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Change—point Estimation based on Log Scores!)

Jaehee Kim?2 and Hyunjoo Seo3)

Abstract

We consider the problem of estimating the change—point in mean change model
with one change-point. Gombay and Huskova(1998) derived a class of change-point
estimators with the score function of rank. A change-point estimator with the log
score function of rank is suggested and is shown to be involved in the class of
Gombay and Huskova(1988). The simulation results show that the proposed estimator
has smaller mse, larger proportion of matching the true change-point than the other
estimators considered in the experiment when the change-point occurs in the middle
of the sample.

Keywords : Change—point, Rank, Score function, Wiener process.
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A ot e =

et “QAATS FHE HAsE A7 Brh A5 vESEH Uyd M £33 AlEHE &

M= Z(sign)® &9 (rank) =T &Yl 7128 D (score)E AEEte HE Y &4

S 29 4 Ut} E3 Gombay ¢ Huskova(1998) ¢ Z Ao e H43H4=(score function)9t &
A A4 (rank score)& °ol&3t HPAIZ ®Wsty F i

AEge YL vustnzt ot

FHAZAFES g o]&& 2FA 2F T, log TS

|otst 4o E 287 3FAM AE ¥MEHE FATAZES
v w s BAgT viA g 5B e B =8 AE 9 A%
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@5} change-poin) @ A5H Aol ols) AR BEASI AN Wish AL 99
ARE dE® fARSe] wE, BARSe) WH Fol Dol Agolth MaH FHAT
4 pEHoiAr EAzE AsAdel $43% w48 Wi =27 2o 4w & dow 2
AT E WHAZ F4, & ¥ 4 BAE ¥ 1% @k

X1, Xy X, £ A5EEE 42t SPUSE ool YL BEeT

Xl, Xz,...,Xz- ~ ud F(.X),
Xz-+1,Xr+2,...,Xn ~ ud G(x), Z'E{l,...,n—l}
F(x) + G(x).

714, AaW AA WHsd = BEX FAAM G2 Wiyt AFdste Aol ddh
Hinkley(1970)% #h7}% =¥ (maximum likelihood method)& ©| &3t ®3tH FAHFAZFES A
ot BUS BFEEoA HFae o7t EAlte BEHS Fo GE do 2 7h&d EAs
= w3 Ee Uty ey S o8t 43 Hinkley(1970)9] 23S AHEW, d&5d #E
AE (X, Xy, o, X0 1719 ¥stdo] &Aste B¢

Xt={90+ Es, til,Z, , T
6+ e, t=t+l,,n

A7|H LAY e Edolm Y BEX N0, H)S wEd. 4= HFoln WIFH & B
2= A7F A4rolt)h. Hinkley(1970)E $.x13te] AFEEE wsE o $xd59 4,

,_ Hn—=B(x,— )’

Z, , t=1,-,n—1
n
2 dx Wad FAHAHPoR
Thime = arg max j(xn{Z:
S Aotgd =, $ =82 (likelihood function)E HthdlslE Aldo] Fod 2F oA T8
© Hgydez FHHEY
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Darkhovsh(1976)2 -3 EY %A =H(Mann-Whitney statistic)Oﬂ 7128 & HgH FAHS
A2t 2, Bhattachryya and Johnson(1978) ¥l e] fFo #3 v =243 AAHE AAEA
o}

Pettit(1979)= Hdo] Wde EFAAM F FEA A WH-3EY E7 FMann-Whitney
statistic) & 7122 o] H| 243 H3ld FAHALES ALSAT Pettit(1979)9] Wstyd F4F 2
g 2o

1
Uttn-0= 2 { 21 5T
q71A, BE3FY Hoe S o

wn={k 28

sen(X,— X))+ Hn— t)}

ojtt. o714
Wi=2U(n-p—Kn—19, t=1,2,,n—1
£ o] 83t Pettit(1979)2 ®sld FAHAFARLR
T,=argmax 1(x.{ W}

< AL

Schechtman(1982)& U n—pn® (X1, Xo, =, X% (Xjp1, =, X)) 2ol 5 B 7
<, W-3EY dF<LE BAZF(Mann-Whitney-Wilcoxon  statistic) 2 2HH  W-FHEY
(Mann-Whitney) 3812 =03 71R54T o] 22 ted 2e Jue 2AdY

Utn-n=5{ 2,30 597 Xi= XD +n— 1)
olt}, Schechtman(1982)2] B # W3a B3 WHald FAFe oy g

=
! [ (nt1) ]0'5’
124n—19

t=1,2,---n—1.

