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Small Universal Circular Post Machines

Manfred Kudlek Yurii Rogozhin

Abstract

We consider a new kind of machines with a circular tape and
moving in one direction only, so-called Circular Post machines.
Using 2-tag systems we construct some small universal machines
of this kind.

1 Introduction

In 1956 Shannon [11] introduced the problem of constructing very
small universal (deterministic) Turing machines. The underlying model
of Turing machines is defined by instructions in form of quintuples
(p, x, y, m,q) with the meaning that the machine is in state p, reads
symbol x ∈ Σ, overwrites it by y, moves by m ∈ {−1, 0, 1}, and
goes into state q. Another equivalent model is defined by quadru-
ples (p, x, α,q) where α ∈ Σ∪{−1, 0, 1}. This model is also equivalent
to so called Post machines [6]. Whereas the quintuple model allows to
construct equivalent machines with 2 states this is impossible for the
quadruple model [1].

We introduce (deterministic) Circular Post machines (CPM).
These are similar to those presented in [2], with the difference that
the head can move only in one direction on the circular tape. It is also
possible to erase a cell or to insert a new one. We consider 5 variants
of such machines, distinguished by the way a new cell is inserted. It is
shown that all variants are equivalent to each other, and also to Tur-
ing machines. We also show that for all variants there exist equivalent
Circular Post machines with 2 symbols, and for 3 variants with 2 states.

To construct small universal Circular Post machines we use a
method first presented in [4] (see also [9, 10]). This method uses tag
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systems [3] which are special cases of monogenic Post Normal systems
[8], namely of the form sivu → uαi with v ∈ Σk−1 and k > 1 a con-
stant. In [4] it is also shown that 2-tag systems (i. e. k = 2) suffice
to simulate all Turing machines, with halting only when encountering
a special symbol sH . Since Circular Post machines are also monogenic
Post Normal systems we expect to get a more natural simulation of tag
systems and perhaps smaller universal machines.

We show that a still unsolved problem of Post from 1921 [7, 5] can
be simulated by a CPM0(6,2), i.e. a machine of variant 0 with 6 states
and 2 symbols. We present a CPM0(5,3) simulating the also unsolved
(?) Collatz (3n+1) problem. Finally, we construct universal machines
UCPM0(13,4), UCPM0(11,5), UCPM0(8,6), and UCPM0(7,7).

2 Definitions and Basic Results

Here we introduce some variants of circular Post machines.

Definition 1: (Circular Post machine (CPM0))
A Circular Post machine is a quintuple (Σ, Q,q0,qf , P ) with a fi-

nite alphabet Σ where 0 is a blank, a finite set of states Q, an initial
state q0 ∈ Q, a terminal state qf ∈ Q, and a finite set of instructions
of the forms

px → q (erasing of the symbol read)
px → yq (overwriting and moving to the right)
p0 → yq0 (overwriting and creation of a blank)
The storage of such a machine is a circular tape, the read and write

head moving only in one direction (to the right), and with the possibility
to cut off a cell or to create and insert a new cell with a blank.

This version is called variant 0. Note that by erasing symbols the
circular tape might become empty. This can be interpreted that the
machine, still in some state, stops. However, in the universal machines
constructed later, this case will not occur.

In this article it will assumed that all machines are deterministic.
2

There are variants equivalent to such machines.
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Definition 2: (Variant CPM1)
The instructions are of the form
px → q px → yq px → xq0 (0 blank)

2

Definition 3: (Variant CPM2)
The instructions are of the form
px → q px → yq px → yq0 (0 blank)

2

Definition 4: (Variant CPM3)
The instructions are of the form
px → q px → yq px → yzq.

2

Definition 5: (Variant CPM4)
The instructions are of the form
px → q px → yq px → yxq

