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I, June Ann Munford, declare as follows.
I. INTRODUCTION

1. My name i1s June Ann Munford. I am over the age of 18 and am
competent to testify to the same.

2. I have been retained by counsel for Petitioner Fifth Third Bank,
National Association (“Fifth Third” or “Petitioner”) to provide assistance in
evaluating the authenticity and public accessibility of documents discussed in this
Declaration for proceedings before the United States Patent and Trademark Office.
I understand that my Declaration will be submitted in the following Inter Partes

Review Proceeding:

Challenged Patent Patent Owner Case No.
U.S. Pat. No. 12,505,414 | United Services [PR2026-00450
Automobile Association
(USAA)
3. I am being compensated for my time at a rate of $200/hour plus

reasonable business expenses. My compensation 1s not contingent on the outcome
of this matter or the specifics of my testimony. My testimony in this Declaration 1s
based on the information cited in this Declaration and my experience in library

science for nearly twenty years.
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II. QUALIFICATIONS

4. I earned a Master of Library and Information Science (MLIS) from the
University of Wisconsin-Milwaukee in 2009. I have nearly twenty years of
experience in the library/information science field. Beginning in 2004, I have served
in various positions in the public library sector including Assistant Librarian, Youth
Services Librarian, and Library Director. I have attached my Curriculum Vitae as
Appendix CV.

5. During my career in the library profession, I have been responsible for
materials acquisition for multiple libraries including the Dowagiac District Library
in Dowagiac, Michigan; the Anchorage Public Library in Anchorage, Alaska; and
the Hart Area Public Library in Hart, Michigan. These libraries relied on me and my
expertise in the library services to catalogue, purchase, and process incoming library
works correctly and efficiently. These responsibilities included purchasing materials
directly from vendors, recording publishing data from the material in question,
creating detailed material records for library catalogs, and physically preparing that
material for circulation.

6. In addition to my experience in acquisitions, I was also responsible for
analyzing large collections of library materials, tailoring library records for optimal
catalog search performance and creating lending agreements between libraries

during my time as a Library Director.
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III. BACKGROUND INFORMATION

7. I have extensive experience with the catalog record creation process in
the library sector. In preparing a material for public availability, a library catalog
record describing that material would be created. These records are typically written
in Machine Readable Catalog (herein referred to as “MARC”) code and contain
information such as a physical description of the material, metadata from the
material’s publisher, and date of library acquisition. In particular, the 008 field of
the MARC record is reserved for denoting the date of creation of the library record
itself. As this typically occurs during the process of preparing materials for public
access, it is my experience that an item’s MARC record indicates the date of an
item’s public availability.

8. Typically, in creating a MARC record, a librarian would gather various
bits of metadata such as book title, publisher and subject headings among others and
assign each value to a relevant numerical field. For example, a book’s physical
description is tracked in field 300 while title/attribution is tracked in field 245. The
008 field of the MARC record is reserved for denoting the creation of the library
record itself. As this is the only date reflecting the inclusion of said materials within
the library’s collection, it is my experience that an item’s 008 field accurately

indicates the date of an item’s public availability.
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0. During the relevant time period, which I understand to be 2005-2010,
MARC records and other digital library cataloging systems were typically indexed
to facilitate searches. This indexing is necessary for both providing patron services
and maintaining library records. Indexing is generally done using cataloging
software, which creates searchable fields for data like the title and author of a work.
Using searchable fields allows a librarian, for example, to ensure that the library
does not duplicate works, which is an essential function for libraries.

10.  Cataloging practices for librarians depend on the format of the material
being catalogued. For instance, a one-time publication such as a textbook is
cataloged as a “monograph,” and only that specific edition of the book is described
in the MARC record. Time-sensitive materials such as magazines, academic
journals, and newspapers are cataloged as periodicals, with the MARC record
describing the publication as a whole, rather than each individual issue. New issues
of these periodicals do not receive their own MARC records, and are instead added
to the inventory of the publication’s existing MARC record. This ensures timely
access to new issues as soon as possible after publication by minimizing the effort
required to catalogue the material.

11.  For periodicals, the 008 field of the MARC record indicates date of first
record creation at that particular library for the periodical. All subsequent issues are

added to that same record and are often indicated in an individual holdings field that
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lists all issues held by the library. For example, a MARC record for an academic
journal listing January 2000 in the 008 field indicates that the library first began
housing the journal in January 2000. A separate item record for the same record
might indicate that the library holds issues of the periodical, for example from the
January 2000 issue through to the January 2022 issue. This would indicate that the
library began subscribing to the periodical beginning with the January 2000 issue,
and that the library continued to receive and hold subsequent issues until January
2022. Even if the subscription ceased, the presence of the record would indicate
continuous accessibility to the public for all held issues indicated in the item record.
This can be confirmed by, for example, obtaining the copy of the periodical
associated with one of the holdings in the record.

12.  Based on my experience, a library should make issues of periodicals
available to the public within at least six months of the issue’s date. This allows more
than enough time to receive, catalogue, and shelve the issue. It would only be under
exceptional circumstances that a periodical issue is not shelved within six months.

13. I am also familiar with various digital and online practices relating to
publications of periodicals, such as academic journals. For example, many academic
journals have posted issues or individual articles online for public access as early as

the late 1990s.
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14. 1 am familiar with the Internet Archive, a digital library accessible to
the general public. Among other services that the Internet Archive makes available
to the general public is the Wayback Machine, an online archive of the web. The
Internet Archive’s Wayback Machine service archives webpages as of a certain
capture date to track changes in the web over time. The Internet Archive has been in
operation as a nonprofit library since 1996 and has hosted the Wayback Machine
service since its inception in 2001. During my time as a librarian, I frequently used
the Internet Archive’s Wayback Machine for research and instruction purposes. This
includes teaching instructional classes on using the Wayback Machine to library
patrons and using the Wayback Machine to research reference inquiries that require
hard-to-find online resources. I consider the Internet Archive’s recordskeeping to be
as rigorous and detailed as other formal library recordskeeping practices such as

MARC records, OCLC records and Dublin Core.

IV. SUMMARY OF OPINIONS

15. Based on my review of the documents cited in this Declaration and
those included in Exhibits 1005, 1008, and 1082, it is my opinion that the following

references are authentic and were publicly accessible on the dates identified below.
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Prior Art Reference Date Pul.)hcly Addressed In
Accessible

Selegted Chapters from Richard Soon after November 7.
Harrison and Mark Shackman et al., 2006 and by Aueust 31. | IV A
Symbian OS C++ for Mobile 2007 y Augd ’ ’
Phones, vol. 3 (2007)
Juergen  Gausemeler et al,
Development of a Real Time Image
Based Object Recognition Method
for Mobile AR-Devices, Procs. of | Soon after February
the 2nd International Conference on [ 2003 and by June 14, |IV.B
Computer  Graphics,  Virtual | 2006
Reality, Visualization and
Interaction in Africa 133-39 (Feb. 3,
2003)
Pro JAVA ME MMAPI: Mobile | Soon after June 14,
API for Java Micro Edition by |2006 and by January |IV.C
Vikram Goyal 25,2007

A. HARRISON

Authentication of the Harrison Reference

16. I have reviewed Exhibit 1005, Symbian OS C++ for Mobile Phones,

Volume 3 by Richard Harrison.

17.  Attached hereto as Appendix HARRISONOLI i1s a true and correct copy

of the front matter and selected chapter title pages and excerpts of Symbian OS C++

for Mobile Phones, Volume 3 as held by Penn State University Library. I secured

these scans myself from the library’s collection. In comparing Exhibit 1005 to

Appendix HARRISONOI, 1t 1s my determination that Exhibit 1005 is a true and
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correct copy of Symbian OS C++, Volume 3 for Mobile Phones by Richard
Harrison.
Availability of the Harrison Reference

18.  Attached hereto as Appendix HARRISONO?2 is a true and correct copy
of the MARC record for Symbian OS C++, Volume 3 for Mobile Phones as held by
the Library of Congress. Experts like myself rely on this type of record from libraries
to validate printed publications and perform searches of the library’s collections. |
secured this record myself from the library’s public catalog. The MARC record
contained within Appendix HARRISONO2 accurately describes the bibliographic
details of Symbian OS C++, Volume 3 for Mobile Phones: field 020 describes the
ISBN as ‘9780470066416°, field 100 describes the author as ‘Richard Harrison’,
field 245 describes the title as ‘Symbian OS C++ for Mobile Phones’, field 260
describes the publisher as ‘Wiley’ and fields 650 describes the subject of the book
as ‘cell phone systems, operating systems and C++’.

19. The 008 field of the MARC record in Appendix HARRISONO2
indicates the date of record creation. The 008 field of Appendix HARRISONO02
indicates the Library of Congress acquired the first volume of Symbian OS C++ for
Mobile Phones as of March 17, 2003. The 202, 500, 955 and Availability &
Locations field indicates the third volume of Symbian OS C++ for Mobile Phones

was later appended to this record. The 955 field, typically reserved for notes,
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includes the following passage: ‘2007-10-31 opened and added v. 3’. This date
accords with the August 20, 2007 date visible in the stamp applied to the publication
data page of the Library of Congress’s copy of Harrison in Exhibit 1005.
Considering this information, it is my determination that Symbian OS C++ for
Mobile Phones, Volume 3 was made available to the public via the Library of
Congress shortly after its initial addition to this record as of October 31, 2007.

20.  Attached hereto as Appendix HARRISONO3 is a true and correct copy
of the MARC record for Symbian OS C++, Mobile Phones, Volume 3 as held by the
Penn State University Library. Experts like myself rely on this type of record from
libraries to validate printed publications and perform searches of the library’s
collections. I secured this record myself from the library’s public catalog. The
MARC record contained within Appendix HARRISONO3 accurately describes the
bibliographic details of Symbian OS C++ for Mobile Phones, Volume 3: field 020
describes the ISBN as ‘9780470066416°, field 100 describes the author as ‘Richard
Harrison’, field 245 describes the title as ‘Symbian OS C++ for Mobile Phones’,
field 264 describes the publisher as ‘Wiley’ and fields 650 describes the subject of
the book as ‘cell phone systems, operating systems and C++’.

21. The 008 field of the MARC record in Appendix HARRISONO3
indicates the date of record creation. The 008 field of Appendix HARRISONO3

indicates the Penn State University Library first acquired Symbian OS C++ for
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Mobile Phones, Volume 3 as of November 7, 2006. Considering this information, it
1s my determination that Symbian OS C++ for Mobile Phones, Volume 3 was made
available to the public via Penn State University Library shortly after its initial
acquisition as of November 7, 2006.

22.  Attached hereto as Appendix HARRISONO4 is a true and correct copy
of the MARC record for Symbian OS C++ for Mobile Phones, Volume 3 as held by
the Toronto Metropolitan University Library. Experts like myself rely on this type
of record from libraries to validate printed publications and perform searches of the
library’s collections. I secured this record myself from the library’s public catalog.
The MARC record contained within Appendix HARRISONO04 accurately describes
the bibliographic details of Symbian OS C++ for Mobile Phones, Volume 3: field
020 describes the ISBN as ‘9780470066416, field 100 describes the author as
‘Richard Harrison’, field 245 describes the title as ‘Symbian OS C++ for Mobile
Phones’, field 264 describes the publisher as ‘Wiley’ and fields 650 describes the
subject of the book as ‘cell phone systems, operating systems and C++’.

23.  The 008 field of the MARC record in Appendix HARRISONO4
indicates the date of record creation. The 008 field of Appendix HARRISONO04
indicates the Toronto Metropolitan University Library first acquired Symbian OS
C++ for Mobile Phones, Volume 3 as of November 7, 2006. Considering this

information, it is my determination that Symbian OS C++ for Mobile Phones,
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Volume 3 was made available to the public via Toronto Metropolitan University
Library shortly after its initial acquisition as of November 7, 2006.

24.  Attached hereto as Appendix HARRISONOS is a true and correct copy
of the MARC record for Symbian OS C++ for Mobile Phones, Volume 3 as held by
the North Carolina State University Library. Experts like myself rely on this type of
record from libraries to validate printed publications and perform searches of the
library’s collections. I secured this record myself from the library’s public catalog.
The MARC record contained within Appendix HARRISONOS accurately describes
the bibliographic details of Symbian OS C++ for Mobile Phones, Volume 3: field
020 describes the ISBN as ‘9780470066416, field 100 describes the author as
‘Richard Harrison’, field 245 describes the title as ‘Symbian OS C++ for Mobile
Phones’, field 264 describes the publisher as ‘Wiley’ and fields 650 describes the
subject of the book as ‘cell phone systems, operating systems and C++’.

25. The 008 field of the MARC record in Appendix HARRISONOS
indicates the date of record creation. The 008 field of Appendix HARRISONOS5
indicates the North Carolina State University Library first acquired Symbian OS
C++ for Mobile Phones, Volume 3 as of November 7, 2006. Considering this
information, it is my determination that Symbian OS C++ for Mobile Phones,
Volume 3 was made available to the public via North Carolina State University

Library shortly after its initial acquisition as of November 7, 2006.
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26.  Attached hereto as Appendix HARRISONOG6 is a true and correct copy
of the MARC record for Symbian OS C++ for Mobile Phones, Volume 3 as held by
the Queen’s University Belfast Library. Experts like myself rely on this type of
record from libraries to validate printed publications and perform searches of the
library’s collections. I secured this record myself from the library’s public catalog.
The MARC record contained within Appendix HARRISONOS accurately describes
the bibliographic details of Symbian OS C++ for Mobile Phones, Volume 3: field
020 describes the ISBN as ‘0470066415°, field 245 describes the title as ‘Symbian
OS C++ for Mobile Phones’ and field 264 describes the publisher as ‘Wiley’.

27. The 008 field of the MARC record in Appendix HARRISONO06
indicates the date of record creation. The 008 field of Appendix HARRISONO06
indicates the Queen’s University Belfast Library first acquired Symbian OS C++ for
Mobile Phones, Volume 3 as of November 2, 2006. Considering this information, it
is my determination that Symbian OS C++ for Mobile Phones, Volume 3 was made
available to the public via Queen’s University Belfast Library shortly after its initial
acquisition as of November 2, 2006.

28.  Attached hereto as Appendix HARRISONO7 is a true and correct copy
of the MARC record for Symbian OS C++ for Mobile Phones, Volume 3 as held by
the National Library of Scotland. Experts like myself rely on this type of record from

libraries to validate printed publications and perform searches of the library’s
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collections. I secured this record myself from the library’s public catalog. The
MARC record contained within Appendix HARRISONO7 accurately describes the
bibliographic details of Symbian OS C++ for Mobile Phones, Volume 3: field 020
describes the ISBN as ‘978470066416, field 100 describes the author as ‘Richard
Harrison’, field 245 describes the title as ‘Symbian OS C++ for Mobile Phones’,
field 260 describes the publisher as ‘Wiley’ and fields 650 describes the subject of
the book as ‘cell phone systems, operating systems and C++’.

29. The 008 field of the MARC record in Appendix HARRISONO7
indicates the date of record creation. The 008 field of Appendix HARRISONO7
indicates the National Library of Scotland first acquired Symbian OS C++ for
Mobile Phones, Volume 3 as of November 7, 2006. Considering this information, it
1s my determination that Symbian OS C++ for Mobile Phones, Volume 3 was made
available to the public via National Library of Scotland shortly after its initial
acquisition as of November 7, 2006.

30.  Attached hereto as Appendix HARRISONOS is a true and correct copy
of the MARC record for Symbian OS C++ for Mobile Phones, Volume 3 as held by
the Cambridge University Library. Experts like myself rely on this type of record
from libraries to validate printed publications and perform searches of the library’s
collections. I secured this record myself from the library’s public catalog. The

MARC record contained within Appendix HARRISONOS accurately describes the
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bibliographic details of Symbian OS C++ for Mobile Phones, Volume 3: field 020
describes the ISBN as ‘9780470066416, field 100 describes the author as ‘Richard
Harrison’, field 245 describes the title as ‘Symbian OS C++ for Mobile Phones’,
field 260 describes the publisher as ‘Wiley’ and fields 650 describes the subject of
the book as ‘cell phone systems, operating systems and C++’.

31.  The 008 field of the MARC record in Appendix HARRISONOS
indicates the date of record creation. The 008 field of Appendix HARRISONOS
indicates the Cambridge University Library first acquired Symbian OS C++ for
Mobile Phones, Volume 3 as of November 7, 2006. Considering this information, it
1s my determination that Symbian OS C++ for Mobile Phones, Volume 3 was made
available to the public via Cambridge University Library shortly after its initial
acquisition as of November 7, 2006.

32.  Attached hereto as Appendix HARRISONOO is a true and correct copy
of the MARC record for Symbian OS C++ for Mobile Phones, Volume 3 as held by
the University of Waikato Library. Experts like myself rely on this type of record
from libraries to validate printed publications and perform searches of the library’s
collections. I secured this record myself from the library’s public catalog. The
MARC record contained within Appendix HARRISONO09 accurately describes the
bibliographic details of Symbian OS C++ for Mobile Phones, Volume 3: field 020

describes the ISBN as ‘9780470066416, field 245 describes the title as ‘Symbian OS
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C++ for Mobile Phones’, field 260 describes the publisher as ‘Wiley’ and fields 650
describes the subject of the book as ‘cell phone systems, operating systems and
C++.

33.  The 008 field of the MARC record in Appendix HARRISONO09
indicates the date of record creation. The 008 field of Appendix HARRISONO09
indicates the University of Waikato Library first acquired Symbian OS C++ for
Mobile Phones, Volume 3 as of July 24, 2007. Considering this information, it is my
determination that Symbian OS C++ for Mobile Phones, Volume 3 was made
available to the public via University of Waikato Library shortly after its initial
acquisition as of July 24, 2007.

34,  Appendix HARRISONI1O is an Internet Archive capture of a web page

entitled Symbian OS C++ for Mobile Phones, Volume 3 as hosted on the Symbian

Developer Network website at
http://developer.symbian.com/main/learning/press/books/scmp v3/index.jsp. I
secured these screen captures myself at

https://web.archive.org/web/20070703215621/http://developer.symbian.com/main/
learning/press/books/scmp v3/index.jsp. This record was captured as of July 3,
2007. Experts like myself rely on this type of record from the Internet Archive to
review time-limited digital resources and research web resources that may no longer

be available from other sources.
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35.  Appendix HARRISONI1O0 is a capture of the Symbian online storefront
entry for Symbian OS C++ for Mobile Phones, Volume 3. This page contains links
to purchase individual copies of the book from Amazon and Wiley, as well as a link
to make a bulk order of Symbian OS C++ for Mobile Phones, Volume 3. This page
also includes an abstract describing the book, bibliographic information that is
consistent with the MARC records presented in this declaration and links to review
the table of contents, a sample chapter and the source code of this book.

36. Appendix HARRISONI11 is an Internet Archive capture of a web page

entitled Symbian OS C++ for Mobile Phones, Volume 3 - Table of Contents as

hosted on the Symbian Developer Network website at
http://developer.symbian.com/main/learning/press/books/scmp v3/toc.jsp. I
secured these screen captures myself from

https://web.archive.org/web/20071023075854/http://developer.symbian.com/main/
learning/press/books/scmp v3/toc.jsp. This record was captured as of October 23,
2007. Experts like myself rely on this type of record from the Internet Archive to
review time-limited digital resources and research web resources that may no longer
be available from other sources.

37.  Appendix HARRISONI11 is a capture of the Symbian online storefront
table of contents for Symbian OS C++ for Mobile Phones, Volume 3. In comparing

the table of contents presented in Appendix HARRISON11 to Exhibit 1005, it is my
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determination Appendix HARRISONI11 contains an accurate description of the table
of contents for Symbian OS C++ for Mobile Phones, Volume 3.

38.  Attached hereto as Appendix HARRISON12 is a screen capture of the

Internet Archive Wayback Machine entry for
http://developer.symbian.com/main/learning/press/books/scmp v3/c12.pdf. I
secured these screen captures myself from

https://web.archive.org/web/20071023075829/http://developer.symbian.com/main/
learning/press/books/scmp v3/c12.pdf. This record was captured as of October 23,
2007. Experts like myself rely on this type of record from the Internet Archive to
review time-limited digital resources and research web resources that may no longer
be available from other sources.

39.  Appendix HARRISONI12 is a capture of the Symbian online storefront
sample chapter for Symbian OS C++ for Mobile Phones, Volume 3. In comparing
the sample chapter presented in Appendix HARRISONI12 to Appendix
HARRISONOI1, it is my determination Appendix HARRISONI12 contains an
accurate extract of Symbian OS C++ for Mobile Phones, Volume 3.

40.  Attached hereto as Appendix HARRISON13 is a screen capture of the
Internet Archive Wayback Machine entry for http://www.amazon.com/Symbian-
OS-Mobile-Phones-Press/dp/0470066415. 1 secured these screen captures myself

from

17
FIFTH THIRD EX1062
PART 1 OF 3
Page 19 of 428



https://web.archive.org/web/20071026144849/http://www.amazon.com/Symbian-
OS-Mobile-Phones-Press/dp/0470066415. This record was captured as of October
26, 2007. Experts like myself rely on this type of record from the Internet Archive
to review time-limited digital resources and research web resources that may no
longer be available from other sources.

41.  Appendix HARRISONI13 is a capture of the Amazon online storefront
entry for Symbian OS C++ for Mobile Phones, Volume 3. This page contains links
to purchase a copy of the Harrison book from Amazon. This page also includes an
abstract describing the book, bibliographic information that is consistent with the
MARC records presented in this declaration and language indicating a copy of
Symbian OS C++ for Mobile Phones, Volume 3 purchased as of October 26, 2007
could have arrived via post by October 29. 2007.

42.  Attached hereto as Appendix HARRISONI14 is a screen capture of the

Internet Archive Wayback Machine entry for
http://www.wiley.com/WileyCDA/WileyTitle/productCd-0470066415.html. I
secured these screen captures myself from

https://web.archive.org/web/20070831041448/http://www.wiley.com/WileyCDA/
WileyTitle/productCd-0470066415.html. This record was captured as of August 31,

2007.
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43.  Appendix HARRISONI14 is a capture of the Wiley online storefront
entry for Symbian OS C++ for Mobile Phones, Volume 3. This page contains links
to purchase individual copies of the book from Wiley, as well as a link to purchase
an e-book edition of Symbian OS C++ for Mobile Phones, Volume 3. This page also
includes an abstract describing the book, bibliographic information that is consistent
with the MARC records presented in this declaration and links to review the table of
contents, a sample chapter and the index of this book.

44.  Attached hereto as Appendix HARRISONI15 is a screen capture of the
Internet Archive Wayback Machine entry for
http://wiley.com/WileyCDA/WileyTitle/productCd-0470066415,descCd-
tableOfContents.html. [ secured these screen captures myself from
https://web.archive.org/web/20071020033432/http://wiley.com/WileyCDA/Wiley
Title/productCd-0470066415,descCd-tableOfContents.html. This record was
captured as of October 20, 2007.

45.  Appendix HARRISONIS is a capture of the Wiley online storefront
table of contents for Symbian OS C++ for Mobile Phones, Volume 3. In comparing
the table of contents presented in Appendix HARRISONI15 to Exhibit 1005, it is my
determination Appendix HARRISONI15 contains an accurate description of the table

of contents for Symbian OS C++ for Mobile Phones, Volume 3.
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46.  Attached hereto as Appendix HARRISONI6 is a screen capture of the
Internet Archive Wayback Machine entry for
http://media.wiley.com/product_data/excerpt/15/04700664/0470066415-1.pdf. 1
secured these screen captures myself from
https://web.archive.org/web/20080905091606/http://media.wiley.com/product _dat
a/excerpt/15/04700664/0470066415-1.pdf. This record was captured as of
September 5, 2008.

47.  Appendix HARRISONI16 is a capture of the Wiley online storefront
table of contents for Symbian OS C++ for Mobile Phones, Volume 3. In comparing
the table of contents presented in Appendix HARRISON16 to Exhibit 1005, it is my
determination Appendix HARRISON16 contains an accurate description of the table
of contents for Symbian OS C++ for Mobile Phones, Volume 3.

48.  Attached hereto as Appendix HARRISON17 is a screen capture of a
webpage entitled A Generic Software Template to Support Learning on Mobile
Devices by Andreas Bohme as hosted on the Technical University of Vienna
website. None of the authors associated with this publication are credited with
authoring Symbian OS C++ for Mobile Phones, Volume 3. I secured these screen
captures myself from

https://repositum.tuwien.at/handle/20.500.12708/1084 1 ?mode=full.
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49.  Appendix HARRISONI17 captures a thesis presented to the Technical
University of Vienna and the thesis repository metadata record associated with this
thesis. The ‘dc.date.submitted’ field visible on page 1 of Appendix HARRISON17
indicates this thesis was submitted as of December 2007. The thesis’s bibliography
contains a citation to Symbian OS C++ for Mobile Phones, Volume 3, indicating the
Harrison book was consulted by Andreas Bohme prior to December 2007.

50.  Attached hereto as Appendix HARRISONIS is a screen capture of a
webpage entitled Mobile Challenges for Embedded Computer Vision by Sek Chai
as published in Embedded Computer Vision as hosted on the SpringerLink website.
None of the authors associated with this publication are credited with authoring
Symbian OS C++ for Mobile Phones, Volume 3. I secured these screen captures
myself from https://link.springer.com/book/10.1007/978-1-84800-304-0.

51.  Appendix HARRISONI18 captures the SpringerLink web page records
associated with an article published in a book entitled Embedded Computer Vision.
The ‘Published’ fields visible on page 5 of Appendix HARRISON18 indicates this
article was first published as of September 2008. The “References” list contains a
citation to Harrison, Symbian OS C++ for Mobile Phones, Volume 3 (Reference
#23), indicating the Harrison book was consulted by Sek Chai prior to September

2008.
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52.  Attached hereto as Appendix HARRISONI19 is a screen capture of a
webpage entitled UIQ Application That Utilizes the Touchscreen by Tuomas
Liimatainen as hosted on the Tampere University of Applied Sciences Theseus
website. None of the authors associated with this publication are credited with
authoring Symbian OS C++ for Mobile Phones, Volume 3. I secured these screen
captures myself from https://www.theseus.fi/handle/10024/10201?show=full.

53. Appendix HARRISONI19 captures a thesis presented to the Tampere
University of Applied Sciences and the thesis repository metadata record associated
with this thesis. The bibliographic data on page 5 of Appendix HARRISON19
indicates this thesis was submitted as of May 2009. Page 43 contains a citation to
Symbian OS C++ for Mobile Phones, Volume 3, indicating the Harrison book was
consulted by Tuomas Liimatainen prior to May 2009.

54.  Attached hereto as Appendix HARRISON20 is a screen capture of a
webpage entitled Enhanced Integration of Java to Symbian OS Using Smart Pointers
by Raine Mikeldinen, Cristiano D1 Flora and Tommi Mikkonen as published in the
Proceedings of the 6th International Workshop on Java Technologies for Real-Time
and Embedded Systems as hosted on the ACM Digital Library website. None of the
authors associated with this publication are credited with authoring Symbian OS
C++ for Mobile Phones, Volume 3. I secured these screen captures myself from

https://dl.acm.org/doi1/10.1145/1434790.1434797.
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55.  Appendix HARRISON20 captures an article published in the
conference proceedings for the 6th International Workshop on Java Technologies
for Real-Time and Embedded Systems and the ACM Digital Library web page
records associated with this article and book. The ‘Published’ field visible on page
1 of Appendix HARRISON20 indicate this article was first published as of
September 2008. The References section of HARRISON20, page numbered 47,
contains a citation to Symbian OS C++ for Mobile Phones, Volume 3, indicating the
Harrison book was consulted by Raine Mikeldinen, et al prior to September 2008.

56.  Attached hereto as Appendix HARRISONZ21 is a screen capture of a
webpage entitled Introduction to Bluetooth Communication on Mobile Devices by
Morten V. Pedersen and Frank H.P. Fitzek, et al as published in Mobile Peer to Peer
Guide as hosted on the Wiley Online Library website. None of the authors associated
with this publication are credited with authoring Symbian OS C++ for Mobile
Phones, Volume 3. [ secured these screen captures myself from
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470747889.ch4.

57.  Appendix HARRISON21 captures an article published in a book
entitled Mobile Peer to Peer Guide and the Wiley web page records associated with
this article and book. The ‘First published’ field visible on pagel of Appendix

HARRISON21 indicates this article was first published as of June 2009. Page 1
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contains a citation to Symbian OS C++ for Mobile Phones, Volume 3, indicating the
Harrison book was consulted by Morten V. Pedersen, et al prior to June 2009.

58.  Attached hereto as Appendix HARRISON22 is a screen capture of a
webpage entitled Symbian Forensics: An Overview by Antonio Savoldi and Paolo
Gubian as published in Proceedings of the 2008 International Conference on
Intelligent Information Hiding and Multimedia Signal Processing as hosted on the
IEEE Xplore website. None of the authors associated with this publication are
credited with authoring Symbian OS C++ for Mobile Phones, Volume 3. I secured
these screen captures myself from
https://ieeexplore.ieee.org/document/4604113/references#references.

59. Appendix HARRISON22 captures an article published in the
conference proceedings for the 2008 International Conference on Intelligent
Information Hiding and Multimedia Signal Processing and the IEEE Xplore web
page records associated with this article and book. The ‘Date Added to IEEE XPlore’
field visible on page 1 of Appendix HARRISON22 indicates this article was first
published as of August 2008. The references section on the page numbered 533
contains a citation to Symbian OS C++ for Mobile Phones, Volume 3, indicating the
Harrison book was consulted by Antonio Savoldi, et al prior to August 2008.

60. In conclusion, it is my determination Symbian OS C++ for Mobile

Phones, Volume 3 by Richard Harrison was first made available to the public soon
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after November 7, 2006 and remained continuously available to the public from that
date forward. Appendices HARRISONO2 — 09 indicates Symbian OS C++ for
Mobile Phones, Volume 3 was indexed within publicly-available library collections
as soon as November 2006. Appendices HARRISON10, HARRISON13 and
HARRISON14 indicate Symbian OS C++ for Mobile Phones, Volume 3 was
available for purchase certainly no later than August 31, 2007. Appendices
HARRISON11, HARRISONI2, HARRISONI15 and HARRISONI16 indicate
visitors to these storefronts would be able to review significant excerpts of Symbian
OS C++ for Mobile Phones, Volume 3 prior to purchasing the material. Appendices
HARRISON17 — HARRISON22 indicate Symbian OS C++ for Mobile Phones,
Volume 3 was frequently cited soon after publication and cited in works published

by widely known and distributed publishers such as the IEEE and ACM.

B. GAUSEMEIER

Authentication of the Gausemeier Reference
61. Thavereviewed Exhibit 1082, "Development of a real time image based
object recognition method for mobile AR-devices" by Juergen Gausemeier, Juergen
Fruend, Carsten Matysczok, Beat Bruederlin and David Beier as published in
Proceedings of the 2003 AFRIGRAPH Conference.
62. Attached hereto as Appendix GAUSEMEIERO] is a true and correct

copy of "Development of a real time image based object recognition method for
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mobile AR-devices" as published in Proceedings of the 2003 AFRIGRAPH
Conference. | secured this PDF copy myself from the ACM Library, an online
database of materials published by the ACM. Pages 1-5 capture the ACM library
record’s front-facing webpage, pages 6 — 8 capture the information presented when
clicking the ‘more information’ button present in the record and pages 9-16 (marked
133-39) contain the PDF copy of the paper presented when clicking the
‘PDF/eReader’ button present on page 1. Experts like myself rely on this type of
record from the publisher to confirm the publishing circumstances of the material
discussed within.

63. The ACM Library captures included in this declaration as Appendix
GAUSEMEIERO]1 contain several bibliographic elements that accurately described
the paper presented to me as Exhibit 1082. The title (‘Development of a real time
image based object recognition method for mobile AR-devices’) and author
(‘Juergen Gausemeier, Juergen Fruend, Carsten Matysczok, Beat Bruederlin and
David Beier’) fields present on page 1 of Appendix GAUSEMEIERO]1 accurately
describe the author and title present in Exhibit 1082. The ‘Published’ field present
on page 1 of Appendix GAUSEMEIERO]1 indicates "Development of a real time
image based object recognition method for mobile AR-devices" by Juergen
Gausemeier, et al as published in Proceedings of the 2003 AFRIGRAPH Conference

was first published via the ACM Library as of February 3, 2003. This date matches
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the 2003 copyright date present on page 1 of Exhibit 1082. The ‘pages’ (133 — 139)
field present on page 1 of Appendix GAUSEMEIEROI matches the page numbers
present in Exhibit 1082. The ‘Published in’ field present on page 6 indicates the
Gausemeier paper was published in compiled form in Proceedings of AFRIGRAPH
’03 and the ISBN of that publication is listed as ‘1581136439°. Page 1 of Exhibit
1082 includes an ISBN of ‘1-58113-643-9°, matching the ACM Library entry and
confirming Exhibit 1082 was included in Proceedings of AFRICOM °03. In
comparing Exhibit 1082 to Appendix GAUSEMEIERO]1, it is my determination that
Exhibit 1082 is a true and correct copy of "Development of a real time image based
object recognition method for mobile AR-devices" by Juergen Gausemeier, et al as
published in Proceedings of the 2003 AFRIGRAPH Conference.
Availability of the Gausemeier Reference

64.  Attached hereto as Appendix GAUSEMEIERO02 is a true and correct
copy of the MARC record for Proceedings of the AFRIGRAPH Conference as held
by the Carnegie Mellon University Library. I secured this record myself from the
library’s public catalog. Experts like myself rely on this type of record from libraries
to validate printed publications and perform searches of the library’s collections. The
MARC record contained within Appendix GAUSEMEIERO2 accurately describes
the bibliographic details of the AFRIGRAPH proceedings as found on the ACM

Library’s record: field 245 describes the proceedings title as ‘Proceedings of
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AFRIGRAPH’, field 260 describes the publisher as ‘Association for Computing
Machinery’, fields 650 describes the subject of these proceedings as ‘computer
drawing, computer graphics, virtual reality and computer industry in Africa’ and
field 856 describes the digital access point as ‘portal.acm.org’. The Full Text
Availability field present on page 2 of this record indicates the library's collection
includes the 2003 issue of Proceedings of the AFRIGRAPH Conference containing
"Development of a real time image based object recognition method for mobile AR-
devices" via the ACM Library.

65.  The 008 field of the MARC record in Appendix GAUSEMEIERO02
indicates the date of record creation. The 008 field of Appendix GAUSEMEIERO02
indicates the Carnegie Mellon University Library first acquired Proceedings of the
AFRIGRAPH Conference as of August 22, 2002. This record describes an ongoing
subscription to the ACM service and indicates the library held a standing order for
all new publications of these proceedings until the publication of "Development of
a real time image based object recognition method for mobile AR-devices".
Considering this information, it is my determination that Proceedings of the
AFRIGRAPH Conference 2003 and therefore "Development of a real time image
based object recognition method for mobile AR-devices" was made available to the
public via the Carnegie Mellon University Library shortly after its initial publication

as of February 2003.
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66.  Attached hereto as Appendix GAUSEMEIERO3 is a true and correct
copy of the MARC record for Proceedings of the AFRIGRAPH Conference as held
by the Cornell University Library. I secured this record myself from the library’s
public catalog. Experts like myself rely on this type of record from libraries to
validate printed publications and perform searches of the library’s collections. The
MARC record contained within Appendix GAUSEMEIERO3 accurately describes
the bibliographic details of the AFRIGRAPH proceedings as found on the ACM
Library’s record: field 245 describes the proceedings title as ‘Proceedings of
AFRIGRAPH’, field 260 describes the publisher as ‘Association for Computing
Machinery’ and field 650 describes the subject of these proceedings as ‘computer
drawing, computer graphics, virtual reality and computer industry in Africa’.. The
Library Has field present on page 2 of this record indicates the library's collection
includes the 2003 issue of Proceedings of the AFRIGRAPH Conference containing
"Development of a real time image based object recognition method for mobile AR-
devices" via the ACM Library.

67. The 008 field of the MARC record in Appendix GAUSEMEIERO03
indicates the date of record creation. The 008 field of Appendix GAUSEMEIERO03
indicates the Cornell University Library first acquired Proceedings of the
AFRIGRAPH Conference as of August 22, 2002 and held a standing order for all

new publications of these proceedings until the publication of "Development of a
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real time image based object recognition method for mobile AR-devices".
Considering this information, it is my determination that Proceedings of the
AFRIGRAPH Conference 2003 and therefore "Development of a real time image
based object recognition method for mobile AR-devices" was made available to the
public via the Cornell University Library shortly after its initial publication as of
February 2003.

68.  Attached hereto as Appendix GAUSEMEIERO04 is a true and correct
copy of the MARC record for Proceedings of the 2003 AFRIGRAPH Conference as
held by the Princeton University Library. I secured this record myself from the
library’s public catalog. Experts like myself rely on this type of record from libraries
to validate printed publications and perform searches of the library’s collections. The
MARC record contained within Appendix GAUSEMEIERO04 accurately describes
the bibliographic details of the AFRIGRAPH proceedings as found on the ACM
Library’s record: field 020 describes the ISBN of the 2003 edition of these
proceedings as ‘1581136439’, fields 111 and 246 describes the proceedings title as
‘Proceedings of AFRIGRAPH 2003°, field 260 describes the publisher as
‘Association for Computing Machinery’ and fields 650 describes the subject of these
proceedings as ‘computer graphics, virtual reality and visualization’.

69. The 008 field of the MARC record in Appendix GAUSEMEIER04

indicates the date of record creation. The 008 field of Appendix GAUSEMEIER(04
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indicates the Princeton University Library first acquired Proceedings of the 2003
AFRIGRAPH Conference as of July 21, 2004. Considering this information, it is my
determination that Proceedings of the 2003 AFRIGRAPH Conference and therefore
"Development of a real time image based object recognition method for mobile AR-
devices" was made available to the public via Princeton University Library shortly
after July 21, 2004.

70.  Attached hereto as Appendix GAUSEMEIEROS is a screen capture of
the Internet Archive Wayback Machine entry for
http://www.afrigraph.org/txtonly.htm?page=AGprogramme2003.htm. [ secured
these screen captures myself from
https://web.archive.org/web/20030429094746/http://www.afrigraph.org/txtonly.ht
m?page=AGprogramme2003.htm. This record was captured as of April 29, 2003.
Experts like myself rely on this type of record from the Internet Archive to review
time-limited digital resources and research web resources that may no longer be
available from other sources.

71.  Appendix GAUSEMEIEROS is an Internet Archive capture of a web
page entitled AFRIGRAPH 2003 Program as hosted on the Afrigraph.org website.
Appendix GAUSEMEIEROS is a schedule for the 2003 AFRIGRAPH conference,
describing all papers and sessions presented at this conference. Users visiting the

AFRIGRAPH homepage at the time would be able to access this conference
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schedule by clicking the ‘Programme’ link in the page’s sidebar. Page 3 of Appendix
GAUSEMEIEROS indicates "Development of a real time image based object
recognition method for mobile AR-devices" by Juergen Gausemeier was scheduled
to be presented to attendees of the 2003 AFRIGRAPH conference on February 5,
2003 sometime between 11:50 — 13:10. This February 5, 2003 presentation date
corresponds to the February 3, 2003 publication date and the February 3-5, 2003
conference date found in Appendix GAUSEMEIERO1’s ACM Library record.

72.  Attached hereto as Appendix GAUSEMEIERO6 is a screen capture of
the Internet Archive Wayback Machine entry for
http://www .afrigraph.org/txtonly.htm?page=2003/cfp content.htm. I secured these
screen captures myself from
https://web.archive.org/web/20021120032747/http://www.afrigraph.org/txtonly.ht
m?page=2003/cfp_content.htm. This record was captured as of November 20, 2002.
Experts like myself rely on this type of record from the Internet Archive to review
time-limited digital resources and research web resources that may no longer be
available from other sources.

73.  Appendix GAUSEMEIERO06 is an Internet Archive capture of a web
page entitled Call for Papers as hosted on the Afrigraph.org website. Appendix
GAUSEMEIERO06 is a document describing the publication circumstances of the

2003 AFRIGRAPH Proceedings months before the conference was held. Users
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visiting the AFRIGRAPH homepage at the time would be able to access this
conference schedule by clicking the ‘Call for Papers’ link in the page’s sidebar. Page
3 contains the following passage describing the availability of these proceedings:
‘...the conference proceedings will be published by ACM SIGGRAPH and also
appear in the ACM Digital Library’ and the sidebar of this page contains a link to
the ACM website. Visitors to the AFRIGRAPH web page and attendees of the 2003
AFRIGRAPH conference could use this information to review the ACM Library’s
database for any papers presented at this conference and discover the ACM Library
record captured as Appendix GAUSEMEIEROI, available to the public as of
February 3, 2003.

74.  Attached hereto as Appendix GAUSEMEIERO7 is a capture of the
Google Scholar record for "Development of a real time image based object
recognition method for mobile AR-devices" by Juergen Gausemeier, et al as
published in Proceedings of the 2003 AFRIGRAPH Conference 2003. I secured this
screen capture myself from
https://scholar.google.com/scholar?hl=en&as sdt=5%2C39&sciodt=0%2C39&cite
s=13411824526550640037&scipsc=&as ylo=2003&as_yhi=2008. Google Scholar
contains a list of citations that experts like myself would rely upon to discover related
works. Appendix GAUSEMEIERO7 contains 30 citations to the Gausemeier paper

from 2003 — 2008, indicating authors of academic works consulted the Gausemeier
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paper during the creation process. In comparing Google’s list of citations found in
Appendix GAUSEMEIERO07 to the ACM’s list of citations present in Appendix
GAUSEMEIERO1, 12 citations present on the ACM Library list are also present on
Google’s list.

75.  Attached hereto as GAUSEMEIEROS is a paper entitled “First Steps
Towards Handheld Augmented Reality” by D. Wagner and D. Schmalstieg as
published in Proceedings of the 2003 International Symposium on Wearable
Computers. None of the authors associated with this publication are credited with
authoring "Development of a real time image based object recognition method for
mobile AR-devices". I secured this paper myself from the IEEE website at
https://ieeexplore.ieee.org/document/1241402/references#references. The ‘Date
Added to IEEE Xplore’ field present on page 1 of Appendix GAUSEMEIEROS
indicates “First Steps Towards Handheld Augmented Reality” was first made
available to the public via IEEE Xplore as of November 3, 2003. Page 1 of Appendix
GAUSEMEIERO07 indicates “First Steps Towards Handheld Augmented Reality”
cites the Gausemeier paper, which matches Page 3 of Appendix GAUSEMEIERO0S
indicating “First Steps Towards Handheld Augmented Reality” cites the Gausemeier
paper. Pages 6 — 14 of Appendix GAUSEMEIERO0S contains a true and correct copy
of “First Steps Towards Handheld Augmented Reality” and a citation to the

Gausemeier paper can be found on page 14.
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76.  Attached hereto as GAUSEMEIERO9 is a paper entitled “How Real
Should Virtual Characters Be?” by Daniel Wagner, Mark Billinghurt and Dieter
Schmalstieg as published in Proceedings of the 2006 ACM SIGCHI Conference.
None of the authors associated with this publication are credited with authoring
"Development of a real time image based object recognition method for mobile AR-
devices". 1 secured this paper myself from the ACM Library at
https://dl.acm.org/do1/10.1145/1178823.1178891. The ‘Published’ field present on
page 1 of Appendix GAUSEMEIER(09 indicates “How Real Should Virtual
Characters Be?” was first made available to the public via the ACM Library as of
June 14, 2006. Page 1 of Appendix GAUSEMEIERO07 indicates “How Real Should
Virtual Characters Be?” cites the Gausemeier paper, which matches Page 2 of
Appendix GAUSEMEIERO09 indicating “How Real Should Virtual Characters Be?”
cites the Gausemeier paper. Pages 5 — 12 of Appendix GAUSEMEIERO09 contains a
true and correct copy of “How Real Should Virtual Characters Be?” and a citation
to the Gausemeier paper can be found on page 12 in the “References” section.

77.  In conclusion, it is my determination "Development of a real time
image based object recognition method for mobile AR-devices" by Juergen
Gausemeier, et al as published in Proceedings of the 2003 AFRIGRAPH Conference
was first made available to the public soon after February 2003 and remained

continuously available to the public from that date forward. Appendices
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GAUSEMEIER02 - GAUSEMEIERO04 indicates Proceedings of the 2003
AFRIGRAPH Conference were indexed within publicly-available library
collections as soon as February 2003 and no later than July 21, 2004. Appendix
GAUSEMEIERO06 indicates visitors to the AFRIGRAPH website would have been
alerted to the publication of Proceedings of the 2003 AFRIGRAPH Conference via
the ACM Library prior to the conference taking place while Appendix
GAUSEMEIEROS indicates attendees of this conference were able to attend a
presentation of the Gausemeier paper in February 2003. Appendices
GAUSEMEIER07 — GAUSEMEIERO09 indicate "Development of a real time image
based object recognition method for mobile AR-devices" by Juergen Gausemeier
was frequently cited soon after publication and cited in works published by widely

known and distributed publishers such as the IEEE and ACM.

C. GOYAL

Authentication of the Goyal Reference
78.  Attached hereto as Appendix GOYALO1 is a true and correct copy of
Pro JAVA ME MMAPI: Mobile Media API for Java Micro Edition as held by the
University of Texas at Austin Library. These scans were secured from the library’s
collection. In comparing Exhibit 1008 to Appendix GOYALOI, it is my
determination that Exhibit 1008 is a true and correct copy of Pro JAVA ME MMAPI:

Mobile Media API for Java Micro Edition by Vikram Goyal.
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Availability of the Goyal Reference

79.  Attached hereto as Appendix GOYALO2 is a true and correct copy of
the MARC record for Pro JAVA ME MMAPI: Mobile Media API for Java Micro
Edition as held by the University of Texas at Austin Library. Experts like myself
rely on this type of record from libraries to validate printed publications and perform
searches of the library’s collections. I secured this record myself from the library’s
public catalog. The MARC record contained within Appendix GOY ALO2 accurately
describes the bibliographic details of Pro JAVA ME MMAPI: Mobile Media API
for Java Micro Edition: field 020 describes the ISBN as ‘1590596390°, field 100
describes the author as ‘Vikram Goyal’, field 245 describes the title as ‘Pro JAVA
ME MMAPI: Mobile Media API for Java Micro Edition’, field 260 describes the
publisher as ‘Apress / Springer’ and fields 650 describes the subject of the book as
‘Java and Wireless Communication Systems’.

80.  The 008 field of the MARC record in Appendix GOYALO2 indicates
the date of record creation. The 008 field of Appendix GOYALO2 indicates the
University of Texas at Austin acquired Pro JAVA ME MMAPI: Mobile Media API
for Java Micro Edition as of June 14, 2006. Considering this information, it is my
determination that Pro JAVA ME MMAPI: Mobile Media API for Java Micro
Edition was made available to the public via the University of Texas at Austin

shortly after its initial acquisition as of June 14, 2006.
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81.  Attached hereto as Appendix GOYALO3 is a true and correct copy of
the MARC record for Pro JAVA ME MMAPI: Mobile Media API for Java Micro
Edition as held by the University of Michigan Library. Experts like myself rely on
this type of record from libraries to validate printed publications and perform
searches of the library’s collections. I secured this record myself from the library’s
public catalog. The MARC record contained within Appendix GOY ALO3 accurately
describes the bibliographic details of Pro JAVA ME MMAPI: Mobile Media API
for Java Micro Edition: field 020 describes the ISBN as ‘1590596390°, field 100
describes the author as ‘Vikram Goyal’, field 245 describes the title as ‘Pro JAVA
ME MMAPI: Mobile Media API for Java Micro Edition’, field 260 describes the
publisher as ‘Apress / Springer’ and fields 650 describes the subject of the book as
‘Java and Wireless Communication Systems’.

82.  The 008 field of the MARC record in Appendix GOYALO3 indicates
the date of record creation. The 008 field of Appendix GOYALO3 indicates the
University of Michigan Library acquired Pro JAVA ME MMAPI: Mobile Media
API for Java Micro Edition as of June 14, 2006. Considering this information, it is
my determination that Pro JAVA ME MMAPI: Mobile Media API for Java Micro
Edition was made available to the public via the University of Michigan Library

shortly after its initial acquisition as of June 14, 2006.
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83.  Attached hereto as Appendix GOYALO4 is a true and correct copy of
the MARC record for Pro JAVA ME MMAPI: Mobile Media API for Java Micro
Edition as held by the Illinois University Library. Experts like myself rely on this
type of record from libraries to validate printed publications and perform searches
of the library’s collections. I secured this record myself from the library’s public
catalog. The MARC record contained within Appendix GOYALO4 accurately
describes the bibliographic details of Pro JAVA ME MMAPI: Mobile Media API
for Java Micro Edition: field 020 describes the ISBN as ‘1590596390°, field 100
describes the author as ‘Vikram Goyal’, field 245 describes the title as ‘Pro JAVA
ME MMAPI: Mobile Media API for Java Micro Edition’, field 260 describes the
publisher as ‘Apress / Springer’ and fields 650 describes the subject of the book as
‘Java, Mobile Computing and Wireless Communication Systems’.

84.  The 008 field of the MARC record in Appendix GOYAL04 indicates
the date of record creation. The 008 field of Appendix GOYALO4 indicates the
[linois University Library acquired Pro JAVA ME MMAPI: Mobile Media API for
Java Micro Edition as of June 14, 2006. Considering this information, it is my
determination that Pro JAVA ME MMAPI: Mobile Media API for Java Micro
Edition was made available to the public via the Illinois University Library shortly

after its initial acquisition as of June 14, 2006.
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85.  Attached hereto as Appendix GOYALOS is a screen capture of the
Internet Archive Wayback Machine entry for
http://apress.com/book/bookDisplay.html?bID=10101. 1 secured these screen
captures myself from
https://web.archive.org/web/20060615192208/http://apress.com/book/bookDisplay
.html?bID=10101. This record was captured as of June 15, 2006. Experts like myself
rely on this type of record from the Internet Archive to review time-limited digital
resources and research web resources that may no longer be available from other
sources.

86.  Appendix GOYALOS is an Internet Archive capture of a web page
entitled Pro Java ME MMAPI: Mobile Media API for Java Micro Edition as hosted
on the Apress website. This page contains links to purchase individual copies of the
book from in physical and e-book format. This page also includes an abstract
describing the book, bibliographic information that is consistent with the MARC
records presented in this declaration and links to review the table of contents, a
sample chapter and the source code of this book.

87.  Attached hereto as Appendix GOYALO6 is a screen capture of the
Internet Archive Wayback Machine entry for
http://www.apress.com/ecommerce/cart.html?act=add&bid=10101. I secured these

screen captures myself from
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https://web.archive.org/web/20070417180748/http://www.apress.com/ecommerce/
cart.html?act=add&bid=10101. This record was captured as of April 17, 2007.
Experts like myself rely on this type of record from the Internet Archive to review
time-limited digital resources and research web resources that may no longer be
available from other sources.

88.  Appendix GOYALO6 is an Internet Archive capture of a web page
entitled Shopping Cart as hosted on the Apress website. This page is a capture of a
shopping cart typical of online commerce, with this cart including an e-book copy
of Pro Java ME MMAPI: Mobile Media API for Java Micro Edition. Page 2 contains
the following passage: ‘Currently we use Paypal exclusively to process online credit
card payments’, indicating users of the Apress website are able to purchase materials
directly from the online store at the time of capture. The ‘Proceed to Checkout’
button present on page 2 indicates the Goyal book could be purchased via the Apress
e-commerce platform as of April 17, 2007.

89.  Attached hereto as Appendix GOYALO7 is a screen capture of the
Internet Archive Wayback Machine entry for
http://www.apress.com/ApressCorporate/supplement/1/10101/1590596390-
3483.pdf. I secured these screen captures myself from
https://web.archive.org/web/20061021185410/http://www.apress.com/ApressCorp

orate/supplement/1/10101/1590596390-3483.pdf. This record was captured as of
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October 21, 2006. Experts like myself rely on this type of record from the Internet
Archive to review time-limited digital resources and research web resources that
may no longer be available from other sources.

90. Appendix GOYALO7 is an Internet Archive capture of a file entitled
Media Player Lifecycle and Events as hosted on the Apress website. Appendix
GOYALQO7 is a capture of the Apress online storefront sample chapter for Pro Java
ME MMAPI: Mobile Media API for Java Micro Edition. In comparing the sample
chapter presented in Appendix GOYALO7 to Exhibit 1008 it is my determination
Appendix GOYALO7 contains an accurate extract of Pro Java ME MMAPI: Mobile
Media API for Java Micro Edition.

91. Attached hereto as Appendix GOYALOS is a screen capture of the
Internet Archive Wayback Machine entry for
http://www.mmapibook.com/about.htm. I secured these screen captures myself from
https://web.archive.org/web/20061016041552/http://www.mmapibook.com/about.
htm. This record was captured as of October 16, 2006. Experts like myself rely on
this type of record from the Internet Archive to review time-limited digital resources
and research web resources that may no longer be available from other sources.

92.  Appendix GOYALOS is an Internet Archive capture of a file entitled
About the Book as hosted on the Pro Mobile Media API (MMAPI) website.

Appendix GOYALOS is a capture of Goyal’s personal website for Pro Java ME
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MMAPI: Mobile Media API for Java Micro Edition. In comparing the table of
contents presented in Appendix GOYALOS to Exhibit 1008 it is my determination
Appendix GOYALOS8 contains an accurate description of the table of contents for
Pro Java ME MMAPI: Mobile Media API for Java Micro Edition.

93. Attached hereto as Appendix GOYALO9 is a screen capture of the
Internet Archive Wayback Machine entry for http://www.amazon.com/Pro-Java-
ME-MMAPI-Mobile/dp/1590596390. I secured these screen captures myself from
https://web.archive.org/web/20070125135057/http://www.amazon.com/Pro-Java-
ME-MMAPI-Mobile/dp/1590596390. This record was captured as of January 25,
2007. Experts like myself rely on this type of record from the Internet Archive to
review time-limited digital resources and research web resources that may no longer
be available from other sources.

94.  Appendix GOYALO9 is a capture of the Amazon online storefront
entry for Pro Java ME MMAPI: Mobile Media API for Java Micro Edition. This
page contains links to purchase a copy of the Goyal book from Amazon. This page
also includes an abstract describing the book, bibliographic information that is
consistent with the MARC records presented in this declaration and language
indicating a copy of Pro Java ME MMAPI: Mobile Media API for Java Micro
Edition purchased as of January 25, 2007 could have arrived via post by January 26,

2007.
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95.  Attached hereto as Appendix GOYALI1O0 is a capture of the Google
Scholar record for Pro Java ME MMAPI: Mobile Media API for Java Micro Edition
by  Vikram  Goyal. I  secured this screen capture  myself
fromhttps://scholar.google.com/scholar?start=10&hl=en&as_sdt=5,39&sciodt=0,3
9&as ylo=2007&as_yhi=2008&cites=17868657413186586685&scipsc=. Google
Scholar contains a list of citations that experts like myself would rely upon to
discover related works. Appendix GOYALI10 contains 12 citations to the Goyal
book from 2007 — 2008, indicating authors of academic works consulted the Goyal
book during the creation process.

96. Attached hereto as GOYALLI is a paper entitled “Light Protocol and
Buffer Management for Automatically Recovering Streaming Session in WiFi
Mobile Telephones™ by Alvaro Suarez, Elsa Macias, Javier Martin, Yeray Guiterrez
and Miguel Gil as published in Proceedings of the 2008 International Conference on
Mobile Ubiquitous Computing, Systems, Services and Technologies. None of the
authors associated with this publication are credited with authoring Pro Java ME
MMAPI: Mobile Media API for Java Micro Edition. I secured this paper myself
from the IEEE website at
https://ieeexplore.ieee.org/abstract/document/4641315/references#references. The
‘Date Added to IEEE Xplore’ field present on page 1 of Appendix GOYALI1I

indicates “Light Protocol and Buffer Management for Automatically Recovering
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Streaming Session in WiFi1 Mobile Telephones” was first made available to the
public via IEEE Xplore as of October 10, 2008. Page 1 of Appendix GOYALI10
indicates “First Steps Towards Handheld Augmented Reality” cites the Goyal book,
which matches Page 3 of Appendix GOYALI1 indicating “Light Protocol and
Buffer Management for Automatically Recovering Streaming Session in WiFi
Mobile Telephones™ cites the Goyal book. Pages 5 — 11 of Appendix GOYALI1
contains a true and correct copy of “Light Protocol and Buffer Management for
Automatically Recovering Streaming Session in WiFi Mobile Telephones” and a
citation to the Goyal book can be found on page 10 in the “References” section.

