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A beta integral associated with
the root system G,

F. G. GARvAN}

Abstract. We prove some conjectures of Askey that have to do with adding roots in the
Macdonald-Morris conjecture for G3. This is done by extending Aomoto’s proof of Selberg’s
integral. This yields a new proof of the Macdonald-Morris root system conjecture for G2 which
should extend to other root systems.

Key words. Askey’s G2 conjectures, Macdonald-Morris root system conjectures, Aomoto,
Selberg’s integral, multidimensional beta integrals

AMS(MOS) subject classifications. 33A15, 33A75

1. Introduction. Let

(1.1)

a 1 a a 1 a a 1 a

G(z1,22;a,b) = (1 —21)%(1 — _xl) (1—-z9)%(1 - E) (1 —z249)%(1 — mlxz)
T T2Vb  n2p V(] — (1 — 22 \5(] — LY
(]‘ $2) (1 ml) (1 271232)(1 17%172) (1 $2(E1) (1 :L'gxl) .

Then the Macdonald-Morris root system conjecture for G, is

(3a+ 303D 2a)(2B)
(2a+ 35)(a + 26)(a + b)latsie ~ (% 0)

(12)  C.T. G(z1,22;a,b) =

Here C.T. means the constant term in the Laurent expansion as a polynomial in z,
27!, 2, z;'. This has been proved independently by Habsieger [5] and Zeilberger
[12]. They have also proved the g-analog of (1.2). Although their proofs are elegant
they are special to G,. Recently Zeilberger [13] has also proved the G} case of the
Macdonald-Morris conjectures. His proof should extend to other root systems.

In this paper we give a new proof of (1.2) which is entirely in terms of integrals
and which should also extend to other root systems. OQur proof is an extension of
Aomoto’s [1] proof of Selberg’s [11] integral. See Askey [3] for a good exposition of
Aomoto’s proof. We were led to this by considering conjectures of Askey [3] that

tDepartment of Mathematics, University of Wisconsin, Madison, Wisconsin, 53706.
Current Address: 1.M.A., University of Minnesota, Minneapolis, Minnesota, 55455.



have to do with adding roots in the Macdonald-Morris root system conjecture for
G,. Askey conjectured

2(3a + 3b+ 1)

1
. C.T. (1- - — ; =
(1 3) (1 :1,‘1)(1 T )G((El,(l)z, a, b) 2¢+3b+1 g(aa b)’
1 1
(1.4) CT. (1-=z,)(1- x—l)(l —zo)(1 - x—2)G(w1,x2;a,b)
_2(3a+3b+2)(3a+3b+1) (a,
= Gattat D SO
(1.5)
2 1 _ _ 2(3a+3b41)(3b+1)
C.T. (1-zjz2)(1 P )G(z1,z2;a,b) = ettt 1)g(a, b),
(1.6)
1 1
C.T. (1—-ziz5)(1 - P Y1 —ziz,)(1 - v )G(z1, z2; a,b)

___6(Bat3+2)@a+3b+DE+HE+Y o,
= Ga+3%+3)at 122+ Dt

In §2 we give the idea of the proof of (1.2). It is well-known that (1.2) may
be written as a trigonometric integral formula (see, for example, Morris [12, p.46]).
The starting point of our proof is to write (1.2) as

(1.7)
43a+3b / (t1 +£2)2%(t1 — 12)22(t] + 2t5t9 — 1)22(¢3 + 2452, — 1)
il (T P+ 4 T e

dtidts

= g(a, b).

The left-hand side of (1.7) is the integral referred to in the title of this paper. This
is done via three changes of variables; firstly, by letting z; = €% (j = 1,2) in
(1.1) and using the orthogonality of the exponentials on [0, 7] to obtain an integral
on [0, 7)?, secondly by linear change of variables to obtain an integral on [—Z, Z]?
and finally by letting t; = tan#; we obtain the integral over R%2. We note that
this is the same change of variables that Morris used in transforming his constant
terms formula for A, [10, p.95] into the Cauchy-Selberg integral {10, (6.6)]. The
advantage of this integral over the trigonometric integrals is that the integrand is a
rational function of ¢, ¢, which can be easily manipulated using a computer algebra
package like REDUCE. In §3 we prove some preliminary results. In §4 we complete
the proof of (1.2) as well as proving (1.3)—(1.5).

