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Abstract 

Power and thermal are major constraints for delivering compute performance in high-end CPU and are expected to be so in 

the future. For high end processors, junction temperature has been considered the toughest physical constraint that needs to 

be tightly managed. Recent trends in form-factors and the increased focus on thin and light systems such as Ultra Book, tablet 

computers and smartphones, shift the challenge away from junction temperature. Ergonomic thermal considerations and power 

delivery are becoming the limiters for delivering high computational performance density and need to be managed and 

controlled. In this paper we describe the major physical constraints, design considerations and modern power and thermal 

management techniques and demonstrate them on an Intel Core(tm) i7 system. 

 

1 Instruction 

Continuous advances in process technology allows for the 

integration of an ever increasing number of transistors onto a 

single die.  Moors law is expected to deliver even higher 

transistor density for the foreseeable future. This increased 

transistor density enables integrating CPU cores, graphics 

engines, memory controllers and other platform components 

into modern SoC (System on a Chip) dies.  For the last few 

process generations however, the process technology do not 

deliver power and energy improvements. A modern CPU 

contains over a billion transistors, on a single monolithic die.  

This increase in transistor count and integration of platform 

components into a monolithic die, together with the increase 

in core frequency introduce demanding power and energy 

challenges.  Recent market trends toward smaller, thinner and 

lighter form factors such as Tablet computers and 

Ultrabook™ drive the power and thermal envelopes of 

computer systems further down. More focus is put on the 

various aspects of user experience, including responsiveness 

to user interaction and GUI operations, sustained general 

purpose compute, rich graphics and media content and 

ergonomic considerations. Most modern computer systems 

cannot sustain all the system on a chip components operating 

at their highest power-performance state, all the time. Power 

management has become the primary mechanism to 

maximize user experience within multiple system constraints. 

Power management features are designed to provide the 

maximum performance that is possible within the package 

and system physical constrains when needed, while 

consuming very low power and energy when full 

performance is not needed.  In this paper we will describe the 

various constraints of a modern system, evaluate power 

management techniques and their power performance 

benefits and evaluate the performance gain achieved by 

managing power and performance within these constraints. 

2 System physical constraints 

Computer power management attempt to maximize the user 

experience under multiple system constraints. The user 

experience may have various attributes:  

• Throughput performance – sustained computational for a 

long period of time, either general purpose compute, 

graphics and media, audio etc. User may have preference 

between various computational engines on a single die. 

• Responsiveness – burst performance while executing user 

interactive actions.  

• Battery life and energy bills – active and idle energy 

consumption. 

• Ergonomics - acoustic noise, skin and outlet air 

temperature etc. 

To meet user preferences, the power-management algorithms 

optimize around the following physical constraints: 

• Silicon capabilities – Voltage and frequency, reliability 

limitation, current consumption etc. 

• System thermo mechanical capabilities – the ability to 

extract heat from the die junction and the box to the 

ambient. 

• Power-delivery capabilities – Voltage regulator, battery 

and power supply drive capabilities. 

• Software and operating system quality of service 

requirements 

2.1 Thermal limitations 

Junction temperature and the ability to cool the die have been 

considered in the past to be the primary limiter for delivering 

high performance computation [1]. Fig. 1a describes the 

classical model that has been considered in computer cooling 
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3 Evaluation of power and thermally 

constrained computer performance 
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3.1 Sustained power management 
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3.2 Instantaneous power bursts 
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3.3 Balancing power budget of on SoC computation 

engines 
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3.4 Dynamic thermal analysis 
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3.5 Enclosure skin temperature limit analysis 
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3.6 Power delivery and reliability limits 
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4 Summary and conclusions 
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