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Abstract: In this paper, a modified form of Collatz con-
jecture for neutrosophic numbers (Z 1) is defined. We
see for any n e (Z v 1) the related sequence using the for-
mula (3a + 1) + (3b + 1)I converges to any one of the 55
elements mentioned in this paper. Using the akin formula

of Collatz conjecture viz. (3a— 1) + (3b —1)I the neutro-
sophic numbers converges to any one of the 55 elements
mentioned with appropriate modifications. Thus, it is con-
jectured that every n e (Z 1) has a finite sequence which
converges to any one of the 55 elements.
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1 Introduction

The Collatz conjecture was proposed by Lothar Collatz
in 1937. Till date this conjecture remains open. The 3n — 1
conjecture was proposed by authors [9]. Later in [9] the 3n
+ p conjecture; a generalization of Collatz Conjecture was
proposed in 2016 [9].

However, to the best of authors knowledge, no one has
studied the Collatz Conjecture in the context of
neutrosophic numbers (Z u I)={a+bl/abe Z 1>?=1}
where | is the neutrosophic element or indeterminancy
introduced by [7]. Several properties about neutrosophic
numbers have been studied. In this paper, authors for the
first time study Collatz Conjecture for neutrosophic
numbers. This paper is organized into three sections.

Section one is introductory. Section two defines /
describes Collatz conjecture for neutrosophic numbers.
Final section gives conclusions based on this study.
Extensive study of Collatz conjecture by researchers can be
found in [1-6]. Collatz conjecture or 3n + 1 conjecture can
be described as for any positive integer n perform the
following operations.

If n is even divide by 2 and get % if % is even divide

by 2 and proceed till % is odd.

If n is odd multiply n by 3 and add 1 to it and find
3n + 1. Repeat the process (which has been called Half of
Triple Plus One or HTPO) indefinitely. The conjecture puts
forth the following hypothesis; whatever positive number
one starts with one will always eventually reach 1 after a
finite number of steps.

Let n = 3, the related sequence is 3n + 1, 10, 5, 16, 8, 4,
2, 1.
Let n = 11, the related sequence is 34, 17, 52, 26, 13,
40, 20, 10, 5, 16, 8, 4, 2, 1.

Let n = 15, the related sequence is 15, 46, 23, 70, 35,
106, 53, 160, 80, 40, 20, 10, 5, 16, 8, 4, 2, 1.

In simple notation of mod 2 this conjecture can be
viewed as

‘o) :{% if n=0(mod2)
3n+1 if n=1(mod 2)

The total stopping time for very large numbers have
been calculated. The 3n — 1 conjecture is a kin to Collatz
conjecture.

Take any positive integer n. If n is even divide by 2 and

get g if g is odd multiply it by 3 and subtract 1 to i.e. 3n

— 1, repeat this process indefinitely, [9] calls this method as
Half Or Triple Minus One (HOTMO).

The conjecture state for all positive n, the number will
convergetolor5or17.

In other words, the 3n — 1 conjecture can be described
as follows.

if n= 0 (mod 2)
if n=1(mod 2)

n
f(n)=42
3n

1
Letn=3,3n-1=8,4,2,1.
Letn =28, 14, 7, 20, 10, 5.
n=17, 50, 25, 74, 37, 110, 55, 164, 82, 41, 122, 61, 182, 91,
272, 136, 68, 34, 17.

Several interesting features about the 3n — 1 conjecture
is derived and described explicitly in [9].
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It is pertinent to keep on record in the Coltaz conjecture
3n + 1if n is taken as a negative number than using 3n + 1
for negative values sequence terminate only at — 1 or — 5 or
— 17. Further the 3n — 1 conjecture for any negative n, the
sequence ends only in — 1.

Thus, for using 3n + 1 any integer positive or negative

the sequence terminates at any one of the values {-17, -5, —

1, 0, 1} and using 3n — 1 the sequence for any integer n
positive or negative terminates at any one of the values {-1,
0,1,5, 17}

2 Collatz Conjecture for the neutrosophic numbers
Zuly

In this section, we introduce the modified form of
Collatz conjecture in case of neutrosophic humbers (Z U 1)
={a+bl/a b e Zand I?>=1} where | is the neutrosophic
element or the indeterminancy introduced by [7]. For more
info, please refer to [7].

Now, we will see how elements of (Z U I) behave when
we try to apply the modified form of Collatz conjecture.

The modified formula for Collatz conjecture for
neutrosophic numbersn=a+blis(3a+ 1)+ (3b+ 1)I; ifa
=0then 3bl +1=(3b + 1)l is taken if b =0 then 3a + 1 term
is taken, however iteration is taken the same number of
times foraand bl inn=a+ bl.

Ifn e (Zul)is of the formn = a, a € Z then Collatz
conjecture is the same, when n = al, a € |, I = | then also
the Collatz conjecture takes the value I; for we say al is even
if ais evenand al is odd is a is odd.