97.  Attached hereto as GOYALI12 is a paper entitled “Distributed Mobile
Traffic Monitoring System Based on Free and Open Source Software” by Velislava
Spasova and Grisha Spasov as published in the proceedings of the 2009 International
Conference on Computer Systems and Technologies. None of the authors associated
with this publication are credited with authoring Pro Java ME MMAPI: Mobile
Media API for Java Micro Edition. I secured this paper myself from the IEEE
website at https://dl.acm.org/doi1/abs/10.1145/1731740.1731797. The ‘Published’
field present on page 1 of Appendix GOYALI12 indicates “Distributed Mobile
Traffic Monitoring System Based on Free and Open Source Software” was first
made available to the public via ACM Library as of June 18, 2009. Page 1 of

Appendix GOYALI10 indicates “Distributed Mobile Traffic Monitoring System
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Based on Free and Open Source Software” cites the Goyal book, which matches
Page 1 of Appendix GOYALI12 indicating “Distributed Mobile Traffic Monitoring
System Based on Free and Open Source Software” cites the Goyal book. Pages 4 —
9 of Appendix GOYALI2 contains a true and correct copy of “Distributed Mobile
Traffic Monitoring System Based on Free and Open Source Software” and a citation
to the Goyal book can be found on page 8 in its “References” section.

98. In conclusion, it is my determination Pro JAVA ME MMAPI: Mobile
Media API for Java Micro Edition by Vikram Goyal was first made available to the
public as of June 2006 and remained continuously available to the public from that
date forward. Appendices GOYALO2 — GOYALO4 indicates Pro JAVA ME
MMAPI: Mobile Media API for Java Micro Edition was indexed within publicly-
available library collections as soon as June 2006. Appendices GOYALOS,
GOYALO06 and GOYALO9 indicate Pro JAVA ME MMAPI: Mobile Media API for
Java Micro Edition was available for purchase no later than January 26, 2007.
Appendices GOYALO7 and GOYALOS indicate visitors to these storefronts would
be able to review significant excerpts of Pro JAVA ME MMAPI: Mobile Media API
for Java Micro Edition prior to purchasing the material. Appendices GOYAL10 —
GOYALI2 indicate Pro JAVA ME MMAPI: Mobile Media API for Java Micro
Edition was frequently cited soon after publication and cited in works published by

widely known and distributed publishers such as the IEEE and ACM.
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V. CONCLUSION AND ACKNOWLEDGEMENT

99. Ireserve the right to supplement my opinions in the future to respond
to any arguments that Patentee raises and to take into account new information as it
becomes accessible to me.

100. I hereby declare that all statements made herein of my own
knowledge are true and that all statements made on information and belief are
believed to be true, and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine

or imprisonment, or both, under 18 U.S.C. § 1001.

Dated: August 7, 2026

June Ann Munford
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June A. Munford
Curriculum Vitae

Education

University of Wisconsin-Milwaukee - MS, Library & Information Science, 2009
Milwaukee, WI

e Coursework included cataloging, metadata, data analysis, library systems,
management strategies and collection development.
e Specialized in library advocacy, cataloging and public administration.

Grand Valley State University - BA, English Language & Literature, 2008
Allendale, MI

e Coursework included linguistics, documentation and literary analysis.
e Minor in political science with a focus in local-level economics and
government.

Professional Experience

Researcher / Expert Witness, October 2017 — present
Freelance e Pittsburgh, Pennsylvania & Grand Rapids, Michigan

e Material authentication and public accessibility determination. Declarations of
authenticity and/or public accessibility provided upon research completion. Experienced
with appeals and deposition process.

® Research provided on topics of public library operations, material
publication history, digital database services and legacy web resources.

e Past clients include Alston & Bird, Arnold & Porter, Baker Botts, Fish & Richardson,
Erise IP, Irell & Manella, O'Melveny & Myers, Perkins-Coie, Pillsbury Winthrop Shaw
Pittman and Slayden Grubert Beard.

Library Director, February 2013 - March 2015
Dowagiac District Library @ Dowagiac, Michigan

e Executive administrator of the Dowagiac District Library. Located in
Southwest Michigan, this library has a service area of 13,000, an annual
operating budget of over $400,000 and total assets of approximately
$1,300,000.
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e Developed careful budgeting guidelines to produce a 15% surplus during the 2013-
2014 & 2014-2015 fiscal years while being audited.

e Using this budget surplus, oversaw significant library investments including the
purchase of property for a future building site, demolition of existing buildings and
building renovation projects on the current facility.

e | ed the organization and digitization of the library's archival records.

e Served as the public representative for the library, developing business
relationships with local school, museum and tribal government entities.

e Developed an objective-based analysis system for measuring library services -
including a full collection analysis of the library's 50,000+ circulating items and their
records.

November 2010 - January 2013
Librarian & Branch Manager, Anchorage Public Library ® Anchorage, Alaska

e Headed the 2013 Anchorage Reads community reading campaign including event
planning, staging public performances and creating marketing materials for mass
distribution.

® Co-led the social media department of the library's marketing team, drafting social
media guidelines, creating original content and instituting long-term planning via content
calendars.

e Developed business relationships with The Boys & Girls Club, Anchorage
School District and the US Army to establish summer reading programs for
children.

June 2004 - September 2005, September 2006 - October 2013
Library Assistant, Hart Area Public Library
Hart, MI

® Responsible for verifying imported MARC records and original MARC
cataloging for the local-level collection as well as the Michigan Electronic

Library.
e Handled OCLC Worldcat interlibrary loan requests & fulfillment via
ongoing communication with lending libraries.

Professional Involvement

Alaska Library Association - Anchorage Chapter
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e Treasurer, 2012

Library Of Michigan
e [evel VII Certification, 2008
e Level II Certification, 2013

Michigan Library Association Annual Conference 2014
e New Directors Conference Panel Member

Southwest Michigan Library Cooperative
e Represented the Dowagiac District Library, 2013-2015

Professional Development

Library Of Michigan Beginning Workshop, May 2008

Petoskey, MI
e Received training in cataloging, local history, collection management,
children’s literacy and reference service.

Public Library Association Intensive Library Management Training, October 2011
Nashville, TN
e Attended a five-day workshop focused on strategic planning, staff
management, statistical analysis, collections and cataloging theory.

Alaska Library Association Annual Conference 2012 - Fairbanks, February 2012
Fairbanks, AK
e Attended seminars on EBSCO advanced search methods, budgeting,
cataloging, database usage and marketing.

Depositions

2019 e Fish & Richardson

Apple v. Qualcomm (Case No. IPR2018-001281, 39521-004211IP, [IPR2018-01282 and
39521-004211P2)

2019 e Erise IP
Implicit, LLC v. Netscout Systems, Inc (Case No. 2:18-cv-53-JRG)

2019 e Perkins-Coie

Adobe Inc. v. RAH Color Technologies LLC (Case No. IPR2019-00627, [IPR2019-
00628, IPR2019-00629 and IPR2019-00646)
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2020 e O’Melveny & Myers
Maxell, Ltd. v. Apple Inc. (Case No. 5:19-cv-00036-RWS)

2021 e Pillsbury Winthrop Shaw Pittman LLP
Intel v. SRC (Case No. IPR2020-1449)

2022 e Perkins-Coie
Realtek v. Future Link (Case No. IPR2021-01182)

2023 e Fish & Richardson
Neuroderm Ltd. v. Abbvie, Inc (Case No. PGR2022-00040)

2023 e Fish & Richardson
Nearmap US Inc. v. Pictometry International Corp. (Case No. [PR2022-00735)

2023 e Fish & Richardson
Samsung Electronics v. MemoryWeb LLC (Case No. 39843-0136PS1)

2023 e Pillsbury Winthrop Shaw Whitman LLP

Gravel Rating Systems v. Costco Wholesale Corp. (Case No.
4:21-cv-149-ALM)

2024 e Willkie-Farr
Netflix, Inc. v. VideoLabs. Inc. (Case No. IPR2023-00628)

2024 e Quinn Emanuel Urquhart & Sullivan
Purdue University v. Wolfspeed (Case No. 1:21-CV-840)

2024 e Fish & Richardson
Dish Network v. Entropic Communications (Case No. IPR2024-00393)
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2025 e Perkins Coie
Amazon.com, Inc. v. Nokia Technologies Oy (Case No. [PR2024-00572)

2025 e Fish & Richardson
Dish Network v. Entropic Communications (Case No. IPR2024-00373)

2025 e Fish & Richardson
SK Nexilis Co., Ltd. v. Solus Advanced Materials (Case No. 2:2023-cv-00539)

2025 e Covington & Burling
Samsung v. Pictiva (Case No. IPR2024-01222)

2026 e Fish & Richardson
Shenzhen & Bambu Labsv. Stratasys (Case No. 2:24-cv-00644-JRG)

2026 @ Wilmer, Cutler, Pickering, Hale and Dorr
Shopify v. Lower48 (Case No. 6:22-cv-00997-DAE)

Limited Case and Clientele History

Alston & Bird
e Ericsson

v. Collision Communications (Case No. [PR2022-01233)

e Nokia
v. Neptune Subsea, Xtera (Case No. 1:17-cv-01876)

e Universal Electronics Inc

v. Roku Inc (Case No. IPR2022-00818)
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Alavi & Anaipakos PLLC
e Stingray Group Inc. and Stingray Music USA, Inc.

v. Edwin A. Hernandez-Mondragon and Egla Corp. (Case No. 1:24-cv-
21226-RAR)

Arnold & Porter
e [vantis

v. Glaukos (Case No. 8:18-cv-00620)

e Samsung

v. Jawbone (Case No. 2:21-cv-00186)

Benesch Friedlander Coplan & Aronoff
® Voyis
v. Cathx (Case No. 5:21-cv-00077-RWS)

Buchanan, Ingersoll & Rooney PC

® Google LLC, AT&T Service Inc., T Mobile USA Inc., Cellco Partnership, Ericsson
Inc. & Nokia of America Corp.

v. KT Corp & Pegasus Wireless Innovation LLC (Case No. IPR2025-00293)

e Google LLC

v. K. Mizra LLC (Case No. 1:25-cv-00236)

Covington & Burling
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e First Solar, Inc.

v. JinkoSolar (Case No. 25-cv-223)

® Samsung

v. Pictiva (Case No. [PR2024-01222)

Deschert LLP
® Smaxtec Animal Care

v. ST Reproductive Technologies, LLC (Case No. [PR2024-00885)

Duane Morris
e Kangxi Communication Technologies

v. Skyworks Solutions Inc. (Case No. [IPR2025-00373)

® Microsoft

v. Edge Networking Systems LLC (Case No. 1:24-cv-00215)

Erise L.P.
e Apple

v. Ericsson Inc. (Case No. [IPR2022-00715)

v. Future Link Systems (Case No. [PRs 6317804, 6622108, 6807505, and
7917680)

v. INVT (Case No. 20-1881)
v. Navblazer LLC (Case No. [PR2020-01253)

v. Qualcomm (Case No. [IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

v. Quest Nettech Corp (Case No. 2:19-cv-00118-JRG)
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v. Telefonaktiebolaget LM Ericsson (Case No. IPR2022-00275)
v. Theta IP, LLC (Case No. IPR2024-00818)
v. THL Holding Company LLC (Case No. 1:23-cv-00548)

o CrowdStrike

v. Skysong Innovations (Case No. [IPR2025-01398)

e Fanduel

v. CGT (Case No. 19-1393)

e Garmin

v. Phillips North America LLC (Case No. 2:19-cv-6301-AB-KS)

e Netscout
v. Longhorn HD LLC (Case No. 2:20-cv-00349)
v. Implicit, LLC (Case No. 2:18-cv-53-JRG)

e Sony Interactive Entertainment LLC
v. Bot M8 LLC (Case No. [IPR2020-01288)
v. Infernal Technology LLC (Case No. 2:19-CV-00248-JRQG)

® Tesla

v. Charge Fusion Technologies LLC (Case No. [PR2025-00032)

o Unified Patents

v. GE Video Compression (Case No. 2:19-cv-248)

Fish & Richardson
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e Apple
v. AliveCor (Case No. 3:21-cv-03958)
v. LBS Innovations (Case No. 2:19-cv-00119-JRG-RSP)
v. Koss Corporation (Case No. IPR2021-00305)

v. Masimo (Case No. IPR 50095-00121P1, 50095-00121P2, 50095-00131P1,
50095-00131P2, 50095-0006IP1, 50095-01351P1)

v. Neonode (Case No. 21-cv-08872-EMC)

v. Qualcomm (Case No. IPR2018-001281, 39521-004211P, IPR2018-01282,
39521-004211P2)

v. Resonant Sys. (Case No. 7:23-cv-00077-ADA)

e AsusTek Computer Inc.
v. Videolabs, Inc. (Case No. 22-CV-00720-ADA)

e Dell
v. Neo Wireless (Case No. IPR2022-00616)

e Dish Network
v. Entropic Communications, LLC (Case No. 2:2023-CV-01043)
v. Entropic Communications LLC (Case No. [PR2024-00393)
v. Realtime Adaptive Streaming (Case No. 1:17-CV-02097-RBJ)
v. TQ Delta LLC (Case No. 18-1798)

e Evapco Dry Cooling
v. SPG Dry Cooling (Case No. IPR2021-00688)

e Generac

v. PSLC (Case No. 2:24-cv-01270)

® Genetec
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v. Sensormatic Electronics (Case No. 1:20-CV-00760)

e Huawei

v. Bell Northern Research LLC (Case No. IPR2019-01174)

e Kianxis

v. Blue Yonder (Case No. 3:20-cv-03636)

e .G Electronics

v. Bell Northern Research LLC (Case No. 3:18-cv-2864-CAB-BLM)

e MediaTek
v. MOSAID (Case No. [PR2024-00718)

® Metaswitch

v. Sonus Networks (Case No. IPR2018-01719)

o Microsoft

v. Throughputer Inc (Case No. IPR2022-00757)

e Mom Enterprises

v. Ddrops Company (Case No. 1:22-cv-00332)

e MLC Intellectual Property
v. MicronTech (Case No. 3:14-cv-03657-SI)

e Nearmap Inc

v. EagleView Technologies (Case No. [IPR2022-01009)

o Neuroderm Ltd.

v. Abbvie, Inc (Case No. PGR2022-00040)
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e Par-Kan

v. Unverferth (Case No. 3:23-cv-00653)

e Posco Co Ltd.
v. Pascal Drillet et al. (Case No. IPR2025-00370)

o Realtek Semiconductor

v. Future Link (Case No. IPR2021-01182)

e Quectel

v. Koninklijke Philips (Case No. 1:20-cv-01710)

e Samsung
v. Aire Technology (Case No. IPR2022-00877)
v. Bell Northern Research (Case No. 2:19-cv-00286-JRG)
v. Communication Technologies Inc (Case No. IPR2022-01221)
v. Jawbone Innovations (Case No. [PR2022-00865)

<

. MemoryWeb LLC (Case No. [PR2022-00885)
v. Dodots Licensing Solutions (Case No. IPR2023-00701)
v. Telefonaktiebolaget LM Ericsson (Case No. [IPR2021-00615)

® Tesla

v. Intellectual Ventures (Case No. 1:24-cv-00390, 6:24-cv-00188)

e Texas Instruments
v. ParkerVision (Case No. [PR2024-00934)
v. Vantage Micro LLC (Case No. [PR2020-01261)
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e Xilinx

v. Sentient Sensors LCC (Case No. 1:22-cv-00173)

Goodwin Proctor
e Intel

v. Proxense, LLC (Case No. 6:24-cv-00283)

e Samsung Electronics

v. Mobile Data Technologies (Case No. 2:24-cv-00435)

e Taiwan Semiconductor Manufacturing Company Ltd.

v. Advanced Integrated Circuit Process LLC (Case No. 2:24-cv-00623)

Groombridge Wu
® Atossa

v. Jina & Intas Pharmaceuticals (Case No. PGR2025-00043)

e Nearmap

v. Eagle View Technologies Inc. and Pictometry International Corp. (Case No.
2:21-cv-00283-TS-DAO)

Holland & Knight
e Wilmington Trust, N.A.

v. Herman Segal & John Hancock Life Insurance Company of New York (Case
No. 1:21-CV-01540-PKC-TAM)
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Irell & Manella

e Curium

Latham & Watkins LLP
e Apple
v. Advanced Coding Research LLC

e Google
v. Advanced Coding Research (Case No. 2:24-cv-0035)

e Western Digital Technologies
MR Technologies GmbH (Case No. 8:24-cv-01848-JVS)

Leydig, Voit & Mayer, Ltd.

® Public Availability Consultancy

O’Melveny & Myers
e Apple
v. Maxell (Case No. 5:19-cv-00036-RWS)

e Disney Media & Entertainment Distribution LLC
v. Digital Media Technology Holdings, LLC (Case No. 2:22-
cv-01642)
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e Micron Technology Inc.

v. Besang Inc (Case No. IPR2023-00900)

® Samsung

v. Daedalus Prime LLC (1335 Investigation)

Perkins-Coie
® Amazon
v. Nokia (Case No. IPR2024-00847 and IPR2024-00848)
v. Nokia Technologies Oy (Case No. [PR2024-00572)

e Google LLC
v. Clear Imaging Research LLC (Case No. 202510451)

e Heru Industries

v. The UAB Research Foundation (Case No. [PR2022-01148)

e Intel Corporation
v. BeSang Inc. (Case No. [PR2023-00991)
v. BitMICRO (Case No. 5:23-cv-00625)
v. Telefonaktiebolaget L. M Ericsson (Case No. IPR2024-00610)

o Microsoft

v. Sandpiper (Case No. 2:25-cv-00664)

e Niantic, Inc.

v. ImagineAR, Inc. (C.A. No. 24-1252-JD)
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e Realtek Semiconductor

v. Future Link (Case No. [IPR2021-01182)

® r-pac

v. Adasa, Inc. (Case No. 1:2024¢v06102)

e Twitter Inc

v. VOIP-Pal.com (Case No. 3:20-cv-02397-JD)

o Twitch/Amazon

v. RazDog (Case No. [PR2025-00308)

o TCL Industries

v. Koninklijke Philips NV (Case No. IPR2021-00495, IPR2021-00496
and IPR2021-00497)

e VusionGroup

v. Hanshow (Case No. IPR2024-00857)

Pillsbury Winthrop Shaw Pittman
e Intel

v. FG SRC LLC (Case No. 6:20-cv-00315)

e Gravel Rating Systems

v. Costco (Case No. 4:21-cv-149)

v. Lowe’s Home Centers (Case No. 4:21-cv-150)
v. T-Mobile USA (Case No. 4:21-cv-152)

v. Kohl’s Inc. (Case No. 4:21-cv-258)

v. Under Armor (Case No. 4:21-cv-356)
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Quinn Emanuel
e Exact Sciences Corporation

v. Geneoscopy, Inc. (Case No. IPR2024-00459 and IPR2024-1330)

e ServiceNow, Inc.

v. InQuisient, Inc. (Case No. 22-900-CJB)

e Wolfspeed
v. The Trustees of Purdue University (Case No. 1:2021-cv-00840)

Sheppard, Mullin, Richter & Hampton LLP
e Advanced Micro Devices, Inc and Pensando Systems, Inc.

v. Concurrent Ventures LLC and Xtreamedge, Inc. (Case No. [PR2025-00478)

e Amazon

v. Nokia

e Cadence Design Systems Inc.

v. Semiconductor Design Technologies (Case No. 3:23-cv-01001)

o Marvell Semiconductor

v. Credo Technology (Case No. [IPR2025-01219)

e Sandisk Technologies, Inc.

v. Longitude Flash Memory Solutions Ltd. (Case No. IPR2025-01283)
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Shook, Hardy & Bacon LLP
e HP Inc.

v. Universal Connectivity Technologies (Case No. 1:23-cv-01177)

Stern, Kessler, Goldstein & Fox

e Preliminary Research

Wilmer, Cutler, Pickering, Hale and Dorr
e Apple
v. Shunock (Case No. 1:23-cv-08598)

e Dell Technologies Inc

v. EireOg Innovations Ltd. (Case No. 1:24-cv-00416-AD)

e Dropbox

® Quest Diagnostics Inc., Haystack Oncology Inc. and Haystack Oncology GmbH
v. Natera, Inc. (Case No. 1:23-cv-08598)

e NVIDIA
v. Onesta IP (Case No. 1:25-cv-00586)

® QOracle

v. EireOg Innovations Ltd. (Case No. 4-cv-00697-ADA)
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e Roche Diabetes, Inc.

v. Trividia Health, Inc. (Case No. 1:24-cv-00668)

e Shopify Inc.
v. Lower48 IP LLC (C.A. No. 6:22-cv-00997-DAE)

e United Services Automobile Association

v. Regions Bank (Case No. 2-25-cv-00082)

Willkie, Farr & Gallagher LLP
e Lenovo, Dell, HP
v. Universal Connectivity Technologies Inc. (Case No. 2:2023cv00449)

o Neurent

v. The Foundry, LLC (Case No. IPR2024-00669)

e Netflix, Inc.

v. DivX (Case No. 2:19-cv-1602-GW-AGR)

o Netflix, Inc.

v. VideoLabs, Inc. (Case No. [PR2023-00628)
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Symbian OS C++ for Mobile
Phones Volume 3 draws on
the experience of Symbian’s
own engineers to provide you
with a thorough grounding in
writing C++ applications for
mobile phones using the
latest version of Symbian 0S
and 'beyond.
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Symbian OS C++ for
Mobile Phones

Volume 3
Richard Harrison & Mark Shackman

This latest edition provides you with the tools to become an effective Symbian
0S developer and offers a deep understanding of the fundamental principles
upon which Symbian OS is based. The text is also complemented with a suite
of examples.

Symbian OS C++ for Mobile Phones Volume 3 includes:

* An introduction to Symbian C++, with descriptions of the basic building
blocks and usage patterns.

e Examples that are fully compatible with the latest Carbide.c++ Symbian IDEs
guide the reader through increasingly complex aspects of Symbian C++.

* The core concepts, resources and programming idioms that you need to
create, test and publish a non-trivial GUI (graphical user interface)
application.

¢ An introduction to some of the most significant Symbian OS system
services: extensibility and the use of plug-ins and practical descriptions of
the communications, multimedia and database services.

e Advice on the available range of graphics APIs and help to ensure that your
application code is as device-independent as possible.

As it is targeted at the high-growth area where computers and mobile
communications converge, Symbian OS gives you unparalleled opportunities
in mass-market, enterprise and system programming.

If you've programmed in C++ at any level, and wish to develop software for
mobile phones, this book is essential.
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For details of available titles visit: || |
www.symbian.com/books
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About this book

Symbian OS C++ for Mobile Phones Volume 3 draws on the experience
of Symbian’s own engineers to provide a thorough grounding in writing
C++ applications for mobile phones that use Symbian OS version 9.0 and
beyond. It won't teach you everything you need to know about developing
Symbian OS applications — no single book could do that. However, it
will take you a long way along the road to being an effective Symbian
OS developer, and give you a deep understanding of the fundamental
principles upon which Symbian OS is based. The text is complemented
with a specially developed suite of examples.
The book is broadly organized into four sections:

— Section one (Chapters 1to 6) introduces Symbian OS itself, and
describes the basic building blocks and usage patterns.

— Section two (Chapters 7 to 11) explains the core concepts, resources,
APIs and programming idioms that you need to create, test and publish
a simple GUI (graphical user interface) application.

— Section three (Chapters 12 to 18) provides a detailed description of
the use of the Symbian OS graphical user interface to create non-trivial
stand-alone applications. It looks deeply into the effective use of the
available range of graphics APIs and helps you to ensure that your
application code is as device-independent as possible.

—  Section four (Chapters 19 to 22) provides an introduction to some of
the most significant and useful of the Symbian OS system services.
Starting with a discussion of extensibility and the use of plug-ins, this
section continues with practically-based descriptions of the commu-
nications, multimedia and database services.
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Xxiv ABOUT THIS BOOK

Symbian OS is used in a variety of phones with widely differing screen
sizes. Some have full alphanumeric keyboards, some have touch-sensitive
screens and some have neither. As far as possible, the material in this book
is independent of any particular user interface. However, real applications
run on real phones so, where necessary, we have chosen to use concrete
examples based on both the S60 and UIQ user interfaces. Wherever
relevant, the text explains the principal differences between these two
user interfaces. This kind of information is invaluable for anyone who
wishes to create versions of an application to run on a variety of Symbian
OS phones.

Symbian OS C++ for Mobile Phones Volume 3 complements Symbian
OS software development kits. When you’ve put this book down, the
UIQ and S60 SDKs will be your first resource for reference information
on the central Symbian OS APIs that we cover here. For more specialized
and up-to-date information relating to a specific mobile phone, you
will probably need to refer to a phone-specific SDK, available from the
relevant manufacturer.

The SDKs contain valuable guide material, examples and source code,
which together add up to an essential developer resource. We've pointed
to these where they tie in with the book content. But as a general rule,
look in the SDK anyway: you'll usually find additional information that
explains things further than we could in this one book.

Who Is This Book For?

If you've programmed, at any level, in C++, it’s for you. As a real and
comprehensive system written in C++ from the ground up, and targeted
at the high-growth area where computers and mobile communications
converge, Symbian OS gives you unparalleled opportunities in mass-
market, enterprise and system programming.

Besides C++ programmers, this book is of interest to other audiences:

e any other programmer or manager looking to exploit the potential of
mobile solutions with Symbian OS technology

e consultants, trainers and authors thinking of basing their activity on
Symbian OS technology

e anyone with an interest in system design, since Symbian OS is a full
and interesting example in its own right.

Conventions

To help you get the most from the text and keep track of what’s happening,
we've used a number of conventions throughout the book.
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ABOUT THIS BOOK XXV

These boxes hold important, not-to-be forgotten information that is
directly relevant to the surrounding text.

We use several different fonts in the text of this book:

When we refer to words you use in your code, such as variables,
classes and functions, or refer to the name of a file, we use this style:
iEikonEnv, ConstructL(), or e32base.h.

URLs are written like this: www.symbian.com/developer

And when we list code, or the contents of files, we use the following
convention:

Lines that show concepts directly related to the surrounding text are
shown on a gray background

We show commands typed at the command line like this:

abld build winscw udeb
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ACID

ACS Publisher ID
Actor

ANSI
AppUi
Automatic variable

BLOB

Capabilities
Chunk

CLOB
CONE

Context switch

Control

Glossary

A database operation should be atomic,
consistent, isolated, durable

Class 3 ID certificate

Something or someone (a system or end-user)
with which or whom a use case scenario interacts

American National Standards Institute
A class that forms the core of an application

a variable that is created automatically when it is
required and destroyed when it goes out of scope

Binary Large Object
API protection within Symbian OS

A mechanism by which the kernel (memory
model) allocates and manages memory, contains
physical RAM pages mapped to virtual addresses

Character Large Object

A control environment that provides the basic
framework for controls

A task-switching facility to switch between
programs and keep track of the execution
environment for the first program

provides the principal means of interaction
between an application and the user; each
application view is a control, which forms the
basis of all dialogs and menu panes
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XXViii

Co-operative
multitasking

DBMS
DFC

Dialog
DLL
ECOM

EKA2
Eshell

Event-driven
Application

FEP
FIFO
GC
GUI
IMEI

IPC
ISR
MBM

Metrowerks Target

Non-pre-emptive

Multitasking
Panic
Plug-in

Pre-emptive
Multitasking

GLOSSARY

A multitasking environment in which multiple
programs running on a CPU voluntarily yield
control of the processor to each other

Database Management System

A deferred function call that forms part of the
driver non-ISR processing

A specialized window-owning compound control.
Dynamic Linked Library

A system service developed with the express
purpose of enabling application extensibility

The Symbian OS kernel architecture
A simple command-line-mode shell

An application that is always waiting for the user
to interact with the device and then carries out
some operation in response to that interaction

Front-end processor
First-in, first-out order
Graphics context
Graphical user interface

A unique number used by the GSM network to
identify valid devices

Inter-Process Communication

Interrupt-Service Routine

Multi-bitmap file format; a graphics format used
by Symbian OS

A Symbian OS application that runs inside the OS

and resident kernel and provides debugging
services over serial communications (MetroTRK)

see co-operative multitasking

A run-time failure in a program

A computer program that interacts with a main (or
host) application (a web browser or an email
program, for example) to provide a certain,
usually very specific, function on-demand.

A multitasking environment in which the

operating system determines when and for how
long a program has control of the processor
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Process
RDBMS

Real-time
Nanokernel

Round robin

Scalable vector
graphics

SID

Store

Stream
Thread

Two-phase
construction

Use case

View server
View

Window server

XML

GLOSSARY XXix

A running instance of a program; unit of memory
protection

A relational-database management system

The core of the modern Symbian OS kernel
architecture (EKA2)

an operating-system scheduling algorithm which
allocates equal processing time to all active
processes

A format for icons, introduced by S60 3rd edition

Secure |1D

A collection of streams, generally used to
implement the persistence of objects

An external representation of one or more objects

The basic unit of execution — a sequence of
instructions that can be executed

A mechanism that separates the safe constructions
(which can be put into the constructor) from the
unsafe constructions

A complete sequence of actions, initiated by an
actor, that represents a particular way of using a
system; often used for test scenarios

Aerver with which each application may register
its views

A class that implements an interface to the view
architecture

A server that ensures that the correct window or
windows are displayed, managing overlaps and
exposing and hiding windows as necessary

Extensible Markup Language
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1

Getting Started

It seems to be traditional to start a book on computer programming
with a ‘Hello World’ example and, although this book is more about an
operating system than a programming language, we are following that
tradition. In the process we introduce you to the emulator and to the
tools for building C++ programs, so that by the end of the chapter you
will know how to build and run a Symbian OS application. We don’t get
too involved in describing Symbian OS programming conventions, API
functions, and so forth; instead, we concentrate on the tools you need
and how to use them, leaving the details until later chapters.

First we briefly describe the emulator. Most Symbian OS software is
developed first on the emulator and only then on real target hardware.
The emulator also includes a number of Symbian OS applications, and so
mimics a real Symbian OS phone very closely. You will need to become
familiar with the emulator and in the process we can take a look at the
various graphical user interfaces (GUIs) used by Symbian OS.

Then we create a program. The easiest things to build are text-
mode console programs, so that’s the form of the classic ‘Hello World’
application that we use. We demonstrate how to compile it for the
emulator, and how to launch it using the Carbide.c++ IDE.

1.1 Using the Emulator

The emulator is a fundamental tool for all the Symbian OS SDKs, so it’s
vital that you get to know how to use it.

If you are a newcomer to Symbian OS, the emulator offers an oppor-
tunity to get to know some Symbian OS basics from a user’s perspective,
so we look at these straight away. Later, you'll want to learn to make
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A System Introduction to Symbian OS

Before we can start writing programs for Symbian OS, we need to
appreciate the paradigms, idioms and philosophy that make up the
architecture of Symbian OS and its C++ frameworks. So far, we’ve seen
the basics of how to build programs for Symbian OS. Now we need some
background information in order to understand how to write them.

In this chapter we’ll introduce as many concepts as we need for
the following chapters, without getting deeply involved in C++ code.
All these issues are fundamental for appreciating the system design of
Symbian OS and will be essential background as we move to look at
areas such as coding conventions, the user library and other basic APls
in the next few chapters.

Since this chapter discusses the fundamentals of the system, the
discussion is divided between the operating system basics and the
framework principles that encompass them. Even though it is very rare
for a domain-specific programming framework to be architected and
developed synchronously with its underlying operating system, the two
influence each other throughout and it is difficult to appreciate, or even
explain, one without the other.

2.1 Symbian OS Basics

Symbian OS is intended to run on open (to third-party installable appli-
cations), small, battery-powered portable computers, that is, modern
advanced mobile phones. This profoundly affects the design of the
Symbian OS software system.

Symbian OS is designed for 32-bit CPUs, running at low speeds relative
to those in desktops or workstations. Today’s Symbian OS systems are
based on XScale, ARM9 and ARM11-based CPUs, while older devices
are powered by the ARM7 family of CPUs.
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9

Platform Security and Publishing
Applications

This chapter deals with preparing your application for distribution. We
discuss information related to building an application for, and running
it on, a target machine, including giving your application an icon and
building a distributable SIS file from a PKG file. There is also an intro-
duction to platform security, so that you can successfully prepare your
application for the Symbian Signed program.

9.1 Releasing an Application

In order to release your application, some important steps must be
taken. These steps do not require you to add more C++ code, but are
considered critical to ensuring the success of an application in the mass
market. The extra work involved focuses on things such as preparing
an icon for the application, building it as an installable application
and authorizing it under the Symbian Signed program. The last step is
especially important with the introduction of platform security in Symbian
OS vo.

Symbian OS v9 is a major evolution. It is specifically geared to target
mid-range phones in tens and hundreds of millions of units — offering even
larger opportunities for developers to market their products. As such, it
includes a significant number of new features and improvements to enable
key emerging technologies required by advanced, open mobile phones
for years to come. In order to provide comprehensive support for new
functionality such as Digital Rights Management, Device Management
and Enterprise-grade data handling, large changes have been made to the
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12

A Simple Graphical Application

After a series of chapters describing individual aspects of Symbian OS,
it is time to pull a few threads together. In Chapter 11, we described a
minimal GUI application that simply showed how the Ul framework and
the application Ul fit together. Now we look at a complete, simple, but
non-trivial example application that forms a basis for the examples used
in several of the following chapters.

In this chapter, we cover some aspects of application design and
introduce the idea of how to program a user interface that does not
assume a particular screen size. This latter point is important if you want
to target your application at multiple user interfaces, as it helps speed up
your porting efforts. In addition, we show how an application can use
the principles described in Chapter 7 to save and restore its persistent
data.

Before looking at the application’s structure and behavior in more
detail, we start with a general introduction to the Noughts and Crosses
(otherwise known as Tic-Tac-Toe) application. Figure 12.1 shows the
application running on a phone using the S60 user interface.

This application runs a game of noughts and crosses in which two
players take turns to make their moves. The object of the game is to place
three noughts (or crosses) in any row, column or diagonal before your
opponent manages to do so.

We've implemented the game in a way that minimizes the differences
needed to run on phones using the S60 and UIQ user interfaces. Depend-
ing on the nature of the phone it is running on, you can make a move
either by using a combination of the cursor and pushbutton keys or by
tapping on the screen.
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332 A SIMPLE GRAPHICAL APPLICATION

Figure 12.1 The Noughts and Crosses application

We've also kept the logic relating to the game itself very simple so
that the bulk of the code illustrates issues of a general nature, relevant to
most applications. In particular, we’ve designed the layout of the display
in a way that can easily be adapted to show a rectangular grid with any
number of tiles and to display on phones with a variety of screen formats.
The grid layout is defined by a set of constants in oandxdefs . h:

All the application’s layout and drawing code is based on these values.
By changing them, the layout can be adapted for games using differently
sized and shaped boards.

The same header file also defines values that are specific to the
Noughts and Crosses game, including the constant KTilesPerSide
(which, unlike the earlier values, assumes that the board layout is square)
and the states that can be associated with each tile:
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IMPLEMENTING THE GAME ON 560 333

The state values are chosen so that ETileCross is greater than the
product of ETileNought with either KTilesPerRow or KTilesPer-
col, which helps with the calculation of a winner.

This file also defines the height of the application’s status window,
used to show whose turn it is to play:

static const TInt KStatusWinHeight = 20; // in pixels

In Chapter 11 you saw that the simplest Symbian OS graphical appli-
cation needs instances of four classes: the application, the document, the
application Ul and a view. For this game, we've added two more classes:
a controller and a model, or engine. Since the game control logic is so
simple, we could have implemented it entirely within the application Ul
class, rather than defining separate controller and engine classes. How-
ever, we've chosen to add these classes from the start, in preparation for
the more complex form of the game that is developed in Chapter 20.

The overall structure of the game is shown in Figure 12.2.

Application [®— Document AppUl View

Controller Engine

Figure 12.2 Structure of the Noughts and Crosses application

We cover the $60 version of the game first and then look at the changes
that are needed to create the UIQ version.

12.1 Implementing the Game on S60
The Application Class

The S60 class definition for the Noughts and Crosses application class
is listed below. As you can see, it is very similar to the corresponding
class in Chapter 11’s basic application: it implements AppD11Uid (), to
report the application’s UID to the application framework, and Create-
DocumentL ().

FIFTH THIRD EX1062
PART 1 OF 3
Page 93 of 428




334 A SIMPLE GRAPHICAL APPLICATION

This is fairly typical for applications. It is rare for an application class
to override any of the other application class member functions.

The Document Class

The class definition for the Noughts and Crosses document class, listed
below, provides the implementation of CreateAppUiL (), which is
always required. In addition, it implements persistent storage of the
game's state in the StoreL () and RestoreL() functions, using the
principles described in Chapter 7.

The implementations of StoreL () and RestoreL () delegate to
the application Ul class the actual task of storing and restoring the
application’s data, but they retain the responsibility for associating
the application’s UID with the ID of the stream in which the data is
stored.
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IMPLEMENTING THE GAME ON 560 335

The application framework provides support for an application to save
its document data in an application-specific direct file store and, in UIQ,
it is sufficient just to implement the two functions listed above.

In contrast, S60 applications are assumed not to be document-based
and the default behavior is that the application framework never calls
these two functions. In order to restore the support, you need to override
the OpenFileL () function to call CEikDocument’s implementation of
OpenFileL():

The Application Ul Class

The application Ul class normally forms the core of an application, and
the COandXAppUi class is no exception. In addition to its standard role
of handling much of the interaction with the user, COandXAppUi owns
the application’s view, controller and engine instances and supplies the
central logic for saving and restoring the application’s persistent data.
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As you can see from the above class definition, part of the user
interaction consists of reporting significant events such as whose turn it is
and, at the end of a game, who (if anyone) has won. In the case of the S60
version, the application Ul class also handles all aspects of using menu
commands, including dynamically setting the menu content according to
the current state of the game. We have more to say about using menus
later in this chapter.

The second-phase constructor and the destructor make it clear that the
application Ul class owns the engine, the controller and the view, which
are all created in a leave-safe way:

It is worth noting that, it is the responsibility of the application Ul
class to ensure that the view is added to the control stack, via a call to
AddToStackL (), to ensure that it has the opportunity to receive and
process keypresses. Since this call can fail, it is necessary to set a flag if
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it succeeds, so that the flag can be tested (in this case, since there is only
one view, in the destructor) before the view is removed from the control
stack.

This application uses two different ways to report events to the user.
Reporting whose turn it is to play, which happens between every move
in the game, is delegated to the view:

If either player wins, which obviously happens no more than once
per game, the application Ul class reports the winner by means of
a U -specnflc dialog that displays the appropriate text, read from the

!
n's resource file. The S60 version uses an information note:

T
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&
;

The application’s persistent data is saved and restored via the
StoreL () and RestoreL () functions of the application Ul class which,
you may recall, are called from the application’s document class.

Store () and Restore (), respectively, call the ExternalizeL()
and InternalizeL() functions of the application Ul class via the
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<< and >> operators. As you can see from the following listing, the
application Ul class itself has no persistent data. The functions deal
directly with the view’s data, which is simply the ID of the control that
currently has focus, and leave the engine and the controller to take care
of their own data.

The S60 application Ul class is also responsible for handling menu
commands, via the DynInitMenuPaneL () and HandleCommandL ()
functions. We discuss them — and the differences between the ways they
are handled in S60 and UIQ - later in this chapter.

Finally, it is worth pointing out that we provide access to the controller
and engine via global static functions, declared (in oandxappui . h) as:

The implementations of these functions are:

We have chosen to use global functions in this example because
they accurately represent the intention that these functions should be
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accessible from anywhere in the program. Furthermore, they do not need
verbose source text to call them, which is useful in example code. We
would not use them in production code, since there is no control of when
and from where they are called. Additionally, calling a global function
involves accessing thread-local storage, which is slow compared with
other function calls. We could improve the efficiency by implementing
them as static members of a class, but this relies on the availability of
writable static data and so would not work on all phones. The best
solution would be to implement them as normal member functions of,
for example, the application Ul class and pass a (non-owning) reference
to the constructor of each class that needs to access them. We have not
done that in this example because it would add a significant amount of
incidental complexity to each of the constructors concerned.

The Controller Class

The controller class, whose definition is listed below, is responsible for
managing the state of the game and its logic, including updating the data
in the engine class.

In this stand-alone, non-communicating, version, the game state is
simply one of the three values ENewGame, EPlaying or EFinished,
together with a flag that indicates which player is next to play. The only
externally accessible state-query functions needed are IsCrossTurn(),
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which simply returns the value of iCrossTurn, and IsNewGame (),
coded as:

The central logic of the controller is contained in the HitSquareL ()
function:

This function is called from the application’s board view whenever a
player attempts to make a move. It disallows the move if the game state
is EFinished; if this is the first move in the game (i.e. the game state
is ENewGame), it sets the state to EPlaying. If the game is in play, it
calls the TryMakeMove () function of the engine class to check if the
move is valid; if so, it records the move and switches whose turn it is. A
call to the GameWonBy () function of the engine class checks if the last
move resulted in a win by either player and, if it did, the game state is
set to EFinished and a call to the ReportWinner () function of the
application Ul class displays the result.

In its current form, HitSquareL () does not check for, or report,
a drawn game. If there is no winner, the game continues until all tiles
contain a nought or a cross (or a player uses a menu item to start a new
game). The functionality for a drawn game is added in the communicating
version of the game, described in Chapter 20.

The controller is reset for a new game by calling Reset (), which
cancels the current game, clears the board (by calling the Reset ()
function of the engine class) and sets Noughts as the current player:
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The SwitchTurn() function simply negates the flag held in
iCrossTurn and calls the ReportwhoseTurn () function of the appli-
cation Ul class:

Persistence of the state of the controller class is handled by the
ExternalizelL() and InternalizeL() functions, which are called
from the application Ul class. Their actions are, respectively, to write and
read the controller’s member data to or from the passed stream:

The controller is created via a call to its static NewL () function, which
is coded as:

FIFTH THIRD EX1062
PART 1 OF 3

- Page 101 0f428




342 A SIMPLE GRAPHICAL APPLICATION

The second-phase constructor is simply:

We have coded it in this way to preserve the standard form of
class construction, as described in Chapter 4. However, since — in this
case — ConstructL() does not leave, it is worth pointing out that we
could have simplified matters by not defining a ConstructL () function
and doing everything in the NewL () function.

The Engine Class

The engine class, whose class definition is listed below, represents the
game data and contains the functions that operate on that data. Since
Noughts and Crosses is a simple game, the engine class is correspondingly
straightforward. The class itself has no knowledge of the overall state of
the game, nor of whose turn it is to make a move. As you saw in the
previous section, both of these are the responsibility of the controller.

The current state of the board is represented by a simple array of tile
states, one for each component tile. Each tile state contains one of the
three values ETileBlank, ETileNought or ETileCross.

The key functions are TryMakeMove () and GameWonBy (), both of
which are called from the controller. TryMakeMove () only allows a
move to be made if the corresponding tile is initially blank. If the move
is allowed, the function sets the tile-state variable corresponding to the
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tile to either ETileCross or ETileNought, depending on the value
passed in aCrossTurn.

GameWonBy () checks if there is a winner and, if so, whether the
winner is the Nought player or the Cross player. It does so by determining
if there is a horizontal, vertical or diagonal line of three noughts or
three crosses. If there is such a line, it returns either ETileNought or
ETileCross; otherwise it returns zero, to indicate that, as yet, there is
no winner.
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As with the controller class, the ExternalizeL() and Inter-
nalizeL () functions of the engine class, called from the application Ul
class, simply write and read the state — in this case, the values of each of
the board'’s tiles — to and from the appropriate stream:

Like the controller class, the engine class is constructed by means of
a call to its static NewL () function and, again, there are no potentially
leaving calls to be made from a second-phase constructor. For the engine
class, we’'ve chosen to illustrate an alternative way of implementing
construction in such a case, where the non-leaving calls are made from
the constructor rather than from the NewL () function:

The View Class

Views and the view architecture are discussed in Chapter 14 and the
detailed behavior of controls is described in Chapters 15, 17 and 18. In
this chapter, therefore, we only briefly describe the general aspects of
controls and views, concentrating on those features that are specific to
the Noughts and Crosses application.

An application’s view is an instance of a window-owning control
(as defined in Chapter 15) and derives, directly or indirectly, from the
CCoeControl class. For the Noughts and Crosses application, the view
is a compound control, with the view’s area being tiled with a number of
subsidiary controls.
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We've chosen to implement the S60 view class by deriving directly
from CCoeControl. S60 applications can derive from more specific
classes, such as CAknview, but we decided not to for this application in
order to reduce the differences between the S60 and UIQ versions, and
because many of the S60-specific views are more suited to text displays.
The view also inherits from an MVi ewCmdHandler interface class, which
we describe later.

CCoeControl
COandXSymbolControl
COandXTile COandXStatusWin

MViewCmdHandler

Zﬁ n

COandXAppView [—

1

Figure 12.3 The View class of the Noughts and Crosses application

Figure 12.3 shows that all the components of the view are themselves
also controls, in the sense that they ali derive from CCoeControl. The
view owns a single status-display control and a series of tiles.

Both the status display control and the tiles need to display either a
nought or a cross, so we've chosen to implement them as subclasses
of a generic symbol-drawing control, which knows how to draw those
symbols. The two subclasses simply add the specification of the size and
location, within their own area, of the symbol.

As you can see from the class definition of the symbol-drawing base
class, its only member function is to draw a nought or a cross symbol:

The implementation of this function is:
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You see this code again in Chapter 15, where the more detailed aspects
of drawing this control are discussed; here, it is sufficient to note that it
is written to be as independent as possible of the size or position of the
symbol to be drawn. The fact that the same code successfully draws both
the large symbols in the tiles and the much smaller symbols in the status
area shows that this approach is both feasible and sensible.

The symbol is centered in the rectangle (which is always a square)
passed to the function in aRect, but shrunk to leave a small border,
and the pen width is set to match the size of the symbol. Note that the
cross symbol is shrunk by a further small amount since, if the circles
and crosses were both drawn to exactly the same size, the cross would
look larger to the eye. This kind of attention to detail can make a large
difference to the appearance of any application.

The tile and status window control classes both derive from coandx-
SymbolControl:
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Note that, even though S60 devices do not normally use touch
screens, we include code that handles input from keys — via Of ferKey-
EventL () —and any pointer device — via HandlePointerEventL().
It is quite safe to do this: if a particular device does not support one
or the other input device, the relevant code simply is not called.
Including both options makes it easier to port the code to different
devices.

The status window’s Draw () function simply calculates the square in
which to draw the symbol and then calls DrawSymbo1 (), obtaining the
flag indicating which symbol to draw by calling the IsCrossTurn ()
function of the controller class:
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The Draw () function for each tile works in a similar way:

In this case, the symbol to be drawn is determined by a call to the
TileStatus () function of the view class, by a mechanism that is
described later. The tile which currently has focus is drawn with a yellow
background; the others are drawn with the default brush color, which is
white.

During the game, a player places a nought or a cross in a partic-
ular tile either by tapping on it or by using cursor keys to move the
highlight to that tile and pressing the phone’s Selection or Action key.
A pointer event is handled by the tile’s HandlePointerEventL ()
function:

A key event is handled by 0Of ferKeyEventL():
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In both cases, this results in a call to the tile’s TryHitL () function,
which is implemented as:

TryHitL () calls the TryHitSquareL () function of the view class,
using the same mechanism that is also used to call TileStatus ().

The coandxAppView class definition has 19 member functions, not
counting those that it inherits from its base classes, but only the two
mentioned above are called from a tile. As an encapsulation aid, we have
chosen to declare these two functions, as pure virtual functions, in an
MViewCmdHandler interface class:

The view class inherits from this interface and provides the concrete
implementations, as indicated by the bold portions of the COandXAp-
pView class definition:
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Note that the functions are declared public in the interface class,
but private within COandxXAppView. By providing each tile with an
MViewCmdHandler* pointer to the enclosing view, we expose only
those two functions (they are not even available via a COandXAppView*
pointer).

The interface class is a useful way of encapsulating the interaction
between the control and the view or, indeed, the rest of the program. The
control does not care about any of the view’s internal details, provided
that it correctly handles the request to play in a particular square and the
querying of a square’s content. Similarly, the view does not care whether
the command originated with a key event, a pointer event, or some other
kind of event — it just requires these functions to be called at the right
time with the right parameters.

This is a useful technique, which is used frequently within a variety
of Symbian OS APIs, and it is a good one to adopt for your programs,
especially if they are more complicated than the Noughts and Crosses
application. As a further illustration, think about the way commands
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reach HandleCommandL (). The menu bar uses an MEikMenuOb-
server for this and does not otherwise care about the large API of the
CEikAppUi class. The button bar uses the MEikCommandObserver
interface. Similarly, command buttons use an MCoeControlObserver
interface, which the button bar implements by converting button events
into application commands.

TryHitSquareL() simply calls the controller's HitSquareL ()

function, to determine whether the attempt is successful:

TBool COandXAppView::TryHitSquarel(const COandXTile* aControl)

{ : v
return Controller () .HitSquareL (Index(aControl)) ;
j :

It returns ETrue only if the square was previously empty and now
contains a symbol, otherwise it returns EFalse.

As was mentioned earlier, TileStatus () is called from each tile
when it needs to draw itself, in order to determine which, if any, symbol
should be drawn in the tile. The function’s action is simply to request the
information from the engine:

TTileState COandXAppView::TileStatus (const COandXTile* aControl) const
{
return Engine().TileStatus(Index(aControl));

}

The majority of the view’s functions are described in Chapter 15,
where they are used to illustrate the general behavior of controls. Here,
we mention only ShowTurn (), which is called from the application Ul
class and the controller whenever there is a change in whose turn it is to
play. It simply requests the status window to redraw itself:

void COandXAppView: :ShowTurn()
{
iStatusWin->DrawDeferred() ;
i

How DrawDeferred () works is explained in Chapter 17; here it is
sufficient to know that it results in a call to the status window’s Draw ()
function. As we saw earlier, there is no need for ShowTurn () to pass a
parameter indicating whose turn it is, since the status window’s Draw ()
function queries the controller directly for the symbol it needs to draw.

Command Menus

The application uses only two commands: one to specify whether the
Nought player or the Cross player should make the first move, and one
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to abandon the current game. The first of these is only relevant before a
game starts and the second is only used while a game is in progress. In
consequence, we've chosen to use a dynamic command menu, which
shows only those commands that can sensibly be used, given the current
state of the game. We've implemented the menu in a way that illustrates
some of the options that are available for setting up and changing the
content of a command menu. Although at least one of the commands,
that to select the first player, could reasonably be implemented via a
dialog, we've chosen not to do so, leaving the discussion of dialog use to
Chapter 16.

For S60, the specification of the command menu starts in the resource
script, with the definition of an EIK_APP_INFO resource:

This resource contains a pointer to the resource that contains the
application’s menu bar and a Control Button Array that defines the
softkey labels — in this case, Options and Exit - that are to appear in the
control pane.

The menu bar resource, in turn, specifies one or more MENU_PANE
resources that list the menu items they contain. As in this case, an $60
menu bar normally contains only one menu pane. If you specify more
than one menu pane, the $60 Ul concatenates their contents into a single
list.

For this application, the menu pane specifies only one menu item; the
second menu item is constructed dynamically.
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Each menu item specifies the text to be displayed and a non-zero value,
unique within the application, used to identify the command. The com-
mand IDs are normally defined via an enumeration in the application’s
HRH file; for this application, they are defined, in oandx.hrh, as:

The resource file specifies only the command ID and text for the New
game command. The other command is added dynamically according to
context, using one or other of the following two resources for its text:

It is worth noting here that a truly commercial application would read
the text for these resources —and most other text within the resource
script — from a separate file, in order to facilitate translation into other
languages. We have not done so in order to make the meaning of these
resources clearer in the text of this book.

S60 applications that need to modify the content of their command
menus should supply an implementation of the DynInitMenuPaneL ()
function of the application Ul class, which is called each time a menu is
about to be displayed. The aResourceId parameter identifies the menu
and aMenuPane points to a menu pane that has already been constructed
from the relevant resource. For this application, the implementation is:
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The function first checks that the resource ID is for the relevant menu,
but does not modify the menu pane (which therefore displays the New
game menu item) if a game is in progress. Otherwise, a new menu item
is constructed, in a CEikMenuPaneItem: : SData data structure, using
the relevant resource text, and added to the menu pane, and the New
game item is deleted.

When the user selects a command, the S60 Ul responds by calling
the HandleCommandL () function of the application Ul class. This is
normally implemented via a switch statement, with each case corre-
sponding to one of the possible command IDs:
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In the Noughts and Crosses application, each case, with the exception
of the Exit command, corresponds to one of the command IDs specified
in oandx . hrh and is handled simply by making the appropriate changes
to the controller’s state.

Depending on how the Exit command is initiated, it may have either of
the standard command IDs shown in the above code. The application’s
response must always be to call Exit () but, in addition, it calls saveL ()
to save the current game state in the application’s persistent data.

12.2 Differences for UIQ 3

One of the major influences in the development of UIQ 3 was the need
to make it easier for developers to support multiple form factors (both in
terms of screen dimensions and use of portrait or landscape alignments)
and a variety of input methods (touch screen or keyboard; menu-driven
or softkey-driven interaction) from a single code base.

In order to facilitate such flexibility, all UIQ 3 appllcatlons need
to derive their views from the new CQikViewBase or CQikMulti-
PageViewBase classes. The UIQ version of the Noughts and Crosses
application derives its main view from the CQikViewBase view class
(which is a subclass of CCoeControl) and not directly from CCoeCon-
trol itself. However, since it only has one view, it makes no specific
use of the view architecture that is described in Chapter 14.

The Application Ul Class

There is a small difference in the way that the application Ul class
creates and initializes the View. Remember that the S60 ConstructL()
function of the application Ul class is implemented as:

The destructor needed to take note of i Stacked in order to determine
whether or not it should remove the view from the control stack. For UIQ,
the corresponding code is: *
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The most significant difference is that the UIQ version registers the
view by calling AddviewL (), which also takes care of adding it to the
control stack. After this call, the application Ul class has full ownership
of the view, so you do not have to worry about either deregistering the
view or removing it from the control stack when the application Ul class
is destroyed.

The View Class

The majority of the remaining source code differences that are needed
in a UlQ version of the application stem from the differences between
CQikViewBase and CCoeControl. So, while both forms of the view
own their component controls, the mechanisms of ownership and access
are different. A view that derives from CCoeControl, as in the S60
version, creates its component controls (normally in its ConstructL()
function) and stores pointers to them in specific items of member data. In
the S60 version, the relevant ConstructL () code is:

The controls are normally explicitly deleted in the destructor:

As described more fully in Chapter 17, access to each child control is
via the CountComponentControls () and ComponentControl ()
functions that each component-owning control must implement:
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cQikviewBase provides its own mechanism for component control
ownership, so views that derive from this class do not need to provide
explicit data members to store pointers to the components, nor do they
need to provide code in the destructor to delete them. In addition,
such views do not need to (and should not) provide implementations of
CountComponentControls () and ComponentControl ().

Instead, UIQ views add component controls — normally from within
the view’s implementation of ViewConstructL () —to a built-in array
that is initialized by a call to InitComponentArrayL() and then
accessed via a Components () function, for example:

In the UIQ version of the application, as you can see from the above
code, each tile is created and then appended to the array with a call
to AppendLC () which, as its name implies, leaves a pointer to the
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tile on the cleanup stack. The tile is removed from the cleanup stack
once any potentially leaving initialization is complete. The view takes
ownership of all component controls that are added in this way and they
are automatically deleted when the view is destroyed.

If you think carefully about the code sequence for adding a component
into a view, you might begin to wonder if it is truly safe. For example,
what if the actions performed by AddControlLC() cause a leave
before the control is added to the cleanup stack? Furthermore, if the
view takes ownership of the control, should AddControlLC () leave
the control on the cleanup stack at all2 Could a leave before the control
is popped from the cleanup stack result in the control being deleted
twice — once from the cleanup stack and once by the owning view? In
Symbian OS, it is worth asking questions like this, since leave-safeness
is paramount.

In fact, this sequence is safe. AddControlLC () adds the control
to the cleanup stack before performing any potentially leaving actions,
and the item that is added to the cleanup stack is one that is specifically
designed to transfer ownership of the view (in a leave-safe way) as it

is popped.

