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Compilers

2

char* s =

while (
putchar (*s++)
);

"hello"

a

.LLCO: E:S

.string "hello"
main:
pushqg %rbx
movl $.LCO,
o[L23
movq stdout(%rip), %rsi
movsbl (%rbx), %edi
addq $1, %rbx
call putc
testl %eax, %eax
jne .L2
popq %rbx
ret

%ebx

Compiler
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Human Error
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grammer Error

Lco:

.string "hello"

Inain:

lpusha %rbx

movl $.LCO, %ebx
S

.L2:
imovq stdout(%rip), %rsi

Imovsbl (xrbx), %edi
_ " laddq $1, %rbx
ch§r* s = "hello call putc
while ( testl seax, xeax
putchar (*s++) line .
" lpopa %rbx
Universiteit Utrecht
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grammer Error

Lco:

.string "hello"

Inain:

lpusha %rbx

movl $.LCO, %ebx
S

.L2:
imovq stdout(%rip), %rsi

imovsbl (%rbx), %edi
char* s = "hello” addg 1, %rbi
1
while ( i:snp:;:x, Heax
putchar (*s++) gne .
. lpopq %rbx
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grammer Error

ma.

lpushq %rbx

movl's.Lce, %ebx
2

.L2:
imovq stdout(%rip), %rsi
Imovsb (rbx), ¥edi

— " laddq $1, %rbx
chgr s = "hello R
while ( testl seax, xeax
putchar (*s++) jne .12
" lpopa %rbx

console OO0

> ./a.out
ello
>
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grammer Error

.Lco.
.string "hello"
main
lpushq %
novi s. Lm ebx

[
novq SRR, )
movsbl (srbx), sedi
laddq $1, %rbx

call putc

testl %eax, %eax

jne

Ipopq %rbx

char* s.= "hello"
while
putc

console OO0

> ./a.out
ello
>
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grammer Error

.Lco.
.string "hello"

push

Imovq stdout(%ribY, %rsi
imovsbl (%rbx), %edi

lcall put
testl %eaky Reax
jne L2

Ipopq %rbx

char* s.= "hello"
while
putc

console OO0

> ./a.out
ello
>
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grammer Error

Lco
.string "hello"

Imovq stdout(%ribY, %rsi

movsbl (scbx), sedi

char* s.= "hello"
while
putc

console OO0

> ./a.out

Segementation fault
(core dumped)
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grammer Error

Lco
.string "hello"
main:
push

Imovq stdout(%ribY, %rsi

Imovsbl (%rbx), %edi
* " " dq s1,
char hello R o
while testl seaky eax
putc jne L2
lpopa %rbx
N console OO0

( egementation fault
(core dumped)
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grammer Error

Lco
.string "hello"

Imovq stdout(%ribY, %rsi

movsbl (scbx), sedi

char* s.= "hello"
while
putc

console OO0

> ./a.out

Segementation fault
(core dumped)
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grammer Error

Lco
.string "hello"
main:
push

Imovq stdout(%ribY, %rsi

Imovsbl (%rbx), %edi
* " " dq s1,
char hello R o
while testl seaky eax
putc jne L2
lpopa %rbx
N console OO0

Segementation fault
(core dumped)
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grammer Error

Lco
.string "hello"

Imovq stdout(%ribY, %rsi

movsbl (scbx), sedi

char* s.= "hello"
while
putc

console OO0

> ./a.out

Segementation fault
(core dumped)
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sequences

Lo
.string "hello”
Inain:
push

N
movq stdout (%rip), %rsi

[movsbl (%rbx), %edi
laddq s1,

char* "hello",
while
putc

QOO

Console

gementation fault
(core dumped)

