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Convergence of Infinite Dimensional Adaptive Systems and
Persistence of Excitation of Related Signals

Keum-Shik Hong"

ABSTRACT

The asymptotic convergence of a coupled dynamic system, which is motivated from infinite dimensional
adaptive systems, is investigated. The convergence analysis is formulated in abstract Banach spaces and is
shown to be applicable to a broad class of infinite dimensional systems including adaptive identification and
adaptive control. Particularly it is shown that if a uniquely existing solution is p-th power integrable. then
the solution converges to zero asymptotically. The persistence of excitation(PE) of a signal which arises in
an infinite dimensional adaptive system is investigated. The PE property is not completely known yet for
infinite dimensional adaptive systems, however it should be investigated in relation to spatial variable,
boundary conditions as well as time variable.

Key Words : Adaptive System(Z8-+)2#), Infinite Dimensional Systems(F3:x+4 A|28), Convergence(F84),
Stability (28 41), Persistence of Excitation(E% Z|%:4), Semi-Group Theory(NH2&).
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q ERE A 183 JPY A Ao Al
o719 dAFFIH Frde APIH e a9 7
A R FEEE Age A &8 Aol

A3A 719 AAZAE AA, 8FHE A2 ]
A% Ao7le] FengES AFAo 2 Aste
AgAoPEAY fEd E4, ZUE AAdAIE, Al
oA g THF AA ¥z HFHZNEA (uni-
form asymptotic stability)$ B¥slc EAZ FES
},

¥ AFA 4 (lumped parameter) AEA| &8 2 o]
A 2xe] HgAold) #E ALE FHZo) FHojgol &
i) ATEN E F AR 2ol #EHT v &
g o] Zqk i el W AHA| LY B A HA| 2Rl thet &
A% $33) AP e Aot Ve g g
A4A 28 (infinite dimensional system)d] & AT
= o 7A] 138 BA & dyolch FRAYA A
#g Fo dAEL D3 2489, Bank ¢ Kun-
ish& A5HQ HLAeEE ol sty X2F 4 g4
d Ay A @) el vehts AzdstEuHE
9] 4 (estimation)e] #F ATE FPFAT,
Demetriou % Rosen“& 24¢ ¥£83% 2 A48 A
u)ike) A8 (adaptive identification)d] @ AT
Z +38th. Hong ¥ Bentsman¥®-& 23 Hv]
We 2A3E HEAolg St 2 AFNAM YERt
€ veulg o de] £EAYE HEHY (averag-
ing method) & £3t4 434}

AQAA AN dojuts W A4E] FIAALA 2T
R, AT BN 29, AR U HR4 Flen 2
290, T FHEAGIMNL B FAS0| Aoz
PdgH D 35S n ), FgAdA s g B
t B3A 9 AAT7t et ATk Al tuAst
EAs AFAFA 2 oE ndd g A £34
FX 28 (distributed parameter system) .= 2H#
& 271 g g2 askx gon 2dy e
2 A% AolFxE, 8871 AoWET o 24t
AR FE3]) nEHefof gk, vt BAFE (AF
B ddswe) vy B JA 2 78719 B, EHA
59 5% )9 297 gEo] HZ FXAFALRY
Ao g AF7t G o] FojAm glon, ¥
A A 28] Aoje] dolxg Azbdw Hxo Al
Hgo] Wax) e /1E2dd FeAo Jge g
< 1 A4 7HsA0l & s

153

£ =2Ee BXAFA 24 FgA0 2 A7
A yehds dAHE (coupled) A@A) A (time-vary-
ing system)9) #9 +H4 L FANE] SFASH
(persistence of excitation)o] @ AFelt} £ =%
o} WA 7)o A38e] F2) 1A} Zo] HEAI LY
9 e Ao] otz AAAYE o &dle] FE
A 2, F ¢lojo FRAX st gojminE
g7t EA L 1 TS A g3 vl ofd X
Ag HESA A, 2 EE AN olv] Ay FEA
& BAS Bve JS BE Aol o]dEe AR
AAREEAQ ZA0]7] die] TEF AL X §
B2 41 gutaQ] AgA2dd] A47teg A E
3 Hong ¥ Bentsman®®9] d#& ¥gate Ao &
o FHA vl £ Aade] H8AE BY E
A& dAe] A Aol FFAFA 2R J
Aol slojae #AAY Az Ee] FEAEA ] ¥
#F9 $E4 | Uolrt AeadA & Bt 382
Aoz 5% ofr] & &HA glvt. a# BIA S
Al2gld] glelA o]# & =76 P AT SEET o}
vt AAE 2d0] it} strigls olgj g 20 & ¢E3)
7 g 2AE B7be@ Aotk £F 2@ =
o] gl g S WA A &I e
AR F 484 A gk & 394 TE2F F3A
2o Ftele EFAEAE 71EEDE A-5A 074
wEu e g sE4dd BRE dHEsg

