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ON COMPLEX PROJECTIVE SPACES

BY

WIERA BARBARA DOBROWOLSKA (WARSZAWA)

This work concerns bounds for Chern classes of holomorphic semistable
and stable vector bundles on P™. Non-negative polynomials in Chern classes
are constructed for 4-vector bundles on P* and a generalization of the pre-
sented method to r-bundles on P" is given. At the end of this paper the
construction of bundles from complete intersection is introduced to see how
rough the estimates we obtain are.

We follow the terminology and notation used in [5].

There are no bounds for the first Chern class ¢1(£) of 1-bundles £ on P™.
In the case of 2-bundles the following Bogomolov—Gieseker—Schwarzenberger
inequalities (see e.g. [5]) are satisfied:

c% —4c9 <0 for semistable bundles,

¢} —4cy <0 for stable bundles.

The polynomials above are invariant with respect to tensoring by Opx (k).
Schneider has obtained in [6] the following results for 3-bundles on P™:

if ¢, =0 then |c3| <24 5co — 6,
if c; = —1 then ez + 2| < ¢34 20 — 2,
if c; =1 then |c3 —2| <c3+2c2—2, for stable bundles,
and
if c; = 0 then |e3| < 3+ ca,
if c; = —1 then |e3| < 3,

if c; = —2 then |e3| < c2 —cy —2, for semistable bundles.

In this paper we obtain the following results for 4-bundles on P*:

if 1(€) =0 then cq — Peg+3cd +29¢5 + 1253 + %3¢, >0,

if c;(£) = —1then ¢4 — 12*303 + 3¢5 + 35¢5 + 377103 + 359¢c2 4+ 156 > 0,
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if () = —2then ¢4 — Jes+3c3 +35¢3 + 2375+ %57, —6 >0,

if () = —3then ¢4 — 2c3+3ch+23c3+ B +47c,+6 >0,
and for stable bundles we get the same polynomials minus 18.

The author wishes to express her thanks to Dr. Michal Szurek for sug-

gesting the problem, introduction to the subject and his help with the con-
struction of examples.

1. The case of stable and semistable 4-bundles on P*. We can
normalize each bundle by twisting it with a suitable line bundle Opn (k). This
operation does not affect the stability or semistability and we can express
the Chern classes of the twisted bundle by those of the original bundle. This
allows us to consider only normalized bundles.

As the Euler-Poincaré characteristic x(£) of the bundle £ on P* is a
polynomial in Chern classes and

x(E) < h(&E) + h%(E) + h*(E)

we need to estimate the three components on the right hand side.

By Serre duality and semistability of £* we immediately obtain h*(€)
= 0. For & stable we have h(€) = 0 and for £ semistable we obtain
hO(€) < 3 (except the case when & is trivial), according to

LEMMA 1.1 [6, Sect. 2, Hilfssatz]. If V is a holomorphic semistable r-
vector bundle on P™ and c1(V) < 0 then either V =2 O%" or (V) <r — 1.

Now we start to estimate h?(E). We use

LEMMA 1.2 [6, Sect. 2, Satz 1]. Let V be a holomorphic vector bundle on
P™ and H C P™ a hyperplane. Then for ¢ < n — 2,

hI(V) < R Via(v).
v<0
From this lemma and Serre duality on P* we obtain the estimate
R(E) < D A (Eps(d)) -
j>—4
We show that the sum on the right side is finite by finding kg which
satisfies the condition (1) in the following

LEMMA 1.3 [1, Lemma 3.2]. Let Y C P" be a hyperplane and V a vector
bundle on P". Let kg be an integer such that

(1) R Vy (k) =hr"(2y @Viy(k+1)) =0 forall k>ko.
Then for every m > ko — 1,
h'(V(m)) = h'(V(m + 1)),
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and equality holds if and only if
H'(V(m)) =0.
We begin studying the values of h! (Ep2 (k)). We will discuss in detail

the case of ¢;(€) = 0 only, because the remaining cases are similar.

THEOREM 1.1 (Spindler) [1, Theorem 2.7]. Let V be a semistable vector
bundle on P™ of generic splitting type a1 > ... > a,. Then it satisfies the
Grauert—Milich condition (GM, for short), i.e.

a; —ai1 <1 fori=1,...,r—1.
With the help of this theorem we will be able to determine the generic
splitting type of the bundles considered.

