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(Fixed-point Optimization Utility for Digital Signal
Processing Programs)
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(Seehyun Kim and Wonyong Sung)
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Abstract

Fixed-point optimization utility software that can aid scaling and wordlength determination of
digital signal processing algorithms written in C or C++ language is developed. This utility consists
of two programs: the range estimator and the fixed-point simulator. The former estimates the
ranges of floating-point variables for automatic scaling purpose, and the latter translates
floating-point programs into fixed-point equivalents for evaluating the fixed—point performance by
simulation. By exploiting the operator overloading characteristics of C++ language, the range
estimation and the fixed-point simulation can be conducted just by modifying the variable
declaration of the original program. This utility is easily applicable to nearly all types of digital
signal processing programs including non-linear, time-varying, multi-rate, and multi-~dimensional
signal processing algorithms. In addition, this software can be used for comparing the fixed-point
characteristics of different implementation architectures.
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Table 1. Statistical information of a few signals.
Signal 7 a 5 k g | ioow
Unform 000 | 029 | 001 -1.20| 172 1.72
Gaussian 000 | 100 | -001| 002 3&4 435
Laplacian 000 | LOO | 005| 2%} 627 7.26
Speech 000 | 05| 016| 347 502 6.30
FIR uvniform | 001 | 052 | -004| -039| 272 2%
FIR_gaussian | -0.01 | 3.80 000 000 335 3.70
FIR speech | 000 | 017 | 010 013! 323 398
IR _uniform | Q.00 | 1.02 | 000 -011| 324 352
IIR_gaussian | 001 | 380 | 000| 000} 335 370
IIR_speech 000 | 006 029 14| 3R 422
LMS error | 000 | 013 | 649119618 | 571 | 2624
LMS coeff | 1.00 | 004 |-17.37 140434 | 130 138
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class fSig

{

private:
double Data;
double Sum:
double Sum?2;
double Sum3;
double Sumd4,
double AMax;
long SumC;

fSig& operator = (const fSig&):
fSig& operator = (double);

friend double operator + (const fSig&, const Sig&);
friend double operator + (const {Sig&, double);
friend double operator - (const {Sig&, const {Sig&);
friend double operator - (const fSig&, double);
friend double operator * (const fSig&, const fSig&),
friend double operator * (const fSig&, double);
friend double operator / (const {Sig&, const fSig&);
friend double operator / (const fSig&, double);

friend short operator == (const fSig&, const {Sig&);
friend short operator == (const fSig&, double);
friend short operator '= (const {Sig&, const fSig&);
friend short operator '= (const fSig&, double);
friend short operator > (const fSig&, const fSig&);
friend short operator > (const fSig&, double);
friend short operator < {(const fSig&, const {Sig&):
friend short operator < (const fSig&, double);

a8 b,
Fig. b.

iSig S22l Al
Declaration of the fSig class.
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void void

iirl{short argc. char =argv [ 1} | iirl(short arge, char *argv [ ])

{ float Xin: {

float Yout, // fSig()
float Ydly: // fSigO

float Xin;
static fSig Yout("iirl/Yout”):
static fSig Ydly("iirl/Ydly”)

float Coeff: float Coeff;

Coeff = 09; Coeff = 09;

Ydly = 0, Ydly = 0.

for( i = 0; 1 < 10000; i-- ) { for( i = 0: 1 < 10000: i+- ) {
infile >> Xin : infile >> Xin :

Yout = Coeff * Ydly - Xin Yout = Coeff * Ydly + Xin
Ydly = Yout ;
outfile << Yout << "\n';
} }
} }
a) AR AR C+- (b)) WY 4L 93 wERn
zg e AR
a8 6. 1A IR e & $J%F C++ 2207y
Fig. 6. C++ programs for a first order IR filter.

Ydly = Yout ;
outfile << Yout << "\n';

Statistics:
VarName Mean StdDev Skewness Kurtosis R99.9%
R100% Update
lrl/Ydly -0.1133 +1.3076 +0.0220 -0.0258 +4.2638 +4.4214
3001

firl/Yout -0.1134 +1.3078 +0.0220 -0.0268 +4.2638 +4.4214
3000

Integer wordlengths:

VarName Range IWL
iirl/Ydly +5.309891 +3
iirl/Yout +5.309515 +3

Save the statistical results? [Y/n ]
Filename? iirl.sta

a8 7. IR "elo] MY 34 A
Fig. 7. The result of the range estimator for the
IIR filter.
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class gFix

Integer m; // mantissa
short iwl: // integer word-length
short wl. // total word-length

char represent: // 't’ or, ‘v’
o

char saturation; // 's’ or, ‘o
char round; // 'r’" or, 't

public:

// constructors

gFix();

gFix(short wlen, short iwlen, char *fmt);
gFix(double d, short wlen, short iwlen, char *fmt);

// assignment operators
gFix& operator = (gFix& x);
gFix& operator = (double d);

