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2 1 BACKGROUND 2 1. Field of the Invention 3 The
present invention relates generally to graphica
rendering systens and nore 4 particularly to a
system apparatus, process and article of manufacture
f ovo Bogmoomd di ng i nproved interactive, graphig&usc04010027
applications using, for exaerple, 6 Macronedi a Fl ashTM
technol ogy avail able from Macronmedia Inc., the

Extensi ble 7 Markup Language (XM.) |anguage and the
Mat hermati cal Mar kup Language 8 (MathM.). 9 10 Details
of Macronedi a Fl ashTu technol ogy, including preferred
software and 11 hardware environnents, can be found in
various sources such as: Macronedia's 12 website,

<htt p://www. macr onedi a. conr, conference notes from

Fl ashForward 13 and Macronedi a Ucon; in several books
BublBAHEGROUND exanpl e by Friends of Ed, 14 OReilly
& Co. and Macronedia; articles and user forums on
webdi Figld of thefinvgstich5 W' re Here, FlashKit, U traShock,
and Figleafs FlashCoders. 16 17 Details of XM and

®at Ak presentinvaitiog reptos ewerly (s efaphied] eendérthgRfdteibing micSe
envi ronments, can also be found in various sources

B nc particwiglitth e sYABIG), sppaedds| process 4R asild ¢F mahwikyuieds: or g>.
Specifically, the current MathM. specification

ent providohg iMEo2BIAAOD/E3Safichl MphoABAOIR P2 for exbmple,

6  Macromedia Flash™ technology available from Macromedia Inc., the Extensible
7 Markup Language (XML) language and the Mathematical Markup Language

8  (MathML).

- 10 Details of Macromedia Flash™ technology, including preferred software and
11 hardware environments, can be found in various sources such as: Macromedia’s
12 website, <http://www.macromedia.com™>, conference notes from FlashForward
13 and Macromedia Ucon; in several books pub]ished, for example by Friends éf Ed,
14 OFReilly & Co. and Macromedia; articles and user forums on websites such as
15 We’re Here, FlashKit, UltraShock, and Figleaf’s FlashCoders.
16
17 Details of XML and MathML, including preferred software and hardware
18  environments, can also be found in various sources including the W3C’s website,

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



1 "Mat hematical Markup Language (MathM.) Version 2.0,"

is located at 2
<http://ww. w3. or g/ TR/ 2001 / REC- Mat hM_2- 20010221>. 3 4

Each of the above references and any additiona

r efven@neapr ovi ded herein are 5 incorporated.in.i
entirety herein. 6 7 2. Description of Rela?ghaﬁ?ﬁa"§u7

9 Currently, multinedia 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 NetscapeThl, etc., display
stylized 14 text and graphics/images however, only a
few | esser known web browsers contain 15 native

Mat Pl (RMRRE fviar %ﬁ%\ﬁ%% (:ny bl &%811266 is i'ozat/mt her

techni que invol ve erating the ent

ral Lipond 93 G TR A NS ANEZER] 731 creat i on_and

rendering program such as crome ash 19 MT""
devel opnent tool by Macronedi a, Inc. However, manua
| ayout is acutely WD 2004/090739 PCT/US2 0 04 /0 1110

% T Eafh bR Aoléd fefdrerdbiOnd Qnﬂdglﬁgﬁaq ¥§&‘W§%I(@@ fdrSin 3R

the severe constraints p aced
5  1ncorporated in its entirety herein.

6

7 2. Description of Related Art

9  Currently, multimedia information comprising text, graphics, mathematical
10 expressions, symbols and other indicia (colectively, referred to as “mathematical
11 expressions”), etc., is developed and presented as follows:
12
13 Current web browsers, e.g., Internet Explorer™, Netscape™, etc., display stylized
14 text and graphics/images however, only a few lesser known web browsers contain
15 native MathML support, thereby limiting use.
16
17 Another technique involves manually generating the entire multimedia layout
18 usinga graphical creation and rendering program such as Macromedia Flash

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



mai ntai nability, scalability and portability. The
Macronedi a Fl ash Pl ayer7M and its associ ated Fl ash
Plug-inTM di splay stylized text that is fornmatted as

a Hypertext Markup Language (HTM.) object. However,
sucwoamnsasarsngenent of fers no integration with

graphics or nmathematical expigessions. Existi nacwuszommumm
sof tware products display mathenmatical expressions by
rendering MathM. objects to a graphical format such
as the Joint Photographic Experts Goup (JPEG

format. However, to be effective the graphics nust be
di splayed inline with text. Further pre-rendering the
graphics or rendering them dynamcally to address the
preceding requirement is costly in performance,

storage and bandw dth, as well as |icensing fees.
SUMVIRRRpractipab dys o dight develvmmndnt eatsad #RSetddEconstraints placed on
aforenentioned limtations of the prior art. ‘
Specihaigtanttylityorvelabidipemtl poftabilhg present i nvention
provides a display systemfor nultinmedia content data
conprising 4a Mathematical Markup Language (Math-M)
data, said system conprising: a display nedium having
a pl dhaMatypmefiadilshPayel™ HA%s habcLEABRL PR -'?ﬁ*hh}snﬁdi a
content data thereon; a processor assocl ated wrRY

sai ds@]imﬁltmmﬁima&wam}w 4 : i i d.
mul ti nedi a content data conpri s?ﬁ%ﬂ%@xlfa&ﬁ a,%e@?m‘?bm-
and &wtvevenahcH ar fSrahpdhdnt ; .sai d.received
mul ti medi a cont ent ggitla ?ggﬁtﬁ?égggﬁg'@%ﬁ%ﬁ?r Mat hML
and msheninivkl expldsongdi Ci @ data; categorize said
textual, MathM. and file data according to a data

type;

Existing software products display mathematical expressions by rendering
MathML objects to a graphical format such as ﬂae 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.

SUMMARY

The present invention solves the aforementioned limitations of the prior art.

- Specifically, one aspect of the present invention provides a display system for multimedia

content data comprising



wherein said textual data is defined as a TEXT data
type, said MathM. data is defined as a MATHMWM. data
type and said external file indicia data is defined as
a FILE data type; store sai*d derived and categorized
textual, MathM. and external file indicia data as a

tree . havin r oot d l.yrality of .offsprin
Mahiier e e s PESEAED o aid e beorislng: 3
ode. and sai d of fspring nodes each having one of said
meliis Gaking SRR, o NHENAT inca for reRdeatin R fmeda P data thereon;

data and respective data type associ ation; define a
a PFqegRper asocipied it said display eirmdad configiired tagregeive spd of
said tree, determning the data type of said node;
mudfinsesliagintent date gompreing textual, Math v, dahegemik file Sadicia datea
type, wherein: if the data type is TEXT. create a
parsesdd cbeieed minkin il smieht Hatx taiddriveadid tebata, MachMIDaad extérnal
display line to display said text object in
filedBQiciaWRANE Catiddrite P4ie Godned] VAR AL URAGCERMMENS h ARG type;
if the data type is FILE: create a file object having

whéinthaRbatMaatd ik :d@ﬁfhédcgs QIR P Hfta BcBs AN MatHME b8 ifdefined as

display line to |oad and display said file object

N I . : ,

A MDY e MU US ol ROSRE 02 BUerB0E ol SELE data e
I.f 1 .data type i.s . MATH reat M. dat

st fif B e Bt AT R S ot AV andi®a e g e
a display line to displ sai d Mat h dat a. obj ect

havjig q RLqed ﬁrpiwﬁl&éw%%wéas trglefing gt 1 rght subtrees,

_accordance with predetermined formatting conventions,

Saﬂg@m yadsgnd suid offsprng rades pachdevine eneipbpid deyived fextual, MathML
subtree of said visited node; applying said traverse

andpxteensd Gilesindigprotata 4nel respghtivesdate type assbeistivr defisd 4 averse
node; and applying said traverse procedure upon said

procedote thaideclsdshvisitiag apaieof il trév)deteinsining@hd @4t type of said
visited node. 4b An alternate aspect provides a

nodBRifI&Yi8d sld Betcaata e A0-Hr8AHTB With AR ypéaliRrein: if the data
conprising WMathematical Markup Language ( Mat hM.)

typR XS A htd BleROSh; &2 M ihs b3 tex RPN dAth dhd locate a display line

to display said text 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 riode 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 subtree of said visited node; and applying said traverse procedure upon

said root node such that said root node is the first visited node.



di spl ay nmedium having a plurality of display lines for

rendering nultinedia content data thereon; receiving

said nmultinedia content data conprising textual

MathM., and external file indicia data;, parsing said

received nultinedia content data to derive said

textual, MathM. and external file indicia data;

categor|2|ng said textual, MathM. and file data
AngHematgiaspect proyidgan aleltlyqde)f disphveyirey mulsiaiediatoentenadatalatraprising

is defined as a TEXT data type, said MathM. data is
Matlehiatied Markap Mixigve (astaMIyplatagsiid mathdd @¥ingfisiag: grbdiding a

indicia data is defined as a FILE data type; storing

display thediin M:athganplueadityeOli s Sellid @ biudhderi¥B biMimedR dontent data
external file indicia data as a tree having a root

theROAScMnd sHl WiMithbdia @(gnt&{tfcﬁférdoﬁﬂmsﬁg g@&r.gfrll g@étg?)gj laR&

| eft and right subtrees, said root n

°Xt§§§1?‘3§mw£?%m R i L0 Rl Ratent Gl I cﬁ’eﬂare seid
S ssocjation; defl i.n
m%?%@@ i L SRRl R 53 3R R i ta&uéa%%ﬁ
term t he data t. pe of .sai d nod
ﬁleé*Fé‘&F%\‘if 5 8 Siee Siercin it S dimsetoipedos 3 BT dat
erein: if the data type is TEXT: create a
106, 3 %ﬁﬁ% eloipnestas @ MATHIME. daihdries aadisaidaternad di indicia
a display line to display said text object in
datagle definrdris @ RALE atapyred stodngrsaid defivadrant chtegortzed vextial dvisthML
if the data type is FILE: create a file object having
and gziiethabRitecndiala dbial s anrwd dadial a rastchoie st £plardlits pf @¥sptinpe
to load and display said file object in-line with
nodgr that defiak Yefy id dipheshbtedd, sad fodt ModE &R ARNGBspYink hodes each
predeterm ned formatting conventions, if the data

havih¥ Rfe bSsaldddiVee t
ngl de s%aor ed I\/gtttétii&l\/{a@r%\g?3I‘gl\/gczl?l%{azli an%elmlg@g?c% ‘}fng XI?JITQSPGCHVG

