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ETSI Math Operations in C for the ‘C62xx
&RQWULEXWHG E\ 5LFKDUG 6FDOHV

'HVLJQ 3UREOHP 0DQ\ VWDQGDUG YRFRGHUV IROORZ WKH (XURSHDQ 7HOHFRPPXQLFDWLRQV
6WDQGDUGV ,QVWLWXWH �(76,� IRU DOO PDWK RSHUDWLRQV� 2QH RI WKH
SXUSRVHV RI WKH (76, PDWK IXQFWLRQV LV WR VWDQGDUGL]H DOO PDWK
RSHUDWLRQV LQWR D VHW RI IXQFWLRQ FDOOV WKDW FDQ EH UHXVHG E\ PDQ\
GLIIHUHQW YRFRGHUV QRZ DQG LQ WKH IXWXUH�

7KH *OREDO 6\VWHPV IRU 0RELOH &RPPXQLFWLRQV �*60� VWDQGDUG
UHTXLUHV YRFRGHUV WKDW IROORZV WKH (76, VWDQGDUG� & FRGH DYDLODEOH
IRU *60 LQFOXGHV D IXQFWLRQ IRU HDFK PDWK RSHUDWLRQ DQG D
IXQFWLRQ FDOO WR WKDW IXQFWLRQ HDFK WLPH WKDW PDWK RSHUDWLRQ LV
SHUIRUPHG� (DFK PDWK IXQFWLRQ FDQ EH PDSSHG WR RQH RU PRUH
'63 LQVWUXFWLRQV� 2EYLRXVO\� DQ DFWXDO IXQFWLRQ FDOO IRU HYHU\
PDWK RSHUDWLRQ LV XQGHVLUDEOH IRU SHUIRUPDQFH UHDVRQV� 7KH LQWHQW
RI SURYLGLQJ WKHVH IXQFWLRQV LV WR SURYLGH WKH HQJLQHHU ZLWK D FOHDU
VSHF RI DOO IL[HG�SRLQW PDWK IXQFWLRQDOLW\�

:KHQ SRUWLQJ WKLV & FRGH WR D SDUWLFXODU '63� DQ HQJLQHHU ZLOO
W\SLFDOO\ UHSODFH HDFK PDWK IXQFWLRQ ZLWK RQH RU PRUH '63
LQVWUXFWLRQV� 7KLV LV XVXDOO\ GRQH ZKHQ SRUWLQJ WKH YRFRGHU WR
QDWLYH DVVHPEO\ ODQJXDJH RI WKH '63 E\ KDQG� $OWKRXJK WKLV LV D
SUHFLVH PHWKRG IRU LPSOHPHQWLQJ D YRFRGHU LQ DVVHPEO\� LW FDQ EH
YHU\ WLPH FRQVXPLQJ�

6ROXWLRQ The TMS320C62xx compiler  provides a way to avoid writing all of the code
in hand coded assembly.  By using C intrinsics, vocoder code is quickly and
easily optimized for high performance.  Intrinsics are special functions that
map directly to in-lined ‘C62xx instructions.

• Intrinsics are specified with a leading underscore and are accessed by
calling them as you do a function.

• All ETSI specific math operations, as well as others, which are not
easily expressible in C code are supported as intrinsics in the C
compiler.

An example of a math operation not easily expressible in C is the saturate
add.

([DPSOH �� 6DWXUDWHG $GG :LWKRXW ,QWULQVLFV

int sadd(int a, int b){
   int result;

   result = a + b;
   if (((a ^ b) & 0x80000000) == 0){
      if ((result ^ a) & 0x80000000)
         result = (a < 0) ? 0x80000000 : 0x7fffffff;
      }
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   return (result);
   }

7KLV GHPRQVWUDWHV KRZ GLIILFXOW VLPSOH '63 RSHUDWLRQV FDQ EH WR

UHSUHVHQW LQ &� 1RW RQO\ WKDW� EXW WKH UHVXOWLQJ FRGH JHQHUDWHG E\

WKH FRPSLOHU ZLOO PRVW OLNHO\ EH YHU\ LQHIILFLHQW� 2Q WKH &��[[� WKH
VDPH RSHUDWLRQ FDQ EH UHSUHVHQWHG E\ VLQJOH & LQWULQVLF�

([DPSOH �� 6DWXUDWHG $GG :LWK ,QVWULQVLFV

result = _sadd(a, b);

7KH BVDGG LQWULQVLF ORRNV OLNH D IXQFWLRQ FDOO LQ & EXW DFWXDOO\
PDSV GLUHFWO\ WR WKH &��[[ 6$'' LQVWUXFWLRQ DQG ZLOO QRW UHVXOW LQ
D IXQFWLRQ FDOO�

,Q RUGHU WR DLGH WKH HQJLQHHU LQ ZULWLQJ &��[[ YRFRGHU FRGH� WKH

IROORZLQJ OLVW RI �GHILQH VWDWHPHQWV FDQ EH LQFOXGHG DV D KHDGHU ILOH
LQ HYHU\ (76, VWDQGDUG YRFRGHU ILOH WR HIILFLHQWO\ UHSODFH DOO
IXQFWLRQ FDOOV ZLWK KLJK SHUIRUPDQFH� HIILFLHQW &��[[ LQVWUXFWLRQV�

([DPSOH �� (76, )XQFWLRQV 0DSSHG 7R &��[[ ,QWULQVLFV

/* Constants and Globals  */
extern Flag Overflow;
extern Flag Carry;
#define MAX_32 (Word32)0x7fffffffL
#define MIN_32 (Word32)0x80000000L
#define MAX_16 (Word16)0x7fff
#define MIN_16 (Word16)0x8000

/* Functions defined with Intrinsics */
#define L_add(a,b) (_sadd(a,b))
#define L_sub(a,b) (_ssub(a,b))
#define L_mult(a,b) (_smpy(a,b))
#define L_mac(a,b,c) (_sadd(a,_smpy(b,c)))
#define L_msu(a,b,c) (_ssub(a,_smpy(b,c)))
#define L_shl(a,b) (b < 0 ? a >> (-b)    : \
                                _sshl(a,b))
#define L_shr(a,b) (b < 0 ? _sshl(a,(-b)) : \
                                a >> b)
#define shl(a,b) (b < 0 ? a >> (-b)    : \
                              (_sshl(a,(b+16))>>16))
#define shr(a,b) (b < 0 ? (_sshl(a,(-b+16))>>16) : \
                              (a >> b))
#define abs_s(a) (abs(a<<16)>>16)
#define add(a,b) (_sadd(a<<16, b<<16)>>16)
#define sub(a,b) (_ssub(a<<16, b<<16)>>16)
#define mult(a,b) (_smpy(a,b)>>16)
#define........................................................................................................
#define mult_r(a,b) (_sadd(_smpy(a,b),0x8000L)>>16)
#define mac_r(a,b,c) (_sadd(_sadd(a,_smpy(b,c)),0x8000L)>>16)
#define msu_r(a,b,c) (_sadd(_ssub(a,_smpy(b,c)),0x8000L)>>16)
#define extract_h(a) ((unsigned)(a)>>16)
#define extract_l(a) (a&0xffff)
#define L_deposit_h(a) (a<<16)
#define L_deposit_l(a) (a)
#define L_abs(a) abs(a)
#define norm_s(a) (_norm(a)-16)
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#define norm_l(a) (_norm(a))
#define L_negate(a) _ssub(0,(a))
#define L_sat(a) a

static inline Word16 negate (Word16 var1)
{
    Word16 var_out;

    var_out = (var1 == MIN_16) ? MAX_16 : -var1;
    return (var_out);
}

#define L_add_c(a,b) (a+b)
#define L_sub_c(a,b) (a-b)
#define L_msuNs(a,b,c) ((a)-_smpy((b),(c)))

static inline Word32 L_add_c (Word32 L_var1, Word32 L_var2)
{
    Word32 L_var_out;
    Word32 L_test;
    Flag carry_int = 0;

    L_var_out = L_var1 + L_var2 + Carry;
    L_test = L_var1 + L_var2;

    if ((L_var1 > 0) && (L_var2 > 0) && (L_test < 0)) {
        Overflow = 1;
        carry_int = 0;
        }
    else {
        if ((L_var1 < 0) && (L_var2 < 0)){
            if (L_test >= 0){
                Overflow = 1;
                carry_int = 1;
                }
            else{
                Overflow = 0;
                carry_int = 1;
                }
            }
        else{
            if (((L_var1 ^ L_var2) < 0) && (L_test >= 0)){
                Overflow = 0;
                carry_int = 1;
                }
            else{
                Overflow = 0; ..............................................................................
                carry_int = 0;
               }
            }
        }
    if (Carry){
        if (L_test == MAX_32){
            Overflow = 1;
            Carry = carry_int;
            }
        else{
            if (L_test == (Word32) 0xFFFFFFFFL){
                Carry = 1;
                }
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            else{
                Carry = carry_int;
                }
            }
        }
    else{
        Carry = carry_int;
        }
     return (L_var_out);
   }

