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4.2.3
Test results

For a complete report of the framework used, as well as the results of the test, please see the attachment "TestResultsAndTestFrameworkOfExtendedBASOPValidation.zip". 

NOTE: The unsigned basic operators in clause A.5 were verified separately and are used by the EVS codec in TS 26.442 [2].
This attachment has four zipped files as described below:

-
"Baseop_tst_frmwork.zip" – Test framework package. For details of this package, and how to run it, please see the README file in the zipped package. For a summary of the results and the details of the test setup, please see the excel file "Tst_framework.xlsx" available inside the "doc" folder of this zipped package.

-
"precision_abs_err_report.csv" details the test results and reports the average and bits-in-error summary for all the 67 basic operators.

-
"W_mult_32_32.xlsx" shows the details of the test for this example basic operator.

-
"Mpy_32_16_1.xlsx" shows the details of the test for this example basic operator.

Annex A:
Extended Basic Operators

Name: enh64.c, enh32.c, complex_basop.c, enhUL32.c
Associated header file: enh64.h, enh32.h complex_basop.h, enhUL32.h 

Variable definitions:

C_var1, C_var2: 16 bit complex variables

CL_var1, CL_var2: 32 bit complex variables

W_var1, W_var2: 64 bit variables

L_var1, L_var2: 32 bit variables
UL_var1, UL_var2, UL_varout_h, UL_varout_l: 32 bit unsigned variables
var1, var2: 16 bit variables
U_var1, U_varout_l: 16 bit unsigned variables
A.5
Basic operators for unsigned data types

	UL_addNs (UL_var1, UL_var2, *var1)
	Adds the two unsigned 32-bit variables UL_var1 and UL_var2 with overflow control, but without saturation. Returns 32-bit unsigned result. var1 is set to 1 if wrap around occurred, otherwise 0.

	UL_subNs (UL_var1, UL_var2, *var1)
	Subtracts the 32-bit usigned variable UL_var2 from the 32-bit unsigned variable UL_var1 with overflow control, but without saturation. Returns 32-bit unsigned result. var1 is set to 1 if wrap around (to “negative”) occurred, otherwise 0.

	norm_ul (UL_var1)
	Produces the number of left shifts needed to normalize the 32-bit unsigned variable UL_var1 for positive values on the interval with minimum of 0 and maximum of 0xffffffff. If UL_var1 contains 0, return 0.

	UL_Mpy_32_32(UL_var1, UL_var2)
	Multiplies the two unsigned values UL_var1 and UL_var2 and returns the lower 32 bits, without saturation control. 

UL_var1 and UL_var2 are supposed to be in Q32 format.

The result is produced in Q64 format, the 32 LS bits.

Operates like a regular 32x32-bit unsigned int multiplication in ANSI-C.  

	Mpy_32_32_uu(UL_var1, UL_var2, *UL_var3, *UL_var4)


	Multiplies the two unsigned 32-bit variables UL_var1 and UL_var2. 

The operation is performed in fractional mode.

UL_var1 and UL_var2 are supposed to be in Q32 format.

The result is produced in Q64 format: UL_varout_h points to the 32 MS bits while UL_varout_l points to the 32 LS bits.

	Mpy_32_16_uu(UL_var1, U_var1, UL_varout_h, U_varout_l)


	Multiplies the unsigned 32-bit variable UL_var1 with the unsigned 16-bit variable U_var1. 

The operation is performed in fractional mode :

UL_var1 is supposed to be in Q32 format.

U_var1 is supposed to be in Q16 format.

The result is produced in Q48 format: UL_varout_h points to the 32 MS bits while U_varout_l points to the 16 LS bits.

	UL_deposit_l(U_var1)
	Deposit the 16-bit U_var1 into the 16 LS bits of the 32-bit output. The 16 MS bits of the output are not sign extended.


Annex B:
Weights of the STL basic operators

This annex contains a list of the existing STL2009 and new extensions referred to as STL2017 basic operators and their weights for the modern DSP architectures.