24| bj;e
datap ews%)%g{iioﬁ%%n‘?%ﬂ dg%‘}ey'?(%e roc d}.uﬁe tg%tg éll%(ge éSng ﬁ node oft said
e SR A e P TN SR TR

VISIted ﬂ tﬁ .
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, if the data type is FILE: create a file object 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;



appl ying said traverse procedure upon the right
subtree of said visited node; and applying said
traverse procedure upon said root node such that said
root node is the first visijed node. Another aspect
provides a user interface for presenting question and
answer nultinmedia data conprising mathenmatical Mat hM
content, said system conprising: a processor

appdying sgd treckrieqprotedar upen siad deht subbitdeé diid videtbdinode; and applying
conprising textual, MathM. and external file data;

saiPBEeRsePROGEANRPLY esld Fadtinbaedich tdhabad ket 4684 MeheRistvisited
textual, Matli M. and external file data; generate

IlOdg_uestlon content and associ ated answer, visual aid and
descriptive solution content based on said derived
textual, MathM. and external file data; display first,
second, third and fourth dlsplay cont ai ners on said

An&h%rf)as ct Bleo\gid;% 4 g%eﬁ tngf:rf%cesiigr %rgs%g}; é’ 8“6585?1};\ nglswgr gnultlmedla
d question co ﬂtent : i.d second . ¥ cont ai ner
A4 FRORRTETE Y R Ea conteRy 1% Syd "§b UIHTHY & gipgreessor

answer content, ; said_third display container

configwed in: iepeivesriduniimedignlatm comprising didynl Ayt ls afcdexternal file
visual aid content; said fourth display container

datg; petse shichgecaivpd pwltimedis data tr darive srid dexswil Ayiathdylls andiexternal file
descriptive solution content ; and wherein for each of

dats gembrdte nedstios emoad and hssocia@d dndvodry tikual didsypb @gscriptive solution
containers said MathM. and external file data of said

conRaTBaRENSH sHOBrBRY tadiéal, Mathpayetextdinhliflle diki disfay frst,
textual data of said contai ner content. WO 2004/ 090739

secdd th‘hh@%Q@ QRS ay AitdrOBRbaidaRERY ﬁewf:ce %&15 Rs Bdpthy

a vant ages of the present invention wl becone

T

dlspgaryecgg{ﬁ r«‘e? W&ﬁlﬁf | hxg)gdage% op c%splaﬁrqg gaduli %sr\]xtfe‘? corflteltlth said

third display container including a presentation area for displaying said visual aid
content; said fourth display container including a presentation area for displaying said
descriptive solution content ; and 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.




described wth reference to the acconpanyi ng draw ngs

in which: Figure A illustrates an exenplary system
constructed in accordance with the teachings
expressed herein. Figure IDillustrates an exenplary

networ ked system constructed in accordance wth the

t eatRPHdE9%%pr essed herein. Figure 2 illustrat 8817860101007
exenpl ary data format in accofdance with the teachings
expressed herein. WO 2004/ 090739 PCT/ US2004/ 010027 6

2 Figure 3 illustrates an exenplary process flow in
accordance with the teachings 3 expressed herein. 4
5 Figure 4 illustrates an exenpl ary psuedo-code

listing inplenmenting the 6 enbodinent of FIG 3 in
accor ce Wwth the teachings expressed herein. 7 8

Fi gur}g@cgtl a‘w %?%Wﬁn%ma@tamafﬂ)ambsex énvphtionywill become
pr oceb%ﬁerfl ﬁwti n.accordance with 9 the teachings

expr essad AEFiaPdwith frearg o the deljowvimg desdripion.at es an

exenpl ary psuedo-code listing inplenmenting the 12

enbodi ment of FIG 5 in accordance with the teachings

expr ' 14 Figure 7 illustrates an
exenpi atﬁir yDggéﬁﬁqp&égggﬁiDﬁ%mﬁffdnce with the
teachipgs . .

Rel%gmg 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.



15 expressed herein. 16 17 DETAI LED DESCRI PTI ON OF
THE PRESENT | NVENTI ON 18 Referring nore specifically
to the drawings, for illustrative purposes the present
19 invention is enbodied in the system configuration,
msdumol/b73oper ati on, data 20 format and appl pERid:803010027
code, generally shown in Figures 1 - 7. Application
code WD 2004/ 090739 PCT/ US2004/ 010027 7 | may be
enbodi ed in any form of conputer program product. A
conmput er program 2 product conprises a nedi um
configured to store or transport conputer readable 3
code, or in which conmputer readabl e code may be
enbedded. Sone exanples of 4 conputer program
products are CD-ROM di sks, ROM cards, floppy disks, 5
magneti c tapes, conputer hard drives, servers on a
metwork, and carrier waves. 6 7 It wll be

appreci ated that the system nethod of operation, data
9bj Bighire®iflusirale Okt aplal 1ostd Sl floteis Gt dobRHcd et e teings
vary as to the details without departing 9 fromthe
bask:graeaarprins di scl osed herein. Mreover, nunerous
specific details 10 are set forth in order to provide
a nore thorough description of the present 11

i nvention. However, all specific details maybe

5 ephigerd Mt O8N R Ehplagesedo-tedeRistihdvaiplaateaiingMae | - Known
features have not been described in detail so as not

§ 0 erlbbdaidnt SLRIGE3 tihgocprdhne inith B teXBIESE&ERsde hath.

Wi | e exenpl ary enbodi nents of the 14 present
tnvention described herein is specifically directed to
a Macronedi a Fl ash-

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

9 the teachings expressed herein.
10
11 Figure 6 illustrates an exemplary psuedo-code listing implementing the
12 embodiment of FIG. 5 in accordance with the teachings expressed herein.
13
14 Figure 7 iilustrates an exemplary user interface in accordance with the teachings
15 expressed herein.
16
17 DETAILED DESCRIPTION OF THE PRESENT INVENTION
18 Referring more specifically to the drawings, for illustrative purposes the present
19 invention is embodied in the system configuration, method of operation, data

20  format and application code, generally shown in Figures 1 - 7. Application code




15 XM.- vat hML based environnment, the invention is not
limted thereby as one 16 skilled in the art can
readi | y adapt the concepts presented herein to a
preferred 17 environnent. Therefore, other suitable
anglo espwhdosdoent programm ng | anguages, 18 pl Ptt:'f'!?&ﬂ?ﬁmmoz?
and architectures, etc. fallr wthin the scope of the
present invention. 19 WD 2004/090739

PCTI US2004/ 010027 8 1 FIG 1 illustrates an exenplary
har dwar e configuration of a processor-controlled 2
system on which the present invention is inplenented.
One skilled in the art will 3 appreciate that the
present invention is not limted by the depicted
configuration 4 as the present invention may be

i npl emrented on any past, present and future 5
donfiayipe stnbedicd in Ay fouh nirofnpnteepragrpingroduct. A computer program
wor kst ati on/ deskt op/ | apt op/ handhel d 6 confi gurati ons,
@l i emdugepmpiiscs medinn configured to sioreioerarspmf dogpniat icedable
distributed 7 configurations, other networked
Gonfpdsuprdn wWhish compuser reatehlé enge tiak beeokedidet: fore examples of
conmponents for carrying out the principles expressed
Her epmputer@rogianipredicts|afe GDB.Q)M disksa RIOM chgy, Goppaisks,
advanced versatile |ayout and rendering system 11 700
Pn zegwmiid tapese covpuiter hird dtieachivegonexpiveds el dagiee vayes.
conprising, but not 12 limted to, a bus 705 that
&l l ows for communicati on anong at | east one processor
13 710, at |east one nenory 715 and at |east one

3t oHagk belenprestated 2igt th hystein meho8 of eperatidn,alhts objecupd ed t o
receive inputs fromat |east one input device 725,

&. gcomnygny product Gesribad beneih mayorry gsdelthe details, withouk depatigie
outputs to at | east one output device 730,

9 om the basic concepts disclosed herein. Moreover, numerous specific details

10 are set forth in order to provide a more thorough description of the present

11 invention. However, all specific details may be replaced with generic ones.

12 Furthermore, well-known features have not been described in detail so as not to

13 obfuscate the principles expressed herein. While exemplary embodiments of the

14 present invention described herein is specifically directed to a Macromedia Flash-
15 XML-MathML based environment, the invention is not limited thereby as one

16 skilled in the art can readily adapt the concepts presented herein to a preferred

17 environment. Therefore, other snitable and equivalent programming languages,

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

19



16 nmonitor, printer, other display nedium etc.. The
at | east one processor 710 is 17 configured to
performthe techni ques provided herein, and nore
particularly, to 18 execute the follow ng exenplary

con@emessop ogr am product enbodi ment of the A& LSRN
invention. Alternatively, the |ogical functions of the
conmput er program 20 product enbodi ment nmay be
di stri buted anong processors connected through WO
2004/ 090739 PCT/ US200J/ 010027 9 | networks or other
comruni cati on neans used to coupl e processors. The 2

. conmput er program product al so executes under various
operating systenms, such as 3 versions of Mcrosoft
W ndowsTM Appl e Maci ntoshTM UNI X, etc. 4 5 The
present invention nay be inplenented as a conputer

[r ogR@milprseaescin okahgitry hbrdk @k e6riReration 86 priddsdRdstRing
that is devel oped for and inplenmented in the 7

VA C rsguistlorw bl pidsam Hivérfﬁﬁﬁfl%%f)ﬁﬁwnt@d Pone Ritfeh @},S:hé_ M win
client application code nodu The QD nodule in

GONjapiedidtOMatuhd pre@nSHRMlionEe h&t dnlile8 by ﬁfétdeé;?bémwg&won
nodul e (also referred to as "SVT nod (descri bed

el awhe plefeacinamtiby may BSRMemerdd Hﬂlaﬁy B b:%sénﬂirﬁrﬂﬁﬁlte' on
on a display output device. 11 12 2 displays an

X e opifigtytichatoalufibg i@ texAthplé, Mﬂ@tahunfaémom E@ﬂﬁh&eldn 13
accordance with the present invention. ﬁ%t t he

depcaifigeratidy ailientae6 ethdh fgadtidns] ﬂ—tﬁ?é&ﬁgﬁ'ﬁﬂ_ldn‘é, Aafibured by

the environnent in which they are use
appasnfigiratioas, olfer hii@s&kedkonkili@ations) efd1e hé‘tﬁﬁg thé Hec@ﬁﬁ'y

enbodi ment, the QD data fornat is i npl emented

8  components for carrying out the principles expressed herein.

