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Hold on a second ...

- We have a lot of different emerging systems ...
> Mobile Systems
o Internet of Things (IoT)
> Cyber Physical Systems (CPS)
= Ubiquitous Systems
= Pervasive Systems
- Embedded Systems

- How are they different?
« Are they really different?
- Why are there so many names?
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Platform ? Design ?

« Why Platform?

- Abstraction

- Users/developers/HW

» Support common functionalities
« Optimization (runtime)

« OS .vs Platform ?
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What is computer?

- What comes up to your head when you hear

the word ‘computer’?

- What does it look like?
- What do you do with it?
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Mobile/IoT Platform ?

l Feature l Smart—-phones New Mobile
Phone iPhone, Android Platform

>
>
and more >
~2’*'}-'®~
e

HW oriented, New Mobile Interface
Communication User satisfaction
centered
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It's a sunny day.




the 15t generation

P 2 -

Laboratories

o . on top of DESKS Hands or pockets
Scientists & Engineers Office workers, students Everybody
Complex science Desk tasks (pen-and-paper) 299

computation
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Mac OS X ?

computertipsdownload.com

MI S I n chcmrﬁ Computing



http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.recchi.com.br/BLOG/tech-history-remember-cry/&ei=crLIVLDzEdS78gWnnIHACA&bvm=bv.84607526,d.dGc&psig=AFQjCNGQBraZF0r895frotXm8yMGOwDuwg&ust=1422525424133798
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.recchi.com.br/BLOG/tech-history-remember-cry/&ei=crLIVLDzEdS78gWnnIHACA&bvm=bv.84607526,d.dGc&psig=AFQjCNGQBraZF0r895frotXm8yMGOwDuwg&ust=1422525424133798
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.tomshardware.com/reviews/operating-system,350.html&ei=7rLIVPjVAYXg8gXSxIDYBg&bvm=bv.84607526,d.dGc&psig=AFQjCNEjIn5LfuyyXVGEh6Ue6770uNQ_dw&ust=1422525485992292
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.tomshardware.com/reviews/operating-system,350.html&ei=7rLIVPjVAYXg8gXSxIDYBg&bvm=bv.84607526,d.dGc&psig=AFQjCNEjIn5LfuyyXVGEh6Ue6770uNQ_dw&ust=1422525485992292
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRw&url=http://computertipsdownload.com/operating-system/&ei=ULPIVIyrPMeB8QXu94C4CA&bvm=bv.84607526,d.dGc&psig=AFQjCNGwOZFP078MtwViB2ekVexk7GPBvw&ust=1422525615911290
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRw&url=http://computertipsdownload.com/operating-system/&ei=ULPIVIyrPMeB8QXu94C4CA&bvm=bv.84607526,d.dGc&psig=AFQjCNGwOZFP078MtwViB2ekVexk7GPBvw&ust=1422525615911290
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRw&url=http://www.maximumpc.com/article/news/6_features_ios_7_took_android_2013&ei=cbTIVLOuCNjc8AXB4ICQCQ&bvm=bv.84607526,d.dGc&psig=AFQjCNHPB7d4xyKQTSJafcQpGzTnBy-jdw&ust=1422525789582500
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRw&url=http://www.maximumpc.com/article/news/6_features_ios_7_took_android_2013&ei=cbTIVLOuCNjc8AXB4ICQCQ&bvm=bv.84607526,d.dGc&psig=AFQjCNHPB7d4xyKQTSJafcQpGzTnBy-jdw&ust=1422525789582500
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://androiderku.blogspot.com/2014/01/android-for-all-and-new-nexus-5.html&ei=jbfIVM_4KYrc8AXDl4KwCA&bvm=bv.84607526,d.dGc&psig=AFQjCNHXqTDzEkaKINMO92MkZZuS7iKI1A&ust=1422525986307058
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://androiderku.blogspot.com/2014/01/android-for-all-and-new-nexus-5.html&ei=jbfIVM_4KYrc8AXDl4KwCA&bvm=bv.84607526,d.dGc&psig=AFQjCNHXqTDzEkaKINMO92MkZZuS7iKI1A&ust=1422525986307058

What do we do with Anirong? H

- Early response:

From an expert point of view, Android is not really a BIG deal. Mainly
Linux with communication capability enhanced ... ...

