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Educational Embedded System Using Optical Transmission of Virtual Machine Code

Yosuke SENTA*!

Abstract

For beginners, it is more exciting to use actual moving robots or colorful led substrates in programming practice. If we allow
students to take the equipment home after school and play with it, we may be able to teach the students the fun of computer
programming. To realize this concept, the equipment must be made cheaper and easy to set up for the programming
environment. This study develops an embedded educational system using a PIC microcomputer, a virtual machine running in a
PIC chip, and optical transmission of the virtual machine code using blink of the PC display. The details of the educational
system are presented herein along with the results of classes using the system.
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Fig. 1: Concept of this study
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Fig. 3: Architecture of prototype of educational emvedded system(!2)
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Fig. 4: Block diagram of new LED Controller
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fo. FZTHLUAR T 0 7T AOEMIZIZEDRANWERIDEY | FY R X LERORSICEAZBO IR R Lz, E%
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Tbl. 1: Comparsion of new and old led board

First edition Current edition
PIC Controller 16F1827 16F18325
Constitution two circuit boards and cable | one board
Number of electronic components 37 26
Number of soldering points 134 76
Approximate material cost (Japanese yen) | 780 650
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Fig. 6: Code transfer using blinking display(13) Fig. 7: Optical sensor Module(12)
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<A 3y L BT AZEMO T 0 —F v — T, EFRELFHEOAS (FRKE) 7 High 75 Low (4RITH 1 25
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EHIrT S, B9 (b) 25 R THEMNS X I IZ start T stop bit DY ETHLREFRRTEZ LD, ZhThllo T — 25
FREINHTREEEHS. T2 T8 (b) DL IITHF—U—F, T—#E, T—4# KK Foy 7V ATHRISNZEET 2 b
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Fig. 8: Data transfer protocol(13)
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Fig. 9: Flowchart of synchronous communication o
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DIZIER 8 TR LEBET o bW 2= v, W, F—TU— FOEFIOfEIEL 0x536 TH Y, B 10 O L H 2O 1
B 0 OZE{RIZ start bit 225 4bit 4y ORFEASEERTH. ZORFEIZFHIL 4 TS Z L C, #EERN T, 21552 LT
D, UBIEMELE T, #WT T./2+ T.N o VoRELHEATRIEL . 2274 %2 OREIZy 7 MpfTHE
BT5ZLMTELRD, B LOI N PIC v~/ a2 THAWNBRSEETAHAZ LN TES.

3.3 BIEREIL

WM IR~ 72 PC BT Z LA BEL THEOGREBICEEL T 5. 20 TlEks EF 4707 R B2 T
bz, TOLIRMETEIERLOL >R HESHRHTW DDA B A a—7 Thgid L TA7z. IWRE R E5 O
WeEE 11 1o,

& (a) X7 4 A7 VA DISEPEVEREDOESTHD. V7 b7 Tl vsyne (CELE THAKZEI D BHEZ THDHOICT 1
AT A DFFPIBODNTRN, F 2 TEEFEMIT vsyne fICHB G0 E2 50T, 2 B, 3 BEEICY D EZ L L
WTEDLIIC L. HEFICHEZGIVEXS Z LT, BEEEIELLIABREICE - HEERTOVEDY, FlREEA5
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Fig. 11: Example of sensor module output for communication failure

ESNEEERBMNE & THOMRF AV 2 5 X HIcdhid k.

—J7E (b) (ML PWM THREL TV 2HMHEOGES T RAME CTAR2RR L TLT 2 — 7T s EBR%ESIZ LItk by
LOOHETH S, EHAC 100us BEOERNAY , B RHEEZHBIT XA I 7 EERD LEZET 4R, Fav
ZHATIELIND, ZZTRET—FMed Ry (1 %2 1 EMEATHARD) HEERIX, ) 7Ly al— b 60Hz OHE
1 —0.0001/(1/60) = 99.4% & 72V o=@ oW E S ICBx 5. Lo UKIC 13bit 40words DF—% Zi@lET 28B4, £
DN 1 72 L RET 5 L BIEA T A RERIT 0.99418%40x0.5 _ 91075 L 72y 5 @ 4 ETEMLTLE D Z LRG0 5.
ZZ T 9 (b) I2BIT AHABRIE & FE A BRI, —E7Z T 2HERT 50 TR, HIZ 248us BIE TRV 2RER L
WEHEORENS 0/1 ZHETHEIIC L. 248us (PIC v~ A 2D F A vEAZOBR EZO L 5 efliE ieo TN S)
Y7Ly vathd 7zt LTHhEL, PWM /A4 A3 LTHGREWD /A 2T I HaBRchs.

