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A general BSS model over arbitrary structures

The classical register machines and the BSS model
2. Comparison of BSS model and RAM’s

Comparison of Type-2 machines, BSS machines, and classical RAM’s

- Turing machines <= BSS machines
- Type-2 machines &= RAM's
- Consequences

4. The Halting problems for several types of machines

Remarks to non-deterministic machines
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1. The classical register machines and the BSS model

Some known models of computation

m [uring machines over {0, 1} (and a blank symbol)

= Type-1
m Type-2

Meaning:
theory of computability and theory of complexity

m Register machines over {a,,...,a,}, N, R ,...

= Finite dimensional machines

= Infinite dimensional machines
m Offline
m Online

Meaning:
simple models for existing computers and theory of complexity
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1.

The classical register machines and the BSS model

Some known models of computation

offline / online

Minsky (1961), Scott (1967), Blum/Shub/Smale (1989),...

X

(XD 39 n):>

[nput
procedure

A program

executed until stop criterion

(offline):
J ()
OUtPUt i(yla- 00Y y )
procedure "
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1.

The classical register machines and the BSS model

Some known models of computation
offline / online

Minsky (1961), Scott (1967), Blum/Shub/Smale (1989),... (offline):

- /G
(Xl,...,xn) 'J') D) (.yl)-..:ym)

(X{5 X5 oos X[, ...]) |__READ
suitable inputs or
codes of objects
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1.

The classical register machines and the BSS model

Some known models of computation
offline / online

Minsky (1961), Scott (1967), Blum/Shub/Smale (1989),... (offline):

x J(x)
(x19 59 n):> lnPUt A program OUtPUt i(yl’”'? ym)
procedure , — procedure

executed until stop criterion

Cook/Reckhow (1973), Aho/Hopcroft/Ullman (1974),... (offline / online):

(xy, Xy s X, |, ...]) | READ > A progiram PRINT >(y1,y2,...,ym[,...])

suitable inputs or : _
codes of objects executed until stop criterion

Weihrauch (19857),... (online):

(’xb x27 x3?"') READ A program PRINT (VD yz, y3,...)
code/name of u | code/name of f (u)
U > [(u)
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1. The classical register machines and the BSS model

Our goal

Definition of a general model of computation

= by
= comparing known standard models
= generalizing the main concepts

m in order to

= unify known models

= gain new insights in the relationship between known models
similarities and differences)

m transfer results from one theory of computation to another

m better understand the open problems in the classical theory of
complexity (Why is it difficult to solve the classical P-NP problem? ...)
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1.

The classical register machines and the BSS model

Our register machines

Registers
= a countable nhumber of registers for storing numbers

Instructions
= start and halt instructions
= operation and test instructions

Program
= a finite sequence of labelled instructions (M. L. Minsky, 1961)
= represented by flow diagrams (Z. A. Melzak, 1961; J. Lambek, 1961)
= a program schema with operation and predicate symbols (D. Scott, 1967)

Machine
= provides the interpretation for a program (D. Scott, 1967)

Model of computation
= the input and the output procedures
= the machine
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1. The classical register machines and the BSS model

Our register machines

m Finite dimensional machines

= a finite number of registers:
Zy s Z

s Each configuration is determined by the label of the current instruction
and the values of the registers.

m Infinite dimensional machines

= an infinite number of registers:
2.2y 2 21y 7,

D5mo> Tmtl > Tmt2o0

- J
Y

m processor registers (or one accumulator)

= without indirect addressing
= with indirect addressing
(can be realized by index registers /,,...,1,)
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1. The classical register machines and the BSS model

Examples for several structures

7, = ({0,1};0, 1;+,- ;=)
= Turing machine
= Type-2 machines

No=N;0;:1,6:7), fim=nt+tl, f(n)=n=1, r(n)=true iff n+ 0
= counter machine (0-1=0)

N =WN;N;+,—;7)
= classical RAM

= real RAM
= BSS model
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1.

