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NOTES
1. Top-level instances shall be accessed using vpi_iterate() with aNULL reference object.

2. PassingaNULL handleto vpi_get() with types vpiTimePrecision or
vpiTimeUnit shall return the smallest time precision of all modulesin the instantiated design.

4. If amoduleisan element within amodule array, the vpil ndex transition is used to access the index within the array. If
amoduleis not part of amodule array, this transition shall return NULL.
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Modport

iﬂ

interface
-> name
str: vpiName _______ ypinterface tf decl’,
-> direction N -

int: vpiDirection

Interface tf dec;

(inerface )4 w»(interface t decl) 44— W modport )

-> type
vpiType
-> access type
int: vpiAccessType
VpiExport
vpilmport
vipForkJoin
vpiExtern

NOTE

vpilterate(vpiTaskFunc) can return more than one task/function declaration for modport tasks/functions with an
access type of vpiForkJoin, because the task or function can be imported from multiple modul e instances.



no| Inc.

ModPort Ports

— = - =~

vpiHighConén /- — — = — — — — — \
4”‘ expr )
________ |
(_modportport _)¢— e ),
-> name \ —_—_ 7
str: vpiName
-> direction

int: vpiDirection

NOTES
1. For simple port declaration inside a modport, the HighComm represents the signal in the interface (type expr).

2. For hierarchical port declaration, the HighComm will be a RefObj of type vpiM odPort.
3. Direction for hierarchical ports should be vpiUndefined.
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vpiBit

port bits

/

N - _—— =

-> connected by name
bool: vpiConnByName
-> delay (mipd)
vpi_get_delays()
vpi_put_delays()
-> direction
int: vpiDirection
-> explicitly named
bool: vpiExplicitName
-> index
int: vpiPortindex
-> name
str: vpiName
-> port type
int: vpiPortType
-> scalar
bool: vpiScalar
-> size
int: vpiSize
-> vector
bool: vpiVector

NOTES

1.

IS B N

~

9.
10.

vpiPortType shall be one of the following three types: vpiPort, vpil nterfacePort, and vpiM odportPort. Port
type depends on the formal, not on the actual .

vpi_get_delays, vpi_put_delays delays shall not be applicable for vpil nterfacePort and
vpiM odPortPort.

vpiHighConn shall indicate the hierarchically higher (closer to the top module€) port connection.
vpiL owConn shall indicate the lower (further from the top modul€) port connection.
vpiL owConn of avpilnterfacePort or avpiM odPortPort shall always be vpiRefObj.

Properties scalar and vector shall indicate if the port is 1 bit or more than 1 bit. They shall not
indicate anything about what is connected to the port.

Properties index and name shall not apply for port bits.

If aport is explicitly named, then the explicit name shall be returned. If not, and a name exists, then
that name shall be returned. Otherwise, NULL shall be returned.

vpiPortlndex can be used to determine the port order. The first port has a port index of zero.

vpiHighConn and vpiL owConn shall return NULL if the port is not connected.
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RefObj

vpiHighConn
= [
» N p_OI’E _
refobj 4——vpiLowConn
N
s

vpiPortinst \. _ p_or_s —

-> RefObjType
int: vpiRefObjType
~> name vpiParent > C refObJ )

str: vpiName

vpiScope ’ ( scope )

— ———

N
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vpilnterfaceConn interface

I modport )

1. vpiRefObj Type of vpiRefObj can be one of the following types: |C ir@ts: : D:
— vpilnterface o <
— vpiModport I( _co |
— vpiNet | _variable \:
— vpiRey
— vpiVariable _——_ =7

12. vpiPort and vpiPortlnst is defined only for vpiRefObj where vpiRefObj Typeis vpil nterface.

Examples

These objects are newly defined objects needed for supporting the full connectivity through ports where the
ports are vpilnterface or vpiModport or any object inside modport or interface.