FT A AT VAEICREE 2N L BBEERE CXS /— F PC b H 5. ZORENFZ LHERBINICE
DYEEDRMTH Z L3 E . Windows OFRE THBRETEIL off L TRWEFB IV Z L bR LTHL.

4 RE<IY

4.1 wHRE

Wd5% CHB -7 —# 14 EEPROM IZf#fF&h 5. PIC Tik EEPROM OF —4# %34 7 4 7iafat & LTETTH L
MTEARV. £ 2T PIC NICfiiB~ o 25 L. (i~ 2 ik EEPROM EOF—#% % 1word TOrtAMm Y, (i~
YOa—RELTETTS. MEORHERL, 7a/SI 7oL EE, Exbh-aa2IERBEICETT LI
VEaL—HFOWMEEBEMLTEL I D LEE—L L. Z0OB4E, LED RE—Z Ol & i/ Stk — 7w
it k<, BECRMRA L ofiEiza Th kb,

L LYEM % BEICRH bR 72F ORIz, L0 EERABR A TOEIZWER I FRV DS Ly, 2Ot~
VUEBEOT VAN Ea—2 VEREL U E L, BECRMER SRV e 0 77 AbERS L) TRL
fo. B 12 IT{#B~ v OT7 —X 7 7 F v Zoad. FHBEESTRER a, b, —IKEES /O L5 HMA®RO r1 ~ 4, Lk
MEEORR (77 7) 2WIT5H 2z, —BRROL—T B0 2 ERTi Lo/ 8 DL IYARE L L—T RO T —
Fra—Nuwg 5 RETARELTLOORZ v 7 LC, RA LUENRLDRA % LS, AS, EbicTv s 7 ahu v
ZPC O 2 HORNPAEY #F-TWD. R 2 (CZORB~ VI OREGEEZRT. £TOMEIL 13bit OEEETHD.
By MIUIREEEIZ D DR 2 EL T2 R MR TITIIZ BET, ZONRT VAR -HETH L. fiF
® 9 H loop & lend IE loop AT DART v K I CRLIZEHON—TNHEZERTHLOTHTHO OGNS, ZhZFho

e e
seta 1 ) fledz 000 ) TOP:
seth 1 MAIN: wait 10
LOOP: loop 8 sens 5 5
uarts a loop 8 bsef BACK
move r1 b loop 8 bser LEFT
move b a wait 10 bsel RIGHT
as| mal [ | ] | adday r1 ledchg aabo || mtr44
jmp LOOP ledinc a r imp TOP
lend BACK:
ledset a r 0 mtr -3 -2
LS LC ledinc a g imp TOP
is] [T T1] Jed im
ledset a g 0 mtr 3 -2
: ledinc a b jmp TOP
[a]b]r]re|ra]]z]i] fend RIGHT:
—— ledset a b 0 mtr -2 3
Multiuse Temporary s _J/ \mp MAIN ACLALEY
register memory , VO Code A Code B Code G

