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ON DISCRETE INEQUALITIES INVOLVING HIGHER ORDER
PARTIAL DIFFERENCES
BY

RAVI IV AGARWAL and 8 [0 WILSON

I. Introduction. Recently in {I-—3. 8—1i0, 12 discrete analogs of
several integral and differential inequalitics known in the continuous case
e.go see [411 and references therein] have been studied. In (5, 6 several
new inequalities involving higher order partial derivatives of two indepen-
dent variables have been obtained. In the present paper we shall discuss
discrete analogs of these inequalitics.

2. Definitions and Notations. Let N be a set of points {0, 1, 2, ..},

t-1
The expression Z &(s) represents the solution of the lincar difference equa-
=0

5=

tion Au(f)=b(¢) for all /€N with the initial condition #(0)=0, where A is

the forward difference operator defined by Aw(f) =t +1)—u(f). It is sup-
-1

—1
posed that X b(s)=0. The expression 1T ¢fs) represents a solution of the
s=0 520

lincar difference equation u(f-+1)==c{)u(f) for all {<=N with the initial
--1

condition #(0)=1. It is assumed that [l ¢{s)=1. For all x,v €N =N, we
5=0

define Aqu(y, v) = (v + 1, v} — (v, 3), Ayu(v, ¥) = o{w, v 1) — ufx, v),

Az, yy=u{v 1, v —u{x, y+ ) —a(x+1, 2)+ufx, ¥) and so on. (m)®

1s the usual factorial notation ic. ()™ =m(m—1){m—~2) ... (m—n-L1}. We

shall follow the convention (0)W= 1.

3. Some Lemmas. Lemma 3.1, 8. Let g(v. v) be defincd on N3N,
Then, the proliem

(3.1) Ae(s. £, Vys=gls, u(s -t 1, 0, ), (3.2) (o, £ov, ) =ofs, v, 1) ==1,

has « unigue solwtion v{s. i v, v} Further, if o(x, v) s won-necative then
v{s. £, v, V)2 1. :

Lemma 3.2. 'S . Let g, ) and M. vy be defined and pon-negative on
N XN and the following incquality be satis fied

(3.3) AZu(x, vy sgly, Vyu(v, ¥)Hh(v, ), (3.4) u(r, 0)=u{0, v)=0.
Then
2—13~1
(3.5) (v )€y x ks, DolsE L, i1, v v,
520 1=0
Where (s, {. v. v) Is the solution of (3.1). (3.2).
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Lemma 3.3. 8. Let a(x, yh b(x, v} and w(x, v} be defived asd HoH-
negative on N AN Further, fef a(y, \') be won-decreasing and the fellowing

e’quc:hf\ be salisfied

p=1y—1
(3.6) p(v. Vga(v. V- x x bl Nuls, t).
EER L R
fhen,
e | A 1 )
(3.7) il x, viga(y. ¥) 1 [ 1- » b(p, r/)}.
po0 g=U

Lemma 3.4, (7. Lot w(x) b sone fienction defined on N, Then, for

Ngigr,—1{mzl)
sy s A A 0) p —— & (s AN ()
p=t (p ! ("l_f IR ’

where 0 e N,

Lemma 3.5, Lol u{x. vy be some frunction defined on N Then, fo}'

ogigr, L. US—,_)‘QI’-}" i("‘1- I’._.'}_) ])

i s lip—rstd

Al vy =% ) F vx (x—s— )=t x
S N e rryermr A
(3.8) S (b N)ramd 71 Arare s, £}

where
ro=1 (‘.)w-:‘)

ta— (p-1} ] -
oo v 5 T aruo, ) A (s, 0)—

]

pei (P—1) ! g=3 (=71
r—lre=b (2o ()i
SEES —u)———}—)——-AZ’;“n(O, 0)

pi a2 (p— M)

and 0< v, 0L vEN,
Proof. From lemma 3.4. we {ind

ra—1 [y (U] r1—! o )
By (v, v) = )_‘ () A”“n(\ 0+ = ()

~i (g7 pei (p—1) !

