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Automatisering beperkt wachttijd rijexamen

Ondernemingsraden in banksector willen

Automatisering landbouw automatisering onder controle krijgen
teveel zaak van koplopers

Automatisering mislukt bij helft bedrijven

GROTE BEHOEFTE AAN PERSONEEL AUTOMATISERING

De PC, een algemeen gebruikt, maar toch ingewikkeld gereedschap

Artsen bekijken nut computer

Mensen z1jn geen verlengstuk van de computer

Kosten automatisering overheid stijgen snel Vrouw en computer
Automatilisering politie 1s verkapte bezuliniging

WERKNEMERS ONVOLDOENDE BlJ AUTOMATISERING BETROKKEN

Source: http://kranten.kb.nl 1("U Delft
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Software systems are the engines
of modern information society
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> Zorgverzekeringswet
> Sociale verzekeringen
> Jongeren
> Basisregistratie Inkomen
> Bijzondere situaties
> Auto en vervoer
> Woning
> Relatie, familie en gezondheid
> Internationaal
> Douane

> Vermogen en aanmerkelijk belang

> Nieuws

> Belangrijke data

> Programma's en formulieren
> Brochures en publicaties

> Rekenhulpen

> Veelgestelde vragen

> Begrippen

U gaat met het openbaar vervoer naar uw werk

Bent u in loondienst? En reist u met het openbaar vervoer tussen uw woning
en uw werk? Dan mag u onder voorwaarden een vast bedrag aftrekken van
uw inkomen.

> Lees verder over...

U gaat met eigen vervoer naar uw werk

Bent u in loondienst? En gaat u met eigen vervoer naar uw werk,
bijvoorbeeld met de auto of de fiets? Dan hebt u geen recht op reisaftrek. Uw
werkgever mag u wel een bedrag per kilometer vergoeden.

> Lees verder over...

U gaat met een auto van uw werkgever naar uw werk

Bent u in loondienst? En rijdt u in een auto van uw werkgever? Dan geldt de
'regeling privégebruik auto van de werkgever'.

> Lees verder over...

U rijdt in een auto van uw eigen bedrijf

Werkt u als zelfstandige? En rijdt u in een auto van uw eigen bedrijf? Dan
mag u de gemaakte kosten voor het zakelijke gebruik voor uw auto
misschien aftrekken.

> Lees verder over...
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Software systems are for people
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Dear MDSD Students,

A happy and productive 2014!

The introduction to the course IN4308 (Model-Driven Software Development) is a bit unusual
this year. On Friday, January 17 at 15:00 I give my inaugural speech as Full Professor
(hoogleraar) at TU Delft. This speech will serve as the introduction to the course.

1 also highly recommend you to attend the preceding Symposium on The Future of
Programming on Thu, Jan 16 and Fri, Jan 17 (morning). There are still a few seats left.
Registration is free, but required to attend. See http://eelcovisser.org/wiki/future-
of-programming for more information.
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Software should ‘just work’
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Software is encoded computational thinking

software

LBBl_ 2:

LBB1_3:

pushg %rbp

movqg %rsp, %rbp
subg $16, %rsp

movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl $1, %eax

jg LBBl 2

movl $1, -12(%rbp)
jmp LBB1_3

movl -4(%rbp), %eax
subl $2, %eax

movl %eax, %edi
callg _fib

movl %eax, %$ecx
movl -4 (%rbp), %edx
subl $1, %edx

movl %ecx, -16(%rbp)
movl %edx, %edi
callg _fib

movl %eax, %$ecx
movl -16(%rbp), %edx
addl %ecx, %edx
movl %edx, -12(%rbp)

movl -12(%rbp), %eax
movl %eax, -8(%rbp)

movl -8(%rbp), %eax

addg $16, %rsp

popq %rbp

ret

%
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Software engineers are the architects and mechanics
of modern information society

pushg %rbp
movqg %rsp, %rbp
subg $16, %rsp
movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl $1, %eax
jg LBBl 2
movl $1, -12(%rbp)
jmp LBB1_3

LBBl 2:

S O W a re movl -4(%rbp), %eax

subl $2, %eax
movl %eax, %edi
callg _fib
movl %eax, %$ecx
movl -4 (%rbp), %edx
subl $1, %edx
movl %ecx, -16(%rbp)
movl %edx, %edi
callg _fib
movl %eax, %$ecx
movl -16(%rbp), %edx
addl %ecx, %edx
movl %edx, -12(%rbp)

LBBl 3:
movl -12(%rbp), %eax
movl %eax, -8(%rbp)

movl
addqg
popq
ret

-8(%rbp), %eax
$16, %rsp
$rbp

computer

user

OO O OO

software
engineer

%
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Software engineering provides the tools that let
software engineers do a good job

—

software

|
|

A o
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K j 0
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H
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computer
: user

’
callg _fib

’
callg _fib

design pa
pbest pract

terns

CES

coding standards
code reviews

palr programming
(unit) testing

‘= g software
. engineer

debugging
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Programming languages are the key tools
IN the encoding process

software

LBB1_2:

LBB1_3:

pushg $rbp
movg %rsp, $rbp
subg $16, %rsp
movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl $1, %eax

jg LBB1_2

movl $1, -12(3rbp)
jmp  LBB1_3

movl -4(%rbp), %eax
subl $2, %eax

movl %eax, %edi
callg _fib

movl %$eax, %ecx
movl -4(%rbp), %edx
subl $1, %edx

movl %ecx, -16(%rbp)
movl %edx, %edi
callg _fib

movl %$eax, %ecx
movl -16(%rbp), %edx
addl secx, %edx
movl %edx, -12(%rbp)

movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax
addg $16, %rsp

popq %rbp

ret

programming
language

user

computer

LBB1_2:

LBB1_3:

$rbp
3rsp, *rbp
$16, %rsp

%edi, -4(%rbp)
-4(%rbp), %eax
$1, seax
LBB1_2

$1, -12(%rbp)
LBB1_3

-4(3rbp), %eax

$2, seax
seax, %edi
_fib

%eax, fecx
-4(3rbp), %edx
$1, sedx

secx, -16(%rbp)
%edx, %edi
_fib

%eax, fecx
-16(%rbp), sedx
secx, %edx
sedx, -12(%rbp)