The creation of the status window follows a slightly different pattern.
The reason for this is that the status window is accessed from the
controller, via the ReportWhoseTurn () function of the application Ul
class, and the first access occurs before the view’s ViewConstructL()
has been called. (To optimize start-up time, particularly for applications
with multiple views, ViewConstructL () is only called at the time that
the view first needs to be made visible.) To prevent this attempted access
from causing a panic, we need to create the status window in the view’s
ConstructL () and add it in ViewConstructL().

However, there is then a risk that the status window will not be deleted
if the code leaves between its creation and it being successfully added.
We solved this problem by including the iStatWinNotAppended flag
in the class data, setting it when the status window is created and clearing
it when the window has successfully been added to the array. The view’s
destructor has to delete the status window only if the flag is set:

COandxXView: : ~COandXview ()

{

if (iStatWinNotAppended)

// Once appended, system code takes care of a component’s deletion
{
delete iStatusWin;
}

}
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It is also worth pointing out that the initial construction of the view,
from ViewConstructL(), is by means of a call to ViewConstruct-
FromResourceL (). In suitable cases, an entire multi-page view can
be constructed from the resource accessed by this function, in the same
way that a dialog can be constructed from a resource, as described in
Chapter 16. In the present case, the resource specifies a single page,
without supplying any content:

Since the UIQ version of the view class does not have accessible
implementations of ComponentControl () or CountComponent-
Controls (), functions that, in an S60 application, call one or both
of these functions need a different implementation. In the Noughts and
Crosses application, the functions that are affected are those associated
with which tile has focus. In the S60 version, these are Id0OfFocusCon-
trol () and MoveFocusTo ():
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SwitchFocus () is implemented as:

In the UIQ version, the two corresponding functions are Id0fFo-
cusedControl () and SetFocusByIdL (), whose basic implementa-
tions are:

In the UIQ version, we changed the names of both functions to empha-
size the differences in implementation. Note, in particular, that SetFo-
cusByIdL() is a leaving function, whereas MoveFocusTo () is not.
Fortunately this does not give rise to any other complications in the current
application, since they are called only from within leaving functions.

While on the subject of focus, there are two further differences that
need mentioning. First, the default status of newly created controls in S60
is for them to be capable of accepting focus, which is not the case in UIQ.
In UIQ you need to call SetFocusing (ETrue) on each control that
needs to accept focus (in this case, on each of the board’s tiles). In contrast,
in $60, you need to call SetFocusing (EFalse) on each control, such
as the game’s status window, that you do not want to be able to accept
focus. Secondly, UIQ 3 views provide automatic, intelligent key- or
button-based navigation between any of the component controls that can
accept focus — that is, those controls for which SetFocusing (ETrue)
has been called. In consequence, the UIQ version has no need to
implement the view’s Of ferKeyEventL () function.

Commands

UIQ 3 views are primarily designed for use in applications with multiple
views, each with its own set of commands, so they are not seen at their
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best in an application such as the Noughts and Crosses application, which
only has a single view. The application does, however, allow the basic
differences to be illustrated.

A major difference in UIQ is that commands are treated in a more
abstract way than in $S60. A UIQ device may be set up to access its
commands by means of either a pointer device or softkeys, and the
commands themselves may or may not be displayed in a command
menu. In addition, commands may be provided from a variety of sources
within the application, such as one or more individual controls —or
even from outside the application itself, for example, from a front-end
processor.

The UIQ application framework contains a command model that deals
with all these variations. In consequence, the application programmer
need only be concerned with which commands should be available and
not with how they are presented or selected.

The first change is to the resource script. As we saw earlier, an S60
application uses an EIX_APP_INFO resource, to specify the menu bar
and the menu items it contains. In contrast, a UIQ 3 application must spec-
ify an empty EIK_APP_INFO resource, plus a QIK_VIEW_CONFIGURA-
TIONS resource that lists the Ul configurations it supports. In the Noughts
and Crosses application, these resources are:

Each configuration specifies its list of available commands via a
QIK_COMMAND_LIST resource:
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As in the S60 version, the commands are updated dynamically, but
the mechanism is different. S60 applications update their menus via the
DynInitMenuPaneL () function, which is called immediately before a
menu is made visible.

In UIQ, since a command may be selected by means of a softkey, or
from a toolbar, there is no guarantee that a menu pane is displayed before
the selection takes place. In consequence, you cannot use DynInit-
MenuPaneL () to update the available commands. Indeed, since some
commands may be permanently visible, UIQ applications need to per-
form such updating each time the view’s state changes in a way that
affects the commands.

In many cases, it would be appropriate to implement the view’s
HandleControlEventL () function, which is called (with an EEvent-
StateChanged event code) each time one of the view’s controls changes
its state. In the Noughts and Crosses application, all significant state
changes take place in the Controller, so we’ve taken the more direct option
of adding a SetStateL () function to the Controller, implemented as:

This calls an UpdateCommandsL () function in the application Ul
class, which simply calls a similarly named function in the view:
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The following points are relevant when updating the menus:

e While a game is in progress, there is no need to worry about whether

~ the text for the ‘Who moves first’ command is updated correctly or
not, because that command is only available (and visible) before a
new game is started.

e When executing the ‘Who moves first’ command, the game is always
new, so the only interest is in setting the correct text for the next
potential use of that command.

In addition, the controller's Reset () functionisrenamedtoResetL ()
because it can now leave:

ResetL () cannot be used to initialize the controller (and engine)
because SetStateL () calls the view’s UpdateCommandsL () func-
tion, and the view does not exist at the time the controller is constructed.
Instead, in the controller’'s ConstructL (), we explicitly set the relevant
data:

Since UIQ expects an application to have multiple views and each
view may have a different set of commands, command processing is
implemented within each individual view. A UIQ application, therefore,
does not supply a HandleCommandL () function in the application Ul
class, but implements this function in each of its views. Note that the
argument to this function is a reference to an instance of CQikCommand,
rather than the command ID that is passed to this function in the
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application Ul class. Otherwise, the implementation is broadly similar to
that in the S60 version:

Persistence

In UIQ, the default behavior is to allow applications to use persistent
data, so, unlike in $60, there is no need to supply an implementation of
the document’s OpenFileL () function.

UIQ applications do not normally have a Close command (except for
testing purposes, in debug builds). Instead, system code may instruct an
application to close at any time that memory needs to be freed, first
giving it an opportunity to save its persistent data. In order to access the
functionality more easily, we have added — but only in debug builds — a
call to the saveGameStateL () function of the application Ul class in
the default case of the view’s HandleCommandL () . The implementation
is very simple:

We have to supply this new function because the SaveL () function
of the application Ul class is protected, and so cannot be called directly
from the view. With this call in place, the persistent data is saved each
time the Close (Debug) command is selected.
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Since the application’s persistent data contains one item —the 1D
of the tile that currently has focus — from the view, there is one final
complication that we have to deal with. It is caused by the view’s controls
being created and initialized in the ViewConstructL () function which,
as mentioned earlier, is called as late as possible, just before the view first
becomes visible. This means that the document’s RestoreL () function
(and, at least when the application is run for the first time, its StoreL ()
function) are called before the view is fully initialized.

We resolve this problem by adding an iInitialFocusIddata mem-
ber to the COandxView class and coding the view’s Set FocusByIdL ()
function as:

If the control does not yet exist, the value is copied into iInital-
FocusId and used, within ViewConstructL (), to move focus to the
correct control after it has been created.

We also need to deal with the case where the persistent data needs to
be written before the tiles exist (this only happens once, the first time the
application is run, when the application’s INI file is being created). The rel-
evant data is obtained by a call to the view’s Id0fFocusedControl (),
whose implementation is:

FIFTH THIRD EX1062
PART 1 OF 3
Page 125 of 428




366 A SIMPLE GRAPHICAL APPLICATION

If a control does not yet exist, the function simply returns zero, which
is the correct default value.

Summary

This chapter has described a simple but non-trivial application to play a
game of Noughts and Crosses.

After a brief introduction to the game, the chapter explained the overall
architecture of the application, before describing each of the S60 version’s
major component classes in more detail.

The chapter concluded with a discussion of the main differences
between the S60 and UIQ versions of the game.
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Multimedia

This chapter describes the Multimedia Framework and the associated
Multimedia APIs that are present in Symbian OS v9.1. These APIs can be
used to play and record audio and video data, perform image processing
and manipulation, and access any camera and radio tuner hardware
present on a phone.

21.1 The Multimedia Framework

The Multimedia Framework (MMF) is a framework, based on ECOM
plug-ins, that is used for playing back and recording audio and video
clips. It allows phone manufacturers and third parties to add plug-ins to
provide support for more audio and video formats. For the application
programmer, it provides APIs that abstract away from the underlying
hardware, thereby simplifying the code needed to record and play the
supported formats. The streaming APIs, which bypass large parts of the
MMEF, provide a lower-level interface to allow streaming of audio data to
and from the audio hardware.

The MMF is a lightweight framework that makes use of a worker thread
to process the audio or video data. It makes extensive use of ECOM to
allow for extensibility via plug-ins. Figure 21.1 shows its basic structure
during audio- or video-clip playback or recording.

Applications use the client APIs to control the playback or recording
of media. The underlying controller framework creates a new thread to
process the media data and uses the Symbian client—server framework to
communicate with this thread. The audio streaming APIs and the audio
tone API interface directly to the MDA layer; they do not use a separate
thread.
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Developer Resources

Download the source code for this book at
developer.symbian.com/main/academy/press/books/scmp_v3.

Symbian OS Software Development Kits

Software development kits (SDKs) are based on a particular user interface
(Ul) for Symbian OS. Each distinct Ul has an associated set of system
applications for such tasks as messaging, browsing, telephony, multimedia
and contact and calendar management. These applications typically make
use of generic application engines provided by Symbian OS. SDKs are
required to support the installation of third-party applications written in
native C++. There are two Uls for Symbian OS v9, SDKs for which can
be found at the websites listed here:

e Nokia S60 (www.forum.nokia.com/560)

e UIQ (developer.uig.com/devtools_uigsdk.html)

For the independent software developer, the most important thing to
know in targeting a particular phone is its associated reference platform.
You can then decide which SDK you need to obtain. In most cases,
you can target — with a single version of your application —all phones
based on the same reference platform and Symbian OS version associated
with this SDK. The Symbian OS System Definition papers give further
details of possible differences between phones based on a single SDK
(www.symbian.com/phones).

Getting an IDE for Development

To develop your code, you'll need an Integrated Development Environ-
ment (IDE), which contains an editor, compiler and linker. Two IDEs
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are recommended — for non-commercial development, use Carbide.c++
Express Edition, which is a free download. Otherwise, Carbide.c++
Developer and Professional Editions are recommended, along with Code-
Warrior. Support for Visual Studio .NET 2003 is also available using
Carbide.vs.

e Carbide.c++ (www.forum.nokia.com/carbide)

e CodeWarrior (www.forum.nokia.com/codewarrior)

Getting a UID for Your Application

A UID is a 32-bit number. Every graphical application should have its
own UID that allows Symbian OS to distinguish files associated with that
application from files associated with other applications. UIDs are also
used in other circumstances, such as to identify streams within a store
and to identify one or more of an application’s views.

To get a UID, register with and log on to the Symbian Signed website
(www.symbiansigned.com). Request your UIDs from the My Symbian
Signed tab — ten UIDs is a reasonable first request.

Symbian OS Developer Tools

As well as tools offerings from Symbian partners, Symbian Developer
Network (developer.symbian.com/main/tools) provides a number of free,
unsupported and open source tools.

Support Forums

Symbian Developer Network offers newsgroups and support forums:

e news://developer.symbian.com

e http://developer.symbian.com/forum

Symbian Developer Network partners also offer support for developers.
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Sony Ericsson Developer World

As well as tools and SDKs, Sony Ericsson Developer World (developer.
sonyericsson.com) provides a range of services including newsletters and
support packages for developers working with the latest Sony Ericsson
products such as the P990.

Forum Nokia

As well as tools and SDKs, Forum Nokia (forum.nokia.com/
main.html) provides newsletters, the Knowledge Network, fee-based
case-solving, a Knowledge Base of resolved support cases, discussion
archives and a wide range of C++ and Java-based technical papers of
relevance to developers targeting Symbian OS.

Sun Microsystems Developer Services

In addition to providing a range of tools and SDKs, Sun also provides
a wide variety of developer support services including free forums,
newsletters, and a choice of fee-based support programs.

e Forums: forum.java.sun.com

e Support and newsletters: developer.java.sun.com/subscription

Symbian OS Developer Training

Symbian’s Technical Training team and Training Partners offer public and
on-site developer courses around the globe. Course dates and availability
are listed at www.symbian.com/developer/training.

Symbian normally offers a 20 % discount on all bookings confirmed
up to one month before the start of any course. This discount cannot be
used in conjunction with any other discounts.

Course Level Language
Symbian OS essentials Introductory C++
Java on Symbian OS Introductory Java
Symbian OS: Application engine development Intermediate C++
Symbian OS: Application Ul development Intermediate C++
Symbian OS: Internals Advanced C++
Symbian OS: Ul system creation Advanced C++
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Intermediate and advanced courses require previous attendance at
the OS Essentials course. The Ul system creation course also requires
previous attendance at the Application Ul course.

Developer Community

These community websites offer news, reviews, features and forums, and
represent a rich alternative source of information that complements the
Symbian Developer Network and the development tools publishers. They
are good places to keep abreast of new software and to announce the
latest releases of your own applications.

My-Symbian

My-Symbian (my-symbian.com) is a website based in Poland and ded-
icated to news and information about Symbian OS phones. This site
presents descriptions of new software for Symbian OS, classified by user
interface. It also features discussion forums and an online shop.

All About Symbian

All About Symbian (www.allaboutsymbian.com) is a website based in the
UK and dedicated to news and information about Symbian OS phones.
The site features news, reviews, software directories and discussion
forums. It has strong OPL coverage.

SymbianOne

SymbianOne (www.symbianone.com) features news, in-depth articles,
case studies, employment opportunities and event information all focused
on Symbian OS. A weekly newsletter provides up-to-date coverage of
developments affecting the Symbian OS ecosystem. This initiative is a
joint venture with offices in Canada and New Zealand.

NewlLC
NewlLC (www.newlc.com) is a collaborative website based in France
and dedicated to Symbian OS C++ development. It aims to be initially
valuable to developers just starting writing C++ applications for Symbian
OS; in time it will cover more advanced topics.

infoSync World

infoSync World (symbian.infosyncworld.com) is a website based in Nor-
way that provides features, news, reviews, comments and a wealth
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of other content related to mobile information devices. It features a
section dedicated to Symbian OS, covering new phones, software and
services — mixed with strong opinions that infoSync is not afraid to share.

TodoSymbian

TodoSymbian (www.todosymbian.com) is a website written in Spanish. It
provides news, reviews, software directories, discussion forums, tutorials
and a developers’ section.

Symbian OS Books

Development

Symbian OS C++ for Mobile Phones, Vol. 1, Harrison et al. John Wiley
& Sons. ISBN: 0470856114

Symbian OS C++ for Mobile Phones, Vol. 2, Harrison et al. John Wiley
& Sons. ISBN: 0470871083

Symbian OS Explained, Stichbury. John Wiley & Sons. ISBN: 0470021306

Developing Software for Symbian OS, Babin. John Wiley & Sons. ISBN:
0470018453

Symbian OS Internals, Sales et al. John Wiley & Sons. ISBN: 0470025247

Symbian OS Platform Security, Heath et al. John Wiley & Sons. ISBN:
0470018828

Symbian OS C++ Architecture, Morris. John Wiley & Sons. ISBN:
0470018461

Programming PC Connectivity Applications for Symbian OS, McDowall.
John Wiley & Sons. ISBN: 0470090537

S60 Programming — A Tutorial Guide, Coulton et al. John Wiley & Sons.
ISBN: 9780470027653

Management

Symbian for Software Leaders, Wood. John Wiley & Sons. ISBN:
0470016833

Symbian Academy

The Accredited Symbian Developer Primer, Stichbury and Jacobs. John
Wiley & Sons. ISBN: 0470058277

Smartphone Operating System Concepts with Symbian OS, Jipping. John
Wiley & Sons. ISBN: 0470034491
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A Simple Graphical Application

After a series of chapters describing individual aspects of Symbian OS5,
it is time to pull a few threads together. In Chapter 11, we described a
minimal GUI application that simply showed how the Ul framewark and
the application Ul fit together. Now we look at a complete, simple, but
non-trivial example application that forms a basis for the examples used
in several of the tollowing chapters.

In this chapler, we cover some aspects of application design and
introduce the idea of how to program a user interface that does not
assume a narticular screen size. This latter noint is imnortant if vou want
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12

A Simple Graphical Application

After a series of chapters describing individual aspects of Symbian OS,
it is time to pull a few threads together. In Chapter 11, we described a
minimal GUI application that simply showed how the Ul framework and
the application Ul fit together. Now we look at a complete, simple, but
non-trivial example application that forms a basis for the examples used
in several of the following chapters.

In this chapter, we cover some aspects of application design and
introduce the idea of how to program a user interface that does not
assume a particular screen size. This latter point is important if you want
to target your application at multiple user interfaces, as it helps speed up
your porting efforts. In addition, we show how an application can use
the principles described in Chapter 7 to save and restore its persistent
data.

Before looking at the application’s structure and behavior in more
detail, we start with a general introduction to the Noughts and Crosses
(otherwise known as Tic-Tac-Toe) application. Figure 12.1 shows the
application running on a phone using the S60 user interface.

This application runs a game of noughts and crosses in which two
players take turns to make their moves. The object of the game is to place
three noughts (or crosses) in any row, column or diagonal before your
opponent manages to do so.

We've implemented the game in a way that minimizes the differences
needed to run on phones using the S60 and UIQ user interfaces. Depend-
ing on the nature of the phone it is running on, you can make a move
either by using a combination of the cursor and pushbutton keys or by
tapping on the screen.
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']

ol 0 and X
THEER 0

O
O

Options Exit

Figure 12.1 The Noughts and Crosses application

We've also kept the logic relating to the game itself very simple so
that the bulk of the code illustrates issues of a general nature, relevant to
most applications. In particular, we’ve designed the layout of the display
in a way that can easily be adapted to show a rectangular grid with any
number of tiles and to display on phones with a variety of screen formats.
The grid layout is defined by a set of constants in oandxdef s. h:

static const TInt KTil esPer Row
static const TInt KTilesPer Col
static const TInt KNunberOfTiles

3;
3;
( KTi | esPer Row*KTi | esPer Col ) ;

All the application’s layout and drawing code is based on these values.
By changing them, the layout can be adapted for games using differently
sized and shaped boards.

The same header file also defines values that are specific to the
Noughts and Crosses game, including the constant KTi | esPer Si de
(which, unlike the earlier values, assumes that the board layout is square)
and the states that can be associated with each tile:

static const TInt KTilesPerSide = 3;
enum TTi |l eStat e

{
ETi | eBl ank
ETi | eNought
ETi | eCross
IE

oo
S ®
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IMPLEMENTING THE GAME ON S60 333

The state values are chosen so that ETi | eCr 0ss is greater than the
product of ETi | eNought with either KTi | esPer Rowor KTi | esPer -
Col , which helps with the calculation of a winner.

This file also defines the height of the application’s status window,
used to show whose turn it is to play:

static const TlInt KStatusWnHeight = 20; // in pixels

In Chapter 11 you saw that the simplest Symbian OS graphical appli-
cation needs instances of four classes: the application, the document, the
application Ul and a view. For this game, we’ve added two more classes:
a controller and a model, or engine. Since the game control logic is so
simple, we could have implemented it entirely within the application Ul
class, rather than defining separate controller and engine classes. How-
ever, we've chosen to add these classes from the start, in preparation for
the more complex form of the game that is developed in Chapter 20.

The overall structure of the game is shown in Figure 12.2.

Application Docunent AppUl Vi ew

N

Controller Engi ne

Figure 12.2  Structure of the Noughts and Crosses application

We cover the S60 version of the game first and then look at the changes
that are needed to create the UIQ version.

Implementing the Game on S60

The Application Class

The S60 class definition for the Noughts and Crosses application class
is listed below. As you can see, it is very similar to the corresponding
class in Chapter 11’s basic application: it implements AppDl | Ui d(), to
report the application’s UID to the application framework, and Cr eat e-
Docunent L().
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334 A SIMPLE GRAPHICAL APPLICATION

cl ass COandXApplication : public CAknApplication
{

public:
/1 From CApaAppl i cation
TU d AppD | Uid() const;

prot ect ed:
/1 From CEi kAppli cation
CApaDocunent * Creat eDocunent L();
I

This is fairly typical for applications. It is rare for an application class
to override any of the other application class member functions.

The Document Class

The class definition for the Noughts and Crosses document class, listed
below, provides the implementation of Creat eAppUi L(), which is
always required. In addition, it implements persistent storage of the
game’s state in the StoreL() and RestorelL() functions, using the
principles described in Chapter 7.

cl ass COandXDocunent : public CAknDocurent
{

public:
static COandXDocunent* Newl( CEi kAppl i cati on& aApp);
virtual ~CGandXDocurnent ();

/1 From CEi kDocunent
CEi kAppUi * Creat eAppUi L();
void StoreL(CStreanfStore& aStore, CStreanDictionary& aStreanDic) const;
voi d RestorelL(const CStreanftore& aStore,
const CStreanDictionary& aStreanDic);
CFi | eStore* QOpenFil eL(TBool aDoOpen, const TDesC& aFil ename, RFs& aFs);

private:

CCandXDocunent ( CEi kAppl i cati on& aApp) ;
private:

COandXAppUi * i AppUi ;

b

The implementations of StoreL() and RestorelL() delegate to
the application Ul class the actual task of storing and restoring the
application’s data, but they retain the responsibility for associating
the application’s UID with the ID of the stream in which the data is
stored.

voi d COandXDocunent : : St oreL( CStr eantt or e& aStore,
CStreanDi cti onary& aStreanDi c) const

{
TStream d id = i AppUi - >StoreL(aStore);
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IMPLEMENTING THE GAME ON S60 335

aStreanDi c. Assi gnL( KU dCandXApp, id);
}

voi d COandXDocunent: : Rest oreL(const CStreanfstore& aStore,
const CStreanDi ctionary& aStreanDi c)

{

TStreanml d id = aStreanDi c. At (KU dOandXApp) ;
i AppUi - >RestoreL(aStore, id);

}

The application framework provides support for an application to save
its document data in an application-specific direct file store and, in UIQ,
it is sufficient just to implement the two functions listed above.

In contrast, S60 applications are assumed not to be document-based
and the default behavior is that the application framework never calls
these two functions. In order to restore the support, you need to override
the OpenFi | eL() function to call CEi kDocunent 's implementation of
OpenFil eL():

CFi | eSt or e* COandXDocunent : : OpenFi | eL( TBool aDoOpen,
const TDesC& aFil ename, RFs& aFs)

{
return CEi kDocunent: : OpenFi | eL(aDoOpen, aFil enanme, aFs);

}

The Application Ul Class

The application Ul class normally forms the core of an application, and
the COandXAppUi class is no exception. In addition to its standard role
of handling much of the interaction with the user, COandXAppU owns
the application’s view, controller and engine instances and supplies the
central logic for saving and restoring the application’s persistent data.

cl ass COandXAppUi : public CAknAppUi
{

public:
CGandXAppUi () ;
virtual ~CGandXAppUi ();

/1 New functions
voi d ReportWioseTurn();
voi d ReportWnnerL(TInt aWnner);

/1 From CEi kAppUi, for persistent data

TStream d StorelL(CStreanfitore& aStore) const;

voi d RestorelL(const CStreanttore& aStore, TStreaml d aStreand);
void ExternalizeL(RWiteStream& aStrean) const;

void InternalizeL(RReadStrean& aStrean);

private:
/1 From MEi kMenuGbser ver
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336 A SIMPLE GRAPHICAL APPLICATION

voi d Dynl nit MenuPaneL( Tl nt aResourceld, CEi kMenuPane* aMenuPane);
/1 From CEi kAppUi

voi d Handl eConmandL( Tl nt aCommand) ;

void ConstructL();

public:
/1 AppU owns the engine, controller and application view
COandXEngi ne* i Engi ne;
CCandXControl l er* iController;
private:
COandXAppVi ew* i AppVi ew,
/1 Set if the application view was added to the control stack.
TBool i Stacked;
IE

As you can see from the above class definition, part of the user
interaction consists of reporting significant events such as whose turn it is
and, at the end of a game, who (if anyone) has won. In the case of the S60
version, the application Ul class also handles all aspects of using menu
commands, including dynamically setting the menu content according to
the current state of the game. We have more to say about using menus

later in this chapter.

The second-phase constructor and the destructor make it clear that the
application Ul class owns the engine, the controller and the view, which

are all created in a leave-safe way:

voi d COandXAppUi : : Construct L()
{
BaseConst r uct L( EAknEnabl eSki n) ;
i Engi ne = COandXEngi ne: : NewL() ;
iController = COandXController:: New.();
i AppVi ew = COandXAppVi ew. : NewL(Cl i ent Rect ());
AddToSt ackL(i AppVi ew); // Enabl e keypresses to the view
i Stacked = ETrue;
Repor t WhoseTur n() ;
}

CCandXAppUi : : ~CCandXAppUi ()

{

if (iStacked)
{
ReroveFr ontt ack (i AppVi ew) ;
}

del ete i AppVi ew;

del ete i Controller;

del et e i Engi ne;

}

It is worth noting that, it is the responsibility of the application Ul
class to ensure that the view is added to the control stack, via a call to
AddToSt ackL(), to ensure that it has the opportunity to receive and
process keypresses. Since this call can fail, it is necessary to set a flag if
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IMPLEMENTING THE GAME ON S60 337

it succeeds, so that the flag can be tested (in this case, since there is only
one view, in the destructor) before the view is removed from the control
stack.

This application uses two different ways to report events to the user.
Reporting whose turn it is to play, which happens between every move
in the game, is delegated to the view:

voi d COandXAppUi : : Report WhoseTur n()

{
i AppVi ew >ShowTur n() ;

}

If either player wins, which obviously happens no more than once
per game, the application Ul class reports the winner by means of
a Ul-specific dialog that displays the appropriate text, read from the
application’s resource file. The S60 version uses an information note:

voi d COandXAppUi : : Report W nner L( TI nt aW nner)

{
TBuf <Max| nf oNot eText Len> t ext ;
i Ei konEnv- >ReadResour ce(text, awW nner==ETi | eCross
? R_OANDX_X WNS : R OANDX O WNS);
CAknl nf or mat i onNot e* i nf oNot e = new ( ELeave) CAknl nf or mati onNot e;
i nf oNot e- >Execut eLD(t ext);
}

The application’s persistent data is saved and restored via the
St oreL() and Rest or eL() functions of the application Ul class which,
you may recall, are called from the application’s document class.

TStreaml d COandXAppUi : : St oreL( CStreantt ore& aStore) const
{

RSt oreWiteStream stream

TStreamld id = stream CreateLC(aStore);

stream << *this; // alternatively, use ExternalizeL(stream
stream Commi tL();

Cl eanupSt ack: : PopAndDest r oy() ;

return id;

}

voi d COandXAppUi : : Rest oreL(const CStreanttore& aStore,
TStream d aStrean d)

{

RSt or eReadSt r eam st r eam

stream QpenLC(aStore, aStreanld);

stream >> *this; // alternatively use InternalizelL(streamn)
Cl eanupSt ack: : PopAndDest r oy() ;

}

Store() and Rest ore(), respectively, call the Ext ernal i zeL()
and I nternalizeL() functions of the application Ul class via the
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<< and >> operators. As you can see from the following listing, the
application Ul class itself has no persistent data. The functions deal
directly with the view’s data, which is simply the ID of the control that
currently has focus, and leave the engine and the controller to take care
of their own data.

voi d COandXAppUi:: External i zeL(RWiteStream& aStrean) const
{

i Engi ne- >External i zeL(aStream;
i Control | er->ExternalizeL(aStrean);
aStream Witel nt8L(i AppVi ew > dOFf FocusControl ());

}

voi d COandXAppUi:: I nternalizeL(RReadStrean® aStreamn)
{

i Engi ne->I nternal i zeL(aStream;
iController->InternalizeL(aStream;

Repor t WhoseTur n() ;

i AppVi ew >MbveFocusTo(aSt ream Readl nt 8L());

}

The S60 application Ul class is also responsible for handling menu
commands, via the Dynl ni t MenuPaneL() and Handl eComrandL()
functions. We discuss them — and the differences between the ways they
are handled in S60 and UIQ - later in this chapter.

Finally, it is worth pointing out that we provide access to the controller
and engine via global static functions, declared (in oandxappui . h) as:

GLREF_C CQandXAppUi * OandXAppUi () ;
GLREF_C CCandXControl | er& Controller();
GLREF_C CCandXEngi ne& Engi ne();

The implementations of these functions are:

GLDEF_C COandXAppUi * OandXAppUi ()

{
return static_cast <COandXAppUi *>( CEi konEnv: : Static()->AppU ());
}
GLDEF_C CQandXControl l er& Controller()
{
return *CandXAppUi ()->i Control |l er;
}
GLDEF_C CCandXEngi ne& Engi ne()
{
return *QCandXAppUi () - >i Engi ne;
}

We have chosen to use global functions in this example because
they accurately represent the intention that these functions should be
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accessible from anywhere in the program. Furthermore, they do not need
verbose source text to call them, which is useful in example code. We
would not use them in production code, since there is no control of when
and from where they are called. Additionally, calling a global function
involves accessing thread-local storage, which is slow compared with
other function calls. We could improve the efficiency by implementing
them as static members of a class, but this relies on the availability of
writable static data and so would not work on all phones. The best
solution would be to implement them as normal member functions of,
for example, the application Ul class and pass a (non-owning) reference
to the constructor of each class that needs to access them. We have not
done that in this example because it would add a significant amount of
incidental complexity to each of the constructors concerned.

The Controller Class

The controller class, whose definition is listed below, is responsible for
managing the state of the game and its logic, including updating the data
in the engine class.

class COandXController : public CBase
{

public:
static COandXControl |l er* Newl();
virtual ~COandXController();

enum TSt at e
{

ENewGane, EPI| ayi ng, EFini shed

b

Il state

inline TBool |sNewGanme() const;

/1 ganme control

voi d Reset();

/'l stream persistence

voi d ExternalizeL(RWiteStream& aStrean) const;

void InternalizelL(RReadStreanm& aStrean);

TBool Hit SquareL(Tlnt al ndex);
TBool |sCrossTurn() const;
void Sw tchTurn();
private:
voi d ConstructL();
private: // private persistent state
TState i State;
TBool i CrossTurn;

s

In this stand-alone, non-communicating, version, the game state is
simply one of the three values ENewGane, EPI ayi ng or EFi ni shed,
together with a flag that indicates which player is next to play. The only
externally accessible state-query functions needed are | sCr ossTur n(),
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which simply returns the value of i CrossTurn, and | sNewGane(),
coded as:

inline TBool COandXController::|sNewGane() const
{ return i State==ENewGane; }

The central logic of the controller is contained in the Hi t Squar eL()
function:

TBool CGCandXControl | er:: HitSquareL(TlInt al ndex)
{
if (iState == EFi nished)
{

return EFal se;

}
if (iState == ENewGane)
{
i State = EPl ayi ng;
}
if (Engine().TryMakeMove(al ndex, |sCrossTurn()))

SwitchTurn();
Tint wi nner = Engine().GameWnBy();
if (wnner)
{
i State = EFi ni shed;
GandXAppUi () - >Report W nner L(wi nner) ;
}

return ETrue;

}

return EFal se;

}

This function is called from the application’s board view whenever a
player attempts to make a move. It disallows the move if the game state
is EFi ni shed; if this is the first move in the game (i.e. the game state
is ENewGane), it sets the state to EPIl ayi ng. If the game is in play, it
calls the Tr yMakeMove() function of the engine class to check if the
move is valid; if so, it records the move and switches whose turn it is. A
call to the GameWbnBy() function of the engine class checks if the last
move resulted in a win by either player and, if it did, the game state is
set to EFi ni shed and a call to the Report W nner () function of the
application Ul class displays the result.

In its current form, Hi t Squar eL() does not check for, or report,
a drawn game. If there is no winner, the game continues until all tiles
contain a nought or a cross (or a player uses a menu item to start a new
game). The functionality for a drawn game is added in the communicating
version of the game, described in Chapter 20.

The controller is reset for a new game by calling Reset (), which
cancels the current game, clears the board (by calling the Reset ()
function of the engine class) and sets Noughts as the current player:
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voi d COandXController:: Reset ()

{

Engi ne() . Reset () ;

i State = ENewGane;
if (1sCrossTurn())

{
Swi t chTurn();
}

}

The SwitchTurn() function simply negates the flag held in
i CrossTur n and calls the Repor t WhoseTur n() function of the appli-
cation Ul class:

voi d COandXController::SwitchTurn()
{

iCrossTurn = i CrossTurn;
CandXAppUi () - >Repor t WhoseTur n() ;

Persistence of the state of the controller class is handled by the
Ext ernal i zeL() and I nternalizelL() functions, which are called
from the application Ul class. Their actions are, respectively, to write and
read the controller's member data to or from the passed stream:

voi d COandXController::ExternalizeL(RWiteStream& aStream const

{
aStream WiteU nt8L(iState);
aStream Witelnt8L(i CrossTurn);

}

voi d COandXController::InternalizeL(RReadStream& aStream

{
iState = static_cast<TState>(aStream ReadUi nt8L());
i CrossTurn = static_cast<TBool >(aStream Readl nt 8L());

}

The controller is created via a call to its static NewL() function, which
is coded as:

COandXControl | er* CCandXControl | er:: NewL()

{

COandXControl | er* sel f=new ELeave) COandXControl | er;
Cl eanupSt ack: : PushL(sel f);

sel f->ConstructL();

Cl eanupSt ack: : Pop() ;

return self;

}
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The second-phase constructor is simply:

voi d COandXControl |l er:: ConstructL()

{
Reset ();

}

We have coded it in this way to preserve the standard form of
class construction, as described in Chapter 4. However, since —in this
case — Construct L() does not leave, it is worth pointing out that we
could have simplified matters by not defining a Const r uct L() function
and doing everything in the NewL.() function.

The Engine Class

The engine class, whose class definition is listed below, represents the
game data and contains the functions that operate on that data. Since
Noughts and Crosses is a simple game, the engine class is correspondingly
straightforward. The class itself has no knowledge of the overall state of
the game, nor of whose turn it is to make a move. As you saw in the
previous section, both of these are the responsibility of the controller.

cl ass COandXEngi ne : public CBase

{

public:
static COandXEngi ne* Newl();
virtual ~COandXEngi ne();

voi d Reset();
TInt TileStatus(TlInt alndex) const;
TBool TryMakeMove(TInt alndex, TBool aCrossTurn);
TTi | eStat e GameWonBy() const;
/'l persistence
void ExternalizeL(RWiteStrean& aStream const;
void InternalizeL(RReadStream& aStrean);
private:
COandXEngi ne() ;
TInt TileState(TInt aX, TIint aY) const;
private:
TFi xedArray<TTi |l eState, KNumberOf Til es> i Til eSt at es;
e

The current state of the board is represented by a simple array of tile
states, one for each component tile. Each tile state contains one of the
three values ETi | eBl ank, ETi | eNought or ETi | eCr oss.

The key functions are Tr yMakeMove() and GamreWnBy( ), both of
which are called from the controller. Tr yMakeMove() only allows a
move to be made if the corresponding tile is initially blank. If the move
is allowed, the function sets the tile-state variable corresponding to the

FIFTH THIRD EX1062
PART 1 OF 3
Page 187 of 428



IMPLEMENTING THE GAME ON S60 343

tile to either ETi | eCross or ETi | eNought , depending on the value
passed in aCr ossTur n.

TBool CQandXEngi ne: : TryMakeMove( Tl nt al ndex, TBool aCrossTurn)
if (iTileStates[alndex] == ETil eBl ank)

i TileStates[al ndex] = aCrossTurn ? ETileCross : ETil eNought;
return ETrue;

}

return EFal se;

}

GaneWonBy() checks if there is a winner and, if so, whether the
winner is the Nought player or the Cross player. It does so by determining
if there is a horizontal, vertical or diagonal line of three noughts or
three crosses. If there is such a line, it returns either ETi | eNought or
ETi | eCr oss; otherwise it returns zero, to indicate that, as yet, there is
no winner.

TTi | eSt at e COandXEngi ne: : GaneWbnBy() const
{
const TInt KNought WnSum = KTi | esPer Si de * ETi | eNought;
const Tlnt KCrossWnSum = KTil esPerSide * ETil eCross;

I/l is there a row or colum of matching tiles?
for (TInt i = 0; i < KTilesPerSide; ++i)

{

TInt rowSum = 0;

TInt col Sum = 0;

for (TInt j = 0; j < KTilesPerSide; ++j)

{
rowSum += TileState(j, i);
col Sum += TileState(i, j);
}
if (rowSum == KNought WnSum | | col Sum == KNought W nSun)
return ETil eNought;
if (rowSum == KCrossWnSum | | col Sum == KCr ossW nSum)
return ETileCross;
}
Il is there a diagonal of matching tiles?
TInt bl Tr Sum = 0; /1 bottomleft to top right
TInt tlBrSum= 0; /Il top left to bottomright
for (TInt i = 0; i < KTilesPerSide; ++i)
{

tIBrSum += TileState(i, i);
bl TrSum += TileState(i, KTilesPerSide - 1 - i);

}

if (bl TrSum == KNought WnSum | | tl|BrSum == KNought W nSum)
return ETil eNought;

if (bl TrSum == KCrossWnSum | | tlBrSum == KCrossW nSum)
return ETil eCross;

return ETileBlank; // No w nner

}
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As with the controller class, the Ext ernal i zeL() and I nter-
nal i zeL() functions of the engine class, called from the application Ul
class, simply write and read the state — in this case, the values of each of
the board’s tiles — to and from the appropriate stream:

voi d COandXEngi ne: : External i zeL(RWiteStream& aStream) const

{
for (TInt i = 0; i<KNunmberO'Tiles; i++)

{
aStream Witelnt8L(iTileStates[i]);

}
}

voi d COandXEngi ne:: I nternalizelL(RReadStreanm& aStrean)

{
for (TInt i = 0; i<KNunberOfTiles; i++)

iTileStates[i] = static_cast<TTileState>(aStream Readl nt8L());
}
}

Like the controller class, the engine class is constructed by means of
a call to its static NewL() function and, again, there are no potentially
leaving calls to be made from a second-phase constructor. For the engine
class, we've chosen to illustrate an alternative way of implementing
construction in such a case, where the non-leaving calls are made from
the constructor rather than from the Newl.() function:

CCOandXEngi ne* CCandXEngi ne: : NewL()

{
return new( ELeave) COandXEngi ne;

}

CCandXEngi ne: : COandXEngi ne()

{
Reset () ;

}

The View Class

Views and the view architecture are discussed in Chapter 14 and the
detailed behavior of controls is described in Chapters 15, 17 and 18. In
this chapter, therefore, we only briefly describe the general aspects of
controls and views, concentrating on those features that are specific to
the Noughts and Crosses application.

An application’s view is an instance of a window-owning control
(as defined in Chapter 15) and derives, directly or indirectly, from the
CCoeControl class. For the Noughts and Crosses application, the view
is a compound control, with the view’s area being tiled with a number of
subsidiary controls.
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We've chosen to implement the S60 view class by deriving directly
from CCoeCont rol . S60 applications can derive from more specific
classes, such as CAknVi ew, but we decided not to for this application in
order to reduce the differences between the S60 and UIQ versions, and
because many of the S60-specific views are more suited to text displays.
The view also inherits from an MVi ewCndHandl er interface class, which

we describe later.
CCoeCont r ol

/\

|OQandX$/nboI Cont r ol |

T I

|COandXT| le | COandXSt at usW n ‘

| Wi ewCndHandl er |

% n

| COandXAppVi ew |¢—
1

Figure 12.3 The View class of the Noughts and Crosses application

Figure 12.3 shows that all the components of the view are themselves
also controls, in the sense that they all derive from CCoeCont r ol . The
view owns a single status-display control and a series of tiles.

Both the status display control and the tiles need to display either a
nought or a cross, so we’ve chosen to implement them as subclasses
of a generic symbol-drawing control, which knows how to draw those
symbols. The two subclasses simply add the specification of the size and
location, within their own area, of the symbol.

As you can see from the class definition of the symbol-drawing base
class, its only member function is to draw a nought or a cross symbol:

cl ass COandXSynbol Control : public CCoeContr ol
{

protected:
voi d DrawSynbol (CW ndowGc& aCGe, const TRect & aRect,
TBool aDr awCr 0ss) const;

¥
The implementation of this function is:

voi d CCandXSynbol Control : : DrawSynbol ( CW ndowGc& aCGe,
const TRect & aRect, TBool aDrawCross) const
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{
TRect drawRect (aRect);

/1 Shrink by about 15%
drawRect . Shri nk(aRect. Wdth()/6, aRect.Height()/6);

/] Pen size set to just over 10% of the shape’s size
TSi ze penSize(aRect. Wdth()/9, aRect.Height()/9);
aCc. Set PenSi ze( penSi ze) ;

aCc. Set PenSt yl e( CGraphi csCont ext : : ESol i dPen) ;

if (aDrawCross)

{
aCc. Set PenCol or (KRghGr een) ;

/1 Cosmetic reduction of cross size by half the line width
dr awRect . Shri nk(penSi ze. i Wdth/2, penSize.iHeight/2);

aCc. DrawLi ne(drawRect.i TlI, drawRect.iBr);
Tint tenp;

tenp = drawRect. i Tl .i X;
drawRect.i Tl .i X = drawRect . i Br.i X
drawRect.i Br.i X = tenp;

aGc. DrawLi ne(drawRect . i TI, drawRect.iBr);

else // draw a circle
{
aCc. Set PenCol or ( KRgbRed) ;
aCc. Set BrushSt yl e( CG aphi csCont ext : : ESol i dBr ush) ;
aGc. DrawEl | i pse(drawRect) ;
}
i

You see this code again in Chapter 15, where the more detailed aspects
of drawing this control are discussed; here, it is sufficient to note that it
is written to be as independent as possible of the size or position of the
symbol to be drawn. The fact that the same code successfully draws both
the large symbols in the tiles and the much smaller symbols in the status
area shows that this approach is both feasible and sensible.

The symbol is centered in the rectangle (which is always a square)
passed to the function in aRect, but shrunk to leave a small border,
and the pen width is set to match the size of the symbol. Note that the
cross symbol is shrunk by a further small amount since, if the circles
and crosses were both drawn to exactly the same size, the cross would
look larger to the eye. This kind of attention to detail can make a large
difference to the appearance of any application.

The tile and status window control classes both derive from COandX-
Synbol Control :

cl ass COandXTile : public COandXSynbol Contr ol

{
public:
COandXTi | e();
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~CQOandXTi | e();
voi d Construct L( RW ndow& aW ndow) ;
/1 New function
voi d Set Omner AndCbser ver (COandXAppVi ew* aControl);
/'l From CCoeContr ol
TKeyResponse O f er KeyEvent L(const TKeyEvent & aKeyEvent,
TEvent Code aType);
TCoel nput Capabi lities | nputCapabilities() const;
pr ot ect ed:
voi d FocusChanged( TDr awNow aDr awNow) ;
voi d Handl ePoi nt er Event L(const TPoi nt er Event & aPoi nt er Event ) ;
private:
voi d Draw const TRect & aRect) const;
/1 New function
void TryH tL();
private:
Wi ewCndHandl er * i ChdHandl er ;

¥

class COandXStatusWn : public COandXSynbol Control

{
public:
static COandXStat usW n* NewlL(RW ndow& aW ndow) ;
~CCandXSt at usW n() ;
private:
COandXSt at usW n() ;
voi d Construct L( RW ndow& aW ndow) ;
voi d Draw const TRect & aRect) const;

}

Note that, even though S60 devices do not normally use touch
screens, we include code that handles input from keys — via O f er Key-
Event L() — and any pointer device — via Handl ePoi nt er Event L() .
It is quite safe to do this: if a particular device does not support one
or the other input device, the relevant code simply is not called.
Including both options makes it easier to port the code to different
devices.

The status window’s Dr aw() function simply calculates the square in
which to draw the symbol and then calls Dr awSynbol (), obtaining the
flag indicating which symbol to draw by calling the | sCrossTur n()
function of the controller class:

voi d COandXSt at usW n: : Draw( const TRect & /*aRect*/) const
{
CW ndowGc& gc = Systentc();
TRect boxRect = Rect();
gc. O ear (boxRect) ;
TInt boxHei ght = boxRect.iBr.iY - boxRect.iTl.iY;
boxRect.i Tl.i X = boxRect.iBr.iX - boxHei ght;
Dr awSynbol (gc, boxRect, Controller().IsCrossTurn());
}
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The Draw() function for each tile works in a similar way:

voi d COandXTil e:: Draw const TRect& /*aRect*/) const

{
TTileState til eType;
til eType = i CmdHandl er - >Ti | eSt at us(t hi s);

CW ndowGc& gc = SystenCc();
TRect rect = Rect();

if (l1sFocused())

gc. Set BrushCol or (KRgbYel | ow) ;
}

gc. Clear(rect);
if (tileType!=ETil eBl ank)

{
Dr awSynbol (gc, rect, tileType==ETil eCross);
}

}

In this case, the symbol to be drawn is determined by a call to the
TileStatus() function of the view class, by a mechanism that is
described later. The tile which currently has focus is drawn with a yellow
background; the others are drawn with the default brush color, which is
white.

During the game, a player places a nought or a cross in a partic-
ular tile either by tapping on it or by using cursor keys to move the
highlight to that tile and pressing the phone’s Selection or Action key.
A pointer event is handled by the tile’s Handl ePoi nt er Event L()
function:

voi d COandXTi | e: : Handl ePoi nt er Event L (const TPoi nt er Event & aPoi nt er Event)

{
if (aPointerEvent.i Type == TPoi nt er Event: : EButt on1Down)

{
TryHi tL();

A key event is handled by Of f er KeyEvent L():

TKeyResponse CCandXTi |l e: : Of f er KeyEvent L( const TKeyEvent & aKeyEvent,
TEvent Code aType)

{
TKeyResponse keyResponse = EKeyWasNot Consuned;
if (aType! =EEvent Key)

{

return keyResponse;

switch (aKeyEvent. i Code)

{
case EKeyOK:
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TryH tL();
keyResponse = EKeyWasConsuned;
br eak;
defaul t:
keyResponse = EKeyWasNot Consuned;
br eak;

}

return keyResponse;

}

In both cases, this results in a call to the tile’s TryHi t L() function,
which is implemented as:

voi d COandXTile:: TryHitL()

{
if (i CndHandl er->TryHi t SquareL(this))

{
Dr awDef erred() ;

}
}

TryHi t L() calls the TryHi t Squar eL() function of the view class,
using the same mechanism that is also used to call Ti | eSt at us() .

The COandXAppVi ew class definition has 19 member functions, not
counting those that it inherits from its base classes, but only the two
mentioned above are called from a tile. As an encapsulation aid, we have
chosen to declare these two functions, as pure virtual functions, in an
MVi ewCndHandl er interface class:

cl ass Wi ewCndHandl er

{
public:
virtual TBool TryHitSquareL(const COandXTile* aControl) = O;
virtual TTileState Til eStatus(const CCandXTile* aControl) const = O;

I

The view class inherits from this interface and provides the concrete
implementations, as indicated by the bold portions of the COandXAp-
pVi ewclass definition:

cl ass COandXAppVi ew : public CCoeControl, public MCoeControl Cbserver,
publi ¢ MVi ewCndHandl er

{

public:
static COandXAppVi ew* NewL(const TRect & aRect);
virtual ~CCandXAppVi ew();

/1 From CCoeCont r ol
TKeyResponse Of f er KeyEvent L(const TKeyEvent & aKeyEvent,
TEvent Code aType);
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/1 new functions

voi d MoveFocusTo(const TInt al ndex);
TInt |dOf FocusControl ();

voi d ShowTurn();

voi d ResetView();

private:

COandXAppVi ew( ) ;
voi d ConstructlL(const TRect & aRect);

void Swi tchFocus(TInt aFrom ndex, CCoeControl* aToControl);
voi d DrawConps(TRect & aRect) const;
COandXTile * CreateTileL();

/1 From CCoeCont r ol

void Draw(const TRect& aRect) const;

voi d Si zeChanged();

TI nt Count Conponent Control s() const;

CCoeControl * Conponent Control (TInt al ndex) const;

/1 From MCoeCont r ol Cbser ver
voi d Handl eControl Event L( CCoeControl * aControl, TCoeEvent aEvent Type);

/1 From Wi ewCdHandl er
TBool TryHitSquareL(const COandXTile* aControl);
TTil eState Til eStatus(const COandXTil e* aControl) const;

private:
RPoi nt er Array<COandXTile> i Tiles; // View owns the tiles
COandXSt at usW n* i St at usW n; // and its own status w ndow.

TRect iBoardRect; // Board area

TRect iBorderRect; // Bounding rectangle for border

Tint iTileSide; /1 Tile dinmension, allowing for line widths
/1 and border

b

Note that the functions are declared public in the interface class,
but private within COandXAppVi ew. By providing each tile with an
MVi ewCndHandl er * pointer to the enclosing view, we expose only
those two functions (they are not even available via a COandXAppVi ew*
pointer).

The interface class is a useful way of encapsulating the interaction
between the control and the view or, indeed, the rest of the program. The
control does not care about any of the view’s internal details, provided
that it correctly handles the request to play in a particular square and the
querying of a square’s content. Similarly, the view does not care whether
the command originated with a key event, a pointer event, or some other
kind of event — it just requires these functions to be called at the right
time with the right parameters.

This is a useful technique, which is used frequently within a variety
of Symbian OS APIs, and it is a good one to adopt for your programs,
especially if they are more complicated than the Noughts and Crosses
application. As a further illustration, think about the way commands
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reach Handl eConmandL(). The menu bar uses an ME kMenuCb-
server for this and does not otherwise care about the large API of the
CEi kAppUi class. The button bar uses the MEi kCommandCbser ver
interface. Similarly, command buttons use an MCoeCont r ol Gbser ver
interface, which the button bar implements by converting button events
into application commands.

TryHi t SquareL() simply calls the controller's Hi t SquareL()
function, to determine whether the attempt is successful:

TBool COandXAppVi ew: : TryHi t Squar eL(const CCandXTi | e* aControl)

{
return Controller().HtSquareL(lndex(aControl));

}

It returns ETr ue only if the square was previously empty and now
contains a symbol, otherwise it returns EFal se.

As was mentioned earlier, Ti | eSt at us() is called from each tile
when it needs to draw itself, in order to determine which, if any, symbol
should be drawn in the tile. The function’s action is simply to request the
information from the engine:

TTil eState COandXAppView. : Til eStatus (const CCOandXTile* aControl) const
{

return Engine().TileStatus(lndex(aControl));
}

The majority of the view’s functions are described in Chapter 15,
where they are used to illustrate the general behavior of controls. Here,
we mention only ShowTur n(), which is called from the application Ul
class and the controller whenever there is a change in whose turn it is to
play. It simply requests the status window to redraw itself:

voi d COandXAppVi ew: : ShowTur n()

{
i St at usW n- >Dr awDef erred() ;

}

How Dr awDef er red() works is explained in Chapter 17; here it is
sufficient to know that it results in a call to the status window’s Dr aw( )
function. As we saw earlier, there is no need for ShowTur n() to pass a
parameter indicating whose turn it is, since the status window’s Dr aw( )
function queries the controller directly for the symbol it needs to draw.

Command Menus

The application uses only two commands: one to specify whether the
Nought player or the Cross player should make the first move, and one
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to abandon the current game. The first of these is only relevant before a
game starts and the second is only used while a game is in progress. In
consequence, we've chosen to use a dynamic command menu, which
shows only those commands that can sensibly be used, given the current
state of the game. We’ve implemented the menu in a way that illustrates
some of the options that are available for setting up and changing the
content of a command menu. Although at least one of the commands,
that to select the first player, could reasonably be implemented via a
dialog, we’ve chosen not to do so, leaving the discussion of dialog use to
Chapter 16.

For S60, the specification of the command menu starts in the resource
script, with the definition of an EI K_APP_I NFOresource:

RESCURCE El K_APP_I NFO
{

nmenubar = r_oandx_nenubar ;
cba = R_AVKON_SOFTKEYS_OPTI ONS_EXI T;
}

This resource contains a pointer to the resource that contains the
application’s menu bar and a Control Button Array that defines the
softkey labels — in this case, Options and Exit — that are to appear in the
control pane.

The menu bar resource, in turn, specifies one or more MENU_PANE
resources that list the menu items they contain. As in this case, an S60
menu bar normally contains only one menu pane. If you specify more
than one menu pane, the S60 Ul concatenates their contents into a single
list.

RESOURCE MENU_BAR r _oandx_nenubar
{

titles =

{
VENU_TI TLE

{

nmenu_pane = r _oandx_nenu;
}
I
}

For this application, the menu pane specifies only one menu item; the
second menu item is constructed dynamically.

RESOURCE MENU_PANE r _oandx_nenu
{

items =

{
VENU_| TEM
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{
conmand = ECandXNewGane;

txt = "New gane";
}
IE
}

Each menu item specifies the text to be displayed and a non-zero value,
unique within the application, used to identify the command. The com-
mand IDs are normally defined via an enumeration in the application’s
HRH file; for this application, they are defined, in oandx. hr h, as:

enum TOandXI ds

{
ECandXNewGane = 0x1000, // start value nust not be O

ECandXSwi t chTurn
b

The resource file specifies only the command ID and text for the New
game command. The other command is added dynamically according to
context, using one or other of the following two resources for its text:

RESOURCE TBUF r_oandx_o_noves_first

{
buf = "Noughts nove first";

}

RESOURCE TBUF r_oandx_x_noves_first
{

buf = "Crosses nove first";

}

It is worth noting here that a truly commercial application would read
the text for these resources —and most other text within the resource
script — from a separate file, in order to facilitate translation into other
languages. We have not done so in order to make the meaning of these
resources clearer in the text of this book.

S60 applications that need to modify the content of their command
menus should supply an implementation of the Dynl ni t MenuPaneL()
function of the application Ul class, which is called each time a menu is
about to be displayed. The aResour cel d parameter identifies the menu
and aMenuPane points to a menu pane that has already been constructed
from the relevant resource. For this application, the implementation is:

voi d COandXAppUi : : Dynl ni t MenuPaneL( Tl nt aResourceld,
CEi kMenuPane* aMenuPane)

{
if (aResourceld == R_OANDX_MENU)
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{
if (iController->IsNewGne())

{

CEi kMenuPaneltem : SData item

i CoeEnv- >ReadResour ce(item i Text,
iController-1sCrossTurn() ? R OANDX_O MOVES_FI RST :

R_OANDX_X_MOVES FI RST) ;

item i Commandl d = EGandXSwi t chTur n;

itemiFlags = O;

itemiCascadeld = 0;

aMenuPane- >AddMenul tenl(itemn);

aMenuPane- >Del et eMenul t en{ ECandXNewGane) ;
}
}
}

The function first checks that the resource ID is for the relevant menu,
but does not modify the menu pane (which therefore displays the New
game menu item) if a game is in progress. Otherwise, a new menu item
is constructed, in a CEi kMenuPanel t em : SDat a data structure, using
the relevant resource text, and added to the menu pane, and the New
game item is deleted.

When the user selects a command, the S60 Ul responds by calling
the Handl eCommandL() function of the application Ul class. This is
normally implemented via a swi t ch statement, with each case corre-
sponding to one of the possible command IDs:

voi d COandXAppUi : : Handl eConmandL( Tl nt aConmand)
swi t ch(aConmand)

case EEi kCndExi t:
case EAknSoftkeyExit:
{
Savel();
Exit();
}
br eak;
case ECandXNewGane:

{
i Controller->Reset();
i AppVi ew >Reset Vi ew() ;
}
br eak;

case EGandXSwi t chTur n:
{
iControll er->Swi tchTurn();
}
break;

defaul t:
br eak;

}

}
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In the Noughts and Crosses application, each case, with the exception
of the Exit command, corresponds to one of the command IDs specified
in oandx. hr h and is handled simply by making the appropriate changes
to the controller’s state.

Depending on how the Exit command is initiated, it may have either of
the standard command IDs shown in the above code. The application’s
response must always be to call Exi t () but, in addition, it calls SaveL()
to save the current game state in the application’s persistent data.

12.2 Differences for UIQ 3

One of the major influences in the development of UIQ 3 was the need
to make it easier for developers to support multiple form factors (both in
terms of screen dimensions and use of portrait or landscape alignments)
and a variety of input methods (touch screen or keyboard; menu-driven
or softkey-driven interaction) from a single code base.

