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This document serves as a reference for the definition of the syntax and semantics of a subset of VHDL named H-VHDL.
H-VHDL aims at the definition of synthesizable designs with a synchronous behavior (i.e. the execution of the designs is
synchronized with a clock signal).

1 Abstract syntax of H-VHDL

e = name read a signal, a local variable

or a generic constant value

| st constant

| bop(e, e2) binary operation

| uop(e) unary operation

| (eh) aggregate expression

name = id read a signal, local variable,

or generic constant value

| id(e) read value of an array signal

or local variable at index e

est w=mnlb natural or Boolean
bop and | or Boolean operators
add | sub natural number arithmetic

eq|ne|gt|ge|1lt|le comparisons

uop 1= not Boolean negation
Table 1: Expressions

T = bool boolean

| nat (e1, e2) natural range e; to es

| array (7, ey, e3) array of 7 with index range e; to ey

Table 2: Type indication

§s = name < e assignment to a signal

| name := e assignment to a local variable

| if(e){ss1} else {ss2} conditional

| for(id, ey, ez){ss} range loop

| falling{ss} falling edge block

| rising{ss} rising edge block

| rst {ss1} else {ssa}  reset conditional

| $81;889 sequence

| null no operation

Table 3: Sequential statements



cs = Dps process statement
| comp component (or design) instantiation statement
| es1 || es2 parallel composition
| null no operation
ps == ps(id, process identifier
vars = {(id, 7)*}, local variable declarations
body = ss) statement body
comp = comp(id,, component instance identifier
ide, instantiated design identifier
g ={(id = e)*}, generic constant map
i = {(name = e)*}, input port map
o = {((id = (namelopen))|(id(e) = name))*}) output port map
Table 4: Concurrent statements
design == {gens = {(id,1,e)*}, generic constants

ports = {((in|out),id, 7)*},
sigs = {(id, 7)*},
beh = cs}

input and output ports

internal signals
design behavior

Table 5: Design




2 Semantic domains

Table 6: The ¢ (type) and v (value) semantic types.

t = bool Boolean type
| nat(ny, ng) natural range n; to ns
| array(t,n1,ne) array of t with index range nj to no

v u=b Boolean
| n natural number (limited to NATMAX)
| a array of values

a == (vh)

NATMAX denotes the maximum value for a natural number. The NATMAX value depends on the implementation of the VHDL
language; NATMAX must at least be equal to 23! — 1.

Definition 1 (Elaborated design). An elaborated design A € ElDesign is a record
<@G,1,0,8, P,C> where:

— G €id—» (t xv) is the function yielding the type and the value of generic constants.

I € id -+t is the function yielding the type of input ports.

— O € id » t is the function yielding the type of output ports.

— S €id »t is the function yielding the type of declared signals.

— P cid-» (id-» (t x v)) is the function associating process identifiers to their local environment.

— C €id - ElDesign is the function mapping component instance identifiers to their own elaborated design version.

We assume that there is no overlapping between the identifiers of the sub-environments of an elaborate design (i.e, an iden-
tifier belongs to at most one sub-environment), and also between the identifiers of the sub-environments and the identifiers of
local environments. When there is no ambiguity, we write A(z) to denote the value returned for identifier z, where z is looked
up in the appropriate field of A. We write € A to state that identifier x is defined in the domain of one of A’s field. We note
A(x) < v the overriding of the value associated to identifier  with value v in the appropriate field of A, A U (z,v) to note the
addition of the mapping from identifier x to value v in the appropriate field of A, that assuming x ¢ A. We write z € F(A),
where F is a field of A, when more precision is needed regarding the lookup of identifier « in the record A.

Definition 2 (Design state). A design state o € ¥ is a couple (S,C) where:
— S €id —» v is the signal store, i.e. the function yielding the current values of ports and declared signals.
— C €id —» X is the design instance store, i.e. the function yielding the current state of design instances.

When there is no ambiguity regarding which store a given identifier belongs to, we use o(id) as a shorthand notation for
S(o)(id) or C(o)(id). Similarly, we write id € o as a shorthand notation for id € dom(S(0)) or id € dom(C(0)).



3 Elaboration rules

3.1 Implicit default value

The following predicate states that a semantic type is well-formed.

