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Descri ption

It is not known how to inplenent the valarray tenplate (as currently
included in the working paper) with realistic performance using the
core C++ | anguage. By realistic perfornmance, | think of no nore than
20% increase in run-time and (1) increase in storage requirenments for
typical arrayw se operations.

Di scussi on

Todd Vel dhui zen and nysel f have (independently) shown how tenpl ate
techni ques can be used to inplenment valarray-like functionality with
| ow overhead. Todd Vel dhui zen (who coi ned the techni que *‘expression
tenplates’’) provides a detail ed discussion on-line:

http://nonet. uwaterl oo. ca/
~t vel dhui / paper s/ Expr essi on- Tenpl at es/ exprt npl . ht m

I made an inplenentation with nost of the valarray functionality
avail abl e at:

ftp://ftp.cs.rpi.edu/ pub/vandevod/ Val array/

We both report performance that is within a few percent of hand-coded
C for arrays of sizes larger than about 25. For smaller arrays, the
overhead can reduce perfornmance dramatically (especially for 1 or 2
el ement arrays), but still nuch less so than alternative techni ques.

I ndeed, while for nediumto-large sized arrays (sizes 1000 and up)
expression tenplates lead to run-tines about half those of the known
alternative techniques (involving extraneous copying and/or run-time
expression analysis), small arrays result in ‘‘order of nmagnitude’
speed i nprovenents when usi ng expression tenplates.

There are various ways to enabl e expression tenpl ate techniques.

The one proposed here results in mninmal changes for the user as to
what constitutes a valid ‘‘valarray expression’’ (conpared with the
current specifications). It also considerably sinplifies the overal
specification for valarrays (no need for ‘‘helper class’’ with
properties subtly different fromvalarrays etc.); the docunent woul d
be shorter, yet not drastically different fromthe existing text.

Proposed Resol ution

Repl ace the val array specification by those below. This is nostly an
adaptati on of the existing (post-"Santa Cruz") text for the technique
descri bed above, but also inplenments a few other changes presented as
(fairly minor) valarray issues; anong them
. no nore gslices and gslice_arrays

generic apply and reduce functions

signed index/stride types (size_t becones ptrdiff _t)

I engt h() becones size()



26.1 Nuneric type requirenents

[

Verse 2 nentions val array<T>;

val array<T, M if

adjustenents in verses 1 and 3 would be desirable as well,

it should probably be replaced by
t hese changes are included. Perhaps sone
but it

doesn’t seem essential. ]

26.3 Nuneric arrays

[
[
[

Foot not e:
In what foll ow,

the types denoted by Rn and Wi (e.qg.

[1'ib.numarray]

‘R31') are

i mpl ement ati on dependent.

Header <val array> synopsi s

#i ncl ude <cst ddef >
nanespace std {

tenpl at e<cl ass T,
class slice;

/'l Unary operators

tenpl at e<cl ass T,
oper at or +( const
tenpl at e<cl ass T,
oper at or - (const
tenpl at e<cl ass T,

/1 for ptrdiff_t
class M= void> class valarray; // An array of type T
/'l A BLAS-like slice
/1 out of an array

cl ass M> val array<T, R6>
val array<T, M-&)
cl ass M> val array<T, R7>
val array<T, M-&)
class M+ val array<T, R8>

operator~{}(const val array<T, M&)

tenpl at e<cl ass T,
operat or! (const

cl ass M> val array<bool, R9>

val array<T, M&)

/1 Binary operators

tenpl at e<cl ass T,
oper at or *( const
tenpl at e<cl ass T,
oper at or *(const
tenpl at e<cl ass T,
oper at or *( const

tenpl at e<cl ass T,
oper at or/ (const
tenpl at e<cl ass T,
oper at or/ (const
tenpl at e<cl ass T,
operat or/ (const

tenpl at e<cl ass T,
oper at or % const
tenpl at e<cl ass T,
oper at or % const
tenpl at e<cl ass T,
oper at or % const

tenpl at e<cl ass T,
oper at or +( const
tenpl at e<cl ass T,
oper at or +( const
tenpl at e<cl ass T,
oper at or +( const

tenpl at e<cl ass T,
oper at or - (const
tenpl at e<cl ass T,
oper at or - (const
tenpl at e<cl ass T,

class ML, class M2> val array<T, R10>

val array<T, ML>&, const val array<T, M>&)
cl ass M> val array<T, R11>

val array<T, M>& const T&)

cl ass M+ val array<T, R12>

T& const val array<T, M&)

class ML, class M2> val array<T, R13>

val array<T, ML>&, const val array<T, M>&)
cl ass M> val array<T, R14>

val array<T, M>& const T&)

cl ass M+ val array<T, R15>

T& const val array<T, M&)

class ML, class M2> val array<T, R16>

val array<T, ML>&, const val array<T, M>&)
class M+ val array<T, R17>

val array<T, M>& const T&)

cl ass M> val array<T, R18>

T& const val array<T, M&)

class ML, class M2> val array<T, R19>

val array<T, ML>&, const val array<T, M>&)
class M+ val array<T, R20>

val array<T, M>& const T&)

cl ass M> val array<T, R21>

T& const val array<T, M&)

class ML, class M2> val array<T, R22>

val array<T, ML>&, const val array<T, M>&)
class M- val array<T, R23>

val array<T, M>& const T&)

class M- val array<T, R24>



oper at or - (const

tenpl at e<cl ass T,
oper at or *(const
tenpl at e<cl ass T,
oper at or *( const
tenpl at e<cl ass T,
oper at or *( const

tenpl at e<cl ass T,
oper at or & const
tenpl at e<cl ass T,
oper at or & const
tenpl at e<cl ass T,
oper at or & const

tenpl at e<cl ass T,
oper at or | (const
tenpl at e<cl ass T,
oper ator| (const
tenpl at e<cl ass T,
operat or | (const