Hatd FRFAFELR
T sepe= arg max 1¢uo Vs
< Aasdt
Hawkins(1977, 1986)& A A #3A H(LSE: least square estimation method)& ©] &3l H
9] zpolr} EAEte doo HEo digh Wty FAWHE AHsA T Hawkins(1977, 1986)<
e Yo 2RE U I HH FHLAFYHE ol &3td ¥ o FAHE ALEAT
Xi=put6li=pte; 1=1,2,,n

AN u, 8,8 BREE AFola & Elg]=00x 62=E[e?]<00, 1<i<n?l 5doln &

Ut $EE M2z eAPIY. K= R X /4 =1,2,7,n olT
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b

¢ u} Hawkins(1986)9] ®Wgd FAHFAF
T Hawe = arg max ¢4 Q4
o2 Alstdt 53 2oa #Fo] AGEEXE wWE H$ Hinkley(1970)2] ¥W3d FAHZL
Hawkins(1986)2] ¥ 3}
Lombard(1987)2 =
o9 FAZA 72 E

HAJL BSAZFE Y EE O o] WHHEAARE AAS] A3l
= ¥ FAFE ALsA. dolHE cHErE vEpozEs Wsst
%

e AF7HE St EEXEH AAZTAZDE 4 & I ol HY 9FS HA A o A
2 5Ed g8¥g X, Xy, -, X, ol &9 BX8s Flx, 6y), -, F(x, 6,)S Ztevta by,
==0=0, 0,p)==0,=6"2 A$ ANA & As}Ho|z} st} Lombard(1987)& Hg
¥ 3l ¥ 8 (smooth change model)® 7153 & W3l %8 (abrupt change model) 27}X & ®5F &35}
At
4 7Fab 2 W 3 (single abrupt change)® ©&3 Zt)h
.= {51, 1<i<r
! &, Witn
AR AsE ned 2y og WP T3 (smooth change model) & th& 3 2o},
El ’ ZST
;= &+ (i—)(&—ED/(ry— 1), 1<i<ry

L—_
pu

A7NA 65 HAETY as U3 £,46,0, 08 EEE EFolhy. p=n+1%d 4
HFIW3 Yol vy I HslnYo] & & £ v HB WM E 3 (smooth change model) o
AEAFE G474 2o rank (x) =722 & @, I+ (score

function) ¢+ 0<f (W) dul o0& WHZ£3t}, &Y A4 (rank score)E s (r,)et 3R
s =[ (557 ) 9)1a

o} 714

Vyy= i z2‘8(7’)

]
2
I
g
FIN
o
ik
2

5t1,lz= v t,,tz/G(ﬁ/n, tz/n)
A7 A P, v)=(1— )’ +3w/12— (1 — ) (1 +30)/12— (1 — )2 (2 — uP) /20

i
e
e
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Lombard(1987)& EAFLR Ty=arg max (| v,,]} & ALHAD 53 A
4ol 1 Ad B4,

T, = arg max 1<t<n{| 5t,z+1,}

2 gEdoh
Carlstein(1988)& 3 A A& FHo2Z F BX7Y AYE HU= ste APS ¥Hgydez 4
shth Fol7 SHHLES e F EEXE BEYy 2¥ & MY
- X, ~ ud F(x)

A7M,  F% G g wEge  s¥d M glol e
p=(xSRIF@) - GWDO AN [dFx)0 B [ dF(0>0 H3e e zdez @k

teA={i/n: 1<i<n—1}] W) tAA o|de ZPF+ATT(pre-t empirical cdf) ,h(x)9 tA]

W o|% e Y%A &4 (post-t empirical cdf) h(x)= THeT 2ok
(%) = gI{X,-S,,}/m‘

(= 3 KXi}/n(1- 1

=ntt+
od 714 A Al &< (indicator function)
1, x<a

I(XSa)={
0, x>a

olth. tAl A old, o] ¥ FAYP¥H F+E )88t Carlstein(1988)2 37Hx19 A 71E& L
Aot &9 MaH FAZFE AR
(1) &elo] doigte] &2 ol &% FA%
D))= 51— 0" a7 21 hx) = bl

