multiplication(ZD#FEHB DEFDFF)
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TuringMachine®{t#k(& TuringMachine[rules, ¥ #A4K B step$k] £BNFET.

ruleld{q,s}->{q’,s’,dir} (q:IREDIKEE, s AYFDTDXF,q - RDIREE,S"AY FHREEALXF,dirAY FOEL A R.A, 2, BNDIENT,+1,-1,0T
1&7E)

WMEK #EIZ{{q0,pos},tape} (qO: T FIDIKEE, pos: mADAY FOLLE tape: D T—TDIKEE) £HNFET.
MathematicazHFEN A FE BB AHelpEHIEZE .

= tapeDWEIIREE G E K tape]lCA>TWET. MEPREREZZIENTEETH, MiRICEBANEFNEFN2E L LT REFTHED IBRICLTTEL.

= % OManipulate TldF—7F&0)vH L Tdragd 3, BIRDKESHENDNET.

m fEBprogram
int}- ClearAll["Global™ x"]

nezi- (*AYRFORIEZE[1T, KREBIEFETRTTE+)
gbracket [x_List] := (»IKEB+AYFDLIE. TOY5LDBREEICGoodx)
ReplacePart [x[2], x[1] [2] - Subscript ["[" <> ToString [x[2] Ix[11 120111 <>"1", x[1, 1711

(xRBBFMTuringMachine [ ] OH A =outlCRMICHRNBIEIE. *)
posF[x_] := FirstPosition[x[All, 1, 1], F][1] -1

turing[out_] :=
Manipulate[
Block[ {now, tape, control, pos, state, contents, boxes},

now = out[step];

tape = now[2];

control = now[1];

pos = control[2];

state = control[1];

boxes = {Line[{{1, ©}, {1, 2}}], Table[Line[{{i, @}, {i+1, 0}, {i+1, 2}, {i, 2}}], {i, 1, Length[tape]}]1};

contents = {Table[Text [Style[tape[[i]], Large], {i+ .5, 1}], {i, 1, Length[tape]}],
Green, Polygon[{{pos, -1}, {pos+1, -1}, {pos+1, -.5}, {pos + .5, @}, {pos, -.5}}1,
Black, Text [Style[state, Medium], {pos +©0.5, -©.7}]};

Graphics [ {boxes, contents}]], {step, 1, Length[out], 1}]



2 | multiplication.nb

m main program

)= Import ["https://mixedmoss.com/mathematica/turing/jpg/multiplication.jpg"]

At this point the machine is scanning the
leftmost 1 on the tape.

Erase the laftmost 1 remaining
i the counter group, and
move right. The counter group is ¢mpty.
B:R 1R Move right, writi.ng
15 38 you go, until
you reach the
teapfrog group.

The counter group is not yet
empty. Go to the second
square te the right of i,

Then back
off to the left,
>4 DBR ¢ [ and halt on the
Leapfrap routine leftmast 1« on
Find and erase the the tape.

leftmost 1 in the leapfrog
group. Go right
1 square

Go left to

the beginning
of the counter
group.

This round of leapfrog

is not aver, so
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Ga 2 squares right of

tst block of 1s in Ieapfrog
group. Write a t there if
it is blank. But if it isn't,
write a 1 at the nght

of the whole leapfrog
group.

From

"computability and logic" by
B R GEORGE 5. BOOLOS,

JOHN P. BUEGESS and
RTCHARD (. TRFFREY

ne- rule = {{1, 1} » {1, " ", 0}, {1, " "} > {2, " ", 1}, {2,1} > {3,1, 1}, {2, " "} > {25, " ", 1},
{15, " "} -» {16, 1, @}, {16, 1} » {15, 1, 1}, {15, 1} » {17, 1, -1}, {17, 1} » {17, 1, -1},
{17, " "} > {F, " ", 1}, {3, 1} » {3, 1,1}, {3, " "} > {4, " ", 1}, {4," "} > {4," ", 1}, {4,1} > {5," ", 0},
{5," "}y->{6," ",1}, {6, " "} > {12, 1, 0}, {6, 1} » {7, 1, 1}, {7, 1} » {7, 1,1}, {7, " "} > {8, " ", 1},
{8, 1} » {9, 1, 1}, {8, " "} » {10, 1, @}, {9, 1} » {9, 1, 1}, {9, " "} » {10, 1, 0}, {10, 1} » {10, 1, -1},
{10, " "} » {12, " ", -1}, {11, 1} » {11, 1, -1}, {11, " "} > {4, " ", 1}, {12, 1} -» {13, 1, -1},
{13, " "} » {13, " ", -1}, {13, 1} » {14, 1, -1}, {14, 1} » {14, 1, -1}, {14, " "} > {1, " ", 1}};

n7- tape = PadLeft[PadRight[{1, 1,1,1, " ", 1,1, 1}, 20, " "], 25, " "]
pos = FirstPosition[%, 1] [1];

ou7l= { 5 5 s s 1,1,1,1, ,1,1,1, , , 5 5 5 5 s 5 5 s }

o= mul = TuringMachine[rule, {{1, pos}, tape}, 164];

(*posF [mul] )
gbracket /@mul

ouio= {{ 5 » 5> 5 5> [1]1,1,1,1, ,1,1,1, , , 5, 5 5 5 5 5 5 s 5
T 5 5 s 5[ 11,1,1,1, ,1,1,1, 5, 5 5 5 5 5 5 5 3 5 5 )s
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