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Online computing system for
octuple-precision computation with Fortran

Takemitsu Hasegawa and Yohsuke Hosoda

Abstract—Computations with higher than the IEEE 754 standardouble-precision arithmetic. Our system doesn’t requgersi
double-precision (about 16 significant digits) are requirecently. to have any knowledges of the octuple-precision arithmetic
Although there are available software routines in Fortrad & for To this end we construct converter routines in two stages. In
high-precision computation, users are required to imptenseich the first st the Fort loaded i tedl' t
routines in their own computers with detailed knowledgesutb € Tirst stage the Fortran program uploaded IS converted in
them. We have constructed an user-friendly online systerodaple- C program and the routine in the second stage converts the C
precision computation. In our Web system users with no knowprogram into octo C++ program, sédV.
edges about high-precision computation can easily perfutaple-
precision computations, by choosing mathematical funstivith
argument(s) inputted, by writing simple mathematical espion(s) ] i ]
or by uploading C program(s). In this paper we enhance the Weblchizo Ninomiya constructed a software package for
system above by adding the facility of uploading Fortrangpams, octuple-precision (72 significant digits) computation ir+C
which have been widely_useo_l in scientific computing. To tind e (octo C++', or 'octo system’). His packages perform com-
construct converter routines in two stages. putations very efficiently because fundamental mathemlatic

Keywords—Fortran, numerical computation, octuple-precisionfynctions such asinz ande® are approximated in terms of
web. the minimax approximation. Two data types of floating-point

numbers, namely, octuple-precision real (‘octo’) and pleu
I. INTRODUCTION precision complex (‘'ocmplx’) are available. Four arithinet

IGHER than the IEEE-754 [9] 64-bit double-precisiorPPerations (-, —, x, /) of two octuple-precision numbers are
(about 16 significant digits) computations on computeR9SsiPle. Fundamental mathematical functions are pravide
are recently needed in scientific applications, say in high-routine (print’) for outputting octuple-precision nurats is
energy physics [5] and numerical mathematics [7], see Pailg!S0 available.
and Borwein [1]. Software packages for high-precision com-
putation have been available [2], [4], [8], [10], [11], se [ A. Octuple-precision real floating-point number
for detail. These packages require users to implement theman octuple-precision real floating-point number(‘octolfea
on their own computers and to write individual programs with; js composed of eight 4-byt® & 4 x 8 = 256 bits) unsigned
ample knowledges about the use of the packages. This megfisgers. The first bit is for the sigsi followed by 15 bits for
that it is not easy for non-experts on high-precision nuo#ri the exponentz and 240 bit for the mantissa/,
computation to write programs by using the packages.
To facilitate the programming for high-precision computa- R = (=1)%(1+ M) x 257105,
tions we have constructed an user-friendly system on the V\/gp R one can express a floating-point number of more than 72
for octuple-precision (about 72 significant digits) comgiiein  sjgnificant digits with the mantissal of 240+ 1 bits including
[6]. Our system makes use of the octuple-precision compulge hidden bit. Table | compares the significant digits of
tion system (‘octo C++’) in C++ constructed by I. Ninomiyaine |EEE 754 single-precision (float) and double-precision

the Web: one can 1) choose mathematical functions with ar-

guments inputted, 2) write simple mathematical expregsjon
in the form of the Web page and 3) upload the C program,
seeg llI.

Il. NINOMIYA’S OCTO SYSTEM INC++

TABLE |
COMPARISON OF DATA TYPES OF FLOATDOUBLE AND OCTO

. . . data sign  exponent mantissa significant

Fortran has a long history to be a widely used programming ype | (bit (bit (bit digits
language in scientific computations on computers. In thigpa float 1 8 73 7
we enhance our Web system above by adding the facility double 1 11 52 15
of uploading programs written in Fortran [12]. This fagilit octo 1 15 240 7

enables users to perform the octuple-precision computatio
simply by writing a Fortran program in the IEEE 754 standard
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1) Declaration and conversion of data type®ne can
declare variables and arrays in the octo type and convert the
data types between integer, float, double and octo. By writin
octo a, b[5];
we can declare an octo real variable 'a’ and an array 'b[5]".
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To convert 'a’ above into integer, float and double types we
write
int(a); float(a); double(a);
respectively. To convert 'i", 'f" and 'd’ defined by -
int i; float f; double d;
into the octo type we write
octo(i); octo(f); octo(d);
respectively.