Wl A ZAEALL T, = arg max ;¢x4D (£} ot
(2) xpole] AF F& ol 8T FAF
0.5

D)= £3(1 =0 n7" 2 hx)— hlx))?
Wgd FHRARFL Toue= arg max ju.{Dy(9)} ol
(3) Aolo] HUgS o] &3 FTAF
Da(ﬁ:to's(l_t)o's SUPlsiSnl th(xi)"‘ht(xi)l
Tcon= arg max 1¢x.{Ds(} It

Carlstein(1988)¢  Carlstein® A% 7o distd, 6<[0, 1/2)1 A= dozn &4,
|7—dn’e no) AR wet 0o 8 2Hat B )00 thatd D003 009 A

MEd FETAZ

rlo
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F9 ZE n=n(e)dl dstd P{|7—d>el<cinexp{— cyefu}ol HHFS BATh

3. AFYFE o8 WA FHAFTAF AW

S84 g8 (X, Xy, -, X, B9 ¥t 3 W dAste A tSe wskd »
Qg Zeo
X.= l‘tl+€1 » i:l,z,---,z—
: uste;, i=c+l,,m

AZIM, d=py—py &2 00] otd AFolL(uFuy), LAY g5 ME FHolw HFo| 0,
Bako]l 29 593 A% B¥s way ¢ = HFo Wiyl dojue Wi Holnt
{Xl,.. X & S8 e = 7HAY rank(X) =7, S22 @ W &9 E o] &3
T (score functlon)ilﬂ g9 2adF HH=lg(t+1), t=r;/(n+1) o]&E A
Qja}jl_x}s}tq log &S T3l He(score) 3 ol FolA AU
alr)=¢(riin+1)) 22 T2H a=(alr),..,alr,)) < <HE o83 HFWE(a

vector of scores)e|™ &3 (partial sum)<

Si= 2(a(r)=a). k=l

o= EHaS 471N 7= 3 a)/nolth
2 mgelt 90 7123 log A5YFE o18T A FHFAFOR

T'= arg max ¢l Sil

£ Aetetnxsgi.

Gombay ¢ Huskova(1998)= &9lol A% Wad +4
EE #HEIAT B ATl Adse ¥R FA
Huskova(1998)7F A|etst FAZFXF e &ainl B3 =
Huskova(1998)9] A EE& o] & + U} thSoA = 7M-o] &g g oz T o F
TEE B FYE RolnAFH.

7481, =[x6] € W, =0, D EATH 9714 [de BFE UEHAT
BE L f=1/n, =(1,n) °1BE 6=(0,1) 7t EAT
7VA2. oo 4 W, ¥ AT co D7} EATH

oA a)—c

b 2 i

Sy

gl(a(z')— a)i<D |, n=1
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0<d(a) =

( ( n+1 ); Z">2
s (14547 )

~f log( +x)%dx< fo(l-i-x)zdx:%’(w

I 22 integral testoll &) oW %o A ¢ 7F EAMA E(a) — ¢ otk

7443, nooo 4 ), L Zl(a(ri)— a,) = d(a) —»? 0 ol

T i

BE: E(a(r)— a )2=021, i=1,..,n °|B&

L S e - a,)' - (@) =225 Sy - 20 -1 3 (ary— ()’
—? 0

R4, pooo U w), S 2L wEdE YA HE (d,)0] EAFT

I N
=0, 1} oo e

S—b, b+0.

(]

o]jl_

n
(n—1)d,
TE o d,=n7 adl/2 B HIE P & wEsHA E.

o]} Z+o] Gombay ¢ Huskova(1998)9] 7FHEE T&E32 2 Gombay ¢ Huskova
(1998)el X 5 & o9 A7t Adgth

Al (X, X0FH (Xep1, -, X)T 44 6852 371 F G 95233
2 zt=v1 Al pooco W JFA1-7FA4 o) 9IA LS

2 2
Gg(d;)(T— 7) — min{ zeR' : max{WMH—Itlg(d , teR'}=Wz)—|zlg(2) }

o714

—0, t
gl(t)={16 A

g()= % , teR!

I W(=bH , KO
W(t)_{W;(t) , DO
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ol (WP, v {W(D, &0} = A ZE =Y Wiener process ©|th.

