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%1 XYZ/SE 69— BanR, T8, % XYZ/E #1 XYZ/SE 8 481 2 1 04,
1 BXYZ/E {#AWHEITH

AR RAN XYZ/E R EGH T E REHUEN. b TEARAREESR
e, EHER R T MR R B Rt 2z WA EAE AL XYZ/E it @M AR NN 2
ERER ZREHRE R AR AT, F R E N By {353k bk AT LA
XYZ/E @3t R A RMEZMMEERRREDE. FETHRFHRME WL HRENY
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L1 BTRGEBEHEE T HLRG
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AREEARERMN. HP 3 MR AR RS T THHG R 08N 3 M
FRRSREAR. W ORISR SRR B R ARG 522, 8D Pl 8 MBS & DO
~T), BHE S MEHEHHE SR WR, RRFMICIRE B MAPRTIFREE SHRINTR 54
HERAER, K S ABRMAEMRS, mE 2. RFECRFEER O F(ERRII—KE
Bt B R, 4RI HAY R i B M AR R R B, — BAR R SE AU s O BHCAR
HEF V. Y 3 AREEA Ve, RGBS EERBL T, Rike 5 1E S BRE
BORPI B FARRG AT Z R, FE 3 MEREE LN 07 LR IR, MO
8 AR B AR & P BT RAF S ERETHEA BT HERSTRER D EERRET
BB IEE. M HEH 1 AR EE e, REL TS M RRBREN 14
HIRR AR, Y 2 MOEFB B, RES TR 2, TR0 1 - EkE .
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1.2 M XYZ/E {#iA Rk

BATH 4 M REE RS | TH TR M TRAES, RN E R E
RW_F:
% PROC[ voter (%CHN ch11 (prol: MN, *), ch12 (pro2: MN, *), chl13 (pro3; MN,
*), ch?1 (prol: MN}, ch22 ¢ % ,pro2: MN, ), ch23 (%, pro3; MN))
==[ YBLOC[dr:A({I;2); norm, int, q;A(};3); outbuf,n,end.I]

%FSML..... 7]
KUl %FSM Tk 8o v BITHR, X g, BRI EE. X8 F1WCHN 5H A 6
AEE . EITHREHRRZ HERHEE M TFEMHEAE R, RITE LT
%POS[processor( KINP x11, x12,... ,x25.1;
%CHN chl (* ,vot:MN),ch2(vot;:MN, % ))==
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2%LOC[1,j2:1;signal_in,signal_out:I;da: A(1;2;5);]
YWFSM[...... 171
¥ e MFSM J5 T &Y BT SO RNR 2048 X AF SRR T i E R B BB
B RO AW FOERETE RS B k™ £ 3 TR

$ O ProcessInstanceName == = ProcessCall
BD Processorl, Processor? #i Processor3. IXEERR {188 T B FE M & o3t Huz T 4 4
i i . label=11=>> || [voter;processorl; sprocessor? ; processor 3 |

X 4 A HFRAE AT AR A RE TN R RRHEF R T AR T N B
T M 2T AR,
1.3 S VHDL Fi#®

VHDL (VHSIC hardware description language) BN R ES. CEHTHT
FHRGTT A0 pr S BEEE ¢ Ry B R A0 IR, PRI R BE B LA VE AL S A AR IR IE R 4
RIS, TR R A L B AV AR 5 R — R H IR L. (BB FEHHA
RAXXHEALRITMIEIES. BT LR 2 R EEXYZ/E ETHRREN. XE
G ERAETHAESNASITEIL RSN VHDL #&. £ VHDL R HF KT hE
S8 B A R (PROCESS) , #H78 3R U &R F18 4], T HF R 55 2h R v DA 3R A7 iz 17, s
B2 AR RS WALT B4 {55 (SignaD REJ L. AKX RR XYZ/E &
WAL, AT ¢ A#ER . VOTER, PROCESSOR1, PROCESSOR? # PROCESSOR3. #

