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ABSTRACT

Multimedia Learning Contents (MLCs) become popular and quality of it is also
becoming important.. But most-of -them focus on content quality, few taking care on its
production process ‘quality issues. This study wishes to focus on process control issues of
MLCs. We want to.use Graph theories to help reducing errors-happening during MLCs
producing.

This study defines a new term ‘MLCs Directed Graph (MDG)’, and takes care on those
materials of MLCs and builds relations on materials - to MLCs or materials. The build-up
materials of MLCs are seen as.nodes, and a logical organization of material nodes could also
be seen as a node. Nodes and nodes-are linked by-directed edges and which forms a directed
graph (Digraph). It comes from demands of natural language, and translates it to a digraph. A
MLC itself could be seen as a root which is a node, too. By searching those edges related to a
root we could find a Digraph, and this is an MDG.

With this MDG, we could find and define MLCs quality defection issues, finding
samples of those issues, and prevent form happening of these issues by using graph and graph
mythologies. And this will improve the quality of MLCs by reducing defection issues. This
study concludes 9 defection issues: (1) Materials in chaos and without management. MDG
could build a structure of materials and easy to management. (2) With edge relations and
MDG, it is easier to check the correction of materials. (3) Integrity of materials of MLCs or
logical organizations could be checked easily and systematically. (4) When changes happen,
side affections could be evaluated easily by reviewing nodes related. (5) Unused nodes could
be noted by MDG. (6) Lacking material nodes check by MDG at design time. (7) Basic syntax
error check. (8) Extra group relation defined between nodes helps node group relation
examinations beyond syntax. (9) Looping could be marked.



Basing on MDG, there are lots things could be dig in. Maybe more quality defection
issues could be found. Further syntax error find out. Infinite loop find out at design. Valid &
Validation and reversing engineer may work out.
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Asset
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XML
Document
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WAV
Audio
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GIF
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Asset
HTML

Fragment
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Flash

Object

Bl 2 - Examples of Assets
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Functions

Q Find the LMS Provided API Instance

Usethe API Instance to initialize SCO

\ Communication with the LMS

' Optionally use the API Instance to Get
Asset and Set Values

3 Audio Use the API Instance to Terminate

Communication with the LMS

\

8 3.: _Conceptual Makeup of a SCO
(SCORM: 2004 4+ Edition Content Aggregation Model (CAM) Version 1.0)
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BT R R UK B (UD) & s (7 8303 St M enie * S R o 0 £
WSEE TR AR P B R e B AR - FHR T &R PR B TR
Q%?%ﬂﬁ°i§1ﬁé%iﬂﬁ%ﬁ%%?ﬁﬂﬁaﬁﬁil&%’#ﬁ~%i@
FITE N E £ R

LAl T/ E M TR (MM)A & 1 (RS MR N T TR R 0 S
FHET SHMREES AR TR RH OSSR AR DT & KHA
PEEBRIETERRY AR TRRSDIEM AN R BRMP FOL R AL

BE - F LD HEHMT PR G e 8 Y BP FHEr T
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b Bl T B TR (CM)L & eh (T8 5 MK H P % chihigs it %
BHEHEFARZERY 4 WAETNA R E 1 L g0 89+ gy
o B HREE M S AN S S B A M A SR B eh s TR Bl o BT
SFFOSBME N F o B BT S SRR IER R A AN B 1 B )

B R b 8 2 B MR L o

2.3.2 MLCs Directed Acyclic Graph (MDAG)

d 20 3 % { (Requirement change) e % 448 3ot ek 2+ ~ RiTiAR e Ra@Fd 2 0 o
SHMEH TR TR L T AN BAM L F 0 23 RERFEHEH T
rrpRipE FHEHAGFL > PR EF RO RABER vE > T AE - P RFET G
Feihde b kS A R RIEL & S % WE i (8]

Sk APk E 2 BT P 13] s VT fER] 0 = % MK H s TR A H
(L IEL S 5)) T g RES AR S R B R B A o7 (£01)

% 1 @ p 2R3 5 7 ¥ (Requirement in Natural Language)-
LR £ Bl 0T LAY Sr 47 cnk 4% (Storyboard)

Scene: Scnle
Userinterface: Ul1-

5 /7 What is on the Mat? ,;’@@
The cat, cot, R
The rat, rat, L0 - ,',,.
The hat, hat, £y . m :
Ore all an the Sl P
Natural Language Script- Multimedia Actor-
Script1:- Act1 [Audio 1]~

#AHE - Let'sChat Whatis onthe Mat? #% # w42 | Act?2 [Pic 1].J
HER  EEFHFEER -

Script 2:- Act 2 [Pic 1]
@A 4 3 "Page sixteen. Let's chat Whatis on the | Act 3 [Audio 2]+
Mat?"s

Script 3:- Act1 [Audio 1]
EtEmERHE. Act2 [Pic 1]~
B4 ‘Thecat, cat, C-A-T" 4 4£% ‘Therat, rat, R-AT" .

£ 2% The hat hat, HAT": Act4 [Audio 3)-

& fodo 2 Bl "Are all onthe MA-T” o
Final Product: CM1-
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Aod b enagyrh o T oy N An ik Bk o bl4e ¢ 38 1(Senl)A g 31 %A
(Scriptl/2/3) ; #rA1(Script 1)32 > 3 & B % B (Act 1/2) o ikt M spde » ¥ B3| T 7|
MLCs Directed Acyclic Graph (MDAG) [13] (Bl 7 : 1 Stk G 1T 5 L4484t chs sLr &
(Storyboard) & B s#MDAG) :

Script1

B 7 o kIEE QTS R i ehe S0%7 A (Storyboard) & B 5 MDAG

= MDAG® B35 * @ Bheru@ Al 4o

e /4t & 2h(Scene nodes) :
pUEBL N £ A A B e A (Storyboard) ®os GRS H N - B A E G (TEHE
oo Bt & B BRSSPI 2D R ek T -

eyl & 2L(Script nodes) -
pUa R A B L% A (Storyboard) P S SRR I P ch- B ALY o F B F
AR Rl o Gt SR R RGP S M R R R
ZROM e FAFES -

e i R % ZL(Actor nodes) :
B BRI A B gLYr A (Storyboard) P o S RN ch- B A EY 0 BRI
DTS F RO MR DR AMFR AN SRR A ekt (F o

