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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BEHAVIOURAL LANGUAGES -

Part 3-3: Synthesis in VHDL

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61691-2-3 has been prepared by IEC technical committee 93:
Design automation.

This standard is based on IEEE Std 1076-3 (1997: Synthesis packages

The text of this standard is based on the following documents:

FDIS Report on voting
93/132/FDIS 93/142/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This standard does not follow the rules for the structure of international standards given in
Part 3 of the ISO/IEC Directives.

IEC 61691 consists of the following parts, under the general title: Behavioural languages:

IEC 61691-1:1997, VHDL language reference manual 1)
IEC 61691-2:2001, Part 2: VHDL multilogic system for model interoperability

1)

The edition 2 with the title: VHSIC hardware description language VHDL (1076a) (under consideration) will
replace it.
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IEC 61691-3-1, Part 3-1: Analog description in VHDL (under consideration)
IEC 61691-3-2:2001, Part 3-2: Mathematical operation in VHDL

IEC 61691-3-3:2001, Part 3-3: Synthesis in VHDL

IEC 61691-3-4, Part 3-4: Timing expressions in VHDL (under consideration)
IEC 61691-3-5, Part 3-5: Library utilities in VHDL (under consideration)

The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.
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INTRODUCTION

This standard, 61691-3-3, supports the synthesis and verification of hardware designs, by
defining vector types for representing signed or unsigned integer values and providing
standard interpretations of widely used scalar VHDL values.

This standard includes package bodies, as described in annex A, which are available in
electronic format either on a diskette affixed to the back cover, or as a downloadable file from
the IEC Web Store.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



61691-3-3 © IEC:2001(E) -5-

BEHAVIOURAL LANGUAGES -
Part 3-3: Synthesis in VHDL

1. Overview

1.1 Scope

This standard defines standard practices for synthesizing binary digital electronic circuits from VHDL
source code. It includes the following:

a) The hardware interpretation of values belonging to the BIT and BOOLEAN types defined by IEEE
Std 1076-1993 and to the STD_ULOGIC type defined by | EEE Std 1164-1993.

b) A function (STD_MATCH) that provides“don’t care” or “wild card” testing of values based on the
STD_ULOGIC type.

¢) Standard functions for representing sensitivity to the edge of asignal.

d) Two packages that define vector types for representing signed and unsigned arithmetic values, and
that define arithmetic, shift, and type conversion operations on those types.

Thisstandard is designed for use with |EEE Std 1076-1993. M odifications that may be made to the packages
for use with the previous edition, IEEE Std 1076-1987, are described in 7.2.

1.2 Terminology

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to). The word should is used to indicate
that a certain course of action is preferred but not necessarily required; or that (in the negative form) a cer-
tain course of action is deprecated but not prohibited (should equals is recommended that). The word may
indicates a course of action permissible within the limits of the standard (may equals is permitted).

A synthesis tool is said to accept a VHDL construct if it allows that construct to be legal input; it is said to
interpret the construct (or to provide an interpretation of the construct) by producing something that repre-
sents the construct. A synthesis tool is not required to provide an interpretation for every construct that it
accepts, but only for those for which an interpretation is specified by this standard.

Linformation on references can be found in Clause 2.
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1.3 Conventions

This standard uses the following conventions:
a) The body of the text of this standard uses boldface to denote VHDL reserved words (such as

downto) and upper case to denote all other VHDL identifiers (such as REVERSE_RANGE or
FOO).

b) The text of the VHDL packages defined by this standard, as well as the text of VHDL examples
and code fragments, is represented in a fixed-width font. All such text represents VHDL reserved
words as lower case text and al other VHDL identifiers as upper case text.

¢) Inthe body of the text, italics denote words or phrases that are being defined by the paragraph in
which they occur.

d) VHDL code fragments not supported by this standard are denoted by an italic fixed-width font.

2. References

This standard shall be used in conjunction with the following publications. When the following standards
are superseded by an approved revision, the revision shall apply.

IEEE Std 1076-1993, |EEE Standard VHDL Language Reference Manual (ANSI).2

IEEE Std 1164-1993, IEEE Standard Multivalue Logic System for VHDL Model Interoperability
(Std_logic_1164) (ANSI).

3. Definitions

Terms used in this standard, but not defined in this clause, are assumed to be from IEEE Std 1076-1993 and
|EEE Std 1164-1993.

3.1 argument: An expression occurring as the actual value in afunction call or procedure call.
3.2 arithmetic operation: An operation for which the VHDL operator is +, -, *, /, mod, rem, abs, or **.

3.3 assignment reference: The occurrence of aliteral or other expression as the waveform element of asig-
na assignment statement or as the right-hand side expression of a variable assignment statement.

3.4 don’t care value: The enumeration literal ‘-’ of the type STD_ULOGIC defined by IEEE Std 1164-
1993.

3.5 equality relation: A VHDL relational expression in which therelational operator is =.

3.6 high-impedance value: The enumeration literal ‘Z’ of the type STD_ULOGIC defined by |IEEE Std
1164-1993.

3.7 inequality relation: A VHDL relational expression in which the relational operator is/=.
3.8logical operation: An operation for which the VHDL operator isand, or, nand, nor, xor, xnor, or not.

3.9 metalogical value: One of the enumeration literals ‘U’, ‘X', “W’, or ‘-’ of the type STD_ULOGIC
defined by |IEEE Std 1164-1993.

2|EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscataway,
NJ08855-1331, USA.
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3.10 ordering relation: A VHDL relational expression in which the relational operator is <, <=, >, or >=,
3.11 shift operation: An operation for which the VHDL operator is dll, srl, sla, sra, rol, orror.

3.12 standard logic type: The type STD_ULOGIC defined by IEEE Std 1164-1993, or any type derived
from it, including, in particular, one-dimensional arrays of STD_ULOGIC or of one of its subtypes.

3.13 synthesis tool: Any system, process, or tool that interprets VHDL source code as a description of an
eectronic circuit in accordance with the terms of this standard and derives an alternate description of that
circuit.

3.14 user: A person, system, process, or tool that generates the VHDL source code that a synthesis tool pro-
Cesses.

3.15 vector: A one-dimensional array.

3.16 well-defined: Containing no metalogica or high-impedance element val ues.

4. Interpretation of the standard logic types

This clause defines how a synthesis tool shall interpret values of the standard logic types defined by IEEE
Std 1164-1993 and of the BIT and BOOLEAN types defined by |EEE Std 1076-1993. Simulation tools,
however, shall continue to interpret these values according to the standards in which the values are defined.

4.1 The STD_LOGIC_1164 values

IEEE Std 1164-1993 defines the standard logic type:
type STD. ULOG Cis ( 'U, -- Uninitialized
"X, -- Forcing Unknown

0", -- Forcing O

-- Forcing 1

-- High I npedance
-- Weak Unknown
-- Weak 0O

, -- Weak 1

' - -- Don't care

u
X
0

oy

Vo
L
7

)

The logical values ‘1, ‘H’, ‘0’, and ‘L’ are interpreted as representing one of two logic levels, where each
logic level represents one of two distinct voltage ranges in the circuit to be synthesized.

IEEE Std 1164-1993 also defines a resol ution function named RESOLVED and a subtype STD_LOGIC that
isderived from STD_UL OGIC by using RESOLVED. Theresolution function RESOLV ED treats the values
‘0" and ‘1’ asforcing values that override the weak values ‘'L’ and *H’ when multiple sources drive the same
signal.

Thevaues‘U’, ‘X", “W’, and ‘- are metalogical values; they define the behavior of the model itself rather
than the behavior of the hardware being synthesized. The value ‘U’ represents the value of an object before
itisexplicitly assigned avaue during simulation; the values‘ X’ and ‘W’ represent forcing and weak val ues,
respectively, for which the model is not able to distinguish between logic levels.

Thevadue ‘-’ isalso called the don't care value. This standard treats it in the same way as the other metalog-
ical values except when it is furnished as an argument to the STD_MATCH functions in the
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IEEE.NUMERIC_STD package. The STD_MATCH functions use ‘-’ to implement a “match all” or “wild
card” matching.

Thevaue*‘Z’ is cdled the high-impedance value, and represents the condition of a signal source when that
source makes no effective contribution to the resolved value of the signal.

4.2 Static constant values

Wherever a synthesis tool accepts a reference to a locally static or globally static named constant, it shall
treat that constant as the equivalent of the associated static expression.

4.3 Interpretation of logic values

This subclause describes the interpretations of logic values occurring asliterals (or in literals) after a synthe-
sistool has replaced named constants by their corresponding values.

4.3.1 Interpretation of the forcing and weak values (‘0’, ‘1, ‘L’, ‘H’, FALSE, TRUE)
A synthesistool shal interpret the following values as representing alogic value O:

— TheBIT vaue‘0'.
— The BOOLEAN value FALSE.
— TheSTD_ULOGIC values‘0 and ‘L’.

It shall interpret the following values as representing alogic value 1.

— TheBITvaue‘l'.
— The BOOLEAN value TRUE.
— TheSTD _ULOGICvdue‘l and ‘H’.

This standard makes no restriction as to the interpretation of the relative strength of values.

4.3.2 Interpretation of the metalogical values (‘U’, ‘W’, ‘X', *-)

4.3.2.1 Metalogical values in relational expressions

If the VHDL source code includes an equality relation (=) for which one operand is a static metalogical
value and for which the other operand is not a static value, a synthesis tool shall interpret the equality rela-
tion asequivalent to the BOOLEAN vaue FALSE. If one operand of an equality relation is avector, and one
element of that vector isa static metalogical value, asynthesistool shall interpret the entire equality relation
as equivalent to the BOOLEAN value FALSE.

A synthesis tool shall interpret an inequality relation (/=) for which one operand is or contains a static meta-
logical value, and for which the other operand is not a static value, as equivaent to the BOOLEAN value
TRUE.

A synthesistool shall treat an ordering relation for which at least one operand is or contains a static metalog-
ical value as an error.

4.3.2.2 Metalogical values as a choice in a case statement

If ametalogical value occurs as a choice, or as an element of a choice, in acase statement that isinterpreted
by a synthesis tool, the synthesis tool shall interpret the choice as one that can never occur. That is, the inter-
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pretation that is generated is not required to contain any constructs corresponding to the presence or absence
of the sequence of statements associated with the choice.

Whenever a synthesis tool interprets a case statement alternative that associates multiple choices with a sin-
gle sequence of statements, it shall produce an interpretation consistent with associating the sequence of
statements with each choice individually.

Whenever a synthesis tool interprets a selected signal assignment statement, it shall interpret the selected
signal assignment statement as if it were the case statement in the equivalent process as defined by |EEE Std
1076-1993.

4.3.2.3 Metalogical values in logical, arithmetic, and shift operations

When a static metalogical value occurs as al of, or one element of, an operand to alogical, arithmetic, or
shift operation, and when the other operand to the operation is not a static value, a synthesis tool shall treat
the operation as an error.

4.3.2.4 Metalogical values in concatenate operations

If astatic metalogical value occurs as all of, or as one element of, an operand to the concatenate (&) opera-
tor, a synthesis tool shall treat it asif it had occurred as the corresponding element of the expression formed
by the concatenate operation.

4.3.2.5 Metalogical values in type conversion and sign-extension functions

If a static metalogical value occurs as all of, or as one element of, the value argument to atype conversion or
sign-extension function, a synthesis tool shall treat it as if it had occurred as the corresponding element of
the expression formed by the function call.

4.3.2.6 Metalogical values used in assignment references

A synthesis tool shall accept a static metalogical value used as all of, or as one element of, an assignment
reference, but isnot required to provide any particular interpretation of that metalogical value.