B =39 AL L3 B} AN HA 73
AN 2d oA EFsts MAFE] JHA] AeAE
AW E7| S5t o 2A EEY HeldelA dehde v
AL A B A3 HLA HH -4
of #As APE AHA2EE F4HQ FHFAA
Belas 1 89 0 229 fFAYE BAT A4
Aj71e] F@40] BAEYe FHeM EFASES
AV & g, A5 A 2 &8 AFert

2. BEEATMNA— M LEHHE D[X|Z

HA PHulPdg o R F)Es FEAGFA A A
1)z Z(unknown system parameters)E°] w3 ¥
g2 UehleA g 4 dejdre o Fed g
et ¥ (elliptic), EE9 (parabolic) ¥ #3F4¥
(hyperbolic)5-2.2 FEE =, sa 244, 44, &
oluhy go| Fuo we} IA webAch Bt AAS
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42 Fned "Og F27)2 g B dorMe EE
¥ Huike] gkl MR =

¥EY Hupez BdYEs SHESL A9A. 4
B4, A4 L 5 PN o] F483 ok
dE EQ 949, 9429 59 Fevte A4
Z, ASfAg, vxAdMe HAAg holes 9 ©F, 4
AEAE7] W4, FE%, Af34 283 F4ALE
< 24 9o

FAHoR g 1-39 ETEF HoPEE = Eo
Bz}

o(x)— (x,t) —(K(x)—(x t)) +g(x,tu),t >0

orgu(0,8) + (1 - aO)E(O,t) =g,(8), 0=sq; =1

oqgu(ly+(1- al)%(l,t) =g, 0=y =<1
u(x,0) = g (x)

2716l g4 g 4 g2 goA 2z v mEe
BA 4R €49 a4 uxy) = FAFRE x A
ALt e Bole) 22 YEla, o(x) = 9dE
FASE BdY dAHDY ¥lg, x(x) & €I
& Jebdth,  g(x.t,u) & 9 (heat source)olt}t A2
(sink)2A 2% u o ¥ Frd+e A53E Yehin
ok, 2E FE el s k) = ok} A8, AR
GEH Ze oy B BEle #AY o)v@NE
vehli=d 28 BN = 9 ER8444) (piezometric
head)E, ® ¥ EZHESIN= 5 (hydraulic head)
Z ekt a(x) &% (storativity) e 7|F%
(porosity) B #E+4%Y ¥+5 44 vehlx
k(x) © AEASF(transmissivity) 2 FIAEE
(hydraulic conductivity)& el @Ag A& ©]
g AeEE AYd st 78S sled e B¢
20-30%2] eAHE 2 gtk oy A g 7
2 g 47]9 Al2" dangES 484 9
st 23 FEe G2 ol 9L AY E7M5 T

@ FAZANA g =0, =1 ©]F Dirichlet 3 %
AzHo] 3 25 =a; =0°]H Neumann 3 A=
Zlo] 5, o] T A7} opd AfelE EFE AAZA
T Robin 8 AAZHelet 28t} QAZ M=
Dirichlet ¥ A g Hoirle] Fgde 28 vehj

L
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A, Neumann ¥ 76‘741%1'\—‘_’- I Fho] 0 Uu FETA
gAs] dgEo] IgFS e obd A= diE
Ago| oS vt o714 8¢ ap,a & T3
=A% F88 Yotk uy(x) & 27|2PE Fojz]
ZAo) e} FetaA de vAFeEN HFEEE 3l
o ol 2|9 ¥XHE EYAE Fydde] 8
= QA

mEtA] Aot dge] AvELF o R RrHe FF
AN 2o e g2 £829 HdAe v 9
st EEo] A5 A AA, sink/source &, A
=7 9 27|27A%AM A4 Uehds slgg g9 3
o olo] BE AgA o] WA A7 delAx glon, &
3 BAz0| Gatd] ZF Dirichlet ¥ Az,
Neumann ¥ ZAA=7eLt, Robin ¥ AAZANt &
o e A& H2le ALY L gAY ) o
3 d+x 4ot 293 By € A=A depd
dAMx wAe defujg e Jephde e FEFY
Zol NA=AA, sink/source, BAZAZNA ehd
i},

