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Low Discrepancy Sequence for Computer Graphics Applications

Ax10 Dor,t MIHARU YAMAGUCHI'* and NORISHIGE CHIBAt

In this paper, we applied low discrepancy sequences to the field of 2D and 3D sampling
problems of image synthesis of Computer Graphics (CG). As low discrepancy sequences, we
selected Sobol’s sequences, GFSR sequences, Good Lattice Points, and Hammersley Points.
We evaluated these sequences in computational time, discrepancy, and RMS error, and show
the effectiveness and the problems of low discrepancy sequences. We also proposed a 3D sam-
pling method based on low discrepancy sequences, and improve the performace more than 47
percents in comparison with the previous method.

1. B LU ®IC

CHMLBERSEROFREELTCEYFALO
(Monte-Carlo) HEHE&TH Y, ZOH TIRHEKA
BEALREBREFHSoTWS, ZOHEMEEEL Y L —H
2345 555 (low discrepancy £0%)) 12{8 X#22
T, BEVFANOEEERIILREIEELF I
I (Quasi-Monte-Carlo) ETH 2. T4 A7 LISy
4 (discrepancy) &k, BLEO LS HzET 1
DORETHY, ZOEINI VT EFOE IS —
Th 5B LV 2 5. Discrepancy D/N& 2 E5% low dis-
crepancy 5 &L I, RFEM LSO L LT, Halton £
57118 - Sobol #51'), GFSR #51'19), Good
Lattice Points'?, Hammersley Points®)12) % &2¢
5.
ar¥a—57774v 7 A Lk, CG EBET) O
SEFTIE, —#21C low discrepancy 551 & ¥ & HLEAT
AwbohTng, 2 REEMTOY 7Y V7 Tld,

b AEREIE
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BifgA RO A1) 7 A% B 72802, jittered sam-
pling ) MER SN 5. 3 RTEMTOH Y7 ) >
7 TlE, jittered sampling DIEFR L LT, stratified
sampling 2EE SN TV B, LLLDHELH VT
VT BHEIBA (stratified sampling DA IEERE D L
CIIRE=ZAF) THTIVEIEL DX 02k
EINA.

CG 12817 % low discrepancy $F| @A & LTI,
Niederreiter SHEFINIT A X7 LSV 2 1 D/NE T
Good Lattice Points & Hammersley Points % {25
L, SNSOBFINCCIEMTH A LR LAY,
L2 L7%d%5, Nietherreiter {3 ERROERA R 12138
RLTBST, £, BEFMDIT > Tk, Kk
T, WEOV 7Y 79, KIREARED, H&i
ORI 2 low discrepancy $5 % 8 H L 7:65)
BH BN, &0 low discrepancy BHI DV ERTH 5D
TR CIE v,

LTI, REHARCCT Ty —var~nd
BICEE LT, &b L7 low discrepancy 51 % %R
L, HRMICT A A7 LISy ¥ 4 /NS WEFIHLT
LY CCTTNr =3 iZEMTRWT LR ERY
{ZRY. F72, low discrepancy 5% iV 7z 3 k7T



Vol. 38 No. 7

FrF) T EFREL, RFESEROEH AV
RHEICHART, BRPORIRY VT T
BoTwaI %Ry,
RILOBEIL, 2 B TEEERICBT L) TV 2T
LRERDEBER I T ) Y TFE, FLTT A
AT VIS Y A DWTHBET A, 3ETIE, Sobol
#%], GFSR #7%Y, Good Lattice Points, Hammer-
sley Points OEHE DV Tili_%. 4 ETIX, % low
discrepancy #5]& CG TH b X {HH IR TV 5 jit-
tered sampling® % JLEBURES L, SHERM, 7127
Loy 4, ¥E (RMS %) O35 2:KTH ~
T REREEMET A, 5 BT, low discrepancy
¥y % 7 #Inl 3 Xet v 7Y v e vy 7
7w F =7 VHERIC X B low discrepancy HFIAK
FEICDOWTHRRS, 6 BITHERTHS.