	Legends

	 
	STL-2009 basic operators

	 
	STL-2017 Complex basic operators

	 
	STL-2017 64-bit basic operators

	 
	STL-2017 Enhanced 32-bit basic operators

	
	STL-2017 Unsigned basic operators

	 
	STL-2017 Control code basic operators 


	BASOPS
	Complexity Weights
	Comments

	
	 Existing STL2009 as is
	Updated
	

	add
	1
	1
	 

	sub
	1
	1
	 

	abs_s
	1
	1
	 

	shl
	1
	1
	 

	shr
	1
	1
	 

	extract_h
	1
	1
	 

	extract_l
	1
	1
	 

	mult
	1
	1
	 

	L_mult
	1
	1
	 

	negate
	1
	1
	 

	round
	1
	1
	 

	L_mac
	1
	1
	 

	L_msu
	1
	1
	 

	L_macNs
	1
	1
	 

	L_msuNs
	1
	1
	 

	L_add
	1
	1
	 

	L_sub
	1
	1
	 

	L_add_c
	2
	2
	 

	L_sub_c
	2
	2
	 

	L_negate
	1
	1
	 

	L_shl
	1
	1
	 

	L_shr
	1
	1
	 

	mult_r
	1
	1
	 

	shr_r
	3
	2
	Reduced to reflect modern processor architecture

	mac_r
	1
	1
	 

	msu_r
	1
	1
	 

	L_deposit_h
	1
	1
	 

	L_deposit_l
	1
	1
	 

	L_shr_r
	3
	2
	Reduced to reflect modern processor architecture

	L_abs
	1
	1
	 

	L_sat
	4
	1
	Reduced to reflect modern processor architecture

	norm_s
	1
	1
	 

	div_s
	18
	18
	 

	norm_l
	1
	1
	 

	move16
	1
	1
	 

	move32
	2
	1
	Reduced to reflect modern processor architecture

	Logic16
	1
	1
	 

	Logic32
	2
	1
	Reduced to reflect modern processor architecture

	Test
	2
	1
	Reduced to reflect modern processor architecture

	s_max
	1
	1
	 

	s_min
	1
	1
	 

	L_max
	1
	1
	 

	L_min
	1
	1
	 

	L40_max
	1
	1
	 

	L40_min
	1
	1
	 

	shl_r
	3
	2
	Reduced to reflect modern processor architecture

	L_shl_r
	3
	2
	Reduced to reflect modern processor architecture

	L40_shr_r
	3
	2
	Reduced to reflect modern processor architecture

	L40_shl_r
	3
	2
	Reduced to reflect modern processor architecture

	norm_L40
	1
	1
	 

	L40_shl
	1
	1
	 

	L40_shr
	1
	1
	 

	L40_negate
	1
	1
	 

	L40_add
	1
	1
	 

	L40_sub
	1
	1
	 

	L40_abs
	1
	1
	 

	L40_mult
	1
	1
	 

	L40_mac
	1
	1
	 

	mac_r40
	2
	2
	 

	L40_msu
	1
	1
	 

	msu_r40
	2
	2
	 

	Mpy_32_16_ss
	2
	2
	

	Mpy_32_32_ss
	4
	2
	Reduced to reflect modern processor architecture

	L_mult0
	1
	1
	 

	L_mac0
	1
	1
	 

	L_msu0
	1
	1
	 

	lshl
	1
	1
	 

	lshr
	1
	1
	 

	L_lshl
	1
	1
	 

	L_lshr
	1
	1
	 

	L40_lshl
	1
	1
	 

	L40_lshr
	1
	1
	 

	s_and
	1
	1
	 

	s_or
	1
	1
	 

	s_xor
	1
	1
	 

	L_and
	1
	1
	 

	L_or
	1
	1
	 

	L_xor
	1
	1
	 

	rotl
	3
	3
	 

	rotr
	3
	3
	 

	L_rotl
	3
	3
	 

	L_rotr
	3
	3
	 

	L40_set
	3
	1
	Reduced to reflect modern processor architecture

	L40_deposit_h
	1
	1
	 

	L40_deposit_l
	1
	1
	 

	L40_deposit32
	1
	1
	 

	Extract40_H
	1
	1
	 

	Extract40_L
	1
	1
	 

	L_Extract40
	1
	1
	 

	L40_round
	1
	1
	 

	L_saturate40
	1
	1
	 

	round40
	1
