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Summary:

This paper describes a seismic attenuation model to estimate peak ground acceleration in the Kyushu district using a deep neural
network. We used over 15,000 training data available from public K-NET and KiK-net database, involving the 2016 Kumamoto
Earthquake in Japan. Selected input parameters fed to a neural network are JMA (Japan Meteorological Agency)-based
magnitude of earthquakes, focal depth, focal distance, and Vs30 as soil profile (mean shear velocity over the top 30 m of soil).
Without a priori knowledge from historical findings, a deep neural network is constructed, except that the network features three
parallel sub networks with fully connections respectively. These output values are added to estimate peak ground acceleration
(PGA). An algorithm of weighted neural network training is employed for the training data, which are unbalanced on account of
Gutenberg-Richter law. The trained neural network estimates PGA for a wide variety of both the magnitude and focal distance.

The estimated PGA was in good accordance with a typical attenuation model based on a combination of equations.

F—U—FR: ==2—J xRy NU—7; HENEE,; EHERRA MET=2 ) 7 BiRTH

Keywords: Neural network; peak ground acceleration; attenuation model; structural monitoring; machine learning.

1. XC®IC [ATARA LET 1, HIERR SIS D W O ke
YA FOHBENY— F2iHilid 5 9 AT, #EH MTEOHEITHEE=F2 ) 7T AT ABRERLD

2V, BRI O HREBLIH R A2 IZH 2 T
%, & BT, ZfiZz MEMS B O & o —=0,

Raspberry Pi 72 E DV J VR — Ray Bz —4 RN
FHRICFIHTEZ A L2122, TRABRND bIRE
B ZE T 2HEITTVSAMKL 72572, Raspberry
Pi LoV —EHREYa—bE3N Ny r—

ORBERCE AL EE &R 2 R+, ThETE
< OWFGEHE DIEEZ LV, Bk e EBER =T 7 L3
BEINTWAIAED D % o BE T — &% N
TEIZ EFE L TR D, Fy o g ok 5 72
EDORBRIF R ST B I SO X, R
WO EUF A LEGRINCE D B, ZDI/RT A —

&ﬁ\?ﬁméh@/\é ZTOHEFHEICTEHL TYH,

MR OB RS, 2 < OBREN B Z b
TW5 Y, ZhblE, HMRICE D IGEEEEN R O R
BER =TT L EVWZ D, RIGOBEBNT —% b2
Bl =, REHBEOEZEOGEANRK LD 2D,
Z ) L7z B ZFICHRRE S - BRI CR © 7 v, 7
BEETH D,

ZO—77, FEAHOEBEBRT — X b TET

AARBE ARG WRS AT 2HIFER

A2 G L > AT LRI - B //‘J‘ DY Lk, 154-159, 20194E 12, BUR
Proceedings of the 42nd Symposium on Computer Technology of Information,

Systems and Applications, AlJ, 154-159, Dec., 2019, Tokyo

Raspberry Shake® % illx S 41, 1t FAY 70 50 B A I
EBETLIRTATe Y2 FRMB EF LT
W5, BIEC S, BEEOREHRRET V&, R
BB T — # 2 A G b T, E R A F O
- F%Wﬂﬁ WCHEHAT 2 A2 I TND 9,

9 LB G, RBFFETIE, i TE o —FE
ThiRE==2—F VY NT—0E R\, 7—
X BRENVR O R E T VICESEH TH, £ DH

— 154 —



B, BREEECE T Lo B EE o A b, A
B - JEABROBLIIT — % & v MEA ORGSR
NHTHZETHD, BGRHERE DT, &
B, xR fBERR Y PRT = 7 I8 ST
Do IHIT, T, ==2—I 3%y hU—ZIZEL
T, ONNX (Open Neural Network Exchange) 72 & ™
W7 +—~y FRREINT, TOMR, A—7
N A X:IF*F‘“C“E?)é TensorFlow <> MXNet 72 & D
T4 77V DIENZ, Bl — D MATLAB 72 &
%amf'%”%ﬁXy%U 7 xHEMBIZarN—
FTEDLEDIToTe, 295 LIEEHEREO2#
ez E 25 &, FEABTHEHT 258 O BB
BETFTNVEET IO, =a—F Yy NU—7
ERHTA2MIIEE-o T EEILON5,
—I N3y NT—7 Zi@H L7 R CR