B ¥ i gh(nodes)fr & B2 F Bl e R G =+ @ d2enif (directed edges)> v i AT

B > )4c > Senl "  Script1, Script 24vScript 3= B+ &2 p RF ¢ ik it ”j'*“
4 3-F 1(Scnl)42 5 #%r4 1/2/3(Scriptl/2/3) = i %r& o
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* MDAG:™ i3 » Jo¥ rUk- 5 Sl et d o A gk T b A R iBE

WiedrfE o ¥ $ERR B N

2.3.3 MLCs Bidirectional Traceability Matrix

ERE N /gkmﬁv hek 3P o A5 A1 DAGE M K adp kR e R & 2

R

Too@ A & Bh{ea B8l B anl i 0 ) = chjp ik 45" (Dependency Matrix)[14] > £
- B % 4Rt & w 4p ik 4L (MLCs Forward Dependency Matrix) @ #§ #MFDM -
d 3t % &% { (Requirements_Change) €4 2 & 7 4-8 &K B 3 2 & & ¥ (MLCs
Process Life Cycle, MPLC)&iE— FFE » & 7 %L 4 ~ R {2 (Inconsistency) & " ' 4814
s FE Pt B RERY 0 FE Sl B R AR MR H RS S e
PR FET - F gy 21t 2 eoMDAG 0 ¥ 11 - 1B 4p i 48 (Dependency
Matrix) » % izér% ¥ Halil 22 [ o4p & (4 4 % (Dependency Relationship) - * # -
et F (£ 13 Bl DkE > ¥ 28— B 24885 w4k E(MFDM) » 404 2o

4“2+ MLCs Forward Dependency Matrix (MFDM)

Source Target

D.NValue |Scriptl [Script 2° |Script3 . |Actl Act 2 Act 3 Act 4 DoD
Senl 1 1 1 o 1] 0 0 3
Script 1 o 1] 1] 1 1 0 0 2
Script 2 ] ] ] 1] 1 1 0 2
Script 3 ] ] ] 1 1 0 1 3

FEEDERG ARG R R Y B /j*ngﬁ — i 1§ (directed edge) d E {7 e
Bhip e f P& B PN D o Ap LR AP M R R E R L F 7 A BB
PIAPM = E 20 23 & 2 &7 d + 4 ¢ Dependency-Out-Degree (DOD)[15,16] % 3
P8 DODendicis & -] 2 3 M FH B 2 S ahiE - BB ek e
P - PRRATR L (e B A L ¥ o S B K H T % 4p % 48 (MFDM)
{4 ¥ (transpose) » 7 12 17 | § 4 4t F @ 4p ik 28 "L (MLCs Backward Dependency

15



Matrix, MBDM) » 4c% 3

# 3 : MLCs Backward Dependency Matrix (MBDM)

Target Source

D.Value |Sen1 Script1  |Script 2 |Script3  |DID
Script 1 1 1] 0 1] 1
Script 2 1 1] 0 1] 1
Script 3 1 1] 0 1] 1
Actl o 1 0 1 2
Act 2 o 1 1 1 3
Act 3 o 1] 1 1] 1
Act 4 o 1] 0 1 1

Frojpikaedd i 83 574 1 &7 iDependency-In-Degree (DID)[15,16] % . p?
Hax > DIDehdicie ~ /] & 25 5 MR HF #F4 & 38 (MPLC) iz — FF a3+ 3
Fo X kp P HU SRPEOEE SR o

d W aer Arls ik andp iR (AR TR (Dependency Relationship) sk 4% # 12 5esg F 5 4k
WEMERES 2 &Pz [FROG Rk ra® i TR T - PR k31 (T ehie
Kol s E - PR R R RIS - R GG L PR R S ) o “f gtz e
v 295 7% W] 7 (Directed Acyclic Graphs, DAG) 2 § = me s 2 2 € 27 = (57 chg 14
[17] > 7 i & F el et B G 8 (MPLC)sh:iE AP » 7 & 4/ & 1 (8B fF
AfgmERIFEQYFTHEL, FPEX T AR IES T IFRRE B aip Ry G
(Dependency Relationship) o #]* MDAG:g & 1% 5 303+ & 3 B v & i Bigs (Bidirectional
Traceability) 2 2 2 — #]4& d jp](Inconsistent Detection) 4% #4157 % 48 %4 s A # F 3] -
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S SR EH A EE ST

PRS- FeipM 2 JFT L 0 A% F 2 uGraph i A {1 G eGraphaLi 2
N ?w??ﬁ SERRE I SRR S S R AR I N SRR Rt

ﬁ%ﬁﬁéfﬁwr—:w%’ﬁé’uéﬁpﬁ“‘w%ﬁ% AF s S AR TR EET kR
BHLEGURE s A HE SRR SRR A R AL EF AT e

e

-

FHM R RS R R VARG A BIGI- ARl ¥ - L F Ml
Faem A hE B A FHMEE T o etk S KM S ZHE OB EF e Y
@0 o F PEE TR 443 = K5 1| Directed Graph (Digraph)[18]+ » i 12 Graphii}
RN A R KT E T s AR T pdedl g AT Ak ?}“'L Z 34
FUELGSET LR RO AR R LR Fag rjﬁ{w?mﬁ'l °

AL A <IN F - IR GRP F A4S Sl B EF M e
= Digraph » # < #2 & Multimedia Directed Graph (MDG) ; % - 3% &> B £.45 &1 & v & i
F A F kA o Jg ¥ DigraphssZh % S E s X#LKT R LEE o

3.1 5t & renklig ot MDG

Briond PR TEARY > X G Frke AR ERAEH A FHE R EA LR
S BBl o 4 P A e SR R R R iR 2ok A Y B g e
0k 2§58 7 ADL#E 2 «iSCORM ¥ Content Organization s+t & & B B R 1 > e
FHE KPR E A BB B g chDigraph o f i - B AT r e R R (5 0 E
*H T L K,ﬁg @ g & EBIER ) 0 AR U LR ¢ MLCs Directed Graph
(MDG) -

ek AU PR RF R AUTEFE A 0 T 0 R FIR SR Y o
AR FERE P AR BRI RS Nk YT D R - L FE2K
MR (4R 812 FEMAEZE K~ HERE)-
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| ez

| mima |
/ \ [sm= rx

e O T AR T S

\\ \ : /
N 2 \ P
| XxE2E

Script1

ABCis Fun

B 8 2 % nEFe MDG

3.1.1 Content Organization

¥t eng &30 0 7 2 iz ADLEASCORM® cnContent Organization » #-3% 344 & F &
FRAEFHFPE L HE ~(FSCO) e 11T g o (B 9% 0 & ¢

