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Human performance evaluation of
the three-dimensional input devices

in virtual environment system
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ABSTRACT

An experiment was designed to evaluate Fitts” law for the three-dimensional
virtual pointing task and to compare the three input devices: Spaceball,
Spacemouse, and 3D-Mouse. The result showed that Fitts law fitted poorly for
the three-dimensional pointing tasks with relatively low coefficients of
determinant. Three reasons, high degree-of-freedom, dynamic egocentric
viewpoint change, and clutching problem were discussed to explain the poor
fitness of Fitts” law. In terms of device comparison, the 3D-Mouse was superior
to the other input devices. Also, the stereoscopic display significantly increased
the performance. The results of this study can be used for the design of virtual
control tasks and the selection of suitable input devices.

Keyword: Fitts” law, virtual reality, three-dimensional pointing task, human
performance.
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1. 2

7384 (VR: Virtual Reality) Al&ge&
AHg2Le] g abdeta il olgEel 3+
Zg AFHeEN AR A7 e Tt
BNAE AY=E FoH(Pimentel and
Teixaria, 1994). °]& 7IQEA Al2qe
V&E YA (navigation)o|ut &3 AlE#H o]
A (simulation)® &L ¥of Fol AH3o
2 AHEEHD gled diiE 443 g7
Al 3 A9 AEF L (interaction) WEE
AHstn sich olE s 71EY w2y
dut wuUE 9 e 3349 o2y gAA
€ AFsl= HMD(Head Mounted Dis-
play) Fo] AHEE 2 it}

olg] ¥ 3atd YEHAFNEL 7 AA9
A4S Fole dde W st 2o
AR 7 ok 53 od AYE 5
ojA A7k <ol W23 BB dof =
AT SHAN & st} 7139 3
A FAANA AR AYS e A AA
AA e g2l oS- o2 & sink AA S
A A 25 AP B AlgEo] od A
+ B9 7V 7iee #8430 diEl 39
g 77| = P}

web a4 Aladle]l AzE g
g A S 2P A5gE i
ol& 7MgdtA st 3AY YEYPPX A
AZF vl ZF8% AA7F ok B AFE 9
Hg FHAA 3349 JAFAEY AT
< Hrkshe Wy #lE 5o, A
Btz 33Tt

1B JEAR S A TS Hrkshe
Yo FHzxo Y (Fitts, 1954)°] del
AHgEO] gt} Bzl YHAL QT A A<
olF AIZtE dF37] AT FEH Yoz
A= RAed, AA & 3 55 59 9
& A dFof g AIV} ke o] o
# A4¥9E B3 UFHAcH(Hoffman, 1991
. Kweon, 1994: Gillan, Holden., and
Adam, 1990).

T Rz YA FAFENM YHFAR
Z23h= AM (cursor) 9] o|F AlZRE o &dh=
ez A2 4 ek Ao] Card 59 I+
o o8 A& $EAcHCard, English, and
Burr, 1978). o|F o] dAlEe] whgx,
ERE Ro|2H F gt 2 A dAA
g RAzxe] WAL FHLPHMacKenzie,
Sellen, and Buxton, 1991: Gillan et al.,
1990: Han et al., 1991: MacKenzie et
al.,1991; Park and Lee, 1994). ¥ 1& 1
¢ 239 AEAR S e 8 2E 4
HEF H2 YA dugS BRoFa g
Ul EEe] Aoa R HIAL vjf 2% 22
ARY-g HoFa Qi)

v 2 A dEAA ] vlE 3Fe
gAA o i dF7e old BA ¥H(Kim,
Tendick, and Stark, 1993: Lee and
Park,1996: Jacob et al., 1994: Zhai
and Milgram 1993. Zhai, Buxton, and
Milgram 1996). & 2¢] 3219 43|l
g ArL-S gelsiuo
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E 1. 289 Yeixiglo] i3t M8 Zat

R of
Studies Deavices Tasks Fitts’
law
mouse,
Card et al. joystick, text 0.83~
(1978) textkevys, selection 0.95
stepkeys
Gillan et Mouse pointing, | 0.87~
al.(1990) dragging 0.99
four ,
Han et al, . point-drag, | 0.83~
(1990) different | cking etc. | 0.90
mice
MacKenzie et t:‘;g;;;" pointing, 0.92~
al.(1991) stylus dragging 0.99
Park and mouse, pointing, 0.60~
Lee(1994) | trackball dragging 0.89