	1
	 

	IF
	4
	3
	

	GOTO
	4
	2
	

	BREAK
	4
	2
	

	SWITCH
	8
	6
	

	FOR
	3
	3
	

	WHILE
	4
	3
	

	CONTINUE
	4
	2
	

	L_mls
	5
	1
	Reduced to reflect modern processor architecture

	div_l
	32
	32
	 

	i_mult
	3
	1
	Reduced to reflect modern processor architecture

	CL_shr
	 
	1
	 

	CL_shl
	 
	1
	 

	CL_add
	 
	1
	 

	CL_sub
	 
	1
	 

	CL_scale
	 
	1
	 

	CL_dscale
	 
	1
	 

	CL_msu_j
	 
	1
	 

	CL_mac_j
	 
	1
	 

	CL_move
	 
	1
	 

	CL_Extract_real
	 
	1
	 

	CL_Extract_imag
	 
	1
	 

	CL_form
	 
	1
	 

	CL_multr_32x16
	 
	2
	 

	CL_negate
	 
	1
	 

	CL_conjugate
	 
	1
	 

	CL_mul_j
	 
	1
	 

	CL_swap_real_imag
	 
	1
	 

	C_add
	 
	1
	 

	C_sub
	 
	1
	 

	C_mul_j
	 
	1
	 

	C_multr
	 
	2
	 

	C_form
	 
	1
	 

	CL_scale_32
	 
	1
	 

	CL_dscale_32
	 
	1
	 

	CL_multr_32x32
	 
	2
	 

	C_mac_r
	 
	2
	 

	C_msu_r
	 
	2
	 

	CL_round32_16
	 
	1
	 

	C_Extract_real
	 
	1
	 

	C_Extract_imag
	 
	1
	 

	C_scale
	 
	1
	 

	C_negate
	 
	1
	 

	C_conjugate
	 
	1
	 

	C_shr
	 
	1
	 

	C_shl
	 
	1
	 

	move64
	 
	1
	 

	W_add_nosat
	 
	1
	 

	W_sub_nosat
	 
	1
	 

	W_shl
	 
	1
	 

	W_shr
	 
	1
	 

	W_shl_nosat
	 
	1
	 

	W_shr_nosat
	 
	1
	 

	W_mac_32_16
	 
	1
	SIMD and VLIW friendly basops

	W_msu_32_16
	 
	1
	SIMD and VLIW friendly basops

	W_mult_32_16
	 
	1
	SIMD and VLIW friendly basops

	W_mult0_16_16
	 
	1
	SIMD and VLIW friendly basops

	W_mac0_16_16
	 
	1
	SIMD and VLIW friendly basops

	W_msu0_16_16
	 
	1
	SIMD and VLIW friendly basops

	W_mult_16_16
	 
	1
	SIMD and VLIW friendly basops

	W_mac_16_16
	 
	1
	SIMD and VLIW friendly basops

	W_msu_16_16
	 
	1
	SIMD and VLIW friendly basops

	W_shl_sat_l
	 
	1
	 

	W_sat_l
	 
	1
	 

	W_sat_m
	 
	1
	 

	W_deposit32_l
	 
	1
	 

	W_deposit32_h
	 
	1
	 

	W_extract_l
	 
	1
	 

	W_extract_h
	 
	1
	 

	W_round48_L
	 
	1
	 

	W_round32_s
	 
	1
	 

	W_norm
	 
	1
	 

	W_add 
	 
	1
	 

	W_sub 
	 
	1
	 

	W_neg 
	 
	1
	 

	W_abs 
	 
	1
	 

	W_mult_32_32 
	 
	1
	 

	W_mult0_32_32 
	 
	1
	 

	W_lshl 
	 
	1
	 

	W_lshr 
	 
	1
	 

	W_round64_L 
	 
	1
	 

	Mpy_32_16_1
	 
	1
	 

	Mpy_32_16_r
	 
	1
	 

	Mpy_32_32
	 
	1
	 

	Mpy_32_32_r
	 
	1
	 

	Madd_32_16
	 
	1
	 

	Madd_32_16_r
	 
	1
	 

	Msub_32_16
	 
	1
	 

	Msub_32_16_r
	 
	1
	 

	Madd_32_32
	 
	1
	 

	Madd_32_32_r
	 
	1
	 

	Msub_32_32
	 
	1
	 

	Msub_32_32_r
	 
	1
	 

	UL_addNs
	
	1
	Previous weight, when used in the EVS codec [2], was 2

	UL_subNs
	
	1
	Previous weight, when used in the EVS codec [2], was 2

	UL_Mpy_32_32
	
	1
	Previous weight, when used in the EVS codec [2], was 2

	Mpy_32_32_uu
	
	2
	Previous weight, when used in the EVS codec [2], was 4

	Mpy_32_16_uu
	
