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Elements in Perception
Human Color Vision and Tetrachromacy
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1 Introduction and Scope

NI X > TED B2 J513 587 5 =BlE8 D LD EY)

v AROHW ED - Ko wEAEE T3 AE . Rz wgd EE TR
VW BHIEEZ T2 EEbNSE ATOENE IE) DL EFHND,

= BZHONY) 2= a v EEETOMH D> 53K T 5,

- FEOEHTICE VT, HAZEZED X I ITEEFND DD,

— ZHUIEEMZE, B, A ED X9 BB E 5.2 5 Db,

v EHT S NEENZ 4 @RI (potential
tetrachromacy) |

KIFEAEDE MiF 3 BRAE (trichromacy) . S* M- L
EWEIEN S 3 DDA E R,

HEAANN - a2 AT
T 5, T SA
WY,

PRI - i
BH5. L T2\, B
EZATHE D
25 (Bldbhr
%) .

1.1 Background
1.1.1 Why Do We Experience Color?
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1.1.2 What Is Color Vision For?
o fHIZCL > THELREBE LD, WERERHBOEDECEZRHTE 288105
R,
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KEMHDESHRY) | S PVIESIEZFLOF 2 (Mollon, 1989; Osorio &
Vorobyev, 1996; Dominy & Lucas, 2001; Regan et al., 2001; Lucas et al., 2003)

[FfED AT AN R 2 B § 5 2 & TN AEMHAEMN 23X A2 % (Sumner &
Mollon, 2003; Changizi et al., 2006; Fernandez & Morris, 2007)
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1.1.3 The Genetic Basis of Color Vision
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1.2 Standard Color Vision Theory and Color Perception
o (M (dichtomacy) BRIV FHE LRI N T WS,

1.2.1 Color-Deficient Dichromats Reveal Color Vision Inheritance Mechanisms
o AT ((AREEE) 134 7> VEEFOREOMEATNRIET 5 LT,
ol WEIET %,
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% (Jameson, 2009; Jameson et al., 1998a, 1998b, 2001, 2006, 2015, 2016; Bimler et al.,
2004; Sayim et al., 2005; Bochko & Jameson, 201 8) o

1.3 Details of Color Vision Genetics
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1999; Nathans et al., 1986a, 1986b; Jacobs, 2008; Jacobs & Nathans, 2009) .
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1.3.1 Gene Sequence Variation Produces Changes in Color Perception
o EHIETHIDE DB H 2 HEAEKINTE 20D HE (RAWIGEE % A -max
E59) 2ELEE T3 (Merbs & Nathans, 1992a, 1992b, 1993; Asenjo et al., 1994;
Neitz, Neitz, & Jacobs, 1991, 1995; Winderickx et al., 1992) .
> R, 37V VD 180F/H. 4V D230, 233%H, sy
YD 277, 285 FHIZH BT I ) BORNIRIZE > TEILT % (Merbs & Nathans,
1992a; Asenjo et al., 1994) . Z 15 X EHEEY) HdE,
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%Kk (Asenjo etal., 1994; Sharpe et al., 1998) |
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max 2> 5 4-5 nm k& D 1272 % (Jacobs, 1998; Sharpe et al., 1998)
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Figure 1 Cone spectral sensitivity model variants underlying two different

observer types. The horizontal axis shows a color gradient approximating percepts

of stimulus dominant wavelengths. The vertical axis shows cone responscs
normalized 1o a maximum of unity on a radiance scale. Functions show estimated
spectral sensitivities of the L-cone class (red line), the M-cones (green line), and the
S-cones (blue line) cach normalized to peak at unity. (a) Shows trichromat cone
basis functions |!np'lu‘d h_\ a normal color vision model from a three-photopigment
genotype. Trichromat cone responses are based on the Smith and Pokomy (1975)
cone fundamentals (see Stockman and Sharpe 2000 and htp:/www.cvrl.org/data
base/text'cones/sp.htm). (b) Shows a potential tetrachromat with a schematic
generalization of commonly found extra L-cone codon-180 opsin vanation (the
orange line) that is known to impact color perception. Opsin genotyping can be
used 1o model and predict individual vasiations similar to (a) and (b) that are

expressed as retinal phenotypes.
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2 Investigating Color Perception in Individuals with Normal Photopigment