)
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sequences

Lo
string "hello
Inain:
push

N
imovq stdout (%r %rsi

il

Imovsbl (%rbx), %edi
P " ddq $1,
chare s "hetlor = [ e
while testl weak) weax
putc s+ jne .12
); Ipopq %rbx
e console QOO
' t > ./a.out
g gementation fault
Compller (core dumped)
=
Universiteit Utrecht
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sequences

char* "hello",
while
putc

.Lco
.string "hello”

push

movl el

L2:

movq stdout (%rib), %rsi
Imovsbl (%rbx), %edi
addq s1,

lcall puti

est1 xeakY\eax
line .12

popq %rbx
ret

console QOO

Universiteit Utrecht

'

> ./a.out

Segementation fault,
(core dumped)
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Error Message Quality

Lco.
string "hello"

%
imovq stdout (%ribY, %rsi

movsbl (%rbx), %edi

*

char "hello" lcall puti

while testl seaky eax
putc s+$ jne .12

popq %rbx
Console

&&Q

L ‘ > ./a.out \_/ \_/ \_/
. Segementation fault,
Compller (core dumped) | I
= —— #s'c #svc
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r Message Quality

N\ [. !
.Lco: S
.string "hello"

main:

20
Imovq stdout (%ribY, %rsi
char* s.= "hello"
while
putc

movsbl (scbx), sedi

lcall put

testl %eal

jne L2 MozillaCrash Reporter x
Ipopq %rbx

ret We're Sorry.

andwindows when it restarts.

report.
[ TellMoilla about thiscrash so they canfixit
Details.

3ad 2 comment (comments are publicty visibie)

<:<ﬁ:3$z$ﬁx

Quit Firefox 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
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Error Messages aren’t always enough

...
Ariane V88 self-destructs
after failed float64 -> int16

. conversion (199_6)
http://www.capcomespace.net/dossiers/

espace_europeen/ariane/
ariane5/AR501/V88_AR501.htm

i Pathfinder Mars Lander
| goes to sleep after
riority inversion (1997

o : G complaints for Toyota cars (2010)
: : 2 "Spaghetti code" susp?cted

https://ptolemy.berkeley.edu/projects/
chess/pubs/1081/koopman14_toyota_ua_slides.pdf]
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Error Messages aren’t always enough

...
Ariane V88 self-destructs
after failed float64 -> int16

. conversion (199_6)
http://www.capcomespace.net/dossiers/

espace_europeen/ariane/
ariane5/AR501/V88_AR501.htm

i Pathfinder Mars Lander
| goes to sleep after
riority inversion (1997

o : G complaints for Toyota cars (2010)
: : 2 "Spaghetti code" susp?cted

https://ptolemy.berkeley.edu/projects/
chess/pubs/1081/koopman14_toyota_ua_slides.pdf]
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Error Messages aren’t always enough

...
Ariane V88 self-destructs
after failed float64 -> int16

. conversion (199_6)
http://www.capcomespace.net/dossiers/

espace_europeen/ariane/
ariane5/AR501/V88_AR501.htm

i Pathfinder Mars Lander
| goes to sleep after
riority inversion (1997

o : G complaints for Toyota cars (2010)
: : 2 "Spaghetti code" susp?cted

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

.Lco AN [‘ I
.string "hello"
Imain:

[L2:
Imovq stdout (%ribY, %rsi
char* s .= "hello"
while
putc

[movsbl (%rbx), %edi
jaddq s1,

29
PN OO
3 B
R

We're Sorry.

andwindows when it restarts.

report.
[ Tell Mozilla about this crash so they can fixit
Details.

3dd 2 comment (comments are publicty visible]

Include the acress o the page [was on

Quit Firefox RestartFirefox
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er Errors

char* "hello"
while
putc

.Lco AN [‘ I
.string "hello"
Imain:

9
imovq stdout (%rip), %rsi

[movsbl (%rbx), %edi

We're Sorry.

