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INTRO

Digital Signal Processing (DSP) is one of the most powerful technologies that will shape science and engineering in the twenty-first century. Revolutionary changes have already been made in a broad range of fields: communications, medical imaging, radar & sonar, high fidelity music reproduction, and oil prospecting, to name just a few. Each of these areas has developed a deep DSP technology, with its own algorithms, mathematics, and specialized techniques.

DSP applications are usually programmed in the same languages as other science and engineering tasks, such as: C, BASIC and assembly. The power and versatility of C makes it the language of choice for computer scientists and other professional programmers. On the other hand, the simplicity of BASIC makes it ideal for scientists and engineers who only occasionally visit the programming world. 

This article is about the things you can do at the high level to avoid being trampled by the low level internal workings of your computer.
MAIN
Computer Numbers


Digital computers are very proficient at storing and recalling numbers; unfortunately, this process isn't without error. For example, you instruct your computer to store the number: 1.41421356. An understanding of how computers store and manipulate numbers allows you to anticipate and correct these problems before your program spits out meaningless data.

These problems arise because a fixed number of bits are allocated to store each number, usually 8, 16, 32 or 64. For example, consider the case where eight bits are used to store the value of a variable. Since there are 28 = 256 possible bit patterns, the variable can only take on 256 different values.

Everyone accessing the data must understand what value each bit pattern represents.

This is usually provided by an algorithm or formula for converting between the represented value and the corresponding bit pattern, and back again. 

While many encoding schemes are possible, only two general formats have become common, fixed point (also called integer numbers) and floating point (also called real numbers).
Integer

Fixed point representation is used to store integers, the positive and negative whole numbers: … -3, -2, -1, 0, 1, 2, 3, …. High level programs, such as C and BASIC, usually allocate 16 bits to store each integer. In the simplest case, the 216 = 65,536 possible bit patterns are assigned to the numbers 0 through 65,535. This is called unsigned integer format.  The disadvantage of unsigned integer is that negative numbers cannot be represented.

Float 


The encoding scheme for floating point numbers is more complicated than for fixed point. The basic idea is the same as used in scientific notation, where a mantissa is multiplied by ten raised to some exponent.

Floating point representation is similar to scientific notation, except everything is carried out in base two, rather than base ten. While several similar formats are in use, the most common is ANSI/IEEE.
Number Precision

The errors associated with number representation are very similar to quantization errors during ADC. You want to store a continuous range of values; however, you can represent only a finite number of quantized levels. Every time a new number is generated, after a math calculation for example, it must be rounded to the nearest value that can be stored in the format you are using.

With fixed point variables, the gaps between adjacent numbers are always exactly one. In floating point notation, the gaps between adjacent numbers vary over the represented number range. If we randomly pick a floating point number, the gap next to that number is approximately ten million times smaller than the number itself.

This is a key concept of floating point notation: large numbers have large gaps between them, while small numbers have small gaps.

A useful fact to remember: single precision floating point has an exact binary representation for every whole number between +16.8 million (to be exact, ±224). Above this value, the gaps between the levels are larger than one, causing some whole number values to be missed. This allows floating point whole numbers (between ±16.8 million) to be added, subtracted and multiplied, with no round-off error.
Execution Speed: Program Language

DSP programming can be loosely divided into three levels of sophistication: Assembly, Compiled, and Application Specific. To understand the difference between these three, we need to start with the very basics of digital electronics. All microprocessors are based around a set of internal binary registers, that is, a group of flip-flops that can store a series of ones and zeros.

Assembly programming involves the direct manipulation of the digital electronics: registers, memory locations, status bits, etc. The next level of sophistication can manipulate abstract variables without any reference to the particular hardware.

A program called a compiler is used to transform the high-level source code directly into machine code. This requires the compiler to assign hardware memory locations to each of the abstract variables being referenced.

The highest level of programming sophistication is found in applications packages for DSP. These come in a variety of forms, and are often provided to support specific hardware.

In the best case, the manufacturer will provide a sophisticated software package to help in the programming: libraries of algorithms, prewritten routines for I/O, debugging tools, etc. You might simply connect icons to form the desired system in an easy-to-use graphical display. The things you manipulate are signal pathways, algorithms for processing signals, analog I/O parameters, etc.

The distinction between these three levels can be very fuzzy. For example, most complied languages allow you to directly manipulate the hardware.
Execution Speed: Hardware

Selecting of hardware.

Computing power is increasing so rapidly, any book on the subject will be obsolete before it is published. 

We can jump into an overview of how execution speed is limited by computer hardware. Since computers are composed of many subsystems, the time required to execute a particular task will depend on two primary factors:
(1) the speed of the individual subsystems, and 
(2) the time it takes to transfer data between these blocks. 
More involved mathematics is handled by transferring the data to a special hardware circuit called a math coprocessor (also called an arithmetic logic unit, or ALU).
If the Pentium was a Cadillac, the TMS320C40 would be a Ferrari: less comfort, but blinding speed. DSP microprocessors are used in two ways: as slave modules under the control of a more conventional computer, or as an imbedded processor in a dedicated application, such as a cellular telephone.
Execution Speed: Programming Tips

First, use integers instead of floating point variables whenever possible. Conventional microprocessors, such as used in personal computers, process integers 10 to 20 times faster than floating point numbers.
Second, avoid using functions.
Third, learn what is fast and what is slow on your particular system.
CONCLUSIONS
DSP applications are usually programmed in the same languages as other science and engineering tasks, such as: C, BASIC and assembly. The power and versatility of C makes it the language of choice for computer scientists and other professional programmers. On the other hand, the simplicity of BASIC makes it ideal for scientists and engineers who only occasionally visit the programming world. 

Numbers in computer can be represented as integer (fixed point) and float (floating point) values. Each of them has own pluses and minuses. Fixed point representation is used to store integers, the positive and negative whole numbers. Floating point representation is similar to scientific notation, except everything is carried out in base two, rather than base ten.

The errors associated with number representation are very similar to quantization errors during ADC. It can be called by math operations. Due understanding “how does it work” you can develop new correct and actual DSP algorithm.
