
[Faculty of Science
Information and Computing

Sciences]
1

Lecture 16: Final Summary
Talen en Compilers 2023-2024, period 2

Lawrence Chonavel
Department of Information and Computing Sciences, Utrecht University
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What we built

char* s = "hello";

while(putchar(*s++));

SSeq

 (SDecAsg "s"

  (EStrLit "hello there"))

 (SWhile

  (EFunCall "putchar"

   [EDeref (EPostInc (EVar "s"))])

  (SBlock []))

char* s = "hello";

while(putchar(*s++)) {

};

Result {

  ret_val = 0;

  stdout = "hello\0";

}

.LC0:

.string "hello"
main:
pushq %rbx
movl $.LC0, %ebx
.L2:
movq stdout(%rip), %rsi
movsbl (%rbx), %edi
addq $1, %rbx
call putc
testl %eax, %eax
jne .L2
popq %rbx
ret

Parser Printer

Evaluator

Validator

Code
generator
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Lecture 2: BNF, Theory
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Lecture 3: Parser Combinators ( )

Parser01 Apr

Date

 { day = 1

 , month = April

 }

type Parser a = String -> [(a,String)]

<$> :: (a -> b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth



[Faculty of Science
Information and Computing

Sciences]
5

Lecture 3: Parser Combinators ( )

Parser01 Apr

Date

 { day = 1

 , month = April

 }

type Parser a = String -> [(a,String)]

<$> :: (a -> b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth



[Faculty of Science
Information and Computing

Sciences]
5

Lecture 3: Parser Combinators ( )

Parser01 Apr

Date

 { day = 1

 , month = April

 }

type Parser a = String -> [(a,String)]

<$> :: (a -> b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth



[Faculty of Science
Information and Computing

Sciences]
5

Lecture 3: Parser Combinators ( )

Parser01 Apr

Date

 { day = 1

 , month = April

 }

type Parser a = String -> [(a,String)]

<$> :: (a -> b) -> Parser a -> Parser b
<*> :: Parser (a -> b) -> Parser a -> Parser b

parseDate6 :: Parser Date
parseDate6 = Date <$> parseDay <*> parseMonth



[Faculty of Science
Information and Computing

Sciences]
6

Lecture 4: Parser Combinators ( )

<$ :: a -> Parser b -> Parser a
<* :: Parser a -> Parser b -> Parser a
<|> :: Parser a -> Parser a -> Parser a

type Parser' tok a = [tok] -> [(a,[tok])]
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Lecture 5: Parser Combinators ( )

chainl :: Parser a → Parser (a→a→a) → Parser a
chainr :: Parser a → Parser (a→a→a) → Parser a

gen :: [(Char, a→a→a)] → Parser a → Parser a

e1,e3 :: Parser Exp
e1 = foldr gen e3
[ [('+', Plus), ('-', Minus)]
, [('*', Times)]
]

e3 = parenthesised e1
<|> Nat <$> natural
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Lecture 6: RegExp

<|> :: R → R → R
<+> :: R → R → R
many :: R → R
many1 :: R → R
option :: R → R
symbol :: Char → R
satisfy :: (Char → Bool) → R

r₁|r₂
r₁r₂
r*
r+
r?
c
\d \s \S [a-z] ...

{}|{-?\d+(\.\d+)?}
|{(-?\d+(\.\d+)?,)+-?\d+(\.\d+)?}

Ubiquity
code eclipse sublime idea xcode notepad++ emacs vim vi
ed grep awk sed find perl python javascript lua …
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Lecture 7: RegExp implementation via FSMs

step :: Event -> Memory -> Memory

step       _ = State {color=W,on=True}

step       _ = State {color=Y,on=True}

step       s = s {on = not (on s)}

/ /

color :: YellowOrWhite

on :: Bool

genOut :: Memory -> Output

genOut (State {color=_,on=False}) =

genOut (State {color=W,on=True}) =

genOut (State {color=Y,on=True}) =

/ /



[Faculty of Science
Information and Computing

Sciences]
9

Lecture 7: RegExp implementation via FSMs

a a a
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Lecture 7: RegExp implementation via FSMs

ε

ε
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Lecture 7: RegExp implementation via FSMs

n2d :: NFAε sy st → DFA sy (Set st)
n2d (NFAε step εsteps genOut s0) = Moore
{ s0 = reachable εsteps (s0 nfa)
, step = \sy → Set.unions . Set.map

(reachable εsteps . step nfa sy)
, genOut = any genOut }
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Lecture 8: fold
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Lecture 9: fold, for evaluation
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Lecture 10: code generation, SSM
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Lecture 12: checks

