Issues In Multimedruthoring
Lecture 10.Limitations of
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¥ How do computers operate?

¥ What® a ppogram? Input and output
¥ Mathematical mofs
¥ Reductio ad absdum

¥ Non-computing example

¥ Halting poblem and wi it would be nice to sole

¥The proof of the (recursie) unsolvability of the H



How do computers operate

¥ Computers pply a pogram to an inputanc
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What® a Computer Pogram? (1)

¥ For our purposes a computer @gram is
just a list of pecisesimple instructions

¥ Can be organized intfunctionsvhich can
be looked at a®OmachinesO that whenregiv
Inputs churn out an output

¥A function Is just a wato reuse cetain
Instructions epeatedy and gie it a name (il
principle theg/ are dispensable)



What® a Computer Pegram? (I

¥We shall assume that givthe same inputs
the same output Is mduced|f there is one

¥Functions need not alays pioduce an
output - think of a ppgram to seach
through an inbnite set lookingrfa value
with a specibc mperty

¥ Outputs and inputs & arything yu might
Oget outO ddput intoO a pgram

¥We assume that anoutput of a function ca
be &d In as input in some fashion to anott



Mathematical pyofs

¥Don®ha/e arythlng to do W|th the vmrld
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Reductio ad absdum

¥ Technique of mathematical gof meaning
Oeduction to absudltyO ak@®poof by
contradictionO

¥ Has brm depicted on the right :

—

not A

¥ Has the 6llowing structue:if assuming
leads to absutity (contradiction)thenA Is
false

¥ Assumes (as &vdo most of the time that if
A Is not true, it Is falseand that statements
which impy false statements arfalse)



RAA example

¥ To pr ove:the squae root of 2 is not

expressib
¥ Assume t

e as a fraction p/q.

nat p/g Is In lgest terms

¥ Then p =!'"2q; hence f = 2q .
¥Hence P IS 8en;so 5 IS @en.
¥ So qis od.Let p = 2tThen (2rf = 24 .
¥ Therefore 4r° = 2¢f .Conclude 2f = .

¥So g Is gen.But we already concluded g Is
odd. Contradiction.

o

1

¥So sqguag root of 2 Is not expessible as a
fraction.OED.



The Halting Poblem (1)

¥ Historically important example of a
(recursiely) unsolvable mblem

¥ Its unsolvability Prst pved by A.Turing in
1936

¥Prior to computers as w know them

¥Turing€)peper concerned the operations of
an ideal clerk

¥Since then it has been @k to gply to ary
computer as wll; this extension rigrously
formulated and poved for wide class of
computers ly R.Gandy anéV. Sieg



The Halting Poblem (II

¥ It askscan ve write a computer pogram
that will,when £d a pograms input tell us
yes or no whether or not that pogram will
halt on a gign input orinstead|oop
forever?

¥ Nice in itself - vould be nice if v could tell
whether a pogram is looping or will stop
(think of the Fiefox message ifou have
seen It)

¥ If we could sole this poblem we could alsc
solve dead code pyblem - usefuldr
programmers



The Halting Poblem (Il

¥ To pr ove: The halting poblem is
(recursiely) unsolvable

¥Assume @r reductio) that thee is such a
function.Call it Halt.Halt takes two inputs,a
function (f) and an input (x) for the program.

¥So Intuitively, what Halt is supposed to do |
look at f and x and see whether or not f
would stop at some point when run on
Input X and output true If it doedalse if it
loops Drever.



The Halting Poblem (1V)

¥ Note that Halt has to be generdf.all we
want Is one that will tell us whether it will
loop, for example and not wrry If it
correctly gives us an anger for non-

loopingjust use a function that\abhys
outputs false

¥ Note also that ve cannotOguessO false ar
the OchangeO to true if f{(>yemtually stops
because that could takary amount of time



The Halting Poblem (V)

¥ If Halt is possiblghen suely the bllowing
OsneakyO function is possiiéte a
function Diag whiclgiven an input x it runs
Halt(Diagx) and loopsdrever if the result
IS true. [Diag calls Halt which itself passe
Diag as a inpuRemember that Halt tads a

function and an input.] Otherwisé returns
0.

¥ Now consider what hppens if ve try
running Halt (Diad)).



The Halting Poblem (V1)

¥Halt (Diag) either outputs true or falsg
per our assumption.

¥Suppose prst it is truéhen Diag(0) halts.

¥But Diag(0) halts oglif Halt(diagQ) Is false
per the debnition of diagut we already
assumed that Halt(DiaQ) Is true
Contradiction.




The Halting Poblem (VII

¥ So try the other caseassume Halt(Dia@)
IS false

¥ Then Diag (0) doesnialt.

¥ But Diag (0) doeshfalt only if Halt (Diag,
0) outputs true Again ve hae a
contradiction.

¥ So either wg we have a contradiction.

¥ So thee is no such prgram Halt.



SlightAside 10ORecurseO

¥ This is a technical term - itefers to a
certain class of mathematical functions;
loosel speaking ones equivalent to
computer pograms as & understand themnr

¥ Since v are interested in limitations of our
computerswe ignoke the possibility that
there Is another wg not a program o
check or halting

¥That there Is such a wais extremely
unlikely; most computer scientists beilre
there isnDWVe won©get into why in this
course



SlightAside 2Diag?

¥ OWly is the weird function called Diag?O

¥ If you ever take courses in logic or
computability theoy you will learn that the
proof we just s& Is an example of a
Odiagnal argumentO.

¥ SoODiagO is shidor OdiagnalOthe name i
typical.



TTQ

he (Pctional) character Crab in the book
GSdelEsterBadi:an Eternal Golderakgr
can @paently do something l& Halt by
looking at ppgrams (or statements of
Integer arithmeticwhich amount to the
same thingdr our purposes) as msical
scores,playing themand then listening to
the tune that esultsBased on whatou
have seenhow plausible is Crab@bility?



