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Appendix A
A lemma referred to in the proof of Theorem 2.1 and an auxiliary lemma are proved in this
appendix. The first lemma is concerned with the smoothing iterations. Here, u denotes a

smooth function, u € S, and g with indices denotes a bounded function, g € B .

LEMMA A.1. Let the Assumptions 2.1 and 2.2 be fulfilled. Then for 0<[<L,
Sju=(I-rAy Qlu+h/Ay g, r>1.

Proof. The proof is by induction. It follows from Assumptions 2.1i and 2.2i that
Su=(I-AyPu+hAtg. (A.1)

Our induction hypothesis is
Su=(0-rAyQJu+hAyg, r21 (A2)

Then by Assumption 2.1i, 2.2i, (A.1) and (A.2),

Sy = S(I-r Ay Plu+h Ay S, g

(A3)
=(I- Ay P)I-rAt; P)u+h At(g+ S, g0

Since S, is bounded, the last term in (A.3) can be written h; At, g". The term At,2 Py is
bounded. By Assumption 2.1i and (2.7),
Sy = (1- (r+ 1AL Qu + hy At g, .
Since (A.2) is valid for r=1, see (A.1), the induction argument is complete.J
The following lemma is the main result of this appendix.
LEMMA A.2. Let the Assumptions 2.1-2.4 be fulfilled. Then for 0 <I<L,

!
Mu=(0-c Ay Qu+hAyg, ¢=p+a2 oo, (A.4)
M, is a bounded operator. (A.5)

© 1993 American Mathematical Society
0025-5718/93 $1.00 + $.25 per page

S3



=
&
m
72}
O swidwod
st jooid uononput sy ‘uz'z uondwnssy Aq papunog st (p]°y) ut Oy ‘asouuayung * [ -/
s (S'Y) pue iz ‘ig°g ‘1T suondunssy pue (5°7) Aq panoid st () wed puooss yJ,
-panoud st eurwua] ay» Jo wred 15113 3y ),
oo cman +dy=0
1
‘P1'v)
pue (5'v) ut 05 pue (¢]'y) Aq uaAIS st 15 10y uoissardxa 1d1dxa dY ], " O =] 10j PI[eA S! (V)
WwIy) <08 0y 0y + (%) Qb +d) ) =n 95 =nOW
20Ul ‘(1Y) 2ABY 9M pue (Z]'V) ut
3 (E1'V) o/ o4 (b+dy =1

@rv) S13hyly + i) My Mo — @) hy(b + d) — ) = 'y
ureIqo 01 [V BT 3sN pue (9°Y) ol (O1'V) (01'V) o1t (11'y) 3onponu]
“(L7) pue 1]z uondwnssy wouj smo[[oj Aifenba ise|
QY] 1"V BWWS WOy paaLap st Arfenbs yunoy oy, *Aitfenba paiyr ays saa13 1z uondwinssy
*(£°7) pue 1] uonduwinssy ‘ ng JO SSOUYIOOWS 3y WOy smo[[oy Anfenba puodss ayf 117

uondwinssy pue [y BWWYT WOY Paureiqo st Afenba 1say sy, Apordxa 1t utuonusw noynm
Anuanbay pasn s1 sioresado sy Jo ssaupapunoq ays ‘(1 1'y) ut santenbs sy utausp uaym

-S3nygly+ i) Iy =8 hyly +ng(O v b - iy =
arv) Sghyiy+ngls iy =Bhyly+nghidls Ty =
13497y +n(@ v d-1y0/sld [ My =n js D sld [g 1T

Suikyiduuts £q uanLMal st (0]°V) Ul WIS 18Iy SYL,

orv) - ¥gnygly +n g ]g Ty 1o =nly
uayp
-1d pue 1) 71y ‘1§ o $SOUPIPUNOG Y1 3SN PUB (6°V) O (L) WOL A LISU]

6'V) ¥gnyly+aliyldlg thy LTl =ny
UNUM 3G UBD (§'Y) Ul Y ‘[ —] Yum (V) PuB Iy put 1z 'z suondwnssy Ag

. awAIE —ndshviy+ (18 1y — AlQYd [ hy -1y =
(Bhviy + AT - 1Yd [s=n'y

(8'V)

ureiqo

Ol [ —] Yum (§'V) PUe (L'V) Udsul pue 0y £q (9°V) JO ULIDY ISB[ 9Y1 10U " § 3 A 2Iym
V) Bhwh+a=(Bhwiy+n@hvi-d-pysD7o=ns01 170
Ty NEZ PUB 1T T 11T SUONAWINSSY [ BWIW] WL SMOJ[0} 3]
oW "0 S0 1 DTN — 1Y [s —my s = VI

