ECONTECHMOD. AN INTERNATIONAL QUARTERLY JOURNAL - 2015, Vol. 4, No. I, 3-10

Toehold purchase problem:
a comparative analysis of two strategies

I. Banakh®, T. Banakh?, M. Vovk’,

1 Department of Functional Analysis
Ya. Pidstryhach Institute for Applied Problems of Mechanics and Mathematics
3b Naukova Str., 79060 Lviv, Ukraine
e-mail: ibanakh@yahoo.com
2 Institute of Mathematics, Jan Kochanowski University
Swietokrzyska 15, 25-406 Kielce, Poland,
and Department of Geometry and Topology, Ivan Franko National University of Lviv
1 Universytetska Str., 79000 Lviv, Ukraine
e-mail: t.o.banakh@gmail.com
3 Department of Higher Mathematics
Institute of Applied Mathematics and Fundamental Sciences
Lviv Polytechnic National University
12 Bandera str., 79013 Lviv, Ukraine
e-mail: mira.i.kopych@gmail.com

Received January 09.2015; accepted March 10.2015

Abstract. Toehold purchase, defined here as purchase of one
share in a firm by an investor preparing a tender offer to acquire
majority of shares in it, reduces by one the number of shares this
investor needs for majority. In the paper we construct
mathematical models for the tochold and no-toehold strategies
and compare the expected profits of the investor and the
probabilities of takeover the firm in both strategies. It turns out
that the expected profits of the investor in both strategies
coincide. On the other hand, the probability of takeover the firm
using the toehold strategy is considerably higher comparing to
the no-toehold strategy. In the analysis of the models we apply
the apparatus of incomplete Beta functions and some refined
bounds for central binomial coefficients.

Key words: Tochold, tender offer, mixed strategy, takeover,
beta function.

INTRODUCTION

This paper is about the toehold purchase problem. By
a toehold we mean either the number or the fraction of
shares owned by an outside investor considering or
preparing a tender offer to acquire majority of shares and

take over. By a tender offer we mean a proposal made by
an investor to shareholders to tender their shares, with the
hope to obtain majority of shares and take over. At the
time of such an offer, an investor may already own, say,
one-share-toehold. In our model the firm is going to be
widely held and each shareholder will own one share.
Outside investor will make a tender offer to all
shareholders if s/he does not own a toehold and to all
shareholders excluding self when s/he does own a
toehold. For our purposes we consider the terms “tender
offer' and "bid' as synonyms. Sometimes there is an upper
bound on the number of possible stake (shareholding)
that the outside investor may hold at the time s/he places a
tender offer. Here surfaces one of the questions of
toehold literature. If an investor is allowed to hold only a
certain fraction of shares when s/he wishes to place a
tender offer (but not more), would s/he always want to
hold this maximum possible stake? If not, why not?
Probably with this question in mind, a number of toehold
theories look at optimal toeholds in a variety of settings



and under variety of assumptions about market structure,
ownership structure (how many shares each shareholder
owns), information structure or the number of investors
(one, two or more); see Grossman, Hart [17], Bagnoli,
Lipman [3], [4], Singh [21], Ravid, Spiegel [19], Betton,
Eckbo [6], Bris [8], Goldman, Qian [16], Ettinger [15],
Betton, Eckbo, Thorburn [7], Chatterjee, John, Yan [11].
Similar problems were considered also in [1], [5], [9],
[10], [12], [13].

Our approach is different in that we specifically
assume that there is only one investor who is considering
a tender offer and that if this investor does decide to
purchase a toehold then s/he purchases only one share. If
there is no toehold, then our assumptions follow the lines
of Bagnoli and Lipman [3]. If investor purchases a
toehold, then the circumstances of the tender offer are
different. The difference does not only lie in the fact that
the offer is made to one fewer shareholders. In this case
investor's tender offer might (and generally would) take
into account the effect of potential takeover on the worth
of a toehold. Our setting is rudimentary in that there are
no asymmetries of information, toehold is one share and
key to toehold purchase is either yes or no answer. The
two strategies (no-toehold and toehold) of the outside
investor are described in Section 2. The main results of
Section 2 are Theorems 1 and 2. In Theorem 1 we
calculate the principal parameters of the non-toehold
strategy: the price of a share X, suggested by the
investor in the tender offer, the probability o, that a
shareholder will sell her/his share to the investor, the
probability P, of takeover the firm, and the expected
profit Il of the investor. In Theorem 2 we calculate the
respective parameters X;, o;, P;, II; for the toehold
strategy. Comparing the obtained formulas for these
parameters we discovered that both strategies yield the
same expected profit I1; = I1, and the same probability
0, = o, that a shareholder will sell her/his share to the
investor. On the other hand, the probability P; of
takeover the firm using the toehold strategy is higher than
the corresponding probability P, for the no-toehold
strategy. This follows from Theorem 4 that yields some
lower and upper bounds on the parameters X;, P;, Il;,
i € {0,1}, of our models. The proof of Theorem 4
(presented in Appendix) is not trivial and uses the
mathematical apparatus of incomplete beta functions and
some non-trivial bounds on the central binomial
coefficients. In Section 4 we make some mathematical
conclusions that follow from the analysis of our models.

