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A Combined Process Control Procedure
by Monitoring and Repeated Adjustment?)

Changsoon Park?)

Abstract

Statistical process control (SPC) and engineering process control (EPC) are based
on different strategies for process quality improvement. SPC reduces process
variability by detecting and eliminating special causes of process variation, while EPC
reduces process variability by adjusting compensatory variables to keep the quality
variable close to target. Recently there has been needs for a process control proceduce
which combines the two strategies. This paper considers a combined scheme which
simultaneously applies SPC and EPC techniques to reduce the variation of a process.
The process model under consideration is an integrated moving average (IMA)
process with a step shift. The EPC part of the scheme adjusts the process back to
target at every fixed monitoring intervals, which is referred to a repeated adjustment
scheme. The SPC part of the scheme uses an exponentially weighted moving
average(EWMA) of observed deviation from target to detect special causes. A Markov
chain model is developed to relate the scheme’s expected cost per unit time to the
design parameters of the combined control scheme. The expected cost per unit time is
composed of off-target cost, adjustment cost, monitoring cost, and false alarm cost.

Keywords : Statistical Process Control, Engineering Process Control, IMA(0,1,1), EWMA,
Markov Chain, Expected Cost Per Unit Time

1. A&

=74 T4 97 (statistical process control; SPC)E FAol o]ddde]l A3t A& FAee
247 M(process monitoring)E F8 LHOE ALEE I o] ddUde] FAHT o] dUE FTA
A AAs BEFEZ Holglth FAHRAL Y AEHE FHoE A3 FFHY BUEE A
231 B2 RE o7t FoAH FAAUAE oAU FE F Ux EF AAT
2 ootz sAsm Yk Y FAH A& L Unoise factor)ol WA FAFAAA A FFE
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AA A AAY £ e ddo) B4 FAY THABEAME o2 TARH TIAA
AEXE 7MHI}m AF 2 FEHE AREEA "o ol E dzA As|yw
(auto-correlation)€ 8ld #a) Ty B4R % & (variance components model)3to] Al &£ HE= o
gEE & & Ak

2% & %3 2] (automatic process control; APC)= &3] 283 &4 2] (engineering process
control : EPC)et%E =), o]RAL FHEA X7 = FX (target value)o) 7153 & 7177 (=
54 HEe FEA Ha, Bae A2hHEE TAL BEstnal s Wt AR
Ao e FE A2 UAST ey o 99% Aoluy] AFAY, LrigE A A}
71 A1HE A7 Avh o] Afelle AN DHoR FHENANE A5l ZEx i
H 2}H(deviation from target)E Z A 3 1949208 H435 +=Hso FAHAEL7 BEX
o 71zA =&

AFETRBYAA ALEse WRdE A=I Y= ZH(feedforward control)FH W= Wz
(feedback controDeo] it} T =X Y= Qo %‘j'%&i Q1 &t ?JE’:‘R°19] B‘i}e =245 Fi=
o} A A -T—t e Ao 4% g8z
g 2Q)& AA3I o]F BA(e ompensatlon)?f}q *6‘7‘4"?37‘]4 %}° SH Xl 717t
A 3-‘5 YRS 2ok v gew 24 FASHEX] B NEY HAE 2 T 9
HE2H 89S AT o] HAdY TS FAsE WHe Bt AETHAY] B A7
+ Box and Jenkins(1963) ©]% Abraham and Box(1979), Box(1991a,1991b)5¢] 1™ Box and
Kramer(1992)7} Atz @89 o457 FHFFo) dig $HS 48 & o @93 Q750
At I dZE Box(1993), Box and Luceno(1994, 1995, 1997a, 1997b)So] ¢lt}.

