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(Robbert Krebbers 00000000, 2013/4/24)

Let me then notice that in the case of C, it is worse than just
non-determinism. There are also so called sequence point violations, which
happen if you modify an object more than once (or read after you've
modified it) in between two sequence points. For example

#include <stdio.h>
void foo (int y, int z) {
printf("%d %d\n", y, 2);

}
main O { int x = 0;

int x = 0; int main() {

foo(++x, ++x); printf("%d ", (x = 3) + (x = 4));
by printf ("%d\n", x);

return O;

oO:"12"g"2 1" 0O "2 2"000000000O0(@COOCOO0)OO C }
oboboooooobobooobobbuooobobobooooo
(unspecified) DO O O0200++0000000 20000000000 not just randomly prints "7 3" or "7 4", but instead gives rise to undefined
ooooooooad behavior, and could print arbitrary nonsense. When compiled with gcc at

my machine, it for example prints "8 4".
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e OO ODLDODOODLDODOODLODO

ooooooooooao
e JOJODODOODODOOODO: Scheme, Standard ML
e J0DOOODDOOOODODO: C, Java, etc.
e JDIOIOODDODOOODO: Ruby, etc.
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goobogoobugogon

0000000000000 0o00o00oU0ooooUo (Wo)ooo

nu=0|1]2|--- (DO0DOOD)
ex=nl(e)|etelexe (O)

000: (1+(2%3)))
O0o0ooooooooooon

e ::=Int(n) | Plus(e, e) | Times(e, €)

0000:00000000000((1)0 (1)0100000(00)0
0000000000000000000000000000
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gooogooobogod

e D DODOOO (operational semantics)

o small-step semantics (structural operational semantics)
o bigl-step semantics (natural semantics)
e abstract machine semantics

e DD ODODO (axiomatic semantics)
e J0DDOO (DODODODOO; denotational semantics)
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O00(00000000000Uo 100000 oo 2)
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gooogn
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[Int(n)] =n
[Plus(er, &2)] = [e1]+[e2]
[Times(er, e2)] = [ei]*[e2]
0000+ 00000000000 +000000002000000
O0O00o00oDOoo«000
0. [Plus(Int(1), Times(Int(2),Int(3)))] =
[Int(1)]+[Times(Int(2), Int(3))] = 1+([Int(2)]*[Int(3)]) = 7
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CK OO (C=constrol string or code, K=continuation or stack
00000 (natural semantics): ( NStroT SHNg or rHnuation or )

Oeb000O0ODOO nDhOOOOD elnbOODODO
e — eval(e | init)
Int(n) | n eval(Int(n) | K) — apply(K | n)
— eval(e; | plusl(ez): : K)

— eval(e; | timesl(ep): : K)

eval(Plus(e, &)

X X X

|
eval(Times(ep, ) |

)
)
erdm eln (mtn=n) etlm e ln (npkny=n) )
_ apply(plusl(e):: K | n) — eval(e | plus2(n):: K)
Plus(e;, &) | n Times(e1, ) | n .
apply(plus2(nm):: K | ni) — apply(K | n) (m+n1 =n)
000 Plus(Int(1l), Times(Int(2),Int(3))) 70000000000 apply(timesl(e): :K | n) — eval(e | times2(n): : K)
_ apply(times2(ny):: K | n1) — apply(K | n) (nakn; = n)
Int(2) |2 Int(3)|3 (2«3=06) . apply(init | n) = n (0O00)
Int(1l) )1 Times(Int(2),Int(3)) )6 (1+6 =7)
Plus(Int(1), Times(Int(2), Int(3))) | 7 0 eD00000O0O0000DO0D0DOO0O0On000000
ggooogad
initU0000000DO0O000
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0000 (Abstract Machine)

goooogad

ep = Times(Int(3),Plus(Int(1),Int(2))) DO OO

e (0 O0O)O0O: machine (computer)
o UOODOODOO

e OO OO: virtual machine
o UIOODUUOODLOOUODOOOO

eval(ey | init)
— eval(/nt(3) | times1(Plus(Int(1), Int(2)))::init)

— apply(times1(Plus(Int(1), Int(2))): :init | 3) o OODinstructionset 0000000000000
— eval(Plus(Int(1), Int(2)) | times2(3)::init) e 0O ODO: abstract machine
— eval(Int(1) | plus1(Int(2)): : times2(3): :init) o UOOOOOOLODDOOOD

e J00OUODO(ULDOOUDLDOUD)O
o OO0instructionset 0O O OO0

oooboooon
e SECD machine [Landin 1964]
e CEK machine [Felleisen 1989]
o WAM, CHAM, Krivine machine, ZINC, ...

— apply(plusl(Int(2)): : times2(3): :init | 1)
— eval(Int(2) | plus2(1): : times2(3): :init)
— apply(plus2(1): : times2(3): :init | 2)

— apply(times2(3): :init | 3)

— apply(init | 9)

—9
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e UOOOOO (operational semantics)

@ €=
° DDDDDD;DD'DDD _ Plus(Int(1l), Times(Int(2), Times(Int(3),Plus(Int(4), Int(5)))))
e DODDODODO (axiomatic semantics) 000000000 eval(e|init) 00000000000O0O(O
e 000D00D00O0OOOODODO OD00000O00Oeval(e | K)O apply(K | /00000000
e J0DDDODO (DODODOOO; denotational semantics) O00ooooo)
e 1000O0O0O0O0O0ODO(BODD)000000 e (0DUDODDD)000DODODODODOONODODODO

gbooooobogoon
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