WFARR
WFBooL WFENAT
! < u < NATMAX WE(t)

WZF(bool) WJF(nat(l,u)) W (array(t.Lu)) 1 < w < NATMAX

Table 7: Well-formed semantic type

According to the VHDL LRM, at the declaration of a port, a signal or a variable, these items must receive an implicit default
value depending on their types [1, p.61, 64, 173]. The dv relation determines the default value for a given type.

D VB DEFAULTVCNAT DEFAULTVCARR
EFAULTVBOOL WF(nat(l, ) W (arzay(t, 1) Lo

bool dv fal d size = (u— 1)+ 1
H U d .
0 aise nat(l,u) — 1 array(t,l,u) =% create array(size,v)

Table 8: Type default value

The create array(size,v) expression yields an array of size size where each element is initialized with the value v.

3.2 Typing relation

The typing relation €, checks that a given value conforms to a given type.

sBoo IsCNaT IsARRAY
L
pep YWF(nat(l,u)) n el WF(array(t,l,u)) v; Ect i=1....m
b €c bool n €. nat(l,u) 7 (vi,...,0p) € array(t,lu) "~ @ O+1

3.3 Static expressions

Static expressions are either locally static or globally static; the LRM defines locally static and globally static expressions as
follows.

3.3.1 Locally static expressions

The SE; relation, defined by the following rules, states that an expression is locally static.

LSEUOP LSEBOp
LSEN LSEB
e Ooze B SEi(e) SEi(e1) SEi(e2)
SE(n) SEi(b) SEj(uop(e))  SEi(bop(er,ez))




3.3.2 Globally static expressions

The SE, relation, defined by the following rules, checks that an expression is globally static in the context of an elaborated
design A.

GSELocaL GSEAGGREGATE
GSEG
SE(e) EN | e Gia) A+ SEg(ei,) . .
AESE (e A+ SE,(id) AF SE,(Cer,... en)
g g

3.4 Type indication elaboration

The econstr relation checks that a constraint is well-formed and evaluates the constraint bounds.

EConsTr
AF SEy(e;) AkFer=n  ny €, nat(0, NATMAX)
Al SEy(ea) Al ey =ny ng €. nat(0,NATMAX)

ni1 < na
econstr

A (61,62) e (nl,ng)

The et relation checks the well-formedness of a type indication 7, and transforms it into a semantic type t (as defined in
Table 6).

ETvyPENAT ETyYPEARRAY
ET B
YrRRoor AF (eq,es) m>(n1,ng) AFT 4y A}—(el,eg)%(nl,ng)
AF bool <% bool et et
A F nat(ey,e2) — nat(ng,ns) A& array(r, e, e2) — array(t,ni,nz)

The econstr, relation checks that a generic constraint (i.e, a constraint appearing in a type indication associated with a
generic constant declaration) is well-formed and evaluates the constraint bounds.

EConsTrRG
SE/(e1) € —m1  n €. nat(0, NATMAX)
SEj(e3) ez = mny  ng €. nat(0,NATMAX)

ny < ng
econstrg

(e1,e2) (n1,mn2)

The et relation is specially defined to check the well-formedness of a type indication associated with a generic constant
declaration.



ETyrPEGNAT

ETyrPEGBooL econstry
(el ) 62)

(n1,n2)

bool et—g> bool ety
nat(ey,e2) —> nat(ni,n)

3.5 Design elaboration

Given design store D € id - design and a dimensioning function M, € id -+ v, the elaboration phase generates an elaborated
design A € FElDesign along with a default state 0. € ¥ out of a H-VHDL design d € design. The elaboration performs
static type-checking over the declarative (gens, ports and sigs) and behavioral (behavior) parts of a design, but also checks the
well-formedness of generic and port maps in design instantiation statements, and finally checks that there is no multiply-driven
signal.

DesigNELAB

Ay, My = d.gens S A A, oy b d.ports cports, Ao

Aok dsigs <25 A7 o' D,A" 0" - dbeh L A" 6" NoMDInCs (A", d.beh)

D, M, d 2L A o

3.6 Generic clause elaboration

GeNELABDIMEN
VET GENELABDEFAULT
; t
SEfe) - M(id) e t 5%t eSv SE(e) vedt id¢ A

it e S M(id) = |v]

A M (id, 7, e) 2225 AU (id, (t, M(id)))

g n  AME (id,7,e) S AU (id, (t,0)  9FM

GeNELABCoMP

A,M}—(id,T,e)ﬂA’ A, M F gens <255 A
A, MFE (id, 1, e), gens NN

3.7 Port clause elaboration

INPorTELAB

AbFr St td—v>v id ¢ A
id¢o

eports

A, o F (in,id, 7) 2% I(A) U (id,t), o U (id, v)




OutPorTELAB
et dv
AFT =t t—v id¢ A

eports idd¢o
A o+ (out,id, T) cports, O(A) U (id,t), o U (id,v)

PorrELaBCOMP
eports eports

A, o0t pdecl —— A, o' A, o' F ports —— A", 0"

A, o & pdecl, ports cports, A", "

where pdecl ::= ((in|out), id, 7).

