Chapter 16 high precision package

Speaker: Lung-Sheng Chien

Reference: high precision package in http://crd.lbl.gov/~dhbailey/mpdist/
and http://lwww.cs.berkeley.edu/~yozo/
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Recall: relaxation for high precision package
global.h

4/ in 32-bit machine, integer is 4 byte
// in 64-bit machine, integer is 8 byte (recommand)

typedef long int integer ; — > Large 1D array, “int” is 4-byte,

// we may use high precision representation, Only supports up to 2G elements
// double: 16 digits
/f dd (double-double): 32 digits
/4 gqd (quadruple-double: 64 bits
// arprec (arbitray precision): up to 18808 digits
——— typedef double  doublereal ;

enun orderUar { ROW_MAJOR , COL_WAJOR } ; —» We use col-major, however you

// {ONE_NORM, TWO_NORM, INF_NORM} is used in function "norm" can Implement both.
enum matrix_keyword {
OME_NORH = 380 ,
TWO_NORH = 381 ,
INF_NORM = 302
¥

#endif //GLOBAL_|

==

How to use high
precision package

http://crd.Ibl.gov/~dhbailey/mpdist/

~ » ARPREC (C++Fortran-20 arbitrary precision package)
Uniz-based systems {including Apple Macintosh systems): arprec-2.2.2.tar.gz (version date 200807-24)
Windows systems: arprec-2.2. 1 -windllzip (version date 2005801-23)

Eefore installing either version, please see the "release notes" in the README file,

s QD (C++Fortran-20 double-double and quad-double package)
Uniz-based svstems (including Apple Macintosh swstems): gd-2.2.7 tar.ez {(version date 20080722
Windows systems: qd-2. 2.4 windll zip (version date 20080123

. Eefore installing either version, please see "release notes” in the README file.




Installation directory of high precision package

A |n] arprec_config
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Modify global.h [1]
global.h

L EEEE R macro for High precision package ----------mmmmmmmmmooon

if DO _AEPREC is defined, then do Arbitrary precision operation for douhle
at thiz time, we define
typedef mp_real doublereal;

if DO_DOUBLE_DOUBLE is defined, then double-dooble datatwpe
fapprox. 32 decimal digits) iz executed, we define
typedef dd_real doublereal;

if D0 _Qmed DOTBLE 1= defined, then quad-double datatwpe (approx. 64 decimal digits)
1= executed, we define
typedef gd_real doublereal;

precedence of three macro, DO_SRFREC, DO_DOUEBLE_DOVELE and DO0_QUAD_DOUTELE
; D0_DOUBLE_DOUELE = DO_QUAD_DOUELE = DO_SEPREC

#lefine D0_DOUELE_DOUELE :
} t#define DO_QUAD _DOVELE user-configurable
} f#define TO_ARPREC

K E X X E E K EEE E K X X

Objective: easy to change different precision, you only choose one and
comment the others.

1 double 2 double-double 3 quad-double 4 arbitrary-precision
/{#define D0_DOUELE_DOVBLE #define D0_DOUBLE_DOUELE { f#define D0 _DOUBLE DOVELE {f#define D0_DOTELE_DOUELE
{{#define DO_QUAD_DOUBLE {f#define DO_QUAD_DOUBLE #define 00_QUAD DOVELE { i#define D0 QUAD_DOURLE
el aie e f{#define DO_ARFREC { f#define DO_ARFREC #define DO_ARPREC




Modify global.h [2]
global.h

Jf#define DO_DOUELE_DOVELE
Jf#define DO_(JUAD_DOUELE
#define DO_ARPREC

R L EE LT EWND macro for High precizion package ----------mammannan f
I e
* macro to make sure precedence of three macro

* DO0_ARPREC, DO_DOUMELE_DOUELE and DO_QUAD_TIOUELE

*  QI0_DMTELE_DOUELE = DO_QUAD_DOVELE - DO_ARFREC

g#i1fdef D0 _DOTBLE_DOTELE
#1fdef D0O_QUAD_DOTELE
#undef D0_QUAD_DOTELE
#endif

#ifdef DI0_ARFPREC
#undef D0_ARPREC
#endif

gendif /) DO_DOVELE_DOVBLE

é#ifdef I0_Qual_DOTMELE
#ifdef DO_ARPREC|
#undef D0_SEFREC
#endif

#endif // D0 _QUAD_DOUELE

1 double-double

#define DO_DOVELE_DOUELE
#define DO_(UAD_DOUELE
{f#define DO_MRFPREC

2 double-double

#define DO_DOVBLE_DOVELE
{f#define DO_(UAT_DOUBLE
#define DO_ARTREC

3 double-double

#define DO_DOUELE_DOVELE
#define DO_QUAD_TIOUVELE
#define DO_SRPREC

4 quad-double

! /#define DO_DOUBLE_DOVELE
#define DO_{UAD_DOVELE
#define DO_SRPREC

Precedence ({&---*»5-): double-double > quad-double > arbitrary-precision




Modify global.

global.h

h [3]

