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B> 11.5.3 Machines for Unary Incrementing

Turing machines ca be wrttento accomplish aithmetic using the nonnega-
tive mumbers 0 1, 2, and 50 0. Working with these rumbersposes 2 problem
we did ot face with the bi invete o the paity bit machine. In those exam-
pls, we wee maripulatin only bis (e, 0s and 1), abready artofthe Tur-
ing machin alphabet of symbols. We cat put rumbers ke 2, 6, o 754 in
cels o the Turng machine tape because these symbols are nt part of the
alphabet. Thereore, our fist task s to find a way to encode such numbers
sing 0 and 1. We could use binary representation, as a eal compater does.
Insted, et us gree on 3 simpler unary epresentation of mumbers (urary
means that we will e only one symbol,namely 1) In uary representation,
any unsigned whoe mumber n i encoded by a sequence of  + 1 15. Thus,
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(You may wonder why we don' simply ue 1 torepresent 1. 11 o represent 2.
04 50 on. This scheme would mean using 1o 15 o represent 0, and then the
‘machine could not disinguish a singe 0 on the tape from nothing—all
blanks—on the tape)

Using this unary represetation of mumbers, les write Turing machines to
accomplis some basic arthmetc perations. We can write  Turing machine to
348 110 any number;such  machine i often called a ncrementer. Usig the
\unay reresentation of mumbers just descrbed, we need only stay n state 1
and tavel over the sting o 1s to the righthand end. When we encountr the
st bank cell, we writea 1 it and go tosate , which as o istrctions,
i orer to . igure 1.6 shows the state dagram.

"The Turing machine fo th incremente s

1 (LLLLE)  Pas o the right over 15,
2.(15,1.28) Adda single 1 at the righthand end ofthe string,
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atwhich it the machine halts.The utpot onthe tape i the
f the number 3. The machine ths incremented th inat, 2, o the outpt,
Here i another agorthm to accomplish the same task. The
algorithm moved to the righthand end of the string and added 4 1. But
increment problem can alo be solved by moving to th lethand end of
sring and adding a 1. The Tring machine program for this lgarithm is.

(LLLLL  Pas t the et over 1s.
(LB121) Add 3 single 12t the lethand endofthe sring.




