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2 1 BACKGROUND 2 1. Field of the Invention 3 The
present invention relates generally to graphica
4 particularly toPar/us2004/010027
system apparatus, process Zand article of manufacture
for 5 providing inproved interactive, graphica
applications using, for exanple, 6 Macronedi a Fl ashTM
technol ogy avail able from Macronmedia Inc., the

Extensi ble 7 Markup Language (XM.) |anguage and the
Mat hermat i cal Mar kup Language 8 (MathM.). 9 10 Details
of Macronedi a Fl ashTM t echnol ogy, including preferred
software and 11 hardware environnents, can be found in
vari ous sources such as: Macronedia's 12 website,

<htt p://ww. macr onedi a. conr, conference notes from
FBA WAMED 13 and Macromedi a Ucon; in several books
publ i shed, for exanple by Friends of Ed, 14 OReilly
&l GGeldarfdhdvewetivadi a; articles and user forums on
websites such as 15 W're Here, FlashKit, U traShock,

a‘FHe iteGdR dlvehtibh fb‘m@g%?%ﬁlly td %rébﬂlc@?ieﬁﬂérﬁlgosfyst%k‘ls aﬁﬂ ‘i'nore

, including pr red software and hardware
TG i I L iR o
T W (0

Macromedia Flash™ technology available from Macromedia Inc., the Extensible

Markup Language (XML) language and the Mathematical Markup Language

(MathML).

Details of Macromedia Flash™ technology, including preferred software and
hardware environments, can be found in various sources such as: Macromedia’s
website, <http://www.macromedia.com>, conference notes from FlashForward
and Macromedia Ucon; in several books published, for example by Friends éf Ed,
O’Reilly & Co. and Macromedia; articles and user forums on websites such as

We’re Here, FlashKit, UltraShock, and Figleaf’s FlashCoders.

Details of XML and MathML, including preferred software and hardware
environments, can also be found in various sources including the W3C’s website,

<http:/f'www.w3c.org> Specifically, the current MathML specification entitled,



1 "Mat hemati cal Markup Language (MathM.) Version 2.0,"
is located at 2

W kdaot090789ww. W3. or g/ TR/ 2001/ REC- Mat hML2- 2001 02PAHUSB04/410027
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Each of the above references and any additiona
reference provided herein are 5 incorporated in its
entirety herein. 6 7 2. Description of Related Art 8
9 Currently, multinmedia information conprising text,
graphi cs, mathematical 10 expressions, synbols and
other indicia (collectively, referred to as

"mat hematical 11 expressions"), etc., is devel oped
and presented as follows: 12 13 Current web browsers,
e.g., Internet ExplorerTM NetscapeTM etc., display
stylized 14 text and graphics/imges however, only a
f ‘athesstcal kMol helgubgodahBilyofdrsion 2.015 inatitedat

Mat hML support, thereby limting use. 16 17 Another

t QRS WBE/ TRE OUR/RET-hWatMNe 20l 0z 1bhe entire

mul ti medi a | ayout 18 using a graphical creation and
rendering program such as Macronedi a Fl ash 19 MXTM
devel opnent tool by Macronedia, Inc. However, manua

PR RS et A gh AUGPB rEREo B et

severe constraints placed on
incorporated in its entirety herein.

2. Description of Related Art

Currently, multimedia information comprising text, graphics, mathematical
expressions, symbols and other indicia (collectively, referred to as “mathematical

expressions™), etc., is developed and presented as follows:

Current web browsers, e.g., Internet Explorer™, Netscape™, etc., display stylized
text and graphics/images however, only a few lesser known web browsers contain

native MathML support, thereby limiting use.

Another technique involves manually generating the entire multimedia layout
using a graphical creation and rendering program such as Macromedia Flash

MX™ development tool by Macromedia, Inc. However, manual layout is acutely



2 maintainability, scalability and portability. 3 4
The Macronedi a Fl ash PlayerTM and its associ ated Fl ash

w@kaogApaTIM di splay 5 stylized text that is forpaEt/Uso&as0027
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a Hypertext Markup Languaget (HTM.) object. 6 However,
such an arrangenent offers no integration wth
graphics or 7 mathematical expressions. 8 9 Existing
sof tware products di splay mat hemati cal expressions by
rendering 10 Mat hML objects to a graphical format such
as the Joint Photographic Experts 11 G oup (JPEG
format. However, to be effective the graphics nust be
di splayed 12 inline with text. Further pre-rendering
the graphics or rendering them 13 dynamically to

addr ess e egedi ng requirenment. is costly in

o ial e 8 high oo gt ar Rl YRS RS plsged on
licensing fees, 15 16 The present invention solves

t meinggiabalitsnicrlohddy pivdperabildlis of the prior art. 17
Specifically, the present invention is a conprehensive
solution for effectively 18 arranging and rendering
mul ti media i nformati on conprising mxed data types 19

| Tied MAbRghediathsh BIRGRM £81itsBRITRkEPLPRsh P‘%%quw‘?rcgg)l%

mat hemati cal expressions. The 20 m xed

NGB B8 RTS8 GG ot

intainabl]e format. In _addition, there is support for
Eﬂvg\(eﬁ, A 8T aRgcaent gffery no mtegration with graphics or

mathematical expressions.

Existing software products display mathematical expressions by rendering
MathML objects to é graphical format such as the Joint Photographic Experts
Group (JPEG) format. However, to be effective the graphics must be displayed
inline with text. Further pre-rendering the graphics or rendering them
dynamically to address the preceding requirement is costly in performance,

storage and bandwidth, as well as licensing fees.

The present invention solves the aforementioned limitations of the prior art.
Specifically, the present invention is a comprehensive solution for effectively
arranging and rendering multimedia information comprising mixed data types
including: text, graphics, animations, video and mathematical expressions. The

mixed data may be displayed in various sizes and formats and is in a portable and
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2 as, Macronedia FlashTM multilingual and Uni code
support, and client-server n- 3 tier inplenentations.

acceptable 4 levels. 5 6 Additional aspects,
features and advantages of the present invention wll
becone 7 better understood with regard to the

foll owi ng description. 8 9 BRI EF DESCRI PTI ON OF THE
DRAW NG S) 10 Referring briefly to the draw ngs,
enbodi nents of the present invention wll be 11
described with reference to the acconpanyi ng draw ngs
in which: 12 13 Figure 1A illustrates an exenplary
system constructed in accordance with the 14

teachin xpressed herein. 15 16 Figure 1B i

| eiNaiRaRe Drizat eﬁraﬁie}t&nythﬁaq iRSrnasd gpgqraw tshaelpgies sich
in accordance 17 with the teachings expressed herein.
185, M@rdineliz &1@&h™, nugtilisguel aratiUeixedqpduppyrt crdecleot-seaver n-
in accordance with the teachings 20 expressed herein.

WRL 2 RH8A D9s PEF R EPRHOB4 hOO7afice Bndcdst Ot Rept at acceptable

illustrates an exenplary process flow in accordance
W Byt he teachings

Additional aspects, features and advantages of the present invention will become

better understood with regard to the following description.

BRIEF DESCRIPTION OF THE DRAWING(S)
Referring briefly to the drawings, embodiments of the present invention will be

described with reference to the accompanying drawings in which:

Figure 1A illustrates an exemplary system constructed in accordance with the

teachings expressed herein.

Figure 1B illustrates an exemplary networked system constructed in accordance

with the teachings expressed herein.

Figure 2 illustrates an exemplary data format in accordance with the teachings

expressed herein.

performance and costs are kept apCT/US2004/010027
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3 expressed herein. 4 5 Figure 4 illustrates an
exenpl ary psuedo-code listing inplenenting the 6

weedpadperent of FIG 3 in accordance with the tePearos98010027

expressed herein. 7 8 Figuwwe 5 illustrates an
addi ti onal and exenplary process flow in accordance
wth 9 the teachings expressed herein. 10 11 Figure
6 illustrates an exenpl ary psuedo-code listing

i mpl ementing the 12 enbodinent of FIG 5 in accordance
with the teachi ngs expressed herein. 13 14 Figure 7
illustrates an exenplary user interface in accordance
with the teachings 15 expressed herein. 16 17

DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON 18
Referring nore specifically to the drawi ngs, for
illustrative purposes the present 19 invention is
enbodi ed in the system configuration, nethod of

Higiirat3i illnstratatan e26mpharyrptocessdloapipl dccalanre eitilthe teachings
generally shown in Figures 1 - 7. Application code WO
%QQ&%&%Q%%QRPCT/U82004/010027 7 1 may be enbodied in
any form of conputer program product. A conputer
program 2 product conprises a mediumconfigured to
store or transport conputer readable

Figure 4 illustrates an exemplary psuedo-code listing implementing the

embodiment of FIG. 3 in accordance with the teachings expressed herein.

Figure 5 illustrates an additional and exemplary process flow in accordance with

the teachings expressed herein.

Figure 6 illustrates an exemplary psuedo-code listing implementing the

embodiment of FIG. 5 in accordance with the teachings expressed herein.