Variations
o 4TSI AL 3 ERIETID A% FEERINIC L L 72 ) OISR 13 Nagy et al.
(1981),
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2.1 Empirical Approaches for Identifying Tetrachromatic Color Perception
1990 FER DL & Kk 4 72 BHEL S 7 DI PRAAAE S (SRR B 4 % 2
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5591 khol, £, HTREANTFEZMEZS X)Xk 7,
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3 An Empirical Investigation of Tetrachromacy

3.1 Rationale
o 4RI TROMIEZ o MEld, BHEN G AR EED R VDD, BEHER L R
LELZZNEEZ TS (RN ARBEE T L THHTE R ) O 2TEERZE
L TR T %,
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3.1.1 Rationale for the Ratinal Opsin Genotyping
o HEEHZINEEBEOA 7Y VBB TOEETFHZ TR,
> PCR (polymerase chain reaction: & Y X 7 —XHHIEL) 1 DNA ¥~ 7LD
R RE BRI % B0 T ~ B AT ISR X & 5 G F 721384 (Wikipedia) T
203, PCREZFTIEMA 7>V ELATSVORFIMBHE L (HFIET <
BTV bDT) |
> DT, Moo FINLR T 7u—F (L#ES 7 VBIEFD 180 HHICH 2
72BN [page 4 M) 2EET 2 7515) SOFHT %,
<> 4 (RIG R 13 L-180-serine & L-180-alanin 3% % & F Z H54L T\ % [page
4 ZId]

3.1.2 Why Investigate the L-180 Cone Locus for Tetrachromacy?

o LifikA 7> VBETDISOFHICHE T/ (VY - TI7=2v) OLMIE
DT,
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> Figure 2b : IBTEM 72 4 (RO TEE{RS 1]
> RHIOEZAT2ODLEL 7Y VBEFOEVHIRINT S,

3.2 Methods and Design

1. FHEOHH, 2RTOFEINTLA v 74 —LFavev b
2. ERSINE Ot 2 BEEN 70 5k TRl

3. FEERZNE D DNA % BRI

4. 3 OOMPIBESAM T o AR 2 Fhi

5. 77V=74v7

3.2.1 Rationale for the Color Reproduction Task

o MHITDOMALZIAMT 572012, AFAEHE (Bochko & Jameson, 2018) % 21 L
726
> AR 22 U ORI L 72t 2 iz D BT F v U N RITHELT 5,
> ENLK S VIEFEICTE R ) 222 EEINIC 9 BFE TR T 5,

® 35~90 77K HLWTH T,

3.2.2 Participants Table 1 Ten participants’ demograp!
L-180 allcle serine Color Artist
. Table 1 : %‘%ﬁ?bu%@/%$ﬁ 1w \ge (S) alanine (A) Sex assessment nonartist

A
M Average Artist

Artist

3.2.3 Retinal Opsin Genotyping
o FHEBZMFEOFIRIMIER (52 0 1
VI ST) 7z ERHL (Atilano etal., = :
2017,2020) . 3.1.1 AL 4% 5 &
TFigure2 D X 9 ki zRDT
S. M. LA 7y VBT %590,
> Table I TIZFFIC L-180 DFERZ ML THWTH 5,
>  TAand Sy 23B(ERZ: 4 BRI T DA

A\
A

peno Nonartist
N

3.2.4 Assesment of Color Perception
o XM EEMA L 100 b 2 —ME% L, F5H1E Table 1 27,
> #08 X M #ER (f%) BRAIL T35 4 702 il

3.2.5 Color Reproduction Task Stimuli and Procedure
® Figure 3a : A HECREH L 72 RS L v |,



Table 2 Eighteen oil paint pigments used to create the
standardized palette employed in all experiments
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(shown in Figure 3)

Yellow Ochre #744

Bumt Sienna #74

Bumt Umber #76

Raw Umber #554

Raw Sienna #552

Permanent Alizarin Crimson #468
Viridian Hue #696

Cobalt Blue #178

French Ultramarine #263
Cerulean Blue Hue #138
Permanent Rose #502

Dioxazine Purple #229

Windsor Emerald #708
Cadmium Yellow Pale Hue #119
Cadmium Red Light #100
Permanent Green Light #483
Cadmium Orange #89

Titanium White #644

Winsor and Newton, Winton Oil Colour Series 1. www
WInsomewton.com

® Figure 3b : (IR HMEDKET, ¥ Y U ANRDEMIC I R S —f (=47 v )
DRINT VS, EESMEFI Ly FOOZELR) LAERSY =7y PO
ZHEL, =7y F o (GH) <3,

