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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BEHAVIOURAL LANGUAGES

Part 3-3: Synthesis in VHDL

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
aII nat|ona| electrotechnlcal commlttees (IEC Natlonal Commlttees) The object of\ the IEC is to promote

participate in this preparatory work. International, governmental and nop<goyer izatiehs liaising
with the IEC also participate in this preparation. The IEC collabo ates 510 i International
Organization for Standardization (ISO) in accordance with conditions grmi By ax t between the
two organizations.

2) The formal decisions or agreements of the IEC on technlc S g
international consensus of opinion on the relevant subjects echnrjcal comittee has representatlon
from all interested National Committees.

of standards, technical specifications, te
Committees in that sense.

4) In order to promote international unification,
Standards transparently to the maximum

ndertake to apply IEC International
their national and regional standards. Any

6) Attention is drawn to the
of patent rights. The I1E(C

€ nts of this International Standard may be the subject
ble for identifying any or all such patent rights.

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.
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BEHAVIOURAL LANGUAGES -
Part 3-3: Synthesis in VHDL

1. Overview

1.1 Scope

This standard defines standard practices
source code. It includes the following:

a) The hardware interpretation of valuesb
Std 1076-1993! andq the STE

st definewector types for representing signed and unsigned arithmetic values, and
neti e shift Nand type€onversion operations on those types.

This standar \ e WithNEEE Std 1076-1993. Modifications that may be made to the packages
for use wi Wi OUS EEE Std 1076-1987, are described in 7.2.

The word shal[idicates mandatory requirements strictly to be followed in order to conform to the standard
and from which nodéviation 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 toal 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

2. References

IEEE Std 1164-1993, IEEE Standard
(Std_logic_1164) (ANSI).

3. Definitions

|EEE Std 1164-1993.

3.1 argument: Anexpi
3.2 arithmetic i

3.5 equality relation:M\ 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/=.
3.8 logical 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.


https://standards.iteh.ai/catalog/standards/iec/3b0924ae-a8ee-4086-bf0b-51333f4724eb/iec-61691-3-3-2001

61691-3-3 © IEC:2001(E) -7 -
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
éectronic 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 tha
Cesses.

hesis tool pro-

3.15 vector: A one-dimensional array.

3.16 well-defined: Containing no metalogical or high-impedance element

4. Interpretation of the standard logic types

e dard logic types defined by |IEEE
E(zg Std 1976-1993. Simulation tools,
Stand

ds |n"'which the values are defined.

€ak Unknown
Weak 0O
-- Weak 1

|EEE 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 avalue during simulation; the values‘ X’ and ‘W’ represent forcing and weak values,
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

sistool has replaced named constants by their corresponding values.
4.3.1 Interpretation of the forcing and weak values (‘0’, ‘1’ /
A synthesistool shall interpret the following values as repr

— TheBIT vaue‘0'.
— The BOOLEAN value FALSE.
— TheSTD_ULOGIC vaues‘0 and

It shall interpret the following values as rep

TheBIT value‘1’.

as equivalent tothke 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 ametaogical value occurs as a choice, or as an element of achoice, in a case 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

the operation as an error.
4.3.2.4 Metalogical values in concatenate operations

If astatic metalogica value occurs as all of, or as one element OpE 9 the concatenate (&) opera-
tor, a synthesistool shall treat it asif it had occurred as the ¢ ponding he expression formed

sign-extension function, a synthesis tool i i ach\gccurred as the corresponding e ement of
the expression formed by the function call.

assigriment reference in a signal assignment statement, a synthesis tool
plying the equival ent of athree-state buffer that isdi 9b| ed when the con-

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 bit 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 metalogical value.

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 synthesistool 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 values are the same, or
— Onevaueis‘0 andtheotheris‘L’, or

— Onevaueis‘l and the otheris‘H’, or

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

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

tool shall interpret the call to the STD MATCH function as
ments of the arguments, excepting those elements of the statig

‘-’ the function returns FALSE.

6. Signal edge detection

falling edge, where RI
STD_LOGIC_1164 of

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.

-11 -

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

Table 1—Order of functions within packages

Function Id(s) NUMERIC_BIT NUMERIC_STD
Al abs abs
A2 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
A.33-A.38 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

\?}x FT_LEFT

HIFT_RIGHT
ROTATE_LEFT
ROTATE_RIGHT

O

A

FALLING_EDGE

(predefined in VHDL) | dli
i
rol
X N ror
\&1_}?’{ ?ESIZE RESIZE
1 TO_INTEGER TO_INTEGER
3 TO_UNSIGNED TO_UNSIGNED
N\D TO_SIGNED TO_SIGNED
RISING_EDGE (defined by the

STD_LOGIC_1164
package)

L.1,L.8

L.2,L.9

L.3,L.10
L4, L11
L.5L.12
L.6,L.13
L.7,L.14

not
and
or
nand
nor
Xor
xnor

not
and
or
nand
nor
xor
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 identifi
corresponding function body in the package body for the same pa

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

<formal_parameter_list>
The formal parameter list for the functio as defipe

<type_mark>

<subtype_indication>

The subtype of the vg eresult subtype of the function denotes an
includes an index constraint defining the
index range of f{ e i s of sizes and values of the input parameters.

<subtype_indicatig a5t pe indication as defined by |EEE Std 1076-1993.

<description of
An English langu

(0]

subprograms are~xcewritten for more efficient simulation or synthesis, provided that the behavior of the
rewritten subprograms remains the same under simulation. The behavior of the origina and rewritten sub-
programs are the sameiif, for any combination of input va ues, 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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