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ase study, we provide pra
ti
al guidelines for Symbian OSsoftware development by analyzing our experien
es from a three-year mobile soft-ware resear
h proje
t fo
used on the 
reation of networking middleware and 
ol-laborative appli
ations. The pra
ti
es that we either 
ondu
ted in the proje
t or
on
eived in retrospe
t are summarized, and re-appli
able patterns of a
tivity indevelopment work are identi�ed. Based on the observations, guidelines for essen-tial design and implementation a
tivities are derived and potential pitfalls are ad-dressed through example 
ases to provide experien
e-ba
ked information for Sym-bian OS software developers. Among other things, the guidelines advo
ate the use ofplatform-independent solutions, the minimization of proje
t dependen
ies, and therepresentation of 
omplex a
tivity sequen
es in a human-readable form as a routinepra
ti
e.Keywords. Symbian OS, middleware, mobile software development1 Introdu
tionSymbian OS is the leading smartphone operating system in the world, withSymbian Ltd.'s re
ent (January 2008) plans to spread into basi
 mobile phonesas well. This strong position of the operating system emphasizes the impor-tan
e of high-quality software development pro
esses. Unfortunately, SymbianOS is not the most developer-friendly platform: it is regarded as a program-ming environment with spe
ial 
hallenges and hard-to-learn pra
ti
es for thedevelopers [1℄ [2℄.On su
h a 
hallenging platform, wrong de
isions in the software designphase may lead to signi�
ant diÆ
ulties in the implementation phase. Alsoin
orre
t implementation pra
ti
es may 
ompli
ate software testing and de-ployment. Indeed, without prior knowledge of the potential pitfalls, unforeseenproblems may arise, 
ompromising software quality or in
reasing developmenttime. Moreover, spe
i�
ally the 
reation of mobile middleware systems is atask that poses spe
ial 
hallenges to the developers on a wireless platform [6℄.



2 Otso Kassinen, Timo Koskela, Erkki Harjula and Mika YlianttilaIn 2004 through 2007, we 
ondu
ted the three-year All-IP Appli
ationSupernetworking resear
h proje
t, during whi
h we designed and developedexperimental mobile software for the Series 60 2nd Edition Feature Pa
k 2smartphone platform, Symbian OS version 8.0. The proje
t's main deliver-ables were a mobile middleware platform, 
alled the Plug-and-Play Appli
ationPlatform (PnPAP) [3℄, and 
ollaborative appli
ations using the middleware'sservi
es. The PnPAP middleware provides several networking-related servi
es:the dynami
 swit
hing of di�erent 
onne
tivities (wireless network interfa
es)and peer-to-peer (P2P) networking proto
ols, as well as the initiation of ap-pli
ation sessions and the distribution of 
ontext information.Four 
ollaborative appli
ations were implemented on top of PnPAP; theword 
ollaborative refers to the appli
ations' ability to perform 
ertain tasksby using the servi
es of ea
h other. The appli
ations are� FileSharing, a P2P �le sharing appli
ation;� NaviP2P, a group-intera
tive navigation appli
ation;� RealTime, a basi
 mobile VoIP appli
ation; and� Wellness, a sports diary for monitoring physi
al exer
ise and sharing ex-er
ise results within user groups.In this 
ase study, we des
ribe our experien
es from the various SymbianOS software 
omponents we developed, analyzing the observations in order toidentify patterns of a
tivity that 
an be repeatedly used for bene�
ial results.We des
ribe what was probably done the right way and what 
ould have beendone di�erently. The aim of this analysis is to provide pra
ti
al guidelines fordeveloping mobile middleware and appli
ations for Symbian OS, redu
ing thepotential of platform-related risks realizing.Software proje
t management boils down to the management of 
omplex-ity; ea
h of our guidelines aims to 
ut down a spe
i�
 type of 
omplexityin the development pro
ess. While our work was prototype development ina resear
h group and the number of our software-developer personnel variedbetween four and six, many of the guidelines should also be appli
able inindustry and in larger proje
ts, where dealing with 
omplexity is even more
ru
ial.The rest of this 
hapter is organized as follows. In Se
t. 2, the timelineof the observed proje
t is presented, and in Se
t. 3, the spe
i�
 experien
esfrom the proje
t are analyzed and pra
ti
al guidelines for Symbian OS soft-ware development are derived from them. Se
t. 4 summarizes the guidelinesprovided.2 Timeline of the observed proje
tIn this se
tion of the 
ase study, we provide a rough timeline of our proje
t,to explain in what order the key software 
omponents were developed. Thismakes it easier to put into 
ontext the spe
i�
 te
hni
al 
hallenges analyzed
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es 3later in this 
ase study. The realized timeline of the 
omponents' developmentand their proje
t-internal dependen
y relationships are illustrated in Fig. 1.2.1 Proje
t year 2004-2005In mid-2004, after a period of requirements gathering and initial design, westarted to develop the �rst PnPAP version and the FileSharing appli
ation, de-pending on PnPAP, in parallel. The �rst middleware fun
tionalities were thoserequired by FileSharing: the a

