM migration. That is, 
without ScaleIO the VM must be shut down, and live migration is not possible. Enabling live migration 
without ScaleIO requires the addition of a separate storage area network or shared NAS system and 
dedicated storage, which is a substantially different and more expensive configuration.

In this initial work, the Mellanox ConnectX-3 Pro 10GbE Ethernet adapter is shown to deliver a 29% 
performance improvement over the Intel 82559, even when running vMotion over standard TCP/IP 
transport. Additional low level benchmarks indicate that this performance advantage is achieved due 
to the superior performance of Mellanox adapters in terms of TCP/IP transport throughput, latency, and 
connection setup/teardown times. 

vMotion is often thought of as a “background” process; however, the benchmark is important, as it 
reflects the performance gains available for other TCP/IP-based workloads as well. Moreover, vMotion 
performance itself is often critical, as moving a VM from one physical server to another typically occurs 
when a physical machine is heavily overutilized, meaning that rapid migration to a less loaded physical 
server impacts user experience. Reducing VM migration time through faster network performance 
improves user response time and enables more efficient utilization of server and storage resources.

VM migration is sensitive to both throughput and latency and also involves many checkpointing 
operations that require the setup and teardown of network connections. Therefore, the three aspects of 
TCP/IP performance that contribute to VM migration performance are:

Performance Benchmarking 
Overview

Low-Level Performance 
Benchmarking
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Figure 2. TCP/IP Throughput Measurement

Figure 3. TCP/IP Latency Measurement Time

1. TCP/IP throughput

2. TCP/IP “Hot Potato” latency

3. TCP/IP connection latency

The lmbench benchmarking tool (http://www.bitmover.com/lmbench/lmbench.8.html) was used to 
measure the low-level performance of the two 10GbE NICs using ordinary TCP/IP transport. 
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vMotion Background

Figure 5. vMotion

It is clear that the ConnectX-3 Pro substantially outperforms the 82559 NIC in all three measurements, 
yielding 39% higher bandwidth, 42% lower hot potato latency, and 54% lower connection setup time.

Given these results, it is not surprising that the overall vMotion performance of the Mellanox NIC 
outperforms the 82559 device, as will be shown in the following section.

vMotion is a key VMware enabling technology for creating dynamic, automated, and self-optimizing 
virtual data centers. The vMotion technology enables the live migration of active VMs from one physical 
server to another while providing continuous service availability (zero downtime). 

Figure 4. TCP/IP Connection Setup Time Measurement

Many of the key services in VMware’s ESXi hypervisors rely on vMotion, among them Fault Tolerance, 
High Availability, and Digital Resource Scheduler. Such services are especially sensitive to latency and to 
the duration of the downtime implicit in the vMotion operation. For example, if there is a danger that a 
server is about to fail or about to reach its maximum capacity, the IT administrator will want to move the 
VMs to another server as quickly as possible. Or, for example, when running in High Availability mode, 
minimizing the delay between the Master VM to the Slave VM is critical to a successful operation. In both 
cases, the network plays a major role in performing the job faster, thereby increasing the overall cluster 
reliability and efficiency.

The main objective of these benchmark tests is to compare the performance and efficiency of two 
different 10GbE NICs using low level TCP/IP benchmarks and the ESXi 5.5 vMotion workload.
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vMotion Test Results

Figure 7. vMotion over Intel 82599 10GbE started at 11:19:40 AM

Figure 6. vMotion over Mellanox’s ConnectX-3 10GbE NIC is 29% faster than Intel’s 82559 10GbE NIC

The following graphs show the start time and end time for the migration of the 150 VMs from Server_A to 
Server_B on the different NICs.

The duration of the migration of 150 VMs using vMotion over the Intel 82599 10GbE NIC took 10 minutes 
and 40 seconds.
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Figure 9. vMotion over Mellanox ConnectX-3 10GbE started at 2:53:40 PM

Figure 8. vMotion over Intel 82599 10GbE ended at 11:30:20 AM

The duration of the migration of 150 VMs using vMotion over the Mellanox ConnectX-3 10GbE NIC took 7 
minutes and 40 seconds.
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Figure 11. Block diagram of the system under test

The test created a pool of 150 VMs, each 40GBytes in size, and used vMotion to migrate them from 
Server_A to Server_B. Since using ScaleIO enables shared storage, only the CPU and memory content 
were actually migrated.  

The test setup consisted of 2 ESXi 5.5 servers connected via a Mellanox SX1064 10GbE switch. For 
storage, both servers used EMC ScaleIO, a software solution that utilizes a server-based PCIe Flash, 
local HDDs, and LAN interconnects to implement a high-speed virtual SAN. A third server with VMware 
vCenter on top of Microsoft Windows Server 2008 64 bit was connected to the two ESXi 5.5 servers via 
the switch. 

Figure 10. vMotion over Mellanox ConnectX-3 10GbE ended at 3:01:20 PM

Test Setup Description
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The following table outlines the system setup used to perform the benchmark tests:

Item Description

Software Environment

Hypervisor ESXi 5.5.0 1623387

Cloud Manager vCenter 5.5.0, 1891313

VM Manager View 5.3.2-1887719

Guest OS Windows 7 Enterprise, 64-bit

Storage Management EMC ScaleIO Version R1_30.17.1

Hardware

Vendor Model Supermicro SYS-2027R-72RFTP+

Processors 2 x Intel Xeon e5-2680 V2 @ 2.8GHz, 10 cores

Memory 384GB

PCIe Bus Gen 3.0 8X

Networking Adapters Mellanox ConnectX-3 Pro 10GbE

Intel 82559 10GbE

HBA LSI 9207 8i HBA

Flash Storage 8 x Micron M500DC 800

The Mellanox ConnectX-3 Pro 10GbE NIC with PCI Express 3.0 delivers 30% higher performance than 
Intel’s 82559 10GbE NIC during a live migration of 150 VMs using ESXi 5.5 vMotion and a scale-out 
shared storage with all SSD disks. 

Increasing input/output demands in the cloud and Web 2.0 scale computing can be addressed by using 
the Mellanox ConnectX-3 10GbE NIC solution, as it improves the speed at which cloud service providers 
can provision new users with new VMs and applications, meeting their SLA requirements without 
impacting service to existing users. This changes the paradigm from bulk live migration of a VM across 
physical servers for disaster recovery to scheduled migration for maintenance or load balancing, thereby 
enabling higher SLA achievement due to the fast migration. Data center managers can even move VMs 
around available servers more easily through automated service level-driven policies, helping improving 
return on investment. 

Virtualized data centers can run with optimum efficiency and performance by implementing the Mellanox 
end-to-end EVN solution.

Summary


