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Previous work on quadratic hash methods is limited mainly to

}.J-

the case when the table ze is a prime number. Here, certain

results ere derived for composite numbers. It is shown that
all composite numbers containing at least the square of one

of the component primes have full- period integer-coefficient
quadratic hash functions.,
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From the literature one gains the impressior “liat the period

of quadratic search is usuilly too small for c¢ifective use when

the table size is not & prime number [119 For this reason, most
authors limit themselves to quadratic methods for tables whose
size is a prime nu$ber or a special prime power. For example,

the sequence

— e ; I N - i
z2s = 2, + R1 + =i(i+1) (mod 27) el



.

is not an integer: which underlies
the bellef” that integer-coefficient full~period quadratic hash
functions may be rere or nonexistent. However, this belief, as

we shall now show, is false.

z, =z, +al + bi (mod d) (1)

for 1=0,1,2,... where a and b are integer constants and
d is the table size. We reduce the problem of the period of
search to the question whether there exist indices i and 3

such that .
2y = 2 and 0=i<<j<<d s {23
That is equivalent to

2~ 232 (5 - 1)(a + b(i + §))=0 (mod &) (3)

-y

When d 1s a prime number, it is known ({i], [3?, E4j) that
the sequence /fzi) examines one half of the table (each entry
twice) in the first d steps. This is due to the fact that the
set of residues modulo & prime number is a field. Nemely, in

°

a field the equation
a +bx=0 (mod @)
has exactly one solution for eany a and b (bz=20), If besidés
this

a=0 (mod &) or a=b (mod 4a)

o :
the sequence (z.) examines a half of the table already in the

first (d+1)/2 steps.

For primes of the form 4k+3 we can construct s ®quadratic®
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sequence which exemines the whole table in the first d steps

The existence of a solution of equaticn (3) is what we wish
to avoid. If we can find the coefficients a and b for which
there do not exist integers 1 and J which at the same time

the condition (2) and the equation (3) , then the

I
corresponding sequence (Zi) has the period of search 4 .
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where p; are prime numbers, and for some iET o‘fi>1 .
it
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and A satisfies %he condition

then the Oequedco (zi> with a=A and b=BC (C any integer)
examines the whole table in the first d stepse.

The proof is trivial., Evidently
c =a+Db(i+J)=4+BC{ + 3

is coprime with & ; we write

S

(¢ , &)y =1
For this reason we can divide the equatiom—(3) by ¢ . Ve
get an equivalent equation

J-1=0 (mod Q)

which has no solution under the condition (2) &
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Coefficients A and C can be used to reduce secondary

clustering |6 o If BC=0 (mod d) +this method reduces

-~ \ TST T l{ 3
EYAMPLE 1: d =2 s k2L
' S . k
2; =g+ (2@ + 1)1 + 2Ri (mod 27)
for any integer Q and R .
EYAVMPLE 2 = 1 K k>1
DX aLluly @ d . O g >
: s S T2 2 k
By 55 B, ¥ Qi + 1ORi (mod 107)

Q and &’ are integers. Q must be an odd number which last

flgure 18 not equal % .

. &
miae

This can be extended to polynomials of higher degrees straight-

forwardly, i.e., let

o <= . k
L= + a
2; = 2z, %@ o (mod &) ,

4

(a,,B)=1l , and for every k , =k=<n : 8, =Bb, . Then the

sequence (zi) hes periocd d .

Lately, Franc Dacar of the Ljubtljena University Computing Center

has found necessary end sufficient conditions

-y

or integer-
coefficient quadratic hash fun:tion to have Full period [8}; ~

He

oy

as found that the hash function has pericd 4 also in the

case when the following conditZons hold:

1

(1) d=2d, , where @l is odd
e

(2) g=2

(3} ©®

8y (al,dl)=l

e

s odd and &ll primes dividing 4 also divide b .
b < l

-
1y

4y is a product of different primes, then Z&ziEEdl+a
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(mod d) end consequently the seaquence (zi) is linear.

The quadratic method is usually realized by the following

PR — — 2 —
L\:zi:;:b s Az = a ,Azi+1_Az. + A 5, y o Zi4q = 2s +AZ:’L
that determines the sequence
i
z; =z, +al + b(2) (mod 4d)

If b 1is even, the hash function has integer coefficients. For

odd b 1t turns out that only sequences of the form

Z; =z + b(lz“") (mod 2k)
have the full period. ’

(oY)

A detailed theory of quadratic hash functions (based on [ﬁ])

will be described in a separate papers

AR 2
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