2) Arithmetic operations: Arithmetic operations of four
types, namely, addition, subtraction, multiplication adidi-

Storing the
computed resul
sion of two octo real numbers are possible like those of doubl

precision numbers. The mixed-mode operation of two numbesig. 1. Online octo system consisting of client and servestesy
with different types of precisions are possible. The power o
an octo variable is also available. To computeve write
opow(a, i); The web pages on the server machine consists of an user-
3) Mathematical constantsmportant constants frequentlyinterface page, a manual page and a list of available funetio
used liker, log(2) and /2 and table functions lik&(n) are
available in octo type. A. User-interface
4) Mathematical functionsMore than fifty octo real func-
tions such assin(z), log(z), exp(z), 10* and I'(x) are
available.
5) Output routine ’print’: The routine pri nt’ outputs
computed results in about 72 significant digits. If we write
X = octo(pi) * octo(pi) + osqrt(2);

The user-interface page has input forms of three types.

1) Choosing functionsThe first form allows one to choose
a mathematical function in the pull-down menu, say, 'ocos’
and to input an argument, say, 'pi/5’. Then one gets a com-
puted result ofos(7/5) in 71 significant digits as follows,

print(0, 0, 72, 1, X); 8.09016 99437 49474 24102 29341 71828 19058
then we get the output result af + /2 as follows, 86015 45899 02881 43106 77243 11352 63023e01
1.12838 17963 46245 36676 36179 72408 58492 This result could be stored on the server and used again in the

13883 37128 26177 38699 59002 91142 10777e+01 succeeding computation of other functions.

2) Writing mathematical expressionsthe second form
allows one to write simple mathematical expressions. If you
write

Above 'print’ routine feeds 0 line before printing octo-téa
in 0 blank followed by 72 significant digits with 5 consectiv
digits together followed by 1 blank and finally followed byeth

(3.5 2) / ot i3
exponent e-01. osqrt(3.5) + oexp(2) / otan(pi/3)

then you get a computed result ¢f3.5 + ¢/ tan(r/3)

B. Octuple-precision complex floating-point number 6.13690 22211 61827 62558 89858 19692 67738
We can declare octuple-precision complex (‘ocmplx’) vari- 46106 00579 81936 89626 84375 28758 08091400
able ¢ and array w[7] by writing 3) Uploading C programs:The third form is for some

.ocmpI).< c W[7]3. experts on the programming in C or C++. In this form one can
The arithmetic operationsy, —, x, /, of two "ocmplx’ num- upload a C(C++) program in the double-precision arithmetic
bers are possible. The mixed-mode operation of ‘ocmplfhe system converts the uploaded program into an octo C++
numbers, integers and double-precision numbers are pessirogram and implementit on the server to get computed gesult
The power of ‘'ocmplx’ variable is available, say, we computg 72 significant digits. If the computation is successfart

z' by writing the results are sent back to the client.
copow(z, i);
Octuple-precision complex functions such @s(z), |z| =

V22 + 42 (wherez = z + iy) andexp(z) are provided. B. Manual page and list of functions

A manual page in Japanese briefly illustrates how to input
I1l. ONLINE SYSTEM FOR OCTUPLEPRECISION arguments of functions, possible data types and arithrogtic
COMPUTATION erations and that nested mathematical expressions ariblposs

. . . . A list of available functions is provided. Figure 2 depicts a
In this section we review our online system for octuple-

precision computation. Our system consists of client angese subset of the function ist.

system, see Figure 1. On the server machine a CGI(Common )

Gateway Interface) program written in Perl receives a requé&- Computation process on the server

from an user in the input form on the Web page. Then the CGI1) CGI program: The CGI program on the server receives
sends it to the computation program to ask for the computatidata or a program file from the client and sends the results
requested. If the computation is successful, then the C@&lIsse to the client. Assume that one selects a mathematical fumcti
the computed results to the client. in the pull-down menu on the web page and inputted value(s)
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function

use

oabs

OCTUPLE ABSOLUTE VALUE FUNCTION

ocbrt

OCTUPLE CUBIC ROOT FUNCTION

oexpml

oexpml (x)=oexp(x)-1

oexpl0

OCTUPLE BASE 10 EXPONENTIAL FUNCTION
y = explO(x)

ocos

OCTUPLE COSINE FUNCTION
y = cos(x)