LEMMA 1.4. Let € be a holomorphic, normalized and semistable bundle
of rank 4 on P*. Then

hO(Ep2(—1)) =0 and hO(Ek(~2)) =0.
Proof. We only consider the case of £(—1); the other case is similar.

We use

LEMMA 1.4.1 [2, Lemma 2.3]. Let V be a normalized semistable n-vector
bundle on P". Then its restriction to a hyperplane H C P" is a semistable
bundle except the cases

VO (-1), V=Tp(-2).

If Eps is semistable and (a1, a2, as, a4) is its generic splitting type (€ps
satisfies the GM condition and Z?:l a; = c1), then either only one of the
a; is zero or they are all negative. When a; = 0 for some i we use

LEMMA 1.4.2 [6, Sect. 1, Satz 1]. Let V be a holomorphic r-bundle on P".

For a line L C P™ we have
VL 20(a1) ®0(az) ® ... ® Oar—s) ® O,

where a1 < as < ... < a,_s <0 and h°(P",V) < s — 1. Then hO(V‘H) <
s — 1, where H C P" is a general hyperplane.

By taking in this lemma n = 3, H = P? and from semistability of Eps
we get

hO(Eps(—1)) <s—1=0,

so hO(Ep2(—1)) = 0.

If all a; are negative we consider the exact sequence

0— Ep2(k—1) = Epe(k) — (k) — 0
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where L is a line in P? and from the associated cohomology sequence we
obtain

R (Ep2(k — 1)) > h' (Epe(k))  for k< —1
because H°(&(—1)) = 0. Now since there exists ko such that H°(Epz(k))
=0 for k < ko [5, Theorem B], we get h%(Ep2(—1)) = 0.
If £~ 25,(—1) or &= Tpa(—2) we use the formula

Tpan =Ty d OH(—I)

for H = P? and then for H = P2. From Bott’s formula (see e.g. [5, Chap-
ter I, §1.1]) and Serre duality we casily calculate h®(Epz2(—1)) = 0 and
ho( p2(—2)) = 0. This completes the proof of Lemma 1.4.

By Lemma 1.4 we have h%( p2(—1)) = 0 and hO(Ep2(—1)) = 0 so by

Serre duality also h?( p2(—1)) = 0 and we conclude

~X(Ep2) = 1 (Ep= (1))

Using ¢1(V(k)) = c1(V) + 4k, ca(V(k)) = 6k% + 3key (V) + co(V) [5, §1.2] and
the Riemann—Roch formula on P2, i.e.

x(V) =13(V) — c2(V) + 21 (V) + 1, r =rankV,
we can easily calculate
hl(gﬁw(—l)) = 02(5[1}2)-
Similarly we obtain h'(Ep2(—2)) = c2(Ep2) and from Serre duality
ht(Ep2(—2)) = h' (Ep2 (1))

80 C2(Efp2) = c2(Ejp2) (for short, we will write ca(Ejp2) = c2).
From the exact sequence

where L is a line in P? and from the cohomology sequence we get

P (Epa(=1)) > B ()
because Hl(é"*L) =0 (since 7 =00 00080 or & =0(-1) a0 ®
O @ O(1)). We now use

LEMMA 1.5 (Le Potier) [1, Lemma 2.17]. Let V be a vector bundle on P?
and a1 > ... > a, its generic splitting type. Then

Rt (V(m)) > R (V(m + 1))
for m > —a, — 1, and we have equality if and only if H*(P%,V(m)) = 0.
With the help of the lemma above we get
W (Efpe(k+1)) < h(Epa(k))  for k> 0.
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The same results can be obtained for & (c1(Epz) = c1(Ep2)) so we also have
o = hM(Ep2(—1)) > W' (Epe)
K (Epa (k) > h' (Epe(k +1))  for k> 0.
By Serre duality we get
W' (€2 (=3)) < B (E2(=2)) = c2,
h1(8|}2(k -1)) < hl(é'ﬁ}g (k)) for k< -3.