TAH FABYANAE W BSAHEvY oA LA LDHARE HEElA Hol o
TAY AALE vHE ¢ gk A AFFABYAAE dHaQ9 FAFL
TAEAAY REAZRE Y HAS FA48A H0 o]AL A4 ETAY Ao wLHL} B
A olBolA HAF FHo] @AY =Yt olyRoe], TABYNNE EAY 2HBY F
BEle A2 583 B oldg & £ U et FojR Adste] HAs wy
T8t EF HIo MzdoMe F dgdtyol B8 3 pRIE= AL
HHES ARE A4S F U A9 2ol AUt EANFARYYG AFEA
24z dxo AMgdde] J' RoZ AZHo foy, due AgFHANE F HAE EA
AHgdte T4 B £ Ade Wl A FeMe] A4HT Yk o] =EME WA Fe
28U o) Fddo] FAl EAsteE FHEYE Adstn oy T mye TAAYE Y =
TeRuYs FAXNTAHRANE Pt FF5 T A B (combined process contro)E A etdith &
% FETAVYN P TSN UAND I8 Foste FAAH DA I T& L
detuiit, dEeAdedxtd o dFRE Vander Wiel5(1992), Montgomery 5 (1994),
Janakiram and Keats(1998), 18] 2 Nembhard and Mastrangelo(1998)5 o] )t}

ATEEBE WP o2 s WE A (repeated adjustment)S AlE3lT EAHTHB Wy
225 AF7HF ol 5% T (exponentially weighted moving average) @8]l £ & AM&3t}h ©9jA) 7}
F 71dHE2 Ay FHY LRSS THAEYAC ] BEHTH FHEN AL oA
T A #EYEXE Markov A(chain)® 8% t}& Markov 949 EA4& o)Ly,
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2. 329

o] FAl EAFE Ao AF FTARYL FS8AWe] EA}E =
3} & A 2eiste] 4B

2y
TR0 el o3 °33J% Eley “H°ﬂ offdl FHEAE HIA ¥od FEAE
3 R

EEXNZHE 8oy %0}3}‘4*‘5 Aate A53HA AXzre AHRAES 7HAA Hol Hazs
(white noise)2l 7}% & (weighted sum)2.2 ZEHE F Y} o]FolA 3 %6}"4"1 43 2y
IMA(0,1,DE3o] gl &3 o] FHAT [(0,1,1)& ARIMAR Y 248 H AT Att]

Z= Z+01- (2.1)

W Z,=A(Z,+0Z, s+ 8 Z 5t ),
A=1—-0, 0<6<1 (0<A<1),
{a,} ~ iid N(0, &2).

IMAQ,,1D)238 9] 1x & (difference)e MALEZE S W24 =Ho IMAQOLDEYS o334 2
o] EEE & it

Aerygoza IMAREHSY ©HHAL Box and Kramer(1992), Vander Wiel(1996), 13l x
Montgomery(1999) 5o 23] &3] AUt FSRAT ol g dde] Al &AM F Ue

ZANA FAAYETF R HEE EX(action)l = A (adjustment) ]”/\li(out—of—control
signal)7} itk o] fd<lo] wAEtA] Fa FGol g3 FAHASFEFEY W dEFHE By ¥

Ag A Hu ZASo] s wiste FAIglo] ol Aol HATy FEHA 01%"1§—§— FE
Ro| wpEz sttt FAH o]ddle] YA FAxE o]E 7‘]5}?‘] EE}‘”‘ 22 X7 o] Fal
il Aol & % vk wd g X7t o] gAlE o

o] o ugtaF Axrst o olg B E tg A} -’F—Zéol %Elr"\f Zi—?‘: FAANA o]
o] e €31 Ein ALHL +HEFS = Ao gry. IAE Phase 1, FAE Phase
28} gt} o) gdle]l FAA EAFE FHAA FAHE 3 Phase 29 AfdE #F &%l
ol WA HAY Y UiE A HA FA €. o] =% N

© A& n st A

ABE Y3 5L FUY Frl(eycle)Z FHEH § FrE FAY AIFREE oAl
GA7AAZ A, FAY & F7] WA FHEH Wyt dAse 2 7MA FE AR
3 oS3 o] FAFT

ol
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To= o1 4¥A 24 Ao $AHAA
Tl = oA ¢l WAy A% FHAH

Ty = o149 4 F9 o] g B A Y

ok
S
e
L
dlo
i)
fun)
a

P

olgdle BN Upe 71322 E gedn 7M1y, 72 ¥ 353

PUy=x)=1-p""'p, xz=1,2,-. (2.2)

{Uy=ate olddde] M7t (x—1,x]0A HAstE AL ovsn 1 dgoz Ald xol
AN FRFE AN Wt wAsittn s s

