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o First Revision : !
2 Introduction and rationale :
i The lack of bullt in suppart for complex rumbers is a mejor rgason that few
| numerical codes re written in C. Fortunately, in C++ this cnt can be
completely overcome by adding complex number types, implemented as
Classes, to the language’s standard library. This document is § proposal for these
standerd types.
This proposal is based largely on two sources: the AT&T imp! tation of
doubleym:iﬁoncomplo:numbemmdthepmpondc described by :
l David Knaak in “Complex extensions to C*, docurnent X3J11y92-075.
i The classes proposed herc are as compatable as possible withlthe types proposed
i in the Clanguage extension. This implies that implementation of the C++ classes
can be dane using the native C types, and also that only one get of syntax and ;
semantics need be leamed for people programming in both ¢ and C++. :
A sample definition for the lasses described herc is given at the end of this :
document. You may find it helpful to refer to this while reading through this i
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2.1 Exclusion of Imaginary types

It has been proposed (Jim Thomas, “Complex C extensions”, d
X3]11.1/93-012) that, in addition to complex types, types be

We do not include imaginary types in this proposal for two
wmempledtyofﬂ\eduip:&muwtypamad ed, and operators

umstbedem\edfonupmuuﬁauofa\ucmwtypswiﬂ\ types and
ties see David Knaak, “What to

| of experience

3 Complex types

We propose adding three standard types: float_complex, complex, and
long_double_complex. Each represents a complex number w! real and
i partnhnethemne&mdzﬂsﬂaasﬁw
hmmm&nthh\pwﬁmdh types be
ian, as to, for example, polar. This selection of fypes, and the
that the implementation be Cartestan, corresponds with the

proposed C language extension.

3.1 Typesor classos?'

The most straightforward implementation of the complex typesis as
C+ classes. It is not required, however, that the types be implemented this way.
They could be implemented, either for efficiency reasons or etry with C, as
built in types.

o This implies that using the complex types as base classes not allowed by the
standard.

3.2 Including these types ,
The complex number classes, and all their associated are defincd by
inchuding the header flle complex.h. Once the complex arc declared, the
preprocessor macro __STD_COMPLEX will be defined.

@ hbpmﬁuamﬁ»dbrnmmdﬁcun&mdmc new
complex types and & complex . h which deciares set of complex

classes, for cample the AT&T complex implementation.

¢ ina simple class implementation, this macro could ba used as a "wrapper” to
prevent multiple Inclusions of the header file.
P
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4 Type conversion, inliialization, and assignment

NI D

4.1 Type conversion
'I‘lwﬁolluwingtypeoonvusionlmaytakephce:
« nln-»wlexrypeomverdmﬁomaﬂodt,doubh,onhtgdoublew

underscore. The function takes a single const reference & t of the source
type. Thus, to convert from double_complex to float_complex, the function:

float_complex _float_complex(const double_complex&)

¢ It would have been preferable to eliminate these spacial furjctions and do
narrowing conversion in the same way as for the.bullt in . Unfortunately,
this approach leads to & cauple of problems. First, any selfjrespecting C++
mpﬂorﬁllmmwamlnﬂdtconvmlbnfroma intypeta
narrower type (eg. double=sficat) takes place. ltis un
such warnings from s class based implementation of comp
i both conversions axdst, code such as the following:

void foo( float_complex &, double_complex b)

(

a+b;
)
causes ambiguttles without explicit casting. .

e Thcmnbnopammdnpmmwbymx ce for symmetry
with the sandard C++ copy construceor. By contrast, intrinsic functions
defined later pass their parameter by value.

4.2 Inifialization
Anynnowedtypeconvmlmwammplexlulso:noweda initializer.
Copluofeomplecnumbersmbeuu!od. This correspond4 to a copy
constructor in a class based implementation.
Aemnplecmmbermbeh\iﬂanzedkommordendpurcf o scalars
repxumﬁng&xerealmdimagh\uyputof&\ecomplu . The syniax is
the standard one that would be expected: o

double_complex x(3.4,2.3)1 // ‘x is 3.4 |+ 2.34
double_complex y = X = double_complex(2.3):

4.3 Assignment
An assignment operator is provided. As with the built In types, the type of an
assignment expression is that of its left operand -

r— e e L
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§ Arithmetic operators

Anpnnmhenforaverloadedopenmmp-ne_dbynhae, in the existing
‘ATAT class based implementation. The precise formulas used {o implement
complex arithmetic nmimphumﬁmdepaﬂa\hkcpmsewemnkalso
mmmaondependmt
assignment operators, +=, <, b, /:,mdﬁxwdwhs! left hand side is a
eanplettype,lndtheu'ghthand sldehelﬂwraeqmplexamutypeofu\e
meﬂowngpcmtpudlionuﬂwle&hmdddamyntumanfumb

The binary operators, +,- % /, are defined for all permutaﬁmrémlu and

complottypswhczebou\opmndnmoftheuﬁ\eptedslon at least one is
complex. They retumn a complex number. :