FOVEARIL, 1990 1D, ZNE TE AT E
NTWBAAEDI NPty Bk o IR R 2 &

RIEDORERNE LN L HICHRE SN TWD, L
MHL, Aubnizxy ME, Wind 1B8H 50T
2BORENEEZATOIRER CHL, BELVRY
FDH Y FIZHOWTIE, ELBRERLTW AR,

IO LB RERE X T, ARFZETIE, JUNH#TT
RN E 0, WEROIEL D 2L DT — % %
AW, =a—9 Vv xy NU—27 2 X 5B EET
NVERETT D,

2. BENT—%
2.1 HENT— & DIERFIE
—a—F %y FU—7 OFEEIIL, B
firiFsEpT (NIED) O 5#EBHIME (KiK-net 3 LW
K-NET) OET —Z_X—2%FH+5 (K 1),
TR R—=ANG, JUNHFR X OF o F (At
& 30°~35°, HRE 128°~133°D#ilH) (2B T 1996
END 2018 FFEDOMICHEAE LT, JRT~ T =F =2
— R4S EOMIEASRE L, mE N — & (i
Froek A RIS 1L, FEBNZ SO L7 20 B
(B RIEEEFEEREZ D-8 T H+12 FFET) OHi
% 2 Bb%& cosine BT — X— L L7= 5 2T, IH
FE AR IE & 3, e BB OREITE 171 TH Y
(K2), 20> bREMRLOER 1ITRT, £2
@ﬁﬁ%éz YL 3L A NEED L
B R HUENINE FE (PGA) D28 ik A 4 %

22 ANEE

Fv NI —=ZIZANT LT — X 1%, HEOX
BT~ T =F2a—RKMj L& /J?{mé D (km), =
TREEEE Xeq (km)'?, BUHLSIZI T D% S 30m O Hy
%@ﬁﬁﬁh%&ﬁngmm@,%ﬁmﬁg e
FEDe6fE 3%, MicT 5HIIE, PGA (cm/s?)

Fw 3L RO5

34°N

33'N

32°N

3N || @ K-NET

A TEKI

[ ] sttt 1< 4
....... B‘ﬁj\iﬁﬁ

30°N . — - : 30°N
128°E 129°F 130°E 131°E 132°E 133°E

1 BLAIH A S OV AR Xy D% E

I 3I°N

128°E 129°E 130°E 131'E 132°E 133°E

35°N L L 1 L 3 35°N
M=8
M=7
J ¢ - >
34N A 34N 2
/ i M=6
M=5
3N A # T e
# P M=4
z
Depth(km)
2°N 0
20
40
60
4 80
3I°N | R e’ )y | 31N 100
’ ' 120
140
160
——————
180
0
soNME 30°N

128°E 129°E 130°E 131'E 132°E 133°E

X2 JuNHG OHEE A (1996 4F~2018 4-)

T 5, PGA IR 2 FHp D7 hVFICRE
L7z 35, ZbiT — ¥ O EEZK 3 (TRT,
23 BT — 5@%%@

PEERDEE DD, #ET— 212w LT
k;&ﬁﬁﬁﬂﬁ#%%f%éo —fKIZ, =a—J
Fvy NU—=7OANEEHNBIZE 2 58T —
Z DO, VI KRE BNV L
F LWV, LI T, PGA, Xeg B LW VszlZ DT,
O AR E BT — 2 WD, E OO
T, #hh 7 — 2ty O FITELF L7
EREELY, v~ =F2—FMji19, BFRES

— 155 —



#1 HAT—ZICEENHREN R HE
o TrEiet
M;j Mw
2005 P14 i U 75 5 PR () 7.0 6.6
2005 4F4 ] ULV 5 R (Raam) | 5.8 5.4
2006 2K 5y B 78 EB HiL 6.2 6.4
2015 4R - 5 75 5 vl E 7.1 6.8
2016 FFREARHITE (3ii%) 6.5 6.1
2016 FFREAMIGE (h®) 7.3 7.1
2016 FREAMEE (Rksim) 5.9 5.7

Mj: KRBT~V =Fa2a—F, Mw: T—A L h~v7=Fa—F

7 2 NIED 8LV A~ OHUSRFEX 7y

ik R XX 4y BV A K
(Zn—7) KiK-net | K-NET | &
FUIH Ho 5 AL 5B
A gz pgsm w1 | P B |80
JUPN Hh 5 R

kil = > ) 17 38 |55
¢ <k$gfﬁfgim> 26| 45 |71
P (iﬁ%gfﬁgﬁ@?w 16 | 16 |32
: (ykﬁﬁiﬂf%?Iﬁéiiiw> w| 32 | 46|78

