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Technical Specification for C++
Extensions for Transactional Memory

1 General [intro]

1.1 Scope [general.scope]

This Techrfical Specification describes extensions to the C++ Programming Language (1.3) that enable the specification pf Transactional
Memory. These extensions include new syntactic forms and modifications to existing language and library.

The Interrfational Standard, ISO/IEC 14882, provides important context and specification for this Technical Specificgtion. This
document fis written as a set of changes against that specification. Instructions to modify or add paragraphs»are written |as explicit
instructionp. Modifications made directly to existing text from the International Standard use greem €0\ r€present added text and
strikethresieh to represent deleted text.

This Techrfical Specification is non-normative. Some of the functionality described by this Technical‘Specification may be corfsidered for
standardization in a future version of C++, but it is not currently part of any C++ standard. Sonte of the functionality in thi§ Technical
Specificatipn may never be standardized, and other functionality may be standardized in a substantially changed form.

The goal of this Technical Specification is to build widespread existing practice for Transactional Memory. It gives advice on|extensions
to those vejndors who wish to provide them.

1.2 Acknowledgements [general.ack]

This work|is the result of collaboration of researchers in industry and aesademia, including the Transactional Memory Sgecification
Drafting Group and the follow-on WG21 study group SG5. We wish¢to thank people who made valuable contributions within gnd outside
these groups, including Hans Boehm, Justin Gottschlich, Victor Luchangco, Jens Maurer, Paul McKenney, Maged Michael, Mark Moir,
Torvald Riegel, Michael Scott, Tatiana Shpeisman, Michael Spear,"Michael Wong, and many others not named here who corjtributed to
the discusgion.

1.3 Normative references [general.references]|

The following referenced document is indispénsable for the application of this document. For dated references, only the edlition cited
applies. Fgr undated references, the latest(edition of the referenced document (including any amendments) applies.

— |ISO/IEC 14882:2014, Programming Languages - C++

ISO/IEC 1§#882:2014 is hereinafter'called the C++ Standard. Beginning with section 1.10 below, all clause and section numbers, titles,
and symbollic references in [brackets] refer to the corresponding elements of the C++ Standard. Sections 1.1 through 1.5 of thi$ Technical
Specificatipn are introductory, material and are unrelated to the similarly-numbered sections of the C++ Standard.

1.4 Implgmentation compliance [intro.compliance]

Conformarjce fequirements for this specification are the same as those defined in section 1.4 [intro.compliance] of the C++ Standard.
[ Note: Comformmarnce 15 defined T terms ot tie belavior of progrants. — end n1o1e |

1.5 Feature testing [intro.features]

An implementation that provides support for this Technical Specification shall define the feature test macro in Table 1.

Table 1 -- Feature Test Macro

Name Value Header

__cpp_transactional memory | 201505 | predeclared

§1.5
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1.10 Multi-threaded executions and data r aces

1 Add aparagraph 9 to section 1.10 [intro.multithread] after paragraph 8:

N4514

[intro.multithread]

The start and the end of each synchronized block or atomic block is a full-expression (1.9 [intro.execution]). A
synchronized block (6.9 [stmt.sync]) or atomic block (6.10 [stmt.tx]) that is not dynamically nested within another
synchronized block or atomic block is called an outer block. [ Note: Due to syntactic constraints, blocks cannot
overlap unless one is nested within the other. ] Thereis a global total order of execution for all outer blocks. If, in
that total order, Tl isordered before T2,

TTO evatuatiom T T 2 frappens beforeany evatuatiom i T Tamd
if T1 and T2 perform conflicting expression evaluations, then the end of T1 synchronizes with the'sta
T2.

It of

§1.10
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2 Changein 1.10 [intro.multithread] paragraph 10:

Synchronized and atomic blocks as well as certain Certain library calls synchronize with other synchronized blocks,
atomic blocks, and library calls performed by another thread.

3 Changein 1.10 [intro.multithread] paragraph 21:

The execution of a program contains a data race if it contains two conflicting actions in different threads, at least one of
which isnot atomic, and neither happens before the other. Any such data race resultsin undefined behavior. [ Note: It can be
shown that programs that correctly use mutexes, synchronized and atomic blocks, and nenor y_or der _seq_cst operations
to prevent all dataraces and use no other synchronization operations behave asif the operations executed by their constifuent
threqds were simply interleaved, with each value computation of an object being taken from the last side effect on that-opject
in that interleaving. This is normally referred to as "sequential consistency”. However, this applies only to datasracefree
programs, and date-race-free programs cannot observe most program transformations that do not change single-threaded
program semantics. In fact, most single-threaded program transformations continue to be allowed, sincéany prograny that
behagves differently as aresult must perform an undefined operation. -- end note |

paragraph 22 after 1.10 [intro.multithread] paragraph 21:

[ Ngte: Due to the constraints on transaction safety (8.4.4 [dcl.fct.def.tx]), the following holds for a data-raceifree
program: If the start of an atomic block T is sequenced before an evaluation ASAX iS sequenced before the erld of
T, ahd A inter-thread happens before some evaluation B, then the end of T inter-thread happens before B. ||f an
evalliation C inter-thread happens before that evaluation A, then C inter-thread-happens beforethe start of T. These
progerties in turn imply that in any simple interleaved (sequentially censistent) execution, the operations of pach
atomic block appear to be contiguousin theinterleaving. -- end note]

§1.10
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2 Lexical conventions

2.11 | dentifiers

1 Insection 2.11 [lex.name] paragraph 2, add t r ansact i on_saf e and t r ansact i on_saf e_dynani c to the table.

2.12 Keywords

N4514

[lex]

[lex.name]

[lex.key]

1 In section R.12 [lex.key] paragraph 1, add the keywords synchr oni zed, at oni c_noexcept , at oni ¢c_cancel , and at orfixc_“cofmi t to the

table.