2. EBERICBIBTIVTY LT EFT1RY

LIN D o

2.1 EEERICBFBZITVTILT
EEERIZBWTZ) 7Y VIO RET A0, B
W, SaF, A, BE, BELIPERPNTHLOL
LT, FOWBERBERNY VTN Y IREDI D
WEMII R 5720 THL. INEBCHE (T VI
ATy 7) ELT, SHERENTWEONA—
=T T THBY . A= BT Y LT T
&, YT v EBIOE LT T v B R
s, B USNOFYH, b LIEAMTT LTS
WX YEET 2.
EFRBERIT BHEROY 7)) 27 FiEL LT,
N-rooks sampling, poisson disk sampling, jittered
sampling %47% 519, ThoboFFEICEET LI L
i, W—IoH v IV EE SR EE B0, YTV
ONBHBEZFT TS HERAHEAVTWEETH
%. N-rooks sampling TiZ, H 52 LHOXT b/
XET, &F 7 VEFBELVOTE L UFIOREIC
AbZWEIHIFH LTS, Poisson disk sampling
T, &Y v 7 IVEEBOEEN S 5 —EEU LIS
Y ERBET R0, —EEM ks ETHY T
I EEYET. F00, T LT EAET
% L ETERIERAE Y, Jittered sampling T, 7,
EEEEEY VB TRELL, ERBEAOMLE R
HMIZXWRET S, 20720, SXEMICLTY >
TN EDERET B, Jittered sampling 13, LEFEH >
7Y S EORTROPFEFR(, —RIHEA ST
V5. Jittered sampling @ N 2516, 64 OFHEDI
FixkB1 IR

Low Discrepancy $Fl0a v ¥a—5 757 19 7 A~D#EHR 1329

K1 Jittered sampling (N = 16, 64)
Fig.1 Jittered sampling (N = 16, 64).

2.2 FARILIN Y«

S RTEZEE OB HE I° =10,1)° 25 HTHR
DEE 22, 2V BFET S 1 OORENT 4 A
TV 4 THAD.

zhz?, 2N e P AW T E0EALRTES
GcCclP BEabntk, 2t e G 2L THD
BABZAEY Sv(G) THETS. RIEEDNA
z = (z1,22,...,25) € I* 123 LT, A (1) TRYS
N5 s RZEMAOEEE G, TERT.

Ge = [0,21) x [0,22) x ... x [0, ;) (1)
IDEE, FARILAVYAIIUTORTERSR
52,

D*(z*,z%,... 2"

= sup|Sn(Ge) — Nz1za ... 2| (2)

KF 4 AT LSy Y 1 DEHTIE, B G, V&
WCEELAXEICR 2720, B Sv(G) OFEIRES
Td5H. Dobkin 520 IIMEEHORE 5257 1 A
PNy A RERL, FORHEHFEIIDWTRRT
V5D, B Sy (G) DEMEIZBIMIC R B,

2 RTOBE LB % RT &, B3 1000 &2 (N =
1000) O FU LT EDI L, 4G ENTKED
ETFOHER (21 = 0.5, o = 0.5) 12245 HA-T
Witk TahE, F4AZ LISy 4 D*(0.5,0.5) 1&
sup |245 — 1000 x 0.5 % 0.5 LEH SN 5.

FABZT AR VISV AREETSH 2T, RO
FiEE R,

(1) AW ESNFEH % TR 1 OERIIHH L5,

(2) #EHAT, S a bI2XY, ETHE%E (0,0),
HLEBE (a,b) ETHRIFORELRET .

(3) FEHOFOR n 28A, TOBHEDOTAAY
LSv g 2 —axb ZFHT 5.

IOFEREL R, BYEREL, TAAZ LAY
AR FORElE RV ZoFEDAMI L B E
RESELEPICFT AR LSy VA REHEL, &F
DEMFEH RO B FiESH 5D, 4EOFMICIT
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Awihofz. Thid, Good Lattice Points 3 & O
Hammersley Points O 4 FNERE AS5EI% % i 22 & IHIZ
BHTWL 2D THD.

3. Low discrepancy 5l

BB T & KR SN T B EM % low discrep-
ancy BFZi3, Sobol %1, Halton %1, GFSR %1,
Good Lattice Points, Hammersley Points % &%
5. ZZTld, Neiderreiter 5ASCG 77V r— 3
VICERTH D ERE L T 5B low discrepancy 451
? Good Lattice Points & Hammersley Points, %
L T Sobol #¥1 & GFSR #%!| (Halton #%(3, Ham-
mersley B#H|OMAEFITH S) #Y Lifs. o7
VEDIESLDEEEE LT, Good Lattice Points,
Hammersley Points, Sobol %1, GFSR #5|DJEiz
MEEREHANTH 5.