T& const val array<T, M&)

class ML, class M2> val array<T, R25>

val array<T, ML>&, const val array<T, M>&)
cl ass M> val array<T, R26>

val array<T, M>& const T&)

cl ass M+ val array<T, R27>

T& const val array<T, M&)

class ML, class M> val array<T, R28>

val array<T, ML>&, const val array<T, M>&)
class M- val array<T, R29>

val array<T, M>& const T&)

class M+ val array<T, R30>

T& const val array<T, M&)

class ML, class M2> val array<T, R31>

val array<T, ML>&, const val array<T, M>&)
cl ass M> val array<T, R32>

val array<T, M>& const T&)

class M+ val array<T, R33>

T& const val array<T, M&)

tenpl ate<class T, class M, class M> val array<T, R34>
oper at or <<(const val array<T, ML>&, const val array<T,

tenpl ate<class T, class M+ val array<T, R35>
oper at or <<(const val array<T, M-&, const T&)

tenpl ate<class T, class M- val array<T, R36>
operator<<(const T& const val array<T, M&)

M2>&) ;

tenpl ate<class T, class ML, class M2> val array<T, R37>
oper at or >>(const val array<T, ML>&, const val array<T,
tenpl ate<class T, class M- val array<T, R38>
oper at or >>(const val array<T, M-& const T&)
tenpl ate<class T, class M- val array<T, R39>
oper at or >>(const T&, const val array<T, M&)

M2>&) ;

tenpl ate<class T, class ML, class M2> val array<T, R40>
oper at or &( const val array<T, ML>&, const val array<T,
tenpl ate<class T, class M- val array<T, R41>
oper at or &&( const val array<T, M>& const T&)
tenpl ate<class T, class M- val array<T, R42>
oper at or &&(const T&, const val array<T, M&);

M2>&)

tenpl ate<class T, class ML, class M2> val array<T, R43>
operator]|| (const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class M- val array<T, R44>
operator|| (const val array<T, M-&, const T&)
tenpl ate<class T, class M- val array<T, R45>
operator|| (const T& const val array<T, M-&)

tenpl ate<class T, class ML, class M2> val array<bool, R46>
operat or ==(const val array<T, ML>&, const val array<T, M>&)
tenpl ate<class T, class M> val array<bool, R47>
oper at or ==(const val array<T, M&, const T&)
tenpl ate<class T, class M+ val array<bool, R48>
operat or==(const T&, const val array<T, M&)

tenpl ate<class T, class ML, class M> val array<bool, R49>
operator!=(const val array<T, ML>& const val array<T, M>&)
tenpl ate<cl ass T, class M- val array<bool, R50>

operator!=(const val array<T, M-&, const T&)
tenpl ate<class T, class M- val array<bool, R51>
operator!=(const T& const val array<T, M&)

tenpl ate<class T, class ML, class M> val array<bool, R52>



operat or <(const val array<T, ML>& const val array<T, M>&);
tenpl ate<class T, class M- val array<bool, R53>
operat or<(const val array<T, M>& const T&);
tenpl ate<class T, class M- val array<bool, R54>
operator<(const T& const val array<T, M&);

tenpl ate<class T, class ML, class M> val array<bool, R55>
operat or>(const val array<T, ML>& const val array<T, M>&);

tenpl ate<class T, class M- val array<bool, R56>
operator>(const val array<T, M>& const T&);

tenpl ate<class T, class M> val array<bool, R57>
operat or>(const T& const val array<T, M&);

tenpl ate<class T, class ML, class M2> val array<bool, R58>
operat or<=(const val array<T, ML>&, const val array<T, M>&);
tenpl ate<class T, class M- val array<bool, R59>
oper at or <=(const val array<T, M-& const T&);
tenpl ate<class T, class M> val array<bool, R60>
oper at or<=(const T&, const val array<T, M&);

tenpl ate<class T, class ML, class M2> val array<bool, R61>
operat or >=(const val array<T, ML>&, const val array<T, M>&);
tenpl ate<class T, class M> val array<bool, R62>
oper at or >=(const val array<T, M-&, const T&);
tenpl ate<cl ass T, class M- val array<bool, R63>
operat or >=(const T&, const val array<T, M&);

/'l Reductions
tenpl ate<class T, class M class Fr>
T reduce(Fré&, const val array<T, M&);
tenpl ate<class T, class W
T mn(const val array<T, M&);
tenpl ate<class T, class W
T max(const val array<T, M&);
tenpl ate<class T, class W
T sum(const val array<T, M&);

/1 Unary functions
tenpl ate<class T, class M class Fu>

val array<T, R64> apply(Fu&, const val array<T, M&);
tenpl ate<class T, class W

val array<T, R65> abs(const val array<T, M:@&);
tenpl ate<class T, class W

val array<T, R66> acos(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R67> asin(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R68> atan(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R69> cos(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R70> cosh(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R71> exp(const val array<T, M:@&);
tenpl ate<class T, class W

val array<T, R72> | og(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R73> | o0gl0(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R74> sin(const val array<T, M:@&);
tenpl ate<class T, class W

val array<T, R75> sinh(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R76> sqrt(const val array<T, M&);
tenpl ate<class T, class W

val array<T, R77> tan(const val array<T, M:@&);



——_———

tenpl ate<class T, class W
val array<T, R78> tanh(const val array<T, M&)