RefObjs are dummy objects and they always have a handle to the original object.
interface simple
logic req, gnt;

modport slave (input req, output gnt);
modport master (input gnt, output req);

}
module top()

interface simple i;

childl i1(i);
child2 i2(i.master);

10
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endmodule

/ *
for port of il,

vpilnterface

vpiHighConn = vpiRefObj where vpiRefObjType
for port of i2 ,
vpiHighConn = vpiRefObj where vpifullType = vpiModport
T e
module childl(interface simple s)

cl c_1(s);
cl c_2(s.master);

endmodule

J**
for port of childl,

vpiLowConn = vpiRefObj where vpiRefObjType = vpilnterface
for that refObj,

vpiPort is = port of childl.

vpiPortinst is = s, s.master

vpilnterfaceConn 1is = i.
for port of c_1 :

vpiHighConn is a vpiRefObj, where full type is vpilnterface.

for port of c_2 :

vpiHighConn is a vpiRefObj, where full type is vpiModport.

11
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Variable
‘. _Instances vpiPortinst - - — - — - - — —
ports )
vpiHighConn
" ports <<
g vpiLowConn l
': o §c_or_)é B 4t—>p 2 variables "\ vpiParent
—————————————————— ] I p Vlar
, expr k- - -- ey < ™ select
NI S ‘vpi LeftRange logic var .
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_________ int var bool: vpiConstantSelect
! expr 4+“— | \ > name
Somm oo iRightRange : - Vi
VPIRigntRang (" integer var str: vpiName
| str: vpiFullName
: : -> valid
range o
shortint var : vpiValid
> array (" long int var >Sze
bool: vpiArray | | int: vpiSize
->name 5 byte var ) -> value
str: vpiName Q{E | [ vp!_get_value()
s_tr: vpiFullName g | struct var vpi_put_value()
-> signed | |
bool: vpiSigned union var !
-> size L
int: vpiSize : bit var ' L (E‘X_p[ —_—n
-> member | | vpilndex
Commwar 3 g
->value enum var ! ( expr
vpi_get_value ( varselect ) 777 vpilndex

vpi_put_value()
-> packed array
bool: vpiPacArray
-> multi-pack array
vpiMultiPacArray
-> multi array
bool: vpiMultiArray
->vpiAutomatic (ref. 26.6.20,
1364 2001)
-> constant variable
vpiConstantVariable

real var

I

time var

vpiDriver -
vpiLocalDriver {/ variable

« driver )

~ - — — — — —

short real var

class

7 variable »

vpiLoad . load ,
vpiLocalload ~ -~~~ 7
Variable bit here may

have the same meaning
and semantics as bit in
26.6.7

For type equivalence
rules, see 7.15

12


joao
Add a property to return randomiztion:
  vpiRandType ->
   vpiRand,
   vpiRandC,
   vpiNotRand

Add a property to determine whether a random variable is currently active for randomization:
   vpiIsRandomized -> bool
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NOTES
A var select isaword selected from avariable array.

The boolean property vpiArray shall be TRUE if the variable handle references an array of variables, and
FALSE otherwise. If the variable is an array, iterate on vpiVar Select to obtain handles to each variablein
the array.

vpi_handle (vpilndex, var_select_handle) shall return the index of avar select in a 1-dimensional array. vpi_iterate
(vpilndex, var_select_handle) shall return the set of indices for avar select in amultidimensiond array, starting with
theindex for the var select and working outward

vpiL eftRange and vpiRightRange shall apply to variables when vpiArray is TRUE, and represent the array range
declaration. These relationships are only valid when vpiArray is TRUE.

vpiSizefor avariable array shall return the number of variablesin the array. For non-array variables, it shall return the
size of the variablein bits.

vpiSizefor avar select shall return the number of bitsin the var select. This applies only for packed var select.
Variables whose boolean property vpiArray is TRUE do not have a value property.

vpiBit iterator applies only for logic, bit, packed struct, and packed union variables.

vpilndexTypeisvalid only for associative array.

cbSizeChange will be applicable only for dynamic and associative array if both value and size change, size changes
cbfirst. Thisch fires after size change occursand before any value changes for that variable. The value in the callback
is new size of the array
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Variable Drivers and Loads

— —— —
— —— —

~
/ variable /  variable h
[ drivers [ loads !

R S . !
' pors” )
force vpiDriver _ _ _ _ __ ___ N
- ' variables /.—»
- g vpiLoad -
Ceontasson )

cont assign I cont aSSign
bit | bit
— | \ 7
( assign stmt } N -

NOTES
1. vpiDrivers/Loadsfor astructure, union, or class variable will include the following:

— Driver/Load for the whole variable
— Driver/Load for any bit/part select of that variable
— Driver/Load of any member nested inside that variable

2. vpiDrivers/Loads for any variable array should include the following:

— Driver/Load for entire array/vector or any portion of an array/vector to which a handle can be obtained.

