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Abstract Based on algebraic specification method, a style of writing specifications of syncronous
sequential logic circuits., a definition of implementation, and a top down refinement method
for the specification are presented.- A logic circuit is described by defining state-transition
functions and output functionms. A valid next state-transition is specified by defining a
function "VALID”. We can write specifications of a logic circuit on various levels of -
abstraction from a level of function definition to that of logic design in the same style.
Taking a micro-computer as an exsample , we illustrate how to write a specification in a
abstract level and how to refine the specification to a realization level in which input
logic of modules (e.g. register,counter,ALU) is described.
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L7 ® T, VALID(ADSETI(s))MTRUEE 72 %. > TIRIE
BHADSETIHN EFT & h, PHASEiXadsetl: i d. T5&
RAZVALID(FETCH(s))A TRUE L 72 Y, FETCHAET & A
B, TOLFEAEMNIRCE » I Sh, PHASEWX fetch
LB, RISMELTEHSTA, LDA, ADD, BRMM & DERiX
VALID(ADSET2(s)) 4%, % h LI¥ @ Brix VALID(EXEC(s))
AATRUBIZ 72 3. il 242, &4 2SADDOD B X ADSET2 A E




7 X fu, PHASE iZadset22i- » b Xh 5. IKIZ VALID
(EXEC(s))HTRUEIC 72 ¥, EXECETTH, PHASE OfE b

startic b FVBUCFROGLERANITbh B, ¥4, &
£ AAHLT® B¥i%, ADSET1, FETCHEE fT % . VALID(EXEC(s))
ATRUBIC £ Y, EXECAAET S h 5. £ DOFFRSTOPHHIZ
72 U PHASEiXstartic 5. U2 L 20O #i%, VALIDBE¥
A TOREERBEM - L CFALSEQE® & 3. T4
bbEOREEBIF>TixviFhvoitRLTY
3.
Fllorv~roLREIZ>LTISEREEE LAL
¥, ZOUVRATIZEXECETHRICDVWTOAISEN%
He4hid, cov<roigdn Alov~roR
BOEBRICH > T 5.

5. BB ro@RBizonT

toTid, BMABRCIVEFOE2#EL 2
LEDEWMBOANRE L, LRORMES OF TRML
TAHEEBRAT S,

[F3] B REHEA N R H

(1) M oL H

BT, LI RE, hY LBk EEFEONS
LSIZMEELTCHVI R EBL. Z0HE, BB
BF—2OANNBREHAANBEED, /2y I A
NECHBREEZ L3 1 >oBEXEFLLTRDLA
3.

v (PCUARIZIBE » I+, PHCIZ3E v F Db D
AER) 2flic, BRoOEBMALHRBT S REEH
BEIZ, 72y 2 YT HCKentOAEL, TOHI
BlMichy v 2OMBKRES, B23KcHr»y 3D
ToyBiEr, B35 BEHNY 2w —FT3L%0
ANF—285120h3eT3 vy 20HNF—
2By v aEELTWAIE) & HAOBEKOUTeNT
TRY. thH>O0BBOBRIROLICERETDC
ENTE S, (nod KONIZ 218 ZDEE)

OUTecnT(CRenv (s, HOLD,d)) == OUTcnt(s);
0UTecntT(CKent(s,  UP,d)) == OUTcn7(s)+l mod N;
OUTcn1(CKent (s, CLEAR, d)) == 0:
OUTcnT(CKent(s., LOAD.d)) == d;

Zofh, v—F/Fk—n FEBELSTOL Y =2 (ADH,
ADL, IRIZf6 Fi) , READ/WRITER[EE/x A=Y, D7) »
77wy 7(DFF, STOPbitfREFICHEE) . BMEREM X
Y7 PV TRAE (ACCER) 28R e LTHERT S
thoDEHITEEE T S,
(2) BROANBHROEBH
“d/marea—A0MBRKELZ, BHROMER