ess to P2P proto
ols that enable �le sharing.At �rst, FileSharing only used a dummy proto
ol module that simulated P2P
ommuni
ation, but during spring 2005 a Dire
t Conne
t++ (DC++) �lesharing proto
ol module was implemented so that PnPAP 
ontained an a
-tual P2P proto
ol that the FileSharing appli
ation 
ould utilize. As PnPAPwas implemented to treat proto
ols and 
onne
tivities as repla
eable 
ompo-nents with generi
 programming interfa
es, also the GPRS 
onne
tivity wasimplemented as a module. During 2004, design work was done to identify thepeer-to-peer (P2P) proto
ols to be implemented besides DC++. However,DC++ remained the only P2P proto
ol implemented during the proje
t, asour main fo
us was on 
reating novel appli
ations and the me
hanism for thedynami
 swit
hing of modules so that the appli
ations are always providedthe best 
ombination of a 
onne
tivity and a P2P proto
ol.2.2 Proje
t year 2005-2006In 2005, the �rst version NaviP2P appli
ation was 
reated and was re�ned dur-ing winter and spring 2006; in parallel, support for lo
ation data a
quisitionfrom an external GPS devi
e was added to PnPAP, along with a Bluetooth
onne
tivity module. Session Initiation Proto
ol (SIP) was needed for PnPAPnodes' 
ommuni
ation; in 2005, a lightweight SIP sta
k was 
reated, be
auseexisting SIP sta
ks for Symbian did not support multi-
onne
tivity network-ing. The �rst versions of Wellness were developed. Towards the end of thisproje
t year, there was also progress in 
reating a State Ma
hine Exe
utor(SME), to be integrated with PnPAP later. The SME's purpose was to runintelligent state ma
hines that 
ontrol the swit
hing of 
onne
tivity and P2Pproto
ol modules. The SME was written in Python, as opposed to all other
omponents written in C++.2.3 Proje
t year 2006-2007In the summer of 2006, the most part of the RealTime appli
ation was 
reatedand Wellness was further developed. During the same summer and fall, Pn-PAP's support for appli
ation 
ollaboration in our existing appli
ations wasextended so that appli
ations 
ould also be started from within ea
h other in
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ontext-sensitive way (this was 
alled appli
ation supernetworking). Distri-bution of the users' personal 
ontext data within user groups was also imple-mented so that the 
ontext-aware appli
ations Wellness and NaviP2P 
ouldmake use of it. Wellness and NaviP2P were subje
ted to user tests in July-O
tober 2006. During the fall and winter, a session management 
omponentwas added to PnPAP and applied with RealTime; this 
omponent enabled thesemi-automati
 installation of RealTime and laun
hing of a VoIP session in asituation, where the 
allee does not yet have the same appli
ation as the 
allerhas. In the winter 2006-2007, the SME was integrated with PnPAP. PnPAP,in its �nal form at this proje
t year's end, 
onsisted of about 20.000 lines ofSymbian C++ 
ode. In addition, the appli
ations, 
onne
tivity and proto
olmodules together 
onsisted of approximately 50.000 lines of 
ode.