Fig. 12: Architecture of virtual machine(12) Fig. 13: Sample code of virtual machine(*2)
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Thbl. 2: Basic command of Virtual Machine
Mnemonic Description Opcode
seta [ A=1 0-0000-iiii-iiii
setb [ B=1 0-0001-iiii-iiii
ﬁ ‘{ ; ; ; g_ggi?_:;;;_;;;i Thl. 3: LED control command of Virtual Machine
anda [ A k=1 0-0100-iiii-iiii
andb [ Ba=1I 0-0101-iiii-iiii Mnemonic Description Opcode
ora [ Ag=1 0-0110-iiii-iiii leda I Iy I} Set LED-A as [Ir,Ig,Ib] 1-000r-rrgg-gbbb
orb [ B &=1 0-0111-iiii-iiii ledb Iy Ig I} Set LED-B as [Ir,Ig,Ib] 1-001r-rrgg-gbbb
cmpa [ Compare A and [ 0-1000-iiii-iiii ledc I Iy Iy Set LED-C as [Ir,Ig,Ib] 1-010r-rrgg-gbbb
cmpb [ Compare B and | 0-1001-iiii-iiii ledd I, Iy I Set LED-D as [Ir,Ig,Ib] 1-011r-rrgg-gbbb
loop [ Start I times loop 0-1010-iiii-diiidi bbtpl A Branch if btnl pushed 1-1000-0aaa-aaaa
wait [ Wait [x20 ms 0-1011-iiii-diiii bbtnl A Branch if btnl unpushed 1-1000-1aaa-aaaa
jmp A Jump 0-1100-0aaa-aaaa bbtp2 A Branch if btn2 pushed 1-1001-0aaa-aaaa
call A Call subroutine 0-1100-1aaa-aaaa bbtn2 A Branch if btn2 unpushed 1-1001-1aaa-aaaa
lend Loop end 0-1101-0aaa-aaaa ledine L C Increment [C] of [L] 1-1010-0000-LLecc
break Break loop 0-1101-1aaa-aaaa leddec L C Decrement [C] of [L] 1-1010-0001-LLec
beq A Branch if equal 0-1110-0aaa-aaaa ledcld L Load [L] to rl- r3 1-1010-0010-00LL
bne A Branch if not equal 0-1110-1aaa-aaaa ledcst L Store [L] from rl~ r3 1-1010-0010-01LL
bgt A Branch on greater than 0-1111-0aaa-aaaa ledset L C 1 Set [C] of [L] as I 1-1010-1LLc-ciii
blt A Branch on lower than 0-1111-1aaa-aaaa 1-1011-AABB-CCDD

EXPANSION AREA

(0x1000 ~ Oxleff)

move Ry Ry
rora N
rorb N
rola N
rolb N
rord N
rold N
addav R,
addbv R,
subav R,
subbv R,
andav R,
andbv R,
orav R,
orbv R,
xorav K.
xorbv Ry
cmpav R,
cmpbv R,
uarts R,
uartr R
waitv R,

[Rx] = [Ry]
A >>=
B >>=
A <<=
B <<=
AB >>= N

AB <<= N

+= [Rx]

+= [Rx]

-= [Rx]

-= [Rx]

&= [Rx]

&= [Rx]

I= [Rx]

|= [Rx]

~= [Rx]

B "= [Rx]

Compare A and [Rx]
Compare B and [Rx]
Send [Rx] to UART
Receive UART to [Rx]
Wait [Rx] x 20 ms

===

== mEoE= e

1-1111-00xx-xyyy
1-1111-0100-0nnn
1-1111-0100-1nnn
1-1111-0101-0Onnn
1-1111-0101-1innn
1-1111-0110-0nnn
1-1111-0110-1nnn
1-1111-1000-0xxx
1-1111-1000-1xxx
1-1111-1001-0xxx
1-1111-1001-1xxx
1-1111-1010-0xxx
1-1111-1010-1xxx
1-1111-1011-0xxx
1-1111-1011-1xxx
1-1111-1100-0xxx
1-1111-1100-1xxx
1-1111-1101-0xxx
1-1111-1101-1xxx
1-1111-1110-0xxx
1-1111-1110-1xxx
1-1111-1111-0xxx

ledchg £q £y Cc Ly

ledz I I, Iy

Tbl. 4: Robot control command of Virtu

Mnemonic

Swap LED color
Set all LED as [Ir,Ig,Ib]

Desecription

1-110r-rrgg-gbbb

1] Machine
Opcode

mtr I, I}
addmtr [ I}
bbtp A4
bbtn A
sens [, I
bsne A
bsef A
bser A
bsel A

Set motor power [Ir,I1]

add motor power [Ir,I1]
Branch if btn pushed

Branch if btn unpushed

Sense obstacle by [Ir,I1] power
Branch if obstacle not exists
Branch if obstacle exists front
Branch if obstacle exists right
Branch if obstacle exists left

