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Compilers

.LCO: B

.string "hello"
main:
pushqg %rbx
movl $.LCO, %ebx
.L2:
movq stdout(%rip), %rsi

movsbl (%rbx), %edi
* — n addqg $1, %rbx
che_nr S hello call putc
while ( testl %eax, %eax
putchar(*s++) jne .L2

) popqg %rbx
! ret
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Human Error
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grammer Error

.Lco:
.string "hello"
main:

lpushq %rbx
movl s.Lco, %ebx
L2:

movq stdout (%rip), %rsi

movsbl (srbx), %edi

- .. laddq $1, %rbx
chér s hello ERL it
while ( testl %eax, %eax

putchar(*s++) ijne .L2

); [popq 5rbx

i ret
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grammer Error

.Lco:
.string "hello"
main:

lpushq %rbx
movl s.Lco, %ebx
L2:

movq stdout (%rip), %rsi
movsbl (srbx), %edi
laddq $1, %rbx

char* s = "hello"

3 call putc
while ( testl %eax, %eax
putchar(*s++) ijne .L2
)i Ipopq %rbx
; ret
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grammer Error

foo "IN

"hello"
main:

lpushq %rbx

movl s.Lco, %ebx
L2:

movq stdout (%rip), %rsi
movsbl (srbx), %edi

- .. laddq $1, %rbx

chér s hello ERL it

while ( testl %eax, %eax
line .L2

tchar (*s++
);_)u char(*s++) B
i ret

console OO0

> ./a.out
ello

>
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grammer Error

e e DN

"hello"

main:
lpushq_%rbx

nov s Lco, xebx
(12

Inovg stdout (%rip), %rsi
movsbl (srbx), %edi
laddq $1, %rbx

call putc

el e,

ine .

oo %rbx

ret

char* s.= "hello"
lwhile
putc

Console [ele)®)

> ./a.out
ello
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grammer Error

.Lco: N\

.string "hello"
main:

movq stdout (%rif %rsi|

movsbl (%cbx), %edi
lad

char* s.= "hello"
lwhile
putc

console OO0

> ./a.out
ello
>
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grammer Error

char* s.= "hello"}
lwhile
putc

g "hello"

e -

movsbl (%cbx), %edi
laddq -

call put
[test1 seaky Yeax
line .L2

Ipopq srbx

ret

console OO0

Universiteit Utrecht

> ./a.out

Segementation fault!
(core dumped)
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grammer Error

< S

.string "hello"
main:

Imovsbl (%rbx), %edi
* w .. laddq s1,
char hello catl put
lwhile [testl %eak\ weax
putc line .L2
i
Console [e]e)e)

> ./a.out

Segementation fault
(core dumped)
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grammer Error

char* s.= "hello"}
lwhile
putc

g "hello"

e -

movsbl (%cbx), %edi
laddq -

call put
[test1 seaky Yeax
line .L2

Ipopq srbx

ret

console OO0

Universiteit Utrecht

> ./a.out

Segementation fault!
(core dumped)
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grammer Error

.Lco. AN

.string "hello"
main:

Imovsbl (%rbx), %edi
* w .. laddq s1,
char hello ERt i
lwhile testl %eaky eax
putC line .L2

lpopq %rbx
ret

Console [e]e)e)

> ./a.out

Segementation fault
(core dumped)

[Faculty of Science
Universiteit Utrecht Information and Computing

Sciences]



grammer Error

g "hello"

e -

movsbl (%cbx), %edi
laddq -

call put
[test1 seaky Yeax
line .L2

Ipopq srbx

ret

char* s.= "hello"}
lwhile
putc

Console [e]e)e)

> ./a.out

Esagementation fault
(core dumped)
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sequences

