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Collecting Semantics Collecting semantics of program P is an
invariant [P] € C — 2° that represents a set of reachable states
at each control point, where the concrete domain of states, S =
L — V, maps concrete locations (IL) to concrete values (V).

Oh et al. Design and Implementation of Sparse Global Analyses for C-like Languages. PLDI 2012
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int message=0; int flag=0;

// thread 1
message = 100;
flag =

// thread 2 | |
while (!flag) {} e (undefined behaviour)

printf(“%sd\n”, message);
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int message=0; atomic<int> flag;
flag.store(0);

// thread 1 e MHBI =7|57} T
message = 100;

flag.store(1); . CI2 =7|5} Hie 7
// thread 2

while (!flag.load()) {}
printf(“%sd\n”, message);
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C11/C++11 =73} of| |

Batty et al. Mathematizing C++ Concurrency



|_oad Butfering (LB) 1

undefined behaviour

Semanticse race 9= T2 20| CHo B Ho| =l
O 22 = HSI=E 2|6k

LS L—

int X, vy;

//thread 1
assert(y==1);
x=1;

X: race, =l race=

undefined behaviour //thread 2
assert(x==1);
y=1;
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| oad Buffering (LB) 2
allowed

relaxed: race= Q2. 24| O}R& S7|§F E&0| X

atomic<int> X, Vy;

//thread 1
assert(y. load(relaxed)==1);
x.store(l, relaxed):

//thread 2
assert(x.load(relaxed)==1);
y.store(l, relaxed);
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|_oad Buffering (LB) 2

A0

sb: sequenced-before (A2|= LY)

rf: reads-from
relaxedO]| CHS{ M= (712]) OFF & HM|FZ=710| i3

atomic<int> X, V;

CZRRLxXZ]. e:R ny:1
//thread 1
assert(y.load(relaxed)==1); rf
x.store(1l, relaxed); sb sb
//thread 2  / rf  /

assert(x. load(relaxed)==1)
y.store(l, relaxed); d WRLXy 1 fZWRLxXZ].
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|_oad Buffering
disallowed

sequentially consistent: 7t& 4st +F2| 7|3}

atomic<int> X, y;

//thread 1

assert(y.load(seq cst)==

x.store(1l,seq cst);

//thread 2

assert(x.load(seq cst)==

y.store(l, seq cst);
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|_oad Buffering (LB) 3

A0

Sequentially consistentet 2 ArO|0f|= sc2t= total orderZt U=
sb= sclf O{ZLIH 2=

rf= sc2t O{ZLIH ot

15 scf cycles BtE = UM sc7t total order@l0| 2

atomic<int> x, y;

CZRSQ0X:1 e:R QCy:]-
//thread 1
assert(y.load(seq cst)==1); rf

x.store(1l,seq cst); sb sb

//thread 2  / rt  /

assert(x.load(seq cst)==1); , - _ B
y.store(1l, seq cst); d-Wchy—l f.WSQC x=1
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e Atomic

e Relaxed
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+ C11/C++11 022| B (2011),
AteF o[22 22 NET 022 22

« CPUE 22| 2&

e x80 22| 22 Sparc HZZ| 2& (2010),
ARM 22| 22 POWER 22| 2 (2011)

« 2H: 1) &M CPU/ALYE s ZY, 2) &H =5

Peter Sewell. http://www.cl.cam.ac.uk/~pes20/weakmemory/index.htm
Java Community Process. JSR-000133 JavaTM Memory Model and Thread Specification Revision
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http://www.cl.cam.ac.uk/~pes20/weakmemory/index.html
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* Vafeiadis et al. Relaxed separation logic: a program logic for C11 concurrency

e Turon et al. GPS: Navigating Weak Memory withGhosts, Protocols, and Separation

o SAIM MR2E] 2E 20| A (ZHEFSH compositional &=
(A= SHE 2 2 38 2=71)

e Batty et al. Library Abstraction for C/C++ Concurrency
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¢ C11/C++11

« ARM

Batty et al. Clarifying and Compiling C/C++ Concurrency: from C++11 to POWER
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L LVM H{E 2] 2&7

LLVM: S| B a8BEe| B2
LLVM H[22] BE=2 o[Vt Glex. ..

« FF O[HQ] BHD (http://llvm.org/docs/Atomics.html)

+ C11/C++11 HZ2| DHD 54

T

C11/C++11 HZ2Z| B2 XI2? 0| 2Fts),

RM&=7

>

LLVM-TSO=Z =15 st&8e71? 13
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http://llvm.org/docs/Atomics.html

« &H|H =3 clang -01 43
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