9

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 medivm, 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



16 as an XM. object, an open web standard that is
understood by a FlashTM 17 application. The QD data
format preferably uses Unicode as the character is
encodi ng, which allows for a huge character set,

| Nwbughi oSt | anguages and 19 nmath synbol %CTIIFﬁOJgPOMT
data format also allows for ¢and interm ngles styled

text, 20 such as italics, bold, etc., graphics, and
mat hemat i cal expressions, synbols and WO 2004/ 090739
PCT/ US2004/ 0111027 10 1 other indicia. The graphics
may be defined as standard JPEG files or as Flash 2
SWTM files and can be animated or interactive.

Mat hermat i cal expressions are 3 defined as MathM., an
open standard based on X14L, which can be inported and
4 exported by nost math software products. 5 6 FIG 3

depi kehory br QMR GInBRAIRARCASSs fide@W Qhpik PRctRLE0EYE € i n
accordance with 7 the present |nven¥|on. 8 9 As

ShoVempaier ;0gram HRITbQRIso SRdchites Ehdlr variBbiSspblaBiy Salefissich
entereg iﬁ?g&thg syst§ﬁ1 The 10‘?gntent da%gginglu%ég

t£Xtversiony bedlickR¥k winRRsM WAt MABRS™ s pel data
files 11 (containing, e.qg., graphics or animations),

Mat hML and ot her di spl ayabl e objects. 12 The content
data is used to generate nmain question content and

o ey S oo
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4
converts said data in
7 Macromedia Flash™ environment as, e.g., a Flash™ client application code

8  module. The QD module in conjunction with a Super-Versatile-Text Display sub-
9  medule {also referred to as “SVT module”) (described below) effectively present
10  muitimedia information on a display cutput device.
11
12 FIG. 2 displays an exemplary data format utilized by the QD module in
13 accordance with the present invention. That the depicted layout and data are
14 necessarily defined by the environment in which they are used will be apparent to
15 those skilled in the art. In one embodiment, the QD data format is implemented
16 asan XML object, an open web standard that is understood by a Flash™
17 application. The QD data format preferably uses Unicode as the character
18  encoding, which allows for a huge character set, including most languages and
19 math symbols. The QD data format also allows for and intermingles styled text,

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



16 XML tree object. The question data is used to
generate text for a main question. 17 18 At 303, the
system di spl ays the question text as a FlashTh data
block. 19 11 I At 304, the system di splays potentia
avewen(®)73¢ 0 the mai n question as a Fl ashT" p&rekabtmmnioozr
bl ock; 3 4 At 305, the system checks for a Visual Ad
related to the main question. As its 5 nane suggests,
a Visual Aid, graphical illustrates related question
concepts. 6 Depending on the results, processing
continues to 306 or 307. If there is a Visual 7 Aid,
processi ng continues 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 FlashT" data bl ock and processing 11
dontothsumdiciao TBOZrapiics mayDelefidd s stadlatd I ES)filtsomas Riask s
for a Descriptive Solution related to the main 14

Gu e SSWIFH fileDenple crali be gnianatddloe int@sctivé. MatiphaGed Skitessions are
continues to 308 or 309. If there is 15 a Descriptive
Sol uitfired as PiabdHS sib gncaNddrdbied sroXBRSwRIH cAd R Im30%d ahd
there is no 16 Descriptive Solution, however,

pr ocEmstiedy modt athise8wele peaintty, to 309. 17

5
6  FIG. 3 depicts an exemplary process flow of the QD module in accordance with

7 the present invention.

9  Asshown, at 301, content data, e.g., question data is entered into the system. The-

10 content dafa includes text, styled text, specifications of external data files

11 _ (containing, e.g., graphics or animations), MathML and other displayable objects.
12 The content data is used to generate main question content and associated 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 question data is used to generate text for a main question.
17
18 At 303, the system displays the question text as a Flash™ data block.

19



18 At 308, the system saves the Descriptive Sol ution
for later display as a FlashT* 19 data bl ock and
processing continues to 309. 20 WO 2004/ 090739

PCT/ 1JS2004/ 010027 12 1 At 309, the systemaligns all
data el enments according to a desired layout. 2 3 At
310, the system displays thelbuestion accordingly. 4
5 FIG 7 depicts an exenplary user interface depicting
the various elenents for 6 display. As shown, the
question text data is presented as D splay Area 2, the
7 potential answer choice(s) data is presented as
Display 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
FIIG Al 3@ phesystemdisphalyapotenpisicusioersd thethé mainiqustioney o Flaghy™
the QD nodule (also 12 reproduced below). 13 14 QD
Peeudiataddab®; 15 16 function parseQuesti onXM. 17
convert raw text to an XM tree

3

4 At 305, the system checks for a Visnal Aid related to the main question. Asits
5  name suggests, a Visual Aid, graphical illustrates related question concepts.

6  Depending on the resuits, processing continues to 306 or 307. If there is a Visual
7  Aid, processing continues to 306 and then 307. If there is no Visual Aid,

8 however, processing continues directly to 307.

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

11 continues to 307.

12

13 At 307 and the system checks for a Descriptive Solufion related to the main

14 question. Depending on the results, processing continues to 308 or 309. If there is
15 a Descriptive Solution, p;ocessing continues to 308 and then 309. I there is no
‘16  Descriptive Solution, however, processing continues directly to 309.

17

18 A1308, the system saves the Descriptive Solution for later display as a Flash™

19 data block and processing continues to 309.

20



18 get question |layout style fromXM. 19 end
parseQuestionXM. function 20 21 WO 2004/ 090739

PCT/ US2004/ 010027 13 1 function buil dQuesti onobjects
2 Sort through branches of question AM.. 3 For each

brvemmlaseboizh the branch is the main question F bsmoti
create a novieclip to contain the text 6 ca ?ﬁt%e 010027

di spl aySVTBI ock function 7 else if the branch is the
answer options 8 create a novieclip 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

1 At 3009, the system aligns all data elements according to a desired layout.

2

3 At310, the system displays the question accordingly.

5 FIG.7 depicts an exemplary user interface depicting the various elements for
6  display. Asshown, the question text data is presented as Display Area 2, the
7  polential answer choice(s) data is presented as Display Area 4, the correct apswer
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 exemplary pseudo code for implementing the QD module (also
12 reproduced below).

13

14 QD Pseudo-code

15

16 function parseQuestionXML

17 convert raw text to an XML tree

18 get question layout style from XML
19 end parseQuestionXMl function

20

21



17 if this layout calls for a visual aid 18 create a
nmovieclip to contain the 19 visual aid 20 call the
di spl aysVTBlI ock function 21 else if the type of
content is descriptive 22 solution 23 save the

covo end/esnfior possible later 24 display 25 epériuéod¥iooz7
2004/ 090739 PCT/ US2004/ 010087 14 1 end if 2 end for
3 end buil dQuestionCbjects function 4 5 function

| ayout Question 6 // Positions are based on the
question layout style. 7 Position 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

1 function buildQuestionOhjects

2 // Sort -through branches of question XML.

3 For each branch

4 if the branch is the main question text

5 create a movieclip to contain the text

6 call the displaySVTBlock function

7 else if the branch is the answer options

8 create a movieclip to hold the answers

9 for each answer

10 create a movieclip to hold the answer
11 attach an answer button

12 create a movieclip to hold the answer text
13 call the displaySVIBlock function

14 end for

15 else if the branch is some other content block
16 . if the type of content is visunal aid

17 if this layecut calls for a visual aid
18 create a movieclip to contain the
19 visual aid
20 call the displaySVTBlock function
21 else if the type of content is descriptive
22 solution
23 save the contents for possible later
24 display

25 end if



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
f mooneopfn9078¥ t he Super-Versatil e- Text Di spl aypepessh@o®oz7
SVT nodul e. The QD nodule 18 interacts with (calls)
the SVT nodule to visually render the QD content data.
19 20 As shown, at 501, content data is entered into
the system This content data is 21 displayed as
follows: 22 WD 2004/ 090739 PCT/ US2004/010027 15 | At
502, the systemtraverses the XML tree to deternine if
content (node) is left 2 to display. If yes,
processing continues to 503. If no, processing
continues to 3 505. 4 5 At 503, the system determ nes
tthe ki nd of contenst |left to display. Depending on 6
the results, the systemfollows alternate paths. If
the contenf®™ &% ext, processing 7 continues to 504A.
bf the coft£RtaduSs@BnESEE NAlntidne, Processing
continues to s 504B. If the content is MathM,
processi ng continues to 504C. 9

5 function layoutQuestion

6 // Positions are based on the questiom layout style.
7 Position the main guestion text

8 position the answer block

9 position the answers within the answer block

10 position the visual aid, if reguired

31 position any other content block

12 end layoutQuestion function

13

14

15 FIGS. 5 and 6 depict additional features of the QD module in accordance with the
16  present invention. Specifically, FIG. 5 illustrates an exemplary process flow of
17 the Super-Versatile-Text Display module or SVT module. The QD moduie

18 interacts with (calls) the SVT module to visnally render the QD content data.

19

20  Asshown, at 501, content data is entered into the system. This content data is

21  displayed as follows:

22



10 At 504A, the systemlocates a display line that can
hold the text data object. The 11 systemthen creates
a new text object having the appropriate text and
style format 12 and processing returns to 502. 13 14
AtWERuBIIITiIe system | ocates a display |ine tpairusavolonzs
hold the external file data™5 object. The systemthen
| oads 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.
19 The system then renders the Mat hM. obj ect and
processing returns to 502. 20 WD 2004/ 090739

PCT/ US2004/ 010027 16 | \Wen there is no node-data
content left to display, processing continues to 505

2 3 At 505, the systemformats the lines and all data
obj edtt392nthe lsyatent iaversagttie Hivplrezye detémtinea! sament tod&H0Sleft5
6 FIG 6 depicts exenplary pseudo code for

i2npl te Aspiey. N yeshpro@vSingreaitiness (IS0 If 1o, pre@ssinimetinues to

bel osv(\)/)s. 8 9 SVT Display Pseudo-code

3 .