Compiler

char* s = "hello";

while (

  putchar(*s++)

 );

.LC0:

.string "hello"
main:
pushq %rbx
movl $.LC0, %ebx
.L2:
movq stdout(%rip), %rsi
movsbl (%rbx), %edi
addq $1, %rbx
call putc
testl %eax, %eax
jne .L2
popq %rbx
ret

�

🪲🪲

🪲
🪲

🪲

Console

> ./a.out
hello
>

🤔🤔☹☹
☹☹☹☹
☹☹☹☹
☹☹🤬🤬

📨

🤖
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Lecture 12: checks

char* s = "hello";

while(putchar(*s++));

Parser

SSeq

 (SDecAsg "s"

  (EStrLit "hello there"))

 (SWhile

  (EFunCall "putchar"

   [EDeref (EPostInc

(EVar "s"))])

  (SBlock []))

.LC0:

.string "hello"
main:
pushq %rbx
movl $.LC0, %ebx
.L2:
movq stdout(%rip), %rsi
movsbl (%rbx), %edi
addq $1, %rbx
call putc
testl %eax, %eax
jne .L2
popq %rbx
ret

Code
generator

HLint

ormol
u

...
scope-checkertype-checker

borrow-checker...

tests

SAST

...

termination-checker

bugpr
ove

size-limit
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Parser
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scope-checkertype-checker
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Lecture 13: poking the limits of RegExp/BNF
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Lecture 14: nanopass

GHC x8698
-XTypeFamilies

-XTemplateHaskell
-XRebindableSyntax

-XGADTs
-XUndecidableInstances

98

98

-XGeneralisedNewtypeDeriving

armv7hf

x86_64
where is

"putStrLn"
defined?

System.IO
(282,00)
-(283,38)

LSP
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Lecture 14: nanopass

Pass 3 Pass 4 Pass 5 Pass 6 Pass nPass 1 Pass 2 ...

data Exp1

  = ...

data Exp2

  = ...

data Exp3

  = ...

data Exp4

  = ...

data Exp5

  = ...

data Exp6

  = ...

data ExpN-1

  = ...
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Lecture 14: nanopass

Pass 3 Pass 4 Pass 5 Pass 6 Pass nPass 1 Pass 2 ...

data Exp1

  = ...

data Exp2

  = ...

data Exp3

  = ...

data Exp4

  = ...

data Exp5

  = ...

data Exp6

  = ...

data ExpN-1

  = ...

Pass 3 Pass 4 Pass 5
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Lecture 15: optimization

Risky!
▶ When is it safe?
▶ When does it improve the code?
▶ When does it degrade the code?
▶ Usually need analysis
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Rest of
Compiler

Par
sin

g



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g
Parse

r

Combi
nator

s



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g
Parse

r

Combi
nator

s

Parser
Generators



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g
Parse

r

Combi
nator

s

Parser
Generators

BNF



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g
Parse

r

Combi
nator

s

Parser
Generators

BNF
Normal forms



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA

nfa2dfa



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

Theory RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA

nfa2dfa



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

Theory RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA

nfa2dfa

Folds



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

Theory RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA

nfa2dfa

Folds

Evaluation



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

Theory RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA

nfa2dfa

Folds

Evaluation

Check
s



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

Theory RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA

nfa2dfa

Folds

Evaluation

Check
s Optimisation



[Faculty of Science
Information and Computing

Sciences]
17

Revision Guide

Rest of
Compiler

Par
sin

g

Theory RegExp

Parse
r

Combi
nator

s

Parser
Generators

BNF
Normal forms

NFA

DFA

nfa2dfa

Folds

Evaluation

Check
s Optimisation

Nanopass



[Faculty of Science
Information and Computing

Sciences]
18

Requests, Q&A
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The End?
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Not the end!

▶ mcpd Concepts of programming language design
more on checking (semantics, meta-theory, rule notation)
more on evaluation (interpreter design)
more on nanopass (more lowering)
language design

▶ dsl Domain Specific Languages
more about parsing (how to avoid it)
language design

▶ afp Advanced Functional Programmming
more about haskell programming

▶ b3stv Software Testing & Verification
more about checking

All of the above: UU Software Technology MSc track

https://ics.uu.nl/docs/vakken/mcpd etc.

https://ics.uu.nl/docs/vakken/mcpd
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Now the end.

▶ Exam
Next Thursday
13.30 - 16.30
OLYMPOS - HAL3

▶ Feedback wanted

only 5 questions

https://caracal.uu.nl
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