/1 Binary functions
tenpl ate<class T, class ML, class M, class Fb> val array<T, R79>
appl y(Fb&, const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class M class Fb> val array<T, R80>
appl y(Fb&, const val array<T, M>&, const T&)
tenpl ate<class T, class M class Fb> val array<T, R81>
appl y(Fb&, const T& const val array<T, M-&)

tenpl ate<class T, class M, class M> val array<T, R82>
atan2(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class M- val array<T, R83>
at an2(const val array<T, M-&, const T&)
tenpl ate<class T, class M- val array<T, R84>
atan2(const T&, const val array<T, M&)

tenpl ate<class T, class ML, class M2> val array<T, R85>
m n(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class M- val array<T, R86>
m n(const val array<T, M>& const T&)
tenpl ate<class T, class M> val array<T, R87>
m n(const T&, const val array<T, M§&);

tenpl ate<class T, class ML, class M2> val array<T, R88>
max(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class M- val array<T, R89>
max(const val array<T, M>& const T&)
tenpl ate<class T, class M- val array<T, R90>
max(const T&, const val array<T, M§&)

tenpl ate<class T, class ML, class M2> val array<T, R91>
pow const val array<T, ML>&, const val array<T, M>&)
tenpl ate<class T, class M> val array<T, R92>
pow const val array<T, M>& const T&)
tenpl ate<cl ass T, class M- val array<T, R93>
pow(const T&, const val array<T, M-§&)
/1 End namespace std

The header <val array> defines a class tenplate valarray and a set of
rel ated function signatures for representing and nmani pul ati ng arrays of
val ues.

In ‘valarray<T, M>', T is called the elenment type and Mis called

the storage nodel. The el ement type can be any type that satisfies the
nuneric type requirenents of _lib.nuneric.requirenents_, but users

can only directly instantiate valarray with storage nodel M=void.

Foot not e:

The storage nodel allows inplenentations to treat functionalities
with value and with reference semantics to be treated unformy. It
al so permits inplenmentations based on expression tenpl ates, wthout
i mposi ng significant additional constraints on other techniques.

The inplenmentation is however free to generate return values wth other

storage nodels denoted by Rn and Wh in subclause _lib.numarray_. The
storage nodel void and the nodels introduced by the inplenmentation as
substitution for one or nore Wh will be called ‘‘witable ’. Storage

nmodel s introduced by an inplenmentation only as subsitution for one or
more Rn will by called ‘‘read-only’’.

St orage nodel s denoted by Rn and Wh in subclause _|ib.numarray_ may
depend on the tenplate paraneters of the function tenplates in which
they occur. However, they shall add no nore than two | evel s of



nesting conpared to the deepest nesting |level of the types of the
argunent and/or *this.

Foot not e:

————

(&)

Wth the inplenentation-dependent
instantiations, this guarantees a mninum all owabl e conplexity for
expressions invol ving val arrays.

limt on recursive tenplate

The val array classes are defined to be free of certain forns of aliasing,

thus allowi ng operations on these classes to be optim zed nore

aggressi vel y.

6 These library functions are permtted to throw a bad_all oc
(_lib.bad.alloc_) exception if there are not sufficient resources
available to carry out the operation (except where otherw se specified).
Note that the exception is not nandated.

7 An inplenentation is permtted to qualify any of the functions and
menber function declared in <valarray> as inline.

Tenpl ate cl ass val array

nanespace std {
tenpl at e<cl ass T,
publi c:

[lib.tenplate.val array]

class M> class valarray {

/1 _lib.valarray.cons_ construct/destroy:

val array();

explicit valarray(ptrdiff_t);

val array(ptrdi ff_t,
val array(ptrdi ff_t,

const T&);
const T*);

t enpl at e<cl ass M2> val array(const val array<T, M>&)

~val array();

/1 _lib.valarray. assign_ assignment:
tenpl at e<cl ass M2> val array<T, M-& operator=(const val array<T, M>&);
val array<T>& operator=(const T&);

/1 _lib.valarray.access_ el enent access:

T
T&

operator[](ptrdiff_t) const;
operator[](ptrdiff_t);

/1 _lib.valarray.subset_ subset operations:

val array<T, R1>
val array<T, WL>

t enpl at e<cl ass

M >

operator[](slice) const;
operator[](slice);

val array<T, R2> operator[](const valarray<ptrdiff_t, M>&) const;

t enpl at e<cl ass

v >

val array<T, W2> operator[](const valarray<ptrdiff_t, M>&)

/1 _lib.valarray. mask_ assi gnnent nask:
t enpl at e<cl ass M2> val array<T, WB> nmask(const val array<bool, M>&)

/1 _lib.valarray.cassign_ conputed

t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass

e >
e >
Me>
MR >
M >
M >
e >
e >
M >
MR >

val array<T,
val array<T,
val array<T,
val array<T,
val array<T,
val array<T,
val array<T,
val array<T,
val array<T,
val array<T,

M>&
M>&
M>&
M-&
M-&
M>&
M>&
M>&
M>&
M-&

assi gnnent :

operat or*=(const val array<T, M>&)
operator/=(const val array<T, M>&)
oper at or %=(const val array<T, M>&)
oper at or +=(const val array<T, M>&)
operat or-=(const val array<T, M>&)
oper at or *=(const val array<T, M>&)
operator| =(const val array<T, M>&)
oper at or &(const val array<T, M>&)
oper at or <<=(const val array<T, M>&)
oper at or >>=(const val array<T, M>&)

val array<T, M>& operator*= (const T&);



val array<T, M>& operator/= (const T&);
val array<T, M>& operator% (const T&);
val array<T, M>& operator+= (const T&)
val array<T, M>& operator-= (const T&)
val array<T, M>& operator”= (const T&)
val array<T, M>& operatoré&= (const T&);
val array<T, M>& operator|= (const T&);
val array<T, M-& operator<<=(const T&)
val array<T, M-& operator>>=(const T&)

/1 _lib.valarray. menbers_ nenber functions:
ptrdiff_t size() const;

void resize(ptrdiff_t, const T&)

void free();

operator T*();
operator const T*() const;

val array<T, R3> shift (int) const;
val array<T, R4> cshift(int) const;

1 The tenplate class valarray<T, M> is a one-dinensional smart array, with
el ements nunbered sequentially fromzero. It is a representation of the
mat hemati cal concept of an ordered set of val ues.