K

1 y—rot]

. e LS

7 : v (vt D) ATEE (0, 7).
(":'._]— 1) ' oreo

Thus, the right side of (3.8) is samc as

r—1 nig-7 M—ryt] -
¥ L jsa e, 0 e & (= O
g=s (g—J) ! (r=—j— D! o0

Xy =

pes (p—1) ! (r—i—1) ! oo

which ig, on applving lemma 3.4 successively

r, -1 ip-i) Xyt e
( ) AP-H:”((} {) ____1_____ Vv (\ S—!:I"r'-"_]'.l:;'””(sg f)}’
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rel(y)leen 1 gy
w22t Aly(x, 0) e .
e . xy Ay - \‘ y—f — | )ri-h At . _
o=i (g—J}! (ra—mi—1)1 o & JrrRAT . )=

ALu(x, v).

e 4~. Linear Inequalities. Theorem 4.1. Lo a(x. v). b{x. v), iy, v) and

e (v, v) O<igr,. .()s_'.}s,)‘_ be defined  and uou-ucgufim‘-' on NxN. Let
o8, 4, v, ¥) be the wnidque solution of the problom -
.54. 1) Aje(si £ v, V) —DBy(s, He(s -1, L1, v, v)=0),
{4.2) v f, v v)==efso v v v)=1,
Lot for all (x, vyeN XN the following incquality be satisficd

¥y ry x-=1y—1

(4.3)  Apteu(x, v)<a(y, V4006 ) ¥y 3 n hils, AT (s 1),

1=0 jubs—u foo0

fhen,
j r _l.-’v= - = 11_1
(4.4) Ay, viKa(n, v v) xoox (s QulseT 000, v )
o0 f=0 i
where
x B
Ay, yy=a(x, Wi VE Sy Aol ) {ea(r)-
l4 5) L — -
'1'_ 1 Ao gy i yempgtf
: - o~ e yir-i-l s ryd-
T =D [, WO s )
and
2§
Bi(x, ) =b(x, 3) v, M)+ £ T v, 3) X
{4.6) s
! E—ryt+itv—re§
) ¥ y—5—1 (r~f=1) 4 g 1ylryei-1)
(r _""_l) (ra—j—N! 0 o ( ) (r—t= 1y bGs, )
w=7, B=rs or a=r,, B=r,—1. Tor i=az=r, or j=f=r. the sums in

{4.5) m,n[ (4. ) are tnterpreted in the wsual way.
Proof. Tor (v, ) €N XN, we define

Ty ry x—1 3--1
(4.7) R(v, )= 5 % ¥ = huls )aiu(s, 1),
then, it follows that i=0 j=05=0 {=0

L8] fr

(4.8) ALR(x, ¥)= £ 5 hy(x, AL u(x, v)

=0 j=0
]\r((.),_\) R{x, 0)--0. o
Using lemma 3.5 in (4.8), we get

A2, L — I
(4.9) O =l A "(u))+Eﬂjzﬂf:f,-(.\-,y){cpf,-(.r,_\--w
I Tergtdyeryt

+ - Y8 (s e — ) D An (s i)}
! [ E :

(== e—j=1! S0 Do
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From (4.3) and (4.7), we have
{4.10) _\;ls‘,"’m(.\', Vgalv. ¥)4-b(y, ¥) R(x. ¥).

b1

Using (4.10) in {4.9) and nondecreasing nature of K{x, v}, we obtain
(411} AL, R(v, <4y W 4By, MR )

Now [rom Jemma 3.2, we find
ol =1
{4.12) Riv, V)£ X (s, Dels b Lo R e

im0 L=l

Substituting (4.12) in (4.10). the result (4.4) follows.
Renrark. Trom incquality (4.4) and femma 3.3, we can find A u(x, v)
for all Ogigr,— 1. g jgr.—1 ’

i1 I soergiry—rebd
Ay, V(v V)T . v v (v—s—I iry=i=1k-
(v Mg pa(v V) P TYY o Y R ( )
s du=l
P L i l:{(.‘,_. B4-bs. ) ¥ X Adpopy(ptlig f-1. 8, f)]
fr=lt g=0

Corollary 4.2. In theorem 4.1, ineguality (k4) can be replaced by
g g1 11 y—1
{4.13)  Antra(a, Vg aly, V)b \)[ vy dids, t)] n'[l L 3-By(s, f)]
’ s=0 1=0 a=0 1=0

Proof. As in theorem 4.1, from (4.11) we find

=131 r=173y=1
(4.14) Rix, )<y s, -k n x B, HR(s, 1)
s=0 (=0 5.0 10

Using lemma 3.3. in {4.14), we got
x=1y=1 r=1 y—1

(4.13) R{v, V)< [ v owu (s, !)] TI [l Loy By(s, i)].
gD (=0 50

Subslituting (4.13) in (4.10) the inequality (4.13) follows.

