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Abstract

Background network communication is an important feature for ap-
plications running on smartphone devices. When using the network
component on a smartphone, only a portion of the time that the com-
ponent is awake is used for the transfer. The rest of the time when the
component uses energy is known as tail energy. Tail energy can make
up for a majority of the battery used for network communication. One
approach to lower the overhead energy is to batch transfers instead of
running them separately. Another way is to limit network access for
applications who use it too often from the background.
This thesis investigates improvements in Android from version 4.4 to
5.0 and 7.0 and the scheduling APIs AlarmManager and JobScheduler
in how they handle background work. The two factors investigated
are how well it batches pending tasks and how often applications in
the background are allowed to access the network. The results show an
advantage to JobScheduler over AlarmManager in how well it batches
background work as well as an advantage to newer versions of An-
droid over older. The results suggest an impact from tail energy and
that it could be relevant to batch background work.
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Sammanfattning

Nätverkskommunikation i bakgrunden är en viktig funktionalitet för
smartphone-applikationer. När nätverksmodulen på en smartphone
används så går enbart en del av tiden som den är igång åt till kom-
munikationen. Resten av tiden när enheten använder energi kallas för
”tail energy”. ”Tail energy” kan utgöra en majoritet av energin som
går åt till nätverkskommunikation. En metod för att minska den ener-
giåtgången är att gruppera nätverksanrop för att minska den totala
mängden overhead-energi. Ett annat sätt är att begränsa åtkomsten till
nätverk för applikationer som använder det för ofta från bakgrunden.
Den här rapporten undersöker förbättringar i Android från version 4.4
till 5.0 och 7.0 samt schemaläggnings-APIerna AlarmManager och Job-
Scheduler sett till hur de hanterar bakgrundsarbete. De två faktorerna
som avsågs var hur väl de grupperar anrop och hur ofta applikationer
tilläts använda nätverksresurser från bakgrunden. Resultaten visar en
fördel för JobScheduler över AlarmManager sett till hur väl de grup-
perar bakgrundsarbete. De visar även en fördel för nyare versioner av
Android över äldre. Resultaten implicerar en påverkan av ”tail ener-
gy” och påvisar att det kan vara relevant att gruppera bakgrundsarbe-
te.



Contents

1 Introduction 1
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Research Question . . . . . . . . . . . . . . . . . . . . . . 2

2 Theory 3
2.1 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.1.1 Dynamic voltage and frequency scaling . . . . . . 3
2.1.2 Heterogeneous architecture and dynamic power

management . . . . . . . . . . . . . . . . . . . . . 4
2.1.3 Tail energy in network communication . . . . . . 6
2.1.4 Energy saving through scheduling . . . . . . . . . 8

2.2 Android . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.2.1 Android versions . . . . . . . . . . . . . . . . . . . 13
2.2.2 APIs for background tasks . . . . . . . . . . . . . . 13
2.2.3 Doze mode . . . . . . . . . . . . . . . . . . . . . . 14
2.2.4 Battery historian . . . . . . . . . . . . . . . . . . . 15
2.2.5 App development . . . . . . . . . . . . . . . . . . 15

3 Method 16
3.1 Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.2 The background work . . . . . . . . . . . . . . . . . . . . 17
3.3 Background noise . . . . . . . . . . . . . . . . . . . . . . . 18
3.4 Logging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.5 Simultaneous applications . . . . . . . . . . . . . . . . . . 19

3.5.1 The applications . . . . . . . . . . . . . . . . . . . 20
3.5.2 Scheduling setup . . . . . . . . . . . . . . . . . . . 20
3.5.3 Comparing . . . . . . . . . . . . . . . . . . . . . . 22
3.5.4 Battery usage . . . . . . . . . . . . . . . . . . . . . 22
3.5.5 Battery historian . . . . . . . . . . . . . . . . . . . 24

v



vi CONTENTS

3.6 Misbehaving application . . . . . . . . . . . . . . . . . . . 25
3.7 Busy application . . . . . . . . . . . . . . . . . . . . . . . . 26
3.8 User device . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4 Result 28
4.1 Simultaneous applications . . . . . . . . . . . . . . . . . . 28

4.1.1 Android 4.4 . . . . . . . . . . . . . . . . . . . . . . 28
4.1.2 Android 5.0, JobScheduler . . . . . . . . . . . . . . 32
4.1.3 Android 5.0, AlarmManager . . . . . . . . . . . . 34
4.1.4 Android 7.0 . . . . . . . . . . . . . . . . . . . . . . 37
4.1.5 Comparison . . . . . . . . . . . . . . . . . . . . . . 42
4.1.6 Battery usage . . . . . . . . . . . . . . . . . . . . . 44
4.1.7 Android 5.1 on Nexus 6 using 3G . . . . . . . . . . 48

4.2 Aggressive application . . . . . . . . . . . . . . . . . . . . 50
4.2.1 Periodic . . . . . . . . . . . . . . . . . . . . . . . . 50
4.2.2 Fire-once . . . . . . . . . . . . . . . . . . . . . . . . 52

4.3 Busy application . . . . . . . . . . . . . . . . . . . . . . . . 53
4.4 User device . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

5 Discussion 57
5.1 Sources of error . . . . . . . . . . . . . . . . . . . . . . . . 57
5.2 Android versions . . . . . . . . . . . . . . . . . . . . . . . 58
5.3 Network timeouts . . . . . . . . . . . . . . . . . . . . . . . 59
5.4 Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
5.5 JobScheduler and Flex time . . . . . . . . . . . . . . . . . 60
5.6 Simultaneous applications . . . . . . . . . . . . . . . . . . 61

5.6.1 Time between events, deviation . . . . . . . . . . . 62
5.6.2 Shortest time between two startups . . . . . . . . 62

5.7 Misbehaving applications . . . . . . . . . . . . . . . . . . 63
5.8 Busy application . . . . . . . . . . . . . . . . . . . . . . . . 63
5.9 Doze mode . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
5.10 Battery usage . . . . . . . . . . . . . . . . . . . . . . . . . 64

5.10.1 Battery historian . . . . . . . . . . . . . . . . . . . 64
5.10.2 Battery levels . . . . . . . . . . . . . . . . . . . . . 65

5.11 User device . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.12 Sustainable Development and ethical aspects . . . . . . . 70

6 Conclusions 72
6.1 Research question . . . . . . . . . . . . . . . . . . . . . . . 73
6.2 Future work . . . . . . . . . . . . . . . . . . . . . . . . . . 73



CONTENTS vii

Bibliography 76





Chapter 1

Introduction

This chapter of the report includes a background to the topic and the
research question for this thesis.

This thesis aims to evaluate how far Android has come from ver-
sion 4.4 to 7.0 in handling overly aggressive component usage and
overhead energy.

1.1 Background

Smartphones rapid takeover of the cell phone market has led to 3.9
billion subscriptions in 2016 according to Ericsson’s mobility report
from the same year [1]. The same report states an expected growth of
smartphone subscriptions to 6.8 billion in the 6 years to follow, which
would mean a growth of 76% by 2022. Smartphones also overtook the
PC market in number of units sold in 2011 [2].

Among mobile operating systems Android has a clear majority of
the market, with around 70% of the market when considering Internet
use [3] and above 80% of the market considering units shipped [4].

With 65 billion cumulative downloads from the Google play store
[5] and the number of subscriptions, it is clear that smartphones con-
stitute a considerable amount of user value. Being mobile devices, bat-
tery forms a limitation due to their limited weight and size [6]. Energy
densities in Lithium-ION batteries increase on average 5% each year
[7], meaning a doubled capacity roughly every 15 years.

1



2 CHAPTER 1. INTRODUCTION

Inefficient application design and bugs can lead to an excessive bat-
tery drain from applications [8, 9]. When such applications are run-
ning in the background, it can be difficult for a user to be aware of
their impact. Overly aggressive usage of components with high rates
of low intensive work can lead to unintended large overheads energy
wise [10, 11, 8]. Examples of such behavior could be an application
querying a server at a higher rate than necessary. This leads to an
overhead energy-wise; the network component is awake for a longer
time than the time required for one network request. Previous work
has researched systems acting alongside of Android or replacing it to
repel bugs and overly aggressive behavior from applications [12, 13,
14].

In recent versions of Android, there has been focus on improving
battery life and behavior of background work. In Android version 5.0
a new API, JobScheduler, was introduced that aimed to help devel-
opers to schedule background work, such as syncing to servers. In
comparison with the older API AlarmManager, JobScheduler makes
it easier for developers to set certain preconditions that they want to
apply, such as access to an unmetered network or that the device is
charging. The JobScheduler API also gives the operating system more
freedom do choose when the work should be executed. In Android
version 6.0 Doze mode was introduced that activates when the device
is idle with the screen turned off. In Doze mode, certain APIs events
are deferred to allow the device to sleep undisturbed in order to con-
sume less power.

1.2 Research Question

• How has the behavior of background work scheduling in An-
droid changed with the introduction of the JobScheduler API and
Doze mode?

• What are the effects from the changed scheduling behavior from
a battery usage perspective?



Chapter 2

Theory

This chapter presents relevant theory for battery saving in mobile de-
vices, as well as relevant APIs in Android.

2.1 Related Work

This section presents a number of different methods for reducing the
energy usage of a smartphone.

The two main factors are:

• components use less energy when they are in a sleeping state,

• there is overhead energy spent when switching between states.

2.1.1 Dynamic voltage and frequency scaling

Dynamic Voltage and Frequency Scaling (DVFS) is a method to reduce
the energy consumption of the CPU. DVFS changes the running fre-
quency of the CPU to reduce its power consumption. This is done dy-
namically to adapt to the current workload to reduce power consump-
tion when performance is not critical. When the operating frequency
of the CPU is lowered the voltage can be lowered as well, leading to a
reduction in power consumption.

According to Kim et al. [15] the formula for power consumption in
a CPU can be modeled as follows:

3



4 CHAPTER 2. THEORY

P = ACV

2
f + V Ileak (2.1)

Where A is the fraction of gates actively switching, C is the total
capacitance load of all gates, V the voltage, f the operating frequency
and Ileak is the leakage of the chip.
It is clear from the formula that reducing the supplied voltage of the
CPU has the largest impact on the power draw due to its quadratic
relationship. Kim et al. [15] also states that by halving the voltage, the
power draw is decreased by a factor of four while the possible operat-
ing frequency is reduced by a factor of two. This shows the relation-
ship between performance and power draw.
The first part of the formula is the dynamic power lost from charg-
ing and discharging the processors capacitive loads, having the CPU
running. The second term is called the static power that is lost due to
leakage current [15]. The proportion of the static power consumption
increases with more advanced manufacturing processes. According to
ARM R� Cortex R�-A Series Version: 4.0 Programmer’s Guide for Cortex-A
series [16] it becomes a larger factor on fabrication geometrics of 130nm
and below.
Le Sueur and Heiser [17] writes that as transistors reach 32nm static
power reaches or exceeds dynamic power. This is partly because the
required voltage for full speed has been reduced to 1.1-1.4V and there
is a threshold at 0.7V for silicon transistors. DVFS still has a role to
play as running at a lower voltage has a linear relationship to static
energy. This can be utilized while the device is awake but not doing
any work in the foreground. Le Sueur and Heiser [17] does, however,
state that the potential to save energy via DVFS has become limited,
and among other factors describes the more efficient sleep modes as a
factor that can reduce energy use more than DVFS alone.