2 The intent is to specify an array tenplate that has the mini num
functionality necessary to address aliasing anbiguities and the
proliferation of tenporaries. Thus, the valarray tenplate is neither a
matrix class nor a field class. However, it is a very useful building
bl ock for designing such cl asses.

val array constructors [lib.val array. cons]

1 These constructors are only nmandated for the standard storage nodel
void. If an inplenmentation introduces other storage nodels, the
correspondi ng val array types do not have to include these constructors
and may provide others instead.

2 These constructors may allocate nmenory using the global new and new ]
operators, using a new or new ] operator overloaded for the el enent
type or using any other nethod. The selected nethod is inplenentation
dependent .

val array();

3 Constructs an object of class valarray<T, M>, which has zero length
until the menber function resize is invoked for it. This default
constructor is essential, since arrays of valarray are likely to prove
useful. There nmust also be a way to change the size of an array after
initialization; this is supplied by the resize nmenber function

[ Footnote:
[ For convenience, such objects are referred to as ‘‘arrays’’ throughout the
[ remai nder of subclause _lib.numarray._.

explicit valarray(ptrdiff_t);

4 The array created by this constructor has a length equal to the
val ue of the argunment. The el ements of the array are constructed
using the default constructor for the instantiating type T.

val array(ptrdi ff _t n, const T&)



5 The array created by this constructor has a length equal to the first
argunent. The elenents of the array are initialized with the val ue of
t he second argunent.

val array(ptrdi ff_t n, const T*);

6 The array created by this constructor has a length equal to the first
argunent. The values of the elenents of the array are initialized with
the first n values pointed to by the first argunent. If the val ue of
the second argunent is greater than the nunber of values pointed to by
the first argunent, the behavior is undefined. This constructor is the
preferred nethod for converting a C array to a val array object.

tenpl at e<cl ass M2> val array(const val array<T, M>&)

7 The array created by this constructor has the same length as the
argunent array. The elements are initialized with the values of the
correspondi ng el enents of the argunment array. This copy constructor
creates a distinct array rather than an alias. Inplenentations in
whi ch arrays share storage are permtted, but they nust inplenment a
copy-on-reference mechanismto ensure that arrays are conceptually
di stinct.

8 An inplementation nust support void and any other storage nodel it
i ntroduces as substitutions for M.

~val array();

9 The destructor may not throw an exception

val array assi gnnent [l'ib.val array. assi gn]

1 An inmplenentation is not required to support assignment to val arrays
with a read-only storage nodel

tenpl at e<cl ass M2> val array<T, M-& operator=(const val array<T, M>&)

2 Each elenent of the *this array is assigned the value of the
correspondi ng el enent of the argunment array, unless that elenent is
masked off as the result of a call to the menmber function mask. The
resulting behavior is undefined if the I ength of the argunment array
is not equal to the length of the *this array.

3 If the value of an elenent in the left hand side of a valarray
assi gnnent operator depends on the val ue of another elenment in that
I eft hand side, the resulting behavior is undefined.

4 An inplenmentation nust support void and any other storage nodel it
i ntroduces as substitutions for M.

val array<T, M>& operator=(const T&)

5 The scal ar assi gnnent operator causes each elenent of the *this array
to be assigned the value of the argunent, unless that el enment is masked
off as the result of a call to the menber function mask.

val array el ement access I'ib.val array. access]

T operator[](ptrdiff_t) const;
T& operator[](ptrdiff_t);

1 When applied to a constant array, the subscript operator returns the
val ue of the corresponding elenment of the array. Valarrays with a



read-only storage nodel are not required to support the non-const
subscript operator. Wen applied to a non-constant array, the subscript
operator returns a reference to the correspondi ng el enent of the array.

2 Thus, the expression (a[i] =q, a[i]) == q evaluates as true for any
non- constant val array<T, W- a, any T g, and for any ptrdiff_t i such that
the value of i is less than the length of a (Wis a witable storage
nodel ) .

3 The expression &[i+j] == &[i] + ] evaluates as true for all ptrdiff _t

and ptrdiff_t j such that i+j is less than the I ength of the non-constant
val array<T, Wt a, where Wis a witable storage nodel

4 Likewi se, the expression &[i] != &blJ[j] evaluates as true for any two
non-constant arrays a and b (whose storage nodel is a witabl storage
nmodel ) and for any ptrdiff t i and ptrdiff_t j such that i is less than the

length of a and j is less than the length of b. This property indicates
an absence of aliasing and may be used to advantage by optini zing
compi l ers

Foot not e:

Conpi l ers may take advantage of inlining, constant propagation, |oop fusion
tracking of pointers obtained fromoperator new, and other techniques to
generate efficient val arrays.

——r——

5 The reference returned by the subscript operator for a non-constant
array is guaranteed to be valid until the the nmenber function
resize(ptrdiff_t, const T& (_lib.valarray.nenbers_) is called for that
array or until the lifetime of that array ends, whichever happens first.

6 If the subscript operator is invoked with a ptrdiff_t argument whose value is
not less than the Iength of the array, the behavior is undefined.

val array subset operations [l1ib.val array. sub]

1 Each of these operations returns a subset of the array. Arrays whose
storage nodel is read-only are not required to support the non-const
versi ons of these operations.