L#i

&

¥
*
¥
*
¥
¥
¥
¥

#e

a#ifdef DO_DOUELE_DOUELE

a#1fdef D0_I40_DOTELE

macro to add include PATH
of High Precizion Package

#define I0_NDIGITS precision of double-double is
#include =gd/dd_real _h=

#include =gqdffpu he

32

#endif //D0_DOUELE_DOUELE

#define QD_NDIGITS precision of quad-double is ¢

#include =qdfqd_real b=
#include «qdffpu b=

B4

#gendif // D0_QUAD_DOUTELE

fdef DIO_ARFREC
ARPREC WOIGITE decides the precizion of arbitrary preci=zion
in main.cpp, we initilize the precision of arprec by|
#ifdef DO_MRPREC
mp:mp_ini tARPREC_WDIGITE ) ;
#endif
F . . .
#define ARPREC_MOIGITE precision of arbltrar)
#include =arprec/c_mp hs
#include <arprec/mp_real b= N S
#include =arprec/fpu_ h- user Conflgurable
ndif ¢f DO_ARFREC

5 32 digits

34 digits

/-precision is up to 1024 digits

These header files are essential during compilation. Moreover these header
files work for windows and unix system (e.g. Linux).



Modify global.n  [4]

global.h

#1f defined (D0_DOTBLE_DOTELEY || defined{D0_QUaD_DOTBLE) |1 defined(DO0_ARPREC)
#define HIGH_PRECIZION_PACESAGE

#endif

#ifdef HIGH_PRECIZION_PACEAGE

#1f defined{D0_DOUELE_DOTELE )
#define HIGH_PRECISION_MDIGITE DD_WDIGITR

p#elif defined{D0_QUAD_DOVELE )
#define HIGH_PRECISION_WDIGITE QD_WDIGITS

p#elif defined{D0_SRFREC )
#define HIGH_PRECIGION_MDIGITS ARPREC_MWDIGITE

g #elze
#define HIGH_PRECIZION _MDIGITE 16

#endif
#endif ff HIGH PRECIZION PACELGE

If one uses high precision package, then we define a new macro
HIGH PRECISION_PACKAGE, you can use this macro in your
code.



Modify global.h [5]

global.h

typedef long int integer;

typedef unzigned long int winteger;
typedef short int shortint;

typedef float real;

#1f defined (I0_DOUTBLE_DOUELE )
typedef dd_real doublereal;

g#elif defined(D0_QUAT_DOTELE )
L typedef qd_real doublereal ;

p#elif defined(D0_ARFREC)
L typedef mp_real doohlereal ;

o#elze
L typedef dooble doublereal ;

#endif

P macro of type declaration ------------mmmoonn-
b o

* these macros mainly come from f2c.h

b o

* here we only focus on twpe "dooblereal"

* 1. normal

* typedef douhle doublereal;

* J_ BRPREC

* typedef mp_real doublereal ;

¥ 300D (32 digits)

* typedef dd_real doublereal ;

* 4 QD i{pd digits)

* typedef qd_real doublereal ;

*

M L ® )

éstruct 00_APT dd_real |
double x[2];

dd_real({doohle hi, douhle o) { x[0] = hi; x[1] = 1lo; }
dd_real{) {1}
dd_real({douhle h) { x[0] = h; x[1] =0.0; }
B dd_realiint h) {
x[0] = {=tatic_cast=double={h)};
x[1] = 0.0;
1

dd_real {(const char *=);

B oexplicit dd_real {const double *d) {
x[0] = 4[0]; x[1] = 4[1];

1

gstruct ND_APT gqd_real |
double x[4]; /* The Components. */

M Eliminates any =zeros in the middle componentis). */
wvold =ero_elim();
wold zero_elimidouble &e);

wold renorml )]
wold renorm{double &e);

wold quick_accum{doohle d, douhle &ed;
wold guick _prod_accum{double a, double b, double &e);

qd_real(doohle x0, double x1, double x2, double x37;

explicit gd_real{const double *xx);

fEs

*/

double *mpr; <

* Thiz clazs represzents MP real numbers.

Bztruct ARPREC_APT mp_real: public mp {

variable-length

bool alloc;

static mp_real _pi;
static mp_real _log2;
ztatic mp_real _logl0;

static mp_real _eps;




Recall: data structure of matrix and its method

matrix.h

#ifndef HMATRIX_H

#include *“global.h"

#tinclude <stdio.h>

typedef struct matrix

{
integer m ;
integer n ;
orderlar 5

doublereal ==f

V matrix ;

typedef matrixz=

// col-major or row-major

matrixHandler ;

typedef struct int_matrix

1
integer m
integer n
orderUar se
integer ==A
¥y int_matrix ;

bd wn

/f col-major or row-major

typedef int_matrixz*  int_matrixzHandler ;

/f matrix consfructor
matrixHandler | zeros{|integer m, integer n, orderVar sel ) ;

int_matrixHandler int_zeros{ integer m, integer n, orderVar sel ) ;

£/ in HATLAB we don't need memory management, but in C,
A7 ue T ke care it

uuiatrixHandler Ah ) ;

void int_dealloc{ int_matrizHandler #h } ;

ff o5 tent of matrix in standard form

void disE[ katrixHandler fih, FILE= fp ) ;

void int_disp({ int_matrixHandler #ih, FILE= fp ) ;

/f the same as "norm”™ in MATLAB
doublereal norm{ matrizHandler fh, matrix_keywurd Pl

FP Y = Axy
void matwec{ matrixHandler #Ah, matrizHandler zh, matrizHandler yh) ;

A C=n-8B
void matsub{ matrixzHandler Ah, matrixHandler Bh, matrixzHandler Ch)

ff copy A to A_shadow
void duplicate({ matrixHandler fAh, matrixHandler Ah_shadow ) ;