Table 2 : FEETflio 72 FEAR B D Y

A ko

Figure 4 : /3Ly MZfi> 760D

1EfE R (D HL A

> BN TRV E X
(mEIMaEES> TS &
) ORZ, AENIEZL7 &

SORZ,

NN TORYAYET caE | [
726, HarZwniznin
< LOMERESE

%o

> RELEOIETHRVDT, B
THOHHLTHRLERZED
(BMEBR TV EE —3K

LTW3ESEZZED) o

~EE

(a)

Figure 3 A color reproduction task required participants to create pigment
palette mixtures and reproduce, on a blank canvas, color appearance matches
for 41 target color stimuli under a D65 approximate illuminant. (a) The
standardized pigment palette used by all participants, detailed elsewhere
(Bochko and Jameson 2018), Briefly, the palette comprised 18 unique pools
of oil paint pigments and 16 additive mixtures of white pigment blended with
one of four pigment primaries (reddish, greenish, yellowish, and bluish
pigments) from among the 18 pigments employed. Thus, the palette consisted
of 18 unique pigments for use, and 16 premixed pools of pigment-plus-white,
Figure 4 lists the 18 unique pigments used. (b) A participant engaged in the
color reproduction task with a lavender-hue color target stimulus shown as
the lef-hand circular color and an in-progress color reproduction match
shown in the right-hand position of the color pair. The color reproduction task
was self-paced, and each experiment was typically completed in 60~
80 minutes.

Coler Coler
Ory Part  Dirance Color Name  Wet Paist  Dry Pare  Otance
vocm) (M)

(L1

e °‘”". .

Dust Slarva 00N Parmanest
Rose

Burrt Umbar 0103 Dosazne
Purpro

g . . e

s . ."

Color Name Wt Paint

Carvoan
Ohotive B v

Wnasor
Emonng

Cavmoum
Yebow
Palo Hus

Coarmem
Rod Light

00800

Pomanost

Lk . . "
Caonum 0004
Orenge

Frenen

““”"‘- . = i

Figure 4 Colorimetric and Ily approximated color
appearances of wet and dry oil pigments used in the experimental palette
employed. Color names listed in column | correspond to the Winsor and

Newton, Winton Oil Colour Series | names provided in Table 2, Columns 2 and
3 provide approxi of

v'mnm.. . i

: puted color apy s of wet and dry
pigments, respectively. Based on measures of reflectance spectra from wet
palette samples and corresponding measures of ples once dry, we obtained

wet/dry subjective color differences as represented in the column showing AE
(2000) values, derived using CIEDE2000 color-difference formula based on the
CIELAB color space (Luo et al, 2001).
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> ZOMEDORA v D 12H, 2 SAD (RE) fzfioTns L,
® Figure 5 : Macbeth ColorChecker 2> & %A C & 72 JlI D KM ST,
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- Figure 5 (cont.)
Figure § Surface reflectance measurement plots for 24 experimental stimuli
from the Macbeth ColorChecker (1976) illuminated by D65 approximate
shown in Figure A1, Approximate color appearances (SRGB) of reflectances
are shown as inset pancls. Color checker names are shown as panel titles,

Spikes in stimulus refl pectra are an inherent feature of the fluorescent
tube illuminant of the D65 source used, as shown in Figure Al in the
Appendix.

® TFigure 6 : Munsell Book of Color 7> & 2 A T & 7= Jl D 2R KA,
> Figure 5 DL Ho¥ T4l o GRfTWIZE L HIRTHEDEDIL W 1) |

25870 | 2ERET0 2sasnz 1Rz - e davimamme
e
1 e =
c» oe - oo =
oe os °e
. Ll .
:: o -
n:e.emunmucm‘ YT T L L L B % @0 50 350 KO & N
1008 42 2598 i 1968
- = e :
o m o o -
oy o “/\l/
L1} L o
o2 L o2 iy
BRI E T SR e e T 0o 5o W0 w0 e W
259510 e e
v S~ wy
s m - - =
o8 se o4 ot
oo} o /\L// ! /I\L/- 24
o4 2 o2 o2
f T AORERN g e AR Sheeeee Seeneees GSohmeew
Figure 6 Surface reflectance measurement plots for 17 experimental stimuli
from the Munsell Book of Color (1976) illuminated by D65 approximate ‘. .
shown in Figure Al. Approximate color appearances (sSRGB) of ‘ W R 1 .
reflectances are shown as panel inscts. Munsell Hue Value/Chroma .@ s \ / o
(H VIC) notations are shown as panel titles. Spikes in stimulus reflectance . &\ \\ // %‘2‘
spectra arc an inh fi of the fl ent tube illuminant of the .; i - s D
D65 source used, as shown in Figure Al in the Appendix. ‘& —

