Sources of inspiration in mobile computing

Lin Zhong’s personal story with MobiSys

My first research topic:

High-level synthesis
!
•

Take behavior description of a circuit in a high-level language (like C)

•

Output architectural description in a hardware description language
(like VHDL)

•

Design would be simulated by a tool for speed, area, and power

•

Not actually implemented in hardware; never saw a chip

•

Not very satisfying to me
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Abstract
committee, (DAC)
that a set
of examples could begin to form the
common framework needed for comparison of both sysThe third High-Level Synthesis Workshop was held in
tems and their component algorithms. The motivation for
January of this year at Orcas Island, Washington*, What
this effort came primarily from the frustration felt by
distinguished this workshop from its predecessors was
many of the participants at the previous workshop (held in
that participants were asked to submit papers describing
May 1986 in Santa Barbara, CA) with the difficulty in
the application of their systems and algorithms to a set of
comparing the quality, applicability, practicality, and oribenchmarks. This proved to be a successful method for
ginality in the work that was presented. To address this
comparing the extensive research being conducted in this
frustration, we decided that for the 1988 workshop there
area of CAD. In this paper, we will briefly describe the
would be a set of examples against which participants
benchmarks and use them as a foundation for outlining
would relate the results of their work. The use of benchthe major themes in the research work presented at the
marks for high-level synthesis systems allows determinaworkshop. The paper concludes with a summary of the
tion of how “real” the reported work is - whether there is
discussions held during the course of the workshop on the
anything that can be put to immediate practical use or
future development of the high-level synthesis benchmark
must be further refined and extended. Furthermore, as the
suite.
benchmarks were familiar to most of those in attendance,
the discussion focused on the algorithms and results
rather than the details of the examples.
1. Introduction
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Computing
This survey and taxonomy of location systems for mobile-computing applications describes a spectrum of current products and explores the latest
research in the field.
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o serve us well, emerging mobile computing
applications will need to know the physical
location of things so that they can record
them and report them to us: What lab bench
was I standing by when I prepared these tissue samples? How should our search-and-rescue team
move to quickly locate all the avalanche victims? Can
I automatically display this stock devaluation chart
on the large screen I am standing next to?
Researchers are working to meet these and similar
needs by developing systems and technologies that
automatically locate people, equipment, and other tangibles. Indeed, many systems over the years have
addressed the problem of automatic location sensing.
Because each approach solves a slightly different prob-

onal, nor equally applicable to every system, the classification axes we present do form a reasonable approach
to characterizing or evaluating location systems.
The Global Positioning System is perhaps the most
widely publicized location-sensing system. GPS provides an excellent lateration framework for determining geographic positions. The worldwide satellite
constellation has reliable and ubiquitous coverage and,
assuming a differential reference or use of the Wide
Area Augmentation System, allows receivers to com-

IEEE Computer, August 2001
!
Gaetano the high-level synthesis pioneer
doing ubiquitous
Location-Sensing
Techniques computing
When attempting to determine a given location,
we can choose from three major techniques:

–Johnny Appleseed

Margaret the renowned microarchitect doing Zebranet (circa 2002)

Talked my advisor into buying this
Spring 2003

Sharp Zaurus SL5600 (2002), embedded Linux/embedded Qt

Quantifying the Energy Consumption of a Pocket
Computer and a Java Virtual Machine
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MSWiMthe2000
ability to express that to the system, and limitations on

the flexibility of interactions between the operating system
and the given architecture. Identifying and alleviating these
Reducing the energy consumed in the use of mobile and
drawbacks in the state-of-the-art of energy conservation are
wireless devices is becoming a major design challenge.
among the goals of our Milly Watt Project1 .
While the problem obviously must be addressed with improved low-level technology, we have advocated also conIn this paper, we describe an energy model for the
sidering a higher-level view in which energy management
family of devices and a suite of tools includbecomes an explicit design goal of the software developer
ing an execution-driven simulator. We present a power meawho can be more aware of the needs of applications. In
surement framework which is based on the model and used
support of this objective, new programming models, meato set empirically-derived parameter values for the simulaThis report was published in the proceedings of ACM SIGMETRICS 2000,
surement tools, the
and
simulation
environments
must
be develInternational
Conference
on Measurement
and Modeling
of Computertor. The development of a simulation environment that can
oped to provideSystems.
the
developer
with
feedback
on
the
energy
provide useful information to the programmer faces a num2000 Association for Computing Machinery, Inc.

