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able techniques to improve the energy efficiency of individual sub-
components on mobile devices, their main drawback is that they
provide noglobal framework to avoid battery outage for end users

while maximizing user experience as much as possible. the discharging period to a corresponding sampling interval for the

In this paper, we present a smart context-aware global power 5pg anq display brightness. We replay the actions of the MDP

mane_lgeme_nt system, t_o_ meet the mobile c_iewce S e_xpected bat'policy, resulting in a specific average user experience and a gradual
tery life while compromising end user experience as little as pos-

- . o reduction in battery energy; when the battery energy drained by the

sible. We take into account users’ typical phone usage and energyspg ang display exceeds a pre-defined budget, we define that an
consumption patterns, and user experience preferences forwariou outage has occurred and record the time when the battery outage
smartphone components. Our approach uses a Markov Decisionﬁrst occurred

Process (MDP) model to control the energy consumption of various
components. The key challenge in formulating our energy man-
agement problem as a MDP is to properly define the stees
power-savingactions and areward for each action that achieve

Table 1: Defined user experience values under different con-
exts.

We compared our approach with a fixed user experience policy
that sets three possible fixed, user experience values: min (1), mid
(3) and max (5) based on the definitions in Table 1. We categorize
our 10 users into three groups, namely light, moderate and heavy
our power management goals. . users based on thresholding the average outage time under fixed

As a proof-of-concept, we manage the energy consumption of .., \;ser experience (5). We show that our approach: (i) eliminates

both the display and GPS on the phone. We incorporate time of o t,syrating battery outage events for light, moderate,and heavy
day, user context (phone usage, location, and mobility) and currentphOne users, and (ii) improves user experience by 20% for light

battery level as compositgtates and setting various screen bright- users, maintains the same user experience for moderate users, and

ness levels and GPS sampling intervalsaasons Thereward —  geqrades user experience by 23% for heavy smartphone users.
function that maps each action to a reward value encourages higher

user experience when sufficient energy is available, and encaurage

power-saving actions when necessary to guarantee that the targe?" ONGOING WORK

battery lifetime is reached without outage: when battery outage oc- We presented our preliminary system design and evaluation of
curs before the end of day we assign a rewardof, otherwise we our global power management scheme to balance battery outage
reward power-saving actions with a higher user experience valuesand user experience. A key challenge with our approach is to ap-

based on their definitions under different contexts in Table 1. propriately define the user experience for each hardware compo-
nent; our current definition in table 1 should be modified to account
2. EXPERIMENTAL EVALUATION for dynamic user preferences based on context and individual use

| h th h | | h q needs. We are currently working on a field study to determine the
We evaluate our approach through real-world smartphone data ,,qnriate user experience definition. In the future, we plan to

traces coIIectefd from 10 users O‘.’ir r21 m%nths. We ‘|3°||e‘_:t times- i slement the energy management policies on smartphones to ob-
tamped data of user interaction with the phone, GPS locations, and,i, ser feedback on the service, including additional hardware

battery levels using our data collection Android app called Easy- qdules such as the CPU, 3G, and WiFi in our power management
Track. We use the Monsoon power meter to profile the power con- architecture.

sumption of the screen and GPS under different brightness levels
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