Figure 7 illustrates an exemplary user interface in accordance with the teachings

expressed herein.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
Referring more specifically to the drawings, for illustrative purposes the present
invention is embodied in the system configuration, method of operation, data

format and application code, generally shown in Figures 1 - 7. Application code
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3 code, or in which conmputer readable code may be
enbedded. Sone exanples of 4 conputer program

w@e@doei739 are CD- ROM di sks, ROM cards, fl oppy BCEKS2005010027

magneti c tapes, conputer hatd drives, servers on a
network, and carrier waves. 6 7 It will be

appreci ated that the system nethod of operation, data
obj ect and 8 conputer product described herein nay
vary as to the details without departing 9 fromthe
basi ¢ concepts di scl osed herein. Mreover, numerous
specific details 10 are set forth in order to provide
a nore thorough description of the present 11
invention However, all specific details may be

ace generic ones. 12 Fu re, well-known
Gebeiohinto ToisEn Godinfiran i ieHh A fipuich GO
to 13 obfuscate the principles expressed herein.
\wipdust ecrappses Bynetiws @pﬂ%ﬂrgc? fsr steger trpnspoFtcogputer readable
i nvention described herein is specifically directed to
aoigar amwiiich deingsiter rd:Blabbicolatraibe babeddsdnSomo mramples of
the invention is not Iimted thereby as one 16 skilled

icBmiphesr prdgrédprédrel dry CRIROM ks, RDMptds, flogseditied
herein to a preferred 17 envi ronment. Ther ef ore,

J%'étlé#ig 9%5&183%9 hEQWr8s SBlveRr ﬁémbfkg ahPOFHBOR Sves.
ris a

architectures, etc. fall wthin the
scope of the present invention. 19 WO 2004/090739
PCT/ US2004/ 010027 8 1 FIG 1 illustrates an exenplary

har dware configuration of a pr ssor-.controlled
d{wilkhs wprmﬁfe% Lhaﬁ @eﬁwﬁg@nmeﬁwgéﬁ PPEAIPY Q’f*mﬂb&?& Aibq.
One skilled in the art will 3 appreciate that the |
soeputer pratinehdgsenbadsherin mayiviarees toyhe driaifepitqus departing
configuration

from the basic concepts disclosed herein. Moreover, numerous specific details
are set forth in order to provide a more thorough description of the present
invention. However, all specific details may be replaced with generic ones.
Furthermore, well-known features have not been described in detail so as not to
obfuscate the principles expressed herein. While exemplary embodiments of the
present invention described herein is specifically directed to a Macromedia Flash-
XML-MathML based environment, the invention is not limited thereby as one
skilled in the art can readily adapt the concepts presented herein to a preferred

environment. Therefore, other suitable and equivalent programming languages,

platforms and architectures, etc. fall within the scope of the present invention.



4 as the present invention may be inplenmented on any
past, present and future 5 configuration, including

wo eoo40%EBP| e, wor kst ati on/ deskt op/ | apt op/ handhe¢TUS2004/010027
configurations, client-server configurations, n-tier
configurations, distributed 7 configurations, other
net wor ked configurations, etc., having the necessary 8
conmponents for carrying out the principles expressed
herein. 9 10 FIGS. IA & B generally depict an
advanced versatile |layout and rendering system 11 700
i n accordance with the teachi ngs expressed herein,
conprising, but not 12 limted to, a bus 705 that
all ows for communi cation anong at | east one processor
13 710, at | east one nenory 715 and at |east one

1 sFler hgbls‘d@tvs g ecadplarperdwase FoEigusationdo izl iroceserrploatiotlerd
receive inputs fromat |east one input device 725,

2 esydtem dWwhRh tHSpesand drpvettior. impleatknteel One skilibdin ohd atewill
outputs to at | east one output device 730, 16

3 ”%;)gécﬁft@ tHat ih@tp%senﬂhbé{tloﬁ'1§1%t%‘mmwmb depieted cgﬂﬁglﬁhtlon

t one processor is 17 confi'gured to perform
¢ g S A R i

: PR SR et

conputer program 20 product enbodi nent may
6 deanfightatiors cHeRIrsgrvs re@g@lbﬁt@nwm@cqoéﬁgwﬂ@@ﬁg Hlsv@uted
2004/ 090739 PCT/ US2004/ 010027 9 1 networks or ot her
7 camfiigniatiahd, othempeimerkesiadnfiguratons, etcpr bedsg thesnecTisary2
comput er progran1product al so executes under various
8 O&ﬁﬁ g fSYRhE TR 018 1Ple?z; akBFesbalgeréih. M crosof t

W ndowsTM Appl e Maci ntosh M UN X, etc.
10 FIGS. 1A & B generally depict an advanced versatile layout and rendering system
11 700 in accordance with the teachings expressed herein, comprising, but not
12 limited to, a bus 705 that allows for communication among at least one processor
13 710, at least one memory 715 and at least one storage device 720. The bus 705 is
14 also coupled to receive inputs from at least one input device 725, e.g., mouse,
15 keyboard, pen, pad, etc., and provide outputs to at least one output device 730,
16  monitor, printer, other display medium, etc.. The at least one processor 710 is
17 configured to perform the techniques provided herein, and more particularly, to
18  execute the following exemplary computer program product embodiment of the
19  present invention. Alternatively, the logical functions of the computer program

20  product embodiment may be distributed among processors connected through
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4 5 The present invention may be inplenented as a
conputer program product (also 6 referred to as "QD
i s devel oped for and i npl enent eRICT/IIS100€010027
7 Macronmedi a Fl ashTM environnment as, e.g., a FlashTM
client application code 8 nodule. The QD nodule in
conjunction with a Super-Versatile-Text D splay sub- 9
nodul e (also referred to as "SVT nodul e") (described
bel ow) effectively present 10 nultinmedia informtion
on a display output device. 11 12 FIG 2 displays an
exenplary data format utilized by the QD nodule in 13
accordance with the present invention. That the
depi cted | ayout and data are 14 necessarily defined by
the environnment in which they are used will be
apparisor plher agnmhpisatierkineansdisgdh o ¢paperrocasporandhe
enbodi ment, the QD data format is inplenmented 16 as
atonfMter@bp grain, praducd po exalitstundetarationh aperatingdenst aot as
by a FlashTM 17 application. The QD data fornmat

: : ' Y t 8e.tencodi ng,
%ﬁ%ﬁﬁﬁ‘ﬂ%ﬁg&%@ﬁge ’ %%giregg? g?%gg]?f glNr% [ atg'i ng nost
| anguages and 19 math synbols. The QD data format
also allows for and intermngles styled text, 20 such
as italics, bold, etc,, graphics, and mat henati c%l
ekn rrssenb Hyentignmay be HRplemenisd asp gowpyigr program product (also
PCT/ US2004/ 010027 10 1 other indicia. The graphics
meferted tole$ 1‘QBdnadulet) dd ay develPpal forland implezeniadds the 2
SWFTM files and can be animated or interactive.

Mata @ k{2 hsh®X BB B RAB a2 £ 8., 3 FahMneltbna spg¥irhtidd coden
open standard based on XM., which can be inported and

module. The QD module in conjunction with a Super-Versatile-Text Display sub-

module (also referred to as “SVT module”) (described below) effectively present

multimedia information on a display output device.

FIG. 2 displays an exemplary data format utilized by the QD module in
accordance with the present invention. That the depicted layout and data are
necessarily defined by the environment in which they are used will be apparent to
those skilled in the art. In one embodiment, the QD data format 1s implemented
as an XML object, an open web standard that is understood by a Flash™
application. The QD data format preferably uses Unicode as the character
encoding, which allows for a huge character set, including most languages and
math symbols. The QD data format also allows for and intermingles styled text,

such as italics, bold, etc., graphics, and mathematical expressions, symbols and



4 exported by nost math software products. 5 6 FIG 3
depi cts an exenplary process flow of the QD nodule in

waecwangeare With 7 the present invention. 8 BCE®ES2004/010027
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shown, at 301, content data¢ e.g., question data is
entered into the system The 10 content data includes
text, styled text, specifications of external data
files 11 (containing, e.g., graphics or aninmations),
Mat hML and ot her di spl ayabl e objects. 12 The content
data is used to generate main question content and
associ ated answer, 13 Visual Aid (optionally), and
Descriptive Solution (optionally) content. 14 15 At
302, the system processes the question data and
converts said data into an 16 XML tree object.

The
qefasrt indigiad athe graphicsaray be delinsd ap standard JPEG filesron # Flash
guestion. 17 18 At 303, the systemdisplays the

Q8@ Gifestagd tcan be anint Ashdiintbedctivbl MeathematiOal \épressions are
2004/ 090739 PCT/ US2004/ 010027 11 1 At 304, the system

T
R A o e Rt e e Y U R

expo?tey 'b?lflnacjst maﬁ% soﬁw%}e proEluctt he main question. As its

FIG. 3 depicts an exemplary process flow of the QD module in accordance with

the present invention.

As shown, at 301, content data, e.g., question data is entered into the system. The-
content data includes text, styled text, specifications of external data files
(containing, e.g., graphics or animations), MathML and other displayable objects.
The content data is used to generate main question content and associated answer,

Visual Aid (optionally), and Descriptive Solution (optionally) content.

At 302, the system processes the question data and converts said data into an

XML tree object. The question data is used to generate text for a main question.

At 303, the system displays the question text as a Flash™ data block.
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5 nane suggests, a Visual Aid, graphical illustrates
rel ated question concepts. 6 Depending on the results,
[ f there PGI/ES2004/010027
Visual 7 Aid, processing dontinues to 306 and then
307. If there is no Visual Aid, 8 however, processing
continues directly to 307. 9 10 At 306, the system

di splays the Visual Aid as a FlashTM data bl ock and
processing 11 continues to 307. 12 13 At 307 and the
system checks for a Descriptive Solution related to

the main 14 question. Depending on the results,
processing continues to 308 or 309. If thereis 15 a
Descriptive Solution, processing continues to 308 and
then 309. If there is no 16 Descriptive Sol ution,
havneys the prraedisplag moattiahuesved(sy wché mairogB888on ad#Flhgh™
At 308, the system saves the Descriptive Solution for

| @kgbiodikspl ay as a FlashTM 19 data bl ock and
processing continues to 307. 20 WD 2004/ 090739

PCT/ US2004/ 010027 12 1 At 309, the system aligns al
data el enments according to a desired layout. 2 3 At

31

0, the system dj splays the.question. accordingly. , 4
At 305, the sy%tem checks E)r ax/sisual E‘Xugre?atec'l £ thé Fam glllesgoﬁ/. Asits
name suggests, a Visual Aid, graphical illustrates related question concepts.
Depending on the results, processing continues to 306 or 307. If there is a Visual

Aid, processing continues to 306 and then 307. If there is no Visual Aid,

however, processing continues directly to 307.

At 306, the system displays the Visual Aid as a Flash™ data block and processing

continues to 307.

