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ABSTRACT

This thesis explores using phonological principteKhmer to build a model which

can automatically transduce orthographic native Khwords into a phonemic
transcription and a close phonetic transcriptidme &pproach chosen for this research
involves two processes: (1) converting the orthpgi@words into phonemic
transcription which represents careful speech,(aphdonverting the phonemic

transcription to the phonetic transcription whiejpresents casual speech.

Three datasets are created to manually train trdehas well as test it, and two Thrax
grammars were written to fulfill the two procesdeataset 01 is a list of manually
selected 140 words which covers most spelling andynciation cases in native
Khmer words. Dataset 02 and Dataset 03 serve @sgemtaset. Dataset 02 is a list
of 7,654 words drawn from the official Khmer momgjual dictionary published in
1967. Phonemic and phonetic transcriptions of @amtdl in Datasets 01 and 02 are
manually created based on existing phonologicalcgles/regularities postulated by
previous scholars. Dataset 03 is a list of 6,49&&arawn from the Cambodian-
English dictionary together with their phonemiamsaription done by Robert Headley
published in 1997. Ruby was used to do the dataapa¢ion for Dataset 02 and
Dataset 03 because it is easier and quicker topukaté the data using simple syntax

and regular expression.



The first Thrax grammar was written and validateduccessfully convert the
orthographic native words into phonemic transaoniptiThis process involves
mapping a Khmer character to an IPA characterohéténg syllable parsing, and
implementing phonological regularities. The sec®hdax grammar was written to
convert the phonemic transcription into phone@mscription by implementing some
known phonological regularities such as: schwaaspgiration transition in the initial

consonant clusters, pre-syllable reduction in théyt words, and others.

The results show that the error generated by theThrax grammar is reduced from
97.86% (using simple grapheme to phoneme mapping)14% (using the mapping
and phonological regularities) on Dataset 01. OtaB&ts 02 and 03 the average error
rates are 0.89% and 2.87% respectively. Most trgsigms errors stem from
exceptional and irregular cases where the orthdgrapords are pronounced

differently from their spelling. All error caseseaiully documented.
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Script

GLOSSARY

a vowel that requires an initialsmmant to form a
syllable. A syllable is invalid if it starts with a
dependent vowel.

orthographic marks used to change thesef
consonants, modify the vowel quality and more
(i.e. MUUSIKATOAN, TRIISAP, BANTOC ...etc)

a vowel that does not requirmiial consonant. They
could form a syllable by themself or with a final
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abstract vowels which have no exptithographic
symbol but co-exist in each consonant

words that fit into the orthaghic syllable structure of
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different from that of Pali/Sanskrit loanwords even
though they are written/spelled alike.

consonant written in Khondrography
vowels written in Khmer orthaginy

a type of writting system (Mountford®&9, in this
thesis, "writing system™ and "orthography" are used
interchangeably (Sproat 2000:23).

a system of symbols used taidegmatterms with a
string of characters either as a set of stringgu(ee
language) or a set of ordered pairs of stringsu{eeg
relation) (Mitkov 2003:754)

It roughly corresponds to orthographepith (Sproat
2000:6). An orthography is "not deep” (or reguiar
is generally possible to reconstruct the pronuramabf
a word by simply looking at the string of symboisia
applying general “letter-to-sound” rules.

a general purpose, object-oriented programming
language invented by Yukihiro Matsumoto (a.k.a.
Matz) with the intension to make programming faster
easier and more fun

a set of distinct marks conventionally usedepresent
the written form of one or more languages: crugjall
one can speak of a script without implying its teea
given language. (Sproat 2000:23)
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Series

Series assimilation

Sonority hierarchy

Subscript

Thrax

Writing system

a term first referred to by Henderson (1B&P) as
register, which is the distinction of pitch (firgtgister
has higher pitch than the second register). Laseob
(1968:4) had a different description whereby thst fi
register is clear (‘head' voice and a certain aegfe
tension), and the second register is breatherstche
voice and a comparatively relaxed utterance).
However, Huffman (1978:2) suggests that Khmer may
never have been a register language. He added that
term register should be reserved for a language in
which there is a complete dichotomy of phonatiqrety
through out the vowel system. He then (Huffman
1970:15) proposed the term "series" instead. Both
orthographic vowels and consonants are divided into
two series: first series and second series.

a phenomena which Huffman (¥8)Qefers to as
Vowel Governance, for the pronunciation of a vowel
symbol, including the invisble inherent vowel, is
determined by the series of the initial consonant
symbol it is attached to.

ranking of elements from the temsourous (the
highest value) to the least sonorous (the lowdsieya
(crystal 2008:442); see also Figure 5 Sonority
Hierarchy

a symbol representing any consonantviolig the first
consonant in an orthographic syllable (Unicode
Consortium 2015:614)

a grammar compiler which uses regular exprass
and context dependent rewrite rules into weighted
Finite State Transducer archive

a script used to represent a pddardanguage (Sproat
2000:23)

XVi



%&% '

! The phonemic transcription represents carefulcpead the phonetic transcription represents casual
speech.



‘ &
' &
+ +
‘ , &
&
! I
- /
+00+ +11+ 2
! +00+3 /
+11+
+ 00+
Y 00&11
&
+ 114
' ' 00&11
&
|
I
4 $ +5+ !
6 + + + +
+5 +
' , 5 &
&



8



%

CD

00&11

&



o 00&11
&
9
' m 00&11
&
) $ ( %
- ! I
! !
- < ! E + +
<
' ' 00&11 :
& &
!
!
!
$
! |
!
! n
> BGD =

&

BFD



> T ' + H+ EGHLEL
= #$%' +: B+ EF:IEC
? & ' + o+ B D
(*
2 $
( ' + + EFJ L
)$* : + + EFJ L
+ 1)
K I
/
o + + ECL
r+ + 4 E CL
n 1 %
8 I I "
7 9
7 & o +0 : + EL CL
9 , ' I + + EL CLC
< > =
< - oo +50 HL + ENHLCL
> & +50: + E: C
= /.0 S +50N N+ EN NCLC

2 The aspirated transition] [and the sonorant devoicing phenomena seem ta atcelation to one
another.



K K !
1K 2 4 - ¢] (
P QR ;

=?S | i i
? "TO # #1! =<?"3( U =<"3
; ?7"9<< ! 2
o] : #I =<?"

| $ |
$ *k |
! 4
V$ K
" w
!
!
! ! A S
! )-1 8
BSLLED B5 LED
8 $ ! !
+ A
+2

I

- + 00+

- 12 + 5+

! #
! I 42 4
| *x | |

+2

3 As of 2015, the population of Cambodia is 15,588, http://www.ethnologue.com/country/KH



=0< [

+2



=?S |

+2

45

+2

*

67



K

)2!
=0<

10

+2



QU

%

11

#1

=<?