3
movq stdout (%ribY, %rsi

Imovsb (%rbx), ¥edi
* " " idg $1,
char’ hello B
hile [testl xeaky Weax
putc e .L2
lpopq %rbx
£ console OO0

segementation fault
(core dumped)
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sequences

char* s.= "hello"
hile
putc

movg stdout(%rib), %rsi

[movsbl (%rbx), %edi

lpopq srbx
re

console OO0

Universiteit Utrecht

hﬁr

> ./a.out

egementation fault
(core dumped)

050208 03
020208 03
6020200
6020200
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sequences

< =
.Lco: N\ N
.string "hello”
Imain:

lpush
ichar* "hello"}
hile
put

[L2:

Imovq stdout(%ribY, %rsi
Imovsb (%rbx), ¥edi
laddg 51,*\

fioz console OO0 @ @ @ @
- t se‘gen;entatj.on fault
HH@e
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Error Message Quality

Lc
str)ng "hello"

mm$ el
L2
Imovq stdout (%ribY, %rsi

e (e
laddq

©)
°)

¢
¢
):
):

‘ :“g‘

char* hello"}
hile %\ L] L] L LR
i Hix R

[ClC]0)

Console

> ./a.out
AN\ —T

Segementation fauq
(core dumped)

DE
>
)

\
L Compiler

»e

TL

AN
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r Message Quality

NI AN

"hello"

. -
movq stdout (%rif %rsi|

movsbl (%cbx), %edi
laddq s1,

char* s.= "hello"
lwhile
putc

Mozilla Crash Reporter

We're Sorry

and windows when trestarts.

report
I Tell Mozilla about this crash so they can fixt

Details.

dd a comment (comments are publicy visible)

050208 03
050203 03 !
6020200
600200

x“{#ﬁﬁkﬁ

Includethe addressoft page | was on

Quitirefox | Restart Firefox
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Error Messages aren’t always enough
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Error Messages aren’t always enough
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Error Messages aren’t always enough
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Error Messages aren’t always enough

e New ok Eimes

hich fou pecpl i in August st scelcated ot of contsl.
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Error Messages aren’t always enough

e, -
Ariane V88 self-destructs
after failed float64 -> int16
conversion (1996)

m =~
http://www.capcomespace.net/dossiers/

espace_europeen/ariane/
arlanes/Aksel/VEB ARSDI htm

Pathfinder Mars Lander; n
goes to sleep after  Evars_pathfinder#on-board_conpute

ipriority inversion (1997); 6200 "Sudden Unintended Acceleratio

complaints for Toyota cars (2010)
"Spaghetti code" suspected

https://ptolemy.berkeley. edu/pru]ects/
chess/pubs/1081/koopman14_toyota_ua_slides.pdf]
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er Errors

Imovg stdout (%ribY, %rsi

Imovsbl (%rbx), %edi
addq 51,

lcall puti

testl %ea

jne L2 Mozilla Crash Reporter x
Ipopq %rbx

ret gy

char* "hello"
hile
putc

We're Sorry

andvindows whenitrestarts.

report
" Tell Mozitla about this crash so they canfix it
Details.

JAdda comment (comments are publicy visible)

Includethe addressofthe page | was on

Quit Firefox Restart irefox
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er Errors

char* "hello"
hile
putc

lcall puti
testl %ea
jne L2
Ipopq %rbx
ret

e -
movq stdout(%rip), %rsi

Imovsbl (%rbx), %edi
addq 51,

3

We're Sorry

Universiteit Utrecht

andvindows whenitrestarts.

report
" Tell Mozitla about this crash so they canfix it
Details.

JAdda comment (comments are publicy visible)

DD
90
B
B

Includethe addressofthe page | was on

Quit Firefox Restart irefox

[Faculty of Science
Information and Computing
Sciences]



er Errors

char* "hello"
hile
putc

lcall puti
testl %ea
jne L2
Ipopq %rbx
ret

B -
movg stdout (%ribY, %rsi

Imovsbl (%rbx), %edi
addq 51,

3

We're Sorry

Universiteit Utrecht

andvindows whenitrestarts.

report
" Tell Mozitla about this crash so they canfix it
Details.

