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Abstract. Mobile information systems are growing in acceptance; in order for the vision of true mobility
to be realized users must be able to seamlessly move running applications between devices in an ad-
hoc manner. The task of implementing mechanisms to ensure that a running application is
successfully moved from one device to another can be considered a generic task, wherein the same
fundamental design can be reused. This work tenders a domain specific design pre-pattern that
resolves the problems associated with transferring a running application from one device to another
whilst maintaining state and tailoring to capabilities. It is meant to aid in the domain of mobile workers,
and can be applied as a container between the OS and the applications or as a value-added service
by ASPs. The solution adds complexity and imposes conventions on the extendibility of a system, but
allows users to maintain state so they can seamlessly move their work between devices.

1 Overview

More and more workers are befitting the term mokilewledge workers. These are workers
who in order to perform their job need to have timaecess to information and applications,
and may be performing their work in places thatehast been determined upfront. Even
more so mobile workers may need to suddenly tranisér ongoing work from one device to
another. These are functional challenges thatamted in the evolvement of mobile
computing and need to be resolved if the promigeuef mobility is to come to fruition. This
will be a recurring functional challenge, as mobierkers across domains and industries will
wish to switch execution of their application frame device to another in ad-hocmanner

as the circumstances for them completing their vebiknges. For instance a journalist may
need to leave her desk, however she wishes tontenkier current work so she transfers the
application she is running from her desktop compiatdner mobile device. Since she is
working with text editing she is very keen on maining the state, the operational history, of
the application on the new device, thus maintaiiocess to for example “undo” operations
as they were performed on the desktop computes. @dttern ensures that the application is
transferred maintaining this state.

The IT business analysis company Gartner has pgezsench functionality as being the next
big evolution in middleware and mobile informatisystem solutions [1]. This work presents
a domain specific design pre-pattern solution tthsaproblem of transferring a running
process between heterogeneous devices. The dedignps intended for use in scenarios



involving mobile workers. It will be presented ugia subset of the design pattern format
used by the GoF [2] and accompanied by a classatiagan activity diagram and a sequence
diagram.

“PROCESSON THE Go”
2 Intent

Mobile workers conduct their business in changingrenments and with changing
resources. They need to be able to quickly movie Wark from one device to another in a
seamless manner that does not interrupt their fldwere should be transparency between
devices; there should be no “scars” indicating thatwork has been transferred between
multiple devices during a work session.

Therefore:

Provide a means to handle the transfer of a runningpplication from one device to
another whilst maintaining application state and a@pting to the target device’s
performance profile, thereby enabling seamless molity.

“PROCESSON THE GO” handles two separate tasks; the transfer of seti@een devices and
the tailored reconstruction of the application loa target device. State is represented as a
structure containing all the operations performga@ luiser during an uninterrupted user
session. An interruption is the termination of session through the application being closed.

3 Motivation

A mobile worker, Jill, is preparing a sales preaéioh to be held in a distant city.
Unfortunately before she can finish it she mustdefr the airport. She transfers the
application to a mobile device knowing that shd splend the next 30 minutes travelling as a
passenger, thereby being able to work on the pras@m When she reaches the airport she
transfers the application to her laptop so shecoatinue work during travel. The pattern
essentially makes it completely transparent in geofithe state and representation of the
application whether it has been transferred betvdesites. The pattern allows for the state
of an application to be tailored to the target dexand context it will be used in. If certain
functions are not available due to computatiomaititions on the target device then these
can be disabled in the state during the transfiterdatively state could be disabled due to
security reasons, for instance undoing financaigactions is disabled on a mobile device
being used in a public area but allowed on a statipcomputer. To attain this capability one
can “tag” elements of the State structure to indithey are disallowed on the current device.

4  Applicability

The pattern can be applied to systems where thexelistinct chance that workers will use
the system in aad-hog mobile and unpredictable manner. Solutions treauaed by workers



that move around a lot during their workday, omdd upfront know when or where they will
be conducting certain business tasks could befnefit this design pattern. Currently
primitive solutions prevail; e.g. users could stthreir work on a server, or simply just copy
files from one device to another to continue waetkwever such primitive solutions,
although simple, do not maintain the applicaticstate in terms of operation/user action
history. The transfer of the work task from oneidevo another becomes stateless and
manual. “lROCESSON THE GO” resolves this issue. Use the pattern when:

» Users would benefit from retaining the internatestaf their applications across
devices

* You wish to establish a framework or create a ned@dire solution wherein all devices
follow interfaces that enable their interoperapilit

The pattern is useful in applications where operdi history is important, such as the undo
operations in a text document or maintaining th&teuts of the clipboard. Additionally the
pattern allows one to tailor the reconstructiom @rocess based on a mix between the profile
and capabilities of the target device. For instahtee target device is a mobile phone, and
the user profile of the mobile phone is set to &geonly”, then this information can be used
by the server to tailor the representation of #wnstructed application on the target device.