2 The const-qualified versions return this subset as a valarray with
val ue semantics wt. the *this array. The non-const versions return
a class tenplate object which has reference semantics to the origina
array.

val array<T, R1> operator[](slice s) const;
val array<T, W.> operator[](slice s);

3 The size of the array returned is s.size(). Element nunbered i of the
array returned corresponds to el enent nunbered (s.start()+i *s.stride())
of the *this array.

t enpl at e<cl ass M2>

val array<T, R2> operator[](const valarray<ptrdiff_t, M2>& a) const;
t enpl at e<cl ass M2>

val array<T, V2> operator[](const valarray<ptrdiff _t, M>& a);

4 The size of the array returned is s.size(). Elenment nunbered i of the
array returned corresponds to el enment nunber a[i] of the *this array.

5 An inplementation nust support void and any other storage nodel it
i ntroduces as substitutions for M.

6 [ Exanpl e:
val array<doubl e> a(1000), b(1000); // Default storage nodel (void)
val array<ptrdi ff_t> p(200);



11

a[p] += (2.0*b)[slice(3, 200, 2)]; // Assign 3rd, 5th, ..., 401st
[/ element of 2.0*b to a[p[3]],
/1 a[p[5]], .... a[p[401]].

(b[slice(3, 200, 2)])[16] = 1.0; /1 Equivalent to b[35] = 1.0.
--- end exanple ]

val array assi gnnent naski ng [lib.val array. mask]
tenpl at e<cl ass M2> val array<T, WB> mask(const val array<bool, M>&)

1 An inmplenentation is not required to provide this nenber for
read-only arrays.

2 The returned array has reference semantics wt. the *this array and
has size equal to that of the *this array. If x is a witable
val array, then & mask(x))[i] == &[i] for any nonnegative i smaller
than x.size().

3 The returned array nodi fies the behavi or of assignnent and conputed
assignnents in such a way that elenents at positions for which the
correspondi ng el enent in the argunent array is false, are not
nmodi fi ed by these operations.

4 |f the array and the argunent array do not have the sane | ength, the
behavi or is undefi ned.

val array conputed assi gnnent [1ib.val array. cassi gn]

1 An inplenentation is not required to support conputed assignnent for
read-only storage nodel s.

t enpl at e<cl ass M2> val array<T, Ms& operator*=(const val array<T, M>&)
tenpl at e<cl ass M2> val array<T, Ms& operator/=(const val array<T, M>&);
tenpl at e<cl ass M2> val array<T, M:& operator %=(const val array<T, M>&)
t enpl at e<cl ass M2> val array<T, M>& operator+=(const val array<T, M>&)
t enpl at e<cl ass M2> val array<T, M>& operator-=(const val array<T, M>&)
t enpl at e<cl ass M2> val array<T, M>& operator”~=(const val array<T, M>&)
tenpl at e<cl ass M2> val array<T, Ms& operator|=(const val array<T, M>&)
tenpl at e<cl ass M2> val array<T, Ms& operator&=(const val array<T, M>&);
tenpl at e<cl ass M2> val array<T, M>& operat or <<=(const val array<T, M>&)
tenpl at e<cl ass M2> val array<T, M=& operat or >>=(const val array<T, M>&)

2 Each of these operators may only be instantiated for a type T to which
the indicated operator can be applied. Each of these operators perforns
the indicated operation on each of its elenents and the correspondi ng
el ement of the argunent array, unless the elenent of the *this array is
masked off as the result of a call to the nmenber function mask

3 The array is then returned by reference.

4 |f the array and the argunent array do not have the sane | ength, the
behavi or is undefined. The appearance of an array on the left hand side
of a conputed assignnent does not invalidate references or pointers.

5 1f the value of an elenent in the left hand side of a valarray conputed
assi gnnent operator depends on the val ue of another elenment in that left
hand side, the resulting behavior is undefined.

6 An inplenentation nust support void and any other storage nodel it
i ntroduces as substitutions for M.

val array<T, M>& operator*= (const T&)
val array<T, M>& operator/= (const T&);



val array<T, M>& operator%  (const T&);
val array<T, M>& operator+= (const T&)
val array<T, M>& operator-= (const T&)
val array<T, M>& operator”= (const T&)
val array<T, M>& operator&= (const T&)
val array<T, M>& operator|= (const T&);
val array<T, M>& operator<<=(const T&);
val array<T, M-& operator>>=(const T&)

7 Each of these operators may only be instantiated for a type T to which
the indicated operator can be applied. Each of these operators applies
the indicated operation to each elenment of the array and the non-array
argunent, unless that el enent of the array is masked off as the result
of a call to the nmenber function mask

8 The array is then returned by reference.

9 The appearance of an array on the left hand side of a conputed assignnent
does not invalidate references or pointers to the elenents of the array.

val array menber functions [l1'ib.val array. menbers]
ptrdiff_t size() const;
1 This function returns the nunber of elenents in the array.

operator T*();
operator const T*() const;

2 An inplenentation is not required to support these operators for
storage nodel s other than void.

3 A non-constant array may be converted to a pointer to the instantiating
type. A constant array rmay be converted to a pointer to the instantiating
type, qualified by const

4 |1t is guaranteed that &J[0] == (T*)a for any non-constant
val array<T, void> a. The pointer returned for a non-constant array
(whether or not it points to a type qualified by const) is valid for the
sane duration as a reference returned by the ptrdiff_t subscript operator.

[ Footnote:
[ This formof access is essential for reusability and cross-| anguage
[ progranm ng.

[ Footnoten2:
[ The same access can be acquired via & a[0]).

val array<T, R3> shift(int) const;

5 This function returns an array whose length is identical to the array,
but whose el ement values are shifted the nunmber of places indicated by
t he argunent.

6 A positive argunent value results in a left shift, a negative value in a
right shift, and a zero value in no shift.

7 [ Exanple:
If the argunment has the value -2, the first two elenments of the result
will be constructed using the default constructor; the third el ement of
the result will be assigned the value of the first elenent of the
argunent; etc.
--- end exanple ]

val array<T, R4> cshift(int) const;



8 This function returns an array whose length is identical to the array,
but whose el ement values are shifted in a circular fashion the nunber of
pl aces indicated by the argunent.

