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Abstract — The purpose of the REACH (REmote ACcess to
smart Home facility) platform is to allow studentsto learn
about basic principles of computer science and sefare
engineering practices, and gain hands-on experiendérough
observable effects of the computing systems in anféiar setting
(home). It utilizes virtualization to encourage grap
collaboration and grants anytime, anywhere access the smart
home facility. It incorporates dynamic binding capaility that
allows students to either use the sensors and actoes
hardware they check out and install locally for deelopment, or
to conduct experiments in the smart home facilityOnce the
development is completed, the programs can be depied
remotely, and students can make observations throigweb
cams strategically situated in the smart home fadtly and the
logs of the system’s operations and users’ activits. The
REACH platform is designed to support a large spectum of
computer science courses, from the equivalence obroputer
science lab 101, interdisciplinary projects, all te way to
research projects in artificial intelligence, pervaive computing,
and human computer interactions.

Index Terms— Virtualization, Remote lab, Pervasive computing,

Smart home, Interdisciplinary courses, Computatitmaking

l. INTRODUCTION
Most non-major students often consider computesnee to

be dull and geeky. Many negative stereotypes sodou
computer scientists even when computers have become

ubiquitous in all aspects of the modern societyiriibue the
critical computational thinking (CT) in students ofher
disciplines, and to counter the misperceptions riigg
computer science, we have developed laboratory fesdor
computer science courses and the correspondinfpdiliiy

based on the smart home technology.

For a long time, the instillation of the fundaménta
has been resorted to either taking beginners’ progring
language courses in Visual Basic or Java, or inictmy
lectures on computer science. Most of the learaictiyities
both within and outside of the classrooms lean iomple
programming exercises, which often only displayuitsson
screen, and bear little practical relevance toesited own life
experience. In contrary, an introductory lab in pomer
science would promote students’ interest and engege
through hands-on, observable activities, with ttHeeces
similar to the introductory labs in physics androfsdry.

an environment familiar to all students (i.e., hdngenerates
real and observable effects and benefits, natufatifitates
interdisciplinary collaborations, and has the ptétnof

generating outcomes that can help real people enréal

world. This definitely presents an advantage taetis who
have just started learning more about computensei¢o be
more than just a casual user of computers, ance thvds

begin pursuing cross-disciplinary research or ptageas.

REACH allows students to observe through web cams

strategically situated around the smart home fgcind the
web-based control panel and dashboard. Studeritsendble
to observe with their eyes how the logic in prograwdules
dictates the way sensors collect the data and tactuaffect
the environment, and learn to influence or altés behavior
via modification of computer programs.

A number of technical
incorporated
advances and supports new classroom activities.

« Maintains cross-project isolation and separatiotwéen

improvements have been
into REACH to enable the pedagogical

development and experimentation environments, which
minimizes unwanted interference between independent
projects, and provides a shared development
environment to facilitate collaboration within team
Provides a comprehensive, individually customizable
development environment in a virtual machine image
that contains a complete set of development tools,
documentation, and collaboration utilities.

Takes advantage of virtualization to enable seanmles
migration between development and experimentation
modes without requiring changing code by having
dynamic binding between services and hardware.

A series of classroom activities have been desidoetdke
advantage of the REACH platform, which embody the
following pedagogical innovations.

Enables a pedagogical approach that encouragesea mo
interactive and freeform exploration for introdugto
computer science courses.

Generates observable effects of the software efriifiaa
familiar setting.

Aligns the learning activities with the studentsireer
goals and prior accumulated knowledge.

For computer science and engineering majors, oneuof
primary goals for this project is to develop labdules that
can allow smart home laboratory to be used througttee

This is the reason why we have chosen the smarehomindergraduate computer science curriculum, inctydin

facility to be the underlying platform for REACH.bBases on

introduction to CT, programming languages,

software



engineering and testing; all the way to conductasmpior
capstone projects.