2.3

Measuring

Dirk Grunwald and Carlar Ellis later served as general-co-Chair and PC co-Chair of MobiSys 2008, respectively

My (naive) epiphany: most of the code is for graphical user
interface

It was difficult for me to comprehend the code but I could count the lines

How does graphical user interface matter for energy
efficiency?
1

Power (Watt)

0.8

0.6

0.4

0.2

0
0

1

2

3

4

Time (s)

Using Calculator on Sharp Zaurus PDA

5

Graphical User Interface Energy Characterization for
∗
Handheld Computers
Lin Zhong and Niraj K. Jha
Department of Electrical Engineering
Princeton University
Princeton, NJ 08544
{lzhong, jha}@ee.princeton.edu

ABSTRACT

of the application code even a decade ago [18]. In modProc.fraction
Int. Conf.
on Compilers,
Architectures
& Synthesis
for Embedded
Systemssystems,
(CASES)the
October
2003
ern
personal computing
user interface
is alA significant
of the
software and
resource usage
of a
most always graphical, which only increases its fraction of
modern handheld computer is devoted to its graphical user
source code and resource usage. GUIs are direct users of the
interface (GUI). Moreover, GUIs are direct users of the disdisplay, one of the largest power-consumers in mobile complay and also determine how users interact with software.
puting systems [4, 8]. Moreover, they determine how users
Given that displays consume a significant fraction of system
interact with software. Much of the software used in mobile
energy, it is very important to optimize GUIs for energy
computing systems is not CPU-critical, i.e., the time and
consumption. This work presents the first GUI energy charhence energy required to finish a task is dependent more
acterization methodology. Energy consumption is characteron user interaction than on CPU speed. It is therefore imized for three popular GUI platforms (Windows, X Window
portant to improve system energy eﬃciency and awareness
system, and Qt) from the hardware, software, and applithrough GUI optimization. Energy eﬃciency refers to mincation perspectives. Based on this characterization, insights
imal energy usage to finish a task while energy awareness
are oﬀered for improving GUI platforms, and designing GUIs
refers to the capability of trading other aspects of software
in an energy-eﬃcient and aware fashion. Such a characterifor energy savings.
zation also provides a firm basis for further research on GUI
GUI energy characterization is the first step towards the
energy optimization.
above goal. It not only helps choose the appropriate GUI
platform and toolkit, but also helps design an energy-eﬃcient

The first MobiSys already happened but I had no clue
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In the process of writing the CASES paper, I checked out Jason Flinn

D

16

Odyssey
17th ACM Symposium on Operating Systems Principles (SO SP ’99),
Published as Operating Systems Review, 34(5):48–63, Dec. 1999

Energy-aware adaptation for mobile applications
Jason Flinn and M. Satyanarayanan
School of Computer Science
Carnegie Mellon University

Abstract

In this paper, we demonstrate that a collaborative relationship between the operating system and applications can be
used to meet user-specified goals for battery duration. We
first show how applications can dynamically modify their behavior to conserve energy. We then show how the Linux operating system can guide such adaptation to yield a batterylife of desired duration. By monitoring energy supply and
demand, it is able to select the correct tradeoff between energy conservation and application quality. Our evaluation
shows that this approach can meet goals that extend battery

Our measurements also suggest a novel approach to reducing the energy drain of the display, an important but difficult challenge. Using this approach, we project a further
energy reduction ranging from 7% to 29%.
Finally, we show how the operating system can control adaptation by concurrent applications to give a battery
life of user-specified duration. To perform this control, we
have extended Odyssey to predict future energy demand
from measurements of past usage. When there is substantial
mismatch between predicted demand and available energy,
Odyssey notifies applications to adapt. Using this approach,

The beauty and awe of a solid system work. It reaffirmed my interest in mobile systems: it
was much more interesting to me than the papers about high-level synthesis, despite that I
did not understand much of it.
http://imgur.com/gallery/bzvtOHe

http://www.panoramio.com/photo/12982144

How I felt about my own paper in comparison
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99% time and 95% energy spent waiting during interaction
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Epiphany: the most effective way is to reduce the
idle power consumption
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Predict user delay using (1) history and (2) psychology

Dynamic Power Optimization of Interactive Systems
Lin Zhong and Niraj K. Jha
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work on power
optimization of interactive systems,

