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Abstract The Uyghur language has various inflectional affixes, complex structures and phonetic changes. The
authors propose a collaborative analysis method for Uyghur morphology at character level. It includes three
procedures: morpheme segmentation, morphological annotation and reduction of phonetic changes. The main
characteristics of this method is to use a composite tag to represent the morpheme boundaries, annotations and
phonetic changes. In addition, character sequence annotation is used to train the model. Experimental results show that
the accurency of morpheme segmentation, morphological annotation and reduction of phonetic reaches 95.86%,
92.39% and 99.70% respectively. The overall accuracy of the system reaches 91.84%.
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Table 1 Example of Uyghur morphology

¥ DIlis 7 B i
S S i KR
ShaneS SteS A AFRHSL VNITEN
Y SribrenS BT AFR PR AR IR
eSS M oS BB AR B S HEARATHIA R
e By Bhidl e
B338555 Syt BT BB — AR BANET
$23g o BT FE R S ATREH LT
i gt Jidig FAHREIA SRS ERAE S ATRRE () BA R
Mladlss  YeolVbemg BRI B AT A S eI (S50

*2 HERESLIR

Table 2 Example of phonetic change in Uyghur morphology

B3] 3 Yoy RIS
d RN etpddd  TTE A ADTRE o7 BEIE “ 67

w5 ool T 2 AT BE R ¢ 57

S5 I IR sredly T AANTR CG” B

sy fhEEET srops  WTH AT Y

chy itk VT 37 IS L7 MIERALE I E T ¢

Samdays  ABIEA UL

roram oy TITHE 2 ANFRE O BEIR ¢ 7 s TR ¢ RO B S TR ¢

% “a” 52 DFIRER <57
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Fig.1 Word alignment in statistical machine translation
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Fig. 2 Process of morphological analysis and syntactic parsing
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KA R, AT ANE ST T I RT R, X
RO EIE A PR AL B, a1 R AR 5%
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Vi) 25 2H AR A5 4 1E (tense phrase, TP). & 2 B4
) L gomd B 38593 1B Bominnd 357 (filL7E IR S THI AT
BAFM )NEES T RIARE ISR 1
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21 EHENX

B & %4 5 RIERIE BT/ TS c=
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L= (ly, 1, 13 ... )RR SHFE B,
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1 . .
P(llc) = mexp( YimAm tmlicg, i €, 0) + Yin tnSn (L, €, 1)), 1)
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Fig. 3 Letter alignment in Uyghur word-morpheme segmentation
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Table 3 Compound labels used in Uyghur morpheme segmentation

=) TR Y14 JEAbRd T R AR MRS
1 s B y N BV N
2 $ I A S s I.V.S s
3 p - - g VI
4 S B VVOICE N B_VVOICE_N
5 o I VVOICE N I_VVOICE_N
6 . B VPN N B VPN N
7 S I VPN S s I_VPN_ S »
8 K B TENSE N B_TENSE_N
9 S B PERS N B_PERS_N
R 4 FHERIR
Table 4 Feature template
AR 5
CoiyCo(i-1)r +--> C=1) C13---Ci—1, G —JURHIE PE S S PSS
CLiC(imayr--CogCony €1 Cae e Cing G IR SE S EE PSS 36
CoiC(imiyCo(icgyr--Co3C—2C1,.C1CoCayn . CingCing Gy = IURHIE PG SES PSS 8Os

#z5 BREFETURNEITER
Table 5 Statistics of phonetic changes in the dataset

HFERUR Ho bt /%
AR HL] 7116 13.17
551k 6931 12.83
Jit 7% 168 0.31
bl 46 0.08
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Table 6 Evaluating indicators

A Ak R
S, |
FEDAEIE  MBlyaey = o HTARIORIR o A1 2 96 L
B A
.
AT SSpecumaey = TR 00, I M L 1
B A
n AER T 4] R B [R) e IE R AR T 25 Th A6 A 5 1] % \ v s
WAFEENE  MAgaray = ﬁﬂ”ﬂgﬁwy;gﬁgﬁ AR V00w IS I E R
pEIRSS
. T R 5B 5 ML 3 .
AR IR S HERf R PR pccuracy = —— — x 100% TR R AR 5 ) B 1] L A5
: Accuracy R AN ] BB ’ o
ek Accuracy = ALIVPRHEIVRTRC oo TR LI 145 b7 0 L 1
i
F 7 WEHOFERBEARRER THISEIRLE R (%)
Table 7 Experimental results based on different half window size (%)
WL E 245 2 3 4 5 6 7 8 9 10
MBI accuracy 93.75 95.75 96.35 96.39 96.37 96.39 96.31 96.31 96.27
SSaccuracy 93.88 95.92 96.54 96.59 96.59 96.61 96.54 96.54 96.54
MA accuracy 89.37 91.68 92.54 92.78 92.67 92.76 92.72 92.70 92.68
PR Accuracy 99.45 99.71 99.76 99.79 99.79 99.79 99.79 99.79 99.70
Accuracy 88.52 91.46 92.37 92.59 92.48 92.57 92.54 92.50 92.50

%8 CRF. Morfessor, HMM F1 MEM T BgxtEL 45 52 (%)

Table 8 Experimental results on CRF, Morfessor, HMM and MEM (%)

o CRF i g'\"orfessor i HMM MEM
MBl accuracy 96.39 44.75 48.12 64.84 94.58
SSaceuracy 96.59 51.00 57.79 66.33 94.88
MAAceuracy 92.78 - 46.17 84.80
PR Accuracy 99.79 - 98.06 99.68
Accuracy 92.60 - 45.65 84.56
3.2 LWLER SKIRAER

A A% ] CRFsuite™E NI ZRRIARRS TR . A
T E BRI AR B B AR, FET RN
2~10 BIVEFEINHEAT 9 IRSEES . ASSLIG TR HERH 2
(Accuracy) fi vF 0 48 br 1) Al b, &8 R Rl
FAH B R (MBlaceurey) ~ 1 T 32 B2 3R 5B %
(SShccuracy)~ TEASFRIEHER Z (MAcouracy) LA 5 A2
I JFHER 2 (PR Acouracy) SE 10 IR, K 6 F1IH & STFNY
TRbRIE X, R 7 4 HE DR BUE AN R Y

! http:/ivww.chokkan.org/software/crfsuite/
2 AN BB 1N AR T

FEFIRERIII AR 4, B Morfessor.
HMM* R KR (MEM) B 43 5 3 K sse, &
8 %1/ CRF. Morfessor. HMM fz MEM & 51R 1)
ISR A R
3.3 Lo H
331 MRS LR

M 7 ATLLE M, SRR & AR

% http://morpho.aalto.fi/projects/morpho/
* http://www.nltk.org/_modules/nltk/tag/hmm.html
® http://homepages.inf.ed.ac.uk/Izhang10/maxent.html
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Fig. 4 Count of out of vocabulary words
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