4
5 At 503, the system determines the kind of content left to display. Depending on
6  the results, the system follows alternate paths. If the content is text, processing
7  continues to 504A. If the content is an external file, processing continues to

8 504B. Ifthe content is MathML, processing continues to 504C.

10 | At 504A, the system locates a display line that can hold the text data object. The
11 system then creates a new text object having the appropriate text and style format
12 and processing returns to 502.

13

14 At 504B, the system locates a display line that can hold the external file data

15 object. The system then loads the extemal file onto the line and processing returns
16 to 502,

17

18 At 504C, the system locates a display line that can hold the MathML data object.
19 The system then renders the MathML object and processing returns to 502.

20



10 112 12 // The displaycontentBl ock function is the
interface to 13 other code. 14 External code woul d
call this function, specifying the 15 xnl data to 16
/'l display, the destination to display into, and any
nwo-2004ifored aul t 18 // configuration opti ons.pcth3209010027
Function di spl aySVTBl ock 21t WO 2004/ 090739

PCT/ 11S2004/ 010027 17 | Initialize the environnent of
the destination, 2 based on 3 // configuration
options. 4 Set the environnment's wwdth 5 set a
default text style 6 7 for each node in the XM. data
8 if node is text

I When there is no node-data content left to display, processing continues to 505

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

4  the same at 506.

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

7 reproduced below).

9 SVT Display Pseudo-code
10
11
12 // The displayContentBlock function is the interface to
13 other code.
14 // External code would call this function, specifying the
15 xml data to
16 // display, the destination to display inte, and any non-
17 default
13 // configuration options.
19
20 ‘Function displaySVTiBlock

21



9 call the displayText function 10 else if node is a
visual aid file reference 11 call the |loadFile
function 12 else if node is MathM. 13 call the

di spl ayMath function 14 end if 15 end for 16 17 for
eandzobi/derst hat has been created in destinatigiyuskéosbdnr
each object in line 19 gathsr neasurenents 20 end for
21 conpute shared baseline and boundaries of line 22
for each object in line 23 position the object so
baselines are 24 aligned 25 end for WO 2004/ 090739
PCT/ US2004/ 010027 18 1 align line to other lines and
destination 2 end for 3

1 // Initialize the environment of the destination,
2 based on

3 // configuration options.

4 Set the environment’s width

5 set a default text style

G

7 for each node in the XML data

8 if node is text

9 call the displayText function

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

12 else if node is MathML

i3 call the displayMath function

14 end if

15 end for

16

17 for each line that has been created in destinaticn
138 for each object in line

19 _ gather measurements

20 . . end for

21 ' compute shared baseline and boundaries of line
22 for each cbject in line

23 position the object so baselines are
24 _aligned

25 end for




4 end displaySvViBlock 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 within the current line 13 14 while

t Wereujoso7ieext 1 n the node 15 renove a mord,qﬁﬂggmym&§7
add the word to the currentigli ne of destination i f
current |ine has exceeded |l ength 18 renove the Iast
line 19 mark the |ine done 20 create a new current
line 21 create an object to hold text within the 22
current line 23 add the word to the current line 24
end if 25 end while

1 ) align line to other limes and destination

2 end for

3

4 end displaySVIBlock

5

6

7

8 function displayText

9

10 inhexit the default text style

11 modify the style as specified for this node

12 create an object to hold text within the current line
13

14 while there is text in the node

15 remove a word of text

16 add the word to the current line of destination
17 if curremt line has exceeded length

18 remove the last line

19 mark the line done

26 create a new current line

21 create an object to hold text within 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 8 extract
file informati on from node 9 create an object of the
file' s given dinensions 10 begin loading the file 11
destination 13 place the olgect into the line 14 el se
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 into the line

2 end renderText

3

4

5

& function loadFile

7

8 extract file information from ncde

9 - create an object of the file’'s given dimensions
10 begin loading the file

11

12 i if the object fits in the current line of destination
13 . place the cbject into the line

14 else

5 create a new line

16 if the object doesn’t fit into the new empty
17 line

18 scale the object to fit the line

19 end if
20 place the objecﬁ into the line
21 end if
22
23 end loadFile
24

25



21 end if 22 23 end loadFile 24 25 W) 2004/090739

PCT/ US2004/ 010027 20 1 2 function displayMath 3 4
create an object to render the math node into 5
extract MathM. data fromnode 6 call the renderMath

f omerdooeworsd 8 if the object fits in the currgdfudbddBionzr
of destination 9 place the2object 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

2 function displayMath
3
4 create an object to render the math node into
5 extract MathML data from node
6 call the renderMath function
7
8 if the object fits in the current line of destination
9 place the object into the line
10 elsa
11 create a new line
12 if the object doesn’t fit into the new empty
13 line
14 scale the object to fit the line
15 end if
16 place the object intc the line
17 end if |
18
19 end displayMath
20
21
22
23 // This function is called recursively - that is, it calls

24 itself.



16 place the object into the line 17 end if 18 19
end displayMath 20 21 22 23 This function is called
recursively - that is, it calls 24 itself. WO

2004/ 090739 PCT/ US2004/ 010027 21 1 Mat hIML objects are
f negombdoyss conposed of other MathM. 2 obj eCheyusbodadoiooz
such as fractions of fractiens, so this recursion is

4 necessary. 5 // Nodes in the MathM. are of two mmj or
types: conposite 6 or termnal. 7 // Conposite nodes
contain other nodes, while termnal 8 nodes contain 9
/1l only values, such as a nunber, variable, or

mat hematical 10 synbol. 11 // For instance, a
fracti on node woul d have two child

1 // MathML objects are freguently composed of other MathML
2 objects,
3 // such as fractions of fractions, so this recursion is
4 necessary.
3 // Nodes in the MathML are of two major types: composite
6 or terminal.
7 // Composite nodes contain other nodes, while terminal
8 nodes contain
9 // only values, such as a number, variable, or mathematical
10 symbol.
11 // For instance, a fraction node would have two child
12 nodes, the
13 // numerator and denominator. 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 renderMath
20
21 if the current node is a composite node
- 22 call the renderMath function on each child node
23 layout the child nede based on node type
24 else if the current node is a terminal ncde

25 if the node containg text




12 nodes, the 13 // nunerator and denom nator. Each
chil.d is rendered 14 separately, then 15 // the first
is placed over the other, and a line is drawmn 16
between 17 them 18 19 Function renderMath 20 21 if

t e 2oupsest node is a conposite node 22 cal lpctriRz004010027
renderMath function on eachzchild node 23 |layout the
chil d node based on node type 24 else if the current
node is a termnal node 25 if the node contains text
WD 2004/ 090739 PCT/ U32004/ 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

1 create a text box of the appropriate

2 style

3 elze if the node contains an encoded symbecl
4 insext the graphic for that symbel
5 end if

6 end if

8 end renderMath

10 EXTERNAL (PUBLIC) FUNCTION DEFINITIONS

1t This section lists the external functions of the Question Display module. While
12 there is no strict object-oriented public/private status here, these are the only

13 functions that should be called by outside code. Unless specified, each function
14 has no retum value.

15

16 init(initObj)

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

20 Arguments

21 initObj An object containing any named values to override configuration options



7 8 end renderMath 9 10 EXTERNAL (PUBLIC) FUNCTI ON
DEFI NI TIONS 11 This section lists the external
functions of the Question Display nodule. Wiile 12
there is no strict object-oriented public/private

Sty bissi8Y:e, these are the only 13 functi onspdiaghonsorcnzs
shoul d be call ed by outsidexxode. Unless specified,

each function 14 has no return value. 15 16
init(initObj) 17 This function should be called once,
before calling any of the other functions 18 bel ow
It initializes the QD environnent with various
constants, including font 19 settings and wi dth and
hei ght neasurenents. 20 Argunents 21 initCbj An object
contai ni ng any nanmed val ues to override configuration
options 22 WD 2004/090739 PCT/ US2004/ 010027 23

i's r RaddF return func) 2
$h|95?%§§§$%é ﬂ£§%ﬁ2§§ﬁg“ﬁd§§ﬁfon When display is

GOMAl QLB tibh diSfys 3 qhldfort PRRd] digThy iScdnffidd, it hHNRE sReBified
Argunent s

3 retumn function.

4  Arguments

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

6 return_mc [optional] The context in which retum_func will be called on

7  completion.

8 return func [optional] The function that will be called within return_mc.

10

11 removeQuestion()

12 This function removes the displayed question.

13 Arguments

14 (noné)

15

16  activateAnswers(notify_mc, notify fimc)

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

20  Arguments



5 question The question data, in well-formed RWL text.
6 retumnt [optional] The context in which retumfunc
will be called on 7 conpletion. 8 retumfunc
[optional] The function that will be called within

r ¥HiBe730 9 10 11 renoveQuestion( 12 This EéWﬁ&MQBumn
renmoves the displayed questijon. 13 Argunents 14
(none) 15 16 activateAnswers(notify nt, notify func)
17 This function activates the answer options, making
theminteractive for the user. 18 \Wien an answer is
sel ected, the specified notification function is
called with two 19 argunents: the letter of the
user's sel ected answer, and the correct answer. 20
Argunments WO 2094/ 090739 PCT/ US2004/ 010027 24 1

notify me The context in which notify f nme will be
Gal ek, 9nc COomRk 84ri@Pin wﬂcm%w Yok Lm@bér ffled BOEIhAdioh hat
will bé called wthin notify ft.

deaqbisy hfANIHE hidGlion that will be called w1th1n notlfy_mc.
3
4  deactivateAnswers()

5  Deactivates all answer options, so that they do no allow user selection.

6 Arguments
7  (none)
8

9  showUserAnswer{userAnswer, showCorrect)
10 This function marks the answer specificd in userAnswer, showing whether the
11 selection was correct or incorrect. If showCorrect is set to true and the user’s
12 answer was incorrect, the correct answer is also be revealed,
13 Arguments
14  userAnswer The letter of the answer the user has selected.
15 showCorrect A true/false flag, telling whether to reveal the correct answer.
T 16
17
18 getComrectAnswer()
19 Returns the letter of the correct answer for a displayed question.