1-0000-rrrr-1111
1-0001-rrrr-1111
1-0010-0aaa-aaaa
1-0010-1aaa-aaaa
1-0011-rrrr-1111
1-0100-0aaa-aaaa
1-0100-1aaa-aaaa
1-0101-0aaa-aaaa
1-0101-1aaa-aaaa

ltop
skipuart
ret

err

Clear loop nest

Skip next if no UART data

Return from subroutine
Make an error state

1-1111-1111-1100
1-1111-1111-1101
1-1111-1111-1110
1-1111-1111-1111

ledon
ledoff
mtrld
mtrst

light up LED

light down LED

Load motor power to ry, ra
Store motor power from rq, ro

1-1110-0000-0000
1-1110-0000-0001
1-1110-0000-0010

1-1110-0000-0011

PERALER A C SRERICEF < & “LC[++LS]=1;7, “if (LC[LS]--) PC=A; else LS--;" L72%. lend MBINOAEVIE A (L,
* & 72D loop FDRDT FLATHS. 7 FLAERNARI—RIZHEbDOAT > RPN DIRT T 7 0%
U7 FLAEZFHETESOTHS. FRRICA— 7D Bilfldc ki 5 break s b, WEETIL “LS--; PC=4;” L1 o
ToLERAE LTHEY, ROE A 27T lend MEOEROT RLALT VT IHRHEATE L7204 FIFAEEh TV 5.

EOXIZarva—F L LTHEANRGFIIERL TBY, AT ) SZTFHHT LA COBBBMENATRER Z L BAT
Zick 3 ® k57 LED BEHOMS, b LI
FaokihoRy MlEBAOMEEZERTS. B 13 0B~ v O Fra—RERT. 70 A ko —
FO#REFSTHDT, 74 R8T v TS % UART ol HT 500 THS (272 LV P AF B LU UART HAiE 8bit 7

s, £7= 0x1000 ~ leff E T 3840 o2z lRELEM TH b,

7 13 FBH £ T LAE LVWEICR BV,

-
— e fe

LYAZ a,b hUrl ZAVT, IZLHITa, b2 1 2RALKER, C EFEEIC

FEL L “ri=b; b=a; at=rl;” VoA AERYIE L TWA, IIZH 270 B 1% LED R ClEEE S -2 512 @)E
WHAT 280 THH. X LHICTTO LED Z{HLT L72#, Z8EOL—7IZ AY —FHEV vL—7 T 200msec D1k, FoR
AOEE, ROMEZL 1 BES-S 8 B LIFTuhE, AMIO L — 7 Tkl LU ORE 2 FRIC EIFTWa. figod 7
CixB#nRy PAREDZEEL oL O TH D, MEYE Y ORELTAITY , A7 CHER S HIEERER Lo
D, GlICEFED S SRR, ZICEEDR HTAER, {20 T E O ERTEL VO LB AER DR L TS,
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L SRS IR
Receiver e mm mm mm ol Transmitter (A) LED controller -
Optical [ 5] _em |
j— Transmission || | isgioh
1 ] W | xw|  swer|[SWe] s VI T Viarss 2911 :.:.::.:fia:.,..u...u:.
] e —1 Toa 190 = = et b
Machine Machine <: AssGblor & 019 e N =
code code oo 30 =
ey g N || A
e CU"'l rea i "-' hebede
md’“;“ " i 000 20 byt
Virtual | A_2° ¢ Virtual Source BLw. 3
machine <|_ > machine .. mde_‘ .
14 o 2, -
| B ""'w"."ﬁ"‘ i » —
PWM. Iimen : G hical : 2 :IU” ] Fonam bt
/O control Hl Rt : Editor | 1 017 — (B) Robotcontroller
etc. i Leontiol Iy ' e
L L L L L T L} ) :
1o staet we I
PIC Program PC Program —_—

Fig. 14: Common code of virtual misehine(2 Fig. 15: Integrated development environment of

educational emvedded system
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PIC ¥4 2>® F/W {X C 3Ttk L A —# (Microchip k) 234l LTV 5 22754 7 XC8U0) % Tz siq
L7z, SR C BRBTEHRR L2024 =R 1/0 R— ME~A a A O ZBRITIE Visual C++ H0 PC A
AT THAVSNANTEIERTES, FOEDEB~ O a7T Lirba— FOMRETE S % PC ETELERIE, AW
OFAELEFC L IICEBET AL I a L—FE2METHILENTES. PC Fa—FA ¥ 7 oA AVBELRTD—RHEILS
AT v TEFE Vo2 F Ry FRUL I AZ OIS LED O, T—2~0H A% GUI THEHRET 5L L TX5. &
Ty TIETESDDLTLLERTAHDICE, 52— FOFZZFETLTWHERESTHHERHS. ThbbTET
NENTARB= L a— RET TR, TEYIARIO Y —2Aa—Fb I a2 L—FIZRVAERLS TR LR, 22T
Tal—FFOLOOMIZY —RAa— FOREREE, 7 7 e, T4 27 LA BIEIC L 5 o— PSS 20 2 -5
BRBEREAME L. B 14 2 PIC LOE~ A 2 EREMABRRRE LORB~A 2 0 OFRERT. IO LI 2FD
R~ rDa— FiERl— Lo TEY, FTREGMBRE Lo~ o TEEME L T b RiE%E THIAZER 22—
REFESTENT ZEAHEL L Lo TND