9 A positive argunent value results in a left shift, a negative value in a
right shift, and a zero value in no shift.

void free();
10 This function sets the length of an array to zero.

[ Footnote:
[ An inplenentation may reclaimthe storage used by the array
[ when this function is called.

void resize(ptrdiff_t sz, const T& ¢ = T());

11 This nmenber function changes the length of the *this array to sz and
then assigns to each el enent the value of the second argunent.
Resi zing invalidates all pointers and references to elenents in the array.

val array non-nenber operations [1ib.val array. nonmenber s]

val array unary operators [lib.val array. unary]
tenpl ate<class T, class M- val array<T, R6> operator+(const val array<T, M&)
tenpl ate<class T, class M- val array<T, R7> operator-(const val array<T, M&)
tenpl ate<class T, class M- val array<T, R8> operator~(const val array<T, M&);
tenpl ate<class T, class M- val array<T, R9> operator!(const val array<T, M&

1 Each of these operators nay only be instantiated for a type T to
whi ch the indicated operator can be applied and for which the
i ndi cated operator returns a value which is of type T or which may
be unanbi guously converted to type T.

2 Each of these operators returns an array whose length is equal to
the length of the array. The val ue of each el enent of the returned
array is equal to the value obtained by applying the indicated
operator to the corresponding el ement of the argunent array.

3 An inplementation nust support void and any other storage nodel it
introduces as substitutions for M

val array binary operators [l1ib.val array. binary]

tenpl at e<cl ass T,
oper at or *( const
tenpl at e<cl ass T,
operat or/ (const
tenpl at e<cl ass T,
oper at or % const
tenpl at e<cl ass T,
oper at or +( const
tenpl at e<cl ass T,
oper at or - (const
tenpl at e<cl ass T,
oper at or *( const
tenpl at e<cl ass T,
oper at or & const
tenpl at e<cl ass T,
operat or | (const
tenpl at e<cl ass T,

oper at or <<(const val array<T, ML>& const val array<T, M>&)

class ML, class M2> val array<T, R10>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R13>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R16>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R19>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R22>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R25>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R28>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R31>
val array<T, ML>&, const val array<T, M>&)
class ML, class M2> val array<T, R34>



tenpl ate<class T, class ML, class M2> val array<T, R37>

oper at or >>(const val array<T, ML>&, const val array<T, M>&)
tenpl ate<class T, class ML, class M2> val array<T, R40>

oper at or &&( const val array<T, ML>&, const val array<T, M>&)
tenpl ate<class T, class ML, class M2> val array<T, R43>

operator|| (const val array<T, ML>& const val array<T, M>&)

1 Each of these operators nay only be instantiated for a type T to
whi ch the indicated operator can be applied and for which the
i ndi cated operator returns a value which is of type T or which may
be unanbi guously converted to type T.

2 Each of these operators returns an array whose length is equal to
the length of the arrays. The value of each el enent of the returned
array is equal to the val ue obtained by applying the indicated
operator to the corresponding el ements of the argunent arrays.

is

3 If the argunment arrays do not have the sane | ength, the behavior

undef i ned.

4 An inplenmentation nust support void and any other storage nodel it
i ntroduces as substitutions for ML and M.

tenpl at e<cl ass T,
oper at or *( const
tenpl at e<cl ass T,
oper at or *( const
tenpl at e<cl ass T,
oper at or/ (const
tenpl at e<cl ass T,
oper at or/ (const
tenpl at e<cl ass T,
oper at or % const
tenpl at e<cl ass T,
oper at or % const
tenpl at e<cl ass T,
oper at or +( const
tenpl at e<cl ass T,
oper at or +( const
tenpl at e<cl ass T,
oper at or - (const
tenpl at e<cl ass T,
oper at or - (const
tenpl at e<cl ass T,
oper at or *( const
tenpl at e<cl ass T,
oper at or ~( const
tenpl at e<cl ass T,
oper at or & const
tenpl at e<cl ass T,
oper at or & const
tenpl at e<cl ass T,
oper at or | (const
tenpl at e<cl ass T,
operator| (const
tenpl at e<cl ass T,

cl ass M> val array<T, R11>
val array<T, M>& const T&)
class M+ val array<T, R12>
T& const val array<T, M&)
cl ass M> val array<T, Rl14>
val array<T, M>& const T&)
cl ass M> val array<T, R15>
T& const val array<T, M&)
class M+ val array<T, R17>
val array<T, M>& const T&)
cl ass M> val array<T, R18>
T& const val array<T, M&)
cl ass M> val array<T, R20>
val array<T, M>& const T&)
class M+ val array<T, R21>
T& const val array<T, M&)
cl ass M> val array<T, R23>
val array<T, M>& const T&)
cl ass M+ val array<T, R24>
T& const val array<T, M&)
class M+ val array<T, R26>
val array<T, M>& const T&)
cl ass M+ val array<T, R27>
T& const val array<T, M&)
cl ass M> val array<T, R29>
val array<T, M>& const T&)
cl ass M+ val array<T, R30>
T& const val array<T, M&)
cl ass M> val array<T, R32>
val array<T, M>& const T&)
cl ass M> val array<T, R33>
T& const val array<T, M&)
cl ass M+ val array<T, R35>

oper at or <<(const val array<T, M-& const T&)

tenpl at e<cl ass T,

cl ass M> val array<T, R36>

oper at or<<(const T&, const val array<T, M&)

tenpl at e<cl ass T,

cl ass M> val array<T, R38>

operat or >>(const val array<T, M-&, const T&)

tenpl at e<cl ass T,

class M+ val array<T, R39>

operat or >>(const T&, const val array<T, M&)

tenpl at e<cl ass T,

class M- val array<T, R41>

oper at or &&( const val array<T, M-&, const T&);



tenpl ate<class T, class M- val array<T, R42>
oper at or &&(const T&, const val array<T, M-§&)

tenpl ate<class T, class M- val array<T, R44>
operator|| (const val array<T, M-& const T&)

tenpl ate<class T, class M- val array<T, R45>
operator|| (const T& const val array<T, M&)

5 Each of these operators nmay only be instantiated for a type T to
whi ch the indicated operator can be applied and for which the
i ndi cated operator returns a value which is of type T or which may
be unanbi guously converted to type T.