At 307 and the system checks for a Descriptive Solution related to the main
question. Depending on the results, processing continues to 308 or 309. If there is
a Descriptive Solution, processing continues to 308 and then 309. If there is no

Descriptive Solution, however, processing continues directly to 309.

At 308, the system saves the Descriptive Solution for later display as a Flash™

data block and processing continues to 307.



5 FIG 7 depicts an exenplary user interface depicting
the various elenents for 6 display. As shown, the

waee@gnpoBs t ext data is presented as Display Areer/BS20051@10027
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7 potential answer choice(9} data is presented as

Di splay Area 4, the correct answer 8 data is
presented as Display Area 6, the Visual Aid data is
presented as Display 9 Area 8 and the Descriptive
Solution data is presented as Display Area 10. 10 11
FIG 4 depicts exenplary pseudo code for inplenenting
the QD nodule (also 12 reproduced below). 13 14 QD
Pseudo-code 15 16 function parseQuesti onXM. 17
convert raw text to an XML tree 18 get question |ayout
style from XML 19 end parseQuesti ognXM. function 20
24t 99, foowseovaizgs pitrtasiaoatoagontme o3 desremh Bypdin

bui | dQuestionObjects 2 // Sort through branches of
question XM.. 3 For each branch

At 310, the system displays the question accordingly.

FIG. 7 depicts an exemplary user interface depicting the various elements for
display. As shown, the question text data is presented as Display Area 2, the
potential answer choice(s) data is presented as Display Area 4, the correct answer
data is presented as Display Area 6, the Visual Aid data is presented as Display

Area 8 and the Descriptive Solution data is presented as Display Area 10.

FIG. 4 depicts exemplary pseudo code for implementing the QD module (also

reproduced below).

QD Pseudo-code

function parseQuestionXML
convert raw text to an XML tree
get question layout style from XML

end parseQuestionXML function
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4 if the branch is the main question text 5 create a
nmovieclip to contain the text 6 call the

wale@plogySV/TBlI ock function 7 else if the branchrPCEUS1064/010027

answer options 8 create a mdvieclip to hold the
answers 9 for each answer 10 create a novieclip to
hol d the answer 11 attach an answer button 12 create
a novieclip to hold the answer text 13 call the

di spl aySVTBI ock function 14 end for 15 else if the
branch is sone other content block 16 if the type of
content is visual aid 17 if this layout calls for a
visual aid 18 create a novieclip to contain the 19
visual aid 20 call the displaySVviBl ock function 21

else if the tége of content is descriptive 22
sol ut i BHCEP YL THESTHIPBHISSf or possible later 24

di spl ay ;? §§¥% Lﬂrough branches of guestion XML.
For each branch
if the branch is the main question text
create a movieclip to contain the text
call the displaySvTBlock function
else if the branch is the answer options
create a movieclip to hold the answers
for each answer
create a movieclip to hold the answer
attach an answer button
create a movieclip to hold the answer text
cal} the displaySVTBlock function
end for
else if the branch is some other content block
if the type of content is visual aid
if this layout calls for a visual aid
create a movieclip to contain the
visual aid
call the displaySVTBlock functiomn
else if the type of content is descriptive
solution
save the contents for possible later
display

end if
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WO 2004/ 090739 PCT/ US2004/ 010027 14 1 end if 2 end
for 3 end buil dQuestionQbjects function 4 5 function

wo aya00iBesti on 6 // Positions are based on theCT/US2004/010027

question layout style. 7 BRésition the main question
text 8 position the answer block 9 position the
answers within the answer block 10 position the
visual aid, if required 11 position any other content
bl ock 12 end | ayout Question function 13 14 15 FIGS.
5 and 6 depict additional features of the QD nodule in
accordance with the 16 present invention.

Specifically, FIG 5 illustrates an exenplary process
flow of 17 the Super-Versatile-Text Di splay nodul e or
SVT nodul e. The nodul e 18 interacts wth (calls)

the SVT noduf® &6 visually render the QD content dat a.

19 20 As ﬁ$ at 501, content data is entered into
the syst &Rt “This content data is
end buildQuestionObjects function
function layoutQuestion
// Positions are based on the question layout style.
Position the main question text
position the answer block
position the answers within the answer block
position the visual aid, if required
position any other content block
end layoutQuestion function
FIGS. 5 and 6 depict additional features of the QD module in accordance with the
present invention. Specifically, FIG. 5 illustrates an exemplary process flow of
the Super-Versatile-Text Display module or SVT module. The QD module
interacts with (calls) the SVT module to visually render the QD content data.
As shown, at 501, content data is entered into the system. This content data is
displayed as follows:
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21 displayed as follows: 22 WO 2004/ 090739
PCT/ US2004/ 010027 15 1 At 502, the systemtraverses

wWo b@4M73eree to determine if content (node) iBCT/@52004/210027

to display. If yes, procesdbng continues to 503. If

no, processing continues to 3 505. 4 5 At 503, the
system.determ nes the kind of content |left to display.
Depending on 6 the results, the systemfoll ows
alternate paths. If the content is text, processing 7
continues to 504A. If the content is an external file,
processing continues to 8 504B. |If the content is

Mat hM., processing continues to 504C. 9 10 At 504A,
the system |l ocates a display line that can hold the
text data object. The 11 systemthen creates a new

t &%302% Bhe systdmrpyagsastibe Xk B¢ todedormming if Gentept (node) 1s left
format 12 and processing returns to 502. 13 14 At
504i3;playh df sy penessigatoasinaesdb SPB.alf 1o, pectdsatg aatinies|td
the external file data 15 object. The systemthen
lqgds the external file onto the [ine and processing
returns 16 to 502. 17 18 At 504C, the system | ocates
a display line that can hold the Mat hM. data object.

At 503, the system determines the kind of content left to display. Depending on
the results, the system follows alternate paths. If the content is text, processing
continues to 504A. If the content is an external file, processing continues to

504B. If the content is MathML, processing continues to 504C.

At 504A, the system locates a display line that can hold the text data object. The
system then creates a new text object having the appropriate text and style format

and processing returns to 502.

At 504B, the system locates a display line that can hold the external file data
object. The system then loads the external file onto the line and processing returns

to 502.

At 504C, the system locates a display line that can hold the MathML data object.

The system then renders the MathML object and processing returns to 502.



10
11
12
13
14
15
16
17
18
19
20

21

19 The systemthen renders the Mat hM. object and
processing returns to 502. 20 WD 2004/ 090739

wEUWSZeD4/ 010027 16 1 Wien there i s no nodePdBUS2004/010027

content left to display, precessing continues to 505
2 3 At 505, the systemformats the lines and all data
objects within them and displays 4 the sane at 506. 5
6 FIG 6 depicts exenplary pseudo code for

i mpl ementing the SVT nodule (also 7 reproduced
below). 8 9 SVT Display Pseudo-code 10 11 12 // The
di spl ayCont ent Bl ock function is the interface to 13
ot her code. 14 // External code would call this
function, specifying the 15 xm data to 16 //

di splay, the destination to display into, and any non-
Wheletharel it no ododétagontant lofi togispleisprocessing continues to 505

At 505, the system formats the lines and all data objects within them and displays

the same at 506.

FIG. 6 depicts exemplary pseudo code for implementing the SVT module (also

reproduced below).

SVT Display Pseudo-code

// The displayContentBlock function is the interface to
other code.

// External code would call this function, specifying the
xml data to

// display, the destination to display into, and any non-
default

// configuration options.

‘Function displaySVTBlock



19 20 Function displaySVTBl ock 21 WO 2004/ 090739
PCT/ US2004/ 010027 17 1 Initialize the environment of
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options. 4 Set the environngnt's width 5 set a
default text style 6 7 for each node in the XM. data
8 if node is text 9 call the displayText function 10
else if node is a visual aid file reference 11 cal
the | oadFile function 12 else if node is MathM. 13
call the displayvath function 14 end if 15 end for
16 17 for each line that has been created in
desti nati on

// Initialize the environment of the destination,

based on
// configuration options.

Set the environment’s width

set a default text style

for each node in the XML data

if node is text
call the displayText function

else if node is a visual aid file reference
call the loadFile function

else if node is MathML
call the displayMath function

end if

end for

for each line that has been created in destination
for each object in line
gather measurements
end for
compute shared baseline and boundaries of line
for each object in line
position the object so baselines are
aligned

end for
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18 for each object in line 19 gather neasurenents 20
end for 21 conpute shared baseline and boundari es of

wo 2ove/09®29 f or each object in line 23 position PEOEUS2004/010027

obj ect so baselines are 248aligned 25 end for WO
2004/ 090739 PCT/ US2004/ 010027 18 1 align line to
other lines and destination 2 end for 3 4 end

di splaySviBlock 5 6 7 8 function displayText 9 10
inherit the default text style 11 nodify the style as
specified for this node 12 create an object to hold
text wwthin the current |ine

align line to other lines and destination

end for

end displaySVIBlock

function displayText

inherit the default text style
modify the style as specified for this node

create an object to hold text within the current line

while there is text in the node
remove a word of text
add the word to the current line of destination
if current line has exceeded length
remove the last line
mark the line done
create a new current line
create an object to hold text within the
current line
add the word to the current line
end if

end while



13 14 while there is text in the node 15 renpve a
word of text 16 add the word to the current |ine of

waleaiiopEsd on 17 if current |ine has exceeded penygsivodsi0027
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renove the last line 19 mafk the |ine done 20 create
a new current line 21 create an object to hold text
wthin the 22 current line 23 add the word to the
current line 24 end if 25 end while WO 2004/ 090739
PCT/ US2004/ 010027 19 1 2 end renderText 3 4 5 6
function loadFile 7

end renderText

function loadFile

extract file information from node
create an object of the file’s given dimensions

begin loading the file

if the object fits in the current line of destination

place the object into the line

else
create a new line
1f the object doesn’t fit into the new empty
line
scale the object to fit the line
end if
place the object into the line
end if

end loadFile
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8 extract file information from node 9 create an
object of the file's given dinensions 10 begin

wo oadiopay3s he file 11 12 if the object fits i nPCHES2004/010027

current line of destinationo 13 place the object into
the line 14 else 15 create a new line 16 if the object
doesn't fit into the new enpty 17 line 18 scale the
object to fit the line 19 end if 20 place the object
intothe line 21 end if 22 23 end loadFile 24 25 WD
2004/ 090739 PCT/ US2004/ 010027 20 1 2 function

di spl ayiat h

function displayMath

create an object to render the math node into
extract MathML data from node

call the renderMath function

if the object fits in the current line of destination

place the object into the line

else
create a new line
if the object doesn’t fit into the new empty
line
scale the object to fit the line
end if
place the object into the line
end if

end dlsplayMath

// This function is called recursively - that is, it calls

itself.
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3 4 create an object to render the math node into 5
extract MathM. data fromnode 6 call the renderMath

wo mvapeory 7 8 if the object fits in the currePCT/UBI084/010027

of destination 9 place thelobject into the line 10
else 11 create a new line 12 if the object doesn't fit
into the new enpty 13 line 14 scale the object to fit
the line 15 end if 16 place the object into the line
17 end if 18 19 end displayvath 20 21 22 23 //
This function is called recursively - that is, it
calls 24 itself.

