_Semartics ot _Predicate. Logic. Oct 17

The. question > Given o viell=tormed __predigate. legle formuda,
e 1t T or F I Some Cordext?

—_In_pmpositienal_logic., o truth_valotim 75 etmugh T ASSigh
o mearhy Hr o frmuda
. mpmd/‘cam_@zb we__need _a_lor _more.

Hoperties _of _formulas
@ A frmula o 75 valel 2 IEE o fir eveny terpreratin T
Qnd_enuironment- E
» T Fe ol means "1 and E ake x True o~ soisty o2 7
» 1 and E dogether moke up the contest.
"Vl s _analegaus. v “taioiegy ” M _pmp logic..

A formuln o s satisPable 2IE o For Some.
f!}ULe/‘D/*e?Zth“D?’\ T ond envirernovent E

&) A frmula 75 tusadisPoble. T HEe o for even
’/)ﬁerbl‘ﬁah\oﬂ T and _environment . E
"insatistiable” s _andlogeus > " commdieton

Mest_precheate. formulas _are. safisfioble bt notpalil
__ teousse_the_have_a_great_dedl ofreadom_+o- cherse T ond E.




Eudluating . o _pedicate_loglc._Tormula Gt 19.
Lets defhe o Set of _symbols 1.

Lonstant symbols = . b. ¢
Vmwe_sgmba/s x, Y4, 7,
Fuhetin._sgmbols : 9, h%?
Predcate €gmb0£s peL, g2

__These._Symbols_ap_no-_have_drrsiz 222862/77)7(?8 Theq only ger
Mneanings through _diterpietetions _and eniroRments

| +that +Hore ate 4w ks o express TS &

#ermsmmd B madas .
___lets duide them o 3 caieqortes

__Cotegory 4 = terms and formubs _withowd_Dartables.
= Examples: Ferms : FCh (P, $e)) , FCh(b, £@)
(7 formulas . QFE@),a) , P( héf(_), £e))

__We _mly_need _an_nterpciation. o

Cateqry 2 - terms and {ormubs Wkh free variables only -
( A_Exomples: teems_.__h(fa, 2> fCh(Y,c)
\

E‘?XPMS‘S’@??S 77?&1/7792?

Brmudas . PChi&w, 2D 8(Y. hiab)).

We_need_an_prterpretnin_and _an equionment_do_gie
(H:ﬁh e expressin_meaning.

_ “Categery 3 > formulss with ree_asd bound vorables
Examples - (X (FY R 4, Wiz cM)




_bvadluatthg a Redivate logic  Formule.

__An_diterpietatin. L consisis o a demain  and the meanigs
for_all_of “he_omstant, function_and_ predivde.symbols .

Cxam l@«‘ y/ Hﬂf?.ﬁdﬁ?ﬁﬂ T
PDomaz?z D=4, 2, 33
Omstants » a¥={, Fi=2 H=3
Functions : £7 . fed =2, R2)=3 Q=)=
R s R, W= minx, 8, vx, 4eD
Predieates . PH=1{1,3%
Q= 34,2, £3,83%, £3,1>Y
_ R - _
This_nomaton_means_Q(1L,25=T , Q(3.37=T, Q(3,15=T
and o any other_paie (a, b) 1 1, Qo by¥=F

An Trterpreization. glues_a_vmeanfhg o _every symbol even 3t
o erms MMs_domﬁLa&e;&wmsymmL '

—_Lets Inferpret . expiessitns h_Caregory | :

L 2 =2
(Rough work  FCh(#0), £ = $h(z, DY =£(15' =2 )

F(hib, SN =3 R
_ (Raugh k. $h(z, SO0 = $h (2,20 =4C7"=2)

U, ' =F
(Rough werk  Q(£(2),15"= Q1,1 = F )

PChibm B =T i

. . A
CRagh work  PCh(B@), AWM = PCh (0, A :P(hcz,ml‘r—wnj

@




Evelucting o Bedieate logic. Formula

Questions »
We squr that QUEE), 00 =F, s T, £ Q. )
Is thee_an_ erpietation Io Such that Lo E Q). a) 4
Let's sturt with To=1 dnd make a_small_change to.To
W_answer_is.

Qefle), a2 = Q=) 152 =QH , 152
To make Q tre, W only need 7o make Sure hat-
LIS ER™ . S et 2=1<1,1>4.