#endif // MATRIX_H

1 constructor (@ﬁ%ﬁ'): zeros

2 destructor (EJ%?:J%'): dealloc

3 Index rule: we do it explicitly

4 Arithmetic: matvec, matsub, norm

5 |/O: disp




Change I/O from FILE* to iostream

#inclode "global b £ declaration of doublereal

#include =ztdio h=

#inclode =iostream= fF twpe of IJ0
#inclode <iomanip= fF manipulate 10
uzing namespace std ;

o typedef struct matrix

integer m ;
1nteger 0o

A omatriz constructor
matrixHandler =eros( integer m, integer n, orderVar =sel ) ;

int_matrixHandler int_zeros{ integer m, integer n, orderVar sel ) ;
54 in MATLAE we don't need memory management, but in O,

-4 we must take care 1t

vold dealloc{ matrixHandler 8h ) ;

vold int_dealloct int_matrizHandler &h 3 ;

foshow content of matriz in standard form

orderWar =el ; /f col-major or row-major
dovhlereal *¥8
-} matrix

typedef matrix*  matrixHandler ;

B typedef s=truct int_matriz

integer m ;

integer 0 ;

orderVar sel ; /f col-major or row-major
integer ¥4 ;

-} int_matrix ;

typedef  int_matrix®  int_matrizHandler ;

oztreamd out e

void displ matrixHandler &h,
void int_displ int_matrizHawndler Ah, FILE* fp 3 ;

ff the zame az "norm" in MATLAE
doublersal wnormf matrixHandler Ah, matrix_kewword p ) ;

fhoy = by
void matvec] matrixHandler Ah, matrixHandler xh, matrixHandler wh) ;

Ao=h-F8
void matzsubi matrixHandler Ah, matrixHandler Bh, matrixHandler Ch)

focopy & to & shadow
vold duplicatel matrixHandler Ah, matrizHandler Ah_shadow ) ;

gendif /J/ WMATRIM_H

and ostretream.

* cout standard output
¢ cerr standard error with limited buffering
& clog s=imilar to cerr but with full buffering

An output stream aobject is a destination for bytes. The three most important output stream classes are ostream, ofstream,

The ostream class, through the derived class basic_ostream, supports the predefined stream ohjects:




#include "matrix_ h"

L{ constouctor: set up O-matrix
amatrixHandler =eros{ integer m, integer n, orderVar sel )
{
integer j
doublereal *¥4
doublereal *memd ; // contiguous memory block of &
integer size ; ff number of entries in matrixz A&

agsertl 0 =m ) ; aszsert{ 0 <n ) ;

Ffoalolocate an empty handler
matrizHandler &b = (matrixHandler) malloci sizecfimatrix) ) ;
azzerti Ah 3 ;

if { COL_MATOR == =zel 3
FEA[0] iz useless, A[7] means pointer of column j
b = {doublereal **) malloc{ sizeof{doublersal *3¥(n+l) 3 ;
azsert & 3 ;
zige = m¥n ;

F#ifdef HIGH_PRECIZION_PACEAGE

constructor

f*
* Thiz class represents MP real numbers.
w i

B ztruct ARPREC_APT mp_real: public mp {
double *mpr; o

hool alloc; Val’iable-length

static mp_real _pi;
static mp_real _log2;
static mp_real _logld;
static mp_real _eps;

v

memd = new dovhlereal [zi=e] ;

“new” is C++ keyword, it is not only malloc

Fozet parameter of & matrix
bh-=m =m ; Ah-=n =mn ; Bh-:=el = sl ; Ah-=4 = 4 ;

[ go1se T . ;
3 memd = (doohlereal®) malloc] szizecf(douhlereal i¥zize ) ; bUt do Inltlallzatlon Of ObJeCt'
#endif
azzertl memd )
for § 3=0 ; j = =zize ; j++)
memb[j] = 0.0 ; /F reset matrixz & as =ero matrix
o for (3=l 5 jemn o g4l o The allocation-expression — the expression containing the [T cperator — does three
FEB[100] 1= u=eless, A[3][1] means &F1,30 things:
i1 = - o] ey -
ALIT = (memh - 1) + (j-1Fm ; # Locates and reserves storage for the object or objects to be allocated. When this
lelze] stage i= complete, the correct amount of storage is allocated, but it is not vet an
printf{"Error: we don't support row-major so farn"); ':'b_J'_E':t_' i o . L
exit(l) : # Initializes the object(s). Once initialization is complete, enough information is

present for the allocated storage to be an object.
® Returns a pointer to the object(s) of a pointer type derived from [ER-type-name
or type-name. The program uses this pointer to access the newly allocated object.

return Ah ;




L

FF The procedure holds for row-major or col-major
gwold dealloc] matrizHandler Ah 2

fiostep 1: dealloc contiguous memory hlock

p#ifdef HIGH_PRECISION_PACKAGE

destructor

~ When we use “new” operator for allocation,

delete [] { (doublereal®*){dh-=a&[1]0+ 1 ) ;

H#¥else
- free{ (doublereal®)(Ah-=4[1]0 + 1 ) ;
#endif

fiostep 22 dealloc column-index array
free{ Sh-=f 3 ;

Fiostep 3 dealloc matrix handler
free{ &h ) ;
1

How delete Works

See Also

we must use “delete” operator for deallocation

=] Collapse All |+ | Language Filter: Multiple

The delete operater invokes the function operator delste. For objects of class types (class,
struct, and union), the delete operatar invokes the destructor for an object prior to
deallocating memary (if the pointer is not null). For objects not of class type, the global
delete operator is invoked. For objects of class type, the delete operator can be defined an
a per-class basis; if there iz no such definition for a given class, the global operatar is

inwvoked.




