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Abstract—It is important to thoroughly reduce energy consump-
tion for IoT systems.  Normally-Off is a way of computing which 
aggressively powers off components of computer systems when 
they need not to operate.  Recently, new non-volatile memories 
(NVMs) have appeared.  We introduce normally-off computing 
using these NVMs.  As NVMs can maintain data without power 
supply, we can fully take the chances of energy reduction.  To 
understand their characteristics and to manage temporal and 
special granularities are keys for normally-off IoT systems.  
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I.  INTRODUCTION  

A. Background 
It is indispensable for sustainable information society to re-

duce power consumption of IoT systems. It is expected that 
more than trillion sensors exist in 2017[1]. As power consump-
tion of VLSIs dominates significant part of total power con-
sumption, low-power techniques of VLSIs are highly required. 
The power consumption is classified into dynamic and static 
power. The former is caused by switching activities of transis-
tors and essentially consumed by computing. On the other hand, 
the latter is caused by leakage current and always consumed 
whenever power is supplied. As technology improves, static 
power increases more rapidly than dynamic power [2], and 
now it gets comparable to dynamic power consumption. As 
static power is consumed without any contribution to compu-
ting, its reduction is strongly required. 

A wide variety of power reduction techniques have been 
proposed and realized, including clock gating, DVFS, power 
gating and so on. All these techniques trade performance and 
power and provide a knob that can adjust the trade-off point. If 
there exist components which are not bottlenecks in perfor-
mance, they should be turned into low performance but low 
power mode by the knob. 

B. Limitation of Power Gating 
Power gating (PG) is a promising way to reduce static pow-

er and widely used. In modern IoT systems, all the components 
have computational logic to realize sophisticated information 
processing.  However, they need not work all the time. Based 
on this observation, there exist many chances for PG. So far, 
power gating is applied in coarse manner. Especially its tem-
poral granularity is quite coarse. Recently, however, fine-grain 
power gating receives much attention because finer granularity 

increases the chances of PG. For example, Geyser-3 [3], which 
is MIPS compatible microprocessors, implements fine-grained 
run-time PG. In this processor, PG is applied to function units 
(FUs). Each FU can be powered on and off instruction by in-
struction.  

 

Figure 1.  Conventional power managements and Normally-off computing 

However, there remain problems to be solved for further 
power reduction by fine-grain power gating. Currently, volatile 
memories such as SRAM or DRAM are used in traditional 
VLSIs. When power is simply turned off, contents or values in 
the volatile memories are lost. Then, systems cannot resume 
computation. To avoid this problem, existing power manage-
ment save/restore the contents to/from an external non-volatile 
storage such as FLASH memory for every power gating cycle 
(Fig. 1-(A)). The power and the performance overheads for 
save and restore decrease its effectiveness. 

C. Emerging Technology: Non-volatile Memory 
Recently, new generation non-volatile memories with new 

materials such as STT-MRAM get available. These non-
volatile memories are more than 1,000x faster than conven-
tional non-volatile memory such as FLASH memory. Their 
access speed is comparable to that of SRAM or 
DRAM.Therefore, it is strongly expected to replace the on-chip 
SRAM and DRAM. 

D. Objective of Normally-Off Computing 
Normally-Off is a way of computing which aggressively 

powers off components of computer systems when they need 
not to operate. The new generation non-volatile memories are 
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very fast and keep its contents without power supply. Thus, by 
making use of these memories, very fine-grain power control, 
that is normally-off computing, would become available (Fig. 
1-(B)). 

II. NORMALLY-OFF COMPUTING FOR IOT SYSTEMS 
To realize the normally-off computing, the most important 

problems to be solved are an organization of IoT systems with 
non-volatile memory and an optimization of the power man-
agement dedicated to this system. 

A. Granularity Management 
The principle of the next-generation nonvolatile memory is 

not based on capacitive phenomena, which is completely dif-
ferent from conventional volatile memory. Generally speaking, 
their leakage power is drastically reduced, but required energy 
for access, especially for write access, is higher compared with 
capacitive volatile memory. 

Therefore, to replace the volatile memory with the nonvola-
tile memory and to apply fine-grain power gating, the Break 
Even Time (BET) must be considered. Volatile memory con-
sumes fairly large leakage power at all the time, but its access 
energy is small. Non-volatile memory, however, consumes 
large energy when accessed though its leakage power is almost 
zero. Meanwhile, power gating drastically reduces static power, 
but additional transition energy overhead is required. Therefore, 
there exists a certain time interval between two consecutive 
accesses or power gating where the increased energy gets equal 
to the reduced leakage energy. The length of this time interval 
is defined in Break Even Time or BET.  

Therefore, in order to reduce the total power consumption, 
it is indispensable to control the access frequency and keep the 
access or the power gating interval longer than the BET. For 
non-volatile memories, the BETs of them differ depending on 
their physical mechanisms, and are not the same for read ac-
cess and write access. Thus, the access interval, or the temporal 
granularity of memory accesses, should be carefully controlled 
by memory access scheduling. For power gating, activity man-
agement is key, but it is not easy to predict the length of idle 
period and/or to manage temporal activity. These optimizations 
on temporal granularity are hard problems and cannot be 
solved without cooperation between algorithm, OS, compiler, 
architecture, circuit and device. 

B. Co-optimization of IoT Systems 
IoT systems consist of sensors, sensor network, servers and 

end users as shown in Fig. 2. Each component has different 
property of activity and interacts with neighbor components. 
Sensors periodically measure dedicated environment data. 
Then collected data is transferred to servers via sensor network 
and processed. Finally, results are provided to end users. Re-
quests from the end users will arrive on demand. 

In this system, there are large possibilities to control granu-
larities thorough multiple layers. In general, an optimization in 
a layer may change optimal management in neighbor layers. 
For example, some sensing data can be merged and transferred 
at the same time, then the activity of the sensor network will be 

changed. Task scheduling in the servers is also important for 
granularity management. Therefore, it is important to under-
stand their interactions when an optimization is applied. To 
reduce total energy consumption, careful co-optimization based 
on granularity management is key. 

 

Figure 2.  Layers in IoT Systems 

III. CONCLUSION 
Low power technologies of IoT systems are indispensable 

for the forthcoming sustainable and sophisticated information 
society. Normally-off computing is one of the promising ways 
to achieve this goal. In this paper, we described its expectation 
and challenges. In this normally-off computing project, we 
attempt to find the best way to make full use of the new genera-
tion non-volatile memories.  

Meanwhile, it will not effectively lead to power reduction 
without careful considerations because of two major problems 
or challenges, that is, system design and granularity manage-
ment. To solve this problem, cooperation and co-optimization 
of different design layers, including algorithms, OS, compiler, 
architecture, circuit and device, are definitely required. The 
viewpoint of “computing technology,” that is the technology 
how to make full use of the attractive property is essentially 
important. 
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