Abstract— Power has become a major concern for mobile computing systems such as laptops and handhelds, on
which a significant fraction of software usage is interactive
instead of computation-intensive. An analysis shows that
over 90% of system energy and time is spent waiting for
user input. Such idle periods provide vast opportunities
for dynamic power management (DPM) and voltage scaling
(DVS) techniques to reduce system energy. The user interface is in charge of system-user interaction. It often has a
priori knowledge about how the user and system interact at
a given moment. In this work, we propose to utilize such a
priori knowledge and theories from the field of Psychology
to predict user delays. We show that such delay predictions
can be combined with DPM/DVS for aggressive power optimization. We verify the eÆectiveness of our methodologies
using usage traces collected on a personal digital assistant
(PDA) and a system power model based on accurate measurements. Experiments show that using predicted user delays for DPM/DVS achieves an average of 21.9% system
energy reduction with little sacrifice in user productivity or
satisfaction.

DPM/DVS, and system-user interaction modeling.

A. Energy characteristics of interactive systems
Fig. 1 shows the power consumption when the
Qtopia [23] Calculator is used by a user on a Linux-based
Sharp Zaurus SL-5500 PDA, to compute (89 £ 56) ÷ 45.
The power is sampled at a rate of 400 samples per second.

A clever, interdisciplinary idea but partial implementation
1.3
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“User attention
is the most precious computing resource”
•

April 8, 2004, 4:30 p.m., Princeton Electrical
Engineering seminar "Pervasive and Context
Aware Computing" by Daniel Siewiorek

•

Project Aura
•

Distraction-free Ubiquitous Computing

http://www.cs.cmu.edu/~./aura/auravideo.mpg

“User attention
is the most precious computing resource”

It is the human user that limits the
energy efficiency of computers
Energy efficiency =

User productivity
Average power consumption

How I discovered MobiSys
circa June 2004

Following up Jason’s work led to
my discovery of MobiSys
Ghosts in the Machine:
Interfaces for Better Power Management
Manish Anand, Edmund B. Nightingale, and Jason Flinn
Department of Electrical Engineering and Computer Science
University of Michigan

ABSTRACT

are operating. Each
device attempts to optimize its ow
Best Paper from MobiSys
2004

We observe that the modularity of current power management algorithms often leads to poor results. We propose two
new interfaces that pierce the abstraction barrier that inhibits device power management. First, an OS power manager allows applications to query the current power mode of
I/O devices to evaluate the performance and energy cost of
alternative strategies for reading and writing data. Second,
we allow applications to disclose ghost hints that enable bet-

energy usage, not that of the entire mobile computer. Sim
larly, applications rarely take the power mode of I/O devic
into account when deciding when and where to read or sto
data. This modularity leads to simplicity of implementatio
for both parties, but sacrifices both performance and energ
conservation.
The goal of our work is to enable better power manag
ment by exposing additional context to applications an

µSleep: A Technique for Reducing Energy Consumption
in Handheld Devices
Lawrence S. Brakmo
Abstract

Deborah A. Wallach
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Energy management has become one of the great challenges in portable computing. This is the result of the
increasing energy requirements
of modern portable de0.6
vices without a corresponding increase in battery technology. µSleep is a new energy reduction technique
for handheld devices0.4
that is most effective when the
handheld’s processor is lightly loaded, such as when the
user is reading a document
or looking at a web page.
0.2
When possible, rather than using the processor’s idle
mode, µSleep tries to put the processor in sleep mode
0 one second) without affecting
for short periods (less than
0
1
the user’s experience. To enhance
the perception
that the2
system is on, an image is maintained on the display and
activity is resumed as a result of external events such as
touch-screen and button activity. We have implemented
µSleep on a prototype pocket computer, where it has re-

Marc A. Viredaz

processors used in these systems are highly integrated
and include a large number of I/O components such as
LCD controllers, serial communication interfaces, etc.
Another important difference is their usage patterns.
Most handheld devices are used interactively and, as a
result, there is a lot of idle time between the user interactions, usually as a result of the user viewing or reading
the result of the previous interaction.
We have developed a new technique, called µSleep (pronounced micro-sleep), that takes advantage of this usage
pattern. Rather than always putting the processor in its
idle mode during short (less than a second) periods of inactivity, we put the processor in its sleep mode whenever
4 we use differs
5 from the usual
possible. 3The sleep state
Time
(s) sleep state in important ways. The first differsystem
ence consists of keeping the display on while showing
the image that was present before the system went to
sleep. The second difference consists of waking the sys-

µSleep: A Technique for Reducing Energy Consumption
in Handheld Devices
Lawrence S. Brakmo
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processors used in these systems are highly integrated
and include a large number of I/O components such as
LCD controllers, serial communication interfaces, etc.
Another important difference is their usage patterns.
Most handheld devices are used interactively and, as a
result, there is a lot of idle time between the user interactions, usually as a result of the user viewing or reading
the result of the previous interaction.
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How I felt about uSleep

How I felt about my own paper in comparison

I did not know how to build systems!!!!!