&t 126 190

*1 o REHF O —E A E T
*2 0 E - PUEHT O—EICB T 5 kLT a b~ s
MO, *3: WMEMGTO—H%ET

316

£3 VA bOLE

4Bk SYFESAT (mfs)
g Vs30 < 300
g 300 = Vs30 <700
HH A 700 = Vs30 < 1000
[EaE 1000 = Vs3o

D (X 35km, TENENEHENT D, Xq 1T 300km
PIFERGE L, ME s b Xg DAT) (3.1
B CH%IR) 12k L CiE, 300km THHELT D,

3. =2—INVRy NU—F7 BIOEFFHIE
3.1 7T—X%77Fx
Za—TINFy DT —FXT 7 F X EEDDLH
#HE LT, BB, Ty MIET A EF
AIEERZ ARE/R IR Y b 7a w2 L 95, 72721,
Hip2fan 74— 74U —Fil=a—F )1
X MU —7 TIE, BIREEBEEOEPE T, HEE M
NEBICHWEYHEICRES EAEND, TN
BT 570, FEMERERE X 2 HYy, HEBO
BMIRR L AEMEE 2 I T X 5 L 9 LogXe &

Fw 3L RO5

8000 8000 [
6000 515,210 | 4000
% 4000 4000
2000 2000
[ L
45 5 55 6 65 7 75 0 50 100 150 200 250
M;j D (km)

(a) KRBT~ =F2—F Mj (b) BIFRES D

H}Fﬁﬁ

500 1000 1500 2000

3000 6000

#2000
i

1000 ﬂ m 2000
‘ R

0 50 100 150 200 250 300

(=]

4000
[
0

Xeq (km) Vs30 (m/S)
(C) %{Eﬂj%?)ﬁﬁﬁ%—ﬁ Xeq (d) VS30

X3 #HEiF—ZDbANTT A

Xeg DM ANNEICH- 2%, £1-, BFRHESD &
Vsso DA ZNENIMNIZ LT, 320087 %y
B LFRy NERATSH (K4, ThEho
HT Ry NOHIEE BT LT, RERRH T
% PGA OF X %155, Mj, Log Xeq, Xeq & A
NTHH 732y A, BiEz 3 oRET D,
FNoOEMACLBEIL, e 2T 4 v T - TEA
NB# L35, ATET 20%, [EiLETIE 50%D
MR T, /) — FEREHE ST (Fay 7T U b)),
L, BEAONMEEEZI-EEOFR Y VT v
YU TNERT A Z LY TS, TRy b C
1%, Vil & 5 38 ik o g 5 & 5 WA E
WiaA9 5, 7 x>y b DX, MEXA TEHHE
THXRy NCThY, EDOMNEEY 7 b~y 7 A
VeI 5, Bk, MEXA T (NElENE, 7
L— FAHE, 7L — MERME) ooME
1) PE g% BREEEHEY= e Y
—FAZE), TNE SRRy MIMAIAT, Z DREIC
H7 %y D OEHITY —AESEDE, 7%y
N E i, HZEX A 725 U2 PGA OIE & 2¢E 4
%, 4Ry N —7 OEEERERT,
PLERARZXL 57 TRy 0Bk b %y b &
WHEST L2 L1E, BERFEICENTH D, FlxIT,
FLEFERLR Y FITHOWT, Y7 Ry AL BOHE
I AR B ST (FEBEEZE ST 0 1T
E), Y7 xy b COLrEFFEIE, A NEA
DT —HEBEMTLH LR EDIHANREZ LGNS,
WERDOHEMAREHEAENOOR D=2 —TF L F v b
U—7 Tk, ZoLoRibHIIREETH S,

— 156 —



Mj —»[()| SubnetA
Log Xeq O
Xeq »| O Log PGA
D O O]+
\ Output layer
LogVss3o —[ O Plus layer
Location ) %
of Epicenter o Sub net E