	2
	Previous weight, when used in the EVS codec [2], was 4

	norm_ul
	
	1
	Previous weight, when used in the EVS codec [2], was 2

	UL_deposit_l
	
	1
	Previous weight, when used in the EVS codec [2], was 2

	LT_16
	 
	1
	 

	GT_16
	 
	1
	 

	LE_16
	 
	1
	 

	GE_16
	 
	1
	 

	EQ_16
	 
	1
	 

	NE_16
	 
	1
	 

	LT_32
	 
	1
	 

	GT_32
	 
	1
	 

	LE_32
	 
	1
	 

	GE_32
	 
	1
	 

	EQ_32
	 
	1
	 

	NE_32
	 
	1
	 

	LT_64
	 
	1
	 

	GT_64
	 
	1
	 

	LE_64
	 
	1
	 

	GE_64
	 
	1
	 

	EQ_64
	 
	1
	 

	NE_64
	 
	1
	 


--- basic_op_STL_2017_ref/basop_cnt.c
2009-12-03 21:12:00.000000000 +0100

+++ basic_op_STL_2017/basop_cnt.c
2018-07-03 18:42:09.746670400 +0200

@@ -198,6 +198,13 @@

 "while",

 #endif

 "WHILE",

+"UL_addNs",

+"UL_subNs",

+"UL_Mpy_32_32",

+"Mpy_32_32_uu",

+"Mpy_32_16_uu",

+"norm_ul",

+"UL_deposit_l",

 "*"

 };

@@ -227,6 +234,10 @@

 "printf",

 "fwrite",

 "fread",

+"assert",

+"fprintf",

+"fflush",

+"fgets",

 "*"

 };

--- basic_op_STL_2017_ref/count.c
2017-10-11 17:31:02.000000000 +0200

+++ basic_op_STL_2017/count.c
2018-07-03 18:51:21.123598200 +0200

@@ -163,6 +163,16 @@

  , "Msub_32_32_r"  

 #endif /* #ifdef ENH_32_BIT_OPERATOR */

+#ifdef ENH_U_32_BIT_OPERATOR

+ , "UL_addNs"

+ , "UL_subNs"

+ , "UL_Mpy_32_32"

+ , "Mpy_32_32_uu"

+ , "Mpy_32_16_uu"

+ , "norm_ul"

+ , "UL_deposit_l"  

+#endif /* #ifdef ENH_U_32_BIT_OPERATOR */

+

 #ifdef CONTROL_CODE_OPS

 
, "LT_16"   

  
, "GT_16"   

@@ -272,6 +282,16 @@

  , 1 

 #endif /* #ifdef ENH_32_BIT_OPERATOR */

+#ifdef ENH_U_32_BIT_OPERATOR

+ , 1

+ , 1

+ , 1

+ , 2

+ , 2

+ , 1

+ , 1

+#endif /* #ifdef ENH_U_32_BIT_OPERATOR */

+

 #ifdef CONTROL_CODE_OPS

  , 1   

  , 1   
--- basic_op_STL_2017_ref/count.h
2017-10-11 17:32:34.000000000 +0200

+++ basic_op_STL_2017/count.h
2018-07-03 18:51:06.668152800 +0200

@@ -411,6 +411,16 @@

 
UWord32 Msub_32_32_r;      

/* Complexity Weight of 1 */

 #endif /* #ifdef ENH_32_BIT_OPERATOR */

+#ifdef ENH_U_32_BIT_OPERATOR

+    UWord32 UL_addNs;               /* Complexity Weight of 1 */

+    UWord32 UL_subNs;               /* Complexity Weight of 1 */

+    UWord32 UL_Mpy_32_32;           /* Complexity Weight of 1 */

+    UWord32 Mpy_32_32_uu;           /* Complexity Weight of 2 */

+    UWord32 Mpy_32_16_uu;           /* Complexity Weight of 2 */

+    UWord32 norm_ul;                /* Complexity Weight of 1 */


+    UWord32 UL_deposit_l;           /* Complexity Weight of 1 */

+#endif /* #ifdef ENH_U_32_BIT_OPERATOR */

+

 #ifdef CONTROL_CODE_OPS

 
UWord32 LT_16;  



/* Complexity Weight of 1 */

  
UWord32 GT_16;  