QO 0= Q@ 1= QUIT=T. .5 EQdw, &)

We_Sawr that PCh(fa), £e)) =T
s there an Paermetziion Ta_ such that Is B P(h(H@),He)) ?
Lets Start with Iz =1 .
Note_-thod- . _ .
Plhif), £ = PCh(D, 2 = Plh(2, )
= P
o ynake s take, e only need 2o make Sure ~that
| & P Leis defihe P= = (Hhe emply set, this
pmd‘(mde P X alwaus 7’%2&2 )
So Plh(Plo), fe) B =F  Ts i P(h(f), F).




_Bwluating o pedicate logic  formula . Qe {9

A note abeut functons th an Irterpretation.

A tunctam_syminl T ® st k‘ﬂa‘e@/‘eﬁ@( a5 2 et £

shat % otal on D.
LR px —xD>D

K Copies

@ Any K—tuple in DX con_be_an_put o £%

& The aopat- of £ st be_in D

_ Examples_of non=total functions

(D Px, 4> ——Ae Y Dyman D=IN__nawmal numbers.
P, 2)=1-2=-1&\.

& 200 =A% Dwmain D=7 Ireqers

M —1eD c;maamwm& % .
) f2)= A2 &D

_ Examples st dtal  funcions

D=1, Fr2=1, fr)=]

@ D= IN_natwed numbers

SO = k+)  YXEIN.




__To_eiluate Fems._and formules_ith _variables, e need
an_derpreletion_ond _an._enmnment:.

An_envimonment maps _every vnrinble_symbol Jo_an_ element-of
e domain.
~ An_envionmear 35 _only _ised 1 vderprer flee Vniables
— Bawnd varables ger Mexr m@mgs 7‘!7!@4{0/1 Yhe
Cartespording gmw%*e@

Enxample_: __Enviorment By >
E(O=3 , E{) =23, E(Z)=

. (msier_expRssins 7h_category 2

h(Ff), 2 = [ - -
(Raugh work . _h (), 2Y B W, 157 = hiz, T

h(g,e8 =]
(Rough_tomk s _#(h(Y, SFEY — ph(3, Y ey

(.J-p Ep

(-—wa:u _,..._

Plhitte), ) - T
( Rough wirk > PChfe), zB) B oS STy

(-J-!)t'-'l} ...._-.

Q(Y, hia, b))
. (Rough work > Q(3. h(l, ))

B Qa1 =T




RuestHms

such that  TIa F’-/E_,T,, Pth (#a), 2))

The_eagkest iy o ymoke a_predinde (ke P) fake

X B dethe PR=0&

Let Ta=1; except Hhat PF=¢ and Ee=E,

7711 pair s and Ba make Plh (Pe), 2) talse

2. Chive_an_nterpetation Ts and _on_enpitmment Es

such that T e Q4. hiab).

Simila=20 1, akirg Q5= 1l b He ik




_ Budluating a__predide legic_tormuda.

Finally . we_ake_ready - eyalucte thrmulas (with free and
hound _varinbles _wth_an_tatermetotion_and - an eniromment-

Consicder the Frmula |
Y = (X (VY R Y, h(z, ).

0 Gve Isand B such that  Is Ery .
@ Cnve Iz and Ez Such that T3 Frg «.

@) The tndh vdue of o depends o the treth umlue of
the predivate. R, o m%e x_false, M5 encugh fo-
make R 4 oluays he tubse.

let T =11 with Ri=¢&
ZE’L“ESZ | =

Thus, We have Tz Fp, o becouse E is false_fir any
sz‘up{e n D D= é’l,zf_%lé

@ To_make x e, lers Shuplity o o bl underI; and Ey.
ler I¢=1 and Es=E, , let R%=¢ for nmo-

"0) Eé/

A wry

BB (T vy Rex, Y, (L, %>E>)>L
= (Ax (VY Rk Y4, 1))
— "To_Make x_Hue, we need 4o chooSe_cme_element-ef D as X,

ond Make_suke. Ha epety passible tuple XX, Y, 1> fir
eveny possible Y m D 75 on R,

— Jet’s chise X4 be 1. Then R% has 4 Contath e

follnatg 3 duples <11, 0>, <l 2,0>, <I,3.1>
T suffres o defne RE=1. 10> <,2, 05 <305

©