How I learned about building things
•

Internship at MSR Redmond

•

Hardware Devices Group
•

•

Mike Sinclair and Turner Whitted

Project WITTY
•

Using bone-conduction
microphone to de-noise
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ABSTRACT
Handhelds, such as smart-phones and Pocket PCs, have the
potential to become the computing, storage, and connectivity hub, or Digital Hub, for pervasive computing. However,
their current interfacing paradigms fall short of achieving
this goal. To meet this challenge, we present the system and
hardware design for a Bluetooth-based personal-area network (PAN) of low-power wireless interfacing devices. The
network consists of a wrist-watch, a single-hand single-tap
multi-finger keypad, and a smart speech portal, and a GPS
receiver. These devices serve a handheld in a synergistic
fashion, collectively providing the user with immediate and
more natural access to the computing power and enabling
more and better services.
Categories and Subject Descriptors: C.m [Computer
systems organization]: Miscellaneous; D.2.2 [Software Engineering]: Design Tools and Techniques—User interfaces

We follow the first two principles by employing Bluetooth
to connect a handheld and its interfacing devices into a PAN.
We design a keypad, called violin-pad, which is small enough
to be attached to a keychain. Since it is physically detached
from the handheld, the user can hold it in one hand and type
in a fashion similar to playing violin. We also design a wristwatch, called cache-watch, which exports a display service
to the handheld so that the latter can displays information
on the wrist. We realize that one of the largest challenges to
speech-based interfaces lies in delivering a noise-resilient and
high-quality voice stream to the handheld in a user-friendly
fashion. We design a smart speech portal based on boneconduction sensing to respond to this challenge. We have
incorporated a Bluetooth GPS receiver, as an example of
information capturing devices, into the system as well. We
believe that new interfacing devices have to be inexpensive
to initiate a market and train users, and they have to be

Short paper at ACM MobileHCI 2005

Back Princeton: Time to try MobiSys!

It is the human user that limits the
energy efficiency of computers

Submitted to MobiSys’05
Energy Efficiency of Handheld Computer Interfaces:
Limits, Characterization and Practice §
Lin Zhong and Niraj K. Jha
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Abstract
Energy efficiency has become a critical issue
User productivity
for battery-driven computers. Significant
work has been
Energy
efficiency
=
devoted to improving it through better software and
powerand
consumption
hardware. However, theAverage
human factors
user interfaces have often been ignored. Realizing their extreme
importance, we devote this work to a comprehensive
treatment of their role in determining and improving
energy efficiency. We analyze the minimal energy requirements and overheads imposed by known human
sensory/speed limits. We then characterize energy efficiency for state-of-the-art interfaces available on two

energy consumption per user task. At a higher level,
one needs to evaluate
User productivity
Average power consumption
or (User productivity) £ (Power efficiency).
From such a perspective, human factors and user interfaces have a large impact on system energy efficiency,
simply because they determine not only the power
consumption for interaction but also user productivity.
Most low-power research has focused on reducing the
power consumption, given a computation or interactive

Looking for a job

Interview at Rice on 02/14/2005

.…..

.…..

Received during the interview at Rice; perhaps got me the job

MobiSys 2005
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browser can be set up to automatically render web
pages associated with the user’s current location.

In this paper, we propose a system that uses the
The Global Positioning System (GPS) is by far the most
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Abstract

More recent solutions to this problem have centered
on thesoftware
use of virtual states
machines. from
For example,
in Internet
SoulPads
ledtome
separating
hardware,
The ability
walk to
up toresearch
any computer,inpersonalize
Suspend/Resume (ISR) [7, 8] the user’s computation
it, and use it as one’s own has long been a goal of
state &
is stored
as a check-pointed
virtualforaging.
machine image
including
Satya’s
work
Internet
resume
and cyber
mobile computing
research.
We in
present
SoulPad, asuspend
new
in the network when computation is suspended, and
approach based on carrying an auto-configuring
retrieved from the network when computation is
operating system along with a suspended virtual
resumed at a machine that has similar base software.
machine on a small portable device. With this
Turducken: Hierarchical Power Management
for Mobile
ISR has since explored
using a Devices
portable storage device
approach, the computer boots from the device and
as a cache [18].
resumes the virtual machine, thus giving the user
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Introduction Abstract
Maintaining optimal consistency in a distributed system re-
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SoulPad (USB 2.0 portable disk)