In order to facilitate such flexibility, all UIQ 3 applications need
to derive their views from the new CQ kVi ewBase or CQ kMl ti -
PageVi ewBase classes. The UIQ version of the Noughts and Crosses
application derives its main view from the CQ kVi ewBase view class
(which is a subclass of CCoeCont r ol ) and not directly from CCoeCon-
trol itself. However, since it only has one view, it makes no specific
use of the view architecture that is described in Chapter 14.

The Application Ul Class

There is a small difference in the way that the application Ul class
creates and initializes the View. Remember that the S60 Const r uct L()
function of the application Ul class is implemented as:

voi d COandXAppUi : : Construct L()

{
BaseConst ruct L( EAknEnabl eSki n) ;

i Engi ne = COandXEngi ne: : NewL() ;

iController = COandXControl |l er::NewL();

i AppVi ew = COandXAppVi ew. : NewL(C i ent Rect ());

AddToSt ackL(i AppView); // Enable keypresses to the view
i Stacked = ETrue;

Repor t WhoseTur n() ;

}

The destructor needed to take note of i St acked in order to determine
whether or not it should remove the view from the control stack. For UIQ,
the corresponding code is:

voi d COandXAppUi : : Construct L()
{
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CQ kAppUi : : ConstructL(); // initiate the standard val ues
i Engi ne = COandXEngi ne: : NewlL();

i Controller = COandXControl |l er:: NewL();

/]l Create the view and add it to the franmework

i AppVi ew = COandXVi ew. : NewL(*t hi s);

AddVi ewL(*i AppVi ew) ;

Repor t WhoseTur n() ;
}

The most significant difference is that the UIQ version registers the
view by calling AddVi ewL (), which also takes care of adding it to the
control stack. After this call, the application Ul class has full ownership
of the view, so you do not have to worry about either deregistering the
view or removing it from the control stack when the application Ul class
is destroyed.

The View Class

The majority of the remaining source code differences that are needed
in a UIQ version of the application stem from the differences between
CQ kVi ewBase and CCoeCont r ol . So, while both forms of the view
own their component controls, the mechanisms of ownership and access
are different. A view that derives from CCoeControl, as in the S60
version, creates its component controls (normally in its Const ruct L()
function) and stores pointers to them in specific items of member data. In
the S60 version, the relevant Const ruct L() code is:

for (TInt i =0; i < KNunberOfTiles; i++)

{
User:: Leavel fError(iTiles. Append(CreateTileL()));
}

i 'S.tat usWn = COandXSt at usW n: : NewL( W ndow() ) ;
The controls are normally explicitly deleted in the destructor:

COandXAppVi ew. : ~COandXAppVi ew( )

{
for (TInt i=0; i<KNunberOfTiles; i++)

{

delete iTiles[i];

}
iTiles.dose();
del ete i StatusWn;

}

As described more fully in Chapter 17, access to each child control is
via the Count Conponent Control s() and Conponent Control ()
functions that each component-owning control must implement:
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TI nt COandXAppVi ew. : Count Conponent Cont rol s() const

{
return KNunberOfTiles + 1;

}

CCoeCont rol * COandXAppVi ew. : Conponent Control (Tl nt al ndex) const

{
if (al ndex==KNunmber O Ti | es)

{

return i StatuswWn;

}

el se

{

return const _cast <COandXTi | e*>(i Ti |l es[ al ndex]);
}
}

CQ kVi ewBase provides its own mechanism for component control
ownership, so views that derive from this class do not need to provide
explicit data members to store pointers to the components, nor do they
need to provide code in the destructor to delete them. In addition,
such views do not need to (and should not) provide implementations of
Count Conponent Cont r ol s() and Conponent Control ().

Instead, UIQ views add component controls — normally from within
the view’s implementation of Vi emConst ruct L() - to a built-in array
that is initialized by a call to I ni t Component ArrayL() and then
accessed via a Conponent s() function, for example:

voi d COandXVi ew: : Vi ewConst ruct L()

{

Vi ewConst ruct Fr omResour ceL( R_OANDX_Ul _CONFI GURATI ONS) ;

I ni t Conponent ArrayL();

for (TInt i =0; i < KNunberOTiles; i++)
{
CCandXTile * tile = new ELeave) COandXTi | e;
AddControl LC(tile, i);
tile->ConstructL(this);
til e->Set Focusi ng( ETrue) ;
Cl eanupSt ack: : Pop(tile);

// Status wi ndow added, but not created here
AddCont rol LC(i StatusWn, KNunberOf Tiles);

Cl eanupSt ack: : Pop(i St at uswWn);

i St at W nNot Appended = EFal se;

/1 Status wi ndow now owned by the view

Updat eConmandsL(Control I er().|sNewGanme(), Controller().lsCrossTurn());
Set FocusByl dL(0) ;
}

In the UIQ version of the application, as you can see from the above
code, each tile is created and then appended to the array with a call
to AppendLC() which, as its name implies, leaves a pointer to the
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tile on the cleanup stack. The tile is removed from the cleanup stack
once any potentially leaving initialization is complete. The view takes
ownership of all component controls that are added in this way and they
are automatically deleted when the view is destroyed.

If you think carefully about the code sequence for adding a component
into a view, you might begin to wonder if it is truly safe. For example,
what if the actions performed by AddControl LC() cause a leave
before the control is added to the cleanup stack? Furthermore, if the
view takes ownership of the control, should AddCont r ol LC() leave
the control on the cleanup stack at all? Could a leave before the control
is popped from the cleanup stack result in the control being deleted
twice — once from the cleanup stack and once by the owning view? In
Symbian OS, it is worth asking questions like this, since leave-safeness
is paramount.

In fact, this sequence is safe. AddCont r ol LC() adds the control
to the cleanup stack before performing any potentially leaving actions,
and the item that is added to the cleanup stack is one that is specifically
designed to transfer ownership of the view (in a leave-safe way) as it
is popped.

The creation of the status window follows a slightly different pattern.
The reason for this is that the status window is accessed from the
controller, via the Repor t WhoseTur n() function of the application Ul
class, and the first access occurs before the view’s Vi ewConst r uct L()
has been called. (To optimize start-up time, particularly for applications
with multiple views, Vi ewConst ruct L() is only called at the time that
the view first needs to be made visible.) To prevent this attempted access
from causing a panic, we need to create the status window in the view’s
Construct L() and add it in Vi ewConst ruct L().

However, there is then a risk that the status window will not be deleted
if the code leaves between its creation and it being successfully added.
We solved this problem by including the i St at W nNot Appended flag
in the class data, setting it when the status window is created and clearing
it when the window has successfully been added to the array. The view’s
destructor has to delete the status window only if the flag is set:

CCandXVi ew. : ~CCandXVi ew( )

{
if (iStatW nNotAppended)
/1 Once appended, system code takes care of a conponent’s deletion

{
del ete i StatusW n;

}
}
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It is also worth pointing out that the initial construction of the view,
from Vi ewConst ruct L(), is by means of a call to Vi ewConst r uct -
FronResour ceL() . In suitable cases, an entire multi-page view can
be constructed from the resource accessed by this function, in the same
way that a dialog can be constructed from a resource, as described in
Chapter 16. In the present case, the resource specifies a single page,
without supplying any content:

RESOURCE Q K_VI EW PAGES r _oandx_| ayout _pages

{
pages =
{
Q K_VI EW PAGE
{
page_i d = ECandXVi ewPage;
}
b
}

Since the UIQ version of the view class does not have accessible
implementations of Conponent Control () or Count Conponent -
Cont rol s(), functions that, in an S60 application, call one or both
of these functions need a different implementation. In the Noughts and
Crosses application, the functions that are affected are those associated
with which tile has focus. In the S60 version, these are | dOf FocusCon-
trol () and MoveFocusTo():

TI nt COandXAppVi ew: : | dOF FocusCont r ol ()

{
TIint ret = -1;
for (TInt i=0; i<KNumberOfTiles; i++)
{
if (ConponentControl (i)->lsFocused())
{
ret =i;
br eak;
}
}
ASSERT_ALWAYS(r et >=0, Pani c( ECandXNoTi | eW t hFocus)) ;
return ret;
}
voi d COandXAppVi ew. : MoveFocusTo(const TInt index)
{
TInt ol dlndex = | dOf FocusControl ();
if (index != ol dl ndex)

{
Swi t chFocus( ol dl ndex, Conponent Control (i ndex));

}
}
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Swi t chFocus() is implemented as:

voi d COandXAppVi ew: : Swi t chFocus( Tl nt aFrom ndex, CCoeControl* aToControl)

{
Conponent Cont rol (aFr om ndex) - >Set Focus( EFal se, EDr awNow) ;
aToControl - >Set Focus( ETrue, EDrawNow) ;

}

In the UIQ version, the two corresponding functions are | dOf Fo-
cusedCont rol () and Set FocusByl dL(), whose basic implementa-
tions are:

TInt CCandXVi ew. : | dOf FocusedControl ()

{
TInt i;
for (i=0; i<KNumberOfTiles; i++)
{
CCoeControl *control =Cont rol Byl d<CCoeControl >(i);
if (control->lsFocused())
br eak;

}

return i;

}

voi d COandXVi ew. : Set FocusByl dL(TI nt aControl I d)

{
Request FocusL( Cont r ol Byl d<CCoeControl >(aControl 1d));

}

In the UIQ version, we changed the names of both functions to empha-
size the differences in implementation. Note, in particular, that Set Fo-
cusByl dL() is a leaving function, whereas MoveFocusTo() is not.
Fortunately this does not give rise to any other complications in the current
application, since they are called only from within leaving functions.

While on the subject of focus, there are two further differences that
need mentioning. First, the default status of newly created controls in S60
is for them to be capable of accepting focus, which is not the case in UIQ.
In UIQ you need to call Set Focusi ng( ETr ue) on each control that
needs to accept focus (in this case, on each of the board’s tiles). In contrast,
in S60, you need to call Set Focusi ng( EFal se) on each control, such
as the game’s status window, that you do not want to be able to accept
focus. Secondly, UIQ 3 views provide automatic, intelligent key- or
button-based navigation between any of the component controls that can
accept focus — that is, those controls for which Set Focusi ng( ETr ue)
has been called. In consequence, the UIQ version has no need to
implement the view’s O f er KeyEvent L() function.

Commands

UIQ 3 views are primarily designed for use in applications with multiple
views, each with its own set of commands, so they are not seen at their
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best in an application such as the Noughts and Crosses application, which
only has a single view. The application does, however, allow the basic
differences to be illustrated.

A major difference in UIQ is that commands are treated in a more
abstract way than in S60. A UIQ device may be set up to access its
commands by means of either a pointer device or softkeys, and the
commands themselves may or may not be displayed in a command
menu. In addition, commands may be provided from a variety of sources
within the application, such as one or more individual controls —or
even from outside the application itself, for example, from a front-end
processor.

The UIQ application framework contains a command model that deals
with all these variations. In consequence, the application programmer
need only be concerned with which commands should be available and
not with how they are presented or selected.

The first change is to the resource script. As we saw earlier, an S60
application uses an El K_APP_| NFO resource, to specify the menu bar
and the menu items it contains. In contrast, a UIQ 3 application must spec-
ify an empty El K_APP_| NFOresource, plus a Q K_VI EW CONFI GURA-
Tl ONS resource that lists the Ul configurations it supports. In the Noughts
and Crosses application, these resources are:

RESOURCE El K_APP_I NFO { }

RESOURCE Q K_VI EW CONFI GURATI ONS r _oandx_ui _confi gurations
{

configurations =

{
Q K_VI EW CONFI GURATI ON

{

ui _config_node = KQ kPenStyl eTouchPortrait;
conmand_| i st = r_oandx_portrait_conmrands;
vi ew = r_oandx_| ayout ;

}

Q K_VI EW CONFI GURATI ON

{
ui _config_node = KQ kSof t keyStyl ePortrait;
conmand_| i st = r_oandx_portrait_comrands;
view = r_oandx_| ayout ;
}

Ik

}

Each configuration specifies its list of available commands via a
Q K_COVMAND_LI ST resource:

RESOURCE Q K_COWMMAND LI ST r_oandx_portrait_commands
{

items =

{
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Q K_COVVAND
{
id = EEi kCmdExi t;
type = EQ kConmandTypeScreen; // Only visible in debug
stat eFl ags = EQ kCndFl agDebugOnl y;
text = "Cl ose (debug)";
}
Q K_COMVAND
{
id = ECandXNewGane;
type = EQ kConmandTypeScr een;
text = "New ganme";

b
Q K_COVMAND

{
id = ECandXFirst Pl ayer;

type = EQ kConmandTypeScr een;
text = "Noughts nove first";

}
%
}

As in the S60 version, the commands are updated dynamically, but
the mechanism is different. S60 applications update their menus via the
Dynl ni t MenuPaneL() function, which is called immediately before a
menu is made visible.

In UIQ, since a command may be selected by means of a softkey, or
from a toolbar, there is no guarantee that a menu pane is displayed before
the selection takes place. In consequence, you cannot use Dynl ni t -
MenuPaneL() to update the available commands. Indeed, since some
commands may be permanently visible, UIQ applications need to per-
form such updating each time the view’s state changes in a way that
affects the commands.

In many cases, it would be appropriate to implement the view’s
Handl eCont r ol Event L() function, which is called (with an EEvent -
St at eChanged event code) each time one of the view’s controls changes
its state. In the Noughts and Crosses application, all significant state
changes take place in the Controller, so we’ve taken the more direct option
of adding a Set St at eL() function to the Controller, implemented as:

void COandXControl ler::SetStatelL(TState aState)
{

iState = aState;
GCandXAppUi () - >Updat eCommandsL( | sNewGanme(), |sCrossTurn());

}

This calls an Updat eCommandsL() function in the application Ul
class, which simply calls a similarly named function in the view:

voi d CCandXVi ew. : Updat eConmandsL( TBool al sNew, TBool al sCrossTurn)
{
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i CommandManager . Set Avai | abl e(*t hi s, ECandXNewGane, !al sNew);
i CommandManager . Set Avai | abl e(*thi s, ECandXFi rst Pl ayer, al sNew);
i CommandManager . Set Text L(*t hi s, ECandXFi r st Pl ayer,
al sCrossTur n?R_OANDX_O FI RST: R_OANDX_X_FI RST) ;
}

The following points are relevant when updating the menus:

e While a game is in progress, there is no need to worry about whether
the text for the ‘Who moves first’ command is updated correctly or
not, because that command is only available (and visible) before a
new game is started.

e When executing the ‘Who moves first' command, the game is always
new, so the only interest is in setting the correct text for the next
potential use of that command.

In addition, the controller’s Reset () functionisrenamedtoReset L()
because it can now leave:

voi d COandXController:: ResetL()

{
Engi ne() . Reset ();
if (I1sCrossTurn())

{
Swi t chTurn();

}
Set St at eL( ENewGane) ;
}

Reset L() cannot be used to initialize the controller (and engine)
because Set St at eL() calls the view’s Updat eCommandsL() func-
tion, and the view does not exist at the time the controller is constructed.
Instead, in the controller’s Const r uct L( ), we explicitly set the relevant
data:

Engi ne() . Reset () ;
i State = ENewGane;
i CrossTurn = EFal se;

Since UIQ expects an application to have multiple views and each
view may have a different set of commands, command processing is
implemented within each individual view. A UIQ application, therefore,
does not supply a Handl eCommandL() function in the application Ul
class, but implements this function in each of its views. Note that the
argument to this function is a reference to an instance of CQ kConmand,
rather than the command ID that is passed to this function in the
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application Ul class. Otherwise, the implementation is broadly similar to
that in the S60 version:

voi d CCandXVi ew. : Handl eCommandL( CQ kCommand& aConmand)
{
swi t ch(aCommand. 1 d())
{
case ECandXNewGare:
Controller().ResetL();
Set FocusByl dL(0) ;
Dr awNow( ) ;
br eak;
case ECandXFirst Pl ayer:
Controller().Sw tchTurn();
Updat eCommandsL( Control I er (). sNewGane(),
Controller().lsCrossTurn());
br eak;
defaul t:
#i f def _DEBUG
CandXAppUi () - >SaveGaneSt at eL() ;

#endi f
/Il The Go back and Exit commands are handl ed by CQ kVi ewBase.
CQ kVi ewBase: : Handl eConmandL( aCommand) ;
br eak;
}
}
Persistence

In UIQ, the default behavior is to allow applications to use persistent
data, so, unlike in S60, there is no need to supply an implementation of
the document’s QpenFi | eL() function.

UIQ applications do not normally have a Close command (except for
testing purposes, in debug builds). Instead, system code may instruct an
application to close at any time that memory needs to be freed, first
giving it an opportunity to save its persistent data. In order to access the
functionality more easily, we have added — but only in debug builds — a
call to the SaveGaneSt at eL() function of the application Ul class in
the default case of the view’s Handl eConmandL( ) . The implementation
is very simple:

voi d COandXAppUi : : SaveGaneSt at eL()

{
SavelL();

}

We have to supply this new function because the SaveL() function
of the application Ul class is protected, and so cannot be called directly
from the view. With this call in place, the persistent data is saved each
time the Close (Debug) command is selected.
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Since the application’s persistent data contains one item —the ID
of the tile that currently has focus — from the view, there is one final
complication that we have to deal with. It is caused by the view’s controls
being created and initialized in the Vi ewConst r uct L() function which,
as mentioned earlier, is called as late as possible, just before the view first
becomes visible. This means that the document’s Rest or eL() function
(and, at least when the application is run for the first time, its St or eL()
function) are called before the view is fully initialized.

We resolve this problem by adding ani | ni ti al Focusl| d data mem-
ber to the COandXVi ewclass and coding the view’s Set FocusBy| dL()
function as:

voi d COandXVi ew. : Set FocusBy!l dL( TI nt aControl I d)

{
CCoeControl * control = Control Byl d<CCoeControl >(aControlld);

if (control)

{

Request FocusL(control);
else // Control does not yet exist

ilnitial Focusld = aControl ld;

}
}

If the control does not yet exist, the value is copied into i | ni tal -
Focusl d and used, within Vi ewConst ruct L(), to move focus to the
correct control after it has been created.

We also need to deal with the case where the persistent data needs to
be written before the tiles exist (this only happens once, the first time the
application is run, when the application’s INI file is being created). The rel-
evant data is obtained by a call to the view’s | dOf FocusedControl (),
whose implementation is:

Tl nt CCandXVi ew: : | dOF FocusedCont r ol ()
{
Tint i;
for (i=0; i<KNunmberCOFTiles; i++)
{
CCoeControl *control =Cont rol Byl d<CCoeCont rol >(i);
if (lcontrol) // Not yet created
{
return O;
}
if (control->IsFocused())
{
break;
}
}
return i;

}
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If a control does not yet exist, the function simply returns zero, which
is the correct default value.

Summary

This chapter has described a simple but non-trivial application to play a
game of Noughts and Crosses.

After a brief introduction to the game, the chapter explained the overall
architecture of the application, before describing each of the S60 version’s
major component classes in more detail.

The chapter concluded with a discussion of the main differences
between the S60 and UIQ versions of the game.
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Kurzfassung

Nahezu jeder Mensch besitzt heutzutage ein Mobiltelefon, und hat es wohl den ganzen Tag
bei sich. Was wire naheliegender, es nicht nur als Telefon zu verwenden, sondern auch um
unterwegs z.B. Nachrichten zu lesen oder Filme zu sehen. Hersteller von Handys kamen zur
gleichen Schlussfolgerung, und begannen sogenannte Smart Phones herzustellen. Diese werden
standardmafig mit E-Mail Clients, Web-Browsern, Multimedia-Playern, sowie einigen anderen
niitzlichen Anwendungen ausgestattet.

Auf dieser Idee aufbauend, stellt diese Arbeit ein Konzept zum Lernen unter Verwendung
von Mobiltelefonen dar. Basierend auf aktuellen Forschungsergebnissen im Bereich des mo-
bilen, sowie des Spiel-basierten Lernens, mdchte ich hier einen Ansatz vorstellen, der die bei-
den Forschungsbereiche kombiniert. Es werden dabei Lernstrategien mit Spafselementen ver-
bunden, um vor allem die Zielgruppe von 18-24 jidhrigen StudentInnen anzusprechen. Die
zugrunde liegenden Forschungsergebnisse, sowie die gesamte System-Architektur werden aus-
reichend dargestellt, das Hauptaugenmerk liegt jedoch auf der technischen Spezifizierung und
Implementierung der mobilen Anwendung.

1l

FIFTH THIRD EX1062
PART 1 OF 3
Page 242 of 428



Abstract

Nowadays almost everybody owns a mobile phone and carries it around the whole day. It
is obvious, though, to use it not only as a phone, but also as a tool to do other things, like
reading news or watching videos while travelling from or to e.g. work or school. Cell phone
manufacturers acted on that idea, by producing so called Smart Phones, that are equipped
with e-mail clients, web-browsers and multimedia-players, beside other useful applications.

Going a step further, this work presents the concept of learning with someone’s mobile- or
smart-phone. Based on state of the art research in the fields of mobile learning and game-based
learning, I am presenting the implementation of a mobile game-based learning approach. It
incorporates learning strategies with fun elements to make it more attractive to the target
group of students at the age of 18-24 years. While describing research basics, as well as the
whole system-architecture, the work focuses on the technical specification and implementation
of the mobile application.
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Chapter 1
Introduction

1.1 Problem

Nowadays information is very important for nearly everybody. Take Wikipedia' as an example.
It covers 1.47 million articles, and grows per approximately 1820 every day?, while the library
is consulted more than 6 Million times a day>.

On the one hand, we simply don’t know how to keep up to date with masses of information,
that may come from newspapers, books, scientific papers or just the Internet. And we all know
the problem of not using already gathered wisdom regularly. That is, what makes us lose it
piece by piece.

On the other hand, knowledge builds the basis for decision making. But knowledge is not
the only factor — the other is practice. Especially in life-threatening areas (e.g. hospitals’
emergency rooms), it is essential to make a decision in a short amount of time.

Therefore, it is necessary to create a space, where people can practice, and get feedback
about the quality of their choices, but without the fatal consequences of the daily life.

1.2 Goals

The overall goal is to improve the effectiveness and efficiency of learning, as well as decision
making, in a cognitive and emotional way. To accomplish this overall goal, it can further be
divided into the following sub-goals:

e Develop (innovative) learning models that can be applied to different learning domains.

e Specify and implement, at least prototypical, games, based on the above mentioned
learning models.

e Examine those learning models in user tests to derive their effectiveness and efficiency.

The EU project Mobile Game-Based Learning (mGBL)* has been originated to address
exactly the above defined goals by developing educational game templates for mobile phones. A
server side tool is used by teachers/game authors to create several game instances by combining
a game template with different contents.

The following list sketches the basic steps defined by mGBL:

lhttp://en.wikipedia.org, accessed at 10.10.2007

2New English articles in October 2006 |Zacb].

3 Accessed English articles in October 2004, which is the last recorded date in [Zaca].
4For more details concerning the project see chapter 4

FIFTH THIRD EX1062
PART 1 OF 3
Page 250 of 428



Chapter 1 Introduction

1. Plan and carry out a user-requirements analysis for revealing the needs of all stakeholders
(teachers, students, IT-staff, etc.).

2. Consider and choose, or create pedagogical frameworks and learning models for support-
ing students in developing learning and decision making skills.

3. Design and implement a prototype server platform and client software.

4. Plan and carry out user-trials of the implemented software, in a way that allows to verify
the effectiveness of the developed learning models.

The above listed goals apply to this work, too, although differently weighted. For example,
mGBL demands for implementing a server platform and at least three game templates, while
this work focuses on the one game template, it is based on. For more details about the difference
of the mGBL project and this work, please see section 4.6. However, the next chapter explains
the organisation of this work, and makes clear how the chapters are weighted.

1.3 Structure of the Work

Starting with state of the art research in the field of learning, the first chapter (chapter 2)
explains the benefits, and therefore reasons for choosing mobile learning as well as game-based
learning. The following chapter (chapter 3) lists the most recent development technologies,
their benefits and short comes, and goes into more detail with the technology, chosen for this
project (JavaME). The chapters 5 and 6 build the main part of this work, because they describe
the specification and implementation details of mGBL’s game template 1 Ahead of the Game.
You get insights about the two components of the template, quiz and simulation, how they
could be combined, and their interaction with the outside world. A detailed insight about the
implementation, gives a better understanding of how the application can be used, or extended
with new ideas. At the end of this work I present findings of the conducted user trials, as well
as ideas for further improvements (chapter 7).
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Chapter 2

Learning T heories

We have moved from “Learning for life”, which is limited to the period when we were pupils or
students, to “Lifelong Learning”, a process accompanying us for the rest of our lives.

We also have moved from teaching to learning and from authoritarian to authority in educa-
tion. Formal education plays a limited part in our life, and we all know that people learn a lot
from TV, newspapers, the Internet and other sources [PKD04|. We are now at a point where
the society accepts (even slowly) that game-based approaches or additions in education can
lead to good results — or even better ones than traditional approaches. We also know, that we
are living in a fast moving world where time is limited, and we have to make the best of our
opportunities and use the time while travelling to work or school for useful tasks like learning.
That’s why game-based learning and mobile learning as well as the combination of both areas
(mobile game-based learning) have a very high potential to expand, and thus improve, our well
known educational systems.

2.1 Formal, Non-Formal and Informal Learning

The government needs formal assessment of individuals, where companies and organisations
are interested in both formal and non-formal education for their employees to denounce their
new skills and knowledge. But, what happens behind the scenes, by cooperating with other
people, is informal learning (please find exact definitions below).

Sweden, for example, realized that non-formal and informal learning is very important for
the development of individuals, and is therefore accredited by the government [PKDO04].

Formal Learning takes place in an education or training institution and is well structured
which means that the objectives and the time frame for learning are clearly defined and there
is some kind of learning support — a teacher or guide — available. It is intentional from the
learner’s perspective. Formal learning requires measurable knowledge and skills and is therefore
demanded by state, because otherwise assessment seems not possible.

Non-formal Learning takes place aside the mainstream system of education and training
and does typically not lead to formal certificates. It can be provided in the workplace, through
activities or civil organisations or political parties. Like formal learning, it is also intentional
from the learner’s perspective. Non-formal learning does not verify skills and knowledge, but
rather makes it visible to the learner selves and others. It is characterized by how, not which,
gathered skills and knowledge are used.

FIFTH THIRD EX1062
PART 1 OF 3
Page 252 of 428



Chapter 2 Learning Theories

Informal Learning is a natural aspect of everyday’s life. Unlike others, informal learning is
not necessarily intentional from the learner’s perspective. It, therefore, may not be recognized
by individuals themselves. Because it is most often unintentional and not recognized, informal
learning is neither structured, nor does it lead to certification.

2.2 Game-based Learning
“Education is what remains, when what was learned has been forgotten.” [PKD04|

Therefore, education should be the active engagement of learners with the subject matter,
instead of its passive reception.

Learning through games is a concept that has always existed in the human history. Children
playing with each other and young adults playing computer games have many in common —
motivation is high, and they can play for hours even not realizing that time passes by. That is
exactly what teachers wish in their own education.

Pivec et al. [PKDO04] describe an example of a medical student, who is “playing being a
doctor”, where in the early stages of education — maybe even before the education starts —
this play has indeed a large element of fantasy in it. But this fantasy should not be viewed
negatively, e.g. as self-delusion, but rather positively, as high aspiration. During his education
the medical student is increasingly asked to play the role of a medical practitioner, where in
this role his skills and knowledge become more and more cultivated. The role-play is thus used
not only as a teaching method in medical education, but also as a method of assessment. The
process by which the behaviour of the student ends to be a role-play and starts being reality
is a gradual and often invisible one. Safety is (beside trust) an essential element of the social
contract of a game. It is a prerequisite for a player to be comfortable enough to dunk into
the game and it’s social context [SZ03]. Obviously, there is nothing trivial or frivolous about
these activities that are orchestrated by medical educators, nor should it be in other areas of
education.

2.2.1 Game Definition

A game is...
“A contest with rules to determine a winner.” [Wor]|

“A pursuit or activity with rules performed either alone or with others, for the
purpose of entertainment.” [Wikk]

“Reduced to its formal essence, a game is an activity among two or more indepen-
dent decision-makers seeking to achieve their objectives in some limiting context.
A more conventional definition would say that a game is a context with rules among
adversaries trying to win objectives.” [Abt87], cited in [SZ03]

“Any overt instructional or learning format that involves competition and is rule

guided.” [DRLY6], cited in [PKDO4]
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Summing up these definitions, a game consists of rules, activities, players or decision-makers,
a winner or winners, and is set up in a context where a competition takes place. There may
be more elements to be found in other definitions, which may raise the complexity of a game
or the understanding of games. However, those elements must be considered when defining a
new game (please find further information on defining a game in [SZ03]).

2.2.2 Games and Computer Games

Research on the potential of computer games in educational contexts dates from the earliest
days of the microcomputer (|[Mal81la, Mal81b|, cited in [PKDO04]).

The key advantage of computer games over conventional games is their knowledge about
the status of the player and the game itself. Motivation is generated by solving challenging
but achievable tasks — beside active participation, specific and prompt feedback and some
kind of uncertainty. Based on the current game status, the program is able to continuously
motivate players by analysing their competence-level and adopt the difficulty accordingly. This
way, the software can start with a difficulty level the player is comfortable with, and increase
it progressively to set it always a bit beyond the player’s comfort level. Thus, by providing
maximum excitement, the player is always moving forward at an optimal learning rate. [PKDO04]

2.2.3 Benefits of Game-based Learning

The most important benefits of game-based learning are the learner’s motivation and engage-
ment, here motivation is considered as one of the key factors contributing to effective learning.
Having fun is an additional factor that is central for effective learning. [PKDO04]

To achieve the learner’s motivation, games do not have to be novel, or challenge them (ap-
parently) with the usage of complicated or sophisticated equipment. Such games rather provide
players with continuous emotional conditions or psychological stimuli. These conditions ideally
vary during the game play and might include satisfaction, desire, anger, interest, excitement,
enjoyment, pride of achievement, peer recognition, and many more.

Compared to traditional learning formats, video and computer games create a unique form
of “play environments” where motivation and fun provide a powerful learning experience. The
player, irrespective of age, is acting in an active and performance-based play environment,
including all related activities such as active discovery, analysis, interpretation and problem-
solving, sometimes supplemented by physical activities.

Game-based learning approaches, help people to develop skills, that are necessary to transfer
information and skills from one situational context to another. To achieve this, coherence
between the game and real life contexts is extremely important.

Security is another great advantage of games, and especially digital games, which enable
learners to act in a risk free virtual environment without the sometimes fatal consequences of
real life. Players have the opportunity to make (wrong) decisions, evaluate the consequences,
and refine their judgement and decision making process.

Finally it should be said that it may be more effective to use selected elements of a game
that seem appropriate, rather than the game as a whole, in a curriculum. [PKDO04|
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2.2.4 Selecting or Finding a Game

The first task in finding an appropriate game to support learning is to identify the educational
objectives that should be achieved.

Pivec et al. define three basic approaches for selecting a game. The mGBL project adds
another one:

e Use an existing — commercial or non-commercial — game and embed it in the education
process. Games like SimCity' may be used for example in the context of ecology or
resource management. In contrast, simulation games like The Sims? or Second Life3
may rather be used for social and behavioural topics. Several other commercial games
may be used for learning areas like history, maths, logistics, and others.

e Use an existing game that has been specifically developed for an educational purpose.
The most educational games can be found in the areas of business studies and political
science. [ASS71, Pre(01]| cited in [PKDO04]

e Build a new game for the desired purpose. As you might know there exist some freely
available, as well as commercial, tools that help developing a computer game. As an
example think of the Unreal Engine that originally has been created for the Ego-Shooter
Unreal and was used in many other games so far [Wikj|. While commercial games cost
about 1 million USD to 50 million USD to bring to the market place where the costs
of 350.000 USD for the Unreal Engine are legitimate, there is a much lesser budget for
educational contexts, what makes such engines less attractive [Wikj].

e Adapt a game template, or some other kind of skeleton, that can easily be modified
to the author’s needs. This seems to be the most attractive one of the creational ap-
proaches, because it combines a manageable implementation effort at limited costs with
the potential of individual and creative fabrication of professional games.

2.2.5 Characteristics in the Learning Setting

Some key characteristics of the course should be taken into account for the integration of a
game-based approach. Some of the most important characteristics are [PKDO04|:

e the size of the students’ group — while some activities are only possible with a cer-
tain number of students, a large group size may, in certain situations, create logistical
problems.

e the information and communication technology skills of the students group

e the technical resources which are available for the student group to use — hard and
software must be accessible to everyone who wants, or needs, to use it.

e the technical and educational support, the teacher can count on

'http://simcity.ea.com/index.php?, accessed at 10.10.2007
2http://thesims.ea.com/, accessed at 10.10.2007
3http://secondlife.com/, accessed at 10.10.2007
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2.2.6 Introducing a digital game into a course

Game-based approaches will usually be included in a course as one of several elements. Its aim
will differ from course to course. It may be one of the following [PKDO04]:

e Usage as introduction to a certain topic or activity to trigger further and deeper engage-
ment with the topic. Students often want to know facts behind their favourite computer
games, what makes it ideal to introduce, for example, a History lesson with the game
Age of Empires®.

e Increase — at least the likelihood of — student participation in formative assessment. The
motivation of awarding a grade is often not high in classes, but can be increased by
challenges through competition or time pressure. The competition might be between
individuals, teams, or by competing with the student’s own “best performance”.

e A game-based approach may create a simulation environment where students have a safe
place to practice in a harmless way. The benefits of such simulations can often not be
provided otherwise, what makes it ideal for professional areas like military, medicine,
nursing, surgery, teaching and engineering.

2.2.7 Debriefing

To provide the maximal educational benefit, an explicit debriefing may be necessary for game-
based learning approaches. |[PKDO04|

2.2.8 Beyond Education

Like computer technology holds a fascination for some people, encouraging them to engage with
the technology behind the scene, starting programming, we can hope that a similar fascination
happens to students who are not that technological affine, digging into a topic presented in a
game-based approach.

2.3 Mobile Learning

“Mobile learning is unique in that it allows truly anywhere, anytime, personalised
learning.” [Att04]

Mobile-Learning (M-Learning) is a new approach to combine the mostly static Electronic-
Learning (E-Learning) with the power of mobile information and communication technologies.
Associated with this topic are challenges in the areas of didactics, technology and organization of
the learning process, business models are, in particular, very important, to show non-enthusiasts
the power of new learning approaches. Additionally we must keep in minds, that M-Learning
is very different to E-Learning, and direct transportation of content from the latter to the first
area won’t work for the most cases [SHB04|. Leon Rodin therefore started a research with the
aim of converting E-Learning to M-Learning content, which concluded that a complete re-work
of the content is necessary, otherwise it won’t work [Rod04].

‘http://www.microsoft.com/games/pc/age3.aspx, accessed at 10.10.2007
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2.3.1 Benefits

Jill Attewell [Att04] identifies some key benefits that come from mobile learning, which have
been observed during the M-Learning® project.

Mobile learning helped learners to improve their literacy and numeracy skills.
That mainly comes from the fact that teachers recognized already existing abilities for the first
time. One mentor even reported that a pupil improved reading skills just because of switching
the media. Because of negative educational experiences he refused reading books, but he indeed
read texts and information regarding the device very well.

Mobile learning can be used to encourage both independent and collaborative
learning. Some people are glad about the opportunity to work at home at night, when they
don’t feel under pressure or under control. Others like working together in teams, because it
incites to achieve a common goal, or something useful for the group. M-Learning can encourage
both, depending on how it is used.

Mobile learning helps learners to remain more focused for longer periods. A
mentor reported that a group of pupils was focused up to two hours, where, normally, it was
difficult to keep them focused for 15 minutes. Attewell admits that this could be a result of
the novelty of using mobile phones for educational purposes. Whether this is true or not will
become clearer over time.

Mobile learning helps to raise self-esteem and self-confidence. Both are not related
to the learning material, but to the learners’ general attitude. While self-esteem has been
reported to come from the teachers’ trust giving expensive and sophisticated equipment to
pupils, the raised self-confidence seems to be an effect of the trial-and-error principle of most
electronic devices.

2.3.2 Challenges

Wikipedia identifies challenges in the field of mobile learning that are divided into two categories
[Wikg|. Based on these, I enhanced the two lists with experiences due to my work with mobile
phones, and findings of research papers according to mobile learning.

Technical challenges include:

e Connectivity — Wap, GPRS, Bluetooth, WLAN;, etc. can be used for interacting with
other devices. But not all phones are equipped with all these technologies, what makes
it essential to support a few of them and making it possible to select one’s preferred
technology.

e Battery life — stand-by times of modern devices are up to one or two weeks, though
this shortens to a few hours when the device is in use. Especially when the mobile
phone is used for purposes it was intended for, this could let battery power of a few
minutes for other activities like learning. Therefore it is essential that mobile learning

Shttp://www.m-learning.org, last accesses on 10.10.2007
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applications support small lecture chunks, that can easily and automatically be saved in
short intervals.

e Interacting with small devices — it’s a challenging task to design a user interface for
mobile phones (which usually lack of the input devices available for computers) that
suits to many different devices allowing to control them in an easy and intuitive way.

e Displaying useful content on small-screen devices — content has to be adopted to the
small screens with low resolutions that are typical for mobile devices (in average such
screens are about Scm large and have a resolution of 176x208 to 240x320 pixels).

e Presenting different kinds of media — due to the vast variety of used technology, and the
(often) low processing power of current mobile phones, it is often hard to find a common
ground for multi-media content (video- and audio-snippets, office files like Word, Excel,
PDF).

Social and educational challenges include:

o Assessment of learning outside the classroom — we know from [Att04] that mobile learn-
ing helps to recognise existing abilities, and assessment should accommodate that, even
though as just one facet in the assessment process.

e Tracking of results and proper use of this information — the results can be used in
different ways, like for assessment, or for constructive work that banks on these outcomes.

e Support of learning across many contexts — especially with reduced budget that doesn’t
make it possible to develop discrete mobile applications for each scope.

e Developing an appropriate theory of learning for the mobile age — this learning model
ideally makes use of the potential of different available technologies (digital cameras,
GPS-Navigation, etc.), by combining them into one learning scenario. This makes the
education approach more attractive for younger learners, and introduces variety for people
of every age to keep them motivated with the topic.

e Develop and preserve ethical principles like confidentiality of data, anonymity of partici-
pants or a Netiquette, similar to those we are already familiar with, from e-mail or chat.
[TBO4]

2.4 Mobile Game-based Learning

Mobile game-based learning is the effective combination of M-Learning with elements of game-
based learning to produce appealing and motivating learning software.
Graham Brown-Martin describes an opportunity we now have at schools:

“Actually, we don’t have a choice. Young learners already have this technology
|mobile phones|, and for the very first time schools don’t have to provide that.
They just have to embrace it in a meaningful and useful way.” [Mat|

This opportunity can easily be generalized to many other formal, non-formal and informal
learning environments, and offers great potential in these educational areas.
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Some of the most important technologies for developing applications or games for mobile de-
vices are: J2ME', Flash Lite?, .Net Compact® and C++ (for Symbian OS)*. The former two
are independent of the operating system, but still require some kind of interpreter on the host
system, the latter two are built upon the APIs of specific operating systems, and can there-
fore only be executed in these environments. Java is the most common and most supported
programming language for mobile devices, where C++ became more popular in the last few
years, because Symbian OS gained a larger market segment as operating system for cell- and
smart-phones. Dot-Net Compact, which can only be used on Windows CE powered devices,
and Flash Lite are the least popular of the here presented technologies.

All technologies have some common ground, that is, they have to cope with reduced pro-
cessing power, memory, and small, differently sized displays. But each has its advantages, like
better performance (C++), easy graphics support (Flash Lite) or a wide distribution (JavaME).
However, the used technology depends, like it does for developing desktop applications, on the
specific use cases.

This chapter presents some characteristics that should be kept in mind when developing
software for mobile devices (especially mobile phones), and concludes with an overview of the
above listed technologies. It focuses on JavaMFE, because it is the technology used to implement
mGBL’s game template 1 Ahead of the Game.

3.1 Specialities of SW-Development

When you start working with JavaMFE, you might think that there is no difference to developing
desktop or server applications using Java. This could be a great mistake.
A blue-eyed JavaMFE development project may proceed like this:

1. You design the software in the object-oriented manner, you are used to.

2. Implementation starts, and you find out that you have to be very creative in replacing
expected API functionality, that is not available for JavaME.

3. Bugging around with creating the desired GUI.

lhttp://java.sun.com/javame/index. jsp, accessed at 10.10.2007

2http://www.adobe.com/products/flashlite/, accessed at 10.10.2007

3http://www.microsoft.com/germany/msdn/library/mobility/windowsmobile/pocketpc/
DasNETCompactFramework .mspx, accessed at 10.10.2007

‘http://www.symbian.com/, accessed at 10.10.2007
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4. Tt is necessary to shrink used resources (e.g. images) to undergo the file size limits of the
mobile device that’s used for early tests.

5. Early tests show that the application reacts very slowly on user input, what leads you to
get familiar with emulator-based debugging and on-device-debugging.

6. Mastered points 1 to 5, you want to show the application to a friend and transfer it on
his/her device, where:

e it does not work at all
e it looks completely different

e the application crashes arbitrarily

7. At last you end up in adopting the application to various mobile phones which doubles
your previous efforts.

Though, this scenario describes the worst case, it shows that it is very essential not to
underestimate a “small Java application”. Mostly you won’t be able to finish the project; it
would take you nearly the whole planned project time to implement only half of the above
sketched tasks, which do not even include changes in the software itself, e.g. change requests,
or changes in the software architecture.

To circumvent such disastrous projects, you may want to get familiar with some basics, that
are special to mobile devices and their software development. Based on this knowledge, it is
easier to estimate a software development project plan.

3.1.1 Limitations

Often people are not aware, that mobile phones are not as powerful as PCs, and expect that
the same “software magic” is possible. Here are some important limitations, listing the more
obvious ones first:

e The screen size is limited and different for many devices. MIDP specifies a minimum
of 96x54(!) pixels [Sch07]. Displays of modern mobile phones have a resolution that
lies between 128x128 and 240x320 pixels. That kind of variations is typical for mobile
devices, and very unique compared to PC monitors and their resolutions, for example.

e Usually a cell phone has a joystick and 12 keys (10 for the numbers 0 to 9 and 2 soft
keys) to navigate through menus and dial numbers®. A computer keyboard has 104 or
even more keys and is supported by a pointing device (usually a 3-button mouse).

e The processor is more powerful than the one used for travelling to the moon was, but
that is still only about 1-15 percent of modern desktop CPUs.

e An obvious size is the storage capacity of a mobile phone, which often is expandable. But
even more important is the available RAM size, which specifies the maximum transient
memory capacity, and the heap-size, that further reduces the available RAM size for one
instance of a (Java) Virtual Machine.

5Smart Phones are equipped with a full keyboard and a stylus for pointing tasks, but the interaction is
still different combined to PCs, and you can’t expect whether the user prefers the one input method
(keys) or the other (touch-screen).
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e Although, the permanent memory of modern mobile phones is large, some devices limit
the size of .jar files (e.g. Nokia’s 62301 accept only .jar files that are not larger than
512KB).

e Access to the Internet is often slow and expensive and the user needs to allow it (for
exactly those reasons).

e Playback of multimedia files, like MP3 or video snippets, works quite well now, but is
often limited to a few selected encoding-formats that differ from one to another device.
Streaming is often not an option, because there is no standardized way to do that on
mobile phones, why own algorithms have to be implemented, which leads often to bad
results because of the devices’ reduced processing power.

e Access to installed applications is often prohibited. It is not possible to (PC-like)
drag&drop a number from the phone book to another application.

e The API of programming languages is limited due to the reduced RAM and CPU re-
sources.

e Last but not least: there are huge differences from one device to another.

3.1.2 The Software Development Process

When you are developing software for mobile devices, you will experience that the software
development process is quite different to desktop or server applications.

It starts with the software design, that needs to be less object-oriented to improve the
performance [ZHKH(07]. That means you have to find the correct balance between object-
orientation (to benefit from readability, re-usability, etc.) and performance, on the target
device. The more classes you have in your application, or the more instances you create, the
slower it will get.

The implementation suffers from missing APIs, developers are used to from their work with
desktop applications. This concerns not only high level GUI components, but also XML-Parser,
or even logging APIs.

Source code compilation is not one task but consists of pre-processing (optional), compilation,
obfuscation (optional), pre-verification, packaging, signing (optional) and jad-creation®.

For debugging purposes emulators might help in the first instance, but can’t replace a real
device. And: because you don’t have access to the underlying operating system, on-device-
debugging is not an easy task. Some cell phone vendors and associated companies provide
special development kits for on-device-debugging, unfortunately they don’t work for all devices.

The adaptation to different devices may take up to 90% of the overall project time and
costs, depending on the quantity of supported devices, the complexity of the GUI design,
the used APIs and maybe some other factors. To reduce the efforts, or make them just less
surprisingly, it may help to organize the adaption to different devices as a parallel task to the
whole development process, like it is often done for quality assurance.

5These steps describe the JavaME build-process. The compilation process of other programming
languages for mobile devices may be less complicated. However, knowing the process might help
preventing troubles.
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Figure 3.1: The Java family at a glance [Sun01]

3.2 Technology
3.2.1 J2ME

Java was invented in the year 1996 by Sun Microsystems and continually gained popularity,
especially for desktop applications’. That’s the reason, why Sun made no efforts to keep the
resource demands low. When mobile devices become more popular, a subset of J2SE version
1.1 was used to build the basic J2ME API upon. Some classes where changed, some added?,
but most of them have been dropped. The result was a Java Virtual Machine (JVM) that uses
only some kilobyte of memory, and therefore was called the Kilobyte Virtual Machine (KVM).
Figure 3.1 shows an overview of the Java family including J2ME, J2SE, and J2EE. Additionally,
figure 3.2 shows how different the mobile specifications (CLDC, CDC)? are from their desktop
pendant.

Architecture

As for every device, the operating system is the interface to the device’s hardware it is built
upon. Based on the operating system, JavaMFE defines several layers that are arranged one
above another (figure 3.3, [Sch07]):

e a configuration

e profiles

"The current version for desktop applications is 1.7 (specification started in August 2006, planned
release is 2008) [Wikd].

8For additional classes the standard package java.* can’t be used, because it contradicts the basic
Java specification. For those classes the root package javax.microedition.* is used.

9The Connected, Limited Device Configuration (CLDC) and Connected Device Configuration (CDC)
are described in more detail on the following page

13
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Cannot use the
java.* namespace

Figure 3.2: A schematic presentation of the relation between J2SE, CDC and CLDC

e optional packages

Configuration

The configuration defines minimal requirements to the host platform for a set of similar devices
with identical or similar resources like screen size, CPU power, or the ability for floating point
calculations — i.e. a horizontal class of devices. It further specifies the supported language scope
(e.g. Generics'® are not supported), the JVM’s supported functional scope (e.g. the on-the-fly
verification'! is not supported; find further information on page 17), and the minimal set of
library classes. Although the term Java in Java Micro Edition suggests that someone can use
the full power of Java on mobile devices, only a subset of the language is supported.

Currently two configurations are in use'?:

e The Connected, Limited Device Configuration (CLDC) is used for small mobile devices
like cell phones.

e The Connected Device Configuration (CDC) is best known to be used for more powerful
mobile devices like PDA’s, but is intended to be used also for e.g. Set-Top-Boxes.

Version 1.1 of the CLDC specification, which was finally released in the year 2003, brought
some benefits in contrast to its predecessor CLDC v1.0, for example:

e Floating point support; previously only integer values were supported

0Find a definition here: http://en.wikipedia.org/wiki/Generics_in_Java, accessed at 10.10.2007

" The Java verification process is described here: http://en.wikipedia.org/wiki/Java_Virtual_
Machine#Bytecode_verifier, accessed at 10.10.2007

2Nowadays so called Smart-Phones are very popular, which combine the functionalities of a cellular
phone and a PDA and therefore support both configurations.
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Figure 3.3: JavaMFE software layer stack.

o Weak reference support; a weak reference allows the garbage collector to remove a refer-
enced object to save memory, where it can easily be restored, when needed.

e Time relevant classes (namely: Calendar, Date, TimeZone) have been redesigned to be
more compliant to the J2SE standard.

e Threads became more compliant to the J2SE specification (the name of a thread has
been introduced, as well as some new constructors).

e The minimum memory budget has been raised from 160 to 192 Kilobytes, mainly because
of the introduction of floating point arithmetic.

Profile

A profile extends the configuration with more specific functionality like file-storage or visual
components — i.e. a range of functions of a vertical market segment. In contrast to a config-
uration, a profile may specify optional units (that must not be implemented by vendors). The
most important profile is the Mobile Information Device Profile (MIDP), which was initially
released in September 2000, and has been enhanced to version 2.0 in November 2002.

Optional Packages

Optional packages are defined in the Java Community Process (JCP), together with all relevant
vendors, although they are not liable for implementing them. Using optional packages enables
software engineers to write code against defined interfaces of a horizontal class of devices,
reducing configuration and/or implementation effort. Some popular, optional packages are
shown in table 3.1, together with the above described configurations and profiles, to draw a
complete picture.
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Table 3.1: Overview of the most important configurations,
profiles, and some selected optional packages for JavaMFE
[Com].

] JSR® ‘ Package

30, 139 CLDC, versions 1.0 and 1.1 Defines a standard platform configuration of the
Java™ 22 platform, Micro Edition (J2ME™)
for small, resource-limited, connected devices.
37, 118 MIDP, versions 1.0 and 2.0 Defines a profile that extends and enhances the
J2ME™ Connected, Limited Device Configura-
tion, enabling application development for mo-
bile information appliances and voice communi-
cation devices.

82 Java APIs for Bluetooth Bluetooth is an important emerging standard
for wireless integration of small devices. The
specification standardizes a set of Java APIs to
allow Java-enabled devices to integrate into a
Bluetooth environment.

120, 205 | Wireless Messaging API (WMA), | Defines a set of optional APIs which provides
versions 1.1 and 2.0 standard access to wireless communication re-
sources (like SMS or HTTP), designed to run
on J2ME configurations and to enhance J2ME
profiles with unique functionality.

135 Mobile Media API (MMAPI) Specifies a small-footprint multimedia API for
J2ME™ allowing simple, easy access and con-
trol of basic audio and multimedia resources
while also addressing scalability and support of
more sophisticated features.

179 Location API Enables developers to write mobile location-
based applications for resource-limited devices.
(The API works on the J2ME CLDC v1.1 and
CDC configurations.)

226 Scalable 2D Vector Graphics API | Defines an API for rendering scalable 2D vector
graphics, including image files in W3C Scalable
Vector Graphics (SVG) format.

Description ‘

OEM-Specific Libraries

Often a vendor wants to lay more power in the hands of developers, by letting them access
functionality via the programming language, that is already implemented with his/her devices.
Otherwise, it may be that there is no JSR specified or completed for a particular functionality,
and therefore no standardized programmable interface is publicly available, yet. In these cases

13The Java Specification Request (JSR) is an integral element of the Java Community Process (JCP),
which was founded to build a platform for extensions of the Java technology. A JSR is a technical
proposal for extensions, where the final version of a JSR requires a reference implementation. [Wike]
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a vendor may define his/her own libraries for a hand of specific devices, or — more often — a
certain product line (e.g. Nokia’s Series 60). It is obvious that those libraries only work for the
specified target devices. A good example is Nokia’s UI API'*, which extends the MIDP 1.0
profile with transparency effects, polygons (e.g. triangles), image processing capabilities (e.g.
rotating), as well as support for vibration and backlight controls.

Preverification

For security reasons, the Java Standard Edition verifies the bytecode of each class that is to be
executed, when the application is about to be started [Wike|. This ensures, for example, mem-
ory protection and avoids the execution of invalid instructions. Usually this process requires a
fair amount of heap-size and CPU power (and therefore time).

In the past this was no option for small devices like mobile phones, and is still deprecated.
Therefore a pre-verification procedure has been developed that transfers most of the time and
memory consuming procedures to the machine where the source-code compilation is done, thus
a PC.

Pre-Verification is a two-fold procedure:

1. The pre-verifier processes a given .class file in the way, so that it remains semantically
the same, but can be verified easily on the target machine.

2. The runtime-verifier does the remaining checks, before the .class file is interpreted by the
virtual machine on the target device.

MIDlet and MIDlet-Suite

“A MIDlet requires a device that implements Java ME, MIDP to run. Like other
Java programs, MIDlets have a “compile once, run anywhere” potential. |...]
MIDlet distributions also consist of a .jad file describing the contents of the .jar

file.” [Wikf]

A MIDlet has to fulfil the following requirements in order to run on a mobile phone:
e The main class needs to be a subclass of javax.microedition.midlet.MIDlet
e The MIDlet needs to be packed inside a .jar file (e.g. by using Sun’s jar-tool)
e The jar file needs to be pre-verified.
e In some cases, the .jar file needs to be signed by the mobile phone’s carrier.

A MIDIet, therefore, can be considered as an application.

A MIDIlet-Suite bundles one or more MIDlets into one .jar file, which is then distributed.

A .jar file is basically a .zip file with another file-extension, that incorporates the application’s
classes, a descriptive Manifest file, resources (e.g. graphics) and the used libraries (e.g. a XML-
Parser library) [Wikb].

Yhttp: //www.forum.nokia.com/info/sw.nokia.com/id/1f75c9a5-3aeb-42e9-890d-f06e3b2e94d9/
Nokia_UI_API_Programmers_Guide_v1_1_en.pdf.html, accessed at 10.10.2007
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The .jad file, that always comes along with a .jar, is basically a copy of the Manifest,
with some additional fields, that are primarily used for Ouver The Air Provisioning (OTA-
Provisioning!®).

Two fields are essential for OTA-Provisioning:

e MIDlet-Jar- URL specifies the location where the MIDlet-Suite (the .jar file) can be found
on the server.

o MIDlet-Jar-Size declares the size of the referenced MIDlet-Suite in bytes. The value is
used to:

1. roughly verify the download candidate (by comparing the specified with the real
file size).

2. check whether the device has enough free memory for storing the application and

if it supports applications with the given file size'®.

3. ask the user whether s/he is willing to pay for the data-transfer of the given size.

Certification

Since the release of MIDP 2.0 it is possible to add a certificate to a .jar file to gain more rights
for the MIDlet-Suite, e.g. access the storage system (the same that is used to store images,
MP3 files, etc.). To achieve this, it must be able to authenticate the author, and the author
must be classified as trustworthy. This is done by using asymmetric, cryptographic algorithms,
based on the standard X.509, to sign the whole MIDlet-Suite [Sch07]. It is not sufficient that
the author just signs the suite, because the user (i.e. his/her device) does not know whether the
signature is trustworthy. Therefore the public key has to be signed by a Certificate Authority
(CA), that guaranties the originality. Every device stores the public keys of the most important
CAs and, thus, can check whether the MIDlet is trustworthy.

Because the signing process has to be done for nearly every mobile device separately, which
obviously can become very expensive, this process is often neglected by most authors/publish-
ers.

Programming Basics

A MIDIlet has to extend javax.microedition.midlet and implement some basic methods:

Listing 3.1: Example for implementing a MIDlet

public class TestMIDlet extends MIDlet {
protected void startApp() throws MIDletStateChangeException {

}

protected void pauseApp() {

15Find details here: http://en.wikipedia.org/wiki/Over-the-air_programming, accessed at
10.10.2007

160On some devices applications of various sizes can be installed, as long as there is enough free memory
available. Others are more strict and specify a maximum jar-file size, e.g. 512KB for Nokia’s 62301
[JPb].
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¥

protected void destroyApp(boolean unconditional) throws
MIDletStateChangeException {

These methods are essential, because they define a basic MIDlet-lifecycle as shown in fig-
ure 3.4. The three methods are called by the underlying operating system, to force a transition
to the states Paused, Active and Destroyed.

N destroyApp()
—)[ Paused
J/

pauseApp() v

startApp()

{ destroyApp()

Figure 3.4: The MIDlet lifecycle.

e Paused: the MIDlet is initialized, but has no permission to output anything on the
device’s screen. Although background activities (e.g. calculations, network access) are
not prohibited, they are not recommended, because another MIDlet may be active and
competes for the occupied resources.

o Active: the MIDlet has access to the screen and receives user-input. Thus, this is the
state, the application is usually executed in.

e Destroyed: the MIDlet stopped the normal program flow and released all resources.
Depending on the application, the application’s state may have been saved. Once reached,
the state can not be changed any more and the program execution ends.