-12(%rbp), %eax
%eax, -8(%rbp)
-8(3rbp), %eax
$16, ersp

$rbp

TU Delft



Programming languages are software systems too

computer
user

Y g comp ler
= e N ter p reter
type checker
editor (IDE
refactorings
naers

jg LBB1_2
movl $1, -12(3rbp)
jmp  LBB1_3

LBB1_2:
movl -4(%rbp), %eax

subl §$2, %eax

movl %eax, %edi

callq _fib

movl %eax, %ecx
movl -4(%rbp), %edx
subl $1, %edx
movl %ecx, -16(%rbp)
movl %edx, %tedi
callq _fib
movl %eax, %ecx
movl -16(%rbp), %edx
addl secx, %edx
movl %edx, -12(%rbp)

LBB1_3:

movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax
addg $16, %rsp
popq %rbp
ret

pushg %rbp

movqg %rsp, %rbp

subg $16, %rsp

movl %edi, -4(%rbp)

movl -4(%rbp), %eax

cmpl $1, %eax

jg LBB1_2

movl $1, -12(%rbp)

jmp LBB1_3
LBB1_2:

movl -4(%rbp), %eax

subl $2, %eax

]
movl %eax, %edi
callqg _fib
movl %eax, %ecx
movl -4(%rbp), %edx

subl $1, %edx
movl %ecx, -16(%rbp)

movl %edx, %edi
callqg _fib
movl %eax, %ecx
movl -16(%rbp), %edx
addl %ecx, %edx
movl %edx, -12(%rbp)
LBB1_3:
movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax
addg $16, %rsp
popq %rbp
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Programming languages should ‘just work’

computer
user

fib:
pushq $rbp
movq %rsp, %rbp
subq $16, %rsp
movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl  $1, %eax
jg LBB1_2
movl $1, -12(%rbp)
jmp  LBB1_3
LBBl_2:

movl -4(%rbp), %eax

subl $2, %eax

movl %eax, $edi

callg _fib

movl %eax, %ecx
movl -4(%rbp), %edx
subl $1, %edx
movl %ecx, -16(%rbp)
movl %edx, $edi
callq _fib
movl %$eax, %ecx
movl -16(%rbp), %edx
addl secx, %edx
movl %edx, -12(%rbp)

lZf safe

D A cheap (free!

engineer g responsive
T [ scale

LBB1_3:
movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax
addq $16, %rsp
popq %rbp
ret

(2]

fib:
pushg %rbp
movqg %rsp, %rbp
subg $16, %rsp
movl %edi, -4(%rbp)
movl -4(%rbp), %teax
cmpl  $1, %eax
jg LBB1_2
movl $1, -12(%rbp)
jmp  LBB1_3
LBB1_2:

movl -4(%rbp), %eax
subl $2, %eax

]
movl %eax, %edi
callqg _fib
movl %eax, %ecx
movl -4(%rbp), %edx

subl $1, %edx
movl %ecx, -16(%rbp)

movl %edx, %edi
callqg _fib
movl %eax, %ecx
movl -16(%rbp), %edx
addl secx, %edx
movl %edx, -12(%rbp)
LBBl_3:
movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax
addg $16, %rsp
popq  %rbp
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Language designers create programming languages

software

LBB1_2:

LBB1_3:

pushg $rbp
movg %rsp, $rbp
subg $16, %rsp
movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl $1, %eax

ig LBB1_2

movl $1, -12(3rbp)
jmp  LBB1_3

movl -4(%rbp), %eax
subl $2, %eax

movl %eax, %edi
callg _fib

movl %$eax, %ecx
movl -4(%rbp), %edx
subl $1, %edx

movl %ecx, -16(%rbp)
movl %edx, %edi
callg _fib

movl %$eax, %ecx
movl -16(%rbp), %edx
addl secx, %edx
movl %edx, -12(%rbp)

movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax
addg $16, %rsp

popq %rbp

ret

programming
language

user

computer

LBB1_2:

LBB1_3:

$rbp

$rsp, %$rbp
$16, %rsp
%edi, -4(%rbp)

-4(%rbp), %eax
$1, %eax
LBB1_2

$1, -12(%rbp)

LBB1_3

-4(%rbp), %eax

$2, %eax
%eax, %edi
_fib

%eax, %ecx
-4(%rbp), %edx

$1, %edx

%ecx, -16(%rbp)
%edx, %edi
_fib

%eax, %ecx
-16(%rbp), %edx
%ecx, %edx
%edx, -12(%rbp)

-12(%rbp), %eax
%eax, -8(%rbp)
-8(%rbp), %eax
$16, %rsp

$rbp

language
designer

TU Delft



Language engineering provides the tools that let

language designers do a good job

software

LBB1_2:

LBB1_3:

pushg $rbp
movg %rsp, $rbp
subg $16, %rsp
movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl $1, %eax

ig LBB1_2

movl $1, -12(3rbp)
jmp  LBB1_3

movl -4(%rbp), %eax
subl $2, %eax

movl %eax, %edi
callg _fib

movl %$eax, %ecx
movl -4(%rbp), %edx
subl $1, %edx

movl %ecx, -16(%rbp)
movl %edx, %edi
callg _fib

movl %$eax, %ecx
movl -16(%rbp), %edx
addl secx, %edx
movl %edx, -12(%rbp)

movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax
addg $16, %rsp

popq %rbp

ret

programming
language

user

computer

LBB1_2:

LBB1_3:

$rbp

$rsp, %$rbp
$16, %rsp
%edi, -4(%rbp)

-4(%rbp), %eax
$1, %eax
LBB1_2

$1, -12(%rbp)

LBB1_3

-4(%rbp), %eax

$2, %eax
%eax, %edi
_fib

%eax, %ecx
-4(%rbp), %edx

$1, %edx

%ecx, -16(%rbp)
%edx, %edi
_fib

%eax, %ecx
-16(%rbp), %edx
%ecx, %edx
%edx, -12(%rbp)