MODELS

We assume that a firm has 2n 4+ 1 shareholders.
Each shareholder owns one share. The worth of each
share, if the firm continues to be run by incumbent
management, is normalized to 0. There is also an outside
investor B who is considering takeover bid. If investor
takes over, the value of each share is increased to 1.
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Now we consider two strategies of the investor B
who is willing to take over the firm buying a majority of
shares.

0. The first strategy will be referred to as the
no-toehold strategy and its parameters will be labeled by
the subscript 0. Following the no-tochold strategy, the
B makes a tender offer to all 2n+1
shareholders suggesting a price X for each share.
Shareholders decide independently whether to accept or
to reject the tender offer. They may use mixed strategies,

investor

i.e. accept the offer with certain probability ¢. Simple
majority of n+ 1 shares is necessary for takeover.
Tender offer is unconditional in the sense that if less than
n shareholder accept the tender offer, then B has to
purchase shares from those shareholders who accepted
the offer, even though in that case B becomes a minority
shareholder, the worth of each share value remains at 0
and such purchase is ex post unprofitable for B as long
as X > 0.
Suppose shareholders wuse symmetric mixed
strategies, in which in response to tender offer X all of
them accept the tender offer with probability o € (0,1)
and reject it with probability (1 — o). For the pair (X, o)
to be equilibrial, each shareholder has to be indifferent
between tendering and not tendering her share, or
otherwise she would not use mixing strategy. If she
tenders, she ends up with X, and if she does not, her
unsold stake is worth more than 0 if among remaining
2n shareholders at least n + 1 shareholders tender their
shares. That happens with probability
n 1 CX.a%(1 — 0)?™ ¥ In that case the firm is taken
over. A shareholder who did not tender her share remains
a minority shareholder who “free-rides” on investor's
improvement in firm value from 0 to 1. So the pair
(X, 0) can be a suspect for a symmetric mixed strategy
equilibrium only if:

2n
X = z Ck ok (1 — o)2nk, )
k=n+1

we denote the binomial

where: by C,’f =k!(n_k)!

coefficients.

The investor's expected profit II is calculated using
three variables: the number of tendered shares,
probability that exactly that many shares are tendered,
and the share value:

n
M=(0-X) Z kCE, a* (1 — 0)2mH1k 4

k=1
2n+1

+(1-X) Z
k=n+1
After a suitable rearrangement and substituting for X
the sum (1) we obtain:

KChua (1 — o)1k,
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2n+1

M= > Chikok(l— )i -
k=n+1
2n+1
XY Chi kot - o) =
k=1
2n+1
=@n+1) ) ok - oymik -
k=n+1
2n+1
—X2n+1) Z Chlak(1 — g)2n+i-k =
k=1
2n
=@2n+1) Ck "1 (1 — o)k —
k=n
2n
~X@n+1)0 ) Chok(l- o)k =
k=0
2n
= @n+1) ) Choki -k -
k=n

—2n+ 1) oX(o+ (1 —0))*" =

=(2n+ 1)(2 CK.o" (1 — o)k —gX) =

k=n
2n
= @n+1)) Chotia— ok -
k=n
2n
—@n+ 1o Z Ck ok (1 — g)2nk =
k=n+1

2n
= @n+1) ) Cho*t -0k -
k=n

2n
~@n+1) ) Chok(1- o)k =
k=n+1
=(2n+ DCHo™ (1 - o)™
The maximal value:
My = (2n + 1)CF05+ (1 — gp)"=
- (Tl + 1)n+1nn
P 2n+ 1)
of the profit of the investor is attained for the probability:
n+1

T 2n+1
that corresponds to the price of a share:

2n
Xo= Y Chok(l— gk =

0o

k=n+1
2
3 zn: ck (n + 1)kn2n-k
B Mo2n+ 1)z
k=n+1

In this situation the probability of takeover the firm

by the investor equals:
2n+1

D okl - ayik =

k=n+1
2n+1

k., 2n+1-k
ck (n+ 1)fn2n*
2n+1 (2n + 1)2n+1 :

k=n+1

PO=

The no-toehold strategy will be denoted by §,. We
summarize our description of this strategy in the
following:

Theorem 1. [If the investor uses the no-toehold
strategy S, to take over a firm with (2n+1)
shareholders, then he should offer the price:

X, = y2n k (pkn2nk
0 — k=n+1 “2n (2n+1)2n 5

for a share in the tender offer and can expect to take over

the firm with probability:
2n+1

(nn+ 1)kn2n+1—k
P, = ck —
0 2n+1 (2n’+_1)2n+1
k=n+1

and expect for the profit:
(nﬁ+ 1)n+1nn

@2n+ 12’
To maximize their expected profit the shareholders
should sell their shares to the investor with probability:

n+1
C2n+1
1. Now we consider a more complex strategy S

called the toehold strategy. Following this strategy the
investor B first tries to purchase one-share toehold from
a shareholder A who is aware that B is about to launch a
tender offer to acquire majority of shares suggesting the
price X, for a share. We assume that A is the only
shareholder from whom B is able to purchase a toehold,
and A agrees to sell her share to the investor B for the
price Xj.

After buying the toehold from the shareholder A, the
investor announces a post-toehold tender offer to the
remaining 2n shareholders, offering a price X; for a
share. If g, is the probability that a sharcholder will
tender her share for that price, then the equilibrium will

My, = ¢,

0o

occur if:
2n-1

Xp= ) Chaok - o)k,
k=n

which is equal to the probability that among 2n —1
shareholders at least n will sell their shares.

The probability of takeover the firm in the post
tochold tender is equal to:

2n
P =) Chot(1— o),
k=n

and the expected profit I1; of the investor for the toehold
strategy is equal to:
M =(-X,+1-P)+
n-1
HO=X,) Y kChof(1 - o)k +
k=1
2n
HA=X) ) kChot(1 =gk =
k=n

=(—Xo+P)—
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2n
—X12n0'1 Z Czkn__llo—lk_l(l - O_l)zn_k +
k=1
2n
+2no, Z Cklof (1 — o)k =
k=n
=(=Xo+P) -
2n-1
—2no, X, CY._iok( — o) F1 +
k=0
2n-1
+2n0, Z ck ok — o)kt =
k=n-1
=(—Xo+P)—
—27’10‘1X1(O'1 + (1 - 0.1))271—1 +
2n-1

+2no0; z

Chioqof (1 —gy)? k1 =

k=n—-1
=(=Xo+P) -
2n-1
—2noy Z Czkn—lfflk(l - 01)2n—1—k +
k=n

2n—

+ 2noy Z

1

k=n-1
= (_XO + Pl) + chgln__llo-in(l - 0.1)11 =
= (—Xo + P) + nCof'(1—0))" =

=_Xo+

To find the maximal value of the expected profit

2n

Choaot (1 = )4t =

Conor (1 — o)™ +

k=n
+nClol(1—a)™

I1;, consider the derivative:

an, d
doy  doy
" o,
2n-1
=2no" ! +
i=n

2n-1

d
= ot > chok( - o)+
doy o]

nCpmor(1—o)" =

Con(koi ™M (1 — o) 7" -

- 2n-k)ok(1 — o)™ 1) +
+n2Ch ol (1 —0)" (1 - 20y) =

2n-1

k-1 k- -
2n—11‘71 1(1 - Ul)zn k-

= > 2nCh ot - o)k 4

k=n

+n2Chol (1 -0)" (1 - 20,) =

2n-1

= Z 2nCk,_10f (1 —0y)"F 1 =

k=n-1
2n-1

= > 2nCh ot - o)k 4

k=n

+n2Clol (1 - 0)" (1 - 20y) =

= 2nC

n—1
2n—

10171_1(1 —o)" +

+n2Cr ol (1 — o))" (1 - 20y) =
=nChot {(1—a)" (1 -0y +
+n2Cr ol (1 — o))" (1 - 20y) =
=nChof '(1— )" (1 — 0y + n(1 - 20y))
and observe that it is equal to zero at:

n+1
1
So, for g, = gy = % the expected profit II; attains
its maximal value:
2n
M, =—Xo+ ) CXof(1—0)?"F+
k=n

+nClol(l—o)" =

2n
== ) Chof -+

k=n+1
2n

) Chok( =0 + nChol (1 - o))" =
k=n

= (301 (1 = 0)" + nCypof' (1 — 0" =
(n+ 1)™n"
(2n+1)%n

The above discussion can be summed up in:

Theorem 2. If the investor follows the toehold
strategy S, then he buys a toehold from the shareholder
A offering the price X, for her share and then in the
post-toehold offer he offers the price:

=n+1CH = Il,.