=<"/

#1

3#



on 8),<= 8 >
1 $*
*
$ * F* F* F*
* ¢ H*
+ * | I % *
5
*
1
*
)] ?2?7="7<
#1
=<?"> #
4 $4
+ + + i+ o+ o+ + o+
+ * $
+
+ +
+LL+ +LL+' " +LM+ + LA+
+LL+ * $
+LN+ !
+LL+
+ + + +'$% + + + +'l
+ * $
+ + ! !
+ +

* It/ only occurs in loanwords, especial French Bndlish.
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+ + +LL+ + +

+ 4+ LM+ +

R ! )] ?="7
# 1
! +L + +L + +L +
! + L+
+L+ +L+ +L+ $ +L+ + L+
++ ++ X ! !
+L+
| < "
? "+ M L - 11 00+
> "+ A~ L O+
= "+L AL L L +
+ 2 @ 2 @
r N /\L L
L LL
21 11 L
1 0 00
2 ==/" |
%
#I =<
" ! E

13



I "KK KOA #!

#
=<<"$ # =7"7? ! "

KKOA $ !

Q " E

8 X !

E 1o oo
KOa8E 2 +0 E+' '
KOa8E 2 +0 +' E '

KO,a8E 2 +@0: L+ '
KO,a8E 2 + LE+"' '

) ++ , E !

8E I I
] : I E

Lo

A S$ "

+ L N+ Y
+ + ' '
+@ L: L+ b
+HL HL+ A
| | +2 A #I
=<7 !
- %

! !

6
[ +2

14



w2 ?"7

6 2
$ o rol
$ | Hk
I ! !
#I =<', | ‘
I ! ! $ 1 +E+ ++
++ 3++ ++ | ++ 4 ++ +5+
K ! +11+
3 ! +00+
A $
+ 00+
5 + FOO+
+11+
+:11+

++ 5 +F+ ++ 6 +F+ +:+

++ 7 +F+ 8++ 9 +F+ 0 +N+

$ * © . +H+ < +F+ = +H+ > +F+ ++

$* ? @++ $+F+ A++ B +F+ + +

2 +@+ C + F+ ++ D+F+ 2 ++

- 1 +E+ ++ ++ 3++ ++ 4 ++ ++ +5+

® More description on Series System in Khmer istided in section 2.3.3 below.

® Huffman (1970:14) called these 'Retroflexes', thay are actually not retroflexes. There is no
retroflexes in Khmer.

" Huffman (1970:14) called these dentals, but tretyadly are alveolar.
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I I
! I ++
/
n $ * _
, * + * $ *
% % %
++ \ [F5 +F+
++ F6 +F+
++ F7 +F+
8 ++ F9 +F+
©o+H+ F< +F+
E4 ++
= +H+ F> +F+
@+ + F$ +F+
A++ FB +F+
+@+ FC +F+
++ / \FD+F+
%
#U1 =<7

"When two orthographic consonants are pronouncetseoutively (without
an intervening vowel) within a word, the secondd(@ometimes, in medial
position, a third) consonant symbol is written is@ecial subscript form

below the first symbol. [...] These subscriptsealed )8- G Ic
gags /‘'consonant's feet' in Cambodian [...]."
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W K ?27"'9/
! !
W 2 K
BW&<QDA *
2 K ! E  ++ %+
7 I
! K
#
++ 5 +F+ ++ 6 +F+ +:+
H I J K %
++ 7 +F+ 8++ 9 +F+ 0 +N+
/ L M N @)
$ * . +H+ < +F+ = +H+ > +F+ ++
! P Q R N
$* @++ $+F+ A++ B +F+ + 4+
T U V W *
2 +@+ C + F+ ++ D+F+ 2 ++
X Y Z [ (
- 1 +E+ ++ ++ 3++ ++ 4 ++ ++
\ ] G A las
%
4 !
**+00+ ! ! +11+!
bt # =7"7
! I
P b =9>"/ I !
b !
b $ # #1
=<>" #
% % !

17
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#1 =<7 % %

n I 9
2
X +00+ ! +11+
<
n !
2 "+t + F+
15 6 ++! 8 +F+! 7 9 3
! 2 I
!
! ! !
8WW2- 4 [4, 19
1" "3 02 ! ! 3 R--24
I 4 ! !
9 I !
!
! X
& ' *

+ 00+ +11+
5 + FOO+ 6 + F11+

+ 00+ 8 + 11+
7 + FOO+ 9 +F11+
: +HOO+ = +H11+
<? + FOO+ > + F11+
@ + 00+ A + 11+

8< and> are usually used to write loanwords from Pali/Saitsk
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$ + FOO+ B + F11+
+ 00+ + 11+
+ 00+ + 11+
+@00+ b E +@11+
b E + 00+ + 11+
+ 00+ b E + 11+
4 + 00+ 4 b4 E +11+
+500+ b E +511+
1blE +E00+ 1 +E11+
b E + 00+ + 11+
3b3E +00+ 3 +11+
b E +:00+ +:11+
0 bOE +NOO+ 0 +N11+
2 b2E + 00+ 2 +11+
H -
- !
! 8
# =7"9?
? K =9<" >3- =9<"?*.3
#ll =<?"[*73b ==?"=*723 ??7>"73
/ # =<<"$$ *$$

° There are two inherent vowels: / and / /.
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7 ?2?7<"[73 ?."9* 9
w 2 2"
<
X ) !
! - 166! '
1o o ! C,- 4
R(4#8W - * ! 1
=9< 4
? $
? dc b c
. $ 8
H( c 2 8(c2 2!
* *x d ca ) ) a
Jea - ! R 4 I K
** f fa
(0]
). - %
5 #
+ + + +
f f f f f + 5+ + +
+LE+ + E+
/ g g g g g +L5+ +75+
7 h h h h h +LL+ +AA4
9 d d d d d + 5+ + 5+
< + + + +
> i i i i i + L+ + L+
= D- D= DD e +LL+
? )i )] )] )] )] AL+ AL+