I/O: output operator <<

fivald displ matrixHandler &k, FILE* fp ) i ini i i
gwold displ matrixHandler Ah, oztreamd out ) 1 Only prlnt 4 dlgltS after dGClmaI pOInt’
int i, It is the same as 4 in “%10.4f".

dnuhlereai Akp - ‘

assert{ Ah ) ; ; ) .o
assert( COL_MATOR == Ah-»sel ) 2 Use fixed point format, it is the same as

out . precision(d) ; flag fin “%10.4f"

2 out =2 ztd::fized ;

3 out << "dimenzion of matrix iz (" << Bh-=m << "% << Ah-wn << ") with col-major”

<2 endl ;
b= Bh-sh s | 3 operator << sends string “dimension of
e E R Ry A matrix is (" to ostream object out,
Hfprintfifp, "88.4F ", A[j][1 : .
B T then send object Ah->m to out,

1

out <2 endl ; 5 “| . "
! o 4 setw(10) means “set width as 10 characters”,
out.precision(la) ;
aut =< std::scientific ;

] ’ it is the same as 10 in “%10.4f"

basic_o3treams operator<<(short Val); 5 endl means I|nefeed (neW I|ne)
basic_ostreams operator<<{unsigned short Val):

basic_ostreams operator<<{int WVal);

basic oatreams operator<<(unaigned int _ we&d Val);

basic _ostreams operator<<(long Val);

basic _ostreams operator<<(unsigned long WVal):

basic_ostreams operator<<(const wvoid *_WVal):

Question: why cannot we use printf ? Try printf and what happens?



y = Ax (no modification)

Iy = by
gvoid matvec! matrixHandler Ah, matrixHandler xh, matrizHandler vwh)

integer m, n,
integer 1, i,
doubhlereal **i

douhlereal **x
doubhlereal **y ;

I ]

azsert{ &h ) ; assert{ xh ) ;
agzert( COL_MAJOR == fh-=zel )
azzert{ COL_MATOR == xh-=zel )
azsert{ COL_MATOR == wh-=zel )

azsertl vh 3 ;

m=Ah-=m ; n=»Ah-=n ; = =xh-=n ;
azzerti{n == xh-=m) ;
azzert{m == wh-=m) ; assert{z == vh-=n) ;

B = fh-=8 ; x = xh-=& ; v = vh-=4 ;
fhy = x(UPAC, 10 + sum_{ 3} =0 A0 ,4) )
for { k=1 ; k === ; kt+){
for { i=1 ;i =m ; i++ )
wlk][1] = A[1][1] * =[k][1] ;

for © 4=2 ;4 =10 ; jH
for § i=1 ;1 =m ; 1++ )
y[kI[1] += A[1[1] * =[k][41] :

VY for each col-j
Vi for each wector xi:.k)

dd_real.h

ND_API dd_real operator¥*(const dd_real da, double b);
ND_APD dd_real operator*(double a, const dd_real &b);
ND_API dd_real operator*{const dd_real &a, const dd_real &h);

dd_real doperator+=({douhle al;
dd_real doperator+=(const dd_real da);

dd_real doperator={double a);
dd_real &operator={const char *z);

mp_real.h

Arithmetic operators have been
defined in class dd_real, qd_real
and mp_real.

A bz=ignment operator.

mp_reald operator={conzt intd);
mp_reald operator={conzt douhled);
mp_reald operator={conzt mp_reald);
mp_reald operator={const mp_real_tempd);
mp_reald operator={conzt char®);
mp_reald operatort={conzt mp_reald);
mp_reald operator-={const mp_reald);
mp_reald operator¥={const mp_reald);
mp_reald operator¥={double};
mp_real® operatorf=(conzt mp_reald);
mp_reald operatorf=(double’);

BEPREC_APT mp_real temp operator-{const mp_real &, const mp_real &h);
BRPREC_AFT mp_real temp operator+{conzt mp_real &a, const mp_real &h);
ARPREC_AFI mp_real temp operator*{const mp_real &, const mp_real &b);
BEPREC_APT mp_real temp operator®{const mp_real &, const doohle h);
ARPREC_APT mp_real temp operator®({const double b, const mp_reald ad;
SRPREC_APT mp_real temp operator/{const mp_real &, const mp_real &b
SRPREC_AFI mp_real temp operator/{const mp_real &, const double b);
SRPREC_APT mp_real temp operator({const double b, const mp_real &0




Matrix / vector norm (no modification)

matrix.cpp

/7 implement p = 1, 2 and inf
doublereal norm{ matrixHandler Ah, matriz_keyword p )
1

integer m, n ;

doublereal sum ;

doublereal sumMax ;

doublereal ==A ;

int i, j ;

assert{ Ah ) ;
assert({ COL_MAJOR == Ah->s5el ) ;

m=Ah->m ; n = Ah->n ;
A = Ah->A ;
if { INF_NORH == p ){
sumhax = 8.8 ;
For ( 1 =1;1i<=m; i++ ){
sum = 8.8 ;
For  j =1 ; j<=n; je+){
sum += fabs{ A[j][i] )
H

if { sum > sumMax 3}{
sumhax = sum ;
H
¥/ f for each row
Yelse if ( OME_NORH == p ){
sumMax = 8.8 ;

for ( j=1; j<=n; j&r+ }{
sum = A.8 ;
For 1 =1 ;1 <€<=m ; i++){
sum += fabs{ A[J][1] ) ;
b

if { sum > sumMax }{
sumiax = sum ;

