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-- >>> fmap (\n -> n + 1) (Node 2 (Node 1 Leaf Leaf) (Node 3 Leaf

Leaf))
-- (Node 4 (Node 1 Leaf Leaf) (Node 9 Leaf Leaf))

-- >>> fmap show [1,2,3]
_ ["1", H2ll, 113"]

A Type to Represent Expressions

data Expr
= Number Int -- 10,1,2,3,4
| Elg§ Expr Expr -- 2el + e
| Minus Expr Expr -- Mel - e2
| Mult  Expr Expr -- Nel *e2
| 6{;— Expr Expr -- rel /e

deFEVing (Show)
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Some Example Expressions

el = Plus [@ (Number 3) --2@3

e2 = Minus (Number 10) (Number 4)  --(19 _-(@)

e3 = MUltE) ) - (2+3) % (10 - 4)

e4 = Div e3 (Number 3) -- ((2 + 3) * (16 - 4)) / 3

- Mtk
T Plus "Minus
| .

EXERCISE: An Evaluator for Expressions

Fill in an implementation of eval

eval :: Expr -> Int
eval e = 777

so that when you’re done we get
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eval el

eval e?

eval e3

eval e4

QUIZ

What does the following evaluate to?
40 /(5 —5)

quiz =

A.

B.

)

1

eval (Div (Number 60) (Minus (Number 5) (Number 5)))

C. Type error

D. Runtime exception

E. NaN
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To avoid crash, return a Resul t

Lets make a data type that represents Ok or Error

data Result v
=0k v -- 2 a "successful” result with value ‘v’
| Error String -- # something went "wrong" with “message’
deriving (Eq, Show)

EXERCISE
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Can you implement a Functor instance for Result ?

instance Functor Result where
fmap f (Error msg) = 222
fmap f (Ok val) = 222

When you’re done you should see

-- >>> fmap (\n ->n *2) (0k 9)
-- 0Ok 81

-- >>> fmap (\n -> n * 2) (Error "oh no")
-- Error "oh no"

Evaluating without Crashing

Instead of crashing we can make our eval returna Result Int

eval :: Expr -> Result Int

e If a sub-expression has a divide by zero return Error
e If all sub-expressions are safe then return Ok n
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EXERCISE: Implement eva l with
Result

eval ::

eval (Number n)
eval (Plus el e2)
eval (Minus el e2)
eval (Mult el e2)
eval (Div el e2)

The Good News

No nasty exceptions!
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>>> eval (Div (Number 6) (Number 2))
Ok 3

>>> eval (Div (Number 6) (Number 0))
Error "yikes dbz:Number 0"

>>> eval (Div (Number 6) (Plus (Number 2) (Number (-2))))
Error "yikes dbz:Plus (Number 2) (Number (-2))"

The BAD News!

The code is super gross

14 of 21 11/10/20,9:19 AM



cse230 file:///Users/rjhala/teaching/230-fa20/_site/lectures/09-monads.html

Escher’s Staircase

Lets spot a Pattern

The code is gross because we have these cascading blocks

case el of
Error errl -> Error errl

Ok vl ->(lcase e2 of
Error err2 -> Error err2
Ok vl ->i|f‘ (vi—+—v2)

but look closer ... both blocks have a common pattern

case e i of bo#/@ e 0/092{% pee

Error err -> Error err cace e J#
Value v -> {- do stuff with v -} Error e — Srpof Uy

Ok v —> doSafv
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1. Evaluate e
,

2. If theresultis an Error then return that error.

=

3. If theresultis a Value v then further process with v .

- do 57%V

Lets Bottle that Pattern in Two Functions

Bottling a Magic Pattern
e >>= (pronounced bind)
e return (pronounced return)

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

(Error err) >>= _ Error err

(Value v) >>= process = process v

return :: a -> Result a
return v = Ok v
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NOTE: return is not a keyword

e it is the name of a function!

lebum. Vv = OK v

A Cleaned up Evaluator

The magic bottle lets us clean up our eval

eval :: Expr -> Result Int ———ﬁ\\\\\

eval (Number n) = 0Ok n
eval (Plus 91_92)

eval el >>= \vl ->
eval e2 >>= \v2 ->
ek (vl + v2)
=

J 4 —

eval (Div el e2) eval el >>= \vl ->
eval e2 >>= \v2 ->

if v2 ==

then Error ("yikes dbz:" ++ show e2)
\ else Ok (vl ‘div’ v2) _"’5

The gross pattern matching is all hidden inside >>=

Notice the >>= takes two inputs of type:

e Result Int (e.g. eval el or eval e2)
e Int -> Result Int (e.g.the processor takes the v and does stuff with it)
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In the above, the processing functions are written using \vl -> ... and \v2 ->

NOTE: It is crucial that you understand what the code above is doing, and why it is

actually just a “shorter” version of the (gross) nested-case-of eval.

A Class for >>=

The >>= operator is useful across many types!
e like fmap or show or toJSON or ==, or <=

Lets capture it in a typeclass:

class Monad m where

-- (>>=) :: Result a -> (a -> Result b) -> Result b
(>>=) ::ma -> (a -> m b) ->m b
-- return :: a -> Result a

return :: a ->m a
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Result isan instance of Monad

Notice how the definitions for Result fit the above, with m =
instance Monad Result where
(>>=) :: Result a -> (a -> Result b) -> Result b
(Error err) >>= _ = Error err
(Value v) >>= process = process Vv
return :: a -> Result a
return v = Ok v
Syntax for >>=
In fact >>= is so useful there is special syntax for it.
Instead of writing
— C{C) V| < €
el >>= \vl ->
e2 >>= \v2 -> \/Lé—‘ 2,

e3 >>= \v3 ->

K e

Result
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you can write

5{[7 éi V&4

V,< 6

or if you like curly-braces e

3

do { vl <- el; v2 <- e2; v3 < e3; e }

Simplified Evaluator

Thus, we can further simplify our eval to:

retum:

€+ e, -

IL
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eval :: [Expr -> Result Int

10Selé (w

eval (Number n) = return n
eval (Plus el e2) = do vl <- eval el eval 0, 7=
v2 <- eval e2 Evol ez’->> =
return (vl + v2) oy (Vm"Vp)
eval (Div el e2) = do vl <- eval el
v2 <- eval e2 Int
if v2 ==

then Error ("yikes dbz:" ++ show e2)

else return (vl ‘div’ v2)
Which now produces the result

>>> evalR exQuiz
Error "yikes dbz:Minus (Number 5) (Number 5)"
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