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Introduction & review

Generating a code for each word

Modeling word perception using the Elman
network. Cheng-Yuan Liou, Jau-Chi Huang,
Wen-Chie Yang: Neurocomputing 71 (2008)
3150- 3157



Generating attributes for each
word by linguistics experts

attribute 1 = water,
Bank = attribute 2 = earth,

...’

attributeR=... |



Cost and controversy for these
manually assigned attributes.

Generating them Automatically |



Predicting next word’s attributes

Uoh

hidden layer H(‘UJ( t) ) """""" .

input layer w(t context layer H (’lU(t- 1 ) )



Desired output: p(2), p(3), p(4)...

QOutput neurons

Hidden neurons

Context neurons

Input neurons

O

Input: p(1), p(2), p(3)...

Figure: lllustration of EIman network.

9/28/2012



Renewed attributes

e Updating network’s weights after
presentation of each word to reduce
the prediction error.

* Averaged prediction for each word is
used as the renewed attributes after
each training pass.



Generated attributes

Semantic categorization
Indexing
Ranking

Stylish analysis



Categorization of
Shakespeare’s 36 plays



Henry W, part 2 1590 h
4|—7E Henry VI, part 1 1589 h
Henry VI, part 3 1591 h

[ Henry W 1590 h

L Richard ITI 1592 | h
Richard IT 1595 h

—le King Joln 1594 h
Tiras Andronicus 1593 t

Jullus Caeser 1599 t

— Macheth 1605 t
I_E Anrony and Cleopartra 1606 t
Corlolanus 1607 t

= Henry I'V, parcl 159G h

= Henry TV, part2 1597 | h
Romeo and Juliet 1595 t

Hamlec TGO t

Kling Lear 1605 t

~|_I_—|: Cymbeline 1609 | r
Pericles 1607 r

The Tempest 1611 r

Timon of Athens 1607 t

Wrinter's Tale 1610 T

Adl's Well That Ends Well 1602 c

Measure for Measure 1604 c

Othello 160 t

Lowve's Labowur's Lost 1595 c

MMuch Ado Abour Nothing 1598 c

Avs You Like it 1599 c

Merchant of Venice 1596 c

Two Gentlemen of VWerona 1592 c

Troiles and Cressida 1601 C

Taming of the Shrew 1594 c

—|jE Comedy of Errors 1593 c
Twelfth MNMight 1601 c
Midsummer Might's Direarn 1595 c

Merry Wives of Windsor 1597 C
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Henry VI, part 2 1590 | h
Henry VI, part 1 1589 | h
Henry VI, part 3 1591 [ h
Henry V 1599 [ h
Richard I11 1592 | h
Richard I 1595 {h
King John 1594 | h
Titus Andronicus 1593 | ¢
Jullus Caeser 1599 |t
Macbeth 1605 | t
Antony and Cleopatra 1606 | t
Corlolanus 1607 | t
Henry IV, part] 1596 | h
Henry IV, part2 1597 | h
Romeo and Juliet 1595 [t
Hamlet 1600 | ¢
King Lear 1605 | t
Cymbeline 1609 | 1
Pericles 1607 | ¢
The Tempest 1611 |t

Timon of Athens

1607

Winter's Tale

1610

All's Well That Ends Well

1602

Measure for Measure

1604

Othello 1604
Love's Labour's Lost 1595
Much Ado About Nothing | 1598
As You Like it 1599
Merchant of Venice 1596

Two Gentlemen of Verona

1592

Troiles and Cressida

1601

Taming of the Shrew

1594

Comedy of Errots

1593

_[

Twelfth Night

1601

Midsummer Night's Dream

1595

C: comedy
h: history

Merry Wives of Windsor

1597

r. romance

t: tragedy
Number denotes publication year
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Indexing result without keywords
http://red.csie.ntu.edu.tw/demo/literal/SAS.htm

Query Search result, Shakespeare plays '

BENVOLIO: Tut, you saw her fair, none else being by
She IOVGS herself poised with herself in either eye; but in that crystal
kiSS scales let there be weigh.d. Your lady.s love against some
other maid that | will show you shining at this feast, and
she shall scant show well that now shows best.

