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LML, and Orwell.

This paper should be thought of as a discussion of the relative importance of these
language features, rather than just of the relative merits of two different families of
languages. However, for convenience this paper will sometimes use the names “Lisp”
and “Miranda” to distinguish the two families. (In an earlier version of this paper,
the name “functional” was used to characterize the Miranda family, but only point 4
is necessarily connected to the fact that these languages are functional.)

This paper is based largely on my experience over two years with two different
courses: a course for undergraduates based on Abelson and Sussman’s text, taught
by Joe Stoy using Scheme (actually, T modified to look like Scheme); and a course
for M.Sc. students in functional programming, taught by Richard Bird using KRC.

This paper is organized as follows. Section 1 discusses data types. Section 2
discusses confusion between program and data. Section 3 discusses programs that
manipulate programs. Section 4 discusses lazy evaluation. Section 5 presents
conclusions.

1. Datea types

1.1. Lists

Many years ago, Peter Landin formulated an excellent way to describe data types
[Landin 1966]. Here is a description of lists using that method:

An A-List is
either nil,
or a cons, and has
a head, whichisan A
and a tail, which is an A-List

From this type description, one can immediately see the structure of a program that
operates on lists. For example, here is 2 Miranda program to sum a list of numbers:

sum [] = O
sum (x:xs) = x + sum xS

There are two clauses in this definition, one for each clause (nil and cons) in the
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definition of A-List. (In Miranda nil is written [], and a cons with head x and tail
xs is written x:xs.)

Here is the same definition in Lisp:

(define (sum xs)
(if (nul1? xs)
0
(+ (cer xs) (sum (cdr xs)))))

This definition is just plain more cumbersome to read, even though it has essentially
_ the same structure as the functional definition. The primary problem is the lack of
pattern-matching. The definition is also harder to read because of the syntax (or,
rather, lack of syntax) of Lisp.

Furthermore, the Lisp program obscures the symmetry between the two cases. The
nil case it tested for explicitly, and the cons case is assumed otherwise. The
symmetry can be recovered by writing:

(define (sum xs)
(cond ((nu11? xs) 0)
((pair? xs) (+ (cer xs) (sum.(cdr xs))))))

“This program is perhaps more cumbersome than the preceding one. It is also a bit
less efficient, as it may perform two tests instead of one. On the other hand, there
are well-known ways to compile pattern-matching efficiently [Augustsson 85).

In Miranda, the type discipline requires that sum is only applied to lists of numbers.
Since Miranda uses a type inference system the user may give the type of sum
explicitly, or leave it to be inferred. In other words, a type inference system means
that typing (of data) need not involve extra typing (with fingers).

The type discipline is important for two related reasons. First, it is an important tool
for thinking about functions and function definitions. Second, the language system
can ensure that certain kinds of errors do not occur at run-time. Since a large

proportion of a beginner’s — or even an experienced programmer’s — errors are type
errors, these are important advantages.

1.2 Proving properties of programs




Philip Wadler Why Calculating is Better than Scheming 4

Say we wish to prove that append is associative. Here is the definition of append
(written ++) in Miranda style: ‘

[] ++ ys = ys (1)
(x:xs) ++ ys = x:(xs ++ ys) (2)

We wish to prove that for all lists xs, ys, and zs:
(xs ++ ys) ++ zs = xs ++ (ys ++ 2s)
The proof is by structural induction on xs [Burstall 69}.
Base case. Replace xs by [].
([] ++ ys) ++ zs
= ys ++ 2zs - unfolding by (1)
= [] ++ (ys ++ zs) - folding by (1)
Inductive case. Replace xs by x:xs.
((x:xs) ++ ys) ++ 2s
= (x:(xs ++ ys)) ++ zs - unfolding by (2)
x: ((xs ++ ys) ++ zs) - unfolding by (2)

x:(xs ++ (ys ++ zs)) - induction hypothesis
(x:xs) ++ (ys ++ 2s) - folding by (2)

n

This completes the proof.
Now, here is tﬁe definition of append in Lisp:
(define (eppend xs ys)
(if (nul1? xs)
ys
(cons (cer xs) (eppend (cdr xs) ys))))
And here is the equation to be proved:

(append (append xs ys) zs) = (eppend xs (eppend ys zs))

It is left as an exercise to the reader to write the proof in terms of Lisp. Attention is
drawn to two particular difficulties.
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First, in the Miranda-style proof, folding and unfolding can be explained as a simple
matter of substituting equals for equals. An equivalent to the unfold operation in
Lisp requires expanding the definition and then simplifying. For example, the first
step in the base case, corresponding to unfolding by (1), is as follows:

(append nil (append ys zs))
= (if (null? nil)

(eppend ys zs)

(cons (car nil)

(eppend (cdr nil) (eppend us zs)))
= (append ys zs)

The folding operation is even more problematic. The lesson here is that pattern-
matching notation greatly simplifies the mechanics of the proof.