2.1.2 Heterogeneous architecture and dynamic power
management

Heterogeneous architecture means combining different processing ca-
pabilities. One example of a heterogeneous architecture, introduced in
2011, is Arm’s big.LITTLE architecture. The big.LITTLE architecture
combines higher performing CPU cores with lower performing ones
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[18, 19]. It is parted in two, with equal amounts of high performing as
low performing cores and distributes work over these two clusters de-
pending on the performance requirement. The benefits of this division
are that while the lower performing cores deliver around half of the
performance of the higher performing ones, they are up to 3.8 times
more efficient energy-wise [19]. This makes it possible to deliver high
performance when required, and high efficiency when performance is
not crucial.
When the higher performing cores are not being used they can be
turned off and thus consume minimum power [18], relating well to
the conclusion by Le Sueur and Heiser [17]. Powering off components
when they are not being used is called Dynamic Power Management
(DPM) [20]. Li and Mishra [21] writes that the overhead for DPM re-
garding CPU cores is lower than that of migrating work to a new clus-
ter in a big.LITTLE architecture. Greenhalgh [19] also mentions this,
that the overhead that exists to migrate tasks between the two clusters
is an important consideration with big.LITTLE.

Li and Mishra [21] confirms that there exists an overhead in bring-
ing back cores online that were turned off. In their work, Li and Mishra
[21] evaluate a balance between the number of operating cores and fre-
quency considering power draw and performance from a user experi-
ence perspective. Their goal is to consume as little power as possible
while delivering enough performance for users not to experience any
problems, to evaluate what gains that are available through CPU gov-
erning. They manage to use up to 25% less energy than the default
Android scheduler while maintaining user experience, showing the
importance of proper use of hardware components.

The work by Lukefahr et al. [22] relates to that of Li and Mishra [21].
Lukefahr et al. [22] evaluate the role DVFS and heterogeneous microar-
chitecture has with regard to each other. Their goal is to find an opti-
mal relationship between distribution of cores(big/little), the comple-
tion time for a unit of work, and the energy consumption. Their work
shows great advantages to using ARMs big.LITTLE architecture over
DVFS and even greater power saving capabilities when combined.
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2.1.3 Tail energy in network communication

Tail energy is the name for the energy spent in a high power state af-
ter an activity is finished and the component waits before it returns to
its idle state [11]. The behavior can be found in several components
[11], one of which, where extensive research has been done, is the ra-
dio component of mobile devices using 3G and 4G [11, 10, 23, 24].

There are different power states of radios in mobile devices. Bala-
subramanian, Balasubramanian, and Venkataramani [11] describe three
different states for 3G: Dedicated channel (DCH), Forward access chan-
nel (FACH), and Idle. Könönen and Pääkkönen [25] and Vergara and
Nadjm-Tehrani [14] describes four states, adding a paging channel
(PCH). In 4G, Huang et al. [26] describes two states that they call
RCC_IDLE and RCC_CONNECTED. Below is an explanation of tail
energy using the three states as described by Balasubramanian, Bal-
asubramanian, and Venkataramani [11]. The power consumption is
similar between PCH and idle [14].

Figure 2.1: Image from Balasubramanian, Balasubramanian, and
Venkataramani [11], visualizing the different states and energy spent
during a transfer.

When network communication is initiated (with enough data to
reach a threshold, more on that in section 2.1.4) the radio moves with
some ramp from its idle state to DCH, the high power state, for the
transaction. After handling the data in the DCH state it continues in
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that state until an inactivity timer has expired. After that, it moves
to the lower power state FACH where it stays until another inactivity
timer expires [25, 14]. The energy spent when waiting for these inac-
tivity timers is the tail energy. The states and the energy spent can be
seen in Figure 2.1.

Figure 2.2: Illustration of the energy spent in different network states

Figure 2.2 illustrates the energy of different network states as de-
scribed in [25, 11, 26, 14]. From 0-2 seconds is the idle state, at 2 sec-
onds it enters the FACH state before entering the DCH state at 3 sec-
onds and stays there until the 9-second mark where it returns to the
FACH state until it finally returns to idle at the 15-second mark. Here
the transaction of data could have occurred during the 5 seconds be-
tween 3 and 8, then waited for a timeout until 9 seconds and from there
wait until 15 seconds for the next timeout. In this illustration, the tail
energy would account for around 40% of the total energy, but it is de-
pendent on the transmission size. Pathak, Hu, and Zhang [10] shows
an example where almost 60% of the total energy is overhead, and Bal-
asubramanian, Balasubramanian, and Venkataramani [11] states that
the tail energy can cause a 60% energy overhead alone.

The reason for the inactivity timers is an energy versus perfor-
mance trade-off, and the length of the timers has been researched by
Chuah, Luo, and Zhang [23] and Lee, Yeh, and Chen [24]. During the
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tail, the radio component can return to the DCH state faster than from
idle in case of more traffic which could be likely depending on the
usage pattern. In that case, it can respond faster to the user.

Chuah, Luo, and Zhang [23] concludes that a timeout of some-
where between 10-15s is a good trade-off between response time and
power saving. Lee, Yeh, and Chen [24] concluded that an optimal
timeout varied depending on the usage pattern.
Research has been done regarding possibilities to use the tail energy of
network transmissions to piggyback other transfers. Further informa-
tion about this research is presented in the next section.

2.1.4 Energy saving through scheduling

Tail energy

Könönen and Pääkkönen [25] researched tail energy and if it could be
useful in some other way. They managed to utilize the tail energy to
do low intensive work without strict deadlines that the system would
otherwise execute at a different time. Such work could be to check
for emails, news updates, weather information etc. By batching up
network jobs and thus minimizing the number of times the radio needs
to leave idle and lowering the overhead lead them to be able to reduce
the energy spent in the radio by up to 50%.

Calder and Marina [27] also writes that batch scheduling of net-
working from recurring background work is interesting to look at.
They define a model to get an overview of the potential energy sav-
ing from batching small groups of network work together. Following
is the model as described by Calder and Marina [27].

CR is the energy cost of the ramp.
CT is the energy cost of the tail.

C50K is the energy cost of a 50K transfer.

With the above notation total energy cost of n independent transfers
would accumulate to

n(CR + C50K + CT ) (2.2)

If the transfers are batched the accumulated cost of a transfers in b

batches would be described as
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b(CR + aC50K + CT ) (2.3)

Figure 2.3: Visualization of three different applications without and
with batched background work. Image taken from Calder and Marina
[27].

Calder and Marina [27] proceeds with comparing 9 transfers done
independently and batched in three groups, as seen in Figure 2.3, giv-
ing:

9CR + 9C50K + 9CT (2.4)

as well as
3CR + 9C50K + 3CT (2.5)

arguing that the former is clearly greater than the latter. Quantifying
the variables CR = 2.5J , C50K = 3J , and CT = 7.5J gives a total of
117J for equation 2.4 and 57J for equation 2.5, a reduction of 50% in
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energy consumption. The quantifications above relate well with Bal-
asubramanian, Balasubramanian, and Venkataramani [11], who mea-
sure around 20% each for ramp and transfer of the total energy con-
sumption and 60% for the tail.

Vergara and Nadjm-Tehrani [14] also researched batching network
jobs and discovered that aggregating the work creating a larger amount
of data to be sent at once could unnecessarily reach the data buffer
thresholds between a FACH-DCH transition. This causes the radio
component to enter the DCH state when it otherwise would have re-
mained in the FACH state. In an experiment, they sent 7 packets of
100 bytes each with an interval of 300ms and compared it to aggre-
gating them before sending. The results were an increase in energy
consumption with 42% in the aggregated case. They propose an al-
gorithm called Cross-Layer Burst Buffering to take in consideration
both batching and avoiding the FACH-DCH transition threshold. San-
juan [28] implements the Cross-Layer Burst Buffering algorithm in a
kernel module in the Android operating system to control low-level
packet handling. They manage to achieve an energy saving of up to
59% with minimum overhead from the implementation. Rosen et al.
[8] distributed 20 Samsung galaxy SIII to people at their university and
measured data from them during a 2-year span. They concluded that
84% of network energy is spent on applications that are in the back-
ground. They also conclude that popular applications are working on
making their network usage better by making it sparser. Facebook as
an example used to update once every minute but has moved to only
updating once every five minutes and less frequent. They write about
how tail energy is an important part of network energy and that batch-
ing applications would be good, developers who use the network in
the background should try to batch it.

CPU

Legout, Jan, and Pautet [29] describes an approach to lower static en-
ergy through minimizing the number of switches from the idle state of
the CPU. They argue that as there exist penalties and delays to move
between operating states it is beneficial to minimize the number of
idle periods by aggregating work. It could also be beneficial to have to
medium length idle periods rather than one longer and one shorter.
Legout, Jan, and Pautet [29] describes a model with four variables
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to consider while switching between power states of the CPU: Break-
Even time (BET ), Instantaneous cost (Co), Transition delay (Td), and
Penalty consumption to come back from a state (P ). BETs is the time
that the CPU must remain in a power state s without losing more
power from switching to it. Cos is the instantaneous cost to be in s.
Tds is the time delay to switch from a lower state s to a higher state.
Pens is the energy penalty to come back from a power state s. With
reference to Awan and Petters [30], Legout, Jan, and Pautet [29] calcu-
late Pens as a average between the power consumption between the
two states that the switch occur with Tds in consideration.

Pens =
1

2
⇥ Tds ⇥ (Cons � Cos)

Cons in the formula is interpreted as the state that they move to from
s. In their example, they do, however, assume an immediate transition
to a low power state if the time spent in it before having to leave it
again is higher than the BET . This seems to be assuming knowledge
of the future rather than using BET as a timeout value before entering
the low power state. This makes it difficult to see the gains in having
two middle length idle periods rather than a longer and a smaller. If
the transitions to idle were immediate then the difference would be
zero as an equal amount of time is spent in idle and an equal amount
of transitions occurs. Their first argument is, however, sound, min-
imizing the number of idle periods considering the penalty to move
between states should reduce energy consumption. We can relate to
formula (2.2) as well as (2.3) and consider CR and CT penalties for
state transitions.

A more complex model where the overhead of switching between
and across several power states is described by Park et al. [31]. Their
conclusions are that switching between power states could account for
0.4% to 1.6% overhead for CPU work.

Application design

Pathak, Hu, and Zhang [9] defines energy bugs (ebugs) as "an error in
the system (application, OS, hardware, firmware, external conditions
or combination) that causes an unexpected amount of high energy con-
sumption by the system as a whole.". They argue that such bugs are
increasing in importance, pointing out that 70% of returned Motorola
Android phones were returned due to ebugs [9, 32]. An example of
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an ebug could be to not release a wake lock (A functionality in An-
droid to keep the device awake [33]) after acquiring it and finishing
the intended work, disallowing the phone to enter its idle mode. An-
other could be a too aggressive usage of the network component, not
considering the significant overhead to small data sizes in network
communication as described in subsection 2.1.3. The nature of ebugs
differ from other bugs in the sense that the device continues to op-
erate normally, providing the functionality that it usually does with-
out crashing. The difference is that it does it with an unexpectedly
large consumption of energy [9]. Martins, Cappos, and Fonseca [12]
attempt to solve the problem by selectively taming background ap-
plications, disallowing them runtime if they discover an exaggerated
background activity. They differ between bugs and overly aggressive
usage of components; One unintended behavior from the developers
and one intended. They develop an OS mechanism, Tamer, that can
block or rate limit the usage of resources for applications running in
the background to improve battery life [12].
Huang et al. [13] writes about the increasing number of applications
and the growing number of "immature applications" (young applica-
tions that need time to mature), describing a behavior similar to how
Pathak, Hu, and Zhang [9] describe ebugs. They call it Disruptive App
Behavior (DAB) and presents a modification of Android, defDroid, that
works to adjust applications behavior in the background. The adjust-
ments could as an example be enforcing back-off for continuous re-
tries and using a minimum pause for network communication, with-
out breaking the applications main functionality [13]. After releasing
the system to 185 real users they evaluate defDroids impact on 96 DAB
cases. They manage to show a significant reduction in resource usage
with a marginal impact for the users [13].