2



Macdonald [8, conjecture(6.1)] has also conjectured generalizations of Mehta’s
[9], [8, (4.1)] integral formula for arbitary root systems. The G, case does not
seem to be related to our integral given in (1.7). The Macdonald-Mehta integral
conjecture involves parameters that are constant on root length. We note that the
two parameter case of the G, Macdonald-Mehta integral may be proved in the same
way as the one parameter case, which was proved by Macdonald [8, p.1002]. This
is done by transforming to polar coordinates. The resulting integral turns out to
be the product of a gamma integral and a beta integral.

We should mention that (1.3)-(1.6) and their g-analogs may be proved by other
methods. Zeilberger [12] proved (1.2) using the result of Morris, mentioned above,
related to A, and Dixon’s [4, §3.1] summation of a well-poised 3F5. (1.3)-(1.6)
could be proved by trying to generalize Morris’s results and Dixon’s summation.
See Kadell [6] for such generalizations of ¢-analogs of Morris’s results and Askey [2]
for some extensions of Dixon’s summation. The author has proved (1.3)—(1.6), as
well as other similar results, by these methods. In §4 we state these other results
without proof. For the most part we restrict attention to (1.2)—(1.5) preferring to
take a more direct approach.

Kadell [7] has found yet another approach to proving (1.2) which should ex-
tend to other root systems. This involves working with the function G(z1,z,;a,b)
directly rather than writing it as an integral, and using the fact that derivatives
have no residues. Finally, (1.2)—(1.6) could be proved by extending Zeilberger’s [13]
method for the G case and then letting ¢ — 1.

2. The idea of the proof. We label the roots of Gj:




Let,
(2.1) g'(a,b) = C.T. G(z1,z2;a,b).
Our goal is to prove that g'(a,b) = g(a,b) for all a,b > 0. The idea is to proceed by

induction on a. However to jump from a to a + 1 in one step would be too much to
ask for. Considering (1.3) and (1.4) we break it up into three stages:

STAGE 1
_2(3a+3b+1) ,
CT [CY]]G = 2a + 3b + 1 g (aab)a
STAGE 2
 2(3a+3b+1)(3a+3b+2)
CT. leallealC = <o g i e s 1) ¢ (@0
STAGE 3

6(3a +3b+2)(3a+3b+1)(2a+1)

CT. lealleallen + )G = f e 20 1 30+ D{a + 265 )

g'(a,b),

where k1ay + kaag) = (1 — wf‘x§’)(1 —a7kigs k),

for ky,k; € Z. Each stage corresponds to adding an additional pair of opposite
short roots. After STAGE 3 all that will remain is to prove the result for a = 0
since

gla+1,b)  6(3a+3b+2)(3a+3b+1)(2a+ 1)

(2.2) g(a,b) (2a+3b+2)(2a+3b+1)(a+2b+1)

The case a = 0 is equivalent to b = 0 since we have
Long roots of G5 = Short roots of Gy = A,.

The result is trivially true for a = b = 0. The case b = 0 follows from (2.2) and
STAGE 3 by induction.

To prove STAGES 1-3 we rewrite each stage as an integral and use an idea of
Aomoto. To give the reader a taste of our method we work through the proof of
STAGE 1. If we let
(23) bry2 b b

th 4 £2)2%(t1 — t2)20(25 + 2t1to — 1)25(¢2 4 2t3¢, — 1)?
w(t) = w(ti,t2;a,b) = (ot ta) | 1(1 +2t)§)2(a-i4_:+1(11:t%)za+(4;+-*1- — )

4



then may write STAGE 1 as

43a+3b 4 2(3a+3b+ 1) 43a+3b
. dt =
ea) o [ e [uwa,
R2

" (2a+3b+1) w2
R2
using the same change of variables used to derive (1.7). It is here that we use
Aomoto’s idea. To get [ 3z w(t)dy in terms of [ w(t)d? we use
R2 1 R? ~

(2.5)
0= /—?—-t w(t)dt
- 8t1 TPAR/ER
R2

2t2 t
- - b+1 1 t)dt 1
/w(i)di (2a +4b+ )/l-i—t% w(t) ~+2a/tl+t2w(£)d£
R? R? R?