Finally, we obtain

0 ifl{iS*Cg*?),

k+c+3 if —co —3<k<-3,
(%) W (Ep=(K)) = 4 e if -3<k<0,

—k + ¢ if 0 <k <ey,

0 lkaZCQ

Hence we can estimate

Z hl((‘:ﬁ(}»z (7)) < 2(2c2 + 6)ca = 3 + 3cs.

j=—00

To apply Lemma 1.3 we start to seek jo such that for j > jo,

LEMMA 1.6 [4, Corollary 3.1.1]. Let V be a semistable bundle on P™ with
rankV < 2n—2 and ¢1(V) = d-rank V, d € Z. Then for a general hyperplane
H CP", Vg is a semistable bundle.

Putting in this lemma n = 4, H = P2 and then n = 3, H = P? we
conclude that El*PQ is a semistable bundle. The tensor product of semistable
bundles is semistable so EE‘PQ ® Q%;z is semistable.

We show that hO( P2 ® 25:(1)) = 0.

Suppose that 0 # s € HO(E(‘I‘P,2 ® 232(1)). Then we have the imbedding

OPQ — EEPQ ® Q%:z(].) .

But 1(Op2) = 0 and p(Epe ® 25:(1)) = —4/8 = —1/2 (recall that p(V) =
c1(V)/ rank V) because c1(Ep. ® 252 (1)) = —4, which we calculate e.g. from
the generic splitting type of £, ® 252(1) (“QI%’HL =0(-1) ® 0(-2)). We
thus get a contradiction with semistability of &, ® 28, (1).
By Serre duality and semistability of £pz @ Tpz we also have h2( EPQ ®
28:(1)) =0 so
(& ® 252(1)) = —X(Efp2 ® 2p2(1)) -
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If A is a bundle of rank 2 and B of rank 4 then one has
c1(A® B) =4c¢1(A) + 2¢1(B),
c2(A® B) = 6¢2(A) + 4ca(A) + ¢2(B) + 2¢2(B) + Te1(A)er (B)
SO
c1(Epe ® 282(1)) = —4 and c2(Epz ® 252 (1)) = 2¢5 + 10,

and finally we get —X(El’]‘P,z ® 252(1)) = 2¢o = h? (€|’]‘P2 ® 252(1)). Tensoring
the exact sequence

by §232(2) we deduce
W (Epz @ 252(1)) > B (Epe © 252(2))
from the associated cohomology sequence, because H 1(5|*L ® 252(2)11) = 0.
We also have either
L ® Qpayp =2 0(-2)% @ O(-1)**
or
EL © g2, 2 0(=3) 2 0(-2)P 0 0(-1)¥ 0 0,
so by Le Potier’s Lemma 1.5 we obtain
h! (Ejpe ® 2p2(7)) = W (Efpe © 22 (5 + 1))
for j > 2, and equality occurs if and only if H'( |’1‘P2 ® 252(j)) = 0. Finally,
we conclude that for 7 > jo = 2¢o + 2,
From the formula (x) we get
W' (Ep2(K) =0 for k> ko=ca.
Applying Lemma 1.3 to these results we obtain
hl (5[‘]}»3 (l)) > hl (Eﬁps (l + 1)) for [ Z 262 y

and equality holds if and only if H*(&}: P2 (1)) = 0. Using Lemma 1.2 we can
estimate

h (gl]ps (262 < Z h gl]P)Q 262 +J Z hl glpg < 02 + 302

71<0 j=—00

and with the aid of the inequality above we conclude

(xx) hl(gﬁpg () =0 forl>1ly=c3+5¢c,
c2+502 1
() Y hER () < 5(S +3e2)(c3 +3e2 +1).

Jj=2c2
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By Lemma 1.2 we have an estimate

)< > W (Eps(h)

j>—4
and applying (x*) we obtain
c3+5ca—1
WE) < Y hERG)
j=—4

By the same Lemma 1.2 and from (x) we get

j=—4: W (Es(—4) <D R (Epa(—4+4)) < 2ealca — 1),
J=<0

j=-3: B (Ea(=3)) < Seales +1),

j=-2: hl(é’ﬁpg(—Q)) < lea(ca+ 1)+ co = 3ea(ca +3),

j=—1: W (Eps(—1)) < ealca + 1) + 205 = fea(ca +5),

j=0: hl(é"}s)g tca(ca +5) +ea,

j=ca—1: h'(Eps(ca—1)) < gealca+5)+ea+(ca—1)+...+1.
If j € {co,ca+1,...,2co — 1} then

gl]ps Z hl E‘Pz < C% + 362
k=—o0
SO
202—1
Y BHER () < (S + 3ez)es
Jj=c2

Finally, using the results above and (I) we obtain
R2(E) < > WM (ER()))
j>—4
< %02(62 -1+ %62(02 +1)+ %62(62 +3)
+2ea(ca+5)(ca+ 1)+ G+ (2 —1)2+ ...+ 1+ ca(c3 + 3c2)
+ 1(c3 + 3c2)(c3 + 302 +1)
= %02 + 29 c3 +13c3 + 02

