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)
B-bit field
) Implied
Sign Bit binary point
Integer Fractional
FPart Part
[ ]

Signbit (0 =+, 1=-) —1 t 2% = 400625
+2% = 44 +27 = +0.125
+2'= 42 +22 = +0.25
+2° = 41 +2" = 405

8-bit sign-magnitude binary 1.3.4 fixed-point representation

— Integer AL 2 1131 7150l E = SIEH| O
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— 8bit, signed
- 4bitS AT 50 2
O|1({1{0(0|1|1]0]| 6.3750
)
I1j]o(Oo|1 (1|1 |1]1] -6.0625
—— [
sign bit

— 22| B 2]: 0b10000000 ~ 0b01111111 (-8 ~ 7.9375)
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« S (KA 8bit)

8 4 2 1 0.5 0.25 0.1251 0.0625

Oj{o0oj1({O0OfO|1|1]O0 2.3750

+ (0[O0 |0O|1]O0|1]|0]1 1.3125

O(o|1 (1|10 1]|1| 3.6875
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« S (KA 8bit)

— overflow 254l

O{1[(1{0(O0O|1|1]O0 6.3750
@

+ 10|01 |1]1]0]|0O|1] 3.5625
°

l{ojofr|1|1{1}|1| -6.0625
[
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8 4 2 1 0.5 0.25 0.1251 0.0625

- = (Al 8bit) ofoftfofofi]ifofasms0
x [ololol1l1lolol1]1.5625
S 3.7109 ¢
AL A 3.6875 0/0|1]0]0|1]1]0
olol1]o 11
+ 0 0 1o

ojojofo(ofor1ryrjrjojry1ry{oj1{1yf{0/|3.7109

shiff s} | 0|0 [0(O0|O0O|O0O|1[1]|1][0]|1]1]|3.6875

castto8bit | O (O | 1 | 1|10 |1]1]3.6875
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8 4 2 1 0.5 0.25 0.1251 0.0625

Y . ok
& (0| Al: 8bit) ol1]1]olol1]1]0] 63750

— Overflow 274 ®
x [o0lo|l1]1]1]0]l0]|1]3.5625
[ ]
ES A 22.7109
AL A1} 6.6875 ol1l1]l0olo|l1]|1]0
ol1]1/l0]0]|1]1
0 ] ol1]1]0
+ (ol1]1]l0]l0|l1]1]0

ojojof1r{of1yryojrjojry1ryoj1y{1yfo/| 227109

shift s | 0| 0| 0| 1|01 |1]|0O]|1]0]1]1]22.6875

castto8bit | O [ 1 [ 1 | O |10 |1]1]6.6875
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struct FixedPoint

{

int fractionBits;
int value;
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typedef int FP;
#define FP_ FRAC BITS 23
static inline FP FP_add(FP A, FP B)

{

return A + B;

b
static inline FP FP_mul(FP A, FP B)

{
return (((long long int)A * (long long int)B) >>

FP_FRAC BITS);
)

. ALRO| 2T
— Built-in type X & AFEE7HEE & 2 Q)
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— Built-in type N & AFE 715
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« template class ZH-&
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template<unsigned PREC>

class FP

{

public:
typedef int T;
template<unsigned PP>
friend class FP;

private:
T v;

55

e PREC: fraction H| E 9| ==
o 28 XTI ME LHE 8%
7SSt E= friend class= M &
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o O

o MM XH(Built-in typeL 22 E H2h

FP():v(0){}
FP(const FP& x):v(x.v){} 7t
FP(int x):v(x*(1<<PREC)){}

FP(float x):v(x*(1<<PREC)){}
FP(double x):v(x*(1<<PREC)){}

>

Al H =
=2 28 7ts

* Built-in type 2 = Hzt

operator int () const {return (int)(v>>PREC);}
operator float () const {return ((float)v)/(1<<PREC);}
operator double () const {return ((double)v)/(1<<PREC);}
template<unsigned PP> operator FP<PP> () const {

if (PP>PREC) {return (v>>PP-PREC);}

else {return (v<<PREC-PP);}
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FP& operator=(const int& x){
v = (T)(x*(1<<PREC));
return *this;} BA
FP& operator=(const float& x){
v = (T)(x*(1<<PREC));
return *this;}
FP& operator=(const double& x){
v = (T)(x*(1<<PREC));
return *this;}
FP& operator=(const FP& x){
vV =X.V;
return *this;}
template<unsigned PP>
FP& operator=(const FP<PP>& x){
if (PP>PREC) {v = (x.v >> (PP-PREC));}
else {v=(x.v << (PREC-PP));}
return *this;}
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FP& operator+=(const FP& x){
VvV +=X.V;
return *this;}
FP operator+(const FP& x) const{
FP res(*this);
return res += Xx;}
template<typename TT>
FP& operator+=(const TT& x){
this+=FP(x);
return (*this);}
template<typename TT>
FP operator+(const TT& x){
FP res(*this);
return res+=FP(x);}