1eY3 Yons (1Y) Aumay
(§°V) PuE (") st sisayiodAy ay L, “uonanput 4q st yooid 3y, JooIg



S5

SUPPLEMENT

44=0 ¢

U0 = (| 40+ DI Ty-= O

(89)
=
brd=k (%[ +99)v)0+H v T A=%g
v g A="4
“stsaytodAy uononput ay) pue (L°g) (9°€) 4q ‘snyL
wa QTP+ 1= U o+ DU o+ n ="
‘¢ pue |'¢ suonduwinssy 01 SuIpI0ddY
+ 00p) 02y 01y 00(1-1gy) = 007
FAEE < =
AUYM
N SU EA_izvl HS\’ c_A—imv Hc_l
9°9)
¢ SMASATEV - 1) =m0 1) = Su._
ey

(S"€) Pue (¢°g) woy smo[o} 3] ;) x ;I 3 00(*7g) 1eyr yons osfe st g jo uonured syl

ME=d

(s'q) S0=%Mm
pue

[(&:)] < 007) 023 015 — 00py

SaMB ['¢ § Ut O Pue Y Jo UORIILAP YL

LIEET
ut (1'g) wirepo saysnes A 1ew st sisapodAy uononput ay ], *A[2AIsS209ns paredusaaul are
(g'd) ut W Jo sired ysym ut sdais 9 o1ut PaprAIp st ewwd] ay1 Jo ired 151y oy jo yooad oy,

1= TS_
(€dq ‘021 ¢ _HOATf -n= Im
SQUTEI- DS =W

((91°€) 995) UOISINIAIL Y} SIYSNES || XLOBW [OQUIAS JOUNO Y|

: wu 01 9z1[e19udd

uoyr pue < 0q ur § Bulkpris Aq u1aq ap " S Aem Swes ay) ut pauonnred are jooxd ayy ut
PaAjoAuL saoLRW [y “soruadoad asay) sareys 7 [9A9] 1Byl moys uay ], saruadoid uresd aaey
1 -1 [9A9] 1€ SIOLIEW Y} 1BY1 JWNSSY ‘JudWNSre uononput ue uo paseq st jooid sy, Joo7g

: _._VQDQH_.QD_%D u1 0S[D p1pA 24D (T8) Pup (1°€) Uay! ‘Jrows Kpuatoyffns st ||'u | pup
QEID =T a e By -t g - dwn = 3
C Ry =Y ¢ 01 19414 _0 =
LG =T fa s (3 - oWy =3

LGP =TU c Ba s E3-Ouag =3
h1

‘papunoq s1 YW

(Tea)
‘W0 ="
uays ‘parfsups s1 ' uondumssy osio fi
(ouf om0 =
(e

=(
() Ou] +29)w)0 + ..@ v ow. (b+d) — 1 =00

“0T°€) Suonnind ayi pup 1S 1S | 1oy yons | sof uays ‘jows Kauarofns s1 I un | pue
LC1u="0"%q 33 fj payfsuvs 2q §°¢ puv €€ ‘T 1°¢ suondumssy 241 177 "I'd VWA

:S1 RWWI 1T
QYL "1"g walodl], Jo jood oy pue ‘sjooud 11aY) pue SEWIWI] OM1 Sutelu0d xipuadde siyy,

g xipuaddy



st D Jo x_w Yo0|q [euoSerp v * Y S 3UIMONDS Aes 3y sey usNUM 3q UBD Xew puSnnu Y|
O q _N@ =D ‘Ajquiosse euyy ay] ‘¢
Aq pauysp O xiew oy ‘[euoSelp J00[q st 71 —7 =y * 1D 2ourg are Um0+ Havd - 1=5s