Texas, here I come
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Edward the network QoS guy

Had started doing wireless work with a serious deployment
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Average household income below US poverty line
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Studying Smartphone Usage: Lessons
from a Four-Month Field Study
Ahmad Rahmati, Member, IEEE, and Lin Zhong, Member, IEEE

Number'of'sessions'per'hour'

Minutes'

Abstract—Many emerging mobile applications and services are based on smartphones. We have performed a four-month field study
of the adoption and usage of smartphone-based services by 14 novice teenage users. From the field study, we present the application
usage and usage characteristics of our participants. We show that their usage is highly mobile, location-dependent, and serves
Usage"2me"(minutes)"per"hour"
multiple social purposes. 8"
Furthermore, we report qualitative
lessons regarding the evaluation of smartphone-based
services. In
0.8"
particular, we highlight the cases that an accurate evaluation would require a long-term and/or field study instead of a short or labNumber"of"sessions"per"hour"
based study, and the cases where studying a particular
application independently is insufficient and a holistic study, i.e., involving the
whole device, is necessary. We further present guidelines on effectively shortening the length of a study. These lessons are supported
6"
0.6"
in part by five identified contributing
factors to usage evolution.
Index Terms—Human-computer interaction (HCI), mobile phones, mobile services, user studies, field studies
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INTRODUCTION
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2"

Ç

0.4"

0.2"

become a popular platform for mobile or no prior experience with smartphones, providing a
applications and services, many of which are evaluated unique opportunity to study the adoption and usage
services. Importantly, we
with short-term and often 0"
lab-based studies. In this paper, evolution of smartphone-based
0"
not claim that the services available on the smartphones
we present findings regarding
the 3"
usage and5" usage do
1"
7"
9"
11"
evolution of mobile devices and services, as derived from used in our study are representative of all mobile services,
Week' especially newer ones. Yet we do believe that usage
both quantitative and qualitative data collected from a fourmonth field study of smartphones provided to 14 teenage evolution is intrinsic and the five factors identified in our
mobile users. In particular, we have observed that different study will provide key insights into the evaluation of many,
Lesson
learned:
it was
tooforshort;
was
noservices.
control
group.
not most,
mobile
To optimize
the instrumentausage patterns
may apply
to different
locations
each ifthere
user, and mobile phones were used considerably when they tion software and formulate initial hypotheses, we conducted a one-month pilot study before the long-term study.
MARTPHONES have

LiveLab: A yearlong field study of 34 iPhone 3GS users

Exploring iPhone Usage: The Influence of Socioeconomic
Differences on Smartphone Adoption, Usage and Usability
Ahmad Rahmati1, Chad Tossell2, Clayton Shepard1, Philip Kortum2, and Lin Zhong1
1
Dept. of Electrical and Computer Engineering, 2 Dept. of Psychology, Rice University, Houston, TX
{rahmati, chad.tossell, cws, pkortum, lzhong}@rice.edu
ABSTRACT

Previous studies have found that smartphone users differ by
orders of magnitude. We explore this variability to understand how users install and use native applications in ecologically-valid environments. A quasi-experimental approach is applied to compare how users in different socioeconomic status (SES) groups adopt new smartphone technology along with how applications are installed and used.
We present a longitudinal study of 34 iPhone 3GS users. 24
of these participants were chosen from two carefully selected SES groups who were otherwise similar and balanced.
Usage data collected through an in-device programmable
logger, as well as several structured interviews, identify
similarities, differences, and trends, and highlight systematic differences in smartphone usage. A group of 10 lower
SES participants were later recruited and confirm the influence of SES diversity on device usage. Among our findings
are that a large number of applications were uninstalled,
lower SES groups spent more money on applications and
installed more applications overall, and the lowest SES
group perceived the usability of their iPhones poorly in
comparison to the other groups. We further discuss the pri-
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continuously running logger that collects device usage,
complemented by regular interviews with the participants.
Our study has two unique features. First, unlike prior work
that has very limited information about the participants [35], it achieves more statistical control over potentially confounding variables. Our users are extremely similar in age,
attend college at the same university, live in similar dorms,
and have the exact same experience levels with their device.
However, they differ in their SES backgrounds, which we
show is important for explaining user variance.
Second, our study logs smartphone usage for a longer period of time. Data is collected from most of our iPhone users
for twelve months. In contrast, prior work is based on studies lasting at most a few months on Android and Windows
Mobile based smartphones. This yearlong study allows us
to study the adoption and long-term evolution of user behavior, which has been previously impossible. We chose
the iPhone as, at the time of the study, it represented the
cutting edge of smartphone design for usability, accounting
for over a third of the US mobile Internet traffic as of April
2010 [6]. Additionally, iPhone users have access to the
largest number of third-party applications, with over