#! Adobe Reader - [ABC in Ph
T ARE ®HE BA0 X
2 [wwas

HRAES
RS

Consonant Dictionary

Consonant Review

LESSON 1
What is on the Mat?
fo
Dy whattime s it2

What can you do?

o0 Lesson2
o0 Lesson3
D—@ Let's Review 1
oy Lessons
}@ LESSON 5
)@ LESSON 6
}@ LESSON 7
-J_@ Let's Review 2
}'@ Let's Review 3 I
DY Lets Review3 &5
}’@ Tongue Twister
J‘[@ Let's Sing

g O 4 dlcars=|p Pl O © (05 H

B O : Bakid &

B
B

<t

M

apcERmE®m 1 Book 3

TR

4 Bonia . 2 dafus-ta ¢ 3 e . J
ORI KK 0 Ry, KRS SN T K R e KK

A
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EHFEOEEM %7 0E B > RSCORMena & @l (TR B o 12t b F K3 >
~HEE ?ﬁ-; FABC is Fun > #7112 43 & 2L(root node))ILq\rABC iSFun o v KT F %

T
ELIES

A A BT S K e 3T A %t »f Consonant Dictionary ;% T Consonant
Review ;> # 5 & ;% @A p 2 a3ni> & "LESSON 1 ,~"LESSON 2, ---% % » #7023 &
BLT G ¥ oo AR & (A 2 fE2 5+ & 8k) 0 ¥ v Directed Edge kifdE 0 o AL
d &y 3 &g g 0w TLESSON1 | & ]+ » # * 5 'Whatis on the Mat? ;~" What
timeisit? | 2 "TWhatcanyoudo? ;, = ] & » &% i > j* » * Directed Edgehf i 4= % >
= d TLESSON 1, & 2.5 T What is on the Mat? ;~" What time is it? ; 2 T What can you
do? , = B+ &8

igf}a\i‘%ﬁa"ﬂx’ieﬁﬁ% 2 9 % "LESSON2,-"LESSON3 | -5 % » ik — & {5 » T

¥ 4 1) - B Digraphin i 4e (Bl 100 Bl ¥ 9 =& 4l 4 k%@ h- B sub Digraph)

ABC s Fun
- )
@ =6

HEREFHY
RERES

What is on
themMat?

‘Whattime is it?

Whatcan

Bl 10 : Bx%kH T 4R DAG

312 S¥tikit s Hp RFs 7 RE

A F R S G 3 2 Digraph » & i SR P R AR § A S S
BWAEKH A SRR H R F i [19] 0 AR P HRETT AL 2 o a2z i
TR AP R R KA A PF T A 5E N A %0 > 2 T What is on the
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%

Mat? | & bl o ig— -] &g R3F 7§ FdeT

BHIRB M AR " Let's chat. What is on the mat? ; Z#& - B #ziRE R X1EEEE R
HaRER - -BRESSLIRTER  BRIEWNLE - LEH "Page sixteen. Let's chat. What is
onthe mat? ;- IR EBEELIREEE - BB "The cat, cat, C-A-T.,- XEEER "The rat, rat,
R-A-T., - BEEZER "The hat, hat, R-A-T., EBELZEERR "Are all on the M-A-T.. -

P HPTRTFTURZ AR ZE WA ARETZTRE ded 4G - eB AR

- Lo TR HrE- PR AR R peniTEs P - e R R o)

% A4 ¢ BIEGERR T

Scene: Scn1i-

User Interface: U1~

/7 What-is onithe Mat? J&

The cat, cat, TF oA
The rat, rat, LBy Wl

¥ - "“

The bat, hat, 1407 :.".‘;
Ore ol on the (M)-0-T - . &)
2N .f
b

- ‘r 4
Natural Language Script- Multimedia Actor-
Script1:- Act1 [Audio 1]~

#4408 0 Let's Chat. What is onthe Mat? 74 Fédsda Act2 [Pic 11‘3
HER cBEBFIER -

Script 2:- Act2 [Pic 1]
HAEE 443 "Page sixteen Let's chat Whatisonthe | pct3 [Audio 2]
Mat?"e

Script 3:- Act1 [Audio 1)
ETRERHEE Act2 [Pic 1]

F 43 Thecat cat, C-A-T" 4«43 ‘Therat, rat, R-A-T" .

£ 2% ‘The hat, hat, H-AT . Act4 [Audio 3}

£ & Fo4- 4 FleEw “Areall onthe MAATT
Final Product: CM1-
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3.1.3 % #8483 2 2 Digraph

AP BIEY e T & 2 & HDigraphdete 3] 2 o d 20 S WM KH T 4 F IR
FRBFDE L Glhoe B E - @ P b it A R AR ALY - IS E - 2
Fapl T FRAFRMBIFEN IS RSB L PR R 5 S 2 R

(1) 7#&(Scene) :
EERE—EEs  EHEE AN NEIARRNEEZETM -
(2) BIA(Script) :
BERE—HEINESE @ coirZE—Ez— @ CRAERENITS - WAEE O
U2 B8 RIREIR -
(3) ,,\E(Actor)
BEREEME AR BE #=. 55

bz R R Bk p g kA > A R AR A EE o bldo o d £
4w @awo [A 8- 1 130 HA A [jlA= )7 LEdgse s AR EY
Mo srrrg A BaR A R(ER T R)E SRR AR Ry A B R (A
-1 - P ey 1 5 [HA- D ajgla? s Gogd - BE TR, (82 THhR,

BRI ikgput cnbg2iE > NPT EDT e R

1) [(#E—1 B (BX—1TBIARZ] & [BIX=] =@ERIx -
) (Bx—] emEEESRIZ [BE—] BE&E8 Kk [(BE ] l
3) [BIXxZ] EmE=EED /DJ_]ZE {,;EE_] IH,,\E& {,;EE_]
(4) 87

mh ]'I:
i

B—-] BE5EE -
FermurEn o % rg[As-1 5Senl[pA-1-[p+~=12 [H+~=]

& %] % Scriptl ~ Script2 % Script3; [ B - 1 #I [iF B = ] 4 %] 5 Actl~Act2~ Act3% Act4 -
AT AP E 352 A 4718 B @ aaDigraph(B) 11) o
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Script1

Whatis on
the Mat?

