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Out-Of-Thin-Air (OOTA) behaviours

a = 1 b = 1 ?

a := [x ];
[y ] := 1;

b := [y ];
[x ] := 1

instruction

reordering 3

a := [x ];
[y ] := 1 + a− a;

b := [y ];
[x ] := 1 + b − b;

compiler

optimisation &

instruction

reordering

3

a := [x ];
[y ] := a;

b := [y ];
[x ] := b;

out-of-thin-air

behaviour
7

C11 allows this execution for all three programs !
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C11 is Declarative (Axiomatic) Memory Model

a := [x ];
[y ] := a;

b := [y ];
[x ] := b;

1. G pre , 〈E, po〉

2. G , 〈E, po, rf, mo〉

3. isConsC11(G )

∧



R(x , 0)

W(y , 0)

R(y , 0)

W(x , 0)

R(x , 1)

W(y , 1)

R(y , 1)

W(x , 1)

rf

. . .

R(x , 42)

W(y , 42)

R(y , 42)

W(x , 42)

rf

R(x , 43)

W(y , 43)

R(y , 43)

W(x , 43)

rf

. . .
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WeakestMO — Memory Model Based on Event Structures
[Chakraborty et al. 2019]

[y ] := 1 + a− a;

a := [x ];

[x ] := 1 + b − b;

b := [y ]; SB G1 SB G2

SB G3 SB G4

R(x , 0)

W(y , 1)

R(x , 1)

W(y , 1)

R(y , 1)

W(x , 1)

R(y , 0)

W(x , 1)

∼

∼

∼

∼jf
jf

ew ew

[y ] := a;

a := [x ];

[x ] := b;

b := [y ]; SB G1 SB G2

SB G3 SB G4

R(x , 0)

W(y , 0)

R(x , 0)

W(y , 0)

R(y , 0)

W(x , 0)

R(y , 0)

W(x , 0)

∼

∼

∼

∼jf
jf

ew ew
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[Dolan et al. 2018]
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[Kang et al. 2017]
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[Lahav et al. 2017]

IMM
[Podkopaev et al. 2019]

x86-TSO
[Alglave et al. 2014]
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[Alglave et al. 2014]
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[Pulte et al. 2018]
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Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



7

Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



7

Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



7

Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



7

Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



7

Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



7

Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



7

Compilation Correctness

Theorem
∀P. ∀G ∈ JPKIMM. ∃S . Sinit −→∗ S ∧ S B G

Proof by the (weak) Simulation.

G ` 〈C0, I0〉 −→∗ 〈Cn, In〉 — traversal of G

R(G , 〈Ci , Ii 〉,Si ,Xi ) — simulation relation

Si B Xi — candidate execution

〈C0, I0〉 〈Sinit,Xinit〉
R

〈Cn, In〉 〈Sn,Xn ≡ G 〉R

〈Ci , Ii 〉 〈Si ,Xi 〉

〈Ci+1, Ii+1〉 〈Si+1,Xi+1〉
*

R

R



8

Traversal

a := [x ];

[y ] := 1;

b := [y ];

[x ] := 1;

R(x , 1)

W(y , 1)

R(y , 1)

W(x , 1)
rf

covered events

issued writes

〈C , I 〉 — traversal configuration

C — covered events

dom(G .po; [C ]) ⊆ C

dom(G .rf; [C ]) ⊆ I

G .W ∩ C ⊆ I

I — issued writes

dom(G .rfe;G .ppo; [I ]) ⊆ I
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