The classical register machines and the BSS model

Instructions over X

A structure: X =(U;cy,Cyy o5 fis froeei Tisase-r)

Computation: & Z, =/(Z,..... 2, );
L Z, = ¢
Branching: Laf r(Z,,...,Z, ) then goto [, else goto /;;
J
Copy: L Z= 27,

Index computation: 7= 1; I:=1I+1; if I, = I then goto /, else goto /,;
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1. The classical register machines and the BSS model

An example
for a finite dimensional machine

By Minsky (1961).
2=(N;0:1.f6:r), fim=n+1l, f(n)=n=1@0=1=0), r (n)=true iff n+ 0

Registers: Z, , Z,

Computation:
[ Z, =272 +1; [ Z, = 2,+1; [ Z, =272 +1,; [ Z,=2,+1;
I Z, =272 = 1; [ Z, =2,=1; I Z, =72 +1; I Z,=72,=1;

Branching:
[: if Z, + 0 then goto /, else goto /,;  [: if Z, + 0 then goto /, else goto /, ;

Input: %
In(n)= (2", 0)

Output: 7
Out(z,,z,) =m,1f (z,,z,)= (2", 0)
Ouf(z, , z, ) undefined otherwise
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1.

The classical register machines and the BSS model
An example
for an infinite dimensional machine

The Model of L. Blum, M. Shub, S. Smale (1989) is similar to:

Registers: 1,,,,Z,,Z,,...
Computation and Branching: +, —,°, ..., < Copy: Z;= Z,j; Z]j =7

b b

Input and Output:

(X pseeen X, ) € U R (Xpp-ee%,, 0,00 ... ) E RY x £ 0

A

In(x,...,x,,0,0,...)=(1,1,x,n,x,,0,...,x,,0,0,...), x, #0

n

Out(iy, iy,2y, 2y, ...) =(2y, 25,25, ...) €E R¥

K. Meer (1992): In(x,...,x,,0,0,...)=(1,1,x,0,x,,0,...,x ,0,0,...)

ceey Ay

E. Gradel (2007): In(x,,...,x,,0,0,...)=(1, L, x;,x,, ...,x,,0,0,...)

ce9 Ny
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1. The classical register machines and the BSS model

An further example
for an infinite dimensional machine

By C. GaBner (1996), ....
Registers: I, L, ., [,,Z,,Z,,...
Computation and branching: t=s s 15 (s 2 ) COPY: Zy= 7
| ; .

Input (cp. P. Koiran, 1994) and output space:

(X ppeeen X)) € U R

Input:

In(x,....,x,)=m,1,...1,x,.,x,,0,0,...)
Output: A

Out(iy, iy 5 oy by 2152y 5 ) = (2150005 2) € Ui R

A\ \
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1. The classical register machines and the BSS model

The general BSS machine and the input

The input: (7,.,...,Z) = (x,..., x,); 1= n; L= 1;... i, =1
H_/

c uizl[Rf
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1. The classical register machines and the BSS model

The general BSS machine and the input

The input: (7,.,...,Z) = (x,..., x,); 1= n; L= 1;... i, =

X, X X3 Xy

L

Zl Z2 Z3 Z4 ZS Z6 Z7 Z8 Z9 ZlO le

DY
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1. The classical register machines and the BSS model

The general BSS machine and the input

The input: (7,.,...,Z) = (x,..., x,); 1= n; L= 1;... i, =

X, X X3 Xy

The size of l l l l
the input
Zy Ly Zy Zy Zs Zg Ly Zg Ly Zyy Zy

2 . . . . .
A
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1. The classical register machines and the BSS model

The non-deterministic BSS machines
(input and guessing)

The guessing: (Z,.1,---, Z,4) = W1 V) € U U’

non-deterministic!
X1 X X3 X

The size of l l l l
the input
Z 4, Z, Z, Z; Z; Z, Zy Zy Z,, Z

i ...II..
1, .‘ 3’1 yz y3 y4 yS/

- Arbitrary elements can be guessed !
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1. The classical register machines and the BSS model

The general BSS machine and the output

The output:  (Z,,..., Z;)

The size of
the output

gassnerc@uni-greifswald.de



1. The classical register machines and the BSS model

BSS machine for the problem of ordered tuples

[nput: a tuple of integers (Xy,...,x,) € U, N’
Problem: Is the input ordered?
Decision:

@ut: (x1,...,D

l1: ifi=n
then x,:=1;
else
ifx; Sx;,,
then i:= i+ 1;
goto 1; VEE
. 4 no
else x, :=0; — 1
2 x;:= 0

N g
1 Dl

< Output:x, >
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1. The classical register machines and the BSS model

BSS machine for the computation of the sum

[nput: a tuple of integers (X;,..., x,) € U, N
Output: > X,

i=1..n

Computation: @m: (x (I ’D

I: ifi<nm
then i:= i+ 1;

no

fori:=2tondo ‘

X =Xt X,

j < OQutput:x, >
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1.