¥
¥ § for each col
relsed
printf{"TWO_HORH is HOT implementin®);
exit({1) :
¥

return sumMax ;

dd_real.h

(0_API dd_real fahs{conzt dd_real &a);
QD_API dd_real absiconst dd_real &a); /% same as fabs */

mp_real.h

ARPREC_API mp_real temp powiconst mp_reald a, int n);
ARPREC_API mp_real temp powiconst mp_reald a, const mp_reald bi;
ARPREC_APT mp_real_temp pow(conzt mp_reald a, douhle h);

i mp_real temp ahsiconst mp_reald al;
ARFREC_APT mp_real _temp sgri{const mp_reald a);
ARFREC_APT mp_real _temp aint{const mp_reald a);

global.h

i#iﬁef 10_ARFREC

#ifndef ARPREC_SUPPLEMENT
#define ARPREC_SUPPLEMENT

inline mp_real temp fabz{const mp_reald aif return absia);}

g #1f  defined(_WIN3Z) 11 defined(_WIN3Z_ )

inline mp_real temp pow(conzt mp_reald a, const mp_reald b {
return explh * loglal) ;
1

H inline mp_real _temp pow(const mp_reald a, doohle b_db) |

mp_real b= b db ;
return explh * logfal) ;

h
gendif S/ WINZZ |1 _WINZZ_
#endif S/ ARPREC_SUPFLEMENT

fendif £ DO_ARPREC




main.cpp

#include
#include
#include
#include

"olobal k"
ztdio h=
"matrix.h"
"GanzsianEliminate _h"

#include =iostreams
uEing namespace std  fF use cout

void  test_PA_LU ( woid ) ;

gint main int arge, char® argv[])

p#ifdef HIGH_PRECIZION_PACKAGE
unsigned int old_cw;

- fpu_fix_start{dold_cow);
#endi1f

p#ifdef DO_ARPREC
- mpz:mp_init(ARPREC_NOIGITE ) ;
#endif

test_PA_LI(Y

L it end main code -------------
g#ifdef D0_ARFREC
3 mp:mp_finalizel );

#end1f
g#ifdef HIGH_PRECIZION_PACEAGE
- fpu_fix_end{&old_cw);

#endif

return 0 ;
1

Prototype of main function

README in directory C:\qd-2.3.4-windll

ELE
257
EEE
Z59
E&0
ZEl
EGE
Ze3
Egd
EGE
ZEE
bl A
268
b 4
270
ET71
T
B2
274
ETE
276
277

The algorithizs in this likrarvy assuwe IEEE double preciszion floating
point arithmetic., 3Since Intel x86 processors have extended (S0-hit)
floating point registers, the round-to-double flagy must be enabled in
the control word of the FPU for this library to function properly
under x86 processors. The following functions contains appropriate
code to facilitate manipulation of this flag. For non-x56 systems
theze functions do nothing (but still exist).

This turns on the round-to-double hit in the
control word.
Thiz restorezs the control flag.

fpu fix start
fpru fix end
Thezse functions must be called by the main programwm, as follows:
int maini() |

unsigned int old cw;

fru fix start(&old cw);

uzer code using quad-double library

fru fix end(&old cw):
B

README in directory C:\arprec-2.2.1-windll

11z Before anvy multiprecision variasbhles are created,
113 the function "wp init ()", which has one required argument: the needed
114 precision in decimal digits. For example, calling mp init (300)
115 initiali=ze the library for arithmetic at or bhelow 300 decimal digits.

the user should call

will




main.cpp

Testdriver  [1]

gvoid test_PA_LU( woid )
{
integer m =4 ;
integer n =4 ;
matrizHandler Ah ;
int_matrixHandler Ph ;
matrixHandler bh ;
matrixHandler xh ; /F x = inwld)*h
matrixHandler Ah_dup ;
matrixHandler bh_hat ; // b _hat = d*x
matrixHandler th ; // residual r = b - Ax
douhlereal 1 _supnorm ;
int conti_flag = 1 ;
int end_flag
douhlereal *%4 ;
douhlereal **h ;

Flostep 1o set up a matrix &

&h = zeros( m, n, COL_MATOR ) ;

& = Bh-=4 ;

BILI[L] = 6. ; A[L][2] = 12, ; A[L][3] = 3. ; A[l]
RI2][1] = -2. ; A[Z][2] = -B. ; A[2][3] = -13. ; A[Z]
BLEI[L] = 2. ; A[3][2] = 6. ; A[3][3] = 9. ; A[3]
Al4]1[1] = 4. ; A[4][2] = 10. ; A[4][3] = 3. ; A[4]

primtf("matrixz & = wn");

disp{ &h, cout ) ;

FPoduplicate & since LT reuse storage of &
Sh_dup = zeros( m, n, COL_MAIOR ) ;
duplicate! Ah, S&h_dup 1 ;

Ph = int_zeros( m, 1, COL_MATOR ) ;
Fostep 2: factorization, P& = LT
end_flag = lu_partialPivot{ &h, Ph, conti_flazg 3 ;

printf{" ks = LT © ztore L and 1T into A" );

dizpi Ah, cout ) ;

printf{" wnpermutation matrix Powa");
int_disp Ph, stdout ) ;