We present our work in the following order:
representative related works is presented firdipvi@d by a
summary of the design considerations and the regult
system architecture. Next, we describe the clagsroo
activities and the associated pedagogical innowatioVe
conclude this paper by presenting discussions ameso
interesting design decisions as well as the outloofuture
enhancements.

Il RELATED WORKS

A. Virtualization Labs

Virtual Computing Lab (VCL) [1] provides remote a&ss to

a dedicated virtual machine with customized sofewar
packages. It also provides a reservation systerstémtents.
This setting enables students to develop theireptsj but its
cloud computing nature prevents students from kngwi
exactly which machine their projects are executingwhich

MATLAB/SIMULINK based control engineering lab [6]
designed by Schmid utilizes JavaScript, Java appkmtd
virtual reality modeling language (VRML) for aninest
simulations. This environment does not allow intéoa with
humans in a real setting, which is a key comporient
introductory computer science laboratory courses. |
comparison, student projects developed using thAGRE
platform can be easily migrated between developraeoit
experimentation modes as needed without any code
modification. REACH platform also promotes colladtion
while [6] does not.

Fiore and Ratti [7] use a remote laboratory to olase
mouse behavior. Students can control the maze, ucdnd
videotaped experiments, and analyze data. Theyatea(1)
technical aspects on how to transmit and receieevitieo
recording, and to permit interactive experimenthg, (2)
the practical possibility for the learners to cawut the
assigned tasks and to obtain meaningful and censist
measurements, (3) conceptual and technical adquisit
attained by the learners, compared with the |efeetsseen by

makes sharing hardware devices, such as sensods, afe project, and (4) perceived usefulness, eassefind user

actuators difficult. Additionally, VCL is designetbr a
single student and does little to encourage thialotation
of students, offering little improvement over thaditional
approach where students work at home independently.

B. Remote Labs

Mechatronics Lab [2] features access to live viskeeam and
recorded movies, allowing control using a Java lsenwplug-
in. Step-by-step procedure were given for develppireb-
based experiments. It allows primary user to mdatpuand
control devices, and secondary user to observe.

acceptance. This project focuses only on conducting
experiments within a specific domain of animal beébig
providing software that has already been developedis
unsuitable for computer science education, since no
programming is involved.

1. DESIGN CONSIDERATIONS

A. Actors
Students (in group and as individuals) and thetasor.

Moon and colleagues proposed a LabVIEW based Iag Use Cases

[3] designed to control passive elements in theudrand
observe readings from the equipment. They alscepted an
integrated view to visualize the design of the witc with
live video feed. Another remote lab project [4] dses on
complementing the real laboratory time with Digigibnal

Processing (DSP) experiments using LabVIEW. Both

projects serve to supplement specific electricajireering
courses; however, the domain of the labs is nadenough
to promote CT among a wider audience of studerttgy T
also focus on using an existing, well establisheml suite
(LabVIEW) for the very specific subject, while REAC
platform can support more generic tools and subject

Fujii and Koike created a time-sharing lab [5] gsimeb
services and provided integration with TDeLMS (T apih
eLearning Management System) for dynamically cours
material retrieval. The focus of the lab is CAD4xafardware
design and FPGA testing. It is designed as an sixierio a
regular lab, while the REACH platform can be usedgdure
online laboratory courses. Similarly to [3] and, [t¢]is lab is
limited to a specific domain of hardware desigr.ifsonly
effective in teaching about FPGA hardware, whilee th
REACH platform is more generic, so students ardinited
to use specific software or hardware; REACH alstu$es
more on software, and allows greater changes tmdmie to
the OS (such as installing new drivers or librgriesaking
the use of virtualized environments more suitable.

4.

1. A student uses the pre-existing tools to compléatele
programming assignments.

A student uses the observation tools to observe &ow
program affects the behavior of the actuator, seand
the smart home as a whole.

A student customizes their own workspace to explore
non-prepackaged projects.

