[image: image1.png]A Turing machine can execute a whole sequence of instructions. A clock
governs the acton of the machine. Whenever the clock tck, the Turing
machine perorms ts prmitive operation: that is, it looks for an istruction
that spples t it cunen state and the symbol curtently bein read and then
follows tha instruction. nstractons may be used more than once.

“There are & coupl o deails weveglossed over What i ther s more than
one instrction that applies o the current configuation? Suppose. 3 in
Figure 11.2,that the current state i 1, that the curent symbo s 0, and that
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both sppea n the same collection of instructions. These instrctions are in
confict, Should the Turning machine wrte 3 1, o o state 2, and move ight,
or should i wite 30, g0 to state 3, and move ef? Welavid this ambiguity
by equiing that et of instrctions for 3 Tring machine can never contain
two different istructions o th form
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O the otherhand, what f threis noinstruction that applies o the curent
state s0d curent symbo fo the machine? In thi case, we specify that the
‘machine halts, doing nothing further.

We impose two additonal conventions o the Tring machine regarding ts
{niil confgurtion when the clockbegin. Th stat-up sate s avays tate 1,
and the machin s always redingthe lftmot noblank cel onthe tape This
ensures that the Tring machine has a fzed and definitesarting poit.

Now let's do » sample Tuing machine computation. Suppose the instric-
tions avaable o  Turng machine re
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Also suppase the Turing machine’s intial configuration s again that of
Figue 11

This satisfie our convetion about statin i state 1 at the eftmas nonblank
cellon the tape. Th Turing machine ook for an appropriate nstruction or ts

e e T





[image: image2.png]cument state, 1, and ts current input symbol, 0, which mears it looks for an
instrution ofth form (1,0, .. Instruction 1 applies;this was our example
Instruction eate,and the esiting configuration sgrees with igure 113

A this point the machine is n stae 3 reding the symbol . Becausethere are
O iStTUCtions f the form (1,0} the machine halts. The Turing machine
computation is complete.

Aithough we numbered this collection o fstructions for rference, the
Turing machine does ot necesarly execute instrutions i the orderof this
umberng. Some nstructions may not be executed at all, and some more
than once. The sequence o instructions sed depends on the inpat writen on
the tape.
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[image: image3.png]How does the Turing machine stack up against our list of required fea-
tures for a computing agent?

1. Tt can coep input. The Tring machine canread symbols on s tape.

2. It can stoe information in and retriee it fom memory. Th Tuting
machine can write symbols on s tape nd, by mving around ovs the
tape, can go back and ead those symbol a 3 latertime 50 the tape
has stored tht nformation.

3. It can tak actions accodingtoalorithm intructions, and thechfce o
action totake may depend on the presen state ofthe computing agent
and o the input item presently beng processd. Crtaisly the Turig
‘machine satisfiesthis requitement insofas 2 Tuing machine irstric-
tons are concerned; the present sate and present symbal being
processd determine the appropriat nstruction, and thit instrction
Specfes theactions to be aken.

4. I con produce cutpu. The Tuing machine wites symbols o s tae in
the coue o s normal opeation. f (when?) the Tring machine halts.
what i witen on the ape at tha time can be conidered outp.

In the Turing machine computaton that we Just finished,the inpat was the
string of symbols 011 (gnoring the surounding blanks) and the outpat was
the sting of symbols 100. Starting with the same inpat tape but with 2 dif-
fsent se of nstrucions could resut in difernt outpt. Giventhe benit of
hindsight, we could say that we wote this particular set o istructions o
camy out the task of transforming th string 011 nto the string 100. Witng
et of Turing machine insructons o llow a Tuing mackine to cary out 3
cerain task i smlar to wrting a computer program to allow a computer to
cary out  cerain task. We can cal such  collction o nstructions a Turing
machine program.

Thus, 3 Turing machine does captre those propertes we idenified as
essential for a computing agen, which quaifis i s 3 model o a computing
‘agent. Furthermore, i repesests 3 general compating agent i the sense that.
ke # real computer, it can follow many difernt sts of instructions (pro-
‘rams) and thus do many cfferent things (astke the on-job-only VCR). By
{23 very simplcty of operation, ¢ has eliminated many eal-world detas,
such s exactly how symbols are read fom o written tothe tape, exacty how
data are to be encoded nto  sng ofsymbos from the alphabet o be wit-
ten on the tape, exactly how a sring of symbols on the tap i o be nter-
preted a mesningful output, and exactly how the machine carries out the
Sctivites of “changing state.” In fct. the Tuing machine s such 2 simple
concept that we may wonder how good a model it really is. Did we eimisate
too many detas? Well answer the question of how good a model the Tring
machine is ater in the chaptr.

A Tring machine is iffrent i scle from any real computing agnt in
one tespect. A Turing machine ca, iven the apprpriate insractions, move
ight o left t the bank portion of the tape and write  nanblask symbol.
Whenthis happens,the machine has gobbled up an etz cell o use for nfor-
mation storage purposes—tha s, 5 memory. Depending on the instructions,
this could happen over and ove, which means tht ther is o it 1 the
amount of memory avalable to the machine. Ary esl computing agent has 3
\imit on the memory available o t. In particular, el compute, though it
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[image: image4.png]‘has a certain amount of internal memory and has access to extema) membry
i the form of disks o tapes on which data can be stored. sl has such &
Tinit, Thee are only 50 many dsks or tapes i the word.

"Iis diference i scale means that a Toing machie (elementary device
though it may seem to be) actualy has more capabiiy in one respect than
iy sl computer that exists o eve il exit. Therfor, we must e carefol
bt the st ofthe Turing machine model and the concisions w draw fom
it about “seal” computing (L., computing on a rea computer). If we find
Some task that 3 Tring machine can perform (because ofis litless mem
ory, it may not b a task thata real compter coud perform.