B D ¥ & [phs. stops. pcs. accs, mems. irs, mars, adhs,

N

adls] CR¥. BT EHS S, PHC({H] 2 O PHASEIZ %t
&4 2% v >~ #).STOP. PC. ACC. NEN, IR, MAR, ADH. ADL{Z
HIELTWS. BHEOANBEXVALIDEKOLAR (fF
®%3) oy 5. HH3 T, ABOEIRR
DEHIZl>2TWw B,
®
VALID( [CKcnt(phs, phc_ctl, phc_in),
CKper (stops. stop_ctl),
CKent( pes. pc_ctl, adr_bus),
CKaru(accs,acc_ctl, data_bus),
CKnen(mens, men_ctl, data_bus,mem_adr),
CKreo( irs., ir_ctl,data_bus),
CKent{mars,mar_ctl, adr_bus),
CKreg(adhs, adh_ctl,data_bus),
CKreco(adls,adl_ctl,data_bus)] ) ==

EWMBOHBRIKETH 58 158 (phs,stops%H) 28
O EH (THabbBEBROANR) KOV, %
TADANEED LI ARBCLTERROREES &
T EVALIDRE CTH 30 2 VALIDBAB O HZ cad ¥
3. f+§% 3 CVALIDE B 0 H 81,

WHOANEH = R
ODHOEOKEFOECE,-AL TS, FlxiE, PCO
MEHHBESA D2 RYpe_ctlicBT2HIKRD
BYTH B,

pc_ctl =
if OUTcwt(phs)=7 and OP(irs)=BRE
and OUTaLuCaccs){0 then
LOAD
else if OUTcnt(phs)=1
or OUTent(phs)=3 or
0UTcnt{(phs)=5
then UP
else HOLD

ZE MO AN, VALIDBAMIATRUEE 7 B & S ic ik i
Fhifk s kv, Z0AHICE, pecticBL T ER
OEMNTRUEIZ 2 5 X i (BRI L) ERz2TH>C &
b Thbb FREXOGHEERT (ZOBRW
CIEMENA) HEevEBOoM A kpe_ctiNATNThH
Wk,

(3) "2ORBAE
BLOLYRAFEHRHEELELT— 222 VRV TS L

‘¥, ERE2EHECTSAD, NAEAVBRIEND B,

N2, BLULIREXDANN—FDOEy FBXFo 74
M OF - rEEEL, —BIC1DDL IR DS
REDF—2B~OHEN2HFIAZL 0D TH 5.
ANR—FOF— s@rkEFET 5 &k, Ll
VALIDEM O ABOEASPC, AUEHRIAEHERAS

o



e TRINS O T, data_buskadr_bus®d 2
EDNRARD D, NANEDOVIREZDOHANRTRA S
PMZVALIDO AB O HH TERAT 5. data_busic 20T
iz,

data_bus = if mem_ctl=READ then
0UTwen(mens, men_adr)
else
OUTaru(accs)

DORICIEAIhTHEY (men_ctIPNREADCELS T 512
»ogEZNCEIATHWS. FHIEHE), 0B
LA )VNT Fabb—200Thh—FREAEH
%. adr_busic2Ww<Td, BFECPCOHA, Fiig,
(ADH, ADLYD VT hhr—ARHENhEh S.

[#4] BRI A SRS H

T, HE3OMBPNLANRBORE D,
EEOHFOANROBER 2 BT 5Hk%2, PCO
HBES AN R E LTRETS. FI3TEPCORE
EEAD%, MR /E {HOLD, UP, CLEAR, LOAD} % H
wWTEBLAE CALOEYRDLICHISLY 3.

