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Predicate Logic ( 1§1a%Z48 )

- — 1 1.2 First Order Logic —

Step 1. Convert it into
first logic formula.




Well-formed Formula ( 82X )

We can use predicates, functions, quantifiers, individuals and
connectives to build many expressions. But not all of them have
legal semantics.

(VP)P(x) (x)P(x) vV Q(x) or(a,b) = P(x)



Well-

formed Formula (32T )

Parameter requirements:
 Predicates can only operate on individuals
* Functions can only operate on individuals
« Quantifiers can only bound individuals

Symbol writing:
* Propositional variables: p, q, r, ...

ndividual variables: x, y, z, ...
ndividual constants: a, b, c, ... or upper-case words

Predicate variables: P, Q, R, ...

* Predicate constants: upper-case words
* Functions: f, g, ...



Well-formed Formula ( 82X )

DEFINITION
Terms are expressions generated from the individuals by the functions.]

- DEFINITION ~
An atomic formula (JE7iH1/2A30) is an expression of the form

P(x1, ..., xn) where P Is a predicate of arity n and x1,. . . ,xn are terms.
. ,




Well-formed Formula ( 82X )

. INDUCTIVE DEFINITION of WFF ™

1). Every atomic formula is in WFF.

2). If A and B are WFFs, so are (-A), (AAB), (Av B), (A—- B), and

(A < B). There is no variable which is bounded in one wff and free In

the other wff.

3). If Aisa WFF and x is free in A, then (Vx)A, (3x)A are wifs.

@. No expression is WFF unless forced by 1), 2) or 3). /




Well-formed Formula ( 82X )

P itional Logi Predicate Logi
/— ropositiona oglcﬂ / redicate Logic \

: . 1). Every atomic formula is in WFF.
1). Every single proposition
(symbol) is in WFF. 2). If A and B are WFFs, so are (=A), (AAB), (AV B),

2). If A and B are WFF, so (A — B), and (A < B). There is no variable which is bound

are (=A), (A A B), (AV B),

(A- B), and (A & B). in one wff and free in the other wff.

o 3).IfAis a WFF and x is free in A, then (Vx)A, (3x)A are
3). No expression is WFF

unless forced by 1) or 2). wifs.

\ / \4) No expression is WFF unless forced by 1), 2) or 3). /




Exercise

P(z) Vv (Vo)Q(x)

(Vo) (P(z) A Q(z))



Exercise



Well-formed Formula ( 82X )

All rational numbers are real numbers.

(Vo)(P(z) = Q(x))
P means X is a R WMEANS X is a
k rational nuniber. real mumber. |

Some real numbers are not rational numbers.

(A means X ts a real B means xisa |
number. rational number. )

(3z)(A(z) A ~B(z))




Validity ( BXU4 )

{

void f(bool a, bool b)

unsigned Xx, y;

if (a)

X = 1;
else

X = 0;
if (b)

y = 1;
else

y = 0;

assert(x +y > 0);

(V1) (V22)(Vy4) (Va3) (Vys) (Vy6) (Va) (VD)(

]l = 1A
2 = OA

yd = 1A : the assertion will
yo = OA V\«Ot faiL j

(We want to prove i‘c\

LS aLwags true. Then

x3 = ite(a, x1, x2)A\

y6 = ite(b, y4,y5) —

sum(z3,y6) > 0)



Validity ( BXU4 )

r DEFINITION
The interpretation (f##%:) of predicate formula includes predicate

variables, propositional variables, functions and free individual

variables.
\_

e DEFINITION
If a formula is always true under any interpretations, it is universally

valid (A% . (Vo)(P(x) vV -P(x))

\_




Validity ( BXU4 )

2 DEFINITION
If a formula is true under some interpretation, it is satisfiable (1] &
D (V)P (x)
All positive integers are
greater thaw 0. |
2 DEFINITION

If a formula Is always false under any interpretations, it is unsatisfiable

(AR HD L (V) (P(x) A=P())




Validity ( BXU4 )

4 )
What is the relation between universally valid
formula and satisfiable formula in predicate Logic? \
\_