2

Lemma 1: All variants of Circular Post machines are equivalent.
Proof : Variant 0 simulates variants 1, 2, 3, 4 by

pxu → 0̄q1u → q10̄ū → 0q2ū → q20u → xq0u

using the instructions (ū denoting u with 0 replaced by 0̄)

px → 0̄q1

q1s → sq1 (s 6= 0, s 6= 0̄) q10 → 0̄q1 q10̄ → 0q2

q2s → sq2 (s 6= 0, s 6= 0̄) q20 → xq0 q20̄ → 0q2

pxu → 0̄q1u → q10̄ū → 0q2ū → q20u → yq0u

using the instructions

px → 0̄q1

q1s → sq1 (s 6= 0, s 6= 0̄) q10 → 0̄q1 q10̄ → 0q2

q2s → sq2 (s 6= 0, s 6= 0̄) q20 → yq0 q20̄ → 0q2
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pxu → 0̄q1u → q10̄ū → 0q2ū → q20u → yq30u → yzqu
using the instructions

px → 0̄q1

q1s → sq1 (s 6= 0, s 6= 0̄) q10 → 0̄q1 q10̄ → 0q2

q2s → sq2 (s 6= 0, s 6= 0̄) q20 → yq30 q20̄ → 0q2

q30 → zq

where the states qi are understood to carry the information yz
as q1(yz), q2(yz) and q3(z).

CPM4 is a special case of CPM3.
Variant 1 simulates variant 0 by

pxu → ȳq1u → q1ȳu → ȳq20u → q2ȳ0u → yq0u
using instructions

px → ȳq1

q1s → sq1 q1s̄ → s̄q20
q2s → sq2 q2s̄ → sq

Variant 2 includes variant 1 as a special case.

Variant 3 simulates variant 0 by
pxu → x̄0q1u → q1x̄0u → xq0u
using instructions

px → x̄0q1

q1s → sq1 q1s̄ → sq

Variant 4 simulates variant 0 by
pxu → 0̃q1u → q10̃u → ȳ0̃q2 → q2ȳ0̃u → ȳq30̃u → ȳ0q3u →

q3ȳ0u → yq0u
using instructions

px → 0̃q1

q1s → sq1 (s 6= 0̃) q10̃ → ȳ0̃q2

q2s → sq2 q2s̄ → s̄q3

q3s → sq3 q3s̄ → sq q30̃ → 0q3
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2

Proposition 1: Any Turing machine (in quintuple version) can be
simulated by a Turing machine with the following restrictions.

1 : The configuration is represented by $upxv$ where $ is a marker
for the left and right end of the tape inscription (the rest of the tape
contains only blanks 0)

2 : The inscription is enlarged on the left end by
0p$u → q100u → $q20u → q$0u

and on the right end by
up$0 → u0q10 → uq20$ → u0q$

3 : The inscription is shortened on the left end by
p$0xu → 0q10xu → 0$q2xu → 0q$xu

and on the right end by
ux0p$ → uxq100 → uq2x$0 → uxq$0

4 : A left move is given by
uzpxv → uqzyv

and a right move by
upxzv → uyqzv.

2

Theorem 1: Any Turing machine can be simulated by a Circular Post
machine of variant 0.
Proof : A configuration $vpu$ of a Turing machine is represented by
pu$v on a circular tape.

Adding a 0 at the left is simulated by (ū denoting u with 0 replaced
by 0̄)

p$u → $̄q1u → q1$̄ū → 0q2ū → q20ū → 0q30ū → 0$q40ū →
0$0q5ū → q50$0u → q$0u

using the instructions
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p$ → $̄q1

q1x → xq1 (x 6= 0, x 6= $̄) q10 → 0̄q1 q1$̄ → 0q2

q2x → xq2 (x 6= 0) q20 → 0q30
q30 → $q40
q40 → 0q5

q5x → xq5 (x 6= 0, x 6= 0̄) q50 → q q50̄ → 0q5

Adding a 0 at the right by (ū denoting u with 0 replaced by 0̄)
p$u → 0̄q1u → q10̄ū → 0q2ū → q20ū → 0q30ū → 0$q4ū →

q40$u → 0q$u

using the instructions

p$ → 0̄q1

q1x → xq1 (x 6= 0, x 6= 0̄) q10 → 0̄q1 q10̄ → 0q2

q2x → xq2 (x 6= 0) q20 → 0q30
q30 → $q4

q4x → q4 (x 6= 0, x 6= 0̄) q40̄ → 0q4 q40 → 0q

For erasing 0 at the left or right end it may be assumed that 0 has
been written there just before.