§2.12
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4 Standard conversions [conv]
4.3 Function-to-pointer conversion [conv.func]

1 Changein section 4.3 [conv.func] paragraph 1:

An Ivalue of function type T can be converted to a prvalue of type "pointer to == T" . An Ivalue of type" transaction-safe

f TP nbhaoanyartad to o ey ol CITUT-LLE-W-CICE PN PN SET-0=C TN\ Ll ul “P-NP=VCE I 2 BnaHAEaK- thafiontian [ Fant t
uncl.lUll LUl e eurntvortcu LU(API varuc'ul Lyrlc 'JUIIII.CI tUTUTNICLIOT . TTicTeournt I\)(A'JUIIII.CI U riC Turtcururt. L T UUL]O e.

]

4.14 Trapsaction-safety conversion [conv.tx]

1 Add anew| section 4.14 [conv.tx] paragraph 1:

4.14)[conv.tx] Transaction-safety conversion
A pfvalue of type "pointer to transaction_safe function" can be converted to ,a prvalue of type "pointér to
fungtion". The result is a pointer to the function. A prvalue of type " pointer to miember of typetransaction_pafe
fundtion" can be converted to a prvalue of type "pointer to member of typefunction”. The result points tq the
member function.

§4.14 10
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5 Expressions [expr]

1 Changein 5 [expr] paragraph 13:

[ Note: ... ] The composite pointer type of two operands pl and p2 having types T1 and T2, respectively, where at least one
isapointer or pointer to member typeor std: : nul I ptr_t,is:

— if Tl or T2 is"pointer to cv1l void" and the other type is "pointer to cv2 T", "pointer to cv12 void", where cv12
istheunion of cvl and cv2 ;
— if T1lis" pointer totransaction_saf e function" and T2 is" pointer to function", where the function-types
are otherwise the same, T2, and vice versa;

5.1 Primgry expressions [e{pr.prim]
5.1.2 Lampda expressions [expr.prif.lambda]

1 Changeinp.1.2 [expr.prim.lambda] paragraph 1:

| anmbda- decl ar at or:
( parameter-declaration-clause ) mutabl egp: tkansacti on_saf egpt
exception-specificationgpt attribute-specifier-seqopt trailing-retyrn-typegpt

2 Changeinp.1.2 [expr.prim.lambda] paragraph 5:

Thigfunction call operator or operator template is declared cénst (9.3.1) if and only if the lambda-expression's parargter-
declaration-clause is not followed by mut abl e. It is neither yirtual nor declared volatile. It isdeclared t ransacti on_sédf e if
and jonly if the lambda-expression's parameter-declaration-clause isfollowed by t r ansact i on_saf e or, in anon-geferic
lamipda-expression, it has a transaction-safe function definition (8.4.4 [dcl.fct.def.tx]). Any exception-specification
spegfied on alambda-expression applies to the corfesponding function call operator or operator template. ...

3 Changeinp.1.2 [expr.prim.lambda] paragraph 6:
The|closure type for a non-generic lambda-expression with no lambda-capture has a public non-virtual non-explicit ¢onst
trarfsacti on_saf e conversion function to pointer to function with C++ language linkage (7.5 [dcl.link]) having the $ame

parameter and return types as. the closure type's function call operator. That pointer is a pointer to transactionisafe
fungtion if the function call*epérator istransaction-safe.

5.2 Postfjx expressions [expr.post]

5.2.2 Fundtion call [expr.call]

1 Add at thelen@.of 5.2.2 [expr.call] paragraph 1:

.. [ Note: ... ] A call to a virtual function that is evaluated within an atomic block (6.10 [stmt.tx]) results in
undefined behavior if the virtual function is declared transaction_safe_dynani ¢ and the final overrider is not
declared t ransact i on_saf e.

2 Add paragraph 10 after 5.2.2 [expr.call] paragraph 9:

Recursive calls are permitted, except to the function named main (3.6.1)

Calling a function that is not transaction-safe (8.4.4 [dcl.fct.def.tx]) through a pointer to or lvalue of type
" transaction-safe function” has undefined behavior.

§5.2.2 11
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5.2.9 Stat

N4514

ic cast [expr.static.cast]

1 Changein 5.2.9 [expr.static.cast] paragraph 7:

The inverse of any standard conversion sequence (Clause 4 [conv]) not containing an lvalue-to-rvalue (4.1 [conv.lval]),
array-to-pointer (4.2 [conv.array]), function-to-pointer (4.3), null pointer (4.10), null member pointer (4.11), er boolean
(4.12), or transaction-safety (4.14 [conv.tx]) conversion, can be performed explicitly using st ati c_cast. ...

5.10 Equality operators

1 Changein.10 [expr.eq] paragraph 2:

If atfleast one of the operands is a pointer, pointer conversions (4.10 [conv.ptr]), transaction-safety conversions
[con\v.tx]), and qualification conversions (4.4 [conv.qual]) are performed on both operands to bring them(to their comp
pointer type (clause 5 [expr]). Comparing pointers is defined as follows: Before transaction-safety. conversions, if
pointer is of type" pointer to function", the other is of type" pointer totransacti on_saf e function”, and both g
toth

5.16 Corlditional operator [

1 Changein

[expr.eq]

5.16 [expr.cond] paragraph 6:

— One or both of the second and third operands have-pointer type; pointer conversions (4.10 [conv.
transaction-safety conversions (4.14 [conv.tx]), and.qudification conversions (4.4 [conv.qual]) are perfol
to bring them to their composite pointer type (5 [expri)."...

