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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 requgers
double-precision (about 16 significant digits) are reqlirecently. to have any knowledges of the octuple-precision arithmetic
ﬁ.'”;}ough there are available software routines ciin Fo_rtragét foL To this end we construct converter routines in two stages. In

igh-precision computation, users are required to imptenseic , . .
routines in their own computers with detailed knowledgesutb the first stage the Fortre_m p_rogram uploaded is converted int
them. We have constructed an user-friendly online systerodple- 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, s§dV.
edges about high-precision computation can easily perfstaple-
precision computations, by choosing mathematical funstiavith II. NINOMIYA’S OCTO SYSTEM INC++
argument(s) inputted, by writing simple mathematical eggion(s) )
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_used_ in scientific computing. To tinid we (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-precisionfunctions such asinz ande® are approximated in terms of
Weh. the minimax approximation. Two data types of floating-point

numbers, namely, octuple-precision real ('octo’) and plgu

. INTRODUCTION precision complex (‘ocmplx’) are available. Four arithinet

H IGHER than the IEEE-754 [9] 64-bit double-precisiorPPerations (t, —, x, /) of two octuple-precision numbers are
(about 16 significant digits) computations on computeROSSiPle. Ifur?dr?lmental mathematical functions are pravide
are recently needed in scientific applications, say in high-routine ('print) for outputting octuple-precision nurets is

energy physics [5] and numerical mathematics [7], see Bail@SC available.
and Borwein [1]. Software packages for high-precision com-
putation have been available [2], [4], [8], [10], [11], sed [ 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 witlg is composed of eight 4-byt& & 4 x 8 = 256 bits) unsigned
ample knowledges about the use of the packages. This megyisgers. 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. s B

To facilitate the programming for high-precision computa- R = (=1)"(1+ M) x 25715,
tions we have constructed an user-friendly system on the W8P R one can express a floating-point number of more than 72
for octuple-precision (about 72 significant digits) comgiien  sjgnificant digits with the mantissal of 240+-1 bits including
[6]. Our system makes use of the octuple-precision COmpUlke 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

see§ Il. Our system provides users with some facilities Ofdouble) and present octuple-precision (octo) numbers.
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 lll.

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 thigepa Hoat 1 3 >3 7
we enhance our Web system above by adding the facility double 1 1 52 15
of uploading programs written in Fortran [12]. This fagilit ocio 1 15 240 -

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 wgritin
octo a, b[5];
we can declare an octo real variable 'a’ and an array 'b[5]'.
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Output
Computed
resuft

To convert 'a’ above into integer, float and double types we
write

/4

int(a); float(a); double(a); Client
respectively. To convert ', '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 edfidi-

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 fumgtio
used liker, log(2) and /2 and table functions like(n) are
available in octo type. A. User-interface
4) Mathematical functionsMore than fifty octo real func- The user-interface page has input forms of three types.

tions such assin(x), log(z), exp(z), 10” and I'(x) are 1) chogsing functionsThe first form allows one to choose
available. a mathematical function in the pull-down menu, say, 'ocos’

5) Output routir_1e print: Th(_a “?‘_J“”e p_ri_ nt’ output_s and to input an argument, say, 'pi/5’. Then one gets a com-
computed results in about 72 significant digits. If we write puted result ofos(x/5) in 71 significant digits as follows,
X = octo(pi) * octo(pi) + osqrt(2);

CGI program

print(0, 0, 72, 1, X); 8.09016 99437 49474 24102 29341 71828 19058
then we get the output result af + v/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

osqrt(3.5) + oexp(2) / otan(pi/3)
then you get a computed result 3.5 + €29/ tan(r/3)

Above 'print’ routine feeds 0 line before printing octo-réa

in 0 blank followed by 72 significant digits with 5 consectiv
digits together followed by 1 blank and finally followed byeth
exponent ¢-01.

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 08091€+00
able ¢ and array w[7] by writing 3) Uploading C programs:The third form is for some
ocmplx ¢, w{7]; experts on the programming in C or C++. In this form one can

The arithmetic operations;, —, x, /, of two ‘ocmplx’ num-  ypjoad a C(C++) program in the double-precision arithmetic
bers are possible. The mixed-mode operation of ‘'ocmplfye system converts the uploaded program into an octo C++
numbers, integers and double-precision numbers are p@ssiBrogram and implement it on the server to get computed gesult
The power of ‘ocmplx’ variable is available, say, we comput, 72 significant digits. If the computation is successfhert
z" by writing the results are sent back to the client.

copow(z, i);
Octuple-precision complex functions such #8(z), |z| =

\/m (wherez — x + 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 arnélposs

. . . . 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 amgese subset of the function list.