3. BdE, HSH07| U SN

£ ddMe TR e 2de) £ S AL
(abstract space)olls] ZAgE, WA o & 7] A3t
of AL A2dF XBY Hejue] disjA Aojskn
A st SYE, 7|FRY, Aol7] L Ao 137
2= AW Fu 2 vehterte afec. arjn gy
Q) FFAA EHLF 4 (evolution equation) 2
Z Yehtes expigAe] 7o) oj2A A8 3l
EAE 2o}

FAE R Hgdle AFE 717 i 22 AE -
A9 XB8Y AueE TV|HE 23AF Aadle 2
2 g,

u,(x,1) = V* (a(x)Vu(x,1)) + b(x)u(x,t)

+ f(x,0), xEQ, t>0 )

71X ot A t & Ate g HHEE ek,
Q& RV 47194 (bounded open domain)©]
q f(x,t) & AUd Frolx 223 v FHHHH
£ uehdtt a(x),b(x) & oA A2 Aol
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2y 4 (Do) £EFe)Z] A8l a(x)>0 o]ejof
TE g9 dm, HY EAAY 2 FIHE A5
a(x) ECY(Q), b(x) EC(Q) & 8. AAzdL
Thgs} o] Foj e,

u(x,t) = f(x,t), x EdQ,t > 0. 2)

4714 e Qo 989 AAS Uehig A4
B(x)e oln] FaAA Yvkx Aget. 2rzAe o
83 2},

u(x,0) = uy(x), x EQ. 3

A7A uy(x) EC(Q) & 7Pt Iz AS
Alzdle 29 y & thas 2o Fojr}

Y(x 1) = Gu(x,1),x, €Q,,Q, CQ,r20 4

714 G:C(QxR™) = C(QxR") = A% #A Al
39422 H(linear bounded time-invariant opera-
tor) 24 AX e E4o AR gk Q& y 7H A
o=l gv Q9 FEAES vehg. & =RdMe
TEAY E AFdoldo] st F Hodd QA
o BE ZdA ulx,t) o AF] Zbgsteha 7 @k,

A (1D)-(3) o g3t NE2L L b3 Bo] 39
2% 3l

v, (x,0) = V * (c(x)Vv(x,1)) + d(x)v(x, ) + r(x,1),
xeEQ, =0 ®)

v(x,t) = B(x,1), x €1 >0,

v(x,0) = vy (x)

q71A  o(x),d(x),v(x) & AAWNSFZA AR}
Pale qdold FEL A Jon ) =z¢ >0,

d(x) < 0,[d(x) = d, > 0 & W55 HAF 7)ERy
£ ZYES R4S Fzslo o hEd vt
Fon, 7198 iy & B39 4d3e Y wxy) 2
o7 Ao ® HAG. M enRe Jerde] FAR

£ SHEY AT FLA Fed HA
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°lA 71EREY dgAolr)e] BAE i 2] 2
ka4 it

Oh EREZH uxy 7 712EE 28 vxy) & A2
Hog 3581,

() AFIRY BE A g2 BERAAESAE F
AL E fixy) & Foble dolnt

A-5A0719] 4@ 719 TBY EHE (1)-(3) F 7]
29 (5) & 23Yd, ofe] Ao WA S A e
ZRHEEZE u(xt) g 71ERAEY v(x) Alole] o%
E(x:t) =-u(x,t) —-'v(x,t){—:- }‘]Zl' t7} @ 2 JQE'@EH 0.
2 el HeEDYY 2B S 544

AeEE

f(x)=V» (¢n (x:8)Vu(x,1)

+ ¢y, (x, Du(x,t) + r(x,1) (6)
SEUER
¢, (x,1) = KV (u(x,t) - v(x,1)) - Vu(x,1),
$,(%,0) = @0 (x) (72)
By (x,1) = —k(u(x,2) - (X, (1),
95 (x,0) = B0 (x) (7b)

714 k & A8 (adaptation gain)e|Th.