Access to Resources A .jar file may contain other resources than the used classes, which
can be accessed by the MIDlet. Therefore, images, texts or other files may be included in the
package and can be accessed by using the method getResourceAsStream() of java.lang.Class.
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Because the classes of a package are already pre-verified to suppress manipulations, it is not
possible to gain access to the .class files themselves (what makes Reflection'” impossible).

Properties Two property types are accessible within a MIDlet (example code for accessing
different properties can be found in listing 3.2):

o System-Properties define system specific attributes, like the user-defined language or
available libraries (profile, configuration, or optional packages).

e MIDIlet-Properties are configured in the .jad descriptor or the Manifest (find further
information on page 17) and are either predefined MIDlet properties, or user-specified.

Listing 3.2: Example implementation that shows the access to different types of proper-
ties
public class TestMidlet extends MIDlet {

private void getSomeProperties () {
// System-Property (set by the host device)
// e.g. “‘MIDP-2.07’
String midp = System.getProperty("microedition.profiles");

// standardized MIDlet-Property
// e.g. “¢/img/icons/midlet.png’’
String icon = this.getAppProperty("MIDlet-Icon");

// a custom property (specified in MANIFEST.MF, and the .jad
descriptor)

// e.g. ¢¢192.168.0.17°

String host = this.getAppProperty("Server -Address");

}

// implement the three abstract methods, beside other logic here

High- and Low-Level GUI The two approaches of programming a user interface lead to
the differentiation of the corresponding APIs into a Low- and High-Level API or GUI, which
is illustrated in figure 3.5.

Where the High-Level GUI is used to present the user a unique look on different devices, the
Low-Level GUI can be seen as an empty sheet of paper (the Canvas) for drawing lines, curves,
points or texts on. The High-Level API consists — similar to HTML — of elements like lists,
text-boxes, alerts and forms (see figure 3.5), where the latter themselves are built upon elements
like text fields, images or choice groups (similar to HTML’s checkbox- or radiobutton-group).
The concept of user input for primitive elements like a text-box or choice-group is obvious —
via joystick and keypad — and transparent for developers. Because it is often necessary to react
on user input, it is possible to register an ItemStateListener, which is similar to an Observer
of the Observer Pattern. Additionally, each Displayable, thus all high-level elements and the
low-level Canvas, can be assigned several Commands with associated actions. These can be used

"http://en.wikipedia.org/wiki/Reflection_(computer_science), accessed at 15.11.2007
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Figure 3.5: Overview of JavaMFE’s Low- and High-Level GUI.

to create menu entries, for general (e.g. “next” or “exit”), and specific (e.g. “add new item”)
commands.

The main usage of the Low-Level API can be found in mobile games, where developers need
full control of the screen and the device’s keys. Another reason for choosing the Low-Level API
is when the user interface should look the same on every device. This is not possible using the
High-Level GUI, because the design of high-level elements is not specified, and vendors tend
to implement them differently e.g. to support corporate identity. For this special use case, the
open source project J2ME Polish (find further information on page 24) has been founded, which
lets developers use a special High-Level GUI, that can additionally be configured by using a
subset of Cascading Style Sheets (CSS)'®. As J2ME-Polish allows to specify a different CSS
file for each device, the application can be customized to look the same on all handsets. The
same way, this capability can also be used to define different look&feels for different devices or
vendors.

Record Management System Because it is sometimes useful to store data on a physical,
non-transient medium, MIDP specifies the Record Store Management System (RMS) that is
accessible via a device-independent interface. It is a record oriented database with a unique
name and fields of variable length and type. When a new record is added to the database, it
is assigned a unique identifier, which has the same functionality as a primary key in relational
databases. Records can be accessed directly (via its unique ID) or sequentially (one by one),
where classes for sorting or filtering (that have to be implemented individually) may help to
navigate. However, a RMS can not compete with relational databases like MySQL or Oracle.
All MIDlets of a MIDlet-Suite have the same access rights — read and write — to record stores
that have been created by one if its MIDlets. Applications of other MIDlet-Suites are, per
default, not able to access the RMS, although such access rights can be defined on creation.

18(CSS has its roots in web-design, where it is used to specify a certain user-interface design (colours,
text-sizes, ...).
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IDEs

Integrated Development Environments (IDEs) are used for implementation efforts in various
programming languages because they help writing error-less code in short time. They support
developers in writing, compiling, testing, debugging and executing code and sometimes they
transparently transfer the executables to a target host system.

In principle there is no difference between IDEs for developing desktop applications and those
for developing JavaMFE applications. But, if you take a closer look, you will see that the whole
software development process (as described in subsection 3.1.2) is quite different to those of
desktop or server applications, and an IDE must support every phase of it.

Actually, there are two well established IDEs that support the development for JavaME:

o Eclipse'® with the Eclipse ME?® plug-in lets developers write, compile, obfuscate, pre-
verify, package and emulate their applications. New versions of the plug-in allow the use
of pre-processing instructions to customize the application based on certain criteria (e.g.
the screen size).

o Netbeans®! with the Mobility Pack?? supports all the functionalities of EclipseME, but
integrates it seamlessly into the IDE (both, the IDE and the plug-in are developed by
Sun). Further advantages are for example the Visual Design Editor, for drag&drop GUI-
creation or the integrated localization support.

To round up this overview, the list below shows tools that are IDE-independent, although
they provide interfaces to be used in major IDEs like Eclipse or Netbeans:

o Antenna?? specifies Ant?* tasks for pre-processing, building, obfuscating, pre-verifying,
packaging, signing and running MIDlets.

e J2ME Polish® is based on Antenna, but enhances the building process with the possi-
bility of resource assembly based on vendors, devices or device characteristics.

e Maven 22% with the j2me-maven-plugin®’ (which is also based on Antenna) allows the
integration within Maven2 project hierarchies and the use of other Maven2 plug-ins (e.g.
the maven-assembly-plugin®®).

Emulators/Emulation

Sun provides with the Wireless Tool Kit (WTK) a few emulators to run MIDlets on a PC —
they present important classes of cell phones (colour/black-white display, different screen sizes,

Yhttp: //www.eclipse.org/downloads/, accessed at 10.10.2007

20nttp://www.eclipseme.org/, accessed at 10.10.2007

2lhttp: //www.netbeans.org/products/ide/ (accessed at 10.10.2007), please find further details in
[H1a06]

22nttp://www.netbeans.org/products/mobility/, accessed at 10.10.2007

Zhttp://antenna.sourceforge.net/, accessed at 10.10.2007

2nttp://ant.apache.org/, accessed at 10.10.2007

%Find further information on page 24.

2http://maven.apache.org/, accessed at 10.10.2007

2Thttp://pyx4me.com/pyx4me-maven-plugins/j2me-maven-plugin/introduction.html, accessed
at 10.10.2007

28nhttp://maven.apache.org/plugins/maven-assembly-plugin/, accessed at 10.10.2007
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etc.). Nearly every vendor (Nokia, Motorola, Sony-Ericsson, ...) does the same, and provides
emulators that simulates their handsets on PC, not only in visual, but often also in behavioural
ways. These emulators are essential for the developing process, because they give a first im-
pression of the application without the tedious process of creating a MIDlet-Suite, transferring
and installing it on a real mobile phone. Beside these quick-checks, emulators are very useful
for debugging or simulations, where more than one cell phone is involved. They are usually
very intelligent and allow even to assign different telephone numbers to different instances and
send SMS messages from one to another. Some of them also simulate the processing power of
the emulated mobile, where calculations take pretty much the same time as they would do on
a real phone.

It is often useful to use an emulator for presenting an application to customers, colleagues or
testers. Because those people often don’t want to bug around with the installation of software
they use presumably once, online-emulators®” are ideal for this purpose. They are either inte-
grated into a web page using Java-Script or Java and do nearly the same as other emulators
do, but with hardly any software requirements. For some emulators it is sufficient to enable
Java-Script, if this is not already done, others need an installed Java Runtime Environment
which is likewise installed on most PCs. A few rules of thumb can be kept in mind, when using
(online-) emulators:

They may look different and behave differently than other emulators or real devices.

Online-emulators based on Java-Script usually do not support MIDP 2.0.

Usually resources like SMS, Bluetooth or access to storage devices are not supported and
can’t be simulated.

It may be, that users need to install a Java Runtime Environment or activate Java-Script
in their browser.

Nevertheless, developers must keep in mind, that emulators can’t replace real devices —

especially for testing and customizing purposes.

Installation

There exist 3 general ways to install the application on your mobile:

1. Surf to a Web- or WAP-page and download the application (usually by clicking an URL
that points to a .jad file)

2. Trigger (e.g. your operator’s call-centre initiates) a WAP-push which has a similar effect
as in 1, except that the user does not have to manually enter a specific URL — the device
does it for him/her.

3. Download the application to your PC and transfer it to your mobile via a data-cable or
Bluetooth (use OBEX push?°).

29For example the mpowerplayer (http://mpowerplayer.com/, accessed at 10.10.2007).
30http://en.wikipedia.org/wiki/0BEX, accessed at 15.11.2007
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J2ME Polish

The most confusing part of this framework is its name, that suggests it has to do anything
with Poland. Robert Virkus, the inventor and main developer of the project, clarifies on the
project’s website:

“J2ME Polish should mean “turtle wax”, at least that’s what slashdot reader tod
suggests®. The name can be confusing really. It has nothing to do with Poland
or the language spoken there, rather it should imply that you can polish up your
applications with J2ME Polish.” [JPa]

The advantages of the project are not only limited to APIs:

o Resource Assembling: specify individual resources for different target devices. It’s also
possible to specify needed capabilities such as “supports MIDP2.0 and screen-size is
176+x208+-".

o Building J2ME applications: specify target devices, individual .jar files will be created for.
The build process supports the phases: pre-processing, resource-assembling, compilation,
obfuscation, pre-verification, packaging and .jad file creation.

e The device database plays an important role in the above two points. It is used to select
devices, based on capabilities specified in the resource assembling, or in the pre-processing
phase, to generate individual code.

e The framework supports CSS like GUI specifications, which can additionally be enriched
with bitmap-fonts, that make the application look the same on different handsets. Com-
bined with the resource assembling these are the most powerful advantages of the J2ME-
Polish project.

o A speed-optimized game engine allows the execution of MIDP 2.0 applications even on
MIDP 1.0 devices.

e The logging framework makes System.out.println() calls visible, even on real devices
where they usually are suppressed. Like for other logging-frameworks, the log-level (“de-

bug”, “warn”, “error”) can be chosen.

e Stand-Alone tools, like the Font-Editor let developers do their jobs more easily.

Using the framework can be done in two ways: either by using high-level GUI elements of the
provided J2ME APIs and compiling it with the J2ME-Polish script, which replaces the elements
with polished ones. Or, by directly using J2ME-Polish components, what creates apparent
dependencies to the framework. The advantage of the first approach is, that developers can
decide not to use the framework and stay with the used API. This could be very useful for
compatibility reasons, although the link to the produced application is not clear at first sight.

J2ME-Polish is an open source project, but is available in two license flavours:

e Everybody can freely use features of the whole project (find an overview above), but has
to publish the resulting code under the GNU General Public License (GPL)32,

3lhttp://developers.slashdot.org/comments.pl?sid=116170&cid=9831734, accessed at
10.10.2007
#http://www.gnu.org/licenses/gpl-3.0.html, accessed at 10.10.2007
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e For commercial publications, where the code needs to be confident, you can buy a com-
mercial license — this option also includes extended support, depending on the bought
package.

Although J2ME Polish is an open source project and you are free to extend or modify it
where needed, it must be said that it is not an easy task to do so. The code is hard to read, and
thus, hard to change or extend, what makes it nearly impossible to adapt it to the developers’
needs.

A test for introducing the J2ME-Polish elements to the game template 1 of the mGBL
project revealed that the required GUI design could not be realized with the given API. Nor
was it possible to modify the components to fit our needs, because features and parameters are
spread over several classes and it’s not clear where, in the code, modifications are necessary.
Concretely, a text box of fixed height should have been implemented, which is scrollable when
the content does not fit into the box. The API provides a component with similar functionality
— a scrollable box that can contain various other elements — but the height can’t be limited,
unless it fits into the screen. It seems, that the aim of this box is to be as small as possible,
but enlarges when needed.

Summary

JavaMFE might look complicated at the first sight, but has some unique advantages, and there-
fore makes the race — at least for the application implemented within the mGBL project —
against other competitors. Reasons, that speak for JavaME:

e It is widespread. There is hardly any mobile phone or smart phone that is not able to
run a JavaMFE application.

e It is free. Even the most popular development tools are freely available®3.

o JavaMFE has a steep learning curve, especially for developers who are already familiar
with Java.

e A lot of API’s designed for Java are available in a minimal version that is customized for
34

the limited resources available on mobile devices’*.
e It is customizable. Using the Low-Level-GUI-API, it is possible to make a user interface
look whatever you like.

3.2.2 Symbian OS

Symbian OS is a proprietary operating system designed for mobile devices, produced by Sym-
bian Ltd. The company exists since 1998, was founded as a cooperation of different mobile
phone producers, and the company Psion [Ess06], and is now owned by the companies Nokia
(47.9%), Ericsson (15.6%), Sony Ericsson (13.1%), Panasonic (10.5%), Siemens AG (8.4%) and

33The IDE’s Eclipse (http://www.eclipse.org/) and Netbeans (http://www.netbeans.org) are free
of charge as well as the needed plug-ins (that is, the Mobility Pack for Netbeans, and Eclipse ME
for Eclipse).

34For example the kXML (http://kxml.org) XML-reader and -writer APL
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Samsung (4.5%) [Ess06, Wiki]. Seeing these share rates, it is clear that Nokia is currently the
producer with the most Symbian based mobile phones on the market [Ess06].

Symbian defined different version of its operating system, and called them Series, where each
Series targets different purposes. The Series 60 (codename “Pearl”), the most spread one, is
trimmed to meet the requirements of smart phones, which have a normal cell phone keyboard,
and can be operated one-handed. Phones based on the Series 80 (codename “Crystal”), usually
have good organizer functionality, a QWERTY?® keyboard, a large display, and are equipped
with a fully functional e-mail client and web-browser. Series 90 enabled devices stand out with
their large displays and touch screen functionality. Another important series is the UIQ (code-
name “Quartz”), which is designed for devices that are a combination of cell phone and PDA.
Again, a large, touchable display and a stylus are characteristic for those devices, which are
especially used for professional purposes [Ess06, Wiki]. A prominent exemplar that makes use
of the UIQ is Sony-Ericcson’s P143%, which has a built-in two-megapixels-camera, an integrated
business card scanner, a web-browser and an e-mail client, to name just a few features.

Developing on Symbian OS

The operating system is not open source, although parts of it are publicly available, to allow
developers produce code for the platform. This enables the implementation of development
tools for different programming languages, like Python, Visual Basic, Perl and JavaME |Wiki].
However, the favourite programming language, still, is C++-, because it allows the development
of machine-oriented, thus faster, applications, with hardly any restrictions.

Symbian OS C++

The term “Symbian OS C++" refers to the C++ dialect, that is domain specific to the frame-
works used to build the operating system itself, and the applications that run on it [HS07].

Symbian want its C++ dialect to be known as different to other C++ dialects for two
reasons. First, it is a fact that C+-+ tends to differ from platform to platform. Second, as the
combination of C++ and Symbian has an over 20 years history, it can be considered perfectly
adopted to the system’s needs.

3.2.3 .Net Compact

“The .NET Compact Framework is a programming interface and runtime library
created as a combination of two Microsoft technologies: Windows CE, an operating
system for mobile and embedded 'smart devices’, and .NET, Microsoft’s reinvention
of its programming interfaces and its developer tools.” [YDO04|

This chapter summarizes information about the host operating system on Windows enabled
devices, Windows CFE, presents basic principles of the .Net Framework, and then moves on to
its little brother the .Net Compact Framework. The latter, of course, is the real topic of this
chapter, however the other sections may help to understand how it works.

35QWERTY specifies a layout of keys, one is familiar with from typewriters or PC-keyboards (http:
//en.wikipedia.org/wiki/Querty).
36http://www.sonyericsson.com/cws/products/mobilephones/overview/pli?cc=en&1lc=UK
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Windows CE

The first version of Windows CE was released in 1996. Although it was built with the Win32
APT as its core, it shares hardly any code with its heavier desktop pedant. Windows CE has
been rewritten from scratch to fit the needs of hardware and software engineers, developing
mobile and embedded devices [YDO04].

On Windows CE, in contrast to other Windows operating systems, the Win32 interface is
still an option for developing applications, and even is in some cases the only possibility to
accomplish some certain tasks.

The .Net Framework

The .Net framework is some kind of an umbrella that incorporates interfaces and tools for
developers’ needs in different divisions and combines them to a larger strategy. Best known are
these three application classes: Windows Forms, Web Forms and XML web services.

Some of the main design goals of the framework are [Wikh|:

e Interoperability — because the interaction of new and old applications is often required,
the .Net framework provides access to programs that are executed outside the .Net envi-
ronment.

e Language independence — Microsoft introduced a common type system, where all possi-
ble data types are defined. Therefore .Net allows development in different programming
languages, and that, again, supports interoperability.

e Security — the .Net framework allows the execution of code at different trust levels,
without the need of a sandbox.

To allow the above mentioned language independence, a special architecture has been devel-
oped, where one specific programming language is compiled into an independent representation.
The Common Language Infrastructure (CLI) takes care of this language independent code, and
manages further compilation, which makes the code runnable on the target system (figure 3.6).

The .Net Compact Framework

The main goal of the .Net Compact Framework was to enable developers to use a known
environment for developing applications for mobile devices. As you continue reading, you may
realise, that the correlation between the .Net Framework, and the .Net Compact Framework is
similar to the one of Java and JavaMFE.

The .Net Compact Framework was conceived as a subset of the .Net Framework in the
full knowledge, that it can’t be as extensive as its big brother. But it was designed to reach
a maximum consistency between the two frameworks, concerning name spaces, classes, and
types. While this makes the framework attractive to developers who are familiar with the .Net
Framework, a lot of work has been invested into performance tuning, which should attract
former C and C++ developers, too. The Compact Framework team, therefore specifies these
design goals [YDO04|:

e Build on the benefits of the .Net Framework
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Figure 3.6: Overview of .Net’s Common Language Infrastructure (CLI). (source:

http://en.wikipedia.org/wiki/Image:0verview_of_the_Common_
Language_Infrastructure.png)
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e Maintain consistency with the desktop — In order to scale down the footprint of the
framework to 2MB, the team eliminated many of the desktop framework classes, trimmed
the remaining class members, and reduced properties, methods and events.

e Run well on mobile and embedded devices — The reduced size of 2MB fits very well to
typical Windows CE powered mobile devices with 32-64MB RAM.

e Preserve the look&feel of platforms — To a user, a Compact Framework application is
visually indistinguishable from non Framework applications.

Programmers, who are familiar with the .Net Framework, are high qualified candidates to
get productive with the Compact Framework. Nevertheless, the significantly reduced feature
set makes it essential to allow time to get comfortable with it, since many favourite classes and
class members seem to be missing.

Xbox 360

A version of the .Net compact framework is also available for Microsoft’s game console Xboz
36037, This framework is similar to the .Net compact framework, which is optimized for mobile
devices, also a subset of the .Net framework, but is optimized for the Xbox 360. [Wikh]

3.2.4 Flash Lite

Adobe’s Flash Lite is a lightweight version of the Adobe Flash Player, optimized for mobile
phones, and other devices with limited resources [Wika].
Flash for mobile devices comes in those three flavours [LJDO07]:

e Flash for Pocket PC — a version for a PDA, which supports the whole functionality of
the Flash 6 and Flash 7 player (including XML, UI components and data loading).

e Flash Lite — a profile, especially developed for mobile phones.
e FlashCast — a streaming web technology that utilizes the Flash Lite player.

Flash Lite 1.0 and 1.1 are based on the Flash 4 player, include Action Script, but do not
support all of the functionality of the desktop profile. It, of course, supports vectors, bitmap
graphics MP3 sound and a scripting language and others. However, Flash 2.0 is based on Flash
7, which supports Action Script 2, and should therefore be more familiar to developers who
have experiences with Flash desktop applications.

Good news for all Flash developers is, that the Flash MX 2004 IDE provides you with
everything you need to design, produce and test your Flash Lite application. You can even
download different templates for different target devices, that reflect the particular restrictions
like the display size, and provide an authentic shape of the mobile phone for the emulation of
applications (figure 3.7).

3Thttp://www.xbox.com
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Figure 3-2 shows the Flash IDE just after opening a file created using the Nokia 7610 template. You can
see the two guide layers that display the phone graphic and specifications. Testing the movie does not

export either of these layers, so it is perfectly safe to keep one or both of these in the FLA throughout
production.
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Figure 3-2. The Flash MX 2004 IDE with the Nokia 7610 template

Figure 3.7: Flash MX IDE with the Nokia 7610 Template [LJDO07].

Obtaining the Flash Lite player for your device

Now that your Flash Lite studio setup is complete, you might want to think about getting a Flash Lite
player for your handsets and any other devices you may own. The Flash Lite player is available for pur-
chase in the software section of the Adobe Store (www.macromedia.com/store).

The price is nominal (around $8 per device), and you can begin testing on real devices right away. Each
Flash Lite player you purchase from the store requires you to send Adobe your device’s 15-digit IMEI
number. This number uniquely identifies your device and allows the Flash player to be locked for oper-
ation on it. On most handsets, you can obtain this number by typing the following into the keypad:

*#06#
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Disadvantages

Flash Lite applications are not capable of communication via Bluetooth, infra-red, or with a
mobile phone’s built-in camera [Wika].

The license of the developer suite as well as the Flash Lite player are not very expensive,
but also not for free [LJDOT].

Advantages

It is quite easy to produce a fancy, graphically affine application, even for people that have
few or no programming skills. Therefore, the time-to-market is reduced to a minimum in
contrast to competitive products, because the most challenging tasks are quite often design,
implementation and especially the adoption of the graphical user interface to different devices.
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Mobile Game-Based Learning

Asg already said at the beginning of this work, Mobile Game-Based Learning is an EU project
of the 6" framework programme, and was initiated to investigate possibilities to support learn-
ing on mobile devices. Therefore, three prototypically game templates, a game management
platform and appropriate authoring tools should be specified and implemented. Each of these
components will be explained shortly, in the following sections, to give an impression of the
whole architecture, concluding with the focus of this work.

4.1 Web-Platform

Figure 4.1 shows a schematic representation of the web platform. Some of the components are
integral parts of the platform, whereas others are developed separately. The user management,
as well as the OR-mapper (not shown in figure 4.1), which is used to store object-oriented data
into a relational database, are such integral parts.

The schematic diagram, figure 4.1, is not complete, but shows all important parts necessary
to understand the web platform and the overall architecture.

User Management is spanned through the whole application, because only registered au-
thors are allowed to create or change content. The system handles different types of users,
which inherit different access rights, because learners also have to have access to some parts of
the platform to download and manage their games or change personal settings, like user-name
and password.

Game Management inherits the creation of games by authorized users, as well as the
management of who and when people are allowed to download and use a game. It is possible
to assign single users, or whole groups to a particular game. Additionally, a start and end date
can be specified, within the before mentioned users are allowed to download the game, and let
it communicate with the server.

The Game Selection Tool helps authors to decide for a particular type of game, by
specifying their requirements and constraints. Currently, this tool is stand-alone, in the way
that it has no direct connection to any game authoring tool. Instead it serves as advisor, that
can be used to pick a game outside of the mGBL context. When, some time, more game
templates are available, the tool can be seamlessly integrated into the game creation process.
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Figure 4.1: Overview of the web platform, showing the most important components
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The Game Authoring Tool is separately developed for each game template, and tailored
to each specific need. Therefore, it should rather be called “authoring tools”'. One such tool is
directly and transparently connected to the game template it is implemented for. Therefore the
introduction of a new game template requires its connection with the appropriate authoring
tool.

4.2 Templates

The mGBL project demands at least three different game template prototypes as one of its
outcomes.

During the authoring process, the author selects one of the implemented templates and
creates content explicitly for that template. Both are combined by the system, and are compiled
to one playable game (or game component, see subsection 5.1.1). Actually, the web platform
produces not just a game, but several instances of the same game, that are (potentially) tailored
to different devices (see section 4.3 for details).

4.3 Distribution

The deployment component, sketched in figure 4.1, is responsible for creating different versions
of one game, which are tailored to different target devices. This may be necessary for some
game templates, because they are designed for one, or a few, particular handsets, and need to
be “transformed” to fit other devices?.

As described in section 4.1, the so created different versions of one game can be downloaded

via the web platform, by authorized users.

4.4 Communication

For a better readability, a so called Asynchronous Communication Component has been left
out in figure 4.1. Therefore, for SMS-based, thus asynchronous connections, a handset does
not directly communicate with the Game Engine, but with the Asynchronous Communication
Component. It queues incoming requests, and schedules their processing by the Game Engine.
The other way around, it queues outgoing messages and reliably sends them to the target
handsets.

4.5 Roles & Tasks

Talking about a game template or the web-platform, the term user arises quite often. Keep
in mind, that this term can be used when talking about an author, a player, or a validator.

!Find the design of the authoring interface for game template 1 in appendix C.

2Tt, indeed, would enrich the possibilities of Ahead of the Game, because such a tool would enable us
to adopt the game to many different mobile phones, by just creating a few, slightly different setting
files (including for example graphics in different resolutions). However, this step has not been taken
so far.
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Simply speaking, a user is someone who uses the software. Following, we define three roles a
user can take.

4.5.1 Roles

A game author can be a teacher or a student. In principle everybody can author a game, but
if games are used in learning groups, they need to be validated by a game validator, who is
usually the teacher. Games are usually played by students (game player), nevertheless teachers
may want to verify their game by playing it themselves. However, it is unclear, yet, if an author
can play his/her games via an emulator or participates the competition like other learners (see
table 4.2). Table 4.1 gives an overview of the most important roles.

Table 4.1: Different user-roles.

Author | Validator | Player
Teacher X X
Student X X

4.5.2 Tasks

As shown in table 4.2, the tasks of a teacher are authoring and validating a new game, as well
as administering learner-groups. The major task of a student is playing a learning game. The
student/player can also view and alter his/her personal profile and inspect his/her learning
progress.

Table 4.2: Tasks of the most important roles.
Teacher | Student

Authoring X X
Validating X
Playing a game o* X

Creating and maintaining one’s own profile X
Viewing one’s learning progress X X
Administering a learning group X

~

4.5.3 Server-side & Client-side Tasks

All games are authored on the server. For each game type a specific authoring interface is
available. The authored game must be validated by an authorized validator, who is typically

30ther roles may be useful for the web-platform (e.g. the role “Administrator”), but are neglected
here.

4Teachers may want to verify their games by playing them themselves, but it is unclear, now, how this
will be supported.
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the teacher. Administering of learning groups also takes place at the server. Moreover, the
students/learners create, view and maintain their profiles, as well as view their overall learning
progress on the server. Table 4.3 summarizes all important activities, while focusing on the
two platforms, unlike table 4.2, which shows the same tasks in contrast of different users.

The client application is mainly a framework for playing the authored game. However,
the user’s full profile, containing (beside other data) scores of all played games, is stored and
maintained on the server.

Table 4.3: Tasks in contrast of the two platforms.

Server | Client
Authoring X
Validating X
Playing a game X
Creating and maintaining one’s own profile X
Viewing one’s learning progress X X
Administering a learning group X

4.6 Focus

This work focuses on the specification and implementation of one game template — Ahead of
the Game. Although details of the web-platform will be mentioned in the next chapters, it is
just for the reader’s better understanding of the whole picture.

In the next chapters, the specification of the two components of Ahead of the Game is shown,
including their game flow and interaction with each other. The specification concludes with the
game’s scoring concept, controls, and non-features, that are features that might be associated
with the application, but are not going to be implemented for certain reasons®.

The following chapter (chapter 6), explains how the specification is implemented. It starts
with the used technology and a package overview, before explaining the underlying software
design. Based on the data model, the basic functionality and potential of the application is ex-
plained, which is rounded off by an overview of important settings to configure the application.
The implementation chapter concludes with other interesting aspects, like the server communi-
cation, file structures, user profiles, and possible extension points for future implementations.

5See section 5.5 for more details.
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5.1 Overview

This chapter gives you an overview of the game template 1 Ahead of the Game. First 1 will
explain in some simple statements how the game-flow works, and continue with more details.

5.1.1 Components

There are two major components — the quiz (Fastest First!) and the simulation component
(Crisis!). While the first is used for testing the user’s knowledge, the latter is used to put
him/her into a virtual emergency scenario (e.g. a car crash for e-health, or an imminent
inflation for e-commerce). The quiz component lets the user know if s/he has done right and
how much points s/he has gained, for each question, where in contrary the simulation — like in
real life — does not give immediate feedback. Although, if the user asks for, s/he gets detailed
feedback at game end, via the web-platform. The major idea behind those two components
is that the one is used to teach the user knowledge that s/he has to apply at the simulation
phase.

5.1.2 Game-Flow

Figure 5.1 gives an overview of how the game is composed of the two components, quiz and
simulation. The quiz component is played first, where the player gets questions in sequential
order, concluded by an upload of the scores to the web-platform. The simulation has a more
cyclic nature, where the user returns to the same, but changed (e.g. deteriorated), situation.
Before the score of this component gets transferred to the server, too, the user has to assess
his/her own doing.

Additionally, figure 5.2 repeats this presentation in a more visible way, enriched with more
details according both components. In this schematic representation, the sequential order of
quiz questions and simulation situations is more obvious.

The two game components can be authored/played independently, which results in the fol-
lowing possibilities:

e Only quiz
e Only simulation

e First quiz, then simulation
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5.1.3 Game Levels

Both, the quiz and the simulation component are split up — or may be split up — into several
game-levels, for example, to separate different topic- or skill-levels. The technical realization,
though, differs in that point from the specification to support more flexibility (see chapter 6
for more details).

5.1.4 Points

User-obtainable points can always be positive or negative and their amount can be freely chosen
by the author (as long as they are whole-numbers). The exact implementation of calculating
the points is specified in section 5.4.

5.1.5 Progression

In both components the user gets confronted with all CeLLOs sequentially, as they have been
authored. The author can choose whether to randomly rearrange the different answer-options
of one question, or not (in this case they appear in the order as they were authored).

5.1.6 Game Saves

Every time a CeLO has been completely processed it will be saved to the mobile phone’s internal
memory. When the player exits the game, not having completed a question or a simulation,
s/he has to do it again.

At game end the user has the chance to improve his/her score by playing another component
of the same type. When the player is satisfied with his/her score the system manages the
upload of relevant data to the server (achieved points, used jokers, etc.).

5.1.7 The Boss

At the beginning of the game, the user has to select his/her boss gender by visually pick one of
two avatars (a female and a male boss). This avatar will be used to present to players the game
challenges. It’s imaginable that in a later stadium of the project a more extensive collection of
avatars will be available, which underlines the playful character of the game template.

To build an indirect multi-player game, it was planned to position a nameplate on the boss’
desk, where the name can change. Thus, at the beginning of each level, the current high-scores
are retrieved from the server, to use the top-ranked competitor’s name as the bosses name.
While adding information of the current status of the ranking, it creates also competition, and
incites the player to get a good score. However, this feature has not been implemented, yet,
because of tight time constraints.

5.2 Component 1 — Quiz

5.2.1 Principle of game play

As shown in figure 5.3, the application can be paused (exit before game ended). That is checked
first, at every game start. The game starts, either at the first game-level with the first question,
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or at the saved position. While a question is presented to the user, s/he might use a joker,
if allowed to. A joker is permitted, if the user has one or more left, and it is appropriate —
for example a 50/50 joker is not appropriate for ordering-questions. When the user locked the
answer-options, s/he gets feedback about their correctness, as well as an explanation of wrong
ones. When the last question of the last game-level has been answered, the user’s score is
transferred to the server, which responds with a high-score-list that is shown to the user. On
every game exit — at game end, or precipitate — the current game status is saved to the mobile
phone’s internal memory.

5.2.2 Jokers

In the quiz component the user is supported by three different types of jokers:
e 50/50 clue (can only be used with Single-Click questions)
e Hint (brings the user bonus or penalty points)
e Game pause

The author specifies how many of each joker-type the user can request during the game.

5.2.3 Feedback

The feedback is immediate — the user sees which answer-option was correct, which not and
gets a short explanation why they are right or wrong. After the game, the player can obtain
detailed feedback in respect of all the answer options.

5.2.4 Rewards/Penalties

The nature of the rewards and penalties makes it mandatory that the user can only earn one
exemplar of each. Therefore the user earns one exemplar only at special occasions (when s/he
gains a lot of points in relation to the maximum possible score).

Reward examples:

e Medal (e.g. “head of coffee machine”)

e A sarcophagus plant (for new office)

e Mow the boss’ lawn

e Cellular phone to be reachable even at night
Penalty examples:

e shred financial accounting

e go shopping with the boss’ wife (a lot of bags)

e act as clown at the next company party

Both, penalties and rewards have been intentionally designed with a bad touch, to keep the
player’s tension and motivation high.
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5.3 Component 2 — Simulation

5.3.1 Principle of game play

As illustrated in figure 5.4, the user enters a simulation scenario, where s/he has to decide
which of 4 critical cases to treat first (single click question). The prioritised case must then
be “treated” by answering a second single click question. The default situation here is that
there are only two treatment options per case, and the user will get no immediate feedback (see
subsection 5.3.3). However, the author may decide to allocate more than 2 treatment options
on a case by case basis.

After the user has decided and treated the first of the 4 cases, s/he returns to the remaining
3, which have meanwhile changed, e.g. deteriorated. It may even now happen that one of them
“expires”, which is best explained with a health scenario, where patients really could die. When
we are not talking about people but about e.g. stock values, the case could be a stock that
falls beyond a critical level.

The user has to take care of all 4 cases, prioritising at each stage. When all cases have been
treated or have expired, the scenario ends and a new simulation may be requested.

5.3.2 Self-Evaluation

At the end of this component the user is asked to assess his/her progress (poor, fair, good,
excellent), and gets a feedback whether this is true or not (e.g. “you are /not /almost/ right —
your assessment: excellent, your score: good”). S/he then gets access to actual points scored.
These steps are illustrated at the bottom of figure 5.4.

5.3.3 Feedback/Explanation on Demand

There is no instant feedback like in the quiz component (see subsection 5.2.3). The user rather
has to cope with the simulation situation as it develops: the developments in the simulation
represent the kind of feedback, provided by developments in real-life situations. However, the
player can ask for detailed feedback at the end of the component, via the web-platform.

5.3.4 Jokers

On the one hand, no 50/50 clues are allowed (or necessary) because a simulation scenario
consists of four cases, where none of the player choices (priorities, choice of treatment options)
is absolutely wrong (it’s more a question of what ought to be their priorities). On the other
hand, some hints do make sense, and that’s why one bonus-hint exists that brings bonus points
for using it in the right situation, but all other hints bring minus points for using them.

5.3.5 Rewards and Penalties

Rewards and penalties work the same way as in the quiz component, please see subsection 5.2.4
for more details.
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5.3.6 Authoring Example

Please find an example of how a simulation component may be authored in table 5.1. For a
better readability no cells for points or timing issues have been reserved.
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Table 5.1: Simulation authoring example

Element / Time

|

I

I

7

Simulation de- || You arrive first at a | Who are you going to | Two people saved, who | Last treatment. . .
scription multiple car accident. | treat next? is next?
What do you do first?
Hint Prioritise ~ the  life- | Prioritise ~ the  life- | Prioritise = the life-
threatening condition. | threatening condition. | threatening condition.
Case 1 Man with head-wound | Man with bleeding | Man  with  bleeding | Man  with  bleeding
head-wound head-wound head-wound
Priority 2 1 1 1
[ Case2 || Pregnant woman | Pregnant woman | | Pregnant ~ woman, | Pregnant  woman, |
screaming screaming
Priority 4 4 3 3
[ Case3 | Boy sitting silent on the | Boy sitting silent on the | Boy lying silent on the | Boy lying silent on the |
sidewalk sidewalk sidewalk sidewalk
Priority 2 2 1 1
| Case4 || Unconscious man | [The man died] ]
Priority 1
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Simulation authoring example (continued)

| Element / Time

2

Iz

K2

K2

Question for case 1

Answer 1

Question for case 2

Answer 1
Answer 2

Question for case 3

Answer 1
Answer 2

Question for case 4

Answer 1

Answer 2

How do you treat the
head-wound?

Bandage

Cleanse

| What’s best _f(;r_a_lt;rég_—
nant woman?

Lay down, feet up

| A silent child - what do
you do?

Give him candy

Start a conversation

| What’s essential with
unconscious ones?

Free the airways

Be very silent

How do you treat the
bleeding headwound?
Compression bandage
Patch

What’s best for a preg-
nant woman?

Lay down, feet up

A silent child - what do
you do?

Give him candy

Start a conversation

How do you treat the
bleeding headwound?
Compression bandage
Patch

What’s best for a preg-
nant woman?

Lay down, feet up

A maybe unconscious
child - what to do?
Start a conversation

Check the pulse

[The man died]

How do you treat the
bleeding headwound?
Compression bandage
Patch

What’s best for a preg-
nant woman?

Lay down, feet up

A maybe unconscious
child - what to do?
Start a conversation

Check the pulse
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5.4 Scoring

This section describes the different scoring models according to the already described specifi-
cations (see sections 5.2 and 5.3).

Points can always be positive or negative, and their amount can be freely chosen by the
author (as long as they are whole-numbers). The exact implementation of calculating the points
depends on the specific implementation (quiz or simulation, see subsections 5.4.1 and 5.4.2).

5.4.1 Quiz

First of all, it should be clear that every question may bring plus or minus points, depending
on the correctness of each answer-option, the used time and used jokers. The basic formula to

calculate the points is:
4

PQuestion - Z (PAnswer + PH'mt)

Answer=1

There is a switch in the game configuration that activates a time-based point calculation,
which expands the formula to:

4
tavailable — tused
PQuestion = Z (PAnswer * + PHint

t(wailable

Answer=1

It’s also possible to activate a minimum level of points, by setting a Minimum Time Factor
(between 0 and 1, as a floating point value). Setting the factor to 0.25, for example, tells
the system that one quarter of the points will be gained by the user, if the question has been
correctly answered but the time has run out. A factor of 0 tells the system to give no points
when time’s up, and 1 equals setting the time-based points calculation to false.

Single-Click

The above defined formula is sufficient for Single-Click questions.

Multiple-Click

As for Multiple-Click questions mostly two or more answer options are correct, and to avoid
cheating, positive points are assigned only when all answer options are correctly checked (as
they were authored to be correct).

Answer-Ordering

Each answer option can be assigned points (as for the other two types), so the user earns points
for every correct position of an answer option. That means: if an option is authored to be for
example on the 3¢ position, the user gets points if s/he places it correctly. For that specific
item s/he may get 5 points, whereas for placing the 1°¢ item correctly s/he gains only 1 point.
The reason for that is to be found in the authoring, because the author can freely specify the
amount of points! for right or wrong answer-options.

1Points have to be specified as whole numbers, but can be positive or negative.
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5.4.2 Simulation

In a similar way to some of the questions in the quiz component the user has to answer single-
click questions:

1. Prioritise among cases: select ONE (earns points)

2. Choose a treatment option relating to the prioritised case: select ONE. Although here
with only two possible answers there is a fifty-fifty chance for the user, the response also
brings points according to the used time.

The basic formula here is:
4

PScenario = Z (PQuestion + Plncident + PHznt)

Incident=1

Where Pgyestion is taken from the quiz component’s formula in subsection 5.4.1.

5.4.3 Rewards & Penalties

Users do not earn points for rewards or penalties. For more details on rewards and penalties
see subsection 5.2.4 on page 42.

In advanced versions of the game, rewards could be extended by the possibility to reveal
hidden material (CeLOs) to gain extra points. This idea is described in more detail in section 7.3
on page 71.

5.4.4 Hints

Hints may bring the user plus, minus or zero points. Again, the amount of points is up to the
author.

5.4.5 Time-Aspect

Depending on the game’s configuration, time is not only noticeable for giving answers, but also
for gaining points. Setting the parameter ANSWER_POINTS_TIME_BASED to true, lets fast users
gain more points than thoughtful ones, by taking the used time into account for the calculation
of points.

5.4.6 Authoring

As mentioned before, the amount of points that can be gained by the user is not limited by the
game template. However, the authoring interface could be implemented in the way that it is, for
example, not possible to assign more than 2 points for a hint, while points for answer-options
are limited to -3 to 8.

5.5 Non-Features

The aim of this section is to make clear what features will not be implemented, and why.
Table 5.2 lists the most important of those features, someone might expect to be part of the
application, and the reasons for not implementing them.
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Table 5.2: Non-Features, that is, features someone may expect to be implemented, but
won’t for the described reasons.

] Feature \ Comment ‘
Previous screen There is no use case for letting the user access the pre-
vious screen/CelLO, and therefore it will not be imple-
mented.
Support all available | Although the defined minimum requirements are met by
handsets a wide range of mobile phones, we picked only a few of

them for a prototypically implementation (see subsec-
tion 6.1.2), however, there still are a lot of differences
between those devices.

Video support Playback of video-snippets itself is not easy. Addition-
ally it raises up a lot of other questions like “what
(should) happen(s) if a device does not have (certain)
video capabilities” or “videos reserve a fair amount of
memory within a jar-file, that not all phones can cope
with. Whereas streaming also is not an option because
it still does not work well for mobile devices”.

5.6 Controls

Figure 5.5 shows the keyboard layout for mobile phones without touch-screen. However, smart-
phones with a touch-screen, which are quite popular now, are also supported by the application.
The player can use both: his/her stylus ,like s/he is used to, and the keyboard like it’s defined
in figure 5.5.
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4 Controls

The controls layout on the user’s device is (independent of the component):

Controls

—_— —_—

— ~

Scroll up

Scroll down

Select

Next

Joker selection

Menu

Figure 5.5: The controls layout on the user’s device (independent of the game compo-
nent)

Confidential Page6  9/11/2007

FIFTH THIRD EX1062
PART 1 OF 3
Page 300 of 428



Chapter 6
Template Implementation

6.1 Standards
6.1.1 API

As there is hardly any actual mobile phone that does not support it, and there come a lot of
benefits with it, the chosen API is the Java 2 Micro Edition, based on MIDP2.0 and CLDC1.1.

6.1.2 Devices!

For commercial game developers there exist lists that mention about 400 different mobile devices
that should be supported by an application. Because we lack the financial power of commercial
game producers, we concentrate on just a few mobile phones:

e Sony-Ericsson M600i
e Sony-Ericsson P990i
e Sony-Ericsson v630i
e Nokia 6230i

Those devices are representatives for classes of mobile phones with different screen resolu-
tions. Therefore, developing the application for those devices should enable us to support also
other devices of those classes.

6.1.3 Screen Sizes

Game Template 1 Ahead of the Game will be optimized for the following selected screen sizes,
that result from the above specified test-devices:

o 176x220
o 208x208

o 240x320

1A detailed description of the devices’ features can be found here: http://www.gsmarena.com or here:
http://www.j2mepolish.org/devices-overview.html
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Conceptual Diagram - Client

Server Client Student
user profile game content User-Interface >
User Input
[ —] |
ocapa

GUI
components

= a5 5| <& Communication File Access
with Server (read, write)

Game Engine
(sequence & interaction logic)

Figure 6.1: Overview of the whole system from a client’s perspective

6.1.4 Multimedia Content

The playback of multimedia content like video and sound clips requires the Multimedia-API
(MMAPI), which still is no guarantee that a certain format is supported. Therefore supporting
multimedia content also asks for alternatives in cases where the playback of the content is not
possible. Thinking of a preparation video that explains a current situation, a picture or a text
is often not an option.

In view of all these problems we are not going to support multimedia content yet, but will
try to keep the software design open for later implementations.

6.2 Architecture Overview

As portrayed in figure 6.3, that, in contrast to figure 4.1, focuses on template aspects, the author
creates content using the web-platform ( Web-Site). The so created data is stored in a central
database (DB). The system automatically accesses the database, incorporates the content with
the game template (Game Creation Engine) and makes the game available for download by
students (Deployment). A separate component handles subsequent communication with the
client handsets (Game-Engine).

Figure 6.2 shows the concept of how the game template is filled with content. The author
creates a game concept that mainly consists of texts and graphics. This data is authored
using, and stored in a database provided by, the web authoring tool. A pre-processor and
compiling tool then incorporates the content provided by the author and the game template to
an executable file.

In addition to figure 6.3 and figure 6.2, a combined view of them is presented in figure 6.1,
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Figure 6.2: Schematic representation of the game creation process

Conceptual Diagram - Server
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Figure 6.3: Overview of the whole system from a server’s perspective
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to highlight essential components of the game template in relation to the outside world.

6.3 Package Structure

The main package is at.researchstudio.sat.mgbl; subpackages are described in table 6.1.

Table 6.1: The application’s package structure

Package

Description ‘

io Classes of the 10 package take care of data-
communication with the server. These connections are
based on either SMS or HTTP.

model The model classes mainly represent the CeLOs. In
some cases, when it is necessary to store additional
data like achieved points, instances of these classes get
updated from within view or controller classes (e.g.

QuestionRepresentat ion) .

model .userprofile The user’s profile is, at game end, transferred to the
server, where it’s used to compute statistics including
other games and game instances. The profile is also used
in-game, to feed the action trigger, the self-assessment
component, and others.

store.dao.impl There are two main purposes of this package: reading and
writing data to/from the database(s). A huge part is used
for reading the game content from the provided data.xml
file. Another, in contrast very small, part is used to write
essential data to the mobile phone’s RMS-Storage (to be
used later for statistical purposes).
store.dao.impl.gamedata All classes of this package are used to retrieve CeLO
information from the used database (the data.xml
file). The entry point for XML parsing is the class
Ahead0fTheGameParser, which initiates the XML parser,
reads some general data, skips all data of previously
solved, or future game levels, and finally passes the parser
instance to other objects, which do the CeLO parsing.
ui The package is dominated by subclasses of
AbstractRepresentation, which support basic func-
tionality for drawing content on the mobile phone’s
screen, and reacting on key or pointer events.
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The application’s package structure (continued)

] Package Description

ui.framework The Ul-Framework consists of elements needed to create
a screen that is presented to the user. The most impor-
tant elements are:

e Scrollbar
o Textbox
e Checkbox-Group

e Radiobutton-Group

util This package provides, beside other classes, utils for
mathematical, graphical and timing purposes. Addition-
ally to those helpful functionality, the class Properties
stores publicly accessible constants that are used to con-
figure the application. These are for example constants
describing the text-boxes’ height and width, text snip-
pets, boolean values to activate the debug mode or to
shuffle answer options, and so forth.

6.4 Software Design

Figure 6.4 shows the most important packages and their elements of the client application.
These elements are described in more details in the following sections.

6.4.1 Controller

The Controller is the central element of the application (on the left side in figure 6.4). It triggers
the loading of new content, manages all loaded CeLLO elements, and takes care of presenting
each CeLO to the user.

Key-/pointer events

Keystrokes and pointer events are also handled by the Controller, if they are system-relevant
(e.g. opening the menu); or they are forwarded to the current representation, which itself may
forward it to one of its components.

Draw, Repaint

Whenever the MIDlet is called to draw the screen content, it forwards this call to the controller.
It may draw items itself before, or after, further forwarding the request to the currently active
representation.

When the state of an representation changed, e.g. because of user interaction, the represen-
tation may invoke the controller’s repaint () method to trigger a fresh paint of the whole screen
(which does simply a forward to the MIDlet’s repaint () method).

26
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6.4.2 Threading

The usage of threads is limited to some occasions, e.g. the content parsing and simultaneously
updating of the progress bar. In this example, also the observer pattern has been applied to
manage updates.

While dealing with thread in the context of MIDlets, it is essential not to block the main
thread (the one, the application is running in), because this would block the entire application
and even key-strokes, repaints, or other events could not be processed — the whole application
would hang.

6.4.3 XML-processing

Entry point for content parsing is always the AheadOfTheGameParser (in the left-bottom corner
of figure 6.4). It instantiates the XML parser, reads some basic information (e.g. the joker defi-
nitions), and further forwards the parser instance to the CeLOsParser. The instance forwarding
repeats several times, because the parser is divided into several pieces that are hierarchically
organized.

If the CeLOsParser can’t recognize the type of a CeLO element, the current XML element
(and each sub-element) is ignored and an error message is printed on stdout.

Each parser requires a specific layout of XML elements, sub-elements and attributes, and
may throw an exception if it is not met.

The used XML library is a minimal version of the freely available kXML 2 library?. The
library is based on the Pull Parser API?, which defines a new approach of reading XML docu-
ments, complementing Document Object Model (DOM) and Simple API for XML (SAX).

6.4.4 Ul-Framework

Visual elements from the UI framework (see bottom of figure 6.4) are used to build up a
representation. Standard J2ME libraries do not sufficiently support the required user interface
design of the game, and even can’t be extended to. Therefore the self made elements of this
package build the basis of the whole application. The most important elements are:

e Scrollbar
o Textbox
e Checkbox-Group

e Radiobutton-Group

6.4.5 Representations

A representation combines several framework elements to one displayable screen (find some ex-
amples in the centre of figure 6.4). It manages the drawing of all components in the right order,
as well as key and pointer events. Every representation is a subclass of AbstractRepresentation,
which has basic implementations of the above described functionalities. Its main responsibilities
can be classified in these categories:

2See: http://kxml.sourceforge.net/, accessed at 15.11.2007
3See: http://xmlpull.org/, accessed at 15.11.2007
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e Background — e.g. a background image
e Foreground — e.g. a textbox that is shown in front of a background image

e Keystrokes- and touch-screen-events that are used to control the game. Each represen-
tation is responsible for handling it’s own key- and touch-events.

6.4.6 Connection to the world

Data transfer to and from the game server comes in two flavours: SMS and HTTP. The user can
choose his/her favourite protocol via the game settings (HTTP is faster, but in many countries
still more expensive than SMS). The package including the communication classes is shown in
the top-right corner of figure 6.4.

6.4.7 User Profiles

User profiles are stored in the device’s RMS during the game. This is done for mainly two
purposes: to access data (points, etc.) of previous mastered game levels (e.g. to calculate an
overall statistic with the self-assessment element), and to transfer (overall) scoring information
to the game server.

6.4.8 Utils

MathHelper, GraphicsHelper, classes to implement the observer pattern, and some others build
a collection of useful tools. They are mostly used from within representation classes.

Properties

Configuration parameters of the whole application are centralized within this class (the Proper-
ties, as well as other utility classes are illustrated in the bottom-right corner in figure 6.4). For
a later release version it’s planned to outsource most of the properties into two distinct files: a
configuration and a language file. The configuration includes e.g. the debug flag, parameters to
configure the scoring system, and dimensions of bars, boxes, etc. The language file will contain
all text snippets used by the game to create texts. It should easily be possible to switch from
the standard language to another, by just replacing this one file.

6.5 Datamodel

figure 6.5 gives a good overview, of the different CeLLO types and their interaction with each
other. It also gives hints about how the application can be expanded, when needed.

The central element is the abstract class CeLO (shown in the centre of figure 6.5), where all
other CeLO types are derived from it. Every CeLO may have one or more preparation CeLOs
of any type, that are presented before the associated CeLO in sequential order. As every CeLLO
may have preparations, they may occur even on different levels (preparations of a preparation),
although this is often not useful. However, the application does not count points that may
result from preparation elements, irrespective of their level.
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Informational CeLOs are arranged in the bottom-left corner of figure 6.5. They have, in
contrast to quiz or simulation elements, only informational character, what means that they
do not interact with the user but rather present some kind of information.

On the right side of figure 6.5, all classes that are relevant for Question CeLOs are grouped
together. To avoid co-variant problems, different subtypes of Question and Answer have been
introduced.

Simulation elements are grouped in the upper area of figure 6.5, where the association from
Incident to CeL0 makes clear, that every CeLO can be used as incident-description. In contrast,
the frame that claims the simulation area conform to the, in section 5.3 documented, specifi-
cation of assigned questions, only. The difference of the specification and the more powerful
implementation was the intention of those two visualisations.

6.5.1 Game Information

The following information can be authored for every game component:
e Time based point-calculation (yes|no)
e Permute Answers (show answers in a different order than authored)

e Number of available jokers for:
— Hint
— 50/50

— Pause

6.5.2 General Information

A CeLO is the super-type for all learning objects and consists of the following data, which is
inherited by all subtypes:

e Unique ID

e Corresponding Game-Level-ID

6.5.3 Quiz
A @Q-CeLO is a subtype of a CeLO and adds the following data:

e Question

— Unique Question ID
— Text

e Answers, including for every answer:
— Text
— Correct = yes | no

— Achievable points (can be negative)
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Short in-game explanation, why the model answer is correct.

Hint + points (positive/negative) for using it

e Available time

Overlay image

In accordance with the answer models employed, we define two subtypes of a Q-CeLO.

Q-CeLO-MK stands for two sub-classes of CeLOs, that are distinguished in the way, the
user can select answer options. Therefore, this type extends a Q-CeLO with a Boolean value,
which is used to distinguish between the two possibilities:

e Single-click (SK): the user picks one answer-option at a time — only one answer-option
can be correct.

e Multiple-click (MK): one or more answer-options together form a correct response. There-
fore, the author specifies one or more correct answer-options, the user has to match to
gain all achievable points.

Q-CeLO-0O the user has to bring the permuted answers in the correct ordering, what makes it
essential to let the author define this order, and transfer this information to the client software.
Therefore, an additional field is introduced, that stores the correct order for each answer-option.

6.5.4 Simulation (SimCelLO)

Each StmCeLO consists of typically four Simulations, representing one “critical situation” as
it develops over four points in time. For each simulation the author describes the situation at
the current point in time, including a set of four Incidents, which also may have changed (as
shown in figure 6.5):

Simulation text

Overlay image (optional)

Hint (optional)

A full set of Incidents, for each Incident must be authored:
Incident-ID

Unique-ID®

Priority

Points

A CeLO instance of any type (as shown in figure 6.5). Typically, a Question with
the following characteristics is used for that purpose:

4Tt is possible to author additionally detailed end-game explanations, which is usually presented on
the web-platform. Porting this feature to the client software could be part of future development.

SWhile the Unique-ID explicitly identifies one marked Incident, it’s Incident-ID identifies a class of
incidents, that represent the development of one incident over time.
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Question text
Question image

2 answer options
Hint

Time (in seconds)
etc.

* X K X X X

Typically, four incidents together form one situation, but the implementation allows n (where
n > 0) incidents, which are different for n points in time. Please mind, that n deterioration
levels requires a n X n matrix to be authored, which is a reasonable authoring effort, why we
suggest that n = 4.
Example

Please find authoring examples in subsection 5.3.6 and appendix C.

6.5.5 Feedback

The user may answer a customisable question with free-text, which is sent to a special area on
the server, where it’s viewable by the author. The player may also cancel this dialogue in the
case s/he has nothing to say, or does not want to pay for the data transfer. In this case, it’s
up to the teacher to interpret the missing notion.

6.5.6 Self-Assessment

The self assessment can be configured by changing the following parameters:
e Self-Assessment Text (e.g. “How do you think you have done?”)
e 1 times (usually n = 4):

— Threshold (e.g. 0.7, what means 70%)
— Threshold-text (e.g. “good” or “excellent”)

Several threshold and according text values create a classification, the user must use to
categorize him /herself. The system is implemented very flexible, to make it adaptable to locale
standards (for example US American use a different grading system than German schools).

6.5.7 Information (InfoCelLO)

This kind of representation consists of a background image and user specified text (e.g. for
introduction purposes). The several subtypes differ in the instance of background image they
use and where the text is positioned on the screen. Subtypes are:

e Info (background: flipchart)
e Introduction (background: boss)

e Reward / Penalty (background: various depending on reward/penalty)

5For further details see subsection 6.5.3.
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6.5.8 System generated Information/Representations

There exist a few representations that cannot be customized by the author, but are generated
by the application. These are:

e Gamelogo
e Startup-Screen
e Loading-Screen

e Highscores-Screen

6.6 Settings, Configuration

Settings configure the application. This can be done at several levels, but always has to be
supported by the system and therefore specified before the implementation takes place. Most
important settings are those configurable by users (authors and players), because they require
an intuitive (graphical) user interface.

The settings listed below are divided into categories presenting roles of the people who are
responsible for changing them (according to the above mentioned levels).

