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A quantitative study on the minimal pair of Korean phonemes:
Focused on syllable-initial consonants

Jieun Jung®

Department of Korean Language and Literature, Hankuk University of Foreign Studies, Seoul, Korea

Abstract

The paper investigates the minimal pair of Korean phonemes quantitatively. To achieve this goal, I calculated the number
of consonant minimal pairs in the syllable-initial position as both raw counts and relative counts, and analyzed the part of
speech relations of the two words in the minimal pair. "Urimalsaem; was chosen as the object of this study because it was
judged that the minimal pair analysis should be done through a dictionary and it is the largest among Korean dictionaries.
The results of the study are summarized as follows. First, there were 153 types of minimal pairs out of 337,135 examples.
The ranking of phoneme pairs from highest to lowest was ‘ A-X, 71-A, 71-X, 71-H, 71-3, ..., M-=, [C-F, XX-3, 2-
tH, #i-=°. The phonemes that played a major role in the formation of the minimal pair were /71, A, X, &, X/, in that
order, which showed a high proportion of palatals. The correlation between the raw count of minimal pairs and the relative
count of minimal pairs was found to be quite high r=0.937. Second, 87.91% of the minimal pairs shared the part of speech
(same syntactic category). The most frequently observed type has been ‘noun-noun’ pair (70.25%), and ‘vowel-vowel’ pair
(14.77%) was the next ranking. It can be indicated that the minimal pair could be grouped into similar categories in terms
of semantics. The results of this study can be useful for various research in Korean linguistics, speech-language pathology,
language education, language acquisition, speech synthesis, and artificial intelligence-machine learning as basic data
related to Korean phonemes.
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A, FEi7E o 5o sk 58S 7% a4 7P 2 BlES A E EARE 76.48% 5 K]l AR L, 7}
b oA, Sa0] 7k b Gk TR a7 AQA, e B ES A FARS 0.05%F 1ol EARITE A}
FE7F e 547k b o] doirh s o] HadiH o]l F&Atel vl 4074 2 MRS BAAThs A3 FAE B
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718, 7P o) 91 % QL E] Fhut vl mete] WELTHE A9 AL F SRR AL, Ak, AL, AT, Zheake] vl
Sa7h 8 U 24, B4, B4 T ol 9A0) EAS T & 19 vlvio] 1, AT BAF - A w1 €9] T 01.59%
L, 2 A ALt P (AU E AP, A5k Qe
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Table 2. Distribution in the classified the part of speech 153(=18x17x14)7} olth, B4 Ay} BE S oA i
kiR H1& (%) ol EAFIL 11 NG F 337,13570 30
oA} 249,109 76.48
hrg Ak 334 0.10 N
< MO 2=~ B A
EA 49210 15.11 332 2 A9 Hadse] doleA S Hebd 2
BE 12,084 371 0|1, ¥ 4= Al S Lhebl BE |k B delae] 4
ZF AL 3,237 0.99 1 . s - - =
5 Al ol Aol AsA] AlRre] = 23 & 5 WA
FAL 10,801 3.32 T _ T
ZAF 151 0.05 W o0 7 AkEe X2, HAUEAY AUSAE HAUY
AEA 622 0.19 e Tdske N S 4t sk X3 dolEl] R
Al 325,717 100.0 1=0] AFE 3 gho] T},
3. Ao y@Re] A
Table 3. Raw count of minimal pairs
T T L C cc = [m] =] HH A M x XX x 3 E o S
=
Ll 1,524
L [6052| 364
C 5,777 | 403 | 3,552
c 673 | 576 | 305 | 919
2 (3,082 318 | 1,652 | 930 | 411
O [ 8,140 | 499 | 4,401 | 3,804 | 498 | 1,861
= 9,064 | 547 | 3,961 | 4,518 | 583 | 1,851 | 6,917
B 383 | 626 | 218 | 250 | 422 | 114 | 350 | 1,381
A |10,023| 671 | 4,588 | 5415 | 561 | 1,504 | 6,685 | 7,466 | 434
MM 928 | 871 | 253 | 360 | 849 | 525 | 595 | 796 | 736 | 993
X 9978 | 659 | 4209|5328 | 724 | 1,557 | 5,792 | 7,068 | 384 |[12,931| 613
X 760 | 889 | 243 | 505 | 951 | 508 | 589 | 649 | 654 | 611 | 1,714 | 1,171
X | 7,084 | 744 | 3,054 (3,581 | 935 | 1,291 | 4,283 | 5289 | 600 | 8,294 | 1,281 | 8,632 | 1,476
= | 1,225 343 | 475 | 362 | 121 | 586 | 539 | 603 89 505 176 | 497 | 121 | 423
E [3,558 | 367 | 2,173 2863 | 747 | 640 | 2,149 | 2,563 | 277 | 2,987 | 450 | 3,025 | 527 | 2,641 | 311
o | 4228 | 558 |2,027 | 1,990 | 482 | 1,036 | 3,175 | 2,934 | 459 |2911 | 524 |2,820 | 528 |2,275| 640 | 1,307
s | 8826 | 562 | 4,034 3,760 | 419 | 1,543 | 4,632 | 4,810 | 290 | 5,530 | 403 | 5374 | 397 | 3,774 | 2,043 | 2,471 | 2,820
81,305|10,521 41,561 {44,317 [ 10,176 | 19,409 | 54,909 | 61,000 | 7,667 |72,109 | 12,067 | 70,762 | 12,293 | 55,657 | 9,059 |29,056|30,714|51,688
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Table 4. Relative count of minimal pairs