/* Complexity Weight of 1 */
--- empty
2018-07-01 22:14:18.815077300 +0200

+++ basic_op_STL_2017/enhUL32.c
2018-07-03 18:43:21.168811900 +0200

@@ -0,0 +1,369 @@

+/*

+  ============================================================================

+   File: ENHUL32.C                                       v.1.0 - 01.July.2018

+  ============================================================================

+

+            ENHANCED UNSIGNED 32-BIT ARITHMETIC OPERATORS

+   History:

+   v.0.5 - 21.March.2014

+ 

+  ============================================================================

+*/

+

+ /*****************************************************************************

+ *

+ *  Enhanced Unsigned 32 bit operators :

+ *    see complete list in .h file

+ * 

+ *****************************************************************************/

+

+/*****************************************************************************

+ *

+ *  Include-Files

+ *

+ *****************************************************************************/

+#include <stdio.h>

+#include <stdlib.h>

+#include "stl.h"

+#include "enhUL32.h"

+

+#if (WMOPS)

+extern BASIC_OP multiCounter[MAXCOUNTERS];

+extern int currCounter;

+#endif /* if WMOPS */

+

+

+/*****************************************************************************

+ *

+ *   Constants and Globals

+ *

+ *****************************************************************************/

+

+

+/*****************************************************************************

+ *

+ *   Functions

+ *

+ *****************************************************************************/

+#ifdef ENH_U_32_BIT_OPERATOR

+

+/*___________________________________________________________________________

+ |                                                                           |

+ |   Function Name : UL_deposit_l                                            |

+ |                                                                           |

+ |   Purpose :                                                               |

+ |                                                                           |

+ |   Deposit the 16 bit var1 into the 16 LS bits of the 32 bit output. The   |

+ |   16 MS bits of the output are not sign extended.                         |

+ |___________________________________________________________________________|

+*/

+

+UWord32 UL_deposit_l(UWord16 uvar)

+{

+  UWord32 UL_result;

+  UL_result = (UWord32)uvar;   /* no sign extension*/

+#if (WMOPS)

+  multiCounter[currCounter].UL_deposit_l++;

+#endif

+  return (UL_result);

+}

+

+/*_____________________________________________________________________________

+ |                                                                             |

+ |   Function Name : norm_ul                                                   |

+ |                                                                             |

+ |   Purpose :                                                                 |

+ |                                                                             |

+ |   Produces the number of left shifts needed to normalize the 32 bit varia-  |

+ |   ble UL_var1 for positive values on the interval with minimum of           |

+ |   0 and maximum of 0xffffffff, ; in order to normalize the                  | 

+ |   result, the following operation must be done :                            |

+ |                                                                             |

+ |      norm_UL_var1 = UL_lshl(UL_var1, norm_ul(UL_var1)).                     |

+ |                                                                             |

+ |   Complexity weight : 1                                                     |

+ |                                                                             |

+ |   Inputs :                                                                  |

+ |                                                                             |

+ |     UL_var1                                                                 |

+ |       32 bit long unsigned integer (UWord32) whose value falls in the       |

+ |       range : 0x0000 0000 <= var1 <= 0xffff ffff.                           |

+ |                                                                             |

+ |   Outputs :                                                                 |

+ |                                                                             |

+ |     none                                                                    |

+ |                                                                             |

+ |   Return Value :                                                            |

+ |                                                                             |

+ |     var_out                                                                 |

+ |        16 bit short signed integer (Word16) whose value falls in the        |

+ |        range : 0x0000 0000 <= var_out <= 0x0000 001f. (0..31d)              |

+ |_____________________________________________________________________________|

+*/

+Word16 norm_ul(UWord32 UL_var1)

+{

+  Word16 var_out;

+

+  if (UL_var1 == 0)

+  {

+    var_out = 0;

+  }

+  else

+  {

+    /* simply test shift up until  highest bit is set */

+    for (var_out = 0; UL_var1 < (UWord32) 0x80000000U; var_out++)

+    {

+      UL_var1 <<= 1;

+    }

+  }

+

+#if (WMOPS)

+  multiCounter[currCounter].norm_ul++;

+#endif

+  return (var_out);