Weighs are frozen

Input layer during training process

M4 ==a2—FLFy KT —27 ORERR

K4 VYT7xy hU—7 DL

4 B 351 TEME LRI i
A AL £ 37 SITEAR | Kmy7
(7 — K% 20, 40, 20) BA%L VAN
B FRAVEH 1 YI7EANRN _
(/= F¥10) B4k
fRAVEH 1 "
C 1% 10) Tanh BA%X —
FRAUE % 2 . .
(7 — R4 20) % ﬁ%{{7
D HAJE - Tanh B3k DM
y7F7\%~ y (fF4 1)
v 7 A
FRAVE S 2 "
E O o0 Tanh B2 -

AT B B TR T S,

3.2 {EMALEREE KUK

—a—F %y T —7 OEEEEKIL, XD L
B D, RO ERIZHB VT, Log PGA
OHEEAE & BRME CEMRE) & 0%z, B
ERDIENABNTWS B, 2D, V5
HRBEE, ZEMEFREZERE TS,

— %I, BT — 2121, FHEBICEEN KN
W07, W2 LTWAZ ENRLEFELWY, L
MWL, v/ =F a— RO/NE72T — XX, #HifiT—
D% B EO DL, ZORYMT —Z LT 5 B
Wiz HIRIE, ~ 7 =F 22— RO/WS T —2O—H
AT — 2 oA TH L THDH, Lo, #H
BT — % ORI, FEOLRERZIERTESES, b
IO, REFEHOFEETFETH LT — X DK
LTHDHR, ZIHARMPIEDE TITE LW,

Z T, AW TIE, EAGEEIREEAET =

Fw 3L RO5

2a—FNFy NI =T EEOHFEERHT 5, 20
FHETIE, FET—4%o0oh73aY) (ZZ7TiE, ~7
=Fa2—F) OFBFEE IS CT, HRICERAE 5 2
Do ORI AT KB E F/MET 5 L O
WXy NEFE w5, BERICE, kAo ELLF
ALK L EHND,

(loglo PGA )y —log,y PGA ;) 1y )2
L= (D
de)
T2, n(HIFESOEEKETHD, INEHAES
FZI7TERTE,KS5DLE OIS, KIZFLHE D Main
netld, M4Dxy NT—7 &7,

Log Xeq Weighted

: Main net Joss
Loss
Xea gl layer >
¢ D o/
| LogVso Tar: .
: get L
i Location Log PGA Weight: n (Mj)

i of Epicenter

.................

Input layer
M5 EASEHREEZAET O3y FOFET T 7

3.3 FEHFE

BT — 2 Wicxk >y b OFEITE, BRETIR
BEZ WD, R iclies Z & 2 <R L
LT, AfEICIE, T—XA X L&D ADAM
(ADAptive Moment estimation) % H\ 5%,
ET—2DH5L, SHIE (1996 -~2018 /) |
) U CEEMES ISR L2 80%DHEBICR4+ 55 —
2 aEEICHOD, DO 20%1F, FEPICAED
D HIMFEHOHEDIZ DD, WiEkT—% L35,
Fv FOFEREORENE, A—T ) — ADOWEE
R =V TH D MXNet ZFIHT 5, FHEIC
X, Ty VT AL RFHTE D, YR — R
=2 B = — & O Raspberry Pi Model B+% H\ 5%,

4. FEER
FELIE=2—I 0%y NU—7 ZHWT, N
MR (SR E L CHEE L7=, PGA & S liEJIE
BlE Xeq DBARZEX 6 LM 7128 T, #HEEICHWDE
VAR S DI 10km, Vs;o DFEIX 400 m/s & L7z, £
7o, FHVA FD Vssg DIEIZIS U TER 3 D 4 KT
DL, Mj20.1 IZEENAMEREZRRLTE, 22
Tidbkg il & LC, & - 221 1999 O FERERGEZ D
BT, ZOEBHREE =2 —TF L%y FOHEEM
OMEANL, K<EELTWDLZ bbb, v 7=

— 157 —



T a2 — RNRRKEWEEDOEFRILFEICHT S PGA O
MM Y, T NETOBRMEERLE L<HAL

TW5,

AT O R AL S IRT, =2—F L% v b
(2 & DHEE PGA D75 0D e Bk v 72 (3 F 6 250
FER 03 FiIE TH Y, BHEMIELRETH D 19,

Peak ground acceleration PGA (cm/s?) Peak ground acceleration PGA (cm/s?)

Peak ground acceleration PGA (cm/s?)

