HISToRY 0F ALGORITIHS

 Evdid, - algorithm for GOD

* Alguibhns for  compiti oy functions and, contionts
* Simplex. algaritims

filbet's 0% problem  (1900):

Cind an - algoitn - decrds, givw on lieger polynmnial, whether
i has oy nfeger ook,

Hilbery's  Enbschuidongoproblem  (1925)

Find, - an al?on‘blnm b0 cocidy whebhoy v givep, Surtance n
tistorwr loge & logically valid,

A posibive,solution 6o Enbecheigmpsproblm, wauld, - give
o positivy sobiiion o Che 40" problom.

Toring. (1936) &  Church,  (1936):
No problem o solve, Enfischeidongs problem, —existis
The Enbacheidongoprablem, s undecidable.



An essonbial  jogediont To the abare was o give a prcise
dibinition, of Wit it meaws dor @ problem o be compotable /
hove on algartiom.,

Toring * Turing machine

(On compiable rombers and, Entecheidimgsprablem )

Choroh > A~caloulus

(An unechasle, problen of clomestuny nombey  theary)
DEFINITION OF AN ALGORITHM

Algorithm ohald, be o, inte duscripbion ot a compitation
prICess.

[t shald, opecity Ghe compitubion pracess Hully

The provess of Aglowing- an algoithn shald, wt need, any
Craive inpil;

S the pracecs of folowiny o alporlhm con be corried ot
by o Wachiny.

The mchine, porfarms ~ Stieps in tine ysingy workimy  gpoce. o
purtonn, -~ colcolatiions,

For - maxiwom gepoliby, we do pdb bomd, bime ad, space
i dvence.

TURING MACHINES



b |a

Example;

a
A
K

head, start

/K_, contirl

stabe

Finitely many tramsitions:

(stort, a) = (start, b, +1)
gstart, b) = (stat, a, +1)
stars, ©) = (hetom, O, 1)
( = (letum, a, -/;
(retom, b) = (tetum, b, =1
(veturn, ©) = (halts, ©, +4)

['=1{0, a, b]

0= 1 stars, reborn, halt)
A Tuing. machie (TM) I gen by (', &, ), where:
7 s o it seb (the tope aphibet) with D €]
' Q15 @ ke set (Ehe (control) stofes) with start € Q

0 15 o pabial focbion, Q<" = Qx["x{1, 0,13
(the transibion unchion)

A cortinl staty 9.6 Q s halting [t theie 5 no eloment
(9, @) & dom(t") " (bhew 15 o Gromsition dedived on sbate 9)

Febum,, Q.

We ron a TM on an initial fape contigation Z — 1"
sih Shati only Linlely many ow ot blawk, Hom an ibial
Neod posibion i€ 2 anl, starting trow iy st state.

50, e ron Ghe wadine Lrom an inibis] macking  contigurabion



(G, i, stwb)

oMb G

C;mputatn‘on process 1o following. aur Gransibions

(b, do, sbart) = (B, dn, 23) = .= (b, 4n, 0)

TMs COHPUTING FOUNCTIONS

24772,

24, >, alphabets (tmite sebo)

2" b s of wods owr 2 (Bhibe sequences)

U emby word

ATM i a &,>¢ wod transducer it

- D ul>l =M\ e)

“halt € Q wher halb i o holbing stute

5 comptes bhe paiol uhion. 42 2= 2, it

* For any wezf with W &dom(t) ) It Ghe waching

Exe&bi% t:rfr;,iy;:atesm Iii lZ';“"i'y’L’” tminﬁbatrﬁe slntaatg&c/onba?estate.

‘For oy weZ, with w €dm(¢), ~ll= Lhe
compubobion does hat terminate jn the halt conbral state.




Fundion 425 —=2." is comptuble, it thee is somg TH
that compobes it

Example’ Qur TM from above lips eadh symbal.

A k-tape [N 1 (", 8,0), wher
g QN = Q™ x {1,013

TMs RECOGNISING LANGUAGES

A longuage, owr > I o skt L2

A TN i svitable for longuage Kecognision, ovey 2 it
- 2 < ["\{o]

* Q contiaing  Gwo dlisbinguished, halbing states
accepli, rejech

A TN Vecogmses/ Semidecides LQE* ha "
- For ay wel it th TH & wn on corbigoration

i terminales m Che ALeRply stue.