2 Each of these operators returns an array whose length is equal to
the length of the array argunent. The val ue of each el enent of the
returned array is equal to the val ue obtained by applying the indicated
operator to the corresponding el enents of the array argunent and
the scal ar argunent.

3 An inplementation nust support void and any other storage nodel it
introduces as substitutions for M

val array conpari son operators [1ib.val array. conmpari son]

tenpl ate<class T, class ML, class M> val array<bool, R46>
operat or ==(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class ML, class M2> val array<bool, R49>
operator!=(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class M, class M2> val array<bool, R52>
operat or<(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class ML, class M> val array<bool, R52>
operator<(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class ML, class M2> val array<bool, R55>
operat or >(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class ML, class M> val array<bool, R58>
oper at or <=(const val array<T, ML>& const val array<T, M>&)
tenpl ate<class T, class ML, class M> val array<bool, R61>
operat or >=(const val array<T, ML>&, const val array<T, M>&)

1 Each of these operators nay only be instantiated for a type T to
whi ch the indicated operator can be applied and for which the
i ndi cated operator returns a value which is of type bool or which
may be unanbi guously converted to type bool

2 Each of these operators returns an array whose length is equal to
the length of the arrays. The value of each elenment of the returned
array is equal to the value obtained by applying the indicated
operator to the corresponding el ements of the argunment arrays.

3 If the argunent arrays do not have the sane | ength, the behavior is
undef i ned.

4 An inplementation nmust support void and any other storage nodel it
i ntroduces as substitutions for ML and M.

tenpl ate<class T, class M- val array<bool, R47>
oper at or ==(const val array<T, M-& const T&)
tenpl ate<class T, class M- val array<bool, R48>
operat or ==(const T&, const val array<T, M§&)
tenpl at e<cl ass T, class M- val array<bool, R50>
operator!=(const val array<T, M-&, const T&)
tenpl ate<class T, class M- val array<bool, R51>
operator!=(const T& const val array<T, M&)
tenpl ate<class T, class M- val array<bool, R53>
oper at or <(const val array<T, M>& const T&)



tenpl ate<cl ass T, class M- val array<bool, R54>
operator<(const T& const val array<T, M&)
tenpl ate<class T, class M- val array<bool, R56>
operator>(const val array<T, M>& const T&)
tenpl ate<class T, class M> val array<bool, R57>
operator>(const T& const val array<T, M&)
tenpl ate<cl ass T, class M- val array<bool, R59>
operat or<=(const val array<T, M-&, const T&)
tenpl ate<class T, class M- val array<bool, R60>
operat or<=(const T&, const val array<T, M&)
tenpl ate<class T, class M> val array<bool, R62>
oper at or >=(const val array<T, M>& const T&)
tenpl ate<cl ass T, class M- val array<bool, R63>
operat or >=(const T&, const val array<T, M§&)

5 Each of these operators nmay only be instantiated for a type T to
whi ch the indicated operator can be applied and for which the
i ndi cated operator returns a value which is of type bool or which
may be unanbi guously converted to type bool

2 Each of these operators returns an array whose length is equal to
the length of the array argunment. The val ue of each elenent of the
returned array is equal to the value obtained by applying the indicated
operator to the corresponding el enments of the array argunent and
the scal ar argunent.

4 An inplenmentation nust support void and any other storage nodel it
i ntroduces as substitutions for M

val array generic applicators and reductors [lib.val array. generic]

1 An inplenentation nmust support void and any other storage nodel it
i ntroduces as substitutions for M ML and M2 in _|ib.valarray.generic_.

tenpl ate<class T, class M class Fr> T reduce(Fré&, const val array<T, M&)

2 This function may only be instantiated for types Fr and T such
that f(x, y) is a valid function call taking argunents of type T
or const T and returning a value which is of type T or which may
be unanbi guously converted to type T.

3 Let f(x, y) be denoted by x @y, and a.size() == N Then
reduce(a, f) == a[0] @a[l] @a[2] @... @a[N-1]
where the grouping is unspecified (i.e., this could be eval uated
left-to-right, right-to-left or by adding any valid set of
parent heses). This operation will call f exacly N-1 tines.

tenpl ate<class T, class M class Fu> val array<T, R64>
appl y(Fu& f, const val array<T, M-& a);

4 This function may only be instantiated for types Fu and T such
that f(x) is a valid function call taking an argunment of type T
or const T and returning a value which is of type T or which may
be unanbi guously converted to type T.

5 The array returned is such that its element nunbered i equals
f(a[i]l). Its length is a.size().

tenpl ate<class T, class ML, class M, class Fu> val array<T, R79>
appl y(Fb& f, const val array<T, ML>& a, const val array<T, ML>& b);

6 The array returned is such that its element nunbered i equals
f(a[i]l, b[i]). Its length is a.size(). If the argunment arrays do
not have the sane | ength, the behavior is undefined.



tenpl ate<class T, class M class Fb> val array<T, R80>
appl y(Fb&, const val array<T, M>& a, const T& b);

tenpl ate<class T, class M class Fb> val array<T, R81>
app! y(Fb&, const T& a, const val array<T, M& b);

7 Each of these binary apply functions function may only be instantiated
for types Fb and T such that f(x, y) is a valid function call taking
arguments of type T or const T and returning a value which is of type
T or which nay be unanbi guously converted to type T.