-12(%rbp), %eax
%eax, -8(%rbp)
-8(%rbp), %eax
$16, %rsp

$rbp

language
designer

TU Delft



Meta-languages support the encoding of language designs

software

—J software
—= engineer

programming
language

meta-
language

language
designer

language

: engineer

%
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Language engineers eat their own dogfood

software

programming
language

—J software
—= engineer

language

designer

movg trsp, rbp

meta-
language

language
: engineer

%
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Software is encoded computational thinking

pushg %rbp

movqg $rsp, %rbp
subg $16, %rsp

movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl $1, %eax

jg LBBl_2

movl $1, -12(%rbp)
jmp  LBB1_ 3

movl -4(%rbp), %eax
subl $2, %eax

movl %eax, %edi
callg _fib

movl %eax, %ecx
movl -4 (%rbp), %edx
subl $1, %edx

movl %ecx, -16(%rbp)
movl %edx, %edi
callg _fib

movl %eax, %ecx

movl -16(%rbp), %edx
addl %ecx, %edx

movl %edx, -12(%rbp)

movl -12(%rbp), %eax
movl %eax, -8(%rbp)

movl -8(%rbp), %eax

addg $16, S$rsp

popg %rbp

ret




pushg %rbp

movqg 3%rsp,

subg $16, %rsp

movl %edi, -4(%rbp)
movl -4(%rbp), %eax
cmpl $1, %eax

jg LBBl_2

movl $1, -12(%rbp)
jmp  LBB1_ 3

movl -4(%rbp), %eax
subl $2, %eax

movl %eax, %edi
callg _fib

movl %eax, %ecx
movl -4 (%rbp), %edx
subl $1, %edx

movl %ecx, -16(%rbp)
movl %edx, %edi
callg _fib

movl %eax, %ecx

movl -16(%rbp), %edx
addl %ecx, %edx

movl %edx, -12(%rbp)

movl -12(%rbp), %eax
movl %eax, -8(%rbp)
movl -8(%rbp), %eax

addg $16, S$rsp

popg %rbp
ret

madei.i;&\g mechanical aompuh&om

Alan Turing
1912 - 1964
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Machine

Church=Turing
Thesis: Any effective
computation can be
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Turing Machine

SCALe

Alan Turing
1936




Turing

Machine
Add two
bEMQT:j Alan Turing
numbers 1936
L8 zero?
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Thesis: Any effective
computation can be
QXPT'Q.SSQd with a
Turing Machine

one




Universal
Turing
Machine YD VRS 5

Universal Program
| (Turing Machine
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1

'

2=1+1

3=1+2

5=2+3

8=3+5

13=5+28

21 =8+ 13

34 =13 + 21

Example: a procedure for computing Fibonacci numbers




1

'

2=1+1

3=1+2

5=2+3

8=3+5

13=5+28

21 =8+ 13

34 =13 + 21




pushqg 3rbp
movq %rsp, 3rbp
subg $16, %rsp

iIf n less or equal to 1 result is 1

$1, -12(%rbp)
LBB1 3

movl -4(%rbp), %eax
subl $2, %eax
compute (n-2)-nd fibonacci number movl %eax, %edi
callg fib
movl 3eax, 3ecx
movl -4(%rbp), %edx
subl $1, %edx
movl %ecx, -16(%rbp)
movl %edx, %edi
callg fib : :
mov.l ;oeax 3ecx by Ca”mg b 183=5+8
-16(3rbp), %edx

add the results %ecx, %edx
Tedx, -12(%rbp)

2=1+1

by calling _fib 3=1+2

5=2+3
compute (n-1)-th fibonacci number 8=3+5
21 =8+ 13

34 =13 + 21

-12(%3rbp), %eax
Teax, -8(%rbp)
-8(%rbp), %eax
$16, %rsp

Srbp

return to caller




pass argument in

The Procedure
Design Pattern

procedure has
label _fib

pushqg 3rbp
movq %rsp, 3rbp
subg $16, %$rsp

movl %edi, -4(%rbp)

movl -4(%rbp), %eax
cmpl S$1, %eax
jg ILBB1 2
movl S$1, -12(%rbp)
jmp  LBB1 3

ILBB1 2:
movl -4(%rbp), %eax
subl $2, %eax

movl %eax, %edi

%edi register

procedure entry

set up stack frame

get argument(s)

callg fib

movl %eax, %ecx
movl -4(%rbp), %edx
subl $1, %edx

movl %ecx, -16(%rbp)

mov]l %edx, %edi

pass return value
In Y%oeax register

pass argument(s)
call procedure

get return value

callg fib

movl %eax, %ecx

movl -16(3%rbp), %edx

addl %ecx, %edx

movl %edx, -12(%rbp)
LBB1 3:

movl

movl

-12(%3rbp), %eax
Teax, -8(%rbp)

movl -8(%rbp), %eax

pass argument(s)
call procedure

get return value

addg $16, %rsp

use 16 bytes for

stack frame popg 3rbp

return value
unwind stack

return to caller

procedure
definition

procedure call

procedure call




design patterns

best practices
coding standards
code reviews

pair programming
(unit) testing

bug finders

program annotations
debugging

pushqg 3rbp

movdq
subqg

3rsp, %rbp
$16, %rsp

movl
movl
cmpl
Jg
movl
jmp
LBB1 2:
movl
subl

edi, -4(%rbp)
-4 (%3rbp), %eax
S1, %eax
LBB1 2

S1, -12(%rbp)
LBB1 3

-4 (%3rbp), %eax
S2, %eax

movl %eax, %edi

procedure entry

set up stack frame

get argument(s)

callg fib

movl
movl

subl
movl

%eax, %ecx

-4 (%rbp), %edx
S1, %edx

Tecx, -16(%rbp)

mov]l %edx, %edi

pass argument(s)
call procedure

get return value

callg fib

movl

%eax, %ecx
-16(3rbp), %edx
gecx, %edx
Tedx, -12(%rbp)

-12(%3rbp), %eax
Teax, -8(%rbp)

movl -8(%rbp), %eax

pass argument(s)
call procedure

get return value

addqg
popgq

$16, %rsp
Srbp

return value
unwind stack

return to caller

procedure
definition

procedure call

procedure call




Procedural Abstraction

int fib(int n) {

1f(n <= 1)
return 1;
else

return fib(n - 2) + fib(n - 1);

The C Programming Language - Kernighan & Ritchie (1988)

A declarative language for specifying procedures

o]
TU Delft



Procedural Abstraction

procedure an.cfﬁbclml: ) 1
definition 1f(n <= 1
return 1;
else
return fib(n - 2) + fib(n - 1);
}

procedure
call

Procedure design pattern captured in linguistic abstraction

%
TU Delft



Procedural Abstraction

compute n-th

filbonacci number/\

1f(n <= 1)
return 1;
else

¥

int fib(int n) {

return fib(n - 2) + fib(n - 1);

compute (n-2)-th
filbonacci number

return to caller

Self explanatory code!