Second, each step in the Miranda-style proof simply involves a rearrangement of
parentheses. Although the terms represented by Lisp are the same, the prefix
notation means more mental effort is needed for each step. This effect is strongest
for the associative law, but in general any algebraic manipulation is easier in an infix
notation; this is one reason such notations have evolved.

For these reasons, writing the proof in full is considerably more difficult in Lisp than
Miranda. This is a serious impediment when teaching even simple proof methods to
students. I and several of my colleagues, when faced with this problem, decided it
was easier to teach our students a Miranda-like notation and then do the proof,
rather than try to do the proof directly in Lisp. Teaching a Miranda-like notation

first usually can be done quickly and informally, because the notation is quite
natural.

Some people may wish to dismiss many of the issues raised in this paper as being
* Sjust syntax®. It is true that much debate over syntax is of little value. But it is also
true that a good choice of notation can greatly aid learning and thought, and a poor
choice can hinder it. In particular, pattern-matching seems to aid thought about case
analysis, making it easier to comstruct programs and to prove their properties by
structural induction. Also, mathematical notation is easier to manipulate
algebraically than Lisp.

1.3. Mobiles

Here is part of exercise 2-27 from Abelson and Sussman:
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A binary mobile consists of two branches, a left-branch and a right-branch.
Each branch is a rod of a certain length, from which hangs either a weight or
another binary mobile. We can represent a binary mobile using compound data
by constructing it from two branches (for example, using 1ist):

(define (meke-mobile left right)
(list left right))

A branch is constructed from a length (which must be a number) and a
supported-structure, which may be either a number (representing a simple
weight) or another mobile:

(define (meke-branch length structure)
(1ist length structure)

a. Supply the corresponding selectors 1eft-brench and right-branch, which
return the branches of a mobile, and brench-length and branch-
structure, which return the components of a branch.

b. Using your selectors, define a procedure totel-weight that returns the
total weight of a mobile.

* The answer is easy for an experienced programmer to find:

(define (left-branch struct) (cer struct))
(define (right-brench struct) (cedr struct))
(define (brench-length branch) (cer branch))
(define (brench-structure branch) (cadr branch))
(define (totel-weight struct)
(if (etom? struct)
struct
(+ (total-weight-brench (left-branch struct))
(total-weight-branch (right-branch struct)))))

(define (totsl-weight-branch branch)
(totel-weight (branch-structure brench)))

Unfortunately, the answer is not so easy for a novice programmer to find. This is
because the question, although it is carefully worded, almost ignores a very
important aspect of the data structure — namely, the base case, the degenerate
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mobile (or “structure”) consisting of a single weight. Indeed, the question practically
misleads the student, because a careful distinction is made between “mobiles” and

“structures”, and the question asks for a function to find the total weight of a
“mobile” rather than a “structure”.

In a language with user-defined types, the first step to solving this problem is to
write down an appropriate type declaration. This leads one immediately to perceive
the importance of the base case. Here are the appropriate declarations in Miranda:

structure
brench

Height num | HMobile brench branch
Branch num structure

The total weight function can then be written in a straightforward way, using the
type declarations as a guide.

totalleight (Height W) = w
totalleight (Mobile 1 r) _
= totalleightBrench 1 + totelleightBrench r

totalleightBranch (Brench d s) = totalleight s

The Miranda program reflects the type structure in a more straightforward way
than the Lisp program, and it is also easier to read. Furthermore, the selector

functions are not needed at all.
1.4. Data representation and abstract data types

- The mobile problem continues as follows:

d. Suppose we change the representation of mobiles go that the constructors are
now

(define (make-mobile left right)
(cons left right))

(define (meke-branch length structure)
(cons length structure))

How much of your program do you need to change to convert to the new
representation?
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The answer for Lisp is that we just need to change the selector functions
right-brench and branch-structure to use cdr instead of cedr. The answer
for Miranda is that the question makes no sense, because there are no selector
functions. This points out some advantages, and also a disadvantage, of using
Miranda to teach issues of data representation.

The first advantage is that for certain data types, namely the free data types,
Miranda allows one to write programs at a higher level of abstraction, where the
choice of representation is not important. A data type is free if two objects of the
type are equal if and only if they are constructed in the same way [Burstall and
Goguen 1982]. Lists and mobiles are both free data types. For example, lists are free
because x:xs = y:ys if and only if x=y and xs=ys. An example of a non-free
data type is a set, because {x} U xs = {y} U ys does not imply x=y and xs=ys.

In Lisp there is essentially only one free data type, S-expressions. If the user wants
some other free data type — say, lists or mobiles — then he or she must choose a
representation of that type in terms of S-expressions. As we saw in the mobiie
example, there may be more than one way to make that choice. In Miranda the user
may declare a new free data type directly. There is no need to choose an arbitrary
representation. Thus, for the mobile problem above, the question of changing

representation is irrelevant, because one can phrase the solution at a higher level of
abstraction. :

" The second advantage is that where choosing a representation is important, Miranda
provides a language feature — abstract data types — to support seperating use of a
type from its choice of representation. For example, Abelson and Sussman discuss
several different ways of representing sets. In software engineering, the classical
method for abstracting away from an arbitrary choice of representation is the
abstract data type. Although they discuss data abstraction at length, Abelson and
Sussman do not mention abstract data types per se, because Lisp does not contain
suitable hiding mechanisms. Languages such as Miranda and LML do support the

classical abstract data type mechanism, and so are perhaps better suited for
teaching this topic.