. WM OIALS M ClAlO 2 HIE| S8
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FP& operator*=(const FP& x) {
typedef long long int T2;
v =(T)(((T2)v*(T2)x.v)>>PREC);
return *this;}
FP operator*(const FP& x) const {
FP res(*this);
return res*=x;}
template<typename TT>
FP& operator*=(const TT& x){
*this*=FP(x);
return (*this);}
template<typename TT>
FP operator*(const TT& x){
FP res(*this);
return res*=FP(x);}

FP& operator/=(const FP& x) {
typedef long long int T2;
V=
(D(((T2)v)<<PREC)/((T2)(x.V)));
return *this;}
FP operator/(const FP& x) const {
FP res(*this);
return res/=x;}
template<typename TT>
FP& operator/=(const TT& x){
*this/=FP(x);
return (*this);}
template<typename TT>
FP operator/(const TT& x){
FP res(*this);
return res/=FP(x);}
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template<typename OUT>
friend OUT& operator<<(OUT& out,const FP& f){
return f.print(out);}
private:
template<typename OUT>
OUT& print(OUT& out) const{
return ( out << ((double)v)/(1<<PREC)

)
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Test code #1

2T E 16HE AFEA

FP<16>a=256; i C:WWindowstsystern 324
FP<16>b=111.234; = 367.234

= 28475.9

= 2.3@8145
std::cout<<a<<"+"<<b<<"="<<atb <<std::endl; - 367.234
stdi:cout<<a<<" *"<<p<<"="<<a*b << std::endl; = 28475.9

. = 2.3@8145

std::cout <<a <<" /" <<b <<" =" <<a/b <<std::endl; H =D O 3L =284
float ¢ = a;
float d = b;
std::cout << c <<"+"<<d<<" =" << ¢t+d << std::endl;
std::cout << ¢ <<" *"<<d<<"="<<¢c*d << std::endl;
std::cout << ¢ <<"/"<<d<<"="<<¢/d <<std::endl;
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Test code #1

22 20H[E AFEA

FP<20>a = 256; . CWWindowstsystern3 21k
FP<20>b=111.234; = 367.234
= -196.096

" " n_mn = 2.38145

stdi:cout <<a <<"+"<<b<<"="<<atb <<std:endl; - 367.934

std::cout << a<<" *"<<bp<<"="<<a*b <<std::endl; = 28475.9

std::cout << a << " /" << b <<"="<< a/b << std::endl; S 2.30145

float ¢ = a;

float d = b;

std::cout << c <<"+"<<d<<" =" << ¢t+d << std::endl;

std::cout << ¢ <<" *"<<d<<"="<<¢c*d << std::endl;

std::cout << ¢ <<"/"<<d<<"="<<¢/d <<std::endl;
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Fixed point AF&A| F=2| & H

e Overflow 240
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Math function

o C/C++= math.h, cmath®| A float pointOi| CH
ot & & M=

— abs, floor, ceil, & £ &=, exp, pow, sqrt &

KMo E 73 Tbs, StEYOf M E 14
i Al
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O A Ol
= [ ADO
-7ty et H E
* Taylor series
o 3 x® af
sin (x) =~ x — TR TR

* Look-up table

C HIEH O
L HIHSS82

— Floating point2| 8 &

cordic algorithm & 2| &
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. =
Taylor series=

. -
e sine & - HAE I E

friend FP sin(FP x) floata=0.5;

{ FP<16>b = a;
FP xx =x * x; float ¢ = sin(a);
FP sx = -xx + (FP)(6*7); FP<16>d = sin(b);
SX *=XX; std::cout << "float sin(" << a <<") =" << ¢ << std::endl;
sx -= ((FP)(4*5*%6*7)); std::cout << "fixed sin(" <<b << ") =" << d << std::endl;
SX *=XX; std::cout << "error =" << (float)d - ¢ << std::endl;
sx += ((FP)(2*3*4*5*6*7));
SX *=x;
sx /= ((FP)(2*3*4*5*6*7));
return sx;

}

_ x* x> x7 , (1 21x2 B x2 1 , 1 N
sm(x)~x——+§—7—x- 1—x=- §+x =TT = ——+5' KTl RE +1|-x
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o« ==X
s

e Taylor series2| At=& 7t

« 7|81} CHEEZ O] & (sin, cos)

« T+ZHEH 2 Taylor series2f look-up
tablexx =&

float sin{(0.5) = 0.479426
fixed sin{0.5) = 0.479416
error = -9,65595e-006

float sin{1) = 0.841471
fixed sin{1) = 0.841461
error = -9,77516e-006

float sin{1.5) = 0.997495
fixed sin{1.5) = 0.997391
error = —0,000104249

float sin{(2) = 0.909297
fixed sin{2) = 0.907928
error = -0,00136894

float sin{(2.5) = 0.598472
fixed sin{2.5) = 0.588531
error = -0,00994062

float sin(2.75) = 0.381661
fixed sin{(2.75) = 0.35849
error = -0,023171

float sin{3) = 0.14112
fixed sin{3) = 0.0910645
error = -0,0500555

float sin(3.14) = 0.00159255
fixed sin(3.14) = -0.073288

error = -0,0748805
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