2.2 Android

Android is a mobile operating system developed by the the Open Hand-
set Alliance led by Google. Android has a dominating part of the mo-
bile operating system’s market with a majority of devices sold and in
use globally [34, 3].
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2.2.1 Android versions

This thesis studies Android versions 4.4 (Kitkat), 5.0 (Lollipop) and
7.0 (Nougat). In Android 5.0, Google introduces project Volta which
aimed at improving battery life for Android devices [35]. Among other
optimizations, they introduced a new API called JobScheduler [35].
In Android 7.0 Google made Doze mode (described in 2.2.3) more ag-
gressive, making a lighter version of Doze mode activate when the
display is turned off and the device is on the move, for an example
while traveling in a user’s pocket. This lighter variant applies a subset
of the restrictions of Doze mode when the device is stationary, which
remained similar as in Android 6.0 [36].

2.2.2 APIs for background tasks

Android presents different APIs that can be used to schedule back-
ground work. AlarmManager was the most used API for background
scheduling. Since the introduction of JobScheduler AlarmManager is
used when exact execution is required rather than general background
work.

AlarmManager

The information in this subsection is a summary from Android docu-
mentation [37]. AlarmManager was included in API level 1, meaning
that it was included in the first version of Android. It allows the de-
veloper to schedule their application to be run at some point in the fu-
ture, meaning that without their application running in the foreground
or background the application gets some runtime to do background
work. It could be used to check for new emails for an email applica-
tion as an example. The email application might not be running at all
times, but it can still be relevant for it to check for emails in the back-
ground and notify the user when there are new ones.
With Android version 4.4, the behavior of AlarmManager changed.
The alarm delivery (the scheduling) became inexact in order for the
device to be able to wake up less frequent to minimize battery use.
New interfaces were introduced for when the developer needed ex-
act delivery: setExact and setWindow. The first one defining an exact
execution time and the second one takes two time points defining a
window for the execution.
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This report uses setInexactRepeating() to schedule the background work.
According to documentation, the method is suitable for repeating back-
ground work that is not dependent on exact execution times.

JobScheduler

The information in this subsection is a summary from Android docu-
mentation [38].
JobScheduler was introduced in Android 5.0 and belongs to API level
21 and is from that version the preferred way to schedule background
work that does not need an exact execution time. Before scheduling
the work, a JobInfo object is created where the developer set which
conditions that should apply for the work. It includes access to an
unmetered network, if the device is charging, in which time window
during which the executions should occur. The framework will be "in-
telligent", as quoted from the documentation, regarding when the ap-
plication receives its callback and can perform its work, trying to defer
and batch up as much as possible.
The report uses the setPeriodic() method to schedule the background
task. As cited from its documentation [39]: "Specify that this job should
recur with the provided interval, not more than once per period. You
have no control over when within this interval this job will be exe-
cuted, only the guarantee that it will be executed at most once within
this interval."

2.2.3 Doze mode

The information in this subsection is a summary from Android doc-
umentation [40]. In Android 6.0 Google introduced a feature called
Doze. When the device is stationary with its screen off, the device en-
ters Doze mode where it attempts to keep the device in a sleep state.
The device wakes up periodically to resume normal operation, defer-
ring scheduled activities from the doze period to this maintenance
window. The maintenance windows occur less and less frequent ac-
cording to an exponential back-off.
Some APIs will wake up the device during Doze, such as AlarmMan-
agers setExactAndAllowWhileIdle(), but it is restricted to doing so
only once every 15 minutes during Doze periods to counteract a too
aggressive behavior [37].
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2.2.4 Battery historian

Battery historian is a Google developed tool for developers to analyze
the behavior of their applications. Android logs information about dif-
ferent sensors into a log-file that Battery historian summarizes. This
makes the tool interesting to use in this thesis. It is, however, only
available from Android version 5.0 and higher. A more detailed de-
scription can be found at the developer site [41, 42].

2.2.5 App development

App development is special because the developer has to keep in mind
that their software is going to run amongst other applications on a sys-
tem with very limited resources. This means sharing the available re-
sources and being able to halt their execution at any time when the
user switches focus. On a desktop or embedded system as two ex-
amples the resources are wither plentiful or not shared. This differ-
ence could be the cause immature and misbehaving applications that
Huang et al. [13] wrote about: That developers are not used to the new
mind set that the environment requires, causing younger applications
to contain ebugs.
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Method

This chapter presents which versions of Android and which APIs that
were used, how the synthetic applications were structured, and how
the evaluation was performed.

Five different synthetic applications were written for each platform
to simulate different kinds of behavior.
One application simulates overly aggressive component usage by do-
ing low intensive work with a high frequency, causing a substantial
amount of energy overhead related to the weight of the work. The
goal is to imitate a misbehaving application as described by Rosen et
al. [8], Pathak, Hu, and Zhang [9], and Huang et al. [13].
Three applications runs simultaneously and schedule repeating back-
ground work with different time periods, as inspired by the experi-
ments from Calder and Marina [27].
The fifth application schedules 100 events with ten seconds interval
from each other, so that there is one event scheduled at 10 seconds,
one at 20, the next at 30 and so on. This application will show how the
different versions of Android and APIs handle something chaotic.

3.1 Devices

Two different devices were used: one Nexus 6 and one Nexus 5. Nexus
devices were chosen because it is easy to find factory images for differ-
ent versions of Android for them. Since they are made by Google, they
also represent a reference device for Android. Two different devices
were chosen instead of one since no Nexus device has both Android

16
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4.4 and Android 7.0 available.
The following configurations were set up:

• Android 4.4, build number KRT16M, running on Nexus 5

• Android 5.0, build number LRX21O, running on Nexus 5

• Android 5.1, build number LMY47D, running on Nexus 6

• Android 7.0, build number NBD91P, running on Nexus 6

Each device had their respective image [43] installed before the test-
ing for a clean environment. The only applications installed apart from
the default ones were those written for this report.

3.2 The background work

Typical work for an application to perform in the background is to
fetch data from a server. This enables the application to present up-to-
date data and possibly notify the user that new data is available.

The background work in the applications used for the experiments
performs network communication.

At each time the background work is triggered timestamps are
saved to see when the work was triggered by the operating system.
The gathered data is written to a file for inspection to see that the calls
were successful.

The network communication was not performed in different ways
between the different Android versions. What differs is the way the
background work is Scheduled.

For practical reasons, the devices were connected to a WIFI net-
work rather than a 3 or 4G network. An assumption is made that this
does not affect the scheduling of the background work. 3G was, how-
ever, used in an attempt to better investigate the battery usage on the
Nexus 6 device. More about that in Section 3.5.4.
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More details about the background work are provided in section
3.5.1.

3.3 Background noise

It is important for the result to know if background work is batched
up. In order to get a clearer view, minimal noise from other back-
ground work is desirable. Since the applications written for this thesis
are the only applications installed except for default applications, the
noise originates from the OS and system services.

During the install phase of Android, no Google account was signed
in to and every request to participate with data was declined. These
steps were taken with the hopes of minimizing background noise. When
installing applications outside of the Google play store, the user is
prompted with a question to let Google scan such apps for insecure
behavior. This offer was declined for all devices.

Charles proxy

In order to get a complete view of the background work using the net-
work, a proxy software, Charles [44], was run on a laptop to tunnel
all traffic from the included devices. The traffic was analyzed to see
what factors that could influence the results from background work
not generated by the test set up by this report. A registered version of
Charles was provided from Bontouch.
The phone can be configured to use the proxy be entering wifi settings
-> modify network, and then setting up a manual proxy via instruc-
tions found in the Charles software.

3.4 Logging

Android logs some values by default in a bugreport-file that can be
accessed and analyzed through a Google developed tool called "Bat-
tery historian". What values that are available from Battery historian
differs between different versions of Android and is not officially sup-
ported for Android 4.4 and earlier versions, the summary presented
by Battery historian was shown to be very brief for Android 4.4. The
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bugreport file will, however, be gathered and analyzed for each device
and data gathering.
The applications log their background work with timestamps with
millisecond granularity. The results were later summarized using Google
sheets built-in charts to visualize the execution time of the background
work.
The following values were logged by the applications:

• the time between initiating the API call and callback,

• time since last background work,

• time to read files locally (to verify that it is not a large factor),

• battery level,

• temperature,

• voltage from the battery,

• and time in a readable format (Thur Apr 18 13:50:00 as an exam-
ple).

Battery temperature and voltage were logged in order to see if any
abnormalities occur during testing. The readable date is logged to en-
able easier verification when comparing to the Charles logged data.

The devices lie still and undisturbed during the entire data collec-
tion.

3.5 Simultaneous applications

Referring to Calder and Marina [27] to simulate several running ap-
plications with different intervals in background work in order to see
how well Android batches their work to decrease the effect of over-
head energy. Three different applications were written to simulate this
environment.

Each Android version uses the available method that gives the OS
most freedom in scheduling the event. Since a developer cannot know
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how other applications schedule their events, giving the OS more free-
dom should lead to more batching. Giving the OS more freedom should
be considered best practice when exact delivery is not crucial.

3.5.1 The applications

Twitter

Querying the Twitter API to perform a search for tweets mentioning
a specific user. The URL queried was the following: https://api.
twitter.com/1.1/search/tweets.json?q=%40realdonaltrump.
Information for how to use Twitter’s API can be found at [45].

Swedish Meteorological and Hydrological Institute, SMHI

Open API provides weather data for a specific location defined by lon-
gitude and latitude. More information can be found at [46].
The application requests weather data for Stockholm. The URL queried
was the following: http://opendata-download-metfcst.smhi.
se/api/category/pmp2g/version/2/geotype/point/lon/16/
lat/58/data.json.

International Space Station, ISS

Open API, query for next time the International Space Station will pass
above a location, within a 10 degree radius, defined by latitude and
longitude. More information can be found at [47].
The URL queried was the following: http://api.open-notify.
org/iss-pass.json?lat=59&lon=18&n=5&alt=20.

3.5.2 Scheduling setup

Android 4.4

Using AlarmManager’s setInexactRepeating-method and intervals of
2, 5, and 7 minutes. Each different application queries one of the above
APIs.

https://api.twitter.com/1.1/search/tweets.json?q=%40realdonaltrump
https://api.twitter.com/1.1/search/tweets.json?q=%40realdonaltrump
http://opendata-download-metfcst.smhi.se/api/category/pmp2g/version/2/geotype/point/lon/16/lat/58/data.json
http://opendata-download-metfcst.smhi.se/api/category/pmp2g/version/2/geotype/point/lon/16/lat/58/data.json
http://opendata-download-metfcst.smhi.se/api/category/pmp2g/version/2/geotype/point/lon/16/lat/58/data.json
http://api.open-notify.org/iss-pass.json?lat=59&lon=18&n=5&alt=20
http://api.open-notify.org/iss-pass.json?lat=59&lon=18&n=5&alt=20
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Android 5.0

Using JobScheduler method setPeriodic(long) to schedule events at 2,
5, and 7 minutes.
In order to distinguish between Android version and scheduling API,
Android 5.0 also used AlarmManager’s setInexactRepeating-method
with the same time intervals.

Android 7.0

JobScheduler on Android 7.0 does not allow time periods shorter than
15 minutes for a recurring event. To adapt to this the applications run-
ning in Android 7.0 uses a multiplier of 7.5 to turn 2 minutes to 15, 5
minutes to 37, and 7 minutes to 53. This gives the same periodic rela-
tionship between the scheduled events as on the other systems.
The only difference from the applications running on Android 5.0 is
the different time periods.
Android 7.0 also uses setPeriodic(long, long), where a flex time is specif-
ically set. More about this below.