74 10 919 AgAlolre e ¥5Y Aotz X
715 SHE A(1)-(3)d dsM Foi7] A(6)-(T)&
AHEE ¢ AA 20 $EEE B Aok 74
A9l 592 Hong ¥ Bentsman®& F2872 @l
Hong & Bentsman®ol4 A48 FH871H 2 #olz
= %49} Barbalat 9] cHFE]E o &8 Ao2A A
54 #94Y HgAade B R FHAS
W2 oz gen Y. FYHYA Fe)r)e] s
W LARFES e 2o =YHRLn

(8a)
(8b)

Yo (%,0) = §,(x,1) + a(x) ~ e(x)
Yy (x,8) = §y(x,8) + b(x) - d(x)

vepde e &) ¢ q meaEae ued
skt

E(x%,0) = Vo ((c(x) + 9, (1) VE) + (d(x) + Y, (x.0)5
+V o (W, ()W) +y, (x,1v ®
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FEY AL Aot vEHPAR SYESS F2 ¥
39 A zdoln 712RY &9 v(x,n)E J5A
32 A9 3 gl Aotk Y 4 (8a.b) 25 Heiv|
B oze wERAAE 4(Tab) & ZEE ST
Argd Slofte X ghee thEa) gt

1 1
V(t) = '2_ = E:E > +‘2_£(< Wa"w:z F+< wbvq"b >)‘ (10)

oz £ =8 FAAE ANFE o 99 £8
YA 2 @A 2 AZAEA2dE ALY 2
A-&A o AxHe FAA AW JlErdE AHFL o
71ZEndd 2Asd 79 T AE YT Agd A
A #32 dolie A AR F e o
e Aty es FAYS gvh.@ wehd o
LA 28] Ay, £EA D AAAE AN TerA
A 2E AA 9 AFA, T4 2 AL E 43
Ho}, oA Faatd HEA RN Uehte e
A& F42Q EAWAY (evolution equation)o2
¥l 9F&(semi-group theory)& ol-&ato] &2
FEAL Bo|7|2 gt} uhpZold AuEA4] o
e, ATAQEE Y, A2-A 2] §5S X¥
e EBAQ A2 244 URFNA e 24
A, Y 2 d&dE d7dle SR 09 tgg
A 1914 vehte dRNE A 4 (1D, 4 (129
FAHQ d2A A9 4 (9)F 4 (7)) FES IA
o aEv F9) 19 4L LEHU Y FgsE
Ao] op 3 43¢ Banach A BEL4: ¢l
T BE A 290 Harbssit, o] AMde] EE 2
=7 f4e)7| & st

Ae 10 2 22 Q4" FHANADE aHF)

E(r) = AME)EQR) + f(1,E,1),E0) = &,
) = g(t,Em)n(0) =1,

@
(12)

o7]x | EEX, nE€Y o]y X, Y & Banach U5
ofth. A(n(r)) © X A t E Heugz 3 nEd
Az (differential operator)e]th. the-g 744 g}

Zh 94 (11)-(12)°) g /4 87t A8,
A (1)) 3 e Fepr) o 2o
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50 - B0, + [} HEOFCLEDNEMT  (19)

7|, B(ts), OssstE A(n() o B89 A
2444 (evolution operator) °|9, |@(t,s)| = M,,
Oss=t<w, o A AF@h. () dAAA
F(2,0,0) = 0 o|™ =3

|F .6 = ao(n)E] + o, Ve 2 0 (14)

=
=

E DFU A7A ¢ = AFoln KR 0 o d}
@Y= R & /3% && shdc (oh) 4(11)-
(12)9 tiske] glotZeE F4FE vV RxXxY — R*

7} EA 5t

k{Jef + 1) = vesm < k(jef +1l) @3

oltk. 47|A ki k ' o] FEClY. () T 2
2 }‘%'7}.§"{l: (1('), a(O) = 0’ 7]' %ZH_E&E}

V(t,&,n)‘ asrcny < <€) (16)
JHH BE 5 €X o delA At 7k 22 Pog
w &) —> 00|t}

4 2L U2 £& AN AME o] &gt
AR, 3719 Alzd (11)-(12) of oisfr gjopzws
&4V 7t EARd, 24, dedsigen EAEE &
A3 #7F EATC A, ol g9 Al7H U
g u AL 4 (16)o.2 7€