4 2ty
+2 /tl’_t2 w()dt + /t§+2t1t2—1w(’t”)d£
R2 R2

2t1(t1 + t2)
b [ =L t)dy.
+2R[t§+2t1t2—1w(~) ~

We can make some progress by using the fact that w(t) is invariant under the
transposition t; « ta.

t ta

(2.6) t1 £ty :Ftl +1,

It follows that

(27) [ uwar =3 [wa

R? R2

tits t1(ty + t2)
. ——w(t)dt ———w(t)dt
(2 8) / t% + 2t1t — 1 w(N) ~ + / t% + 2t4t3 — 1 w(”") ~
R2 R?

tits t1(t1 + t2)
= [ 22 4 dt T r) () de
/t§+2t1t2—1w(~) ~+/t§+2t1t2—1w(~) L2
R? R?

(via t; & t; on the
first integral)

1
= —  w(t)dt.
R2 R2?



So that (2.5) becomes

(2.9)

1

0=(=3a—3b—1) [ w(t)dt +2(2a+4b+1)
/ /

1

The problem that remains is to get [ F-{-Ttllt—-,,——l w(t)dt in terms of [ w(t)dt and
f T—ﬁ'{ w( t )dt. The transformation ¢; +» t; is not helpful here. We need another
R2

transformation that leaves w(t) dt invariant. The real reason why w(t ) is invariant
under t; < t; is that the root system G is invariant under the linear transformation
given by

ay — Qo and g — ay,

which is also the reflection through the plane orthogonal to the vector a; — a;.
Recall that a root system is invariant under any element of the Weyl group, the
group generated by the w,, where a is a root and w, is the reflection through the
hyperplane orthogonal to @. The Weyl group for G is generated by wg,—qa, and
Wq,. The extra integral transformation that we need will correspond to wy,. We
study the action of this reflection on the roots:

a) & —ay, a; & ay + ag,

az — ay & 201 + az, ay + 2a; & ay + 2a;3.
We need a transformation
(210) f . R2 — RZ (tl,t2) — (fl(tl’t2)’f2(tl)t2))

with the following action:

1 1 1 (1t+ty)?
1482 142 1+82  (L+t3)(1+1¢2)?
(2.11)
(t; — t3)? (12 4+ 2t1t2 — 1)2 (#3 4 2t182 — 1)2 ($3 + 2t185 — 1)?

T+ +8)  A+820+8) A+A+8)?  QA+)A+e)7

6



The transformation that does the job is

(212) fl(tl)t2) = tla f2(t1at2) = ]'.tl_-:ltt; (tl # —tz).
In §3 we show that
(2.19) [awuwar= [ dz,

R2 R?

for a certain restricted class of functions g.
Now we return to the problem of evaluating [ m—lw( t)dt. A routine
R2

calculation shows that

1 f (t1 +t2)
2.14
(2.14) 2 4 21ty — 1 — (1+2)(t) — to)’
(2.15) (t1 4 t2) _ (t1 +t5)? (ty +t2)

1+t —t2) (T+)A+83) 1 +82)(t —ty)
It follows that

(2.16)
1 (t1 +1t2)
R[tf Tong, —1 v J 0+ 1) w(g)dt

(by (2.13) and (2.14))

__ L[ _(atty)
- 2"[(1+t§)(1+t§)w(z)d’t

(by applying t; & t,
and using (2.15))

1 1
=_§/1+t§ wit)dL

R?2
(by applying f then
tl Ad tz).
Substituting this into (2.9) gives
(3a+3b+ 1)/w(£)d£ =2(2a + 3b+ 1)/ 1-it2 w(t)dt
1
R2 R?

and STAGE 1 follows. The proof of STAGES 2-3 is analogous and will be given in
§4.



3. Preliminary results. The main result of this section is Lemma (3.6). It
contains a list of integrals that we will need in the proof of STAGES 2-3. In the
proof of this lemma we will use the transformation formula (2.13) for f. A more
formal statement of this formula is given in Lemma (3.2). The idea of the proof
of Lemma (3.2) is to write both sides of (2.13) as an integral over [0, 7]?, using
the same change of variables mentioned after (1.7) in the introduction, use the
transformation T'(6;,6;) = (—6;,6;, + 62) and apply Lemma (3.1). The proofs of
Lemmas (3.1) and (3.2) are omitted. In the proof of Lemma (3.6) we will also need
to calculate the image of certain rational functions in ¢;,¢; under f. This was done
using the computer algebra package REDUCE.