3.1 Sobol #5l

Sobol 5"k, 025 1 OMD j BEHOEH X,
RS w ORRZ 2 BRI V, i=1,2,...,w %
B, & X; 0iBBOCY FPEQTRVE W &4
DEEDH, TOEHIE 2 EREFIOEE V; © XOR
(PEfl OR) %2 & 5. LR, &EF V; NI E
BEN5B. Sobol BFID N %316, 64 DFHEDFHi%
2 IR

3.2 GFSR #7l

L ¥ v } GFSR (Generalized feedback shift reg-
ister) #F w;, i =1,2,..., 1, LT HIcEHRE
RBIDIY).

L
Uy = E bdj+i2—J = 0.0.0(11 e Op—-1
Jj=1

1 1 1 2
= bg+i (—i) + bod+i (-2-) + ... (3)

2T, by, § = 1,2,..., 1%, a linear feedback
shift register L M H €Y bFITH B, Lewis &
Payne VL, 7 RILD d DIEIL 100r L HKE R
ETHBHEBRRTE., 2HEOEFNIEr LD/ E% s
FRHWOERIICER SN S.

U; = ’U,i__r.;.sXOR’ui_r (4)
GFSR #5100 N 7516, 64 OHAOFH %R 3 i2
NG

3.3 Good Lattice Points

Good Lattice Points 23, BBEETFHL b IR
n, o7V T THEE N (> 2) LELLEYK
g(1<g<N) ZHVT,
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B2 Sobol %% (N = 16,64)
Fig.2 Sobol’s sequences (N = 16,64).

M3 GFSR 4 (N =16,64)
Fig.3 GFSR sequences (N = 16, 64).

K4 Good Lattice Points (N = 16, g = 7), (N = 64,

g =13)
Fig.4 Good Lattice Points (N =16, g = 7), (N = 64,
g = 13).
n n
r= (5 [¥)])
forn=0,1,...,N — 1. (5)

ZorE, [t 1, EehH, (0<[t] <1) ~D%E
BEERT L. Z0H5 N-rooks sampling & % 5.
Good Lattice Points ® N %16, 64 DFEOTHi%
4 1R,

3.4 Hammersley Points

Hammersley Points ®12, ##/ME n (> 0) O
A5 )VERBE n=ar_1a5-2...a100 DY My % iz
7z, K (6) DY v M IR &(n) *EHKT 5.
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5 Hammersley Points (N = 16, 64)
Fig.5 Hammersley Points (N = 16, 64).

®(n) =0.a001 ...ak-1

() () o

ZORER, ®(n) 1k, 0K ®(n) <1 WAL, K
HA.» Hammersley HFAER SN S, ®(n) DA ZH
VW72 b D% Halton 85| TH 5.

n
Pn = (N,(I’(n))
forn=0,1,...,N — 1. )

Hammersley Points ® N %16, 64 DFEDOH %
5 2R,

4. &F i

4.1 FEER

BH T T EOERHEEFMET S0, &
%t 6 FEO T VT X4, Sobol 5, GFSR #
%), Good Lattice Points, Hammersley Points, #L
Bz X 5K, jittered sampling % C SFECHEE L,
HP9000/770 (PA-RISC@100 MHz) HP-UX B10.01
£ o UNIX time #e % AW CEHERM 2RI L 72,
Sobol #%1, GFSR #7%, Good Lattice Points &
U Hammersley Points ®E# 21k, Zh£h, T
7), 11), 12), 15) #&&IC L. BEC L 5 5L
X O jittered sampling {213 HP/UX @ rand() B
Be B, Sl X 25, BREROY V7V
B R IZELE D A TRE L, poisson disk sampling
DEI T TIVEORHIE LIV 2 8WfFoTnik
Vo F1, F20E, 512x 512 BEICHT A RO TS
Y- BIOY—~F 25—V~ T -1 (circular
zone plate) (R 6) £ T 5B CPU BHOFY
ETHD. FORTF/NY — V OBROELIZEFEIEDF-
TTHA.

ZEFNE1BRD VDT 78 (16 %07
V, 64T, 266 T N) KL, BiIEE
B L BRI O F 2 &, W3y — L icBir

Low Discrepancy 85|02 > ¥a =55 57 19 7 A~OEH 1331

F1 512 x 512 WK A (B 59— )(8)
Table 1 Computational time for 512 x 512 pixels
(diagonal pattern) (sec.).