Theorem 4.3. Let aly, ¥). by, V), By, v} and AZ iy, v}, 0517 be
de fined and non pegative o N o N and by, Wzl Lel wils fox v} he the
unique solulions of the probleis

ALy (s 1. v v) - LAls No{s. £)-+his. 1) rh(s, () ={r =D nls+ ot X =0,
Au(s. fox, V)— A(s- Db(s, 1) 4R, = r— P4 D)bis, )+ (r— i-—1)Jes -
41, 141, v v)=0, PESESA
A2, (s, £, v a)y—Lh(s, D{b(s. 5 — 0o, a{s 1, 141, v ) =0,
oi(0, 1o V) =S A A ¥y=1; 1gjgr+1.

Let for all (x, v) = NxN the following inequality be satisficd
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i a rox—-1 -1
(4.16) A, V<aly, Vb(n v) 8 B As O uds, 1),
) il L)
Hien, e
2r . R . 5 s =Ll

AZnm(xv. visalx, v} L0 V) v X H(s, 8 -dfs, OB (s, 0]

|4]7) yem{) Lt -

X 8y (S 1o £ B v)

z—1yp-1
chere By(ve vi= 5 5 His Ho(s+1. 0410 v v),

5=01¢=0
, a—1 3=
Biv. V)= v s [H{s OB, (v ) w(sH 1L 00 Ly v), 2€igr
s={) funi) - 4 ’ S
:H.'-'n'1
. =1
H{x, v)==I(x, _1'){{.'(.\', AU Y [<Pn-(.1‘, )+ —---—]——— -
i“o ((r=i=1) ')}
s—rldp—ydi
> ¥ v—s5—1 (r=i-13f 4o f__ pyir-i-1)
5 YDy 1)* iDas, f)]}.
Proof. We define
i , r oa-1y-1
{4.18) Ryv.v)= £ = % k(s )d5u(s, ).
. . ) 0 osgel fe=)
Then, 11 follows that
{4.19) A R (v, v)=D(x, v [A';,;.-nj o)y A%y \)]
1=0

From (4.16) and (4.18), we have
(4.20) A% a(x, vy a{x, v 400 v R v)
and hence from lemma 3.5, we find

"\:ft:r“('r' P Sy WL — Foo IR )
P - . » h g1 (r i-1) .
{4.21) {{r—f—1 1% 20 f0 ( ) .
B (=t =0 D als, £) (s, HRafs. ).

Using (4.20) and (4.21) in (4.19), we obtain

(422) Aivl\’l(.\‘? j')«r}-][(,\', __1') Iel(_\‘. ,,V) < fj(-’-: .\.) 2 ll(.\‘, _"')b(-d\'- _'\') l\);(.'\', 1') +

—i—i]‘(.l', ._\') R'}(-‘:: \)

whoere
Ry =Ry, v r—1 1 f—rbi y—rbd
AN, V) (M ————— . o _ it s
S0 ((r-—i—1) 1) E‘: .-}-.‘0 (v s—])_lr. M

S (vt = 1Y, YR (s 1),
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Since Ry(v. 1)< Rafr. 3), it follows from (4.22) that

A2 Ry (x, v)+ Ry(x, v)< H{y, R ELIEN vib{v. vy+a(x. vt By, v) Ny, BE
' +Ra(x. )
where A
ro2 ] For-itly—riiil ( l)l.r-i 5
\J p R ).‘ v _!__ v }; E v §— EE Y
Ry(x, v)=Ra{x, ¥} .'::n =2 ) oo o

(y—i— )i 2hh (s, 1) Rofs, 0.