JAdda comment (comments are publicy visible)

DD
90
B
B

Includethe addressofthe page | was on

Quit Firefox Restart irefox

[Faculty of Science
Information and Computing
Sciences]



er Errors

char* s.= "hello"
hile
putc S+%

lcall puti
testl %ea
jne L2
Ipopq %rbx
ret

B -
movg stdout (%ribY, %rsi

Imovsbl (%rbx), %edi
addq 51,

3

We're Sorry

Universiteit Utrecht

andvindows whenitrestarts.

report
" Tell Mozitla about this crash so they canfix it
Details.

JAdda comment (comments are publicy visible)

DD
90
B
B

Includethe addressofthe page | was on

Quit Firefox Restart irefox
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ere to hunt for ¥

<
. Loo: AN S
.string "hello
main:

lpushe
mov1 %ed
[L2:
Imovg stdout (%ribY, %rsi
movsbl (%rbx), %edi
* w “ laddq 1,
char’ heuo b call put
hile test1 %eal
putc jne .L2 Morzilla Crash Reporter x
lpopg %rbx
ret We're Sorry
report.
[~ Tell Mozilla about this crash so they can fixit
Detais
Adda comment comments are publicy visible)
B include the address of the page | was on
uitFirefox | RestartFirefor
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Where to hunt for ¥

.Lco:
.string "hello"

movq stdout (%ril %rsi

movsbl (%rbx), %edi

WeteSorry
e e DR o0 (00 (00 (00,
£l ~ ~ ~ ~\
report. \/ \/

Tell Mozilla about ths crash so they can fix it

Quit Firefox Restart Firefox
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Where to hunt for ¥

)

y_|

.)

©
¢
-
2

.)
°
°
°
®

)
)
)
2

di
char* hellc - e 9

hile N

p utc Morzilla Crash Reporter x

U e 2 A A Y
Compiler Teonta s s sty i ‘ ‘
: W‘WAQ&&QQ

",‘

Quit Firefox Restart Firefox
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Where to hunt for ¥

.string "hello"

=
movq stdout (%ril %rsi

movsbl (%rbx), %edi

* = addg 51,

char = hellc v all put
hile test1 seak) Reax

put jne .12

Mozilla Crash Reporter

- and crashed. We'll try to restore your tabs

lpopq %rbx
ret

Compiler . iscrashsotheycanfxit

Quit Firefox

Restart Firefox

& =5 Universiteit Utrecht

AN

—
°

LQ

BQ

2
=
=

2 @G

#*
P
D

v
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ere to hunt for ¥

.Lco. N\ N
.string "hello
Imain:

lpush
inovi e
L2
movq stdout (%ribY, %rsi.
Imovsbl (%cbx), %edi
* .. .. laddq s1,
char’ heuo b call put
hile testl %ea
putc jne .L2 Morzilla Crash Reporter x
lpopq srbx
ret We're Sorry
report.
) Tell Mozl about tis crash so they can fixit
Detaits.
Adda comment comments are publcly visibe)
(K%ﬁ
B Incluce the address of the page I was on
itFirefox | RestartFirefox
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at to choose?
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What to choose?

Abugs Abugs
found found

$$% $5%

\ 4
A\ 4

Abugs Abugs
found found

= o5 $

3>
>

A\ 4
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What to choose?

10

bugs Abugs
found
—
$$$ $$$
bugs Abugs
und found

$$$

\ 4

Y

=

NS

> b é Universiteit Utrecht
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What to choose?

bugs Abugs
found
—
Abugs
$$$ $$$ found
> >

bugs Abugs
und found

$$$ $$8 $$$

el > —> >
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What to choose?

bugs Abugs
found
—
$$$ $$$
bugs Abugs
und found

$$$

\ 4

N

<= Universiteit Utrecht

= U
10 KN}

Abugs
found

$$$

3>
»
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What to choose?

