





VMware vSphere 4: The CPU
Scheduler in VMware ESX 4

Relative Throughput

Figure 10. Relative throughput of SPECjbb 2005 benchmark of three 2-vCPU virtual machines on a 2-socket quad core system.
Throughput is normalized to vmO of ESX 3.5.

Figure 11 shows the extended fairness support in the NUMA scheduler. On a 2-socket quad core AMD Opteron
system, three 4-vCPU virtual machines run SPECjbb 2005 benchmarks. Note that each socket forms a NUMA
node. Likewise, three virtual machines are expected to generate equal throughput. On ESX 3.5, vm1 and vm?2
generate higher throughput compared to vmO. Since there are three virtual machines active on two NUMA
nodes, one node is occupied by two virtual machines at any moment, which results in less cache and memory
bandwidth. On ESX 4, all three virtual machines generate almost equal throughput.

Relative Throughput

Figure 11. Relative throughput of SPECjbb2005 benchmark of three 4-vCPU virtual machines on a 2-node NUMA system.
Each node has 4 cores. Throughput is normalized to vmO of ESX 3.5.
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4.6 ESX 4 vs.ESX 3.5

This section compares the performance of ESX 4 and ESX 3.5 at various levels of system load. The system

load is defined as the number of active vCPUs on a host. To vary the system load, different numbers of virtual
machines were tested. Also, different mixes of 1/2/4-vCPU virtual machines were used to achieve the same load.
It is impossible to test all possible combinations. However, it should be still useful to understand the overall
impact of the scheduler improvements. The following table explains how to interpret test configurations.

LABEL DESCRIPTION TOTAL # OF VCPUS
{m} x {n} vCPU {m} instances of {n}-vCPU virtual machines {m} x {n}

{m} x4vCpuT {m} instances of {2x1vCPU + 1x2vCPU} {m} x4

{m} x8vCpuT {m} instances of {2x1vCPU + 1x2vCPU + 1x4vCPU} {m}x8

{m} xlevCpuT {m} instances of {2x1vCPU + 1x2vCPU + 1x4vCPU + 1x8vCPU} {m} x 16

Figure 12 shows the throughput of SPECjbb2005 workload in ESX 4, normalized to that of ESX 3.5. The X-axis
represents various configurations sorted from light to heavy loads. The Y-axis represents the normalized
aggregated throughput. A bar that is greater than 1 means improvements over ESX 3.5.
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Figure 12. ESX 4 throughput of SPECjbb2005 normalized to ESX 3.5. Greater than 1 means improvement.

It is clear from the result that ESX 4 scheduler achieves significant performance improvement in both lightly
loaded and heavily loaded cases. When the system is lightly loaded, the intelligent load-balancing algorithm
achieves higher performance by maximizing on-chip cache resource and memory bandwidth. When the system
is heavily loaded, improved co-scheduling and lower locking overhead improve performance.

Figure 13 shows the throughput of the kernel-compile workload normalized to ESX 3.5. Note that the same
configurations were used as SPECjbb2005. Similarly, performance is improved in both lightly loaded and
heavily loaded configurations. Note that the improvement is not as high as that of the SPECjbb2005 workload.
This is probably because kernel-compile is less sensitive to its cache performance. Therefore, the impact

of having higher memory bandwidth is less beneficial to this workload. Still, approximately 7-11 percent
improvement is observed in many cases.
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Figure 13. ESX 4 throughput of kernel-compile workload normalized to ESX 3.5. Greater than 1 means improvement.

Although not supported, ESX 3.5 can run 8-vCPU virtual machines by increasing the scheduler cell size.
Figure 14 compares the performance of SPECjbb2005 (a) and kernel-compile (b) between ESX 4 and
ESX 3.5 using configurations that include 8-vCPU virtual machines.
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Figure 14. The aggregated throughput of SPECjbb2005 (a) and kernel-compile (b) in ESX 4 normalized to ESX 3.5 with configurations that include
8-vCPU virtual machines. Note that 8-vCPU virtual machines are not supported in ESX 3.5.

It is clear from the results that ESX 4 provides much better performance compared to ESX 3.5. Depending
on workloads and configurations, the improvement can be higher than 30 percent.
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5 Summary

In ESX 4, many improvements have been introduced in CPU scheduler. This includes further relaxed
co-scheduling, lower lock-contention, and multi-core aware load balancing. Co-scheduling overhead has been
further reduced by the accurate measurement of the co-scheduling skew, and by allowing more scheduling
choices. Lower lock-contention is achieved by replacing scheduler cell-lock with finer-grained locks. By
eliminating the scheduler-cell, a virtual machine can get higher aggregated cache capacity and memory
bandwidth. Lastly, multi-core aware load balancing achieves high CPU utilization while minimizing the cost of
migrations.

Experimental results show that the ESX 4 CPU scheduler faithfully allocates CPU resource as specified by users.
While maintaining the benefit of a proportional-share algorithm, the improvements in co-scheduling and load-
balancing algorithms are shown to benefit performance. Compared to ESX 3.5, ESX 4 significantly improves
performance in both lightly loaded and heavily loaded systems.
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