2n-1 k., 2n-1—k
X, = ck (n+1)*n
"o@2n+ 12t
k=n

for a share, in which case the shareholders will sell their
shares with probability:
_n+ 1 _
A1
the investor can takeover the firm with probability:

kp2n—k
e (1D

2n
Pl:z Con nr

k=n
and can expect for the profit:
(Tl + 1)n+1nn
(2n + 1)
As we see from Theorems 1, 2, the no-toehold and
tochold strategies yield the same profit 1, = I1; and the

H1 = Cénn = Ho.

same probability g, = 07 = % of selling their shares
by the shareholders in the tender offers. On the other
hand, the prices for a share and the probabilities P, and
P; of takeover the firm are different for these two
strategies. The precise estimate of the differences
P, — Py and X; — X, will be given in Corollary 1. Now,
let us consider a simple example.

2.1. A firm with 3 shareholders. In case of
3-shareholders (which corresponds to n = 1) the values
of all parameters from Theorems 1 and 2 can be easily
calculated:

* 0y =2/3 is the probability that shareholders
will sell their shares to the investor for the price;
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* Xy, =4/9 suggested by the investor in the
no-toehold strategy,

* Py = 20/27 is the probability of taking over the
firm in no-toehold strategy,

» II, = 8/9 is the expected profit of the investor in
the no-toehold strategy,

* 0, = 2/3 is the probability that a shareholder will
tender her share to the investor for the price,

* X; =2/3 suggested by the investor in the
post-toehold tender offer,

» P, = 8/9 is the probability of taking over the firm
in the toehold strategy,

» II; = 8/9 is the expected profit of the investor in
the toehold strategy.

Looking at these data, we see that both strategies
yield the same profit but the tochold strategy is much
better than the no-toehold strategy in the sense of
probability of takeover the firm. It turns out that the same
situation happens for all n € N, see Corollary 1 below. In
this corollary we shall prove that the difference P; — P,
of probabilities for the toehold and no-toehold strategies

o o 1
is strictly positive and has order P,— P, = N
EXPLICIT ANALYTIC EXPRESSIONS
FOR PARAMETERS OF THE MODELS

For deriving the lower and upper bounds presented
in Theorem 4 we shall transform the binomial sums
appearing in the expressions of the parameters of our
models and obtain precise analytic formulas for these
parameters, after which we shall evaluate them using
some bounds on central binomial coefficients and simple
bounds giving by Taylor series. Our principal tool in
finding explicit analytic expressions for the parameters of
the model is use of incomplete beta functions.

By definition, the beta function is the function:

1
B(a,b) = j
0

depending on two real positive parameters a, b. For fixed

a, b the function:

B(a,b) = [ t*71(1 - t)’~'dt,
on the variable x € [0,1] is called the incomplete beta
function. A remarkable property of the incomplete beta
function is that for positive integer numbers a,b its
value is proportional to a tail of the binomial series:

ta (1 —t)Pde,

a+b-1
D Chppxh (1 =)
k=a
= aCqyp-1B.(a,b) = @)

=aCl, [y t*71 (1 — )P tde.

This equality plays a fundamental role in our
subsequent arguments and will be referred to as the
beta-equality. For the proof of the beta-equality and other
information on (incomplete) beta functions, we refer the
reader to the survey paper of Dutka [14].

Beta functions will be used in the proof of the
following theorem that gives explicit analytic formulas
for the parameters describing the no-toehold and toehold
strategies.

