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Motivation

Energy-aware design, sometimes called energy-efficient design, is the design 
of a system to meet a given performance constraint with the minimum energy 
consumption.

• Critical in battery-operated devices.

• Critical in terms of cost (computer centers). 

• Critical since energy is converted into heat.



How

• Algorithm: scheduling, power-down strategies

• Data management: memory-aware software optimization, routing protocol

• Architecture: instruction set selection, dynamic voltage and frequency scaling 

• Virtualization: power saving of corporate data centers

• Circuit: device sizing, exploiting of transistor stacking to reduce leakage power



How

• Algorithm: scheduling, power-down strategies

• Data management: memory-aware software optimization, routing protocol

• Architecture: instruction set selection, dynamic voltage and frequency scaling 

• Virtualization: power saving of corporate data centers

• Circuit: device sizing, exploiting of transistor stacking to reduce leakage power



Power down mechanism

A system in idle state can be transitioned to low power modes

The goal is to develop transition schedules minimizing energy consumption

Power down mechanism:

• Two states system

• Multiple states system



Power down mechanism: two states system
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Power down mechanism: two states system

Problem: determine when to transition to the sleep 
state in order to minimize energy consumption.
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Power down mechanism: multiple states system
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Circuits to reduce dynamic power

• Psw average switch power consumption

• α probability of output switch

• CL load capacitance 

• ƒ clock frequency

• Vdd operating voltage

Psw = ½αCLVdd2ƒ



Circuits to reduce dynamic power
• Clock Gating

• Dual Vdd: Vddh and Vddl

• Vddl used for gates that not affect the overall circuit speed

• Gate placement restricted (increase area and wire length)

• Level conversion

• Selection Vddl:Vddh is typically mandated by technology
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Fig. 2.10 Clock distribution
network

Fig. 2.11 Clock gating: (a) concept and (b) implementation

1 to 0 and back to 1, for a short period of time) while CLK = 1 makes the flip-
flops capture their inputs when they are not supposed to. This is resolved by us-
ing a negative sensitive latch, as shown in Fig. 2.11(b). When CLK = 1, the latch
is opaque and thus blocks any hazard from clock gating logic. The latch together
with an AND gate are typically called a clock gating cell. Note that a positive
sensitive latch and an OR gate are used if the flip-flops are falling edge triggered
ones.

From the designer’s perspective, the challenge is to design the clock gating logic
such that flip-flops are gated as often as possible while the gating logic is kept small.
This is done either manually by human designers or automatically by CAD tools.
A generic form of digital circuit consists of a data path and controller, as illustrated
in Fig. 2.12. Designers should know when each functional unit is idle from a sched-
uled data flow description, which could guide them to design clock gating logic.
The controller is typically modeled as a finite state machine (FSM) such as the one
shown in Fig. 2.12; self-loops associated with states A and B correspond to the mo-
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Dynamic voltage and frequency scaling

• Vdd operating voltage

• Vth threshold voltage

• α is a measure of velocity saturation (1 ≤ α ≤ 2)
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Table 3.1 Supported
performance states for the
Intel Pentium M processor [9]

Frequency Voltage

1.6 GHz 1.484 V

1.4 GHZ 1.420 V

1.2 GHz 1.276 V

1.0 GHz 1.164 V

800 MHz 1.036 V

600 MHz 0.956 V

Fig. 3.6 Concept of dynamic
voltage and frequency scaling
(DVFS)

on a processor, temperature, etc., based on the following relationship of dynamic
power consumption, Pdyn, with respect to supply voltage, Vdd, and frequency, f :

Pdyn ∝ V 2
ddf (3.16)

As shown in (3.16), dynamic power consumption decreases quadratically with
supply voltage, Vdd, and linearly with frequency, f . Thus, we can reduce the power
consumption by adapting the voltage and frequency level according to the required
performance of the processor. When performance demand is low, we can obtain a
substantial power reduction by lowering the clock frequency along with the supply
voltage to deliver minimum power consumption at the required frequency level.
The relationship between supply voltage and operating frequency is modeled as
follows [8]:

f ∝ (Vdd − Vth)
α

Vdd
(3.17)

where Vth is the threshold voltage and α is a measure of velocity saturation whose
value range is 1 ≤ α ≤ 2. Assuming that Vdd >> Vth and α $ 2, we can approximate
the minimum supply voltage to be proportional to the required frequency level, i.e.,
Vdd ∼ f .

The supply voltage scaling in accordance with the frequency allows us to reduce
dynamic power consumption in a cubic manner by lowering the required frequency
level, i.e., Pdyn ∝ f 3. Table 3.1 shows the supported pairs of voltage and frequency
levels in the Intel Pentium M processor [9].

Figure 3.6 illustrates how we set the frequency level on a processor, where the
x- and y-axes represent time and frequency, respectively. Let us assume that there
is a task running on a processor which must be finished by its time deadline, tR, and
is completed at half of its deadline, tR/2, when it runs with maximum frequency
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Open problems & Hot topics

• Establishing metrics for assessing the energy efficiency of algorithms

• Estimation of the overhead caused by use of energy-aware algorithm 

• Data aware computation

• Design of sub Landauer-limit logic gate and architecture

• Design of noise tolerant algorithms



Thank you!


