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Part |
Writing Systems and Encodings

Some terminology

' e Ascriptis a set of symbols

« A writing system is a script paired with a
language.
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What could writing systems

e represent?
) | * In principle any linguistic level R7VZ A
|[* n “My dog likes avocados” S:VStBﬂ*!S ;T
] j_;‘ mal dog latks avskadoz %;
|\_\77 = ‘ {'(:
~F (mat) (dog) (latks) (a)(vs)(ka)(doz) v
3 () (vo)] (ko) (doz)] R
b
e mal dog lalk+s @evokado+z
L e
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Al T
!0 What do writing systems actually
- represent?
¥ « Phonological information:
—| - Segmental systems:
| « Alphabets
% * Abjads
T + Alphasyllabaries
. — Syllables (but full syllabaries are rare)
" ;'  Words in partlgll_y Iogogrgphlc systems

-~ + Some semantic information:
X — Ancient writing systems like Sumerian, Egyptian,
it Chinese, Mayan
re ‘[l » But no full writing system gets by without
' some representation of sound
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* Look at how Chinese writing works:
Chinese is the only “ancient” writing
system in current use, and in many ways it
represents how all writing systems used to

Roadmap

operate.

» Detour slightly into “semantic-only” or

“logographic” writing.

e Survey a range of options for phonological

| encoding
2 j_-' Knight/Sproat Writing Systems, Transliteration and Decipherment
[ S
|l
! : “ - [ ] [ ] ”
) The “six writings
Y| e xiangxing simple pictograms
|| —  ‘person’, ‘wood’, ‘turtle’
s, | o zhishi indicators
I‘i 8 —  ‘above’, ‘below’
1=l o hulyl meaning compound
L. —  ‘bright (SUN+MOON)
[y xingshéng phonetic compounds
" A —  ‘oak (TREE+xiang), ‘duck’ (BIRD+jia)
T zhuanzhu ‘redirected characters’
|* - — ‘trust’ (PERSON+WORD)
I _"‘ . jigjie ‘false borrowings’ (rebuses)
*__ — ‘come’ (from an old pictograph for ‘wheat’)
. ; Knight/Sproat Writing Systems, Transliteration and Decipherment




Xingshéng characters

95% of Chinese Characters ever invented consist

I ¥ of a semantic and a phonetic component
=== = =
® 0| g H =5
Vil o
& It (*carp’) = FISH - LI va (*duck’) = BIRD - JIA
|7 i‘
|u7 ||:a;‘ s 1 4 ~ T
|1 1 B = § & =0 o
B e
l,_ :2' cdo (‘grass’) = VEGETATION - ZAO zhi (*will, goal’) = HEART - SHI
S
iy =1 Q%
o -:_:- ':.-.I
1?fﬂ"“ gué (‘country’) = ENCLOSURE - HUO
L il
P
1) &
& |
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General operation: SEMANTIC - PHONETIC

B W=
It (*carp’) =FISH - LI va (‘duck’) =BIRD - JIA
jeEea e ol N
| E=p =D&
F cdo (*grass’) = VEGETATION « ZAO zhi (‘will, goal’) = HEART - SHI

| |11 14 \

(. |

= B=0 O

‘L—‘ “ "’:” 7‘| gud (‘country’) = ENCLOSURE - HUO
.Ifi ) J

{
‘L[ vl
|
e
- 7|‘
L

XX
[ n\

O ;.; '-.-.I

adadidli |

L

U= 1
-
S
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General operation: SEMANTIC - PHONETIC

= H w5

It (‘carp”) = FISH - LI va (‘duck’)=BIRD - JIA
| p- . e 1 -+ ST
(N B HF=0F

3 cdo (*grass’) = VEGETATION - ZAQ zhi (‘will, goal’) = HEART - SHI
{1 |
PRRPRES. =
Wl | ‘
M=0Qx%
guo (‘country’) = ENCLOSURE - HUO
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General operation: SEMANTIC - PHONETIC

=g W=
It (*carp’) =FISH - LI va (‘duck’) =BIRD - JIA
- 1 ST
=5 E=0T
F cdo (*grass’) = VEGETATION « ZAO zhi (‘will, goal’) = HEART - SHI
| |11 14 \
[ |
] B=0 O
‘L—“‘ "’:” 7‘| gud (‘country’) = ENCLOSURE - HUO
.Ifi ) J
{
‘L[ Vil
per vy
==
- 7.|‘
s
=¥
[ n\
S «-:. A
aaadifl
£ Il
U= 1
) &
Y I |
| = £~ .
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General operation: SEMANTIC - PHONETIC

AR ] W=R

‘ ; It (‘carp”) = FISH - LI va (‘duck’)=BIRD - JIA
- o' HF=D' L

a cdo (*grass’) = VEGETATION - ZAQ zhi (‘will, goal’) = HEART - SHI
[AIRE S
|
: ; B =[O
guo (‘country’) = ENCLOSURE - HUO

a2 &

(N n\
P
IF 3_3i
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General operation: SEMANTIC - PHONETIC

W= B W=
It (*carp’) =FISH - LI va (‘duck’) =BIRD - JIA
- 1 e o~
E=p- 7 HE=0D -+
a cdo (*grass’) = VEGETATION « ZAO zhi (‘will, goal’) = HEART - SHI
e
Wy |
= B =010
]L—‘ “ "’:” ‘| gud (‘country’) = ENCLOSURE + HU
(L \&)
ML
=]
(F=
|H Il 7|I‘
|
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N A generalization of huiyi:

- Japanese kokuji (E= )
I i |4 | Alex. # | Kokuji | Analysis (Phonetic) Kun (on) | Gloss

—= ' 10 & <PERSON+MOVE> hataraki | do ‘effort’
!i _ :‘|‘ 12 e <WIND+STOP> nagi “[ull, calm’
|“ “'-‘ / i1 33 e <MOUNTAINTUP+DOWN>> touge ‘mountain pass’
|\ =1 37 ik <HEART+FOREVER>> kore ‘endure’

7.- j_i 74 Y <FEW+HAIR> mushi “pluck’
|‘_‘ 1 _" 124 HE <EAR+CERTAIN>> shika ‘clearly’
| J(' 160 £ <BODY+BEAUTIFUL>> shitsuke ‘upbringing’
[ 198 & <DOWN+WIND> oroshi ‘mountain wind’
e o5 240 He <FIELD+BIRD>> shigi ‘snipe’
|U_"|-:‘_’ ﬂ‘ 249 e <FEMALE+NOSE> kaka ‘wife’

e o il 138 = <GRASSTZA> Bz za (on) goza | ‘matting’

.‘ il 51 HE <TREE+MASA>> 1E masa (kun) | masa ‘straight grain’
—|"| | 147 tr <CLOTHINGHYUKI> 11 wyuki (kun) | yuki ‘sleeve length’
L T

= Knight/Sproat Writing Systems, Transliteration and Decipherment 14

N Japanese logography

=

- Japanese writing has three subsystems
/i —Two kana syllabaries, which we’ll look at later

i\

- —  —Chinese characters — kanji which usually have
l—| two kinds of readings:

|:'_ };' » Sino-Japanese (on ‘sound’) readings: often a given
character will have several of these

n =3 » Native Japanese (kunyomi) readings

[

- I:. "i

sty () ‘mountain’ ‘island’ ‘carp

I Qi on: san on: too on: ri

A kun: yama kun: shima kun: koi

i 7J Knight/Sproat Writing Systems, Transliteration and Decipherment 15
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A generalization of xingshéng:
Viethamese Ch&r Nom ( )

=

% cha (father) &% me {mother) ?E com {children) m tay (hand) .[Dl
EELE\ tai (ear) %E dii chén (leg) % rilng (forest) % i (rnowntaing ﬁ% chim (bird)
Y4 .
- Ej 2a (chicken) b {cow) cho (dog) heo {pig) rhén {spider)
’ —
ﬁ hibm (day) HI\{’] théng (month) ﬁ nAm (year) i% had (two) g ba {three)
i (f &m (fi bay {seven) )\& thrm (eight “/; chin(ni
% dn (four) ﬁ nim (five) % Z (eight) ,l/ chin (nine}

migng {mouth)

Knight/Sproat
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Semantic-phonetic constructions in
other ancient scripts

Egyptian

St ?E”“'z w3h (verb 3-lit) “set, place; add; stop; remain,
last”; w3h (adjective) “lasting”; w3h jb “be patient”

[DIV]

Knight/Sproat

|

Urim

A

(literally, “lasting/set of heart™)
KE'I\: 'rlfi w3hyt (noun) “abundance (of grain)”

-?vl_‘m‘?\ JEQE:‘J w3hj (noun) “columned hall” (literally,

“marsh” of papyrus and lotus columns) ﬁ

3a Balam

1 w3s (noun) “dominion” Ma

Q f@g, 'léa w3st (noun) “Thebes” (nome and city)

Lt B . - .. -
1._&&*-- w3s (noun) “ruin” (infinitive of 4ae-inf verb

w<sj “fall into ruin”)
‘ﬁ:‘s:ﬁ:,gﬁﬂ w3gj (verb gae-nf) “make festival”

Writing Systems, Transliteration and Decipherment 17




II i g‘\i H. |

e Syllabaries

g

¥ « Syllables are often considered more “natural”

.= | representations in contrast to phonemes. E.qg:

|1[a< ‘ — “investigations of language use suggest that many speakers do
S not divide words into phonological segments unless they have

== received explicit instruction in such segmentation comparable to
-:_‘ that involved in teaching an alphabetic writing system” (raver, Alice.

1992. “Phonemic segmentation as epiphenomenon. evidence from the history of alphabetic writing.” In
Pamela Downing, Susan Lima, and Michael Noonan, eds, The Linguistics of Literacy. John Benjamins,
Amsterdam, pages 111--34.]

