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FloatingPointAddition

AddSub_MainCalculation
signed char SCRWSign RegW

signed char sCRySign RegY
V850 fp main.c

FloatingPointSubtract

AddSub_MainCalculation
signed char SCRWSign RegW

signed char sCRySign RegY
V850 fp main.c
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AddSub_MainCalculation

/ RegX — RegX+RegY
ShiftDownRegY RegY
ShiftDownRegX RegX
ExchangeRegX W RegX RegW
AdditionBCD RegX+RegY
SubtractBCD RegX-ucReg
ClearRegW RegW

Normalize
signed char scHoldData
unsigned char ucHoldData

unsigned char ucBorrow

signed char SCRWEXp RegW
signed char SCRXEXp RegX
signed char SCRYEXp RegY
unsigned char UCRX[] RegX
unsigned char UcRy[] RegY
signed char SCRxSign RegX
signed char SCRWSign RegW

unsigned char UCFEXChg
unsigned char ucFOver
V850 _fp main.c
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FloatingPointMulti

ExchangeRegX W
ClearRegX
ShiftDownRegX
ShiftDownRegW
AdditionBCD
Normalize

signed char SCRWSign
signed char SCRXSign
signed char SCRySign
signed char SCRWEXp
signed char SCRXEXp
signed char SCRYEXp
signed char scRdigCn
unsigned char ucFOver
unsigned char ucFUnder
V850 fp main.c

RegX RegW
RegX
RegX
RegW
RegX+RegY

RegW
RegX
RegY
RegW
RegX
RegY
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FloatingPointDivide

ClearRegW
ShiftUpRegX
ShiftUpRegW
AdditionBCD
SubtractBCD
ExchangeRegX W
Normalize

unsigned char ucBorrow
unsigned char UCRW[]
unsigned char UcRy[]
signed char SCRXEXp
signed char SCRYEXp
signed char SCRWSign
signed char SCRXSign

signed char SCRySign

unsigned char UcFDIVErr

unsigned char ucFOver
unsigned char ucFUnder
V850 _fp main.c

RegW
RegX
RegW
RegX+RegY
RegX-ucReg
RegX RegW

RegW
RegY
RegX
RegY
RegW
RegX
RegY

AdditionBCD

RegX+RegY

unsigned char uctCarry
unsigned char ucLowBit
unsigned char ucHighBit

unsigned char UCRX[]

unsigned char ucRxWorkReg

V850 _fp main.c

RegX
RegX
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SubtractBCD
unsigned char ucReg[]

RegX- ucReg

unsigned char uctCarry
unsigned char ucLowBit
unsigned char ucHighBit
unsigned char UcRX[]
unsigned char ucRXWorkReg
V850 fp main.c

RegX
RegX

ShiftUpRegW
RegW 1
RegisterUpShiftMain

unsigned char ucRwWorkReg
V850 fp main.c

RegW

ShiftUpRegX
RegX 1
RegisterUpShiftMain

unsigned char ucRxXWorkReg
V850 fp main.c

RegX
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RegisterUpShiftMain

unsigned char ucReg[]

unsigned char ucBit
unsigned char ucLowBit
unsigned char ucHoldData
V850 _fp main.c

ShiftDownRegW

RegW 1

RegisterDownShiftMain
signed char scRdigCn
unsigned char ucRwWorkReg
V850 _fp main.c

RegW

ShiftDownRegY

RegY 1

RegisterDownShiftMain
unsigned char ucRyWorkReg
V850 _fp main.c

RegY
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ShiftDownRegX

RegX 1

RegisterDownShiftMain

unsigned char ucRXWorkReg
V850 fp main.c

RegX

RegisterDownShiftMain
unsigned char ucReg[]

unsigned char ucWorkReg

unsigned char ucBit
unsigned char ucHighBit
unsigned char ucHoldData
V850 fp main.c
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ExchangeRegX W

RegX  RegW

unsigned char ucHoldData
unsigned char UcRX[]
unsigned char UCRW[]
unsigned char ucRxWorkReg
unsigned char ucRwWorkReg
V850 _fp main.c

RegX
RegW
RegX
RegW

Regularization

RegX

ShiftUpRegX
ClearRegX

unsigned char UCRX[]
signed char SCRXEXp
unsigned char ucFZero
unsigned char ucFUnder
V850 _fp main.c