- T L C rC =l m} = ] A MM x bos PN 3 E o &
=
m 0.012
L 0.042 | 0.005
C 0.032 | 0.004 | 0.027
c 0.006 | 0.014 | 0.005 | 0.009
= 0.022 | 0.005 | 0.019 | 0.007 | 0.007
[m] 0.054 | 0.006 | 0.046 | 0.027 | 0.007 | 0.020
H 0.058 | 0.007 | 0.039 | 0.032 | 0.008 | 0.018 | 0.062
BH 0.003 | 0.016 | 0.004 | 0.002 | 0.014 | 0.002 | 0.005 | 0.019
A 0.058 | 0.006 | 0.036 | 0.033 | 0.005 | 0.012 | 0.050 | 0.054 | 0.004
AA 0.007 | 0.018 | 0.004 | 0.003 | 0.021 | 0.008 | 0.008 | 0.010 | 0.020 | 0.009
PN 0.057 | 0.006 | 0.033 | 0.032 | 0.007 | 0.012 | 0.042 | 0.050 | 0.004 | 0.080 | 0.005
X [ 0.006 | 0.018 | 0.004 | 0.004 | 0.024 | 0.008 | 0.008 | 0.008 | 0.018 | 0.006 | 0.036 | 0.010
x 0.049 | 0.011 | 0.034 | 0.027 | 0.015 | 0.014 | 0.044 | 0.051 | 0.010 | 0.065 | 0.019 | 0.066 | 0.021
= 0.010 | 0.009 | 0.008 | 0.004 | 0.004 | 0.010 | 0.008 | 0.008 | 0.003 | 0.005 | 0.005 | 0.005 | 0.003 | 0.007
E 0.029 | 0.008 | 0.034 | 0.026 | 0.021 | 0.010 | 0.029 | 0.033 | 0.009 | 0.028 | 0.011 | 0.028 | 0.012 | 0.040 | 0.010
o 0.033 | 0.011 | 0.029 | 0.017 | 0.011 | 0.015 | 0.040 | 0.034 | 0.012 | 0.026 | 0.011 | 0.025 | 0.011 | 0.032 | 0.016 | 0.029
= 0.052 | 0.005 | 0.034 | 0.027 | 0.004 | 0.013 | 0.036 | 0.037 | 0.003 | 0.036 | 0.004 | 0.034 | 0.004 | 0.031 | 0.022 | 0.026 | 0.027
% 2= 24 HAUHEY AulaeA] 9o AR &) A2 5. AN E/ARE HAU (5191 10%)
A= VR Ao, Table 5. Most and least frequently minimal pairs(top 10% and bottom 10%)
=9 | =488 N H&(%) FAH (%)
0937 1 AR 12,930 3.84 3.84
2 I-A 10,023 2.97 6.81
3 1-x 9,978 2.96 9.77
x . 4 e 9,063 2.69 12.46
s 5 s 8,825 2.62 15.08
;D . 6 x-% 8,631 2.56 17.64
o 7 A-K 8,293 2.46 20.10
@ 8 a-o 8,138 2.41 22.51
) 9 H-A 7,464 2.21 24.72
i 10 | 1% 7,084 2.10 26.83
11 H-X 7,066 2.10 28.92
12 o--d 6,915 2.05 30.97
- 2,000 4.0()0}@ z(lggwgoggnzﬁifooo 12,000 14,000 13 O-A 6,683 1.98 32.95
14 - 6,053 1.80 34.75
T 2. 24 HooR e AujsA) sk e o] A 15 | o= 5,791 1.72 3647
Figure 2. Correlation between raw counts and relative counts : : : : :
139 T-3 343 0.10 99.08
140 m-2 318 0.09 99.18
273 FHAURAe Aol o A=A o] A4l = 0.937 141 - 311 0.09 9927
2 =8 ol ArjsA sk iAol ta A T 42 | o 305 0.09 99.36
1o = o o 143 HH-& 290 0.09 99.45
A} 7abe] o] & A AL /Mmexx/, [x-E/, /E-T/, /L-E/, I - 008 .53
/O-1/al H]'EHE 7&?}94 %)\_O] Z}% "%_}1\_ %}%/E-I/,/_l-‘é'/, 145 LAk 254 0.08 99.60
/A-c/,/7-A, -x /S 146 C-HH 250 0.07 99.68
A3 P RNYeY Ie) o =10 147 L -XX 243 0.07 99.75
35 AHEATE S8 RS 2 1571 (S 10%) 148 | L-ws 218 0.06 99,82
gk Aoty Axl 54 4 24 HAUHEY Jee F 149 Mo 176 0.05 99.87
= 10 AA Sk} 150 | = 121 0.04 99.90
151 xx-3 121 0.04 99.94
152 =8 114 0.03 99.97
153 HH-3 89 0.03 100.0
%l 337,135 100.0 100.0
AN ALNRHE 71 Bl ol F 32 B AR/
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Table 6. Frequency distribution of minimal pairs by phoneme