A student deploys their program into the runningagm
home facility.

5. A student remotely observes the effects of the nairog.

6. Students collaborate in group during the developmecess.
Students discuss with the fellow students and unsir
the problems and observations during this process.

2.

3.

~

8. Students maintain a log and a list of bugs andsfixe

encountered during the development process.

The instructor looks into the students’ projectetaluate

their progress and provide guidance.

10.The instructor designs and tries out the pre-pasdag
experiment and programming exercise before hanuling
to students.

9.

C. Requirements

1. Allows multiple groups to share the same physicahrs
home facility at different times.



. Enforces exclusive access to the smart home to amdy
group of students at any time.

. Supports students to develop locally, but easilylaeto
the actual smart home facility without modificatonr
reconfiguration of the system.

. Establishes customizable independent sandbox foin ea
student group to support collaborations, but presven
actions of one group from interfering with anotpesject.

environment owned by other groups.

. Authorizes access to an environment that includes t
necessary middleware, services and bundles to dliew
proper operations of the smart home environment.

. Provides an environment with the appropriate
development environment and collaboration tools.

V. SYSTEM ARCHITECTURE

A. Overview of the Architecture

One of the top priorities of the REACH platform ts
support the separation of the preparation and mtoau

. Prevents access by any student of one group to th

experiments via web cameras, as well as accesersiegs
remotely through a control panel interface.

. . remote observers
experimentation

mode
SH-EXP

(vmware server)

[;

sensor logs

1 og dala\;

4%

Control
Panel

Utilities:
= file server for images
= hardware registry
* gateway
= shared database
= project management
software
= SVN server
= course websites

Sensor 1 Sensor n

development

mode  gH pEV 1
(vmware server)

SH-DEV m
(vmware server)

environments, as shown in Figure 1; in other words,
development machinesH DEvV x) used by students on a
daily basis should be separated from the machirre fo
experimentations and data collectiorsH-(ExP). Each

represents a separate smart home environment tithwin
set of sensors and actuators. Students collabgratinthe
same project can use remote desktop software toecorio
their own smart home environment. When a projestable
enough and students are ready to conduct expesitatir
project is migrated seamlessly to the experimeoriati
environment; all servers have the same hardwar
configuration.

Sensor 1

Figure 1. Overall architecture of REACH

e
B. SHADE Images

Most pervasive computing systems are inherentlyFigure 2 depicts the specific software included each

distributed, and smart homes are no exception. rowige
the complex underlying infrastructure required
development and experimentation, a comprehensivkage

for

SHADE image.
For the guest operating system, we choose Windows
Server 2008 because the REACH platform aims to atipp

of the necessary middleware, software libraries angnultiple concurrent users working on the same sysi&/e

collaboration tools, among others, is by far thepest
solution. In addition, each project may have speciteds
for certain resources (such as libraries), and timay be
incompatible to those required by other projectsné¢, we
adopt OS-level virtualization at the core of the ARH
platform.

Our proposed solution is SHADE (Smart Home
Advanced Development Environment), a customizetli&ir
machine (VM) image assigned to each group, whictsists
of all the software components. Each developmerd an
experimentation workstation runs a copy of virtzafion
software, and each group has full control over dtgn
SHADE. This solution prevents interference by g®up
working on different projects and allows studerdsniake
system-wide modifications as necessary.

In addition to sk DEV and sHExP, REACH uses an
auxiliary server g+ AUX) to provide a variety of utilities
essential to its operation. Students can remotebgive their

opt for Windows Server instead of Linux because tnuds
our students are more familiar with Windows, andhlgo
provides better driver support for a wider selectiof

sensors and actuators from different vendors. Auttidly,

some software packages rely on native librariesutin Java
Native Interface (IJNI), which restricts developméntthe
Windows platform.