// basic operators

friend gFix operator ~ (gFix& x, gFix& yh
friend gFix operator - (gFix& x, gFix& v):
friend gFix operator * (gFix& x, gFix& v)
friend gFix operator / (gFix& x, gFix& vy):
friend gFix operator << (gFix& x, short b);
friend gFix operator >> (gFix& x, short b);

// assignment based operators

gFix& operator += (gFix& x):

gFix& operator ~= (gFix& x);

gFix& operator *= (gFix&);

// relational operators

friend short operator == (gFix& x, gFix& v);
friend short operator != (gFix& x, gFix& v);
friend short operator >= (gFix& x, gFix& y);

// miscellaneous operators
friend istream& operator >> (istream& s, gFix& x);
friend ostream& operator << (ostream& s, gFix& x);

a8 8. gFix E¥49 A4
Fig. 8. Declaration of the gFix class.

3. 24 25 F4 A4RL w0 s a9 94 e
o alek 29} mA mRel A%, Fol Weldol
= F lHe) Jdojdo]e] Folla] 12 W gho] =
ool Ak ¥ = shiE dlel) A%



40 YA A a4 24 425 A3 fdeE ot A

ot A4 woioli: F glHe A4 woizo] ol 7|&7t wle} o], 1A 2 SiAol FA
9] 3o} Hch Ak A AUee] E4o] givk e, 5

4. AR 9 Hge AdAl ‘> E gFix AE ol FHE9 4ked AXZE dile] AY AUEY &
E HIE $5ox] 22&og 4xE Ak o1 Aloh} eMERSE o] 4 vk A HIRE 2
2vh dolzolel Ag wejgole o] izl A W dAilabelxrt dofdrt. wEbx ¥ 10-(a)
o3 Waxle govz F vlE QEZF fzxe 9 1§ 10-(h)9 F TR AR E I &
+ gFix A1%9] AA| ghs- wloz heE w4 AxE 7P 3 qlek 23 10-B)elHs atb

5 AEA HE HZE AAxl ‘& gFix A% A} 10 ¥E dHolel mp 2 WEEHTm 2 A
E HE oA %o HA=E Xgich 9o w vRAMeR g2 ¥4 wiso

T HE 9F 4ZEE= gFix

a2 ThECh

PSS ]
sl A e

gFix operator + (const gFix& x, const gFix& y)
// assume that
// resultiwl = max(x.iwl, yiwl) + 1
// result.wl = max( resultiwl + max(x.fwl, y.fwl) + 1,
MAXWL )
// ,where fwl means fraction word-length.
{
short xflen, yflen, maxflen; // fraction length
short iwlen, wlen;
short shift;
Integer I;

xflen = x.wl - xiwl - 1,

yflen = y.wl - yiwl - 1;

maxflen = { xflen > yflen) ? xflen :
iwlen = (xiwl > yiwl ) ? xiwl+l  yiwl+];
wlen = iwlen + maxflen + 1;

if( wlen > MAXWL ) wlen = MAXWL;

if( xflen == yflen ) I = xM + y.M,

else {
shift = xflen - yflen;
if( shift > 0 )1 =xM + (yM << shift);
else I = (xM << (-shift)) + y.M;

}

return gFix(I,wlen,iwlen);

yilen;

(a) BlA

gFix operator * (const gFix& X, const gFix& y)
// assume that
// result.w]l = xwl + ywl - 1
// resultiwl = x.iwl + y.iwl
{
short
Integer

iwlen, wlen;

I

wlen = xwl + y.wl - 1;

if( wlen > MAXWL ) wlen = MAXWL;
iwlen = xiwl + y.iwl

I =xM *x y.M;

return gFix(I,wlen,iwlen);

(b F4
a8 9. gFix F99 dixks
Fig. 9. Operators of the gFix class.
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gFix a(12,0,"tsr");
gFix b(12,0,"tsr");
gFix ¢(12,0,"tsr”);
gFix d(10,1,"tsr");

gFix a(12,0,"tsr”);
gFix b(12,0,"tsr");
gFix tmp(10,1,"tsr");
gFix ¢(12,0,"tsr”);
gFix'd(10,1,"tsr");

d=a+b~c
tmp = a + b;
d=tmp +
(a) (b)

a3 10, A& OB T2E 2 A 4" 54
Fig. 10. Three operand addition employing different
architectures.

void
iirl(short argc, char *argv [ ])
{

gFix Xin(12,0);

gFix Yout(16,3);

gFix Ydly(16,3);

gFix Coeff(10,0);

Coeff = 0.9;

Ydly = 0.

for( i = 0; i < 10000; i++ ) {
infile >> Xin ;
Yout = Coeff * Ydly + Xin ;
Ydly = Yout ;
outfile << Yout << “\n';

}

}

11. 12 IR FE)e] A A Cr T2
11. A fixed-point C++ program for a first
order IIR filter.
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