4.3.3 Interpretation of the high-impedance value (‘Z")

If the static value ‘Z’ occurs as an assignment reference in a signal assignment statement, a synthesis tool
shall interpret the assignment as implying the equivalent of athree-state buffer that is disabled when the con-
ditions under which the assignment occurs is true. The output of the three-state buffer is the target of the
assignment. The input of the three-state buffer is the logic network that represents the value of the target
apart from any assignmentsto‘Z’.

If the ‘Z’" occurs as one or more elements of an assignment reference in asignal assignment statement, a syn-
thesis tool shall interpret each such occurrence as implying the equivalent of a three-state buffer in the man-
ner defined by the preceding paragraph.

This standard does not specify an interpretation when a static value *Z’ occurs as al of, or one hit of, an
assignment reference in a variable assignment statement.

Whenever a static high-impedance value occursin any context other than an assignment reference, a synthe-
sistool shall treat it as equivalent to a static metal ogical vaue.

NOTE—A signal assignment statement that assigns one or more bits of asignal to‘Z’ unconditionally implies the equiv-
alent of athree-state buffer that is aways disabled. A synthesis tool may choose to ignore such assignments.
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5. The STD_MATCH function

The NUMERIC_STD package defined by this standard defines functions named STD_MATCH to provide
wild card matching for the don’t care value. Whenever the STD_MATCH function compares two arguments
which are STD_ULOGIC values, it returns TRUE if and only if:

— Both values are well-defined and the val ues are the same, or
— Onevaueis‘0 andtheotheris‘L’, or

— Onevaueis‘l and theotheris‘H’, or

— Atleast one of thevaluesisthe don't care value (‘-').

Whenever the STD_MATCH function compares two arguments which are vectors whose elements belong to
the STD_ULOGIC type or to one of its subtypes, it returns TRUE if and only if:

a) The operands have the same length, and
b) STD_MATCH applied to each pair of matching elements returns TRUE.

When one of the arguments to the STD_MATCH function is a static value and the other is not, a synthesis
tool shall interpret the call to the STD_MATCH function as equivalent to an equality test on matching ele-
ments of the arguments, excepting those elements of the static value which are equal to *-’.

NOTE—If any argument value passed to STD_MATCH is or contains a metalogical or high-impedance value other than
‘-’, the function returns FALSE.

6. Signal edge detection

Wherever asynthesistool interprets a particular expression as the edge of asignal, it shall aso interpret the
function RISING_EDGE as representing arising edge and the function FALLING_EDGE as representing a
falling edge, where RISING_EDGE and FALLING_EDGE are the functions declared either by the package
STD_LOGIC_1164 of IEEE Std 1164-1993 or by the NUMERIC_BIT package of this standard.

7. Standard arithmetic packages

Two VHDL packages are defined by this standard. The NUMERIC_BIT package is based on the VHDL
type BIT, while the second package, NUMERIC_STD, is based on the subtype STD_LOGIC of the type
STD_ULOGIC. Simulations based on the subprograms of the NUMERIC_BIT package ordinarily require
less execution time, because the subprograms do not have to dea with operands containing metalogical or
high-impedance values. Use of the subprograms of the NUMERIC_STD package allow simulation to detect
the propagation or generation of metalogical values.

Each package defines a vector type named SIGNED and a vector type named UNSIGNED. The type
UNSIGNED represents an unsigned binary integer with the most significant bit on the left, while the type
SIGNED represents atwo’s-complement binary integer with the most significant bit on the left. In particul ar,
aone-element SIGNED vector represents the integer values—1 and 0.

The two packages are mutually incompatible, and only one shall be used in any given design unit. To facili-
tate changing from one package to the other, most of the subprograms declared in one package are aso
declared for corresponding arguments in the other. Exceptions are when:

a) The NUMERIC_BIT package declares the functions RISING_EDGE and FALLING_EDGE; the
corresponding functions for STD_ULOGIC are declared by the STD_LOGIC_1164 package.
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b) The NUMERIC_STD package declares the STD_MATCH functions, which give special treatment
to the don’t care value, whereas the Bl T-based types of the NUMERIC_BIT package have no don’t
care values.

¢) The NUMERIC_STD package declares the TO_01 functions, which may be applied to SIGNED
and UNSIGNED vector values, and which map the element values of the vectors to the
STD_ULOGIC vaues‘0 and ‘1" and to athird value representing metalogical or high-impedance
values.

Table 1 shows the order of the function declarations within the package declarations.

Table 1—Order of functions within packages

Function I1d(s) NUMERIC BIT NUMERIC_STD

Al abs abs

A.2 unary — unary —

A.3-A8 binary + binary +

A.9-A.14 binary — binary —

A.15-A.20 * *

A.21-A.26 / /

A.27-A.32 rem rem

A.33-A.38 mod mod

C.1-C6 > >

C.7-C.12 < <

C.13-C.18 <= <=

C.19-C.24 >= >=

C.25-C.30 = =

C.31-C.36 = =

S1,S3 SHIFT_LEFT SHIFT_LEFT

S2,S4 SHIFT_RIGHT SHIFT_RIGHT

S5,87 ROTATE_LEFT ROTATE_LEFT

S.6,S8 ROTATE_RIGHT ROTATE_RIGHT

S.9,S.10 (predefinedin VHDL) | dli

S11,S12 gl

S.13,S.14 rol

S.15,S.16 ror

R.1-R.2 RESIZE RESIZE

D.1-2 TO_INTEGER TO_INTEGER

D.3 TO_UNSIGNED TO_UNSIGNED

D.4 TO_SIGNED TO_SIGNED

E.l RISING_EDGE (defined by the

E.2 FALLING_EDGE STD_LOGIC_1164
package)

L.1,L.8 not not

L.2,L.9 and and

L.3,L.10 or or

L4, L.11 nand nand

L.5 L.12 nor nor

L.6,L.13 xor xor

L.7,L.14 xnor xnor

M.1-M .5 STD_MATCH

T.1-T.2 TO 01
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If a null array is furnished as an input argument to any subprogram declared by NUMERIC BIT or
NUMERIC_STD, asynthesis tool shall treat it asan error.

All vector return values that are not null array values are normalized so that the direction of the index range
isdownto and theright bound is 0. A vector return value that isanull array hastheindex range“0 downto 1”.

The package declarations use the following format to declare each function:

-- 1d: <id_nr>
function <designator> (<formal _paranmeter_list>) return <type_mark>;
-- Result Subtype: <subtype_indication>
-- Result: <description of function>

The elements of this format have the following meanings:

<id_nr>
A uniqueidentifier of the form letter.number. A corresponding identifier appears at the beginning of the
corresponding function body in the package body for the same package.

<designator>
The function designator as defined by |EEE Std 1076-1993.

<formal_parameter_list>
The formal parameter list for the function as defined by IEEE Std 1076-1993.

<type_mark>
A type mark denoting the result subtype of the function as defined by IEEE Std 1076-1993.

<subtype_indication>
The subtype of the value returned by the function. If the result subtype of the function denotes an
unconstrained vector subtype, <subtype_indication> also includes an index constraint defining the
index range of the returned value in terms of sizes and values of the input parameters.
<subtype_indication> is syntactically a subtype indication as defined by |EEE Std 1076-1993.

<description of function>
An English language description of the operation performed by the function.

Both packages shall be analyzed into the library symbolically named | EEE.
7.1 Allowable modifications

Vendors of tools conforming to this standard shall not modify the package declarations for NUMERIC_BIT
or NUMERIC_STD. However, a vendor may provide package bodies for either or both packages in which
subprograms are rewritten for more efficient smulation or synthesis, provided that the behavior of the
rewritten subprograms remains the same under simulation. The behavior of the original and rewritten sub-
programs are the sameiif, for any combination of input vaues, they return the same return values. The text of
messages associated with assertions may differ in the rewritten subprogram.

The package bodies for both packages declare a constant named NO_WARNING that has the value FAL SE.
A user may set NO_WARNING to TRUE and reanalyze the package body to suppress warning messages
generated by calls to the functions in these packages. For this reason:

— A tool vendor who rewrites the package body shall preserve the declaration of the NO_WARNING
constant to alow a user to suppress warnings by editing and reanalyzing the package body.

— A simulation tool vendor who provides a preanayzed version of the package body should also pro-
vide a mechanism for suppressing warning messages generated by the package functions.
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7.2 Compatibility with IEEE Std 1076-1987

The following functions from the NUMERIC_STD package are compatible with |EEE Std 1076-1993 but
not with the previous edition, IEEE Std 1076-1987:

a "xnor"
by "dl"
c "sil"
d) "rol"
e "ror"

To use these functions with aVVHDL -based system that has not yet been upgraded to be compatible with IEEE
Std 1076-1993, a user or vendor may comment out the subprogram declarations and subprogram bodies.

In addition, |IEEE Std 1076-1993 supports a character set that includes the copyright symbol (©). However,
|EEE Std 1076-1987 does not support this same character set. Therefore, in order to usethe NUMERIC_BIT
and NUMERIC_STD packages with a system that has not yet been upgraded to be compatible with IEEE
Std 1076-1993, auser or vendor may replace the copyright symbol within the sources of those packages by a
left parenthesis, alowercase “c,” and aright parenthesis.

7.3 The package texts

The texts of the NUMERIC_BIT and NUMERIC_STD packages (both package declarations and package
bodies) are on the diskette that is included with this standard. Those texts are an official part of this standard.
For the convenience of users, the package declarations are aso included in the printed form of the standard.
Please consult the diskette for the contents of the package bodies.
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7.3.1 Package declaration for NUMERIC_BIT

-- Copyright © 1997 by IEEE. All rights reserved.

-- This source file is an essential part of |IEEE Std 1076. 3- 1997,

-- | EEE Standard VHDL Synt hesi s Packages. This source file may not be

-- copied, sold, or included with software that is sold wi thout witten
-- permssion fromthe | EEE Standards Departnent. This source file may

-- be used to inplenent this standard and nmay be distributed in conpiled
-- formin any nanner so |long as the conpiled form does not allow direct
-- deconpilation of the original source file. This source file may be

-- copied for individual use between |licensed users. This source file is
-- provided on an AS IS basis. The | EEE disclai n8 ANY WARRANTY EXPRESS OR
-- | MPLI ED | NCLUDI NG ANY WARRANTY OF MERCHANTABI LI TY AND FI TNESS FOR USE
-- FOR A PARTI CULAR PURPCSE. The user of the source file shall indemify
-- and hold | EEE harm ess from any danages or liability arising out of the
-- use thereof.

-- This package may be nodified to include additional data required by tools,

-- but it must in no way change the external interfaces or sinulation behavior
-- of the description. It is perm ssible to add comments and/or attributes to
-- the package decl arations, but not to change or del ete any original |ines of
-- the package decl aration. The package body may be changed only in accordance
-- with the terns of 7.1 and 7.2 of this standard.

-- Title . Standard VHDL Synt hesis Packages (| EEE Std 1076. 3- 1997,
NUMERI C_BI T)

-- Library : This package shall be conpiled into a library synmbolically
-- : named | EEE.

-- Developers : | EEE DASC Synt hesi s Wrki ng G oup.

-- Purpose . This package defines nuneric types and arithmetic functions
-- . for use with synthesis tools. Two nuneric types are defined:
-- : -- > UNSIGNED: represents an UNSI GNED nunber in vector form
-- : -- > SIG\ED: represents a SIGNED nunber in vector form

-- : The base elenment type is type BIT.

-- . The leftnost bit is treated as the nost significant bit.

-- . Signed vectors are represented in tw’'s conplenment form

-- : This package contains overl oaded arithnetic operators on

-- : the SIGNED and UNSIGNED types. The package al so contai ns

-- . useful type conversions functions, clock detection

-- . functions, and other utility functions.