6.6.1 Player

The player can change the following game settings via the game’s user interface:
e Sounds (on, off)
e Server-connection (SMS vs. HTTP, incl. time-outs and retries)

e Server-address (could be provided during deployment automatically, but can be changed
by the user)

e user-name and password

6.6.2 Author
Via the web-platform, the author can change the following data:

e Jokers
e Meta-information (title, topic, sub-topic, etc.)
e Content + Timing + Scoring

e Security (allowed users/user-groups)
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6.6.3 Developer

Developers make a pre-configuration of the game, by changing the following settings during the
implementation phase:

e Activate debug mode

e System generated text-snippets
e File-names (e.g. config-file)

e Image-paths

e Minimum and maximum supported screen resolutions and Java APIs (an error message
will be generated if the resources don’t match the requirements)

e Colours, sizes, icons, images, ...

6.7 Server Communication

As described in subsection 5.1.7, it was planned to add some competition with other users
to the game. To reduce costs, a communication flow between server and client, visualised in
figure 6.6, has been developed. Because the mentioned competition is not implemented yet,
the diagram could be reduced to the communication-flow at game end. However, for future
work, the whole planned communication flow is described in the next sections, where it should
be obvious which of them are not relevant for the current implementation.

6.7.1 Distribution

First of all the user needs to download the game to his/her mobile phone (described on page 23),
which is the first interaction with the mGBL-server.

6.7.2 Game Start

At game start, the application sends a HELLO message to the server to trigger the actual
highscores to be sent.

The server responds to the HELLO message with the current highscores for all non-finished
levels as well as the avatar id (i.e. the bosses sex) of the users in that list.

6.7.3 Game end

At game end, the current user profile” will be transferred to the server, what requires the user’s
authorization.

The actual ranking will be calculated on the server and transferred to the client, so it only
needs to present it on the screen (without doing any calculations).

"For detailed information concerning the user profile, please see section 6.10.
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HELO

~<L user profile (right answers, points, etc.)

Figure 6.6: Schematic client-server communication
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6.7.4 Feedback®

As for all other server communications (e.g. transfer of free-text answers, see subsection 6.5.5),
the user specifies (via the settings dialogue) whether to use SMS or HTTP based connections.
The user composed feedback is sent immediately to the server.

6.7.5 Component-Synchronization

When playing a hybrid game composed of the quiz and the simulation component, the sim-
ulation must not be played before the quiz has been successfully completed. To ensure the
predefined order, the server must ensure that the second component is not downloadable before
the first has been finished.

6.8 File Structure

The game-data file stores content concerning all CeLO types of the game. Although differently
specified?, it’s possible to mix Simulation-CeLOs and other types of CeLOs within one game as
well one level. However, this should not be considered as a drawback, but as a feature — the
application allows content structures like specified, and even more complex ones.

The most important characteristics of the content file are:

e Levels are numbered consequently - there is no missing level.
e Level 0 indicates a general introduction.

e There must be at least one answer option for each question (independently of the ques-
tion’s type)t0.

e Optional parameters may be omitted.

The exact definition of the content file, specified in XML’s Document Type Definition (DTD),
can be found in the appendix (listing A.1).

6.9 Highscores

At game end, the ranking will be presented to the user. The presentation is intelligent in the
way, that the user sees e.g. not only the top 5, but always his/her own rank, beside some
key-ranks. Let’s, say for example, the user becomes 17", s/he will see the top three, his/her
own rank, and the last place.

It is planned to implement the possibility to keep the user updated even after game end, so
that s/he can subsequently ask for his/her ranking via a game’s menu entry. In either case,
users have access to their scores via the web-platform.

8For further information, please see subsections 5.2.3 and 6.5.5
9See chapter 5
10There should be two or more answer options, otherwise multiple-choice makes no sense.
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6.10 User Profiles

The information stored in the profile and sent to the server is:
e User-ID (indirectly by MSISDN; or via user-name & password credentials)
e Overall achieved points

Advanced versions of the game may transfer more detailed statistical information, such as
on a per-CeLO basis:

e CeLO-ID

Selected answer-options (for Q-CeLOs)

Correctness of answers

Used jokers

Used time

6.11 Game Deployment

The deployment tool will be seamlessly integrated into the server platform, and is responsible
for creating the downloadable jar-files out of the authored data and the game template for
different target devices. Schematic representations of the game creation process, in different
views, are shown in figures 4.1, 6.1 and 6.2.
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7.1 Hype or Tripe

Georg Strohlein tries to identify characteristics of mobile learning scenarios that identify them
whether as hype or tripe [Str07]. He admits that mobile learning has the potential of being a
hype, when it is ready for everyday’s usage by relying on widely spread technology, or a tripe,
when it can not. The consent of his work was, that it heavily depends on the realization of the
learning process or model, whether it is the one or the other. Based on continuous user trials,
we tried to identify and eliminate weaknesses of Ahead of the Game. Overall we can now say
that our game template is on the hype-side, although there are some aspects that need to be
improved in future versions. Therefore, user’s concerns are documented in the next chapter,
while conclusions of these outcomes as well as ideas for improvements that don’t come from
user trials are summed up in section 7.3.

7.2 Feedback from User Trials

User trials have been conducted at different formal levels and in different states of development
to address different questions.

First of all some kind of slide-show with static mock-ups has been implemented for mobile
phones. These mock-ups were pictures presenting the basic elements of the user interface to
get information about dimensions, colours, and arrangement of elements on a device’s display.

An early implementation of the game was then developed, mainly to work on PC emulators
for the 1t wuser trials. It has been presented to many potential users of both targeted user
groups — students and teachers — in several countries to get an impression of how they would
accept the game idea as well as the user interface. About 150 participants (13 teacher, the rest
students) attended the 15¢ user trials online, where the majority liked the presented concept of
Ahead of the Game.

After an elaborate enhancement of the learning model' and its implementation, a small,
unofficial user trial was conducted to check the clarity and comprehensibility of the new game
concept. This survey has been conducted at the Microlearning Conference, which was consid-
ered appropriate and meaningful to test a mobile game. The very useful hints for improvements
could be found on three levels:

' The quiz component was enhanced and set into a common context with the newly established simu-
lation component.
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e User interface and its design elements: the font size was considered too small, while
the separation of question and answer-options into two distinct boxes was confusing the
participants.

e Storyline and appropriateness of system responses: participants were irritated because
of some similar questions and simulation-situations of the game?. We learned from these
responses that the preparation of the content and its sequence is at least as important
as the user interface or the learning theories that are the basis of the game.

e Interaction of software and hardware: too long loading times, and, in contrast, too
fast responses on selecting or deselecting answer options via the touch screen have been
reported, as well as too long responses when clicking the next button. Unfortunately,
this is the level we have the least impact on, because it mainly concerns the underlying
hardware, which is sometimes quicker or slower, depending on the used device.

274 yser trials have, again, been conducted within the context of the mGBL project. Content,
in the field of e-commerce, has been newly created and translated into the language of the
hosting country (Slovenia). Participants where 6 teachers and 5 students, where all but one
have been provided with mobile phones. One teacher brought her own cell phone, where the
game has been installed onto. Results of the these user trials showed that the user interface
could be further improved (or reconsidered). Because there were hardly negative comments
regarding the content or its storyline and the hardware-software interaction (see above), we
conclude that these issues have been resolved. Instead, we received a lot of feature requests,
where the most prominent were the support of video-clips and a multi-player mode.

The user interface It has been reported that not enough content is shown at a time and the
scoring was not successfully explained (especially that of multiple-answer questions), where the
latter point was mainly raised by students. A discrepancy between teachers and students was
found on comments concerning the controls of the game. While students were satisfied with
the controls, although they needed some time to get familiar with the given device, teachers
found that controls were not clear enough. Although, teachers did not pay much attention on
the game design, they, as well as students, recommended to add animations as some kind of
variation.

Content and storyline were considered properly, although some students mentioned they
would not pay any attention if texts were longer, but select an answer randomly.

The simulation was flavoured by teachers, who thought it is a good way to make people
familiar with real life situations in a simulated, thus safe, environment. They also had the idea
to support some kind of decision trees, where the decision of one situation puts the player in
another one that s/he has to cope with again?.

2Indeed, the content was not prepared carefully enough, so that it seemed to some participants to
have a déja vu.

3For example, the user is put in the situation to help one of four people that are hurt in a car accident,
s/he picks one and finds him/herself in a situation where to cope with four injuries (e.g.: head
wound, broken leg, swollen eye, stomach-ache) of that particular person.
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Other issues concerned mainly multimedia content (video clips) and a multi-player version
of the game. Students also demanded some kind of statistical analysis tool to help teachers
identify possible weaknesses of particular students, student groups or the game content.

The male boss was considered inappropriate by most participants in several user trials.
Therefore we added the possibility to switch, at the beginning of the game, to a female boss
character. Although this feature was implemented in an early stage of development, people
still reported that they didn’t like the picture. It seems that it is really essential to replace this
character with a more appropriate one.

7.3 ldeas for Improvements

The game conception phase and the user trials produced some ideas for improvements and
nice-to-haves. To sketch the potential of the implemented prototype, these are listed below,
starting with important improvements, followed by more exceptional ideas.

A better explanation of points is essential before making the game available for the broad
public. User trials showed (see section 7.2), that it is not clear enough to users, why they get
a certain amount of points. Because additional plus or minus points may be gained by using a
joker, these circumstances must also be explained sufficiently.

The scoring model must be improved to make it more acceptable for students. User trials
showed that they are not comfortable with getting 0 points for a partially right multiple-answer
question. Therefore, the scoring model of this CeLO type needs to be reconfigured in a way
that partially right answers bring points, too. On the one hand, this may seduce some students
to cheat — checking all answer options, a random selection, or a certain pattern (e.g., options
1, 3 and 4) may lead to reduced, but still positive scores. On the other hand, a reworked scoring
model combined with accurate authoring may reduce cheating to a minimum.

Animations were considered as both fun and distraction, within our 2" user trials. Because
of this divergent meanings, implemented animations have to be both discreet and appealing
at the same time. However, animations are, as all of us know, an integral part of all games,
because they entertain and attract, and are indispensable, therefore.

Statistical analysis of the participants’ progress and its availability on the server plat-
form for the student and his/her teacher. Tracking each step the player makes and transferring
this statistical data to the server is a good possibility for teachers to determine weaknesses of
individual players, or the whole group. Instead of finding weaknesses in the group of students,
such a tool could be used to make weaknesses in the authored content or the whole curricular
visible.

Reveal hidden features or bonus material by extraordinary good or bad scores, interesting
(but not necessarily correct) answers, or by a system generated random event adds some value of
uncertainty and engages players to keep playing and reach (again) good scores [SZ03|. Examples
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are medals for outstanding scores, that are visible to all players via the web-platform, or
additional CeLOs that may bring bonus points or free hints for questions to come.

A Multi-player mode can be implemented in a direct or indirect way. The indirect way
makes the game round based, where one game level correlates to one round. At the beginning
of each round, the client software requests the current highscores from the server and presents
the leading person as the player’s boss who is challenging him /her. Additionally the complete
highscore list (including the player’s score) may be shown at the end of each round. This kind
of multi-player mode was initially planned, but not implemented, because of time constraints
due to changing requirements (see subsection 5.1.7). A direct multi-player mode is much more
complicated, without negating the advantages of time and space independence, that people love
so much about mobile devices. One possible approach is to make one player, who has finished
the game already, a validator of one or more others. S/he receives the player’s challenge and
his/her solution and has to judge the solution as right or wrong. A correct judgement brings
the validator bonus points, while the player earns additional points for a correct solution with
an incorrect judgement. However, the group of participating people must be large enough to
ensure a proper validation service, and thus a continuous game flow.
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Conclusion

In this work I have presented basics, and especially benefits of mobile learning (section 2.3),
game based learning (section 2.2), and the combination of both areas (section 2.4). While the
main benefits of game based learning is to be found in the learner’s motivation and engagement
with the topic, mobile learning enables students to follow their own preferences in learning
while keeping focused for a longer period.

Based on state of the art development technology (JavaMFE), this work focuses on the spec-
ification and implementation of a prototypical mobile learning game for mobile phones. The
whole architecture is object and performance oriented, to address both, maintainable source
code, and the user’s comfort of fast system responses, respectively.

User tests showed that we (participants of the EU project Mobile Game-Based Learning)
are on the right track with our implementation, but it is a long road to go, until an attractive,
engaging and long lasting mobile learning game will result from our efforts. Particularly, a
game template is even more laborious to develop, because it has not only to be attractive and
engaging, but must be applicable to a broad spectrum of different, often orthogonal, contents.
The list of requirements does not end at the client application, but requires an equally high
qualitative authoring tool to get the content together with the template. The tool has to be
balanced between an intuitive user interface and the power of a programming language, tight
restrictions to enforce high quality content and the possibility to follow own ideas.

Concluding, I believe, technology will become even better and in a few years from now mobile
phones will have the power of a today’s game console, not only talking of its processing power
but also of the provided development tools. Therefore, we have to continue working now, to find
ways to motivate learners of any age, to have mature learning models ready, when technology
is.
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Appendix A

File Format

The format of the content file, specified in DTD-Syntax, can be found in listing A.1.

Listing A.1: The format of the content file, specified in DTD-Syntax

<V'ELEMENT Ahead0OfTheGame (Jokers?, Level+)>
<!ELEMENT Jokers (Joker+)>
<!'ELEMENT Joker EMPTY>
<!'ATTLIST Joker
type CDATA #REQUIRED
number CDATA #REQUIRED

<!ELEMENT Preperation (QuestionMCCeLO|Question0CelL0|SimCeLO|Info |
Introduction| Image| ImageText | QuestionFreeText |SelfAssessment |

Reward) +>

<!ELEMENT Level (QuestionMCCeLO|Question0CeL0|SimCeLO| Info |
Introduction| Image | ImageText | QuestionFreeText |SelfAssessment |

Reward) +>
KVATTLIST Level
level CDATA #REQUIRED

<!ELEMENT Reward (Preperation?, History, Action+)>

<!'ATTLIST Reward
id CDATA #REQUIRED

>

<!ELEMENT History EMPTY>
<!'ATTLIST History
history (all) ’all’

<t-- history (all|level|last) ’all’ -->

<!'ELEMENT Action (QuestionMCCeLOD|Question0CeLO0]|SimCelL0| Info
| Introduction | Image| ImageText | QuestionFreeText |
SelfAssessment) >
<!'ATTLIST Action

comp (1tlgtleq) ’eq’
value CDATA #REQUIRED
>
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<!ELEMENT QuestionFreeText (Preperation?)>

<!ATTLIST QuestionFreeText

id CDATA
question CDATA
answer CDATA

<!ELEMENT SelfAssessment (Preperation?,

+)>

<!ATTLIST SelfAssessment
id CDATA
question CDATA

<!'ELEMENT SelfAssessmentThreshold EMPTY>

<!ATTLIST SelfAssessmentThreshold
threshold CDATA
text CDATA

<!ELEMENT Info (Preperation?)>
<!'ATTLIST Info
id
text

CDATA
CDATA

<!ELEMENT Image (Preperation?)>
<!ATTLIST Image
id
picture

CDATA
CDATA

<!ELEMENT ImageText (Preperation?)>
<!'ATTLIST ImageText

id CDATA
picture CDATA
text CDATA
overlay (true|false)

<!ELEMENT Introduction (Preperation?)>
<!'ATTLIST Introduction
id CDATA
text CDATA

<!ELEMENT QuestionMCCelLO0 (Preperation?,
<!'ATTLIST QuestionMCCeLO

id CDATA
question CDATA
multipleChoice (truelfalse)
picture CDATA

78
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timeAvailable CDATA #REQUIRED

<!'ELEMENT AnswerMC EMPTY>
<!'ATTLIST AnswerMC

answer CDATA #REQUIRED
explanation CDATA #REQUIRED
points CDATA #REQUIRED
correct (truelfalse) ’false’

<!'ELEMENT Hint EMPTY>
<V'ATTLIST Hint
hint CDATA #REQUIRED
points CDATA #REQUIRED

<!ELEMENT Question0CeL0 (Preperation?, Answer0+, Hint?)>
<!'ATTLIST Question0CelLO

id CDATA #REQUIRED
question CDATA #REQUIRED
picture CDATA #IMPLIED
timeAvailable CDATA #REQUIRED

<!ELEMENT Answer0 EMPTY>
<!'ATTLIST Answer(

answer CDATA #REQUIRED
explanation CDATA #REQUIRED
points CDATA #REQUIRED
order CDATA #REQUIRED

<!ELEMENT SimCeL0 (Preperation?, Simulation+)>
<!'ATTLIST SimCeLO
id CDATA #REQUIRED

<!'ELEMENT Simulation (Incident+, Hint?)>
<'ATTLIST Simulation

id CDATA #REQUIRED
question CDATA #REQUIRED
picture CDATA #IMPLIED

<!'ELEMENT Incident (QuestionMCCeLO|Question0OCeL0|SimCelO |
Info|Introduction| Image| ImageText | QuestionFreeText |
SelfAssessment | Reward) >
<!'ATTLIST Incident

incident -id CDATA #REQUIRED

id CDATA #REQUIRED

text CDATA #REQUIRED
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prio CDATA #REQUIRED
points CDATA #REQUIRED
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Game Examples

Figures B.1 and B.2 exemplary show the game-flow of a quiz and a simulation component,
respectively. The first (figure B.1) presents the three different question types (Ordering, Single-
Click and Multiple-Click) and the system-reaction on wrong and right user input.

A look at figure B.2, gives an impression of how a simulation, and especially deterioration,
works. For clearness, only two of four possible incidents are presented here, while the descrip-
tions of the different situations have been omitted for the same reason. At the two remaining
incidents, you can see how they are deteriorated over time, where it might occur — like for the
second incident (“unconscious man”) — that a patient dies. From a complete 4 x 4 matrix of
all incidents only one element per row is presented to the user, depending on the deterioration
level.
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Figure B.1: Exemplary game-flow of a quiz component.
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Figure B.2: Two incidents of a simulation component, and their deterioration over time.
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Authoring Interface

To give an impression of how the authoring may work, I want to present some exemplary design
mock-ups here. Figures C.1 and C.2 show the authoring interface, mainly used for the quiz
component. The difference between both can be seen at the bottom of the graphics, where the
answer-options are edited — the one uses radio-buttons, the other check-boxes. On the right
side the author is provided with an overview, of the so far edited elements, while the edited
game-levels are shown at the top. Usually, the authoring starts by choosing the card-type
(SC, MC, Simulation, etc.), and editing the question text. Beside a custom image (left side of
figure C.1), the author may specify a hint including bonus or penalty points for using it. The
difficulty-level at the top and the radio-buttons below the hint, help unexperienced users at
their first steps.

Figure C.3 presents the authoring design for the simulation component. As you can see, the
navigational elements are the same as for the quiz component, while the content creation is a bit
more complex. Therefore, it is possible to fold elements to a small, representative overview, to
be able to keep an overview of the whole picture. The several deterioration levels are arranged
from left to right (separated by dotted lines), while details of each level are arranged vertically.
In the example (figure C.3), the first incident at the first deterioration level has been already
edited. To make the user interface look not too overcrowded, an incident can have a Single-Click
Question with exactly two answer-options, only.
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Appendix C Authoring Interface

Card No 14 © preview 14 Cards — 10 minutes total time New card
[Question Difculty Y7 Y7 YY Y7 Y9
Right, | need

- !
Question® Hint @ ot A e

[Enter text here .. ] [Enter a hint here ..]
Select ONE of the following:

This level is about the
basics of "First Aid."
Your are going fo .

To use this hint at this point is

Owise  +[ 5] points R © 20s &
@ rneutral You are about to

- - witness a accident.
Onot wise _El points What ist your first ..

Ty O 30s 1]
Ablesding man is
lying on the street.
What are you ..

Answers @

Type @ Single-Option O Mulfiple Option O Ordering
Solution Points
m e [0 .
[Enermtrees ] O [0] G .
o [0 v
o [0

Well done. Let's
pm.eed to the next
level ..

Figure C.1: Authoring card for a Single-Click Question.
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Overview Game-level 1 et )R I

Card No 13 ¢ preview

card Type [Question

Appendix C Authoring Interface

Diffculty Y Y7 1Y V¥ Y7

13 Cards - 9 minutes total time

Question®

Hint®

[Enter text here ...]
Select ALL that apply.

[Enter a hint here ...]

Image

@ Male Boss

O Female Boss

O Other Select Image

To use this hint at this point is
Owise  +[ 5] points
@ neutral

Onotwise [ 3] points

Sticking plasters & antiseptic
A fully stocked First Aid kit.r
Qualified First Aider on all

Qualified First Aider at peak

[Enter text here ..

[(Enter text here ...

[Enter text here ..

[[Enter text here ..

@ New card

$-3-2-2-3+4
$-3-2-3-3-4

22

Figure C.2: Authoring card for a Multiple-Click Question.
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il X

Right, | need
somecne as Offics
FirstAider. ...

gl X
This level is about the

basics of "First Aid.”
Your are going to ...

0 Ws eox

You are about to
witness a accident.
What ist your first ...

O Vs el x

A bleeding man is
lying on the straet.
What are you ...

ezl X

Well done. Let's
proceed to the next
level ...
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Appendix C' Authoring Interface

Game-level 3

Card No 4 © preview

Difficulty ¥¥ ¥¥ ¥7 77 ¥

12 Cards - 12 minutes total time

Time [ 360 |Seconds

You are witness to an accident with several injured
persons. Which one will you attend to first?

(® Man with head-wound

Deterioration level 2

(® Enter Intro

| Deterioration level 3

(® Enter Intro

Case l Man with head-wound

(® Enter case here

(® Enter case here

Type @ Task O Falure

Priority 01020304

(® Enter case here

(® Enter case here

Question [How do you treat the head-wound?

Image Add Image (cptional)

(® Enter case here

(® Enter case here

@ Answer 1 I Bandage

Explanation | Enter Text Here

O Answer 2 lp(am

Explanation | Enter Text Here

Hint [ Take care of the right pricrity

Useis QOwise @neutral O stupid

@ Enter case here

(® Enter case here

(® Enter case here

Copy from previous
deterloration level

(® Enter case here

ezl X

Welcome to the 3rd level.

This level is about the

& New card
basics of "First Aid.”

n Your are going to .
LAa-2-24 O 60s
You are about to
witness a accident.
What ist your first ..

©® 360s 2] x|

Figure C.3: Authoring interface for a simulation (partially collapsed fields to provide a

panoramic view).

FIFTH THIRD EX1062
PART 1 OF 3
Page 336 of 428



Appendix D

Test-Devices

The used test devices and their key characteristics are presented in figures D.1 to D.4.
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Appendix D Test-Devices

Sony-Ericsson m600i

E oS Symbian OS v9.1, UIQ 3.0
= Interactivity TFT touchscreen
i QWERTY keyboard
i 240 x 320 pixels
Connectivity GPRS

Bluetooth 2.0
Infrared Port

WS B Java CLDC 1.1
VSR MIDP 2.0
Ll B8 T WMAPI 2.0
L0 MMAPI
—=o »

Figure D.1: Specification of used test device

Sony-Ericsson v630i

0s Proprietary

Interactivity 176 x 220 pixels
256k colours

Connectivity GPRS
Bluetooth 2.0

Java CLDC 1.1
MIDP 2.0
WMAPI 2.0
MMAPI

Figure D.2: Specification of used test device
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Appendix D Test-Devices

Nokia 6230i

(ON)

Proprietary

Interactivity

240 x 320 pixels
65k colours

Connectivity

GPRS
Bluetooth 1.2
Infrared Port

Java

CLDC 1.1
MIDP 2.0
WMAPI
MMAPI 1.1

Figure D.3: Specification of used test device

Sony-Ericsson P990i

(ON]

Symbian OS v9.1, UIQ 3.0

Interactivity

TFT touchscreen
QWERTY keyboard
240 x 320 pixels

Connectivity

GPRS
Bluetooth 2.0
Infrared Port

Java

CLDC 1.1
MIDP 2.0
WMAPI 2.0
MMAPI

Figure D.4: Specification of used test device
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In embedded portable devices such as mobile camera phones, digital cameras,
and camcorders, the elevated performance has to be delivered with limited size,
weight. and power. These constraints directly correlate to the performance of the
smart camera because size, weight, and power limit the type of optics, lighting,
and processor that can be integrated. The main task for designers would therefore
invalve the selection of the best components for the sman camera while meeting
these technical constraints,

In addition to technical challenges, embedded smart cameras face other intangi-
ble barriers in deployment. The barriers range from the very
user acceptance of new technology to the more complicated issues such
o good business model for the application. It is important (0 note that these factors
play a major, if not principal, role in determining whether a consumer product using
computer vision algorithms can be deployed successfully.

This chapter describes these challenges—both technical constraints and intangi-
ble barriers—in more detail, The goal is to motivate future designers by delineating
issues that may arise. It is not intended as a cookbook or checklist because such
an approach would more likely produce unsuccessful results for the readers. The
overall focus of this chapter revolves around mobile handsets as the choice for an
embedded system (o integrate computer vision algorithms, While there have been
numerous articles and books on the design of mobile handsets, the application that
runs on it, and the wireless network it uses for communication, there is no compre-
hensive article about the use of computer vision on this platform.

The growth of the digital imaging industry is driven primarily by mobile hand-
sets with embedded cameras, that is, camera-phones. ntroduced in 2000, sales
of camera phones have since surpassed sales of both film and digital cameras, and
1 imaging market continues to accelerate | 1]. Today, imaging ap-
plications on camera phones involve the capturing, processing, and transmission of
visual content on wireless mobile devices for images. In the next-generation camera-
phones, these applications will demand higher resolution (multiple apixels), bet-

1sic issues such as

the entire di

i
ter image quality through image finishing, and faster frame rates (video quality at 30

frames per second). Furthermore, designers will look towards new product features
based on computer vision algorithms, much akin to those in smart cameras [2,3]
in order to improve sales, The leading marketable feature, pixel resolution,
its momentum as consumers are already becoming satisfied with the quality of an
image of several megapixels.

Section 11.2 provides an overview of applications. In Section 11.3, technology
constraints for the mobile environment are discussed. Intangible obstacles are cov-
ered in Section |1.4. Finally, Section 11.5 concludes with future directions for mo-
hile embedded computer vision systems,

lost
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Hakusanat

UIQ, Symbian, kayttoliittymd, kosketusndytto

THVISTELMA

Symbian on alypuhelimissa yleisimmin kadytetty kéyttojarjestelmé, johon
perustuvista matkapuhelinalustoista yleisimpia ovat S60- ja UlQ-alustat. S60-alusta
on selvasti yleisin Symbianiin perustuva alusta, jota kaytetddn Nokian
alypuhelimissa. Koska kosketusnayton hyddyntaminen on viime aikoina noussut
tarkedksi kilpailutekijaksi eri laitevalmistajien ja matkapuhelinalustojen valilla,
julkaisi Nokia ensimmaisen S60-alustalla toimivan ja kosketusnayttéa hyodyntévan
matkapuhelimen vuonna 2008. UlQ-alusta on alusta alkaen suunniteltu
kosketusnéyttoa ajatellen ja esimerkiksi Sony Ericsson on tuonut markkinoille

kosketusnéyttoa hyodyntavia UlQ-puhelimia jo usean vuoden ajan.

Tamaén tyon tarkoituksena oli perehtyd S60- ja UlQ-alustoihin ja erityisesti
kosketusndyton hyddyntamiseen ndilla alustoilla. Alustoihin perehtymisen liséksi,
tehtdvana oli siirtdd Sasken Finland Oy:ssa S60-alustalle kehitetty testausymparisto
UlQ-alustalle siten, ettd kosketusndayton ominaisuuksia hyddynnetdén ja etta
kayttoliittymasta tulee entistékin k&tevampi. Sovelluksen kayttoliittyma piti
toteuttaa siten, ettd toimintojen suorittaminen on mahdollisimman helppoa ja

selkedd kosketusndyton avulla.

Testausympariston siirtdminen S60-alustalta UlQ-alustalle saatiin toteutettua
suunnitellusti. Kayttoliittymaa on paranneltu ja kéytté kosketusnaytén avulla on

helppoa ja selkeéa.

FIFTH THIRD EX1062
PART 1 OF 3
Page 360 of 428



TAMPERE UNIVERSITY OF APPLIED SCIENCES

Computer Systems Engineering
Software Engineering

Liimatainen, Tuomas UlQ-application utilizing touch screen

Engineering Thesis 44 pages

Thesis Supervisor Senior Lecturer Jari Mikkolainen

Commissioning Company Sasken Finland Ltd. Supervisor M.Sc. Jani Turpeinen
May 2009
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ABSTRACT

Symbian is the most wide spread smart phone operating system and S60- and UIQ-
platforms are the most common platforms that are based on it. Because touch
screen support has recently become very important factor in competition between
different mobile phone manufacturers and —platforms, Nokia released it’s first S60-
platform based phone with touch screen support in 2008. UlQ-platform has been
designed to support touch screens from the beginning and Sony Ericsson for

example has been selling UIQ-phones with touch screen support for many years.

The purpose of this work was to familiarize oneself with S60- and U1Q-platforms
and especially with touch screen usage on them. In addition to getting to know the
platforms, a test environment, developed in Sasken Finland Ltd., had to be ported
from S60- to UIQ-platform. Touch screen utilization had to be taken into account
when porting the application. The application had to have a user interface that is

easy to use and takes advantage of the possibilities provided by touch screen.

Porting of the test environment was done as planned. The user interface has been
improved and usage of the application via touch screen is easy and clear.
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LYHENTEIDEN SELITYKSET

API

Avkon

DLL

Eikon
EPOC

FEP

MVC

Qikon

SDK

Tactile Feedback

Ul

UIKON

WTF

Application Programming Interface on ohjelmointirajapinta,
jonka kautta eri ohjelmat tai muut yksikot voivat keskustella
keskenaéan.

S60-alustan kayttoliittymékirjastot kuuluvat Avkon-kehykseen, joka
laajentaa UIKON-kirjastoa. Avkon sisaltad kayttoliittymaan liittyvia
komponentteja ja kontrolleja, joista S60-alustan kadyttoliittyma
muodostuu.

Dynamically Linked Library on jaettu kirjasto, josta voidaan ajon
aikana ladata funktioita suoritettavaksi.

UIKON-kehys oli ennen nimeltdan Eikon.
Symbian-kayttojarjestelma oli ennen nimeltadn EPOC.

Front End Processor on yksikko, joka esikésittelee dataa ennen sen
siirtamistd eteenpdin.

Model View Controller -arkkitehtuuri on graafisissa sovelluksissa
yleisesti kéytetty arkkitehtuurityyli, jossa sovellus jaetaan kolmeen
osaan: malliin, ndkymaéan ja kontrolleriin.

UlQ-alustan kayttoliittymékirjastot kuuluvat Qikon kehykseen, joka
laajentaa UIKON-Kkirjastoa. Qikon siséltaa kayttoliittymaan liittyvia
komponentteja ja kontrolleja, joista UlIQ-alustan kayttoliittyma
muodostuu.

Software Development Kit on kokoelma kehitystyokaluja ja
kirjastoja, joiden avulla voidaan kehittédé sovelluksia jollekin tietylle
alustalle.

Tactile Feedback on tekniikka, jolla kayttajalle annetaan palautetta
kosketusnéyton painalluksista S60-alustalla.

User Interface, kayttoliittyma.

Symbian-kayttojarjestelman kayttoliittymén Kirjastot kuuluvat
UIKON-kehykseen, joka on perusta graafisille Symbian-sovelluksille.

Wireless Test Framework on Sasken Finland Oy:ssa kehitetty
testausympaéristo.
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1 JOHDANTO

Kosketusnaytdt ovat viime aikoina yleistyneet huikeaa vauhtia
matkapuhelinmarkkinoilla. Suurimman huomion kosketusnayttépuhelimista on
saanut Applen julkaisema iPhone, vaikka esimerkiksi Sony Ericsson on tehnyt ja
myynyt kosketusnadyttod hyddyntavia puhelimia jo useita vuosia. Myds Googlen

kehittdma Android-kayttojarjestelma hyddyntaa kosketusnayttoja.

Tamaén tyon tarkoitus on perehtyd Symbian-kéyttojarjestelmaan perustuviin UlQ-
ja S60-alustoihin ja kosketusnayton hyddyntdmiseen niissa. Tyon teoriaosuudessa
perehdytadn Symbianin sovelluskehykseen, sen tukeen kosketusndytolle ja siihen
perustuviin matkapuhelinalustoihin. Tyon ohjelmointivaiheessa toteutetaan
testikehyksen siirtaminen UlQ-alustalle keskittyen toimivaan kayttoliittymaan, joka

hyddyntaéd kosketusnayttoa.

2 SYMBIAN

Tassé luvussa tutustutaan Symbian-sovellusten rakenteeseen yleisesti, seka
annetaan yleiskuvaus kahdesta suurimmasta Symbianiin perustuvasta

matkapuhelinalustasta. Liséksi tutustutaan Symbianin tukeen kosketusnéytélle.

2.1 Symbianin sovelluskehys

Kéayttajaystavallisten matkapuhelinsovellusten tarkein ominaisuus on toimiva,
graafinen kayttoliittyma. Symbian-alustalla graafisten sovellusten tukemisessa

keskeisessa asemassa on sovelluskehyksen alijarjestelma UIKON.

UIKON tarjoaa kehyksen, jonka avulla voidaan luoda graafisen kayttoliittyman

siséltavia sovelluksia. Kehyksen arkkitehtuuri kannustaa kayttamaan MVC-mallia,
jossa sovellus jaetaan erillisiin loogisiin osiin, joilla on sovelluksessa tietty tehtéva.
MV C-mallin mukaiset tehtavét ovat malli (engl. model), ndkyma (engl. view) seka

kontrolleri (engl. controller). UIKON tarjoaa perusluokat graafisten Symbian
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sovellusten luontiin. Nama luokat noudattavat MVC-mallia ja ovat listattuna

taulukossa 1. /5, s. 312/

Luokka Kuvaus

Application - Sovelluksen kédynnistyspiste, joka luo document-

CEikApplication luokan ilmentymén, maarittaa sovelluksen
ominaisuuksia seké tarjoaa rajapinnan sovelluksen
resurssitiedostoon.

Document - Toimii MVC-mallissa mallina. Sovelluksen ollessa

CEikDocument tiedostopohjainen, document-olio on vastuussa tiedon

tallentamisesta ja lataamisesta. Tamén luokan
ilmentymaé luo Application Ul-luokan.

Application UI - Toimii MV C-mallissa kontrollerina. Vaikka tdma
CEikAppUi luokka on nimeltaan Application Ul se on taysin
nakyméton kayttdjalle. Tamén luokan ilmentymaé luo
nakymaéluokan tai -luokkia seka kisittelee usein

kayttdjan komentoja, kuten valikoista tehtyja valintoja.

View — luokka, joka Toimii MVC-mallissa nakyména. Tamén luokan
periytyy tarkoitus on nayttaa sovelluksen tila kiyttajille ja
CCoeControl:sta antaa kayttdjan kommunikoida sovelluksen kanssa.

Myds nakyméiluokka voi kisitella kayttdjan

komentoja, esimerkiksi nappainpainalluksia.

Taulukko 1 UIKON-kehyksen perusluokat graafisen sovelluksen luontiin /5, s.
312/

Kaikkien graafisten Symbian-sovellusten tulee siséltda taulukossa 1 esiteltyjen
luokkien toteutukset. Vaikka UIKONin tarjoamat luokat sinélldian noudattavat
MV C-mallia, kidytetdaan Symbian-sovelluksissa usein kuitenkin erillisia luokkia
mallin toteuttamiseen. Kuvassa 1 on esitetty tyypillisen sovelluksen yleisen tason

luokkakaavio.
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Application Document Appli View

-

Controller Model/Engine

Kuva 1 MVC-mallisten sovellusten yleisluokkakaavio

MV C-arkkitehtuurissa nakyma, kontrolleri ja malli ovat erillisia komponentteja,
joiden valilla kommunikointi tapahtuu tiettyjen sdéntdjen mukaan. Komponentit
ovat erillisid yksikait4, jolloin jonkun yksikon toteutusta voidaan muuttaa, ilman

etta se vaikuttaa toisiin yksikaoihin.

2.2 Symbian-kayttojarjestelmaan perustuvat matkapuhelinalustat

Symbian on matkapuhelimissa kaytettava kayttojarjestelma, johon perustuen on
tehty useita eri matkapuhelinalustoja. Euroopassa tunnetuimpia alustoja ovat
Nokian kehittdma ja kéyttdma S60 ja esimerkiksi Sony Ericssonin ja Motorolan
kayttdma UlQ. Kolmas tunnettu Symbianiin perustuva alusta on MOAP. Tata
alustaa kayttdd NTT DOCOMO ja se on Aasiassa tunnetumpi kuin UIQ. Tassa
opinndytetyossa keskitytddn S60- ja UlQ-alustoihin, eikd MOAP-alustaa késitella.

S60- ja UlQ-alustat perustuvat Symbianiin ja kdyttavéat taten hyvékseen
kappaleessa 2.1 esitettyd UIKON-kehystd ja sen luokkia. Eri alustat laajentavat
Symbianin tarjoamaa kehysté omilla kirjastoillaan, joiden avulla kayttoliittyma
saadaan muokattua kohdelaitteille sopivaksi. Kohdelaitteissa on eroja esimerkiksi
néyton resoluution ja orientaation seké eri vuorovaikutustapojen suhteen. Laitetta
voidaan kayttaa esimerkiksi erilaisilla ndppaimistoilla tai kosketusnayton avulla. /5,
s. 313/

Vaikka eri alustat on suunniteltu hieman eri tavoilla ja erilaisin tavoittein, on
pohjalla kuitenkin yhteinen kayttojarjestelma. Yhteisen kéyttojarjestelmén vuoksi,

alustojen ohjelmointirajapinnat ovat usein saman kaltaisia. S60-alustan lisédméan
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Kirjaston nimi on Avkon ja UlQ:n Qikon. K&ytdnndssé suurin osa ndiden alustojen

luokista periytyy Symbianin luokista, ja niihin on vain lisétty eri alustoilla

tarvittavia ominaisuuksia. /5, s. 313/

Koska molemmat alustat perustuvat samaan kayttojarjestelmaén, on S60- ja UlQ-

sovellusten rakenne lahes sama. Vaikka rakenne on saman kaltainen, saadaan

Avkon- ja Qikon-alustojen avulla sovelluksista ja kéayttoliittymista erilaiset.

Molemmat alustat tukevat useita erilaisia kayttoliittymid, kuten erilaisia ndyton

resoluutioita ja orientaatioita. S60-sovelluksen rakenne seka luokkien periytyminen

on esitetty kuvassa 2.

CCoeAppUI

7

CApaApplication CApaDocument CEikAppUT
Z} ZF CBase MCoeView
CEikApplication CEikDocument
CHelloApplication R CHelloDocument 1 1 CHelloAppUT 1 S CHelloView 1 1

Symbian gen.

LIIKON

Sovellus

CCoeControl

7

CHelloContainer

Kuva 2 S60-sovelluksen luokkien periytyminen

Y114 olevasta kuvasta ndhdaan, ettd Avkon-alustan luokat voidaan helposti
tunnistaa Akn-etuliitteestd. Vastaavasti UIKON-kehyksen luokkien alussa
kaytetaan etuliitettd Eik. Eik-etuliite johtuu siit4, ettd alunperin Symbian-

kayttojarjestelman kayttdliittymén sovelluskehyksen nimi oli Eikon ja

kayttojarjestelmd itse tunnettiin nimellda EPOC. Mydhemmin Eikon-kehyksen nimi

muutettiin UIKONiksi, mutta luokkien nimia ei vaihdettu. Jos luokan nimessa ei

ole Akn- eika Eik-etuliitettd, on kyseessd geneerinen Symbian-luokka. Tama ei

koske kuvan alinta rivig, jonka luokat sovelluksen tekija voi nimeté kuten haluaa.

/5, s. 311-313/
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Kuvasta ndhdaan myas, ettd S60-alustalla ndkymaluokka ei periydy CCoeControl-
luokasta, eli se ei itse ole kontrolli. T&mé& on poikkeavaa UIQ:hun verrattuna, silla
UIQ:ssa ndkyma periytyy suoraan CCoeControlista, joten se on itsekin kontrolli.
Taman ansiosta U1Q-sovelluksissa ei ole erillista container-luokkaa. UIQ-
sovelluksen rakenne seka luokkien periytyminen on esitetty kuvassa 3.

Symbian gen.

UIKON

=
8
=
2
[~ [~ [~

CApaApplication CApaDocument CCoeAppUI CCoeControl
Sovellus
CEikApplication CEikDocument CEikAppUT i
CHelloApplication CHelloDocument 1 CHelloAppUT

Kuva 3 UIQ- sovelluksen luokkien periytyminen

Kuten S60:n, myos UIQ:n luokat on nimetty tiettya etuliitetta kayttaen. UlQ-
alustalla etuliite on Qik. Mythemmissa kappaleissa tutustutaan hieman tarkemmin
néihin alustoihin seka erityisesti niiden kayttoliittymien tyyliin ja kayttologiikkaan.

2.3 Symbianin tuki kosketusnaytolle

Erds tdman opinndytetyon ldhtokohdista oli tutustua kosketusnayttoa hyddyntavén
sovelluksen tekoon UlQ-alustalla. Kun UlQ-alustaa kehitettiin, oli alusta asti selva,
ettd sen piti tukea kosketusnayttod. Kosketusndyton hyddyntamisen mahdollistaa
Symbianin tuki niille. Kosketusnayton koskettaminen saa aikaan
kosketustapahtuman (engl. pointer event), joka on osittain samanlainen kuin

puhelimen fyysiseltd ndppaimistolta tuleva tapahtuma.
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Kosketus- ja nédppaintapahtumien kasittely poikkeaa selvasti toisistaan. Jotta
ndemme kosketusnayton kautta tulevien tapahtumien késittelyn erot perinteiselta
nappaimistolta tulevien tapahtumien kasittelyyn, tutustumme seuraavissa

kappaleissa molempiin tapahtumiin.

2.3.1 Nappaintapahtumien ké&sittely

Néppéintapahtuma voi tulla joko nappaimen painalluksesta tai front-end
prosessorilta (FEP), joka on eradnlainen esiprosessori. FEP:ta kaytetaan
esimerkiksi ennakoivan tekstinsy6ton, kasialan tunnistuksen, danen tunnistuksen
seka kosketusnaytolla olevan virtuaalindppaimiston tapahtumien kasittelyyn.
Esiprosessori tuottaa ndppéintapahtumia esimerkiksi virtuaalindppéaimiston tietyn
néppaimen painalluksesta. Kun ndppéinta painetaan, FEP késittelee tapahtuman ja
muuntaa sen sopivaksi ndppaintapahtumaksi. Sovelluksen ei tarvitse tietad, tuleeko
néppaintapahtuma fyysiseltd ndppaimistoltd vai FEP:1td, koska tapahtuman

kasittely on molemmissa tapauksissa sama. /9; 5, s. 432-433/

Néppéintapahtumat késitellaédn kontrollipinon (engl. control stack)
OfferKeyEventL-funktiossa, joka kutsuu vastaavaa funktiota jokaiselle pinossa
olevalle kontrollille. Niité selataan, kunnes joku niista kasittelee tapahtuman ja
palauttaa tata vastaavan arvon tai kaikki kontrollit on kayty lapi, eikd mikaan
kontrolli ole késitellyt tapahtumaa. Jos mikaan kontrolli ei késitellyt tapahtumaa,
tulee se konrollipinon omistajan HandleKeyEventL-funktioon ké&siteltavaksi.

/5, s. 434/

Sovelluksen oman logiikan pitaa hoitaa nappaintapahtumien kasittely. Esimerkiksi
yhdistelmékontrollit (engl. compound control) voivat itse kasitella tapahtuman,
tarjota tapahtumaa jollekin osakontrollille kasiteltdvéksi tai olla kasittelemétta sita
ollenkaan. Sovelluksen siséinen toteutus siis maarad, mika kontrolli tapahtuman
kasittelee ja mihin se vaikuttaa. Yksi esimerkki nappaintapahtumien késittelysta
voisi olla sellainen, jossa yhdistelmakontrolli késittelee nuolindppéimet ja vaihtaa
niiden avulla osakontrolliensa fokusta. Osakontrollit kasittelisivat muita ndppaimia

tarpeensa mukaan. /5, s. 432, s. 434-437/
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2.3.2 Kosketustapahtumien kasittely

Tassé kappaleessa tutustutaan kosketustapahtumien kulkuun jarjestelmassa, niiden
kasittelyyn, niiden eroihin ndppdintapahtumiin verrattuna ja erilaisiin

kosketustapahtumatyyppeihin.

2.3.2.1 Kosketustapahtuman kulku ja kasittely yleisesti

Kosketustapahtumat eroavat ndppéintapahtumista siten, ettd ne kohdistuvat suoraan
johonkin tiettyyn kontrolliin, eikéd sovelluksen oman logiikan tarvitse hoitaa niiden
valittdmisté halutulle kontrollille. Ikkunapalvelin (engl. window server) assosioi
tapahtuman tiettyyn, esilla olevaan ikkunaan, jonka alueella kosketus tapahtui, ja

valittad tapahtuman ikkunaryhmén omistamalle sovellukselle. /5, s. 440-441/

Sovelluksen sisélla kosketustapahtumien késittely etenee seuraavasti: Ensin
tapahtuma valitetdan Application Ul-luokalle, jonka HandleWsEventL-funktiossa
se tunnistetaan tiettyyn ikkunaan assosioiduksi kosketustapahtumaksi. Funktiosta
tehddén kutsu ikkunan omistaman kontrollin ProcessPointerEventL-funktioon,
josta kutsutaan HandlePointerEventL-funktiota. Tassa funktiossa voidaan tehda
halutut asiat kosketustapahtuman sattuessa. Jos kontrolli, jolle tapahtuma saapui,
on yhdistelmakontrolli, on sen oletustoteutus sellainen, etta se kay lapi kaikki
nékyvét osakontrollinsa ja vélittda tapahtuman sille kontrollille, joka sijaitsee silla

kohtaa, jossa tapahtuma tapahtui. /5, s. 440-441/

Kosketustapahtumien kasittely on siind mielessa samanlaista kuin
néppaintapahtumien, etta kontrolli voi olla kasitteleméttéd tapahtumaa tai se voi
kasitella tapahtuman ja tuottaa esimerkiksi komennon, joka kasitelladn muualla.
Toisaalta, kun kosketustapahtumat toimitetaan suoraan tietylle kontrollille, ei
kosketustapahtumia normaalisti tarvitse valittaa toisille kontrolleille, eik&

tapahtumaa tarjota jarjestelman toimestakaan muille kontrolleille. /5, s. 441/
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2.3.2.2 Eri kosketustapahtumatyypit ja niiden kasittely

Kosketustapahtumaa edustaa TPointerEvent-tyypin ilmentym4, joka on
samankaltainen kuin néppéintapahtumaa edustava TKeyEvent. TPointerEvent
sisdltaa tiedon siitd, oliko tapahtuman tyyppi kynén alas painaminen vai ylos
nostaminen. Lisaksi saadaan tieto esimerkiksi tapahtuman toistosta ja sijainnista
seka siitd, onko Shift-, Ctrl- tai Alt-ndppdin painettuna. Tapahtuman toistolla
tarkoitetaan sitd, kun kynéé pidetaan painettuna samassa kohdassa pidemman
aikaa. /5, s. 439-440/

Kosketustapahtumien kasittelyssa pitaa ottaa huomioon tapahtuman tyypin ja
sijainnin lisaksi muitakin asioita. Tapahtumien késittelysséd on huomioitava, etta
kynaa voidaan siirtda nayton pinnalla, jolloin kynan nostamistapahtuma ei
valttamatta tapahdu saman kontrollin kohdalla, kuin kynén laskemistapahtuma.
Mahdollinen on myds tilanne, jossa ei haluta antaa kosketustapahtumia millek&én
muulle, kuin jollekin tietylle kontrollille. N&iden tilanteiden hallitsemiseksi

Symbian tarjoaa seuraavat tekniikat: pointer grab ja pointer capture. /5, s. 440/

Pointer grab on tekniikka, jonka avulla varmistetaan, ettd kontrolli, jonka paalla
tapahtuu kyndan alas painaminen, saa kasiteltdvakseen myds seuraavat
kosketustapahtumat, kunnes tulee seuraava kynén nostotapahtuma. Kynan
nostotapahtuma lahetetaén siis samalle kontrollille, vaikka kynd nostettaisiinkin
ylos jonkun muun kontrollin kohdalla. Esimerkiksi ndytolla nakyvéaé nappia
painettaessa piirretddn nappi uudelleen, siten, ettd kayttaja nakee sen olevan
painettuna. Kun kayttaja nostaa kyndn nayton pinnalta, piirretddn nappéin
uudelleen ylaasentoon, ja jos kyna oli nostotapahtuman aikana saman néppaimen

paalld, suoritetaan siihen liitetyt toiminnot. /5, s. 572-573/

Pointer grabin toimimiseksi pitaa ikkunapalvelimen muistaa oikea ikkuna ja
kontrolliympdriston pitdd muistaa oikea kontrolli. Tdman ominaisuuden toteuttaa
aiemmin mainittu ProcessPointerEventL-funktio, joka tekee myds muuta
hyodyllista esikésittelyéd kosketustapahtumille, kuten

e kynalla painaminen-tapahtuman hylk&aminen nakyméttomilta kontrolleilta

e tapahtumien hylk&&minen, kunnes tulee seuraava kynén nostamistapahtuma
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e himmennettyjen kontrollien kosketustapahtumien raportointi ja
hylk&aminen

e kynalla painaminen-tapahtumien raportointi sellaisten kontrollien kohdalla,
jotka eivét ole fokusoituja, mutta jotka ovat kykenevia ottamaan fokuksen
/5,s.573, s. 441-442/

Pointer capture on tekniikka, jonka avulla voidaan estéa kaikkia muita kontrolleja
saamasta kasiteltdvékseen kynalla painaminen-tapahtumia. T&té tekniikkaa
hyddynnetdan esimerkiksi dialogeissa, jolloin voidaan unohtaa kaikki dialogin
ulkopuolella tapahtuneet kosketukset, seka valikoissa, jolloin kosketus valikon
ulkopuolella voidaan kasittaa haluksi sulkea valikko. Kun valikko saa
kasiteltdvakseen myos sen ulkopuolella tapahtuneen kosketuksen, se voi sulkea
itsensa. /5, s. 440/

3 S60-ALUSTA

S60-alustan uusin versio, 5.0, julkistettiin syksylla 2008. Uusin versio perustuu
Symbianin versioon 9.4, joka toi ensimmaista kertaa tuen kosketusnaytolle S60-
alustalle. Tassa kappaleessa tutustutaan hieman tarkemmin S60-alustan sovellusten
kayttoliittymaan seké alustan tukeen kosketusnaytolle.

3.1 S60-sovellusten tyyli ja kayttologiikka

S60-alusta on suunniteltu siten, ettd puhelimia on mahdollista kayttda yhdella
kadelld. Puhelimissa on perinteisesti ollut fyysinen nappéimisto ja naytélla nakyva
kayttoliittyma on perustunut ndyton alalaidassa olevien toimintondppéinten (engl.
Softkey) kayttoon. Sovelluksen tekija voi madritelld, mité toimintondppaimet
tekevat, mutta hyvin yleisesti vasemman puoleinen toiminton&ppéain avaa valikon
ja oikeanpuoleisella poistutaan sovelluksesta tai siirrytaén edelliseen ndkymaan.
Kun sovelluksesta poistutaan oikeaa toimintonappainta tai valikkoa kayttéen,
sovellus suljetaan, eiké sité jateta taustalle. Jos sovellus halutaan jattaa taustalle,
jolloin sovelluksen kayttoa voi jatkaa myohemmin samasta tilasta, pitaa

sovelluksesta poistua erityistd valikkondppainté kayttaen.
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S60-alustan 5.0-versio vaikuttaa perusidealtaan hyvin samanlaiselta aiempiin
versioihin verrattuna. Kayttoliittyman tyyli hyddyntaa edelleen toimintonappéaimia
ja sovellusten kaytté onnistuu edelleen yhdella kadell&, sormia kéyttaen, vaikka
puhelimessa olisikin kosketusndyttd. Alla olevissa kuvissa 4 ja 5, on

kuvakaappaukset S60:n 5.0-emulaattorin yhteystietosovelluksesta.

Contacts 8:46 pm
% Bl abc 4 ;
Bob Haddock
Colin Mochrie
Frank Bosch
Laura Hall

Ryan Stiles

Wayne Brady

Xavier Hollander
ped

(o i il
Options Exit

Kuva 4 S60:n 5.0-emulaattorin yhteystietondkyma, pystysuuntainen naytto
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8:48 pm {
+ Contacts Tlabe y , it
Colin Mochrie "

Frank Bosch

Laura Hall
Ryan Stiles | -ﬂ
/Q Options

Kuva 5 S60:n 5.0-emulaattorin yhteystietonakyma, vaakasuuntainen naytto

Y114 olevissa kuvissa on toimintonappaimien lisdksi nédhtavissd muita nappaimia
néyton oikeassa ja alareunassa. Ne kuuluvat uuteen Toolbar APlin, jonka avulla
sovellukseen saadaan lisattyé helposti ja nopeasti kosketettavissa olevia ndppéimia,
joihin voidaan sijoittaa tarkeitd toimintoja. Uudet nappaimet parantavat
kayttoliittymad huomattavasti, kun toimintoja ei tarvitse sijoittaa esimerkiksi

valikkoon, josta niiden valitseminen olisi nykyista selvasti vaivalloisempaa.

3.2 Kosketusnayttd S60-alustalla

Té&ssd kappaleessa tutustutaan hieman tarkemmin kosketusndyttoon S60-alustalla ja
kerrotaan alustan 5.0-version mukana tulleista uusista ohjelmointirajapinnoista,

jotka mahdollistavat paremman kayttoliittymén luomisen.

3.2.1 Yleista kosketusnaytdsta S60-alustalla

Kosketusndytdn tuominen S60-alustalle on tuonut mukanaan monia uudistuksia.
Erds helpoiten havaittavista uudistuksista on tuki uudelle resoluutiolle, jonka my6ta
myods laitteiden ndyton koko kasvaa. Alustan 5.0-versio tukee vanhan 240x320-

resoluution lisaksi 640x360-resoluution omaavia kosketusnayttoja. /6/
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Kosketusnayttdd voi ohjata joko sormella tai kynélla ja se antaa kayttajalle
palautetta tactile feedback ominaisuuden avulla. Tactile feedback tarkoittaa sitd,
ettd naytolla nakyvat Ul-komponentit voivat rekisterdidé tietyt alueet antamaan
kayttajalle palautetta uuden API:n avulla. Kun kayttaja koskettaa esimerkiksi
nappia, joka on rekisterdinyt itsensé antamaan palautetta, annetaan puhelimen

varinatoiminnon avulla kayttéjalle tieto siitd, ettd painallus on tullut perille. /6/

Kosketusnéyttoa ajatellen, on S60:n 5.0-version kayttoliittymaén tehty parannuksia
ja lisdyksid. Yksi lisdys on esimerkiksi uusi toolbar-komponentti, joka toimii
tyokalupalkkina, jonka avulla voidaan suorittaa tarkeitd toimintoja suoraan naytolla
nékyvéé kohdetta koskettamalla. Myds tekstinsyo6ttd on uudistunut.
Mahdollisuuksia on nyt perinteisten fyysisten numero- ja gwerty-nappaimistdjen
lisaksi pieni qwerty-virtuaalindppéimisto, késialan tunnistukseen pohjautuva

Kirjoitus sek& koko ndyton qwerty-néppaimisto. /6/

3.2.2 S60:n 5.0-versiossa esitellyt kayttoliittymarajapinnat

S60:n 5.0-versiossa julkaistiin useita uusia ohjelmointirajapintoja. Osa uusista
rajapinnoista tuo alustaan uusia kayttoliittymakomponentteja, jotka on suunniteltu

kosketusnéyttoa ajatellen. Uudet kayttoliittymarajapinnat on esitetty taulukossa 2.
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Stylus Pop-up Menu API

Tactile Feedback Client
API

Title Pane Touch
Observer API
Toolbar API

Touch UI Utilities API

Ohjelmointirajapinta Kuvaus

Choise List API Mahdollistaa valintojen tekemisen pystysuuntaisesta
listasta.

Generic Button API Mahdollistaa sovellusten piirtaa mielivaltaisen napin,
jossa on ikoni tai teksti. Napin ominaisuudet voidaan
madaritelld, kuten onko se ndkyvissa tai painettuna.

Hierarchical Lists API Mahdollistaa datan esittdmisen hierarkkisessa listassa

kayttden tekstia ja grafiitkkaa. Rajapinta tarjoaa kolme
listatyyppia:

-yleiskéyttoinen hierarkkinen treelist

-yhden sarakkeen lista, jossa alkio voidaan laajentaa
ilman sisennysta

-single-style tree, jolla kuvataan kansio- ja

tiedostorakennetta.