< Forary we2\L, ~ll=, the machme dlpes nib
Cerminate 1 Ghe acceph state.,



Longuage L &5 cemi decidable i 16 i semidecided, by
somg, [

Similay, @ TN decides L it for w 62\ it insbead,
Cermma*ves in the Kjech shofe.

Longuage | 1o decidable it 1t 15 decdd, by some TM
L decitoble. => L seanidecidable

There exil logoges Gt are ot Somidacidable owr > # 4
2=y (thr ax cowtobly infinitely. many words)

P =2%  (as the ub of dl gaes oy > 5 P(2%)

Ther . comtably mawy TMs vp to eguivalence,

e oy caiobly masy  semidecidoble s ovey =
S0 ther w2 lonpuoges Ghab o woi stimidecidable.
ENCODING TMs AS WORDS

We will encode J-tape TMo> as worde.

We  could use >=9013 |nstead Tor  comjenience e
o Sa= 10,1011,

We wil encode o TH M a5 a wrd <M GZZ
M=("8&,0)




We assme starb, accept, vt ¢ Q.

Ve ewods o ift 9 as wnd )€ {40,157 4or
some 4,7 log, Q.

Ve assume éﬂs‘mrt} ~0-7 |
awpb) =11
(rject) =11
For a. I we encade <o) & {-1,0,13" wha, M2 log, Il
We asume (=) =0-0

E,U,yb et ,mi? er?ﬂr;, 0{3@ agmz !‘S%\i\//fdbl/)a’d/ )m’stm% p %ﬁwdwb
as the word,

9@ Kad<y-d] e 23

ot longth 20+ 2m+ 7,

We then weode M=(I7,8,0) as

(M= ot * <) K <aplKa<bd] -

e,mooding at insbruchions

And we encade Word, W = Wp Wi e>" s
<W> T <\Vo>' o <\X/n-4>
Thet, exist loguages thab o ondecidable bt somidecidoble.



— acctpl = EI

o = 1D Mo TH with tose alphobet [
" / we (M=), Har)acceyfts 'fnpvt 15

Theorem Logas 15 Undecidable.
Proot= Supee D 5 T wibh i apobst > Ehad

cLecides accepty.

Modity D to contwd o new TIT N over iipib
olphokab 2 4, Gib execrtes 05 Falous

' N wads s pub word, 47 and converis  this
b the word W opd rebums The heod
t the st of v (1.

*Now ewte D) with b 4+, bib swap
bhe  acceph and et States.

50 :

* The ewcchion of N wil acat it ad oy #
D tecks ¥4

- The odion of N wil il if and oy i
D accewbe {1,

What does N do 7+ we gie & <T1> as ot

N oaagts Q) D wpets <+ <)
i 7’1@0%5 M) . Lazob i%l?e&MS dats ndb oogh My



Mecty, (M) AR
IHZ (H> (M) ﬁacgiiad? N<aaceyb9< :

e g N fhe ward O i
N necepts V) #E N does ity et N

N
N

how wight e somideidt Lot 7

We shal do s vsing o wnivsial T,

For o5 o unimsl TN 00 wil bobwe a5 fullows:
b bhes o5 ot st o G fom QD<)
‘16 cmildes the exechion of I on b w,

AL ends in auptoet st #E e cmlgin of M
) W does bhe  som

[Deorm Ther, et soch @ owimsial TN,
We con bow o 3t wiversl TN
<AH> » u?

(start)
A

(Wo> ‘.l <1Un-1>
A




Snapshat

Theorem® | accet s semidlacidable,
Proot Our somidciding machine, Gakes a5 inpub o € >, then

* Dorses 4 B0 e it i hos m tw, (M
lor some TN M and g € (PMEY)

* Rebums ~ Ghe Inad G0 begiming of tupe.
* Dohans b the UTH.
Other omiar  Somidecidoble,  bob ot decidable  |awguages®
Lt =4 j M balks on it w ]
(The halting prdon is ondiidle, but sumideddabl)
Logs = 100 7 Jwre (M) N hols on w ]
Qur UNTL 00 simolaes M contryund for language. decognition,

O can abso defme o OTH 4o TN contigud for
fonchion  Cowputabion

This (b taes a5t CHP<w, thon wn ewcady <halt)
i some speated way.

[heorem On wits <H)-lwp, bhis £ will:
“Polb it andoody i M Dalts on inpid



*Wtalt in the Yokt shube i and ooy it H s o bhe It stae
on inpul W

Mot m the bt stode with b it of [T compibbin
a G word op Tape 1. We can ltave the wmrd
ot tncods) form.