20
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5 ; #
) k )k )k )k ) k +L+ + L+
) ) ) ) ) ot tot
& & & & & + + + +
/ # # # # # +E+ +E+
7 |)e )e )e )e )e + + + +
9 I )| )| )| )| + + A+
< dc dc dc dc dc + + Pt
> c c c c c +0 + + +
= c c c c c T+ Fot
? + + + +
¥ f f * + + + +
¥ g * +L+ +1 4+
d * d d d ++ + +
b D e ¥
7 |m * )e )e )e +0 + +L+
A 8 (c2 !
I
& +
A !
??<"T<
-1 ! +2
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c -
+
++ ++
+i+ ++
++ ++
/ 0 +NH+ +N+
7 @ ++ ++
9 ++ ++
< +@ ++
> 2 ++ ++
= 1 +E +E
? 3 ++ ++
++ ++
++ ++
++ A
)
-l I
+11+ 4 !
[
)
!
!
++ +:4
+00:+ +:+ + o+ *
K +:+

22
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++E ++

++E E

++

n0 n
nupn
fdu kn

+ 00:+

%+ :00+
+ L+
#
! #
#
+ X+
+
#
#
% #

23

"l

=<?"/. $

no pn
n pn

nl kn

+0+

++



2" cq " % Il %
?. Acr0" % ! % K 27?7
=<?"/. | 0] !
!
!
9
!
bE v +00+ + +
!
! ! +00+ ! !
+ +
bE ! ! + 11+ + +
! +11+ !
+ +
SsbE EEE v +@ + + +
+@+ I I I + +
* bE EE 'l ! ' + +
!
+ +
3

24



#1 =<2 !

# ! - !
- I I -
-4 =
R -4
I -l
I I 3 !
A
$ b +nEE++E + + + ' + +
| | 3
) |
I I
rol A $ * +nEE ++E + + +
r + +
) !
| | A $
CVC+ nE EA++E ++ +' ' + o+
8 (* %:!l 98)A">
A( A *
5 N
@ H E
?7?<"9.%97 I #
$ - ! !
! $ -l
I ++ 0 +N+ ++ 2 ++ 1 +E+
++ ++ 3++ 4 ++ P
! A S z1 ++ Z++  + & +
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1 +E+" ' + E+ J2u 2 ++ G++ )

+ &N+ + + - !
++ 0 +N+ ++ 2 ++ 1 +E+ ++ ++ 3++
! ol A S vl 5
++ f+4+ + &+ 1 +E+ "' + E+ -
4 ++ ! I 4 ++
! A $ “d ++ ~++ d+5&5+ ++ '
+ i+
K 2?2?2"?29* ? I
#

! 8:=@A
! 5679<>$BCD

$ +! + " 1 3 4
/ " 0 2
4 /
K /
K / 4
K I
A Q+ H+ ++
! = +H+ !
3 Q ++ = +H+ d+ 5+ 5+ ++ +H:+' !
n n % %
4
- !
I !
! # #1 =< 6
??<"9*97 K 0?77 o* ? 6
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6
- 6 6
? [
-8 P[2-O(2 2[,[R4, 2
-8 P[2-O(2 W,42 -R4 (Q P[2-O(23
W,42 -R4 (Q P[2-O(2 4 2-R4 (Q P[2-O(23
42 -R4 (Q P[2-0O(2 AR- K4 -0(23 AR-K4-0(2
2[,[R4, !
! 4 !
4 $#
;- % : %
1- = = *?
H @
@ *
5% '$=(1- = 8 A *
5 7 < $ C
$ '$=(1- = 6 9 > B D
4
+' $ = * *
-5-'$5 0 2 1 3
N E

9 This hyphen (-) represents a placeholder for tteesponding consonant with Series Shifter, but
they are excluded here because they are not re¢leitinthe Series Assimilation.
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: $ (%

2
;!
!
I ** |
+00+ +0+ +11+
+1+
! i
#1 =<?"
# " %-
o
! B D
B! D%A ! E
I I
r +@+ ++ + + + 4+ + ' +@0 +
+@0 + +@+ [ I
! + +
! Here is an
illustration of this phenomenon.
r 1 1
x n
" € 00é&11 &
! " & &
I n
" +@0 +
# $ "
- 4 ++ E
E
4 ++! A $
WX ' ' + + + + In monosyllable,
however4 ++ gt

+ + ,not+ +
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In some disyllabic words with initial +5+

+50: L+
??<"0.
!
++ ! E
! A
r +@+ ++
CH
2d5 '
d "'
& ) 1
K ?2?7"7%<
!
I'$ !
‘ ' +0 00+

K 2?2"72>*7?=

%

++ 0 +N+

++

+0
+5 E 5+
+50 L+

+50: '+

?7<"9.

++ 2 ++ 1 +E+ ++

+

+5 E5+

+50

+50: +

29

g +50: M+
! E
+ + 3
!
/
+@0 +
0 +
0+ !
!
E #
++ 2 ++ ++ +00&11+
+5+ !
K ?2?7"7%<



2
I
4 / ! !
! I
1 $ V1 +@+ ++ A++ + &+ 1 +E+' '
+@0 + +@0 + Ayl A++ ++ + +
+ &+ 1 +E+ ' + E+ + E+ ?2?<"9.
K 2?2?72"7%< ! ! E
! !
I E !
$
Vi ' '
X " A 1
" € 00é11 & t
! " & &
! n
" +@0 +
Ayl "'
X " A 1
" 00&11 & E
! " & &
! n
" + E+
# . B
4,P 6 $ ! !
E " R R
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6

' $ %

! I ?2d??2d?

B%!1 *
%K $ 1P 2 K

???7?
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$ w X
X
&
4 w 2 > ? W
K ?27"9 [ "
2C'D EC CEEFCCGE EC-ECE
) n
R R z
K ! 8
2 /
O 7
e 6 *E 6 E o
[
f
!
+2 Re 2
X |
", gKh g2hf gOh glh - "

" This ordering is exactly the same as Unicode Stahdersion 4.0 through 6.0.
2 Throughout this study, consonant shifters arermedeto as 'series shifters'.
13 See section 2.3.2 above for more on subscript.