A~ VHDL fi 8 FEHimn .
— —declare the ports, signals and variables
entity FAULT_.TOLERENT_SYSTEM is
port (S1, 32, 83:in BOOLEAN; — —status bits for microprocessors
Wi, W2, W3.in BOOLEAN; - control signals for writing
™M, D2, D3:in BIT_VECTOR(0 to 7); ——data
OUTPUT; out BIT_VECTOR(0 to 7);
INTL, INT2, INT3; out BOOLEAN; ——interrupt signals
B1, B2, B3:out BOOLEAN); — —busy tags for the voter
end FAULT _TOLERANT-SYSTEM; \
architecture BEHAVIOR of FAULT_TOLERANT_ SYSTE\'I is
constant DATA_LENGTH.INTEGER . =1;
signal BB1, BB2, BB3:BOOLEAN: =false;
variable DR1, DR2, DR3, OUTBUF.BIT-VECTOR(0 10 7);
variable NORM1, NORM2, NORM3,; BOOLEAN =true;
variable n: INTEGER ; =0;
begin
VOTER: process
begin
wait untii (S1 or BB1) and (52 or BB2) and {S3 or BB3),
end process;
PROCESSOR1 : process
begin
wait until 81 or W1;
end process;
PROCESSORZ: process
begin
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wait until 852 or W2;
end process;
PROCESSORS3: process
begin
wait until §3 or W3,

end process;

end BEHAVIOR; -
EES Y BBL1,BB2 fl BB3 MER R HIRE B1,B2 # B3 MEHAUER, HE 2 Fhhs

BU W XYZ/E #HR&7T VHDL B #RHF K17 M EE S FHLH.

2 BEHITANSIE

BT XYZ/E R &EHITHGSRET, B0 ER0E R 7T XYZ £4% 1
A7, L 3B 2 08\ A5 BT R X R S AT IR, IR B R AT L X e T
XYZ/E &— BB ARG, ROV LA ERIEF £ GUIEYIA S5 B 5 vk 711 1 8
73X B R A 4.

» Succession Statement
| —{R[el/x1,....en/xn]}LB=11 =2 §({xl=el A... Azn=en ALB=NEXT){R}
» Sequential Compositian
| —{R1;LB=I11[|X|]$ OLB=13{R2}

| = {R2}LB==13[ | X|]$ OLB=I12{R3}
I—{R1}LB=I11[]X;Y[]$ OLB=I2{R3}

+ Loop—tlock

| ={INVAP}LB=w{[|[R|]§ OLB=y{INV}
[—{INV]LB=y{[[XT]$ OLB=EXIT{(~P AINV;

« Case—block
| —{Pre AP1}LB=2z1{[ |Q1]]$ OLB=EXIT {Post}

....................................

| — {Pre APk} LB=zk {| |Qk |]$ (OLB=EXIT {Post}
| —{Pre}LB=y{[ [X|]$ OLB=EXIT {Post}

LRaELN 5 Hoare 18 #8849 #1 M #5702, R3S 0URY. & 1169 T 08 4E 0 52 4% B B 35iE
L ENAETT LRSI EFTEARFERXRIEAFZBFWER. TERRRITN B
;58 15N

X7 F I ETE
| —{P1} ProsInstld1{Q1}

------------------

. | —{Pn} ProsInstldn{Qn} :
'—{P1A... APn}||[Proslnstldl,... ,Prosinstidn J{Q1 A... AQn}

B RITERBSEMA G SHERAEYNER, flurl FEsad
LB=y=>C? xA $ JLB=z
By TR ,
LB=y=>C? x A $ OLB=NEXT;
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LB=y' A ~pre(x) =>$ CLB=y;

LB=y' Apre(x) =>$(OLB=z;
HF pre() BRMEAZE X HRTH=.
2.1 YEEAEHI

RAPRE AW TRIERTRE T HOEESOEFE TRV RENT ., yEHER L% E
HC@E S Voter ITHEBIE, F T HAFE BFHXBRIMMTRELS  HPEET

HRERNUH.

%BPROC Voter(... d==[ ][
%LOC[...]
W% ESM[ .

