Construct a Turing machine that computes the function:

f(we {a,b}") =ww

while there are input symbols do
Find and Replace a (or b) with Z
Find and Fill the first blank with X (or Y') for a (or b)
Roll back Z to the original a (or b)

: Replace X's and Y's with a's and b's
. Go to the first input symbol

9 hwnH



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(BIal5 5[ B[B[B[B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
ROy O
[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—=X]R [X=X]L
[Y=YIR [Y=YIL

Find and Replace a (or b) with Z.



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B1Z[8[5[B[B[B]B]

[a—a]R [a—a]L

[b—=Db]R [b—Db]L

[X=X]R [X=X]L

[Y=VY]IR [Y=VY]L [X—a]R [a—a]L

[Y—blR [b—b]L

[X—a]R
T OO O

[a—a]R [a—a]L

[b—=Db]R [b—b]L

[X=X]R [X—=X]L

[Y=YIR [Y=YIL

Find and Fill the first blank with X (or Y') for a (or 1).



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(51 Z[5[B]B[B[BE]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(51 Z[5[5[BB[BE]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B Z[5[B[X[B]B]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
ROy O
[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—=X]R [X=X]L
[Y=YIR [Y=YIL

Roll back Z to the original a (or b).



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B Z[8] 5 [X[B[B]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(BIZ]5 ][5 [X[B[B]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(Bl [B]5[X[B]B]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—=b]R [b—b]L
S
T O Oarsrra O
[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R IX—=X]L
[Y=VY]R [Y=VY]L

Repeat until no input symbols left.



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B [Z[B[X[BIB]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B[ Z[5[X[B[B][B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(Bl [Z[5[X[BIB[B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(Bl Z[ o [X[V]B[B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(Bl [Z[BIX[V]B][B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(Bl [Z] 5 X[ V]B[B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Ba 5 [BIX[V]B[B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(Bl 5[ ZIX[V]B[B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[B1a 5[ Z]X[¥IB[B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Bla 5[ Z[X[V]BIB]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B a 5[ Z[X[¥]V]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Bla 5[ ZIX[V]V]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B a5 [ZIX[V]V]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X=X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
e O O
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Ba 5 B [X[V]V]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
e A4
ROy O
[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—=X]R [X=X]L
[Y=YIR [Y=YIL

Replace X's and Y's with a's and b's.



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Bla 5[5 = [¥IV]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R N [B—B|L ) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Bla 5[5 a5 Y]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R N [B—B|L ) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Blal5]5]a 56 B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R N [B—B|L ) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[B1al5]5 a5 [8]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—=X]R [X—=X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—=b]R [b—b]L
P !
[Y—=b]R @ [B—B]L \qu/ [B—B]R @
[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—=X]R [X=X]L
[Y=YIR [Y=YIL

Go to the first input symbol.



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Blal5]5 s B6]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R > [B—B|L &) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Bla 5 b al5[6]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R > [B—B|L &) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

[Ba 5 Ba 5 ]6]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R > [B—B|L &) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(B8 5 = 5]6]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R > [B—B|L &) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(BIal5 5 a 56 B8]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R > [B—B|L &) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

Bla]5]5 = 5]6]B]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X>X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—blR [b—sb]L
T
[Y—b]R > [B—B|L &) [B—B|R @
[a—a]R [a—a]L
[b—=Db]R [b—b]L

[X=X]R
[Y=VY]R

IX—=X]L
[Y=VY]L



Construct a Turing machine that computes the function:

f(we {a,b}") = ww

(BIal5 5 a 56 B8]

[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—X]R [X—X]L
[Y=VY]IR [Y=VY]L [X—a]R [a—a]L
[Y—b]R [b—b]L
Y G
RO )
[a—a]R [a—a]L
[b—Db]R [b—b]L
[X—=X]R [X=X]L
[Y=YIR [Y=YIL

Computed! f(abb) = abbabb