Validity ( BXU4 )

r RELATION
1) P is universally valid iff -P Is unsatisfiable

2) P Is satisfiable iff -P Is not universally valid

\
(Val)(Va2)(Vy4d)(Vz3)(Vy5)(Vy6)(Va) (Vb)( —(Val) (Va2)(Vy4) (Va3) (Vy5) (Vy6) (Va) (Vb)(
xl = 1A N rl = 1A N
=0 vaer,sm’% = unsatisfiable
yd = 1A valtiol ) - yd = 1A )
yo = OA Y5 = OA
x3 = ite(a, x1, x2)A\ x3 = ite(a, x1, 22)A
y6 = ite(b, y4,y5) — y6 = ite(b, y4,y5) —

sum/(x3,y6) > 0) sum(x3,y6) > 0)



Decision Problem ( #¥IZEiT)& )

e DEFINITION 2
Decision problem in predicate logic is whether there is an effective

algorithm to determine if a formula is universally valid.
.

‘\\ J
r , )
The algorithm must be automatic

and terminate in finite steps.
\ y




Decision Problem ( #|E[ol& )

P Q PVQ

T T F

F T T [Proposi’ciowat logic is a s]seaLaD

T F T predicate logic. It is decidable

F F F because we can use truth table y
to determine the validity. £5F

A )
! )y s
p &
\ ‘//‘ \ _
& A
\ 7/
e e %



Decision Problem ( #¥IZEiT)& )

2r+y— z=

8

-3z —y+2z=-11

—2x +y+2z=

-3

2 1 -1 8 100 2 x
m) 3 -1 2 -11 =) 010 3 m)
-2 1 2 -3 00 1 -1

~
A system of linear equations is

deciolable. We can use gaussian

elimination to solve Lt. J> ‘_f




Decision Problem ( #¥IZEiT)& )

* Predicate logic Is not decidable
* Predicate logic with finite domain is decidable
* Formula with only unary predicate variable is decidable

* The following forms are decidable
(Vzq1)...(Vx, ) P(xq, ..., 2,,)
(z1)...(3z,) Pz, ..., z,)



Decision Problem ( #¥IZEiT)& )

That Is why we need deduction.

p
we have used deduction in
propositional Logic

.




Outline — This Lecture

Deduction



Deduction ( #IE )

tautology imeplication ]

Prove (P - (Q - S))AN(-RVP)ANQR =R —S.

(1)-RV P introduce premise
(2)R — P [ waerewoﬁrrep!acement rt.:rfe
(3)R introduce premise
(4)P Hypothetical reasoning on (2)(3)
(5)P — (Q _}(q‘l intradic ]
(6)Q — S Mawny terms, rules and

(1Q symbols can be tntroduced

(8)5 rove propositional Logic.

()R — S \- f ki o




Deduction formula ( #EAI )

There are many important tautology implication expressions.

They can be used to produce new theorems.

~(P>Q) =P z e
Tautology tmplication tn

(P = Q)= ¢ propositional Logic can also

PAN(P—Q)=Q be applied heve.

(P> QAN (Q—=R)=P—R \ y

PANQ =P
P= PVQ



Deduction Formula ( #E AT )

(32)(P(z) A Q(x)) = (3z)P(x) A Bx)Q(x) ™M

(Fz)P(z) A (Fz)Q(x) = (Jz)(P(z) A Q(x))
[ Does it also hold? (




Deduction Formula ( ##3E A )

( , )
> LS A WMou "
X LS A MOUSE. ] X’sa ouse and

X ls an BLB&D(/WC_.)

(3z)P(x) A (F2)Q(z) = (3x)(P(z) A Q(x)) D
[x LS an eLem

é ,
The arrow LS not

. bi-directional.




Deduction Formula ( #E AT )

~

They can be
understood through
semantices. (5.4.32) y

e M e e e

R
e N e e e T e e

e v e e e M M




Deduction Calculus ( #IEEE )

We now introduce an example to explain deduction calculus.

Premise : (Vz)(P(z) — Q(x)), (Vx)(Q(x) = R(x))
Conclusion : (Vx)(P(x) — R(x))
Proof.

4 )
wWe cawn still use some tnference

rules tn propositional Logic. }




Deduction Calculus ( ##IEEE )

We now introduce an example to explain deduction calculus.

Premise : (Vz)(P(x) — Q(x)), (Vx)(Q(z) — R(x))
Conclusion : (Vz)(P(z) — R(x))
Proof.

(1)(Vx)(P(x) — Q(x)) introduce premise

N\
~ ™

wWe cawn still use some tnference
rules tn propositional Logic.