!

add results

!

compute (n-1)-th
filbonacci number

- n-th fibonacci

0 1

1 1

2 2=1+1
3 3=1+2
4 5=2+3
5 8=3+5
6 13=5+8

/ 21 =8+ 13

3 34 =13 + 21

e
TU Delft



Procedural Abstraction

Should return int not string

int fib(int n)/{

if(n <= 1) There is no procedure fob’
return “17;
else

return fib(n, 2) + fob(n - 1);

]

Expecting 1 argument, not 2

Automatic consistency checks!

]
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Procedural Abstraction

int fib(int n) {
1f(n <= 1)
return 1;

else
return fib(n - 2) + fib(n - 1);

Automatic generation of correct code!

fib:

pushqg
movq
subg
movl
movl
cmpl
J9g
movl
Jmp

LBBl 2:
movl
subl
movl
callqg
movl
movl
subl
movl
movl
callqg
movl
movl
addl
movl

LBBl 3:
movl
movl
movl
addqg
popq
ret

srbp

¥rsp, %rbp
$16, %rsp
$edi, -4(%rbp)
-4 (%rbp), %eax
S1, %eax
LBB1 2

$1, -12(%rbp)
LBBl 3

-4 (%rbp), %eax
S2, %eax

%eax, %edi
_fib

Zeax, %ecx

-4 (%rbp), %edx
S1, %edx

3ecx, -16(%rbp)
2edx, %edi
_fib

Zeax, %ecx
-16(%rbp), %edx
gecx, %edx
%edx, -12(%rbp)

-12(%rbp), %eax
%eax, -8(%rbp)

-8(%rbp), %eax

$16, %rsp

3rbp

]
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Procedural Abstraction

Is this a correct implementation of Fibonacci?

design patterns

best practices int fib(int n) {
coding standards if(n <= 1)

code reviews return 1
pair programming ol <o ’

(unit) testing
bug finders
program annotations $
debugging

return fib(n - 2) + fib(n - 1);

Yes, but it is not a very responsive implementation of Fibonacci; its complexity is O(2/n)

Reasoning about behaviour!

%
TU Delft



Problem Solution
Domain Domain

]
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Problem Intermediate Solution
Domain Language Domain

linguistic abstraction
noun

I. aprogramming language construct that captures a programming

design pattern

o the linguistic abstraction saved a lot of programming effort

o he introduced a linguistic abstraction for page navigation in web programming

2. the process of introducing linguistic abstractions

o linguistic abstraction for name binding removed the algorithmic encoding of name resolution

]
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Procedural abstraction
Structured control-flow
Automatic memory management

Data abstraction

Modules

and many more

o]
TU Delft



Church-Turing Thesis++: Any
effective computation can be
expressed with a C program

]
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“A programming language is low level when its programs
require attention to the irrelevant”. -- Alan Perlis, 1982




And There Will Be Variety ...

Arm Cortex Ag

j et ( )
Cores
S < —

| : : } i
N R e -h-.:n—-

Source: IEEE SP Magazine, Vol. 26, Novemger 2009,

Nvidia G200

Optimization for Register Locality and ILP

// straightforward code
for(i = 0; 1 < N; 1 +=1)
for(j = 0; j < N; j += 1)
for(k = ©; k < N; k += 1)
c[1][3] += a[i][k]*b[k][3];

Removes aliasing

Enables register allocation and
instruction scheduling
Compiler typically does not do:
« oftenillegal
* many choices

// unrolling + scalar replacement
for(i = @; 1 < N; 1 += M) {
for(j = @; j < N; J += NU) {
for(k = ©; k < N; k += KU) {

tl = A[i*N + k];
t2 = A[i*N + k + 1];
t3 = A[i*N + k + 2];
t4 = A[i*N + k + 3];
t5 = A[(i + 1)*N + k];
<more copies>

t10 = t1 * t9;

tl7 = t17 + tle;

t21 = t1 * t8;

t18 = t18 + t21;

t12 = t5 * t9; Compute
t19 = t19 + t12;

tl13 = t5 * t8;

120 = t20 + t13;

cmore ops>

C[4i*N + 1]
C[i*N + § + 1]

= tl17;
= t18;
CL(1+1)*N + 5] = 119; } store
C[(i41)*N + § + 1] = t20;

‘Current practice: Thousands of programmers re-implement and reoptimize the same
functionality for every new processor and for every new processor generation.”

Markus Puschel




as of January 25, 2011

o Elaine Chen's Professional N k . ' .
I-Inkedﬁa Mo\PS asa()nfrj]znuar\(egs‘s201rr essional Networ Linkedﬁ M“PS Adrian Land's Professional Network

@

“The enormous growth in data leads to large underlying graphs which require huge amounts of
computational power to analyze. While modern commodity computer systems provide a significant
amount of computational power measured in the tera-flops, efficient execution of graph analysis
algorithms on large datasets remains difficult on these systems [26]. ... it is often challenging

to implement a graph analysis algorithm In an efficient way.”

Sungpack Hong et al. (2012)




browser

Data Persistence

Access Control

Data Validation

server

database

Routing

Search

Data Binding

Injection Attacks

XSS

Late Failure Detection in Web Applications

Manifestation Retraceability
| Li [ Ra

Category
Data model

EEIEIENEIES
EEIENEAENES

Properties of non-existing types

HH

Invalid inverse properties

Invalid data validation

Q
~
o
Q
~
!
I
o
I
n
H
H

User interface

Invalid page elements

I
I
I

Invalid element nesting
+ + + +

ENEIEEENENES
ElEEI RSN

Invalid references to data model -
| Invalid redirect fromactions | R | R | R | - | - | - | - | - | -
v doe g | w5 [ | [wa [ wa ] [ [

Access control

s
ebrenco odmmmoa [ R [ R [ [+ [ - [+ - [ - [+

Ra = Ruby on Rails, Se = Seam, L1 = Lift

Invalid references to data model
Invalid links to pages
Invalid links to actions

Application logic

B = Browser, C = Compile, D = Deploy
NA = Not applicable, R = Runtime

Zef Hemel, Danny M. Groenewegen, Lennart C. L. Kats, Eelco Visser.
Static consistency checking of web applications with
WebDSL. Journal of Symbolic Computation, 46(2):150-182,201 1.



