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, DC Verilog (-7, ,
DC : (
), :
Verilog ,
Verilog , Verilog ( ) ;
Verilog , Verilog
: : ( )
, Verilog ,
1 VerilogHDL
Verilog :
P:=v=e|g|P;P| if b P else P| while b P| always P| begin P end |P||P,
g : #n(n 0 ) @(n).
9:=@(n)k#n n:=v|posedge vinegedge v|@(77; Or 7,...0r 77r).
, Verilog :

D skip,chaos,stop;

2 &

3 @(b&v=¢e);

4 @(r7, and 7,....and 77y);

©) Gil]G[]..[IGn, Gi=g, Gi=g—-P;

(6) IF IF(C1P1,CoP2, .. ,CoPr).

(unflat) ’ ) )
PTEXT Verilog
2
21
(8l , :
( :

© PEEREBEAD

http:/ www. jos. org. cn



:Verilog 2023
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' ; Verilog
: [2] ,

Verilog

(program text) ( ).
, :(D) i
{01, 0 ; ()
' 2.(3) :
) {1,2}.

@) : :

(b) : , B.

(d) : :

(@ _ ,

(b) ,
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(b)

(©

(d)

(€)

()

@)

(b)

(©

(d)

(€)

(b)~(f)

3(

(b)~(f)

. (1)
(2 : (

X ) , :

, (
CCS(calculus of communication system)!®!
CCSs . ,

, CCs
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3
Verilog ,
1( , ).
(1)  Var ,BOOL={0,1}, DSTAS \Var—>BOOL.
) THREADS={1,2}.
Plotokin (201, Verilog
(labelled transition system)(S,T,—) ,
¢S , S=S, U S,,S,=PTEXTxDSTAS<(DSTAS U @)x{ 0}, S,=PTEXTxDSTASxDSTAS{ 1} x
THREADS,
oT . T={(c,0)|o,0 eDSTAS UN, N :
° > , > (SXYU(STXS).
1 , :
o (P,0,0,0): , , P e
; 3 @
o (P,o,0',1,i): i ,O , o'
J
e (P,0,0,1): ,
e (P,0,0',0): , (o,0").
.
T1. , P i , ,
3 %) ,
, 2
(P,0,3,00—>(P,0,0,1,i).
T2. , P ,
(P,0,0,1)—(P,0,0',1,i).
T3. , i : P P, o
a, ! 5
(P,00,0,1,i)—>(P',00,0",1,i).
T4, ' : P P, c o P
(P, 60,0, L,1Y—>(P", 5,0, 1).
T5. , P i ,
(P,00,0",1,1)—>(P',00,0',0).
T6. , P )
(P,00,0",1)—>(P,00,0",0).
T7. , ,

(P,0,3,0)—>(P",0,0',0).
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T8.

TO.

T10.

@
TL
T2.
T3.

T8.
TO.
@

T1.

T2

o 2 , 3
(P,0,0',0) —2% (P',0',&,0).

(P,5,@,0) —22 5 (P’ & &,0).
(P,6,3,0) ——> (P',5,,0).
Ti
(v=60,0,0 —>(v=g0,0,1)) .

(v=g,0,0' ) >(v=e0,0'1]) .
(v=e,04,01) —>(¢s,05,0(V>€(0)).]) .

(o.0")

(v=g0,0',0)—22>(v=e,0",,0) .

(v=e0,0,00—2" s(v=e0",3,0).

($,0,9,00 >(S,0,0Li)

(85$,,0,.0.0) >(S;;S,,0,0Li),i {12}
(8,645,600 —(S,,05,0" L)

" (85S,,00,0Li1) >(S;;S;.04,0'LiYi {12

T3.

T4

(S,,04,0L1) > (S,0,,0"Li)

(858,,00,0Li) >(S};S,,00,0"Li)i {12
(S,04,0L1)y > (S,0,,0"1)

" (S5;S,,0,,0L1) > (se(S],S,),00,0" D, {12}

TS.

T6.

T7.