Deduction Calculus ( #IEEE )

We now introduce an example to explain deduction calculus.

Premise : (Vz)(P(z) — Q(x)), (Vx)(Q(x) = R(x))
Conclusion : (Vx)(P(x) — R(x))

Proof.

(1)(Vz)(P(x) — Q(x)) introduce premise

(2)P(x) — Q(x) remove universal quantifier
(

(EERBEEMN]D xis an \/

arbb’cmra individual tn the domatn

and it is free tn P and @
\_ Y,




Deduction Calculus ( #IEEE )

We now introduce an example to explain deduction calculus.

Premise : (Vz)(P(z) — Q(x)), (Vx)(Q(x) = R(x))
Conclusion : (Vz)(P(x) — R(x))

Proof.
(1)(Vx)(P(x) — Q(x)) introduce premise
(2)P(z) — Q(x) remove universal quanti fier

(3)(Vx)(Q(x) = R(x)) introduce premise



Deduction Calculus ( #IEEE )

We now introduce an example to explain deduction calculus.

Premise : (Vz)(P(x) — Q(x)), (Vx)(Q(z) — R(x))
Conclusion : (Vz)(P(z) — R(x))

Proof.

(1)(Vx)(P(x) = Q(x)) introduce premise
(2)P(z) — Q(x) remove universal quanti fier
(3)(Vz)(Q(z) — R(x)) introduce premise
(4)Q(x) — R(x) remove universal quanti fier

[ emEANEAN |




Deduction Calculus ( #IEEE )

We now introduce an example to explain deduction calculus.

Premise : (Vz)(P(x) — Q(x)), (Vx)(Q(z) — R(x))
Conclusion : (Vz)(P(z) — R(x))

Proof.

(1)(Vx)(P(x) = Q(x)) introduce premise
(2)P(z) — Q(x) remove universal quanti fier
(3)(Vz)(Q(z) — R(x)) introduce premise
(4)Q(x) — R(x) remove universal quanti fier
(5)P(z) = R(z) syllogism on (2)(4)

Bt [

/]




Deduction Calculus ( #I8;E& )

We now introduce an example to explain deduction calculus.

Premase :

Conclusion :

Proof.

(Vo) (P(z) = Q(x)), (
(Vz)(P(x) = R(z))

vz)(Q(r) — R(x))

element tn the domatin satisfies
the property and x is free in P

(T EHRBFATAIID fany

J

and R, we can use the rule,
\ _rOgUSTIT OTT (2 ()

introduce universal quanti frer



Deduction Calculus ( #3E/E5 )

We can also remove existential quantifier (f7£F &= 1a7H EHM)) .

(dz)P(x) = P(c)
C is an tndividual
CONSTANE.

(@n)P(x) = (F)c <o) B Eo)P) = (@) >y) K
{ Pshouwl/wo}cj (P shoulol woti/mL\u?

tnelude c. \ free variables,

J




Deduction Calculus ( #3E/E5 )

We can also introduce existential quantifier (f71E &1 5] AN .

P(c) = (dz)P(x)
T C is an tndividual J

constant.

P(c) = (3x)(z > 0) [




Exercise
Premise :(3x)P(z) — (Vz)((P(x) VQ(x)) — R(x))
32)P(2)

Conclusion : (3z)(Jy)(R(x) A R(y))
(1) G)P(2)—>Vx)((P(2) VQ(z))—~>R(z)) AIE

(2) @x)P(2) S

(3) (Vo) ((P(x)VQ(z))—>R(z)) (1),(2) &

(4) P(c) | (2) FERIAHEE
(5) P(c)VQ(c)>R(c) Q) 2HREFHEE
(6) P(c)VQ) (4)

(7) R(c) - (5),(6) B E -
(8) (3z)R(x) () FEEFETIA
(9) ARy | () FEEFEIIA
(10) Gx)R(=@) A @yIR(y) (8),(9

(11 Ax)A»R@) ARG (10) E#



Resolution Reasoning(JH& 1)

Deduction before depends on many
proof skills. Resolution reasoning
IS more automatic.