8 The arrays returned are such that their el enent nunbered i equals
f(a[i], b) and f(a, b[i]) respectively. Their length is equal to the
| ength of the argunent array.

9 It is unspecified how many times f will be called for any of these
(unary and binary) apply functions.

val array reductions [lib.val array. reductions]

1 An inplenentation rmust support void and any other storage nodel it
i ntroduces as substitutions for Min the reduction tenpl ates.

tenpl ate<class T, class M> T mi n(const val array<T, M-& a);
tenpl ate<class T, class M> T nmax(const val array<T, M-& a);

2 These functions may only be instantiated for a type T to which
operator> and operator< may be applied and for which operator>
and operator< return a value which is of type \bool or a type
whi ch can be unanbi guously converted to type bool

3 These functions return the mninum (mn(a)) and maxi num (nax(a))
val ue found in the argunent array a.

4 The value returned for an array of length 0 is undefi ned.
For an array of length 1, the value of elenent 0 is returned.
For all other array lengths, the determination is nmade using
operator> and operator<, in a nanner anal ogous to the application
of f in reduce(f, a).

tenpl ate<class T, class M> T sun{const val array<T, M&)

5 This function may only be instantiated for a type T to which
operator+= can be applied. This function returns the sumof all
the el enments of the argunent array.

6 If the array has length 0, the behavior is undefined. If it has
length 1, sumreturns the value of elenent 0. OQtherw se, the returned
val ue is cal cul ated by applying operator+= in a nanner anal oguous to
the application of f in reduce(f, a).

val array unary functions [l'ib.val array. ufuncs]
tenpl ate<class T, class M- val array<T, R65> abs(const val array<T, M&)
tenpl ate<class T, class M- val array<T, R66> acos(const val array<T, M-&)
tenpl ate<class T, class M- val array<T, R67> asin(const val array<T, M-&)
tenpl ate<class T, class M> val array<T, R68> atan(const val array<T, M&);
tenpl ate<cl ass T, class M- val array<T, R69> cos(const val array<T, M&
tenpl ate<class T, class M+ val array<T, R70> cosh(const val array<T, M-§&)
tenpl ate<class T, class M- val array<T, R71> exp(const val array<T, M&)
tenpl ate<class T, class M- val array<T, R72> | og(const val array<T, M&)
tenpl ate<class T, class M- val array<T, R73> | 0gl0(const val array<T, M-&)
tenpl ate<class T, class M> val array<T, R74> sin(const val array<T, M=&);



t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass
t enpl at e<cl ass

cl ass M+ val array<T, R75> sinh(const val array<T, M§&)
class M+ val array<T, R76> sqrt(const val array<T, M-§&)
class M+ val array<T, R77> tan(const val array<T, M-&)
class M- val array<T, R78> tanh(const val array<T, M-&)

— ==

11f f be the nane of one of these function and x the array argument to
which they are applied, then their requirenents and their effects are
equi val ent to those of apply(f, x).

val array binary functions [1ib.val array. bf uncs]

1 An inplenentation nmust support void and any other storage nodel it
i ntroduces as substitutions for M ML and M2 in _|ib.valarray. bfuncs_.

tenpl ate<class T, class M, class M> val array<T, R82>
atan2(const val array<T, ML>& const val array<T, M>&)
tenpl ate<cl ass T, class M- val array<T, R83>
at an2(const val array<T, M:&, const T&)
tenpl ate<class T, class M- val array<T, R84>
atan2(const T&, const val array<T, M&)
tenpl ate<class T, class ML, class M2> val array<T, R85>
m n(const val array<T, ML>&, const val array<T, M>&)
tenpl ate<class T, class M- val array<T, R86>
m n(const val array<T, M:&, const T&);
tenpl ate<class T, class M- val array<T, R87>
m n(const T&, const val array<T, M§&)
tenpl ate<class T, class ML, class M2> val array<T, R388>
max(const val array<T, ML>&, const val array<T, M>&)
tenpl ate<class T, class M- val array<T, R89>
max(const val array<T, M:&, const T&)
tenpl ate<class T, class M- val array<T, R90>
max(const T&, const val array<T, M&)
tenpl ate<class T, class M, class M> val array<T, R91>
pow const val array<T, ML>&, const val array<T, M>&)
tenpl ate<class T, class M- val array<T, R92>
pow const val array<T, M:&, const T&)
tenpl ate<class T, class M- val array<T, R93>
pow( const T&, const val array<T, M§&)

11f f be the name of one of these function and x and y the argunents
to which they are applied, then their requirenents and their effects
are equivalent to those of apply(f, x, y).

Class slice [lib.class.slice]

nanespace std {
class slice {
publi c:
slice();
slice(ptrdiff_t, ptrdiff_t, ptrdiff_t);

ptrdiff_t start() const;
ptrdiff_t length() const;
ptrdiff_t stride() const;

H
1 The slice class represents a BLAS-like slice froman array.
Such a slice is specified by a starting index, a |length, and a stride.

[ Footnote:
[ programs may instantiate this class.

slice constructors [lib.cons.slice]



slice();
slice(ptrdiff_t start, ptrdiff_t length, ptrdiff_t stride);
slice(const slice&

1 The default constructor for slice creates a slice which specifies no
el ements. A default constructor is provided only to permit the declaration
of arrays of slices. The constructor with argunents for a slice takes a
start, length, and stride paraneter.

2 [ Exanple
slice(3, 8, 2) constructs a slice which selects elenents 3, 5, 7, ... 17
froman array.
--- end exanple ]

slice access functions [lib.slice.access]
ptrdiff_t start() const;
ptrdiff_t length() const;
ptrdiff_t stride() const;

1 These functions return the start, length, or stride specified by a
slice object.



