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Implementation Verification for a Sequential Circuit with Algebraic Specification

Yurong HOU, Yuji SUGIYAMA and Takuji OKAMOTO
Faculty of Engineering, Okayama University

3-1-1, Tsushima-naka, Okayama-shi, 700, Japan

Abstract

An algebraic method is proposed for specifying sequential circuits and verifying their implementations. With increasing size,
however, the verification becomes increasingly complex. Usually, a large circuit consists of a number of small modules, and an
implementation verification of each modules is simpler than that of the entire circuit. In order to decrease the complexty of the
implementation verification of the entire circuit, this paper discusses a method of the implementation verification based on imple-
mentations of the constituent modules. It presents a sufficient condition under which an implementation of the entire circuit from
a collection of those of the constituent modules. An example is also given of an implementation verification using the sufficient
conditions.
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ZCT, 8. oA HEEA L EEKEAERT. 22
TREYEDD, BHR0) Y77 —E¥ 4 % EEE & LTHRA
T5. 7—E5i3, HROEEIS> ORBFEFEREFEL, 7~
R—oDEBICEFE+E VY THEKTHY, VY Fy7—¥s
B, VY7 ECEREN-EBEOR—BEOEY 2 - h s
%5, UTF, Uy 7—-¥s%, B, 7-¥rLIpE. 7—
Yy OMREBRICHzoC, BEOT - VEK (HE) OEH
i, BBOATWEIDL LTEKT S,

4.1 EFRLALORE

X X Xi—Xi+l Xn
d M] 3 —)IT/[:—’—)

A
T; A A

Mn
\
1 | | An
Y A
D1 [Di | [ Dal

H1 EfVRVDYYTT—ESORBER

1 1 i

EELVE LT, H1OBBEOT7T—-E5%#%25. £ D;
(i=1,---,n) HEETHH, MidDTHBLTRIFON-E
Va2a—WThsb. £/, r; (RASLIER) BEEILOERE
Bz, A (ABHLER) GEE~OEREEZLEBF5HTD
5. UV EREERERTES (-2 LRE) 72
—DOFEL, BEMay, 200k, EV2A-NDLET2—
WANEEZDNG. ;B L T %, FUFNR, M;D XATIB
LU XHH LR,

P2V DEEDD, EV - VZROREER RIS

1) s voRE
(2) M= VOBE (XHHELICTS)

3) XD £y b (0T 3)

(4) b= VEDL (WD - RERRBIRELLRW)

FLT, F—2V%ZELRLE, RADPOZLELICH—
IURBRETHH, 12648, BRE2AEL (4Li=1), RAD
BOLRoH T2 Y 2% ETE. EROKRES,S RA
H0 BT TOM, TV a—Vid kil (4) DEBERVE
TET 5.

TDXIRT -5 OMRER, 2 THERLER ST, F
Va—- VOMREEEROEBICHT TR TS, ¥, EVa—
WOREIZ D WTHRARE,

EV 2~ VOMEIRES init(c) (c (SWEREO XHH %2
EYHT—IVE) TEL, LE (1)~(4) OREBEL, JHIC,
BRI receive, send, reset, idle THET. ZHHHEDODE
BERE, wIhd, BBEHORE, XADBIUFRANZES]
BelL, BEBORBLZET. RoBKE LT, DT2EAT
5. XHHBIU ALNERTESEEE, ZhER, outX B
LPoutA b L, EVa— NIt~ 2 UV HHET BDEDIPERT
BB token £ T 5. THOLDOESHEKE, wThdy, R
BEFIRETZEHTHY, BLONLRECBIT 20T
DiE%ERT. D EOBEOBRN SRR, 524 A1 ~ A15
TEHRIND. REBBFTVOET 2002, valid %AW
FIRT 5. receive IX, XANP1T, pob—2 V2 fELT
WhEWEZFEZ Y, sendid, F—7VEERLTEY, »0E
RKEEKBL TORVARIE RASINF 0K Ro2L &I A,
7z, reset (I XHEAP 1 DL ERTY, ddle X, LRROWVWTHR
BREILEWVEZCEIL. o7, valid BEOTHIIAE
A6~ A20 THEX O NS (IR LTREICEET ).