‘¢'¢ uondwnssy £q ‘90usy

v1a) "0y 'O -D=4
" a(*°9) =%s
¢] 19A9] 1Y “(T'g) Wiepd puooas ay1 ut Auadosd ays sey 19(!7py) je swinssy e E
00 59 105 paroid st pwiwd| 19Ul 9m ‘[euoTeIp ¥o0[q St § dduIg
a1 Jo red 1811 oY) pure 219]dLWOd ST IUSWINGIE UOUdNPUI Y, [ =/ JOJ N ST BUIWIS[ Y} JO 1red )
PO TETHA _m.u £q paysnes are (01 g) PUe (6'g) suonea1 3y L " @ = o) _w: pue 00( _% 10§ pi[eA "4S uonesan Sungoows Yy
st (8°g) uonenby - @y = 0I(%g) pue (L g) ut Auadoid oy sey 00('g) pue 00(0g) =Og ‘snyy,
- - - 01411
. R (ou) w0 4
(110U 1 =000g) = 00(O) = 00 42/WzdT/w'l
m (|| Ou]| +OVAVIO +°H A A — 1= %) = 0CW) =W ora Um0~ Oy ||| ”
S sploy Buimol[oj ay1 “xuew puSnnuw Y3 304 Iy pue Og ‘O S30LOEW 91 JOPISUOD IS IA, Muhw)O((PW)0+1) 00,40242/%"1d -
w U)o W)o+1) 00,2/%2doid
m *1=7 9sedayl ‘9 ) T
7] -1oquuny SAEM aaey om 000 mo[aq UWIN[OD Y1 JO4
159m0] 3} 01 spuodsa10d sAem[e SIoLIEW dYI JO JAUI0D 1J9] Jaddn oy 18y yons 7 pue [ -}
=
[9A9] U9M13q PaAIasaid SI S13qUINU IABM U JO 19pI0 Ay, saruadoud asays sey osfe ' 1ey () o || + Qw0 +H v cN A=
- ]
G—1 sda1s Ul uMOYS 3ABY pue BWWI] 3Y1 Jo (1°g) ut satuadoud gy sey ' 1eyr pawnsse o (6'9)
. . ) o=f
€re (]°u) w0 =% "0 s - =W (u] + 90+ 1w 2 b (Lo + D=4 T 01d =200
1641 (Q1°€) Ul A1LWINS3 3} WO 3PNIOUCD Im ‘PIPUNOG St § IS st 1 vondwnssy pue (') WOl uoISN[U A
o=l o=f
(0w + 90+ B T A-1=((|| || + W0+ B T h-1 ' 0
@ * 7 e
(U] +190m10 + HvA =D =509 ~ D% = pd* D 24| 0 T |
serzdold
(11°9) pue (6'g) £q ‘2103194, ,_Em |
3

“aSO DS =W st g jo Sutuonnred ayy,



~
7}
saysnes *Jy JO xineut Joy Sapul D Xt qns ayJ,
T(—wystrr =y (™
Csegt] =1 ,Aco_mav.&
are *|A Jjo san[eauadio oy -orduns ame
=<n& 0
o %0 |~ W
JO sanfeAua3o [[e ‘[[ewss ApusIdLyNS
m st Q uoym pareredss ore Iy pue 00y jo sanfeausSio ays 2oulg ‘[rews AQUADLINS ST Q J1
55}
2 (U] +a9)w)0 + ENIE - 1 = (W)Y
B
W pue oyduns are 00y jo soneausSio aup 1ew [1°L°L°¢ 1] s9otnew paginuad Jo s10199Aua31e
7 A

Pue san[eAua319 UO WaIcays 9yl pue | uo uondwnsse Ayl ‘| g BWWI WOIJ SMO[[0) I JOTIF
‘(o=a ‘o=20

(U290 +°A=A

()| "4 ||+ w)Bv)0 + 0L =1
4Ym

avd 1

H A% azJ
S1 N JO XLupwt 40102442812 Y |

TS =4 (0| B0 + M
CSTL =1 (%) + o + e -1

209 3 94N Jo sanppauadia ays uay |

TV Z(b+a)=1
1
13] pu [ows Kuaifns Q 2500y) ‘K1aau2adsas ‘ OA puv 01 Aq parouap aup =S~

pup | fo saouiput 101220u3812 2y [ "paysuvs 3q §°¢ - 1°¢ suondumssy ay1 127 74 VWNLT

* AL JO $10109AUSS1O PUE SIN[BAUSSIS SYI YUIM PALIIOUOD ST BUILID| PUCDIS Y

] ‘nodoe ot (61°€) PUe G'¢ uondwinssy

Surye) ‘1ouurw swes oy ut paroxd are ! han own_ la) _wn_ 39 uoym @v.& 3o ssrodoud ay g,

-a191dwos st 00 3§ 10§ BWIWI] Y1 U (7'd) WIR[O Puedas ays Jo jooxd uononput YL (61°€)
OS[e 210JaI0y} PUE ‘a0 (NS ST (L1'H) UONER[al YL (91°€) Ut ¥ =PO(OW) areyam [ =71V