4.14
psite
one
oint

esame function, it isunspecified whether the pointers compar e equal. Other wise, Fafwo pointers compare equal
if they are both null, both point to the same function, or both represent the same address (3.9.2), otherwise they con
unequal.

pare

pr.cond]

btr]),

med

§5.16
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6 Statements [stmt.stmt]

1 In 6 [stmt.stmt] paragraph 1, add two productions to the grammar:

statenent:

| abel ed- st at enent

attribute-specifier-seqopt expression-statenent
attribute-specifier-segopt conpound-statenent
attribute-specifier-seqopt sel ection-statement
attribute-specifier-seqopt iteration-statenent
attribute-specifier-seqopt junp-statement

decl ar ati on- st at ement
attribute-specifier-seqopt try-block

synchr oni zed- st at ement

at om c- st at ement

6.6 Jump statements [stmt.jump]

1 Add anew| paragraph 3 at the end of 6.6 [stmt.jump]:

Transfer out of an atomic block other than via an exception executesthe'end of the atomic block. [ Note: Colloguially,
thisfis known as committing the transaction. For exceptions, see-15:2 [except.ctor]. -- end note | Transfer out|of a
synghronized block (including via an exception) executes the end)ofthe synchronized block.

6.9 Synchronized statement [simt.sync]

1 Add anewsection 6.9 [stmt.sync] paragraph 1:

6.9 [stmt.sync] Synchronized statement

synchroni zed- st at ement :
synchroni zed conpound- st at enent

A sylnchronized statement is also €al{ed a synchronized block.

The|start of the synchronizedvblock is immediately before the opening { of the compound-statement. The end of the
synahronized block isimmediately after theclosing} of the compound-statement.

A gdt o or swi t ch statement shall not be used to transfer control into a synchronized block.
[ Example:

int f()
{
static int i = 0;
syfehroni zed {
pl;lltf("bcfulc nlILI\II, I),
++i ;
printf("after %\n", i);
return i;

}
}

Each invocation of f (even when called from several threads simultaneously) retrieves a unique value (ignoring
overflow). The output is guaranteed to comprise consistent befor e/after pairs. -- end example]

§6.9 13
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6.10 Atomic statement [stmt.tx]

1 Add anew section 6.10 [stmt.tx] paragraph 1:

6.10 [stmt.tx] Atomic statement

at omi c- st at enent :
at onmi c_noexcept conpound- st at enent
atonmi c_cancel conpound- st at ement
atonmi c_conmit conpound- st at enent

An ptomic statement is also called an atomic block. The program is ill-formed if the compound-statement|is a
transaction-unsafe statement (8.4.4 [dcl.fct.def.tx]).

The|start of the atomic block isimmediately before the opening { of the compound-statement. The end‘of the atpmic
block is immediately after the closing } of the compound-statement. [ Note: Thus, variables with autematic stoyage
durgtion declared in the compound-statement are destroyed prior to reaching the end of the atomic block; seg 6.6
[stmt.jump]. -- end note ]

A gdt o or swi t ch statement shall not be used to transfer control into an atomic block.
[ Example:

int f()
{
static int i = O;
at om c_noexcept {
++i ;
return i;
}
}

Each invocation of f (even when called from several threads simultaneoudly) retrieves a unique value (igngring
overfflow). -- end example]

§6.10 14
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7 Declarations [dcl.dcl]
7.4 The asm declaration [dcl.asm]

1 Changein 7.4 [dcl.asm] paragraph 1:

.. The asm declaration is conditionally-supported; its meaning is implementation-defined. [ Note: Typicaly it is used to

p" IIIfUIIIIuI.IUII thluugll thc ;m'JIUIICIII.(AI.IUII tU (AII mllula" Clv‘ld IIUtCJ :t :Q IIII'JIClIIUII.(.AtIUn definw vvhl\..h asn
declprations ar e transaction-safe (8.4.4 [dcl.fct.def.tx]), if any.
7.6 Attriputes [dcl.attr]
7.6.6 Attribute for optimization in synchronized blocks [dcl.attr.sync]
1 Add anewsection 7.6.6 [dcl.attr.sync] paragraph 1:
7.6.6 [dcl.attr.sync] Attribute for optimization in synchronized blocks
The| attribute-token opti i ze_f or _synchroni zed specifies that a function (definition should be optimized| for
invacation from a synchronized-statement (6.9 [stmt.sync]). It shall appear, at'most once in each attribute-list and no
attripute-argument-clause shall be present. The attribute may be applied to the declarator-id in a function declar afion.
The|first declaration of a function shall specify the opti ni ze_f or, syachroni zed attribute if any declaratign of
that| function specifies the optinize_for_synchronized attribtte. If a function is declared with | the
optifm ze_for_synchroni zed attribute in one translation unithand the same function is declared without| the
opti|ni ze_f or _synchr oni zed attributein another translation.gnit; the program isill-formed; no diagnostic required.
[ Example:
/] translation unit 1
[loptim ze_for_synchronized]] int fyint);
void g(int x) {

~

#i

—

synchroni zed {
int ret = f(x*x);

}

transl ati on uni¢.\2
ncl ude <i ostreanp

tern int verbose;
opti m.ze)for_synchronized]] int f(int Xx)

i (¥ >= 0)

return Xx;

}

if (verbose > 1)
std::cerr << "failure: negative x" << std::endl;
return -1;

If the attribute were not present for f, which isnot declared t ransact i on_saf e, a program might have to drop out of
speculative execution in g's synchronized block every timewhen calling f, although that isonly actually required for

disp

laying the error messagein therareverboseerror case. -- end example]

§7.6.6
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8 Declarators [dcl.decl]

1 Changein clause 8 paragraph 4:

par anmet er s-and-qual i fiers:
( paraneter-declaration-clause ) cv-qualifier-seqopt
ref-qualifieropt tx-qualifieropt exception-specificationgp attribute-specifier-seqopt

—

-qualifier:
transacti on_safe
transaction_saf e_dynam c

8.3 Meaning of declarators [dcl.ineaning]
8.3.5 Fundtions [dcl.fct]

1 Changein.3.5 [dcl.fct] paragraph 1:

Inapeclaration T D where D hasthe form

D1 ( parameter-declaration-clause ) cv-qualifier-seqopt
ref-qualifieropt tx-qualifieropt excepticon-specificationgp; attribute-pgpecifier-seqopt

and the type of the contained declarator-id in the declaration T<D1'is "derived-declarator-type-list T", the type of the
declgrator-id in D is "derived-declarator-type-list transact i onxsaf eopt function of (parameter-declaration-clause) cv-
qualjfier-segopt ref-qualifieropt returning T", where the optionalt r ansact i on_saf e ispresent if a tx-qualifier is present.
Thepptiona attribute-specifier-seq appertains to the function type.