// MathML objects are frequently composed of other MathML
objects,

// such as fractions of fractions, so this recursion is
necessary.

// Nodes in the MathML are of two major types: composite
or terminal.

// Composite nodes contain other nodes, while terminal

nodes contain

// only values, such as a number, variable, or mathematical
symbol.

// For instance, a fraction node would have two child
nodes, the

// numerator and denominator. Each child is rendered

separately, then
// the first is placed over the other, and a line is drawn

between

// them.

Function renderMath

if the current node is a composite node
call the renderMath function on each child node
layout the child node based on node type

elgse if the current node is a terminal node

if the node contains text
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w0 bongwedr3as fracti ons of fractions,

WO 2004/ 090739 PCT/ US2004/ 010027 21 1 MathM. objects
are frequently conposed of other MathM. 2 objects, 3

is 4 necessary. 5 // Nodeg2in the MathML are of two
maj or types: conposite 6 or termnal. 7 // Conposite
nodes contain other nodes, while termnal 8 nodes
contain 9 only val ues, such as a nunber, variable, or
mat hemati cal 10 synbol. 11 // For instance, a
fracti on node would have two child 12 nodes, the 13
/'l nunmerator and denom nator. Each child is rendered
14 separately, then 15 // the first is placed over the

other, and a line is drawn 16 between 17 them 18 19
Function rendervath 20

create a text box of the appropriate
style
else if the node contains an encoded symbol
insert the graphic for that symbol
end 1f

end if

end renderMath

EXTERNAL (PUBLIC) FUNCTION DEFINITIONS

This section lists the external functions of the Question Display module. While
there is no strict object-oriented public/private status here, these are the only
functions that should be called by outside code. Unless specified, each function

has no return value.

init(initObj)

This function should be called once, before calling any of the other functions
below. It initializes the QD environment with various constants, including font
settings and width and height measurements.

Arguments

initObj An object containing any named values to override configuration options

so this rerPOr/gsmN4/010027
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21 if the current node is a conposite node 22 call the
renderMath function on each child node 23 |layout the

wa@hik@oaTetle based on node type 24 else if the BPOT/USIN4/010027

node is a termnal node 233if the node contains text
WD 2004/ 090739 PCT/ US2004/ 010027 22 1 create a text
box of the appropriate 2 style 3 else if the node
contai ns an encoded synbol 4. insert the graphic for
that synbol 5 end if 6 end if 7 8 end renderMath 9
10 EXTERNAL (PUBLIC) FUNCTI ON DEFI NI TIONS 11 This
section lists the external functions of the Question
Di splay nodule. While 12 there is no strict

obj ect-oriented public/private status here, these are
the only 13 functions that should be called by outside
adisifayQindsesig gsgetion,fiemdn_regcttufrufictc)on 14 has no
return value. 15

This function displays a question. When display is complete, it calls the specified
return function.

Arguments

question The question data, in well-formed XML text.

return_mc [optional] The context in which retun_func will be called on
completion.

return_func  [optional] The function that will be called within return_mc.

removeQuestion()
This function removes the displayed question.
Arguments

(none)

activateAnswers(notify mc, notify_func)

This function activates the answer options, making them interactive for the user.
When an answer is selected, the specified notification function is called with two
arguments: the letter of the user’s selected answer, and the correct answer.

Arguments



16 init(initQoj) 17 This function should be called
once, before calling any of the other functions 18

whedoanwo7Be initializes the QD environnent w t hPOBRUSZING010027
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11

12
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14

15

16

17

18

19

20

constants, including font 249 settings and wi dth and
hei ght neasurenents. 20 Argunents 21 initCbj An object
contai ni ng any naned val ues to override configuration
options 22 WD 2004/090739 PCT/ US2004/ 010027 23 1

di spl ayQuesti on(question, returnnc, return func) 2
This function displays a question. Wien display is
conplete, it calls the specified 3 return function. 4
Argunents 5 question The question data, in well-fornmed
XM. text. 6 return ne [optional] The context in which
return func will be called on 7 conpletion. 8 return
fnoify [ropt | ofilad donexe irf whichinohifyt fize willl be dadled ah cenipletion.
wthin return nc. 9 10 11 renoveQuestionO 12 This
fAAGY | fRc r eTRY RS clidiethal Wil y@tled wéthin wotify hd. Argunents

deactivateAnswers()
Deactivates all answer options, so that they do no allow user selection.
Arguments

(none)

showUserAnswer(userAnswer, showCorrect)

This function marks the answer specified in userAnswer, showing whether the
selection was correct or incorrect. If showCorrect is set to true and the user’s
answer was incorrect, the correct answer is also be revealed.

Arguments

userAnswer The leﬁer of the answer the user has selected.

showCorrect A true/false flag, telling whether to reveal the correct answer.

getCorrectAnswer()

Returns the letter of the correct answer for a displayed question.

Arguments
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14 (none) 15 16 activateAnswers(notify_nt,
notify func) 17 This function activates the answer

W@pakoms39 maki ng theminteractive for the userPCT/LI82004/010027

When an answer is selected25the specified notification
function is called with two 19 argunents: the letter
of the user's selected answer, and the correct answer.
20 Argunments WO 2004/ 090739 PCT/ US2004/ 010027 24 1
notify nc The context in which notify func will be
called on completion. 2 notify_func The function that

‘Wwll be called wwthin notify nc. 3 4

deacti vat eAnswers() 5 Deactivates all answer options,
so that they do no allow user selection. 6 Argunents
7 (none) 8 9 showUser Answer (user Answer, showCorrect)
I0o1iEhi s function nmarks the answer specified in

user Answer, showi ng whether the 11 selection was
correct or incorrect. If showCorrect is set to true
and the user's 12 answer was incorrect, the correct

RSHebrrtGARLwG(Pe reveal ed. 13 Arguments
Reveals to the user the correct answer to a displayed question.
Arguments

(none)

getAnswerArray()

Returns an array of the letters of all the answer options. This is useful for allowing
user selection of an answer via the keyboard.

Arguments

(none)

isSolution()

This function returns true if there is a descriptive solution available for this
question, and false otherwise.

Arguments

(none)



ot

10

11

12

13

14

15

16

17

18

19

14 user Answer The letter of the answer the user has
sel ected. 15 showCorrect A true/false flag, telling

wob@ilhen73a o reveal the correct answer. 16 17 pABUS2004/010027

get Correct Answer () 19 Returfs the letter of the
correct answer for a displayed question. 20 Argunents
WO 2004/ 090739 PCT/ US2004/ 010027 25 1 (none) 2 3
showCorrect Answer() 4 Reveals to the user the correct
answer to a displayed question. 5 Argunents 6 (none)
7 8 9 getAnswerArray() 10 Returns an array of the
letters of all the answer options. This is useful for
allowing 11 user selection of an answer via the
keyboard. 12 Arguments 13 (none)

displaySolution(dest_mc, destWidth, return_mc, return_func)

This function renders the descriptive solution for the question, if it exists. The
solution is rendered in the specified movieclip, at the specified width. Once the
render is complete, the return function is called.

Arguments

dest mc The movieclip to render the descriptive solution into.

destWidth The width in pixels of dest_mc’s display area.

return_mc [optional] The context in which return_func will be called on
completion.

return_func  [optional] The function that will be called within return_mec.

displayXMLBlock(svt_xml, dest_mc, destWidth, return_mc, return_func)

This function renders an XML object of question data (also called an SVT Block)
into the specified movieclip, at the specified width. Once the render is complete,
the return function is called.

Arguments

svt_xml An XML object containing a valid chunk of SVT data.

dest mc The movieclip to render the descriptive solution into.

destWidth  The width in pixels of dest_mc’s display area.
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20 WD 2004/ 090739 PCT/ US2004/ 010027 26 1

di spl aySol uti on(dest nt, destWdth, return nt, return
func) 2 This function renders the descriptive solution
for the question, if it exists. The 3 solutionis
rendered in the specified novieclip, at the specified
width. Once the 4 render is conplete, the return
function is called. 5 Argunents 6 dest ne The
novieclip to render the descriptive solution into. 7
destWdth The width in pixels of dest nt's display
area. 8 return-ne %o ptional] The context in whic

r gtgRnme ynclapticnalh dhe sentef inwhich eI fang wil bQGﬁlké ©8r n
func [optional] The function that will be called
weethpletioret urn-inc. 11 12 di spl ayXM.Bl ock(svt xn,

dest nt, destWdth, returnnc, return func) 13 This

f tehghi fafc I e[ﬁiﬁbﬁal]imhé(ﬁincﬁbm et will bél bAkdivathifl dtam( Alcs 0
cal l ed an SVT Bl ock)

displayTextBlock(svtText, dest mc, destWidth, return_mc, return_func)

Like displayXMLBLock(), this function renders an SVT Block into the specified
movieclip, at the specified width. However, the SVT Block should be passed as
plain text, rather than as an XML object. Once the render is complete, the return
function is called.

