Introduction



Beginner Level



Core Language Fundamentals

Syntax and Basic Expressions

The candidate must understand fundamental syntax rules and scoping in
Haskell. Specifically, the candidate should be able to

identify which variable binding is in scope at a given point in the code
explain how variable shadowing works when the same name is used in
multiple scopes

distinguish between variable bindings in function parameters, case
expressions, and lambda expressions

identify syntax errors in basic expressions (such as incorrect layout)
explain how the layout rule affects the parsing of do and case
expressions

recognize guard expressions and understand their syntax in function
definitions and case expressions

identify and use various literal forms (integer: 42, oxFF ; floating-point:
3.14, 1e-5; character: 'a', '\n';string: "hello"; listliterals: [1,2,3],
"abc")

construct and pattern match on record types using record syntax, including
field access and updates (e.g., Person { name = "Alice", age = 30 },
Person { name = n }, person { age = 31 })

distinguish between infix and prefix operator usage, including operator
sections and backtick notation for infix function application (e.g., x + y vs
(+) x y, (+ 1), (1 +), x “div’ y)

identify lexical rules for variable names (must start with lowercase letter or
underscore, e.g., x, _temp, myVar ), constructor names (must start with
uppercase letter, e.g., Just, Nothing, Person), infix constructors (must
start with :,e.g., :, :]), and infix operators (must start with a symbol
character, e.g., +, ==, ++, <$>)



Sample Question

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell code and answer the questions below.

data Person = Person { fullName :: String, age :: Int }

appendName newName p

| age p < 18 = Nothing

| null fullName = Just $ p { fullName = newName }

| otherwise = p { fullName = Just $ (fullName p) ++ " " ++
newName }

Questions:

1. What is the result of calling appendName "Johnson" (Person "Alice"
25) 7

2. In which scenario the fullname of the existing pPerson exchanged with
the newName in its entirety?

References

1. Haskell 2010 Language Report. 83.17 Layout

2. Haskell 2010 Language Report. 84.4.3 Function and Pattern Bindings
3. Haskell 2010 Language Report. 82.4 Lexical Structure

4. Haskell Wikibook Variables and functions

Types and Type Inference

The candidate must understand Haskell's type system and be able to perform
manual type inference for simple expressions and definitions. Specifically, the


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-380003.17
https://www.haskell.org/onlinereport/haskell2010/haskellch4.html#x10-830004.4.3
https://www.haskell.org/onlinereport/haskell2010/haskellch2.html#x7-160002.4
https://en.wikibooks.org/wiki/Haskell/Variables_and_functions

candidate should be able to

e infer the most general type of simple function definitions without explicit
type signatures

e infer the types of local variables, subexpressions, and intermediate values
in simple code snippets

o identify type errors in simple erroneous programs, including mismatched
types, functions applied to too many or too few arguments, and type class
constraint violations

e distiguish between concrete types (e.g. Int, Maybe Bool)and type
variables (e.g. a, sometype)

e identify constraints in type signatures and explain their meaning (e.g. (Num
a, Eq b) => ...)and explain how such constraints affect the possible
instantiations of type variables

e recognize basic type constructors and their structure, including lists ( [a] ),
Maybe a, Either a b, tuples of various arities, and function types (a ->
b)

e explain how type variables represent polymorphism in type signatures

e apply type inference rules for function application, including
understanding how argument types constrain the function type

e determine whether a given expression type-checks and, if so, what its
inferred type is

e reason about the relationship between concrete types and polymorphic
types, including how polymorphic types can be instantiated to specific

types

@ Note

This section focuses on basic type inference without type classes. Type class
constraints and their role in type inference are covered in the Typeclasses
section.

Sample Question for Types and Type Inference

@ Note



This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.

apply x

samplel
sample2
sample3
sample4

s Int

42

-
1

f x x

f 10 20

apply 5 (\a b -> a + b)

apply "hello" (\a b -> length a)
apply True

Questions:

1.
2.

What is the most general type of f?
Explain how the type of x constrains the types of a and b inthe
definition of f.

. What is the most general type of apply ?
. Explain how the expression f x x in the definition of apply constrains

the relationship between the types of x and f.

. Does the expression samplel type-check? If so, what is its type? If not,

explain why.

. Does the expression sample2 type-check? If so, what is its type? If not,

explain why.

. Does the expression sample3 type-check? If so, what is its type? If not,

explain why.

. Does the expression sample4 type-check? If so, what is its type? If not,

explain why.

References for Types and Type Inference

1.
2.

Learn You a Haskell - Types and Typeclasses
Haskell Wikibooks - Type basics


https://learnyouahaskell.github.io/types-and-typeclasses
https://en.wikibooks.org/wiki/Haskell/Type_basics

3. Real World Haskell - Types and Functions
4. Haskell for All - Type Inference for Plain Data

Pattern Matching

IINOTE] At this level we do not require advanced pattern matching
techniques, including lazy patterns and pattern synonyms.

The candidate must understand pattern matching in function definitions and
case expressions, and be able to use it to write idiomatic Haskell code.
Specifically, the candidate should be able to

match on data constructors, including nullary constructors, constructors
with arguments, and nested patterns

match on list patterns, including the empty list ( [1) and cons patterns

( (x:xs) Or (x:y:zs))

match on tuple patterns, extracting individual components

recognize the relationship between pattern matching on literals
(characters, integers) and explicit equality tests

transform non-idiomatic code using if - then - else chains combined with
partial functions (such as if isJust x then g (fromJust x) else h)
into idiomatic pattern matching

identify when pattern matching is exhaustive and when it is not,
understanding the implications of incomplete patterns

use wildcard patterns (_) and as -patterns (e.g., xs@(x:y:zs) )

appropriately
explain the nuances of pattern matching in function definitions, case
expressions, let bindings, anonymous functions (e.g. \(x:xs) -> ...),

where clauses, do -blocks, and list comprehensions with respect to
exhaustiveness of matching


https://book.realworldhaskell.org/read/types-and-functions.html
https://haskellforall.com/2025/08/type-inference-for-plain-data

Sample Question for Pattern Matching

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.

data ParseIntResult = Parsed Int | Failed

process :: ParseIntResult -> Int
process x = if disParsed x then getInt x + 1 else 0
where
isParsed (Parsed
isParsed Failed =
getInt (Parsed n)

_) = True
False
= n

safeHead :: [Int] -> Int
safeHead xs = if null xs then 0 else head xs

countPairs :: [(Int, Int)] -> Int
countPairs pairs = length (filter (\(x, y) -> x == y) pairs)

sumPair :: (Int, Int) -> Int
sumPair p = fst p + snd p

getFirstTwo :: [Int] -> Int
getFirstTwo xs = let (a:b:_) = xs in a + b

Questions:

1. Rewrite the process function using pattern matching instead of 5f -
then - else and helper functions.

2. Rewrite the safeHead function using pattern matching instead of null
and head .

3. Rewrite the countPairs function using pattern matching and recursion
instead of filter and length.

4. Rewrite the sumPair function using pattern matching instead of fst and

snd .



5. Rewrite the getFirstTwo function using pattern matching in a where
clause instead of a 1et binding.

6. What happens if getFirstTwo is called with a list that has fewer than two
elements? How could you make the function safer?

7. Which of the rewritten functions are exhaustive (handle all possible
cases)? Explain.

References for Pattern Matching

1. Haskell 2010 Language Report. §3.17 Pattern Matching
2. Haskell 2010 Language Report. 84.2.1 Algebraic Datatype Declarations
3. GHC User Guide. 85.2 Warnings and sanity checking ( -wincomplete-

patterns)

Guards and Conditionals

The candidate must be able to reason about how conditional statements can
be formed in Haskell. Most specifically, the candidate must be able to:

o identify and utilise the syntax of guard, if - then - else, and case
expressions,

e apply the ability to convert between guards, if - then - else and case
expressions,

e explain the implications of if - then - else being an expression-level
construct and guard being a declaration-level construct.


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-580003.17
https://www.haskell.org/onlinereport/haskell2010/haskellch4.html#x10-680004.2
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/using-warnings.html#ghc-flag-Wincomplete-patterns
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/using-warnings.html#ghc-flag-Wincomplete-patterns

Sample Question for Guards and Conditionals

fromJust' Nothing = error "Can't get value from Nothing!"
fromJust' (Just x) = x

getGuess :: IO (Either String Int)
getGuess = do
guessStr <- getLine
let result = readMaybe guessStr :: Maybe Int
if result == Nothing
then pure (Left "You must enter a number")
else pure (Right (fromJust' result)

guessNumber :: Int -> Int -> Either String Int
guessNumber actual guess =

if guess < actual

then Left "Too low!"

else if guess > actual

then Left "Too high!"

else Right actual

myWhen :: Monad m => Bool -> m () -> m ()
myWhen cond action = error "todo"

Questions:

1. Rewrite the getGuess function to use a case expression instead of +f -
then - else syntax.

2. In Haskell, must every expression containing an +if also contain an else?

3. Rewrite guessNumber to use guard syntax instead of the if - then - else
expression.

4. What value is the otherwise keyword equivalent to when using guards?

5. The function mywhen executes a monadic action act if, and only if, the
condition cond evaluates to True . Complete the definition for the
myWhen function.



Let and where bindings

The candidate must understand the syntax and semantics of let and where
bindings. Specifically, the candidate should be able to

e use the syntax of let and where, following the layout rule

e determine the result of expressions involving let and where bindings

e distinguish between let bindings and where bindings in terms of their
scope and usage contexts

e expand let and where with multiple bindings into nested 1et and
where and vice versa

e transform code from using let to using where and vice versa

e explain the implications of let being an expression-level construct and
where being a declaration-level construct

e jdentify syntax errorsin let expressions (such as missing in keywords
or incorrect layout)

e explain how the layout rule affects the parsing of let and where
expressions

e inline 1et and where bindings, and abstract common definitions into
let and where

e distinguish between 1let in expressions and let in do blocks

Sample Question for Let and Where Bindings

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell code and answer the questions below.


file:///home/runner/work/certification-syllabi/certification-syllabi/syllabus/book/html/beginner/questions/let-where.html

X = 42

processValue val =
let x = 10
result = case val of
Nothing -> x
Justy ->letz=y +5
in x x 2
in result + Xx
where
X = 100

Questions:

1. What is the result of calling processvalue Nothing?

2. What is the result of calling processvalue (Just 3) ?

3. Which binding of x is used in the expression result + x atthe end of
the let expression?

4.Inthe case expression, when the pattern Just y matches, which
binding of x isusedin x x 27?

References for Let and Where Bindings

1. Haskell 2010 Language Report. 83.12 Let Expressions
2. Haskell 2010 Language Report. 84.4.3 Function and Pattern Bindings
3. HaskellWiki. Let vs where

Modules and imports

The candidate must be able to understand how to manage importing and
exporting functions, types and constructors from modules. This includes:

e identify which values have been imported

o jdentify if imported values are imported with a namespace

e explain the syntax used to manage importing and exporting values from
modules


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-440003.12
https://www.haskell.org/onlinereport/haskell2010/haskellch4.html#x10-830004.4.3
https://wiki.haskell.org/Let_vs._Where
file:///home/runner/work/certification-syllabi/certification-syllabi/syllabus/book/html/beginner/questions/modules-and-imports.html

e understand how to remove values from scope using hiding .

Lists and list comprehensions

o understanding the range syntax for lists, both with a specified end such as
[1 .. 5] and withoutsuchas [1 ..],and also for other typesin Enum
than just numbers

e being able to understand the meaning of list comprehension syntax, and
being able to convert between list comprehensions and applications of
map / filter / concat for simple examples.

e being able to apply filters to values in the list comprehension using the
filter syntax

Tuples and records

® Note

We are not expecting the candidate to be familiar with GHC extensions for
records, including the common extensions such as RecordWildCards,
NamedFieldPuns, DuplicateRecordFields, OF OverloadedRecordDot .

The candidate must understand tuples (fixed-size product types) and records
(algebraic data types with named fields), and be able to read and write small
programs using them. Specifically, the candidate should be able to

e construct tuple values of various arities (pairs, triples, etc.) and pattern
match on them to extract components
e infer the types of simple tuple expressions (including nested tuples), and
explain how tuple arity affects the tuple type (e.g. (a, b) vs (a, b, c)
or ((a, b), c) Vs (a, (b, c)))
e distinguish tuples from lists, including key differences:
o tuples can contain values of different types, lists cannot


file:///home/runner/work/certification-syllabi/certification-syllabi/syllabus/book/html/beginner/questions/list-comprehensions.html
file:///home/runner/work/certification-syllabi/certification-syllabi/syllabus/book/html/beginner/questions/tuples.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/records.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/records.html

o tuples have distinct types for each arity, lists have one type for their
elements regardless of how many elements they contain
o in contrast to lists, we cannot easily operate on all elements of a
tuple (due to their different types) using operations such as map,
filter and folds
e replace the use of fst and snd (and similar functions) with pattern
matching
e refactor code from using tuples to using custom data types (e.g. (Date,
Text) VvS. data Holiday = MkHoliday { date :: Date, name :: Text })
e define small record types using data declarations with named fields, and
construct and deconstruct (using pattern matching) record values
e userecord field accessors (e.g. firstName :: Employee -> String)and
record pattern matching (e.g. Employee{ salary = salary })to read
fields
e yuserecord update syntax (e.g. e { salary = salary e + 1 })to produce
updated values
e refactor from positional constuctors (in patterns and expressions) to
record syntax (e.g. from Point 1 2 t0 Point { x = 1, y = 2 })
e recognize common pitfalls such as confusing tuple syntax with list syntax,
or accidentally reordering fields when using positional constructors
instead of named fields

Sample Questions for Tuples and Records

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.