(pc_ctll pe_ct12)
HOLD ( FALSE ., FALSE )
up { TRUE ., TRUE )
CLEAR |  TRUE .,  FALSE )
LOAD { FALSE ., TRUE )

Z 2 CTRUE, FALSEB. i 2 S BEFEOEE AL E, EEoH
BTEHSAhCOSETH S, pectI2NTRUBIC /A5 D
B EEOF L YIPELOADDBAETH S0, pe_ctld
KLY, TOHRARIRO & 527 5.

pc_ctl2 = (OUTent{(phs)=7 and
‘ 0UTrec(irs)=BRE and
0UTaLu(accs)(0) or
O0UTcnt(phs)=1 or
OUTcnT(phs)=3 or
0UTcnt(phs)=5

¢, 0UTent(phs)=n{n=1, 3,5, 1)K OUTrRea(irs)

=BRM D \» TIXPHC, [RDOH IS F a — F & WY i,
FhZh$EdTs (Fa—-F0) HAROEEZAVH
Wk <, OUTaruCaces)(0ix, ACCOH TN bHFEH
FREMEy rOHNROBEEAVAE L 0. pe_ctll
oW THEBICLTRD I RBBXNVGES A, £
DHOBROANBIZOVWT AR BTDI =L
TEBMN, ZZTIREBETS.

pc_ctll = 0UTent(phs)=1 or
0UTcnT(phs)=3 or
O0UTcnt (phs)=5

crToRBiE FSOBEANRLEHO2EA
HRTEL, BANBROELzREBLCVIICESF 2
oT, PI3LRUERCRBTSLATES

6. HLNF

Ml REMESBASLzZACAEEFOEOREER
UEBHOEHIC > Tl~A 2L, FMLTSE S
D1 ooEEHEBEbh s HFEERELL EELOD
Fa—7Tcik, REFRCLYFERLO T 20—
rAHLTs e RFLTHY, TTIC, —FOHF
XobeT, THOVALIDBEHOBBHER AT T
Yy R LEERLTO S,

BE LK
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071 W, BH: “A—FY zTORNGEBRERL - IR(FETCH(s)) == GET(MEM(s).NAR(s)):

O BKEOwT”, IR(ADSET2(s)) == IR(s);

fE¥ M. Vol. 87, No. 181, CONP87-34, (1987-09). NAR(ADSET1(s)) == PC(s);
MAR(FETCH(s)) == MAR(s);
MARCADSET2(s)) == OPERAND_ADR(s):

HiEl fllovsrdTHanr—2, Fx),

2} v Ty O PHASECINITIAL) == start;
PHASE(ADSET1(s)) == adsetl:

ACC(CYCLE(s)) == PHASE(FETCH(s)) == fetch:
if OP_TYPE(s)=SHL then PHASE(ADSET2(s)) == adset2:
shift_left(ACC(s)) PHASE(EXEC(s)) == start:

else if OP_TYPE(s)=LDA then VALID(INITIAL) == TRUE:

GET(MEM(s ), OPERAND_ADR(s))
else if OP_TYPE(s)=ADD then
ACC(s) + GET(MEM(s). OPERAND_ADR(s))

VALID(ADSET1(s)) == VALID(s) and
PHASE(s)=start and STOP(s)=L:
VALID(FETCH(s)) == VALID(s) and

else ACC(s): PHASE(s)=adset1;
MEM(INITIAL) == init_mem; VALID(ADSET2(s)) == VALID(s) and
MEM(CYCLE(s)) == PHASE(s)=fetch and (OP(IR(s))=ADD or
if OP_TYPE(s)=STA then OP(IR(s))=STA or OP(IR(s))=LDA or OP(IR(s))=BRN):
PUT(MEM(s ), OPERAND_ADR(s ), ACC(s)) VALID(EXEC(s)) == VALID(s) and
else MEN(s); PHASE(s)=fetch and
. (OP(IR(s))=HLT or OP(IR(s))=SHL) or
STOP(INITIAL) == L: PHASE(s)=adset2;
STOP(CYCLE(s)) == if OP_TYPE(s)=HLT then H
else STOP(s): I3 BROANREORD
2 #I3ov ~r ol HBIKORS VALIDC [CKent(phs. phe_ctl, phe_in),