The unary operatocs, +, = are defined for the complex types. They retumn a

complex number. :
'I‘heequautyopenm.c,l-,mdefkwd for all permuta of scalar and
complex types where both operands are of the same precision pnd at least one is
eompla.’rhe=opeuturmtummhmgerwhld\ismm and only if its
ts are equal. The l= operator retums an integer i} is nonzero if and

intrinsic functions

The Intrinsic functions all their srguments by value and either a complex
mnbexoumhrmmberofﬂ\empmddmnﬁ\e eters. All the
mudennedwcmdeﬁmdfonuthmmploc Detnils of the
MOfad\qmabrmﬂ\emuinDavidKnnk‘s"_ompbp
extensions to C°, document X3]11/92-075.

o mdodslonmpmpammbynbﬂnm-dd.br ple, by const
reference was made for two reasons. Om.ltmatdmdz
implementation. Second, It matches the mathod used to
the standard C double precision math lntrinsics.

The following intrinsics all take a single complex parameter and return either a
mpb:mm\berorucahxuappmpﬁnte: ;

abs
norm

sqgrt .
There are four overloaded Intrinsic pow functior}s for each precision:
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complex pow{ccmplex, int)

complex pow{complex, scalar)
complex pow(complex, complex)
complex pow(scalar, complex)

Hcre.smlumdcamplexmfertomyoﬂhethms’euofmm floating point

and complex types.

'n\ehmkfurtcﬂmpolarhksm@irugmnuofth same precision

and returms the corresponding complex number whose norm
arg\mmtmdwhoaeargbythsoecond argument

complex polar(scalaer, scala_r)

7 Stream input/output

i§ given by the first

Input and output using the C++ lostreams classes will be provided using the
standard 1shift (<<) operator for output and the rehift (>>) opet;tar for input.

The operators are declared as follows (complex can stand for

complex types) ;
ostreamt operator<<(ostreamk, complex)
igtreamk operator>>(istreamk, complexi)

y of the three

The format of complex numbers written to streams s (re, im where re and im,

the real and imaginary parts, are formatted in the same way
scalar types. The parentheses are part of the format. The fo
compmmuismuiﬁvetommlyuhtonh&mmwayu
types.

o Perhaps the formatting should be more flexible. 1s there
eonplunumbmmwﬂmhadiﬁcnmwl

the corresponding
tting of the
e underlying scalar

allocale in which

Comple’mumbeubeingrendfmmmlnputsuedmmexpededtobek\me

format (re, im) where re and im, the resl and imaginary p:

nﬁ:,}:red\em
allowed formats as the correspanding scalar types. The paren are part of

the format. y

¢ Parhaps the input aperstor should also be sble to interprqt scalars (le. =s

complex numbers with imaginary component zero).

Code which uses complex numbers but not iostreams should ot be forced to
include either the jostreams header file or link in any iostreams code.
e This implies that implementations should not puts “#indlude
<iostrean.h>" in complex.h and also should put definitions of the input
and output operators in & separate compilation unit from jother complex

number functions.

8 Sample definitions

Here are sample definitions for a class based complex impletentation:

8.1 float_complex definition
class float_camplex {

3AVYM 3ND0y
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: £ha&5nuﬁmcqnnunr4£hamthnnpamhmn

; ()
float,_ 1ex(float xe);
ey (float ve, float im);

float_camplex
float_ocaplex(const float, conplesk) ;
ﬂnnuxnﬂﬂé¢mumuz-wawt£nntpmnhmﬂz

torve (float_conplex) ;
o oot A e
£nng;uum=ﬂ<pmmhmﬂ-ﬁthpuun¢d:
£humephu&qpnauz%ﬂfhnt;:nﬁhmh

):

camlex _float_conplex(const double camplex)
gﬁ:&}nnnax_£knn;unﬂgx«nmn:houimuhL

£hn;5nqﬂexopsu«m%é?ngfkngsumhmr
float_corplex cperator+(floa cum:cnfknt;
fh:étbaqﬂexcpumﬂmn{fk:g;xnphu;£k=t4:n¢hm

ﬂnm;amnhmcx-uﬁur%fknnpamn-mfh:th

float_ooplex cperator-(float_carplex, float_caplex) ;

float_conplex cperatar* (£loat, float, canplex) ;

float_coplex cperator* (£loat, corplenc,
iuan;uqn::cpnuum#(iunnfhun;gaunew:
float_complex cperatar/ (£loat_complex, float) ;
£kntsuuﬂmcqunnmﬂtkn&pusmua£un;;unﬂ

float_camplex cparator+(float_conplex) ;
float_camplex operatar- (float_camplex) ;

int cperetor=s(float, float_complex);

int float_cooplex, float) ;
int::::g:::&m:muunphnnEMat;uunao;
ht:qnmﬁ:rh%é?nﬁfhn&;numﬁg:

int operatori= oat_ccuplex, float) s

int operatori=(float_camplex, float_cmplex) s
istresmi cperator>> (igtresns, float camplexk);
ostreamt: cperator<<(ostreamt, float complex) ;

float abe (float_conplax);
£1oat nomm(float _caplex) )

float,_camplex polar(float, float) ;

