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Abstract. Let a,, ..., a, be a sequence of nonzero real numbers with sum zero. 4 subset B of
{1,2,...,n} is called a balancing set if ¥ a, = 0 (be B). S. Nabeya showed that the number of

balancing sets is bounded above by nn and this bound achieved for n even with a; = (— 1} Here

/2

2k
his conjecture is verified, showing a tight upper bound 2 ( K

1) whenn = 2k + 1. The essentially

unique extremal configurationis:a, =2, a, =~ =@, =1, @4y = - = gy = — L.

1. Introduction, Results

Let [n] denote the set {1,2,...,n}, 2" is its power-set. Let a4, ..., a, be a sequence
of nonzero real numbers, and suppose that Y a; = 0. A subset B < [n] is called a
balancing set if ) {a,: be B} = 0. Denote the set of balancing sets by %(a,,...,a,).
By definition gre 4. In this note we determine the maximum number of balancing
sets. Let

f(n) = max {l%’(al,...,a,,)lz Y g, =0,a; # 0}.

Example 1.1. Suppose n is even and define a, = - =a,, =1, g,p4y = - =
n/2\? n
= —1. Then |%| = = .
o= menia =37V (1)
Example 1.2. Suppose nis odd, n = 2k + 1 (>3). Define a; = 2,a, = --- = a, = 1,
ak+1 = = a2k+1 = "1. Thel‘l

k—1\/k+1 k—1\/k+1 2k
Bl = =
a=x()C0) (T =02
We call two sequences of reals (a,,...,a,) and (a},...,a;) to be isomorphic if there

exists a permutation n: [n] — [n] and a nonzero real « such that a; = aa,,.

*  Permanent address: Math. Inst. Hungarian Academy, 1364 Budapest, P.O.B. 127, Hungary



252 Z. Fiiredi

Theorem 1.3.

(n'/l 2) if nis even,

2k ]
2<k—1) ifn=2k+ 1.

Moreover |%#(ay,...,a,)| = f(n) holds if and only if (ay,...,a,) is isomorphic to one
of the sequences defined by the above Examples.

flm) =

This was conjectured by S. Nabeya [5], who proved the case n even. He used
generator functions and calculus with complex variables. Our aim is to give an
elementary proof, showing the strength and applicability of the results of the theory
of finite sets.

2. The Proof of the Upper Bound

A family of finite sets & is called a Sperner family if F ¢ F’ holds for any two
F, F'e #. The family & is intersecting if FN F' # & holds for any two members of
Z. The following theorems are probably the most frequently cited results of
extremal set-theory.

Theorem 2.1 (Sperner [9]). Suppose # < 2" is a Sperner family, then |F| <

(L 72 1) Here equality holds if and only if F consists of either all subsets of size
n

Ln/2] or all subsets of size [n/2].

Theorem 2.2 (Erdds, Ko and Rado [3]). Suppose # < 2™ is an intersecting
Sperner family and suppose that every F € & has at most k elements, k < n/2. Then
n—1

F| <
7] < ( 1
the k-subsets of [n] containing a common element.

). Here for n > 2k equality holds if and only if & is taken to be all

Proof of the upper bound in Theorem 1.3. Let a,, ..., a, be nonzero reals with sum
zero. Let P = {iz a; > 0}, N = {j: a; < 0}. For a set Be # define B* as BN P and
B~ = BN N. Moreover let '

S(B)= B* U(N — B"),

(%) = {S(B): Be #}. Foraset C < [n], C denotes its complement, C = [n] — C.
As Be & implies Be 4 we have

Se#(#B) imples Se ¥ (B). (2.1)
Moreover we claim

(<) is a Sperner family. (22)
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Indeed, S(B) = $(B’) implies BN P = BN P and BNN > B'NN. Hence

Y < Y a=- ) <-— 3 a.

ieBNP ieB' NP ieB' NN ie BNN
Then equality is forced, implying BN P = BN P, BNN = B'NN, a contradiction.
Now in the case n even, (2.2) and Theorem 2.1 implies | 28| = | (%) < <n’/12>
with equality holding if (%) consists of all n/2-element sets.
In the case n =2k + 1 we have (l_n?ZJ) > 2(k2—k 1), so we need more
preparations. Define & as the set of members of (%) with at most k clements.
Then (2.1) imples |#| = |#(#)|, and Theorem 2.2 implies |#| < (kz_k1>, as

desired.