The classical register machines and the BSS model

The simulation of machines by BSS machines

A Type-2 machine withi Z, O'< {0, 1}*

M| (flamily) off RAM's for k-dimensional inputs (k & N©)

Anenline RAMwitn £, O € [R% A Type-2 machine withi /; O € {0, 1%

ATRAVIIWItrenesWay WiHtEsonly outpUtTtapE

Jl means ,can be simulated by"
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2.  Comparison of BSS model and RAM’s

Our BSS model and classical RAM’s with

Ic v, R
BSS machine Classical RAM’s

In-, output mode offline online
In-, output space LO=uU,_R | JcN"| JCcuU, N |[[OcSR¥

OcN| IcuU, R
Indirect addressing yes no yes
Any machine has its yes no / yes
own program.
Number of registers 00 < o0 00
Number of ‘tapes’ 1 3

Input

input procedure

read instruction

Output

output procedure

print instruction
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2.  Comparison of BSS model and RAM’s

Our BSS model and classical RAM’s with
Ic U, R (Offline)

The end of the input is not decidable by a classical RAM
with READ since there is not a blank symbol.

S

BSS model Classical RAM
The size of each input | is stored in an index cannot be computed.
register.
The output of the last is possible. is not possible.
value of each input
The sum of all the can be computed. cannot be computed.

input values
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Comparison of BSS model and RAM’s

The classical real RAM
without inPut and output Procedure

Inputs are read by a READ instruction

RN

i Processor registers and registers of the storage
mﬂﬁﬂﬂﬂnﬂﬂ-
‘ PRINT

L4
1o o 0o ool B BlB

Outputs are written by a PRINT instruction
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2.  Comparison of BSS model and RAM’s

The classical real RAM
without inPut and output Procedure

Inputs are read by a READ instruction

RN

Outputs are written by a PRINT instruction
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3. Comparison of Type-2 machines, BSS model, and the classical RAM’s

The Type-2 machines
with Y, ¥,=1{0,1}* or Y, ¥Y,= {0, 1}*

An one— read on

ly input tape
o mhillla—
A work tape
<

A work tape

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
1 ﬂh-ll.ﬂ_

Two traces by stretching
A
@

A work tape

-llllﬂlllll_
-ﬂﬂﬂﬂllﬂlﬂﬂ_

A work tape

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
1 ﬁﬂ-lllﬂ_

Two traces by stretching
A
@

A work tape

-llllﬂlllll B
-ﬂﬂﬂﬂllﬂlﬂﬂ_

A work tape

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read only input tape

Two traces by stretching

A work tape

_Eoom gllll .
-nnnnllnlnn—

A work tape

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
1 ﬁﬂ-ﬂﬂﬂﬂ_

Two traces by stretching
A
@

A work tape

A work tape

A A

An one-way write- only output tape

gassnerc@uni-greifswald.de



3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
o mhinnna—
A work tape
@ |
b H O DI

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
o mhinnna—
A work tape
M
v
I 0 O DS

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
1 ﬁﬂ.ﬂﬂﬂﬂ_
A work tape

_ EED DO N O .
< v
B O 0 OO Co

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
1 ﬁﬂ.ﬂﬂﬂﬂ_
A work tape

N ERERE
Vg m m oo o

An one-way write- only output tape
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3.

Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one-way read-only input tape
100 01 BB BB B .