3.8 Architecture declarative part elaboration

SiGELAB
ot d
AT 55¢ t =% 0 id ¢ A

esigs idg o
Aot (id,7) =25 S(A) U (id, t), o U (id,v)

SicELaBComp ] )
. €estgs . estgs
Ao b (id, T) RELEAN Aol Al o'+ osigs RELLN A" "

. . esigs
Ao & (id,T), sigs —25 N 5"

3.9 Behavior elaboration

CsParRELAB
CsNuLLELAB

beh 2beh
D,AoFcs 2 Nol DA, o' Fes' 25 Ao
cbeh,
D,A,oF null =% Ao

ebeh
D,Ajotcs||ess — A o”

PsELaB

A AgFoars === A A8, AF valide(ss) ¢ a

D, A, o I ps(id, vars, ss) cbeh Ay (id,A),o0 = (8,0

ComPELAB
emapg
My g 2225 M A A, SF validq',pm(i)
’D7M Ed elab AC,UC A7 A F Validopm(()) ide € A, ide ¢ o

o= (S,0)
D,A,o0 t comp(id,,ide,g,1,0) cheh Ay (idey Ae), o U (ide,00)  Dlide) = |d)




3.9.1 Process declarative part elaboration

VARELAB VarELAaBCoMP
Abr e Py id ¢ A AAF (id,7) 25 A AN vars 2455 A
evars . Zd A evars
A A (id, 7)) —— AU (id, (t,v)) # AJAF (id, T),vars —— N

3.9.2 Sequential statement validity

VarLipIpxSic

VALIDSIG . ASAFeS v v Et
AS,AFe—=v veEl  saes@nyuo

A,S,A}—eiim)i v; €. nat(n,m)
A, S, A+ valid,(id < e) AGd) = 1] (n.m) iae sy voe)

A, S, A Fvalidgs(id(e;) < e) A(id) = larray(t, n,m)]

VaLipIpxVar

VALIDVAR . A,S,A}—eim) v et
AS,AFe—=v veEt  gen ¢

A, S, A validg(id :=e)  A(id) = [(t,val)]

A S, AFe; v v Ecnat(n,m) yca
)

A A Fvalidg(id(e;) :=e A(id) = | (array(t,n, m), a)]

VaLipCoND
A, S, A F validgs(ssq)
ASAFeS v wve.bool  AS, Al validg(sss)

A, S, A valids(if(e){ss;telse{ssa})

VarLipLoopr
A,S,AF el 01y €, nat(0, NATMAX)
A,S, At ey S vy vy €.nat(0,NATMAX) A, S, A(id) < (nat(0,NATMAX), v;) b valid,s(ss)

A, S, A+ validg,(for(id, er, es){ss})

VaLipRisiNG VaLipFALLING

A, S, A validgs(ss) A, S, A validgs(ss)
A, S, A validgs(rising{ss}) A,S,AF validss(falling{ss})

VavLipNuULL

A, S, A+ validgs(null)

VaALIDRST VALIDSEQ
A,S,AFvalidgs(ssy) A, S,Abvalidg(sse) A,S,AFvalidg(ssy) A, S, AF validg(ssa)
A, S, A validss(rst{ss1}{ss2}) A, S, A validgs(ssy;ssa)




3.9.3 Map validity

Dimensioning function construction

AssocGELAB GMELAB
SE(e) e=w ME (id = e) Z2P% A M g S A
id ¢ M
M+ (id:e) MMU(@’(LU) Ml—(idée),g emapg. g

Input port map validity

LisTIPMSIMPLE

A,S}—egv ve,t id ¢ L, id € I(A.)
v s.t. (id,v;) € L

A ALS LF (id=e) 5™ pUfidy  Ad) = 1t)