B 11 © B 4 T 5 At anA 4 (Scene) i ik 4 2. MDG

# P A ¢4Scn 1 Seript iz g2t & h(leaf node) ek 2k > f2. % it en T B4R

HA fE= vk - 23Hhed o

3.1.4 Content Organization.+% # Digraph

#-3.1.1 4 # 7| enContent Organization > #r * 3.1.3&" % 4 Digraph > ¥ 12 #-v i £ 4o
v gl 2t )k > T What is on the Mat? | % 5 — 1 3-8 (Scene 1) » 2 "What is on the
Mat? , 2 < &g.-7Scnl; 23 &2 * Directed EdgeRf i 4= % -

LR/ SRR A I ﬁ*‘b"”’ AR R REOBEF R F MG
Digraph » & % &_% stp >3%eDigraph » & & - P& > &N ¥ - BA& - - B~
A % Rd-2 4F 5 MLCs Directed Graph (MDG) - 12 T ABC is fun j shict k5 » 2 2 2 MDG
5T R Bl4c@ 12 -
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ABCis Fun

HRIE

Script1

LESSOMN1

Bl 12 -+ MLCs Directed Graph (MDG)

3.1.5 MLCs Directed Graph (MDG)

Ay P oehE &4 % Graph[20]endd 2 2 H G i B o i'c#”ﬁi? s R A
% ¢ o MDG:f (directededge)> 2.4 T3 | ot HF Mmoo ZRT G 2
A w @I - B R a4 & i @graph o vY %A MLCs Directed Graph
(MDG) » 4-[@ 13 -

B 13 : MDG

23



B A= B gt A7) = ehdigraph(de @) 12) - & F 8358 10 T dhdigraph (4 ]
13 b 4_® 12¢ digraph:sub digraph) ~ iz frdigraph<fsub digraph » 7= & 2k se ¢ #7
7 ddigraph & & - i&- & chdigraph$8 5 £ MDG » #7r1 & % 48 ¢ 2 MDG % {2

W NS B EE AL VR TR - BT A LR i
= T BGEE o drt f PIGEERET A v AT et B B G AT 0 e B R
FOCF 3 = LFRAes A 50 B RV JRT 040 blde s fi(scene) skt 30 ¥ 5 Sen

3

e

Bmde b - BEF oyl A (script)shig® S Spto JF R (actor)ihF B G Act

3.1.6 reversed MDG (rMDG)

R R T 0 F LG T TR R & B &gk SY TR & #9114 f (directed edge)
Tgfsﬁ & 47 E gl g, i AMDG? %75 i;%‘ﬁﬁféi}; & (s endigraph - ~ 8 3 -

2_ % reversed MLCs Directed Graph (rMDG) ».F B 14 % + ® 135rMDG -

Bl 14 : reversed MLCs Directed Graph( rMDG).

4o MDG » Jk 3up iz e rMDGesub digraph e sub digraph«ng & > AR = B
rMDG -
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3.2 NDGﬁ§%£?ﬁ%i%@zag:

F 1 MDG¥ rizedkc s st 2 B FHoomd o AP kg5 0 E4R71* graph
v IFLF F‘J’J/—Fm ’ j\#“fﬁ Re mw’?ﬁﬂ RE %l}bﬁﬂ ¢¥t¥—'?*"?fﬁmn~%’r

3.2.1 MDG ¥ #A4g§  Z #4111 g I

Goaiexd > FRG HAM G A FRAEATHI o LS A
R B R E te L IR 3 ¢ Ry A B S B xR RN e S R 1
et F o A AT Bt fas AP A BT RF S AU RIRRE
PSR R E R BRI A 2 S R
MDG ¥ 12 e 4 SRl 5ot 22 2 4 enbl i > 4B 1505 ° 7 12 (# 40Scnly * 54
B R oom v s SRR E AR o B E Ak BIESL A BH P

PR Bk SRR 1T e R (EA g E R I KA S -

EfERERE

Bl 15 : MDG 2 % = $/&T T F.
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322 F 5 $RAPM &+l it

IS

AL APLRF- TRBRHARATREY DE S EHFR 0 4oB] 16

Script 2

/7 What is on the Mat? /7 \

The cat, cat,
The rat, rat, £

The hat, hat,

Are all grithe Q1!

\3

Bl 16 : %5l & Script2 2 n® & % ¥R .

L1 3 - TScript 297@ FE B ¢ o #EB -T2 3 ki 4% F]"What is on the

Mat?" > @ % - ¢ % % "The Cat, cat;C-A-T." s d b7 1L » 4 — S a®F b > #ru7ng

—=\

08 R R ATk AR

e 4o 2 P PR - T fov B8 4p M gy Seript 12 ScriptS’f[%ag%ﬁ‘Iﬁa—,ﬁ g7
- K2 AR(LE 7)o d B 1TV 2R R - 0 BRI R R R S e
LG RS (Pl R ) ReRIR AT kR S B2
Fl AR TR RRE S AP O W ASMDG s kA H Y T S

Wirrr s BH A KR - E P enE g v @R - BRESOMDG S A R
FEBs A2 - BRFPFOMDG > 3 4p it o T AT IO IS B 2 AW
18) -
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(iRBk]

L1 - DIEEMmEn B R IREIRE (root) - DIBFSHE PR O DIk H A B2 I &R
FOMRERAVETRS - WAL —BE(list) -

HER2 - LI —EnRhRVER AT PR ER AR EARA (root) - LABFSE P B L2 L ENRAH ER
RUENEL - WA s —BE(list) -

T3 - (EBRMEBSENSEZEG—B  HF—HABLULBSENRENF AIRER -
SBUIREL - RRBA-RAL - EEIIAEHMGER - #FRBRIEL
—HAIARETFARIEBTERET - BIRMSIHEN LR -

The

/ =
What is on the mat, mat, mat?

What is on the cat, cat, cat?

The rat is on the cat, cat, cat ” ’ s Lo
,cat, ¢ y . et 4
: 2 y
4":‘2", ~~T R (
’Q" \ What @on thé rat t, rat? : :
What is on the rat, rat, rat? ;‘ W < Fhe hat TSon thelpat, rat, rat, %
e S - ™ ~ & =
The hat is on the rat, rqt,eaf IS o H-A -
=
b The cah cat, & - 4

—

" o
Nhat is on the Mat? JJ

Script 3

on the mat, mat, mat

74 What is on the Mat? J Scrlpt 1

cat is on the mat, mat, mat

Whet ds on the cat, cat, cat?
The fat i@on the cat, cat, ca

N
g o TRE &1, Fat

. o g
{ - Tae hot, hot e
- =
B Arcall onthe it !
s \ e, ) \ J
- - "

f =T AIMDG

S

/" BtemDG

\ o~

B 18 : #RtpEra MDG W
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54 R EOMDGCR 5 0 = By A AR R AR - B R FiF B (Act2) 0 e &g
ﬁu&asmzwﬁéwéﬁ@%wﬁﬁiﬁﬂ—-%;iz%gwf#mqaggTeauiyﬂﬁﬁ%’@&r%
R AR BT o FEFVIGET AN T2 s £APE )
* Graph® M AF 5 % chR F o