=9 | &4 Hl = H] & (%) A& (%)

1 q 81,301 12.06 12.06
2 A 72,103 10.69 22.75
3 x 70,755 10.49 33.25
4 o 60,988 9.05 42.29
5 x 55,650 8.25 50.55
6 =) 54,906 8.14 58.69
7 & 51,683 7.67 66.36
8 = 44315 6.57 72.93
9 L 41,561 6.16 79.09
10 o 30,713 4.56 83.65
11 E 29,046 431 87.96
12 = 19,411 2.88 90.84
13 XK 12,294 1.82 92.66
14 A 12,066 1.79 94.45
15 T 10,524 1.56 96.01
16 cc 10,171 1.51 97.52
17 3 9,059 1.34 98.86
18 By 7,668 1.14 100.0

Al 674,270 100.0 100.0

TP =l b S Bl S /R 12.06%S YERII, ©]
B, x/8] £A 2 =) JERTE dh e 7 v

NEE KOl S5 /u/E 1.14%o] aﬂrﬁﬂv‘r 5] A4 1571
]

9 Jung(2019)° A 43k Ao FA HNIEE /T, 0, X, A, 3, 1, O, 2, X, L, I, T, &K, M, E, [, 3, 8/ <=

#o]7} Q1.

WS BT 195 997K = /1%x/8) /5 /&5 A2 shA
H&3} v)2olH, 10958 1897HA = 2/ A|2lshd
B85} AZeIe, BohE FAE JEs) A8 et 2ol
TS Foll= f2ETh v3o] HAURAS Hol “PEEF
AE S F e, ik ASUolE B8 8.25% R %
Rlo] Aot /m/E A FolME 7P 2 REE UrE}
s,
vt HaHAE 7HE gol REEE S4AE thEA
Bl Ed Ak 3 700 Al ASHA TR
E7. 54 AN HAE%
Table 7. Most frequently minimal pairs by phoneme
T =% S H] (%)
1-A 10,023 12.33
C-T1 5,777 13.04
BS -1 9,063 14.86
A-K 12,930 17.93
R-A 12,930 18.27
-1 1,524 14.48
LC-XX 951 9.35
ol 5 5 HH- 1,381 18.01
A=XX 1,714 14.21
KR- M 1,714 13.94
x-x 8,631 15.51
o -3 2,043 22.55
o E- 3,558 12.25
o-"1 4,228 13.77
e s-1 8,825 17.08
-1 6,053 14.56
TS 2-71 3,081 15.87
o-1 8,138 14.82
Hae Haugge) /P B SAE EF 2 YA E
28 ol Aol7k Yovt WA FHo] L Fgol
BEe) A sk e 28 A9 WS A
o] o 57 Mg B i E e W=l o/, /), /
M Z A RS T2y 3 £30] 22 A5 7
4 9 sl 4g BEQT A8E QPSR kg %/
g A9 28 PR THsHE =8k Ak A1 A
AE TRz /s/9h e/, /mim ek 7P 2 U S
S9lth. 23ATL A 25 QAL B PPE THS
S0k H UYL T Nk e Aoz ueltk
ol 3 5 /1/9 7P B H AU HAS wETH
Bolgel AzFPgn v 23 o FAH ez Auni
ok % 88 AN S ol E ol g U Az
el sto] veRd Aol
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S S, ARBE, BTNE, Al AayR A A RG-S o] F= FoleY HAUHAE 25 AA
Table 8. Minimal pairs of bilabials, alveolars, palatals, and velars o} < W o] ule} xfo]= Kol gtk AT /a-1-3/
FE [ ex4 [ A% [ wEee | A £ HSe Al lgo) b e, S-S 4l g