Once again on using Ra(x, )< Koy, v we find

AL R.(x, V)4 Ri{v. 1)< H{x, v+ (v 2oy, )b, v
b2b(a. v} b LIRSV V)4 R,(x, ),
where

r—i 1 por k-2 y—riitd

o e S >
Ri{v. ¥) = Rl ¥} To ((r=i=3) 1 o

te=il
s (vl — 1)U (s, £ Ry(s, 1)

(y—s—1)7F¥x

=

Continuing in this way, we get
(4.23) AL R (x, v} Re(y, Wy H(x, vy iy, Ab(x, V)R V)
(7= 1)b(x, 1) H(r—2) R (6 3 R 3,

=131 . , o
where Ky (v vy = Re(v, -+ X 2 b(s, ) R.{s. 1) and hence on using R.(v, 1)<
’ ’ gy} =4)
< R, (v, v) in (4. 23), we obtain

A2 R, (v, VS H(x ¥)-F (. vyb{x, 2)Hh(x Wy 4rb(x, vy (r— 1) Kooy, v).
Since Rj{x. 0)= R0, v)=0. Igjgr—+1. an application of lemma 3.2, pro-
vides

x—1y—1
(4.24) R (v € S S His (sl Lox ) =Bl ).

P L A L
Using (4.24) in (4.23) and applying lemma 3.2, we get R(x < By, V).

Continuing in this way, we find
(4.23) Ra(x, v)< By, v).
Substituting (4.23) in (4.22), we obtain A2, K, (x, V)< H{x, V) h(x, v By, v) -+
+Th(x, W(b(x, »)—1) Ry, 1) and lemma 3.2 provides
P R

(4.26)  Ryx, v)< X < CH(s, 1) h(s, ) Bes. o als+ 1 141 x08)

§=0 =0

and the result (4.17) follows from (4.20) and {4.26). R

Remark. (For b(x, v} not necessarily greater than 1, the .Lon'clusmni
of theorem 4.3 remains valid if @, Tria and B, are replaced by vy, vy anc
B3, defined by

-1
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A%,?,';I:S_. '{s X _"':' }!(Ss [)'I’(S_' ") ¥ /"(S: [) -I-[)(\\'. 2') I":li-5‘!" ]. {7 l. Y. _\') 4]
Brvg (S £ows vy A{s, Db(s, Hi (s 2-- 10 v, v)=0.

welx ox M)=vily, von )= (o)

»

s v vy,
r-1¥

=1
and Biv.v)= x » [H(s, )4+ B, y(vo v)ied(s b 041, x 3.
s=0 =0 ’
. Reinark, The result which can be deduced from theorem 4.1 for the
incquality {4.16) does not seem to be comparable with the one obtained in
thearem 4.3,
Theorem 4.4, Lot A(v, vy and A2 (v, v). O<i<r be defined and non-

H:’g_:!ff"_."e‘ on NxNo Lt for all (vov)e NN the following fnequalitv by
salisficd ' ’

. LA B LR | .
(4.27) AR ) Sa(W)4-6(v) L x xR DAY u(s. 1)
1= s=ll =)

?i{,]’n'f'u a(x) (). Aalx), A6{v} are defined and non-negative on N
101, ‘

(4.28) AZp{x, < Bl v
1 =t :
where By, Vi=[e(x)+60)7 11 [l 4o s el ) and
se=0 {e=1} .

EE B |

Be Wy=[a() 4501+ £ 8 (s ) Hr —14 DBy (5. 1), 2€isr1.

s=0 7

Proof. We define Ry{x, v) to he the right side of (4.27). Then, as in
theerem 4.3, we find

(4.29] AR (v v, V)R v
wher
. ¥ 1 1 A=y liy=ra
Kafvo v)=R{v, )4- 5 ———— & ¥ (v—s—Ij"¢bx

im0 (() 7 I) ) s“u ::u
X (v—t—= DR (s,
On using R,(x, ¥)< R, V). we get

(4.30) AZ (v, ) i, VYR )RR y{(x ),
where
T—rAai ] g—plild

e ooe X T (r—s SR
i=0 {((F—7-2} 1) Do 150 (r=s—=1)

KAl — 1) R (s 1),
Again on using R.(r, v)<R

{1, v}, we obtain
(4.31)

AZ Ra(x, V) [, 3) -k 10 R v, )+ Ry, v).
Continuing in this way, it follows that

(4.32}) AL R (v, WS Th{ve ) 4 (r==2) 1R (xs ¥} 4+ Rppi{. A,
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=1 y—1 _

where Ky (o )= Re{vo b 8 X Ro(s.f). On using Kol V= Koy {10 0h
g={) =14

we il

(4.33) ALK, e v ) 2) 0, (a3 R () R, (v v)=—
h{x, v)r Reofys vy

From the definition of K ( v) it [ollows that Riv, V)€ Ry, »), 1<igr
and K,(x, 0}~ “a( v} -+-5(0), 1,0, v)=a(0)+b(y), Igjsr+ L

