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Introduction

At SA#79 TR 26.973 (Update to fixed-point basic operators) [1] v15.0.0 was approved. At SA#80 the work item Alt_FX_EVS [2] on an alternative fixed-point implementation of the EVS codec using the updated set of basic operators was approved.

The EVS codec, as specified in TS 26.442 [3], is based on the ITU-T STL2009 library [4] but is using additional basic operators for unsigned data types, as endorsed in EVS Permanent Document EVS-7b: Processing functions for selection phase clause A.6 [5]. These operators were introduced by Tdoc S4-140112 [6] and an ANSI-C implementation was provided in Tdoc S4-140311 [7] along with test code verifying the implementation. The main reason for introducing these 32-bit unsigned operators was to allow uniform and efficient implementations of unsigned integer arithmetics, which otherwise would have to been implemented in a complicated fashion using signed arithmetics.

The operators were given complexity weights corresponding to their corresponding signed operators, with one exception for the UL_Mpy_32_32 operator because of its reduced functionality compared to the STL2009 signed operator.

The implemented set of unsigned basic operators, including typecasts of some signed operators, was:
	G.191/STL2009 signed Word32 operator
	Proposed and  implemented 
unsigned UWord32 operator
	C-file / comment

	Word32 L_add (Word32 L_var1, Word32 L_var2)
	UWord32 UL_addNs(UWord32 a, UWord32 b,UWord16* wrap);  
	enhUL32.c 
/ (Ns:Non-Saturating )  
/ (D: Do not care about sign)  

	
	UWord32 UL_addNsD(UWord32 a, UWord32 b);  
	

	Word32 L_sub (Word32 L_var1, Word32 L_var2)
	UWord32 UL_subNs(UWord32 a , UWord32 b, 
                  UWord16* sgn);  
	

	
	UWord32 UL_subNsD(UWord32 a,UWord32 b);  
	

	Word16 norm_l (Word32 L_var1)
	UWord32 norm_ul (UWord32 L_var1)
	enhUL32.c

	void Mpy_32_32_ss( Word32 L_var1, 
                   Word32 L_var2,
                   Word32 *L_varout_h, 
                   UWord32 *L_varout_l)


  (Weight: 4)
	UWord32 UL_Mpy_32_32(UWord32 a,UWord32 b);
              (corresponding to ANSI-C 32*32 multiplication ”*”)
	enhUL32.c
(Weight: 2)    

	
	void Mpy_32_32_uu( UWord32 a, UWord32 b,
                   UWord32 *c_h,UWord32 *c_l);
	enhUL32.c
(Weight: 4)

	void Mpy_32_16_ss(Word32 L_var1, Word16 var2,
         Word32 *L_varout_h, UWord16 *varout_l)
	void Mpy_32_16_uu( UWord32 a, UWord16 b, 
                   UWord32 *c_h, UWord16 *c_l)
	enhUL32.c

	Word32 L_deposit_l(UWord16)
	UWord32 UL_deposit_l(UWord16) 
  (required additional operator as the existing signed L_deposit_l  performs sign extension )
	enhUL32.c


	Word32 L_lshl (Word32 L_var1, Word16 var2)
Word32 L_lshr (Word32 L_var1, Word16 var2)
Word32 L_and (Word32 L_var1)
Word32 L_or (Word32 L_var1)
Word32 L_xor (Word32 L_var1)
Word32 L_deposit_h(Word16 var1) 
Word16 extract_h(Word32 L_var1)
Word16 extract_l(Word32 L_var1)
	UWord32 UL_lshl (UWord32 UL_var1, Word16 var2)
UWord32 UL_lshr (UWord32 UL_var1, Word16 var2)
UWord32 UL_and (UWord32 UL_var1)
UWord32 UL_or (UWord32 UL_var1)
UWord32 UL_xor (UWord32 UL_var1)
UWord32 UL_deposit_h(UWord16 var1) 
UWord16 u_extract_h(UWord32 UL_var1)
UWord16 u_extract_l(UWord32 UL_var1)
	enhUL32.c 
( all implemented as typecasts of the existing signed STL2009  basic operator)


Observations for TR 26.973

It is observed that the unsigned operators used by the EVS codec are not included in TR 26.973. In addition it is noted that the program ROM counting tool (basop_cnt.c) was not updated over STL2009. Yet another remark is that the weight for the Mpy_32_16_ss operator is marked as reduced in TR 26.973 although the given weight is equal to the STL2009 weight.

Proposal
Given the ongoing work on an alternative implementation of the EVS codec it is proposed to amend the updated set of basic operators in TR 26.973 with the addition of at least the set of non-typecast unsigned basic operators used in TS 26.442. A further addition of a few useful unsigned operators, e.g. 64-bit operators, may be considered if found appropriate by SA4.

As the operators were verified according to [7] and has been successfully deployed in the EVS codec, which was released in September 2014, it is believed that the operators can be adopted as is. Further testing and cross-check of the implementation is however appreciated.
In addition to the implementation in TS 26.442, it is proposed to introduce specific complexity counter variables for the unsigned operators. It is further proposed that the complexity weights for the operators are updated to match their updated signed basic operator counterparts in TR 26.973. The weight for UL_Mpy_32_32 is proposed to be equal to the Mpy_32_32 operator.
It is proposed that the comment for Mpy_32_16_ss is removed unless the weight should be changed.

The source would ask SA4 to consider the observations made and update TR 26.973. A change request according to the proposal, not including the typecasted operators, is found in Tdoc S4-180761 [8], which includes an update of the ANSI-C code package in basic_op_STL_2017.zip. The source file basop_cnt.c has been updated to account for the proposed unsigned operators and a few additions to the blacklist array. The source suggests that basop_cnt.c is further updated to account for all operators added in TR 26.973.
If agreed in SA4 (and approved by TSG-SA), it is proposed to inform ITU-T SG12 about the amendments and submit the code to the STL GitHub repository.
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