The disadvantage is that pattern-matching, which is so useful, cannot be used with
abstract data types. Solutions to this problem are on the horizon. One possibility is
algebraic types with laws in Miranda, which allow pattern-matching to be used with
some non-free types. Another is Views [Wadler 85a], 2 language feature which
allows one to use pattern-matching with any arbitrary representation. Lisp doesn’
have this problem, but only because it throws out the baby with the bathwater - it
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doesn’t have pattern matching at all.

1.5. A last word on the mobile exercise

Finally, a minor point. The mobile exercise above is not really a good model for
teaching students about change of representation. The problem is that although the
representation of mobiles and branches is hidden by the selector functions, the
representation of a single weight is not. This is not a problem with Lisp, as it is easy
to add the necessary constructors and selectors:

(define (meke-weight weight) weight)
(define (weight? struct) (etom? struct))
(define (meight struct) struct)

The modified definition of totel-weight is then:

(define (total-weight struct)
(if (weight? struct)
(weight struct)
(+ (totel-weight-breanch (left-branch struct))
(totel-neight-brench (right-brench struct)))))

Perhaps this was an oversight on Abelson and Sussman’s part, or perhaps they did
not wish to complicate the problem further. The same problem is unlikely to arise
in a language with user-defined data types, because, as we have seen, these lead one
to a solution that treats weights in a properly abstract way.

2. Confusion between program and data

An important feature of Lisp is that program and ‘data have the same
representation, namely S-expressions, and that a special form, “quote”, is available
to turn programs into data. This makes possible a convenient style for writing

programs that manipulate programs, such as interpreters. It also makes Lisp an easy
language to extend.

On the other hand, it also makes it easy for a new student to become confused about
the relationship between program and data. This section describes several such
confusions, which I have seen in many students during tutorial sessions. Further,
even when it comes to writing programs that manipulate programs, although Lisp
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has some advantages, so does Miranda. This is discussed in the following section.
My conclusion is that the disadvantages of having program and data in the same
form outweigh the advantages, especially for beginning students.

2.1. Lisp lists are not self-quoting

In Lisp, numbers as data are self-quoting, whereas lists are not. For example, to
include the number 3 as a datum in a program one just writes 3, whereas to include
the list (1 2 3) as a datum one must write (quote (1 2 3)) (which is often
abbreviated as "(1 2 3)).

The difference between (1 2 3) and (quote (1 2 3)) is subtle, and it inevitably
confuses students. In particular, it plays havoc with the substitution model of
evaluation. For example, one can use the subsiitution model to explain the
evaluation of (* (+ 3 4) 6) asfollows:

(#* (+34)6) -——> (*x76) =--=> 42

All three steps of this derivation ((# (+ 3 4) 6), (# 7 6), 42) are themselves
legal Lisp expressions.

Now, consider using the substitution model to explain the evaluation of the term
(list (list 1 2) nil):

(list (list 1 2) nil)
-==> (list (1 2) nil)
-==> (list (1 2) ())
-—=> ((1.2) ())

The intermediate steps are no longer legal Lisp expressions. One must keep track of
which parts of the expression have been evaluated, and which have not. One could
get around this by writing:

(list (list 1 2) nil)
--=> (list '(1 2) nil)
-==> (list "(1 2) "())
--=> "((1.2) ()

But I find this tricky to explain.
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In Miranda, on the other hand, one just writes [[1,2], []]. There isn’t any

evaluation to explain! When there is evaluation, it can be explained by the
substitution model:

[7#6, 5#9) ---> [42, 5%8] ---> [42, 54]

Each step of the derivation is a legal Miranda expression.
The point of this is not that evaluation of (list (list 1 2) nil) cannot be
explained. Of course it can. But it takes much more work to explain it than to
explain the Miranda expression [[1,2], []]. In this case, perhaps one can afford
the extra effort. But the problem is greatly compounded when one must explain this
gort of thing in the middle of some other derivation. I have encountered this sort of
problem many times.
2.2. Further confusion with quote
Here is exercise 2-30 from Abelson and Sussman:

Eva Lu Ator types to the interpreter the expression

(cer ’’ebracadabre)

To her surprise, the interpreter prints back quote. Explain. What would be
printed in response to

(cdddrlf(this list conteins ’'(a quote)))

The answer to the first part is that (cer °’'abracadebra) is equivalent to (cer
(quote (quote ebracedsbra))), and so one has the following evaluation:

(cer (quote (quote ebracedebra)))
---> (cer (quote ebracadabra)
--=> quote )

Here the need to keep track of what has and has not been evaluated is unavoidable.

The answer to the second part is that the Lisp input system transforms the given
expression {o:
















