49 & F7le A FF 7IHperiod) 2 Yol Aztad Mt} Period 1S FA 9 Al
ZAEE o] dEl HARHY FHAH( TH7HAE Vel I, Period 2& ToFE  oldglo] wt
AT AT FHate 2A(FH B olANE)N min{ Ty, TLD7HAE Uebd, 2+ o] 227} o)
FAE7 HE @ F7)7F BUA =Ela wilE o] 2A7F $3 o] §W Period 3% o] £RAHEE
OV FA BN A TY7AAE Yetdth, wabA Phase 19 Z$ol= 3 77} Period 1 I} Period 2
2 TFAel H1i, Phase 29| 7 9ol 3 F7]7} Period 1, Period 2, 783 Period 302 A
< ¢ F U

TG & FUlA He X £ o)NETE FAHAL FAHTFL HAE U 3}
A e F 9,19-‘1] BAE 783 wol & F o} ojdAFE wEA] g g4 Hn o] uf
d= F49 & F717F BUA D} Period 1 & &40l THeE|AelQl 717031, Period 2 = 23
o & FeidlA o] e R MBHE 7)ol Period 3 & o] EA 4R HE sjgte
UElW ST it 7} Period M2 TASLAAY FAHARYL &7 o] Ao g,
Period 19 A,

Zt=Z,_1+a,_ 60[—1 « (23)
Period 20l A,

_|Zi-1+a—ba,-, =+ U
Z’_{Z,_l-i-a,— 6dt_1+80'a t= U(). (24)
Period 30114,
Zt= Zt-—-l + bt_ 6bt_1 . (25)

@, {5} ~ #dNO, o2 (5=).

H2ME o)gddel BHsE ANH Ul FAFF b0, TF

H@H)eME o]ddde] EAste AejolA FHo] FH FH R o
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3 TA+AAA

TATAY A84L FEAY AN ALSFE AAY oA AFHL E
xE FREFoE HlEo] FUHE F glems

g vtd BEFE% FHFA H&o] A
FERE 4 doid £48 8 A o] Feol= %EA ZXIE
4ol EX @3 BEEFEAY HlEo] Edd(Case 1) ¥A
=3 I M8 2834 s48%0 9
v go] 2 ¥ TR v &o] Et(Case III) @9 F7vtd EE S
e T4E #o SATAR FEFEA EF Bl&o] Edt¥(Case IV)
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o
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off ol
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3 L

2 F AR FEE F U A SRS 471]3101 dA o] FEFT
Holo o} E wrE A A 8 (repeated adjustment scheme)o]dt stk ERE= FAHC
BAEE B o] BAF] AW A AM(boundary) S ZHEH FAHSE A
%] g (bounded adjustment scheme)eolgl 3toh. o] =F iz Case 1112
AYE AHEste SR A 3] dotr izt ot
AN FALAE noolgt st ARDE AR =X AIHolg dtAL Period 1 oA
dHolBR o] FAs e 7K dFEo] BE ZXE FAHo HY) FAHAH
Mol FRTAE dSFH} Zol AR 2A Y,E AA tolA UEYE 3AHFAFlH st F
Aol AFAHAE BEAEI 7] WEA FAHAL ¥ F YLEZ V=0 ° "B AH
ADA 8 NE8Y FE Zapn ¥ A58 Zapn T

Zaw+1 = A Zawy+ 0Z a1 + 8 Z a2+ +6"712)) 3.1
2 HAASYE AL FAY BEHFA g AFItFolgHTLEZA Z,7F IMAOLDEE S e
) A7 A F 2 xH(minimum mean squared error : MMSE) o &zto] ®th IMA(0,1,1) & ol A
dFexte 421 o3 HAPRE ¢, TIFES € F A1 HEDE WARFozZT FHF
o

—

&
Sv o3l

%

oo orr

L

oL

o e T
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X,
>
n
X
> 2
o

= o jo 4t

A

o g & ju o
'y
r]roi_, Je

fo

2

-

.
.V_-‘,

Z a4 = A g a; (3.2)
7t Bk A" ADANAY FRAFAFLE Yap=— Zap+1 2 2FA 399 $£38 2AFE
Oaw+i=Zaw+it Yaw &, 1=1,2,,n o 3, tt&3 Zo] 2dA

Oawy+i = Oaw+i-1F aw+i— b2aw+i-1
= aam+itA 2 aan+-
@, Oa=0,a40)=0.
o] & YWty oz FHINA AF AN FTAFAFS
Yaw=— Zaw+ (33)
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o] H3u A=

o

BTE Oaw+i=Zaw+it Yaw < 083 2o

1=1,2,,n o A3,

Oaw+i =Oam+i-1+ A +iT Oasm+i-
(3.4)