ok= S - - o s

A e T T o) 74 RStk ATINE ok - & ) o]
R 91 ’ Vg 3, e ) g b ke ATl e

AdE | e 919 20.29 opabal wj$- ok ) Urekskeh, A7E o -rre /o g /o
ce | 283 | @21 | 459 wme B G 4 Vgl A 1, A
[C-E 747 16.49 W—E’/] H]%O] 7]_;(]_ %oh;]_
A= M 993 100.0 993 © © AMTT

ATNE | =m 1,171 10.38 B2 Aol el v o=l SeAE S de-
=x [ 862 [ 765 | 11279 BeAe o) ol g Helg, HRLe W £ oj
xX-K 1,476 13.09 - _ -

o‘i?ﬂ]% —1-71 1’524 49.29 %O] 9)\‘4'51 t&‘j’ E%O}Q] 00163:01] H}E}’ ]'017}’ 9»11% _/F_ (})J]\;il
a-3 1,225 39.62 3,092 At/ e, v, %/ BE-Ae-As el td 55 dol e
na | s | 1009 £ 0 5% oIt S HE WE £ G A2t

T ARl E Ho|BE 54 it} Ve iyl s 20|

9 35E 2 o7bA = A A g S o e Aela o ghar & 2= gtk H Ao 4S 7|Hko 7 7] s uke

ALzl 2AE 2902 vk Zlejh, & Agatel whg we] $A%91E Itk E 95 2g A
oJtt.
s /a/
1,381(28.9%) 2934(61.5%) 9. LW NG 71 e
Ao 4774 Ao Table 9. Functional load based on the raw count of minimal pairs
S /HH/ A+ /m/
459(9.6%)
. 4% Had R NF
- 3. /m-m-sn/ ) Rge] vla High I x-%/ 8,631
Figure 3. Comparison of the minimal pairs of /H-tH- 1T/ Ju-1/ 2934
/c-E/ 2,863
/71-m/ 1,524
o )
gu/c/ /-] 1,475
919(20.3%) 2,863(63.2%) -t/ 1.381
4,529 R
A5 [/ AL g/ 1 /7-=/ 1,225
747(16.5%) /R -xx/ 1,171
_ / A-M/ 993
a4, /c-w-e/ HAHEES] Hlal /e-rc/ 919
Figure 4. Comparison of the minimal pairs of /C-cc-E/ -/ 747
/HH-1T/ 459
5o /x/ Low /M-3/ 343
1L171(104%) 8,632(76.5%)
oy 1219 po fo] Aol go) A9 x-x/ A4S Az 57k 71

1,476(13.1%) =

==
worw -4

Y 5. /=-me 2/ BT Hao] ¥l ggo] 7 Hom

Figure 5. Comparison of the minimal pairs of / X-xx- X/ o °

g 32 H AT e] AL A

=~

aEBok sk, Rl 2 /m-=/ 42 H 4
z

1o 5T w IA FasH gt

1,524(49.3% 1,225(39.6% - } e -
T e o ol M= 24 91AolA AHgo] tjRshs Hzri el
B/ : AL /Al o =

343(11.1%) %}\]—Oﬂ EHE"_H @'ﬁ‘]yﬁ:‘:} _3:]}_ IO’C‘ T %0'19’] %}\]' ‘T’C]_'Z"T‘:f ]%E]'ﬂ