Flex time

For the JobScheduler API, from Android 7.0, it is possible to set a flex
time for the periodic time. The flex time tells the operating system how
large window that is acceptable for the job to be scheduled within as
an offset from the target time. A periodic time of one hour and a flex
time of half an hour would mean that it is within expected behavior
for the job to occur anytime between 0h30m and 1h30m. [39]
The default value for flex time which applies when no flex time is
given is equal to the entire period. That means that it is expected be-
havior that an event scheduled for one hour from now, with no specific
flex given, to occur anywhere between immediately and in two hours.
Early tests showed the effects of this. When an event had fired and
called that it was done using jobFinished() it could fire again a few
milliseconds later. This is unwanted behavior as it provides no new
information and increases the amount of traffic to be handled by the
network. The method setPeriodic(period, flex) was introduced along
with Android 7.0. To avoid the double events, and use preferred meth-
ods, the tests on Android 7.0 was run with a 50% flex time.
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3.5.3 Comparing

The results are be compared by measuring how many times the net-
work adapter in the phone had to turn on in relation to how many
network calls were performed. The network module is be considered
to sleep after 13 seconds of inactivity, relating to Figure 2.1.
Formula:

NW

SE

(3.1)

Where NW is the number of Network Wake-ups and SE is the
number of Events. So if ten events occur causing the network mod-
ule to wake up at ten different occasions the result would be 1.0. If ten
events caused the network module to wake up five times due to batch-
ing, the result would be 0.5. A lower number indicates more batching
of events.

The results are also compared using the formula described by Calder
and Marina [27], formula (2.3).

b(CR + aC50K + CT ) (2.3 revisited)

To get comparable results, the first 100 network calls from each de-
vice are used for the results. Time constraints limited the number of
events to 100.
Due to difficulties to gather large amounts of events with Android 7.0,
only 30 events were analyzed for Android 7.0.

Each device ran the tests five times in order to present an average.

3.5.4 Battery usage

As mentioned, the battery level of each device is logged. A compari-
son between the two different devices (Nexus 5 and 6) that were used
would be complicated since the size and the age of the battery differs
along with all other hardware components.
A comparison on one of the devices might, however, be valuable. Mea-
suring energy usage via battery level is not the preferred way, due
to inaccuracies in the battery level estimations. Nexus 5 uses a fuel
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gauge based on voltage, and such estimations will suffer from inac-
curacies [48, 49, 50]. (Maxim integrated, who manufactures the fuel
gauges used in both Nexus 5 and 6, describes the fuel gauges as ac-
curate. There are, however, no promises as to how accurate they are
in the long term with an aging battery.) It is not clear how the inac-
curacies behave on the same hardware, meaning how two runs after
each other would compare. Among relative factors that affects the bat-
tery is temperature, so the devices were lying at a position where they
were only affected by room temperature and not other factors such as
the sun. Both recorded temperature and voltage is presented for the
different configurations.
To get an exact reading of spent energy for the entire system, special-
ized hardware such as a Monsoon device [51] is required. Such a de-
vice was not considered for this thesis results due to the extra cost. It
also requires access to the batteries of the devices, in other words that
the devices can be opened. This is not the case for most newer devices,
as they are often glued together. Both Nexus 5 and Nexus 6 are glued
to some extent.
One way to measure energy usage without specialized hardware used
by Martins, Cappos, and Fonseca [12] is to let the device go from full
charge to empty and measure time. The assumption is that this value
is more stable than looking at percentages of the reported battery level.
Trials to gather battery life time for the Nexus 5 devices suggested that
the battery was old as the results fluctuated substantially. Between
two runs the result differed with 100%, meaning that the battery life
time could double between two runs. Due to that reason, the simulta-
neous applications using AlarmManager and JobScheduler were run
on the Nexus 6 with Android 5.1, since the Nexus 6 device seemed to
provide a more stable prediction for battery levels. This is likely due
to a newer battery and an upgraded fuel gauge [52]. Android 5.1 was
installed rather than 5.0 due to the latter not being able to install on the
used Nexus 6 device for unknown reasons.

As stated above, the Nexus 5 device was left idle with no appli-
cations running other than OS and system services until the battery
reached zero. This was done with both Android 4.4 and 5.0 twice for
each configuration to get a view of how stable the results were. The de-
vices then ran the three simultaneous applications until they reached
zero battery, to see if any differences could be seen. The same results



24 CHAPTER 3. METHOD

was not repeated with the Nexus 6 device. Instead, the reported bat-
tery levels from running the applications for around 16 hours is pre-
sented. A SIM-card was also available for a short duration, making it
possible to use 3G with the Nexus 6 device in order to better relate to
theory.

In order to possibly confirm the theory regarding tail energy an-
other test was run on the Nexus 6 device. A new application was
written that based on the result from the simultaneous applications. It
performs as many network operations per hour as the three simultane-
ous applications combined, but without batching. That meaning that
if the simultaneous applications generated 10 events over the coarse
of 20 minutes, then this application would run one event every 120
seconds. The results showed that the simultaneous applications with
JobScheduler on the Nexus 6 device on average ran one event every
80 seconds. An application that performs as many network operations
but without batching should use more energy than the three simulta-
neous applications.

To further prove that tail energy has an impact on energy usage, an-
other application was also written that performs network operations
more frequently than every 80 seconds, but downloads less data. The
sought out experiment was to download less data, but fetch data more
frequent to see what the result would be when the network module
spends less or no time in idle mode. An application was written that
queries the ISS API, that used the least amount of data, once every 10
seconds.

3.5.5 Battery historian

The data provided by battery historian proved to be too coarse in most
cases to be useful for experiments. During the experiments with 3G it
could report the mobile radio component as not being active for hour
long periods when it evidently was active according to the logged
data.
Battery historian did, however, provide a way to get an overview of
the device to see if anything unexpected is happening in the back-
ground. For each test-run presented in the result, the respective bat-
tery historian overview was analyzed. The sensor value that seemed
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most detailed was the CPU runtime, which also proved a good indica-
tor of unexpected background work. For each result, the CPU runtime
is presented.
Battery Historian has a Table in its summary called "Device’s Esti-
mated Power" that provides an estimation of power usage in the de-
vice. According to Google’s documentation, the Table presents "an
extremely rough estimate and should not be considered experiment
data" [41]. Because of this statement, the Table was not used in the re-
sults. The Table could report some applications as using above 100%
of the power consumed. It was difficult to know how to use these val-
ues.
Battery historian was unfortunately unavailable for Android 4.4.

Battery historian was run locally using Docker as described by its
repository [53].

3.6 Misbehaving application

Huang et al. [13] distinguished between applications as intentionally
aggressive using resources or as unintentionally using resources. An
intentionally aggressive application was simulated that uses the net-
work once every minute. The application queries the Twitter API in
the same way that one of the simultaneous applications did.
As with the simultaneous applications, the misbehaving/aggressive
application uses best practice to schedule its events, giving more free-
dom to the OS.

The configurations are compared by counting how many times the
applications were allowed run time during one hour. The amount pre-
sented is an average of five test runs. The experiment is relevant as
this high frequency of querying is undesired for most applications.
Therefore it is interesting to see how using the scheduling methods
that gives the OS most freedom handles it.

Android 4.4

Using Alarmanager setInexactRepeating for one minute interval back-
ground work.
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Android 5.0

Using JobScheduler setPeriodic(long)-method for one minute inter-
vals.

Due to the limitations in Android 7.0 with a minimum period of 15
minutes, Android 5.0 also used fire-once alarms that schedule the next
event at the end of the previous one. This in order to see the differences
between Android 5.0 and 7.0.

Android 7.0

The setPeriodic(long) in Android 7.0 is restricted timewise and does
not allow any periods smaller than 15 minutes. To circumvent this,
the application targeting Android 7.0 uses both fire-once events and
periodic, for a total of two applications. The fire-once uses methods
setMinimumLatency and setOverrideDeadline instead of setPeriodic.

When using setPeriodic(1 minute), the following output is given
from Android:
“... W/JobInfo: Specified interval for 1 is +1m0s0ms. Clamped to
+15m0s0ms
... W/JobInfo: Specified flex for 1 is +1m0s0ms. Clamped to +5m0s0ms”
Meaning that the call setPeriodic(1 minute) becomes equal to a call to
setPerodic(15 minutes, 5 minutes), a 15 minute period with 5 minutes
flex time.

3.7 Busy application

One application will schedule a larger number of events at multiples of
ten second intervals to see how the different versions of Android and
APIs handle a larger number of events being scheduled. For each set
up 100 events were scheduled at periods of 10, 20, 30, ..., 1000 seconds.
What will be analyzed from this result is how large proportion of the
time that the devices held the network module awake and how much
of the time it got to sleep.

Android 4.4

Using Alarmmanager setInexactRepeating for different intervals.
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Android 5.0

Using JobScheduler setPeriodic(long) for different intervals.

Android 7.0

Using JobScheduler setPeriodic(long, long) for different intervals.

3.8 User device

A short recording from a personal device is included to show how
background scheduling might behave in a real world scenario. The de-
vice used was a Sony Xperia 3 plus with Android 7.0 and around 100
applications installed in total. The application count includes those in-
stalled by default, origin from Google and Sony.
The events were captured using Charles proxy. Only network events
were recorded. The device was lying still without user interaction dur-
ing the time that events were recorded.
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Result

The charts in this chapter present the gathered events, battery, temper-
ature, and voltage levels.
Event means runtime for an application. The events are presented on
separate horizontal lines for a better overview, as seen in Figure 4.1.
The vertical lines represent when the network module woke up from
sleeping, events aligned vertically over these lines are batched. Time
is presented in seconds for all charts.

4.1 Simultaneous applications

This section presents the results for the three simultaneously running
applications.

4.1.1 Android 4.4

The results for the three applications running on Android 4.4 are pre-
sented in Table 4.1. Figure 4.1 shows a graphical overview of test-run
#1. Five test-runs were gathered and summarized.

Batching

The average quota between startups and events for AlarmManager on
Android 4.4 was 0.6, with more details in Table 4.1. During the test-
runs, the smallest gap between two startups observed was 16 seconds,

28
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Figure 4.1: The sync events from the three applications over a span of
six hours on Android 4.4.

meaning that instead of running an event batched along with other
events, it ran 16 seconds later.

Deviation, how much was the work moved by the OS

Mean value between events for the different applications can be seen
in table 4.1. The applications was on average close to the target period,
but the time between events fluctuated a bit. For the Twitter applica-
tion, a standard deviation of around 50 seconds were recorded, around
60 seconds for the SMHI application and above 160 seconds for the ISS
application.

Noise

A minimal number of noise was present according to Charles proxy: a
total of 6 instances was present during the five test-runs.

Battery usage

Battery levels are presented in Figure 4.2. Temperature, which as men-
tioned affects the battery, is presented in Figure 4.3.

Battery historian

Battery historian is only supported for Android versions above 4.4.
The data available from Battery historian for Android 4.4 is very lim-
ited. When trying to use Battery historian with Android 4.4 it outputs
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Android 4.4, AlarmManager, simultaneous applications.
Application Avg # events Avg mean time be-

tween events
Target time

Twitter 58.4 117.8s 120s
SMHI 24 298.2s 300s
ISS 17.6 416.2s 420s

Quota: wakeups / # of events
Quota run #1: 60 / 100 = 0.6
Quota run #2: 60 / 100 = 0.6
Quota run #3: 59 / 100 = 0.59
Quota run #4: 63 / 100 = 0.63
Quota run #5: 60 / 100 = 0.6
Average quota: 0.604
Relative Standard Deviation: 2.25%

Table 4.1: Simultaneous applications on Android 4.4, averaged from
five test-runs. The 100 first events were used from each test-run.

