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Komnunsitop:
Hesaeucrnmble obpateHus.
Mo>xHO nepeynopsifoynTb.

A = 1;

a:=|y



Mpoueccop:
HeszaBucumbie obpatieHus.
MOo>XHO BbINOSHUTL HE MO MOPSAKY.
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Takoe noBeaeHune Habnopaerca B
peanbHocTtu (Hanpumep, GCC + x86)!



Mogenn namsTn npoueccopos

Mogenun namsitu Al



Mogenn namsTn npoueccopos
e x86, [Owens et al., 2009]
e Power, [Alglave et al., 2014]
e ARM, [Flur et al., 2016]

Mogenun namsitu Al



Mogenn namsTn npoueccopos
e x86, [Owens et al., 2009]
e Power, [Alglave et al., 2014]
e ARM, [Flur et al., 2016]

Mogenun namsitu Al
e C/C++11, [Batty et al., 2011]
e Java, [Manson et al., 2005]



Mogenn namsTn npoueccopos
e x86, [Owens et al., 2009]
e Power, [Alglave et al., 2014]
e ARM, [Flur et al., 2016]

Mogenun namsitu Al
e C/C++11, [Batty et al., 2011]
e Java, [Manson et al., 2005]

[VlMe}OT PAf, CyLLECTBEHHbIX He,EI,OCTaTKOB]




Mogenn namsTn npoueccopos
e x86, [Owens et al., 2009]
e Power, [Alglave et al., 2014]
e ARM, [Flur et al., 2016]

Mogenun namsitu Al

e "Obewatowasn” cemanTtuka, [Kang et al., 2017]



Mogenn namsTn npoueccopos
e x86, [Owens et al., 2009]
e Power, [Alglave et al., 2014] j
e ARM, [Flur et al., 2016]

Mogenun namsitu Al

e "Obewatowasn” cemanTtuka, [Kang et al., 2017]



Mogenn namsTn npoueccopos

e x86, [Owens et al., 2009] j{
e Power, [Alglave et al., 2014]
e ARM, [Flur et al., 2016]

KoppekTHoCTb KoMMusiLum
nokasana B [Kang et al., 2017]

Mogenun namsitu Al

e "Obewatowasn” cemanTtuka, [Kang et al., 2017]



Mogenn namsTn npoueccopos
N KoppekTHOCTb KoMnuasiuum
j nokasaHa B [Kang et al., 2017]

e ARM, [Flur et al., 2016] Ta e cxema gokasaTenbCTBa
He nogxoant anst ARM!
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« ®opmanusosarHa mogens ARMvS
[Flur et al., 2016] n pokasaHbi
BCMOMOTraTe/ibHble YTBEPXKXAEHNSI NPO
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VProg% yntax,

T compile( Prog)
S

[Pe3yn bTaT KOMNWUNA LI,VIVI}
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namMsTK coBnagaet




KoppekTHocTb komnunauum ns3 Se T

VProg € Syntax,
{tj}je[l..k] — T-ucnonnenue compile( Prog).
3{si}ticp.n — S-ucnonwenyle Prog,
S, >~ tx. | PaccmaTtpueaem compile = id}




KoppekTHocTb komnunauum ns3 Se T

VProg € Syntax,
{tj}jen...g — T-ucnonnenue Prog.
{siticp..n) — S-ucnonuenne Prog,
Sn = t.



CTaHpapTHas TexHUka —
CUMYNSALNS



[Tpumep cumynsumnm

Progd

A

S

I/lHBapVIaHT BbIMOJTHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Progd

A

S

I/lHBapVIaHT HE BbINOMHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

St

S

I/lHBapVIaHT BbIMOJTHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

St

S

I/lHBapVIaHT HE BbINOMHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

St

S

I/lHBapVIaHT BbIMOJTHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

st

S

I/lHBapVIaHT HE BbINOMHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

st

S

I/lHBapVIaHT BbIMOJTHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

St

S

I/lHBapVIaHT HE BbINOMHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

St

I/lHBapVIaHT BbIMOJTHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

St

I/lHBapVIaHT HE BbINOMHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




[Tpumep cumynsumnm

Prog

SR

I/lHBapVIaHT BbIMOJTHAETCA

S — ncxogHasa mogens

— BbINONHeHO T
T — ueneBas mogenb




...HO CUMYNSAUNS HAMNPSMYIO He
MPMMEHNHA B HALWLEM CJly4dae



...HO CUMYNAUNA HANPAMYHO HE

NMPUMEHNHA B HaLLEM CJIy4ae:

1. ARM BbINOAHSAET NHCTPYKLMN HE MO
NOPAAKY;

2. "Obewatowast’ cemaHTKa nMeeT
bosiblle SBHbIX OrpaHUYeHUA.
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Promise
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= Writ it
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ARMAT
, Write commit / Promise write ;s
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T romise
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ARM+T
3p',p ——* 9, (@,p) €T
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VProg, {aitico..n)>

a"it (compile( Prog)) = ag ——— ... ———> ap, Final*fM+7(a,),
ARM+T ARM+T
Heiticro..u )
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Promising Compilation to ARMv8

Anton Podkopaev', Ori Lahav?, and Viktor Vafeiadis?
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—— Abstract
We prove the correctness of compilation of relaxed memory accesses and release-acquire fences
from the “promising” semantics of Kang et al. [8] to the ARMv& POP machine of Flur et al. [5].
The proof is highly non-trivial, because both the ARMv8 and the promising semantics provide
some ly weak consi for normal memory accesses; however, they do so in
rather different ways. Being the first formal proof about the ARMv8 POP model, in the process
we also had to formalize the semantics of Flur et al. Our proof of compilation correctness to
ARMvS strengthens the results of the Kang et al., who only proved correctness of compilation
to x86-TSO and Power, which are much simpler in comparison to ARMvS.

1998 ACM Subject Classification F.3.1 Specifying and Verifying and Reasoning about Programs
Keywords and phrases ARM, Compilation Correctness, Weak Memory Model

Digital Object Identifier 10.4230/LIPIcs...

1  Introduction

One of the major \mresolved tuplu in the semantics of programming languages has to do
with giving to c shared -y programs. While it is well understood
that such programs cannot follow the naive pdrddw‘m of sequential consistency (SC) [11], it
is not completely clear what the right ics of such should be.
At the level of machine code, the semantics varies a lot depending on the hardware archi-

tecture, which is only loosely specified by the vendor manuals. Tn the last decade, academic
rescarchers have produced formal models for the mainstream hardware architectures (e.g.
X86-TSO [17], Power [16, 1], ARMYS [3]) by engaging in discussions with hardware architeets
and subjecting existing hard impl to ive tests.

In this paper, we will focus on the ARMvS model due to Flur et al. [5], which is the
most recent and arguably the most advanced such hardware memory model. Operational in

JEVUR R Tt 7R JREE JHNTR I TN T ST TR -t TR S Y S S S,
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PL semantics should

o allow efficient implementation;
(x86, Power, ARM)

« validate compiler optimizations;
(merging, rearranging, etc)
o allow high-level reasoning.
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Lamport’s SC X X v
C/C++11 MM v v X
Java MM v X v

A promising semantics
[Kang et al., 2017] ‘ v ‘ v v
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The Promise machine [Kang et al., 2017] is
proved to be compilable to x86 and Power.

Sketch of the proof:

e x86 = SC + transformations,
Power = “StrongPower” + transformations
[Lahav and Vafeiadis, 2016];

e the transformations are proved to be sound in the Promise
machine;

e For every program, SC behaviors C “StrongPower” behaviors
C behaviors of an axiomatic promise-free version of the
Promise machine.
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The proof scheme isn't applicable to

ARM
and here is why:







Allowed by ARMVS [Flur et al., 2016]

X =jgi ] =0
2= x| //1() X: | €=
Mi=1  [W=b|K=c




The behavior cannot be explained by
transformations over a strong enough
model.



Compilation scheme

Promise

[X]rlx = d
a.— [X]HX

X =a
a =[x

fence acq
fence rel

dmb LD
dmb SY



As the compilation scheme is bijection, we

use one syntax in examples.
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i 1 .

a .=

The main memory
[ :=0;[y] :=1

=1 |b=|

X
v



Thread 1

| [Thread 2|
X] = 1

b:=[x

a:.= [y]
The main memory

X =0l =1
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Simulation

1. Introduce SimlInvariant : Tsiate X Sstate;

2. Show that
\V/t, t' e TState; UES SState-
correct(t), t = t', Simlnvariant(t, s),

35 € Ssiare.S ?* s', Simlnvariant(t,s).



The ARM+47 machine

- Add 7-map component to the ARM
state;

- Modify Write Commit rule;
- Modify Propagate rule.
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VProg, {si}icio..n
lnlt(PrOg) =) — . —> Sn, FinalARM(sn),

ARM ARM
E]{a ‘5/ ARMstate(a/)}le[O..n]
ao > ... > a,,.
ARM-+r ARM+7

Sketch of the proof:
o Construct an order on writes from s,;
o Show s; doesn’t contradict the order for all i

« Show the order may coincide with 7s in

{ai}ie [0..n]-