2 Changein{8.3.5 [dcl.fct] paragraph 2:

In apeclaration T D where D hasthe form

D1 ( parameter-declaratien-clause ) cv-qualifier-seqopt
ref-qualifierop (tX-qualifieropt exception-specificationgp attribute-ppecifier-seqept tr

and [the type of the contained declarator-id in the declaration T D1 is "derived-declarator-type-list T, T shall bg the
single type-specifier auto. Thetype of the declarator-id in D is "derived-declarator-type-list t r ansact i on_saf egpt fungtion
of (parameter-declaration-clatise) cv-qualifier-segopt ref-qualifieropt returning trailing-return-type”, where the optiponal
trarsacti on_saf e is present if a tx-qualifier is present. The optional attribute-specifier-seq appertains to the fungtion
type]

3 Changein[8.3.5 [dcl.fet]{paragraph 5:

.. Affter determining the type of each parameter, any parameter of type "array of T" or "transacti on_saf egpt fungtion
returlni ng T is adjusted to be "pointer to T" or "pointer to t ransact i on_saf egpt function returning T," respectively. ...

4 Changein 8.3.5 [dcl.fct] paragraph 6:
... Thereturn type, the parameter-type-list, the ref-qualifier, and the cv-qualifier-seq, and thetransacti on_saf e qualifier,
but not the default arguments (8.3.6 [dcl.fct.default]) or the exception specification (15.4 [except.spec]), are part of the
function type. ...

5 Add paragraph 16 at the end of section 8.3.5 [dcl.fct]:

Thetransaction_saf e_dynani ¢ qualifier may only appear in a function declarator that declares a virtual function
in a class definition. A virtual function declared with the transaction_saf e_dynani ¢ qualifier is considered to

§8.35 16
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be declared transaction_safe. [ Note: A virtual function so declared can be overridden by a function that is
not transaction-safe (see 10.3 class virtual), but calling such an overrider from a synchronized or atomic block
causes undefined behavior (see 5.2.2 expr.call). -- end note ] All declarations of a function shall be declared
transacti on_saf e if any declaration of that function isdeclared t ransact i on_saf e, except that the declaration of an
explicit specialization (14.7.3 [temp.expl.spec]) may differ from the declaration that would be instantiated from the
template; no diagnostic isrequired if conflicting declarations appear in different translation units.

8.4 Function definitions

8.4.11n g

1 Changeinfsection 8.4.1 [dcl.fct.def.general] paragraph 2:

Thepeclarator in afunction-definition shall have the form

[dcl fet.def]

eral foctferaef.general]

Dl (—paraneter—declarati-on-clause—)—ecv—gqualifier-seqopt
ref-agualifier . avception-specificationami—attribute-specifierdsegan:
AU A A= U A0 QI AN A A A A/ AT Ui A AT g =AU L AR R AT I EASA A2 SSHOoPt
paranet ers-and-qualifiers trailing-return-typgopt
8.4.4 Tranisaction-safe function [dclffct.def.tx]
1 Add anew section after 8.4.4 [dcl.fct.def.tx] paragraph 1:
8.4.4 [dcl.fct.def.tx] Transaction-safe function definitions
An gxpression is transaction-unsafe if it contains any of the following as a potentially-evaluated subexpression| (3.2
[bagc.def.odr]):
— an lvalue-to-rvalue conversion (4.1 [conv.lval]) @pplied to a volatile glvalue [ Note: referring to a voljatile
object through a non-volatile glvalue has undgfined behavior; see 7.1.6.1 [dcl.type.cv] -- end note],
— an expression that modifies an object through-a volatile glvalue,
— thecreation of atemporary object of volatile-qualified type or with a subobject of volatile-qualified type,
— a function call (5.2.2 expr.call) whose postfix-expression is an id-expression that names a non-viftual
function that is not transaction-safe,
— animplicit call of a non-virtualfuhction that is not transaction-safe, or
— any other call of afunction,wherethe function typeisnot "t ransacti on_saf e function".
A Slatement is a transaction-unsafe statement if it lexically directly contains one of the following (including
evalpations of default argument expressions in function calls and evaluations of brace-or-equal-initializers for hon-
statilc data membersin aggregate initialization (8.5.1 dcl.init.aggr), but ignoring the declaration of default argument
expressions, local classes,and the compound-statement of a lambda-expression):

A fu

— afull-expression that istransaction-unsafe,

— an asm-definition (7.4 [dcl.asm]) that is not transaction-safe,

— adeclaration of avariable of volatile-qualified type or with a subobject of volatile-qualified type, or
— asdtatement that istransaction-unsafe (recursively).

[ Ex

nctign-has a transaction-safe definition if none of the following applies:
*—~7any parameter hasvolatile-qualified type or has a subobject of volatile-qualified type,
— 1ts compound-statement (including the one in the function-try-block, If any) Is a transaction-unsafe
statement,
— for aconstructor or destructor, the corresponding class has a volatile non-static data member, or
— for a constructor, a full-expression in a mem-initializer or an assignment-expression in a brace-or-equal-
initializer that isnot ignored (12.6.2 [class.base.init]) istransaction-unsafe.
ample:

extern volatile int * p = 0;
struct S {

virtual ~S();

b

§8.4.4
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int f() transaction_safe {

int x = 0; /1 ok: not volatile

p = &; /'l ok: the pointer is not volatile

int i = *p; /1 error: read through volatile glval ue
S s; /1 error: invocation of unsafe destructor

}
-- end example]

A function declared t ransact i on_saf e shall have a transaction-safe definition.