Kz, BROARIIOVWTHERD, 7T-E5 DOLfRES »
FDEY 2 - VOREOFZVTEY. HLBETE 2V M;
A send ZREZ T &, ROBELT M;2% reset, M; 17" receive
BT, 7, HEFIEREEALTCWIHEELEY 2 -
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Hidle 2D ET DT, KFEY 2~ VOREBBOTWE M4
i

(1) <---,idle, send, idle,--- >
(2) <---,idle,reset, receive,idle, - - >
(8) <idle,---,idle >

INLIZDOWT, BEERZERT AL, 422 ~ A2 OF
DEEIRLNS. AL, ThbORBETIE, idle(s;,zj,1;) %
ID;EREREL TWB. &8, AHRETIH, Mo XH DA
Z1ELTWS (421).

Al: token(init(c)) ==
A2: outX(init(c)) ==
A3: outA(init(c)) == 0;

0;
[

A4: token(receive(s,z,r)) == 1;
Ab: outX(receive(s,z,r)) == 0;
A6: outA(receive(s,z, r)) ==

AT: token(send(s,z,r)) ==0;
A8: outX(send(s,z,r)) ==1;
A9: outA(send(s,z,r)) == 0~

Al0: token(reset(s,z,r)) == 0;
All: outX(reset(s,z,r)) =
Al12: outA(reset(s,z,r)) =

=0;
Al13: token(idle(s,z,r)) == token(s);
Al4: outX (idle(s,z,r)) == outX(s);
A15: outA(idle(s,z, 7)) == outA(s);

A16 : valid(init(c)) == 1;
Al7 : valid(receive(s,z,r)) == valid(s) and
2 and not token(s);
A18: valid(send(s,z,r)) == valid(s) and
token(s) and {not r or not outA(s)};
A19: valid(reset(s,z,r)) == valid(s) and
outX(s) and not z;
A20: valid(idle(s, =, r)) == valid(s) and
{(not outX(s) and not token(s) and not z) or
(outA(s) and r)};

A21: VALID(< init(cy),-- ,zmt(c,.) >)=
ca=1and N_,c= 0

A22: VALID(< IDy,: -+, send(s;,z;,7;), -
VALID(< s1,---,8, >) and
: /\;;11 valid(ID;) and valid(send(s;,2;,r;)) and
Ai=iy, valid(ID) and
=outX(s,) and Al

j=2

,ID,) >) ==

z; = outX(sj_1);

yreset(s;_1,®i-1,7i-1),

A23: VALID(< IDy,---
ID,) >) ==

receive(s;, 2i,7i), -

VALID(< 81,++,8, >) and

/\;;21 valid(ID;) and valid(reset(s;_1,z; 1,7;—1)) and

valid(receive(s;, i, 7;)) and Ap_;,, valid(IDy) and
=outX(sn) and Aj_,z; = outX(s;_1 );

A24: VALID(< ID,,---,ID, ») ==
VALID(< 8y,-++,8, >) and
Nj=, valid(ID;) and :
z; = outX(s,) and AL, z; =outX(sj—1 );

B2 EfILASVoMREER

4.2 TFRLAMLOZER

X X2 xj Xi+l Xn
N[ N TN
NKT 2 “BATYie1 Y
nl|A 5 A4 | |An
( / /

H3 TRLXVOYYTT—Ey DK

TRLARVELT, M3OBENT-¥4 225, M10
B Lz, TV2-VHE, P2 USERALEL-DOE
FRyOF PN TR ENRRE S, FTHLAVTE, oS
DEZOD, REBBOBEFTEROL D ICHEITWE, £
FMyuBE Ty OEE, FREL, EV2—L N;O YHS
BITYAN LS, BOBEROEIZOWTIE, L~
THEAL-BHRERWS.,

(a) XABDPLICRBILIZEB —2 Y DSAE,
L, BIZRADN 1426 AHAD 1T 5.