Erasing 0 at the left is simulated by
p$0u → 0̄q10u → 0̄$q2u → q20̄$u → q$u

using instructions

p$ → 0̄q1

q10 → $q2

q2x → xq2 (x 6= 0̄) q20̄ → q

Erasing 0 at the right by
p$u0 → $q1v0xw0 → $vq10xw0 → $v0̄q2xw0 → $v0̄xq3w0 →

$vq30̄xw0 → $v0q1xw0 → · · · → $uq10 → q2$u0̄ → $q4u0̄ →
$uq40̄ → q$u

using instructions
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q$ → $q1

q1x → xq1 (x 6= 0) q10 → 0̄q2

q2x → xq3 (x 6= $) q2$ → $q4

q3x → xq3 (x 6= 0̄) q30̄ → 0q1

q4x → xq4 (x 6= 0̄) q40̄ → q

Moving right is simulated by
pxu → yqu

using instruction

px → yq

Moving left by
1. length 1:

px → x̃q1 → qx

2. length 2:
pxz → ỹq1z → q2ỹz̄ → ỹq3z̄ → q4ỹz → yqz

3. length 3:
pxsz → ỹq1sz → ỹs̄q2z → q3ỹs̄z → yq4s̄z → ysqz

4. length 4:
pxstz → ỹq1stz → ỹs̄q2tz → ỹs̄tq3z → q5ỹs̄tz → ỹq5s̄tz →

ỹsq1tz → ỹst̄q2z → q3ỹst̄z → yq4st̄z → ystqz

5. length ≥ 4:
pxsturz → ỹq1sturz → ỹs̄q2turz → ỹs̄tq3urz → · · · →

ỹs̄truq5z → q5ỹs̄turz → ỹq5s̄turz → ỹsq1turz → · · · → ỹst̄urq5z →
· · · → ỹstuq1rz → ỹstur̄q2z → q3ỹstur̄z → yq4stur̄z → ystuq4r̄z →
ystuqz

using instructions

px → ỹq1

q1x → x̄q2 q1x̃ → xq
q2x → xq3 q2x̃ → x̃q3

q3x → xq5 q3x̄ → xq4 q3x̃ → xq4

q4x → xq4 q4x̄ → xq q4x̃ → xq
q5x → xq5 q5x̄ → xq1 q5x̃ → x̃q5
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2

Theorem 2: For any CPMi (i = 2, 3, 4) there exists an equivalent
CPMi with 2 states (excluding the halting state).
Proof : We use a method as in [11, 2]. Let the states of the simulated
CPM0 be {1, · · · ,n}.

An instruction px → q is simulated by

length 1 :
1
(x
p

) → (x̂
q

)
2 → 1

length ≥ 2 :
1
(x
p

)
su → (x̂

q

)
2su → (x̂

q

)(s
0

)
1u → · · · → 1

(x̂
q

)(s
0

)
u → ( x̂

q−1

)
2
(s
0

)
u →( x̂

q−1

)(s
1

)
1u → · · · → 1

(x̂
0

)(s
q

)
u → 1

(s
q

)
u

using instructions

1
(x
p

) → (x̂
q

)
2 2

(x̂
q

) → 1
1s → s1 2s → (s

0

)
1

1
(x̂

i

) → ( x̂
i−1

)
2 (1 ≤ i ≤ q) 2

(s
i

) → ( s
i+1

)
1 (0 ≤ i < q)

1
(x̂
0

) → 1

An instruction px → yq is simulated by

length 1 :
1
(x
p

) → (ȳ
q

)
2 → 1

(y
q

)

length ≥ 2 :
1
(x
p

)
su → (ȳ

q

)
2su → (ȳ

q

)(s
0

)
1u → · · · → 1

(ȳ
q

)(s
0

)
u → ( ȳ

q−1

)
2
(s
0

)
u →( ȳ

q−1

)(s
1

)
1u → · · · → 1

(ȳ
0

)(s
q

)
u → y1

(s
q

)
u

using instructions

1
(x
p

) → (ȳ
q

)
2 2

(ȳ
q

) → (y
q

)
1

1s → s1 2s → (s
0

)
1

1
(ȳ

i

) → ( ȳ
i−1

)
2 (1 ≤ i ≤ q) 2

(s
i

) → ( s
i+1

)
1 (0 ≤ i < q)

1
(ȳ
0

) → y1
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An instruction px → yq0 is simulated by
1
(x
p

)
u → (ỹ

q

)
10̄u → (ȳ

q

)(0
0

)
1u → 1

(x̄
q

)(0
0

)
u → ( ȳ

q−1

)
2
(0
0

)
u →( ȳ

q−1

)(0
1

)
1u → · · · → 1

(ȳ
0

)(0
q

)
u → y1

(0
q

)
u

using instructions

1
(x
p

) → (ȳ
q

)
10̄

10̄ → (0
0

)
1

and then as above (0̄ is the new blank).

An instruction px → yzq is simulated by

length 1 :
1
(x
p

) → y
(z̄
q

)
2 → (y

0

)
1
(z̄
q

) → · · · → (y
q

)
1
(z̄
0

) → 1
(y
q

)
z

length ≥ 2 :
1
(x
p

)
su → y

(z̄
q

)
2su → y

(z̄
q

)(s
0

)
1u → y1

(z̄
q

)(s
0

)
u → y

( z̄
q−1

)
2
(s
0

)
u →

y
( z̄
q−1

)(s
1

)
1u → · · · → y1

(z̄
0

)(s
q

)
u → yz1

(s
q

)
u

using instruction

1
(x
p

) → y
(z̄
q

)
2 and then as above.

An instruction px → zxq is simulated similarly by

length 1 :
1
(x
p

) → 1
(zx

q

) → 1
(z̃
q

)(zx
q

) → z2
(zx

q

) → 2z
(x̄
q

) → (z
0

)
1
(x̄
q

) → · · · →
x1

(z
q

)

length ≥ 2 :
1
(x
p

)
su → (zx

q

)
1su → · · · → 1

(zx
q

)
su → (z̃

q

)(zx
q

)
1su →

1
(z̃
q

)(zx
q

)
su → z2

(zx
q

)
su → z

(x̄
q

)
2su → z

(x̄
q

)(s
0

)
1u → · · · → zx1

(s
q

)
u

using instructions

1
(x
p

) → (zx
q

)
1

1
(zx

q

) → (z̃
q

)(zx
q

)
1 2

(zx
q

) → (x̄
q

)
2

1
(z̃
q

) → z2
and then as above.
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2

Theorem 3: For every CPMi (i = 0, 1, 2, 3, 4) there exists an
equivalent CPMi with 2 symbols.
Proof : Let the alphabet be {s1 · · · , sm}. Let k = blog2(m)c+ 2

The symbols si are encoded by 1bink−1(i) where bink−1(i) is the
binary encoding of i in k − 1 digits. Note that 0 is encoded by 10k−1,
and that 0k will be used for special information. Let x be encoded by
x1 · · ·xk. Then

px1 · · ·xku → 0p̂(x1)x2 · · ·xku → · · ·
· · · → 0k−1p̂(x1 · · ·xk−1)xku → 0kp̄1(x)u

using instructions

ps1 → 0p̂(s1)
p̂(s1 · · · si)si+1 → 0p̂(s1 · · · si+1) (2 ≤ i < k)
p̂(s1 · · · sk−1)sk → 0p̄1(s1 · · · sk)

Instructions

p̄1(x)s → sp̄2(x) (s 6= 0)
p̄i(x)t → tp̄i+1(x) (2 ≤ i < k)
p̄k(x)t → tp̄1(x)

give 0kp̄1(x)u → · · · → p̄1(x)0ku.
An instruction px → q is simulated by

p̄1(x)0ku → p̃20k−1u → · · · → p̃k0u → q
using instructions

p̄1(x)0 → p̃2

p̃i0 → p̃i+1 (2 ≤ i < k)
p̃k0 → q

An instruction px → yq is simulated by
p̄1(x)0ku → y1p̃2(x)0k−1u → · · · → y1 · · · yk−1p̃k(x)0u →

y1 · · · ykqu
using instructions
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p̄1(x)0 → y1p̃2(x)
p̃i(x)0 → yip̃i+1(x) (2 ≤ i < k)
p̃k(x)0 → ykq

To simulate instructions with insertion we use instructions

p̄1(x)0 → 0p̂1(x)0
p̂1(x)0 → 0ṗ2(x)
ṗi(x)0 → 0p̂i(x)0
p̂i(x)0 → 0ṗi+1(x)
ṗk(x)0 → 0p̂k(x)0
p̂k(x)0 → 0p̃1(x)

or

p̄1(x)0 → 00p̂2(x)
p̂i(x)0 → 00p̂i+1(x)
p̂k(x)0 → 00p̃1(x)

together with

p̃1(x)s → sp̃2(x) (s 6= 0)
p̃i(x)t → tp̃i+1(x) (2 ≤ i < k)
p̃k(x)t → tp̃1(x)

giving p̄1(x)0ku → 0k0kp̃1(x)u → p̃1(x)0k0ku .
Instructions px → yzq, px → yxq are simulated by using instruc-

tions (replacing z by x for the second case)

p̃1(x)0 → y1p̌2(x)
p̌i(x)0 → yip̌i+1(x)
p̌k(x)0 → ykp̆1(x)
p̆i(x)0 → zip̆i+1(x)
p̆k(x)0 → zkq

giving p̃1(x)0k0ku → y1 · · · ykz1 · · · zkqu .

Instructions p0 → yq0, px → xq0, px → yq0 are simulated by
using instructions (only given for the last case)
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p̃1(x)0 → 0p̈1(x) p̆i(x)0 → 0p̆i+1(x) (2 ≤ i < k)
p̈i(x)0 → 0p̈i+1(x) (1 ≤ i < k) p̆k(x)0 → 0p̌1(x)
p̈k(x)0 → 0p̆1(x) p̌1(x)s → sp̌2(x) (s 6= 0)
p̆1(x)0 → 1p̆2(x) p̌i(x)t → tp̌i+1(x) (2 ≤ i < k)

p̌k(x)t → tp̌1(x)

This gives p̃1(x)0k0ku → 0kp̆1(x)0ku → 0k10k−1p̌1(x)u →
p̌1(x)0k10k−1u .

Finally, using instructions

p̌1(x)0 → y1ṕ2(x)
ṕi(x)0 → yiṕi+1(x) (2 ≤ i < k)
ṕk(x)0 → ykq

gives p̌1(x)0k10k−1u → y1 · · · ykq10k−1u.
2

The following CPM0(6,2) simulates the still unsolved problem
stated by Emil Post in 1921 [7, 5] to decide whether the iteration of
the 3-tag system 0 → 00, I → II0I on a word w ∈ {0, I}+ either ends
on one of {0, I, 00, 0I, I0, II}, enters a loop, or diverges.

0 I
1 2 I4I
2 03 03
3 01 01
4 I5
5 06 06
6 I1 I1

blank : I

2

The next Machine CPM0(5,3) simulates another unsolved (?) prob-
lem, namely the Collatz or (3n+1) problem. This is to decide whether
the procedure

n → n
2 if n = 2m, n → 3n + 1 if n = 2m + 1

always enters the loop (1, 4, 2, 1) (this is the conjecture), enters
another loop or diverges.
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0 1 c
p0 p0 0p11

p00 0p00 1p10 cp0

p01 1p00 0p11 1p00c
p10 1p00 0p11 1p00c
p11 0p01 1p11 0p01c

blank : c

An integer n is encoded in binary by n1 · · ·nkc with nk 6= 0, and the
initial configuration is p0n1 · · ·nkc. In case n = 2m + 1 the machine
simulates the addition 2n + n + 1 with the index i of pij denoting the
symbol last read, and j the carrier.

2

3 Universal Circular Post Machines

In this part we present some small universal machines of variant 0, with
the halting state not included but represented by H in the program.

The machines are constructed by simulation of tag systems. From
[4] it is known that 2-tag systems suffice, and that halting occurs
only if a special symbol sH is encountered. Let the alphabet be
Σ = {s1, · · · , sn+1} with sH = sn+1. A symbol si is encoded in unary
form by some number Ni, together with a separator. In a 2-tag in-
struction si → αi with αi = ai1 · · · aim(i) the symbols aij are encoded
in the same way, with other separators.

In the tables an entry y stands for an instruction px → yp, and an
entry q for an instruction px → q.
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UPM0(13,4)

I c b a
1 2 6 H
2 I c a3 a4
3 I5 c1 b
4 c c a3 a
5 I c6 b a3
6 6 7 b1
7 I c a8
8 c9 c a0 a
9 I c b I8a
0 IA c bB
A I c b c8a
B I c b cCa
C I b5 b

N1 = 2, Nk+1 = Nk + mk + 1
(1 ≤ k < n)
blank : a
Encoding of symbol si: INic
Encoding of αi :
INi1b · · · bINim(i)bb
Separators : b, bcb

The initial configuration is

bbIN11b · · · bIN1m(1)bb · · · bbINn1b · · · bINnm(n)bbbcb1INrcINsc · · · cINwc.

In the first stage INr is read, Nr b’s are changed into a’s, the I’s in
the middle - into c’s, and INrcINsc is erased, giving

aacN11a · · · acN1m(1)aa · · · aaINr1b · · · bINrm(r)bb · · ·
· · · bINnm(n)bbbcb8INtc · · · cINwc.

In the second stage, starting with 8, the part INr1b · · · INrm(r)bb is
copied to the end of INtc · · · INwc as INr1c · · · cINrm(r)c.

In the third stage, starting with B, the instruction part of the tape
is restored, and a new cycle may start.

The machine stops if in the first stage 4 encounters bcb.
2
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UPM0(11,5)

I c a b d
1 2 3 a7 b9 d4
2 I c I c3 d
3 3 4 a b d1
4 I c I5 c1 d5
5 H c4 a b d6
6 I c I1d
7 a b d8
8 I c c4d
9 a b d0
0 I c b3 cAd
A a b b3 dA

N1 = 1, Nk+1 = Nk + mk + 1
(1 ≤ k < n)
blank : d
Encoding of symbol si: INic
Encoding of αi :
aNi1b · · · baNim(i)bb
Separator : d

The initial configuration is

dbaN11b · · · baN1m(1)bb · · · bbaNn1b · · · baNnm(n)bbd1INrcINsc · · · cINwc.
In the first stage INr is read, Nr b’s are changed into c’s, the a’s in

the middle - into I’s, and INrcINsc is erased, giving

dcIN11c · · · cIN1m(1)cc · · · ccaNr1b · · · baNrm(r)bb · · ·

· · · baNnm(n)bbd4INtc · · · cINwc.

In the second stage, starting with 4, the part aNr1b · · · aNrm(r)bb is
copied to the end of INtc · · · INwc as INr1c · · · cINrm(r)c.

In the third stage, starting with A, the instruction part of the tape
is restored, and a new cycle may start.

The machine stops if in the first stage 4 encounters d.
2
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UPM0(8,6)

I c a b d e
1 2 3 a6 b7
2 I c I c3 e
3 3 4 a b d1
4 I c I5 c1 H e
5 I c a b d I4e
6 I c a b d c4e
7 I c a b d c8e
8 a b a b d1 e

N1 = 1,
Nk+1 = Nk + mk + 1
(1 ≤ k < n)
blank : e
Encoding of symbol si:INic
Encoding of αi:
aNi1b · · · baNim(i)bb
Separators : e, d

The initial configuration is

ebaN11b · · · baN1m(1)bb · · · bbaNn1b · · · baNnm(n)bbd1INrcINsc · · · cINwc.

In the first stage INr is read, Nr b’s are changed into c’s, the a’s in
the middle - into I’s, and INrcINsc is erased, giving

ecIN11c · · · cIN1m(1)cc · · · ccaNr1b · · · baNrm(r)bb · · ·

· · · baNnm(n)bbd4INtc · · · cINwc.

In the second stage, starting with 4, the part aNr1b · · · aNrm(r)bb is
copied to the end of INtc · · · INwc as INr1c · · · cINrm(r)c.

In the third stage, starting with 8, the instruction part of the tape
is restored, and a new cycle may start.

The machine stops if in the first stage 4 encounters d.
2
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UPM0(7,7)

I c a b d h f
1 2 3 a6 b7 h3
2 I c f h3 h f
3 3 4 a b d1 b a
4 I c f5 h1 H h f
5 I c a b d I4h
6 I c a b d c4h
7 I c a b d c1h

N1 = 1,
Nk+1 = Nk + mk + 1
(1 ≤ k < n)
blank : h
Encoding of symbol si:
INic
Encoding of αi:
aNi1b · · · baNim(i)bb
Separators : h, d

The initial configuration is

hbaN11b · · · baN1m(1)bb · · · bbaNn1b · · · baNnm(n)bbd1INrcINsc · · · cINwc.

In the first stage INr is read, Nr b’s are changed into h’s, the a’s in
the middle - into f ’s, and INrcINsc is erased, giving

hhfN11h · · ·hfN1m(1)hh · · ·hhaNr1b · · · baNrm(r)bb · · ·

· · · baNnm(n)bbd4INtc · · · cINwc.

In the second stage, starting with 4, the part aNr1b · · · aNrm(r)bb is
copied to the end of INtc · · · INwc as INr1c · · · cINrm(r)c.

In the third stage, starting with 1, the instruction part of the tape
is restored, and a new cycle may start.

The machine stops if in the first stage 4 encounters d.
2
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