Instance Arrays (26.6.2)

_________ N ,-————-\vpiLeftRange f—mm———— o
‘. expr  4—/instance array | Mo expr

I
(interface array
I

(program array

I
( module array
\

N e — — —

e
NOTE

Param assignments can only be obtained from non-primitive instance arrays.
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Scope (26.6.3)

NOTE

concurrent
assertions

Tl L e Gaeee
AR e
—ll: taskfunc I array
________ |

-> name
str: vpiName
str: vpiFullName

Unnamed scopes shall have valid names, though tool dependent.

15
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IO declaration (26.6.4)

- — — - - - - = =

NOTE

-> direction

int: vpiDirection
-> name

str: vpiName
-> scalar

bool: vpiScalar

-> sign

bool: vpiSigned
-> size

int: vpiSize
-> vector

bool: vpiVector
-> array

bool: vpiArray

vpiDirection returns vpiRef for pass by ref ports.

clocking domain

-~ — T T~

event control )
delay control

N

\||

_ —_— — =

<

vpi Defl nputSkew

vpi DefOutputSkew

vpiClockingEvent

event control

— —— —

N

misien
[ <4“—

delay control /l
N

_ —_— — =

N

/
net )

I
—» g )

I
VpIiExpr |

\_ _ variable
N - - =~
- » expr )
vpiLeftRange T~
' expr )
vpiRightRange ~ ~ ~ ~ ~ 7 7 7

o — — —

N

event control )
p -

delay control /I

\/ clocking N —— -
. - o, T T T T N
domain _instances

o

clocking
i/o decl

->name
str: vpiName
str: vpiFullName

clocking
i/o decl

-> vpiDirection

->vpiName

->vpiDefault Skew
bool

concurrent
assertion item

16
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Class Object Definition

vpiDerived

class defn ¥

vpiBase

> name
str: vpiName
> virtual
bool: vpiVirtual
-> useDefn
bool: vpiUserDefined
-> lifetime
bool: vpiLifetime

class defn

NOTE

> variabie )
iMethod
— wCoonsrant D)

1. ClassDefn handleisanew concept. It does not correspond to any vpiUser Defined (class object) in the design.

Rather it represents the actual type definition of aclass.

2. Should not call vpi_get_value/vpi_put_value on the non-static variables obtained from the class definition

handle.

17


joao
add note stating that this returns
only normal constraints and not inline constraints.
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Constraint

O

constraint

vpiParent

=

=

vpiParent

=

> virtual

constraint
()
constraint
e D

bool: vpiVirtual >/ constraint
--> lifetime (static/automatic) expr Y,
int: vpiLifetime N T
-> extern
bool: vpiExtern
-> name
str: v 7ne
constraint
ordering
vpiParent
constremit vpiSolveBefore =~ - - — — — — — — N
expr )
vpi SolveAfter T _e>_<p_r_ - =~
—>p )
constraint
dist
vpiParent
————» expr

COﬂSti@L
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joao
What is the reason to have this iteration from NULL to constraints? If just historical, then remove

joao
Do not need scope iteration (relation belongs to class)

joao
Do not need instances iteration (relation belongs to class)

joao
Do these iterators return all constraints, including those that have been inherited ?
Applies to constraint ordering, dist and expr

joao
Add
  str: vpiFullName


joao
Need to add properties describing as to whether the
constraint is enabled or disabled.

joao
??Q:??
Should access to current constraint biases be available and how???
Very desirable...

joao
Merge all these items into a single dotted enclosure "Constraint Item" which contains all these items.
Single iterator from constraint to constraint. Remove relation back  to parent.

joao
remove parent relationship,
remove constraint bubble

joao
remove parent relationship,
remove constraint bubble

joao
Open issue on how to represent inline constraints (12.6)

Proposal:
class.randomize ->
   optional operand is an inline constraint?
inline constraints have no parent.
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( distitem )@

vpiLeftRange s — — — — N
>oo_expr
i RightRange _ = = —
VPIRIg g ‘s expr ~
~ - 27 _
vpiWeight ST T T TN
= > expr D
-> operation type (:=ar:/ )
int: vpiOpType
/  constraint \
| expr -
---------- q ondition S — — — N

implication o e
! — - Constraint expr
constr if N 7

I
- i ElseConst ~ . ~
! constr if else ) £ P constraint expr,
- o TN

————————— l /
\__expr > _expr

-> constraint expr type@

VPIEXpr
vpilmplication
vpilfExpr
vpilfElseExpr

19


joao
Needs change:

dist item -+-> value range
                  |
                  +-> value expr
                  |
                  +-> weight expr

add property to dist item to indicate whether it is a range or not.