0cosq

OCTUPLE QUADRANT COSINE FUNCTION
y = cosq(x) = cos((pi/2)*x)

ocot

OCTUPLE COTANGENT FUNCTION
y = cot(x)

ocotq

QUADRUPLE QUADRANT COTANGENT FUNCTION
y = cotq(x) = cot((p1/2)*x)

oacos

OCTUPLE ARCCOSINE FUNCTION
y = acos(x)

olog

OCTUPLE LOGARITHMIC FUNCTION

D. Converter routine for C or C++ program

Users can upload their C or C++ program in the double-
precision arithmetic. To this end we have constructed a con-
verter routine to translate the inputted program in C(CHtQ i
an octuple-precision program.

1) Before translation:The converter routine starts by stor-
ing character strings of the inputted program file line by
line into an array 'scrline’. Scanning characters in 'sdme’
one by one with blanks and tabbing characters skipped the
converter stores the detected types of the characters into a
class of ’int’ type. By using the detected types of charactiee
converter translates the inputted program into octo-@nwgn
C++. Three header lines required by octo-system are indlude

olog2 |OCTUPLE BASE 2 LOGARITHMIC FUNCTION
y = log2(x) # | d . t
osinh  |OCTUPLE HYPERBOLIC SINE FUNCTION !nc ude<iostream-
v = sinh(x) #include”octo.h”
otanh OCTUPLE HYPERBOLIC TANGENT FUNCTION #using namespace Std
y = tanh(x) !
oacosh |OCTUPLE INVERSE HYPERBOLIC COSINE FUNCTION before the translation starts, as follow.
y = acosh(x) . .. . .
ot | OCTIPTEERROREINGIION 2) Translation process: Double-precision floating-point
y=erf(x) b numbers are converted into octo numbers, say,
ocelil  |complete elliptic integral of the first kind
olgama |OCTUPLE LOGARITHM OF GAMMA FUNCTION
y=lgama(x)=log(gamma(x)) a=1524=a= Oth1524) * OpO\A(Othlo)7 72)
orgama |OCTUPLE RECIPROCAL GAMMA FUNCTION
yrgama(x)/gamma x) Mathematical functions are translated into the ones of octo
olfetr  |OCTUPLE LOGARITHM OF FACTORIAL FUNCTION tvpe. sa
offetr  |OCTUPLE DOUBLE FACTORIAL FUNCTION ype, say,
n!!
oberno |OCTUPLE BERNOULLI NUMBERS sqgri(5) = osqr{octo(5))
b[n]=B(2n)
ogameo ?E?Q?\Li %P%NSION COEFFICIENTS OF The output routine 'printf’ is translated by using 'prinsay,
oagmco |OCTUPLE ASYMPTOTIC EXPANSION COEFFICIENTS .
OF LOG(GAMMA(X)) printf(*a=%d, b=%f\n",a, b);
b OCTUPLE BETA NUMBERS e » ‘e ”
obetmo = printf(“a=%d”, a); printf(“, b=");
) ) _ _ print(0, 5, 70, 1, d); printf(*<BR>");
Fig. 2. A part of the list of available octo functions

of the argument in an input form on the web. Then the ca

3) Security checkit is important to protect the server from
attacking outside, or malicious user-programs. The cdever
fops the translation and an alarm message is given on the

\Neb page if thirty five functions such as system functions and

starts by checking if some errors exist in the argument. .
fxec functions are detected.

no error is detected, the CGI sends the inputted data to ) :

computation program written in C++. On the other hand, when4) Protection against endless loofguccessfully translated

one writes simple mathematical expressions in a form on tREPgram file is compiled and executed to perform the octuple-

web, the CGI program performs the similar procedure to seREFCiSion computation. If the execution doesn't terminiate

a computed result in 72 significant digits to the client. & Prescribed time period, the computation is forced to stop
and an error message is given on the web page to avoid the

2) Computation program:The compiled executable file possible happening of an endless loop.