A <2 Lot
(Wikipedia)

10
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3.3 Results
3.3.1 Color Spectral Reflectance Measurements
o L IEMEED L., SMENFHIL EADKHART PV EHET 5 2 & TfF
o,
e 10 NEEHHEE VT LT,
> EOMBIOIEMENEIX, ZMcBET 5 L —= v VT OREOFE 2RI 7,
> Fh, ATV VEBFHEOKELZT T,
> WHOMELZT 7,

3.3.2 Opsin Genotyping Results
® Tablel D@D,

3.3.3 Color Reproduction Task Results

o MFAETHOMRIGHE L 2) ¥R L LT, A7 VEEBETFH, EifitLr—=
YT X BHERN R AE, EBRSNFEOMR, AEREICE TS 71— R
BHHEZEZTVD,

3.3.3.1 Spatial Representation and Quantified Accuracy of Participants’ Color
Reproduction in Terms of Two Colorimetric Spaces
o (LDMEICHEL AN (ZEMFK) 1248 - 2 b —BA (ZKTE 4w
N) EHRT, BFERETOL 7 =2V wEs ) [KE1] .
> II7-—03KEWV Y=y b EME L D22 e FEEEDNE
o (e 4 RIET O N3 - iz b —RA G EaREFEDOAN) L HX
T, HARETO L7 —2VhEwiZs 9 [k 2] .
> RS, 2 BREFEDONEHRTIZ I =2V NS VLD T,
o FGE. Fin, MERNCED 6T, AR A OEHOERLPTWEIATLT —DN
Vx—vavhRRonsoTid (K3 .
> ZONYVI—=vavELX 7Y rolETRTTHTE 20T,
> HZIE M #ER () BRI T35 4 70 2 @Al fiL, K-Ea-Ro
BOETEFRLPTWDOT, TITZI7—BRE L5,
> W4 BETERE LT —AVNS BN Z T,

3.3.3.2 Results on Particijpants’ Color Reproduction Accuracy
® Figure 7! FEZMEZFEILB T 25—,y POt SNHFDRIZEOHEREZ R L 72,
>  H i 0 Macbeth ColorChecker 72 5I1EA TE 7% —77 v bl
> 7L —®Dxi : Macbeth ColorChecker 2> 518 A TE 7% —/7 v MEIZWNT 52
=& o Rl

11
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> R\ AL Munsell Book of Color 22 538 A TE 724 —7 v FHIEK
> E Y7 DR Munsell Book of Color 2> 51 BA TE /=¥ —77 v MW T 5%
JIERDIEIp-S
> E v =y P ERIZEOMH, Wiz EXIPTWE I ERIRT,
o 2mAMTEDAN (#08) & 3@MMETOHEME #10) DADOARFHE L TETY
%,
> HO8 RO TI I —BRKEV (EOMIT LU K 9 BITHZ AT
%) .
o LHIEBMLHERTZ I —2VNSWLHIICH S,
> IEEN 7 4 R T CEMIR O LM X FI A,

(8) Potential Tetrachromat (¥02) (b) Potential Tetrachrom, (1) Trichromat female (#07) (h) Trichromat male (#09)
H(D) = 0.088 . HD)=0.132 Aviist D) = 0.063 pD) = 0132
i QZp
TR . .
. o . 9
¢ | . \ . ¥ £ 4
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N\ . .:‘ i . 1}
ot |
(€) Potential Tetr ot (506 (@) Trick (1) Vrbchromat male (410) (j) Dichromat mabe (W08)
W fetrachromat (806 d) Trichromat male (201) 17
D)= 0,135 ppy =02
HD)=0.073 Artist H(D) = 0.087 Ko
o] o e, e f 305 1
. .
¢ . »
o p é ! ¢
3 -
B ; s . » 5 :
.
:
H
. o \
"y N p . .
“ g wlt
> Figure 7 Spatial representation plots of reflectance measurements for all
(€) Trichromat female (¥04) () "Trichromat femule (00%) stimuli and pigment-match samples from 10 participants (plots a-J). Plots (a)-
HD)=0.09y D) =0.089 Artist (¢) are individual potential tetrachromat data, plots (d)-(1) show mchrom.-«.».
. and plot (j) shows a dichromat. Artist participants are (b), (¢). (d), and (f). Each
. I U pa I