A function is transaction-safe if it is declared transact i on_saf e (see 8.3.5 [dcl.fct]), or if it isa non-virtual funition
defined beforeits first odr-use (3.2 [basic.def.odr]) and it has a transaction-safe function definition. A specialization
of alfunction template or of a member function of a class template, where the function or function template i$ not
declfred transacti on_saf e, but defined before the first point of instantiation, is transaction-safe if ‘and only|if it
satigfies the conditions for a transaction-safe function definition. [ Note: Even if a function isimpligitly transaction-
safe] its function typeis not changed to "t ransact i on_saf e function” . -- end note ]

Whife determining whether a function f is transaction-safe, f is assumed to be transaction-safe for directly|and
indirectly recursive calls. [ Example:

int f(int x) { /'l is transaction-safe
if (x <= 0)
return O;
return x + f(x-1);
}
-- erld example]

§8.4.4 18
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10.3 Virtual functions

1 Addanew

paragraph 17 at the end of section 10.3 [class.virtual]:

N4514

[class.derived]

[class.virtual]

A function that overrides a function declared transacti on_saf e, but not transacti on_saf e_dynani c, is implicitly

sl oy ol + ba-d o Neaota: lic dof: raa ol

CoNS
safe

fundtion declared t r ansacti on_saf e (but not t ransacti on_saf e_dynani c) isill-formed. [ Example:

S

ruct B {
virtual void f() transaction_safe;
virtual ~B() transaction_safe_dynanic;

pre-existing code
ruct D1 : B
void f() override { } /'l ok
~D1() override { } /1 ok
ruct D2 : B
void f() override { std::cout << "D2::f" << std::endl; }
/1 error: transaction-safe f has transaction-unsafe definition
~D2() override { std::cout << "~D2" <<\std::endl; } /'l ok
ruct D3 : B

void f() transacti on_safe_dynani c overri de;
/1 error: B::f() .,s™Mransaction_safe

nt mai n()

D2 * d2 = new D2

B * b2 = d2;
atom c_commt- {
B b; /1 ok
D1 di; /1 ok
B&<bd = di;
D2 JX; /] error: destructor of D2 is not transaction-safe
b1.f(); /'l ok, calls D1::f()

aod A £ L ararn—tatll P | 1 onti ol Ly tr 1
UCrCUTO oC Ut rarcutTransSact T on—Sare [ IYOrC T tS OCrT oo TS TON T e OmiTCSS T actuaiTy oS o o alrtSoc 1on-

definition (8.4.4 dcl.fct.def.tx). -- end note ] A function declared transacti on_saf e_dynani ¢ that ovefrides a

}

delete DbZ; I'T undet 1 ned behavior: calls unsafe destructor or DZ

}

-- end example]

§10.3
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13 Overloading [over]
13.1 Overloadable declar ations [over.load]

Changein 13.1 [over.load] paragraph 2:

Certain function declarations cannot be overloaded:

= i Aonl or ot Ao thaat AL Ef oy Al L o p ot e by g + L ol dadl
—HhRctroR-GeCraratroRStRat -t €t oriry HtRefetut I.yldC\.a(AIIIIUL DEe-Overoaaea::

— Function declarationsthat differ only in the presence or absence of a tx-qualifier cannot be overloadel.

13.3 Overload resolution [over.match]
13.3.3 Beg viable function [over.match.best]
13.3.3.1 Implicit conversion sequences [over.best.ics]
13.3.3.1.1 Btandard conver sion sequences [ofer.ics.scy|

In 13.3.3.1.1 [over.ics.scs] paragraph 3, add an entry to table 12:

— Conversion: Transaction-safety conversion
— Category: Lvaluetransformation

— Rank: Exact Match

— Subclause: 4.14 [conv.tx]

13.4 Address of overloaded function [over.over]

Changein|13.4 [over.over] paragraph 1:

T : ‘
functlon W|th type Fis selected for the functlon type FT of the target type requwed in the context if F (after pos;bly
applying the transaction-safety conversion (4.14 [conv.tx])) isidentical to FT. [ Note: ... ]

Changein|13.4 [over.over] paragraph-:

[ Nate: nela

if B sapubllcbaseofD wehave
D f();
Bt (*pb) = &f; /'l error
void g(b*);

voihd{(*p2) (B*) = &g; // error

§134 20
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14 Templates [temp]
14.1 Template parameters [temp.param]

1 Changein 14.1 temp.param paragraph 8:

A non-type template-parameter of type "array of T" or "t r ansact i on_saf egpt function returning T" is adjusted to be of type

"pOi ItCl tU T" Ul ”'JU;IItU tUl ralifsdit I Orl_sdl cop[ ful Ibt;UII |6tu|||i||9 T”, ICqJC\,tIVC:y [ EAGIII}J:C. ]
14.7 Tenjplate instantiation and specialization [temp.spec]
14.7.3 Explicit specialization [templexpl.spec]

1 Add anew paragraph 20 in 14.7.3 temp.expl .spec:

An Explicit specialization of a function template or of a member function of a ¢lass template can be declpred
transaction_safe (8.3.5 [dcl.fct.def]) independently of whether the correspording template entity is declpred
trarfsacti on_saf e. [ Example:

—

enpl at e<cl ass T>
pid f(T) transaction_safe;

<

t énpl at e<>
void f(bool); /1 not transaction-safe

-- erld example]
14.8 Funiction template specializations [temp}fct.spec]

1 Add anew| paragraph 3 at the end of 14.8 [temp.fct.spec].

A specialization instantiated from a function template or from a member function of a class template, wher¢ the
fungtion template or member function‘is declared transacti on_saf e, shall have a transaction-safe definition (8.4.4
[dcl ffct.def .tx]).

