
Introduction

Floating point has been the center of de-

bate in the signal-processing arena for as 

long as I have been part of this industry. 

My first introduction to signal process-

ing was in an era where mini-computers 

were the mainstay of research, and ev-

ery mini-computer had an array proces-

sor attached to it. Thus began the debate.

The debate was simple: one of perfor-

mance versus accuracy. While floating point, 

particularly double-precision floating point, 

would guarantee that the accuracy require-

ments of the system would be retained, it 

reduced the raw performance of the system.

There are generally three different ac-

curacy requirements of a signal-processing 

system: data accuracy, coefficient accu-

racy and internal accuracy. Each data set 

has a different combination of these three.

When TI introduced its first digital sig-

nal processor (DSP), we focused on raw 

performance and used sophisticated tricks 

to overcome issues introduced into the 

required accuracy. The TMS32010 DSP 

was a 16-bit fixed-point machine. Gen-

erally, the industry followed this path of 

fixed-point machines ranging from 16 

to 24 bits of data accuracy, double that 

and add a little for internal accuracy.

Where will fl oating point 
take us?

The TMS320C30 DSP

After two generations of fi xed-point signal processors with 16-bit data words, we began to 

consider the possibility of a fl oating-point architecture for our third-generation device. It was 

an immediate success in the market. The diffi culty was determining why it was successful. 

Was it because it was a) fl oating point, b) 32 bits or c) high-level language friendly? Even 

with its great success, it did not alter the even greater success of the previous generations of 

fi xed-point DSPs.

The reason for the success of the fl oating-point device was added convenience, but per-

formance was sacrifi ced as a result. The world of signal processing was performance driven, 

and sacrifi cing any amount of raw performance was unacceptable. Although, there was a 

mathematics niche discovered for fl oating points within the DSP community, it was more for 

any end system that required a division. This design requirement gave the fl oating-point de-

vice an advantage, as the designer did not have to worry about the “divide by zero” scenario.

This advantage was particularly helpful in systems performing matrix math, such as military 

applications and medical imaging. In each of these cases, the lack of performance could 

easily be corrected by multi-processing solutions, because system cost was not the highest 

priority of the design. In the world of fl oating-point DSPs, this created a second generation of 

fl oating-point devices which were designed for multi-processing designs. For Texas Instru-

ments, this new device was the TMS320C40 DSP.

So where did that leave fi xed-point architecture? For tangible DSP applications where 

performance was king, the fi xed-point architecture continued to thrive.

Return to performance

After the introduction of the TMS320C40 DSP, we were mostly done with our experiment with 

fl oating-point signal processors. In fact, as we introduced higher-performance processors to 

the industry, we noticed medical imaging designs moving back to our fi xed-point DSPs for the 

additional raw performance. That is why fi xed point became our focus for a decade.

During this resurgence of the fi xed-point DSP, we took some time to visit our fl oating-point 

DSP customers to learn exactly why our hardcore fl oating-point customers weren’t buying 

based on the performance philosophy we were selling. This was certainly an eye opener.

Gene Frantz,
TI Principal Fellow, 
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Not only did fl oating point give the advantage of ease-of-use and protection against the “divide by zero” 

concern, it was virtually on par with our fi xed-point, high-performance devices. Furthermore, the signifi cant 

price placed on fl oating-point devices equated to higher profi t margins based on the lower volume production 

levels. Floating point was alive and well.

The value of faster time-to-market and ease-of-design using high-level programming languages and oper-

ating systems and higher comfort levels with algorithms, kept fl oating point alive – in spite of the sacrifi ce of 

performance and higher price.

What is it that makes fl oating point the obvious choice in many markets? Let’s begin with the original con-

cept of this paper – the three accuracy requirements of a data set. Table 1 below gives examples of several 

markets.

Today’s fl oating-point processors are designed to handle two different data types: the single-precision 

fl oating point and the double-precision fl oating point. These two data types cover all the various data accura-

cies necessary for the markets classically driven by digital signal processing. However, focusing on fl oating 

point is done with sacrifi ce to performance when compared to a typical 16-bit fi xed-point machine.

This was the secret of the battle between fi xed- and fl oating-point devices for the last decade. A closer 

look revealed that our fi xed-point devices, which were 16-bit devices, were slowly evolving to our 32-bit 

fl oating-point devices. With both fi xed- and fl oating-point systems becoming 32-bit systems, we were driven 

to bring the two systems to parity.

Once we were aware our DSP architectures were 32 bit, we began to separate the concept of architecture 

from data set sizes, which then led us to the future world of signal processing.

Before looking at the future of fl oating-point systems, let me take a few paragraphs to note what has been 

done in the fi xed-point world to signifi cantly improve raw performance. This will help capture the vision of the 

future of fl oating point.

Once we evolved our processors to 32 bits, we saw there were actually two variables affecting perfor-

mance: Size of the processor, (a 32-bit machine is slower than a 16-bit machine) and size of the hardware 

multiplier. In a fi xed-point processor, the multiplier is typically a 16 × 16-bit multiplier. Depending on the 

data, however, this can easily be broken into four 8 × 8 multipliers. If the data set allows, (i.e., telecom) for 

8-bit data, then four multiples can occur in the same multiplier as one 16-bit multiplier. This equates to a 

signifi cant increase in performance, given the right data set.

