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Honewor k 2:

- You *have to* work in pairs for this honmework, so find a partner
right away. Try to work with soneone you don’t know.

- If you get stuck, get help right away.

- Bven if you can’t solve a problem you can assune you have a
solution for subsequent problens.

- Submt your honmework via blackboard. Your subm ssion should be
atext file with the ACL2s code (including comments, test
cases, etc.). The format of the file should be: a conment
indicating the start of the code for a problem and then your
solution. In particular, do not include the text of this
assi gnment in your homework subni ssion

You are devel oping a social networking Wb site and your users
are clanoring for new functionality. They want to use their
friends to neet people they don't directly know. For exanple,
Julia wants to nmeet Allan, but she doesn’t know him She'd |ike
to know if it possible for one of her friends to introduce her to
one of their friends, who introduces her to one of their friends,
., until she gets introduced to Allan. In fact, she wants to
know how many peopl e she can nmeet this way and who they are. In
this homework assignment we will develop functions to do this.

For those of you interested in a challenge, try to solve the
above probl em wi thout reading further. Then, conpare what you
get with the solution this homework | eads you to. (OF course, you
will still have to do this honework assignnent.)

This will essentially involve defining functions to

mani pul ate sets and relations. For exanple, we will define
functions to extract information fromthe nost inportant

i nformation your social networking site nmaintains, the friend-of
relation.

Al'l the homewor k problens involve the definition of ACL2
functions. Use ACL2s in progranm ng node and use the design
reci pe described in class. Renmenber that this is the design
reci pe we saw in 211 extended the guidelines, checks, and
recursive schenmes we studied in class.

We start by devel oping functions for manipulating finite sets. A
finite set is just a list of elements. So, it is a true-listp who
el ements satisfy allp. That is, it is a true-listp.

PROBLEM 1

Wite the recognizer setp: a true-listp (all of whose el enents
satisfy allp).

END PROBLEM 1

Next, we define set nenbership. An elenent, e, is in aset, s, if

e is one of the objects in the list s. For exanple, the elements

of (list 32 13) are 1, 2, and 3, so lisin (list 321 3);
simlarly (list 1 2) isin (list 12 (list 1 2)), but (list 1 2)
isnot in (list 1 2) (since the only nmenbers of this list are 1, 2).

PROBLEM 2
Define the function set-menberp: it takes as input any object
in the ACL2 universe and a set and checks if the object is in the
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set.
END PROBLEM 2

Next we define the notion of set equality. Note that set
equality differs from=. For exanple, (list 1 1 2 2) represents
the sane set as (list 2 1), so they are set equal, but not =.
Renmenber that sets are equal iff they have exactly the sane
menbers.

PROBLEM 3

Define the function set-subsetp. Set-subsetp

takes two sets as input, say x and y, and returnst if x is a
subset of y, i.e., if every elenent in x is also iny.

END PROBLEM 3

PROBLEM 4

Define the function set-equal p. Set-equalp takes two sets as
input and returns t if they have the sane el ements and ni
otherwise. Hint: there is a sinple, non-recursive definition
END PROBLEM 4

PROBLEM 5

Define the function set-union: it takes two sets as input and
returns a set corresponding to their union. That is, an el enent
isin (set-union x y) iff it isinxor iny.

END PROBLEM 5

PROBLEM 6

Define the function set-size: it takes a set as input and
returns a natural nunber corresponding to the size of the set.
The size of a set is the nunmber of distinct elements it has. For
exanple (list "John" "Bob" "Alice" "Alen" "Bob" "Aice") has 4
distinct elements, so its size is 4.

END PROBLEM 6

Noti ce that the above functions work on sets of any type. Oten
we are interested in sets of type X. A set of type X is a set,
all of whose elenents are of type X. For exanple, a set of type
stringp is a set, all of whose elenents satisfy the stringp
predicate. Recall that stringp is the primtive function that
recogni zes strings.

PROBLEM 7
Wite the recogni zer string-setp: a set of strings.
END PROBLEM 7

W will now define relations. A relation is a set of

conses. There are no restrictions on the cons pairs, i.e., each

cons pair in arelation has a car and cdr that satisfy allp. For
exanmple (list (cons "a" "b") (cons "a" "c¢") (cons "b" "c")

(cons "a" "c")) is the relation {<"a", "c"> <"b", "c"> <"a", "b">}.

PROBLEM 8
Defi ne the recognizer relationp that recogni zes rel ations.
END PROBLEM 8

PROBLEM 9

Define the recogni zer string-relationp, which recognizes

rel ations on strings. That is, each cons in a relation has a car
that satisfies stringp and has a cdr that satisfies stringp

END PROBLEM 9

Renenmber, that you are devel oping a social networking Wb site
and your users are clanoring for the followi ng functionality:
they want to use their friends to neet people they don't directly
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know. For exanple, Julia wants to neet Allan, but she doesn’t
know him She'd like to know if it possible for one of her
friends to introduce her to one of their friends, who introduces
her to one of their friends, ..., until she gets introduced to
Allan. In fact, she wants to know how many peopl e she can neet
this way and who they are. The goal in the remaining problens is
to develop functions to do exactly this.

** PROBLEM 10

Wite a function that given the friend-of relation for your

soci al networking Wb site (your function should work for any
relation on strings), and a set of users returns the set of users
that they can neet via a sequence of introductions, as per the
above discussion. This set should include the initial users. Here
is one way of doing this. Define the image of a set, s, under
relation r to be the set { y| (x . y) isinr and x is in s},
that is, it is the set of elenents that are related to sone
element of s. (Hint: you mght want to define a function to do
this.) W’Il denote the image of s under r as r(s), and we'l]l
use U to denote set union. Now, start with the initial set, let’s
call that sO, and keep taking inmages under r, to obtain sl = s0 U
r(s0) , s2 =s1 Ur(sl), ..., sn =s(n-1) Ur(s(n-1)). Note that
sO is a subset of sl1, which is a subset of s2, ... . So, the
sequence is increasing and we should stop when the sets stop
growing. This kind of calculation is called a "fixpoint"
calculation. Also, this is actually a comobpn operation on
relations and it has a name: it is called the reflexive,
transitive closure of a relation, so call the function

rel ation-trans. The stars next to the probl em nunber indicate
that this is nore challenging than the previ ous probl ens.

**END PROBLEM 10

The solutions to our original problens now fall out rather

easily. It is worth pointing out that as you progress through
your under graduate conputer science careers, you should be able
to think about problens at a higher |evel of abstraction, and
this exercise should seemtrivial: you should be able to read the
initial description and say: | can solve that problem by just
conputing the reflexive, transitive closure of the friend-of
relation.

PROBLEM 11

Wite the function possible-friends: it is given as input the
nane of a user, a string (say "Julia") and the friend-of relation
(your function should work on any relation over strings). The
function should return the set of users that Julia can neet via a
sequence of introductions, as per the above discussion. Run it
on a relation with at |least 10 people. Wite up to a few
par agr aphs expl ai ni ng what you observed when you tested your
function. Wat, if any, changes to your code are suggested? Show
how you woul d nodi fy your sol utions above to address any issues.
Hint: given the solution to problem 12, this should be an easy,
non-recursive definition.

END PROBLEM 11

PROBLEM 12

It is now easy to solve Julia s first request. Define a function
num of - possi bl e-friends that given a sting (the user nane) and a
relation (the friend-of relation) returns the nunber of people the
user can neet via a sequence of introductions anongst friends.
This is just the set-size of the possible-friends function

applied to user, say "Julia". Try it on a few exanples with at

| east 10 people.

END PROBLEM 12



