


Recap: Transformations

Redundant access elimination such as
—_ . _ / _ !
o Yik=VviYix =V~ Yk =v
o Yix=via=Yu~ Yix=via=y,;

@ a=VYy;a=Y~a= Yy

Fence Insertion such as
o G; G~ (; Frel,va,sc; G

Access strengthening such as
o Yix=v~ Ye=v

@ a= Y~ a= Yaq

Reordering of accesses such as

e a=VYdix=v~ZLix=v,a= Y



C11 in Compilers

GCC and LLVM compiles C11 concurrency primitives.

Introduce primitives in intermediate representation (IR).

GCC follows C11 concurrency model but LLVM differs.

No optimization on atomic accesses.



Mapping to Processors

C11 concurrency primitives = operations + memory order

Operations Memory orders:
@ Load o Relaxed
@ Store @ Release
° ... o Acquire
°

Remember the concurrency primitives in architectures:
o Load
@ Store
o Fence



Mapping Scheme to x86

C11 x86

Rna mov(R)
Riix mOV(R)
Racq mov(R)
Rsc mov(R)
Wha mov (W)
Wik mov(W)
Wieel mov(W)
Wse | mov(W); mfence
Uo lock cmpxchg
Frsc skip

Fsc mfence



Example

C11 to x86: Why We ~ W; mfence is required.
C11: a= b =0 is disallowed.

x86: a = b =0 is disallowed
(but allowed without the mfence accesses)

X :=1; Y :=1;
~» mfence mfence
a=Y; a=X;

Xsc =1,
a:= Ys;

Yoc = 1;
a:= X;




Example: Alternative Scheme

C11 to x86: Why W ~ U
Cl1l1: a= b =0 is disallowed.

x86: a = b =0 is disallowed
(no mfence is required)




Mapping Correctness

We prove the mapping scheme is correct.

For each consistent execution of the target program there exists a
corresponding consistent execution of the source program with
same outcome.

X € [Pge]. 3X' € [Purc]. O(X) = O(X)

@ For each consistent execution X’ of target program Pig, define
an execution X of B..

@ Show that X is consistent.
© Show that O(X) = O(X’)



Mapping Correctness

@ For each consistent execution X’ of target program Pigt, define
an execution X of B.

Pgt is x86 program and Py is C11 program.

X' is an x86 consistent execution of target program Pg: and X is
the C11 consistent execution of source program Py..

Let's start with non-SC programs.

In that case target execution X’ has no mfence.



Mapping Correctness

Given X’ we define X.

Based on B.:

X'R = X.Rna/X.Rix/X Racq

X' W = X.Wpa/X Wy /X W,

XU = X.Una/X.Upx/X.Urel/ X Uacq/X-Uacq_rel

It is sufficient to consider:
X'R = X.Raeq

X' W = X.Wg

X' U = XUseq_rel

Question: Why is it sufficient?
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C11 Source Execution

ac X'.E = ae X.E where
@ d €R = a€ Ry
0 d cW = ac Wy
0 dclU = acUyq v

X'xf(d, b)) = X.rf(a,b)

X'.so(d,b') = X.mo(a, b)

Relations in C11;

(X.poU X.rf)T = (X.poU X.sw)t = X.
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C11 Consistency

We show X is consistent.

(irrHB)

Assume a X.hb cycle.

It implies a (X.po U X.rf)T cycle.

It implies a (X’.po U X’.rf)* cycle which is a contradiction.
Therefore X satisfies (irrHB).
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C11 Consistency

We show X is consistent.

(irrHB)

Assume a X.hb cycle.

It implies a (X.po U X.rf)T cycle.

It implies a (X’.po U X’.rf)* cycle which is a contradiction.
Therefore X satisfies (irrHB).

(CohHBRF)

Assume a X.rf; X.hb cycle.

It implies a X.rf; (X.po U X.rf)* cycle.

It implies a (X’.po U X’.rf)T cycle which is a contradiction.
Therefore X satisfies (CohHBRF).
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C11 Consistency

(Coh-WW)

Assume a X.mo; X.rf; X.hb cycle.

It implies a X’.s0; X.hb cycle.

However, X’ satisfies (ConsHBSO) and therefore a contradiction.
Hence X satisfies (Coh-WW).

(Coh-WR)

Assume a X.mo; X. ;X.rfﬁ1 cycle.

It implies a X.hb; X.fr cycle.

It implies a X’.hb; X' .fr cycle.

However, X’ satisfies (ConsFRHB) and therefore a contradiction.
Hence X satisfies (Coh-WR).
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C11 Consistency

(Coh-RR)

Assume a X.mo: X.rf: X .hb: X.rf 1 cycle.

It implies a X.mo; X.hb; X.if 71 cycle.

It implies a X.hb; X.fr cycle.

It implies a X’.hb; X’ fr cycle.

However, X’ satisfies (ConsFRHB) and therefore a contradiction.
Hence X satisfies (Coh-RR).

(Atomicity)

Assume a X.fr; X.mo cycle.

It implies a X'.fr; X’.s0 cycle.

However, X’ satisfies (ConsFRSO) and therefore a contradiction.
Hence X satisfies (Atomicity).
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