A2, X, X, & 9499 WFg BEXJ F ALEIXGSFE zted agan
A (score)Z a(l), -, an)oli n—oo Q4 w 7}AH2E wrEsty

—g — min{t€(0,1) ; | B()| = max ye eyl BW)I},

ola, {B(v), 0<v<1}< Brownian bridgeZ el it}

Matd FH5EE vlustry] Asto] S-plusE o8¢ ZogdP e Asudn. mofAd oA
WEye] 1 /] E4ss B3] WA 2¥ S AHEEY
= #l+€l’ i=1i2,”yz-
X {,u2+ i, I1=1+1, n

A HoA, =30 & Afde
t=10,...,90 HHAA Y WA FHS 1’240}“13} tﬂﬁ}’“ —’F" TYHE HusAe FAFR
HEAFHNA O FF, FFAFLAMSE), ¥Ei F4u)&, Wstdd gig 5% A TS A
gt o71A W H FAREL Foixl HHHE A FAT v &S ALT Aot

E 12 304 BE =50 & W, F €] A5 FUAA AT o, Atste WA
EAZG T 9 HFAFOA/} e EAT vla Hz, dsld =Au g0l ¢ L Aoz Y
1} 7]7‘7‘@%“3_] Hinkley(1970), Schechtman(1982), Carlstein(1988), Lombard(1987)-4 FAF R

ol 58S ¢ & Atk a8y =30 I W, F wEHe] AEY FhEc FRE
& o, Atste HSAEALG T o FEAFLAN Tepp BosE $+F3AT 2 99

=
FEAZRGE 2450 o4 WolHE AL B F 3

=

O

3
o A
EX

g

5. 48

4 2AEAE H2 olg Robd THL QA BAL, dolHs $AE LEAA U2
A e A BES Wt dolut ARE FASARADL oW ATANE AR AHE
W

o st @ dojd A U log HTsE ol 87 HEsd Wy FAHTAZFS A
detAth 53] Gombay 9 Huskova(1998)7F B & & £X2 2Akd £ 3o Adste 3
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X2 93d £ Qe Gombay & Huskova(1998)7F A A)ste 7FA o) gt
[e] Z
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¥1. n=100, ¥ &A

r=50, r=30 ¢ W A&l AFEE NO wHE= FF

W3 r=50 z=30
BE | e BT ) 2a | oo
27 | AF ;;‘: N?Hiﬂ 7 | AT ;; A];]O;m
o3} T o3} T
Trims ) 50.027 | 30.975 | 0.473 | (38, 62) | 30.874 | 60.766 | 0.463 | (18, 52)
Tsene | 50.006 | 31.842 | 0.463 | (37, 62) | 31.169 | 57.607 | 0.456 | (19, 51)
T cwn || 49.077 | 37513 | 0.466 | (33, 60) | 29.300 | 52.706 | 0.456 | (13, 44)
ﬁ‘::? T carel 49.049 | 41.317 | 0.450 | (31, 61) | 29.567 | 59.409 | 0.453 | (13, 46)
T carall 49.204 |155.750| 0.248 | (20, 77) | 31.903 | 255.981| 0.262 | (10, 83)
T, 14886932375 | 0.411 | (36, 60) | 29.963 | 58.299 | 0.423 | (18, 48)
T |49.808 | 15.434 | 0503 | (40, 58) | 33.401 | 60.231 | 0.466 | (26, 54)
T e 50.057 | 1.769 | 0.844 | (47, 53) | 30.124 | 1.922 | 0.853 | (27, 33)
Tsenel 50.054 | 1684 | 0.847 | (47, 53) | 30.371 | 2535 | 0.931 | (28, 35)
Teanl 49.938 | 1760 | 0.847 | (47, 53) | 30.182 | 2.408 | 0.830 | (27, 34)
ﬁ‘;zg T corn| 49.969 | 2.089 | 0.834 | (47, 53) | 30.158 | 2.266 | 0.844 | (27, 33)
Tcwal 51.484 | 88938 | 0516 | (20, 73) | 31.314 |114.866 | 0538 | (10, 62)
T, (49.045| 2587 | 0.794 | (46, 52) | 29.350 | 2.738 | 0.818 | (27, 33)
T [490.880 ] 1.462 | 0.861 | (47, 52) | 31.097 | 6.803 | 0.763 | (29, 38)
Tl 50.018 | 0.278 | 0.969 | (49, 51) | 30.003 | 0.297 | 0.969 | (29, 31)
Tsel 50.013 | 0.257 | 0.968 | (49, 51) | 30.253 | 0.617 | 0.967 | (29, 32)
Teanll 49.977 | 0339 | 0.959 | (48, 51) | 30.167 | 0.483 | 0.954 | (29, 32)
ﬁ‘l’fg T cornl 49.994 | 0326 | 0.963 | (49, 51) | 30.126 | 0.396 | 0.960 | (29, 32)
T cora)l 51.456 | 78.832 | 0.596 | (20, 74) | 31.315 |100.257 | 0.609 | (10, 58)
T, 149011 | 1.256 | 0930 | (48, 50) | 29.231 | 1.145 | 0.949 | (28, 31)
T 149927 0207 | 0.963 | (48, 51) | 30.608 | 1.946 | 0.857 | (30, 34)
T | 49.992 | 0.078 | 0.994 | (49, 51) | 29.995 | 0.063 | 0.977 | (29, 30)
Tsene| 49.992 | 0.066 | 0.995 | (49, 50) | 30.253 | 0.467 | 0.952 | (30, 32)
Tearall 49.968 | 0.080 | 0.993 | (49, 50) | 30.179 | 0.289 | 0.974 | (30, 32)
z‘l’zg T carnll 49.977 | 0.083 | 0.994 | (49, 50) | 30.141 | 0.233 | 0.981 | (30, 31)
T coral 50573 | 85.819 | 0.619 | (20, 68) | 32.184 [110.642 | 0.634 | (10, 64)
T, 148980 1.120 | 0.964 | (49, 50) | 29.237 | 0.943 | 0.988 | (29, 31)
T l49928] 0.114 | 0.991 | (49, 50) | 30518 | 1.360 | 0.887 | (30, 33)
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E2. n=100 ¥3tH =50, =30 & wW Lx3Fo] BF 0, A 1 < AFTATEE HE

