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ABSTRACT

No need to say that the computation theory had evolved before the
appearance of computers. There are some ideas, shaped afterwards (due to
application needs in line with their practical aspects) by engineers and
designers without focusing on theoretical aspects of formation or presentation.
There are also ideas in the computation theory that can be presented clearly in
a away consistent with latest developments in computer sciences.

In this research, | present a definition of recursively enumerable sets
making use of the idea of "projection of primitive recursive sets" in a way
allowing clarification of ideas without relying on the principle of primes to
define enumerability, and making possible illustrating ideas in a new form and
proving theorems that were left behind when referred to, all in a clear precise
way consistent with modern notions applied after the appearance of computers.

The idea elaborated herein allows for generalization aiming to attain
notions on multitape, non deterministic and alternating Turning machines.

Msc68Q68 - Msc680Q55

Key Words: Recursively enumerable set, Enumerations, Effective
enumerability, Post, Computation theory.
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5] [4] [1]
« )
51 141 (1]
5] [4] [1]
(primitive recursion) (*)
n g(X1, s Xp)
ne {0,1,2,..} n+2 h (xq, .., Xy, U, V)

n+l (X, ..., X Y)
@D f (X1, ..r Xn, 0) =g (X1, .., Xp)
f(y1, o Xn, y +1) =h (x4, .., Xy, £ (X1, -, X, ¥) 5Y)
.y € Nat

: (D
(10 f(xy, .., Xy, y) =1if y =0 then g (x, .., X;)
else h(xy, .., Xy, £ (X1, ..y Xn, ¥-1), y-1)
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£ ) (1)

(1) W)
( )
(m (@
(bounded minimum operation) (%)
y X1yen o Xn,Z n+1 g
y n f

( smallestz:0<z<yst [9(X,.,..X,,2)=0] if suchz exists
XX, )= _
1 y+1 otherwise

f (x1,...,Xy) = BMIN” z [g (X1,...,Xn,2) =0 ]

M f: X->Y J(F*%)
xeX y =1(x) yeY M
A : (k)
X (qn) ( )M
131 21 1] X¢ A Xxe A
succ, zero (1)
n=12,............. 1€k <n sel [n,k]
1 (2)
:(3)

(Turing machine)
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M X : :(4)
1X+1 (q])

151 14 1]

:(5)

(pairs enumeration)
num|2,0] : Nat x Nat — Nat

x+y+l1 X
(1) num|2,0](x,y) = 5 + | =x+y+)(x+y)2+x
Y 1ol 1] 2|3 | 4] 5]6
X
0 0 1 3 6. | 10 | 15 | 21
1 4 7. | 11 |16 | 22
2 5 8 | 12 | 17 | 23 -
3 9. | 13 | 18 | 24 - -
4 14 | 19 | 25 - R -
5 20 26 - - - -
6 27 - - - - -
X+ty=u
(2) t=u(utl)2 +x
X u u=0,1,2,3,... u
e .0,1,2,..,u
u=4 .t =6,7,8,9 x=0,1,2,3 u=3
.t=10,11,12,13,14 t x =0,1,2,3,4
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tmin X=u tmax

tmin <t< tmax
u(utl)2 <t<u (utl)2+u=u (ut+3)/2

u(ut+l) <2t<u (ut3)

f(t) = BMIN' u[u (u+1) <2 t <u (u+3)]
f . f(t)
(ut1/2)* <u (u+1)+1 <2 t+1 <u (u+3)+1 < (u+3/2)

f(t) =u=rof (sqr (2 t+1))

rof sqr
u=1{(t) t
y=u-x=2u-t , X=t-u
(1)
3) num [2,1](t) =x=t- f(t)

num [2,2](t) =y = 2 * f(t) — t

G) @
um[2,0] : Nat* — Nat
2,0](x,y) =t
4) num[2,1]x num[2,2] : Nat — Nat x Nat
num|[2,1]xnum[2,2](t)=(num[2,1](t),num[2,2](t))= (X,y)

=

[
num|
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(x,y)
(
(%) t
t=0,1,2,3,4,5,6,7,8,9,...
C )
(0,0), (0,1), (1,0), (0.,2), (1,1), (2,0), (0,3), (1,2), (2,0), (3,0), ...
1=0,1,2,3,4,5,6,7.8,9,... (4)
effective enumerability
L
X0y X1y X2y oov 5 Ximo Xmtlgeeeee (1)
)
(1)
2)
xel
n n X — Xm m
m X
X
(2) xeL
X
(Xipeeennnnn , X;) € Nat" -n L :(6)
Nat™P -(n+1) S
y (XiyeeeeeennXy) € L
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(Xipeeeeeey X, y) €S

S=1{(17),(25),(2,6),(2,7),3.3) }

L={123}
Graph(f) f : Nat - Nat
Graph(f) = { (x,y) : y=1(x) }
L = f (Nat) X
f(x) X D
-n L (7)
(re. )
-(n+1)
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( ) @
)
Nat x Nat Nat Nat
(1)
S =L x Nat L
S L
:(2)
f(Nat) f(x)
E={y.x:y=f®)} E={(x.y) :y=1fx)}
X E
f(Nat)
f :
f(0) ,f(1) ,f(2) ,f3) ,eeevvvennnnn.
f (Nat) ={ f(0) ,f(1) ,..ceevvnnnnnnn }
L
L
.L
y e L .E L
(y,x)eE : X