Arguments

sviTextXML text describing a valid chunk of SVT data.

dest_mc The movieclip to render the descriptive solution into.

destWidth ~ The width in pixels of dest mc’s display area.

return_mc [optional] The context in which return_func will be called on
completion.

return_func  [optional] The function that will be called within return_mc.

INTERNAL (PRIVATE) FUNCTION DEFINITIONS



10

11

12

13

14

15

16

17

18

19

20

14 into the specified novieclip, at the specified
wi dth. Once the render is conplete, 15 the return

wo mvaper i s cal l ed. 16 Argunents 17 svt xm  APCENE2004/010027

obj ect containing a valid ehunk of SVT data. 18 dest
me The novieclip to render the descriptive solution
into. 19 destWdth The width in pixels of dest nt's
di spl ay area. WO 2004/ 090739 PCT/ US2004/ 010027 27 1
return ne [optional] The context in which return fine
will be called on 2 conpletion. 3 return func
[optional] The function that will be called wthin
return nc. 4 5 6 displayTextBlock(svtText, dest nt,
destWdth, return nt, return fine) 7 Like

di spl ayXM.BLockO, this function renders an SVT Bl ock
into the specified 8 novieclip, at the specified

wi dt h. However, the SVT Bl ock should be passed as 9
Pl iak Bedtixtlistsrthd fnesrndl famctidas afthXi)D adyjdatt WKtaerehieno strict
render is conplete, the return 10 function is call ed.

11#3 1 HHERRE uﬂl@c/ﬁx‘{\tra{[@ﬁﬁﬁ%efeeﬁfeséjﬁ%@ﬁé&' sﬂgula n6ebi Qalled by
of S data. 13 dest The novieclip to render

chu%%gg é(?(ge. %Iny érg[glfag rlr(lts:ﬁ %h%glldsg({cgg/ thgcguégqﬁg WD FIRG o #5fa

above. Again, unless specified, each function has no return value)

parseQuestion XML (rawText)

This function converts the source text for the question into an XML object. It also
checks the XML for the question’s layout, which is required before question
rendering can begin. The XML object and layout value are both stored within the
internal question movieclip.

Arguments

rawText A text string containing the well-formed XML for a full question.

buildQuestionObjects()

This function sorts through the question XML object, extracting the question text
and answers, as well as any visual aid, descriptive solution, or other content.
Movieclips are created for the question text, answers and visual aid, and their
SVT blocks are rendered, via the displaySVT() function. The descriptive solution,

if present, is saved for later display.
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within returnnc. 18 19 20@91 NTERNAL ( PRI VATE)
FUNCTI ON DEFI NI TI ONS WD 2004/ 090739 PCT/ US2004/ 010027
28 1 2 This section lists the internal functions of
the QD nmodule. Wiile there is no strict 3

obj ect-oriented public/private status here, these
functions should not be called by 4 outside code. Any
i nteraction should occur through the Externa

Functions listed 5 above. Again, unless specified,
each function has no return value) 6 7

par seQuesti onXM.(rawText) 8 This function converts the
sArgupentsext for the question into an XM. object. It
also 9 checks the XML for the question's |ayout,
Whiofé) i s required before question 10 rendering can
begin. The XM object and | ayout value are both stored
within the 11 internal question novieclip. 12
Argunents 13 rawlext A text string containing the

"‘ﬁ%&;ﬁf@%}%, SfV?_rm(% full question. 14
This function takes an SVT Block and renders it into the specified SVT
environment. The SVT Block is an XML object, and the SVT environment is a

movieclip containing the seitings and configuration information for SVT display.

Arguments
svt_xml An XML object containing an SVT Block.
svt_mc The SVT environment movieclip to render the SVT Block into.

getDisplayLine(svt_mc)

This function returns a reference to the current line (a movieclip) in an SVT
environment movieclip. The current line will have at least some room for
additional content (text, graphics, rendered MathML). If the last existing line is
full, or there is no current line, this function will create a new one.

Arguments

svt_mc An SVT environment movieclip.
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15 buil dQuesti onObj ects() 16 This function sorts
t hrough the question XM. object, extracting the
17 and answers, as wel|l as anyrP@T/F8z004/010027
ai d, descriptive solution, 36r other content. 18
Movi eclips are created for the question text, answers
and visual aid, and their 19 SVT bl ocks are rendered,
via the displaySVvT() function. The descriptive
solution, 20 if present, is saved for |ater display.
WD 2004/ 090739 PCT/ US2004/ 010027 29 1 Argunments 2
(none) 3 4 displaySvi(svt xml, svt nc) 5 This
function takes an SVT Block and renders it into the
speci fied SVT 6 environnent. The SVT Block is an XM
object, and the SVT environnent is a 7 novieclip

o] fKﬁéJ@éitings and configuration information
for SVT display. 8 Argunents 9 svt xml An XM obj ect
CHinit finctiogmanksSYE cBirat kisplay lingtin ths STHE Egvirowmeintras spmplete,
novieclip to render the SVT Block into. 11 12 13
o tRhtSRE AytichR (S ¥tDEplayldnelhivEl detime kinew liret Thisgs aseful for
reference to the current line (a novieclip) in an SVT

line breaks, or when a content object must wrap to the next line.
Arguments

svt_mc An SVT environment movieclip.

displayVisualAid(va_xml, svt_mc)

This function renders a visual aid item into an SVT Environment. The visual aid,
usually a SWF or JPEG, will be loaded from a separate file. The height and width
of the object are specified in the XML, so layout can occur without waiting for the

load to complete. (Loading is accomplished using the piiLoader module.)

Arguments
va_xml An XML node from an SVT Block, containing a visual aid.
svt_mc An SVT environment movieclip.

processVisual Aid(returnID, va_mc)
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15 environnment novieclip. The current line wll have
at least sone roomfor 16 additional content (text,
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is 17 full, or there is nélcurrent line, this
function will create a new one. 18 Argunents 19 svt ne
An SVT environnent novieclip. 20 WO 2004/090739

PCT/ US2004/ 010027 30 1 endDi spl ayLi ne(svt nt) 2 This
function marks the current display line in the SVT
Envi ronnment as conplete, 3 so that the next call to
getDi splayLine() will return a newline. This is
useful for 4 Iine breaks, or when a content object

must wap to the next line. 5 Awgunents 6 svt nme An
SVT environnment noviecli 9 di spl ayVi sual Ai d(va
Xris figotiomis)caligl frainghe nngoad@n mognlgerhena wisusd aid ehjegt has
iteminto an SVT Environment. The visual aid, 11
Woupldtyd RadWE. BeodPkEs tht plockwingaddedohdainiila, weifgingtileat it
file. The height and width 12 of the object are

Sie HithlBlle 'dﬁnéﬂ%?on%(%emﬁ&i LAKO KIVIIC ABdOSTHE STt IIOLE.

vvaltlngfor th | oad to conplete. (Loading is
q&r éshed u5|ng the pi i Loader nodule.) 14 Argunents

returnID A piiLoader Load ID, uniquely identifying this load.

va_mc A movieclip containing the loaded file.

displayMathML(math_xml, svt_mc)

This function renders a MathML portion of an SVT Block into a single object.
The rendering of individual MathML elements is handled by the renderMathML()
function. This function handles the allocation of lines within the SVT
Environment, wrapping to the next line if the MathML object is too wide.
Arguments

math_xml An XML node from an SVT Block, containing MathML data.

svt_mc An SVT environment movieclip.

renderMathML(math_xml, box_moc, ref_tf)
This function renders individual MathML elements into movieclips containing
text and library symbols. The rendering is handled recursively, so that it calls

itself to render any MathML elements nested within the main element. (For
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15 va xm An XML node from an SVT Bl ock, containing a
visual aid. 16 svt ne An SVT environnment novieclip.

wa 2004080789 ocessVi sual Aid(rettunl D, va nt) WO PCT/US2004/010027

2004/ 090739 PCT/ US2004/ 010627 31 1 This function is
called fromthe piilLoader nodul e when a visual aid
object has 2 conpleted |loading. It conpletes the
processing of the |oaded file, verifying that it 3
fits within the dinmensions specified in the XM. node
of the SVT Block. 4 Argunments 5 returnl D A piiLoader
Load I D, uniquely identifying this load. 6 va ne A
novi eclip containing the |oaded file. 7 8

di spl ayMat hM_L(math xm , svt nt) 9 This function
renders a MathM._portion of an SVT Block into a single
dbjtaege, a i frassion @E?(Q@Y[itfféelé?m cArRs dwa othes elements enent s
is handl ed by the renderMat hM_() 11 function. This
frepesémimghandiaer andeleadhoeri) dinsofindtionctekes ashargnnndngs a
SVT 12 Environment, wapping to the next line if the
Medda Me NOAhRIC ] dakts atnfsviswligo rentidr apdu®hits, ahd artedtfornmt. The
An XML node from an SVT Bl ock, containing Mat hM. dat a.

1RAnS¥dn PR ré¥elerfR\b BRMBAECIPPY bRtk - 16
Arguments

math xml An XML node containing MathML data.

box_mc A movieclip to create the new movieclip inside of.

ref tf A text format object, to be used in rendering this object’s text.

displayTextItem(rawText, svt_mc)
This function handles the display of plain and styled text objects from SVT
Blocks. It takes a text string and renders it inside the SVT Environment in the

current text format, splitting the text and wrapping to multiple lines as necessary.