-— Part A: Tuples

scnd :: (a, b, ¢) > b
scnd = undefined
thrd :: (a, b, ¢) > ¢
thrd = undefined

swapPair (x, y) = (y, X)

-- Part B: Records

data Member = Member
{ firstName :: String
, LastName :: String
, points :: Int
, tier ¢t String
} deriving (Show, Eq)

starterTier :: String -> String -> Member
starterTier fn 1ln = Member fn 1ln 50000 "Starter"

addBonus :: Int -> Member -> Member
addBonus pct m = Member (firstName m) (lastName m) newPoints (tier
m)

where

newPoints = points m + (points m *x pct “div’ 100)

label :: Member -> String
label (Member fn 1n _ t) =
'Ln ++ "’ n ++ fn ++ n (Il ++ -t ++ ll)ll

Questions:

1. Fill in implementations for scnd and thrd

2. What is the type of the expression (scnd (True, "x", 10), thrd (True,
"x", 10)) ? Assume literal 10 hastype Int.

3. Explain why snd (1,2,3) is atype error, while scnd (1,2,3) type-
checks.

4. Write an alternative definition of addBonus that uses pattern matching on
the record rather than field accessors, and uses record update syntax to
return the updated member.

5. Function label uses positional Member constructor for pattern matching.
Replace it with record pattern matching and explain how this can benefit
the code, considering possible future changes to the member data type.



6. starterTier uses the positional Member constructor. Rewrite it using
named fields (record construction syntax) and explain one benefit of
doing so.

References for Tuples and Records

1. Haskell 2010 Language Report. §3.15 Tuples

2. Haskell 2010 Language Report. 84.2 User-Defined Datatypes (records and
field labels)

3. Learn You a Haskell. Tuples

4. Learn You a Haskell. Record syntax

5. Learn You a Haskell. Syntax in Functions (pattern matching on tuples)

Case Expressions

The candidate must understand the syntax and semantics of case
expressions. Specifically, the candidate should be able to

e identify when a case expression is exhaustive and when it is not

e explain the consequences of non-exhaustive case expressions (warnings
and runtime behavior)

e rewrite pattern matching in function definitions to use case expressions
and vice versa

e jdentify redundant patterns in case expressions and understand which
pattern will match first

e use guards within case expression alternatives

e rewrite if-then-else expressions using case expressions on Bool
values

e explain the differences between pattern matching in case expressions
and pattern matching in function definitions in terms of where they can
be used


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html
https://www.haskell.org/onlinereport/haskell2010/haskellch4.html#x10-680004.2
https://learnyouahaskell.github.io/starting-out.html#tuples
https://learnyouahaskell.github.io/making-our-own-types-and-typeclasses.html#record-syntax
https://learnyouahaskell.github.io/syntax-in-functions.html

Sample Question on Case Expressions

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell code and answer the questions below.

data Priority = Low | Medium | High
data TaskStatus = Pending Int | InProgress String | Completed |
Failed String

data Task = Task { taskName :: String, priority :: Priority, status
:: TaskStatus }

processTask task = case task of
Task name High (Pending days)

days > 10 -> "Critical: " ++ name ++ " pending for " ++
g
show days ++ " days"
| days > 7 -> "Urgent: " ++ name ++ " pending for " ++ show

days ++ " days"
Task name p (InProgress worker)
| p == High -> if worker == ""
then "High priority task with no assigned

worker"
else "High priority task assigned to " ++
worker
Task name Medium (Completed) -> "Completed: " ++ name
Task name Low (Failed reason)
| reason == "" -> "Task " ++ name ++ " failed with no
reason"
| length reason > 20 -> "Task " ++ name ++ " failed: " ++
take 20 reason ++ "..."
| otherwise -> "Task " ++ name ++ " failed: " ++ reason
Questions:

1. The condition p == High is giving a type error, due to a missing Eq
Priority instance. Suggest a fix that does not require adding a type class
instance, i.e. change the check in a way that does not require an Eq
instance.



2.Is the outer case expressionin processTask exhaustive? If not, identify
which cases are not covered.

3. What is the result of calling processTask (Task "Fix bug" High (Pending
10)) ?

4. What is the result of calling processTask (Task "Write docs" High
(InProgress "Alice")) ?

5. What is the result of calling processTask (Task "Test feature" Low
(Failed "Connection timeout error occurred")) ?

6. Explain how the guards in the Task name High (Pending days) pattern
work. What happens if days is 57

7. Rewrite the if-then-else expression inthe InProgress branch using a
case expression on worker . Is there a more idiomatic appoarch?

8. Rewrite the function to use pattern matching in the function definition
instead of case expressions. Which approach is more appropriate here
and why?

References for Case Expressions

1. Haskell 2010 Language Report. §3.13 Case Expressions

2. Haskell 2010 Language Report. 84.4.3 Function and Pattern Bindings

3. GHC User Guide. 85.2 Warnings and sanity checking ( -wincomplete-
patterns)

Recursion

The candidate must understand recursive function definitions and be able to
work with recursion over various data structures. Specifically, the candidate
should be able to

e complete the definitions of simple recursive functions (e.g. on lists, but
also other algebraic data types) according to a given specification

e jdentify base cases and recursive cases in recursive function definitions

e implement recursive functions on integers (e.g., factorial, Fibonacci)


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-360003.13
https://www.haskell.org/onlinereport/haskell2010/haskellch4.html#x10-830004.4.3
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/using-warnings.html#ghc-flag-Wincomplete-patterns
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/using-warnings.html#ghc-flag-Wincomplete-patterns

e implement recursive functions on algebraic data types (e.g., lists, trees,
custom recursive types)

e implement a recursive function with an accumulator parameter pattern to
work with local state in a purely functional way

e apply equational reasoning to trace the execution of simple recursive
functions to determine their output

e recognize when a recursive function can be expressed more idiomatically
using higher-order functions like map or filter

Sample Questions on Recursion

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippets and answer the questions below.

Question 1: Fill in the holes _a and _b to complete the recursive definition of
lengths to compute length (number of elements) for every nested list:

lengths :: [[a]] -> [Int]
lengths [] = _a

lengths (xs:xss) = _b

Is there a way to implement lengths without explicit recursion?

Question 2: Consider the following datatype and function:

data RoseTree = Leaf Int | Branch [RoseTree]

sumTree :: RoseTree -> Int
sumTree (Leaf x) = X
sumTree (Branch trees) sum (map sumTree trees)

Questions:



1. What is the value of sumTree (Branch [Leaf 1, Branch [Leaf 2, Leaf
3], Leaf 4])7

2. Rewrite sumTree using explicit recursion with an accumulator parameter
instead of using map and sum.

References for Recursion

1. Learn You a Haskell for Great Good!. Recursion

2. HaskellWiki. Performance/Accumulating parameter

3. Well-Typed. Higher-Order Functions (see sections on Fast Reverse and
Strict Accumulators)

Higher-Order Functions

The candidate must understand higher-order functions and be able to
typecheck, reduce, and refactor expressions that use them. Specifically, the
candidate should be able to

e recall the type signatures of map, filter, zipWith, foldr and foldl'

e infer the types of concrete applications of folds, map, and other higher-
order functions

e typecheck expressions that pass functions as arguments (e.g. involving
flip, partial application, or lambda-expressions)

e evaluate expressions that apply higher-order functions (e.g. foo f x = f
(f x) applied to specific arguments)

e rewrite recursive functions as applications of foldr, foldl, foldl', or
map

e use functions such as flip, curry, and uncurry to adapt functional
arguments of higher-order functions

Sample Question for Higher-Order Functions

I @ Note


https://learnyouahaskell.github.io/recursion.html
https://wiki.haskell.org/Performance/Accumulating_parameter
https://teaching.well-typed.com/intro/higher-order-functions.html

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following definitions:

-- feed a value through two functions in sequence
seqApply :: a -> (a -> b) > (b > ¢c) > ¢
seqApply x f g = g (f x)

processList :: [Int] -> [Int]

processList [] = []

processList (x : xs) = if even x then (x + 1) : processList xs else
processList xs

Questions:

1. What is the value of seqApply 3 (*2) show?

2. Which of the following expressions typecheck: seqApply 0 (+1) (*2),
seqApply "ab" length (==2), seqApply [1,2,3] tail head ? For each
that typechecks, give the type or the result.

3. Consider iter :: (a -> a) -> Int -> (a -> a) defined by iter f 0 =
id and iter f n = f . iter f (n-1) . Whatis the value of iter (%x2) 3
17?

4. Rewrite the processList as an application of foldr or foldl' (perform
a “mechanical” rewriting, without taking performance into account),
without explicit pattern matching on the argument.

References for Higher-Order Functions

1. Haskell 2010 Language Report. §3.3 Curried Applications and Lambda
Abstractions

2. Learn You a Haskell. Higher order functions

3. Well-Typed. Higher-Order Functions


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-260003.3
https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-260003.3
https://learnyouahaskell.github.io/higher-order-functions.html
https://teaching.well-typed.com/intro/higher-order-functions.html

Lazy Evaluation and Non-Strict Semantics

We do not expect the use of seq, deepseq, NFData, Or other techniques; this
section relies only on pattern matching, strict fields, and BangPatterns to
explain and control lazy evaluation.

The candidate must understand Haskell's lazy (non-strict) evaluation strategy
and be able to reason about when expressions are evaluated and which parts
of data are forced. Specifically, the candidate should be able to

e explain what “lazy evaluation” means operationally: expressions are
evaluated only as needed by the surrounding context

o predict whether an expression containing undefined or error will crash
(e.g. fst (1, undefined), length [1, error "2"], case Just
undefined of { Nothing -> 1 ; Just _ -> 2 },etc)

e distinguish between evaluation to a value constructor (i.e. weak head
normal form, WHNF) and evaluation of all fields / full normal form (NF)

e recognize that pattern matching (e.g. case /function pattern matching)
evaluates the scrutinee only enough to reveal the outer constructor, and
does not automatically force all fields

e explain how strictness annotations in data declarations (e.g. ! fields)
change evaluation order by forcing evaluation (of a field/argument) to
WHNF

e yse strict fields and bang patterns to control evaluation order

e reason about laziness with recursively defined and potentially infinite
structures, identifying operations that can terminate even when the
underlying data is infinite

Sample Questions for Lazy Evaluation and Non-Strict Semantics

(® Note

This sample combines some of the skills above, together with some
knowledge of other topics.



Consider the following Haskell definitions (including a simple infinite user-
defined structure) and answer the questions below.



data LazyPair = LP Int Int
data StrictPair = SP !Int !Int

data Stream a = Cons a (Stream a)

boom :: Int
boom = error "BOOM"

lazyP :: LazyPair
lazyP = LP 10 boom

strictP :: StrictPair
strictP = SP 10 boom

getLazyFirst :: LazyPair -> Int
getlLazyFirst (LP x _) = x

getStrictFirst :: StrictPair -> Int
getStrictFirst (SP x _) = x

ones :: Stream Int
ones = Cons 1 ones

takeStream :: Int -> Stream a -> [a]
takeStream n _
| n <=0 =[]

takeStream n (Cons x xs) = x : takeStream (n - 1) xs

xs :: [Int]
Xxs =1 : boom : 3 : error "LISTBOOM"
actions :: [IO0O ()]

actions = [putStrLn "A", putStrLn (show boom), putStrLn "C", error

(show boom)]

program :: IO ()
program = do
putStrLn "ZzZ"
case actions of
a:_ —> a
[l -> return ()
putStrLn "MID"
case actions of
_ici_ > c
-> return ()



Questions:

1.

.In program, if we replace a:_ -> a with _:b:

What happens when evaluating getLazyFirst lazyP (resultvalue vs
crash)?

. What happens when evaluating getStrictFirst strictP (resultvalue vs

crash)?

. Evaluate the following expressions and state whether each crashes or

returns:

O Tlength xs
length (take 1 xs)
length (take 3 xs)
sum xs

sum (take 1 xs)

O O O O O

sum (take 3 xs)

print xs (additionally explain if anything is printed)

o print (take 1 xs) (additionally explain if anything is printed)
o print (take 3 xs) (additionally explain if anything is printed)

o

.In program, what output is printed, and in what order? (List the line

contents in sequence.)
-> b, how does the

behaviour of program change?

. Does takeStream 5 ones terminate? If so, what list does it produce?
. Briefly explain the role of ! in data StrictPair = SP !Int !Int in

terms of evaluation to WHNF.

. Will getStrictFirst (fst (SP 10 10, SP boom boom)) produce a value

or crash? Explain.

References for Lazy Evaluation and Non-Strict Semantics

1.

Haskell Wiki. Performance/Strictness

2. School of Haskell. Laziness
3. HaskellWiki. Lazy evaluation


https://wiki.haskell.org/Performance/Strictness
https://www.schoolofhaskell.com/user/byorgey/introduction-to-haskell/6-laziness
https://wiki.haskell.org/Lazy_evaluation

Type declarations and type aliases



Type System Mastery

Algebraic data types (ADTs)

The candidate must understand how to define and work with algebraic data
types. Specifically, the candidate should be able to

define datatypes using data declarations to model domain concepts
precisely
distinguish between type constructor identifier (e.g. Maybe ) and value
constructor identifiers of an algebraic datatype (e.g. Nothing and Just)
recall that type constructor identifiers and value constructor identifiers
occupy distinct namespaces (e.g. data V2 = V2 Double Double
introduces both type v2 and value constructor v2)
write down types of value constructors of a given algebraic datatype (e.g.
Left :: a -> Either a b)
provide examples of values for a given sum type (disjoint unions, e.g.,
Either a b, Maybe a, or custom types with multiple constructors)
provide examples of values for a given product type (tuples, records,
custom data types with one constructor)
define sum types to represent alternatives or choices in domain modeling
reason about the “algebra” of datatypes, including counting the number of
possible values of a given type (e.g. Maybe Bool)
convert between two isomorphic types (such as (vear, Month, Day) and
data Date = MkDate Year Month Day, Or Either String Int anda
custom sum type):

o implement a pair of functions, converting values of the two types to

each other
o argue (informally or semi-formally) that the pair of functions are
inverses of each other

refactor code from using generic sum types (like Either ) to using domain-
specific sum types



e implement (potentially recursive) functions to process or generate terms of
algebraic datatypes

Sample Questions on Algebraic Data Types

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Question 1: How many (total) values are there of the following types?