http://researchr.org/profile/zefhemel/publications
http://researchr.org/profile/zefhemel/publications
http://researchr.org/profile/dannymgroenewegen/publications
http://researchr.org/profile/dannymgroenewegen/publications
http://researchr.org/profile/lennartclkats/publications
http://researchr.org/profile/lennartclkats/publications
http://researchr.org/profile/eelcovisser/publications
http://researchr.org/profile/eelcovisser/publications
http://researchr.org/publication/HemelGKV11
http://researchr.org/publication/HemelGKV11
http://researchr.org/publication/HemelGKV11
http://researchr.org/publication/HemelGKV11
http://researchr.org/journal/jsc/home
http://researchr.org/journal/jsc/home

parallel programming (multi-core machines)
distributed systems (web, mobile)
data persistence / services / invariants
security / authentication / authorization / access control
embedded software (resource constraints)
big data analytics (scalability)

programming quantum computers




Solution
Domain

Problem
Domain

General-
Purpose
Language

“A programming language is low level when its programs
require attention to the irrelevant”. -- Alan Perlis, 1982




Problem Domain- General- Solution

Domain Specific Purpose Domain

Language Language

Domain-specific language (DSL)
noun

1. a programming language that provides notation, analysis,
verification, and optimization specialized to an application domain

2. result of linguistic abstraction beyond general-purpose computation

%
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Program Generation in Spiral

Transform DFTg

Algorithm (DFT5 ®14) TS (I ® (DFT3 R15)
(SPL) T3 (I; ® DFTy) L3)) L3

|

Algorithm " (8; DFT2 G;) Y (2 (S, diag(ty,;) DFT: )
(X-SPL) > (Smdiag(tm) DFT2 Gjm))

| |

void sub(double *y, double *x) {
C Program double fo, f1, f2, 3, fa, f7, f8, fle, f11;

fo = x[e] - x[3];

f1 = x[e] + x[3];

f2 = x[1] - x[2];

3 = x[1] + x[2];

fa = f1 - £3;

y[e] = f1 + f3;

y[2] = ©.7071067811865476 * f4;

7 = ©.9238795325112867 * fo;

< more lines>

Markus Puschel

l Decomposition rules (algorithm knowledge)

parallelization
vectorization

locality
optimization
code style

> code level
optimization

Lidgendssische Technische Hochschule Zirich

© Markus Ptischel, 2011

]
TU Delft



Procedure Compute_BC (

G: Graph, BC: Node_Prop<Float> (G)) {
G.BC = 0; // initialize BC
Foreach(s: G.Nodes) {

// define temporary properties
Node_Prop<Float> (G) Sigma;
Node_Prop<Float> (G) Delta;
s.Sigma = 1; // Initialize Sigma for root

// Traverse graph in BFS-order from s
InBFS (v: G.Nodes From s) (v!=s) {

// sum over BFS—-parents
v.Sigma = Sum(w: v.UpNbrs) {w.Sigma};
}
// Traverse graph 1in reverse BFS-order
INRBFS (v!=s) {
// sum over BFS—children
v.Delta = Sum (w:v.DownNbrs) {
v.Sigma / w.Sigma * (1+ w.Delta)
b
v.BC += v.Delta (@s; //accumulate BC
b}

Green-Marl: A DSL for Easy and Efficient Graph Analysis
Sungpack Hong, Hassan Chafi, Eric Sedlar, Kunle Olukotun (ASPLOS 2012)

%
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WebDSL: tier-less web programming
Separation of Concerns & Linguistic Integration

entity Status {
text . WikiText
author : Person
validate(text.length() <= 140, "Message can only be 140 characters")

h

extend entity Person {
following : Set<Person>

¥

data model with invariants (automatic data persistence)

function searchPerson(name: String, lim: Int) : List<Person> {
return select p from Person as p
where p.name like ~("%" + name + "%")
Llimit ~lim;

¥

integrated queries (prevent injection attacks)

template output(p: Person) {
navigate profile(p) { output(p.name) }
3
page profile(p: Person) {
// page body

¥

statically checked navigation

template update() {
var status := Status{ author := principal() }
form{
1nput(status.text)
submit action{} { "Share" %

h
¥

model-view pattern (no controllers)

]
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Problem Domain- General- Solution

Domain Specific Purpose Domain

Language Language

]
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Problem Domain- General- Solution

Domain Specific Purpose Domain

Language Language

Making programming languages
IS probably very expensive”

]
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Domain- General-
Specific Purpose
Language Language

Solution
Domain

Problem

Domain

Making programming languages
IS probably very expensive”

Language (:j::::: Compiler +
Design Edit IDE
‘9 Language itor ( )

%
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Domain- General-
Specific Purpose
Language Language

Solution
Domain

Problem

Domain

Meta-Linguistic Abstraction

Declarative- General-
Meta Purpose
Languages Language

Compiler +
Editor (IDE)

Language
Design

%
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Language
Design

Declarative-
Meta
Languages

Compiler +
Editor (IDE)

]
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Language Design

Syntax Name Type Dynamic c

Language Workbench

Meta-DSLs

Compiler +

Editor (IDE)

e
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Language Design

Syntax Name Type Dynamic

Spoofax Language Workbench

Stratego Transformation Language

SDF3

declarative rule-based \
language definition

Compiler +

Editor (IDE)

e
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Language Design

Syntax Name Type Dynamic

Syntax Deﬁ nition Spoofax Language Workbench

Stratego Transformation Language

Compiler +

with SDF3

Editor (IDE)

e
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Syntax: Phrase Structure of Programs

int fib(int n) {

1f(n <= 1)
return 1;
else

return fib(n - 2) + fib(n - 1);

]
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Syntax: Phrase Structure of Programs

[+ [fib]¢[n[-[2D];

o]
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Definition. Function Syntax: Phrase Structure of Programs

Statement.If

Statement.Return

Exp.Add

ID| |Param.Param Exp.Leq| |Statement.Return

IntType||l |[IntType Exp.Var|||Exp.Int Exp.Int

Exp.Int

r'eturn 17‘ else ‘retur‘n‘

int| |fib|[C[int| [np| [£]if[C|n

fib|C[n]-[1D]; [}




Function AbStraCt

Syntax
If Tree
Return
Add
Call Call
Param Leqg Return Sub Sub
IntType|| |[IntType Var Int Int Var| |Int Var| |Int




int fib(int n) {

1f(n <= 1)
return 1;
else
return fib(n - 2) + fib(n - 1);
}
Text
Function Abstract
Syntax
TF Tree
Return
I |
Add
Call Call
] ]
P Leq Return Sub Sub
| | — | |
IntType|| |IntType Var Int Int Var| |Int % Int
fib [n] [n] [1] fib] [n] [2] fib] [n] []

Function(
IntType()
, "fib"
, [Param(IntType(),
, L IfC
Leg(Var("n"),
, Int("1")
, Add(
Call("f1ib",
, Call("f1ib",
)

)
|
)

"n")]

Int("1"))

Sub(Var("n"), Int("2"))])
Sub(Var("n"), Int("1"))])

Abstract Syntax Term

%
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Definition.Function

1f

Type||ID||(||Param*| )| |{||Statement* ||}

Statehent.If

EXp

)

Statement||else

Statement

Statemeﬁt.Return

return| |Exp I

Exp.Add

Exp| |+| |[EXp
Exp:Var
|
1D

Understanding Syntax =

Understanding Tree Structure

parse(prettyprint(t)) =

No need to understand
how parse works!