Universiteit Utrecht

andwindows when it restarts.

report.
[ Tell Mozilla about this crash so they can fixit
Details.

laddg
lcall put
el
Mozila Crash Reporter x
pepq rbx

3dd 2 comment (comments are publicty visible]

Include the acress o the page [was on

Quit Firefox RestartFirefox
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er Errors

=
.

tring "hello"
in:

pushq %rbx

movl s.Lce, el
(2
Inovq stdout(srib), %rsi

eovsbl. (xgpx), eut
* " " laddq 1,
char hello B i
while st
putc Mozilla Crash Reporter x
pepq rbx
Were Sorry

andwindows when it restarts.

report.
[ Tell Mozilla about this crash so they can fixit
Details.

010208 03
010208 03
6020008
69020008

3dd 2 comment (comments are publicty visible]

Include the address ofthe page | was on :\‘

Quit Firefox RestartFirefox
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er Errors

char* "hello"
while
putc S++)
)i

laddg $1,
fcall puti
testl weal

jne .12
[popa sirbx
ret

tring "hello"
in:

!’%rsl

Imovq stdout (rif
Imovsbl (srbx), sedi

pushq %rbx
Inov1 5. Lo,
L2:

Mozilla Crash Reporter x

We're Sorry.

Universiteit Utrecht

andwindows when it restarts.

report.
[ Tell Mozilla about this crash so they can fixit
Details.

3dd 2 comment (comments are publicty visible]

Include the acress o the page [was on

Quit Firefox RestartFirefox

% 0% 0% 62
90909 32 =]
% =
@000 0:
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ere to hunt for ¥

char* s .= "hello"
while
putc

imovq_stdo
movsbl (%

e -
g
ut (%rif %rsi

hello"

rbx), %edi

Mozilla Crash Reporter

We'reSorry.

Universiteit Utrecht

and windows when it restarts.

report
el Mol sbouttiscrash so they can it
Detats.

Add a comment (comments are publicly visible)

Include the address of the page [ was on

Quit Firefox

Restart Firefox
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Where to hunt for ¥

Lco
string "hello”

lcall putd

e L2
popq %rbx
ret

g

movsbl (%rbx), %edi

testl %eaky ea

Mozilla Crash Reporter x

We'reSorry.
el

& =5 Universiteit Utrecht
AN

f
and windows when trestarts.

report.
Tell Mozilla about this crash so they can fixit

T

Restart Firefox

Quit irefox

“O/

G——
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Where to hunt for ¥

char*
while
put

= "hello"}
j§"

Pu
e
2
Inova stdout (xribY, %rsi
novsbl (%rbx), %edi
ddg 51 i

\
L Compiler

»

%‘l 5 Universiteit Utrecht
9 N

hed. We'lltry torestore your tabs

report.

Pe problem,

Quit irefox

Tell Mozilla about this crash so they can fixit

Restart Firefox

g
2
2
2

)2

-~

E

)
)

¢

2;
2;

)
ED )
ED )

*
2
5
*
2
D,
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Where to hunt for ¥

Lco
string "hello”

push
mov1l et
L2
movq stdout (%rib), %rsi

movsbl (%rbx), %edi
laddq 1,

char* "hello"} call putd
while testl %eaky eax
put( ine .12
popq %rbx
ret

\
L Compiler

»

I

=
P
B
=
P
B

Quit irefox Restart Firefox
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ere to hunt for ¥

hello" B =

e -
[
movq stdout (%rib), %rsi
Imovsbl (%rbx), %edi
* B " dg $1,
char hello catl put
while testl %eak)
putc line .12 Mozl Crash Reporter x
[popq 5rbx
ret Were Sorry
report
[ Tell Mailla about thiscrash so they canfixit
Details.
Adda comment comments are publicly visble]
3 Include the acdress of the page was on j
Quit Firefox Restart Firefox
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at to choose?
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What to choose?

A

A

Abugs Abugs
found found
$$$ $$$
Abugs Abugs
found found
$$$ $

%‘l 5 Universiteit Utrecht
10 N
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What to choose?

10

Y

=

NS

> b é Universiteit Utrecht

Abugs Abugs
found found
—

$$$ $$$
Abugs Abugs
und found

$$$ $$8

> —>
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What to choose?

