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Turing Machines

(i) An alphabet T with X' := B U {O0}. /

(ii) A finite set of states Q. disjoint from ¥'; g5, qu € Q.
(iii) Write 2 := X' U Q.
(iv) Turing instructions Instr := {L,R,0} x ¥/ x ).

(L, a, q) interpreted as “move head left, write a, go to state ¢".
(R, a, q) interpreted as “move head right, write a, go to state ¢".
(0, a,q) interpreted as “don’t move head, write a, go to state ¢q".

(v) Turing programs P : (Q x ¥/ — Instr.

(vi) Turing configurations C' € " with precisely one state in the
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(viii) Start configuration with input @ = (wy, ..., wp_,) € W
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(ix) Turing computation with input W ¢
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While programs
M = (Z,n,P)
(i) An alphabet ¥.
(ii) A number n > 0 of registers.
(ili) A finite program P, build by recursion from basic instructions:

(a) add(z, a) is a while program
(“add a to the ith register”):
(b) remove(i) is a while program
(“remove the last letter from the ith register”);
(¢) if P and @Q are programs, then so is PQ;
(d) if P is a program, then so is while i not empty do (P).

(iv) While configurations: n-tuple of words together with a marker
that tell us where in the program we are.

(v) While program transforms C' to C: perform the imstruction
behind the marker and move the marker to the end of the instruction,
back to the start of the while loop, or to the end of the while loop.

(vi) Start configuration with input = (wy, ....w_;) € W is
@ with marker at the start of the program.

(vii) While computation with input i € W*: starts at the start
configuration and performs transformations. Halts if there is no
next instruction after the marker.
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The Church-Turing Thesis. The mentioned equivalent formal concepts of

l-::lll]!lllil]rllih' desceribe the imformal notion of "litlllltlfn’lili.]jl‘\' suceessfully:  anv
reasonabile attempt to describe the informal notion of t"llll}}llidhi[]tr will lead to
a formal notion that is rqll'ix-e..|q~||1 to the ones we have described
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