F 2. 3RHA ntedof oift MYHT ot

R% of
Studies Devices Tasks Fitts’
law
Kim et al, sept?,\l;gted pick-and-plac| not-
(1993) . h e studied
joysticks
Zhai and | Spaceball, pointing not-
'\?;'gggr)" F'gﬁ'; Sof (fitting)  |studied
Jacob et al. | Polhemus ositioning not-
(1994) 3Space | © |studied
Lee et al. | Spaceball, . not-
(1996) | 3D-Mouse| S°MACUNG |51 died
. Flock of
Zhai et al. . . . not-
(1996) B:ﬁ; t‘é"r'fh 8rasping | studied
o] AT UiFE 3xd AH A Hrt
od Rz YL ALI}A ¥U}3, Zhaist

Milgram(Zhai and Milgram, 1993), #
#24(1996) 3aHd 948 Adole A2
g AL4%% 4 goin Budtz ok mekA
£ d7e 32 48 ol B ¥
o] A& 7FeAE Hetstan, olE ol&d ¢
g 3aHd YA AL FE vm

behe W 2 2AL T30 olg A8 $4
A (isometric), 534 (isotonic), EHH &
3 MY 4¥AAE
display) & YA Al (stereoscopic display)
F ZdoM Hd¥E FYsdc 2 47

HHA (mon- oscopic

Avhe JMHEA Aasle) Al dAs
A9e JYAAe) Heol 242 F £ UL
Aol

2. AUy

2.1 Da#x

22~28 M Alole] 5 We| @zt A@ol
Aojage. ol =E AT 45 Fe
589 o4 Zm A B FAER
n% ogsFolz U 2 A EF o
&g ALy

Hx 3 o4 AFHE A48
HAn e 2 oldd &
Adata sle QYRAG A
A28g Aee AYe ATHh Dy A
¥ A A Azddl Q4eA s A
2 QARG el 30% ol¥el A%e
ANE A&AAEE A
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2.2 AEEA

Agele M2 t& A 79 483AA
Spaceball™, Spacemousem. 3D-Mouse™
7t AHEE AL, Spaceballe 73 AlAMe]
&3l 6 W (x, y, z, roll, pitch, yaw)
o] A AAE ol& AN X W
HAAAE $34 (isometric) QA o]},

wH 3D-Mousex: 534 (isotonic) €9
FAZ wgA0 33 FI olFE EF
ANZ AAE o] AMEY o]FoE W
Fot, 571% ARk E3A7A 9] At 9

. 2% (clutch)& 2348 3D-Mouse
€ A 25 99 A AFE o|FsloF AA
7} BRA7A el U] Ut

Spacemouset #71 %% L 7Hg¢ 73
5 FAME SeAt G3e dUlF ¥ 9t
3ol FHA AX9 FA4E v 19
v €7 Hdl olF ¥R &3Fe)d o
o] &Zo]x] %3 Spaceball® 2L F3
A B84E& Zetr WA Spacemouses
T oARe] BAE TR e AHAA G
2 & 4 9lth(Zhai and Milgram 1993).
e 2188 3 Jle 4¥ZXE 1Y 19
vep it

sAEREANA dAAE AT AR =
YA 2= MEly S 2 (shuttering glasses)
w49l CrystalEyes MAl~El1S Alg-stgTt.
a3 oz ozt oy F)e ojuA| s}
& ol wigo}l S} thxelA st A
Fge] HAETE Ut WA 210 A9 A
AL 8= 120Hz VGA RYEZF AR
HAck A¥d A2 JMEAL M

A 579 Superscape VRTA™ME A}lL3)
AZeAct. 48 PCAA FaEAen =
A9 AA-&(refresh rate) 20HzE B4
9] 3Fo] AAxe9 ¥ A7 fldt

O 1. 3% ER|: X2SEH
Spaceball, Spacemouse, 3D-Mouse

2.3 alBE

HHZRNE vimdy] Hd i AR
dgzde) & A I (pointing) FF
‘§° AR A9 4L AAM (cursor)

£ EH(target)7HA o AL F EAHE A
Eﬂﬁ} A8 =7 (dragging) &9+ &
A GUI(Graphic User Interface) &7°l
A 7 dEAQ] JEAPLE AR 3
tHGillan et.al., 1990). ©l#¥ &d A7}
£ A e AXs E4& d8 8 dted o
<3} zho] AR