4 (15)-(16)% H&ES= golxxX Ffo EAl=
AY E, ={(Em:V@LEN) <7,y ER* o positive
invariant 9¢ ul@ck wapal €@, In@l =y,
Vi =0, otk o)A 27Nt s, 2714 E(s) oA &
Sk A (119 8 oot o] ®A8A}

50) = 2(E6) + | XEFCER @M (17)

E Ot 22X 2 2714ded f@ g4oleg
E(t) = &(1,5(s),5) 3t o] EAELSF Yot oA FAY
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HRlEl g H wi Y S(r,5) & TheT 2ol A elska)

S(t,$)E(s) = &(¢, E(s),s), Ossst<o (18)

a9 3789 setue {2, 8(s), s}l W B {FUA
2 A58 d Jdte] Wl S(r,5)& Banach #7F
X 3A g3 £ 2gd437 294.@
(@) S(:9)5(s): R = X & A &or},
) St)): R xX — X & o},
(©) S(s,9)E(s) = E(s).(d) REE(S)EXD O0ss5=7
=t < oA
S(t,5)8(s) = S(2,r)S(r,5)&(s) 19
o FAE HE3} (semi-group property), TRA|2he
2 4 (16)-& Azt tis) &R

j:a("S(t,O)ED")dt = V(0)- V() < (20)

P& 45 ik o)A o] AEL deF Zo] BEH
o ¢t} FHEh Akt 7k 02 B S(,0)5,

70 22 A gevha MgeA. JdE g
B £>0 R FAFE L > 7L EAdlelop &

o,

s, 0, @1

=F
am} g ol o12d AR TEE BEHE 45
My>0% &, >00] EA)aA Ak,

My = supp, sty @0 (0(0))

£ ¢,

e M,

=g, >0 (22)

F5Y AL Me ¥ fo 1549 veE Ae
o, E 4 (1914 ¢ =00]8 & (19)°] B3 94
¢ 95 Yok B 4 (179 PR =58 A%
24 Thgo] Yol
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el <le.ol ol + [ oo |8 n@es
< M) + [[ Myt o))+ co)dz

Co

M,

= e s | o]+ @

19 4 Bellman-Gronwall & ¥-54& & £3814
5Ol = (Mg + 12, e2520 (20
2

o] edojZr}, 7|14 WL UA ore Al g
I 7+

tia -t > (MM,)™ (25)

o

S HER%L AAES Y. B 2T A&
A, =[t; - (MM,) 7 t;] 8 Zho] Aojshd m(A;)=00]
. 9714 mE Lebesgue measure °|1 3 A; &
AZ F39R F5S @5 Qok. oA (€A o hia)
A

e = &) =[5, 05,
= st 1)sct. 0,
= Jsc;.0E0)

&_ MM, (t)-t)
< (M1||E(t)|| + Mz)e

(26)

s(M1||§(t)||+ A‘Z)e

o] AP A lA A L A T4 4 (18)
2YE, FAA F42 4 (1908 44358 agda 7
HA F34 2 4 24) 2% T wadA 4 (22)
2HE RE 1EA; o g8y

l&@)]| = ;{—o =0 @7
1

o] JH e, WA



F24

fa("S(t; 0)E, |t = 5} l of|se 0z, ar

Stk o
g

J=1

o] Ho] 24 4 (2009 ZegSs o7 Atk weA
t = oo drd E(r)— 0°]ojo} & & i},

F4 2: 89 ZA4 F #44E& AT 20& FoR
Banach 37t wheh thact, 4719 4 (11)9] 2ol
B(t) = A(()) & 2] Hdstm  B()7t A2HE A
i g 2w A 244 diMe Fa
3 (8, p.134)8 F=2¥F slon, TEY Hulid
HelM= (8, p.149) 2 (11, p.108) & FFIF 4
o o Jolrl 28t 2 2] UEEHY HIAg] A
A @@, s)| s M o] Fhstn, TEFY H5d
D@, ) s Mol ARES L= ek, Bk AAE 42
Fagy weung 3zgp A HEA0 F& A
F9 EA gloiM 4 (11)e4 50 & EAES 7)E
29 Atole] 228 velllm WE () & Alol7]e o
gl A8 Vehd),

S

4.