Fundamental bundles Database _ 'PE Version
Eclipse +| control:
OSGi Framework: Knopflerfish MySQL plug-ins SVN

Guest OS: Windows Server 2008

Virtualization: VMware Server 2.0

Host OS: Windows Server 2008

Figure 2. SHADE image software stack

Each SHADE

image constitutes a comprehensive

configurable environment that provides student it the



necessary tools to work on their projects and conhdu storage to allow students to run experiments lgoaithout

experiments. Initially, a master image is createdd a
customized with software relevant to particular rees by
instructors. After the master image is tested,sitthen
replicated and configured for each group of stuslent

Since the smart home facility is implemented follogv
service-oriented architecture (SOA) paradigm wlith ©SGi
framework at the core of the implementation, theABH
image includes OSGi framework along with some dsden

continuous Internet connection.

D. Scalability

Increasing the number of development smart someersgs
is a simple way to increase the number of studenifs that
can concurrently work on their projects. The ongngficant

potential bottleneck in our design is the netwookrrection
to thesH Aux hosting VM images and its storage subsystem.

bundles. For instance, hardware driver bundles lenabOne way to mitigate this problem is to introduceado

students to program and interact with hardware cdsyi
speech and notification service bundles providathvay to
communicate with smart home residents; a set ofilegrthat

balancing in the lower layers; e.g., utilize lindggaegation to
increase network capacity and striped disk arrayadrease
storage subsystem throughput. Additionally, mudtiph Aux

enables the conversion and communications betweslm wSystems could be organized in a cluster with refibo of

services and OSGi bundles [8] is also includedlawaeven
greater platform independence and flexibility. Toakle
flexible, easily configurable access to data stones create
an OSGi bundle as the proxy to databases, conburta
use different data sources. It allows studentss® a local
database server for development, and switch tal#t@base
linked to the Smart Home facility during the expegintation.

VM images, with development machines using themain
round-robin way.

Each server can concurrently serve a number okstad
working on their project. Regular entry-level ses/&an
typically support a group of 2-10 students. Shdhkte be a

need for more students to work on the same project

concurrently, an upgrade to the server’'s procesaemory

Also included in each SHADE image is the bookmarkecnd storage, would be required.

URL to the Redmine project management web apptinati
that provides essential features for collaboratismch as
discussion boards, activity tracking, and integmatiwith
Subversion version control system. A shortcut ichdaam’s
project space on the collaboration website is meaddlable
to students. While OSGi bundles and other appboati
immediately enable students to start development,aiso
include supporting documentation — tutorials ananeples —
to serve as a reference, a valuable resourceddingf their
first projects or as a refresher somewhere dowmdhe.

C. Switching and Binding

Virtualization severs the tight-coupling betweere th
operating system and hardware, offering a mecharfiism
end users to seamlessly switch between the develapamd
experimentation environments.

When a student group is ready to deploy its prdjact
the smart home facility and conduct experimentsgyth
reserve specific timeslots for exclusive accesstart home
online. When the time comes, the SHADE running pne of
the sHDEVS is migrated to thesH ExP. A system-wide
notification service announces system shutdownlltasers
currently logged in before the migration takes pldeinally,
the migrated SHADE discovers and binds to new hardw
so that students’ project can continue to functiooperly,
but in the smart home facility instead.

During the initialization process, hardware sersice 5.

indirectly query hardware registry aH Aux to obtain an
identifier of a device satisfying a set of attribsit A local
registry cache service is available on each SHADEpeed
up the initial connections. In addition, the cachiservice
can use unique identifier, such as MAC addressraftavork
interface card, to obtain the list of all installeeinsors from
the hardware registry. The cache is stored on rlatile®

V. CLASSROOMACTIVITIES

No significant improvements can be made in pedaguitly

the advents of laboratory platform and supportiggtems
alone. The real improvements require a set of chyef
designed classroom activities that align with badtre

objectives of the courses and make best use aababilities
of the platform. As mentioned earlier, the initiatended
audience of the REACH platform includes the intrctduy

computer science courses for students who newhctesl

computer science as a major, and students whothakgrst

cross-discipline course in computer science. Bexadfighe

characteristics of this audience, the activities dgsigned to
be simple but demonstrative to the points, relatajpbt

thought-provoking. We have designed three categooie
classroom activities to be covered in sequencey tive

course within a semester.