(b) XAAFO0RHIEickd, YHAO UL b,

(c) RANIH 0 R EREZRZL TR (4=0) FED
P VORE, BREKELTW: (A=1) OBA, A
Bz o1t s.

) YAANHF 1D ERED, XEHDOYEY b,

(c) ZBRCREBBRIANEIICL DRI, 0T, 2hb
DREBRIL, BFEMEERTILRDL )RS, AIZIL,
N, TREES (a) 7RIS L &, ZORETE, N1 T(d) i
BIHT, KOBHT (d) 425, 0L I (c) 2B R
REBRINICIE, B, BV o (4) ORBEBLEL

(e) PERREBCH N DL L R vikEER

PR 5.
CDEIBRTHLRVOT—E¥S ORBEFE 4 IRT. 20
Hed B LAV EFERRICEER L TV B0 T, IR EEL, B
T, EVa—-Vvof#iconTid, BALZEROEKRICOW
TOHBRD. PHIRER init'(c) (c DEBRIT LML ~IVICH
L) THEYT. REBBICOWVWTHE, LED (a) % recX, (b) %
resetY, (c) % sendX, (d) % resetX, (e) % idle TK¥. T
noOBBEK, BENORE, XAH, YANBLURA
HEFET B, HoEMIcoWTIE, XA, YHIBI Y
ARH%E, FNFR, X, YBXTATEL, P—2YOFE
ERTHRSEEE TTHET.

ERoOM4BIIOVWTIE, LROREBBICHTIEELY
SRRBOBRITKRD (1) ~ (5) KAEINBDOT, M40
B22 ~ B2T DHOREFBOLNG.

Yz 1

(1) <---,idle,recX,idle,--- >
(2) <---,idle,resetY,idle,- - >
(3) < ---,idle,sendX,idle, - >
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(4) <---,idle,resetX,idle,--- >
(5) <idle,---

%8B, TALORETY, idle(sj,zj,r;) % ID; LBEEEL, WH
KETHE, Mo XHHOAR%E 1L L*CwZ.»

yidle >

Bl: X(init'(c)) == ¢

B2: Y(init'(c)) ==0;
B3: A(init'(c)) == 0;
B4: T(init'(c)) ==0;

B5: X(recX(s,z,y,r)) ==
B6: Y(recX(s,z,y,r))

B7: AlrecX(s,z,y,r ;
B8: T(recX(s,z,y,r)) =

B9: X(resetY(s,z,y,r ;) == X(s);
B10: Y(resetY(s,z,y,r)) == 0;
Bll: A éresetY(s, z,y,r)) == A(a),
B12: T(resetY(s,z,y,r)) == T(s);
B13: X(sendX(s,z,y,r)) ==1;
Bl4: Y(sendX(s,z,y,r)) == 0;
B15: A(sendX(s,z,y,r)) == 0;
B16: T(sendX(s,z,y,r)) == 0;
B17: X(resetX(s,z,y,r)) == 0;
B18: Y(resetX(s,z,y,r)) == 0;
B19: A(resetX(s,z,y,r)) == 0;
B20: T{resetX(s,z,y,r)) == T(s);

B21: X(idle(s,z,y,r))
B22: Y(idle(s,z,y,r)) == Y(s);
B23: A(idle(s,z,y,r))
B24: T(idle(s,z,y,r))

B25: valid(init'(c)) == 1;
B26: valid(recX(s,z,y,r)) == valid(s) and

z and not Y(s);
B27: valid(resetY (s,z,y,r)) == valid(s) and

not ¢ and r and A(s) and Y(s);
B28: valid(sendX(s,z,y,r)) == valid(s) and not z and

{(not » and A(s)) or (not A(s) and Y(s))};

B29: valid(resetX (s, z,y,r)) == valid(s) and

not = and y and X(s);