EE X = A
nxl“i:'c

1

2 Ao BHE Aoly] Heiojele] +EA A
ZHE 29459 FAo #F FXolt). FEAFA L
e 71E2dE FEA ol glojx FHES] A€
Fo] o] AR L AL ZHES £3o) 2dZ
HEl9 294 J2Ho 2 F2A8E A7) A7)
bedti, & 29 BE A5ge] BERA (uni-
formly bounded) €ct= Ao ol &=A Y. =3
71299 strictly positive realness & 713 To=
HE e AR BFESe gtk tuelrt SAEAS
7t BAEE 4R 3 E A AE ] pole—zero o] P&
B4 dyo] AeUgFY S Ari dagE =de ¢
3”1-4 SEAEA Y] 4 A sldt o[HE gz
Q zlﬁjgt o)} 2o r @& E}-O]'L,]-U]}-
7} %M' ezt AgAl2de A 2 A B
8 £rh= &4 A4S FEA P W EEA
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FA2d9] BEER & AT A1 < A3
t}. Demetriou & Rosen''"'2 ZAFA TT/\]"‘E@H E5A
£4% 2lste AdoA FEAFA 2R EEAESY

& 2983 it

BA Ao}7lN 2FHE He e FHE M)
Bgo oldd FAgos FYEn Tdx=g 29
o8] FEF FEYA S} o] FolA & Hor A 2
i HgA2dle] FEXNSHZ A defne s
of 289 FAReR FANL Al FAA
AT, 1 E4& EYUSQ At t Y R x, 1
Y1 AAZJAE FFsto] sfM=ojA} §& & F 3
th oA L AFARA 2HY AL ey e 5—511_1

Aol Zdd=o] e whate] EXAFA L=

FUET B S 0 22 FYEAAYE & °ﬂ/~1

EEA &G itk F4917] Welr}
€ didAde 2HE (1)-(3)IM xer'elz
b(x)=0% T2 2 1-34 FEY Al28g 19

gt

u,(x,1) = (a(X)u (x,1)), + f(x,1), x €(0,1),1>0

(0,8) = B, (1), u(l,t) = B,(2) (29)
u(x,0) = uy(x).

A7) o} HA x & x o HalA HelEgs vehd
ool H(9) R A(7)9) 2745 BEY F=sE 3
L] MR AT s e e sEEY e v
I ol At

&i(x1) = () + 9 (x0)E, (%), + W (x 1, (%,0)),
50,)=&1L1) =0, §x,0)=5 (30)
¥, (%:8) = K& (5, NE (1) + v, (50 (x,0) =9y (31)

g B,
Ao Fold FEE()A Aokl 1Y L =fxEQ:

Ym0 g 7Yn B 9 (D) L=

ol m(l;)=0°1" Z(x)ei-& gEAEdtn Fa
il

Ad) 2 AgA2H (30)-(31)& nagch wek 7)F
Y 29 v(xt) 7} 93 EEZ]% St A7) "efulE
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23t y(x,) €022 FyPgc)
9 A3de dA2RE E(x,0)=0°] 4HHAAGT
7 gk, whEtA 4(30)

W (0w, (50), =0, VxE0,1) (32)
o] dtt. x ol g v o] 0 0] HER
Y(x,6)v, (x,1) = h(?) (33)

7t At} 4(33)9) LWL A(HE ENT AL =W
o] 27 Azt t T Foln FAATo thelAl ojwgk
£ dolx APt A& u gt 7MAA v(xt) 7}
Ui SZR LR [ ={xE0,D):v, (x,7) =0} =D ¢
i, LiolA k@) =071 dch o) FaE $E ¥
= BEIE hr)= 0 2 AAlth WhA (1) =0°l
B2 (0,)-LM v, (x,5) =012 HZHM (0,1) -],
NAE p(x,)=0 oItk AF {x E(0,1):y(x,1) =0}
E QA4 2 (dense)F o2, wEb d4d 9o
w(xt)=0 ° Dok

5.2 E

E sEdM= A2 0A vehle B FE
2 1A, TEYA2HLE dRE SHE, JIER
4, AgA 7] € APATS Mgt H g
Ex d3Aoin e Sk eAwg el Fot € A
e AY PR FEAAES ukAQl FAFE
olx Feaa 2 &9 FEAE SolT R F4e &4
<} ofe] fAR L o] g3t FRERTE 2D FotEx
= AAAYE o] &8 A 279 A BA AAY
A2 olste] Aeleate] @A BAE T AME
BEY ¥EY FHLA2HY EEAEAE HeuH e
e £ya gAsty gt 2} Fa AP A
g9 Agjold] et A& oA AFeAoln B}
e o] Yo} sk
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