GEe % Period B2 379 FHLLY WA HABY nan +994 ke 2asn
TAFY NH(F=t-A(k)o=23 TP &3 2o}
Period 1 oA,

Or= O¢-1tar—ba;_,

— a2 Zld; (3.5)
Period 291X, Uy =U,— A(k) o3,
0. {Ot—-l+at Oar_y, t+ Uy’
! Ot—l+at 0&,’-1+60a, t’=U()’
a,+ A Zla,, £ Uy (36)

a,+,1 Zla,+ 8o, £2>Uy .

Period 3 ¢l A,
Oy =0 +br—1— by,

—bt—1+/12]b (37

@, 0;=0 and a;=0.
4 R3FAAA

TAEAE AMME BAFL dZF e A (forecast error)E AL L BIYEE A5l Fo|Ey R
BYEE AHE T EF2xe N2 AuHo 1R ¢ii(uncorrelated) L3 o] Aol o3 T
TRt RS T Jomz o)UY ¥XE H4F F& EAFo] FrHVander Wiel
1996). A7t olEB TR EE FALFY AL HdE AR Aoz ddA Yu 7 AL
HE vy tddtd A 2 AL ok

&3 e, &= Period % tL3 go] gHEA
Period 19 A,

er=ay . 4.1)

Period 29 A,
a,', t’< UO’

Uy

. 42
ar+80,0' "%, f>Uy . “2)

et.=

Period 39l A,
ey = b[’ . (4.3)
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Period 13 period 3 oA 9] dFexte A@1DE FE & £ Jdoy, 2U2) M F=U, 9 %
ole FEALAA FEEH Ut
FTAENE A% AFrtFolEHT FAF Ex 9SS o] Holgt,
E=re,(+(1-1NE,,. (4.4)
g, A0(r<1)& 753X,
SAOA o)A HAe g dAHEAE
lE| = ¢
OJFANEE FA Ed o]l f ¢ & AFUtFolEET YR B FAE bl

o]

Ao AFA e E,=0 o2 AlFsa 273 H(false alarm)d A S s B A= 3t

o
of g

& E=0 22 oA AlZEA fd.
5 344 &

AATRAM BF, £ R FEAZFEHY AR s LA ¥ LS dHAT I &
o2x BAGT WA v ERFE I Zo] HAZ

Cn = UAERZE 2 B30 =& g
C, = 3454 g

C; = e73nol Fusie Hg

C, = BA+ZY BEAZLH ATV A48 £4n§

=

3R @ F7IIAN ol AREIRE U olAatd TR 571

L = U+ U (5.1)
o2 FHEEY. 34 & T4 gss I LS g 2o
C=C,"N,+C,, - L+C,- S+ Cs- Ny. (5.2)

@, N, = #3385, S = FAFA, Ny= 248G SE

AT FH8E ol g3t EAANT FENEES S A ol o Fn)

%g(L)z — Cm+ CaE\[Na]+ CEt‘[E}:]S]+ C/E[Nf] ‘ (5.3)

TARYY L ANT Bou Rl o3 2AHN VYA AEE FolV] AdME Az
T BEHES HxBe FAESF, F AFUMFelTR YTy B A o} £IYNH »e
ARsA dt
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6 A#AYAA 2] Markov 93 &3

FETRAAdae W BFsd 2 S0 dE dFE 4 H(analytic) 202 A7)
oj2l& Aol oy Markov A E ol &aH A HdHo| 7153t Markov AdE 297
ol godn. AlGANNE 7+ F=HAEAN A Ae(state) S F st A2G A o A
S HAAM e T S Hosd Markov I 2 X &sc},

o [ 1T

He F FF2 Jehaoh shus ST o 4fele] BAsER
I OHNEE FA FEAS dBlE FHZA V2 JEAY gE s #Add A 7
%o