"~ « Syllabaries have been invented many times (true); the
alphabet was only invented once (not so clearly true)

I I 1 « But: very few systems exist that have a separate symbol

-  forevery syllable of the language:
L . — Most are defective or at least partly segmental
i
P
= Knight/Sproat Writing Systems, Transliteration and Decipherment 18
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A

.| Linear B (ca 1600-1100 BC)

i
U T ITI ‘?'
|r .{" ‘| a da Ia
e A Y :
|\7 = e de >
= Y i
i ,_;‘ I
|\_\ 1} | | dl
i~ N f A
4 : : 7 [ de !
=X r
(N g o
= |
agsagi | :
L | Derived from an earlier script (Linear A), which was
e used to write an unknown language (Minoan)
1 '1,.?
Jr Knight/Sproat Writing Systems, Transliteration and Decipherment 19




Linear B

slan ans- Mycenagan Classlc wiord
SEUEnE Ill:er n Graak Gresak meaning
%V* ku-mi-n “kuminon kuminon curmin
‘)iTD ku-na-ja FQunaia qune woman [gyeecalogyd
l)ro[al? ku-ru- khrusas khrusos gold (chrysanthemun
+EF e pater pater Tather

T

akan medicine [pharmmacy)

Ik

to- tosn asos 40 man y
Tlgm o-ra-k horakes thorax thorax
-?Lr o oL bes ow
Y_‘f_ oo “hikkwol hippos horse
Tr@ re-u-ka “Jmurka letrk s white [feukemis)
T.TI “rea rhis, rhino-  nosa (rhiroplasty)
Knight/Sproat Writing Systems, Transliteration and Decipherment
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Cherokee (1821)

veAVERd FAdP v JLIDLd Pl

= " BAAE Jheh.d
| e, TEFrEZ TEMNe.

 TEE PVP Tac-A TE DeJAAblRd, KT
S DYR AR AR
DMGARARL, VAT DAP Fa)Dd F4sa.d.

GWY I PAR JhShARY, WP Dya |

PJIJ I'l-l-ﬂ..l TRIEM, T TES-F D"
E'.I".'.'I.I DEPF b2 ¥4" IR

J'm _;I.

.'l;..m DéJAa k.1,

Knight/Sproat'
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Syl Kata. Char.  Mand. Mid. Chin.  Hira. Char,  Mand. Mid. Chi
a 7 2] a Ta &H = an Zan
i 1 2 Vi 7iij L A i yiX
n ] F yil hjnX 3
Kana I A S
o Ed p yii 7jo kel
WH M e ke S
Kioo%  # o0 i &
ki 2 A jin KjnwX ¢
_ L N TR kejH
. ko 2 [=A ji kiX =
JERE man'yogana 5y ow o F oA e
Syl.  Kata. Char. Mand. Mid. Chin. Hira. Char. Mand. Mid. Chin.
a 7 i a 7a & %@ an 7an
n i 1 G y1 ?jij Ly A yi yiX
-3 u 7 F v hjuX 9
B e T L Z ¥ 3 Vi 7Jij
L= 0 7 A yu ?jo )
C koA m A ke o
TR S— teneshii 1T gji] g
[ P :__gf' nu - PN jia kjuwX ¢
=2 ke T I jie kejH 5] & ji kejH
" & ko 1O = ji kiX Z
= S8, Ul B san sanH X i ) tsaX
|U_|J_ [ shi D Z zht tsyi L
B su e ‘A X1 sju T ~f clin tshwonH
: e f” se + tH shi svejl +
HE I S0 Vi = zeng tsong *
I— o 7 ; ping  bjuong ¥ H yuan  hjwenH
17
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DU dOSSETHNATHHG &0 O
|!|I‘1|I‘:;;‘ oW1 p B lE (g # E B B oUW W W W
__' FTAWGKKRKOGONERHERIAT X
Ir‘“ e :‘I ek m ww bl bk W bp bl b be bep bt bav ta by o bw bum ot
\ie (=) BOFTTERLICHY P EEN G 44
‘L[\Js'n b bi Bp ter Bi be B b b bR bun B byl B b b b bt
e QoG OSHBY WSS ILYsEnE
|‘ I _lf'\ Woop o ppopee g e opel g @ pus o pep pbopm o opop utopa
= BT HHdMHA T Sk xDR grX¥X
| ey Beoomp Ba wr Byl p @ e mrk mr bbb bei bbi bbip bbish bbiss thie bhiep beot
L WAL D0 ExBaay Fifddy
[ -’[(j' har Nza thap b mnmiw Rt B m_n Riop Aiee Ao ulfv bewt hows Rty bu_ul thire bawr
b= [T A R A A A e e o R
7‘:7 bt b by b M nbe nb b s o rbiep mal nbak nle nben fbol Mhos rby nbep
'5 22 tdooRuEh e Hws Er0dya
|_'o_..&_ nbut rbuk omaw rhup nbwx nbwonbyt rew oy onbe rbereoeye bl hmix tmo bmie bmise hmis hmisp
(L PARA A FdEESRTUD P YRy
o »;. . BRSE WHE HYE b ARG HED e LOp PO DO WD RO BT DML BRL WD BT g by
',""""'f” WERORRFQOBINOOYW RO
.u'\‘ “_2 H P bt bt im0 M mp mis e mig meb mEo ma  mep mut MK muo mop ol
[* > - : Figure 213: Yi syllabary. http://wew. onniglot. con/imagea /oriting/ yi_
” L ayl.gif
& 1
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HEN Segmental writing

¥ « Somewhere around 3000 BC, the Egyptians
-~ developed a mixed writing system whose
phonographic component was essentially
consonantal — hence segmental

~ = One hypothesis as to why they did this is that
. Egyptian — like distantly related Semitic — had a
root and pattern type morphology.

=X — Vowel changes indicated morphosyntactic
L > ! differences; the consonantal root remained constant

s I — Thus a spelling that reflected only consonants would
L have a constant appearance across related words

L
= Knight/Sproat Writing Systems, Transliteration and Decipherment 24

Il

= Egyptian consonantal symbols

Y W 0 o = 0 0 t = o

~ Hil fim [N+ i [l il fmi =t fdn

= = 1 F B % e b §
1 ) | idr "yt ‘i ‘ar nh 1) ‘e = Wi

I . T 17T £ & 1 1 o+ ¥
& Wis wid wer wbno owhmoowsr wsh wiEm bis
= bl bit pds mi mreemsn o mdh nni nht
—) T F » ¥ = 1 x &

(TR | mro ondmo redied R by hom hbs  her fnt
— R S N i .

| i ' hiree hsf hir hnm sih aft sin 0% SN
* = 1 1V ¥ =% 2 o

f2H st =pr M smn shbm s8m 2Er stp

= b oo = % o <

|[ | = "‘ st sob o osdmo Ebn E § fzp Esmaml
< = = f B [ fr = I &
‘ [ ki Kf: gh by iy tm e dm bz

', i
¥ = | N gb‘
= Fig

img  Figure 2.16: Egyptian triconscnantal symbols, from http: / feew . omniglot . com/
imagea/writing/hieroglyphs_trilat. gif.

L
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Proto-Sinaitic

[ (aka Proto-Canaanite) script
7 « Somewhere around 2000 BC, Semitic speakers
' living in Sinai, apparently influenced by
1 Egyptian, simplified the system and devised a
7~ consonantal alphabet
.11+ This was a completely consonantal system:
| j;‘_”:' — No matres lectionis — using consonantal symbols to
represent long vowels — as in later Semitic scripts
L | « Phoenician (and other Semitic scripts) evolved
‘; Il from this script
S = | Knight/Sproat Writing Systems, Transliteration and Decipherment 26
s
|
oo Proto-Sinaltic script
I r::]: El( Phn:nhman : V[I;ze Meating
AP heth 3 9 B Il honse
< s N N T lol  tnuestick
— _7‘| dleth P> A A @ d
I @ %] 2 E W
(V7| w [P Y RY m s
e am | =| T Z
|\ f heth T g g i1l
i Sl [N S
| = _s( ' wmen [ Q| £ A W eadon
== men  fww [ ) M e
= A e A
= samekh £ E w®
i e
& sie [ | MW
" &l ot 8 P ¢
P = (Al 9 P o
> 1 in (O%] WY 81
ir.’:‘-;' taw "t’ X T W mark@)
i = | Knight/Sproat Writing System_s,Traninteration and Decipherment 27




Later Semitic scripts:

o vowel diacritics
=2 PINT DN) DA DR DTON N12 W3
”‘I_:.{ a) | 5 v T ol "=y = = ] T i oLl .
|‘[ Y [ .
Eaa :
I :|t;.|‘ —— 4
e Jf‘ g n oo = & %
]L\L;o ]nm u.opnk..i M -—
= ™ kY
|h_".|-":’ I ¥ N3 3 ’ ]
- A0 a0 woladal Aaxis
L " ] ’ o’
_-.1\_ ;|
= '_-4 Knight/Sproat Writing Systems, Transliteration and Decipherment 28
| sl
Il
- The evolution of Greek writin
oo VOIuUll K WIIT
— T e | I e
weh |7 4 A M oex
. e« Greek developed from w 2l B [0 -
B Phoenician sl i | e
|L_ - ,\| daleth D§> A A [dl  dooi
R Vowel symbols developed by - lglla E [»
.t reinterpreting — or maybe o | L | e s
- misinterpreting — Phoenician L ElE e
;“ consonant symbols - ® 0 [v
| I« The alphabet is often described ] | e
| | asonly having been invented wman Q¢ A [ e
e men o || M) M [ iml e
.~ once. Bl N o
= — But that’s not really true: the £ = [u
T Brahmi and Ethiopic w10 0 [0 -
e alphasyllabaries developed e 2 0 |»
v, apparently independently, from swe ¥ M7
(LY Semitic i = |
= L'| res a 9 P W head
N sin for WY el
;; I taw Tl X T |0 meo
=1 Knight/Sproat Writing Systems, Transliteration and Decipherment 29
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Alphasyllabaries: Brahmi
(ca 5™ century BC)

A f s Lt AQ DL
¢ 21 L L O Y
LA L Lt Job ¢

ka Ka ki kl

Knight/Sproat Writing Systems, Transliteration and Decipherment 30

Some Brahmi-derived scripts

modern = = =] 23 o o
N b3 (=4 = = = [ b=
a2 & a
scripts E E o p by = o 0 o
Punjabi (3]
b A~ g
~ =
Devanagart /44 ~ :
L w
g
=
w2

- = 3/3\3\

Bengali —€2 ,2
>
Oriya T !, e
el P

1909
N
BAB[[RJ
N
N\
spduras wLpnos
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/1" Basic design of Brahmi-derived
- alphasyllabaries

¥ < Every consonant has an inherent vowel

-~ — This may be canceled by an explicit cancellation sign (virama in
| Devanagari, pulli in Tamil)

|| — Or replaced by an explicit vowel diacritic

~— * Inmany scripts consonant groups are written with some

- consonants subordinate to or ligatured with others

1 1 e Inmost scripts of India vowels have separate full and
| ¢ diacritic forms:

== — Diacritic forms are written after consonants

— Full forms are written syllable or word initially

(I — In most Southeast Asian scripts (Thai, Lao, Khmer ...) this
o method is replace by one where all vowels are diacritic, and
a1 syllables with open onsets have a special empty onset sign. (We
|| will see this method used again in another script.)
:.: JI |

= Knight/Sproat Writing Systems, Transliteration and Decipherment 32
| Sl

e Devanagari vowels

W =
| C.‘a‘renatog‘ Full form _ Diacritic forﬂ Inherent
j.c Null H  <ax : F k- : vowel
!i ‘ ‘|‘ B - | | <aa> :: F <kaa> |
M Pl <o> G <kos
|‘ '.tg‘ : @3" <auz .; % <kau> :
T Pl <> JH <kii>
| _w' LQ: <e> (‘;P? <ke>
: <ai> i F  <kai> ]
n Tl J  <u> F <ku>
j [ F <> F <k |
3 :I',_;l R o<i> BT <kii>
0 @ - T <> R <kis
7 :J-' | Knight/Sproat Writing Systéms,Traninteration ar§i Decipherment I: 33
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Kannada diacritic vowels

I‘j 7 Null o} <ka>
. - B <lku=
L o) <kaa>
!i,: : ‘|‘ an <kuu>
I%'.‘l'f{ / ‘
oy 8 <ki>
|\ — 8 <k€:>
(S
e "_7‘ B_ﬂ <kau>
i1 __.; - a .
5 e) <kri>
s ) B <kii>
£ S FEEEEEEEEEEEEEEEEEF="==="m=m8= === EEEEEEEmEENy
———— = LT — DA th :
. {1 {',_,)‘ LONG ()} f w o kif> .
| i D ey h S ko>
e 2l {e()ai ()} Bd <kai> -
EARAS, L] . [ ]
i | {e().1onG ()} g¢  <kee> | &
L - — — .
L i {e()m( ) LoNG ()} | BRE  <koo> | =
(] & . .
‘!-':;2 J| .ll..lll..lll..lll..lll..lll..lll..lll.-
= Knight/Sproat Writing Systems, Transliteration and Decipherment
[
[ A Il
~
Wl :_’
=i ;: \|
i%- .‘Ii‘j; { %) |
|‘[ 1% E |
|\ A :"
(Fl=
|\_\ 7 1 7|‘
N <koo=
L
(R
vt )
FLY
N G
Y, ,J |
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e
L i :_,.-.’
ey
3 (o)
ik ‘;( ! ﬂ_
|_ .} <laksmiisa>
(S
— 13
e
i
‘ aeevds |
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N Another alphasyllabary:

i |
AN . . b}
-~ Ethiopic (Ge'ez) (4™ century AD)
i' ¥ | = | u | a | e | 8| o
If “
72 vl ||y |%|v|v
|!j:;‘ may | m | @D | @ |9 | 0| aq | go | qo | gy |y
|\_||7_;.;‘ Ml d L R R Lo ’ 4
L vl r|e|&|e|elelcle|Z]
| “ slalolaalablo)a
et kot k(| k| k| P[P B
== vet o || aln|n|n|aq
(AN twe | )¢ | k| bk
‘74 BRI R
kr il nas [ o [y [ % [ %457 9|8
= a | | h[h A h]n]b8]5
)
& 1
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A

|
LAY
RABAEAA |

“Correct sounds for instructing the people”

(EUHE)

The origin of Korean Writing
H::'; [ 32 ‘ e e N )
T R AW AR
= X : “The speech of our country differs from that
{[f{t”” " #8: QJC AS %E :< ﬁi of China, and the Chinese characters do
1 AN "’?;] /'3:- V)‘T’L" aé—.,ﬂl not match it well. So the simple folk, if they
=t ,% ﬁ’ 6%’ laﬁ_ﬁ_ want to communicate, often cannot do so.
s 22 2 S e ] This has saddened me, and thus | have
Iy ..—'i‘ €, 4ﬁ' ’{‘:P ﬂ-’k ;%‘. created twenty eight letters. | wish that
[_ - @ _fﬁ/] -}L % %}. people should learn the letters so that they
,!rl j}, : % ﬁ”{ ‘ can conveniently use them every day.”
Z ; \:F?
| ==
= - A5 King Sejong the Great
iy A | % ‘ ﬁ @' (Chosun Dynasty, 1446) g
monf) | )‘_,}15 YYE K
Y RFERmx]
06 | RFETIF
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I: fr f\:_:;}”
ol Hangul symbols
—
AR a
l! - ™ g/ k
e -_—
T
|~
i
st ) n r/
|
IR
I
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Design principles of Hangul

— 1 “k” looks like
| == | . the tongue root
sl For consonants based on = dosing the
. the position of articulation ?‘Ej}i throat

_“" i ﬂ- H

- — * Vowels made use of the ==

-~ basic elements “earth” =3

.« (horizontal line) and __:

"~ “humankind” (vertical ey | rasinte
1 line) &

‘-;{ wa il ‘g

s o

05 A
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I .:*("ull

% Design principles of Hangul
A i

i LE EoF

= %%ﬁ%‘ ﬁ:ﬁ" j‘yﬁ

| %@k%—%%ﬁﬂ_ £

- e e 4t 43 Ry Yo

= gt S

= ’r%"?—‘j—’? 2

*9 R0 A0 A9 A9 A0 H7

7 EELeias

s i A

R | [ e

= b PR N

!ﬁ ] LJ___ i i 1 | ‘

¥ e | Knight/Sproat Writing Systems, Transliteration and Decipherment 42
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= Writing systems represent language in a
- variety of different ways

-« But all writing systems represent sound to
-~ some degree

1« While syllabaries are indeed common,
virtually all syllabaries require some
analysis below the syllable level

(I
| 4o ]
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Encodings: Unicode

~ « Character encodings are arranged into
“planes”

— A plane consist of 65,536 (10000,,) “code

‘_;‘ points”

— There are 17 planes (0-16) with Plane 0 being
ol the “Basic Multilingual Plane”

. i1 » Texts are encoded in “logical” order, which
1 is more abstract than the presentation

~ order

| o _s(i

= |
= Knight/Sproat Writing Systems, Transliteration and Decipherment 44




Types of code points

Knight/Sproat

Writing Systems, Transliteration and Decipherment

Basic Tvve | Brief Description General Character Code Point
YP P Category Status Status
Letter, mark, number,
Graphic punctuation, symbol,and |L, M, N, P, §, Zs
spaces
Invisible but affects neigh-
Format |.Jormg Chf‘ racters; Ct, Z1, Zp i
includes line/paragraph Assigned to
separators abstract charac-
Usage defined by protocols ter
Control or standards outside the |Cc Designated
Unicode Standard (assigned) code
Usage defined by private point
Private-use agreement outside the Co
Unicode Standard
Permanently reserved for
Surrogate UTE-16; restricted inter- |Cs
change
Permanently reserved for Not assigned to
Noncharacter | internal usage; restricted abstract charac-
interchange c ter
—— - n -
Reserved for future assign- Undesignated
Reserved ment; restricted inter- (unassigned)
change code point
Knight/Sproat Writing Systems, Transliteration and Decipherment
Text Elements Characters
Composite: C
Cl
Collation Unit: ch —>» | ¢ |h| (Slovak)
Syllable: & | — |3 |5 |
Word: cat | —» |c|a|t




Example: Devanagari Code Points

094 095 (96 u:u;?|

'S -H-.-’ ™ <9
\ SIE EX
i 1] L]
: EREi
ool o | TR R
] = R
) Il P N
\ = = AR
L s =y | AN
i o .
et ¥ [ g o RES
| ] il [ Fi [T5i] ] [ 5] Ei EEEEEEEE
; f' E B
i = Far=iaad
||| T | 510 R
= id il HH [l T Ry
2 e R
> i
= = |F |9 |F
|-'_ |-_ " S Sii S il
- R
po ey
oo s|AT || 7| i
; il mil [ F] il i EEEEEEEE
U = II
(] C
= 1| )
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[
l') —
= Figure 2-2. Characters Versus Glyphs
=) i 1] ‘
L Glyphs Unicode Characters
|‘ : .|: AVAAARA & 7FA | U+004]1 LATIN CAPITAL LETTER A
. ’__.‘ alacadaca U+0061  LATIN SMALL LETTER A
Iy o 6 fi U+0066  LATIN SMALL LETTER F
| 7 + U+0069 LATIN SMALL LETTER I
T n n u U+043F CYRILLIC SMALL LETTER PE
¢ & d D 4 U+0647 ARABIC LETTER HEH
(A
H
= |
)
= )
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@ 0000 1001 0010 1010
@ 0000 1001 0100 0010 I
@ 0000 1001 0011 0000 ( Font
@ 0000 1001 0100 1101 (Glyph Source)
® 0000 1001 0010 0100
® 0000 1001 0011 1111

Text
Rendering
Process

® @@
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Example of Logical Ordering: Tamil /hoo/

@: Doesn't the Tamil syllable Gapr cause a problem in Unicode? This syllable can be encoded in two ways. In one case the

characters are out of order, so doesn't this cause problems in text comparison awd parsing?

A The syllable can be represented in two ways:

A
am G
OEE9 OECE
B.
¢ eum m
0BCT OEES UEEE

However, Line B above is dncorrect. The twio correct possibilities are the following:

A,
am G
OEES 0ECE
B
an G i
OEES 0ECT 0EEE
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N UTF-8

' | « Common encoding of Unicode.

|[ — Variable length depending upon which code
4 points one is dealing with

=l - Programming languages have libraries that
=~ make dealing with UTF-8 strings easy.