For 31, 91, 271, 151, 45I, 191, 351, 471, 1051, 1011, 1251
are all odd neutrosophic numbers.

Now 121, 161, 248I, 2561 etc. are even neutrosophic
numbers.

The working is instead of adding 1 after multiplying
with 3 we add | after multiplying with 3.

For instance consider n = 12I, the sequence for n = 12|
is as follows:

121, 61, 31, 3 x 31 + 1 =101, 51, 161, 81, 41, 2I, I.

So the element n = 121 has a sequence which terminates
atl.

Consider n = 2561, the sequence is 2561, 1281, 641, 32I,
161, 8I, 41, 21, | so converges to I.

Take n = 311, 311 is odd so the sequence for n = 311 is

311, 941, 471, 1421, 711, 2141, 1071, 3221, 161, 484,
2421, 1211, 364l, 1821, 911, 274l, 1371, 4121, 2061, 103lI,
3101, 155l, 4661, 2331, 7001, 3501, 175I, 5261, 263l, 790I,
3851, 11561, 5781, 2891, 868I, 4341, 2171, 6521, 3261, 163l,
4901, 245l1, 7361, 368l, 1841, 921, 461, 231, 701, 35I, 106l,
531, 1601, 80l, 40l, 20l, 101, 51, 161, 81, 41, 21, 1.

Let n = 45I the sequence is 45, 1361, 68l, 341, 171, 521,
261, 131, 401, 201, 101, 51, 161, 81, 41, 2I, I.

So if n € Z then as usual by the Collatz conjecture the
sequence convergesto 1. If n e ZI then by applying the
Collatz conjecture it converges to I. Now if x € (Z U 1) that
is x = a + bl how does x converge.

We will illustrate this by an example.

Now if x=a+bl, a, b € Z\ {0}; is it even or odd? We
cannot define or put the element x to be odd or to be even.
Thus to apply Collatz conjecture one is forced to define in a
very different way. We apply the Collatz conjecture
separately for a and for bl, but maintain the number of
iterations to be the same as for that of a + bl. We will
illustrate this situation by some examples.

Consider n = 31 + 14 € (Z v I). n is neither odd nor
even. We use (3a + 1) + (3b + 1)I formula in the following
way

31 + 14, 101 + 7, 51 + 22, 161 + 11, 81 + 34, 41 + 17,
21 +52, 1 + 26, 41 + 13, 21 + 40, | + 20, 41 + 10, 21 + 5,
1+16,41+8,21+4,1+2,41+1,21+4,1+2, 4] +1,
1+4,1+2.

So the sequence terminates at | + 2.

Consider n = 31 — 14 € (Z U I), n is neither even nor
odd.

The sequence for this n is as follows.

3l - 14, 101 - 7, 51 — 20, 161 — 10, 81 — 5, 41 — 14,

21 — 7,1 — 20, 4 - 10, 2 — 5 | — 14, 4 - 7,
21-20,1-10,41-5,21-14,1-7,41-20, 21 - 10, | -5,
41-14,21-7,1-20,41-10, 21 -5, ..., 1 =5.

So for n = 31 — 14 the sequence converges to 21 — 5.

Consider n = —51 — 34; — 51 — 34, 141 -17, —71 - 50, —
201 -25, -101 -74, -5 -37, -141, -110, —71 -55,
-201 — 164, -101 — 82, -51 -41, -141 -122, —71 -61,
-201 -182, -101 -91, -51 — 272, -141 -136, -7 — 68,
-201 - 34, -101 -17, -51 — 50, -141 -25, —71 — 74, -201 -37,
-101 -110, -51 -55, -141 -164, -71 -82, -201 -41,
-101 -122, -51 -61, -141 -182, -71 -91, -201 -272,
-101 -136, -51 —68, —141 -34, —71 -17, —201 -50, —101 -25,
51 -74, -141 -37, 71 -110, -201 -55, -101 -164, -51 -82,
-141 -41, -71 -122, -201 -61, -101 -182, -51 -91,
-141-272, -71 -136, —201 —68, —10I —34, -51 — 17. 1)

n =- 5| — 34, converges to 51 — 17.

Let n = -10I -17, -5I — 50, -141 -25, -7l 74,
-201 — 37, 101 -110, -51 — 55, 141 — 164, —71 82,
-201 — 41, -101 - 122, -51 -61, 141 -182, —71 91,
—201 —272, -10l — 136, -51 — 68, —141 — 34, —71 -17,
— 201 - 50, —10l -25, -5I —74, 141 -37, —71 — 110,

—201 — 55, —101 — 164, -51 — 82, -141 — 41, 71 — 122,
—201 — 61, 101 — 182, 51 — 91, -141 — 272, —71 136,
—201 -68, —101 — 34, -51 — 17.