Fig. 1. Proje
t timeline and internal dependen
ies3 Analysis of the observations from the developmentworkThis se
tion of the 
ase study elaborates the experien
es from the proje
t.Based on the experien
es, pra
ti
al guidelines about the operations modelsand 
hoi
es of te
hnologies for Symbian OS software development are pre-sented.3.1 Middleware stru
ture and APIThe PnPAP 
ore, the nerve 
enter of the middleware within the mobile de-vi
e, was designed to be a server pro
ess behind the Symbian OS Client-Serverinterfa
e that is provided by the platform for Inter-Pro
ess Communi
ation(IPC). In essen
e, the appli
ations using PnPAP would issue method 
alls
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es 5to a 
lient-side stub Dynami
 Linked Library (DLL), whi
h implements thePnPAP Appli
ation Programming Interfa
e (API) and translates the 
allsto Client-Server requests that are sent to the PnPAP 
ore, to invoke a spe-
i�
 middleware behavior. On the server-side of PnPAP, every appli
ation'sClient-Server 
onne
tion was paired with a stub obje
t responsible for han-dling that parti
ular appli
ation's messaging. The ar
hite
ture is depi
ted inFig. 2; dotted lines represent pro
ess boundaries.

Fig. 2. Proje
t timeline and internal dependen
iesEarly de
isions (in 2004) about the internal stru
ture and external inter-fa
es of the PnPAP middleware a�e
ted our development e�orts during therest of the proje
t. In retrospe
t, the sele
tion of the Client-Server interfa
e forthe appli
ation-PnPAP 
onne
tion was not an optimal de
ision. The Client-Server 
onne
tion has been designed for the OS internal servi
es with a stri
t"
lient 
alls, server responds" s
heme. It seemed to work well for our IPC inthe design phase, but when the middleware was implemented, we noti
ed thatthe la
k of symmetri
 messaging was an issue, be
ause the appli
ations alsohad to rea
t to messages that originated from the middleware (i.e. the server
alls the 
lient). The re
eption of messages from the network, as well as thelo
al appli
ation 
ollaboration s
heme, involved asyn
hronous messages fromPnPAP to the appli
ations.We had to use the �le system as an intermediate storage for the datain server-to-
lient 
ommuni
ation. The data were written to the �le by thePnPAP 
ore; when the �le was modi�ed, the 
lient appli
ation was signaled bya �le system 
allba
k that was subs
ribed to with the RFs::NotifyChange()method. When re
eiving the 
allba
k event, the 
lient would read the messagefrom the �le. Obviously this was a makeshift solution. Lo
al-host so
kets withtheir inherent two-way 
ommuni
ation would have made IPC easier and morerapid to implement.So
kets were later used in 2006-2007 for 
onne
ting PnPAP and the SME,and they proved to be more 
exible than the Symbian Client-Server 
onne
-
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ourse, small in
onvenien
es su
h as data serialization were unavoid-able in both 
ases, but the Symbian Client-Server interfa
e 1) requires theprogrammer to learn its quirks while so
kets are familiar from other plat-forms, 2) does not provide symmetri
 