-Romeo and Juliet

. . MARCUS AND RONICUS: Which of your hands hath not
armies d 1€ 1N defended Rome, and rear.d aloft the bloody battle-axe,
bIOOd writing destruction on the enemy.s castle? O, none of
both but are of high desert my hand hath been but idle;
let it serve. To ransom my two nephews from their death;
then have | kept it to a worthy end. 13

-Titus Andronicus




Ranking Shakespeare’s 36 plays

Authorship



RSM

2305 —

2a—

2.205—

229—

Title Year Title Year
HI"III'_‘.' V1, part 1 | st Htllu'_"' vV 1 50
Heory VI part 2 1300 | Jullus Caeser 1599
Henry VI, part 3 15301 | As You Like It 1595
Richard TIT 15892 | Hiunler 1600
Two Gentlemen of Verona | 1392 | Twelfth Night 1601
Comedy of Errors 1393 | Troiles and Cressida 1601
Titus Andronicus 15083 | All's Well That Ends Well | 1602
Taming of the Shrew 1594 | Measure for Measure 1604
King John 1594 | Ochello 144
Lowe's Labour's Lost 15895 | King Lear 1603
Richard 11 13935 | Macheth 1005
Romeo amd Juliet 1505 | Aotony arud (:'II'CJ[NITI'FI (KA
Midsummer Night's Dream | 15395 | Coriolanns 1607
Merchant of Venice 1506 | Timon of Athens 1607
Henry TV, part 1 1506 | Pericles 1607
Merry Wives of Windsor 1397 | Cymbeline 1609
Heory 1V, part 2 15397 | Winter’s Tale 1610
Much Ado Abonr Noching 1508 | The Tmuj WSl 1611

1596 1599

f_ 1597 1598
1595 |

1599

597

1609 1610
1611

Figure 5-4: The RSMP

of each Shakespeare’s work over time.
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Stylish analysis



Table: ‘RSMP’ values of William Shakespeare’s plays

Title Year Code WS Code JF Code MT Code SL Grade
Henry VI, part 1 1589 2.2950 1.3379 1.1235 1.1424 74.24
Henry VI, part 2 1590 2.2913 1.4015 1.2489 1.2625 78.44
Henry VI, part 3 1591 2.2916 1.4393 1.3238 1.2750 80.17
Richard III 1592 2.2832 1.4639 1.3378 1.3084 81.06
Two Gentlemen of Verona 1592 2.2805 1.5195 1.0887 1.3018 78.21
Comedy of Errors 1593 2.2806 1.6138 0.8666 1.2728 75.98
Titus Andronicus 1593 2.2818 1.4603 1.0045 1.1484 74.16
Taming of the Shrew 1594 2.2836 1.4448 0.7780 1.2535 72.23
King John 1594 2.2839 1.4601 1.3679 1.3551 82.07
Love’s Labour’s Lost 1595 2.2825 1.4962 1.1593 1.2910 78.76
Richard 11 1595 2.2837 1.4791 1.3059 1.3137 80.90
Romeo and Juliet 1595 2.2825 1.5085 1.3037 1.2458 80.33
Midsummer Night's Dream 1595 2.2880 1.3977 0.9564 1.1792 73.13
Merchant of Venice 1596 2.2835 1.4813 1.2138 1.3739 80.45
Henry IV, part 1 1596 2.2891 1.4723 1.2357 1.2910 79.57
Merry Wives of Windsor 1597 2.2892 1.4904 1.2515 1.2705 79.76
Henry 1V, part 2 1597 2.2857 1.4954 1.2951 1.3690 81.74
Much Ado About Nothing 1598 2.2888 1.5120 1.2034 1.3851 80.93
2.2858 1.4708 1.1702 1.2799

Averﬁgg RSM U
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Table: ‘RSMP’ values of William Shakespeare’s works

Title Year Code WS Code JF Code MT Code SL Grade
Henry V 1599 2.2883 1.4409 1.1987 1.3040 78.80
Julius Caeser 1599 2.2892 1.4500 0.9923 1.2715 75.61

As You Like It 1599 2.2893 1.5115 1.2497 1.4021 81.81

Hamlet 1600 2.2872 1.4710 1.3317 1.3843 82.14

Twelfth Night 1601 2.2901 1.4949 1.2007 1.3469 80.16

Troiles and Cressida 1601 2.2869 1.4068 0.7687 1.1462 70.17

All's Well That Ends Well 1602 2.2940 1.5647 1.4159 1.4103 85.01

Measure for Measure 1604 2.2920 1.5114 1.2466 1.3190 80.66
Othello 1604 2.2932 1.4826 1.1933 1.2732 78.92
King Lear 1605 2.2934 1.5260 1.3456 1.3121 82.17