http://livelab.recg.rice.edu

12 months and three control groups

Ashu the information theoretician
MUKKAVILLI et al.: ON BEAMFORMING WITH FINITE RATE FEEDBACK IN MULTIPLE-ANTENNA SYSTEMS

of such a system employing a beamformer codebook with
beamforming vectors (corresponding to
bits of
feedback per frame) is bounded below as

An

and
which were investigated (see Section IV-B). N
(i.e., fe
that even though the lower bound is valid when
beamforming vectors than the transmit antennas), it is very lo
in that case. In particular, with the beamforming methodol
used in this paper, the rate of decay of outage probabilitywith S
while the bound decays a
for beamforming will be
(33) rate of as we show in the next section. In the next section
also show that the bound is asymptotically tight in the numbe
where
beamforming vectors. The bound will be used to explicitly c
and
(34)
acterize the behavior of outage probability of good beamform
as a function of the number of transmit antennas and the num
Proof: Let be an arbitrary beamformer codebook with of beamforming vectors. Finally, the procedure used in arriv
beamforming vectors. Let
be the probability of at the bound will also prove useful in characterizing near-opti
no-outage when is used for beamforming. We have
beamformer codebooks and will be used to derive a design c
rion for good beamformer codebooks.
We will now evaluate the outage probability of beamform
Using the upper bound on
from (30) when perfect channel information is available at the transmi
Note that this can be treated as the case when is made very la
and the distribution of in (31), we get
The case of perfect channel information at the transmitter se
asausefulreferencein evaluatingtheperformanceof beamfor
codebooks with finite number of beamforming vectors.
1) Perfect Feedback Bound: Suppose that the channe
known perfectly at the transmitter and the receiver. It
shown in [17]
that the optimal
scheme
minimizing ou
average Ashu paper would have more than 50(35)numbered
equations
and
10 for
proof.
consists of a Gaussian code followed by a beamformer.
optimal beamformer is given by a unit vector in the direc
The second term in (35) can be simplified as
of , where is the channel realization. The received signa

Ashu the information theoretician

Yet he built this gorgeous 12 layer board with FPGA and multiple antennas called WARP to
answer questions from information theory.

If an information theoretician can build it, I could play with it
RF	
  daughter	
  board

WARP	
  Board	
  1:	
  
Access	
  Point

WARP	
  Board	
  2:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Wireless	
  interface	
  with	
  µPM

Micro power management (MobiSys’08)

1 omni antenna

3 directional antennas

WARP
Laptop
Controllable motor

Directional antennas (MobiCom’10)

Six years after my first MobiSys paper

Chameleon (MobiSys’11 Best Paper Award)

My Rockstar citation

“understanding mobile design tradeoffs,
driven by novel platforms and
large longitudinal studies of mobile users.”

1. Follow the passion

Be true about yourself
!

High-level synthesis is a great research topic and still a hard problem. Researchers like Jason Cong from UCLA
who worked on it about the same time as we did made a huge scholarly & industrial impact. But it didn’t click
with me.

!

2. Do it better each time

It is fine to start low

Aim high

It takes time. It took me five year to have my first MobiSys paper; another six year to have my first MobiSys Best Paper Award.

2.a Get out of the comfort zone

Be true about the research problem
!
Don’t change the problem so that you can solve it
Reinvent yourself to solve the problem

2.b Have role models

Not to copy their research but to analyze their approaches

I was lucky to discover Jason early on

http://static.guim.co.uk/sys-images/Guardian/Pix/pictures/2014/2/14/1392396056634/Mount-Everest-rises-8848m-011.jpg

Your role models do it better each time too:
Jason has won five Best Paper awards since MobiSys’04:
3 SOSP/OSDI, 1 ASPLOS and 1 FAST

My Rock Band
Students (by seniority)

Collaborators (by alphabet)

1. Follow the passion
2. Do it better each time