A. Basics of Computer Programs and Service Computing

The objectives of the first category of classroottivities
are as following:
1. To understand the concept of input, output, intafa
memory, and service logic;
2. To understand the concept of abstraction, recursion
iteration, and various data structures;
3. To understand service orchestration and composition
4. To improve reliability through a substitute or baglservice;
To improve adaptability through service substitntio
The lab activities in this category includes askstigdents to
insert a small piece of code implementing very $@npgic
(such as loops and branches) to control lamps avWd T
channels and volume, to modify the interface of ¢bevice
controlling the microwave, so students can preésetboking
time before going to bed, and to observe the fikiband
resilience when different lamp services with coriipat
interfaces can be used interchangeably.



B. Smart Environment Service Development

Once students grasp the basic concepts of logoredtaucts
and the service computing, the second categoryab
activities aims to demonstrate the usefulness dfsd
concepts and abstractions with the following olyest

1. To understand how to manipulate the environmen

through invocation of software services that repmés
physical sensors and actuators;
2. To design complex composite services using a gbetn
of component services.
We design lab activities asking students to devedop
ambient lighting control service that can autonalycadjust
the lighting based on the luminousness level in sheart
home. We provide existing functional luminance sens
service, location service and the various lamp aiin
services.

C. Experimentation, Evaluation and Data Analysis
The third category of classroom activities aimadbieve:

shown on screen may not be of much interest to thdéamy
instructors have tried to use tools such as Minaistd10] or

£l PicoCricket [11] to make the effects of software reno
h observable, while Alice [12] tries to incorporatariration

process as a means to teach programming. REACHheets
tage in a setting familiar to all students (honmeyults in
bservable effects that are more relevant to thely lives.
Aligns the learning activities directly with studgn
career goals and prior accumulated knowledgjestead of
trying to use the generic programming exercisesyjrical
programming textbook, REACH makes it possible for
instructors to align the course materials to irigiglinary
students’ career goals and prior knowledge. Fdaaite, for
an introductory course in gerontechnology, studemti$
design practical computer technology based solsititm
enhance the quality of life for older adults, whilequiring
necessary CT and basic programming knowledge duhieg
course of the design and implementation. It alletuslents to
pick up crucial computational skills naturally watlt forcing
them to take a separate course in CT or programming

1. To learn how to conduct remote observations through

web cams and motion sensors;

2. To understand how to create and manage data ataldsgs;
3. To construct services for the real-time feedbadpsoas
well as services to extract data for the offlinalgsis.
Since good evaluation and scientific research tsegiith
good, verifiable hypothesis, we ask students tgexbare a
hypothesis, and identify the data needed to sugpowe
then ask them to design a data collection planudticg
specifics of the observation tools such as web cant
sensor logs, and whether the data is to be cotlquassively
or actively. The REACH platform allows studentsuse a
web front-end to specify the criteria, such asdat source,
recording frequency, events of interest and hanofighese
events. The web interface makes it easy to colieevant
data, and the event-driven paradigm allows studeots
specify the runtime system behavior. Data storethénlog

can also be queried and exported for off-line asialy

VI. PEDAGOGICAL INNOVATIONS

Using REACH to conduct the outlined classroom dibtis
allows us to implement the following innovative pgdgy:

VII. DISCUSSIONS

A. Alternative Platforms

Several software and hardware configurations were
considered to be the REACH platform; each carrymng
particular tradeoff. Specifically, we assess ddfarsolutions
based on how they (1) separate development and
experimentation environments; (2) maximize hardware
utilization; (3) encourage efficient intra-groupllaboration
among students; and (4) minimize intergroup interfee. It
follows from the first two criteria that the prosesf
switching between development and experimentatiodes
must be as simple as possible.