RegX
RegX
RegX
RegX
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ClearRegX

RegX(

signed short sCRxSign RegX
signed short SCRXEXp RegX
unsigned char UcRx[] RegX
unsigned char ucRxWorkReg RegX
V850 fp main.c

ClearRegW

RegW( )

unsigned char UcRw[] RegW
unsigned char ucRwWorkReg RegW

V850 _fp main.c
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MSD LSD
RxSign RXEXp ysp Rx[6] LSD RxWorkReg
I I T T T T 7T T 1T 1T 11 I

(RegX)

MSD LSD
R Sign R Exp wsp R [6] 15D R WorkReg
I I 1 1T 1T 1 17T 1T 1T T I

(Reg )

MSD LSD
R Sign R EXp msp R [6] 18D R WorkReg
I I T 7T 7T 1 7T 1T 1T 1T 11 I

(Reg )

RnWorkReg: (n:w,x,y)

+) (bit0)
) (bitl)
) g
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R Slgn R EXp wmsp

—

R [6] LSD

0

0

0

7

R Sign R EXp msp

0

1

—

R Slgn R EXp msp

0

0

0

0
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SFPADD

SFPSUB

SFPMULT
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SFPDIV
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FloatingPointAddition

FloatingPointSubtract

FloatingPointMulti

FloatingPointDivide
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FloatingPointAddition

RWSIGN ~ RYSIGN

RWEXP — RXEXP - RYEXP

No

No
RYEXP  RXEXP
Yes

RWEXP
REGX < REGY

No
REGX — REGY : REGX + REGY :
Yes
No
Yes

RYEXP — RXEXP
[

| |ShiftD0wnRng| |

RYEXP — RXEXP
I

REGY( ) = REGX( )

[

No

RWSIGN # RXSIGN

y

l

ClearRegW RXSIGN
[

REGY( ) « REGX(

| |ExchangeRegX_W| |

)

RXSIGN —~ RWSIGN

<&

| SubtractBCD | |

==

<

( return )

RXSIGN

<>

| ShiftDown Regx

RXEXP+1

| | ShiftUpRegX | |

RXEXP - RXEXP-1 II

' |

L
return
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FloatingPointSubtrac

RWSIGN < -(RYSIGN)

RWEXP —~ RXEXP - RYEXP

| |ShiftDownRng| |

< &
No
RYEXP — RXEXP
Yes I
RWEXP REGY( ) = REGX( )
REGX -~ REGY |
[
No
WSIGN # RXSIG
No
12
REGX — REGY : REGX + REGY :
Yes
No

Yes

RYEXP —~ RXEXP

REGY(

) « REGX(

)

|
RXSIGN «~ RWSIGN

IA
il
return

RXEXP+1

ShiftUpRegX

RXEXP — RXEXP-1

ClearRegW

RXSIGN

| |ExchangeRegX_W| |

| SubtractBCD | |

=

RXSIGN

<>

| ShlftDown RegX |

A 4

Normalize

g

»

return
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(_ FloatingPointMulti )

RWSIGN ~ RXSIGN * RYSIGN

RXEXP « RXEXP + RYEXP

- |

g No

ExchangeRegX_W

RWEXP « RXExP |  ( reum )

ClearRegX

RXEXP —~ RWEXP

12

A

Yes

ShiftDownRegX

RXSIGN ~ RWSIGN
| ShiftbownRegW

ShiftbownRegX

|
RXEXP+1 REGW 1

| Yes
Normalize
No
éret“m AdditionBCD

|

[
P
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( FloatingPointDivide )

I

RXSIGN ~ RXSIGN " RYSIGN

=

No

RXEXP — RXEXP - RYEXP

|

C return )

y

RWLSD( )+1
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Yes
No
A
ClearRegW
12 ( return )
No
Yes ShiftUpRegW
ExchangeRegX_W, <
SubtractBCD
Normalize
| No
( return ) Yes
AdditionBCD
ShiftUpRegX
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(  Regularization )

< >ﬁYes
(REGX)=0
N y

(o]

ClearRegX

\4

( return )

ShiftUpRegX

RXEXP ~ RXEXP-1

Yes

No

ShiftDownRegX

|
RXEXP « RXEXP+1

|
( return )