plot presents all 41 target stimuli, with cach individual’s 41 corresponding
% . pigment matches, embedded in the Value = 5 plane of the space defined by the
Munsell Book of Color (1976). Line segments that connect two displayed points

s e o K represent Euclidean distances that quantify the error found in a participant’s
, R e reproduction. The 24 Macbeth ColorChecker stimulus targets are represented as
.:': B black dots, and corresponding pigment-matches are shown as gray dots, The 17
i .9 Munsell color stimulus targets are represented as red dots, and corresponding
3 pigment matches are shown as pink dots. An index of each participant’s average
1S s error in the task is computed as the observed mean line segment Euclidean

distance, or p(D).

3.3.3.3 Differentiating Potential Tetrachromat from Trichromat Performance
® Figure7 Z A5RD ., WENR 4 OREAEEZ26 EwoT, 4T LMl Bz
HERTOHITTIERN,
> BTENZ 4 RGOTOREDENZ ) &k L TAIHK > THXTAHRZLEDNSH
Do

12



2020 11 H4 H

Human Color Vision and Tetrachromacy

3.3.3.4 Spatial Representation and Quantification of Color reproduction
Accuracy in CIELUV Space for Colors Identified as Salient using a
Tetrachromat Filter Algorithm
® Tigure 8 : tAZE[E]DRILTTED | DTH % CIELUV ZHOTSMEBE DT 5 —< v
A%z~ L 7% (g % TPotential Tetrachromat (#02); 7> TWwW3DIF, Z 5K
MTrichromat female (#07)) DRIEY) |
> 2 Z7Cld Munsell Book of Color 2> 53i# A TE I tif, WER, 75—
FD+t v b (Figure6) IZNT 287 4 =<9V AZRLTW5, HEHPELR-T
WaE Z=7y MR ESMEDRIER L Tw5 I E2ERT 5,
> HEMHZMLTIED L7010, BREE (EFL) 2flisTwns,
> HOOREM : ZIEOHE
> ROEOEH ¥ —7 vy Ml
> WENZ4ORNOTEONIREBEOADOFEHATHELD bW -7 ) —ERICER -
T 54 RETO AL 3 EAHATEO AN X D bk & HODOHMDOREELE .,

@ ®) (@) m)
p(AE[Leu*v))=9.60 plAS Lo w))=12.71 Artist WAE(Lr e w))=7.51 plAE(Leurw))=16.98
0] j) Dichromat male (#08)
(©) T @7 WAE[Lowrw))=18.45 PAE(Lrorw))=2753
BAE(Lourw))=8.16  Artist MAELso»w))=1124  Artist
6

02
(o) (U chro S
BAE(Lswew))=12.91 BAELsorw))=1094  Artist
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3.3.3.5 Examining Average Reproduction Error Differences for Two Subsets

of Stimuli

® Figure 9 : Munsell Book of Color 2> 53#A T&E 74 —77 v MKIZNT 527 —DK
& X D% CIELUV ETREA,

® Figure 10 : Munsell Book of Color 2> 5i#A TE 7284 —7 v MW T 527 —D
RE I DL % Figure 7 CH L 72 iEEECRL7254,

® EDffi: I XNV —ERDITHHKRE - HERIDH I I —2IKE 0,

o HIDff: Kt - HERDAFVB IRV —ERID T I —2KE W,

& LoD ILT—DREIDFHFENETH, N —rBEI BTV 2, BENL 46
RETDONE I XY S —EROTTHHRE - HEREID I T —23KEZ W,
> 3 ERIEFD 10 HOANLE 2 BHERDOANZZHZ SHEOZEITICKKL T

Z9

® 7:72, Figure 7 8 TRTVAMRLE-ELEVSMED VS BHZIF, 3FOA
\ Figure 9 TIIfho 4 @HRIERDOANL D HREIEDME L 2> TV 523, Figure 8
THZZEL Z2 ZETRERECDRRE S NL L) |
> kO nFIcEOETEILL 22 IETEDOF R £, I 6 7% 2058038,

Trichromats ,,.1_\

f )12
A Trichromats
oa ./ ’

10
Figure 10 Euclidean distance measure compariso

Figure 9 CIE color difference AE(L » u+ v+ ) comparisons of color reproduction
performance. Histograr