X WE O9%E A P#E O Mg

— =a—=JFv b

— & - 211 1999

1000
500 |
O
O
100 -
50 <
10
5
1 D_O‘ =
5 10 50 100 5 10 50 100
Xeq (km) Xeq (km)
(a)Mj=4.5 (byMj=5
1000
NE e
X C
X A
100 = = .
50 ]
o ] &
e Ay
10
5
R
1 X
5 10 50 100 5 10 50 100
Xeq (km) Xeq (km)
(c)Mj=5.5 (dMj=6
1000 0 ~
500 [ Ry
X
100 4
50 x
X
O
10
5
1 O}
5 10 50 100 5 10 50 100
Xeq (km) Xeq (kl’l’l)
(e) Mj=6.5 HOMj=7

6 PGA LIRIFEREEOBIGR (PRt N HER)

DIl = LI

Fw 3L RO5

: JV—7"A,B,C

b, ¥¢®
AW TIE, JUNHG & %f5 & LT, K-NET X
KiK-net DEEHM T —% (1996 F-0>5 2018 4F)
B2 — TRy 8T =7 & T, #iE g
FE PGA ORI 78 %2 A 7=,
Bon-fiima UL FICERNT 5,

X E O 9E A dE O g

1

Peak ground acceleration PGA (cm/s?)

1

Peak ground acceleration PGA (cm/s?)

1

Peak ground acceleration PGA (cm/s?)

X 7

—=a—INky b — F - 21199
000
500
100
50
10
5
1
5 10 50 100 5 10 50 100
Xeq (km) Xeq (km)
(a)Mj =45 (b)Mj=5
000
500
PN \\
50 N
© N
10
5 ®
T ;
1 o
5 10 50 100 5 10 50 100
Xeq (km) Xeq (km)
(c)Mj =55 (dMj=6
000
§ \ \\
100 \
50 h
[
10 g
o
5 X
1
5 10 50 100 5 10 50 100
Xeq (km) Xeq (km)
(e) Mj=6.5 ) Mj=7
PGA & R ERHEEDOBIFR (PR N HIR)

ki wa» hEEMA : 2 r—7"D,E

— 158 —



# 5 HEXE PGA i b OB O e BOE e 22
gy C B I

X5 I |Ha [IIb | I | T |Ha|IIb | I | I | Ha |IIb | II
A ]0.33/0.33]0.29/0.28{0.31|0.23|0.26 |0.22|0.36 | 0.30|0.34 |0.30
0.2910.33|0.280.31{0.23/0.34/0.24|0.26 |0.36{0.37|0.320.32
C 10.28(0.27{0.28{0.280.30|0.23|0.260.24 | 0.370.30|0.33 | 0.27
D |0.34/0.36|0.29/0.26|0.38|0.33/0.32|0.28 [0.35[0.380.33(0.30
E 10.31]0.28/0.32]0.26|0.32/0.360.29|0.27|0.440.37 | 0.34 | 0.32
C: VW'%’@ R HITR,

oo}

1) RS AT

B: 7L — MERMIE, 1: 7L — FNHIE
Wik % 7 ; L WE, la: LMEC%E, Ib: E, T R

£ 2) 1T Logio (PGA = . —5 1% +/PGA ) DEEWERZEE /R T,

ma—FFy FT =7 BZEBEOY T Ry b
THERR T2 Z Ll kv, B H C o BE B
E,%Eﬂw®ﬁ%kioﬁ H A T DK
BN BN I T B E SR L7 9 2 T,

TNoHE— Fw%ﬂfﬁﬁf%é

AT IVIZEENDHMT — X OLEITIE
UTC, BARBMBEZEAMNT LIEHES T 7%
BHATHZLIckYy, BREEORE A~ =
F 2 — NIk % PGA D RZEE 2RET B b,
PR L E=a2—TI Vv xy NU—T L, BEED
BABGI I & 2 BREfERc= = (F] - 22)11 1999)

BHEL, v~ =F 2— ROEJREEEEICE L
TRER 7 m 2 R8T & 7=, HEE PGA fE 5
DOELE O X HAEER 21X, 0.3 7tz Th - 72,

%%m;:;—ﬁw*ybv—&@%ﬁ%égm
EEATHZEICLY, HEBOERFRES Q H
DIERICEAT DR EZFEIC K VS L, PGA
DOFMEREEZR ESE D2 ENFETH D,

EZAT, HIICAFLEFEE T — 22T

BEHRT Y N E BT HERIC catastrophic forgetting

wo%@%_hifﬁbfwtﬁg_wk%%ﬁ
BT D HENREINTWS Y, ZhlE, AR
DEBIESNT, FEEROBR LELZH 2K
%#ﬁﬂj,UVAEﬁMUE 2, FEBEHRETIVES