— Makes it easy to mix-and-match text from
various sources:

(I

|y y ! ) , Uuypupuinup,
T '_-):l Knight/Sproat Writing Systems, Transliteration and Decipherment 51

[ S

T Bidirectional text

e
|
||
'].-r;i eyl
|‘[ Vo |
|\ =

[FE= . . . .
== Gldl_Sﬁld,_“NE_&‘T_R]‘_17“_.’3‘_'?'-”.
i ‘
| ' 7| Gidi said, ¢| "2 ™ *5 m PR on 7,
et > | - —
(R
| s )
e
& | |
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Unicode encoding schemes

|
|i- = ‘| . -
if'};‘i | Table 2-3. The Seven Unicode Encoding Schemes
“[ Vil o ;
” Encoding Scheme | Endian Order BOM Allowed?
[ :"
| (s UTE-8 N/A yes
— —_‘ UTE-16 Big-endian or Little-endian |yes
|‘_‘ 1 UTF-16BE Big-endian no
|'_ o UTE-16LE Little-endian no
W' UTE-32 Big-endian or Little-endian |yes
Sl UTE-32BE Big-endian no
P UTF-32LE Little-endian no
(I
aaagd ]
L _U|
N G
Y, J |
= Knight/Sproat Writing Systems, Transliteration and Decipherment 53
| Sl
{ Al
| o Figure 2-12. Unicode Encoding Schemes
I~
- =h.
[HASS A Q ] UL | urr-s2sE
=3 0040000141 J00100 30334900100 §8APRE |00 401 103 184
B
i/:' I‘I:‘i ( %) | _;AE
IV | A Q e UL | uresoe
e 41400400100 JA9103100500{9E §18A100 100 |84 403 301100
==
(= =T _
i ’*.-i‘ A Q AR r—v—»—T” UTEF-16BE
— 00441 03 Ja9|8A9E Ipcy00 B} 84
L
=~ h" _E‘E -
: AlQIEE|l NIL UTF-16LE
2 41300]A9103)9E8A J00§DCY 84 DB
(N =
e Al Qe8| L UTF-8
41 JcEjA9|E8IAAOE fF0 190 |8E 184
5 °—”|
() -,-:
Y, ,J |
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e Issues with Unicode

-~ « The design principles are nice, but they are
-~ Inconsistently applied:

1, — In Brahmi-derived alphasyllabaries each consonant
3 and vowel has a separate code point.

1~ — Not so in Ethiopic
.~ InIndian alphasyllabaries, logical order is strictly
| enforced

et — Not so in Thai and Lao
~~ + As we saw in the Tamil example, Unicode allows
-~ for variants for encoding the same information

« The term ideograph should never have become
enshrined as the term for Chinese characters

L
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i Part Il
: _ Transcription (Transliteration)

|~




[ A

-~ When Languages Collide

|
| L | At the border crossing (before writing):
Ny
i (o)
[V 7 | WUHTZ _

p——* Y ER AA KH M EH DH Phonemic transfer
|‘ . _|:'\ NEYM? /

s Y,

|H ||:I‘ N OW,
= AEKMEHD?  AAKH M EH DH

- "[' / OWKEY, WIY L
J = = JHUHST

y K AH L

% Y UW

iy AE K MEH D

- -

'S Two

UL spoken

n G forms

= | Knight/Sproat Writing Systems, TransTi and Decipherment 57

| Bl
II i Al
e When Languages Collide
-
| e | At the border crossing (after writing):

— 'a’.: 4
I .':,"‘ ( i ) |
i‘[ i Ineedto  porgg my

P type your  passport. Textual transfer

—a— name.
| sl - / What's this say?

—— It's a bunch of
Iu 1 1 squiggly lines.
| _;ﬁ' AAKH M EH DH

== Y AEKMEHD ?

=3 0 /
e |

=*| 0

caaaagid Two 0
| . written

o d forms

Il a
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“/ When Languages Collide

. | « Japanese/English example:

i+ KEVIN KNIGHT English writing
KEHVIHN NAYT English sounds

. KEBIN NAITO  Japanese sounds

= T E T 1hb Japanese writing

-« V > B: phoneme inventory mismatch

[
[

i

. * T > TO: phonotactic constraint

~ » alphabetic vs. syllabic writing

4|
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X1 When Languages Collide

~ +» Common translation problem
' ' — People and place names
I o — New technical terms, borrowings
[+ Challenging when source and target
. . languages have:
| _(1 — different phoneme inventories

— different phonotactic constraints
. iy — different writing systems
= ¢ English, Japanese, Russian, Chinese,
- Arabic, Greek ...

L
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Streets of Tokyo / Katakana

| 53:. i
I ;-J',‘ 1! A =
i\ 7 |
'l R eod-—0—7—
L= AHOY-ER
; ‘ B H T 3 3
=
= L REI-E— - - ¥270
_ AL —k3- t:— - - ¥420
(N S a-R - - ¥470
ey A 2D =Ly - v e -¥570
Yl | =2 |~ (mma) - .
FL) -2
=
n Forward vs Backward
= Transcription
¢ | « Forward transcription
it —Import foreign term / name
- * Newt Gingrich = may be several ways to
e L. )
= transcribe into Arabic
; "f_¢"' — Generally flexible
= o
~_ * Backward transcription
1 i1 —Recover original term / name
‘j N — Usually only one right answer
1 . - Newt Gingrich (not Newt Kinkridge)
S ~ | Knight/Sproat Writing Systems, Transliteration and Decipherment 62




Japanese News

BFOIL7., XKEYT— XD v—F18, YAX—X- h—FX
KN (2BB, 1FA—N—0O51UZA HSAX—KNLERIIERG, 2

Rl N=Ta—, IRF—, 28T INARF—TAOATZ5ANO—T%&L
SE | L. BE6F—/N—ODO73URA TFBELR > fro+
[t chyado kyanberu
~ EHCR. TPUA—OBREMASAR—KL, 5/N—F 1 —, 3
L RF—TROATE2ANOA—VHELEXRENF ¥ k- FvRIL
| —F E, AT X =D BRA DS ARXR—KNL, 5N—F1—, /—7R
- F—TRATESANO—ZHELERU<SKEOT Z— RU—
HBEIT VX —TH yenii perii
[
‘_;; 27 A —D21N R A DS AR—RNUVEREBOZRAH— 7Y X,
¢ I BN—=F1—, 3RF iibunpaa 7 > /N\—T2B E taigaa uzzu E27 >
o A—018IRAIZ DT Ve,
e — | Knight/Sproat Writing Systems, Transliteration and Decipherment 63
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Il
) Chinese/English
=7 What's my
name in KEBIN NAITO
Japanese’7

That's good,
Great! | would but this written
What's my do it like this.. character has

name in amore pleasing  Hi, what are you guys doing?

Chinese? No! More  connotation... I brought chips and soda...
appealing
% Ilke this.. i / i /

|
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i \7 |
i A ‘|

| Chinese

-~ ¢ Several hundred syllables in inventory
' | — Must stick to this idiosyncratic set

1) — Washington > Hua Sheng Dun

— No other syllables are easily written

e
|(, « Homophony: after we decide on syllables,
~many characters to choose from

1 i1 —Washington = Hua Sheng Dun > 4% g 47

.. | = Transcription vs Translation

¢ — Kevin Knight = Nai Kai Wen or Wu Kai Wen

4|
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W;

al
- Translation versus Transcription

¢ Sometimes things are translated instead

of transcribed

— Japanese: computer > A E1—X—

= (konpyuutaa)
L' — Chinese: computer > EBiX

(dian nao) (“electric brain”)

— Arabic: Southern California =

= (Janoub Kalyfornya)
| il N

Y transliterated

15 translated

S
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n An Interesting Case:
What’s Going On Here?

-
==

| » Observed English/Japanese transcription:
'\, —Tonya Harding - toonya haadingu

| -i — Tanya Harding - taanya haadingu

'« Perhaps transcription is sensitive to

' source-language orthography ...

=« Or perhaps the transcriber is mentally

I

..., mis-pronouncing the source-language
-~ word

| Knight/Sproat Writing Systems, Transliteration and Decipherment 67
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|.i.'." A .\"|
o) A Model of Transcription
7 KEVIN KNIGHT English writing
' KEHVIHN NAYT English sounds
-~ KEBIN NAITO Japanese sounds
- TE”Y T 1h Japanese writing

| Suppose we believe these are the steps.
L1 We can model each step with a weighted finite-

== state transducer (WFST), and employ Claude
p=ry Shannon’s noisy-channel model.
S 4 Knight/Sproat Writing Systems, Transliteration and Decipherment 68




[ A

A Model of Transcription

I
s WFSA A MODELING A
=1 DIRECTION
®’ @ Angela Knight
|_! 'I_ WEFST B
I :‘ AE N J EH L UH N AY T
s |

WEFST C
o, anjiranaito
| WFST D
i . DECODING
'©) T4 bk \ 4 DIRECTION
|/ i' [Knight & Graehl 98]
[A I
P A Model of Transcription
~
I WFSA A <€ kAAONDC,;EL,iAGE
|| _
i+ Angela Knight
= SPELLING
| WFST B <€ TO SOUND
e TRANSDUCER
1 AE N J EH L UH N AY T
| PHONEMIC

B WEST C <€ TRANSFER
. — _ TRANSDUCER
-, anjiranaito
P WESTD | € SPELLING
1 ‘h__ TRANSDUCER
s J[_|
|4 ;' [Knight & Graehl 98]




~ Spelling to Sound Transducer

* Richard talked about writing systems.
- | » Such a system captures an infinite relation of

/11 <sound-sequence, writing-sequence> pairs.

e: K
i CAT:e ,O——=0_ cne
= O ~
o \SeAT O .-
WFST \

( > J O © S | words > sounds O
‘-r?f”-. % | sounds - words
— = €€
= '_-4 | Knight/Sproat Writing Systems, Transliteration and Decipherment 71
s
'i'f fll‘_ - | [ ]
oy Learning Sequence
| 4 l I‘_'.\’| - mgm ., =
.~ Transformation Probabilities
¥ |deal training data:
——
I (=] L AE M P S T IY M
| | et
S 1| L|1 1‘1 P \u l \u \ 1 \XM u
=
1_ P(n|M)=0.5 need much more data,
i ‘ P(mu|M)=0.5 of course
L
~=Actual training data:
e, L AE M P S T IY M etc
‘7 | r a n P u s u t i i m u

_ ' Automatically align string pairs using the unsupervised
= | Expectation-Maximization (EM) algorithm.