1#igEHYOF TV | (16) (64) (256)
Sobol 4 29.60 | 117.77 | 470.07
GFSR #41 84.12 | 348.82 | 1445.78

Good Lattice Points 34.92 | 138.88 555.27
Hammersley Points 48.82 193.94 773.92
rand() (HP/UX) 43.56 | 173.43 | 693.82
Jittered Sampling 82.67 | 327.87 | 1308.39

2 512 x 512 WAIHT 2N (F-Fa T -0
L= 1) ()
Table 2 Computational time for 512 x 512 pixels
(circular zone plate) (sec.).

VWD) O T A | (16) (64) (256)
Sobol 41 7.95 31.08 123.49
GFSR 41 62.45 258.95 1080.48

Good Lattice Points 13.41 52.91 210.78
Hammersley Points 33.95 | 220.47 | 1223.81
rand() (HP/UX) 22.05 | 101.43 | 349.52
Jittered Sampling 27.25 | 107.89 428.11

He Oy~ —Fas——rSL—}
Fig.6 Diagonal pattern and circular zone plate.

LETREFMOENIE, &85 - OBBEEHEICL S
ETHAH. RADERTIE, W/s% — > T Sobol
AR b # <, 2#FHD Good Lattice Points T3 »
7. #FOHEEE LT, Sobol BHIDEF FiED, S
Tl & XOR (HHA) OR) DADEFETH Y, Good
Lattice Points T, BHMiZEVEOATHL7:DT
H5.

4.2 FARILINCY1ICL BEHA

CG BB 2RIy TY v IHBEIZBWT,
Shirley 135 4 A7 L3> ¥ 412 & B EHME O AT
EHEL TS, T3 1ZE low discrepancy 5D
FART LISV Y 4% 256 x 256 HIEHE L /- FHfE T
HbH. TARAT LISy Y 4 TOFMTIE, Sobol % &
GFSR #5705 b RWiER LR L T 5. Good Lat-
tice Points & Hammersley Points (38 RI# 1222/ %
BHTWE, HIEWMIIDZOT 1 A7 LSy 13/
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]|3 256 x 256 AL LAT 1 A7 L vy i O
Table 3 The average of discrepancy calculated 256 x 256
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®5 RMS#E (F—Fag—v—>r7L—1})
Table 5 The RMS error in comparison with jittered

times. sampling (circular zone plate).
1iFdHc) DT VK (16) (64) (256) 1 EHIY O TN (186) (64) (256)
Sobol 5! 0.027519 | 0.007785 | 0.002139 Sobol ¥4 2.687021 | 0.814257 | 0.521840
GFSR #41 0.027524 | 0.007887 | 0.002575 GFSR %) 2.778503 | 0.543694 | 0.317586

0.042400 | 0.011252 | 0.003330
0.043744 | 0.013054 | 0.003513
0.087642 | 0.060689 | 0.053967
0.041541 | 0.015237 | 0.005717

Good Lattice Points
Hammersley Points
rand() (HP/UX)
Jittered Sampling

3.417050 | 0.666778 | 0.355223
6.493344 | 2.045505 { 0.697995
12.397014 | 6.184552 | 3.117691
4.009379 | 1.069483 | 0.000000

Good Lattice Points
Hammersley Points
rand() (HP/UX)
Jittered Sampling

4 RMS 3L (B35 —-2)
Table 4 The RMS error in comparison with jittered
sampling {diagonal pattern).
1HEHY) O 7V (16) (64) (256)
Sobol 5 0.045855 | 0.020917 | 0.008507
GFSR ¥4 0.037369 | 0.012186 | 0.005494
Good Lattice Points | 0.051985 | 0.023824 | 0.013595
Hammersley Points 0.046697 | 0.019056 | 0.008477
rand() (HP/UX) 0.067935 | 0.034250 | 0.017520
Jittered Sampling 0.036483 | 0.013496 | 0.000000

v LALaSS, REROI YU ) VT
BLHEVIBETIE, FARAZ LYY 4N EL S
Z\, 2L T, Good Lattice Points ® Hammersley
Points ® & ) ZHBIEL W 7 0 7 BmoEE,
VTN TEBLRVEET L REPELRLTVOT