T8

(S,,04,0L1) > (S,0,,0'0)

(85S;,00,0.Li) > (5(S,S,),00,0",.0),i {12
(S,0,0') > (S,0,06'0)

(S;S,,0,0'Li) >(S;S,,0,6',0),i e{1,2}
(§,0,8,00 > (S,0,0',0)

(S;5,,0,3,00 > (seq(S],S,),0,0",0)
(S,0,0',0)—22(S],0',D,0)

© (S5S,,0,0".0— 2T (s2(S], S,), 0, D,0) |

T9

(S,,0,2,00—22 (S/,6',2,0)

(S;S,,0,8,0— 27 5(seq(S],S,), 07, D,0) |

T10.

©)
TL

T3.

<Sl,a,®,0)—t><8_[,a’,®,0>
(S;S,,0,8,00—(seq(S],S,),0",2,0) '

(§,0.0.0 >(S.,0.0L])

(8115,,6.2,0 > (S [IS,,0,0Li)i,j {13
(S,0,0'Lj)y—>(§,0,0"'D(Y,0,06") > (F,0,0"Li)

(S 11S,0.0' LD =>(F'1S,0,0"Li)i, ] €{12
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(§,0,06'Lj)>(S,0,06"L)),S=#¢
(Sl1S;0,0' LIy >(S'I1S;1,0,0" L, je{lD
(S,0,0'L])—>(S,0,0"),(S,0,6") >(S,0,0"0)

(S.11S,.0,0" LIy >(S'[1S;,0,0" L j {7
(S,0,0'Lj)—>(S,0,06"0)
(S.11S;,0,0'Li) > (par(S,S,,),0,0".0),i, j {12

(§,0,0'Lj) > (s,0,6"%0))
(S1IS,,0,0'Li) > (S, ,,0,6"0),i,j {12
T6. (SS;,0,0' D) —>(SS,,0,0',0).
(S,0,3,0)>(S,0,6",0)
(8.1S,,0,2,0) > (par(§,S;,),0,0",0)
(S,0,0',00—22 »(S,5,2,0),i {12}
(8.11S,,0,6",0) > (par(§,S,),0,2,0)
(S,0,8,00—22 »(S,5,3,0),i {12}
(S118,,0,2,00—==(par (§,S}),0',2,0) °
(§,0,9.00—5,0,9,0),i {12
(S 11S,,0.9,00—(par(§],S}).0".B,0)

TS.

T7.

T8.

TO.

T10

seq,Par:
P;Q,P,Q=e¢ P|QPQ=¢
eq(P, Q) =4 P,Q = ¢ Par(P, Q=P |ls,Q=2¢

Q,P=¢ e|Q,P=¢

_a,

2( ). P Verilog
1) (P,0,3,0) (P, 0,0',0) , (P,6,3,0) —2— (P",0,0,0),
(P,0,,0) , (P',0,0',0) . (P,0,0,00—~(P',0,0',0)
{cl0<i< nn>1} (@) co=(P,0,,0y,co—> cy;(b) 1<i<n, Ci—>Ci+1,72(Ci)=
o,7m4(¢)=1;(c) c,.=(P',0,0',0).
2 (P,w,0,1) (P, 0,0',0) , (P,w,0,1) —2— (P",0,0',0),
(P,@,6,1) P , (P',,0',0) ,
{ci|0<i<n} (1) co=(P,0,6,1);(2) Ci—>Ci+1,72(Ci)=w, 74(C;)=1, 0<i<n.(3) c,=(P',m,0',0). ,75(Ci)
Ci i .
= ( (b)(c)(d)).
3( ). P Verilog
1) (P,0;3,00(  (P',0,0',0)) (P,0",,0) (P,0,,0)
(P,0,0',1))=(P,0",2,0), (P,6,3,0)({P,0,0",1)) , (P',0",,0
(@ (P,5:3,0)((P,0,0",1)) —2—> (Po,0,0",0)( ):(b) (Po,c,0",0) —2)
(P",0",92,0)( ).
2 (P,c@,0)(  (P,o0.1) (¢,0,0",0)
(P,0:D,0)({P,0,0",1))=¢,0,0",0), (P,0s2,0) ((P,0,0',1)) , (&0,0",0)
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:(P,0,3,0)({P,0,0',1)) —2— (¢,0,0",0).
(3) (P,0,3,0)( (P,o,0',1)) (g,0,0",1)
(P,6,3,0)({P,0,0',1))=<(¢,0,0",1), (P,6:3,0)( (P,0,0',1)) , (g,0,0",1)
{cil0<i<n} (@) co=(P,0,,0)({P,0,0’,1)),Co—>Cy;
(b) ci—>Civ1,m(Ci)2E m(C)=0,714(Ci)=1,1 < i<n;(C) ¢, =(¢&,0,0",1).