A Quick Recap

- DEFINITION
For formulaA=PvQ and B=-PVR,R(A,B) =0 VR Iis aresolvent(

IH4550) of 4 and B.
\_

* To prove A= B, we just need to prove AA-B is a contradiction

e C t AA-B to CNF P1IAP2A... AP A
onver 0 . 4 (PVQ)AN(—PVR)
* Repeatly produce resolvents from Pi = QVR

* Find contradiction and proof ends

Now the meatn probtem Ls how to
eliminate quantifiers?




A Quick Recap

- DEFINITION

For formulaA=PvQ and B=-PVR,R(A,B) =0 VR Iis aresolvent(
IH4550) of 4 and B.
.

* To prove A= B, we just need to prove AA-B is a contradiction

e C t AA-B to CNF P1IAP2A... AP A
onver 0 . 4 (PVQ)AN(—PVR)
* Repeatly produce resolvents from Pi = QVR

* Find contradiction and proof ends

we cawn flrstly move all
quantifiers to the left.




Prenex Normal Form (g Rz =)

- DEFINITION
A formula of the predicate calculus is in prenex normal form(PNF) if it is

written as a string of quantifiers and bound variables, followed by a

guantifier-free part, called the matrix (BFz0/ZEZ0) .

~N

(Q171)...(Qnan) M (x4, ..., ;)

[qua V\,ti%




Prenex Normal Form (g Rz =)

- DEFINITION
A and B are equivalent if A and B have the same truth value under any

Interpretation.

\A < Bis universallyvalld /A=B/A & B

~

s THEOREM
Every formula in predicate logic is equivalent to a formula in prenex

knormal form. [ How to convert a formula to

| PNF? We need some equations.




Equivalence(Z1E)

i double negation Law J

- (Vz)P(x) = (Vz)P(x)

(Vo) P(x) = (32)Q(z) = =(Vo)P(z) vV (32)Q ()

4 SoMmLe equat’uows L

propositional Logic can be
ol’wec’ch appL’Led.




(Vo) P(z) = (32)Q(z) =[-(Vz)P(z)|V (32)Q ()

we neeol to move “not”
instole.

T

EOREM

-(Vz)P(z) = (z)—P(x)
@) P(x) = (Y2)~P(z)

I No x satisfies P.

v

Bvery x doesn't
satisty P.

\

J




Equivalence(&1E)
If the domain is {1, 2}

~(Vz) P(x)
==(P(1) A P(2))

=-P(1) Vv -P(2)
=(dz)-P(x) Morgan's Law J




Equivalence(&1E)

We can prove through semantics.
~(Vx)P(z) = (x)—P(x)

—(Vz)P(x) =T (Jx)—P(x) =
l l
P(z0)=F -P(x0) =T
l l
—P(z0) =T P(z0) = F
l l

(F0)-~P(z) = T ~(Va)P(x)



Equivalence(&1E)

If there are many quantifiers, we need to flip every

quantifiers and move “not” inside.

~(Va) (Yy) P(z,y) = (32)Fy)~P(z,y)



THEOREM

e e e Y

>
= > < <

e T e S e N N

82 8 8 8

S

LR R K

R I
e N e . T

2 8 8 8
> [T > [T

o e S e

x has nothing to do with g. ]




THEOREM

qq}}

Tt

$$$$

Y
\ﬁ%

G(PP

e N N e T 8

~\

x has nothing to do with p

J

and g,

\.




Exercise

(Vz)(p = Qz)) =p — (V2)Q()

(YVz) (p—Q(x))
=(V2)(pVQx))
=2pV (Y2)Q(x)

| =P_"I(V.I)Q(I)

[ Can You prove it with laws before? ;

A
Y

\



Equivalence(Z1E)

-

THEOREM N

(Vi)
(3z)(P(z) A Q(x)) = (Fz)P(x) A (3r)Q(x)

[ Avre tmg:rm




Equivalence(&1E)

Assuming the domain is {1, 2} and you will understand it

better.
(Vo) (P(z) V Q(x))
=(P(1)V Q(1)) A (P(2) vV Q(2))
=((P(1)V Q1) A P(2)) V (P(1)VQ(1) AQ(2))
=(P(1) A P(2)) V (Q(1) A P(2)) V (P(1) AQ(2)) V (Q(1) A Q(2))
=(Va)P(z) V (V2)Q(z) V (Q(1) A P(2)) V (P(1) A Q(2))



We can change the name of bound variables.