‘a.out’ of the computation program on the server has three

arguments. The first argument receives the selected functio

name. The second argument receives the inputted value of |V. FACILITY OF UPLOADING FORTRAN PROGRAM

the function argument, namely, the value of the function

argument transformed by CGI program into a form suitable In this section we enhance our online system described in

for the computation program. The third argument receivéise previous section by adding the facility of uploadingtFar

an user-decision result if computed results are stored én tbrograms in the double-precision arithmetic. To this end we

server to be used in the succeeding computation or not.cinstruct a converter program to translate Fortran program

the above procedure is successful, then 'a.out’ is exedoteduploaded by clients into the octo C++ program. Our converter

transform the inputted strings into octuple-precisiontfliges  consists of two steps. The first step makes use of the 'f2¢’ [3]

point numbers or octo arithmetical expressions to perfdren tto translate the Fortran program into C program. The second

octo computation. one translates the C program into the octo C++ program.
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A. Complex variables and arithmetic operations case of the division of two variables in complex type and & th

The arithmetic operations of complex variables are possidPurth and fifth rows are that in double complex type. These
in Fortran and C++. But, ordinarily the C language doesr{'C types of the division shown in the second column are not
accommodate to such operations. In this connection, the *fvailable in octo C++. We design our converter routine toecop
routine manages to translate Fortran programs includieg tith these divisions.
complex arithmetic into the corresponding C program. Te thi 3) Conversion of complex functionsThe ‘f2c’ routine
end the routine makes use of reserved character strings &agverts 'CABS(N)’ in Fortran to '@bs(&n)’ in C. Further,
variable names as shown below. we convert this to 'coabs(n)’ in octo C++.

1) Reserved names for complex variabl&he 'f2c’ re-
serves some character strings and variable names in thee tran Output routine
lated C program to accommodate the complex variables and
arithmetic as well as integer and real ones used in the Fortra The 'f2c’ converts output statements in Fortran to C as
language. For example, ‘integer’, doublereal’ and 'doabta-  follows,
plex’ are used for 'INTEGER’, DOUBLE PRECISION’ and

i * %
'DOUBLE COMPLEX’ in Fortran. write(*,*) a =

2) Arithmetic operations of complex variableFhe 'f2¢’ s wsle(&io_7));
translates every complex variable(and constant) in Fotisa dolio(&c_3,&c 1,(char *)&a,(ftnlen)sizeof(integer));
storing the real and imaginary parts of the variable sephrat e wsle();

in C program, for example,
d=e in Fortrans d r=e.r- d i=e.i: We convert these statements to octo C++ as follows
1 uo ” . H " ”\.
Other Fortran statements such as = printf(*%d”,a); printf(*\n");

d=cmplx(b,c), d=d*e, d=d*2.3, d=(1.2, 3.4), b=real(e)

2. F - translated by fZc (version 200670087,

are translated into the corresponding statements in C. Yo st Vi the peuit mg hlec e ult | bides

on Linux or Unix systems, link with .../path/to/libf2c.a -Im
or, if wou install libf2c.a in a standard place, with -1f2¢ -Im @

TABLE Il == in that order, at the end of the command lire, as in
MVERSION OF COMPLEX DIVISIONS FROMFORTRAN TO C AND OCT cc *.o -lfie -Im
Co SIONOF €O SIONS oM=0 oC 0cTO Source for libf2c iz in /retlib/f2c/libfic.zip, e.8.,
C++ http://wmw.net | ib.ora/f2c/ | ibf2c.zip
*
finclude “f2c.h”
Fortran C by the f2c octo C++ /: I@b\é ?f constagt values */
static integer ¢4 = H
a=alb; c.div(&g_1, &a,&b); ql=alb; static integer c_1 = 1;
- . ) static integer c_3 = 3;
a.r =ql.r, a.i=ql.i a=ql;
N - i — i static integer ¢ 5 = 5;
c=c/d; z.div(&z_1,&c, &d_), zl=c / d; % Main program %/ imt MAIN_(void)
— . . — . {
cr=zlrci=z1j c=2z1; % Initial ized data %/
static inteser &[0] = { 2,4,6.8,10 };
/% System zererated locals */
P . real r__1;
Table Il shows how the divisions of two complex variable: complex a1