1 Independent vowels afé} ~+€+,f,...qt . They can stand on their own or before a

consonant to make a word.
15 See section 2.3.5 above for more on orthographicels.
1% This character is rarely used.
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W 2 LR =="7
" K 2K K fg2h gOh g[h3 K 2K 2
2 ! n O 4
! I w2 .?7? >7?7?
! o .?7?
! ! >??
21 ?2?2M"9< #
! L
#
I I
2CECEFCECEC-E
K ! 8
2
0]
[ ; <
!
Al [ $ /
B - I
-
2 -
5@ 5 @] dc +N + 2"
N &
) - ) - + L+
L&LL
+0+ '
B2 +0: '
&
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5
2 +
7 #2% 2 % # (E+
E&E
9 #2 % 2 % # (Bt
E&E
& %
X -
!
!
n
* - -
5 (
1
dc cd [
¢ ¢ w2 X
0 dO O d -l
[ , g h
/ o} dO O d
)- ! d
$
7 )e )e
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5
1
o |)- ). ! !
< ] T !
$
> T ! |
!
!
)
2 ) -
K 2
E
, K ! P KP R 4 !
K R4K ! 3
!
) @ %
) 2 ++
- 4#- c +0& + A
++ 2 ++ " I ++ c+0& + ' '
+0+ 4 KP ??="7*9
7? ! !
8 2 2 !
2 2 !
* $ |
A 4 $4
2 +00+1
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36

B ! @ %  %5.1
5 @ % % 5 @ % %
i) o p C>
2X m )27-1 c)4-1
2 m / m c
/ 2 m 7 ) 2- n
7 p0 m 9 ) 2%o m
9 p m < 2V m
< p m > |@)2- .C) -
> p2 m = 2_ q
= P m ? | 2_ C
? p m p c
27 c4 p@ c@
) H IIH HJJH
KP # 2?2"7*9 ! + 00+
+11+
+11+ ?? I
f 9<
+ 00+ , /
$ A



=B ! HIIH H JJH
H IIH HJJH| 5 H IIH H JIH
pS C— @)p S @c)+—
pS G @ @
p S Q+— / @« @+———
)'S CYE— 7 | @1 @+
pcS CHe—— 9 | @& & Q&E&——
— < | @) @)+——-
- > @ —@—d-C
- = < + | —
< —+— ? 1 —1
<0 +0 f «c —F+c——
< + | — f2 —f2 de——
HIIH H JJH
! + 00+ +11+ KP # 277
! + 00+
+11+ > |
$ ! + 00+ +11+
4 $K
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# =B ! H IIH H JJH
5 H IIH HJJH | 5 H IIH H JJH
ccr@ c ¢)-@&—— .c) k EHk—
c cC|—— iC) C)| ——
c c|— / )0 6r0—
/ c c | —— 7 |5c) :c) ——
7 Ce cr| —— 9 c& CR—
9 c*0 cr) ——— < C)@ c)r@—
< c@ re— > |0)el EFE—
> ce cC|—+— = iC)e ep——
= ce\ cr\| —— ? ]ic)e o ———
? | ce cr| —— )2 e
cf cf—— ;CC ce—
3 %
! !
/
$ 2 ! 7 !
9
!
QU I
)
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%

E |
$ % =*
- ! $! X $
"R $
R c 8 86
! - R
6 A !
R I [
$ $ $
A 2 R
2 "9 $ ! !
; 4
R $ ! j ! !
i 8 22.<7/ R
$ 1 !
I R $ E
P m
"+ + 4+ * * ok *

18 Thrax is named after Dionysius Thrax, the firgtued Greek grammarian in 170-90BCE.
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& Q Q Q ?
Q ! Q 7
Q |
Q ? 2 X
X ! $ !
$ | | = * |
I $ I Q 2
( 7?7 (
Q ? |
[
? I
I !
$ A $ !
I 1K *
I TKA
! I KO
|
(
4 $( ! !
[
| ( |
[
-4 *%

¥ These include Pali/Sanskrit loanwords and othemimrds which might have been slipped through
in the clean up process.
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9 4

I 4 $Q !
$
|
=B | ( X 9 ( >
. $ $
%
K 00 00
K 11 11
KA @00 @00 C
KA 11 11C
KA $@ FOO FOO C
KO .
KO w
K KO A 5
KOA t C
KOA D
K & KA 1 @00 L @00 C
K & KA 111 L 11C
K KA @ 0 @00 L @00 C
K KA Al 1E11 LE11C
K, K 2 0 00 00
K, KA 2 0 00 00C
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yocC

27

8)p

%

KA

KA

KO

%

)5

>7

%

82

n

**

82

n

**

82

*%

c82

I"K

**
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(@) ? |
| I * |
|
|
4 I, [Q! ! L -
s K 4
I - ==7
X
$
! =9< 4 - <<79
$ # - Q!
$
4 $ ! K 4 ? 4
[Q2 - [Q2!
#
( 12 Q! 2 O Ko ) 0
I
[Q2! I | !
! X
W A*> $ # [Q2! T
! A A [Q2!
Q ) ! 2
2#(( ! 4 *
$ 11 "K )
( 2 1 !
2 20

20 The URL of this source isttps://code.google.com/archive/p/khmer-dictiontrgis/.

% In .ODS, the first numbering is for counting ambther is for ordering.

2 |n the Khmer-Khmer dictionary, some words (espbcRali/Sanskrit loanwords) are hard to
pronounce, so a simplified spelling using Khmermngtiaphy to demostrates how to pronounce them is
given to help the user to pronounce them correctly.

3|t is possible to convert directly from .ODS toXT, but there is an error (i.e. “invalid byte seqoe

in UTF-8") when running RUBY code on it.
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k&l

TIXT

[ Chuon Nath 2.0. original ] ______________

-=7 Removing duplicates |

g ) Moo o s e e g wsd seesen cow J

cleanup.rb <2 - X
~

I p I

“~<  Removing prefixes

[ clean and unique entries ]

[ 2 \
m _____ i Removing entries with
| Pali/Sanskrit ;

entries without
Pali/Sanskrit

: Removing entries with ‘,
< filter2.rb  >--4 Pali//Sanskrit diacritics & i
'\ Independent Vowels )

entries without
Pali/Sanskrit diacritics &
Independent Vowels

m o _'f Removing entries with
1 Pali/Sanskrit pronunciation J

entries without
Pali/Sanskrit
pronunciation

+ H @
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T 4 !

! "Z\
|
1 kx| I 1
k**l | $
!
>7? -/1<9 1'$ </
$ !I>=/> <?=>
! $ 2 >
* I
5 | =
'$ %**% /<9
</
< ?7=>
1 * H @
+2 !
I
(
! +2
+2 $ !
I I
m |
?2" >
+2 -l ]
ke | + 2 k c | ! $ -1
+2 (
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8 H @ =%

=04 = =L *

‘c +2

“c ! +2

c* 2+

c* I 2

5« 4

5c¢ +4

“ !