Macbeth 1605 2.2919 1.4771 1.1931 1.2977 79.16

Antony and Cleopatra 1606 2.2944 1.4473 1.1919 1.3102 78.94
Coriolanus 1607 2.2958 1.5119 1.2147 1.3306 80.43
Timon of Athens 1607 2.2962 1.5284 1.0982 1.3295 79.01

Pericles 1607 2.2971 1.5141 1.3184 1.4117 83.02
Cymbeline 1609 2.2986 1.5178 1.2779 1.3663 81.90
Winter's Tale 1610 2.2987 1.5310 1.2886 1.3973 82.65
The Tempest 1611 2.2981 1.4847 1.2412 1.2822 79.80
Average RSMP 2.2930 1.4929 1.2093 1.3275

9/28/2012
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Polysemous word

e Difficulty of concept

* Many-to one is a function,
one to many isn’t a function.



Polysemous word

Building a meaning pool matrix, M, for
each word.

M contains B meanings (B candidates)
in its column vectors.



B=2 for Polysemous word ‘bank’

money river

attribute 1, attribute 1,
Bank = attribute 2, attribute 2,

’ o000 ’

attribute R, attribute R



Predicting next word’s meaning

The code of the best predicated meaning
in ‘M’ is used for the next input word.



Renewed attributes

e Updating network’s weights after
presentation of each word to reduce
the prediction error.

* Averaged prediction for a specific
meaning of the next word is used as
the renewed attributes of that
meaning after each training pass.



M5 )= minflo(p)-M7 ():1 =1~ B

Output neurons

7N

Hidden neurons

nput neurons Context neurons

]

Input: p(t) pt+1)= Mf(s)

ospofigure: lllustration of ElIman network for multi-code. 24



Experiments

Dream of the Red Chamber
STAETRM
Dl <

NI

Romance of the Three Kingdoms
= B



Red Chamber has more than 841
thousands of characters and uses
5069 different Chinese characters

Pick 246 words (<5%) with fq
In {fg > 300 and <1200}



9/28/2012

Dream of Red Chamber
246 words {fqg > 300 and < 1200}

27



Dream of the Red Chamber

4l — B=1
o — B=5
S ———B=10
——— B=20
5 1.2
O
S
) |
2 9
ab
()]
S
% 0.8}
0.6
0

re-encoding pass

Figure: Training errors using different pool sizes. Color vertizg:al

9/28/2012

lines mark the minimum pass.



Three Kingdoms has more than 570
thousands of characters and uses
5071 Chinese characters.

Pick 258 words in
{fg> 225 and <525}



Romance of the Three Kingdoms
258 words {fg> 225 and <525}

140 17
120

9/28/2012



Romance of the Three Kingdoms

—— B=1
——B=5
——B=10
—— B=20

-
N

—h
-t
1

o
©

averaged error per word
—b

O
00

0.7
O

re-encoding pass

Figure: Training errors using different pool sizes. Color vertical
9282012 |lines mark the minimum pass. 31



Table: Characters have multiple codes. The total number of

meanings of a character is labeled next to its character.
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Table: Sentences in Red Chamber which contain the same character
with two different meanings, s=1 and s=4.

GR: %2
Sentences Meaning

TEBETAS  RARREALL LEFH>WA 6% BEFTE wF > 3
hmEHRT (4) hF - |
BHEET (4) FH Bt FARR HEHR -SURS  FATR -
BRAEDRBAR - FRAFRGRFE 51‘*“"‘%‘”?’“‘ o
%% AR RERREHBE KERRR S HARHE  BES #

% AR @A (4) T4 fr‘&##lﬁ ERM B AR—%EL.
ﬁ% REHF 47 (1) R5E MAEHSE PSR BOHRTLR £
BBBERE D Tk iﬁﬂ*ﬁ%ﬂw SRS 0 A MREEEE o

AL XHEBYAE PIBTHA (1) s REMA AARGLERT &%
—ERAC ARLB O Ak 0 AR —RBBAGER .
BaAANBRES X —TRALTRERGERE  E8F(1))R - BFF2 %
BFRT - TREOBGEBRER  HATE -MPRAZTXAR -

9/28/2012 33



Table: Sentences in Three Kingdoms which contain the same
character with two different meanings, s=2 and s=4.