THEOREM

(Vo) P(z) vV (V)Q(x)

(Vx)(P(z) vV (Vy)Q(y))
=(Vz)(Vy)(P(x) V Q(y))



Prenex Normal Form(Fi Rz =)

Now we can convert formulas to PNF.

~((Vz)(3y)P(a,z,y) — Fz)(~(Vy)Q(y,b) — R(x)))



Prenex Normal Form(Fi Rz =)

Now we can convert formulas to PNF.

~((Vz)(3y)P(a,z,y) — (32)(~(Vy)Q(y, b) — R(x /[ Stept: eliminate arvows. ]
——(=(Vz)(3y)P(a, z,y) vV (32)(——=(Vy)Q(y,b) V R(x)))




Prenex Normal Form(Fi Rz =)

Now we can convert formulas to PNF.

~((Vz)(3y) Pla, z,y) — (32)(=(Yy)Q(y, b) = R(x))) Stepd: eliminate arrows.

——(=(Vz)(3y)P(a, z,y) vV (32)(——=(Vy)Q(y,b) V R(x)))

— (V) (3y) P(a, 2, y) A (V2)((3y)-Q(y, b) A —=R(x)) Step2: move “not” Lnside,




Prenex Normal Form(Fi Rz =)

Now we can convert formulas to PNF.

~((Vz)(3y) Pla, z,y) — (32)(=(Yy)Q(y, b) = R(x))) Stepd: eliminate arrows.
=(

~(=(Vz)(3y) Pla, z,y) V (3z) (-~ (Vy)Q(y, b) V R(x)))

tep2: “not” tnstde,
=(v) (3y)P(a,2,9) A (v2)(39)~Q(y. b) A ~R(x)) Step2: wmove Tnot” bnstde

=(V2)((3y)P(a, z,y) A 3y)=Q(y,b) A ~R(x)) 45’&6}:3: move guantifiers to the left.




Prenex Normal Form(Fi Rz =)

Now we can convert formulas to PNF.

(V) 3y) Pla, z,y) — (Fz)(~(Vy)Q(y, b) = R(z))) Step1: eliminate arrows.

al
~(=(Vz)(3y) Pla, z,y) V (3z) (-~ (Vy)Q(y, b) V R(x)))
(Ve)By) Pla, z,y) A (V) ((Fy)~Q(y, b) A = R(x))

Step2: move “‘not” nstoe,

y)—
(V2)((3y) P(a, z,y) A 3y)-Q(y, b) A ~R(z)) Stepz: move quantifiers to the Left.
Q(

b
(V2)((3y)P(a, z,y) A (32)-Q(2,b) A —R(z)) Step4: change names of boundl

variables.




Prenex Normal Form(Fi Rz =)

Now we can convert formulas to PNF.

~((Vz)(3y) Pla, z,y) — (32)(=(Yy)Q(y, b) = R(x))) Stepd: eliminate arrows.
= (=

(Vx)(3y)P(a, x,y) V (3x)(—~(Vy)Q(y,b) V R(x))) —
Step2: move “not” Lnside,

=(Vz)(Jy)P(a,z,y) A (Vz)((3y)~Q(y,b) A ~R(x))
—(V2)((3y)Pla, z,y) A By)-Q(y,b) A ~R(z)) Stepz: move quantifiers to the Left.
=(Vz)((Fy) P(a, z,y) A (32)=Q(z,0) A = R(x)) Step4: change names of boundl
=(vz) (3y)(32)(P(a, z,y) A ~Q(z,b) A ~R()) variables.

Wtﬁﬁers to the left. ]




Prenex Normal Form(Fi Rz =)

Now we can convert formulas to PNF.

~((Vz)(3y) Pla, z,y) — (32)(=(Yy)Q(y, b) = R(x))) Step1: eliminate arrows.

/"_"“\/"_"‘"\

~(Vz)(3y) Pla, z,y) V (3z) (-~ (Vy)Q(y, b) V R(z)))

=(V2) (Fy) P(a, 7, 9) A (¥2)((39)~Q(y,b) A ~R(x) Step2: move "ot” bnside.

(V) y)-
—(V2)((3y)Pla, z,y) A By)-Q(y,b) A ~R(z)) Stepz: move quantifiers to the Left.
=(Vz)((Fy) P(a, z,y) A (32)=Q(z,b) A =R(x)) Step4: change wames of boundl
=(¥2)(3y)(32)(P(a, 2,y) A —~Q(2,b) A ~R(x)) variables.
=(Vz) (Jy)(

12)S(a, b, x,y, 2)
Move quantifiers to the left. ]




Skolem Normal Form(Skolem#x#EH)

p
cCan we eliminate existential -
quantifier to malke it decloable?