Theorem 3. The parameters of the models can be
calculated by the following formulas:

kp2n—k

(1) The price: X, = Y%, .1 Cé‘n%
gested by the investor in the no-toehold strategy can be
found by the formula:

1
Xo =5~ Somi1 Con(1—
1

C 2n+1 1 2 n_ld
22n 2n ( -t ) L.
0

(2) The probability:

2n+1
P(,:Z cx
k=n+1

sug-

(2n + 1)2)n

(n,+ 1)kn2n+1—k
(2n + 1)2n+1
of taking over the firm in the no-toehold strategy can be

found as:

2n+1 ’

2n+1)

Po =5+t

1
2n+1
Cznnf (1 —t®)"dt.
0

n nt(m+1)t?
2N (an41)2n

(3) The expected profits I, =I1; = C

of the investor can be found by:

=1 = n+1) e+, 1 X
o — 1 — 2 Zn( (zn + 1)2 .
.. (m+1)kn2n-k
(4) The probab111ty Pl = irzln CanW

takeover the firm in the post-toehold strategy is equal to:

Pr=3+ 2z Cn(1 = (2n +1)2)n

1
2n+1
o Can (1 —tH"1dt.
2 0

(n+1)kn2n—1—k
a share offered by the investor in the post-toehold tender
offer can be calculated as:

X1=E+22nC2nJO (1_t) dt.
Proof. 1. To deduce the formula for the price X, we
use the beta-equality (2) with parameters a = n + 1 and

b = n. In this case we get the equality:

(5) The price: X; = Y22 CX _, for

1

2n
> chak -k =
k=n+1
X
=(n+ 1DCH? f t"(1-)"dt= (3)
0

X
= nCznnf t"(1 — )" dt.
0

For x = % this equality turns into:
1 2n

cnr Enl n-1 _— Ck 1 —
nZnOt( - = 2nom =

k=n+1



2n
1 1 .1
-2 _62"22n+262”22n -
k=

0
- ; (1 Con 22'1)

Because:

2n n

e 1 1 1

D Che=(3+3) =1

k=0
Then (3) can be written as:

2n
CKx*(1 —x)?k =
k=n+1

2
= nC}n(J t"(1—t)" 1dt +
0

X

+f t"(1 —t)" ldt) =

1/2
1

1
=35 D1 Con +

*2 1
+ nC}lnf (E+ u)"(i— W tdu =
0

1 1
=3 o1 Con +

Cn x_il — 2n—1d —
+niz, (2+u)(4 u®)*du
0
1 1

=37 22n+1 Con +

+ ncj, (EJ-X_E —u®)"tdu —
2n 2 4

10%3 1
o[ TGrwrag-w =
0
1 1
-5 22n+1C2n

x=3
+— a1 Can (1-Cuw?H" du —
0

Cn 2\n 1 —
—3 2 ((c —x%) _E)_
1 n

2x-1
=3 22n Can (1—¢5)"1dt —

1
- E C;‘nxn(l —x)™

For: x =0y = + the latter formula yields

2(2
the required formula for the prlce Xo:
2n
Xo = Cinog (1= ag)*" 7" =
k=n+1
1

= ——C}(1l—-——=)" +
2~ o Cin (2n+1)2)

2n+1
+ oo Can (1 —t®»)" 14t

2. By analogy we deduce the formula for the
probability:

_ (n+1)kn2n+1—k

Po = Zknin Coner = g ppyamri
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of takeover the firm in the no-toehold strategy. Writing
down the beta-equality (2) for the parameters a =n + 1

and b =n+ 1, we get:
2n+1

Chppa (1 — )21~ =
k=n+1
= (n+ DO fy tr@A—0nde. (5)
For x = % this equality turns into:

1
2

(n+ DCI j (1 -t =
0

2n+1
X 1 1
= Z Conet o+l o
k=n+1
After suitable rearrangements, for x = g, = znﬁ the
equality (5) transforms into the desired equality:
2n+1
Po= Y Chaxh(1— )Pk =
k=n+1

2
=+ 1)62"{31([ t"(1—O)"dt +
X 0 1
n _A\n —
+£ t"(1—-1t) dt)—2+
2

x—=1/2 1
+ (n+ 1D)CIFL f (E + u)”(z —uw)"du =
0

2n+1) 2x-1
= §+W%f (1-¢H)rde =
0
1
1 (2n+1) 2n+1
=5+ chlnf (1 —t*)"dt.
0

3. The formula for
n nt(n+nnt?
n (on41)2n

the profits I, =1II; =

follows from the observation that:

n*+n 1 L 1
2n+1)2 3¢ (2n+ 1)2)'
4. Taking into account that o; = gy = —;:1 and

looking at the formula for X, proved in Theorem 3(1),
we see that:

2n
P = Z Chiot (1 - o) =

= Czno- (1 0-1)71 + Xo =
1
=—C (1-——=)"+=-—
7on Cin( n + 1)2) 2
2211+1C2n(1 (2 +_1)2)n