LEMMA (3.1). Let h: [0,7]> — R be continuous then

/h(91,92)d€1d92= / h*(61,62) d8,db,

[0,m]2 (0,7]2
where

h(m — 61,01 + 62), if 0<6;+6; <m,

h*(6,,6;) =
(1 2) {h(ﬂ_01’01+02_ﬂ'), if 7T<01+92S27T.

Let
wo(t) = (1+¢1)(1 +t3)w(t).

LEMMA (3.2). Suppose g : R2 — R is a continuous function that satisfies
(i) gwo is bounded on R?,
(ii) (g o f)wo can be extented to a continuous function on R?,

where f is defined in (2.10) and (2.12). Then

(3.9 [otwuwyaz = [ty

R2 R?

For notational convenience we let

t +t2)?
<oy 4 ag>= (t1+1,)

1
4 - - = .
B4 <a>=grm <@>=1m A+2)1+8)




This notation is related to the notation introduced in STAGES 1-3. Using the same
change of variables used to derive (1.7) we have

(3.5)
C.T.[o1])" [a2]* [ay + a3)**G
43a+3b+ki+ko+ks

= — <a1>k‘<az>k’<a1+a2>k3w(£)di,
R2

where w(t) is defined in (2.3) and ki, k2, k3 are nonnegative integers.

LEMMA (3.6).
(3.7)
/(t% + 2t 1ty — 1) <ay> 'LU(L) di =0,
R2
(3.8) / 2N >w(t)dt—§/< > w(t)dt
) 1+t 2 ~TN T4 o> w(g)dt
R? R2

—/<a1><a2>w(£)di,

R2
t 3
(3.9) / L <ap>w(t)dt = —/<a1> w(t)dt,
t]‘—tz ~ ~ 4 ~ ~
R2 R2
(3.10)
to(t1 + t2) 1/
St SLELLEA t)dt == [
/t§+2t1t2—1 <a;>w(t)dt 5 <a;>w(t)dt,
R2 R2
(3.11)
1—1t1, 3
—_— t)dt = —— t)dt
/t%+2t1t2—1 <a;>w(t)dt 4/<a1>w(~) t,
R2 R2
(3.12)
1
S S t)dt = —
/t§+2t1t2—1 <a;>w(t)dt /<a1><a2> w(t)dt,
R2 R2
(3.13)
3
<oay><ay><a; +az> w(i)d£=—2/<a1>2 w(t)dt
R? R2

3
+ §/<a1><a2> w(t)dt,
R2



(3.14)
1 1
—_— P = —= 2
/t§+2t1t2—1 <a;>w(t)dt 2/<o:1> w(t)dt,

R? R2
(3.15)
/—L<a >w(t)d1t—l <ay> w(t)dt
t%+2t1t2—1 ! D) it w(~) ~
R2 R2

1
- -2-/<a1>2 w(t)dt.
R?

Proof. (3.7) follows from (3.3) and

(tg + 2t1t9 — 1) <oy ><o9> —L') —(t% + 21t — 1) <ayp><ay>.

We note that (t3 + 2¢1t2 — 1) <ay ><ay > satisfies the conditions of Lemma (3.2)
since it is equal to < a; + as > — < a; >. Whenever we apply f to a rational
function in the remainder of the proof we leave it to the reader to verify that the
function involved satisfies the conditions of Lemma (3.2).

(3.8) follows from (3.7) and

t <az>+ t2 <ap>
(e
titts 2T Tttty
1
= 5 <ar><ap> {—(t3 + 2t1t2 — 1) + 3(1 + t2) + 2(1 + #2) — 4}.

Similarly (3.9) follows from

B gy +—2 <o >
a
t1 —t2 ? ty —ty !
1
= '2' <ay1><ay> {(t% + 21t — 1) + (1 + tg) + 2(1 + t%)}
We have
ta(ts + t2) (1 — tits)
1 —_——< > = > 4
(3 6) t%+2t1t2—1 aj <aj +t%+2t1t2—1 al>a
(1 —tyt3) f ta(ty + ta)
Tiohts—1 7 7 T Brong -1 7
and (3.10) follows.
(1 “"t]tZ) f t1—1g 1
Prott—1 0 T T T o



and (3.11) follows by (3.9).