. . . . . iltin T i
in Fortran are translated into those in octo C++ via in C. Th| @[ o e e o e v comlex #:

double c_abs(complex *);

statements in the third column show the divisions trandlate infeser = wele(oi | ist X). do_|iolinteser . integer X, char %, ftnlenl.
from C into octo C++. The second and third rows show th T e

static integer a;
static real b;
static complex d__;
static char h_[11;

integer a, g(s) static complex i__;
/% Fortran 1/0 blocks ¥/
real b ©|stat.c st o7 =10, 60, 0, 00
real*8 ¢ static cilist io8=1{0,6,0,0,01;
i = 5;
complex d, i BIV.
complex*16 e Md_.r=24f d _i=-36f;
*(unsiened char ¥)h_ = "m
character h i_.r= 3.3, Qi = 4.4
datag/2, 4,6,8,10/ @rx SRR -
y 4 0, O, c_div(fa_1, &
a=5 ® d _.r=a l.r, d_. H
R !

b=6.7 r{ir = c,abs(&if)

O d=(24,-35) @ e L
='m TG B 1, Cchar 08, (Finlensizest (real)

. _liclhc_4, &1, ®)db, (ft i :

= (-33, 4.4) . Saler A (e o (il
@ d=d/i s,ws!e(&iois): . ‘
@ i = abs(l) ceioiéizg.c_@, &c_ B, fchar ¥)82[0], (ftnlen)sizeof (integer));

Ak x P |y

@ Wr!te( ! ) b return 0;

write(*,*) g b MAIN. x/

end

Fig. 4. A program in C translated by the 'f2c’ routine from tRertran
Fig. 3. An example of Fortran program to be converted program in Fig 3
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e ok CTostrears simple mathematical expressions in the Web form and by
it ) uploading their own C or C++ program in double-precision
tatic int i__c; i 1 ili i
e arithmetic. Furthermore, we added a facility of uploading
Youmust |irk the resulting abject file with libfZe: Fortran programs. To this end we constructed a converter
on Microsoft Windows swstem, link with libfic.lib; )
on Linux or Unix systems, lirk with ... /path/to/libf2c.a -Im routines from Fortran to octo C++.

or, if vou install libf2c.a in a standard place, with -1f2c -Im @

= in that order, at the end of the comand line. as in In summary, our system enables remote users to perform
cc Koo - c -lm . . .

Source for libfle is in Jnetlib/f2e/1ibile.zip, o2, octuple-precision computation without any knowledgesutbo

http: . net | ib.oredT2c/ | ibf2c.zi . .. .
e e AT high-precision computations,

i

finclude "f2c.h”

/% Table of constant values */
static int c_4 H
static int c__1
static int c_3
static int ¢ 5% H

/% Main program ¥/ int main(void)
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Fig. 5. An octo C++ program translated from the C program ip &i

C. An example of translation

Fig 4 shows a program in C translated by the 'f2¢’ routine
from a Fortran program shown in Fig 3. On the other hanﬁ’akemitsu Hasegawa Takemitsu Hasegawa received the Doctor of Engineer-
Fig 5 shows a program in octo C++ translated by our converieg degree in applied physics from Nagoya University, Jajpai975. He
routine from the program shown in Fig 4. The sentence C,ni?an emeritus professor at University of Fukui, Japan. He warofessor
. . . . . of Department of Information Science at University of Fukmbm 1995
complex constant marked @) in Fig 3 is translated intd) in {5 2010 after working as an associate professor at Uniyersit Fukui
Fig 4 and further intoD in Fig 5. Similarly, the sentencesand as a research associate at Nagoya University. His cbséaterests

marked b ~ in Fia 3 are translated. include ngmerical analy_sis, high performance co_mputimglne system for
y& &) 9 mathematical software library and Web computation.

V. CONCLUSION

We constructed an use-friendly online system for octuple-

precision computation. Our system makes use of Ninomiya/@hsuke Hosoda Yohsuke Hosoda received the Doctor of Engineering
egree in computer science from Nagoya University, Japab9Bd. He is

octuple-precision computation system written in C++(0Ct® professor of Department of Information Science at Unitiersf Fukui. His
C++). Our Web system requires users no knowledges abeesearch interests include numerical analysis such pesid system of linear

high-precision computation. By our system users can mrfopquations, inverse problem and numerical linear algebra.
octuple-precision computation simply by choosing mathema
ical functions with values of arguments inputted, by wgtin