-- : If any argunent to a function is a null array, a null array is
-- : returned (exceptions, if any, are noted individually).

-- Note : No declarations or definitions shall be included in, or

-- : excluded from this package. The "package decl aration" defines
-- : the types, subtypes, and declarations of NUVERIC BIT. The

-- : NUMERI C_BI T package body shall be considered the fornal

-- . definition of the semantics of this package. Tool devel opers
-- : may choose to inplenent the package body in the nost efficient
-- : manner available to them

-- Version 2.4
-- Date : 12 April 1995
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package NUMERIC BIT is
constant CopyRi ghtNotice: STRI NG

= "Co

pyright © 1997 IEEE. All rights reserved.";

type UNSIGNED is array (NATURAL range <> ) of BIT,
type SIGNED is array (NATURAL range <> ) of BIT,

function

function

Id: A1l

Resul t
Resul t:

Id: A2

Resul t
Resul t:

abs" (ARG SI GNED) return Sl GNED;
subtype: SI GNED( ARG LENGTH-1 downto 0)
Returns the absol ute value of a Sl GNED vector ARG

"-" (ARG SIGNED) return Sl GNED;

subtype: SI GNED( ARG LENGTH-1 downto 0)
Returns the value of the unary m nus operation on a
SI GNED vector ARG

ld: A3

function "+" (L, R UNSIGNED) return UNSI GNED;

Resul t
Resul t:

Id: A4

subtype: UNSI GNED( MAX( L' LENGTH, R LENGTH)-1 downto 0)
Adds two UNSI GNED vectors that nay be of different |engths.

function "+" (L, R SIGNED) return S| GNED;

Resul t
Resul t:

ld: A5

function "

Resul t
Resul t:

Id: A6

function "

Resul t
Resul t :

Id: A7

function "

Resul t
Resul t :
vector,

ld: A8

subtype: Sl GNED( MAX(L' LENGTH, R LENGTH)-1 downto 0)
Adds two SIGNED vectors that may be of different |engths.

+" (L: UNSI GNED, R: NATURAL) return UNSI GNED;
subtype: UNSI GNED( L' LENGTH-1 downto 0)
Adds an UNSI GNED vector, L, with a nonnegative | NTEGER, R.

+" (L: NATURAL; R UNSI GNED) return UNSI GNED;
subtype: UNSI GNED( R LENGTH-1 downto 0)
Adds a nonnegative |INTEGER, L, with an UNSIGNED vector, R

+" (L: INTEGER, R SIGNED) return S| GNED,

subtype: SI GNED(R LENGTH-1 downto 0)

Adds an I NTEGER, L(may be positive or negative), to a SIGNED
R

function "+" (L: SIGNED; R: |NTEGER) return Sl GNED;

Resul t
Resul t:

subtype: SI GNED(L’' LENGTH- 1 downto O0)
Adds a SIGNED vector, L, to an | NTEGER, R
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Id: A9

function "-" (L, R UNSIGNED) return UNSI GNED;

Result s
Resul t:

ld: A 10

ubtype: UNSI GNED( MAX( L' LENGTH, R LENGTH)-1 downto 0)
Subtracts two UNSI GNED vectors that may be of different |engths.

function "-" (L, R SIGNED) return S| GNED;

function

Result s
Resul t:

Id: A 11

Result s
Resul t:

Id: A 12

function "-

Result s
Resul t :

Id: A 13

function "-

Result s
Resul t :

Id: A 14

ubt ype: SI GNED( MAX( L' LENGTH, R LENGTH)-1 downto O)
Subtracts a SIG\ED vector, R from another SIGNED vector, L,
that may possibly be of different |engths.

-" (L: UNSI GNED; R NATURAL) return UNSI GNED;

ubtype: UNSI GNED(L’' LENGTH-1 downt o 0)
Subtracts a nonnegative | NTEGER, R, from an UNSI GNED vector, L.

" (L: NATURAL; R UNSIGNED) return UNSI GNED;
ubt ype: UNSI GNED( R LENGTH-1 downto 0)
Subtracts an UNSI GNED vector, R from a nonnegative | NTEGER, L.

" (L: SIGNED;, R | NTEGER) return Sl GNED,
ubtype: SI GNED(L' LENGTH-1 downto 0)
Subtracts an INTEGER, R, froma SI GNED vector, L.

function "-" (L: INTEGER, R SIGNED) return Sl GNED;

Result s
Resul t :

ubtype: SI GNED(R LENGTH-1 downto 0)
Subtracts a SIGNED vector, R froman | NTEGER, L.

Id: A 15

function "*" (L, R UNSIGNED) return UNSI GNED;

Result s
Resul t:

Id: A 16

function "*

Result s
Resul t :

ld: A 17

function "*

Result s
Resul t:

Id: A 18

function "*

Result s
Resul t :

ubtype: UNSI GNED( (L’ LENGTH+R LENGTH 1) downt o 0)
Performs the multiplication operation on two UNSI GNED vectors
that may possibly be of different |engths.

" (L, R SIGNED) return Sl GNED,

ubtype: SI GNED( (L' LENGTH+R LENGTH 1) downt o 0)

Mil tiplies two SIGNED vectors that may possibly be of
di fferent |engths.

" (L: UNSIGNED; R NATURAL) return UNSI GNED;

ubtype: UNSI GNED( (L' LENGTH+L' LENGTH- 1) downt o 0)

Mul tiplies an UNSIGNED vector, L, with a nonnegative
INTEGER, R. R is converted to an UNSI GNED vector of
si ze L' LENGTH before multiplication.

" (L: NATURAL; R UNSI GNED) return UNSI GNED;

ubt ype: UNSI GNED( (R LENGTH+R' LENGTH- 1) downt o 0)
Multiplies an UNSIGNED vector, R, w th a nonnegative
INTEGER, L. L is converted to an UNSI GNED vector of
size R LENGTH before nultiplication.
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function

Id: A 19

"*" (L: SIGNED; R |INTEGER) return SIGNED

Result subtype: SI GNED( (L' LENGTH+L’' LENGTH 1) downt o 0)

Result: Miltiplies a SIGNED vector, L, with an INTEGER R Ris
converted to a SIGNED vector of size L’'LENGITH before
mul tiplication.

Id: A 20

function "*" (L: INTEGER, R SIGNED) return Sl GNED;

Resul t
Resul t:

subtype: SI GNED( (R LENGTH+R LENGTH- 1) downt o 0)
Multiplies a SIGNED vector, R with an INTEGER L. L is
converted to a SIGNED vector of size R LENGIH before
mul tiplication.

NOTE: |

f second argunent is zero for "/" operator, a severity |evel

of ERROR i s issued.

ld: A 21
function "/" (L, R UNSIGNED) return UNSI GNED;

Result subtype: UNSI GNED(L' LENGTH-1 downto 0)
Result: Divides an UNSI GNED vector, L, by another UNSIGNED vector, R
ld: A 22

function "/" (L, R SIGNED) return S| GNED;

-- Result subtype: SIGNED(L'LENGTH- 1 downto 0)

-- Result: Divides an SIGNED vector, L, by another SIGNED vector, R

-- 1d: A 23

function "/" (L: UNSIGNED; R NATURAL) return UNSI GNED;

-- Result subtype: UNSI GNED(L’' LENGTH-1 downto O)

-- Result: Divides an UNSI GNED vector, L, by a nonnegative | NTEGER, R
-- If NOOF_BITS(R) > L'LENGTH, result is truncated to L' LENGTH.
-- 1d: A 24

function "/" (L: NATURAL; R UNSI GNED) return UNSI GNED;

function

function

function

Resul t
Resul t:

subt ype: UNSI GNED{ R LENGTH-1 downto 0)
Di vi des a nonnegative | NTEGER, L, by an UNSI GNED vector, R
If NO OF_BITS(L) > RLENGTH, result is truncated to R LENGTH

Id: A 25

Resul t
Resul t :

"/" (L: SIGNED; R |INTEGER) return SIGNED,

subtype: SIGNED(L’' LENGTH- 1 downto 0)
Di vides a SIG\NED vector, L, by an INTEGER R
If NO O BITS(R) > L'LENGTH, result is truncated to L' LENGTH.

Id: A 26

Resul t
Resul t:

"/" (L: INTEGER, R SIGNED) return S| GNED

subtype: SI GNED(R LENGTH-1 downto 0)
Di vides an | NTEGER, L, by a SI GNED vector, R
If NO OF_BITS(L) > R LENGTH, result is truncated to R LENGTH.

NOTE: |

f second argunent is zero for "renl operator, a severity |evel

of ERROR i s issued.

Id: A 27

Resul t

"rem (L, R UNSIGNED) return UNSI GNED;

subtype: UNSI GNED{ R LENGTH-1 downto 0)
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Conputes "L remR' where L and R are UNSI GNED vectors.

function "rem (L, R SIGNED) return Sl GNED;

Result s
Resul t:

ld: A 29

ubtype: SI GNED(R LENGTH-1 downto 0)
Conputes "L remR' where L and R are SIG\ED vectors.

function "rem' (L: UNSIGNED, R: NATURAL) return UNSI GNED,

Result s
Resul t:

Id: A 30

function "r

Result s
Resul t :

ubtype: UNSI GNED( L’ LENGTH-1 downto 0)

Conmputes "L remR" where L is an UNSIGNED vector and Ris a
nonnegat i ve | NTEGER.

If NOO-_BITS(R) > L’'LENGTH, result is truncated to L' LENGTH.

em' (L: NATURAL; R UNSI GNED) return UNSI GNED,

ubt ype: UNSI GNED( R LENGTH-1 downto 0)

Conputes "L remR' where Ris an UNSIGNED vector and L is a
nonnegati ve | NTEGER.

If NO OF_BITS(L) > R LENGTH, result is truncated to R LENGTH.

Id: A 31

function "rem' (L: SIGNED; R |INTEGER) return S| GNED,

Result s
Resul t:

Id: A 32

function "r

Result s
Resul t :

ubtype: SIGNED(L' LENGTH-1 downto 0)
Computes "L remR" where L is SIG\ED vector and R is an | NTEGER
If NO OF_BITS(R) > L'LENGTH, result is truncated to L’ LENGTH.

enl' (L: INTEGER;, R SIGNED) return Sl GNED

ubtype: SI GNED(R LENGTH-1 downto 0)

Conputes "L remR' where Ris SIGNED vector and L is an | NTEGER
If NOOF_BITS(L) > RLENGTH, result is truncated to R LENGTH.

NOTE: |f
of

Id: A 33

second argunent is zero for "nod" operator, a severity |evel
ERROR i s issued.

function "npd" (L, R UNSIGNED) return UNSI GNED;

Result s
Resul t:

ld: A 34

ubtype: UNSI GNED( R LENGTH-1 downto 0)
Conmputes "L nod R" where L and R are UNSI GNED vectors.

function "npd" (L, R SIGNED) return Sl GNED;

function

Result s
Resul t:

Id: A 35

Result s
Resul t:

Id: A 36

ubtype: SI GNED(R LENGTH-1 downto 0)
Computes "L nod R" where L and R are SI GNED vectors.

"mod" (L: UNSIGNED, R: NATURAL) return UNSI GNED,

ubtype: UNSI GNED( L' LENGTH-1 downto 0)

Computes "L nod R* where L is an UNSI GNED vector and R

is a nonnegative | NTEGER

If NOO-_BITS(R) > L’LENGTH, result is truncated to L' LENGTH.

function "npd" (L: NATURAL; R UNSIGNED) return UNSI GNED,

Result s
Resul t:

ubt ype: UNSI GNED( R LENGTH-1 downto 0)

Conputes "L nod R' where R is an UNSI GNED vector and L

is a nonnegative | NTECER

If NO OF_BITS(L) > R LENGTH, result is truncated to R LENGTH.
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-- 1d: A 37

function "mod" (L: SIGNED;, R |INTEGER) return S| GNED,

-- Result subtype: SIGNED(L’'LENGTH 1 downto 0)

-- Result: Conputes "L nmod R' where L is a S| GNED vector and

-- R is an | NTEGER.