A7 1% Graph® # L &i 8 ;2 @ Breadth-First Search(BFS)[21](BFSeiw & 2 34
[21]1%% % 7 222/ & > pB3L) & WUE B Hde 1 & o KA AR PIERR g -
EMDG > @ &S MDGE & Sp I cnd AT A ARITRFERR I * i "
Fos TER - BHANLTESEOMDG; FIRWIEE L Tk 3% sFend
%t F S MDGE - P MDG . $ 0 JAT 045 A5 iRk b o 6 bl
filo B ASCN LI A8 F &30 R4Sk 30 A i 2 Sen 14 4245 & 2k(node) > v T #4BFS
ik BhAFd 0 [ F 003 ISPt 2 Boah At g * an ACtA00frE AR ERE A oo Fpt > AFE Y
* oL 3 ok )Ik? R B xL#UﬁEl}LﬁE&ﬁW%’f‘A LU AN E N

323 3 HEA®RA

Mrites SR AT L FRAPH I LT AL okl o R AH
AREREEHORR RS FTH ST L

Bk BP0 e £ 2o sk & EL(node) ¥ (directed edge)sff ko B E Mesiz AR
(FHFR ~ Bl A~ A S5)E 3¢ 2 FE o ¢ 23 EF egh Pl T g a7
FHEEBMTEE A FEE S GluoR 19° o dek RaeSon 1L F ¢ R A EE 0 T
T hASASEEE > e T % BFSIE LIRS 0 deBlATF 0 P oA ACt 24 A R A E A (A LB
BT R R TR RF) > HrUSCN 1S B 2 EEF o

(#EaiA]

S - DIARENEM M BRE B (root) - IUBFSH HFTA O LI R BE 1€ (path)
REZBRE, -

TR - EHFAEEH(eal | EETHRERBEMIER - HE2HHA - AIAXEHH
CrmEE ; RZAE -
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B B

J

BAnIEE R RS - - 2T 0 MDGEFT S R R A SR
e o EBFSRT B - - e h R RHER D 2g
Frageo

3.2.4 #F il i

K G T oA FHEGEE B TR G 7R RETEEE > ES T 6§ ot ek o o
Fla b fAp R e H v EE B IR T UL T He 2 AR TG Y

W 20 : MDG it e it 2

BRI - B o & ASpt2T fhACt 24 2 Act 100 (4o @] 20) 0 @ S PR & 45

:’:fﬁ%"glpk‘gllp_ é]’i’g‘!:,o
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(#28m)% ]

1 - BRREMDGHreversed - BEIrMDG -

FE2 - BB EM MR RET R (root) - IBFSH A o] UK BRI B 1€ (path)
KEZ B (node) - B SR Z T MAIR -

B 21 8.2 RFTi5 &g o

/" MDG BHsEE M )

W21 Sk R G e

B IR 1 RSB e BURIE A B A 6 bRt R R SRR A g
F e PIf AR - o Spil, Spt2{eSpt3enACt 245 - ALk $ Act 1001 7 ¢ it dok
o P 5] & B IR A Spt2 o ddde ik r A Spt 38w ko B R & 2 Spt 2
Pr e TG B ARGES RARPRLT AR GAL T il 2 e ko nw
| E T g B 3 11 S o

4ok B 3IScn 1inge Fl(scope) A 73 & drg o Fode b S B B T I > ks
SRR S FREEF UEE SR ELEESEN 1 SR

AMDGY & fe L 9F £/ FHRAT BT Bl AR GRS
BTN - AALR Y o LA AP E Y MDGHR A - 8 F £0% 2 s

AENF LT A 5T AS

1. R{FHEF - BRag:
BN ERLOEIE G - BRER TRLARFARERE T SRR > A H
RUNERL LT HE B3 SR T FHSY RATH B ARG 0IGE

BED B SR S BT % A L F R 3 A kY )l A ERid dre
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[EEA]
SERL - DISMENEM BB RENFE (root) - ErMDGRABE—E R &if -
LER2 - BEMDGHRRIEE FEIE -

VLRl 226 ke & BSP2T ehACtAdE £ Actl4 o F) L Spt2t ks B -
BRag Th RPN ART FEATR Y > T ME R S SR

LAV e SRR L EE) T

Il T —

B 22 s E LA Bl Rhenid i

L HLEPALE- B LG AL
Yok BIEARR A 0 R FARH R L SEE gk i 0 R T L G - B
Pl E R U R SR H G P E A 2 AT i
@ el {4 0GR FR Fl2 - e LT & Graph e hBranch-and-Cut [22]
kT

?m

A ik
s

Bb % kL Syt 1 0% o & * Branch-and-Cutsm FlE_ > v& 5 4ot > 4 7

R H T E R g F R F B 3 R R G ) T e @Y
U S L %%&#’%Q&Fﬁﬁaﬂﬁi

[(BEX]

L1 - UMERNEM B BREIF (root) - TErMDGIKRIZ R &iRs -

T2 - BRI ARE AR EMDGEPEEZE(Branch) -

T3 - VETIEn MBI E B REHINEE  RRBIUEREENEB R ENEE
(Cut) -

31



TE4 - BEHTEIRREEE

VI 235 B A SpRT R B e LRIk o MSpt2id G AL
Scn10131 % o 3 22 > #-Spt24F fW - > 41 %k > vISpt201 > FAFWH L H B 5 &
Beerer g MR L B30 Spt201 7 - § frSenlen< AT u chbl i o v Rk

Bk gt enig se g g o

ﬁ@gﬁﬂﬁ . AHAHSNEE

Rl 23 bR sl — 50 BB & ni <

3.25 el 3 MR I gt

Ja ke ﬁ:#’ﬁ?ﬁq)&/ it FlehE 0 arMDGE u%}'péi\.,ra ”}‘ﬂﬁ?}tié,&
FIER o

(#8E] SBEREM "2, EREINEM (R 24)

L1 - BRHEANETE RE (reverse) - BEIrMDG -

HE2 - UM ENEM B AIRETE (root) - LIDFS(Depth-First Search)ik i FiB
o] DU B B 1R (path) R LA B A G -