Weight-> could be current weight or initial weight or may want to have relations to both. Again, do we want access to current dynamic weights?

joao
vpiDistType ->
   vpiEqualDist
   vpiDivDist

joao
JOAO: Check with Arturo/Surrendra regarding syntax and semantics of constraint sets (LRM looks wrong)

joao
Need to add vpiCondition from both constr if and contr if-else.

Need to add relation from constr-if to constraint expr


joao
Constraint expr represent constraint sets, so somewhere we're going to need an interator,


joao
Unnecessary, as already evident from the constraint expression types themselves
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Variables (26.6.8)

vpiVariable T
> variables

vpiClassDefn
( class var . class defn
vpiVNitingProcess frame

vpiMessage ~ - —

X ; class defn
int: vpiClassType vpiActualDefn >

int: vpiMailbox

int: vpiSemaphore
-> associative array @

bool: vpiAssociativeArray
-> index type

vpilndexType
-> dynamic array

bool: vpiDynamicArray
-> access type

int: vpiAccessType

int: vpiPublic

int: vpiPrivate

int: vpiProtected

NOTES

1. vpiWaiting/Processiterator on mailbox/semaphores will show the processes waiting on the object:
— Waiting process means either frame or task/function handle.

vpiM essage iterator shall return all the messagesin amailbox.

vpiClassDefn returns the ClassDefn which was used to create the handle.

vpiActualDefn returns the ClassDefn that handle object points to when the query is made.
vpiClassDefn/vpiActualDefn both shall return NULL for built-in classes.

o M 0w DN
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joao
need to add some more builtin classes: queues, processes
(any others ???)


joao
Missing the relation to the actual value of parameters (ie the parameter assignments)

joao
Need to consider how (if at all) to represent differences between built-in classes vs user defined classes
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Structure/Union

—_——— =

~N
struct var .
| vpiPar ~

C Taraklae
| 2228 variables D

union var ) -
~
@ -> definition name

str: vpiDefName
-> packed
bool: vpiPacked

R ——

NOTES

vpi_get_value/vpi_put_value cannot be used to access values of entire unpacked structures and unpacked unions. @

Enum, Enum Constant

enum var enum const

-> vpi_get_value
-> name

str: vpiName
-> typed

int: vpiType

21


joao
move properties under the dotted box

joao
Look into allowing raw access to the entire struct value.

joao
move vpiParent tag further left
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Named Events

' instance 4— vpiWaitingProcess
———————— —»»(named event )————pp(_frame )

-> array member
bool: vpiArray
-> name
str: vpiName
str: vpiFullName
-> value
vpi_put_value()

NOTE
The new iterator (vpiWaitingProcess) returns all waiting processes, identified by their frame, for that namedEvent.

instance 3 e
So oS named event named
(range ) arra event

-> name vpllndex
str: vpiName - - ____

\

str: vpiFullName ‘L expr

NOTE
vpi_iterate(vpilndex, named_event_handle) shall return the set of indices for a named event within an array,

starting with the index for the named event and working outward. If the named event is not part of an array, a

NULL shall be returned.

22
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Task Function Declaration

- — - - vpiLeftRange T T A T T T N

(Todes et mmsirme S, e e
| T
[

(function )
[

-> sign !

vpiReturn — =
bool: vpiSigned | P }C variables ;
-> size | -

[
I int: vpiSize
[
[

| vpiClassDefinition —
- t?:]‘:?vpiFuncType i P class definition
vpiParent -
| | refobj
task call C task )

N /

_—— — — -

->method
bool: vpiMethod
--> Access
- vpiAccess
-> Virtual
bool: vpiVirtual
> extern
bool: vpiExtern
bool: vpiDPIExtern

NOTE

1. A Verilog HDL function shall contain an object with the same name, size, and type as the function.

2. vpilnterfaceTask/vpilnterfaceFunction shal be true if task/function is declared inside an
interface or amodport of an interface.