REEVPVLETH .
4.3 ¥ E

Jittered sampling T 1 EFEH7- 1 256 471
YU LRES (22T, IREEEEERLIER) ¥
BT, ot 7)) v 7 HECR L 7cEE L I
L7z, BEEGICHEWZF ANy —2id, K6 0
ORFEF—Fa5— 0T L—+Thb. LEH
FEEEILIIEL RO T, #0ED 2 FM (RMS
mE) % BT 5 (X ®)). ZoBe, FEENEL
AR EERE OB FEIEVITE, FOY YT IVE
D RMS BEEFAS L 5.

jittered
(Z(Viﬂ ere ~_Viothers)2>

sample num

RMS Error =

(8)

Sl VijitteTEd & vothers 13 jittered sampling
LD Y7 ) v 7 ECERE L EEEOETH S, Fa
LR5 I, BFARESOHMIY — D RMS iEE
OFIETH S, Wy — > THRb BOREEL R
D1t GFSR #F & Sobol #HFITH Y, 71 A7 L
YU ADFMEE b X PRI E o7, £ RMS &
EiX, YTV n HENT SO0 T, /n il
LTEA LTS,

7 Jittered sampling {2 & % 3 KL T LT
(N = 256,1024)
Fig.7 3D sampling of jittered sampling (N = 256,1024).

X8 Sobol ##lizk s 3Kk ry (N =256,1024)
Fig.8 3D sampling of Sobol’s sequences (N = 256,1024).

5. Low Discrepancy 5!l & B\ 7= B GHY
3RETYTY Y
51 3RmH>TULT
EUFANDERH VS EESEDCHEE A
EELI-FVF YT 4T, KR ETOY LT v
FHWEI R A, Arvoid, 2 AOEEE B KE
PO 3 EPLRABBEAZATEAZY VTNV 5T
FIRELZ. RKHFLTIE, Arvo DFEICH LT, low
discrepancy ¥l # HWT, 7V T A LD REER
AL, AT NI XLOFEE, Y7 e
MEE/EE, YO VEPEBE L2 W EAMRIES.
NTnDZ & LEERBIVEB LV ENRTH S,
7E, Atvo DHEIZEDERLZLDOTH DY,
X8, B9, 10, 111k, #1ZN, Arvo Dl
BOEE % Sobol #5), GFSR #%1, Good Lattice
Points, Hammersley Points (2B &# 2 7:3DTH
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B9 GFSR¥FICLE 3R Y77 (N =256,1024)
Fig.9 3D sampling of GFSR sequences (N = 256,1024).

10 Good Lattice Points I2& % 3 k¥ > 7Y » 7
(N = 256,1024)
Fig.10 3D sampling of Good Lattice Points
(N = 256,1024).

11 Hammersley Points 12X % 3k5% > 71>
(N = 256,1024)
Fig.11 3D sampling of Hammersley Points
(N = 256,1024).

5. BTy EREMEEAIEICLY, BT
TN T EREDONY — U BER SN D DIZERGE
v BHERMICEL T}, K1, R2 IR LEER
BIUCIBI L, #ELE rand() & Sobol #Fl% 5 &y
47 8=t MR, EEFEMETS. —#RICTVF
T 4TI, BICH3RTY V7 v 0R B S
EORTRELREEEZEODLOT, ZOXRERLIZE
EOMIHEEICKE CFIVWTL B,

F/, VAPV U ETHEI LI YT Y
THEEBIELY, BREOEELLELEET T
F ) T LIcngE, £R SN low discrepancy
BHOHELZRAP LRV ETOTIRHESE N, &
D& %A, Sobol %1% GFSR %1% Awv
HZEIZED, oM LOXKESNIZEBEFY 28
O, YU TINVEERENSELIENTEL. F12 13,

Low Discrepancy 5100 > ¥ a—5 757 19 7 A~DiEH 1333

5
12 #7227 (Hammersley Points & GFSR
¥
Fig.12 Adaptive sampling (Hammersley Points and
GFSR sequences).

®6 Vv rT T T—7 M iREMNCLEIEE (GFSR #41)
Table 6 Computational time for look-up table approach
for 512 x 512 pixels (GFSR sequences) (sec.).

