Regisier machines

IS

__Ngcril-hms ,or " effechive Pl"oudures“

No precise definition ot hime Rilbert posed e
Entscheidungsproblem , jusk examples ...

Cowmen features o fhe examples :

— finite descriphon of W procedure in berms
of “ demvshrg, " operations

- dehm;ﬂi‘b.c CI';\;:&:{; SK is W‘iqwlg determined , )

= prucedure may net ferminabe on some input

daba, but can recognize When it does &
what #ae result s




Register Machines

The " elmmta.vg) operations for register machines
il b pes ‘fb r€3 "
— add 1 to a patwnl rumbey } 0,1,2,3,..

— test whethr o naknumber is 0/ Stored in
-S.\Abkmd 1 from o +ve nat. ne. (r‘c‘l&e':‘i_‘::j’
- Jump ( ﬁoto")

= Condiional (" if-then-else”)

DEFINITION : o register machine consisks of :
® finikdly many registers RO,..., Rn

(eoch Capoble of storing a natueal Number)
® o Program, Consisting of a finitke list of

nstructions of He form

label : body of instchion

_(i'l-l)u‘ instruchion in e tist 15 laballed Li (l'rO,l,...)
— instructions take one of Biree forms :

L:RY=» L’ add 1 +o confents @ regiser R and jump o
inshuchion labelled L'

L:R =Ll f onfonts ::? R is >0, subtmadk 1 from it and
jump to L', ofwwsise jump to L*

— 4

L: HALT Stop Qxewh'w(} mstuchms




Grophical  ndtation E)Y prog rams

T et instrmchion L RN L heprtsemked L{j @———7 »

Gndibonal  decremank  instacion L R L', L rePrem\{-p,) b‘,j
Lf

Halt inshvwchion  represented by .

So : - rods 7F amph indicate register gperedions (& halkivg )
~ oare B qup\n repreyont jwmps behweom  instruchions
- \abels O nstucding  btwome  impliat:

lbose Qeqmmhal oder & instmdions, Wiy is o

peblm % \ong as the START instkion 6 g,
gy s indicbd.
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_Examplz:l'!gishr machine for addition

regichrs RO RI R2

-program.
L:RI"» U ,L2
Ll:Ro% LO
L2: R =L3, LY
13: RO'=»L2
L4: HALT

Starting, wilh initial values
0,%,Y4 in RoRI,RL

ihe machine radhes LYsHALT

in Ro,RI,R2.

graphical
epresentahon 7
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Example : register machine for addition
registers RO Rl R2

“program.
LO:RI"= LI ,L2 -
L):Ro% LO -\START
L2: R =»L3,L% -
13: RO'=>L2 -

SN
L4: HALT -

graphicold
represontahon 7

Stortin% with mnitial values
O0,%,y in RORI,RL
the machine radhes LYHALT

in Ro,RI,R2 .
8-

Example :register machine for addition
regisiers RO RI. R2

-program-
LO:RI"= LI ,L2
L): RO¥=s LO START
preennh
L2: R =»L3,L% : !
13: RO'=>L2 ] (Rj'R1)==(R0+RI,0)
L: HALT o )
' 1 (Ro, R7):=(Ro+R2,0)
Starting, wilh initial values
graphical 0,%y in RORIR2
rep resontat o —_ ihe machine readhes LYSHALT
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quing lvaded registers with initial values (fom IN={0,12,..))

a compubation (or run) of he regisker
moching Consishs o-f obeging e progmm
inskmctons, charting with Hae fivst in the hisk
Etrt:ea i
e Compummbion 9.
Coanur: forever “

L4: R4t L1
L2: HALT

hever
halts

oR
it halks, because

E\ITHER
o HALT dmghud-im
is obeyed
E" Pb:gw halt")
OR : L1:R15a13 | halts
we are asked fv . [
P o lobel nok in It fisk <% [L2: may | eromenndy

("erroneous halt")
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Gumphical represtation of

L: T . “ @
L2: HALT i ®.
e }) o

o sy

NB. Can a«leas modify programs Yo urn
erroveous halks into proper halbs by adding

Wxtra HALT instuchions o he (ist wibh
appropriate Labels.
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Note that the operation of a reqister machine
1s deterministic , in e senge that Me
nod instruchon fo be obeyed (if any) s
UNi queky determined .