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

Gateway Interface) program written in Perl receives a regué: 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&lsseto 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
v =explO(x)

ocos

OCTUPLE COSINE FUNCTION
y = cos(x)

ocosq

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

olog2

OCTUPLE BASE 2 LOGARITHMIC FUNCTION
y = log2(x)

osinh

OCTUPLE HYPERBOLIC SINE FUNCTION
y = sinh(x)

otanh

OCTUPLE HYPERBOLIC TANGENT FUNCTION
y = tanh(x)

oacosh

OCTUPLE INVERSE HYPERBOLIC COSINE FUNCTION
y = acosh(x)

oerf

OCTUPLE ERROR FUNCTION
y=erf(x) b

ocelil

complete elliptic integral of the first kind

olgama

OCTUPLE LOGARITHM OF GAMMA FUNCTION
y=lgama(x)=log(gamma(x))

orgama

OCTUPLE RECIPROCAL GAMMA FUNCTION
y=rgama(x)=1/gamma(x)

olfetr

OCTUPLE LOGARITHM OF FACTORIAL FUNCTION

offetr

OCTUPLE DOUBLE FACTORIAL FUNCTION
n!!

oberno

OCTUPLE BERNOULLI NUMBERS
b[n]=B(2n)

ogamco

OCTUPLE EXPANSION COEFFICIENTS OF
1/GAMMA(X+1)

oagmeo

OCTUPLE ASYMPTOTIC EXPANSION COEFFICIENTS
OF LOG(GAMMA(X))

obetno

OCTUPLE BETA NUMBERS

Fig. 2.

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

A part of the list of available octo functions

Vol:6, No:1, 2012

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(CHt) 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 'sdine’
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

#include<iostream-
#include”octo.h”
#using namespace std,;

before the translation starts, as follow.

2) Translation process: Double-precision floating-point
numbers are converted into octo numbers, say,

a = 15.24 = a = octo(1524) x opowocta(10), —2)

Mathematical functions are translated into the ones of octo
type, say,

sqgri5) = osqrtocto(5))
The output routine ’printf’ is translated by using 'prinsay,

printf(“a=%d, b=%f\n",a, b);
= printf(*a=%d", a); printf(“, b=");
print(0, 5, 70, 1, d); printf(*<BR>");

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

starts by checking if some errors exist in the argument. \{\feb page if thirty five functions such as system functions and

no error is detected, the CGI sends the inputted data to frEeC functlor_15 are Qetected.

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

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

web, the CGI program performs the similar procedure to seREECiSion 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 fumctio

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 uploadingtFaon

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

server to be used in the succeeding computation or not.cnstruct 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-precisiontfluge  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 possigPurth and fifth rows are that in double complex type. These
in Fortran and C++. But, ordinarily the C language doesnf{0 types of the division shovyn in the second column are not
accommodate to such operations. In this connection, tre 'f2vailable 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 &aaverts 'CABS(N)" in Fortran to ‘@bs(&n)’ in C. Further,
Variab|e 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 i_n the 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 ‘doubte- follows,
plex’ are used for INTEGER’, DOUBLE PRECISION’ and

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

2) Arithmetic operations of complex variable¥he 'f2c’ s wsle(&io_7));
translates every complex variable(and constant) in Fotsa 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,

. L. We convert these statements to octo C++ as follows
d=e in Fortran= d_r=e.r; d.i=e.i;

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)

. . . M 2.4 -~ translated by fic (versjon ZUQSWUUS). )
are translated into the corresponding statements in C. T e e e et e i et s

on Microsoft Windows svstem,
on Linu< or Unix systems, link with .../path/te/libf2c.a -Im