| A . £ ] Piy|e + | Pl e E i P = - ' &
7 I English- T ?[Eglg Yot gtrfgi H o et as
(4 [\ 4 a 1. s B - 0.456 wu 0.098
.1, | Japanese AR s oo o
A . @ o -0 e 1 ). DED oY o i B a 0.030
- .. phonemic b | e 5y v 2t
I N ¥ a | B i (0 U wu Bkl
¢ transfer patterns [™ = [= iy 020 o L
== o 2 UL Yyuu I,
| leamed from P | o OMRRERRROSRE0 o | |y, om
T parallel i o 0.169 |iir Pt o
= o 1257 0085 W N E
< | sequences R o | [ e 0.134 | | 7 it
= : A au [EET] = 1_000 @ 00349
oA ir e [P 1 0.111 o . B
| oo U I . : A 015
Learned by e o NT u 0.076 i |
== EM algorithm W a T 0su - e i a0
I i Nk & e 16 a .01 u 105
[ = a 0018 IR 3 0. 320 ] & 0.539 i 0.048
sl . aiy 0018 iy 03 0.260 b 0.016
| ._-‘ [Knight & Graehl 98] CJT E.agi ji EE;? / 0 296
| Il n bu 185 ji Rl 128
I B <hy 02 eyt o087 A L r 0.621 ¥
! <k 0,240 2 0.032 SH 0,103
| o ._._!(J' teh i 0109 E 0.01 r u 0.362 f o
= ch i 0158 i Y 4 0.036
s teh 0.0%E @ h12 7 AL [ 0.018
= chyuw 0021 A (i3 sh i iy / 0.015
£y tch y 0020 k 1 0238 ssh 027 L~ n 0.013
: o d 0.535 (PR 8 1] sh 0015 i 0.011
' & d o 0.329 0043 h AT =h 0.011
o 1053 i 015 Lo 305 ZH 3y L]
i = b oo | L AT
oS | | k 1012 r (] 0.103% sh i 0.270
<o | DH i 0670 L T L X5 ch 0.043% ji 0173
sk | = u 0.125 U 0362 Lt 0.021 ] 0.135
Agaagil | i 0125 R %) ta 0.020 Ajyu 0027
1 i E 0.080 mu 0207 te u o1 sh y 0.027
] = | EH e 0.801 n 0.123 TH s u 0418 8 0.027
X | EY 0069 nm 0011 & 0.30% aqi 0016
= = ER =2 a 0714 ¥ n 0G7E sh 0,130
I\ a 0,051 ¥ ngu 0743 ch 0,038
| M ar 0063 n 0. 220 t 0029
5| er 0.042 ng D023 WFST
= o r 0029
=]
= ‘|| P T T . !
I . Angela Knight A
‘ Angela Nite
A Andy Law Knight
e iy
e Angela Nate 4 milions more
1 :? | WFSA A
Ann Gere Uh
Anne Jill Ahh
Angy Rugh
Ann Zillah + millions more DECODING
WEST B
|,,:f AENJIHRUH NAY T
2 AH N J IHL UH N AY T OH
oo + millions more
[ WFST C
RAPERE = = ]
1 anjiranaiato
(18
N G WEST D
V)
e 1|

TYYIHA R
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-
id&d
.y
li7ed
|‘_f_..‘_‘|
—

A Model of Transcription

WEFSA A

Angela Knight

WEST B

AE N J EH L UH N AY T

Can this transformation
WEST C ( be learned from
non-parallel data?

anjiranatmto
l.e., can katakana be
deciphered without

ﬁ WFST D parallel text?

: 7 T i./ 7 -+ /]’ ]‘* we'll return to this

& L) later =

I = | Decipherment section
L

{ Al

B

—

——

&2

=2 Intermission

|\_\_ |7_7|

|~




'l Alternative: Mapping Character

- Sequences Directly

|'__ KEVIN KNIGHT English writing

W KE VI N KN IGH T English letter chunks
i 7 E 7 T 1 b Japanese writing

'« Dispenses with spelling-to-sound models
1 and pronunciation dictionaries
-, » Can be learned from parallel data using

..., statistical MT-like techniques (over
- characters instead of words)

|
Knight/Sproat Writing Systems, Transliteration and Decipherment 77

N Hybrid Mapping Models

P ~* Sound-based and character-based
+ = methods can be combined

|;[‘.:I"-*" r |

- —[Al-Onaizan & Knight 02]

. —[Bilac & Tanaka 04, 05]

| —[Oh & Choi 2005, Oh et al 06]

il

‘“ '-"‘*.n?n
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N Re-ranking Transcription
= Candidates

7 e Co-reference can help

|7 [ — Short name may be disambiguated by full version

VLT that appears earlier in a document
-1« Web counts can help

' —BellClinton (6m), Bill Clinton (27m)
'« Context can help

2 — Donald Martin » Donald Marron ... but:

"— — — Donald Martin + Lightyear Capital (7)

:"'l — Donald Marron + Lightyear Capital (6000)

| [Al-Onaizan & Knight 02]
T '_-4 | Knight/Sproat Writing Systems, Transliteration and Decipherment 79

| Sl

N Use of Transcription in

.~ Machine Translation Systems

-+ What doesn'’t work:
- | — Execute named-entity (NE) recognition on source text
| — Transcribe recognized items
S=== — Tell MT system to use transcriptions
—— « Often breaks a translation that was perfect before!
— NE recognition is error-ful

— Transcription is error-ful Whole phrase
— Not all NEs should be transcribed translation
i — Phrase disruption /
| s « Vanilla MT system: L [f1f2f3]...> ... [ele2e3] ...
EIL | e “Improved” MT system: .. f1L[f213] ... > ...e5[e2e3] ...
'e) T— —NEID+
= L . o _ transcription
~ Knight/Sproat Writing Systems, Transliteration and Decipherment 80




Use of Transcription in

Machine Translation Systems
- Another approach [Hermjakob et al 08]

Transliteration Model MT system
Tl el oo v s phrasal translations
¢ T
Source side only, with
transliterated items marked Tagged test . Test
(throw away \Ltarget side) corpus Corpus
Trained monolingual “transliterate me”
tagger (doesn’t just tag names!)
Knight/Sproat Writing Systems, Transliteration and Decipherment 81

Other Uses of
Transcription Models

» Cross-lingual Information retrieval, eg, [Gao et al 04]
» Recognize transcriptions in comparable corpora, eg, [Sproat et al 06]
-« Regional studies, eg, [Kuo et al 09]

- » Automatic speech recognition

— Phonemic transfer models might adjust for non-native speakers?
 Normalization of informal Internet Romanization schemes

— Greek, Arabic, Russian
* http://www.translatum.gr/converter/greeklish-converter.htm

Cypriot Greeklish with Instant ego n 3ero re pe8kia..
Messaging Shorthand: skeftoume skeftoume omos
tpt..
Normalized for automatic indexing or Eyw ev &épw pe TTaIBKIA. ..
translation: OKEQPTOUNQI OKEQTOUUAI OPWG
TiTTOTA...
Knight/Sproat Writing Systems, Transliteration and Decipherment

see “Greeklish”, Wikipedia




n Overview of the
.~ Transliteration/Transcription
Literature

!

i‘;:i :. i 4
Vg ¢ |
It

We have only touched on what is a large literature.

1 _IH

=
5 7| http://www.cs.mu.oz.au/~skarimi/

-~ S. Karimi, F. Scholer, A. Turpin, A Survey on
.-, Machine Transliteration Literature, (Submitted

.-, Dec 08, Review received 31 Mar 09) Under

Revision for ACM Computing Surveys.
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o Discriminative models

~ » Often used in judging potential
transcription pairs in comparable corpora
since here one is merely trying to classify
~— the pair

| » We will briefly review two pieces of work:
= —Klementiev & Roth 2006

' —Some results from the 2008 JHU summer
e [l workshop

L
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Klementiev & Roth 2006

— TZ i ‘Hussein’ (English) |
i « Named entities (NES) in one ol T o
¥ language co-occur with their o TN '-:IJ o A 'l

... counterparts in the other §2° [ nlssan e
I ©| — Hussein has similar temporal 5 .
|l y histogram in both corpora = I n
- . — Different from histogram of WOFd?E e UM o Lo Al
| = Russia - russia’ (English) - ' T
| | |« NEs are often transcribed " \Im,l. o | | | N
= S .l II | 1| I 'II..,I .'.'. II'-~,.'.'.,J|.'_‘I-__'I',_-II'-_..'-'l._", TR NRAn
| =5 . Approach is an iterative e Tme 109
' algorithm which exploits these EPF'ISh NB 3"?55‘5‘“ NE

= two observations - oA

i | 0l fletcher h.aeraep

‘_ [_i « Given a bilingual corpus one bradlord fpashopi

k| il side of which is tagged, it 15';1.[3-el H3a0eTh

s discovers NEs in the other hollmann TochMaH

0 language kathmandu KaTMAILILY

T = Knight/Sproat Writing Systems, Transliteration and Decipherment 85
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P Klementiev & Roth 2006

"« Alinear discriminative approach for

!C i ,\| . .

o transcription model M

e . .

= — Use the perceptron algorithm to train M

I | | . . .

s —__j‘ — The model activation provides the score used to
s .

= select best transcriptions

e Initialize M with a (small) set of transcriptions as
10 i, : :

¥ = positive examples and non-NEs paired with

Tl random words from T as negative examples

= = Knight/Sproat Writing Systems, Transliteration and Decipherment 86
=




Klementiev & Roth 2006

e Features for the linear model M are:

— For a pair of NE and a candidate (Eg, E;) partition E, and E; into
substrings of length 0 to n
— Each feature is a pair of substrings
— For example, (Eg, E;) = (powell, pouel), n = 2
« Ec>{.,p o, well po,ow, we, el l}
* E;—>{,p, 0,u, el po,ou, ue,el}
» Feature vector is thus ((p,_), (p, a),... (w, au),... (el, el),...(ll, el))

=« Use an observation that transcription tends to preserve

phonetic sequence to limit the number of features

» E.g. disallow couplings whose starting positions are too far apart
(e.g. (p, ue) in the above example).
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Il Klementiev & Roth 2006
owers
1 _
' - Input s “"“L T

o
==

!C y a"- 7‘|

& Y Initialization
" Initialize transcription model M

""‘JH /
U

| Rl

Bilingual comparable corpus (S,T)

Set of Named Entities in S

_ | Repeat - -
De o — — = ||
For each NE in S - —

Collect candidates in T with high 7 4
score (according to current M) |
For each candidate, collect time distribution
Add best temporally aligned candidate to D ==
Use D to train M e
=/ Until D stops changing : e — IS
M D
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Klementiev & Roth

Algorithm iteratively refines transcription model
with the help of time sequence similarity scoring