NEC Electronics Corporation
January 2004



( AdditionBCD )

REGX ~ REGX + REGY
BCD

( return )

( SubtractBCD )

REGX ~ REGX —ucReg
BCD

( return )
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(" shiftUpRegW ) ( shiftbownRegx )

REGW - REGW 1 ( ) REGX « REGX 1 (

( return ) ( return )

( ShiftUpRegX )

CShiftDownRng)

REGX « REGX 1 ( )

REGY -« REGY 1 (

( return >

( return )

( ShiftDownRegW)

RDIGCN ~ RWLSD

REGW - REGW 1 (

C return )
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( ClearRegX )

REGX « 0( )

( return )

( ClearRegW )

REGW - 0( )

( return )

(_ExchangeRegX_W )

REGX = REGW ( )

( return )
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N
*

*

* Title:

*

*  System > Floating point arithmetic

* \Version : 1.01 2003/09/30

* File name : V850 _fp_main.c

*

* Copyright(C) NEC Electronics Corporation
*/

#pragma ioreg

*/

#include "v850_fp_type.h"
#include "Vv850_fp_symbol_h"
#include "Vv850_fp_RAM.h"

/*** ***/

void FloatingPointSubtract(void);

void FloatingPointAddition(void);

void FloatingPointMulti(void);

void FloatingPointDivide(void);

void AddSub_MainCalculation(void);

void AdditionBCD(void);

UCHAR SubtractBCD(UCHAR ucReg[1);

void ShiftUpRegW(void);

void ShiftUpRegX(void);

UCHAR RegisterUpShiftMain(UCHAR ucReg[1);
void ShiftDownRegW(void);

void ShiftDownRegY(void);

void ShiftDownRegX(void);

void RegisterDownShiftMain(UCHAR ucReg[], UCHAR ucWorkReg);
void ExchangeRegX_W(void);

void Normalize(void);

void Over_Under_Check(void);

void ClearRegX(void);

void ClearRegW(void);

*/

void main(void)
FloatingPointAddition(); /* */
FloatingPointSubtract(); /* */
FloatingPointMulti(); /* */
FloatingPointDivide(); /* */
while(1){ /* Endless loop */

_nopQ);

return;
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Abstract:
This function ....

*/
void FloatingPointSubtract(void)

{
scRwSign = scRySign ~ CSIGHN;
AddSub_MainCalculation();

return;

/*

RWSIGN */

Abstract:
This function ....

*/
void FloatingPointAddition(void)

scRwSign = scRySign;
AddSub_MainCalculation();

return;

/*

RWSIGN */

Abstract:
This function ....

*/
void AddSub_MainCalculation(void)
{

UCHAR i;

SCHAR scHoldData;

UCHAR ucHoldData;

UCHAR ucBorrow;

/*** ***/

ucFExChg = 0;

SCRWEXp = SCRXExp - SCRyEXxp;

iT( (ScRxExp >= 0) && (ScRyExp < 0) ){

if( ((scRwExp & 0x80) >> 7) == 1 ){

SCRWExp = CEXOVER;

}
Yelse if( (SCRxExp < 0) && (ScRyExp >= 0) ){

/* */

iT( (scRwExp <= (-128)) || (scRwExp >= 0) ){

SCRwWExp = 0x81;

}
}

if( ((scRwExp & 0x80) >> 7) == 1 ){

SCRWExp "= Oxff;
SCRWEXp += 1;

scHoldData = SCRXExp;

/* RYEXP > RXEXP ? */
/* */

/* REGX,REGY */

NEC Electronics Corporation
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SCRXEXp = SCRyExp;