10

=
N
1
oo
(o (] (o)} N

-18

——
==

We have maodified function disp

N

SR | (T3stdlnamespace]

The ANSI/ISC C++ standard requires you to explicitlhy declare the
in the standard library. For example, when using iostream, vou must specify
the of cout in cne of the following ways:

* : roout (explicitly)
# using : roout (using declaration)

& using (using directive)




Testdriver  [2]

main.cpp

fPostep 2: generate right hand side wector b
bh = 2eros{ m, 1, COL_MATOR ) ;
b bh-=4 ;
BI1][1] = 5. 5 B[1][2] = &. ; BI1][3] =
printf (" nright hand zide wector hi'n

.o b[L][4] = 8.
Sk

di=p{ bh, cout ) ;

xh = 2eros{ m, 1, COL_MATOR ) ;
HPostep 4 solve x = invid )%
lu_partialPivot_lin_sol{ &h, Ph, bh, xh ) ; \ J

0 N o | o

printf{"wnzolution x = inw(8WhhWn"); -

disp{ xh, cout ) ; -6.9306

ffostep 5 wverify residual r = b - f¥x 17.9583

bh_hat = zeros({ m, 1, COL_MATOR ) ; AL,
th zerosi m. 1. COL MAJOR ) - X=A"b=

26.5833

matwveci &h_dup, xh, bh_hat ) ; S/ b_hat = A¥x
matsub{ bh, bh_hat, rh) ; S r=h - 4¥Fx
r_supnorm = normi th, INF_NORM 3 ; 7.3333

cout <« "wnzupnormic = b - &%y ) = " <« ¢ zupnorm =< endl ;

dealloc{ Ah ) ;
int_dealloci Ph 3 ;
i e » We cannot use printf, why?
dealloc] A&h_dup )
dealloc] bh_hat ) ;
dealloc( rh ) ;




Test driver  [3]
Execution results

= 2.8421789430404007e—-HA14

global.h

{f#def ine D0_DOUELE_DOELE
{f#def ine DO_QUAD_DOVBLE

{f#define DO_ARPREC

= 1.5Y77218184428236e-308

— HA=x >

#define DO_DOVELE_DOVELE
{f#define D0_QUAD_DOUBLE
¥

Ji#define DO_ARPRED
supnormtr = h — A= » = 2_.4388653429145885e—-63

1.881989681771765%e-127

ff#define D0_DOUELE_DOVELE
#define DO_QUAD_DOUBLE
ff#define DO_ARPREC

{{#define T0_DOUBLE_DOTELE
{f#define I0_QUAD_DOUELE

#define DO_ARFREC

1 Are these four results reasonable?
2 How can we embed high precision package into vc 2005?

3 How can we embed high precision package into Linux machine?



OutLine

 How to add high precision package into
program

 Embed high precision package in vc2005

 Embed high precision package in Linux
through gmake



Visual Studio 2005: How To add high precision package

1 Project 2> Add Existing Item

&2 matnix - Yisual C++ 2005 Express Edition

Project | Build  Debug  Tools  Windc
Sl - 5 g Add Class.

File Edit View

L

T W b oA (179
2] Add Mew Ttem... Crl+Ehift+ 4
EY |_J Add Existing Ttem...  Shift+1t+8
(o Solution ‘matri' 1 [ New Filter
ERNEz | matrix | .
= = Header F: E:ij Show Al Files
N Gams | Unlied Project
] globe
.;j e References. ..
] matri
[ Resource )
- B Sowrce Fi Set az StarlTp Froject
¢l ps  Custom Build Rules...
€+ matri

3 Add qd.lib which is in C:\qd-2.3.4-windIl\lib

Tl Bmild (rder

=

[1]

2 Add arprec.lib which is in C:\arprec-2.2.1-windlIl\lib

Add Existing Item - matrix

Look in: | =) b w
— |
|_ r_h] arprec.dll
Deskiop 527 FEA: 2008711713 T4 0338
#3112 KB
b Frojects

4 arprec.lib and gd.lib appears in
project manager

'_; solubon ‘mateod' (1 progect)
ERE  matrix |
= | Header Files
h] CanzsianElimdnate h

ﬂ globalh
Loak in: I3 Lb fﬁl tsz]'-lP
Tt

'T "gqj o 1 Fesource Files

qd. = L Bouree Files
Desktop ¢+ Iu_partialPivotcpp
» C+4 matrix cpp
‘_J ‘Z_";& arprec lib
My Projects f’ﬁ qd lib




Visual Studio 2005: How To add high precision package [2]

copy C:\arprec-2.2.1-windIl\lib\arprec.dll and C:\gd-2.3.4-windll\lib\qd.dlI

to directory matrix

npletchap 1 Satrisdimato
X
=T FamzsianElminate global In_partialPivot
- 'J Debue: h CAC++ Header h CAC++ Header CH¥+| o Soure
= 1 | 1EE 11EE TKEB
matri matri n matri
l: ++| C++ Boumce l: | o Soune h CHZ++ Header — 'I:j- ViZ++ Project
1KE TEE 2KR = SKE
matriz veproj MATH-719220FE76. | . 1y matrise veproj MATH-238DAC 274
UZER f53% "ﬁ arprec dll "ﬁ gd.dl eaa| | UZEER &3
KR 223 | 2KE
BAED) | CAarprec-2.2.1-wind I
Pl {? ............................................
35 ERRE ﬂ:%e%t EF:]E Librsr}r
o oaee BEREE CT 0 L e e
I Algovithmic Solutions
I ame
I amcmp3n
7= amectmo
D) () CAgd-2.3 A-wind b
A e ™ N e T L ——
Ohject File LthBI_\).I'

|5y toolkit
) ssprec-windll-2.0.15
|y CLAPACE-3.1.1-Visnalitodio

[ R =— " B L]