ListTIPMPARTIAL

e; = v; v; €. nat(n,m)
SEi(e;) ASFeSv  weqt id ¢ L, (id,vi) ¢ £
id € I(Ac)

A ALS L F (id(e) = €) 8™ LU {(id,v;)} Aclid) = |array(t,n, m)]

ListTIPMCons

listipm listipm

L AAS LEA L

listipm

AALLS L (name = e)

AALLS L (name =€), i L’

where £ C id U (id x N).

checky,, (Ports, L) = Yidy € dom(Ports), idy € L V 3t € type,n,m € N, (Ports(idy) = array(t,n, m)A
Vi € [n,m], (idy,i) € L)

where Ports € id - type, and £ C id U (id x N).

VaLipIPM
AALS Lok L checkym(I(AL), L)
A AL, S Fvalidp, (i)

listipm

10



Output port map validity

ids ¢ L

id; € O(A.)

ids € S(A) UO(A)
Ac(idg) = Alidy) = 1]

ListTOPMSiMPLET OSIMPLE

A A LF (idy = idg) 2™ £0 {idy)

ListTOPMSiMPLETOPARTIAL idf ¢ L
SEi(e;) e = v v € nat(n,m) ids € O(Ae)
- ide € S(A)UO(A)
A A, LF (id = idg(e;)) 222 £U {ids}  Adtidy) = 1)
A(idg) = |array(t,n,m)|

ListTOPMSiMPLET0oOPEN id ¢ C
f
, listopm . idy € O(Ac)
A, A, LF (idf = open) ——— L U {ids}
ListTOPMPARTIALTOSIMPLE idy, (idg,vi) ¢ L
SE(e;) e < wv; v; € nat(n,m) idy € O(Ac)

Lot ida € S(A)UO(A)
A, Ao, L (idg(e;) = idy) —22 LU{(ids,v;)}  Aclidg) = |array(t,n,m)]

A(ida) = [t]
ListTOPMPARTIALTOPARTIAL
! € / . .
SEi(e}) € =V v €. nat(n’,m) idy, (idy,vi) & £
SEi(e;) e = v v €. nat(n,m) idy € O(Ac)

- ida € S(A)UO(A)
A A L (ids(e;) = ida(€])) LN {(idy,v:)} A (idy) = |array(t, n, m)|
A(idy) = |array(t,n’,m’)|

ListOPMCons
A, A, LF assocy,

listopm listopm

L ANALLFo L

listopm
e

A, Ag, L1 assocp,, 0 L’

where £ C id U (id x N) and assocp, ::= (id = (name|open))|(id(e) = name).

VaLipOPM
listopm
Av AC7 L@v Eids@ Fo —i”) £7 [’ids
A, A, - validgpm (o)

3.9.4 Detection of multiply-driven signals
Assignment in sequential statement

The is_assgd_in_ss function returns true if the signal identifier id, is assigned in the sequential statement ss, i.e. if id;
appears in the left part of a signal assignment statement.

11



is_assgd in ss(ids < e,id;)

is_assgd in_ss(ids(e1) < eg,idy) true

is_assgd in ss(for(id,e;,esz){ss},ids)
is assgd in ss(falling{ss},id;) = is_ assgd in_ss(ss,ids)
is assgd in ss(rising{ss},id,)
is _assgd in ss(if(e){ss1} else {ssa2},id;)
is assgd in ss(rst {ssi} else {ss2},ids) =
is assgd in ss(ss1;882,ids)

is_assgd in_ ss(ssy,ids)
or is_assgd in_ss(ssq,ids)

otherwise = false

Assignment in output port map
The is_assgd_in_omap function returns true if the signal identifier id, is an actual part (i.e. the right part of an association)

in the output port map o.

) . ) true if Iname s.t. (name = idy) € o
is_assgd in_omap(o,ids) = i
false otherwise

Assignment in concurrent statement

is_assgd in_cs(ps(id,vars,body),ids) = 1is_assgd in_ss(body,ids)
is_assgd in_cs(comp(id.,ide,g,i,0),ids) = is_assgd in omap(o,ids)
} ) . _is_assgd_in_cs(csi,ids)
is_assgd_in_cs(csy [| cs,7d,) = or is_assgd_in cs(cse,ids)
is_assgd in cs(null,id;) = false

Multiply-driven signal in output port map

is _md_in_ omap(o,ids) = iS_aSSgd_iI'l—omap(o \ {(name = id,)}, ids) if 3name s.t. (name = id) € o
=T false otherwise

Multiply-driven signal in concurrent statement

is md_in_cs(comp(id.,id.,g,i,0),ids) = 1is_md_ in omap(o,ids)
is md_in_ cs(esy,idy)
oris_md_in_ cs(csg,ids)

is_md_in_cs(csy || es2,ids) = (is_assgd in cs(csy,idy)

and is _assgd in_cs(csg,ids))

otherwise = false

No multiply-driven signal check
NoMDInCs(A, cs) = Vids € O(A)US(A),is_md_in cs(cs,ids) = false.