Skolem Normal Form(Skolem#x#EH)

4 DEFINITION 2
A formula is in Skolem normal form if it Is In prenex normal form with

only universal quantifiers.
. J

r HEOREM 2
Every formula A can be converted to corresponding Skolem normal

form B. A Is unsatisfiable iff B is unsatisfiable.

) This transformation does not preserve
semantics but it does preserve satisfiability,
which is consistent with resolution method.

~




Skolem Normal Form(Skolem#x#EH)

(Vx)(Fy)(32)S(a,b,x,y, )

4
Y depends on x L(Vm)(HZ)S(% b, z, f(x), 2)

4 i Z depends on x
(Vz)(32)S(a,b,z, f(z),g(x)) y

If x doesn't depend on any
variables, we replace x with a
CONStaANnt.

7

.

~\

-




Exercise

(Fx)(Vy)(Vz)(Fu) (Vo) Fw) P(x, y, 2, u, v, w)

(VJ’) (V=z) (Vﬂ)P(ﬂ :y,zsf(y;z) 11?;3'(31 :Ii'ﬂ))-



Resolution Reasoning(H& )

DEFINI

-

TION

For formulaA=PvQ and B=-PVR,R(A,B) =0 VR Iis aresolvent(
JIH455%) of A and B.
.

\

P(x) v Q(x)

—P(a)V R(y)

mp  Pa)VQ(a)

- = ((a)V R(y)




Resolution Reasoning(H& )

(Va)(P(x) = Q(x)) A (Va)(Q(x) — R(x)) = (Va)(P(z) = R(x))




Example

(Vo) (P(z) = Q(x)) A (Vo) (Q(z) = R(r)) = (Vo)(P(z) — R(x))



() = R(z)) = (Vx)(P(z) — R(x)
— R(z))

)L

Prove it is
nsatisfiabl

J

Step 1. Prove its “not” is
unsatisfiable.




) = R(z)) = (Vz)(P(r) — R(r))
) = R(x)) A=(V)(P(z) = R(x))
) = R(z)) A (3z)(P(x) A —~R(x))

Prove itis
unsatisfinble
Move “not”
tnsiole

Step 2. Convert it Linto
Skolem form.




)

Prove it is
unsatisfinbl

e
4

MD\/& ”V\/Dt”

LnsLoe
Skolemizotl

S
v
[
<
=
-)
<
&
o
T
G
S
s
<

vz)(P(z) = Q)

Step 2. Convert it Linto
Skolem form




~

e
4

,D‘a

- Y
= |3 +
&P—l\ﬂw.lm L
ﬂ,v/ﬁnl\vu 8/5 m
2 &2l> =21 3
S gl - Q
A == £
S V)




Example

—Q(z) vV R(z)

~P(z) v Q(x)

(1)~P(z) v Q(x)
(2)-Q(z) V R(x)

(4)-R(a)



Example

—Q(z) vV R(z)

—-P(x)V Q(x)

resolution on (1)(3)

e T e T e

e
e e i H e



Example

—Q(z) vV R(z)

—-P(x)V Q(x)

resolution on (1)(3)
resolution on (2)(5)

e T T e N s T

e
e e i H e e



Example

—Q(z) vV R(z)

~P(z) v Q(x)
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Exercise

Al = (Fz)(P(z) A (Yy)(D(y) — L(z,y)))
A2 = (Vo)(P(z) — (Vy)(Q(y) — —L(z,y)))
= (Vz)(D(z) — —Q(x))

Prove A1 N A2 = B

iERR AR A WTFHEN (P, "Dy VL@ A RNFARERAOP@ V-
QMV Lz, M}, "B FHAER DB ,QWD )} RFEEBFHES, H#MELHLELR:

(1) P(a)

(2) "D(y)V L(a,y)

3 "P@V-Q( V- L(x,y)

(4) D(®)

(5) Q&) |

(6) L(a,b) (2)(4) 5%
() "Q(MW V- L(a,y) (13 BE
(8) = L(a,b) ‘ G BE

9 [ (6>(8) BHE



Thanks & Questions
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