3. The Case of Equality

We are going to use the following claim
IfS(B) - S(B') = {i}, S(B)-— S(B)={j} thenla| =la;. (3.1)

Proof. By definition ) ,. pnpd, + Y ;en-5a; = 0, and the same holds for B'. These
imply
a—- Y a+ Y a— Y a=0. (32)
te PN(B\B) te PN(B'\B) te NO(B'\B) teNN(BNB')
Now we have four possibilities: i, je N or i, je P imply ¢; = a;, and in the cases i€ P,
jeNorieN,jeP (3.2)implies a; + a; = 0.

Returning to the proof of Theorem 1.3 we have obtained in the previous section
that | #(#)| = f(n) implies (both in the cases n even and odd) the following: There
exists an element of [n], say 1, such that #(#) contains all the |n/2|-element
subsets of [n] through the element 1. So (3.1) implies that |a;| = la;| holds for all
2 <i<j<n This implies easily that (a,,...,a,) is isomorphic to one of the
Examples 1.1-2.

4. Remarks

Instead of the 50 years old Theorem 2.1 and 2.2 we can use a stronger result about

intersecting and union-free Sperner families |if # < 2™ is a Sperner family,

. . —1
intersecting, and F U F’ # [n] for any two F, F' € # then |# | < (I_n72 | 1>> This

was proved independently by a few authors, (see Brace and Daykin [2], Kleitman
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and Spencer [4], Schénheim [8]). Even our special case | if # < 2™ is Sperner and

T p. n—1
Fe% implies Fe # then |#| < <L'l/2_| 1
Bollobas [1] and Purdy [7]. But here I wanted to emphasize the simplicity of the
proof using the most basic theorems from extremal hypergraph theory.

The much more difficult question, what is the number of balancing sets if all the
a/s are different, was essentially solved by Stanley [10] (also see [6]). He verified
the conjecture of Erdos and Moser proving that the best sequence is either

(=(n =12, = 1,0,1,...,(n = 1)/2}, or{—n/2,...,—2,—1,1,2,...,n/2}.

)) was investigated and proved by

Acknowledgement. The author is indebted to P. Frankl for his valuable remarks.

References

1. Bollobas, B.: Sperner systems consisting of pairs of complementary subsets. J. Comb. Theory
(A) 15, 363366 (1973)
2. Brace, A., Daykin, D.E.: Sperner type theorems for finite sets. In: Combinatorics (Proc. Conf.
Combinatorial Math. Oxford, 1972), pp. 18-37. Southend-on-Sea: Inst. Math. Appl. 1972
3. Erdés, P, Rado, R., Ko, C.: Intersection theorems for system of finite sets. Q. J. Math. Oxford
(2) 12, 313-320 (1961)
. Kleitman, D.J,, Spencer, J.: Families of k-independent sets. Discrete Math. 6, 255-262 (1973)
. Nabeya, S.: On the maximum number of balancing subsets. J. Math. Econ. 13, 123-126 (1984)
Peck, G.W.: Erdds conjecture on sums of distinct numbers. Stud. Appl. Math. 63, 87-92 (1980)
Purdy, G.: A result on Sperner collections. Utilitas Math. 12, 95-99 (1977)
. Schénheim, J.: On a problem of Purdy related to Sperner systems. Canad. Math. Bull. 17, 135-
136 (1974
. Sper(ner, FE Ein Satz iiber Untermengen einer endlichen Menge. Math. Z. 27, 544548 (1928)
10. Stanley, R.P.: Weyl groups, the hard Lefschetz theorem, and the Sperner property. SIAM I.
Algebraic Discrete Methods 1, 168184 (1980)

PN e NNV SN

N=d

Received: December 26, 1986
Revised: April 7, 1987