‘We have
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for a 4-vector bundle £ on P* with ¢; = 0, because
X(V) = 55(ct +4cies — dckea + 23 — 4ey)
+ (8 —3erco + 3c3) + 32(cF — 2c0) 4+ 22y + 1
for every r-vector bundle V on P*.
At the beginning of this chapter we got the two inequalities:
x(E) < h*(E) +3 if £ is semistable and non-trivial,
x(&) < h2(€) if £ is stable.
Using our last result we obtain the following non-negative polynomials:
c4 — —03 + 3¢5 + 29¢5 + 1550% + %02 >0
for semistable non-trivial bundles

and

ca — Beg +3ch +29¢3 + 1353 + 10880, — 18 > 0

for stable bundles.

In the cases of ¢;(€) = —1,—2, —3 we apply almost the same procedure.
There is a difference when we want to estimate ho(é'l’ﬁw ® (23, (k)) and

h2(€|*fp2 ® (25:(k)) because we cannot use Lemma 1.6. We just take
Lemma 1.2 and get an estimate

WO (Epe ® 2 (k) <> hO(E @ 2 (k + ) -

J<0

There exists jo such that hO( |*@P’1 ® 24 (k+ 7)) = 0 for j < jg so the sum
on the right side is finite and the non-trivial values are easily calculated by
taking the generic splitting type of gIIP’l ® $28, (k+ j) and from Bott’s formula

[5, Chapter I, §1.1]. Using Serre duality in a similar way we can estimate
hz(é’l})g ® 925, (k)). Finally, we obtain the following non-negative polynomials

for semistable, non-trivial 4-bundles on P*:
if ¢1(€) = —1 then
ey — Beg +3ch +35¢3 + 2% 4 359¢5 + 156 > 0,
if ¢1(€) = —2 then
ca — Sc3 + 3ch 4+ 35¢3 + 34Tc + 87c, — 6> 0,
if ¢1(€) = —3 then
Cq — %03+303+2363+ 89 2+4702+6 >0,

and for stable bundles we get the same polynomials minus 3 x 6 = 18.
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2. Generalization to semistable r-bundles on P”. In this chapter
we will need a more general version of Lemma 1.2:

THEOREM 2.1 [1, Theorem 1.6a]. Let £ be a vector bundle on P™ and
Y C P" be a complete intersection. Then for ¢ < dimY,
h(E) < ST hIEY © NG
v>0
where SY Ny is the v-th symmetric power of the conormal bundle N;‘//Pn.

Since for every bundle £ on P™,
X(E) < RUE) + R (E) +...+hF(E), k= [Z] 7

and the Euler—Poincaré characteristic x(€) is a polynomial in Chern classes,
we have to estimate the components on the right side.
By substituting Y = P?*! in the theorem above we get

RHE) <> W (Eparir @ SYNfaria)
v>0
but
]1;21+1/]Pm = (n — 2l — 1)OPQL+1 (—1)

S n—20—-24+v
p2i+1 — Z < v >OP21+1(—U)

v>0

SO

and we obtain

n—2—2+4+wv

HCESY < . >h21(5|ﬂm+1(—v)).
v>0
Then immediately by Serre duality we get
n—2l—-2+4wv .
0 @ (T 2 -2 0.
v>0

Now we need to show that the sum (*) above is finite and estimate the
values of I”Ll(cﬁ’F]}wr1 (v)) by polynomials in the second Chern class of £.

We first study h' (Ep2(7))- As we have
WY (€52 () = —x(Ep2(5)) + 1 (€2 (5)) + 1 (€2 (5))
and X(Sl*fp,2 (7)) is a polynomial in Chern classes, we shall estimate h"( B2 (1))

and hQ(é’EP)2 (7).
From Lemma 1.2 we get

(€2 (7)) <D h0(Efm (G +v))

v<0
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where ho(c‘)"]}l (j +v)) = 0 for v small enough. We have finitely many possi-
bilities for the generic splitting type aj < ... < a} of £*(k). Therefore using
h0(Epa (k) = 32i—1 h°(O(a;)) where

0 oy —aj ifa; >0,
h (O(“i))_{o if ar <0,
we can calculate the values of hO(Sl’fpl (k)).