SCRYExp = scHoldData;
for( i=0; i<CDIGMAX; i++ ){ /* REGX,REGY */
ucHoldData = ucRx[i];
ucRx[i] = ucRy[il;
ucRy[1i] = ucHoldData;
}
ucFExChg = 1; /* */
}
iT( scRWExp < CEXOVER ){ /* <12 2?2 */
/*** ***/
while(1){
SCRWEXp -= 1; /* */
if( scRwExp >= 0 ){
ShiftDownRegY();
Yelse{
SCRYEXp = SCRXEXxp; /* RYEXP ~ RXEXP */
for( i=0; i<CDIGMAX; i++){ /* REGX,REGY ( ) */
ucHoldData = ucRx[i];
ucRx[i] = ucRy[il;
ucRy[1i] = ucHoldData;
}
UcFExChg "= 1; /* ¢
) </
/*** ***/
if( scRwSign != scRxSign ){
Y il ( *kk [
ucBorrow = SubtractBCD(ucRy); /* (REGX-REGY) */
if( ucBorrow == 1 ){ /* ?*/
ClearRegW(); /* REGW */
ExchangeRegX_W(); /* REGX,REGW ( ) */
SubtractBCD(ucRw); /* (REGX-REGW),
if( ucFExChg == 0 ){
scRxSign "= CSIGHN; /* */
}
Yelse{
ScRxSign "= CSIGHN; /* */
}
Jelse{
/*** ) ***/
AdditionBCD();
}
/*** ***/
iT( ucRxWorkReg > 0 ){
ShiftDownRegX(); /* REGX 1 */
if( scRxExp >= 0 ){ /* */
SCRXEXp++; /* */
if( scRxExp < 0 ){
ucFOver = 1;
ShiftUpRegX();
SCRXEXp--;
return;
}
Yelse{
SCRXExp++; /* */
}
Normalize(); /* */
break;
}
}
Yelse{
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if( ucFExChg == 1 ){ /* */
[/*** (REGX - REGY) ***/
SCRYEXp = SCRXEXp;

for( 1=0; i<CDIGMAX; i++ ){ /* REGY */
ucRy[1] = ucRx[i];
}
ucFExChg = 0; /* */
SCRxSign = scRwSign; /* */
}
}
return;
}
/*
Abstract:
This function .... ( )
e
void FloatingPointMulti(void)
{ /*** ***/

SCRwSign = scRxSign ™ scRySign;

SCRWEXp = SCRXExp + SCRyExp; /* */
iT( (scRxExp >= 0) && (scRyExp >= 0) ){ /*
if( scRwExp < 0 ){
ucFOver = 1;
return;

}
Yelse if( (ScRxExp

< 0) && (scRyExp < 0) ){ /*
if( scRwExp >= 0 ){
1;

ucFUnder =
return;
}
SCRXEXp = SCRwWEXp;
/*** ***/
ExchangeRegX_W(); /* REGX,REGW ( ) */
SCRWEXp = SCRXEXp; /* */
ClearRegX(); /* REGX */
SCRXEXp = SCRWEXp; /* */
SCRWExp = CDIGIT; /* 10 */
while(1){
/*** ***/
SCRWExp -= 1;
if( scRwExp >= 0 ){
ShiftDownRegX(); /* REGX 1 */
ShiftDownRegW(); /* REGW 1 */
while( scRdigCn > 0 ){
scRdigCn -= 1; /* RWEXP+1 = REGW */
AdditionBCD(); /* (REGX+REGY) */
}
Yelse{
ScRxSign = scRwSign; /* */
if( ucRxWorkReg > 0 ){
ShiftDownRegX(); /* REGX 1 */
SCRXExp++; /* */
Normalize(); /* */
return;
}
}
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return;

}
/*
Abstract:
This function .... ( )
e
void FloatingPointDivide(void)
{
UCHAR i;
UCHAR ucBorrow;
uckFDivErr = 0; /* */
/*** ***/
SCRxSign "= scRySign;
/*** ***/
for( 1=0; i<CDIGMAX; i++ ){
if(C ucRy[i] > 0 ){ /* 0 */
/*** ***/
SCRWEXp = SCRXEXp - SCRyEXxp; /* */
1f( (scRxExp >= 0) && (scRyExp < 0) ){ /*
if( scRwExp < 0 ){
ucFOver = 1;
return;
}
Yelse if( (scRxExp < 0 ) && (scRyExp >= 0) ){ /*
if( scRwExp >= 0 ){
ucFUnder = 1;
return;
}
}
SCRXEXp = SCRWEXp;
/*** ***/
ClearRegW(); /* REGW */
scRwSign = CDIGIT; /* 12 */
while(1){
scRwSign -= 1;
if( scRwSign >= 0 ){
ShiftUpRegW(); /* REGW 1 */
while(1){
ucBorrow = SubtractBCD(ucRy); /* (REGX-REGY) */
if( ucBorrow == 0 ){
ucRw[0] += 1; /* 1%/
Yelse{
AdditionBCD(); /* (REGX+REGY) */
ShiftUpRegX(); /* REGX 1 */
break;
}
}
Yelse{
ExchangeRegX_W(); /* REGX,REGW ) */
Normalize(); /* */
return;
}
}
}
}
uckFDiVErr = 1; /* */
return;
}
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Abstract:

This function ....
e
void AdditionBCD(void)

{

UCHAR ucCarry;

UCHAR ucLowBit;

UCHAR ucHighBit;

UCHAR 1;

ucCarry = 0;
for( i=0; i<CDIGMAX; i++ ){
ucLowBit = (ucRy[i] & 0x0f) + (ucRx[i] & 0x0f) + ucCarry;
ucCarry = (ucLowBit & 0x10) >> 4;
if( (ucCarry == 1) || (ucLowBit >= 10) ){
ucLowBit += 0b00000110;

ucCarry = 1;
Yelse{
ucCarry = 0;

}
ucLowBit &= OxOf;

ucHighBit = ((ucRy[i] & 0xf0) >> 4) + ((ucRx[i] & 0xf0) >> 4) + ucCarry;
ucCarry = (ucHighBit & 0x10) >> 4;
if( (ucCarry == 1) || (ucHighBit >= 10) ){

ucHighBit += 0b0000110;

ucCarry = 1;
Yelse{
ucCarry = 0;

}

ucHighBit = (ucHighBit & Ox0f) << 4;

ucRx[i] = ucHighBit + ucLowBit;
ucRxWorkReg += ucCarry;

return;

Abstract:
This function ....
«
UCHAR SubtractBCD(UCHAR ucReg[1)
{
UCHAR ucCarry;
UCHAR ucLowBit;
UCHAR ucHighBit;
UCHAR 1;

ucCarry = 0;

for( 1=0; i<CDIGMAX; i++ ){
ucLowBit = (ucRx[i] & 0x0f) - (ucReg[i] & Ox0f) - ucCarry;
if( ucLowBit > 18 ){
ucLowBit = ((ucRx[1] & 0x0f)+0xa) - (ucReg[i] & O0x0f) - ucCarry;

ucCarry = 1;
Yelse{
ucCarry = 0;

}

ucHighBit = ((ucRx[i] & 0xf0) >> 4) - ((ucReg[i] & Oxf0) >> 4) - ucCarry;
iT( ucHighBit > 18 ){
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ucHighBit = (((ucRx[i] & 0xf0) >> 4)+0xa) - ((ucReg[i] & O0xf0) >> 4) - ucCarry;
ucCarry = 1;

Yelse{
ucCarry = 0;
}

UcRx[1] = (ucHighBit << 4) + ucLowBit;

iT( ucRxWorkReg > 0 ){
ucRxWorkReg -= ucCarry;
ucCarry = 0;

}

return (ucCarry);

Abstract:
This function .... (REGW)
e
void ShiftUpRegW(void)

ucRwWorkReg = RegisterUpShiftMain(ucRw);

return;

Abstract:
This function .... (REGX)
e
void ShiftUpRegX(void)

ucRxWorkReg = RegisterUpShiftMain(ucRx);

return;

Abstract:
This function ....
« e
UCHAR RegisterUpShiftMain(UCHAR ucReg[])
{
UCHAR 1i;
UCHAR ucBit;
UCHAR ucLowBit;
UCHAR ucHoldData;

ucBit = 0;

for( i=0; 1<CDIGMAX; i++ ){
ucLowBit = (ucReg[i] & Ox0f) << 4; /* (b7-4) < (b3-0)*/
ucReg[i] = (ucReg[i] >> 4) | ucLowBit;
ucHoldData = ucReg[i]; /* */
ucReg[i] = (ucReg[i] & 0xf0) | ucBit;

ucBit = ucHoldData & OxOf;
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return (ucBit);

Abstract:
This function .... (REGW)
e
void ShiftDownRegW(void)

scRdigCn = ucRw[0] & OxOf; /*

RegisterDownShiftMain(ucRw, ucRwWorkReg);
ucRwWorkReg = 0;

return;

Abstract:
This function .... (REGY)
w
void ShiftDownRegY(void)