20 Arguments



5 Deactivates all answer options, so that they do no
al l ow user selection. 6 Argunents 7 (none) 8 9
showUser Answer (user Answer, showCorrect) 10 This
function marks the answer specified in userAnswer,
shogkdgosthret her the 11 selection was correc} 520041010027
incorrect. |If showConect iszset to true and t%e user's
12 answer was incorrect, the correct answer is also be
reveal ed. 13 Argunments 14 user Answer The letter of the
answer the user has selected. 15 showCorrect A
hue/fal se flag, telling whether to reveal the correct
answer. 16 17 18 getCorrectAnswer0O 19 Returns the
letter of the correct answer for a displayed question.
20 Arguments WO 2004/ 090739 PCT/ US2004/ 010027 25 1
(none) 2 3 showCor ectAnswero 4 Reveals to the user
qheﬁﬁggyect answer to a displayed question.

p
3  showCormrectAnswer()

4  Reveals to the user the correct answer fo a displayed question.

5 Arguments
6  (none)
"

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)
14
15  isSolution()
16  This function retumns true if there is a descriptive solution available for this
17 question, and false otherwise.
18 Arguments

19  (none)



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

sel ection of an answer via the keyboard. 12 Argunents

13vd 5a9RARY730 14 15 i sSol utiono 16 This functi %flﬁ%&?/ﬁ‘ﬁozv
true if there is a descriptigve sol ution availaé e for

this 17 question, and fal se otherwi se. 18 Argunents
19 (none) 20 WD 2004/ 090739 PCT/ US2004/ 010027 26
di spl aySol uti on(dest_nt, destWdth, retumnt,
retumfunc) 2 This function renders the descriptive
solution for the question, if it exists. The 3
solution is rendered in the specified novieclip, at
the specified width. Once the 4 render is conplete,
the return function is call ed.

1 displaySolution(dest_mc, destWidth, return_mc, return_func)
2 This function renders the descriptive solution for the question, if it exists. The
3  solution is rendered in the specified movieclip, at the specified width. Once the
4 render is compiete, the return function is called.
5 Argoments
6 dest mc The movieclip to render the descriptive solution into.
7  destWidth  The width in pixels of dest_mc’s display area.
g8 retum mc  [optional) The context in which return_func will be called on
9  completion.
10 return_func  [optional] The function that will be called within return_mc.
11
12 displayXMLBlock({svt xml, dest_mc, destWidth, return_mc, return_func)
13 This function renders an XML object of question data (also called an SVT Block)
14 into the specified movieclip, at the specified width. Once the render is complete,

15  the retwrn function is called.

16  Argumenis
17 svt_xwml An XML object containing a valid chmnk of SVT data.
18 dest_mc The movieclip to render the descriptive solution into.

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



5 Argunents 6 dest_ne The novieclip to render the
descriptive solution into. 7 destWdth The width in

pi xel s of dest_nt's display area. 8 retumnt
[optional] The context in which retumfnc wll be
caviewmar399 conpletion. 10 return_func [opt p@ﬂ@gz]m;gnﬁm
function that will be calleetwithin retumnc.

di spl ayXMLBl ock(svt _xm , dest _nt, destWdth, return

me, returndunc) 13 This function renders an XM obj ect
of question data (also called an SVT Block) 14 into
the specified novieclip, at the specified width. Once
the render is conplete, 15 the return function is
called. 16 Argunents 17 svt_xm An XM obj ect
containing a valid chunk of SVT data. 18 dest_nt The
nmovieclip to render the descriptive solution into. 19
dle s trviugt_me Thelopiiatelth Thaxopiex einsvhidh rekesit ffe wall 5 addadh
area. WD 2004/090739 PCT/ US2004/010027 27 | return-nme
[Poptdompletign. The context in which return fine will be
called on 2 conpletion. 3 return_func [optional] The
fBundeirenfoph atloptionsl] Bee fvadtion thawivilhberval@ltwithinium fcS

4
5
6  displayTextBlock(sviText, dest_mc, destWidth, return_me, return_finc)
7 Like displayXMLBLock(), this function renders an SVT Block into the specified
8  movieclip, at the specified width. However, the SVT Block should be passed as
9  plain text, rather than as an XML object. Once the render is complete, the return
10 function is called.
11 Arguments
12 svitTextXML text describing a valid chunk of SVT data.
13 dest me The movieclip to render the descriptive solution into,
14 destWidth  The width in pixels of dest_mc’s display area.
15 retun_mc  [optional] The context in which return_func will be called on
16  completion. |
17 return_func  [optional] The function that will be called within return_me,
18
19

20 INTERNAL (PRIVATE) FUNCTION DEFINITIONS



6 di spl ayrext Bl ock(svt Text, dest_nt, destWdth,
return_nc, retumfhnc) 7 Like displayXM.BLockO, this
function renders an SVT Block into the specified s
novi eclip, at the specified w dth. However, the SVT
Bwmaxidoomioersd d be passed as 9 plain text, r atﬂtqﬁustzmwm;,
as an XM. object. Once the mender is conplete

return 10 function is called. |1 Argunents 12

svt Text XML text describing a valid chunk of SVT data.
13 dest_nt The novieclip to render the descriptive
solution into. 14 destWdth The width in pixels of
dest _nt's display area. 15 return-ne [optional] The
context in which return fine will be called on 16
conpletion. 17 retumfune [optional] The function that
will be called within returnnc. 18 19 20 | NTERNAL

@ PRI VATE) FUNCTI ON DEFI NI TI ONS WD 2004/ 090739

PCT/ US2004/ 010027 28 1 2 This section lists the

B Nt @hid adctibitd thomtenal fib&tRnsbE tiOQD! ednldN Vgl RS S nd B0
strict 3 object-oriented public/private status here,
8 heslgedt-otiadtddasliGhrivatedtai@ hedohéss inRHoR ¥hodd ﬁBﬂ‘b§ t&lRd by
code. Any interaction should occur through the

Ext eutsiad coiel 2GyliReractioh Shoall ocBurdRioysh théBRAERa1 LSS listed

~speci fied, each function has no return val ue)
5  above. Again, unless specified, each function has no return value)
6
7 parseQuestionXML(rawText)
8  This fanction converts the source text for the question into an XML object. It also
9  checks the XML for the question’s layout, which is required before question

10 rendering can begin. The XML object and layout value are both stored within the

11 internal question movieclip.

12 Argumenis
13 rawText A text string containing the well-formed XML for a full question.
14

15 buildQuestionObjects()

16 This function sorts through the question XML object, extracting the question text
.17 and answers, as well as any visual aid, descriptive solution, or other content.

18 Movieclips are created for the question text, answers and visual aid, and their

19 SVT blpcks are rendered, via the displaySVT() function. The descriptive solution,

20  if present, is saved for later display.



6 7 parseQuestionXM.(rawlText) 8 This function
converts the source text for the question into an XM
object. It also 9 checks the XML for the question's

| ayout, which.is required before question 10 rendering

cawobegvgrzeThe XML obj ect and | ayout val ue aper&bésnionz7
stored wwthin the 11 intereal question novieclip. 12
Argunents 13 rawlext A text string containing the

wel |l -formed XML for a full question. 14 15

bui | dQuesti onCbj ectso 16 This function sorts through
the question XM. object, extracting the question text
17 and answers, as well as any visual aid, descriptive
solution, or other content. 18 Mbvieclips are created
for the question text, answers and visual aid, and
their 19 SVT bl ocks are rendered, via the displaySVT()
f Ynchde@Rentsthe descriptive solution, 20 if present, is
saved for |ater display. WO 2004/ 090739

PCT/ §0-4/010027 29 | Arguments 2 (none) 3 4

di spl aySVT(svt _xm, svt_nt) 5 This function takes an
SVYT Block and renders it into the specified SVT

4  displaySVT(svt_xml, svt_mc)
5  This function takes an SVT Block and renders it into the specified SVT
6 environment, The SVT Block is an XML object, and the SVT environment is a
7  movieclip containing the seitings and configuration information for SVT display.
8  Arguments
9 svt xml An XML object containing an SVT Block.
10 svt mc The SVT environment movieclip to render the SVT Block into.
11
12
13 getDisplayLine(svt_inc)
14  This function returns a reference to the current line (a movieclip) in an SVT
15  environment movieclip. The current line will have at least some room for
16  additional content {text, graphics, rendered MathML). If the last existing line is
17 full, or there is no current line, this function will create a new one.
18 Arguments
12 svt me An SVT environment movieclip.

20



6 environment. The SVT Block is an XM. object, and the
SVT environnent is a 7 novieclip containing the
settings and configuration information for SVT
display. 8 Argunents 9 svt_xm An XM obj ect

c it 2000090932 an SVT Bl ock. 10 svt_nt The SVT eamuwiwsaaamish27
nmovieclip to render the SVB¢Bl ock into. 11 12 13

get Di spl ayLi ne(svt_nt) 14 This function returns a
reference to the current line (a novieclip) in an SVT
15 environment novieclip. The current line wll have
at least sone roomfor 16 additional content (text,
graphics, rendered MathM.). If the last existing |line
is 17 full, or there is no current line, this
function will create a new one. 18 Argunents 19 svt_nt
An SVT environnent novieclip. 20 WO 2004/090739
PCTedERPpOwLDgBe2mc) 30 | endDi spl ayLi ne(svt_nt) 2 This
function marks the current display line in the SVT
Env iThis fimetiin maksthapirenedispldy lme it tha § VI Hinvinenatent @l domp lste,
getDi splayLineOw Il return a new line. This is useful
B or softhititivencht @i ks getDisplayisueavitl octbmprat nepdjne cThinis stefalifap
to the next line. 5 Argunents

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

5  Arguments
6 svtmc An SVT environment movieclip.
7

9  displayVisualAid(va_xml, svt_mc)

10 This function renders a visunal aid item inté an SVT Environment. The vi'sual aid,
11 usually a SWF or JPEG, will be loaded from a separate file. The height and width
12 of the object are specified in the XML, so layout can occur without waiting for the
13 load to complete. (Loading is accomplished using the piil.oader module.)