#define L_macNs(a,b,c) L_add_c(a,_smpy(b,c))

static inline Word16 div_s (Word16 var1, Word16 var2)
{
    Word16 iteration;
    unsigned int var1int;
    int var2int;

    if(var1 == var2) return(MAX_16);

    var1int = var1 << 16;
    var2int = var2 << 16;

    if (var1 == 0){
        printf("var1 = 0");
        return(0);
        }
    else{
        for (iteration = 0; iteration < 16; iteration++){
            var1int = _subc(var1int,var2int); }
        }
 return (var1int & 0xffff);
}

/* Double precision operations */
static inline void L_Extract (Word32 L_32, Word16 *hi, Word16 *lo)
{
    *hi = extract_h (L_32);
    *lo = extract_l (L_msu (L_shr (L_32, 1), *hi, 16384));
    return;
}
static inline Word32 L_Comp (Word16 hi, Word16 lo)
{
    Word32 L_32;

    L_32 = L_deposit_h (hi);
    return (L_mac (L_32, lo, 1));       /* = hi<<16 + lo<<1 */
}

static inline Word32 Mpy_32 (Word16 hi1, Word16 lo1, Word16 hi2,
Word16 lo2)
{
    Word32 L_32;

    L_32 = L_mult (hi1, hi2);
    L_32 = L_mac (L_32, mult (hi1, lo2), 1);
    L_32 = L_mac (L_32, mult (lo1, hi2), 1);
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    return (L_32);
}

static inline Word32 Mpy_32_16 (Word16 hi, Word16 lo, Word16 n)
{
    Word32 L_32;

    L_32 = L_mult (hi, n);
    L_32 = L_mac (L_32, mult (lo, n), 1);

    return (L_32);
}

static inline Word32 Div_32 (Word32 L_num, Word16 denom_hi,
Word16 denom_lo)
{
    Word16 approx, hi, lo, n_hi, n_lo;
    Word32 L_32;

    /* First approximation: 1 / L_denom = 1/denom_hi */

    approx = div_s ((Word16) 0x3fff, denom_hi);

    /* 1/L_denom = approx * (2.0 - L_denom * approx) */

    L_32 = Mpy_32_16 (denom_hi, denom_lo, approx);

    L_32 = L_sub ((Word32) 0x7fffffffL, L_32);

    L_Extract (L_32, &hi, &lo);

    L_32 = Mpy_32_16 (hi, lo, approx);

    /* L_num * (1/L_denom) */

    L_Extract (L_32, &hi, &lo);
    L_Extract (L_num, &n_hi, &n_lo);
    L_32 = Mpy_32 (n_hi, n_lo, hi, lo);
    L_32 = L_shl (L_32, 2);

    return (L_32);
}

1RWLFH WKDW QRW DOO PDWK RSHUDWLRQV QHHG WR EH UHSUHVHQWHG DV
LQWULQVLFV� 6LPSOH RSHUDWLRQV OLNH VKLIWLQJ DQG DGGLWLRQ DUH HDVLO\
UHSUHVHQWHG LQ WKHLU QDWLYH & IRUP� �§!!¨ DQG §�¨�� 7KH &��[[

FRPSLOHU ZLOO PDS DOO RI WKH W\SLFDO & W\SH RSHUDWLRQV WR WKH FRUUHFW
&��[[ LQVWUXFWLRQV DXWRPDWLFDOO\�

([DPSOH � DOVR VKRZV VRPH GRXEOH SUHFLVLRQ IXQFWLRQV ZKLFK ZHUH
OHIW LQ WKH IRUP RI DFWXDO IXQFWLRQ FDOOV EXW ZLOO EH VWDWLFDOO\ LQOLQHG
WR DYRLG WKH FDOO RYHUKHDG� 7KHVH ZHUH OHIW DV IXQFWLRQV IRU WKH
VDNH RI FODULW\ EHFDXVH WKH\ W\SLFDOO\ LQYROYH PRUH &�[
LQVWUXFWLRQV�

%\ XVLQJ WKH DERYH �GHILQH VWDWHPHQWV DQG VWDWLF LQOLQH IXQFWLRQV
YRFRGHU SHUIRUPDQFH RI WKH &��[[ & FRPSLOHU LV JUHDWO\ LPSURYHG�
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)RU PRUH LQIRUPDWLRQ RQ & LQWULQVLFV UHIHU WR WKH 706���&�[
2SWLPL]LQJ & &RPSLOHU 8VHUªV *XLGH� )RU PRUH LQIRUPDWLRQ RQ
IXUWKHU & FRGH RSWLPL]DWLRQV UHIHU WR WKH 706���&�[
3URJUDPPHUªV *XLGH�


