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Some small self-describing Turing machines

M. Margenstern Yu. Rogozhin

Abstract

Several small self-describing Turing machines are constructed.
The number of instructions varies from 275 to 206, depending on
the chosen encoding principles. The previous Thatcher’s result
(2532 instructions of self-describing machine in Wang’s format)
is essentially improved.

1 Introduction

This paper was motivated by von Newmann’s works [6, 7] on self-rep-
roducing machines, and Lee’s [4] and Thatcher’s [8] works to pose the
question: is it possible for Turing machine to print on its tape a com-
plete description of its ”internal structure”? The answer is "yes”, i.e.
these machines exist and are called self-describing Turing machines.
Having adopted the convention of identifying ”internal structure” with
program of Turing machine, the problem becomes that of finding the
simplest program, the program with the minimal number of instruc-
tions, which can print out its own description. But because description
is not well-defined term, there are several approaches which one could
take to make the original question precise [4, 8, 9]. Each of these ap-
proaches is based on the identification of ”description” with ”Godel
numbering”, that is, a description is obtained through an effective cor-
respondence (encoding) between programs and natural numbers or se-
quences of natural numbers.

For any instruction of a given program several instructions are re-
quired to write the encoding (or description) of that instruction. Thus,
any brute-force attempt at obtaining a self-describing machine is hope-
less, as the program must become indefinitely long.
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Standard methods for overcoming this apparent paradox are known
(see Lee [4], he used universal Turing machine for that and his method
takes about 166000 instructions, and original decision of Thatcher [8]
without universal Turing machine, his method takes 2532 instructions
in Wang’s format (see [11]). We describe the Thatcher’s method and
its improvement below.

The results of this paper are presented at CAW’97, Cellular Au-
tomata Workshop, Gargnano (Italy), September, 1997 [5].

This paper contents some results about self-describing Turing ma-
chines obtained by authors in 1997. The full variant of the paper about
self-describeness will be ready later.

2 The existence of a self-describing Turing ma-
chine

The self-describeness of a Turing machine means that the machine gives
its own description. In order to focus on this property, it is usually
assumed that the initial configuration is the blank tape. Recall, at
this point, that we deal only with deterministic Turing machines (TM)
with a single head and a single one-dimensional tape, infinite in both
directions.

The instructions of TM are: < ¢;, a;,a;, 0, gy > or simple g;a;a;0q,
where i,k € {1,2,...,n}, 5,1 €{1,2,...,m}, d € {R, N, L}, q;, qx are
states of TM, a;, a; - symbols of TM and 0 - denotes the shift of the
head of TM to the appropriate directions (R - to the right, NV - no shift
and L - to the left).

It is easy to proof the existence of self-describing Turing machines
using recursive theory.

Let T; be TM with Gédel number ¢ and ¢; be the function, com-
puted by T;.

Let an argument 0 of the function ¢; corresponds to the blank tape
of the machine T;.

Theorem 1 (see [2]). There exists a self-describing Turing ma-
chine, that s, there exists an integer ng such that T, prints its own
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?description” ng on an initially blank tape:
gbno (0) = Tny.

Proof. We use well known theorem from recursive theory about
fixed point that states:

Let ¢g, @1, ..., be any effective enumeration (Gdodel numbering) of
all computable functions, and let h be any total computable function.
Then there ewxists a number ig such that

big = Ph(io)-

We call 19 a fixed point for h.

Define h to be the function such that for each n, h(n) equals an
index of a machine that, when started with blank tape, prints out n
and halts, i.e., such that ¢(,)(0) = n. Then let ng be a fixed point for
h:

Pno(0) = Pn(ng)(0) = no.

3 The structure of a self-describing Turing ma-
chine

Before going to the encoding, we now indicate the general structure
of a self-describing Turing machine. It is a well-known structure, the
reader can find it in the several papers, for instance [8, 9]. In the latter
paper, the same plan is applied to cellular automata, which are self-
reproducing. As we depart in some details from that plan, we indicate
it, for the reader’s conveniency.

Note. A first way would be to impose a condition, observed by
natural encodings: the encoding must be some morphism with respect
to concatenation. Indeed, a Turing program 1is a finite sequence of
instructions, and it is natural first to define the encoding of instructions
and then to define the encoding of the program as a concatenation of
the encodings of the instructions which constitutes the program.
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Let M be a self-describing Turing machine with code < M >. Tt is
assumed that the starting configuration of M is the blank tape. The
general idea consists in splitting the code in two parts:

<M>=<T><W>

This splitting corresponds to a superposition of M itself in two
machines, T — "transcoder” and W — "writer”, in such a way that
< M>=<T><W >. In order to get a self-describing machine, it
is enough to assume that W writes down < T > and that 7" transforms
<T >into < W >.

It is plain that, in some way depending on the chosen encoding,
< W > is a simple function of < 7' >: this will be the case if, for
this purpose, the encoding performs a concatenation-homomorphism
on < T >.

But the implementation of this simple idea, makes the situation a
bit more complex. The difficulty comes from the transition from the
control of the computation by W to the control by T. As < T > comes
first, this means that a starting sub-machine, say S — "starter”,
should be added in order to transfer the control of the computation
to W. For an analogous reason, after < W > comes a sub-machine
transferring the control to T'. As M should stop after T has performed
its computation, another sub-machine, say E — "ender”, should achieve
the computation of M.

And so, we come to the splitting of M into five sub-machines:

M=SoToFEoWolJ

When the starter and the writer have achieved the computation,
the following configuration will appear on the tape:

<S><T><FE>0O

The square at the end of the configuration focuses the attention on
a delimiter, put down on the tape by the writer which signalizes to the
transcoder the end of its data.
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Then, the transcoder comes into action, and when its computation
is achieved, the configuration is now:

<S><T><E>0O0<W><J >

The comparison with < M >, shows that the ender has to performs
two tasks:

- erasing the delimiter,

- and completing the code of the jumper.

4 The principles of encoding

We introduce new principles of encoding. According them we design
self-describing machines Sy, So and S3 with 275, 224 and 206 instruc-
tions accordingly. The main of these principles are: the ”position en-
coding”; using 4 symbols for encoding (Thatcher used 2 symbols);
"relative” addressing instead ”absolute” (therefore the sub-machine
Jjumper becomes not necessary).

(I) We use the notion of position encoding, i.e. encoding depends
on the place of encoded element among other encoded elements. We
consider that all instructions of TM are in the linear ordering, such
the instructions beginning with ¢; precede the instructions beginning
with ¢;11 and instruction which beginning with a pair < g¢;,a; >,
immediately precedes the instruction, which beginning with a pair
< gj,ajy1 >. This allows us to encode not the whole instruction
< gi,aj,aq,0,q; >, but the correspondent triple < a;,d, g > only.

(IT) We consider the Turing machines without stationary instruc-
tions, i.e. for all instructions < ¢;,a;,a;,d,q; > must be 6 € {R, L}.
It is easy to proof, that for every Turing machine T there is a Turing
machine T’ without stationary instructions which models T.

(IIT) The triple I; ; =< a;,d,qx > (k = (i £t) mod n), corre-
sponds to < g;,aj,a;,6,q; >, where i,k € {1,... . n}, t€{l,...,n—1},
gt e{l,...,m}, 6 € {R,L}, and it is encoded as follows: c(I;;) =
c(ay)c(d)c(£t)2, where ¢(a;) is a binary code (a word consists of 0’s
and 1’s) of the symbol q;, ¢(0) = 0, if 6 = L, and ¢(d) = 1, if § = R,

61



M.Margenstern, Yu.Rogozhin

c(xt) = c(x)c(t) is a binary code, corresponding to the state g; and
727 is a special symbol (delimiter). Here ¢(—) = 0, ¢(+) = 1 and ¢(t)
is a binary expression of the number ¢. So we use the principle of a
relative addressing instead of an absolute addressing, i.e. it encodes the
difference between a real state of TM and a new state.

It is essential that the last instruction of the sub-machine writer has
the type < ¢n,aj,a;,R,q1 > (one also used as sub-machine jurnper)
and may be encoded like all other instructions of writer which have
the same type < ¢;,a;,a;,R,qiy1 > (taking into account that 1 =
(n + 1) mod n). So this trick allows us really avoid the sub-machine
Jumper and considerably decrease the size of the self-describing Turing
machine.

Let RZ = Ii,laji,Qa ce aIi,ma where Ii,j (2 = 1, ey 1, ] = 1, e ,’I’I’L)
are triples, corresponding to the instructions, beginning with the state
g;- So the code for the group of triples R;, corresponding the instruc-
tions, beginning with ¢;, is as follows:

c(Ri) =c(liq1)c(lig) ... c(Lim)2
and the code of the whole program TM:
c(T) = c(Ry)e(Rz) ... c(Ry).

(IV) We try to minimize the size of the code ¢(/; ;) and therefore
consider the task of design of self-describing machine in the alphabet
consisting of 4 symbols: 0, 1, 2, and b (blank symbol). We take into
account informal analisys of design of a self-describing machines in the
alphabet counsisting of 2 and more symbols. Optimal variant is for the
alphabet consisting of 4 symbols.

(V) The symbols of TM one encodes as follows:

c(b)=00, ¢(0)=01, ¢(1)=10, ¢(2)=11.

Let |¢(1; ;)| means the length of the code ¢(/; ;), the analogous sense
have the expressions |c(qx)|, |c(a;)| and other.

We consider the special cases and rules of encoding;:
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instruction

4ia;ja;0q;
4i0;a;0G; 1

)

)

)

) giajaidg;
) giajaidgiy1
) Giaja;oq; i
) Giaja0q;y
) Qzajalé%—l—t
) Qza]ald%:l:t
0) R = I
1

giaja;0qy is absent

) Ri = Lip, Lig, Ii1, 1o

code
c(lij) = c(0)2; [e(Liy)| = 2
c(Lij) = c(0)c(+)2; |e(lLij)| =
c(l;,;) = 002; |c(I J =3
c(lij) = C(az) (0)2; |e(Lij)| =4
c(Lij) = clar)e(d)e(+)2; |e(I z, il =
c(lij) = c(0)c(t)2; |c(Liy)| =
C(Iz,]) = C(al)c( )2a |C( )| =7
c(Lij) = clar)e()e(t)2; |e(Li;)| = 8
c(lij) = clar)c()e(£)c(t)2; |c(li;)] >
c(R;) = c(1;p)2
c(Ry) = cLip)eLio)eLin)e(liz2)

We note, that (9) is the general case, i.e. we may encode all instruc-
tions of TM according to this rule, but the size of instruction code will
be longer, of course.

The encoding by above principles is called the encoding of type Ej.

5 The self-describing Turing machine S; with

275 instructions

The program of the machine 5

The programs of the sub-machines starter, transcoder and ender.

q102Lgo
q20bRq17
q3bbRqy
q41b0Rgs
q50bRq14
q6b1 Rq7
qrbbRqs
qsb1Rq12
q9bbLqy
q1002Rq12
q1102Rq12

q300Lq3
q40bLqy

qs00Rgg
4900 Rq10
q1000Rq11

q311Lqs3
q41bLgg

qs11Rqs
qol1Rqy0
q1011Rq11
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q12b0Rq16 - - q122bRq13
q13b1Rq15 q1300Rq13 q1311Rq13 q1322Rq13
q14b0Rq15 q1400Rq14 qu411Rq14 q1422Rq14
q1501Rq16 - - -
q16b1Rq17 - - -
q17b1Rq18 - - q1720Rq21
q18b2Rq19 - - -
q19b2Lq3 - - 41921 Rgaq
42002 Rq20 - - -

The program of the sub-machine writer is presented in the Ap-
pendix 1.
We describe now the operation of the machine 5j.

The machine S; starts with the state ¢;, records the symbol ”2” on
the blank tape and shifts on one cell to the left on the tape (instruc-
tion q1b2Lqy). Then, if it meets the blank cell, it comes back at the
cell originally considered in the state g7, where there is a symbol ”2”
(g2bbRq17). Then the symbol ”2” is destroyed, the machine goes to the
state go1 and the sub-machine writer begins its operation (g1720Rq21).
Such an unusual behavior of the sub-machine starter (instead of trans-
mitting the control immediately to the sub-machine writer, it records
the symbol 72”7, then it destroys this symbol and only after this the
control is transmitted to the sub-machine writer), will be explained
below.

The sub-machine writer codes instructions from ¢; to ggop. After
the work of the sub-machine writer the tape of the machine S7 has the
following form:

...bb 110122 111112002002012 112020202 0111200020000102

001012 1100122 101122 1122 1011002121212 02112112012

111010211211210110012 1111200200212 011100200200200112

1010102121212 01112121212 101122 101122 101120020020011002

1
111122 110010000200200210112 122 pb...
Here the pointer indicates the cell in consideration and the machine
St is in the state ¢;. The last group of symbols 71227, should be,
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certainly, is replaced with the code 7111227 of the group of instructions
Ry, as will be made later on. The blanks on a tape have not any
significance, they are shown here only for clarity.

Further, to group of symbols from the right 722" with the help of
the instruction ¢162Lgy records more one symbol 72”7 (it is obtained
7222”7 ) and the head is shifted to the left. (The group 222" serves as
a 7delimiter” for the sub-machine transcoder, it limits a file of symbols,
which is interpreted by the sub-machine transcoder and serves a signal
for a closing-up of the machine S; ). After this machine S; goes to the
state g3 and the sub-machine transcoder (¢222Lg3) begins its work.

Now we can explain non-standard behavior of the sub-machine
starter. All this is connected with liquidation of the sub-machine
Jumper and as a consequence, the sub-machine ender should not record
at the end of the tape the code of the sub-machine jumper. As it
was already spoken, the role of the sub-machine jumper is to execute
the last instruction of the sub-machine writer, just the instruction
q25102Rq1, which transcoder interprets in a standard way. The dif-
ficulty is that now, after execution of the instruction go5162Rq1, the
sub-machine transcoder begins working, (writer does not begin work-
ing), as it follows from a sense of the state ¢;. Therefore starter checks
up, which symbol is at the left on the tape? If this symbol is the blank
symbol "b”, it means that it is necessary to go to the sub-machine
writer, if there is the symbol 72”7, it means to go to the sub-machine
transcoder, and the symbol ”2” to the right end of a tape is thus
attributed, by this ” delimiter 222”7 is obtained.

The sense of the operation of the sub-machine transcoder consists
in the following. The machine writes a mark on the tape (it is the
symbol "b”) and shifts it from the left to the right. Thus it stores a
symbol, replaced by the mark, and writes a code of the instruction of
the sub-machine writer, corresponding to this symbol, at the right end
on the tape. If this stored symbol is 707, it records the code 7011122”
on the tape (rules (5), (11)), if this symbol is ”1”, it records the code
7101122” (those rules (5), (11)), if this symbol is 727, it records the
code "111122” (rule (5), (11) again).

We consider the operation of transcoder on an example. Let the
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tape of the machine S in an operating time transcoder has a form:

!
...ar1 b 1aR1,1 ce aRl’t11222aR2’1 R aRz,tzbb- ..

and the machine is in the state q3. With the help of instructions
q3bbRqy, q41bLqs, gsblRq7, q7bbRgs the mark b is shifted one cell to
the right, thus the machine stores a symbol ”1”. Further, the machine
is shifted to the right at the end of the tape (instructions ¢s00Rgs,
qs11Rgqs, qs22Rqs ) and records the code of the instruction of the sub-
machine writer, which corresponds to the stored symbol 71”7 on the
tape. It is made with the help of instructions ¢gblRqi2, ¢1200Rqs6,
qQ6b1Rq17, q17b1Rq1s, q1802Rq19 and ¢19b2Lg3. The tape of the ma-
chine at this moment will have the form:

1
R alelbaRhl o aRl’t11222aR271 o aR2’t21011 22bb. ..

and the machine is in the state g3. Further the machine goes into
process of a search the mark b on the tape at the left and the process
is repeated.

We consider in detail, as process of a closing-up of the machine Sy
occurs. The tape of the machine at this moment has the form:

1
.. .aL71122 b 2a371 .. .aRytlbb. ..

and the machine is in the state g3. For simplicity we record this con-
figuration as follows: ...122¢3b2. ..
We consider the operation of the machine S; step by step:

. 122¢502 ...
1226042 .
L 122g9b2 . .
. 12g9202 . ..
e 1q1022b2 ce
e 11qlg2b2 e
e 111(]20()2 e
.. 1112(]202 e

66



Some small self-describing Turing machines

and the machine Sp stops, as far as there is no instruction for the pair
< ¢20,2 >, thus having restored code 711122” of group of instructions
Ryg.

Now on the tape of the machine Sy there is the description of its
internal structure and the size of this machine is 275 instructions (46
instructions of the sub-machines starter, transcoder, ender and plus
229 instructions of the sub-machine writer ). So, the theorem is proven:

Theorem 2. There exists the self-describing Turing machine
with 275 instructions, which satisfies to the coding of type E1 .

6  The self-describing Turing machine Sy with
224 instructions

The further reduction in the number of instructions of a self-describing
Turing machine is possible thanks to the fact of some agreements and
changes in the sub-machines starter, transcoder, ender and, hence, in
the sub-machine writer of the machine S;.

(i) We consider, that TM can start with any state (not only with
¢1 ). This technique will allow us to reduce the size of self-describing
machine.

(ii) The coding of programs of TM admits "noise”, i.e. in a body
of the code, sequences of symbols, which do not relate to the code, can
be contained, which, however, are unequivocally distinguished and do
not infringe principles of unequivocal encoding and decoding.

We make also an addition to the specific cases of coding (V):

instruction code
(2)  giajajRgi1 c(lij) = c(R)c(—)2 = 102; |c(L; )] =3
(11) Ry = Iy, Lig, Lin c(R;) = c(Iip)c(Li)c(l;1)2

The encoding of type Ej, which follows additional conditions (i),
(ii), (2”7 ) and (117), is the encoding of type Es.
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The program of the machine S,

The programs of the sub-machines starter, transcoder and ender.

q1b2Lq
q2bbRgs3
q3b0Rqy
q1bbRq13
q5b1 Rgs
qsbbRq7
q7b1Rq11
qsbbLgs
q9b2Rq11
q10bbRq19
q1100Rq15
q12b1 Rq14
q13b0Rq14
q14b1Rqy5
q1501 Rq16
q16b1Rq17
q17b2Rq18
q18b2Lq

The program of the sub-machine
pendix 2.

¢200Lqy
q30bLqs

q700Rq7
qs300Rqq
q900Rq10

q1200Rq12
q1300Rq13

¢211Lgo
q31bLqs

q711Rqy
gs11Rqqg
qol1Rqy0

q1211Rqq2
q1311Rq3

q222Lq3
q322Lqs

q722Rq7
qs22Lqy
q1022Rqq
q1120Rq12
q1222Rq12
q1322Rq13

writer is presented in the Ap-

We describe now the operation of the machine S5.

The machine S5, as distinct from the machine Sy, starts with the
state g10, immediately passing the control to the sub-machine writer.
After the work the sub-machine writer the tape of the machine S
has the following form:
...bb 110122 112020202 0111200020000102001012 1100122
101122 1122 1011002121212 02112112012 11101021121122
110012002002102 011100200200200112 1010102121212

1
01112121212 101122 101122 101122 111122 11001000022 p b...
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Here the pointer indicates the cell in consideration and the machine
is in the state g; after execution of the instruction g994b2Rq; of the sub-
machine writer.

Further, to group of symbols from the right 722” with the help of
the instruction ¢;b2Lg, appends more one symbol 72”7 (thus 72227 is
obtained) and the head is shifted to the left. As well as for the ma-
chine S;, the group 7222” serves a ”delimiter” for the sub-machine
transcoder, it limits a file of symbols, which is interpreted by the
sub-machine transcoder and serves as a signal for a closing-up of the
machine Sy. After this machine Ss goes to the state g2 and the sub-
machine transcoder (q222Lq,) begins its work.

We consider in detail, as process of a closing-up of the machine Sy
occurs. The tape of the machine at this moment has the form:

1
.. .aL7122 b 2aR71 .. .aR7t1bb. ..

and the machine is in the state go. For simplicity we record this con-
figuration as follows: ...22¢202...
We consider the operation of the machine S; step by step:

L 22g0b2. ..
. 22bgs2. ..
. 22qgb2. ..
. 2qs2b2. ..
L qo22b2. ..

and the machine Sy stops, as far as there is no instruction for the pair
< q9,2 >. Thus on a tape there is a "noise” ("dust”): two symbols ”b2”
after the code of group of instructions R;g and before the code of the
first instruction of the sub-machine writer. Obviously, that presence
of this "dust” will not affect the results of decoding.

Now on the tape of the machine S there is the description of its
internal structure and a size of this machine is 224 instructions (40
instructions of the sub-machine starter, transcoder, ender and plus
184 instructions of the sub-machine writer ). So, the theorem is proven:
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Theorem 3. There exists self-describing Turing machines with
224 instructions, which satisfies to the coding of type Es.

7 The self-describing Turing machine 53 with
206 instructions

The further reduction in the number of instructions of a self-describing
Turing machine is possible thanks to the fact of some agreements about
coding and of respective alterations in the sub-machine writer of the
machine S5.

We make a new addition to specific cases of coding (V):

instruction code of Sy code of S;3
(12) gia;2Lg; 16 1100100002 00002
(13) qiajbLgito 0000102 00102
(14) giajajLgiys 001012 01002
(15) giaja;Rqitg 110012 01102
(16) gia;j1Rgiiq 1011002 10002
(17) giaj2Rqi12 1110102 10102
(18) qia;0Rq; 14 0111002 11002
(19) giaj1Rqito 1010102 11102

The encoding of type Ey, which follows additions (12) - (19), is an
encoding of type Ej.

The machine Sj3

The sub-machines starter, transcoder and ender are the same as
in the machine Ss.

The sub-machine writer of the machine S9 is changed conform the
rules (12) - (19). The rule (12) reduces a number of instructions writer
on 5 (instruction ¢18b2L¢qs ), (13) on 2 (g31bLgs), (14) on 1 (g322Lgs),
(15) on 2 (gsbbRqi3 and q19bbRq19), (16) on 2 (¢7b1Rq11), (17) on 2
(q9b2Rq11), (18) on 2 (¢1160Rq15) and (19) on 2 (q1201Rq14).
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The total number of instructions, by which the size of the sub-
machine writer decreases, equals 18. So, the theorem is proven:

Theorem 4. There exists a self-describing Turing machine with
206 instructions, which satisfies to the coding of type Es.
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Appendix 1

The sub-machine writer

The submachine writer is very simple, it records in succession the codes
of the instructions from ¢; to ¢o¢ and consists only of instructions of
the kind < ¢;,b,a;,R,q;y1 >. The instructions for pairs < ¢;,0 >,
< ¢;,1 > and < ¢;,2 > are absent. In the first column are recorded the
instructions of the sub-machines starter, transcoder and ender which
are coded with the help of writer, in the second - the code, in the third
- the number of appropriate rules of formation of the code, and in the
fourth - appropriate instructions of the sub-machine writer.

@b2Lgs 110122 (5). (10) g2101 Rgao

q2201 Rgo3
q23b0Rg24
q24b1 Rgos
42502 Rga6
42602 Rqo7
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Some small self-describing Turing machines

Qbequ7 111112 (6) q27b1Rq28

- 002 (3) q28b1Rq29

- 002 (3) (pgblRng
9222 Lq3 012 (2), (11) q30b1 Rg31
43101 Rg32
q3202Rqs33
43300 Rg34
q31b0Rgs3s5
43502 Rqs3¢
43600 Rq37
43700 Rgs3s
q38b2Rqs39
q39b0Rq40
q1001 Rqq
q21b2 Rqqo
q1201 Rqu3

q3bbRqy 112 )
) q13b1 Rqaa
)
)

(
q300Lqg3 02 (
q311Lgs 02 (
q322Lq3 02 (

q44b2Rqys5
, (11) q4500Rqu6
41602 Rqy7
q47b0Rqus
q48b2 Rqy9
q49b0Rgs0
45002 Rq51
45100 Rgss

q4b0Rqs 01112 )
) 45201 Rqs3
)
)

(
q40qu4 0002 (
qa1bLgg 0000102 (
q422Lqq 001012 (

45301 Rqs4
, (11) g54b1 Rqss
45502 Rqse
45600 Rqs7
45700 Rgss
45800 Rgs9
45902 Rgeo
46000 Rge1
46100 Rgez2
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q5bbRq14

1100122

101122

1122

1011002
12
12
12

(6), (10)

(5), (10)

(2), (10)
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46200 Rge3
46300 Rqe4
46101 Rges
46500 Rgee
46602 Rqe7
46700 Rges
46300 Rgeg
q69b1 Rqro
q70b0Rq71
qr1b1Rq72
q7202Rqr3
q73b1Rq74
q74b1Rq7s
q75b0Rqr¢
q76b0Rq77
qr7b1Rqrs
q78b2Rqrg
q79b2 Rgso
qsob1 Rgs1
48100 Rgg2
qs2b1 Rqss3
qs301Rqgy
qs4b2Rqgs
qs5b2Rqse
qs6b1 Rqs7
qs7b1 Rgss
qssb2 Rqgg
qs9b2Rqyo
qoob1 Rgg1
49100 Rqy2
49201 Rqo3
q93b1Rqo4
q91b0Rqys
49500 Rqyg
q96b2Rqg7



Some small self-describing Turing machines

q9bbLqy

q900Rq10
q911Rq10
q922Lq10

q10b2Rq12
q1000Rq11
q1011Rq1;
q1021Rq19

112
112
012

1110102
112

112
10110012
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q97b1 Rqos
q93b2Rqgg
q99b1 Rq100
q10002Rq101
410101 Rq102
q102b2Rq103
410300 Rq104
q104b2Rq105
410501 Rq106
q10601Rq107
q107b2Rq108
q108b1Rq109
q109b1Rq110
q11002Rq111
q111b0Rq112
q11201Rq113
q113b2Rq114
q114b1Rq115
q115b1Rq116
q11601Rq117
q117b0Rq118
q118b1Rq119
q119b0Rq129
q12102Rq122
q12201Rq123
q12301Rq124
q124b2Rq125
q125b1Rq126
q12601 Rq127
q127b2Rq198
q12801 Rq129
q129b0Rq130
q13001Rq131
q131b1Rq132
q13200Rq133
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q1102Rq12

q1122Rq11

q1200Rq16

q122bRq13

q13b1Rq15

11112
002
002
12

0111002
002

002
00112

1010102

(@]

AN AN N N
w
— N S

A~ N~ A~
w W
D —

; (11)

; (11)
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q13300Rq134
q134b1Rq135
q13502Rq136
q13601 Rq137
q13701Rq138
q138b1Rq139
413901 Rq140
q14002Rq141
q14100Rq142
q142b0Rq143
q14302Rq144
q144b0Rq145
q145b0Rq146
q14602Rq147
q147b1Rq145
q148b2Rq149
q15000Rq151
415101 Rq152
q15201Rq153
q15301Rq154
q154b0Rq155
415500 Rq156
q15602Rq157
q157b0Rq1 58
q158b0Rq159
q159b2Rq160
q16000Rq161
q161b0Rq162
q16202Rq163
q16300Rq164
q164b0Rq165
q16501 Rq166
q16601 Rq167
q167b2Rq16s
q168b1Rq169



Some small self-describing Turing machines

q1300Rq13 12 (1) q169b0Rq17¢
q1311Rq13 12 (1) q170b1 Rq171
q1322Rq13 12 (1), (11) q17100Rq172
q172b1Rq173

q17300 Rq174

q174b2Rq175

q17501 Rq176

q17602Rq177

q17701 Rqy7s

q178b2Rq179

q17901 Rq180

q180b2Rq181

5) q181b0Rq189
1) q18201 Rq183
1) q183b1 Rq184
1), (11) q184b1 R85
q185b2Rq186

q18601 Rq187

q187b2Rq185

q188b1 Rq189

q189b2Rq190

419001 Rq191

q191b2Rq192

q1501 Rqy6 101122 (4), (10) q192b1Rq193
- 419300 Rq194

- q194b1Rq195

- 419501 Rq196
q19602Rq197

q197b2Rq198

Q1601 Rq17 101122 (4), (10) q198b1 Rq199
- 419900 Rg200

- 420001 Rg201

- 420101 Rg202
420202 Rg203

420302 Rg204

q14b0Rq15 01112 (
q1400Rq14 12 (
q14 1 qu14 12 (
q1422Rq14 12 (
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q17b1Rq18

q172bRq21

q18b2Rq19

q19b2Lq3

1921 Rga9

10112
002

002
0011002

111122

1100100002
002

002

10112

(5), (10)

A~ N~~~
W W ©o
o —

; (11)
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420401 Rg205
420500 Rg206
420601 Rga07
q207b1 Rg20s
420802 Rg209
q209b0Rg210
421000 Rgo11
q211b2Rq212
421200 Rg213
421300 Rga14
q214b2Rq215
q215b0Rg216
421600 Rga17
q21701Rgo18
q218b1Rg219
421900 Rg220
422000 Rg291
q22102Rg990
q22201 Rg223
q22301 Rgo24
422401 Rg225
q22501 Rg926
422602 Rqa07
q227b2Rg20s
q22801 Rg929
422901 Rg230
423000 Rga31
423100 Rg232
q23201 Rga33
423300 Rga34
423100 Rga35
423500 Rg236
423600 Rga37
q237b2Rqa3s
q238b0Rg239



Some small self-describing Turing machines

42002 Rq20 122

Appendix 2

As well as in the case of the machine S1, in the first column one records
instructions of the sub-machines starter, transcoder and ender, which
are coded with the help writer, in the second - the code and in the
third - the number of appropriate rules of formation of the code. We
shall not record obvious instructions of the sub-machine writer in view

(4), (10)

q239b0Rg240
424002 Rq241
q24100Rg242
q242b0 Rq243
424302 Rq244
q244b1 Rqo45
q24500 Rg246
424601 Rqa47
q24701 Rga4s
q248b2Rq249
424901 Rga50
425002 Rq251
q25102Rqy

The sub-machine writer

of simplicity of their generation and for brevity.

(5), (10)

q1b2Lgo

q20bRgs3
q200Lg2
q211Lqy
q222Lgo

110122

112
02
02
02
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q3b0Rq, 01112 (5)
q30bLq3 0002 (4)
q31bLgs 0000102 (7)
4322 Lgs 001012 (6), (11)
qsbbRq13 1100122 (6), (10)
qsb1 Ryg 101122 (5), (10)
qebbRq7 1122 (2), (10)
q7b1Rq11 1011002 (7)
q700Rq7 12 (1)
g711Rg; 12 (1)
4122 R 12 (1), (11)
gsbbLgs 02 (1)
QSOORQQ 112 (2)
gs11Rqo 112 (2)
822 Lqy 012 (2), (11)
q9b2Rq11 1110102 (7)
q900Rq1¢ 112 (2)
QQlqulg 112 (2)
_ 2 (11)
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Some small self-describing Turing machines

q10bbRq19

q1022Rqy

q1100Rq15

q112bRq12

q1201Rq14
q1200Rq12
q1211Rq12
q1222Rq12

q13b0Rq14
q1300Rq13
q1311Rq13
q1322Rq13

q14b1Rq15

q15b1 Rq16

q16b1Rq17

110012
002
002
102

0111002
002

002
00112

1010102
12
12
12

01112
12
12
12

101122

101122

101122
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a7b2Rq1s 111122 (5), (10)

q1sb2Lg» 11001000022 (9), (10)
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