B30 : valid(idle(s,z,r)) == not {valid(recX(s,z,y,r)) or
valid(resetY (s, z,y,r)) or
valid(sendX (s, z,y,7)) or
valid(resetX (s, z,y,7))};

B31: VALID(< init'(e,), - - - ,init'(cp) >) ==

=1 and j=2¢ =0
B32: VALID(< IDy,---,recX(8:, 24, 4i,7:), ,IDy) >) ==
VALID(< $1,-,8, >) and

/\;;11 valid(ID;) and valid(recX (s;,2i,y:,7;)) and

A:=i+1 valid(ID:) and
X(s,.) and Aj_,z;

/\; =1 ¥i =

B33: VALID(< IDy, -+, resetY (si,zi,9i,ms), -+«
VALID(< 81,--,8, >) and
/\;;‘1 valid(ID;) and valid(resetY (s, zi,y:,7;)) and
Ak_,+l valid(IDy) and
X(sn) and /\ j=2%j =

/\J 1-’17

B34: VALID(< IDy,---, sendX (s;, zi,y:,7:), -
VALID(< s1,-++,8, >) and

= X(Sj_1)
Y(sj41) and y, = Y(s1);

,ID, >) ==

X(sj-1)
Y(sj+1) and y, =Y (s1);

+ID, >) ==

/\;;ll valid(ID;) and valid(sendX (s;, z:,4i,7:)) and
A::H»l valid(IDy) and

= X(sn) and A;‘=2 T = X(s,'..l )
A3 95 =Y(s511) and yu = Y(s1);

B35: VALID(< IDs,---,resetX (s;, i, ¥;, i),
VALID(< 81,°+,8, >) and
/\J=1 valid(ID;) and valid(resetX (s;,z:,yi,7:)) and
Ai=iyq valid(ID,) and
=X(sa) and AL, 2;
NiSlvi=
B36: VALID(< IDy), --,ID,) >) ==
VALID(< s1,-++,8, >) and
/\;.;, valid(ID;) and
= X(s) and /\;:z &=
A,—1 Yi=

W IDp >) ==

=X(s;-1)
Y(sj+1) and yn = Y(s1);

X(sj-1)
Y(sj+1) and yo =Y(s1);

4 TRVASVOHEESTE

5. KBRI

5.1 ETa1—-ILOIE & BBOIMIG
INDED 2~ VEEDSTRDEY 2 — VES~DESI%

4(M;) = N;

EEHEL, XANALBLERANEL»Z0E IHBT2 A

ND3EE EXPre ¥ 5. (BOYAHEADWTROATICD

MiBLawv.) £, ROBBMEOHE EXPeb X UBRON

Bk, ThEN, R1BIUE20LIKERTS.

£l BESOE

X T B
token(s,) T(ss)
outX (s,) X (sp)
outA(sa) Afse)

£2 EBBOMG

t(z) $(t(z))
init(c) init' (c)
receive(l,r) resetY (0,y',7') - recX(1,y,7)
send(z,r) sendX (z,y,r)
reset(0,r) resetX (0,1,r)

F 2T, valid BT EICT 5 L) 2BRBOATET TV
5. E72, FIBOEKE, #OEROEMEICOV THIGHES
HBHTEEFET. BIZIE, receive(1,0) i,

<1}

{resetY(O,y’,r’) -recX(1,y,0) | 0<y,y,r' <

BT B EERLTCWAE, BT, Z045c#3.1 (BRO
HIE) O&EBEBMBLTWAI L ERT.