+}

+

+/*___________________________________________________________________________

+ |                                                                           |

+ |   Function Name : UL_addNs                                                |

+ |                                                                           |

+ |   Purpose :                                                               |

+ |                                                                           |

+ |   32 bits addition of the two unsigned 32 bits variables                  |

+ |   (L_var1+L_var2) with overflow control, but without saturation           |

+ |                                                                           |

+ |   Outputs :                                                               |

+ |                                                                           |

+ |     *wrap = 1 if wrap occured, otherwize 0                                |

+ |                                                                           |

+ |   Return Value :                                                          |

+ |                                                                           |

+ |     UL_var3 = modulo(UL_var1+UL_var2,32)                                  |

+ |___________________________________________________________________________|

+*/

+

+UWord32  UL_addNs(UWord32 UL_var1, UWord32 UL_var2, UWord16 * wrap)

+{

+  UWord32 UL_var3;

+

+  /* STL Overflow flag is not updated */ 

+  UL_var3 = UL_var1 + UL_var2;        /* 32-bit wrap  may occur, like in C */

+

+  if ( ((UWord64)UL_var1 + (UWord64)UL_var2) > 0xFFFFFFFFU )

+  {

+    *wrap = 1;  /* wrapped output */

+  }

+  else

+  {

+    *wrap = 0;

+  }

+

+#if WMOPS

+  multiCounter[currCounter].UL_addNs++;

+#endif

+  return  UL_var3;

+}

+

+/*___________________________________________________________________________

+ |                                                                           |

+ |   Function Name : UL_subNs                                                |

+ |                                                                           |

+ |   Purpose :                                                               |

+ |                                                                           |

+ |   32 bits subtraction of the two unsigned 32 bits variables               |

+ |   (L_var1-L_var2) with  overflow control, but without saturation          |

+ |                                                                           |

+ |   Outputs :                                                               |

+ |                                                                           |

+ |     *sgn = 1 if wrap (to "negative" occured, otherwise 0)                 |

+ |                                                                           |

+ |   Return Value :                                                          |

+ |                                                                           |

+ |     UL_var3 = modulo(UL_var1-UL_var2,32)                                  |

+ |___________________________________________________________________________|

+*/

+

+UWord32 UL_subNs(UWord32 UL_var1, UWord32 UL_var2, UWord16 * sgn)

+{

+  UWord32 UL_var3;

+

+  UL_var3 = UL_var1 - UL_var2;  /*wrap  may occur, like in C */

+  if (UL_var1 >= UL_var2)

+  { 

+    *sgn = 0;

+  }

+  else

+  {

+    *sgn = 1; /* "negative", wrapped output */

+  }

+

+#if WMOPS

+  multiCounter[currCounter].UL_subNs++;

+#endif

+  return  UL_var3;

+}

+

+/*________________________________________________________________________________

+ |                                                                                |

+ |  Function Name : Mpy_32_16_uu                                                  |

+ |                                                                                |

+ |  Purpose :                                                                     |

+ |                                                                                |

+ |    Multiplies the 2 unsigned values UL_var1 and uvar2.                         |

+ |    The operation is performed in fractional mode :                             |

+ |    - UL_var1 is supposed to be in Q32 format.                                  |

+ |    - var2   is supposed to be in Q16 format.                                   |

+ |    - The result is produced in Q48 format : UL_varout_h points to the          |

+ |      32 MSBits while varout_l points to the 16 LSBits.                         |

+ |                                                                                |

+ |  Complexity weight : 2                                                         |

+ |                                                                                |

+ |  Inputs :                                                                      |

+ |                                                                                |

+ |    UL_var1   32 bit long unsigned integer (UWord32) whose value falls in       |

+ |              the range : 0x0000 0000 <= L_var1 <= 0xffff ffff.                 |

+ |                                                                                |

+ |    var2      16 bit short unsigned integer (UWord16) whose value falls in      |

+ |              the range : 0x0000 <= var2 <= 0x0000 ffff.                        |

+ |                                                                                |

+ |  Outputs :                                                                     |

+ |                                                                                |

+ |    *UL_varout_h   32 bit long unsigned integer (UWord32) whose value falls in  |

+ |                   the range : 0x0000 0000 <= UL_varout_h <= 0xffff ffff.       |

+ |                                                                                |

+ |    *varout_l      16 bit short unsigned integer (UWord16) whose value falls in |

+ |                   the range : 0x0000 0000 <= varout_l <= 0x0000 ffff.          |

+ |                                                                                |

+ |  Return Value :                                                                |

+ |                                                                                |