<ai;>

m—_—l-i- <oy ><az>

. <a1+a2> yet, f ety <ay + o>
=T T T — e

and (3.12) follows.
We observe that (3.13) is equivalent to

[awuwaL=o,
R2
where A(t)=4I(t)+3<ar+a2>? -6 <a;><a; +az>,

I(t) =<a1><ay><a; +az>,

. ity f
since <011>2 — — <a; +a2>2,

<ar><az> s <ay><ag +ag> .

A(t) = I(t)(—2 + 3t} + 6t1t, — 3t3)

so that
[ 4w = -2 [ 100 - sttyu(p) at,
R2 R2

since I(t) is invariant under t; & t,.

_f (141D

(t1+1t2)
ta(1+13) | ti(1+13)
(t1 + t2) (t1 +t2)

(1 —tyt2) —

It follows that

2 [ 1001 - titau(p)dt = [ 1) +atu(p)dt,

R? R?

since I(t) is invariant under f and t; & t;. Therefore,
/I(L)(l ~3tita)u(t)dt = 0,
R2

11



as required. This completes the proof of (3.13).
(3.14) follows from

<a;> f <a;>

—_— — — 2
1ot — 1 Bt2t—1 7

Finally, (3.15) follows easily from (3.10), (3.14) and (3.16). O

Proof of STAGES 2-3 and (1.2)—(1.5). In this section we use Lemma (3.6)
to prove STAGES 2-3 thus completing the proof of (1.2)-(1.4). Finally, we show
how (1.5) follows from (1.3) and (1.4). For k;,k; > 0 we have

(4.1) 0= /g—-tl <ay > <ay >k w(t)dt
R
= —(4a+86+2k1 + 1)/ <Cll>k1<012>k2 ’U)(L)d’t\l
R2

+2(2a +4b+ ky +1)/ cap>htlcay >k w(t)dt
RZ

t
+2a/ L <oy >Ficay >k w(t)dt
t) + 12 ~

R2

t
+2b/t lt <ay;>hca, > w(t)dt
1 — 12
R2

ti(t1 + t2) k k
b | ————— 1 2 t)dt
+4 /t%+2t1t2—1 <oay1>"<az> w(N) 13

R2
tit
—|—4b/t—%—:§%: <a1>k1<a2>k2 w(i)di
R2

Letting k; = 0, k; = 1 in (4.1) and using (3.8)—(3.12) we find that

(3a+3b+2)

t)dt.
4(a+2b+1) <az>w(t)dt
R2

(4.2) /<a1><a2> w(t)dt =
R2

Hence, by (3.5) we have

3a+3b

C.T.[ay][a2]G =

/16 <a;><ay>w(t)dt
R2

72

12



(3a + 3b+ 2) 4%e+3b
- (a+2b+1) =2 d<ar>w(t)dy

R?

_ (3a+3b+2)
=G+t CTle

_ 2(3a+3b+1)(3a+3b+2) ,
T (2a+3b+)@at2b+1) Y (a,b)  (by STAGE 1).

This completes the proof of STAGE 2.

We cannot prove STAGE 3 directly. Instead we use (4.1) to get [ < a; >?
R?
w(t)dt in terms of [ < a; > w(t)dt and [ < a; >< az > w(t)dt. Then
R? R2
we show how STAGE 3 will follow from STAGES 1 and 2 using (3.13). Letting
ky =1, k; = 0 in (4.1) and using (3.8), (3.9), (3.11) and (3.15) we find that

(4.3)
2(2(1-*—3b-|—2)/<c21>2 w(t)dt

R2

=g(3a+3b+2)/<a1>w(£)d£—2a/<a1><a2>w(£)d£
R2 R?

- 2(2a+6b+3)/ <oy ><ay> w(t)dt (by (4.2).
R2

We have

CT [011][012][0(1 + 0(2]G
43a+3b

— /64 <ay><ag><ay +az>w(t)dt

R2
43a+3b
=-3-—; /16 <ay>%w(t)dt

R2

430+3b
+6- — /16 <a;><ay>w(t)dt (by (3.13))

R?
_ (—3(2a +6b+3) +6(2a +3b +2)) 43a+3b
B (2a + 3b + 2) 72

/16 <ay><az>w(t)dt
R2
(by (4.3))

13



. 3(2a+1)

" (2a+3b+2)

_ 6(3a+3b+2)(3a+3b+1)(2a+1)

" (2a+3b+2)(2a+3b+ 1)(a+2b+1)
This completes the proof of STAGE 3.