4 Arguments

15  va xml An XML node from an SVT Block, containing a visual aid,
16  svt mc An SVT environment movieclip.
17

18  processVisualAid(retumnlID, va_mc)



6 svt_nt An SVT environnent novieclip. 7S 9

di spl ayVi sual Aid(va_xm, svt_nt) 10 This function
renders a visual aid iteminto an SVT Environnment. The
visual aid, 11 usually a SW or JPEG w Il be | oaded

f voor@yeeparate file. The height and wdth A2nedediRfoes
obj ect are specified in thesXM, so | ayout can occur

wi thout waiting for the 13 |oad to conplete. (Loading
is acconplished using the piilLoader nodule.) 14
Argunents 15 va xml An XML node from an SVT Bl ock
containing a visual aid. 16 svt nme An SVT environnent
novieclip. 17 1s processVisual Aid(retum D, va_nt) WO
2004/ 090739 PCTI US2004/ 010027 31 1 This function is
called fromthe piilLoader nodul e when a visual aid
object has 2 conpleted |loading. It conpletes the

Ar OURETigook cdle8 flogRBepifdali@ modele it N Giska &l object hds
fits within the dinmensions specified in the XM. node

af  chapIeVd loBding: it cofiphtdd Wanbessnglof tHeNdade dYilp] vekiBatkanat it
Load I D, uniquely identifying this load. 6 va nt A

BOV ifieokithin 6 BinfhabmgpédireedlinthdedL hdd of the SVT Block.
4 Arguments
5  returnID A piiLoader Load ID, uniquely identifying this load.

6 va_mc A movieclip containing the loaded file.

§ displayMathMIL(math xml, svi_mc)

9  This function renders a MathML portion of an SVT Block into a single object.
- 10 - The rendering of individual MathML elements is handled by the renderMathML()
11 function. This function handles the allocation of lines within the SVT

12 Environment, wrapping to the next line if the MathML object is too wide.

13  Arguments

14 math xmi An XML node from an SVT Block, containing MathML data.
15 svi_mc An SVT environment moviechp.

16

17 renderMathMU(math_xml, box_mc, ref_tf)

18 This function renders individual MathML elements into movieclips containing
19 text and library symbols. The rendering is handled recursively, so that it calls

20  itself to render any MathML elements nested within the main element. (For



8 di splayMat hM_.(mat hxml, svt_nt) 9 This function
renders a MathM. portion of an SVT Block into a single
object. 10 The rendering of individual MathM el enents
is handl ed by the render Mat hMLQ 11 function. This.

f wocemm7andl es the all ocation of |ines w tgtiusdRorcez
SVT 12 Environnent, wappimg to the next line if the
Mat hML object is too wide. 13 Argunents 14 math_xni
An XML node from an SVT Bl ock, containing Mat hM. dat a.
15 svt_nt An SVT environment novieclip. 16 17
render Mat hM_(mat h_xm , box-nme, ref tf) 18 This
function renders individual MathM. el enents into

novi eclips containing 19 text and |library synbols.
The rendering is handled recursively, so that it calls
20 itself to render any MathM. el enents nested within
t heinstanas, ®ihe frastion MaBEML ViEm20 0diik&iAd &763Bher elements,

PCT/ US2004/ 011027 32 1 instance, a the fraction

Mat teprebdnting mmendtoraod S@iondnatord This Heictial @Xenk srgudents a
representing nunerator and denom nator.) This function
t akesle as MathiylIndatt, 8 mavisclipod ecndér thdi tdhivintolahdia teat format. The
novieclip to render that data into, and a text format.
Thefunctichueroms orefaretcetorthe moviedlipriemestest 0 t he novi eclip
it creates. 5 Argunents 6 math_xm An XM. node
tonAgumenty Mat hML data. 7 box _nt A novieclip to create
the new novieclip inside of.

6 math xml  An XML node containing MathML data.

7  box mc A movieclip to create the new movieclip inside of.
8 ref tf A text format object, to be used in rendering this object’s text.
9

10 displayTextltem(rawText, svt_mc)

11 This function handles the display of plain and styled text objects from SVT

12 Blocks. It takes a text string and renders it inside the SV'T Environment in the

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

14 Arguments

15  rawText A text string.
16  svi mc An SVT environment movieclip.
17

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

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



s ref tf Atext format object, to be used in rendering
this object's text. 9 10 displayTextlten(rawText,
svt_nt) 11 This function handl es the display of plain
and styled text objects fromSVT 12 Blocks. It takes a
t ewo 2@090r8y and renders it inside the SVI Enyciois®ithon
in the 13 current text format, splitting the text and
wrapping to multiple Iines as necessary. 14 Argunents
15 rawlext A text string. 16 svt nme An SVT environnment
novi eclip. 17 18 drawBorder(a_nt, color, bw dth,

bhei ght) 19 This function draws a border within a

novi eclip, using the Flash line-drawing 20 tools. If
bw dt h and bhei ght are not specified, the neasured
~width and hei ght of WO 2004/ 090739 PCT/ US2004/ 010027
33 1 the novieclip will be used instead. This function
115 UB€loRXdlig Rl Y&heed Wsteh. This Ménclon B RSk REsiTeikio he
to force certain neasurenents onto a novieclip. For
NS trafiefng fuctdng I6teelcetiidmdabréndhitOlbito NAbvibAIEFd? hstahies,
-full space it is neant to occupy, 4 confusing |ayout.

AN iawidsd BWVE MOmGBE nd kRalp Ihe PSSR MdANO Ubcupy,
conmputations. 5 (Note that the |ine-drawi ng functions

ar e cphflsifg lafoud el inFikibe by B¥diSlehRgsilch HSSut Bmphthtiing.
the novieclip.) 7 Argunents
5  (Note that the line-drawing functions are prone to overwrite any existing lines

6  within the movieclip.}

7  Arguments
8 amc The movieclip to draw the border into.
9 color The color to draw the border with. (Only visible while debugging.)

10 bwidth [optional] The width to draw the border.

i1 bheight[optional] The height to draw the border.

12 |

13 layoutQuestion()

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

17 Arguments

18 (none)

19



8 a_nt The novieclip to draw the border into. 9 color
The color to draw the border with. (Only visible while
debugging.) 10 bwidth [optional] The width to draw
the border. 1 | bheight[optional] The height to draw

t o olenss 12 13 | ayout QuestionO 14 This fpiGid@eicnzz
conpl etes the | ayout of thesspreviously-built question
obj ects. The 15 question text, answers and visual aid
are positioned according to their sizes and 16 the

| ayout style specified in the question XM.. 17
Argunents 18 (none) 19 WO 2004/ 090739

PCT/ US2004/ 010027 34 | Having now descri bed one or
nore exenpl ary enbodi nents of the invention, it 2
shoul d be apparent to those skilled in the art that
the foregoing is illustrative only 3 and not

1 i Havinggowidgsdried dnesenmpreesemplent ehpodicngnte bf thx auvipliien, it
only. All the features 4 disclosed in this

25 peeeuld baarpeneny tp thobartilied inghyarhibeichy fomggoing icilladtragye only
abstract, and 5 drawi ngs) may be repl aced by

34l 184 Peitlinying, bawing bheen presenied by wheofsxamploeniyoad theafaiures
equi val ents or simlar purpose, unless expressly

45t Aiselgsedtin Erismpseificatipretindiuging, any asrompaying cddims mbstract, and
enbodi nents of the nodifications thereof are

5c o Sraaipdshmeybezeplagdivy klisrr vefeptures serving $eopwe plirptbshﬁiﬂd

present invention as defined by the appended
6  equivalents or similar purpose, unless expressly stated otherwise. Therefore,

7 numerous other embodiments of the modifications thereof are contemplated as

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

9 claims and equivalents thereto.
10
11 Moreover, tﬁe techniques presented herein may be implemented in hardware or
12 sofiware, or a combination of the two. In one embodiment, the techniques are
13 implemented jn computer programs executing on programmable computers that
14  cach include a processor, a storage medivm readable by the processor (including
15 volatile and non-volatile memory and/or storage elements), at least one input
16  device and one or more output devices. Program code is applied to data entered
17 using the input device to perform the functions described and to generate output
18 information. The output information is applied to one or more output devices.

19



9 clainms and equivalents thereto. 10 11 Mreover, the
t echni ques presented herein may be inplenented in
hardware or 12 software, or a conbination of the two.
In one enbodi nent, the techniques are ‘13 inplenented
I 'W@ZPebBp prograns executing on progranmabg@us2004/010027
conputers that 14 each incisude a processor, a storage
medi um r eadabl e by the processor (including 15

vol atil e and non-vol atile nenory and/ or storage

el enents), at |east one input 16 device and one or
nore out put devices. Programcode is applied to data
entered 17 using the input device to performthe
functions described and to generate output 18

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

PCT| Ef5B@64f £l 92 TerabBbimbldnaiad BT O9£10IYd] prodedf 4 bﬁmjaa
inplenented in a high level procedural or object

o1 | estientid prog@hmiiig BakubkFI Vg UAFRUAICatCRINY BrShtcd spiteh) a
computer system 3 however, the programs can be

i DI IRvRRdratle progams emueymplem&amh RSemBR @Y Adéhine aénouéoe if
desired. In any case, the |anguage may be a conpil ed

or idesieddp LiedrGGadenthg ha@Rge hbly bda QHRIIENGAMHFRMG lardghfte. In

present invention is inplenmented in the ActlonScrlpt 6

[ 0gma embeiinbAtiergent ifVentiGits infplédiatdibs e MREsEchjtash”
envi ronnent. The 7 program code uses Macronedi a Fl ash

NXT Mrogr inriib hdngﬁhge Mr s afiMackinfal FIZnT AVttt The

(e.g., Version Rel ease 48 or better) to execute and

Uzt' |p‘n?§§m LR usks NRLF B irfsP MR RARE AN b L TBR RS, code

dul es
8  Player™ (e.g.,Version 6, Release 48 ,or better) to execute and utilizes the

9  Macromedia piiLoader and timeQueue code modules.

10
| 11

12 Each such computer program is preferably stored on a storage medium or device
13 (e.g., CD-ROM, NVRAM, ROM, hard disk, magnetic diskette or carrier wave)
14 that is readable by a general or special purpose programmable computer for

15  configuring and operating the computer when the storage medium or device is

16  read by the computer to perform the procedures described in this document, The
17 system may also be considered to be implemented as a computer-readable storage
18 medium, configured with a computer program, where the storage medium so

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

20



10 11 12 Each such conputer programis preferably
stored on a storage nediumor device 13 (e.g.,

CD-ROM NVRAM ROM hard di sk, nmagnetic diskette or
carrier wave) 14 that is readable by a general or
SpeCiddooysy pose programmabl e conputer for 1%erus2004/010027
configuring and operating tide conputer when the
storage nediumor device is 16 read by the conputer to
performthe procedures described in this docunent. The
17 system may al so be considered to be inplenented as
a conput er-readabl e storage 1s nedium configured
with a.conmputer program where the storage nedi um so
19 configured causes a conputer to operate in a

speci fic and predefined manner. 20 WD 2004/ 090739
PCTI US2004/ 010027 36 1 The description of the

le x efhpldegeyiptentad therpatplivg ebailiass herem 2ksnowt bogdedpt of
Macronedi a Fl ashT* and ActionScri pt TM progranmm ng