"Unsupported bugreport format" and a brief graphical summary that
reveals less than the logged data from the applications.
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Figure 4.2: Recorded battery levels for the simultaneous applications
running on Android 4.4. The final estimated battery level vary be-
tween 96% and 73%. The idle test runs shows a steeper decline in
battery than when running the simultaneous applications.

Figure 4.3: Recorded temperature for the simultaneous applications
running on Android 4.4. Overall the temperature drops initially down
to ambient levels after being warm from the charging.
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4.1.2 Android 5.0, JobScheduler

The results from the three applications running in Android 5.0 are pre-
sented in Table 4.2. Figure 4.4 show the visualized data from test-run
#1. Five test-runs were recorded and summarized in order to get aver-
age values.

Figure 4.4: All logged events from the three applications running on
Android 5.0. Vertical lines mark when the network module wakes up
from a sleeping state. The data is from test-run #1.

Figure 4.5: One double event from the applications running on An-
droid 5.0. The twitter application was allowed runtime twice within
the span of two seconds. The data is from test-run #1

Batching

As mentioned in the method, scheduling using setPeriodic(long) can
reoccur within a short span of time. Figure 4.5 shows one occurrence
of this behavior. The behavior was only recorded for the Twitter ap-
plication. Table 4.2 presents quotas indicating how much of the work
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Android 5.0, simultaneous applications. Double calls included.
Application Avg # events Avg mean time be-

tween events
Target time

Twitter 56.8 129.8s 120s
SMHI 25 300s 300s
ISS 18.2 417.4s 420s

Quota: wakeups / # of events (double calls removed)
Quota run #1: 50 / 100 = 0.5 (0.56)
Quota run #2: 44 / 100 = 0.44 (0.51)
Quota run #3: 45 / 100 = 0.45 (0.48)
Quota run #4: 52 / 100 = 0.52 (0.55)
Quota run #5: 51 / 100 = 0.51 (0.56)
Average quota: 0.484 (0.532)
Relative Standard Deviation: 6.74% (5.99%)

Table 4.2: Simultaneous applications on Android 5.0. The 100 first
events were used from each test-run. The values with double calls
removed, double calls explained earlier, are presented within paren-
thesis.

that was batched. Quotas with and without double calls removed are
presented, since the double calls lower the quota without providing
new data. The shortest time between two startups recorded was 14
seconds.

Deviation, how much was the work moved by the OS

Mean value for how frequent the applications ran is presented in Table
4.2. The mean values were close to the target period, but the values
fluctuated a bit. The standard deviation was around 90, 50, and 50
seconds for the Twitter, SMHI and ISS applications.

Noise

Around 3% of recorded events in Charles proxy was accounted as
noise for Android 5.0. The assumption is made that this did not af-
fect the results.
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Battery usage

Figure 4.6 shows androids estimations for battery level for the devices.
Included are two base lines displaying the battery level for the device
lying idle without applications running, apart from OS and system
services. No deviations in temperature were recorded for any of the
test runs.

Figure 4.6: Recorded battery levels for the simultaneous applications
running on Android 5.0 using JobScheduler. The final estimated bat-
tery level vary between 86% and 73%. The two idle lines drop to 93%
and 78% in this image.

Battery historian

The Battery historian data did not show any deviations for the simul-
taneous applications on Android 5.0. The active CPU-time was about
20% more active in two of the cases, test-run #1 & #2, but it is diffi-
cult to know why. Test-run #1 showed the least decline in battery level
while testrun #2 showed the steepest decline.

4.1.3 Android 5.0, AlarmManager

Using AlarmManager on Android 5.0, instances of double calls oc-
curred. This would indicate that it is something that Android 5.0 in-
troduced and not the JobScheduler API specifically. Table 4.3 presents
a summary of the results from running the simultaneous applications
on Android 5.0 using AlarmManager.
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Figure 4.7: All logged events from the three applications running on
Android 5.0 with AlarmManager. Vertical lines mark when the net-
work module wakes up from a sleeping state. The data is from test-run
#1.

Batching

Table 4.3 shows the quota for each test run. The shortest time between
two startups recorded was 14 seconds.

Deviation

The average period for the applications were close to their target time
period. Standard deviations were measured at around 60, 75, and 145
seconds

Noise

Similar levels of noise as Android 5.0 with JobScheduler was recorded,
around 3%. This is expected since they ran on the same device with
the same configuration. The noise was assumed to not affect the result
in a significant way.

Battery usage

Figure 4.8 shows the recorded battery levels. The temperature levels
did not differ between test-runs.
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Android 5.0, AlarmManager, simultaneous applications. Double calls included.
Application Avg # events Avg time between

events
Target time

Twitter 58.4 117.8s 120s
SMHI 24 297.2s 300s
ISS 17.6 409s 420s

Quota: wakeups / # of events (double calls removed)
Quota run #1: 0.52 (0.56)
Quota run #2: 0.5 (0.55)
Quota run #3: 0.52 (0.56)
Quota run #4: 0.49 (0.55)
Quota run #5: 0.55 (0.58)
Average quota: 0.51 (0.56)
Relative Standard Deviation: 3.7% (2%)

Table 4.3: Simultaneous applications on Android 5.0 using Alarm-
Manager. The 100 first events were used from each test-run. The val-
ues with double calls removed, double calls explained earlier, are pre-
sented within parenthesis.

Battery historian

Battery historian showed the lowest amount of CPU usage for test-run
#5, and test-run #4 had the highest with almost twice the CPU time of
#5. Test-run #4 showed the steepest battery decline while test-run #5
had the lowest decline in battery level. The increased CPU usage was
not possible to attribute to a single source but seemed to origin from
increased system and OS noise during the test-run.



CHAPTER 4. RESULT 37

Figure 4.8: Recorded battery levels for the simultaneous applications
running on Android 5.0 with AlarmManager. The final estimated bat-
tery level vary between 86% and 78%. The idle times result in 93% and
78%.

4.1.4 Android 7.0

The results from the three applications in Android 7.0 are presented in
Figure 4.9. Table 4.4 summarizes the results.

Figure 4.9: All logged events from the three applications running on
Android 7.0.

Batching

Table 4.4 shows the quota for each application. As seen, the behav-
ior was very similar between test-runs. The shortest time recorded
between two events was 466 seconds.
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Android 7.0, simultaneous applications.
Application Avg # events Avg mean time be-

tween events
Target time

Twitter 11.75 12238s 900s
SMHI 9.5 14875s 2220s
ISS 8.75 15675s 3180s

Quota: wakeups / # of events
Quota run #1: 12 / 30 = 0.4
Quota run #2: 12 / 30 = 0.4
Quota run #3: 12 / 30 = 0.4
Quota run #4: 12 / 30 = 0.4
Quota run #5: 12 / 30 = 0.4
Average quota: 0.4
Relative Standard Deviation: 0%

Table 4.4: Simultaneous applications on Android 7.0. The 30 first
events were used from each test-run. The mean values between events
for the applications differ from the target time to such extent because
of Doze mode.

Deviation

The average time between events for the application differed substan-
tially from the target periods. This is due to Doze mode, as seen in
Figure 4.10. The Figure displays time since last event for one of the
applications running on Android 7.0, and looks mostly the same for
each of the applications, due to Doze mode.

Noise

For Android 7.0 more noise was present. Around 50% of recorded
events was accounted to noise. The noise, along with the events, are
presented in Figure 4.11.

Battery usage

The Nexus 6 device showed a more stable behavior in battery levels
than the Nexus 5 device. Figure 4.12 shows the recorded battery levels
for the Nexus 6 device. The final battery level differed between 85%
and 77%. The recorded temperature levels followed the ambient tem-



CHAPTER 4. RESULT 39

Figure 4.10: Time periods between sync events for the Twitter applica-
tion, full flex time.

Figure 4.11: Events along with noise for Android 7.0. The noise is
not divided, each mark of noise might contain multiple occasions that
were batched or chained.

perature. The battery levels were more stable for the Nexus 6 device
than for the Nexus 5 device.

Battery historian

Battery historian was only gathered for four of the test-runs for An-
droid 7.0 due to failure fetching it at one time, as the bugreport was
accidentally erased from the device. Each of the bugreport file over-
flowed, as there is an upper limit to how long Android will log data.
The result of the overflow is that only a part of the time can be ana-
lyzed with Battery historian, the part up until the bugreport-file over-
flowed.

Table 4.5 presents values from the Table "Device state summary",
and Table 4.6 presents a summary over Doze mode during the test-
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Figure 4.12: Battery levels for Android 7.0 running on Nexus 6 for the
simultaneous applications.

runs. Test-run #3 had the lowest CPU usage according to Battery his-
torian and it reported among the lowest resulting battery levels.

CPURunning, Android 7.0
Testun Seconds / Hr
# 1 482s
# 2 589s
# 3 418s
# 5 455s

Table 4.5: The value "CPURunning" from Table "Device State Sum-
mary" from Battery historian.
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Doze mode summary, Android 7.0
Testrun #1

Name Seconds / Hr Total Num Total Duration Max Duration
full 3459 8 31h15m37s 5h57m57s
light 120 5 1h5m9s 25m41s
off 8 11 4m30s 39s

Testrun #2
Name Seconds / Hr Total Num Total Duration Max Duration
full 3437 7 29h19m13s 5h58m10s
light 138 5 1h10m42s 26m3s
off 8 10 4m7s 38s

Testrun #3
Name Seconds / Hr Total Num Total Duration Max Duration
full 3470 9 39h18m48s 5h56m49s
light 110 6 1h15m10s 22m25s
off 7 13 5m6s 39s

Testrun #5
Name Seconds / Hr Total Num Total Duration Max Duration
full 3473 9 36h57m53s 5h54m50s
light 105 5 1h7m7s 26m0s
off 8 12 5m15s 39s

Table 4.6: The Table "Doze mode summary" from Battery historian.
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4.1.5 Comparison

This section presents a comparison of the gathered results. Values for
Android 5.0 are presented with double calls removed.

Wake ups relative network calls

The values calculated by Formula (3.1) presented in Figure 4.13. Table
4.7 presents a summary with the values.

Batching

Presenting the results from Formula (2.3) from the results in a chart.

b(CR + aC50K + CT ) (2.3 revisited)

Figure 4.14 presents the results from Formula (2.3) for the 100 first
events for the different Android versions. The values for Android 7.0
were scaled up using the quota of 0.4 from Table 4.7, giving 100 events
with 40 startups in order to get comparable values.

Comparison, quota between wake ups and events.
Android version Avg #

wake ups
Number
of calls

Avg Quota &
deviation

4.4 60.4 100 0.604, 2.3%
5.0 52.8 100 0.532, 6%
5.0 (AlarmManager) 56 100 0.56, 2%
7.0 12 30 0.4, 0%

Table 4.7: Summary of the quotas from the different configurations.
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Figure 4.13: Quota between network wake ups and number of calls on
the different Android versions.

Figure 4.14: Energy spent for 100 events, using the values provided by
Calder and Marina [27] presented in section 2.1.4.
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4.1.6 Battery usage

This section presents the recorded battery levels.

Figure 4.15 presents an average of the recorded battery levels for
the devices. An average of the voltage for the devices is presented in
Figure 4.16. Average temperature for the devices is presented in Fig-
ure 4.17. AlarmManager seems to use less battery than JobScheduler
despite its higher quota as seen in Table 4.7.