Arguments
rawText A text string.
svt mc An SVT environment movieclip.

drawBorder(a_mc, color, bwidth, bheight)
This function draws a border within a movieclip, using the Flash line-drawing

tools. If bwidth and bheight are not specified, the measured width and height of
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11

12

13

14

15

16

17

18

19

17 render Mat hM.(math xm , box nt, ref tf) 18 This
function renders individual MathM el enents into

woMdeelBPs containing 19 text and library syP@DUS2004/010027

The rendering is handled résgursively, so that it calls
20 itself to render any MathM el enents nested within
the main elenent. (For WO 2004/ 090739

PCT/ US2004/ 010027 32 1 instance, a the fraction

Mat hML el enent contains two ot her elenents, 2
representing nunerator and denominator.) This function
takes as argunents a 3 node of MathM. data, a
novieclip to render that data into, and a text format.
The 4 function returns a reference to the novieclip
it creates. 5 Argunents 6 math xm An XM node
cthatmivivchip v bk Mkedliastaad. Thixofunationsis mesd exgénsprelowithisdhe
the new novieclip inside of. 8 ref tf A text fornat
QBh@Sing fhficthRs USRecd deriakneedsuregndnky entobinsiiéipt Batinstake,
10 displ ayTextltem rawlext, svt nt) 11 This function

%%%\K@?ﬂ%@%}t?ﬁt e F&g Eféés]ﬁlzﬁ?aéé X iedediftXs oQRpGCt S

from It t ext string and renders

rsphe it i oe tPERY Bltna) Rp s rtni oG btsthe.
lines as necessary. . 14 Argunents 15 rawlText A text

A X
sPNotsat the lggrarapsng funsleneagiPrRAfE AY STHIYP 8BY pjsting lines

within the movieclip.)

Arguments
a mc The movieclip to draw the border into.
color The color to draw the border with. (Only visible while debugging.)

bwidth [optional] The width to draw the border.

bheight[optional] The height to draw the border.

layoutQuestion()

This function completes the layout of the previously-built question objects. The
question text, answers and visual aid are positioned according to their sizes and
the layout style specified in the question XML.

Arguments

(none)
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11

12

13

14

15

16

17

18

19

17 18 drawBorder(a nt, color, bw dth, bheight) 19 This
function draws a border within a novieclip, using the

wob@aghlBne-drawi ng 20 tools. If bwi dth and bket/gyk1004/010027

are not specified, the neas#éred wi dth and hei ght of WO
2004/ 090739 PCT/ US2004/ 010027 33 1 the nmovieclip will
be used instead. This function is used extensively
within the 2 rendering functions to force certain
nmeasurenents onto a novieclip. For instance, 3 a

| oaded SWF file m ght not take up the full space it is
meant to occupy, 4 confusing |layout. An invisible
border greatly eases such | ayout conputations. 5
(Note that the |ine-drawing functions are prone to

verwite. a xisting lines, 6 mnt t he,.nmovi ecl.ip..

ﬁa B b ST S s s e st e B2 e)%veaé?@ i
nto. 9 color The col_or to draw the border wt

moglﬂcbb%amarqné tydpsrytilivg in therayt thgt @Fﬁoqesﬁmgéﬁﬁluptrarwg bn y
width to draw the border. 11 bhei ght[optional] The
el wittlimitong rhawingtheebprederted byl way 8f exanple Qulys tAlbthe)features
This function conpletes the |ayout of the
DikENAUS tyis lopkdificatioe $ihtlading bh ¢ atmplginghaifiid stisiraot, and
text, answers and visual aid are positioned according

@ﬁwtnliﬁb h@%%iﬂé&@ bylfeldafve BYAEs fEVhE 1R Pusshsk,hnd
t he question .

equivalents or similar purpose, unless expressly stated otherwise. Therefore,
numerous other embodiments of the modifications thereof are contemplated as

falling within the scope of the present invention as defined by the appended

claims and equivalents thereto.

Moreover, the techniques presented herein may be implemented in hardware or
software, or a combination of the two. In one embodiment, the techniques are
implemented in computer programs executing on programmable computers that
each include a processor, a storage medium readable by the processor (including
volatile and non-volatile memory and/or storage elements), at least one input
device and one or more output devices. Program code is applied to data entered
using the input device to perform the functions described and to generate output

information. The output information is applied to one or more output devices.



17 Argunents 18 (none) 19 WO 2004/090739
PCT/ US2004/ 010027 34 1 Havi ng now descri bed one or

woeog/0g07enpl ary enbodi nents of the invention, PCT/RS2004/010027

10

11

12

13

14

15

16

17

18

19

20

shoul d be apparent to thoseésSskilled in the art that
the foregoing is illustrative only 3 and not
limting, having been presented by way of exanple
only. Al the features 4 disclosed in this

speci fication (including any acconpanyi ng cl ai s,
abstract, and 5 draw ngs) nmay be repl aced by
alternative features serving the sane purpose, and 6
equi val ents or simlar purpose, unless expressly
stated otherw se. Therefore, 7 numerous other

enbodi ments of the nodifications thereof are

c Gatleppigeane s rasferadly mhplemented irha high heved progedwhl arivdject
present invention as defined by the appended 9 cl ains
aonegd progianiing hegiakbe to cobinidicdtb métvetompier system,
techni ques presented herein may be inplenented in

N AL WAL EthE brogk#ms B4 NS lerREntéd ﬁ%@nﬁlﬁ& '09 HlanllnE 'Eﬁlgﬁ%%é if

I n one enboditrent, the techniques are i mpl ement
c e S%E#’G{Sg%%ﬁgﬁ#%%% bt o 1?%8%3@% e e

medi u adabl e the processor. (including

U Bhe Pt Eiea PP SRR D e RiRG i e g Serint
el enents), at least one input 16 device and one or
nmoragranmpig ladgisige dor, uspirotie Maccodedip FlashY enetronmentaibe
entered 17 using the input device to performthe

f BRfEkdR 06dS@Rs MResn &8 Flagh NEX®REHEbLIAN Mbcromedia Flash
Player™ (e.g.,Version 6, Release 48 ,or better) to execute and utilizes the

Macromedia piiLoader and timeQueue code modules.

Each such computer program is preferably stored on a storage medium or device
(e.g., CD-ROM, NVRAM, ROM, hard disk, magnetic diskette or carrier wave)
that is readable by a general or special purpose programmable computer for
configuring and operating the computer when the storage medium or device is
read by the computer to perform the procedures described in this document. The
system may also be considered to be implemented as a computer-readable storage
medium, configured with a computer program, where the storage medium so

configured causes a computer to operate in a specific and predefined manner.
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11

12

13

14

15

16

17

18

18 information. The output information is applied to
one or nore output devices. 19 WO 2004/090739

weIN 82694/ 010027 35 1 Each programis pref epeblug2004/010027

i mpl emented in a high | evel3¢procedural or object 2

ori ented programm ng | anguage to communi cate with a
conputer system 3 however, the prograns can be

i npl enented in assenbly or machine | anguage, if 4
desired. In any case, the |anguage nmay be a conpil ed
or interpreted |anguage. In 5 one enbodi nent, the
present invention is inplenmented in the ActionScript 6
progranmm ng | anguage for use in the Macronedi a Fl ashTM
envi ronnent. The 7 program code uses Macronedi a Fl ash

MXTM t o publ j sh, Macyonedi a.Fl ash .8 PlayerTM

e descviplien Bhhs orEp BacEmoRBROEF B AU TGS EReYl5Ee ah
utilizes the 9 Macronedi a piilLoader and ti neQueue code
ivbetudrasdia Fiaeh™ Bnd 12ctizaShriptlit proguvipuingrlaguege and 4 general
preferably stored on a storage nmedi umor device 13

GRd@standihl BPo ghMiRAMe dBEiheliatich ebnsknticBJUsddretanding of
di skette or carrier wave) 14 that is readable by a

FERE! &la i Qﬁﬁgsagucﬂﬂ{sﬁﬂgﬂagbﬁtﬁfgﬁm%ﬁ@ {€hnd OF

i guring and opera conput er when the

Bt BN PR oG Pt Bt s o G TR Tach

17 system may al so be considered to be inplenented as
a conputer-readable storage is nedium configured

W th a conputer program where the storage medi um so
Additional aspects and/or features of the present invention include: the code

attempts to provide general solutions as much as possible, but may be specific to
the font and layout size of current implementation. If the font or another part of
the display environment is changed radically, spacing within and between lines

may be tweaked, accordingly.

Preferably, math symbols, whether by named entity or Unicode characters, are
usable as follows: both named entities and coded characters are expected to exist
alone within the XML terminal tags. That is, in one embodiment of the present

invention, <mn>5</mn><mn>g</mn> is valid while <mn>5n</mn> is not.



19 configured causes a conputer to operate in a
specific and predefined manner. 20 WO 2004/ 090739
wWEOI082694/ 010027 36 1 The description of theCT/US2004/010027
exenpl ary enbodi nent herei 37assunes know edge of 2
Macronedi a Fl ashT"" and ActionScri pt TM progranm ng
| anguage and a general 3 understandi ng of progranmm ng
docunent ati on conventi ons. Understanding of 4 |ayout
and design issues, such as page |ayout for the web or
for print, and 5 especially as regards the | ayout of
mat hemati cal expressions, will also be useful. 6 7
Addi ti onal aspects and/or features of the present
i nvention include: the code 8 attenpts to provide

much as poss

?%%@??4110&@0%% ﬁf?%%aes% BeBfaTh ey etgrid Gomaroia

npl ementation, If the font or another part of 10 the
8‘|‘°§5$5d§/ IgegFRLES ihihieP 1@@“8?4 b Syptaat adn 9nlingpaath nducation
within and between |lines 11 may be tweaked,
saftward prgluyt, aﬁﬂlableS’atPKl&frﬁMWWplaMﬁhomﬂ[ﬂi@é/sd whet her
by naned entity or Unicode characters, are 14 usable
as follows: both nanmed entities and coded characters
are expected to exist 15 alone within the XM
termnal tags. That is, in one enbodi nent of the
present 16 invention, <m>5</mMm><m>ic</m> is valid
while <m>5t</m> is not. 17 18
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wae oormnrarsal

WD 2004/ 090739 PCT/ US2004/ 010027 37 1 Finally, an
enbodi nent of the present invention having potenti al