Microsoft Visual C++ 2008 Express Edition TEpk L7zfES FHIEEREON AR 15 (234, ARk L7z =— FiE Windows
DFETHEA (exe 77 AN) —2THEL, Bl R 7 A LT A4 7TV &AL VA M—NTHRETRW. 2055 (A) i LED
Bhm T OMBRETHS. HPEERORLE LTI —AT7 7 ANVOFBRL VI 2 L—FOWE, ZOTFTY—2AfRE, £ &
T LED R4 o olilEa £5 L, 4 Tty & ieo T ad. Eizfh iZ @it nil s TAT v 7EITHTS Oy
DOF FLA, % LED Ofa, FL P AZOMEEOT Sy FiffiEFRnT 5, —Fa—FREERE Ry 7 ¥ ) A THK 2,
JIRL-2mEiBINATRE & 2 | BB FOMEDOT a— M) TALERTSH, FuyrFor ) X FTRIRENR 40
FIIREEEICE LA ELTEDS, ZhICk ) F—R—FOHEFLFRTHHBNES T 0 /7 I 0745 Z EXF
BETHDH. ZZ TORDIFEMS (leda®) D/3F7 A—# X RGB OREEXL 0~ 7 O 8 B TIRET 5. Z D4 % Windows
OFEAEREE T 5 ARIR S A 7 1 7 (ColorDialog) ZH W T GUI THMETEXHIZVNWLE WA ERNH-T-. LWL FFA T
Y REZ—TRICA-T@O RGB fHEZET LW ITAHBRERE LV OTIEARAVNEEZDZ TEEL TRV, —F (B)
FeRy NEEE T OBBRETHS. LED EMICH LELZ201G LORSORT, T—2OWNERRFLEY, ELHO
EEWYYE Y BEIG LN E I MANTEY T AL TVAD, BMICEED X ARICRECEIRIE7 1 —A F
EToRy FoOfBFERR LT ¥ 2 b= B ERhEEAWV S E L TWAREBLIZIZE > ThH.

5 RERE

BEM AT KT ERO/NFENROBTRFEHE (H 16), YFFAEMBEO L0V ERTa v s b (B 17), @i
M BROFRERES— A KEE, 2P TIHERAISATWS. 2095 bETFREEEIIARKTOAERE ¥ (Z—5HET A
BK) A T~ 8 HITAT 9 ABRGEET (2020 HRiEHIL), INEA L ZOREEO PN L HAF L - THRTITPhD b D
Thad. HEMEZROZHEEIL 3~ 6 FARIC 12 HTAZEE TR

BT 2018 45, 2019 £ 7 HARICBAMEL, 2 BRI T TO L 53 h U FaF L L L.

L ®15 (A) TRLEZY I a2 b—#E2HWT, & LED 2SREFIEICAMT 57 0 77 LD AN & ET
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Fig. 16: Photograph of open class using the
LED system“3)

Fig. 17: Photograph of project class using the
robot system

2018 2019 2018 2019 2018 2019
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. < s > <

yes no yes no yes no n/a yes no n/a

boring  interesting boring  interesting easy difficult  easy d|ﬁ|cull
Have you ever Do you enjoy the content of class? How did you feel the level of the class? Do you continue to
programmed? (5 level evaluation) (5 level evaluation) program this at home?