‘PapUNOQ I8 PIAJOAUL SROLIEW
1[e 22uls ‘papunoq st =A€.,c ‘3IOULIBYLIN * ] [9AD] 1€ OS[e PALJUIAA SI SIsayiodAy uononput 3y,
(619 - (OW)0 =1(W)
1ey1 (81°4) Pue § da1s WOLJ IPNOUOD M ‘PapUNDG AIe S JO $}20[q [euoSeIp oy 30Ul
@ra ()0 =104 0%d 0'd = g

1°Y g Jo AUmonns oyl pue (L1°g) ‘1°¢ uondwinssy woiy smoyio3 i

Lra “(wo="4

PIotk (91°9) Pue (z1°g) *sisayodAy uopanput a1 D Jo sUpPAPUNOG L
ord ) _oAT:% _ SMASA_ufv -p= _om_

aney am (p1°g@) Ut o 104

"@> ||| uoym papunog st 3 18yl SmOII0] I (STE) PUB H'E uondwnssy Ag

g o . 'y iy =
.AN\_.E_ Qeé ::E.w T/wy .c Ay =
<1e) AN\E:_.QE,,_OQEL.N g/wl ._Nw_wa_ée&q: wHg1g

LA WA 1123 ARY AT, 41 (1Y) = Ay

e



“WII03Y1 3y} Ur A JO 19100 1y3] Jaddn o ureqo o1

. 91 4q Aidnnunsod pue 0, Aq ly Ajdninwaiq '¢'¢ uondwnssy £q papunoq st H ouls
(sza) CWUR)0 + (R - D) =YV
ore ly o sawus [euoSerp o ‘99usy

A:lsEvm:...N._ =y ‘@)0+ A..v.ﬁv:._ =My
gt =1 .Anu_wvg + AWC_.& R-1= 'y

£q peuyop e (pz-a) ut ‘T'1=9¢ 8y soowew anfeausdio sy,

((E3)0+ 2ATVOA ®)0
(90 (W@o+ VL]

) AL aB ~< oY a Q@u
Kok} ...ﬁnu_wj‘._. J'a .r o

usyr (1)0 joaue A pue I u3ym

SUPPLEMENT

WA+ af3

D's Lafsla+ 0L

se (ez°d)
LML UBD 9M 1UNnodIe ot (ZZ'd) Supfe] (1)0 Jo are (g7'g) ut sswud yum ssouiew 3y,

ABB+ A a8

o1 TN 2 1 5 &

A QJ
o3 L

‘W JO Xuew 10153Au9S10 3y} JO 38I9AUL SYT,

[(xa:0]

st

S8

o+ A=A

[C24: 0]
‘(f3'3)0 + _E. =L
16yl 7'g BWWIT WO SMO[[0] 1]
CJouf +ow="3 <|ouay="3 ‘Gy="3
1970 pue iy jo wapuadapur papunoq are pue istxd 94 pue  Op ‘sny|
‘[rews Apuatoyyns @ 1oy vlqezijeuoSerp are Iy pue Y seourew sy 7F WIIOI] JO JoOIG

ofree el
PUR [y BURLIYT WO MO[[OJ A JO SI0192AUIBID PUE SIN[BAUSSTIS Ay} UO SIUSLABIS Y}

. ﬁo O

u+.E W
00

20ulg

“Gw)o=.D

1®Y(ETE)
pUE ['g BWWYT WOJJ IPN[Iu0d IM (1)0 =OA teyiyons st 0A jo Surjeos sy L [1°6'8°¢1)
D uonnjos anbrun & sey ([7'g) ‘UOWWO? ul san[eAusFid ou 3aey 2y pue My Ioulg

(zd) BN SS_I =iy D-0 o@.‘
st(oz'@) ur D Aq paysnes uonenbs ayy,

()] +awimo +°L="0
Yy S_Q JO S10199AUSS19 3Y3 [[°L'L € | ] W09y} uoneqinuiad 3y Ag

“(hBep =ty ‘(yBep='y

v 0Y°A 0)_(%A o™ ©
ﬁo _<H.u _Lnﬁ.u WA 0%



S9

SUPPLEMENT

[7'PeAoid st woaloayy oy, ‘7'g ewwa| woiy Apoatp smojjoy Iy jo Auadord ayy

()0 + = ((F313)0 + My =¥

aAeY M (H"g) Ul 1ow0d 139] 1addn oy 104

()0 + (B w1 ui-)dxa | Y| = ((H)*Y 1e-1)Bopu dxo = Jh
ureIqo am

(P90 + My -3g—= (N 1g - 1) 301
soulg

(g -1="h
Quyap U],