737 Al JelAel Are Al
Moz B AFdA 7Axe & ¥ Helrt
1000(Superscape unit)¥l AS§AA7} HE
£ g} ¥ 32 3 e Zejrt 1000
o4 10000 ¥ WellA F2$=2 1000 ¢
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ZHIBA A AgolAg) 3XIR E BRI AN Bt 53

¢ 3NE Ze FSEAE 4F P

AM e 2¢de 940,002 FU,
4o fXe YHoERY x, vy, z WYL
2 ¥olg T 3Hel Alo} MY ol &9
oxE du ddezRe AZe 10000
o4 200000 ¥4 Held FZAHE Jeh
A a9k E2o] gHel Aok WY W 3l
T2 7] Y8 BUE ZA B x F v F
oz Yol AA & W 23 Fdd
HA@dhe z & o ge Wolg JUALR
AA g,

4o BHe BH3A o AM7L 23
Hol YA AN HAE AT 5 U=
2 g} 29" AGL Axe F4 HH)
3 R YA F 4dEAX Y HES ¥
29 ZFaHEE o, 334 Izt A
Agoz ANZL BAH o e A AFE
#a717E B3 olgr] wid AXZE 4
ol Eojrbd Fre] Mzo] WatA st 3
APty #aEE 525 o Od 22 ¥
B 2 Ye&g BoFa gt

Ay 2 /e EFFR(HHEAL YA
o 3 Ael JFRA(FHAY. 584, XY
o] 22 6 7/ A FYPSAt. 4 E
A 6 /e AYE 2AE RAYE g% 2
ok Zh WA g AP 2AAA 30
39l ¥UY AAL ot weby 1 9
% & 43 4 180 F(=2x3%x30)7}
"ot

g 29 H¥e] B¢ wwitt HZAAE
Zol7] 98 DNAPAE FET FAT Hst
=% g}

A¥ B2 93 100 msec F AAMY x,

a8 2. 3R ZEAY

v, z A% @& A%5eE 2(log) HYe
7183=E 2213 FPou, XU o]
gasd 2 P ™Y AIFE 1 msec
SR ALtE 712 =S ok 2 ¥UE
zele] AFAIZEFE- 120 secE o] AIZF ol
¥ g @5dkA] Fatd AY3tn A
ANEE = E P

2.4 ZuhiEH

339 TAY Aol 4 Lo} HolH F
)23 (outlier)7} E% U= Aoz #wUH
ot webd ZWAE(robust) 3AEA B
el el LMS(Least Median of
Squares) & AHEEld o|AAE Y=|Ho=R
AA F F oA diojET sz 7Y A
Ao A3 Rousseeuw and Leroy,
1987). 4EAX 9 vmele 2 YHAA
¥ Pzo] RYE FYP3}a o]So] W M
37 m¥olgte AL e A9 FY
Bg AGste WHE AREIRTHSeber,
1977).
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3. daiel B9
3.1 3X& ZIg Yol WX ¥

38 32 4¥ Z# dHoHE 4Hx:
(scatter diagram)® 2]z Rz 239
AP AL vepd Aotk 2gelM X &
9] Aol vo]lx ID(Index of Difficulty)
€ 249 =7|9 BH7A] Aol 2 §
(ID=log2(2D/W), D: EA7ZA Az, W:
B3] A7) AAE Hoju}.

2 ARdA EZe A7)0 EAH7R] ARE
T2 2 VeRA 81517] WEel X &¢] B¥
v 9AskA] gt or|A Bxe] YL Y &
9] ¥Q®7ER] 4™ AIZF MT (Movement
Time)$} IDE E@WAL=E st A¥Y3AY
(MT=a + b-ID)o] Ec}(Fitts, 1954).

o 2L 6 7/ A¥ 279 dolHd
el H4s] £ dae & 3 o vepd ot
I AR Ahdo|x ko] A#AleE
0.48~0.62 HH= Jenicl, a8ln 6 2
A ERolA AAHANL BT foF Ao
2 Vel (P(0.001).