P, (1) o, AW A1~ A3, BI~B3 LH%1XY
HEEPTHS. RIZ (2o TELL. () dF2 LY, (i)
A A4 ~ A15, B4~ B24 & Y, $72, (i) iX, send DD
$if, NE A16, A17, A19, B25, B26, B29 L VL1 TH 5.
send DG, NHE A8 L B R IRBE, BEIIIEMEL L
Tnot Y(s)"#iboTh., TIT, ABHS, AL BOKE
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B (idle #5:{) ORI~V A2HARDL L, Ald receive
, send, reset DNAIZ, F 72 Bid recX, resetY, sendX, resetX
DIECEBBINEZ Y, 22O THEI LGP 5. o
T, send IZDWTH (i) PR LD L2555, BRI (8)
IZOWTHRS, BROMIEL Y, BD recX t resetY DSbi
ADEBBRICEMTHIELTEY, (3) 2WMAyILid#orT
BH5. recX & resetY DFED, ROV TV AKETAEE
&1 recX, resetY DMICOABBIFEZ 5 L L, receive I
HIET B BEFID resetY -recX ThH T L, (8) 2ifirzT.
BELXY, CCTEHLIZGIRBBOMIETH S,

5.2 FEEROHEA

%9, EXP;,EXPp,0,6& LT, 5.1 CEELZDDOZAVR
i, S0 (1) ki 8 ha, $72(8) b, XARAOOBEENM
FiZ AL BC—EL TSz (248 A22 ~ A24, B32 ~ B36
BE), Wi nbsZ LIZBELLTHS,

RIC(2) KOWTER S, (a)id, ¢OERLVELDITHS.
(b) K2WTiE, recX SN DBBHK OB BB I AT \HKFF
€Y, recXd, RADEFEL T ABHOEIEL 1 TH 5.
HoT, A DEBE receive(z,r), send(z,r), reset(z,r) DAS
iz, r% 0, 1OVWTAPREREL, ZRENIIET S BOE
BRORELEL D L ZOESIET BB (b) 2T,

BARIC (4) 1oV TEX D, VALIDEE%. 11275 ADE
HREOBBICIE, ROZE205 4 70b05H5 (HED
HEBRBOAEET) .

(al) < ---,idle,reset,receive, idle,--- >
(a2) < ---,idle,idle, send,idle,--- >
(a8) < ---,idle,idle,idle,idle,--- >

IhboEhTRIL, LTOBBGZHIBIT 2L, (4) O
2END LGS,

(bl) < .--,idle,idle,receiveX,idle, - >
< ---,idle,resetX,idle,idle,--- >
< -, idle,idle, resetY, idle, - >

(b2) < ---,idle,idle, sendX,idle,--- >
(b3) < ::-,idle,idle,idle,idle, - >

Pibd b, 5.1 CEHEL/ EXPr, EXPc,0,0l3 8 0%
WREL, toT, 4.2 048 BIX, < EXP;, EXPo >Db & T
4.1 DHEE A DEBRTH 5.

6. HEH%E

ST, EEEBENRIC, TV - b3 ABY
HBEOEFRROEHELT, TV 12— VT L OEBRFE
I Y EFEREEROEHBRERY L o720 D+ 5&GERL
oo X, VYT T ¥ S ERRIC, ZOTSEEOBHAE
w7z,

—Ri, ERBRFETIE, THOHETERILTWETRT
DEME (AT & RO REEDT X TOMEEE I T 28ME) %
HWRBULENHIDT, EVa—VTERfFLEITEIREZE
BBGEOFROBIBMRIIKRE W, BHTD, VY I/T7—ES
DEICEA—EY 2 —NTHBEINDEFEB TR, €J2—
VOEBRBRIE 1 HOET 2 — V2OV TORFTZITLL, #
ORI E W,

ARXOHAEATIE, ETHOAMPCBEORIEHS X
bhBbDLLTED, ¥z, THNOEV2—-VETHEHL L
37200 idle DEADHFHBFPoTREINDL LTS, T
MOTBRS LM 2L THBORIDOTHIGEE, Ihb

ML ORI CHRICERINATEY, #AL%35252E
FEEXFORMELE 2P EVEEbRS,

AT, BRTEPICT L2201, ETOAETEY 12—
WAL LIRS 5 W) BIRERIT T3, ZOHIRZ B
B2 LIZEEERZ ETIERVAS, FRICHED &ESEIC
DELRS, COEGPHELMCTLEIEE, ToE&HER
MO BEMEFSA4HOBREE LTREA TV S,

EEH
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