s

[=]
2

asd | =50 =30
B2 = 2] 959 B4 = 2] 9594
o — ‘?\‘Zo (o] - 5 '71“20 (o]
R I B A R I e I T P
© 3 © 3

Trie| 49.927 | 32721 | 0524 | (37, 63) | 30723 | 49.799 | 0.497 | (18, 45)
Tsore|| 50.153 | 22.243 | 0561 | (40, 61) | 30.755 | 29.999 | 0530 | (22, 43)
T carn| 49328 | 26.690 | 0557 | (36, 58) | 29594 | 25.168 | 0521 | (17, 40)
T carn| 49503 | 22.969 | 0.565 | (38, 58) | 29.847 | 20.805 | 0.545 | (19, 39)
T carn| 49.361 |157.905] 0.317 | (20, 80) | 32.871 | 285.287| 0.304 | (10, 89)
T, [ 49018 |23.280 | 0530 | (38, 59) | 20.625 | 27.481 | 0.496 | (20, 42)
T 49879 11.854] 05094 | (42, 57) | 32.699 | 33.885 | 0.483 | (26, 46)
Trime| 50.021 | 1.889 | 0.857 | (47, 53) || 30.042 | 1724 | 0.867 | (27, 33)
Tsene | 50.044 | 1.728 | 0.856 | (47, 53) | 30.028 | 1.700 | 0.933 | (28, 33)
Tcwn| 49986 | 1790 | 0.862 | (47, 53) | 30.044 | 1436 | 0.854 | (27, 33)
#o =0 150015 | 1553 | 0871 | (47, 53) | 30,071 | 1279 | 0.868 | (28, 33)

= T carn| 50.841 |108.947] 0525 | (20, 75) | 32.271 | 131.569 | 0.509 | (10, 70)
T, |49.030 | 2.680 | 0911 | (46, 52) | 29.224 | 2.174 | 0.847 | (27, 32)
T 40920 1322 [ 0943 | (47, 52)| 31.029 | 5703 | 0.734 | (29, 37)
T 50.010 | 0.296 | 0.968 | (49, 51) | 20982 | 0.428 | 0.965 | (29, 31)
Tsehe| 50012 | 0.318 | 0968 | (49, 51) | 30.247 | 0820 | 0928 | (29, 33)
Teorn| 49972 | 0312 | 0968 | (49, 51) | 30.131 | 0663 | 0943 | (29, 33)
;’j(l’fg Tcarp| 49.984 | 0272 | 0971 | (49, 51) | 30.106 | 0550 | 0.952 | (29, 32)
Tcars| 51231 | 81.445 | 0.605 | (20, 72) | 31.443 | 109.161| 0586 | (10, 58)
T, |49.012 | 1.204 | 0939 | (48, 50) | 29.225 | 1.337 | 0.945 | (28, 31)
T 49938 0.336 | 0963 | (49, 51) | 30.685 | 2.465 | 0.832 | (30, 35)
T e 49.996 | 0.100 | 0.990 | (49, 51) | 30011 | 0.123 | 0.988 | (29, 31)
Tsehe| 50.007 | 0107 | 0.990 | (49, 51) | 30.211 | 0.417 | 0951 | (30, 32)
Tcarn| 40983 | 0.115 | 0.988 | (49, 51) | 30.155 | 0.321 | 0.963 | (30, 32)
Z‘;ig Tcarn| 49.994 | 0.118 | 0.989 | (49, 51) | 30.132 | 0.266 | 0.970 | (30, 32)