“g +4

C I 2

c 2

“ 4d

“c +2

2 !

c*“ 2

“c +2

c “ I 2
c 2
2.,C I 2

c*“ 2 +
"@ 2,c L2

\) - 12 ,c 2

c 2
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« — 7 — {|}~o€o
w--qt +2 ? * 73
! $
"% ! -l
+2 ] #
$
! I'$
4 27 I 42
k Il Kk | ¢ —
! !
C — -
! +2
3
| < ?2=> 7 =>= |
+2 +2 "7 +2
" /9 +2 ' 7
! ?= ! * % |
$ 2
H @
5 | =
+2 7?27
+2 /9=
+2 T
7=

a7




monosyllabiavords:only one syllable
disyllabicwords:onesyllable and a half (a.k.a. sesquisylla
double syllabl words:elaborative expressiorfsvo and four rhyme syllables

and theremainingwords:a collection of words which do not fit into any
the above syllabic grouy

Monosyllabic Words ] Disyllabic Words, )
Type 1

Disyllabic Words,
Type 2

Disyllabic Words

Disyllabic Words,
Type 3

syl _group.rb - - \
Disyllabic Words,

\ Type 4

\ Double
\\ Monosyllabic Words
\ Double Syllabic Words
SN oo oo Double
S f Y Disyllabic Words
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%

KA I

KO

KOA !
K K

K KA !
K KO
K KOA !

4 ~ ! ??7<"9=*< "

R (% R@®; $ ! R ($
K A $ !

n T 27<"< -
! !
STMOTM M TM M g TM xTM TG TMTM O )T AR T
2 !
R ($
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o

dE cSdc EcS c

dE sd

d))e aR

9 >9 D>9>9+>9> - "

K

KO

K

A X X XN

A X X R

K
KO

K O

KA
KOA

K KA
K KOA

KA

K OA
K KA
K K OA

KA

K OA
K KA
K K OA

JES) )eE S)e

KA
KOA

K KA
K KOA

KA

K OA
KKA
K K OA

KA

K OA

KKA

K K OA

4% M
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! $ R ($
! R$ A Uc ??>"7 A6
?2?7<"<T*<< | "

+ '=B ! %

+toB* D B* DZB DZ B *| DZB DZ B * DZ BDZ p+

>m e

>m e

> e ! !
b> m) lces> c cee

> @ ;

4

R ($ $ Lo

( %
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c |
!
- (%
5 | =B
( %
K, 82 ) %o &F4 & "r " p
K 82 Y S @c A )
K * 82 g2t d)C_
/ Kc82 c cCd@ ci0 "¢
( %
Q |
[ I [
1o
$ 4:4K V|
!
44K ! !
I
- K 82 akK £ 82
! $
- % | = *_B
5 - % =B
K 82akK 82 X &4 ")
K n 82ak n 82 “ )T )0 #0
K, 82akK, 82 2¢ )2- If@ Ic
/ Kc82aK ¢82 cCfci0 “cdc)-
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) )0 #0

2¢ )2-° If@ Ic

/ cCf ci0 “cd c)-

# !
R |
) ! !
| +2
**
1] 1 I %
4
!
X 9SS I 7=
X .S Q

53

I S



"5 I= = %

5 % 5 1=
8 L=T< !
Q
Q oo K, 82 I=
Q oo 'K 82 >7
Q *k K ¢ 82 <9=
Q = K c82 >0/
IR
/ **4K =9
/ Q **4:4K />
7 $ ===
- /[ =9. I3
! Il !
+2 !
+2 2 !
A >7  j=/S 1 =9 !
2 | * +2
+2 " )Q "CGJ Af\' & @ d2Z" & AV
p@ 2f@ 2"@ 2"\ fAW t\ fI' fV G f\) T (W &\
8 ! * +2 +2 "
“t 't WA TA)F S )2 M) T ("87t82)AT
B'@J D3 ZzEf™ \ X T @f1G e ) @ p6 THAT
“ctet TR )@, )T 0T 0T 3@TF CW ") \c
gy gAW," f 26" pB, p " 2dT ° 2g@ 12A"@" 12 128
12)+ 8 \@ )8c’ Af2° gAWF g™ M “3 T NN

%4 This number excludes words written with speciakdtics. There are 12 of thenv > em* gm > ™"
hI*> g™y~ m™> ~ = 2and~. Even though these are considered as native wihrelswere to be
excluded from this study because there are ontynaords written with these diacritics.
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129°3 81,3 @ B@QUMNZR+ “30y3G @ tTf tr TtV B

CfWyEX, ff 4 4 S dAV, dv S d1Td@E )P )1
NDJ cT¢BFE T 3T, t 3't3° 2@, ¢@f ]12[ w ]
]TF1d “x 1 TA4Q W 4Af\ B2( 227}
L )a0i4
PA4(C4(2 4@ @ 4(@4( 4(i@ 4(X1 "X XC )4 3#4  4]g 4]h
414l g1 ! ! A
A . =9= . 9=< I 4
<97/ !
( 7?7 (
Q 2 E !
R # K *( ==<
Q 2 1 !
Q 2 K *( - [
I Q 2 1 Q 2
I K *( I 4
!
-l
$ $ !
I -4 + + +E+
! 4o
-4 **
2 $ K !
I I I
I Q 2 I 9
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<999

7S !

"++

9

/>

N &

>7/

<??

9.9

<>,

&N"8

%

82

*%*

82

*%*

82

*%*

c82

I"K

*%*

%
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$ %

-4 X

57



58



8 + +
= +H+
A ++
+@%
+ +
+545
5 + F+
7 +F+
< +F+
$ +F+
C + F+
6 +F+
9 + F+
> + F+
B +F+
D + F+
++
4 ++
++S
4 ++8
++S
0 +N-5
++
2 ++ S
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5 !
$
++
0 +N+
++
2 ++
1 +E6
++S
++
3 ++ S
7 $ B
1 +E+
++
++
3 ++
f I I
!
( [
)
. -
- 7| +00+ +114
+ + + +
f + 54 + 5+
/ , +LE + +
v g +L54 +15-
9 h +LL+ AN
< d + 5+ + 54

% Note that the inherent vowels do not have ortholgiasymbols.
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" + + + +
i + L+ + L+
) - + L+ +LL+
)j +\L- +\L-
)k + L+ + L+
) + + + +
& + + +7+
# + E- +E-
e + + + +
)1 + + N+
dc + 4+ + +
c +0 + + +
c + + + +
+ 4+ + o+
d + 4+ + 4+
) + + + +
)e +0 + + L+
|
=B
+00 + + +
f + 4+ + 4+
, +4 0 + +
g +L o+ N 4+

% N/A denotes that this vowel does not exist in eoyds in the dataset.
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5
7 h +LL + N+
9 + o+ + O+
< )- + L+ +4
> )k +L + +L +
- & + 4 + 0+
n ?_ (
[
!
$
!
! # $
$ % %
) *
$ /3
! $
- !
) *
- ! !
$ 7 9

27\ts unicode is 17D2.
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8=B N (
L
5
t + + %
& , %
t2 2 + + %| %
&
+ 00 + %
00&11 , %
/ * + 00+ %!
00&11 %
7 p 2 +0 %| $%
00&11
9 12 +0: % | %
00&11 :
n !
1 8
nm 1 [
I I
3 $
8 " !
A 1?2?27 @
5
+:+ +:+
0 +N+ 0 +N+
2 ++ 2 ++
/ 1 +E+ 1 +E+




5
7 + + + +
9 3+ + 3++
< “Cr@+ ++
! !
r2?2?
5
+@+ +@+
++ ++
4 ++ ++
/ +5+ +5+
!
A S !
!
n n %
4
I "K K & OA
!
"o @)
Q O !