12



4 Simulation rules

4.1 Evaluation of expressions

S1G6 VAR GEN Out
S(id) = [v] Alid) = [(t,0)]  G(A)(id) = [(t,v)]  S(id) = [v]
id € S(A)UI(A) id € O(A)
ASAFidS v ASAFidS v ASAFidS v ASEId v
IpxOuT IpxSic
e; = ali] = |v] Zi(fd?LAL)array(t,n,m)J ASAEe S ali] = |v] Xi(iedsg(:AL)aLrJri(Y?t),n,m)J
A,SFid(e;) <o v o kY A,S, A Fid(e;) S v sud) = Lol
IDXVAR CsT
ASAFe; Sng ali] = |v] idea vest(est) = |v]
. A(’Ld) = |(array(t,n,m),a)] -
A, S, A id(e;) = v i=mn;—n A,SAFcest v
BOp

ASAFer Svr ASAFes S v vbop(bop, v1,v2) = |v]
A, S, AF bop(er, er) S v

Not AGGREG
ASAFeSD ASAFe; Sy

A,S,AFnot(e) S -b  ASAF(e1,...,en) > (v1,...,0,)

Evaluation of constants

vest(b) = |b]

) |n] if n < NATMAX
vest(n) =
() otherwise

13



Evaluation of binary operators

vbop(and, by,bs) =
vbop(or, b1, b2) =

&& by
b || ba]
[n1 4+ na| if nq + ny < NATMAX

b1
I

vbop(add, ny,nz) = () otherwise

(0 otherwise
b1 =g b2)]
n1 =N nz)J

a; =q a)]

vbop(eq, b1,b2) =
vbop(eq,n1,n2) =
vbop(eq,ai,as) =

—b] if vbop(eq, vy, v2) = |b]

vbop(neq, vy, v2) = (ZL) otherwise

vbop(sub,ny,ny) = {Lm —nal if ng > ng
L(
L(
L(

vbop(gt,ni,n2) = |[n1 > na]
vbop(ge,n1,n2) = |1 > ns]
vbop(lt ny,n 2) = I_Tll < TLQJ
vbop(le,ny,n2) [n1 < mof
The function =,€ a — a — B is the equality between two arrays, where a ::= (v") as defined in the value set presented in

Table 6. It yields true if the two compared arrays are of the same size and have all their elements positionally equal; the result
is false otherwise.

4.2 Evaluation of sequential statements

SIGA IDXS1GASSIGN
IG STZ Abed c NS, AbEe S et id € S(A)UO(A)
o P AESWUOW NS AbeSe i omat(nm) A= ()
A, S, Su AFid <= e 2 S, (id) < v, A AUD =1 . Su(id) = [a]
(id) A, S, S, Alid(e;) = e 25 Sy(id) < a', A,
ali] + v = |d|
VARASSIGN

AS AFeSv wvegt
A, Sy, Sy, AFid:=e 25 Sy, A(id) < (t,v)

A(id) = | (t,val)|

IDXVARASSIGN
A7ST7A '_ € — n; n; GC nat(n,m)
AS AFeSw vEt A(id) = | (array(t,n,m), )]

P=mn; — N

A, Sy, Su, AFid(e;) = e =5 S,y A(id) < (t,a/) alil = v=1la')

IFELSET IFELSEL
AS,AFeStrue AS,,Su,AFss; 25 S, N AS,AFeS false A, S, Sy, AF ssg 25 SN

A, S, Sy, A if(e) {ss1} else {ssp} 25 S/, A\ A,S,, Sy, A if (e) {ss1} else {ssp} 25 S/, A

14



Loopr.L
A,S A ey >0 true
AS AFer S
v1 €. nat(0, NATMAX)