Visual Studio 2005: How To add high precision package [3]

Fil= Edit View | Project | Build  Debng  Tool:  Windo
§|=_'| - i1 - 5 o “z Add Class...
) - .
dosaly 9 — 4 1 Project - properties
Ty oo Add New ltem... Ctel+Shifted (-
i | Add Ewistingltem.. Shiftedled | _
'_: aolution ‘matix’ {7y Hew Filter b 2 Choose C/C++ item
EENEE I matrix :
EIE HNHEBMF 3 Show A1 Files _ ) N _ _
o] Gaus  Unload Project i 3 Infield (f#*) Additional Include Directories
] globs - :
. eferences. . L . . .
o | add C:\qd-2.3.4-windllinclude and
I Resouttel s StartUp Project : i i
= [ SoumeFy  °TSTRIED O ; C:\arprec-2.2.1-windll\include
¢l ps  Custom Euild Rules. . 0
2 :ljwf’ﬂtﬂ: Tool Build Order... I
Y qd. 1 (& Properties AFT |,
T
matrix Froperty Pages
Configuration: | Active (Debug) | Platform: | Active(Win32) B [ Configuration Manager_ |
. [+ Cl:nn'u_mn P_rt:upertiﬂs _ Additional Inclode Directories Chpd-2.3 4-wind Minclude,C Aarprec-2 2 1-windiine 3
= Cﬂné@mmhfn Froperties Resolve #using References
DEEBUM Debug Information Format Program Databaze for Edit & Continue {fZI)
2 F Auppress Startup Banner Wes (fnologn)
[+ Linker Warmning Level Level 3 (/W 3)
[+ Manifest Tool i i
B ML Dot Betpatis Detect 04 h.1t Portability Tsmes Yes (iWpod)
- Browss Information Treat Warnings Az Ermors Mo
[+ Build Events Tze THIZODE Eesponge Files Wes
[+ Cugtom Build Step
[+ Web Deployment




Visual Studio 2005: How To add high precision package

Configuration: | Active Debug) w | Platform: | Active{Wn32)
+- Common Properties Enable 3tring PFooling
= Configuration Froperties Enable Minimal Rebuild
Genersl Ensble C++ Exceptio
Debuesi Tl ++ Exreptions

B Smaller Type Checl
Creneral Blazic Euntime Checks
Cptirization . .

Preprocessar Funtime Librans _

1 Code Generation struct Member Alignment
Language Boffer Hecurity Check
gm;'ﬂﬁﬂﬂﬁd Headers Ensble Function-Level Linking

utput Files :
Browse Information Enable Enhanced Instnocton Set
A dvaneed Floating Point Model
Commeand Line Enable Floating Point Exceptions
+- Linker

+- Manifest Tool

+- XML Document Generator

+- Browse Information

+- Build Events

+- Cnztom Build Step

+- Web Deplovment

b Configiration Manager...

Mo

Yes (fGm)

Yez (EHst)

Mo

Both ({RTIC1, equiv. to fRETCsn)
Multi-threaded DLL {fMD}) 2
Defanlt

Ves

Mo

Mot Bet

Precim (fpprecis=)

Jo[u]

1 Choose C/C++ = Code Generation

2 Infield (") Runtime library, choose Multi-threaded DLL (/MD)

%447 5# DLL (/MD)

[4]



Visual Studio 2005: How To add high precision package [5]

matrix Froperty Pages

Configuration: | Active(Debug) v | Platform: | Active(Win32) v | [ Contiguration Mansger... |
Common Properties Chatput File $ Ot (Frojectilame) exe
= Configuration Properties Show Progress Wat Set
Creneral .
Dehussi Yerson
CiCH Enable Incremental Linking Yesz (/INCREMENTAL)
= Ll’ Suppress Startop Banner Vesz (WOLOGOD)
1 Tznore Tmport Libracs Nao
Register Onfput Na
A dditional Library Divectories CAarprec-2_2 1-wind1\ib,C Aqd-2_3 4-windI1\ib 2
Link Library Dependenci by
Optimization : rary Dependencies B3
Embedded I0L Tz Library Dependency Inputs Nao
Advanced, Tz UNICODE Eesponge Files Ves
Comumand Line

Manifest Tool

HEMIL Document Generator
Browese Information

Build Events

Cuztom Build 3tep

Web Deplovment

1 Choose Liner - General

2 Infield Additional Library Directories, add C:\qd-2.3.4-windl\lib and
C:\arprec-2.2.1-windIN\ib

Now You can compile your code, good luck
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Linux machine: How To add high precision package [1]