RegisterDownShiftMain(ucRy, ucRyWorkReg);
ucRyWorkReg = 0;

return;

Abstract:
This function .... (REGX)
w
void ShiftDownRegX(void)
{
RegisterDownShiftMain(ucRx, ucRxWorkReg);
ucRxWorkReg = 0;

return;

Abstract:
This function ....
w
void RegisterDownShiftMain(UCHAR ucReg[], UCHAR ucWorkReg)
{
SCHAR i;
UCHAR ucBit;
UCHAR ucHighBit;
UCHAR ucHoldData;

ucBit = 0;
for( i=(CDIGMAX-1); i>=0; i-- ){
ucHighBit = (ucReg[i] & 0x0f) << 4;

ucReg[i]l = (ucReg[i] >> 4) | ucHighBit;
ucHoldData = ucReg[i];
ucReg[i] = (ucReg[i] & Ox0f) | ucBit;
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ucBit = ucHoldData & 0xf0;

ucReg[CDIGMAX-1] = (ucWorkReg << 4) + ucReg[CDIGMAX-1];

}
return;
}
/*
Abstract:
This function ....
*/
void ExchangeRegX_W(void)
{
UCHAR i;
UCHAR ucHoldData;
for( 1=0; i<CDIGMAX; i++ ){
ucHoldData = ucRx[i];
ucRx[1] = ucRw[i];
ucRw[i] = ucHoldData;
ucHoldData = ucRxWorkReg;
ucRxWorkReg = ucRwWorkReg;
ucRwWorkReg = ucHoldData;
return;
}
/*
Abstract:
This function ....
*/

void Normalize(void)

UCHAR i;

for( 1=0; i<CDIGMAX; i++ ){
ifC uckRx[i] > 0 ){
/*** ***/
while( (UcRX[CDIGMAX-1] & 0xf0) == 0 ){ /* MSD =0 ? */

ShiftUpRegX() ; /*1
if( scRxExp < 0 ){ r*
SCRXEXp--; /> -1
if( (ScRxExp) >= 0 ){
ucFUnder = 1;
ShiftDownRegX();
SCRXEXp++;
return;
}
Yelse{
SCRXEXp--; /* -1/
}
}
return;
}
}
ClearRegX(); /* REGX
ucFZero = 1; >
return;
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/*
Abstract:

This function ....REGX
e
void ClearRegX(void)

UCHAR i;

ScRxSign = 0; /* */

SCRXExp = 0; /* */

for( 1=0; i<CDIGMAX; i++ ){ /* */

ucRx[i] = 0;

ucRxWorkReg = 0; /* */

return;

Abstract:
This function ..._REGW ( )

«
void ClearRegW(void)
UCHAR 1i;
for( i=0; i<CDIGMAX; i++ ){
ucRw[i] = 0;
ucRwWorkReg = 0; /* */

return;
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* Title:

*

*/

SCHAR scRxSign; /* REGX */

SCHAR SCRXExp; /* REGX */

UCHAR ucRx[CDIGMAX]; /* REGX */

SCHAR scRySign; /* REGY */

SCHAR scRyExp; /* REGY */

UCHAR ucRy[CDIGMAX]; /* REGY */

SCHAR scRwSign; /* REGW */

SCHAR scRwExp; /* REGW */

UCHAR ucRw[CDIGMAX]; /* REGW */

UCHAR scRdigCn; /* */

UCHAR ucFZero; /* */
UCHAR ucFOver; /* */
UCHAR ucFUnder; /* */
UCHAR ucFDiVErr; /* */
UCHAR ucFExChg; /* */
UCHAR ucRxWorkReg; /* REGX */
UCHAR ucRyWorkReg; /* REGY */
UCHAR ucRwWorkReg; /* REGW */

/*

*

* Title:

*

KA AR A A A AR A AR A AR AR A AR A AR AR A AR A AR AR A AR A AR AR AARAA A AR AARAA A AR AA R AA A hhhAhhdhhkhhhhhidk
*/

#define CDIGMAX (12/2) /* */

#define CREGSIZ (CDIGMAX+2) /* + + ) */
#define CDIGIT  (12)

#define CEXOVER (12) /* */
#define CEXUNDER (0x100-CEXOVER) /* */
#define CSIGHN  (0b0O0000001)

NEC Electronics Corporation

January 2004

37