ZREA
Sentences Meaning
REBAE DAL BWPE - 2EBERABZ - RUEBRT AARB AR
& (4) RAEH ZHEZEMHBE -
29 TRTEA (2) & - AAEERARE - WHRER FHEL AR
AT 8 e

EUKIEE ) MBAN LAl B L BELE o KigA L LEEER MEE
CEA(2)¥WMFy2T o pALFAEL
BAED: "BTEA (2) B0 kB WAELBERMNK - 2% MK
9 ' BREXBAZT  AFBZo,

Bl BREERG - RAAERG  —RATWETS (4)  RoME .  —x
BRAT  mEARG o HENMS EaigRKe

9/28/2012 34
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The number of meanings
Dream of Red Chamber

AT 7N = N * Qi | S

9/28/2012

B 77 IR 18 13 BE R 8
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Examples
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The number of meanings

Romance of the Three Kingdoms
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Stylish analysis

Authorship



Dream of Red Chamber

* Prediction error along each word:

Chapter|21+30 Chapter $1-40 Chap
0 3 6 9 12 15 18 21 24 27 30
k words

H Chapter 51-60 Chapter 61-70 Chapter

30 33 36 39 42 45 48 51 54 57 60

k words

Chapter 81-90 Chapter 91-100 (| Chapter 101-110 ?1h161?t280r

k words

9/28/2012 Cheng-Yuan Liou 41



Romance of the Three Kingdoms

* Prediction error along each word:

Chapter 1-10 Chapter 11-20 Chapter 21-30 Chapter 31-40
0 2 4 6 8 10 12 14 16 18 20
K words
Chapter 41-50 Chapter 51-60 Chapter 61-70 Chapter 71-80
k words
Chapter
Chapter 81-90 Chapter 91-100 Chapter 101-110 111-120
40 42 44 46 48 50 52 54 56

kK words

9/28/2012 Cheng-Yuan Liou 42



Summary

e Context-based method (Changing scenario)
e Symbol-free sequence

* Meaning of a learned attribute can be
calibrated by its similar words.

e Predicating the next word (symbol) of a
given word sequence.



Applications

Stylish analysis
Authorship
Semantic indexing,
ranking, and categorization
Internet
DNA, gene, or protein
Cryptography
Ancient language, machine translation



SARS “AY274119.3"” genome.
‘White represents the largest error

4

S1:replicase 1AB

kB
kB
20 21 22 23 .24 25 26 27 28 9 kB
4__ . v
25 26 27 28 29 kB
$21:0rf10  3523:0rf11
____.SB £522 §24 S25:nucleocapsid protein

S7:0rf3  59:0rf4 S18559
¥ ¥ s27.8m13 528 $30

S11:small envelope E protein 515:’5”«7 S?T'OrfS « $29:0rf14
: 819

$8 510 S1%13membrane lycoprotein M
= il | g




Influenza (1918)

ACCESSION: AF116575.1

(100) ...GACACAGTACTCGAAAAGAATGTGACCGTGACACACTCTGTTAACCTGCTC... (150)
(100)...112121125353115155515555532555535353535552512355222... (150)

(500) ...GGCTGACAAAGAAGGGAAGCTCATACCCAAAGCTTAGCAAGTCCTATGTGA... (5650)
(500)...152211215111551551135352532351552251135112235155555... (550)

(1000)...GGACTAAGAAACATTCCATCTATTCAATCCAGGGGTCTATTTGGAGCCATT... (1050)
(1000)...155351555153525321535152215223551512225252155523525...(1050)
A: 1, 5
T: 2, 5
C: 2, 3
G: 1, 5

b



Influenza (2009)

ACCESSION: FJ966082.1

(100) ...
(100)...

(500) ..

(1000) ..

(1000)...

GACACAGTACTAGAAAAGAATGTAACAGTAACACACTCTGTTAACCTTCTA...
134343153453133331335153343153343434545155334455453....

.GGCTAGTTAAAAAAGGAAATTCATACCCAAAGCTCAGCAAATCCTACATTA..
(500) ...

.GGATTGAGGAATATCCCGTCTATTCAATCTAGAGGCCTATTTGGGGCCATT..
113551311335354441545355433545313114453555111144355..

QA >
S OV

(150)
(150)

. (550)
114531553333331133355435344433314543143335445343553.. ..

(550)

. (1050)
. (1050)

o Ww



Detailed techniques and settings in
IScIDE 2012 paper.



Museum of Cao Xueqin

* Born and grown in Nanjing
17150r 1724 — 1763 or 1764

:jl:_’%ffy 174 /PAFLF{T (N F'{


http://en.wikipedia.org/wiki/Cao_Xueqin

Thanks

http://www.csie.ntu.edu.tw/~cyliou/
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