ommuni
ation while so
kets do, and3) hinders the 
ommuni
ation between native 
ode and programs written inother languages. In addition, there is 4) an even more 
ompelling reason toutilize standard solutions for 
entral te
hni
al elements (e.g. so
kets for IPC):the risk that proprietary solutions may undergo signi�
ant 
hanges over time,whi
h is exempli�ed by the following.When we tried to port our 
ode-base from Series 60 2nd Edition to thenew 3rd Edition in 2006, the Symbian-proprietary Client-Server API, amongother things, had been slightly 
hanged in the platform. There were dozensmore of similar little di�eren
es between the Editions: in the API and alsoin the details of proje
t de�nition �les, not to forget the new requirementto digitally sign the software in order to enable 
ertain fun
tionalities thatwere available in the old 2nd Edition without signing. The amalgamation ofall these di�eren
es rendered the porting of the large 
ode base a frustratingtask. After two weeks of trying we gave up and de
ided to stay with the old2nd Edition platform. The bene�ts of porting would not have been worth the
osts: for us, the only a
tual bene�t of the 3rd Edition smartphones would havebeen the availability of a Wireless LAN 
onne
tivity for extending PnPAP's
onne
tivity-swit
hing s
heme.In sharp 
ontrast to the Symbian OS APIs, one 
an safely assume thatthe details of established te
hnologies su
h as so
kets will remain relativelyun
hanged. The less 
hanging 
omponents, the easier it is to ensure thatfuture software versions will work without big modi�
ations. The key lessonhere is that if you 
an use a tried-and-tested, non-Symbian-spe
i�
 solution,it may be a better 
hoi
e than a proprietary API subje
t to frequent 
hanges.Nevertheless, it should be noted that sometimes the use of platform-spe
i�
solutions is justi�ed. For example, dependen
ies to third-party software maydi
tate the use of Symbian-spe
i�
 s
hemes.3.2 Remote node inter
ommuni
ationTo enable the PnPAP nodes to 
ommuni
ate with ea
h other over the wirelessnetworks, PnPAP o�ered the appli
ations the fun
tionality for disseminating
ontext information and other messages embedded in SIP pa
kets. The seri-alized data stru
ture we designed for the messages was deliberately simple:an array of name-value pairs mapped to ea
h other, values indexable by theirnames, with no restri
tions for the values (i.e. arbitrary byte strings were a
-
epted). Nesting of su
h lists, by inserting a list as a value in another list, wasalso supported.Serialized data were easy to parse at the re
eiving node, whi
h was a goodthing, sin
e parsing is typi
ally more diÆ
ult than the 
reation of the samemessage, thus improvements in parsing result in more robust 
ode. The data
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es 7stru
ture was also reused for the 
ollaboration of lo
al appli
ations, whi
h wasa spe
ial 
ase of devi
e-internal IPC. A rule 
an be worded: design the basi
infrastru
tural 
omponents to be generi
 enough, so they do not 
hange often;also their reuse potential in
reases.One key advantage in the serialization format was the in
lusion of expli
itlength information about the 
ontained data items, as opposed to, for example,the Extensible Markup Language (XML) in whi
h the parser must traverseea
h data �eld until it en
ounters the �eld's ending tag. In 
omparison toXML, the expli
it length information used in our solution improves the pars-ing performan
e of a single N -length data �eld from O(N) to O(1), makes theparser less 
omplex, and eliminates the need for "es
ape 
hara
ters" that pro-te
t the parser from interpreting data as spe
ial 
hara
ters. As a generalizedrule: whenever you 
an use out-band signaling, do not use in-band signaling.Here the word signaling is used in a broad sense. The rule applies to the de-sign of proto
ols and �le formats. Proto
ol design is often dependent on theother systems that are 
ommuni
ated with, but if easily parseable messages
an be used, it may save 
omputational resour
es in Symbian software.3.3 Dynami
ally pluggable modulesSymbian's polymorphi
 DLLs were used for implementing the dynami
allyinstallable 
omponents (proto
ol and 
onne
tivity modules that 
an be down-loaded and taken into use on-the-
y) for PnPAP. Polymorphi
 DLLs, by de�-nition, implement a spe
i�
 interfa
e, and a polymorphi
 DLL with the sameinterfa
e but di�erent behavior 
an be loaded at any time, without termi-nating the running pro
ess. Polymorphi
 DLLs were a good 
hoi
e for dy-nami
ally pluggable 
omponents. Besides their good on-the-
y repla
ementability, polymorphi
 DLLs have the bene�t of being able to 
ontain arbitrarynative binary 
ode, whi
h might seem self-evident now, but in early 2004 wehad plans to implement the very P2P proto
ols as state ma
hines within theSME. This would have resulted in overly 
omplex state ma
hines with proba-bly quite limited ways of intera
ting with the operating system's servi
es. Of
ourse, polymorphi
 DLLs were far more 
exible.The state ma
hine based solution was, in essen
e, an example of a task-spe
i�
 language that needs to be interpreted by the a
tual Symbian 
ode. Thelesson learned is that the option to implement a feature by using a task-spe
i�
language should be exer
ised with 
are. Of 
ourse, there are also situationswhere the parsing of a 
ontrol s
ript or other task-spe
i�
 language in Symbiansoftware is 
ompletely justi�ed.3.4 Validation and debugging with observation of time-dependentsequen
esDuring the proje
t, there was one spe
i�
 aspe
t of software work that poppedup again and again: the human inability to follow 
omplex a
tion sequen
es
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ode, either within one program or within a system of inter
ommuni
atingprograms. This property of humans has been expli
ated in [5℄, where it issuggested that "even the simplest pro
edural logi
 is hard for humans to verify,but quite 
omplex data stru
tures are fairly easy to model and reason about.(...) Data is more tra
table than program logi
." We agree on this, and statethat a mapping from temporal sequen
es in 
ode exe
ution to an easy-to-followdata stru
ture makes software validation and debugging simpler in many 
ases;this is indi
ated by our spe
i�
 experien
es on the matter, des
ribed below.In our proje
t, it was not un
ommon to be in a situation where a pro-gram error had to be sear
hed in a sequen
e of 10 to 20 nested fun
tion 
alls,many of whi
h were lo
ated in di�erent sour
e �les. Additional 
omplexity wasintrodu
ed when there were multiple 
ommuni
ating pro
esses or any asyn-
hronous a
tions were involved. Needless to say, the 
omplex a
tion sequen
eswere diÆ
ult to visualize based on the sour
e 
odes and to 
omprehend by thedevelopers, when trying to �nd out why an appli
ation 
rashed. This is high-lighted in Symbian OS, be
ause the ability to observe the 
ourse of programexe
ution is very limited in a restri
ted devi
e, and, moreover, the prevalent
oding style of Symbian software advo
ates the use of 
omplex 
lass hierar-
hies that may result in long, hard-to-follow 
hains of method 
alls throughseveral obje
t instan
es, even for relatively simple a
tions.Of 
ourse the debug mode in an Integrated Development Environment(IDE) allows a developer to step through running 
ode, diminishing the needto visualize 
omplex a
tion sequen
es in one's own head when lo
ating amisbehaving line of 
ode. However, with our IDE and deployment platform,we 
ould not use on-target debugging, and in pra
ti
e all of our testing hadto be done on target hardware (phones), whi
h was time-
onsuming.For 
apturing information about the temporally related a
tions during theexe
ution of our Symbian software, we made heavy use of sequen
e logging withplain-text log �les a