LB=START=">$OLB=I1

7 [LB=I1 A (g[1]=1ANorm[1]=1)=> $ OLB=12 [~ =">LB=13;

? [LB=12A (q[2]=1 A Norm[2]=1)=>> $§ OLB=14 | ~=>(CLB=15;
? [LB=14 A (q[3]=1ANorm{3}=1)=>$ OLB=16 |~=>OLB=17;
? [LB=16 A (dr[1]=dr2D)=>$ OLB=18 }~=>>(LB=I9,

7 [LB=18 A dr[1]=dr[3])=2> $ OLB=I110 |~=>LB=I11;
LB=110=">SWRITELN(”1,2,3 Normal”*) A $ OLB=NEXT;
LB=I111=>>8SWRITELN("1,2 Normal; 3 Interrupt*) A $ OLB=NEXT;]

? [LB=19A (dr[1]=dr[3])=>> $ OLB=112 |~=>CLB=I113;
LB=112=">SWRITELN("1,3 Normal; 2 Interrupt”) A ${OLB=NEXT;

7 [LB=113 A (dr[2]=dr[3])==>$ OLB=114 | ~=>LB=I15;
LB=I114=>>SWRITELN("2, 3 Normal; 1 Interrupt’} A $ (JLB=NEXT;
LB=115=">SWRITELN({("1, 2,3 Interrupt" ) A $ OLB=NEXT;]]

? [LB=17 A (dr[1]=dr[2])==> $ OLB=116 |~=>CLB=I117;
LB=116=">SWRITELN(*1,2, Normal,; 3 fail") A $ OLB=NEXT;
LB=117=>>SWRITELN("1,2, Interrupt; 3 fail"> A $(OLB=NEXT;]

7 {LE=15A (g[3]=1ANorm{3]=1)=> $ OLB=118 [~=>(LB=11%,

7 [LB=118 A (dr[1]=1iAde[3]=1)="> § OLB=120 | ~=>>LB=121;
LB=120=">SWRITELN("1,3, Normal; 2 fail") A § OLB=NEXT,
LB=121=>>SWRITELN("1,3, Interrupt; 2 fail") A $ OLB=NEXT;}
LB=H9=">8SWRITELN("1 Normal; 2,3 fail") A $ OLB=NEXT; ]

? [LB=13A (q[2]=1ANorm[2]=1)=>$ OLB=122 | ~=>>(LB=123,

7 [LB=122 A q[3]=1ANorm[3]=1)=>>$ OLB=124 |~=>>LB==125;

? [LB=I124 A (dr[2]=1Adr[3])=>> $ (OLB=126 i ~=>>LB=127;
LB=126=">SWRITELN{(”2,3, Normal; 1 Fail"} A $§ OLB=NEXT;
LB==127=">SWRITELN{(”2,3, Interrupt; 1 Fail") A $ OLB=NEXT;]
LB=125=">SWRITELN{"2 Normals 1,3 Fail") A $ OLB=NEXT]

7 [LB=123 A (g[3]=1ANorm[3]=1)=2> $ OLB=I128 |~=>CLB=129;
LB=128=">SWRITELN("3, Normals 1,2 Fail"> A $ OLB=NEXT;
LB=129==">SWRITELN("1,2,3, Fail*) A $ OLB=NEXT;]}
LB=130="> $ OLB=EXIT; ]]].

K ATE LT 3 AMEAL

Im@@) BE,RAMSESE RUTHES:

Norm() RE, FRMATES | 1IEW LHE;

Fail (i) AHE, FRBALER AEN ERY 4.

% F Voter HEMMTRANK, MEHETRREAIETER.