Either Bool Bool

Bool -> Bool

data Status = Active | Inactive | Pending
data Error = ConnectionError | UnknownError
Either Error Status

(Error, Status)

Question 2: In a given system, a user can authenticate using a password or a
biometric token. This choice is currently represented as a sum type using
Either :

type AuthMethod = Either Password Biometr-icToken

authenticate :: AuthMethod -> User -> AuthResult
authenticate (Left pw) u = checkPassword pw u
authenticate (Right bt) u = checkBiometric bt u

Perform a refactoring so that instead of Either, a domain-specific sum type is
being used. Also add a third option for session-based authentication that does
not need any additional data to process. Assume a function checkSession ::
User -> AuthResult exists. Modify AuthMethod and authenticate as needed.

Question 3: A system currently represents product information using a
combination of Either (a sum type)and tuples (product types):

type ProductInfol = (String, Either Double Int)



The tuple contains (name, price) where price is either a monetary amount
( Double ) or a quantity-based price ( Int ).

Refactor this to use a domain-specific data type that combines both sum and
product types. Define a type ProductInfo2 that:

e Uses a single constructor with named fields for the name and pricing
method

e Uses a sum type with constructors for monetary and quantity-based
pricing (instead of Either)

e Maintains the same information content

Then implement conversion functions:

productInfolToProductInfo2 :: ProductInfol -> ProductInfo2
productInfo2ToProductInfol :: ProductInfo2 -> ProductInfol

References

1. Haskell 2010 Language Report. 84.2 User-Defined Datatypes
2. School of Haskell. Algebraic Data Types
3. Learn You a Haskell. Making Our Own Types and Typeclasses

Parametric polymorphism

The candidate must understand parametric polymorphism and be able to
reason about polymorphic types. Specifically, the candidate should be able to

e reason about the number of different possible implementations of a
massively polymorphic type suchas a -> a or (a, a) -> (a, a)

e apply principles of parametricity to reason about what functions of certain
types can or cannot do (e.g. can it be total? can a function with type (a ->
b) -> [a] -> [b] mix input list elements into the output?)

e infer the most general type of expressions involving polymorphic
functions (e.g. \ x -> const x x)


https://www.haskell.org/onlinereport/haskell2010/haskellch4.html#x10-680004.2
https://www.schoolofhaskell.com/school/starting-with-haskell/introduction-to-haskell/2-algebraic-data-types
https://learnyouahaskell.github.io/making-our-own-types-and-typeclasses.html

* unify type variables when combining polymorphic functions (e.g., in lists or
conditionals, such as “what is the most general type of \ x -> [] : x?")

e distinguish between parametric polymorphism and type-class
polymorphism

e explain how type class constraints affect the set of possible
implementations (e.g. a -> a -> Bool VS Eq a => a -> a -> Bool)

Sample Questions on Parametric Polymorphism

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Question 1: How many different total functions are there of type Maybe a ->
Maybe a? Give their implementations.

Question 2: If you have

fl :: a -> b -> [a]
f2 :: String -> ¢

What is the (most general / inferred) type of [f1, f2] ?If you think itis a type
error, explain why.

Question 3: What is the type of map . map?

Question 4: What can you say about a function of type
mystery :: Maybe a -> a

without knowing its implementation?

Question 5: If you have two functions:

fl :: ... some type 1involving the type variable a ...
f2 :: Eq a => ... the same type involving the type variable a ...



Does every implementation of f1 also typecheck at the type of f2? Does
every implementation of f2 also typecheck at the type of f1? Or neither?

References for Parametric Polymorphism

1. Well-Typed. Part 4: Parametric Polymorphism and Overloading

2. Wadler, Philip. Theorems for free! In Proceedings of the fourth
international conference on Functional programming languages and
computer architecture, 1989.

/\ Warning

In Wadler's “Theorems for free!” section \S 1 Introduction provides valuable
intuition. The formal treatment in the remainder of the paper is not
necessary to master the skills at the beginner level.

Type Classes
@ Note

This section focuses on commonly used type classes. In particular, the
following standard type classes are not required at the beginner level: 1x,

Real, RealFrac, Typeable, Data, Generic, Category,and Arrow.

The candidate must understand Haskell's type class system and be able to work
with type class constraints, instances, and standard type classes. Specifically,
the candidate should be able to

e infer the most general type (including the constraints on type variables) of
a simple function that uses common type class methods

e identify missing, redundant (implied by others), and unused constraints in
type signatures of valid Haskell functions, explaining why constraints are
needed or not needed


https://teaching.well-typed.com/intro/polymorphism-and-overloading.html
https://people.mpi-sws.org/~dreyer/tor/papers/wadler.pdf

implement simple functions according to a specification and a type
signature that involves class constraints

implement instances of standard type classes for given data types,
understanding the required methods and expected properties (laws)

verify informally whether a given type class instance upholds the laws
(expected properties) of that type class

recognize when one constraint implies another (e.g., ord a implies Eq a,
Monad m implies Applicative m and Functor m)

explain the purpose and list key methods of standard type classes,
including

© Eq, Ord, Num, Read, Show, Bounded, Enum
O Functor, Foldable, Applicative, Monad

O Semigroup, Monoid

o Integral, Fractional, Floating

o IsString

explain and give examples of functions with a given generic type signature
(e.g., sum :: (Foldable t, Num a) => t a -> a, length :: Foldable t
=> t a -> Int), demonstrating understanding of standard library type
signatures

recognize common patterns where type classes are used, such as

o using Eq and ord for comparisons and sorting

o using Monoid for combining values

o using Functor, Applicative, and Monad for effectful computations
o using Foldable and Traversable for container operations

explain typeclass-related compilation errors and suggest appropriate fixes
(e.g., No instance for (Ord a) when using > on a type that only has
Eq, fix by adding ord constraint or using == instead)

recognize and explain design anti-patterns involving type classes, such as



o using existential types with type classes (e.g., “Why not have a list of
Show able values?”, see Existentials and the heterogenous list fallacy
by Chris Done)

o adding type class constraints to type parameters in data type
declarations (e.g. see deprecated GHC extension for Data type
contexts)

Sample Question on Type Classes

(@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.

data AssoclList k v = AssocList [(k, Vv)]

instance (Eq k, Eq v) => Eq (AssocList k v) where
AssoclList xs == AssocList ys =
any (\k -> k ‘elem’ map fst ys) (map fst xs)

filterKeys :: (k -> Bool) -> [AssoclList k v] -> [AssoclList k v]
filterKeys p = fmap (\(AssoclList pairs) -> AssoclList (filter (p .
fst) pairs))

Questions:

1. What is the most general type of filterkeys (if we omit the explicit type
signature)? Include all necessary constraints.

2. Does the Eq instance for AssocList uphold the Eq laws? If not, explain
which law is violated and provide a counterexample.

3. The most general type of filterkeys function includes a Functor f
constraint. Explain what the Functor constraint allows this function to do,
and give an example of a concrete type (other than lists) that could be
used for f.


https://chrisdone.com/posts/existentials/
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/datatype_contexts.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/datatype_contexts.html

References

1. Learn You a Haskell. Types and Typeclasses

2. Real World Haskell. Using Typeclasses

3. Haskell Wikibooks. Classes and types

4, Learn You a Haskell. Making Our Own Types and Typeclasses

Kind System Basics

The candidate must understand the kind system and be able to reason about
kinds of type constructors and type class parameters. Specifically, the candidate
should be able to

e determine the kind of a type constructor defined via data declarations,
including types that are parameterised by arguments of higher kinds

e infer the kind of a type class parameter from the method signatures in the
class definition

e jdentify kind errors in type signatures and explain why they occur

o suggest fixes for ill-kinded type signatures

e recognize when a type constructor has the correct kind to be used as an
instance of a type class (e.g., Functor)

e distinguish between concrete types (kind Type or *)and type
constructors of various arities

The following are not expected:

® DataKinds extension

e PolyKinds extension (phantom type parameters are expected to be
defaulted to Type)

® ConstraintKinds extension (the only concrete kind used is Type)

Sample Question

® Note


https://learnyouahaskell.github.io/types-and-typeclasses
https://book.realworldhaskell.org/read/using-typeclasses.html
https://en.wikibooks.org/wiki/Haskell/Classes_and_types
https://learnyouahaskell.github.io/making-our-own-types-and-typeclasses.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/data_kinds.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/poly_kinds.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/constraint_kind.html

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell declarations and answer the questions below.

data Wrapper a = Wrapper a
data Box f a = Box (f a)
data Nested f g a = Nested (f (g a))

class Processor p where
process :: p Int -> p String

class Mapper m where
mapIt :: (a ->b) ->ma->mb

Questions:

. What are the kinds of Wrapper, Box, and Nested?

. What is the kind of the type parameter p inthe Processor type class?

. What is the kind of the type parameter m in the Mapper type class?

. Is it possible to define instance Functor Box ? If yes, specify what to
write instead of ... in instance Functor ... where. If not, explain why.

5. Consider the type signature h :: Box (Either String) -> Box (Maybe

String) . Is this type signature well-kinded? If not, explain the kind error

and suggest a fix.

A WN -

References

1. Serokell. Kinds and Higher-Kinded Types in Haskell
2. Learn You a Haskell. Making Our Own Types and Typeclasses


https://serokell.io/blog/kinds-and-hkts-in-haskell
https://learnyouahaskell.github.io/making-our-own-types-and-typeclasses.html

User-Defined Wrapper Types (newtype vs data vs
type)

The candidate must know the difference between the keywords newtype,
data, and type . Specifically, the candidate should be able to

e recallwhen a data declaration can be turned into a newtype declaration
without compiler errors

e specify limitations of type synonyms, such as

o no recursive type definitions
o no partial application of type synonyms (by default, without
LiberalTypeSynonyms Or other extensions)

e /ist some standard uses for newtype, such as

o restricting type class instances (e.g. for identifiers like UserId),

o separating incompatible types (e.g. Miles VS Kilometers),

o overloading type class instances (e.g. with wrappers from
Data.Monoid),

o annotating data with type-level information (e.g. Data.Tagged ),

o abstracting away common patterns (e.g. standard monads/effects
from mt1l), etc.

expand manually some types involving type synonyms (e.g.
FilePath —» String — [Char])

explain the difference between operational semantics of newtype and
data

refactor the code from using type synonyms to using newtype instead,
updating the type declaration and correctly identifying all necessary
adjustments to the code that uses valus of the type synonym in a given
snippet

identify situations in the code when changing newtype to data affects
totality of a function



e convert between two simple isomorphic types (such as (Bool, char) and
data Letter = Letter { isUpper :: Bool, symbol :: Char }):

o implement a pair of functions, converting values of the two types to

each other
o arguing (informally or semi-formally) that the pair of functions are
inverses of each other

Sample Question for ADTs

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.

data Name = Name [String]

name :: String -> Name
name rawName
| validName = Name nameParts

| otherwise = error "invalid name"

where
validName = (length rawName > 0) && (all 1isValidPart nameParts)
isValidPart part = all isAlpha part
nameParts = words rawName

anonymize :: Name -> String
anonymize (Name _) = "John Doe"

main :: I0 ()
main = do

input <- getlLine
putStrLn (anonymize (name -input))

Questions:

1. What can identifier Name refer to in this program?



2. Will this program work correctly (without crash/run-time error) on any
user input?

3.Is it possible to replace data with newtype without introducing compiler
errors? If yes, does it affect the behaviour of the program on some user
inputs?

4. s it possible to replace data with type (possibly updating some uses of
Name constructor) without introducing compiler errors? If yes, does it
affect the behaviour of the program on some user inputs?

5. Argue, which of type, newtype, or data is most appropriate in this code
snippet.

References for ADTs

1. Haskell 2010 Language Report. 84.2 User-Defined Datatypes

2. GHC User Guide. 86.6.5 Generalised derived instances for newtypes

3. GHC User Guide. 85.2 Warnings and sanity checking ( -wincomplete-
patterns)

Generalized Algebraic Data Type Notation
(GADTSs) for Regular Algebraic Data Types

IINOTE] This section focuses on GADT-style syntax for regular algebraic
data types. Advanced GADT features such as existential types,
heterogeneous lists, and deriving for GADTs are not expected at this level.

The candidate must understand GADT-style syntax for data type declarations
and be able to convert between regular ADT syntax and GADT-style syntax.
Specifically, the candidate should be able to

e convert a regular algebraic data type declaration to GADT-style syntax by
providing explicit type signatures for each constructor


https://www.haskell.org/onlinereport/haskell2010/haskellch4.html#x10-680004.2
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/newtype_deriving.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/using-warnings.html#ghc-flag-Wincomplete-patterns
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/using-warnings.html#ghc-flag-Wincomplete-patterns

e convert a GADT-style data type declaration to regular ADT syntax when the
GADT-style syntax is merely syntactic sugar (i.e., when it does not use type
refinement)

e jdentify when a GADT-style declaration is equivalent to a regular ADT
declaration versus when it uses actual GADT features (type refinement,
existentials)

e recognize the syntax differences between regular ADT declarations and
GADT-style declarations, including the use of where keyword and explicit

constructor type signatures

Sample Question for GADT Notation

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.