.(y,x)eE gy, x)=0 gy, x)

um [2,1] (x) if g(num[2,1] (x), num [2,2](x) ) =0
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fix) =

a if g( num[2,1] (x) , num [2,2](x) ) # 0
IF
L =f( Nat)
:(3)
L
( )
L .
(y,x)eE : g E
g(x,y)=0
(X s Y) e E y x el
. g(X7Y):0
f(x)
f(x) =MINy[ g(x,y) =0]
f S N x el
MIN y[g(x ,y)=0] M
y=0,1,2 ......... g(X,Y):O
.xel g(x,y)=0 y
( sx.y=#0 )y
x¢gL
.Xxe L fx)
:(4)
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minim f
L
f
:(5)
X L
X L 1x+lq1
: L
.num[3,0](2*"'-1,1,0)=k M 1q,
n h(M s k s n)
.M
. num[3,2] (h(M, k, n))
g(x, )= num[3,2] (h(M, num(3, 0] (2*"'-1, 1,0), n )
.h
L g(X 5 n) =0 n xe L
X L

comp ( M, num[3,0](2*"'=1,1,0))

%)

H'(x)=
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f(x) = [if H'(x)=0 then

M | X

f(x)
-n
n (B)
-(n+1)

-(n-1)

(X1 yeennannnnn ,Xn1 ) € C
(n+1)

X1y cvennnns , Xnl» Xn, Xp) € D

(B

zerol(x) else none (x) ]

(Properties of recursively enumerable sets )

F, F
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none(x)
S ) S
X
(5)
B :(6)
C
...... , Xn-1 > Xn.1) € B
)
D
........ , X1, Xy) € B
)
(7
B A
B D
L=Fi(A)
C=F," (B)
D (a
C (b
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AUB (c
ANB (d
L (e
(x, y)eB E (a
.(x,y,2) €eE
B D
x,y)eB y xeD
x,y,2z) € E zZy xeD
(x,y,2) (x, 1) F
x ,t (y,2z)=(mum[2, 1] (t), num [2 ,z] (1))
W =F"(E)
D x,t)e W t xe D
W
C B (b
f, fi E(y1, y2) = (fi(y1, y2) » f2(y1, ¥2))
(x1, Xz)GB) E

((x1, X2, 2)€E
G(yi,y2,2) = (fi(yr,y2) » Ta(y1, ¥2) , 2)

W =G"(E)
Y1,¥2,2) e W (x1,%,2z) €E
x2=hiyi,y2)  xi =fi(yr,y2)
(x1,x;) € B (yi,y2) € C C= F'I(B)
. X2 X1
. _(5‘, X,2) € E z (y,y2) € C
(Y1, ¥,2) € W z (Y1, y2) €C
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y sl C W C

V) eAﬁcj o y Projection(A)=Projection(B)=P

. - FE
Bicsead  proiection(ANB)=3#P 5 (ANB)= s

(%, y)eR y XED
P ic sandl > X sl .R
y xe AUB . EuUR
.(x,yye EUR
R,E A B (d
xeB (x,y)eE y x € A

x,z) eR z

@)
(z,x) e R" (x,z) e R R R'
R' (6)
(z,x) e R" z x € B
R'=R"xNat E =NatxE
(z,x,y) e EENR y z xeAnB: .(6)
(zx) e R" (x,y) €E zZy xe ANB
y z (z,x,y) e ENnR z y
xeANnB (x,9)€e E (z,x) e R" (z,x,y)eE'nR’
E N R ANB

)
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ANB
:(8)
h(x) A
f(x)
f(x) =(if h(x) =1 then one(x) else nil(x))
. nil (x)
A : f(x) h(x)
()
A
L
. 1(0),1(1),f(2),....f(n),f(n+1),.. f
S
L'=Nat\L L
f f
L' =f(Nat) L = f(Nat)
(2)  1(0) =xo, £(0) =yo, f(1) =xy, f’ (1) =y1, f(2) =x,, £(2) =y»,...
L' ={yo, V1, Y2, ---} L={xX0,X1,X2, 0000}
Nat ) ()
.(2) .x € L (2)
X xeL " " X
L’ L . xeL
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)
(
. Post 9)
L L
L'=Nat\L
()
h(x) . L' L
E L . L
g g : L
.2 (x,t)=0 x,)eW gix,t)=0 x,t)eE
f f(x) = MIN t[g(x, t) « g'(x, t) =0]
x e L' g(x, 1) =0 t x e L )
L h(x) . f(x) (g, t) =0 t

h(x) =[ if g(x , f(x)) =0 then one(x) else zero;(x)]
.xel' g(x,f(x)=0 g(x, f(x)) =0
L' L

([51 (41 [3] [2] [1])
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