T-79.3001 Logic in Computer Science: Foundations Spring 2D
Exercise 7 ([Nerode and Shore, 1997], Predicate Logic, Chagys 1-4)
March 19 — March 23, 2009

Tutorial problems

1. Formalize the following statements in predicate logic:

a) Vehicle is any device with wheels, caterpillar treads lods which
moves on the ground and does not move on rails; and a scrage/ehi
is any vehicle with low or nonexistent value.

b) Someone unsatisfied with the transfer compensationagetl to ap-
peal againstit to the County Administrative Court of thaiicty where
the transfer took place.

c) When applying the legal provisions of this law, the item#hie vehicle
are considered as part of the vehicle. Items in a scrap \ehid,
however, considered as lost property unless they are meaetused
permanently in the vehicle.

Draw the syntax trees for the sentences.

2. The theory of recursive data structures (RDS) describes @f siata struc-
tures that are ubiquitous in programming. For example istfCict defines
a simple RDS where a single variable has multiple fields. yTrecursive
data structures include lists, stacks and binary trees.

The following definitions are related to the theory of list§e define them
using three function symbolsdns, car, cdr), and a predicate symbol (Atom).
The functions are defined as follows:

— consis a list constructorcons(a, b) represents a list obtained by con-
catenating to b,
— car is the left projectioncar(cons(a, b)) = a, and
— cdr is the right projectioncdr(cons(a, b)) = b.
The unary predicate Ato(R) is true iff x is a single-element list.
Explain in English the following propositions related tettmeory of RDS:

a)
VX1 VX2VY1VY2(X1 = X2 A Y1 = Y2 — CONS(X1, Y1) = CONS(X2, Y2))
Vxvy(x =y — car(x) = car(y))
VXVY(x =y — cdr(x) = cdr(y))



b) Vxvy(car(cons(x,y)) = X)
c) Vx(—Atom(x) — cons(car(x),cdr (X)) = X)

3. A graph is a sef of nodes and a sdéf of edges between the nodds €
Sx 9. A set of noded C Sis aclique for the graph, iff it holds for all
s,s € Pwheres # & that(s,s) € E. Theclique problemis to find a clique
for a graph.

a) Formalize the clique problem using predicate logic.
b) Give a model for your formalization.
c) Give a structure that doesn’t satisfy your formalization

Demonstration problems
4. Formalize the following sentences using predicate logic:

a) There is a faulty gate.

b) This algorithm is the fastest.

c) Each patrticipant of this course has a workstation to use
d) Only one process can write in each file at a time

Draw the syntax trees for sentences a) and b).

5. Remove unnecessary parenthesis so that the meaning ohstdtdoes not
change.

a) (W((EX(P(X) AQ(X))) — L(¥)))
b) ((Fx(FY(P(xy) VQ(Y;x)))) < (VX(=K(f(x)))))
c) (VX(Vy(AAB)))

6. What ground (variable-free) terms can you compose from steoic, a
unary function symbof and a binary function symbag?

7. Represent arbitrary trees with function symbols using atrtioee constant
or function symbols.

8. Show that if¥xg(x) is a sentence andis a ground term, theg(t) is a
sentence.

9. Consider a domaiiN? = {(x,y)|x € N,y € N}. Choose interpretations for
a constant and a unary function symbdl € #; such that each element in
the domain has an interpretation.



10. A graph is a sef of nodes and a s& of edges between the nodds C
Sx 9. The nodes ands' of the graph are adjacent, if they are connected
with an edge (s,5) € K). LetC be a set of colors. The problem néde
coloring is to find a color inC for each node of the graph so that each node
has a unique color and two adjacent nodes have differentscolo

a) Formalize the node coloring problem using predicateclogi
b) Give a model for your formalization.
c) Give a structure that doesn’t satisfy your formalization