14.8.2 Template argument deduction [temnp.deduct]
14.8.2.1 Deducing template arguments from a function call [temp.dpduct.call]

4 Changein14.8.2.1 temp.deduct.call paragraph 4:

... Hpwever, there are three cases that allow a difference:

——Thetransformed-Acamrbeanother-pomter-orpomtertomember-typethet camrbeconvertecHto thededuced A via
aqualification conversion (4.4 c[onv.qual]) or atransaction-safety conversion (4.14 [conv.tx]).

§14.8.2.1 21
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1 Changein 15.1 except.throw paragraph 3:

... Evaluating a throw-expression with an operand throws an exception; the type of the exception object is determined

v v v ‘ ate—ty 8 B ey (" or
sact i on_saf egpt function returning T" to "pointer to T" or "pointer to transacti on_saf egpt function returning T,"

[except]

[except.throw]

15.2 Constructor s and destructors [exgept.ctor]

1 Changethg

Sect

section heading of 15.2 [except.ctor] and paragraph 1:

on 15.2 [except.ctor] Constructors, are destructors, and atomic blocks

As cpntrol passes from the point where an exception is thrown to a handler, destructors@reinvoked for al automatic ob
congtructed since the try block was entered yet still in scope (6.6 [stmt.jump], and\atomic blocks are terminated

ects

(see

below) where the start, but not the end of the block, was executed since theiry block was entered (6.10 [stmt|tx]).
The|automatic objects are destroyed and atomic blocks are terminated in theteverse order of the completion of ftheir

cong

2 |nsection

An

ruction and the execution of the start of the atomic blocks.

5.2 [except.ctor], add new paragraphs 4 and 5:

atomic block is terminated according to its kind, as follows: Terminating an at oni c_commi t block executeg the

end |of the atomic block (1.10 intro.multithread) and has nofurther effect. [ Note: That is, control exits the atpmic
block after causing inter-thread synchronization. -- eadhote | Terminating an at oni c_cancel block, if the type of
the ¢urrent exception does not support transaction cancellation, or terminating an at omi c_noexcept block, invpkes
std:|: abort (18.5 [support.start.term]). [ Footnotelf the effects of the atomic block become visible to other threads

priof
- @

to program termination, some thread might make progress based on broken state, making debugging hafder.
d footnote ]. Terminating an at oni c_eancel block, if the type of the current exception supports transagtion

cangellation, cancels the atomic block by performing the following steps, in order:

— A temporary object is copy<initialized (8.5 [dcl.init]) from the exception object. [ Note: if theinitializgtion
terminates via an exception, st d: : ter mi nat e iscalled (15.1 [except.throw]). -- end note]

— Thevalues of all memory locations in the program that were modified by side effects of the operations of
the atomic block, except those occupied by the temporary object, arerestored to the valuesthey had af the
timethe start of the atomic block was executed.

— Theend of theatomic block is executed. [ Note: This causesinter-thread synchronization. -- end note

— Thetempaorary object isused asthe exception object in the subsequent stack unwinding.

[ Note: A cancelted atomic block, although having no visible effect, still participates in data races (1.10

[intn

o.multithread]). -- end note ]

Nonjvolatilescalar types support transaction cancellation, as do those types specified as doing so in clauses 18 angl 19.

15.3 Han

dling an exception [except.handle]

1 Changein 15.3 except.handle paragraph 3:

A handler isamatch for an exception object of type E if

— thehandler isof typecv T or const T& where T is apointer type and E is a pointer type that can be converted to
T by either-er-beth-of one or more of

§15.3
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15.4 Exception specifications

1 Changein

N4514

— astandard pointer conversion (4.10 [conv.ptr]) not involving conversions to pointers to private or

protected or ambiguous classes
— agquadlification conversion (4.4 [conv.qual])
— atransaction-safety conversion (4.14 [conv.tx])

15.4 except.spec paragraph 2:

o A
adju

type cv T, "array of T", or "transaction_saf egpt function returning T" denoted in an exception-specificéti
sted to type T, "pointer to T", or "pointer to t ransact i on_saf egpt function returning T", respectively.

bN is

§154
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17 Library introduction [library]
17.5 Method of description (Infor mative) [description]
17.5.1 Structure of each clause [structure]
17.5.1.4 Detailed specifications [structure.specifications]

1 Changeinl7.5.1.4 [structure.specifications] paragraph 3:

— Synchronization: the synchronization operations (1.10) applicable to the function
— Transactions: the transaction-related properties of the function, in particular whether the functign is
transaction-safe (8.4.4 [dcl.fct.def.tx])

17.6 Library-wide requirements [requiyements]
17.6.3 Reduirements on types and expressions [utility.reqliirements]
17.6.3.5 Allocator requirements [allocator.reqliirements)

1 Intable 27in 17.6.3.5 [allocator.requirements] paragraph 2, add a note forx: : r ebi nd:

All gperationsthat aretransaction-safe on X shall be transaction-safe on v.
17.6.5 Conjfor ming implementations [ednforming]
17.6.5.16 Transaction safety lib.txsafe]

1 Add anew section 17.6.5.16 [lib.txsafe] paragraph 1:

17.6}5.16 [lib.txsafe] Transaction safety

Thig standard explicitly requires that certain standard library functions are transaction-safe (8.4.4 dcl.fct.dej.tx).
An iimplementation shaH net declare any standard library function signature astransact i on_saf e except for those
whereit isexplicitly xequired.