A work tape

g I D B

D 0 O 0 I OE

v
1o Jo 0o jojo L BBIE

An one-way write-only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
RO AT TR
A work tape

_EEO DO @D @D
@) oo n Do o

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one— read on

ly input tape
RO AT TR
A work tape

O p—

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
o ﬁﬁiﬂnﬂa—
A work tape
<

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
o ﬁﬁiﬂnﬂa—
A work tape
<

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
o001 sssE
<

I

S

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
1 ﬁﬂ.ﬂﬂﬂﬂ_

1B 1

S

A A

O I mmE

An one-way write- only output tape

gassnerc@uni-greifswald.de



3.

Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
1 ﬁﬂ.ﬂﬂﬂﬂ_

?%Eﬂﬂ-

@F!EE

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

1o oot B B BBIE

@:!EIEI- g!%gﬂﬂ-

A right unbounded and a

left unbounded work tape

v
1o o0 jojojoll BBIE
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

ONCRCHCRCRNCACACACACH N,
ERRORCSORON AN

A right unbounded and a

left unbounded work tape

A A

M

B B 1

v
1o o0 jojojoll BBIE
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

ONCRCHCRCRNCACACACACH N,
ERRORCSORON AN

A right unbounded and a

55 L L[l L5 5 . [
v
L jojo oo ool BB B .

A A

M
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

ONCRCHCRCRNCACACACACH N,
ERRORCSORON AN

A right unbounded and a

mﬂ.!unbounded work tape
v
10 00000001 BB B ..

A A
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

ONCRCHCRCRNCACACACACH N,
ERRORCSORON AN

A right unbounded and a

mﬂ.!unbounded work tape
v
10 00000001 BB B ..

A A
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

1o oot B B BBIE

1B 1

| G

A A

LLB Bl
v
1o o0 jojojoll BBIE
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
100 0 1B BBBB .

m ? 0 O D
-

A A

1 B B

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
100 0 1B BBBB .

m ? 0 O D
T Il

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
1 ﬁﬂ.ﬂﬂﬂﬂ_

o H O S
s gede g

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
1 ﬁﬂ.ﬂﬂﬂﬂ_

H O S
— R a Al d e

A work tape

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
ORI CACACAC A
A work tape

o M R B I
: 'R DD D

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
o001 sssE
A work tape
ﬁﬂ?ﬂﬂﬂnﬂﬂ-

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
o001 sssE
A work tape
ﬁﬂ?ﬂﬂﬂnﬂﬂ-

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Turing machine over {0, 1}
to a {0, 1}-BSS machine

An one- Wa read on

ly input tape
o001 sssE
A work tape
ﬁﬂ?ﬂﬂﬂnﬂﬂ-

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an input tape of Type-2 machine
to a work tape

An one- Wa read -on

ly input tape
1 ﬂhﬁﬂﬂﬂﬂ_

A work tape

ﬁﬂ?ﬂﬂﬂnﬂﬂ-

A A

<

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an input tape of Type-2 machine
to a work tape

An one— read -on

ly input tape
000t BBBB .
| ﬁﬂ?ﬂﬂﬂnﬂﬂ-

<

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an input tape of Type-2 machine
to a work tape

J—Eﬂﬂﬂﬂ_
Q ﬂllllﬂ?ﬂﬂﬂnﬂﬂ-

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an input tape of Type-2 machine
to a work tape

J@ - ﬁﬂ?ﬂﬂﬂﬁ-

A A

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an input tape of Type-2 machine
to a work tape

= = oo IF? oo o

A A

oo

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an input tape of Type-2 machine
to a work tape

A new work tape

Iﬁllﬂlﬂ*?llﬂﬂﬂ-

A A

<

An one-way write- only output tape
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an input tape of Type-2 machine
with Y, ¥,= {0, 1}* to a BSS input

The initial configuration for the "Type-2" machine and for input 110001 :
| | ! |

; ;
B D OO0 DN

@ The symbol B after the input from {0, 1}*

’_‘ The output tape

{}The initial configuration for the BSS input of (1, 1, 0, 0, 0, 1):
Vbbb
IlﬂﬂﬂF

@‘ ¢= An index register contains the length of input
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

From an output tape of Type-2 machine
with Y, Y= {0, 1}* to a BSS output

Type-2 machine output:

WA The work tape

PRINT

The one—wai write- onli outiut taie

The output

BSS output: An index register contains the length of output

D
@ Only a work tape
1

The output from the work space

1 1 0 1 0 1 into U {0, 1}
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s
From a Type-2 machine with Y,, ¥Y,= {0, 1}*
to a {0, 1}-RAM

Type-2 machine

V2

JJ
QI0oano.