« What do we do now?

« Cf) future value
- Experience with DOS, WWW, ...
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Two potentially different perspectives

« System experts .vs Designers (Architects)

- Designers perspectives
> Two platforms deployed in practice
> A system comes with its CONCEPT

- What is a mobile platform?
> What is the new concept of a mobile platform?

KAIST




What did DOS mean?

A:Al: 'EMP
Range Copy Move File Print Graph Data System Quit
Glohal Insert Delete Column Erase Titles Window Status Page Hide
A A
1 EMP_NAME DEPTHD  J0B YEARS  SALARY  BOHUS
1777 Azibad 4608 Sales 48088 16866
81964 Brown 6800 Sales 45088 16860
48378 Burns 6000 Mgr 75088 25860
508786 Caeser 7808 Mgr 65088 25060
49692 Curly 3800 Mgr 65088 26860
34791 Dabarrett 7800 Sales 45008 16860
84984 Daniels 1668 President 150688 186060
50037 Dempsey 3800 Sales 46008 18888
51515 Donovan 3000 Sales g i3]3]:] i3]
48338 Fields 4800 Mgr jeeee 250680
91574 Fiklore 1808 Admin 35008 ---
64596 Fine 5000 Mgr 75088 25860
13729 Green 1860 Mgr 0pee8 25060
55857 Hermann 4808 Sales 50008 18888
48008 16860
geeee 250680
30008 ---
180688 508680
35008 5660

31619 Hodgedon 5800 Sales

1773 Howard 2888 Mgr

2165 Hugh 1808 Admin

23987 Johnson 1868 VP

7166 Laflare 2800 Sales
DATA.WK3

P = P o 00 P L 00 R W) o L P
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What do 10S & Android mean?

0S 7

The mobile OS from a
whole new perspective.

www.shutterstock.com - 200643647
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“Mobile computing?”

-

People uses computers
anytime and anywhere
while they are moving

In reality, it means that
I use computer in
mobile or various other
situations, i.e., in real
life situations

MI ST n chemrk Computing




Ealixtpisls:
LIPE=LMMERSINVE COMPUTING

Application Examples
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Life-Immersive Computing
 What Is It?

KAIST




example
ple 1) Aerobic Exercis
es

WIF
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of persons drop out of exercise
within
) Gmonths

* Wilson & Brookfield, 2009

. A

J
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Reasons for

Exercise DIO p‘OUt

LaCkof

ax Social interaction
@ Motivation
T Poor body image

() Expense & Time

Len Kravitz
University of New Mexico




Aerobic Exercises: eas%l Y zl; m

[CSCW’12, MobiSys’12, CSCW’13, CHI’14]

Repetitive-Individual-Monotonic

—


video/고화질_Running_or_gaming_ubicomp2009_video_final.avi
video/고화질_Running_or_gaming_ubicomp2009_video_final.avi

(example 3) CHILDREN in a Kindergarten

[UbiComp'10, Pervasive’l2, UbiComp'12]

KINDERGARTEN

LD TRIPS

Network Computing
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Scienc:"e Experience Hall Setting
E A ‘ v 9-12 chi
v 4-5-ye
v’ 1-2 teach
v' Approx. 2 hours each

Natlonal Sc1ence Museum
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Potential
dangers

I T : 5 2pie - n chcnmrkCnmpuu'ng
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(example 4) People in the COEX Mall
o AdNext*: Next Visit-Predictive AdS (Hotvobile'11]

Accompanies
User Eofile

4

Highly relevant and timely Ads MMobﬂe

n c Netwark Computing




RART IS

A Platdiormm for Life~-immersive
Moblle Computing
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Life-Immersive Computing

| use a computer in mobile or various other situations,
l.e., In real life situations

= Help users enhance their real life experiences ...