1 Suppose we put all source file into directory matrix and upload to
workstation.

[macroldiquartets? matrix]s la

A Pebay lu partialPivot.cpp Datrix.wc
GaussianEliminate.h mnain.cpp matrix cproj . .MATH-Z238DACST44d,. lung3hengChien. user
_larprec.dll watrix.cpp matrix.wepro] . MATH-719229FE76. 1achien.user

global.h watrix.h . dll

_[macrnld@quartetz matrix]g I

2 Remove all VC related files and DLL files.

[macroldfquartet? matrix]s

[macrolddquartets matrix]y rm martrix.wor

rm: remowve regqular file "matrix.wcprol'? ¥

rm: remowve regqular file "matrix.wcopro].MATH-Z238DACST4d. LungihengChien.user'? v
rm: remowve regqular file "matrix.wvcpro] .MATH-719:22Z9FE76.lschien.user'? v
[macroldfquartet? matrix]s rm od.dll

rm: remowve regqular f£ile “gd.dll'> ¥

[macroldfquartet? matrix]$é rm arprec.dll

rm: remowe regqular file ‘arprec.dll'? ¥

[macrolddquartet? matrix]s rm -r -f Debug/

[macrolddquartet? matrix]s 1=

FaussianEliminate.h global.h 1u partialPivot.cpp main.cpp Datrix.cpp Datrix.h
[macrolddquartets? matrix]s I

3 use command “gmake -project” to generate project file

[macroldlquartet? matrix]s omake -project

[macroldfquartet? matrix]s 1=

FauszianEliminate.h lu_partialPivot.cpp matrix.cpp
global.h main. cpp watrix.h
[macroldfquartets matrix]s I




Linux machine: How To add high precision package

use command “vi matrix.pro” to edit project file

ﬁ#####################################################################
# Mutomatically generated by gmake (l.06c) Thu Now 13 22:52:03 Z00S
R EEE R P PR P L PR PR PR AR R S S A E LR S AR

TEMPLATE = app
INCLUDEPATH += .

# Input
HEADERZ 4= GauzsianEliminate.h global.h matrix.h
J0URCES += lu partialPivot.cpp main.cpp matrix.cpp

o

eb s b s s E st EE S bR S E s ks E s s E ks s E s b b i E ik E s R i b E S i
# Mutomatically generated by gmake (1.06c) Thu MNow 13 22:52:03 2008
EEEEEEFF R EEEF R F F S E E S S F R FF FFFE R F F R R R

TEMPLATE = app
INCLUDEPATH += .

INCLUDEPATH += Aopt/arprec/include Add include f”e path

INCLUDEPATH += Aopt/gd/include

LIES += -Lfoptlarprec/lib -larprec -larprecmod Add I|nk|ng Iibrary

LIES 4= -L/opt/gd/lib -1lgd -lgdmod

# Input
HEADERS += GaugzianEliminate.h global.h matrix.h
S0URCES += lu _partialPivot.cpp main.cpp matrix.cpp

-larprec means libarprec.a
-lgd means libgd.a

[2]



Linux machine: How To add high precision package [3]

5 use command “gmake matrix.pro” to generate Makefile

[macroldlquartet? matrix]s omake matrix.pro
[macroldlquartet? matrix]s 13

FauszianElininate.h global.h wain.cpp matrix.h
Makefile | lu_partialPivot.cpp wmatrix.cpp Datrix.pro

[macroldfquartet? matrix]s I

6 use command “make” to compile your codes and generate executable file

[macroldimuartetZ matrix]s

[macroldimuartetZ matrix]s make

icpc -c -pipe -w -02 -mp -DOT_NO_DEBUG -DOT_SHARED -DOT _THREAD SUPPORT -I/opt/gt/mkspecs/def
ault -I. -I. -Ifoptfarprec-2.Z.2/include -T/optsgd-2.3.7/include -Ifoptsgtsinclude -0 lu _part
ialPivot.o lu partialPiwvot.cpp

icpc -c -pipe -w -02 -mp -DQT_NO_DEBTG -DOQT_SHARED -DOT _THREAD SUPPORT -I/fopt/qt/mkspecs/def
ault -I. -I. -T/optifarprec-2.2.2 /include -T/fopt/gd-2.3.7/include -I/optigt/include -0 main.o

main. cpp

icpc -c -pipe -w -02 -mp -DOT_NO_DEEBUG -DOT_SHARED -DOT _THREAD SUPPORT -I/fopt/gt/mkspecs/def
ault -I. -I. -Ifoptfarprec-2.:2.27/1include -I/opt/gd-2.3.7/include -I/opt/gt/include -0 matrix.
0 matrix.cpp

matrix.cpp(&0): (col. 3) remark: LOOP WA3 YECTORIZED.

matrix.cpp(42): (col. 3) rema-k: LOOP WAS VECTORIZED.

icpoc -Wl,-rpath,/opt/gqt/lib -0 matrix lu partialPivot.o main.o matrix.o -L/fopt/ge/lib -Ljus
r/x®11R6/1ib -L/opt/arprec/lib -larprec -larprecmod -L/opt/gdi/lib -logd -lgdmod -lgt-mt -1Xext
-1¥11 -lm

[macroldiquartets? matrix]s 1a

GanszianEliminate.h global.h lu_partialPiwvot.o main.o natrix.cpp Datrix.o
Hakefile lu partialPiwvot.cpp main.cpp [::::::] matrix.h watrix.pro

[macroldlmuartet? matrix]s I

7 Execute executable file by “./matrix”



Exercise

Given global.h, modify your matrix.cpp (constructor,
destructor and 1/O)

Check if you need to modify subroutine PA = LU or not

Check if you need to modify forward and backward or
not.

How can you use high precision package to test your
linear solver?