Betause of Mis determinism and e possibilhy
Haat COmputations do not halt, e relabon
between initial and inal register contents

defined by a register machine program
is a Mm

-2

DEFANITION : A partial function from a seb X
toa sk Y is specified by any subset £ < X xY
(& e sk XxY H{Gay)] xeX % yev) of ordered paivs)

Sokisfying (my)ef & (my')ef = y= y'
(ie. for all xe X there is ok most one yeY with (ny) ef).

~-NOTATION :- -
F(x)=y means (xy) €

FO0l means hee is Some Y Such that (x,y)ef

$(0)4 means heeis o » - z
Pén(%,Y) 2L seb & all parkial funchions from X oY
Fan(%,Y) 2L cot o all (total) fu:;cﬁog\_s_ frm X Y

those, 56 an(X;Y) S\lfjl\ ot : f(x)"f fov all xeX [
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DEFINITION ;
£ e PA(NYIN) is (register machine ) computable
IE& oy i€ Were is a register machine M with
- ok least n+i regishrs, RO,RI,R2,..,Rn Say,
(ond moybe some Sl regisiens as well) With He
proputy that for ol (%), %) EN" and
al yelN

[ C T )=y 'lfk ov\lg if e umfubh'on

OF M Siwh'ng with Rl=x, ,.»Rn=3,,and

oll oter wgistrs =0, halts with RO=Y.

| - — —

<l

E.g: Hn example regisier maching on Slide 18 Shows
ok dre addition fndion Foy) Baxy. is compukably

NE. e may, be man &Aﬁwvt ster madnnes
Hrok OQVV\\D:\J{W Smmg; fFow‘HmL j‘gc?:)ch'm.

Of Course, e \“V\\/&SH@@HW\ 0{2 what Kinds qL qflmdh‘m e
@MPV&N{,&, And Whak Kinds ae not | 1s @ MDU'W concem
o e cowrse, for e moment W& Just seo some
WDre QKG\W\\)\.Un-
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Multiphication :  f(x)y)= xy 1S Computmble

Mulliphicalion :  f(x)y)= xy 15 Compubable

N

\_[— (R2,R3,R0):= (0,R3+Rz, RO4R2) S

L_(Rz,'zs):z(ﬂlm’!», 0) E

\___ undr the asswmphion R3=0 j
(R2,23,R0) := (RZ,0, RO+R2)

Henw 1§ the. machine is stodled with (R1,R2,R3,R0):= (x,y,0,0),

t holts il (R1,R2,R3, R0):=(0,4,0, xy)




P@osiﬁm.
The following aribwnehic Sunchions owe all ompibable:

(1) projechion flrx‘ﬂ)dé[ X
(2) Constamk _ﬂll)"h-t-E n

. A 1*13 : rf Y <
(3) tanakd swbtmachon X~y = {

o , f y»x

%) 'lvﬁ-eg@ro{ivisiw\ xdiv% e { Integer part ot Xfy Y20

(5) inkgor remaindyr X mod Y%

(6) expovantichon (@2 2) f(x)= 2
| A} grentrt y st 29<x  f 1o
Dﬂz[l) = {

&) l{’ﬁ base 2 ; i xso

va_ﬁfl —{oft as an wemise n register machine pmjmmwxing!

2%

One n Solve these kind JF va]ol.t,w\; N 4 more systematic way.
by Ccompiling algonbims for e functions  wntten Using higher- level
(ontvol  cnstracks  into mgisk’x machine lar\ju\agﬁ,,

Frst nole ot Have is no loss of gunrmlity (e the class of
Gonputrable ]C\AV\OHSY\S 24V mmlf\ani,d) if we  work i

rgiskr madhing programs il exadiy one  HALT inctucion
(becamse.. ). S0 gmphs of programs look Sr_kw\o\h’mllj like

Then  we  howe ...
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Sequential composition M, ; M,

e
mn@ T30m, B

TFR=0 THEN M, ELSE M, | WHILE R£0 Do M
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