% This is a special case forwhere its series does not change when the seiiftar sé attached to it. It
instead changed from the voiced bilabial implogive to voiceless bilabial plosive / p /.
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- 0] O 8! 2 21 - K
2 - (@) !
! . ' -4
! +00+ +11+ )
A
+00+
+11+ $
* A
1'$ + 00+
+11+ -
4 $
!
!
!
- L
5
+ 00+
00&11
+ +
&
+ 00+
00&11
+ 11
00&11
+ +
&
/ + 11+
00&11
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7 + 00+
00&11
° + 00:+
00&11:
< + o+
&
) ! $
/ !
!
! I'$ /[ +00+
+11 +
A <Q
- $
7 I
2 I
- !
! 's 7 +00+ ($ 9
! !
$ < |
+ 00+ + +
$ I !
+ %
! "# $#H %&! " !
! # '#
O(*+,-,-.10 ,-)-,-./-,-.1 ,1)*2 31 )24
O(*+, ,-.10 ,)-,-.1 ,-./1,1)*2 31 )24
0(*+-.500,)-.50-,50 .1)*2 31)24
0(*+,,50 0 -)-,50 ,50 ,1)2 31)24
O(*+,-./10 ()(*+,-,-.16 7 8 ()(*+, - 14
0(*+,50 0 (O(*+-,50 6 7 8 ((*+ 504

0C+,1)*0 O(*+,-./8 ((*+,5(0 4
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% % X
- !
!
; !
; ! ! "
m++ m++ m++ mO+N+m@+ m++ m ++m ++ m +@+ ;
[ L> !
$ !
[ 8
! ??2
% %
5
KA +00+ KA +11+ + L+
K A 0+ K A )
) Aj mnm
K KA Aj mnmnmnmOn |K KA +11+ + +
K KA m@nm nm nm nm K KA
Aj mnmnmOnm@n
m nm nm
K A + + K A + + + +
K A T K A
) Aj mnmnmnmO
KK A Aj mnmnmnmOn |K K A + + + +
K K A [m@nmnmnmnm K K
Aj m@nmnmnmnm
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+00+

! A $
+00 + ' !
1 +! 6 1
X n
" 00&11
! " &
! n
" + 00 +
x n
" 00&11
! " &
! n
" + 0 +
+11+
! !
+ + :
[ '
+ L+ 2
x n
" 00&11
! " &
! n
" + L+
+ + + +

68

+0+

+ L+

m ++

+ 6"

+0+

m



+ +

m+*+ m +5+ m +*+

+ 4+
+ + :
I.2I
@
X " A
" +
l'2I
x mn
! 11}
! n
" +
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+ |
& 9 $ -
9
y )1+ O##HBH<HBH#H #BH=#8# #B8# # 8# #8# #8#>#4
)1+ OH<#8H# #HB8H=#8# #B8# #8# # 8 #>:#4

) 1+? 0 #:# 8 # #4
,-)1+@ O #:# 8#<;# 8 # # 8 #=#4
)IHAO# #8# #BH# #8# #8#>#4

& 3 " &
- $ 9 & $BB$ 9 $B$4 $$
$$
31)/(,-, ,-./,C(JO #BB# #B# 8 # # # #4
31)/(,-, ,-./0 .& D3L/(,-, -1, C(I## )1+
#D5(E# , E4
Fr & 3 " & 9 -
& $GG$ 9 $%
31)/(,-,5(0 0 .& DHGGH ##!## - )1+ #D5( E#!
., E4
" & 3 " & 9 -
& $GG$ 9 $HS$
31)/(,-,5(0,1.-50 .& D#GG# #H#!# # | -)1+? #D5( E#!
., E4
@" & 3 " & 9 9
& $9% 9 $%
31)/(, , 500 .& D# # # #!1## )1+@ #D5( E#!
., E4
A" & 3 " & 9 &
$% 9 $%
31)/(, ,50,1-50 .& D# # # #!# # | -)1+A #D5( E#!
., E4
31)/(,.+5 031)/(,-, ,-./
K31)/(,-,5()
K31)/(,-,5(0,l.-5
K31)/(, ,5()
K31)/(, ,5(,.-5
4
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??" =

8K =>". !

*%*

71

%

#

=<9" 79

#



% :

%

+H+ | +@H
@
* 8 A
++ |[++ [++ |[++ |[+5+
5 7 < $ C
* 6 9 > B D
+F+|+F+|+F+| +F+| +F+
4
4
++ | ++
0 2 1 3
0 2 1 3
++ |[+N+ | ++ |++ |+E+ | +H ++ | ++
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$
* * +
*
* +4 +4 +4
* - ’+4
$ - 4 4
*
+ +4 4 t+4
- 4 A
!
| | #
o
I A $ X
b ; |
S
| I I A
! ! ! + +
= +H+ !
!
$
+ mn
9
J3,C-/5.0 # # ##4
) +J3/5.,-.10
,-.133,C-/5. ,-./
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" .79 5
8)1,5() J3,C-/5.(3,-./
8 .-,-.1 J3,C-15. (),5()
8(3,-./33,C-/5. (),5()
8)L,5() J3,C-/5. .-, -.1
81I,5() J3,C-/5.(3,-./
81I1,5() J3,C-/5. .-, -.1
4
9
), +3/5.,5() 0
9
,5() J3,C-/5.,5()
"9 9
811I+(,5() J3,C-/5. .-, -./
811,1+(,5() J3,C-/5.1l,5()
8111+ -/ J3,C-/5.1+(,5()
8 .-,-.1 J3,C-/5.14(,5 ()
8(3,-./33,C-/5.(3,5()
4