Finally, taking the maximum of those values we are able to estimate
ho(é’['ﬁn,2 (4)) and, by Serre duality, h?( ip2(7)), so we obtain an estimate for
W (€ ))

Now from Le Potier’s Lemma we get
1) WY (Ep2(m)) = h! (Ep2(m + 1)),
2) ht(Ep2(n)) > B (Epz(n + 1))
for m > —ay — 1 and n > —a, — 1, and equalities hold if and only if
HY( p2(m)) = 0 and H'(Ep2(n)) = 0.

We can easily calculate the minimal a, for normalized r-bundles with

c1(€) fixed: it is

o~ o~

r 2
By Serre duality h'(Ep2(—a, — 1)) = ht(Ep2(ak — 2)) so (2) implies
(2) W' (Ep2(n)) < WY (Ep(n + 1))
for n <ak —2.
Finally, from (1) and (2") we conclude that there are a finite number of j
such that h!( 2 (7)) # 0 so we can get an estimate for S AN b2 (7))

j=—o00

NGRS

because we have one for h!( b2 (7))-
Using this result we estimate hl(E"I‘leH(v)). Taking, in Theorem 2.1,
n=21+1,Y =P% &= gEPZHl? q = 1 we obtain

P Eparss (v) < 371 (Epe © SN2 (v)
Jj=0
but
NI;2/IP>TL = (2l + 1-— 2)0]1»2(—1) = (2l - 1)Op2(—1)
SO
. 20—2+3 . ,
AESHUED 3] Gl [NC R
i20 J
Now we will show that the sum (x) is finite.
Applying Lemma 1.3 we get

BN (E s (m)) = B (Efparcs (m + 1))
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for m > jo — 1 and equality holds if and only if H1(5|>|IFP>2Z+1 (m)) = 0 where
for J > jOu

BN (€ () = BN (€ © Qb (+1)) = 0.
To find jp we will be looking for ly and [{, which satisfy
W (Epa (1)) =0 if 1>1p,
W (Epar @ g (I')) =0 i 1 > 1.

Then jo will be equal to max(ly,lj —1). Now once again from Lemma 1.3
we obtain

() hH (Epar (8)) = B (Epan (s + 1))

for s > sg, and equality holds if and only if Hl(é'l}m“(s)) = 0; moreover,
so satisfies hl(éﬁm_l(t)) = hl(gfﬁwl—l ® Qﬂlm_l(t +1))=0fort>sy—1.
By Theorem 2.1 we get the estimate

20-3
hl(gﬁpzz(so - 1)) < Z ( v T
v>0

>h1(5|§92(50 1))

and from our previous consideration of h!( p2(j)) we can represent this

estimate as a polynomial w(cz) in the second Chern class. Using (xx) we
conclude that lp = w(ca) + sp — 1. Similarly we can find [{). In this way the
task of finding jo is replaced by the problem of finding s, s which satisfy
the conditions of Lemma 1.3. By analogy we can replace the search for sg,
sy by looking for four other numbers which we determine by substituting,
in Lemma 1.3, n = 2l — 1, Y = P?~1 and taking for V a suitable restriction.

Further we proceed by iteration until Y = P! in Lemma 1.3 and finally
we obtain explicitly 22! numbers which enable us to calculate jo.

3. Construction of examples. In this last section, in order to see
how rough the estimates we obtained are, we present some theorems which
are helpful in constructing semistable vector bundles on P™ from complete
intersection. Finally, we construct an example of a semistable 4-bundle on
P* and calculate the value of its non-negative polynomial found in Section 1.

THEOREM 3.1 [5, Chapter I, §5]. Let Y be a locally complete intersection
of codimension 2 in P™ (n > 3) with sheaf of ideals Ty C Opn and with
[det Ny /pn](—k) (the determinant of the normal bundle) generated by n — 1
global sections. Then there exists an exact sequence

0— Opnt =& —Ty(k)—0

where € is a bundle of rank r.
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THEOREM 3.2 [3]. Let € be a bundle of rank r on P™.