essible from all pro
esses. This simple te
hnique provedto be a great help for resolving of both, network message 
ows and devi
e-internal program sequen
es, as it was 
ommon to have sequen
es that involved
all sequen
es through multiple pro
esses.One key point here is the importan
e of a stateless logging fa
ility. Beforeunderstanding this, we used a logging 
ode that opened a log �le at the be-ginning of the exe
ution and 
losed it only when the program exited; 
learlythis was stateful a
tion. Sin
e multiple di�erent pro
esses had to write tothe same �le, it was not smart to keep the �le-handles open. The situationwas �xed with stateless logging fun
tions: when a string was to be logged,the logger fun
tion would open a �le, write into it, and 
lose it immediately.This repeated opening and 
losing of �les 
aused no dis
ernible loss of per-forman
e although Symbian software is often performan
e-
riti
al. Speakingof text �les, the virtues of storing information in plain-text (instead of binarystru
tures that require dedi
ated a

ess tools) is well explained in [4℄.The power of visualizing 
omplex, time-dependent 
hains of a
tions in ahuman-friendly way is also apparent in the sequen
e diagrams of the Uni�ed
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ilitate the important design phaseof software.3.5 Developers' support fun
tionsBy developers' support fun
tions, we mean the a
tivities that are not stri
tlypart of programming, but do 
ontribute to the su