BROEBNT A —FD 2 BFEAEL 7 4 vy
— RPN E R LIMEEMZ DO TH D, 2
L0, URNZHEE LIENEFERELSBHTAH 2
<, Friz BN CHREEREIRD ANDZ &R
M cx s, £72, MAOBNT—ZE2HWT, =

2a—F NV Fy MU —27 TIERR S BEBE = £ 7
NWEEBFET L EbEZI NG, 2O X5 72 El
FND, X XEHFOT LAY AL EFEALT,
PGA D6 2HELT1-9 2T, ZREHA==
— V% v b ORI D B W) 22 BT EL D FH
LTETHD,

Fw 3L RO5

R

AWFFETIE, BIRBIZEINRPRFTTAARL TS
K-NET & KiK-net O5#EBN T — X 2#EH L7z, ZZ1IC
HWEAERLET,

(8% 3R]

1) wEERE, BNZER: W82 A 7 RO SR 258 Lok
RMGELE - e ROEE O BEEERR A, A ARG R
FwCEE, No. 523, pp. 63-70, 1999

2) Kanno et al.: A new attenuation relation for strong ground
motion in Japan based on recorded data, Bull. Seism. Soc.
Am., Vol. 96, pp. 879-897, 2006

3)  fRIOL: MRS & Ok B0 BT Dk
IEOMFEENN, HFE, %46 %, pp. 315-328, 1993

4) BARBREFSWEBNINEZRS: F 6 BEET — X Ol

BT D RY T L — kO RKMBEICHA T,
2018.12

5) https://raspberryshake.org, (2 FR 2019-09-24)

6) L, R RFN: PREERER & FEHIINGE A A O 7o ARE
RIRFIC 35T 2 ME B O HEE 71k, 55 14 18] A AR T
YRV T A, 2014

7) 1. Ahmad, M. Hesham, El. Naggar, and A. N. Khan: Neural
Network Based Attenuation of Strong Motion Peaks in Europe,
Journal of Earthquake Engineering, pp. 663-680, 2008

8) B. Derras, P. Bard, F. Cotton, and B Abdelmalek: Adapting the
neural network approach to PGA prediction- An example
based on the KiK-net data, Bulletin of the Seismological
Society of America 102(4), pp. 1446-1461, 2012

9) H. Giillii, and E. Ergelebi: A Neural Network Approach for
Attenuation Relationships, Engineering Geology 93, pp.
65-81, 2007

10) T. Kerh and S.B. Ting: Neural network estimation of ground
peak acceleration at stations along Taiwan high-speed rail
system, Engineering Applications of Artificial Intelligence,
Vol. 18, Issue 7, pp. 857-866, 2005

11) H. Hong, T. Liu, and C-S Lee: Observations on the application
of artificial neural network to predicting ground motion
measures, Earthquake Science, Vol. 25, Issue 2, pp. 161-175,
2012

12) S. Ohno et al.: Revision of attenuation formula considering the
effect of fault size to evaluate strong motion spectra in near
field, Tectonophysics, Vol. 218, pp. 69-81, 1993

13) BRI =8B, KATHE: RSB R S ORI A B
Z Y XICBET D ARG, B AR TR SR, Vol. 3,
No. 1, pp. 59-70, 2003

14) J. Kirkpatrick et al: Overcoming catastrophic forgetting in
neural networks, Proceedings of the National Academy of
Sciences of the United States of America, 114 (13), pp.

3521-3526, 2017

fhk 1 HIR S A 7 OBIRFEE
RIROIE - E, BRIRSEANLT, HONLONEL
TR A T E R ST, RFETAE A E LISRT,

£ 1 HWEX A 7 ORRITHI
HELE-Z T X
C B I it
C 8474 0 0 8474
S X[ g 0 2640 94 | 2734
RN
wal I 0 178 3823 | 4001
2 8474 2818 | 3917 | 15209
) WEZ A7, C: NERHBRNHE,
B: 7L — bf‘é'%tm;ﬁ- I: 7L— FNHE

— 159 —