)

) 3
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8.2 double_complex definition

clasg double_conplex { :

da;bll_cumlﬂtz) o : : !
Sble romlex(double re, double im) s -
Souble_camplex(const f£loat,_complexk) § ' :
dauble_camplex(canst double complexd] s : I

double_complext: operator=(const W :

): :
double_camplex _double_carplex{canst lag_dwble_ccmlm) ;

double_complex cperatort (dzihle,dable_écxplac);
da:bl:,outpm operator+ (double_carplex, double) ;
dxible_camplex operator+(doublae_camplex,double_camlex) ;
double_cenplex operatar- :dwble.dahlqmlncg :

double_conplex opexatar- double_camplex, doubls) ;
double_carplex m—(dwblq_ocnploc,dmhle_?mslad H

g
%
i
:
. %

|
%
§
:

(double_complax, double_caplex) ;
double_camplex operator

Gouble_camplex operator/ (dwbla_camlltgdwble);
double_conplex cpexator/ (mmgw ]

double_canplex aperetor+ (double_camplex ‘ l
dabl:_cmplac operator- (double_camplex) ; I
J
|

int q:uutur-‘(d:uble.daxhh.mlnc) :

int operator==(double_carplex,double) ;

int cperator=e(double_corplex, double_ccaplex) ;
int opunbot!-(dwble,dmhlq_mls:;: g

: tori=(double_complex,double) s |

ﬁ mw«n-{m.m&mmgo 7

igtresns operator>> (istreams,double_camplexk) ;
ostresmé: cperatar<< (ostreemé,double_camplex) ;

i

|

{

double abs (double_canplex) ; '
double norm(double_conplex) ; . : i
double arg(double complex) ; : :
dauble real (double_camplex) ; . = | |
i

i

!

1

double imag(double carplex) ;
dovbla_complex cong (double_complex)
da:m:_c:nplec cos (Gouble_camplex) ;
double_conplex ccal(x( ’:
double_camplex @

doubh_.cclwl: log(double_camplex) ;
Gouble_coplex sin( !

Aouble_carplex pow(double_conplex, int) :

double_complex (double_coaplax, e);
double_carplex g(&ma_mlm camplex)
Gouble_canplex pow(double,double_canplex} ;

i
' | @
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8.3 long_double_complex definition

doudsla_camplax polar (Gouble.double) ;

clmlmq_dmhle._cmplu(
public:

1eng_double_parplax() X
h:g;hmﬂgsmnumﬂavtbdﬂerﬂ;.
hau;hmﬂgpmpuuuunwhdﬂerm long double
{const floal I:z;
Lua}hdﬂgpmﬁuxwaltdaﬂﬂ H
hxq;knﬁthamﬂmdoautlnmLﬂﬂﬂﬂdeﬂDhﬂih
thJkuuuLgmphm&opuwur-mnmmi

operator- i
lang double_oarplext) ;

(long_double_camplex,
IathmﬂqanmacqnnmuﬂtkngdaﬂﬁeJnmL
kn;ﬁanﬂesnmﬂecqnnﬂnﬁ%h:q;hmﬂagxnpuu.cm;daﬂnen

long_double_camplex .
qzmnww‘ﬂaandﬂg;umncclanutuﬁthumﬂad

L:g;bdﬂa;nuﬂe&qnnmudlhmgduﬁdedgmL

axLﬁmnﬂq;nnncxcpaaunV(hchkuﬁthamﬂgml

lang_double_carplex :
ognnur/uathmﬂasuxﬂQ&hmn;&nﬁk;pawﬂsd

hxu;kﬂhhxpuqﬂlxcvﬁﬂﬂnﬂih!tLﬁadikLca:ﬂam
h:n;tmhhtpumﬂcxcputur-ﬂnnnguhuLpﬂwﬂlﬂ

hm:opcnnnn-cunaduﬂﬂ.ﬁhmuJEMHuLpuqnnxu
Sntcnzauzadhmgsbdﬂgsumn ,long Gouble);
hn:quuaunr-ﬂnm;ﬁaimqsuqncml
int operatorl=(long . ¢ !
intonanuxhqhanhdﬂquxﬂnxJnn@dannen
int cperatorie(long ¢ laugtuhh;

double_carplex) ;

conplex) ;

=
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long_double_complex paw(lma_dmhlq_cminec.intn ; :
i la-a_dmbh._cwpi.oc pawg.au_doublq_cmplaian a,‘xﬁe): 1) l
long double_oomplex pow(long double campble, e_conplex) ;
long_double_conplex pow(lang dmmle.lwgplad : _ !
lang double_complex polar(long double,litng double)
\
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