Following Jill's travel, she has now arrived at destination and has hired a car as she will
be spending some time travelling between varioustimgs. Unfortunately she didn’t quite
manage to finish her presentation whilst travelliagd her laptop’s battery is almost drained.
Therefore, she sets her mobile phone to “speecii ormdde and transfers the application to it.
The server creates a profile of the target devitéh{s case the mobile phone) and tailors the
representation on the target device. For instaneeta the limited screen size and resolution
of the mobile phone Jill will not be able to see flresentation slides on the screen, only pure
text. Furthermore she will not have access to gerational history that involves
adding/editing/deleting elements that cannot bessgmted on the current device (e.g.
images, animations, etc.). This to hinder thatisadvertently makes changes that are not
visible to her. Whilst driving she can now use wotmmmands to work with the presentation.
Using voice commands she narrates her present#ges to specific slides and saves the file.

5 Structure

Theclientclass (fig 1) represents the source device thaeislevice on which the application
is currently running. It implements the IDeviceRimfnterface thereby being applicable for
use in an application transfer action. Tent class has the responsibility of maintaining its
own internal state up until the point where transtanmence<Clientin this context is
different from the traditional client/server rolefsfor instance the world wide weGlient
merely denotes the source device, the device frbrohathe application will be transferred.
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Fig 1: Class diagram of the RBCESSON THE GO” pattern

The classetnvoker, ConcreteCommarmehdCommandare associated with tladient class

and are the classes utilized to maintain the ojeer@thistory of an application, wherein the
Invokermaintains a collection, known as thegi@mand Stackwhich is the representation of
State, with a "Last In First Out” structure of epjerations / user actions.

ServerProxys used as a front-end for thkandlerpackage and used by t@éentto provide
the required objects to perform the transfer. BasverProxyalso enforces the decoupling
and opaqueness of the client and handler, sincelidre only communicates with a proxy



object it has no real knowledge of where the seacéunally resides (is it a dedicated handler,
a handler on the client itself, or on the targatick?). TheServerProxydoes not perform any
operations itself, it merely decomposes and deésgdie tasks on to ti8&erverclass.

The Serverclass performs the required processing in ordénatwsfer the process to the target
device. It uses the two structural clasBesfileObjectandStateObjecto maintain the data
required to reconstruct the process with staténeriarget device. TherofileObjectstructural
class is essentially a message format, definingtitueture of a profile message. It may
describe the QoS characteristics of the targetcdetor instance the CPU power, multi-
threading capabilities, screen resolution etc. dilject is used by the
recreateProcessOnTarget method. Since this olgkkoivé a predetermined format it
establishes a shared ontology between the deucktha server thus allowing the server to
understand the capabilities of devices and tdierapplication recreation accordingly.

The StateObjects a structure containing a CommandStack, a fiatlaiser operations
performed during the current session. The Jourgalattern [2] may be used to improve
performance in terms of adding new Commands t€CthamandStack. Especially true if the
CommandStack is stored as a flat file involvingkdiperations.

Finally theTargetDeviceclass represents the target device on which tpkcagon will be
recreated. It implements the IDeviceProfile whidbws it to be "profiled” by theServer
This runtime profiling, as opposed to the servemmaaning a database of device profiles
strengthens the decoupling between the serverrenttget devices, thus the server can
transfer between devices that it originally did kioow existed.

Furthermore, the pattern is a composite patternuéitides several other patterns in order to
attain its objective. We can identify the applidépiof the “COMMAND” [3] pattern as it
maintains the operations history; the user actibashave been performed in the application.
The “COMMAND” pattern’s “Caretaker” object would reside on trendler side (figure 1).

The rationale behind this is that if there is iotfa physical separation between the source
device and the handler, then in case of the salaciee experiencing a terminal exception
when moving the process the object state woulddred separately. Hence the state could be
recreated when the application is reinitiated @nsburce device, or the transfer of the
process could continue to the target device.