bugs A

\bugs

found

$$$

Abugs

$$$ found

\ 4

bugs A
und

$$$

Abugs
found

\ 4

A
= é Universiteit Utrecht

10 %%%ﬂ§§

>
>

$$8 $$$

—> >
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What to choose?

bugs Abugs
found
| —
Abugs
$$$ $$$ found
> >
bugs Abugs
und found
$$$ $$8 $$$
| > —> >
§§\\.\‘ WB)) lIlf()!‘!ll‘(l‘f,i([ fxail:ll(;y(;())ins]f\llef?::
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What to choose?

bugs A

\bugs

found

$$$

Abugs

$$$ found

\ 4

bugs A
und

$$$

Abugs
found

\ 4

N
§U% Universiteit Utrecht
N

\

10

>
>

$$8 $$$

—> >

[Faculty of Science
Information and Computing
Sciences]



What to choose?

bugs A

\bugs

found

$$$

$$$

\ 4

bugs A
und

$$$

Abugs
found

\ 4

N
; & % Universiteit Utrecht

0 N

Y

Abugs
found

$$$

3>
»
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Who hunts for .7

.Lco:
.string "hello"

movq stdout (%ril %rsi

movsbl (%rbx), %edi

testl xeal®en
o L Morilla rash Reporter x
lpopq %rbx
t We're Sorry
Wely
andvindows whenit restars
3
report
TellMozil about tiscrashsothey canfix it
hadac
Gin ”
GutFirefox | Restatirefox
N/ [Faculty of Science
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11

Who hunts for .7

.Lco:
.string "hello"

movq stdout (%ril %rsi

movsbl (%rbx), %edi

Mozilla Crash Reporter

We're Sorry

and windows whenitrestarts.

report

Tell Mozilla about ths crash so they can fix it

Quit Firefox Restart Firefox

& =5 Universiteit Utrecht

AN
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11

Who hunts for .7

.Lco:
.string "hello"

movq stdout (%ril %rsi

movsbl (%rbx), %edi

We're Sorry

Mozilla Crash Reporter

and windows whenitrestarts.

report

Tell Mozilla about ths crash so they can fix it

Quit Firefox Restart Firefox

& =5 Universiteit Utrecht

AN
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Who hunts for .7

11

.string "hello"
Imain:
lpush:

laddq 1,
lcall puti
testl %eaky ea:
line .L2
lpopq %rbx
ret

=
movq stdout (%ril %rsi

movsbl (%rbx), %edi

o v Gy
& =5 Universiteit Utrecht

AN

|

Mozilla Crash Reporter

We're Sorry

Q:

and windows whenitrestarts.

report
Tell Mozilla about ths crash so they can fix it

Quit Firefox Restart Firefox

%

Q:
&Q:

—
-
‘.“

¢
@

9@

2
=k
=

2 @G

P
P
D

v
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piler checks

. "hello"
® -
movq stdout(%rip), %rsi

[movsbl (%rbx), %edi

lcall put

testl %ea

jne L2 Mozilla Crash Reporter x
popq %rbx

ret

char* s.= "hello"
hile
putc

We're Sorry

andvindows whenit restarts

report
" Tell Mozilla about this crash so they canfix it
Details.

[R50 comment Comments are pUBIc Vele) ‘

Includethe addressof the page | was on

autretor || esanrireto |
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Compiler checks, but where?

char* s = "hello";
while(putchar(*s++)) ]|

SSeq
(SDecAsg "s"
(EStrLit "hello"))
(SwWhile
(EFunCall "putchar"
[EDeref (EPostInc
(Evar "s"))1)
(SBlock [1))

.Lco:
.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
.L2:

movq stdout(%rip), %rsi
movsbl (%rbx), %edi
addq $1, %rbx

call putc

testl %eax, %eax

jne .L2

popq %rbx

ret

Parser gec;:tor
S 3
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Compiler checks, but where?