Abugs Abugs
found found
—
Abugs
$$$ $$8  |found
Abugs Abugs
und found

$$$ $$5 $$$

>
>

A 4
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What to choose?

10

N

Abugs

$$$ found

$$$

A 4

<= Universiteit Utrecht

KN

Abugs Abugs

found found
—

Abugs Abugs

und found

$$% $$$

>
>
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What to choose?

10

N

Abugs

$$$ found

$$$

A 4

<= Universiteit Utrecht

KN

Abugs Abugs

found found
—

Abugs Abugs

und found

$$% $$$

>
>
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What to choose?

10

Abugs

$$$ found

Abugs Abugs
found found
|
> >
Abugs Abugs
und found
>
Universiteit Utrecht

$$% $$$

>
>
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What to choose?

Abugs Abugs
found found
—
Abugs
$$$ $$8  |found
> >

Abugs Abugs
und found

$$$ $$% $$$
—

>
>

A 4
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What to choose?

Abugs Abugs
found found
}———
Abugs
$$$ $$8  |found
< >

Abugs Abugs
und found

$$$ $$% $$$
—

>
>

A 4
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Who hunts for .7

[
Lco N\ SN
string "hello"
push £ o o
ot e % . o eF
i > = = o0 o0
nova stdout (sr 1P P%rs 4 \Z/ xz/ O/ O/

Imovsbl (%rbx), %edi
call putd
test1 %eak\ e &=
line .12 Mozill Crash Reporter x d d

popq %rbx
rec We're Sorry.

2
)

and windows when it restarts. e 00 00 00
report : : : :
o o0 (00 & &

*
D

$ 1

T

AR &g
3K

Quit irefox Restart Firefox
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Who hunts for .7

[]
Lce N\
string "hello"
push o o
1$ YO Y S Yo
L2 -~ L~ ) )
nova stdout (sr 1P P%rs \Z/ xz/ O/ O/

movsbl (%rbx), %edi
call putd

testl %eak} Wea £
ne L2 Mozila Crash Reporter x d O

popq %rbx
ret

2
)

Weresorry
; we
andwindous when et 90 (00 00 (0o
2 Tohel b o S ~ ~ ~
TelMozilaabout s cras s hey canixic \
o 20 (09 & &
a s e

#31@

Quit irefox Restart Firefox
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Who hunts for .7

[
Lco N\ SN
string "hello"
push £ o o
ot e % . o eF
i > = = o0 o0
nova stdout (sr 1P P%rs 4 \Z/ xz/ O/ O/

movsbl (%rbx), %edi
call putd

testl %eak} Wea £
ne L2 Mozila Crash Reporter x d O

popq %rbx
ret

2
)

Weresorry
; we
andwindous when et 90 (00 00 (0o
2 Tohel b o S ~ ~ ~
TelMozilaabout s cras s hey canixic \
o 20 (09 & &
a s e

#31@

Quit irefox Restart Firefox

W [Faculty of Science
©Z Universiteit Utrecht Information and Computmg
Sciences]

AN

11



Who hunts for .7

11

§

AN

Lco
string "hello”

laddg $1,

lcall put:

testl %eaky ea
e L2

popq %rbx
ret

z
4

movsbl (%cbx), %ed

Mozilla Crash Reporter x

We'reSorry.

Universiteit Utrecht

f
and windows when trestarts.

report.

Tell Mozilla about this crash so they can fixit

T

Quit irefox Restart Firefox

0;4‘
)
/

)
)

OODE
OOOE
DONE
DONE

g

3K

i
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piler checks

- = BE!< \
hello” B =

».-
Fis:
imovq stdout (%ribY, %rsi
char* "hello"
while
putc

Imovsbl (%rbx), %edi
laddg $1,

lcall put
testl weal
ine .12 Mozila Crash Reporter x
Ipopq rbx

ret

We're Sorry.

and windows when it restarts.

report.
[ Tell Mozilla about this crash so they can fixit
Details

Add a comment (comments are publicly visible)

010208 03
00208 03
6020008

@
=
2
e

Include the aress of the page [wason

Quit Firefox Restart irefox |
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Compiler checks, but where?