2y HA e A5 E vehlls 234
F#(RH9 e 2 A9 YAl wla] of s
we Ao JERtHR?=0.16~0.49).
olfroll EiA = the 3.4 HAX AA3 E
olg Aot}

E 3. 3%3 LyFyAlel Rx 28y FFAS

Displays Monoscopic Stereoscopic
Controllers Display Display

Y=-0.46+1.35 ID|Y=-1.75+1.28 ID

Spaceball (R?*=0.16) (R?=0.35)
Y=-1.42+1.79 ID|Y=-0.56+1.04 ID

Spacemouse| (pz..4 99) (R?=0.30)
3D-Mouse Y=-2.45+1.84 ID{Y=-1.17+1.04 ID

(R?=0.34) (R?=0.49)

3.2 &&FA| Zh Hiw

9t ZE AN f4L AFHAA
A YA AF PHE o8 HHA
ot YAANE AHEF 79 A TS vz
et dAgRe] ARe BE A9 44
Al7} BHAe] vlE] F2 d%d Jehiddg
(Spaceball, F2243=18.218, P<0.001:
Spacemouse, F2238=43.224, P0.001:
3D-Mouse, F2255=52.342, P(0.001).

HHA 9 A% G A (binocular
disparity)el &% z & Wake] zlo] A\
(depth cue) & 4T & gl EAN A9}
o AoiA =Z7] vlmel SjsAT Zo| FRE
22 & Wld, ALdPAEL AF #1H L
AT o] wie] ¥EAY 2AGol B A7t
o] 29Ut} o] ¥ AP dolx
(ID)7} AAFE o & Ao& ey,
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2 3 4 5 1 7 8 9 0
Icee of DifBenity Indec of Difficuity
Tm 3D-Movse, Mono lem 3D-Mouse, Stereo

33 3. 3xhH mQIEEY ATt 894
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3.3 §l8jakx| 2+ Him

N AFFRL] QTS FHA S YAAle)
AR Rl M) o] vn% 374l
TUA HAAE ol 8. M YN E AR
& 73-%- Spaceball®] Spacemoused] B8] £&
Aee BHHF2235=5.533,P=0.005).3D-
MouseX. Spacemouse®l H|3] F& 452 BS
TH Fo248=3.113,P=0.046).22]\} Spaceball
7 3D-mouse AlelolE AolE Holx] oigk}
(F2.243=1.063, P=0.347).

YA 2 HE 3D-Mouse’t Spaceball
(F2255=5.845, P=0.003)3 Spacemouse
(F2,245=5.718, P=0.004)°] vlaf $<% 2
#2 Bk a2y Spaceballd} Space-
mouse Alolele #od  Aolrl i}
(F2.246=0.689, P=0.503). Zdzxog s
Al ZAGME FEA 98AAY 3D-Mouse
€ AHEBke Aol 7HF QAM%sel $& AeE
et

olM¥ FEA dFAXI T 4L
A A2 I oA B9 o] AA9
ol A3 o F-o 2 feikd gy
(proprioceptive sense)S 33| o] &s] X
Aol AX7A] A ClFY = AN Ho
718k A 2Bt ¥HA Spaceballoly}
Spacemousew °l& 3 7 Wke] P& A
23] 719s] z@dof k= oo FYA
Q0 3D-Mouse Br} 1A ekshe}.

= 3D-Mousex ©|F Al #e] 3A &
ol AA P2 AA A= AXY o
o] AA EE®A ¥ Spaceballely}
Spacemousew AR A WPo= Y& 3

T 1
°‘3'E'

A FA ANZE S8 41 HFA4 HAHo|
Alofell A AletRle 97t AuFes ol
S A ePALE o dEA ok
v T84 49X 3D-Mouses
Spaceballo]\} Spacemouse®t} #e] &%
o] AX AAIZF AH2E e 2o v2E
Y 5 dde 9dE 7R Yo

3.4 3R IR 8/Y

3.1 HdlA B%e] 3 A9 4R )
Az YL A Ldls A 2 A9 A
gojzle AT &+ Uit o)HE Ay
et €0E BEle AL, 33Y 9¥Ag
9] B4R oty A% S Zoled B
< 235 € Aol o)ANE 314 g
o] ol¥ 1 FYY F8YAIZEY Wolr} AN Az
W3 d5Fe] A "olxe o2 A
349 AFFPY] =L A= (degree of
freedom)ol] W& Aol =g, A7 4
A Ao Ao g FHeo e AFE:
23 T34 Ao Z3E SAolAT
Ae] EAE E 7 Utk 4h9 9U9¢ A
A3 AHEH o33 2t}