1RSI D TN 16 64 256

FOK f88— > 27.75 | 110.35 | 440.71
kG =Ny = 5.92 23.02 91.32

Hammersley Points & GFSR 51T 4 x 4 XHEH
TR Y TN R M Th s, o7 VE
X503 >BAEEEL T3, GFSR HFIIIEREKX
B AT L 25, 7)) v Bl T,
Good Lattice Points X* Hammersley Points i34 >
TVBICE D BETINENIEDL D, ZOLH%
WBEEmE» R, ZOWEEFETAILIZLD,
VEGBEETREORY, Y07 d ki b2
ENTES,

5.2 Ny 9Ty T F—TIAEXEB Low Dis-

crepancy 5l

Low discrepancy 5 IIREML — iz X Y ERLE
NHEOT, BIABIZINBO 0 LOBNENY 7T v
TTF—=T VML TBE, R EOATRIEL SR
THIENTEDL. K6, Ly 27975 =TI
RIZL % GFSR 8FID /88 — » OFMERRE (3>~
TVEIZ 1 EES- ) 16 5T 512 x 512 HFEE)
ThHY, Vo7 o7 5= Lhrb0Es| XHR LK
EERMEBE OB TH L. Ly sy 7 vl F—7 I
HLEAEVHEEIIN K NI M THE. KERD
FRREAZBIICOBEETE DAL, FLES Lk
TIHE, K| EOFERHISTTWANAEVETH B,
AEVETOM L —=FNF 73550, BEEDT—7 A
T=2ar b AVOREETIHIZE A LHELR VR
bhad., Fi, JlofEe LT, #Ewyr7) 7
AT W Good Lattice Points % Hammersley
Points DEFNTH, WVolZAKFIZ LY 77 v T 5 —
TR LTL £ 218, F5| X ONEF TRIBLIZEID
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Wy T VafTHI I ENTES.

6. B8b I

KT, L FANTETHHE IN TS low
discrepancy % (Sobol #%], GFSR #%, Good
Lattice Points, Hammersley Points) &R 51
HENTELEBERVY Y7 ) v 7k (ittered
sampling) * 8L, FOFEMMWLRIEL 72, —H&IC
low discrepancy BFNIIFHERIFIFR L, H—ITF >
TNV T TELID, CGTHERINTWAIZLAL
DEBEEIHEHTAZ L TCELLELNS, 72,
HEE RV FEICERTY PV EOER T #IT 2
ZENTED,

Sobol #FNEEHEAF L XL D EBADETNT ¥
ADENTEFTHE. GFSREFNIZHEDIETL D&
BEVEET A b LIHFIOFT—FRVA, FA4D
FEETIZOHENFRR aD o7 ZhiFF 7
RO 72O ATRIEMEIC & R 2 v Tn
B0 THDHY, LHMEORVERFEORES Y
BrEbhs, T/, Sobol HFl& GFSR HF| D4
/3y — 1%, jittered sampling DHER/SF — 1T
L, YT VEEREICHICEE L WBEICb AR
T& 5. Good Lattice Points i&7 )V 1) X LA B
TAVT ) AV MDBETH D RERES #7272
L, Good Lattice Points & Hammersley Points i
AR W - OB HICIIEESVLETH S, Good
Lattice Points > Hammersley Points (X357 1
AZVIST Y APNENWT EAGEH SN TV B,
YTVEOL B WCERERIIBIT S 2 RTEDT v F T
AT AZEHFE NP LRVERDNS.

SHOMEE LT, LY BHETERBNZ low dis-
crepancy BH A RE S LTV ITY AL LT AR
LISy ¥ 4 OFB R EDOREN ST 5N %, Dobkin
DRELTVAETF A A7 LSy ¥ A FEFEOEZD
1 DDBRETHH. Tz, SEITEHFEFMT 2
92T, &< CG TFER SN TV jittered sampling
WCEBY 7)) v IREREIE LS, SHEIOER
BREEOF -V ICHAT 2HERILELLEDbNRS.

i AWML T LDLIIHIY, HFEREED
TV 3w 2 — 3 — 7 3L K5 Stony Brook &
Ari E. Kaufman #2358 & UFEZE QBRI W7
LEY. T/, RIFELROIBEE52TT S0
AART A4 - €= T4 () REEENEROTHRE
KICEH 7L ET.

ARiFzeix, —#8, (B) E£EH3E%¥4E (Saneyoshi Schol-
arship Foundation) DB % T 7. MR

- -
—

ot
i
e

%Il
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