(Norm(1) ANorm(2) ANorm(3)) $ V(Norm{1) ANorm(2) AInt(3)) $V
(Norm{1) Alnt(2) ANorm(3)) $ V(Int(1) ANorm(2) ANorm(3))$V
(Int(1) AInt(2) AInt(3)) $ V(Norm(1) ANorm(2) AFail(3)) $V
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(Int(1> Alnt(2) AFail(3)) $ V(Norm(1) AFail(2) ANorm(3)) $ V
(Int{1) AFail(2) AInt(3)) $ V(INorm (1) AFail (2) AFail(3)) $V
(Fail (1) ANorm(2) ANorm(3>) $ V(Fail(1) Alnt(2) AInt(3)) $ V
(Fail (1) ANorm(2) AFail(3)) $ V(Fail(1) A Fail(2) ANorm(3)) $ V
(Fail (1) AFail (2) AFail(3)) '
XEFERBARENE W XYZ/E 8B5S, 0T BN #dE, ln A T 4 F a5,
SWRITELN("i Interrupt"),

- SWRITELN("i Fail"), and
SWRITELN(”i Norm"},

bR BB BIF R Ine (@), Fail O Norm (). H4b,q@Y=1ANorm (=1 %
R BRIEX, B ~Fail ().

AT ERXYZ/ERBFSIEH OFES FAREHEN.

| =P—P, (P} LB=y{|X|} $ OLB=2{Q,},Q—Q
| —{P}LB=y{| X[} $ OLB=2{Q}

FA EE N, F AR EE BT HRITERAEH:

? [LB=18 A (dr[1]=dr[3]=>>$ OLB=I10 |~=$(OLB=I[11;
LB=110=">SWRITELN(" A1l normal”) A $ OLB=NEXT;
LB=01=>SWRITELN("3 Interrupt") A $ OLB=NEXT; ]

U ER4 49 AR AT KLY 7 B AT, X BYRE TR A9 AT ST S (Pre-condition) 34

P=Norm (1) A Norm (2) :

H 5 W5 7 (Post-condition ) 3.

Q=(Norm (1) A Norm (23 A Norm(3) $V(Norm (1) A Norm{2) AInzt(3))

HTEE 2 TS

(1) {Norm Q) ANorm{(2) Adr[1]=dri3]}

LB =110=>>SWRITELN("ALL Norm") A $ OLB=NEXT
. {Norm (1) A Norm(2) A Norm(3)}
(2) {Norm (1) A Norm(2) A\ ~dr[1]=dr[3]}
LB ={11=">SWRITELN("3 Interrupt"> N $ OLB=NEXT
{Norm (1) A Norm(2) A Ins(3)}
K EFIEEAR N BRI ST Q W P M Q 25N ERARFEMRENS. METE
W Voter 7 2RI E 25 H IS,

3 I B

AW T R XYZ/E RSG50 £ 6, FF S MK VHDL fiR#47 T 8. M1
ETHOHEBAETHIRR, K XYZ/E fip X497 150 f78F, H T E&H /O #BME
B¥e e iRa, WA A VHDL B K4 100 7. EEMHRERRANSBBESN
1€, B XYZ/E iR 8K AR BB XYZ/VERI B IE & 850 8 7 2547 IE , T 15
R —EEREFTLIEREN. M@ AR ERIR, B XYZ/ERFARALD. R
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HEEME— M VHDL E| XYZ/E 4 5 S/ 83 R F A B8R H 80 XYZ/E # R Lk
VHDL $## H 3 A= i X B nl BB IR 2 AL i R i iy e B i 2o EDA Bk,

Bl WA rEEE IR TETELOESNAETANEASEMNECESH
i, X &b Toronto KB R.
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DESCRIBING AND VERIFYING THE BEHAVIOR OF
HARDWARE IN XYZ/E LANGUAGE |

Han Jungang
(Xi*an Institute of Posts and Telecommunications  Xi’an T710061)
Wang Yanbing
(Shandong Normal University J'nan 250014)

Shen Wuwel

(Imstituze of Software The Chinese Academy of Sciences Beijing 100080)

Abstract  The necessities of VLSI design by formal method lead to consider the feasibil-
ity of specifying hardware behavior using temporal logic language XYZ/E which is the ba-
sts of the CASE tool system XYZ. A microprocessor based fault-tolerant computer system
is described behaviorally, simulated by executing the description on XYZ system, and the
intended properties have been formally verified by using the XYZ/VERI. The comparisan
between XYZ/E and VHDL (VHSIC hardware description language) has been made. The
results have shown that XYZ/E is promising for the research of formal method for hard-
ware design. .

Key words Temporal logic, hardware description language, formal design method.
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