Tama API julkaistiin jo S60 3rd Edition, Feature Pack
2 SDK:ssa, mutta toteutusta ei ole ollut misséin
laitteessa ennen S60:n 5.0-versiota.

Mahdollistaa sovellusten piirtdd pop-up valikon, jossa
on lista valintoja. Lista luodaan kohtaan, jossa
kosketus ndytt6on havaitaan.

Mahdollistaa sovellusten ja kayttoliittyma
komponenttien rekister6idi tactile feedback alueensa
ja vastaanottaa tietoja kosketustapahtumista.
Mahdollistaa sovellusten seurata kayttdjan
painalluksia ndyton Title Pane-alueelle.

Mahdollistaa sovellusten rakentaa kiinteéan tai
litkkuvan tyokalupalkin sovelluksen niakymaan.
Tyokalupalkki koostuu AVKON-napeista, joita se voi
sisdltaa korkeintaan neljd kappaletta.

Tall4 hetkelld tarjoaa vain palvelun, jolla tunnistetaan

pitka painallus kosketusnaytolla.

Taulukko 2 S60:n 5.0-version uudet kéayttoliittymdén ohjelmointirajapinnat /2/
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4 UIQ-ALUSTA

UIQ on suunniteltu siten, ettd laitevalmistajat voivat tehd& hyvin erilaisia puhelimia
ja sovellukset toimivat niissé kaikissa. Kun sama koodi toimii kaikissa puhelimissa,
on laitevalmistajien helppo tehda erilaisia puhelimia. Myds kolmansien osapuolten
ty6 helpottuu huomattavasti, kun sama koodi toimii kaikissa puhelimissa. Laitteet
voivat erota toisistaan esimerkiksi ndyton sekd nappaimiston osalta. Kuten
kappaleessa 2.3 mainittiin, on UIQ tukenut kosketusnéyttdja ensimmaisesta
versiostaan alkaen. Seuraavissa kappaleissa perehdytéan alustan 3.0-versioon. /8/

4.1 UlQ-sovellusten tyyli ja kayttologiikka

Téassa kappaleessa tutustutaan UlQ-sovellusten yleiseen tyyliin seka niiden
toimintaan. Liséksi kuvataan lyhyesti sovellusten rakennetta.

4.1.1 Yleista

UlQ-sovellukset on tarkoitettu jadmaan taustalle, kun niité ei kaytetd. Talldin
kayttdja voi jatkaa sovelluksen kayttda samasta tilanteesta, johon hén sen jatti
poistuessaan siitd. Kayttdjalle ei anneta mahdollisuutta sulkea sovellusta, paitsi
erillista sovellusten hallintatyokalua kdyttaen. Kéytannossa tamé tarkoittaa sité, etta
sovelluksissa ei ole valikossa eika toimintonappdimissa sovelluksen

sulkemisvaihtoehtoa. /3/

Sovelluksesta poistuminen sek& ndkymien vélilla navigointi UlQ-alustalla tapahtuu
erityiselld back-nappéimella. Aina kun uusi nékyméluokka luodaan, kutsutaan sen
kantaluokan CQikViewBasen rakentajaa antamalla sille parametrina toisen
nédkyman id, jonka halutaan toimivan uuden ndkyman vanhempana. Kun jokaiselle
nédkymaélle mééritelladn vanhempana toimiva nakymé, voidaan ndkymien valilla
siirtyé back-nappéinté painettaessa. Esimerkki sovelluksen navigointijérjestyksesté

on nahtavissa kuvassa 6. /12/
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Back Back Back
Sovellus X Sovellus X
i A 2 I [ S g [

Kuva 6 Nakymien valilla navigointi UlQ-alustalla

Kuvassa 6 on kuvattu siirtyminen puhelimen stand by-nékymaésté launcherin kautta
sovellukseen Sovellus X. Kun sovelluksen Nakyma 1 luodaan, annetaan
kantaluokan rakentajalle parametrina arvo KNullViewld, joka tarkoittaa, etta
nédkymalla ei ole samassa sovelluksessa vanhempaa, vaan ndkymasta siirrytaan
sovelluksen ulkopuolelle back-néppainté painettaessa. Kun luodaan toinen nakyma,
annetaan parametrina edellistd nakymaa vastaava id, jolloin se ndkymé
rekisteroityy toisen nakyman vanhemmaksi. Normaalisti back-nappéin vélitetadn
kantaluokalle kasiteltavaksi. Sovelluskehys kasittelee komennon, tarkastamalla,
mika nakyma on asetettu nykyisen nakyman vanhemmaksi ja vaihtamalla nakyman
siihen. /12/

Koska kaikki sovellukset jadvat oletuksena taustalle, kuluu muistia enemman, kuin
jos sovelluksia suljettaisiin. Jos puhelimen muisti kdy vahiin, voi UlQ-alustan
muistia hallitseva Memory Manager kehys pyytéé sovellusta sulkeutumaan.
Oletuksena kehys kutsuu document-luokan SaveL-funktiota, jossa sovelluksen

tulee tallentaa kaikki tallentamattomat tietonsa. /3/

4.1.2 UIQ:n eri Ul-konfiguraatiot

UlQ:n tuki erilaisille laitteille muodostuu Ul-konfiguraatioista. Jokainen
konfiguraatio muodostuu joukosta parametreja. Niin sanottuja
kayttoliittymaparametreja ovat nayton resoluutio ja orientaatio, ndyton
kosketustuki seka kayttoliittyman tyyli. UIQ:n 3.0-versio tukee kahta eri nayton
resoluutiota: 240x320, sekd 240x256 pikselid. Molemman kokoiset naytot voivat

olla kaénnettynd myos vaakatasoon, molempiin suuntiin. /8/
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Kayttoliittyman tyyli voi UlQ-alustalla olla joko kyné- tai toiminton&ppaintyyli.
Kynétyyli on optimoitu kynan kéyttda varten, mutta sitd voidaan kdyttad myos
ilman kynéda. Toimintondppéintyyli on perinteinen, myos S60-alustan kayttaméa
tyyli, joka on optimoitu yhden kaden kayttod varten. Toimintondppéintyylia
voidaan kayttéa kosketusnaytolla tai ilman, jolloin k&yttoliittymé& on hieman
erilainen. Kéytannossa tama tyyli on hyvin lahelld S60-alustan tyylid, mutta
joitakin erojakin on. Seuraavissa kappaleissa perehdytaan naihin kahteen tyyliin.

18/

4.1.2.1 Toimintondppdaintyylinen kayttéliittyma

Toimintondppaintyylinen ndkyma nayttdalueineen on nahtévissa kuvassa 7.

17/02/2009 £ Application Space
End date:

17/02/2009

Start time:

4:34 pm

€= Softkey Labels

Kuva 7 Toimintonappaintyyli, tuki kosketusnaytolle

Kuvassa 7 on ylimpéna Status Bar, joka sisaltaa tietoja jarjestelman tilasta, kuten
akun varauksesta ja verkkoyhteyden tilasta. Tdman alueen siséltd maaraytyy
laitevalmistajan maarityksista, eiké sovelluksen kehittaja voi vaikuttaa siihen. Yll&
olevassa kuvassa on kosketusndyttoa tukeva tyyli, jossa Status Barissa nékyvia
ikoneja voidaan koskettaa ja saada ndin tarkempaa tietoa esimerkiksi akun

varauksesta. /10/
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Status Barin alapuolella on Title Bar eli otsikkopalkki. Tdma alue sisaltad yleensa
ainakin sovelluksen nimen tai muun tekstin seka sovelluksen ikonin. Kuvassa
nékyy, ettd kosketusnayttda hyodyntavassa toimintondppéintyylissé Title Barissa
on paluunappi, jota kaytetddn kappaleessa 4.1.1. kuvatun mukaiseen navigointiin

nékymien valilla. /10/

View Context Area on alue, jolla sovellus voi ndyttdd monenlaista tietoa tai
esimerkiksi helpottaa navigointia ndkymien vélilla valilehtien avulla. Alueelle
voidaan lisatd myos esimerkiksi ikoneita tai jonkin toiminnon etenemisté kuvaava
palkki. /10/

Application Space on alue, jolle sovelluksen ndkymaét piirretddn. Tama alue ei
poikkea juurikaan S60-alustan versiosta. Ainoa ero tassa alueessa eri
konfiguraatioiden vélill4 on vierityspalkin leveys, joka on kosketusnéyttéa
kaytettdessd hieman suurempi. Kuten S60-alustalla, voidaan UlQ-alustallakin ottaa
koko nayttd kayttoon sovellusta varten, mutta silloin pitéa olla hyvin tarkkana
kayttoliittyman kayttajaystavallisyyden kanssa. /10/

Alimmaisena toimintondppéintyylisessé konfiguraatiossa naytolla on Softkey
Labels alue, joka sisaltdd kaytannossa vain otsikot, jotka kuvaavat, mitd tapahtuu,
kun nappia painetaan. Toiminton&ppdimet toimivat UlQ-alustalla samaan tapaan
kuin S60-alustallakin, mutta ndppainten jérjestys on erilainen. UlQ-alustalla

valikko avataan oikeanpuoleista ndppéinta painamalla. /10/

Kuten aiemmin mainittiin, voidaan toimintondppéintyylia kdyttad myos ilman
kosketusndyttdd. Kuvassa 8 on esitetty ndkyma toimintondppéintyylista ilman

kosketusnayttoa.
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Start date:

17/02/2009 1

End date:
| 17/02/2009

Start time:
4:23 pm

Save Edit More

B

Kuva 8 Toimintonappaintyyli, ei tukea kosketusnaytolle

Kuten kuvasta 8 voidaan huomata, ovat ndkymaét hyvin samankaltaisia
kosketusnayt6lla ja ilman. Voidaan sanoa, ettd kosketusnéytto tuo tiettyjé
lisamahdollisuuksia kayttoliittymééan, jotka voivat helpottaa toimintojen tekemista
ja parantaa kayttajaystavallisyytta. lman kosketusndyttod, ei Status Barin kautta
saada suoraan tarkempia tietoja jarjestelmén tilasta. Myds paluunéappain puuttuu ja

on toteutettu tallaisessa laitteessa fyysisend ndppéimena.

4.1.2.2 Kynatyylinen kayttoliittyméa

Kynatyylin erot toiminton&ppaintyyliin verrattuna on melko helppo havaita
katsomalla kuvaa 9. Nayton alueet ovat padosin samat, mutta niiden jarjestys on
osittain vaihtunut. Merkittavin ero tyylien valilla on se, ettd kynéatyylissa
toimintondppéimet on korvattu ndppéinpalkilla (Button Bar). Kyseiselld alueella on
yleensa toimintondppaintyylistakin tuttu paluunappi sek& muita nappeja, joita

sovelluksen tekija sinne on halunnut sijoittaa. /10/

FIFTH THIRD EX1062
PART 1 OF 3
Page 381 of 428



TAMPEREEN AMMATTIKORKEAKOULU TUTKINTOTYO 24 (44)
Tietotekniikan koulutusohjelma, ohjelmistotekniikka
Tuomas Liimatainen

(— Tifle Bar
(— View Context Area

'St-art daté:
17/02/2009
End date:

17/02/2009 || €— Application Space
Start time:

4:38 pm
End time:

. 44— Button Bar
|| €= Status Bar

Kuva 9 Kynatyyli, pystysuuntainen naytto

Title Barissa on kynétyylissa heti sovelluksen nimen jalkeen nuoli-ikoni, jota
koskettamalla saadaan nakyviin valikko. Valikko on sama kuin
toimintondppéintyylissé oikeanpuoleista toiminton&ppainté painettaessa aukeava
valikko. Jotta kosketusnédyton kaytto olisi helppoa ja nopeaa, on UlQ:ssa kuitenkin
mahdollista maaritelld valikon alkioille tietylla lipulla, halutaanko niiden olevan
mieluummin valikossa vai Button Barissa. Jos alkiolle on lipulla maéritelty, etta
sen halutaan mieluummin olevan Button Barissa helposti ja nopeasti valittavissa,
niin silloin Button Bariin tulee tatd komentoa vastaava nappi, eikd komentoa 16ydy

Title Barista aukeavasta valikosta. /10/

Kuten aiemmin mainittiin, tukee UIQ my06s ndyton kéayttoéd vaakasuunnassa.
Kuvassa 10 on esimerkki UlQ:n ndkymaéstd, kun ndyttoa kaytetaan

vaakasuunnassa.
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eIy » Dpera Software

T Bes inderret Expessence

= 1= E2 E R

Kuva 10 Kynatyyli, vaakasuuntainen naytto

Y114 olevassa kuvassa nakyy myds hyvin, ettd Button Barissa voidaan kayttaa
tekstin sijaan ikoneita nappaimissé, jolloin kyseiselle alueelle voidaan sijoittaa

enemman toimintoja. /10/

4.1.2.3 Eri Ul-konfiguraatioihin varautuminen

UlQ-alusta tukee eri kayttoliittymakonfiguraatioita ja ndin ollen erilaisia puhelimia.
Jotkut puhelimet tukevat useita eri Ul-konfiguraatioita. Konfiguraatioiden
vaihtaminen on joissain tapauksissa mahdollista tehda sovelluksen sisalta mutta
joissakin tapauksissa vaihto voi tapahtua vain jonkun jarjestelmén tapahtuman
yhteydessé. Sovellus voi esimerkiksi vaihtaa ndytén orientaatiota mutta esimerkiksi
joissakin puhelimissa oleva aukeava mekanismi, joka paljastaa fyysisen
nappaimiston, saa aikaan konfiguraation vaihdon jota ei voi sovelluksesta

ohjelmallisesti tend&. /11/

Eri kayttoliittymakonfiguraatioita varten voidaan sovelluksen resursseissa
maaritella erilliset nakymaét ja komennot, joita kaytetaan eri konfiguraatioilla.
Normaalisti sovellusten ei tarvitse maaritelld eri konfiguraatioille eri nakymié ja
komentoja. Joissakin erityistapauksissa voidaan kuitenkin haluta sovelluksen
nayttavan erilaiselta tai siséltavan eri komentoja eri konfiguraatioilla. Jokainen

sovelluksen nakyma voi maaritelld, mita kayttoliittymakonfiguraatioita se tukee.
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Madrittely tehd&an resursseissa QIK_VIEW_CONFIGURATIONS-rakenteen

avulla. Kuvassa 11 on esitetty, kuinka tama maarittely tehdaan. /11/

RESCURCE QTE VIEW CONFIGURATICNS r wi configurations
configurations =

QIE VIEW CONFIGURATION

ui config mode = EQikPenStyleTouchPortrait:
command li=st = r Hello commands:
view = r Hellp layout:

P
QIK VIEW CONFIGUEATION

ui config mode EQikPenStyleTouchland=scape;
command list = r Hello commands;
layout;

view = I_HEilﬂ_
o
QIE VIEW CONFIGURATION

ui config mode = KQikSoftkeyStyleTouchPortrait;
command list = r Hello commands;
view = r Hello layout;

Fo
QIE VIEW CONFIGURATION

EQikSoftkeyStylePortrait;
command list = r Hello commands;

uli config mode
view = r Hello layout;
%
Fr

QIK VIEW CONFIGURATTION

ui config mode = EQikSoftkeyStyleSmallPortrait:

command list = ¥ Hello commands;
view = r Hello layout:

¥

Kuva 11 Nakyman tukemien Ul-konfiguraatioiden méaarittely

Y114 olevassa kuvassa on tavallisen graafisen UlQ-sovelluksen tukemien
kayttoliittymakonfiguraatioiden esittelyt. Eri konfiguraatiot maaritellaén
QIK_VIEW_CONFIGURATION-maérittelyn avulla. Jokaiselle konfiguraatiolle
voidaan tdssa maéritelld, mitk& komennot ja mika nakyma on kaytossa millakin
konfiguraatiolla. Y1la olevassa esimerkissa kaytetadan kaikilla konfiguraatioilla

samoja komentoja ja samaa nakymaa. /11/
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Jos puhelin kayttaa kayttoliittymakonfiguraatiota, jolle ei ole sovelluksen
resursseissa maarittelya, etsii jarjestelméa sopivimman maaritellyn konfiguraation ja
kayttaa sita sovelluksen alustamiseen. Sovelluksen on mahdollista pyytéa
jarjestelmad vaihtamaan haluttuun konfiguraatioon mutta tdmé ei valttamatta ole
mahdollista, jos puhelin ei tue kyseista konfiguraatiota. Jarjestelma maaréa siis
aina, mita konfiguraatiota kaytetdan. Koska jarjestelma etsii aina sopivimman
konfiguraation, ei sovelluksessa tarvitse huolehtia kaikista konfiguraatioista, vaan
sama koodi toimii kdytdnnossa kaikissa puhelimissa. /11/

5 WIRELESS TEST FRAMEWORK

Wireless Test Framework on Sasken Finland Oy:ssé Symbian-alustalle diplomi- ja
opinndytetdind kehitetty testaustyokalu. Sen avulla voidaan tehda yksikko-
moduuli- ja integrointitestausta. Silla voidaan siis testata esimerkiksi jonkun luokan

toimintaa ja varmistaa, ettd toiminta on haluttua.

Testikehykseen on aiemmin tehty kéayttoliittymé S60-alustalle. Sovelluksen
toiminta haluttiin laajentaa toimimaan myds UlQ-alustalla, joka oli tdiman
tutkintotyon tarkoitus. Koska S60- ja UlQ-alustat pohjautuvat Symbian-
kayttojarjestelmaan, oli suurin ty0 siirtdé kayttoliittyma UlQ:lle, johtuen Ul:ssa
kaytettavista alustojen omista luokista. Seuraavissa kappeleissa tutustutaan hieman

tarkemmin testikehykseen ja erityisesti sen kayttoliittymaan.

5.1 Yleista testikehyksesta

Testikehyksen tarkeimman toiminnallisuuden toteuttaa TestServer-komponentti,
jota kéytetaan asiakas-palvelin-periaatteella. TestServer toteuttaa esimerkiksi
testimoduulien ja —tapausten latauksen, testien ajamisen ja tulosten raportoinnin.
Testitapaukset sijaitsevat testimoduuleissa, jotka ovat dll-tyyppisia Kirjastoja. YKksi
Kirjasto voi siséltada esimerkiksi jonkun tietyn luokan testaamiseen kirjoitettuja
testitapauksia.
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TestServerin toimintaa ohjataan kayttoliittyman avulla. Kéyttaja voi valita
haluamansa testitapaukset haluamistaan testikirjastoista ja muodostaa néin
testisetin. Kun testeja ajetaan, ilmoittaa TestServer testien etenemisesta
tarkkailijaluokalleen. Kun tarkkailijaluokka saa tiedon esimerkiksi testitapauksen

ajon valmistumisesta, paivittdd se nakyman vastaamaan téta tilannetta.

Testikehykseen on tehty TestServerin ja Ul:n lisaksi muitakin osia, jotka ovat
ScriptingModule ja SynchronizationModule. Naiden moduulien avulla
testitapauksia voidaan skriptata ja synkronoida, mutta testien ajaminen onnistuu
ilmankin ndiden moduulien kayttod. Tassa tutkintotydssa ei késitelld muita
testikehyksen osia kuin kayttoliittymaa ja sen kommunikointia TestServerin

kanssa.

5.2 Kayttoliittyma

Testikehyksen kayttoliittymén UlQ-versio perustuu sovelluksen S60-versioon.
Taten kayttoliittyma on saman tyyppinen ja siséltdd samat ominaisuudet
molemmilla alustoilla. Seuraavissa kappaleissa perehdytaan tarkemmin

kayttoliittyman rakenteeseen ja toimintaan.

5.2.1 Rakenne

Kéayttoliittyma noudattaa MV C-arkkitehtuuria ja siséltéé useita luokkia, jotka
muodostavat malli-, ndkymaé- ja kontrollerimoduulit. Kontrolleri kasittelee kaikki
nékymiltd tulevat komennot ja ohjaa mallin toimintaa niiden perusteella.

Kontrolleri pitad huolen myds nékymien paivittamisesta tarpeen mukaan.

Malli siséltéa tiedon sovelluksen tilasta ja kommunikoi kayttoliittyman
ulkopuolelle testitapausten ja -moduulien késittelyn yhteydessa. Kontrolleri voi
mallin avulla esimerkiksi lis4td testimoduuleja ja —tapauksia, ajaa testitapauksia ja
poistaa moduuleja ja tapauksia. Nakymatkin ovat yhteydessa malliin vakioviitteen
kautta. Nakymat voivat kysya mallilta esimerkiksi testisetin sisallén, jonka avulla

ne péaivittavat itsensd vastaamaan sovelluksen tilaa.
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Nékymia kayttoliittymassa on kolme, joista kerrotaan tarkemmin seuraavissa

kappaleissa. Kuvassa 12 on nahtavissa kayttoliittyman luokkakaavio.

CTestFWUIQApplication

CTestAWUIGDocument

CQikAppUi

HMQiklistBoxObserver

i

A

Controller

CTestUiController MTestliControllerViewInterface

¥ iy

QikListBox

\ CTestUiTestCase

CTestUiTestModule

+HandleCommand({@Command: TInt) | | +Selectedindex(): TInt :I d
+TestRunStarted() ;
f \ CTestFWUIQAPPUT (gur———_ | (TestFWUIQCasesView
/ o
/ Model CTestFWUIQModulesView
CTestUiModel MTestUiModeliewInterface
2
HMTestUilloteService CTestFWUIQRunVi
HMTestliTestObserver Lo e ] CTe8 LR L S
+5tartedTestCase(aTesthame: TDesCa&) [
+TestCaseCompleted{aResult: TTestUiTestResultd) Lé
+TestSetCompleted(aErrar: TInt) 3
CTestFWUIQNoteService (TestUiTextBox
CTestUiXmIHandler HMTestlliTestCase
\ +ParentModuleMame(): TDesC& l_/\\
+ame(): TDesCa
CTestUiTestSet +Group(): TInt ][> CQikViewBase

TTestUiTestResult TTestliTestCaseHandle

R

CTestUiTestRunner

mechanism

TestServer is accessed
via dient/server-

Kuva 12 Kayttoliittyman luokkakaavio

=N

TestServer

L)

" TestServer

Sovelluksen AppUi-luokka suorittaa l&hinné vain nakymien hallintaa ja valittaa

kayttdjan komennot kontrollerille kasiteltavéksi. AppUi toteuttaa

MTestUiControllerViewlnterface- ja MTestUiModelViewInterface-rajapinnat,

joiden avulla kontrolleri ja malli ilmoittavat ndkymamoduulille tapahtumista.

Esimerkiksi Update-funktiossa AppUi valittaa paivityskéskyn aktiivisena olevalle

néakymalle, jolloin kéayttajalle ndkyva nakyma saadaan péivitettya.
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5.2.2 Nakymat seka toiminnallisuudet

Testikehyksen kayttoliittymé koostuu siis kolmesta nakymastd. Nakymat ovat
tapausnakyma, moduulindkyma seké ajonakyma. Koska kéyttoliittyma
suunniteltiin kosketusnayttoa hyodyntéville laitteille, on ndkymien suunnittelussa
otettu huomioon kayton helppous seké kosketusndyton tuomat uudet

mahdollisuudet.

Kéayttoliittyman suunnittelussa lahdettiin siitd, ettd toimintojen valinnat pitéisi
pystyé tekemaén helposti ja valikoiden kayttoa pitéisi saada rajoitettua. Eniten
toimintoja on sovelluksen moduuli- ja tapausndkymisséd. Nama nakymat ovat
saman tyyppiset, siséltéen listat, jotka kuvaavat ladattuja moduuleja ja testisettia.
U1Q:n monipuolinen listaluokka CQikListBox tarjosi mahdollisuuden siséllyttaa
toimintoja suoraan listan alkioiden yhteyteen, sikali kun toiminto kohdistui
johonkin tiettyyn moduuliin tai testitapaukseen. Tdmén avulla sovelluksen kayttoad
saatiin helpommaksi, kun kaikkia valintoja ei tarvitse tehté valikon kautta.

Komentojen kaytdsta listan kautta kerrotaan lisaéd myohemmin.

Koska sovelluksessa on kolme ndkymaéd, piti suunnitella jarkevin tapa navigoida
nékymien valilla back-néppaintéa kéayttden. Koska tapausndkyman kautta voidaan
ladata testisetteja seka aloittaa setin ajaminen, voidaan sité pitaa sovelluksen

paandkymand. Kuvassa 13 on esitetty testikehyksen nakymien valilla navigointi.

Kuva 13 Testikehyksen nakymien valilla navigointi

Sovelluksen kdynnistyessa tapausnakyma on aktiivinen. Sovelluksen muista
nékymista palataan back-nappaimella aina kyseiseen nakymaan. Kuvassa 13 on

néhtavissd myods komentoja, joiden seurauksena ndkymia vaihdetaan. Naista
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komennoista ja nékymien toiminnallisuuksista sek& kommunikoinnista muiden

luokkien kanssa kerrotaan liséé seuraavissa kappeleissa.

5.2.2.1 Tapausnakyma

Tapausndkyma siséltaa listan tdiman hetkisen testisetin testitapauksista. Nakyma
antaa mahdollisuuden ajaa testisetin, poistaa testitapauksia, ladata tallennetun
testisetin tai siirtyd moduulindkyméaén. Kun tapausnakymaan siirrytaan, kysyy
nédkyma mallilta nykyiseen testisettiin lisatyt testitapaukset ja péivittaa listan
vastaamaan niitd. Jokainen listan alkio vastaa yhta testitapausta. Kuvassa 14 on

néhtavissa tapausndkyma tilanteessa, jossa testisetti siséltaa viisi testitapausta.

jiRemoyelies{case]

| Take picture
| Play audio file

|
Select More |

Kuva 14 Tapausnakyma, kosketusnayttoa hyodyntava toimintonappaintyyli

Listan alkiot siséltavat kaksi rivia, joista ylempi kertoo testitapauksen nimen ja
toinen toiminnon, joka suoritetaan, kun listan alkio valitaan. Kun listan alkio
valitaan, poistetaan kyseinen testitapaus testisetistd. Kuten kuvasta 14 nakyy, on
listan alkioita mahdollista valita useita kerralla mutta toteutusta usean tapauksen
valikoivaan poistoon ei ole vield tehty. Vaikka testitapauksia ei voi poistaa
valikoivasti, on valikossa kuitenkin mahdollisuus poistaa kaikki testitapaukset
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kerralla. Listan alkion kosketus kasitelladn nakymén HandleListBoxEventL-

funktiossa, koska nakymaé on rekisterdity kyseisen listan tarkkailijaksi.

HandleListBoxEventL-funktiossa luodaan ja laukaistaan testitapauksen poistoa
vastaava nappdintapahtuma eli periaatteessa toimitaan samoin kuin FEP:t, jotka
tekevat esimerkiksi kosketustapahtumalle esikésittelya ja luovat sitten sopivan
néppaintapahtuman. Néappéintapahtuma kasitellddn AppUi:n HandleCommandL-

funktiossa.

UlQ:ssa ndppéintapahtumaa kuvastaa CQikCommand-tyyppinen olio, joka
poikkeaa S60-alustan kayttamésta TInt-tyypistd. UIQ:n komentotyyppi siséltéda
enemman tietoja komennosta, kuten tyyppitiedon, joka maarittad, missa komento
néaytetddn millakin kayttoliittymakonfiguraatiolla. Koska eri alustat k&yttavat
erityyppisia komentoja, on UlQ-version AppUi:n muunnettava komento TlInt-
tyyppiseksi, jolloin kontrolleriin ei vaadita muutoksia komentojen kasittelyn
suhteen, vaan sama toteutus toimii eri alustoilla. Kuvassa 15 on néhtévissa

yksinkertaistettu testitapauksen poistosekvenssi.

System CTestFWUIGADPL CTestliController CTestiiModel CTestlTestSet

CTestPWILIOCasesView

e AL HandIeCommandLO__ i i
i 'I_'_! 2 ; HandleCommandL() :
o

L

[}

i The test case

' | to be removed

| has to be asked

1| from CasesView.

1| The case index is
1| given to model as
E parameter.

3 : SelectedIndex()

il
e |

4: Selectédlndexﬁ

j

¥
gsol] RSO A e e 3 3

¥

7: RemoveTestCasel() |
=

3 : Updite()

3 : RemoveTestCasel E :

10 : Update()

=

¥
o [ B EE e e

F |

Kuva 15 Testitapauksen poistaminen

Testitapauksen poisto etenee seuraavasti: AppUi saa ndkymassa luodun
néppainkomennon kasiteltdvakseen ja vélittdd sen kontrollerille. Kontrolleri kysyy

AppUi:lta valitun testitapauksen indeksin ja k&skee taman jalkeen mallia
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poistamaan testitapauksen. Kuten kappaleessa 5.2.1 kerrottiin, AppUi toteuttaa
sekd MTestUiModelViewInterface- ettd MTestUiControllerViewlInterface-
rajapinnat ja toimii taten rajapintana nakymien ja kontrollerin sek& mallin valilla.
AppUi:lla on tiedossa aktiivisena oleva nakymé, jolle se valittaa SelectedIndex-

kutsun.

Malli vélittaa testitapauksen poistopyynnon CTestUiTestSet-luokalle, joka poistaa
tapauksen. Tamén jalkeen nakyma pitéa paivittad, koska testitapaus on poistettu.
Né&kymien péivitys tapahtuu samaan tyyliin, kuin indeksin kysely eli AppUi kutsuu
aktiivisen ndkyman Update-funktiota, jossa nakyma paivitetdan kysymalla

tarvittavat tiedot mallilta.

5.2.2.2 Moduulindkyma

Moduulindkymadssa on lista testikehykseen ladatuista testimoduuleista. Nakymaéssa
on mahdollista ladata lis&& testimoduuleja, poistaa moduuleja, lisata testisettiin
testitapauksia, ajaa kaikki tapaukset halutusta moduulista ja siirtya

tapausnakymaan.

Kuten tapausnédkymaéssakin, on toimintoja siséllytetty listan alkioiden yhteyteen,
jotka vastaavat ladattuja moduuleja. Moduulin poisto, testitapauksen lisays ja
kaikkien tapausten ajo tietystd moduulista on mahdollista tehd& suoraan listan
avulla, ilman valikosta tehtavia valintoja. Moduulista on myds mahdollista lisata
kaikki testitapaukset testisettiin kerralla. Kuten tapausnédkymassakin, myos
moduulindkymassa listan alkioiden toinen rivi maaréa, mika toiminto tehdaén, kun
alkiota kosketetaan. Haluttua toimintoa voidaan muuttaa alkion toisen rivin
paadyissa olevia nuolia koskettamalla. Kuvassa 16 on nahtévissa moduulindkyma,

kun testikehykseen on ladattu kaksi testimoduulia.
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_| ModuleZ2. EiII

T

Kuva 16 Moduulindkymd, kosketusnayttda hyodyntava toimintonappaintyyli

Uuden testimoduulin lataaminen tapahtuu valitsemalla valikosta testimoduulin
lataamistoiminto. Valikoista tehtaville komennoille ei tehdad nakymissa mitaan
késittelya vaan annetaan AppUi:n kasitella ne ja vélittdd komento kontrollerille.

Kuvassa 17 on nahtavissa testimoduulin lataamissekvenssi.

System CTestliController CTestFWUIOModulesView CTestFWUIONoteService CTestUiModel CTestliTestSet TestServer

CTestFWUIOADRLI ‘

E]. + HandleCommandl E

i E Descriptor array
2 : HandleCommandL E is given as parameter
t | and is filled with

i | testmodule names.

3 1 AddModuleL () H
54: GetAvailableTestModulesL()

.
+ + Lt
i § Z g 5 UpdateAvailsieModyleListL()
i Z :
U E Testlibraries are % T

e — Y1 | s=arched from
i : 3 U filesystem and
+ | | added to available
¢ | module list.

+| Array of module
1| names and index

1| is given as

E parameters to

1| MoteService,

E Selected index is
+| updated to match
1| the madule

1| selected by the

| user,

¥

9 ; AddTestModuleL()

12 : LoadDILD ;
e HandIéDHLoadO U

. 14 ;deabe{) U4

I_—!‘ 15 Update() - {7k

Kuva 17 Testimoduulin lataaminen
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Testimoduulin lataaminen etenee seuraavasti: AppUi valittdd komennon
kontrollerille, joka kysyy saatavilla olevia testimoduuleja mallilta. Kontrolleri
antaa mallille parametrina muuttujan, johon malli liséé saatavilla olevien
testimoduulien nimet. Malli péivittdd moduulilistan etsimalla dll-tyyppisia
testikirjastoja tietysté paikasta.

Kun kontrolleri on saanut tietoonsa saatavilla olevat moduulit, kutsuu se
NoteServicen ShowSelectionDialogL-funktiota. NoteService nayttaa kayttajalle
dialogin, joka sisalta4 listan moduuleista. Kun kayttaja valitsee haluamansa

moduulin, asetetaan kyseisen moduulin indeksi parametrina saatuun muuttujaan.

Taman jéalkeen kontrolleri kaskee mallia lisadmaan kyseisen moduulin antamalla
valitun indeksin parametrina. Malli kutsuu TestSet-luokan AddModule-funktiota,
jossa uusi moduuli lisatéén testisettiin. Seuraavaksi pitaa tehdd moduulin
varsinainen lataus, joka tehdaén TestServerin avulla. TestServer on aktiiviolio, joka
latauksen valmistuttua kutsuu mallin HandleDllLoad-funktiota. Jos moduulin
lataus onnistui, péivitetadn nakyma. Jos lataus ei onnistunut, poistetaan moduuli

testisetista.

5.2.2.3 Ajonakyma

Ajonakyma siséltaa testikehykseen itse tehdyn tekstikentén, johon ajettavien testien
tulokset tulostetaan. Nakymaéssa ei talla hetkelld ole muita toimintoja, kuin
testisetin ajamisen uudelleen k&ynnistys, seka siirtyminen takaisin
tapausnakymaan. Ajondkymaéan siirtyminen, seka testien ajaminen on kuvattu

kuvassa 18.
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-interface (observes

Implements MTestUiTestObserver
CTestUiTestRunner)

CTestFWUIORUNYiew

System CTestFWUIOADDU CTestliiController CTestUiModel CTestUTestRunner TestServer
1 1t HandleCommandL(
3 : TestRunStarted() :|
Y I 0 e W
1 | RunView activation d 4 ActivateViewL() .

5 Start) o
Laell 3 |

loop J

; 6 Run{) E
7 : RunCase() H

18 : TestCaseCompleted()

Al testcases in
current set are
run in sequence

9 ; TestCaseCompleted()

View is updated
with information

about the completed
case (case name,
module, result etc.)

10 : TestSetCompleted()

Kuva 18 Testitapausten ajaminen

Testisetin ajaminen etenee seuraavasti: Kontrolleri saa késiteltdvakseen testisetin
ajamiskomennon, jonka kéyttdja on laukaissut tapausnakymastd tai ajonakymaésta.
Sama sekvenssi toistuu myaos silloin, kun kayttdja valitsee ”Run all from module”-
komennon moduulindkyméssa. AppUi saa tiedon testien ajamisen aloittamisesta

kontrollerilta ja aktivoi ajondkyman, johon testien ajon aikana tulostetaan tietoja.

Seuraavaksi kontrolleri kutsuu CTestUiTestRunner-tyyppisen olion Start-funktiota,
jossa olio asetetaan aktiiviseksi ja k&sketdan TestServerid ajamaan testitapaus. Kun
testitapaus on ajettu, saa CTestUiTestRunner siita tiedon ja kutsuu
tarkkailijaluokkansa TestCaseCompleted-funktiota. Kyseisen olion tarkkailijana
toimii ajondkyman ilmentyma, joka paivittad itsensa aina tapauksen ajon
valmistuttua. Kéytannossa ndkyma tulostaa tekstikenttdénsa ajetun testitapauksen
nimen ja tiedon siitd, onnistuiko testi vai ei. Kaikkien testisetissa olevien

testitapausten ajo tehdaan edelld kuvatun mukaisesti perakkain.

Kun testisetin kaikki testitapaukset on ajettu, saa ajondkyma tasté tiedon ja tulostaa

néytolle testien ajamisen paattyneen. Lisaksi ndytolle tulostetaan 1api menneiden ja
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epaonnistuneiden testitapausten madrat. Kuvassa 19 on néhtévissa ajonakyma, kun

kaikki viisi testisetissa ollutta testitapausta on ajettu.

Kuva 19 Ajonakyma, kosketusnayttoa hyodyntava toimintonappaintyyli

[Test caze "Download file" comgl rezutt: O
Test caze "Send message" compl result 0
[Test caze "Parse XMML" complete, result -1
Test caze "Take picture" complete, result: O
Tast caze "F'Iar audio file" complete, resul: O
2l tests completed

PASSED:

FAILED:

I |

5.2.3 Kayttoliittyman parannukset

Sen lisdksi, ettd tdssa opinndytetydssé tuli hyddyntad UlQ-alustan ja

kosketusndytén mukanaan tuomia mahdollisuuksia kayttoliittymén suunnittelussa,

piti sovelluksen kayttoliittymad parantaa myos joidenkin kéyttdéd helpottavien

lisdysten avulla. Kéytannossa suurin osa lisdyksista on hyvin pienid mutta ne

parantavat kayttajaystavallisyyttd huomattavasti. Nita pienid parannuksia ovat:

e moduulista on nyt mahdollista lisata kaikki testitapaukset testisettiin

kerralla

e testisetistd voidaan poistaa kaikki testitapaukset kerralla

e testisetin ajaminen voidaan kaynnistad uudestaan suoraan ajonakymasta

Edelld mainittujen parannusten liséksi toteutettiin kéayttoliittymadan testisettien

lataus xml-muotoisesta tiedostosta. Kun testisettien lataus tehdaén yksinkertaiseen

xml-tiedostoon perustuen, on testaajan helppo luoda haluamiaan testisetteja
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tietokoneella ja kayttaa niitd sitten puhelimessa. Xml-tiedostoon voidaan tallentaa

kaytdnndssa rajaton maaré testisettejd, jotka voivat siséltaa testitapauksia useista eri

moduuleista. Testisetistd kuvataan xml-tiedostossa setin nimi, testisettiin kuuluvien

testitapausten nimet sekd moduulit, joihin testitapaukset kuuluvat.

5.2.4 Toiminta eri Ul-konfiguraatioilla

Eri kayttoliittymakonfiguraatioita varten ei tassé sovelluksessa ole tehty mitaan

muokkauksia, vaan kaikilla konfiguraatioilla kaytetd&dn samoja komentoja ja

nékymid. Optimointiin eri konfiguraatioita varten ei ndhty tarvetta, koska

sovelluksen kayttoliittyma toimi kaikilla testatuilla konfiguraatioilla hyvin

emulaattorilla testattaessa.

Moduuli- ja testitapausnédkymat koostuvat CQikListBox-tyyppisesta listasta, joka

on hyvin muuntautuva ja suunniteltu toimimaan eri kayttéliittyméakonfiguraatioilla.

Testitapausten ajonakymassé on kaytossa testikehykseen itse tehty tekstikontrolli.

Myaos tamé kontrolli mukautuu hyvin eri konfiguraatioihin. Alla olevissa kuvissa

20, 21 ja 22 on kuvakaappauksia sovelluksen ajamisesta kynétyylin ollessa

kaytossd. Kuvien tilanteissa ndyttoa kaytetdan vaakasuunnassa. Kuvat vastaavat
kappaleissa 5.2.2.1, 5.2.2.2 ja 5.2.2.3 esitettyja tilanteita.

| Download file
~| Send message

@ Parse XML
~ | Take picture
_ | Play audio file

| O  |Runtestset|Load test set|

Kuva 20 Tapausnakyma, kynatyyli, vaakasuuntainen naytto
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S AU
"I Loaded test modules

| Module1.dll
& Module2.dI

JlAddlalllcasesitolset:

Test results

[Tast caze "Download file" comgal result: 0
MTest case "Send message" cormpl result O
MTest case "Parse XML" complate, result: -1
Test caze "Take picture" cormplete, result O
Tast casze "F'Ia\I.r audio file" complete, resul 0
Bl tests completed

lPASSED

FAILED: 1

] Bun tech saclvigu tost set

Kuva 22 Ajonakyma, kynatyyli, vaakasuuntainen naytto

Kuten kuvista nahdaan, kynatyylia kéaytettdessa valikon komennot on sijoitettu
Button Bariin. Tdma on toimiva ratkaisu, koska toiminnot saa tehtya helposti ilman

valikoita.

5.3 Ongelmakohdat

Tassé kappaleessa perehdytaan joihinkin tyon tekemisessa esiintyneisiin ongelmiin

ja esitetéan ratkaisut niiden selvittdmiseksi.
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5.3.1 Kaytosta poistettu dialogi

Sovelluksen S60-versiossa kaytetadn CAknSelectionListDialog-tyyppista oliota
valintalistan toteutukseen. Kyseinen luokka periytyy CAknDialog-luokan kautta

CEikDialog-luokasta, jota ei UIQ:n 3.0-versiossa enaa tueta.

CEikDialogin korvaajiksi UIQ:n 3.0-versiossa tuli CQikSimpleDialog ja
CQikViewDialog. CQikViewDialog on tavallisen ndkyman ja dialogin yhdistelma.
Se mahdollistaa dialogien kaytdsta tutun synkronisen koodin suorituksen seka
nakymien tuen monipuolisille konfiguraatioille. Synkroninen koodin suoritus

tarkoittaa sitd, ettd koodin suoritus ja4 odottamaan dialogista paluuta. /4/

Sovelluksen valintalista toteutettiin periyttdméall& luokka CQikViewDialogista seka
MQikListBoxObserverista. Dialogi siséltdd CQikListBox-tyyppisen listan, johon
halutut listan alkiot lisatddn. Luokan rakentajalle annetaan parametrina taulukko
listan alkioista, joilla luotava lista tdytetd&n. Kun kayttaja valitsee listalta jonkun

alkion, palauttaa dialogi valitun alkion indeksin kutsujalle.

5.3.2 UIQ yhtidn konkurssi

UIQ yhti6é hakeutui konkurssiin tdmén tyén tekemisen aikana. Konkurssin
seurauksena esimerkiksi developer.uig.com-sivusto lopetti toimintansa. Sivusto oli
saman tapainen kuin Forum Nokian sivut eli se sisalsi dokumentaatiota seka

keskustelualueita sovelluskehitykseen liittyen.

Koska UlQ-alustan kayttaja- ja kehittajakunta on selvasti pienempi kuin S60-
alustalla, oli konkurssin jalkeen hankala 16ytaa apua Internetista. Erityisesti
sovelluskehittdjien keskustelupalstoja oli vaikea 16ytdd. UlQ:n SDK:n
dokumentaatio on kuitenkin hyvéé ja kattavaa.

UIQ:n konkurssi ei tarkoita sitd, ettd kaikki UlQ-alustan hyvat ominaisuudet

menisivét hukkaan. Nokia, Sony Ericsson, Motorola, NTT DOCOMO ja muutama

muu yritys ovat perustaneet Symbian Foundation-s&&tion, jossa yhdistyvat S60-,
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UIQ- ja MOAP-alustat. Yritykset ovat siis lupautuneet antamaan omat
ohjelmistoalustansa saation kayttdon. Nokia antaa séation kayttéon myos
omistamansa Symbian-kayttdjarjestelméan. Yritykset kehittavat yhdessa taté uutta
alustaa, johon liitetd&dn ominaisuuksia kaikista mainituista alustoista. Uusi
Symbian-alusta on tarkoitus saattaa avoimeksi l&hdekoodiksi kahden vuoden
kuluessa, jolloin lahdekoodit ovat kaikkien saatavilla. VVoidaan siis olettaa, etta

dokumentaatiosta ja kehittajayhteisoista ei jatkossa tule olemaan puutetta. /13/

5.4 Tydn onnistuminen

Tyon tavoitteena oli saada testikehys toiminaan UlQ-alustalla kosketusnédyttoa
hyddyntden. Kayttoliittyma piti suunnitella mahdollisimman helppokayttdiseksi ja
esimerkiksi valikoiden liiallista kayttoa tuli valttaa. Liséksi kayttoliittymaan tuli

tehdd joitakin parannuksia ja lisdominaisuuksia.

Ottaen huomioon sen, ettd minulla ei ollut yhtdén kokemusta UlQ-alustasta, eika
sen enempaé kosketusndyton hyodyntdmisestd Symbianiin pohjautuvissa laitteissa
ennen tdméan tyon tekemista, onnistui tyd mielesténi hyvin. Kayttoliittyma UIQ-

sovelluksessa on mielesténi helppokayttdinen ja toimiva.

Lisdominaisuuksista testisettien lataus xml-tiedoston perusteella on mielesténi hyva
lisdys, joka helpottaa ja nopeuttaa sovelluksen kdyttod huomattavasti. Koska ennen
ei ollut mahdollisuutta ladata testisettejd, jouduttiin moduulit ensin lataamaan
sovellukseen ja sieltd lisadmaan halutut testitapaukset testisettiin. Nyt testisetti
voidaan maaritelld xml-tiedostoon ja sitten vain ladata se. Testisetin latauksen
yhteydesséd moduulit ja testitapaukset ladataan automaattisesti, kaytt4jan tarvitsee

vain valita ladattava setti.

5.5 Jatkokehitysajatuksia

Erés jatkokehitysajatus on testisetin tallennus xml-tiedostoon. Tamén toteuttaminen

ei olisi kovin vaativaa, koska xml-tiedoston muoto on jo madritelty. Xml-tiedosto

on hyvin yksinkertainen ja tiedot, jotka tiedostoon pitéé tallentaa, on helposti
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saatavilla. Kdytannossa tdman toiminnon lisdédminen vaatisi lisayksia kontrolleriin,
malliin sekd CTestUiXMLHandler-luokkaan, jossa tiedot pitdisi Kirjoittaa

tiedostoon.

Toisena jatkokehitysajatuksena on kehittda edelleen kayttoliittyman
kaytannollisyytta. Seka tapaus- ettd moduulindkyman listoissa on UlQ-versiossa
mahdollisuus valita useita alkioita kerralla. Useiden alkioiden valinta ei talla
hetkelld kuitenkaan vaikuta mihink&&n, koska toteutus on tekematta.
Tapausnédkymaéssa useiden testitapausten valikoiva poisto olisi selked parannus ja
luultavasti mahdollista toteuttaa melko pienelld tyolla. Tall& hetkellahan
testitapauksia voi poistaa yksitellen tai kaikki kerralla. Moduulindkyméssa useiden
alkioiden valinta olisi myds hyodyllistd joidenkin toimintojen kohdalla.
Esimerkiksi usean moduulin poisto kerralla tai kaikkien testitapausten lisays
testisettiin useasta moduulista kerralla parantaisi kayttoliittyman

kayttajaystavallisyyttd entisestaan.
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ABSTRACT

Porting software from one environment to another can be
eased with virtual machines. Then, the virtual machine
hides the particularities of one system, and allows running
of the same applications in a set of environments. Unfortu-
nately, there are also restrictions related to this approach.
In particular, when a program running inside the virtual
machine wishes to access the hosting system for e.g. im-
proved performance or service that is readily available in
the hosting system but not in the virtual machine, several
complications exist. In this paper, we introduce an improved
fashion to integrate mobile Java to Symbian OS environment
using so-called smart pointers to ease the above problems.
Towards the end of the paper, we also provide an evaluation
on our prototype implementation to validate the approach.

Keywords

Java Native Interface, Mobile Java integration, Mobile de-
vices programming, J2ME, Symbian OS

1. INTRODUCTION

Porting software from one environment to another can
be eased with virtual machines. Then, the virtual ma-
chine hides the particularities of one system, and allows run-
ning of same applications in different environments. The
approach is commonly used, and even restricted systems
like mobile phones are capable of hosting other program-
ming environments, most notably mobile Java, which is a
commonly available programming environment even in low-
performance mobile phones.

Unfortunately, there are also restrictions related to the
above approach. One practical problem is that when a pro-
gram running inside the virtual machine wishes to access
the hosting system for e.g. improved performance or service
that is readily available in the hosting system but not in the
virtual machine, several complications exist. Firstly, com-
posing associated interface functions for both the system

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

JTRES 08, September 24-26, 2008, Santa Clara, California, USA
Copyright 2008 ACM 978-1-60558-337-2/08/9 ...$5.00.
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running inside the virtual machine as well as the hosting
system is often relatively complex, and parameter passing
and the relation of objects in native and virtualized system
further complicates the system. Moreover, debugging the
cooperation of the two systems is commonly considered dif-
ficult, which can be harmful in a restricted environment,
such as a mobile phone, where debugging and validation are
already complicated.

In this paper, a revised version of [1], we introduce an
improved fashion to integrate mobile Java [2] to Symbian OS
environment [3, 4] using smart pointers — objects that act
like pointers and in addition perform some action whenever
an object is accessed through them [5].

The paper is structured as follows. Section 2 discusses our
motivation and provide background for the paper. Section
3 provides an overview to our approach, and Sections 4 and
5 discuss the most important design decisions. Section 6
provides an evaluation for the composed system, and Section
7 finally draws conclusions. Throughout the paper we will
use Symbian specific programming idioms and terms [6, 7].

2. MOTIVATION AND BACKGROUND

The Java Native Interface (JNI) [8, 9] enables two-way
integration of native operations and Java programs. More-
over, Java routines that use JNI remain platform indepen-
dent. Thus, JNI provides considerable added value when the
implementation of a Java application requires an enhanced
access to enhanced or low-level facilities, or a service already
exists in the native implementation, and there is no point in
reimplementing a corresponding service in Java. Such Java
classes that combine and include native functionality within
their business logic are usually referred to as mixed-language
classes.

Instead of using JNI, one can also invoke native code from
a virtual machine with a socket based integration approach
[10], which is often the case in mobile Java devices. However,
using such an approach can imply a bigger performance over-
head than that of pure JNI invocation, which in turn makes
this approach unsuitable for Java applications having strict
performance requirements. Therefore, using JNI to improve
the capabilities of Java in the device seems to be an ideal
choice to take.

One mobile device native platform that offers JNI is Sym-
bian OS [3, 4], which is also our target environment. In this
environment there are a lot of existing operations that have
been thoroughly tested in product setting, whereas imple-
menting corresponding services in Java would require ad-
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ditional coding, testing, and quality control, as well as ad-
ditional development time. Moreover, some devices offer
JNI capabilities, although only a subset of JNI is usually
available. In Symbian OS, native applications are imple-
mented using C++, which is one of the languages that can
be used in connection with JNI. This offers an option to use
C++ facilities from Java via JNI for improved performance,
smaller memory footprint if we assume that the correspond-
ing features would be present in C++ in any case, and faster
design, implementation, and testing cycles. Used in devices
that offer relatively high performance, Symbian OS contains
a number of services that are expected of mobile devices. For
instance, services like messaging, telecommunications, per-
sonal information management, and device specific capabili-
ties such as Bluetooth might also be valuable when accessed
from Java applications. Java Specification Requests (JSR)
define how such facilities should be used from Java programs.
However, they do not specify to what extent corresponding
features should be implemented in Java, but allow the use
of native applications where applicable.

Unfortunately, the integration of Java to another environ-
ment, such as Symbian OS and its resources for instance,
and offering the option to use JNI is not without problems.
In particular, interfacing involves numerous details, includ-
ing Java environment pointers, references to objects through
the interface, conversions of objects between the two envi-
ronments, managing exceptions that may originate from the
other side but must be caught and recovered from locally. In
addition, issues related to garbage collection must be consid-
ered. In short, while the two systems interoperate, they still
remain independent and do not share intimate data about
their execution automatically. These issues have led us to
reconsider how to implement JNI related operations in mo-
bile devices in an improved fashion we refer to as Smart Java
Native Invocation Framework (SJNI).

3. SMART JAVA NATIVE INVOCATION
FRAMEWORK

3.1 Development approach

The goal of Smart Java Native Interface Framework
(SINI) is to raise the level of abstraction. This is achieved
with enhanced tools that generate certain parts of the sys-
tem. This liberates the developer from performing certain
straightforward tasks. However, SJNI does not remove the
requirement of understanding the target hosting system, in
this case the Symbian environment [6, 4].

Development approaches based on JNI and SJNI are com-
pared in Figure 1. At the beginning of standard JNT integra-
tion approach, the programmer writes a Java class that de-
clares native methods (with native keyword). These meth-
ods are then used to access native services from the hosting
system. Next, the programmer compiles Java class files into
Java bytecode from which a C++ header file is generated,
assuming that Symbian OS is used as the target platform.
The generated C++ header file declares same methods that
were defined in Java but using C++. Now the programmer
can write a C++ source file that implements the generated
native C++ header file. Finally, after compiling the native
C++ part, a Java-native binding can be used from a Java
application.

When using SJNI, the integration is started by defining
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an SINI Wrapper Library Descriptor (5.2.1). Next, a gen-
erator tool provided by SJNI framework is used to create
native C++ wrapper library and SINI Operation Interface
file (4.3). Finally, the generated native C++ wrapper library
is compiled, after which the Java-native binding is available
in Java applications.

JNI identify the needed SJNI
native functionality

rite a Java class Write a wrapper
library descriptor
<

that declares native
methods
enerate an operation
interface and a

Compile the Java
class
W @er library

Generate a native
interface header file
|

Write a native application
that implements the
generated native interface

ompile the generated
wrapper library

Compile the native

application

Start using Java-
native binding in the
Java application

Figure 1: Comparison of JNI and SJNI development
approaches

To summarize, the main difference between the ap-
proaches is that when using SJNI integration one does not
have to deal with regular JNI tools, but a generator will be
used instead. In addition, an SJNI developer do not need to
understand the basics of JNI development, and he can thus
concentrate on his own application business logic.

3.2 Architecture

The architecture of the Smart Java Native Invocation
(SJNI) Framework that supports the approach described
above consists of three main sub-systems, namely Java Stub,
Java Smart Pointer, and Invoker. The overall architecture
of the framework is outlined in Figure 2, where the Java
Application and Native Service sub-systems are not parts
of the SJNI framework. The former represents a mixed-
language Java component, whereas the latter represents the
native APIs it needs to invoke associated operations. As far
as the SJNI framework is concerned, the role of the three
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key subsystems can be summarized as follows.

Java Application

Java Stub |
[ ot
Java Smart Pointer [] i omscssnce
Invoker

Native Service

Figure 2: Overall layer architecture of a mixed-
language Java application implemented through the
Smart Java Native Invocation Framework

Java Stub sub-system consists of one or more Java com-
ponents (so-called SJNI stubs) each of which implements a
Native Service specific Java interface. Each SJNI stub con-
sists of a thin wrapper built on top of the Java Smart Pointer
and provides a type safe interface for invoking functionality
of native services.

Java Smart Pointer (JSP) represents a Java-side imple-
mentation of the well-known smart pointer concept. The
JSP provides Java applications with a Java-side pointer to
a native entity (object, structure, variable) allocated on na-
tive heap. The pointer is "smart” because it performs addi-
tional steps when a native object is accessed or created. For
instance, after the construction of a JSP object, the JSP
instance is responsible for lifecycle management of the re-
lated native entity as well as for loading and unloading the
necessary native DLLs.

Invoker is responsible for the actual invocation of the tar-
get C++ Native Service. It provides a generic type-unsafe
interface for dynamic native library loading, invocation of
C/C++ functions and methods, as well as for dynamic cre-
ation and destruction of C/C++ variables (objects, struc-
tures, variables) on the native C++ heap. The Invoker is
a private component that can be only accessed by the Java
Smart Pointer subsystem. It is never invoked explicitly by
Java Application logic, which on the contrary must use ei-
ther the type-unsafe Java Smart Pointer or a type-safe Java
Stub in order to access the target Native Service.

Figure 3 shows the main interfaces implemented by the
Smart Java Native Invocation Framework components. The
UML stereotypes adopted in Figure 3 are in the following.
Stereotype JNI is a mixed-language component that has
Java native interface defined at Java side and native im-
plementation written with Symbian C++ at native side,
stereotype Native Class stands for a class that is written
with Symbian C++, stereotype Class Metadata describes
metadata for a native class, and stereotype DLL represents
an external library. A technical restriction we had to take
into account throughout the design is that already existing
DLLs were to be used, as we did not want to increase na-
tive side static footprint when methods or functions were
exported by a DLL [7].

In the following sections we will provide a detailed de-
scription of how we designed and implemented the above

Figure 3: UML class diagram of JSP

components. Section 4 addresses the Java Smart Pointer
component, and Section 5 discusses SNJI Wrapper Library
Descriptor, code generation, and the invokers used in the
integration.