We consider traditional configuration of using stard
local systems accounts for different users on sdépar
computers as a baseline configuration, to be cosaptar the
proposed platform. This option fails to meet gdajsand (4),
as any system-wide change within the scope of copg
could potentially affect another project. We alsmsidered
using Linux LiveCD distributions that were custostzfor
each type of project to allow students check onsses and
use any available machine in the lab. While thisrahtive
would provide sufficient isolation between groupsda

Enables exploratory-based pedagogies in computemaximize hardware utilization, it could lead totsafre and
science educatioflraditionally, CS courses are often taughthardware compatibility issues and impose high adtmative

using direct instruction approach [9], which rel@slectures
and carefully designed classroom activities andstjoies.

overhead associated with the stateless operatstgray
Another alternative is to use multiple instancesttof

REACH platform establishes an environment that give OSGi framework on the same computers on a per-group

students more freedom to explore, so the instreatan use
guided discovery or inquiry approaches [9]. Thedsaon,
freeform exploration or incubation processes eragelr
students to be more engaged in the learning okeipdine
that many non-major students considered being/ 48]l
Generates observable effects of the software attifaa

basis, to isolate between groups of students. ©ison
would satisfy all goals of the REACH platform prded that
all projects would affect only OSGi framework and
associated bundles, as the switching process wounlgd
involve launching the appropriate framework. Howebis
assumption often does not hold when students havesé

familiar setting. Typical introductory programming courses external software. For instance, almost all prsjénwolve

rely on textual outputs or some rudimentary displan
screen to demonstrate the effectiveness of thergmogl3].
For many students unfamiliar with computer sciendegt is

using a database, making pure OSGi framework-level
virtualization less attractive.



B. Virtual Mahine Image Placement

Having considered potential alternatives for the ARH

platform, we concluded that employing operating:eys
virtualization as described in Section 1V is thesmefficient
way to achieve our goals. Development and expefiatien

created REACH, a platform that can be used to stippo
computer science lab 101, that allows studentsetonl
through hands-on, observable activities in a famitietting
(home); we then designed a series of class aetivit allow
students to observe the effects of their programs,

modes could be separated by permanently designatingpmprehend abstractions such as services andaoésifand

systems as such, and transferring the virtual nmachiom
one machine to another as needed. Hardware Litlizdd

maximized by shutting down idle virtual machinesdan

loading new ones on demand. Collaboration withgmaup is
achieved by sharing a single environment, with gearmade
by one group member taking immediate effect foremth
Finally, intergroup interference is naturally elirated by
keeping virtual machines isolated from each other.

There are several ways how virtualization infrastince
could be organized. First, individual students wamk with
the VMs on their local computers. While superior ewh
compared to the non-virtualized solution, this apgh can
dissuade collaboration because of the difficultywiarking
across several sandboxes. Bundles developed byidodl

understand how various components can be put tegé&h
provide complex functions in software. An interiesting
was conducted with 8 students consisting of both
undergraduate and graduate students. The REACIforptat

is currently being field tested in ComS 486 “Funeatal
Concepts in Computer Networking”.

Based on the initial feedback, we are currently imgk
minor adjustments and enhancing functionalities the
REACH platform, in preparation for a new interduiary
course ComS/Geron 415 “Smart Home Technology for
Older Adults” in collaboration with the Gerontology
Program starting fall 2010. We plan to collect daten the
first offering to evaluate the effectiveness of thlatform.

students would need to be manually replicated acrognother ongoing effortis to examine how REACH fdan

workstations, so that other programmers do notimtm the
risk of using deprecated service interfaces. Addilly, it
would lead to underutilization of hardware devicgesch as

sensors, as each developer would need to checkaout

can be utilized in an existing introductory couzems 211
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