-- If NOOF_BITS(R) > L'LENGTH, result is truncated to L' LENGTH.

-- 1d: A 38

function "nod" (L: INTEGER; R SIGNED) return S| GNED,

-- Result subtype: SIGNED(R LENGTH-1 downto 0)

-- Result: Computes "L nod R' where L is an | NTEGER and

-- R is a SIGNED vector.

-- If NOOF_BITS(L) > RLENGTH, result is truncated to R LENGTH.

-- 1d: C1

function ">" (L, R UNSIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L > R' where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- ld: C2

function ">" (L, R SIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L > R' where L and R are SIGNED vectors possibly
-- of different |engths.

-- ld: C3

function ">" (L: NATURAL; R UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L > R'" where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- ld: C4

function ">" (L: INTEGER, R SIGNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: Conputes "L > R' where L is a | NTEGER and
-- R is a SIGNED vector.

-- ld: C5

function ">" (L: UNSI GNED; R NATURAL) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conmputes "L > R'" where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- 1d: C6

function ">" (L: SIGNED;, R |INTEGER) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L > R' where L is a SIG\ED vector and
-- R is a | NTEGER

-- 1d: C7

function "<" (L, R UNSIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Computes "L < R'" where L and R are UNSI GNED vectors possibly
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-- of different |engths.

-- 1d: C8

function "<" (L, R SIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L < R' where L and R are SIGNED vectors possibly
-- of different |engths.

--1d: C9

function "<" (L: NATURAL; R UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L < R'" where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- 1d: C 10

function "<" (L: INTEGER, R SIGNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: Conputes "L < R' where L is an | NTEGER and
-- R is a SIGNED vector.

-- ld: C11

function "<" (L: UNSIGNED; R NATURAL) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L < R'" where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- ld: C 12

function "<" (L: SIGNED;, R: |NTEGER) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L < R'" where L is a SIGNED vector and
-- R is an | NTEGER

-- ld: C 13

function "<=" (L, R UNSIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L <= R' where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- 1d: C 14

function "<=" (L, R SIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L <= R' where L and R are SI GNED vectors possibly
-- of different |engths.

-- ld: C 15

function "<=" (L: NATURAL; R: UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conmputes "L <= R' where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- ld: C 16

function "<=" (L: INTEGER, R SIGNED) return BOOLEAN;
-- Result subtype: BOOLEAN

-- Result: Computes "L <= R' where L is an | NTEGER and
-- R is a SIGNED vector.

-- |Id: C 17
function "<=" (L: UNSIGNED; R NATURAL) return BOOLEAN,
-- Result subtype: BOOLEAN
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-- Result: Conputes "L <= R' where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- ld: C 18

function "<=" (L: SIGNED;, R | NTEGER) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L <= R' where L is a SIGNED vector and
-- R is an I NTEGER

-- ld: C 19

function ">=" (L, R UNSIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L >= R' where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- 1d: C 20

function ">=" (L, R SIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L > R' where L and R are SI GNED vectors possibly
-- of different |engths.

-- ld: C21

function ">=" (L: NATURAL; R UNSI GNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L >= R' where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- ld: C 22

function ">=" (L: INTEGER, R SIGNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: Computes "L >= R' where L is an | NTEGER and
-- R is a SIGNED vector.

-- 1d: C 23

function ">=" (L: UNSIGNED; R NATURAL) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L >= R' where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- 1d: C 24

function ">=" (L: SIGNED, R |NTEGER) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L >= R' where L is a SIGNED vector and
-- R is an | NTEGER.

-- ld: C 25

function "=" (L, R UNSIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L = R'" where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- 1d: C 26

function "=" (L, R SIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L = R'" where L and R are SIGNED vectors possibly
-- of different |engths.
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-- ld: C 27

function "=" (L: NATURAL; R UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L = R' where L is a nonnegative |NTEGER and
-- R is an UNSI GNED vect or.

-- 1d: C 28

function "=" (L: INTEGER, R SIGNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: Conputes "L = R'" where L is an | NTEGER and
-- R is a SIGNED vector.

-- 1d: C 29

function "=" (L: UNSI GNED; R NATURAL) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L = R'" where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- 1d: C 30

function "=" (L: SIGNED;, R |INTEGER) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L = R'" where L is a SIG\ED vector and
-- R is an | NTEGER.

-- ld: C31

function "/=" (L, R UNSIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L /= R' where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- Id: C 32

function "/=" (L, R SIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L /= R' where L and R are SI GNED vectors possibly
-- of different |engths.

-- 1d: C 33

function "/=" (L: NATURAL; R UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conmputes "L /= R' where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- 1d: C 34

function "/=" (L: INTEGER, R: SI GNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: Conputes "L /= R' where L is an INTEGER and
-- R is a SIGNED vector.

-- 1d: C35

function "/=" (L: UNSIGNED; R NATURAL) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L /= R' where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- ld: C 36

function "/=" (L: SIGNED;, R |NTEGER) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Computes "L /= R'" where L is a SIGNED vector and
-- R is an | NTEGER.
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-- Shift and Rotate Functions

-- ld: S'1

function SHI FT_LEFT (ARG UNSI GNED; COUNT: NATURAL) return UNSI GNED;
-- Result subtype: UNSI GNED( ARG LENGTH- 1 downto 0)

-- Result: Perfornms a shift-left on an UNSI GNED vector COUNT times.
-- The vacated positions are filled with Bit '0'.

-- The COUNT | eftnost bits are |ost.

-- 1d: S.2

function SHI FT_RI GHT (ARG UNSI GNED, COUNT: NATURAL) return UNSI GNED;
-- Result subtype: UNSI GNED( ARG LENGTH 1 downto 0)

-- Result: Performs a shift-right on an UNSI GNED vect or COUNT ti nes.
-- The vacated positions are filled with Bit '0'.

-- The COUNT rightnost bits are | ost.

-- |Id: S.3

function SH FT_LEFT (ARG SI GNED; COUNT: NATURAL) return Sl GNED;
-- Result subtype: SIGNED(ARG LENGTH- 1 downto 0)

-- Result: Perfornms a shift-left on a SIGNED vector COUNT ti nes.
-- The vacated positions are filled with Bit 0.

-- The COUNT | eftnost bits are |ost.

-- 1d: S. 4

function SH FT_RI GHT (ARG S| GNED; COUNT: NATURAL) return Sl GNED;

-- Result subtype: SI GNED(ARG LENGTH- 1 downto O0)

-- Result: Perfornms a shift-right on a SIGNED vector COUNT tines.

-- The vacated positions are filled with the leftnost bit, ARG LEFT.
-- The COUNT rightnost bits are | ost.

-- 1d: S.5

functi on ROTATE_LEFT (ARG UNSI GNED, COUNT: NATURAL) return UNSI GNED,
-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Result: Perforns a rotate-left of an UNSI GNED vect or COUNT ti nes.

-- ld: S.6

functi on ROTATE_RI GHT (ARG UNSI GNED; COUNT: NATURAL) return UNSI GNED;
-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Result: Perfornms a rotate-right of an UNSI GNED vector COUNT tines.

-- Id: S 7

functi on ROTATE_LEFT (ARG SIGNED; COUNT: NATURAL) return Sl GNED,

-- Result subtype: SI GNED(ARG LENGTH-1 downto 0)

-- Result: Perfornms a logical rotate-left of a SIGNED vector COUNT tines.

-- 1d: S.8

functi on ROTATE_RI GHT (ARG SI GNED; COUNT: NATURAL) return Sl GNED,

-- Result subtype: SI GNED(ARG LENGTH-1 downto 0)

-- Result: Perfornms a logical rotate-right of a SIGNED vector COUNT tines.

-- Note: Function S.9 is not conpatible with | EEE Std 1076-1987. Comment

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d



- 24 - 61691-3-3 © IEC:2001(E)

-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- ld: S 9

function "sll" (ARG UNSI GNED; COUNT: |NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH 1 downto 0)

-- Result: SHI FT_LEFT(ARG COUNT)

-- Note: Function S.10 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for |EEE Std 1076-1987
compatibility.

-- 1d: s.10

function "sl1" (ARG SIGNED, COUNT: | NTEGER) return Sl GNED;

-- Result subtype: SI GNED( ARG LENGTH- 1 downto 0)

-- Result: SHIFT_LEFT(ARG COUNT)

-- Note: Function S.11 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- ld: S 11

function "srl" (ARG UNSI GNED, COUNT: | NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH- 1 downto 0)

-- Result: SHIFT_RI GHT( ARG, COUNT)

-- Note: Function S.12 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- 1d: S 12

function "srl" (ARG SIG\ED, COUNT: |NTEGER) return Sl GNED;

-- Result subtype: SIGNED(ARG LENGTH-1 downto 0)

-- Result: SI GNED(SH FT_RI GHT( UNSI GNED( ARG), COUNT))

-- Note: Function S.13 is not conpatible with | EEE Std 1076- 1987. Conment

-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- ld: S 13

function "rol" (ARG UNSI GNED; COUNT: |NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH 1 downto 0)

-- Result: ROTATE_LEFT(ARG, COUNT)

-- Note: Function S.14 is not conpatible with | EEE Std 1076- 1987. Conment

-- out the function (declaration and body) for |EEE Std 1076-1987
compatibility.

-- 1d: s. 14

function "rol" (ARG SIGNED, COUNT: |NTEGER) return Sl GNED;

-- Result subtype: SI GNED(ARG LENGTH- 1 downto 0)

-- Result: ROTATE_LEFT( ARG, COUNT)

-- Note: Function S.15 is not conpatible with | EEE Std 1076-1987. Comment
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-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- ld: S 15

function "ror" (ARG UNSI GNED; COUNT: |NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH 1 downto 0)

-- Resul t: ROTATE_RI GHT( ARG, COUNT)

-- Note: Function S.16 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for |EEE Std 1076-1987
compatibility.

-- 1d: S.16

function "ror" (ARG SIGNED, COUNT: |INTEGER) return Sl GNED;

-- Result subtype: SI GNED( ARG LENGTH- 1 downto 0)

-- Result: ROTATE_RI GHT(ARG COUNT)

-- RESI ZE Functions

-- 1d: R1

function RESIZE (ARG SIGNED; NEW SI ZE: NATURAL) return Sl GNED;

-- Result subtype: SIGNED(NEW SI ZE-1 downto 0)

-- Result: Resizes the SIGNED vector ARG to the specified size.

-- To create a larger vector, the new [leftnost] bit positions
-- are filled with the sign bit (ARG LEFT). When truncating,
-- the sign bit is retained along with the rightnost part.

-- 1d: R2

function RESI ZE (ARG UNSI GNED; NEW S| ZE: NATURAL) return UNSI GNED;

-- Result subtype: UNSI GNED( NEW S| ZE-1 downto 0)

-- Result: Resizes the UNSIGNED vector ARG to the specified size.

-- To create a larger vector, the new [leftnost] bit positions
-- are filled with '0’. Wen truncating, the leftnost bits

-- are dropped.

-- Conversion Functions

-- 1d: D1

function TO_ | NTEGER (ARG UNSI GNED) return NATURAL;

-- Result subtype: NATURAL. Value cannot be negative since parameter is an
-- UNSI GNED vector.