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

SSeq
(SDecAsg "s"
(EStrLit "hello there"))
(Swhile
(EFunCall "putchar"

[EDeref (EPostInc

(Evar "s"))1)

(SBlock []))

.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

Parser

& =5 Universiteit Utrecht

N

13

ge s:_i\tor
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Compiler checks, but where?

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

char* s =["h¢llo";
while(putghal (*s++)) ||

.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

Code

e ge s:_i\tor

& =5 Universiteit Utrecht

N

13
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char* s = "hello";
while(putchar(*s++)) ||

Compiler checks, but where?

SSeq
(SDecAsg ‘i

.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 ﬁw U
S

& =5 Universiteit Utrecht

/0

Code
ge s:_ator
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13

Compiler checks, but where?

.LCO:

.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
o[L23
SSe .
(SgecAsg ngn movq stdout(%rip),
(EStrLit "hello there")) [l (E5t), 3
(SWhile ad(li(i Ss:Lé %rbx
(EFunCall "putchar" EELh [
char* s = "hello"; [EDeref (Egostlnc testl %eax, %ea
while(putchar (*s++)) ] (EvVar "s"))]1) jne .qu
(sBlock [1)) I

BT gcs:’t

R [Faculty of Science
©Z Universiteit Utrecht Information and 60111P11t1rlg
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Compiler checks, but where?

.LCO:

.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
o[L23
S
s(ggecAsg 1l movq stdout(%rip),
(EStrLit movsbl (%rbx), %e:
(SWhile addq $1, %rbx
w " call putc
EFunCa tchar
char* s =["Hello"; ([EDere stInc testl %eax, %ea
while (putghat (*s++)) ] (EVar "s"))] jne .qu
(SBlock [[] I

3
Parser ﬁw U Code
S

ge s:_i\tor

U/ [Faculty of Science
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Compiler checks, but where?

.LCO:

.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx
.L2:

movq stdout(%rip), |%rgi
movsbl (%rbx), %eq|
addq $1, %rbx
call putc

2&\ R
(SDecAsg ‘i

char* s =["h (%E;g'c‘z testl %eax, %ea
lwhile(putgha (EVar "s"))] jne .L2

popq %rbx
(SBlock [fI s

“g‘E 3

- t‘ ’.!:L\\J

pLin W ﬁ L Code ?

oY Mo Pairser opST

ge s:_i\tor

. ()\](3
Sco ‘0\)99‘_’ *
Pe-check , :
type-checke Slze 4
; ecker in
termlnat' 1t
10n-checker teSts
Orrow-checker
N/ ' '[Faculty f’f Scielilce
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Compiler checks, but where?

.LCO:

.string "hello"
main:

pushq %rbx

movl $.LCO, %ebx

SSeq ol )
(SDecAsg movq stdout(%rip), _%r51
(EStriit movsbl (%rbx), %edi
(SWhile addq $1, %rbx
(EFunCa call putc
char* s = "hello"; [EDere testl %eax, %eax
while(putchar (*s++)) ] (EVar "s" jne .qu
(SBlock [l I

Q@
Parser ] U il J
» ge s:_f\tor

Scope check
ype Checkeerr

borrow—checker
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(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
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mary

.Lco
.string "hello

=
.

push

N
imovq stdout (%rip), %rsi

[movsbl (%rbx), %edi

lcall puti
testl %eal
jne L2 Mozill Crash Reporter x
Ipopa %rbx

char* "heuo"
while
putc

We're Sorry.

andwindows when it restarts.

report.
[ Tell Mozilla about tis crash so they can fixit
Details.
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Include the address of the page | was on

Quit irefox RestartFirefox
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