Fig. 18: Questionnaire results of classes using the emvedded system in 2018 and 2019

2. fTLIALTE T v 7T Ml O CHUAB BB RS - T TE 52 L OEER

3. 1. 77T LADOft (ledz, wait, jmp)

4. o= L B EET 55 EICoW T, & LED ZERIZHEHT 545 (leda, ledb, ledc, ledd) #22A Tant
5. HFAFEREAVLAY —UTEMEXLE DT 0 7T LK

6. O AN Z 47 (Ledchg) &t ViR L4 (Loop~ lend) MaiHH

7. HFEMDT —<ZID, TOA A—VIZEI NV FETHEMEHIE

8. 1EMm%ExR

ZOEITHEHETHSTZMPIL ) 2OBRTHoTz. FNTHERL RRY =2 a VORRERASY — R BB EL -
HERTER [ ZORZ IO bH b0 Lo ERbLZITT:. J*;H;‘ir::t 2MEDH 7 FAA w»FRENTWNSDIZH
HCHEOR 27 —4ZEE— FOUDEZICE S0 Ths. EEbos ERILOMERH - TEOPITIX
REBMENEHET 250055, Zh bl WEB ~— (14) fﬂ,'cw;’ AT,

BEEPRBET DRI NEERF — R — FTCRLFEEANTE LML TChotz. L LIFEFE BRI LTzl
Li-FaeyFHAor ) A Mm@ Lo fcllBE L b Z Liddd iz, 2O ) KICF E/NUFEORIGIZEE
THEEEBIRN . B2 ab—2OT T TRRIFNLFREHLRNNDDE r—AL T 4 TR E L
TWA. ATt HAFIINICT, 7-UUIRIF LV I BRA— /L TER R L Tunvizs, Zhidiziid L iz
Tz, ZORMBEIXSFERE (2020 £E) o707 7 I o ZETTREEFLDFRTUELEND Z LM BRBICRYLT
HOTIXEMBFELTNS.

BEBTHEIToET o — FORRER 18 |37, BN TREHEOSMERE LM LEY DY, TEHEES
o8l ZROTHELRL-TWALEEZLR, ZhE BN L ZEZX 50IBERTIEHSH. LiL, Ll tbHE
ERRBRIIRL, B EALOFBHETHHRT TIT o THAZVWEWIBBEEF - - Z e —EDONREDH -1 ¢ %
Z T3,
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PIC ~A = NI~V 2L, (U~ v Hla— & PC OF 4 A7 LA OBIRTIRET LA EM 2 FRR L
T, ZOWRIZTA 2 HSEL LBWED, BEETRICAVWEZEMZHLRVEETCERERIT A LN TES. WELE
AT LED O@CHEELZHIET ML 2 o0E—# LIREHE Y E2HA/PEBEHe Ry FOTHETHD. Zhbd
R S EROE~R~ 2R L, M EROTEEZ1T> TV 5., 5% & SIZBIOEM ~OIEH bIT-> T &E 2,

—HTCHIEOMLFT XA M S—ADT T T IV TAZANPERAT LA LHEH LTS, HlZ21E jmp <° cmpa 72
EOMFIZONT, HAREURFELT 0 /7 Acilh=EF ThHhIEEA L “jump” X “compare (from) A” L #EARKZ, NE
RS A LM TEAMN, MEEICITEELVDD L, FIZIE “~E 87 % A LB R FAAERRICT S
ERSD, Zhix7 ey 777075 AN T=t=y 7 OXFHHER a2 EE M 5T T EEIMETHD. L
DLUERIGEE T L5 L BAGE (OBAR) 2F—FR— Fhb AN SR TR LTI A L— X2V DRV ATREREDS
BH, BANTOTZIVITEODTT 7 4 ANERARRE~OFMLEZZLLND. @xOMSICHIELEF A NVEw T R
TIW~=B K5 7% GUI 2ED Z LTI 505 2 V. ITFEEFENOFE#SE L L TAY— 7 4 R0 7
Ly FRERER-TETWS, FANLTRTTZIVFE GUIER AL U THY Zh o Ok EFED L. Fi-tdnE
HTFA AT A EXAHIUIRETHZ LU X T Ly bO LI BREEMELERAD. RELEOLIRT I 747 AT
SUT AL NDBEME LTEEDLONE I Do TR 28BN H 5.

YEM L — B RFEAECE K, FHm T ARMIER ETCEA LTV, HEREROT r— MERIIBRRIFTHS.
SHBEEMEFRCT, HER T2 F IO LIICHOWTEETERE LB A TWS. b, AR T2/ T 2 b —
51X WEB <_—2 (1415) py ¥y o— Ra#ETHD.

LEH 2 RV BFREREL2ERT A I0H2 0, LR OEE BRI hZTA W, ZZIC#BEL2HRT 5. £k
BRI 2019 FREEAR KR TERFFRERBEOKEZZ T LD THL.
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