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These packages are part of Accellera VHDL-2006-D3.0 standard
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Fixed Point Package

e With fixed point, there are parameters that need to be specified.
e In Accellera VHDL-2006-D3.0 they are specified using generics:

package ZZZ fixed pkg is
new ieee.fixed generic_pkg
generic map (
fixed round style =>
IEEE.math utility pkg.fixed round,
fixed overflow style =>
IEEE.math utility pkg.fixed saturate,
fixed guard bits => 3, -- # of guard bits
no_warning => false -- show warnings

)

e In the mean time, there is a temporary package fixed pkg_c.vhd that
uses constants and can be edited to be ZZZ fixed_pkg.
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Fixed Point Types

Library YYY math 1lib ;
use YYY math 1ib.ZZZ fixed pkg.all ;

e ufixed = unsigned fixed point

type ufixed is array (integer range <>) of std logic;

e sfixed = signed fixed point

type sfixed is array (integer range <>) of std logic;
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Fixed Point Format Z.

constant A : ufixed(3 downto -3) := "0110100";
3210 -3
ITIITFFF
0110100 = 0110.100 = 6.5

e Range is required to be downto

e Whole number is on the left and includes 0 index (3 downto 0)
e Fraction is to the right of the 0 index (-1 downto -3)

e Ok to be only a integer or only a fraction
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Fixed Point is Full Precision Math iz

signal A4 3, B4 3 : ufixed ( 3 downto -3 ) ;
signal Y5 3 : ufixed ( 4 downto -3 ) ;

Y5 3 <= A4 3 + B4 3 ;

e Integer portion of the result is one bit bigger than largest argument
e Note that in numeric_std, addition/subtraction is modulo math
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Fixed Point Sizing Rules

Operation Result Range

A+B, A-B Max(A'left, B'left)+1 downto Min(A'right, B'right)
A*B A'left + B'left+1 downto A'right + B'right
AremB Min(A'left, B'left) downto Min(A'right, B'right)

Unsigned /, divide A'left - B'right downto A'right - B'left -1

B'left downto Min(A'right, B'right)

-A'right + 1 downto - A'left

A'left - B'right+1 downto A'right - B'left
Min(A'left, B'left) downto Min(A'right, B'right)

-A'right downto -A'left -1

Unsigned mod

Unsigned Reciprocal
Signed /, divide
Signed mod

Signed Reciprocal

Signed Abs(A) A’left + 1 downto A'right
Signed -A A'left + 1 downto A'right
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Overloading e
Operation Ufixed Result Sfixed Result
Arithmetic ufixed op ufixed sfixed op sfixed

+ - * [ rem mod
abs = /=> < >=
<=

ufixed op real
real op ufixed
ufixed op natural
natural op ufixed

sfixed op real
real op sfixed
sfixed op integer
integer op sfixed

Shift
sll srl sla srl rol ror

ufixed op integer

sfixed op integer

Logic
and or xor nand nor xnor

ufixed op ufixed

sfixed op sfixed

Notes:

e Size rules for integer assume that it is fixed'left downto 0
e Size rules for real assume that it is fixed'range
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Literals in Assignments Z.

signal A4 : ufixed (3 downto -3) ;

-- String Literal
A4 <= "0110100" ; -- 6.5

-- Real and/or Integer Literal

A4 <= to ufixed( 6.5, Ad ) ; -- sized by A4
A4 <= to ufixed( 6.5, 3, -3 ) ; -- pass indicies
e To ufixed

e Size of result based on range of an argument (such as A4) or
by passing the indicies (3, -3)

e Overloaded to accept either real or integer numbers
e Type real and integer limited the precision of the literal
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Literals in E ion
iterals in Expressions Z.

e Issue: a string literal used in an expression has range based on the
direction of the base type and left index (integer'low)

signal A4 : ufixed (3 downto -3) ;
signal Y5 : ufixed (4 downto -3) ;
-- Y5 <= A4 + "0110100" ; -- illegal,

- A“~indicies are integer'low to ..

e Solutions

subtype ufixed4 3 is ufixed (3 downto -3) ;
signal A4, B4 : ufixed4 3 ;
signal Y5 : ufixed (4 downto -3) ;