-- Result: Converts the UNSI GNED vector to an | NTEGER

-- 1d: D2

function TO_ | NTEGER (ARG SI GNED) return | NTECGER
-- Result subtype: | NTEGER

-- Result: Converts a SIGNED vector to an | NTEGER

-- 1d: D3

function TO UNSI GNED (ARG S| ZE: NATURAL) return UNSI GNED,

-- Result subtype: UNSI GNED( SI ZE-1 downto 0)

-- Result: Converts a nonnegative |INTEGER to an UNSI GNED vector with
-- the specified size.

-- 1d: D4
function TO SIGNED (ARG | NTEGER;, Sl ZE: NATURAL) return Sl GNED,
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-- Result subtype: SIGNED(SIZE-1 downto 0)
-- Result: Converts an INTEGER to a SI GNED vector of the specified size.

-- Logical Operators

-- 1d: L. 1

function "not" (L: UNSIGNED) return UNSI GNED,

-- Result subtype: UNSI GNED(L’' LENGTH-1 downto O0)
-- Result: Termwi se inversion

-- 1d: L.2

function "and" (L, R UNSIGNED) return UNSI GNED;
-- Result subtype: UNSI GNED(L' LENGTH- 1 downto O0)
-- Result: Vector AND operation

-- ld: L.3

function "or" (L, R UNSIGNED) return UNSI GNED;
-- Result subtype: UNSI GNED(L' LENGTH- 1 downto 0)
-- Result: Vector OR operation

-- ld: L. 4

function "nand" (L, R UNSIGNED) return UNSI GNED;
-- Result subtype: UNSI GNED(L' LENGTH 1 downto 0)
-- Result: Vector NAND operation

-- ld: L.5

function "nor" (L, R UNSIGNED) return UNSI GNED,
-- Result subtype: UNSI GNED(L' LENGTH-1 downto 0)
-- Result: Vector NOR operation

-- 1d: L.6

function "xor" (L, R UNSIGNED) return UNSI GNED,
-- Result subtype: UNSI GNED(L' LENGTH-1 downto 0)
-- Result: Vector XOR operation

-- Note: Function L.7 is not conpatible with | EEE Std 1076-1987. Coment

-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- 1d: L. 7

function "xnor" (L, R UNSIGNED) return UNSI GNED,

-- Result subtype: UNSI GNED(L' LENGTH-1 downto 0)

-- Result: Vector XNOR operation

-- 1d: L.8

function "not" (L: SIGNED) return Sl GNED,

-- Result subtype: SIGNED(L’' LENGTH 1 downto O)
-- Result: Termwi se inversion

-- 1d: L.9

function "and" (L, R SIGNED) return Sl GNED;
-- Result subtype: SIGNED(L’'LENGTH 1 downto O)
-- Result: Vector AND operation

-- 1d: L.10

function "or" (L, R SIG\ED) return S| GNED;

-- Result subtype: SIGNED(L'LENGTH-1 downto O0)
-- Result: Vector OR operation
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-- ld: L. .11

function "nand" (L, R SIGNED) return SIGNED,
-- Result subtype: SIGNED(L’'LENGTH 1 downto 0)
-- Result: Vector NAND operation

-- 1d: L.12

function "nor" (L, R SIGNED) return Sl GNED;
-- Result subtype: SIGNED(L’'LENGTH- 1 downto 0)
-- Result: Vector NOR operation

-- 1d: L.13

function "xor" (L, R SIGNED) return Sl GNED;
-- Result subtype: SIGNED(L’'LENGTH-1 downto 0)
-- Result: Vector XOR operation

-- Note: Function L.14 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- 1d: L.14

function "xnor" (L, R SIGNED) return S| GNED,

-- Result subtype: SIGNED(L' LENGTH-1 downto O0)

-- Result: Vector XNOR operation

-- 1d: E1

function RI SI NG EDGE (signal S: BIT) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Returns TRUE if an event is detected on signal S and the
-- val ue changed froma '0’ to a '1'.

-- 1d: E2

function FALLING EDGE (signal S: BIT) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Returns TRUE if an event is detected on signal S and the
-- val ue changed froma 'l to a '0".

end NUMERI C BIT;
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7.3.2 Package declaration for NUMERIC_STD

Copyright © 1997 by IEEE. All rights reserved.

This source file is an essential part of |EEE Std 1076. 3- 1997,

| EEE Standard VHDL Synt hesi s Packages. This source file may not be
copied, sold, or included with software that is sold without witten
perm ssion fromthe | EEE Standards Departnment. This source file may

be used to inplenment this standard and may be distributed in conpiled
formin any manner so long as the conpiled form does not allow direct
deconpil ation of the original source file. This source file nmay be
copied for individual use between |icensed users. This source file is
provided on an AS IS basis. The | EEE disclai ns ANY WARRANTY EXPRESS OR
I MPLI ED | NCLUDI NG ANY WARRANTY OF MERCHANTABI LI TY AND FI TNESS FOR USE
FOR A PARTI CULAR PURPCSE. The user of the source file shall indemify
and hold | EEE harm ess from any danages or liability arising out of the
use thereof.

Thi s package may be nodified to include additional data required by tools,

but it nust in no way change the external interfaces or simnulation behavior
of the description. It is permssible to add comments and/or attributes to
t he package declarations, but not to change or delete any original |ines of
t he package decl aration. The package body may be changed only in accordance
with the ternms of 7.1 and 7.2 of this standard.

-- Title . Standard VHDL Synt hesis Packages (| EEE Std 1076. 3- 1997,
NUMERI C_STD)

-- Library . This package shall be conmpiled into a library synbolically
-- : named | EEE.

Devel opers : | EEE DASC Synt hesi s Wrki ng Group.

Pur pose . This package defines nuneric types and arithmetic functions
. for use with synthesis tools. Two nuneric types are defined:

-- > UNSI GNED: represents UNSIGNED nunber in vector form
-- > SIG\ED: represents a SIGNED nunber in vector form
The base elenent type is type STD_LOG C.
The leftnost bit is treated as the nost significant bit.
Signed vectors are represented in tw's conplenent form
Thi s package contains overl oaded arithnmetic operators on
the SI GNED and UNSI GNED types. The package al so contains
useful type conversions functions.

If any argunent to a function is a null array, a null array is
returned (exceptions, if any, are noted individually).

Not e : No declarations or definitions shall be included in, or
. excluded fromthis package. The "package decl arati on" defines
the types, subtypes and decl arati ons of NUMERI C_STD. The
NUMERI C_STD package body shall be considered the formal
definition of the semantics of this package. Tool devel opers
may choose to inplenment the package body in the nost efficient
manner avail able to them
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-- Dat e 12 April 1995
I'i brary | EEE;
use | EEE. STD LOG C_1164. al | ;

package NUMERI C_STD i s
constant CopyRi ghtNotice: STRI NG
;= "Copyright © 1997 IEEE. All rights reserved.";

type UNSIGNED is array (NATURAL range <>) of STD LOQ C;
type SIGNED i s array (NATURAL range <>) of STD LOG C

-- 1d: A1l

function "abs” (ARG SIG\ED) return S| GNED;

-- Result subtype: SI GNED(ARG LENGTH-1 downto 0)

-- Result: Returns the absolute value of a SIGNED vector ARG

-- ld: A2

function "-" (ARG S| GNED) return Sl GNED,

-- Result subtype: SI GNED(ARG LENGTH-1 downto 0)

-- Result: Returns the value of the unary m nus operation on a
-- S| GNED vector ARG

-- 1d: A3

function "+" (L, R UNSIGNED) return UNSI GNED;

-- Result subtype: UNSI GNED( MAX(L' LENGTH, R LENGTH)-1 downto 0)

-- Result: Adds two UNSIGNED vectors that nmay be of different |engths.

-- 1d: A4

function "+" (L, R SIGNED) return SIGNED;

-- Result subtype: SIGNED(MAX(L LENGTH, R LENGTH)-1 downto 0)

-- Result: Adds two SIGNED vectors that may be of different |engths.

-- ld: A5

function "+" (L: UNSI GNED; R NATURAL) return UNSI GNED;

-- Result subtype: UNSI GNED(L' LENGTH-1 downto O0)

-- Result: Adds an UNSI GNED vector, L, with a nonnegative | NTEGER R

-- 1d: A6

function "+" (L: NATURAL; R UNSI GNED) return UNSI GNED;

-- Result subtype: UNSI GNED( R LENGTH- 1 downto 0)

-- Result: Adds a nonnegative INTEGER, L, with an UNSI GNED vector, R

-- ld: AT

function "+" (L: INTEGCER, R SIGNED) return Sl GNED;

-- Result subtype: SIGNED(R LENGTH-1 downto 0)

-- Result: Adds an INTEGER, L(may be positive or negative), to a SlIGNED
-- vector, R

-- ld: A8
function "+" (L: SIGNED; R: INTEGER) return S| GNED,
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ubtype: SI GNED(L' LENGTH-1 downto 0)
Adds a SIGNED vector, L, to an | NTEGER, R

Id: A9

function "-

Result s
Resul t :

Id: A 10

function "-

Result s
Resul t :

ld: A 11

" (L, R UNSIGNED) return UNSI GNED;
ubt ype: UNSI GNED( MAX( L' LENGTH, R LENGTH)-1 downto 0)
Subtracts two UNSIGNED vectors that nmay be of different |engths.

" (L, R SIGNED) return Sl GNED,

ubt ype: SI GNED( MAX( L' LENGTH, R LENGTH)-1 downto 0)
Subtracts a SIGNED vector, R from another SIGNED vector, L,
that may possibly be of different |engths.

function "-" (L: UNSI GNED; R NATURAL) return UNSI GNED;

Result s
Resul t:

Id: A 12

ubt ype: UNSI GNED( L' LENGTH-1 downto 0)
Subtracts a nonnegative | NTEGER, R, from an UNSIGNED vector, L.

function "-" (L: NATURAL; R UNSI GNED) return UNSI GNED;

Result s
Resul t:

Id: A 13

ubt ype: UNSI GNED{ R LENGTH-1 downto 0)
Subtracts an UNSI GNED vector, R, froma nonnegative | NTEGER, L.

function "-" (L: SIGNED; R |NTEGER) return Sl GNED;

function

Result s
Resul t:

Id: A 14

Result s
Resul t:

ubtype: SI GNED(L' LENGTH-1 downto 0)
Subtracts an INTEGER, R, froma SI GNED vector, L.

-" (L: INTEGER, R SIGNED) return Sl GNED,

ubtype: SIGNED(R LENGTH-1 downto 0)
Subtracts a SIGNED vector, R from an | NTEGER, L.

ld: A 15

function "*

Result s
Resul t:

Id: A 16

function "*

Result s
Resul t:

Id: A 17

function "*

Result s
Resul t:

Id: A 18

" (L, R UNSIGNED) return UNSI GNED;

ubt ype: UNSI GNED( (L' LENGTH+R LENGTH 1) downt o 0)

Performs the multiplication operation on two UNSI GNED vectors
that may possibly be of different |engths.

" (L, R SIGNED) return Sl GNED;

ubtype: SIGNED( (L' LENGTH+R LENGTH 1) downt o 0)

Mil tiplies two SIGNED vectors that may possibly be of
di fferent |engths.

" (L: UNSIGNED; R: NATURAL) return UNSI GNED;

ubtype: UNSI GNED( (L’ LENGTH+L' LENGTH 1) downt o 0)

Mul tiplies an UNSI GNED vector, L, with a nonnegative
INTEGER, R. Ris converted to an UNSI GNED vector of
SI ZE L' LENGTH before nultiplication.

function "*" (L: NATURAL; R UNSI GNED) return UNSI GNED;

Result s
Resul t:

ubtype: UNSI GNED( (R LENGTH+R LENGTH- 1) downt o 0)
Mul tiplies an UNSIGNED vector, R, with a nonnegative
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function

function

function

function

function

function

function

INTEGER, L. L is converted to an UNSI GNED vector of
SI ZE R LENGTH before nultiplication.