Idle devices

Android 4.4 and Android 5.0 were allowed to discharge from full to
empty while running no other applications other than OS and system
services, in order to provide a base line. The configurations were left
to discharge twice. The results can be seen in figure 4.18. Android
4.4 reached 0% after 6 and 12 hours. Android 5.0 reached 0% after 15
and 26 hours. The deviations can probably be explained by the age
of the battery. Temperature is unfortunately not available for Android
4.4 due to Battery historian not fully being supported. For Android 5.0
the temperature data is rough, but it reports similar levels to previous
data such as that in Figure 4.17. It starts out close to 30 degrees Celsius
at both times for Android 5.0 and then rapidly decreases to level out
between 27 and 25 degrees. From previous measurements there would
be no reason to assume that the temperature for Android 4.4 did not
behave similarly.

Simultaneous applications

Android 4.4 and Android 5.0 ran the three simultaneous applications
from full battery to empty. The resulting battery times are presented
in Figure 4.19. As can be seen, the values between runs differ. The
variance is too high to get a valuable result, and for Android 4.4 the re-
sults from running the simultaneous applications resulted in a longer
battery life than when idle. Because of these deviations, the Nexus
6 device running Android 5.1 ran the simultaneous applications for
around 16 hours, as seen below.
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Figure 4.15: Average of recorded battery levels during the simulta-
neous applications for Android 4.4 and Android 5.0. The resulting
average levels were 87% for Android 4.4, 79% for Android 5.0 with
JobScheduler, and 85% for Android 5.0 with AlarmManager.

Figure 4.16: Average of recorded voltage during the simultaneous ap-
plications for Android 4.4 and Android 5.0.
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Figure 4.17: Average of recorded temperature during the simultaneous
applications for Android 4.4 and Android 5.0.

Figure 4.18: Battery levels for Android 4.4 and 5.0 while idle.
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Figure 4.19: Battery levels for Android 4.4 and 5.0 (using JobScheduler)
while running the three simultaneous applications.
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4.1.7 Android 5.1 on Nexus 6 using 3G

The Nexus 6 device reported a more stable behavior on battery lev-
els, as seen in Figure 4.12, so the hopes were that the battery level for
Nexus 6 would not fluctuate as much since the battery is newer and
the fuel gauge is upgraded. The Nexus 6 also used 3G instead of WiFi
during the time period, in order to better relate to theory. The resulting
battery levels are presented in Figure 4.20.

The Nexus 6 device ran the simultaneous applications for above 16
hours. The time frame was limited by the access to a SIM-card. The
results show a slightly steeper decline in battery levels for the appli-
cations using AlarmManager. A summary is presented in Table 4.8.
Notable is the deviation from the target time that the most frequent
application on JobScheduler is reporting.

Figure 4.20: Recorded battery levels for the Nexus 6 device running
Android 5.1 and using 3G while running the simultaneous applica-
tions.

Battery historian

For the device using 3G it is interesting to see how much of the time
that the radio component was active. Battery historian did, however,
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Android 5.1, Simultaneous applications, using 3G
JobScheduler
Application Avg time between

events
Target time

Twitter 157s 120s
SMHI 294s 300s
ISS 404s 420s

Avg quota (without double calls): 0.31 (0.42)
AlarmManager
Application Avg time between

events
Target time

Twitter 116s 120s
SMHI 298s 300s
ISS 417s 420s

Avg quota: 0.6

Table 4.8: Simultaneous applications on Android 5.1. The quota for
JobScheduler is presented with and without double calls. The Twitter
application deviated from its target time with 30% with JobScheduler.

not prove to be an efficient tool to investigate this. An application us-
ing the network every two minutes (even less, as presented in Table
4.8) was reported as using it a majority of the time, as seen in Table
4.9. In comparison, the application using the network once every ten
seconds was reported as using network 53 minutes per hour. This in-
dicates that the data from Battery historian is not as fine grained as
desired for these experiments.
Table 4.10 shows how active the CPU was according to Battery histo-
rian during the test-runs. The values correlates well to the reported
battery levels, the configurations using the CPU more has a steeper
decline in battery levels.

Battery levels without batching

The application that ran on their own scheduling background work as
often as the simultaneous applications did together on average have
their battery levels presented in Figure 4.20. Their CPU time is pre-
sented in Table 4.10. The results for the application running every 80th



50 CHAPTER 4. RESULT

Ranking Name Uid Duration / Hr Count / Hr Total Duration Count
0 Twitter 10097 42m10s 0.16 13h0m18s 3
1 ROOT 0 8m5s 0.16 2h29m36s 3
2 SMHI 10096 4m30s 0.22 1h23m32s 4
3 ISS 10095 2m3s 0.22 37m57s 4

Table 4.9: The Table "Mobile Radio Activity per App" from Battery
historian. It shows the Twitter application as using the network on
average 42 minutes per hour.

Configuration Testrun CPURunning, s / hr
Idle # 1 10
Idle # 2 7
JobScheduler # 1 99
JobScheduler # 2 100
AlarmManager # 1 152
AlarmManager # 2 157
80th second # 1 186
80th second # 2 192
10th second # 1 825
10th second # 2 837

Table 4.10: The values "CPURunning" for each of the configurations.

second show a slightly steeper battery decline than the simultaneous
applications, as it should according to theory. The Application running
every ten seconds shows a much steeper line than any other configu-
ration.
The application running every 80th second downloaded on average
0.7 MB / hr. The application running every tenth second downloaded
on average 0.3 MB / hr.

4.2 Aggressive application

4.2.1 Periodic

The results from requesting runtime once a minute with best practice
scheduling methods are presented in Table 4.11.
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Number of events in 3600 seconds, periodic scheduling.
Android version Avg # of events Deviation
4.4 61 0.0
5.0 38.6 1.0
7.0 4 0.0

Table 4.11: Average number of time an application were allowed run-
time during one hour.

Battery usage

An average of the battery levels for Android 4.4 and 5.0 is presented
in Figure 4.21. Average voltage levels is presented in figure 4.22.
Despite recording a lower activity for Android 5.0, Android 4.4 dis-
plays a higher battery level remaining after one hour.

Figure 4.21: Averaged battery levels during one hour for Android 4.4
and 5.0 running on Nexus 5.
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Figure 4.22: Averaged voltage levels for Android 4.4 and 5.0 running
on Nexus 5. The voltage for Android 4.4 maintains a higher level
throughout the measurement.

Figure 4.23: Averaged temperature recorded for Android 4.4 and 5.0
running on Nexus 5.

4.2.2 Fire-once

Because of the limitations in setPeriodic in Android 7.0 results for An-
droid 5.0 and 7.0 were gathered with fire-once scheduling as well. Ta-
ble 4.12 presents a comparison. For Android 5.0, a larger deviation
was seen, results varied between 50 and 26 events.
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Number of events in 3600 seconds, fire-once scheduling.
Android version Avg # of events standard deviation
5.0 36.2 8.6
7.0 8.67 0.5

Table 4.12: Average number of time an application were allowed run-
time during one hour.

4.3 Busy application

For the busy application, the results focus on the amount of time that
the network adapter and device was allowed to sleep. Figures 4.25
and 4.24 shows a graphical summary from Battery historian, showing
the difference in how the devices were allowed to sleep.

Figure 4.24: A graphical summary from Battery historian for Android
7.0 showing the state of the CPU, time spent with active wakelocks
and JobScheduler activity.

Busy application
Android version Avg Awake time Avg Idle time Quota
4.4 3275s 329s 10
5.0 3450s 149s 23.2
7.0 272s 5687s 0.05

Table 4.13: Distribution of idle time and active time for the busy appli-
cation for one hour runtime. The quota is calculated from the average
times.
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CPURunning, Android 7.0 and 5.0
Android 7.0 Android 5.0
834.84 s / hr 3600 s / hr
804.57 s / hr 3600 s / hr
887.36 s / hr 3600 s / hr
914.40 s/hr 3600 s/hr
589.43 s/hr 3600 s/hr

Table 4.14: The values "CPURunning" from the Table "Device state
summary" from battery historian. For Android 7.0 and 5.0 with the
busy application.

Figure 4.25: A graphical summary from Battery historian for Android
5.0 showing the state of the CPU, time spent with active wakelocks
and JobScheduler activity.

Battery usage

Battery levels for the Nexus 5 device can be seen in Figure 4.26, along
with temperature in Figure 4.27 and voltage in Figure 4.28. The lower
battery levels for Android 5.0 could be a result from the higher activity
level or a deviation in the battery as seen in earlier results.
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Figure 4.26: Average battery levels for the Nexus 5 device.

Figure 4.27: Average temperature for the Nexus 5 device. For Android
5.0, the temperature can be seen as rising above what would probably
be the ambient temperature. This could be caused by the high level of
activity.

Figure 4.28: Voltage levels for the Nexus 5 device. As seen before,
Android 4.4 starts with a higher voltage than Android 5.0.
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4.4 User device

Events from the user device were recorded for a period of above two
hours on a user device. Batched events were stacked vertically in the
chart. The content of the events or the originating application was not
analyzed.

Figure 4.29: Events from a user device. Vertical lines indicates wake
ups. Batched events were stacked vertically.

A total of 87 events were recorded which resulted in 31 wake ups,
resulting in a quota of 0.356.



Chapter 5

Discussion

This chapter contains a discussion of the method and the results.

5.1 Sources of error

One source of error is that the amount of data in the network transfers
are not measured. As mentioned by Vergara and Nadjm-Tehrani [14]
the amount of data can affect the energy states of the network module.
This could affect the battery measurements on the Nexus 6 device us-
ing a sim-card. It could affect the result if the data in some cases was
not enough to enter a higher power state. The amount of available
data from mainly the Twitter API differs from query to query.

Another source of error is that other kinds of background work that
does not use the network module is not analyzed to any larger extent.
The data available from Battery historian is coarse and difficult to rely
on to identify small deviations. CPU activity as an example, it can dis-
play when the CPU is active, but it does not show how active it was,
relating to Dynamic Voltage and Frequency Scaling and hot-plugging
some of the cores. Battery Historian did however display if any other
application or service on the device was exceedingly active or used a
component such as GPS that otherwise was not used at all. This was
useful information when deviations in battery levels were detected.

When an open application is "swiped away" or "closed" in Android,
the state of the application might change and so its behavior. This has
not been considered during the experiments.

57
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As mentioned earlier, energy measurements based on battery lev-
els is not the preferred method. The results from letting the Nexus 5
device discharge showed clear deviations without any explanations.
The Nexus 6 device behaved significantly more stable, probably due
to a newer battery and upgraded fuel gauge, but but the results are
not really clear enough. In some cases, as with the application that
used network every tenth second, the results are very clear as no de-
viations that large had been seen before and the result was repeated.
With the simultaneous applications however, the results seem to indi-
cate that the one using AlarmManager that did not batch to the same
extent uses more battery, but with less margins. A better result would
be available if the devices were left to discharge completely while run-
ning the applications, but the time and resources was not available.

The small amount of data gathered along with the deviations seen
with the Nexus 5 device makes it hard to make any extensive conclu-
sions.

5.2 Android versions

For each major version of Android there are a a set of different im-
ages that can be used with sub-versions such as 5.0.1 and 5.1.1. These
versions might yield different results, as the Nexus 6 device running
Android 5.1 got somewhat different results regarding quota than the
Nexus 5 device running Android 5.0. The results from Android 5.1,
where AlarmManager got a similar quota as on Android 4.4, contra-
dicts the progress that Android 5.0 showed with AlarmManager does
make it a bit difficult to assign the progress in scheduling to either
API or Android version. In both cases JobScheduler performed better
with concern to batching, so JobScheduler is better according to the
results shown in this report. It is hard do determine how well Alarm-
Manager performs. With Android 5.0 AlarmManager showed a clear
improvement from Android 4.4 but with Android 5.1 the result was
more similar to Android 4.4 again. This could indicate differences be-
tween Android versions.