F71%01 5B T FAZG] &S o) WsHdiscretize) |7 o= vhebdL
FANE AWM, £=0,1,2,-o14 s 34 4t a3} 2o Felguh
Vaw=l : B4 B4, 0 $R7A ol 420] Yoyl g&
Vaw=2: 40 BYH, Bg $4742 o490 BAsy odNsE 51 28
Vaw=3 : BH0] o446, g #4747 o405 34 %e
Vaw=4: B4 el 4u, e $477 o|49e) Baam 4TS %
Vaw=5 : BH0] o34, 0t FA7A o405 E F

olml  Vaw=12,3% YA} (transient state), V=45 F54 8l (absorbing state)d] &) 2stc}
GEe AFTtgeled T TAFE olAAIlE AAd dF Letrg AFFol TP TR
29 A%FY (—¢, )& 7H¥A¢ F3(Gaussian quardrature)®] A (point)@ 7135 2] (weight) &
ALgste] thg-d Zro] E£¥3it,
{(x;, v, =12, & NS 7t$AG FHAY 715X 8tz 73 (~c, )& Y
HF3H(subinterva) &2 YwtH (", he &%), i=1,2, -, kol 3,

I, =(—c+ zvj, —c+ 21/,)
= 1=

T2t Lk AR xE O BAES BEI

L ,i=1,2,h.
Ag7tgoleH T TAF EJt E,€LE D58 9 EE x,2 HASE Vs Esnd 2
FHolgEL b33 o] Fejdtt.

4z

T
x,-E

tixdx = P(Vagey =71 Eagrv =21 |Vaw=1, Eam=x». 6.1)
TRGH Vant Eapns AHE3E $=AAH ke o) 8 A(transition probability matrix)S th
&3 2ol EHH
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[ Py Py 0 Py 0]

Py 0 Py (6.2)

o o o ©

E}, fsgig P,y(i,j=1,2,"‘ 5)‘E’ VA(k)'—‘ic‘“)“] VA(k+1)=ji Z—]O]E]}f:‘ sgaé PT-O'] "?‘ﬁyg
(submatrix)®A A F7tFolFBTE FA T HolFdg2 TAHUY. F,

tixlxy) - t(xalxy)
P,‘j =
txlxn) o ti(xalxy)
GSe HolFE tx, lxp)E AASE A did LolrA HE FE= 257 hxholx
(b, DA 827F P(Vaim =i, Eagmen €1 |Eao =20 2N HTY Aol 2 S Yepitin

3}"—5 { ]QE’ tu(x[h':k)o E}'u “’]'7‘”2 ‘i’l‘adq.

tilxdxe) =PEami €L | Vam =16, Eamy =8 * P(Vaime1y =7 \Eaims1) = %))

_ PVam =1, Eam+ nE 11 [Eapm = %)
P(Va(my= i |E a(my= 1)
1, F; 1,

=—Tkﬁ. 1, F; 1. (6.3)

¥, L kA 82 1 Ueds 2% 09 968 dehlz, 1€ 25 8271 1 9 My

Rl

Yebd o

*P(Vamin =7 |Eame = %)

62 AN H] T4

41)1'

ZANEY AolWB F, £ #3409 Qoldde ALt FAL 4 on B=AY
79 A GIE ASAL FHYE AHestd BAUY. BEAHIE Aol YIS Period B 4
23 tew 2o

6.2.1 Period 1

a1(x|xp)& Period 191X E,=x,914 E,,=zx,7 5l& 0|8 S (transition probability)e] &
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ql(x1|x1) ql(xhlxl)

L
l

a(xylxy) - a1(xxlxp)

4714 7HeH @, F (W/2DWA G E, =09 A9 24K 39 XgHE BES
UEhR Utk shubel £R 7 nde] BET APHnE deRAAe Qe

Fi={1-p Q)". (6.4)
6.2.2 Period 2

@{x\xp) & Period 290X E,=x,904 E,;;=x7F S Aoj&Folzt st (Y t&
SAF ZHRE ] BEAZ) F A" ASAHAA Y AolgE L tg o] FHEEL

(gl xxp e AL B2 A2RZE)
azt(x1|x1) ta(xh|x1)

Qo =

qzz(x1|xh) (Izz(xh|xh)

Uy’ & period 2614 o]d@iQlo] AT AHolng Uy =7rUd A¥(oiont) HolFZBL

Fy(») =p{(1-p) Q1}r_1 Qo Qn Q2 a—r Qo rn—r+l
o] "}t rE period 4914 o] FAF oYANITE FE AHHSE Uy =r o] 2
FHogE L
F,(»,7 =P{(1—1)) Q1}r—l Q) Qn Q. (I— Q. 1)), 1<r<<nm
o] Hoj F, 9t F;& tg% 2ol 7% F QU