HER3 - MRBRIREZE "2 L, FBEMNMF L - ARIEEREBHRERZ -
T4 - MRLBEMUBEOWKE - BE8BEKREE "HH4 ., &hds - AERR
BMERFEARBWBMERR -
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~

rMDG \
@“@’®§%7@
0@
\ ;
Bl 24

D1 rMDG et e ARk i * it

ok BRI AR B A BpG R
FIA) T E IR R s

FoREIEAM R &P TR 3 ua(b]de

¥oebiE e - Hkend_ > Aizam i * Depth-First Search (DFS)[21](22.3-]:

p54l)rn *
* BFSeh F1E_ >k Sap e 1405 5% AT 5] 0 Flpt * DFSE &4 3| K vy 4
AP PP R FF (e G RGE TR ) e
326 HIMEAEXRIEE A
RFME > Vs A3 a2 o L s ap 2 g ple o I AR

M AR et 4 (4ol 2547 ) -

Scene: Scn 1
User Interface: U1«
#7 What is on the Mat? /7
af, cat, ~
= e
The rat, rat, p
. \
The hat, hat fﬁ
Are all on the .
Natural Language Script Multimedia Acfr
Script 2:. Act1 [Audio 1}
£&amAc] - . i
34 mae E{AC] - o ( Act4 [Audio 3]-
#AawAcd): -
L ¥ 2.
EE)
Sin AT
% £ 45t Flsbie “Ave all on the MA-T”

(1@8n% )

HERL - DIAR

WMEREMMSRETR (root) - LIBFSE LI A T LI RI MBS £ (path)
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FEABRIR -
LER2 - RABIFEE(edge)iEEi(node) KR - BAZBTRIF °

3 2 7 Z‘w ﬂ; F:’;’: cE» ’Fﬁ E.
B A AR MY 3 R 2 2 (Syntax) o i F Y RAE]4E 0248 5% Syntax
Directed Editorer~ 24 8 > @ 17 kPR 1%;?; PRt TEREE, R

iIJ’O'JT‘i_‘E"B‘H'LﬁmB NEIR j\‘:ﬁ_,(z\ 5)

Natural Language Script-

Script 2:.

% & B R[Act2] - o

#% s E[Act1] -

#% e Ac3] L

E & 3% “The cat, cat, C-A-T." +

44 3 “Therat, rat, R-A-T.” «

B4 3 ‘“The hat, hat, H-A-T."«

B & Fud- 4 B iR “Are allonthe M-A-T.” -

RS R RITEm S K (R 26) v R A A GRS KA B ART
o Diga(play) ) o0 mRIE 27 > B 2w A g Tdim(show) jo @ g i‘;}f@;fj&{
i ¥ e2f % & (syntax definition) s fic & MDG?T*LF AR RED THERRE ) R

v
3AEE o

/ RETEEMMDG

B 26 :FEwb T LR
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(i@RERA]

HERL - LA ENEMMSREIR (root) - IBFSHHPAA O] UK RIS (path)
REAGBRIRS -

TE2 - MBEHMAEETREREGEREEERRFD -

() L v A (YN ik 3 A AL PEHFER A REY PR & 5 L 50

F[go

3.2.8 #Zzhen~ it 25 e B i

FEFPRNERG L fE R T ANEEF L o Blded BB AGE R A
Bl 27)¢ ’ﬁ = Biw R Fe AR R R (Act11) g RS E R (Act12) 2 £ v R (Act
13) o P F A JEaiE % oIS B By R

- e— o -

4

B 27 AT ABE E A & MDG

SR en— BRI ACt 122 Act 135 f i § Bl R ArF R RGRAwig o] g e
B d Tiaa o thok@ivprEi s Ty o »I*,a oA LA I o RIS ERE
EN fru?;? AR R B R A L R B A b T3 e B (Grpl) o 4o Bl AT
7+ AMDG# 4 i 4o (MDGF R, 4B 28) :

(iBA ]
HERL - A BERNEM SR EIR (root) - BIBFSHHPRA o] UK BIRV S (path)
KEAGBRIRS -
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LER2 - MEEMB FHBRMARGE S EE -

HEMR AT - BRAS A { ATpF 0 T OUEILL K enitt > F LG s
~EfeE 2 Wmﬁ&wéf EFEFHR AL BRE N H MG AT R B

Fiz- e F s B

AEMAEd e, PV AFL BERE RS m v x LR
B F A AREFRTOMDGY A it ki TR < 2 A S E L B4 o
Bl 29% 6]+ j\F"-‘ , Scrlpt 137 & EE%, > d&-g g%} Fﬁ;‘)"f']SCfipt 20 T Scrlpt 215 ER

¢ >~ ¢ pew Scriptl -

~

(Scri t 1 Sgript 2
p D || <3 ()
\4

(& AN _/

Bl 29

N
=
G
(% .
=
fm\:b
=



ECER RS R T )

(#8251 (MDG 4+ B 30)

FERL - ErMDGHP - DIsENEZM AR e (root) - IBFSEEHFTA T RIE!
RIER 1S (path) R ELABRIES -

HER2 - MEEMEFEHMEEAMNMAGBENEE -

T3 - EFERERREEEFE  BERERERELRIFE S ATHE -

Bl 30+ (1)#c4e Scrptl 4c » Scrpt2-T - (2)#k & rMDG >
ZF IR Scrptl & % Serpt2 enrMDG ¥ AR ik a3 B e

P
LN~

i

33 ]

EMDGeF 4 T 5 A F FOrAE I E A LFERT LT H L R AR AN R
4o % -MDG & § St Foit ik DI TR 0 R 41k S o IR ehGraphIL g &
W T Y HERFrAFEL PR ALIRO R AT EFL 2ad
TR HMEH ST R
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B K ERE P T

-

MDG(Multimedia Directed Graph)®_— i %4422 % 44 & 1@ «-Digraph » fie & % & ¢

ma

RELEF AF Sk FFGapht ik o kg ot AF 4
Kl it 857 2 AMDG > B F & Wi mard o blhed REE R
BRI BRI PR Gk Y R TR A kR B
o A2 FEAMDGEZ §8inied s REAFEZDA B KRATT M AT
Java[23]45 e MySql 5 #L &.[24] » F 7 — i 425 % % 4 MDG# 2 & BkenDigraph %
#o 2 BApb kS end 175 A kT wlava EE[25] 1 gt P o 55 B Web b en 5 i AR
B s S AAICH LR AR AR T B