A, 32 9839 w2 Av%e A
A1) A|ojE vi¢ oFA THECY. 139 T
2 2 Aol vlEl 3 A 4 e 3
6 ARZZA M 4 i, dubRog
AFET F7MEFE Ao oL ARAA
gt & dFdAE 6 AREY Ao 4y
¥ olgie) 44l 5 AFE (x, v, z pitch,
and yaw)T 58] #Ax7} 13 FH3oA
Wi 27hE Adde AE £98 9. §
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Ak g% JAPAES AF BY F4E
Qn FAL R ol B AHE FHEIPY

P Rzxo YL 124 olF APl F
A olEg JPEE 2¥oldt 234 ¥UAH F
3 G4 o] 7HHE A7 Faht WA
o] AX ojF Al AHFEIL A7) W A
EA7A AH-EFE T 5 Qo] Rz 3
o] & Zg¥ct(MacKenzie, 1992). W3
3 AY FHE o WEo|d HMY o)FE
&43]d 4gAH ) Aojg & X IgW
ALY HAZRL B4 AMA Bloj} JFF
AA =2 77 4t

a9 4 & 3349 U9 Adelxe AN
AR g «F BojFm girk. o] HAAHo| 3
Ao 7A7HE A= A9 gokn & + U
mebA Mol Eg A %E 33 APL
ANl 5L 7T N2 HAE AL A A
Wo] 2A HojF $ W fle Aotk

a3l 4. 3xE zZoldEtedel HA HHe| o

S8, 713414 AlH (egocentric viewpoint)
Axjo] 3a1d AjFPL tle YA WEC
A7 A4 ARL AAM AAE Fu F3
€ BE AU, £ dddMe AXM AFl
ANRE F3 AAMd AFAA AXE 44
J AAE we GUE ot mhEkA Bk
AXE 2309 § Hd 2FE RANFY Ko
3 ujAe] &Fele AAYE HAEAEL =
7A 8ok, 294 B&E B4 (navigation)
5 7M3EAd 4 ZRay dRed AF
A AXNE AGsA "t g & 2
qAE A7FAH Aokg Zte AXME MY
k.

a2 ARE AFE Aol 1243 2
A4 olF AYL 4¥FHA A1H (external
viewpoint) & Zeth. & 3He WHL 2
HE gz AAMe Aol EAETE ¥
A71EAH AR L AXE e & R 1
FE AAY Rolq wjRe] Wzt weiA
A7} weke vl urel wjZo] Ald W
HB2 FHo| Alof MY WA AlkA7] 4
1, 2EXE ¥ AXE B AdA 4
AE 7 8 B ALE HMEA Ha
AR A% FAE R &3 A¥E 549
¥78le ASE GeA g, ol2d ol
Z71Ee AlZle] R PR MYY-E o
Ege 5 WA olf7l B o¥RX AT
AR AAHd g B3 FHdE Eol7] HA
& 3o FZ(reference)’t 8 & e &
B F& 9B e o] Tl E + U
t}(Zhai, S., and Milgram, P., 1993).

2oz S (isotonic) YHARS] A%
728 A (clutch)” A7} R2 W] 44y
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< HoEge ol§7F ¥Vt (MacKenzie,
1995). 28 594 d"€AA ] Ay
714 AAeltt, &, FY4 dEYNE &
o #i A & ¥Wi(reach)S & AS 7
T e Aglel A7 U7 W&o, 27}
2o A=t ¥ AL o3 W S 92 2%
ok Pt ol B FHIW AX HE
FE o] FHIY ER7A] AJE 4 ¢
© BA7F AR kA 2o FEH A 2
BA 28 B3 HEgko] WIS A
713, 2o AR Al 83 29X& Fo}l A
A& HAZA A gk (MacKenzie, 1995).
€ oMz de] e ZH7A 7] 9
AT olEg FHRAE ol &s B FE o
< ol sk 97k AATE. oW Fex)E
1 Bg H2 FEHAE AR AN A
A olFL R3WEM 712 =& AZko)7] o
ol A2 HAo] A9y "WolEg A H}.
18 55 34 A Spaceballd v
#8 FHA AAY 3D-Mouse 7} e 2
BA #A8 231 St} Spaceballe Al
b ATl s} AXS &2 Ayt A48
o8 F718tx e ¥, 3D-Mouse: A
7t o B9 A 0 HEg ppg
73 3ok, o] HEg ko] wiz At
o] F3A] Ratx To] FHIE ARE HAY
F1 Ut o] FIHE Alzlo] AN o] % A

o F7bEn A2 Yo YL dolE
gl 89lez A4sA "