A,S,, Sw, A(id) + (nat(O,NATMAX), 111) Fss 2% SN
A,S,,S! N - for (id,ey + 1,69 — 1) {ss} 2% 8" A"

A,S,, Sy, A for (id,ei,es) {ss} = S, A"

LooprT
A, S AF ey =05 true

A,S,, Sy, A for (id,e1,es) {ss} 25 Sy, A\ {id}

RISINGEDGEDEFAULT

FALLINGEDGEDEFAULT

I #1
ss e{l i,c
A,S,, Sy, A F rising {ss} Sy, A Jed J

RISINGEDGEEXEC
A8, Sy, AF ss =1 8! N

A,S,, 8y, AF falling {ss} —2 S,, A re

FALLINGEDGEEXEC
A,S,, Sp, A ss 225 SN

F#L
{1.i,c}

w?

A,S,, S, A rising {ss} 2 S, N

RsTDEFAULT
A, Sy, Sw, A ssy 225 S

w?

A/

f#i
58 f e
A,S,, Sy, A rst {ss;} else {ssy} —2 S, N ct )

SEQ
A, S, Sy, AF ss1 25 8!

/ L " "
s AN Fssg — S A

A OAS,S)

w

A8, Sy, AF falling {ss} 22y S, N

RsTEXEC
A, S, Sw, A ss; 225 SN

w?

. sS 1" "
A8, Sy, A ss1; ss9 — S A

A,S,, Sy, A rst {ss1} else {sso} 25 S/, A

NuLL

A,S,, Sy, A Fnull 2% S, A

4.3 Evaluation of input and output port maps

4.3.1 Evaluation of an input port map

MIPS MiIPPARTIAL
IPOIMPLE ASkFeSw id € I(A.)
ASFeSv wvedt ; ’ vEct .
5 c id € I(Ae) e; N n; ni Ee nat(n, m) A.(id) = |array(t, n,m)]|
Ac(id) = [t] i=n; —n

A ALS, S b (id = e) 22 S.(id) + v

MipComp
A AL, S, S F (name = e) =5 S

mip

A ALS, S, F (id(e;) = ) 22 Su(id) « o

AA,S, S i — S

A AL S, S (name = €)1 LN SV

Sc(id) = |a]

ali] + v = |d|
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4.3.2 Evaluation of an output port map

MOPSIMPLE
Ao, S, Fname =5 v vegt id € S(A)UO(A)

A A, 8,8, F (name = id) =25 S(id) v 20D =11

MoPOPEN

A AL, S, S, F (id = open) =% S

MOPPARTIAL
€; N n; vELt id € S(A)UO(A)

A, S. Fname <5 v n; €, nat(n,m) A(id) = |array(t,n,m)]

A A, S, S, F (name = id(e;)) =25 S(id) < o g(zd)l: la)

ali] + v = |d’|

MorCoMP
A7 A(;’S’SC }_ assocpo m) S/ Aa AC)Slvsc '_ o _mo—)p S//

mop 17
A AL, S,Se Fassocp,, 0 — S

where assocy, = (id = (name|open))|(id(e) = name).

4.4 FEvaluation of concurrent statements

i Definition merge(o, o', o) :=

2 let 0 = (S, C) in

s leto’ =(8,C)in

«  leto” =(8",C")in
8'(id) if §'(id) # S(id)

s let Sp(id) = < 8"(id) if §”(id) # S(id) in
S(id)  otherwise
C'(id) if C'(id) # C(id)

s let Cp(id) = ¢ C"(id) if C"(id) # C(id) in
C(id)  otherwise

7 (Sm, Cm)

Listing 1: The merge function that fuses together an origin state o, with two states ¢’ and ¢” generated by the execution of two
H-VHDL concurrent statements.

The merge function is correct if the three input design states assume the same domains in their signal store and design instance
store, and also if there are no multiply driven signal, i.e. a signal that would have a value that is different from the original
signal store S in both signal stores 8" and §”. In practice, the case where a design instance identifier could be associated with a
different state in both design instance store C’ and C” is not possible. Such a case could only arise if two design instances with
the same identifier exist in a design’s behavior, and such a design can never be elaborated.