CKprr (stops, stop_ctl),

CKent( pes. pe_ctl, adribus),
CKaLu(accs, acc_ctl, data_bus),
CKnen(mens, mem_ctl, data_bus. mem_adr),
CKrea( irs, ir_ctl,data_bus),

PCCINITIAL) == init_pc;
PC(ADSET1(s)) == PC(s);

PC(FETCH(s)) == PC(s)+1;
PC(ADSET2(s)) == PC(s)12;

PC(EXEC(s)) == CKent(mars. mar_ctl, adr_bus).
if OP(IR(s))=BRN and ACC(s)(0 then CKre (adhs, adh_ct1, data_bus),
UAR(s): CKreo(adls, adl_ctl, data_bus)] ) ==
else PC(s); OUTprr (stops) = L
NEM(INITIAL) == init_mem: and
MEN(ADSET1(s)) == MEM(s): men_adr = OUTcnt(mars)
MEM(FETCH(s)) == MEM(s): and
MEM(ADSET2(s)) == MEM(s): data_bus = if mem_ct1=READ then
MEM(EXEC(s)) == 0UTnen (mems, mem_adr)
if OP(IR(s))=STA then else
PUT(MEN(s ). MAR(s ), ACC(s)) 0UTaru(aces)
else MEM(s); and
adr_bus = if pc_gate=OPEN then
STOP(INITIAL) == L; . OUTenT(pes)
STOP(ADSETI1(s)) == STOP(s): else

STOP(FETCH(s)) == STOP(s):

{0UTrec(adhs), 0UTrec (adls))
STOP(ADSET2(s)) == STOP(s):

and
STOP(EXEC(s)) == phc_ctl =
if OP(IR(s))=HLT then H if OUTcnT(phs)=2 and
else STOP(s): (OP(irs)=HLT or OP(irs)=LSH) or
ACCCADSETI(s8)) == ACC(s): 0UTent(phs)=7 then
ACC(FETCH(s)) == ACC(s): CLEAR
ACC(ADSET2(s)) == ACC(s): else TP
ACC(EXEC(s)) == and
if OP(IR(s))=SHL then phe_in = 0
shift_left(ACC(s)) and
else if OP(IR(s))=LDA then stop_ctl =
GET(MEN(s), NAR(s)) if OP(irs)=HLT then
else if OP(IR(s))=ADD then SET
ACC(s) + GET(HEN(s)., NAR(s)) else HOLD
else ACC(s); and



pc_ctl = :
if OUTcn7(phs)=7 and OP(irs)=BRM and
0UTaru(accs)(0
then LOAD
else if OUTent(phs)=1 or OUTcnt(phs)=3 or
0UTenT{phs)=5

then UP
else HOLD
and
pc.gate =
if OUTenT(phs)=0 then
OPEN
else CLOSE
and
acc_ctl =
if OP(irs)=LSH and OUTcnt{(phs)=2 then
LSH
else if OP(irs)=ADD and OUTcnt(phs)=7 then
ADD
else if OP(irs)=LDA and OUTcnt(phs)=7 then
LOAD
else HOLD
and
mem_ctl =
if OP(irs)=STA and OUTcn7{phs)=7 then
WRITE
else if OUTcnt(phs)=1 or OUTcnT(phs)=3 or
0UTcnT(phs)=5 or 0UTcnt(phs)=7 and
(OP(irs)=LDA or OP(irs)=ADD) then
READ
else HOLD
and
ir_ctl =
if OUTcnt(phs)=1 then
LOAD
else HOLD
and
mar_ctl =
if 0UTenT(phs)=0 then
LOAD
else if OUTent(phs)=2 or OUTcnt(phs)=4 then
up
else HOLD
and
adh_ctl =
if OUTent(phs)=5 then
LOAD
 else HOLD
and
adl_ctl =
if OUTcnT(phs)=3 then
LOAD
else HOLD;