Mat h Systenll I, an online B&th education 3 software
product, available at <http://ww. planetii.com hone/>.
4 WO 2004/ 090739 PCT/ US2004/ 010027 38 i CLAIMS 2 3
What is claimed is: 4 5 1. A display systemfor
mul ti medi a content data conprising 6 Mathenatica

Mar kup Language (MathM.) data, said system 7
conprising: 8 9 a display nediumhaving a plurality
of display lines for rendering 10 rultinmedi a content
data thereon; 11 12 a processor associated with said
displaﬁ medi um and configured to: 13 14 receive said
mul ti 3ontent data conprising textual, MthM,
and

‘What is claimed 1s:

1. A display system for multimedia content data comprising
Mathematical Markup Language (MathML) data, said system

comprising:

a display medium having a plurality of display lines for rendering

multimedia content data thereon;

a processor associated with said display medium and configured to:

receive said multimedia content data comprising textual, MathML, and

external file indicia data;

parse said received multimedia content data to derive said textual,

MathML and external file indicia data;

2 success is integrated in the Pl aPet/us2h/010027
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19

20

wo eoso739 18 Mat hML and ext er nal

15 external file indicia data; 16 17 parse said
received nultinedia content data to derive said

WD 2004/ 090739 PCT/ US2004/ 320027 39 1 categorize said
textual, MathM. and file data according to a data 2
type; wherein said textual data is defined as a TEXT
data type, said 3 MathM. data is defined as a MATHW
data type and said external 4 file indicia data is
defined as a FILE data type; 5 6 store said derived
and categorized textual, MathM. and external file 7

indicia data as a tree having a root node and a
plurality of offspring 8 nodes that define |left and

right subtrees, said root node angyggid 9 offsPrin
nodes ed@FeRE% id BriiabMataiVi @d fledpts asaotring MBS
and 10 external file indicia data and reSJ?ect i ve data
type assyps;atticosin sdid texteal defaiindefinedrag veise! deiodmpipad
that includes: 13 14 visiting a node of said tree,

15 MathML data is defined as a MATHML data type and said external

file indicia data is defined as a FILE data type;
store said derived and categorized textual, MathML and external file
indicia data as a tree having a root node and a plurality of offspring
nodes that define left and right subtrees, said root node and said
offspring nodes each having one of said derived textual, MathML and
external file indicia data and respective data type association;
define a traverse procedure that includes:

visiting a node of said tree,

determining the data type of said node;

displaying said node data in accordance with said data type,

wherein:

file indici apadaUs2004/810027
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12
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14

15

16
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19

WO 9@ae/090739 wher ei n:

16 determning the data type of said node; 17 18
di spl ayi ng said node data in accordance with said data

40 1 if the data type is THXT: create a text object
having said 2 textual node data and | ocate a display
line to display said text 3 object in accordance with
predeterm ned formatting 4 conventions, 5 6 if the
data type is FILE create a file object having said
external 7 file indicia node data and | ocate a
display line to load and 8 display said file object

in-line with previously rendered text 9 and in
accordance with predeterm ned formatti ng conventi ons,

10 11 if the .data type | HWL., create a.MathM. data
obj ect 12" havt 16 A is Rt KRTHME DO i

| ocate a display line 13 to display said MathM. data
obj ect i n-1i rextulmedp datpiand ioptepdistipngbnete digpley smd tedh
accordance with predetermned formatting 15

convent i ons, object in accordance with predetermined formatting

conventions,

if the data type is FILE: create a file object having said external
file indicia node data and locate a display line to load and
display said file object in-line with previously rendered text

and in accordance with predetermined formatting conventions,

if the data type is MATHML, create a MathML data object
having said stored MathML node data and locate a display line
to display said MathML data object in-line with previously
rendered text and in accordance with predetermined formatting

conventions,

applying said traverse procedure upon the left subtree of said

visited node;

20 WO 2004/ 090739 PCT/ US20pd1/03802710027
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16 17 applying said traverse procedure upon the |eft
subtree of said 18 visited node; 19 WO 2004/090739

wWEO082694/ 010027 41 1 appl yi ng sai d traver SBCT/US2004/010027

procedure upon the right sdbtree of said 2 visited
node; and 3 4 applying said traverse procedure upon
said root node such that 5 said root node is the
first visited node. 6 7 2. A systemas in claim1l
wherei n said processor further categorizes said 8

Mat hML data as MATHWML COWVPQOSI TE and MATHWML 9 TERM NAL
data types; 10 11 stores said categorized MathM. data
as a MathM. tree having a root 12 node and a
plurality of offspring nodes that define |left and
right 13 subtre?s of.aaid Mat hML tree, said roaqt noge.
and sai d of f sHAIAEE AYALLVerfaprpcedise Hramthaisht piteg g€ prid
havi ng one of said derived MathM. data 15 and
respective davigit¢edmuleagmbei ation; 16

applying said traverse procedure upon said root node such that

said root node is the first visited node.

2. A system as in claim 1 wherein said processor further categorizes said
MathML data as MATHML COMPOSITE and MATHML

TERMINAL data types;

stores said categorized MathML data as a MathML tree having a root
node and a plurality of offspring nodes that define left and right
subtrees of said MathML tree, said root node and said offspring nodes
of said MathML tree each having one of said derived MathML data

and respective data type association;
defines a second traverse procedure that includes:

visiting a node of said MathML tree,
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11
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14

15
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19

17 defines a second traverse procedure that includes:
18 19 visiting a node of said MathM. tree, 20 WO

wQo@4/0086¥ 39 PCT/ US2004/ 010027 42 1 det er mi ni PQT/UR®04/010027

Mat hML data type of said M#ghM tree node, 2 3

di spl aying said MathM. tree node data in accordance
wth said 4 data type, wherein: 5 6 if the data type
is MATHWVL COWOSI TE: create a 7 MathM. data object
havi ng said stored Mat hM. 8 conposite node data and

| ocate a display line to 9 display said Mat hM. dat a
object in-line with 10 previously rendered text and in
accordance with 11 predeterm ned formatting
conventions, and, 12 13 if the data type is MATHW

TERM NAL: create ta obje av sai d
stored Mat hM! %%@nlnﬁﬁ%ﬁma”ﬁ&@ chéﬁ@i}}ﬁtﬁ@‘ﬂ%ogﬁ? godg,
display line to display 16 said MathM. data object
in-line with previously

displaying said MathML tree node data in accordance with said

data type, wherein:

if the data type is MATHML COMPOSITE: create a
MathML data object having said stored MathML
composite node data and locate a display line to
display said MathML data object in-line with
previously rendered text and in accordance with

predetermined formatting conventions, and,

if the data type is MATHML TERMINAL: create a
MathML data object having said stored MathML node
terminal node data and locate a display line to display
said MathML data object in-line with previously
rendered text and in accordance with predetermined

formatting conventions,
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17 rendered text and in accordance with predetermn ned
18 formatting conventions, 19 WO 2004/ 090739

wWEO082694/ 010027 43 1 appl ying said second PCHVSII8€010027

procedure upon the left suB3 2 MathM. tree of said
visited MathML tree node; 3 4 applying said second
traverse procedure upon the right sub- 5 MathM tree
of said visited MathM. tree node; and 6 7 applying
said second traverse procedure upon said root node of
8 said MathM. tree such that said root node is the
first visited 9 node of the MathM. tree. 10 11 3. The
systemas in claiml or 2 wherein said nultinmedia
content data 12 conprises Mar kup Language data. 13

14 4. The system.as cla 3 mherel sa

Language dat &PPPRI% ?eicg’é ggf%%%rloﬁ‘? %fghigﬁ%}?age
(XM.) data. 16 17 5. The systemas_in claim1 or

wher ei n sai d MrthdHaee of saed Ylﬁ’G?CI:MéﬂQ‘QPéree node;

applying said second traverse procedure upon the right sub-

MathML tree of said visited MathML tree node; and

applying said second traverse procedure upon said root node of
said MathML tree such that said root node is the first visited

node of the MathML tree.

3. The system as in claim 1 or 2 wherein said multimedia content data

comprises Markup Language data.

4. The system as in claim 3 wherein said Markup Language data

comprises Extensible Markup Language (XML) data.

5. The system as in claim 1 or 2 wherein said external file indicia data
comprises information associated with data files comprising graphics,

video, animation, other displayable assets or a combination thereof.
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18 conprises informati on associated with data files
conprising graphics, 19 video, animtion, other

walc@plogyabl e assets or a conbi nation thereof. PCDUYI04/010027

2004/ 090739 PCT/ US2004/ 010627 44 1 6. The system as
in claim4 wherein said data files are Macronedi a or

2 Flash-conpatible files. 3 4 7. A nethod of

di spl aying multinedia content data conprising 5

Mat hermat i cal Mar kup Language (MathM.) data, said
method 6 conprising: 7 8 providing a display medi um
having a plurality of display lines for 9 rendering
mul ti medi a content data thereon; 10 11 receiving said
mul ti medi a content data conprising textual, MathM,

12 and external file indicia data; 13 14 parsing said
recei ved Thabysteraas B deim emhoin wid data dilgs\ase Bacgpmedia or
textual, 15 MathM. and external file indicia data; 16
17 cat egbidaskicompsthld filasxt ual, MathM. and file data
according to a data