Id: A 19
function "*" (L: SIGNED; R: |NTEGER) return Sl GNED;

Resul t
Resul t:

subtype: SI GNED( (L' LENGTH+L' LENGTH 1) downt o 0)
Multiplies a SIGNED vector, L, with an INTEGER R R s
converted to a SIGNED vector of SIZE L' LENGTH before
mul tiplication.

Id: A 20

Resul t
Resul t :

"*" (L: INTEGER, R SIGNED) return SIGNED,

subtype: SI GNED( (R LENGTH+R LENGTH 1) downt o 0)
Miltiplies a SIGNED vector, R with an INTEGER L. L is
converted to a SIGNED vector of SIZE R LENGIH before
mul tiplication.

NOTE: |

f second argunent is zero for "/" operator, a severity |evel

of ERROR i s issued.

Id: A 21

Resul t
Resul t:

"/" (L, R UNSIGNED) return UNSI GNED;

subtype: UNSI GNED( L' LENGTH-1 downto 0)

Di vi des an UNSI GNED vector, L, by another UNSIGNED vector, R

Id: A 22

Resul t
Resul t :

"I" (L, R SIGNED) return SIGNED;

subtype: SIGNED(L’' LENGTH-1 downto 0)
Di vi des an SIGNED vector, L, by another SIGNED vector, R

Id: A 23

Resul t
Resul t :

"/" (L: UNSIGNED; R NATURAL) return UNSI GNED;

subtype: UNSI GNED( L' LENGTH-1 downto 0)
Di vi des an UNSI GNED vector, L, by a nonnegative |NTEGER, R
If NO OF_BITS(R) > L'LENGTH, result is truncated to L' LENGTH

ld: A 24

Resul t
Resul t:

"/" (L: NATURAL; R UNSIGNED) return UNSI GNED;

subtype: UNSI GNED( R LENGTH-1 downto 0)
Di vi des a nonnegative I NTEGER, L, by an UNSI GNED vector, R
If NO OF_BITS(L) > R LENGTH, result is truncated to R LENGTH.

Id: A 25

Resul t
Resul t:

"/" (L: SIGNED; R: INTEGER) return Sl GNED;

subtype: SIGNED(L' LENGTH-1 downto 0)
Di vides a SIGNED vector, L, by an INTEGER R
If NO OF_BITS(R) > L'LENGTH, result is truncated to L’ LENGTH

Id: A 26

Resul t
Resul t :

"/" (L: INTEGER, R SIGNED) return SIGNED,

subtype: SI GNED(R LENGTH-1 downto 0)
Di vides an I NTEGER, L, by a SI GNED vector, R
If NO OF_BITS(L) > RLENGTH, result is truncated to R LENGTH

NOTE: |

f second argunent is zero for "reni' operator, a severity |evel

of ERROR i s issued.
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Id: A 27

function "r

Result s
Resul t :

Id: A 28

function "r

Result s
Resul t :

Id: A 29

function "r

Result s
Resul t :

ld: A 30

function "r

Result s
Resul t:

Id: A 31
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em' (L, R UNSIGNED) return UNSI GNED;
ubtype: UNSI GNED(R LENGTH-1 downt o 0)
Conputes "L remR'" where L and R are UNSI GNED vectors.

em' (L, R SIGNED) return S| GNED,
ubtype: SI GNED(R LENGTH-1 downto 0)
Conputes "L remR' where L and R are SIGNED vectors.

enl' (L: UNSI GNED;, R NATURAL) return UNSI GNED;

ubt ype: UNSI GNED( L' LENGTH-1 downto 0)

Conputes "L remR'" where L is an UNSIGNED vector and Ris a
nonnegat i ve | NTEGER.

If NOOF_BITS(R) > L'LENGTH, result is truncated to L' LENGTH.

em' (L: NATURAL; R UNSIGNED) return UNSI GNED;

ubtype: UNSI GNED( R LENGTH-1 downto 0)

Conputes "L remR'" where Ris an UNSIGNED vector and L is a
nonnegative | NTEGER.

If NOOF_BITS(L) > RLENGTH, result is truncated to R LENGTH.

function "rem (L: SIGNED; R |INTEGER) return S| GNED,

Result s
Resul t :

Id: A 32

ubtype: SI GNED(L’' LENGTH-1 downto 0)
Conputes "L remR' where L is SIGNED vector and R is an | NTEGER
If NOOF_BITS(R) > L'LENGTH, result is truncated to L' LENGTH.

function "rem' (L: INTEGER, R SIGNED) return S| GNED;

function

Result s
Resul t:

ubtype: SI GNED(R LENGTH-1 downto 0)
Computes "L remR" where Ris SIG\ED vector and L is an | NTEGER
If NO OF_BITS(L) > RLENGTH, result is truncated to R LENGTH.

NOTE: |f
of

Id: A 33

Result s
Resul t :

Id: A 34

second argunent is zero for "nod" operator, a severity |evel
ERROR i s issued.

"mod" (L, R UNSIGNED) return UNSI GNED;

ubt ype: UNSI GNED( R LENGTH-1 downto 0)
Conputes "L nod R' where L and R are UNSI GNED vectors.

function "nmpd" (L, R SIGNED) return Sl GNED;

Result s
Resul t:

Id: A 35

ubtype: SI GNED(R LENGTH-1 downto 0)
Conputes "L nod R' where L and R are SIGNED vectors.

function "npd" (L: UNSIGNED, R: NATURAL) return UNSI GNED,

function

Result s
Resul t:

Id: A 36

Result s

ubt ype: UNSI GNED( L' LENGTH-1 downto 0)

Conputes "L nod R' where L is an UNSI GNED vector and R

is a nonnegative | NTEGCER

If NO OF_BITS(R) > L'LENGTH, result is truncated to L’ LENGTH.

"mod" (L: NATURAL; R UNSIGNED) return UNSI GNED,

ubt ype: UNSI GNED( R LENGTH-1 downto 0)
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-- Result: Conputes "L nmod R' where R is an UNSIGNED vector and L
-- is a nonnegative | NTEGCER
-- If NO OF_BITS(L) > R LENGTH, result is truncated to R LENGTH.

-- ld: A 37

function "nod" (L: SIGNED; R | NTEGER) return S| GNED,

-- Result subtype: SIGNED(L' LENGTH-1 downto O0)

-- Result: Conputes "L nbd R* where L is a SIG\NED vector and

-- R is an | NTEGER.

-- If NOOF_BITS(R) > L’'LENGTH, result is truncated to L' LENGTH.

-- ld: A 38

function "npd" (L: INTEGER; R SIGNED) return S| GNED,

-- Result subtype: SIGNED(R LENGTH-1 downto 0)

-- Result: Conmputes "L nod R' where L is an | NTEGER and

-- R is a SIGNED vector.

-- If NO OF_BITS(L) > RLENGTH, result is truncated to R LENGTH.

-- 1d: C1

function ">" (L, R UNSIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L > R'" where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- 1d: C2

function ">" (L, R SIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L > R' where L and R are SIGNED vectors possibly
-- of different |engths.

-- ld: C3

function ">" (L: NATURAL; R UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conmputes "L > R' where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- ld: C4

function ">" (L: INTEGER, R SIGNED) return BOOLEAN,;
-- Result subtype: BOOLEAN

-- Result: Conputes "L > R'" where L is a |INTEGER and
-- R is a SIGNED vector.

-- ld: C5

function ">" (L: UNSIGNED; R NATURAL) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L > R' where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- ld: C6

function ">" (L: SIGNED; R |NTEGER) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L > R'" where L is a SIGNED vector and
-- R is a | NTEGER
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-- ld: C7

function "<" (L, R UNSIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L < R'" where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- ld: C8

function "<" (L, R SIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L < R' where L and R are SIGNED vectors possibly
-- of different |engths.

--1d: C9

function "<" (L: NATURAL; R UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L < R'" where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- 1d: C 10

function "<" (L: INTEGER, R SIGNED) return BOOLEAN,;
-- Result subtype: BOOLEAN

-- Result: Conputes "L < R'" where L is an | NTEGER and
-- R is a SIGNED vector.

-- ld: C11

function "<" (L: UNSIGNED; R NATURAL) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L < R'" where L is an UNSI GNED vect or and
-- R is a nonnegative | NTEGER

-- 1d: C 12

function "<" (L: SIGNED; R |INTEGER) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L < R'" where L is a SIGNED vector and
-- R is an | NTEGER.

-- 1d: C 13

function "<=" (L, R UNSIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L <= R' where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- 1d: C 14

function "<=" (L, R SIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L <= R' where L and R are SI GNED vectors possibly
-- of different |engths.

-- ld: C 15

function "<=" (L: NATURAL; R UNSI GNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L <= R' where L is a nonnegative | NTECER and
-- R is an UNSI GNED vect or.

-- 1d: C 16

function "<=" (L: INTEGER, R SIGNED) return BOOLEAN;
-- Result subtype: BOOLEAN

-- Result: Computes "L <= R' where L is an | NTEGER and
-- R is a SIGNED vector.
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-- 1d: C 17

function "<=" (L: UNSIGNED; R NATURAL) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L <= R' where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- 1d: C 18

function "<=" (L: SIGNED;, R | NTEGER) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L <= R' where L is a SIGNED vector and
-- R is an | NTEGER.

-- 1d: C 19

function ">=" (L, R UNSIGNED) return BOOLEAN;

function

-- Result subtype: BOOLEAN

-- Result: Computes "L >= R' where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- 1d: C 24

function ">=" (L: SIGNED, R |NTEGER) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L >= R' where L is a SIGNED vector and

-- R is an | NTEGER.

-- 1d: C25

function "=" (L, R UNSIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L = R'" where L and R are UNSI GNED vectors possi bly
-- of different |engths.

-- 1d: C 26

function "=" (L, R SIGNED) return BOOLEAN,

Resul t
Resul t:

subtype: BOOLEAN
Conputes "L >= R' where L and R are UNSI GNED vectors possibly
of different |engths.

Id: C 20
function ">=" (L, R SIG\ED) return BOOLEAN,

Resul t
Resul t:

subt ype: BOOLEAN
Computes "L >= R' where L and R are SI GNED vectors possibly
of different |engths.

Id: C21

Resul t
Resul t :

">=" (L: NATURAL; R UNSI GNED) return BOCLEAN,

subtype: BOOLEAN
Conmputes "L >= R' where L is a nonnegative | NTEGER and
R is an UNSI GNED vect or.

ld: C 22
function ">=" (L: INTEGER, R SIGNED) return BOOLEAN,

Resul t
Resul t:

subtype: BOOLEAN
Conputes "L >= R' where L is an | NTEGER and
R is a SIGNED vector.

Id: C 23
function ">=" (L: UNSIGNED; R NATURAL) return BOOLEAN;
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-- Result subtype: BOOLEAN
-- Result: Computes "L = R'" where L and R are SIGNED vectors possibly
-- of different |engths.

-- ld: C 27

function "=" (L: NATURAL; R UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L = R'" where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- ld: C 28

function "=" (L: INTEGER, R SIGNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: Conputes "L = R' where L is an | NTEGER and
-- R is a SIGNED vector.

-- ld: C 29

function "=" (L: UNSIGNED; R NATURAL) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L = R'" where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- 1d: C 30

function "=" (L: SIGNED; R: |INTEGER) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L = R'" where L is a SIGNED vector and
-- R is an | NTEGER.