{-# LANGUAGE GADTs #-}

data Tree a where

Leaf :: a -> Tree a
Node :: [Tree a] -> Tree a
size :: Tree a -> Int
size (Leaf _) =1
size (Node ts) = sum (map size ts)
Questions:

1. Rewrite the Tree data type declaration using regular ADT syntax (without
GADT-style syntax).

2. Does rewriting Tree to use regular ADT syntax affect the implementation
or type signature of the size function? Explain.

3. What are the syntactic differences between the GADT-style declaration
and the regular ADT declaration for this data type?



References for GADTs

1. GHC User Guide. 89.4.7.1. Generalised Algebraic Data Types (GADTSs)
2. GHC User Guide. §89.4.7.2. GADT Syntax

Existential types

Rank-N types

Scoped type variables

Functional dependencies


https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/gadt.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/gadt_syntax.html

Functional Programming Concepts

Pure functions

Immutability

Function Composition and Pipelines

The candidate must understand function composition and application-style
pipelines in Haskell — how (.), $,and & combine small pure functions into
multi-step transformations, and how to read and type such expressions.

The following topics are out of scope for this syllabus item at the beginner level:

Defining or using category, Arrow, or Kleisli composition for monads
flip, curry,and uncurry asthe main topic (see Currying and partial
application below)

Point-free definitions with no named helper functions (see Point-free
style below)

Rewriting recursion with foldr or map (see Core Language
Fundamentals)

Specifically, the candidate should be able to

explain that (.) composes two functionsso (f . g) x means f (g x)
(apply g first, then f), and recallitstype (b -> ¢) -> (a -> b) -> a ->
C

read and write multi-step pipelinesas f . g . h (right-to-left
composition) on small pure helpers



e explain that ($) islow-precedence function applicationso f $ g $ x
groups as f (g x),and use it to reduce parentheses in nested
application

e explain that (&) (from Data.Function)is forward applicationso x & f &
g means g (f x),and contrastitwith $ and (.) for the same small
pipeline

e infer the type of a composed expression (e.g. show . (*2) . (+1) :: Int
-> String ) when the types of the parts are known

® recognize common type errors from composing functions in the wrong
order (e.g. length . show vs show . length onan Int)

e evaluate a concrete pipeline on a given input (e.g. the string or Int
resultof h . g . f applied to a literal)

e translate between equivalent forms f (g x), (f . g) x, f $ g x,and
x & g & f forthesamesmall f, g, and x (without exotic point-free)

e read mixed pipelines that combine a (.) -chain with a final $ argument,
using the fact that ($) binds less tightly than (.) — for example print
. map show . take 10 $ [1 ..] isgroupedas (print . map show .
take 10) ([1 ..]),i.e.the composed function applied to the list on the
right of $

Sample Questions for Function Composition and Pipelines

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell definitions and answer the questions below.



import Data.Function ((&))

addOne :: Int -> Int
addOne x = x + 1

double :: Int -> Int
double x = x *x 2

clampSmall :: Int -> Int
clampSmall x = if x > 9 then 9 else x

format :: Int -> String
format n = "n=" ++ show n

stepRight = format . clampSmall . double . addOne

input :: Int
input = 3

stepDollar :: String
stepDollar = format $ clampSmall $ double $ addOne input

stepForward :: String
stepForward = input & addOne & double & clampSmall & format

brokenOrNot :: String -> Int
brokenOrNot show. length

demoMixed :: String
demoMixed = show . take 3 . map (*2) $ [1, 2, 3, 4, 5]

report :: I0 ()
report = print . map show . take 5 $ [1..]

Questions:

1. What is the inferred type of stepRight ? What is the value of stepRight
37

2. Do stepDollar and stepForward denote the same String? How do they
relate to stepRight?

3.In format . clampSmall . double . addone, which function is applied to
the input first?

4. Does brokenOrNot type-check? If not, explain the mismatch in one
sentence.



5. Rewrite stepRight 3 as addone 3 passed through the remaining
functions using only $ (no (.) ).

6. Show that (format . clampSmall . double . addOne) 3 and format
(clampSmall (double (addone 3))) have the same meaning (one
equational step is enough).

7.How is demoMixed parsed because of the relative precedence of (.) and
$ ? Rewrite it with parentheses around the composed function and its
argument.

8. For report = print . map show . take 5 $ [1..],whatis the type of
the subexpression print . map show . take 5?7 What value does take 5
$ [1..] denote (describe the list, not every show output)?

References for Function Composition and Pipelines

1. Haskell 2010 Language Report. 83.3 Curried Applications and Lambda
Abstractions

2. Learn You a Haskell. Higher order functions — Function composition

3. Well-Typed (Haskell Consultants). Part 3: Higher-Order Functions

4. Real World Haskell. Chapter 3: Functions

Currying and Partial Application

The candidate must understand currying and partial application in Haskell,
including the use of curry, uncurry,and flip to adapt functions to higher-
order combinators, and the ability to read types of partially applied
expressions.

The following topics are not expected at this beginner level:

e Type-level or type-synonym partial application

® Category, Arrow, Or other combinator generalizations beyond flip,
curry,and uncurry

e Point-free programming as the main style (see Point-free style below)

e Advanced higher-kinded variants of flip


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-260003.3
https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-260003.3
https://learnyouahaskell.github.io/higher-order-functions.html#function-composition
https://teaching.well-typed.com/intro/higher-order-functions.html
https://book.realworldhaskell.org/read/functions.html

Specifically, the candidate should be able to

explain that a function written as a -> b -> c is a curried function:
applying f :: a -> b -> ¢ tooneargument x :: a yields a function f
x :: b -> c (partial application), and only after a second argument is the
c result obtained

infer types of partially applied expressions (e.g. (+ 1) :: Num a => a ->
a, map fst :: [(a, b)] -> [a] when fst isin scope)

use partial application to define reusable helpers (e.g. let double = (*
2) or addTen = (+ 10) ) without writing a lambda when a section or
prefix form is clear enough for beginners

explain flip :: (a -> b -> ¢) -> b -> a -> ¢ and evaluate simple
uses such as flip (-) 1 5 (meaning (-) 5 1)

explain that curry and uncurry convert between (a, b) -> ¢ and a ->
b -> c

use curry and uncurry to adjust a function’s argument shape for higher-
order functions such as map, zipwith,and filter (e.g. zipWith (curry
taglLine) , map (uncurry (+)) (zip xs ys))

use flip toreorder arguments when the natural call order does not
match a combinator or pipeline — e.g. flip map xs f for map f xs, or
putting the action last; flip evalState 0 $ do { ... } instead of
nesting evalState (do { ... }) ©

parenthesize function application (e.g. f x y z to ((f x) y) z)and
functiontypes(e.g. a -=> b -=> ¢ => dtoa -> (b -> (c -> d)))
explicitly

convert between equivalent function expressions (e.g. \x -> \y -> x +
Y, \xy => x +y,\xy > (+) xy, (+),etc)

Sample Questions for Currying and Partial Application

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.



Consider the following Haskell definitions and answer the questions below.

import Control.Monad.State (evalState, get, put)

scale :: Double -> Int -> Double
scale factor n = fromIntegral n * factor

boost = scale 2.0

tagLine :: Int -> String -> String

taglLine n s = show n ++ ":" ++ s

rows :: [String]

rows = zipWith tagLine ["a", "b", "c"] [1, 2, 3]

sums :: [Int]

sums = map (uncurry (+)) (zip [1, 2, 3] [10, 20, 30])

first :: Int
first = flip evalState 0 $ do

n <- get
put (n + 1)
pure n

broken :: Double
broken = map (scale 2 3) [4, 5, 6]

Questions:

1. What is the inferred type of boost ? What is the value of boost 77

2.Whatis flip scale 3 7? How does that differ from scale 3 77?

3. Identify the type error in rows . Propose a fix using curry, uncurry, or
flip.

4. What is the value of sums ? Why is uncurry (+) needed with map over
zip?

5. What is the value of first? Whatis the role of flip inits definition?

6. What is the inferred type of flip evalState 0?

7. Why does broken fail to type-check?



References for Currying and Partial Application

1. Haskell 2010 Language Report. 83.3 Curried Applications and Lambda
Abstractions

2. Learn You a Haskell. Higher order functions — Curried functions and
partial application

3. Well-Typed (Haskell Consultants). Part 3: Higher-Order Functions

4. Real World Haskell. Chapter 3: Functions

5. School of Haskell (Brent Yorgey). 1: Haskell Basics

Folding and unfolding

Functors, Applicatives, and Monads

The candidate must understand Functor, Applicative, and Monad as type
class abstractions ( Functor f, Monad m); use fmap, pure, <*>,and (>>=) on
standard beginner types — Maybe, Either, lists, 10, Reader, Writer,and
State; and choose applicative vs monadic composition in small programs.

The following are not expected at this beginner level:

e Alternative and MonadPlus type classes

e Formal law proofs and building counterexample types (e.g. a type that is
Applicative but not Monad)

e Monad transformer stacks, MTL-style constraints, and MonadError
beyond naming that they exist

e Category / Arrow as generalized composition

The following are covered in other syllabus sections:

e Defining type class instances or deriving strategies (see Type Classes in
type_system_mastery.md)

e Extended 10 material (files, side-effect order, large main programs)and
do notation grammar ( <- vs let, layout)in io_and_effects.md (this


https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-260003.3
https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-260003.3
https://learnyouahaskell.github.io/higher-order-functions.html
https://learnyouahaskell.github.io/higher-order-functions.html
https://teaching.well-typed.com/intro/higher-order-functions.html
https://book.realworldhaskell.org/read/functions.html
https://www.schoolofhaskell.com/user/byorgey/introduction-to-haskell/1-haskell-basics

section still includes one integrated 10 (Either String a) example)

e Application-level exception design, MonadError, Exception (see
Exceptions and error handling in io_and_effects.md)

e Programming with State / Reader / Writer (evalState, runReader,
tell, multi-step actions) in io_and_effects.md (here: fmap /pure/ <x>
types and one-liners only)

® Foldable, Traversable, sequence/ traverse (see Folding and

unfolding and Traversables and Foldables below)

Monoid / Semigroup (next section below)

Control.Monad / Control.Applicative module tour (see

standard_libraries_and_prelude.md)
Specifically, the candidate should be able to

e recognize the hierarchy Functor — Applicative — Monad (eachisa
superclass of the next, so every Monad is an Applicative isa Functor),
and that return and pure coincide on Monad instances

e translate a short do block with type Monad m => m a (or a concrete m)
into (>>=)/ (>>) ,and — when every <- binds an independent action —
into <$>/ <x>/ pure without changing the type

e infer types of expressions with a Monad m (or Applicative f)constraint,
including do { x <- ml; ...; pure e } and f <$> x <x> y

e recognize common type errors with monadic bind ( >>= expects a -> m
b,not a -> b; m a used where a is required)

e explain that Functor maps inside a context: fmap id = id, fmap (f .
g) = fmap f . fmap g (informally), and evaluate fmap on Maybe, Either
e, [1,and I0 (e.g. fmap (+1) (Just 3), fmap (+1) (Left "err"),
fmap length ["ab","c"],the type of fmap show (print 1))

o explain Applicative: pure, <x>, lTiftA2/ 1iftA3

e evaluate <x> on Maybe and Either (firstfailure/ Left wins)and on lists
(combinatorial matching)

e apply a function to several arguments in applicative style when some
operands are effectful and some are pure, using pure to embed the pure
ones (e.g. f <$> x <*> pure y <x> z ), and infer types and results when
any effectful operand is Nothing/ Left



e explain how fmap, pure,and <x> actonvaluesin Reader r, Writer w,
and State s contexts (e.g. fmap on State s changes the result, not the
State type s)

e explain Monad sequencing with (>>=) and (>>) ; chain Maybe and
Either when a later step depends on an earlier value, and contrast with
<x> when steps are independent

e chain mMaybe lookups or validationsin do when later steps need earlier
values

e explain Either as short-circuiting error propagation: Left stops <x>
and >>=

¢ yse the list monad for non-deterministic generation: do with multiple <-
on lists and guard ; relate such a do block to a list comprehension

e yse 10 asa Functor and Monad : infer types of fmap f o, pure x,and
jo >>= k

e write and read programs with nested Functor types such as I0 (Either
String a), using do for the outer Monad and <$> /<> for the inner
Applicative where steps are independent

e choose applicative style ( <$>, <x>, 1iftA2)vs monadic style (>>=)fora
small problem, with a brief justification (independent vs dependent steps)

Sample Questions for Functors, Applicatives, and Monads

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell definitions and answer the questions below.



import Control.Monad (guard)
import Control.Monad.Reader (Reader, ask)
import Control.Monad.State (State)

withResult :: Monad m => ma -> (a ->mb) ->mb
withResult m k = do

X <= m

k x

type Env = [(String, Int)]

sampleEnv :: Env
sampleEnv = [("u", 2), ("v", 3)]

fetch :: Env -> String -> Maybe Int
fetch env name = lookup name env

formula :: Env -> String -> String -> Maybe Int
formula env a b = do

x <- fetch env a

y <- fetch env b

pure (2 *x x + vy)

parseSlot :: String -> Either String Int
parseSlot s =
case reads s of
[(n, ")] | n > 0 -> Right n
_ > Left ("dinvalid slot: " ++ s)

parseTwoSlots :: String -> String -> Either String (Int, Int)
parseTwoSlots sl s2 = (,) <$> parseSlot sl <*> parseSlot s2

confirmPair :: (Int, Int) -> Either String Int
confirmPair (a, b)

| a /= b = Left "the two entered slots must be the same to
confirm"

| otherwise = Right a

bookSlotWithConfirmation :: String -> String -> Either String Int
bookSlotWithConfirmation sl s2 = parseTwoSlots sl s2 >>= confirmPair

label :: Maybe Int -> String -> Maybe String -> Maybe String
label mx tag ms = (\n t s => show n ++ ":" ++ t ++ s) <$> mx <x>
pure tag <*> ms

solutions :: [(Int, Int)]
solutions = do



pa

re

st

re

a<-1[1.. 4]
b <- [1 .. 4]
guard (a *x b == 12)

pure (a, b)
rsePositive s =
case reads s :: [(Int, String)] of
[(ny, ")] | n> 0 -> Right n
_ > Left ("not a positive integer: " ++ s)
adSum = do

putStrLn "First number:"

sl <- getlLine

putStrLn "Second number:"

s2 <- getLine

pure ((+) <$> parsePositive sl <x> parsePositive s2)

ateShow = fmap show (pure 0 :: State Int Int)

aderIsBig (> 100) <$> (ask :: Reader Int Int)

broken :: Int
broken = Just 1 >>= (+ 1)

Questions:

1.

