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1. Justification

The Software Tool Library (STL) in ITU-T (Recommendation G.191) has been used by 3GPP SA4 in all of its speech and audio codec development activities. The STL contains a library of basic fixed-point digital signal processor operators (basic operators) that aim at reflecting current implementation platforms used when developing the fixed-point C code versions of codec standards. The basic operators have been revised from time to time to reflect current DSP architectures. The latest update of the STL was issued in 2009 (STL2009), however the last major update of the basic operators dates back to 2005. Since then, DSP architectures have developed considerably. The source see benefits in identifying gaps in the current STL basic operators tool and in updating the tool with a set of basic operators reflecting state-of-the-art DSP architectures. A corresponding draft Study Item is submitted in [1].
2. Modern DSP architectures

During the last several years, almost all processors (x86, ARM, DSPs) support a 64-bit wide accumulator.  In addition they support Single Instruction Multiple Data (SIMD) and Very Long Instruction Words (VLIW) capabilities.  Innovations in compiler technology have also evolved to enable efficient implementation.    

Some of the main features of today processors are: 

· Wider (64-bit or more) accumulators and registers. 

· Support for SIMD: Single instruction which can process vector data. Common examples are a single instruction which processes two 32 bit elements or four 16 bit elements in parallel.

· Wider accumulators enable additional guard bits which eliminate the need for checking for saturation after every basic operation. Checking for saturation tends to break SIMD operation.

· VLIW: certain basic operations can be executed in parallel in a single cycle. 

· Improved compilers and software development tools can interpret data types & their associated basic operators such as processing complex numbers. They cab map them to a processor architecture to provide better Out-of-box (OOB) performance and improve time to market for product development.

3. Recent speech and audio codecs

In the past, a typical codec would have a small set of functions that contributed to most of the performance of the codec. One would then hand optimize these few functions to reach his target performance goals. On the other hand, new hybrid codecs such as EVS are sophisticated with a large set of functions contributing to most of the total cycles.

Some of the features of modern speech and audio codecs:

· Use of higher precision fixed point operands and their multiplication and addition, e.g.  32*16 or 32*32 multiplication resulting in a 48-bit or 64-bit product is common.

· Use of hybrid speech and audio coding techniques increase the complexity and the memory foot-print of the codec. The complexity includes:

· Switched time-domain and transform-domain technologies with optimized performance for all sorts of input audio signals, ranging from low bitrate speech coding to transparent compression of generic audio signal at higher bitrates.

· Use of several transform-based methods for efficient encoding and classification of signals.

· Single algorithm to support encoding/decoding of signals with sampling rates ranging from 8 kHz to 48 kHz.  

· Sophisticated algorithms to deal with high percentage of lost packets, etc.

4. Benefits of applying the updated basic operators to existing and new codecs

Demand for better quality and efficient compression algorithms at reduced power requires easier and more efficient mapping of the algorithm to the modern processor architectures. Hand optimizing a large set of functions found in modern speech and audio codecs becomes very time consuming. Basic operators that would lend themselves to SIMD and other compiler-friendly features can significantly reduce implementation time. In particular, the updated basic operators would allow to: 

· Leverage SIMD,

· Leverage VLIW,  

· Use 64-bit wide accumulator instead of 40-bit accumulator and avoid the associated truncation and saturation,

· Support complex data type to enable simultaneous processing of real and imaginary parts (SIMD).

These optimizations will translate into the following main benefits:

· Improved time to market (TTM) - the engineering effort spent in developing an optimized implementation for any codec will be significantly reduced. This is due to reliance on automation tools, and hand-optimizing software for only a few functions.

· Improved battery life for mobile applications - a reduction in execution cycles will translate to reduced power consumption.

· Reduced memory footprint - efficient usage of memory will translate to reduced system cost as well as reduced power consumption.

5. 
Conclusion

In conclusion, the updated basic operators will better leverage automation tools as well as features of modern DSP architectures and enable a final optimized implementation in a shorter period of time and engineering effort. Considering the findings outlined above, the source(s) believe that there is a need for extending STL2009 with additional basic operators & data types that reflect recent processor architectures and the DSP algorithms.
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