- 1OS and Android
- preliminary stage; re-produce PC apps; ‘just-a-moment’ (ZH7+2H
mobile computing !
- MP3, AnyPang, AngryBird, Twitter, KaKaoTalk, ...
- Re-active

- Early examples of life-immersive apps
= Navigator
- satisfactory?
> Quantified-self apps

KAIST




Requirements

- System in general
> Performance (throughput, responsiveness, ...)
= Reliability
- Scalability

- Mobile systems
> Mobility
= Energy

- Life immersive-ness, i.e., immersion to real life situations
- Situation conformity
- Attention management
> Privacy

= Situation awareness

= Proactive-ness & automation
= Natural interaction

KAIST 30




Challenge: Limited REAL-WORLD Awareness

KAIST 33




Challenge: High Resource Demand under High Limitedness

34



Challenge: Limited InteEace H

KAIST -




Impossible!

KAIST




Vision: Full-Fledged Platform for Life-Immersive APPs

Life-Immersive apps

% L \ { [ —

i @ - _ . '
AdNext+ SympaThing Fall monitoring

Simple and Intuitive API

Platform Support
mmon Functionalities)

KAIST
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Broader View and Limitations

Life-Immersive Apps

Conflict
Coordination

Energy Efficiency

Resource
Adaptation

Specification/ Application Interface/ Usability

Sensor Fusion/
Stream Processing

Sensor Device Abstraction

Cloud Support™=*
y
Inference Precision Privacy/ Security R,

)

>

= ¥

Rich Set of Sensor Hardware

KAIST

38
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Steppl

FIRST ROUND ATTEMTS



First round attempts

« Various early attempts
= Localization
= Energy savings
= Mobile cloud computing
- Still going on ...

> API and languages
> Technologies
> Knowledge



Findings from the platform design (step

« New knowledge learned and technologies developed for a new
platform

A. Language: CMQ interface and new APIs
B. Runtime design and implementation techniques

1
2
3.
4

O N O U

Context monitoring (.vs context recognition) [MobiSys'08, TMC'10]
Context continuity; eventually boils down to high degree of /ocality
Essential sensor set

Translation-based context processing
1) Plurality of processing logics and
2)  Plurality of sensing modalities

Frame-based flow scheduling with flame externalization [SenSys’12]
Synchronous flow processing [PerCom’10, TMC'14]

Dynamic sensor abstraction

Collaborative gesture architecture with closed-loop fusion [SenSys’11]
Real-world (.vs in-lab) mobile experiments



Sensing Stream Scheduling and Processing [sensys'12]

« Contention over limited resources

Incorrect results

oot Lopan L L

E i i longer time wi:hdow

N

. ‘ contention !
sreama + (1111 - NO000000-
stream a > f e >

deg Down sampling

® 00 o 00 o 00 '
sensing vee e
stream ¢ > Incorrect results
sensing
streamf  °*°° e ‘
sensing ro : g
streamg  **° oo not consecutive |

» A 1 1
PP eo e oo o (XY ..:

»

Simple Duty-cycling
KAIST i Nei:




Unstructured stream

- Scheduling units?
« Processing units?

= .. 000

User contexts

NN

Processing
7/

Flat sensing data stream

KAIST 43




Frame Externalization

» Externalize semantic structures embedded in
sensing data stream
» provides useful hints for sensing flow coordination

frame of flow1

...m|> o

[ .. Ep o= .9000 -

J\ ) g

b sedsapsiiagal sihresime
frame of flow2 \ o

G = -0 @ -

Different structures for different applications

KAIST 44 NGt




Frame-based Flow Scheduining H

» c-frame as the basic unit of resource allocation

A c-frame = A result
- Easy to reflect application requirements

Context
results ! ! ‘

Sensing ..
stream >

c-frame adjust c-frame interval

Ensure the deserved amount of resources
for an allocated c-frame = Correct results

KAIST 45




Gestural Interaction [sensys'11]

« excessive energy overhead: continuous monitoring

« Collaborative fusion architecture
- Inter-device Collaboration & Inter-modality Collaboration
« Closed-loop collaboration architecture of hybrid sensing modalities

N

@ -~ Mobile Applications :

adaptatfon Foodback ( Application Interface

Cont‘roller % R Gesture Query| ' /
i Gesture queries| Repository ! .
v

Accel-based > Gyro-based Mobility
Segmentor || Segmentor N0|se Filter Sensor > Feature - Gesture
- , Broker Extractor Recognizer
oy . -7 B4 »
v et .
Acceleromete Gyroscope Radlo . Radio Gesture ||Adaptive ||Multi-situation
(3-axis) (3-axis) Transcelver Transceiver /|Model Set|| HMM HMM
_/
\ J