+ |    none                                                                        |

+ |________________________________________________________________________________|

+*/

+void Mpy_32_16_uu(UWord32 UL_var1, UWord16 uvar2, UWord32 *UL_varout_h, UWord16 *varout_l)

+{  

+  UWord64  UL64_var1; 

+

+  /* 4294967295  * 65535  <  281474976710655 */

+  /* (uint64(2)^16-1 )*(uint64(2)^32-1) < (uint64(2)^(16+32)-1) */

+  { 

+    UL64_var1    = (UWord64) UL_var1 * (UWord64)uvar2;

+    *varout_l    = (UWord16)( UL64_var1 );

+    *UL_varout_h = (UWord32)(UL64_var1>>16);

+  }

+#if (WMOPS)

+  multiCounter[currCounter].Mpy_32_16_uu++;

+#endif /* if WMOPS */

+

+  return;

+}

+

+

+/*__________________________________________________________________________________

+ |                                                                                  |

+ |  Function Name : Mpy_32_32_uu                                                    |

+ |                                                                                  |

+ |  Purpose :                                                                       |

+ |                                                                                  |

+ |    Multiplies the 2 unsigned values UL_var1 and UL_var2.                         |

+ |    The operation is performed in fractional mode :                               |

+ |    - UL_var1 and UL_var2 are supposed to be in Q32 format.                       |

+ |    - The result is produced in Q64 format : UL_varout_h points to the            |

+ |      32 MSBits while UL_varout_l points to the 32 LSBits.                        |

+ |                                                                                  |

+ |  Complexity weight : 4                                                           |

+ |                                                                                  |

+ |  Inputs :                                                                        |

+ |                                                                                  |

+ |    UL_var1      32 bit long unsigned integer (UWord32) whose value falls in the  |

+ |                 range : 0x0000 0000  <= L_var1 <= 0xffff ffff.                   |

+ |                                                                                  |

+ |    UL_var2      32 bit long unsigned integer (UWord32) whose value falls in the  |

+ |                 range : 0x0000 0000  <= L_var2 <= 0xffff ffff.                   |

+ |                                                                                  |

+ |  Outputs :                                                                       |

+ |                                                                                  |

+ |    *UL_varout_h   32 bit long signed integer (Word32) whose value falls in       |

+ |                   the range : 0x0000 0000 <= UL_varout_h <= 0xffff ffff.         |

+ |                                                                                  |

+ |    *UL_varout_l   32 bit short unsigned integer (UWord32) whose value falls in   |

+ |                   the range : 0x0000 0000 <= UL_varout_l <= 0xffff ffff.         |

+ |                                                                                  |

+ |  Return Value :                                                                  |

+ |                                                                                  |

+ |    none                                                                          |

+ |__________________________________________________________________________________|

+ */

+void Mpy_32_32_uu(UWord32 UL_var1, UWord32 UL_var2, UWord32 *UL_varout_h, UWord32 *UL_varout_l) 

+{

+  UWord64 UL64_var1;

+  /* (uint64(2)^32-1 )*(uint64(2)^32-1) < (uint64(2)^(32+32)-1) */

+  {

+    UL64_var1    = ((UWord64) UL_var1)*((UWord64) UL_var2); 

+    *UL_varout_h = (UWord32)(UL64_var1>>32);

+    *UL_varout_l = (UWord32)(UL64_var1);

+  }

+#if (WMOPS)

+  multiCounter[currCounter].Mpy_32_32_uu++;

+#endif /* if WMOPS */

+

+  return;

+}

+

+/*_____________________________________________________________________________________

+ |                                                                                     |

+ |  Function Name : UL_Mpy_32_32                                                       |

+ |                                                                                     |

+ |  Purpose :                                                                          |

+ |                                                                                     |

+ |    Multiplies the 2 unsigned values UL_var1 and UL_var2                             |

+ |    and returns the lower 32 bits, without saturation control.                       |

+ |                                                                                     |

+ |    - UL_var1 and UL_var2 are supposed to be in Q32 format.                          |

+ |    - The result is produced in Q64 format, the 32 LSBits.                           |

+ |                                                                                     |

+ |      operates like a  regular 32-by-32 bit unsigned int  multiplication in ANSI-C.  |

+ |        UWord32) = (unsigned int)*(unsigned int);                                    |

+ |                                                                                     |

+ |                                                                                     |