T carpl 51.009 | 87.455 | 0.602 | (20, 70) | 32.129 {112.749 | 0.617 | (10, 64)
T, | 49.001| 1.109 | 0.961 | (48, 50) | 29.205 | 1.013 | 0.978 | (29, 31)
T [49.931| 0.131 | 0.988 | (49, 51) | 30593 | 2.019 | 0.687 | (30, 31)
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¥3. n=100, ¥3}A

r=50, r=30 ¢ W exgo] FAXE U-1717 B2t 7

o)
%

H 3} =50 =230
BT 2| o5 BT 2 | oo
g [ A | [ 00 Naw |aw |10 |00
P 1€ (4873 o b8 |(AMEFD
T e | 50.000 | 33914 | 0.481 | (36, 64) | 31.033 | 58581 | 0.465 | (19, 48)
Tsune | 49947 | 43.497 | 0.457 | (35, 65) | 31.853 | 82.997 | 0.430 | (18, 57)
Tearnl 48745 | 55.003 | 0.439 | (26, 61) | 29551 | 81.111 | 0.411 | (12, 48)
ZTZ? Tearnl 48.822 | 61.284 | 0.427 | (25, 64) | 29910 | 91.300 | 0.394 | (12, 52)
T carall 49.255 |158.521| 0.247 | (20, 77) | 31.860 |238.300| 0.250 | (10, 83)
T, | 4883444804 | 0.406 | (33, 63) | 30.555 | 80.431 | 0.409 | (15, 56)
T 4958320450 | 0.487 | (39, 59) | 33.729 | 69.823 | 0.411 | (24, 54)
Tl 49.995 | 1.815 | 0.843 | (47, 53) | 30031 | 1.455 | 0.848 | (27, 33)
Tl 49088 | 2014 | 0.847 | (47, 53) | 30322 | 2420 | 0.825 | (28, 34)
Teanl 49920 | 1944 | 0.846 | (46, 53) | 30.160 | 1.988 | 0.828 | (27, 34)
z‘l’fg Teanl 49929 | 2.185 | 0.842 | (46, 53) | 30.126 | 2210 | 0.822 | (27, 34)
T sl 50.918 | 83588 | 0.537 | (20, 72) | 31.894 [110.854| 0510 | (10, 60)
T, | 48965 3109 | 0.760 | (45, 52) | 29.296 | 2.664 | 0.774 | (27, 33)
T [40828] 1728 | 0856 | (47, 52) | 31.053 | 6.371 | 0.737 | (29, 37)
T o1 50026 | 0183 | 0.986 | (49, 51) | 20.968 | 0.188 | 0.985 | (29, 31)
Tsene 1 50.005 | 0.163 | 0.986 | (49, 51) | 30.201 | 0.383 | 0.967 | (30, 32)
Tewnl 49.970 | 0.156 | 0.987 | (49, 51) | 30.150 | 0.258 | 0973 | (30, 32)
/‘:‘l’fg Tearnll 49.994 | 0.172 | 0.986 | (49, 51) | 30.115 | 0.207 | 0981 | (30, 31)
Tearal 51.450 | 81.900 | 0.612 | (20, 72) | 31.903 |116.073| 0.625 | (10, 59)
T, [49.001 1.163 | 0.939 | (48, 50) | 29.191 | 0.977 | 0989 | (29, 31)
T [49939] 0.139 | 0992 | (49, 51) | 30.483 | 1.331 | 0.894 | (30, 34)