Closed-loop Collaborative Detector

Inaccurate, Accurate,
Low energy High energy
Trigger
...... Accel-based AR Gyro-based PFS Accurate,
Detector Detector
x | Low energy
Feedback

Performance-preserving, Energy-saving
Collaborative Sensor Fusion

KAIST e




Ste Pl

MULTI-DEVICE COLLABORATION
ARCHITECTURE for Mobile Platforms



CoMon: In-Situ Collaboration Architecture Mobisys'12

We travel together.
Why does everyone
sense?

N N\ AN T 4 VAN AN .v
NS s Wi v - e e b e . §

V\" ﬂ"_‘“ m

q.,,.. -




Expected Power Savings

KAIST 50




o CoMon
Bog . =
Mobile OS k.4
an>0I1D

GPS Air Quality Heartrate
Pulse meter (dust) Sound

Collaborative Sensing as a Platform
reqgContextUpdates("Loc’] 10 sec, hdler),

Support Diverse Ambience Contexts

[ Location ] [ Indoor Place ] ."[ Air Quality ]

Events
(Music, ...

) ] [ Group Activity ] [ Crowdedness }

User-Unobtrusive Collaboration
Automated cooperation when people meet
No manual initiation by users

Energy Benefits and More
Cooperate when beneficial (e.g., saving battery)

n c.\emﬁc Computing




Design Choices

- Cooperation with Long Stayers

> Low overheads for cooperation
- Less frequent discovery, negotiation, and connection mgm.

- Little service vacancy for continuous sensing

- Pair-wise Cooperation
> Less venerable to user mobility
> Low negotiation complexity

- Sharing High-level Context Through Sma
> Hide heterogeneity and dynamics of cooperators’ sensors
> Save energy by not exchanging raw sensor data (e.g., sound)

KAIST -




Architecture

-Tror——e

Trip ~ = Pollution E : ;
Memory s\._?}'f Alarm Lajlf
. ong-staying Cooperator
API \ Context—II‘eVe% Iéltegcl)%%tlonp
C
Lot «‘ Cooperation
Processo Planner i
- Oowm t Context Exchange
Cooperator Location s Sound events
O Selector o :
- = Monitoring a context in turn
) _- Air Quality (I: 5 Min, You: 5 Min)
> Access Cooperator ((‘ 77)
8 Controller Detector
Nl Sensor Manager 4

MobiCon [CACM ‘12]
FastFlux [PerCom ‘12]
Orchestrator [PerCom ‘10]

KAIST - 53 SeeMon [ MobiSys ‘08]




Mobile Multi-speaker Audio Apps: a camping scenario
0 0 o o e —

=¥ Mobile Maestro:

Enabling Mobile Multi-Speaker Audio Applications
on Commodity Mobile Devices

Hyosu Kim!, SangJeong Lee?, Jung-Woo Choi3, Hwidong Bae', Jiyeon Lee!,
Junehwa Song’, and Insik Shin?

1 Department of Computer Science, KAIST
2 Software Center, Samsung Electronics
3 Department of Mechanical Engineering, KAIST




Pare LV

Research OUTLOOK:
LESSONS, DISCUSSION



Reflection

- A novel mobile device that Korean
iIndustry designed ...
= Was it successful?
> Why?
> Why not?



Google Glasses

» 100 reasons they are good
« 100 reasons they are bad



Submpy service
suipended

&7

~

Jetdica wantsy
10 talk to you,

M a Paul is 402 ft away
Foam 0 wet Bonty










Design of a Future Platform ;System)

Workload .vs HW (environments)

Application .vs Platform
(How) Do we know future applications?

Can we come up with a new platform without knowing new
applications

Who defines a new platform?
Expert .vs Designer (Architect)

= Value creation?

What is the notion of PERFORMANCE?
Up to Human Satisfaction



THANK YOU VERY MUCH

Questions?

Junehwa Song

jJunesong@cs.kaist.ac.kr
School of Computing
KAIST
http://nclab.kaist.ac.kr
TEL) 042 350 3546
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