ess or failure of a Sym-bian proje
t. Symbian programming is hard enough in itself; the developmentteam should not negle
t the appropriate support fun
tions that make theirprogramming e�orts at least manageable.A rule that helps in daily software development work is the assertive in-di
ation of details for the developer. Developers should use te
hniques that,without mu
h additional human e�ort, indi
ate assertively to the developerthat details in the running 
ode are as they should be and also make it easyto noti
e the situation when they are not.An example of assertive indi
ation is the use of proa
tively displayed buildIDs or a similar solution that makes sure that the 
orre
t binary version hasbeen updated on the handset after sour
e-
ode modi�
ation. This is empha-sized in Symbian OS, where the building and installation of new softwareversions is a multi-phase task involving multiple devi
es (the developer's PCand the target hardware). Our solution was to show a small indi
ation of thebinaries' su

essful update in a log or in a pop-up note. For example, whena parti
ular fun
tion was altered in the sour
es, a on
e-per-build modi�edtag in the fun
tion's log output 
on�rmed that the most re
ent version of the
orresponding sour
e �le had been 
ompiled and run. Outputting an automat-i
ally modi�ed build ID at the beginning of the program's exe
ution wouldalso have been possible, but its power to 
on�rm the sour
e �le modi�
ationswould have been less lo
alized.Some programmers in our team maintained a human-readable log of theira
tivities for their own referen
e, to be prepared for 
ases where one suddenlyneeds to know, for example, how a given software module was �xed 20 daysago. Humans simply forget most of the details of solving a parti
ular problem,but a simple text �le remembers those details, for instan
e, the steps of ad-van
ement with the 
ode, all in a highly readable form for a human to glan
ethrough. We re
ommend this kind of logging espe
ially for programmers inSymbian OS, where hard-to-understand roundabout solutions are sometimesused and it is important to tra
e ba
k how the programmer has ended upwith a parti
ular solution. Again, personal logs are an example of mapping a
omplex a
tion sequen
e to a tra
table representation.Sometimes the Symbian OS environment seems to be restri
ted in waysthat are not understandable. Developers should take into a

ount the possiblyindire
t 
onsequen
es of these short
omings. For example, we have not seenSeries 60 2nd or 3rd Edition phones that would display the detailed pani

ode on the s
reen (as a default a
tion) when an appli
ation 
rashes. It ispossible for developers to make the pani
 
odes visible. However, if the 
odes
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tion, it would be bene�
ial for the end-user, asshe 
ould inform the software vendor about the details of a program 
rash.However, for some reason, the system just does not display the 
ode; programsfail silently and often inexpli
ably.This short
oming has two 
orollaries: �rstly, the developers must expli
itlyenable the indi
ation of pani
s in the implementation phase; se
ondly, thepani
 
odes are pra
ti
ally never displayed to the end-user, whi
h is the moreserious 
orollary of the two. This 
aw in the Series 60 design 
auses frustrationwhen sear
hing the error in a program, and indire
tly 
ompromises SymbianOS software quality.In addition to the 
reation of the ErrRd 
ag �le that turns on the display-ing of pani
 
odes in Series 60 devi
es, we used the D EXC software [7℄ for
apturing pani
 
odes and sta
k tra
es of 
rashing programs; another utilityfor this purpose has been introdu
ed re
ently in [13℄, and also the Y-Tasksutility [12℄ works as a 
rash monitor, resour
e usage monitor and pro
essmanager.Besides pani
 indi
ation, the Series 60 2nd Edition platform la
ked de
entuser interfa
es to the running pro
esses and to the �le system. It is un
learwhy a smartphone does not provide a 
omputer's basi
 resour
e-
ontrollingtools to the user, if the phone is meant to be a handheld 
omputer. Forthese fun
tionalities, we used 
ertain third-party utilities: TaskSpy [11℄ formonitoring and killing pro
esses (Y-Tasks was not available at that time) andFExplorer [8℄ for a