E B S c S S
17 5 " MDG Generation
Factory ; 31 & » &
System, MQCS) > MQCS

Web MLC Quality Control System
Services

Other
Sub-system

MDG
Generation
Factory

Java Node-Edge

objects

Bl 31 : MLC Quality Control System -
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MQCS i s @ #4272 A dcip F s> R H M F & B HMDGH I HF k5202 g A2
B@EEvenT Ao s 7 URMDGE S XMLERE v F Al o S HERREN
MDGJavad 2 B2 & F k%> & ﬁ i% iBweb service & & “F 2Rk 1L 3 B-MDGi## 1) 0
XML -

MQCS % st frJava EE_}F 3% 3+ 4B 32#77F » Aweb container™ % 1‘#,, Koo g % iﬂz
1235 18 T 0 (web browser) %k B ks i85 S * eh TR S MySql o A AFT g AR IE
R it A2 cMDG 3 | # (MDG Engine) - 4% i 2:(Node) 2 18 (Edge)crpf % ~ F
AEBHORE > TREAY ETIDT LF Dt i-“l#‘i@",%i%%—iﬂ LEE RS

FHEH DS -

MLC Quality Control System

3 B | s -
= l
“'3 I MDG Engine ( DAG Generation Factory :
s 1 > : :
= Node- M'! Multimedia
% : Item Edae H Learning
<C I structure  fe Factory 9 I Content DAG
a T | interface Factory JJ Database
g .E \“I'———“- ——————— F --------------- .”

T ; S

i

c {

0 N PPQA
b4 z User \ J
U O Interface - ~
& =
© RM
v
0 S 7
[
= V&V Some other

sub-system

B 32 : MQCSonJavaEE -

rJavaz § i ¥ % (Object Oriented) en@ iR 3 > % 24 5 BT AL E 5 MySql - & &

~+

4 415 BUML[26]% < 3 ¥ dcit > 4 2 MDG3 | & 1 Javad (efes & = % o
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4.2.1 2:(Node)2 :#(Directed Edge)#g %] 3% 2

Digraph =% i»

Nodes#g %] » %

5 R AT

childNodesi{ £ _\Vectors #H
g B - #F i Digraph el & 7

IMDGPF % & * o

» AFT R * Java Y

He 1 Java® * chVectorit i R

public class Hode {

public
public
public
public
public
public

[
—=\

Item items
Vector<Node> childNodes;
Vector<Node> parentNodesz:
Vector<Edge» childEdges=;
Vector<Edge»> parentEdges;
Vector<Group> groups;

B 334t 3K zherclass diagram » o ¢ B ¥ 4 5 —ﬁ

parentNotes:--

L
£
m

TR EA € pruntimeds i* - 2 = A\iié,;*xﬁ%

£ % plpF > B et el % (method) k- jh g id

BRI

3 BLE R o

T2 £ _fldava® 7 £ 370
R _ iy
S HEl 2ty 4

H P e B fﬂr“—%rﬂ-—kmi‘l‘b’u”ﬂ‘*ﬁ_ k- kT3 ,]ij

S rMDGe7, 1 > & nig42 g4 7 parentNodes > & & B

Modes and Edges IT

0..n

Hode

Htem
+parentModes
+childModes
+parentEdges
+childEdges
+groups

Item

Edge

/

+spanDown()
+spanDown2Bottom()
+Hracellp()
+racelp2Root()

Group

® 33
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323 »DBenE ALY o d st gh{e g gk BF Bl (25 % 4 % (many to many) o #7s
i# * ER Modeling[27]* £ 4] M:N relationship % f%;4-(8] 34) ; i% iEEdgeiz Bentity® &
¥ & gh(parent_uid) 2 + & gk(child_uid) > #-H & 8Lz B cnff i 8 4242 k> 25 MDG o

Node " Edge
4= uid  Char(20) NN (PK) g uid Char(20) NN (PK)
d= parent_uid Chan(20) NN (PFK)
g child_uid  Char(20) NN (PFK)

-

withParent

withChild

B 34 -ZL(Node)% :#(Edge):n ER diagram -

4.2.2 MDG e iz

=7 &g R 0 I3 g Sy =B Nodedr ri%'u#u H & T eoEdgedr it 2 F &8k
B < & gENodetr * 4 — HEHE o g AF R % 2w # * Nodesg ®| ¥ shspanDown() > 2
(method) % #-4p B 4= 2§ 1¥(MDG % 3k 3+ ehClass Diagrams#-4- 8] 35) % #7% 3% Node
P & end & 2h4 1% (FrchildNodes) 5 F #32 » i@ * Nodesf w] » etraceUp() = /2 » ¥ 113 %
parentNodes - 4r % & - =X %*u B B & B MDG 1) leaf 5 1k e E > ¥ 02 i %
spanDown2Bottom() ; k¥ £ - =% ij*uf% ® & BrMDGF|rootsrv:% > * traceUp2Root() # 14

fnE] o
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MDG whole view j
Edge
MNode
Htem
+parentModes
+childModes
EdgeHasItem |0..n +parenttdges
0.1 | +childEdges —
| ————={ +groups <] ructureNode
Group H +spanDown()
oon "= ) +spanDown 2Bottom ()
" +raceUp() W\
1 +HracelUp2Root() SCONode
It
em 1 K
Scenellode
Scriptlode
ContexItem Materialltem Actorliode
MaterialNodt
Structure
SCO Material
Scene Script Actor

Bl 35 : MDG =g %] Bl(Class Diagram)

H E B MDG+spanDown2Bottom() = 7 » @& * & _1E1% (recursive) s ;4 » fz258 B R

4o
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public void span?Bottom(} throws SQLExceptiond{
this.spanDown () ;
if(childItems = mmull) {
childNodes = nmll;
this.isSpanDown = truoe;
retorn;

for (HNode node : childNodes) {
node . span2Bottom () ;

this.isSpanDown = true;

@ Node#g &] ek 3+ » §_ i * 3 i ¥ (Object Oriented) ¥ g pd cnd-ir 4 @ 5 4|
(Polymorphism) % 2% 3+ o F] 5 7 I fAsgeng 8L H 14 (attributes) 2 7 5 & F RE L peh

BB 7 [ en& 8k > 4oSCO 2 g A(Script) 2 75 2y flertables 7 > ]t & T ASQLY A
F o #r2Node 5 < #f %) > #% £ spanDown2Bottom() % 34 % = ; (abstract method) » # ¢
TEER RS B TR SR L F R S VR I U R

7 v einode.span2Bottom()it &5 Al sl v g 35 D H AR R mm e 2 o

423 %47 2% & ales

LA AF B S AR AR B T AS B TSR
T2 e BEH A 56 BARN A4 T (B 36 5 5 e st i A2 chSequence
Diagram) :

