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Pet e Manolios, CSU290 Lecture Notes, Thu Jan 17 2008

- Next Thursday, we have exani.

- It will cover everything we until the end of this week.

- To hel p you prepare, check the Wb page for HA.

- Lab sessions will also include a review of the naterial and honeworKk.

Revi ew. Last tine we focussed on the totality of ACL2.

Desi gn gui deline 1:
Test your programs with values that are outside of their intended
donai n.

Desi gn gui del i ne 2:
Atoni c data outside the intended domain should be recogni zed and
handl ed in a non-recursive way with the proper idiom

I di om I nt ended donain Conpl eti on
(zp x) (natp x) (= (nfix x) 0)
(zip x) (integerp x) (= (ifix x) 0)

Desi gn check 1:
After designing a program performa totality check

The ACL2 | anguage: cons and lists

Conses are ordered pairs of objects. They are by far the nost
conmonl y used objects in ACL2.

Conses are sonetinmes called lists,

pairs,’’ or bi nary trees.’

cons pairs,’’ ‘‘dotted

There are nany ways to wite a given list. This should not be
surprising. Consider the fact that 123, 000123, 246/2, and
#b1111011 are all ways to wite down the same numeric constant
and stylistic considerations determ ne which formyou use.

So too with |ist constants.

Any two objects nay be put together into a cons pair. The
cons pair containing the integer 1 and the integer 2
m ght be witen as <1, 2> or drawn as foll ows.

A
1 2

In ACL2 it is witten as (1 . 2) and is created with (cons 1 2).

This is a single cons object in ACL2 with two integer objects as
constituents. The left-hand constituent is called the car of the
pair. The right-hand constituent is called the cdr. Note: car
is equal to first and cdr is equal to rest. | don't care which
you use.

Not e: conses are recogni zed by consp. Also, conses are different
fromthe atonmic data we’'ve seen until now, e.g., nunbers. It is a
theorem t hat:

(thm (or (atom x) (consp x)))
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(thm (inplies (atomx) (not (consp x))))
(thm (inplies (not (atomx)) (consp X)))

Let’s | ook at nore exanples. <1, <2, 3>> may be drawn as:

I\
1/\
2 3

and can be witten in ACL2 as (1 . (2 . 3))

VWhat about (1 . (2 . (3 . nil)))

What tree corresponds to this?

Does every binary tree correspond to a cons? Yes.

The notation we are using to wite list constants is called *dot
notation*. It is a straightforward translation of the famliar
Cartesian coordinate notation in which parentheses replace the
brackets and a dot (which nust be surrounded by whitespace)

repl aces the conmma.

ACL2 has two syntactic rules that allowus to wite cons pairs in
a variety of ways. The first rule provides a special way to
wite trees like (1. nil). This tree may be witten as (1).

That is, if a cons pair has the synmbol nil as its cdr, you

can drop the ‘‘dot’’ and the nil when you wite it.

Exampl es:
(1. (2. nil) . (3. nil)))

==>

(1. (2 . (3))

The second rule provides a special way to wite a cons pair that
contai ns another cons pair in the cdr: you may drop the dot and
the bal anced pair of parentheses following it. Thus

(x . (...)) my be witten as (x ...). For

example, (1 . ((2) . (3))) sinmplifies to (1 (2) 3).

Anot her exanple: (1. (2. (3 . nil))) may be witten as:

- (1. (2. (3)))
- (1. (2 3)

- (12 3)

- (12 .°(3. nil))
- etc.

Binary trees that terminate in nil on the right-nost branch, such
as the tree above are called *true lists*. By extension, the
synmbol nil is also called a (true) list or, in particular, the
*enpty list*, and is sonetines witten (). Note that the enpty
list is equal to nil.

The *el ements* of a list are the successive cars along the ‘*cdr
chain.’’ That is, the elements are the car, the car of the cdr
the car of the cdr of the cdr, etc. The elenents of the list (1
23 =(1. (2. (3. nil))) are 1, 2, and 3, in that order
There are no elenents in the enpty |ist.

Conbi nati ons of car and cdr are so commpn that a nam ng scheme
exi sts. For exanple, the cadr of a list is the car of the cdr
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(second = cadr) and the caddr is the car of the cdr of the cdr
(third = caddr), etc.

If we et x denote the tree (1 2 3), then the car of x is 1, the
cdr of x is (2 3), the cadr of x is 2, the caddr of x is 3, and
the cdddr of x is nil.

O course, the elements of a list nmay be conses. Consider the
tree:

Draw the tree for ((0. 1) (1. 2) (2. 3)). |Its car is the cons
pair (0 . 1), a pair whose car is O.

Li sts such as the above are so comopn they have a nane. They are
call ed association lists or alists. The |ist above associates
the "key" 0 with the "value" 1, the "key" 1 with the "value" 2,
etc.

Note: alists can be used to represent functions over a finite
donai n.

Later we show functions for nanipulating alists.

Here is another alist.

(("NAME' . (("FIRST" . "John")
("LAST" . "Snith")))
("AGE" . 35)
("HEl GHT- | N- METERS" . 24/13)
("ADDRESS" . (("STREET" . "1404 El'm Street")
("CITY" . "San Lajitas")
("STATE" . "TX")

("ZIP" . 79834))))

nserve that sone of the ‘‘values’’ are thenselves alists.

VWi t espace may be inserted into the display of a list to inprove
appearance and readability, as long as it does not destroy the
parsing of the atons. Wen the elenments of a linear |ist cannot
be di spl ayed on one line, nany programrers ‘‘stack’’ the el enents
one under the other. This is called '‘pretty printing’’ and

i nvol ves questions of aesthetics.

Totality: the notions of car and cdr are defined al so on atomc
data: the car and cdr of any atomis nil

Beware: this does not nmean that nil is produced by consing
nil onto nil! Wich is?

For each list below, how many el enents are in the list?
How many distinct el ements?

- (6 +6 -6 #b110 -12/2)

- (NIL () (NL) (()))
- ((12) (12 (1.2 (12. NL))

What is the length of the |ongest branch in each of the follow ng
bi nary trees? Al so, for each tree, wite down the |list of atons
in the leaves, fromleftnmost to rightnost. Does either tree
contain the same atomtwice as a leaf? It sometinmes helps to
draw the tree.

2. 3) . 4) -> 3
78 12 (3. 4) 5) -> 5

Since lists are so commpn, we have support for constructing them
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using list:

(list 12 3 4)

(cons 1 (cons 2 (cons 3 (cons 4 nil))))