+ |  Complexity weight : 2                                                              |

+ |                                                                                     |

+ |  Inputs :                                                                           |

+ |                                                                                     |

+ |    UL_var1     32 bit long unsigned integer (UWord32) whose value falls in the      |

+ |                range : 0x0000 0000  <= UL_var1 <= 0xffff ffff.                      |

+ |                                                                                     |

+ |    UL_var2     32 bit long unsigned integer (UWord32) whose value falls in the      |

+ |                range : 0x0000 0000  <= UL_var2 <= 0xffff ffff.                      |

+ |                                                                                     |

+ |  Outputs :                                                                          |

+ |                                                                                     |

+ |    none                                                                             |

+ |                                                                                     |

+ |  Return Value :                                                                     |

+ |    *UL_varout_l   32 bit short unsigned integer (UWord32) whose value falls in      |

+ |                   the range : 0x0000 0000 <= UL_varout_l <= 0xffff ffff.            |

+ |                                                                                     |

+ |                                                                                     |

+ |_____________________________________________________________________________________|

+*/

+UWord32 UL_Mpy_32_32(UWord32 UL_var1, UWord32 UL_var2) 

+{

+  UWord32 UL_varout_l;

+

+#define MASK32  0xFFFFFFFFU

+  /* MASK32 may be needed in case Hardware is using larger than 32 bits for UWord32 type */  

+  UL_varout_l = (UL_var1&MASK32)*(UL_var2&MASK32);      

+  UL_varout_l = (UL_varout_l&MASK32);

+#undef MASK32

+

+

+#if (WMOPS)

+  multiCounter[currCounter].UL_Mpy_32_32++;

+#endif /* if WMOPS */

+

+  return UL_varout_l;

+}

+

+#endif /* ENH_U_32_BIT_OPERATOR */

+

+/* end of file */
--- empty
2018-07-01 22:14:18.815077300 +0200

+++ basic_op_STL_2017/enhUL32.h
2018-07-03 12:28:45.184086400 +0200

@@ -0,0 +1,49 @@

+/*

+  ===========================================================================

+   File: ENHUL32.H                                      v.1.0 - 01.July.2018

+  ===========================================================================

+

+

+  ============================================================================

+*/

+

+#ifndef _ENHUL32_H

+#define _ENHUL32_H

+

+/*****************************************************************************

+ *

+ *  Constants and Globals

+ *

+ *****************************************************************************/

+#include "stl.h"

+

+#ifndef UWord64 

+#define UWord64 unsigned long long      /*  for local use inside UL_Mpy_32_*   */

+#endif

+

+#if (WMOPS)

+#include "count.h"

+extern BASIC_OP multiCounter[MAXCOUNTERS];  /* existing signed counters are reused for unsigedn operators */

+extern int currCounter;

+#endif /* if WMOPS */

+

+/*****************************************************************************

+ *

+ *  Prototypes for enhanced unsigned 32 bit arithmetic operators

+ *

+ *****************************************************************************/

+ #ifdef ENH_U_32_BIT_OPERATOR

+UWord32     UL_addNs(UWord32 a, UWord32 b, UWord16* wrap);  

+UWord32     UL_subNs(UWord32 a, UWord32 b, UWord16* sgn);  

+

+UWord32  UL_Mpy_32_32(UWord32 a, UWord32 b);                            

+void Mpy_32_32_uu( UWord32 a, UWord32 b, UWord32 *c_h, UWord32 *c_l);   /* does not saturate */

+void Mpy_32_16_uu( UWord32 a, UWord16 b,UWord32 *c_h, UWord16 *c_l);    /* does not saturate */

+

+Word16  norm_ul (UWord32 UL_var1);  

+UWord32 UL_deposit_l(UWord16);      /* deposit low without sign extension */

+#endif /* ENH_U_32_BIT_OPERATOR */

+

+#endif /*_ENHUL32_H*/

+

+/* end of file */
--- basic_op_STL_2017_ref/stl.h
2017-10-11 17:23:12.000000000 +0200

+++ basic_op_STL_2017/stl.h
2018-07-01 22:36:48.149077300 +0200

@@ -48,6 +48,9 @@

 #include "complex_basop.h"

 #endif

+#ifdef ENH_U_32_BIT_OPERATOR

+#include "enhUL32.h"

+#endif

 #endif /* ifndef _STL_H */
End changes
