What is Computation?
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Languages are all about computation!



recursively enumerable

context-sensitive
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The Chomsky Hierarchy,
equally familiar to linguists and
theoretical computer scientists
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Definition 0.1 A frameshift machine is a five-tuple M = (X,I", 7, E, §) where

2 is the finite input alphabet,
I' is the finite output alphabet,
7 € N is the frame size,
E C X" is the set of end frames,
OCY XX xZxI'xZ(t—1),
o0 finite, is the transition relation.



So what!?



If we model processes (like translation) as
computations...

Proposition 0.1 Let x = ax’b,x € T, with a,b € T. Then

(w, A4, 1) By (w,ax'b,k),

GEN

(v, A, 1) By (v,ax'b, 1),

GEN

implies w(2) --- wk + 1) =v(2) --- v(l + 1).

... then we can prove theorems about them.



Algorithm 1 Determine prefix and dual RNA regular expressions

input: o = (ahbl) T (anabn)aabbj € 1_‘AA U {}*7 $}71‘4du0 — (Q7 1A—‘AA7}77 qo, 5)
output: 7, the longest prefix such that (a;, b;) -+ (a;, b;) € Lquo,regular expressions w, v for all possible w, v of
minimal length corresponding to (ay, by) -+ (a;, b;) in equations (1), (2), (3), (4) of Proposition 0.3.

i — 1
inDuo < true //this will be true if the prefix of length i is in Lgy,
q < 1 //start state of Mg,
while i < n and inDuo = true
q < 0(q, (ai, b;))
if g 1s defined //true if (ay, by) -+ (a;, b;) € Lquo

if (a;,b;) < (re) and (i =1ori—1¢€ {(s,1),(1,s), (h,¢t), (c,v), (y,i), (a,1),

(r,a), (£,1), (0. ), (,8)}) then w(3(i — 1) + 1) — {A, C}.

//as discussed above.
else let w(3(i — 1) + 1) be the unique first character of words in p(a;, b;).
if (aiabi) - (Qa E) and (l =lori—1¢ {<§7 1)7 (17§)7 (L I_l)a (X7 9)7 (17 Y)a (Q, 2)7
(r,a),(Lf), (p,p), (8,8)}) then v(3(i — 1) +1) — {A, C}.

else let ¥(3(i — 1) + 1) be the unique first character of words in p(b;,a;).
let w(3(i — 1) +2) and w(3(i — 1) + 3) be unique 2nd, 3rd chars of words in p(a;, b;).
let ¥(3(i — 1) +2) and v(3(i — 1) + 3) be unique 2nd, 3rd chars of words in p(b;, a;).
1++
else inDuo <« false.

let w(3(i — 1) +4) be the set of all last ribonucleotides of strings in p(a;, b;).

let v(3(i — 1) + 4) be the set of all last ribonucleotides of strings in p(b;, a;).

outputi — 1, w,v

...and develop new algorithms.



What is Computer
Science!



Every process is a computation.

Computer Scientists study computation,
not necessarily computers.



“Computer Science is no more about computers than
astronomy is about telescopes”

(attribution disputed)



| love that quote, because it’s true for me.

But for all of CS? It's complete bulishit.

Some of us study computation, but some
of us really do study telescopes.
| mean “computers’.



What is a Computer!
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Even if we restrict ourselves to human-made, “artificia
computers, there’s more than you might think...
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Conirel Bit

a |000) + b|001) + ¢|010) + d|011) + €[100) + £[101) + ¢|110) + A |111)
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