— Current transcription model chooses a list of candidates

— Best temporally aligned candidate is used for next
round of training

| Iteration 0 || | Iteration 7

1 | exope {-¢, -it, -#immero, it } 1 | dopeaiim {-a, -, -y}

2 | odopy {-aeH0. ~neHrn, -HL -KTh } 2 | odopw {-neno, -1eHnn, -u.1, -¥Th}

3 | vokpaiin {-a, -} 3 | npopet {-BOM, B, AN, ~THIX, -BRI, ...}
4 | paope {-He, -, -, -HIWK ]} 4 | Pppoece

doceer -{-'1; =Td. ~T¥. -&. -w\-'}

[y §

L]

L] .
24 | dopeotin {-a, -, -y -

L4 3

Example transcription candidate lists for NE forsyth for two iterations
[correct is ¢popcanT]
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Representation matters
(don’t simply conclude that one should build a
model based solely on orthography)

EP-CP EL-CL EL-CP

1.00
|
1.00
1
1.00

04as
|
+
|3
1
P
f
0as
|
%
+
+
+
i
0as

A
S
3 -G‘F 2 & 2
§ =} A =}
a
L)
wy uwy ' uwy
@ @ ! @
o o :!\ o
2
—=— overall & —— owverall —=— owerall
- positive & - &~ positive - &  positive
2 | ~+  negative 2 w=-  negative a8 | -+ negative
= = =
T T T T T T T T T T T T T T T T T T T T T
o 20000 40000 §0000 Ju] 20000 40000 50000 a 20000 40000  5DOOO
Knight/Sproat Writing Systems, Transliteration and Decipherment 90




i Part Il
L= Decipherment

1Ll
[F = U
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BN Some decipherers

[

—57

B :; \

red Thomas Young Georg Friederich
(=] Grotefend

‘{[[\t / ‘ 'T_ | J

=

I i'i‘ Jean Francois
Champollion

Henry Creswicke
Rawlinson

ool | Michael Ventris

Knight/Sproat Writing Systems, Transliteration and Decipherment 92




Not everything is decipherable

& . The Phaistos Disk:

I:;E;\ . . .

RO, Most serious scholars think the text is too short
[& ﬂ

pE

==

—~

’f.‘--_:'f.

g

=X

L 11 A recent “find” from Jiroft (Iran)

et |
1| 1\ ‘ ‘ Many suspect this Is a fake
.

(] &

):‘l, T
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Not everything that consists of
Ilnearly arranged symbols IS writing
[&q)

e

e

=;

=]

u_;ﬂtn

e

[ e —
u
e

Symbols for the major deities of ASSurnasirpal Il
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/! Not every communicative symbol

system is writing

= _ |

[

=

| Naxi text

% j‘iﬁl

|ui i

"”If

‘z;: _]| Knight/Sproat Writing Systems, Transliteration and Decipherment 95
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Ij wr f\_ .H.‘|

-~ Questions that have to be asked

d

7 e |s the artifact genuine?

- 2

“' * |s the symbol system linguistic or non-
~ . linguistic?

~ - If you have bilingual text that can help answer
L the question

('  What is the underlying language?

- * Which direction was the text read in?

-y » What kind of writing system are we dealing
— with?
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Techniques and issues

e+ Bilingual texts; names

« Structural analysis
» Verification

Knight/Sproat
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Para
(Yo

llel and comparable texts in Egyptian
ung & Champollion, 1816 onwards)

ey b
/V‘::EE“H ! o
/F_’ e “_:;?\
4 IR S *‘l "
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/1l Parallel and comparable texts in

s Egyptian
RO CaZwisacim)
| 1: tw m

bt Figure 4.12: Ptolemy from the Rosetta stone.

Kk p 3 t 3 t

e - 4 [] ' %ﬁ: o

/- ‘ L-‘i'!n é:)lj :x%ﬁ

5 l y w r

I I I Figure 4.13: Cleopatra from the Bankes Obelisk.

‘" ptwimyys (MMTOAEMAIOZ) djdt ‘nx mryy pth
& | Ptolemy, beloved of Ptah, may he be given (eternal) life

¢
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' _| Parallel text --- without parallel text

7« In early September 2008, many people were

| focussed on Hurricane Gustav, and what

' damage it might inflict upon the US oil industry in
- the Gulf of Mexico, or on the city of New

.. Orleans...

.~ « If you looked in Chinese newspapers at that time
_— youd find mention of HHTEX (gusitafi)

-« Proper names are often an implicit source of
b parallel text

L
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'/ Grotefend’s (1800) decipherment of
Old Persian

S| Grotefend expected to find the names
.~ Darius and Xerxes in an inscription from

=g Persepolis =T 3
- @I AT QRO e e iz
l‘_"* — e Grotefend g W~ urﬁ&\ LR ,_L T ‘ AL v 1IN the

¢ Inscription w e G G

q — Kings were designated in a very formulaic way: X, great king,
e king of kings ... son of Y

— Xerxes and Darius’s names were something like xSherSe and
— darheus

_ — The later word for ‘king’ was kSeio

From history it was known that Xerxes was the son of
Darius, and Darius the son of Hystapes (who was not a

| — By the largt @@m«q s | amieire | enthe
= AL ANET= AT ARG s oo

iy separators s o i iaie s, N MUSE
Sa® o Tor »Y" '7'))E v()' ;

i) bealphabe EcosTiRRERIRES: 1 ) be

= = Wrong_) (Y {3 BT W v <] < < %

< :4 | Knight/Sproat Writing Systems, Transliteration and Decipherment 101
[l

A J '

'l Grotefend’s decipherment of Old
o Persian

¥ e« From later Persian (Avestan) texts a few things were
<  known:

.,\ ) |

% king)

V=

i
Knight/Sproat

— '« Grotefend reasoned the inscriptions might be:
— Xerxes great King ...
— Darius great King ...

son of Darius
son of Hystapes

Writing Systems, Transliteration and Decipherment
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A, great king, son of B
B, great king son of C

xsherse k&eio

-3 [j« K*ﬁﬁ‘& IR ORI e o v
[I[r%p{i) \Qﬂgg ,.JH\_\ e :, 4\' M |- |<\ _E_TL‘ Tﬂ
Ll Kﬁ? il M R R darheus 3
B LT«* R e SRR

T darheus __ kseio

= I:ﬁfﬁ B e | e KT |
= Pl T T e e e Yo e

NN II

= Yo I Yo- sty VS0 gy«

ke TR R R R TR E a4l 1

?ﬁ\%ﬁ%‘w<<TT’WTT,*<??’_WMft< |

&%) e HORDAT ST b 20T e T G 3 &7 %
1
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im: o T oTE 0T <

.:,'Q d a i h € u Sh

BT

280 da-a-ra-ya-va-u-§ / rva-$-a-ya-fa-i-ya / va-za-ra-ka / ra-sa-a-
[()\; il ya-Qa-i-ya / wa-Sa-a-ya-0a-i-ya-a-na-a-ma  /  za-sSa-a-ya-fa-i-ya

/ da-ha-ya-u-na-a-ma / wi-it-3a-ta-a-sa-pa-ha-ya-a / pa-u-sa

] / ha-za-a-ma-na-i-sa-i-ya / ha-ya / i-ma-ma / ta-ca-ra-ma /
== a-ku-u-na-u-sa
S
[_,;-.-r:-gi Darius, the great king, king of kings, king of countries, son
| o of Hystapes, and Achaemenian, who built this palace.

% W Bl m =R

vl
i ]‘ s
L U g o b - RN
—
(]
17
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i | Structural analysis: Linear B

" (Michael Ventris, early 1950’s)

|  | ru ki to L a mini so

| o KOber’S “tripletS": rukitijo aminisijo

e rukitija aminisija

|[i : | Luktos Amnisos

. * Ventris’ grid ‘

' ':_‘ __rguu:ll:{?_sﬁjj!*_f__ _ 1||—|—l 37.2
|~ vawel? TP N LY
| mh_‘ffn_m ff: H_e.ii :1_ 525 21.2 | ;Tu]’ 281 | ? 8.8
|U7_'"l'.‘_’ﬂ\ 2 ;ﬁ 19.6 1|r T s - S
‘-;’f’”-, :Hu 3 = “' _ 1z [ A% 33 | m_ 10.0 |
© N 4 IN rol I 206 W 04|
< = | Knight/Sproat Writing Systems, Transliteration and Decipherment 105
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I'.i.'rf .\"|

i) Verification: Linear B

' 7 = The phonology of many words

: | corresponded to what was suspected for
"' Greek from the relevant period:

] 1‘1 — wa-na-ka (*wanaks, later anax ruler’)

; . —i-qo (*Yiqq“os, later hippos "horse’)

(' « No definite articles

.-, * Confirmation from new finds by Carl

‘7 ”I" Blegen: ti ri po de ge to ro we q“etrowes
ELY = =t !
I A2g eHLE

V=

|
Knight/Sproat
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Verification: Babylonian

Babylonian is a complex mixed script.

— The decipherment by Henry Creswicke Rawlinson and others
seemed so arcane that many people doubted the decipherment

| ¢ In 1857 the Royal Asiatic Society received a letter from

W.H. Fox Talbot containing a sealed translation of a text
from the reign of Tiglath Pileser | (Middle Assyrian
period, 1114-1076 BC)

_ ~ « Talbot proposed comparing this with Rawlinson’s

translation, which was soon to be published

|« Rawlinson not only agreed with this proposal, but

suggested that two further scholars — Edward Hincks
and Jules Oppert — be asked to provide translations.

Knight/Sproat Writing Systems, Transliteration and Decipherment 107

Verification: Babylonian

Rawlinson: Then I went on to the country of Comukha, which was
disobedient and witheld the tribute and offerings due to Ashur my
lord.

Talbot: Then I advanced against Kummikhi, a land of the unbe-
lievers who had refused to payv taxes and tribute unto Ashur, my
lord.

Hincks: At that time 1 went to a disaffected part of Cummukh,
which has withheld the tribute by weight and tale belonging to
Assur, my lord.