§17.6.5.16 24
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18 Language support library [language.support]
18.5 Start and termination [support.start.term]
1 Changein 18.5 [support.start.term] paragraph 4:
[[noreturn]] void abort(void) transaction_safe noexcept ;
Thefunction abort () has additional behavior in this International Standard:
— The program is terminated without executing destructors for objects of automatic, thread, or static stqrage
duration and without calling functions passed to at exi t () (3.6.3).
18.6 Dynjamic memory management [support.gynamic]
18.6.1 Stofage allocation and deallocation [new.delete]
1 Addto 18.6.1 [new.delete] paragraph 1:
... The library versions of the global allocation and deallocation functions @re‘declared transacti on_safe (8.3.5
dcl flct).
18.6.2 Stoyage allocation errors [alloc.errorsg]
1 Add afirst{paragraph to section 18.6.2 [alloc.errors]:
The| classes bad_al | oc, bad_array_l ength, and bad_array_new | ength support transaction cancellation (15.2
[except.ctor]). [ Note: Special support from the implemeéntation might be necessary to successfully rethrow such an
excgption after leaving an atomic_cancel block. -- end'note]
18.6.2.1 Classbad_al | oc bad.alloc]
1 In 186.21 [badaloc], add transactjonisafe to the declaration of each non-virtua member function | and add
transactipn_safe_dynani ¢ to the declaration of each virtual member function.
18.6.2.2 C|assbad_array_new | ength [new.badlength]
1 In 18.6.22 [new.badlength],~add transaction_safe to the declaration of each non-virtua member function| and add
transact i pn_saf e_dynanic*to the declaration of each virtual member function.
18.7 Typ identification [support.rtti]
18.7.2 Clabsbad—cast [bad.cast]
1 Changein 18.7.2 [bad.cast] paragraph 1:

The class bad_cast defines the type of objects thrown as exceptions by the implementation to report the execution
of an invalid dynamic-cast expression (5.2.7 [expr.dynamic.cast]). The class supports transaction cancellation (15.2
[except.ctor]). [ Note: Special support from the implementation might be necessary to successfully rethrow such an
exception after leaving an atomic_cancel block. -- end note]

§18.7.2
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In 18.7.2 [bad.cast], add t r ansact i on_saf e to the declaration of each non-virtual member function and add t r ansact i on_saf e_dynani c
to the declaration of each virtual member function.

18.7.3 Classbad_t ypei d [bad.typeid]

Changein 18.7.3 [bad.typeid] paragraph 1:

The class bad_t ypei d defines the type of objects thrown as exceptions by the implementation to report a null pointer in a
typeid expron (5 2 8 [expr type|d]) The class supportstransactlon cancellatlon (15 2 [except ctor]) [ Note: Spemal
= Ag an

ic_ cancel block. -- end note]

In 18.7.3 [bad.typeid], add transaction_safe to the declaration of each non-virtual member funetion [ and add
transactipn_safe_dynani c to the declaration of each virtual member function.

18.8 Excgption handling [support.exception]
18.8.1 Clapsexcept i on [Exception]

In 188.1 [exception], add transaction_safe to the declaration of each -gon-virtua member function [ and add
transactipn_saf e_dynani ¢ to the declaration of each virtual member function.

18.8.2 Clapsbad_except i on [bad.pxception]

Changein[18.8.2 [bad.exception] paragraph 1:

The|class bad_exception defines the type of objects thrown as described in (15.5.2 [except-.unexpected]): 15.5.2
[except.unexpected]. The class supportstransaction cancellation (15.2 [except.ctor]). [ Note: Special support from the
implementation might be necessary to successfully rethrow such an exception after leaving an atomic_cancel block.
-- end note]

In 18.8.2| [bad.exception], add transaction_safe' to the declaration of each non-virtual member function| and add
transactipn_saf e_dynani ¢ to the declaration of ‘each virtual member function.

18.10 Other runtime support [support.funtime]

Change in{18.10 [support.runtimel-paragraph 4:

Thel[function signature 1'erigj np(j np_buf jbuf, int val) has more restricted behavior in this International Standafd. A
set j|mp/l ongj np callypair has undefined behavior if replacing the set j np and | ongj np by cat ch and t hr ow would injoke
any hon-trivia destructors for any automatic objects, or would transfer out of a synchronized block (6.9 [stmt.synd]) or
atomic block\(6.20 [stmt.tx]).

§18.10 26
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19 Diagnosticslibrary [diagnostics]

19.2 Exception classes [std.exceptions]
1 Changein 19.2 [std.exceptions] paragraph 3:

. These exceptions are related by inheritance. The exception classes support transaction cancellation (15.2

[excmt Ctur]) [ :\‘IIUtC. SJF;W;(’;: SJppUrt frum thC illl'JICIIIUII.LAtIUII might bC TTOUULOOCAT y LU Juwmu”y IC"“I.hI UVV J.J\.a an
exception after leaving an atomic_cancel block. -- end note].

Add thefo

2 |n 192

transacti

19.2.10Cl

1 Addanew

19.2
Clag

A
typd

—

Effg
Post

—

Eff¢
Post

lowing to the synopsisin 19.2 [std.exceptions] paragraph 3:
t enpl at e<cl ass T> cl ass tx_excepti on;

[std.exceptions], add transaction_safe to the declaration of each non-virtua. member function
pn_saf e_dynami ¢ to the declaration of each virtual member function.

hss templatet x_excepti on [tx.

section 19.2.10 [tx.exception] paragraph 1:

10 [tx.exception] Classtemplatet x_excepti on
stemplatet x_excepti on

nanespace std {
t enpl at e<cl ass T>
class tx_exception : public runtinefécror {
publi c:
explicit tx_exception(T value)\transacti on_safe;
tx_exception(T val ue, constschar* what_arg) transaction_safe;
tx_exception(T val ue, con&t string& what_arg) transaction_safe;
T get() const transacti on_safe;
b
}

ecialization of t x_except i on sipportstransaction cancellation (15.2 [except.ctor]). If Tisnot atrivially copy
(3.9 [basic.types]), the program isill-for med.

_exception(T val'ue) transaction_safe;

Cts: Constructs an Object of classt x_excepti on.

condition: Thewesult of calling get () isequivalent toval ue.