Munseil stimuli, identified by individuals grouped by

performance. Histograms depicting 10 participants eproduction data for 17

participant 1D numbers on th sa. Each histogram bar plots one participant’s

participar
Reproduction error difference inde

color reproduction perfe c¢ using an index defined as Reproduction error

difference index crage match error (lavender stimuli in Figure 6)] minus

Figure 6)) minus [Average match error (re
h and yellowish stimuli in Figure 6)}}, where match

where match error is defined accorg
0 the col rence index AE(Lsusve ) from CIE I RN

uclidean distances in a metric Mun
L« u+ve color space, where “average” implics an arithmetic mean

4 Summary and Discussion
@ DTTIE, 420DKRA VLS ERL TV,

4.1 Alternative Routes to Potential Human Tetrachromacy
® ffE T, L-180 DB IR 2 IETEN 4 4 IR OAEYAN L IERE T 5Dk X
ol
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® /X ZNLITTETHIRE Z2DITU 2k, FRIC 4 AT OMTREHZ T 5
IZiE, EETFR 4 6RGETH S Z EITMA T, a4 RERDBPEb > TWw3 LH
265, T K> T4EMOTEOREIRE S,

® #07 HFDOAD 4 HIETIILIT 5 < 6 LR 5 72, #07 13RI OIS IO 4
BB TH 5 RS D 5,
> FAXRTHZ S, L-180 Tlx7Z { L-153 (alternative routes!) T - JEMEDH -7,

4.2 The role of Multiple Gene Variants in Color Vision and Potential

Tetrachromacy

o HEIETFHICEHIAWNY =2 a VB R6NTWED, 2N EEEL T3 D0
Do TR\ (Hoferetal., 2005) , EZWEIEDL D E RATIMNEIEDL DD,
I SITHET L T BB D 5,

o M i Tb N Z—ravPRonsh, RERIEEG LT 2013880 L
RDF 7> VIBIEF (Sjobergetal., 1998) 72D TlE,
> M ke L koMo~ rEaRRons L, EE L b REMICEISG L

Tl 3%?

> 2L Zolh OFRIFBIE bR LTV E T A,

4.3 Age-Related Changes in Color Vision and Potential Tetrachromacy

o —RIVIC, i & & HITAIRLAKRRBAENEE > TL 20T, BRIIE(T S Z
ED3H D> T 5 (Schneck etal., 2014) .
> ZOBRII L-180 DXV v/ 77 =S MESHAMRNT S I LbhroTE

72 (Deesetal., 2015) ,

® R TYH 4 ERETDANIC 50 D A7, WS & 7% 5 3 Bl DA
FHECAED) TH o7, 4 ARIETOAND R Z DN/ S 11T 5 Al RgM:
Db 5D,

4.4 Color Appearance Space Modeling Under Retinal Tetrachromacy
o AWIEDITHERTH L\ & 2 A1, Figure 8 DfEHR%Z K& 2 7= & IR E % 16 H
LTw3EIrl, oiEy Rk, HER, 7V —BRTZRZEN
6 T D) ZXIIETVEEI A,
> BETOSIEMb A LELZEPIT T, 2OL) Bl VEVWER TN L
HH[EEIC > TE 7,
o ST L TSI NN L 4 ETEO NOMREEFTITOWT, FELWI L
NS BETT 2 NEDDH 5,
> INFETICHBMEFET Y v I 2GS ST 3 (e.g., Wachtler et al., 2007)
B, FEOPSBNIELH D,
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5 Conclusions

BETFHARFEZDWNICE > TE L v 20T 2 2 EDEMICHE Lo & &

5 4 ERERE D ANDN0 B HEEIEIC O W TR S U ® 72,

3L EOHEARZ R OANL L DOERBIZED L I D DD ?

> 1990 4EAR, 2000 SERUICEM R HIEDMERDLH D | 4 ARIETD A2 2 Lk
BIGENNCFFE T, FEZE L CHER AR TH 2 2 L3bh o 7z,

SHROFEIL, 4 OHATDONITHET 2 TH 5 9 2B O EBROREZH & 0

TprZll, 3MEEOADRICH ZMMAZLIZEHE) D2 EHLIZT S

&,

> L WHE OB E MR,

BIEMN 7 4 RIEOBIIRICRIG T 2 4 7> ViBET (L) % 206D H % 23,

BHEN 2 3 I E T o ISR T 2 L WIHFRTIE R X Z 9,

-
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