BT},

a9 e6./1-m-7/ HhUEae] v
Figure 6. Comparison of the minimal pairs of / 1-11-=/
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HE10. H PR Dol o FALHA
Table 10. Syntactic category of words in the pairs

HA o g AL FAk A &AL Ak AL A} FrekAk
- 236,851
(70.25%)
2,446 46
g Ak (0.73%) (0.01%)
) 751 26 12
(0.22%) (0.01%) (0.00%)
a1 1,221 8 1 49,778
(0.36%) (0.00%) (0.00%) (14.77%)
. 358 ] 1 17,399 4,621
(0.11%) (0.00%) (5.16%) (1.37%)
. 2,760 62 62 2 ] 532
- (0.82%) (0.02%) (0.02%) (0.00%) (0.16%)
) 11,999 162 96 90 30 271 4,429
(3.56%) (0.05%) (0.03%) (0.03%) (0.01%) (0.08%) (1.31%)
= 808 40 25 36 6 58 77 23
(0.24%) (0.01%) (0.01%) (0.01%) (0.00%) (0.02%) (0.02%) (0.01%)
A 1,545 63 31 14 3 88 170 43 91
(0.46%) (0.02%) (0.01%) (0.00%) (0.00%) (0.03%) (0.05%) (0.01%) (0.03%)

A A8 Dol FA BAE B ARPAR o]
7025%%= 71 WAl It O 2 g AREAP Aol 14.77%E
Bt o] 7 FAL o] A €] 85% o) d= AHA Tk A A 4571
o] FALZ 5 3970 1% HA el 15 AR E &
AP &} G EARTGAP O] FAE BAIE Kol HATHE gt
A= gloinh &1 E/\}%L ﬁ&*}h A ol HAhHA
< o]F+& vlEo] 1,

T FAReRe] o) “%% 7i°1 574 X*O]E}. =
Abe} H AT RS o] F5 1] E&0] 2 Wi ol
Ak} A -EA AU HAS ol &0 2

3l
1S 528 HAauHd T SAPE S dol 49
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20]] AJABFAT 274 EL*LEH% 337, 1357H =296 3567H
wholo] EA}F 2ka 1 Ay FAL AX S-S 87.91%E
5] =2 Holglt} FA} A X go] 7P =L S e e

ST 1 -

=/(93.88%) 3L, 71 ShS S M-S /ax-3/(68.60%) AT, FAF

SR

o
ol 4

AA g0 & G FE A A5 Ag oz Ao 9
Qi At e FAL AR S-S G2 42 S34 FAM
o Aol glrkar & 4= 91 AhT

1L 5488 H 2 ER FA A NS¢ 10%)
Table 11. Percentage of same part of speech(top 10% and bottom 10%)

A | 2% | FAEEAE =9 | 288 | FAEYAS
1 -3 93.88 139 C-3 77.35
2 T1-HH 93.77 140 -3 76.70
3 T1-%K 93.48 141 O-hH 76.57
4 HH- XX 93.43 142 HH-= 76.40
5 HH - AA 92.93 143 C-& 76.13
6 TI-M 92.65 144 x-3 76.06
7 -1 92.11 145 - 75.92
8 x-m 92.00 146 HH- A 75.81
9 [C-E 91.97 147 T1-HH 75.46
10 M=K 91.49 148 C-%X 75.25
11 M=FX 91.48 149 C-HH 74.80
12 M-E 91.33 150 L -HH 74.77
13 E-I 91.28 151 =-bH 73.68
14 L-X 91.03 152 HH- X 72.14
15 m-E 90.74 153 XX-= 68.60
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15 1. 24 203 IS0l Ak )
o 1 7 [} o] - 2 o o -z e}