Oppert: In these days I went to the people of Dummukh, the enemy
who owed tribute and gifts to the god Asur, my lord.
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Verification

e A text from Abu Simbel

it rams SS

lré:] Tuthmosis
=

=;

”“l’f“* [,ﬂi On the Rosetta Stone, (2) was found to be aligned with the Greek word

L “ genethlia ‘birthday’: the Coptic word for birth was mrse confirming the ms

‘ — -

. reading for this glyph

~ = Knight/Sproat Writing Systems, Transliteration and Decipherment 109

How complete must a decipherment be

for it to be verified?
S = | 153 =Er02 (with addition of new fragments) [880]
b 7om ¥ L . . -
s [?)‘ U [e]-ke-ray-[wo  ki]-ti-me-no  e-ke
{ i} 2 sa-ra-pe-do-[t ?  pe]-puy?-te-me-no
1 3 to-so [pe-ma] WHEAT 30[+207]
Ic-__:: * to-so-de [...]-to pe-ma WHEAT 42[+27?]
;-':-D; 5 to-sa  we-je-[we ] 1100[
'It Iliﬁ : 6 to-sa-de su-za [?] 1000[
s vacat
[{_:_T:( 8 ku-su-to-ro-pa, to-so pe-ma 94
[l ?Ekhelawdn has private (lands) on the S~ peda, planted with trees.
/ e So much seed: ?6000 1. wheat,
= | so much seed of the [...]: 75280 1. wheat.
I So many [...]: 1100?

Y So many fig-trees: 1000?
Aggregate, so much seed: 11,280 L.

= N

S
it
P

!
u

From Ventris & Chadwick, Documents in Mycenaean Greek

N =
Tye=f
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0 Prospects for Automatic
Decipherment

-
=

- | » Automatic decipherment is why
/11 computers were invented, in the 1940s

-« Of course, military ciphers are different
: ' from unknown scripts

-« But similar skills and techniques may
.y apply

|
Knight/Sproat Writing Systems, Transliteration and Decipherment 111

. Letter Substitution Cipher

'~ « Plaintext: ~ HELLO WORLD ...
;[ !« Secret encipherment key:
I']_' PLAIN:  ABCDEFGHIJKLMNOPQRSTUVWXYZ

__ CIPHER: PLOKMIJNUHBYGVTFCRDXESZAQW
¢ Ciphertext:  NMYYT ZTRYK ...

=
) Lol k"

Key is unknown to code-breaker
‘ |« What key, if applied to the ciphertext, would
yield sensible plaintext?




Tl ) i} - -
KDCY LQZKTLJQX CY MDBCYJQL: “TR

A
B 3
Cc 8
- - - . - i} D7 #
Y E 1
HYD FKXC, FQ MKX RLQQIQ HYDL -
e V3
- ) - - - - J3 .
i K O s V
MKL DXCTW RDCDLQ JQMNKXTMB L 10 4
it N1 .
= - : p1
PTBMYEQL K FKH CY LQZKTL TC.” g3 ™"
Lid T ey
| s 3
- w1
: X5
Y 7 #### V
o = Z 2 .
(=
@ /o e.a .e o 0.e i
’KCY LQZKTLJIQX CY MDBCYJQL: “TR 2.
— cs8
.0 .a .e a . ee.e .o D7 #
HYD FKXC, FQ MKX RLQQIQ HYDL -
e = H3 .
gl .. e .e .a 530
[ K O ##### V
MKL DXCTW RDCDLQ JOMNKXTMB L 10
it N1 .
-4 0.e a .a. o0 e.a 0
PTBMYEQL K FKH CY LQZKTL TC.” g3 ™Y
L $ 7 #H#V
| 3
F e W 1
- X 5
() Y 6 ##HH V
= z2




/auto repairmen to customer if
KDCY LQZKTLJQX CY MDBCYJQL: *“TR

A
B 3
s C 8
you wait we can freeze your b7 #
HYD FKXC, FQ MKX RLQQIQ HYDL -
IR ) ) H3 .
‘car until future mechanics .
= K9 ##H#H#E V
‘MKL DXCTW RDCDLQ JQMNKXTMB L 10 4
‘discover a way to repair it 0
PTBMYEQL K FKH CY LQZKTL TC.” &g 7Y
Lt Ty
| s 3
5 W1
- X 5
(] Y 6 ####H V
= z2 .

Letter Substitution Cipher

* How little knowledge of the plaintext
language is necessary for decipherment?

 7Q — Simple letter-based n-gram models

i —';_; —P(a|t) -- givent, chance that next letter is a
-+« EM-based decipherment

& _[Knight et al 06]

. * Integer-programming-based decipherment
- —[Ravi & Knight 08]

i

L
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Letter Substltutlon Cipher

100

ia Q_\_\_ - -
1L an - Nx‘\* {‘\ _ 3-gram toomes

= 0 - ' |

I:l-'l;ii ;. =4 'I ™

|"[ I"-* ! | TD | ey '._.-..-_E- .'\-.\ i ': i

B0 | A .

T 5 D | -..u.. I-'__I =
3-gram letter-based v 1
language model % b i
of English used for S A
g a0 : SR .
A decipherment d \

— = | 2D | '._I - |

40 [

\
Decipherment Error (%)

o~ _.: = e .
il [ .
10 - i -
= | i .
0 - o 1 ] ] ] ] ] 1 B 1
\J —
& | 2 54 128 256 512 1024

! 4 =1 16 32 2
| Cipher Length (letters) . :
i = | tpher Length fletters [Ravi & Knight 08]

| Unknown Script as a Cipher

| , :
|§ (+) ciphertext

¥ e , GCreek ___ BH72
= sounds L
—— (Linear B tablet)

= “make the text speak”

ciphertext

(N T Modern
.5t > Mayan ——

=] sounds (Mayan wrltlng) )




Unknown Script as a Cipher

ciphertext (6980 letters)

T Modern W )

oo Hg q : del ingenioso
1V 5 sounds hidalgo don ..
| f (Don Quixote)
I\.\ :|_”-'.‘
| ' ;' 26 sounds: 32 letters:
:: B, D, G, \] (Caﬂ\lon), ﬁ; é-’ é1 I,! él l:l,

L (yarn)’ T (mln)1 a’ a! b1 C! da ea f1 91
|,!,: e | b,d, e f gkl «— o «— hijklmn,
Ll | m’ n’ O1p1r’ 01 p1 q1 r! 81 t1u
|smsvea rr (trilled), s, v, W, X, Y, Z
| 3| t, tS, u, x (hat)
18 __, [Knight & Yamada, 1999]
| \ ‘I| = .
Wy Unknown Script as a Cipher
l‘ ciphertext (6980 letters)
Y Modern W )
L= 23— Spanish — o primera parte
| q : del ingenioso
1V sounds hidalgo don ..
| PP)= P(c|p) =
| = P(pl | START) * P(cl|pl)* (Don Quixote)

—| P(2]|pl)* P(c2|p2)*

P(p3|p2) * ...

Phoneme

bigram model
P(L|tS) =0.003

P(c3|p3)* ...

Phoneme-to-
letter model
P(y|L)=0.87




ldeal “Key”

sound letter sound letter
B borv r r
D d t t
G g tS ch
J f u uord
L Ilory X J
a aoré nothing h
b borv T (before a, o, u) z
d d T (beforee or 1) corz
e eoré T (otherwise) c
f f k (beforeeorI) qu
g g k (before s)
i iori k (otherwise) c
| | rr (startofword) |r
m m rr (otherwise) rr
n n s (after k) nothing
0 oord s (otherwise) S
p p

Unknown Script as a Cipher

ciphertext (6980 letters)
Modern W _
> Spanish X primera parte
q . del i1ngenioso
sounds hidalgo don ..

(Don Quixote)
EM-based decipherment finds a very good “key” and achieves 93%
phoneme accuracy

Correct sounds: primera parte del inxenioso iDalGo don kixote..
Deciphered sounds: primera parte del inGenioso biDalGo don kixote..




How to Decipher Unknown Script if
Spoken Language is Also Unknown?

One idea: build a universal model P(s) of human
phoneme sequence production

Human might generally say: K AH N AH R 1Y
Human won't generallysay: R T R K L K

Deciphering means finding a P(c | p) table such that
there is a decoding with a good universal P(p) score

Universal Phonology

Linguists know lots of stuff!

Phoneme inventory

— ifz,thens

Syllable inventory

— all languages have CV (consonant-vowel) syllables
— if VCC, then also VC

Syllable sonority structure

— {stdbptk} {mnrl} {V} {mnrl} {stdbptk}

— dram, lomp, tra, ma, ? rdam, ? lopm, ? tha, ? mla
Physiological preference constraints

— tomp, tont, tongk, ? tomk, ? tonk, ? tongt, ? tonp




N Universal Phonology

o * Task 1: Label each letter with a phoneme

S : human oEILE primera parte
= ? 3= sounding —> ?H > del ingenioso
|[< ERERE: sequence hidalgo don ..
Eea
i :|_”-.;‘
s |
(I
| -’"-H'}
=

| | Universal Phonology

a — Task 2: Label each letter with a phoneme class: C or V

111 i§ # of syllable consonant/ q:ii:” primera parte
A syllableS—p. W —p type —p B —p vowel —p :H.: —— del ingenioso
in word sequence sequences hidalgo don
s |
= P(1)=7? P(CV) = ? P(V|V)=? Pa|V)="?

