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FMM810S First Exam (continued) November 2019 

QUESTION 1 oo c ccc ec ence ence eee e een eeseeeteneenees [28 points] 

Given a set Valg, consider a hierarchichal type T where each element is either of type N; or 

N». An element of type N> holds a value of type Valg, while an element of type N, holds a 

tuple in the following order: an element of type T, a value of type Valg and an element of 

type T. 

(a) Using type specification techniques in the Z notation, formally define T; 

(b) Next we introduce three functions f;, fo and f3. f; reverses the content of a sequence. 

fe behaves as follows when applied to an element of type T. When the element is of 

type No, it returns a sequence containing the only element held by the type. On the 

other hand, when the element is of type Nj, it returns a concatenation of the image of 

the first component and a sequence formed by the only element in the node, and finally 

concatenated with the reverse of the image of the second component (in the indicated 

order). Finally, fs returns the same node when applied to an element of type No. When 

applied to an element of type N;, 3 returns a new N, tuple consisting of the image of 

the last component, the component in the middle and the image of the first component. 

Define f,, fo and fz. Note that f2 and f3 should apply recursively to elements of T. 

(c) Assuming Valk is the type of natural numbers, what is the value returned by the following: 

fo( f3(Ni(N2(14), 17, Ni (18)), 30, Ni (N2(31), 32, N2(34)))) 

You will show all steps in your calculation. 

QUESTION 2 Loc ccc cece ence eee e neces eee eee eeeeeeeeneeenas [20 points] 

(a) Define a free type, DoW, that represents the days of the week from Monday to Friday 

(b) Consider the timetable of your university represented as a sequence S,, where each ele- 

ment is a tuple (a, 8, y) with a the day of week (of type DoW), 2 an alphanumeric code 

(of type Alpha) corresponding to the venue and ¥ an alphanumeric corresponding to the 

course code. 

S, = ((Monday, A2, DS P6205), (Tuesday, A10, SVT710S), 
(W ednesday, L8, SVT710S), (Monday, G50, DS P6208), 

(Wednesday, L2, EC N811S)) 

Using the head and tazl operations write the expression returning the fourth element of 

the sequence 

(c) What is the result of the following filtering: 

S, | {d: DoW, v: Alpha e (d,v, SVT710S)} 

(d) Consider a function 

h:seqNoN 

h(()) =4 
A(() “ t) = g(Z, R(t) 

with g(2, 7) = 22+ 7. What the result of h((1, 2, 3, 4))? 
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FMM810S First Exam (continued) November 2019 
  

QUESTION 3 oo ccc cnc eee tence eee eee b eet eeeneetenennenenns [17 points] 
We wish to build a key-value store rik,;. The store consists of a set of buckets, each one with 

its own unique identifier. Note that the identifier of a bucket is of type /dent,.. Inside a bucket, 

there is a set of function objects where the argument is a key (of type ey,.) and the imave is 

the value (of type Val,) attached to it. The following operations are possible in rik,;: 

1. inside a bucket: 

e read the value attached to a key; 

e write or update a key attached to a value provided that neither they key nor the 

value exist in the bucket; 

e delete an existing key-value entry. 

2. inside the store: 

e allocate five (5) buckets at a time; 

° remove an existing bucket. 

Finally, note that before a bucket can be used it should be initialised. Furthermore, the overall 

store should be initialised. 

Using the Z notation you will specify all the complex objects and the operations mentioned 

earlier. Your specifications will include error handling for all operations. 

QUESTION 4 Loc ccc cece cece cece eee e eect eebaeeeeuneeneeneens [15 points] 

Using deduction rules in propositional and predicate logic, prove the following: 

(a) p.g VrE(pAq) Vv (pAr) 
(b)p>qq>rrps>r 

(c) > (pV q)F 7p 

TUL IS) 0 (0) > [5 points] 

Give the truth table of the following proposition: p A (p > q) A (¢ => 1) 

QUESTION 6 Loc cc cece cence eee n neces eee eneeneeaeeneennennens [15 points] 

Consider a relation R : {a, b,c} © {a, G, y} as follows: {a1 7,b1> 4} 

(a) Give in extension the following sets: dom(R) and ran(R) 

(b) Give in extension the following sets: {c} < Rand Rb {6} 

(c) Give in extension the following sets: {d} 4 Rand R & {6} 

(d) What is the inverse of R? 

(e) What is the reflexive closure for R? 
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