F; = Zl Fy (7). (6.5)

F, = Zl Z:l F,(r, 7). (6.6)
6.2.3 Period 3
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g3(x %) & Period 3914 E,= x4 En=x7F HE Aol ggoleg} 3 F &€
BEA A AolgPE e 2ol REAT. (g3(xxp)d AN FF A2
a3(xylx) - a3(xplxy)
Q =
g3(xilxn) - @3(xalxn)
ite] £ATE nHe BEFNA HPEHER g BAHS A=
Fy= Q. 6.7)
w3 rofe] AFHolPE L
F;5(0)= Q3r—l( I- @y)
o] =
Fo= 2 F5(9) 68)
o] €t
7. TARAEAAA 9 A
‘)"l:zé}\]@ A(k)oﬂ}‘i "g—zé"oyEﬂﬂ‘ VA(k)= ', EA(k)=xk‘3~J_ ‘q] O])?:]"\\_]_i‘g‘ = “:HU]’Z] q’E}L}‘T‘:‘ sy

Base] 544 ot 2ol Fednh

S{x)=018AE 7R el HFAF A (expected sum of squared deviations: ESS).
L(x)=0142 372 2] 37 T7H2 o] (expected interval length; EIL).
Afxp)=0132 5729 I (expected number of adjustments; ENA).
Fx)=0l 425712 3727 KB (expected number of false alarms; ENF).

FRNE AR FARAS Vap=1i Eap=2d @ 0 ZAAH Alk+ D7 dehd
= BaEAe 54 tedt ol oyt

d{xy) = & ZA7R 9 HFAFHAY
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I{xp) = & Z2X7R 9 HFFZA0).
alxy) = & 27X HIFFASF,
filxp) = O AR PFLARSF

Ao} di7kA hgEA AN Y7 hF AL 2 A6l Gt
Aol A ot %7391 EA4AE 33 V, {=1,2,..,5} & E, {=x,%5, % ol B2
SECILLER S L
S =(Si(x1),, S1(xn), -, Ss(x1), -+, Ss(x,)),
L’=(Ll(x1),"',L1(xh),'”,Ls(x1),"',Ss(xh)),
A'=(Al(xl),"';Al(xh),"',As(xl),"',AS(xh))y
F’=(Fl(xl),"',Fl(xh),"';Fs(xl),"',FS(xh))’

d = (dl(xl),"', dl(xh>,"', ds(x1),"', ds(xh)),
U=0(x), -, L(xn), -, I(xy), o, I5(xs)),
a =(a(x)), -, a1(xp), ", as(x1), -, as(xy)),

I=(NCx), - A, =, f5(x1), -, Fo(x4))
2 uehd & i gF #AE BEFS 4 & it

S=d+ PrS.
L=1+ PrL

A=a+ PrA .
F=f+ PrF .

kA @AM G HZH g Alate] Bod FHEANAE TS o] dojxit)
E(S)=s(I- Py 'd .
E(L)=s'(I- Pp)7'1.
E(N)=s(I- Pp'a
EWN)=s(I- PY™'f

s © A&/ (starting state) HEEA (h'/2)AF 249 1 o] UYnXE 2% ( 9 ¥
e},

4
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9. 4%
of =EAL EAH TRV I FARYE FAo HEHE THFABAS A
2 o AAe 54E Fahe e Ba aTsact FAFSEEL IMAQLDER S H3eg
on) ool o e FATE WUHE AU FAY FARAAAE AZ 2R
dal A4zl ERFRAEE A4 FAHH FABYANE AHA FHDRANA AFAR

WE IHLES FUSE GRSYIAE A
FARARAY £ BHANT FAWEL sl YHUAD ole M GRS FHEA
Aol o8] EHAHUL. FASYAE BeUAE Markov FH2 A 58 Markov 49 =
e olgstel A & Stk ¥R AuE FAAEH BEAPANA G Aostgon A%

NEo)EHF R E S ThAeE AT MFEAE o8t olitslEo] FAMH ez #
A HMol&EL T4 FIHAA Perioddz AT F Ut

%o FHFgozE MESAER gl AAAFFEANE 1S FETARYE AHE
F don, °l W e FAGF v o] FuHE A FE&F FABAEA} E 5 U

Hisd
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