16



CowmP

Ps AALS, S Fi 2 s
A,S, 8 Ak ss 2L SN Al — L] D, A, (S!,Co) F dbeh =5 o Zij; - tdAJJ
D, A, o F ps(id,vars, ss) RGN (8,0) 7= S0 AALS S o - 8 o(ide) = o]
D,A,0 F comp(ide, ide, g,i,0) —2 (S, C(id.) + o¥) Z;(iéi)m
ol = (S.cl)

PAR

sy, , es;,  NULL
D,Aokcs — o D,Aokcs — o

Csyf
cs A,otFnull — o
D,A ot cs || es' =L merge(o,0’,0") '

where f € {i,1,],c}. The ¢ flag (resp. 1,],¢) stands for the evaluation of concurrent statements during the initialization
phase (resp. rising edge, falling edge and stabilization phases).

We choose to remove from the side condition of the rule PAR that was stating the absence of multiply-driven signal, and of
twin design instances. The two can be obtain after a successful elaboration phase.

No multiply-driven signal

nmds (S, S',S”) = dom(S) = dom(S') = dom(S)” AVid,, S(idy) = S'(ids) V S(idy) = S”(idy)

where 8,8, 8" € id - v, i.e. three signal stores.

State equality relation

o =o' = (Vidy, S(0)(ids) = S(o")(idy)) A (Vide, C(o)(id,) = C(o”)(id.))

No twin design instance

ntdi(C,C’,C") = dom(C) = dom(C’) = dom(C)" A Vid,, C(id,) = C'(id.) v C(ide) = C"(id.)

where C,C’,C" € id - X, i.e. three design instance stores.

4.5 Simulation phases

4.5.1 Stabilization

STABILIZEEND STABILIZELOOP

D,Ajokecs =50 D,Aoctes =50 DA Fes o’ &
. oc=o = o #ad

D,A,octcs — o D,A,octcs — "
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4.5.2 Initialization

INIT
cs; ~
D,Aokcs — o D,Ad'Fcs— oy

nit

D,A,ocFcs — o9

4.5.3 Simulation cycle

Definition 3 (Input port values update). Given a simulation environment E, € N — (id - v), let us define the function
that update of the value of signals at a given design state o € % and clock cycle count 7 € N. The function is defined as

follows: inj(o, Ep,T) = (SUEP(T),C) where o = (S,C), and for all sets X and Y, and for all partial function f,f' € X » Y,
+— "(z) if z € dom(f’
fo,(x):{f() ()

f(x) otherwise

CYCLE
D,A,inj(a,Ep,T)}—cscs—T>a¢ D,A,01 Fcs — o D,A,U’}—cscs—ﬁal D,A,0, Fcs — o

D,EP,A,T,O'FCSM o', o"

4.5.4 Simulation loop

SmmLoop
SIMEND e, .
D,E,A,T,0Fcs = 0,0 D,Ey,A,7—1,0"Fcs =0
D,E,,A,0,0Fcs — [ ] T, >0
D,E,,A, 1,0t cs — (¢’ :: 0" :: 0)

4.6 Full simulation

FULLSIM o
DMyFd L% Ao D,Aotdes ™ oy D,E, A 1,00+ dbeh —0

Ful V7, dom(Ep (7)) C dom(I(A))
DMy, E,,7Fd 5 (001 0)

18



References
[1] IEEE Computer Society et al. IEEE standard VHDL language reference manual. English. OCLC: 49592632. New York,

N.Y.: Institute of Electrical and Electronics Engineers, 2000. 1SBN: 978-0-7381-1948-9 978-0-7381-1949-6. URL: http://
ieeexplore.ieee.org/lpdocs/epic03/standards.htm (visited on 09/16/2019).

19


http://ieeexplore.ieee.org/lpdocs/epic03/standards.htm
http://ieeexplore.ieee.org/lpdocs/epic03/standards.htm

	Abstract syntax of H-VHDL
	Semantic domains
	Elaboration rules
	Implicit default value
	Typing relation
	Static expressions
	Locally static expressions
	Globally static expressions

	Type indication elaboration
	Design elaboration
	Generic clause elaboration
	Port clause elaboration
	Architecture declarative part elaboration
	Behavior elaboration
	Process declarative part elaboration
	Sequential statement validity
	Map validity
	Detection of multiply-driven signals


	Simulation rules
	Evaluation of expressions
	Evaluation of sequential statements
	Evaluation of input and output port maps
	Evaluation of an input port map
	Evaluation of an output port map

	Evaluation of concurrent statements
	Simulation phases
	Stabilization
	Initialization
	Simulation cycle
	Simulation loop

	Full simulation

	References