_exception(T val ue, const char * what_arg) transaction_safe;

Cts. Constiructs an object of classt x_except i on.

condition: strcmp(what (), what_arg) == 0 and theresult of calling get () isequivalent to val ue.

and add

exception]

able

t

—exceptiont T vatue, Const StTimg& Wrat _aryg) transaction_saf &,

Effects: Constructs an object of classt x_except i on.

Postcondition: strcnp(what (), what_arg.c_str()) == 0 and theresult of calling get () isequivalent to val ue.
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20 General utilitieslibrary [u
20.2 Utility components

1 Addin 20.

2 [utility] after the synopsis:

A function in this section istransaction-safeif all required operations ar e transaction-safe.

20.2.4for

1 Changeth¢ signature in 20.2.4 [forward]:

t g

nst T& T&&> nove_if_noexcept (T& x) transaction_safe noexcept;
20.7 Meory [
20.7.3 Pointer traits [poi
20.7.3.2 Pginter traits member functions [pointer.traits|
1 Changein0.7.3.2 [pointer.traits.functiong]:
sfatic pointer pointer._traits::pointer_to(see belowr);
sfatic pointer pointer_traits<T*>::pointer_to(see below r) transacti on_safe ng
Transactions: The first-member function is transaction-safe if the invoked member function of Ptr is transac
safe
20.7.5 Align

t ¢npl ate <class T>
constexpr T&& forward(renove_reference_t<T>& t) transacti on_safe noexgept

tenpl ate <cl ass T> constexpr conditional _t<

N4514

tilities]

[utility]

har d/ nove helpers

s_not hrow_nove_constructi bl e<T>::val ue && i¢s)copy_constructi bl e<T>::val ue,

1 Change thé-signature-H20-5tptr-atigntparagrapht

[forward]

bnpl at e <cl ass T> constexpr T&& forward(renove_reference, {<I>&& t) transacti gn_safe noexcept

teénpl ate <cl ass T> constexpr renove_reference_t<T>&& neve(T&& t) transaction_gafe noexcept;

memory]
nter.traits

functions)

except ;

ion-

[ptr.align]

voi d* align(std::size_t alignment, std::size_t size,

voi d*& ptr, std::size_t& space) transaction_safe;

§20.7.5
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20.7.8 Allocator traits [allocator.traits]
20.7.8.2 Allocator traits static member functions [allocator.traits.member 5]

1 In 20.7.8.2 [dlocator.traits.members], add before paragraph 1:

A function in this section istransaction-safe if theinvoked function (as specified below) is transaction-safe.

20.7.9 The default allocator [default.allocator]

20.7.9.1 al|l ocat or members [allacatorjmember g

1 In 20.7.9.1 [alocator.members], add "t ransacti on_saf e" to the declarations of the following member functions: addr eps (twice),
al | ocat e,deal | ocat e, max_si ze.

2 Changein[20.7.9.1 [allocator.members] paragraphs 12 and 13:

tenpl ate <class U, class... Args>
void construct (U* p, Args&& .. args);

Effegts. : : new((void *)p) U(std::forward(args)...)
Transactions: Transaction-safeif the invoked constructor of U istransaction-safe.

t ¢npl ate <cl ass U>
voi d destroy(U* p);

Effegts. p- >~U()
Transactions: Transaction-safeif the destructor of U istransaction=safe.

20.7.11 Temporary buffers [tempor gry.buffer]

1 Changeth¢ signaturesin 20.7.11 [temporary.buffer]:

t ¢npl ate <cl ass T>
pai r<T*, ptrdiff_t> get_tenporary_buffer(ptrdiff_t n) transacti on_safe noexgept;

tenpl ate <class T> void return_tenporary_buffer(T* p) transaction_safe;
20.7.12 Specialized algorithms [specialized.agorithmsg]

1 Changein0.7.12 [specialized.algorithms]| paragraph 1:

n the following algorithms, if an exception is thrown there are no effects. Each of the following functiops is
transaction-safe’if the constructor invoked via the placement allocation function istransaction-safe.

20.7.12.1 4ddressof [specialized.pddr essof]

1 Change the signature in 20.7.12.1 [specialized.addressof]:

tenpl ate <class T> T* addressof (T& r) transacti on_safe noexcept;
20.7.13C library [c.malloc]

1 Add after 20.7.13 [c.mdlloc] paragraph 2:

0.7.13 29
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The contents are the same as the Standard C library header <stdlib.h>, with the following changes:

The functions ar e transaction-safe.

2 Changein 20.7.13 [c.malloc] paragraph 7:

The contents are the same as the Standard C library header <string.h>, with the change to menchr () specified in 21.8
[c.strings]. The functions ar e transaction-safe.

20.8 Smart pointers [smartptr]

nique.ptr]

—
o

20.8.1 Clakstemplate uni que_ptr

1 Changein[0.8.1 [unique.ptr] paragraph 5:

Tlretempl ate parameter T of unique_ptr may be an incomplete type. Each of the functionsin this&ection istransaction-
safelif either no functionsare called or all functions called are transaction-safe.

§20.8.1 30
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21 Stringslibrary

21.1 General

1 Add after 21.1 [strings.general] paragraph 1:

N4514

[strings]

[strings.general]

All functions in this Clause are transaction-safe if the required operations on the supplled allocator (17.6.3.5

[a” ol Al aotor troite (91 9 1 [alhoy +0

ater+egdtementsh-and-charactertrats(2E2-Hehartrattsrequirel-aretransacton-safe:
21.4 Clagstemplate basi c_string
21.4.3 bas{c_string iterator support

1 In21.4.3 [§tring.iterators], add "t r ansact i on_saf e" to the declarations of all member functions.
21.4.4 bas{ c_string capacity

1 In21.4.4 [§tring.capacity], add “t r ansact i on_saf e" to the declarations of all member functions.
21.4.5bas{c_stri ng element access

1 In21.4.5[§tring.access], add "t ransact i on_saf e" to the declarations of &)’ member functions.

[bas

[string

[string.

c.string]

iterators]

capacity]

[string.access]
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