“H (%
$ !
8 8E
4
E
2
E W
| $ |
" & = * = 9% $2%>
( $ !
)
$  14K! 4
3
$  144K! 4; |
) 4;4K
$
4K 44K
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75

| 4; 44K A 4K $ )k '
)k 3 0 Y '
0 Y
[ |
4 $ !
! B! D A
+00+ +0+3 +11+ | +1+
+ +
+  #
& "9 &9
C(/- O #BB# #B# 8 #GG# #G#4
C(/,-, ()/5L/ 0 #MN# 8 # MN# 8 # MN# 8 #=MN# 8 # <MN#4
C(/5)-)0,-,-)(,, *+0 .& DC(/-!## C(./,-, (/5L
, E
K .& D#G# #### # MN# 8 # MN# 8 #=MN# 8 #<MN# |
, E4
£ 98 g -
% N
# $
* $
& o I q I
)2- ! ' a L q @ L
v JJ 11: q 11:
h 1 1 JJ NN q NN\



A
+@+H+ !
++ 4+
+ &+ (*
9% - % %
N
-,5(--)0,,90 #># ## 8 #P# ##4
-)1+,5(--)00 .& D=-),5(--)0, 9! ##! #D5(E#! |, E4
# $
* $
) ) C q
r’ «Kaa ' H q
n ) (*
- !
A +@+ +H+
++ ++
+ )
- 9% % 9 % %
" N
-)-,5(--)O, 90 #># ## 8 #P# ##4
-)--1+,5(--)00 .& D-)-,5(--)O, 9! # D3( E# 8 #MN# !
IQ D,1)*; E! , E4
# $
* $
)y - @ L q L
Xf@' H@I q @l

# |ts etymological tag is P/S, but it is includedéas an example in case of having alveolar impéosi
/ I'in syllable final position.
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1

n )II + * @
4 !
+ 3+ * @
% & : % % %
" N

C1)O5, 0 .& D## ##!## #D5( E#! , E4

# $
* $

:d H H

8ci ' L q
n )#
4 ! -

+ 8 (

/ 9 % 9 9 9& 9
" N

5+, 0 .& D## ##|## #D5(E# E4
# $

* $
00 00 0 00

! ' H H

C) ' ' HO L HO L

. ' 11 1



")& 5 (

-, #D5(E# , E4

4 ! I I
! ! !
c ++ + +:+ ) c
+ i+ o+ - +:+ o+
+ + ++ + + + +
+:+ + i+ ! c
+ 5 (
) 9 9 9"
" " o " &9
& 9 N <! 7
wCe <& & !
"<l ol 9N
5+, 0 .& D# # ##!## #<D5(E# , EK
.& D# # # #|###<D5(E#! , E4
# $
*
WC 1 1 q
c ' ' 5: q
n )) 2 @
[ * | *
++ ++ +M+ L+
Pt $ ++
+ 2 @
& 9 9" 99% &
9 9 99% & 9 N
31R-)O,, O ## #S# 8 ## #H#4
-), O##HBHHBHHABHHBHHABHHABH=HEH# <# 8## 8 #&#4
"osrto9o9l 8f f 9 9 $S% 9
$HS % N 9 ;& %$ S 9% $&
99 N
31R-)O0 .& D,31R-)O,,!l1 Q D, 1) ;o SE!




f@a' q
8f@ q
n ) 3 1 * $

! A S
0o @*@++a *++
o $ $ +F+a *++ +F+
+ S
. % T
5+, 0 .& D#T# ##! #D3(E# 8#MN# # # B#H#BHH#BH#H!]
HHEBHHABH-HBH<HBHHBHH#BHH#BHH#BH #8##8#>H8HPHS8
HHEBHUHBHQ#H B H#&H! |, E4
# $
*
ra - q
* o F
t@ ' q
$( FLE LE
#*! ' E E
#r 3 FE E
JACEE q
)5( ! ' F
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41

A

#R4T

??="9/*

<?

4 #R4T

[ Phonemic Transcript ]

T

[ Tentative Transcription ]

’
< Validation >-'
NO
i YES

[ Phonetic Transcription ]

#U1 o =<"77
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w

A

o

+ +
"+ N E +
??="9/ #1I  =<"77
#CV + E+
Jd2 + +
&7H + o+
&5G + o+
++
+@+
+5+ A ??="97
P + +
_ + 500+
K +5 +
@ +5 N+
¥ +H +
S +@ +
A ?2="1* 17
)CO- + N L+
¥ c + +
( + +
&5( + +
I
+ +
@ + +
+ +
+ o+
2 + +
+ o+

g BFED v
g BF CD 'E'

qg BF D L
g BF D Cog

I [

++3
+H+
g BGD v
g B G500D v

qg BG5CD '

qg BG5 NCD ' '
qg BG D v
qg BG@ D o

qg BFN 4D v
qg BFJCD v
g BFJD o
BFJ D v

o]

B CD ' '

B CD Y

B CD ' '
B CD b

B CD Y

B CD ' '
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o “0 +@ N+ o}
ot + o+ q
" % '
#11 =<"7= B
!
! B
o 1 +0 E+ q
o cf@ + N+ o}
o )-2 +1 LL+ q
+ 1%+ BL*D BL*D
o] +1 @0+ q
+HO*+  + 0+ BL*D
0 ;& +HOH + q
o] +0 00+ q
+@0*+ BL*D
o & +t@0@ + q
+K O*+ BKL*D
o &4 +0 + q
o <« + 0 N+ q
o 2 +0 + q
0O @i +0 L+ o}
o] + 000+ ¢
+50,*+ BM*D
o cf +50 @L + q
o ! +50 H + (@
o /.0 +5N N+ ¢
o J4§ +50: E+ q

82

B@ NCD

LD
BL ED

BL A"CD
BL LLCD

BL@OD

BLH D
B L 00D

BL@ D

BL D '
BL NCD
BL D '
BL LCD
BL 00CD

BM @LD
BMH :D
BN MNCD
B: MED



+KO,*+ BKLD

o cd +0 + ¢ BL :CD '
o & +@0 + g BL D '
o A) + o+ q BL D Lo
o &7 + N + q BL D ' '
o &H +0:. + ¢ BL 00CD "
%
[Q2! T !
I I X
R 6
vV #RAT !
\%
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#
!
H# -
# ;
A 1 /?
!
]
# #"
#( T#+ |
-1
&= $ % = " 9( : N O">
- = P
< =< >9
U = >7 22
7??7?
/ /
.9
I =<>9S /S 4!
1 /? X2 c;
$
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X2