1
2n+1 N1
ZZnCan (1—tH)"dt =
1

= E 22n+1

57 Con (1 — m)n +

1

n 2n+1
+—C{‘nf (1—-t*)"de.
0
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5. The beta-equation (2) written for a =n and
b = n yields:

2n-1
= ) Chaok - o)k
k=n
g1
= nCZnn—lf t" (1 - )" ldt =
0
1

2
= nC?n-lf "1 - )" tde +
0

n JI_E n-1 _ n-—1 —
+n62n11 t"1(1 - )" dt =

2n 1
z CZ" 122n 1
2(2n+1) 1 -1 1
+ 11 G+w™ (—— w)"du =
0 2n— 1
1 x 1
=3, Gzt
k=0
: 1
n 2(2n+1
+ 5 Cn f O G -y =
2 o 4

1
1 n 2Zn+1)
= E+Wcznnf " (1 —4u2)n_1du =
0

1
1+ n cn f(2n+1)(
2 2277. 2n 0

—tH)" 14,

Using the formulas from Theorem 3, one can derive
the following lower and upper bounds for the parameters
of our models, see [2] for details.

Theorem 4. The parameters of the models lie in the
following intervals:

1 < 1 1 )<X 1< 1 ( 1 4 5 )
Jan\ 6n  64n? O 2 Umn\ 6n  24n?
1 1 5 1 1 1 1 5 1
ﬁ(z—ahgn)<X1‘5<ﬁ(5—a+mz)
1 1 5 1 1 1 5 6
ﬁ(z—aﬂenz)“’o E<E(E_E+@)
1 13 3 1 1 4
=17 oa) <P <=t )
1 ( +5 1) < — 1 ( +5 1 N 1)
S\t T8, 'S\t T8 2an ! 3n2)

Looking at the bounds for the probabilities P, P;
and the prices Xy, X; we can notice that Py < P; and

Xo < X;. An estimation of the differences P; — P,
and X; — X, is given in the following corollary of
Theorem 4.
Corollary 1.
1 1 31
7 G Tem) <Ao<
1 1 31 3
<$§(§‘wn‘ﬁﬁ>
and

1(1 7 3

< 1 (1 7 + 1)
Jon \2  48n  24n2/)

2. The equilibrium price X; =

Remark 5 The difference X; — X, = 2\/% can be

interpreted as the price for the information that the
investor possesses a toehold.

The lower and upper bounds of Theorem 4 can be
derived using the following lower and upper bounds for
functions appearing in the formulas in Theorem 3.
Lemma 1. For every n € N and a real number x > 0
the following inequalities hold:

D 1—x+%x2—%x3 <e*< —x+%x2,
2 1—x<L<1—x+x2,
3) 1—nx<(1—x)"<1—nx+n(" D2,

Lemma 2. The following lower and upper bounds
hold for every n € N:

1 1 1 1 1 1 1
O et e <z <o e
_ 4t _ n

(2) 1 an + 8n? < (1 (2n+1)2) <

<1_i+:g,

4n 32n

- — 2n+1 _ $2\n
3 2n 24n2 48n3 <f (1-t ) dt < <
1 7 18
2n 24n2 48n3’

- — 2n+1 _ +2yn-1
4) - 24n2 48n3<f (1 -tH"ldt < <
17 12
2n 24n2  48n3’

Lemma 3. The lower and upper bounds:
4" 1 4 1
Fl-mras) <t <m(0-5+am)
hold for every n € N.

These bounds on the central binomial coefficients
can be derived from the following refined version of the

Stirling formula for factorials, proved in [18] and [20].
Lemma 4. For every n > 1

n
nl = \/Zﬂn(;)ner"

where:
N S O
12n 263n3 Tn 12n’
CONCLUSIONS

1. The analysis of our models witnesses that both
strategies (toehold and no toehold) of taking over the
firm with 2n + 1 shareholders yield the same profit

o 1 1
I, =1I; = \/7% but the probability P; = 5t +\/ﬁ
of taking over for the toehold strategy is higher than

%++; for

the corresponding probability P, = "

the no-toehold strategy.

_+N__ for a share

offered by the investor in the tender offer announced
after buying a toehold is higher that the

. . 1 .
corresponding price X, = . in the tender

1
é6nvnn
offer without toehold.
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The difference X; — Xy = _2\/171—,1

as the price for the information that the investor
possesses a toehold.

can be interpreted
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