4 The work tape with blank symbols

&
_Aﬂ‘

T ¢

b ﬂﬂﬂﬂﬂﬂbﬂ-

3 ¥ The work tape without blank symbols
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

Consequences

Simulation of offline RAM’s without input tape

Input Simulation Tuples are represented
space of by
the RAM y on space
U;2110,1} | Type-2 machines {0, 1}*{0}%* |infinite strings
o
Uiy N finite dimensional N Godel numbers
register machines | for a fixed k&
o
Turing machines f0, 1}* binary codes
—
U R" | BSS machines Upsy R tuples over the reals
s
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3. Comparison of Type-2 machines, BSS machines, and classical RAM’s

The domain of reals and consequences

s For RAM’s with one-way write-only output tape we get
(cp. K. Weihrauch, 2001):

m) (FP) Every finite portion of the output is already determined
by a finite portion of the input.

= H. Friedman, R. Mansfield: ‘Algorithmic Procedure’ (1992),
Theorem 17:

=) There is no 1-1 computable mapping of R? into R.

Real RAM'S are not really: stitable
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4. 'The Halting problems for several types of machines

Semi-decidability of Halting problems

over the reals

Bc U, R, B is decidable if the characteristic function is computable.
Hg = {(xy,..., x,, Code(M)) | (x,...,x,) € U, R

& M is a machine over R & M halts on x}
HySPec = {Code(M) | M is a machine over R & M halts on Code(M)}

gassnerc@uni-greifswald.de



4. 'The Halting problems for several types of machines

Semi-decidability of Halting problems

over the reals

Bc U, R, B is decidable if the characteristic function is computable.
Hg = {(xy,..., x,, Code(M)) | (x,...,x,) € U, R

& M is a machine over R & M halts on x}
HySPec = {Code(M) | M is a machine over R & M halts on Code(M)}

[s H semi-decidable? Yes, if the codes are suitable.
For BSS machines: by one machine
For finite dim. register machines: by a system of machines (cp. D. Scott)

The number of used registers is unary encoded
in the codes of the machines.

For infinite classical real RAM’s: by one machine

gassnerc@uni-greifswald.de



4. 'The Halting problems for several types of machines

Decidability of Halting problems
over the reals

Bc U, R, B is decidable if the characteristic function is computable.
Hg = {(xy,..., x,, Code(M)) | (x,...,x,) € U, R

& M is a machine over R & M halts on x}
HySPec = {Code(M) | M is a machine over R & M halts on Code(M)}

Can the undecidability of HgPec be shown?

For BSS machines: by diagonalization
For finite dimensional register machines: ? (not by the usual proof)
For infinite classical real RAM’s: by diagonalization
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4. 'The Halting problems for several types of machines

Reducibility of semi-decidable problems over
the reals to the Halting problems

Bc U, R, B is decidable if the characteristic function is computable.
Hg = {(xy,..., x,, Code(M)) | (x,...,x,) € U, R

& M is a machine over R & M halts on x}
HySPec = {Code(M) | M is a machine over R & M halts on Code(M)}

Can any semi-decidable problem be reduced to the corresponding Hy ?
For BSS machines: yes

For finite dimensional register machines: by a system of machines

For infinite classical real RAM’s without READ: no, e.g. {(xy,...,x,) € R*| Ji (x,# 0)}
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5. Remarks to non-deterministic machines

Remarks to the non-deterministic machines

A feasible 1 eal RAM A non-deterministic
(V. Brattka, P. Hertling) Turing maching

Il means ,can be simulated by"
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A general BSS model over arbitrary structures

Thank you very much!
Christine GaBner

I also thank my students Paul Grieger, Franz Huwald, and Isabel Desire Schwende.

A finite dimensional register maching

igE
A classical RAM A Tiype-2 machine with Z, 0 €40, 1}*
i B i B
ANBSSHIIaCHINE
i §

A system (family) of RAM's for k-dimensional inputs (k & N¥)
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