¥ dFdMEe olHF EAE ndE Ra
e d9Yg ¥Y + e $#3E A=

W39 2YS At

A AMITER
140000
120000
100000 /—// —
=
5 4
g 60000 / o —
8 el L
/4
N/ 288 .
] 1 2 3 4 5 6 7 8
sec
(a) Spaceball
140000 - Clutching time
120000 L — = ———
100000
2 80000
N
20000 v/W
oL/, . .
1 2 3 4 5 ] 7 8
sec
(b) 3D-Mouse
38 5. #HMe| 22[ol Ha|

THE BYAE oz F7t AE =
Bz WAk +3 AL g2 2y
< ¥ DI 2

MT =a + b-ID +c-NR,
NR=Integer(D/R) 21 1)

4 19 ¥¥ 2¢(NR: Number of
Reach) #A71A9] A(D)E §ie &
BE AGRIZ Y FF #os oot
g o] AFge] FHAE ALY 57
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THIBAl AlAROIAG) 3319 YHBXY Q7B B 59

th QUM gHges 74 4 e A9
H#FL 6000022 vepgct, £3E 23
AEE-E 57 98 54T Ad do]HE Al
L3 2389 R (parameter) @S ZA3
pig=g

R 4& FIAAEY 499 APAF @2
vl itk gAAle] A ZRAST @
Z717F 2A JehdA] @A, HaAle A
e £3"E 2N APASFY gl 2
A F718dtr. webd $£3d 2389 B3
Aol dF e A2 Jeyith

E 4, 3D-Mouse® & +HE Fitts 2

Displays
Monoscopic Stereoscopic
Display Display
Controllers
Y=-1.19+1.28|D | Y=-1.05+0.99ID
3D-Mouse +1.78NR +0.14NR
(R?=0.42) (R*=0.50)

ol B xo] o] Al RS F2g o]
H71 334 43P A TS A 2o
EZn dojHe AL A 3 25L& 92
WA 2RPAF & #E Ao JEeith
8 a%vy Rz Y3E 334 A8
A ol A WaE fivh 2¥e A4y
o] 224 Z<dd) vlas) FdF oz Gl
A 2ye R4 e AL JERta,
BE ZAQduto| ko) A3 YA v|nE 9
M gyt 230 M=ol YPAo| oz
3tk & 4 gk, ok Rz P Md
HE ¥o|7] A% ko] g€} 3G, B
AT o] & A8l TR dFPve A+
$7E ZH-E AR vt Aot

4.d E

I E¢ A2 HEe 1 Ay 2 Ad ¢
g Zle] AT Ui dEFHo] F B
oz Qlgel g} vt 3 A UY
Ztjo] dgME obd A7t vlvjsta R
Wl oo tg G} A8 Y UA
WS Aeeolth.

B dFdAEe Rz YL F 48 3 A
9 YYHFAE U ¥l B7HE FHAA
o} 37 A3 534 49F¥E dAA 2
gol A AHE-E W 7} AnHojzhe o] %
#zck. 23 Bx 2y AYELe 2 A4
Ado] wld] ZA Ast=HAPed ole 3AY
AojAdel L& AFE, AV5AHH Aok ¥
3 584 A9 FHAEA FoA 7A@
Aoz Jelyth wEkA olHE AEE 9F
o T3 o]d EAE Zo|AY sdse B
oA 33t YFEAYS AAE Hast gt

E§ 349 484 BAHAES F A%t
ot W= Yo Hugm £ F YUe
Aoz wadd B dFdMe 18T =Y
9 3z FHA EAY F¥ +EE =¥
g Eo A2 vyY9] Mo 5d £ T
+ 2ot

goz JHIEA Alade a1 §8Eopt
o) ol o] B 33 A& AR Bl
MEE 3 AREE Zolt}, o]AEe] ERF
7HFaAAN 2"e] gARE EFEAR o
e FA 3 Helde 4838 4
Hzlol QAzrFEA AA/ HE da¥ A
o|t}.
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