What are the values of fmap (+1) (Just 4), fmap (+1) (Left "e"
Either String Int),and fmap (+1) Nothing?

2. Whatis formula sampleEnv "u" "v"? Whatis formula sampleEnv "u"

"z"? Can formula be rewritten with <$> and <*> (and 1iftA2)instead
of do ? Briefly why or why not.

3. What is parseTwoSlots "3" "3"? Whatis bookSlotWithConfirmation "3"

"3 ? What is bookSlotWithConfirmation "2" "3"? Why can
parseTwoSlots use <x> alone, but bookSlotWithConfirmation needs
>>=?Why is confirmPair <$> parseSlot sl <x> parseSlot s2 nota
valid replacement?

4. What is label (Just 2) "id" (Just "ok") ? Whatis label Nothing "id"

(Just "ok") ?Why is pure tag needed between <x> in the definition of
label?

5. Rewrite withResult without do notation. What is its most general type?



6. What are all pairsin solutions ? Rewrite solutions as a list
comprehension with the same meaning.

7. What is the type of readsum? If the user types 2 and 3, what does
readSum return? If the user types x and 37?

8. Why does readSum end with pure ((+) <$> parsePositive sl <x>
parsePositive s2) ? Why does parsePositive s1 + parsePositive s2
not type-check? Which layer is the Monad and which is the Applicative?

9. What is the type of stateShow ? What is the type of readerIsBig?

10. What does [(+1)] <x> [10, 20] compute?

11. Why does broken fail to type-check? Propose a simple fix.

12. Rewrite readsum usingonly (>>=) and (>>) on 10 and do -notation on
Either .

References for Functors, Applicatives, and Monads

1. Learn You a Haskell. Functors

2. Learn You a Haskell. Applicative functors

3. Learn You a Haskell. A Fistful of Monads

4. Well-Typed (Haskell Consultants). Part 6: Monads
5. Real World Haskell. Using Typeclasses

6. Brent Yorgey. Typeclassopedia (Haskell Wiki)

Monoid, Semigroup

The candidate must understand Semigroup and Monoid as type class
abstractions for associative combination; use (<>), mempty, and mconcat
on common types and small custom types.

The following are not expected at this beginner level:

® Generically derived instances, monoid morphisms, or category-
theoretic formalism

e Semigroup/Monoid instances for function types beyond simple examples
(e.g. Endo)


https://learnyouahaskell.github.io/functors-applicative-functors-and-monoids.html#functors
https://learnyouahaskell.github.io/functors-applicative-functors-and-monoids.html#applicative-functors
https://learnyouahaskell.github.io/a-fistful-of-monads.html
https://teaching.well-typed.com/intro/monads.html
https://book.realworldhaskell.org/read/using-typeclasses.html
https://wiki.haskell.org/Typeclassopedia

e foldMap, Foldable/ Traversable APIsin depth (see Traversables and
Foldables)

e Advanced monoid transformers (WriterT, AccumT, etc.) or law proofs
beyond informal counterexamples

Specifically, the candidate should be able to

e explain associativity and why parenthesis grouping does not matter for
(<>)

e state the Semigroup law and the Monoid identity laws ( mempty <> x, x
<> mempty )

e distinguish Semigroup from Monoid (neutral element; Monoid implies
Semigroup )

e recognize common prelude / pata.Monoid instances: lists ( ++), Sum,
Product, All, Any, First, Last, Dual

e apply (<>) and mconcat to combine values in small programs

e implement simple custom Semigroup and Monoid instances for a
newtype or small data type

o verify informally whether a given instance satisfies semigroup/monoid
laws (including a broken instance counterexample)

e explain why some types have Semigroup but not Monoid (e.g. Max on
Int has no sensible mempty in base)

e recognize when commutativity holds and that it is not required by
Semigroup

e infer types and constraints involving Semigroup / Monoid in short
signatures

Sample Questions for Monoid and Semigroup

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.



import Data.List.NonEmpty (NonEmpty(..))
import Data.Monoid (AlLl(..), First(..), Sum(..))
import Data.Semigroup (Max(..), sconcat)

newtype TicketCount = TicketCount Int
deriving (Eq, Show)

instance Semigroup TicketCount where
TicketCount a <> TicketCount b = TicketCount (getSum (Sum a <> Sum

b))

instance Monoid TicketCount where
mempty = TicketCount 0

newtype PeakSeverity = PeakSeverity Integer
deriving (Eq, Show)

instance Semigroup PeakSeverity where
PeakSeverity a <> PeakSeverity b = PeakSeverity (getMax (Max a <>
Max b))

instance Monoid PeakSeverity where
mempty = PeakSeverity 0

newtype Notes = Notes String
deriving (Eq, Show)

instance Semigroup Notes where
Notes a <> Notes b = Notes (a ++ b)

instance Monoid Notes where
mempty = Notes ""

newtype Changelog = Changelog String
deriving (Eq, Show)

instance Semigroup Changelog where
Changelog a <> Changelog b = Changelog (a ++ b)

mergeCounts :: [TicketCount] -> TicketCount
mergeCounts = mconcat

peakSeverity :: [PeakSeverity] -> PeakSeverity
peakSeverity = mconcat

totalNonEmpty :: NonEmpty TicketCount -> TicketCount
totalNonEmpty = sconcat



pickPrimary :: [Maybe String] -> Maybe String
pickPrimary = getFirst . mconcat . map First

allChecksPass :: [All Bool] -> Bool
allChecksPass = getAll . mconcat

appendNotes :: Notes -> Notes -> Notes
appendNotes = (<>)

rollupStub :: a -> a
rollupStub _ = mempty

Questions:

1. What is mergeCounts [TicketCount 2, TicketCount 5, TicketCount 1] 7
What is mconcat [] :: TicketCount ?

2. What is peakSeverity [PeakSeverity 1, PeakSeverity 4, PeakSeverity
31 ?Why is mempty :: PeakSeverity areasonable identity if severities
are non-negative integers?

3. What is allcChecksPass [All False, All True, All False] ? Whatis
mconcat [] :: All Bool?

4, What is pickPrimary [Nothing, Just "beta", Just "alpha"] ? What is
pickPrimary [Nothing, Nothing] ?

5. What is appendNotes (Notes "a") (Notes "b") ? Whatis mempty <>
Notes "tail" for the Notes type?

6. Suppose someone proposes making Changelog a Monoid with mempty
Changelog "[start]" (keeping (<>) as string concatenation). Does that
satisfy the identity laws mempty <> x = x and x <> mempty = x ?If not,
which law fails, and what mempty would be lawful?

7.1s (<>) on TicketCount commutative? Is (<>) on Notes commutative?

8. What is the type of mergeCounts ? What is the type of pickPrimary ?

9. Why does rollupStub fail to type-check as written? What constraint
should a have?

10. What is totalNonEmpty (TicketCount 2 :| [TicketCount 3,
TicketCount 1]) ? Why can mconcat [] :: TicketCount be defined,
while sconcat (from Data.Semigroup ) requires a NonEmpty list?

11. Rewrite mergeCounts counts using explicit (<>) and mempty instead of
mconcat (for a named counts :: [TicketCount]).



12. Max ON Integer iSaSemigroup in base but not a Monoid. Briefly
explain why a single mempty :: Integer cannotwork for max on all
integers. (Note: Integer is arbitrary precision)

References for Monoid and Semigroup

1. Learn You a Haskell. Functors

2. Learn You a Haskell. Monoids

3. Haskell Wiki. Typeclassopedia

4. Real World Haskell. Using Typeclasses

5. (Advanced.) Brent Yorgey. Monoids: Theme and Variations

Category

Foldable and Traversable

The candidate must understand Foldable and Traversable : folding
containers into a Monoid with foldMap, and traversing with Applicative
effects while preserving shape.

The following are not expected at this beginner level:

e DeriveFoldable / Generically, law proofs, Foldablel, Bitraversable,
or category-theoretic formalism
e Folding over infinite structures

The following are covered in other sections:

e foldr / foldl / foldl' on lists — Folding and unfolding; Higher-
Order Functions in Core Language Fundamentals

e WHNF and non-strict evaluation — Lazy evaluation and non-strict
semantics in Core Language Fundamentals


https://learnyouahaskell.github.io/functors-applicative-functors-and-monoids.html#functors
https://learnyouahaskell.github.io/functors-applicative-functors-and-monoids.html#monoids
https://wiki.haskell.org/Typeclassopedia
https://book.realworldhaskell.org/read/using-typeclasses.html
https://repository.upenn.edu/cgi/viewcontent.cgi?article=1773&context=cis_papers

e Space-leak reasoning with folds (especially foldl')— Space Leaks and
Strict Evaluation in Performance Basics

e Which prelude / Data.List (and related) utilities are thin wrappers over
Foldable / Traversable — Standard Libraries & Prelude

Specifically, the candidate should be able to

e explain that Foldable abstracts folding over containers and that foldmap
is the primary method (others derivable from it)

e apply foldMap, fold, toList, null, and common derived operations
(sum, length, and, or, concat)on standard Foldable types: [],
Maybe , Either, NonEmpty, Set, Map, Seq

e apply foldMap and traverse to nested structures (e.g. aggregate set
values from [Maybe (Set a)];enumerate cellsin [[a]] with
row/column indices via nested foldMap )

e distinguish types that are Foldable only ( Set)from types that are also
Traversable (Map, Seq, lists, Maybe)

e implement a simple Foldable instance for a small custom type (e.g. binary
tree) using foldMap and (<>) / mempty

e distinguish fmap (maps inside structure, keeps shape) from foldMap
(maps to a Monoid and collapses)

e recognize the mconcat . map f pattern and rewrite itas foldMap f

e explain Traversable as” Functor + Foldable + traverse with
Applicative effects” at beginner level

e use traverse and sequenceA ON [], Maybe, and other Traversable
containers in scope ( Map values, Seq, nested lists); read types of mapM /
mapM_ as specialized forms

e predict how traverse / sequenceA combine a container of effectful
elements (result shape and when the overall computation stops early or
becomes “empty,” depending on the Applicative functor)

e infer types of expressions involving Foldable and Traversable
constraints

e jdentify missing constraints (e.g. Monoid for foldMap, Applicative /

Monad for traverse)


file:///home/runner/work/certification-syllabi/certification-syllabi/syllabus/book/html/beginner/performance_basics.html#space-leaks-and-strict-evaluation
file:///home/runner/work/certification-syllabi/certification-syllabi/syllabus/book/html/beginner/performance_basics.html#space-leaks-and-strict-evaluation
file:///home/runner/work/certification-syllabi/certification-syllabi/syllabus/book/html/beginner/performance_basics.html

Sample Questions for Foldable and Traversable

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.



import Data.Foldable (foldMap)
import Data.Traversable (traverse)
import Data.Monoid (Sum(..))
import Data.Set (Set)

import qualified Data.Set as Set

type Ident = String

data Bin a Slot a | Stack (Bin a) (Bin a)

totalUnits :: Foldable f => f Int -> Int
totalUnits = getSum . foldMap Sum

collectIdents :: Ord a => [Maybe (Set a)] -> Set a
collectIdents = foldMap (maybe mempty -id)

parseQty :: String -> Maybe Int
parseQty s =
case reads s of
[(n, ")] | n>= 0 -> Just n
_ —> Nothing

validateManifest = traverse parseQty

combineBinsOld :: [Int] -> Sum Int
combineBinsOld = mconcat . map (Sum . (x 2))

collapse :: Foldable t => t a -> a
collapse = foldMap 1id

sampleBin = Stack (Slot 2) (Stack (Slot 5) (Slot 1))

sampleSheets =
[ Just (Set.fromList ["data-1", "data-2"])
, Nothing
, Just (Set.fromList ["data-2", "data-3"])
]

Questions:

1. Complete instance Foldable Bin where .
2. What is the value of totalUnits sampleBin?(Use your Foldable Bin

instance.)
3. What is the value of collectIdents sampleSheets ? Does Nothing make

the result empty in some sense or is it ignored?