4( ) <P,O',OJ,1>(<P,O',®,O>) 1 {CiliEN}

(1) co=(P,0,0', L)({P,5,2,0));
(2) ci—>Civg;
(3 c=(Pi,a1,07',0),01#D,6 — 22 Ciay. (P,0,0,1) ((P,0,9,0))
NP,o,0, 1)(T(P,5,3,0)).
(
)
5( ).

(P,6,;3,0) (P',c:,0) , (P,6,,0) —1 (P',6,3,0),

(P,6,3,0) (P',0,3,0) ) : {(P;,0,,0)|0<i<n,

n>1} (1) Po=P;(2) (Pi,0,@,0)=(Pi.1,0,3,0), 0<i<n;(3) (Pn,0,3,0) —— (P',6,3,0).
: Verilog

6( ).
ActCS={(P,0,0',1)|PePTEXT, 0,0’ e DSTAS} ,PasCS={(P, 5,&,0)|Pc PTEXT,ce DSTAS},
R (ActCS xActCS)u(PasCSxPasCs)

(1)
2 ) C1,C2 ( ) ) m1(C1)=P,m(c2)=Q.
ciReo=Tey = TenVie{ 2,34 [ 7(cy)=7(c,)].
(3) C1,C2 ) C1RCy,
(33 c,=P',0',3,0), Q C(=uld)|Q,0',3,0), (P',d,J,00R(Q’,0',J,0)( Id
).

(Bb)  ci=(s0,0,0), c,=(¢g,0,0,0).
(Bc) c=(s00.1), c,=(g,0,0,1).

(Bd) ¢, —2 5 (P, D,0), Q c,—2 5(Q', ¢, 2,00 (P,d.D0RQ,¢T,0), c1,
c,cPasCS.
(3¢) ¢, —2 (P,0,D,0), Q ¢, —25(Q,6,3,0), (P,6,3,0R(Q,0,3,0), C1,CC
PasCS.
2 , (39) P Q
(30) P Q
(3c)
.(3d) P Q
.(3¢e) P Q
7( ).
(€0} R C1RCy, C1,Co , C1~Cp.
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2 Verilog P.Q, 0,06'eDSTAS.  (P,5,3,00~(Q,5,3,0)
(P,0,0',1)~Q,0,0',1), P Q ) P~=Q.
I ). ~Q, F F(P)*F(Q).
1 )
( )
Verilog ,
DC . i
) , P~Q
F(P)~F(Q), ,
( )-
Verilog . ) ,
,Verilog , ,
, . CCS  CSP(communicating sequential processes)!*!
g , . ,Verilog
CCS CsP , : (
, ) . ,Verilog ,
,Verilog , Verilog
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Abstract: In this paper, a structural operational semantic model is presented for a core subset of Verilog, and the
subset has the main features of Verilog such as event-driven computation, shared-variable concurrency, time-delay,
and so on. And all the Verilog processes are seen as open systems in this operational semantic model, so a model of
observation is provided for open Verilog processes, and use observation equivalence based on bisimulation to
identify the equivalence between programs. The observation equivalence can be proved to be a congruence for all
Verilog operators, so it provides a sound base for deriving the algebraic laws for Verilog processes.

Key words:  Verilog; event scheduling; operational semantics; observation model; bisimulation; congruence
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