-- 1d: C31

function "/=" (L, R UNSIGNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Computes "L /= R' where L and R are UNSI GNED vectors possibly
-- of different |engths.

-- |Id: C 32

function "/=" (L, R SIGNED) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L /= R' where L and R are SI GNED vectors possibly
-- of different |engths.

-- ld: C 33

function "/=" (L: NATURAL; R: UNSI GNED) return BOOLEAN;

-- Result subtype: BOOLEAN

-- Result: Conputes "L /= R' where L is a nonnegative | NTEGER and
-- R is an UNSI GNED vect or.

-- 1d: C 34

function "/=" (L: INTEGER;, R SI GNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: Computes "L /= R' where L is an | NTEGER and
-- R is a SIGNED vector.

-- 1d: C35

function "/=" (L: UNSIGNED; R NATURAL) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Conputes "L /= R' where L is an UNSI GNED vector and
-- R is a nonnegative | NTEGER

-- ld: C 36
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function "/=" (L: SIGNED;, R |NTEGER) return BOOLEAN,

-- Result subtype: BOOLEAN

-- Result: Computes "L /= R' where L is a SIGNED vector and
-- R is an | NTEGER.

-- 1d: S 1

function SH FT_LEFT (ARG UNSI GNED; COUNT: NATURAL) return UNSI GNED;
-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Result: Perforns a shift-left on an UNSI GNED vector COUNT tines.
-- The vacated positions are filled with "0 .

-- The COUNT | eftnopst el enents are |ost.

-- ld: S 2

function SHI FT_RI GHT (ARG UNSI GNED; COUNT: NATURAL) return UNSI GNED;
-- Result subtype: UNSI GNED( ARG LENGTH 1 downto 0)

-- Result: Performs a shift-right on an UNSI GNED vect or COUNT ti nes.
-- The vacated positions are filled with '0".

-- The COUNT rightnost elenents are | ost.

-- 1d: S.3

function SH FT_LEFT (ARG SI GNED;, COUNT: NATURAL) return Sl GNED;
-- Result subtype: SIGNED(ARG LENGTH-1 downto 0)

-- Result: Perfornms a shift-left on a SIGNED vector COUNT ti nes.
-- The vacated positions are filled with '0’.

-- The COUNT |eftnost el enents are |ost.

-- 1d: S. 4

function SH FT_RI GHT (ARG S| GNED; COUNT: NATURAL) return Sl GNED;

-- Result subtype: SI GNED(ARG LENGTH-1 downto 0)

-- Result: Perfornms a shift-right on a SIGNED vector COUNT times.

-- The vacated positions are filled with the |eftnost

-- el enent, ARG LEFT. The COUNT rightnost elenments are |ost.

-- 1d: S5

functi on ROTATE_LEFT (ARG UNSI GNED, COUNT: NATURAL) return UNSI GNED;
-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Result: Perforns a rotate-left of an UNSI GNED vector COUNT ti nes.

-- ld: S 6

functi on ROTATE _RI GHT (ARG UNSI GNED; COUNT: NATURAL) return UNSI GNED;
-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Result: Perfornms a rotate-right of an UNSI GNED vector COUNT tines.

-- Id: 8.7

function ROTATE _LEFT (ARG SIGNED; COUNT: NATURAL) return Sl GNED;
-- Result subtype: SI GNED(ARG LENGTH- 1 downto 0)

-- Result: Perfornms a logical rotate-left of a SI GNED

-- vect or COUNT ti nes.

-- 1d: S8

functi on ROTATE_RI GHT (ARG S| GNED; COUNT: NATURAL) return Sl GNED,
-- Result subtype: SIGNED(ARG LENGTH- 1 downto 0)

-- Result: Performs a |logical rotate-right of a SIGNED

-- vector COUNT ti nes.
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-- Note: Function S.9 is not conpatible with | EEE Std 1076-1987. Coment

-- out the function (declaration and body) for | EEE Std 1076-1987 conpatibility.
-- ld: S.9

function "sll" (ARG UNSI GNED; COUNT: |NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Result: SHIFT_LEFT(ARG COUNT)

-- Note: Function S.10 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for | EEE Std 1076-1987 conpatibility.
-- 1d: s .10

function "sll" (ARG SIGNED, COUNT: |NTEGER) return Sl GNED;

-- Result subtype: SI GNED(ARG LENGTH-1 downto O0)

-- Result: SHIFT_LEFT(ARG COUNT)

-- Note: Function S.11 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for | EEE Std 1076-1987 conpatibility.
-- 1d: s .11

function "srl" (ARG UNSI GNED;, COUNT: |NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Result: SHIFT_RI GHT( ARG, COUNT)

-- Note: Function S.12 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for | EEE Std 1076-1987 conpatibility.
-- 1d: s .12

function "srl" (ARG SIGNED, COUNT: |NTEGER) return Sl GNED;

-- Result subtype: SI GNED( ARG LENGTH- 1 downto 0)

-- Result: Sl GNED(SHI FT_RI GHT( UNSI GNED( ARG), COUNT) )

-- Note: Function S.13 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for |EEE Std 1076-1987
conpatibility.

-- ld: S.13

function "rol" (ARG UNSIGNED, COUNT: | NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH- 1 downto 0)

-- Result: ROTATE_LEFT(ARG, COUNT)

-- Note: Function S.14 is not conpatible with | EEE Std 1076-1987. Conment

-- out the function (declaration and body) for | EEE Std 1076-1987 conpatibility.
-- 1d: S 14

function "rol" (ARG SIGNED, COUNT: |NTEGER) return Sl GNED;

-- Result subtype: SIGNED(ARG LENGTH-1 downto 0)

-- Result: ROTATE_LEFT( ARG, COUNT)

-- Note: Function S.15 is not conpatible with | EEE Std 1076-1987. Conmment

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d



61691-3-3 © IEC:2001(E) -39 -

-- out the function (declaration and body) for | EEE Std 1076-1987 conpatibility.
-- 1d: S 15

function "ror" (ARG UNSI GNED; COUNT: |NTEGER) return UNSI GNED;

-- Result subtype: UNSI GNED( ARG LENGTH-1 downto 0)

-- Resul t: ROTATE_RI GHT( ARG, COUNT)

-- Note: Function S.16 is not conpatible with | EEE Std 1076- 1987. Conment

-- out the function (declaration and body) for | EEE Std 1076-1987 conpatibility.
-- 1d: S. 16

function "ror" (ARG SIG\ED, COUNT: |NTEGER) return S| GNED;

-- Result subtype: SIGNED(ARG LENGTH-1 downto 0)

-- Resul t: ROTATE_RI GHT( ARG, COUNT)

-- ld: R1

function RESI ZE (ARG SIGNED; NEW SI ZE: NATURAL) return Sl GNED;

-- Result subtype: SIGNED(NEW SIZE-1 downto 0)

-- Result: Resizes the SIGNED vector ARG to the specified size.

-- To create a larger vector, the new [leftnost] bit positions
-- are filled with the sign bit (ARG LEFT). When truncating,
-- the sign bit is retained along with the rightnost part.

-- ld: R2

function RESI ZE (ARG UNSI GNED; NEW SI ZE: NATURAL) return UNSI GNED;

-- Result subtype: UNSI GNED( NEW S| ZE-1 downto 0)

-- Result: Resizes the SIGNED vector ARG to the specified size.

-- To create a larger vector, the new [leftnost] bit positions
-- are filled with 0. Wen truncating, the leftnost bits

-- are dropped.

-- 1d: D1

function TO | NTEGER (ARG UNSI GNED) return NATURAL;

-- Result subtype: NATURAL. Value cannot be negative since paraneter is an
-- UNSI GNED vector.

-- Result: Converts the UNSI GNED vector to an | NTEGER

-- ld: D2

function TO_| NTEGER (ARG SI GNED) return | NTECER,
-- Result subtype: | NTEGER

-- Result: Converts a SIGNED vector to an | NTEGER.

-- 1d: D3

function TO _UNSIGNED (ARG S| ZE: NATURAL) return UNSI GNED;

-- Result subtype: UNSI GNED(SI ZE-1 downto 0)

-- Result: Converts a nonnegative |INTEGER to an UNSI GNED vector with
-- the specified SIZE.

-- 1d: D4

function TO SIGNED (ARG | NTEGER; SIZE: NATURAL) return Sl GNED;

-- Result subtype: SIGNED(SIZE-1 downto 0)

-- Result: Converts an INTEGER to a SI GNED vector of the specified SIZE
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-- Logical Operators

-- 1d: L. 1

function "not" (L: UNSI GNED) return UNSI GNED;

-- Result subtype: UNSI GNED(L' LENGTH-1 downto 0)
-- Result: Termwi se inversion

-- ld: L.2

function "and" (L, R UNSI GNED) return UNSI GNED,
-- Result subtype: UNSI GNED(L' LENGTH- 1 downto 0)
-- Result: Vector AND operation

-- 1d: L.3

function "or" (L, R UNSIGNED) return UNSIGNED;
-- Result subtype: UNSI GNED(L' LENGTH- 1 downto 0)
-- Result: Vector OR operation

-- ld: L. 4

function "nand" (L, R UNSIGNED) return UNSI GNED,
-- Result subtype: UNSI GNED(L' LENGTH-1 downto O)
-- Result: Vector NAND operation

-- ld: L.5

function "nor" (L, R UNSIGNED) return UNSI GNED;
-- Result subtype: UNSI GNED(L' LENGTH-1 downto 0)
-- Result: Vector NOR operation

-- 1d: L.6

function "xor" (L, R UNSIGNED) return UNSI GNED;
-- Result subtype: UNSI GNED(L' LENGTH- 1 downto O0)
-- Result: Vector XOR operation

-- Note: Function L.7 is not conpatible with |EEE Std 1076-1987. Coment

-- out the function (declaration and body) for |IEEE Std 1076-1987
conpatibility.

-- ld: L. 7

function "xnor" (L, R UNSIGNED) return UNSI GNED;

-- Result subtype: UNSI GNED(L' LENGTH 1 downto 0)

-- Result: Vector XNOR operation

-- 1d: L.8

function "not" (L: SIGNED) return Sl GNED;

-- Result subtype: SIGNED(L’'LENGTH-1 downto 0)
-- Result: Termwi se inversion

-- ld: L9

function "and" (L, R SIGNED) return Sl G\ED;
-- Result subtype: SIGNED(L'LENGTH 1 downto 0)
-- Result: Vector AND operation

-- 1d: L.10

function "or" (L, R SIG\ED) return S| GNED;

-- Result subtype: SIGNED(L’'LENGTH- 1 downto 0)
-- Result: Vector OR operation

-- ld L.11
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function "nand" (L, R SIGNED) return S| GNED,
-- Result subtype: SIGNED(L'LENGTH-1 downto 0)
-- Result: Vector NAND operation

-- ld: L.12

function "nor" (L, R SIGNED) return S| GNED;
-- Result subtype: SIGNED(L' LENGTH-1 downto O0)
-- Result: Vector NOR operation

-- ld: L.13

function "xor" (L, R SIGNED) return Sl G\ED;
-- Result subtype: SIGNED(L'LENGTH-1 downto O0)
-- Result: Vector XOR operation

-- Note: Function L.14 is not conpatible with | EEE Std 1076-1987. Comment

-- out the function (declaration and body) for |EEE Std 1076-1987
conmpatibility.