At the beginning of §2 we showed how STAGE 3 implies (1.2). We remark that
(1.3) and (1.4) follow from STAGES 1 and 2 together with (1.2). We have been
unable to find a proof of (1.5) or (1.6) in terms of integrals. However (1.5) follows
easily from (1.3) and (1.4). In order to show this we need to recall how the Weyl
group acts on polynomials. For a = kja; + ka2, where ky, k2 € Z and ay, oy are
the roots from the root system G, as in Figure 1, we let

C.T.[a1][e2)G

g'(a,b)  (by STAGE 2).

a ___ kl kz
T =Ty Ty".

The elements w of the Weyl group W act on monomials by
w(z®) = g

and by linearity on Laurent polynomials thal are linear combinations of the z®. For
w in the Weyl group W we have

(4.4) C.T.2°G = C.T.z* G,

since G is symmetric with respect to the Weyl group and w does not change the
constant term. Utilizing (4.4) we find that the left-hand sides of (1.3)—(1.5) can be
written as:

(4.5) C.T.[1]G = 2C.T(1 — 2,)G,
(4.6) C.T. [e1][az)G = 2C.T(2 — 3z, + ?)G,
2
(4.7) C.T. [2a1 + 3]G = 2C.T.(1 — i—l)G.
2
Hence,

C.T.[2a; + 3]G = 3C.T. [04|G — C.T. [oq][a2]G
_ {6(3a+3b+ 1)  2(3a+3b+2)(3a+3b+ 1)}g(a b)
(2a +3b+1) (2a+3b+1)(a+2b+1) ’
(by (1.3), (1.4))

_ 2(3a+3b+1)(3b+1)
T Cat3b+1)at2bt1)’

which is (1.5).

(a,b),

14



5. Other results. In this section we state other results that are similar to
(1.3)~(1.6). These may be proved by extending Zeilberger’s [12] proof of the ordi-
nary G, case as mentioned in §1.

(5.1)

C.T. [an][or — ]G = —32+3b+2)(Ba+3b+1)(3b+1)

(a1 36+ 2)(2a + 36+ D(a+ 26 + )0 @)

(5.2)
C.T.|a;][a; + az)la; — a2]G
_ _6(4a+3b+4)(3a +3b+2)(3a + 3b + 1)(3b + 1)
" (26 +3b+3)(2a + 3b+ 2)(2a + 3b + 1)(a + 2b + l)g(a’ b),

(5.3)
C.T. [a1][az][ar — a2]G
{ (3a +3b+2)(3a +3b+1)(3b+ 1)
(2a+3b+1)(a+ 2b+2)(a+ 2b+ 1)
b(4a + 3b + 4)(3a 4 3b + 2)(3a + 3b + 1)(3b + 1)
" (2a+3b+3)(2a +3b+2)(2a +3b+ 1)(a + 26 + 2)(a+2b+1) } (a,0),

(5.4)
C.T.[ai1)[a1 — as)la; + 2a3]G
6(3a + 4b + 4)(3a + 3b + 2)(3a + 3b + 1)(3b + 2)(3b + 1) .
" (2a +3b+3)(2a +3b+2)(2a+ 3b+ 1)(a + 26+ 2)(a + 2b + 1) e

(5.5)
C.T.[a1][a1 — a2][201 + a2]G
_ 6(6a? + 20ab + 23a + 12b2 4 28b + 16)
~ (2a+3b+4)(2a +3b+ 3)(2a + 3b + 2)
(3a + 3b+2)(3a + 3b+ 1)(3b + 2)(3b+ 1)
" (2a+3b+1)(a+2b+2)(at 26+ 1) 9(a,b),

(5.6)
C.T.[a;][ay + as][ay — az)[a; + 2a5]G
_ 18(3a+3b+4)(3a + 3b+ 2)(3a + 3b + 1)
"~ (2a+3b+4)(2a + 3b+3)(2a + 3b + 2)
(2a + 2b + 3)(3b + 2)(3b + 1) ,
"(2a+3b+1)(a+2b+2)(at 26+ 1)9(“’ )
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