7. A method of displaying multimedia content data comprising
Mathematical Markup Language (MathML) data, said method

comprising:

providing a display medium having a plurality of display lines for

rendering multimedia content data thereon;

receiving said multimedia content data comprising textual, MathML,

and external file indicia data;

parsing said received multimedia content data to derive said textual,

MathML and external file indicia data;

categorizing said textual, MathML and file data according to a data
type; wherein said textual data is defined as a TEXT data type, said
MathML data is defined as a MATHML data type and said external

file indicia data is defined as a FILE data type;
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18 type; wherein said textual data is defined as a
TEXT data type, said 19 MathM. data is defined as a

wORMHIR07dAt a t ype and said external 20 file ipPdi/wsm04/010027

data is defined as a FILE data type; WO 2004/ 090739
PCT/ US2004/ 010027 45 2 storing said derived and
categori zed textual, MathM. and external 3 file
indicia data as a tree having a root node and a
plurality of offspring 4 nodes that define |eft and
right subtrees, said root node and said 5 offspring
nodes each having one of said derived textual, MthM
and 6 external file indicia data and respective data
type association; 7 8 defining a traverse procedure
that includes: 9 10 visiting a node of said tree, 11
12 determining the data type of said node; 13 14

di spl ayi ng said node data in accordance with said data
type, bbrivgenididerivadandicatégorizadtegiital MsthML end External
create a text object having said 18 textual node data
and | ocdlieimlidh 84th aya tre@Bating dirsqilnaye a@d &l plveadity of offspring

nodes that define left and right subtrees, said root node and said
offspring nodes each having one of said derived textual, MathML and

external file indicia data and respective data type association;

defining a traverse procedure that includes:

visiting a node of said tree,

determining the data type of said node;

displaying said node data in accordance with said data type,

wherein:

if the data type is TEXT: create a text object having said
textual node data and locate a display line to display said text
object in accordance with predetermined formatting

conventions,
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20

wWaQ 2006/004789 dat a type is FILE:

19 object in accordance with predeterm ned formatting
20 conventions, WD 2004/ 090739 PCT/ US2004/ 010027 46 1

havi ng said external 3 fiMKe node data and |ocate a
display line to |oad and display said 4 file object
in-line with previously rendered text and in 5
accordance with predeterm ned formatti ng conventi ons,
6 7 if the data type is MATHW, create a MathM. data
obj ect 8 having said stored MathM. node data and

| ocate a display line 9 to display said MathM. data
object in-line with previously 10 rendered text and in
accordance with predetermned formatting 11
conventions, 12 13 applying said traverse procedure
upon the left subtree of said 14 visited node; 15 16

applying said traverse procedure upon the right
subtree of safthe datp typesis FEUE rerde adibelobiget having said external

file node data and locate a display line to load and display said
file object in-line with previously rendered text and in

accordance with predetermined formatting conventions,

if the data type is MATHML, create a MathML data object
having said stored MathML node data and locate a display line
to display said MathML data object in-line with previously
rendered text and in accordance with predetermined formatting

conventions,

applying said traverse procedure upon the left subtree of said

visited node;

applying said traverse procedure upon the right subiree of said

visited node; and

applying said traverse procedure upon said root node such that

said root node is the first visited node.

create a fil e objBCT/US2004/010027
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19 applying said traverse procedure upon said root
node such that 20 said root node is the first visited

wooda/ 0908 2004/ 090739 PCT/ US2004/ 010027 47 1rCr/8S2008@10027

method as in claim7 wheredh said nmethod further
conprises 3 categorizing said MathM. data as MATHW
COWOSI TE and 4 MATHML TERM NAL data types; 5 6
storing said categorized MathM. data as a MathM. tree
having a root 7 node and a plurality of offspring
nodes that define left and right 8 subtrees of said
Mat hML tree, said root node and said offspring nodes
9 of said MathM. tree each having one of said derived
Mat hML data 10 and respective data type associ ation;
11 12 defining a second traverse procedure that
includes: 13 14 visiting a node of said MathM tree,
15 16 determ ning the MathM. data type of said MathM
tree Rodée malod s igickymal Wherewesatl mathatfurthes sompeess
data in accordance wth said

categorizing said MathML data as MATHML COMPOSITE and

MATHML TERMINAL data types;

storing said categorized MathML data as a MathML tree having a root

node and a plurality of offspring nodes that define left and right

subtrees of said MathML tree, said root node and said offspring nodes

of said MathML tree each having one of said derived MathML data

and respective data type association;

defining a second traverse procedure that includes:

visiting a node of said MathML tree,

determining the MathML data type of said MathML tree node,

displaying said MathML tree node data in accordance with said

data type, wherein:
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11

12

13

14

15

16

17

18

19

20

19 data type, wherein: 20 WO 2004/ 090739
PCT/ US2004/ 010027 48 1 if the data type is MATHW

WOOMROBI73E: create a 2 MathM data obj ect havPemuszod010027

stored MathM. 3 conposite @®de data and | ocate a
display line to 4 display said MathM. data object
in-line with 5 previously rendered text and in
accordance with 6 predeternmined formatting
conventions, and, 7 8 if the data type is MATHWL
TERM NAL: create a 9 MathM. data object having said
stored MathM. node 10 term nal node data and |ocate a
display line to display 11 said MathM. data object
in-line wth previously 12 rendered text and in

accordance with predetern ned ' .
conventions, 14 iétggf}ﬁﬁa st%ﬁ&iﬂi\@% (@&\9{ ?@g%}é@ geate a
procedure upon the left sub- 16 Mat hM., tree of id
vi sited Mat hM t r édathidedata gbjeqtdhaying) S%dﬁé‘)f%%a@@md
traverse procedure upon the right sub- ) )
composite node data and locate a display line to
display said MathML data object in-line with
previously rendered text and in accordance with

predetermined formatting conventions, and,

if the data type is MATHML TERMINAL.: create a
MathML data object having said stored MathML node
terminal node data and locate a display line to display
said MathML data object in-line with previously
rendered text and in accordance with predetermined

formatting conventions,

applying said second traverse procedure upon the left sub-

MathML tree of said visited MathML tree node;

applying said second traverse procedure upon the right sub-

MathML tree of said visited MathML tree node; and



10

11

12

13

14

15

16

17

18

19

20

19 MathM. tree of said visited MathM. tree node; and
20 WD 2004/ 090739 PCT/ US2004/ 010027 49 1 applying

wa@aiod/0seond traverse procedure upon sai d root PODUS200§/010027

2 said MathM. tree such tha? said root node is the
first visited 3 node of the MathM. tree. 4 5 9. The
nmethod as in claim7 or 8 wherein said nultinedia
content data 6 conprises Markup Language data. 7 8
10. The nmethod as in claim9 wherein said Markup
Language data 9 conprises Extensible Markup Language.
(XM.) data. 10 11 11. The nethod as in claim7 or 8
wherein said external file indicia data 12 conprises
i nformati on associated with data files conprising

graphics, 13 v nma th | spl ayabl

obj ects or aagg a%cf‘ ﬁo?(#é ?er%fl“%lS&@Q?. S%lﬂ?leogt node of

net hod as in cJalm wherein, said data fi.les are. .

Macronedi a  $819pYd Freﬁlgé‘ﬁh%éﬁ‘géf’%‘}oéiefﬁ ﬁ’@sfﬁsﬁ"?s“eils
node of the MathML tree.

9. The method as in claim 7 or 8 wherein said multimedia content data

comprises Markup Language data.

10. The method as in claim 9 wherein said Markup Language data

comprises Extensible Markup Language (XML) data.

11. The method as in claim 7 or 8 wherein said external file indicia data
comprises information associated with data files comprising graphics,

video, animation, other displayable objects or a combination thereof.

12. The method as in claim 11 wherein said data files are Macromedia

Flash or Flash-compatible files.
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11

12

13

14

15

16

17

18

19

20

19 20 WO 2004/ 090739 PCT/ US2004/ 010027 50 1 13. A
user interface for presenting question and answer

wonoionad a data 2 conprising mat hemati cal Map@ivVIIS2004/010027

content, said systemconpris8ing: 3 4 a processor
configured to: 5 6 receive said nmultinedia data
conprising textual, MathM. and external 7 file data;
8 9 parse said received nultinmedia data to derive
said textual, MathM. 10 and external file data; 11
12 generate question content and associ ated answer,
visual aid and 13 descriptive solution content based
on said derived textual, MathM. 14 and external file
data; 15 16 display first, second, third and fourth
di spl ay containers on said. 17 di splay device,. .sai.d

Fi St 124 P B AReAPRBRS TS GRS P ARSI R pgtate
area for disp]aying sai d question content; said second
di spl ay copwriginganat ematical MathML content, said system comprising:

a processor configured to:

receive said multimedia data comprising textual, MathML and external

file data;

parse said received multimedia data to derive said textual, MathML

and external file data;

generate question content and associated answer, visual aid and
descriptive solution content based on said derived textual, MathML

and external file data;

display first, second, third and fourth display containers on said
display device, said first display container including a presentation
area for displaying said question content; said second display container
including a presentation area for displaying said answer content; said

third display container including a presentation area for displaying said
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11

12

13

14

15

16

17

18

19 including a presentation area for displaying said
answer content; said 20 third display container

WO p@H0oki7ayg a presentation area for displayi ng Bai/gsind/010027

2004/ 090739 PCT/ US2004/ 010627 51 1 visual aid
content; said fourth display container including a 2
presentation area for displaying said descriptive
solution content; and 3 4 wherein for each of said
first, second, third and fourth display 5 containers
said MathML and external file data of said container 6
content are displayed in-line wwth said textual data
of said container 7 content. 8 9 14. The user
interface as in claim13 wherein said external file
data 10 i.nc| udes graphi.cs, .video, ani.smatiopn,,. other

i spl ayabiiel B eueet SRagay 45as ROTHAE BRRUIbor 12
13 15. The user interface as in claim213 or 14 wherein
sai d nulprésepiatian aue dor displaing paid desoumtike poluaemernient; and
data. 15 16 16. The user interface as in claim15
wherein said Markup Language data 17 conprises

Ext ensi bl e Markup Language (XM.) data. 18

wherein for each of said first, second, third and fourth display
containers said MathML and external file data of said container
content are displayed in-line with said textual data of said container

content.

14. The user interface as in claim 13 wherein said external file data
includes graphics, video, animation, other displayable objects or any

combination thereof.

15. The user interface as in claim 13 or 14 wherein said multimedia data

comprises Markup Language data.

16. The user interface as in claim 15 wherein said Markup Language data

comprises Extensible Markup Language (XML) data.



