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Infinite PrecisionInfinite Precision

Finite PrecisionFinite Precision
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Finite PrecisionFinite Precision
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Data RepresentationData Representation
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Integer Integer –– Fractional RepresentationFractional Representation

5
Dr. D. M. Akbar Hussain

Department of Software Engineering & Media Technology
5

© Dr. D. M. Akbar Hussain

What we can do ?What we can do ?
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Dynamic Range of Dynamic Range of 

Integer & Fractional NumbersInteger & Fractional Numbers
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Dynamic Range of Dynamic Range of 

Integer & Fractional NumbersInteger & Fractional Numbers
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Precision & Range for Precision & Range for 

16 Bit Numbers16 Bit Numbers
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Q Format Q Format 

Range & PrecisionRange & PrecisionRange & PrecisionRange & Precision
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Converting Fractional Number in any Q Format Converting Fractional Number in any Q Format 
to Integer Value to Integer Value (Recognized by Assembler)(Recognized by Assembler)to Integer Value to Integer Value (Recognized by Assembler)(Recognized by Assembler)

1.1. Normalize the fractional number to the range determined by Normalize the fractional number to the range determined by 
the desired Q format.the desired Q format.

2.2. Multiply the result by 2Multiply the result by 2NN, N is the total number of fractional , N is the total number of fractional 
bitsbits
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bits.bits.

3.3. Result is rounded to the nearest integer.Result is rounded to the nearest integer.
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Scaling Factor for QScaling Factor for Q--FormatsFormats
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Floating Point FormatFloating Point Format
It has large dynamic range and reduces the problem of overflow.

Three basic things (fields) for representation:

SignSign Bit,Bit, ExponentExponent Bits,Bits, MantissaMantissa BitsBits..

IEEE Single Precision fp format is:
x = -1S x 2(exp – 127) x 1.man (sign bit is b31, exponent 8 bits
from b30 to b23 and mantissa 23 bits from b22 to b0.
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Floating Point Addition & MultiplicationFloating Point Addition & Multiplication

For addition, fp processor needs to adjust the exponent of the samller
number to match the bigger number, e.g. :

x = -1sx x 2(exp
x

– 127) x 1.manx,
y = -1sy x 2(exp

y
– 127) x 1.many,

z = x + y ( )[ ]
⎪
⎨

⎧ ≥×××−+×− −−−− yxmanman xyx
y

sy
x

sx  if        22.11.11 )127(exp)exp(exp
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Example Floating Point AdditionExample Floating Point Addition

For addition, fp processor needs to adjust the exponent of the samller
number to match the bigger number, e.g. :

x = -1sx x 2(exp
x

– 127) x 1.manx,
y = -1sy x 2(exp

y
– 127) x 1.many,

z = 2.44 + (-12.16)
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Example Floating Point MultiplicationExample Floating Point Multiplication

For addition, fp processor needs to adjust the exponent of the samller
number to match the bigger number, e.g. :

x = -1sx x 2(exp
x

– 127) x 1.manx,
y = -1sy x 2(exp

y
– 127) x 1.many,

z = 2.44 * (-12.16)
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DivisionDivision
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Fixed Point Fixed Point vsvs Floating PointFloating Point

Fixed point DSP’s are generally cheaper while floating point
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Fixed point DSP s are generally cheaper, while floating point
devices have better precision, higher dynamic range and a
shorter development cycle.

The Scientist and Engineer's Guide to Digital Signal Processing
By Steven W. Smith, Ph.D.
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Floating Point Floating Point 

Range & PrecisionRange & Precision
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Selection GuideSelection Guide
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ApplicationsApplications
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Recap: Finite Word Length EffectRecap: Finite Word Length EffectRecap: Finite Word Length EffectRecap: Finite Word Length Effect

Input Quantization (input analogue signal is converted to digital values).Input Quantization (input analogue signal is converted to digital values).

Limited precision in representing the system coefficients.Limited precision in representing the system coefficients.

Limited dynamic range so over flow can occur.Limited dynamic range so over flow can occur.
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Rounding and truncating.Rounding and truncating.
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Input QuantizationInput Quantization
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Coefficient QuantizationCoefficient Quantization
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OverflowOverflow

Saturation ModeSaturation Mode

Scaling Input SignalScaling Input Signal
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Guard Bits in AccumulatorGuard Bits in Accumulator
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Rounding & TruncatingRounding & Truncating
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Hardware & Software (TMS320C6416)Hardware & Software (TMS320C6416)

600 MHz ‘C6416 DSP600 MHz ‘C6416 DSP
AIC23 Stereo CodecAIC23 Stereo Codec
External MemoryExternal Memory

16M Bytes SDRAM16M Bytes SDRAM
512K Bytes Flash ROM512K Bytes Flash ROM

4 user accessible LED’s and DIP Switches4 user accessible LED’s and DIP Switches
Daughter card expansionDaughter card expansion
Software Board Configuration through registers implemented in Software Board Configuration through registers implemented in 
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CPLDCPLD
JTAG Emulation through onJTAG Emulation through on--board JTAG emulator with USB host board JTAG emulator with USB host 
interface or external emulatorinterface or external emulator
Power Supply & Parallel Port CablePower Supply & Parallel Port Cable
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Project Creation Project Creation 

Steps Steps 

For Code ComposerFor Code Composer
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For Code ComposerFor Code Composer
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Selecting Appropriate ProcessorSelecting Appropriate Processor
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Name of the projectName of the project

Selecting Folder where you want to create the projectSelecting Folder where you want to create the project
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ForFor everyevery projectproject youyou needneed toto
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yy p jp j yy
createcreate aa newnew configurationconfiguration filefile
(****(****..cdb)cdb)..
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Selecting Appropriate dsk Board Selecting Appropriate dsk Board ((In our case dsk6416.cdbIn our case dsk6416.cdb))
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Advice: Advice: always give the same name as your project namealways give the same name as your project name..
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Source file, which could be a Source file, which could be a ‘c’ , ‘c’ , 
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,, ,,
‘cpp’ or ‘asm’ ‘cpp’ or ‘asm’ type. type. 
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In this case we are creating a In this case we are creating a ‘c’ ‘c’ type file, so don’t give the type file, so don’t give the 
extension it automatically creates it for you.extension it automatically creates it for you.
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Adding Files to the ProjectAdding Files to the Project
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You will find two types of You will find two types of ‘c’ ‘c’ files one you just created as your source files one you just created as your source 
and the second is created by the system with the same name as your and the second is created by the system with the same name as your 
project with extension project with extension ‘cfg_c’. ‘cfg_c’. 
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You also need to add the configuration file you You also need to add the configuration file you created earlier.created earlier.
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You also need to add the linker command file You also need to add the linker command file ???.cmd ???.cmd which system which system 
creates.creates.
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If you are using If you are using library functions library functions then you need to add the board then you need to add the board 
specific library file, which you can find at the specific library file, which you can find at the top folder (ti) top folder (ti) 
where you actually installed the code composer.where you actually installed the code composer.
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In our case the board is In our case the board is dsk6416dsk6416 therefore, we select therefore, we select ‘dsk6416bsl.l’.‘dsk6416bsl.l’.
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Once you have added this file Once you have added this file ‘dsk6416bsl.l’, ‘dsk6416bsl.l’, 
please go to the source file and add the following please go to the source file and add the following p g gp g g
line into that file:line into that file:

#include #include ““firfilfirfilcfg.hcfg.h””
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You can see this has two parts You can see this has two parts first part first part is the is the 
name of the project and  second isname of the project and  second is extended extended withwith
cfg.hcfg.h..
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Finally CompilingFinally Compiling
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