1 andauageediatlash™gad ActibnScipithstegramaig Iaguade apd agermni ng
docunent ati on conventions. Understanding of 4 |ayout
san tind&shr@ingl of pH@EBmnEbE focBRedARA chidyetitns ftdetstading b or
for print, and 5 especially as regards the | ayout of
avatieaPdnt dadigna¥nEse Sifvh @age Yybit faH theowdbeor i@t and 6 7
Addi ti onal aspects and/or features of the present

3 N\egtbialas re@k dsdRs lagdaCofandienfatiod baRRbiond Wilpiley/bedReful.
general solutions as nuch as possible, but may be
especific to 9 the font and | ayout size of current

i npl enentation. If the font or another part of

7  Additional aspects and/or features of the present invention include; the code

8  attempts to provide general solutions as much as possible, but may be specific to
9  the font and layout size of current implementation. If the font or another part of
10 the display environment 1s changed radically, spacing within and between lines
11 may be tweaked, accordingly.
12
13 Preferably, math symbols, whether by named entity or Unicode characters, are
14 . usable as follows: both named entities and coded characters are expected to exist
15  alone within the XML terminpal tags. That is, in one embodiment of the present
16  invention, <mn>5</mun><mn>r</mn> is valid while <mn>57</mn> is not.
17

18



10 the display environnment is changed radically,

spacing within and between lines 11 may be tweaked,

accordingly. 12 13 Preferably, math synbols, whether

by naned entity or Unicode characters, :are 14 usable

aswé olobemy both named entities and coded c hRERE480R 10027

are expected to exist 15 abone within the XM

term nal tags. That is, in one enbodi nent of the

present 16 invention, <m>5</mMm><m>rc</m> is valid

while <m>5n</m> is not. 17 18 WD 2004/090739

PCT/ US2004/ 010027 37 | Finally, an enbodi nent of the

present invention having potential comercial 2

success is integrated in the Planetii7l' Math

Systenm, an online math education 3 software

ﬁro uct, available at <http://ww. planetii.com hone/ >.
3o VRPN et hUSERUAN GOOTVINg Polchil Minméacia!

What is clained is: 4 5 1. A display systemfor

frul TesrEY Htegarieddn thedimatii®bvipthiSystag™, an online math education

3 software product, available at <http://www.planetii.com/home/>.

4




6 Mat hematical Markup Language (MathM.) data, said
system 7 conprising: 8 9 a display nedium having a
plurality of display lines for rendering 10

mul ti medi a content data thereon; 11 12 a processor
asemmbadeedo Wi t h sai d di splay nmedi um and conf p@iehsloRoz
13 14 receive said nultinedssa content data conpri sing
textual, MathM., and 15 external file indicia data;
16 17 parse said received nmultinmedia content data to
derive said textual, 18 MathM. and external file
indicia data; 19 WO 2004/ 090739 PCT/ US2004/ 010027 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 MATH VIL data type and said external 4
file i ndClAIMSlata is defined as a FILE data type; 5 6
store said derived and categorized textual, MathM and

2xt er nal fiLe

3 What is claimed is:
2

5 - 1. A display system for multimedia content data comprising

6 Mathematical Markup Language (MathML) data, said system

7 comprising:

8

9 a display medium having a plurality of display lines for rendering
10 multimedia content data thereon;
11
12 a processor associated with said display medium and configured to:
13
14 | : receive said multimedia content data comprising texiual, MathML, and
15 extemnal file indicia data;
16
17 - parse said received multimedia content data to derive said textual,
18 MathML and external file indicia data; |

19



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 and said 9 offspring
nodes each havi'ng one of said derived textual, MathM

anwo 2000eviser nal

type association; 11 12 defisme a traverse procedure
that includes: 13 14 visiting a node of said tree,
15 16 determ ning the data type of said node; 17 18
di spl ayi ng said node data in accordance with said data

type, 19 wherein:

20 WD 2004/ 090739 PCT/ US2004/ 010027

40 1 if the data type is TEXT: create a text object

having said 2 textual node data and | ocate a display
line to display said text 3 object in accordance wth
predeterm ned formatting 4 conventions, 5 6 if the
dat a type taegetitdsaidoenet,dMahfiL| sddidg dutd acharding @ sduitad

ext er nal
2

3

4

10
11
12
13
14
15

16

17

18

19

20

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;

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 indicia data and respegtriSoiddiciz



7 file indicia node data and |ocate a display line to
| oad and 8 display said file object in-line with
previously rendered text 9 and in accordance with
predeterm ned formatting conventions, 10 11 if the
davemypersvs MATHMWML, create a Mat hM. dat a obpeRis2dcdorony
havi ng said stored Mat hM. nede data and | ocate a
display line 13 to display said Mat hM. data obj ect
in-line wth previously 14 rendered text and in
accordance with predetermned formatting 15
conventions, 16 17 applying said traverse procedure
upon the left subtree of said 18 visited node; 19 WO
2004/ 090739 PCT/ US2004/ 010027 41 | applying said
traverse procedure upon the right subtree of said 2
visited node; and 3 4 applying said traverse

Ipr ocedur e uponifdhe datatipstis REYE: aeptdn texiabiecthaying gaid oot
node is the first visited node. 6 7 2. A systemas in
Xl ai m | wher ei texwalingdpdascanidenatefadisphe dine tot displayisaiddext

BS ard object in accordance with predetermined formatting
4 conventions,
5
6 if the data type is FILE: create a file object having said external
7 file indicia node data and locate a display line to load and
8 display said file object in-line with previously rendered text
9 and in accordance with predetermined formatting conventions,
10
11 if the data type is MATHML, create a MathML data object
12 having said stored MathML node data and locate a display line
13 to display said MathML data object in-line with previously
14 rendered text and in accordance with predetermined formatting
15 conventions,
16
' 17 applying said traverse procedure upon the left subtree of said
18 visited node;



8 Mat hM. data as MATHML COMPOSI TE and MATHWML 9

TERM NAL data types; 10 11 stores said categorized
Mat hML data as a MathM. tree having a root 12 node
and a plurality of offspring nodes that define |eft
ando rioghio73¢3 subtrees of said MathM tree, Spifud00k10027
node and said offspring nodes 14 of said MathM. tree
each having one of said derived MathM. data 15 and
respective data type association; 16 17 defines a
second traverse procedure that includes: 18 19
visiting a node of said MathM. tree, 20 WO

2004/ 090739 PCT/ US2004/ 010027 42 1 determ ning the
Mat hML data type of said Mathl\4L 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
ils MATHWL COVPGBPIyEg stid tatesseproczdunbufolthedtaghasubbpeasfisaid

haV|ng sai d stored Mat hM-
visited node; and

4 applying said traverse procedure upon said root node such that
5 said root node is the first visited node.
6
7 2. A system as in claim 1 wherein said processor further categorizes said
8 MathML data as MATHMI COMPOSITE and MATHML
9 TERMINAL data types;
10
11 stores said categorized MathML data as a MathML tree having a root
12 node and a plurality of offspring nodes that define left and right
13 subtrees of said MathML tree, said root node and said offspring nodes
14 of said MathML free each having one of said derived MathML data
15 and respective data type association;
16
17 defines a second traverse procedure that includes:
18

19 visiting a node of said MathML tree,



8 conposite node data and | ocate a display line to 9
di splay said MathM. data object in-line with 10
previously rendered text and in accordance with It
predeterm ned formatti ng conventions, and, 12 13 if

t @ d@fosorsype is MATHVL TERM NAL: create a Ig-/Nab&Mionz7
data obj ect having said stapred Mat hML node 15

term nal node data and | ocate a display line to

di splay 16 said MathM. data object in-line with
previously 17 rendered text and in accordance with
predeterm ned 18 formatting conventions, 19 WO

2004/ 090739 PCTI US2004/ 010027 43 1 applying said
second traverse procedure upon the left sub- 2 Mat hM
tree of said visited MathM. tree node; 3 4 applying
sai d second traverse procedure upon the right sub- 5
ivat hML tree of daairnivg the MadhMIbdhdMype oLRid MstRMIard nbde, 7
appl yi ng said second traverse procedure upon said root
;node of 8 said MathM. tree such that said root node
is the first visited

3 displaying said MathML tree node data in accordance with said
4 data type, wherein:

5

6 if the data type is MATHML COMPOSITE: create a

10

11

12

13

i4

15

16

17

18

19

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 previouély
rendered text and in accordance with predetermined

formatting conventions,



9 node of the MathM. tree. 10 11 3. The systemas in
claiml or 2 wherein said nmultinmedia content data 12
conpri ses Markup Language data. 13 14 4. The system
as in claim3 wherein said Markup Language data 15,
COWBRbSMs7IsxXt ensi bl e Markup Language (XM.) d@&ﬁgsﬁ@mumn
17 5. The systemas in claigyl or 2 wherein sa
external file indicia data 18 conprises information
associated with data files conprising graphics, 19

vi deo, animation, other displayable assets or a

conbi nation thereof. 20 WO 2004/090739

PCTI US2004/ 010027 44 1 6. The systemas in claim4
wherein said data files are Macronedia or 2

Fl ash-compatible files. 3 4 7. A nethod of displaying
mul timedi a content data conprising 5 Mathenmatica

Mar kup Languageppiviag kdid jecolat teaversaprdcadetehpon the left sub-
conprising: 7 8 providing a display nedium having a
plurality of diMghMy tleé abssidividited MathML tree node;

3

4 applying said second traverse procedure upon the right sub-
s MathML tree of said visited MathML tree node; and
6
7 applying said second traverse procedure upon said root node of
8 said MathML tree such that said root node is the first visited
9 node of the MathML tree.
10
11 3. The system as in claim 1 or 2 wherein said multimedia content data
12 comprises Markup Language data.
i3
14 4. The system as in claim 3 wherein said Markup Language data
15 comprises Extensib]g Markup Language (XML) data.
16
17 5. The system as in claim I or 2 wherein said external file indicia data
18 comprises information associated with data files comprising graphics,
19 video, animation, other displayable assets or a combination thercof.