(a) € is semistable if and only if H*(A1€ @ O(—i)) = 0 for each q < r
and i > pq (where p(€) = c¢1(€)/rank ).

(b) If HO(A9€ @ O(—14)) = 0 for ¢ <r and i > uq then € is stable.

THEOREM 3.3. Let Y be a complete intersection of two hyperplanes in P™
(n > 4) given by two equations of degree dy, do respectively and dy,dy > 0.
Then for k < di +dy the bundle [det Ny pn|(—Fk) is generated by n—1 global
secttons.

Proof. We have an isomorphism
[det Ny pn](—k) = Oy (d1 + d2 — k)
SO
h%(det Ny pn (—k)) = h*(Oy (di + d — k)

—9
:<d1+d2+2n >2n—1:dimY+1.
n_

We conclude that the sections of H?(Ny pn(—k)) are forms of degree dy +
dy — k. For each y € Y we can find a form which is non-trivial at this point.

THEOREM 3.4. Let Y be the intersection of two hyperplanes in P" given
by equations of degree di,ds > 0 respectively and k < dy +do — 1. Then the
Chern classes of the bundle £ in the exact sequence

0— 03 =& —Ty@0y(k) =0

are

, c3(€) = dida(dy +do — k),
ci(E) = duda(dy + ds — k)2
Proof. ¢(€) = c(Ty (k)) - c(O3.) = ¢(Ty (k)) because ¢(Opn) = 1.
Tensoring the Koszul complex by Opn (k) we obtain
0— Opn(—di —do+ k) = Opn(—di + k) ® Opn(—da + k) — Ty (k) — 0.

From this sequence we get
Opn (—dy + k) ® Opn(—da + k))

c(Opn(—dy —da + k)) ’
but ¢(Opn (j)) = 1+ jh, h € H*(P",Z), so

1—(dy —k)h)(1 —(da — k)R
oy = (=== o=

and by quick calculation we obtain the assertion of the theorem.

(T (k) = <

Now we construct an example of a semistable 4-vector bundle £ on P™
with C1 (5) =0.
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Let Y be the intersection of two hyperplanes in P* given by two equations
of degree di,ds respectively and di,ds > 0. By Theorem 3.3, the bundle
det Ny /ps is generated by three global sections.

We notice that Y satisfies the assumption of Theorem 3.1 (since Y is
a global complete intersection it is also a local one) so we get the exact
sequence

0— 0 = E—Ty —0
where £ is a bundle of rank 4.
To show that £ is semistable we consider the diagram
0

l
0 — (9]:;’,4 - & = Ty —= 0
l
O[[M — OY — 0
Let us restrict it to a line L which does not meet Y. Then Oy, = 0 and
we get the exact sequence

0—>(’)|3L—>5|L—>(’)|L—>0.

Since Ext(Or,03%) = HY(O3%) = 0, we get Er =000, 0L O,
By Theorem 3.4 we have ¢1(€£) = 0 so pu(€) = 0 and by Theorem 3.2 we
conclude that & is semistable if and only if H%(A? @ O(—2)) = 0 for each
g <randi>pug=0,so it suffices to show that the bundle [A9€](—1) has
only trivial sections for ¢ = 1, 2, 3.

Suppose that one of the bundles above has a non-trivial section. Then
its restriction to an arbitrary line L is a section of the bundle

[AqghL = OL(—l) D OL(—l) D...D OL(—l) .
We can choose the line L on which there exist some points where the section
S is non-trivial. Then S|, # 0 and S, € H([A%€]|L(—1)), but
HO([A%€])1(~1)) = H*(OL(-1) ® Or(-1) ® ... ® Or(-1)) = 0,

so we obtain a contradiction.

Finally, we calculate the value of the non-negative polynomial from Sec-
tion 1 for the bundle we have just constructed.

By Theorem 3.4 we get

02(5) = dldg, 03(5) = dldg(dl + dg) s
cs(E) = dida(dy + do)?,
and substituting x = d; + d2 and y = d1ds we obtain the value

15 155 103
Ty (x - 2) + (3y4 + 2993 + 73/2 + 2y> .
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When dy,ds € N it is easy to see that the polynomial above has a minimal
value for di = 1, do = 1 and then the value is 150.
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