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(27) For each of the following languages, decide whether it is context-free and provide an argument for yow
claim: .
(] ﬂrl"ﬂ"' tn#Emoan4m>0};
(b) {a™b"c™d"; m,n > 1): ”
IL{I ' i = I
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(7] l}.’i"n".-"'r"--."r , 2n = 3k or Him = I

(f) {a®; pis prime);

(1) {o. b} \fuw; w € {a,b}*)
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ON COMPUTABLE NUMBERS, WITH AN AFPLICATION TO
THE ENTSCHEIDUNGEFROBLEM

Ay A, M. Tonrsc
[Ricaivel T8 May, 1530, —Rpal 12 Somimber, 1834.]

The "ooemputable' numbers may be desonbed brefly a8 the real
nambers whos expueasions a8 & desimal are caleulatds by finite means.
Althomgh the gubject of thes paper 1 patenmbly the computabls senrlers
il s abmoad equally easy to define and investigate compotabde fonctions
ol an i1|1.-:-5'rn] varable or & real or eomputable vanable, computable
predicates, aml so forth. The lundsmental problems invelved are,
Bownver, the same in eash cass, and [ have chosen the computabla nam bers
For explicit treatnwent as invelving the bbast cumbromns technigue, T hops
shortly 4o give an account of the mlations of the computable REmbers,
fasefions, and e forth to one ancther. This will inelude & developmant
uf thn 1J'u1|;|-1'_|.' af funetpomy of & rea] variabds mpmuﬂi Iy terma of oom-
pu:ﬂ.lnlr wvan b _I.:-r:-.r::hng o my definiton, & number is computabile
ifl ita stocimal can be written down by n machine,
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8 k4 REGSTER MACHINES

4.1 Register machines

Let £ be an alphabet and @ a non-empty finite set whose elements we shall call states. A
tuple of the form

(0,k,a,g) e NxNxX xQ,
(1,k.a,q.d) eNxNxE xQxQ,
(2,k,q.¢d) ENxNxQxQ or

(3.k.q.d) eNxNxQ xQ

is called a (X, Q)-instruction. For improved readability, we write

+(k,a.q) :=(0,k.a,q), (“add™)

Nk,a,q.q9) :=(1.k,a,q.q9). (“check™)

Nk, 2,q.49") == (2, k,q.q") and (“check™)

—(k.q.q") == (3. k.q.q") (“remove” )
S ﬂk“

Instruction Interpretation

+(k.a,q) “Add the letter a to the content of register .{ and go to sta i
k.a.q.q') “Check whether the last letter in register k is a; if so, go to
state ¢; otherwise, go to state ¢'."
Nk.z.q.q") “Check whether register k is empty: if so, go to state ¢; otherwise,
go to state ¢'.”
~(k.q.q9")  “Check whether register k is empty; if so, go to state ¢; otherwise,
remove the final letter of its content and go to state ¢’

Table 1: Interpretations of register machine instructions.
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Case 1. If P(q) = +(k.a.q') and C" = (¢, wo, ..., We_y, Wp@t, Wy, ..o Wyy ).
Case 2. If P(q) =?(k.a.q'.q"),
Subcase 2a. wy = wa for some w and C' = (¢, wy, ..., wy) or
Subcase 2b. wy # wa for any w and C" = (¢”, wy, .... w,,)
Case 3. If P(q) = ?(k,e.q',q"),
Subcase 3a. wy = £ and ' = (¢, wy, ..., w,,) or

Subcase 3b. w, # ¢ and C' = (¢", wy, ..., wy,).

Case 4. If Plq) = —(k.q".4").

Subcase 4a. wy == and " = (¢'. wy, ..., w,,) or
Subcase 4b. w; = wa for some a and C' = (¢", wy, ..., we_ 1, W, Weiy, ... Wy ).
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