-- 1d: L. .14

function "xnor" (L, R SIGNED) return SIGNED,

-- Result subtype: SIGNED(L’'LENGTH 1 downto 0)

-- Result: Vector XNOR operation

-- 1d: M1

function STD MATCH (L, R STD ULCG C) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: terms conpared per STD LOG C 1164 intent

-- ld: M2

function STD_MATCH (L, R UNSIGNED) return BOCLEAN;
-- Result subtype: BOOLEAN

-- Result: terms conpared per STD LOG C 1164 intent

-- ld: M3

function STD MATCH (L, R SIGNED) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: terns conpared per STD LOd C 1164 intent

-- ld: M4

function STD MATCH (L, R STD LOG C VECTOR) return BOCLEAN;
-- Result subtype: BOOLEAN

-- Result: terns conpared per STD LOd C 1164 intent

-- 1d: M5

function STD MATCH (L, R STD ULOG C VECTOR) return BOOLEAN,
-- Result subtype: BOOLEAN

-- Result: terns conpared per STD LOd C 1164 intent

-- Transl ation Functions

--1d: T.1

function TO 01 (S: UNSIGNED, XMAP: STD LOJ C := '0') return UNSI GNED,
-- Result subtype: UNSI GNED( S' RANGE)

-- Result: Termnise, '"H is translated to '1', and 'L’ is translated
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to 0. If a value other than '0'|"1"|'H|'L is found,

the array is set to (others => XMAP),
i ssued.

and a warning is

function TO 01 (S: SIGNED;, XMAP: STD LOA C := '0') return Sl GNED,
Result subtype: SI GNED(S RANGE)
TermnM se, 'H is translated to '1', and 'L’ is translated
to 0. If a value other than "0 |"1"|'"H|'L is found,

Resul t:

the array is set to (others => XVAP),
i ssued.

end NUMERI C_STD;

and a warning is
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Annex A

(informative)

Notes on the package functions
This annex provides notes on functions included in the NUMERIC_BIT and NUMERIC_STD packages.

The appearance of a code fragment in this annex does not require a synthesis tool conforming to this stan-
dard to accept the construct represented by that fragment.

A.1 General considerations
A.1.1 Mixing SIGNED and UNSIGNED operands

The NUMERIC_BIT and NUMERIC_STD packages do not provide functions for mixing SIGNED and
UNSIGNED operands. To do so would make it necessary to use qualified expressions to disambiguate com-
monly occurring forms. For example, with the declarations

variable S: SIGNED (3 downto 0);
vari able U UNSIGNED (4 downto 0);

if the arithmetic and relational functions allowed mixing of SIGNED and UNSIGNED operands, it would be
necessary to rewrite the expressions

S >= "0000"
and

U+ "1

S >= SIG\NED ("0000")
and
U + UNSIGNED ("1")
To apply a binary operation from the NUMERIC_BIT or NUMERIC_STD package to a combination of

SIGNED and UNSIGNED operands, the user must explicitly convert one of the operands to the other type
(see A.5.2).

A.1.2 Mixing vector and element operands

The NUMERIC_BIT and NUMERIC_STD do not declare functions that combine a vector with an operand
that belongs to the element type of the vector. For example, with the declarations

signal A B, S SIGNED(3 downto 0);
signal C BIT,

auser may not write
S <= A+ B(4);

or
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S<=A-C
or
S<=A/ '1;
For the first and third example, a user may write instead
S <= A+ B(3 dowmnto 3);
and
S<=A/ "1";
For the second exampl e, the user may concatenate C with a 0-length vector

S<=A- (C&"");
A.2 Arithmetic operator functions

A.2.1 Overflow of maximum negative value

When the SIGNED operand to an abs (function A.1) or unary - (function A.2) function from either package
has the maximum negative value for the number of elements that it has, the result is the maximum negative
value of the same size. This means, for example, that

- SI GNED ("1000")
evaluates to
"1000"

Similarly, in functions A.22 and A.25, when the first operand to the “/” operator has the maximum negative
value for the number of elements that it has, and when the second operand is either an INTEGER with the
value —1 or a SIGNED operand with a value equivalent to —1, the result is the same as the first operand,
rather than its complement:

SI GNED' ("1000") / "11111" evaluatesto " 1000"
SI GNED' ("10000") / (- 1) evaluatesto "10000"

To prevent overflow, a user may add an extra bit to the representation. For example, with the declarations
vari abl e DI VI DEND: SIGNED (4 downto 0);
variable DI VI SOR | NTEGER range -8 to 7,
vari abl e QUOTI ENT: SIGNED (5 downto 0);

one may write

QUOTIENT := (DI VIDEND(4) & DIVIDEND) / DI VI SOR;

A.2.2 Lack of carry and borrow

When both operands to a binary arithmetic functions + or — are either SSIGNED or UNSIGNED, the function
returns a value with the same number of elements (bits) as the larger of the two operands. If one operand is
SIGNED or UNSIGNED and the other is INTEGER or NATURAL, the function returns a value with the
same number of elements as the vector operand. Thus, these functions do not return an extra bit to represent
acarry, borrow, or overflow value, nor do they generate awarning if a carry, borrow, or overflow occurs.
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The choice not to generate a carry or borrow (and not to generate a warning) makes it easier to represent
counter operations in the VHDL source code via assignments such as

A:= A+ 1;
or
B<=B- "1

To obtain the appropriate carry, borrow, or overflow value, a user may add an extra bit to the vector operand.
For example, with the declarations

signal U UNSIGNED (4 downto 0);
signal S: SIGNED (5 downto 0);

signal SUM UNSIGNED (5 downto 0);
si gnal DI FFERENCE: S| GNED (6 downto 0);

one may write

SUM<= ("0 & U + 1;
DI FFERENCE <= (S(5) & S) - "1";

A.2.3 Return value for metalogical and high-impedance operands
If an operand to aNUMERIC_STD arithmetic function contains ametalogical or high-impedance value, the

function returns a vector in which every element has the value ‘X’. The function does not report awarning
or error.

A.3 Relational operator functions
A.3.1 Justification of vector operands

The relational operator functions for the SIGNED and UNSIGNED types in both packages have a behavior
different from the default behavior defined by IEEE Std 1076-1993 for vector types. The default behavior
compares the vector elements|eft to right after the operands are | eft-justified, whereas the relational operator
functionsfor SIGNED and UNSIGNED treat their operands as representing binary integers.

Table A.1 compares results for relational operators when both operands are BIT_VECTORs, SIGNED val-
ues, or UNSIGNED values.

Table A.1—Relational operators examples

Value when both operandsare....
Expression

Bl T_VECTOR UNSI GNED SI GNED
"001" = "00001" | FALSE TRUE TRUE
"001" > "00001" | TRUE FALSE FALSE
"100" < "01000" | FALSE TRUE TRUE
"010" < "10000" | TRUE TRUE FALSE
"100" < "00100" | FALSE FALSE TRUE
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A.3.2 Expansion of vector operands compared to integers

When a relational operator compares a SIGNED or UNSIGNED argument value with an INTEGER or
NATURAL value, the function has the effect of converting the SIGNED or UNSIGNED argument to its
equivalent universal integer value and then doing the corresponding comparison of integer values. For
example

(SIGNED ("111") > -8) = TRUE
and

(UNSI GNED' ("111") < 8) = TRUE

That is, the INTEGER value may be larger in magnitude than any value that can be represented by the num-
ber of elementsin the SIGNED or UNSIGNED value.

A.3.3 Return value for metalogical and high-impedance operands
If an operand to any of the NUMERIC_STD relational operator functions for =, <, <=, >, or >= contains a
metalogical or high-impedance value, the function returns the value FALSE. If an operand to the

NUMERIC_STD relational operator function /= contains a metalogical or high-impedance value, the func-
tion returns the value TRUE.

A.4 Shift functions

A.4.1 Multiplication by a power of 2 with remaindering

The SHIFT_LEFT function for an UNSIGNED argument provides for multiplication by a power of 2
remaindered by the maximum size of the vector argument. In particular, if ARG is UNSIGNED and is well-
defined, and if the integer values fall within the range allowed for INTEGERS,

TO | NTEGER( SHI FT_LEFT(ARG COUNT)) =
TO I NTEGER(ARG) * (2 ** COUNT) rem (2 ** ARG LENGTH)

A.4.2 Division by a power of 2

The SHIFT_RIGHT function for an UNSIGNED argument provides for division by a power of 2. That is, if
ARG isUNSIGNED and iswell-defined, and if theinteger valuesfall with the range allowed for INTEGERS,

TO_ | NTEGER( SHI FT_RI GHT( ARG, COUNT) = TO | NTEGER(ARG) / (2 ** COUNT)

A.5 Type conversion functions

A.5.1 Overflow in conversion to INTEGER

The TO_INTEGER function does not contain code to check that the SIGNED or UNSIGNED argument has
an equivalent universal integer value that belongs to the range defined for the INTEGER or NATURAL sub-
types. If TO_INTEGER is called with an argument value that is too large, the simulation tool may therefore
detect an overflow. A user should avoid applying TO_INTEGER to argument subtypes for which the num-
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ber of elementsis greater than the number of bits used to represent INTEGERs in the user’s simulation and
synthesis tools.

A.5.2 Conversion between SIGNED and UNSIGNED

The packages do not provide functions for converting directly between the SSIGNED and UNSIGNED types.
Such conversions must be performed by the user. There are several ways to convert between SIGNED and
UNSIGNED types. In performing such conversions, a user must determine how to handle any possible dif-
ferencesin the ranges supported by SIGNED and UNSIGNED objects having the same number of elements.
For example, suppose the VHDL source code contains the declarations

signal S: SIGNED(3 downto 0);

signal BIG S: SIGNED(4 downto 0);

signal U UNSIGNED(3 downto 0);

constant S1: SIGNED(3 downto 0) := "1000"; -- equivalent to -8
constant Ul: UNSI GNED(3 downto 0) := "1100"; -- equivalent to +12

a) A user can useaVHDL type conversion to convert one form to another:

S <= SIGNED(U1); ~-- Ul (= +12) gets converted to S (= -4)
U <= UNSIGNED(S1); -- S1 (= -8) gets converted to U (= +8)

b) A user can add an extrabit to represent the sign when converting from UNSIGNED to SIGNED:
BIGS <= SIGNED(' 0" & Ul); -- Ul (= +12) gets converted to BIG S (= +12)

¢) Finaly, auser can generate an error or warning when the value of one cannot be represented in the
number of elements available in the other:

assert S >= "0000" report "Cannot convert negative value."
severity WARNI NG
U <= UNSI GNED( S);

A.6 Logical operator functions

A.6.1 Application to SIGNED and UNSIGNED

The functions that define the application of the logical operators and, or, nand, nor, xor, and xnor to
SIGNED and UNSIGNED argument values are equivalent to functions that apply the same logical operators
to STD_LOGIC_VECTOR (or STD_ULOGIC_VECTOR) arguments. This equivaence includes the han-
dling of metalogical and high-impedance element values. That is, for example, if S1 and S2 are SIGNED
values of equal length,

S1 nand S2 = SI GNED(STD_LOG C VECTOR(S1) nand STD_LOGI C VECTOR(S2))

A.6.2 Index range of return values

For thefunctionsand, or, nand, nor, xor, and xnor definedinthe NUMERIC_STD package, theindex range
for the return values has the form “n - 1 downto 0,” where n is the number of elementsin the return value.

Inthe NUMERIC_BIT package, the corresponding functions are defined implicitly by the type declarations

for the SIGNED and UNSIGNED types, so that the index range of the return values is as defined by IEEE
Std 1076-1993.

A.7 The STD_MATCH function

The behavior of the STD_MATCH functions in the NUMERIC_STD package differs from that of the =
functions for the same types of arguments. The STD_MATCH function compares its arguments element by
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element, and treats the value ‘-’ as matching any other STD_UL OGIC value. The = function interprets its
operands, however, as representing the equivalent integer values, and returns TRUE if the equivalent integer
values are equal.
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