4. Evaluate validateManifest ["2", "5"] and validateManifest ["2",
"x"] . Explain the outcomes.

5. How does sequenceA [Just 2, Just 5] differ from sequenceA [Just 2,
Nothing] ?

6. What is the most general type of validateManifest?

7.Why can fmap Sum notreplace totalUnits On sampleBin when you
need a single Int?

8. Give an equivalent definition of combineBinsold using foldMap only (no
mconcat Or map ).

9. Why is collectIdents written with foldMap rather than traverse?

10. Why is there no traverse for Set inthe usual containers API?

11. Why does collapse fail to type-check? What constraint is missing?

12.For xs :: [Int],how do mapM print xs and traverse print xs relate
when print :: Int -> I0 () ?

References for Foldable and Traversable

1. Haskell Wiki. Typeclassopedia

2. Learn You a Haskell. Functors

3. Real World Haskell. Using Typeclasses

4. base package documentation on Hackage. Data.Foldable,
Data.Traversable, Data.Set, Data.Map, Data.Sequence


https://wiki.haskell.org/Typeclassopedia
https://learnyouahaskell.github.io/functors-applicative-functors-and-monoids.html#functors
https://book.realworldhaskell.org/read/using-typeclasses.html
https://hackage.haskell.org/package/base/docs/Data-Foldable.html
https://hackage.haskell.org/package/base/docs/Data-Traversable.html
https://hackage.haskell.org/package/containers/docs/Data-Set.html
https://hackage.haskell.org/package/containers/docs/Data-Map.html
https://hackage.haskell.org/package/containers/docs/Data-Sequence.html

Standard Libraries and Prelude

Prelude Essentials

The candidate must understand what the Prelude is, what it provides, and how
to interact with it. Specifically, the candidate should be able to

e recall that Prelude is a module from the base package that is implicitly
imported into every Haskell module (unless the NoImplicitPrelude
language extension is enabled)

e recognize that not every name from base isin Prelude : many common
functions and types live in other base modules (e.g. Data.List,
Data.Maybe, Data.Either, Data.Char, Data.IORef, Control.Monad,
Control.Applicative, System.IO)and have to be imported explicitly;
the candidate is not expected to memorize the full Prelude export list, but
should know where to find a name ( hoogle , Hackage) and be confident
about the most commonly used items (such as id, const, (.), ($),
map, filter, foldr, length, null, Maybe, Either, IO, putStrLn,
getLine, print, show, read)

e jdentify frequently used Prelude combinators and their types, including

o identity and constants: id, const

o argument order and composition: flip, (.), ($)

o pair helpers: fst, snd, curry, uncurry

o numeric helpers: even, odd, min, max, succ, pred,
fromIntegral

e recognize partial functions exported by Prelude (e.g. head, tail, init,
last, (!!), read)and name safer alternatives ( Data.Maybe.fromMaybe,
Data.List.uncons, Text.Read.readMaybe , total pattern matching,
Data.List.NonEmpty )

e explain the role of the bottoms error :: String -> a and undefined ::

a.



o both have a fully polymorphic result type and inhabit every type, so
they typecheck anywhere
o forcing either at runtime throws an Errorcall exception, not a
value of the apparent result type
o because of lazy evaluation, a program may build expressions
containing undefined / error without crashing as long as those
subexpressions are never demanded
recognize that error and undefined should be avoided in production
code: they convert a static type error into a runtime crash with no
recovery story for callers. The candidate should be able to name idiomatic
alternatives:
o encode failure in the type ( Maybe, Either, a domain-specific sum
type) instead of error
o use a typed exception ( Control.Exception.throwI0)when crashing
in I0 is genuinely the right outcome
o leave undefined only as a transient development placeholder, and
identify uses of undefined that have leaked into reviewable code as
a defect
resolve a name clash with Prelude (e.g. defining map or length fora
custom type) using import Prelude hiding (...) or qualified imports
explain how to suppress the implicit import using the NoImplicitPrelude
language pragma and the trade-offs of an alternative “custom prelude”
recall that several Prelude functions are generalized to Foldable or
Traversable (e.g. length :: Foldable t => t a -> Int, null, elem,
mapM, sequence, foldr)
select the correct standard numeric type from the Prelude for a given task
(Int, Integer, Word, Float, Double, Rational)and explain the
difference between 1nt (bounded, machine word) and Integer
(arbitrary precision)
recall the basic non-numeric types exported by pPrelude and their core
operations:
o Bool with constructors True, False and the operators (&&),
(]|), not, otherwise
o Char (asingle Unicode code point) and the type synonym String =
[Char] , including the consequences of string being a lazy list of
Char (cf. Data.Text, Data.ByteString below)



o Ordering with constructors LT, EQ, GT as the result of compare

Sample Questions for Prelude Essentials

(® Note

This sample combines several of the skills above, together with knowledge
of type classes and pattern matching.

Consider the following Haskell snippet and answer the questions below.

module Inventory where
import Data.List (sortOn)
data Item = Item { itemName :: String, itemPrice :: Int }

-- Apply the seasonal discount to each item (TODO: +implement).
applyDiscount :: Item -> Item
applyDiscount = undefined

-- Sum the prices of the first three discounted +items in the
catalog.

topThreeTotal :: [Item] -> Int

topThreeTotal +items = sum (map (itemPrice . applyDiscount) (take 3
items))

-- Pick the cheapest item; the catalog is assumed non-empty.
cheapest :: [Item] -> Item
cheapest +items = head (sortOn itemPrice +items)

-- Parse a price tag entered by the user.
parsePrice :: String -> Int
parsePrice s = read s

Questions:

1. For each of sum, map, take, head, sortOn, read, String,and Int, say
whether it is exported by pPrelude or whether it has to be imported from
another base module (and if so, which).



2. Both cheapest and parsePrice use Prelude functions that can crash at
runtime. Identify each crash, name a safer alternative from base, and
rewrite the function so that the result type reflects the possibility of
failure.

3. The type of length in modern GHCis length :: Foldable t => t a ->
Int . Why does length [items still typecheck in this module, even though
items is a list?

4. Suppose a developer adds the top-level definition

map :: (Item -> Item) -> [Item] -> [Item]

map f xs = ...

to this module. The line map itemPrice (take 3 [items) in
topThreeTotal no longer compiles. Explain why and propose two
different fixes (one using {import Prelude hiding (map), One using
import qualified Prelude as P and referringto P.map).

5.1s parsePrice "12.5" total? What about parsePrice "12" ? Answer in
terms of read'’s type and the Read Int instance.

6. The placeholder applyDiscount = undefined lets the module compile.
Explain why it typechecks at all (refer to the type of undefined ), then
describe at what point in evaluating topThreeTotal items the program
would actually crash, assuming ditems is non-empty. What would you flag
about this code in a review?

References for Prelude Essentials

1. Haskell 2010 Language Report. 89 Standard Prelude
2. Hackage. base package — pPrelude module

3. GHC User Guide. NoImplicitPrelude extension

4. Haskell Wiki. Foldable/Traversable Proposal (FTP)


https://www.haskell.org/onlinereport/haskell2010/haskellch9.html
https://hackage.haskell.org/package/base/docs/Prelude.html
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/rebindable_syntax.html#extension-NoImplicitPrelude
https://wiki.haskell.org/Foldable_Traversable_In_Prelude

Data.List, Data.Maybe, Data.Either

The candidate must be familiar with the most common functions in pata.List,
Data.Maybe, and Data.Either from base, and be able to choose between
them. Specifically, the candidate should be able to

e select the appropriate Data.Maybe combinator for a given task:

o maybe for case analysis with a default

o fromMaybe for unwrapping with a default

o dsJust / isNothing for predicate queries

o catMaybes for filtering out Nothing from a list

o mapMaybe for fusing map and catMaybes

e select the appropriate Data.Either combinator for a given task:
o either for case analysis
O partitionEithers, lefts, rights for splitting a list
e recognize unsafe or easily misused “unwrappers” in Data.Maybe and
Data.Either, and explain why pattern matching, maybe, or either is
usually preferred:

o fromJust :: Maybe a -> a is partial: it crashes on Nothing . Avoid
it.

o fromLeft :: a -> Either a b -> a and fromRight :: b ->
Either a b -> b are total (they fall back to a caller-supplied default
in modern base ), but the default silently masks the alternative
constructor, hiding bugs from callers and from the reader.

o fromMaybe is fine when the default is a genuinely sensible fallback,
but is just as misleading as fromLeft / fromrRight when used as a
“this can't happen” assertion.

e yse common Data.List functions (without rewriting them from scratch),
including

o search: find, lookup, elemIndex

o reorder/group: sort, sortBy, sortOn, nub, group, groupBy

o split: partition, span, break, splitAt

o combine: zip, zipWith, unzip, intersperse, intercalate,
transpose

o generate: iterate, unfoldr, replicate

o predicates: isPrefix0f, isSuffix0f, isInfixOf



e refactor a short explicit-recursion definition into an application of one or
two of the functions above

e justify choosing Maybe VS Either Vs a custom sum type for representing
failure (information content vs ergonomics; cf. Algebraic data types (ADTs)
in the Type System Mastery chapter)

e recognize asymptotic pitfalls of pata.List.nub (0(n?))and
Data.List.lookup (0(n) )and name alternatives in Data.Set /
Data.Map

Sample Questions for Data.List, Data.Maybe, Data.Either

@ Note

This sample focuses on selecting the right combinator. It is fine to consult
the Hackage documentation while solving these questions.

Consider the following Haskell snippet and answer the questions below.



import Data.List (sortOn, partition, groupBy)
import Data.Maybe (mapMaybe)

import Data.Either (partitionEithers)

import Data.Function (on)

data ParsedLine
= Comment String
| Setting String String -- key, value
| ParseError Int String -- line number, message

-- Input: each (lineNo, rawLine) is the result of trying to parse a
config file line.
processed :: [(Int, Either String ParsedLine)] -> ([(Int, String)],
[ParsedLine])
processed entries =

let (failures, parsed) = partitionEithers [ tag n e | (n, e) <-
entries ]

in (failures, parsed)

where

tag n (Left err)

Left (n, err)

tag _ (Right pl) = Right pl
settings :: [ParsedLine] -> [(String, String)]
settings [] =[]
settings (Setting k v : rest) = (k, v) : settings' rest
settings (_ : rest) = settings' rest

Questions:

1. What does partitionEithers [Right 1, Left "a", Right 2, Left "b"]
return? Give the result and its type.

2. Suppose you only need the error messages (without line numbers) and
the parsed lines, as two separate lists. Implement

errors :: [(Int, Either String ParsedLine)] -> [String]
parsed :: [(Int, Either String ParsedLine)] -> [ParsedLine]

each as a one-liner using a functions from Data.Either .

3. Reimplement settings using functions from Data.Maybe to collapse the
explicit recursion into a single non-recursive expression, possibly with a
local non-recursive helper definition.



4. Extend processed so that the second component is grouped by setting
key, where each group is sorted alphabetically by key. You may use
sortOn, groupBy, and on. Provide the new type and a one-line
implementation for each helper.

5. Suppose a colleague writes let firstError = head failures.Replace
this with a total alternative from Data.List (uncons ) Or Data.Maybe
( listToMaybe ). Give the new type and explain the change in semantics.

References for Data.List, Data.Maybe, Data.Either

1. Hackage. pata.List
2. Hackage. pata.Maybe
3. Hackage. pata.Either

4. Real World Haskell. Chapter 4: Functional Programming (working with
lists)

Data.Map, Data.Set, Data.Sequence
@ Note

These modules come from the containers package, not from base . The
idiomatic style is to import them qualified, e.g. import qualified
Data.Map.Strict as Map.

The candidate must understand when and how to use the basic immutable
container types provided by containers . Specifically, the candidate should be
able to

e explain at a high level the asymptotic strengths of each container relative
to plain lists:
o Data.Map / Data.Set:balanced binary trees keyed by oOrd; 0(log
n) lookup/insert


https://hackage.haskell.org/package/base/docs/Data-List.html
https://hackage.haskell.org/package/base/docs/Data-Maybe.html
https://hackage.haskell.org/package/base/docs/Data-Either.html
https://book.realworldhaskell.org/read/functional-programming.html
https://book.realworldhaskell.org/read/functional-programming.html

O Data.IntMap / Data.IntSet:specialized to Int keys; fasterin
practice than Map Int v
o Data.Sequence : finger trees; 0(1) cons/snoc/uncons, 0(log n)
index/update
e choose the appropriate container for a given access pattern (random
access by key vs ordered traversal vs FIFO/LIFO vs unordered set
semantics), and justify the choice against [a]
e use basic Data.Map operations correctly, including
o construction: Map.empty, Map.singleton, Map.fromList,
Map.fromListWith
o query. Map.lookup, Map.member, Map.size, Map.keys, Map.elems
o update: Map.insert, Map.insertWith, Map.delete, Map.adjust,
Map.alter, Map.unionWith
e use basic Data.Set operations correctly, including
o construction: Set.empty, Set.fromList
O guery. Set.member, Set.size
o update: Set.insert, Set.delete
o combine: Set.union, Set.intersection, Set.difference
e recognize the difference between Data.Map.Strict and Data.Map.Lazy
(strictness in the value position) and explain why Strict is the default
choice for most beginner code
e explain that pata.Set.fromList collapses duplicates and discards original
ordering; that pata.Set.map may produce a smaller set than the input
when two different elements get mapped to the same result (the function
is not one-to-one)

Sample Questions for Data.Map, Data.Set, Data.Sequence

@ Note

The sample uses a small domain (event log aggregation) to exercise several
operations on Map and Set.

Consider the following Haskell snippet and answer the questions below.



import qualified Data.Map.Strict as Map

import qualified Data.Set as Set

import Data.Map.Strict (Map)

import Data.Set (Set)

data Event = Event { user :: String, action :: String }

-- Per user, count how many times each action was performed.

actionsPerUser :: [Event] -> Map String (Map String Int)
actionsPerUser = foldr step Map.empty
where

step (Event u a) =
Map.insertWith (Map.unionWith (+)) u (Map.singleton a 1)

-- The set of users that performed every action 1in the given set.
usersThatDidAll :: Set String -> Map String (Map String Int) -> Set
String
usersThatDidAll required perUser =

Map.keysSet (Map.filter (\acts -> required "Set.isSubsetOf’
Map.keysSet acts) perUser)

Questions:

1. What is the result of actionsPerUser [Event "ann" "login", Event
"ann" "post", Event "ann" "login"]?

2. The body of actionsPerUser uses Map.insertWith (Map.unionWith
(+)) . Explain in one or two sentences how it is different from just plain
Map.insert.

3. Why is Data.Map.Strict preferable to pata.Map.Lazy here? What kind
of bug could the lazy version mask?

4. Rewrite usersThatDidAll so that, instead of returning a Set String, it
returns the matching entries as a Map String (Map String Int) . Use
Map.filter and Map.keysSet.

5. The function set.map hastype (ord b) => (a -> b) -> Set a -> Set
b . Compare its behavior on set.fromList [1, 2, 3, 4] forthe two
functions (“div’ 2) and (+ 10) . What does the result tell you about
Set.map that is not true of map on lists?

6. Suppose the system above is extended with a FIFO buffer of pending
Event S: new events are appended at the back as they arrive, and the
oldest event is removed from the front for processing. Name the



Data.Sequence operators you would use for the append-at-back and the
take-from-front operations and state their asymptotic costs. Why is
[Event] a poor fit for this access pattern, even though it supports both
operations?

References for Data.Map, Data.Set, Data.Sequence

1. Hackage. containers package

2. Hackage. Data.Map.Strict

3. Hackage. Data.set

4. Hackage. Data.Sequence

5. Hinze, R., and Paterson, R. Finger trees: a simple general-purpose data
structure. Journal of Functional Programming, 16(2):197-217, 2006.

/\ Warning

The Hinze & Paterson finger-trees paper is the underlying data structure
paper for Data.Sequence and is provided as background. It is not required
at the beginner level — the candidate only needs to know the asymptotic
guarantees of the Data.Sequence operations they use, not the finger-tree
construction that gives rise to them.

Data.Text, Data.ByteString
@ Note

This section focuses on choosing between String, Text, and ByteString

for everyday use and on crossing the encoding boundary safely. The
following are not required at the beginner level:

e Data.Text.Lazy.Builder and Data.ByteString.Builder for efficient
incremental construction

e the lazy variants Data.Text.Lazy and Data.ByteString.Lazy beyond
the fact that they exist as alternatives



https://hackage.haskell.org/package/containers
https://hackage.haskell.org/package/containers/docs/Data-Map-Strict.html
https://hackage.haskell.org/package/containers/docs/Data-Set.html
https://hackage.haskell.org/package/containers/docs/Data-Sequence.html
https://www.staff.city.ac.uk/~ross/papers/FingerTree.html
https://www.staff.city.ac.uk/~ross/papers/FingerTree.html

e non-UTF-8 text encodings (UTF-16, Latin-1, etc.) and the text-icu
package

e streaming libraries built on top of ByteString (conduit, streamly,
pipes)

The candidate must understand the difference between Haskell's three
common “string-like” types and choose the right one for the task. Specifically,
the candidate should be able to

e distinguish between the three representations:

o String = [Char]:alazy cons-list of Char ; convenient, but 0(n)
indexing/length and high constant overhead

O Data.Text.Text:a packed UTF-8 representation of Unicode text; the
right choice for human-readable text

O Data.ByteString.ByteString:a packed sequence of bytes (words);
the right choice for binary data and known-encoding 1/0

e recall that Text and ByteString each have strict and lazy variants in

separate modules ( Data.Text VS Data.Text.Lazy; Data.ByteString VS
Data.ByteString.Lazy)
e yse the standard conversion functions correctly, including
O String <-> Text: Data.Text.pack, Data.Text.unpack
o String <-> ByteString (ASCIl): Data.ByteString.Char8.pack,
Data.ByteString.Char8.unpack — and explain why this pair is
unsafe for non-ASCIl input
O Text <-> ByteString:. Data.Text.Encoding.encodeUtf8,
Data.Text.Encoding.decodeUtf8' (note the ' -variant returns
Either)

e recognize that ByteString iSnota Unicode stringtype, and explain what
goes wrong when raw bytes are treated as text without an explicit
decoding step

e use OverloadedStrings to write string literals that are polymorphic
across String, Text, and ByteString, and identify the trade-offs (extra
type ambiguity, larger error messages)

e gvoid the common antipattern of repeated pack / unpack round-trips
inside hot loops



e usethe Text-aware and ByteString -aware 10 functions instead of
String -based 10 when working with these types:

O Data.Text.IO provides readFile, writeFile, putStrLn, getLine,
hGetLine for Text;these use the system locale’s encoding, so for
guaranteed UTF-8 use Data.Text.IO.Utf8, or read the raw bytes
with Data.ByteString.readFile and call
Data.Text.Encoding.decodeUtf8'

O Data.ByteString itself provides readFile, writeFile, and
Handle -based operations ( hGetContents, hPut ) for raw bytes

o the underlying file/ Handle mechanics — openFile, withFile,
hClose, stdin/ stdout/ stderr — are covered in the /O & Effects
chapter, and the same combinators apply here

Sample Questions for Data.Text, Data.ByteString

@ Note

The sample focuses on choosing the right type and on encoding boundaries.

Consider the following Haskell snippet and answer the questions below.

{-# LANGUAGE OverloadedStrings #-}

import qualified Data.Text as T

import qualified Data.Text.IO as TIO
import qualified Data.Text.Encoding as TE
import qualified Data.ByteString as BS

greet name = "Hello, " <> name <> "!"

main :: IO ()
main = do

raw <- BS.readFile "name.txt" -- (1)
let name = TE.decodeUtf8 raw -- (2)
TIO.putStrLn (greet (T.toUpper name)) -- (3)

Questions:



1. What is the type of "Hello, " in greet with OverloadedStrings
enabled, and what would it be without the pragma?

2. The file name.txt happens to contain the bytes oxc3 exA9 (a single
character é encoded in UTF-8). What does name evaluate to at line (2)?
What would Data.ByteString.Char8.unpack raw give you instead, and
why is that wrong here?

3. TE.decodeUtf8 is partial: it error s on invalid UTF-8. Replace line (2) with
a call to a safer alternative and propagate the failure to main (you may
print an error and exit).

4. A colleague proposes rewriting greet as
greet name = T.pack ("Hello, " ++ T.unpack name ++ "!")

List two reasons this is worse than the original.

5. The program above reads the file with Data.ByteString.readFile and
then decodes the bytes with Data.Text.Encoding.decodeUtf8 . A
teammate suggests collapsing both into a single call to

Data.Text.IO0.readFile.Under what circumstances would this change
the behavior of the program, and what is the safer alternative if you want
to guarantee that the file is read as UTF-8 regardless of the system
configuration?

References for Data.Text, Data.ByteString

1. Hackage. text package

2. Hackage. bytestring package

3. GHC User Guide. OverloadedStrings extension
4. FP Complete. String Types


https://hackage.haskell.org/package/text
https://hackage.haskell.org/package/bytestring
https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/overloaded_strings.html
https://www.fpcomplete.com/haskell/tutorial/string-types/

Control.Monad, Control.Applicative

@ Note

The sections on do notation (in the 10 & Effects chapter) and on Functors,
Applicatives, Monads (in the Functional Programming Concepts chapter)
introduce the operators ( <$>, <>, pure, >>=, >>, return). This section is
about the combinator library built on top of them, which the candidate is
expected to use rather than reinvent.

The candidate must be familiar with the standard combinators in
Control.Monad and Control.Applicative and be able to choose between
them. Specifically, the candidate should be able to

o select between the result-collecting and result-discarding variants of
common combinators, including the pairs

© mapM / mapM_

o forM / forM_

O sequence / sequence_

o traverse / traverse_

0 replicateM / replicateM_

e recallthat form xs f = mapM f xs (argument order flipped) and that
forM_ is the idiomatic choice when the loop body has effects but no
useful result

o use effectful control flow combinators correctly:

0 when :: Applicative f => Bool -> f () -> f () and unless

O void :: Functor f => f a -> f ()
O forever :: Applicative f => f a -> f b
o (>=>) :: Monad m => (a ->mb) -> (b->mc) ->a->mc and

(<=<) (Kleisli composition)
o (=<<) asthe flipped form of (>>=)
e recognize that these combinators are not 10 -specific: they work in any
Monad / Applicative, including Maybe, Either e, [], State s, Reader
r, etc.

e explain why pure is preferred over return in modern code



e spot uses of the result-discarding combinators ( mapM_, forM_,
sequence_, replicateM_)where the discarded values actually matter —
a typical example is calling mapM_ validate xs when validate :: a ->
I0 (Either Err ()) returns errors the caller needs to see — and propose
a result-collecting alternative (mapM / forM / sequence, followed by
partitionEithers, pattern matching, or sequence’s early-exit behavior)

Sample Questions for Control.Monad, Control.Applicative

@ Note

The sample exercises combinator selection in both 10 and Maybe .
Consider the following Haskell snippet and answer the questions below.

import Control.Monad (when, unless, void, mapM_, replicateM)
import Data.Maybe (catMaybes)

data Config = Config { verbose :: Bool, retries :: Int }

logStep :: Config -> String -> I0 ()
logStep cfg msg = when (verbose cfg) (putStrLn ("[debug] " ++ msg))

retry :: Config -> IO (Maybe a) -> IO (Maybe a)
retry cfg action = do
results <- replicateM (retries cfg) action
let successes = catMaybes results
case successes of
(x:_) -> pure (Just x)
[] -> pure Nothing

guardEven n = do

unless (even n) Nothing -- (?)
pure (n ‘div’ 2)

Questions:

1. What is the type of when asitis usedin logStep ? What concrete
Applicative f does it specialize to?



2. Check the line marked (?) : what concrete type does Nothing take on
this line and what is the inferred type of guardeven n for n = 4 versus n
=57

3. The function void (mapM print [1, 2, 3]) :: I0 () discards the unit
results of each print. Rewrite the expression with mapM_ and argue
whether one version is preferred to the other in practice.

4. The current retry allocates an intermediate [Maybe a] Via replicateM
and then walks it with catMaybes . Rewrite retry sothatno [Maybe a]
list is materialized — but the new version must still run action exactly
retries cfg times, just like the original.

5.The current retry runs action exactly retries cfg times regardless of
whether an early attempt succeeded. Rewrite retry so that the first
successful action short-circuits and any remaining action calls are never
executed. State which combinator(s) you used and why replicateM
cannot give you this behavior on its own.

References for Control.Monad, Control.Applicative

1. Hackage. Control.Monad

2. Hackage. Control.Applicative

3. Well-Typed. Part 6: Monads

4. Learn You a Haskell. For a Few Monads More

System.lO, Text.Read
@ Note

These two modules are intentionally not given a standalone treatment at
the beginner level. The contents are covered as part of other sections:

e System.IO (file Handle s, openFile, hGetLine, hPutStr, hClose,
withFile, stdin/ stdout/ stderr ) — see Reading from / writing to files
in the /O & Effects chapter.



https://hackage.haskell.org/package/base/docs/Control-Monad.html
https://hackage.haskell.org/package/base/docs/Control-Applicative.html
https://teaching.well-typed.com/intro/monads.html
https://learnyouahaskell.github.io/for-a-few-monads-more.html

e Text.Read (readMaybe, reads, Read ) — read isintroduced in
Prelude Essentials above as a partial function; readMaybe is the total
alternative. Use in error-recovery contexts is covered in Exceptions and
error handling in the 10 & Effects chapter.



10 & Effects

The I0 Monad

The candidate must understand Haskell's 10 type and be able to reason about
effectful computations. Specifically, the candidate should be able to

distinguish pure values from 10 actions (types like String vs I0 String)
infer the types of simple expressions involving 10 (including getLine,
putStrLn, pure, (>>=), (>>))

identify basic type errors such as when values of type 10 a are used
where plain a is expected

explain how >>= sequences actions by passing the produced value to the
next computation, and how >> sequences actions while discarding the
first result

recognize that 10 actions are values and can appear inside other
expressions (including data structures) without executing their effects
immediately

predict which side effects happen in small programs, including cases
where a 10 actions are just used as values, but not executed

use (higher-order) functions for combining and sequencing 10 side
effects (including mapM, mapM_, sequence, sequence_)

implement (higher-order) functions for combining and sequencing I0
effects, given their type signature (i.e. maybeI0O :: Maybe (IO a) -> IO
(Maybe a), unfoldM :: (a -> Maybe (IO a)) -> a -> I0 [a])

Sample Questions for The 10 Monad

(® Note

This sample combines some of the skills above, together with some
knowledge of other topics.



Consider the following Haskell program and answer the questions below.

main :: I0 ()
main =
print $
snd
( getLine >>= \s -> putStrLn "SIDE" >> putStrLn s
, length [getLine, getLine, pure "x"]
)

Questions:

1. What is the inferred type of 1length [getLine, getLine, pure "x"]?

2. Does running this program print SIDE ? Explain briefly.

3. How many times does the program ask the user for input (how many
getLine calls actually occur)? Explain briefly.

4. What value is printed by main when it runs? (Answer with the concrete
integer.)

5. Consider this alternative program:

main2 :: I0 ()
main2 =
getlLine >>= \s -> putStrLn "SIDE" >> putStrLn s >> lengthIO
[getLine, getLine, pure "x"] >>= print
where
lengthIO [] = pure 0
lengthIO (program:programs) = program >> lengthIO programs >>=
\n => pure (n + 1)

How many times does it ask the user for input, and what is printed? (You may
assume the user provides any input values you like.)