— P@)=7 P(V) =7 P(W |V)=? P@|C)=2
1o et P(CVC) =? etc.
b ;_:;fﬁ‘ + 7 other types
“Input; primera parte del ingenioso hidalgo don ..
| [ Qutput: CCVCVCV CVCCV CVC VCCVCVVCV cveveev cve ..
i -"*nﬂ
Pl U |P(CV) =045 P(VC) =0.09 P@|Vv) =027 P@|C) =0.00
0o |PV) =0.15 P(CVC) =0.22 Pb|V) =000 P(b]|C) =0.04
= 1| |P(CCcVv) =0.02 P(CCVC)=0.01 P(c|]V) =000 P(c|C) =0.07




Unknown Source Language

—ds
==

 Another idea: brute force

 If we don’t know the spoken language,
simply decode against all spoken
languages:
— Pre-collect P(p) for 300 languages

—> — Train a P(c | p) using each P(p) in turn

..:IQ" — See which decoding run assigns highest P(c)

... *» Hard to get phoneme sequences

—— » Can use text sequence as a substitute

.
= i)

(o)

Eg

UN Declaration of Human
Rights

I No one shall be arbitrarily deprived of his property

Niemand se eiendom sal arbitrér afgeneem word nie

Nul ne peut étre arbitrairement privé de sa propriété
Nimmen mei samar fan syn eigendom ber6éve wurde

= | Asnjeri nuk duhet t& privohet arbitrarisht nga pasuria e tij Ninguin seré privado arbitrariamente da sta propiedade
S Niemand darf willkurlich seines Eigentums beraubt werden
= I‘ Janiw khitisa utaps orageps inaki aparkaspati Kaveig dev utropei va otepnBei auBaipeTa Tnv 1810KTNGia TOU
© ' Arrazoirik gabe ez zaio inori bere jabegoa kenduko Avavégui ndojepe'a va'erai 0|mehalcha reinte |m_bae teéva N
| ~ | Den ebet ne vo tennet e berc'hentiezh digantafi diouzh c'hoant Ba W{:mda zaa kwacg wa,dL'Jk_l_yar§a ba tare da mkakkgn dalili ba
= N Senkit sem lehet tulajdonéatdl 6nkényesen megfosztani
7 _| Hukon He TpsibBa Aa 6bAe NPON3BOMHO NULLIEH OT CBOSATa cOBCTBEHOCT . e . ) . o
e Ning(i 5 privat arbitrari tde ietat Engan ma eftir gedpétta svipta eign sinni
= INgu no sera privat arbitrariament de la seva propieta Necuno essera private arbitrarimente de su proprietate
= ) o ) . ) ) ) Ni féidir a mhaoin a bhaint go forlamhach de dhuine ar bith
* ~ | Diaso prupiita in ni po essa privu nimu di modu tirannicu Al neniu estu arbitre forprenita lia proprieto
I | Nitko ne smije samovoljno biti lisen svoje imovine Kelleltki ei tohi tema vara meelevaldselt &ra votta
© 7| Nikdo nesmi byt svévolné zbaven svého majetku Eingin skal hissini vera fyri ongartgku
‘ R0 ) Ingen ma vilkarligt bergves sin ejendom Me kua ni dua e kovei vua na nona iyau
I il Niemand mag willekeurig van zijn eigendom worden beroofd Keltaan alkoon mielivaltaisesti riistettdkd hanen omaisuuttaan
13
= |
=
N
=]
[ Az




Unknown Source Language

e
- ¥ e Input:
- . _‘| cevzren cnegr qry vatravbfb uvgnytb gba dhvwbgr qr yn znapun ..
i ©]
e Top 5 languages with best P(c) after deciphering:
== -5.29120 spanish

L= -5.43346 galician
Lo ||‘ -5.44087 portuguese
g -5.48023 kurdish
| JV‘ -5.49751 romanian
-~ e+ Best-path decoding assuming plaintext is Spanish:
|l_ I "‘ primera parte del ingenioso hidalgo don quijote de la mancha ..
~p » Best-path decoding assuming plaintext is English:

{ N | wizaris asive bek u-gedundl pubscon bly whualve be ks asequs ..
1 - ¢ Simultaneous language ID and decipherment
= 1|
| Sl
|
I\ . . .
-~ Transliteration as a Cipher
ia} S

~ ¢ Ciphertext: Japanese Katakana

|| . . .
RO Plaintext: English
|‘7 & i)
|H.- W:.I
=
IE;L‘L_QH\ R
2 1l

N [Ravi & Knight 09]
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A

.| Foreign Language as a Cipher?

RIARE . - :
; ~» Ciphertext: Billions of words of Albanian
[t « Plaintext: English

S

|\77II:

['—.-_-._,H Is it possible to train statistical MT systems

= with little or no parallel text?

L =

LT

‘ * n\

L)
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. What's left to decipher?

oY 2-AAT YO YYD 1T vo1YMad

L de .

' 7 « Proto-Elamite MBIFHATI 44 YOHIAT RN
== 7 | B2V ITEVAINANYOATE
‘fﬁi J Ll Llnear A LOST LANGUAGES / THE [
\[\ ! ENIGMA OF THE WORLD'S [E3

UNDECIPHERED SCRIPTS [

| : o Etruscan / ANDREW ROBINSON /
. * rongorongo
.|+ Indus Valley

_ — » Phaistos disk e

T . .

‘L”:."v e Epi-Olmec and other Mesoamerican

cagaagii| .

(| scripts

i

05
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'« Mostly accounting texts

— » We can “read” the texts

Linear A

(Crete, ca 2000 BC to 1200 BC

o Clearly the precursor of
Linear B

(like Linear B), though
there are other kinds of
Inscriptions

but we don’t know
much about the
underlying language.

|
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| » The language (like that

Etruscan

(Italy, 700 BC — 1%t Century AD)

* The alphabet is known
— it was derived from
Greek and was the
precursor to Latin

of Linear A) is largely
unknown

|
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(A 1
T Proto-Elamite
o (Iran, ca. 3100 — 2900 BC)
¥ « Possibly as many as
“f | 5,500 distinct signs (?)
L[“‘--’." n_ [ . .
~_ * Underlying language is
| - unknown — may be
. ' Elamite (cf later linear
! Elamite inscriptions)
 butthatis not clear
i
AR “ n‘;fa-F
05
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N
.~  (Easter Island — 19" Century)
== « About 600 zoomorphic and
= anthropomorphic glyphs
‘Z' “"_;-_| Extant corpus is about 12,000 glyphs
“ = long, all carved on driftwood
o The underlying language (Rapanui) is
e = known
— :‘ Ethnographic accounts of the
W rongorongo ceremonies exist
| _;ﬁ' Claims to the contrary aside, there is
(i no evidence this was a writing system //
in the normal sense. s
= — The only bit of text that has been R e €
|LL I ﬂ‘, “deciphered” is a calendar
g "n:
‘f‘;«; [
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A

 Inscriptions are very short

» The “standard” theory,

* Recently, Farmer, Witzel

Indus Valley
(South Asia, 26t"—20t century BC)

» System with a few
hundred glyphs

— longest on a single
surface has 17 glyphs

due to Asko Parpola, is
that this was a Dravidian
language

and Sproat argued that
this was not a writing-
system at all
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Phaistos disk
(Crete, ca 1800 BC??

e 241 tokens with 45 distinct
glyphs
— Glyphs are all pictographic —
images of animals, people,
various objects
» Textis on both sides of disk in
a spiral working from the
outside

* The Phaistos Disk is the
world’s first known printed
document

* There has been a recent
suggestion (by ancient art
dealer Jerome Eisenberg) that
it may be a fake

* Inany case, the text is too
short to allow for a verifiable
decipherment
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If’ jf “| . .
T Epi-Olmec/Isthmian
s (Mesoamerica — 1400 BC??)
T+ About 600 characters  gimsbesies
| of text extant s- | PR ai e
(= b e
"1« Approx. 166 non- S
1 numerical signs -_'ggggggggg
e i1 S
.+ Justeson and ey loEdsions
| Kaufman proposed a Wi
~ decipherment as (epi)- |2 %ggggg
~ . Olmecin 1992 e |
(O . % K gios
.., * Butthis s hotly gggggf
¢ contested ... GrEEEds
L] Gaesil
N G =BEasz /
= '_-.4 Knight/Sproat Writing Systems, Transliteration and Decipherment 139
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e Further Reading
7
37 Writing systems
|i .l‘|\ . P. Daniels, and W. Bright (editors). 1996. The World’'s Writing
v q | Systems. Oxford: Oxford University Press.
|f . H. Rogers. Writing Systems: A Linguistic Approach, Blackwell,
M= 2005.
| —'f—,_.‘ . A. Robinson. 2006. The Story of Writing: Alphabets, Hieroglyphs
i 11 and Pictograms. Thames and Hudson, London.
|+ A Gnanadesikan. 2008. The Writing Revolution: Cuneiform to the
(= Internet. Wiley-Blackwell, Malden, MA.
d . R. Sproat. Language, Technology and Society. Oxford, Oxford
13l University Press, Forthcoming, 2009.
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N Further Reading

~ Encoding: there are many documents on the
| web that discuss encoding issues,
including various documents from the
- Unicode Consortium.

= ,f‘

1 _IH

However one of the best starting places is:

i_ ' http /[Iwww.joelonsoftware.com/articles/Unicode.html
Aaresy )|

L
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-y Further Reading

'~ Transliteration/Transcription
||

" http:/iwww.cs.mu.oz.au/~skarimi/

| '1_ S. Karimi, F. Scholer, A. Turpin, A Survey on

'_ Machine Transliteration Literature, (Submitted

| Dec 08, Review received 31 Mar 09) Under
= ‘ Revision for ACM Computing Surveys.

i

| s )
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¥ Discriminative models of transcription
-~ 1. A Klementiev and D. Roth. 2006. Weakly supervised

| named entity transliteration and discovery from
I‘_ ; multilingual comparable corpora. In ACL.
-~ 2. D.Zelenko and C. Aone. 2006. Discriminative methods
1 for transliteration. In EMNLP.
| 3. S-Y.Yoon, K-Y. Kim, and R. Sproat. 2007. Multilingual
s transliteration using feature based phonetic method. In
: ACL.
— 4. D. Goldwasser and D. Roth. 2008. Active sample
[ selection for named entity transliteration. In ACL.
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AN Further Reading

-+ Decipherment

| 1. R. Parkinson. 1999. Cracking Codes: The Rosetta Stone and
& Decipherment. University of California Press, Berkeley.
] = 2. M. Pope. 1999. The Story of Decipherment: From Egyptian

= Hieroglyphs to Maya Script. Thames and Hudson, London.

— 3. A.Robinson. 2002. The Man who Deciphered Linear B: The
|_. - 5_--'*-?;_1! Story of Michael Ventris. Thames and Hudson, London.

4. A. Robinson. 2009. Lost Languages: The Enigma of the
World’s Undeciphered Scripts. Thames and Hudson, London.

S
= Knight/Sproat Writing Systems, Transliteration and Decipherment 144




] Further Reading

¥ Auto Decipherment

1. “A Computational Approach to Deciphering Unknown Scripts”,
(K. Knight and K. Yamada), Proceedings of the ACL Workshop

L on Unsupervised Learning in Natural Language Processing,

1999.

L | 2. “Unsupervised Analysis for Decipherment Problems™, (K.
| Knight, A. Nair, N. Rathod, and K. Yamada), Proc. ACL-

COLING (poster), 2006.
3. “Attacking Decipherment Problems Optimally with Low-Order

0 N-gram Models”, (S. Ravi and K. Knight), Proc. EMNLP, 2008.

4. *“Learning Phoneme Mappings for Transliteration without
Parallel Data”, (S. Ravi and K. Knight), Proc. NAACL, 2009.
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