The other task we are concerned with here is taetithree patterns to enable the creation of
the ProfileObject As we can see from figure 2 there are a set sijdeequirements that
support the use of theNVOKER” [4] pattern, the “NTERFACE DESCRIPTION [4] pattern and

the “OBJECTID” [4] pattern. Firstly the use of “@ECTID” is warranted because in a mobile
work environment a user may have the possibilityntove her work process to several
different mobile devices. For instance the processd be transferred from a stationary
computer to either a laptop computer or an ultrdagibe PC or a PDA. The pattern ensures
that the “server” invokes the retrieval of the [defrom the correct remote target device.

This leads onto the use of thel'flERFACEDESCRIPTION pattern. The “poll target device”
activity encourages the use of this pattern, sinagder for various devices to be able to poll
each other’s capabilities it is a pre-requisitd thay share a pre-agreed set of methods that
can be used for this purpose. TheTERFACE DESCRIPTION pattern supports this as both the
client device and the target device will be foree@dhere to the method signatures defined in
a shared interface. Finally the\XtOKER” pattern will be used to enable the actual
communication between the remote objects; a preisiq in this case is the use ofB@CT



ID” to ensure the client device has the requiredtline target device. The client device acts
the role of the “Requestor” in theNVOKER” pattern, whereas the server (ref fig 1) acts the
role of the “Invoker”. Thus when the client delegmthe task of retrieving the target device
profile to the “ServerProxy” it passes in a Targetl@e object which contains the
signature/objectID of the target device to the setlirough the server proxy object. The
“ServerProxy” class is used to decouple the clieorh the actual server, as mentioned;
depending on the environment in which the clienickis working there may, or may not be
access to a physically separate server. Howeweglignt application should work without
any explicit knowledge of this. Therefore the prakgss is used to enforce this opagueness.

After the server has asynchronously created theobects “profile” and “state”, which are
essentially just structures, it will initiate thparation “recreateProcessOnTarget” in which it

will recreate the application on the target devdased on information from the “profile” and
“state” object.

6 Collaborations
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Fig 2: An activity diagram showing a generic apgtoto moving a running process from one devicentuitzer

Firstly we use activity partitions to create swinda in which each of the partaking devices is
positioned. In this approach it is feasible toadtuce three swimlanes denoting the client, the
server and the target device. Trmu&e Device Handlerdivision is purely logical, since

both theSource Devicand theHandlercould potentially exist on the same device, or the
handler could even exist on the target device, theislandleris not necessarily a separate
physical entity or disk; it is a logical descriptithat separates disparate tasks associated with
transferring an application between devices. Theegation ofHandleris a role, a part

played for a short duration before it is passedf@soon as the application has been
recreated on the target device the command statdaesed from thélandlerand the
application is closed on ti#ourceDevice TheTarget Devicghen becomes the neSource
Device.If the recreation had failed however, tHandler notifies the originaSource Device



of this and “rolls-back” any operations performeadtbeTarget DeviceThis approach is
simplistic and disallows one to transfer an appilicato multiple devices simultaneously.
However, the simplicity also resolves issues thamngrom multiple instances of the same
application at the same time and also succeedknhak with merging different command
stacks from different devices. Thus there is nevere than one instance of the command
stack at any given time, and all contents of thelsare preserved. If certain operations in the
stack cannot be performed due to device limitatmmisusiness rules then they are “tagged”
in the stack, but never removed. Thus the CommaéaackSnaintains its consistency across
devices regardless of their profile and capabdlitie

TheHandlersustains a backup of the state of the processebifis attempted moved. This
backup should preferably be stored on a persisterage device, e.g. a memory card in the
mobile device or a hard-drive in a laptop or evaraseparate server; however in-memory
storage is also acceptable if no other viable ogtare available. The point is that this data
should be logically separated from the process ingr&n it, which would be the source
device application. Therefore the backup statestaie object reside at thiandlerlevel.

Sequence Diagram
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Fig 3: Sequence Diagram of the “PROCESS ON THE @atern

The client initiates the process by contactingtthedler through ServerProxy, using two
separate requests to pass the required data tracribe Profile object and the State object.
The ServerProxy forwards the requests to the astrakr that creates a Profile object and a
State object. When both objects have been suctigssfeated the Server calls the
CreateProcessOnDevice method, which is defineldariDeviceProfile interface
implemented by the TargetDevice.