When reviewing the aggressive and busy applications the effects
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of doze mode can be seen clearly. As Doze forces the device to sleep
when most alarms are deferred, the device gets more time to sleep
where earlier versions of Android did not. The comparison between
Android 5.0 and Android 7.0 with the busy application show a clear
example of this. There are methods available within AlarmManager to
circumvent Doze mode, but Doze mode has a desired effect on alarms
where exact delivery is not important. It should have a positive im-
pact on the devices battery levels during the night as an example. The
result from the application using network every tenth second confirms
that the batching enforced by Doze mode is positive from a battery us-
age perspective. During the night, as an example, a user will probably
not be affected by some operations not being performed in a high fre-
quency.

The results are interesting from a user perspective. With each step
of Android versions, the batching seems to have become better, with
the exemption of the AlarmManager result on Andorid 5.1. For a user
picking out a new device today, the lifespan of that device could be
affected by what Android version the company behind the phone will
upgrade it to. Manufactures differ in this aspect, and that could be
interesting to look in to as a consumer. Applications will also probably
in the future deprecate older versions of Android at some point, in that
aspect as well a device with a newer version of Android is desirable.

5.3 Network timeouts

A few events are on the limit for being accounted as a new start up,
between 12 and 13 seconds. Not knowing the state of the network
adapter, it is hard to come to any conclusions regarding the effect from
such a behavior. Would the network adapter enter the high power
state or remain in a lower power state and proceed to idle shortly after?

5.4 Noise

Did noise disrupt the results?
For Android 4.4 and 5.0 there was minimal noise present. For An-
droid 7.0, the work did not seem to batch up with the present noise,
rather the opposite. Considering Figure 4.11 where noise was pre-
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sented, multiple occasions of noise did not cause the test applications
to run. This could be accounted to the kind of noise and how Android
prioritizes system background work. Doze mode might have had a
part in the behavior of the noise. During the Doze periods where the
device sleeps and only special wake ups are allowed, noise is present.
Available APIs that could cause a wake up would probably cause the
entire device to wake up and the waiting applications would get run
time. This is not the case, which shows that background work from the
OS could have special priority and works with other types of triggers
and scheduling.

There might be a difference between different kinds of noise. The
content of the noise has not been analyzed.

5.5 JobScheduler and Flex time

For the JobScheduler API, the developer has an option, as mentioned,
to set a flex time for the periodic scheduling. For Android 5.0 when
JobScheduler was introduced, setPeriodic(long) was the only option
for scheduling periodic background work through JobScheduler. By
default, setPeriodic(long) sets a flex time equal to the period. The ef-
fects of this were shown in Figure 4.5 that shows an occasion where
one application were given run time within a few seconds. At this
point, no new data is available from the server. These double calls has
several effects:

• For the user, it consumes data from a data plan without provid-
ing new information.

• For the server, it is unnecessary traffic.

• For battery consumption, it leads to slightly longer times in a
high power state for the network module.

• For the operating system, it might be logical. When the work is
done, the next event is starting to be considered. Since the device
is already awake it makes sense to schedule it right away from
an energy overhead perspective. It also gives the OS more time
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to idle before executing the event again, since the documentation
only promises to run the event at most once every period.

Accounting for these double calls in the quota does not seem fair
since it does not provide any user value. That is why the results are
presented both with and without these calls removed. The double
events experienced when using JobScheduler were also seen again with
AlarmManager on Android 5.0. The fact that no double events were
seen on Android 4.4 indicates that some change to Android in 5.0 in-
troduced this bug. Double events were also seen in Android 5.1 when
using 3G. Android 5.1 did, however, not show any double calls for
AlarmManager. It is unclear why no double events are seen for Alar-
mManager. It could indicate differences between Android 5.0 and 5.1
or it could indicate a difference in how the scheduling APIs or Android
prioritizes depending on what resources are available, WiFi or 3G in
this case. It could also mean that the extra time added from performing
the call on 3G added enough delay for the event not to be scheduled
again. The behavior with JobScheduler contradicts both these theories
as double calls were present to a large extent for the most frequent ap-
plication. To make any conclusions regarding this, more testing would
be needed. Running the tests with WiFi on Android 5.1 could as an ex-
ample give interesting results.

A difference for the default flex time is seen when trying to sched-
ule short periods in Android 7.0. From Android 7.0 it is not possible
to schedule events with periods shorter than 15 minutes. When an
application tries to do so, the system outputs to the developer that the
period is changed to 15 minutes period with 5 minutes flex time. When
manually scheduling for 15 minutes, the flex time is set to 15 minutes.
The lower flex time is an improvement, considering the downsides of
running an event twice in a row. It is strange though that the default
settings differ.

5.6 Simultaneous applications

The potential energy saving might have been greater with more ap-
plications running. With three applications the lowest possible quota
without including double calls is 1/3 = 0.333. The behavior of Doze
mode on Android 7.0 causes the quota to strive towards 0.33, but it
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was not visible with the limited number of events that was gathered.
With more applications however, the result would have been clearer
and could lead to a greater advantage to Android 7.0. The busy ap-
plication is an example of this, where Doze mode forced the most fre-
quent alarms to deffer to the next maintenance window

5.6.1 Time between events, deviation

The mean values for time between events presented are a mean value
of averages. The average was calculated for each test-run and then av-
eraged all together. It is interesting that both on Android 4.4 and 5.0
each application had a relatively large standard deviation. This could
indicate that the scheduling algorithms aims at the requested period
as a whole, and not just from time to time. Meaning that if the target
is 100 seconds, if it fires the first time at 80 seconds the next one might
fire in another 120 seconds as to reach an average that is closer to the
requested period. Android 5.0 showed a larger deviation for the most
frequent application while Android 4.4 had a larger deviation for the
least frequent. If relative standard deviation is considered, Android
5.0 had the highest number as the relative standard deviation for the
most frequent application was 75%. That application also deviated the
most from its targeted time period both in total time and relative its re-
quested period. This result could indicate that larger deviations from
the requested period enables more batching of events, as Android 5.0
got a better quota.

5.6.2 Shortest time between two startups

When analyzing the results, one could probably see interesting results
in all test-runs where events were positioned in a peculiar way. Look-
ing at the shortest time between two startups gives some indication
to see if there was any cases where the scheduler could quite possibly
have done a better job. For all configurations on Android 5.0 and 4.4
the shortest time between two start ups was below 20 seconds. In these
cases, the scheduler could probably have done a better job at batching
the events. The result was the same on the Nexus 6 device using 3G,
both APIs got a shortest time between start ups below 20 seconds.
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5.7 Misbehaving applications

What is the best way to simulate a misbehaving application? Is it try-
ing to do aggressive work but still using preferred methods from the
API? Using setInexactRepeating in AlarmManager gives the OS more
freedom, or should you use setExactAndAllowWhileIdle? The latter
would probably be more aggressive since it is documented to allow
more runtime, but then what is proven?

An aggressive application that uses best practice scheduling is in-
teresting because it shows how the device would handle an uninten-
tional aggressive behavior which was described as a problem by Pathak,
Hu, and Zhang [9]. The results show improvements between the An-
droid versions. It is hard to decide if it should be accounted to Job-
Scheduler or the Android versions, but it is clear that the handling has
improved as the application was not allowed as much runtime as on
Android 4.4. The results indicate that an unintentional aggressive be-
havior within an application would not negatively affect the battery on
a device running Android 5.0 and higher as much as a device running
Android 4.4. The fact that JobSchedulers setPeriodic has enforced a
minimum period of 15 minutes from Android 7.0 also sends a message
to the developer that they have to think and maybe spend some extra
time to have more frequent events, such as using fire once alarms or
different methods. This makes it a conscious choice for a developer to
circumvent the recommended behavior, which would arguably lower
the odds for an unintentionally high battery usage (ebug [9]) to occur.

5.8 Busy application

The results from the Busy application are interesting and could be an
indication on how a device with a larger number of applications could
behave, or one really misbehaving application. The result gives an
indication to where Doze solves a problem that perhaps a scheduler
could not without deviating from its default behavior too much. In a
case with that many events in the background, it seems likely that the
events can be deferred as Doze does without the user suffering from
it.
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One interesting aspect from the result was that JobScheduler on An-
droid 5.0 performed worse than AlarmManager on Android 4.4.

5.9 Doze mode

Doze enforces batching for all background events with the mainte-
nance windows. It applies an exponential backoff with a max time
of around 5 hours, as can be seen in Table 4.6. DefDroid is a system
developed by Huang et al. [13]. Doze relates well to DefDroid, as it
enforces a backoff and only activates when the device is idle, which
should minimize user impact. The result from the application using
the network every tenth second proves the impact of performing op-
erations individually rather than in a batch. The application that used
network every 80th second downloaded twice the amount of data but
used much less battery.

5.10 Battery usage

The battery usage discussion is divided between battery historian’s
ability to help in these kind of experiments, and measured battery lev-
els in the devices.

5.10.1 Battery historian

The data provided by Battery historian was more coarse than hoped
for in most cases. As an example it reported an application using net-
work once every two minutes as using it uninterrupted during the
entire test-run. This could be seen as true to some extent and to a de-
veloper this might be valuable information, as it is a simple way to get
an overview of certain aspects of an application. A developer could
discover that the application apparently uses network more than antic-
ipated. For the experiments in this report, a more detailed data would
have been valuable. This is a weakness of software based logging of
sensors. The more detailed data and higher frequency of sampling,
the more energy the logging system itself uses which could interfere
with the results energy and CPU-wise. If Battery historian would have
been more detailed on the sensor data it would have been possible to
compare the time that the Mobile network module was awake for each
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Figure 5.1: Battery historian overview of the application using 3G once
every 80 seconds. As can be seen, after a while the CPU starts running
constantly and the GPS becomes active.

configuration and compare those numbers. Now it does not differ be-
tween an application using network once every two minutes, and one
using it every ten seconds. The latter clearly used more battery due to
its high frequency and the behavior of the radio mobile component as
described in the background. The data for the CPU-runtime seemed
to be more detailed than for other sensors. The data could perhaps be
easier to gather, or it is seen as more important for the results. This
made it possible to use the CPU-runtime data as an indication of how
active the device was to some extent, mainly for the Nexus 6 device
using 3G.

Battery historian was, however, a useful tool when devices behaved
unexpectedly. During the experiments with the Nexus 6 device with
a sim card using 3G, one of the test-runs showed a steeper decline in
battery levels than expected. Upon inspection with battery historian,
visible in Figure 5.1, it was discovered that another system app was
using a substantial amount of system resources, mostly the GPS and
listening to audio feedback from the user. The security settings of the
device were changed before the test-run to require no pattern or swipe
to unlock. This could have allowed the system app to remain active
and use resources. Without battery historian, this would have been
hard to discover. Battery historian was also used to investigate the
deviations on the Nexus 5 device, but no pattern could be found that
would explain the differences in battery decline.

5.10.2 Battery levels

This section is divided into subsections to provide a clearer overview.
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Nexus 5

On the nexus 5 device the recorded battery levels suggest that An-
droid 4.4 and AlarmManager uses less battery than Android 5.0 with
JobScheduler for the gathered results. This goes against the theory,
and there are multiple factors that can affect this. The biggest factor
is probably inaccuracies due to the age of the batteries. The battery
levels differ to a large extent between test-runs without obvious rea-
sons. One factor could be differences in how well the battery was actu-
ally charged when the device reported 100%, where some runs show
a higher battery voltage from the beginning. The average voltage lev-
els reported for Android 4.4 start higher than for Android 5.0, which
could indicate differences in when the operating systems reports as be-
ing fully charged. The result from using AlarmManager on Android
5.0 did, however, behave more similar to Android 4.4 regarding bat-
tery levels and voltage levels, as seen in Figure 4.15 and 4.16. The
difference in how well the devices were charged could perhaps relate
to when the charger is disconnected. When the device reports 100%,
does that mean that it is full or that it just reached a threshold between
99 and 100%? In other words: would there be a difference between
disconnecting the charger directly when the battery reaches 100%, and
waiting a few minutes before disconnecting it? It is possible between
the test-runs that this behavior differed as it was not considered. The
devices were left to charge until they reported 100% and some may just
have reached that level while others could have done so for a while.
An example where Android 4.4 should without a doubt use more bat-
tery than Android 5.0 is the aggressive application. The Android 4.4
device did more work during the time but the Android 5.0 device still
reported a steeper decline for the battery levels. The fact that Both An-
droid 4.4 and 5.0 reported a steeper decline in battery levels when idle
rather than when running the simultaneous applications also indicates
that the values for the Nexus 5 device are unreliable.