Summing  both auhs of  (4.33), we get Ry (v v)ga{x) ()4

x=13=1

by [h(s b and an

-0 J=b
(4.34) R, (v, wg Iy, V)
Using (4.34) and R(x. Vi< Ry (x, 3) in (4 32), we obtain A2 Ry(x. )<
< Th{xe ¥) (e )15 1). and hence Be(y, 3 Bu(s 3.
Continuing in this way the result (4.28) follows.
Our nevt result is connected with the following inequabity

application of lemma 3.3 provides

(4.33)  Apirulv W galy, V)bl _\-)[ 3_, Ii‘ﬁ(.r, A }:, ;i AT g (#, *)) 4+

ko1 D fab
Ffla. v An s, .«.:))\
N XY

where for all 1<kgn in F. (*, %) is (s, £) and

- =1 3=-1 5y H, 1 Sfe— 1‘ Vg _q—
Efx, ¥ OQ)= ).‘.- T fufsn b)) = fJ (85 £a) e P fu(sr, Blo)
=01,=0 52502 =0 =0

Theorem 4.5. Lot all the fzuuhrm\ which appear i (4.35) be defined
and non-negative on N XN Lel s, &, x, ¥) be the wniquee solution of the pro-

biem
n—1
Afu(s. 4, v _\')—{ v AL E (s, 1 Bafs, #)) - AL (S L b= *))]x
kel .
Waf{s+1, 141, a0 1}=0, 2, £, X v)=uls, ¥ ¥ =1
Let for all (x, v) SN X N the iwequelity (4.33) e satisfied. Then,

x-—l; l

n—1
Af‘?_‘]*’*zz(.\', Vgalr, v4-b(x v) X [ ¥ ARE (s,

s=0 1= 0 k=il

RERCRS NS

(4.36)
AL T (s f alx 4))1 pls-F 10 i kv, V)
where Ao and Bo are sinie as Ay and By ailh bl V=1 for s 1Lign,
l<igr, on N N

Procf. let R{x, ») b {he part of the right side appearing in the bra-
cket of (4.35). Then, e have as in theerem 461
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nol 4 T
3 oY — ™ A2 o bl ]
AL R(x, ¥)= 3 A“,l-.}(.(,y_. T ¥ '_\:j’u(:t,*;)-i—d‘i,lf,(l
; iV

(=0 j=0

1, -\:: N "H(*, ‘E‘)) ==

5
.3; oy y Al ¢ A2 I
v vy Ayl ey v AL R (5,
k . fm iR » ( ) } *:l :VI'}'"I" '.A::T’”(*D *))‘<"

n-=1 53 e
v AL F R

Y .’.},v[?,:_(.\. LY N {"?r,‘(*. ’:’) “} l *

k=0 s=i) =0 (ri—t1—0)1 {rs—7—10

tartit—rtg

> 8 (5 =S — D)0 YT 0 g, 4) bk, %) R{x, %) ”

5=0 1=0

k‘\f:l AL E (v, vy al Lo#) b(x, =) R(*, %))
ne-1

= dgyr:"(\” B A Ef*? +)) +-‘3'yrn( X, A ﬂ':_*. *)) ] +

<

k=
- [&E; AZEAx, v Balw, #)} - AL EL (v, v, bk, 1:);] R(v, v).

The result (4.36) now follows from lenuma 3.2 and A7 57
+b(x. MIR(x, 3. )

o 31-: Some'.‘\rpp]lgathns. The incqualities obtained in section 4 will
as many applications as their continuous analogs {3, 6. To show

some of these, we consider 14 & .
equation ’ {ri-|- 14 75+ 1)-th order partial difference

8 ¥y<aly, ¥)+

(5.1) A?j’!.‘n Lir(x, )= Flx, . . s
5 (2, A)y=F(a. &y ulx, ), &n(x, J)’---sA,';’ u(x, 3))
where

3 5 . L] L]
(3.2) f(ig Ay Moy Uygs “!”f:h) C A hb‘(’T! 1) ”U..
+=0 7=0

and /i (x, 3), 0<i<gr,, 0<gj g
/ . 0giji<r, ar - S .
oy gigr,, 0<j<r, are nonnegative functions defined on