+1 + $ ?7?7<
4 ++ I E
! E
+0 + K *(
+0 HOO+ $ c+t0& +
! !
!
KOA Kj O c¢c A ; -
K c82 K .82
K *(
+ 00 + K *(
+ 0 00+
I - !
Q 2 !
!
4K 44K X
WS % !
?>=S
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)= Lr % % 9 ;N O)&#">
% % = =B = ' P
8 =7< < > 2 /=
Q
"K, 82 /= 7
"K 82 >7 <.
K ¢ 82 <9= = < 2 <
I"K  c82 >9/ 2=
#" ;38
2
+2
3= = % %
= $ = $
% %
c 0 q 00 0d L 00
c4 0 q 00 0 L 00
4 00 0 00 00 L Qo
@c 0 0 00 0C¢C L 0dQ
c4 00 L 00
c 5 500 5 L 500
g’ HLE HLE 00 HLE HLE 00
)= 0 HON HO NOO HO NC HO NOO
11 1 00 11 L 00
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= $ = $
& 00 DO
9 R
)XD F 42 * *
4* 00 00 DO 00
Xc :C :C
4*g L: | L:C L:¢
4( 00 00 DO
4( 00: 00:C 00:C
4@ 0 D C oc
4( 00 00C ooC
X1 E E E
4(h LL +2 * *
4(@ C C
)4(
X C C
X C C
x1 E +2 * *
4 L: L:C L:C
4] 0: Q: 0:C 0:C
X A
4l9 L LG ILC




= $ = $

4] » :C :C

)4] G

)@
A 4] 4 I
7 |d 5 5 g
9 | 500 5Q00C )

(% %
< d 0 H D0 LH -
L

> 50 0 50 L MOC M LC
= 50 00: 50 11: M 00:C M 11:C
I? 50 O: 50 M| 0:C N :C
/ ri 50 E [0 E M E M E
/ : 50 LE: |50 M LE:C M :C
/. g 50 L 50 A M LC M AC
4 50 50 M |:C :C
17 0 50 N 50 N M| NC I NC
9 1) - 50 L 50 LL M L M LL
I< | # 50 E 50 E M E M E
> )2 0H 12 *
I= | )218 OH +2 *
73 HOO  #2 *

88




= $ = $
7 2X$ 0 @OOF | +2 1 i
7 $2 50 50 C M C
7. | FO +2 * *
71 | 388 0 0 C L C
77 | 3JTS 0 0 d C
79 |8M ¢S N N ¢ L :C
7< | 8tMcS N N C L C

(% %
7> | Adg 1 L: 1A L|L:C L|~C
7= | A 1 1 L
9? | 4 1 00 111 Ll 00 L 11
9 x0 1 N 1 N L [NC L NC
9 4@ 1 LE 1 Ll LEC L C
9. 4g2 1L | A LIC L~Q
9/ | ad 1 1 » L C
97 | 4d 1 ] o L C
99 | 4" 1 1
9< | 4i 1 L: 1 L: L:C L L:C
9> | 4 1L 1 L 1N L LC
9= | 4 1L 1L Lc L LC
<? | ) 1L 1LL L L L L
< 4@ 1 1 C L>Q
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= $ = $
< &42 1 1" C LC
<. 4 10 1 L LOoC L LC
</ x2 1 1 C L C
<7 4,@ 1LE 1 LI LEC L
<9 4"@ 1 1 (0 L C
<< )4- 1L 1LL L LC L LLC
<> &4@ 1 1 L |C L
<= 2 00 0 00 00C L 0D
>? @ 0H5 +2 * *

(% %

> ; HO 00 HOO 11 . 00C
> ) T%o S 0 L ) HL * *
>, t
>/ d
>7 d R !
>9 ¢g
>< ¢g
>> X, 1 @LE +2 * *
>= | 50 F +2 * *
=? \ 50 E11 +2 * i
= iy 50 EE +2 * *
= )+ 50 +2 * *
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= $ =
= G § 50 +2 * *
=/ | A 1 00 +2 * #
=7 | G @0 00 +2 g o
=9 |CJy FO ) * *
=< |DIf F1H5 +2 % 4
=> |DT F1 5 +2 * *
== |1y El +2 * *
72?2 |1G, El LE +2 *
'_) [ 1 +2 * *
? G 1 LE +2 * *
2. |3 (@ 1A +2 * *
?f |/ 0 -2 * *
27 | @ 0E +2 * *
29 | @] 0 00 +2 * *
?< |} 0 42 * *
?> | 44( ¢ 0 L G 00 C
?= ) 50 F +2 * *
(% % "

? | 8c4 0 LoC L C

8c42 00 11 LpoC L 11

8c4 00 11 L 00 L 11

8cx0 N N L NQ L NC
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5
= $
8cx L C
8c4" L
8c)x L :C
8c)® n L "
c3 00 4 * *
C: +2 * *
c)3 +2 * *
S X
( ! Il 9
, "r*? <= r>
KOA K2A KA
I I
c 3 4 |
A r c ! KOA
Kj O ¢ A -
"K cakK +0 00+
2 r= ! KA Kj Aj
2 1
=
+1 00+
4 $ r> ; -

30 A final consonant is not allowed after the 1steseof this vowel, and it is permitted to haversafi
consonant for the 2nd series (8e.).
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+HO 00 + I+HOO 1 1+

?79 "1 r>x<
!
NG
ol r 9?7 r<r ?”*or?>
? " r=
? 0"
?2 " ol
"ror r9 > 7. r >?7 1>>%?<
r?=r>*?
I !
AS$ r 9 4(
I 4 ++ (++
+ 00+ - +00+' 't )£ D + F+3
I
| r> c3
+: 11 S+
+0 00+
I +2
- /? OSH AT TSRS r ?* <
1 E
r= ' ' +50 00:+
+50 11:+ # !
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x n
" 5 00411 00411
! " & &
! n
" +50 11: +
4 $ r/ 8cx ' + +
+ + #
I $ "
r/ 8cx t
X " 8 ¢ 4
" 0& &
I " & &
! mn
" + +
?7 R 4 o S
I X A
$ J r7l R2b J 2 '
X X J 2
J |
+0 + +0 +
) ! ?= oor.r7r*or>r.rn7* <
23 r.r7zr*.r> r.
4 ++a K
! ++A $ r. 4%
+ 00+ + 00+
( r7 r< Pl ++
+ + ! !
4 *
r.7 % d %
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95

$ ! % % %
+5 +
ro * ' ! ' X
+500 +
o+ 4 : 22<"7.
I X ! N
! 3 $
6
# (
41 *(
9 7. 19 /= I
!
8' = O 9( N O&N"8 >
% = = ' 9P>
8 7= ?? .9
"K, 82 >7/ 2.
"K 82 <?? [ <>
MK ‘¢ 82 9.9 [? 7>
" K c82 <>, ? 7
&N'"8 # 3)
noo
o
-4 R #
noo # "

%



e

% % % (
++ H+@+
++ H+H+
++ + +
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