For the Nexus 5 device it is clear from the results that the battery
levels fluctuate to a large extent from time to time. In an attempt to
accurately measure battery life of the device with different versions of
Android and applications the results show such large deviations that
they can not be used. What is interesting is that Android 5.0 in most
cases reports a higher battery level throughout the test-runs where
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they discharged completely. For the other test-runs Android 5.0 re-
ported lower average battery levels than Android 4.4 consistently. The
deviations is probably caused by the age of the battery, as temperature
readings were as consistent as they could be given the ambient tem-
perature. The deviations in ambient temperature was small enough
for it to not have an impact on the results.

Nexus 6, simultaneous applications and 3G

The Nexus 6 device reported more stable battery levels for Android
7.0. For this reason, the Nexus 6 device was set up using 3G, as this
would relate better to theory on energy usage, and Android 5.1. The
results showed a higher amount of batching for JobScheduler with a
quota of 0.42 in comparison to AlarmManagers quota of 0.6. The re-
sulting battery levels followed theory, displaying a small but present
difference between JobScheduler and AlarmManager considering de-
cline in battery level. Table 4.10 that displays the reported CPU time
for each of the configurations shows an interesting result. Each config-
uration that according to theory should use less battery and less time
with the mobile radio uses less CPU time according to Battery histo-
rian. The correlation is probably due to the CPU having to be active
when the radio is active with transmissions.
According to both reported battery level and CPU time, JobSched-
uler is more efficient than AlarmManager. The mean time between
events did, however, show that the applications under JobScheduler
was scheduled less frequently as a total, due to the most frequent ap-
plication. The most frequent application, targeted at 2 minutes, got
a mean time between events at 157 seconds. Using the mean time
between events for all the applications, JobScheduler had around 44
events in one hour, and AlarmManager 51. The difference will give
JobScheduler an advantage in both battery level and CPU time that is
not due to better batching of events, but rather from the lower amount
of events. The difference in the amount of events is, however, not as
large as the differences in CPU time. AlarmManager ran 18% more
events in one hour while using 50% more CPU-time than JobSched-
uler. When subtracting the base line of a CPU time of around 9 sec-
onds for an idle configuration, the difference between JobScheduler
and AlarmManager is 56%, compensating for the excess work for Alar-
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mManager (CPU-time, minus base line, divided by 1.18) gives a differ-
ence of around 30% in advantage for JobScheduler.

The resulting average battery levels after 16 hours were 90.5 for
AlarmManager and 92.5 for JobScheduler. That means that Alarm-
Manager reported as using around 25% more battery than JobSched-
uler, compensating for the extra work gives a difference of 7% between
the two. That difference is lower than the difference between two test-
runs with the same configuration. The battery levels are however very
coarse as they only report full decreases between percentages. During
the test-time the battery level dropped to 90% for one of the Alarm-
Manager applications, meaning that there is more than one hour be-
tween every reported battery decrease. Should the determined point
of battery measurement be at some different time than 16 hours the
results could wary relatively. The reported CPU time has a finer gran-
ularity and was more stable relatively between test-runs comparing to
battery levels.
The CPU time might also not be a clear indicator of battery usage. In
the experiments performed in this report it has correlated seemingly
well with the battery usage. It is, however, not clear how the CPU
running compares to the mobile radio energy wise in the Nexus 6 de-
vice. If, as an example, one of the application would include some
CPU work in the scheduled event, how would that affect the CPU run
time and how would the added run time compare to network usage?
The applications written for this report did not do any other work than
necessary for the network calls and logging. The results for the Nexus
6 device using 3G also reported stable results regarding CPU run time.
The largest deviation for CPU runtime was seen for the idle configu-
ration reporting 7 and 10 seconds. Due to the fact that the results are
stable, it seems to suggest that it could be as an indicator for battery
usage. Comparing to earlier results, the CPU times when using 3G on
nexus 6 were more stable than between any two test-runs recorded on
Nexus 6 with Android 7 and the simultaneous applications. The re-
sults would, however, need more test-runs from more devices to fur-
ther prove the claim before any extensive conclusions can be made.
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Nexus 6, static applications and 3G

To test the theory and confirm the presence of overhead energy, the ex-
periments with one application using network once every 80 seconds
and one application using network once every ten seconds was set
up. The results from those two application follow theory, they should
use more energy since they use the mobile network module more of-
ten. The application that uses network once every 80 seconds do as
much work as the simultaneous applications, with a batching quota of
1, meaning no batching occurred. This should according to theory use
more energy, which was also suggested by the results. The second ap-
plication that uses network once every ten seconds was set up to test
the basics of the theory, as it downloads less data than the other setups
but uses the network more frequent. The results for the Nexus 6 device
were clear, the battery levels decreased substantially faster while run-
ning the second application, even though it only downloaded around
half as much data in total as the application using network every 80th
second.

Summary

Considering the fact that Google does not provide accurate power us-
age of components in Battery historian, but rather leaves a disclaimer
and presents extremely rough estimated values, indicates that it is a
difficult problem to estimate power usage. The reported battery val-
ues from the Nexus 6 device seemed stable enough to give an indi-
cation, and in the case with the application that used network once
every ten seconds the result was clearer. This contributes to the confir-
mation of the theory, but given the uncertainty within the data, more
measurements would be needed with many more devices. This was,
unfortunately, beyond the scope of what was feasible in this report.

5.11 User device

The user device gets a similar quota as the test device running Android
7.0 in the results. It does, however, run more applications, which as
previously discussed could have let Android 7.0 in the results reach a
lower quota. There are several factors that might affect the behavior of



70 CHAPTER 5. DISCUSSION

the background work for the user device.

• Some applications might use scheduling methods that make it
harder for Android to batch.

• Some events might originate from the OS and system services,
which was considered noise and were not included in the quotas
of the previous results.

• Some of the events that were considered to be batched might be
chained events or double events. It is unclear how these events
should be counted. The Twitter application as an example per-
forms two calls right after each other due to the authentication
system.

It is difficult to make any conclusions from the user device. It is,
however, interesting to see that it seems to batch most of its back-
ground work.

5.12 Sustainable Development and ethical as-
pects

The information communications and technology (ICT) industry con-
tributes to 2% of global emissions, the same as the aviation industry
[54]. Suckling and Lee [55] writes that a majority of environmental
impact from a smartphone’s life cycle comes from the manufacturing
of the device. An argument for exchanging an older device could be
that battery life has gone bad, and as Gohring [32] wrote ebugs can be
a common factor for devices to be returned. The progress presented
in this thesis in handling overhead energy and ebugs would have a
positive impact on the environment if it leads to fewer devices being
returned and a longer life cycle of a device.

In an ethical aspect, devices that would benefit from longer battery
life could be small devices used for surveillance. However, the im-
provements in battery usage are available when multiple applications
run on the same device or when an application unintentionally uses a
component a lot from the background. A device created for surveil-
lance that would benefit from a longer battery life might not see these
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positive effects due to its single purpose. As a positive aspect, a smart-
phone owner in a country where the access to electricity is limited,
due to frequent outages or similar, would greatly benefit from a longer
battery life and a lower risk of an application unintentionally using up
battery life.
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Conclusions

This report suggests that there has been improvements to Android
background scheduling going from Android 4.4 to 7.0 and AlarmMan-
ager to JobScheduler. In Table 4.7 a 50% increase can be seen in batch-
ing background work. In Figure 4.14 and improvement of 29% can
be seen in energy usage from the applications when using the perfor-
mance model by Calder and Marina [27].
For an aggressive or misbehaving application, the results show a de-
creased access rate of 93% going from Android 4.4 to 7.0 for an applica-
tion trying to use the network once a minute. For the busy application
Android 4.4 reported as being active by a factor of 200 more than An-
droid 7.0. Both the aggressive and the busy application show a large
improvement when considering unintentional ebugs draining battery
from the background.

The battery levels recorded from the Nexus 6 device running An-
droid 5.1 and using 3G supports the theory as it shows that batching
events use less battery. They also contribute to the theory regarding
the impact of overhead energy with the result from the application us-
ing network every ten seconds compared to every 80th second. More
test-runs with more devices would however be needed for any sure
conclusions.

72
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6.1 Research question

How has the behavior of background work scheduling in Android
changed with the introduction of the JobScheduler API and Doze
mode?

When using JobScheduler the results show a less aggressive behavior
and a greater tendency to batch the background work, seemingly lead-
ing to a lower battery usage. It has also become harder for a developer
to unintentionally create an aggressive behavior from an application.
Doze mode is shown to enforce batching of the background work in
its maintenance windows, minimizing the overhead from the back-
ground work. For the aggressive applications using fire-once alarms,
Doze is shown to enforce a backoff even when using a bad practice.
And with the busy application Doze mode is shown to allow the de-
vice to sleep more.

What are the effects from the changed scheduling behavior from a
battery usage perspective?

The results suggest that JobScheduler uses less energy than Alarm-
Manager to perform the same amount of background work due to bet-
ter utilization of batching background work. More data from more
devices would however be needed to make any sure conclusions re-
garding the effects on battery life.

6.2 Future work

If Doze can be inactivated, it would be interested to investigate differ-
ences between Android 5.0 and 7.0.

App standby was introduced in Android 6.0, it would be interest-
ing to investigate how it affects aggressive applications. If the user
does not interact with the application by bringing it up to the fore-
ground, app standby should deactivate the application.

Doze mode in Android 7.0 activates even when the device is mov-
ing as opposed to the first iteration of Doze mode in Android 6.0. It
does, however, only apply a subset of restrictions when the device is
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moving. Would the results have been different if the devices were not
lying still during the data collection?

Running the tests that were run on the Nexus 6 device with An-
droid 5.1 for a longer period of time with more devices using 3G would
give a clearer indication on the battery usage. The result after 16 hours
gave an indication but the results would probably be clearer if the de-
vice were allowed to run until discharged.

Testing an application that batches network operations on its own
and compare it to the application with ten seconds interval would be
interesting. If the same application instead used 30 second intervals
and performed three network calls to the ISS API the result would be
interesting as it could further confirm the theory.

Using WiFi on Android 5.1 with the simultaneous applications could
be interesting to see if any double events occur with AlarmManager.
No double events were recorded on Android 5.1 when using 3G and
AlarmManager, so the question is if this is a behavior accounted to An-
droid 5.1 or if the reason was that 3G was being used.

Running the simultaneous applications on Android 7.0 with 3G
could give an interesting result. The result would probably be close
to the idle values, given the behavior of Doze. The experiment could
show how a user device would behave during the night with applica-
tions running in the background, and what impact Doze mode could
have on remaining battery levels in the morning.

Measuring the energy of the devices with a monsoon device [51]
would give more reliable results. This would require a device where
the battery is accessible. A monsoon device makes it possible to via
the battery measure the energy usage of the device.

Android O was presented shortly after this thesis was written. It
delivers further improvements to battery life by restricting lifetime of
applications in the background. It also permits location updates less
frequently for applications in the background. Limiting location up-
dates goes along well with presented theory and it could be interesting
to compare Android 7.0 with Android O.
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