essing the �le system.3.6 Avoiding dependen
iesDependen
ies to the a
tivities of outside parties were a major 
ause for unex-pe
ted delays for us. In a Symbian proje
t, it is 
ru
ial to minimize externaland internal dependen
ies. If the only provider of a 
omponent fails, equivalent
omponents may be impossible to �nd for the relatively exoti
 environment.The most typi
al external dependen
ies in our proje
t were the ties toparties who, for some reason, had delays in providing required software 
om-ponents. An example of this was our need for a software library from an outsidevendor in 2004-2005. Due to the vendor's unexpe
ted delay, the 
omponent
ame some 12 months late for integration with PnPAP.Another dependen
y-related 
hallenge in Symbian is the la
k of standard
omponents that are available on other platforms, de
reasing the 
hoi
es fromwhi
h solutions 
an be sele
ted. In our proje
t, we la
ked the familiar C++Standard Template Library (STL) for Symbian OS and had to use Symbian'sdata-
ontainer 
lasses instead. Penrillian [10℄ has re
ently released a STL li-brary for Symbian OS, supporting the Leave me
hanism and 
ompatibilitybetween des
riptors and C++ strings; this is a wel
ome novelty. Another newtool is Nokia's Open C [9℄ for porting standard C libraries to Symbian OS,redu
ing dependen
ies to Symbian-spe
i�
 
ode.
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lusionsSymbian OS software developers who are fa
ing similar 
hallenges as thoseanalyzed in this 
ase study may apply the provided guidelines to keep theirproje
ts' 
omplexity on a tolerable level. In Table 1, all the guidelines aresummarized and their Symbian-spe
i�
 bene�ts are emphasized.Table 1. Summary of the guidelinesGuideline Bene�t for Symbian developmentUsing a non-platform-spe
i�
 solu-tion may often be a better 
hoi
ethan relying on the platform's pro-prietary API. The proje
t's dependen
y on the future
hanges of the Symbian OS API will de
rease.Studying earlier Symbian OS versions revealsthat 
hanges have often been substantial.Design the basi
 infrastru
tural
omponents to be generi
 enough. Reuse of existing 
ode is bene�
ial: on Sym-bian OS, programming is relatively demand-ing and limiting the size of the 
odebase isfavorable.In proto
ols and �le formats,generally use out-band signalingrather than in-band signaling. On a mobile platform with s
ar
e 
ompu-tational resour
es, out-band signaling makesdata parsing less 
omplex and more eÆ
ient.Exer
ise the option to implementa feature by using a task-spe
i�
language only with 
are. Creating an interpretation environment for a
omplex task-spe
i�
 language may be 
hal-lenging on Symbian OS.Map temporal sequen
es in 
odeexe
ution to an easy-to-follow datastru
ture. Visualized sequen
e logs are espe
ially usefulon mobile devi
es with limited means of indi-
ating the progress of a program's exe
ution.Use a logging fa
ility that enableslogging the a
tions of interrelatedpro
esses as a single sequen
e; a
-
ess to shared logs must not involve
on
urren
y-related issues. See above.Keep a human-readable log of yoursoftware development a
tivities foryour own referen
e. Sometimes problems with Symbian OS for
ethe developers to use 
omplex solutions in the
ode. Personal logs may later provide infor-mation that is not available anywhere else.Use assertive indi
ation of detailsfor the developer. The developer is more 
on�dent about the de-tails of the running 
ode; this redu
es the un-
ertainty and errors that may result from the
omplexity of Symbian software development.Take into a

ount the possibly in-dire
t 
onsequen
es of the short-
omings of the platform. The behavior of Symbian OS may sometimeslead to situations that are diÆ
ult to foresee.If the problems are identi�ed, they 
an oftenbe rea
ted to.Minimize your proje
t's externaland internal dependen
ies. If a 
omponent provider fails, a repla
ement
an be espe
ially hard to �nd on Symbian.
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