[

%
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Definition.Function

The Syntax Definition Formalism SDF3

templates

Type||ID||(||Param*| )| |{||Statement* ||}

: Definition.Function = <
Statement.If <Type> <ID>(<Param*; separator=",">) {
<Statement*; separator="\n">

¥

1f|[(||Exp||)||Statement||else||Statement >

Statement .Return Statement.If = <

1T (<Exp>)
<Statement>
return| |Exp else

<Statement>
: >
Exp.Add
Statement.Return = <return <Exp>;>
E E
P %p Exp.Add = <<Exp> + <Exp>>
Exp.Var Exp.Var = <<ID>>

|
%
ID TU Delft




Java - oratie/syntax/Syntax.sdf3 - Eclipse - /Users/eelcovisser/spoofax/workspace
4 o010 \ :}‘:}v i;q v !}uy

Syntax v Analysis v Generation v
- © Syntax.sdf3 &3

= O
module Syntax
imports Common

3
HB

I |8 Java
& *fib.oc &3

= [m
o-int fibCint n) [

return 1;
1
templates

Start.Program = <<Definition*; separator="\n\n">>

Definition.Function = <<ID>>

Demo: Syntax Definition in the Spoofax Language
Workbench

5. Problems | @ Javadoc | |2, Declaration &) Console &3

<terminated> OC build.main.xml [Ant Build] /Users/eelcovisser/spoofax/workspace/oratie/build.main.xml

BUILD SUCCESSFUL
Total time: © seconds

Writable Smart Insert 21




Multi-Purpose Declarative Syntax Definition

Parser

Error recovery rules

Statement.If = < Pretty-Printer
1T (<EX
Eétai’;ﬂenb Abstract syntax tree schema
ehes Syntactic colorin
<Statement> y 9
>

Syntactic completion templates

Syntax Definition Folding rules

Outline rules

o]
TU Delft



A very incomplete history of SDF

Context-free Grammars 1956 Chomsky
BNF 1963 Backus, Naur
Tomita parsing 1985 Tomita
The Syntax Definition Formalism SDF 1988 -Heering, Hendriks, Klint, Rekers
Generalized LR Parsing 1992 Rekers
Character level grammars (SDF2) 1995 Visser
Scannerless Generalized LR Parsing 1997 Visser
Disambiguation filters 2002 van den Brand, Scheerder, Vinju, Visser
Language embedding 2004 Bravenboer, Visser
SGLR in Java (JSGLR) 2006 Kalleberg
Preventing Injection attacks 2010 Bravenboer, Dolstra, Visser
The Spoofax Language Workbench 2010 Kats, Visser
Library-based syntactic language extensibility (SugarJd) 2011 Erdweg, Rendel, Kastner, Ostermann
Error recovery for SGLR 2012 De Jonge, Kats, Visser, S6derberg
Template-based grammar productions (SDF3) 2012 Vollebregt, Kats, Visser
Layout sensitive generalized parsing 2012 Erdweg, Rendel, Kastner, Ostermann

o]
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Language Design

Syntax Name Type Dynamic

Syntax Deﬁ nition Spoofax Language Workbench

Stratego Transformation Language

Compiler +

with SDF3

Editor (IDE)

e
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Language Design

Syntax Name Type Dynamic

4

SDF3

Spoofax Language Workbench

Stratego Transformation Language

iINncremental analysis
& transformation

V

Compiler +

Editor (IDE)

verification of language
design consistency

e
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Language Design

Syntax Name Type Dynamic ’

more declarative
meta-languages

4

automatic
verification

A Language Designer’s VWorkbench

4

Incremental

Compiler

\/

Responsive
Editor (IDE)

4

Consistency
Proof

\/

e
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Language Design

Syntax Name Type Dynamic

Name Blndlng age Designer’s Workbench

with NaBL
NN

Responsive Consistency

Incremental

Compiler Editor (IDE) Proof

e
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Name Binding & Scope Rules

what does this variable refer to?

int fib(int n) {

1f(n <= 1)
return 1;
else

v
return fib(n - 2) + fib(n - 1);
A

which function is being called here?

Needed for

- checking correct use of names and types
- lookup In interpretation and compilation

- navigation in IDE

- code completion

State-of-the-art

- programmatic encoding of name resolution algorithms

Our contribution

- declarative language for name binding & scope rules
- generation of incremental name resolution algorithm

- Konat, Kats, Wachsmuth, Visser (SLE 2012)
- Wachsmuth, Konat, Vergu, Groenewegen, Visser (SLE 2013)




Definitions and References

binding rules

ParamCIntTyPeC), “n”) Param(t, name) :

defines Variable name

int fibCint n) {

. Var(name) :

1f(n <= 1) refers to Variable name
return 1;

else

return fib(n - 2) + fib(n - 1);

Var(“n”)



Definitions and References

binding rules

Function(IntType(), “fjb”, [..], IfC.D)) Param(t. name) :

defines Variable name

int fib(int n) {

. Var(name) :

1f(n <= 1) refers to Variable name
return 1;

else

return fib(n - 2) + fib(n - 1); defines Function name

Call(Cname, exp*) :

Cali “f1b”, [..
( [ 1D refers to Function name

Function(t, name, param*, s) :



int fib(int n) {
1f(n <= 1)
return 1;
else
return fib(n - 2) + fib(n - 1);
¥

int power(int x, int n) {
1f(x <= 0)
return 1;
else
return x * power(x, n - 1);

Scope

binding rules

Param(t, name) :
defines Variable name

Var(name) :
refers to Variable name

Function(t, name, param*, s) :

defines Function name

Call(Cname, exp*) :
refers to Function name



int fibCint M1

1f(n <= 1)
return 1;
else

return fib(n - 2) + fib(n - 1);

¥ ..

int power(int x, int n) {
1f(x <= 0) "
return 1;

else
return x * power(x, n,- 1);