Considerations

One issue that needs to be resolved is how the emhistack is handled by devices with
limited capabilities. If a mobile device can onlgrform a subset of the operations performed
on a desktop computer there will be a need to leatini capability mismatch. The server can
use theProfileObjectto “tag” operations in the Command Sta&tateObjeqgtthat cannot be
performed due to the limitations of the target deviThis way when recreating the state the
target device will skip these tagged operationsy thill still remain in the stack but be
unavailable as long as the user is working onithiédd device. Hence, if an application is
transferred from a laptop to a limited device aadkbagain no operations will be lost, the
stack will be intact because for each transfeistaek will be “re-tagged”. However there are
exceptions to this principle. For instance consideproprietary software developed for
multiple devices using a MVC approach, whereiragjplications regardless of device share
the same “Controller”, or functional core. Thus tWiew” is adapted based on the profile of
the device, but the functionality of the “Controtlées maintained. This would allow the user
to perform all operations on the stack, for exanpl&indo” operations on a graphical entity
in the application although the same operationsatelirectly supported through the user
interface of the application.

Another issue that should be considered is segtioitynstance certain functions should not
be available, or be “undoable” when the applicattoexecuted on a mobile device. We could
imagine a mobile worker undoing financial transfénssiness rules dictate that such
operations are only permitted on a user’s statyonamputer. However the user may still be
allowed to perform work in other parts of the apgtion, for example fill out an electronic
form etc. This could be solved by the handler taggiertain operations in the stack as
unavailable, before transferring and recreatingajhygication on the target device.

Jill has finally arrived at her destination, anah@v almost ready to give her presentation. She
has plugged in the AC adapter for her laptop amddkarging it. Since she will be running

her presentation from her laptop she needs tofgatie presentation back from her mobile
phone to the laptop. This time the profile builtthe server indicates that the target device is
highly capable both in terms of power and presemtatlternatives (screen, sound). Thus the
server restores the presentation on the targeteléhaptop) with all functions and history
available allowing Jill to add her finishing toushigefore presenting.

7 Implementation Considerations

Ideally the pattern should not affect the existimghitecture; therefore it shouldn’t be a native
function of any applications. This papkscribeswo manners in which it could be
implemented; both have their advantages and drekgbate first approach involves an
application service provider (ASP) wherein a mohitker may license a software product
across multiple devices. The ASP stores the operathistory, the state, of the application —
thus the pattern is implemented with a dedicatediphl handler, and the mobile worker
accesses the application through a thin-clientwbiker’s device. The strength of this is
naturally that this does not require any adaptatioom the mobile worker using the product
as itis all handled by the ASP. Whenever the neobibrker performs an operation on the



ASP web-based application a network call, e.g. aPiTall if it uses browser-based access, is
submitted containing information about the operatibhe calls can then be stored with
timestamps and ID of the user in a database. Temtpnal history can then easily be
restored whenever the mobile worker switches beatvdewices. A drawback is that one

would need an internet connection in order tozadithe seamless mobility.

The other alternative would be to implement thegpatas a middleware solution installed on
all devices that are used by the mobile workerdiks locally registering the operations
performed by the user, and adding them to the camrstack. Every running application is
added to this transparent container, as mentiohkey aim is to make the pattern transparent
to any applications contained in it. Thus, no clesngre implemented on the platform or
application.

8 Conseqguences

The following general advantages are provided ky'BROCESSON THE GO” pattern:

* Workers that use “complex” software where maintagstate is important can
become truly mobilesComplex business processes that may involve pheilti
applications can be transferred seamlessly betdeeiges allowing workers to
perform their work anytime anywhere.

» Convention over configuratioifhe core-system does not have to be configured to
accommodate new devices as long as they adhdre tBeviceProfile interface. This
makes it easy to extend.

The pattern will affect the non-functional charaistiics of the system in the following
manner:

* Reduced performanc®@erformance will likely suffer as recording afleyations and
user actions will undoubtedly require additionaléiand resources, in addition the
actual process of transferring a process from ewed to another will also require
resources, thus the more complex the processeisndnre performance will suffer.

» Increased ubiquityA system implementing this pattern will become mabeguitous
shifting the focus away from technical limitaticiesvards user mobility.

* Increased complexityfhe actual implementation complexity will likely lincreased
as developers must write tBerverlogic profiling operations.

» Reduced flexibilityAlthough this pattern is only one way of handlthg transferral
of applications from one device to another, themt@tion over configuration” axiom
used reduces the overall flexibility as all devioasst implement a certain set of
methods as defined in the IDeviceProfile interfaag] it is only these methods that
will be used in the transfer process.

» Increased extendibilityA converse effect of the causes of reduced fléihs an
increase in extendibility. It is easy to add newides as all requirements are specified
and determined up front through the use of thefate. All devices are essentially
autonomous and have no deep knowledge of, noesttar, the other devices. This is
ensured through the decoupling provided by theeserv

* Command stackthe command stack may become problematic if it groa large
thus not running well on devices with limited resms.
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