Table 1. 

Market
Data

Accuracy

Data
Dynamic
Range

Coefficient
Accuracy

Coefficient
Dynamic
Range

Internal
Accuracy

Internal
Dynamic

Range

Telecom 6 13 12 16 32 32

Audio 24 53 32

Video/Imaging 6 28 12 12 16 26

Radar 1 8 8 8 12 12

The big surprise

Giving fi xed point 

more performance
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Over the history of digital audio, the processors used in designs have evolved  from a 24-bit, fi xed-point 

processor to an extended, single-precision fl oating-point processor (32-bit mantissa, rather than 24-bit 

single-precision fl oating point) to a double-precision, fl oating-point processor (53-bit mantissa). In each of 

these steps, the quality of audio was improved. Surprisingly, it was not the data that was needed to extend 

accuracy, but rather the coeffi cient accuracy.

In a digital audio system, the band-pass fi lters are implemented using bi-quad fi lters. Bi-quad fi lters are a 

popular way of implementing an Infi nite Impulse Response (IIR) fi lter. However, there is a signifi cant weakness 

in a bi-quad fi lter when the center frequency of the fi lter is a small percentage of the sample rate (i.e., at low 

frequencies). At these points, the poles in the fi lter are very near the unit circle and need to be very accurate. 

In fl oating-point systems, the least accurate point is at “1,” which in this case, the poles of the fi lter are very 

near. In simple terms, the more bits in the mantissa (accuracy), the better the fi lter functions. With each of 

the advances described above, more bits were available to accurately describe the poles (24 bits to 32 bits 

to 53 bits). This became even more important as the system requirements moved to higher sample rates (48 

KHz to 96 KHz, etc.) and to lower desired frequency cut-off points (20 Hz going to 10 Hz, etc.).

In our study of “why fl oating point”, we concluded that there were two signifi cant markets: 1) those 

markets needing ease-of-use and short time-to-market and 2) audio. Of those two, audio was the interesting 

market to pursue where fl oating point was more important than raw performance.

I have spent a bit of time in audio-specifi c design, so I’d like to share my vision of where I believe we will 

take fl oating point in the future. My comments on how we increased performance on fi xed-point processors 

by fi tting the math system to the data set help to support this concept. Let me demonstrate this with some 

research currently underway at the University of Southern California (USC).

USC has been conducting research for the last decade on artifi cial vision. TI has been collaborating with 

them as they endeavor to return sight to people who have gone blind as a result of Retinitis Pigmentosa and 

Macular Degeneration. The latest collaboration has been on a camera small enough to be implanted in the 

eye. This began our discussion on what would be the best data representation of the human eye. It seems 

that the human eye has a dynamic range of about 24 to 26 bits with an accuracy need of 6 to 8 bits. Asked 

how one would use a 16-bit number to best represent the eye, the research team came up with a 16-bit 

fl oating-point number with 5 bits of exponent and 11 bits of mantissa.

Ultimately, this system would allow for a dynamic range of up to 42 bits while keeping 11 bits of accu-

racy.  Not surprisingly, this matches the half-precision defi nition of the Institute of Electrical and Electronics 

Engineering (IEEE) fl oating-point standard. An important side note: 16-bit fl oating point should give an order 

of magnitude more raw performance than a 32-bit fl oating-point system and 30 percent higher raw perfor-

mance than its equivalent 16-bit fi xed-point system.

This is an example of a data set that fi ts a particular math system well. We have talked about two of them 

so far in this paper:
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• Audio, which matches well with a 32- and 64-bit fl oating-point system (single and double precision).

• Video and imaging, which matches well with a 16-bit fl oating-point system.

However, there are other data sets and other math systems to consider. With the fl exibility we are incor-

porating into our signal-processing architectures, we will be prepared to adopt many other fl oating-point 

systems.

Floating-point does not need to take on the same concepts as it did when we fi rst introduced it to DSP, 

which means 16-bit data is fi xed point and 32-bit data is fl oating point. Just as we now have double-

precision, single-precision and half-precision IEEE formats (64, 32 and 16 bits respectively), why not add a 

quarter-precision (perhaps 8-bits exponent and 1-bit implied mantissa), or 12-bit fl oating point (4-bits expo-

nent and 8-bits mantissa), and so on. The question of what data sets best fi t these different math systems 

might be answered in the following recommendations in Table 2:

In the history of signal processing, we started with analog. Analog was replaced with computers and array 

processors with double-precision fl oating point. Array processors were replaced by 16- to 24-bit fi xed-

point signal processors. The fi xed-point signal processors were replaced by single-precision, fl oating-point 

processors. The single-precision, fl oating-point processor was replaced by either a return to 16-bit fi xed-

point processors for raw performance or an extended-/double-precision fl oating-point processor for niche 

opportunities. TI prides itself in offering the right processor for the right design, and now, we have it all. Plus, 

we can create new variations of our architecture, as we maintain compatibility and match our math system 

with the data set of interest. In doing so, we can effectively optimize the system’s trade off of performance, 

price and power dissipation.

Table 2.

Precision Data Sets

Double Analog, high-performance audio

Single Audio

Half Video and imaging

12 bit Speech, telecom

Quarter 3-D imaging (e.g., ToF)

Conclusion
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