Scope

Same name!

binding rules

Param(t, name) :
defines Variable name

Var(name) :
refers to Variable name

Function(t, name, param*, s) :

defines Function name

Call(Cname, exp*) :
refers to Function name



1f(n <= 1)
return 1;
else

return fib(n - 2) + fib(n - 1);

} l_____T

int power(int x, int n) {
1f(x <= 0)
return 1;

else
return x * power(x, n - 1);

Scope

Wrong!

binding rules

Param(t, name) :
defines Variable name

Var(name) :
refers to Variable name

Function(t, name, param*, s) :

defines Function name

Call(Cname, exp*) :
refers to Function name



Scope

binding rules
int fib(int n) {

1f(h <= 1) Param(t, name) :
return 1; defines Variable name
else
return fib(n - 2) + fib(n - 1); Var(name) :
1 refers to Variable name
int power(int x, int n) { Function(t, name, param*, s) :
1f(x <= 0) defines Function name
return 1; —> scopes Variable
else
return x * power(x, n - 1); Call(name, exp*) :

1 refers to Function name



Scope

binding rules

int power(int x, 1int n) { Param(t, name) :
defines Variable name

int power(int n) {

1f(h <= 0) Var(name) :
return 1; refers to Variable name
else
return power(n - 1) * x; Function(t, name, param*, s) :
} defines Function name

q scopes Variable, Function

Call(name, exp*) :
refers to Function name

return power(n);

¥



Java - oratie/example/power.oc - Eclipse - /Users/eelcovisser/spoofax/workspace

Sl R Q Qv G Glv ilveXo Hv v Syntax v Analysis v Generation v QQ &) java
5 | @ names.nab 52 = B @ fiboc @ poweroc 3 - g
- module names int fib(int n) {
if(n <= 1)
imports include/0C return 1;
else
namespaces Function Variable return fib(n - 2) + fib(n - 1);
}
binding rules |
int power(int x, int n) {
int power(int n) {
if(n <= 0)
return 1;
Demo: Name Binding in the Spoofax Language Workbench
1Nt main() 1
return power(3, 4);
}
& power.aterm &3 = O
Call("power"”, [Sub(Var("n"), Int("1"))1])
I3 Problems | @ Javadoc | [, Declaration | & Console 83 X % |G bF & = 0

<terminated> OC build.main.xml| [Ant Build] /Users/eelcovisser/spoofax/workspace/oratie /build.main.xml

DULLLUD DULLLODOIruL
Total time: 6 seconds

Writable Smart Insert Za=n1




Declarative Name Binding and Scope Rules

binding rules

Param(t, name) :
defines Variable name

Var(name) :
refers to Variable name

Function(t, name, param*, s) :

defines Function name
scopes Variable, Function

Call(name, exp*) :
refers to Function name

Incremental name resolution algorithm
Name checks
Reference resolution

Semantic code completion



Semantics of Name Binding?

binding rules

Param(t, name) :
defines Variable name

Var(name) :
refers to Variable name

Function(t, name, param*, s)
defines Function name
scopes Variable, Function

Call(name, exp*) :
refers to Function name

Research: how to characterize correctness of the result of
name resolution without appealing to the algorithm itself?

Definition.Function

Type

ID

Param*

Statement*

Statement.If

1P Exp @ Statement||else

Statement

Statement.Return

return

I
Exp

Exp.Add

Exp

I
E} Exp

Exp.Var

I
ID

Declarative Syntax Definition =
Specifying Tree Constructors

parse(pp(t)) =t

No need to understand
how parse works!

Analogy: declarative semantics of syntax definition
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Spoofax 2.0: Prototype the Language Designer’s Workbench

capturing understanding of language definition

templates // statements

Statement.Return =
<return <Exp>;>

Statement.If = <
1f(<Exp>)
<Statement>
else
<Statement>

binding rules

Param(t, name) :
defines Variable name
of type t

Var(name) :

refers to Variable name

type rules

Call(name, exp*) : t
where definition of
name : (t*, t)
and exp* : t_exp*
and t_exp* == t*

rules

e --> True(), sl --> v

IfCe, s1, s2) --> v

If(e, s1, s2) --> v

rules

translate :
Call(f, e*) -> [
<translate> e*,
Callq(f),

Movl(Reg("r"), Reg("t"))
]

Incremental

Compiler

Responsive
Editor (IDE)

Consistency
Proof

e
TU Delft




[ 1220 2012-2013: nterpretes

WebLab

[+

[ E viser -]

Interpreter: Basic *

Define an interpreter function eval(e,
env) that interprets an expression
(value of type Exp ). The library code
for this assignment implements object

Expressions that defines the type

Exp and the parse function parse
that you defined in the previous
assignment. The tests give examples
of interpretation of abstract syntax
terms as well as of strings using the
parse function. Add more tests to the
test set.

The constructors to use can be derived

TI1220 2012-2013: Interpreter: Basic

TI1220 / Assignments / Graded Assignments / GA3 (Scala)

Solution | Test

case _ => sys.error("type error " + e1)

3
def eval(exp: Exp): Exp = eval(exp, MEEVO))

def eval(exp: Exp, env: Env): Exp = exp match {
case Num(i) => Num(i)

case 1d(x) = lookup(x, env)
case Let(x, el, e2) =
eval(e2, Bind(x, eval(el, env), env))

case Fun(x, ) =
Fun(x, e)

case App(fe, arg) =>

B A o

case Add(el, e2) => plus(eval(el, env), eval(e2, env))

-

&

eval(fe, env) match {
case Fun(x, €) = eval(e, Bind(x, eval(arg, env), env))

37 case _ => sys.error("type error " + exp)

from the Test. They should be defined
for the following types:

38
* Value : the type of values retumed 39
by the interpreter 40 case _ => sys.error("eval not defined for " + exp)
« Env : the type of environments a

used to bind values to variables

N e ——— Save & Compile | RunYourTest iR bl submit m

abstract syntax trees produced by
the parser Status: Done
Test testFun2 failed: Expected Num(S), but got Nun(13)

computer
user

Test score: 5/6

Comment

pushg +r'
novq  trsp, trop
subg  $16, irsp
movl Sedi, —4(3rbp)
movl -4(irbp), teax
cnpl 51, teax

59 meRL2

movi §1, -12(irbp)
smo 1813

WebLab, researchr, oftware |

movl teax, becx
movl -4(rbp), Sedx
subl $1, tedx

movl tecx, -16(%rbp)