Y5 <= A4 + wufixed4 3'("0110100")
Y5 <=A4 + 6.5 ; -- overloading
Y5 <= 24 + 6 ;
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Quirks: Accumulator

e Size of result needs to match size of one of the inputs

signal A4 : ufixed (3 downto -3) ;
signal Y7 : ufixed (6 downto -3) ;

-- Y7 <=Y7 + A4 ; -- illegal, result too big

-—- Solution, resize the result
Y7 <= resize (

arg => Y7 + A4,

size_res => Y7,

overflow style => fixed saturate,
-- fixed wrap

round style => fixed round

-— fixed_truncate

i
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Fixed Point Conversions 2z

To_ufixed integer, real, unsigned, sfixed, std_logic_vector to ufixed

To_sfixed integer, real, signed, ufixed, std_logic_vector to sfixed

Resize ufixed to ufixed or sfixed to sfixed
both with potential rounding

to_real ufixed or sfixed to real (scalar)
to_integer ufixed or sfixed to integer (scalar)
to_unsigned  ufixed to unsigned (array)
to_signed sfixed to signed (array)

to_slv ufixed or sfixed to slv (array)
for top level ports
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Floating Point Package

e With floating point, there are parameters that need to be specified.
e In Accellera VHDL-2006-D3.0 they are specified using generics:

SynthWorks
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package ZZZ float pkg is

new ieee.fixed generic_pkg
generic map (

float exponent width => 8, -- default 'high
float fraction_width => 23, -- default 'low
float _round style =>
IEEE.math utility pkg.round nearest,
float _denormalize => true, -- IEEE extended fp
float check_error => true, -- NAN & overflow
float guard bits => 3, -- # of guard bits
no_warning => false -- show warnings

) ;

e In the mean time, there is a temporary package float_pkg c.vhd that
uses constants and can be edited to be ZZZ float_pkg.
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Library YYY math 1lib ;
use YYY math 1ib.ZZZ float pkg.all ;

e Main type is unconstrained:

type float is array (integer range <>) of std logic;

e Package also defines subtypes:

e |IEEE 754 Single Precision

subtype float32 is float( 8 downto -23);

e |IEEE 754 Double Precision

subtype float64 is float(ll downto -52);

e |[EEE 854 Extended Precision

subtype floatl28 is float (15 downto -112);
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Floating Point Format

signal A, B, Y : float (8 downto -23) ;

8 76543210 12345678901234567890123
S EEEEEEEE FFFFFFFFFFFFFFFFFFFFFFF

E = Exponent is biased by 127
F = Fraction with implied 1 left of the binary point
value = 2**(E-127) * (1 + F)

0O 10000001 10100000000000000000000
= +1 * 2**(129 - 127) * (1.0 + 0.5 + 0.125)
= +1 * 2%%2 * (1.625) = 6.5

e Range is required to be downto

e Sign Bit = A'left = bit 8 (0 = positive, 1 = negative)
e Exponent  =range A'left - 1 downto 0 = 7 downto O
e Mantissa = range -1 downto A'right = -1 downto -23
e Sign, Exponent and Mantissa are always present
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Special Numbers =
e Zero (Positive 0 = Negative 0)
0 00000000 00000000000000000000000 =-- Positive
1 00000000 00000000000000000000000 -- Negative
e Infinity
0 11111111 00000000000000000000000 -- Positive
1 11111111 00000000000000000000000 -- Negative

e NAN - Not A Number

1 11111111 00000000000000000000001

e Exponent with all O is reserved for zero and denormal numbers
e Exponent with all 1 is reserved for infinity and NAN

16 Copyright © SynthWorks 2007



SynthWorks

Range of Values Z.

e Large positive number (Exponent of all 1 is reserved)

0 11111110 00000000000000000000000
= 41 * 2%%(254 - 127) * (1.0 + 0)
= 2%% (127)

e Smallest positive number without denormals

0 00000001 00000000000000000000000
= +1 * 2%*x(1 - 127) * (1.0 + 0)
= 2%*(-126)

e Extended small numbers = Denormals, but only when enabled

0 00000000 10000000000000000000000
= +1 * 2%*(1 - 127) * (0 + 0.5)

= +1 * 2%%(-126) * %% (-1)

= 2 **(-127)
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Floating Point Types

signal A32, B32, Y32 : float (8 downto -23) ;

Y32 <= A32 + B32 ;

e Floating point result will have the maximum exponent and maximum
mantissa of its input arguments.

e Also need to specify:

e Rounding Default = round_nearest
e round_nearest, round_zero, round_inf, round_neginf

e Denormals: On/ Off Default = on = true

e Check NAN and Overflow Default = on = true

e Guard Bits: Extra bits for rounding. Default = 3
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Overloading Z.