Thus, by using the modified form of Collatz conjecture
for neutrosophic numbers (Z v I) we get the following
collection A of numbers as the limits of finite sequences
after performing the above discussed operations using the
modified formula 3(a+bl) + 1+ 1 or (3a+ 1) + (3b + 1)I; a,
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b € Z\ {0} if a=0then (3b + 1)I formula and if b = 0 then
3a + 1 formula is used.

A={1,-1,0, 1,1, 1+1,-1+1,-1+1,-1-1,-17,-5,
-171,-51,1+21,1-21,-1-21,-1+2,2-1,2+1,-2 -1,
2+1,-5+1,-5+2I,-5-171,-5-1,-5-2I,-51 + 1,
-5 + 2, 51 - 2, 51 - 1, 51 — 17, =17 — |, =17 + |,
=171+ 1, 171 -1, -17 - 21, =17 + 21, =171 + 2, -171 - 2,
1+41,41+1,4—1,41-1,-34-51,-171 -10, — 17 - 10I,
-341 - 5, =17 — 20l, -171 — 20, — 68l — 5, — 68 — 5I,
=51 +4,-5+4l,-17 + 41, -171 +4}.

Thus, the modified 3n + 1 Collatz conjecture for
neutrosophic numbers (Z U Iy is (3a+ 1) + (3b + 1) I forn
za+ble(Zul)abez\{0}

If a = 0 then we use the formula (3b + 1)l and ifb =0
then use the classical Collatz conjecture formula 3a + 1. It
is conjectured that using (3a+ 1) + (3b + 1)l wherea,b € Z
\{0}or3a+1lifb=0or(3b+1)lifa=0, formulaeveryn
e (Z v 1) ends after a finite number of iterations to one and
only one of the 55 elements from the set A given above.
Prove or disprove.

Now the 3n — 1 conjecture for neutrosophic numbers (Z
U l)readsas (3a—1) + (3bl — ) wheren=a+bl;a,b e Z
\ {0}; ifa=0then (3b — 1)1 = 3bl — I is used instead of 3n —
lor(3a—-1)+Bb-1) L

If b =0 then 3a— 1 that is formula 3n — 1 is used.

Now every n e (Z U I) the sequence converges to using
the modified 3n — 1 Collatz conjecture (3a — 1) +
(3b — 1)1 to one of the elements in the set B; where
B={1,0-1,1,51,5 17,171, -1, 1 + 21, 1 - 2|, -1 + 2I,
“1-2L1+0L01-2,1+2,-1-2,-1+2,1-1,-1-1,5+1,
5-1,56-2I,5+2l,-1+1,5+17I,17-1,17 + 1,17 - 2I,
17 + 21,17 + 51, 51 — 1, 51 — 2, 51 + 1, 51 + 2, 171 — 1,
171 — 2, 171 + 1, 171 + 2, 17 + 101, 171 + 10, 34 + 5,
341 + 5,17 + 201, 20 + 171, 68 + 51, 681 + 5, 51 — 4, 5 — 41,
17-41,171 -4, 41+ 1,-41-1,-4+1,-4-1}.

We will just illustrate how the (3a — 1) + (3b — 1)I
formula functions on (Z U I).

Consider 12 + 171 € (Z U I) the sequence attached to it
is12 + 171,6 + 50I, 3 + 251, 8 + 741, 4 + 371, 2 + 1101, 1 +
551, 2 + 1641, 1 + 821, 2 + 411, 1 + 1221, 2 + 611, 1 + 1821,
2+0911,1+2721,2+1361,1+68l,2+34l,1+171,2 +
501,1+ 25,2+ 741,1+37l,2 +1101,1 + 551, 2 + 164l, 1
+82l,2+411,1+1221,2 + 611, 1+ 1821, 2 +91l, 1 + 272I,
2+1361,1+68l,2+341, 1+ 17I.

The sequence associated with 12 + 171 terminates at 1
+171.

Thus, it is conjectured that every n € (Z U 1) using the
modified Collatz conjecture (3a—1) + Bb-1)I;a, b e Z
\{0}or3a—-1ifb=0or (3b+ 1)l if a=0, has a finite
sequence which terminates at only one of the elements from
the set B.

3 Conclusions

In this paper, the modified form of 3n £ 1 Collatz
conjecture for neutrosophic numbers (Z U 1) is defined and
described. It is defined analogously as 3a£ 1)+ (3bx 1) I
wherea + bl e (Z U T)ywitha=0and b =0.

If a = 0 the formula reduces to (3b + 1)I and if b = 0 the
formula reduces to (3a £ 1).

It is conjectured every n e (Z v I) using the modified
form of Collatz conjecture has a finite sequence which
terminates at one and only element from the set A or B
according as (3a + 1) + (3b + 1)I formula is used or (3a— 1)
+ (3b — 1)I formula is used respectively. Thus, when a
neutrosophic number is used from (Z w I) the number of
values to which the sequence terminates after a finite
number of steps is increased from 5 in case of 3n +1 Collatz
conjecture to 55 when using (3a = 1) + (3b + 1)l the modified
Collatz conjecture.
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