Let #{x, v) be any solution of (5.1), then this also catisfies

AN x, ‘\.‘) '—_yﬁ—rzgr(_t-_‘ 0) _yﬁr,n((_]’ ) _Ar,d.-f,“(o 0)_1_
F—1y—1

L8 (s s, 2), Agu(s, 1), Ay ruls, 1),

§= t=0

Using (5.2) in (3.3) we find

(5.3)

Ar.lm‘!(.l, _\') < r,+mr( v, 0) i Ar,wg”(o' ."') _\r,ﬂ,“(O’ 0) i
-1 y—=1 ry, 1,

PUEEE ~ T I LN . iis
Sow v oy hls AR s, 8 .
s=0t=0 ;=0 j=0 '

(5.4)

4 — Matematica 210
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Now a suitable application of theorem 4.1. provides an upper estimate on
Amtrg(y, 1) In lerms of known funriions which is
At x, VY| AT x 0) An+rag(0, v)—ATT (0, 0)[+

x—1 w=1
4w (s, He(s4-1, 141, & vl

§=0 =0

r—
)
n

—

where (s, ). (s -1 040 | x vy are same as in theorems 4.1 with
a(x, v)= ATy, 0) F A0, ) Py AT (0, 0), b{x )= 1
Similarly, corollary 4.2 provides
ATy, v ATy, 0) AT 0, V)—=Arr (0, v}

=131 X ] Yoo ]
»I»[ A --l.='s-f)] 1 {l +ox Bals, i)]-
5=01! 1} s=0 120

Next. (3.5) or (5.8) can be used in lemma 3,
tos for A Fu(a, v}, Ogicr, O0=i<r..

(5.6)

5, and we find upper estima-
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GLOBAL SUFFICIENT OPTIMALITY CONDITIONS FOR A
FAMILY OF NON-CONVEX OPTIMIZATION PROBLEMS

BY
TEODOR PRECUPANU

50. In this paper we shall be concerned with the following family of
optimization problims

{Py) min {f{v}—g(dv—1); veX], vey,
where X, ¥ are two separated linear topelogical spaces, A @ X =Y is a linear
continuotts operator and f: X = —s0, c0l, v: Y »[—oc, o[ are two proper
extended real-valued [unctions, ice. dom f={reX; f(y)<ol#d,
dom E--{\'*-’ Yoo og(v): —0}# . '
It is well known that in the convex case some nptunaht\ or duality
properties are expresed in terms of the following set
(0.1) [T={{Arv—v f(x}—gly)4r)sY R y=domf, ve domg, r20%
In an carbier paper (16, we have established the following two results :
Theorem 0.1, 7 e problens (1), ey have solutions whenever val Py#—oo
and the velie frsedion v val Py ve Y, ds lower-semicontinmous on Y if
amd only 1 f the st I ds closed tn Yol R,
Theorem 0.2, if P, Jues the finite valite wl least an element vy =Y, then
the family (D) ey s dually stable on Y (i.e. min Py=sup D,#—wc for all
yeY) if and only if the set 1 is conzex and closed.

We recall that the dual by conjugacy of Fenchel tvpe [1] of P,
dennted by D, is as follows

; (D) max {¢ (V) —f (AW ) (v, 2, vEY,

! yrel*

i where /15 the (conves-) conjugate of fand 2" is the (concave-) conjugate
f of ¢ lh(w two results can he reg sar (l '1~ refinementsof Levine-Pome-
E ro 1 s result from the convex case "121. Thus, by Theorem 0.1 we can obtain
t various sufficient optimality (nnditions which assure the lower-semicon-
. tnuity of value function using eriteria for the closedness of the set f. M

in addition the set /{ is convex. different sufficient stability conditions are
obtained. In this line, several main results derived Jrom sufficient closedness
conditions of If was given by J. I’ Dedicu 4, U, Dieter [3]
1\3 Fan 7.\, l\t.lbs".‘%.,'g', K. Kretschmer T10, P. Le
Mine-[. Ch. Pomeraol [11], 12, T. Nakamura-3M. Y
Mmasaki [13. R Nozawa [[4L J. Ponstein [15, T. Pr
Cupanu [I17, C, Ratfin 718, M, Yamasaki 20, C. Z:
dincscu 211 In the linear case, 1. Nakamura-M, Yamasaki
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