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1. Warm up: type constructors

A value of type Tree a (from last time) is a binary tree with leaves labeled with a.

A value of type Maybe a (from the Haskell Prelude) is either Nothing or Just an a.

A value of type List a (well, actually it’s notated [a]) is an ordered list of a.

These types are comparable (belong to the type-class Eq) as long as a is comparable.

2. Actions as semantic values

A value of type IO a is an action that results in a. It is roughly World -> (a, World).

This is an admirably abstract statement, and I would not be surprised if it means almost nothing
to you at the moment. So here is another, more concrete way of looking at these “actions”:

type IO a = World -> (a, World)

This type definition says that a value of type IO a is a function that, when applied to an argu-
ment of type World, delivers a new World together with a result of type a. The idea is rather
program-centric: the program takes the state of the entire world as its input, and delivers a mod-
ified world as a result, modified by the effects of running the program. I will say in Section 3.1
why I don’t think this view of IO actions as functions is entirely satisfactory, but it generates
many of the right intuitions, so I will use it unashamedly for a while. We may visualise a value
of type IO a like this:
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The World is fed in on the left, while the new World, and the result of type a, emerge on the
right. In general, we will call a value of type IO a an I/O action or just action. In the literature
you will often also find them called computations.

We can give IO types to some familiar operations, which are supplied as primitive:

getChar :: IO Char
putChar :: Char -> IO ()

getChar is an I/O action that, when performed, reads a character from the standard input
(thereby having an effect on the world outside the program), and returns it to the program as
the result of the action. putChar is a function that takes a character and returns an action that,
when performed, prints the character on the standard output (its effect on the external world), and
returns the trivial value (). The pictures for these actions look like this (the box for putChar
takes an extra input for the Char argument):
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Suppose we want to read a character, and print the character we have read. Then we need to glue
together putChar and getChar into a compound action, like this:
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For example, reading a character (getChar) and printing a character (putChar) have
the types below. (Recall that () is the unit type: it has just one value, also written ().)
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We can combine two actions using (>>=) :: IO a -> (a -> IO b) -> IO b. The
result of the first action (of type a) determines the second action (which results in b).
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To achieve this we use a glue function, or combinator, also provided as primitive:

(>>=) :: IO a -> (a -> IO b) -> IO b

echo :: IO ()
echo = getChar >>= putChar

The combinator (>>=) is often pronounced “bind”. It implements sequential composition: it
passes the result of performing the first action to the (parameterised) second action. More pre-
cisely, when the compound action (a >>= f) is performed, it performs action a, takes the
result, applies f to it to get a new action, and then performs that new action. In the echo exam-
ple, (getChar >>= putChar) first performs the action getChar, yielding a character � ,
and then performs putChar � .

Suppose that we wanted to perform echo twice in succession. We can’t say
(echo >>= echo), because (>>=) expects a function as its second argument, not an ac-
tion. Indeed, we want to throw away the result, (), of the first echo. It is convenient to define
a second glue combinator, (>>), in terms of the first:

(>>) :: IO a -> IO b -> IO b
(>>) a1 a2 = a1 >>= (\x -> a2)

The term (\x -> a2) is Haskell’s notation for a lambda abstraction. This particular abstrac-
tion simply consumes the argument, x, throws it away, and returns a2. Now we can write

echoTwice :: IO ()
echoTwice = echo >> echo

“(>>)” is often pronounced “then”, so we can read the right hand side as “echo then echo”.

In practice, it is very common for the second argument of (>>=) to be an explicit lambda
abstraction. For example, here is how we could read a character and print it twice:

echoDup :: IO ()
echoDup = getChar >>= (\c -> (putChar c >> putChar c))

All the parentheses in this example are optional, because a lambda abstraction extends as far to
the right as possible, and you will often see this laid out like this:

echoDup :: IO ()
echoDup = getChar >>= \c ->

putChar c >>
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Finally, we can lift a value to an action using return :: a -> IO a.

putChar c

The fact that this looks a bit like a sequence of imperative actions is no coincidence — that is
exactly what we wish to specify. Indeed, in Section 2.3 we will introduce special syntax to mirror
an imperative program even more closely.

How could we write an I/O action that reads two characters, and returns both of them? We can
start well enough:

getTwoChars :: IO (Char,Char)
getTwoChars = getChar >>= \c1 ->

getChar >>= \c2 ->
???

But what are we to put for the “???” part? It must be of type IO (Char,Char), but we have
done all the input/output required. What we need is one more combinator:

return :: a -> IO a

The action (return v) is an action that does no I/O, and immediately returns v without
having any side effects. We may draw its picture like this:
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Now we can easily complete getTwoChars:

getTwoChars :: IO (Char,Char)
getTwoChars = getChar >>= \c1 ->

getChar >>= \c2 ->
return (c1,c2)

Here is a more realistic action that reads a whole line of input:

getLine :: IO [Char]
getLine = getChar >>= \c ->

if c == ’\n’ then
return []

else
getLine >>= \cs ->
return (c : cs)

In this example, the “[]” is Haskell’s notation for the empty list, while the infix constructor “:”
is the list constructor.

A complete Haskell program defines a single big I/O action, called main, of type IO (). The
program is executed by performing the action. Here, for example, is a program that reads a
complete line from the input, reverses it, and prints it on the output:
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These pictures are taken from “Tackling the awkward squad”. Please read §§2.2–2.4.

3. Generalizing IO to monads

A very useful type class:

class Monad m where
return :: a -> m a
(>>=) :: m a -> (a -> m b) -> m b

Like IO, the three type constructors in §1 are instances of Monad. More monads:

• Identity a = a
• Reader a = S -> a, for any type S such as possible world
• State a = S -> (a, S), for any type S such as information state
• Continuation a = (a -> W) -> W, for any type W such as truth value

(How do you define return and >>= for these monads other than IO?) In principle,
“set” (questions, Hamblin) and “pointed set” (focus, Rooth) are also monads, but we
cannot define instance Monad Set in Haskell because not all types a are comparable.

4. Wh-questioning as a side effect

data Suspend a = Done a | Ask (E -> a)
instance Monad Suspend where

return a = Done a
Done a >>= k = k a
Ask f >>= k = Ask (\e -> f e >>= k)

ask :: Suspend E = Ask Done

“Who saw who?” “Who is who?”

> pretty (ask >>= \x -> ask >>= \y -> return (x == y))

“Who went to the store and bought what?”

> pretty (ask >>= \x -> if x == Alice then return True
else ask >>= \y -> return (x == y))
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