3. For function where return type is a user-defined type, vpi_handle (vpiReturn,Function_handle) shall return
the implicit variable handle representing the return of the function from which the user can get the details of
that user-defined type.

4. vpiReturn will always return avar object, even for simple returns.

23
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Alias Statement

Examples

alias a=b=c=d

Resultsin 3 aliases:

alias a=d
alias b=d
alias c=d

disRhsfor all.

24
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Frames (26.6.20)

(ask 4 ( taskcal ) frame

— TN
scope

D

P
> — vpiOrigin

function call )

25

s

~ — ——

NOTES
1. Thefollowing callbacks shall be supported on frames:

frame

vpiParent

—> stmt

vpiAutomatic

vpi Thread

-> validity

bool: vpiValid
-> active

bool: vpiActive

— cbSartOfFrame: triggers whenever any frame gets executed.
— cbEndOfFrame: triggers when a particular thread is deleted after all storage is deleted.

reg array

—
@D
(o]

ari_abl S

named event

v

N
\/

hamed event

array

Comment to editors. Please note that we have changed the vpiParent handle from the LRM. vpiOrigin

now gives the originating scope or task/function call.
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Threads

vpiFrame vpiThread
thread

vpi Thread

-> validity

bool: vpiValid
-> active

bool: vpiActive

NOTES

The following callbacks shall be supported on threads
—  cbSartOfThread: triggers whenever any thread is created

—  cbENndOfThread: triggers when a particular thread gets deleted after storage is del eted.

—  cbEnterThread: triggers whenever a particular thread resumes execution

vpiParent vpiOrigin .~ — — —

26
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________________ .
e . \

i/ concurrent assertions |, _______ __

clocking event )4; ___________________ s stmt
C D ““““ (or null) @

(or null) ( assert property > ' vpiSuccesStmt
disable condition )H < cover property > it T ; @
(ornul) S _C - vquansErﬁt “““ (or nul
definition location _
str: vpiDefFile vpiProperty
int: vpiDefLineNo |,
block identifier | ( property mst> \
str: vpiName L
str: vpiFullName | (property spec ) J
disable iff N P
bool: wpiDisableif{S) T T T T T~
clocking
bool: vpi ClkEvent @
assertion type

int: vpi mdonType
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joao
remove or NULL comments


joao
remove "or null" comments

joao
fail statements only from assert
Move arrow to assert property

joao
Is it possible 

joao
disable relation should be on the property instance/property spec, not on assertion.


joao
clocking event is always the actual clocking event on which the assertion is being evaluated, regardless of whether this is explicit or implicit (inferred)

joao
whether clocking is inferred or explicity

joao
vpiDisableIff property does not belong here.

joao
remove assertion type, as it is redundant (vpiType will already return sufficient information)


no

Inc..

(disable conditio@4>( expr

definition location
int: vpiDefLineNo
str: vpiDefFile

_——— = = = = = <

name (clocking identifier) @
str: vpiName
str: vpiFullName
definition location
int: vpiDefLineNo
str: vpiDefFile
inferred or declared
bool: vpilnferred

(_property inst >—>( property dec|>—>{property spec )

name
( formal Iisﬂ] str: vpiName
str: vpiFullName
definition location
str: vpiDefFile
int: vpiDefLineNo
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joao
remove formal list, replace by iterator on formal list items


joao
not "event control", expr
(see event control for similar pattern to base representation)


no| Inc.

/' concurrent assertions:n@

(_ property decl @ L
L =)cking event )a————(property spec )———{_property expr )
A

definition location
disable condition = )=e— int: vpiDefLineNo
( str: vpiDefFile
(or null@ name

str: vpiName @

- — — - - - - - - - - - <

. variables : str: vpiFullName
“““““ ’ complement
@ bool: vpiNot
vpiRhs _Se_qu_enT:e_ \
(property expr) > ;
operation { sequence expr |
int: vpilmply | . |
o multiclock
int: vpiDelayedimply | |
complement consequent (not) e Pr/)
bool: voiNot | = === — = -
- _Se_qu_enT:e_ \
- -

vpiLhs | “sequence expr’

|

|

. |

| multiclock |

|\ sequence expr /,
\

~— — — —
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joao
remove "or null" comment

joao
remove this relation from concurrent assertions (redudant)

joao
these are declarations of property variables. Cannot get the value of these variables. Add note.