20



9 rendering nultinmedia content data thereon; 10 1 |
receiving said nultinmedia content data conpri sing
textual, MathM., 12 and external file indicia data;
13 14 parsing said received multinedia content data

t veiRbinégrsgai d textual, 15 MathM. and exter,;@,l,ug‘zholugmoz.i
indicia data; 16 17 categan|2|ng sai d textual, WMat

and file data according to a data 18 type; mhereln
said textual data is defined as a TEXT data type, said
19 MathM. data is defined as a MATHW. data type and
said external 20 file indicia data is defined as a
FILE data type; WO 2004/090739 PCT/US2 0111/0 1 0 0 2
7 451 2 storing said derived and categorized
textual, MathM. and external 3 file indicia data as a
tree having a root node and a plurality of offspring

4 nodes ¢.ha@the gekinhe i @ik 43Rk Gt daBULY BESTacrSRedla 6OOL
node and said 5 offspring nodes each having one of
sai d deri vEdsH-@xipdatle ikt NML and 6 external file
indicia data and respective data type association; 7
8 defining a traverse procedure that includes:

4 7. A method of displaying multimedia content data comprising
5 Mathematical Markup Language (MathML) data, said method
6 comprising:
7
3 providing a dispiay mediuvm having a phurality of display lines for
9 rendering multimedia content data thereon;
10
i1 recelving said multimedia content data comprising textunal, MathML,
12 and extemnal file indicia data;
13
14 : parsing said received multimedia content data to derive said textual,
15 MathML and extemnal file indicia data;
16
17 categorizing said textual, MathML and file data according toa data
18 - type; wherein said textual data is defined as a TEXT data type, said
19 MathML data is defined as a MATHML data type and said external

20 file indicia data is defined as a FILE data type;



9 to visiting a node of said tree, 11 12 determ ning
the data type of said node; 13 14 displaying said
node data in accordance with said data type, 15

wher ei n;:

16 17.if the data type is TEXT: create a

t ewd 2@ped having said 18 textual node dat ap@pgszonsotonzr
| ocate a display line to display said text 19 object
in accordance with predeterm ned formatti ng 20
conventions, W) 2004/090739 PCT/ US2004/ 010027 46 2 if
the data type is FILE: create a file object having
said external 3 file node data and |ocate a display
line to load and display said 4 file object in-line
with previously rendered text and in 5 accordance with
predeterm ned formatting conventions, 6 7 if the data
type is MATHW., create a MathM. data object 8 having
said stored MathM. node data and | ocate a display line
9 to display said MathM. data object in-line with

Pr evi ousl| ystoring said derived and categorized textual, MathML and external

3

4

10
11
12
13
14
15
16
17
18
19

20

file indicia data as a tree having 2 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;

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,



10 rendered text and in accordance with predeterm ned
formatting 11 conventions, 12 13 applying said
traverse procedure upon the |eft subtree of said 14
visited node; 15 16 applying said traverse procedure
uponzevdmome ght subtree of said 17 visited nR&Qus:@ 1410027
18 19 applying said traver&e procedure upon said root
node such that 20 said root node is the first visited
node. WD 2004/ 090739 PCT/ US2004/ 010027 47 1 2 8. The
method as in claim7 wherein said nethod further
conprises 3 categorizing said MathM. data as MATHW
COWCSI TE and 4 MATHWML TERM NAL data types; 5 6
storing said categorized MathM. data as a MathM tree

havi ng a root

7 node and a plurality of offspring

nodes that define left and right 8 subtrees of said
IMat hML tree, said root node and said of fspring nodes
9 of said MathM. tree each having one of said derived

2Vvat hML data  ifthe data type is FILE: create a file object having said external
3 | file node data and locate a display line to load and display said
4 file object in-line with previously rendered text and in
5 accordance with predetermined formatting conventions,
6
7 if the data type is MATHML, create a MathML data object
g having said stored MathML node data and locate a display line
9 to display said MathML data object in-line with previously
10 rendered text and in accordance with predetermined 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 said
17 visited node; and
18
10 applying said traverse procedure upon said root node such that

said root node is the first visited node.



10 and respective data type association; 11 12
defining a second traverse procedure that includes:
13 14 visiting a node of said MathM. tree, 15 16
determining the MathM. data type of said MathM tree
n 8 displaying said MathM. tree no '
aggg?%gﬁigémﬁth said 19 dafa type, mhereinggagﬁ%ﬁybﬁh”
2004/ 090739 PCT/ 1JS2001/ 010027 48 | if the data type
is MATHWVL COWOSI TE: create a 2 MathM. data obj ect
havi ng said stored Mat hM. 3 conposite node 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 predeterm ned formatting
conventions, and, 7 8 if the data type is MATHW
TERM NAL: create a 9 MathM. data object having said
istored Mat hML node

2 8. The method as in clatm 7 wherein said method further comprises
3 categorizing said MathML data as MATHMYL COMPOSITE and
4 MATHML TERMINAL data types;
5
6 storing said categorized MathML data as a MathML tree having a root
7 node and a plurality of offspring nodes that define left and right
8 subtrees of said MathML tree, said root node and said offspring nodes
9 of said MathML tree each having one of said derived MathML data
10 and respective data type association;
11
12 defining a second iraverse procedure that includes:
i3
14 visiting a node of said MathML tree,
15
16 determining the MathML data type of said MathML tree node,
17
18 displaying said MathML tree node data in accordance with said
19 data type, wherein:

20



10 term nal node data and | ocate a display line to
display 11-said MathM. data object in-line with
previously 12 rendered text and in accordance with
predetermned 13 formatting conventions, ‘14 15

aw woiagoasi d second traverse procedure uponpdPgsh@folieozs
sub- 16 MathM. tree of saidssvisited MathM. tree node;
17 18 applying said second traverse procedure upon
the right sub- 19 MathM. tree of said visited Mat hM
tree node; and 20 WD 2004/ 090739 PCT/1JS2004/ 010027

49 | applying said second traverse procedure upon said
root node of 2 said .MathM tree such that said root
node is the first visited 3 node of the Matl M. tree.

4 5 9. The nmethod as in claim7 or 8 wherein said

mul timedi a content data 6 conprises Markup Language
ldata. 7 8 10. The ifithe AvaltypsisiMATHMLROMRASHE: nregtaiad

Mar kup Language data 9 conprises Extensible Markup
2Language (XM.) dat dathML data object having said stored MathML

3 _ composite node data and locate a display line to
4 display' said MathML data object in-line with
5 previously rendered text and in accordance with
6 : predetermined formatting conventions, and,
7
8 if the data type is MATHML TERMINAL: create a
9 MathML. data object having said stored MathML node
10 . terminal node data and locate a display line to display
1 said MathML data object in-line with previously
12 rendered text and in accordance with predetermined
13 formatting conventions,
14
15 applying said second traverse procedure upon the left sub-
16 MathML tree of said visited MathML tree node;
17
.18 ' applying said second traverse procedure upon the right sub-

19 MathML tree of said visited MathML tree node; and



10 11 11. The method as in claim7 or 8 wherein said
external file indicia data 12 conprises information
associated with data files conprising graphics, 13
vi deo, animation, other displayable objects or a
Cc thereof. 14 15 12. The nethod a [
%ﬂaﬁggg?ﬁﬂsald data files gre Macronedi a §C¥P%§hﬁgﬁh
Fl ash-conpatible files. 17 18 19 20 WO 2004/090739
PCT/ US2004/ 010027 50 1 13. A user interface for
presenting question and answer nultinedia data 2
conprising mat hemati cal Matl 1M. content, said system
conprising: 3 4 a processor configured to: 5 6 :
receive said nultinedia data conprising textual
Mat hML and external 7 file data; 8 9 parse said
received nultinedia data to derive said textual

Mat hML applying said second traverse procedure upon said root node of
2 said MathML tree such that said root node is the first visited
3 node of the MathML tree.
4
5 9. The method as in claim 7 or 8 wherein said multimedia content data
6 comprises Markup Language data.
7
8 10. The method as in claim 9 wherein said Markup Langnage data
9 comprises Extensible Markup Language (XML) data.
10
n -11. The method as in claim 7 or 8 wherein said external file indicia data
12 comprises information associated with data files comprising graphics,
13 video, animation, other displayable objects or a combination thereof,
14
15 12. The method as in claim 11 wherein said data files are Macromedia
16 Flash or Flash-compatible files.
17

18

19

20




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
diverh@ed7ss st, second, third and fourth di spcays2eodrotoozr
containers on said 17 displsay device, said first

di spl ay contai ner including a presentation 18 area for
di spl ayi ng said question content; said second display
container 19 including a presentation area for

di spl ayi ng said answer content; said 20 third display
contai ner including a presentation area for displaying
sai d WD 2004/ 090739 PCT/US20041010027 51 1 visual aid
content; said fourth display container including a 2
presentation area for displaying said descriptive

1sol ut i oi3.Gowsteinterfacfor présextingtguesipm arfdansveg e lynediadap
first, second, third and fourth display 5 containers
2sai d Mat hbbmpsihgandtesratital iMdtdvVt gerdend sald SyEne eBRAISHET 6
content are displayed in-line wwth said textual data
30f said container 7 content. 8 9 14. The user
interface as in claim13 wherein said external file

qdat a a processor configured to: .
5
6 receive said multimedia data comprising textual, MathML and external
7 file data;
8
9 parse said received multimedia data to derive said textual, MathML
10 and external file data;
11
12 generate question content and associated answer, visual aid and
i3 : descriptive solution content based on said derived textnal, MathML
14 and external file data;
15
16 : display first, second, third and fourth display containers on said
17 display device, said first display container including a presentation
13 area for displaying said ¢uestion content; said second display container
19 "~ . including a presentation area for displaying said answer content; said

20 third display container including a presentation area for displaying said



10 i ncl udes graphics, video, animation, other
di spl ayabl e objects or any 11 conbination thereof. 12
13 15. The user interface as in claim13 or 14 wherein
said multinedia data 14 conprises Markup Language
mﬁb@mukﬁnxﬂ6 16. The user interface as in clRisRi010027
ereln said Markup Languagg data 17 conprises
Ext ensi bl e Markup Language (XM.) data. 18

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 with said textual data of said container
7 content.
8
9 14. The vser interface as in claim 13 wherein said external file data
10 includes graphics, video, animation, other displayable objects or any
1 combination thereof.
12
13 15. The user interface as in claim 13 or 14 wherein said multimedia data
14 comprises Markup Language data.
15
16 16. The user interface as in claim 15 wherein said Markup Language data
17 comprises Extensible Markup Language (XML) data.

18