Operation Float Result
Arithmetic float op float
+ - * / rem mod abs float op real
=[=><>=<= real op float

float op integer
integer op float

Logic float op float
and or xor nand nor xnor

Notes:

e Integers and reals are converted to a float that is the same size as
the float argument
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Literals in Assighments " @t

signal A fp32 : float32 ;

-- String Literal

A fp32 <= "01000000110100000000000000000000" ; -- 6.5
-- Real and/or Integer Literal

A fp32 <= to float(6.5, A fp32); -- size using A fp32
A fp32 <= to float(6.5, 8, -32); -- pass indicies
e To_float

e Needs to size the result based on range of an argument (such as
A_fp32) or by passing the indicies (8, -32)
e Overloaded to accept either integers or real numbers

e Note the required precision of type real and integer is
limited by the language

20 Copyright © SynthWorks 2007



SynthWorks

Li Is in E ion
Iiterals In Expressions i

e Issue: a string literal used in an expression has range based on the
direction of the base type and left index (integer'low)

signal A, Y : float32 ;

-- Y<=A + "01000000110100000000000000000000"; -- ill
-= A~ range integer'low to ..

e Solutions

signal A, Y : float32 ;

Y <= A + float32'("01000000110100000000000000000000™) ;

Y<=A + 6.5 ; -- overloading
Y<=A+ 6 ; -- overloading
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To_float integer, real, ufixed, sfixed, signed, unsigned, and
std_logic_vector to float
Resize float to float with potential rounding, ...
to_real float to real (scalar)
to_integer float to integer (scalar)
to_sfixed float to sfixed (array)
to_ufixed float to ufixed (array)
to_unsigned float to unsigned (array)
to_signed float to signed (array)
to_slv float to slv (array)
for top level ports
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Going Further

e Until vendors implement Accellera VHDL-2006-D3.0, download
math_utility _pkg.vhd, fixed_pkg_c.vhd, and float_pkg_c.vhd from:

http://vhdl.org/fphdl/vhdl.html

e Current methodology

e Create a library named, YYY_math_lib,
where YYY = project or company

e Copy fixed_pkg_c to ZZZ fixed_pkg and
float_pkg _cto ZZZ float pkg

e Set the constants to appropriate values
e Compile into the library
e For different settings, make additional copies of the packages

e With package generics (see Accellera VHDL-2006-D3.0 standard),
e package instantiations replace copies of a package with constants
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SynthWorks & VHDL Standards

e At SynthWorks, we are committed to see that VHDL is
updated to incorporate the good features/concepts from other
HDL/HVL languages such as SystemVerilog, E (specman),
and Vera.

e At SynthWorks, we invest 100's of hours each year working
on VHDL's standards

e Support VHDL's standards efforts by:
e Encouraging your EDA vendor(s) to support VHDL
standards,
e Participating in VHDL standards working groups, and / or

e Purchasing your VHDL training from SynthWorks

SynthWorks

SynthWorks VHDL Training

Comprehensive VHDL Introduction 4 Days
http://www.synthworks.com/comprehensive vhdl introduction.htm
A design and verification engineer's introduction to VHDL syntax, RTL
coding, and testbenches. Students get VHDL hardware experience with
our FPGA based lab board.

VHDL Testbenches and Verification 4 days
http://www.synthworks.com/vhdl testbench verification.htm
Learn essential verification techniques including self-checking,
transaction-based testing, data structures (linked-lists, scoreboards,
memories), and randomization

VHDL Coding for Synthesis 4 Days
http://www.synthworks.com/vhdl rtl synthesis.htm
Learn VHDL RTL (FPGA and ASIC) coding styles, methodologies, design
techniques, problem solving techniques, and advanced language
constructs to produce better, faster, and smaller logic.

For additional courses see: http://www.synthworks.com
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