joao
remove relation from property decl (redudant)

joao
why have complement here?
Shouldn't this be a property of the property expression ?

joao
add note/example describing how various properties are represented.

expr
not expr
expr -> expr
expr -> not expr
expr => expr
expr => not expr


joao
why do property spec have name? They are specs, not decls or instances.

joao
not clocking event (no such thing), but expr.


no

Inc..

multiclock
seguence expr

clocking
@ bool: vpiClIkEvent

»< clocked seq )

\I%Operand

(clocked seq )

4>< clocking event@

(property inst)
definition location

int: vpiDefLineNo
str: vpiDefFile

»( arguments )

——»(_property decl )

30


joao
not clocking event, "expr"

joao
remove vpiOperand tag
Iterate on clocked seq (more natural)

joao
what is this clocking property for?
JOAO: Check with Surrendra & Ed.
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(sequence inst >—>fsequence decD—F{SGQUGHCG Spe@

J definition location
( formallist ) str: vpiDefFile
int: vpiDefLineNo
block identifier
str: vpiName
str: vpiFullName

/ Sequence \\
@gequence speC)——wp — — — — — — -

~— — — —

( formal list )—»»(formal list item)@

(formal list item ( identifier )

event expressionl _=|

(actual arg expr) »-event_expression,

connected by name @
bool: vpiConnectByName
explicitly named
bool: vpiExplicitName
argument index
int: vpiPortlndex @
name
str:vpiName
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joao
change formal list item from a relation to a class (dotted enclosure) containing identifier and event expression.


joao
not event expression
replace by "event control"

joao
need a relation to get sequence variables from sequence spec.
(like as for property spec)

joao
remove this diagram

joao
what is this relation representing?


joao
need explanation of these properties
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< operation vpiOperand ‘sequence expr

|

|

- operation  j=rmmm e sequence expr
: operation type

|

|

|

|

|

int: vpiSeqOpType

B sequence expr

—»»Cactual arg expr)

N
I

(sequence declH sequence inst )

|

|

|

|

|

|

|

|

|
'definitionlocationﬁ |
int: vpiDefLinemo !
|

|

|

|

|

|

|

|

|

7/

str: vpiDefFile

I

|

|

|

|

|

name

| str: vpiName @
' str: vpiFullName
|

|

| { expr )—‘—»»( assignment )
_____________ |

int: vpiSeqOpTypeis one of:

and, intersect, or,
first_match,
throughout, within,
H#it

(4], [*=], [*->]
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joao
sequence instances do not have names.

joao
replace definition location by location, vpiLineNo, vpiFile

joao
For all operations, need explicit order in which all the operands are returned (eg a ##[1:5] b, should return
a, [1:5], b
in order)
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- —_ — — — - - = = - - = <

—— = — —

instances

i

port |
e
e )
(Cmemoy )
I( named event )

o |
Cprimterm )

I
I
asidune )
I
(prmiive )|

(Ciable enty )

Csm )
process |
operation

concurrent
assertions

(_property decl

clocking domain)|

| class defn |

constraint )

/]
\

«—(immediate as@%

| vpiAttribute

attribute

-> name

str: vpiName
-> On definition

bool: vpiDefAttribute
-> value:

vpi_get_value()
definition location
str: vpiDefFile

int: vpiDefLineNo

— stmt .
vpiSuccesstmt
L/ stmt
vpiFalstmt


joao
expand assrt to assert


no

Inc..

= ===

if call

(_release )|
(st
(et ),
| assert |
(dowhie )!
(e ),
(breac )
(conine )

N e


joao
Need to extend VPI expressions to include the new VPI operators:
++ (pre, post)
-- (pre, post)
inside
null
aggregates (struct, union, array)
non-blocking event trigger
the dot operator (.), applied to objects
casts
new




joao

joao
Need to add:
 unique and priority if stmts (property of the if stmt?)
  wait_order
  all various fork types (property of the fork itself?)
randcase
case variants (property of the case?)


joao
correct if call to "tf call", make text in italics
(all text in dotted enclosure should be italics)