e |zag| A | BE IR calaga) g | NE | THE S calang| A | 08 | THIE
1 | A-x | 12,931 3.84 3.84 52 | L-E | 2,173 0.64 78.06 103 | c-b 583 0.17 94.18
2 | 71-A ]10,023 2.97 6.81 53 | o-e | 2,149 0.64 78.69 104 | M-tc 576 0.17 94.35
3 | 1-x | 9,978 2.96 9.77 54 | 3-8 | 2,043 0.61 79.30 105 | 1-& 562 0.17 94.51
4 | 71-1 | 9,064 2.69 12.46 55 | L-m | 2,027 0.60 79.90 106 | cc-A 561 0.17 94.68
5 | 0-& | 8,826 2.62 15.07 56 | c-m | 1,990 0.59 80.49 107 | M-z 558 0.17 94.85
6 | x-x | 8,632 2.56 17.64 57 | 2-o | 1,861 0.55 81.04 108 | M-H 547 0.16 95.01
7 | A-X | 8,294 2.46 20.10 58 | =-1 | 1,851 0.55 81.59 109 | o-= 539 0.16 95.17
8 | 1-o | 8,140 2.41 22.51 59 | M-xx | 1,714 0.51 82.10 110 | zx-1x 528 0.16 95.32
9 | H-A | 7,466 2.21 24.72 60 | L-2 | 1,652 0.49 82.59 111 | x-E 527 0.16 95.48
10 | 1-%x | 7,084 2.10 26.83 61 | =2-x | 1,557 0.46 83.05 112 | 2-Mm 525 0.16 95.64
11 | g-x | 7,068 2.10 28.92 62 | =2-5 | 1,543 0.46 83.51 113 | M-I 524 0.16 95.79
12 | o-g | 6917 2.05 30.97 63 | -m | 1,524 0.45 83.96 114 | 2-xx 508 0.15 95.94
13 | o-A | 6,685 1.98 32.96 64 | =-A | 1,504 0.45 84.41 115 LE= 505 0.15 96.09
14 | 1- | 6,052 1.80 34.75 65 | xx-K | 1,476 0.44 84.85 A-3 505 0.15 96.24
15 | o-x | 5792 1.72 36.47 66 | w-md | 1,381 0.41 85.25 117 | -0 499 0.15 96.39
16 | 1-c | 5,777 1.71 38.18 67 | E-m | 1,307 0.39 85.64 118 | -0 498 0.15 96.54
17 | A-& | 5,530 1.64 39.82 68 | =-x | 1,291 0.38 86.03 119 | x-= 497 0.15 96.68
18 | c-A | 5415 1.61 41.43 69 | M-K | 1,281 0.38 86.41 120 | cc-1 482 0.14 96.83
19 | x-& | 5374 1.59 43.02 70 | -3 | 1,225 0.36 86.77 121 | L-3 475 0.14 96.97
20 | £-x | 5328 1.58 44.60 71 | =-xx | 1,171 0.35 87.12 122 | wy-1 459 0.14 97.10
21 | B-%x | 5289 1.57 46.17 72 | 2-m | 1,036 0.31 87.42 123 | M-E 450 0.13 97.24
22 | B-& | 4810 1.43 47.60 73 | A-A 993 0.29 87.72 124 | Bd-A 434 0.13 97.37
23 | O-& | 4,632 1.37 48.97 74 | cc-xx 951 0.28 88.00 125 | x-3 423 0.13 97.49
24 | L-A | 4,588 1.36 50.33 75 | tc-X 935 0.28 88.28 126 | rc-w 422 0.13 97.62
25 | c-= | 4518 1.34 51.67 76 | c-= 930 0.28 88.55 127 | c-& 419 0.12 97.74
26 | L-O 4,401 1.31 52.98 77 | 1-M 928 0.28 88.83 128 | -2 411 0.12 97.86
27 | O-x | 4,283 1.27 54.25 78 | £-tc 919 0.27 89.10 129 L5 403 0.12 97.98
28 | 1-m | 4,228 1.25 55.50 79 | M-xx 889 0.26 89.36 M- 403 0.12 98.10
29 | L-x | 4,209 1.25 56.75 80 | T1-M 871 0.26 89.62 131 | x*x-& 397 0.12 98.22
30 | -5 | 4,034 1.20 57.95 81 | rr-s 849 0.25 89.87 132 | H4-X 384 0.11 98.33
31 | L-= | 3,961 1.17 59.12 82 | H-M 796 0.24 90.11 133 | -ty 383 0.11 98.45
32 | c-o | 3,804 1.13 60.25 83 | 71-xx 760 0.23 90.34 134 | - 367 0.11 98.56
33 | x-5 | 3,774 1.12 61.37 84 | - 747 0.22 90.56 135 | 1-L 364 0.11 98.66
34 | £-5 | 3,760 1.12 62.49 85 | -x 744 0.22 90.78 136 | £-= 362 0.11 98.77
35 | -k | 3,581 1.06 63.55 86 | HH-A 736 0.22 91.00 137 | ©-m 360 0.11 98.88
36 | 1- | 3,558 1.06 64.60 87 | -x 724 0.21 91.21 138 | O-tu 350 0.10 98.98
37 | L-c | 3,552 1.05 65.66 88 | 1-rc 673 0.20 91.41 139 | m-= 343 0.10 99.08
38 | o-m | 3,175 0.94 66.60 89 | M-A 671 0.20 91.61 140 | -2 318 0.09 99.18
39 | 1-2 | 3,082 0.91 67.51 90 | M-x 659 0.20 91.81 141 | =3- 311 0.09 99.27
40 | L-Xx | 3,054 0.91 68.42 91 | s4-xx 654 0.19 92.00 142 | L-cc 305 0.09 99.36
41 | x-E | 3,025 0.90 69.32 92 | H-xx 649 0.19 92.19 143 | - 290 0.09 99.45
42 | A-E | 2,987 0.89 70.20 o3 | =€ 640 0.19 92.38 144 | wH-E 277 0.08 99.53
43 | B-m | 2,934 0.87 71.07 3-o 640 0.19 92.57 145 | L-M 253 0.08 99.60
44 | A-m | 2911 0.86 71.94 95 | - 626 0.19 92.76 146 | C-uH 250 0.07 99.68
45 | c-E | 2,863 0.85 72.79 96 | M-X 613 0.18 92.94 147 | L-xx 243 0.07 99.75
46 | =X 2,820 0.84 73.62 97 | A-xx 611 0.18 93.12 148 | L-tH 218 0.06 99.82

o-s | 2,820 0.84 74.46 98 | =-3 603 0.18 93.30 149 | m-= 176 0.05 99.87

48 | k- | 2,641 0.78 75.24 99 | mi-X 600 0.18 93.48 150 L2 121 0.04 99.90
49 | B-E | 2,563 0.76 76.00 100 | O-M 595 0.18 93.65 K- 121 0.04 99.94
50 | E-5 | 2,471 0.73 76.74 101 | O-xx 589 0.17 93.83 152 | =-uH 114 0.03 99.97
51 | x-m | 2,275 0.67 77.41 102 | =-3 586 0.17 94.00 153 | w4-3 89 0.03 100.0
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55 2. 24 HAUNHE FA A EFEAL LA & HHA s B )
sl an o | FEARGTEADNRT BA [y [HEORIEADAR] B [, [ASAR[EA L] F4
A A A& A N A& A N A&
1| n-= 343 322 93.88 52 | 1-x 9,978 8,824 88.43 103 | -x 659 555 84.22
2 | T-mH 626 587 93.77 53 | £-x 3,581 3,162 88.30 104| 2-x 1,557 1,310 | 84.14
3 | M-z 889 831 93.48 54 | 1-m 1,524 1,345 88.25 105| =-m 525 441 84.00
4 | bH-%K 654 611 93.43 55| L-O 4,401 3,882 88.21 106 | =-o 1,861 1,559 | 83.77
5| mH-M 736 684 92.93 56 | H-M 796 702 88.19 107 | 1-& 547 458 83.73
6 | T-M 871 807 92.65 57 | B-& 4,810 4,241 88.17 108 | -2 411 344 83.70
7| n-m 558 514 92.11 58 | £-rc 919 810 88.14 109 | c-x 935 780 83.42
8 | x-m 2,275 2,093 92.00 59 | x-& 3,774 3,323 88.05 110 | 1-& 562 468 83.27
9 | -E 747 687 91.97 60 | - 8,826 7,771 88.05 111 | 2-x 508 423 83.27
10| Mm-X 1,281 1,172 91.49 61 | A-M 993 874 88.02 112 | c-H 583 485 83.19
11| M-xx 1,714 1,568 91.48 62 | L-8 4,034 3,540 87.75 113 | cc-xx 951 791 83.18
12| M-E 450 411 91.33 63 | O-A 6,685 5,862 87.69 114 | xx-& 397 330 83.12
13| E-m 1,307 1,193 91.28 64 | 71-O 8,140 7,135 87.65 115 L-Mm 253 210 83.00
14| L-x 3,054 2,780 91.03 65 | 1-X 744 652 87.63 116 | H-xx 649 538 82.90
15| - 367 333 90.74 66 | m-& 2,820 2,471 87.62 117 | 1-xx 760 630 82.89
16| L-E 2,173 1,971 90.70 67 | H-bd 1,381 1,210 87.62 118 - 640 528 82.50
17| xX-E 2,641 2,395 90.69 68 | A-S 5,530 4,822 87.20 119 2-A 1,504 1,240 82.45
18| A-E 2,987 2,708 90.66 69 | M-cc 576 502 87.15 120 =-3 586 480 81.91
19| m-m 524 475 90.65 70 | X-& 5,374 4,683 87.14 121 -x 724 592 81.77
20| B-m 2,934 2,659 90.63 71 | E-% 5,328 4,636 87.01 122 A-= 505 410 81.19
21| L-m 2,027 1,837 90.63 72 | E-A 5,415 4,710 86.98 123 | 3- 311 252 81.03
22| A-K 8,294 7,515 90.61 73 | -1 528 459 86.93 124 | L-tc 305 247 80.98