4. JAVA SMART POINTER COMPONENT

4.1 Overview

The Java Smart Pointer (JSP) has been implemented
as a mixed-language component using standard JNI cod-
ing. However, the JSP interface does not contain any JNI-
dependent features, and the SJNI programmer is not sup-
posed to be familiar with JNI in order to start using the
JSP.

The JSP allows creating, invoking, and destroying native
entities through three different interfaces, referred in the fol-
lowing as Construction, MethodInvocation, and Destruction
interfaces. Furthermore, each JSP instance can contain dif-
ferent types of SINI Invokers, namely the EzportedFunction-
alityInvoker (EFI) and the UnezportedFunctionalityInvoker
(UFI), designed to invoke native APIs that can be or cannot
be exported by a DLL, respectively.

4.2 Representing C++ pointers as SJNI com-
ponents

The main idea behind the Java Smart Pointer component
is to dynamically create new instances of a certain native
classes or variables, and store them on the heap for further
usage (method or function invocation). To this aim we had
to explicitly take into account the problem of representing
all the main idioms related to standard C++ programming
as well as to Symbian C++ dialect [6, 7], when designing
the SJNI framework. We also had to carefully design and
implement support for SJNI-specific concepts.

Since the main goal of the SJNI framework is to en-
able Java consumers to create, invoke, and destroy native
C++ objects at run-time, the first problem we faced was
the design of the Java representation of C++ object point-
ers. The Java Smart Pointer can thus be considered as a
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Java-side wrapper for a generic C++ object pointer (i.e.,
a void pointer or a TAny pointer according to Symbian ter-
minology), enabling dynamic creation, invocation, and de-
struction of native objects. In addition to object point-
ers, we had to represent C++ function pointers as well as
pointers to C++ structures, since a lot of native APIs use
such pointers as method arguments or as values returned by
methods/functions. These types of C++ pointers are repre-
sented in the SJNI framework by three different Java classes,
JSPObjectPointer, JSPFunctionPointer, and JSPCStruct.
All pointer classes are derived from the same abstract class
JavaSmartPointer, which represents the common logic as-
sociated to SJNI representation of native pointers. Thus it
is possible to create native pointers (e.g., Object, structure,
or function pointers), wrap them into an instance of the re-
lated Java-side peers (e.g., JSPObjectPointer, JSPCStruct,
or JSPFunctionPointer), and reuse them for further pro-
cessing (e.g. passing an object pointer and a function pointer
as parameters to another object’s method).

4.3 Operation Interface

SJINI Operation Interfaces are simple Java enumerations
(actually implemented as Java interfaces since the J2ME
runtime lacks the concept of enumeration) that are associ-
ated to a specific native class that has to be made available
to the Java-side by means of the SINI framework. Operation
interfaces are used to make low-level SJNI invocation (i.e.
using a JavaSmartPointer) friendlier to developers without
compromising its flexibility. They contain all the pieces of
information that are needed for creating, invoking, and de-
stroying native objects through an instance of the JavaS-
martPointer class. In other words, an SJNI operation in-
terface consists of an enumeration of class-specific constant
variables that Java consumers must use in order to create,
invoke, and destroy native objects at run-time.

Low-level creation, invocation, and destruction of native
objects will be described in the following subsections. How-
ever before detailing the design of such low-level invocation
primitives, the main structure and semantics of SJNI opera-
tion interfaces must be described. Such operation interfaces
include the following fields:

e LIBRARYNAME is a string array describing the native
DLLs that must be loaded at run-time in order to in-
voke the target functionality (libraries implementing
the target native API and its own dependencies);

e OBJECT_SIZE represents the size of a native target ob-
ject instance. This size is needed when the native in-
stance is constructed though EFI.

e NEED_EFI_INVOKER indicates whether an EFI is needed
for this class or not.

e NEED_UFI_INVOKER indicates whether an UFI is needed
for this class or not.

e METHOD_DESCRIPTOR describes how the native target
method is invoked. The name of this field is derived
from the native method’s signature. The value of this
field is an integer array that contains wrapper library
index or ordinal of the method. In addition, it contains
an indicator that tells which Invoker (EFI or UFI) to
use for this method. Method descriptor for construc-
tors starts with native class name and it is followed by
arguments for native constructor.

4

Metadata is used at runtime by the JSP to construct or
invoke objects based on SJNI calls requested by a Java SJNI-
enabled application. For example, JSP’s constructors can
load operation interface during construction and check how
to load and retrieve native object’s constructors and meth-
ods from the native DLL that includes them (indicated by
field LIBRARYNAME). When invoking a method, its description
is retrieved from the operation interface.

In the following we show an example of the SJNI Op-
eration Interface generated from the native Symbian C++
TFullName class definition:

public interface TFullName_Operations
extends TDes16_Operations

{

public static final boolean NEED_EFI_INVOKER
true;

public static final boolean NEED_UFI_INVOKER
true;

// Has inlined constructors

public static final int OBJECT_SIZE = 0;

public static final String [] LIBRARYNAME =
{"euser.d11"};

public static final int[] TFULLNAME_DELETE_ =
{0, USE_WRAPPER};

public static final int[] LENGTH_
{1, USE_WRAPPER};

public static final int[] SIZE_ =
{2, USE_WRAPPER};

public static final int[] MAXLENGTH_
{3, USE_WRAPPER};

public static final int[] MAXSIZE_
{4, USE_WRAPPER};

public static final int[] TFULLNAME_
{5, USE_WRAPPER};

public static final int[] TFULLNAME_TInt =
{6, USE_WRAPPER};

public static final int[]
TFULLNAME_TText_const_PTR_ = {7, USE_WRAPPER};

public static final int[]
TFULLNAME_TDesC_const_BYREF_

= {8, USE_WRAPPER};

These metadata can be interpreted as follows. First,
the declaration of the class includes information about the
native class name (TFullName_Operations) and its rela-
tionships with other classes (extends TDes16_Operations).
Since the actual implementation of the TFullName class in-
cludes both inlined functions and functions exported from
a DLL, both the two related flags (NEED_XFI_INVOKER) are
set to true. OBJECT_SIZE attribute is set to zero because all
constructors are inlined and wrapped, and the OBJECT_SIZE
parameter is useful only when native constructors are imple-
mented as operations that are exported from a DLL. SJNI
operations interfaces should not be hand-coded by Java de-
velopers since all the pieces of information that they contain
can be retrieved automatically.

4.4 Construction Interface

Native objects can be constructed through the JSP con-
struction interface, which consists of several constructors
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supporting different prototypes of native constructor defi-
nitions. For example, in the following we show a method of
the JSP construction interface that should be used to create
native objects having one-Int-argument constructors:

VAL
* Constructs a native instance with one
* argument of type int.
*/
public JavaSmartPointer(
String nativeClassName,
int[] constructorDescriptor,
int arg0
);

This example code shows that in order to construct a na-
tive object instance by using an SJNI JSP instance, the fol-
lowing data about the native API is needed:

e Native class name, nativeClassName, defines the name
of target native class. With nativeClassName JSP can
retrieve the Operation Interface and load the wrapper
library for UFI.

o Method descriptor, constructorDescriptor, defines
the constructor that is invoked. The method descrip-
tor is defined in Operation Interface.

e JSP needs similar arguments than native target con-
structor so that instances can be constructed properly.

Based on the above data, a JSP instance can create a na-
tive target object instance on the native heap to support
further use of that object through the JSP invocation in-
terface. During native-object construction phase, the Java
Smart Pointer must create and initialize one or more In-
vokers, based on the actual contents of the Operation In-
terface related to the native object to construct. Each In-
voker, disregarding if it is an EFI or an UFI instance, must
load a native DLL during its initialization process. The
library can either be a standard Symbian OS native DLL
(e.g. euser.dll) in the case of EFI initialization, or an
SJNI wrapper library for a specific unexported native API
in the case of UFI initialization.

The number of initialized Invokers depends on the num-
ber of native libraries needed to create an instance of a cer-
tain native object. Native Symbian library names are re-
trieved from Operation Interface and assigned to dedicated
Exported Functionality Invoker instances (one EFI instance
for each library to load). A native C++ inheritance hierar-
chy of a class might include multiple libraries that must be
loaded when an instance of a native object is created.

Based on the second integer value, defined by
constructorDescriptor, the constructor is invoked through
EFT or UFI. When the construction goes through EFI, then
also the UFI is initialized and the library is assigned to it
based on nativeClassName. The reason why the number of
UFTIs is limited to one is that nativeClassName is mapped
to one wrapper library. If construction is called through
UFI, then the native target instance is constructed through
it. In addition, if EFI (defined in Operation Interface with
tag NEED_EFI_INVOKER) is needed, then as many Exported
Functionality Invoker are initialized as there are libraries de-
fined in Operation Interface (tag LIBRARYNAME). Each EFI
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dynamically loads the library that is assigned to it, but it
does not construct any native instances, since UFI has al-
ready constructed the native target instance. JSP takes care
that each constructed library has the native pointer after
construction.

4.5 Method Invocation Interface

The following code snippets describe a set of methods for
invoking different kind of native methods that are provided
by JSP.

/**
* Invokes a native method without arguments. Native
* method has no return value.
*/
public void invokeVoidNoArgs(
int[] methodDescriptor )
throws SymbianLeave;

/%%
* Invokes a native method with two int arguments.
* Native method has no return value.
*/
public void invokeVoidTwoArgs(
int[] methodDescriptor,
int argO,
int argl )
throws SymbianLeave;

/*%
* Invokes a native method with one JavaSmartPointer
* reference. Native method returns int.
*/
public int invokeIntOneArg(
int[] methodDescriptor,
JavaSmartPointer refObject )
throws SymbianLeave;

The example code shows that in order to invoke a native
method by using an SJNI JSP instance, the following data
about the native API is needed:

e Parameter methodDescriptor, defines the method
that is invoked. The method descriptor is defined in
Operation Interface.

e Similar arguments are needed for JSP method as are
needed for native target method so that method can
be invoked properly.

A native method can either be a method that is exported
from some DLL or method that is not exported by any
DLL. Hence, methodDescriptor can contain an ordinal of
the method in the DLL so the EFI can invoke the method.
Alternatively, methodDescriptor can contain an index of
the method in wrapper library so that the UFI can invoke
the method. JSP figures out whether the method is invoked
through EFI or UFI based on information provided in Op-
eration Interface.

Furthermore, multiple native Symbian libraries might get
loaded during construction of JSP. Hence, JSP needs to
know which Invoker is responsible for the required library.
The Invoker is figured out based on the second integer value
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defined in methodDescriptor. After the correct Invoker is
found, the method can be invoked with the given arguments.

In the native JSP implementation most of native method
invocations are surrounded with TRAP macros, which are
used to catch exceptions in Symbian environment. Then,
if a Symbian exception occurs Java exception SymbianLeave
is thrown.

4.6 Destruction Interface

The JSP takes care of the native object disposing and the
disposing of the allocated Invokers. The Java Smart Pointer
disposes the allocated native instance by invoking wrapped
delete method from assigned wrapper library. Delete is de-
fined in the wrapper library at index zero.

public void dispose();

4.7 Marshalling arguments

The native implementation of the JSP is responsible for
marshalling Java arguments to native ones. Java primitive
data types are converted into native primitive data types
by the JNI. The native side of the JSP is responsible for
marshalling Java objects into native primitives or instances,
for example following conversations are available.

e java.lang.Integer is mapped to TInt.
e java.lang.Double is mapped to TReal.
e java.lang.String is mapped to TDesC.

e JavaSmartPointer is mapped to void* of native ob-
ject instance. This is possible because native instances
are always allocated from the heap and the Invoker is
aware of the native pointer.

Arguments of native method are always converted to
opaque pointer (void*) arguments. The native side of JSP
is responsible for such a pointer-casting feature. Since the
length of a pointer is 32 bits, we need to take a reference out
of those values that are longer than 32 bits. After that, the
pointer can be casted it into opaque pointer. The generic
Invoker class is realized on top of opaque pointer. Opaque
pointer allows invocation of different kind of constructors,
a set of methods and the destructor for allocated instance.
The native side of the JSP delegates the responsibility of in-
vocation to Invoker that executes the needed functionality.

4.8 Constructing instances of native objects

JSP is a composite of multiple Invoker instances. There-
fore, the responsibility of constructing native object instance
must be clear. The native target object instance is con-
structed through the Invoker that has loaded the correct
library for object construction. JSP class is responsible for
figuring out the correct library owner.

Unexported Functionality Invoker based construction is
depicted in Figure 4. First, JSP finds out the wrap-
per library name based on the nativeClassName with
GetWrapperLibrary function. In the NewL function call
UFI instance is constructed. During the construction
UFI loads the wrapperLibrary and calls the function at
constructorIndex from its wrapper library function table.
Now the JSP can get the opaque pointer (void#*) of the con-
structed instance by calling GetNativeInstance. Finally the

JSP constructs as many Exported Functionality Invoker in-
stances as there are native libraries assigned for JSP, and
each constructed EFI has the same opaque pointer to the
native target instance as UFI. Details of the internals of con-
structor of Unexported Functionality Invoker are described
in 5.2.

Figure 4: Unexported Functionality Invoker based
construction

Let us consider the construction of a native TFullName
instance. Class TFullName has an inlined constructor and
it uses euser.dll. Since it has an inlined constructor, the
constructor must be wrapped inside wrapper library. The
steps in Figure 4 apply for the class TFullName.

e GetWrapperLibrary returns a wl_tfullname.dll de-
scriptor.

e NewL call to Unexported Functionality Invoker loads
the wl_tfullname.dll and constructs the native in-
stance.

e After the construction, it is possible to retrieve the
opaque void pointer to the native instance by calling
GetNativelInstance().

e Finally Exported Functionality Invoker can be con-
structed with library euser.dll and opaque void
pointer of the native instance.

If the constructor is exported by native library the se-
quence diagram of that case is depicted in Figure 5. Internal
construction of Exported Functionality Invoker is described
in 5.3.

S. INVOKER COMPONENTS

5.1 Overview

In order to better understand the role of ExportedFunc-
tionalityInvoker (EFI) and Unexported FunctionalityInvoker
(UFI) components, let us consider how native C++ APIs
are actually processed by C++ compilers/linkers during the
build process. According to the standard C++ compilation
and linking process, the object code of native APIs exported
by some DLL does not need to be included into the object
code of other native modules. Consequently, we can create
a specific invoker type, namely the EFI, that allows invok-
ing a large number of operations via exported native APIs
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Figure 5: Exported Functionality Invoker based con-
struction

by using the same core native C++ implementation of the
EFI. In other words, the EFI native core does not depend
at all from the target native APIs to invoke, and allowed us
to enable access to a wide range of native APIs with min-
imum impact on the static memory footprint of the final
SJNI binaries.

However, having only EFI-type Invokers in the SJNI
framework would have reduced its scope significantly, since
native APIs typically include also other C/C++ defini-
tions and declarations, like template and inline meth-
ods/functions. These can pose several build-time API-
specific dependencies between the target APIs of the na-
tive platform and the native implementation of a Java con-
sumer component. These dependencies are due to the fact
that C/C++ compilers generate templates instantiations
and expand inline code only at the calling block and add
them statically to the calling component’s object code at
build-time. Hence, in addition to DLL-based invocation,
the SINI framework provides also helper components for in-
voking functionality that does not have any corresponding
entry points in DLLs and thus may pose some build-time de-
pendencies to the native part of the overall mixed-language
Java application (e.g., implemented as inlined, inherited,
and/or template logic). The SINI therefore provides the so-
called UFI invoker type, which assumes that the functional-
ity to import has been wrapped within a native-service spe-
cific Wrapper Library generated automatically from native
source tree by using the SJNI helper tools. Such libraries
must be created, compiled, and deployed onto the target de-
vice (thus increasing the static memory footprint anytime a
new wrapper library is needed).

By using both the EFI and UFI invocation strategies the
SJNI framework can still enable access to methods that are
not exported by any DLL, but at the same time the memory
footprint is minimized since a large number of classes and
methods can be invoked by just using the small-size EFI
core logic.

5.2 UnExported Functionality Invoker

5.2.1 Wrapper Library Descriptor

Unexported functions must be wrapped inside a library
so that Unexported Functionality Invoker can invoke them.
The wrapper library is loaded at runtime when an instance
of UFT is constructed. The generator tool of the framework

generates a wrapper library based on a SINI Wrapper Li-
brary Descriptor.

SINI Wrapper Library Descriptors are plain text files in-
cluding a few key meta-data about the methods and func-
tions to wrap. The generator tool of the JSNI frame-
work generates a wrapper library based on a wrapper li-
brary descriptor. When several template and inline meth-
ods/functions, which can pose several build-time dependen-
cies, need to be integrated and bound to the Java runtime,
metadata need to be defined in the so-called SINI Wrapper
Library Descriptor. Meta-data included in an SJNI Wrapper
Library Descriptor includes the following definitions:

e Wrapped class is defined with !Class tag.

e Header file location of wrapped class is defined with
!Location tag.

e Library to which wrapped class is linked against is de-
fined with !Linkagainst tag.

e Inheritance of wrapped class is defined with
!Inheritance tag.

e Unexported  constructors are  defined  with

!Constructor tags.
e Unexported methods are defined with !Method tags.

For instance, the TFullName class is type-defined as
TBuf<512> class that has inlined constructors. Hence, con-
structors of TFullName class must be declared in SJNI Wrap-
per Library Descriptor file. Also all inline or template meth-
ods that TFullName class inherits throughout inheritance hi-
erarchy must be declared.

An example Wrapper Library Descriptor for the
TFullNameclass can be defined as follows:

!Class TFullName

Location e32cmn.h

'Linkagainst euser.lib

!Inheritance TDes16

!Constructor inline TFullName ()

IConstructor inline TFullName(TInt alength)
!Constructor inline TFullName(const TText *aString)
!Constructor inline TFullName(const TDesC &aDes)
IMethod delete TFullName ()

!Method inline TInt Length() const

'Method inline TInt Size() const

IMethod inline TInt MaxLength() const

'Method inline TInt MaxSize() const

5.2.2  Creation of Wrapper Libraries

The generator creates the Wrapper Library header file
and the source file based on the wrapper library descrip-
tion. The header file of TFullName wrapper library, namely
wl_tfullname.h, is shown below. In addition, a source file is
generated. The source file only invokes the method, which is
not described in this context. The library exports a function
GetWrapperLibrary that returns WRAPPER_LIBRARY pointer.
WRAPPER_LIBRARY contains an array of function pointers to
wrapped functions (WL) and a size of the array (WL_size).

#ifndef WL_TFULLNAME_H_HEADER
#define WL_TFULLNAME_H_HEADER
#include "wl.h"
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#include <e32cmn.h>

IMPORT_C comnst
WRAPPER_LIBRARY * GetWrapperLibrary();

void WL_TFullName_delete_ (
TFullName * aThisObject
);
TInt WL_TFullName_Length_ (
TFullName * aThisObject
);
TInt WL_TFullName_Size_ (
TFullName * aThisObject
);
TInt WL_TFullName_MaxLength_(
TFullName * aThisObject
);
TInt WL_TFullName_MaxSize_ (
TFullName * aThisObject
);
void * WL_TFullName_ (O
void * WL_TFullName_TInt (TInt aLength);
void * WL_TFullName_TText_const_PTR_ (
const TText *aString
);
void * WL_TFullName_TDesC_const_BYREF_ (
const TDesC &aDes
);

// VWrapper library function table
const unsigned int WL [I= {
(unsigned int) WL_TFullName_delete_,
(unsigned int) WL_TFullName_Length_,
(unsigned int) WL_TFullName_Size_,
(unsigned int) WL_TFullName_MaxLength_,
(unsigned int) WL_TFullName_MaxSize_,
(unsigned int) WL_TFullName_,
(unsigned int) WL_TFullName_TInt,
(unsigned int) WL_TFullName_TText_const_PTR_,
(unsigned int) WL_TFullName_TDesC_const_BYREF_
};

const int WL_size = 9;

#endif

The construction of an Unexported Functionality Invoker
instance goes through the following steps (the last step also
apply to method invocation):

1. Unexported Functionality Invoker loads the given
wrapper library at runtime by using RLibrary class.

2. Unexported Functionality Invoker gets the wrapper li-
brary function table from the loaded library by us-
ing Lookup function of RLibrary. The wrapper library
function table is stored into the member variable for
further use.

3. Finally, Unexported Functionality Invoker invokes the
function of a given wrapper library function table in-
dex with the given arguments.

5.3 Exported Functionality Invoker

Exported Functionality Invoker uses native libraries that
are provided by Symbian platform. The construction of an
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Exported Functionality Invoker instance goes through the
following steps (the last two steps also apply to method in-
vocation):

1. Exported Functionality Invoker loads a given library
at runtime by using RLibrary class.

2. Exported Functionality Invoker allocates a memory
space for the native instance by calling constructor of
CBase class with given size.

3. Exported Functionality Invoker retrieves a function
from the loaded library by using Lookup function of
RLibrary class.

4. Exported Functionality Invoker invokes the function
that is has retrieved with the given arguments.

6. ANALYSIS
6.1 Static footprint

The Smart Java Native Invocation Framework implemen-
tation contains a set of Java classes and a native core con-
taining Java Smart Pointer, Invoker, and Utils components.
Utils provides C++ helper classes for Java Smart Pointer
and Invoker. Java classes and native core components do not
contain any generated code such as wrapper libraries or op-
eration interfaces. Compiled Java classes that are addressed
in this subsection do not contain any debug information.

The overall Static footprint of the framework is around 35
KB. Figure 6 shows the breakdown of this footprint among
the different main components of the SINI implementation.
Java side static footprint accounts for around 43% of the
framework size, and the remaining 57% comes from native
core libraries. Thus, the framework fits easily in the re-
stricted memory of devices such as mobile phones.

SJNI Static footprint breakdown

Z1Javs Components
N C++ Components

Exceptions 75 %~
\

Figure 6: Breakdown of the overall static footprint
of Smart Java Native Invocation Framework

As far as the native C++ libraries are concerned, the Java
Smart Pointer (SPCore.dll) is responsible for 30.5% (i.e.,
10.5 KB), Invoker (including EFI and UFI) is responsible
for around 4% (i.e., 1.4 KB) and different helper Utils are
responsible for around 22% (i.e., 7.7 KB). Java side static
footprint of the framework is distributed in the following
fashion: Java Smart Pointer is responsible for 24.9% (i.e., 8.7
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KB), Exceptions are responsible for 7.5% (i.e., 2.6 KB), and
the remaining 11% (i.e., 3.8 KB) contains different helper
Utilities used by other SJNI Java components.

JSP’s way to invoke DLL exported methods of native ser-
vices does not increase native size of JSP. However, in JNI
there is the need to a write function call to native side.
Furthermore, developer does not see how the real method
invocation is done inside JSP, JNI is invisible to the devel-
oper.

In order to give the reader an idea of how many native
APIs can be invoked without adding any wrapper library
(and thus without increasing the static footprint), one can
consider that in Symbian OS public C++ APIs [11] about
12800 methods are exported by some system dynamic li-
brary and thus can be invoked through SJNI without writ-
ing wrappers, whereas about 4950 methods are not exported
by any dll and thus must be wrapped. To summarize, we
estimated that about 72% of all Symbian OS native API
methods can be invoked directly without writing a wrapper,
which implies that a lot of native APIs can be invoked from
Java without adding any extra contribution to the 35KB
static footprint of the SJNI implementation.

6.2 Development efficiency

Based on our experiences and experiments, writing a Java
stub for a native target class on top of JSP reduces the lines
of code to be written compared to Java stub written with
JNI. The number of lines is reduced because JSP provides
a set of functions to invoke. In addition, there is no need
to write native method invocation that is necessary in JNI
case. Furthermore, wrapper is generated based on wrapper
library descriptor that eases wrapper library creation.

In Figure 7 there are two native classes, TFullName
and RMsgQueue<TInt>, integrated from native side to Java
side. Class TFullName is a Symbian descriptor class and
RMsgQueue<TInt> is a template class that represents one
of the available Inter-Process Communication (IPC) mech-
anisms of Symbian OS [12].

Mumber of statement (NOS) comparison

Hwrnber of statemod

I TFuliMame JSP Ve 1 KM Tls S50 Msaliies i

Figure 7: Number of statements (NOS) comparison

In order to compare development efficiency of JNI and
SJNI coding, we implemented Java-side representations of
both the classes and evaluated the number of statements
(NOS) in each implementation. The number of state-
ments rather than the lines of code (LOC) is used, since
multiple statements might be located at the same line.
From TFullName class only six methods are integrated (in-
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cluding two constructors), whereas twelve methods from
RMsgQueue<TInt> class (including one constructor) are in-
tegrated. In the rest of this section, we will mostly focus on
the RMsgQueue<TInt> class, since only a few methods needed
to be integrated for TFullName. A full list of the integrated
methods of TFullname and RMsgQueue<TInt> classes is re-
ported in Figures 8 and 9, respectively.

SJNI implementation of RMsgQueue<TInt> required al-
most the same number of Java-side statements that the JNI
implementation required on the native side. This illustrates
the idea of invoking native target method directly from Java.
In JNI implementation, we had to write native side code in
which we invoked the native target method, as well as Java-
side code where we had to declare native methods as private
and public methods where we invoke native methods. More-
over, in public methods we had to add a lot of JNI boilerplate
code in order to represent native-side pointers and integer
Java variables. JNI Java side implementation increases the
number of statements to be written. To conclude, in SJNI
we did not have to write any additional Java code but we
could directly invoke the target netive method from Java.
In this case, the JNI implementation required us to write
additional 25 statements (37%) that were not required at
all in the SJNI implementation.

Figure 8: Integrated methods of TFullName and
NOS for each method

Figure 9: Integrated methods of RMs-

gQueue<TInt> and NOS for each method

Since JSP is a mixed-language component that enables
native integration via JNI without writing error-prone JNI
code at all, it eases the development. Developers do not
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need to perform the time consuming JNI testing and debug-
ging phase, as this is offered by the framework. In addition,
SJNI maps native exceptions — in the case of Symbian, so-
called leave codes — into Java exceptions, which provides the
developer with a much more Java friendly environment to
work with.

An additional advantage is that programmers can combine
several native method invocations inside one procedural JNI
invocation. This naturally reduces the overhead caused by
the JNI invocation, because Java Virtual Machine needs to
handle only one invocation. The downside of combining mul-
tiple native method invocations into a single JNI invocation
is that we are compromising reusability, because then the
combined invocation does one atomic operation and pieces
of that code cannot be used separately.

7. CONCLUSIONS

In this paper, we have introduced a mechanism called
Smart Java Native Integration Framework (SJNI) for en-
hanced integration of native and Java code in mobile devices.
The Smart Java Native Integration Framework allows Java
programmer to take native side service into use in Java with-
out writing JNI glue code by themselves, which in turn helps
in reducing the static-footprint of complex mixed-language
Java components and simplifies their development tasks.

The static footprint analysis showed that the framework
requires about 35KB of Java and native code to be deployed
onto the mobile device, which means that the framework has
a minimal static footprint impact. The number of manual
actions needed when implementing integration between Java
and native side compared to same integration with JNI is
reduced when SJNT is used. Since JNI native function is a
counterpart for a method declared at Java side, we had to
bind Java methods and native functions. We showed that
the binding is generic enough to allow the invocation of dif-
ferent methods. We showed that around 72% of native Sym-
bian OS APIs can be invoked without adding any additional
native wrapper library.

We have found multiple JNI helper frameworks or tools
[13, 14, 15, 16, 17] that are more or less based on compil-
ers and code generators. These tools also aim at lowering
the entry barrier for starting to develop JNI-enabled Java
software. However, all these tools increase also the static-
footprint, since there is new native code introduced. More-
over, it is very likely that all of these tools are not applicable
on mobile environement that has its own specialities such as
string descriptors in Symbian C++.

In the future, we aim at gaining more experiences on us-
ing the framework in practice. In particular, feedback from
developers that have not participated in the development
of the framework is considered important and will be thor-
oughly evaluated.

8. REFERENCES

[1] Raine Mékeldinen. Advanced Java Integration to
Symbian OS MSc. thesis, Department of Information
Technology, Tampere University of Technology,
Tampere, Finland, 2007.

[2] Roger Riggs, Antero Taivalsaari, Jim van Peursem,
Jyri Huopaniemi, Mark Patel, and Aleksi Uotila
Programming Wireless Devices with the Java™ 2
Platform, Micro Edition Second Edition
Addison-Wesley Professional, 2003.

47

3]

[4]
[5]

(6]

7]

8]

[9]

(10]

(16]

(17]

Richard Harrison and Mark Shackman Symbian OS
C++ for Mobile Phones, Volume 8 Symbian
Press/Wiley, 2007.

Steve Babin Developing Software for Symbian OS
John Wiley & Sons, Ltd, 2007.

Bjarne Stroustrup The C++ Programming Language -
Third Edition Addison-Wesley, 1997.

Jo Stichbury Symbian OS Explained: Effective C++
Programming for Smartphones John Wiley & Sons,
Ltd, 2005.

Coding Standards, Essential Symbian OS
http://developer.symbian.com/main/learning/
press/books/pdf/coding_standards.pdf

Symbian Software Limited, 2008.

Liang Sheng Java™ Native Interface: Programmer’s
Guide and Specification Addison Wesley Professional,
1999.

Rob Gordon Essential JNI: Java™ Native Interface
Prentice Hall PTR, 1998.

Arvind Gupta and Martin de Jode Extending the
Reach of MIDlets
http://www.arvindgupta.net/pdf/The_Bridge.pdf
www.symbian.com, 2005.

C++ component reference in Symbian OS reference
http://www.symbian.com/developer/techlib/
v9.1docs/doc_source/reference/reference-
cpp/index.html

New IPC Mechanisms for Symbian OS
http://developer.symbian.com/main/downloads/
papers/newipc/new_ipc_mechanisms_for_symbian_os.pdf
[10 May 2008].

Hirzel M, Grimm R. Jeannie: Granting Java Native
Interface Developers Their Wishes. ACM SIGPLAN
Notices 2007; 42(10):19-38.

Bubak M., Kurzyniec D., Luszczek P. Creating Java
to native code interfaces with Janet extension. In
Proc. SGI Users’s Conference 2000; 283-294.
JNIWrapper
http://www.teamdev.com/jniwrapper/index.jsf [30
May 2008].

Swig

http://www.swig.org [30 May 2008].

Dr. Dobb’s article of NoodleGlue
http://www.ddj.com/java/184401984 [30 May 2008].

FIFTH THIRD EX1062
PART 1 OF 3
Page 416 of 428



APPENDIX
HARRISON21



https:/fonlinelibrary.wiley.com/doifabs/10.1002/9780470747889.ch4

WILEY . 0Online Library Search

Chapter 4
Introduction to Bluetooth Communication on Mobile Devices

Morten V. Pedersen B2 Frank H. P. Fitzek B2

Book Editor(s):Frank H. P. Fitzek, Hassan Charaf

First published: 15 June 2009 | https://doi.org/10.1002/9780470747889.ch4

Series Editor(s): David Hutchison, Serge Fdida, Joe Sventek

TPOF 9 aTE %, TOOLS <& SHARE

Summary

This chapter describes the Bluetooth APIs offered by the Symbian OS. The main focus lies
on basic Bluetooth communication issues. Furthermore, the chapter gives several
examples covering the most important Bluetooth functionality, such as client discovery
and communication issues.

References ~

developer.symbian.com/main/downloads/papers/bluetooth/Rock_Paper_Scissors_over_Blueto
oth.pdf

Google Scholar

Stichbury, |., Symbian 05 Explained’, Symbian Press, October 2004.

Google Scholar &

Harrison, R. and Shackman, M., Symbian OS C++ for Mobile Phones, Vol. 3, Symbian Press, June
2007.

Google Scholar

'S60 Platform: Bluetooth APl Developer's Guide', available at: sw.nokia.com/id/ac4b09b2-519a-4285-
be28-1c19ed92028b9/S60_Platform_Bluetooth_AP|_Developers_Guide v2_1_en.pdf [accessed 27
June 2008].

Google Scholar 2

Bluetooth Core Specifications, www.bluetooth.com [accessed 26 july 2007].

Google Scholar 4

Gamma, E., Helm, R,, Johnson, R., and Vlissides, |, ‘Design Patterns: Elements of Reusable Object-
Oriented Software’, Addison-Wesley Longman Publishing Co., Inc., Boston, MA, 1995.

Web of Science® [Z Google Scholar &

Issott, A., ‘Common Design Patterns for Symbian 0S', John Wiley & Sons, Ltd, Chichester, UK, October
2008.

Google Scholar &

PEER TOPEER (P2P)

July 30, 2026

m Login / Register

MOBILE
Mobile Peer to Peer (P2P): A
Tutorial Guide

o
C'? o'o i ]
References Related Information

Recommended

Personal Area Networking with
Bluetooth

S. Zeadally, A. Kumar

Encyclopedia of RF and Microwave
Engineering, Second Edition, [1]

Personal Area Networking with
Bluetooth

S. Zeadally, A. Kumar

Encyclopedia of RF and Microwave
Engineering, Second Edition, [1]

Bluetooth

From GSM to LTE: An Introduction to
Mobile Networks and Mobile Broadband,
m

FIFTH THIRD EX1062
PART 1 OF 3
Page 418 of 428



FIFTH THIRD EX1062
PART 1 OF 3
Page 419 of 428



APPENDIX
HARRISON?22



https:/lieeexplore.ieee.org/document/4604 113/references#references July 30, 2026

IEEE.org IEEE Xplore |EEE SA  IEEE 5 Donate  Cart Create Account

Subscribe

Personal Sign In

IEEE XPIO!'E’IE} Browse v My Settings v Help v @ EEE

Institutional Sign In

ADVANCED SEARCH

Conferences > 2008 International Conference... @

Symbian Forensics: An Overview

Publisher: IEEE | Cite This |

Need

Full-Text

access to |IEEE Xplore

Antonio Savoldi ; Paoclo Gubian All Authors E -
for your organization!?
4 1 234 Sy AT PR
Cites in Cites in Ful QO < © /W CONTACT IEEE TO SUBSCRIBE :
Papers Patent Text Views
Abstract Abstract: More Like This
This paper aims at unveiling the real and complete structure of the Symbian S60 v3 .
Daciiment : i : = i Research on software security
g (third edition) platform filesystem, which is considered one of the most secure and 2 :
Sections and compatibility test for mobile

1. Introduction

2. Symbian O3S

Architecture

3. Platform
Security

4. Data Collection

5. Experimental

Results

Show Full Outline ~

armored systems issued by Symbian Ltd. in the last two years. By analyzing the unique
features of security, which have been applied at the filesystem level, it will become
clear how to develop applications for digital forensic purposes. Moreover, the limitations
and main issues related to accessing the observable portion of the filesystem will be
pointed out, and possible solutions will be presented.

Published in: 2008 International Conference on Intelligent Information Hiding and
Multimedia Signal Processing

Date of Conference: 15-17 August 2008 DOI: 10.1109/IIH-MSP.2008.239

Date Added to IEEE Xplore: 22 August  Publisher: |IEEE

2008
Conference Location: Harbin, China

Authors Print ISBN:978-0-7695-3278-3

Figures

References
1. Introduction

Citations Nowadays embedded systems might be considered one of the most pervasive pieces of electronic
equipment in our society, able as they are to keep plenty of sensitive and probatory data which are

Keywords fundamental in a digital forensic scenario. As a matter of fact, a state-of-the-art smartphone, which
can be considered as a de facto standard in the embedded device category, might contain phone

Metrics basic information and SIM-card data, contacts list, caller groups, log records (missed, outgoing and

incoming calls), SMS, MMS and E-mail messages (with service data records), calendar events
schedule, To-Do items, text nc

photos, video, sound, Java and other files saved in the phone

memaory or on the flash card ice records, Indeed, it is not rhetorical to say tha

Sign in to Continue Reading

application

Fourth edition of the International
Conference on the Innovative
Computing Technology (INTECH 2014)

Published: 2014

Software Defined Networking
Architecture, Security and Energy
Efficiency: A Survey

IEEE Communications Surveys &
Tutorials

Published: 2017

Show More

FIFTH THIRD EX1062
PART 1 OF 3
Page 421 of 428



Authors o

Figures ™,

References ~
STl @  References & Cited By
7| Select All

1. M. Breeuwsma. Forensics Imaging of Embedded Systems using JTAG
{boundary-scan). In Digital Investigation, volume 3, pages 32-34, 2006.
CrossRef[# Google Scholar

2. M. Breeuwsma, M. D. Jongh, C. Klaver, R. van der Knijff, and M. Roeloffs.
Forensics Data Recovery from Flash Memory. In Small Scale Device
Forensics Journal, volume 1, 2007,

Google Scholar £

3. 1. Campbell. Symbian OS Communication Programming - Second Edition.
John Wiley & Sons, Lid, 2007.
Google Scholar &

4. R. Harrison and M. Shackman. Symbian OS C++ for Mobile Phones
Volume 3. John Wiley & Sons, Ltd, 2007
Google Scholar £

5, W. Jansen and R. Ayers. An overview and analysis of pda forensic tools.
In Digital Investigation, pages 120-132, 2005.
CrossRef[#  Google Scholar

6. M. Jipping. Smart Phone Operating System Concepts with Symbian OS: A
Tutorial Guide, John Wiley & Sons, Ltd, 2007.
Google Scholar &

7. P. Mokhonoana and M. Qlivier. Acquisition of a Symbian Smart Phone's
Content with an On-Phone Forensic Tool. In Southern African
Telecommunication Networks and Applications Conference 2007
(SATNAC 2007) Proceedings, 2007.

Google Scholar @

8. B. Morris. The Symbian OS Architecture Sourcebook: Design and
Evolution of a Mebile Phone OS. John Wiley & Sons, Ltd, 2007,
Google Scholar &

9. J. Sales. Symbian OS Internals: Real-time Kernel Programming. John
Wiley & Sons, Ltd, 2005.
Google Scholar 4

10. A. Savoldi and P. Gubian. Sim and Usim Filesystem: A Forensic
Perspective. In Proceedings of Symposium on Applied Computing (ACM
SAC 2007), volume 1, pages 181-187, 2007.
CrossRef [  Google Scholar £

FIFTH THIRD EX1062
PART 1 OF 3
Page 422 of 428



11. A. Savoldi and P. Gubian. Data Hiding and Recovery on Wince Based
Handheld Devices. In Fourth Annual IFIP WG 11.9 International
Conference on Digital Forensics (IFIP WG 11.9 2008), 2008,

Google Scholar [

12. Symbian-Ltd. Symbian OS Library for Application Developers. Available
at: www.symbian.com.
Google Scholar &

Citations v
Keywords i
Metrics s

IEEE Personal Account Purchase Details Profile Information Need Help? Follow

CHANGE PAYMENT OPTIONS COMMUNICATIONS US & CANADA: +1 800 678 f in n X

A3
USERNAME/PASSWORD VIEW PURCHASED PREFERENCES 4333

DOCUMENTS PROFESSION AND EDUCATION WORLDWIDE: +1 732 981 0060
TECHNICAL INTERESTS CONTACT & SUPPORT

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | IEEE Ethics Reporting [ | Sitemap | IEEE Privacy Policy
A public charity, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

6@ Copyright 2026 IEEE - All rights reserved, including rights for text and data mining and training of artificial intelligence and similar technologies.

FIFTH THIRD EX1062
PART 1 OF 3
Page 423 of 428



International Conference on Intelligent Information Hiding and Multimedia Signal Processing

Symbian Forensics: An Overview

Antonio Savoldi and Paolo Gubian
Department of Electronics for Automation
University of Brescia, Via Branze 38, 125121 Brescia, Italy
{antonio.savoldi,paolo.gubian } @ing.unibs.it

Abstract

This paper aims at unveiling the real and complete struc-
ture of the Symbian S60 v3 (third edition) platform filesys-
tem, which is considered one of the most secure and ar-
mored systems issued by Symbian Ltd. [12] in the last two
vears. By analyzing the unique features of security, which
have been applied at the filesystem level, it will become
clear how to develop applications for digital forensic pur-
poses. Moreover; the limitations and main issues related to
accessing the observable portion of the filesystem will be
pointed out, and possible solutions will be presented.

1. Introduction

Nowadays embedded systems might be considered one
of the most pervasive pieces of electronic equipment in our
society, able as they are to keep plenty of sensitive and pro-
batory data which are fundamental in a digital forensic sce-
nario. As a matter of fact, a state-of-the-art smartphone,
which can be considered as a de facto standard in the em-
bedded device category, might contain phone basic infor-
mation and SIM-card data, contacts list, caller groups, log
records (missed, outgoing and incoming calls), SMS, MMS
and E-mail messages (with service data records), calendar
events schedule, To-Do items, text notes, photos, video,
sound, Java and other files saved in the phone memory or
on the flash card, and voice records. Indeed., it is not rhetor-
ical to say that such a platform is getting closer and closer
to the traditional desktop/laptop systems, in terms of mul-
timedia capabilities. For instance, a modern Nokia smart-
phone, which integrates functionalities of a cellular phone
plus the PIM part of a PDA, might have up to 64 Mbytes
of SDRAM, 160 Mbytes of internal flash memory, differ-
ent wireless built-in capabilities, such as Wi-Fi (Wireless
Fidelity). Bluetooth, IrDa (Infrared Device Application),
GSM (Global System for Mobile Communications), UMTS
(Universal Mobile Telecommunications System), HSDPA
(High Speed Downlink Packet Access), a built-in high res-

olution camera, and even a GPS (Global Position System)
receiver. Apart from the increasing rate of diffusion of such
devices, we need to ponder about the misuse and abuse of
these embedded systems, by increasing the awareness of
how it is possible to extract all the digital content from the
observable memory of such systems. Presently. one of the
major operating systems used in the arena of portable de-
vices is, without doubt, Symbian [8] [9] [6] [4]. One of the
first needs for a forensics practitioner is to be able to collect
almost all the memory content, RAM and ROM, from such
devices, as a preliminary step in a forensic investigation.

The remaining part of the paper has been organized as
follows. Firstly, a sound description of Symbian architec-
ture will be provided, by pointing out the basic building
blocks of this OS. In addition, the basic elements of the
filesystem will be discussed for understanding how to in-
teract with it. Secondly, the new Symbian security platform
will be introduced and analyzed thoroughly, giving at the
same time a proof of concept about the possibility to gather
the full, observable memory content of a Symbian based de-
vice. Finally, general guidelines about how to collect pro-
batory elements from the new Symbian platform will be in-
troduced.

2. Symbian OS Architecture

Today’s Symbian operating system (OS) might be re-
ferred to as EKA?2 as well, which means EPOC Kernel Ar-
chitecture 2. EKAZ2 is the second iteration of Symbians 32-
bit kernel architecture, and this in turn follows 8 and 16-bit
kernels designed in the 1980s for Psion personal organiz-
ers and PDAs. As can be seen in Figure 1, the architecture
is modular, where operating system functionalities are pro-
vided in separate building blocks, and not in one monolithic
unit. Symbian OS is single user. Indeed, there is no con-
cept of multiple logins to a Symbian OS smartphone, unlike
Windows, Unix or traditional mainframe OSes. In addi-
tion, it is multi-tasking, being able to switch CPU time be-
tween multiple threads, giving the user of the mobile phone
the impression that multiple applications are running at the
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Figure 1. Symbian OS Architecture.

sametime. Moreover, it is a preemptively multi-tasking OS
because it does not rely on one thread to relinquish CPU
time to another, but reschedules threads perforce, from a
timer tick. It is worth mentioning that Symbian OS is a
priority-based multi-tasking OS with priority inheritance.
The OS allocates CPU time based on a threads priority and
minimizes the delays to a high-priority thread when alow-
priority thread holds a mutex it needs. Furthermore, Sym-
bian OSisreal-time based and its services are bounded, that
isit completes them in aknown amount of time.

The core OS is formed by a microkernel built as a
personality layer on top of a real-time (RTOS) nanoker-
nel. This block is responsible for primitives such as fast
syncronization, timers, initial interrupts dispatching, and
thread scheduling. The Symbian kernel might be referred
to as the combination of the nanokernel and the microker-
nel. Interestingly, the nanokernel has been designed to pro-
vide just enough functionality to run both the telephone
(GSM/GPRS/UMTYS) signaling stack, already written for
RTOS platforms such as Nucleus and ;I TRON, and the per-
sonal information management (PIM) part on a single pro-
cessor. This approach provides considerable cost savings
over the usual two-processor solution.

Generally speaking, Symbian OS is intended to run on
open, small, battery-powered portable computers, that is
modern advanced state-of-the-art mobile phones. Besides
this, it is designed for 32-bit CPUs, running at low speeds,
usually less than 400 MHz, relative to those in desktop or
workstations. Today’'s Symbian OS systems are based on
XScale, ARM9 and ARM11-based CPUs, while older de-
vices are powered by the ARM7 family of CPUs.

2.1. Symbian Filesystem
On a Symbian smartphone, the filesystem can be ac-

cessed by means of the file server component, also re-
ferred to as F32, which manages every file device. It pro-
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vides services to access the files, directories and drives
on those file mapped devices. The file server uses the
client/server framework, by receiving and processing file-
related requests from multiple clients. Moreover, it is able
to deal with different filesystem formats, such as the FAT
format used for removable disks, by using components that
are plugged into thefile server itself. In addition, it supports
amaximum of 26 drives, each identified in DOS-like con-
vention by adifferent drive letter, intherange A: -Z: . The
main ROM drive, wherethe firmwareresides, isaways des-
ignated as “Z: ”. This drive holds system executables and
data, which arereferred to as X 1P (eXecutable In Place) be-
cause they are directly launched without being loaded into
RAM. Besidesthis, the firmware, or ROM image, isusually
programmed into Flash memory, known also as EEPROM,
the nonvolatile memory that can be programmed and erased
electronically. The C: drive is always designated as the
main user data drive, which can be mapped onto the same
Flash memory chip of the firmware, whereas any removable
media deviceis generally designated asD: or E: .

It is worth mentioning that every access from a client
to file server (F32) takes place via a file server session, by
means of RFs server session class, which implements al
the basic services to interact with the filesystem. So far,
we can obtain information about drives and volumes, act on
directories, obtain notification about the state of files and
directories, anayze file names, verify the integrity of the
filesystem, and finally, manage drives and filesystems.

3. Platform Security

Since the introduction of Symbian OSversion 9.1, which
can aso be referred to as Symbian S60 series third version
(S60 v3), Nokia engineers have introduced comprehensive
support for new functionality such as Digital Rights Man-
agement (DRM), Device Management and Enterprise-grade
data handling, which rely on the Trusted Computing Base
(TCB) concept. At this level of security, the deepest and
strongest, every component needs to be certified and for-
mally verified to be secure for having unrestricted access to
the device's resources. Only the kernel, the file server, the
software installer and its registry are part of the TCB set.
Beyond the core of the TCB there is the Trusted Comput-
ing Environment (TCE), which protectsthe device resources
from misuse, when system components require access to
some, but not all, sensitive system resources. Thefinal level
of trust is represented by ordinary applications, which need
to be authorized to access privileged restricted resources by
means of a capability set. This defines an authorization to-
ken that can grant access to sensitive APIs such as device
drivers or system settings. Indeed, among all APIs there
is a subset which can be referred to as capability-protected
and represents 40% of the Symbian OS APIs. As a conse-
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guence, an application needs to be authorized, by using a
certification process, for using the protected functionality.
There are two basic sets of capabilities, basic and extended.
The former set protects APIs that access confidential user
data, provides data about user’s environment and accesses
network services. The latter set, the extended group, which
requires a phone-manufacture’s approval, grants the access
to the most reserved area of the phone. This set includes
DRM, DiskAccess, NetworkControl and AllFiles capabili-
ties, where the last is referred to as the complete access to
the filesystem. The following rules will be applied when
dealing with capabilities.

e Every process has a set of capabilities and its capabili-
ties never change during itslifetime.

e A process cannot load a DLL that has a smaller set of
capabilities than it has itself.

e A DLL cannot dtatically link to a DLL that has a
smaller set of capabilitiesthan it has itself.

e Theaccessrulesof afile are entirely determined by its
directory path, regardless of the drive.

The latter rule explains how to control the file access by
means of the various processes running on the phone. This
solution is different from a traditional access control list,
defined per process, being based on a fixed access control
policy which isequally valid for all the processes. Thiscon-
cept might be referred to as data caging and there are four
different sets of access rules, which are represented by four
different directory hierarchies under the root of the filesys-
tem, according to the following scheme.

e \sys Only TCB granted processes can read and write
files under this directory, which contains system and
installed binaries, vital for theintegrity of the platform.

e \resourceAll processes can read filesin thisdirectory,
but only TCB processes can write to them. In this di-
rectory we might find fonts and help files that are not
expected to change once installed.

e \private Every program has its own private sub-
directory, with the name <application SID>, where
SID is a secure identifier which uniquely identifies it.
Only the granted processes and the backup server can
read and write files in a process's private directory.
Other processes may neither read nor write.

e Other root files and directories The remaining por-
tion of the filesystem has no restrictions in reading or
writing, being considered public and thus accessible
space.
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So far, if an application needs to have the complete ac-
cess (e.g. read) to the phone filesystem, it has to be au-
thorized by means of the Symbian signing procedure with
AllFiles capabilities, which requires a special certificate re-
leased by TC Trust Center. Three steps are required to
sign an application. Initially, the installation file genera
tor, makesi s. exe, createstheinstallation files (extension
. si s) from information specified in the package file (ex-
tension . pkg). After that, if the application is for the in-
ternational market, it will be signed with an ACS Publisher
ID, by means of the Symbian Signed service. Conversely, it
will be signed with auser-generated certificate, which might
be created with makekeys. exe. Finaly, the Installation
File Signer (si gnsi s. exe), digitaly signs the instala
tion files with the proper certificate, by generating, asare-
sult, a. si sx file.

4, Data Collection

After the exhaustive preamble of previous paragraphs
it is worth pointing out what the main issues are when
dealing with the implementation of an open source ap-
plication, for forensic purposes, which aims at collecting
the entire set of digital objects present on a Symbian mo-
bile phone filesystem. It should be evident that with the
new Symbian security platform the collection of the en-
tire, observable, memory content is restricted by means
of data caging, at least for C. user data disk, where all
probatory data of interest are located. This implies hav-
ing the phone-manufacturer approval to be able to gather
the full and complete filesystem content. Interestingly, the
filesystem restriction policy is fully contained in the file
known as SW POLI CY. | NI [12], located in the folder
z: \syst em\dat a\. The original policy file related to a
Nokia E65 Symbian based smartphone isillustrated as fol-
lows.

Al l owUnsi gned = fal se

Mandat ePol i ci es = fal se

Mandat eCodeSi gni ngExt ensi on = fal se
Gd=1.23.456

Gd=2.3.4.56.7

DRMEnabl ed = true

DRM ntent = 3

CcspMandatory = fal se

CcspEnabl ed = true

Al | owGr ant User Capabilities = true

Al | owOr phanedOverwrite = true

User Capabi lities = NetworkServices Local Services
ReadUser Data WiteUserData User Envi ronnent
Al | owPackagePropagate = true

S| SConpat i bl el f NoTar get Devi ces = fal se
RunWai t Ti meout Seconds = 600

Al'l onRunOnl nstal | Uninstall = fal se

Del et ePreinstal | edFi | esOnUni nstall = true

It is interesting to observe that the capability set defined in
the previous file is limited, and it restricts the interaction
with the filesystem of the mobile platform. According to
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the standard documentation, the various parameters can ap-
pear in any order. Moreover, User Capabi l i ties set
might be changed, by adding the required capabilities such
asthoseillustrated in the following modified version of pol-
icy file.

Al l ownsi gned = true

Mandat ePol i ci es = fal se

Mandat eCodeSi gni ngExt ensi on = fal se
Od=1.2.3.4.5.6

Od=2.3.4.5.6.7

QcspMandatory = fal se

QcspEnabl ed = true

Al | owGr ant User Capabi lities = true

User Capabilities = All Files D skAdm n Networ kServi ces
Local Servi ces ReadUserData WiteUserData

User Envi ronment Mul ti Medi aDD Net wor kCont rol CommDD
ReadDevi ceData Wi teDevi ceDat a

Sl SConpat i bl el f NoTar get Devi ces = fal se

Al l owRunOnl nstal | Uninstall = true

Al | owPackagePr opagate = true

Del et ePreinstal | edFi |l esOnUninstall = true

Theillustrated policy file can be written directly in the orig-
inal firmware of the phone and, subsequently, uploaded by
means of reflashing. As aresult, the complete C. disk con-
tent might be collected, with standard self-signed APIs, and
thus analyzed, to extract the full set of probatory datawhich
might be usually found on a mobile platform. This is the
usual approach for other mobile platforms such as Win-
dows CE [11] or for traditional mainframe systems, where
the primary image, the one which contains the entire set of
evidence, can be obtained without any restrictions. Unfor-
tunately, such ascenario isfar from the reality, and we need
to evaluate others ways to access the digital data content of
the smartphone.

Genera guidelines for PDA and smartphone forensics
have been released by [5], where the authors pointed out
that investigators cannot change the digital data content of
thedevice being analyzed. Moreover, an audit trail of thein-
vestigation process, suitable for independent third-party re-
view, must be created and preserved, accurately document-
ing each investigative step. Finally, the person in charge of
the investigation has the overall responsibility for ensuring
that the above-mentioned procedures are followed and are
in compliance with the governing laws. Another important
issue to be aware of is the general set of requirements that
a forensically sound method should have when used on a
mobile device. The method should minimize changes on
the device, be ableto retrieve the full set of data, and finally
minimize user interaction with the device itself.

Ideally, the full memory content of a generic embedded
device should be collected, to preserve the full inner state
and obtain aforensically sound acquisition. As a matter of
fact, with Symbian S60 platform thisis not possible. Never-
theless, asdetailed by [7], there is a considerable number of
other approaches to capture data from the mobile platform,
which are as follows.
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4.1. Manual examination

This approach requires a manual inspection of the de-
vice being investigated, by means of an external recording
device (e.g. photocamera) which is able to take snapshots
of visual evidence. The method is error-prone because of
the direct interaction between the investigator and the de-
vice, which can cause an easy ateration of the content. It
should be used only when there are no other ways to ex-
tract digital data, and a sound and complete audit trail of
the investigative procedure must be provided for third-party
examination.

4.2. Connectivity services

Thisisasoftware approach based on command-response
protocols, such as AT Command Set, SyncML, OBEX,
Nokia FBUS proprietary protocol or applications based on
Nokia PC Suite Connectivity [3]. All mentioned protocols
are unable to have the full and compl ete access to the mem-
ory areas where probatory data are located, the C. and ex-
ternal drive disks. Even so, such protocols might be used
for collecting digital objects at the logical level, by ensur-
ing that no command will be issued to modify the content
of the phone.

4.3. Connection agent

This method, again software based, uses a specific pro-
gram, the so-called connection agent, which isinstaled on
the target device. It is capable of establishing a connection
and exchanging datawith an externally connected host com-
puter. The main issue with this approach isthat it requires a
piece of softwareto be loaded on the device, thus modifying
the target device. This kind of approach has been success-
fully used by the authors with Windows CE platform [11].

4.4. Hardware approach

This method permitsto obtain aforensically sound copy
of the entire flash memory content, making it possible to
access deleted or partialy overwritten entries of the filesys-
tem. This might be obtained by means of the JTAG test
access port of an embedded device. A JTAG port isused for
debugging purposes, but can also be used to access the flash
memory [1]. Despite the difficulties related to this process,
which depends on the possibility to easily find the hardware
interface, it can be guaranteed that no datais written during
the collection phase. The other possible approach to collect
data from embedded devices memory is by de-soldering
the flash chips from the board and reading the content with a
memory chip programmer or reader. Although this method
is the most invasive for the equipment, it guarantees that
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data can be recovered even from broken or damaged em-
bedded systems.

4.5. Service provider

In the GSM/UMTS network environment, a great
deal of information might be recovered from the service
provider [7]. The set of information which can be success-
fully collected with this method is related to the SIM/USIM
data set, such as SMS, MMS, list of last called humbers,
and the location of the subscriber [10]. Clearly, information

infancy stage, the security paradigm being new and very
restrictive towards filesystem access. Software approaches
for imaging tool might only be used for acquiring specific
items. For instance, it is certainly possible to extract the
entire set of probatory data, such as SMS, MMS, pictures,
video clip and phone book, by using Symbian application
APIs. From an integrity perspective, the hardware approach
seems the only one which should be able to give a bit-by-
bit image of the flash memory content thus preserving the
content of the investigated phone.
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6. Conclusions

To summarize, Digital forensic methodologies for the
new Symbian S60 v3 OS hased phones are till in their
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