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With the widespread proliferation of Virtual Machines (VM) into consumer & enterprise computing, 

designing low power virtualization solutions has become very important for extending the battery life of 

mobile systems and for minimizing the energy bill for data centers. This paper reports the power profile of 

leading desktop virtualization solutions under idle and workload conditions in terms of total power consumed, 

residency in processor deep sleep states (C-states) [1] and identifies some of the issues leading to increased 

power consumption in virtualized environments. We show how extension of processor core idle time favorably 

impacts the power profile of different Virtual Machine Monitors (VMMs) at active state and demonstrate a 

timer-tick based approach to reduce power consumption of VMMs at idle state. 

 

As shown in Figure 1, the experimental setup consisted of a target mobile system, a power measurement 

device (NetDAQ) [2] and a host PC. We targeted the latest mobile platform consisting of an Intel® Core™ i7 

processor running Microsoft* Windows* 7 32-bit OS at both guest and host levels. These choices were made 

to ensure the latest hardware virtualization features such as VT-x [3] and Windows* 7 power management 

features [4] were being used. Each of the VMs was assigned 1GB of main memory and 15 GB of hard disk 

space. Solid State drives were used to eliminate any power delta caused by I/O activities. Figure 2 shows the 

power profile of multiple industry leading virtualization solutions under study at idle and active scenarios. In 

our active scenario, the workload used was playback of an MPEG-2 DVD video part of the MobileMark 

benchmark 2007 [5] in the VM using Windows* Media Player.  

 

First, we look at reasons for high power consumption under workload conditions.  VMM1 and VMM3 were 

chosen for a more detailed analysis and Windows Perfmon was used to determine the processor C- state 

information. Within the idle time, a processor core can remain in different power states, known as C-states. 

The longer the residency in deep C- states, the better the power efficiency.  Figure 3 shows the C-state 

distribution for different VMMs during DVD playback. From the figure, we can observe that less active time is 
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being utilized by VMM1 for DVD playback. VMM3 spends 20% of testing time in active state and 63% in C3 

state, against a better distribution for VMM1 (11% active and 84% C3 state time). Also shown in Figure 3 is 

the power profile of VMM1, when Intel® Virtualization hardware support VT-x is turned off (VMM3 requires 

VT-x to operate). The C3 state time is decreased to 71%, while active time increases to 15%. The power 

consumption when VT-x was turned off was observed to be 1watt higher than when VT-x was turned on1. 

  

Now we present an OS timer-tick-based strategy to reduce idle power consumption of VMMs. The timer-

tick resolution of guest and host OS for different VMMs is summarized in Table 1. A larger timer-tick resolution 

is desirable at idle state, since this will lead to reduced numbers of system calls being generated by the HAL.dll 

component of the OS. Since we cannot modify the VMMs, we adopt a non-invasive strategy where another 

application is run in parallel to reduce the timer-tick period. Timer-tick period of the OS will be set to the 

lowest requested value among applications run on the OS. In guest OS, changing the timer-tick resolution to 

5ms for VMM1, leads to an increase in power consumption by 0.6W. In the Host OS, we change timer-tick 

resolution for VMM2 to 1ms, which leads to increase in idle power consumption by 2w. It can be inferred that 

a longer timer-tick period for the Guest OS and more importantly for the Host OS would result in a significant 

power reduction for each VMM.  
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Fig. 2b. Active Power profile of VMMs Fig. 2a. Idle Power profile of VMMs 

Fig. 1. Power Measurement of a Mobile PC using NetDAQ 
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Table 1. Power consumption with varied timer tick resolution 

Operating System  

with VM at idle 

Timer tick  

Host OS (ms) 

Timer tick  

Guest OS (ms) 

Power consumption 

(Watts) 

VMM3 1 15.6 14.4 

VMM2 2.5 15.6 13.5 

VMM2 with TT change 1 15.6 15.5 

VMM1 1 10 12.5 

VMM1 with TT change 1 5 13.1 
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Fig. 3. Distribution of time spent in each processor power state 
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Notices 
Optimization Notice 

Intel® compilers, associated libraries and associated development tools may include or utilize options that optimize for instruction sets that 

are available in both Intel® and non-Intel microprocessors (for example SIMD instruction sets), but do not optimize equally for non-Intel 

microprocessors.  In addition, certain compiler options for Intel compilers, including some that are not specific to Intel micro-architecture, 

are reserved for Intel microprocessors.  For a detailed description of Intel compiler options, including the instruction sets and specific 

microprocessors they implicate, please refer to the “Intel® Compiler User and Reference Guides” under “Compiler Options."  Many library 

routines that are part of Intel® compiler products are more highly optimized for Intel microprocessors than for other microprocessors.  

While the compilers and libraries in Intel® compiler products offer optimizations for both Intel and Intel-compatible microprocessors, 

depending on the options you select, your code and other factors, you likely will get extra performance on Intel microprocessors. 

Intel® compilers, associated libraries and associated development tools may or may not optimize to the same degree for non-Intel 

microprocessors for optimizations that are not unique to Intel microprocessors.  These optimizations include Intel® Streaming SIMD 

Extensions 2 (Intel® SSE2), Intel® Streaming SIMD Extensions 3 (Intel® SSE3), and Supplemental Streaming SIMD Extensions 3 (Intel® SSSE3) 

instruction sets and other optimizations.  Intel does not guarantee the availability, functionality, or effectiveness of any optimization on 

microprocessors not manufactured by Intel.  Microprocessor-dependent optimizations in this product are intended for use with Intel 

microprocessors. 

While Intel believes our compilers and libraries are excellent choices to assist in obtaining the best performance on Intel® and non-Intel 

microprocessors, Intel recommends that you evaluate other compilers and libraries to determine which best meet your requirements.  We 

hope to win your business by striving to offer the best performance of any compiler or library; please let us know if you find we do not. 

Notice revision #20101101 

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.  

Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations 

and functions.  Any change to any of those factors may cause the results to vary.  You should consult other information and performance 

tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other 

products.  For more information go to http://www.intel.com/performance  

Other names and brands may be claimed as the property of others.  

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL PRODUCTS. NO LICENSE, EXPRESS OR IMPLIED, BY 

ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN 

INTEL'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS 

ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF INTEL PRODUCTS INCLUDING LIABILITY OR WARRANTIES 

RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER 

INTELLECTUAL PROPERTY RIGHT. 

 

UNLESS OTHERWISE AGREED IN WRITING BY INTEL, THE INTEL PRODUCTS ARE NOT DESIGNED NOR INTENDED FOR ANY APPLICATION IN 

WHICH THE FAILURE OF THE INTEL PRODUCT COULD CREATE A SITUATION WHERE PERSONAL INJURY OR DEATH MAY OCCUR. 

 

Intel may make changes to specifications and product descriptions at any time, without notice. Designers must not rely on the absence or 

characteristics of any features or instructions marked "reserved" or "undefined." Intel reserves these for future definition and shall have 

no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The information here is subject to 

change without notice. Do not finalize a design with this information.  

 

The products described in this document may contain design defects or errors known as errata which may cause the product to deviate 

from published specifications. Current characterized errata are available on request.  

 

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.  

 

Copies of documents which have an order number and are referenced in this document, or other Intel literature, may be obtained by 

calling 1-800-548-4725, or go to:  http://www.intel.com/design/literature.htm 

Copyright © 2011 Intel Corporation.  All rights reserved 
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