23| c-H 4,518 4,086 90.44 74 | 1-C 5,777 5,014 86.79 125 M- 403 326 80.89
24| 1-X 7,084 6,401 90.36 75 | Oo-x 5,792 5,027 86.79 126 | o-=3 539 435 80.71
25| °-E 2,563 2,314 90.28 76 | O- 2,149 1,860 86.55 127 | L-xx 243 196 80.66
26| L-H 3,961 3,574 90.23 77 | 1-3 1,225 1,059 86.45 128 | - 482 386 80.08
27| 1-m 4,228 3,811 90.14 78 | C-m 849 732 86.22 129 | %x-3 423 337 79.67
28| 1-H 9,064 8,162 90.05 79 | 1-Mm 928 800 86.21 130 | w-& 290 231 79.66
29| H-A 7,466 6,718 89.98 80 | -1 1,036 893 86.20 131 | O-x 589 468 79.46
30| L-C 3,552 3,195 89.95 81 | =2-E 640 551 86.09 132| £-2 930 736 79.14
31| =-% 5,289 4,756 89.92 82 | w-E 277 238 85.92 133 | c-o 498 392 78.71
32| R-X 8,632 7,754 89.83 83 | L-2 1,652 1,418 85.84 134| £-mMm 360 283 78.61
33| cc-by 422 379 89.81 84 | 2-d 1,851 1,588 85.79 135| 1-c 673 529 78.60
34| A-m 2911 2,610 89.66 85| L-3 475 407 85.68 136 | - 403 315 78.16
35| xx-X 1,476 1,322 89.57 86 | - 3,760 3,218 85.59 137 | A-xx 611 473 77.41
36| - 527 471 89.37 87 | 1-2 3,082 2,632 85.40 138 | rc-A 561 434 77.36
37| E-3 2,471 2,208 89.36 88 | 1-o 499 426 85.37 139 | -3 362 280 77.35
38| L-A 4,588 4,095 89.25 89 | M-x 613 523 85.32 140 | am-= 176 135 76.70
39| 1-A 10,023 8,944 89.23 90 | =-3 603 514 85.24 141 | O-wd 350 268 76.57
40| x-m 2,820 2,516 89.22 91 | M- 364 310 85.16 142 | we-3 89 68 76.40
41| o-H 6,917 6,170 89.20 92 | -3 121 103 85.12 143 | - 419 319 76.13
42| -1 6,052 5,398 89.19 93 | 1-A 671 571 85.10 144 | x-= 497 378 76.06
43| x-E 3,025 2,698 89.19 94 | n-2 318 270 84.91 145| 3-8 2,043 1,551 75.92
44| L-x 4,209 3,750 89.09 95 | £-oO 3,804 3,224 84.75 146 | bH-A 434 329 75.81
45| 1-E 3,558 3,168 89.04 96 | c-1 1,990 1,685 84.67 147 | 1-wd 383 289 75.46
46 | A-X 12,931 11,509 | 89.00 97 | O-& 4,632 3,914 84.50 148 | C-xx 505 380 75.25
47| B-x 7,068 6,280 88.85 98 | X-xx 1,171 988 84.37 149 | =-ud 250 187 74.80
48| o-x 4,283 3,804 88.82 99 | - 595 502 84.37 150 | L-uH 218 163 74.77
49| c-E 2,863 2,540 88.72 100| =-%x 1,291 1,089 84.35 151 | =-w 114 84 73.68
50| o-m 3,175 2,810 88.50 101 | wH-X 600 506 84.33 152 | wH-x 384 277 72.14
51| mu-m 459 406 88.45 102| 2-& 1,543 1,300 84.25 153 | xx-= 121 83 68.60
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