References for The 10 Monad

1. Haskell 2010 Language Report. 87 Basic Input/Output
2. Real World Haskell. Chapter 7: 1/0
3. Learn You a Haskell. Input and Output


https://www.haskell.org/onlinereport/haskell2010/haskellch7.html
https://book.realworldhaskell.org/read/io.html
https://learnyouahaskell.github.io/input-and-output.html

do notation

The candidate must understand do notation and be able to use it to write and
type simple programs. Specifically, the candidate should be able to

e recognize the grammar of do blocks, including indentation/layout
requirements

e explain the role of <- binding (x <- action)versus sequencing without
binding (e.g. do { actionl; action2 })

e explain the syntax and meaning of let bindings inside a do block,
including that 1et does not execute effects

e infer the types of variables bound using <- or let (e.g. from x <-
getLine,infer x :: String;from let x = getLine infer x :: I0
String)

e infer the overall type of a do block from the types of its statements

e translate small examples between do notation and explicit uses of
(>>=) / (>>)

e explain that return is not a control flow operator and cannot exit the do
block abruptly

e recallthat return and pure are equivalent for 10 (or, generally, any

Monad m)

Sample Questions for do notation

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell snippet and answer the questions below.



program = do
putStrLn "Enter a word:"
w <- getlLine
let n = length w
m <- return (length w, "Hello")
putStrLn ("Length 1is " ++ show n)
return (n, w)

Questions:

1. What is the inferred type of w?

2. What is the inferred type of n?

3. What is the inferred type of m?

4. Will running program ever print Length s ...?

5. What is the inferred type of program?

6. Rewrite program usingonly (>>=), (>>) and pure (N0 do notation).
Use \ lambdas or (regular) 1et for bindings.

7. If we replace the last line return (n, w) with putStrLn (show n), does

the code type-check? If it does not, explain the type mismatch in terms of
the required final 10 a result.

References for do notation

1. Haskell 2010 Language Report. 83.14 Do Expressions
2. Learn You a Haskell. A Fistful of Monads

Reading and Writing Files
(® Note

The following are out of scope at the beginner level for this section:

e Streaming I/O libraries ( conduit, pipes, streaming, streamly)
e Text encoding and locale details ( readFile / writeFile use the locale
encoding; candidates are not expected to know encoding APIs or



https://www.haskell.org/onlinereport/haskell2010/haskellch3.html#x8-470003.14
https://learnyouahaskell.github.io/a-fistful-of-monads.html

conversion)

e Handle buffering modes, and standard streams ( stdin / stdout /
stderr ) beyond what is already covered in The 10 Monad

e Detailed exception handling ( catch, error types, recovery strategies);
see Exceptions and error handling

Exceptions (high level): Candidates should know that file operations such
as readFile on a missing path can fail at runtime and halt the 10 action
with an exception. They are not expected to handle such failures in this

section.

The candidate must be able to read and write text files using the standard
System.I0 API. Specifically, the candidate should be able to

e recall the types and functionality of readFile, writeFile, and
appendFile ( FilePath -> IO String, FilePath -> String -> I0 (),
etc.)

e yse withFile with an IOMode ( ReadMode, WriteMode, AppendMode ) to
obtain a Handle, perform Handle -based operations, and have the handle
closed automatically when the continuation completes

e choose between whole-file helpers ( readFile / writeFile)and handle-
based APIs ( hGetLine, hGetContents, hPutStr, hPutStrLn) for simple
scenarios

e infer types in small do blocks that combine file 10 with string processing
(lines, unlines, length, etc.)

e explain at a high level that readFile producesa String whose contents
may be read lazily from the handle, and why that matters when
interleaving reads and writes on related paths or when holding on to large
strings

e recognize common pitfalls: mixing lazy reading with writing to the same
file, forgetting hCclose when using openFile manually, and confusing
FilePath with IO FilePath or with raw String contents

Sample Questions for Reading and Writing Files

I @ Note



This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell definitions (assume -import System.I0 where
needed) and answer the questions below.

backupCopy :: FilePath -> FilePath -> I0 ()
backupCopy src dst = do

text <- readFile src

writeFile dst text

appendFrom :: FilePath -> FilePath -> I0 ()
appendFrom extraPath targetPath = do

more <- readFile extraPath

appendFile targetPath more

firstLineLen :: FilePath -> IO Int
firstLineLen path =
withFile path ReadMode $ \handle -> do
line <- hGetLine handle
putStrLn line
pure (length 1line)

Questions:

1.In backupCopy , What is the type of the partially applied function
writeFile dst?

2. What is the type of the third argument to withFile in firstLineLen?

3.If targetPath already contains "Hello\n", what happens to its contents
when appendFrom extraPath targetPath completes successfully?

4.In appendFrom, does appendFile targetPath more run only after the
entire string from readFile extraPath has been evaluated? Explain
briefly in terms of demand.

5. Refactor firstLineLen to take a second argument outPath :: FilePath
and replace putStrLn line with something that would write the line to
the file specified by outPath . Explain your choice of withFile,
writeFile, Or appendFile.



References for Reading and Writing Files

1. Haskell 2010 Language Report. 87 Basic Input/Output
2. Real World Haskell. Chapter 7: 1/0

3. Learn You a Haskell. Input and Output

4. Hackage. system.10 (handles, 10Mode, withFile)

Handling command line arguments

Working with environment variables

Logging and debugging tools

Exceptions and error handling (Either, Maybe,
Exception, MonadError)

Concurrency (forklO, STM, MVar, TVar, Async)

The State and Reader

The candidate must understand the state and Reader monads as pure
encodings of common effect-shaped patterns (threaded state, implicit read-
only environment with temporary modifications via local), and be able to
read and write small programs that use their standard operations and runners.


https://www.haskell.org/onlinereport/haskell2010/haskellch7.html
https://book.realworldhaskell.org/read/io.html
https://learnyouahaskell.github.io/input-and-output.html
https://hackage.haskell.org/package/base/docs/System-IO.html

The following topics are out of scope for this syllabus item at the beginner level:

Writer and writerT (and the Monadwriter class). Unlike lazy versus
strict state, thisis not a subtle trade-off: the default lazy writer is
defined as m (a, w) and leaks space, so it is not suitable for robust code.
We use State instead, which covers the same accumulate-output
pattern.

StateT, ReaderT, RWST, and monad-transformer stacks (including mt1
constraint-style type inference puzzles)

MonadState and MonadReader type classes beyond a brief awareness that
they generalize the same operations when code is refactored into larger
stacks

Formal monad laws beyond informal intuition (for example, that local
limits a change to a sub-computation)

Performance or strictness trade-offs ( Control.Monad.State.Strict vs
lazy State variants)

Specifically, the candidate should be able to

explain that a Reader r a computation represents “a value of type a that
may depend on a fixed environment r ", and that runReader supplies
that environment once to obtain the a (read-only context — possibly with
temporary modifications via local; no durable mutation of r through
the monad API)

use ask and asks to read the whole environment or a projection of it,
and recognize local asrunning a sub-computation with a temporarily
modified environment (still no global mutation of the original r after the
sub-computation finishes)

explain that a state s a computation represents a pure function s ->
(a, s) :itreads the current state and may replace it with a new state
while also producing an a

use get, put,and modify to read, overwrite, or update the threaded
state in do notation

interpret runState, execState, and evalState as “runfrom an initial
state and return (a, finalState) ”, “return only the final state”, and
“return only the a”, respectively — and predict the final state for small
concrete programs



e distinguish when Reader is appropriate (shared read-only configuration)
versus State (threaded value that changes along the computation),
versus actual 10 or sT side effects

e infer the types of simple Reader / State expressions, including variables
bound with <- in do, and the types of runReader and runState
applications given concrete r, s,and a

e recognize that these two monads do not perform real-world I/O or heap
mutation by themselves; they are reusable patterns that may later appear
under I0 (for example ReaderT for application configuration) — without
turning this section into a ReaderT IO tutorial

Sample Questions for the State and Reader

@ Note

This sample combines some of the skills above, together with some
knowledge of other topics.

Consider the following Haskell definitions and answer the questions below.



import Control.Monad.Reader
import Control.Monad.State

scaled :: Reader Double Double

scaled = ask >>= \x —-> pure (x * 0.25)
scoped :: Reader Int Int
scoped = do
x <- ask
y <= local (+ 10) $ do
asks (x 2)

return (x + vy)

counter :: State Int Char
counter = do
modify (+ 3)
modify (x 2)
n <- get
pure (if n > 9 then 'y' else 'n')

data Object = Object [(String, Object)]

objectAllFieldsR :: Object -> Reader String [String]
objectAllFieldsR (Object fields) = concat <$> mapM collectField
fields
where
collectField (fieldName, subobject) = do
prefix <- ask
subfields <- local (++ ("." ++ fieldName)) $
objectAllFieldsR subobject
return ((prefix ++ "." ++ fieldName) : subfields)

objectAllFieldsS :: Object -> State String [String]
objectAllFieldsS (Object fields) = concat <$> mapM collectField
fields
where
collectField (fieldName, subobject) = do
oldPrefix <- get
let newPrefix = oldPrefix ++ "." ++ fieldName
put newPrefix
subfields <- objectAllFieldsS subobject
put oldPrefix
return (newPrefix : subfields)

sampleObject :: Object
sampleObject = Object
[ ("name", Object [])



("size", Object [ ("w", Object []), ("h", Object []) 1)
]

Questions:

1. What is the inferred type of x in the definition of scaled?

2. What is the value of runReader scaled 12.07

3. What is the value of runReader scoped 5 ? Briefly explain how local
affects the environment seen by asks (x 2) .

4. What does runState counter 1 return? Using that result, give execState
counter 1 and evalState counter 1 without re-deriving them.

5. What is the inferred type of n in the definition of counter ?

6. Do scaled or counter perform IO or mutate objects on the heap when
used? Explain briefly.

7. What is the value of runReader (objectAllFieldsR sampleObject)
"root" ?

8. Does evalState (objectAllFieldsS sampleObject) "root" produce the
same list? In general, does runReader (objectAllFieldsR obj) s always
equal evalState (objectAllFieldsS obj) s forall obj and s?

9.1n objectAllFieldsS, what goes wrong if the final put oldPrefix is
removed? Does objectAllFieldsR have an equivalent failure mode, and
which implementation is preferable? Why?

References for the State and Reader

1. Learn You a Haskell. For a Few Monads More

2. Well-Typed (Haskell Consultants). Part 6: Monads (including “Generalising
from Counter to State” and “Other monads”)

3. School of Haskell (Bartosz Milewski). 11. State Monad

4. School of Haskell (Garrett Mitchener). Monads


https://learnyouahaskell.github.io/for-a-few-monads-more.html
https://teaching.well-typed.com/intro/monads.html
https://www.schoolofhaskell.com/user/bartosz/basics-of-haskell/12-State-Monad
https://www.schoolofhaskell.com/user/garrett.mitchener/Monads

Transformers

ST



About Intermediate Level



Tooling & Ecosystem

GHC (Glasgow Haskell Compiler)

Cabal (build tools)

GHCi (REPL)

Hoogle (documentation search)

Haddock (documentation generator)

HLint (linter)

Profiling and benchmarking (criterion, weigh)

Testing: QuickCheck, Hspec, Tasty



Dependency Management & Project
Structure

Project scaffolding
Hackage and Stackage
Pinning dependencies

Package version bounds and PVP



Real-World Development

Core Patterns

e MTL (Monad Transformer Library)
e ReaderT pattern (ReaderT r 10)

Web Development

e WAI and Warp (web server stack)
e Aeson (JSON parsing/encoding)

Databases

e postgresql-simple



Advanced Concepts
Category theory basics

Fixpoints and recursion schemes
Final tagless style

Type-safe domain modeling

Data encoding/decoding strategies

Lenses and optics (e.g. lens library)



Testing & Quality
Property-based testing (QuickCheck)
Unit testing (Hspec, Tasty)
Integration tests

Mocking and dependency injection using monads

Test coverage tools



Deployment & DevOps

Building executables and libraries

Deploying Haskell applications

CI/CD integration (GitHub Actions, GitLab, etc.)
Performance tuning

Memory profiling



Soft Skills & Extras

Reading GHC error messages

Navigating and contributing to open-source
Haskell projects

Reading academic papers on functional
programming

Participating in the Haskell community
(Discourse, Reddit, Matrix, GitHub)

Writing maintainable, idiomatic Haskell



Contributors

Here is a list of the contributors who have helped in some way to form this
syllabus (listed alphabetically):

e Alexandre Garcia de Oliveira @romefeller
e Andres Loh @kosmikus

e Brian McKenna @puffnfresh

e Doug Beardsley @mightybyte

¢ Jose Calderon @jmct

¢ Nikolai Kudasov @fizruk

e Tobi Oloke @tobz619

e Vaibhav Sagar @vaibhavsagar

If you feel you're missing from this list, feel free to add yourself in a PR.


https://github.com/romefeller
https://github.com/kosmikus
https://github.com/puffnfresh
https://github.com/mightybyte
https://github.com/jmct
https://github.com/fizruk
https://github.com/tobz619
https://github.com/vaibhavsagar
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