(D& L#gite hehs B 22

(2)-(8)#-3 MDGE B % -

(9) " BFSiE & ghk o 2 F # & >

(10)w i 5% & % o
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| MDG status T

: & 7| Bl(Sequence Diagram) — k2 & 8L T 2. F § 2L E F K A > o
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AN

TN

BHBEAKET %

7 MDGz2 5 » iz uGraphif§ cIZm 2 F 52 > 5O EF 3 LF # it > F e
FI% > @A N RS RRFS C FNERRAAET A AT F A
F2 e &FFIHT VR ;ﬁﬁ MDG# 75 > B3 37enig js » ¥ W F| { § o

Do AT LR E S - B AR e o

SHMRM ST E ST A A8 S nowe o Ja 2 build-indh s F 0 AR 0
WA S FAIR E o ¥V - 2 g &G (T AR (process) s AR 0 2t g
AR F] e A AFT gk A GG AR g JR S 0 AR o L Graphengi it 2 R i
B PR S e TR AR B

AP TEY FAL AR B SR M e A M LT ok A RER e R
Fem 22 = > 4] % Digraphf2. % MLCs Directed Graph (MDG) 45 &) @l iFiE 427 7 it 3 2

FE A AT 2 Ao LBFSIeDESE i & > $MDGF 7 % #e%f;;j\ P
o BR AL o i A g B Web L sk st 0 MLCs Quality Control System » 41 #* i siep & 1t 45
Rl A R r A S R R SRR N R N
BE E4eT ol

(1) FHMIGREE . P F2HFLBSFE > 1% MDGF 4e g 32 -

(2) FH L3I * BRI B f1% MDGE E AR E I/t o

() Wiepr 151" HHEREALNE > 71" MDGHRIEX % 4 -

(4) B&H T R L F1* MDGHUE 22 li® 7 o

(5) f1* MDGHRzeix 5 A& * Tl % 44 -

(6) FHrg E»B*ﬁ‘u? feF A L EER o I MDGR Rtk & o

() KPP REGFZE? & 74 MDGa~#H diE Lt & o

(8) ~ %M HarMAigarEeli > a4 A - Rep3l* 2> 4% MDG? e3E

oA e AL T G
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(9) =~ 2 evfir ¥ i 24 & e Bl e iR f1* MDGW 7 haw chgd 4 i i a e
;E'l

mARLFELR L EHFMDGHE T o w > F i r%MDG’iL?!t}i—%Q:?ﬁa‘év’?r%:ﬁj )
g %5

52 [T 5eng i T

FOAETAFROR R R F RFL I ORTA AR T L EMDGHS
Tofl*r Ry AL AR R RERFEp RS I R o g maMDGRIR 0 v
ﬁ%ﬂ\&m%&u&rﬁl 37¢ rd el d HEpE N AR HELE P F B S ¢ B
MPA|EZFR e e ko BT e e g o

B 37 - 3.} 7 MDG B i Bl

=

BT s s W MDGY M BRenfEa o B S RaE a2 Ay
PRt RBRMNL PN AR B QTG I AROET AT

53 ERFZEFLIRE

7 7 MDG:hgk-§ (Node-Edge) B i - & & BB & B 7 I e 5 et e en i IT 4088 > 6
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4oFlash ~ % {&= ~ Power Point--- % % » ¥ 12 8-v % e73% ;2 (Syntax) ~ /4 4 (attributes) & 32
Mk FANTEEAEEZHFHE o S HEMEH - LRE > BT R F (Content)
Friz s (Code)sadr B » fe X % M- BAR > 3 PRAAF SR ciF 2 o T A KRT U EIR S 4
R TR R R 0 o K imfﬁ,# » Ak E T BREE —Frs? LE 4R e T 1
4 B e

Fl > do % #3E A 2 it » MDGHREE P 0 4oB] 382 7 A Bl 0 (Tl R
*BFShdfdy + HB FEF ENETARFTETUETIFEEA AN H B Sk
M7 FERTRFESY & RE -

® (%)
_ L9 Y,

B 38 : fexiEiE s S MDG T & B

P TR EEE o F BT ERMEEE R 0 Ry T AR E e & g
L S

5.4 & " Bl )
TR - @ AEMDGA F AR WEE BT F R - A R T ER

WE | VAT IRk AR RITAZTRY > RSB TR Uw B

(Pattern) ; eh& 45 > 3 > 7 riE Mg e drihfioR > & f L

e
o
-
-
!
(‘ﬂ}
>
g
sl
|
E:D

Kr\, %]J m’r‘il—}ﬁ: ’ m /ﬁk‘ b LLJF'—mW’FﬁZ K},—-i ]‘ ml? 4 o
AT BT RN - B T FORRR e GdeR] 39 B0 - 3 AR SR A
B G R Z R R R A R 1T SRR A > R 2 mE AT G ke
*

AE > aScriptle > A FRTF S HEEA § FeScript2y F 2R Ar
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TFASEEA AT R - T FROERR gk fH L R

i > FE P TEREALEEA A ap e ﬂ’:;‘ﬁf&g BT OREEF o RinfALET

¢| Script2 O

B .39 : MDG i 12w Bl i 1% 7 & B

5.5 Valid & Validation

3 IELWREL  EMDGY A %%iﬁﬂé’cérﬁ:"ﬁﬁ’ﬁ Fag L - oo A4 7 B
R EF RS+ U IR AVAGE S E L RSl R
# XML $= MDG & 8- % i ¥ 4B 423 = B diom & 7 5 (T2 et i) * 14 (attribute)

1% 3K gEse s Aot {F k- BVEVEUREEE 4 1 T U AE] EEe de

56 & » 1 #%(Reversed Engineer)

M MDG#x % % et g > %&{F v 1 #z(Reversed Engineer) = 3%¥ 12 A 3|5 — /| & h
V&V Z & 4 ¢ B4 (AcXMLAR) K vt $F 5 dod K Sap e S ficiedr 2 (% R £ 42

AW RN BRI RPORETEAR) 7 P FPEOTRLY 2 EH P
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IR O TR PO AR T AR R ) 20 AR A B KR
BE o FOUAY — BEA 1 ehd iF o

TR P RIS MK EEY ko %2 f(directed edge) ¥ gt(node) :HMDG >
Tt 5 B RGE R Rl4c® 40) -

/7 What is on the Mat? /7

The cat, cat, C-A-T, W

The rat, rat, R-A-T, *
The hat, hat, H-A-T, 7\7
Are all on the mat! 4,
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