SSeq
(SDecAsg "s"
(EStrLit "hello"))
(SwWhile
(EFunCall "putchar"
[EDeref (EPostInc
(Evar "s"))1)
(SBlock [1))

.Lco:
.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
.L2:

movq stdout(%rip), %rsi
movsbl (%rbx), %edi
addq $1, %rbx

call putc

testl %eax, %eax

jne .L2

popq %rbx

ret

Code
tor
PS gengra
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Compiler checks, but where?

.Lco:

.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
.L2:

movq stdout(%rip), %rsi
movsbl (%rbx), %edi
addq $1, %rbx

call putc

testl %eax, %eax

jne .L2

popq %rbx

ret

Parser U el

™ ge i_ftor

char* s = "hello";
while(putchar(*s++)) ]|

R [Faculty of Science
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Compiler checks, but where?

char* s = "hello";
while(putchar(*s++)) ]|

SSeq
(SDecAsg "s"

(EStrLit "hello"))
(SwWhile

(EFunCall "putchar"

[EDeref (EPostInc

(Evar "s"))1)

(SBlock [1))

.Lco:
.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
.L2:

movq stdout(%rip),
movsbl (%rbx), %e
addq $1, %rbx
call putc

testl %eax, %ea:
jne .L2

popq %rbx

ret

Parser gec;:tor
S 3
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Compiler checks, but where?

13

.Lco:
.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
.L2:

movq stdout(%rip),
movsbl (%rbx), %e
addq $1, %rbx
call putc

testl %eax, %ea:
jne .L2

popq %rbx

ret

5 Universiteit Utrecht

Code
ge i_ator
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Compiler checks, but where?

.LCo:

.string "hello"
main:
pushq %rbx
movl $.LCO, %ebx
SSel -L2:
(SgecAsg gt movq stdout(%rip),
(EStriit movsbl (%rbx), %e
(Swhile addq $1, %rbx
(EFunCa " call putc
char* s =|"hello" [EDere PdstInc testl %eax, %ea
while(putfha (*s++)) (EVar "s") jne .L2
(SBlock [] L srbx

.“éﬁ Ne

n o\ Parserﬁ U LoEE <

or™ ge iator SRS .
P pro\l

SCOpe CheCker =
topr EYPE-Checker 26 14
mlnatlon checker tesy t
rrow- Checker S

‘oug

& [Faculty of Science
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Compiler checks, but where?

13

.LCO:
.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx

SSeq L2 . )
(SDecAsg movq stdout(%rip), %rsi
(EStrlLit movsbl (%rbx), %edi
(SWhile addq $1, %rbx
(EFunCa tchar L P
char* s = "hello"; [EDere PdstInc Festl %eax, %eax
while(putchar(*s++)) | (EVar "s")) jne .Lzb
(sBlock [} L srbx

E 3
Parseréijﬁl\J[:L el
»

ge i_ftor

SCOpe-CheCke
?ype‘CheCkerr

termlnation-checker
Orrow-checker
‘V o ) '[Faculty ?f SCielilCe
g"% Universiteit Utrecht Information and C(gzgf‘z:i
%‘A® > >S



(live coding)
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mary

check :: Annotation -> Exp -> Bool
infer :: Exp -> Maybe Annotation

safeXXX e = infer e >> unsafeXXX e
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Summary

check :: Annotation -> Exp -> Bool
infer :: Exp -> Maybe Annotation
safeXXX e = infer e >> unsafeXXX e

Valid a b = Either a b

validate :: Exp -> Valid [ErrorMsg] AnnotatedExp

safeXXX e

safeXXX' <$> validate e

&‘W [Faculty of Science
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mary

char* s.= "hello"
while
putc

¥ -
movq stdout (%rif %rsi

movsbl (scbx), %edi
laddq -

We're Sorry

Universiteit Utrecht

and windows when trestarts.

report.
[ Tell Mozt about this crashso they can fix it
Detaits.

dd a comment (comments are publicy visible)

DR
F maman
R
FREY S

Includethe addressofte page | was on

QuitFirefox Restart Firefox
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