or, if wou install libfZc.a in a standard elace, with -1fZc -Im
TABLE I -- in that order, at the end of the command lire, as in @
COMVERSION OF COMPLEX DIVISIONS FROMFORTRAN TO C AND OCTO cc ¥.0 -If2c -Im )
Source for libfZc is in Aretlib/f2c/1ibfl2e.zip, e.a.,
C++ htte:/Awm.net | ib.ora/f2c/libf2c.zip
*
Hinclude "f2o.h”
Fortran C by the f2c octo C++ /f Ia}blﬁ ff constagt values */
- static Iinteger c__4 = 43
a=alb;| c.div(&ql, &a&b); ql=al/b; s}[a}[gc !n}[eger c,é = é;
. . static Integer c_s = 3]
ar=qlr, ai=ql.i a=ql,
— ; - ; — ; static integer ¢ 5 = 5;
c=c/d; Z.dIV(&Z_l,&C, &d_)r Z_l =c/ d_r E* Main program */ int MAIN__ (void)
cr=zlrci=z»Li c=z1, s Initialized data */
static inteser (5] = { 2,4,6,8,10 1
/% System gererated locals ®/
PR . real r_1;
Table Il shows how the divisions of two complex variable: complex a1

* BuiTtin functions X

in Fortran are translated into those in octo C++ viain C. Th| @ void c divioomnlox %, comolex %, complex )t

double c_abs(complex x);

statements in the third column show the divisions trandlate irtezer = wslelei|ist ¥, do|iolinteser %, inteser +, char +, Ftnlen),
from C into octo C++. The second and third rows show th T e

static intezer a;
static real b;
static complex d__;
static char h__[1]:

integer a, g(5) static complex i__;
A% Fortran 120 blocks */
real b @ Fatcanist o 7= [0, 5 . 0. 0 1%
* static cilist io__8 ={ 0,6, 0,0, 01%;
real*8 c | { !
complex d, i 2l
complex*16 e @ door = Lo, d i = 13,60
unsigned char = omy
character h @ ST e
/% yETREE] R - - Lk
datag/2,4,6,8, 10/ cdivila 1, &, &i_);
- d_.r=a Tor, d i
g Z 2 7 @« ST
= 0. r_
O d=(2.4,-3.5) @ p
h='m s_wsleg&io_n; ¢ ) ( ; ¢ 3
. do_liolfc_4, Bc_ 1, (char *)8b, (ftnlen)sizeof(real));
| - (_3.3, 4.4) efwsig()? {o] char nlen/sizeo rea
_ . J I ————— Y
@ d=d/i S,ws!e(&ioig); . .
@ i = abS(I) joaéice)g?_& &o_ b, (char *)82[0], (ftnlenisizeof(intezer));
@ write(*,*) b o ';;';;;'[; """"""""""" L/
write(*,*) g 1A MATN_ %/
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

International Scholarly and Scientific Research & Innovation 6(1) 2012 129 1SN1:0000000091950263



Open Science Index, Computer and Information Engineering Vol:6, No:1, 2012 publications.waset.org/437/pdf

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering
Vol:6, No:1, 2012

T simple mathematical expressions in the Web form and by
finclude okans.n |® uploading their own C or C++ program in double-precision
oing namespace. . . . :
L e e arithmetic. Furthermore, we added a facility of uploading
You st lirk the resulting cbiect file with libfde: Fortran programs. To this end we constructed a converter
on Microsoft Wirdows svstem, link with ibf2c.lib; .
on Linux or Unix svstems, lirk with .../path/to/libf2c.a -Im routines from Fortran to octo C++.

or, if vou install likflc.a in a standard place, with -1f2c -Im @
- in that order, at the end of the command |ine, as in
cc ¥o -[f2c -|

In summary, our system enables remote users to perform

Source for |bf2 is iT”fgnet|}?5fgfggfigfzc:zip, eg., octuple-precision computation without any knowledgesutbo
./ tipi A net | b-oraffeerlibtze. zio high-precision computations,

#irclude “f2c.h”

/% Table of constant values */
static int c_4
static int c_1
static int ¢ 3
static int c_5 H

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

C. An example of translation

Fig 4 shows a program in C translated by the 'f2¢’ routine
frf)m a Fortran pmgram shown in Fig 3. On the other han@‘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 oniSa@n emeritus professor at University of Fukui, Japan. He agrofessor
prog 9 os?Department of Information Science at University of Fuktom 1995

complex constant marked I@ 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 caséaterests

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

V. CONCLUSION

We constructed an use-friendly online system for octuple-

) - ; vghsuke Hosoda Yohsuke Hosoda received the Doctor of Engineering
precision computation. Our system makes use of Ninomiy §gree in computer science from Nagoya University, Japah9B¥. 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 aboesearch interests include numerical analysis such peskd system of linear

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