[image: image1.png]1 we apply this algorithen  thesame inpat tape, the compotation is

Once again, 2 has been incremente to 3. But whereas the frst computa-
tion took four opertions—that is, four applcations of Turing machine
instructions—the second computation ook only two.

Let's compare these two algorithms in tems of the time and spce e
ency. Wel take the execution of a single Turing machine istruction as 3
it of wok, 50 we measure the time used by  Turing machine algorithm by
the number of instructionsexecuted. The space” a Tring machine algorith
takes on any giveninput i the rumber of nonblank cllson th tapethatare
sed dring the courseof running the progam. The input iselfoccupies some
nonblank cells o the intresting question s how mary additonal cells the
sgorithm uss in thecoure of its exection.

‘Suppose that the number i to be inremented using agorith 1. The
initial input tape contains six 15 (the unary representation for 5). The
machine moves to the rght, over althe 15 o the tape, untl it encounters
the first blank celL. It writes a1 int th blank cell an then halts. An istrc
tion i executed fo exch move to the ight. By the time the blank celis
reached, s nstucton executions havebeen done; acualy the it istrc-
tion has been executed sx times. One final executio, this tme of the second
instruction, completes the task. Altogether, seven steps are reqied, two
more than the mumber 5 we are incrementin. One “exta” st comes becase
of the unary representation, wit ts additionl 1, and  second “exta” st 5
used 0 wrte verthe bank cell. Thereore, it s eas to see that i the prob-
e i 0 increment the mumber , then n + 2 seps would be rquired sing
algorithm 1. Algorithm 2 does 2 contant rumber of steps (two) no matter
‘what thesze of . Both algorithms use n + 2 cellson th tape: n + 1 fo the
iniial input and one more for incrementing. Th agoriths are equivalent n
space eficincy, bt alorithm 2 is mre tim-efficient.
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With an nput sach as 5, our example here, th difernce i time eff-
ciency between thetwo lgorthms does nt seem great. Figure 1.7 shows the
steps requied by algorthms 1 and 2 for arger problens A the input gets
Targer, the difernce in eficiency becomes more obvios.1four hypothetical
Turing machine actualy existed and could do, 52, on step per second, then.
algorthm 1 would take 2 hours, 46 minstes, and 42 seconds to incement the
‘mumber 10000. Algorithm 2 could do the same jobin 2 seconds This signifi
cant difeence ives a defiiteedge o algorithm 225 thepreferabe olution
method for thi problen. Using the notation of Chapter 3, algorithm 1 s 3
linear time (n) algorithm, whereas algorithm 2 is 3 constant time.
(1) agorthm.

Although we can compare two Turing machine alorithms for the same.
task, we can sally compare the eficency of a Turing machine algorthe
with 3 algorithm that runs on a “real” computer. Forone thing, the data rep-
esentaion s probably difernt (numbersare't wrtten in unary form). Bt
more to the pain, the basic it of work s different, It takes many Toring
machine opeations to do a trivil tak, because the entie concept o  Turing
machine is %0 simplistic. Tuing machines, a5 we saw in ou few examples,
‘work by careflly moving, changing, and keeping track of idividual 05 ad.
15 Given sucha limited range ofactivites, a Turing machine must exert a ot
ofefort 0 accomplish even midly iteresting tass.

B> 11.5.4 A Unory Addition Machine

A Turing machine can be writen toperorm the adition o two umbers.
sing unay representation, et atee o sart with the two numbers o
tape sepaated by asingle lank cel. When the Turing machine als, the
should contan the unary representation of the sum of the two numbers.
septating bank shouid be qon. 1f we eras th eftmost 1 0d then il in
sepaatog bank with a 1, hi ha th efect of lding the enie it
one el o the ight on the tape. Ao, both numbers are originaly witen
the tape using unary representation, which rmeans that there i a extr 1
‘ach rumber. When we are fiished, we wan 1 have oly ane extr 1, for
‘nary representtion of the . Thereor,asacond 1 shoid b remove.
thetape. Ous pln st rase th twleftmost 15 on the tape proceed
0 the separating lnk. an repace the lank with a 1.