YellowGrass, ... Ero

addl tecx, tedx
movl tedx, -12(%rbp)
LeBl_3:
movl -12(trbp), Seax
movl teax, -8(irbp)
movl -8(irbp), seax
addq $16, srsp
popq  trbp

pushg trbp
movq %rsp, trbp
subq $16, Srsp
movl tedi, -4(trbp)
movl -a(srbp), seax
cmpl $1, seax

jg  LEBl_2
movl $1, -12(irbp)
oo LBB1_3

LEal_2:

programming
Ianguage His-

WebDSL, KeyBridge,
Green-Marl, SugarJ

LEBl_.

movl -12(srbp), seax
movl %eax, -8(5rbp)
movl -B(trbp), seax
addq $16, trsp

popq  ¥rbp

pushg trbp
movg
subg
movl
movl

Spoofax, SDF3, Stratego meta- | -
NaBL{TS,DynSenl Ianguage Efi

movl teax, tecx
movl -16(brbp), tedx —
addl tecx, tedx
movl tedx, -12(trbp)
LeB1 3t
movl -12(irbp), Seax
movl teax, -8(4rbp)
movl -8(srbp), teax
addg $1s, rsp
g 0

language
' engineer

TU Delft



Education
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Software languages are the instruments that allow us to
turn computational thinking into computation

A computer science education should prepare its
students to co-evolve with the changing language
landscape, learn new technologies as they emerge,
contribute to their development, and apply them in new
contexts

That requires students to develop an understanding of
the fundamentals of computing, rather than just
acquire a set of specific skills

%
TU Delft



Modernizing Programming Education

Concepts of Programming Languages
- Study modern programming languages

- Functional + OO (Scala)

- Prototype based inheritance (JavaScript)

- Connections with other disciplines

Model-Driven Software Development
- Language design project

Compiler Construction

- Using language workbench

- Complete compiler + IDE in one semester
- Connection with research

Extending Curriculum
- program analysis, formal semantics, verification, ...

%
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‘ICT in Education’

EvaTool: automate the course evaluation workflow

researchr:bibliography management for literature surveys

WebLab: learning management system for programming education

Improving efficiency and effectiveness of organization

%
TU Delft



T11220 2012-2013: Interpreter:. Basic

| W 111220 2012-2013: Interpreter... | + |

WebLab

oo LELEELIE = 2 ¢ < * = Programming education
Interpreter: BaSic v TI1220 / Assignments / Graded Assignments / GA3 (Scala) in the browser

Solution | Test

Define an interpreter function eval(e, -
' . 19 case _ => sys.error("type error " + el)
env) that interprets an expression 20 }
(value of type Exp ). The library code 21
for this assignment implements object 22 def eval(exp: Exp): Exp = eval(exp, MtEnv())
23

Expressions that defines the
a ! type 24%  def eval(exp: Exp, env: Env): Exp = exp match {

Exp and the parse function parse 25 case Num(i) => Num(i)
that you defined in the previous 26 case Add(el, e2) => plus(eval(el, env), eval(e2, env))
assignment. The tests give examples 27 case Id(x) => lookup(x, env)
. : 28 case Let(x, el, e2) =>
of interpretation of abstract syntax =
29 eval(e2, Bind(x, eval(el, env), env 1
terms as well as of strings using the 30 ¢ C ¢ ) 2 PI"OgI"am |n bI‘OWSGI"
parse function. Add more tests to the 31 case Fun(x, e) => .
st set. 2 Funx, € Compile on server
33
The constructors to use can be derived 34 case App(fe, arg) =>
from the Test. They should be defined 2 S lGisy GOp) L | .
for the following ty 36 case Fun(x, e) => eval(e, Bind(x, eval(arg, env), env))
or the Tollowing types. 37 case _ => sys.error("type error " + exp) o o
8| 3 Automatic gradin
e Value : the type of values returned 39 g g
by the interpreter - " : " I I "
y p 40 ’ case _ => sys.error("eval not defined for " + exp) Wlth unlt testlng
e Env : the type of environments 41

used to bind values to variables

« Exp : the type of expression Save & Compile Run Your Test Run Specification Test Submit

abstract syntax trees produced by

tho parser Status: Done Instructor uses

Test testFun2 failed: Expected Num(5), but got Num(13)

Test score: 5/6 Same enViI’Oﬂment

2
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Thanks!

]
TTTTTTT



Family

onnie Visser
Wim Visser

anine Mets
Jelle Visser

ente Visser




Board TU Delft
EEMCS Faculty

AvL Committee

]
TUDelft

Delft University of Technology

Employers

Paul Klint (UvA)
Andrew Tolmach (OGl)
Doaitse Swierstra (UU)

Arie van Deursen
Henk Sips
Rob Fastenau

Karel Luyben

o]
TU Delft



Stratego/XT
Nix
(1998-2006)

Spoofax
WebDSL
DisNix
Hydra
(2006-2013)

Language
Designer’s

Workbench
(2013-2018)

Research Group

Anya Bagge

Martin Bravenboer

Eelco Dolstra
Merijn de Jonge

Sander van der Burg

Eelco Dolstra

Danny Groenewegen

Maartje de Jonge
Zef Hemel

Luis Amorim

Elmer van Chastelet
Danny Groenewegen

Gabriél Konat

Karl Kalleberg
Karina Olmos
Rob Vermaas

Lennart Kats

Rob Vermaas
Sander Vermolen
Guido Wachsmuth

Pierre Neron
Augusto Passalaqua
Vlad Vergu

Guido Wachsmuth

Sander Mak

Roy van den Broek
Armijn Hemel

Jory van Zessen
Bogdan Dumitriu
Remko van Beusekom
Rene de Groot

Niels Janssen

Arthur van Dam

Richard Vogelij
Oskar van Rest

Chris Gersen

Elmer van Chastelet
Nathan Bruning
Ricky Lindeman
André Miguel Simodes
Dias Vieira

Tobi Vollebregt

Vlad Vergu

Mircea Voda
Daco Harkes

Jozef Kruger

Jonne van Wijngaarden

Alan van Dam
Robert Anisko
Lennart Swart
Hedzer Westra
Arne de Bruijn

Gabriél Konat
Sverre Rabbelier
Nami Nasserazad
Ruben Verhaaf
Wouter Mouw
Michel Weststrate
Jippe Holwerda
Nicolas Pierron
Jonathan Joubert

o]
TU Delft



Sponsors

Oracle Labs N/ %/ D,
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The Future of Programming
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